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Direct detection of Dark Matter: The LZ Experiment

Motivation: Direct detection of dark matter particle (WIMP) via elastic scattering off xenon nucleus

dark matter : =y

luminous matter

X My~ 10-1000 GeV

Xe —>
X E

Erecoi~ 1 - 1000 keV
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Background Sources

Electronic Recoils (ER): Nuclear recoils (NR):
Radiation from detector components: { Radiation from detector components:
e vy from U, Thchain, K, Co e n-emission from U/Th:
e Dissolved B: Rn-chain, Kr, Xe o  Spontaneous fission
e - capture: Ar, Xe-isotopes o (alpha,n) reaction
e  Cosmogenically activated xenon

External ambient radiation:

External ambient radiation:
e U/Th

e U, Th,K, Co,Rn . i

Cosmogenic radiation:

Cosmogenic radiation:
e  Solar v: pp-v

e

e Solar v: 8B-v

U/Th e p-induced n

Shielding
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The Dual Phase Time Projection Chamber

Why Xenon:
1. Xe nucleon is sensitive to “vanilla” WIMP PMT Array
mass Measurement of S1 and S2 allows for:
2. ltis quiet " .
3. Allows for particle ID => Position reconstruction
4.  Self shielding Xe Gas Aode (PMT hit map)
5.  Provides numerous additional physics Energy reconstruction (S1 + S2)
capabilities Gate . _
Particle ID (S2/S1):
Particle detection: € Electron recoil
_ e - € Nuclear recoil
1. S1: Prompt scintillation photons Drift field
2. S2: Delayed scintillation:
lonization electrons drift up in drift field )
. Cathode 5
and produce electro-luminescence = 52
. . . Sis| S1 AL
light in the gas region Bottom Grid E -
i’l\/iTArray I ' i i
0-951 us
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The Dual Phase Time Projection Chamber

e 1.5diameter x 1.5 m height
Why Xenon: -
1. Xe nucleon is sensitive to “vanilla” WIMP PMT Array * 7 tonn(i o ||qu!d xenen
mass o 494x 3" PMTs in two arrays
2. ltis quiet e 4-highvoltage wire mesh
3. Allows for particle ID , electrodes:
4. Self shielding Xe Gas R Anode o Drift field
5.  Provides numerous additional physics . .
capabilities Gate o Extractionregion
_ _ PTFE Field cage
Particle detection: PTFE coverage for increased
1. S1: Prompt scintillation photons Ot el light collection
2. S2: Delayed scintillation:
lonization electrons drift up in drift field )
) Cathode S
and produce electro-luminescence =
55| S1 S2
light in the gas region Bottom Grid E —
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Located 4850 ft underground at

The LZ Detector Sanford Underground Research Facility (SURF)

7t dual-phase xenon
Time Projection
Chamber (TPC)

2t liquid xenon
“Skin” detector

17t gadolinium-loaded
liquid scintillator outer
detector

120t high-purity
water

in South Dakota, USA

Sanford Underground
Research Facility

Yates

y )3* >ﬂ°§s

|
|
1 Mile

Davis Campus

: Future site of
/ 7 " DUNE

LUX-ZEPLIN (LZ)
Experiment

NIM A 163047 (2020)
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https://doi.org/10.1016/j.nima.2019.163047

Gamma and Neutron Veto: Skin and Outer Detector (OD)

Motivation: tagging and subsequent reduction of neutron and gamma background to achieve projected

WIMP sensitivity

Neutron Detection:

ix e

Compound
Target nuclpu‘;
neutron
—_— —
Neutron
Capture

prompt ) @
i..
X

157 Gd + D¢hermal —>158 Gd + ’7(788 MeV)

:'—\©

First Results of the LZ-Experiment

Skin: The gamma-ray veto

e 2t of Liquid Xenon surrounding
TPC instrumented with 131 1” &
2” PMTs 7

Outer Detector: The neutron veto

e 17t Gd loaded liquid scintillator
embedded in 120 t water, read out
by 120 8” PMTs

e Neutron tagging efficiency: 88 %

4
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LZ’s First Science Run

Motivation: Demonstration of detector readiness and competitive measurement of WIMP exclusion

Engineering run (unblinded): 116 calendar days -> 60 live days

e Stable detector conditions : : | | | | i |
o Drift field: 193 V/cm ot : |
o Extraction field: 7.3 kV/cm in gas Eqb : H‘H |
o >97 % of PMTs operational g | |
o Liquid temperature (174.1 K) 2.0 " - o | |
o Gas Pressure (1.791 bar) Bl By B 5} _
o Liquid level stable within 10 microns §2 :gg 3 56! |

e Continuous purification of Xe IS E 2 Requeement 1w Tyl i
o 3.3 t/day through hot getter system 0§ : . . . .

12-2021 01-2022 02-2022 03-2022 05-2022

e Electron lifetime: 5 -8 ms
Date
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First Science Run

Detector Calibration

Motivation: Determination of Detector response to neutrons, electrons and gammas in TPC, OD &
Skin using dispersed and externally deployed sources

TPC Band fits performed with NEST) oD
450 https://nest.physics.ucdavis.edu/ .
. SR S N L A o L BN LR R 2
F oy oo ) 60 ke 13.4 ke ] : 10%
A Tritium (B) ; 2srev. v Ve, ; o
- < Cf252 spontaneous fission neutron source
s 10
o
= O ER b B ae o T e e  2.2MeV H- 8.5 MeV 155Gd
= R T 1B .~ capture peak capture
T . I i endpoint
%SD 10" E- /
: =
% ] 102
3.00 7% ]
4 0.9 keV, 2.9 keV 5.1 keVee 7.4 keV, ] - 5 s
r 5 keVa | 15 keVa | 25 keVy | 35 kevy P"e//m/na’]r \
275 10 20 30 40 50 60 70 80 0 500 1000 1500

2000 250
Sl1c [phdF photo-electrons OD Pulse Area (phe)

e Photon collection efficiency: g1 =0.114 + 0.002 phd/photon e Light collection efficiency: 230 phd/MeV

e Chargegain: g2=47.1+ 1.1 phd/electron
e 99.9% rejection of ERs below the NR median
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https://nest.physics.ucdavis.edu/

First Science Run arXiv:2211.17120

Background Model

Motivation: Assess likelihood of excess WIMP signal ER-backgrounds expected in ROI: 276 events

(+[0, 291] from 3’Ar)
4-50_""1'"'l'"'I""I""I"I"I""I' ]
B 9.8 60 key, ;"”\L‘\' 7 . .
o p ,\:’\‘\ kev, ‘ : ] e Dissolved B-emitter: 21*Pb (**?Rn daughter),
T | 1 85Kr, 13¢Xe (2vfp)
o e Dissolved e-capture: 127%e 24Xe (double
4.00
) ' e-capture)
375 e yemitter: 238U chain, #*2Th chain, *°K, *°Co
% e Solarv:pp+/Be+ 1N
~Z 3.50 SNE
o) ]
= 3.25 : NR-backgrounds expected in ROl : 0.15 events
25 )
)
E )\ .
L o e Neutrons from spontaneous fission and (a,n)
3.00F #\, 0.9 keV,, 2.9 keV,, 5.1 keV. 7.4 keV,, ] )
L $) skev,, 15 keV,, 25 keV, 35 keV ] reactions
2'75—....1....I.x..l....l...‘I....I....I....— ® 8 H
0 10 20 30 40 50 60 70 80 B solar neutrinos
Slec [phd]

Non-physics sources in ROI: 1.2 events

Backgrounds simulation: energy deposit + detector response e Accidental coincidences
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https://arxiv.org/abs/2211.17120

First Science Run

Data Selection

Time based cuts:
detector instabilities, high TPC
pulse rates

OD and Skin Veto
Cut

Fiducial Volume
& Rol Cut

Single Scatter
Cut

Pulse Shape
Cuts

Signal acceptance after all cuts: ~ 90 % 5.5 £ 0.2 tonne Fiducial volume

L e L H S s s s L i e L -0
1.0 —(— 140 |- 3 .
i hee el
08_ —— Trigger ] 120: ee el ® o.-... —-200
. o . ° o e ) ®
g + 81 threshold Events surviving all 100fe 22 *e® ot o oy =Y —
M —— +SS & data analysis cuts selections ‘..' L4 0. ® e E
I _ _ ot - ] =
5,06 +ROI . E S0k I ® .n’ ° - .. . 400 g
§ 1 . . . . Skin-prompt-tagged % " Uit St =
& events OFs ¢ o, e, Jeoo &
m 0.4 [ & e o © o =)
E OD-prompt-tagged 40l " s
50% efficiency: [ e L ° o o i
02 S3keVy events b 5 e et oo 800
P i E E e , .’o . % ‘- ° o )
2 4 6 8 10 OF | | ‘ | 1
00 P BRI RN RS R R . 0 202 302 402 502 1000
0 10 20 30 40 50 60 70 Reconstructed r2 [cm2]

Recoil Energy [keV ;]
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First Science Run

Final Data Set

M Threshold: S1 > 3 phd, S2 > 600 phd

4_50 b T T T ¥ ‘ T T T T I T T T T l T T T T I T T T T I X T T T 1} T T T I T T T T ]
[ 9.8 ke 60 /\'c\'m 1’2'4 /\L‘\"‘L s oo ]
I 45 key . 2 . o il
4.25 __ nr L4 . . : s Q’ ;...::..—3
g Full BGmodel * & o "egee Mot s o T2 1t T .
400 T e e e 335 eventsin final dataset
"? - ) ...:. ::53... ". . : —
© 375 (U s = e et ; e 60 live days
Q [ BRSSO T NR band 1 . :
QS ] e 5.5+0.2tonne Fiducial
"é 3.50 ',(-‘ ] |
50 - 30 GeV/c2 WIMP | volume 7
=2 [ \! s ]
325V 7 -
L)\ 7 ]
- b/ . ]
- v B CEvNS 1
3.00F ,'/l ¢ 0.9 keV. 2.9 keV. 5.1 keV. 7.4 keVe P
C Y1 skev, 15 keV,, 25 keV,, 35 keV,, 1
2-75 C | ST l 1 1 Ll I 1 1 L1 l (- 1 1 | 1 (- 1 l 1 (- 1 | | N G (N | I 1 L1 1 ]
0 10 20 30 40 50 60 70 8C

S1c [phd]
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First Science Run

PLR fit to Background Model

From LZ Combined fit to data

; — Solar v ER — 127Xe Sys. rate unc.
Background with expect_ed events as 136 % e — 3 Decays & Det. ER Sys. & stat. rate unc.
model priors 3TAr — Accidentals e Data
124X —

Source [Expected Events || Best Fit | 5 ..',m.l.e..r,”..I....,,..x?fél[ﬁ%c.!(%r,(?l}ﬂq..|,...I.,..,,..,I...,,‘...,..'.I.. -
3 decays + Det. ER 218 + 36 222 + 16 107 & E
v ER 273 + 1.6 273+ 1.6 B ]
127Xe 9.2+ 0.8 9.3+ 0.8 i |

124 = = e _*®
Xe 50+ 14 52+ 14 ) .
e 15.2 + 2.4 15.3 + 2.4 % i
®B CEvNS 0.15 + 0.01 0.15 £+ 0.01 % ]
Accidentals 1.2 4+0.3 1.2 £:0.3 = 1
Subtotal 276 + 36 281 + 16 ,g o
o [0, 291] 55 g o = l
Detector neutrons 0.010-2 0.0+%2 = g = -
30 GeV/c* WIMP - 0.0+%* L Y
Total - 333 + 17 =l
25 counts/keV__ /ton/year il
107 : e ST T NN PO N P T

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Best fit with zero WIMP events Reconstructed Energy [keV ]

Geertje Heuermann

First Results of the LZ-Experiment heuerman@umich.edu




arXiv:2207.03764

First Science Run

Spin Independent WIMP search

10 e — T —
=10
éﬂ e Frequentist, two sided PLR following
% 107 Phystat recommendations
E e Firstresult released July 7,2022
=
= 107 0 -
g 90% CL upper limit on WIMP-nucleon o :
i 9.2 x 10*8 cm? at 36 GeV/c? WIMP mass
4811 R | L C
TS 10° 10° 10°

WIMP Mass [GeV/c?]
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https://arxiv.org/pdf/2105.00599.pdf
https://arxiv.org/abs/2207.03764

What's next?

Planning on 1000 live days of data (x17 more
exposure) to enable a broad physics program:

e Extending the reach: S2-only, Migdal effect,
EFT

e Non-WIMP DM candidates: Axions, ALPs,
hidden photons, mirror dark matter,
leptophilic DM, and more

e Astrophysical neutrinos: 8B CEVNS, solar-pp,
supernova, and more

e Raredecays: Ovjp of 3%Xe, 2v35 and Ovgp of
134%e, and more

SI WIMP-nucleon cross section [cm?]

1074

10—43

107%

1074

10746

1074

1078

10—49

WIMP sensitivity: Phys. Rev. D 101, 052002 (2020)
Ovpp 3¢Xe: Phys. Rev. C 102, 014602 (2020)

Low energy ER: Phys. Rev. D 104,092009 (2021)
0vpp 3*Xe:Phys. Rev. C 104, 065501 (2021)

s T T | I [ T | | T T T T T TT | T T T T T 1T |
LZ sensitivity (1000 live days) — LUX 2017

B Projected limit (90% CL, one-sided) —— XENONIT 2018

= =10 expected PandaX-4T 2021

— +20 expected (corrected)

E

B 22)

= @

E seﬁs“.\“w

= TACad

B 0508

Ex Newt

B 1 1 IS U (e I 1 1 1 1 1111 I 1 1 1 1 11 11 I
10 100 1000

WIMP mass [GeV/c?]
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https://doi.org/10.1103/PhysRevD.101.052002
https://doi.org/10.1103/PhysRevC.102.014602
https://doi.org/10.1103/PhysRevD.104.092009
https://doi.org/10.1103/PhysRevC.104.065501

Summary

e LZisoperating and taking high quality
physics data

o All detectors are performing well
o Backgrounds are within expectation

e Withits first run, LZ has achieved
world-leading WIMP sensitivity

o Paper: arXiv:2207.03764

e Broad physics program still lies ahead for LZ

e The xenon community is uniting into the
XLZD Consortium to build the ultimate
xenon rare event observatory

o  White paper: arXiv:2203.02309

Leading Xenon Researchers unite
to build next-generation Dark
Matter Detector

A Next-Generation Liquid Xenon Observatory for Dark Matter and Neutrino Physics

J. Aalbers,!'2 K. Abe,??* V. Aerne,” F. Agostini,® S. Ahmed Maouloud,” D.S. Akerib,»>2? D.Yu. Akimov,® J. Akshat,?
A.K. Al Musalhi,'® F. Alder,!! S.K. Alsum,'? L. Althueser,'? C.S. Amarasinghe,'* F.D. Amaro,'®> A. Ames,!-2
derson,!*? B. Andrieu,” N. Angelides,'® E. Angelino,'” J. Angevaare,'® V.C. Antochi,'? D. Antén Martin,?°

r.J. An
3. Antunov o Aprile,?? H.M. Araijo,'¢ J.I Armstrong,** F. Arneodo M. Arthurs,'* P. Asadi

I

XENON
DARWIN
LUX-ZEPLIN
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https://arxiv.org/abs/2207.03764
https://xlzd.org/
https://arxiv.org/abs/2203.02309

The LZ (LUX-ZEPLIN) Collaboration

__f-@lzdarkmatter

https://lz.lbl.gov/

LZ Collaboration Meeting
University Of Maryland
5th-7th January 2023

Underground Research Facility

Fundagio para a Ciéncia e a Tecnologia

. Black Hills State University
. Brookhaven National Laboratory
. Brown University
° Center for Underground Physics
. Fermi National Accelerator Lab.
. Lawrence Berkeley National Lab.
. Lawrence Livermore National Lab.
° LIP Coimbra
. Northwestern University
. Pennsylvania State University
. SLAC National Accelerator Lab.
. South Dakota School of Mines & Tech
. South Dakota Science & Technology Authority
. Texas A&M University
. University of Albany, SUNY
. University of Alabama
. University of California Berkeley
. University of California Davis
. University of California Los Angeles
. University of California Santa Barbara
. University of Maryland
. University of Massachusetts, Amherst
. University of Michigan
. University of Rochester Science and
Technology
. University of Wisconsin, Madison
us Portugal Korea

Facilities Council nology Authority

Thanks to our sponsors and participating institutions!
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First Science Run

Spin dependent WIMP search

WIMP-neutron Scattering

WIMP-neutron ogp [cm?]

10 10° 10° 10

WIMP Mass [GeV/c?]

43 . | . M | .
4

WIMP-proton o, [em?]

arXiv:2207.03764

WIMP-proton Scattering

-37

10

—

OI
[o)
©

_
OI

[*8)
o
T T T

Ml L Lol L R R R | L L
10" 10> 10° 10*

WIMP Mass [GeV/c?]

Grey band represents theoretical uncertainty on nuclear form factor for Xe (*)
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https://arxiv.org/abs/2207.03764

Detector response characterization

“Doke” plot

800

700

<82 cbottom >/E [phd/kev]
3
(=)

w
o
(=]

200

(=]
o
(=]

'
o
(=}

—

T T
8mKr: 41.5 keV

T
211Bj: 609 keV

_@_
12]: 67.3 keV 287¢: 911 keV
P~ B"mXe: 164 keV B~ “Co: 1173 keV
-~ ""Xe: 208 keV Co: 1332 keV
S ~D- Xe:235keV B~ K: 1460 keV
6 B Pxe: 276 keV P~ 2Bi: 1764 keV
%O\\\\ —B- ?"Xe: 380 keV —P- *“Bi: 2204 keV
D~ 2"Xe: 408 keV ~D- 25TI: 2614.5 keV |

From Doke Plot:
g1=0.1133 + 0.0030 phd/ph S §
ghttom=14.75 + 0.56 phd/e-

From NEST Tuning: j
g;=0.1149 + 0.0021 phd/ph

g‘lz,mm”‘? — 1489 lj: 048 th/e' ‘ | |

10%;

3.5 4.0 4.5 5.0 50 6.0 6.5
(S1c)/E [phd/keV]
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OD: neutron tagging

Real LZ AmLi calibration neutron event g 100g
TpcHighGain ji=d § = i
2.0e+0 Run 6169, Event 16972 :8 90— P R
St @ S2 @ SE @ MPE © SPE @ Other I JEPTURPORRS TS
% 1.se40 ] — = - 855‘* ,.‘:Ziiizzzznemﬂ""'”
§ o] » S2 o z
§ 91 f
®  5.0e-1 W i 75:
il oy o ;
70/
time [us] k
Skin 655
B T Run 6169, Event 16972 60
- faoesasy ® Pulse E
EESE 55 AmLi Position, Threshold: 37.5 phe
§ 2.00-2 it . Z=0cm
%‘ 1.0e-2 3 SOf ¢ Z=70cm
" s | l a5t Eeiton
T { T T T T 40_9 ) fai it : | ; | e il ;
T e Y e 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
P OD Veto Window (us)
uterHighGain
:;:: capture R.ungl.: Event 16972 ) )
{ ... Proton gamma(s) OD neutron tagging settings:
{1 recoil o =200keV
o e At<1200 ps
0.0e+0 do——pe PR PO S—

" i Livetime hit: 5%
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Background Mitigation

Detector materials:
e Radio-assay campaign with 13 HPGe detectors,
ICPMS, neutron activation analysis

Rn daughters and dust on surfaces:
e TPCassemblyin Rn-reduced cleanroom
e Dust <500 ng/cm? on all LXe wetted surfaces
e Rn-daughter plate-out on TPC walls <0.5 mBg/m?

Xenon contaminants:

e Charcoal chromatography at SLAC (remove 8°Kr,
3?Ar)

e Continuous purification underground

Chromatography Recoven
loop loop

krypton
Circulation| <"
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Radon Background

e Naked 2'*Pb -decays are the main source of background

in the WIMP search

e Produced from Rn emanated in xenon

e Constrain g-decay rate with multiple methods:
o Bracket with Rn-chain « tagging
o Spectral fit of all internal BGs outside of energy ROI

e 222Rn activity within assay expectations

Isotope (decay) Activity [uBa/kg]

222Rn (alpha)
218Pg (alpha)
214pp (beta)

214Pgo (alpha)

4.37 + 0.31 (stat)
4.51 + 0.32 (stat)

3.26 £ 0.13(stat) + 0.57(sys)
2.56 £ 0.21 (stat)

First Results of the LZ-Experiment

Counts

Events [evts / 2.0 keVee]

30000 40000 50000 60000 70000 80000
Corrected-S1 Area [phdl
']'Data —Model

10° & *Ki85  +:Pb212  -+Pb214 SolarER **Xel25
3 Xel27  Xel29m *Xel3lm *Xel33 --+Xel36

100 150 200 250 300 350 400 450 500
Reconstructed Energy [keVee]
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Radon reduction system

Radon "‘I Radon Removal Line
)

Reduction
[ Getter 1~ ‘
‘ki"ﬁ-_“j SYStem PMT Cable

‘ompressors
System Breakout Box

Breakout Box

----- i

‘ PMT Cable

WATER TANK

Xe VAPOR f
Xenon Tower DETECTOR LIQUID ]
Stand
Pipe

High Voltage!
Feed Thru |

PMT : XENON VOLUME :




Radon Background

222Rn not uniformly distributed.

2S;c;‘atnflcatlon in LXe flow is a possible tool to reject Rn222 Distribution
Pb in future 100
-100
—200
Rn-222 -300
(3.82d) —
(5.6 IieV) :-"é_
a
Po-218 Po-214 Po-210 =600
(3.1 m) g (164 ps) p- | (138 day) _700
a Bi-214 a Bi-210 a —800
(6.1 MeV) (20 min) | (7.8 MeV) (5 day) (5.4 MeV)
n 5 -900
Pb-214 Pb-21o Pb-206 1 | 1 1 1 1 | 1 1 1 1 | i 1
(27 m) (223y) (stable) —1000 2000 3000 4000 50

R? [cm?)]
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5
37 ‘i; 1071 E
Ar k
> _
g
e Electron capture, t,,= 35 d, monoenergetic 2.8 keV = o0l
ER deposition . [~ Individualbatch ,
. . 40 37 10 — Average activity, 100% removal .
e Occurs naturally in atmosphere via e.g. *°Ca(n,a)>’ Ar | == Average activity, 0% removal
-5 | - ) H - . 7 T i |
(*), but suppressed during Xe purification by charcoal TS0 200 100 o 100 200 300
Time since last delivery [day]
chromatography 430 e
[ 9.8 0 kev,, A kev,, ]
e Also produced by cosmic spallation of natural xenon 4251 Bhev, &
e Constrained 3’Ar activity based on Xe delivery =48
= [
schedule to SURF (**) 5375F
o L
wn L
e Expect ~100 decays of 3’Ar in first science run, 22308
&
with a large uncertainty 325§
3.00F
(*) R.A. Riedmann, R. Purtschert, Environ. Sci. Technol. (2011) 45(20), 8656-8664 275»‘ ATIRTFI T N T A LT | RS R R
() 10 20 30 40 50 60 70 80

(**) LZ Collaboration, Phys. Rev. D 105, 082004 (2022), 2201.02858
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https://arxiv.org/abs/2201.02858

Accidentals

e Isolated S1 & S2 can accidentally

combine to form WIMP ROI event 450
e Accidentals PDF generated from random 4_25; %
pairing of isolated S1s and isolated S2s i g
4.00 2
8
] 375 I 5
e Normalize PDF to data using sideband: =TT
o Events with unphysical drift time ; 350

(drift time > TPC height) 15

e Estimated rate of accidentals in first

. 3001/
sciencerun: 1.2 £ 0.3 events

2.75-||||||||||||||||||||||||||||||||
0 10 20 30 40 50 60 70 80

Slec [phd]
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Fiducial Volume

Inner 5.5 tonne fiducial volume (FV) is lowest background and uniform
e Degraded S2s due to charge-loss effects (“wall BG”)

drive poor position resolution near the wall T
> Choose S2 threshold and FV simultaneously, 1405 |0
such that wall BG is negligible in this analysis [ pe ]
12002, P
e Skin and OD prompt tag: 10072 . | =
o Removes gammas T 80 _ -1400 g
o Skinreduces bare L,M-shell 127Xe background 5x ‘= ol ) dij:
e OD (and skin) delayed tag: - . 600 &
o 1200 us capture window, ~200 keV threshold 40 !
o Tagneutron capture 205_ . -1800
o Provides in situ constraint on neutron BG: 05 ‘e A
0*%2 peutron events in first science run D 'i('); '36'2' = '4(')'2' o '5'(')'2' S 'é(')g S '%(')'2' =---11000

Reconstructed 72 [cm?]
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Wall Background

Background events arising from the internal
21%Po wall of the TPC:
a < . > 1PD e S2 charge loss to the wall - reduction of
LXE ACtiVE observed S2 signal | |
o Reduced S2 size due to field effect
Volume near the wall
210Pg R . e Pb-206 recoil from Pb-210 decay (Rn
206pp € ‘ > a egion daughter plate-out)
e Fiducial volume cuts are set such that
total wall background leakage events into
fiducial volume is less than 0.01 count

Wall thickness = 1.5 cm



Likelihood Function

Nuisance parameters:

Observables: (S1, S2) background means

Parameters of interest:
signal mean (u)

\ i N,
L(6) = [PoiS(noluW)) Il % : ) (usfs +Zubfb T )] 11 7o (9plk)

/ =L =

Extended term
Constraint functions Global observables:
expected events



ER-fluctuations within expectations
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. 90:””|””| Lod 2R (A0 RERA EADAY RRARN REREN LSRN RSN RARRS 2R R RALRA RRRSY
Why IS the baCkground Only 80; —io(_]arl/ER — [ Decays & Det. ER
p-value "so good™? —op g
2 sof E
£ b p=0.96 |
uz 30; > L] L] 7:
e \We chose the binning for the reconstructed 200 41 e sese e E
. 10F 1
energy spectrum to best show the resolution I AL . T
01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17
Of the 37Ar peak Reconstructed Energy [keV ]
e If we look at other observables (e.g. reduced A —
. . . t— B — [3Decays & Det. ER
ER band) or rebinning in Erec, the p-value 10°F  SprvER — Accidenas
returns other values, which show that the data o e e
= 1| — ¥"Xe e Data
is not inconsistent with the background-only E:
= [
model 2z p=0.33
e This appears to be a random fluctuation LR
10" E
1O-ilolI‘:Sl‘l~6"l~4l‘‘4|2‘Il(l)l“£"

(LogS2c¢ - upr) / oEr




Downward fluctuations

10— 4.50 ' A R ' '
g F ' T f i 4. Bare M-shell decays of
Skin-tagged 127Xe populate near deficit
"Xe region. Observed rate of

425F

5 _\1{& M-shell decays with
& § E - /f‘/ coinciglent y-ray tagged. by
o = - the skin is consistent with
S 3 Ol expectation, given signal
= = - efficiencies.
T on T
£y =} C
E i - - 5. Deficit appears consistent
a with under-fluctuation of
¥ - background.
i E ol s keVo E 0.9 keV . F ®EH, s eV, - L1 keV,,
107 ii); e ..1.(1)2 25090 200 10 200 10 20 0 10 20
WIMP Mass [GeV/c?] Slc [phd]
1. Downward fluctuation in the observed upper limit 2. Tritium data analyzed identically to WS data.
near 30 GeV/c? is a result of the deficit of events Deficit region is well-covered.
under the 3’Ar population. . .
Due to back r:u:d under-fluctuation or 3. DD data also shows deficit region is well-covered.
& (Not shown here) AmLi neutron calibration data also

naccounted for signal inefficiency? Probe the latter. . .
. " ‘gnall lencysFrobe the fatter shows deficit region well-covered.
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