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Begleitwort

Mit seinensiebenProfessuremecktdasPhysik-Institut ein breites,nationalund internationalver-

netztesSpektrumexperimentellerForschungab, dasvon den EigenschafterbiologischerMakro-

molekille bis zu jenender elementareBestandteiledesUniversumsin seinerFriahphaseeicht. In

denbeidenetwa gleich starlen HauptbereicherRhysik der kondensierteMaterie und Physik fun-

damentalerSysteme, nden sich Gruppenin der Bio-, der Ober achen-,der Festlorper und der
Elementarteilchenpfsik. Die mit demRucktritt von Prof. RolandEngferim Februar2001freige-
wordeneProfessuin Kern-und Teilchenplysik ist seitdem1.4.2003durchProf. AndreasSchilling

im BereichPhysik der kondensiertetMaterie besetzt. Die ForschungsgruppedesPhysik-Instituts
werdendurchinsgesamtiinfzehnNationalprojektainterstitzt. Unteranderenist dasPhysik-Institut
an den NationalenForschungsémpetenzzentre(NCCR) MaNEP (Materialswith novel electronic
properties,H. Keller, A. Schilling) und NanoscaleScience(lmpacton life sciencessustainibility

informationandcommunicatiortechnologyH.W. Fink) beteiligtundgehrt zu denMitgriinderndes
Swisslnstituteof Particle Physics(CHIPP)(C. Amsler, U. Straumann)VYom 1.9.2002bis 30.6.2003
war Prof. Zhi-Xun Shen(StanfordUniversity, U.S.A.) am Physik-Institut als Gastprofessotatig.

Zwischenihm und denForschungsgruppeder Physik der kondensiertetMateriehhatin dieserZeit

einfruchtbarewissenschaftlichefustausctstattgefunden.

Die Aufbau-undInstallationsphasderBiophysik-Gruppevon H.-W. Fink ist abgeschlossemnddie
Forschungder Gruppehatihre Schwerpunktewun auf vier Projektekonzentriert. Gemeinsamegiel
aller Projekteist es,die EigenschafterinzelnetObjekteim Nanometerbereichu erforscherundsie
sichnutzbarzumachenEin besonderelteresseilt dabeidenEigenschaftemndFunktionereinzel-
nerBio-Molekille. Die experimentellerMethoderreichenvon der Fluoreszenz-Mikrospie zur di-
rektenBeobachtung@inzelneMolekiile in wassrigerL dsungeniiberdie Feldionen-Mikroskpie mit
atomarerAu o6sungbis zur Hologra e mit koharentenElektronenwellen.Zur Strukturierungvon
Ober achenunddinnenFilmenim Nanometerbereicktehtseit Sommer2003ein fokussiertetGal-
lium lonenstrahku Verfiigung.

Nanostrukturenn Form von ultradinnenSchichten Quantendihtenoder Quantenpunktemwerden
in der Gruppevon J. Ostervalder mit Methodender Ober achenplgsik kontrolliert hegestelltund
charakterisiertDie in solcherStrukturerdominierendeirenzschichtewerdenmit atomareiAu o-
sungauf ihre Gite getestet. Wo notig werdendazubestehendéessmethodenerbesserbderes
werdenneueentwickelt. DasZiel ist es,durchStrukturierunggezieltelektronischemagnetischend
auchkatalytischeEigenschafteron Ober acherzu beein ussen.

Die Gruppevon H. Keller untersuchtftundamentaleEigenschaftervon unkonventionellenSupra-
leitern und verwandtenmagnetischeibystemermit demZiel dennochimmer unverstandeneie-
chanismuslerHochtemperatuSupraleitunguklaren.Mit Hilfe von Untersuchungedessogenann-
ten Isotopen-Ekektesist es der Forschungsgruppgelungen,zu zeigen,dassnebender Elektron-
Elektron-Korrelation auch die Elektron-Phonon-\&thselvirkung wichtig fur das Verstindnisder
HochtemperatuBupraleitungst. Diesewichtige Erkenntniswurde bis anhinvon denmeistenwWis-
senschafterin derModellierungdiesemeuartigerMaterialiennichtin Betrachtgezogen.

SeitApril 2003ist die neueForschungsgruppeonA. SchillingamPhysik-Instituttatig. In dieserZeit
wurdenneueApparaturerevaluiert und beschdt und zwei Doktoranderin die Gruppeaufgenom-
men.Die neueForschungsgruppeird sichderUntersuchungon elektronischerPhaseiibegangen
in Metallenund Supraleiternund desthermischenTransportesn niedrigdimensionaleisystemen,
sawie der Synthesaind Charakterisierungon neuenMaterialienwidmen.

Die GruppeComputerassistiertehysik von PF. Meier untersuchtnit der Methodeder Dichtefunk-



tionaledie elektronischestrukturvon Materialien,die HochtemperatuSupraleitungaufzeigen.Die
berechneteGrossenwie z.B. elektrischeFeldgradientenHyperfeinfelderund chemische/erschie-
bungenermbglichendie Interpretatiorder mit Kernresonanzspektrogbie gemessenebaten.

Die Teilchenplysikgruppensind in Beschleunigepgerimentenam CERN in Genf, am DESY in
Hamhurg, undamBNL auf Long Islandengagiert,und zwar sowvohl in laufenderExperimentenals
auchin derVorbereitungneuerProjekte.Die Gruppevon U. Straumanrist verantwortlich fr denin-
nerenSpurdetektodesLHCb-Detektor{CERNLHC), beidemgross achigeSilizium Sensorezum
Einsatzkommenwerden.Silizium-Pixel Detektorerplantdie GruppeC. Amsler mit ihren Kollegen
vom PSlim innerenSpurdetektektodesCMS-Detektor CERN LHC) einzusetzenDie Mitarbeiter
vonP Trudl planendasVetosystenfiiir denKOPIO-Detekto(AGSBrookharen). In dieserdrei Expe-
rimentenstehtdie Erforschungder Ursacherderbeobachteteifieilchen-AntiteilcherAsymmetrieim
Vordegrund,seiesim beautyoderim strange QuarkSektor Von denlaufenderExperimentergibt
esEvidenzfir ein neuesBaryon(ein Pentaquarkmit einemanti-charm Quarkals Baustein)zu ver
meldensawie die ersterErgebnissausder StreuungpolarisierteElektroneramProtonbeihdchsten
Enegien (H1-Experimentam DESY, GruppenStraumanrund Trudl). Die ATHENA Kollaboration
hat die erfolgreicheBeobachtungron Antiwasserstdatomendurch weitere experimentelleFakten
untermauertAm PSlundamBrookhaven AGS sinddie Grenzerfir zwei Leptonzahlerhaltunger
letzendeZerfalle weiterreduziertworden.

Alle Forschungsgruppepro tieren von der tatkraftigen Unterstitzungder mechanischennd elek-
tronischenWerksttten,sowie destechnischerPersonalsind desSekretariatsAlle helfenmit einen
reibungsloserAblaufin Forschungund Lehreauf hohemNiveauzu garantieren.

Die betrachtlichen_ehrauf@benderPhysik-Dozenterschliessenlie fakultatdibegreifendephysika-
lischeGrundausbildundir viele Studienrichtungennddie zumTeil mit derjenigerandereiSchwei-
zer HochschulernvertundeneSpezialausbildungler Physik-Studierendermin. In Zusammenarbeit
mit StudierendenAssistierenderund Kollegen ausder Mathematikund theoretischerPhysik hat
U. Straumanmlasneue demdreistu genStudienmodel(Bologna) angepasst€urriculumfestgel@t.
Die Ausbildungsinhaltaund -methodensind dabeiangepassivordenmit dem Ziel, ein attraktves
Studiummit intensiver pernlicher Betreuungder Studierenderanbietenzu konnen. Mit der neu
etablierterKurswrlesung’Physik auf der Nanometerskalalind einembegleitendenPraktikumsg-
perimentist diesegungeForschungsgebigtusder Physik derkondensiertetaterienunauchin der
Lehrevertreten.

Im SeptembeR003 wurde dasPhysik-Institut von eineminternationalerifeamvon renommierten
Expertenevaluiert. Eswurdendie Leistungenin derLehreundin derForschungdurchdie typischen
IndikatoreninternationalePrasenz Publikationenund eingevorbeneDrittmittel beurteiltund alsim
internationalen/emleich iberdurchschnittlicigut bewertet.

EndeAugust2003ist PeterTrudl alsInstitutsdirektorzuriick getretenum sichseinemeuenAufgabe
alsDekanderMathematisch-naturwissenschaftlidfekultat voll zuwidmen.Wir wiinscherP. Truol
alles Gute fir die erfolgreicheAustibung dieserneuenHerausforderungind danken ihm fur sein
enormegngagementir dasPhysik-Institut,daser kompetenundfair geleitethat.

Zarich,im Mai 2003
Prof. Dr. HugoKeller

@le
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1 Production and Spectroscopyof Antih ydrogen
C. Amsler, A. Giacomin,A. GlauserO. lannarelli,l. JohnsonH. Pruys,C. Regenfus,andJ. Rochet

in collaboration with:
CERN, Universityof Aarhus,Brescia,GenoaPavia, RIKEN, Rio deJaneiro SwanseaJokyo

(ATHENA Collaboration)

The rst obsenationof cold antihydrogen(H ) wasreportedin 2002by the ATHENA collaboration
[1]. This breakthroughhasstimulatedrenaved interestin the eld of low enegy antimattey and
comparison®f the propertiesof antimattemwith thoseof matter For futurelaserspectroscopexper

imentsthetemperatur@ndquantumstateof theH atomhave to be controlled.In 2003we therefore
concentratedn the mechanisnunderlyingthe formation of H, whenlow enegy antiprotonsare
mergedwith a denseand cold positronplasma. We have alsobegun installing a lasersystemthat
allows speci ¢ H statedo beaddressed.

Antihydrogenis formedin a nestedPenningtrap by mixing 10* antiprotonswith a positronplasma
containingup to 10° particlesat a temperatureof 15 K. Low enegy antiprotonsfrom the CERN
antiprotondeceleratofAD) are moderatedand capturedin a Penningtrap and are cooledto the
ambienttemperatureof 15 K (1.3 meV) by a preloadedelectronplasma. The captureef ciency is
about0.4 %, mainly determinecby enegy stragglingin the absorber Antihydrogenbeginsto form
aftertheoverlapof theantiprotonswith thepositronswith initial productionratesin excessof 300Hz.
Thecharacteristicsf the positronplasmasuchasthenumberof particles thedimensiongtypically 2
cmin length,2 mmin width) andthedensity(108-10° cm 3) canbe obtainedwith a non-destructie
methodbasedn ameasuremerdf thelow-orderaxial electrostatienodesof theplasmg?2]. Theraw
experimentabdataaretheresonanfrequencie®f the rst two modegdipoleandquadrupole)andthe
equialentinductanceof the plasma. The plasmadiagnostic,coupledwith radio-frequeng heating,
canbe usedto monitor and control changesn the plasmatemperature Antihydrogenformation at
15K will becalled“cold mixing” while positron-antiprotomixing with a positronplasmaheatedo
3000K will bereferredto as“hot mixing”.

TheneutralH 'sarenotcon ned by the electricandmagnetic elds andthereforemigrateto thetrap

walls wherethey annihilate. Theseeventsare monitoredby the H detectorbuilt by the University
of Zurich [3]. The detectorconsistsof two layersof double-sidedsilicon strip detectordo register
the chagedannihilationpionsandto reconstructhe annihilationvertex. Antihydrogenis detected
by requiringthe spatialandtemporalcoincidenceof the vertex with two back-to-backs11keV 's

producedby the annihilationof the positron. The 's aredetectedy a high granularityelectromag-
netic detectorcomprising192 Csl crystalswith avalanchephotodiodereadout. A comprehensie

descriptionof the ATHENA apparatuganbefoundin ref. [4].

1.1 Antihydrogenproduction ef ciency

The obsenation of cold H was basedon a completereconstructiorof its annihilation, in which
both antiprotonsandpositronswere detectedvia their annihilationproducts.We reported131 22
“golden events”[1]. However, the detectionef ciency waslow (' 0.2%), mainly dueto the 20%
detectionef ciency for eachof the two 511 keV photons,and stringentsoftware cuts. In a further
analysig5] we shaw thatthetriggerrateduringcold mixing is dueto two sourcesH productiontself
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comprisesver 85% of the triggersat the beginning of mixing, anddeclineswith a time constanof
several seconds.Antiproton annihilationon positive ions or on restgas (with a slovly decreasing
rate) compriseshe remainderof the triggers. During a completecold mixing cycle H production
accountdfor (65 5)% of thetotal integratedtrigger rate. Thusin 2002almost500,000H atoms
wereproduced.

In Fig. 1.1 (left) we shav the photonenegy spectrumfor cold mixing and for antiprotonsonly,
normalizedto the samenumberof annihilationvertices. No peakis obsened at 511 keV for the
annihilationof antiprotonsonly. Thisis goodnews sincewe fearedearlierthatthe backgroundrom
positronannihilationfrom high enegy shaversin the surroundingcoils would be muchmoresevere.
Thedifferenceplot (Fig. 1.1,right) shavsthe511keV line from positron(antinydrogen)annihilation,
togethemith a purepositron(no p) annihilationspectrumPeakpositionandresolutionagree.
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Figurel.l: Left: photonspectrun(sumofthe 162bestcrystals)for cold mixingandantiprotonsonly.
Right: differenceplot andannihilationspectrunfroma pure positton plasmasuperimposed.

1.1.1 Orthopositr onium production

The detectionof antihydrogenrelies on the reconstructiorof two back-to-backs11 keV photons.
However, orthopositroniumcould be producedwhen positronsannihilateon the trap walls. The
contribution from orthopositroniurm{which decaysnto 3 ) is unknavn sinceit depend®napossible
frozengaslayeronthetrapelectrodesurfaceat cryogenidemperaturesA largeproductionratecould
leadto anunderestimatef our antihydrogenformationrate.

A dedicatedneasurememith positronsonly wasthereforeperformedo determingherelative rates
of the2 and3 decaymodesof e" e annihilationsfor antihydrogenatomsinteractingwith the
electrodesurfaces[5]. The electrostationvell holding the positronswas modi ed so that the radial
outwardtransporbf positronsontothetrapelectrodesvasstronglyenhancedThe photongoroduced
in positronannihilationsat the surfaceof the electrodesvere detectedn the photondetector The
trigger conditionrequiredthe detectionof at leasttwo photonswith anenegy greaterthan150keV
each.For eventscontainingtwo or threephotonsthetotal enegy E; andthetotal momentunPyy;
weredeterminedFigure1.2ashavs theclearsignalfrom 2 eventsatE (ot = 2mec? andPy; < 200
keV/c. The accumulatiorof eventsat Py; = Eor Stemsfrom 2 eventsfor which one escaped
detectionwhile the otherunderwentComptonscatteringn the rst crystalbeforebeingabsorbedy
the secondadjacentrystal. This processalsoaccountdor mostdetected3 events,stemmingfrom

1. PRODUCTIONAND SPECTROSCOPYOFANTIHYDROGEN
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Figurel.2: @) Pyt VS.Eo for 2 -events;b) Piot vs. cosineof theminimum?2 -openinganglefor 3
events.Theboxshowstheexpectedegion for orthopositoniumannihilation.

2 events,for whichone is Comptonscatteredn a rst anddetectedn a secondcrystal. Figure
1.2bshaws a distribution for 3 eventssatisfyingthe conditionjEy;  2mec?j < 200keV. Theto-
tal momentumof the 3 is plottedversusthe smallestof thethreeanglesbetweerany 2 . Compton
scatteregbhotonsaccumulat@atsmallangles.Theboxindicateghe expectedorthopositroniunsignal
region. The detectionprobabilitiesfor the two decaymodeswereevaluatedby Monte Carlo simula-
tion. Fromthe obsered numberof eventswe could concludethat2 eventsaccountfor atleast95%
of all €" e annihilations.

1.1.2 Optimization of H Rate

Combininghot and cold mixing data
we have producedso far in excessof
2 million H atoms. However, this
correspondsonly to about 17% of
the antiprotonsinjectedinto the trap.
Possibilitiesto increasehis formation
ratewere studiedin 2003. For exam-
ple, positronplasmacompressiorcan
beachiezedusingtheso-called‘rotat-
ing wall” methodin which the plasma
is spunby applyinga rotatingelectric
eld of severalhundredkHz to a sey-
mentedrrapelectrode The sggmented

Faradaycupdetectorin the positronaccumulatomwasreplacedwith a phosphoiscreerandan auxil-
iary low-noiseCCD camera.This enablesa moreaccurataneasurementf the positionandsize of
the positronplasma(Fig. 1.3) beforeit is transferredo the ATHENA mixing traplocatedinsidethe
main 3T magnet.We achiezed plasmadensitiesof upto 10'° " cm 3, whichis the highestdensity
positronplasmaachiezed worldwideto date.

sheniy by,

Figure 1.3: CCD images of the position and size of the
positron plasmadumpedon the phosphorscreenin the
positron accumulatorwithout (left) and with (right) rotat-
ing wall compession.

Attemptswerealsomadeto increasehe numberof positronsavailablefor H formationby stacking
successie shotsof positronsfrom the positronaccumulatoin the mixing trap. Figure1.4 shavs the
numberof staclked positronsin the mainmagnetversusthe numberof transfersin this way we were
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ableto reachpositronplasmascontainingl.2  10° positrons,again the highestnumberof stored
positronsachieved anywhereto date.
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Figure 1.4: Stadking successiveshotsof positrons

fromthepositonaccumulatorThelineisa t tothe 400
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Modi cations to the ATHENA traparebeingcarriedoutto implementheso-called'side bandexcita-
tion” of theradialp motionto reducethep plasmasizeandincreasaheoverlapwith thee* cloud: due
to thedegraderfoil, capturedantiprotonshave largeinitial axial, magnetronandmodi ed-cyclotron
amplitudes While the axial andcyclotron motionsarequickly dampedhroughcollisionswith elec-
trons,thelargemagnetromadii of thecon ned antiprotonsareretainedhroughoutheentirestacking,
transfer andmeasurementycle. This leadsto bothreducedransferef ciency andreducedH pro-
ductiondueto poor radial overlap with the positronplasma. The two independentadial motions
carriedout by chaged particles,the magnetrormotion andthe modi ed cyclotron motion, canbe
resonantlyexcited by azimuthalradio-frequeng electric elds. Quadrupolamexcitation at the sum
frequeng of thetwo modes(thetrue cyclotronfrequeng, 45 MHz in ATHENA) leadsto a coupling
and enegy exchangebetweenthem. In the absencef a cooling mechanismthis canbe usedto
transformlow-frequeng, low-enegy magnetrormotioninto high-frequeny, high-enegy cyclotron
motion. In the presencef a cooling mechanisnthe modi ed cyclotron motion would be quickly
dampedandthe total radial motion centered.No signi cant improvementin the H productionrate
wasachievedsofar. Thisissuewill bepursuedn 2004.

s T T | T
1.2 Dynamicsof antihydrogenformation TR

10ms AU | \
We have measuredheantiprotonenegiesduringcool- 2o ,ML | |l ™
ing andwhile H is efciently formed[6]. Figurel.5 - /ﬂ 7] ” %0
shawvs the measuredntiprotonenegy spectraat vari- | i
oustimesduringthe mixing cycle andFig. 1.6the W- 100 ms ,}‘ /w -
shapediestedenningtrappotentialwith the positrons sooms| [ I N =
in the middle. The antiprotonswere ejectedfrom the [T T ORI
entrancewell andtheir intensity measuredas a func- [ TTADUELDAT =
tion of electricpotential. The antiprotonpotentialen- ss[ 1 PNIADHL] 555
ey is divided into threeregions(labeledi-Ill in Fig. oo | | JNIALAR =
1.5. Region | correspondgo p enegies larger than B pewarien
positronenepies, region Il to p's within the positron Figure1.5: Antiprotonenegy specta for
spacechage, whilst in the lowest enegy region Il different interaction times, shownon the
antiprotonsno longerhave sufcient kinetic enepgy to left. Themaximurmumberof eventsper
penetratehe positroncloud. channelin eac distribution is indicated

The antiprotonsejectedfrom the left well undercold on theright. The vertical thick lines di-

mixing conditionsbegin to cool rapidly andafterabout videthethreeenepy regions(seetext)
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Figurel.7: Trigger ratevs. timefor cold mix-
ing. Theinsetshowsan expansionof time be-
tween0 and 0.2 secondsllustrating the onset
of H productionat about20 ms.
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Figurel.8: Cosineof theopeningangledistri-
bution for different positron plasmatempea-
tures 15K, 190K, 515K and3500K (topto
bottom,normalizedto the mixing of 10'000 p
with7 10’ e"). Thepeakat-lisduetoe’ e

annihilationof H atomshitting theelectiodes.

20 msa signi cant fraction(" 40%) reachener
giescloseto the bottom of the positronwell. It
is herethatthey are moving slowestasthey tra-
versethe positroncloud, and underthesecondi-
tionsonemight expectH to form. Thisis borne
out by the datashovn in Fig. 1.7 wherethe H
detectottriggerrateshavs adramaticncreaseaf-
ter 20 ms. On longertime scalesthoughH is
still copiously formed, there are mary antipro-
tonsthatretainkinetic enegiescloseto thoseon
injection. This indicatesonly weak coupling to
the positronplasma,possiblydueto poor radial
overlap. Thereis alsoa slow transferof antipro-
tonsinto region lll, sinceantiprotonsarepresent
in both the left and right wells at longertimes.
Theprecisemanneiin whichtheantiprotonscool
below thelowestpositroneneny is not yet clear
but mayinvolve eld ionisationof weakly bound
H. A measuremenwithout positronsis included
in Fig. 1.5and,asexpectednoantiprotoncooling
is apparent.

We have also measuredhe temperaturedepen-
denceof H formation[7]. Thetwo processethat
leadto H , radiatve combination(in which apho-
ton removesthe binding enegy) andthree-body
combination(in whichasecondpositronremores
theexcessenegy), leadto differentn-statedistri-
butions. The former populatesnainly the low n
statesandthelattermainly the high n states.The
H productionratehasalsoadifferentdependence
ontemperatureT 172 for theformerandT 972
for thelatter.

As explainedabore, the positronplasmatemper
ature could be changedin a controlledway by
radio-frequeng excitation. The minimum mea-
surabletemperaturéncreasewas about15 meV
(175 K). The electrodetemperatureof 15 K
wasthe lower limit for the unheateglasmaand
this was adoptedas the unperturbedtempera-
ture. Mixing wascarriedout at differentpositron
plasmatemperaturesncluding the cold mixing
data(15K) andthreeotherhigh statisticshot mix-
ing samplesat 190 K, 515 K and 3500K. The
measurementsereanalyzedn avariety of ways
by measurinda)the2 openingangleexcessen-
hancement(b) thenumberof triggersfor all sam-
ples and (c) the peaktrigger ratesfor the high
statisticssamples. The 2 openingangledistri-
butionis shavn in Fig. 1.8.



One obseres from the enhancemenat low
cos thatH productiondecreasewith tem-
peratureput is still producedat roomtemper
ature. This favoursradiative over three-body
combination.

The temperaturedependencef H is shovn
for the threemethodsin Fig. 1.9. Oneob-
senes a clear decreaseof the H production
with positronplasmatemperature.However,
asimplepower law doesnot t thedata. The
three-bodytemperaturelependencel  °72) is
notconsistentvith data.Againthisfavoursra-
diative over three-bodyrecombination.How-
ever, the radiative rate predictionis not obvi-
ouslycompatiblewith our data,beinganorder
of magnituddower. Morework is necessarjo
de niti vely clarify theunderlyingmechanism.
We also measuredhe spatial distribution of
the emeging H atomswhich can also pro-
vide insightsinto dynamicsof the formation
processand the distribution of initial atomic
states. Figure 1.10 shavs the measuredlis-
tribution comparedo a setof modeldistribu-
tions. The modelthat bestmatchesghe mea-
surementss a slightly anisotropicdistribution
with a smallradial excess.The nearisotropic
natureof the distribution suggestghat H is
mostlyformedwhentheantiprotonsarediffus-
ing randomlyin the positronplasma.Calcula-
tions suggesthat weakly bound states(pop-
ulated mostly by the three-bodymechanism)
would emege alongthe lines of the magnetic
eld. Thereforethe obseredisotropicemer
gencesuggeststhat three-bodycombination
may not bethedominantH formationmecha-
nismin ATHENA, in accordwith thetemper
aturemeasurementdiscussedbore.

Physik-Institut der Universitat Zurich
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Figure 1.9: Tempeature dependencef H pro-
duction (a) for the openingangle excess(b) the
numberof triggers, and(c) the peaktrigger rates.
Dataare normalisedo the 15K sample
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Figure 1.10: Comparisorbetweerisotropic, axi-
ally andradially enhancechxial vertex distribu-
tionsof H annihilations.A typical plasmalength
of 32 mmwasused.Thedataare almostcompat-
ible with isotropic emissionblue curve).

1.3 Measurementsand impr ovementson detector performances

Improvementgo thedetectoreadoutveremadeto enhancehesensitvity andextendthecapabilities
of the ATHENA apparatusThe 32 Si strip modulesof the detectorarenow readoutin a zerosup-
pressednodesothatthe detectorcanbereadout ata muchhigherrateof 200Hz. Oneconsequence
is asubstantialncreasen baselineuctuationsin theraw crystaldata.At readoutatesnear200Hz
electronichaseline®f thecrystalscan uctuate by morethan5 timesthe averagenoise.Thereadout
chipsarethe causeof these uctuations, sinceeachrow of 12 crystalsis readout by one readout
chip andbaseline®f crystalswithin eachrow move together Figurel.11lillustratesthe row-by-row
correlationof the baseline uctuations. New row-by-row baselinedor eacheventarecalculatedby
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1.2.3,4,5,6,7,8,9:10,11,12:13,14,15

Figurel.11: ADCversuscrystalchannel
distributions for a typical readoutrate
near200Hz. Upperdistribution: before
common-mode-noiseorrection (arti -

cially offsetfromO by 200ADC counts).
Notethe commonoffsetsfor rowsof 12
crystalsconnectedo the sameampli er

chip. Lower distribution: after a row-
by-row common-mode-noismorrection.
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Figurel.12: ThelLorentzangle leads

to different cluster lengthsL . that de-
pendontheincidentangle .

Figurel.13: Clustersizedistribution for
tracksin the planeperpendicularo the
detectoraxisasa functionof .

averagingthe ADC valuesof the groupsof 12 crys-
tals (ignoring of coursecrystalswith signals). The new
row-by-row baselinesresubtractedrom thedatato ob-
tain ADC distributions that oscillate aroundzero, see
Fig. 1.11.

1.3.1 Measurementof the Lorentzangle

In the presenceof the 3 T eld the chage carriers(the
holesin our detector)do not migrateradially alongthe
electric eld but are de ected by the Lorentz angle.
Hencetheclustersizeof the collectedchageis modi ed
andits centroiddisplacedn thereadoutside. Underthe
drift alongthe Lorentzangle , theclusterlengthsL ¢ is
shortenedor tracksthattraversethe silicon at anglesin
thedirectionof the Lorentzde ection, andincreasedor
tracksthatcrossin the oppositedirection(Fig. 1.12).
Oursensorareorientedaroundwo cylinders. Theprop-
agationdirectionof theholesis inwardfor theinnerlayer
andoutward in the outerlayer. This resultsin opposite
Lorentzangledisplacementthatcansubstantiallymod-
ify the helix parameterizationf the tracksanddeterio-
ratethe determinatiorof the annihilationvertex.

We thereforemeasuredhe Lorentzde ectionangle at
130K. Measurementaeremadewith cosmicrayswith
eld off andon. Figurel.13shavsfor exampletheaver
ageclustersize (humberof adjacentit strips)for tracks
in the planeperpendiculato the detectoraxis( ' 0)
andtraversingthe silicon layer underthe angle . The
symmetryabout =0in the eld off dataindicatesthat
chageis propagtingalongthe electric eld perpendic-
ular to the planeof the silicon, as expected,while the
asymmetnyin the distribution of the 3 T dataclearlyin-
dicateghattheholespropagtealonganon-zerd.orentz
angle.

Sincethe clustersize also dependwn the total chage
depositecandhenceon thetrackinclination alongthe
detectoraxis,thedataweresubdiidedin intervalsand
ts wereperformedor eachbinto determine . Thestrip
pitch (139.5 m) anddetectorthickness(380 m) were
x edto their known values,while the chage detection
thresholdwasleft asafreeparameterTheresultsshavn
in Fig. 1.14donotdependon , asexpected.We obtain
alorentzangle =(18.8 0.5) for holesat 130K
and3 T, while for the eld off data wasconsistentvith
zero.

In orderto correctfor the displacementausedby the
drift alongthe Lorentzangle,all clusterpositionswere
thenshiftedby -64.5 mintheE B direction.Thisled
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Figurel.15: Shiftin thereconstructego-
sition of traversing cosmicraysfor eld
on (red) and off (blue). The shifts after

correctionare shownin green.
Monochromator

Photomultiplier

Crystal

Figure 1.16: Optical spectometer to
measue the light yield of scintillator
crystalsasa functionof tempeature and
wavelength.
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to asigni cantimprovementin theresidualdor travers-
ing cosmicrayswhich arenow in goodagreementvith
theunafected eld off distributions(Fig. 1.15).

1.3.2 R & D onCslcrystals

Pure Csl was chosenin ATHENA becauseof the ex-
cellent light yield at low temperature[8]. Initially,
the crystalswere coupledto pn photodiodeshut their
performancesleterioratedvith time, dueto corrosion
from the iodine of Csl. We thereforereplacedthem
with avalanchephotodiodesAPD) which have gains
andhencemuchbettersignal-over-noiseratios. A sys-
tematicstudyof theresponsef SINTEFandavalanche
photodiodesas a function of temperatureand wave-
length was performedwith an optical spectrometer
basedn anEchelettegrating[9].

In 2003we modi ed this facility to measurethe light
emissionspectrunof scintillationcrystalsasa function
of wavelengthandtemperatureFigure 1.16 shavs the
apparatus.A 50 MBq %°Sr electronsourceirradiates
a Csl crystalkept at liquid nitrogentemperature.The
monochromatofis equippedwith a sphericalmirror to
imagethe entranceslit with parallellight to the exit slit
afterthegrating. Thecrystalis locatedon a cold nger
(seeFig. 1.17)atthefocusof themonochromator

W Temperature-
/ sensor

€ Heater.

%

Thermal-

resistor

Optical window

Figure 1.17: Cold nger and vacuumchamber The
crystal is attached to the coppersupportwith a cap-
tontape Thebrasspieceon theright is usedto press
the optical windowto the gaslet ring and ts into the
entranceslit of themonotiromator

To reachliquid nitrogentemperaturea goodvacuumis neededo preventheat o w throughtheshort
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Figure 1.18: Emissionspecta from
pure Csl crystal at differenttempea-
tures. Thelogarithmic vertical scale
is in arbitrary units.
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Figure 1.19: Intensityof the emission
linesat 332nmand297nmasa func-
tion of tempeature.

Figure 1.20: Photayraph of the kryp-
ton and dye lasers on the optical
bend.

distancg1 mm)betweerthecold nger andthewall of the
chamberat room temperature.A turbo vacuumpumpis
usedandavacuumbelov 2 10 ® mbarcanbeachieved.
The Echelettegratingis slowly rotatedwhile the light in-
tensity is measuredwvith a photomultiplier The current
of the photomultiplieris integratedand measuredvith an
electrometer

Dataweretakenin temperaturestepsof 10 K betweerf0
and230K for wavelengthsetweer240and450nm. The
emissionspectrumcontainstwo lines (Fig. 1.18) which
were tted with gaussiansnda smoothbackground.The
relative intensitiesof the tted emissionlines at 297 and
332nm areshowvn in Fig. 1.19asa function of tempera-
ture. The presencef two emissionlinesin purecold Csl
was alreadyknown before[10]. However, our measured
intensitydistributionsaremuchmoreprecise.

1.4 R&D for laserspectroscopy

In 20030our groupgroupwasinvolvedin thepreparatiorof
the spectroscop phasenamelythe constructiorof alaser
systento generat@43nmlight for 1s-2stwo-photonspec-
troscopy in antihydrogen[11]. We usedthe well known
non-lineartechniqueo generat43nm light from alaser
sourceof longer wavelength. The laser systemconsists
of a Kr* ion laserthat emits4 W in the range406 nm
to 415nm. The (up to 6 W) Kr* ion laserpumpsa dye
laserwhich emitsin the range460 nm to 516 nm. The
dye laseris tunedto a wavelengthof 486 nm which is
twice the wavelengthof the two-photonls-2stransitionin
(anti)hydrogen. Most of the equipmentwas provided by
the University of Aarhus. A photograplof the two lasers
is shavnin Fig. 1.20.

The light from the dye laseris sentinto an external fre-
queng doublingcavity containinganonlinearcrystal. The
secondharmonicgeneratiorpower in the crystalis max-
imum whenthe refractive indicesn for the fundamental
andthe secondharmonicsare equal. Sincethe refractive
index dependson frequeng, a birefringentcrystalwith a
suitably orientedoptical axis is used,in which the ordi-
naryray is chosenfor the fundamentafrequeny andthe
extraordinaryray for the secondharmonic,i.e. no(!) =
ne(2! ). Lossesarereducedy usingacrystalcutsuchthat
thelight with fundamentafrequeng traversingthe crystal
penetratethe crystalunderthe Brewsterangle.Underthis
anglethe polarisationparallelto the planeformedby the
incidentbeamandthe normalto the crystalsurfaceis not
re ected but transmittednto the crystal. The wavelength
canbemeasuredccuratelywith a Michelsoninterferome-
terwith moving mirrors, calibratedon a He-Nelaser
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Figure 1.21: Photayraph of the las-
ing cavity Thecrystalis mountedn-
sidethetempeature stabilizedcopper
blod in the centerof the picture.
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The cavity - Fig. 1.21- consistsof a Brewstercut rhomb
shapedbetabarium borate (BBO) crystal of dimensions
5 5 8mme. Thelight from thedyelaserentersromthe
right. The corvex mirrors have a re ection coefcient of
100% for the rst harmonicandatransmissiorcoefcient
of 95 % for the secondharmonic. One of the mirrorsis
mountedon piezoelectriccrystalto vary the optical path-
lengthin the cavity. The beamis sentto a photodiodefor
cavity locking. The cavity was developedby the Zurich
teamandthe mechanicastability of the piezowasinvesti-
gatedin details[11]. Thesupporistructureandtemperature
stabilizedcrystalholder(to betterthan0.1 ) werebuilt in
themechanicalorkshopof ourinstitute.
Figurel.22shavsthetuningof 486 nmlight from thedye
laser Unfortunatelythe speci ed outputpower of the dye
laser(360mW of power at486 nm for 3 W input power)
could not yet be achiered. The power outputis an order
of magnitudesmallerthanexpected However, seconchar
monicgeneratiorof 243nm UV light wasachieedin the
BBO cavity. Figurel.23shavstheoutputpowerat243nm
asafunctionof input powver at 486 nm. The measurement
agreewith the predictionthatthe secondharmonicpower
increasesvith the squareof theinput power (curve).
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2 RareKaon Decaysat Brookhaven AGS

H. Kaspar(visiting scientist)P>. RobmannA. vander Schaaf,
S.ScheuA. SherandP. Truol

Our researctprogramat the Brookharen National Laboratorys Alternating GradientSynchrotron
(AGS) focuseson rare kaondecays. Only at the AGS sufciently intenselow-momentumneutral
and chaged kaon beamsare still availabletoday ExperimentBNL E-865 nished data-takingin
1998,andthelastresultsfrom the analysisof a high-statisticssampleof rare semi-leptonicchaged
kaon decaysare being presented. The KOPIO-&perimenthas beenapprosed for funding by the
U.S. NationalSciencd~oundation andits planningconcentrateaow on the constructiorof detector
prototypesanddevelopmenif a suitableneutralkaonbeam.

2.1 BNL E-865: asearch for lepton a vor violation in K * decay

in collaboration with:

Paul-Scherrefinstitut, CH-5234Villigen; BrookharenNationalLaboratoryUpton,NY-11973 USA;
Universityof New Mexico, AlbuquerqueNM-87131,USA; Universityof Pittskurgh, Pittskurgh, PA-

15260,USA; YaleUniversity, New Haven,CT-06511 USA,; Institutefor NuclearResearchAcademy
of Scienced17312Moscaw, Russia

The nal resultsobtainedby experimente865concerrthesearctfor thelepton a vor numberviolat-
ing(LFNV)decayk * ! * *e (K ¢),i.e.thedecayfor whichtheexperimentwasprimarily set
up. The proposahadaimedfor a sensitvity level reachingdown to a branchingratio belov 10 2.
With nite neutrinomasse®stablished.FNV is nolongerforbidden. The standardnodelextended
to incorporateneutrinomassestill predictsthis decayto occuratanunobserably low level. Several
extensionsof the standardmodel, however, allow leptonfamily numberviolation at a much higher
rate(ashighas10 19). Hencejf thesearcHor thedecayis successfulit signalsnon-standareanodel
physics,if not, parametersf the extensionmodelsare constrained We canillustratethis taking the
exampleof the extendedtechnicolormodel (ETC) [1], wherethe transitionsbetweerthe leptonsof
differentgenerationsanbemediatedy ahorizontalETC boson.Dueto thesimilarity betweerk ¢
decayandthefamiliardecayk 3 (K* ! © * )thebranchingatioscanbecomparedo give an
approximatenassof theETC boson(M )

BK e)_ .o 1 gu * My *
B(K 3) sin ¢ g My

where . is the Cabbiboangle,g andgy aretheweakandETC couplingconstantsandMyy is the
massof theW boson.

The existing limit on the branchingratiofor K ¢ of 2 10 1°[2] wasloweredwith E865's 1995/6
datato 2:8 10 1! [3]. Theanalysisof the 1998data,whichwasthethesisprojectof Aleksey Sher[4]
hasby itself improvedthe limit to 2:2 10 . A combinationof all the above resultsthenleadsto
1:2 10 Yor,withgy g, to

1012 ¥

—— 80TeV:
B(K )

My  150TeV

In orderto reachthis resulta time-consuminganddif cult analysishadto be broughtto conclusion.
Onedif culty refersto thetotal amountdata,which Aleksey Sherhadto handle.During a periodof
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sevenmonthsl:5 10° K -decayswereregisteredn the detectoycorrespondingo 500 Exabytetapes
with approximately4.5 Gbyte eachor 2 Tbyte of raw data. The rst analysisstep,which reduced
the amountof databy abouta factorof ve, selectedaventswith threechagedtrackscomingfrom
a reconstructiblevertex andtook eight monthson a clusterof Linux workstationsat BNL working
aroundthe clock. This cumbersomeart wasfollowed by the selectionof candidatesasedon the
reconstructethomentausingkinematicsproperparticleidenti cation, thedecayvertex andtheevent
timing. Theblind analysisphilosoply wasfollowedhere,i.e. all concevablesourcesof background
wereinvesticated rst andcriteriaweredevelopedto suppresshem,beforethe smallvolumein the

multi-parametespacejn whichtherealeventswereexpectedthe so-calledbox, waslookedat.

Threetypesof backgrounchadto be dealtwith:

- decaysn which oneor two of theproductsdecayedtoo, yieldingthecorrectK . nal particles,

+ o+

for exampletheK decaysequencé& * ! ;

o

+

e

€

- decaysdn which oneor two of thedecayproductsweremisidenti ed, for exampleagain K with

+

a misidentiedasane anda * asa *,and

- accidentabverlapof two kaondecayssimulatingarealdecay

The detector[5] residedin a 6 GeVic unseparatedK * beam and featureda high resolution
magneticchaged particle spectrometewith four large multi-wire proportionalchambersiwo of

them built by us in Zirich, a nely segmentedelectro-
magneticcalorimeterof shashlyktype, a muon range I-
ter equippedwith proportionaltubes,and two large atmo-
sphericpressurgasCerenlov counterswithin thespectrom-
etermagnetsCalorimetemndCerenlov counterinformation
wasusedfor e versus discrimination.Only 0.2 eventfrom
thesetwo typesof backgroundsvere expectedin the sig-
nalregion. In orderto reachthis predictionextensve Monte
Carlo simulationswere necessarywith the experimentally
andindependentlydetermineddetectoref ciencies properly
adaptedo the high raterunningconditionsof 1998. Theac-
ceptancdor K ¢ eventsandthetwo monitor decaysfrom
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Figure 2.1: Distributionsof (a) 3 invariant massand (b)
K* momentunfor K (seetext). Full histograms: simula-
tion; crossesmeasueddata.

2. RAREKAON DECAYS AT BROOKHAVEN AGS

Figure 2.2: Distributions of (top)
e" e - invariantmassand (bottom)
K* momentumfor K decaysinto
e" e pairs. Full histagrams: sim-
ulation; crossesmeasueddata.
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Themostproblematidbackground

Figure2.3: sourceturned out to be acciden-
Three particle invariant mass ~ *°} ® tal coincidencese.g.from thede-
for K ¢ candidatesThesig- 4o caykK* I+ 0 01 gte

+

with detected * ande anda
from the beamhalo or anotherde-
cay, which survived the selection

nal region (box) is indicated.
Full histagram: predicted
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K andKpy decaysandac- | criteria. The analysisof the side
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Several publicationshave appearedconcerningthesedecaybranchesn the past, the last two in
2003[6; 7]. The analysisof theK ¢4 data(400'000 events)allowed to measurdow enegy s-wave

scatteringohaseshiftsandK -decayform factorswith high precisionfrom which anew valuefor
thes-wave  scatteringengthwasextracted[6]. Theseresultsareoftencited,because¢hey provide
stringentconstraintgor chiral QCD perturbatiortheory(ChPT)parametersin adedicatedow inten-
sity runin 1998we alsocollected70'000K ¢3 eventsto afford aprecisemeasuremerdf thebranching
ratio for this decaywhich alongwith thatfor the analogouglecayof the neutralkaonis the primary
sourcefor the determinatiorof the CKM quarkmixing matrix elementVys. In our experimentthe °
wasdetectedsia its Dalitzdecay °! e*e andtheK ¢3 branchingratiowasmeasuredelative to
the sumof all otherdecaysnvolving ©° [7]. We have reportedon the signi cance of this resultfor
testingunitarity relationsin CKM-matrix [8] lastyear
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2.2 KOPIO: astudy of the CP-violating raredecayK 2! © —

in collaboration with:

Brookhaven NationalLaboratory University of Cincinatti,INR Moscav, KEK, Kyoto University of
Education Kyoto University, University of New Mexico, INFN University of Perugia,Story Brook
University, ThomasJefersonNational AcceleratorFacility, TRIUMF/UBC, University of Virginia,
Virginia Polytechnidnstitute& StateUniversity andYale University.

Theaim of theexperimeniasformulatedn theproposabnddetailedn thetechnicaldesigrreport[1],
ameasuremerdf thebranchingatioof thedecayk ° ! © ~with asingle-@entsensitvity around
6 10 '3 (correspondingo 50 20obsenedeventsfor the SM prediction) remainsunchanged.

The combinedVIECO/KOPIO projectat BNL is partof the US NationalScienceFoundationgNSF)
Major Researctequipment{MRE) programandfunding of constructionand operationwill startin
October2005.Until thatdatesomeUSD 6 million will beavailablefor planninganddesignactvities.

Within the StandardModel the Kf_’ ! 0 — decayamplitudeis directly proportionalto the CP-
violating phasein the CKM matrix. In contrastto the interpretationof the valueof % theoretical
uncertaintiezanbe ngylected.Whereaghe Standardvlodel makesno quantitatve predictionfor this

phasethe comparisorwith the resultobtainedin the B -mesonsectorwould allow a sensitve testof

the StandardVodel.

The KOPIO-e&perimentwill useanintensdow momentumtime structuredK E beamavailableonly
at the AGS. This way the momentumof the kaoncanbe determinedrom thetime of ight which
will allow the full reconstructiorof the © massandmomentumin theK ? centerof-masssystem.
Kinematicalcuts and an elaborateveto countersystemare designedo nearly eliminateall back-
groundfrom K 2 decaymodeswith additional ° or chagedparticles. The obsenation of about40
to 50 events(at SM predictionlevel) with a signalto backgroundatio of 2:1 would correspondo a
measuremerdf the areaof the CKM unitarytrianglewith anaccurag of about10%.

Our group hastaken on the responsibilityfor the designand constructionof the chaged parti-
cle veto counters,which are of crucial importancefor a variety of backgroundsourcesg.g. from
KO ! e" candK?! * 0 Theenepgy of thePSI  beamss ideally suitedfor testing
prototypesa programwhich we startedn 2000.

2. RAREKAON DECAYS AT BROOKHAVEN AGS
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2.2.1 CP violation in the quark sector: SM and beyond

Within the SM CP violation in the quark sectorarisesfrom a single complex phasein the CKM
mixing matrix [2]. In the Wolfensteinparametrisatiothe violation resultsfrom a non-zerovalue of
theparameter which manifestdtself in two CKM elements:

A3 i)

Vb = jVubje_i =
A 3(1 (1

Via = jVwije '

The decayK ? !

2=2)( +1i))

0 — hasmajor contritutions from penguinand box diagramswith up-type

A 31 i)

guarksin the intermediatestate. Sincethe transition amplitude scaleswith the quark massthe

top contritution dominatesby far and A(K 0 !
B(K2! °)/ 2
but givesacircularconstrainaround = 1:3;
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Figure2.6: TheconstaintsfromvariousK and
B decayson the Wolfensteinparametes — and
~. Resultfromthe CKM tter workinggroup?.
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The correspondingchaged decaymode doesnot require CP violation
=0B(K™*!

(0 132+ 2
Ultimately thesetwo decaymodestogethemwill
give a completepicture of CP violation in the
K systemwith negligible theoreticaluncertain-
ties. Figure 2.6 shaowvs how variousobsenrables
in K andB decayscontritute to our knowvledge
of— @1 % and™ (1 2 .

Physics beyond the SM generallyallows addi-
tional CP-violatingphase$3] andasaresultthe
SM descriptionwith a universalsetof Wolfen-
steinparameterfor K andB would breakdown.
It is veryfortunatethatwe mayexpectsigni cant
improvementsn the experimentalconstraintsn
both areasduring the next decadesothat mean-
ingful testscanbe made.

A recenttheoreticalanalysis[4] links the ob-
sened B ! rates using SU(3) avour-
symmetryandplausibledynamicalassumptions
totheB ! K ratesanddetermineghe CKM
angle in accordancevith the usual ts. The
analysioftheB ! K systemntheSMyields
good agreementvith the experimentalpicture,
with the exceptionof thoseobserablesthatare
signi cantly affectedby electraveak penguins,
therebysuggestingiew physics(NP)in thissec-
tor. Indeed,a moderateenhancementf these
topologiesandalarge CP-violatingNP phaseal-
lowsthento describeary currentlyobsenedfea-
tureandto predicttheCP-violatingBy ! %K g
obsenables. In the speci ¢ scenariovhereNP
entersonly throughZ © penguins pone obtainsa
link to rare K and B decays,wherethe most
spectaculaNP effectsareanenhancemeruf the
Kp ! 0 rate by one order of magnitude
withB(K, ! 0 ) 4B(K*! * ).

=ckm_results _ winter2004.html
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2.2.2 The KOPIO experiment

Thedecany’ I O —will bedistinguishedrom othermorelikely decaymodeson the basisof the
following signature:

- Two photonsare obsered with a commonvertex insidethe decayregion andan invariantmass
equaltom o.

- No simultaneoughagedparticlesor additionalphotonsareobsened.

- Theenegy E , of thereconstructed © in theK ? restframe(usingtheK ° time of ight through
the beamline) andthe photonenegy sharingdo not coincidewith the regionspopulatedby the
backgroundf thedecayk °! 2 9 remainingaftertest?.

EXITING

NEUTRAL BEAM PROFILE
KYOTOIKEK \
IN-BEAM AEROGEL N
CERENKOV GAMMA VETO L
,\ \\
UBCITRIUMF ¢
PRERADIATOR-CONVERTED
PERUGIA PHOTON DIRECTION & ENERGY
STONY BROOK
ELECTRONICS IHEPIYALE
TRIGGER &DAQ HIGH RESOLUTION "SHASHLYK"

PHOTON CALORIMETER

DOWNSTREAM VETO
IN VACUUM TANK
VIRGINIA TECH

SWEEPING MAGNET

5. HIGH EFFICIENCY
< . BARREL PHOTON
) .., VETO

Y INR

THIN WALLED

HIGH VACUUM VESSEL

IN DECAY REGION

STONY BROOK | YALE

\
MICROBUNCHED K, BEAM
(WITH NEUTRONS)

BNL
UBCITRIUMF

CHARGED PARTICLE VETO
IN VACUUM

ZURICH Figure2.7: TheKOPIO detectionsystem.

Figure2.7 shavs the plannedsetup.The © detectorconsistsof a highly segmentedore-radiatorfol-
lowed by anelectromagneticalorimeter All remainingdetectorsere asvetocounterdor chaged
particlesand photons. Particularly problematicare the detectordor particlesand photonsmoving
alongthe beamwhich containsO(10%!) s 1 neutrons.Chaged particlesare bendout of the beam
with the help of a sweepingnagnesituatedright behindthe © detector

The Zurich group took over the responsibilityfor the main chaged-particleveto systemsituated
directly aroundthe decayregion. Additional veto systemssituatedfurtherdownstreanshoulddetect
chage particlesescapinghroughthe beampipe. The purposeof the chaged-particlevetosystemss
the ef cient identi cation of backgroundorocesses which anapparent 1 2 decayinsidethe
decayvolumeis accompaniethty chagedparticleemission Examplesof suchbackgroungrocesses
are,() K21 O )y KP! e in which the positroncreatesa secondohotonthrough
Bremsstrahlungr annihilationin ight, (i) K2 ! e* again followedby e* ! whereaghe

2. RAREKAON DECAYS AT BROOKHAVEN AGS
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createsa photonthrough p!  °n. In all casegwo particleswith oppositeelectricalchage
emege. Theeventsmayalsoproducesignalsin otherdetectorelementslik e the barrelvetosystem.

As discussedlreadyin the proposakimulationshavs thatdetectionef ciencies of 99.99%or better
arerequiredto keepthesebackgrounddelon afew eventsin the nal sample.Our 2001 studiesat
PSI[9 have shavn thatthedeadlayer in front of thevetosystem(whichincludeswrappingmaterial
andpossiblya window separatinghe detectorfrom the high-vacuumdecayregion) shouldbe kept
belav 20 mg/cn? andthata detectionthresholdof ~ 75keV (correspondingo  0:3 mm scintil-
lator thicknessshouldbereached Minimising deadmaterialin front of the detectormainly helpsto
reducetheinefciency for  causedy nuclearreactions.

PMs
M M
Burle
30626 ﬁ @ o — — .
- T T T - ﬁ Housi ng

500,0

=

]

b)

C) 40,0

Figure2.8: Two full-scaleprototypemodules:
— a) readoutwith w.l.s. br esin returningmode

-t eI

g“l"’” sintillaa G412 ,’; sm
\
|

: N b) crosssectionthrough br e detector

\
) . c) directreadoutwith threephotomultiplies.
a 40,0

During a two weeksbeamperiodat PSlin July 2003 full-scale (400 mm x 500 mm) prototypesof

thetwo light-collectionscheme®f interestwerestudied(seeFig.2.8).In additionprototypedor the

downstreamchaged particle veto systemandfor the scintillator planesof the pre-radiatordetector
weretested. All measurementwere donewith 500 MeV/c . Two xy MWPC's were usedto

determingheimpactpositionon the scintillator.

In Table2.1the obseredphotoelectroryieldsarecomparedvith our 2002resultsfor elementswith
dimension200x 250mn?. As canbe seenfrom thetabledirectreadoutmay give almosttentimes
morephotoelectrongor a givenenepgy deposithenobseredwith embeddedvavelengthshifting -
bres.Ournew resultswith full-scaleprototypesdndicatethatit shouldbepossibleto reachathreshold
of 10keV with a 5% homogeneityover the detectorsurface. For this reasondirectreadoutwas
chosenin our presendesign(seeFig. 2.9).

The remainingdecisionsare on the detectorthicknessand the type of photomultiplieror possibly
Geigermodeavalanchephotodiode. As can be seenfrom Tah 2.1 3 mm thick countersstill give
200 photoelectrongor minimum-ionisingparticlesso 1-2 mm thicknessshouldbe sufcient. Re-
ducingthe thicknessresultsin lesssensitvity to neutronsand photonsandin lessdynamicrange
whichin turnimprovesthe double-pulseesolution.Reducinghethicknessalsoreduceghe cathode
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Table2.1: Photoelecton (p.e) yieldsof variouslight collectionschemes.
Scintillator: BC-412by BICRON, photomultiplies: Burle 83062E( 22 mm).

size | thickness version wrapping nr.of p.e. p.e.
[cn?] | [mm] PMT's in 10mm
" ber geometry
9 2%6.4 Bicrom? straight Tyvekd 4 110 90
| 20%25 Kuraray : : 130 110
= | 40x50| 6.4+3.0 : returning ~ VM2000° ¢ 115 125
width of windows grease
.| 20x25| 6.4 10mm no blackpaper 47 130 200
g : : : Tyvekd ! 260 400
S : : 49 130 200
D 22mm : : 220 340
5 : yes : 410 640
40x50 : VM2000° : 520 810
3.0 : : 200 670
6.4 39 500 780
: 29 330 520
a BCF-92MC d DuPonttrademark ! mountedat oppositesides
bY-11(200)MS € radiantmirror Im producedby 3M ¢ mountedatoneside

¢ readfrom bothends

Figure2.9:

Presentdesignof the main charged-particlevetosystem.
Left: sectorof a crosssectionperpendicularto the beam.
Along the beamthere wouldbe 10 moduleswith overlap
to avoiddeadspace

Right: endcapdetectos.

2. RAREKAON DECAYS AT BROOKHAVEN AGS

area required. As a result the

newly-developedGeigermodepho-

todiodesbecomean interestingal-

ternative to photomultipliers.These
devicesare presentlyavailable with

an areaof 3 3 mm? and an ef-

fective efciency (geometrictimes
guantum efciency) around 20%.

Contraryto photomultiplierssignif-

icantimprovementscanbe expected
in the near future. Advantages
aremuchsmallerdimensions|ower

price (so one can afford more of

them), easeof operationandimmu-

nity to magnetic eld. Compared
to standardAPD's they do not re-

quire large electronicampli cation

which makes them both fasterand
lessnoisy;
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3 Particle Physicsat DESY/HERA (H1)

J.Becler, llaria Foresti,N. Keller, H. Klehr, J. Krosebeg (until May 2003),
L. Lindfeld, KatharinaMuller, P RobmannS. Schmitt,C. Schmitz,U. Straumann,
P. Trudl, M. Urban,Nicole WernerandStefaniaXella Hansen

in collaboration with:

S. Baumartner N. Bemger, W. Erdmann,C. Grab,B. List, S. Mangano,D. Meer, A. Schbningand
R. Weber Institut fir Teilchenplysik derETH, Zirich; S. Egli, R. Eichler, K. GabathulerM. Hilde-
brandt,andR. Horisbeger, Paul-Scherrefinstitut, Villigen, and34 institutesoutsideSwitzerland

(H1—Collaboration)

3.1 Electron—proton collisionsat a centre of massenergy up to 320GeV-: overall status
of the project

The analysisof the datatakenin 1999/2000(L = 91 pb 1), combinedin somecaseswith the pre—
1999data(L = 50 pb 1) continuedvigorouslyleadingto 14 publications([1]-[14]) and27 papers
contributedto the 2003 high—enegy physicsconference$l5] ([16]-[42]), addressinghe following

subjects:

- Neutralandchagedelectraveakcurrentcrosssectionsprotonstructurefunctionsandpartonden-
sities (extensiongnto lower andhigherQ? regimes,useof QED—-Comptorscatteringevents)[3;
16;17;18;44,45];

- Searchfor statesand interactionsoutsidethe Standardviodel: unexpectedeventtopologies[2;
41], compositenespl], squarks[12], gravitinos [42], leptoquarkq39], singletop [7], chaged
Higgs [40], anomaloudepton pairs[6; 8], magneticmonopoleq40] and heary stablechaged
particles[13];

- Photo—-andelectro—productionf di- andmulti—jets[2; 9; 10; 24; 25; 27];

- Photo—andelectro—productiomf exclusive nal states: ©[14], [32], J= [5; 34], antideute-
rons[13];

- Productionof opencharmandbeauty:anti-charmedaryonstate[11], inclusive charm[20; 21;
22; 23], inclusive beauty[26];

- Diffractively producednal states:inclusive [28; 29; 30; 31; 36], °[14], jets[27], ; fo(980);
andf»(1270)[32], J= [5; 34], high p; photong35];

- Photonstructure[19] anddeeplyvirtual Comptonscatterind37].

3.2 Statusof the HERA accelerator

Sincethe endof the HERA shutdavn in Septembe003the vacuumandbackgroundsituationhas
signi cantly improved. This wasachiered by the installationof an additionalion getterpump, in-

3. PARTICLE PHYSICSAT DESY



Annual Report 2003/04 21

creasegpumpingpowver andaleadshieldaroundthe beampipe for bettersynchrotrorradiationpro-
tection.

30 i

20

Produced by HERA [pb™]
Accumulated by H1 [pb™]

L "
100 200 300

Figure3.1:

Left: integrated luminosityproducedby HERA-Il as a
functionof time

Right: integrated luminosity accumulatedby H1 as a
functionof time

From Januaryto end of April 2004

HERA-II has continuously delivered 10 /2 1

dataup to an integrated luminosity of | = ﬁi o | e
37.2pb 1. Theproducedntegratediu- w“

minosity asa function of time is shavn

in Fig. 3.1 togetherwith the luminos- I /

ity recordedwith H1. The slopeof the 20

cune for 2004 is similar to thatin the f / ]

year2000with higherspeci ¢ luminos- 10 Va

ity but lower duty cycle. The maximum / /// |
instantaneoukiminosity achiezed up to j

endof April was3:5 10°! cm?/s. Both % 00 =0 w0
beamintensitiesandspeci ¢ luminosity dey day
have thusreachedhe HERA-II upgrade

designvalues. However, thereis still

roomfor improvementsn thereliability

of varioustechnicalelementsf the ac-

celeratorsjn orderto increasethe duty
cycle of themachine.

3.3 Commissioningand rst operation of the new z—vertex trigger
3.3.1 Repair of the CIP2k frontend electronics

In summer2003we hadthe chanceto accesghe front—endelectronicsof the CIP2k chamberand
repairsomebroken channels.After remaving the SpaCalcalorimeteranddisconnectinghe beam—
pipethe CIP2kchambemwasretractedy about50 cmandthefront—endelectronicasvasremovedand
repaired Boardswhich couldnotberepairedverereplaced Thenew/repairedelectronicsvastested
usingathree—steprocedure:

- Checktherespons®f eachsinglechannelwith a specialtestboard.
- Connectingo the standardeadoutandslow controlsystemanddoing pedestaindnoiseruns.
- Connectingeachboardto the standardeadoutagain afterattachingt to the chamber
All 40 boardspassedhesetestsand the chamberwas put backin place. A secondcooling ring

wasinstalled,andthe heatconductionimproved, in orderto preventthe front—endelectronicsfrom
over-heating.

3.3.2 Performanceof the new ztvertex trigger

Sincethe synchrotronradiationbackgroundncreasedwith the upgradethe quality of the vacuum
in the beampipe degraded,in particularin the backward region (incoming protondirection)of the
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detector Thus,backgroundrom collisionsbetweerprotonsandrestgasnucleiincreasedTheseare
obseredashadronicshaverscomingfrom the backwarddirection.

To copewith this higherbackgroundatea deadtime free trigger systemwasdevelopedfor the H1
experimentthatis ableto distinguishbetweerbeambackgroundventsandtrue epinteractions.This
CIP2k z—vertex trigger recognisegatrticle tracks, calculatesa histogramof their origins alongthe
beamaxisandderivesatriggerdecisionby evaluatingthis histogram.

Thesystemhasbeendescribedn detailin earlierannualreports.It is basednasetof vecylindrical
multi—wire proportionalchambergCIP2k) of 2 m lengthand40 cm diameteywith a cathodeeadout
granularityof 16 in azimuthangle and120alongthe beamaxis. A total of about8,500channels
areampli ed, digitisedand synchronisedo the acceleratorclock (10.4 MHz) immediatelyon the
detector Theresultingbinary datais optically transmittedo thetriggerlogic in thecountinghouse.

The pipelinedH1 trigger systenrequiresadead
time free calculation of the trigger response,
which hasto be available2.3 s afterthe event
occurred.We uselarge FPGAs(APEX20k400)
both for the trigger calculationandfor the stor
age of the completebinary datafor later read-
out by the dataacquisitionsystem.Dueto their
embeddednemorytheseFPGAsare very well
suited for the implementationof ring buffers
with 32bunchcrossinggor pipelineddataacqui-
sition storage.The completetriggerandstorage
functionalityfor oneof the1l6 —sectorsts into
two FPGAs. The trigger calculationruns syn-
chronouslywith the acceleratoclock andits la-
teng/ amountgo 960ns.

Testswith minimumionisingparticleshave been
performed after the repair efforts in summer
2003 usingcosmicray muonsin orderto check
the performanceof the system. To ensurethe
correcttiming of the datain the pipelinesthe
trigger decisionderived by the trigger system
was comparedo the resultsof a completesoft-
ware simulationof the trigger system basedon
thereadoubf thecorrespondindgpunchcrossing.
Furthermorecorrelationsbetweentracksrecog-
nisedin thedrift chambelof theH1 detectorand
trackstriggeredby the CIP2k systemhave been
studied. The deviation of the vertex position
found by the CIP2k trigger from the vertex po-
sition reconstructedf ine is shovn in Fig. 3.2.
The positionresolutionis found to be 16.7 cm
in agreemenvith expectationsThesingletrack
efciency in thetriggeris betterthan95%..
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Figure 3.2: Deviation of the vertex position
found by the CIP2k trigger from the vertex po-
sitionreconstructeafine .
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Figure 3.3: Rejectionpower of the CIP2k sys-
tem.Shownis the z—verte positionof all events
includingthe badkgroundcomingfromthe badk-
ward direction,i.e. nggativez values(full line)
and the eventswhich are rejectedby the CIP2k
trigger (dashedine).

First eventstaken in ep collisions, provided by HERA-II since October2003, were usedto tune
detailsof the behaiour of the CIP2k trigger An excellentrejection power against proton beam
backgroundof the CIP2k trigger systemwas establishedas can be seenin Fig. 3.3. Presentlythe

3. PARTICLE PHYSICSAT DESY



Annual Report 2003/04 23

CIP2ktriggeris routinelyusedto rejectbackgroundeventsandto provide precisetiming information
in mostH1 physicstrigger combinations.Furtherimprovementsof the performancdor triggering
selectegohysicschannelsareongoing. This new trigger systemwasthethesisprojectof Max Urban
who recevedhis Ph.D.recently[43].

3.3.3 Reimplementationof the old zxvertex trigger

In additionto the upgradeof the z—vertex trigger we reimplementedhe old readoutand z—vertex
trigger systemparallelto the newv system. The new CIP2k trigger lls a z—vertex histogramby a
projectve geometryof ve readoutayersat smallradii, whereaghe old systemusedthe two layers
of thetwo separatedhamber<IP andCOP(centralouterproportionalkchamber) Dueto theroughly
50 cm long lever arm betweenCIP and COR the old z—vertex histogramhasa betterresolutionin z
comparedo thenew histogram Moreover, thelongerleverarmallowsto cut off verylow momentum
tracksfrom thetrigger. For instanceheary avourtriggersusethetrackmultiplicity givenby theold
Z-vertex trigger.

The interestingandrare high p; (Sec.3.5.3)andchagedcurrent(Sec.3.6.1) eventswith an unde-
tectableneutrinoin the nal staterely on anefcient triggeringof missingtrans\erseenegy in the
detector This canbeimproved by the combinationof informationdeliveredby the old z—vertex trig-

gerandby the liquid argon calorimeterusing Big Rayspointing from tracksof chaged particlesto

correspondingreasof the calorimeter The sensitvity of the calorimeterandthereforethe ef ciency

for triggeringon eventswith smallenepgy depositss limited by thenoisein thecalorimetercells. The
coincidencenf Big Rayspointingto enegy depositionsgn the calorimeterallows to lower the thresh-
old valueslocally andthusleadsto highertrigger ef ciencies for eventswith low trarverseeneny.

Both, the old z—vertex trigger andthe Big Raysystemwereoriginally built by our group (thesesf

S.Eichenbeger(1993)andH. P. Beck(1996)).

In orderto feedthe readoutof the old CIP with signalsfrom the CIP2k a hardware interfacewas
realisedin 2003. The signalsof the innermosttwo layersof the new CIP2k are de—-multiplexed,
shapedandlogically combinedto enterthe old recever cards.After the signalsarematchedn time
with the COPsignalsthe old z—vertex trigger systemdeliversthetriggerelementdo the rst trigger
level asit wasbefore2001. The systemis still being optimisedwith Linus Lindfeld actingasthe
persormainly responsible.

3.3.4 Steeringof the CIP2k

Duringthe2003summeishutdavn andthe successie testoperatiorperiod,theslow controlsoftware
for theCIP2kwasimplementedn PVSS(Prozes¥/isualisierungstdndSteuerungs—Softave). PVSS
is a software packageallowing the ef cient developmentof control software for complex technical
systems. It featuresa variety of control featureslike alarms,datalogging, redundanyg, automatic
reportingand others. The systemwas chosenby the HIDCM (H1 detectorcontrol management)
projectgroupasthe standardslow controlsoftwarefor H1, it is alsoforeseerto beusedin mostLHC
projects.

Thehighvoltagecontrolwasuni ed for all trackingdetectordy theH1DCM groupusingPVSS.For
all othercontroltasksof the CIP2kasarethedataacquisitionsystemthetrigger, thefront—endandthe
temperaturenonitoringa PVSSapplicationwasdevelopedby HannesKlehr. About 60 distinctpa-
rameterdor multiple hardwarecomponentaremonitoredandadjusted Thegraphicaluserinterface
allows quick accesdgo all parametersProcedure$or standardasks,e.g.programminghefront-end
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electronicshave beenimplemented During the rst datataking periodswith cosmicray muonsand
with electron—protorcollisionsthe userfriendly interfacehelpedoptimisingthe parametersjuickly
for anefcient operation.Theinterfaceis documentedn ausermanual.

3.4 Activities of the Polarimeter group

ThePolarimetegroupat DESY consistf memberof H1, HERMES,ZEUSandDESY. Thegroup
is responsibldor the operationof the HERA-II electronbeampolarimeterqtrans\erseandlongi-
tudinal polarimetey TPOL andLPOL). Stefan Schmittis actingasthe spealer of this group. Apart
from coordinatingthe groupactiities the mainfocusof hiswork in the polarimetergroup[46] is the
operationof the TPOL andthe analysisof the TPOL data. The polarimetersarebasedon Compton
scatteringof laserlight andtheelectronbeam.ThescatteredComptonphotonsaredetectedn asmall
calorimeter

TheTPOLis locatedin theHERA tunnelfarfrom spinrotators wheretheleptonpolarisations trans-
verse. It measureshe polarisationby detectingthe enegy andvertical positionof single Compton
photonsatarateof 50-100kHz. Thelaserlight is comingfrom a10 W cw laser The calorimeteris

dividedinto two halvesto give sensitvity to the spatialcoordinate.Theleptonpolarisationis deter

minedfrom the asymmetryin the spatialcoordinatewhencomparingthe crosssectionfor left— and
right—circularpolarisedaserlight.

The LPOL is locatedin the HERA tunnel nearthe HERMES experiment,betweena pair of spin

rotatorswherethe lepton polarisationis longitudinal. The polarimetermeasureshe polarisationby

detectingthe meanenegy of about1000 Comptonphotons,scatteredrom a single bunchusinga

high—paver pulsedaserwith arepetitionrateof aboutl00Hz. Theenegy of thephotonss averaged
becauséheir shaversoverlapin the samecalorimeter The leptonpolarisationis determinedy the

asymmetnjin the meanenegy whencomparindeft— andright—circularpolarisedaserlight.

In the summershutdavn 2003a Fabry—Perotavity wasinstallednearthe existing LPOL interaction
point. It is fed by a 1W cw laser The power storedinsidethe cavity canbe ampli ed by a factorof
5000.Usingthe high photondensityinsidethe cavity, it is possibleto produceComptonphotonsata
rateof 10 MHz (theHERA bunchcrossingate).By recordingtheenepgy spectraof thesephotonghe
singledifferentialcrosssectionis accessiblandthebeampolarisationcanbe measuredavith ultimate
precision.The LPOL cavity is still in thephaseof commissioning.

HERA-e Polarisation on Saturday February 28 2004
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Figure3.4: Leptonpolarisationmeasuedby LPOL and TPOL during a typical HERA II.

During 2003thetwo leptonpolarimetersverefully operationalvheneer HERA wasrunning.Figure

3. PARTICLE PHYSICSAT DESY
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3.4shavs theleptonpolarisationmeasuredby LPOL andTPOL duringatypical HERA |l. Typical
polarisationvaluesreachedy HERA areup to 40%duringluminosity operation.The polarisationis
subjectto constantuning by the HERA operators.The expectedmaximumpolarisationwith three
spinrotatorsis upto 60%. Themainchallengdor the Polarimetegroupis to getacorrectcalibration

of theabsolutescaleof bothpolarimeters.

3.5 Resultsfrom recentanalyses

3.5.1 Evidencefor a newantitcharmed baryon state

We have obsened a narrav resonancen the
D pandD *pinvariantmasscombinationsn
the analysisof deepinelastic scatteringevents
(1 < Q2 < 100 GeV?) recordedbetween
1996 and2000(L = 75pb !, 88 % €' and
12 % e ) [11]. The resonancehas a mass
of (3099 3(stat.) 5(syst.))MeV andamea-
sured Gaussianwidth of (12 3 (stat.))MeV,
compatiblewith theexperimentaresolution.We
interprete this new state as an anti—charmed
baryonwith a minimal constituentquark com-
positionof uuddc, togetherwith its chaige con-
jugate.

Theanalysiswasmotivatedby the factthatsev-
eral experimentshave recentlyreportedthe ob-
senationof anarrav resonanceith amassear
1540MeV, decayingto K * n or K 2p (see[11]
for references) The latter statehasboth baryon
numberandstrangenessf B = S = 1, suchthat
its minimal compositionn theconstituenguark
modelis uudds (pentaquark *). Variousmod-
els have beenput forward to explain the nature
of thesestatesandthe structureof the multiplet
thatcontainghem,mary of which naturallyalso
call for extensiondnto thecharmsector
Through the boson—gluonfusion mechanism
stateswith openandhiddencharmareproduced
copiouslyandthe mostef cient way to tagthem

isviathedetectiomoftheD  decaychaing47]
D ! D% ! K* s
D*! DO }1 K * }:

This signal is easily detectablein the dis-
tribution of the mass difference variable

Mp = m(K ) m(K ) (seeFig. 3.5).
The resonanceis obsered when combining
D ! D%, ! K* | candidatesvith
protonsandD * ! D°} ! K *}
candidateswith anti—protons (see Fig. 3.6).
The resonance is also obsered in an
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Figure 3.5: Mp mass distribution for
K s combinations. Wrong charge com-

binationsrefer to thoseeventswhere K and
havethe samecharge and invariant massnear
m(D9).
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Figure3.6: M (D p) massdistribution fromop-
positecharge D p combinationsompaed with
theresultsof a t in which bothsignalandbadk-
groundcomponentareincluded(solid line) and
with the resultof a t in which only the badk-
groundis included(dashedine).
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independenphotoproductiordatasample.Theidenti cation of protonsandanti—protonss aidedby
thespeci c enegy lossderivedfrom the meanof theinversesquareootof thechagecollectedby all
wiresof thecentraldrift chambeshaving asignal( (dE=dx)=(dE=dx) 8%). Approximatelyhalf
of theeventsin thenarrov peakobseredfor theopposite—chajecombinationsatM (D p) near3100
MeV arisefrom either protonsor anti—protons.The distribution for the same—chaye combinations
K * ipandK™ s p doesnotshav suchasignal.

Fits to the M (D p) distribution (oppositechage combinationshave beencarriedout to evaluate
the peakposition,width andstatisticalsigni cance. Assumingthe measuredvidth to be dominated
by the experimentakesolution,a Gaussiardistribution is usedfor the signal,with the peakposition,
thewidth andthe normalisatiorasfree parametersThe backgrounds parameterisewith a power
law. Theresultsquotedabove aredervedfrom a t in therange2950< M (D p) < 3600MeV,
andarecomparedwith the datain Fig. 3.6. The signalcontains50:6  11:2 events,corresponding
to roughly 1 % of the total D productionrate in the kinematicregion studied. The systematic
uncertaintyon the massof the peakis 5 MeV, estimatedrom the reconstructednasseof known
statessuchastheJ= . Theprobabilitythatthebackgroundlistribution uctuatesto atleastproduce
the signalhasbeenevaluatedto 4 10 8. To arrive at this resultthe obsened numberof events
was comparedvith backgroundestimatedor a window spanning3075< M (D p) < 3123MeYV,
correspondingo 2 aroundthe peakposition. The total numberof eventsin this interval is 95.
The backgroundcontribution estimatedusingthe t describedaboreis 450 2:8 (stat.) events. A
consistenhumberof backgroundeventsis obtainedwith a parameterisationsinga two—component
backgroundnodel. This modeluseswrongchageD (K ) combinationgo describenon—charm
relatedbackgroundand Monte Carlo generatedventsfor realD  background.In our publication
several testsare describedwvhich concernthe particleidenti cation, the possibility for kinematical
re ectionsfakingsucha signalaswell asthe consisteng of differentsubset®f the data. Theregion
of M (D p) in whichthesignalis obseredcontainsaricheryieldof D mesonsandexhibitsaharder
protoncandidatenomentundistribution thanit is the casefor sidebandsn M (D p).

3.5.2 Inclusive Beauty production

Muons with a relatively large transyerse momentumwith

% 1 Hl | Pr‘eliminary
respecto the axis of the hadronicjet to which they belong, a
.. . ® Data
a distinguishablesecondarydecayvertex or at leasttracks o o
with a large distanceof closestapproachto the primary | | Ly .. o
vertex in the event are the signatureswhich are exploited = o l;ds

to measurebeautyproduction. The latter techniquebased
on the longer lifetime of the hadronswith open beauty
was pioneeredin the thesisof J. Krosebeg [49] for the ? """"
pre-1997data. Now two analysesare available which :
extendthesemethodsto the datataken in 1999/2000. The T T e
rst comprisesan integratedluminosity of L = 50 pb ! 0 1 2 el
and containseventswith at leastone jet with a trans\erse o TV
momenturrp‘tet > 6 GeV andpseudo-rapidity 1€ < 2:5
and a muon associatedo this jet with p, > 2:5 GeV
and 075 < < 1:15. Differential jet-muoncross
sectionsare evaluated for the rst time, namely in the
region of photonvirtuality 2 < Q2 < 100 Ge\? and
inelasticity0:1 < y < 0:7. Figures3.7 and3.8illustratethe
separatiortechniqueandgive someof the results. Within the albeitlarge statisticaland systematic

Q*G2GeV? —
dG0.01cm

20 |-

Figure 3.7: Transvese muon mo-
mentunp;®" distribution for events
withimpactparametes > 100 m
with the light, charm and beauty
guarkcontributionsindicated.
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Figure 3.8: Differential dijet muon production cross sections
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ror bars showthe statistical error, the outer include the sys-
tematicuncertaintyaddedin quadmature. Theresultsfor next—

to—leadingorder perturbativeQCD calculation[53] at parton

(dashedine) andhadmon (solid line) level are alsoshown.
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functionof Bjorken—x for two differentvaluesof Q2. Thesolid
linesrepresenpredictionsderivedfroma next—to—leadingorder
QCD t toinclusiveH1 data[3].

3.5.3 High p; datafrom HERA I

27

uncertaintieghe agreementvith
next—to—leadingorder perturba-
tive QCD predictions[53] is sat-
isfactory The secondanalysis
concentratesn high momentum
transfereventsQ? > 150 Ge\?
andinelasticity0:1 < y < 0.7
and usessolely the distanceof
closestapproachto the primary
vertex reconstructedrom tracks
obsenedin thesilicon vertex de-
tectorto enhancehebeautyfrac-
tion. Beauty charm and light
quarkcontritutionsareseparated
by tting the obsened distribu-
tionsto MonteCarlosimulations.
The data could be divided into
threebinsin x andQ?. There-
sults,expressedstheratiof ¢ =
F$=F, andf®™ = FMP=F, are
given in Fig. 3.9. Again the
resultsare in satishctory agree-
ment with theoretical expecta-
tions but also (for charm) with
ZEUSresults.

With the HERA acceleratocomplex nally reachingits post—upgradexpectationit is gratifying

to seethe rst resultsarriving from datataken early this year An analysisbasedon an integrated
luminosityof L = 17 pb ! of high trans\ersemomentumeventsincluding isolatedleptons,multi—
electronsand large missingtrans\ersemomentumhasbeenpreparedor the spring conferencesn

2004[48]. Theanalysignakesuseof thetechniqueslescribedn reference$l] and [6]. For example
tendi—electrorandtwo tri-electroneventsareobsered,comparedo the Standardvlodel expectation
of 158 1:7and3.0 0:4, respectrely. Two electroneventswith missingtrans\ersemomentum
above 25 GeV are obsened while the StandardModel (dominatedby real W —bosonproduction)

predicts0.3 events.Oneof theseeventsis shavn in Fig. 3.10.
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Figure 3.10: An event with an

isolated electon, missingtrans-

verse momentumand a promi- :
nent hadmonic jet observeddur- E
ing theHERAII run 2004.

The transvese momentaare 37,

44 and 29 GeV/c for the elec-
tron,themissingneutrinoandthe =
hadmonicjet, respectively %

3.6 Progressof Zirich analysisprojects

3.6.1 High Q? chargedcurrent data

In deep—inelastidepton—protonscatteringprocesses bosonemitted by the lepton interactswith
particlesinside the proton and causests dissociation. In the Standardviodel of particle physics
the interactioncanbe mediatedby four differentbosonsnamelythe electromagneticallynteracting
photon, , andthethreeweaklyinteractingoosonsZg, andW . Two of them,theelectricallyneutral

andZ, occurin NeutralCurrent(NC) epinteractionep! eX. In NC eventsthescattereelectron
andasystemof hadronsX formthe nal statethatis obseredin thedetector Throughtheexchange
of thechagedW bosonChagedCurrent(CC)ep! X interactionsaremediated.The crucial
characteristiof CC eventsis theneutrino, ¢, in the nal statewhich cannotbedetectedvith theH1
detector However, the missingtrans\ersemomentuncanbe measuredit is the main obsenrablefor
theselectionof CC events.

An importantfeatureof CCinteractionds thatthey areof weaknatureexclusively. The chageof the
W bosonaswell asits sensitvity to thepartonhelicitiesmalke CCinteractiongarticularlywell suited
to studypartondistributionsandweakinteractionswithin the StandardModel. The u— andd—quark
densitiesaredirectlyaccessibléne p! <X ande®p! X scatteringrespectiely. Thelongi-

tudinally polarisedeptonbeamwhich is now availablefor HERA-II (seeSec.3.4) providesa new

opportunityto testthe weaksectorof the Standardviodel. In CC interactionsa positively polarised
incomingpositronresultsin aright handedantineutrino.Dueto angulaTmomentuntonserationthe
negatively polarisedpositronswould have to resultin left handedanti—neutrinosvhich do not exist

in the StandardModel. Thus,the CC crosssectionis expectedto vanishfor negatively polarised
positrons. Crosssectionmeasurementwith longitudinally polarisedpositronsin combinationwith

themeasurememwithout polarisationcoulddemonstratéhe expectedineardependencen polarisa-
tion. A measuredgigni cant discrepang from this predictionwould beasignfor new physicsbeyond
the StandardVodel.

During the upgradephasefor HERA-II a new H1 software ervironmentH10O basedon object
orientedprogrammingn C** wasdesignedandimplemented.The main goal of this sophisticated
changefrom alreadyestablished=ORTRAN software tools to nev softwareis to provide a mod-
ern and extendableframenvork with standardisegbhysics algorithmsthat can be incorporatedand
supportedoy all H1 physicsanalyses.The new chaged currentmeasuremenpresentedn the re-
centthesis[44] of Nicole Wernerusesthis new framevork. Anothersigni cant changewith respect
to former measurementss thatit is basedon reprocessedata,i.e. datawith improved track and
vertex reconstructionFigure 3.11 showvs the measurementf the singledifferentialchagedcurrent

3. PARTICLE PHYSICSAT DESY
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cross section as function of the four mo-
mentum transfer squared Q2. The re-
sults are comparedto the Standard Model
prediction and to the published H1 mea-
surement [3] using the same data sample
of 1999/2000data, correspondingto an inte-
gratedluminosity of 65.25pb 1. The results
of both measurementare found to be in good
agreement.Due to improvementsof the vertex
reconstructiomndabettersimulationof thepar
tondistributionsthenew resultseemso bebetter
describedy the Standardviodel prediction.
The comparisonwith the earlier measurement
basedntheold FORTRAN ervironmentis avi-
tal crosscheckof whetherboth analysisframe-
works are consistentwith eachother More-
over, the developmentof the programmingcode
for the new measuremenwasa crucial prepara-
tion for the measurementf the chagedcurrent
crosssectionwith longitudinally polarisedlep-
tons. First resultsof the crosssectionmeasure-
mentbasedon 15.3pb ! of nev HERA-II data
with positively polarisedpositronsareshavn in
Fig. 3.12[54]. Despiteof its limited statistics
theresultis in goodagreementvith the Standard
Modelprediction.A measuremerior negatively
polarisedpositronss ongoing.

3.6.2 Isolatedhighzpr leptons

Considerableprogresshas beenmadethis last
yearin the analysisof isolated,high—pr  lep-
tonsin eventswith missingtrans\ersemomen-
tum.

Recently Stefania Xella, together with col-
leaguegpreparedhe rst preliminaryresultsfor
the springconference$s5]. This analysisis the
rst H1 analysison leptonsandit is averyim-
portantparallelresultto thepreviousH1 publica-
tionson electronandmuon nal statesvherean
excesswith respecto the total Standardviodel
expectationvasobsenedat high transwersemo-
mentumof the event p} (de ned as the total
trans\ersemomentunof theeventexcludingthe
trans\ersemomentunof the candidate).
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Figure3.11: The CC crosssectionasa function
of Q2. Thenew measuementbasedon the new
object oriented programming framevork (cir-
cles)is compaedto theH1 publicationbasedon
the FORTRANframevork (squaes) and to the
Standad Modelprediction.
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Figure 3.12: The total CC cross sectionas a
function of longitudinal positron polarisation.
ShowraretheHERA-Idatapointwithoutpolar-
isation, the new HERA-II data point measued
with positively polarised positrons and the lin-
ear curveof the Standad Model prediction.

Thecurrentresults for timereasonsarebasednasimple identi cation algorithm,exploiting only
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oneof thevariousvariableswhich characterise jets,namelythejet radiusor enegy weightedradius
of all cellsin the jetcandidateThe nal identi cation procedurgto beusedfor publicationlater
onin theyear)will bemostprobablybasedna multi-variableanalysisexploiting fully thedifferent
shape®f andQCD (backgroundjets,bothlongitudinallyandtrans\ersely andwill provide abetter
signalover backgroundatio.

At the currentstageof theanalysisH1 doesnot

seeary signi cant excessof datawith respecto H1 Preliminary

the StandardViodel expectationin the isolated, -2 * H1 Data (prelim.)
high—pr  leptonanalysis,in contrastto what = @ | N ==55 o113 AISMProcesses
hasbeenseenin the electronandmuonchannel W | ™% ===~ % :m orer
andin the ZEUS analysiswith  leptons. No 8 .
eventsareselectecbnthe110pb ! datasample :r':.g.!irmp

in the region of p} > 25 GeV with an expec- ;
tation of 0.53 eventsfrom StandardViodel pro-
cessesThedistribution for thewhole p), range

is shavn in Fig. 3.13wherethe numberof data 10
selectedy all cutsis 5 for a Standardviodel ex-
pectationof 5.81. In the gure the anomalous
top productionis alsoshovn scaledto an arbi-
trary numberin orderto clearly indicatethe re-
gionin p>T( whereit would be. Anomaloustop
productionhas beenconsideredas one of the

2 b b b b ST
10 50 60 70 80

PtX / GeV

possibleexplanationsfor the excessat high p>T<

obseredin theelectronandmuonchannel.Sta-
tistical andsystematierrorsarecurrentlybeing
investicated but conseratively shouldrangebe-

Figure3.13:p>T( oftheeventsselectedytheiso-
latedhigh—pr analysis.In grey is theexpected
distribution for anomaloustop productionpro-
cessconsideedasoneof the possibleinterpre-

tations for the excessobservedin the election
andmuonchannel(histogramfor top production
is scaledto an arbitrary number)

tween20-30%. This meansthat the total num-
berof eventsobsenredis lessthana sigmaaway
from the expectation.

3.6.3 Prompt photon production

High enepgy epcollisionsat HERA aredominatedoy electronscatteringat smallangleswith a quasi
realphotoninteractingwith theproton( p collisions). Thesanteractionsanalsoleadto theemission
of photons socalledpromptphotons from thehardQCD processwhich makesthemsensitve both
to the partonicstructureof the proton andthe photon. Thoughthe crosssectionis very low, this
measuremerntiasthe adwvantagethat no correctionsdueto hadronisatioror fragmentatiorprocesses
arenecessary

The promptphotonanalysisusesthe full integratedluminosity of 133 pb ! from the years96—00.
Promptphotonsareidenti ed in theH1 liquid argoncalorimete(LAR) by acompacklectromagnetic
clusterwith trans\erseenegy 5 GeV< E; < 10GeVin thepseudo-rapidityegion 1< < 0.9
No trackis allowedto pointto the candidate The mainexperimentalif culty is the separatiorirom
hadronicdbackgroundThesignalfrom neutralmesong © or ©) athighenegiesis verysimilarto the
signalof a photonsincethe decayphotonscannotberesohedin the calorimeter The neutralmesons
are predominantlyproducedin jets. Thereforean isolation requirementis appliedto the photon

3. PARTICLE PHYSICSAT DESY
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candidateThetrans\erseenepgy in aconeof radiusonein the( ; )—planearoundthecandidatéehas
to belessthan0:1 E. This cutreducesalsohigherorderprocessesuchaseventswith a photon
radiatedoff the outgoingquark. Eventswith anidenti ed electronareremoved. Furthermorea cut
ontheinelasticityy = 1 EZ=Ee is appliedto remove backgroundrom DIS eventswith a badly
measuredcatterecelectron. Therangeof y (0:2 < y < 0:7) correspond$o a p centreof mass
enegy of 142< W < 266GeV.

After all selectioncuts the backgroundis still
of the samesize as the signal. The signalis
extractedby a detailedanalysisof the shaver
shape.

The results on the inclusive measuremenbf
the prompt photon crosssectionas a function
of transwerseenegy and pseudo—rapidityvere
shaovn atEPS0J15; 19]. Themeasurementvas
now extendedto eventswith an isolated pho-
ton and a hadronicjet in the kinematicalrange
E!® > 45GeV, 1< I¢ < 2.3 Theshape
of theinclusive crosssectionasafunctionof E
and is well describedby LO PYTHIA sim-
ulation but the MC normalisationis 30% low.
The NLO-QCD calculationdescribeshe data
well with a tendeng to overshootthe data at
large Crosssectionsfor a prompt photon
andajet areshavn in Fig. 3.14asa function of :
E;; E{; ¢ x andx,, the enegy frac- "6 8 1
tion, pseudo—rapiditgndBjorken—x of the par
tonin the protonandthe photon,respectiely.
The resultscanbe comparedwith the PYTHIA
Monte Carloanda NLO—-QCD calculation.The
NLO correctionsare signi cant at low x, and
low x , thusaffecting mainly the resolhed pho-
ton. Multiple interactionsare accountedor in g 1 R
NLO calculationsby correctionsasexpectedby ! ] ! ,+ =
PYTHIA simulations. The data are well de- o4 06 08 1 e

scribedby the NLO calculation. Theresultsare X X
currentlybeing nalised for publication.

The measuremenwill be extendedinto the re-
gion of high E1 photonsandhigh  (forward
region). At high E; the photonsignalin the

H1: Prompt photon + jet
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Figure 3.14: Cross sectionfor prompt photon
eventswith an additional jet as a function of
E;, , E7%, J® x andxp. The result

calorimeteris hardly distinguishablefrom the
neutralmesonsThereforeghebackgroundejec-
tion entirely relieson simulations. This aswell
asthe extensionin the forward region requires
additionalstudieson the detectordescriptionin
thesimulation.

is compaed to LO Monte Carlo (dashed)and
NLO(full) calculation. Thedottedline showshe
NLO calculationcorrectedfor multiple interac-
tionsasdeterminedvith PYTHIAsimulation.

A new analysishasstarted PhD ThesisCarsterSchmitz)which measureshe photoncontentof jets.
The goalis to identify photonsinside a hadronjet and measurehe photonicenepy fraction of the
jet. This allows to determinethe quark—to—photorfragmentatiorwhich is not yet measuredn the
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kinematicregime of HERA andcannotbe estimatedy QCD calculationdueto its non—perturbatie
componentTheresultwill beneededor thesimulationof physicsprocesseatLHC. Theanalysiss
very challengingbecausef thephotonidenti cation whichis hamperedy thehadronicervironment
in thejet andby misidenti cation of neutralmesons.

3.6.4 QED Compton Scattering

QED Comptoneventsareep scatteringeventswith a hardphotonradiatedoff the scattereclectron.
The4—momentuntransfeQ?) is verylow, hencetheseaventsprobetheregion of verylow Q2 where
perturbatve QCD modelsarenotvalid arnymoreandphenomenologicahodelshave to betested.

The aim of the analysisis to measurehe differential crosssectionof the QED Comptonprocess.
This canbe usedto determinethe structurefunction F, at low Q?, the transitionregion between
deep—inelastiscatteringandreal photoproductionwhichwassofar notaccessiblevith HERA data.

A further motivation is an experimentaltestof the so called collinearapproximation.lIt is usedby

several authorsto calculatethe QED Comptoncrosssection. The approachneglectsthe trans\erse
momentumof the exchangedhotonandtreatsthe photonasa partonof the protonwith a structure
functiondescribingthe photon—partorcontentof the proton.

- Eventsignatue:

Both the outgoinglepton andthe photonare detectedn the backward region (wrt the p—beam
direction)of the H1 detectoralmostback—to—backn azimuth.Themaindif culty of theanalysis
is the lepton—photoridenti cation. Roughly50% of the photonscorvert beforethey reachthe

backward calorimeter(Spacal)and the backward drift chamber(BDC) becauseall the readout
cablesand most of the readoutelectronicsof the centraltracking chambersare situatedin the

backward area. The identi cation of photonsand positronsthereforerelies on centraltracking
chambersnamelyon the backward silicon detector(BST) in the inner region of the Spacaland
thecentralinnerproportionachambefCIP)in theouterregion. Thehadronicnal stateis boosted
in theforwarddirectionandcanonly be measuredor inelasticevents,which impliesthatthereis

no well determinecdeventvertex for mostof the events. Thereforea vertex reconstructiorusing
the signalsof the scatteredeptonin the BST, CIP andBST wasusedfor all events. Theanalysis
is basedbn a datasamplerecordedn 1997with aluminosity of roughly9 pb 1.

- Badground:
Several classeof eventscanmimic QEDC events,their in uence on the crosssectionmeasure-
mentwas studied. Electron—positrorpair production,which is oneof the dominantbackground
sourcesis suppressedby a cut on the total enegy in the Spacaland the photon—leptoridenti-
cation. Photoproductioreventswith the scatteredeptonescapinghroughthe beam—pipecan
mimic a QEDC eventif several hadronicparticlespoint into the backward region. One of the
mostsigni cant contritutionsaftertheanalysiscutsareDIS eventswith abackwardgoinghadron
(typicallya ©°)fakingaphoton.Thesesventsweresuppresselly acutontheangulardistribution
of the hadrons.Deeplyvirtual Comptonscatteringa diffractive processhasthe same nal state
particlesasQED Comptonscatteringandcannotbe separatedits contrikutionis subtractedysing
MC events.

MC studiesshavedthatthe backgrounds well suppressetly the cutson thetotal Spacakenepy
anda maximumangleof clustersin the liquid argon calorimeter The remainingcontrikution is
estimatedy MC studies.
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4 High-precisionCP-violation Physicsat LHCb

R.BernetR.PBernhard)Y.Ermoline,J.GassnelSt.Heule F.Lehner C.Lois,M.Needham,
M.Siegler, P.Sievers,O.Steinkampl.StraumannA.Vollhardt, D.Volyanskyy

in collaboration with:

thesilicon trackinggroupof LHCb: University of LausanneMax Planckinstitute,Heidelbeg, Ger
mary; University of Santiagode CompostelaSpain; Budker Institute for NuclearPhysics (INP),
Novosibirsk,RussiaandUkrainianAcademyof SciencesKiev, Ukraine.

Thefull LHCb collaborationconsistsof 51 institutesfrom Brazil, China,Finland,France Germay,
Italy, The NetherlandsPoland RomaniaRussia,Spain,Switzerland Ukraine,andthe United King-
dom.

(LHCD)

The maingoal of the LHCb experimentis to performsystematianeasurementsf CP violating pro-

cessesndraredecaysn the B mesonsystemswith unprecedentedrecision.MeasuringCP viola-

tion in mary differentdecaymodesof Bg andB? mesonsandcomparingthe resultswith predictions
from the Standardviodel of particlephysics,theexperimentwill alsosearchor new physicsbeyond
the StandardModel. Our group concentratesn the development,constructionpperationand data
analysisof the LHCb Silicon Tracker aswell ason physicsanalyses.

4.1 The LHCb experiment

The LHCb experiment[1] hasbeendesignedto exploit the large bb productioncrosssectionat
the Large HadronCollider (LHC) at CERNin orderto performa wide rangeof precisionstudiesof
CPviolatingphenomenandraredecaysn theB mesorsystemsTheexperimentwill useamoderate
luminosityof 2 5 10%cm 2s 1 andwill befully operationahtthe startupof the LHC, whichis
foreseerfor 2007.

In particulay the copiousproductionof B¢ mesonsgombinedwith the uniqueparticle-identi cation
capabilitiesof the LHCb detectoywill permitthe experimentto performsensitve measurementsf
CP violating asymmetriesn a variety of decaychannelsthat are beyond the reachof the current
generatiorof CP-violationexperiments.

Sincetheproductionof b quarksin proton-protorcollisionsat LHC is stronglypealedtowardssmall
polarangleswith respecto the beamaxis, the LHCb detectoris layed out asa single-armforward
spectrometer Its acceptancextendsout to 300mradin the horizontalbendingplaneof the 4Tm
dipole magnetandto 250mradin the vertical plane. The forward acceptancef the experimentis
limited by the LHC beampipethatpasseshroughthe detectorandfollows a 10mradconepointing
backto the p-p interactionregion.

In 2002,the LHCb collaborationdecidedo revisethelayoutof the LHCb detectorin generalandof
thetrackingsystemn particular Thegoalof thisrevisionwasto furtherimprove thephysicspotential
of the experimentby reducingthe materialbudgetof the detectorandby improving the performance
of the Level-1trigger A large partof the year2003wasdedicatedo studyingthe physicspotential
of the reviseddetectorandto working out the technicaldesignof the revised detectorcomponents.
Theresultsof theseefforts are summarisedn the so-called’LHCb re-optimiseddetectorTechnical
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10m

Figure4.1: Vertical crosssectionthroughtherevisedLHCb detector

DesignReport”[2] that was submittedto the CERN LHCC committeein Septembe003. It was
well recevedby the committeeandhasbeenrecommendetbr approal.

A vertical cut throughthe revised LHCb detectoris shavn in Fig. 4.1. Thetrackingsystemconsists
of four planartrackingstations(TT andT1-T3), complementedby the Vertex Detector(VELO) that
surroundghe p-p interactionregion.

4.2 Silicontracker

Our group hastaken a leading rdle in the development,productionand operationof the Silicon
Tracker. The Silicon Tracker projectis led by U. Straumanrand O. Steinkamp(deputy). It con-
sistsof two detectorghat both employ silicon microstriptechnologybut differ in importantdetails
of thetechnicaldesign: The Inner Tracker coversthe innermostregion aroundthe beam-pipéan the
threelargetrackingstationsT1-T3 downstreanof thespectrometemagnetthe Trigger Tracker (TT)
is locatedupstreanof the spectrometemagnetandcoversthefull acceptancef the experiment.

The technicaldesignof the Inner Tracker is describedn the Inner Tracker TechnicalDesignRe-
port [3]. After the submissiorof the Inner Tracker TDR in November2002,a large fraction of our
efforts over the year2003wastaken up by designwork andR&D for the TT station. The resulting
technicaldesignof the TT stationis describedn Chapters, written by O. Steinkamppof the“LHCb
re-optimiseddetectorTDR” [2] andin a subsequentechnicalnote[4]. Furthermorepur groupis
responsibldor the developmentof the optical digital readoutlink for Inner Tracker andTT station.
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A full prototypelink using nal componenthasbeensetup andtestedin the laboratory Several
irradiationtestsof critical componentfiavze beencarriedout duringthelastyear

4.3 TT station

The Trigger Tracker (TT station)ful lls a two-fold purpose:First, it will be usedin the Level-1
trigger to assigntrans\erse-momentunnmformationto large-impactparametetracks. Secondly it
will beusedin theof ine analysisto reconstructhetrajectoriesof low-momentunparticlesthatare
bentout of theacceptancef the experimentbeforereachingtrackingstationsT1-T3.

TheTT stationconsistsof four detectionayers.Its ac- ey
tiveareais approximatelfl60cmwide and130cmhigh
andwill be coveredentirely by silicon micro-stripde-
tectors. The layout of a detectionlayeris illustratedin
Fig. 4.2. Theareasabore andbelav the beampipe are
eachcoveredby a singleseven-sensotong silicon lad-
der, the areasto the left andto the right of the beam
pipe arecoveredby seven or eight staggered 4-sensor
long ladders. Electronically eachladderis split into
severalreadoutsectorsjndicatedby differentshadings —
in Fig. 4.2. All readoutelectronicsandassociateane- L lesem
chanicsarelocatedat the top endor the bottomend of ‘ 157.2¢cm

a ladder outsideof the acceptancef the experiment.

The inner readoutsectorsare connectedo their read-  Figure4.2: Layoutof onedetectionayer
out electronicsvia approximately39cm long Kapton  of the TT station. Readoutsectos are in-
interconnectcables. An isometricdrawing of the ba-  dicatedby differentshading

sic detectorunit, consistingof seven silicon sensorsa
Kaptoninterconnectandtwo staggeredront-endread-
out hybrids, is shawvn in Fig. 4.3. The 14-sensotong
laddersthat cover the areasto the left andto the right
of the beampipe are assembledrom two suchdetec-
tor unitsthatarejoinedtogetherat their ends. A read-
outstrip pitchof 183 mwill beemployedeverywhere.
In simulationstudies,M. Needhamhasdemonstrated
thatthis layoutprovidesadequatepatialresolutionand
acceptablylow detectoroccupancies.For four detec-  Figure 4.3: Drawing of a silicon mod-
tion layers,theTT stationemploys 896 silicon sensors, ule, consistingof sevensilicon sensos, a
arrangedin 128 modulesand 256 readoutsectors. It ~ Kaptoninterconnectcableand two stag-
coversa total sensitve areaof approximately8 m? and gered readout hybrids attached at one
countsl3lkreadoutthannels. endofthemodule

[ LI [ 1
J_JS.Ocm
131.9cm

A substantiaR&D effort hasbeencarriedoutin ourgroupin orderto validatethislayoutanddevelop
themechanicatiesignof the long detectormodulesandof the stationframes.

Key issuesn our R&D effort have beenthe optimisationof silicon sensorandthe designof thein-
terconnectables.Thelong readoutstripsandinterconnectablesemployedin the TT stationresult
in expectedoadcapacitancesf upto 55 pF attheinputof thefront-endreadoutampli er. In orderto
maintainsufciently high signal-to-noiseatiosfor full particledetectionef ciency, thicker sensors
have to be usedfor the TT stationthanfor the shorterladdersof the Inner Tracker. Several proto-
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Figure4.4: Figure 4.5: Readouthybrid with Figure4.6:
Manual probe-station. Beetlel.2 chips. Laserteststand.

typeladderswereconstructedrom 320 m,410 mand500 m thick silicon sensorsBeforebeing
assembledhto laddersall sensorsverecharacterisetdy C.Lois,usingmanual(seeFig. 4.4) andau-
tomaticprobe-station#n our laboratory[5]. Eachprototypeladderconsistedf threesilicon sensors
bondedin seriesfor atotal readoutstrip lengthof approximately30cm. All ladderswereequipped
with a prototypeversionof the LHCb front-endreadoutchip, calledBeetle1.2. A photograptof a
front-endreadouthybrid carryingthreeBeetle 1.2 chipsandbondedto oneof the prototypeladders
is shavnin Fig. 4.5.

Initial testson the prototypeladderswereperformedn aninfra-redlaserteststand[6] thathasbeen
setup in our laboratoryby P.Bernhard,St.Heuleand A.Vollhardt. A photographof the setupis
shawvn in Fig. 4.6. It employs a focussedl064nm laserbeamto generatechagesat well-de ned
locationsin the silicon bulk andpermittedsystematicstudiesof signalpulseshapesasa function of
variousoperationparametersf the detectorandof thelocationof the chage deposition.A detailed
descriptionof the setupandtheresultsobtainedn thelasertestsis givenin [6].

Furthermeasurementwere then performedat the X7 test-beanfacility at CERN, in collaboration
with our colleaguedrom LausanneandHeidelbeg. The analysisof the collecteddatawascoordi-
natedby M.NeedhamA detaileddescriptionof thetest-beansetupandthe obtainedresultsis given
in [7]. As showvnin Fig. 4.7, for all prototypeladdersa signi cant drop of the chage collectionef -

cieng/ wasobseredin thecentralregionin betweertwo readoustrips. Theeffectwasobseredboth
in the lasersetupandin the test-bearmandcon rmed an earlierresultfrom measurementsn Inner
Tracker prototypeladderd3]. It wasalsoreproducedn a detectorsimulationdevelopedby St.Heule
aspartof his Diplomathesisin ourgroup[8]. It is mainly attributedto alossof chagecarriersatthe
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Figure4.7: Mostprobablesignal-to-noisegatiosasa functionof therelativeinterstrip positionof the
charge deposition.
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boundarybetweerthe silicon bulk andthe silicon oxide layerin betweerthetwo readoutstrips.
For the ladderbuilt from 320 m thick silicon sensorsthis chage lossled to a signi cant loss of
particledetectioref ciency in thecentralregion in betweerntwo strips. For theladdersusing410 m
and500 m thick silicon sensorsa particle detectionef ciency in accesof 99.8%was maintained
over thefull interstripgap. Readoustripsin the TT stationwill be slightly longerthanthoseon the
prototypeladdersandin orderto ensurea robust operationof the detectorit wasdecidedto employ
500 m thick siliconsensordor theTT station.
Low-massnterconnectablesof approximatel\89cmin lengthwill beemployedin orderto connect
the inner readoutsectorson a ladderto their front-endreadouthybrid. The designof thesecables
is theresonsibilityof J.GassnelSeveralprototypecables
were developedin collaborationwith the compary Dy-
cong, Bassersdorfandcharacteriseéh our laboratory
A prototypeladderhasthenbeenconstructedonsisting
of three500 m thick siliconsensorsa39cmlonginter
connectcableanda readouthybrid carryingthreeBee-
tle 1.2 chips. Laboratorymeasurementsn this proto-
type ladder usingthe infra-redlasersetup,are ongoing
andshowv promisingresults. Furthertestson this proto-
type ladderwill be performedin a test-beanat CERN
laterthis year
The mechanicaldesignof the silicon laddersfor the
TT stationandof thestationframesis advancingwell, in
closecollaborationwith the engineersandthe mechani-
cal workshopat the Physik-Institut. An isometricdraw-
ing of asiliconmoduleis shovn in Fig. 4.3,adrawing of
onehalf of the TT stationis shavn in Fig. 4.8.
The productionof thecompleteT T station,includingall
siliconmodulesandstationmechanicss theresponsibil-
ity of our group. The preparatiorof productionandtest
Figure 4.8: Isometric drawing of one  facilities hasstartedunderthe supervisionof F.Lehner
half of the TT station. a detailedproductionplan and quality assurancg@roce-
duresarebeingde ned.

4.4 Optical readoutlink

TheBeetlefront-endchip samplesletectodataatthe LHC bunchcrossingrequeng of 40MHz and
storesthe analogdatafor the lateng of the Level-0 trigger. At atriggeracceptthe analogdataare
multiplexed, readout, digitisedandtransmittedto the LHCb electronicsharrack.Here,the dataare
processe@ndtransmittedo the higherlevel triggersandthe dataacquisitionsystem.

ThelLO Triggeroperatingat amaximumacceptateof 1.1MHz, up to 2.6 Thit/s of digitiseddetector
datahaveto betransmittedor the Silicon Tracker. A low-costdigital opticallink usingcommercially
available componentss beingdevelopedfor this purposeby A.Vollhardt as part of his PhD thesis
work in ourgroup.A full prototypelink using nal componentfiasbeensetup andis workingin the
laboratory[9]. Similar developmentsareundervay for otherLHCb subsystemandthe formationof
acommonworking grouphasbeeninitiated by A.Vollhardt. He organizesregulargroupmeetingsin
which commonsolutionsarediscusseandthe selectionof commercialcomponentss coordinated.
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Somecomponentsf thereadoutink arelocatedcloseto thedetectoywhereanaccumulatedadiation
doseof up to 10kRad is expectedafter ten yearsof LHCb operationat nominal luminosity. All
relevant componenthiave beenradiationquali ed by A.Vollhardtand Y.Ermolinein total ionizing
doseirradiationcampaignst PSlandin a neutronirradiationatthe Prosperauclearreactorat CEA
Valduc,France10].

First component®f the Low-Voltagesupply systemfor the Silicon Tracker have beenreceved and
characteriseflL1] by A.VollhardtandA.Gafner thelatterworkingin ourgroupasatechnicalstudent.

4.5 Eventsimulation

Thegrouphasplayedamajorpartin simulationstudiesof theLHCb trackingsystenperformancéhat
weredescribedn the LHCb reoptimizeddetectofTDR [2]. In particular M.Needhamhasshown that
the proposedietectordesignleadsto high trackingef ciency, low ghost-ratesandgoodmomentum
resolution. In additionthe proposeddesignhasbeenshowvn to be robustin the casethe simulation
of thedetectoris overly optimistic. For theforthcomingLHCb datachallenggDC '04) M.Needham
hasprovided softwareto encodeanddecodethe datain the formatthatit is expectedto comefrom

thedetector

4.6 Physicsstudies

In preparatiorfor Physicsdatataking the grouphasrecentlystartedto work on physicssimulation
studies. Suchstudiesare importantin orderto understandhe CP reachof LHCb, to investicate
possiblesourceof systematiaincertaintyandto optimizethe performancef thetrigger. In thearea
of B decayswhich arebeyondthereachof the currentgeneratiorof B factoriesLHCb will make a
large impact. Therefore we have chosento studythe decaymodeBs ! J= © This decaymode
canbeusedto measureghe CKM angle, via atime dependenCPasymmetrymeasurement high

precisionmeasurementf this angleis animportantcheckof the standardnodel[12]. Underthe
supervisiorof M.Needhamandaspartof his Ph.D.thesiswork in ourgroup,D.Volyansky currently
works to develop an analysisfor this decaymodeandto determinethe annualexpectedyield and
signal-to-backgrounthtio. Thesenumberswill thenbeusedto investigatethe physicssensistrity of

LHCDb for this decaymode.In April 2004,M.Regli will join this projectasa Diplomastudent.

4.7 Summary and outlook

R&D anddesignwork for theTT stationof the LHCb Silicon Tracker hasbeenthe majoroccupation
of our group over the last year Successfuprototypetestshave beenperformedin the laboratory
andin test-beams&nda mechanicablesignof the stationhasbeendeveloped. Preparationgor the
productionof thedetectormareongoing,apre-serieproductionis scheduledo beginin Autumn2004,
seriesproductionwill commencéeginning of 2005. The detectoris foreseerbe installedandfully
commissionedbeforethe startupof LHC, foreseerfor 2007.

Thedigital opticalreadoutink is operationaln thelaboratoryandall relevantcomponentfiaze been
radiationquali ed.

In preparatiorfor Physicsdatataking, the grouphasstartedto work on simulationstudies studying
thedecaymodeBs ! J= © Thesestudieswill continueover the next yearsandwill permitthe
groupto build up experienceor Physicsanalyses.
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5 The D@ experimentat the Tevatron pp collider: Search for rare
decaysof Bs-mesonsand a new silicon detector layer

Ralf BernhardandFrankLehner

Thefull D@ collaborationconsistof 80 institutesfrom 18 countries:Argentina(1), Brazil (3), China
(1), CzechRepublic(3), Colombia(1), Ecuador(1), France(7), Germary (6), India (3), Ireland(1),

Korea(1), Mexico (1), Netherlandg€3), Russia(5), Sweden(4), United Kingdom (3), United States
of America(35) andVietnam(1)

(D@ Collaboration)

Until LHC at CERN startsits operationin 2007the Tevatronat the FermiNationalAcceleratorLab-
oratory Batavia, USA, is the world's highestenegy acceleratowith an available centerof mass
enegy of 2 TeV. The so-calledRun Il of the pp collider hasstartedin 2001 and addressesome
of the mostimportantquestiondn particle physics. The mostrecentphysicsresultsinvolve direct
searche$or asyetunknovn particlesandforces,includingboththosepredictedor expected(lik e the
Higgs bosonandsupersymmetryandthosethatwould comeasa surprise.Otherimportantaspects
of this programmeareprecisemeasurementsf thetop quarkpropertiesandnew accuratedetermina-
tions of the massof the W bosonandthe couplingsof the electraveakbosons.Moreover, numerous
measurementsf variousB mesondecaymodeshave alreadyallowed theinvestigation of B meson
propertiesthat are not accessibleat other collidersaswell assearchedor CP-violatingeffects. A
recentoverview of thelatestB physicsresultsfrom D@ is presentedhn [1].

Becauseof the tantalizingphysics prospects high integratedluminosity run will bring, a second
phaseof Tevatronrunning,thatwill covertheyears2006until 2009,is presentlybeingpreparedThe
innermostayer of silicon detectorssituatedcloseto the beampipewill be replaced?2] sinceit will
suffer from the harshradiationervironmentandmightloseef ciency.

After the D@ detectorbecamefully operationafor Run |l andabout300pb * of pp collision data
have beentakenuntil now, we startedwith our physicsanalysigorogrammedf rareB s decaysearches.
Thestudyof theBs mesons uniqueto hadroncolliderssincethe particlecannot be producecatthe
(4 S) resonanceat which e* e B-Factorieslike BaBar and Belle are running. So far we have
focusedonthe avor-changingneutralcurrentdecayBs ! * , whichis forbiddenat treelevel.
This decaychannels avery cleanandattractive probefor physicsbeyondthe StandardModel (SM)
sinceit hasavery smallSM branchingatioof 3:5 10 ° andmary supersymmetriextensionsof the
SM could enhancet signi cantly [3]. Especiallyat hightan arny modelwith an extendedHiggs
sectoreadsto rateswhich mayalreadynow be obsenableat the Tevatron.

Sofar, we have analyzedabout180 pb ! of D@ dataand optimizedthe event selectionin the in-

variantmassregionsnext to the signalregion (the “box”) which hasbeenleft to avoid ary bias(see
Figure5.1). We expect7.3 1:3 backgroundaventsin theboxwhich correspond$o anupperlimit of

1 10 ° at95%con dencelevel assumingno signal[4], almosta factorthreelower thanthe Run |

limit of CDF[5].

Our planis to openthe signalbox for the ICHEP conferencen August2004. By thenwe will have
doubledthe statisticswhich will startto constrainthe parameteispaceof certainsupersymmetric
modelsat hightan
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We are alsoinvolved in the constructionof the new D@ silicon detectorlayer which will be put
in operationin 2005. We have worked on the speci cations,the designandthe quality assurance
proceduregor thesilicon sensorsvhich have beenorderedby now [6]. In additionwe have designed
along low-masscablewith a very ne pitch to routethe analogsignalsfrom the innermostsilicon
detectorlayerto thereadoutlectronics.Togethemith the Swisscompaly Dycone [7] severalcable
prototypesveredevelopedandcharacterizedT he productionof thosecableshasjust started.

[1] RecentResultsfrom B Physicsat D@ , talk presentedy F. Lehnerat the XII International
Workshopon DeeplnelasticScatteringDIS 2004, Strbsle Pleso,Slovakia, April 14-18,2004.

[2] TheD@ Runllib silicon detectorcollaboration:D@ Runllb silicon detectorupgrade Technical
DesignReport
http://dOsererl.fnal.ge/projects/run2b/Silicon/www/smt2b/Layer00/I0html.

[3] A. DedesH. DreinerandU. Nierste,Phys. Rev. Lett. 87, 251804,2001.

[4] R. BernhardandF. Lehner: Sensitivityanalysisof the rare decayBg ! * with the D@
detector D@ note4377.

[5] F. Abeetal. [CDF Collaboration],Phys.Rev. D 57, 3811(1998).

[6] A. Beanetal., Silicon SensorQuality Assuancefor the D@ Runllb Silicon Detector: Proce-
duresand EquipmentD@ note4120,
seealsohttp://www.physik.unizh.ch/ ~lehnerf/dzero/run2b.htmi

[7] Dyconex advancedcircuit technologiesZurich, Switzerland.
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6 Particle Physicswith CMS at LHC

C. Amsler, V. Chiochia,A. Dorokhov, C. Hormann K. Proko ev, H. Pruys,
C. Rggenfus P Robmann]T. SpeerandsS. Steiner

in collaboration with:
ETH-Zurich, Paul Scherreidnstitut (PSI), Universitat Baselandthe CMS Collaboration.

(CMS Collaboration)

During 2003our groupcontinuedo designandtestthe pixel sensorandreadoutchipsfor theinner
mostvertex detectorof the CMS experiment.We arealsoinvolvedin thechagedparticlereconstruc-
tion softwareandthe workshopof our instituteis developingthe supportstructureandservicetube
for the pixel detector

The CMS (CompactMuon Solenoid)at the Large Hadron Collider (LHC) will start operatingat
CERNin 2007. Our groupwill concentraten physicsinvolving the b- andt-quarksquark,e.g. b-
guarkproductionassociateavith theformationof Higgsbosons.The mostinterestingeventsat LHC
will containoneor severalb-jetsoriginatingfrom the decayof B mesonswith typical decaylengths
of afew mm. To allow for ef cient taggingof B mesonsamongthe large backgroundf light quark
andgluonjets,thedetectiorsystemhasto tracebackparticlestowardsthe primaryvertex. Thesilicon
pixel detectomwe aredevelopingis theclosestetectorto theinteractionpoint,locatedonly 4 cmfrom
the beam-beaminteractionpoint. The ex-
tremely high particle ux nearthe primary
vertex (1000 particlesevery 25 ns) re-
quires the innermosttracking layersto be
composeaf pixel devicesdelivering3D co-
ordinateswith high resolutionandno ambi-
guity.

The barrel pixel detectorconsistsof three
concentriccylindrical layers, 53 cm long
with radii of 4.4,7.3and10.2cm. Thelay-
erscontainsome3 10’ silicon pixels. The

pixel modules consist of thin, segmented ) o )
sensorplates with highly integrated read- Figure6.1: Sthematicview of a pixel detectorele-

out chips connectedy indium bump bonds ment.Ead sensorpixel is connectedhroughanin-
(Fig. 6.1). The nal pixel sizewill be 100 dium solderbumpto a pixel unit cell on thereadout

chip which ampli es and processeshe signal. The
data are stored on the edge of the chip whele they
wait for trigger con rmation.

150 m?. The analoguesignals are read
out to determinethe coordinatesmore ac-
curately using chage sharingbetweenad-
jacentpixels.

6.1 Developmentof pixel sensors
The CMS pixel sensorsare manuficturedusingthe “n-on-n” techniqueconsistingof n* -structures

on n-bulk silicon. This allows the partially depletedoperationof highly irradiatedsensorsaftertype
inversion,but alsorequiresinter-pixel isolation. Two isolationtechniquesvere consideredor our



Figure 6.2: Someof our favorite de-
signs for the pixel sensos. Open p-
stop rings (a and c), p-stop crosses
(d) and p-spay with bias grid (b).
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latestprototypes:p-spray[1], for which a uniform av-
eragedoseof p-impurities(  10*2 cm 2) covers the
wholestructuredsurface,andp-stoprings(  10'® impu-
rities cm 2) which surroundthe n* -implants(Fig. 6.2).
Possiblefailures of the pixel bump-bondsrequire a
methodto evacuatethe chage. This is achieved with
a biasgrid andpunch-througtstructuredor the p-spray
detectorsaandby openingsn theringsfor the p-stopde-
tectors.

Testmeasurementwereperformedn the H2 beamline
of the CERN SPSin Juneand Septembei2003 using
150-225GeV pions. Thetestdevicescontained?2 32
pixelswith atotal sensitve areaof 2:75 4 mnm?, anda
thicknessof 280 m. Thereadoutpitch wasstill of the
old design,125 m 125 m. Someof thesedevices
hadbeenpreviously irradiatedin a 24 GeV protonbeam
atthe CERNPS.The sensorgeceiedtotal particle u-
encesof 3:3 10 neg=cn?, 8:1 10 neq=cn? and
1:1 10" neg=cm?. They were bump bondedto non-
irradiatedreadoutchipsof the DMILL type.

Thehit coordinatesn the pixel detectomweredetermined
accuratelywith our silicon referenceelescopd2]. The
beamtelescopeconsistedof 4 modules,eachwith two
orthogonal300 m thick single-sidedsilicon detectors
(32 30mnP) with astrip pitchof 25 m andareadout
pitch of 50 m. Theresultingintrinsic resolutionof the
beamtelescopavasaround =1 m.

The pixel sensomwith the readoutchip wasmountedon
arotatingsupportpositionedbetweerthesecondandthe
third module(Figs. 6.3 and 6.4). A trigger signalwas
generatedy a PIN diode. The dataacquisitionsystem
and slow control (temperatureand bias voltage) were
writtenin LabView andLabWndows CVI (Nationalln-
strumentsjunningonaPC.Theanalogsignalswveredig-
itized in a VME basedreadoutsystemby FADCs. The
setupwaslocatedin anopen3 T Helmholtzmagnetwith
magnetic eld parallelto the beam. The pixel sensors
werecooledwith watercooledPeltierelements Similar
measurementsereperformecearlierby ourgroup[3; 4]
butirradiatedsensorgouldnotbetestedeliablybecause
they werenot cooleddown to the 10 C foreseerfor
the CMS tracker. A moredetaileddiscussiorof the lat-
estbeamtestresultscanbefoundin ref. [8].
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6.1.1 Lorentzanglemeasurements

The Lorentzanglewas obtainedby the direct measure-
mentof the chage drift in the magnetic eld usingthe
grazinganglemethod [4]. The pion beamwhich was
in directionof the magneticeld enteredhe sensoisur
faceat a shallov angle = 15 (Fig. 6.5). The de-
positedchage drifts accordingto the combinedelectric
andmagneticforces,resultingin a de ection of the par
Figure6.5: Lorentzanglemeasuement tjcle track projectionon the surfaceby theangle from
with thegrazinganglemethod. which the Lorentzangle | couldbeobtained.The de-
ection obsered at 3 T magnetic eld is illustratedin
Fig. 6.6for thenon-irradiatedy-spraysensor
Theangle wasmeasuredby slicing the histogramper
pendicularlyto they-axis. Thex positionof the chage
centeris shavn in Fig. 6.7 asa functionof y. A mea-
surementwithout magnetic eld is usedto correctfor
R detectomisalignmentwith respecto the beam(bottom
y position (-mm) line). For theirradiateddevice therearetwo regionswith
differentslopesandhencetwo differentLorentzangles.
This behaiour can be explainedby the non-linearbe-
haviour of theelectric eld in theirradiateddevices(see
next section).Sincemostof thesignalchageis collected
Seat e v :@MM from theregion_closeto thepixelimplant,thisregionwas
b usedto determinghelLorentzangle.
e Figure 6.8 shavs the measured.orentzanglesfor non-
WH» : i irradiatedandirradiatedsensorsextrapolatedo 4 T. One
it obsenresastrongdependencef theLorentzangleonthe
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Figure 6.6: De ection of the drifting
chargein a3 T magnetic eld.
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the non-irradiatedsensors Lorentzangleof 26 canbe
reachedat a biasvoltageof 100V, while irradiatedsen-
sorshave to be operatedat much higher bias voltages,
wherethe Lorentzangledropsto roughly 10 . Our re-
sultsarein a goodagreementith othermeasurements

Figure 6.7: De ection of the collected
charge as a function of the y-position.
Thesolidline is the t.
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Following irradiation, the amountof collected chage
T ﬁ ,,,,,,,,,,,,,,,,,, 4 decreaseslue to chage trapping and partial depletion
---------------- Y of the sensor Measurementsf the chage collection

ef ciency asa function of sensodepthwereperformed
Bias voltage (V) usingthe grazinganglemethod this time with magnetic
eld off. The chage collectedin non-irradiatedand

Figure6.8: Lorentzangleas a function irradiatedp-spraysensorsasafunctionof depthis shavn
of bias voltage for a magnetic eld ex- in Fig. 6.9. In the non-irradiatedsensorthe chage is
trapolatedto 4 T. collecteduniformly acrosgshewholesensodepth,while
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the irradiated devices ex-
hibit a different behaiour.

At low biasvoltageschage
is also collected from the
side oppositeto the pixel
implants which could in-

dicate that the depletion
startsfrom both sidesof the
detector due to the non-
linearbehaiour of theelec-
tric eld. The fraction of

collected chage for differ-

ent designsand irradiation
dosesis shavn in Fig. 6.10
asafunctionof biasvoltage.
Chage collection also de-
pends on the position of

theincidentparticlewith re-
spectto the pixel implant
sincethe gapsbetweenpix-

els have a reducedsensity-

ity. Theaveragechage col-

lectedis shawvn in Fig. 6.11
asafunctionof positionfor

non-irradiated and irradi-

atedsensors.The signal-to-
noise ratio decreasegrom

65 to 35 after irradiation.
Thusthe CMS pixel detec-
tor will operateup to the
maximumexpectedirradia-

tion dose.Notethatthearea
with reducedchage collec-

tion betweerpixelsis larger

for the p-stopdesign.
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Figure 6.9: Chame collected
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Figure6.11: Distribution of charge collectedin the pixels.
Thetop plotsshowthe non-irradiatedp-spray (a) andp-stopde-
signs(c), the bottomplotstherespectiverr adiatedsensos.

6.2 Developmentof the pixel readoutchip

We collaboratewith PSlin thedesignof thereadouthip (ROC)[6]. Theprototype(PSI146)in quarter
micron technologyDSM (Deep Sub Micron) was submittedand deliveredby the manufcturerin
2003.Thepreviouschipshadbeenprocesseth radiationhardDMILL technology DSM technology
is awell known standargrocesssigni cantly cheapethanDMILL whichwasespeciallydeveloped
for radiationhard devices. However, DSM designscanalso be radiationhard. We expecta better
yield with DSM thanwith DMILL and, indeed,the preliminaryyield is 80% for DSM, compared
with 20%for our previous DMILL chips(PSI43). Paver consumptioris alsolower in DSM which
requiresonly half of the supplyvoltageand half of the current,hencea quarterof the total powver

consumption.

6. PARTICLE PHYSICSWITH CMSAT LHC
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Figure6.12:
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DSM technologyalso offers new possibilitiesin
designingchipsandimproving theirperformances.
Thereare ve metallayersavailablefor routingin-
steadof only two, andthe smallestfeaturesizeis
0.25 m, comparedo 0.8 m for DMILL. Hence
more comple circuits can be designedto cope
with the updatedrequirementsat LHC: the three
layersof pixel detectorswill now be operatedat
high luminosity, including the innermostat 4 cm
fromtheinteractionvertex. In DMILL technology
however, we would have an unacceptabléraction
of lostdata.

The wafer submittedto the manufcturerin 2003
containedfour versionsof the ROC which dif-
fer essentiallyin the power decouplingscheme
(to minimize crosstalk andthereforeallow lower
comparatothresholdspandthe total areaof metal
insulatormetal capacitors. Testcircuits for inter
nal measurementsat pointsthatarenot accessible
in theROC werealsoforeseernn thewafer In par
ticular, we designeda circuit to investigate single
eventupsetsseebelaw.

The analogreadoutof the ROC wastestedin the
laboratory(Fig. 6.12). The rst threecyclesare
usedfor the headerthe next two for the double
column addressand the following three for the
pixel addresses.The addressesre codedby six
analoglevels which are clearly distinguishablen
Fig.6.12. Thelastcycleis theanalogpulseheight.
The cyclesfor the addressf the doublecolumn,
the pixel addressaindthe pulseheightarerepeated
for eachhit. Thereadoutrequeng is 40 MHz.
TheROC wastestedonthe300MeV/c E 1 beam-
line at PSI. One of the goalswas to investicate
the data loss under LHC equvalent intensities.
The beamintensityvariedupto 8 107 pions/cn?
which correspondgo the expectedtrack density
at CMS for the middle layer of the pixel detector
Theexperimentalayoutis shavnin Fig.6.13.The
triggersignalwasgeneratedby scintillatorsandre-
ducedto 10kHz by coincidencewith the random
signalof aradioactve source.The ROC wasoper
atedwith asynchronizedOMHz frequeny which
correspondgo the bunch crossingfrequeny at
LHC.

The inefciency versus uence is showvn in
Fig. 6.14. The dataloss of PSI46(2.5 % at the
maximum luminosity) is aboutan order of mag-
nitude smallerthanthat of PSI43,but still some-
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whathigherthanexpected.Hencethe translationof the ROC from DMILL to DSM wassuccessful
andthenew chipis muchmoreperformant.Someminorimprovementsare,however, still necessary

Singleeventupsetg SEU) occurduring high enegy depositin a smallsensitve volumeof the elec-
tronicscircuit, leadingto unwantedbit ips. SEUeventsaredueto hadronicinteractionswith nuclei
on the lattice. This is a known problem,e.g. in spaceapplicationswhich hasalsoto be taken se-
riously at LHC. SEU is more dangerousn DSM technologydueto smallernodecapacitiesfaster
circuitsandlower supplyvoltagesandis a seriousgproblemfor detectorcontrolfunctions.For exam-
ple, theanalogcorvertervaluesandtrimbits for thethresholdsarestoredin memorycells. In orderto
dealwith the SEUs,onehasto reloadpermanentiythe storagecells, which causesinnecessargata
traf c.

In our measurements/e investigated the effects

of capacitorsas protectionsagainst SEUs. The 0

SEU teststructuresdesignedn DSM technology & | ’ y O->1noprot
consistecf shift registersprotectedvy capacitors. 29" g . Y
Theshift registerswere lled with 1 or O andread § - . s 1->0 no prot

out every 5 minutesto countthe ipped bits. The 8 F . )
crosssectiondor bit ips areshavnin gure 6.15 @l * ' !
as a function of supply voltage. The crosssec- 8 . 051 prot ¥
tionsfor SEUareroughlytwo ordersof magnitude e 150 prot
smallerwith protective capacitor B I
Anotherinterestingresultis the asymmetryin the Supply voltage [V]

probabilitiesfor 1 to O ips andOto 1 ips. The
ratioof probabilitiesO ! 1=1"! Oisaboutl20. Figure6.15:SEUcrosssectiongor 300MeV/c
Figure6.16shaws the spatialdistribution of SEUs * onthe SEUteststructuesfor varioussup-
after 160 readoutsof 5 minuteseach,at a supply  ply voltages.

voltageof 1.5V. The upperrow shaws the spatial SEUOtol (15V)

distribution of SEUsin the unprotectedshift reg- e e
istersandthelower row shavs the distribution for
the protecteccells.

By histogramminghe numberof SEUsaftereach
readoutone obtainsa Poissondistribution. This
is a hint for independensingle pixel upsetsand s T :
no clusterisatiorof SEUs. Theratio of SEU cross TR TR
sectiondor */ isl1.6.Theratiofor */p( 5) Fr=====l &
wasalsomeasuredising500MeV/c protons.This
is animportantmeasuremergincemostinvestica-
tions for spaceapplicationswere donewith pro-
tons.

6.3 Eventreconstructionsoftware

We aredevelopingtechniqueso reconstructhein-  Figure 6.16: Accumulatedspatial distribution
teractionvertex in CMS within theobject-oriented  of SEUsafter 160readoutdor four shiftregis-
reconstructiorframenork (ORCA). After having  tersin parallel. Theupperrow showsthe dis-
implementedin ORCA a single-\ertex t algo-  tribution of two unprotectedshift registers and

rithm usingthe Kalman lIter formalism(seelast  theloweronethedistributionfor two protected
years annualreportand ref. [7]), we arenow  shiftregisters.

developingan algorithmbasedon a the so-called
Gaussiarsum lter .

6. PARTICLE PHYSICSWITH CMSAT LHC
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Figure6.17: Pull of the reconstructedrer
tex x-coodinate

Figure6.18: 2-probability distribution for
theKalman lter.

Figure6.19: Pull of the reconstructeder
tex x-coodinate
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The usual vertex reconstructionalgorithm is the
Kalman Iter basedon a leastsquareminimization,
which henceassumeghat the track measuringer-
rors follow a normal distribution. However, a non-
Gaussiamoise (due e.g. to -electrons)is always
present. One method that takes non-Gaussiaref-
fectsinto accounts the Gaussian-suniter (GSF)in
which the measuremengrrorsare modeledby a su-
perpositionof several (mostly two) Gaussiansvhich
we shallreferto ascomponentsit is a non-lineares-
timator, in which the weightsof the componentsle-
pendonthemeasurements.
In an iterative procedure the estimateof the vertex
is updatedwith one track at the time. The vertex
consistsof several solutionscalculatedwith all pos-
sible componentsf the tracks. When one track is
addedto the vertex, eachsolution for the vertex is
combinedwith eachcomponenbf the new track, us-
ing the Kalman lIter. The nal vertex estimateis
then calculatedas the weightedaverageof all solu-
tions. Sincethe numberof solutionsincreasesxpo-
nentially, it hasto belimited to anacceptabl@umber
Thisis achiezedby meiging solutionswhichareclose
enough.
To investigatethe performancef a suchanalgorithm
we madea simulationusingverticesleadingto four-
tracks. No track reconstructiorwas performedbut
track parameteravere smearedaccordingto a two-
componentsaussiarmodel. The componenmodel-
ing the non-Gaussiarails had a standarddeviation
tentimeslarger thanthat of the corecomponentand
their relative weightswere9:1.
For a t with the Kalman Iter, for which only
one components used,the distributions of the ver-
tex pulls (differencebetweensimulatedand recon-
structedvalues divided by the measuremenerror)
shav a Gaussiancore with tails (Fig. 6.17) and a
large fraction of the tted eventshave a very small
2-probability (Fig. 6.18).
In the GSFmethodthetwo componentareusedgeach
with the correctweightandvariance.The pulls have
aresolutioncloserto unity when tted with a Gaus-
sian, thetails vanish(Fig. 6.19) andthe peakat low
2 disappeargFig. 6.20). Thisindicatesthattheerror
estimatesand componentweights were reasonable.
Theseencouragingestsdemonstratéhe power of the
algorithmandits efciency in the presenceof non-
Gaussiamoise.
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We are also developing a kinematic t usingthe Lagrange
multiplier methodwhich incorporatesadditionalconstraints
into thevertex t. Additional constraintssuchasmasse®f
decayingparticles enegy andmomenturnconseration, will
improvetheresolution.A furtherconstrainof intereswould
requirethe momentumof the reconstructedd mesonto be
parallelto the vector pointing from the primary to the sec-
ondaryvertex (pointingconstraint).

As an example, considerthe decayBs ! J= !
K*K * . Theinvariantmassof the four tracksafter
thevertex t but without any additionalconstraintis shovn
in Fig. 6.21. Thedistribution hasa Gaussiarwidth of about
40 MeV andthe averagemasss displacedby somel3 MeV
comparedo thetablevalue. Thisis dueto thelargeerroron  Figure 6.20:  2-probability distri-
themuonmomentunmeasuremernih the CMS detector bution for the GSF(seetext).
However, the invariant massdistribution becomessignif-
icantly narraver and correctly centeredwhen the four-
momentumof the two-muonsystemis constrainedo match
theJ= mass(Fig. 6.22). This constraintis applicabledue
to thevery smallwidth of thedJ= comparedo themeasure-
mentuncertaintie®f typically 10 MeV.

[1] R.H.Richteretal., Nucl.InsttMethA 377(1996)412.
[2] C.Amsleretal., Nucl.InsttMeth A 480(2002)501.
[3] R.KaufmannPhD ThesisUniversittZirich,2001.
[4] B. Henrichand R. Kaufmann,Nucl.InsttMethA 477

(2002)304. Figure6.21:

[5] V. Bartschetal., Nucl.InsttMeth A 478(2002)330. KK 7 invariant mass in
V. Bartschetal., Nucl.InsttMeth A 497 (2003)389. Bs ! J= I KYK 7

[6] M. Barberoetal., Nucl.InsttMeth.(inprint). withoutJ= massconstaint.

[7] R. Fruhwirth, K. Prolo ev, T. Speer P. Vanlaerand
W. Waltenbeger, Nucl.InsttMeth A 502 (2003)699.
[8] A. Dorokhor et al., to appearin Nucl.InsttMethA
preprintphysics/ 0311050;
T. Rohe et al., submittedto IEEE-TNS 7, preprint
physics/ 0312009.

Figure6.22:
Distribution asin Fig.6.21 but with
J= massconstaint.
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7 Superconductivity and Magnetism

M. Angst(till November2003),M. Bruun(till November2003),D. Di Castro,
D.G. Eshchenk, H. Keller, R. Khasane, S. Kohout,M. Mali (till November2003),
J.Roos,A. ShengelayaS. Strassle(sinceMai 2003),
M. Eremin(visiting scientist),V.A. lvanshin(visiting scientist) B. Kochelag (visiting scientist),
T. Schneide(Titularprofessor)andK.A. Muller (Honorarprofessor)

in collaboration with:

ETH zurich (K. CondeyJ.Karpinski),Paul Scherretnstitute(PSI) (E. Morenzoni),IBM Rischlikon
Research.aboratory(J.G.Bednorz),Universit de Gereve (&. Fischer),University of Birmingham
(E.M. Forgan),Universityof St. Andrews (S.L. Lee),Universityof Rome(A. Bianconi),KazanState
University (A. Dooglay, M.V. Eremin,B.l. Kochelag), University of Belgrade(l.M. Savit), Institute
of Low Temperaturend StructureResearchPolishAcademyof SciencesWroclav (PW. Klamut),
Institute of Physics, Polish Academyof SciencesWarsav (R. Puzniak,A. Wisniewski), University
of Tokyo (K. Kishio, T. Sasagwa, H. Takagi),Northernlllinois University, DeKalb(B. Dabrawski).

Our last yearsresearchactiities were again aimedat the fundamentaphysical propertiesof non-
conventionalsuperconductorsuchascupratehigh-temperatursuperconductorHTS) andmagne-
siumdiboride(MgB»).

A main focuswas put on the role of the electron-phonorinteractionin the basicphysics of these
systemdoy investigating the effects of isotopesubstitutionand hydrostaticpressureon the relevant
superconductingparameters.Furthermorenew aspectselatedto chage inhomogeneityasa pos-
sible intrinsic property of the novel superconductorsvere explored by studying nite-size effects
and signaturesof an electronicphaseseparation. Applying the combinationof microscopictech-
niques[muon-spirrotation (corventional SRandlow enegy LE SR),nuclearmagneticresonance
(NMR), nuclear quadrupoleresonancé€NQR), election paramagneticresonanc€EPR] and bulk-
typemeasuremenf$SQIID andtorquemagnetometryresistivity provedto be of greatadvantagen
ourinvestigations,which aredescribedn moredetailin thefollowing.

7.1 Studiesof isotopeeffectsin novel superconductors

7.1.1 Directobsewation of the oxygenisotope effect on the magnetic eld penetration depth
in optimally dopedYBa,Cu3z0;

A directwayto exploretherole of theelectron-phonointeractionin HTSis to investigatetheisotope
effect on the in-plane penetrationdepth 5y [1; 2; 3]. We usedthe adwantagef the low-enegy
SR (LE SR)techniquedevelopedrecentlyat the Paul Scherrernstitute (PSI) [4], for the direct
measuremerdf the oxygenisotope(160/180) effect (OIE) on 4y, in optimally dopedYBa,CuzO7
Ims [5]. Theprincipleof determinatiorby usingLE SRis shavn schematicallyn Fig. 7.1. Low-
enegy muonsof tuneableenegy canbeimplantedat a differentandcontrollabledepthz beneathhe
surfaceof the superconductan the Meissnerstate.Dueto therandomnatureof themuonscattering
processthe implantationdepthsare distributed over a nanometescale,andthe implantationdepth
pro le n(z) depend®nthemuonenepy [Fig. 7.1(a)]. Knowing the valueof the meanimplantation
depthz themagnitudeof thelocal eld B (Z) is obtainedrom the muonspinprecessiofirequeng.
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Figure7.1:

(a) Theprinciple of determinationusingLE SR.By tun-
ing theenegy E of theincidentmuonshey are implantedat
contwollable distance&Z beneaththe surfaceof thesupecon-
ductorin theMeissnerstate Thelocal magnetic eld B (Z) is
determinedromthe muonprecessiorirequencyusing SR.
(b) Sthematiddistribution of thescreeningcurrentJ in athin
anisotiopic supeconductingslab of thickness2t in a mag-
netic eld appliedparallel to the at surface
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Figure 7.2: Magnetic eld penetation pro les B(z) on a
logarithmic scale for an 80 substituted(red circles) and
an 180 substituted(blue circles) YBaCuwO;  Im mea-
sured in the Meissnerstateat 4K and an external eld of
9.2mT, appliedparallel to the surfaceof the Im. Thedata
are shownfor implantationenengies 3, 6, 10, 16, 22, and
29keV starting from the surfaceof the sample Solid curves
arebestts byEq.(7.1).

7. SUPERCONDUCTIVITYAND MAGNETISM

The measurementsf the in-plane
magnetiqenetratiordepth 5, were
performedona600nmthick epitax-
ial YBaoCuwsO7  Im in theMeiss-
nerstate.A weakexternalmagnetic
eld of 9.2mT was applied paral-
lel to the Im surfaceafter cooling
in zeromagnetic eld from a tem-
peratureabove T¢ to 4K. In this ge-
ometry (the thicknessof the sample
is nggligible in comparisorwith the
width), currents o wing in the ab-
planesdeterminethe magnetic eld
pro le along the crystal c-axis in-
sidethe Im [seeFig. 7.1(b)]. Spin-
polarizedmuonswere implantedat
adepthrangingfrom 20-150nm be-
neaththesurfaceof the Im by vary-
ing theenegy of theincidentmuons
from 3 to 30keV. The muon im-
plantationdepthpro le n(z) for the
given implantationenegy was cal-
culatedusingthe Monte-Carlocode
TRIM.SP[6]. Thereliability of the
calculatedn(z) was demonstrated
by previousLE SR experimentson
thin metallayers[7].

For eachimplantationenegy theav-
eragevalueof the magneticeld B
andthecorrespondingveragevalue
of the stoppingdistancez were ex-
tracted. The value of B was taken
from the t of the SR time spec-
trum assuminga Gaussianrelax-
ation function. The value of Z was
takenasthe rst momentof theem-
ulatedn(z) distribution. Resultsof
this analysisfor the %0 and 180
substitutedYBa,CuwsO; Ims are
shawvn in Fig. 7.2. The datapoints
for the 180 Im are systematically
lower than thosefor the 180 Im,
showing that 16 4, < 18 ,,. The
solidlinesrepresena t totheB (2)

databy thefunction:
_ g Coshlt 2)= ap] .
P = Bocosht )
(7.1)
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whereB (0) is the eld at the surfaceof the superconductorand 2t is the Im thickness. Fits of

Eq. (7.1) to the extracted'®B (z) and'®B (2) yield 16 ,,(4K) = 151:8(1:1)nmand'® ,,(4K) =

1558(1:0) nm. Taking into accountan 80 contentof 95%, the relative shift was found to be
ab= ap = 2:8(1:0)% at4K.

Tocon rm thattheobsernedOIE on g isintrinsic,additionalmeasurementsf theMeissneilfraction

in ne powdersamplesvith anaveragegrainsizecompatibleto 5, wereperformed.Analyzingthe

datausingthe proceduredescribedn Ref. [1] gives  ap= ap = 2:7(1:0)%, in agreementvith the

LE SRresults.Ilt waspointedout[1; 2; 3; 5] thattheOIE on 4, arisegmainly fromtheoxygen-mass
dependencef thein-planeeffective massm . Thereforeour nding impliesthatevenin optimally

dopedHTS for which only a smallisotopeeffect on T is obsened, the supercarriergre strongly

coupledto thelattice.

[1] G.M. Zhaoetal., Nature(London)385 236(1997).

[2] J.Hoferetal., Phys.Rev. Lett. 84, 4192(2000).

[3] R.Khasanw etal., J. Phys.: CondendMatter15, L17 (2003).

[4] E.Morenzonietal., J. Appl. Phys. 81, 3340(1997).

[5] R.Khasane etal., Phys.Rev. Lett. 92, 057602(2004).

[6] W. Eckstein,ComputerSimulationsof lon-Solid Interactiong SpringefVerlag,Berlin, 1992).
[7] E.Morenzonietal., Nucl. Instrum.MethodsB, 192, 254(2002).

7.1.2 Site-selectve oxygenisotopeeffecton the penetration depthin Y g.gProp.4Ba,Cu3z07

The obseration of an OIE on 4, in HTS in-

dicatesan unusual(e.g., hon-adiabatic)cou-

pling of the electronsto phonon modesin-

volving the movement of the isotope sub-
stituted atoms. It is important to identify

the relevant phonon modes responsiblefor

this effect. This can be achiered by inves-
tigating the site-selectie oxygen-isotopeef-

fect (SOIE). We usedtranserse- eld SR to

studythe SOIE on T; and g, in underdoped
Yo.6Pl.4aBaoCwO;  powdersamplegl].

o (us”)

In order to prepare oxygen site-selectie
samples a two-step exchange process was
applied [2]. The following site-selectie
samples were prepared: 0p5, 8Opqc,
180480,¢, and 80p°0,c where indexes p,

T(K)

a and c denoteplanar (within CuO, planes),
apical and chain oxygen, respectrely. The
site-selectiity of the oxygen exchangewas
checled by Raman spectroscop con rming
that the site-selectie oxygen substitutionis
almostcompletein all the samples.The SR
measurementsereperformedat PSlusingthe

Figure7.3:

Tempeature dependenceof the depolarization
rate in site-selectiveYg.gPro4sBaxCusO; sam-
ples(200mT, FC). Thesolid lines correspondto
ts tothepowerlaw (T)= (0) =1 (T=T)"

for the 1*0p,c and 180y, samples.
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M3 beamline. The sampleswere cooledfrom far above T in a magnetic eld of 200mT. In a
highly anisotropiclayeredsuperconductothe in-planepenetratiordepth 5, canbe extractedfrom
themuon-spindepolarizatiorrate (T) / 1= £, which probesthesecondnomentof the probability
distribution of the local magnetic eld function p(B) in the mixed state[3]. The depolarization
rate wasextractedfrom the SR time spectrausinga Gaussiarrelaxationfunction. Figure 7.3
shavs thetemperaturelependencef for thefour Y o.6Pro.4BaCwO;  site-selectie samplesit
is evidentthataremarkableoxygenisotopeshift of T, aswell asof 5 is presentMore importantly
the datapointsof the site-selectie 0380, (**0}°0,c) samplescoincidewith thoseof the °0pac
(180pac) samples. Therefore,our resultsshov unambiguoushthat the OIE on both the transition
temperaturel . andthein-planemagneticpenetratiordepth 5, comesfrom the oxygenwithin the
superconductingcuQ, planesand not from the apical and chain oxygen. Noting that the lattice
parametersemainessentiallyunafectedby theisotopesubstitutior{4], ourresultsshav theexistence
of astrongcouplingof theelectronicsubsystento phononmodesnvolving movementsof theoxygen
atomsin the CuG, plane,while suggestinghat modesinvolving apicaland chainoxygenareless
stronglycoupledto theelectrons.

[1] R.Khasanw etal., Phys.Rev. B 68, 220506(2003).
[2] K. ConderMater Sci.Eng.R32, 41(2001).

[3] P.Zimmermanretal., Phys.Rev. B 52, 541(1995).
[4] F. Raffaetal., Phys.Rev. Lett. 81, 5912(1998).

7.1.3 Finite-sizeand oxygenisotopeeffectin

Yo:6Pro:aBaxCuzO7 ~
Only in the ideal casesuperconductorsan be L
consideredishomogenousk-or HTS thereis in- 2
creasingevidencethatinhomogeneitys evenan 0.040 =

intrinsic property Supposehat HTS aregran-
ular, consistingof spatial superconductinglo-
mains,embeddedn a non-superconductingna-
trix andwith spatialextentL 5, L, andL ¢ along
the crystallographica, b and c-axes. The cor
relationlength ; in directioni, whichincreases
stronglywhenT. is approached;annotgrow be-
yondL;. Consequentlfor nite superconduct-
ing domains thermodynamiqyuantitieslike the
speci ¢ heatand penetrationdepthare smooth
functionsof temperature.As a remnantof the
singularity at T, thesequantitiesexhibit a so-

(A, (0)/2  (T))?

1-0.035

-0.030

Figure7.4: Tempeature dependencef the nor-
malized ,2(T)=*¢ _2(0) in the vicinity of T,
for the 160 — opencirclesand 120 — closedcir-
clesYp.7 Pro3sBaCuwO;  samplesClosedand
opensquaesrepresenthetempeature behavior

called nite sizeeffect[1], namelya maximum
oranin ection pointat Ty, (i= an;¢ (SEEFiQ.7.4).
Knowing the value of Tp, (seeFig. 7.4) and
the valuesof the in-planemagneticpenetration
depth o at T = T, the value of the do-
main size along c-direction L, can be easily
calculated[?

16 %ksTp, 1
L c= 5 2(T ) ; (72)
0 ab \ ' Pc

7. SUPERCONDUCTIVITYAND MAGNETISM

ofthe r stderivatived _*(T)='¢ _2(0) =dT

for 160 and 180 substitutedsamples,respec-
tively. Theextremain the r stderivativearound
T 521(2)K and51:0(2) K for 160 and 180,

respectivelyclearlyrevealtheexistenceofanin-

ection point, characterizingtheoccurrenceof a

nite sizeeffectin 1= 2,. Thesolid and dashed
lines indicatethe leadingcritical behaviorof a

homa@enoussystenwithL, 1 .
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where g is the ux quantum. The resultsof the nite size effect analysisin 60/A80 substituted

Y1 xPrBaCuOy
conductingdomainsalongthe c axis, L, ver
susthe”in ection” temperatureTp,, areplotted.
Two importantpoints shouldbe mentioned. (i)
The domainsize increaseswith decreasinglp,
(Te). This canbe taken as an evidencefor the
shrinkageof limiting lengthscalesuponchange
of doping,stemmingfrom the behaior closeto
the quantumsuperconductoto insulatortransi-
tion where T vanishegq3]. Herethe cuprates
becomeessentiallytwo dimensionaland corre-
spondto a stackof independenslabs[4]. (i)
For a x ed Pr concentratiorthe lattice param-
eters remain essentiallyunafected by isotope
substitution5]. Accordingly anelectronicpair
ing mechanism,not taking into accountcou-
pling to local lattice distortionsandanharmonic
phononswould imply L. = 0. Onthecon-
trary, a signi cant changeof L. upon oxygen
exchangeuncoversthe couplingto local lattice
distortionsand anharmonigohonons,involving
the oxygenlattice degreesof freedom.

(x = 0:0, 0.2,0.3) samplesarepresentedn Fig. 7.5, wherethe sizeof super

24— . : . .
8 YxPr1—xBa2CU3O7-5
. x=0.3
20 * -
< 169 x\\\(}\\x\:oz 1
_'o * -
12 x=0.0 |
18
) () @
8 T T T T T
50 60 70 80 90

Figure7.5: Domainsizel ¢ versus”in ection”

tempeature T, for oxygenisotope®0/A80 sub-
stitutedY; xPryBaCuzO; (x =0.0,0.2,0.3)
samplesThedashedinesare guidesto theeye

[1] M. E.FisherandM. N. Barber Phys. Rev. Lett. 28, 1516(1972).
[2] T. Schneideetal., J. Phys.: CondensMatter15, L763 (2003).
[3] T. Schneidercond-mat/0210697.

[4] T. SchneiderEuroptys. Lett. 60, 141(2002).

[5] F Raffaetal., Phys.Rev. Lett. 81, 5912(1998).

7.1.4 Isotopeeffectstudiesin magnesiumdiboride

The anomalousuperconductingropertiesof MgB, suchas,for example,speci ¢ heatandunusual
behaior of thesuperconductingnisotropieswereexplainedby the existenceof two setsof bandg
and ) with differentdimensionalityandpairingstrength.lt wasproposed1; 2] thatMgB; is anon-
adiabatisuperconductobecausef thestrongcouplingof theelectrongo the Exg phononmodeand
thesmallFermienegy. Thiswouldleadto thebreak-davn of the Migdal adiabaticapproximationin
whichthedensityof statesatthe Fermilevel, theelectron-phonogouplingconstantandthe effective
supercarriemassm areall independenof themasdM of thelatticeatoms.To clarify this point, we
continueda study of the boronisotopeeffect (BIE) on the magneticpenetratiordepth , a physical
quantitydirectly relatedto the carrierseffective massm : 1= 2 [ ge?=c%](ns=m ). Lastyearwe
obtaineda BIE compatiblewith zerowithin the experimentalerror. To checkthe reproducibility of
this resultandto shawv thatthey areintrinsic for MgB,, we repeatedhe experimenton samplesof
higherquality. To measure , we usedagainthe SR technique.For Mg!!B, andMg'®B, isotope
sampleswe measuredhe temperatur@lependencef the muonspindepolarizatiorrate , whichis
proportionalto the secondnomentof the magneticeld distribution, and,undercertainconditions,
to thesuper uid density / 1= 2/ ng=m .
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Thereforea shiftin 1= 2 dueto the isotopesubstitutionwould leadto a shiftin m , sinceng does
not changeon isotopesubstitution.

In Fig. 7.6 the temperaturedlependencef for the new Mg''B, and Mg'®B, isotopesampless
reported.The datawere tted with thetwo-gapequation3]:

M= ©0 w (uT) @ w (2T) (7.3)

R
with  ( ;T)=2k8iT) 01 f(";T)[2 f(,;T)d". 1and » arethezerotemperaturdarge and
small gaps, respectrely, w is the

10:‘; “““““““““ R ‘l\/‘lg‘ql‘OI‘B “““““““ {  relatve contritution of the large

W . Mglle { gapto (0), andf("T) is the

— o 10r o0 .1  Fermidistribution. For thetemper

8t ORg fit Mg™B,: €7(0) = 9.9(1) s™ {

- B, =06T S tvate €10y = 0.8(1y < | aturedependencd T) of thegaps
~ | a_ TMOTES 0)=98(1ys™ we usedthe corventional BCS gap
w 61 ‘& €€ =f16(1.5% | function.
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@ [100 4 - gugg; N ., =4.9(1) meV, From the t we found
4 g . =1.1(3) mev] 20)= 2(0) = 1:6(1:5)%[3].
F 96T Na ,=088(2) ] Thisresultis in agreementvith the
27 A 1 previous one on samplesof lower
L 92 ’€/2€ :f30.5 (i)o/ — i 1 quality, shawving that there is a

[, o =T s S é‘ y — .. 2 e e

05 E T LI T R - T 35~ & negligible BIE on (O).ThlSlSln
Temperature (K) contrastto the substantialoxygen

isotope effect obsered in the
Figure7.6: Tempeature dependencef themuonspindepo- ~ Non-adiabaticuprateHTS [4; 5].
larizationrate atBeyx = 0:6T for thetwoisotopesamples ~ Our resultsimply thatpolaronicor
MgloB2 (N) and MgllB2 ( ). Thesolid (MglOBz) anddotted non-adiabaticeffectsin MgB, are
(Mg!!By) linesare ts usingEq. (7.3). Theinsetshowsthe  absentor negligibly small. With
low-tempeature regionon a larger scale Thesolidanddot-  this work we establishan upper
tedhorizontallinesrepresentheweightedaverage valuesof ~ limit to ary theoreticalprediction

(0) for T < 7:5K for Mg!°B, andMg'!B,, respectively of sucheffects[?; 2].
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7.2 Studiesof pressue effectsin novel superconductors
7.2.1 Pressue effecton the penetration depth in YBa,Cu,4Og

Previous studies[1 2; 3; 4] shaved a substantiaOIE on the in-planepenetratiordepth 4,, Which
indicatesa non-adiabaticouplingof the electronso phononmodesinvolving the movementof the
isotopesubstitutecatoms.Anotherway to studylattice effectsarepressurexperimentsThesqueez-
ing of the crystallattice by external pressurechangeghe lattice parametersthe phononspectrum
andconsequentlyheelectron-latticecoupling. Surprisingly the pressuresffect onthe magneticeld
penetratiordepthhasnot attractednuchattentionsofar.

7. SUPERCONDUCTIVITYAND MAGNETISM
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Recentlywe performedthe rst measurementsf the in-planemagneticpenetratiordepth , under
high hydrostaticpressurgup to 11.5kbar) in YBa,CuwOg. The temperaturedependencef ab2
was extractedfrom Meissnerfraction measurementat low magneticeld. A pronouncedgressure
effect on both the transitiontemperaturel . and abZ(O) is obsened. Both quantitiesincreasewith

increasingpressureThe pressureshift on abz(O) canbeattributedto (i) the pressurenducedchage

carriertransferfrom chainsto the planesand(ii) the decreasingf the in-planechage carriermass
m,,. However, it is demonstratethattheeffectmainly ( 2=3) arisesrom the pressurelependence

of m,,.

[1] G.M. Zhaoetal., Nature(London)385, 236(1997).

[2] J.Hoferetal., Phys.Rev. Lett. 84, 4192(2000).

[3] R.Khasane etal., J.Phys.: CondendMatter15, L17 (2003).
[4] R.Khasane etal., Phys.Rev. Lett. 92, 057602(2004).

7.2.2 Pressue effecton the penetration depth in MgB

Thepressureffectonthe superconductingritical temperaturd ¢ of MgB, hasbeenstudiedatlarge.
A linear pressuralependencevasfound, with dT./dP = 1.11(2)K/GPa[1]. It wasattributedto the
pressurénducedlattice stiffening (increaseof the phononfrequeng) [2], ratherthanto thedecrease
in the electronicdensityof states. Comparisonwith theoreticalcalculationssupportthe view that
MgB- is a BCS superconductawrith moderatelystrongelectron-phonoicoupling.
Apart from T, the mostrelevant superconductingarameters the magneticeld penetratiordepth
. A studyof the pressureeffecton (T = 0), the so-calledsuper uid density cangive impor-
tantinformationon how the electronicdegreesof freedomareaffectedby lattice modi cations and,
therefore,on the natureof the electron-phonoroupling. In the cuprateHTS YBa,Cuw,Og, a large
pressureefiect on  2(0) wasfound (seesection7.2.2). Part of it canbe attributedto the strong
renormalizatiorof the effective massdueto the non-adiabaticouplingof the electrondo thelattice
[3]. We studiedthe pressureeffect on the magneticpenetratiordepthin the MgB» superconductor
Thetemperaturelependencef  2(T) wasextractedfrom the Meissnerfraction measuredn low
magneticeld, andis plottedin Fig. 7.7 for two differentpressures.

In analogyto our previouswork [4], we tted theexper

imental dataat low temperaturgo a two-gap equation. 8ol \ ______
The t yields a very small pressureeffect on  2(0): _ ,
22 = 1:9(1:4)%. Oursimpletheoreticatalculation g &0 " o
of the pressureeffect on [ﬁi =  L1% conrms < 40 ® P =0.9 kbar \
; - w ® P =12.5 kbar
the experimentalresults, attributing the small pressure 2
effectto achangen thestiffnessof the Fermivelocity at 20
low pressuresTheseresultsalsocon rm the adiabatic- ‘ ‘ ‘ ‘ ‘ ‘
. . . % 10 15 20 25 30 35 4C
like natureof the electron-phonooupling,asit wasre- T(K)
vealedby thestudyof theboronisotopeeffecton ~ 2(0)
in MgB-[4]. Figure7.7: 2 asafunctionof tempet

. ature for P = 0.09GPa and12.5GPa.
[1] T. Tomitaetal., Phys.Rev. B 64 (2001)092505.

[2] F. Gonchare, Phys.Rev. B 64, 100509(R)Y2001).
[3] C.Grimaldi, E. Cappelluti,andL. PietroneroEuroplys.Lett. 42, 667(1998).
[4] D.Di Castroetal., cond-mat/0307330.
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7.3 Spectroscopicstudiesof novel superconductors
7.3.1 Low temperature NQR studiesof YBa,Cu,Og

In collaborationwith the NMR group of the Kazan StateUniversity we continuedour NQR study
of thetemperaturelependenplane®355Cu spin-latticerelaxationin superconductingyBa,Cu,Og.
In normalconductingYBa,Cu4Og the plane-coppespin-latticerelaxationis predominantlyof mag-
netic origin causedby spin uctuations andits temperaturadependencés controlledby the spin-
pseudogpphenomenofil]. In thesuperconductinghasehis magneticcontritutionto therelaxation
diminishesdueto the openingof thesuperconductingap. In previousmeasurementse have shovn
thatwith decreasingemperatur¢hisreducedelaxationchangedts characteandgetspredominantly
guadrupolabelonv 5K with anunexpectediemperaturelependencf]. The causefor this behaior
is theappearancef new low frequeng chage uctuationsatlow temperaturesis aconsequencef
thesenew ndings we extendedthe temperature@angeof our NQR spin-latticerelaxationmeasure-
mentsinto the milli-K elvin region. Fig. 7.8 shavs the experimentakesultswe obtainedfor 160 and
180 exchangedrBa,CusOs.

Below 5K the temperaturedependencef the quadrupolarspin-latticerelaxationis characterized
by a rate maximumat about300mK. This is a clear sign of a slowing-dovn of the dynamicsof
conjecturechen chageinhomogeneitiease.q. stripe-like electronicstructuresin a tentatve model
we canquantitatvely describgéheobseredbehaior by adistribution of chage uctuation correlation
times.Assumingthermallyactivatedunderlyingprocesse mayberelatedio adistribution of enegy
barriers.A possibleoxygenisotopeeffectonthedetailsof theratemaximumis obscuredy theerrors
of thedata.

The slowing-dovn of dynamicsis accompaniedyy a progressie reductionin the obsered signal
intensityof planeCunuclei(seeFig. 7.9). For thefully stoichiometricYBa,Cu40Og thisphenomenon
is obsened for the rst time. It seemssimilar to the so-called“wipe-out effect” obsenred in the
LaSrCuOsystem(seee.g. [3]) but occursat muchlower temperaturesMore detailedinvestications
are neededo clarify the origin of chage inhomogeneitiesn YBa,Cu,0g and have beenstarted
with a study of the temperaturalependencef the planeCu NQR relaxationbehaior at very low
temperatures CadopedyY .938Ba1.962Cap:1CusOs.
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Low tempeature behaviour of the plane$3%5Cu Low tempeature behaviourof the nor-
spin-lattice relaxation in 160 and 180 exchanged  malizedplane®*Cu NQRsignalintensity
YBaCuyOg. of 160 YBaCuwOs.
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[1] F Raffaetal., Phys.Rev. Lett. 81, 5912(1998).
[2] M. Mali etal., Journalof Superconductity: IncorporatingNovel Magnetisml5, 511(2002).
[3] A. W. Huntetal., Phys.Rev. Lett. 82, 4300(1999).

7.3.2 NMR investigationof a MgB singlecrystal

Sofar NMR investigationsof MgB, have beenperformedexclusively by usingpolycrystallinesam-
ples. Regarding the superconductingghasein MgB, (T, = 39K), it is thereforevery dif cult to

obtainreliableinformationon NMR parametergparticularlythe relaxationrates)[1] dueto theran-
dom orientationof crystalliteswith respecto the appliedmagneticeld andthe strongcritical eld

anisotropy [2]. Becauséigh-qualitysinglecrystalsof MgB. of sub-millimetersizebecamevailable
recently[3] we starteda single crystalMgB, investigation using quadrupoleperturbed'B NMR.

Themeasurementsereperformedrom 250K downto 9K in a eld of 9T, appliedalongtheboron
planes,andrevealeda transitiontemperaturd((9T) 23K. An adaptedmicro-coil versionof the
resonantircuit washbuilt in orderto overcomethesensitvity limitationsdueto theunfavorablysmall
sizeof the crystals. In normalconductingMgB, the electric eld gradient(EFG)andthe magnetic
shift tensorsat the boron site were determined.Whereasour experimentalvaluesfor the EFG are
in agreementvith availableliteraturedata,we cannow provide rst reliablevaluesfor the magnetic
shift componentparallelandperpendiculato the boronlayer, which arenot availablefrom powder

samplenvestigations.
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The 1B spin-latticerelaxationrate (see .
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pling were measuredn the whole tem-
peraturerange. In the normalconduct-
ing phasethe relaxationrateis slightly
anisotropicandit shavsthewell-knowvn
Korringa temperaturebehaior. In the
superconductingphaseit decreasesx-
ponentiallywith decreasingemperature . . .
duethe openingof the larger of the two 0 50 100 150 200
superconductinggaps. Within experi- TK]

mental errorsno evidencefor a coher
encepeak (Hebel-Slichterpeak) [4] in
therelaxationratewasfound. Thisis in
contrastto publishedresultsobtainedin
powdersamplenvestications[5].
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Figure7.10: Tempeature dependencef the spin-lattice
relaxationrateperunittempeature, 1=T,T. Insert: Plot
of theratio of Ty in the supeconductingphaseand the
normal phaseagainstT.=T showingthe openingof the
supeconductinggap.
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7.3.3 EPR study of lightly dopedLaSrCuO

It is known thathigh-temperatureuperconductity is achie&zedwhena moderatedensityof conduct-
ing holesis introducedin the CuQ, planes.At a critical concentratiorof dopingxe  0.06,super
conductvity appearsHowever, it is still anunresoledissuehow theelectronicstructuresvolveswith
holedopingfrom theantiferromagneti€AF) insulatorto theparamagnetimetallicandsuperconduct-
ing state.While mostof thetheoreticaimodelsassumehatthe holesarehomogeneouslgopedinto
CuQ, planes,thereis anincreasingnumberof experimentspointing towardsa highly nonuniform
holedistribution leadingto aformationof hole-richandhole-poormregions[1]. This electronicphase
separatioris expectedo be mostly pronouncedtlow holeconcentrationsThe Coulombinteraction
limits the spatialextensionof the electronicphaseseparatiorto hole-richandhole-poorregionsto
a microscopicscale[2]. Thereforeit is importantto usea local microscopicmethodto study the
electronicphaseseparationn cupratesEPRis oneof suchmethods.

We performeda thoroughEPR investigation of the La, xS, CuQy (LSCO) cupratein the lightly
dopedrange0.01 x 0.06,i.e. below x¢;. In orderto obsene the EPRsignal, LSCOwasdoped
with 2% of Mn?* ions which replacethe Cu ionsin the copperoxygenlayer andsene asan EPR
probe.The rst importantobsenationis thatthe EPRspectraconsistof two lines. We foundthatthey
canbewell tted by asumof two Lorentziancomponentsvith differentlinewidths: a narrov anda
broadone.

Figure 7.11 showvs the temperaturedependenceof the EPR intensity for the x=0.03 sample.
One can see that the two EPR lines follow a completely different temperaturedependence.
The qualitatvely different behaior of the broad and narrov EPR signals indicatesthat they

belongto distinctregionsin thesample Firstwe
noticethatthebroadline vanishestlow temper

atures.This canbe explainedby takinginto ac- 12 |- %o :
countthe AF orderpresenin sampleswith very | x=0.03 |
low Srconcentratiori3]. In contrasto thebroad = € = 510(50) K
line, the narrov signalappearsat low tempera- i“; 81 ]
turesandits intensityincreasesith decreasing & | e Broad [ |

LT . - —e—Narrow
temperature This indicatesthatthe narrav sig-

nal is dueto the regionswherethe AF orderis
supressedlt is known thatthe AF orderis de- -
stroyed by the dopedholes,andabove x = 0.06 0
AF uctuations are much less pronounced4]. 0
Therefore,it is naturalto relatethe narrav line

to regionswith locally high carrierconcentration

200
T (K)

300 400

and high mobility. Sincewe relatethe narrov
line to hole-richregions,anexponentialincrease
of its intensity at low temperaturegndicatesan
enepgy gapfor theexistenceof theseregions.

Figure 7.11: Tempeature dependenceof the
narrow and broad EPR signal intensity in
Lay XSI'XCUo;ggMno;()204 with x = 0.03. The
solid line representsa t using the model de-

scribedin thetext.

We proposea modelwherethis microscopicphaseseparatioris driven by the elasticinteractions
betweenthe holes. This interactionis highly anisotropicbeingattractve for someorientationsand
repulsve for others[5]. The attractionbetweenholesmay resultin a pair formation when holes
approacheachother closely enough. The pair formation can be a starting point for the creation
of hole-richregionsby attractingadditionalholes. Becauseof the highly anisotropicelasticforces
theseregionsare expectedto have the form of stripes. Thereforethe pair formationenegy can
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be consideredcasan enegy gap for the formation of hole-richregions. The solid line in Fig. 7.11
representsa t usingthis model. For the pair formationenegy we obtained =460(50)K, whichis
practicallydoping-independentThis valueagreesvery well with thevalueof  obtainedfrom the
analysisof inelasticneutron-scatteringndRamandatain cuprateHTS [6].

To summarizeperformedePRexperimentgprovide averyimportantinformationabouttheelectronic
structureof the lightly-dopedLSCO. First, we obtaineda clearindication of the electronicphase
separationnto microscopichole-richandhole-poorregions. This shavs that metallicdomainsexist

in LSCO startingfrom very small carrierconcentrationsA secondmportantobsenationis the gap

relatedwith the formationof the metallic regions. The gap value extractedfrom our experimentss

nearlythe sameasthatdeducedrom otherexperimentdor the formationof bipolarong6], pointing

to the origin of themetallicregions.

[1] See/for instancePhasesepaationin Cuprate Supeconductos, editedby K.A. Miller andG.
BenedelKWorld Scienti ¢, Singapore, 1993).

[2] V.J.EmeryandS.A. Kivelson,PhysicaC 209, 597(1993).

[3] J.H. Choetal., Phys.Rev. Lett. 70, 222(1993).

[4] Ch.Niedermayeetal., Phys.Rev. Lett. 80, 3843(1998).

[5] B.I. Kochelag etal., Mod. Phys. Lett. B17, 415(2003).

[6] V.V.Kabanw andD. Mihailovic, Phys. Rev. B65, 212508(2002).

7.3.4 Tri-layer Y123/Pr123/Y123studiesby meansof LE SR

Thereare several motivationsbehindthe study of high-T; multilayeredstructures.First, thereis a
technologicaheedfor heterostructuresontainingsuperconductorandinsulating(or metallic) lay-
ers,for instancen the fabricationof Josephsomandproximity effect junctions. Secondmultilayers
have beendemonstrateth the pastto bevery powerful toolsfor studyingthe basicphysicsof semi-
conductorgl] andmetals[2].

The low-enegy-muontechniqueavailable at PSl is well suitedfor sucha multilayer study: slow
muonsof tunableenepgy betweerl keV and30keV canbeimplantedatavery smallandcontrollable
depthbelow thesurfaceof asample.Thisallows all theadvantage®f standard SRto beobtainedn
thin samplesnearsurfacesandasafunctionof depthbelow surfaceq3]. We startedtheprojectwith
thesimplestsystenof a33nm/50nm/115nm YBa,CusO7/PrBaCuzO7/YBa,CuzO7 (Y123/Pri123/
Y123) structuregrown at the Universi& de Gereve. Our rst SR measurementis zeromagnetic
eld arepresentedn Fig. 7.12.

Implantationenegies of incomingmuonsweretunedto stopmostof the muonsin the appropriate
layer(3keV/12.5keV/30keV). In thetop Y123 layer, we obseredaslowly relaxingsignal(dueto the
copperuclearmoments).The precessiorsignalseenin theintermediatdayerindicatesthat Pr123
is in anantiferromagnetistatewith aninternal eld By 150G. We seeno signi cant changen
theinternal eld measuredtT=110K (whichis abose thesuperconductingansitionfor bulk Y123)
andat T=5K, respectiely. Thevalueobsenedis similar to the internalmagnetic eld known for
bulk Pr123atT  100K. At 30keV mostof the muonsstopinsidethelastY123layerandgiverise
to the slow relaxingsignal. The smalladditionalprecessiorsignalseenin this spectruncorresponds
to asmallpartof themuonswhich arestill stoppedn the antiferromagnetiintermediatdayer. Zero
eld measurementson rmed the good quality of the tri-layer Im and demonstratehe capability
of the low-enegy-muontechnique. We also startedmeasurements a weak(H < H1) external
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eld appliedparallelto the 0_4 ‘ wev | a Figure7.12: Experimental SR
surfaceof the Im. A pre- ‘ specta measuedat T = 25K
liminary analysisshovs that 02t ettty sl s by b, 0 ¢1 in zelo magnetic eld in:

themagneticeld measured 0.1
insidebothof theY123lay-

a) r stYBaCuwOy layer;
b) intermediate PrBa,CuzO7

>
ers is screenedbetter than FE’ gg 12.5keV b layer;

it is estimatedor separated f>, o c) secondYBaCuz Oy layer
Y123 layersin the Meiss- % T ¢: bt

ner state. This nding re- g "'} % ! ’ o, ;
quires further experimental 3 oo

study In particularwe are T8 ensean

planing experimentsin sin- 0sf o R -

gle thin Ims of Pri123and o

Y123.
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[1] L. Esakiin SyntheticModulatedStructues ed.by L.L. ChangandB.C. Giessen(Academic
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[2] C.M. L. FalcoandI.K. Schullerin SyntheticModulatedStructues ed. by L.L. Changand
B.C. Giesser(AcademicPressNew York, 1985),ch.9,10.
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7.4 Magnetometry of cuprate superconductors
7.4.1 Dopingdependencef superconducting propertiesof LaSrCuO by torque measurements

In continuationof our former projectswe areworking on the measuremerdf oxygenisotopeeffects
in cupratesingle crystals. As the isotopeexchangeoccursby diffusion of the oxygenwithin the
sample,crystalsusedfor this kind of study needto be very small (on the orderof 150 m along
eachdirection) to ensurea completeexchange. This risesthe needfor very sensitve equipment
capableof measuringhe small effects (belonv 5%) associatedvith isotopeexchangeexperiments.
In this casethetorquemagnetometedevelopedin our groupspeci cally for this purposeis used.In
atorqueexperimenta magneticsampleis exposedto an externalmagneticeld andthe mechanical
torqueis measureds a function of temperatureand the applied eld' s magnitudeand direction.
Dueto theiranisotroy cupratesuperconductorarewell suitedfor this kind of study Dependingon
theusedtheoreticamodelssereralsuperconductingropertiesuchasthecritical temperaturd ¢, the
magnetigenetratiordepth , thecorrelationlength ortheanisotroy parameter canbecalculated
from appropriatéorquemeasurements.

Ourinterestiesin theinvesticationof thecupratesuperconductdra, «Sr, CuQy coveringthewhole
dopingregimefrom underdopedo overdopedsamplesvith critical temperaturesangingfrom 18K to
35K. The eld dependenteasuremenita x ed eld orientation(anglebetweerthemagneticeld
andthesamplesnainaxis = 45 ) collectedup to now canbeusedto extractsomesuperconducting
propertiesput moremeasurementst differentanglesareneededo reliably determineall properties
of interest.As anexamplethein-planecorrelationlength g, is shavn in Fig. 7.13asa function of
temperaturdor the differentlydopedsinglecrystals.Thedivergencecloseto T, is well visible.
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7.4.2 Anisotropyandinternal eld distrib ution of MgB» in the mixed stateat low temperatures

The two-bandsuperconductity in MgB; leadsto an array of unusualsuperconductingroperties,
particularlyto a very unusuabehaior of the superconductingnisotropiegl]. For example,a pro-
nouncedemperatur@ependencef theanisotroy y of theuppercritical eld H¢,, directlyrelated
tothecoherencéength , wasobsened[2] andcalculatechasednthetwo-bandmodel[3]. In com-
parison,calculatedvaluesof thelow eld penetratiordepthanisotroy, , aremuchlower, with an
oppositetemperaturelependencgd]. This wasexperimentallycon rmed aswell by measurements
of H¢ [5] andinvesticationsby small-angleneutronscattering6]. However, experimentsndicate

that,
increasingeld H [6].

is closeto isotropicinthe limit of very low elds, whereast is soonrising strongly with

The behaior of the anisotropiesof the superconductindength scalesin the mixed stateH ¢ <
H < H¢ still needsto be clari ed. Therefore,to studythe eld dependencef the anisotropy
at low temperaturewe analyzedSQUID and torque magnetizationdata, obtainedfrom a MgB
single crystal with very low pinning, and SR data, measuredn unalignedMgB, powder We

determinedhe eld dependencefthe
magneticpenetrationdepth, which is
obtainedfrom the eld or angle de-
pendenceof the bulk magnetization
(SQUID/torque), as well asfrom the
averagevariation of the internal eld
( SR).

The results from SQUID and SR
measurementare consistentn show-
ing a rapid decreasef the super uid
density 1/ 2, with the eld H in-
creasingoelon aboutl0kOe (seeFig.
7.14). Moreover, both SQUID and
torquedataagreeontheanisotroy
increasingstrongly with H as shown
in Fig. 7.15. Theanalysiof thetorque
data further suggestghat the coher
encelengthanisotroy is not very dif-
ferentfrom the oneof the penetration
depthin ary given eld.

These ndings areconsistentith the
decreas®f the contrikution to super
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Figure 7.14: Comparisonof 2 vs H obtained from
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Figure 7.15: Anisotopy as deter

minedfroman analysisof anglede-
pendenttorque data at various low

tempeatures, as a function of the
applied eld. Inset. Angle depen-
denceof torquein 2kOeat 8K. The
dashedine is a theoetical descrip-
tion, assuming H-

H (kOe)

conductvity of themoreisotropic band,which haslowerintrinsicH ., in respecbf theanisotropic
band.ThedatapresentedndicatethatH ., is manifestedy aratherbroadcrosseer.
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8 Phasetransitions, thermal transport and new materials
A. Schilling, M. Reibelt,andR. DellAmore

in collaboration with:

Paul Scherrelnstitute(Ch. Riiegg), University of Bern(K. Kramer),BhabaAtomic ResearciCenter
(G. Ravikumar), Forschungszentrurkarlsruhe(Th. Wolf, C. Meingast), lowa StateUniversity (P.
Can eld), ETH Zirich (J. Karpinksi).

In our new researctgroupthat startedactiity in April 2003we aremainly investigating phasetran-
sitions,thermaltransportandthe physical propertieof new materials.

Thestudyof phasdransitionsof vortex matterin corventionalandhigh-temperatursuperconductors
is acontinuatiorof ourwork thatwe have doneattheUniversityof Karlsruhe(Germary). Thephysics
of magneticux lines(vortices)in high-temperatursuperconductorsasbeena matterof very active
researctbecausef its high relevancefor the technicalapplicationsof thesematerials[1]. Details
in the magneticphasediagramsof the vortex latticesin other classesof type-Il superconductors
have alsobecomeof growing interest[2; 3; 4]. However, no thermodynamiadataon the different
vortex phasesandrespectie phasedransitionsin thesesystemsareavailable. Thereare possibilities
to circumwentknown problemsassociatedvith vortex pinning [5; 6], andit is thereforelikely that
correspondingxperimentswill eventuallybe successful.

Themainmechanismor thetransporbf heatin simplethreedimensionakolidsarequitewell under
stood,andthecorrespondingontritutionsto thethermalconductvity by latticevibrations(phonons)
andnearly-freeelectronsin simple metalsare standardsubjectsn all solid-statephysicstextbooks.
By contrastlittle is known aboutthe mechanisnior theheattransporin lower dimensionakystems.
The applicationof theoreticaimicroscopicmodelsfor the heattransporin oneandtwo dimensional
atomiclattices,for example,givessurprisingresults. Fourier's law is expectedto be violatedin re-
duceddimensionsandthe thermalconductvity shoulddiverge with increasingsystemsize([7; 8].
Thereareindeeda variety of real systemswheresuchdeviationsfrom standardhreedimensional
phononheattransportcanbe expected andwe aim to performthermal-conductity experimentson
suchsystems.

[1] G.Blatteretal., Rev. Mod. Phys. 66, 1125(1994).

[2] V.G.Koganetal., Phys.Re.B 55, R8693.
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[4] C.E.Sosoliketal., Phys.Re.B 68, 140503(2003).
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[6] E.H.BrandtandG.R Mikitik, Phys.Rev.Lett.89, 027002(2002).
[7] A. Lippi andR. Livi, J. Stat.Phys. 100, 1147(2000).

[8] O.NarayamandS.Ramaswamy, Phys.Rey.Lett.89, 200601(2002).

8.1 Phasetransitions in superconductors
8.1.1 Magnetocaloric effectsand vortex phasesn V3Si

The magneticphasediagramof the type-Il superconducto¥ 3Si in the superconductingtatehas
beenpreviously studiedoy DC magnetisatiomeasurements$n externalmagneticelds in themixed
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stateabore oH = 1T, themagnetisatioM shaws a pronouncedystereticpeakeffectthatde nes
two distinct magnetic elds: the peak eld Bp wherethe hysteresiswidth is largest,andthe onset
eld By wherethelarge peakin the hysteresidoop opens(seeFig. 8.1, upper gures). This onset
hasbeenshavn to dependon the magnetichistory of the sampleandis sharpesafterrepeatedelds

cyclesbelow By . Themagneticegionright belov B g is believedto exhibit long-rangeorderof

thevortex lattice, while the peakregion very likely correspond$o a disorderedjlass-lile state.

We have investicated the mag-
netic phase diagram of V3Si

B " usingadifferentialcalorimetetto
2 detect possible thermodynamic
o **%' phase transition between the
g |
¥

v i different vortex phases. Our
main resultis shovn in Fig. 8.1
(lower gures), where we have
plottedthe magnetocalorieffect
on the sampletemperaturel in
a differential setup with nite
heatlinks. In the steadystate the
temperaturdifference T to a
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Figure8.1: of V3Si, where is the thermal
Phasediagramand magnetocaloriceffectin V3Si (seetext). relaxationtime of thesampledue

to the nite heatlink to the sur
roundingheatreserwir, dd—'? is therate of the eld variation,andC is the sampleheatcapacity In
suchanexperiment the thermodynamiajuantity % 4 Is probedwhichis usuallyinaccessiblén
magnetisatiomxperimentdueto thelarge hysteresieffectson M .

We have performednumerousexperimentsby varying the magnetichistory of the samplebelow
By r . We couldnot detectary featurethatwouldindicateathermodynamiphaseransitionatB 1 ¢
within the resolutionof the experiment. However, we have measured large self-heatingeffect as
soonasthe magnetic eld entersthe peakregion from below, which we interpretasthe onsetof
a dissipatve procesghatre ects the destructionof the long-rangeorderedvortex lattice. Cycling
themagneticeld backto low elds is again a dissipatve processandthe amountof the produced
heatingpower dependson the width of the magneticloop. In addition, a distinct, rst-order like
featuredevelopsata eld By, whereanapproximatelyconstaneamountof heatis suddenlyreleased,
leadingto animmediateincreasdan sampletemperaturéseeFig. 8.1, lower gures). This eld By
doesnot dependon the magnetichistory aslong asthe backward magneticcyclesstartbelov Bp.
Cycling down from a eld above this peakvalue, however, resultsin a history dependencef the
locationof the heat-releasingeld By. We believe thatin a small magnetic- eld cycle, startingat
low elds andenteringthe peakregionatB g but reversingthe signof “(,—Ft' belov Bp, ametastable
andperhapsncompleteglassystateis establishedn the peakregion thatdiscontinuouslhyftransforms
backto a regular orderedsolid at a well de ned magneticeld By by releasinga nite amountof
heat. Larger cyclesthatexceedthe peak eld Bp seemto producedisorderedsortex con gurations
that transformbackat differenttransformationelds By, dependingon the width of the respectie
cycles.

Thesednvestigationsshow thata variety of thermaleffectsin V 3Si canbeascribedo theformationof
differentvortex phasesMost of thesephasesrenotin thermodynamiequilibrium. To studythese
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glass-like phasesn moredetail we arenow usingexternaltranswerseAC- eld coils thathave been
shawvn to beeffective to drive non-equilibriumvortex statesnto athermodynami@quilibrium([1; 2].

8.1.2 The effectof twin-boundary and intrinsic pinning on ux-lattice melting in singlecrys-
tals of REBa,Cuz07 (RE =Y, Nd)

Somecharacteristiéeaturef high-temperatursuperconductorsuchasthemagnetic- eld-broadened
resistvetransition have madepinningacentralissuein thestudyof thesematerials.Thepresencef a
meltingtransitionfor H==cin untwinnedYBa,Cu;O; crystals,jn contrasto its absencén twinned
crystalsat low magnetic elds, indicatesthattwin boundariegplay a major role in determiningthe
vortex structureandits dynamicsfor this magneticeld orientation.Measurementsf the magneti-
zationon YBa,CwO; [3] andNdBaCuzO;  [4] andtransportmeasurementsn YBa,Cuz Oy
[5] have indicatedthatfor H ==aly strongcommensurabiliteffectsbetweerthevortex latticeandthe
crystallattice occur andthe phase-transitiotine separatinghe vortex solid from the vortex liquid
canbeexpectedo stronglydeviate from continuum-theorygxpectationsln factanoscillatorymelt-
ing temperatureof the vortex smecticphaseas a function of magnetic eld hasbeenmeasuredy
[3; 4;5].

Every inhomogeneityof the materialthat wealenssuperconductity cancausepinning. Pinning
centersare, for example,grain boundariesiwin boundariesdislocations,impurities and even the
crystal structureitself in the caseof layeredsuperconductorsWhenthe magnetic eld is applied
parallelto the superconductingCuO,-planesin cuprates,Josephsomworticescan form, with their
axesalongthe weakly superconductingntermediatdayers. Theseintermediatdayersare effective
pinning centerswith respecto vortex motion perpendiculato the planes,but the vorticesare still
ableto easilymove parallelto the layers. This behaiour remindsof a smecticliquid crystalphase
andis thereforecalled”vortex smecticphase”. This phenomenorausesommensurabilitypetween
the vortex lattice andtheIaye[?dcrystalstructurewhentheconditionl = kd is satis ed[6; 7]. Here
k is anintegernumber| = [ 3 o=(2 B)]*¥? is the vortex distancealongthe c axis,and is the
anisotroy parameter The oscillationsin the melting temperatureas a function of magnetic eld
area direct consequencef the differencebetweenthe con nementstrengthin commensuratand
incommensuratemecticvortex states.The commensuratstatesexperiencea strongercon nement
potentialand hencemelt at highertemperatureshanthe incommensuratstates. Figure 8.2 shavs
possiblearrangementsf thevorticesin differentcommensuratandincommensuratstates.

commensuate state: commensiate state: incommensuate state:
I=d= 4; By I=d= 3; B1 < B> 3<l=d< 4, B1 < B3< B>

Figure 8.2: Possiblearrangementsof the vorticesin different commensuate and incommensiate
stateg(seetext).
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We have doneaserieof experimentgo investicgatethesecommensurabilitpscillationsof themelting
transitionby speci c-heatmeasurementsyhich hasnot beencarriedout before. Transporimeasure-
mentsindicatedthat the freezingof the vortex liquid into a smecticphases a rst-order transition,
buta nal con rmation requiresmeasurementsf thermodynamiguantities.We rst investicgateda
twinnedNdBaCuw;O; (T, 96.8K) singlecrystal. We useda high-accurag differentialthermal
analysis(DTA) method[8], and attacheda small lasersetupon the rotation axis to achiese a high
angularresolution. Although we usedthe samesingle crystalsasin [4], our experimentsindicated
thatthe pinning dueto the strongtwinning of the crystalmakesa distinctionbetweena continuous
glass-to-liquidtransitionfrom the predictedcontinuoussmectic-phase-to-liquittansitionfor H==ab
very dif cult.

We decidedo repeathesemeasurementsn anoxygendepletedNdBaCuzO;  singlecrystalwith
T. 65K. It isknownthatsuchcrystalsexhibit arelatively largeelectronicanisotrojy, whichfavours
theformationof a vortex smecticphasealreadyin moderatemagnetic elds [5]. However, we aggin
did not detectary distinctsignaldueto the expectedphasetransition,which we attribute to consid-
erablerandom(chemical)disorderin the consideredsample therebyreducingthe differencein the
effectivenesf pinningbetweercommensuratandincommensurateortex states.

[1] M. Willemin etal., Phys.Re.B 58, R5940(1998).

[2] E.H.BrandtandG.R Mikitik, Phys.Rev.Lett.89, 027002(2002).
[3] A. A. Zhukov etal., Phys.Rev.B 59, 11213(19909).

[4] H. Kupferetal., Phys.Re&.B 66, 064512(2002).

[5] S.N. Gordes etal., Phys.Rev.Lett.85, 4594(2000).

[6] B.I. IvlevandN. B. Kopnin,Phys.Rev.Lett.64, 1828(1990).
[7] L. Bulaerskii andJ.R. Clem,Phys.Rev.B 44, 10234(1991).

[8] A. SchillingandO. Jeandupeuhys.Re.B 52, 9714(1995).

8.2 Thermal transport

8.2.1 Thermal-conductivity measurementson the quasionedimensionalS = % guantum spin
systemTICuCl 3

We performedhermal-conductity measurementsn the quantumspinsystemr|CuCls. This mate-
rial hasa monoclinicstructure(spacegroupP 2,=¢) andshavs change®f the spinstate thatdepend
onthetemperaturd aswell asontheappliedmagneticeld H.

Themagnetigropertiesaredeterminedy the S = % exchangeinteractionsbetweerthe Ci?* ions,
whicharearrangedn dimer pairswithin Cu,Clg-clusters.Theseplanardimersarestacledonthetop
of oneanothetto formin nite doublechainsparallelto thecrystallographi@-axis[1]. Thesedouble
chainsarelocatedatthe cornersandthe centerof theunit cell in theb ¢ plane,andareseparatedtyy
TI*.

The magnetiogroundstateof TICuCls is anon-magnetispinsinglet,thatis separatedrom the rst

excitedtriplet stateby anexcitationgap = 0.65meVin zeromagneticeld. Themagnitudeof the
spingap wasevaluatedby previous magnetizatiorandESRmeasurement®]. Inelasticneutron-
scatteringneasurementsvealedthatthe spingapis dueto the strongantiferromagnetiinteraction
J = 5.68meV in the planardimer of Cu,Clg. The neighboringdimersarecoupledby stronginter

dimerinteractionsalongthe doublechainandin the (1 0 -2) plane[3; 4]. These3D interactionplay
animportantrole concerninghequantunregimeof thiscompound.Thecritical eld Hisde nedas
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themagneticeld correspondindgo thegapenegy = g o sH¢. Whenamagneticeld H larger
thanH . is applied theenegy gapvanishesndthe systemcanundego athreedimensionamagnetic
ordering. The processof closingthe spin excitation gap drives a quantumphasetransition,which
separatethe quantumdisorderedsingletgroundstatefrom the 3D orderedgroundstate.The critical
eld for TICuClzis oH. 5.5T atT = 0K [2]. Theorderingtemperaturéncreasesvith increas-
ing magneticeld for H > H.. Thesefeatureswereinterpretedandqualitatively well describedn
termsof the Bose-EinsteircondensatioffBEC) of spintriplets (magnons)5]. The coherensuper
positionof the singletandthe S, = +1 triplet componentshroughoutthe Cu?* -dimersgenerates
the condensaté¢S, denoteghe the quantumnumberfor the spin componengalongthe quantization
axis) [6]. The spinstructurein the orderedstatehasbeendeterminedoy elasticheutron-scattering
measurementsihespinslie in thea ¢ plane,with Hjjb. They arearrangedn parallelalongaleg
in thedoublechainandform anangle =39 with thea-axis. Thetransersespincomponentsre
long-rangeordered7].

Ourthermal-conductity measurementaremotivatedby theabove mentionedquantunphasdransi-

tion andthe possibility to detectther -
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Figure 8.3: Thethermal conductivityof TICuCl3 along
the crystallaggraphic a-axis. Theinsetshowsan extended
tempeature range.
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9 SurfacePhysics

T. Greber M. Hengsbeager, J. Wider, M. HoeschW. Auwarter M. Muntwiler, A. Tamai,
A. Dolocan,M. Corso,C. Cirelli, T. GreschCh. Schlefiitz, M. Klockner W. Deichmann,
J. Ostervalder

Thesurfacephysicslaboratoryis well equippedor the preparatiorandcharacterizationf cleansur
faces,ultrathin Ims andnanostructuresinderultrahighvacuum(UHV) conditions. Experimental
techniquesavailable to usinclude x-ray photoelectrorspectroscop (XPS) and diffraction (XPD),
angle-resoledphotoemissiospectroscop (ARPES) two-photonphotoemissiori2PPE)usingfem-
tosecondaserpulses,low-enegy electrondiffraction (LEED) and scanningtunnelingmicroscopy
(STM). At the nearbySwissLight Sourcewe have built up two morephotoemissiorspectrometers,
onefor spin-resoled Fermisurfacemappingandonefor nearnodephotoelectrorholograply.

Theresearcltarriedoutduringthereportperiodcanbe groupednto four topics:

- Surfacestateson cleanmetalsurfaces

Theclose-packd(111)surfacesof severalface-centred-cubimetals(e.g. Au, Ag, Cu, Ni) exhibit
so-calledShocklg surfacestateghatpropa@tealmostfreely within the surfaceplane , andwhich
have wave functionsthatdecayexponentiallybothinto thevacuumandinto thebulk of thecrystal.
They thus exemplify a two-dimensionalgas of nearly-freeelectrons(2DEG), which manifests
itselfin parabolicenegy dispersiorrelations.OnAu(111),this2DEGis subjecto spin-dependent
momentumshifts dueto the Rashbaeffect. We have measuredhesemomentumshifts andthe
detailedspin structurein reciprocalspace(Section9.1). On vicinal Cu(111)surfaceswe could
shav thatthewavefunctionof this 2DEG canlocalizeonindividualterraceswhile photoemission
matrix elementeffectsstill make the measuredlispersionook free-electron-like (Section9.2).

Monolayer Ims of hexagonalboron nitride on metalsurfaces

Thepreparatiorof well-de ned monolayetthick Ims permitsusto studythestructuralglectronic
andmagnetigropertiesataninterfacebetweertwo differentmaterials.ln thenanosciencesuch
knowledgeis essentiafor theunderstandingf how nanoscalstructureanddevicesfunction. We
have continuedo studysinglemonolayersf hexagonalboronnitride (h-BN ) ontransitionmetal
surfacesaswell-de ned modelcasedor metal-insulatojunctions. A nev andmore corvenient
precursomoleculewasdemonstratetb producehigh quality Ims onNi(111) (Section9.3). On
Rh(111)theh-BN Im self-assembleito aremarkablenanostructurén theform of atwo-layer
nanomesi{Section9.4),while on Pd(110)avariety of Moiré patternds found (Section9.5).

Adsorbedmolecules

Molecularmonolayer®ffer ahighly interestingouteto prepardunctionalizedsurfaces.Chemists
provide moleculeswith suitablechemicalanchorsaandwith the desiredfunctionalgroupsthatare
to beexposedat the surface.We areworking on methodghatcanmeasurahe bondinggeometry
of themoleculeson the substrateandwe studythe electronicpropertiesof molecularlayersthat
have a high degreeof self-oiganizedcrystalline orderwithin the layer For Cgo moleculeson

Ag(111)we nd astrongdependencef the molecularorientationon the degreeof potassium
dopingof the layer (Section9.6). In Section9.7 a new andefcient procedurds presentedor

unravelingthepresencef severalmolecularorientationsn suchmonolayerandquantifyingtheir

relative abundancesFor a Cgg layeron h-BN/Ni(1 11) anew type of phaseransitionis revealed
wherethe chagetransferto the moleculeschangesiueto a thermallyexcited rocking motion of

the moleculegSection9.8). In Section9.9 the adsorptiongeometryof tartaricacid on Cu(110)
is measuredby a new generatiorXPD experimentthatmakesuseof the high-brightnessuneable

9. SURFACEPHYSICS



Annual Report 2003/04 73

synchrotrornradiationof the SLS. The XPD patternsdisplay directly the chiral characterof the
moleculewhensingleenantiomersareadsorbedaswell asthe conformationchangeslueto the
interactionwith the metalsubstrate.

- Time-resolvecelecton diffraction

The setupof our picosecondime-resoled electrondiffraction experimentis complete,andwe

have seenthe rst temporalcorrelationsignalsbetweenlaserpump pulsesand electronprobe
pulses.This wasachiezed by aiming the electronghrougha ne pinholein a metalplatewhile

hitting theentranceof the pinholewith thelaserpulsegSection9.10). The spacechage produced
by the laserlight actslike a time-dependentalve for the electronpulse. This relatively simple
setupcannow be usedin orderto establishspatialandtemporaloverlap of the two pulseson a
samplesurface.

9.1 The spin-structure of the Shockleysurfacestateon Au(111)

in collaboration with:
V.N. Petrov, St. Petershirg TechnicalUniversity RussiaandL. Patthg/, M. ShiandM. Falub, Swiss
Light Source Paul Scherrelnstitut, 5232Villigen, Switzerland

The reducedsymmetryof a two-dimensionaklectrongas con ned by asymmetricboundariesan
resultin a spin-splittingof the electroniclevelsin momentunspacegRashbasplitting). Sucha sepa-
ration of up- anddown-spinsin k-spacemight be usefulasa sourceof polarizedelectronsn future
spintronicdevices. Thefundamentaphysicsgoverningthe strengthandthe detailedbehaiour of the
splitting have beeninvestigated. The (111) surfaceof gold accommodatea Shockle/-type surface
state. This two-dimensionaljuasi-freeelectrongasis a model case;it displaysa strongspin-orbit
splitting proportionalto the in-planemomentunof theelectrond1; 2; 3].

The spin-resoled photoelectrorspectrometeCOPHEEinstalledat the SurfaceandInterfaceSpec-
troscopy (SIS)beamlineatthe SwissLight Sourcewasusedto investicatein detailthe Fermisurface
of the surfacestateon Au(111). For the rst time a completespin-resoled angularmappingof the
photoelectronemittedwith linear polarizedVUV radiationwas performed. Sucha mappingal-
lows to determinethe individual contritutionsto the Fermi surfacefrom electronsof oppositespin.
For the two-dimensionafree-electrorgasthe Rashbamodel predictsthe spinsto lie in the surface
plane,with amomentunshift for spinspointingin a counterclockwiségclockwise)directiontangen-
tial to the Fermi surface. Thereforewe chosethe tangentialdirectionasthe referencedirectionfor
spin-upandspin-davn. An out-of-planecomponenbf the spin-polarizationis only expectedif the
electronsinteractwith the nuclearchage in sucha way that an electrical eld componentparallel
to the surfaceplaneis experienced.Figure 9.1 shavs the measurednomentumdistribution pattern
of the surfacestatephotoelectronga) andthe tangential(b) and out-of-plane(c) component®f the
spin-polarization.The samplewascleanedby repeatedsputteringandannealingcyclesand held at
150K duringthe measurementsThe datawereacquiredin a 7 hrs. long continuousscan.In the
polarizationmapsthe modulationof the polarizationcomponentganbe studied.Fromthe intensity
(a) andthein-planepolarization(b), which is obviously the dominantcomponentthe spin-resoled
intensitiesfor spin-up(d) andspin-davn (e) werecalculated Note thetwo individual Fermisurfaces
with differentradii (Fermiwave vectors).A detailedanalysisof thepolarizationmodulationgor both
thein-planeandthe out-of-planecomponentvasperformed.Any modulationmustre ect thethree-
fold symmetryof the surface. It wasfound that the polarizationfollows the tangentto the circular
Fermisurface.No modulationcould be obsenedwithin the detectionimit of 2% (electronpolariza-
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Figure9.1: Spin-esolvednomentundistribution mapsnearthe Fermi surface(Eg =170 meV)mea-
suredwith UV-light of ~! = 21:1 eV

a) Total intensitymapanda sketch of the Fermi surfaceandthe predictedspinstructuie (guideto the
eye). Purplearrowsindicatethe projectionaxesfor in-planepolarization.

b) andc) Polarizationmapsin a color-scalerepresentatiorior thein-planecomponen(b) andfor the
out-of-planecomponentc) of the polarizationvector Thein-plane polarization (b) is a projection
on the tangentsto the circular Fermi surface Red(blue)indicatesa counterclodkwise(clockwise)
spinorientation.

d) ande) Individual spin-upand-spindownintensitymapsderivedfroma) andb).

tion value). This allows the conclusionthatthe electronsxperienceonthe averageanelectrical eld
perpendiculato the surfaceandthe free-electrorpictureappliesvery well to the descriptionof the
surfacestate includingits spinstructure.

[1] S.LaShell,B.A. MacDougll, E. JensenPhys.Rev.Lett.77(1996)3419.
[2] G.Nicolay, F. Reinert,S. Hufner, P. Blaha,Plys.Rev.B 65 (2001)33407.

[3] M. Muntwiler, M. Hoesch,V. N. Petrov, M. Hengsbeger, L. Patthg/, M. Shi, M. Falub, T.
GreberandJ. Ostervalder, J. ElectronSpectroscRelat.Phenomin press(2004).

9.2 Localization of surfacestatesin disordered steplattices

in collaborationwith: L. Patthegy, M. ShiandJ. Krempasly, SwissLight Source Paul Scherrednsti-
tut, 5232Villigen, Switzerland

Realsinglecrystalsurfacescontaina variety of moreor lesscomplex defects.lsolatedmonoatomic
stepsarethe mostfrequentimperfectionson cleansurfaces.It is knowvn thatsuchdefectshave a pro-

foundin uence on mary surface-relategphenomenasuchasheterogeneousatalysis heteroepitaxy
or self assemblyof molecularsuperstructures.However, the underlyingchangesf the electronic
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structurein the presencef defectsarestill poorly understood As a modelsystemwe have investi-
gatedthe electronicstructureof severalvicinal Cu surfacesthat canbe obtainedby cutting a single
crystalundera smallanglewith respecto the densg(111) planes.Suitablypreparedthesesurfaces
exhibit hexagonallyclosepacledterracesf afew atomicspacingsidth, boundedoy amonoatomic
steplattice, wherethelattice constantaybechoserby varyingthe miscutangle.Sincetherepulsve
interactionsbetweerstepsarecomparablavith thermalenegies, uctuationsin thelattice positions,
mediatedoy diffusion of atomsalongthe stepedgesareunasoidable. Thus,steppositionsoscillate
aroundtheir nominallattice points,analogouso thermalvibrationsin anatomiclattice. However, the
frequencief theseoscillationsaremuchlower thanthoseof lattice vibrations,andthe amplitudes
reachvalueswhich would causea singlecrystalto melt. It is thusnaturalto askwhetherelectronic
statesstill propagte undersuchconditionsor whetherthey tendto localize, asexpectedfor amor
phousor liquid condensednatter This allows to study electronicpropertiesin a uniquestructural
regime, hardlyaccessibl@therwise.

We usedthe free-electron-lik Shockley surfacestateasan electronicprobeof the disorderedstep—
lattice. This statehasbeenshavn to remainfree-electroriik e onvicinal Cu(111)surfaceswith small
step—stegeparationg< 15A). In thisregime,the step—latticas well orderedandthuscanbetreated
asaone—dimensionauperlatticewhich causes slightly anisotropiadispersiorof the surfacestate,
but doesnot causelocalization. Increasingthe terracewidth to a critical value of half of the sur
facestateFermiwave length,we recentlyfoundthe openingof superlatticebandgap,which clearly
demonstratethat a descriptionof the steparraysas supeslatticeis appropriatg1]. On the other
hand,recentexperimentof Mugarzaetal. revealedthatsurfacestatesonvicinal Au(111)fully local-
ize perpendiculato the stepdirectionfor terracewidths> 30A, while they remainfree-electron-like
alongthe steps[2]. This resultwasin contrastto earlierexperimentson vicinal Cu, which always
shavedfree-electron-like dispersingstatesalsofor terraceengthswherea superlatticedescription
is inappropriate Analyzingour recentexperimentsarriedout at the SISbeamlineof the SwissLight
Sourcewe couldshaw thatthe roughly parabolicbandof high intensityobsered previously in pho-
toemissiorfrom vicinal Cuis notindicative of propagting statesput is fully consistentvith the as-
sumptionof lateralquantumwell statedocalizedon singleterraceg3]. Thisis illustratedin Fig. 9.2,
wherewe simulatedohotoemissiofhis is illustratedin Fig. 9.2, wherewe simulatedphotoemission

Figure9.2: Simulationof photoemissiodatafromthe Sho&ley surfacestateon Cu(665).a) Intensity
distribution for isolatedquantumwells of 25A width, assuminga line width of 90meVb) samefor a
Gaussiardistribution of the well-width. c) Simulatedntensitydistribution from (b) with a constant
badkgroundand multiplied with a Fermi function. d) Photoemissiomnlatafrom Cu(665).e),f) EDCs
fromc) andd). g) Fit to a re ned model(for detailsseeRef [3]).
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dataexpectedrom singledecoupledateralquantumwells, andfrom a distribution of quantumwells

with differentwidths, asfound on vicinal surfaceswith large step—stefseparationsThe apparently
parabolichand,which closelyresembleshe experimentaldata,arisesasa consequencef the strong
momentundependencef thematrix elemenin conjunctionwith theaveragingover differentterrace
sizes.

[1] F. Baumbeger, M. Hengsbeger, M. Muntwiler, M. Shi, J. Krempask, L. Patthey,
J.Ostervalder andT. Greber Phys.Rev.Lett92, 016803(2004).

[2] A. Mugarza,A. Mascaraquey. Perez—Diestey. Repain,S. RoussetF.J. Garc¢a de Abajo, and
J.E.Ortega, Phys.Rev.Lett87, 107601(2001).

[3] F. Baumbeger, M. Hengsbeager, M. Muntwiler, M. Shi, J. Krempask, L. Patthey,
J.Ostervalder T. Greber Phys.Rev.Lett., in press.

9.3 Synthesisof onemonolayer of hexagonalboron nitride on Ni(111)from
B-trichlor oborazine (CIBNH) 3

in collaboration with: H.U. Suter Physik Institut der Universifat Zurich, andH. Sachdg, Institut f.
Anorg. Chemie UniversitatdesSaarlanded)-66041Saarbiicken, Germary

Single layer h-BN Ims may be grovn on Ni(111) by using B-trichloroborazing(CIBNH)3; as a
molecularprecursof1]. This way of producingstoichiometric,ultimately thin h-BN layersis an

alternaterouteto the useof borazine(HBNH)3 [2; 3]. The handlingof borazine,a reactve liquid,

is notvery simple,wherea®-trichloroborazinesublimategrom the solid phase . Thedecomposition
reactionof themoleculego formtheh-BN Im proceedsit1000K viathepath(CIBNH)3 + Ni(111)

' h-BN/Ni(111) + 3(HCI). Scanningtunnelingmicroscoly (STM) experimentsshowv that high

quality Ims canbegrown, asfor the moreestablisheanethodthatusesborazing[4] (seeFig. 9.3).

Theh-BN growth patterngndicateareactionmechanisnproceedingia ring openingof thesecyclic

BN molecules. A setof densityfunctional calculationsfor B-trichloroborazine borazineand N-

trichloroborazineyields bondenegiesandbondlengthsin thesemoleculesand helpsrationalizing
thesimilar Im morphologiesanddefectsrrespectve of theuseof (HBNH)3 [4] or (CIBNH)3 [1].

Figure9.3: Singlelayer h-BNislandson Ni(111).a) STMimage froma partial coverage of h-BN on
Ni(111) asformedfromB-trichloroborazine(Vsampie=-0.2V, 1:=0.5nA). Thetriangleswith opposite
orientationsare h-BN islandswith B onf ccandB on hcp sites,respectivelyb) Correspondinghard
sphee modelsfor thetwo typesof islandswith hcp (left) andf cc(right) domains.From[1].
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[1] W. Auwarter H.U. Suter H. Sachde andT. Greber Chem.Mater. 16, 343(2004).

[2] A. NagashimaN. Tejima,Y. Gamou,T. Kawai, andC. Oshima,Phys.Re.B 51, 4606(1995).
[3] W. Auwarter T.J.Kreutz, T. Greber J. Ostervalder Surf. Sci. 429, 229(1999).

[4] W. Auwarter M. Muntwiler, J. OstervalderandT. Greber Surf. Sci. 545 L735 (2003).

9.4 Boron nitride nanomesh

A new mesh-like nanostructuréFig. 9.4a)is foundwhenh-BN is depositecbnthe Rh(111)surface
[1]. Thelarge lattice mismatchof 6.7% betweernthe two systemss likely the main reasoneading
to its formation. Dueto its highly regular periodicity of 3 nm it is a uniquelink betweenthe nano-
andmesoscopiavorld, sothatit canbe easilyusedasa templateto organizemoleculesinto supra-
molecularstructureslt is thermallystableup to 1000K andresistanto air exposure.

Figure9.4:

a) Constant-curent STM
image (-2 Vand1.0nA)of the
h—BNnanomesh.

b) Cross—sectional pro le
alongthewhiteline in a).

c) Constant—curent STM
image (-2 V and 1.5 nA) of
roughlyonemonolayerof Cgg
adsorbedn thenanomesh.

d) Cross—sectional pro le
alongthewhiteline in (c).

This structureself-assemblesshenthe cleanRh(111)surfaceis keptat 1070K during exposureto
40 L of borazine(HBNH)3. Fromthe calibrationwith x—ray photoelectrorspectroscop of the Bls
andN1ssignalswith respecto Rh3s,a coverageof 1.5 ML of h—-BN on Rh(111)is calculated.The
analysisof STM imagescombinedwith LEED patterninformationresultsin the following picture:
the hexagonalnanomesitonsistsof two atomicmeshlayerswith a periodicity of 32 2 A which
correspond$o 13 13h-BN unit cellsgrowing ontopof 12 12 Rhunit cells. The hole diameter
of thetop layeris 24 2 A; it may be slightly smallerin the bottomone. The meshwire width is
9 2 A. Thetwo layersareoffsetin orderto cover mostof the metalsurface. While the rst layer
sits at onthesubstratethe secondnebehaeslik e acorrugatedsheetwhichfollowstheunderlying
topograply: it is pulledinto the rst layerholesandpushedutwhensuperimposednthe rst layer
wires. Thereal heightof the nanomesitannotbe directly extractedfrom STM imagessuchasthe
onein Fig. 9.4a.Theline pro le in Fig. 9.4bindicatesthatthe stepheightfrom the Rh surfaceto the
rst h—BN layeraswell asfrom the rst to the secondayeris only 0.5 A. Thisis dueto electronic
effects,sincethe h—BN layeris aninsulator(in the sensehatthereareno h—BN electronicstatesn
the Rh—dbandregion andat the Fermilevel), andthe STM imagesthusre ect the lateralchanges
of the tunnelingresistancehroughthe nanomesh.The real corrugation canbe obsered when Cego
moleculesaredepositedn the structure(Fig. 9.4c¢). They decoratehemeshandl11to 13 molecules
arefoundin eachunit cell. The corrugationof thelayeris here2 A (Fig. 9.4d),indicatingh—-BN step
heightsasonNi(111) [2].



78 Physik-Institut der Universitat Zurich

[1] M. Corso,W. Auwarter M. Muntwiler, A. Tamai, T. GreberJ. Ostervalder
Science303(2004)217.

[2] M. Muntwiler, W. Auwarter F. Baumbeger, M. Hoesch,T. GreberJ. Ostervalder
Surf.Sci.472(2001)125.

9.5 h-BN/Pd(110):a hexagonalcovalent network on a rectangular substrate

The propertiesof hexagonalboron nitride monolayersadsorbedn the Ni(111) surfacehave been
studiedfor several years,becausehis systemrepresents model casefor a perfectmetal/insulator
junction[1]. Dueto the smallcompressie lattice mismatchof 0.4%,the h—BN formslarge ordered
terraceswith alow corrugation of 0.1 A. In the caseof —-BN/Rh(111),the large tensilelattice mis-
matchof 6.7% betweenthe two systemdeadsto the formation of the bilayer nanomeshliscussed
in the previous section. What happensvhenthe h—BN unit cells aggreate on a non-hexagonaland
incommesuratsubstrate?

OnthePd(110),the BN unitsdo not nd auniqueway to registerwith the substrate As a conse-
quencethey form mary differentdomainsof Moiré patternsdistributedrandomlyover the surface.

Figure9.5:

a) Constant—curent STMimage (1.0 V and 1.0 nA) of h—-BN/Pd(110showingtwo different Moiré
patternssepaatedby a domainboundary Theinsetin thetop right cornerdepictsan atomicmodel
for the upperMoiré domain(see(b) and(c)), the onein the bottomright corneris an atomicmodel
for thelower domain.

b) High resolutionSTMimage for a region of theupperdomain.

¢) Atomicmodelfor this samedomain,whele a layer of boron nitride, representedy nitrogenatoms
only, is placedonthesubstate rotatedclockwiseby 5 degreeswith respecto [001] crystallagraphic
directionof the Pd(110)surface In b) it can be seenthat the STMimages bright ridgesalong the
darker Moiré stripes,leadingto the continuousbright stripesin a) for this domain. Thisis believed
to bedueto an electionic effect.

TheLEED patterngecordecbver awide enegy range(from 50to 300eV) shav thateachpalladium
principallatticespotis surroundedby alargecircle. Thisindicateghattheh—BN domainsareoriented
randomlywith respectto the substratesurface. The radii of the circles correspondo the lattice
constanbf h-BN. TheMoirédomainsshaw clearlyin STM imagesrom monolayerims (Fig. 9.5a).
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They areseparatedy domainboundarieghataredecoratedy white featuresof anapparenheight
of 1:8 0:3 A. The Moiré contrastcanbe understoodvith a simpleatomicmodelplacinga h-BN
layer, representedby the nitrogenatomsalone,on top of the Pd(110)surfacelayer. By varyingthe
azimuthalorientationbetweenlm andsubstrateyariousdomainpatternsimilarto thoseobseredin
STMimagescanbegeneratedThis proceduras justi ed sinceit hasrecentlybeenfoundthat,under
similartunnelingconditions,it is primarily the N atomsthatareimagedby the STM [2]. Figure9.5b
shavs a close-upSTM imageof the upperdomain,with its characteristidvioir € stripesthatarewell
reproducedy themodeldepictedn Fig. 9.5c.

[1] W. Auwarter One Monolayerof HexagonalBoron Nitride on Ni(111): an Atomically Sharp
Interface,PhDthesisUniversitt Zurich (2003).

[2] G.B. Grad,P. Blaha,K. Schwarz,W. Auwartet T. GrebejPtys.Re.B 68 (2003)085404.

9.6 Doping inducedreorientation of Cgo moleculeson Ag(111)

in collaboration with:
Z.-X. Shen,Physik-Institut, Universitat Zirich (while on Sabbatical)and Departmentof Applied
PhysicsandStanfordSynchrotrorRadiationLaboratory StanfordUniversity, Stanford USA

Alkali-dopedCgy compoundgfullerides) presenta lot of interestingproperties.Dependingon the

concentratiorof the dopantthey display metallic or insulating behaiour, and they even become
superconductingit temperaturess high asthe bestcorventionalsuperconductorsThe variety of

differentelectronicpropertiebsenedhasbeenassignedo thesimultaneousmportanceof electron-
phononandelectron-electroimteractiong1].

Only recentlyit becamepossibleto measurehe banddispersiorof thepartially lled lowestunoccu-
piedmolecularorbital (LUMO) in the electrondopedCgo/K/Ag(111) system[2]. Densityfunctional
calculationg DFT) indicatethatthe electronicbanddispersioris highly sensitve to the relative ori-

Figure9.6:

C 1s XPD patternsfrom one mono-

layer of Cgg onthe Ag(111)surface

a), b) andc) Experimentapatternsfor

one undopedmonolayer K3Cgp and

KeCso, respectively

d) ande) CalculatedSSQpatternsobtainedconsidering
oneinequivalentmolecularorientation: For K3zCgg the
moleculefacethe surfacewith the hexagon, for KgCgg

with the bondbetweertwo hexagons. The XPD pattern
fromthe undopedayer cannotbe solvedwith only one
orientationof themolecule

entationof neighboringmoleculeg?2]. In orderto determineaxperimentallythe orientationof the Cgo
moleculeson Ag(111) andto investicatethe role of potassiunmasa dopantwe usedangle—scanned
x—ray photoelectrordiffraction (XPD). This techniquehasalreadyshowvn to be a very powerful tool
for measuringhe orientationof Cgp adsorbedn differentmetallicsurfaced3].
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In Figs.9.6a),b) andc) we shawv the experimentalpatterndor threedopinglevels. The pronounced
differencesevealthatpotassiumnducesa changen theorientationof themolecule.In theundoped
monolayerthe experimentalpatterncorrespond$o morethanonede ned orientation.Upondoping

with potassiunthelayergetsorderedandtwo differentorientationscanbeidenti ed for K3Cgo and
KsCs0. The single—scatteringluster(SSC)calculationswere obtainedconsideringone orientation
(Figs.9.6d)ande)). They reproducequite well the overall positionsand shapesf the prominent
forward-focusingmaximain the experimentalpatterns.Whenthe LUMO s half- lled (K3Cego) the

moleculesfacethe surfacewith a hexagon. Whenthe LUMO is fully occupied(KgCg) they face
it with a bond betweentwo hexagons. An azimuthalrotation of the moleculeaway from the high

symmetrycrystalaxesof the substrataes foundfor both dopinglevels. The orientationfoundin this

analysisor K3Cgg is in reasonablagreementith thatexpectedrom the DFT calculationd2]. K2p

XPD revealsthe samechangdn the orientationof the moleculesandgivesindicationsfor thedopant
sitesin both cases.The reorientationof Cgg inducedby potassiumis importantto understandhe

effectsof dopingon the electronicpropertiesof fullerides.

[1] O.GunnarssorRev. Mod. Phys.69(1997)575.

[2] W.L. Yangetal., Science300(2003)303.

[3] R. Fasel,P. Aebi, R.G.Agostino,D. Naumuwic, J. Ostervalder A. SantanielloL.. Schlapbach,
Phys.Rev.Lett.76 (1996)4733.

9.7 Automateddetermination of coexistinginequivalent orientations of C¢g molecules
onAg(111)

As is exempli ed in the previous section,XPD hasgreatpotentialfor determiningthe orientation
of large adsorbednoleculeson metallic surfaces,especiallyin the caseof Cgo. ExperimentalXPD
patternsareusuallycomparedvith simulatedonesproducedby single—scatteringluster(SSC)cal-
culations. Using a vasttrial-and—erroistructuresearch,t haseven beenpossibleto determinethe
relative abundanceof two coexisting orientationsof Cgg ona Ag(001)surface[1]. Attemptsto t the
patternrecordedfrom Cgo moleculesadsorbedn a Ag(111) surface(seeFig. 9.6a),however, pro-
videdno satishctoryconclusiorconcerninghemolecularorientations Oneplausiblecausemnightbe
thelimitation of the maximumnumberof coexisting inequivalentorientationsn the available tting
routines.

The scopeof this work hasbeento approachin a more generalway the problemof tting XPD
patterngo acombinatiorof simulatedorientations Onewouldlik e to specifyary arbitrarymaximum
numberof coexisting orientationsfor the t. The routine shouldbe kept as material-unspeci cas
possible thusallowing analysisof differentmolecularadsorbatesystems.As in earlierprocedures,
themultipoleexpansiorof theexperimentapatterns comparedvith alinearcombinatiorof alimited
setof calculatedpatterngepresentingnequivalentorientations.New featuresnclude minimization
of areliability factorvia simulatedannealingechniquestherotationof thesimulatedpatternglirectly
in the spaceof their multipole expansioncoefcients, and automaticdeterminationof the relatve
alundanceof the presenbrientationthroughfreely variableweightfactors.

First testshave shavn thattheroutinereliably reproducesrbitrarylinear combinationsf simulated
patterns.The abundance®f upto ve differentorientationswith weightfactorsrangingfrom 0.04
to 0.45 have beencorrectlyidenti ed to within 0.1 percentof the total composition(seeFig. 9.7).
Theapplicationto real experimentaldatahasbeenhinderedso far by issuesconcerningheintrinsic
backgroundf the measurementsA possiblenormalizationprocedureo counterthis problemhas
beenimplementedbut is notyetfully operational.
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Figure9.7: First tting results:

a) simulatedtestpatternfor C 1semissiornfrom Cgg moleculesrepresentinghe linear combination
of 5 arbitrary inequivalentrientations,

b) the t resultfor thattestpatternand

¢) thehistogram showingthe tted orientationdistribution.

For all butthecorrectlyidenti ed 5 orientationsfromthetestpatterntheweightfactorsare < 0.0002.
Theabundancef the ve presentorientationshavebeencorrectly identi ed to within 0.1% of the
total composition.

[1] C.CepekR. Fasel,M. Sancrotti,T. GreberJ. Ostervalder Phys.Re.B 63 (2000)125406.

9.8 Temperature-dependentcharging of monolayer C¢o on h-BN/Ni(111)

in collaboration with: A. SeitsonenPhysikalisch-Chemischdsstitut der Universitat Zirich

Monolayerhexagonalboronnitride (h-BN ) on Ni(111) representsn atomicallysharpinsulating
layerwith well-known structure(seealso Section9.3) on a ferromagneticsubstrate With a metallic
adsorbatelepositedn top of it, it couldform amodelmetal-insulatometalinterfacefor developing
andtestingchageandspintransportheoryacrossnagneticheterojunctionsin contrasto elemental
metalsthat either form three-dimensionatlusterson top of h-BN or intercalateunderneathCegg
formsacompactvettinglayeronh-BN/Ni(1 11) [1]. Ceo layersbecomemetallicupondopingwith
alkali metals[2], anda Cgo/h-BN/Ni(1 11) layerstructuremaythusrepresensucha modelsystem.

Figure9.8:

Modelof theadsorptiongeometryof monolayeiCgg On
h-BN/Ni(111) (sideview).

The moleculesarrange themselvedn a commensiate
4 4 supestructue with a lattice constantof 9.96A.

In theline of known Cgo monolayersystemsCgo/h-BN/Ni(111) canberangedbetweenCeo ad-
sorbedon plainmetalswherethemoleculesarespontaneouslghagedby 1-2electrongpermolecule
[3], andinsulatorsor semiconductorsyherethe moleculesemainunchaged[2]. The Im structure
of Cgo/N-BN/Ni(111) isillustratedin Fig. 9.8. Theelectronicpropertiesof the systemareillustrated
in Fig. 9.9shaving Hel excitedphotoemissiorspectraThemostprominentfeaturesof the spectra
stemfrom theCgp valenceshell,wherethe highestoccupiedmnolecularorbital( HOMO) is markedin
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thegraph.Comparingspectraat differenttemperaturesgnenoticesthatthe Cgg featuresareshifted
to higherbindingenegiesfor thehighertemperatureandthattheleadingedgeof thespectrunmoves
above the Fermilevel. This additionalintensityarisesdueto the LUMO thatis shiftedcloserto the
Fermilevel, thusproducingspectraldensitythatreachesnto the region of occupiedstates.A care-
ful analysisof the room-temperaturepectrashavs thatthe LUMO is occupiedby 0.6 electronsper
molecule ontheaverage.

Figure9.9:

a) Normal emissionphotoemissiorspecta (h = 21:22eV) of the monolayerCeo/h-BN/Ni(111)
systenat two differenttempeatures. Theinsetzoomsnto the Fermilevel region, where a consider
abletempeature-dependerghift of theleadingedge is observed.

b) CalculatedLUMO occupancy(red circles),and HOMO peakintensity (greentriangles) versus
inverse tempeature. Both quantitiesshowthe samephasetransition at around 200K. The inset
displaysa measued room tempeature spectrumdivided by a Fermi-Dirac function,and a tted

Gaussianwhich indicatesthe positionof the LUMO.

The temperaturalependencef the LUMO occupang (Fig. 9.9b) shavs a sharptransitionaround
200K. The shapeof the curve, aswell asthe magnitudeof the effect, cannotbe accountedor by

simplethermalactivation. Rather the transitionis connectedo a structuralphasetransition. This

is further supportedy angle-scannegdhotoelectroriffractionexperimentg4], wherethe structural
phasetransitionis obsered in the HOMO intensity curve shavn in Fig. 9.9 From the HOMO

intensity recordedin normal emission,it is concludedthat the structuralphasetransitioninduces
rockingmotionthatleadsto enhance@hagetransferontothemolecule.Themagnitudeof thechage
transferis unexpectedlyhigh andposesquestionghat areaddressedh continuedexperimentaland
theoreticainvestigations.

[1] W. Auwarter Onemonolayerof hexagonalboron nitride on Ni(111): an atomicallysharpinter-
face Dissertation|Jniversitt Zirich (2003).

[2] P.Rudolf,M. S.Golden,P. A. Bruihwiler, J. ElectronSpectroscRelat.Phenom100(1999)409.
[3] C.CepekM. Sancrotti,T. GreberJ. Ostervalder Surf. Sci. 454-456(2000)467—-471.

[4] M. Muntwiler, Nanostructued magnetic interfaces: Casestudiesand new experimentcontrol
softwae, DissertationUniversitt Zurich (2004).
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9.9 Directdetermination of the absoluteconformation of tartaric acid on Cu(110)

in collaboration with: R. FaselandK.-H. Ernst,SwissFederalLab. for MaterialsTestingand Re-
search(EMPA), Uberlandstr129, 8600 Dubendorf,and C. Quitmann,SwissLight Source,Paul-
Scherreinnstitut, 5232Villigen

Theinteractionbetweemmoleculesandsolid surfacescancausesigni cant change®f the molecular
shapeWhile in mostcaseghetopologicalstructurdik e thechirality remainsntact,theconformation
may changesigni cantly andresultin modi ed functionality of the molecularbuilding blocks[1].
Suchstructuralchangesnvolve torsionsof molecularbondswhich are driven by the subtleenegy
balanceébetweerbondingto preferredsubstratesitesandstressnducedstrainandshearf the softest
intramoleculabonds.For the exampleof Pasteufs tartaricacid (C4H ¢Os) adsorbean Cu(110)we
determinedhe absolutechirality andthe conformationof the two bitartrate(C4H 40g) enantiomers
directly[2]. Thisis obtainedby angle-scannex-ray photoelectromiffraction(XPD)whichmeasures
theanglesof molecularbondswith high accurag. Theexperimentreliesonanadwancedsynchrotron
radiationsourcewherea high signal-to-backgroundatio allows the structuredeterminatiorof low
densityandlow Z moleculesn dilute adsorbatesystems.

Figure9.10:

a), b): ExperimentalC 1sXPD patterns
fromthe(R,R)-and(S,S)-bitartate ad-
sorbedon Cu(110),respectively

c), d): Molecular conformationsfrom
the geometricalevaluationof the posi-
tionsof theprominentforward-focusing
maximalabeledl-5in a) andb). Asin-
dicatedbythearrows,ead peakcanbe
associatedto photoelecton emission
from one of the C-atomsand forward-
focusingby a particular O or C atom.
e), f): Best-t single-scatteringcluster
calculationsfor the (R,R)-and (S,S)-
isomes, respectively The simulations
for the optimizedmolecularconforma-
tions accumately reproducethe experi-
mentalXPD patterns.From[2].

Figure 9.10 shaws the experimentalC 1s XPD patternsfrom the (R,R)- and (S,S)-bitartrateenan-
tiomersadsorbedn the Cu(110)surface[2]. Ten prominentintensity maximaare obsenedin the
patternsandit is obviousthatthe patterndrom the two enantiomersremirror imageswith respect
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to eachother Dueto thefactthatstrongintensitymaximacorrespondo emitterscatteredirections
andthat the emitterswere selectedto be the carbonatoms,the conformationof the carbonback-
boneandthe positionsof the hydroxyl-groupsrelative to the carbon-skletonare easilydetermined
from the XPD patternsby applyinggeometricaarguments.n additionto the absoluteconformation
thatresultsfrom this straightforvard geometricatriangulation detailedstructuralparametersanbe
determinedy comparinghe experimentalXPD patternto thoseobtainedvia calculationssystemat-
ically optimizingthe structuralparametersThe conformationof the (R,R)- bitartrateenantiomeion
Cu(110)aspredictedrom densityfunctionaltheory(DFT) calculationghatdid notconsideisubstrate
reconstructiori3] is qualitatively similar to the one determinechere,but with signi cantly smaller
angulardistortions.

[1] S.M.Barlow andR. Raval, SurfaceSci.Rep.50, 201(2003).
[2] R.Fasel,J.Wider, C. QuitmannK.-H. ErnstandT. Greber Angew. Chem.Int. Edit. (in press).
[3] L. A. M. M. BarbosaP. SautetJ. Am. Chem.Soc.123 6639(2001).

9.10 Time-resohedelectron diffraction: space-chagedynamicsastool for character-
ization

Theexperimentaketupfor realizingalow-enegy electrondiffraction (LEED) experimentwith elec-
tron pulsesof a few picosecondslurationhasbeencompleted. First trial experimentson Ge(111)
andAg(111)failed, mainly dueto dif culties in nding spatialandtemporaloverlapof electronand
pumplight pulses.To overcomethis problem,andin orderto characterizehe electronpulsesarel-
atively simpleelectronandlight pulsecorrelationexperimentwasdeveloped. The setupis depicted
in Fig. 9.11. Thepulsedelectronbeamis aimedthrougha pinholeof 300 min diameterdrilled into

Figure9.11: Space-harge experiment:
Experimentalsetupwith electon gun, pinhole
plateanddetector

analuminiumplate(thicknessl mm). Behindthe pinhole,electronsaredetectedy a positionsensi-
tive resistive-anodedetectomwith microchannelplatampli er. Enegy ltering is achievedby means
of a singlecoppergrid with negative biasvoltagein front of the detector Theinfraredpumpbeam
(800nm, uence onthe sampleabout10 mJ/cn? at 250kHz repetitionrate)is focusednto the pin-
hole creatingspacechage by the photoelectrieffect. Photoelectrorspectrarecordedwith the same
light sourcefrom analuminiumplate,shovedabroadenepy distribution dueto multiphotonabsorp-
tion, with a maximumkinetic enegy of roughly 65 eV. The repulsive spacechage potentialfelt by
the electronsfrom the gun producesa negative lensdecreasinghe transmissiornthroughthe pinhole.
By recordingthe numberof electrongpassinghroughthe pinholeasfunctionof delaytime between
the pumppulseandthe electronprobepulse,the temporalevolution of the spacechage potentialis
measuredgroadenedby the nite time spreadf theprobingelectronpulse.Iln orderto minimizesig-
nal uctuationsdueto instabilitiesof thelaser the pumplight is choppedwith afrequeng of roughly
1 Hz. The signalmeasureavith pumplight is normalizedby the signalwithout pumplight. The
experimentaverecarriedout usingtwo differentelectronguns,onedesignedor hightimeresolution
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atlow enegies|[1], the secondonebeinga high-enegy gun[2]. The gunsarereferredto hereafter
asLEED-gunand MEED—-gun,respectrely. Electronsare producedn both gunsby two-photon-
photoemissiomwith the seconcharmonicof the fundamentalvavelengthof the Ti:sapphirelaser In
orderto minimize the temporalbroadeningf the pulsesin the ratherlong (30 cm) MEED—gunthe
lens potentialswere optimizedby meansof ray-tracingcalculationg3]. Brie y, immediatelyafter
emissionfrom the cathodethe electronsareacceleratedtio enegiesof the orderof 3 keV, anddecel-
eratedto their nal kinetic enegiesattheendof the gun. By this optimization,the total ight time
of the electronsfrom the cathodeto the samplecould be reducedfrom 48 nsto about27 ns. The
temporalbroadeningvhich shouldscaleaccordinglywasestimatedh priori to be of theorderof 150
to 200ps.

Figure9.12: Space-harge experiment:
Left: Comparisorof theresultsobtained
for the two election gunsused(LEED—-
gun: green curve MEED-gun: blue
curve). Thecurveshavebeenscaledto
the sameheight and offset for the sale
of clarity; theredlinesdenotets to the
leadingedce.

Right: Bestresult obtainedso far us-
ing the LEED—gun the edee hasa total
widthof 19 ps.

All curves have been recoded using
election pulsesof 200eVenegy.

Indeed, rst measurementsevealedsizeableeffects as shavn in Fig. 9.12. The transmissionof
200 eV electronsshaws a steepdecreasdoy about30% within 19 ps for electronpulsesfrom the
LEED—gun followedby anexponentiaincrease,tted with atime constanbf 54 ps. Edgeanddecay
of the curveswere tted separatlydueto the lack of an analyticalfunction describingthe temporal
evolution of thespace-chaye potential.lt is safeto concludehatthewidth of theleadingedgeof the
dip representanupperlimit for thetemporalspreadf the electronpulses.Thevalueof 19 psis not
farfrom thevalueof 5 pswhichwastheinitial designgoal[1]. It is interestingo notethatthelargest
effectsobsened correspondo a transientncreasein transmissiorthroughthe pinhole,asplottedin
Fig. 9.12for selectedneasurementsith bothguns.Thetime scalef leadingedgeandexponential
decayarelargerthanin thecaseof thedip. We obtain50to 70 psfor theleadingedgewith the LEED—
gunindicatingthatthe width of the edgeis largely determinedby the build-up of the spacechage.
Thedecayhasatime constanbf about120ps. Thetime constant®btainedwith the MEED—gunare
comparable103 psfor therise and 140 psfor the decay consistentwvith a time-resolutionof about
100 ps of the MEED—gunoperatedat 200 eV. Theincreaseof transmissions likely to be causedy
chagescloseto the borderof the pinholewhich producea positive lensthat focusesthe incoming
electronbeamand,therebyincreaseshetransmissionThis conjecturevassupportedy ray-tracing
calculations. Furthermore curveswith differentshapedike a peakfollowing a dip andvice versa
have beenobsened, but evena qualitatve modelingof thesecomplex shapess beyondthe scopeof
ourresearchln conclusionthis experimentallows to characterizé¢hetemporalandspatialoverlapof
electronprobeandlight pumppulses.Furthermorethe width of narrov featuressetsan upperlimit
for thetemporalbroadeningf electronpulses.Themethodrepresenta simpleandpowerful tool for
futuretime-resolhedelectrondiffractionexperiments.
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[1] R. Karrer, H.J. Neff, M. Hengsbeger, T. Greber andJ. Ostervalder Rev. Sci. Instr. 72, 4404
(2001).

[2] M. AeschlimannE. Hull, C.A. Schmuttenmaed. Cao,Y Gao,D.A. Mantell,andH.E. Elsayed-
Ali, Proc.SPIE2521,103(1995).

[3] SIMION software packagedaho NationalEngineerind.aboratory EG&G IdahoInc., Idaho
Falls.
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10 Physicsof Biological Systems

CornelAndreoli, ConradEscheyHans-WrnerFink, MichaelKriiger
TatianalLatychesskaia(sinceMarch 2004),Hiroshi Okamoto,ThomasRusterholz,
Gregory Stevens(sinceNovember2003),SandraPascaleThomann(sinceMarch2004).

in collaboration with:

JevgeniErmantrautClondiagChip TechnologiegGermary), PierreSudraudQrsayPhysics(France),
RogerMorin, CNRSMarseille(France),JohnMiao, StanfordUniversity (USA), DieterPohl,Univer

sity of Basel,AndreasPluckthun,PeterLindner, Biochemistrylnstitute,University of Zurich, NCCR
- NationalCenterof Competencén ResearcliNano-Scalécience

A fair amountof dedicatedequipmenthasbeencompletedin the courseof the pastyearandthe
groupis now focusingon its scienti ¢ goalswhich remainto be in the exploration of nanometer
sizedobjects. The nanometescaleis a uniquescalefor condensednatterphysicsin asmuchas
it representghe transition betweenclassicaland quantummechanicalphysics. At this scale,the
transporof chagesnow relatego thetransmissiorof wavesin quantumwires. ThedeBroglie wave-
length,respectiely the valueof Plancks constantandthatof the electronmass,dentify this unique
lengthscale. Single electroneffectsbecomeapparenbnly at the nanometescalewhich is directly
relatedto the discretenatureanddistinct value of the elementarychage of the electron. By using
techniquedike eld ion microscopy andholograply with low enegy electronsjn combinatiorwith
othermoreestablishediools,we arenow in apositionto addressheaboveissues A specialemphasis
of the group’s efforts is relatedto biological systems.We have recentlybeenableto quantitatvely
explorethe enegeticsof individual DNA moleculesn liquids asillustratedin somedetailbelow. In
our efforts to establishthe LEEPS(Low Enegy ElectronPoint Source)microscoly asa new tool
for structuralbiology, we have madeprogressn tting bacteriophageghatwill eventuallyactas
templatedor imagingsingleproteins,ontonano-structurethin Ims. A focusedon beammachine,
deliveredin summer2003,enablesusto employ a 10 nm gallium ion beamfor milling structuresn
silicondevicesor otherthin- Im materialsto createsuitablestructuredor interfacingmolecules.

10.1 Studiesof single DNA moleculein liquids

Theactivationfreeenepgy governingthetransitionfrom thestretchedo therandomcoil con guration
of individual DNA moleculeshasquantitatvely beendeterminedFromthetemperaturelependence
of the transitiontimesit is apparenthatthe formationof the DNA randomcoil is a thermallyacti-
vatedprocess.A total of 420 obsenationshave beenmade,which werecarriedout on 80 different
individual DNA moleculescovering the temperaturgangefrom 5 C to +60 C . The dataindi-
catethatthe obsenredtransitionsarein factthermallyactivated,which is evidentfrom an Arrhenius
type behaior. From the Arrheniusplot an activation barrier of a good fraction of 1 eV hasbeen
determined.With this, the rst directdeterminatiorof the enegeticsgoverninganindividual DNA
moleculein its naturalliquid ervironmenthasbeenmade.

The experimentshave beenperformedusing uorescentvideo microscoly with atime resolutionof
40 ms. Thistechniquepioneeredy Steven Chuof StanfordUniversity, is meanwhileemployedby a
few laboratoriesaroundtheworld to studythedynamicsof singleDNA molecules However, to study
the enegeticsof singlemoleculessometechnicalchallenge$hadto be masteredThe mainproblem
wasthe realizationof thermalequilibrium conditionsfree from disturbance®sf the obseration pro-
cessitself, aswell asthe ability to changeand measurehe equilibrium temperature Furthermore,
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Figure10.1: Shematicof the set-upfor measur
ing the enepeticsof single DNA molecules Ex-
ceptfor the objectivelens, mostof the optical-
and data acquisition-systens not shownhere.

Four tempeature sensos are employedo estab-
lish equilibriumin athin water Im. Thetemper

ature of the peltier elemenis adjustecto a xed

value by a PID controller. Thetempeature at
theplacewhele the scenariooccurs is thencali-

bratedagainstthe peltier stage tempeature, the
heatsink, madeup of the objectivelensandthe
immession oil drop, and the tempeature of the
surroundingair. - Conrad Esder

Physik-Institut der Universitat Zurich

in providing aproperdistancaeferencestretch-
ing the moleculesin an electric eld prior to
re-establishingquilibriumandroutinemethods
for anchoringthe 16 m long and 2 nm thick
moleculesat oneendhadto be developed. At-
tachmenbf the DNA atoneendto a x edposi-
tion wasessentiafor beingableto derive suf-
cientstatisticsto obtainquantitatve enepgy val-
ues. This hasbeenachiered in a closecollab-
oration with Clondiag Chip Technologiesthat
provided us with stateof the art molecularbi-
ology techniquedor bindingjustoneendof the
moleculeto a silicon oxide substrate. The ex-
perimenttakesplacein aliquid ervironmentin
which a single DNA moleculeis embeddedn
just a few pico-liters of ultra pure water It is
partof al0 m thick water Im whichis sealed
from the ernvironmentto avoid evaporationand
associatectrraticliquid o w which would per
turb the equilibrium conditions essentiafor de-
riving quantitatve freeenegy data.A schematic
of partof theapparatuss illustratedin Fig. 10.1.

10.2 Towards the limits of holography with low energy electrons

The useof a coherensingle-atonelectronsourcefor low enegy electronshasdevelopedinto atool
thatappeargo be particularlyusefulfor investigating individual objectsof nanometesizeddimen-
sions.Theabsencef radiationdamagealueto thelow enegy of the electronsandthehigh contrasin
scatteringoy light atomsholdspromiseasa new tool for structuralbiology of individual molecules.
Thesensitvity to smallelectricandmagneticelds, combinedwith the high spatialandtime resolu-
tion of thetechniquewill alsobeusedo explorethepropertief mesoscopiphysicsobjects suchas
guantumwiresandsingleelectrondevices. This projectaimsatreachinghe experimentakesolution
limit of thistechniquewhichwill thenbe madeavailableto otherprojects bothinsideandoutsideof
ourresearchgroup. Theultimatelimit is givenby the spatialandtemporalcoherencef thesource It
relatego thesizeof thesourceandtheenepgy spreadf theemittedelectronswhichis fundamentally
limited only by the Heisenbey uncertaintyrelationship.In orderto comecloseto this fundamental
limit, which is associatedvith atomicresolutionin 3 dimensionsa numberof experimentalissues
needto beaddressedndnew technologiesleveloped.They include: shieldingthe coherenglectron
sourcefrom external mechanicabknd electronicnoise,developing a new two-dimensionadetector
for low enegy electronsandimproving the angularspreadof the coherentelectronwave-frontsby
adsorbingCgg clustersontothe atomicpoint-source.The numericalwork of TatianaLatyche/skaia
is directedtowardstheimportantsecondstepin holograply, namelythereconstructionThisimplies
emplogying appropriateeoherenppticsschemedor reconstructinghe 3-dimensionastructureof the
nanometesizedobjectfrom its experimentaklectronhologramrecord.

10. PHYSICSOF BIOLOGICAL SYSTEMS
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10.3 CryogenicLEEPS microscopy

Thisprojectprimarily aimsatimproving theresolutionof room-temperatureEEPS-microscoyp tak-
ing advantageof the extraordinarymechanicaktability of cryogenicinstrumentsandthe possibility
of utilizing novel schemeso effectively reducethe enegy spreadf the electronpoint source.

The projectbegan in February2002, and we have completedthe constructionof the instrument
in June2003. Sincethen we have beentestingthe microscope. The specially designedpiezo
steppingmotor system,togetherwith the com-

putercontrolsystemhave beenthoroughlytested

atroomtemperatur@aswell asat cryogenictem-

peraturesiown to 4.2 K. Thedif culty of using

a micro-channeplate (MCP) at cryogenictem-

peraturesnadeit necessaryo searchfor an al-

ternative detector A post-acceleratiodetection

systemutilizing a micron-scalemetallic mesh

hasbeensuccessfullydevelopedin collaboration

with diploma student Thomas Rusterholz[1].

With this detectionsystemwe obtainedreason-

able image quality at an emission current of

10 nA. We have alsoobsenred electroninterfer

encefringesnearcarbon bers atroomtempera-

ture, and we expectto seeinterferencefringes

at cryogenic temperaturedn the near future.

Theinstrumentatestingphasewill becompleted

within a few months,andwe canthenmove on

to the scienti ¢ investigationsof novel methods  Figure10.2: TheCryogenic LEEPSmicroscope
in electronmicroscopy andits applicationto bi- - HiroshiOkamoto

ology.

[1] ThomasRusterholzEin neuerDetektorfiir Holographiemit langsamerktlektronen
diplomathesisPhysik-Institutder Universitat Ziirich, January2004.

10.4 Structure of individual bio molecules

The purposeof this projectis to develop tools and methodsto imageindividual bio-moleculeswith

a coherentiow enepgy electronbeamto obtainstructuralinformation. As a rst step,novel methods
needto be developedto attachindividual macromolecule$o surfaces. Theseinvestigations have

begunwith a lamentousphagecalledM13, whichis to be attachedo a carbonsupportim sothat
individual phageparticlesare suspendedver holesin the Im sothey canbeimagedusingthe low

enegy electronbeam. The distribution of attachedphagepatrticlesis being characterizedising a

transmissiorelectronmicroscopeg TEM).

Since begginning the projectin November2003, we have prepareda homogeneoususpensiorof
M13 phageusing a standardprotocol and have developeda methodfor making holesof a desired
size and shapein carbonsupport Ims using a focusedion beam. We have investicatedways of
pre-treatingthe carbon Im by glow dischage in air so asto impart a hydrophilic propertyto the
surfacethatis necessarjor attachmenof M13 andotherbio-moleculesuspendeth aqueousnedia.
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Figure10.3: TEM (TransmissiorElectron Microscopyjimagesof individual M13 phage particlessus-
pendedhcrossholesin a carbon Im. Thesamplesvere ngyativelystainedwith uranyl acetate which
hasformedintoa Im acrossthe hole (a). In the casewhete the nggative staindid notforma Im

acrossthehole(b), theM13 lamentswete foundto lie in bundlesacrossandaroundthe edge of the
holeZ. - Gregory Steens.

We have examinedthe dependencef phageconcentratioron the distribution of particlesdeposited
onto carbon Ims and can obtain even distributions of particlesat a preferreddensity As shovn

in Fig. 10.3a,we have obtainedTEM imagesof individual phageparticlessuspendeécrossholes
in a carbon Im that were subsequenthembeddedn a Im of negative stain. In casesvherethe

negative stain Im was absent,phageparticleswere found to adhereto the edgeof the hole after

drying, asshawn in Fig. 10.3b We have shovn how surfacetensionin a water Im is responsible
for rearrangementf laments that were previously suspendedver holes, after part of the water
Im breaksduringdrying. In orderto overcomesuchrearrangemerduringdrying, we arecurrently
investigating methodsfor rapidly freezingthe specimenand then sublimatingthe surroundingice

undervacuumsothatphageparticlesremainundisturbed.

We have begunto addresgoncernghatbio-moleculesnayundegosigni cant conformationathanges
whenplacedin thevacuumervironmentof a LEEPSmicroscopéeby shaving that GreenFluorescent
Protein(GFP)retainsits ability to uoresce after seseraldaysin a vacuum.In future, GFPmay be
usedfor investigatingthe extentof radiationdamageo biologicalmaterialin the LEEPSmicroscope.
We arecurrentlyexaminingthe possibility of attachinglysine residueson the exterior of the phage
coatto a gold surfaceusingN-hydroxy-succinimidgNHS) chemistry To this end,we have obtained
amutantof arelated lamentous phagefl, which hasbeengeneticallyengineeredo have extra ly-
sineresidueson its surface. This might be usefulfor attachinggold nanocluster®f known sizeto
thesurfaceof the phagefor purpose®f calibratingimagesor to preventrearrangemerdf phagedy
stronglyattachingthemto a gold substratelm.

3We gratefully acknavledgethe Institutesof VeterinaryAnatomy and Virology, University of Z#&rich, for the useof
theirfacilitiesin makingtheseimages.

10.
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10.5 Nanometersizedstructur esfor creatingand investigatingmesoscopi@hysicsde-
vices

This effort is directedtowardsdirectly observingthe dynamics

of individual chagesin mesoscopidevices,like quantumdots,

wires or singleelectrontransistors.Single chagesandtheir as-

sociatedelds areexpectedto bevisualizedby holograply with

low enegy electrons. What is neededor sucha programis a

guantumdot weakly coupledto at leasttwo electricalleadsby a

tunnelbarrier Ourfocusedon beamappeardo beinvaluablein

achiezing that. Fig. 10.4shaws a carbonnanotubehathasbeen

cutusingthefocusedgallium ion beam.The next stepwill beto

trap an appropriatesmall metal clusterin this gap andto make ~ Figure10.4:

surethatit is weakly coupledvia two tunnel-barriergo thetwo A freestandingmulti-wall car-
nanotubeglectrodes. bonnanotubehasbeendeposited
Another approachis to use highly orientedpyrolytic graphite over a slit in a SiN-membane
(HOPG) sheetsand the focusedion beamto in-situ fabricate and subsequentiyoeencut by a
quantumwires and measureheir propertiesin particularin re- focusedon-beam.

lation to ballistic electrontransport.An exampleof this effortis - MichaelKruger.

shavnin Fig. 10.5.

While the preparatiorof the structureaswell asthetransferto the microstructurewith theintegrated
electrodeds now routinely possible,no currenthasyet be detectedup to a biasof 70 V. Unfortu-
nately justaswith molecularelectronicsstructuresthe contactresistanceappeato beaparticularly
puzzlingproblematthis scale which needgo be solved.

Figure 10.5: HOPG sheetsstructued by a focusedon beam,remo/edby a precisionmanipulator
andsubsequentlgepositentoa silicon devicefor electricalmeasuements.

10.6 Field ion microscopy

Our eld ion microscopepreviously beingusedonly to characterizeour electronpoint sourceshas
now two dedicatedpurposes. They are being pursuedby SandraThomannand Cornel Andreoli.
The rst andmajor goalis the investication of the adsorptionof single Cgp clustersonto pyramidal
tungstentips, from which we expectto learnsomethingaboutsingle moleculeadsorptioneventsas
well asto obtainsuperiorcoherenklectronsources.This work startedin March2004andbene ted
from the expertiseof the InstitutesSurface Sciencegroup, in particularfrom ThomasGreberand
AnnaTamai. Basedon their experiencean handlingthe sublimationof Cgg clusters,CornefAndreoli
andKurt Bosigerdesignedandbuild a Cgg evaporatorparticularto our needsnamelyin beingfree
from disturbinglight emissionduring sublimationof the clusters.The secondorojectinvolving eld
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ion microscop is the investication of electrolytetips for creatingnovel ion sources.Herethe ion

supplyis provided by mobile bulk ionsinsidethe electrolyte. This hasdistinctadvantagesver the
ionisationfrom gasphaseatoms.This work is carriedoutin collaborationwith Dieter Pohlfrom the
Physicslinstituteof Baselandhadjuststartedoeforetheendof thisreportperiod. However, it already
appearpromising.

Figure10.6: Field emissiommicroscopeto studythediffusionof individual Csatoms(left). Essential
parts of the detectorsystemsare a ber optic plate (middle), donatedto us by Shott-Glasswith 5
micron thick bers,anda ne phosphoouspowder(right) of aboutl micron grain size donatedto
us by the medicalsciencedivision of Siemens.- Hiroshi Okamoto,Cornel Andreoli, ChanMei Po
(summerstudenin 2003).

10.7 Field emissionmicroscopyto study the diffusion of Csadsorbedon tungstensur-
faces.

A eld emissionmicroscopes dedicatedor students'experimentsin associatiorwith the lecture
seriesentitled”Physicsonthe NanometeiScale”. It allows the studentdo measuréhe eld emission
currentfrom aregion of somel0nmin diameter The uctuation of the currentis directly relatedto

thediffusion of Csatomsenteringor leaving the probearea.Fromthe autocorrelatiorof this signal,
the diffusion coefcient canbe evaluatedat differenttemperaturesstartingat 80 K. This projectis

underthe supervisionof Hiroshi Okamotowho bene tedfrom occasionahelp of summerstudents.
With the assistancef the University glassblower Daniel Schnarwiler Cornel Andreoli managedo

build a quite original detectorfor this experiment,in asmuchaseach bre of the platetransmitsa

signalcorrespondingo a sub-nanometeregion of the surfaceon which the motionof justafew Cs

atomstakes place. The studentscanthusde ne a 10 nm diameterregion to be probedby simply

taking a black pieceof paperwith an appropriatenole of mm dimensionat the atmosphericide of

the detector In this way they canprobethe eld emissioncurrentfrom a nanometesizedregion by

usinga photomultiplierto pick up the signaldeliveredfrom a few hundredsof these bres.

The experimentis expectedto becomeavailable to the studentsshortly after the rst courseon
"Physicsonthe nanometescale”is completedwhichis afterthe summersemeste2004.

10.
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11 Computer AssistedPhysics

C. Bersier T. Mayer, P. F. Meier, E. Olbrich, S. Renold,andE. Stoll
guestsT. A. ClaxtonandH. U. Suter

In this report,we wantto concentrat@n thefollowing researchopics:

- Interpretatiorof thepropertieof hightemperatursuperconductity materialsusingspin-polarized
ab initio calculations.The aim of this work is to provide insightinto the particularmicroscopic
electronicstructureof cuprates.

- Non-lineardynamicalstudywith particularreferenceo time seriesanalysisof electroencephalo-
gramsin collaborationwith two groupsof the Medical Faculty

We selectively reporton the chage distribution in La,CuO, beforedoping(11.1.1),muonsitesand
hyper ne elds in La,CuQ, andSrnCuChLO, (11.1.2),0nthecalculationof magnetichyper ne cou-
pling constantg11.1.3),andon resultsof time seriesanalysisof sleepEEG (11.2).

11.1 Electronic structur e of high-T. materials
11.1.1 On thedistrib ution of intrinsic holesin cuprates

Lap,CuQy is insulatingbut becomesnetallic and superconductingipon replacinga few percentof
La3* by SP* or Ba?*. Thesimplisticionic modelfor the pure substanceelieson the ions Cu?* ,
O? andLa®*, theonly holein theelectroniccon gurationbeinglocalizedon Cu?* in the3d® atomic
con guration. The sameassignmenis madefor the copperin the CuG, planesin YBa,CuwOg, the
parentcompoundof the yttrium high-T, family. To investigate the validity of this modelwe have
performedrst principlesdensityfunctionalcalculationsontheLa,CuQ, crystal,simulatedoy using
the CusO,6/Cuglaz, cluster(a pictureof a similar clustercanbe foundin the next subsectionand
have analyzedhe chagedistributionin detail.

Thereare5 Cu atomsand26 oxygenatomsin the clusterbut for our discussiorwe selectonly those
atomsat the centerof the clusterfor considerationThoseatomscloseto the peripheryof the cluster
arenotaccountedor sincethesewill includeeffectsexpectedrom theclusteredge.This clusterhas
ve unpairecelectrondeadingto a choiceof possiblemultiplicities,M = 2, 4 or 6. (M=6 corresponds
to a“ferromagnetic’alignmentof thespins whereadvi=4 leadsto an“antiferromagneticalignment.)
We list in Table 11.1the total atomchagesfor the central copperand neighboringoxygenatoms
in La,CuQy which, in the presentreport, are for simplicity determinedas averagesof the chages
resultingfrom multiplicities M=4 andM=6. A moredetailedanalysismaybefoundin Ref.[1].

Table11.1: Mullikenchargesfor Cuandfor O, andO,, theplanarandapical oxygens respectively
for LapCuQy.

Cu Op Oa
1.16 -1.64 -1.94
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Table11.2: Partial Mullikenpopulationsfor Cuandfor Op and O, the planar andapical oxygens,
respectively

Cu O, Oa
4s 303,22 3d,> y2 2s 2p¢ 2p,
0.49 1.92 1.40 1.96 1.68 1.95

Furthermorewe presentn Table11.2the correspondindMullik en partial populationsfor thoseor-
bitalsfor which they deviate appreciablyirom theionic picture.

The Mulliken chagesin Table 11.1

suggestthat 0.84 electronsare trans- (@) 2 2 . (b) -1.94 16 4/
ferredto theoxygenatoms(Fig. 11.1). oosf , | ya

This resultshouldbe viewed with ex- = 2 > +2 <= 2 > | —-164—1.16—-1.64—
tremecautionif we continueto asso- P / |
ciatepartialoccupanyg of orbitalswith /'2 P )1-64 104
holes.For exampleusingtheMullik en

populationdatain Table11.2the hole

is distributed 60% in the Cu 3d,. y2 Figure 11.1: (a) shows,using a simplistic model, the
copper orbital, 9% in the 3ds,2 |2 charge transferof 0.84electonsfromoxygnanions( 2)
copperorbital, 64% in the four pla- to @ coppercation (+2) as a resultof covalentbonding
nar oxygens2p, orbitals (parallelto  Thecharge transfes pointing away from the planar oxy-
the bond) and 10% in the two apical ~genanionsare to other planar coppercationswhich are
oxygen2p, orbitals,which is clearly — not shown. Chames resultingfrom the hole transferare

nonsense. givenin (b).

In orderto proceedurtherwe needto construcia molecularorbital enegy diagramof the copperion

andits six nearesheighboroxygenions which leaveslittle room for doubtandexplainsthe chage

transferobsened. As is normalin similar circumstancese concentrat®nly onthefrontier orbitals,

thehighestoccupiedandfor copperalsoatleastthelowestunoccupiedrbitalsof theinteractingons.

Thereis no dif culty with the Ci?* ion sincethe qualitative orbital enegy diagramhasremained
unchangedchow for mary years(seefor exampleRef. [2]) andis shovn on the left handside of

Fig. 11.2for O, andD4, symmetry Note thatwe have addedthe copperds orbital, the unoccupied
orbital of lowestenepy .

In Table11.2only the four planaroxygen2p, orbitalsandthe two apicaloxygen2p, orbitalshave
signi cantly reducedpopulationdrom completeoccupanyg, which indicatesthatonly theseoxygen
frontier orbitalsaresigni cantly involvedin bonding. We de ne eachof these2p orbitalsin sucha
way thatthe phase®f thelobespointingtowardsthecentralcopperatomarethe same.Fortunatelyin
On symmetrywe canform six symmetryadaptedrbitalseasily Let the symmetryadaptecdorbitals
berepresentetly andthe2p orbitalsby sothat

= U

whereU is aunitary6 6 matrix. Themoduli of the non-zercelementof eachrow of thematrix are
all identicalandsowe only requirethesignof theseslementsThesearegivenin Fig. 11.3for each .
Theenepgiesincreaseasa functionof the numberof nodalplanesin eachselection. 1 hashonodal
planes, 2; 3; 4haeonenodalplaneand s; ¢ havetwo nodalplanes.Thesearedravnonthe
extremeright of Fig. 11.2,thatalsoshowvs,immediatelyto theleft, how thedegeneraciearelifted for
D4n symmetry Only the4s (a1g) and3d,2 2 (big) orbitalson the copperareavailablefor bonding

11. COMPUTERASSISTEDPHYSICS



Annual Report 2003/04

Figure 11.2: Interaction of the atomic orbitals of
copperwith the symmetrycombinationof the sur
roundingoxygen hybrid orbitals. Thedashedines
indicate the primary interactions which remain
evenin O symmetry Thesecondarysmaller)in-
teractionsare shownby dottedlines. Bondingand
anti-bondingcombination®f theorbitals of thepri-
mary interactionsexplain the occupancyof the 4s
orbital andthetransferoftheholefromthe3d,> >
orbital to oxygens( ¢ only).
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Figure 11.3: The signs of the orbital coefcients
for the various combinationsof hybrid orbitals of
the oxygenatoms. Theabsenceof a signindicates
a zeo coefcient. Thehybrid orbitals are de ned
sud that the phasepointing towards the copper
atomhaveall the samesign.
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sincethesearenot completelyoccupied.All
the oxygen orbitals are completelyoccu-
piedandcanonly interact,f allowedby sym-
metry, by donatingelectronsinto vacantor
partially occupiedorbitals on copper The
only interactionsin O symmetry are 4s—
1 and3d,2 y2— 6. Thesearealsoallowed
in Dgn symmetry and are regarded to be
the dominantinteractions. Secondaryaddi-
tional interactionsarisingfrom the reduction
in symmetryto Dy, areds— s, 3da,2 2— 5
and3ds,2 ;2— 1.
Sincethe hole, from the ionic model, origi-
natesfrom the 3d,> . copperorbital there
is only one interactioninvolving the hole:
3d,2 y2— 6.  This uniquely restricts the
transferfrom the copperto the planaroxygen
2pi orbitals(seede nition of ginFig.11.3).
The Mullik en populationanalysisclearly in-
dicatesthat 40% of the hole hasbeentrans-
ferredto the planaroxygengseeFig. 11.4for
moredetail),andnone,by this mechanismo
the axial oxygensleaving 60% on the cop-
per Sincea holetransferis accompaniedby
anelectronchagetransferin the oppositedi-
rectionwe concludethatof the0.84electrons
transferredrom the oxygensto copper 0.40
electronshave beenaccountedor by thehole
transfer The remaining0.44 electronscorre-
spondalmostexactly to the Mullik en 4s or-
bital populationof 0.49 electronswhich can
be associatedvith the dominant4s— ; in-
teraction. The discrepang of 0.05electrons
canbeattributedto thesecondarynteractions
which alsoinvolve the3ds,2 2 orbital.

As concerrspindensitiesve notethatpspin [Cu(4s)]= 0.03. This canbeinterpretedasarisingfrom a
spinpolarizationstemmingfrom the unpairedelectronin the 3d,2 y2- ¢ anti-bondingorbital, rather
thanadirectinvolvementin the holetransfer However the effect on the hyper ne couplingconstant
is disproportionatelyfarge. The resultantspinin the 4s orbital polarizesthe electronsn the 3s and
to aminor extentin the 2s and1s orbitals. The on-sitecontacthyper ne eld is negative (-1.78a, %)
but thereexists a positive eld thatis transferredrom nearesheighborcopperions(+0.71aB3). A
detailedanalysisof thesecalculatedspintransfershasbeengivenin [3; 4]. Here,we rst notethat
thetheoreticakesultsarein very goodagreementvith the valuesderived from theNMR data[5; 6].
We furthernotethatPavarini etal. [7] have emphasizetheimportanceof the 4s orbital in intralayer

hopping.

The hole distribution, which is predominantlycenteredon the 3d,. . orbital on copper should
sensitvely affect the EFG at the coppernucleus(seereferencd3]) sincethis propertyis dependent
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onthe1=r? function.

Therelatively highsymmetry(D4h) of
the immediateoxygenanion erviron-
ment of copper cations, represented
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(@) -2

| 7
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—-1.82—1.65 —-1.82—

-2
|

by the distorted octahedral cluster o 0.09 /
CuQl® in LaCuQy, enablesthe L0 g |
hole distribution to be uniquely and 7 -2 / -2

/
-1.82

/

unambiguously associatedwith the
Cu 3dy2 2 orbital andthe symmetry
adaptedoxygen orbital g from a
gualitatve molecular orbital enegy
diagram. The diagram also allows
for the participationof the formerly
unoccupiedCu 4s orbital in receving
electrondirectly from two doubly occupiedoxygenorbitals,without spinpreferencelt shouldnow
be clearthat analysisof chage alonecannotdeterminethe hole distribution. Theseresultsarein
agreementvith, and provide an explanationfor, the Cu 4s orbital populationfrom both previous
bandstructureandcurrentclustercalculations.

Figure 11.4: (a) showsthe transferof 0.0875holesfrom
thecoppercationto ead of theplanar oxygenanionsaris-
ing fromthebondinginvolvingthe Cu 3d,2 . orbital and
the oxygen valenceorbitals. The correspondingviulliken
chargesresultingfromthe holetransferis givenin (b).

11.1.2 Muon sitesand hyper ne elds in La,CuO4 and Sro,CuCl,0-

Positive muonsaresensitve probesof local internalmagneticelds in solidsandmuonspinrotation

( SR) experimentshave provided valuableinsight into the microscopichatureof magnetismn a

variety of substancesn particularalsoin cuprates A disadwantageof the SR method however, is

thatthesitein thecrystallographidatticeat which the muonstopsis notknown. Thisis irrelevantfor

thestudyof theinternal elds of ux line latticeswherethedistancedbetweerthe ux coresaremuch

larger thanthe dimensionof the crystallographiaunit cell. For the investication of local magnetic
elds in zeroor smallapplied elds, however, aknowledgeaboutthe muonstoppingsiteis necessaty
Today possiblemuon sitesare estimatedby comparingthe measuredocal eld with the dipolar

eld generatedn vacuoby localizedmagnetiomomentsat the copperpositions.The magnitudeand

directionsof thesemomentsare determinedrom neutronscatteringdata. The assumptiorthat the

local magnetic elds at muonsresultprimarily from theseremotemoments however still requires
justi cation. We have thereforeextendedour clustercalculationson cupratesy inclusionof amuon

at varioussitesand have determinedhe total enegy allowing for lattice relaxationof neighboring
atoms.

For thelanthanumcompound.a,CuQ, asmallcluster CuQOs/Culasg, with only onecopperatom
in thecoreanda larger cluster CusO,s/CuglLazs, which contains ve copperatomsandis shavn
in Fig. 11.5 have beencalculated. The smallerclusterwas usedto determinethe relaxed geome-
try, whereasn the larger onethe hyper ne parametersvere calculated. The correspondingstron-
tium clustersto simulatemuonsin SLCuChO, werealsostudied,namely CuO,Cl,/CwSrg and

Cus046Cl10/CugSrz4. Theelectronicstructurecalculationusesa hydrogenatomfor the simulation
of themuon,sincetheelectronicwave functiononly depend®nthechageandpositionof theatoms.
Threemuonsiteswereinvestigated. The rst position,whichis depictedin Fig. 11.5andcalledsite
(A) is in thebondbetweerthe copperandthe apicaloxygen.Sites(B) and(C) which have beenpro-
posedbefore[8] arefurtheraway from the CuO, plane. Thetotal enegy, however, is lowestfor site
(A). The geometryoptimisationresultedin pushingthe Cu by 0.34ag (0.08)belaov the Cu®, plane
andmoving the O upwards0.43ag (0.52) (wherethe numbersn parenthesergeferto SLCuChOs).

11. COMPUTERASSISTEDPHYSICS
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Thus, contraryto the generalbelief, the bond
centeredposition of the muonis preferred. A
similar site has beenattributed to the anoma-
lous muoniumin semiconductors.In the case
of the lanthanumcompoundthe muonis close
to theappe oxygenatom,suggestingn (O )
type species. From a chemicalviewpoint one
would interpretthis con guration at this site as
an(OH) closeto the Ci?* ion. For the stron-
tium compounahisis notpossiblethereforethe
muonis closerto thein—planecopperatom.

A comparisorof the differentgeometriesn the
two materialsshawvs thatthe calculateddistance ) )
of themuonfrom thecoppemwherethemagnetic  F19uré11.5:TheHCusOz6/CugLags clusterwith
momentsare centered, is larger in La,CuQ, thehydiogen(muonjat positionA.

thanin SLCuQ,Cl, by afactorof 1.21. Sincebothtransferredanddipolar elds decreasevith the
third power of the distance,one expectsfrom thesegeometriessmaller elds in La,CuQ, thanin
Sr,CuG:Cl, by roughly a factortwo. This comparedavourably with the obsered ratio of about
threefor the experimentahyper ne couplingconstant®f thetwo compoundsndexplainsthelarger
frequenciegoundin the strontiumcompound.

We further note that the small massof the muonimplies a large spreadof its quantum-mechanical
ground-statavave function. This mustbe accountedor in more precisetheoreticalestimate®f the
spindensitiesatthe muon.

In summary the ab-initio cluster calculationsshav transferredhyper ne elds at muon sitesin

La,CuQy whicharein disagreemenwith thecommoninterpretatiorof SRexperimentsn cuprates.
This is not completelysurprisingsincea large amountof informationabouton-siteandtransferred
hyper ne elds in cuprateds available: numerousuclearmagneticresonancédNMR) experiments
have beenperformedn thevery samesubstancewhich wereexploredby SR,yetit seemghatthe
progressn understandingf\MR datahassofar beenignoredby the SRcommunity

11.1.3 Investigationsinto static NMR propertiesin cuprates

NMR measurementsf the copperKnight shift in cupratesexhibit anamazingpeculiarity With the
externalmagneticeld appliedparallelto the CuO, planesthe Knight shift declinesin the supercon-
ductingstatewith decreasingemperaturasis expectedrom thereductionin the spinsusceptibility
With the eld perpendiculato the planeshowever, the shift is independentf thetemperaturén all
compound®f the La- andY- family irrespectve of the dopinglevel. This hasbeenexplainedby an
incidentalcancellationof an on-siteanda transferrechyper ne eld at the coppernucleus. These
guantities however, dependon the lattice parameterandit is astonishinghatthe samecoincidence
shouldoccurin bothfamilies.

Clustercalculationshave the advantagethat relative changesf magnetichyper ne coupling con-
stantsfMHCC) uponchangesn lattice parametergsanbeinvestigated. Thereforewe have extended
previous calculationsof MHCC in La,CuQy [9] and YBa;CuzOy7 to include also Sr,CuG,Cl, and
YBa,CuzOg.[10] Additional calculationshave beenperformedin clusterswith arti cially stretched
andsqueezeglanarlatticeconstang®= f aandb’= f b, withf 2 (0:99; 1:01). Furthermorea
La,CuQy clusterwassetup with anarti cally buckledCuGQ, plane.In this way the behaior of the
MHCCsunderlattice distortionscouldbe obsered.
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Selectedesultsfor thetransferrechyper ne coupling,B, andthe on-sitedipolarinteractionAEip at
the planarcoppemucleiarepresentedndplottedagainstthe lattice constanin Figs.11.6and11.7.
As expectedthetransferrechyper ne interactiondropsin all compoundsvhenincreasinghelattice
constantHowever, in theyttrium basedcompoundsthetransferredeld is muchsmallerthanin the
othertwo compoundsinterestingly B dropsalsouponanarti cial buckling of the planesin thelLa
compounadasindicatedby theredcrosses.

The on-sitedipolar interaction,AEip getsalsowealer whenenlaging the unit cell andscalesquite
well with the lattice constant. It is seenthat the buckling hasonly a minor effect on the dipolar
interaction.

transferred core polarization on-site dipolar interaction total hyperfine interaction (parallel component)
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Figurell.6: Theoetical (opensymbolsandexperimentalclosed Figurell.7:Correspondinge-
symbols)valuesfor the transfered copperhyper ne interaction sultsfor thetotal copperhyper
(left panel)andfor the on-sitedipolar coupling(right panel)for  ne interaction.
variouscupratesplottedagainstthe lattice parametes.

As a conclusionwe think thatthe currentexplanationof a temperaturéndependenknight shift in
c-directionmaybein error The proposalof a large residualshift at low temperaturesould helpin
establishinga new understandingf the spin propertiesn cuprates.

In Fig. 11.7, the total hyper ne interactionalongthe c-axis is displayed. It is zero neitherin the
lanthanumcompoundnor in the yttrium compounds.The anisotroly of the total hyper ne interac-
tion especiallyfor YBa,Cuz Oy ([A't‘Ot + 4B1=[AZ, + 4B]"' 4) shaws thatthe non-zerohyper ne
interactionshouldbe obsenablein NMR experiments.Furthermorethe buckling of the lanthanum
compoundirasticallychangeshetotal hyper ne interaction.

In conclusiona cancellatiorof hyper ne elds for all cupratesannotbe corroboratedy our calcu-
lations. ThetransferrednteractionB hasthelargestin uence ontheanisotroy of thetotal hyper ne
elds. Thereforejt seemgeasonabléo assumehat- in a rst approximation the on-sitehyper ne
elds areessentiallyof the samesizein all cuprates.

11.2 Time seriesanalysisof EEG

Researclon time seriesanalysisof EEG datawascenteredn the furtherinvestigation of oscillatory
eventsin thehumansleepEEG. This researclis conductedn closecollaborationwith theinstituteof
pharmacologyandtoxicology

Sleeposcillations,such as delta waves, K-complexes or sleepspindlesare typical patternsin the
sleepEEG,whichareamainingredientfor thede nition of sleepstagesandmighthave animportant
functionwith regardto processe®sf synapticplasticity during sleep,i.e. for learningand memory
consolidatiof11]. Thereforetheir detectionthe characterizatiowf their propertiesandappropriate
modelsfor their dynamicsareimportantfor a furtherunderstandingf theirrolein sleep.

11. COMPUTERASSISTEDPHYSICS
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Usinga new algorithmfor the detectionof oscillatoryeventsbasedon adaptve autorgressve mod-
eling we studiedthe change®f their propertiegshroughouthe night. Fig. 11.8showvs anexampleof
onenight with the eventsdenotedasdotsat a particulartime andfrequeng. In the lower panelthe
hypnogramj.e. the sleepstagesareshown.

events min*t

0 50 100 150 200 250 300 350 400 450
t [min]

Figurell.8:Meanfrequenciegtop) andeventdensitiegmiddle)of theoscillatoryeventsfor thethree
frequencybandsfor onenight. Thedottedlinesin the upperpaneldenotethe limits of the frequency
bands.Thegrey pointsmarkfrequencyandtimefor singleevents.

We found that oscillatory eventsoccurredessentiallyin threefrequeny bands:sigma(11.5-16Hz,

sleepspindles),alpha(8-11.5Hz) and delta (0.75-4.5Hz, deltawaves and K-complexes). Their
incidenceshaved only smallintra- but large interindividual differences:the largestinterindividual
differenceswere found with respectto alphaevents,we found individuals with a large amountof

alphaeventsin sleepstages3 and4 (alpha-deltassleep),ndividualswith only asmallamountof alpha
eventsin REM sleepandsleepstagel andindividualswith almostno alphaeventsatall.

The left panelof Fig. 11.9illustratesthe sleepstagedependenciesf the meanevent densitiesand
their meanfrequenciedor the threetypesof events. The incidenceof sleepspindlesis maximal
for sleepstage2 andthe incidenceof deltaeventsincreaseswith the deepeningof sleep. While

this behaior is in agreementith standarcknowledgethe obsened frequeny behaior is lesswell

known. The propertiesof the oscillatory eventsdependnot only on the sleepstagesout alsoon the
time duringthe night, which canbe studiedby distinguishingthe differentREM-NREM cycles. See
the hypnogramin Fig 11.8for anexample. This night shavs ve completecycles. Theright panel
of Fig. 11.9shawvstheresultsfor sleepstage?2. The obsenedchange®f the propertiesof oscillatory
eventsduringsleepareimportantfor adeepeningf ourunderstandingf slow processeduringsleep
connectedo synapticplasticity.
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Figure11.9: Meaneventdensitieqtop) and meanfrequenciegbelow)for the threefrequencybands
froma larger setof subjectsand nights. Theerror bars denotethe standad deviationswith respect
to the subjects.Theleft panelshowsthe sleepstage dependencandtheright panelthein uence of
thesleepcycle i.e. thetimein thenight.
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12 Mechanical Work-

shop

K. Bosiger B. Schmid, B. Lussi,
M. Schafner, R. Meier (since Oc-
tober 2003), P. Treier, B. Wachter
(left in October2003),RamonCaro
(apprentice)A. Rochat( nished his
apprenticeshindleft in December
2003)andR. Reichen(apprentice)

Last year the workshopwas mainly
engagedn thedevelopmenandcon-
struction of several new laboratory
experiments for the medical stu-
dents. We producedpartsfor exper
imentsto illustratethe physicalprin-
ciples of the blood circulation sys-
tem, the electrocardiogranmpf ultra-
sound of X-rays,thehumaneye and
of an optical spectrometer In par
ticular, the constructiorof the blood
circulation systemwas a time con-
suming and demandingjob. Fig-
ure 12.1 shaws the various assem-
blies. First,aprototypeof eachappa-
ratuswasbuilt, testedandoptimized.
Then 15 piecesof eachexperiment
weremanufctured.

In fall 2003alathewasreplacedvith
a new computercontrolledmachine
(seeFig. 12.2). With the modernin-
frastructureof the mechanicalvork-
shopwe areableto solve all kinds of
demandingmechanicalproblemsin
relationto the projectsdescribedn
this report. Projectsfrom otherinsti-
tutesandprivateinstitutionsarealso
worked on. Theseprovide somein-
comefor theinstitute.In additionthe
workshopsuppliesover 30 institutes
with metalandothertechnicalmate-
rial®.

101

Parts of the blood circula-
tion experiment.

Thebloodcirculationexper
iment.

Optical bend with the
model of the human eye
The focal distance is
adjustable

Setupwhich is usedto mea-
sure the equipotentiallines
for different electrical eld
con gurations.

A prism optical specto-
meter

Figure 12.1.:
New laboratory experimentgor medicalstudents

Setup to study ultrasonic
sound.

Thenew lathe A closerlook.

Figure 12.2: Thenew lathe

“For a catalogueseehttp://www physik.unizh.ch/groups/werkstatt/dienstleistung.html
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Figure 12.3: Total view of thecircu-
lar saw onits stand.

Figure 12.4: Closerlook at the saw-
ing tablewith the built in measuring
system.

Figure 12.5: Supportplate for the
productionof the cooling balconies
of the LHCb inner tracker. Eight
piecesaremachinedn parallel.

Figure 12.6: Gluing tool for the
LHCb detectorinner tracker during
machiningonthe mill.

12.

Physik-Institut der Universitat Zurich

In the last reportwe presentedhe projectof an apprentice
exam work, which concludeghe apprenticeship.The can-
didateshave to do it in their homeworkshop. This work
wassuccessfullycarriedoutin May 2003. Figures12.3and
12.4show thecompletectircularsav with adiamondblade,
whichis now usedin theworkshopto cut specialmaterials.
A selectionof other nished and ongoingprojectsis listed
below:

- SurfacePhysicdGroup OsterwalderSec.9)
For this groupthe prioritieswererepairandmaintenance
work.

- Physicsof Biological System$Group Fink, Sec.10)
Different mechanicalinfrastructurewas manufctured
andsometestsetupswverebuilt.

- LHCbinnertrading detector(Group StraumannSec4)
Variouspartsfor teststandswere manufcturedandthe
mass production of parts of the detectorsystemwas
startedat the end of 2003. So far, mainly cooling bal-
coniesandgluing toolsareproduced.
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13 ElectronicsWorkshop

W. FasslerH.P. Meyer, P. Soland K. Szeler

Apart from maintenanceand repairwork for the groupsat
the institute and someof their collaboratorsthe workshop
built equipmentfor the nev medicalstudentiaboratoryex-
periments.Several printedcircuit boardsweredesignedand
manufictured.A currentsource which canbe usedbothin
AC andDC modeanda Iter preampli er were developed )
andbuilt (Fig. 13.1). experiments.
Theworkshopmaintainsandrenevs (togethemwith L. Pauli

andJ. Seiler who areresponsiblgor the preparatiorof the
experiments)also the equipmentused for demonstration

experimentsin the lecturehall. Threelecturehalls for the

coursesn experimentalphysics,including the one usedfor

the medicalstudentshave meanwhilebeenequippedwith a

e xible computerizedeadoutsystem,which allows a clear

presentatiorof the measurementdrigure 13.4 shavs asan
examplethewatervapourpressureurve, measurediuringa

lectureon thermodynamics. Figure 13.2: Printed circuit board
for the setupto measue equipoten-
tial lines.

Figure13.1: AC-DC currentsource
for the medical studentlaboratory

A selectionof projectsfor the differentgroupsis listed be-
low:

- Physicsof Biological Systemg$Group Fink, Sec.10)
The controlsystemfor the high voltagesupplyusedfor a
piezodrive washuilt.

- Supeconductivityand Magnetism(GroupKeller, Sec.7)
A laboratoryspectrometewasequippedvith acomputer
controllablemotorpower supply

Figure 13.3: Setupto measue the

- SurfacePhysicgGroup OsterwalderSec.9) = i :
conductivityof different uids.

A solutionfor a GHz widebandampli er wasevaluated.

- Particle Physicsat DESY/HERA(H1) (Groups Strau- i
mannand Trudl, Sec.3)
The workshopwasinvolved in the productionandinte-
grationof the new seriesof CIP readoutelectronicsand
thecompletionof thesystem It alsoincludesacratecon-  *
troller for thelow voltagepower supply

- High-precision CP-violation Physicsat LHCb (Group
StaumannSec4)
Differenttestsetupsverebuilt andthelayoutfor a e xi-  Figure 13.4: Vapour pressue curve
ble printedcircuit boardwith a ne pitchof 182 mwas measued during a lecture on ther-
designed. modynamics.

Temperature [ °C]
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14 Publications

14.1 Reseach group of Prof. C. Amsler

Articles

- Positron plasmadiagnosticsand tempeature control for antihydiogen production
M. Amorettietal. (ATHENA Collaboration) Phys.Rev.Lett.91(2003)055001.

- Detectionof antihydiogenannihilationswith a cryogenicpure-Cslcrystaldetector
C.Rgyenfus,C. Amsler, A. GlauseyD. Grogler, D. Lindelof, H. Pruys,
Nucl.InsttMeth.A 504 (2003)343.

- Limits onthe neutrinomagneticmomenfromthe MUNU experiment
Z. Daraktchi@aetal. (MUNU Collaboration) Phys.Lett.B564 (2003)190.

- A measuemeniof the neutrinomagneticmomentt the Bugey nuclearreactor
O. Link, InauguralDissertationUniversitat Zurich, 2003.

- TheATHENA antihydiogenappartus
M. Amorettietal. (ATHENA Collaboration) Nucl.InsttMeth.A518(2004)679.

- Annihilationat restof antiprotonsand protonsinto neutral particles
C. Amsleretal. (CRYSTAL BARREL Collaboration)Nucl. Phys. A 720(2003)357.

- Productionanddecayof 4958) and (1440)in pp annihilationat rest
C. Amsleretal. (CRYSTAL BARREL Collaboration) Eur.Phys.J.C33(2004)23.

- Mesonseyondthe naivequarkmodel
C. AmslerandN. A. Torngvist,PhysicsReports389(2004)61.

- High rate productionof antihydiogen
M. Amorettietal. (ATHENA Collaboration) Phys.Lett.B578(2004)23.

- Antihydiogen productiontempeature dependence
M. Amorettietal. (ATHENA Collaboration) Phys.Lett.B583(2004)59.

- A cryogenicsilicon microstrip and pure-Csldetectorfor detectionof antihydiogenannihilations
C. Rggenfus Nucl.InsttMeth.A501(2003)65.

- Developmentf APD readoutfor pure-Cslcrystalsat cryogenictempeatures
A. GlauserNucl.InsttMeth.A504(2003)347.

- Studyof the Hamamatswavalande photodiodeat liquid nitrogentempeatures
A. Dorokhoy, A. GlauserY. Musienk,C. Regenfus,S. ReucroftandJ. Swain,
Nucl.InsttMeth.A 504 (2003)58.

- New Development#n Vertex Reconstructiorior CMS
R. Fruhwirth, K. Proko ev, T. SpeerP. VanlaerandW. Waltenbeger,
Nucl.InsttMeth.A 502 (2003)699.

- \ertex reconstructiorframevork andits implementatiorior CMS
T. Boccali,R. Fruhwirth, W. Waltenbeger, K. Proko ev, T. SpeeyP. Vanlaer
Proc.Conf. on Computingin High Enegy andNuclearPhysics,La Jolla(2003).

14. PUBLICATIONS
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New vertex reconstructioralgorithmsfor CMS
R. Fruhwirth, W. Waltenbeger, K. Proko ev, T. SpeerP. Vanlaer E. ChabanatN. Estre,
Proc.Conf. on Computingin High Enegy andNuclearPhysics,La Jolla(2003).

TheAtlasand CMStrackers
ThomasSpeerProc.5th Int. Conf. on HyperonsCharmandBeautyHadrons Vancouer (2002),
Nucl. Phys. (Proc.Suppl.)115(2003)318.

Fir st productionand detectionof cold antihydiogenatoms
M.C. Fujiwaraet al. (ATHENA Collaboration),Proc. Int. Conf. on Low Enegy Antiproton
Physics(LEAP'03), YokohamaJapanNucl.InsttMeth.B214(2004)11.

Tempeature dependencef antihydiogen productionin the ATHENA experiment
G. Bonomietal. (ATHENA Collaboration)Proc.Int. Conf. on Low Enegy AntiprotonPhysics
(LEAP'03), YokohamaJapanNucl.InsttMeth.B214(2004)17.

Articles in press

Testsof silicon sensos for the CMSpixel detector
A. Dorokhor etal., Nucl.InsttMeth. A, preprintphysics/0311050.

Position Dependencef Charge Collectionin PrototypeSensas for the CMSPixel Detector
T. Roheetal., IEEE-TNS7, preprintphysics/0312009.

Detectionof antihydiogenannihilationswith a Si-miciostrip and pure Csl detector
I. Johnsoretal. (ATHENA Collaboration) World Scienti c.

Designand Testof the CMSPixel ReadoutChip
M. Barberoetal., Nucl.InsttMeth..

Studyof antiprotonannihilationon neutonsinto ! 0

C. Amsleretal. (CRYSTAL BARREL Collaboration) Ptys. Lett. B.

Review of Particle Physics
S.Eidelmanetal. (Particle DataGroup),Phys. Lett. B.

Light exotic mesons
C. Amsler, Proc.QuarkCon nementandthe HadronSpectrumy, Galgnano,2002,World Scien-
tic.

\ertex reconstructionn CMS
E. Chabanagtal., Proc.vertex 2003,Low Wood,Cumbria,UK, 2003,Nucl.InsttMeth..

A Gaussiarsum lter for vertex reconstruction
T. Speer IX Int. Workshopon AdvancedComputingand Analysis Techniquesn Physics Re-
searchACATO03, TsukubaJapan2003,Nucl.InsttMeth..
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Invited Lectures

C. Amsler: Gluekalle
Invitedtalk, PhysikalischeGesellschaftirich, 19.06.03.

C. Amsler: Experimentakvidencefor a large contentof gluein thefo(1500)meson
Colloquium,Budker Instituteof NuclearPhysics,Novosibirsk,12.9.03.

C. Amsler: Antihydiogen
Colloquium,Budker Instituteof NuclearPhysics,Novosibirsk,19.9.03.

C. Amsler: Exoticmesons
SeminarLaboratoryof TheoreticaPhysicsof Soboler Institutefor Mathematics24.9.03.

C. Amsler: Antihydiogen
Colloque,Universi& deNeuctatel, 10.11.03.

C. Amsler: Fabricationd'antimatiere au CERN
Conferenca'orientation,EPF-Lausanne28.1.04.

V. Chiochia: Testsof silicon sensos for the CMSPixel Detector
Invited talk, 3rd Workshopon radiation hard semiconductodevices for very high luminosity
colliders,CERN,4.11.03.

I. Johnson:Detectionof antihydiogen annihilationswith a Si-mico-strip and pure Csl crystal
detector

Invited talk, 8th ICATPP Conferenceon Astroparticle,Particle, SpacePlysics, Detectorsand
Medical PhysicsApplications,Comao,ltaly, 9.10.03.

A. Dorokhor: Testsof silicon sensos for the CMSpixel detector
Invited talk, 6th InternationalConferenceon Large ScaleApplicationsandRadiationHardnes®f
SemiconductobetectorsFlorence]taly 30.11.03.

C. Rggenfus:Cold Antihydiogenfor probingworld antiworld symmetry
Collogque,Universi€ deFribourg, 21.5.03.

V. Chiochia: TheCMSPixel Detector: Overviav and TestBeamresults
SeminarDESY, 5.12.03.

T. Speer:A Gaussiarsum Iter for vertex reconstruction
Invited talk, 1X Int. Workshopon AdvancedComputingand Analysis Techniquesn Physics
ResearchACATO03, TsukubaJapang.12.03.

ATHENA Collaboration (2003)
M.

Amoretti, C. Amsler G. Bonomi,A. Bouchta,P. Bowe, C. Carraro,C. L. CesarM. Charlton,M.

Doser V. Filippini, A. FontanaM. C. Fujiwara,R. Funaloshi,P. Genwa, J. S.HangstR. S.Hayano,
L. V. Joegensen). JohnsonyV. LagomarsinoR. Landua,E. Lodi Rizzini, M. Macri, N. Madsen,
P. MontagnaH. Pruys,C. Regenfus,P. Riedler J. Rochet,A. Rotondi,G. Rouleau,G. TesteraA.

Variola,D. P. vanderWerf

MUNU Collaboration (2003)
C. Amsler, M. Avenier C. Broggini, J. Busto,C. Cerna,Z. Daraktchiea, G. Genasio,P. Jeanneret,
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G. JonkmanspP.H. Koang,J. Lamblin, D. Lebrun,O. Link, F. Ould-Saada(. Puglierin,A. Stutz,
A. Tadsen,).-L. Vuilleumier

CRYSTAL BARREL Collaboration (2003)

C. Amsler, C. A. Baker, B. M. Barnett,C. J. Batty, P. Bliim, K. Braune V. Crecg, K. M. Crowe, M.
Doser W. DunnweberD. EngelhardtM.A. FaesslerR. P. Haddock,F. H. Heinsius,N. P. Hessg,
D. Jamnik,H. Kalinowsky, P. Kammel, J. Kisiel, E. Klempt, H. Koch, M. Kunze,U. Kurilla, R.
LanduaH. Matthay, C. A. Meyer, F. Meyer-Wildhagen R. OuaredK. PetersB. Pick, M. Ratajczak,
C. Rgyenfus,J. Reinnarth A. Sarantse U. Strohlusch,M. Suffert, J. S. Suh,U. Thoma,S. Wallis-
PlachnerD. Walther U. Wiedner

PARTICLE DATA Group (2003)

K. Hagiwara,K. Hikasa,K. NakamuraM. TanabashiM. Aguilar-Benitez,C. Amsler, R.M. Barnett,
P.R.Burchat,C.D. CaroneC. Caso,G. Conforto,O. Dahl,M. Doser S.EidelmanJ.L.Feng,L. Gib-

bons,M. Goodman{. Grab,D.E. Groom,A. Gurtu,K.G. HayesJ.J.Hernandez-Rg K. Honscheid,
C. Kolda, M.L. Mangano,D.M. Manley, A.V. Manohar J. March-Russell A. Masoni,R. Miquel,

K. Mdnig, H. MurayamasS. Navas,K.A. Olive, L. Pape,C. Patrignani,A. Pieple, M. Roos,J. Tern-
ing, N.A. Torngvist,T.G. Trippe, P. Vogel,C.G.Wohl, R.L. Workman,W.-M. Yao

14.2 Reseach group of Prof. H. Keller
Articles

- Site-selectivexygenisotopeeffectonthemagnetic eld penetation depthin undedoped
Yo:6Pr0:4BaClsO7
R. Khasane, A. ShengelayakE. Morenzoni,M. Angst, K. Conder I.M. Sai¢, D. Lampakis,
E. Liarokapis,A. Tatsi,andH. Keller, Phys.Re.B, 68, 220506(R)-1-42003).

- Releranceof election-latticecouplingin cuprate supeconductos
T. SchneiderR. Khasaneg, K. ConderandH. Keller,
J.Phys.: CondensMatter15, L763-L769(2003).

- Observatiorof the ConductiorElectron SpinPolarizationin the Ag Spacerof a Fe/Ag/Fe Trilayer
H. Luetkens,J. Korecki, E. Morenzoni, T. ProkschaM. Birke, H. Glickler R. Khasane, H.-
H. Klauss,T. SlezakA. Suter E.M. Forgan,Ch. NiedermayerandF.J. Litterst,
Phys.Rev.Lett91, 017204-1-42003).

- Vortex motionin typell supeconductos probedby muonspinrotationand“SANS”
E.M. Forgan,D. Charalambous2G. Kealg, P.J.C.King, R. Khasane, andA. Amato,
PhysicaB 326, 342-345(2003).

- Muoniumformationat keV enegies
T. ProkschaE. Morenzoni,N. Gari anov, H. Gluckler R. Khasane, H. Luetkens,andA. Suter
PhysicaB 326 51-54(2003).

- Lowenegy muonsasprobesof thin Ims andnearsurfaceregions
E. Morenzoni,R. Khasane, H. Luetkens, T. ProkschaA. Suter N. Gari anov, H. Gluckler,
M. Birke, E. Forgan,H. Keller, J. Litterst, Ch. NiedermayerandG. Nieuwenhuys,
PhysicaB 326, 196-204(2003).



108 Physik-Institut der Universitat Zurich

- Diffusionof muonsin metallicmultilayers
H. Luetkens,J. Korecki, E. Morenzoni, T. ProkschaN. Gari anov, H. Glickler, R. Khasanw,
J.Litterst, T. Slezak,andA. Suter PhysicaB 326, 545-549(2003).

- Excesslectontransportin cryoobjects
D.G.Eshcheng, V.G. Storchak,J.H.Brewer, S.P Cottrell,andS.FJ. Cox,
Low Temp.Phys. 29, 185-195(2003).

- Excitedmuoniumstatein CdS
D.G. Eshchenk, V.G. Storchak S.P Cottrell,andS.FJ.Cox, Phys.Rev.B 68, 073201-1-42003).

- Weaklyboundmuoniumstatein GaP
V.G. StorchakD.G. Eshchenk, R.L. Lichti, andJ.H.Brewer,
Phys.Re.B 67, 121201(R)-1-42003).

- Relationshipbetweerthe isotopeeffectson transitiontempeature, speci c heatand penetation
depths
T. SchneiderPhys.Re.B 67, 134514-1-72003).

- Three-Spin-Blaronsand Their ElasticInteractionin Cuprates
B.l. Kochelag, A.M. Sa na, A. Shengelayal. Keller, K.A. Miller, K. Conder
Mod. Phys. Lett. B 17, 415-421(2003).

- Ontheeffectof heteovalentsubstitutionin ruthenocupates
PW. Klamut, B. Dabravski, S.M. Mini, M. Maxwell, M. Mais, |. Felner U. Asaf, F. Ritter,
A. ShengelayaR. Khasane, |. Savic, H. Keller, A. Wisniewski, R. Puzniak]. Fita, C. Sulkowski,
andM. Matusiak,PhysicaC 387, 33-39(2003).

- Directobservatiorof the oxygenisotopeeffectonthein-planemagnetic eld penetationdepthin
optimallydopedYBgCus Oy
R. Khasaneo, D.G. Eshchenk, H. Luetkens, E. Morenzoni, T. Prokscha,A. Suter M. Mali,
J.Roos,K. ConderandH. Keller, Phys.Rev.Lett92 057602-1-42004).

- Estimationof thesurface-do bulk-scrosswerin themacoscopicsupeconductingvavefunction
in cuprates
K.A. Milller, J. Supercondl17, 3-6 (2004).

- Finite-sizeeffectin Bi,Sr,CaCwpOg: andYBaCuzOg.7 probedbythein-planeandout-of-plane
penetation depths
T. SchneideandD. Di Castro,Phys.Re..B 69, 024502-1-712004).

- Probinginhomaeneitiesin typell supeconductos by meansof thermal uctuations, magnetic
elds, andisotopeeffects
T. Schneiderd. Supercondl17, 41-48(2004).

- Coeistenceof magnetismand supeconductivityin Eu;-4Cey.sRuSECupO10: A muonspinrota-
tion and magnetizatiorstudy
A. ShengelayaR. Khasane, D.G. Eshchenk, U. Asaf, |.M. Savi¢, H. KellerandK.A. Milller,
Phys.Re.B 69, 024517-1-62004).

- Two BandSupeconductivityin MgB,: BasicAnisotiopic Propertiesand PhaseDiagram
M. AngstandR. Puzniak,n Focuson Supeconductivity ed.B. P. Martines,Vol. 1 (Nova Science
PublishersNew York, 2004)(pp. 1-49).
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Articles in press

- Anisotopic propertiesof MgB, by torquemagnetometry
M. Angst,D. Di Castro,R. Puzniak,A. Wisniewski, J. Jun,S. M. Kazalov, J. Karpinski, S. Ko-
hout,andH. Keller, PhysicaC.

- Themysteryof supeconductivityin the cupratesevincedby Londonpenetation depthsmeasue-
ments
T. SchneiderProceeding®f the InternationalSchool of Physics, on The Physicsof Comple
Systemsgnew advancesind perspectives)Varennaltaly, 1-11July, 2003.

- Granular supeconductivityin the cupratesevincedby nite sizeeffectsin the speci ¢ heatand
Londonpenetation depths
T. SchneiderProceeding®f the Nato AdvanceResearchNorkshopon Symmetryand Hetero-
geneityin High-Tempeature Supeconductos, Erice,Italy, 4-100ctobey2003.

- Evidencefor granularity, anisotiopy and lattice distortionsin cuprate supeconductos andtheir
implications
H. KellerandT. SchneiderProceeding®f the Nato AdvanceResearchWorkshopon Symmetry
andHeteogeneityin High-Tempeature Supeconductos, Erice, Italy, 4-10Octobey2003.

Diploma and PhD theses

- Studiesof the oxygen-isotopeeffecton the magnetic eld penetation depthin cuprate supecon-
ductors
RustemKhasanw, Dissertation Physik-Institut, Universitat Zurich, 2003.

- Beobabtitung einer metallistien Phase in schwad dotiertem La, Sk CuQy anhand von
elektonenpaamagnetishier Resonanz
Maria Bruun, Diplomarbeit,Physik-Institut, Universiiét Zurich, 2003.

Conferencereports

- Anisotopic supeconductingpropertiesof MgB, by torquemagnetometry
M. Angst, D. Di Castro,R. Puzniak,A. Wisniewski, J. Jun, S. M. Kazalov, J. Karpinski, S.
Kohout,H. Keller,
M2S-HTSC-VII 7th InternationalConferencen MaterialsandMechanism®f Superconductity
andHigh Temperatur&uperconductorfio de Janeiro Brazil, 25-30May, 2003.

- Anisotopic supeconductingpropertiesof MgB, singlecrystalsby torquemagnetometry
M. Angst, R. Puzniak,A. Wisniewski, D. Di Castro,S. Kohout,H. Keller, J. Jun,S. M. Kaza-
kov, J. Karpinski, MaNEPtopical meeting: Materials: preparationcharacterizatiomndspeci ¢
propertiesNeuctlatel, Switzerland 25-26June ,2003.

- Disorder drivenphasetransitionof vortex matterin MgB;
M. Angst,R. Puzniak A. Wisniewski, J. Jun,S. M. Kazalov, J. Karpinski,
Third InternationalConferenceon MagneticandSuperconductiniylaterials(MSM03), Monastit
Tunisia,1-4 September2003.
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- Mixed stateanisotopiesof thetwo-bandsupeconductorMgB,
M. Angst,R. Puzniak A. Wisniewski, D. Di Castro,S. Kohout,H. Keller, J. Jun,S. M. Kazalov,
J.Karpinski,2003SwissWorkshopon Materialswith Novel ElectronicPropertiesl.esDiablerets,
Switzerland SeptembeR9 - Octoberl, 2003.

- Studyof theboronisotopeeffecton the magneticpenetation depthin MgB;
D. Di Castro,M. Angst, D.G. Eshchenk, R. Khasane, J. Roos,|.M. Saiit, A. Shengelaya,
S.L.Bud'ko, PC. Can eld, K. Conder J. Karpinski,S.M. Kazalov, R.A. Ribeiro,andH. Keller,
2003swissWorkshopon Materialswith Novel ElectronicPropertiesl.esDiablerets Switzerland,
Septembe9 - Octoberl, 2003.

- Torquemagnetometrianeasuementof OxygenlsotopeEffectsin Lay xS CuOy and
YBaCuw,Og singlecrystals
S. Kohout, D. Di Castro,M. Angst, J. Roos,J. Karpinski, K. Conder T. Sasagwa, H. Keller,
2003swissWorkshopon Materialswith Novel ElectronicPropertiesl.esDiablerets Switzerland,
SeptembeR9- Octoberl, 2003.

- Pressue effectonin-planemagnetic eld penetation depthin YBgCusOg
R. Khasane, D.G. Eshchenk, D. Di Castro,D. Andreika, K. Conder S. Kazalov, K. Pom-
jakushina,l. Savit, T. StraessleR. Tetean,andH. Keller, 2003 SwissWorkshopon Materials
with Novel ElectronicPropertieslLesDiablerets Switzerland SeptembeR9 - Octoberl, 2003.

- Chang of YBaCuOCunuclearquadrupoleesonanc@arametes byimmesionof YBaCuQpow-
dergrainsinto a nonconductivenatrix
M. Mali, J.Roos,H. Keller, K. Conder2003SwissWorkshopon Materialswith Novel Electronic
Properties|.esDiablerets Switzerland SeptembeR9 - Octoberl, 2003.

- Lowfrequencycharge uctuationsin themillikelvintempeature region exhibitedby strongplane
Cunuclearquadrupolerelaxationobservedn YBaCuyOg
M. Mali, J. Roos,H. Keller, A. Volodin, A. Egorov, A.V. Doogla,
2003SwissWorkshopon Materialswith Novel ElectronicPropertiesl.esDiablerets Switzerland,
SeptembeR9 - Octoberl, 2003.

- Measuementsof supeconductingpropertieson under and overdopedLa, Sk CuQy single
crystalsby torquemagnetometry
S.Kohout,T. Sasagwa, K. ConderH. Keller,
Annualmeetingof the SwissPhysical Society Neuchatel, Switzerland 3-4 March,2004.

- SingleCrystal**B-NMR Studyof MagnesiunrDiboride
S. Strassle J. Roos,M. Mali, H. Keller, J. Karpinski,
Annualmeetingof the SwissPhysical Society Neuchatel, Switzerland 3-4 March,2004.

- Anisotopyandinternal eld distribution of MgB; in the mixedstateat low tempeatures
D. Di Castro,M. Angst, R. Khasane, D.G. Eshchenk, A. Shengelayal. Savic, S. Kohout, J.
Ro00s,S. M. Kazalov, J. Karpinski,H. Keller,
Annualmeetingof the SwissPhysical Society Neuchatel, Switzerland 3-4 March,2004.

- Site-selectivexygenisotopeeffectonthemagnetic eld penetation depthin undedoped
Yo:6Pr0:4Ba2CuzO7
R. Khasane®, A. ShengelayaE. Morenzoni,M. Angst, K. Conder I.M. Sai¢, D. Lampakis,
E. Liarokapis,A. Tatsi,H. Keller,
Annualmeetingof the SwissPhysical Society Neuchatel, Switzerland 3-4 March,2004.
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Low enegy muonstudyof YBgCuwO;/PrBa,CuzO7/YBaCuz Oy tri-layer

D.G. Eshchenk, R. Khasanw, E. Morenzoni, T. ProschkaA. Suter H. Keller, @. Fischer E.
Koller, E. Treboux,P. Legendre,

Annual meetingof the SwissPhysical Society Neuctatel, Switzerland 3-4 March,2004.

Invited lectures

M. Angst: Anisotiopic propertiesof the two-bandsupeconductorMgB; by torquemagnetometry
Third InternationalConferencen MagneticandSuperconductinilaterials(MSMO03), Monastit
Tunisia,1-4 September2003.

D. Eshchenk: Muoniumformationandionizationin semiconduct®
LMU seminayLaboratoryfor Muon-SpinSpectroscoy Paul Sherrernstitut, Villigen, Switzer
land, 12 June,2003.

H. Keller: Oxygen-isotopeeffecton the magneticpenetation depthin cuprate supeconductos
ShanghaiChina,3-5 April, 2003.

H. Keller: Oxygen-isotopeeffecton the magneticpenetation depthin cuprate supeconductos
M2S-HTSC-VII 7thInternationalConferencen MaterialsandMechanism®f Superconductity
andHigh Temperatur&uperconductor®tio de Janeiro Brazil, May 25-30,2003.

H. Keller: Uncorventionalisotopeeffectsin cuprate high-tempeature supeconductos
Institut fur Festlorper undWerkstoforschungDresdenDresdenGermary, 7 July, 2003.

H. Keller: Uncorventionalisotopeeffectsin cuprate high-tempeature supeconductos
Fifth GeneralConferencef the BalkanPhysicalUnion, VrnjackaBanja,SerbiaandMontengjro,
25-29August,2003.

H. Keller: Uncorventionalisotopeeffectsin cuprate high-tempeature supeconductos
Nato AdvanceResearciWorkshopon Symmetnand Heteogeneityin High-Tempeature Super
conductos, Erice, Italy, 4-100ctober2003.

H. Keller: Uncorventionalisotopeeffectsin cuprate high-tempeature supeconductos
16th InternationalSymposiumon Superconductity (1ISS2003),TsukubaJapan27-290ctober
2003.

H. Keller: Uncorventionalisotopeeffectsin cuprate high-tempeature supeconductos
TohokuUniversity, Institutefor Material ResearchSendaiJapan30 Octobey 2003.

H. Keller: Oxygen-isotopeeffecton the magneticpenetation depthin cuprate supeconductos
InternationalWorkshopon Fermi Surfaceand Lattice Effectsin CuprateHigh TemperatureSu-
perconductor§AIST), TsukubaJapan31 October2003.

H. Keller: Uncorventionalisotopeeffectsin cuprate high-tempeature supeconductos
University of Genera, DPMC, Genera, Switzerland 25 March,2004.

R. Khasanw: Directobservatiorof theoxygenisotopeeffecton thein-planemagnetic eld pene-
tration depthin optimallydopedYBgCuz O

2003SwissWorkshopon Materialswith Novel ElectronicPropertiesl.esDiablerets Switzerland,
SeptembeR9 - Octoberl, 2003.
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M. Mali: Tempeature dependencef planecopperNQRIlinewidth in the YBaCu,Og supecon-
ductor

SpecializedColloqueAMPERE on NMR and EPR Broad-LineSolids, Portoroz,Slovenia, 8-12
September2003.

J.Roos:Broad-lineCu-NQRstudiesin cuprate high-tempeature supeconductos
SpecializedColloqueAMPERE on NMR and EPR Broad-LineSolids, Portoroz,Slovenia, 8-12
September2003.

T. SchneiderProbingInhomaeneitiesin Typell Supeconductos by Meansof ThermalFluctu-
ations,MagneticFields,andlsotopeEffects
Dynamiclnhomogeneitietn Complex Oxides,Bled, Slovenia,14-20June,2003.

T. Schneider:The mysteryof supeconductivityin the cupratesevincedby Londonpenetation
depthsmeasuements

InternationalSchoolof Physics, Enrico Fermi CourseCLV, The Physics of Complex Systems
(new advancesandperspecties),Varennaltaly, 1-11 July, 2003.

T. SchneiderGranular supeconductivityin the cupratesevincedby nite sizeeffectsin the spe-
ci ¢ heatandLondonpenetation depths

Nato AdvanceResearciWorkshopon Symmetnand Hetelogeneityin High-Tempeature Super
conductos, Erice, Italy, 4-100ctober2003.

T. SchneiderEvidenceor granularity, anisotiopyandlattice distortionsin cuprate supeconduc-
torsandtheir implications

Nato AdvanceResearctWorkshopon Symmetrnand Heteogeneityin High-Tempeature Super
conductos, Erice, lItaly, 4-100ctober2003.

A. ShengelayaMicroscopicphasesepaation drivenby elasticinteractionsin La, xS, CuQ, as
revealedby election paramagneticresonance
Dynamiclnhomogeneitietn Complex Oxides,Bled, Slovenia,14-20June ,2003.

A. ShengelayaA metallicphasein verylow dopedLa, xSr, CuQ, observedy election param-
agneticresonance

2003SwissWorkshopon Materialswith Novel ElectronicPropertiesl.esDiablerets Switzerland,
SeptembeR9 - Octoberl, 2003.

14.3 Reseach group of Prof. P. F. Meier

Articles

Synthesisf onemonolayeiof hexagonalboronnitride onNi(111)fromB-trichloroborazineg(CIBNH)3
W. Auwarter H.U. Suter H. Sachde andT. Greber Chemistryof MaterialsB 326, 329(2003).

- Dynamicsof humansleepEEG

E. OlbrichandP. AchermannNeurocomputindg2-54 857 (2003).

- Nonlinearityandnonstationarityin humansleepEEG data

E. Olbrich, PF. MeierandP. AchermannSleep26, A394 (2003).
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- In uence of lattice parameterscalingon local electionic and magneticpropertiesin La,CuQy
S.RenoldandP.F. Meier, J. Supercondinc. Nov. Magn. 16, 483(2003).

- Nuclearmagneticresonancehemicalshiftsand paramagnetic eld modi cationsin La,CuQy
S.Renold,T. Heine,J. Weber andP.F. Meier, Phys. Rev. B 67, 024501(2003).

- Dimensionakompleity andspectal propertiesof the humansleepEEG
Y. ShenE. Olbrich, P. AchermannandP.F. Meier, Clin. Neuroplysiol. 114, 199(2003).

- Chamgedistributionin Lay xS CuQy
E. P Stoll, T. A. Claxton,andPF. Meier, Int. J.of Mod. Phys. B 17, 3329(2003).

- Onthedistribution of intrinsic holesin cuprates
E.P Stoll, T.A. Claxton,andP.F. Meier, J. Phys.: CondensMatter 15, 7881(2003).

- Muonsitesandhyper ne elds in La,CuQy
H. U. Suter E.P Stoll, andP.F. Meier, PhysicaB: Condensed/atter326, 329 (2003).

- Percolation,fractal behaviorandhigh-T. supeconductivity
E.PR Stoll, J. Supercondinc. Nov. Magn. 17, 79 (2004).

Diploma and PhD theses

- First-principlesstudiesof local electonic and magneticpropertiesin cuprates
S.Renold,PhD-thesisUniversity of Zurich (2004).

Articles in press

- Oscillatoryeventsin thehumansleepEEG detectionand properties
E. OlbrichandP. AchermannNeurocomputingin Press(2004).

- From next nealestneighboursite percolation to continuumpercolation: Applicationto high-Tc
supeconductos
E. P. Stoll, Int. J.of Mod. Phys. C 15, in Presg2004).

Invited Lectures

- PF Meier: Re-assessmeaottheinterpretationof NMRand SRdataon cupratesupeconductos
NATO AdvancedResearchNorkshopon New Challengesn Superconductity, University of
Miami, 16.01.04.

- E. Olbrich: Nonstationarityand nonlinearityin humansleepEEG data
Kolloquium: Aktuelle Themender Schlaforschungnstitut fir Pharmaklogie und Toxikologie,
Universitt Zurich, 7.01.03.

- E. Olbrich: Oszillatoryeventsin the humansleepEEG
ComputationaNeurosciencéleeting2003,Alicante,06.07.03.
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S.Renold:NMR Chemicalshiftsand paramagnetic eld modi cationsin La,CuQy
MANEP-Conferencel.esDiablerets29.09.03.

E. P. Stoll: Inhomaeneitiesand percolationin comple high-T; supeconductos
ConferenceDynamicinhomogeneitiegn comple matter Bled, Slovenia,14-20.06.03.

Conferencerelatedcontributions

S.Renold:NMR chemicalshiftsand paramagnetic eld modi cationsin La,CuQy
2003MarchMeetingof the AmericanPhysical Society Austin, TX, 07.03.03.

S.Renold:In uenceoflattice parametes onlocal electonicandmagneticpropertiesin La,CuQy
and Sr,CuG,Cl,
2003MarchMeetingof the AmericanPhysical Society Austin, TX, 07.03.03.

S.Renold:NMR chemicalshiftsand paramagnetic eld modi cationsin La,CuQy
Annualmeetingof the SwissPhysical Society Basel20.-21.03.03.

E. P. Stoll: Percolation,fractal behaviourand high-T. supeconductivity
Annual meetingof the SwissPhysical Society Basel20.-21.03.03.

14.4 Reseach group of Prof. J. Osterwalder

Articles

Theelectonic structuie of a surfactantayer: Pb/Cu(111)
F. Baumbeger, A. Tamai,M. Muntwiler, T. Greber J. Ostervalder
Surf. Sci. 532-535,82-86(2003).

Opticalrecanition of atomicstepson surfaces
F. Baumbeger, Th. HerrmannA. Kara, S. Stolbov, N. Esser T. S. Rahman,J. Ostervalder W.
Richter T. Greber Phys.Rev.Lett.90,177402-1-42003).

Densityfunctionaltheoryinvestigationof the geometricand spintronic structure of h-BN/Ni(111)
in view of photoemissioand STMexperiments
G. B. Grad,P. Blaha,K. Schwarz, W. Auwarter T. Greber Phys. Rev. B 68,085404-1-72003).

Defectlinesandtwo-domainstructure of hexagonalboron nitride Ims onNi(111)
W. Auwarter M. Muntwiler, J. Ostervalder T. Greber Surf. Sci. 545,L735-L740(2003).

Reirvestigationof the bandstructure of the Si(111)5x2-A surface
I. MatsudaM. Hengsbeger, F. Baumbeger, T. GreberH. W. Yeom,J. Ostervalder
Phys. Rev. B 68,195319-1-712003).

Growth morphol@iesand defectstructure in hexagonal boron nitride Ims on Ni(111): a com-
binedSTMand XPD study

J.Ostervalder W. Auwarter M. Muntwiler, T. Grebey

e-J.Surf. Sci. Nanotechl1, 124-129(2003).
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- Remarkonthe GenenlizedSolutionof Election Diffusion
A. Dolocan,Int. J.of Mod. Phys. B 17,1043-10692003).

- X-RayPropagationin TaperedPlanar Waveguide
A. Dolocan,J.F. VanDer Veen,Int. J.of Mod. Phys. B 17,2213-22572003).

- Step-lattice-inducetland-gapopeningat the Fermilevel
F. Baumbeger, M. Hengsbeager, M. Muntwiler, M. Shi,J. Krempasl, L. Patthegy, J. Ostervalder
T. Greber Phys.Rev.Lett.92,016803-1-42004).

- Boron nitride nanomesh
M. Corso,W. Auwarter M. Muntwiler, A. Tamai,T. Greber J. Ostervalder
Science303,217-220(2004).

- Synthesiof one monolayerof hexagonal boron nitride on Ni(111) from B-Trichloroborazine
(CIBNH)
W. Auwarter H. U. Suter H. Sachdeg, T. Greber Chem.Mater. 16, 343-345(2004).

Book chapter:

- Structual effectsin XPSand AES:Diffraction
J.Ostervalder in SurfaceAnalysisby Election SpectoscopyD. BriggsandJ. Grant,eds. Surface
Spectra.td andIM Publicationg2003),p. 557-585.

Articles in press

- Spin-andangle-esolvedhotoemissiospectoscopystudyof the Au(111)Sho&ley surfacestate
M. Muntwiler, M. HoeschV. N. Petro/, M. Hengsbeger, L. Patthey, M. Shi, M. Falub, T. Greber
J. Ostervalder J. ElectronSpectroscRelat. Phenom(in press).

- One-dimensionathainsof Cgg moleculeson Cu(221)
A. Tamai,W. Auwarter C. CepekF. Baumbeger, T. GreberJ. Ostervalder Surf. Sci. (in press).

- Localizationof surfacestatesin disorderedsteplattices
F. Baumbeger, M. Hengsbeager, M. Muntwiler, M. Shi,J. Krempask, L. Patthey, J. Ostervalder
T. GreberPhys.Rev.Lett.(in press).

Diploma and PhD theses

- Extendingthe ESCALABmMeasuementcapabilitiesand studyingfundamentalg$or the spintronic
candidateMn on Ge(001)
ThomasGresch DiplomaThesis,Physik-Institut, Universitat Zirich, 2003.

- Nanostructued magneticinterfaces:casestudiesand new experimentontmol softwae
M. Muntwiler, Ph.D. Thesis Physik-Institut, Universitat Zurich, 2004.



116 Physik-Institut der Universitat Zurich

Contrib uted conferencepresentations

- Possiblesteplattice stabilisationby surfacestatesPoster)
T. Greber Symposiunon SurfaceSciencel.a PlagneFrance 1.4.03.

- Developmenbf a low-enegy electon gunfor pump-pobeexperimentgPoster)
M. Hengsbeager, Workshopon UltrafastSciencewith X-RaysandElectronsMontreux,9./10.4.03.

- Spin-esolved~ermi surfacemapping
M. Hoesch Suga-GroupSeminay OsakaUniversity, Japan;13.5.03.

- Ultravioletphotoelecton diffraction
M. Hoesch Suga-GroupSeminay OsakaUniversity, Japan;10.6.03.

- Angle-andspin-resolvedohotoelecton spectoscopyof the Au(111)surfacestateband(Poster)
M. Muntwiler, ICESS-9ConferenceUppsalaSweden30.6.03.

- Growthand propertiesof epitaxial Cr-dopedTiO, anataseandrutile
J. Ostervalder SpintronicsWorkshop,Departmenbf Physics,University of WashingtonSeattle,
WA, USA, 9.7.03.

- Spin-andangle-esolvedhotoelecton spectoscopyof the surfacestateon Au(111)
M. Hoesch22ndEuropearConferenceon SurfaceSciencePrag,CzechRepublic,9.9.03.

- One-dimensionathainsof Cgo moleculeson Cu(221)
A. Tamai,22ndEuropearConferencen SurfaceSciencePrag,CzechRepublic,9.9.03

- Boron nitride nanomestiPoster)
M. Corso,20thAnnualMeetingof the SAOG (Schweizerischérbeitsgemeinschafiir Ober achen
undGrenz achen)Fribourg, 23.1.04.

- Cgo onh-BN/Ni(111):a molecularswitch for electons?
T. Greber Symposiunon SurfaceScience St. Anton, Austria, 3.3.04.

- Ultrafastspace-barge dynamicswith low-enegy election pulses
A. Dolocan,SPSJahrestagungyeuchatel 3.3.04.

- Boron nitride nanomesh
M. Corso,SPSJahrestagundyeuchatel4.3.04.

- Dopingdependentrientationof Ceg moleculeson Ag(111)
T. Greber March Meetingof the AmericanPhysical Society Montreal,Canada23.3.04.

- One-dimension&Cgp chains: moleculararrangementandelectionic properties
A. Tamai,MarchMeetingof the AmericanPhysical Society Montreal,Canada23.3.04.

- Metal-insulatortransitionof monolayerCgg on a h-BN/Nitunnellingjunction
M. Muntwiler, March Meetingof the AmericanPhysical Society Montreal,Canada23.3.04.

- Nanomeshselforganizationof boron nitride on Rh(111)
T. Greber March Meetingof the AmericanPhysical Society Montreal,Canada25.3.04.
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Invited lectures

M. Hoesch:Spin-esolved~ermi surfacemapping
NAIST SeminarNaralnstituteof ScienceandTechnologyNara,Japan4.6.03.

J. Ostervalder: Onemonolayerof hexagonal boron nitride on Ni(111): a modelcasefor a mag-
neticmetal-insulatofinterface

Seminay ErvironmentalMolecular Scienced aboratory Paci ¢ NorthwestNationalLaboratory
Richland,WA, USA, 9.6.03.

T. Greber:h-BN/Ni(111):an atomicallysharpinterface
DFG ForschegruppensemindiFerromagnet-HalbleiteNanostrukturen’Regensloirg, 27.6.03.

M. Hoesch:Spin-esolved~ermi surfacemapping
HiSOR SeminayHiroshimaSynchrotrorRadiationCenter HiroshimaUniversity, Japang.7.03.

M. Hoesch:Spin-esolved~ermi surfacemapping
Has@gawa-GroupSeminayUniversity of Tokyo, Japan,11.7.03.

T. Greber:How stepsin uencetheelectionic structure andviceversa
Seminay Fritz-HaberInstitut, Berlin, 15.7.03.

J. Ostervalder: Spin-esolvedermi surfacemapping
SeminarAdvancedLight Sourcel.awrenceBerkeley Laboratory Berkeley, CA, USA, 2.10.03.

J. Ostervalder: Cgp fullerenemonolayes: moleculararrangement,orientation and electionic
structue
Shen-GrouiBeminay Departmenbf Applied Physics, StanfordUniversity, Stanford,CA, USA,
2.10.03.

J. Ostervalder: Growthmorpholagyiesand defectstructue in h-BN Ims on Ni(111): a combined
STMandXPD study

4th InternationalConferenceon Atomic Level Characterizatiorof New Materialsand Devices,
Kauai,HI, USA, 9.10.03.

T. Greber: Exploring the structural changesof not so smallmoleculeson surfaces:from photo-
electon diffractiontowards nearnodephotoelecton holography
SwissLight SourceUsers'Meeting,PSIVilligen, 30.10.03.

M. Hoesch:Spin-esolved~ermi surfacemapping:the spin-orbitsplit surfacestateon Au(111)
SwissLight SourceUsers'Meeting,PSIVilligen, 31.10.03.

T. Greber:Molecularvalvesfor electons: Cgo/h-BN/Ni(111)
SeminayPhysik, FreieUniversitat Berlin, 3.11.03.

J. Ostervalder: Sometricksin photoelecton diffraction experimentdor structual investigations
at surfaces
50th AmericanVacuumSocietyMeeting,Baltimore,MD, USA, 4.11.03.

M. Hoesch:Spin-esolvedrermi surfacemapping:the Fermi surfaceof bulk and ultrathin nickel
SRSES200&onferenceHiroshima,Japan;19.11.03.

T. Greber:Steps:pivotson surfaces
High T, workshopon novel materialsandsuperconductity, PlanneralmAustria,27.2.04.
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J. Ostervalder: Aboutspinstructueson Au surfacesmolecularchainsandnanomeshes
Seminay Fritz-HaberInstitut, Berlin, 1.3.04.

J. Ostervalder: Applicationsof syndrotron radiationtechniquesto surfacescienceproblems
4 hoursof LecturesHERCULESSchool2004, Trieste,ltaly, 18./19.3.04.

14.5 Reseach group of Prof. U. Straumann,

(for H1 publications seeSec.14.6)

Articles

TheCIP2K First-Level Trigger Systenat theH1 Experimenat HERA
M. Urban,J.Becler, S. Schmitt,U. StraumannlEEE Trans.Nucl.Sci50:903-9082003.

A vertex detectorfor thefuture linear collider
StefaniaXella HansenNucl.InsttMeth.A 511 (2003)229-234.

Flavourtagging at thefuture linear collider
StefaniaXella HansenNucl.InsttMeth.A 501 (2003)106-110.

Anorthotropic Magnesium-Carbo€ompositesLighweightHeat-guideMaterial with High Spe-
ci ¢ Stifnessand RadiationTranspaency
S.VaucheyO. Beffort, J. KuiblerandF. Lehner Adv. Eng. Mater. 5 (2003)669-672.

Seach for 3- and4-BodyDecaysof the ScalarTop Quarkin pp Collisionsat P s=1.8 TeV
V. M. Abazor etal. [DO Collaboration] Phys.Lett.BB 581(2004)147-155.

Observatiorof diffractivelyproducedW andZ Bosonsn pp collisionsat P s=1800GeV
V. M. Abazor etal. [DO Collaboration]Phys.Lett.B574(2003)169-179.

Seach for Large Extra Dimensionsn the Monojet+ MissingE(T) Channelat D
V. M. Abazor etal. [DO Collaboration]Phys.Rer.Lett.90(2003)251802.

Multiple Jet Productionat low transveseenegiesin pp collisionsat P s=1.8TeV
V. M. Abazor etal. [DO Collaboration],Phys.Re.D 67 (2003)052001.

tt Productioncrosssectionin pp collisionsat P s=1.8 TeV
V. M. Abazor etal. [DO Collaboration],Phys.Re.D 67 (2003)012004.

TheLHCb SiliconInner Tradcker
F. Lehner Nucl.InsttMeth.A501(2003)126-130.

TheLHCDb SiliconInner Tracker
F. Lehner Nucl.InsttMeth.A511(2003)43-47.

Diploma and PhD thesis

Simulationund Messungron Silizium-Steifen-Detektagn
StefinHeule,Diplomarbeit,Physik-Insitut, Universitt Zirich, 2003.
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- Thenew CIP2kz-\ertex Trigger for theH1 Experimentit HERA
Max ChristophUrban,PhD Thesis Physik-Insitut, Universiit Zurich, 2004.

- A Measuementof the QED-ComptonCross-Sectiorin Electron-Proton Scatteringwith the H1
Experimenat HERA
NicolasKeller, PhD Thesis Physik-Insitut, Universitt Zirich, 2004.

- Measuementbf the Chamged CurrentCrossSectionin Positron-Proton Collisionsat HERA
Nicole Werner PhD Thesis Physik-Insitut, Universitt Zirich, 2004.

Conferencecontributions

- Nicole Werner: Measuementsof proton structuie functions,alpha(s)and parton distribution
functionsat HERA
Talk on behalfof the H1 and ZEUS collaborations 38th Rencontresie Moriond on QCD and
High-Enegy HadroniclnteractionsLesArcs, Savoie, France 22-29.03.2003hep-&/0305109.

- J.Beckeretal.: The r stlevveltrigger CIP2kfor theH1 Experimenat HERA
8th Topical Seminaron Innovative ParticleandRadiationDetectors Siena Jtaly, 21-240c¢t2002,
Nucl. Phys. Proc.Suppl.125:277-2812003.

- Y. Ermoline:LHCDb Silicon Tracker infrastructue
Postelatthe9th PisaMeetingon Advancedetectors|.a Biodola,lsolad'Elba, Italy, 25-31.05.2003.

- PeterFierlinger: Geant4Simulationgfor Ultracold Neution Experiments
Int. Conf. on UltracoldandCold NeutronsPhysics& SourcessSt.Petersiirg, Russia June2003.

- U. StraumannSilicon Strip Detectos with long stripsandfastsignalshapingfor LHCb
talk presentedtimaging2003,June27,2003,Stockholm Sweden.

- F LehnerC. Lois, P. Vazquez:
Caracterizaciorde 15 detectoesde micropistasde Silicio (5 GLAST20005 OB2CMSy 5 Hama-
matsuLHCb Multi-Geometry)para la estacionT T del experimentd_HCb
XXIX ReunionBienaldela RealSociedadEspanolale Fisica,Madrid (Spain),July 7-11,2003.

- M. NeedhamTheLHCDb Silicon Tracker
Int. Conf. on Large ScaleApplicationsand RadiationHardnessof SemiconductoDetectors,
SeptembeB0 - Octoberl, 2003,Firence Jtaly.

- F. Lehner:Investigationof RadiationDamage on Silicon Detectos for the DO Runllb Upgrade
Int. Conf. on Large ScaleApplicationsand RadiationHardnessf SemiconductoDetectors,
SeptembeB0 - Octoberl, 2003,Firence |taly.

- A. Vollhardt: TheLHCb silicontradcer
Nuclearsciencesymposiumand medicalimaging conferencglEEE), Portland,USA, October
19-25,2003.

- M. Agari andO. Steinkamp:Designof the LHCb Silicon Tradker
posterat the 10th ViennaConferenceon Instrumentation\VCI 2004), Februaryl6 - 21, 2004,
Vienna,Austria.



120 Physik-Institut der Universitat Zurich

Invited lecturesand seminar talks

- Phillip Sievers: TheLHCDb SiliconInner Tracker
High Enegy PhysicsSeminayUCLA, Los Angeles,29.01.2003.

- F. Lehner:TheStatusof LHCb andits Inner Tradker detector
ExperimentalParticle Physics Seminarat KansasStateUniversity, March 10, 2003, Manhatten,
KansaslUSA.

- Stefan Schmitt; H1 statusand prospects
DESY-PRCopensession30. Oktober2003,http==www.desyde= sschmittprc_oct. 2003.pdf.gz.

- StefanSchmitt: Leptonbeampolarisationfor the HERAexperimentZ EUSand H1
Seminarat MPI Munchen9. Dezembef003,http==www.desyde= sschmittpol26_.mpi.pdf.

Collaboration notesand technical reports

- LHCb ReoptimizedetectorDesignand Performance
TechnicalDesignReport,LHCb Collaboration,
LHCb TDR 9, CERN/LHCC2003-0309. Septembe003.

- Designof the LHCb SiliconTracker
M. Agarietal., LHCb Note2004-010.

- Simulationof SignalGeneationin SiliconMicro-strip Detectos for the LHCb Silicon Tracker of
the LHCb Experiment
St. HeuleandF. Lehner LHCb Note 2003-159.

- Studiesf the Beetlel.2 PipelineHomaeneity
M. Agarietal., LHCb Note2003-155.

- TheLHCDb SiliconTracker
A. Vollhardt,LHCb Note2003-143.

- TheLHCb SiliconTradcker
M. Needham|.HCb Note2003-142.

- Layoutand ExpectedPerformanceof the LHCb TT Station
J.GassnerMl. Needham{. SteinkampLHCb Note 2003-140.

- Prototypefor an optical 12 input receivercard for the LHCb TELL1board
G. Haefeli,U. Uwer, A. Vollhardt,D. Wiedner LHCb Note 2003-137.

- Characterizationand SampleTestingof the LHC4913Positive Voltage Regulator for the LHCb
SiliconTradker
A. GafnerandA. Vollhardt,LHCb Note2003-128.

- Test-BeanMeasuementson Prototypeladdes for the LHCb TT Station
M. Agarietal., LHCb Note2003-082.

- CapacitanceMeasuementon Silicon Micro-Strip Detectos for the TT Stationof the LHCb Ex-
periment
J.Gassneetal., LHCb Note2003-081.
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Measuementof PrototypelLaddess for the Silicon Tracker with Laser
R. Bernhardetal., LHCb Note2003-075.
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Neuton Irr adiation Resultdor the LHCb Silicon Tracker Data ReadoutSystenComponents

A. Vollhardt,LHCb Note 2003-049.

A Prototypefor the LHCb Silicon Tradker Data ReadoutSystem
A. Vollhardt,LHCb Note2003-045.

Tradking Performanceand Rohustnesdests
M. Needham|HCb Note2003-020.

SiliconTracker SimulationPerformance
M. Needham|-HCb Note2003-015.

14.6 H1 publications by the groupsof Straumann and Tru &

Articles

IsolatedElectonsand Muonsin Eventswith MissingTransveseMomenturmat HERA
H1-Collaborationy. Andree etal.,
DESY 02— 224,hep-&/0301030Phys.LettB561(2003),241- 257.

Measuemenbf InclusiveJet CrossSectionsn Photopoductionat HERA
H1-CollaborationC. Adloff etal.,
DESY 02-225,hep-&/0302034 Eur.Phys.JC29 (2003),497- 513.

Measuementand QCD Analysisof Neutral and Chamged CurrentCrossSectionsat HERA
H1-CollaborationC. Adloff etal.,
DESY 03-038,hep-&/0304003 Eur.Phys.JC30(2003),1 - 32.

Seach for New Physicsn e g Contactinteractions
H1-CollaborationC. Adloff etal.,
DESY 03-052,hep-e/0305015Phys.LettB568(2003),35- 47.

DiffractivePhotopoductionof J= Mesonswith Large Momentunilransferat HERA
H1-CollaborationA. Aktasetal.,
DESY 03-061,hep-/0306013 Phys.LettB568(2003),205- 218.

Multi-electron Productionat High TransveseMomentunin ep Collisionsat HERA
H1-CollaborationA. Aktasetal.,
DESY 03-082,hep-&/0307015FEur.Phys.JC31(2003),17 - 29.

Seach for SingleTop QuarkProductionin e p Collisionsat HERA
H1-CollaborationA. Aktasetal.,
DESY 03-132,hep-&/0310032 Eur.Phys.JC33(2004),9 - 22.

Muon Pair Productionin ep Collisionsat HERA
H1-CollaborationA. Aktasetal.,
DESY 03-159,hep-&/0311015Phys.LettB583(2004),28 - 40.
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- InclusiveDijet Productionat Low Bjorkenx in DeeplnelasticScattering
H1-CollaborationA. Aktasetal.,
DESY 03-160,hep-e/0310019 Eur.Ptys.JC33 (2004),477- 493.

- Observatiorof a Narrow Anti-CharmedaryonState
H1-CollaborationA. Aktasetal.,
DESY 04-038,hep-&/0403017 Phys.LettB588(2004),17 - 28.

Articles in print

- Measuemenbf Dijet Productionat Low Q2 at HERA
H1-CollaborationA. Aktasetal.,
DESY 03-206,hep-&/0401010Eur.Phys.JC (2004),in print.

- Seach for SquarkProductionin R-Parity Violating Supesymmetnat HERA
H1-CollaborationA. Aktasetal..
DESY 04 -025,hep-e/0403027 Eur.Phys.JC (2004),in print.

- Measuemenbf Anti-Deuteon Photopoductionanda Seach for HeavyStableChargedParticles
in at HERA
H1-CollaborationA. Aktasetal.,
DESY 04 - 032,hep-&/0403056 Eur.Phys.JC (2004),in print.

- Forward © Productionand Associatedlransvese Enegy Flow in Deep-InelasticScatteringat
HERA
H1-CollaborationA. Aktasetal.,
DESY 04— 051, hep-e/0404009 Eur.Phys.JC (2004),in print.

H1-collaboration (1.5.2004)

A. Aktas, V. Andreey, T. Anthonis,A. Asmone A. Babae, S. Baclovic, J. Bahr, A. Baghdasaryan,
P. Baranwa, E. Barrelet, W. Bartel, S. Baudrand,S. Baumartner J. Becker, M. Beckingham,
O. Behnle, O. Behrendt,A. Belousw, Ch. Berger, N. Berger, T. Berndt, J.C. Bizot, J. Bohme,
M.-O. Boenig,V. Boudry, J. Bracinik, G. Brandt,V. Brisson,H.-B. Broker, D.P. Brown, D. Bruncko,
FW. Bisser A. Bunyatyan, G. Buschhorn, L. Bystritskaya, A.J. Campbell, S. Caron,
F. Cassol-Brunnei. Cerry, V. Chelelian,J.G.Contrerasy.R. Coppens,).A. Coughlan B.E. Cox,
G. Cozzika,J.Cvach,J.B.Dainton,W.D. Dau,K. Daum,B. Delcourt,R. Demirchyan,A. De Roeck,
K. Desch,E.A. De Wolf, C. Diaconu,J. Dingfelder V. Dodona, A. Dubak,C. Duprel,G. Eckerlin,
V. Efremenlo, S. Egli, R. Eichler, F. Eisele,M. Ellerbrock, E. Elsen,M. Erdmann,W. Erdmann,
S. Essenwg, PJ.W Faulkner L. Favart, A. Fedotw, R. Felst, J. Ferencei,L. Finke, M. Fleischey
P. FleischmannY.H. Fleming,G. Flucke, G. Fliigge,A. Fomenlo, |. Foresti,J. Formanek,G. Franle,
G. Frising, T. Frisson,E. GabathulerK. GabathulerE. Garutti, J. Ganey, J. Gayler R. Gerhards,
C. Gerlich, S. Ghazaryan, S. Ginzlurgskaya, I. Glushlov, L. Goerlich, M. Goettlich,
N. Gogitidze, S. Gorboun®, C. Goyon, C. Grab, H. Grassler T. Greensha, M. Greyori,
G. Grindhammer C. Gwilliam, D. Haidt, L. Hajduk, J. Haller, M. Hansson,G. Heinzelmann,
R.C.W HendersonH. HenschelO. Henshav, G. Herreral. Herynek,R.-D. Heuer M. Hildebrandt,
K.H. Hiller, P. Hoting, D. Hoffmann, R. Horisbepger, A. Hovhannisyan M. Ibbotson,M. Ismail,
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M. JacquetL. JanauschekX. Jansseny. Jemang, L. Jonsson,D.P. JohnsonH. Jung,D. Kant,
M. Kapichine,M. Karlsson,J. Katzy, N. Keller, I.R. Keryon, C. Kiesling, M. Klein, C. Kleinwort,
T. Klimkovich, T. Kluge, G. Knies, A. Knutsson, V. Korbel, P. Kostka, R. Koutoue,
A. Kropivnitskaya,J. Krosebeg, K. Kruger J. Kiickens,M.P.J. Landon,W. Lange, T. Lastovicka,
P. Laycock,A. Lebedw®, B. Leil3ner R. Lemrani,V. LendermannS. Levonian,L. Lindfeld, K. Lipka,
. List, E. Lobodzinska,N. Loktionova, R. Lopez-Fernandez,\Lubimaov, H. Lueders,D. Like,
Lux, L. Lytkin, A. Makankine,N. Malden, E. Malinovski, S. Mangano, P. Marage,J. Marks,
.Marshall,M. Matrtisikova, H.-U. Martyn, S.J.Max eld, D. Meer, A. Mehta,K. Meier, A.B. Meyer,
. Meyer, J. Meyer, S. Mikocki, I. Milcewicz-Mika, D. Milstead, A. Mohamed, F. Moreau,
Morozov, J.V. Morris, M.U. Mozer, K. Mdller, P. Mur'in, V. Nagwizin, K. Nankov,
. Naroska,J. Naumann,Th. Naumann,PR. Newman, C. Niebuhr, A. Nikiforov, D. Nikitin,

. Nowak, M. Nozicka,R. Oganeze®, B. Olivier, J.E.Olsson,D. Ozera/, C. PascaudG.D. Patel,
. PeezE. PerezD. Perez-AstudilloA. PerieanuA. Petrukhin,D. Pitzl, R. Placakyte, R. Poschl,
. Portheault,B. Povh, N. Raiceric, P. Reimer B. Reisert, A. Rimmer C. Risler, E. Rizvi,

Robmann, B. Roland, R. Roosen, A. Rostortsey, Z. Rurikova, S. Rusalkv, F. Sahaire,
D.PC. Sanley, E. Sauan, S. Schatzel, J. Scheins, F.-P. Schilling, S. Schmidt, S. Schmitt,
C. Schmitz, M. Schneider L. Schoefel, A. Sclbning, V. Schibder H.-C. Schultz-Coulon,
C. Schwanenbeger, K. Sedbk, F. Sefkow, |I. Sheviakov, L.N. Shtarlov, Y. Sirois, T. Sloan,
P. Smirnov, Y. Soloviev, D. South, V. Spaskv, A. Specka,B. Stella, J. Stiewe, |. Strauch,
U. Straumann). Tchoulalov, G. Thompson,P.D. Thompson,F. Tomasz,D. Traynot P. Trudl,
G. Tsipolitis,|. Tsurin,J. Turnau,E. Tzamariudaki,AUraes, M. Urban,A. Usik, D. Utkin, S. Valkar,
A. Valkarova, C. Vallee,P. VanMechelenN. VanRemortelA. VargasTevino, Y. Vazdik,C. Veelken,
A. Vest, S. Vinokurova, V. Volchinski, B. Vujicic, K. Wacker, J. Wagner G. Weber R. Weber
D. WegenerC. Werner N. Werner M. WesselsB. Wessling,C. Wigmore,G.-G.Winter, Ch.Wissing,
E.-E.Woehrling,R. Wolf, E. Wiinsch,S. Xella, W. Yan, V. Yeganoy, J. Zacek, J. Zalesak, Z. Zhang,
A. Zheleza, A. Zhokin, J.ZimmermannH. ZohrabyanandF. Zomer
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14.7 Reseach group of Prof. P. Trudé
(for H1 publications seeSec.14.6)

Articles

- J= Productionvia ¢ Decaysn 920GeVpA Interactions
HERA-B Collaboration). Abt etal.,
DESY 02-187,hep-&/0211033Phys.LettB561(2003),61 - 72.

- InclusiveV ° ProductionCrossSectiorfrom 920 GeVFixed Target Proton-NucleusCollisions
HERA-B Collaboration]. Abt etal.,
DESY 02-213,hep-&/0212040Eur.Phys.JC29 (2003),181- 190.

- High StatisticsMeasuemenof K ¢4 DecayProperties
E865-CollaborationS. Pislaketal.,
hep-e/0301040Phys.Re..D67 (2003),072004-1- 072004-15.

- New, High StatisticsMeasuemenbftheK * | %" . (K ¢3) Brandhing Ratio
E865-CollaborationA. Sheretal.,
hep-&/0305042 Phys.Rev.Lett91 (2003),261802-1- 261802-4.

- SummaryVG2part 2: rare muondecays
A. vanderSchaafProc. NUFACT'01, TsukubaJapan2001),Nucl.InsttMeth.A503(2003)240.
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- e Corversionexperimentsstatusand prospects
A. vanderSchaafProc.NUFACT'01, TsukubaJapan2001),Nucl.InsttMeth.A503(2003)281.

- SINDRUM I
A. vanderSchaafProc.NUFACT'02, London,U.K. (2002),Journalof PhysicsG29(2003)1503.

- Muonphysicsat a neutrinofactory
A. vander SchaafJournalof PhysicsG29(2003)2755.

Report in print

- ECFA studiesof a Europeanneutrinofactory comple
A. Blondel, J. Ellis, F. Dydak,J.J.Gomez-Cadena&;. Giudice,A. vander SchaafM. Mangano,
G. Buchalla,P. JanotH. HaserothH. Ravn, H. SchonaueR. Garoby A. Lombardi,
CERNYellow Report,2004.

Diploma and PhD Theses

- Animprovedlimit onthedecayk * ! * *e
Aleksey Sher PhD Thesis,Universitt Zurich, 2003.

- EntwiklungvonSzintillationsahlerprototyperfur dasKOPIO Experiment
SimonO. ScheuDiplomaThesis,Universitat Zurich, Decembe2003.

E865-collaboration

R. Appel, G.S. Atoyan, B. BassaleckD.R. Begman, N. Cheung,S. Dhawan, H. Do, J. Egger
S. Eilerts, W.D. Herold, V.V. Issalov, H. Kaspar D. Kraus, D. Lazarus,P. Lichard, J. Lowe,
J. Lozano, H. Ma, W. Majid, S. Pislak, A.A. Poblagug, A. Sher Aleksey Sher P. Rehak,
J.A. ThompsonP. Trudl, andM.E. Zeller
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