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What do we know

about Dark Matter?

Dark Matter Halo

Galactic Disk

Biw Jocelyn Monroe

Solar System

optically dark
bound to our galaxy

density ~ 0.3 GeV/cm3

dark matter particle mass:
~unknown

15 kpc
~150 : :
interactions: very weak,

50 kpc ~collision-less
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Theorist’s View

(thanks to H. Murayama)
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New sociology: dark matter definitely exists, naturalness problem may be
optional? Need to explain dark matter on its own.
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Theorist’s View (thanks to H. Murayama)
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New sociology: dark matter definitely exists, naturalness problem may be
optional? Need to explain dark matter on its own.
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Theorist’s View (thanks to H. Murayama)
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New sociology: dark matter definitely exists, naturalness problem may be
optional? Need to explain dark matter on its own.
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Experimentalist’s View

Collider Production

Indirect Detection

A Direct Detection
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Direct Detection WIMP Signal 7

Electron R
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experimental challenges: S
keV-scale energy threshold +
0.01fF
<1/t/y event rate :
need particle ID at ppm-ppb-ppt-ppq! : .

0 10 20 30 40 50 60 70 80
Recoil Energy (E) [keV]
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Challenge 1: Low Energies!

S
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: _ 2
Example in noble liquids: K
N A% %
lonization energy per quanta: . g o
~2 eV in Si . o P
~10 eV In Xe g% AP
; ' 8 /
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opportunity for particle ID: identify backgrounds via
¢ jonization vs. scintillation (Xe)
e + pulse shape vs. time difference (Ar)
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- depends on particle
triplet  singlet = | | energy, and
interaction with target
microphysics
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Challenge 1: Low Energies!

%,
Example in noble liquids: %,%
lonization energy per quanta: " (%s/ ?
~2 eV in Si . Dy/f
~10 eV in Xe b5t ™
~20 eV in Ar, He Rt ;.“4,.;7" AN
e - A IB%Z; f
------ Fit of DS50 AmC+AmBe, ARIS, SCENE ‘ / /!’»
Fit of DS50 AmC+AmBe | "2

Fit of ARIS and SCENE

[e” /keVpy,]

NR
Qy

4 ARIS
4 SCENE
Joshi et al.

5 10 20
Energy [keVp,]

Energgpartition
depends on particle
energy, and
interaction with target
microphysics

= < - - <

5 b“A y = = S 4‘: oY

However! knowledge of ionisation fraction is a key systematic uncertainty

._ﬂ.%f Jocelyn Monroe

Sept. 13,2023 / p.7



Phonon TES ralls
Charge electrode

Detector

Technologies
(not exhaustive!)
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Nuclear recoil Er ~ TE-6 X mpm
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Challenge 1: Low Energies!

many experiments, many targets:

(Xe, Ge, AI’, /\/al, CS// CaWO4, CF3/, C3F8, F )

Ge, Si: SuperCDMS
Ge: EDELWEISS

C,F,1, Br: PICASSO,
COUPP, PICO, SIMPLE

DMTPC, MIMAC
Ar+Cz;He: Newage

Charge

Er threshold now O(10 eV),
potential to reach eV

.'-"é“‘w Jocelyn Monroe

Heat

Al203: CRESST-I
ROSEBUD

LXe: LUX, XENON,
PandaX
LAr: DarkSide,
ArDM

Er threshold now O(10s eV),
potential to reach meV

CaWO0g,, Al2O3:
CRESST

NaI: DAMA/LIBRA
NalI: ANAIS, SABRE,
DM-Ice

CsI: KIMS

LXe: XMASS
Lar: DEAP/CLEAN

Light

Er threshold now O(keV),
potential to reach 10 eV

Sept. 13,2023 / p.9



Challenge 2: Low Rates!

N

Reducible Backgrounds:

Gamma ray interactions: electron recoil final states
mis-identified electrons mimic nuclear recoils ... part-per-billion level particle ID!

Contamination: 10" |} modified from Malling, UCLA DM’16
Mis-identified U, Th, Pb
decays...
part-per-quadrillion++
control of materials

109

Neutrons:

Nuclear recoil final state.
(alpha,n), U, Th fission,
cosmogenic spallation

XENONIT DEAF, +PSD  Borexim

T
>
©
e,
7
o
V4
7
>
w
RV,
w
bt
©
o
e
-
>
o
—
)
~
O
©
)

U H
Y N*
\ 102 10°
n Energy [keV,.]
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Challenge 2: Low Rates!

N

Reducible Backgrounds:

Gamma ray interactions: electron recoil final states
mis-identified electrons mimic nuclear recoils ... part-per-billion level particle ID!

Contamination: ' } modified from Malling, UCLA DM’16
Mis-identified U, Th, Pb
decays...
part-per-quadrillion++
control of materials

222Rn in Dark Matter experiments:

Experiment  Activity / rate

Target XENONLT  DEAP, +PSD

Borexing

pp solar neutrinos

10 uBqg / kg

» PandaX-1l: PHYSICAL REVIEW D 93, 122009 (2016) 0° 102 103
* | UX: Physice Procedia 61 (2015) 658 - 665
o XENON1T: XeSAT 2017 talk [link] Energy [keV..]

Amaudruz, et al, Phys.Rev.Lett. 121 (2018) no.7, 071801
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Challenge 2: Low Rates!
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Challenge 2: Low Rates!

N

Reducible Backgrounds:

Gamma ray interactions: electron recoil final states
mis-identified electrons mimic nuclear recoils ... part-per-billion level particle ID!

Contamination: ' } modified from Malling, UCLA DM’16
Mis-identified U, Th, Pb
decays...
part-per-quadrillion++
control of materials

Neutrons:
Nuclear recoil final state.
(alpha,n), U, Th fission,
cosmogenic spallation
U H

Y N*

N - y }-,'.. E 102 103
Energy [keV,.]

XENONIT DEAP, +PSD Borexin®

Background Rate [keV~! kg~! day ']
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Challenge 2: Low Rates!

Irreducible Backgrounds: ’

impossible to shield a detector from V\/
coherent neutrino scattering!

.
.
S y
A limiting background: neutrino floor/fog /\
> 104 =L Ty B R K | I 1 L | LB I Ty I L A LI ) N N
O - CD{solar B8) = 5.86 x 106 cm-2 s- 1S
- B _120 n S
~ ) .
- T N ..but also an opportunity.
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Neutrino energ




impossib
coherent

10°
% ®(solar B8) = 5.86 x 106 cm-2 s-1
x R ' i
\ '\.J
- X i =
g 10 ,
>'_ “Ar
N,
g e Cosmological v
= 10° _
~ | Solar v
E Supernova burst (1987A)
O
X e __Reactor anti-v
@ 10 -
8 Background from old supernovae
i o
—
Q;) Terrestrial anti-v
e Atmosphericv
3+
! " v from AGN
) st dodededad bl L Do bbbt b s
10 5 10 15 20 25 30 35

Cosmogenic
\Y

Threshold Recoil Kinetic Energy (keV)

10° 10° 107 10" 10"

RoAL / M MeV GeV TeV PeV EeV
MOLLOWAY
" Comn Joce yn vionroe Neutrino energ



Challenge 3:
Signal Identification
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Challenge 3:
Signal Identification

Is the energy distribution
consistent with the expected
signal? Depends on interaction!

Normalised dR/dEg

Aalseth et al. Eur.Phys.J.Plus 133 (2018)

101

"™ 3 —— AAr D
" = ABAT 9Ar ata
X o2l —— UAr Data
g = 11/1300 ——— UAr MC Total
B 24pg “co 8
x 107 609 kev 1.17 Mev “‘co MC °°Kr
C+P C+F 1.33 MeV
E Q9 @ (C+F) . — MC *°Ar
10—4 f 1.46 MeV
(=] (P) gy
1 * s 1.77 Mev 20
— kﬁi N 7 (e 2”’% o
<« 10°E T (®)
= \H]
3 1076 \ C: Cryostat
= =
g - | P: PMTs
B 107 = \‘ F: Fused Silica
10—3—11.1,.%...|...|...|...|...|.‘.|.. |
O 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

S1 [PE]

0.003 A

Argon, 2.4 GeV dark matter
Operator 0,

Operator O3
= Operator Os

e Operator Og

= Operator 013

non-O1 and/or isospin-violating
Cheek et al., arXiv:2302.05458
Williams, TAUP’23

Ning et al., Nature 618, 47-50 (2023)
Adhikari et al., PRD 102. 082001 (20.

++...

Is the energy
partition consistent
with the expected

signal particle?
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Challenge 3:
Signal Identification

Is the reconstructed vertex
consistent with the expected

TPB

Aalberts et al., arXiv:2207.03764

I o0 * & o °
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: ®, ° ..o ° :O 0. (X .‘ 2 oi X.xx 4 :
0'u.luulb |||||| I, |||||||| | Lov vy I‘ uuuuuuu AIOOO
0 202 30> 40° 50? 60* 70*
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Challenge 3: D :
Signal Identification

<o
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-
-
-
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e
-,

onee™
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Is the event topology consistent with
a tiny interaction cross section!?

Multiple scatters?

coincident with activity in

surrounding veto detector(s)? mes
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Late Photon—.

Early Photon-—.

Challenge 3:
Signal Identification

"

Diatomic—
Molecule

WAL . ; - > Nucleus —,
Is the timing distribution O A o
consistent with the expected 2 WIMP .
signal particle? LI ‘Atom L

Lippincott et al., Phys.Rev.C 78: 035801 (2008)

T [ |
é;b 6}0(\
3 | : N
> 0.1 Electronic Recoll @ &
L o x<Q
[ .8
[ l —1 o —>
11 o L Particle ID
. ) M i el e e 4 bt ke b i ok . b s —
0.3
o Nuclear Recoll
3
S 0'2; Table 3: Scintillation parameters for liquid neon, areon. and xenon.
" F Parameter Ne Ar Xe
0.1 Yield (x 10* photons/MeV) 1.5 40 4.2
: | { i ‘ J prompt time constant 7y (ns) 2.2 6 22
.1 oot eemri ey ety : ulu Pit-mmesmiond late ime constant 73 15ps; 1.59pusi 21ns
Time (is) 60 I, /I for electrons 0127 03 0.3
1me (1S I/ I3 for nuclear recoils 056 ¢ 3 1.6
A(peak) (nm) 77 128 174
Rayleigh scattering length (cm) 60 90 30
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Challenge 3:
Signal Identification

Is the timing distribution
consistent with the expected
signal particle?

Adh/kar/ et al Eur. Phys J. C80 303 (2020)

—y
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]
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”

—y
o
S

10° H |’

Ial_J S FuII fit

gy e AT

£ . —— TPB

§ 10° F Afterpulsing

£ Stray light level

T 0.10f
o 0.05F
£ 0.00H ™ E
~-0.05f :
-0.10F E
0 5 10 15 20
Time [us]

Biw Jocelyn Monroe

Diatc

Nucleus

TN
Molecule

Argon
Atom

Late Photo
Early Photon-—.

"

>

Table 3: Scintillation parameters for liquid neon, areon. and xenon.

Parameter Ne Ar Xe
Yield (< 10* photons/MeV) 15 40 42
prompt time constant 7y (ns) 2.2 6 22
late ime constant 73 15 ps: 1.59 usi 21ns
I/ I3 for electrons 0123 03 03
I/ I3 for nuclear recoils 056 ¢ 3 1.6
A(peak) (nm) 17 128 174
Rayleigh scattering length (cm) 60 90 30




Pulse Shape Discrimination in Liquid Argon

electronic recoils  nuclear recoils

| Adhikari et al, Eur. Phys. J. C 80, 303 (2020)
QpmT
, Energy [keVee]
/ 24 26 28
)i ¢— Fprompt qPE

» 1 — Lrec qPE
P, +— Fprompt nSc
—A— Lrec nSc

Prompt fraction, [

0 JU 6U . . . .
Encrgy (keVee) identify, reject electronic backgrounds
via pulse shape vs. time difference at

parts-per-billion level
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Pulse Shape Discrimination in Liquid Argon

electronic recoils  nuclear recoils

Adhikari et al, Eur. Phys. J. C 80, 303 (2020)

Energy [keVee]
18 20 22 24 26 28

| 1 | I | 1 | | | 1 | I | | | I | | | I | | 1 | 1 | 1

< 10° 1
é &. ¢— Fprompt gPE 107 8
Z ‘ Lrec gPE Z
X +— Fprompt nSc 1072 =
fr’:/ —A— Lrec nSc e
107° &
- °

-4
" g 10 -
3 S S50 . 10—5 8
2 a e k2
= f = -6 G
z ™~ 10 &
£ | i LL

2 Wi o
= 1) 107
reCOi - WA .'\
2 L mmﬂ . 8
s 10
— 4+ Ad9-DataP® ?)_16 - A‘A‘&"(B
1 Ao recoll MG P 3 F "A‘f‘a 10°°
] PRSI R UI SRS (YR ST (TS S ST ST S NS S S NS S
3 100 110 120 130 140 150 160 170 180

nsc

identify, reject electronic backgrounds
_ via pulse shape vs. time difference at
03 parts-per-billion level

0.7
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Pulse Shape Discrimination in Liquid Argon

electronic recoils  nuclear recoils

Adhikari et al, Eur. Phys. J. C 80, 303 (2020)

Energy [keV ]
18 20 22 24 26 28

1 | I | 1 | | | 1 | I | | | I | | | I | | 1 | 1 | 1

T 10° & =
f &.“ +— Fprompt qPE 107" §
. s S
Z 10°° & Lrec gPE , &
E: ”’% \-. +— Fprompt nSc 107 ¢
0 A —4— Lrec nSc O
~10 " F . 103~
z§ 11 ‘% -~ &

- 10_ '—F ‘Q e —4
o 8_ E “Q{ ‘ 10 =z
5 1012 L&
2 E o 10 g
& Q. 13 . £
& 0 ‘ 10° C
o8 - 5 0. >
= 1 e "96. LU

= = - e,
a 1077 F Yo S, 107
recoi -15 B
10 :F “AAE!A : 10_8
' ! T3 E AA‘A'A@é
I oy 16 a2 9
moae Y -
—+— Ar-4{) recoil MC PN?* 3 F I : : 1 | I TA%AQ‘ 10

_ 100 110 120 130 140 150 160 170 180

nsc

identify, reject electronic backgrounds
via pulse shape vs. time difference at
parts-per-billion level

0.6 0. 7 0. 8
Fprompt (nSc) at 110 N
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EDELWEISS FID - 133Ba calibration (411663 y)

Background Discrimination Strategies

Akerib et al, Phys Rev.lett. 112 (2014) 091303
26 J°

1\

2.4}

2.2

2

1.8

lonization/Phonon yield

16

1.4

Iog1O(S2,)/S1 ) x,y,z corrected

T~ - AW 11
1.2 ———\ - W || S TN TN B e . P PPTTY DU
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0 10 20 30 40 Erecoil (keV)
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EDELWEISS FID - 133Ba calibration (411663 y)

Background Discrimination Strategies

Akerib et al, Phys Rev.lett. 112 (2014) 091303
26
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1.8
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16
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) Y 0 50 100 150 200 250 300 350 400 450
1 L | 1 )
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< ‘ . |
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Annual event rate modulation:

June-December asymmetry ~2%.
Drukier, Freese, Spergel, Phys. Rev. D33:3495 (1986,

*

»
E 4

June
WIMP Wind V" P —
F

_____

Sidereal direction modulation:
asymmetry ~ 20-100% in
forward-backward event rate.
Spergel, Phys. Rev. D36:1353 (1988)

s =« J[timate goal:
dark matter skymap
with ~100s of events
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W\ * . :
1\ *:Modulation Signatures .
T .. Annual event rate modulation:
B/ p *
e June-December asymmetry ~2%.
/\ o e Drukier, Freese, Spergel, Phys. Rev. D33:3495 (1986,

June
WIMP Wind V" P —
e

COSINUS: M. Bharadwaj, 14:40;
SABRE South: 1. Bolognino, 16:30

Sidereal direction modulation:
asymmetry ~ 20-100% in
forward-backward event rate.
Spergel, Phys. Rev. D36:1353 (1988)

180.0°

=« J[timate goal:
dark matter skymap
with ~100s of events

50
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RN »
:;:‘\\‘- * “ U U
1\ *:Modulation Signatures .
T .. Annual event rate modulation:
Seu ;'; 2 *
Ja June-December asymmetry ~2%.
T o Drukier, Freese, Spergel, Phys. Rev. D33:3495 (1986,
/\i:;/ * 8

June
WIMP Wind V)<
—

COSINUS: M. Bharadwaj, 14:40;
SABRE South: 1. Bolognino, 16:30

——=—12:00h
==

Y,

December

Sidereal direction modulation:
asymmetry ~ 20-100% in
forward-backward event rate.
Spergel, Phys. Rev. D36:1353 (1988)

CYGNUS: E. Baracchini, 15:45
ReD: I. Albuquerque: 10:05 e
NEWSdm: Z. Sadykov: 9/14, 14:40

=« J[timate goal:
dark matter skymap
with ~100s of events

50
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wine Wind

Annual Modulation Tests

predicted modulation A~0.02-0.1, to=152.5 days

DAMA/Nal (0,29 tonxyr) ———> - <DAMA/LIBRA (0.53:.tonxyr)>
(target mass = 87.3 kg) L 1 : (target mass =232.8kg)

Residuals (cpd/kg/keV)

4000 4500

SciPost Phys. Proc. 12, 025 (2023) Time (day) d

DAMA/LIBRA: measure (0.0112+0.0012) cpd/kg/keV, T
to=(144+7) d in 1.33 T-yr.

003 0.02
S55,20-58keV
\" - e -
many other searches, on Ge, Csl, Xe, etc. W 125 Single-scatter
observe no evidence of modulation. — (Signal sample)

In the same underground laboratory:

XENON100: Xe, 4.80 exclusion of DAMA,

test of leptophilic dark matter arxiv:1507.07748 JE MS 20-58keV
1 LB Multlple-scatter

2c (local) \Q\\
, RO
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wWime Wlnd

Annual Modulation Tests

predicted modulation A~0.02-0.1, to=152.5 days

A

(]

S ——— DAMA/Nal (0,29 tonxyr) . > - <DAMA/LIBRA (0.53:tonxyr)->
% 0.08 é (target mass =873kg) | : ; (target mass =232.8kg) |
0.06 [ : ' E : : : ' . E 5
N 0 F vl .
@ -0.02 [ SO
8§ o004 | F‘% Lig T
fg ~0.06 |
008 F . i . Vo v , , . | .
~ o1 B I R H IS S N L [ 1 N B L
' 500 1000 1500 2000 2500 3000 3500 4000 4500
SciPost Phys. Proc. 12, 025 (2023) Time (day) «

COSINE-100, ICRC2023
COSINE-100 59.5 days

—— DAMA/LIBRA-phase1

----- DAMAV/LIBRA-phase1 (DAMA QF)

—e— COSINE-100 1.7 years

[ ] 1o expected

[ ] 20 expected

DAMA/LIBRA: measure (0.0112+0.0012) cpd/kg
to=(144+7) d in 1.33 T-yr.

—
<

-
<
N

many other searches, on Ge, Csl, Xe, etc.
observe no evidence of modulation.

3

—
S

In the same underground laboratory:
XENON100: Xe, 4.80 exclusion of DAMA,
test of leptophilic dark matter arxiv:1507.07748

-
<
H

I IIIIIIII

-
S
o

With the same target (different laboratories):
COSINE-100: no evidence of modulation
ANAIS: PRD 103, 102005 (2021)
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Xenon Detectors
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Xenon Detectors
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Xenon Detectors
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Arg()n Detectors DS-50: leading Sl limit for MeV -eV/c2 DM,
WIMP-nucleus and WIMP-e scattering

Astropart.Phys. 22 (2005) 355-368 i A\N Agnes et al., Phys.Rev.Lett. 130 (2023) 10, 101002
New AstrdniRev. 49 (2005) 265-269 ‘
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\ DEAP-3600: leading Planck-scale dark matter
search result (can be produced in GUTs, PBHs ...)

Adhikari, JM et al., Phys.Rev.Lett. 128 (2022)
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New Astrén.Rev. 49 (2005) 265-269

[ .‘:) e
10 kg I f _‘ R & s A b?1 023

107%
DEAP-3600

(extrapolated)

% DEAP-3600 (3.6t

SNOLAB) 10° 10 10 10" 10" 10" 10%
m, [GeV/c?]

Global Argon Dark Matter
Collaboration formed

10,000 kg 7 g
<0 >
<0 100,000 kg PPEC
PSD rejection o more. DarkSide-20k
MIPs than DarkSide-20k (50t, LNGS) Futglg:
and even Argo will AR
encounter from Ar-39 kt-scale

B Jocelyn Monroe Sept. 13,2023 / p.27

OF LONDON




DarkSide-20k: observatory for dark matter and v

Argon Detectors
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DarkSide-20k DUNE-like 700 tonne

membrane atmospheric argon
cryostat y-shield, py-veto

Inner
/’ detectors:
7+ 4 neutron veto

~ and TPC
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~” argon volume

B 7 neutron veto
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50 tonne Photosensors
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dark matter target
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Heavy WIMP Prospects

Exclusion 90° C L

1044 e —
'\ pMSSM11 [EPJ C 78 256 2018] \\ 4°
L Scalar complex WIMP [EPJ C 8 992 2022]
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Snowmass Cosmic Frontier Report, arXiv:2211.09978
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What do we learn

Ellis, M et al., ESPPU Physics Briefing Book
CERN-ESU-004 (2019)
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What do we learn here? (2)

Spin-dependent interaction cross section constraints are 5 orders of magnitude weaker!

Leading WIMP-n constraints from LXe PRL 131, 041002 (2023), WIMP-p constraints from PICO-60

bubble chamber. Next: PICO-500

Complementarity with Indirect Detection: leading constraints at high mass from WIMP-p scattering

+capture in the sun, leading to annihilation signatures in neutrino telescopes.

107

S
% &

SD WIMP-proton cross section [cm?]
S
B

1 0—41

PICASSO, ,
PICO-2, PICO-60 (CF;l),
ICECUBE, SUPER-K,

----------

-y
----------

IR
/

PICO-60 C,F, -

:Complete Exposure ™~
Amole et al., Phys.(?ev.D 100 (2019) 2, 02200(

10 10°
WIMP mass [GeV/c?]

Bl Jocelyn Monroe

Déte ctor

i —— Fermi dSphs (bb)
] H.E.S.S. GC (bb)
10733 4 ——_- CTA GC (bb)

] === Fermi + LS5T

| mmmm Higgsino DM
10-2¢ | mmmm Wino DM

Fermi GeV excess

{ov)g [cm3/s]

10—25 o

10—25 __/

—
- —
-

10-2?

o 12 103
Ellis et al., CERN-ESU-004 DM mass [GeV]

10



Snowmass Cosmic Frontier Report, arXiv:2211.09978

Light Dark Matter Prospects
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thanks to E. Leason

Light Dark Matter (1)

Detector Strategy:

« Light targets for kinematic match to light DM
« New detector materials, with low energy
barrier (Si, He-4, He-3)

« Smaller detectors, optimised for lowest
possible energy thresholds, and best
possible energy resolution

Maximum Recoil energy [KeV]

100 101
WIMP mass [GeV]

Liquid Nobles
Bubble Chambers

Analysis Strategy:

lonization In
Semiconductors/Insulators

 Liquid nobles: S2-only searches, w/o PID

, * Include nuclear effects (“Migdal” in
Optical Phonons . . .
Low-Gap Materials interpretation: adds electromagnetic energy
due to nucleus’ electron cloud acceleration

Recoil Energy (eV)

Superconductors, Superfluids « Electron scattering as signal: recoil kinetic
Single Phonon Detectors
energy ~as large as DM mass

101 10° 101
Mass (MeV)

._.ﬁ‘% Jocelyn Monroe 37 Sept. 13, 2023 / p.36



thanks to E. Leason

Light Dark Matter (1)

Detector Strategy:

« Light targets for kinematic match to light DM
« New detector materials, with low energy
barrier (Si, He-4, He-3)

« Smaller detectors, optimised for lowest
possible energy thresholds, and best
possible energy resolution

Maximum Recoil energy [KeV]

100 10!
- WIMP mass [GeV]
Liquid Nobles
Bubble Chambers

Analysis Strategy:

lonization In
Semiconductors/Insulators

 Liquid nobles: S2-only searches, w/o PID

, * Include nuclear effects (“Migdal” in
Optical Phonons . . .
Low-Gap Materials interpretation: adds electromagnetic energy
due to nucleus’ electron cloud acceleration

Recoil Energy (eV)

Superconductors, Superfluids « Electron scattering as signal: recoil kinetic

Single Phonon Detectors ener s |ar o ac DM s
Nanomaterlals C. Blanco, 9/14, 15:45 &Y &
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thanks to E. Leason

Light Dark Matter (1)

—— He-3
1 — Xe-129 /
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Light Dark Matter (2) m 5 skt Lopez,|1l5;|1l5 |
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EDELWEISS-III: Ge crystals with <0.3 keV FWHM
for low mass search, R&D to lower background
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CRESST-11I: reaching 30 eV threshold in CaWO4,
with smaller crystals, R&D to lower background.
Phys.Rev.D 106, 092008 (2022)

SuperCDMS: 50 kg of 1.4 kg Ge (and Si) detectors,
Installing at SNOLAB. Can operate in HV mode, for
0.9 keV threshold. PRL 112 (2014) 041302)

Dark Matter-nucleon dg, [cm?]

arXiv:2203.08463

DAMIC: search for WIMP interactions in CCD Si, )
36 gm now operating at SNOLAB, next: DAMIC-M. 0.1 1

Aim for 1E-5 pb sensitivity, with 1 keV threshold. Dark Matter Mass [GeV/c?]
Related: SENSEI

NEWS-G: spherical, high pressure gas detector with
0.1 keV threshold, operating at SNOLAB,
aim for 1E-5 pb sensitivity with Ar, Ne targets.

Quantum Sensors & Materials ++
Superfluid He-4: HeRALD, DelLight, ++
Superfluid He-3: QUEST-DMC

QUEST-DMC: A. Kemp, 9/14, 15:15
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Light Dark Matter (2)

EDELWEISS-III: Ge crystals with <0.3 keV FWHM
for low mass search, R&D to lower background

CRESST-11I: reaching 30 eV threshold in CaWO4,
with smaller crystals, R&D to lower background.
Phys.Rev.D 106, 092008 (2022)

SuperCDMS: 50 kg of 1.4 kg Ge (and Si) detectors,
Installing at SNOLAB. Can operate in HV mode, for
0.9 keV threshold. PRL 112 (2014) 041302)

DAMIC: search for WIMP interactions in CCD Si,
36 gm now operating at SNOLAB, next: DAMIC-M.
Aim for 1E-5 pb sensitivity, with 1 keV threshold.
Related: SENSEI

NEWS-G: spherical, high pressure gas detector with
0.1 keV threshold, operating at SNOLAB,
aim for 1E-5 pb sensitivity with Ar, Ne targets.

Quantum Sensors & Materials ++
Superfluid He-4: HeRALD, DelLight, ++
Superfluid He-3: QUEST-DMC

QUEST-DMC: A. Kemp, 9/14, 15:15

._m_m . Jocelyn Monroe P. Stengel, 9/14, 16:00
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. } -~ Conclusions & Outlook
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Mecmmposan

Exc.iti*}j‘g/*prééﬁéitzts a'fc-theblow background frontier are driving
technology‘development in inspiring directions.

Direct detection searches are rapidly expanding physics reach:
to lower cross sections, probing new parameter space,
to lower masses, testing new models and interaction types,
to higher masses, complementary with the LHC!

Experiments running now or under construction aim to continue to beat
Moore’s Law by 2x....

... and today’s background may be tomorrow’s signal. (T. Kajita, 2015)






arXiv:2203.14923

sub-eV: Axion/ALPs Searches

Huge range of techniques to detect axion-photon coupling: halo/helioscopes, “light
through a wall,” axion cooling, axion-induced RF +++
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Sterile Nu Dark Matter Search

107 ‘
r1sp g MOS B4
| TS (N _;.._,‘

Excess x-ray flux at 3.5 keV observed by X
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Sterile Nu Dark Matter Search

Excess x-ray flux at 3.5 keV observed by
XMM-MOS/PN, Chandra, Suzaku,
in some targets but not others.

First direct detection search!
Phys.Rev.Lett. 130 (2023) 10, 101002
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DarkSide-50 (2022)
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Self-Interacting Dark Matter Search

What if dark matter forms bound states?
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SN exclusion
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Sensitivity to composite dark matter, e.g.
dark nuclei, formed of k bound states of
self-interacting light dark nucleons.

Scattering process now has a form factor

from the nuclear dark matter and the target.

example: dark nucleon m =1 GeV, r=1 fm,
and per-SM nucleon xsec = 1E-46 cm?.

— DEAP-3600
— XENONIT WIMPs |
— LUX

-
-
-
-
-

i
|
i
fl
I
i
(]
1
1
1
1
1 1
(] 1
1
[]
1
i
1
1)
1
[}

-
-
-

-
-
-
-

-
________
- -
- -
- -

1 10 100 1000 104 108 108

mpm/GeV

Number of Events Required

500

400

300

200

0

Kirk, Butcher, JM, West, JCAP 1710 (2017) 10, 035

— WIMP

| DEAP-360

— k=ID*
| — kel _ kel ;
| |
0 1m 120 o1}
Ex/keV
detection -
Combined I
Confidence Level
- 1o DEAP + Xenonl1T 0.8
could detect at 3sigma
0.6
0.4
0.2
0

log(k)



Low energy excess

Observed in Edelweiss, CRESST, SuperCDMS-CPD ...

Cryogenic
Photon Detector

Low Energy Expess Event Ratev: CPD

\ 1

10-1 \ * Low energy excess
° * 103 Hz/g -> visible even at the
T fRandom surface
; | Noise * Primary characteristic energy Scale:
g 107 16eV
o)
D
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% 107’} Low Energy Excess
3 S— :
o 3 \
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|
p y  FlatBackground N | Matt Pyle, EXCESS 22
10 10! 102

Reconstructed Energy, E' [eV]

* Frequent cross-collaboration workshops (EXCESS) to tackle this issue, including at TAUP2023
» Great example for the community to follow when dealing with anomalies in the data
* No firm conclusion yet, but... not compatible with WIMPs and most likely not radiogenic

Marcin Kuzniak - TAUP 2023, Vienna




MeV-scale Direct Detection

Signal: dark matter-electron scattering, giving
excess in electron recoil (ER) spectrum
~exponential distribution, depends
strongly on assumed form factor for
DM-e scattering.

Backgrounds: ER ~ 0.1-1/(keV kg day).
Analysis: PLR.
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benchmarks: FIPs working group
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XENONT00, arXiv:1404.1455
ke\/_sc ale Direct Detection ‘ _ Expected Mean Recol Energy [keV]
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search for absorption:
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Signal: peak in electron recoil (ER) spectrum
at the new particle mass.

Backgrounds: ER ~1E-4/(keV kg day).

Analysis: bump hunt.

Constraints on new pseudoscalars at <MeV/c2 SuperCDMS
via ALP-electron coupling. o

oV
A

XMASS .

Constraints on vector particles at 0.1-100

MeV/c? via kinetic mixing to hidden sector

. XENON1T
(arXiv:1901.10478) (S2-only) XENONI1T

(this work)
Constraints on new scalar (and vector) bosonic

SuperWIMPs in 10-100 keV/c? (arxiv:1709.02222)
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https://supercdms.slac.stanford.edu/dark-matter-limit-plotter

ke\/_scale Direct Detection ‘  Expected Mean Recoil Energy [keV]

15 20 25 30 35

search for absorption:
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Z+, e FANN-.

.....

Signal: peak in electron recoil (ER) spectrum
at the new particle mass.

Backgrounds: ER ~1E-4/(keV kg day).

Analysis: bump hunt.

Constraints on new pseudoscalars at <MeV/c?
via ALP-electron coupling.

Constraints on vector particles at 0.1-100

MeV/c? via kinetic mixing to hidden sector
(arXiv:1901.10478)
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Constraints on new scalar (and vector) bosonic

SuperWIMPs in 10-100 keV/c2 (arxiv:1709.02222) - 10
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