o Status of the

LUX-ZEPLIN
experiment

A direct search for
dark matter

Z

18th July 2024
Nicolas Angelides

IMPERIAL

(on behalf of the LZ Collaboration)



America Europe Asia Oceania

38 Institutions
Black Hills State University . . . .
Brandeis University 250 scientists, engineers, and technical staff

Brookhaven National Laboratory
Brown University

ermi National Accelerator Lab.
Lawrence Berkeley National Lab.
Lawrence Livermore National Lab.
Northwestern University
Pennsylvania State University

SLAC National Accelerator Lab.
South Dakota School of Mines & Tech

South Dakota Science & Technology
Authority

Texas A&M Uni
University of Alba
University of Alaba
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

University of Wisconsin, Madison

Edinburgh University

Imperial

Royal Holloway University of London
STFC Rutherford Appleton-Lab
University of Bristol

ROUND F CT

swiss N ational . . m\'xm‘n:o DA EDUCAGAO E CIENCIA
T Institute for Basic Science

University College London e University of Sydney
University of Liverpool

University of Oxford e  Center for
Uniiversity_of Sheffield gﬂfgggsm”"d

LIP Coimbra

University-of Zurict

ocCwm

W ’

Ll

2\

Science Foundation




No WIMPs Observed 74

Yet First Science Run (2022) 90% CL upper limit
" for Spin Independent WIMP-nucleon scattering
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Discrimination & Calibration
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First science run

60 days

335 Events (after all cuts)
5.5 tonne fiducial
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No WIMPs Observed 74

Yet First Science Run (2022) 90% CL upper limit
" for Spin Independent WIMP-nucleon scattering
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And much more...

Ovbb decay of 136Xe
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Keep taking good data IZ

First science run period
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No Dark Matter Observed IZ
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The future of LZ

1000 liveday exposure goal,
only 60 published so far)

Keep expanding physics output

Keep improving analysis

New WIMP search results
by the end of 2024

SI WIMP-nucleon cross section [cm?]

10-—42 =

1 0—43

1

1 0—45

10—46 =

1 0—48

1Z

]llll Ll T |ll|‘ll T T lllllll L} L)
) - = =+ LZ 1000 livedays — LUX 2017
ASymmetric & (90% CL two-sided) PandaX-4T 2021
magnetic DM 1.7 2022
—— XENONNT 2023
A
A
‘ -
!
\}
A}
1
A
A
A
\
\ -
\ - -
\ - 1
\ - ol
\ - -
. -
\\ - -
- S ee==mT o ‘os
R
IllllI 1 L IIIlIIl 1 L lIlIlII 1 L
10 100 1000
WIMP mass [GeV/c?]

15


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052002

SI DM-nucleon cross section [cm?]
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https://arxiv.org/pdf/2203.08084.pdf

WIMP Scattering | IZ

% —W — Ge
Standard Halo Model: MB velocity ;%m" :|xe _ﬁ;
distribution @ 0.3GeV/cm? P
Small recoils O(10 keV) g
— Need low threshold *
-

10°

A few events per year
— Need lots of target
mass

0 20 40 . 60 80
Nuclear recoil energy [keV,,]
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Coincidence Vetoes

I
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® \eto Yy-rays
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Possible contaminants

Uranium and Thorium

o Produceq, 3, andy

o Secondary neutron production through a-n

o Produce Rn which, as a gas, diffuses

Krypton and argon dissolved in xenon

o 3 andy decaying isotopes

Other radioactive elements— ®°Co and “°K are most common
Cosmic activation

Cavern wall radioactivity
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Mitigation
® Enormous screening program for all materials
O Ge detectors, ICPMS, Rn emanation, Neutron
activation analysis
® Clean Assembly
o Rn-reduced cleanroom (and dust reduction)
e Xe purification
o 3Ar and ®Kr removal
with charcoal
chromatography
In-situ




Timeline

TPC Complete,

PMT arrays arrive f\u PA ilectroni;;zo Y -
Dec 2018, Jan 2019 utumn by i
Ry e Xe Fill

Kr Removal Aug-Sep .
Jan-Aug 2021 2021  ocience

+ Running!

2022

CD3 and TDR,
March 2017

Oct 2019

202 I*

OD Construction
Y\’/m\ter 2020-2021  op Commissioning
K ~ June 2021 pqp 2021

2017 2020

Sealed Up

Cryostat
arrives,
May 2018

N Grids,
& Assembly )
8 Dec 2018 Spring 2019
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Radon reduced cleanroom at
SURF (surface) at < 4 mBg/m?
Operated as Class 100 (ISO 5)
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Science Run 1

e Livetime 60 days o

IN

T L B} | §

_ : : I ~

® PMTs: >97% operational 8F i | 1943

throughout run 77 i HJrH 1935 g

Bt : : o252

e Lliquid:174.1K (0.02%)  2° ; I 7%

= 5F | : -191.1 =5

e Gas: 1.791 bar(a) (0.2%) & 1 .5 y | N:: . 5
4 o o——I Nyl O -189.0

H H L I Q = piez | - || s 2

e Gascirculation: 3.3t/day & | 179 @ s2f | ESiiE S

33 1= 2 B =R —‘EI'E ~85.7

. . - = oo ! = <

e Drift field: 193 V/cm = of :gg 3 50 g;:; 8 ot

(4% in fiducial volume) e L ! CRendrement=tor 1 | S I

i | i I =

| | | | i g

e Extraction: 7.3 kV/cm in
Gas (8 kV gate-anode AV)

B |
12?2021 01-2022 02-2022 03-2022 04-2022 05-2022
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Relahve S2 nght Collechon

Iﬁ

Calibrations

,g 1.05 5
5 80j 5
;‘ 60; 1.00%3
e Spatial non-uniformity corrections sl e
i 090 2
e ER band response 2F 0559
Or
e NR band response b 080
i 075
e \Veto efficiencies -0 -
. . . ~60
e Data selection efficiency o' LZ Preliminaty. 065
—80 —60 -40 -20 o 20 40 60 80 060
X[cm]
ER: NR:
e 83mKr: monoenergetic ERs, 32.1 keV and 9.4 keV e Deuterium-deuterium (DD): triggered 2.45 MeV
e 131mXe: monoenergetic ER, 164 keV neutrons
®  CH3T (tritium): continuum betas, 18.6 keV e AmlLi: continuum neutrons, isotropic
e Activation lines e Alphas

e And more (220Rn, YBe, 252Cf, 22Na, 228Th, etc)
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Looking for WIMPs 74

e One S1 (photons) followed by one S2 (drifted electrons) with no activity in the veto

® Pulses are classified based on their parameters (pulse shape, area and hit pattern)

TpcHighGain
5.0e+0
] E | . I Run 7253, Event 85858
0w 1 EXample single scatter ® S1 © S2 @ SE MPE @ SPE  Other
([) e
C -
3 ]
§ 3.0e+0
3 ]
£  2.0e+0 ]
3 ]
S
& N
1.0e+0 7
0.0e+0 ] es L - e o0 ee o L) e oo » Lﬁo O® e 4 3 * oD o0 ‘e oo o ®
l T T I T T T I T T I I
-400.00 -200.00 0.00 200.00 400.00

time [us]
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® Eventssurviving all selections

All Single Scatters  Joeromeresedeiens

O OD-prompt-tagged events
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Reconstructed 72 [cm?]
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er FV & Veto Cuts

4.50

4.25

4.00

373

3.50

log10(S2c [phd])

3.25

3.00

o,

2.75 " L-m;-"q‘,
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Accidental Signals

TN U U B Y BUAWN

Isolated S1s
PMT dark count pile-up

Isolated S2s

......
T

-

Eventsin gas phase

Cherenkov light in PMTs or PTFE

Fluorescence of PTFE |

Light leaks from outside TPC E

Charge-insensitive regions near walls /

Charge-insensitive regions below cathode
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Electron & Photon trains y 4

Run 7253, Event 85858
Clean event St @ S2 e SE MPE @ SPE Other

amplitude [phd/ns]

)
=)

- L- o oo
T T T T
0.00

time [us]

=)
=
a,
Q
N
w
I
%)

Photon rate [Hz]

2.5e-1 Run 6973, Event 3010

Noisy event S1 @ S2 @ SE @ MPE @ SPE ® Other

2.0e-1 4
1.5e-1 7

1.0e-1

amplitude [phd/ns]

5.0e-2 7

0.0e+0 3

. ————— —— —_— —_—
Time [S] -2000.00 -1000.00 0.00 1000.00 2000.00

time [us]

Analysis hold off after S2s which is proportional to the
size of the S2 (big impact on livetime - 29.8% cut)




Data Quality Cut Example

20007

S2 Width [ns]

1800?_
1600?
1400{-
12005

1000F

Preliminary

{ S2W Cut Bounds for ~530 eIectronsJ

1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 | l 1 1 1 1 l 1 L 1 1 l L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
100 200 300 400 500 600 700 800 900
Drift Time [us]

Relationship between S2 shape and Drift time exploited to

reject accidentals
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Data Quality

@ |— Before analysis cuts
(5 [ = After all analysis cuts
E L
= 80
o] B
>
—
60 [~
=
20
0—'{‘11.,Al,.tl,,tlA.,l.
0 20 40 60 80 100
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e
o0
I

g
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1 1 T T T

—— Trigger
+ S1 threshold
—— + SS & data analysis cuts

> — +ROI
Q
g
o | VN S P N (S Eam R 1 T A G S O R ) ) |
E 0.4
I - 203"/;.( e\f;'lciency: _;
| . €Vor 1
0.2 : 3
I
S e '™ i =
2 4 6 8 10
0'0. Ll M L I IR i
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Requiring 3-fold coincidence dominates lowest energy threshold
50% efficiency at 5.3 keV NR
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BaCkg roun d S Mono-energetic spectra IZ

dissolved electron captures

~Flat energy spectra 37Ar (activation)
within ROI

Dissolved radiogenic contaminants
e 21%Pp (???2Rn daughter) 124% e (double e-capture)
e 212pp (220Rn daughter)
o BKr

136Xe (2vpp)

ER backgrounds
Dominated by
e ’Be 214pp and 3’ Ar

e N Expected in ROI:

Solar neutrinos (ER)
¢ DpPp

ER: 276 + [0, 291] for 37Ar
NR: 0.15




Emanates from material and _

mixes with LXe o Po-218
e Can constrain from alphas on —
either side of the chain

— T T T T T T T T

10° £
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Counts
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(138 day) ;
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30000 40000 50000 60000 70000 80000
(6'1 - (54 MeV) Corrected-S1 Area [phd] 35
206py,
(stable)
with branch (no accompanying gamma)

resulting in



Argon-37

e Electron capture, t,= 35 d, monoenergetic 2.8 keV ER deposition

o Produced by cosmic spallation of natural xenon

e Activity constrained 3’Ar activity based on Xe delivery schedule

37 Ar activity [pBg/kg]

———
-~ ,
—

Individual batch

- == Average activity, 0% removal

- —— Average activity, 100% removal -

7300 200 100 0 100 200
Time since last delivery [day]

300

1
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Neutrons

e Neutron captures in the OD produce y-ray up to 8.5 MeV

® Measured neutron tagging efficiency: 88.5+0.7%

® |n situ constraint on neutron background: 0+0.2 neutron events

Rate (Hz / 2 phe)

10?

—_
o

107"

1072

T IHIHI

I HHH‘ T HIHW

Background data
Cf252 spontaneous fission neutron source

2.2 MeV H-
_— capture peak

8.5 MeV 195Gd
capture
endpoint

Preliminary
1 | 1 ‘ L l

o

500 1000 1500 2000 2500
OD Pulse Area (phe)

1
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BG Model

log10(S2c¢ [phd])
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SR1 ROI & Data Quality Cuts
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Improve the analysis: Salting

[calibration Event 1

4

e (Overcome human biases in 4.50 ——————
the analysis of the data i
(Bias Mitigation) 231
400}
e Assemble salt event from T
calibration data and inject = 3TSE i i
(\C/JI ‘-‘.‘”"‘, : >
e Salt all science data g HORR
- WIMP sal i 3'25;_ ; T;i‘t?u'm Salt Event
o High energy salt - CAlibration
o Light WIMPs/8B salt 300E,7 data ,_
e Unsalt after freezing analyses 0 10
Slc [phd]
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Improve the analysis: Statistics |Z

e Using public library Flamedisx: expands dimensionality and complexity

e Offers an alternative way of treating shape-varying parameters to template
morphing (Python-based and GPU-scalable)

e Moving towards combined likelihood with first science run data and useful
sidebands (tagged BGs)

PMF/PDF
ﬂ Poisson / Delta
1 (Beta—)Binomial
1 Binomial
.' Normal

Model function
Lindhard faCtOl’"""""""""""':

S1(x,y,z) efficiency ;
Penning quenching C

DPE fraction =====---, 3
1

SPE resolution ,
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