1 00 "

AR
Physik /nStltl. Universitat Ziirich
,Ju|y26‘ 2010 d

Marc Schu
IDM 20

www.physik.uzh.ch/groups /groupbax&iis /xenin/



| Why WIMP search with Xenon? BXE

Matter Project

o efficient, fast scintillator (178nm)
* high mass number A~131:
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self shielding, compact detector “ulsdlaianlanls

* 50% odd isotopes
sensitive to spin-dependent couplings
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* no long lived Xe isotopes,
Kr-85 can be removed to ppt

e "easy" cryogenics @ —100°C
 scalabllity to larger detectors e
+ in 2-phase TPC: L R ™

good background discrimination -
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Dual Phase TPC

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

3D position reconstruction in TPC
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Matter Projpect

2010-2015:
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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

» 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 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 (Hamamatsu R8520)

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 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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underground since end of February 08
first filled with Xe in mid May 08
extensive calibrations, first science data
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I Calibration |

PMTII6 ZBI1239-790V . . . 5 e
I SoF Gair: 906406 Gain calibration, Gain Stability:
Tl o a0 blue LED (+optical fibers)

F Res. on s.e. : 61.59 % . . .

/. 465915 - gains stable within 2% (o/u)

bai: 6.10;«:4;04‘ T

G, : 9.39e+04 ) ) )
Average Light Yield, combined E-Scale:
n™Ar Cs-137, AmBe inelastic (40 keV, 80 keV),

w12 M

gain (x 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%
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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

e e = 3 algorithms (NN, SVM, x7) available:
3Eu Elastic Recoils -mx,,T\ AI’ < 3 mm, AZ< 2 mm

& ¥'Xe, 80 keV
E %%¥e, 40 keV
. .. O\ Y Electron Recoil Band (Background):

/ Co0-60, Cs-137, Th-228

Drift time (us)

10

F e e wowe | o Nuclear Recoil Band (Signal):
T  PREL IMINARY Neutrons: AmBe
e e — definition of WIMP search region,
discrimination
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ER / NR Discrimination
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« ER/NR discrimination via S2/S1 ratio
 Discrimination efficiency similar to XENON10 (>99%)
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XENON100 Background

Data (w/o LXe veto cut)

MC sum |
238

E—— No MC tuning!

o Using only values
* 21Bg of “Rn in LXe _from screening.

-=- 150 ppt of Kr

" 'h "g' Ibthl
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e

rate [counts keV™’ kg'1 day*]

IiJL.JJ JL'LJL l""j:g;:

500 1000 71500 2000 2660 5000
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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Background Comparison

Rate [events/keV/kg/day]
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Energy [keV]

XENONI10 (betore fid.)

XENONI0 (after fid.)

XENON100 (before fid.)

XENON 100 (after fid.)
With active veto!

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 (Eynr) 030 7 oo
‘C{?H{E“rj LYF{E 1292 kp'ﬁ,"} 0255— . Apﬁ?:{%ﬂm: %‘k\\i\\\%\ N
e ~ Kb S S N N
0.20 - Lehedenlui (201]u]| \\3\\\\ \\ \X
G . - N 4
measurement principle: oas= NN ]ﬁ%
0.10;— + \\\\\\\\\
N 0.05|— \\\\\\
E| L §| ! Coro |
9 1 10 102
N most recent measurements: Ew [keVir]
»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 Project

« difficult measurements

* measurements differ systematically

* large uncertainties

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

- do not prefer single oo gmeimn
measurement o0 ¥ e
(not even our own ones) 025F o aeeos

~ global fit to all ozl o
direct measurements o1sf- AN

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

— extrapolation to low energies "-"i—

-

—

motivated by available data

10
E,, [keVnr]
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First XENON100 Data Xe

Matter Project

Radius [cm]

2 4 6 8 10 12 14
R e
o ' » Background data taken in
-10p stable conditions
-155— . Oct-Nov 2009
ot * 11.2 life days
o e Data was not blinded
B :#%  * But: Cuts developed and
B e I i R SR R | optimized on calibration
0 50 100 150 200 250
Radius’ [cm?] data Only
e submitted to PRL
* Energy cut: <30 keVnr arXiv:1005.0380

* make use of excellent self-
shielding capability of LXe

* 40 kg fiducial mass
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Alog (S2/51)

A Look at the Bands

XENON10 PRL 100, 021303 (2008) XENON100 submitted to PRL, arXiv:1 005.%?%%
s P2 A 6 8 10 12 14 I1|6”I1|8”I20“I2|2II|2|£L.”]
0.4 3 g 8.2:: ! ' ~=
0ol ' 2 04fF E
- - % 0.2__. — | 'E' | E
o N 33— =
n Z  28E =
0.2 S 26E-\ . | 3
- :’09 2.4 =
0.4 S 20F A =
N = S
0.6 . L 1 sE- | =
. ' 1.6~ E =
-0'8_— ) . 1_4:_ i =
N | | updated plot with new Leff values 12E- - 3
o 5 10 15 20 25 30 35 40 0 BT T R T R T S T S TRT?
E [keVr] Nuclear Recoil Equivalent Energy [keV ]
. — £N0
- Background free in 11.2 days N seEEpiEnEe = o0
fter S2/S1 discimination cutefficiency  ~©60-85 %
2 (conservative)
* Both plots show similar exposure Background expectation <1
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Poisson Smearing

2 ' WIMP spectrum
S K / (10 GeV WIMP)
E‘n e~ -~ Poisson smearing
:2) mf_ / with efficiency
5 F N UTTT o All other contributions
g 102 o to the energy resolution
L | (interaction in LXe etc.)
s : ~areignored here.
Vil = eEEEA .
TE 3PE! |i4PE (ower90% L)
R A AR VRN EVRENIN | U N AU AU AVUATIN R

=

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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I A first Limit from XENON100

j 0.3 Sz_l (] Arneodo.l(QDOO) I I ' _z
03 - remorioon =
v Aple (2005) 1 =
0.25 = L Chepel (2006 {' ) 3
- 0,2%— B Aprile 2009) -
C\']—| 10_ § 1 T T T T T 1 T :_ ® Manzur (2010) _:
5 c \,.\ DAMA 0'15§ ____________ "{'T E
ERPTIAN 3 e 3
o 107 = : 0.05F P —
s = “ CoGeNT E -7 =
F} — ., PR | 1 1 1 PR T A |
7 - 1 10 100
2 107 D Nuclear Recoil Equivalent Energy [keV ]
8 F N DAMA ]
ol ) (it channcling) s oL XENON100 is working
= rotta et al. o = .
- Trotta ot al. CMSSM 68% CL. 3 extremely well and I
et = back at the sensitivity
N ot E frontier.
- ] This is just a first glimpse!
107 = XENONI100, Lower 90% CL Leff E We have much more
= XENONI00, Global Leff Fit . (blinded) data waiting
10-45 Lo 1| Lol tO be analyzed.
10 100 1000
Mass [GeV/c? :
spectrum averaged exposure: 170 kg days el Results submitted to PRL.
d - /R Kg aay arXiv: 1005.0380

Marc Schumann (U Zurich) — XENON100 19



°'*E' 10 Edelweiss Il
9, ._
S 1042 15\ CRESST-II -
‘g Dameseslld W
§ 10-43
O | XENON100
104
10-45
106 ..
\ Spin-independent
Roszkowskietal g WIMP-nucleon interaction
10-47 Lo | | ] I R R B |
10% 10°
Mass [GeV]

50 kg Target: 40days o =6Xx10" cm2 (@ 100 GeV)
30 kg Target: 200 days o =2X10"* cm2 (@ 100 GeV)
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XENON100: Sensitivity

°'*E' 10 Edelweiss Il
N
S 1042 15\ CRESST-II -
‘g Dameseslld W
n -
? 103
o
S S | XENON100
104 = .
; N
10-45:
=, .| XENON1T
B &
-46 | o o
= © Spin-independent
- Roszkowskietal () WIMP-nucleon interaction
10-47 Lo | | ] I R R B |
10% 10°
Mass [GeV]

50 kg Target: 40days o =6Xx10" cm2 (@ 100 GeV)
30 kg Target: 200 days o =2X10"* cm2 (@ 100 GeV)
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o 2.4t LXe ("1m?3 detector")
cabling conduit 1.1t fiducial mass

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

* in design phase
' QUPID (121) * bigger collaboration

A * Two possible sites:
LNGS / Modane
400kgoflXe | LR » Timeline: 2010 — 2015 2?2?
0.9m =
-
v = - :I .- Al coating
SESERRRENNN S o0 (12 E oo

22
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Summary

5 o_éo-_' — A'r6 § 1'0"1'2"'1'4'"1'6"'1'8"'250"'2'2'51'253 * Dark Matter: One of the

2 0 ' g big unsolved puzzles

< 0-2-‘1” , —— « XENON100

= H ’ E 62 kg dual-phase TPC

2 32:\ S 3 e underground @ LNGS

g aaf ' = « extremely low background
2E ——]
18E- = e first results from 11.2d data:
ij;: E arXiv:1005.0380
1-205— R .".'".;0‘.*-.%.—7;;.__. —40 e stay tuned for new results...

—

Nuclear Recoil Equivalent Energy [keV
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