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Xenon as detection medium
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Xenon as detection medium
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Xenon as detection medium
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Double-phase Time Projection Chamber
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Double-phase Time Projection Chamber

e/ v electronic recoil

ER [keVee] "

n/WIMP nuclear recoil

Top PMT array (82/51) . winvp < (S2/51)¢
ol | L1 ][] |Gas xe
Anodep--SVES S - neineeeias e S1 S2
T I
drifttime>
Gamma
Liquid Xe
........... >
S1 S2
Cathod EEEEEEEEEEEN)
—?6 k(\)/ © WIMP  qrift time

Bottom PMT array

Paolo Beltrame
Moriond - EW Interactions and Unified Theories, 4/03/2013

NR [keVnr]



XENON
Matter Project

Xe

B e i e

£} SESduas SRt
" o

equivalent

3600 m water

XENON100 @ LNGS




The XENON100 detector Xe

Matter Project
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The XENON100 detector

e 161 kg of LXe. TPC: 30 cm height x 30 cm diameter.

‘;ﬁﬂ’;:j\o O HVFeedtougn  ACtiVe veto: 4 cm tick.
Tube to Cooli \N- / Double Wall
Tower | | 1™ Cyosat @ 242 PMTs (R8520) 1-inch x 1-inch.
- nal Top array (QE~23%). Bottom array (QE~33%).
[ /Asse;bly
P uppersice @ Electric field: Eqrit = 0.53 kV/cm. Eextr = ~12 kV/cm.
- — "~ Veto PMTs
Gussas | l‘:‘;"“e e Shielding: 5 cm Cu, 20 cm Poly, 15 + 5 cm Pb, 20 cm
/w Rm?mg H20O. Radio-pure detector materials. Cryocooler, FT
outside.
e Radio-pure Xe: Kr distillation column
] e 3D position reconstruction:
| Cathode - X/Y from S2 signal: few mm resolution
vy - Z from electron drift time: ~0.3 mm resolution

PMTs

Astropart. Phys. 35, 43-49 (2011)
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2011/2012 science run
& spin independent limit
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2011/2012 data taking
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e Data taking: Feb. 28, 2011 to March 31, 2012
e Excellent stability of the detector parameters: T variation < 0.16% and P variation < 0.7%
¢ Data following maintenance periods removed from analysis

=> 224.6 live days of dark matter data

Longest run of a liquid xenon detector
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Improvements to the previous science run

e More than double exposure
e | ower threshold:

S2 > 150 pe and S1 > 3 pe (6.6 keVnr)
e Reduced noise and improved cuts to identify/reject

“noisy” events
e Reduced Kr/Xe contamination (19 ppt)

e More calibration data:
35x more ER calibration
AmBe before and after the run

Trigger Efficiency

e Electron lifetime monitored with 37Cs source

increasing from 375 to 610 ps
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ER & NR calibration data
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Background prediction

ER background
e Radioactivity of the detector
e |ntrinsic radioactivity of the LXe

= ER calibration data to model the background

by scaling it to the observable DM data
(0.79 +/- 0.16) events

NR background

e (a,n) + S.F. and muon induced neutron

= MC simulation with XENON100 geometry

and screening measurements
(0.17 + 9125 97) events

Total expected background
1.0 +/- 0.2
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Analysis and selection cut acceptance
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Matter Project

Analysis and selection cut acceptance

All non blind data in 48 kg fiducial volume

log10(S2/S1)-ER mean
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Xe

Analysis and selection cut acceptance
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Matter Project

All non blind data in 48 kg fiducial volume

Basic quality cuts and single hit in the TPC

ligramgvarsiiawia

WEIZMANN INSTITUTE OF SCIENCE

14



Xe

Analysis and selection cut acceptance
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Matter Project

All non blind data in 48 kg fiducial volume
Basic quality cuts and single hit in the TPC

Energy ROI and fiducial volume
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Analysis and selection cut acceptance

All non blind data in 48 kg fiducial volume

Basic quality cuts and single hit in the TPC

Energy ROI and fiducial volume

Consistency cuts
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Analysis and selection cut acceptance
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All non blind data in 48 kg fiducial volume
Basic quality cuts and single hit in the TPC
Energy ROI and fiducial volume

Consistency cuts

arXiv:1207.3458
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Ne

Matter Project

224.6 days x 34 kg exposure
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e 2 events observed with 1 +/- 0.2 events expected
* 260.4% probability that background fluctuated
e No significant excess due to signal seen in XENON100 data
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XENON100 spin independent limit

e 2011/2012 data taking: 224.6 days x 34 kg exposure
e Dark matter isothermal halo: maxwellian velocity distribution ve = 220 km/s, Galactic
escape velocity vesc = 544 km/s, local density of p = 0.3 GeV/cm3

e | imits extracted via Profile Likelihood method Phys. Rev. Lett. 109, 181301 (2012)
10'39§|\||| T T T T T T T T T T T T T T T TE
= A XENONI00 (2012) -
“ ‘\ y QDAMA Na — observed limit (90% CL) ]
107 — Expected limit of this run: =
w CoGeNT DAMA/I B + | o expected ]
: " + 2 ¢ expected —
e SR OO E
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104 =
L e
107 = —=
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104 = IE
— "l Sicoc i ol JCAP 1203, 030 (2012)
— [\ Fowlie et al., arXiv:1206.0264 =
109 = | Buchmueller et al., arXiv:1112.3564 —
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Further new results
Spin dependent limit
Nuclear recoil detector response
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XENON100 spin dependent

e Spin dependent coupling of WIMPs to ?°Xe and 3'Xe (unpaired N)
e Abundance in XENON100: ?9Xe (26.2%) and 3'Xe (21.8%)

(2J 4+ 1)(J +1)
mJ

_ 3pn2J +10sp(q)
4% 7w Salg)

Tp.n(Q) S4(0) = la, < S, > +a, < S, >)°

e Axial-vector structure function Sa(q) from three different <S> and <Sp> calculations

- Ressell and Dean (Phys. Rev. C56, 535 (1997))
- Toivanen et al. (Phys. Rev. C79, 044302 (2009))
- Menendez et al. (Phys. Rev. D86, 103511 (2012))

Ressell and Dean Toivanen et al. Menendez et al.

Nucleus| J" | (Sn) (Sp) (Sn) (Sp) (Sn) (Sp)

129X e (%); 0.359 0.028 0.273 —0.0019 | 0.329 0.010

G (g);& —0.227  —0.009 |-0.125 —0.00069 |—0.272  —0.009
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XENON100 spin dependent

e 2011/2012 data taking 224.6 days x 34 kg exposure
e Menendez et al. structure function
e Same galactic assumptions and analysis selection cuts of Sl analysis and Profile

Likelihood technique
arXiv:1301.6620
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Lowest limit (WIMP masses > 6 GeV/c?)
Ox-n = 3.5 x 1040 cm?, My = 45 GeV/c? (90% CL)
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XENON100 Nuclear Recoil detector response

e AmBe data matching with MC simulation

e Simulation of scintillation and ionization
channels

e Dramatic improvement of detector signal
response understanding

e 2D signal analysis with WIMP simulation
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XENON100 Nuclear Recoil detector response

e Data
- \IC
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Ongoing with XENON100

e Monte Carlo study of Nuclear Recoil background

e Detector response to single electron

e Annual modulation in low-energy ER

e Axion and super-WIMPs search

e Light dark matter with S2 only analysis

e 2D analysis with S1 and S2 energy scales combined and WIMP simulation

e S1 energy scale measurement for ER @ Columbia and UZH

Paolo Beltrame
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XENON1T @ LNGS DNE

Matter Project

e Project approved and funded
e Design of major infrastructures completed

. Q\rlstruction in Hall B from April 2013
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XENON1T

e > 3t L[ Xe (1 m3 detector)

e 1 t fiducial mass => 20x larger than XENON100

¢ |ower radioactivity components: 100x lower background
e packground goal: < 1 background event in 2 years
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XENON1T

> 3t LXe (1 m3 detector)

1 t fiducial mass => 20x larger than XENON100

lower radioactivity components: 100x lower background
background goal: < 1 background event in 2 years

2 x 104 cm? for 50 GeV/c? WIMP
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XENON1T

> 3t LXe (1 m3 detector)

1 t fiducial mass => 20x larger than XENON100

¢ |ower radioactivity components: 100x lower background
background goal: < 1 background event in 2 years
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