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DM-nucleus scattering: reminder
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However, not all of it is elastic DM-nucleon scattering.
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DM-nucleus scattering
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DM-nucleus scattering

Have to read the fine print!
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And why the effort in the first place
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The sub-GeV parameter space
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The sub-GeV parameter space

thermal production, new mediator  electroweak mass scale
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The sub-GeV parameter space

thermal production, new mediator  electroweak mass scale
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The sub-GeV parameter space
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Observable:
effective interaction cross section.
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The sub-GeV parameter space
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WIMP-nucleon cross section
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Why not using the regular elastic scattering interaction Jia
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The sub-GeV parameter space
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WIMP-nucleon cross section

= = = Sensitivity of upcoming experiments
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At some point, the nuclear recoll is just way too
small... even for ultra-low threshold detectors...
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The sub-GeV parameter space ‘

Typical target nuclei:

Xe (54, ~131u), Ge (32, ~73u), Ar (18, ~40u), Si (14, ~28U)

QmDM

Possible approaches

Alternate interaction
channels in existing and
upcoming experiments.

Alternate target materials In
new experiments.

A combination of both.

My

At some point, the nuclear recoll is just way too
small... even for ultra-low threshold detectors...
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The sub-GeV parameter space

19

UNIVERSITAT
HEIDELBERG
ZUKUNFT
SEIT 1386

Typical target nuclei:
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At some point, the nuclear recoll is just way too
small... even for ultra-low threshold detectors...
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The sub-GeV parameter space ‘
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The sub-GeV parameter space ‘
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The sub-GeV parameter space

“Bremsstrahlung
(inelastic DM-n scattering)
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Initial state radiation, final state radiation

C. Kouvaris, J. Pradler, PRL 118, 031803 (2017)

Target nuclel are not isolated!
They are part of an atom.
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Initial state radiation, final state radiation

C. Kouvaris, J. Pradler, PRL 118, 031803 (2017)
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Initial state radiation, final state radiation ‘

C. Kouvaris, J. Pradler, PRL 118, 031803 (2017)
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Initial state radiation, final state radiation . e
C. Kouvaris, J. Pradler, PRL 118, 031803 (2017)
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Extended sensitivity due to Bremsstrahlung

V. Kudryavstev, Universe 2019, 5(3), 73; hitps://doi.org/10.3390/universe5030073
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Extended sensitivity due to Bremsstrahlung ‘ S

V. Kudryavstev, Universe 2019, 5(3), 73; hitps://doi.org/10.3390/universe5030073
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Extended sensitivity due to Bremsstrahlung ‘ S

V. Kudryavstev, Universe 2019, 5(3), 73; hitps://doi.org/10.3390/universe5030073
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What's the Migdal effect
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The sub-GeV parameter space

The Migdal effect

(inelastic DM-n scattering)
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Inelastic DM-nucleus scattering and the Migdal effect
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M. Cirelli, A. Strumia, J. Zupan, arXiv:2406.01705
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Extended sensitivity due to the Migdal effect
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Extended sensitivity due to the Migdal effect
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Extended sensitivity due to the Migdal effect
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The Migdal effect induced by neutral
particles has not yet been observed.

This channel is thus still highly
speculative.
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The sub-GeV parameter space

JM-electron scattering
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Nuclear Recoil (NR) vs. Electron Recoil (ER) ‘

Maximum Recoil Energy Scale

observable
3 0t energies
> i =
5 | inER!
5 10°]
%
o
9 .
oc 102__
E | — O
s 101} ‘ Xe
= | — S
[ He
100} |
; —— Nuclear Recoil |:
_ - -~ Electron Recoil |]
10'1 n PRSI ¥ A L ) p AT PP - ......1j PP
10~ 1072 1071 10° 10! 102 10~ 104

Mass (GeV)

Nuclear Recoils (elastic):

< m

Inefficient energy transter unless my < m,

Electron Recoils (largely inelastic):

Energy transfer depends on e- orbital and
kKinematics within bound e--atom system.

e- determines typical momentum transfer.
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Dark matter - electron scattering
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= m, 2 300keV/c?

for

Need to overcome
binding energy:

1

E ~—m.y > Ebmd

4 9) 4

Ebind.

v < 800 km/s

leV

m, <K GeV/c? accessible!

with  E. . 0O —100eV)
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Dark matter - electron scattering ‘ R

Need to overcome Small binding / ionization /
binding energy: .
1 band gap energies are
E, ~ 5my > Eying favorable!

= m, 2 300 keV/c m, <K GeV/c” accessible!

eV —
for v < 800km/s with  E,. ,O(1 — 100eV)
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The dark matter - electron scattering master formula ‘

Expected
interaction  Particle
rate theory
dR ptarget

I crystal(Ee; I )()
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The dark matter - electron scattering master formula '

Expected
interaction  Particle
rate theory
dR Ptarget
= ——Lrysal(Ec Fy)
dn E crystal\'~e> * y
R

/ heavy mediator: F, = |
DM form factor for ,
. . (am)
ultra-light mediator: F =
V4 qz

qg. momentum transfer between the DM and electron
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Dark matter - electron scattering: silicon as example
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Example: silicon

- Si

E [eV]

DM

L I X W K
Brillouin zone path

This 1Is condensed matter

DM

physics!

e- are not free but part of

many-body system

QEdark

http://ddldm.physics.sunysb.edu/ddIDM/
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Dark matter - electron scattering: silicon as example
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Rate [a.u.]

O N W O~ O OO N ©

Y 105 m, = 500 MeV/c2 , Si target
Calculated with QEdark
JHEP 1605 (2016) 046
I
F,=1
Al MMA I ! ! !
0 10 20 30 40 50

Deposited Energy [eV]
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Dark matter - electron scattering: silicon as example
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- T
V.
>

Cut-off at band gap
energy

Deposited Energy [eV]

Y 105 m, = 500 MeV/c2 , Si target
8 | | | | | | | |
Calculated with QEdark
7T JHEP 1605 (2016) 046
6 -
5 5|
S | .
s 4+ Most signal at
T 4 | few eV
v i
2 5
1+ _
F, =1
O i ! I I I
10 20 30 40 50
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Dark matter - electron scattering: silicon as example ‘

- - .
v 0. 2
e

Cut-off at band gap
energy

Y 105 m, = 500 MeV/c?2 , Si target
8 | | | | | | | |
Calculated with QEdark
7T JHEP 1605 (2016) 046
6 -
i
% 4+ Most signal at
= few eV
v S
2 5
1r _
F, =1
O Al 1 ! I I I
10 20 30 40

Deposited Energy [eV]

e-, not DM, sets typical
momentum transfer:

Qryp ~ OM, ~ 4keV

Transferred energy:
AE. ~ G-V
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State-of-the-art
DM-e Scattering Detectors
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Credit: WorldAtlas.com
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Cryogenic calorimeters / bolometers
Example: measurement of PHONON / HEAT and IONIZATION signals

* -
‘
T-Sensor .. |

Thermal Bath

Crystal Target
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Cryogenic calorimeters / bolometers
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Example: measurement of PHONON / HEAT and IONIZATION signals

* + |
‘
T-Sensor ..

Thermal Bath

Crystal Target

i =
.........
---------
] B

Particle

Thermal Bath

—

Primary
Recoil
Phonons

FARRS Secondary Phonons

Jl.

Thermal Coupling

Phonon (Temp.)
Sensor
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Q
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o
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Q
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&
&
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Cryogenic calorimeters / bolometers
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Amplification of the charge signal via
the Neganov-Trofimov-Luke effect

Ephonon = Edep.+ Mep € Vbias

E

prompt T Erecomb.+ ENTL

Primary
Recoil
. | Phonons

Particle

Thermal Bath

Thermal Coupling

Phonon (Temp.)
Sensor

FARRS Secondary Phonons

.....

o .,
ol
I
5
ol
- 5
ol
ol
7
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A Secondary Phono
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o/

nggfxnu
[“ |

|
y = .




Principles of direct dark matter detection: electron recoil - Belina von Krosigk

Cryogenic calorimeters / bolometers
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SuperCDMS-HVeV

Pictures courtesy: SuperCDMS collaboration

High time and energy resolution
but poor spatial resolution

silicon target

Pictures courtesy: EDELWEISS collaboration

germanium
target
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Cryogenic calorimeters: SuperCDMS-HVeV ‘
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Primary
Recoil

+

Si chip with bias voltage around ~ 100 V.
(1 cm2 x4 mm, 0.93 g)

Credit: SuperCDMS Collaboration

Number of Events

450
200! — Model d
150 V Data
350¢ ~
300¢ :
e Test data with laser
>00l (A=1.0 photons)
150} q
100} J
50}
0 . B S
0 200 400 600 800
| 1 Phopon Engrgy (eV) 1 |
0 1 2 3 4 5 6

Electron-Hole Pairs

Single electron-hole pair resolution

Ultra-low threshold at ~1 eV (band-gap)
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Credit: Jack Price's 1932 News Photography
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CCD-based detectors: DAMIC ‘
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recoll
event

S
\ \\\°-

T
| - i (

muon electron

\

diffusion alpha
limited hit  particle

Pictures courtesy: DAMIC collaboration
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CCD-based detectors: DAMIC ‘

Serial readout

3x3 pixels CCD 1T state

1

Dark current negligible

Each pixel readout
induces 7.2 €V (2e7) noise

Number of readouts
drives total noise

horizontal register

Hy

sens node

P, P, P;|P, P, Ps|P, P, Ps

T4

amplifier
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CCD-based detectors: SENSEI
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Skipper read out

voltmeter

— —
T e

I 5

T

AV

-

Pictures courtesy: SENSEI collaboration
R \., f.‘}',‘ ‘ “.‘:‘.' |

[ I

-
N
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.
.
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.
o

Readout Time [ms/pix]

seme s dr 9.'?\\,‘:
L2 i:"' foad 14

. E 2 1 0 1
' summing- output sense o &
well gate node % %
gate é o
A w

Sampling the same charge packet multiple times
strongly reduces the observed readout noise b

_l 1 . 1 IIllli Il Il 1 Illlli Il Il 1 L1 | | l

10° 10! 10° 103 ,
Samples per Pixel

Phys. Rev. Lett. 119, 131802 (2017)
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CCD-based detectors: SENSEI (and DAMIC-M) S
. 104%—
: Skipper read out : o-186
2 Preesiae 8 103
S e — , | . | :
: A e o pv- E i E 10
i i i — voltmeter|
< : : : : 10f
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3 summing- output sense é‘ 20001 ﬂ i SEsErgepE y
well gate  node | L _
gate 1500} _ i _:
1000} | I J i
Sampling the same charge packet multiple times E 1 o G
. 5001 . i
strongly reduces the observed readout noise | JJ k— 0.07e <
ol 1 . s
0 | 2

Charge [e™

SENSEI Collaboration, PRL 119, 131802 (2017)
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CCD-based: SENSEI & DAMIC

SENSE] DAMIC / DAMIC-M

Pictures courtesy: SENSEI collaboration
Pictures courtesy: DAMIC collaboration

B M

)

Q)

High spatial and energy resolution
but poor time resolution
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Single-charge sensitivities
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SuperCDMS | SENSE]
450 (fiigednem s T T R
- O :
400 | S | "E 2000} J[ -
150 V Data [_5 £ 40p
350 ‘ | | -
.;2 _ 30}
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ke | Test data with laser (A=1.0 | _ 20
. 250} ot : _ | q
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The signal is quantized!
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Dark matter - electron scattering: signal model ‘

- - .
v 0. 2
e

Cut-off at band gap
energy

Y 105 m, = 500 MeV/c?2 , Si target
8 | | | | | | | |
Calculated with QEdark
7T JHEP 1605 (2016) 046
6 -
i
% 4+ Most signal at
= few eV
v S
2 5
1r _
F, =1
O Al 1 ! I I I
10 20 30 40

Deposited Energy [eV]

e-, not DM, sets typical
momentum transfer:

Qryp ~ OM, ~ 4keV

Transferred energy:
AE. ~ G-V
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From continuous to quantized signal
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m, = 500 MeV/c2 , Si target

5 6
g x10° o X 10
7_

20 |
6_

S 5] l‘ 5 15

S s,

Q Q

S .l S 10

o o
2_ v

\| 5 |
1_
O AJL 1 1 \ ! A I I | O | .| !
0 10 20 30 40 50 0

Deposited Energy [eV]

5 10 15
Number of e’h* Pairs n_,

lonization model



Principles of direct dark matter detection: electron recoil - Belina von Krosigk 63

UNIVERSITAT

SuperCDMS dark matter - electron scattering search '
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Credit: SuperCDMS Collaboration
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Dark matter - electron scattering parameter space
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Dark matter - electron scattering parameter space
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New avenues
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New Avenues for LDM Direct Detection
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Superfluid Helium
HeRALD, DELight

Chemical-bond breaking

< = NR
1 keV 1 MeV 1 GeV
e e e e e e n e DM mass
<4
<
<
Superconductors Semiconductors Noble liquids ER
prototype DM detector SuperCDMS, DAMIC, ... XENON10/100/1T/nT, LZ, DARWIN, ... | =
Polar crystals Scintillators 2D materials
SPICE
PTOLEMY
~meV energy ~eV energy ~keV energy
resolution resolution resolution

Dark Sectors 2016 Workshop: Community Report
arXiv:1608.08632 [hep-ph], (2016)
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New Avenues for LDM Direct Detection
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1 keV 1 MeV 1 GeV )
T DM mass
<
P
<
<
<
Superconductors Semiconductors Noble liquids ER
prototype DM detector SuperCDMS, DAMIC, ... XENON10/100/1T/nT, LZ, DARWIN, ... | =
Polar crystals Scintillators 2D materials
SPICE
PTOLEMY
~meV energy ~eV energy ~keV energy
resolution resolution resolution

Dark Sectors 2016 Workshop: Community Report
arXiv:1608.08632 [hep-ph], (2016)
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Superconducting Nanowire Single Photon Detector (SNSPD)

SSSSSSSS

Y. Hochberg, |. Charaev, S.-W. Nam, V. Verma, M Colangelo, K.K. Berggren
Phys. Rev. Lett. 123, 151802, (2019)

DM scattering
or absorption (i

Prototype DM detector

| .40'0 um
e e A LT

Ll

<F*140 nm

Superconducting gap of O(meV)
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Superconducting Nanowire Single Photon Detector (SNSPD)
Y. Hochberg, |. Charaev, S.-W. Nam, V. Verma, M Colangelo, K.K. Berggren
Phys. Rev. Lett. 123, 151802, (2019) Light Mediator
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Dirac materials: example Yb3PbO
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Band gap: ~17 - 19 meV

R. M. Geilhufe, F. Kahlhoefer, M. W. Winkler
Phys. Rev. D 101, 055005 (2020)
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Polar crystals: example GaAs
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Phonon band struc

apped optical phonons

ture, GaAs

| I

/ T. Lin at Aspen Winter Conference 2018 \
| | | ] |

X W 1

S. Knapen, T. Lin, M. Pyle, K. M. Zurek,
Phys. Lett. B 785, 386-390 (2020)

o, [cm?]

BBN
Stellar bounds

llllI' T I-llllll T T IlllllI
- -
- -

—

i :': Xenonl0

Upcoming experiment: SPICE (TESSERACT Collaboration)



Principles of direct dark matter detection: electron recoil - Belina von Krosigk

New avenues for Light DM direct detection
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DM-—Electron Scattering, 3 events, 1 kg—year
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New avenues for Light DM direct detection
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Let's assume you want to build your
own experiment...

... which material would you pick?
... Why?

NB: It's not black or white. Different people have different
well-motivated reasons to pick different materials.

~

o

=

Q

| —

~J

K

DM-—Electron Scattering, 3 events, 1 kg—year
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Bosonic dark matter searches
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Mass range accessible via electron recolil searches

/6
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Expected candidates, interactions, and rates

eV keV MeV t eV TeV

i
|

|

|
|

DM-Nucleus scattering
Nuclear recoil

Absorption DM-electron scattering t
Electronic recoil Electronic recoil |

|
|
If

Hidden sector Dark Matter and others ‘ Standard WIMP

See Marco Cirelli’s

lectures
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Reminder

Electron | Basic idea:

Dark Matter is made
of particles which
directly interact with
the atoms of the
detector material.

Any observable
Interaction counts!

F. S. Queiroz
arXiv:1605.08788
(modified)
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Reminder

Elastic DM-nucleon scattering
Spin-independent (Sl)
Spin-dependent (SD)

Electron

Inelastic DM-nucleon scattering
Migdal effect

Bremsstrahlung

DM-electron scattering

F. S. Queiroz
arXiv:1605.08788
(modified)
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Reminder

Elastic DM-nucleon scattering
Spin-independent (Sl)
Spin-dependent (SD)
Electron Inelastic DM-nucleon scattering
Migdal effect

Bremsstrahlung
DM-electron scattering

Dark absorption of
ALPs

Dark photons

Dark Compton scattering of

ALPs

F. S. Queiroz Dark photons

arXiv:1605.08788 _ |
(modified) Bragg scattering of axions / ALPs
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Bosonic cold dark matter candidates
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Dark photons A’

Artwork by Sandbox Studio, Chicago with Ana Kova

Axion and Axionlike
Particle (ALP) a
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Currently Considered Channels
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5 ayy

Dark Bragg scattering
(Primakoff-like effect)
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Currently Considered Channels
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Dark Absorption: Signal Model
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R ppy €

2

m

1

RO(IODMgaee a pe(a) m)

e.(w — mA’)

Simulated dark boson signal, m,» = 15 keV/c?
—— W/0 energy resolution
w/ energy resolution
.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Deposited Energy [keV]

Expected signal: Er =m 4

Peak at electron recoil energy Er
corresponding to ma’ or ma.
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Dark Absorption in germanium

CDMSIlite Run 2 (SuperCDMS Soudan, Ge detector)
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Dark Absorption in germanium
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252Cf neutron source:

0Ge + n — "1Ge.
"1Ge decays via electron-capture.

Well-known energy released in K-,
L- and M-shell captures:

K-shell (BR =88%): 10.37 keV,
L-shell (BR =11%): 1.30 keV,
M-shell (BR =2%): 0.16 keV.

High-statistics K-shell capture
used for calibration.

CDMSIlite Run 2 (SuperCDMS Soudan, Ge detector)

B o)
o o

Counts/ 0.01 keV

N
o

Ge activation
peaks

5

maa = 15 keV/c?

A

15

N
-

Electron Recoil Energy [keV]
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102+

90% Upper Limit on Rate (evts/(kg - day))

101}

CDMSIlite Run 2 (SuperCDMS Soudan, Ge detector)

121P

o
o
I

Counts/ 0.01 keV
N
o
|

20 fv
—————— iZIP :
........... CDMSlite 1
CDMShte —— (Combined : O
T R
Energy (keV)

SuperCDMS Collaboration, Phys. Rev. D 101 (2020)

Ge activation 5
peaks maa = 15 keV/c2

A
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Electron Recoil Energy [keV]



Principles of direct dark matter detection: electron recoil - Belina von Krosigk

37

UNIVERSITAT

[ | [ | [ HEIDELBERG
ZUKUNFT
Setting a limit
10°10¢
: CoGeNT |
102 LI T T T T T T 11 T T T T T T 11 T T T T T T 11 T T ] 11 ner
; E O NI L0HEN S “ ‘
~S iZIP : o MWa g ' LA _
(_>Uu i % a@e > ai o EDELWEISS-III |
g ) i 10-12 X
.&D 1L ¢ ERG
= 10 = B WD J\A/\[XMASS
}Q u
5 10-13E
N— i PandaX-II
FC_.,U) XENONI1T
< * B T A () i
— 2
o 1005 i | m, (keV/c?)
= i 1079
E |
i i
. 10-10é
= :
& 10 11 B ﬁEI\IIl(gNlOO 1
D 1l | - ochberg et al.
e T iZIP : “n Ay 2
8 ........... CDMSlite /7? ~7 10712 SHperCDMS E
. . - 4 / © ‘N EDELWEISS-III E
CDMSlite —— Combined | O[“) B {0
11 1111 1 1 1 11 1 111 1 1 11 1 1 111 1 1 1 L1 1 111 1 1 1 'e. ]-O SENSEI XMASS
10 100 107 102 1
Energy (kev) 10-14 DAMIC Sun Y | / RG
101> XENON10 o/ | uperCDMS
An et al. Soudan
XENONIT
10-16
102 101 100 10! 102
my- (keV/c?)

SuperCDMS Collaboration, Phys. Rev. D 101 (2020)



Principles of direct dark matter detection: electron recoil - Belina von Krosigk

Setting a limit
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Dark Absorption in germanium
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Ge Photoelectric cross section
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Plot: M. Wilson (KIT)
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Photoelectric Absorption vs. Compton Scattering

Ge Photoelectric cross section

p \ eor « data da
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Sensitivity to dark boson coupling quickly drops with increasing mass.
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Photoelectric Absorption vs. Compton Scattering ‘
Evans R.D., The Atomic Nucleus, New York, McGraw-Hill, (1955)
120
100
e Photoelectric effect Pair production
_§ 80 dominant dominant
f «
2 A/ Compton effect
N a0 . dominant
20

-—‘
0.01 0.05 0.1 05 1 5 10 50 100

hy in MeV

SM photon interactions 101:

Compton scattering dominates over photoelectric effect after certain photon energy.
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Photoelectric Absorption vs. Compton Scattering

Evans R.D., The Atomic Nucleus, New York, McGraw-Hill, (1955)

120
100
. Photoelectric effect Pair production
2 80 dominant dominant
f o
5 <f Gompton efect \n A Lxe =94
N a0 o dominant
7= 0 —t== e | T P O .
C— 0 b O T T T 11 T
0.01 0.05 0.1 05 1 5 10 50 100

hy in MeV

SM photon interactions 101:

Compton scattering dominates over photoelectric effect after certain photon energy.
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Photoelectric Absorption vs. Compton Scattering ‘

Germanium

— p.e. absorption
Compton scattering

}

R T
Photon Energy w [keV]

o

Up to ~2 orders of magnitude
higher cross section in Ge.
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Dark Compton Scattering

/
A / / Y Wwith energy 0

e~ with energy ER =0 -0

Dark boson Is converted o — o
to a photon via electron ) &
scattering. //, E y ey ~y
e +A'la—e +y S N
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Dark Compton Scattering: Signal Model
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/
: - ergy W
A / / M\ 4 with en

e~ with energy ER =0 -0

n, ete? (my + Zme)(mi, + 2m_ my. + Zmez)

Dark boson is converted Dark Photons: R~ = ppum . 3
to a photon via electron pr 247 mg my (M + m,)
scattering.
e~ +A'la—> e + | n, ezggee m,(m, + 2me)2
/ ALPs: RCom. = DM

Pt 167 mez(ma T me)4
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Dark Compton Scattering: Signal Model
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/
) ,], ith energy W

n
Dark boson is converted Reom, % — €71 85,
to a photon via electron T
scattering.

e -+ A'la = e + 4 Reminder:  Rjpp, Op.e. 82/g§ee

e~ with energy ER =0 -0

electron density

target density
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Dark Compton Scattering: Signal Model
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Simulated dark boson signal, m,,,» = 200 keV/c?

dark absorption
Bl single dark Compton scatter
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Dark Compton scattering

Jetector considerations
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Dark Compton signature ‘ o
Simulated dark boson signal, m,,,» = 200 keV/c?
800 dark absorption -
Bl single dark Compton scatter
Y 3 600 .
L
Q
crt-l-cl 400 .
€
200 .
O‘ | | | 1
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Detector target size

thin intermediate thick
Y
— o Y g
€ = . Y "~ & ~
e [ e | «
ER,tot. — R,Com. ER,Com. < ER,tot. < ER,Abs. ER,tot. — R,Abs.

Compton-peak “walks” towards If outgoing photon further interacts in target.
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Selection of relevant experiments
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Experiment Material Dimensions Amax | MpM cutoff
[cm] [cm] keV]
Past and current experiments
EDELWEISS III [62] Ge H:4, @: 7 500
SuperCDMS Soudan [63] Ge H: 2.5, @: 7.6 || 2.2 [ 500 !
GERDA (HPGe) [64] Ge H: 7-11, @: 68" | 2.6
GERDA (BEGe) [64] Ge |H: 2.5-5, 9: 6.5-8| 2.6 1000
XENONIT [65] Xe H: 97, @: 96 0.88 200
PandaX-4T [66] Xe H: 130, @: 100 | 4.2 1000
Upcoming experiments
SuperCDMS SNOLAB [60, 67]| Si H: 3.3, 2: 10 | 2.1 100*
SuperCDMS SNOLAB [60, 67]| Ge H:3.3,2:10 | 0.3 100*
LZ [68] Xe H: 150, @: 150 |0.09 85
DARWIN (69, 70] Xe H: 260, @: 260 | 4.2 1000

Thin: d < A
Intermediate: d ~ A
Thick: d > A

1 —r

10" g | | 3

.

,

10 I

107> et = . A
10° 101 107 103

™TMpDM [ke\/]

A: attenuation length
d. diameter / thickness

of detector
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Selection of relevant experiments
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Experiment Material Dimensions Amax | MpDM cutoff
[cm] [cm] keV]
Past and current experiments
EDELWEISS III [62] Ge H:4,2:7 | 2.2
SuperCDMS Soudan [63] Ge H: 2.5, @: 7.6 || 2.2 [ 500 )
GERDA (HPGe) [64] Ge |H:7-11,2:6-8" |26 | 1000
GERDA (BEGe) [64] Ge |H: 2.5-5, @: 6.5-8| 2.6 1000
XENONIT [65] Xe H: 97, @: 96 0.88 200
PandaX-4T [66] Xe H: 130, @: 100 | 4.2 1000
Upcoming experiments
SuperCDMS SNOLAB [60, 67]| Si H: 3.3, 2: 10 | 2.1 100*
SuperCDMS SNOLAB [60, 67]| Ge H:33,2:10 | 0.3 100*
LZ [68] Xe H: 150, @: 150 |0.09 85
DARWIN (69, 70] Xe H: 260, @: 260 | 4.2 1000
Thin: d < A

Intermediate: d ~ A

Thick: d > /4

typical Ge detectors

typical Xe detectors

10" g

™TMDM [kGV]

A: attenuation length

d: diameter / thickness
of detector
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Dark Compton Scattering

incl
dark Compton

(this work)
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dark Compton
(this work)

10—11

10°

dark Compton
(this work)

10~
10~

mg |keV|

ma [keV]

New parameter space accessible with existing data!

Y. Hochberg, BvK, E. Kuflik, T.C. Yu, Phys. Rev. Lett. 128, 191801, (2022)
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Take-home messages

Understanding the nature of DM is
one of the biggest challenges in
science today.

Today’s direct DM experiments can
probe a sensationally wide range of
DM masses.

Advances in direct DM will allow to
notably expand the accessible
parameter space.

This is an extremely variate and
rich field (experiment and theory)
that welcomes the next generation
of creative minds!




