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Outline

• Introduction


• Dark matter self-interactions


• Effects on halos


• Using ACT x DES weak lensing measurement to constrain 
SIDM


• Summary
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Evidence for dark matter

Bullet Cluster Large-Scale Structure Cosmic Microwave 
Background
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What is dark matter?Ordinary matter

?? ??

??
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Ordinary matter

DMDark 
Higgs?

Sterile 
neutrino?

……

…

Dark 
photon?

Dark sector

Maybe dark matter is not alone…
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Ordinary matter Dark sector

Portal? 

DMDark 
Higgs?

Sterile 
neutrino?

……

…

Dark 
photon?
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Dark sector

Self-interactions? DMDark 
Higgs?

Sterile 
neutrino?

……

…

Dark 
photon?



Yi-Ming Zhong (CityU HK) 8

N N

Cross section strength:

Pion

Nucleon-nucleon self-interaction

<latexit sha1_base64="dYc+v3BFKPxU+xw4sCFxA5YQfCY="></latexit>

1 cm2/g

⇡ 2 barn/GeV

<latexit sha1_base64="+7pa8azD6LvhzJbedAM6r0vYQ/s="></latexit>

�T/mN ⇠ 10 cm2/g
Nuclear Data Sheets ’11
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DM DM

(DM mass~ GeV)Cross section strength:
<latexit sha1_base64="BCyvbulGfwggtmVt2u5KIMrIzyw="></latexit>

�T/mDM ⇠ 10�70 cm2/g

Gravity

Cold Collisionless Dark Matter (CDM)
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DM DM

New interaction

<latexit sha1_base64="3Cu2bbqc+xkkyeI1Pn9+Wf/sc8g="></latexit>

�T/mDM ⇠ 1 cm2/g

Self-Interacting Dark Matter (SIDM)

Cross section strength:
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DM DM

New interaction

Spergel & Steinhardt ‘00

<latexit sha1_base64="3Cu2bbqc+xkkyeI1Pn9+Wf/sc8g="></latexit>

�T/mDM ⇠ 1 cm2/g
<latexit sha1_base64="FDTZjzgHKFuSmLxhHE035H1RsEw="></latexit>

trlx =
1

⇢(�/m)v
⇠ 10Gyr

✓
0.4GeV/cm3

⇢

◆✓
1 cm2/g

�/m

◆✓
200 km/s

v

◆
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~2 million light years

~200,000 light years

Dark matter halosWhere to look at?
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Effects of self-interaction

Hot (faster) Cold (slower)

Cooler Hotter

Time💥
Equipartition
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0. Halo formation

Cold Collisionless DM
(NFW profile)
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MW halo

Navarro-Frenk-White (NFW) profile

<latexit sha1_base64="67on5tVp5z4RmWFCZfFxp7Yakjs=">AAACH3icdVDLSsNAFJ3UV62vqEs3g1WoCCEpWnUhFNy4rGAf0MQwmU7aoZMHMxOhhPyJG3/FjQtFxF3/xklbxPo4MHDOufdy5x4vZlRI0xxrhYXFpeWV4mppbX1jc0vf3mmJKOGYNHHEIt7xkCCMhqQpqWSkE3OCAo+Rtje8yuvte8IFjcJbOYqJE6B+SH2KkVSWq9dsPojgJbR9jnCaC1dk6VTxLOVKVazjOX10V81cvWwaFzlOoWWYE/wmZTBDw9U/7F6Ek4CEEjMkRNcyY+mkiEuKGclKdiJIjPAQ9UlX0RAFRDjp5L4MHiqnB/2IqxdKOHG/T6QoEGIUeKozQHIgftZy869aN5H+uZPSME4kCfF0kZ8wKCOYhwV7lBMs2UgRhDlVf4V4gFQWUkVaUiH8f/sXaVUNq2ZYNyfl+sEsjiLYA/ugAixwBurgGjRAE2DwAJ7AC3jVHrVn7U17n7YWtNnMLpiDNv4Ek9qj3Q==</latexit>

⇢ =
⇢s

r
rs
(1 + r

rs
)2

Dense

Sparse

Cuspy

Density profile 
(density at given radii)
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0. Halo formation
Dense, Cold

Sparse, Hot

Density profile 
(density at given radii) Velocity dispersion profile
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Heat

Huo, Yu & YZ ‘20

Heat

1. Core expansion

Cored
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2. Core collapse

Heat

Heat 
extraction

Shrinking 
core

Hotter  
core
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2. Core collapse

Heat

Heat 
extraction

Shrinking 
core

Hotter  
core

<latexit sha1_base64="TvOixEQcskIqr7v0487BZzGShVM=">AAACGXicdVDLSgMxFM3UV62vqks3wSIIQpmpbdWFUBTBZQX7gLaUTJq2oZnMkNwRy9CtP+EvuNW9O3Hryq1fYqatokUPBM49515u7nEDwTXY9ruVmJtfWFxKLqdWVtfWN9KbW1Xth4qyCvWFr+ou0UxwySrAQbB6oBjxXMFq7uA89ms3TGnuy2sYBqzlkZ7kXU4JGKmdxjl80W4Cu4VowOXo4LsKfBjhU2y30xk7exLjEE9IMSZ23rGdAnay9hgZNEW5nf5odnwaekwCFUTrhmMH0IqIAk4FG6WaoWYBoQPSYw1DJfGYbkXjS0Z4zygd3PWVeRLwWP05ERFP66Hnmk6PQF/PerH4p+d6M5uhe9yKuAxCYJJOFndDgcHHcUy4wxWjIIaGEKq4+TumfaIIBRNmyoTydTn+n1RzWaeYLVzlM6WzaTxJtIN20T5y0BEqoUtURhVE0R16QI/oybq3nq0X63XSmrCmM9voF6y3T5b3oFw=</latexit>

2Ekin + Epot = 0

<latexit sha1_base64="r++s+bV3uLGXC3cZQZ4peN9d/Eo=">AAACGHicdVDLSgNBEJyNrxhfUY8eHAyCF8OuJlEPQlAEjxHMA5IQZieTZMjs7DLTK4YlR3/CX/Cqd2/i1ZtXv8TZPECDFjQUVd10d7mB4Bps+9NKzM0vLC4ll1Mrq2vrG+nNrYr2Q0VZmfrCVzWXaCa4ZGXgIFgtUIx4rmBVt38Z+9U7pjT35S0MAtb0SFfyDqcEjNRK7161GsDuIQIfiBjic3yIp1Kfy2ErnbGzZzGO8ZgUYmLnHNvJYydrj5BBE5Ra6a9G26ehxyRQQbSuO3YAzYgo4FSwYaoRahYQ2iddVjdUEo/pZjR6ZIj3jdLGHV+ZkoBH6s+JiHhaDzzXdHoEenrWi8U/Pdeb2Qyd02bEZRACk3S8uBMKDD6OU8JtrhgFMTCEUMXN7Zj2iCIUTJYpE8r0c/w/qRxlnUI2f5PLFC8m8STRDtpDB8hBJ6iIrlEJlRFFD+gJPaMX69F6td6s93FrwprMbKNfsD6+Ae0goKM=</latexit>

Etotal = �Ekin

<latexit sha1_base64="/W9ZP8ZTYUk1vMbk2BuitKXKq8I=">AAACAXicdVC7SgNBFJ31GeMramkzGASrZVeTqF1QC8sI5oHJEmYns8mQeSwzs4YQUvkLttrbia1fYuuXOJtE0KAHLhzOuZd77wljRrXxvA9nYXFpeWU1s5Zd39jc2s7t7Na0TBQmVSyZVI0QacKoIFVDDSONWBHEQ0bqYf8y9ev3RGkqxa0ZxiTgqCtoRDEyVrprXcmBQErJQTuX99zzFCdwSkop8Qq+5xeh73oT5MEMlXbus9WROOFEGMyQ1k3fi00wQspQzMg420o0iRHuoy5pWioQJzoYTS4ew0OrdGAklS1h4ET9OTFCXOshD20nR6an571U/NML+dxmE50FIyrixBCBp4ujhEEjYRoH7FBFsGFDSxBW1N4OcQ8phI0NLWtD+f4c/k9qx65fcos3hXz5YhZPBuyDA3AEfHAKyuAaVEAVYCDAI3gCz86D8+K8Om/T1gVnNrMHfsF5/wLib5gV</latexit>

+

<latexit sha1_base64="/W9ZP8ZTYUk1vMbk2BuitKXKq8I=">AAACAXicdVC7SgNBFJ31GeMramkzGASrZVeTqF1QC8sI5oHJEmYns8mQeSwzs4YQUvkLttrbia1fYuuXOJtE0KAHLhzOuZd77wljRrXxvA9nYXFpeWU1s5Zd39jc2s7t7Na0TBQmVSyZVI0QacKoIFVDDSONWBHEQ0bqYf8y9ev3RGkqxa0ZxiTgqCtoRDEyVrprXcmBQErJQTuX99zzFCdwSkop8Qq+5xeh73oT5MEMlXbus9WROOFEGMyQ1k3fi00wQspQzMg420o0iRHuoy5pWioQJzoYTS4ew0OrdGAklS1h4ET9OTFCXOshD20nR6an571U/NML+dxmE50FIyrixBCBp4ujhEEjYRoH7FBFsGFDSxBW1N4OcQ8phI0NLWtD+f4c/k9qx65fcos3hXz5YhZPBuyDA3AEfHAKyuAaVEAVYCDAI3gCz86D8+K8Om/T1gVnNrMHfsF5/wLib5gV</latexit>

+
<latexit sha1_base64="4X1fyGfl+zzTGLU9na7nEuBzz1M="></latexit>

C ⌘ Etotal

T
< 0

<latexit sha1_base64="O9SFmZG8tyCIO3OZrk/MgRCSxvw=">AAACD3icdVDLSgNBEJyNrxhfq4IXL4NB8BR2NYl6C4rgMUJekIQwO5kkQ2Znl5leMaz5CH/Bq969iVc/watf4mwSQYMWNBRV3XR3eaHgGhznw0otLC4tr6RXM2vrG5tb9vZOTQeRoqxKAxGohkc0E1yyKnAQrBEqRnxPsLo3vEz8+i1TmgeyAqOQtX3Sl7zHKQEjdey9q04L2B3EQy7HuBWqIIQAVzp21smdJzjBU1JMiJN3HbeA3ZwzQRbNUO7Yn61uQCOfSaCCaN10nRDaMVHAqWDjTCvSLCR0SPqsaagkPtPteHL/GB8apYt7gTIlAU/UnxMx8bUe+Z7p9AkM9LyXiH96nj+3GXpn7ZjLMAIm6XRxLxLYvJyEg7tcMQpiZAihipvbMR0QRSiYCDMmlO/P8f+kdpxzi7nCTT5bupjFk0b76AAdIRedohK6RmVURRTdo0f0hJ6tB+vFerXepq0pazazi37Bev8Ca6GdMg==</latexit>

Ekin / T
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Dissipative SIDM

Atomic Dark Matter

Dark PhotonDark electron
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More heat out

faster collapse
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Density profile evolution

21

Evolution stages:


0. Halo formation


1. Core expansion


2. Core collapse

Essig, Mcdermott,  
Yu & YZ (2019)

Elastic SIDMDissipative SIDM
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Density profile evolution

22

Cut at t = 10 Gyrs:


Elastic SIDM: 


Cored profile


Dissipative SIDM:


Quasi-isothermal profile  
(cuspier than NFW)

Essig, Mcdermott,  
Yu & YZ (2019)

Elastic SIDMDissipative SIDM
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Density profile evolution

23

Evolution time is set by: 
 
Elastic SIDM 


- Cross section strength

Dissipative SIDM


- Cross section strengths 
 
- Energy loss per collision 

Essig, Mcdermott,  
Yu & YZ (2019)

Elastic SIDMDissipative SIDM



Constraining SIDM from ACT x 
DES weak lensing measurement
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Weak lensing

Credit: Sachs 

Source  
(galaxies)

Lens 
(cluster)
Image 

(galaxies) Shear
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The tangential shear, , is 
sensitive to the excess of 
the projected lens mass


γt

Tangential Shear & halo’s density

26

Unlensed Lensed
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<latexit sha1_base64="N1vN1JZo3o7S9s9lq9YoAQH7vcU="></latexit>

1

⇡R2

Z

R0<R
d2R0 ⌃(R0)

<latexit sha1_base64="I2htSiYY8PelrI0nCl4+BXV6E4I="></latexit>

��t(R) / ⌃(R)� h⌃(< R)i

See Dodelson ‘22
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Data

• Used the weak lensing 
measurement from Shin et al. 
(2021).


• Lens: clusters sampled from 
Atacama Cosmology Telescope 
(ACT) DR5.


• Source/Image: galaxies from the 
Dark Energy Survey (DES) Y3 
near the sampled clusters.

27

DES credit: E. Krause

ACT credit: J. Ward
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Selection of the lens

• Stacked ~1000 galaxy clusters


• Redshift: 0.15—0.7


• Mass: ~1014 


• Radius range: 0.2—20 Mpc

M⊙/h
/h

28

R

ρ
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Modeling of the lens

• Modeled the lens for CDM, 
elastic SIDM (eSIDM), and 
dissipative SIDM (dSIDM).


• Simulated 1000+ halos for 
each benchmark.

29
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Excess of stacked surface density

30
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lensing data

1æ fit

CDM

CDM under predicts  
at small radii.

ΔΣ

CDM
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Excess of stacked surface density

31
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lensing data
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CDM

dSIDM-300

dSIDM-600

dSIDM-2000

lensing data

Better fit by dSIDM-600

Elastic 
SIDM

Dissipative 
SIDM



Yi-Ming Zhong (CityU HK)

Constraints on SIDM

32

Elastic SIDM Dissipative SIDM

<latexit sha1_base64="tJDzAC1u1A3FjICrlcY3Qkg/7mk=">AAACHHicdVDLSgMxFM3UV62vqks3wSK4kHamaFVwUXDjsoJ9QKeWTJq2ocnMkNwRyzAf4E/4C251707cCm79EtMHolUPBA7nnMu9OV4ouAbbfrdSc/MLi0vp5czK6tr6RnZzq6aDSFFWpYEIVMMjmgnusypwEKwRKkakJ1jdG5yP/PoNU5oH/hUMQ9aSpOfzLqcEjNTO5lzNe5IUJD7DjnuAXWC3EFOZXBcLE95LTMrOn45whJ28PcZvkkNTVNrZD7cT0EgyH6ggWjcdO4RWTBRwKliScSPNQkIHpMeahvpEMt2Kx59J8J5ROrgbKPN8wGP1+0RMpNZD6ZmkJNDXs95I/NPz5Mxm6J60Yu6HETCfThZ3I4EhwKOmcIcrRkEMDSFUcXM7pn2iCAXTZ8aU8n8XX6RWzDulfOnyMFcuTutJox20i/aRg45RGV2gCqoiiu7QA3pET9a99Wy9WK+TaMqazmyjH7DePgGmaKFk</latexit>

�/m < 1 cm2/g

(95% CL) (95% CL)

<latexit sha1_base64="99n4Iuj+CNyhzafwf0khSJvJ11M=">AAACKHicdZDLSgMxFIYzXmu9VV26CRbRhbQzRasuhIIblxXsBTq1ZNJMG5rMDMkZsQx9DF/CV3Cre3fSbZ/E9IJo1R8CH/85h3Pye5HgGmx7aC0sLi2vrKbW0usbm1vbmZ3dqg5jRVmFhiJUdY9oJnjAKsBBsHqkGJGeYDWvdz2u1x6Y0jwM7qAfsaYknYD7nBIwViuTdzXvSJKX+ApP8WjCjnuCXWCPkFA5uC/kp9wZtDJZO3c51hl2cvZEvyGLZiq3MiO3HdJYsgCoIFo3HDuCZkIUcCrYIO3GmkWE9kiHNQwGRDLdTCYfG+BD47SxHyrzAsAT9/tEQqTWfemZTkmgq+drY/PPmifnNoN/0Ux4EMXAAjpd7McCQ4jHqeE2V4yC6BsgVHFzO6ZdoggFk23ahPJ/Fl9QLeScYq54e5otFWbxpNA+OkDHyEHnqIRuUBlVEEVP6AW9ojfr2Xq3PqzhtHXBms3soR+yRp/QiKWK</latexit>

�/m = �0/m = 1 cm2/g

<latexit sha1_base64="80nmpBY1ahyUrWaugnjgBDF5k2U="></latexit>
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Outlook

• Future surveys, like Rubin 
Observatory, will increase the 
cluster sample size by ~105.


• Can significantly reduce the 
statistical & systematical errors.

33

Rubin Obs.
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Summary

• Halos are interesting probes of dark matter properties.


• Gravothermal evolution increases the diversity of SIDM 
halos.


• Weak lensing measurements from current and future 
galaxy surveys can effectively probe various types of dark 
matter self-interactions.




