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Constraints on Strongly Interacting Dark Matter 
from James Webb Space Telescope



 

 

Dark Matter

Galaxy (104-105 ly) Galaxy Cluster (~106 ly)   

Large Scale Structure (~107 ly)

DM

DM

Hot Gas

Cosmic Microwave Background  (~1010 ly)

What we know about DM

Massive/stable

Gravitational interactions

What we don’t know about DM

Particle Nature

Mass

Interactions with visible matter?

DM self-interactions?

Abundant: 85% of matter

Numerous evidence for the existance of DM

•  
•  

•  

•  
•  

•  
•  

…
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What could Dark Matter be

Figure from T. Lin (arXiv:1904.07915) 
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What could Dark Matter be

This talk

Figure from T. Lin (arXiv:1904.07915) 
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How to look for DM: Direct Detection of DM

DM

detector

shielding

ΔE
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How to look for DM: Direct Detection of DM
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How to look for DM: Direct Detection of DM

DM

detector

shielding

ΔE

WIMP

Light DM

Space detectors
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e

DM h
Eg

Threshold: bandgap Eg~1 eV

e e

e e

e

e

semiconductor 

Signals: eh pairs

Essig, Mardon, Volansky, PRD 2012

Energy transfer:

DM-electron scattering

e

e

Direct Detection of Light DM

DM

Conduction band

Valence band

Conduction band

Valence band
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Figure from SENSEI, PRL 2020Current Constraints
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Figure from SENSEI, PRL 2020
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Exploring the parameter space

Probing the theory benchmark

Benchmark

Current Constraints
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Figure from SENSEI, PRL 2020
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Exploring the parameter space

Benchmark

Probing DM lighter than MeV

Probing the theory benchmark

Current Constraints
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Figure from SENSEI, PRL 2020
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Exploring the parameter space

Benchmark
Probing strongly interacting DM

Probing DM lighter than MeV

Probing the theory benchmark

Current Constraints
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Figure from SENSEI, PRL 2020
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Exploring the parameter space

Benchmark
Probing strongly interacting DM

Probing DM lighter than MeV

Probing the theory benchmark

Space-based detectors

Current Constraints
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Upper limit of ground-based detectors
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Emken, Essig, Kouvaris, Sholapurkar, JCAP, 2019
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Strongly interacting DM will be significantly slowed 
before reach ground based detectors
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Upper limit of ground-based detectors
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Emken, Essig, Kouvaris, Sholapurkar, JCAP, 2019

upper limit

Has strongly interacting DM already been ruled 
out by other astro/cosmo constraints?

Strongly interacting DM will be significantly slowed 
before reach ground based detectors

Detector

Earth

Atmosphere 

DM
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Parameter space for strongly interacting DM

No room for strongly interacting DM if

<latexit sha1_base64="gQ9k1BAPoaLmc0IAs0uYZPr9wq0=">AAACFnicbVDLSsNAFJ34rPUVdelmsAhuLIn4WhZ14UaoYB/QhDCZTtqhM0mcmRRKyFe48VfcuFDErbjzb5y0EbT1wIUz59zL3Hv8mFGpLOvLmJtfWFxaLq2UV9fWNzbNre2mjBKBSQNHLBJtH0nCaEgaiipG2rEgiPuMtPzBZe63hkRIGoV3ahQTl6NeSAOKkdKSZx4GnoP71CH3CR06gUA4dUQ/8tJczbKfh+Dw6ibLPLNiVa0x4CyxC1IBBeqe+el0I5xwEirMkJQd24qVmyKhKGYkKzuJJDHCA9QjHU1DxIl00/FZGdzXShcGkdAVKjhWf0+kiEs54r7u5Ej15bSXi/95nUQF525KwzhRJMSTj4KEQRXBPCPYpYJgxUaaICyo3hXiPtLZKJ1kWYdgT588S5pHVfu0enJ7XKldFHGUwC7YAwfABmegBq5BHTQABg/gCbyAV+PReDbejPdJ65xRzOyAPzA+vgE9z6Cu</latexit>

f� ⌘ ⇢�
⇢DM

fraction of interacting 
DM component

<latexit sha1_base64="CiRPdp8OXmbAq+HpvTLvcOqdp00=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBkPAU5gVXxch6MVjBPOA7BJmJ7PJkNnZdWY2EJZ8hxcPinj1Y7z5N06SPWi0oKGo6qa7K0gE1wbjL6ewsrq2vlHcLG1t7+zulfcPWjpOFWVNGotYdQKimeCSNQ03gnUSxUgUCNYORrczvz1mSvNYPphJwvyIDCQPOSXGSn7Y8+iQXyMXY6/aK1dwDc+B/hI3JxXI0eiVP71+TNOISUMF0brr4sT4GVGGU8GmJS/VLCF0RAasa6kkEdN+Nj96iqpW6aMwVrakQXP150RGIq0nUWA7I2KGetmbif953dSEV37GZZIaJuliUZgKZGI0SwD1uWLUiIklhCpub0V0SBShxuZUsiG4yy//Ja3TmntRO78/q9Rv8jiKcATHcAIuXEId7qABTaDwCE/wAq/O2Hl23pz3RWvByWcO4Recj2++c5DK</latexit>

f� = 100%

Emken, Essig, Kouvaris, Sholapurkar, JCAP, 2019
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f� . 0.4%

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

Detector

Earth

Atmosphere 

DM

Atmosphere

Space detectors

DM

Earth

JWST

IR detector:  HgCdTe (Eth~0.2 eV)

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

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

•  
•  
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JWST images
Astrophyiscal images

NGC 6072
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JWST images
Astrophyiscal images

NGC 6072

Not good for DM detection
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JWST images
Dark images

‘snowballs’

Astrophyiscal images

NGC 6072 for background calibration

Not good for DM detection

Good for DM detection
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JWST dark images and masks

Dark images from JWST NIRSpec

data after basic JWST pipeline
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Exposure: 3560 s
Time between frames: 14.6 s

# of frames: 244 



JWST dark images and masks

Dark images from JWST NIRSpec

‘snowballs’

PD, Essig, Rauscher, Xu, PRL, 2025

Our customized masksdata after basic JWST pipeline
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# of frames: 244 



JWST dark images and masks

Dark images from JWST NIRSpec

‘snowballs’

PD, Essig, Rauscher, Xu, PRL, 2025

Our customized masksdata after basic JWST pipeline
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‘snowballs’

Exposure: 3560 s
Time between frames: 14.6 s

# of frames: 244 



JWST dark images after masks

PD, Essig, Rauscher, Xu, PRL, 2025

Background model: Poisson distributed 
dark current with Gaussian smearing

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

Exposure: 3560 s
Mean dark current: ~0.002/pixel/s

<latexit sha1_base64="IR6bDjzGL34e6FuCHUAnX/kQYgQ=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFcSEnE10YoutBlBfuAJoTJ9LYdOpOEmYlSYj/FjQtF3Pol7vwbp20W2nrgwuGce7n3njDhTGnH+bYWFpeWV1YLa8X1jc2tbbu001BxKinUacxj2QqJAs4iqGumObQSCUSEHJrh4HrsNx9AKhZH93qYgC9IL2JdRok2UmCXRODRPrt0vSNPCnwDjcAuOxVnAjxP3JyUUY5aYH95nZimAiJNOVGq7TqJ9jMiNaMcRkUvVZAQOiA9aBsaEQHKzyanj/CBUTq4G0tTkcYT9fdERoRSQxGaTkF0X816Y/E/r53q7oWfsShJNUR0uqibcqxjPM4Bd5gEqvnQEEIlM7di2ieSUG3SKpoQ3NmX50njuOKeVU7vTsrVqzyOAtpD++gQuegcVdEtqqE6ougRPaNX9GY9WS/Wu/UxbV2w8pld9AfW5w/ICJMO</latexit>

mω = 1GeV
<latexit sha1_base64="H1sdjt/WrbAjasTYwia05uDNY3M=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpDU90IounFZwbZCk4bJdNIOnUnCzEQoob/gxl9x40IRt+7c+TdO2yy09cCFwzn3cu89QcKoVLb9bRQWFpeWV4qrpbX1jc0tc3unKeNUYNLAMYvFfYAkYTQiDUUVI/eJIIgHjLSCwfXYbz0QIWkc3alhQjyOehENKUZKS75ZcQMkXEl7HPnk8siyL1xFOZHQsTvZYbU6cgWHmHeqvlm2LXsCOE+cnJRBjrpvfrndGKecRAozJGXbsRPlZUgoihkZldxUkgThAeqRtqYR0lu9bPLRCB5opQvDWOiKFJyovycyxKUc8kB3cqT6ctYbi/957VSF515GoyRVJMLTRWHKoIrhOB7YpYJgxYaaICyovhXiPhIIKx1iSYfgzL48T5pVyzm1Tm6Py7WrPI4i2AP7oAIccAZq4AbUQQNg8AiewSt4M56MF+Pd+Ji2Fox8Zhf8gfH5A7hOm68=</latexit>

ω̄e = 3.09→ 10→22cm2

<latexit sha1_base64="A7WnfTx3e6v7H+2k+Uf5/OPbhVo=">AAAB83icbVDLSsNAFL2pr1pfVZduBkvBVUikPjZC0Y3LCvYBTSiT6aQdOpmEmYlQQn/DjQtF3Poz7vwbJ20W2nrgwuGce7n3niDhTGnH+bZKa+sbm1vl7crO7t7+QfXwqKPiVBLaJjGPZS/AinImaFszzWkvkRRHAafdYHKX+90nKhWLxaOeJtSP8EiwkBGsjeSFA4+M2Y1jN7z6oFpzbGcOtErcgtSgQGtQ/fKGMUkjKjThWKm+6yTaz7DUjHA6q3ipogkmEzyifUMFjqjys/nNM1Q3yhCFsTQlNJqrvycyHCk1jQLTGWE9VsteLv7n9VMdXvsZE0mqqSCLRWHKkY5RHgAaMkmJ5lNDMJHM3IrIGEtMtImpYkJwl19eJZ1z2720Lx4ateZtEUcZTuAUzsCFK2jCPbSgDQQSeIZXeLNS68V6tz4WrSWrmDmGP7A+fwBnSZCh</latexit>

fω = 0.4%

•  

•  

Excluded at 95%
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JWST DM constraints

Closing the window for 0.4% of interacting DM

Future space detectors (e.g. DarkNESS) can further probe DM

•  
•  
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Conclusions
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Direct Detection of Light DM

Benchmark

Space detectors can surpass the upper-limit 
of ground-based detectors in probing 
strongly interacting DM
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FDM = (Æme/q)2

f¬ = 0.4%

Current JWST data can close the window 
for 0.4% of strongly interacting DM
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Thank you!


