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Dark Matter

Numerous evidence for the existance of DM
What we know about DM

Observations
. from starlight

Abundant;: 85% of matter

Velocity
. (km s-1)

Massive/stable

- Expected from
the visible disk

Gravitational interactions

. 20,000 30,000 40,000

. Distance (light years)

What we don’t know about DM

* Particle Nature
* Mass
e |nteractions with visible matter?

e DM self-interactions!?

.M A0
Large Scale Structure (~107 ly) Cosmic Microwave Background (~1010 ly)



What could Dark Matter be

Mass scale of dark matter

(not to scale)
Figure from T. Lin (arXiv:1904.07915)

QCD axion WDM limit unitarity limit
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What could Dark Matter be

Mass scale of dark matter

(not to scale)
Figure from T. Lin (arXiv:1904.07915)

QCD axion WDM limit unitarity limit
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How to look for DM: Direct Detection of DM

shielding
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How to look for DM: Direct Detection of DM

PANDA R
WIMP
CDEX
Light DM

shielding
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How to look for DM: Direct Detection of DM

PANDA A

Light DM

Space detectors

shielding
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Direct Detection of Light DM

Essig, Mardon, Volansky, PRD 2012

DM-electron scattering

Conduction band Conduction band
\_/ \-‘/
e I AN |

Valence band Valence band

: 1 2
semiconductor Energy transfer: Egr S My

Signals: eh pairs Threshold: bandgap E.~| eV



Current Constraints

Figure from SENSEI, PRL 2020
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Current Constraints

Figure from SENSEI, PRL 2020

10728, Exploring the parameter space

10—292

10-30. l Probing the theory benchmark

DM-—e scattering
10_36 = FDM:(a’me/q)2
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Current Constraints

Figure from SENSEI, PRL 2020

1075, Exploring the parameter space
10—29;
10_30§ l Probing the theory benchmark
10—31

z

K 1053, == Probing DM lighter than MeV

DM-—e scattering
10_36 = FDM:(a’me/q)2
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Current Constraints

Figure from SENSEI, PRL 2020

Exploring the parameter space

l Probing the theory benchmark

== Probing DM lighter than MeV

- DM-—e scattering

= Fpm=(am,/q)*

T Probing strongly interacting DM
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Current Constraints

Figure from SENSEI, PRL 2020

Exploring the parameter space

l Probing the theory benchmark

== Probing DM lighter than MeV

- DM-—e scattering

= Fpm=(am,/q)*

T Probing strongly interacting DM

Space-based detectors
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Upper limit of ground-based detectors

107'°

10—20

10—22
upper limit
10—24
107%°

10728
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1 0—30
1072

10734

10739 Fpm=(am./q)* |

10¢ 10’ 107 10°
m,[MeV]

Emken, Essig, Kouvaris, Sholapurkar, JCAP, 2019
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Upper limit of ground-based detectors

107'°
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upper limit
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Upper limit of ground-based detectors

107" : :
Has strongly interacting DM already been ruled
107 out by other astro/cosmo constraints!?
1072
upper limit D™
107
— 107%°
k=
= 1028
S
10—30
10—32
107
10736 FDM:(ame/q)z—z Strongly interacting DM will be significantly slowed
T e before reach ground based detectors
m,[MeV]

Emken, Essig, Kouvaris, Sholapurkar, JCAP, 2019
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Parameter space for strongly interacting DM

f, = 100%

10716
10717
10—18

10—19

_ Px
= PDM 10

107
fraction of interacting %

DM component = 107
IS 10—23

10~24

10—25

Terrestrial

1026 Direct Detection 3

10—27

Fpm = (Oéme/CI)2

1077 10~2 | IIHlO_l | """1'00 | 101
m, |GeV]

No room for strongly interacting DM if f, = 1007%

Emken, Essig, Kouvaris, Sholapurkar, JCAP, 2019
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Parameter space for strongly interacting DM

f, = 100%
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Terrestrial
Direct Detection
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Unconstrained window for fy S 0.4%

Emken, Essig, Kouvaris, Sholapurkar, JCAP, 2019
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Going to the space

Space detectors

N

Space detectors can probe strongly interacting
DM due to lack of atmospheric shielding

* IR detector: HgCdTe (En~0.2 eV)

 Low noise:
dark current < 0.01 e/pixel/s
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JWST images

Astrophyiscal images

NGC 6072



JWST images

Astrophyiscal images

NGC 6072



Dark images
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JWST dark images and masks
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Dark images from JWST NIRSpec

Exposure: 3560 s
Time between frames: 4.6 s

# of frames: 244



JWST dark images and masks

Image without Masks
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Dark images from JWST NIRSpec

Artificially Setting All Saturated and Jump Pixels to Zero

2048 400
- 200
- 100
1536
50
2
o :
= 1024 A
=
A
512 AL e
- ‘snowballs™

1024 2048

Pixel column

0o 512 1536

Our customized masks

Exposure: 3560 s

Time between frames: 14.6 s
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PD, Essig, Rauscher, Xu, PRL, 2025



ST dark images and masks

Exposure: 3560 s

Dark images from JWST NIRSpec Time between frames: 14.6 s
# of frames: 244

2048 Artificially Setting All Saturated and Jump Pixels to Zero Cluster and Halo Mask
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PD, Essig, Rauscher, Xu, PRL, 2025



JWST dark images after masks

Fops(N,) (number of pixels)

10

5

Pixel Charge Distribution

B JWST pipeline masks e Background model: Poisson distributed

JWST + custom masks : : :
= N . dark current with Gaussian smearing
Background-only fitting

—— DM-+background fitting

Exposure: 3560 s

Mean dark current: ~0.002/pixel/s

e Signal model: DM events for a certain
mass, crosssection and fraction

Excluded at 95%

m, = 1 GeV
5. = 3.09 x 10~ %2cm?
fr = 0.4%

—80 =60 —40 =20 0 20 40 60 80 100 120

N, (number of charges)

PD, Essig, Rauscher, Xu, PRL, 2025
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JWST DM constraints
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Future space detectors (e.g. DarkNESS) can further probe DM
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Conclusions

Space detectors can surpass the upper-limit
of ground-based detectors in probing
strongly interacting DM

0, [cm?]

1016 - | fX:O4%

XQC

Accelerator-Based

- DM —e scatterin .
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1079¢ Fou=(am./q)’ 10719

Current JWST data can close the window
for 0.47% of strongly interacting DM
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