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DM-nucleon cross-section at 50 GeV [cm?]
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Liquid xenon for dark matter

Liquid xenon leads sensitivity to GeV+ mass WIMPs

Observe light (S1) & charge (S2) from interactions
A 5D information X,y,z,E,) + particle discrimination (ER / NR)
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XLZD

400+ members from80+ institutions
. o Drawing on experience from curregeneration

| UCLA2023  [iquid xenon experiments
e .’:"ifﬂ =TS |

Activecollaborationwith ongoingdesign
and R&D towards realising XLZD
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XENON and LZ: running experime=—
Two cutting edge liquid xenon experiments L ,j“._:_} :

With 6 t KENONnN)Tand 7 t (LZ)
Instrumented xenon

World-leading constraints on
WIMP dark matter

Increasingly sensitive tther rare events

rement of Solar *B Neutrinos via Coherent Elastic Neutrino-Nucleus
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Main XLZD goals

Be most sensitive rare event xenon observatc

Search for WIMP dark matter down ligfog

Provide competitive constraints din |
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XLZD baseline design

Nominal plan: 60 tin 1:1 ratio (3 m x 3 m)
Possibility of longer 80 t detector if fundiadgows

0é LIK20G2
Design book (1182 per array) ;
arxiv2410.17137 250V/em drift field—

L Xeskin detector

Plusouter detector
. as n,>veto
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https://arxiv.org/abs/2410.17137
https://arxiv.org/abs/2410.17137

Backgrounds

Material backgrounds factort410 lower than current generation

Intrinsic backgrounds at lol® subdominant to solar neutrinos
Rn concentration < 0.2 . /g

_10% g\ % : 5
Screening, lovactivity materials, SRS T
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R&D

ActiveR&D In several areas:

Background mitigation, PMTs, test platforms, naeehnologieX
Seeposter #21by Rebeccéampp

Coating

ateria
o
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Candidate sites

PR Eoulby -

Key requirements:
Depth for cosmogenic backgrounds
Space for construction

Possibility of transporting large
items underground

Site reviews ongoing

Depth pt flux 7Xe rate SS ROI rate
Site (m) (mw.e) (/ m>d)) /(t year))  (evt/(t year keV))
SNOLAB 2070 5890 <0.3 0.007 129 x 10°°
SURF 1490 4300 4.6 0.142 272 x 10°°
Boulby 1300 3330 14.6 0.404 773 x 10°°
LNGS 1400 3800 29.7 0.822 1.57 x 10°*
Kamioka 1000 2700 128 3.54 6.78 x 10 *
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Dark Matter
WIMPs

Sub-GeV

Inelastic

Axion-like particles
Planck mass

Dark photons

Supernovae
Early alert

Supernova neutrinos ;

Multi-messenger
astrophysics
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Neutrino nature
Neutrinoless double
beta decay

: % Neutrino magnetic

moment
Double electron
capture

pp neutrinos
Solar metallicity
’Be, 2B, hep



WIMP sensitivity

Definitive search for medium
to high WIMP masses

Exploreinto the neutrino fog afte
~ 1000t yr exposure

3 RAaAaO2QOSNE LJ
section of3 x 10 @2 at 40 GeV

].0_455| TTTT

)—l
(@)
|
.
(=]
|

10-"

U YU UOISTIDXo JO JUaIPeIr)

|
wo

02/06/2026

I

10— ! \\\‘ . - - ) g

: A% Lo 2

i ‘\ ¥ s " =

Ly == P = 200 ty (90%) 5

1 I I 1 U) = 1 1 11 ~I-I_'I'Ih 1 I-I-I I-I| looq tyI (QIO?O)I 1 II: \_2/‘
At contourn, improving limit by 18 s 2o L

requires 10xthe exposure

I DM-nucleon cross section [cm?]

DM mass [GeV /]

XLZD | Adam Softlegrown | IDM 2026 Zaragoza




WIMP sensitivity

Definitive search for medium "

to high WIMP masses T | XL2D (detection) o,
: : &10_45:---1000ty(3aum1t) Y
Reach into the neutrino fog after 5" E < 1000 ¢ (eampia) & P
~ 1000t yr exposure g F gy A
- 10_46§ 2 E
3 RAAO02USNE LR: | O R
section of 3x 10k "@&nat 40 GeV & o+t | W muitiplet DM
= 3] Ve -
§ Ny g ‘p‘-‘l;l;‘/ X+
A e
Example confidence intervals = K B I
for 1000tyr exposure 10 151 — ""102 — 163 == 164 — 1(')5 E—

DM mass [GeV /c?]
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Lighter dark matter

DM

DM DM

"""""""" . e\
Use the Sun for

a velocity boost

DM-e- scattering

DM absorption
Migdal effect: NR

signal with ER DM .

character Ny
lonisation-only " SM
searches
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Neutrinolesslouble beta decay ¥ /
>

H
S
(3]

136X e (8.9%louble betadecay(2n 1)
with half-life 2x10%1 yr

Search foOn | peakat Q=2.458 MeV
Energyresolutionof largeTPCs n ®yi’z 0~ K

Energy [keV]
Detectormaterialsdominatebackgroundg
targeting4¢10x reduction in activity

Skin,RFRODhelp veto?®T| backgrounds

Optimal Fvaround10t
Cosmogeni¢3’Xe +) subdominant at all four sites
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Neutrinolesslouble beta decay

XLZD competitive with dedicated experiment

Publishedsensitivitybasedon scaling LZ BGs: *
5.7 x 10?7 yr discovery after 10 yr
1.3x 10?8 yr exclusion at 90% 10"

Can cover |0 for a wide rangeN¥Es

4.6 (20)

meV]

Work ongoingto refine with detailed Geant4
simulations and PLR inference

7(30) &

9.3 (40)

mgg sensitivity

14 (60)

Tf/yf 7 exclusion limit (90% CL) [yr]

6 8 10 12

Seel. Phys. G 52 045102410.1901&or more details "% Exposue time [y]
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https://doi.org/10.1088/1361-6471/adb900
https://arxiv.org/pdf/2410.19016

Astrophysical neutrinos

Neutrino-nucleus scattering®g)
Observed by Z (4.5), XENONNT2(7 ), PandaX2.6 )
Highprecision measurement possible with 1000 t yr exposure

Solar pp neutrinos NRs CEVNS ERs (all other reactions)
~5%precisionon low-Esurvivalprobabilityg
Test of solar and neutrino physics

— pp i [ — pp 1

-~ 7Be(0384 — "Be-384 keV' |

-~ 7Be(0861) -=-= "Be-861 keV
e

—— pep

year~

(=)
2 =

Supernova neutrinos
Sensitivity to typdl SN beyond SMC

Event rate above threshold (to
=
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Conclusions

Definitive WIMP search with liguid xenon
GloballycompetitiveOA | gensitivity
Richarrayof neutrino physic
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Neutrinolesslouble-beta c

ecay
nieved by current detectors

Energy resolutions < 1% ac
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Other second order decays

Three other isotopes with (predicted)%rder weak decays
124Xe (0.1%):25Xe (0.09%)-34Xe (10%)

/ \ Y I

H_A(F;EC %Lﬁgteﬂl 'ni(ENONlT Predicted but not observed

More interesting topologies
NAKHZE9 NINKH A

Tests of SM & nuclear physics

Energy (keV)

XENON, Nature 568, 2019
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WIMP sensitivity

104
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this canonical WIMP is a member of an EMtiplet "

mediated by SM gauge bosons and the Higgs —E_;w_“
A

ATLAS Preliminary 10-47

Vs =13TeV, 140fb~", Bino-DM scan
-43 ATLAS exclusion fraction after no

n-DM external constraints
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8B neutrinos V . a ._

Already observetdy LZ (4.5),
XENONNT2.7 ), PandaX2.6 ) Y

Significancend precisian will be far higher in XLZD
LZ, PRD 108, 2023
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Astrophysical neutrinaspp neutrinos

Intrinsic and material backgrounds subdominant to solar pp neutrinos
~5%measuremenbf low-E survival probability

Testsolarandneutrino physics H0 + Borernn
| # KamLAND
33 “Ra (1 uByskg) 0.8 600 tyr 4 SNO
3.{}__ pp+ Be newtrinos XL ZD
- i 0.6
® 25k 222Rnp goal . —+“"+*+ Mgy,
E 2.{}5— ';CUI'I'E“I‘E value & 0.4 (4-bin) (1-bin) Be f«f,.]f.] (lo)
X F inXENONnNT VPR ' *‘
X 1-5;— ~0.8 uyBg/kg) pep 5B
2 1of 0.2
2 -
0.5E __ r
Ez('_/‘_:/ L _'_}m-hb_.l_-iuh_‘_'_ R EUII-le_I_'fdliq" 0-0 LI |2 1 | I T T |3 | | | L |_)1
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Supernova neutrinos

Sensitivity to all flavours: few events/ton from SN at ~10 kpc
w alAy OKIFffSyasSy f{ 2ebackgicamBE A S & =
w [ %5Y aSyarluArAgAaoeée o0Seé2yR {alT

——XENONNT (TPC) - 5.9t —— Next gen. - 60 t Next gen. - B0t
b ! : : !
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Overd. Preliminary

tAntlia 11

v signal significance [o]
s
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SUPERNOVA EARLY 1} edge
'WARNING SYSTEM | Lve.
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