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Lecture 1
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and hints from astrophysics of 
galaxies
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“Indirect detection” of Dark Matter: 

formalism and signals
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indirect searches: gamma rays, 
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Detection of WIMPs
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Indirect Detection

Collider  Searches

Direct detection: Searches for scattering 
events in low-background, low-threshold 

detectors, produced by Dark Matter in the 
Milky Way halo

Indirect detection: Searches for the Standard 
Model products of the self-annihilation of Dark 

Matter in the Milky Way and other galaxies

Collider searches: Searches for missing 
energy (and other signatures) in colliders, 

arising from the production (and escape) of 
Dark Matter

*Standard Model  
(quarks, electrons, photons etc)
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Collider Searches

Mass scale [TeV]
0.1 1.0 10

[CMS, ICHEP 2022]

Summary of CMS constraints on the mass scale of new mediator particles coupling to DM:
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LHC Run-3 (2022 - 2025) and High Luminosity LHC (2029+) will bring more data, 
but extending to a wider range of masses is challenging… 

[2012.01581][2107.13021]

Look for the production of Dark Matter (tag on 
some final state SM particle with missing energy)

DMSM

https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV
https://arxiv.org/abs/2012.01581
https://arxiv.org/abs/2107.13021
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Direct detection of WIMPs on Earth

For WIMPs with GeV-scale masses,  
expect detectable nuclear recoils of 

energy O(keV)

Also possible to look for DM-electron scattering, depending on the model.

Detector

Charge (ionisation)Heat (phonons)

Light (scintillation)

N
χ

For sensible models, expect signal 
rates on the order of <1 event per 

kg per keV per day

No convincing signal yet!

mproton

DM SM

http://ddldm.physics.sunysb.edu/ddlDM/
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Indirect detection of Dark Matter

[Aquarius simulation - 0809.0898]

Search for the contribution of DM annihilation to the 
astrophysical flux of photons, neutrinos and 

charged particles. 

[0806.2911]

DM SM

https://arxiv.org/abs/0809.0898
https://arxiv.org/abs/0806.2911
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Primary Annihilation Spectra

where  are the branching fractions into the various 
final states , such that .

Bf
f Bf = ⟨σχχ→ff v⟩/⟨σtotv⟩

For a specific WIMP model, we can calculate the total 
number of  particles produced per annihilation as:  x

<latexit sha1_base64="bZt7oqLTw+asIZiceLu+WtndDFo=">AAACPnicbVDLSsNAFJ3UV62vqEs3g0VwISURXxuhVARXUsG0haaEyXTSDp1JwsxEWkK+zI3f4M6lGxeKuHXp9LGwjwsXzpxzLnPv8WNGpbKsNyO3tLyyupZfL2xsbm3vmLt7NRklAhMHRywSDR9JwmhIHEUVI41YEMR9Rup+72ao15+IkDQKH9UgJi2OOiENKEZKU57puIFAOHU5Ul3B03YG771+9u99m127MuFeACu6F7jT/gkMsukRzyxaJWtUcB7YE1AEk6p65qvbjnDCSagwQ1I2bStWrRQJRTEjWcFNJIkR7qEOaWoYIk5kKx2dn8EjzbRhEAndoYIj9v9EiriUA+5r53BHOasNyUVaM1HBVSulYZwoEuLxR0HCoIrgMEvYpoJgxQYaICyo3hXiLtIJKZ14QYdgz548D2qnJfuidP5wVixXJnHkwQE4BMfABpegDO5AFTgAg2fwDj7Bl/FifBjfxs/YmjMmM/tgqozfP0pusZM=</latexit>

dNx

dE
=

X

f

Bf
dNx,f

dE

These branching fractions depend on the couplings and 
interactions of the DM model, so to be as model-independent 
as possible, we often constrain a single annihilation channel 
at a time.

Note that we write  because annihilation into final 
state  can produce  particles through various processes 
(e.g. electroweak corrections):

dNx, f /dE
f x

Example

[1009.0224]

https://arxiv.org/abs/1009.0224
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Gamma-ray Lines

Perhaps the simplest annihilation spectrum is for annihilation into two 
gamma rays (or neutrinos). This gives rise to a mono-chromatic photon 
flux. Each photon carries the rest mass energy of the DM:

<latexit sha1_base64="lnv3UvDDx/URnzbl531elyaES/o="></latexit>

dN�

dE�
= 2�(E� �m�)

Considering DM in the mass range GeV-TeV, leads to a spectrum of gamma-rays. 

Gamma-ray lines are hard to produce in nature. This would be a ‘smoking gun’ signal of Dark Matter! 

Other annihilation channels still produce gamma rays, but with a less distinctive ‘continuum’ spectrum…

Note: The prompt flux from neutrinos 
follows in a similar way as for photons 
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Gamma-ray spectra

[Tools like PPPC4DMID, 1012.4515;  
Hazma, 1907.11846, 2207.07634]

NB: Annihilation to light quarks can be more complicated, due to hadronic resonances.

Soft channels - hadronisation produces 
neutral pions which decay into photons

Hard channels - gamma rays from final state 
radiation

<latexit sha1_base64="fzlQiTYkpqEgOiDpDiukv3dDHVE=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2CIJREvC0LunBZwV6gieVkOmmHziRhZqKU0LUbX8WNC0Xc+gTufBunbRba+sPAx3/O4cz5g4QzpR3n25qbX1hcWi6sFFfX1jc27a3tuopTSWiNxDyWzQAU5SyiNc00p81EUhABp42gfzmqN+6pVCyObvUgob6AbsRCRkAbq23veQm7c7AnWbenQcr4AXtdEALwUQ5tu+SUnbHwLLg5lFCuatv+8joxSQWNNOGgVMt1Eu1nIDUjnA6LXqpoAqQPXdoyGIGgys/GpwzxgXE6OIyleZHGY/f3RAZCqYEITKcA3VPTtZH5X62V6vDCz1iUpJpGZLIoTDnWMR7lgjtMUqL5wAAQycxfMemBBKJNekUTgjt98izUj8vuWfn05qRUucrjKKBdtI8OkYvOUQVdoyqqIYIe0TN6RW/Wk/VivVsfk9Y5K5/ZQX9kff4A9+OZ0g==</latexit>

⇡0 ! � + � <latexit sha1_base64="LKMBLhzIZNlQBOJGj+qCj0cL3MQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseCHjxWsB/QhrLZbpqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzgoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvQBrypmkbcMMp71EUSwCTrvB5Db3u09UaRbLRzNNqC/wWLKQEWxyaUAiNqzW3Lo7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhM8pn1LJRZU+9n81hk6s8oIhbGyJQ2aq78nMiy0norAdgpsIr3s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IRFhhYmw8FRuCt/zyKulc1L2reuPhsta8K+Iowwmcwjl4cA1NuIcWtIFABM/wCm+OcF6cd+dj0Vpyiplj+APn8wcDlI4+</latexit>�

<latexit sha1_base64="LKMBLhzIZNlQBOJGj+qCj0cL3MQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseCHjxWsB/QhrLZbpqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzgoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvQBrypmkbcMMp71EUSwCTrvB5Db3u09UaRbLRzNNqC/wWLKQEWxyaUAiNqzW3Lo7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhM8pn1LJRZU+9n81hk6s8oIhbGyJQ2aq78nMiy0norAdgpsIr3s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IRFhhYmw8FRuCt/zyKulc1L2reuPhsta8K+Iowwmcwjl4cA1NuIcWtIFABM/wCm+OcF6cd+dj0Vpyiplj+APn8wcDlI4+</latexit>�

https://arxiv.org/abs/1012.4515
https://arxiv.org/abs/1907.11846
https://arxiv.org/abs/2207.07634


9

Charged Particles
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Types of Annihilation Signal Prompt: look for primary annihilation 
products (photons, neutrinos) which 
propagate directly to us from DM 
halos in the local Universe

Secondary: look for annihilation 
products from the local Universe 
which undergo secondary effects 
such as scattering, diffusion,…

Extragalactic: look for photons and 
neutrinos coming from cumulative 
annihilation of DM across cosmic time

1

2 3
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DM Annihilation Rates

<latexit sha1_base64="SoIi+tikGdI+W5/sBdimPmJGRH4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVVa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4GGNAA==</latexit>r

Rate of DM annihilation per unit time:*

Average over velocity distribution of DM particles:

Typically, DM velocity dispersion is small, so only consider leading 
contribution  (“s-wave”) to annihilation cross section. “P-wave” 

 is typically suppressed. 
σ0

∝ (v/c)2

Typical velocity dispersion in 
Galactic halos and sub-halos:

<latexit sha1_base64="zEj5C3ibRMyzwBtycysWI7aM80s="></latexit>

�v ⇠ 20� 200 km/s2

⇠ 10�4 � 10�3 c

<latexit sha1_base64="gZPduPQL8HKEL8tXWyHrnwcpyVE="></latexit>

�ann(r, v) = �� ⇥NT ⇥ �

=
1

2
n�v ⇥ n� ⇥ �ann(v)

=
1

2

⇢�(r)

m�
v ⇥ ⇢�(r)

m�
⇥ �ann(v)

*Need an extra factor of 1/2 if DM 
is not its own antiparticle.

<latexit sha1_base64="IffLfDgR7nLcXq92OwEAEsCpANQ="></latexit>

h�ann(r)i =
1

2

✓
⇢�(r)

m�

◆2

⇥
Z

�ann(v)v f(v) d
3v

=
1

2

✓
⇢�(r)

m�

◆2

⇥ h�annvi

<latexit sha1_base64="bc/KszQnLbFfwKZr2EKOyYfsacM=">AAACInicbZDLSsNAFIYn9VbrrerSzWARWoSaFK+7gi5cVrAXaGKYTCft0EkmzEyKpfRZ3Pgqblwo6krwYZy0EbT1h4Gf75zDmfN7EaNSmeankVlYXFpeya7m1tY3Nrfy2zsNyWOBSR1zxkXLQ5IwGpK6ooqRViQICjxGml7/Mqk3B0RIysNbNYyIE6BuSH2KkdLIzV/YknYDVByU4ABCG0WR4PdwCl0THv5YCxYHR7h0V0kQ63Al3XzBLJsTwXljpaYAUtXc/Lvd4TgOSKgwQ1K2LTNSzggJRTEj45wdSxIh3Edd0tY2RAGRzmhy4hgeaNKBPhf6hQpO6O+JEQqkHAae7gyQ6snZWgL/q7Vj5Z87IxpGsSIhni7yYwYVh0lesEMFwYoNtUFYUP1XiHtIIKx0qjkdgjV78rxpVMrWafnk5rhQvUrjyII9sA+KwAJnoAquQQ3UAQYP4Am8gFfj0Xg23oyPaWvGSGd2wR8ZX9/kSaFr</latexit>

�(v)v ⇡ �0 + �1(v/c)
2 + . . .



<latexit sha1_base64="S0iAaUL2gUFyqD77qaVlqzhKYXo="></latexit>

d��

dE�
=

1

4⇡

h�annvi
2m2

�

dN�

dE�
⇥
Z

�⌦
d⌦

Z

los
⇢2�(r(`, ✓) d`
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Prompt photon flux from DM ann.

For neutral messengers (photons, neutrinos) from the local Universe.

Observer

Flux from a single point at a line-of-sight distance  is:ℓ

<latexit sha1_base64="UBILHhtuiRQqF0Gcj+X0O6HOkvA="></latexit>

1

4⇡`2
dN�

dE�
h�ann(r)i

For an observation over an angular region , the total flux is:ΔΩ

<latexit sha1_base64="v8SV9+cNMy70Oq8xqt204rpUBsc="></latexit>

d��

dE�
=

Z

�⌦
d3r

1

4⇡`2
dN�

dE�
h�ann(r)i

<latexit sha1_base64="fJY7IN1zZW/lhr5Whim0gPEHFUk=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2NQD96MYB6QXcLspDcZMju7zPQKIeQ3vHhQxKs/482/cZLsQaMFDUVVN91dYSqFQdf9cgpLyyura8X10sbm1vZOeXevaZJMc2jwRCa6HTIDUihooEAJ7VQDi0MJrXB4PfVbj6CNSNQDjlIIYtZXIhKcoZV8/wYkMv8uhj7rlitu1Z2B/iVeTiokR71b/vR7Cc9iUMglM6bjuSkGY6ZRcAmTkp8ZSBkfsj50LFUsBhOMZzdP6JFVejRKtC2FdKb+nBiz2JhRHNrOmOHALHpT8T+vk2F0GYyFSjMExeeLokxSTOg0ANoTGjjKkSWMa2FvpXzANONoYyrZELzFl/+S5knVO6+e3Z9Wald5HEVyQA7JMfHIBamRW1InDcJJSp7IC3l1MufZeXPe560FJ5/ZJ7/gfHwDxXKRhw==</latexit>

�⌦

Observer

<latexit sha1_base64="fJY7IN1zZW/lhr5Whim0gPEHFUk=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2NQD96MYB6QXcLspDcZMju7zPQKIeQ3vHhQxKs/482/cZLsQaMFDUVVN91dYSqFQdf9cgpLyyura8X10sbm1vZOeXevaZJMc2jwRCa6HTIDUihooEAJ7VQDi0MJrXB4PfVbj6CNSNQDjlIIYtZXIhKcoZV8/wYkMv8uhj7rlitu1Z2B/iVeTiokR71b/vR7Cc9iUMglM6bjuSkGY6ZRcAmTkp8ZSBkfsj50LFUsBhOMZzdP6JFVejRKtC2FdKb+nBiz2JhRHNrOmOHALHpT8T+vk2F0GYyFSjMExeeLokxSTOg0ANoTGjjKkSWMa2FvpXzANONoYyrZELzFl/+S5knVO6+e3Z9Wald5HEVyQA7JMfHIBamRW1InDcJJSp7IC3l1MufZeXPe560FJ5/ZJ7/gfHwDxXKRhw==</latexit>

�⌦

Annihilation cross section 
 (particle physics)

Gamma-ray spectrum 
(annihilation channel)

DM density distribution 
(astrophysics)

Prompt: look for primary annihilation 
products (photons, neutrinos) which 
propagate directly to us from DM 
halos in the local Universe

1
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J-factors and Density Profiles

[1012.4515]

[astro-ph/9611107]

Dependence of photon flux on DM distribution is 
encapsulated in the J-factor:

Tomorrow we’ll discuss in more detail the estimation of J-factors in Milky Way Dwarf Galaxies…

<latexit sha1_base64="ZHbtTPhV0wytwT+b8x646y1oGm4="></latexit>

J(�⌦) ⌘
Z

�⌦
d⌦

Z

los
⇢2�(r(`, ✓) d`

https://arxiv.org/abs/1012.4515
https://arxiv.org/abs/astro-ph/9611107
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Boost from Substructure

[CLUMPY Code, 1201.4728]

Because the DM annihilation cross section depends on , it 
depends sensitively on how the DM is distributed. 

Subhalos within larger halos can lead to an enhancement in the flux 
from DM annihilation (relative to smoothly distributed DM). 

ρ2
DM

This Boost factor (ratio of DM luminosity with 
and without substructure) depends on the host 
halo mass, but may be substantial (~10). 

But estimating the properties and distributions 
of sub-halos (and sub-sub-halos) is challenging 
(need to extrapolate to small scales, and 
include effects of tidal stripping). 

[1312.1729]

https://arxiv.org/abs/1201.4728
https://arxiv.org/abs/1312.1729
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Extragalactic Flux Calculation Extragalactic: look for photons and 
neutrinos coming from cumulative 
annihilation of DM across cosmic time

2

Observer
(z = 0)

Extragalactic DM halo
(z = z′ )

<latexit sha1_base64="HyLsNxv/ZFCARggcExGFss4+0QY=">AAACF3icbVDLSgMxFM3UV62Pjrp0EyyCqzIjvpZFEVxWsA/ojEMmk2lDk5mQZIql9EPErX6HO3Hr0s/wD0zbWdjWA4HDOffeHE4oGFXacb6twsrq2vpGcbO0tb2zW7b39psqzSQmDZyyVLZDpAijCWloqhlpC0kQDxlphf2bid8aEKlomjzooSA+R92ExhQjbaTALt8GXhdxjh49ISkngV1xqs4UcJm4OamAHPXA/vGiFGecJBozpFTHdYT2R0hqihkZl7xMEYFwH3VJx9AEcaL80TT4GB4bJYJxKs1LNJyqfzdGiCs15KGZ5Ej31KI3Ef/zOpmOr/wRTUSmSYJnH8UZgzqFkxZgRCXBmg0NQVhSkxXiHpIIa9PV3KVoQIXKUz/NYpuO3MVGlknztOpeVM/vzyq167ytIjgER+AEuOAS1MAdqIMGwCADL+AVvFnP1rv1YX3ORgtWvnMA5mB9/QLUpqDV</latexit>

E0
�

<latexit sha1_base64="Z38oidfs8iXjGZQQ+M4Gd3r3vuc=">AAACL3icbZDLSgMxFIYz9VbrbdSlm2ARK0KdEW8boSiCywr2Am0tmTRtQ5PMkGSKdegj+DDiVp9D3Ihbl76BaTuCbT0Q+Pj/c5KT3wsYVdpx3q3EzOzc/EJyMbW0vLK6Zq9vFJUfSkwK2Ge+LHtIEUYFKWiqGSkHkiDuMVLyOpcDv9QlUlFf3OpeQGoctQRtUoy0ker27lW92kKcI3gOf/GuGkjKyUHG3X+Iea9up52sMyw4DW4MaRBXvm5/Vxs+DjkRGjOkVMV1Al2LkNQUM9JPVUNFAoQ7qEUqBgXiRNWi4Yf6cMcoDdj0pTlCw6H6dyJCXKke90wnR7qtJr2B+J9XCXXzrBZREYSaCDx6qBkyqH04SAc2qCRYs54BhCU1u0LcRhJhbTIcu6nRpYGKt74frW0ycicTmYbiYdY9yR7fHKVzF3FaSbAFtkEGuOAU5MA1yIMCwOARPIMX8Go9WW/Wh/U5ak1Y8cwmGCvr6we9oKly</latexit>

E� = E0
�/(1 + z0)

<latexit sha1_base64="V+fwZ1huN+5G1lZl13xhunSmkfE="></latexit>

d�EG�

dE�
=

1

E�

Z 1

0
dz0

c

H (z0) (1 + z0)

1

(1 + z0)3
jEG�

�
E

0
� , z

0�
e
�⌧(E� ,z

0)

Isotropic background flux from DM annihilation in extragalactic halos. 

Conversion from  
time to redshift Dilution of sources  

with redshift
Gamma-ray  
absorption

Extragalactic emissivity can be written in analogy with ‘local’ case: 

<latexit sha1_base64="D0DbAFXurpBTPt4TMZSKXfERecc="></latexit>

jEG�

�
E0

� , z
0� = E0

�
1

2
B (z0)

✓
⇢̄ (z0)

MDM

◆2

h�vidN�

dE�

�
E0

�

�

Cosmological boost factor Cosmic DM density



16

Extragalactic Fluxes

Note that cosmological boost factor can be huge (~  at ).106 z < 1
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Secondary Effects and Propagation Secondary: look for annihilation 
products from the local Universe 
which undergo secondary effects 
such as scattering, diffusion,…

3

DM annihilation can contribute to the local Cosmic Ray flux.  
But need to worry about propagation! 

<latexit sha1_base64="cBsWRWoc/7Lnnl6N4XG/RZfxQh8="></latexit>

d�e±

dE
(E, r) =

ve±

4⇡b(E, r)

1

2

✓
⇢�(r)

MDM

◆2

h�vi
Z MDM

E
dEs

dNe±

dE
(Es) I (E,Es, r)

Energy losses Injected electron spectrum

“Halo Function”

The Halo Function  is essentially a Green’s function, 
giving the probability of going from an initial ‘source’ electron 
energy  at production to a final energy . This takes into 
account the (position-dependent) diffusion and propagation in 
the Cosmic Ray halo.  

For a given CR model, these halo functions can be tabulated, 
or more detailed CR propagation modelling can be performed.

I(E, Es, r)

Es E

One way to approach this problem is to write:  

See Astroparticle physics  Lecture 2
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Electron Flux from DM annihilation

Uncertainties from CR propagation 
parameters (MIN/MED/MAX)

Uncertainties from DM density 
profile are smoothed out!
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Synchrotron and Inverse Compton

Energetic  which are injected by Dark Matter annihilation can be ‘reprocessed’ to give a secondary 
photon signal:

e±

Inverse Compton scattering (ICS) - Upscattering of background photons 
(e.g. CMB, starlight) by energetic e±

<latexit sha1_base64="ZeK/0DWp0Q5AlfTZMrTwdG9NJLs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GNBDx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTduDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRTe63nlBpHstHM07Qj+hA8pAzaqz0gKVeueJW3SnIMvHmpAJz1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1n00sn5MQqfRLGypY0ZKr+nshopPU4CmxnRM1QL3q5+J/XSU147WdcJqlByWaLwlQQE5P8bdLnCpkRY0soU9zeStiQKsqMDScPwVt8eZk0z6reZfX8/qJSu53HUYQjOIZT8OAKanAHdWgAgxCe4RXenJHz4rw7H7PWgjOfOYQ/cD5/AAEjjQc=</latexit>e
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Electron synchrotron - Photon emission by energetic  in a strong 
magnetic field

e±

Calculation of fluxes is more complicated than for prompt emission: need to convolve the 
injected  spectrum with the ICS/synchrotron power and then integrate over lines of sight.e±

[See e.g. 1012.4515 for a detailed treatment]
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B

For electrons with Lorentz factor , the upscattered photon goes 
from an energy .

γ = Ee/me
E0 → E ≈ 4γ2E0

See Astroparticle physics  Lecture 2

https://arxiv.org/abs/1012.4515
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ICS Gamma Rays

Prompt

Inverse  
Compton

Extragalactic flux in fact also includes a 
contribution from Inverse Compton 

scattering (ICS)

Relativistic electrons ( ) can upscatter 
optical photons ( ) to GeV energies

γ ∼ 105

E0 ∼ eV
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Decaying Dark Matter

So far we have only considered DM annihilation:  χ + χ → SM + SM

In principle, DM may be unstable, with a long lifetime  . In that case, we could also look for 
signatures of DM decay: .

τ ≳ tUniv
χ → SM + SM

Indirect detection signatures for decaying DM are similar, 
but scale as  rather than .  

Relevant astrophysical quantity is now the D-factor:

ρχ /mχ (ρχ /mχ)2
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C.f. J-factor:
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Summary

Prompt: look for primary annihilation products (photons, neutrinos) which propagate directly to 
us from DM halos in the local Universe

Secondary: look for annihilation products from the local Universe which undergo secondary 
effects such as scattering, diffusion,…

Extragalactic: look for photons and neutrinos coming from cumulative annihilation of DM across 
cosmic time

1

2

3

<latexit sha1_base64="V+fwZ1huN+5G1lZl13xhunSmkfE="></latexit>

d�EG�

dE�
=

1

E�

Z 1

0
dz0

c

H (z0) (1 + z0)

1

(1 + z0)3
jEG�

�
E

0
� , z

0�
e
�⌧(E� ,z

0)

<latexit sha1_base64="ftSmejQGjdv2nQxeu8zPA0RhvLY="></latexit>

d��

dE�
=

1

4⇡

h�annvi
2m2

�

dN�

dE�
⇥

Z

�⌦
d⌦

Z

los
⇢2�(r(`, ✓) d` ⌘

1

4⇡

h�annvi
2m2

�

dN�

dE�
⇥ J(�⌦)

<latexit sha1_base64="cBsWRWoc/7Lnnl6N4XG/RZfxQh8="></latexit>

d�e±

dE
(E, r) =

ve±

4⇡b(E, r)

1

2

✓
⇢�(r)

MDM

◆2

h�vi
Z MDM

E
dEs

dNe±

dE
(Es) I (E,Es, r)

[Tools like PPPC4DMID, 1012.4515;  
Hazma, 1907.11846, 2207.07634]

https://arxiv.org/abs/1012.4515
https://arxiv.org/abs/1907.11846
https://arxiv.org/abs/2207.07634

