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OUTLINE

Part | - Small Scales
Problems and  Self-Interacting Dark
Matter as a solution

Part Il - Confining Dark Sectors
Different dark matter candidates, heavy
dark baryons and their interaction
potential

Part lll - Self-Interaction Cross Sections
Preferred parameter space (Asymmetric
Dark Matter), velocity evolution, and
comparison to data
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CRISIS ON
SMALL SCALES

ACDM is an extremely successtul
model tord > O(Mpc) . But:

« Core-cusp problem

o predic. pgm X r~!vs pglr); X T
« Diversity problem

o large variations in density profiles
« "Missing satellites problem”

o lack of a rich halo substructure
e Too-big-to-tail problem

o largest substructures fail to form stars

0

Baryon feedback...

e the strong gravitational lens system
JVAS B1938+666 (perturber)
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JVAS B1938+666 CRISIS ON

S M A |_ L S C A L E S Best fit by S. Vegetti et al. in 2601.02466
A - 10 Second pe‘r"‘.c}ll.lr*ll??*m(”(‘:lletectlon V)
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. model ford > O(Mpc) . But:
\y
*\ , . * Core-cusp prob|?m N
E o pl’edIC Pdm xXxTr VS pdm 0.4 T 13915;
> « Diversity problem : '
2 o large variations in density profl|es
« "Missing satellites problem”
o lack of a rich halo substructure
e Too-big-to-tail problem
\ o largest substructures fail to form stars
unresolved point-mass e
Baryon feedback... e £ 101 ey o sabe Pl
e 2’00 mas 1o (central compact object) sttt trimeatiom cadiis 199 g
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SELF-
NTERACTING
DARK MATTER

Dark matter (DI\/? could
interact with itself.

X X

First sign of non-gravitational
interactions of DM?!

At dwarfs and galaxies:
oc/m > 1cm?/g
But at clusters:

o/m < 1cm?/g

T. Brinckmann et al. in 1705.00623
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MULTIPLE MOTIVATIONS

C O N F ‘ N ‘ N G e Hierarchy Problem
S ite Higgs/technicol
DARK SECTORS . rcotierahy rroblom
o warped extra dimensions(holography)
o partial compositeness

the minimal case e Strong CP Problem
o high-quality QCD axions (composite axions)
dark glueball DM  Dark-GUTs (baryon-DM coincidence)

e Rich and Varied Phenomenology

® Small scale issues confining at A,
A4

O scat (U) =

T A2
® Tnstability!

mpa ~ A4

@ ¥

glueball?
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MULTIPLE MOTIVATIONS

e Hierarchy Problem
o composite Higgs /technicolor

Flavor Hierarchy Problem
o warped extra dimensions(holography)
o partial compositeness

Strong CP Problem
o high-quality QCD axions (composite axions)

Dark-GUTs (baryon-DM coincidence)
Rich and Varied Phenomenology

alternatives
add dark quarks:

e (multiple) light quarks e

© resonances: o,, — deuteron

o mostly focused on dark mesons

* heavy quarks 1M > Ag?

SU(N)

confining at Ay
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Only two relevant parameters:

N, ¢= mQ/Ad stability: dark baryon number
Then, U(l)B U(l)B,
™ 2T
Qd\Ho) =
Balog(po/Aa)  a Coulombic state: a__Bl ~ Cyoagmg > Ag
Cn ag 9
e At the b le: ~ VMO X an V("“"): I%
e baryon scale: [ Q B g\' 1] N —1 rij (]
non-perturbative
vacuum % A‘;] “,
/’,_# B

D ! R K Z ” perturbative
i @0 @
\ Q Q
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Interaction potential

. instantaneous dipo|e—induceo| dipole interaction
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Interaction potential

Baryon 1S overlap

-‘tt dipole-induced dipole interacti _
instantaneous dipole-in uic_:e | ipole interaction S(z)=e® (142 +/3)
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Interaction potential

. instantaneous o|ip0|e—inc|uceo| dipole interaction
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Velocity behavior
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PARAMETER SPAC
o(~ 30—150 km/s) /m ~ 1-10 cm?/g
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ASYMMETRIC DARK MATTER (ADM)

mp ~ 9m ; N
Aq ~ (0.01 - 3) AQCZ; oM~ TISM

Moreover, the abundance of the symmetric part is Too much dark glueballs:
9 3
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Gravothermal Core Collapse

A possible explanation for the second perturber of the JVAS B1938+666 system:
o(~ 5 km/s)/m ~ 100—1000 cm?/g
- T T T @ "1 A morerecent analysis:
o(~ 30km/s)/m ~ 50 cm® /g

,;:%% 1 (anti-correlation between the central
- DM densities and their orbital
pericenter distance)
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/ld [Me V]
(N
S

70 R (geo)

mpg [GeV] 16
PPC 2026 Giovani Dalla Valle Garcia



JVAS B1938+666 SYSTEM(PERTURBER) mp =16 GeV , A; =90 MeV
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! Subhalo evaporation
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® Dwarf spheroidal galaxies
Dwarf and low surface brightness galaxies

¢ Clusters

* S. Vegetti et al. (2026)
*  X.Zhang and H.-B. Yu (2026)

! Subhalo evaporation and cluster bounds

Yukawa: m,= 722 MeV, my= 100 keV, ay=2.9x10°
----- SU2): mp=19 GeV, A;=108 MeV (£=88)
--=- SUQB): mp=11 GeV, Ay=181 MeV (£=21)
=== SUQB): mp=14GeV, A;=61 MeV (£=75)
— SU((10): mp=13 GeV, A;=45 MeV (£=29)
—— SU((10): mp=17 GeV, Az=24 MeV (£=71)

—— SU((10): mp=17 GeV, Az=8 MeV (£=215)
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CONCLUSIONS

« Heavy dark baryons present a rich velocity evolution

e A possible solution to small scale problems

o and a natural Asymmetric Dark Matter model

e It could explain the recently discovered

o 2nd perturber of the JVAS B1938+666 system

THANK YOU! QUESTIONS?
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Interaction potential

. instantaneous dipo|e—induceo| dipole interaction
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Velocity evolution
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P (MQ/kPCS)

10°

Diversity in 2-component SIDM via mass segregation

CDMlIc (green) vs CDM2c (blue)

SIDM1c (orange) -

MW subhalos
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Véb to V/ transition
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Sum of potentials
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Non-perturbative effects
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T. Binder et al. in 2308.01336
Dark QCD effective cross section, a(m) = 0.025
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Re-annihilation(s)

at low velocities

@ Bound state formation 10’

(0V) et = (0V)ann + ¥ _(0V)neRne
n,t

10%

@ Baryon annihilation

analogous to hydrogen/anti-hydrogen annihilation 10
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