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Dark matter experiments

See Ewan Fraser s 4 . . _ See Chris Jillings talk
talk Tea Hall poster>1. Scintillation counters: DEAP-3600 €4— g

-
1. ATOMIC EXCITATION

1+2. LAr/LXe TPCs S1+S2:
DarkSide, XENON, LZ,
A PandaX, XLZDArgo
See Celin Hidalgo See Ferdos

talk, Sarah Tullio & Dastgiri talk and 4

Michela Lai posters Bram Miles poster

2. LAr/LXe TPCs S2-only:
DarkSide-LowMass,
DarkSide-20k, XENONRNT,

1+2. Scintillating Bubble
chambers: SBC

See Mayank Tripathi talk and Rajan
Anderson Darnan poster

3. Bubble chambers: PICO

Phonon detectors:
TESSERACT, phonon-only

| Z, PandaX« See Yue Meng talk .
Gas ionization chambers: See Ben Loer, y S€4 rches in SuperCDMS and
Francesco De CRESST... r

NEWS-G See Marie-Cécil Piro talk ] Dorminici
. _— ominicis, Stefan
CCDs: DAMIC-M, SENSE] Frof? Gerini & ¢ X Zatschler talks .
See Ziqing Hong talk and
/ Nevena Cail poster
2+3. Phonon+Charge detectors: SuperCDMS, CRESST. 4

— See Samir Banik poster



Exclusion 90%

C.L.

FES8 Dirac complex WIMP [EPJ C 8 992 2022]
Bl Ar v-fog [PRL127 251802 2021]

\\\\\\\\\\\\\\\\\\\\\\\\\\\ —
pMSSM11 [EPJ C 78 256 2018] \\\\\\\\\
I Scalar complex WIMP [EPJ C 8 992 2022] \ N
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little out of date now
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] LZ 90%CL excl [2207.03764]

. DS-20k Fid. 10 y (200 t yr)

. ARGO Fid. (3000 t yr)
© XLZD (1000 t yr)

LZ 2.7 y (15.3 t yr)
XENONnT 5 y (20.2 t yr)
DS-20k Fid. 5 y (100 t yr)

DS-20k Ext. 10 y (460 t yr)
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DM or background

The LZ event
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Noble liquid TPCs

Scalability to large target masses
Excellent transparency to light & electrons
Highly purifiable

Strong event reco and bkgd rejection

Energy: S1, S2 «Edep

Fiducialization: ts;-t..—z, S2 PE dist.—>xy
varitAL = 7 ER/NR discrimination: 52/51, PSD (in LAY)

ﬂ I Sensitive DM searches
J- S1 + S2 analyses for heavy WIMP searches
S2-only analyses for light DM searches

7




1. ATOMIC EXCITATION
e

DarkSide/GADMC TPCs
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DarkSide-50 DarkSide-20k Argo
50 kg LAFTPC SO0 t UAITPC + IV + OV 400 t UAr

Pioneered UAr, use ~ Novel PDU fab.: full swing  Targeting WIMP

of neutron vetoes (30 Mockup, Proto-O successful search to v floor
tonne borated LS) TPC construction ongoing

SiPM
[1 cm?]
Tile
(24 S|PI\/I25) (16 tiles)
[5%5 cm?] [20x20 cm?]

Very low radiCﬁVity' DS-20k. EPJC 85 1334 ?2025)

DS-20k. EPJC 85 534 (2025)



Urania Aria

Cortez, CO, USA Sardinia, Italy

250 - 330 kg/day UAr extraction |8 & e 350 m-tall distillation column
Capacity: 120 t over 2 years _y A iR 1t/d, 99.999% purification
UAr purity: 99.99% e - At 10 kg/d, reduce ¥Ar 10x
Ready for commissioning R M@ Scrucci-O (24m) successful

AAr Data at 200 V/cm
(LSV Anti-coinc.)

UAr Data at 200 V/cm
(LSV Anti-coinc.)

®Kr (Global Fit)

*Ar (Global Fit)
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See a|kse|.' M Measur *“Ar activity in small batch
Hidalgo, Sarah Tullio 8 Operational and running




/ 1. ATOMIC EXCITATION

DarkSide-50 results

Energy [keVs.] UHDM exclusion regions
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https://doi.org/10.1103/PhysRevD.98.102006

DarkSide-20k projections
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DarkSide-LowMass

Structural supports

PDM Buffer Veto
(same at top)

Bath Veto

Veto photosensors

39All’ can be SQppressed by

A

TPC/Veto o

optical barrier .E:l

=

—_____ TPC photosensors '

(same at bottom) 11}

=

et

Acrylic vessel m

ia]

Depleted argon E

active (fiducial) 4]
mass:1.5(1)t =0 4 alb

........................................................

- 10-100x with 1 or 2 passes

column at 10 kg/day kg)

R SR J SRS S, s

J.IIlIIIl.I

throughput | _ 1Bg/led)

T T L ATy T T .

Double walled cryostat

Cryostat immersed in water tank (not shown)
Global Argon Dark Matter Collaboration Phys. Rev. D 107, 112006 (2023)
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" 1. ATOMIC EXCITATION
T

Lower thresholds by doping?

Photo-sensitive dopants:

90 e " g * Low ionization energy — High e yield
e | % Convert S1toS2 — More e
/f"i,,_- At high concentrations: *H as target
2™ Ongoing R&D! V4
'_?_'_.1 Also studied for HydroX in LXe
@ T .
370 .
& a/——
g
5 © (Prlars xe/APrlar |
&BO ® (Fay hr»k/tpe: )ﬁ.r
R } 20
':I— Xe Concentration ()
) ' 20

Field Strength {kV/cm )

Fig. 1. a) Saturation curves of the pulse height produced
by 2°7Bi conversion electron for the different concentra-
tion of Xe. b} Relative ionization yields as a function of
doped-Xe concentration.




" 1. ATOMIC EXCITATION

XENONRNT

Credit: Shengchao Li, “Recent Dark Matter Search Results from XENONnNT"Closing in on thermal relics
Masatoshi Kobayashi, “The XENONNT experiment and its latest results” TeVPA 2026

Re-condenser

Ongoing upgrades of XENONNT

Need High

8.5 t Lxe J[Ota| Hprm}\-ing - i Separation
Upgrades will fix cathode Ll ARt
electrodes — expecting 10x 'T(’y'f‘?,'(‘,.yy b

better ER/NR discrimination g

Xenon
High volatile
contaminant

Target purification

Inline distillation column swipping
Lowers ®Kr to 48 ppg—9 nBa/kg:ay o
?22Rn abundance ~1 puBg/kg

| Plate 2

“~ Plate 1

Reboiler with
heater

XENONNT. EPJC 84 8,784 (2024)

Bottom
product

liquid-out (XENON Collab.), e
B Eur. Phys. J. C. 77, '
B 275 (2017)

E. Aprile et al.
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https://indico.cern.ch/event/1641624/registrations/125326/
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NONRNT S2-only search

10—41 (a): SI DM-nucleon scattering (d): DM-electron scattering
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" 1. ATOMIC EXCITATION

#
/'

s

XENONRNI pp v-e scattering

wem— Solar p = 212ph ——— Materials 136 ——Total
214pp 85Ky 3H-like Others § Science Data
- SRO t SR1b

100 | 100 ¢

Event / (t-y-keV)

rIOBI

1 1 1
0 20 40 60 80 100 120 140 O 20 40 60 80 100 120 140 18

Residual

Electron Recoil Energy [keV] Electron Recoil Energy [keV]

XENONNT arXiv:2608.29450
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See Yue Meng'’s talk!

PandaXxX-4T

BN Other ER EEE Meutron

e WIMP (6 GeV) Bl TXe L-shell EC
Tritium [~ E 3¢ [L-shell ECEC W Surface

BN Accidental
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1Sy

bt }mm
> -~

L3 .
i <
o
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e :_Sh |
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13 153 1= 19 11 B
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Casilice Index

SI WIMP-nucleon cross-section [em?]

Full program complete:
~700 live days

PandaX-20T funded,
preparing for installation
in 2027

104 T T T 3
—— PandaX-4T 2021

) XENONNT 2023 ]
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" 1. ATOMIC EXCITATION

PandaX-4T 2.60 “indication” of B
CEVNS In S2-only

e canoct—— Cathode radioactivity
, 50 > «—— Micro-discharges
s BN B CEvNS
g 60 Common across all TPCs: low-energy
540 detector & electrostatic effects must be
S 20 understood to reach >30!
——- 8B CEvNS
4 + Data
g 3f
=
S
)
[}
7]
1 8
: Cilgf;ﬂsalo . ][;l;)alg Number of electron in4tw 8 e
1 L | 1 1 1 |
0F 6 8 10 12 14 50 100 20

PandaX PRL 133, 191001 (2024) Number of electrons (S2) Counts/0.5us



/' 1. ATOMIC EXClTATIDN

LUX-ZEPLIN (LZ)

Exposure: / t active mass, since 2021

Veto system: Xe skin (y-rays) + GdLS
neutron veto + water muon veto

Primarily designed for WIMP searches;
sensitive to a wide range of phenomena

1074 e

=+ Median 3¢ discovery potential ]

10 " F .' ---- Median expected upper limit 3
F = Power constrained upper limit J
| | _I Unconstmmeduppcrhnut ]
10' 10° 10° 10*
WIMP Mass [GeV/c?]

LZ PRL 135.011802 (2025)

Spin-independent scattering (A* scaling)

DEAF

._.
=
]

DM-nucleon cross section [cm?]

w10 10" 1" 1™

DM mass [GeVie®]

g Spin-independent scattering (Mo scaling)

10

DAMA JEAF

DM-nucleus cross section [cm?]

10 10 " 1w 10
DM mass [GeVic?]

LZ PRD 109,112010(2024)



| / measurement of B C
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and light
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When is he going to
mention the recent
result??

STILL WAITING
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% 1. ATOMIC EXGITATION

NR event, 2.60 tension with background
model in 2.8 t-yr exposure, including:

Source Expected Events Fit Result
Internal 3 decays 1341 £ 160 1340 =43
v ER 140.6 + 8.4 140.3 + 8.4
136x e 110.0 £ 16.5 114.2+16.1
CH5T & 'C 55.3+3.1 55.2+3.1
12456 21.0+6.3 22.6+5.0
S3ImKy 17.1+5.1 17.0+35
1251 8.9+27 9.84+2.3
Other models often lose coherent Detector ERs 8.5+3.4 9417
enhancement. Can other | A ﬁ?‘;édef?‘%;;‘zims‘ iy oo
. . . . — e e . . R .
detectors of similar size teSt it? . Atmospheric v (1.1+£0.2) x 107" (1.1 £0.2) x 107"
= = A= =IbH eI 1 *B+thepv (5.740.6) x 1072 (5.7 £0.6) x 10~ 2
|2 ol —|e = gl i g _ MSSI -3 +4.8 -3
2 o O t o (4.9 +4.9) x 10 (4.675¢) x 10
28 20 UE <5l % 7]  Detector NRs - [0,0.118]
"k ® ® + 15 ®lg 1 1000 GeV/c?> WIMP - 1.0+)4
' Total counts -~ 1713+ 39
0 200 400 600 800 Observed counts - 1710

LZ arXiv:2609.02823 (2026) S]1c [phd]



DEAP-5600

Exposure: 3.3 t LAr, 7.1 t-yr (total), 2.7 t-yr (fid)
Shielding: 50 cm-thick acrylic + filler blocks
Status: Paused in 2020 for upgrades. Now testing

WIMP search: 231 live-day bkgd free (2017)
790 live-day, bkgd limited (2026)

7~ Low Rn: 0.153+0.005 puBg/kg ?*?Rn
7 4.3+1.0 nBg/kg “°Rn  see Chris Jilling’s talk

= Previous cbserved limit in 231 live-days [PRD 100, 022004 (2018)]
------- Observed limit in 791 live-days using previous method

Median ex; pected limit in 791 live-days
[ 1 Median expected limit (781 live-days) = % quantile band
["] Median expected limit (791 live-days) £ 2 quantile band
"""""" Observed limit in the 361 live-day open dataset

3

Observed limit in 791 live-days

SI WIMP-Nucleon Cross Section [cm?]
=}

3
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3. Heat/phonons

Outer PMTs
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Acrylic Vessel
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o o
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e
&

03}
02

0.1

400 600

800 1000 1200 1400 1600

DEAP arXiv:2603.13965 (2026) Protostectrons detected

Data

= Total dust a-decays: Dust CR best-fit

Toial dust «-decays: Re-scaled

1800 2000

10-4 | S -
—s— Data
—— Total dust u-decays

. (30-40) um
| —— (20-30) um
—— (10-20) um
—— (1-10) um
ﬂi*

Event rate [Hz] / 500 PE
o
&

=
ry

10°®

—— (40-50) um diameter

-AP-3600’s main backgrounds
and upgrades to solve them

. Dust: removing with a LAr pipe + filtration

a-decays in
dust mimic
WIMPs in ROI
and above

5000 10000

|||§| ||§|

200 |

Reconstructed z [mm]
I
8
T

— Inner flowguide

——t—Outer flowguide

| | |
50 100 150
X [mm]

(inner surface LAr)

+—Inner flowguide
(outer surface LAr)

— Piston ring

(inner surface LAr)

"Outer flowguide
(inner surface LAr)

iU\/ Scintillation’

DEAP PRD 100, 022004 (2019)

0 500 1000 1500 2000 2500 3000 3500 4000

Photoelectrons detected

15000 20000 2500(

Photoelectrons detected

- Shadowed a’s

adding slow
Pyrene

| scintillator
1 coating to

neck flow

| guides — veto
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P 1. ATOMIC EXCITATIO!

EAP: PSD 108-10'9 ER rejection,
less helpful against dust

SRS A S DUV S RO
—+ Data, 120N
— Effective model :g 014 Dust o-decays
=3
P —— Neck o-decays
2 012 —— Surface o-decays
T Radiogenic Neutrons
04 =eme 1TeVIE WIMP
< < 5
v o 3 0.08
= Z
== o
o ) 0.06
o [Ty ]
0.04
. 0.02
=, o ;
e 06 0.65 07 0.75 08
7 DEAP arXiv:2603.13965 (2026) F prompt
: i - ; ; i ] 27
0.1 0.2 0.3 0.4 0.5 0.6 0.7

DEAP EPJC 81 823 (2021) FpromptnScat 120N



- AP Ultra-heavy DM and ®B ve
absorption (40) measurement

7] 1[]4 1 N 1 1 L] N " 1 Lk =1L = L L L 1 Li—
aa : : Zii- [—— DEAP-3600 Data :
2 s[MTVe™ "R TE ©: i | === Total Background = 10°
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S =1'2| — — Cosmogenic Background | __
g ' =y g g
poy USSR, F——— g Scaled Total v, Signal 5 10°
o * i T:11 | — — Scaled v, Signal - *B =
N ™~ P B Scaled v, Signal-hep | 10
A\ = i 1= | —— Predicted v, Signal 3
8 = | s i
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= t 1
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) n [ =
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a DEAP arXiv:2605.12769 Reconstructed Energy [MeV]
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——
% 1. ATOMIC EXCITATION

¢ Scintillating Bubble Chamber

Credit: Gray Putnam’s SBC-LAr10 presnetation at APS DNP Meeting 20 July 2026

SBC-LAr10 Fermilab Principle: Low-energy nuclear recoils will
P ————— nucleate bubbles, ERs will not. Energetic
(B (B ™ Piezo oy s backgrounds scintillate — veto
* 850Nm g . @ First images at FNAL MINOS
CFa 1 VUV SiF ARSI
) J TS Evap chamber-j"_”’éj:_ __ Potential
Ar + volime | [\t background from
'10ppm Xe ' — 130K ' y-ray Thomson
. . scattering
el '(f--'_—_hh i st
1 = |
-4 90 K Stable operations at FNAL, low-
é_; energy calibration into 202/

* Near-identical SBC-LAr10 to be
Iz JEEREREECEUL  jnstalled at SNOLAB this Fall! 29




. 1. ATOMIC EXCITATION
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SuperC

Credit: Miriam Diamond’s talk at SNOLAB Future Projects Workshop, May 2026

DMS

;@-ﬂa’-"- iZIP (Ge)

Germanium Silicon

Low energy thresholds

HV Larger exposure Sensitive to lowest DM masses
No 32Si radioactive background
Nuclear Recoil Discrimination
iZIP Sensitive to B v-scatter

Probe Ge backgrounds Probe Si backgrounds

Dark Matter-nucleon o, [cm?]

Low-energy backgrounds must content with Low-Energy Excess!

See Ziqing Hong's talk

1 SuperCDMS SNOLAB Projected Sensitivity

—

e
F
L]

10°%

—
h""-————_-—- ™

neutrino fog ) |

] 10
Dark Matter Mass [GeV/c?]

Science run started August 7

and Nevena Cail’s poster

...stay tuned for results!
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DAMIC-M and Sensel CCDs

Credit: Alvaro Chavarria’s talk at UC Riverside CECI Workshop On Detector Science (2026 CWODS)
Yikai Wu's talk at APS DPF meetiing, July 2026

. i
B Zoom
o
Pixel array
/ pixel
5 2 on =2
7 / S v s - 15x15 pm? T VN
’ : Pomt-llke‘ ’\ pixels 2 o N
2 : _—— . g
. Yo 5 10 RIS RN s T Zz € 16000
s’ : Energy meagured by pixel [keV] E uoo;— o
) . 3 \ . o e,
: 4 = 1000(—
,6 paﬂlcle s : = soob- 0=007e-
5 . - - 600F-
: / = /\
A 3 ! | .
05 1 15

-

Excellent resolution with SkipperCCDs down to ~1 eV Si bandgap

ccccc fe

—_
o
g )

U {gq LA L L R

. DAMIC-M at Modane: Prototype data in 2025, leading limits

Full detector payload under construction at LSM, online late 2026
0o 26 CCD modules (~360 g active mass) tested underground
-t 4 SENSEI at SNOLAB: Currently running with ~40 g Si

O i Lowest le rate measured at (1.4+0.1)x105 e”/pixel/day 32

m, [MeV/c? Results soon!



> Y 4 ATOMICE(GITATIDN

TESSERACT

Credit: Bjoern Penning’s talk at ICHEP 2026

. Athermal Phonon Gollection Fins (Al)

. TES and Fin-Overlap Regions (W)

GaAs LHe

1/2 T3 Achieved recently T_ ~15-20 mK
let —¢ — ~100 meV threshold achievable on 1 cm? crystals

2025: Completed DOE Gateway Review summer
2028: Assembly at Modane
2029: Physics

og x V.

Mitigate low-energy excess with multi-channel coincidence
Swap out multiple targets 33
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Neutron backgrounds

neucBOT - calculator

e Neutrons are a nuisance reucbot.ucr.edu
- WIMP-like NRs
- (n,y) backgrounds ~10 MeV
e Several options to calculate them
- SOURCES4 (Fortran) p—
e M. Parvu et al. Appl. Rad. Isotopes 225, 112035 (2025) Tttt i s

- SaG4N (C++, Geant4 integration)
« £ Mendoza et al. NIM A 960, 163659 (2020)

- NeuCBOT (Python, web interface)
« S Westerdale, PD Meyers. NIM A 875, 57-64 (2017)
« MB Gromov et al. Phys At Nucl 86, 181-187 (2023)

* Recent additions of JENDL and EXFOR integration, a-
energy loss / neutron energy correlation (on GitHub,
adding to web interface soon)

» Currently adding y-ray/final nuclear state correlations

« Nuclear data needed to calculate (a,n) yields and

y-ray correlations are often lacking!
D Cano-Ottetal.J Phys G 53023001

Neutron Energy Spectrum




(n,y) calculat

O
2
W

Important for neutron veto signals and MeV physics (e.g.
Ve CC, OV[BB)

Default Geant4 G4NDL and G4PhotonEvaporation
models do not reproduce known peaks and correlations
well

Many unknowns in nuclear structure data make perfect
simulations impossible!

Two new options:

- G4RiversideCASCADE: Walks through nuclear level structures
built from ENSDF/other databases, using PhotonEvaporation to
fill in gaps, includes X-rays and Auger e

« L Weimer et al. NIM A 1093, 171940 (2027)
e GitHub: main branch G4-10, see G4-11 branch
» Working on integration with future G4 release
- NuDex: Combines ENSDF and RIPL-3 for statistical nuclear
model + ENSDF cascade simulation
* E Mendoza EPJ Web of Conferences 239, 17006 (2020)
» Added to recent versions of G4-11
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Dust backgrounds

e Emerging as a potentially important background
as noble liquid detectors scale to large sizes

e a-particles attenuate in dust, fall in WIMP RO

« Elaborate measures taking to avoid dust ingress,
but many potential sources

- Ambient dust from lab air (largely organic,
sometimes metallic)

— Dust from gas/cryogen bottles ...
« Developing methods to quantify (e.g. tracking

dust exposure with witness samples during
assembly)

* How does dust impact S27 E field distortions? e
shadowing? Depends on dust composition?

e Spatial distribution of dust can be very
complicated!

« With high rates, can model in situ, but hard if
dust levels are low enough!

|  —e— Data

—— Total dust a-decays

| —— (40-50) pm diameter
(30-40) um

——— (20-30) um

—— (10-20) um

|  —— (1-10)um

#

Event rate [Hz] / 500 PE
=
&

s
(=]
&

5000 10000 15000 20000 2500(
Photoelectrons detected

DEAP arXiv:2603.13965 (2026)

37



Spurious Electron Backgrounds

Few-electron isolated S2 pulses, e \ ETre
typically following large “normal” S2s | [N T e mIRE
4 e \ AN me-ordered Pairs ]
Poorly understood i * : NN
Time correlations T R S e T 7T

dT [ms]

- LAr: Double exponential DS-50 EPJC (2026, in press)
— LXe: Power law eesu st B

ol /PN T T

1 . . e 14 o 10 ; L Uncorrelated 3
Directly proportional to previous 52 1A Ny 28 { =
size and tyis ; /j‘ff;ff;fw\u i B | W._ﬁj
o B 1ot :'E' //' \\ \‘\\' N{;HTIHU 0_65 % 10 ? AL'LLL‘ E
Leading theory: e delayed by AR ie,;i‘:%z;;:::;jfhﬂ SNy i T

|mpur|t| eS 0 10 20 30 432 (P]_‘?)O 60 70 80 90 10*5 —4 —3 —2 =1 0
. . . At [s]
Still many unknowns! Ongoing topic of ~ AKopecetal JINST16 LZ PRD 113, 072018 (2026)

R&D and in situ detector studies pO7014(2021) 38




Low Energy

- XCESS

Solid state cryogenic detectors’
lowest energies limited by large,
excess event rate

Well-document, poorly understood

Thermal effects at ultra-cold
temperatures, mechanical
vibrations, atomic dislocations, and
other candidate mechanisms are a
topic of active R&D

Annual EXCESS workshops

Rate (kg-1d-1eV-1)

107

106
105

104
103

10% E
10" E
100 E

1071

10_2_lllll

: LEE in phonon detectors

i

o
SN
R

107 102
Energy (eV)
—— CRESST-lll CawO, = BULLKID NUCLEUS
CRESST-III SOS —— SuperCDMS-CPD TESSERACT LS
— EDELWEISS RED20

D Baxter et al. ARNPS 75, 301 (2025)
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Summary and Outlook

Significant progress narrowing down dark matter
parameter space for a wide range of signal types

Rapid progress being made with several different,
complementary detector technologies

As we move forward, we are discovering and
tackling new background sources

Next few years will be exciting to watch!
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