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e Introduction
e Dark matter self-interactions
e Effects on halos

e Using ACT x DES weak lensing measurement to constrain
SIDM

e Summary
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What is dark matter?

Ordinary matter

I-Ming Zhong (CityUHK)



Maybe dark matter is not alone...

Sterile
neutrino?

Ordinary matter Dark sector
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Sterile
neutrino?

Portal?

Ordinary matter Dark sector
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Sterile
neutrino?

Self-interactions?

Dark sector
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Nucleon-nucleon self-interaction

Cross section strength: UT/mN ~ 10 sz/g 1 em?/g

Nuclear Data Sheets ’11 ~ 2barn/GeV

Yi-Ming Zhong (CityUHK) 14



Gravity

VWV

Cold Collisionless Dark Matter (CDM)

Cross section strength: o / mMmpmM ~~ 10_70 sz / o (DM mass~ GeV)

Yi-Ming Zhong (CityUHK) 8



New Interaction

AVAVAVAV

Self-Interacting Dark Matter (SIDM)

Cross section strength: o / mpnm ~ 1 sz / o

Yi-Ming Zhong (CityUHK)



New Interaction

AVAVAVAV

O'T/mDM ~ 1cm2/g

0.4 GeV/cm3> (1cm2/g> (200 km/s>

P o/m v
Spergel & Steinhardt ‘00

; L _1o0q (
rlx — ~ VI
7 pa/m)v
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Where to look at? Dark matter halos
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Constraints on dark matter self-interaction
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Constraints on dark matter self-interaction

Dwarf MW Cluster
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WE'VE ALSO SEEN MORE DIRECT EVIDENCE FOR DARK MATTER:

- «~ WE SAW TWO GALAXI
Constraints on dark matter st e Lt

Dwarf MW Cluster

10°

MATTER SLAMMED
INTO EACH OTHER

Bullet Clus
(Robertson
V THE DARK MATTER
D JUST WENT RIGHT
- THROUGH (TGELF!
©
> (it doeen't Feel
1@ electrostatic forces,
D
=
O
o
_92 ENORMOUS GALACTIC-SIZED
10 > - PIECES OF MATTER PASSED
1 OO 1 01 1 02 1 03 : RIGHT THROUGH EACH OTHER!

v [km/s]

THE BULLET CLUSTER

Yi-Ming Zhong (CityUHK)



Constraints on dark matter self-interaction

Yi-Ming Zhong (CityUHK)

cross section strength

Dwarf MW Cluster Spherical
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Constraints on dark matter self-interaction

Dwarf MW Cluster

Gravothermal collapse

= (Balberg+ '02)
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Diversity
(Kamada+ '16)

Too big to fall
(Zavala+’12
Elbert+ ’14)

Yi-Ming Zhong (CityUHK)

Dwarf MW Cluster

Gravothermal collapse
(Balberg+ '02)

Bullet Cluster
(Robertson+ '16)

T %

NGC720 morphism
(Peter+ '13) :

10 10’ 1072 10° 10*
v [km/s]

Constrains & sol to the “small-scale problems”

Splashback
radius deficit
(More+ ’16)

Cusp vs core
(Wandelt+ '00)
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Effects of self-interaction

Cooler Hotter
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Equipartition
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0. Halo formation

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

Dense, Cold

Velocity dispersion profile

Density profile
(density at given radii)
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1. Core expansion

Yi-Ming Zhong (CityUHK)

3D velocity dispersion [km/s]
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2. Core collapse

Yi-Ming Zhong (CityUHK)

Heat
extraction

Shrinking
core
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2. Core collapse

Heat
extraction

Shrinking
core

2Eyin + Epot = (
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Dissipative SIDM

N\
JOTIR
AN

e.d., Atomic Dark Matter

Dark Photon

Essig, Mcdermott,
Yu & YZ (2019)
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More heat out

Yi-Ming Zhong (CityUHK)

faster collapse
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Density profile evolution

Evolution stages:
0. Halo formation
1. Core expansion

2. Core collapse

Yi-Ming Zhong (CityUHK)

LSB F583-1
o =3 cm?/g

no cooling
Q07

with cooling
Viess = 13 km/s

o'fo =1

Essig, Mcdermott,
Yu & YZ (2019)
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Velocity dispersion profile evolution

Evolution stages:
0. Halo formation
1. Core expansion

2. Core collapse

NEW (t = 0)
107

M 110 M,]

Yi-Ming Zhong (CityUHK)

LSB F583-1

o =3 cm?/g

Essig, Mcdermott,
Yu & YZ (2019)
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Density profile evolution

Cut att = 10 Gyrs:

Yi-Ming Zhong (CityUHK)

LSB F583-1
o =3 cm?/g

no cooling
Q07

with cooling
Viess = 13 km/s

o'fo =1

Essig, Mcdermott,
Yu & YZ (2019)
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Density profile evolution

Evolution time Is set by:

Yi-Ming Zhong (CityUHK)

LSB F583-1
o =3 cm?/g

no cooling
Q07

with cooling
Viess = 13 km/s

o'fo =1

Essig, Mcdermott,
Yu & YZ (2019)
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N-body simulation results

o/m=0c'/m =2

e Consider Inelastic dark matter o Purely elastic

vep = 100
—— Uth = 150
ven = 200

with state y and " (m, > m, )

e Loss energy for yy — v’

~]
-l

e Define

Vi = €y [ 2(m, — m)’()/mx

Yi-Ming Zhong (CityUHK)
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Self-interactions increase halo’s

LSB F583-1

< 2
o =3 cm/g

no cooling
\

with cooling

Viess = 13 km/s

Yi-Ming Zhong (CityUHK)

**diversity™™

Core—Collapsed
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Constraining SIDM from ACT x
DES weak lensing measurement




Weak lensing

Credit: Sachs

Yi-Ming Zhong (CityUHK)

Source
(galaxies)

Lens
(cluster)

Image
(galaxies)
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Tangential Shear & halo’s density

T'he tangential shear, y,, IS

sensitive to the excess of
the projected lens mass

See Dodelson ‘22 Y] dQR/ Z(R,)

Yi-Ming Zhong (CityUHK)
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Data

* Used the weak lensing
measurement from Shin et al.

(2021).

* | ens: clusters sampled from
Atacama Cosmology Telescope

(ACT) DR5.

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

Yi-Ming Zhong (CityUHK)

ACT credit: J. Ward

DES credit: E. Krause
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Selection of the lens

» Stacked ~1000 galaxy clusters
* Redshift: 0.15—0.7

» Mass: ~10" Mg/ h
 Radius range: 0.2—20 Mpc/h

Yi-Ming Zhong (CityUHK)
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Modeling of the lens

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

e Simulated 1000+ halos for
each benchmark.

Yi-Ming Zhong (CityUHK)

Name o/m [crnzlg] a'/m [cmz/g] Uoss | km/s]

CDM - - -

eSIDM 0.2 - —

0.5 — —

1.0 — —

2.0 - -
dSIDM-300 1.0 1.0 300
dSIDM-600 1.0 1.0 600
dSIDM-2000 1.0 1.0 2000
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Stacked 3D density for the benchmarks

CDM
dSIDM-300
dSIDM-600
dSIDM-2000
o/m = 0.5 cm?/g
o/m = 1.0 cm?/g

o/m = 2.0 cm?/g

Yi-Ming Zhong (CityUHK)

— | ‘ \— —1 . -1
2 x 10 3x 1074 x 10 6 x 10 100

R [h~Mpc]

= CDM
dSIDM-300

= dSIDM-600
dSIDM-2000

—1 - -1 @ ~1
2 x 10 3x 1074 x 10 6 x 10 100

R [h~*Mpc]
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Excess of stacked surface density

CDM under predicts AX
at small radii.

Yi-Ming Zhong (CityUHK) 39



Excess of stacked surface density

Elastic
SIDM

dSIDM-300
= dSIDM-600

— O'/m — 20 Cm2/g dSIDM-2000

¢ lensing data

¢ lensing data

Better fit by dSIDM-600

Yi-Ming Zhong (CityUHK)
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Allowed parameters of elastic SIDM

oc/m < lcm?®/g

(95% CL)

Yi-Ming Zhong (CityUHK)
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Cuspiness

Yi-Ming Zhong (CityUHK)

LSB F583-1
o =3 cm?/g

no cooling
Q07

with cooling
Viess = 13 km/s

o' joc =1
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Constraining on v fordSIDM , _

A\ dSTDM-300 dSTDM-600

: 3
| ! 10" 10~ ) 10" 10~

R [h~"Mpc]

Yi-Ming Zhong (CityUHK)

dSIDM-2000

43



Constraining on v, .. for dSIDM

Assume

o/m = U//m = CmQ/g dSIDM-300

eSIDM]1

Yi-Ming Zhong (CityUHK)

dSIDM-600

dSIDM-2000

eSIDM]1
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Allowed parameters of dissipative SIDM

Assume o/m =o' /m = 1lcm?/g

Uloss = \/Eloss/m

1.6 X 10? < Mogs < 2.4 x 102 km /s

3.2 x 10% < Yogs < 1.6 x 10° km /s

2 % 10° < Yypes < 2.8 x 10° km /s

(95% CL)

Yi-Ming Zhong (CityUHK)
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Outlook

* Future surveys, like Rubin
Observatory, will increase the
cluster sample size by ~10°.

» Can significantly reduce the

statistical & systematical errors.

Yi-Ming Zhong (CityUHK)

o/m = 0.5 cm?/g
o/m =1 cm?/g

o/m = 2 cm?/g
dSIDM-300

= dSIDM-600
dSIDM-2000

— CDM
1000 clusters(fiducial)
DES Y6

M LSST
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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.

Yi-Ming Zhong (CityUHK)
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