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Dark Energy??7??



95% of the |
Universe is dark! N

Dark Energy????






- +Dark Metter * g -
.- (Gravitational «
, Le‘n§in'g)' '

2 colliding galaxy clusters
separation of Dark and Light (baryonic) matter

— Dark Matter and not modified gravity




I Cosmic Microwave Background

power spectrum of AT
J<ypical variation at typical distance”
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generated when radiation and
matter decouple and photons

i(i+1)c, /2 [pK?]
7l
o
o
o
[
|

can propagate freely 2000 / e \ u* M ;
H J - # ;
get information about 1000 5:. 'A-CDM model fits IkH. | -
structures in early universe =" data remarkably well | i + §
’ 1LII||Z$D | | | 5$o - AELO 15LD
S Cold |nV|S|b|e Multipole moment [
Dark colc_j (_v <10° ¢) Q= p/pcrit =1.02(2) QA =0.73(4)
ol el gg't'j('f”'ess H=71(4)km/siMpc  Q_=0.044(4)
from ,new physics* t0 =13.7(2) Gyr Qm =0.27(4)
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The WIMP Miracle

In early Universe: E
WIMPs in thermal equilibrium p(E) o exp (——)
creation <« annihilation '

0.01 P—r—TTTYY] p————rrT) T
expanding Universe: ,freeze out" 1
0.0001 r L
WIMPs fall out of m ‘_n? ‘°*ir Thermal Freeze Out 1
equilibrium, cannot knT ~ —2X > 19*r Equilibrium 1
e ’ ‘B 2{’) = m-ri q Increasing <o,v> ;
annihilate anymore - z ® 5
- Sl o‘# lic densit}
T e te.. Y sl
— non relativistic when decoupling g woey po Ve ¢ ¢ o :
from thermal plasma E :2": ________________ 1
— constant DM relic density # on = $ :
— relic density depends on o, E 1o T 1_
g 10%F 1
: o © o o .=
WIMP re||C denS|ty. Ll | Equilibrium density
‘ 107 b~ 1
i 9 Tni 0 ].ph | 10~ Er 1
() h* ~ const.— = T I T, TR,
| M3y, {(oav) {04 v/C) | 0 109 Jo0o
x=m/T (Ltime =)

O(1) when 0,~10® cm? — weak scale

M. Schumann (U Zurich) — XENON 8



SUSY and the WIMP

Standard particles

SUSY was introduced to solve
Standard Model problems

(i.e. hierarchy problem, Higgs mass)

New fundamental space-time symmetry (g
between fermions and bosons | |

R-parity avoids B/L number violation: =

Squarks . Sleptons .| SUSY force particles

1 — Minimal
-H"“"-H‘H SUpErSYmMmEtnc
50 - Py extension of
T el Standasd Model
40 .
R = (_1){331,[.125“] 30 .-t
S 20+
10-

B ey T T T
q i0* ..II}'IEI ..Iu'lﬁ

— lightest supersymmetric particle K
(LSP) is stable — cold DM candidate:

WIMP = weakly interacting massive particle o -
top
'!,-‘\\
- T 5 T "?' T - T - l
Neutralino: X1 = NuB’ + NuoWj + NisHy + Ny H,  n s StP
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Outline

Matter Projpect

Motivation: Dark Matter v
Direct WIMP Search
XENON100

The latest Results

The Future




Dark Matter Search

Direct
Detection

Indirect Production

B Detection ; @Collider /A




Direct WIMP Detection

COUPP Tracking:
PICASSO DRIFT, DMTPC,

MIMAC, NEWAGE

Phonons

CDMS CRESST
EDELWEISS ROSEBUD
Charge Light
GERDA XENON DEAP/CLEAN
MAJORANA LUX, ArDM DAMA, KIMS
CoGeNT DarkSide XMASS

MAX, DARWIN
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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
. R x N N 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

x\./x x - quark (Sl, scalar) Y X - quark (SD, axial)

> < > < Result: Tiny Rates

PaN R < 0.01 evt/kg/day
v ‘* ’ E_ <100 keV

Ls~xxqq o A Lo~ XV ¥XqV' 9 o< J(J +1)
Jungmann et al. '96 Phys.Rep.

What do we look for?

 nuclear recaoils, single scatters
* recoil spectrum falls with E

e dependence on A, spin?

» annual flux modulation?

3
T le
<
U
m-
x|
O
D
O
—
Q)
=
@)
-}
w

=N

Q
=3
ra

CMSSM: Troftta et al.
CMSSM+LHC:
Buchmueller et al.

—_—
<
E-3
[ %)

1 event/kglyr

=N

S
=
oW

WIMP-Nucleon Cross Section [cm?]
= =)

1 event/ton/yr, . .,

20 30 4050 100 200 300 1000
WIMP Mass [GeV/c?]

—_—

<
R
=l

1

o
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WIMP Interactions
Detector Requirements

\./fc x - quark (Sl, scalar) Y X - quark (SD, axial) .
i > < > < Result: Tiny Rates

R < 0.01 evt/kg/day
‘* ’ E_ <100 keV

Ls~xxqq o A La~ X sX@V' 159 o< J(J +1)
Jungmann et al. '96 Phys.Rep.

What do we look for? o

 nuclear recaoils, single scatters
* recoil spectrum falls with E

e dependence on A, spin?

» annual flux modulation?

WIMP Expectations
CMSSM: Trotta et al. =

CMSSM+LHC:
Buchmueller et al.

1 event/kglyr

How to build a WIMP detector?

e large total mass, high A
 low energy threshold
e ultra low background 1

event/ton/yr. . |

» good background discrimination 0% 20 30 4050 100 200 300 1000
WIMP Mass [GeV/c?]

WIMP-Nucleon Cross Section [cm?]
=)
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| Why WIMP Search with Xenon? BX€

XENON

Matter Project

1 18

T — Ordnungszahl ]

1| H £ O Metall He

toos | 2 C |- Symbol O Halbmetall 13 14 15 16 17 |sooz

2| Li | Be 1201 O Nichtmetall Ble!|nN S F ﬁ"e

6941 | 9.012 l—AtOmmaﬁse 10051 | 1201 | 14.01 [16.00 | 19.00 | 2015

Na|Mg Al|Si|P|S|c1|ar

] ] ] ] 3 a i
5 7 12

« efficient, fast scintillator (178nm) it i b i d S il (e i 38
) 4| K [Ca||Sc|Ti| V [Cr|Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As | Se | Br

5910 | 4005 || 44 96 | 4755 | 5094 | 5200 | 5494 | 5585 | 5595 | 5569 | 6355 | 6559 | 6972 | T 61 | F492 | FEO6 | VO S350

- b | Sr| Y | Zr |Nb |Mo| Tc |Ru|Rh | Pd | Ag|Cd | In | Sn|sb| T X

¥

e high mass number A~131.: ST | e SRS 0 LOt st il LB LB LB SR LEE LR [
¢CsBaLquTaWRIBOsIrP'I:AuH%TleBiPoA.gg,

. 13249 | 1573 175.0 | 1755 | 1509 | 1555 |156.2) 1902 | 1922 | 1495.1 | 197.0 | =00, 2044 | 2072 | 2080 | 2080 | 2100 |

. 57 103 104 105 106 107 105 109 110 111 11=2 114 116 115

SI. hlgh WIMP rate @ IOW thf@ShOld 7| Fr |Ra||Lr | Rf | Db B? Bh | Hs | Mt (Uun(Uuu|Uub Uug Uuh Uuo
2230 2260|2621 2611 | 2621 ] 2631 ] 264.1 | 2651 265 269 272 277 289 289 293

« high Z=54, high p~3 kg/I:

self shielding, compact detector T e & v
- o -2 : — e A=131
° n O I On g IIV e d X e I S Ot Op e S’ PO e MR . :Mw";qp=1ﬁnaev_§

LT own=4x107% gm? ]

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

Kr-85 can be removed to ppt

 "easy" cryogenics @ —100°C

Diff. rate [events/(kg d keV)]

° Sca|abi|ity to |arger detectors R T m—
» in 2-phase TPC: . N e
good background discrimination 0 i

Recoil energy [keVTr]
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Dual Phase TPC NS

Matter Project
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Dual Phase TPC NS

Matter Project
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Dual Phase TPC NG

Matter Projpect

-

Amplitude

Time
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Dual Phase TPC NG

Matter Projpect

-

Amplitude

Time
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Dual Phase TPC L8

Matter Projpect

-

Amplitude

S1

Time
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Dual Phase TPC NG

Matter Projpect

-

Amplitude

S1

Time

—16 kV
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Dual Phase TPC NG

Matter Projpect

+4.5 kV ......

-

Amplitude

S1

Time

—16 kV
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| e | e |
L ri

Dual Phase TPC NG

Matter Project

+4.5 kV ......

-

Amplitude

S1 52
= __

Time

—16 kV
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203
=02
= L SIs14PE Astropart. Phys. 35, 573 (2012)
ZoisE  S2:459.7PE
= C
o
0.05— 151 ps
C >
A |
= P TR N W o r oy Ly
0 5 100 150 200 250 300 350 200
0\ \ Time [us]
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The XENON program

XENON: A phased WIMP search program 2010-2015:
XENONI1T

Matter Projpect

2008-2012:

2005-2007:

e \\ WesTFALISCHE
WILHELMS-UNIVERS ITAT

N 5%
SN N MUNSTER

L]

ook ' ubatech 1At Non




XENON Collaboration

XENON Collaboratlon Meetlng LNGS Aprll 2012
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XENON100

Astropart. Phys. 35, 573 (2012)

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

e passive shield
(Pb, Poly, Cu, H20, N2 purge)

M. Schumann (U Zurich) — XENON 28



XENON100

Astropart. Phys. 35, 573 (2012)

Goal (compared to XENON10):

* increase target x10

* reduce gamma background x100
= material selection & screening
- detector design

'.'--...-.-i-

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 passive shield
(Pb, Poly, Cu, H20, N2 purge)

M. Schumann (U Zurich) — XENON



XENON100

Astropart. Phys. 35, 573 (2012)

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
» active LXe veto (=4 cm)
e 242 PMTs

 passive shield
(Pb, Poly, Cu, H20, N2 purge)
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Backgrounds

Muon flux vs overburden

Experimental Sensitivity

without background: o« (mt)”
with background: oc (mt)"?

&  Proposed NUSL Homestake
®  Curentl |

WIPP
Soudan

-2 y-1 l

Kamioka

Gran Sasso

Background Sources
environment: U, Th chains, K

10° 3 Homestake ® paksan

Mont Blanc [

Muon Flux [m

28 ) .24 Th .2 Pg 24U .2 Th .2 Ra -2 Rn - 28 Po ...
a B B a a a a 10°3

22 Th .2 Ra 2" Ac .2 Th -2 Ra -2 Rn _ 26 Po ...
a B B a a a .

Sudbury £
NUSL - Homestake E

t ] t t T T A A
5 6 7889 2 3 4 5 6 7 889 4
10

* y and B Decays (electronic recoil) Depth [mwe]
— intrinsic” bg most dangerous (Kr85, Ar39, Rn)

* neutrons from (x,n) and sf in rocks
and detector parts

* neutrons from cosmic ray muons

Electronic Recoils Nuclear Recoils
(gamma, beta) (neutron, WIMPs)
M. Schumann (U Zurich) — XENON 31
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Background Suppression

H>0 I Polyethyiene

A Avoid Backgrounds

Shielding
deep underground location
large shield (Pb, water, poly)
active veto (y, y coincidence) ' H—L%ﬂ

self Shielding — fiducialization

Pb » /low radioactivity Pb m

Palethylene- -
U

Astropart. Phys. 35, 573 (2012)

“of T Shield Door

Use of radiopure materials
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L] alkaii metals
Alkaline Earth Metals
Halegans
Matallcids
Hoble Gases
Foor Matals

Transiton Metals

narium

y: 911 KeV (26.6 %)
Y: 969 keV (13.2 %)

M. Schumann (U Zurich) — XENON

ACTinmm Tl sarn
73380 !
" e Ly ;o noble gas,
"\ 'l . J---- i-lr.._'.".. . .
Hadium | y: 92.4 keV (2.5'%)| ..~ pA %% *p(esent In air
Y: 92.8 keV (2.4 %) [ *~ r S
rancium *' *
/,aa* ,
H / B
Rador o | I b,
: Il 3 dav ‘1,
: \ k
L - slaline "‘
Astatin I: i i I'u
L] L]
L] 218 . . 214 b 210 L
. [sPopet LaPopi {ePop
Folonium Y: 609 keV (41';3' %) ST e O B E
y: 1120 keV (14,1 %) *abBlfL"y |=Bil.. '
¥: 238.63 keV (44 %) Y: 1765 keV (147 %) S g8 O B g S ¥, !
Bismuth . ‘=P - & o P '-';J
v, N 28imn ¥ N 2rEy ¥ Stakiln ;
£y L
‘q.‘ 0 TI Thallium Tl Trallm ;‘
F v:295 keV (17.7 %) [ ™, Jomm B0l p-Limm
T : 352 keV (34.2 i %
Y583 keV (30.4 %) - ( . CHal g
¥: 2615 keV (35.6 %) Bl " 24
Thallium
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Gator 2.2kg high purity Ge detector
operated by UZH @ LNGS

JINST 6, PO8010 (2011) 3 :l?&

1 1 1 1 1 1 1 1
200 400 600 800 1000 1200 1400 1600
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Gamma Ra

Screening

JINST 6, P08010 (2011)

10' FStainless Steel

Rate [kg ' d' keV7!]

—Data

Simulation sum spectrum,

238,
U decay
— 227 decay
&0

Co decay
FMn decay

o decay
—— Background spectrum

1500
Energy [keV]

i
1000

Component Amount Total radioactive contamination in materials [mBqg/amount|
BEU P Ral Y Th | 00 K |other nuclides

Cryostat and “diving bell’ (316Ti S5) [73.61 kg 121.46 147.23 | 404.87 | 662.52

Support bars (316Ti 55) 49.68 kg 6G4.58 144.07 | 69.55 | 352.73

Detector PTFE 11.86 kg 0.71 1.19 0.36 8.89

Detector copper 3.88 kg 0.85 0.62 5.21 0.78

PMTs 242 pieces 60.50 111.32 | 181.50 [1972.30 |7 Cs: 41.14

PMT bases 242 pleces 38.72 16.94 2,42 38.72

TPC resistor chain 1.5 107" kg 1.11 0.57 0.12 7.79

Bottom electrodes (3167T1 858) 0.23 kg 0.43 0.45 2.14 2.36

Top electrodes (3167T1 83) 0.24 kg (.85 0.43 1.73 1.16

PMT cables 1.80 kg (.85 197 0.37 18.65 IUH”'Ag; 2.67

Copper shield 2.1x107 kg 170.80 24.69 .59 R0.26

Polyethylene shield 1.6x210% kg 368.0 150.4 - 1120.0

Lead shield (inner layer) 6.6 10% kg 4.3x10%  [3.6%10%|7.2x10% [9.6x 10* | *'"Pb: 1.7x10%

Lead shield (outer layer) 272x10% kg | 1.1x10°  [1.4x10%|2.9x107 |3.8 %107 |*'"Ph: 1.4x10'"

M. Schumann (U Zurich) — XENON

Screening results:
Astro. Part. Phys.

35, 43 (2011)

use results for
Monte Carlo

Simulations
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ICP-MS

Inductively Coupled Plasma Mass Spectrometry

Electric Sector

Produce ions in an
inductively coupled plasma

Separate and detect ions
Gate Valve iIn @ mass spectrometer

SEM

Sensitivity down to
- 0.1 mBa/kg for U and Th and
meace 1 mBaq/kg for K

e
\ RF Load Coil ICP Torch

Load Coil, Torch
and Plasma

Magnetic
Sector

Exiraction Lens

Argon
Plasma

XENON100's ICP-MS measurements
were done at the Chemistry Lab at LNGS

M. Schumann (U Zurich) — XENON 38



Neutron Activation Analysis

Xe

I 2
H He
3 4 5 3 7 ® 9 10
Li | Be B | C N (0] F | Ne
i 2 E ] E Tir K 8
Na | Mg Al | 8i | P 5 | Cl | Ar
1% 20 21 22 23 24 25 26 27 28 29 30 31 32 33 4 35 36
K | Ca| Se | Ti |V |Cr|Mn| Fe |Co|Ni|Cu|Zn|Ga| Ge| As | Se | Br | Kr
7 | R 30 [ a0 | 4 2 |43 | w0 [ 45 & a7 | & | @ | = H] 52 | 53 [ 54
Rb | Sr Y |[Zr [ Nb (Mo | Tc | Ru | Rh | Pd | Ag | Cd | In | Sn | Sb | Te 1 Xe
53 56 5 | 2 | @ 74 | 76 a8 79 =0 [ 81 82 83 # | 85 | %0
Cs | Ba |'"La| Hf | Ta | W | Re | Os | Ir | Pt [Au | Hg | TI | Pb | Bi | Po | At | Rn
87 5 B [ 14 | 103
Fr | Ra | *Ac| Rf | Db
I].i’lllihﬂniﬂt‘ 38 59 ol 41 [0 63 o4 i3 [Ci] 67 [ o T 71
Ce | Pr | Nd [ Pm | Sm | Eu | Gd | Th | Dy | Ho | Er | Tm [ ¥Yb | Lu
PO E 92 T T S ¥ 97 | o8 | 9@ | o0 | 101 | 1oz | 103
o Th | Pa | U | Np| Pu |Am [Cm | Bk | Cf | Es | Fm | Md | No | Lr
TRI GA Ma| Nz No n-gamma radioactive isotopes
Radioactive isotopes can be produced. Limitation is short half-life or flux energy
3 XE N O N Sam pIeS (2X Ti y PTF E) Elements routinely determined by INAA
activated @ Mainz in Dec 2011
Analysis by C. Stieghorst (Mainz)
PTFE Maagtechnic uBag/kg
Detector Pcs Mass [kg] Time 238U 226Ra 228Ra 228Th 235U 40K 60Co 137Cs
Gator 12 23.4 47.37d | <3000 <60 <160 <100 <130 <750 <30 <70
ICP-MS 1 0.0044 few h 50+10 - 20060 - - 590+10 — —
NAA-Mainz 1 ~0.005 few h <670 — <540 — — — — —
39
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% [ “h oy vsng “Co gy g +:':;a ::;III 2009, no veto cut)

E [ e [ f .......:I( No MC tuning! Measured Background in good
P ST Vil ol agreement with MC prediction.
g2 F S A screening only. _

gt i T At low energies: Lowest
g f ¥ background ever achieved

-
(=]
&

Ea

T T %]

‘ In a Dark Matter Experiment!
|

10+

HHHHHH

il HU
(— TI

PRD 83]082001 (2011) A
0 500 1000 1500 2000 2;ﬂ:ergy [ke\S;:lll]l]

—

<
1T 1T
[ L1

-
o

CoGeNT =
30 kg fiducial mass i) CDMS_ XENON10
» active LXe veto not used for this plot 1 7'l DAMA/LIBRA

« exploit anti-correlation between light
and charge for better ER-energy scale

XENON100
{full target)

IGEX

Rate [events/keVee/kg/day]
3

AL
3

| |':++|'.-||||||

PMT, 48.5 %

teflon, 2.1 % Xenon
P steel, 6.2 % 2| |
keVee-Scale 0TE e H—+——=
; = ! | XENON100 7
? nOt preCISely [ (fidycial volume) :
. " poly,10.7 % known 3 | ! | | | I I | |

Lxe 3.9 OJ/O 10 L1 | | 1 11 | | - | | | | | -

PMT bases, 28.5 % ) below 9 keVee 5 10 15 20 25 30 35 40 45 50

Energy [keVee]
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I Low Energy Response to ER

im PP—
?G 3cm i
E ___70cm —T—T—T— T i
- (D= J
l [ | | | 1 Nal detector _ il LXe TPC

137Cs source

Compton Scatter Measurement in Zurich
indicates that LXe ,sees” electronic recaoill
interactions around ~2.3 keV (at zero-field)

1-0 spread of
the beam is 1.6°

4.25 raw Monte Carlo spectrum

250 .
300} ~2.3 keV
250F
2 aanl o ‘IDD’ - —————r - 71T
5° preliminary - s
3 150} 70F preliminary
100} S0F
s0f %- )
o 2 4 e_8_10 12 14 18 18 20 < 5f
Raw Energy [keV] Eﬁ
4.25 Data E, o
200 P — O 10t -
~2.3 keV S
150F J' o i — o
o preliminary <
E toop]
presented at TAUP2011
(A. Manalaysay, UZH)

= ﬂ' -‘I. - - - r - 1 L " M N L
0 20 40 &0 E‘ﬁ t.::‘tg?[[-:é? 140 160 180 200 1 o 5 7 10 o0 50 70 100

M. Schumann (U Ziirich) — XENON Energy [keV]



Background Suppression

H>0 I Polyethyiene

A Avoid Backgrounds

Shielding
deep underground location
large shield (Pb, water, poly)
active veto (M, y coincidence) | H—L%ﬂ

self Shielding — fiducialization

Pb » /low radioactivity Pb =

Palyethylene -
AU

Astropart. Phys. 35, 573 (2012)

I AL ot LS e

PR,

Y DAy

At e WAUL IS

200 40 60 80 100 120 140
r [mm)]

=]
j=3
a
-]
[
=
o
L
8

Use of radiopure materials

B Use knowledge about expected WIMP signal

WIMPs interact only once ety 3
— single scatter selection bl BB ) S
require some position resolution  : - s e o

WIMPs interact with target nuclei ek 3
— nuclear recoils FINAN b
exploit different dE/dx from "

signal and background S N
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Outline

Motivation: Dark Matter v
Direct WIMP Search v
XENON100 v

The latest Results

The Future
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Log10(S2Tot/S1)

The new XENON100 Data

data taken in first half of 2010

100.9 life days
data blinded in ROI
analysis and results in:

PRL 107, 131302 (2011)

P PR
150

P B 1
100

c—h

50
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200
E [PE]

Live Days

2.245

2.240

Pressure [atm|]

2.230F

0

0.24%

Lt

31001 02/03 04 0105 31505
Date in 2010 [Day/Month]

S
®.01.14
2
591,16
£.91.18
5.91.20
2912

SO1.22F

01

e D

£
ol

o1/05 1705
Date |Day/Month]

T2i03 o1/04

L0

140

120

100

80

&0

40

20

...-rl‘/_ I
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2.76 ATeV
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Pb+Pb @ sqrt(s)
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Data Analysis

Basic Data Quality Cuts

- reject non useable waveforms
(muons, micro-discharges, ...)

- ,hot spot” cuts

- S1 noise cut

M. Schumann (U Zurich) — XENON

log (S2 /S1)-ER mean

Energy Cuts

- low E region (S1)

- S2 software threshold

- require 2x S1 coincidence
(against PMT dark current, noise)

S1 [PE]

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

I I I I I I I I I I I T | I I I
I

-
o,zf— | - : ol
N | energy region |
= | |
Fou I
02k | |
SETE NR calibration |
< 0.6 | |
SN |
08 |
= } ~~~82 > threshold I
1‘2_ | | ||1|0 | | | | 2|0 | | | T‘-;O | | | | 4‘0 | || | | 5|0 | |
Energy [keVnr]
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Data Analysis

Basic Data Quality Cuts Energy Cuts
- reject non useable waveforms - low E region (S1)
(muons, micro-discharges, ...) - S2 software threshold

- ,hot spot” cuts - require 2x S1 coincidence

- S1 noise cut (against PMT dark current, noise)
> 02
- E  SL:514PE

Single Scatter Selection ~ Zoisp- s2ew7re |

(WIMPs interact only once!) £ o1

- only one S2 peak 0.5

- only one S1 peak - ¥ I

- active veto cut 00_ TR0 3R 3100

Time [us]
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Matter Projpect

Energy Cuts

- low E region (S1)

- S2 software threshold

- require 2x S1 coincidence
(against PMT dark current, noise)

single scatter
interaction

anomalous
event pattern

M. Schumann (U Zurich) — XENON



Data Analysis

Basic Data Quality Cuts Energy Cuts
- reject non useable waveforms - low E region (S1)
(muons, micro-discharges, ...) - S2 software threshold
- ,hot spot” cuts - require 2x S1 coincidence
- S1 noise cut (against PMT dark current, noise)

Fiducial volume cut
NR/ER discrimination

(strict only for classical analysis)

Single Scatter Selection Consistency Cuts
(WIMPs interact only once!) - S2 width cut

- only one S2 peak (drift time ok? gas events)
- only one S1 peak - position reconstruction

- active veto cut - anomalous event rejection

M. Schumann (U Zurich) — XENON 49



Background Prediction

Expected Background for
» 48 kg fiducial mass

* 100.9 live days .
« 99.75% ER rejection : n'z
=
Gaussian Leakage: § o
1.14 = 0.48 N
Anomalous Leakage: .
0.56 = 0.25 e
Neutron Background: !
0.11 = 0.08 -

1.8 + 0.6 events

S1 [PE]

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
X I B B B B B
- | |
— | |
n I |
m | |
- | |
- I 99.75 ER rejection
- ! I
—~ | .
SN PRt |
- o~ e 30 NR hcceptance
S |
u | T — |
[ || | L et L || I |

10 20 30 40 50
Energy [keVnr]

— prediction based on data and MC

— prediction verified on high E sideband

M. Schumann (U Zurich) — XENON
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z [cm]

Radius [cm]
2 4 6 8 10 12
0 | | | | |
10— ‘e
R & E
s '
20
250 e
T e .
'30_|_| |—|__\_F|_|—-| [ .| .|“ 1 ..T .|..| 1
0 50 100 150
Radius? [cm?]

Gaussian Leakage:
1.14 £ 0.48

Anomalous Leakage:
0.56+ 0.25

Neutron Background:
0.11 = 0.08

1.8 + 0.6 events

M. Schumann (U Zurich) — XENON

(SbeS 1)-ER mean

logm

Xe

Result

S1 [PE]
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Observe 3 events
- |ikelihood for 3 or more events is 28%
— Profile Likelihood analysis does not yield

significant signal = calculate limit -



WIMP-Nucleon Cross Section [cm?]

(spin-independent) WIMP Limit

]0‘39 =T T T T T T T T T LI B g
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<) DAMA/Na XENQ‘D‘J,]‘UQ (2 01‘1,,) , ]
" _\Q omnemiorech | PR 107, 131302 (2011)
E . ,‘ -\ CoGeNT Xpecte nit o i11['s run: E
5 N / . + 1 ¢ expected = . . . .
O ., A -
- :_'\- S \MDM"} (2011) DAMAT + 2 ¢ expected _: lelt derlved Wlth
=)\ ) L\szmm ____________ SMPLE (011) = Profile Likelihood method
S - PRD 84, 052003 (2011)
104 = A XENONIQ.SE:’ only, 2011) . CRESST (2007, reanalysis) =
= - EDELWEISS (2011) XENONI00 (2010) __=
10 = . =
r - 1 Detector is operational
104 = ~_ —= .
= k \ \ Trotidetal. 3 with lower background level
10—45 B Lo | | 1 | [|3UC|hIT|1mf“ﬁ:r| vﬂ T 1 \ﬂ | L 11 |_ and Iowered trlgger threShOId
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- 180 Dark Matter ‘ E
onc 160— | —
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limit over a large WIMP mass range 3 | E
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signals as being due to light mass WIMPs - 22T 9o
20— AMBE 4.-_-,—--}—-”""_"—2
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How do we get there?

M. Schumann (U Zurich) — XENON

\ IMP-Nucleon Cross Section [cm?]

—1.0.47_

10

1 event/ton/yr . .

WIMP Expectations

CMSSM: Trotta et al.
CMSSM+LHC:
Buchmueller et al.

1 event/kglyr

20 30 4050 100 200 300 1000
WIMP Mass [GeV/c?]
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1.9m

1.3m
M. Schumann (U Zurich) — XENON

e 2.6t LXe ("1m3 detector")
1t fiducial mass

e 100x lower background
(10 cm self shielding,
low radioactivity components)

e Timeline; 2010 — 2015
e start construction in 2012

B &

]

-
B

Low Radioactivity
Photon Detectors
(37, Total ~250)

el cail pos an N tha TP [om

B &

i

Ti Cryostat
(or low rad. RN
stainless steel)

&
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XENON1T @ LNGS

XENONIT
e e @ LNGS (Hall B)
B "~ - 4.8 m water shield
I Rl 18 l acting as active muon veto

* Proposal and TDR submitted to LNGS
* Approved by INFN end of April 2011

. - — T
__.i.-f.l-" ater Tank —THS . =TT T ] [ehid
L [T J- il
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DARWIN — Dark Matter WIMP Search with Noble Liquids
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logm(SQ /S1)-ER mean
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Two new projects upcoming:

« XENONI1T
1 ton LXe target mass

 DARWIN
multiton LXe/LAr detector

10"

WIMP-Nucleon Cross Section [cm?]
2 g 3§ 3
s & & ¢t

M. Schumann (U Zirich) — marc.schumann@physik.uzh.ch

e Dark Matter: One of the
big unsolved puzzles

« XENON100
62 kg dual-phase LXe TPC

« extremely low background

* [atest results from 100d data:
PRL 107, 131302 (2011)

CDMS (threshold)
CDMS

I

—

= —
%2 —_
il _//%ﬁ_ﬂ =
2, - P
e, AY S —_—

o N —_——e——— .

G, i~

%3 M XENON100 (goal) - Trotta et al
E G
E . Q/

s =
E Y8a —
s, S Buchmueller N e =
it —
i ~ —_—
= s, ~ . _XENONI1T (goal) —— 7
E R, ~7 —
= e, —_——— e ———
— i, s
— ARAAAT ]
KRN R N N SR

= NN DARWIN ( oal ) e e e
E LN 9 B T e b =
= RIS A A A AR AR
= N N N N ST S
— T gy o ottt e ta ettt
-

| 1 SR SR RNNNRNNNNRE KNF KSR RS 1 1 I N |

100 260 360
WIMP Mass [GeV/c?]

1000

Y



Backup
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I Nuclear Recoil Energy Scale

* WIMPs interact with Xe nucleus
- nuclear recoil (nr) scintillation (8 and y's produce electronic recoils)

* absolute measurement of nr scintillation yield is difficult
= measure relative to *’ Co (122keV)

* relative scintillation efficiency Left. _
average over all direct measurements

r {E ) L&r{Eur] 0.35 o Ameodo 2000 C T - _i
- T 4 &y T £ L\-JI|]1‘1ln\.L ]2_1.1 2 =
et LY (Eee = 122 keV) 035§ ey ;
o 0.25 O Chepel 2006 =

' ® Aprile 2009 * 3

. o = & Manzur 2010 : —

measurement principle: g 025w ez b

0.15

/n4 R T I T TR
Energy [keVnr]

N 0 most recent measurements:

> ————————————————————————————— B Plante et al., PRC 84, 045805 (2011)

/\ Manzur et al., PRC 81, 025808 (2010)

: New meqsur_eme"n_t for discussion of possible systematic errors see
In preparation in Zurich A. Manalaysay, arXiv:1007.3746

®
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Profile Likelihood Method

PRD 84, 052003 (2011)

E 40 T T T T | T T T T | T T T T | T T T T T T T T T T T T | T T T
5 30 [run_08 (100.90) =
0 :
10 Lt 1 —Dbackground + WIMP signal
- # i (100 GeV/c? at 10* cm?, 13 events)
2r oennen] il i—observed Signal
L — e E
K o 34— expected background
I < | i
021 -
| | | 1 | | | | 1 | | L | 1 | | | | | | | | 1 | | | | | | | | 1 30
2.0 ‘15 1.0 -0.5 0.0 0.5 1.0 ORI T T TR
Discrimination Parameter 5 F\ 5 SO avia run_07 (11.2d) -
§ " > CoGeNT
S 104 /

need good understanding of background
(»background model“) 0

- but this is required by any 10
low background experiment
(regardless of the type of analysis)

o s XENON100

‘F.IIIHI| I\IIIHI| I\IIIHI|

Trotta et al. CMSSM 68% CL

XENﬂ)O profiled limit

PLresult . |

1 | | 11
10 100 1000
Mass [GeV/c?]

.....

T IIIIIII| T IIIIIII| T \IIIHI| I \IIIHI| I \IIIHI| LTI
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