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THREE WAYS TO LOOK FOR WIMPs
Annihilation X X A Production

Indirect Detection p— B

Scattering
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THE PRINCIPLE OF DIRECT DETECTION

.'f.' ’
5.

BUILD A M.A‘SSIVE
TANK (OR TOWER)

e OF NUCLEI
WiMPs and Neutrons ‘ __

scatter from the . '
' Moc_v_ﬂc-h'ludls‘ —

. )

-
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“HiIDE"” 1T DEEP
UNDERGROUND

WAIT FOR DARK
MATTER PARTICLES
/ TO'HIT"THE'NUCLEI

AW LoOK FOR TINY
= ; VIBRATIONS FROM
o NUCLEI THAT HAVE
BEEN HIT BY DM



WAIT! DID YOU JUST SAY UNDERGROUND?
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Primary cosmic rays




MUON FLUX AT EARTH’S SURFACE: 1/(CM2-MIN)

']

1

Muon tlux [cm’

10°°

A FACTOR
3.5 MILLION
REDUCTION!

/

MuoON FLuUX AT SURF:
15/(CM2-CENTURY)

2. 3 4 S & 9

Equivalent depth under flat surface [km w.e.|
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THE LUX-ZEPLIN (LZ) DETECTOR




WHY XENON? AND WHY A LIQUID?

 KINEMATIC MATCHING TO DM PARTICLE

)

e LOTS OF NUCLEONS PER ATOM y |

{




WHY XENON? AND WHY A LIQUID?

 KINEMATIC MATCHING TO DM PARTICLE
e LOTS OF NUCLEONS PER ATOM

* TRANSPARENT TO ITS OWN LIGHT ) C

Xenon

| HeNe Ar Kr

Helium Neow Argon Krypton




WHY XENON? AND WHY A LIQUID?

 KINEMATIC MATCHING TO DM PARTICLE

,

54

* LOTs OF NUCLEONS PER ATOM \
\ -

VU

Xenon

* TRANSPARENT TO ITS OWN LIGHT

 VERY DENSE (SELF-SHIELDING)

 BACKGROUND REJECTION (CHARGE/LIGHT)
« LIQUID: CAN BE PURIFIED IN A LOOP

e« “EASY” TO MAKE A LARGER DETECTOR
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Sensitivity to the Dark Matter Particle [cm?]

MOORE’S LAW OF DARK MATTER DETECTION
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PHOTOSENSORS
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EVERYTHING IS RADIOACTIVE!




EVERYTHING IS RADIOACTIVE!

DARK MATTER: EXTREMELY RARE INTERACTIONS
MUST CONTROL THE RADIOACTIVITY OF DETECTORS!
HuMANs: 100,000x MORE RADIOACTIVE THAN LZ

COMMERCIAL STEEL: 200,000xX MORE RADIOACTIVE
THAN TITANIUM IN LZ CRYOSTAT

BUuT: WE DON'T GET CHOOSE THE
RoOCK IN THE HOMESTAKE MINE




LZ WITHIN ITS SHIELDING DETECTORS

7 tonne liquid xenon 1 Instrumentation conduits

time-projection Existing
chamber water tank
Liquid Xe ~Gadolinium-loaded

heat liquid scintillator

exchanger|s 120 outer

detector
PMTs

——
C—

High voltage

feedthrough -
494 photomultiplier tubes (PMTs)

Additional 131 xenon “skin” PMTs  Neutron beampipes
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DARK MATTER IS EXTREMELY ELUSIVE!

THERE ARE ~3 DM PARTICLES PER LITER ON EARTH
STREAMING THROUGH THE EARTH AT 230 KM/ SEC

ALMOST 10,000 PARTICLES INSIDE LZ AT ANY TIME,
CROSSING THE LZ VOLUME IN ~10 MICROSECONDS

1 BILLION PARTICLES GO THROUGH LZ EVERY SECOND!

OF THOSE DARK MATTER PARTICLES, WE ARE HOPING
TO DETECT ~A HANDFUL PER YEAR (IF WE ARE LUCKY)!

How DOES THAT COMPARE TO BACKGROUND?



NEEDLE IN A HAYSTACK

UNDERGROUND LABORATORY: 3.5 MILLION REDUCTION
IN CosMICc RAYS THAN SURFACE

LoOw RADIOACTIVITY MATERIALS + CLEAN ASSEMBLY:
100,000 — 1 MILLION CLEANER THAN "REGULAR"”

RESIDUAL EXPECTED PARTICLES: ~5 BILLION OVER THE
LIFE OF THE EXPERIMENT (50/SECOND)

EXPECTED DARK MATTER PARTICLES: A FEW DOZENS?
IN THE SAME TIMEFRAME (IF NATURE COOPERATES)!

How DO WE FIND THOSE FEW PARTICLES?!?



NEEDLE IN A HAYSTACK
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How DO WE FIND THOSE FEW PARTICLES?!?



NEEDLE IN A HAYSTACK

Single Site Interactions 250 Million



Total

NEEDLE IN A HAYSTACK

Collected Particles

Single Site Interactions

100%

5 Billion

250 Million

Rate [counts/kg/day/keV]

Low Energy Transfer

Total

Det. + Sur. + Env.
> ———— s l_:_l LJ -~

]

50 100 150

Electronic recoil energy [keV]

Rate [counts/kg/day/keV ]

1 Million

Det. + Sur. + Env.

i

| - | - |

500 1000 1500 2000

Electronic recoil energy [keV]

]

2500




NEEDLE IN A HAYSTACK

Total Collected Particles 100% 5 Billion

Single Site Interactions 250 Million

1

Low Energy Transfer 1 Million | i
= I ! '

Detectable Charge Level 100,000  p=0 E
. |

Use Inner Volume Only - 5,000 : :
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NEEDLE IN A HAYSTACK

. Total Collected Particles 100% 5 Billion
g

Single Site Interactions 250 Million §

B8 Low Energy Transfer 1 Million [l
.|

Detectable Charge Level 10% 100,000 | -' 4 .

Use Inner Volume Only 5,000
Not Observed in Gadolinium 1,000
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NEEDLE IN A HAYSTACK

Total Collected Particles 100% 5 Billion -

Single Site Interactions 250 Million i
o d

Low Energy Transfer 1 Million |
57

Detectable Charge Level 100,000
Use Inner Volume Only - 5,000
—
Not Observed in Gadolinium 1,000 | Outgoing
F . Particle
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NEEDLE IN A HAYSTACK: COMPUTING




COMMISSIONING 2 MACHINES AT ONCE!

NEwW NERSC SUPERCOMPUTER:
64.6 PFLoPs!CPUs + GRUS!




LZ COMMISSIONING: COOLDOWN!
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LZ COMMISSIONING: FIRST LIGHT!

TpcHighGain




LZ COMMISSIONING: PMT GAIN MATCHING!

leb
- Mean = ] 98e+4006 4/- 1e403
2.4 Intended Operational Gain: 2.0e+406 +/- 10%
Top Array PMTS

G Bottom Array PMTs
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LZ COMMISSIONING: LXE PURITY

e-Lifetime [us] Vs elapsed days

— 10000
2 e
> ~2 representative weeks during WIMP search S
£ 9000 k-
3 S
= 8000 -
& 3 . ! ~
7000 | ‘ =
* * I .
6000 ?
5000
4000 Hokges
. Combined Sources (Saat. Weighted, Gaussian)
- Xo-131m
ANphas
2000 ‘ . Xo-127 « Xo-129m
Requirement ~1 ms
1000} = = = = - - - ———————— - —— = === -
0 J

elapsed days



LZ COMMISSIONING: ER CALIBRATIONS

S2c¢ bot [phd]
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LZ COMMISSIONING: ER CALIBRATIONS

83MKr- 41,5 keV 2148 609 keV
125: 67.3 keV 228pc: 911 keV
P~ ¥Imxe: 164 keV 60Co: 1173 keV
600 - 127Xe: 208 keV %Co: 1332 keV
\Q\ 127xe: 235 keV &~ °K: 1460 keV
. ~«P- 1¥¥Xe: 276 keV &~ 21Bi: 1764 keV
* Mono-energetic ER peaks used to find: : Wxe: 380keV @ 7MBi: 2204 keV

500 127Xe: 408 keV 20%7]: 2614.5 keV
. | 1

+ g1, photons detected (phd) per prompt

scintillation photon Preliminary

400

+ g2, phd per ionisation electron

3001

(S2¢pottom)/E  [phd/keV]

S1.  §2. g1=0.105 + 0.002 phd/ph

E=W + glettom=13.06 + 0.25 phd/e-
gl g2 200 \

3.0 3.5 4.0 4.

5.0 5.5 6.0

(S1c)/E [phd/keV]




LZ COMMISSIONING: NR CALIBRATIONS

* Neutrons from DD source ...
in 3 modes
e Direct mode: 2.45 MeV
¢ D-reflector: 350 keV
e H-reflector: 10-200 keV

e Direct mode

« Max Xe recoil: 74 keVnr

« Minimal ER rate due to low
Yy emission

* Observed data agrees
with NEST simulations ;

Rn-220 ER Calibration

D-D NR Calibration

log10(S2c [phd])

Preliminary

Slc [phd] .




LZ COMMISSIONING: BACKGROUNDS

 Can fit simulated background - Fitted to detector sub-volume
models to data near top

+Data [ |Model ‘Data [IModet

- 1200~ Xo-131m ~ Xa-133
e X 126 Freliminary 10

~ Xenon activation peaks
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EXPECTED BACKGROUNDS, FULL EXPOSURE

Nominal: 5.6 ton fiducial, 1000 live-days
~1.5 - 6.5 keV, single scatters, no coincident veto

Background Source

--
Dispersed Radionuclides — Rn, K1, Ar -

Laboratory and Cosmogenics m

Surface Contamination and Dust
Physics Backgrounds — 2 decay, neutrinos*

Total (after 99.5%ER discrimination, 50% NR efficiency)

Phys. Rev. D 101, 052002 (2020)



SIMULATED SIGNAL & BACKGROUND

Nominal: 5.6 ton fiducial, 1000 live-days
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PROJ. WIMP SENSITIVITY: SPIN-INDEPENDENT
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SI WIMP-nucleon cross section [cm?]

107+

1074

107%

1074

10—47

10—48

10—49

S.I. WIMP SENSITIVITY: DISCOVERY?

LZ sensitivity (1000 live days)

Projected limit (90% CL one-sided)
Projected 3c discovery

Projected 5o discovery
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10

100 1000
WIMP mass [GeV/c?]

Phys. Rev. D 101, 052002 (2020)



LZ PHYSICS REACH: NON-WIMPsS
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A TEAM EFFORT! THE LZ COLLABORATION
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LZ Collaboration Meeting - September 8-11, 2021
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OUTLOOK & CONCLUSIONS:
‘Houp ON FOR REsuLTs...,Q

PS: FIRST MEETING OF JOINT LZ/ DARWIN
PROTOCOLLABQRA‘TION THIS MONTH !




