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» van Dokkum et al. Nature 555, 629-632 (2018),
Nature 605, 435439 (2022)

» Guo et al. Nature Astron. 4, 246-251 (2019)
» Moreno et al. Nature Astron. 6, 496-502 (2022)
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van Dokkum et al. 2018



Dark matter deficient
galaxies: NGC1052-DF2 & DF4

LCDM predicts that halos hosting
DF2 & DF4

should be dominated by dark matter

Expect: Mpy /Mt ~ 200

Turns out:  REENVERVISTES

Explaining these observations in LCDM requires at
least -5 sigma from median (Haslbauer et. al.)
SIDM can alleviate this tension

Yang, Yu, An, PRL, 125:111105




Further evidence of dark matter deficient galaxies

Baryon dominated dwarf galaxies (BDDGs)
in Guo et al. 2020 NA

» 19 BDDGs, 14 are isolated

» ALFALFA + SDSS DR7

Parent
(0.91, 0.18) mm BDDGs

—
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The Collisional Origin of DF2 and DF4

Fig.1: Geometry of the DF2 and DF4 system.

van Dokkum et al.
Nature 2022

DF2

A trail of dark-matter- L O a-1msmes 3
free galaxies from a
bullet-dwarf collision

Progenitor 2
{initially bound) NGC1052




The Collisional Origin of DF2 and DF4

Lee et al. ApJ, 966, 72 (2024)

Reproduce DF2 and DF4 using
controlled Hydro/N-body
simulations

t=—0.1 Gyr

t=0.0 Gyr

t=1.0 Gyr

(€r1Y & Stars

Gas Surface Density, Zg,s (Mo/pc?)

M2, t = 6.650 Gyr

ation)

s (Orbit Integration)

e; M, = 3.4x108M
e; M, = 1.6x10%Mg
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Collisional Baryon-Dominated Dwarf Galaxies: A New Probe
of Bursty Feedback and Dark Matter Physics

. . * . . . .
Yi-Ying Wang!, Daneng Yang’?", Keyu Lu', Yue-Lin Sming Tsail?, Yi-Zhong
*
Fan!+?

"Key Laboratory of Dark Matter and Space Astronomy, Purple Mountain Observatory,
Chinese Academy of Sciences, Nanjing 210033, People’s Republic of China.
2School of Astronomy and Space Science, University of Science and Technology of China,

Hefei, Anhui 230026, People’s Republic of China.

A 5 EuDG Y R
T 5] JI R 25X B
F 52 R R
T oREER

orrespon iIl aurnorys). -ma.i S): vangdn'vpmeo.ac.cn,; vzian'ipimao.ac.ci,
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Abstract

High-velocity collisions between gas-rich ultra-diffuse galaxies present a promising formation channel
for baryon-dominated dwarf galaxies (BDDGs). Using hydrodynamical simulations, we show that the
progenitors’ baryonic binding energy, |Epind|, critically controls the outcome. Repeated potential
fluctuations, e.g., from bursty feedback, inject energy and reduce |Epina| by = 15%, yielding fewer
but substantially more massive BDDGs. By contrast, elastic self-interacting dark matter produces
comparable cores without lowering | Eping|, resulting in negligible effect. This provides a novel way to
distinguish between two leading galactic core formation channels, i.e., the baryon feedback and elastic
dark matter self-interaction. Among 15 paired simulation runs, 13 show higher BDDG masses in the
weakened-binding case, and about two thirds exhibit > 100% mass enhancements. The simulations
also predict systematically lower gas fractions due to sustained post-collision star formation, yielding
a clean observational signature. Upcoming wide-field imaging (CSST, LSST), HI surveys (FAST),
and kinematic follow-up will be crucial to test this scenario.
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> WMAFEEFYIRESER (BDDG) ?
> (oY iR e I EXIBDDGRIFHEERA?
> FAJsEMBDDGHIMAFZZI+A?

Pontzen et al. 2012 MN
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Context: ERE5

Gravity +
Dissipation/
Radiation

Cosmic time

i 2 HAH LR

Bursty feedback
leads to energy
exchange between
baryons and dark
matter

Gravity +
Baryon
feedback



How does an oscillating potential inject energy
into dark matter particles?

A decrease of
potential at point 1, which
recover instantly at point 3:

The final amplitude of
displacement or kinetic
energy becomes larger

Gray: if the potential change
, there is no
such effect

Vix) Vi(x) V(x)

< —> AE2 > |AE1|
AE,
X X X

1. Small energy loss 2. Orbit expands in 3. Large energy gain
shallow potential

=
S
c
Q
g
5]
Q
=
o8
B2
-

recollapse

Analytic model by Pontzen et al. 2012 MN



The challenge to model these accurately...

RIGEL: Simulating dwarf galaxies at solar mass resolution with
radiative transfer and feedback from individual massive stars

Yunwel Den;::)Il , Hui Li! , Boyuan Liu? , Rahul Kannan’ , Aaron Smith* , and Greg L. Bryan5

Deng, Li, et al. 2405.08869 RIGEL

1. Department of Astronomy, Tsinghua University, Haidian DS 100084, Beijing, China

e-mail: hliastro@tsinghua.edu.cn

2. Institute of Astronomy, University of Cambridge, Madingley Road, Cambridge, CB3 O0HA, UK

3. Department of Physics and Astronomy, York University, 4700 Keele Street, Toronto, ON M3J 1P3, Canada
4. Department of Physics, The University of Texas at Dallas, Richardson, Texas 75080, USA

5. Department of Astronomy, Columbia University, New York, NY 10027, USA

The Entangled Feedback Impacts of Supernovae in Coarse- versus High-
Resolution Galaxy Simulations

Eric Zhang J* Laura V. Sales®,! Thales A. Gutcke®,?Yunwei Deng 2 Hui Lio? Riidiger Pakmor A

Federico Marinacci®,>% Volker Springel®,* Mark Vogelsberger®,” Paul Torrey®,® Boyuan Liu®,’

Rahul Kannan®,'? Aaron Smith®,!" and Greg L. Bryan®!?

Unresolved SNe Physics
Zhang et al. 2510.02432

From left to right RIGEL SMUGGLE
t = 250, 450, 650 Myr | '
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Cored Profiles in Baryon Feedback and Self-Interacting Dark Matter

Cored profiles

- jnitial (y=1) - jnitial (y=1)
created by bursty - o y-o01 | == y=o1
baryon feedback has ==\ —. SIDM (2 Gyr) — - SIDM (2 Gyr)
a shallower potential
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e

Elastic DM
(+ s ey SCattering
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Cored Profiles in Baryon Feedback and Self-Interacting Dark Matter

Baryon’s gravitational binding
directly measures the cost to

take it outside halos: ‘?m
=
Y,
©
5
fe
i
» Bursty potential variation inject = s
il L 2 initial (y=1)
energy into the halo, reducing i
| Ebind | 1 y=0.1
» SIDM scattering conserves energy, SIDM

the relaxation between dark matter
and baryons leads to increase in
|Ebind |

17



Previous works (bullet clusters): drag or deceleration
This work: binding energy <~ fraction of baryon mass




Paired galaxy collision simulations with gamma=1 and 0.1

y=1, NFW

k h Gadget-4 simulations
¥=0.1, Core with shallower potential

IC prepared using DICE

Ram-pressure pushes the gas
content outside their progenitor
halos
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» How many can be
produced?

2
2star (Mo DC_Z)

=
o
A




Gas move under a tidal wind of dark matter

The

of the
tidal tensor in
the middle
plane

Tij —_ 6l0]CID

Y=1: multiple
small BDDGs
¥=0.1, single
massive BDDG

10 =10 =5 0




A suite of paired simulation results

Characteristics of the most massive
BDDGs in 15 paired simulations

gamma=0.1 case has just ~ 10%
lower |Ebind|

Samples



Same results, gas cooling reduced by 50%

If reducing the gas cooling efficiency
by 50%...

1)

Most features remain the same

0.1/Mp,

>~
o
S
o
—
(@)
i)

Notably

» More low-mass BDDGs, leading to
features look like tidal dwarf
galaxies

Samples




Post-collision star formation is more efficient in gamma=0.1

log10 M (Mo)

—— gas (y=0.1)
star (y=1)
gas (y=1)

3.0
t(Gyr)

Fig. A2 Post-collision star formation. Mass evo-
lution of the most massive BDDGs in the 2a (7 = 1)
and 2b (v = 0.1) simulations. In the weakened bind-

ing case (v = 0.1), eflicient star formation yields a
more m e BDDG after the collision, with contin-
ued activity beyond 2 Gyr steadily depleting the gas
reservoir. For v = 1, star formation is much less effi-
cient, leaving a substantial gas fraction even at 5 Gyr.
In both scenarios, the total BDDG mass

from 11 x 10% (2.3 x 10%

6 x 10% M
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The Multifaceted Nature of Baryon Feedback

Vmax in [80,90] km/s " *FT AN arXiv:2510.11800

SPARC UGC05721 SPARC F583 — 1
Sim r468 Sim r569

SPARC UGC06667 SPARC UGC08286 NFW e pmidtHI
Sim r492 Sim r556 —— SPARC == VeirctHI

and potentially
explaining the diversity
of observed rotation
curves.
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Gas-rich Ultfi-p\iffus PR

,

Galaxies can Ve\nd
different strengk/
patterns of baryon |

feedback

» Shallower potential

» Higher spin

» Continuous gas
inflow

» Strong bursty
feedback



Implementation 2:
Signatures from dark matter
physics r

Emergent Simplified
Gravity Models

Other )
Macroscopic Macros Particle WIMPzilla

Self-
m‘::':'a' MaCHOs Superfiuid Inlergcﬁng

(Image: G. Bertone and T. M. P. Tait)



Energy injection through dark sector dynamics

- Periodic and Non-adiabatic change of dark matter densities
inject energy into central halo
Mechanisms 5 e |
chil+chil -> chi2+chi2, where m2<~m1 and hence more energetic;
Of Energy the injected kinetic energy should be small to keep chi2 inside halos
|ﬂjECt|On Dynamical Dark Matter
into Ha IO 3 Multi states/continuum dark matter models
Kinetic redistribution during transitions
Cannibal Dark Matter
4

Mass decrease in n->2 processes; reducing particle number and mass

density but heating itself kinetically

Warm dark matter? -



Tidal stripping and the UDG lacking DM

Lower mass Tidal Dwarf Galaxies
(TDGs) suffer from ram-pressure

stripping

-750 =500 -250 0

Tidally stripped galaxies with s
gamma=0..1 .Can becom.e dark Go Ogiya 2018 used the same
matter deficient and still appear as parametrization of density profile, showing

subhalos under strong tidal stripping in
gamma=0.1 can explain DF-2

a dwarf galaxy today
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HlustrisTNG / EAGLE / SIMBA

* Gas particle (cell) mass = 10*-10° Msun, softening = 100-300 pc

« Star formation threshold = 0.1 cm™ - gas never reaches true molecular-cloud densities
e Subgrid feedback

FIRE-2 / NIHAO / FABLE zoom-ins

e Gas mass = 10° Msun or better, softening = 1-10 pc

* Resolve clustered star formation (n = 100-300 cm~3) = naturally bursty SN cycles
e Candrive repeated inflow—outflow events and heat DM cores

* But extremely expensive - small sample sizes, limited cosmological volume

Current models struggle to capture both cosmological




Moreno et al. 2022 NA: Galaxies lacking
dark matter produced by close
encounters in a cosmological
simulation

Based on FIRE2 zoom-in simulations
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Observations of such systems therefore pro- Que5t|on:
vide a powerful diagnostic of the energy injection
mechanisms. Wide-field surveys (LSST, WFST,
CSST, Roman, Euclid) will greatly expand cata-
logs of low-surface-brightness galaxies, identifying H OWwW we | can we p fe-

BDDG candidates through diffuse morphologies,

old stellar populations, and bright globular clus- SeleCt ad OOpu Iathn Of
ters. However, optical imaging alone cannot con- .

firm their baryon-dominated nature. Crucially, 21- p otentia I B D D G S fO I
cm surveys (FAST, MeerKAT, VLA) will provide -

gas fractions and kinematics, establishing whether fOI IOWI N g U p

baryons alone account for the observed dynami- ; .

cal support. Together, these facilities will enable CcCO nfl rmatlon ?

systematic searches, constrain the frequency of

BDDG formation, and map their mass spectrum.

Thanks for your attention!
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Self-Interacting Dark Matter (SIDM) halos a

( A - . '/-< _____ o\

> Elastic scattering \ ’* 2
iF
)/

> Core formation

Core shrink S il —- NEW
then collapse '

— tu5GVr Inner Density

-===Core size

Core formation

AR R H R e
7\[6’ /I:\] ﬁéf@ﬁ;ﬁ;ﬁﬁ 0.05 0.10
5 0 2 R3]
i3 G 0N

Spergel & Steinhardt 2000, Tulin and Yu 2017 (Review) and many other works 34



HERZ, E=&EERS, i)
RUERRHMRZARIR

» Cluster lensing Bl I HIE @ Excessive GGSL events

> Galaxy-Galaxy Strong Lensing # Overly dense strong
(GGSL) lensing perturbers
> Strong lensing perturbers ¢ Unexpt.ected-'dwa__r_f )
> Little Red Dots clustering
>

High-z Super Massive Black 4 Diversity problem
Holes @ Core cusp problem

> Galactic rotation curves € Gaps in stellar streams
> Stellar streams @ Origin of little red dots
>

Dark Matter Deficient Galaxies @ Final parsec problem
(DMDGs) of BH binary merger

> Dwarf galaxy clustering @ Origin of DMDGs

35



» Self-Interacting Dark Matter (SIDM)
* MACHO scatterings
* PBH scatterings

5| AR

.

Suppressed power
spectrum, e.g., Warm dark
matter

Enhanced Power Spectrum,
e.g., Primordial Black Holes,
Ultra-slow roll inflation

* Dissipative SIDM ‘
* DM-baryon scatterings
* Indirect signatures

Boosted Dark Matter
Atomic Dark Matter
Multi states/continuum
dark matter

Warm dark matter
Exothermic dark matter
Dynamical dark matter
Cannibal dark matter
Bosenovae

e DM induced baryon feedback
HEEHARE N, BURHREREESEA? Y

36
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