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A B S T R A C T 

In this work, we adopt 16 yr of Fermi -LAT data to search for γ -ray signal from dark matter annihilation in 16 nearby galaxy 

clusters. The NFW profile is applied to model the dark matter distribution. No significant ( > 5 σ ) γ -ray signal is found in 

the scenarios of dark matter annihilations. Ho we ver, the peak test statistic (TS) values are larger than 16.0 for Coma and 

Perseus clusters. Further analyses strongly indicate that the γ -ray emission of the Coma region is irrele v ant to the dark matter 
annihilations. For Perseus cluster, the best-fitting TS value is ∼ 20.0 for χχ → τ+ τ− at m χ ∼ 38 GeV, but the corresponding 

〈 σv 〉 is in conflict with the constraint from dwarf spheroidal galaxies. Meanwhile, the peak TS value of the possible excess from 

Perseus is not increasing with time continually. The true origin of the potential signal is still unclear. 

Key words: galaxies: clusters: general – gamma-rays: galaxies: clusters – dark matter – galaxies: clusters: individual: Coma –
galaxies: clusters: individual: Perseus. 
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 I N T RO D U C T I O N  

strophysical and cosmological e vidences sho w that non-baryonic
old dark matter (DM) accounts for 84 per cent of the matter density
f the Universe (Planck Collaboration XIII 2016 ). At the moment,
he nature of dark matter is still unclear. Among the many candidates
f DM particle, one of the possible candidates is a weakly interacting
assive particles (WIMPs) (Bertone, Hooper & Silk 2005 ; Hooper &
rofumo 2007 ; Feng 2010 ), since there is no observational evidence

hat dark matter is a WIMP. WIMPs may annihilate or decay into
tandard Model particles and eventually produce γ -rays, cosmic
ays, and so on. These γ -ray signals may be detected by some
elescopes, such as Fermi -LAT (Atwood et al. 2009 ) and DAMPE
Chang et al. 2017 ). 

Galaxy clusters (GCls) are the largest and most massive gravi-
ationally bound systems in the Universe, which contains a large
mount of DM. In addition, the N-body numeric simulations in
he � CDM cosmology showed that there will be a large number
f subhaloes in the DM halo of a cluster size (Diemand et al.
008 ; Springel et al. 2008 ). Due to the flux of DM annihilation
s proportional to ρ2 ( r) , where ρ( r) is the DM density, these
ubhaloes can enhance the DM signal significantly compared to
he smooth DM distribution. Therefore, GCls may be one of the
xcellent targets in searching for signatures of DM annihilation
Jeltema, Kehayias & Profumo 2009 ; Pinzke, Pfrommer & Bergstr ̈om
009 ). 
Since the launch of the Fermi -LAT satellite, great efforts have

een paid to look for DM annihilation to γ -ray signals from GCls,
o identified signal has been found so far and gave some constraints
 E-mail: lishang@ahu.edu.cn 
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n the parameters of DM (Ackermann et al. 2010 , 2015b ; Dugger,
eltema & Profumo 2010 ; Han et al. 2012 ; Huang, Vertongen &
eniger 2012 ; Thorpe-Morgan et al. 2021 ; Manna & Desai 2024 ).
oreo v er, some interesting signals have been found in the literatures.
 very significant spatially extended γ -ray emission in Coma region
as reported by Xi et al. ( 2018 ) and confirmed in some literatures

Liang et al. 2018 ; Thorpe-Morgan et al. 2021 ; Baghmanyan et al.
022 ; Chen et al. 2024, ). Ho we ver, the origin of this emission is still
nder debate. Searching for dark matter signals from 49 clusters was
erformed and reported signals at 2.5 σ–3.0 σ (Di Mauro et al. 2023 ).
o we ver, the best-fitting values of the cross-sections are excluded
y the constraints from dwarf spheroidal galaxies (Ackermann et al.
015a ). In addition, a tentative monochromatic signal at the energy
f ∼ 43 GeV is found from 16 nearby GCls (Liang et al. 2016 ; Shen,
ia & Fan 2021 ). Recently, this γ -ray line signal at ∼ 43 GeV is

onfirmed by 15.5 yr of Fermi -LAT data with a global significance of
4.3 σ (Fan et al. 2024 ). The true origin of this signal is uncertain.

n this paper, we analyse 16 yr of Fermi -LAT data to search for
ontinual γ -ray emission of DM annihilation in these galaxy clusters.
he samples are listed in Table 1 . 

 DATA  ANALYSI S  

n this paper, we use the Fermi -LAT Pass 8 data (P8R3 CLEAN V3,
R ONT + BA CK) in the energy range between 500 MeV and 500
eV. The software Fermitools is applied to carry out the data analysis.
e consider 16 yr data from 2008 August 4 to 2024 August 4 [i.e.
ission Elapsed Time (MET) range 239557417–744479021]. To

educe the contamination from the Earth’s limb, only the photons
ith zenith angles less than 100 ◦ are considered. The recommended
uality-filter cuts (D ATA QU AL == 1 && LAT CONFIG = = 1) are
dopted to ensure the data quality. 
© 2025 The Author(s). 
ty. This is an Open Access article distributed under the terms of the Creative 
ch permits unrestricted reuse, distribution, and reproduction in any medium, 

provided the original work is properly cited. 
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Table 1. Parameters of the GCls. The redshift z, right ascension α, and declination δ in J2000 epoch of each GCl are taken from Chen et al. ( 2007 ). The virial 
masses M 200 are taken from the reference (Fan et al. 2024 ). θ200 is the angular size of virial radii R 200 . J ( J sub ) is the J-factor given the NFW profile of the 
clusters without (with) the substructures. TS (TS sub ) is the peak TS value of each cluster without (with) the substructures. 

GCl α δ z M 200 R 200 θ200 log 10 ( J ) TS log 10 ( J sub ) TS sub 

( deg ) ( deg ) (10 14 M �) (Mpc) ( deg ) (GeV 

2 cm 

−5 ) (GeV 

2 cm 

−5 ) 

Virgo 187 . 704 12 . 391 0 . 0038 1 . 050 0 . 972 3 . 41 17 . 93 0 . 3 19.05 0.3 
Fornax 54 . 669 −35 . 310 0 . 0046 1 . 196 1 . 015 2 . 94 17 . 82 3 . 3 18.94 2.1 
Ophiuchus 258 . 111 −23 . 363 0 . 0280 34 . 691 3 . 096 1 . 45 17 . 69 3 . 6 18.71 3.3 
M49 187 . 444 7 . 997 0 . 0038 0 . 460 0 . 738 2 . 59 17 . 61 0 . 8 18.73 0.0 
A3526 192 . 200 −41 . 309 0 . 0103 3 . 156 1 . 400 1 . 80 17 . 51 4 . 2 18.62 1.6 
A1060 159 . 178 −27 . 521 0 . 0114 2 . 309 1 . 261 1 . 47 17 . 30 6 . 2 18.41 8.2 
Coma 194 . 947 27 . 939 0 . 0232 9 . 004 1 . 977 1 . 12 17 . 27 17 . 9 18.33 20.6 
NGC4636 190 . 708 2 . 688 0 . 0037 0 . 155 0 . 514 1 . 85 17 . 22 2.3 18.32 3.5 
AWM7 43 . 623 41 . 578 0 . 0172 4 . 491 1 . 571 1 . 21 17 . 23 0 . 8 18.32 1.7 
A1367 176 . 190 19 . 703 0 . 0216 6 . 733 1 . 796 1 . 09 17 . 20 1 . 9 18.28 2.7 
NGC5813 225 . 299 1 . 698 0 . 0064 0 . 385 0 . 695 1 . 44 17 . 10 0 . 5 18.20 2.0 
A2877 17 . 480 −45 . 922 0 . 0241 6 . 166 1 . 743 0 . 95 17 . 08 0 . 0 18.15 1.8 
S636 157 . 421 −35 . 326 0 . 0093 0 . 763 0 . 872 1 . 24 17 . 04 5 . 2 18.15 10.6 
A3627 243 . 555 −60 . 843 0 . 0163 4 . 487 1 . 571 1 . 27 17 . 27 4 . 3 18.36 2.8 
Perseus 49 . 946 41 . 515 0 . 0183 5 . 476 1 . 678 1 . 21 17 . 26 20 . 0 18.34 8.5 
3C129 72 . 560 45 . 026 0 . 0223 4 . 796 1 . 604 0 . 95 17 . 03 0 . 0 18.12 0.0 
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The background model is generated by make4FGLxml.py . 1 All 
FGL-DR4 (Abdollahi et al. 2022 ) sources within 15 ◦ around the 
entre of each target and the recommended diffuse components 
g1l iem v07.fits and iso P8R3 CLEAN V3 v1.txt) are included. 

e perform a binned likelihood analysis. 2 In this process, the spectral
arameters of the 4FGL-DR4 sources around 5 ◦ radius of the centre 
nd the normalizations of the two diffuse backgrounds are set free. 
he gtlike tool and the MINUIT algorithm are used to get the best-
tting values. The significance of the target can be quantified by the

est statistic (TS), whose expression is T S = −2 ln ( L 0 /L ) (Mattox
t al. 1996 ), where L and L 0 are the best-fitting likelihood values
or the model with and without the target, respectively. The residual 
S map of each target is generated by the gttsmap tool. Any excess
utside the virial radius of each target with a TS value larger than
6.0 is regarded as a point source. We add these point sources into
he model with a power law (PL, d N/ d E ∝ E 

−� , � is the spectral
hoton index) spectral model and their locations are derived by the 
tfindsrc tool. In the following analyses, these new point sources are 
ncluded in the models. 

 SEARCH  F O R  DA R K  MATTER  EMISSION  

alaxy cluster is an ideal target for indirect detection of DM. 
he expected γ -ray flux from DM annihilation is (Jungman, 
amionkowski & Griest 1996 ; Bertone et al. 2005 ; Hooper &
rofumo 2007 ; Feng 2010 ) 

 ( E γ ) = 

〈 σv 〉 
8 πm 

2 
χ

d N γ

d E γ

× J , (1) 

here m χ , 〈 σv 〉 , d N γ / d E γ are the rest mass, thermal averaged
nnihilation cross-section, and the differential γ -ray production by 
ach annihilation of the DM particle. The term J = 

∫ 
ρ2 ( r)d ld � is

he integral of the square of DM density in the line-of-sight (i.e.
-factor). 
 https:// fermi.gsfc.nasa.gov/ ssc/ data/ analysis/ user/ mak e4FGLxml.p y 
 https:// fermi.gsfc.nasa.gov/ ssc/ data/ analysis/ scitools/ likelihood tutorial. 
tml 
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r
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9

The main DM halo of each cluster can be described with a Navarro- 
renk-White (NFW) profile (Navarro, Frenk & White 1996 , 1997 ): 

NFW 

( r) = 

ρ0 

( r 
r s 

)(1 + 

r 
r s 

) 2 
, (2) 

here ρ0 is the central density and r s is the scale radius. According
o the concentration–mass (c–M) relation (S ́anchez-Conde & Prada 
014 ) 3 , we can derive the concentration parameter c 200 with the M 200 .
Similar to Di Mauro et al. ( 2023 ), the virial radius R 200 can be

btained from M 200 as follows: 

 200 = 

(
3 M 200 

4 π� 200 ρcrit 

)1 / 3 

, (3) 

here � 200 is the o v erdensity factor, which is 200 in this case. The
ritical density ρcrit can be calculated by the Hubble parameter H ( z)
ccording to the equation: 

crit = 

3 H 

2 ( z) 

8 πG 

, (4) 

here H ( z) ≡ H 0 

√ 

�M 

(1 + z) 3 + 1 − �M 

for flat � CDM. We 
ake H 0 = 70 km s −1 Mpc −1 and �M 

= 0 . 3. The scale radius in
quation ( 2 ) is obtained by r s = R 200 / c 200 . We can derive the scale
ensity ρ0 from c 200 as follows: 

0 = 

2 � 200 ρcrit c 200 

3 f ( c 200 ) 
, (5) 

here f ( c 200 ) = 

2 
( c 2 200 ) 

[ 
ln (1 + c 200 ) − c 200 

1 + c 200 

] 
. 

Galaxy clusters are expected to host a large number of subhaloes.
e will use the CLUMPY v3 4 software (Charbonnier, Combet & 

aurin 2012 ; Bonni v ard et al. 2015 ; H ̈utten, Combet & Maurin
019 ) to consider the impact of the substructures in the cluster’s DM
ensity distributions (Diemand, Kuhlen & Madau 2007 ; Springel 
t al. 2008 ). In order to sufficiently model the subhaloes, we assume a
MNRAS 539, 2242–2247 (2025) 

 If the concentration–mass (c–M) relation in Molin ́e et al. ( 2017 ) is used, the 
esults are very similar and not presented in this paper. 
 https:// clumpy.gitlab.io/ CLUMPY/ v3.1.1/ downloads/ 
75332ce6631f0956830ed27431f3b25/CLUMPY v2018.06.CPC.tar.gz 

https://fermi.gsfc.nasa.gov/ssc/data/analysis/user/make4FGLxml.py
https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/likelihood_tutorial.html
https://clumpy.gitlab.io/CLUMPY/v3.1.1/_downloads/975332ce6631f0956830ed27431f3b25/CLUMPY_v2018.06.CPC.tar.gz
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Figure 1. TS as a function of the DM particle mass for the 16 GCls listed in Table 1 assuming DM annihilating through the b ̄b (left) or τ+ τ− (right) channels. 
The dotted and solid lines are denoted the results with and without the substructures, respectively. 
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Figure 2. The TS values of the potential signals in the direction of Coma 
and Perseus for χχ → b ̄b and τ+ τ− in four different time intervals without 
the substructures. 
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ass distribution function of d N sub / d M ∝ M 

−1 . 9 . The minimal mass
f subhalo is assumed to be 10 −6 M � and the maximum subhalo mass
s 0.01 per cent of the halo mass. These parameters are similar to the

ED model in Di Mauro et al. ( 2023 ). We take the (c–M) relation
efined in Molin ́e et al. ( 2017 ) to describe subhalo DM profiles. We
se the Einasto profile to model the spatial distribution (d N sub / d V )
f the substructures. 

 RESU LTS  

he DMFitFunction contained in Fermitools is applied to fit for
utative DM components (Jeltema & Profumo 2008 ). We consider
wo typical DM annihilation channels ( b ̄b and τ+ τ−) and fit the
ata for a series of DM masses from 10 GeV to 10 TeV. The TS
alue as a function of DM mass for clusters are shown in Fig. 1 . We
ummarized the peak TS values in Table 1 . No significant (i.e. TS >

5) signal is found in our analyses. Ho we ver, the local significance
f the γ -ray emission in the directions of two galaxy clusters (Coma
nd Perseus) are larger than 4 σ . In the following, we will further
nvestigate the two clusters (Coma and Perseus). 

.1 Coma 

he best-fitting TS value of Coma is ∼ 17.9 (20.6) corresponding to
 DM mass of m χ ∼ 30 GeV for χχ → b ̄b . In case of χχ → τ+ τ−,
he peak TS value is ∼ 14.6 (17.0) at m χ ∼ 10 GeV. The TS values in
he brackets are obtained by the NFW model with substructures. The
eak TS values are similar for the two situations. If the signal is due to
M annihilation, the signal is expected to be steady and the expected
S will increase with time. Hence, we repeat the data analysis for the
, 8, and 12 yr of Fermi -LAT data without substructures and the DM
ass is fixed at 30 (10) GeV for χχ → b ̄b ( τ+ τ−), the TS values

re shown in Fig. 2 . As is shown, the TS value rapidly increased in
he last few years. In addition, we perform a data analysis for the
econd 8 yr (from 2016 August 4 to 2024 August 4), the peak TS
alue is ∼ 22.0 (17.5) for χχ → b ̄b ( τ+ τ−), which is 5 times larger
han the TS value of the first 8 yr. These facts indicate that the signal
s not a stable emission and not consistent with the expectation of
M annihilation. 
In addition, we generate the residual TS map of the Coma region

see Fig. 3 ) according to the background model only. The white
ashed circle shows the 1.12 ◦ virial radius of the Coma. According
NRAS 539, 2242–2247 (2025) 
o Fig. 3 , a residual structure appears within the Coma region, and
he position of the peak TS value is near the centre of Coma. We
odel the residual emission as a point source (PS) with a PL spectra.
he TS value is ∼ 23.3 with � = 2.48 ± 0.26 and the average
hoton flux is ∼ (2 . 15 ± 0 . 70) × 10 −10 ph cm 

−2 s −1 . In addition, a
-yr bin γ -ray light curve is extracted for the PS model. When one
in with TS < 4, the 95 per cent confidence level (C.L.) upper limit
s derived by the pyLikelihood UpperLimits tool. From Fig. 4 , the TS
alues in most time bins are very small ( < 4) and the γ -ray signals
re mainly distributed in the second half of the entire period. To
uantify the significance of the variability, the method in Nolan et al.
 2012 ) is applied to calculate the variability index and then to obtain
he significance of the variability. The variability significance of the
ne-year bin light curve is about 3.6 σ for the entire 16 yr data, which
s not consistent with the expectation of DM annihilation. 

Furthermore, we remo v e the 4FGL J1256.9 + 2736 (4FGL
1256.9 + 2736 is a point source in the catalogue of 4FGL-DR4 and
ocated within the virial radius of the Coma cluster) from the model
nd the residual TS maps of the two periods (from 2008 August 4
o 2016 August 4 and from 2016 August 4 to 2024 August 4) are
hown in Fig. 5 . For the first period, the TS value is very small in
he centre of Coma and the residual γ -ray excesses are located at the
outh–west of the Coma region (see the left panel of Fig. 5 ), which
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Figure 3. The residual TS map of 3 ◦ × 3 ◦ with 0.05 ◦ per pixel centred at the 
Coma. The white dashed circle is the region subtended by the virial radius 
( θ200 = 1 . 12 ◦). The green circle is the symbol of 4FGL J1256.9 + 2736 and 
the red cross represents the center position of Coma. 
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Figure 4. One-year bin γ -ray light curve of the target. The horizontal solid 
line represents the average flux of the entire 16 yr data and its 1 σ flux error 
is marked by the dashed lines. 
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s similar to the previous results (Liang et al. 2018 ; Xi et al. 2018 ;
aghmanyan et al. 2022 ). Ho we ver, the residual emission is located
t the centre of Coma cluster and the peak TS value is ∼ 30 (see the
ight panel of Fig. 5 ), which is coinciding with abo v e results. While
he TS value is very small in the direction of 4FGL J1256.9 + 2736.
he γ -ray emission in the region of Coma located at different areas

or the two periods, which suggests that the γ -ray emissions are not
riginated from DM annihilation. 
igure 5. The residual TS maps of the Coma region for different epochs: (left) f
ugust 4. The two panels represent 3 ◦ × 3 ◦ with 0.05 ◦ per pixel. The white dashe

he Coma cluster and the green circle is the position of 4FGL J1256.9 + 2736. 
.2 Perseus 

he peak TS value is ∼ 19.5 (20.0) for the annihilation channel
χ → b ̄b ( τ+ τ−) and the corresponding DM mass is ∼ 185

38) GeV for Perseus (no substructures). If the γ -ray signal is
riginated from DM annihilations, the required cross-sections are 
 σv 〉 χχ→ b ̄b ∼ 1.0 ×10 −22 cm 

3 s −1 for χχ → b ̄b and 〈 σv 〉 χχ→ τ+ τ−
2 . 2 × 10 −23 cm 

3 s −1 for χχ → τ+ τ− to interpret the signals with
he J-factor in Table 1 (no substructures). Ho we ver, such 〈 σv 〉 is much
arger than the current most stringent limits for DM by the stacked
nalysis of dwarf spheroidal galaxies (Ackermann et al. 2015a ). At
he same time, a known γ -ray source (4FGL J0319.8 + 4130) in
FGL-DR4 catalogue is very close to the centre of Perseus, which
s a very strong γ -ray source and the counterpart is a radio galaxy
NGC 1275) (Kataoka et al. 2010 ). Owing to the expected emission
s much more concentrated on the centre of the NFW model, the
-ray flux is very large and the flux may mainly come from NGC
275, which leads to the very large cross-sections. If we consider the
ffect of substructures, the largest TS value is ∼ 8.5 (3.6) at m χ ∼
0 (30) GeV for χχ → b ̄b ( τ+ τ−), which is less than the TS value
f no substructures. 
MNRAS 539, 2242–2247 (2025) 

rom 2008 August 4 to 2016 August 4, (right) from 2016 August 4 to 2024 
d circle is the region of virial radius. The red cross is the centre position of 
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M

Figure 6. The residual TS map of the Perseus region. The map has a 
dimension of 3 ◦ × 3 ◦ and a resolution of 0.05 ◦ per pixel. The virial radius 
( θ200 = 1 . 21 ◦) is marked by the white dashed circle. The green circles 
represent the sources in the catalogue of 4FGL-DR4 and the two green crosses 
indicate the locations of p1 and p2. 
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Similarly, we also perform the data analysis for 4, 8, and 12 yr of
ermi -LAT data, the results are presented in Fig. 2 . Clearly, the TS
alue of the signal is not increasing with the time in the last 4 yr,
hich is not consistent with the expectation of DM annihilation. At
resent, the signal is still weak and the possibility of the origin of
tatistical fluctuations cannot be ruled out. 

We display the residual TS map of the Perseus region in Fig. 6 .
our known γ -ray sources in 4FGL-DR4 catalogue are located in

he 3 ◦ × 3 ◦ region. The white dashed circle shows the virial radius.
bviously, there are some excesses within the virial region, which

eem to be two point-like sources. Their positions are (R.A., Dec)
 (50.84 ◦, 41.77 ◦) and (R.A., Dec) = (50.48 ◦, 40.80 ◦). The two

oint sources denoted as green crosses in Fig. 6 , namely p1 and p2.
fter adding the two sources into the model, the largest TS value
rops to ∼ 15.0 (16.2) at m χ ∼ 200 (40) GeV for χχ → b ̄b ( τ+ τ−)
ithout substructures. 
NRAS 539, 2242–2247 (2025) 

igure 7. The 95 per cent C.L. upper limits of 〈 σv 〉 for DM annihilation to b ̄b
 combined analysis of fifteen dwarf spheroidal galaxies (Ackermann et al. 2015
asgupta & Beacom 2012 ). 
.3 Limit on 〈 σv 〉 
e derive the constraints on 〈 σv 〉 of DM annihilating to b ̄b and

+ τ−. To do this, a standard binned likelihood analysis is performed
o determine the parameters of background sources and then the
arameters are fixed at the best-fitting values. We take the similar
ethod in Di Mauro et al. ( 2023 ) to obtain the upper limit of 〈 σv 〉 .
he constraints on the DM annihilation cross-sections for b ̄b and
+ τ− are shown in Fig. 7 (no substructures). For comparison, the

imits based on a combined analysis of dwarf spheroidal galaxies
dSphs) (Ackermann et al. 2015a ) are also plotted in the figures. Our
onstraints on the DM 〈 σv 〉 are much worse than the limits from the
Sphs (see Fig. 7 ). In addition, we also perform a combined analysis
f these 16 objects with and without the substructures. Even after
onsidering the effect of substructures, the limits based on a stacking
nalysis cannot be compared to the constraints from dSphs. 

 C O N C L U S I O N  A N D  DI SCUSSI ON  

n this work, we have analysed 16 yr Fermi -LAT data to search for
M annihilation signal from the nearby galaxy clusters. We modelled

he DM halo of each cluster by a NFW profile with and without the
ubstructures. No statistically significant emission ( > 5 σ ) is found
n case of DM annihilations. Ho we ver, the local significances of the
ignals in the directions of Coma and Perseus clusters are larger than
 σ . The best-fitting TS value is ∼ 17.9 (20.6) for χχ → b ̄b at m χ

30 GeV for Coma without (with) the substructures. Furthermore,
e found that the γ -ray emission in the centre of Coma cluster is

ignificantly variable ( ∼ 3.6 σ ). In addition, the γ -ray excesses of
he Coma region are located at different areas for the two periods.
ccording to these facts, we can rule out the DM origin of the γ -ray

xcesses within the Coma region. The γ -ray emissions may originate
rom astrophysical processes or background fluctuations. 

We report a tentative signal in the direction of Perseus cluster.
he largest TS value is ∼ 20.0 for χχ → τ+ τ− at m χ ∼ 38 GeV.
o we ver, the corresponding annihilation cross-section is very large

nd has been excluded by the observations of dSphs. In addition, the
eak TS value is not continuously growing with time. These indicate
hat the possible excess may not relate to DM annihilation. Moreo v er,
 very strong γ -ray source is very near the centre of Perseus.
eanwhile, it is believed that there are a large number of relativistic

articles in GCls (Brunetti & Jones 2014 ), which may generate γ -
 (left) and τ+ τ− (right). The red dashed lines are the limits derived from 

a ) and the black dashed line is the thermal relic cross-section (Steigman, 
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ays by interacting with the intracluster medium. Hence, the excess 
ay be from the central γ -ray point source, DM annihilations, 

strophysical processes, or background fluctuations. Due to the signal 
ot being statistically significant, we cannot determine the true origin 
t the moment. Nevertheless, detecting a possible γ -ray signal from 

erseus cluster is very interesting. If coming from DM annihilation, 
he best-fitting DM mass ( ∼ 38 GeV) for χχ → τ+ τ− is slightly
ower than the energy of the γ -ray line signal ( ∼ 43 GeV) (Fan et al.
024 ). Although the connection between them is still unclear, it is
lso worth to pay more attention. The nature of the signal may be
evealed by the Fermi -LAT and other γ -ray telescopes (Fan et al.
022 ) in the future. 
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