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Self-Interacting Dark Matter (SIDM)

➡ CDM: successful on scales      Mpc 

➡ Galactic/subgalactic scales:
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Possible[1] deviations from collisionless DM
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[1] Review: Rev. Mod. Phys. 97, 045004 [2] Phys.Rev.Lett. 84 (2000) 3760-3763

SIDM[2]
L.Jaramillo and O Macias, Virginia Tech 
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SIDM[2] Heat transport

Initial NFW halo Thermalized inner halo

Flow inward

TimeCore expansion phase
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For example[3], in dwarf galaxies:

➡ CDM: successful on scales      Mpc 

➡ Galactic/subgalactic scales:

Λ

Possible[1] deviations from collisionless DM

<latexit sha1_base64="h/YD1aX2GxFOUKu5qWPIvhr7J3g="></latexit>&

[1] Review: Rev. Mod. Phys. 97, 045004 [2] Phys.Rev.Lett. 84 (2000) 3760-3763

A diversity of DM density profiles!

Self-Interacting Dark Matter (SIDM)



[1] Examples of simple dissipative dark sectors: arXiv: 0810.5126, arXiv:1807.04750, ArXiv: 1812.07000 

Dissipative Self-Interacting Dark Matter (dSIDM)
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[1] ArXiv:1912.06757 [2] arXiv:2410.06252 [3] arXiv:1412.1839 [4] arXiv:1303.3271 


Dissipative Self-Interacting Dark Matter (dSIDM)
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[1] ArXiv:1912.06757 [2] arXiv:2410.06252 [3] arXiv:1412.1839 [4] arXiv:1303.3271 


Dissipative Self-Interacting Dark Matter (dSIDM)

Accelerating gravothermal collapse time[1]
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Dissipative Self-Interacting Dark Matter (dSIDM)
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Large phenomenological spectrum

Evolution of 
supermassive 
black holes[2]

Formation of 
compact 

substructure[3] 
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dark disks[4]
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Accelerating gravothermal collapse[1]
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dSIDM: microphysics

This talk: how the microscopic properties of the DM candidates shape the resulting cooling in minimal dissipative 
scenarios 
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dSIDM Models
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๏ Fermion
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Emission/Mediation: 

๏ Gauge vector

๏ Scalar

Including massive emission
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dSIDM ModelsBremsstrahlung

Non-relativistic scattering:
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Textbook discussion: Lectures on Quantum Mechanics, Steven Weinberg

In DM halos: 
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dSIDM Models

Non-relativistic scattering:
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Bremsstrahlung: kinematic regimes

Textbook discussion: Quantum Mechanics: Non-Relativistic Theory, Landau

Long range: mϕ,V ≪ | ⃗k |
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Initial and final states: Analytical solution

all orders in the Coulomb potential
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Non-relativistic scattering:
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Analytical solution to

all orders in the Coulomb potential

The different scattering regimes are characterized by the Sommerfeld parameters: 
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Long range: mϕ,V ≪ | ⃗k |
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Bremsstrahlung: kinematic regimes
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Initial and final states:

Textbook discussion: Quantum Mechanics: Non-Relativistic Theory, Landau
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Color shading: qualitative guide to the kinematic regimes

V-emission and Coulomb potential:  arXiv:2007.06592
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Bremsstrahlung: kinematic regimes
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V-emission and Coulomb potential:  arXiv:2007.06592
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Bremsstrahlung: kinematic regimes
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Model-dependent:
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Textbook discussion: Lectures on Quantum Mechanics, Steven Weinberg
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<latexit sha1_base64="Oh4ah2QFkRKsNV6CHXoxTCWSc0E="></latexit>�1

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

<latexit sha1_base64="edEhTx9WJtrv5+rQ3Bdkx3ejpwo="></latexit>e

<latexit sha1_base64="edEhTx9WJtrv5+rQ3Bdkx3ejpwo="></latexit>e

<latexit sha1_base64="edEhTx9WJtrv5+rQ3Bdkx3ejpwo="></latexit>e

<latexit sha1_base64="edEhTx9WJtrv5+rQ3Bdkx3ejpwo="></latexit>e

<latexit sha1_base64="2v+DI8SqXFcfd4t1tF5N8y0+X+I="></latexit>�
<latexit sha1_base64="HcfslYe+4CAriqh+wOQ1bbeuk+4="></latexit>

qµ = (!, ~q)

JCAP03(2026)034

arXiv26XX.XXXXX

<latexit sha1_base64="qsfMLcjcf6Ccp3q6Ep3BiNMxU+Q="></latexit>

�(~xn), ~A(~xn)

Bremsstrahlung: multipole expansion 

<latexit sha1_base64="z7Cif+GJtY3/UfSD6tr9pQvc24Y="></latexit>

ei~q·~r = 1 + i~q · ~r � 1

2
(~q · ~r)2 + · · ·

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

Vµ,�



Dipole Quadrupole

Quadrupole emission amplitude is suppressed by                  compared to dipole  <latexit sha1_base64="OmaqP53BR26SoOVRgDCSeVkvyyo="></latexit>

~r · ~q ⇠ vi

Textbook discussion: Lectures on Quantum Mechanics, Steven Weinberg

V-emission:  arXiv:2007.06592v3,  -emission: arXiv:2303.00778v2 

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

�

<latexit sha1_base64="aU0pOA3A3k+ZIUOQkNldduYaHfI="></latexit>

M '

✓
a1
m1

�
a2
m2

◆
hf |OD|ii+

✓
a1
m2

1

+
a2
m2

2

◆
hf |OQ|ii

<latexit sha1_base64="s4ffUN7cWWSRS31T1hpdRGID5ug="></latexit>

Tfi = �i(2⇡)4�(Ei � Ef � !)�(3)(~p1 + ~p2 � ~p3 � ~p4 � ~q)M

<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="edEhTx9WJtrv5+rQ3Bdkx3ejpwo="></latexit>e

<latexit sha1_base64="edEhTx9WJtrv5+rQ3Bdkx3ejpwo="></latexit>e

<latexit sha1_base64="edEhTx9WJtrv5+rQ3Bdkx3ejpwo="></latexit>e

<latexit sha1_base64="edEhTx9WJtrv5+rQ3Bdkx3ejpwo="></latexit>e

<latexit sha1_base64="2v+DI8SqXFcfd4t1tF5N8y0+X+I="></latexit>�
<latexit sha1_base64="HcfslYe+4CAriqh+wOQ1bbeuk+4="></latexit>

qµ = (!, ~q)

9

JCAP03(2026)034

arXiv26XX.XXXXX

<latexit sha1_base64="Mca0tnvyRzh0eyeFjxCfC2B12fk="></latexit>

~r · ~q ⇠ vi ⌧ 1

<latexit sha1_base64="qsfMLcjcf6Ccp3q6Ep3BiNMxU+Q="></latexit>

�(~xn), ~A(~xn)

<latexit sha1_base64="z7Cif+GJtY3/UfSD6tr9pQvc24Y="></latexit>

ei~q·~r = 1 + i~q · ~r � 1

2
(~q · ~r)2 + · · ·

Bremsstrahlung: multipole expansion 

<latexit sha1_base64="AgsyHOFU7vDtnO02KVKzuLWgwVQ="></latexit>

Tfi /
a1

p
2!

D
'f̄

���e�iµ~r·~q/m1O1

���'i

E
+

a2
p
2!

D
'f̄

���eiµ~r·~q/m2O2

���'i

E

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

Vµ,�
<latexit sha1_base64="2v+DI8SqXFcfd4t1tF5N8y0+X+I="></latexit>�



<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

<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

+ + +

Born

10

<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�2VDM candidates

๏ Fermion

๏ Scalar

Emission/Mediation: 

๏ Gauge vector

๏ Scalar

Including massive emission

Long-range

Hidden DM sector

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

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

Vµ,�
<latexit sha1_base64="x6TiW+XJOvWDz6XnQgn4YfywvrI="></latexit>

M2!3 =

JCAP03(2026)034



11

In DM halos: 
<latexit sha1_base64="jkK5MXBr3DwuWBMnBOuLscjs2k0="></latexit>

vi . 100� 1000 km.s�1

Separation of scales 
<latexit sha1_base64="QleVxSVv++T1+kYhHBrpCZl4i10="></latexit>

pi/µ ⇠ vi,!/µ ⇠ v2i ⌧ 1

JCAP03(2026)034Born: Dipole vs Quadrupole emission

<latexit sha1_base64="uRPlPqSWV9JT3fGq/+Xe6Kitn/k="></latexit>

M2!3 ' M
O(v�n

i ) +M
O(v�n+1

i ) + ...



JCAP03(2026)034Born: Dipole vs Quadrupole emission

11

Dipole

Model-independent  

Dependencies on the 
emission type and DM 

candidates are    -suppressed<latexit sha1_base64="RCabS/eCTckdetI5i1xSZz5v1NU="></latexit>vi

<latexit sha1_base64="uRPlPqSWV9JT3fGq/+Xe6Kitn/k="></latexit>

M2!3 ' M
O(v�n

i ) +M
O(v�n+1

i ) + ...
<latexit sha1_base64="VtOAQTfKT1dpoiuTh3PxP6VFgGw=">AAADWHicjVHbbtQwEJ1sgF64dCmPPBCxQtqVyiqJUOGxAh76glQktq1Ul8hxnaxVJw6OU6ly8xV8HIIvgE/gjbHJSkCFwFGSM2fOGXs8eSNFa+L4czAKb9y8tba+sXn7zt17W+P724et6jTjC6ak0sc5bbkUNV8YYSQ/bjSnVS75UX7+yuWPLrhuharfmcuGn1a0rEUhGDVIZeOPRNK6lDy6IhU1S0alfZO97q/epxHRPpNZsq TG+nRe2A9930ek0aoxKqJZgkKapU4ueWGmpNCUWeR7W+Hn6SpOXZz2RItyaWZOvtpuv59eZFbsFP0OURUv6SwbT+J57Fd0HSQDmMCwDtT4ExA4AwUMOqiAQw0GsQQKLT4nkEAMDXKnYJHTiITPc+hhE70dqjgqKLLn+C0xOhnYGmNXs/VuhrtIfDU6I3iCHoU6jdjtFvl85ys79m+1ra/pznaJ/3yoVSFrYInsv3wr5f/6XC8GCnjhexDYU+MZ1x0bqnT+VtzJo1+6MlihQc7hM8xrxMw7V/cceU/re3d3S33+q1c61sVs0HbwzZ0SB5z8Oc7r4DCdJ7vz3bfPJnsvh1Gvw0N4DFOc53PYg304gAXW/h48CqbBbPQlhHAt3PgpHQWD5wH8tsLtH4lXxKU=</latexit>

h|MD|
2
iq̂ / a21a

2
2

✓
a1
m1

�
a2
m2

◆2

H(vi,f ,!)

<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

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

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

Vµ,�
<latexit sha1_base64="x6TiW+XJOvWDz6XnQgn4YfywvrI="></latexit>

M2!3 =



JCAP03(2026)034Born: Dipole vs Quadrupole emission

<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�2V

11

Dipole

Model-independent  

Dependencies on the 
emission type and DM 

candidates are    -suppressed<latexit sha1_base64="RCabS/eCTckdetI5i1xSZz5v1NU="></latexit>vi

<latexit sha1_base64="uRPlPqSWV9JT3fGq/+Xe6Kitn/k="></latexit>

M2!3 ' M
O(v�n

i ) +M
O(v�n+1

i ) + ...
<latexit sha1_base64="VtOAQTfKT1dpoiuTh3PxP6VFgGw=">AAADWHicjVHbbtQwEJ1sgF64dCmPPBCxQtqVyiqJUOGxAh76glQktq1Ul8hxnaxVJw6OU6ly8xV8HIIvgE/gjbHJSkCFwFGSM2fOGXs8eSNFa+L4czAKb9y8tba+sXn7zt17W+P724et6jTjC6ak0sc5bbkUNV8YYSQ/bjSnVS75UX7+yuWPLrhuharfmcuGn1a0rEUhGDVIZeOPRNK6lDy6IhU1S0alfZO97q/epxHRPpNZsq TG+nRe2A9930ek0aoxKqJZgkKapU4ueWGmpNCUWeR7W+Hn6SpOXZz2RItyaWZOvtpuv59eZFbsFP0OURUv6SwbT+J57Fd0HSQDmMCwDtT4ExA4AwUMOqiAQw0GsQQKLT4nkEAMDXKnYJHTiITPc+hhE70dqjgqKLLn+C0xOhnYGmNXs/VuhrtIfDU6I3iCHoU6jdjtFvl85ys79m+1ra/pznaJ/3yoVSFrYInsv3wr5f/6XC8GCnjhexDYU+MZ1x0bqnT+VtzJo1+6MlihQc7hM8xrxMw7V/cceU/re3d3S33+q1c61sVs0HbwzZ0SB5z8Oc7r4DCdJ7vz3bfPJnsvh1Gvw0N4DFOc53PYg304gAXW/h48CqbBbPQlhHAt3PgpHQWD5wH8tsLtH4lXxKU=</latexit>

h|MD|
2
iq̂ / a21a

2
2

✓
a1
m1

�
a2
m2

◆2

H(vi,f ,!)

<latexit sha1_base64="XX33IQlPrSI7KtePVDwrrICydTo="></latexit>

h|MQ|2iq̂ / a21a
2
2

✓
a1
m2

1

+
a2
m2

2

◆2

G(↵,�, vi,f ,!)

<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

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

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

Vµ,�
<latexit sha1_base64="x6TiW+XJOvWDz6XnQgn4YfywvrI="></latexit>

M2!3 =



Dipole Quadrupole

Model-independent  

Dependencies on the 
emission type and DM 

candidates are    -suppressed

Model-dependent  

Spin effects and annihilation channels


are    -suppressed, yielding only 

three distinct expressions


<latexit sha1_base64="RCabS/eCTckdetI5i1xSZz5v1NU="></latexit>vi

<latexit sha1_base64="uRPlPqSWV9JT3fGq/+Xe6Kitn/k="></latexit>

M2!3 ' M
O(v�n

i ) +M
O(v�n+1

i ) + ...

Multipole expansion

Compact analytical expression

JCAP03(2026)034

<latexit sha1_base64="RCabS/eCTckdetI5i1xSZz5v1NU="></latexit>vi

Born: Dipole vs Quadrupole emission

<latexit sha1_base64="VtOAQTfKT1dpoiuTh3PxP6VFgGw=">AAADWHicjVHbbtQwEJ1sgF64dCmPPBCxQtqVyiqJUOGxAh76glQktq1Ul8hxnaxVJw6OU6ly8xV8HIIvgE/gjbHJSkCFwFGSM2fOGXs8eSNFa+L4czAKb9y8tba+sXn7zt17W+P724et6jTjC6ak0sc5bbkUNV8YYSQ/bjSnVS75UX7+yuWPLrhuharfmcuGn1a0rEUhGDVIZeOPRNK6lDy6IhU1S0alfZO97q/epxHRPpNZsq TG+nRe2A9930ek0aoxKqJZgkKapU4ueWGmpNCUWeR7W+Hn6SpOXZz2RItyaWZOvtpuv59eZFbsFP0OURUv6SwbT+J57Fd0HSQDmMCwDtT4ExA4AwUMOqiAQw0GsQQKLT4nkEAMDXKnYJHTiITPc+hhE70dqjgqKLLn+C0xOhnYGmNXs/VuhrtIfDU6I3iCHoU6jdjtFvl85ys79m+1ra/pznaJ/3yoVSFrYInsv3wr5f/6XC8GCnjhexDYU+MZ1x0bqnT+VtzJo1+6MlihQc7hM8xrxMw7V/cceU/re3d3S33+q1c61sVs0HbwzZ0SB5z8Oc7r4DCdJ7vz3bfPJnsvh1Gvw0N4DFOc53PYg304gAXW/h48CqbBbPQlhHAt3PgpHQWD5wH8tsLtH4lXxKU=</latexit>

h|MD|
2
iq̂ / a21a

2
2

✓
a1
m1

�
a2
m2

◆2

H(vi,f ,!)

<latexit sha1_base64="XX33IQlPrSI7KtePVDwrrICydTo="></latexit>

h|MQ|2iq̂ / a21a
2
2

✓
a1
m2

1

+
a2
m2

2

◆2

G(↵,�, vi,f ,!)

11

<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

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

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

Vµ,�
<latexit sha1_base64="x6TiW+XJOvWDz6XnQgn4YfywvrI="></latexit>

M2!3 =



<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

Beyond Born

12

Initial and final states are known:

To appear soon: arXiv:26XX.XXXX 



<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

12

Initial and final states are known:

Emission operators are obtained from the full relativistic theory and are model dependent:
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Beyond Born: effective energy loss rate

Dipole emission
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Quadrupole emission: Identical particle scattering
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Summary

We provide a ready-to-use catalogue of energy-differential cross 
sections and energy-loss rates for representative dSIDM models
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Summary

We provide a ready-to-use catalogue of energy-differential cross 
sections and energy-loss rates for representative dSIDM models
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Can be adapted to a wide range of 

coupling, mass, and mediator properties


A comprehensive catalogue of beyond Born

results coming soon!




Conclusion
Beyond elastic SIDM: 

dissipation

Application: Constrain the parameter space of the SIDM model and the formation of small-scale structures

In this talk, a set of dSIDM models was investigated:

๏ Using a perturbative QFT and an exact QM treatment relevant in all the kinematic regimes, including classical emission


The different kinematic regimes highlight different aspects of the scattering dynamics: 

๏ Born: identical vs distinguishable particle scattering

๏ Classical: attractive vs repulsive interaction

๏ Intermediate regime: non-trivial dependence on the Sommerfeld parameters


Reconstructed the dipole and quadrupole pieces of the emission amplitude: 

๏ Dipole radiation is universal, while quadrupole emission probes model-dependent relativistic corrections


DM could be self-interacting 

on small cosmic scales



Born: energy-differential cross section
Light mediator
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Distinguishable particle scattering
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Classical calculation
Particles moving along a classical path:

arXiv:26XX.XXXX 

Landau & Lifshitz: the classical theory of fields

Far from the source: 

the radiated field acts as an 


outgoing plane wave 

Multipole expansion 

Long wavelength 

approximation

Observables are obtained from  



Energy loss rates arXiv:2509.12317 

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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Massive emission naturally modulates the dissipative effects 
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Dwarf galaxy Galaxy Cluster
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Beyond born: energy-differential cross section
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