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What is a good DM candidate?

Dark Matter is only observed through its gravitational imprints from galaxy scales to the CMB 

Huge landscape of DM candidates
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What is a good DM candidate?

Dark Matter is only observed through its gravitational imprints from galaxy scales to the CMB 

Huge landscape of DM candidates
This talk: Particle-like description, hidden sector

Yet, a simple cosmological behavior during structure formation:


๏ Cold

๏ Electromagnetically neutral

๏  Collisionless … at least at large scales
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Self-Interacting Dark Matter (SIDM)

[1] arXiv:1707.04256


At large scales, successful, but at scales < Mpc, N-body simulations  observations: Small-scale problems[1]             ≠
ΛCDM

Possible small-scale deviations from collisionless DM
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Self-Interacting Dark Matter (SIDM)

[1] arXiv:1707.04256


For example in Dwarf/LSB galaxies:

the core vs. cusp[2] problem 

[2] arXiv:1306.0913, arXiv:0910.3538 

At large scales, successful, but at scales < Mpc, N-body simulations  observations: Small-scale problems[1]             ≠
ΛCDM

Possible small-scale deviations from collisionless DM
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Self-Interacting Dark Matter (SIDM)

[1] arXiv:1707.04256 [2] arXiv:1306.0913, arXiv:0910.3538 [3] Phys.Rev.Lett. 84 (2000) 3760-3763 
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Self-Interacting Dark Matter (SIDM)

[1] arXiv:1707.04256 [2] arXiv:1306.0913, arXiv:0910.3538 [3] Phys.Rev.Lett. 84 (2000) 3760-3763 [4] arXiv:astro-ph/9909386


Heat transfer through DM collisions: 
softens the DM density profile in the 

central region

For example in Dwarf/LSB galaxies:

the core vs. cusp[2] problem 

χ

χ χ

χ
χ

χ χ

χLight mediator[4]

velocity dependent 

cross-section
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Possible small-scale deviations from collisionless DM
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Built-in dissipative channel:

Radiative processes 

Cooling effects


[1] arXiv: 0810.5126 [2] arXiv:1807.04750 [3] arXiv:2410.06252 [4] arXiv:1412.1839 [5] arXiv:1303.3271

Minimal dSIDM models[1][2] 

Dissipative SIDM (dSIDM)

Cooling effects
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Could have many impacts: 


๏ evolution of super-massive black holes[3]


๏ formation and history of dwarf galaxies[4] 


๏ dark disk formation[5]

Complex DM sectors

[1] arXiv: 0810.5126 [2] arXiv:1807.04750 [3] arXiv:2410.06252 [4] arXiv:1412.1839 [5] arXiv:1303.3271
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Built-in dissipative channel:

Radiative processes 
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This talk: a systematic study of minimal dSIDM models and their dissipative rates

Cooling effects
Cooling effects


Athens Xmas Workshop in Theoretical Physics - 2025
4



dSIDM Models arXiv:2509.12317v1 

Born regime

 Quantum Field Theory 
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 i,f = ei~pi,f ·~r
Tree level

6 dSIDM models


๏ DM candidates: from scalar         to fermion


๏ Emission          : gauge vector or scalar (massive)


๏ Mediating forces: long-range         and short-range
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arXiv:2509.12317v1 

+ primed couplings for 
heavy mediators.

 Quantum Field Theory 
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6 dSIDM models


๏ DM candidates: from scalar         to fermion


๏ Emission          : gauge vector or scalar (massive)
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arXiv:2509.12317v1 

<latexit sha1_base64="5je/y7Dqt4/KpnmlB+8GZH/kOUk="></latexit>

V (0)
µ ,�(0)

<latexit sha1_base64="33WXz39c+wHQ8zqV06R0Qzr/QTQ="></latexit>

Vµ,�
<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1

<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1

<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2
<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2

<latexit sha1_base64="5je/y7Dqt4/KpnmlB+8GZH/kOUk="></latexit>

V (0)
µ ,�(0) <latexit sha1_base64="33WXz39c+wHQ8zqV06R0Qzr/QTQ="></latexit>

Vµ,�

<latexit sha1_base64="33WXz39c+wHQ8zqV06R0Qzr/QTQ="></latexit>

Vµ,�
<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2
<latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2 <latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2

<latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2

<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1
<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1

<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2
<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2

<latexit sha1_base64="V+Fdht91iSTcxqnFqMUs5Y1cHJs="></latexit>

�

Finite but large set of dissipative 
channels to evaluate

dSIDM Models

<latexit sha1_base64="uxrdoi2wwKwfperCy518wkZSslA="></latexit>

M = + + +

6 dSIDM models


๏ DM candidates: from scalar         to fermion


๏ Emission          : gauge vector or scalar (massive)


๏ Mediating forces: long-range         and short-range

<latexit sha1_base64="33WXz39c+wHQ8zqV06R0Qzr/QTQ="></latexit>

Vµ,�

<latexit sha1_base64="33WXz39c+wHQ8zqV06R0Qzr/QTQ="></latexit>

Vµ,�
<latexit sha1_base64="xUQBLxFh+iOMehDj5xNzaNTjiWg="></latexit>

V 0
µ,�

0

<latexit sha1_base64="lziUgh4tKO4kpOwj0dkTfXnPOnc="></latexit>

S, S̃
<latexit sha1_base64="dXt7MjsSbtpAxvPM73PnagcYx8E="></latexit>

�, �̃

Athens Xmas Workshop in Theoretical Physics - 2025
6



Non-relativistic regime arXiv:2509.12317v1 

Light mediator: Heavy mediator:
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Non-relativistic regime arXiv:2509.12317v1 

Compact analytical expressions

Small cosmological structures: 

Light mediator:
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Multipole expansion 

Dipole Quadrupole

-emission
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Multipole expansion 
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Amplitudes: long-range mediation
<latexit sha1_base64="33WXz39c+wHQ8zqV06R0Qzr/QTQ="></latexit>

Vµ,�
<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1

<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1

<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2
<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2

<latexit sha1_base64="33WXz39c+wHQ8zqV06R0Qzr/QTQ="></latexit>

Vµ,�

<latexit sha1_base64="33WXz39c+wHQ8zqV06R0Qzr/QTQ="></latexit>

Vµ,�
<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2
<latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2 <latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2

<latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2

arXiv:2509.12317v1 

<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1
<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1

<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2
<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2

<latexit sha1_base64="V+Fdht91iSTcxqnFqMUs5Y1cHJs="></latexit>

�
<latexit sha1_base64="woHS9VjNnWqn13qzHTU6gziCP7k="></latexit>

Vµ,�
<latexit sha1_base64="woHS9VjNnWqn13qzHTU6gziCP7k="></latexit>

Vµ,�

Small-scale structure: Compact analytical expressions

Athens Xmas Workshop in Theoretical Physics - 2025
9



Amplitudes: long-range mediation
<latexit sha1_base64="33WXz39c+wHQ8zqV06R0Qzr/QTQ="></latexit>

Vµ,�
<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1

<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1

<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2
<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2

<latexit sha1_base64="33WXz39c+wHQ8zqV06R0Qzr/QTQ="></latexit>

Vµ,�

<latexit sha1_base64="33WXz39c+wHQ8zqV06R0Qzr/QTQ="></latexit>

Vµ,�
<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2
<latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2 <latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2

<latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2

Dipole emission

arXiv:2509.12317v1 

<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1
<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1

<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2
<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2

<latexit sha1_base64="V+Fdht91iSTcxqnFqMUs5Y1cHJs="></latexit>

�
<latexit sha1_base64="woHS9VjNnWqn13qzHTU6gziCP7k="></latexit>

Vµ,�
<latexit sha1_base64="woHS9VjNnWqn13qzHTU6gziCP7k="></latexit>

Vµ,�

<latexit sha1_base64="npi9joA5XdrCEFh5aBOdH0hyGxs="></latexit>

aj ⌘ gj , yj or
Aj

2mj

Details about the nature of the emission/DM candidate are velocity suppressed at dipole orderAaa

<latexit sha1_base64="aEvE33r4JzxcHtklsa1TeEv+gVA="></latexit>

1

d1d2
h|MD|2iq̂ = a21a

2
2

✓
a1
m1

� a2
m2

◆2 m2
1m

2
2

µ2

16f�,V
3!2|~vi � ~vf |2

Small-scale structure: Compact analytical expressions

Athens Xmas Workshop in Theoretical Physics - 2025
9



<latexit sha1_base64="33WXz39c+wHQ8zqV06R0Qzr/QTQ="></latexit>

Vµ,�
<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1

<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1

<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2
<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2

<latexit sha1_base64="33WXz39c+wHQ8zqV06R0Qzr/QTQ="></latexit>

Vµ,�

<latexit sha1_base64="33WXz39c+wHQ8zqV06R0Qzr/QTQ="></latexit>

Vµ,�
<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2
<latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2 <latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2

<latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2

arXiv:2509.12317v1 

<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1
<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1

<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2
<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2

<latexit sha1_base64="V+Fdht91iSTcxqnFqMUs5Y1cHJs="></latexit>

�
<latexit sha1_base64="woHS9VjNnWqn13qzHTU6gziCP7k="></latexit>

Vµ,�
<latexit sha1_base64="woHS9VjNnWqn13qzHTU6gziCP7k="></latexit>

Vµ,�

<latexit sha1_base64="D2U0ZK+TuL35Xpr6dlEHbFGInbg="></latexit>

1

d1d2
h|MQ|2iq̂ = a21a

2
2

✓
a1
m2

1

+
a2
m2

2

◆2

G(↵,�, vi,f ,!) Model dependence arisesAaaa

Amplitudes: long-range mediation

Small-scale structure: Compact analytical expressions

Quadrupole emission

Athens Xmas Workshop in Theoretical Physics - 2025
10



Amplitudes: long-range mediation
<latexit sha1_base64="33WXz39c+wHQ8zqV06R0Qzr/QTQ="></latexit>

Vµ,�
<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1

<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1

<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2
<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2

<latexit sha1_base64="33WXz39c+wHQ8zqV06R0Qzr/QTQ="></latexit>

Vµ,�

<latexit sha1_base64="33WXz39c+wHQ8zqV06R0Qzr/QTQ="></latexit>

Vµ,�
<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2
<latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2 <latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2

<latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2

arXiv:2509.12317v1 

<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1
<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1

<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2
<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2

<latexit sha1_base64="V+Fdht91iSTcxqnFqMUs5Y1cHJs="></latexit>

�
<latexit sha1_base64="woHS9VjNnWqn13qzHTU6gziCP7k="></latexit>

Vµ,�
<latexit sha1_base64="woHS9VjNnWqn13qzHTU6gziCP7k="></latexit>

Vµ,�

Small-scale structure: Compact analytical expressions

Quadrupole emission

<latexit sha1_base64="D2U0ZK+TuL35Xpr6dlEHbFGInbg="></latexit>

1

d1d2
h|MQ|2iq̂ = a21a

2
2

✓
a1
m2

1

+
a2
m2

2

◆2

G(↵,�, vi,f ,!) Model dependence arises

<latexit sha1_base64="rTBGnh3vmi5aSYw0j3s5+5z4eP8="></latexit>

�1�2 ! �1�2�

<latexit sha1_base64="qMC83MIftHfu2+FihmM6regEZxE="></latexit>

�̃1�̃2 ! �̃1�̃2�

<latexit sha1_base64="SBsXqFTR8gjVoft21l2Dc1I5U8Y="></latexit>

S̃1S̃2 ! S̃1S̃2�
<latexit sha1_base64="WRIhVcNUHWlK7IUfespu2leckOk="></latexit>

S1S2 ! S1S2�
<latexit sha1_base64="lSPFk2q2t5RYG9+VJ4Bb4Yi+Cz4="></latexit>

S1S2 ! S1S2V

<latexit sha1_base64="WaT1PD2y0FNwigKMUPjYeEINmOY="></latexit>

�1�2 ! �1�2VSpin effects are

suppressed 

Annihilation channels 

are suppressed

Aaaa

Athens Xmas Workshop in Theoretical Physics - 2025
10



Dipole emission

<latexit sha1_base64="33WXz39c+wHQ8zqV06R0Qzr/QTQ="></latexit>

Vµ,�
<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1

<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1

<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2
<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2

<latexit sha1_base64="33WXz39c+wHQ8zqV06R0Qzr/QTQ="></latexit>

Vµ,�

<latexit sha1_base64="33WXz39c+wHQ8zqV06R0Qzr/QTQ="></latexit>

Vµ,�
<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="Vuwxxzz9XfIec/V/deMAIVTOfMU="></latexit>

S1, S̃1

<latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2
<latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2 <latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2

<latexit sha1_base64="8qZSY85lvBZxN6ZNUbEVd5N2w1A="></latexit>

S2, S̃2

Compact analytical expression
<latexit sha1_base64="bIUKKHoMyuV08Zt2wRLAyoR2Cgs="></latexit>

m�0,V 0 � µvi

 = Model independent 

Quadrupole emission

= Model dependent

arXiv:2509.12317v1 

<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1
<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1

<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2
<latexit sha1_base64="e5owu8S1R/Swqh1P2y1JkNf6rLw="></latexit>�2

<latexit sha1_base64="V+Fdht91iSTcxqnFqMUs5Y1cHJs="></latexit>

�
<latexit sha1_base64="EurIfWCNKSvcxtci564SlQ+Xe7Q="></latexit>

�0
<latexit sha1_base64="EurIfWCNKSvcxtci564SlQ+Xe7Q="></latexit>

�0<latexit sha1_base64="w/buIvbCarpFT/8McjAyDJUXvog="></latexit>

V 0
µ,�

0 <latexit sha1_base64="w/buIvbCarpFT/8McjAyDJUXvog="></latexit>

V 0
µ,�

0

<latexit sha1_base64="wSuVXBRzjXu0VWJ09woIJ66/9aA="></latexit>

1

d1d2
h|MQ|2iq̂ =

 
a01a

0
2 ± C�S

m2
�0,V 0

m1m2

!2✓
a1
m2

1

+
a2
m2

2

◆2

G0(↵0,�0, vi,f ,!,m�0,V 0)

Amplitudes: short-range mediation

<latexit sha1_base64="kw9Fz4DT+7uQMcklNr09bsA/Y5Q="></latexit>

1

d1d2
! |M D |2"q̂ =

!

a!
1a

!
2 ± C! S

m2
! ! ,V !

m1m2

" 2 #
a1

m1
#

a2

m2

$ 2

H (vi,f , " ,m! ! ,V ! )

Small-scale structure: Compact analytical expressions

Athens Xmas Workshop in Theoretical Physics - 2025
11



12

Dipole emission Quadrupole emission

Amplitudes: massive emission

Massive emission: the emitted particle carries a mass 
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Dipole emission Quadrupole emission

Amplitudes: massive emission arXiv:2509.12317v1 

Massive emission: the emitted particle carries a mass 
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Conserved current + Ward identity: common kinematic mass-dependent corrections

at dipole and quadrupole order
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Dipole emission Quadrupole emission

Amplitudes: massive emission arXiv:2509.12317v1 

Does not hold for the transverse modes of V-emission

Massive emission: the emitted particle carries a mass 
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Energy differential cross-sections arXiv:2509.12317v1 
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dSIDM models exhibit model-independent features at different levels 
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Energy differential cross-sections: dipole
Light mediator
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Energy differential cross-sections: quadrupole
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Energy differential cross-sections: quadrupole

Scattering of identical particles: double the dissipative channel contributions
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Energy loss rates
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Energy loss rates arXiv:2509.12317v1 

At each multipole order and for each mediation regime, the differences between dSIDM scenarios remain mild:

typically within one to two orders of magnitude for comparable couplings and masses
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Light mediator
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Heavy mediator

Massive emissions naturally modulate the dissipative effects 

arXiv:2509.12317v1 

  

Dwarf galaxy Galaxy Cluster
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Summary
We offer a catalogue based on a variety of dSIDM models

arXiv:2509.12317v1 

Energy loss rates and energy differential cross sections
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Summary
We offer a catalogue based on a variety of dSIDM models

Energy loss rates and energy differential cross sections

arXiv:2509.12317v1 

Can be adapted to a wide range of 

coupling, mass, and mediator properties
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Conclusion

Small-scale problems in CDM 

may hint at missing physical mechanisms

Λ SIDM includes built-in effects: 
dissipation

Application: Constrain the parameter space of the SIDM model and the formation of small-scale structures
Next step: Study non-perturbative effects beyond the Born regime for these models

In this talk, we have:


๏ Studied a set of dSIDM models using QFT in a perturbative regime 


๏ Reconstructed the dipole and quadrupole pieces of the emission amplitude


๏ Investigated the case of massive emissions 


๏ Found that model-independent features arise from the non-relativistic framework

A unified and complete treatment of dissipative processes is needed across all minimal SIDM models

DM could be self-interacting 

on small cosmic scales

Athens Xmas Workshop in Theoretical Physics - 2025
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Backup: Small Scales Problems

Diversity Problem [1]:


Dwarf galaxies exhibit a wide range of rotation curve shapes.

Not all of them are cored; some are in agreement with            . 
!CDM

[1].arXiv:1504.01437 [astro-ph.GA]

[2] arXiv:1911.00544v1 [astro-ph.GA]


profile

Even more cuspy than 

SIDM+ baryons[2]:

!CDM

profile!CDM
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Backup: Soft emission arXiv:2509.12317v1 
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arXiv:2509.12317v1 

Dipole emission
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arXiv:2509.12317v1 
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Backup: Soft emission and Born regime

Heavy mediator

Non-relativistic scattering: the mediating force can be expressed as a Yukawa potential

Ratio of the range of the potential to the would-be Coulombic Bohr radius 
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Backup: QM operator emission
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Backup: vertex emission for scalar DM

Light mediator Heavy mediator

Same T-dependence as Quadrupole emission.
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Backup: massive emission
Stückelberg-type massive vector field 

Conserved current

Model independence of the massive-correction terms:
Dipole

Quadrupole
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