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𝛾-RAY DM SEARCHES IN CLUSTERS

• Largest gravitationally bound structures formed by gravitational 
collapse

• Masses of order ~1014-1015 M⊙

• Components: 

• Baryonic Matter
• Dark Matter (~80%)

IllustrisTNG simulation – TNG100-1, https://www.tng-project.org/

Dark matter density + shock finder

Galaxy cluster

• Several in local Universe (z < 0.1)  
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• Galaxies (~ 3% - 5%)
• Intra Cluster Medium (~ 15% - 17%)
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Reimer+03
Aharonian+08 [HESS Collab.]
Ackermann+10 [Fermi-LAT Collab.]
Aleksic+10 [MAGIC Collab.]
Dugger+10
Colafrancesco+10
Han+12 – Various clusters, hint
Ando & Nagai 12
Huang+12

• Galaxy clusters should shine brightly in the 𝛾-ray sky
• The search of diffuse 𝛾 -rays from clusters has been going on for over two decades (either originated from DM 

or/and CRs), but such signal has remained elusive
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PREVIOUS 𝛾-RAY DM SEARCHES IN GALAXY CLUSTERS

Griffin+14
Zandanel & Ando 14
Ackermann+15 [Fermi-LAT Collab.] – Virgo cluster, hint
Ahnen+16 [MAGIC Collab.]
Ackermann+16 [Fermi-LAT Collab.] – Coma cluster, hint
Xi+18 – Coma cluster, hint
Aleksic+18 [MAGIC Collab.]
Lisanti+18
Colavizenzo+19 – Various clusters, 3.5-3.8𝜎

Aleksic+12 [MAGIC Collab.]
Arlen+12 [VERITAS Collab.]
Nezri+12
Abramowski+12 [HESS Collab.]
Cirelli+12
Hektor+12 – Various clusters, 3.6𝜎
Huber+13
Prokhorov & Churazov 14 – Various clusters, 4-5𝜎
Ackermann+14 [Fermi-LAT Collab.] – Various clusters, 2.4𝜎

Tan & Colavicenzo 19
Adam+21 – Coma cluster, 4.9-5.8𝜎
Thorpe-Morgan+21
Baghmanyan+22, 5.4𝜎
HAWC Coll. 24– Virgo cluster
Mana&Desai 25 – Various clusters, ~8𝜎
LHAASO Coll. 25 

Constraining the dark matter contribution of gamma-rays in cluster of galaxies using Fermi-LAT data
M. di Mauro, JPR, M. A. Sánchez-Conde, N. Fornengo
Phys. Rev. D 107, 083030, [arXiv:2303.16930]

• Sample of 49 local clusters 
• Seach for DM-induced emission
• Results of TScombined for the different benchmark models:

TS = 25 - 30 2.5-3.0𝜎

MED bƃ

Judit Pérez Romero – TeVPA 2025

https://arxiv.org/abs/2303.16930


COSMIC-RAY INDUCED GAMMA-RAY EMISSION FROM LOCAL CLUSTERS
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• Explore the possible origin of the 2.5-3.0𝜎
hint found in our previous work:

1. Develop models for the expected CR-
induced γ-ray diffuse emission

2. Combined analysis of the same sample
of galaxy clusters:

Search for cosmic-ray induced gamma-ray emission from local galaxy clusters using Fermi-LAT data
JPR, M. di Mauro, R. Adam, M. A. Sánchez-Conde, G. Zaharijas
In prep., [arXiv:25XX.XXXXX]

• HIFLUGCS catalogue (Reiprich&Böhringer02)
• Clusters used in previous Fermi searches
• Mask of |b| < 20 deg
• z < 0.1
• Separation of 2 deg to account for cluster extension

Sample of 48 local 
galaxy clusters

Judit Pérez Romero – TeVPA 2025



• Components: 

• Even supposedly virialized objects, a lot of activity

• Galaxies (~ 3% - 5%)
• Intra Cluster Medium (~ 15% - 17%)

Acceleration 
mechanisms

Leptons
Diffuse synchrotron emission

Hadrons

• Dark Matter
• Baryonic Matter

• Merger events 
• Feedback from galaxies and AGNs
• Magnetic fields
• Turbulence

Cosmic-rays (CRs)

𝛾-rays

Chandra: NASA/CXC/SAO/Bulbul+14; XMM: ESA

NGC 1275 in Perseus Galaxy Cluster
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𝛾-RAY SEARCHES IN CLUSTERS

Judit Pérez Romero – TeVPA 2025



• Main emission process for γ-rays at Fermi energies:

• Follow MINOT [Adam+20] software:
• Hydrostatic equilibrium (+ second order corrections)
• Spherically symmetrical
• Self-similar objects

γ-rays
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1. Proton number density

• From X-ray data for individual clusters
• General profile

Ghirardini+18
[1805.00042]

CRp populationICM

CLUSTERS CR MODELLING

• Validated with ACCEPT data when available
[Cavagnolo+09] 

Judit Pérez Romero – TeVPA 2025



• Main emission process for γ-rays at Fermi energies:

• Follow MINOT [Adam+20] software:
• Hydrostatic equilibrium (+ second order corrections)
• Spherically symmetrical
• Self-similar objects

• Probed by tSZ effect for individual clusters
• General profile
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2. Thermal gas/electron pressure profile

Arnaud+10
[0910.1234]

CLUSTERS CR MODELLING

• Validated with ACCEPT data when available [Cavagnolo+09] 

γ-rays

CRp populationICM

Judit Pérez Romero – TeVPA 2025



CLUSTERS CR MODELLING

3. CRp distribution

Normalized through
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•  

•  

•  

[CTAO Cons. 23]

• Allowed parameter 
space:

[Pinzke & Pfrommer 10]
[Enßlin+10]
[Bykov+19]

Judit Pérez Romero – TeVPA 2025



2A0335

A3526

A0754
A2199

A0085 A3571A1367A0496
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Coma

• Baseline CR model

• Benchmarks:

CLUSTERS CR MODELLING

A2029 A3667

Judit Pérez Romero – TeVPA 2025



FERMI-LAT ANALYSIS SET-UP

Years of Fermi data 16

Energy range [GeV] 0.5 – 1000

Bins per decade 8

Region of Interest (ROI) [deg2] 20 x 20

Pixel size [deg] 0.08

Catalogue 4FGL-DR4

• Will test different set-ups for energy range, RoI, IRFs and Background (BKG) models
• Background components:

• Individual point-sources from LAT (4FGL-DR4)
• Fermi bubbles
• Loop I + Sun + Moon
• Isotropic emission
• Galactic Interstellar Emission (IEM)

Divided in: Bremsstrahlung + 𝜋0 + Inverse Compton (CMB + starlight + Infrared)
Ackerman+17 [Fermi Collab.]

• Combined likelihood:

• Standard template Fermi analysis
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• TS < 25 No signal

Baseline set-up

Judit Pérez Romero – TeVPA 2025



RECOVERY TESTS: DISCOVERY POTENTIAL

• Simulate Fermi data with injected signals and run analysis

11

• For signal of: • X500 = 0.5% - 1%           TS ~10
• X500 = 5%                       TS ~200

X500 = 3.2%

Judit Pérez Romero – TeVPA 2025
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TS FOR THE BASELINE MODEL

• Baseline CR model

• Highest combined TS = 38 for X500 ~ 1%

• Highest individual TS = 30 for Coma at X500 ~ 3%

• Other individual clusters peak at TS < 25 (not 
significant)

Judit Pérez Romero – TeVPA 2025
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• In all cases, TScombined are dominated by
Coma (A1656):

• TS = 47 for 𝛼!"#	= 2.6 and X500 ~ 2%

• Next in contribution is A3667, but always
below TS = 25

TS FOR THE BENCHMARK MODELS

𝛼"#$= 2.0 TS = 41

𝛼"#$= 2.3 TS = 54

𝛼"#$= 2.6 TS = 56

𝛼"#$= 2.9 TS = 51

𝛼!"#= 2.0 𝛼!"#= 2.3

𝛼!"#= 2.9𝛼!"#= 2.6

Judit Pérez Romero – TeVPA 2025
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• If Coma is removed from the sample and the analysis:

TS FOR THE BENCHMARK MODELS

• Combined TS no longer significant, even for the
best 𝛼!"#

• Individual clusters are also not significantly
detected

• We will translate these results in the parameter
space of X500 - 𝛼!"# to set constraints

𝛼"#$= 2.6
No Coma

Judit Pérez Romero – TeVPA 2025



• Build TS distribution with 50000 random blank sky 
directions

• Remove directions with |b|<20 deg
• Farther than 2 deg from known sources
• Limited to extension of sources and RoI

• For each RoI, fit baseline model:

NULL HYPOTHESIS FOR TS  DISTRIBUTION

TS = 38 for Coma p –value = 7e-6
(local)

4.3𝜎

• Ideal knowledge of BKGs TS distribution described as 𝜒2/2
Analysis of real data at 

low energies for 
extended sources

BUT

Chernoff 54

15
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THE CASE OF COMA CLUSTER

• Several claims of a detection in the last years:

Xi+18 9 yrs TSbest = 22

Adam+21 12 yrs TSbest = 34

Baghmanyan+22 12.3 yrs TSbest = 52

z DL [Mpc] (l, b) [deg] M500 [Msun] R500 [kpc] 𝛼%&& [deg] 𝛼'&& [deg]

0.0231 100.7 (57.23, 87.99) 4.28e14 1138 0.65 0.99

• Coma in the radio band:
• extended, non-thermal, radio halo for the 

cluster core
• diffuse radio relic at the virial radius 

• Coma in the X-rays shows a complex morphology:
• sub-group connected to NGC 4839
• sub-structure between the center NGC 4839

[MCXC Catalogue]

[Mirakhor+23]

Judit Pérez Romero – TeVPA 2025
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THE CASE OF COMA CLUSTER

• In the 4FGL-DR4 catalogue:
(RA, DEC) [deg] Offset [deg] Detection significance

4FGL J1256.9+2736 (194.24, 27.61) 0.71 5.56

• Could the emission be from the point source?

Model TSComa TSAGN TSExt Extension [deg] Position [deg]

Single PS 41.8 -- -- -- --

PS + 4FGL 29.4 17.3 -- -- --

Best benchmark 56.0 -- -- -- --

Best bench.  + 4FGL 39.5 8.3 -- --

Best bench.  + NGC 4839 41.8 5.7 -- -- --

Gaussian relocated 59.3 -- 12.6 0.79±0.17 0.59

Gauss. rel. + NGC 4839 37.7 10.2 5.0 0.32±0.12 0.05

Judit Pérez Romero – TeVPA 2025
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THE CASE OF COMA CLUSTER

• In the 4FGL-DR4 catalogue:
(RA, DEC) [deg] Offset [deg] Detection significance

4FGL J1256.9+2736 (194.24, 27.61) 0.71 5.56

• Could the emission be from the point source?

Model TSComa TSAGN TSExt Extension [deg] Position [deg]

Single PS 41.8 -- -- -- --

PS + 4FGL 29.4 17.3 -- -- --

Best benchmark 56.0 -- -- -- --

Best bench. + 4FGL 39.5 8.3 -- --

Best bench.  + NGC 4839 41.8 5.7 -- -- --

Gaussian relocated 59.3 -- 12.6 0.79±0.17 0.59

Gauss. rel. + NGC 4839 37.7 10.2 5.0 0.32±0.12 0.05

Preference for 
extended + PS 

combined emission

Judit Pérez Romero – TeVPA 2025
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THE CASE OF COMA CLUSTER

• In the 4FGL-DR4 catalogue:
(RA, DEC) [deg] Offset [deg] Detection significance

4FGL J1256.9+2736 (194.24, 27.61) 0.71 5.56

• Could the emission be from the point source?

Model TSComa TSAGN TSExt Extension [deg] Position [deg]

Single PS 41.8 -- -- -- --

PS + 4FGL 29.4 17.3 -- -- --

Best benchmark 56.0 -- -- -- --

Best bench.  + 4FGL 39.5 8.3 -- --

Best bench.  + NGC 4839 41.8 5.7 -- -- --

Gaussian relocated 59.3 -- 12.6 0.79±0.17 0.59

Gauss. rel. + NGC 4839 37.7 10.2 5.0 0.32±0.12 0.05

Even the lowest TS is 
significant for Coma

Preference for 
extended + PS 

combined emission

Judit Pérez Romero – TeVPA 2025



SUMMARY AND FUTURE WORK
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• The detection of diffuse γ-ray emission from galaxy clusters is a long awaited milestone

• Several studies in the most recent years hint towards mild detections

• Analyzed 16 years of Fermi-LAT data in the direction of 49 galaxy clusters searching for CR-induced γ-ray emission 

• Build models for the induced CR emission for the selected sample on the basis of cluster self-similarity, defining
benchmark models to encapsulate the uncertainty in the CR population composition and spectra

• For baseline model: TScombined = 38 for X500 = 1%, but highest TScombined is reached for 𝛼"#$= 2.6

• The analysis is dominated by Coma, if removed, TScombined = 20 for the best scenario

• Computing the significance with the null TS distribution, Coma is still ~4𝜎

• The analysis including 4FGL source yields TSComa = 29.5 – 59.3, with a preference for a diffuse + ps model

Judit Pérez Romero – TeVPA 2025



THANKS FOR YOUR ATTENTION
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FERMI-LAT PERFORMANCE

10y Performance Capabilities

https://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm

Sensitivity

Angular resolution
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Instrument Response Functions (IRFs)

https://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm


𝛾-RAY DM SEARCHES IN CLUSTERS

Decay

Annihilation

Caveat Expected 𝛾-ray emission from astrophysical processes

• Best possible targets to consider

• Competitive to other prime targets

IllustrisTNG simulation – TNG100-1, https://www.tng-project.org/

Dark matter density + shock finder

Galaxy cluster

𝜙DM ∝ 𝜌DM
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• Components: 

• Dark Matter
• Baryonic Matter

High DM density Very massive objects Closeby objects



CLUSTERS SAMPLE – FERMI-LAT (DM VALUES)
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CLUSTERS SAMPLE – FERMI-LAT (DM VALUES)
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To compute the CR-induced γ-ray flux: Where X are γ-rays

proton-proton 
interaction cross 
section

c (relativistic)

1 2

1 Assume ne follows the gas distribution, Ghirardini+18 [1805.00042] useed deprojection models 
to extract ne from X-COP X-ray surface brightness data from various clusters, and fitted to a 
universal density profile model from Vilkhinin+06

where

For the rest of parameters, they provide a general fit, a fit for CC and NCC

CR MODELLING: MINOT APPROACH

number of secondary particles 
produced in a collision pert 
energy of the produced particle 
as a function of the initial energy 
of the CRp (fit to collider data)
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To compute the CR-induced γ-ray flux:

Where X are γ-rays

number of secondary particles 
produced in a collision pert 
energy of the produced particle 
as a function of the initial energy 
of the CRp (fit to collider data)

proton-proton 
interaction cross 
section

c (relativistic)

1 2

2 where
Flat/ follows exactly gas density profile

Normalize ACRp with a 
value of

Generalized profile 
Arnaud+10

CR MODELLING: MINOT APPROACH
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Where X are γ -rays

proton-proton 
interaction cross 
section

c (relativistic)

1 2

To model the CR-induced γ-ray flux from a cluster we need:

CR MODELLING: MINOT APPROACH

To compute the CR-induced γ-ray flux:

• Pe & ne / Pe & Tg / Te & ne
• Assume a value for X500, 𝛼"#$ and 𝜂"#$
• Self-similarity between clusters: CR populations have been accumulating in the cluster since beginning of formation 

(CR are generated from propagation schocks from the mergers and turbulence), also we take the assumption of 
hydrostatic equilibrium to have a mass proxy, even though we consider corrections for CC vs. NCC

number of secondary particles 
produced in a collision pert 
energy of the produced particle 
as a function of the initial energy 
of the CRp (fit to collider data)



CR MODELLING: PARAMETER SPACE

[CTAO Cons. 23]

[Pinzke & Pfrommer 10]
[Enßlin+10]
[Bykov+19]

• Expected values from 
simulations:

• Allowed values from 
constraints:
[MAGIC Coll. 16]
[Fermi-LAT Coll.14]
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[Fermi-LAT Coll.14]



SEARCH  OF  D IFFUSE  CR-EMISS ION WITH  FERMI:  L AST  RESULTS  FROM FERMI
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• Fermi-LAT Coll. [1308.5654] F𝛾
are from [Pinzke & Pfrommer 
2010]

• Their results (26 RoIs): 
• global TS=7.3 (2.7σ) of the 

scale factor for their full 
sample (50 clusters)

• largest contributors are 
A400, and less A1367 and 
A3112

A400

A1367

A3112



Xi+18 Adam+21 Baghmanyan+22 This work

Years of LAT data 9 yrs 12 yrs 12.3 yrs 16 yrs

Energy range 200 MeV – 300 GeV
(100, 300, 500, 800 MeV)

200 MeV – 300 GeV 100 MeV – 1 TeV 500 (100) MeV – 1 TeV

ROI 12x12 deg^2 12x12 deg^2 12x12 deg^2 20x20 deg^2

PS catalogue 3FGL 4FGL-DR2 4FGL-DR2 4FGL-DR4

Type of analysis Binned, norms + indeces
free (centers fix)

Binned, indeces fixed (PS 
- 4FGL, coma - 𝛼!"# 2.8,
centers fix)

Binned, norms + indeces + 
centers free

Binned, norms + indeces free 
(centers fix)

TS cluster ext only 15 – 22 (𝛼!"# 2.70–2.88) 11 - 34 50-52 (𝛼!"# 2.23) 27 – 49 (depending on 𝛼!"#)

TS PS only 25.3 (index 2.67) 25.61 29.8 (index 2.77) ---

TS cluster only as 
PS

14.3 (𝛼!"# 3.39) 17.54 --- ---

TS cluster ext + PS 28 – 31 (idxs 2.80-
5.14/2.21-2.41)

26-36 (1-18/7-23) --- (35-43/6-11)

Correlation -- Norm-norm: ~ -0.45 --- Norm-norm: -(0.035 – 0.043)
Norm-index: -(0.015 – 0.018)
Index-norm: -(0.013 – 0.037)
Index-index: -(0.019 – 0.022)

TS cluster as PS + 
PS

28.9 (idxs 3.57/2.56) 32.24 --- ---
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THE CASE OF COMA CLUSTER

• Frist approach analysis: test the extension of the source using a disk or gaussian

Model TS TSextension Best extension [deg] Extension U.L. [deg]

Disk 48.68 6.75 0.41 ± 0.16 0.68

Gaussian 47.69 6.31 0.30 ± 0.06 0.47



• Tests for different cases:
1. Coma cluster as point source without 4FGL source
2. Coma cluster as point source with 4FGL source
3. Coma cluster with CRs template without 4FGL source 
4. Coma cluster with CRs template with 4FGL source
5. Coma cluster with CRs template with 4FGL source placed at the NED position of the AGN
6. Gaussian function for extension of Coma cluster and refitting localization and extension (no 4FGL source)
7. Gaussian function for extension of Coma cluster and refitting extension (no 4FGL source)
8. Gaussian function for extension of Coma cluster and refitting localization and extension (WITH 4FGL source)
9. Gaussian function for extension of Coma cluster and refitting extension (WITH 4FGL source)
10. 10,11,12,13 as 6,7,8,9 but for a disk shape

SEARCH OF DIFFUSE CR-EMISSION WITH FERMI:  COMA DETECTION

33



COMA RADIO SOURCES

• Due to the inconclusiveness of results, check if emission may come from Coma’s radio sources
• Sources in the Coma field:

• https://arxiv.org/pdf/1002.0594
• https://arxiv.org/pdf/2203.01958
• https://articles.adsabs.harvard.edu/pdf/1975ApJ...199...10T
• https://articles.adsabs.harvard.edu/pdf/1977ApJ...217..944T
• https://arxiv.org/pdf/1208.0676
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COMA RADIO SOURCES

• 55 putative radio sources identified among the literature
• 14 of them have not been associated to any radio emission yet
• 41 rest do have at least one measurement in one radio frequency:

• 6 liner AGNs (NGC 4874 - BCG)
• 3 QSOs
• 7 galaxies (towards cluster)
• 3 radio sources
• 5 radio galaxies (NGC 4869, NGC 4839)
• 1 BL Lac (Coma A)
• 1 Seyfert galaxy
• 9 emission-line galaxies
• 2 (-5?) starburst galaxies
• 3 AGNs
• 1 galaxy

• 4 of them have measurements at 5 GHz core (mentioned above, & at 151 MHz)
• 26 have measurements at 151 MHz, 21 at 1.4 GHz, 15 at ~5 GHz



• Selection criteria:

TARGET SELECTION

• Fermi-LAT does not have constraints on observation time Sample of best clusters for DM searches

• Well-known M200  from X-rays measurements

• Local clusters

• Mask of |b| < 20 deg to avoid galactic diffuse emission 
• Separation of at least 2 deg to account for cluster extension

HIFLUGCS catalogue (Reiprich&Böhringer02)
Masses from Schellenberger&Reiprich17 

(X-rays data from Chandra)

z < 0.1

Sample of 49 local 
galaxy clusters

• Clusters used in previous searches:
Ackermann+10 [Fermi-LAT Coll.]

Ackermann+14 [Fermi-LAT Coll.]

Sánchez-Conde+11

• 50 local clusters
• fx ≥ 1.7·10-11 erg s-1 cm-2

• biased towards cool-cored clusters (Käfer+19)

36Judit Pérez Romero – ICRC 2025



DM-induced 𝜸-ray flux from 
an astrophysical object

Particle 
Physics Model

DM Annihilation

https://clumpy.gitlab.io/CLUMPY/

Charbonnier+12, 
Bonnivard+15, Hütten+18

DARK MATTER MODELLING

Cirelli+12 (EW corrections)

DM density profile

Astrophysical factor

Annihilation

Decay

37Judit Pérez Romero – ICRC 2025
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Astrophysical 
ModelDM Annihilation

• State-of-the-art parametrization of the DM in galaxy clusters:

CLUSTERS DM MODELLING (I): MAIN HALO

Navarro – Frenk – White (NFW)

Assume density profile

DM density profile

Sánchez-Conde&Prada14

• To build the DM profile,  we assume a concentration-mass 
relation (c200 – M200): 

Annihilation

Decay

Navarro+96, Navarro+97
• “Cuspy”-like profile

38Judit Pérez Romero – ICRC 2025



DM Annihilation

• Galaxy clusters are the most massive objects today, large amount of substructure expected
• Inclusion through 𝜌DM using state-of-the-art subhalo models
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CLUSTERS DM MODELLING (II): SUBSTRUCTURES

• We define benchmark models to encapsulate the uncertainty on the expected substructure population:

• Will reflect in different levels of contribution to the total J-factor

• No substructure considered

• Best guess
• Educated upper bound

Judit Pérez Romero – ICRC 2025



DM ANNIHILATION FLUXES OF THE SAMPLE

40Judit Pérez Romero – ICRC 2025



TS OF THE BENCHMARK MODELS

• Highest A3526-Centaurus – TS = 15 
• A1656-Coma – TS ~10 (Ackermann+17 

[Fermi Collab.]) 

Individual TS

Combined TS

MIN No sig.

MED TS = 27

MAX TS = 23

DECAY TS = 28

MED bƃ

Decay bƃDecay 𝜏+𝜏-

MED 𝜏+𝜏-

41Judit Pérez Romero – ICRC 2025



bƃ (40 - 60 GeV) 𝜏+𝜏- (8-20 GeV)

MED 2-4 x 10-25 cm3s-1 8-20 x 10-26 cm3s-1

MAX 4-9 x 10-26 cm3s-1 1-3 x 10-26 cm3s-1

DECAY 5-8 x 1024 s 8-12 x 1024 s

• Not compatible with GC excess
• Ruled out by dSphs

• Ruled out by Isotropic 𝛾–ray 
Background (IGRB) and GC

Blanco&Hooper18, Ando&Ishiwata15, Ackermann+12 
[Fermi Collab.] 

TS VALUES INTERPRETED AS DM

MED bƃ

Decay bƃ
Decay 𝜏+𝜏-

MED 𝜏+𝜏-

42Judit Pérez Romero – ICRC 2025



NULL HYPOTHESIS FOR TS  DISTRIBUTION

• Ideal knowledge of BKGs TS distribution described as 𝜒2/22

Analysis of real data at 
low energies for 

extended sources

BUT

• Build TS distribution using 3100 random blank sky directions
• Remove directions with |b|<20 deg
• Farther than 2 deg from known sources
• Limited to extension of sources and ROI

• For each ROI, fit MED DM template and bƃ annihilation for 
m𝜒=50 GeV

TS = 27 for MED p –value = 3.1 x 10-3                 2.7𝜎

Chernoff 54

(local)

43Judit Pérez Romero – ICRC 2025



DM CONSTRAINTS FROM COMBINED CLUSTERS ANALYSIS

• The signal is not significant and if interpreted as DM, is not compatible with existing limits

MED

Decay

• Annihilation 95% C.L Upper Limits • Decay 95% C.L Lower Limits

44Judit Pérez Romero – ICRC 2025


