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Galactic Rotation Curves

Expect: Kepler Rotation (as in the solar system)
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Galactic Rotation Curves AN

Matter Projpect

Measurement: Flat Rotation Profile

| | T I | I T T I |' I I I T
150 - -
! NGC 8503 '

30

Radius (kpe)

,ball of ideal gas at
uniform temperature”®

V. Rubin, K. Ford (1970)

M. Schumann (U Zurich) — Dark Matter & XENON 8



I Cosmic Microwave Background

generated when radiation and
matter decouple and photons

power spectrum of AT

J<ypical variation at typical distance”

Angular scale

can propagate freely

get information about
structures in early universe

- Cold Invisible
Dark  Cold (v<10° ¢)
Matter: Collisionless
Stable
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from ,new physics”
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SUSY and the WIMP

Standard particles

SUSY was introduced to solve
Standard Model problems

(i.e. hierarchy problem, Higgs mass)

between fermions and bosons

o]
VIJ
P (o)
n

Squarks Sleptons SUSY forca particles

Forces Merge at High Energies

R-parity avoids B/L number violation: e
R = (—1)BB+L+25) En.ln—
— lightest supersymmetric particle (LSP) E“-“j
Is stable — cold DM candidate: -
WIMP = weakly interacting massive particle | **»— '154' —

108  1pl2 1018 1p2°

Neutralino: ¢\ = Ny B° + NpoW? + NysHY + Ny H°
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SUSY WIMP production

In early Universe:
WIMPs in thermal equilibrium p(E) o exp (——, )

. e kT

creation < annihilation B
1 T T TT
expanding Universe: ,freeze out" 1
0.0001 F 1
equilibrium, cannot kT ~ — > °*F Equilibrium . 1
e 2{’) = o Increasing <o,v>
annihilate anymore - g 1 ® :
A ‘: r x .w relic densit}
L1 %Fr 9 @9 A\ e .
— non relativistic when decoupling g woey o Ve ¢ &. ;
from thermal plasma g r !
. . R R R e T
— constant DM relic density P ol ¢ $ 3
— relic density depends on o, 5 o e M5 :
n W%y 1
: o e | - R
WIMP relic denS|ty. 10" Equilibrium density 4
) 107" 1
0 hg ¢ Tni Olph | e 1
. ~= COnNSst. . ~ ol U WP W Y i) R 98 i T

* M3, {oav) (o4 v/c) vy 0 100 1000
x=m/T (time =)

O(1) when ¢,~10° GeV — weak scale
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I Outline

Matter Projpect

I Motivation: Dark Matter v
I Direct Dark Matter Detection

Xenon as a Detector Medium

XENON100
The Future




Dark Matter Search

Direct
Detection

Indirect Production

. Detection ' @Collider ¢%




Direct WIMP Detection

COUPP Tracking:
PICASSO Drift, DM-TPC
Phonons
CDMS CRESST
EDELWEISS ROSEBUD
Charge Light
GERDA XENON DEAP/CLEAN
MAJORANA LUX, ZEPLIN DAMA. KIMS

CoGeNT WARP, ArDM XMASS
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Direct WIMP Search

Elastic Scattering of

WIMPs off target nuclei WiMP
— nuclear recoll v ~ 230 km/s
_ |f}'|2 J;,.r.z'.!_.-*:2 _ )
Recoil Energy: E. = - — (1 —cos®@) ~ O(10 keV)
2m m N
v Px N number of target nuclei
. Ro N2 (g o g
Event Rate: > m,, (O] p/m_ local WIMP density

<o> velocity-averaged scatt. X-section

— need information on halo and interaction to get rate
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WIMP Interactions
Detector Requirements

Result: Tmy Rates x\./fc y - quark (Sl, scalar) x\g/x X - quark (SD, axial)
R < 0.01 evt/kg/day - > < § > <
E <100 keV AN AN
Ls~xxgq o< A® La~X0usXT0" e < J(J+1)
What do we look for? __ Pastonsy iz ot 207
 nuclear recolls, single scatters CMSSM, u >0

e recoil spectrum falls with E
« dependence on A, spin?
« annual flux modulation?

- other possibilities? iDM, ...? 5@
E.D-
How to build a WIMP detector? 3

e large total mass, high A

 low energy threshold

e ultra low background

« good background discrimination
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Backgrounds X@

Matter Project

Experimental Sensitivity: R
without background: o« (mt)’ ]
with background: oc (mt)™?

Muon flux vs overburden

Proposed NUSL Homestake
¥ Current Laboraories -

WIPP
Soudan

Background Sources:

:‘;“ Kamioka
environment: U, Th chains, K § 0
) 2 Th .2 Pa .2 U .2 Th .2 Ra -2 Rn -28Po... § |
a B B a a a a 10° = Homestake ®. gaksan
32 Th L2 Rg .28m Ac ., 28 Th .24 Ra -2 Rn - 26 Po ... ] Mont Blanc
a B B a a a
10° Sudburyz—
e y and S Decays (electron recoil) s remese -
careful material selection, discrimination, o I W o
shielding (Pb, Cu, Xe, Ar, water) 10 o s o

* Neutrons from («,n) in rocks
neutron moderators (paraffin, poly, water)  Neutrons are most dangerous

- Neutrons from cosmic ray muons  Packground since they interact
~ go deep underground like WIMPS! (nuclear recoil)
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The DAMA Observation

* DAMA: PMTs coupled to Nal Scintillators
— extremely clean background necessary

* looks for annual modulation @ LNGS
* large mass and exposure: 0.82 ton years

ﬁ y SUN
~o
A S
. %
.}0 S S
J £,

* DAMA finds annual modulation @ 8.90 C.L.

« BUT: result cannot be explained with
standard neutralinos or KK Dark Matter,
result in conflict with other experiments

o1

0.08 E

0.0&
0.04
a.02
G
—0.02
=004
—0.08

-

arXiv: 0804:2741 2-6 keV - arXiv:1002.1028
e—— DAMA/NalI (0|.29 tonxyr) ’; g T «DATIA/LIBRA (D.53 tonXyr)»
3* : target masﬂ; 873kg} . {targe; m.:qs 2328kg) '
?a‘”ﬁ“ W”T‘;’T‘W% bk g g 6
: I N . ?NSQ—I—Sm coa( (f—fo)) |
E e i ] ’ | !

Residuals (cpd/kg/keV)

—0.08
=01
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" hitp//dmtoa s, browmn.edw
Gaitskell, Mandic Filippin

DAMA intepreted by T
Savage et al.,
arXiv:0808.3607

10 10

WIMP Mass [GeV/c]



I CDMS: Cryogenic Detectors

I Located underground in Soudan Lab, Minnesota (USA)

Principle: measure charge and heat (phonons)
a deposited energy E produces temperature rise AT

backgroundg
c
e/
)
To N
E c
o
T-sensor Absorber
Crystals: Ge, Si cooled to few mK Heat
- low heat capacity good discrimination
— measurable uK temperature! — ,backgound-free
experiment”
similar: CRESST, EDELWEISS, Rosebud — BUT: reject surface

events via PSA
M. Schumann (U Zurich) — Dark Matter & XENON 19



The latest CDMS Result

Science 327, 1619 (2010)

-1
1.5 I I 10 | = —  ——— —
| +  Fail timing criterion ): I Ellis LEEST 1
| + » +| @ Pass timing criterion [ |Roszkowski (95%) |1
o 12 - 1 % ZEPLINWI '
- XENON10
':‘.,Dg' == CDMS 2008
E - — === These data b
= NE - — CDMS Soudan (all)
M 0.6 o =42 %Y 0000 s ... Expected sensitivity
E [ 10 s r
— ] P
0.3} O ]
=
. 8
o
g
o 121 | =43
3 | S 100
=09} =
2
N 06
~ sl LA * B SR S R B I Y
=)
03r
-44
n_ i L - T= T 10 1 2 a
0 20 4 60 80 100 10 10 , 10
Recoil energy (keV) WIMP mass (GeV/c%)

2 events remain after all cuts after un-blinding
» Background expection: 0.9 + 0.2 events
* probability for 2 or more events: 23%
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CoGeNT

 CoGeNT: p-type point contact Ge-detector, ultra low noise

» prototype for MAJORANA, operated underground at Soudan

* very low threshold: 0.4 keVee (electronic noise)

* only one observable (charge), some pulse shape discrimination

arXiv:1002.4703 Rkt

Matter Project

* EXxcess at lowest energies O S e T TS )
— light mass WIMP claim 2 2ot 3l | “
(BUT: null hypothesis has similar X?) 2 fFIFE
10°? '1 j: l _
T X DAMA = | g i ionig, energy (keWVes) _
10+ .. 50, 30,90% CL . 40F 5 2 Il
) CoGeNT h i‘ ' 3 §8g23
‘E 105+ 90% CL o I 5 ___lilg = "Ir
° w0 ) HEE R
107" + -E‘ 20+ ;_f ll :;l
w0’y CDMS e S 7
90% CL NI it PP . I
Rl e " Y% 2 4 6 8 10 12
Mwip (GeV) ionization energy (keVee)
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Why Xenon? Xe

o . . . 1 18

T — Ordnungszahl ]
» efficient, fast scintillator (178nm) ([&], & o By e [He
2| i | Be 1201 Aommasee O Nichtmetall Ble|N|O|F |Ne

. h.gh b A~1 31 . 5_igi11 gic_gz 1?.;1 1%3.1 111.;1 1Ei.gu 1??0 2?.318
IgN Mass numpber : NalMgl ., ., . 4o g o ALSLIPIS|CI[Ar
. ) i9 20 =21 BE: 23 24 25 26 27 28‘ 29 20 21 22 23 24 25 26
SI: high WIMP rate @ low theshold AR ARAAP A LA LARAE AR {”)
Sr| Y | Zr | Nb|Mo|Tc |Ru|/Rh|(Pd|Ag|Cd|In | Sn| Sb| Te Xe
o o & S5.91 | 9122 | 92 106.4 1'?;.9 1124 | 1145 | 11587 121.8 | 1276 169 151.3
* high ber Z=54 e
I ato m IC n u m e r , 103 104 105 106 107 105 109 110 111 112 114 116 -
high density (~3kg/|)- e e el e e ees Ema E=E Eeo
self shielding, compact detector S S S S

.91 | 9594 | 95.91 | 101.1 | 102.9 X X X J J d
T3 T4 7S k=) 7T TS RS =F) 53 o4 =)

T= [=In]
Cs|Ba||Lu|/Hf | Ta|W |[Re|(Os | Ir | Pt |Au|Hg| T1 | Pb| Bi | Po
1 1750 | 1765 [ 1809 | 16538 (156 2] 190.2 | 192.2 14951 19v.0 | 2006 | 2044 | 207.2 | 209.0 | 2090 | 2100

e & oy £ i
- ] e
o P‘wmp
st s e

...........................................................

........................................................

Kr-85 can be removed to ppt

o Ar Ad0
» SD: 50% odd isotopes N . — e |
allows further characterization after o e 2100 GeV ]
eEEEIe ol tesding @l Sl @ =it 2 S S i S
| . 2L ]
* no long lived Xe isotopes, 3
10
E

..............................................

 "easy" cryogenics @ -100°C -
» scalability to larger detectors o)L = 0 keVr
* in 2-phase TPC: e

good background discrimination 0 0 @ W @ % w70 6w
Recoil energy [keVr]
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Dual Phase TPC

Matter Projpect

A : =

“ p}ﬁpminna WIMP ' '
agXe__ __ A

WIMP  drift time

S1 52

|

_ 2
drift time /

................................... eleotron

(S2/51)

<< (52/S1)

WM gamma

e jonization/scintillation ratio (52/S1) allows
electron recoll rejection to >99.5%

 3d position reconstruction in TPC
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! - L
~ -'3_313,'1 235 '.Es._.f._, L

82 Signal [Log Seale} o . XENON100

13 S1 3D evt localization 14 TR T A

.5:_ . . 5 : . BT ﬁ""‘“"-*—--._:______.,‘—"-:_
= - fIdUCIaI cuts S T T R S T R FRRT

1.5%— — mu|t| Scatter |d Nuclear Recoil Equivalent Energy [keVm]
3 - At = 85.4us . 32 ~99.5% bg rejection

“E ) e @ 50% acceptance (xe10 performance)
" definition of WIMP search region

Time (Samples)
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Outline

Matter Projpect

Motivation: Dark Matter v

Direct Dark Matter Detection v

Xenon as a Detector Medium v
XENON100
The Future
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XENON100

Goal (compared to XENON10):

* increase target x10

» reduce gamma background %100
— material selection & screening
— detector design

Quick Facts:

* 161 kg LXe TPC (mass: 10 x Xe10)
* 62 kg In target volume

» active LXe veto (=4 cm)

e 242 PMTs

e iImproved Xe10 shield
(Pb, Poly, Cu, H20, N2 purge)
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XENON100

Goal (compared to XENON10):

* increase target x10

» reduce gamma background %100
— material selection & screening
— detector design

Quick Facts:
* 161 kg LXe TPC (mass: 10 x Xe10)
* 62 kg In target volume
» active LXe veto (=4 cm)
e 242 PMTs (Hamamatsu R8520)

e iImproved Xe10 shield
(Pb, Poly, Cu, H20, N2 purge)

sdEER R NN RA AR EE

L
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XENON100

Goal (compared to XENON10):
* increase target x10
* reduce gamma background x100
— material selection & screening
— detector design

Quick Facts:
* 161 kg LXe TPC (mass: 10 x Xe10)
* 62 kg In target volume
e active LXe veto (=4 cm)
e 242 PMTs

* improved Xe10 shield
(Pb, Poly, Cu, H20, N2 purge)
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XENON100 @ LNGS

ENGS: 1.4km rock
(3700 mwe)

Site Relative Relative
(Multiple levels given in ft) MUO“ NeUtron

| (from: R. Gaitskell) Flux Flux
T=>10 MeV

WIPP a0 11500 mue X 65 X 45
. Soudan o me x 30 X 25
underground since end of February 08 armioks 12 T %11
. . . . . Boulby X 4 X 4
first filled with Xe in mid May 08 Gran Sassomem.
0 0 . FrerS (4000 mue), X1 X1
detector fully operational, taking science data Homestake (o)
Mont Blanc x 6" x6"
M. Schumann (U Ziirich) — Dark Matter & XENON Sudbury x25' | x25°

Homestake @200 X 50 x 507




I Calibration | Ne

XENON
Matter Project
PMTII6 ZBI1239-790V . . . 5 oro
I SoF G 906406 Gain calibration, Gain Stability:
Tl o0 blue LED (+optical fibers)
F Res. on s.e. : 61.59 % . . .
/. 465915 = gains stable within =2% (o/u)
; bai: 6.10;9-;04 T
G, : 9.39e+04 ) )
Average Light Yield, combined E-Scale:
n™Ar Cs-137, AmBe inelastic (40 keV, 80 keV),

w12 M

sain (< 1e6) Xe* (164 keV, 236 keV), Co-60, ...
— LY(122 keVee) = 2.20(9) PE/keVee

Position dependent Corrections:
Cs-137, AmBe inelastic (40 keV),
Xe* (164 keV)

Kr-83m (planned)

- Agreement better than 3%

M. Schumann (U Zurich) — Dark Matter & XENON 32



log_(cS2/cS1)

Calibration li

Electron Lifetime;
Cs-137

= ~200 ps (11.2d), up to 400 ps (run_08)

S2 signal (PE)

Position Reconstruction Tests:
Co-57 (collimated), Cs-137, + MC

Drift time (us)

10

ST NN algorithms (NN, SVM, x?) available:
gt T *w\ Ar <3 mm, Az <2 mm

PYe, 80 keV
2 #%e, 40 keV
2.5i— ¢ 4% g
- S Electron Recoil Band (Background):

21
: / Co-60, Cs-137, Th-228
1.5 B ! . ) .
| Fowe o Nuclear Recoil Band (Signal):
f PRELIMINARY Neutrons: AmBe
e e a8 o definition of WIMP search region,
discrimination
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ER / NR Discrimination

@ 3'? T [_'.II,_ |..| |. | | D PR | L LB B B B B B E _' R L L LI UL s S L
= 2.8 i i i
7)) [1]
=263 . 102 %’ L soa0%
E 2 4 - + b |1 + +
.-u | x x
2.2 - 'l %
2 i i P !
= 1D4 I I S . W W __"_____Q_Q__?P?@_, _____
18F E f % %}
1.6 - %
= -= Xe100
1.4 - Xe10
1.2~ » gp=15e. v T 107 %
: L 3 0 0 3 1 & .h."'-..-l_.. ' ..'I.lI prey owg b 4 gy _I. 114 l [ B | |. I I | | I B | J [ T B | |. [ | |.
b 10 20 30 40 50 60 0 10 20 30 40 30 60
cS1 [pe] cS1 [pe]

« ER/NR discrimination via S2/S1 ratio
 Discrimination efficiency similar to XENON10 (>99%)
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Material Screening

GATOR: 2.2kg high purity Ge detector
operated by UZH in low bg environment @ LNGS

— "Gator" BG20080304

10° -
E —— "Gator" BG20070925
T

3

"Gator" BG20081013

10%

10 By

Count rate [events/(kg day keV)]

h"th, ’J‘ l 4
N || )
10" !'l‘lfu |Ll hk ‘ " |
- | “ i W’ \'ll | l
oL Ll Y W |
e l1|l il J |” b ok 111
0 1000 1500 2000 25
Energy [keV]
Unit  Quantity S 1) =32Th W Mo “10pp
TPC Material used [mBg/unit] [mBg/unit] [mBg/unit] [mBg/unit] [Bg/unit]
RE5200 PMTs PMT 242 015002 0172004 9.15£1.18 00008
PMT bases base 242 0162002 0.07+0.02 < (.16 = (.01
Stainless steel kg T0 < 1.7 < 1.9 < Q1) 5.540.6
PTFE kg 1] < (.31 < (.16 < 2.2 < (.11 use resu Its for
QUPID QUPID : <0.49 <0.40 <2.4 <0.21 Monte Carlo
Shield Marerial . .
Copper kg 1600 < (.07 < 0.03 < (.06 < 0.0045 S | m u Iat| O n S
Polyethylene kg 1600 < 3.54 = 2.69 < 59 < (.9
Inner Pb (5 cm) kg 6300 = 6.8 =< 3.9 < 28 < (.19 1745
Outer Ph (15 cm) kg 27200 < 57 = 1.6 14+6 = 1.1 516+90
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Monte Carlo Simulations

GEANT4 simulations of full experiment

(detector+shield+surrounding)

Gamma Background:

iIn DM search region, after cuts
50 kg: < 9.8x10° events/kg/keV/day
30 kg: < 3.2x107° events/kg/keV/day

before S1/S2 discrimination cut!

M. Schumann (U Zurich) — Dark Matter & XENON

10

10°

2 4 6 8 10 12 14
R (cm)

teflon, 2.1 %

. steel, 6.2 %

36



Kr-85-Removal

O(ppt) necessary |
Ianldl H?IESIbIleI L 11011

1 10 1o Energy[keV’

« Xe has no long lived radioactive isotope . 10r5Ry &
i T SKr
e BUT: Xe contains Kr-85 o, 367 .
p-— :
in air: Kr/Xe ~ 10 0.434% 95_ 82+ SN L;;L ':‘:? 514.0083 1 915 15
in Xe gaS (commercial) Kr/Xe ~ ppm'ppb <4.7107% >16.73_ 12~ ’F‘?g“ 280.986 4 ;s
necessary (Xe100) Kr/Xe ~ 100 ppt i :z " 151.15; e
(<1 evtin 0.5 yr) s TR0 stable
37
= dedicated Kr-85 removal to ppt level
= 10°
e
&
% 10 r 0. ippm
2 (L
o E
2
E 10k i
= E WIMP| $lgnal 1 3;:-51}1:,?:; |
10 2: at+10 qlll‘f? !
: Kr/Xe levels of
10 3;

used successfully &
M. Schumann (U Ziirich) — Dark Matter & XENON XMASS, arXiv:0809.4413 (2008) 37



XENON100 Background

Data (w/o LXe veto cut) |
MC sum
— Ez‘z,“h No MC tuning!
g Mo Using only values
. _ i 137mg .
o 0P || e 2uBaorRain e from screening.
2 A ] e st
: B 7 oAl 1 '
5 BTN | e
"iEﬂ S R Y E i ILINR i ‘ {
§ 1[] 3 f‘f‘]‘f .I".I :'-, L 1 | ‘l‘ I] "r‘ | ! . | .lll .
s | H““w Ul
: PRELIJ\/II /?Eg A il
1|:l'4 =1 1 | ] l: Llealead.. J aduaala I, [P W . I. i ::i."..l .. .I.- JULLE
0 200 1[]0[] 1 SGU 12000 2500 3000
Energy [keV_ ]
* 30 kg fiducial mass | Measured Background in
* active LXe veto not used for this plot good agreement with

 exploit anti-correlation between light

and charge for better ER-energy scale Monte Carlo prediction.
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]UZ E | | | | | | | | | | | | |
; CRESST CoGeNT ;
10 EE—_I_I _________________________________ : —g
= CDMS =
B _I_._,_.—|_I . —— ) ——
| Ly ] XENON10
DAMA

._.

<

M
¥

Bk XA
d

Rate [events/keV/kg/day]

ot by s before fiducialization=

- | B u..w%ﬁwé
B XENON100 (with active veto!)
107 | | /duc1allzatlon—
= | |
10-3 i l l l l l Lo l
1 2 3 4 5 6 78910 20 30 40 S{J 60
Energy [keV]

This is the lowest Background ever
achieved in a Dark Matter Experiment!
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Nuclear Recoil Scale X@

Matter Project

 WIMPs interact with Xe nucleus
— nuclear recoil (nr) scintillation (8 and y's produce electron recoils)

» absolute measurement of nr scintillation yield is difficult
= measure relative to Co57 (122keV)

e relative scintillation efficiency Leff: F, .,

O Arnecdo (2000)

f_ Bernabei (2001)
[~ O Akimov (2002)
LY (Enr) osof ¥ mreans
Leog(Enr) 7 19 r E + o S
LY (Fee = 122 keV) 025 o uwany ST
t . . I 0.20 ;_ — Lebedenko (2010) \\\‘S\\\\ \\ %\
. [~ \%\ *
measurement principle: oas= NN ]ﬁ%
0.102— + \\\\\\\\\
N 0.05 \\\\\\
E| L §| | N N S|
0 1 10 10°
N most recent measurements: Ew [keVnr]
> LXe B Aprile et al., PRC 79, 045807 (2009)

® Manzur et al., PRC 81, 025808 (2010)

for discussion of possible systematic errors see
A. Manalaysay, arXiv:1007.3746
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Nuclear Recoil Scale Il X@

Matter Praject
 difficult measurements New measurements
« measurements differ systematically ongoing at Columbia;

- large uncertainties In preparation in Zurich

 direct measurements vs. indirect determinations
* no proper theoretical model available

- do not prefer single Fossf 7 g
measurement o0 ¥ e
(not even our own ones) 025 o s

~ global fit to all oanf — tamne
direct measurements 015 N\

- get 90% CL from statistics o-wi—' """""""""""""

— extrapolation to low energies °-°5§—

E

=

motivated by available data

10
E,, [keVnr]
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First XENON100 Data Xe

Matter Project

Radius [cm]

E 02 4 06 |' | 3 _ 10 | .I li — 114

o ' » Background data taken in

1o stable conditions

-155— . Oct-Nov 2009

ot * 11.2 life days

s  Data was not blinded
oot ¢+ * But: Cuts developed and

e sep i RS optimized on calibration

Radius® [cm?] data Only
* PRL 105, 131302 (2010)

* Energy cut: <30 keVnr arXiv:1005.0380

 make use of excellent self-
shielding capability of LXe

* 40 kg fiducial mass
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10

Alog (S2/51)

A Look at the Bands Ne

XENON10 PRL 100, 021303 (2008) XENON100 PRL 105, 131302 (2010) S1PE]
L 02 4 6 8 10 12 14 16 18 20 22 24
0-4—_ g 08:_ | ! | | | I I | | : | I__’:-
- Y S 06 : -
- ' 8 04F : =
0.2_— % 0.2 E ~
! - T
n Z  28f =
0.2 N 26E-\ . | 3
- o 24F - =
0.4 & E © e
- 2E- S
0.6 . L L sE- =
- ' 1.6E- =
-0'8_— ) . 1_4:_ 3
N | | updated plot with new Leff values 12E- - 3
o 5 10 15 20 25 30 35 40 0 BT T R T T R T S TRT?
E [keVr] Nuclear Recoil Equivalent Energy [keV ]
; — 0
- Background free in 11.2 days N seEEpiEnEe = o0
fter S2/S1 discimination cutefficiency  ~©60-85 %
d (conservative)
* Both plots show similar exposure Background expectation <1
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O Auwneodo (2000)
Bernabei (2001)

E

Akimov (2002)
¥ Apiile (2005)
Chepel (2006)
B Apile (2009)
L 10_39| T T 171 T ® Manzur (2010}
E ...........
g 10% T
.4':' = - -
0 = -
o -
2 1071 %
210" =
- = _
i = =
10%% Trotta et al. CMSSM 95% CL. =
- Trotta et al. CMSSM 68% CL -
10-43:_ L ________---“"'__
10_44 = —
= XENONI100, Lower 90% CL Leff =
= XENONI100, Global Leff Fit 4
10-45 Lo | Lol

10 100 1000
Mass [GeV/c?]
spectrum averaged exposure: 170 kg days
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| L L L R S B |
10 100
Nuclear Recoil Equivalent Energy [keV ]

XENON100 is working
extremely well and is
back at the sensitivity
frontier.

This is just a first glimpse!
We have much more
(blinded) data waiting

to be analyzed.

PRL 105, 131302 (2010)
arXiv: 1005.0380
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New: Alternative Interpretation

XENON100 PRL:

l!,||| T T T T T 11 T T | |'+—BeStht|ImIt
90% lower CL Leff limit

-40
Alternative Interpretation:
(done at Weizmann Institute)
Profile Likelihood Method

- takes Leff uncertainties

Arotta et al. CMS#ET 93% ¢l into account

Totia el geOMSSM 087 el yses full log(S2/S1) space

- method described in
arXiv:1007.1727
—44

—451 0 | o ‘1 j

10 10° 10
Mass [GeV]

~41
AR

~ Ny DAMA
~. N\ (with channeling)

\

T IIIIIII| I I|HIII|

Cross Section flog, cm?]
|
iaY
M

-43

3
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XENON100: Sensitivity Y€

Matter Project

Cross Section [cm?]

XENON100

=)
S

1 0-46

]
10 XENON1T

S L = Spin-independent
WIMP-nucleon interaction

10? 10°
Mass [GeV]

1 0-47

50 kg Target: 40days o =6X10" cm2 (@ 100 GeV)
30 kg Target: 200 days o =2X10"* cm2 (@ 100 GeV)
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1.9m

1.3m
M. Schumann (U Zurich) — Dark Matter & XENON

o 2.4t LXe ("1m3 detector")
1t fiducial mass

* 100x lower background
(10 cm self shielding, QUPID)

 MC studies, design studies
already started 2009

e proposal and TDR submitted,;
currently: working on the
details; secure funding

e Timeline: 2010 — 2015 ???

Radiation- free
Photon Detector
(3” QUPID, Total 242)

Ti Cryostat
(or low rad. stainless steel)

47



sture, decoupled Frg:nm Water Tank

]

B
E
£
E

E

ey
E o
E
E

Will fulfill Class 11l of—
Italian Seismic Cade

\:

| NTC-EUUE :
Mil“JII’I‘I!EE mass close to detectc:r |

= Cryﬂstat hanging from 3 tie rods and secured to [jottom
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The QUPID

* invented and developed by UCLA group (Arisaka/Wang)

* very low radioactive photosensor to replace PMTs
APD, quartz, only a few pins, no voltage divider

* QUPIDs are ,invisible® in GATOR screening facility

e first units were build by HAMAMATSU,
ongoing tests and R&D at UCLA (later also UZH)

————_]————~__Photo Cathode

= T T T

P BEN o Sy A

QUPID

Quartz Al coating
Photon '
Intensifying
Detector

TAPD(OV)

ARD|(0V)

arXiv:0808.3968
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It is actually working...

1, 2, and 3 Photoelectron Peaks

| Work done at UCLA B
; (Arlsaka/Wang) '

:.7~",7.-ﬂ|r

'.“

- El .

[ —— 1pau=317316, n=4 42654
= 2pe =55 0522, n=13.1332
| = Zpe p=35 8126, n=4 52831
| m— Sumad 1, 2, and 3p=

£

Se0 T 100 120
Charge (pC)

Alternative:
Hamamatsu
R11410

« 3“ PMT

_ oy * high gain

QUPID Test in Liquid Xenon  LXe operation

» Low radioactivity
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XENON1T
@ LNGS (Hall B)

- 5 m water shield
acting as
active muon veto

XENON1T @ LSM

- solid shield (55cm poly,
20cm Pb, 15cm poly,
2cm ancient Pb,
>99% muon veto)
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The Future: DARWIN

DARWIN

: 2010-2020

__Argon

ArDM

 R&D and Design Study for a next generation noble liquid facility
In Europe. Approved by ASPERA in late 2009

» Coordinate existing European activities in LXe and LAr
towards a multi-ton Dark Matter facility

* Physics goal: probe WIMP cross sections well below 104 cm?



DARWIN
Goals and Structure S

R&D and Design Study for
Light/Charge Readout, Electronics/DAQ,
Detector/Underground/Shield Infrastructure,
Material Screening/Backgrounds, Science Impact

Multiton LXe and/or LAr WIMP detector

find best choice/design, exploit complementarity?

&7
I
vy -
.‘:_ : -.:‘}-.
AN !
i ey
\ *

UZH (L. Baudis)

1 b
J F
-
o - N ¥
et 2 [
r "- W, "
: e,
A
=
g
W
o
b
&) =
il g
e
- 5
o -
& 2
o =
=
—_

&
{1]
5 ton=years Xenon (50% )

= 1) ton=vears Argon ($0% )
5 ton—years Xenon (50% ) + 10 ton-years Argon (80% )

M =100 GeV
M = 50 GeV Ar: 141 events

Ar: 119 events xe: 310 evenis

Xe: 348 events -

M = 200 GeV
Ar: 102 events

ArDM, WARP, XENON Groups:
UZH (cH), INFN (), ETHZ (CH),
Subatech (F), Mainz (D), MPIK (D),

o [ph]
=

Xe: 191 events M = 500 GeV
WIMP-nucleon ig;l—’i‘:irj‘tti ] MunSter (D)’ lehef (NL)’ KIT (D),
i e s IFJPAN (PL)
. 10’ 10’ 10" + Columbia, PrinCEtOn, UCLA (USA)
Mass [GeV/c]
http://darwin.physik.uzh.ch
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Summary

S1 [PE]
: R s e e e A MRS e oaiLan o * Dark Matter: One of the
o E E E big unsolved puzzles
< S SN S— « XENON100
~ . ' ’ E 62 kg dual-phase LXe TPC
2 £ « extremely low background
2 = « first results from 11.2d data:
| E PRL 105, 131302 (2010)
E :é &E"lo-“
0 5 :10 T 0 ?1042
Nuclear Recoil Equivalent Energy [keV ] '§
%1043 XENON:IO
Two new projects upcoming: 01044 i_“ XENONADO XENON100
- XENON1T T Ve » )
45 | Ny o =™
1 ton LXe target mass R XENON1T _ .
- DARWIN I I .
; = N -
multiton LXe/LAr detector 47_" o= - o DARWIN , 4 1
10 * 102 R N 103
0...----‘ Mass [GeV]
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Backup
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Xenon: Light and Charge

» energy deposited in LXe produces
electron-ion pairs and excited atom states;
both processes can lead to scintillation

* anti-correlation between charge and light
= improvement of energy resolution possible

 E-field dependence (field quenching)
* response also depends on particle energy

5]
=
=

E-9
]
=]

]
=
=

Energy from Cﬂarge_l:kev]_
i M3
gl i
(]

E —) excitation + ionization

i Ll r 1-r"|' 11" | 1| e 13 | 1
200 400 €00 800 1000 12CH} MEHJ 1EDD
Energy from Light [keV]

= 60 g
3 - 2 E Combine
atom Xe + e e s Pt
motion B 5t - 2 0oF
T E Calumbia Case 5 -
’XY +Xe 54_52_. i & 0.27 Kviom -8+ 0.10 kKviom % = L L Charge
& = & 2,00 kviom - 2,03 Kiem 2 085 I/,,,....----— & _
Xez Xe 2 Bosb s B3 oW LY
3t - " E
E * & g g ' = . 0sf \
2.5  sye+stat. Enar (Columbia) ® ! g % = \ Light
E =
+ 2F t b -
2xe hV Xe + xe 1_5f—§]vn.¢5‘laihmr{lcam] ] ] 0-3;
Sclntlllatlon Ionlzatlon 1E|||||||}||I||{|||||*|||||*|||||*|||||* I E { E| 0_2: 1111 1111 1111 1111 1111 1111 1111 1111 1111
. 2 30 40 50 &0 7F0 80 QG 100 11CI 120 0 0.5 1 1.5 2 25 3 3.5 ] 4 4.5
| 10 ht electrons Encray [keVr] Field [kV/em]

from: Aprile et al., PRL 97, 081302 (2006) from: Aprile et al., PRB 76, 014115 (2007)
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Poisson Smearing X@

Matter Project

2 | WIMP spectrum
S K / (10 GeV WIMP)
= ~ I I . .
Eﬂ ] N / Poisson smearing
= " g a1 with efficiency
5OF N UTT ;o All other contributions
girg T to the energy resolution
= - . : :
b | (interaction in LXe etc.)
s : ~areignored here.
i = Sl S
107 - i .
= 3 PE ' 4 PE (lower 90% Leff)
—fr_ |1 | 1|1 1 | 1 1 | | 11 | | 1 | I: | 1 1 1 | 1 1 | | | | L1 1
10 0 2 4 B X 10 12 14 16 18

Energy [keVr]

* Resolution at low E is dominated by Poisson counting statistics
- a few photoelectrons seen by PMTs

 WIMP spectrum is expeced to drop exponentially with E
- more events make it above threshold than vice versa
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