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Greetings Blois, from your twin Lewes!
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Outside my front door :-)
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Direct detection of Dark Matter

/< P = = & dark matter halo
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WIMPs and Neutrons
scatter from the
Atomic NucléUs

Standard Halo Model

]
Photons and Electrons
scatter from the

e Isothermal sphere of DM, p ©¢ g il s
r-2 :

e Local density p, ~ 0.3 GeV/cm3

e Maxwellian (truncated) velocity
distribution, f(v)

e Characteristic velocity v, =220
km/s — non-relativistic!

iversity of Californiaf\Berkeley)
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Direct detection of Dark Matter
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4 /‘ Photons and Electrons
e Isothermal sph T e
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e Local density p E, . few keV Ly

e Maxwellian (tru
distribution, f(v)

e Characteristic velocity v, =220
km/s — non-relativistic!
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Liquid Xenon Time Projection Chambers
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Liquid Xenon Time Projection Chambers

S1 summed across all channels 52 summed across all channels
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Leading techno\ogy dhove g few GeV
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Leading techno\ogy dhove g few GeV

XENON100
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The LUX-ZEPLIN Detector

GAS PHASE AND
ELECTROLUMINESCENCE REGION
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<—— Reverse-field region
<« Side skin PMT
mounting plate [y
y S Bottom PMT array 4 ?

=
=
—_ .

e 1.456 m between cathode and gate grid 5

e /tonne active region f )
e 494 Hamamatsu R11410-22 3" PMTs |
e High reflectivity PTFE for light collection
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Active veto system

Optically separated Xe skin layer

6-30 keV nuclear recoils

e Gd-doped LS Outer Detector e 107
BG reduction & in-situ characterisation .
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log;o(S2c [phd])
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https://arxiv.org/abs/1802.06039
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https://arxiv.org/abs/1802.06039

Backgrounds, backgrounds, backgrounds

1) Ultra-radio pure materials and construction

2) Take 1 mile
underground

Radiopurity is key:
=> Xe purification with chromatography

—> Extensive radioassay campaign > 1000 assays
=> Strict cleanliness controls

See Eur.Phys.].C 80 (2020) 11

3) Run until background limited
Jim Dobson - Blois2022


https://arxiv.org/abs/2006.02506

LUX-ZEPLIN Construction - a few highlights
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https://arxiv.org/abs/2106.06622
https://arxiv.org/abs/2106.06622

LUX-ZEPLIN Construction - a few highlights

Completed outer detector tank at Reynolds

Polymer Technology - USCB

Jim Dobson - Blois2022
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TPC Assembly at SURF surface laboratory

2019 2019

Mating of the extraction region to central TPC Fully sembled TPC at SURF surface Ia

Dust and Rn exposure control critical —
assembly in Rn-reduced surface lab cleanroom

Jim Dobson - Blois2022 1



Moving to the Davis Campus

2021

TPC inside inner cryostat vessel (ICV) being

transported underground

Jim Dobson - Blois2022

ICV being lowered into the outer vessel inside
the water tank

13



Fully assembled 1 mile UG in Davis Campus

2021
. -

Fully assembled outer detector - ready for water fill and operations

Jim Dobson - Blois2022 14




Fully assembled 1 mile UG in Davis Campus

Commissioning complete -

Fully assembled outer detector - ready fc

how is the detector performing?

Jim Dobson - Blois2022 14
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All detector systems operational
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Mapping TPC response with calibrations

Detector response to Deuterium-deuterium

Reconstructing the TPC wall using injected neutrons and injection 22°Rn electron recoils:

83mKr source:

- Drift time [ps]

=
3 3 5.0
ol d Bfellmlnary E 10
3 —— "Kr wall (Empirical fit) -
-200— | - $mKr wall + ¢ contour | 45
— N 3
&S = =t
~400 — 6 = a
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Uniform well-behaved drift field: average ~190V/cm
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Light and Charge collection

Electron/Nuclear
recoil \
Excitation Tonisation
Xe Xe'
+Xe N\ +Xe
Xe, | Xe,’
178nm Triplet Singlet 178nm
27ns b 3ns . .
(recombination)

2X€ er Xe** + Xe

Xe microphysics — light and charge
signals are anti-correlated:

Where:
E=W-: ( Sl s 52 ) g1 = photon detection efficiency
gl g2 g2 = electron gain phd/e-

W = work function = 13.5 eV/quanta

Jim Dobson - Blois2022 17



5 @ BTKr: 41.5 keV &~ 21Bi: 609 keV
& 125: §7.3 keV 287¢: 911 keV
1.75 S BimXe 164keV - B BMXe: 164 keV @~ ©Co: 1173 keV
Q @ 2Xe: 208 keV - ©Co: 1332 keV
100000 Preliminary ) & 2Xe:235keV @~ “°K: 1460 keV
1.50 2l - 5mXe: 276 keV - 21°Bi: 1764 keV
g moo L s @& 2Xe:380keV @ 21Bi: 2204 keV
E ", &~ 27Xe: 408 keV @&~ 287]: 2614.5 keV
1.25 g 60000 | =
S LN
@ 40000 { Prellmlnary
20000 | " m"uy 400

S2c bot [phd]
3

0.75

0.50

0.25

le6

Light and Charge collection

Mono-energetic sources: source tubes + injected + activation products.

S1corrected VS., S2-bottomeorrected

4000 6000
S1c [phd]

8000

300

(S2¢pottom)/E  [phd/keV]

200

g1=0.105 *+ 0.002 phd/ph
ghettem=13.06 + 0.25 phd/e-

N

3.0

3.5 4.0 4.5 5.0
(S1c)/E [phd/keV]

5.5 6.0

Preliminary*: g = 10.5% and g >°“>™ = |3 phd/e

* Likely to change with full treatment
of systematics/improved calibrations ].8
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Rate (Hz / 2 phe)

Outer detector performance
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Backeround studies underway

222Rn measurements from alpha-counting

Gamma spectroscopy - in this case fitting inner

140 16
30 ” region of detector above WIMP ROI
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JL backgrounds in WIMP region of interest
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Nat just WIMP physics

Non-WIMP DM candidates: Mirror dark matter, ALPs, hidden photons

Astrophysical neutrinos: solar-pp, supernova, B CEVNS

Rare decays: 0vpg of 1#Xe and 2vECEC on '%*Xe

Sensitivity to OvB[3 decay of 136Xe
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Phys.Rev.D 104 (2021) 9, 092009
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https://arxiv.org/abs/1912.04248
https://arxiv.org/abs/2102.11740

XENON1T excess: new physics?

Nat just WIMP physics

Non-WIMP DM candidates: Mirror dark matter, ALPs, hidden photons

Astrophvsical neutrinos: solar-op. supernova. 8B CEvVNS

(b) Solar axion

T
ABC axion

Or low-energy BG, for example Tritium, 3’Ar.

140F —— Hp: By e 1 —
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3.0 0 50 100 150 200 250 30 350
Phys.Rev.D 102 (2020) 7, 072004 p— | Time sinoe last deivery [day]
2'50 10 20 30 40 50 60 70 80
S1. [phd]
Phys.Rev.D 105 (2022) 8, 082004
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https://arxiv.org/abs/1912.04248
https://arxiv.org/abs/2102.11740
https://arxiv.org/abs/2006.09721
https://arxiv.org/abs/2201.02858

In summary:

LZ construction complete

TPC, Skin and Outer
Detector systems online

Detector performing well

Physics data taking now

Watch this space!

LZ: 35 Institutions, 250 scientists, engineers, and technical staff

Thanks to our sponsors and 35
participating institutions!

cwmcews  @)Sanford
Tecb.n 9|°gy . Underground Research Facility
Facilities Council South Dakota Science and Technology Authority

. . |
U.S. Department of Energy F C I 1 Institute for

Office of Science

Basic Science

Fundagio para a Ciéncia e a Tecnologia
MINISTERIO DA EDUCAGAO E CIENCIA
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Backups
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Xenon circulation system

I, . ) - we o - R MR R

ryo-tower for xenon condensing (shown here in a test setup)
1

Circulation @ 500 slpm
— | turnover/2.4d

Purification using hot zirconium getter
— electronegative species < 0.| ppb

Water tank'flan \ygeﬁ/

_‘A/

Transfer Lmes 3’

TR 1

“Q

Upto 600 slpm during commissioning tests

E '-.-_‘._I
g TR 500-600 slpm
/ - - . ——— demonstrated in
Xe Circulation * [ —— testing

g

Compressors

Time
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Backeround expectations

5.6 ton fiducial, 1000 live-days

~1.5 - 6.5 keV, single scatters, no coincident veto

Background Source

Detector Components

Dispersed Radionuclides — Rn, Kr, Ar
Laboratory and Cosmogenics

Surface Contamination and Dust

Physics Backgrounds — 2B decay, neutrinos*

Total (after 99.5% discrimination and 50% NR efficiency) 6.49

Jim Dobson - Blois2022
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Rate [counts/kg/day/keV]

10—10 i

—11 i .
4 0 20 40 60

Backeround expectations

Nuclear recoils

8B
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i . v v e by ]

Rate [counts/kg/day/keV]

Total

80 100

Nuclear recoil energy [keV]
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Spin-dependent WIMP sensitivity
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AmLi sims/data calibration spectrum

Wi

20 30 40 50 60
eeeeeeeeeeee d Energy [keVnr]

Nuclear recoil - sims vs data

Jim Dobson - Blois2022



