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DISCLAIMER #1

M. Doro - Review Indirect DM searches - DMNet 2023
2

Annihilation/Decay of 
GeV-TeV 
DM  
in space

Axion-like particles 
leave imprint in g-ray 
spectra. Only on 
backup slides

TeV emission during 
PBH evaporation. Not 
discussed here, but 
can do on coffee 
breaks

Elisa Ferreira 2021



DISCLAIMER #2
o Neutral particles ß trace-back origin

o Prompt Gamma-ray
o Reprocessed X-radio

o Neutrinos

o Charged particles: all but most interesting are 
antiparticles (less background) ß overall 
abundances
o Positron

o Antiprotons

o antideuterons
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Recently Cirelli+ 2406.01705 made a nice review. I 
have shamelessly taken several summary plots
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#1 
WHY G-RAYS ARE 
IMPORTANT DM 
PROBES



IN GAMMA-RAYS WE TRUST
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#1 Peculiarity of gamma-ray spectra (no astro-like)

#2 Same signal at different targets

#0
Gamma-
rays 
expected in 
HE 
interactions

#3 Know where to point



G-RAY SIGNAL MODEL
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1. How much DM?
2. How much astro?



HOW MUCH DM?
N-BODY SIMULATIONS
o Provide relations M(r), N(M), N(r) 

of DM subhaloes required to make 
the signal model

o Provide DM density 𝜌(𝑟)

o Light tracks matter to fit DM profile 
parameters
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ASTROPHYSICAL FACTOR

o Implicit form from N-body simulation: 
o Cuspy DM profiles

o Cored DM profiles: preferred by observation

o Parameters adjusted from Jeans equilibrium 
equation using stellar velocity dispersion
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Cirelli+ 2406.01705 



A POSSIBLE G-RAY DM SKY
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#1 Galactic Center and halo

#2 Dwarf 
galaxies 
(MW 
satellites) 
Spheroidal 
and 
Irregular

#3 Dark 
objects

#5 Galaxy 
clusters

#4 Other 
galaxies

#6 Diffuse signal, lines, 
streams, … 

#2b 
Globular 
clusters
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#2 
INSTRUMENTS



WE HAVE OUR TOOLBOX
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WE HAVE OUR TOOLBOX

We focus on a selection of more-
constraining gamma-ray instruments 
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SATELLITE-BORNE TRACKER + CALORIMETERS
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FERMI-LAT 2006--
IN SPACE: Compton + Pair Production

Past: CGRO, EGRET, AGILE

Present: Fermi-LAT, INTEGRAL, 
DAMPE

Future: HERD, e-ASTROGAM, 
AMEEGO, COSI,…

à Mev –  GeV

NOTE: All-sky instrument (every 3h). 100% duty cycle. 



GROUND-BASED
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GAMMA-RAYS creates atmospheric 
showers of particles at 5-25km 
height

Shower front detectors (SFDs) 
samples the shower particles
- 24h/7d
- large FOV – 1 sr

Imaging Atmospheric Cherenkov 
Telescopes (IACTs) sample the seconday 
Cherenkov light
- work at night
- small FOV ~ 10deg
- sensitive area 105 m2 >> telescope area 

AT GROUND: Particle showers + Cherenkov
à 100 Gev – 10 PeV



IACTS
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Cherenkov flash (blue/UV, few ns) à telescopes work at night, need fast 
electronics

Few photons/dm^2 à diameters 12--23 m (huge!), 



FUTURE: CHERENKOV TELESCOPE ARRAY OBSERVATORY
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CTA-NORTH 15 telescopes, low-energy focus
CTA-SOUTH 70 telescopes, all-energy focus

Tremendous sensitivity boost 
Larger energy reach
Better energy and angular resolution
Observatory-based: proposal-based programs



SHOWER FRONT DETECTORS
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HAWC Mexico—
4100 m a.sl.
300 large tanks in the 
core array
350 small tanks in the 
sparse array 

LHAASO China—
~5200 scintillator counters
~1200 muon detectors
~3000 water Cherenkov tanks
~12 wide-field-of view IACTs

SWGO 2030?—
~10k water Cherenkov tanks

à SOUTHERN HEMISPHERE



COMPARING EXPERIMENTS

1
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Plot from https://arxiv.org/abs/1611.02232

Past

Present

Future
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https://arxiv.org/abs/1611.02232


GAMMA-RAY SKY: “3 REVOLUTIONS IN 3 DECADES”

TeV revolution (IACT, 
2000)
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GeV revolution (AGILE, 
FERMI, 2010) PeV revolution 

(LHAASO, 2020)

Cit. F. Aharonian
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#3 
WHAT DONE/
WHAT AHEAD



WE LOOKED AROUND

M. Doro - Indirect DM searches – SUSY 2024

21

Galaxies 2022, 10(5), 92



#3.1 GALACTIC CENTER
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Largest predicted accumulation of DM close to 
us (8 kpc) in the baricenter of the Milky Way

J-factor 1022 GeV2cm-5

Can outshine all other DM targets BUT unknown 
interplay with baryons:
- gravitational contraction à more DM
- stellar outward finds à less DM

Also several ‘astrophysics’ backgrounds: BH, 
ridge, unresolved targets, galactic plane, etc. 



HINTS OF DM?

o The Galactic Center as a Dark Matter Gamma-Ray Source
o A.Morselli, A. Lionetto, A. Cesarini, F. Fucito, P. Ullio, Nuclear Physics B 113B (2002) 213-220 [astro-ph/0211327] A.Cesarini, F.Fucito, 
A.Lionetto, A.Morselli, P.Ullio Astroparticle Physics 21, 267-285, 2004 [astro-ph/0305075]
o Possible Evidence For Dark Matter Annihilation In The Inner Milky Way From The Fermi Gamma Ray Space Telescope Lisa Goodenough, 
Dan Hooper arXiv:0910.2998
o Indirect Search for Dark Matter from the center of the Milky Way with the Fermi-Large Area Telescope Vincenzo Vitale, Aldo Morselli, the 
Fermi/LAT Collaboration
o Proceedings of the 2009 Fermi Symposium, 2-5 November 2009, eConf Proceedings C091122 arXiv:0912.3828 21 Dec 2009
o Search for Dark Matter with Fermi Large Area Telescope: the Galactic Center
o V.Vitale, A.Morselli, the Fermi-LAT Collaboration NIM A 630 (2011) 147–150 (Available online 23 June 2010)
o Dark Matter Annihilation in The Galactic Center As Seen by the Fermi Gamma Ray Space Telescope Dan Hooper, Lisa Goodenough. (21 
March 2011 ). 21 pp. Phys.Lett. B697 (2011) 412-428
o Background model systematics for the Fermi GeV excess F.Calore, I. Cholis, C. Weniger JCAP03(2015)038 arXiv:1409.0042v1
o Fermi–LAT observations of high-energy γ-ray emission toward the galactic centre M. Ajello et al.[ Fermi-LAT Coll.] Apj 819:44 2016 
arXiv:1511.02938
o The Fermi galactic center GeV excess and implications for dark matter M. Ajello et al.[ Fermi-LAT Coll.] Apj 819:44 2016 arXiv:1511.02938
o Revisiting the Gamma-Ray Galactic Center Excess with Multi-Messenger Observations IC, Zhong, McDermott, Surdutovich, PRD 105, 103023 
(2022)
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Compatible with 
- DM signal at 
few GeV
- 1+ pulsars

Found excess in the vicinities of the GC,



GC: IACTS (LESS BKG THAN AT GEV)
o Primary target for 

H.E.S.S., located in 
Southern-
Hemisphere: 546h

o Also investigated by 
MAGIC, Veritas

o Obvious candidate 
for CTA!

M. Doro - Review Indirect DM searches - DMNet 2023

24

2016

2022

CTA predictions
ß Different channels



#3.2 DWARF SPHEROIDAL GALAXIES
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• Gravitationally bound to 
MW halo

• Pressure supported 
system

• DM density given by 
velocity dispersion 
(Jeans equation)

• Size, concentration and metallicity 
different than globular clusters

• Mass to light ratio ~100/1000 that of 
Sun 

• Clean targets: no astrophysical 
background

velocity dispersion : Issue with stellar 
association…very few candidates



#3.2 THE DWARF MW GALAXIES
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McDaniel+ Phys.Rev.D 109 (2024)

Galactic Center

About 150 
expected 
before 2050

Home message: 
1+ big guy 

expected from 
theory!



THE BIG GUY?
https://arxiv.org/abs/2311.10147 
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McDaniel+ Phys.Rev.D 109 (2024)

Galactic Center
UMa3/U1

https://arxiv.org/abs/2311.10147


DSPH LIMITS FROM IACTS AND FERMI
o Upper limits on several targets 

(individual/combined)

o Far less constraining than GC limits (but 
more robust)

o Still far from ‘thermal value’
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o If UMa3/U1 confirmed dSph 
(and observed) huge jump in 
constraints



# 3.3 THE DARK SUBHALOES
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It is possible that a fraction of DM subhalos did not accrete baryons. This 
would result: 
- more likely high density in the center (DM spikes)
- no visible from stars

Detectable through gravitational interaction: stellar streams gaps or micro-
lensing?. For small FOV instrument it’s hard to spot them other than 
serendipitously.

J. Coronado-Blázquez, MD, M.A. Sanchez Conde. 



# CONSIDERATION 1: HUNTING THE BEST TARGETS
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Cluster of galaxies

Dark subhalo

Know dSph

LMC

Galactic Center / Champion dSph

Astrophysical search of DM is 
also a hunt for the champion 
target
- Free of astrophysical 

background
- Most DM dominated



# 3.5 SEARCH FOR DM LINES AND BOXES

o Smoking gun evidence for 
DM 

o DM mass determination
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# 3.6 DECAY DM SEARCHES
o Best done on object with ‘a lot of DM’ as opposed to 

’highly-dense’ such as galaxy clusters
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CLOSING REMARKS
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What do we learn?



COMPLEMENTARITY. IN GAMMA-RAYS
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Satellites-borne 
experiment

Ground-Based 
Experiments

Shower Front 
Detectors



COMPLEMENTARY RADIATION/PARTICLES
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Antiparticles



COMPLEMENTARITY IN WAVELENGHTS
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Gammas

Gammas

Radio



CONSIDERATION #2 DM IS MULTI-MESSENGER
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M. Cahill-
Rawley
1411.3353

AND G-RAYS UNIQUE PROBES



CONSIDERATION #3 ARE WE CLOSE OR FAR?
o From the astrophysical point of view:

A coherent picture of astrophysical 
DM gives us yet the possibility to find 
a super-target, very DM dominated

o From the particle physics point of 
view, gamma-rays are rather ‘model 
independent’ therefore any null result 
maybe a relevant limit
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#3B. ARE WE PROBING ANY MODEL?
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MAGIC 2009: benchmarks MAGIC 2011: scan All>2012, just thermal 
value

Do we need to update our prediction on parameters spaces given certain 
DM models to check predicitivity?
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#4 IACTs busy with astrophysics
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A DEDICATED DARK MATTER ARRAY?

Does this make sense? 

41
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Phys.Rev.D83:045024,2011

THANKS
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# BACKUPS



COMPILATION FOR DIFFERENT EXPERIMENTS
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GeV DM (satellites)
e.g. Fermi-LAT

TeV DM (ground-
baed IACTs)
e.g. MAGIC, HESS, 
VERITAS, CTA

100TeV DM (ground-
based SFD)
e.g. HAWC, LHAASO, 
SWGO

k-MeV DM 
(production, 
generation)



COMPILATION FOR TARGETS – DECAYING DM
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GeV DM (satellites)
e.g. Fermi-LAT

TeV DM (ground-baed IACTs)
e.g. MAGIC, HESS, VERITAS, CTA

100TeV DM (ground-
based SFD)
e.g. HAWC, LHAASO, 
SWGO
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# ALPS



AXION AND AXION-LIKE PARTICLES
o Visible axion (eV), a new boson proposed by 

Peccei and Quinn (1977) to solve CP problem

o Axion-like particles (mass and coupling 
independent) more general, arise in many BSM 
theories, also explains (part of) DM
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𝑚! ≃ 6	×10"#
10$%GeV

𝑓!

𝑔!&& <
𝑚!
1	neV

$
% GeV"$

ALP-gamma-ray oscilllations in external B-
field
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Credit: Ivana Batković



SPECTRAL WIGGLES AND PHOTON RECOVERY
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WE (IACTS) LOOKED A LOT AROUND

MD, M.A. Sanchez-Conde, M. Huetten. 
https://arxiv.org/abs/2111.01198 
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https://arxiv.org/abs/2111.01198


#3.4 LARGE MAGELLANIC CLOUDS
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CTAO Mon.Not.Roy.Astron.Soc. 523 (2023) 4

A galaxy disrupted of its outer rims 
by the crossing in the MW. 
DM core believed intact.



FOCUS
~1 gamma / 1000 protons.
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EVENT TAGGING
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1
You “clean” 
the image 

and extract 
shape 

parameters

2
You make a 

classification  
by comparing 
with Monte 

Carlo 

3
Cuts

4
Detection = significant number of 

excess events over background 
from region of interest 



#3.7 MORE?
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