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0. Ubiquity of dark matter (DM)
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DM 1ndirect detection
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TS value

Line search 1n the Galaxy
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No gamma-ray lines are detected in the
observation of the Milky Way.
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Previous DM searches 1n galaxy clusters

35
Continuum — Al656-Coma

30° | Diyauror2023” A% e Continuum excess:
g5 T == A3526-Centaurus » No excess is found, and stringent constraints are

A3667

-~ NGC4636 set by many groups (Ackermann+2010, Huang+2012,

NGC5846

—— Combined Lisanti+2018, Thorpe-Morgan+2021).
» A 2.50-3.00 continuum excess is reported once the

substructures are considered, suggesting 40-60
GeV annihilating DM (Di Mauro+2023).
T » The continuum excess can be affected by

20+

bb, MED

......................

. M (GeV] background point sources (Han+2012, Li+2025).

g Line 6cas | ¢ Line-like excess:

14 Hang+2016 - > 130 GeV line (Hektor+2013): later proved to be a

12} - systematic origin due to the same excess in the
% 10- 1 Earth limb data (Ackermann+2015).
o8 » 43 GeV line: suggested in the stacking data of

j galaxy clusters (Liang+2016, Shen+2021).
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1. Fermi-LAT data
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* Data: Fermi-LAT ULTRACLEAN data set with EDISP1+2+3 event type (good line sensitivity + low CR
contamination).

* Observing time: 2008/10/27 — 2024/05/02.
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Galaxy cluster sample

coma 7 galaxy cluster z Maoo  c200 0200  logyo(JINFW)
9 = viigo49~ AL67 ) (1014M@) (O) (G6V2 cm_s)
, ; - , B Virgo 0.0038  1.005T0705 8807050 3.477 0705 18.3587¢ 056
Counts map : . Fornax 0.0046  1.19670:2% 5.48*1%0 3.0270:35 179067055
- : E - Ophiuchus ~ 0.0280 34.691737:51% 4.987195 1.56 7038 17.76970 505
: | V49 0.0038  0.44170020 5867228 5 6rT001 17 g5 t020
fo . . —0.019 . —1.63 . —0.04 : —0.236
o 2 A3526 0.0103 3.15622:%% 5.20%-%2 1.87$§'_%§ 17.600$§;§§§
_ o A1060 0.0114  2.309707%6 5.98+2:25 1 53+0.15 17 388+0.
. Sl : C 0.0232 9 0031%?%% 5 01;%8&) 1 19-_1—8%’17 17 344-?8%3’87
i : — A e R . : ; - omsa . VU0 _3 042 0-Ul_1.49 1-1Y_g15 11.9%% _q33;
O L ——— s i o NGC 4636  0.0037 0.155t§;§‘§’;; 6.35f§j§§ 1.90i§;§§ 17.313t§;§§§
- Bt ° : : ' AWMY7 0.0172 4.491%;%% 5.12%;8g 1.27;8;(2)g 17.308}8332%
: NGC 5813  0.0064 0.38570 20y 5921750 1.49% 0y 17.184% 0%
S636 0.0093 0.766733%0 5.6412:25 1291015 1712610
s A3627 0.0163  4.48770908 5 157208 1 3470:08 17 3ea0:260
G i b | it s Rigpwe - Qi 7 pitoe 1
e Perseus 0.0183  5.4777, 555 5.0871 45 1.287 52 17.3377
30129 00223 479672518 5117218 1 00018 (7717778557
. . —2.219 . —1.46 . —0.18 : —0.416

* Galaxy clusters from the Hlghest X-ray FLUx Galaxy Cluster Sample (HIFLUGCS; Reiprich et al. 2002):
= Virgo: mass and concentration from Simionescu et al. (2017);
= MA49: mass from Su et al. (2019).

= Other clusters: mass from Chen et al. (2007). } Concentration relation (Mg -> C500; Sanchez-Conde et al 2014)

» J-factor:] = foezo" 2m0de [, p&rw (r(s, 8))ds, uncertainties from the mass and concentration are considered.
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Galaxy cluster sample
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Some galaxy clusters are further excluded from our analysis:

= A3627, 3C129: low Galactic latitude;
= Perseus cluster: strong activity of NGC 1275, which will complicate the variability analysis of the line.
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SED from the galaxy clusters
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Average SED from 13 clusters

data: 13 clusters

4 *
f”*f# ++

fi{

H*I\ .

101

Energy (GeV)

102

* Photons within the virial radii R,y of the
clusters are collected.

* The average spectral energy distribution
(SED) in i-th energy bin is derived with

Ngcl
(dN) 2=y Nij
i

dE ] ;

Njj: the counts of the j-th cluster in i-th E bin;
€;j: the exposure;
();: the solid angle of the j-th cluster.



Line Energy (GeV)

Sliding windows technique
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TS value

Significance of line from the total sample
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 The line-like excess is centered at 43.2 GeV. The TS value is 21.3.

* The Look elsewhere effect is corrected by repeating the same sliding window analysis in
3000 null simulation data sets. The post-trial significance is 3.70
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TS values for accumulating galaxy clusters

galaxy cluster
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We sort the galaxy clusters according to the central values of the J-factors and gradually
add the data into the line search analysis. The TS value of the 43 GeV line is peaked when

the top 3 clusters are included.
2025/12/18
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Line 1n top three galaxy clusters

| ==- 43 GeV line
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The TS value of the 43 GeV line in three
clusters is 30.1, corresponding to a post-
trial significance of 4.30.
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TS evolution of the 43 GeV line
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The TS value roughly increases with time.
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More properties of the line
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* The energy width of the excess is consistent with a monochromatic line.

 The radius of the excess is consistent with the virial radii of the clusters.
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Test with Earth Limb data
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* The spectrum of the Earth limb
data lacks prominent features,
so it can be used to test the
smoothness of the instrumental
responses.

e Earth Limb data: zenith angle
111° — 113° and rocking angle
> 52°.

* The line TS value at ~43 GeV is
only 0.6.
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Constraints on DM parameters
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* The line candidate requires DM
particles with m, ~43 GeV and
annihilation cross section
(ov)~4x107%> cm3 s~ 1.

* The cross section is excluded by
the inner Galaxy. It may suggest
a more sophisticated dark
matter model or a peculiar
astrophysical scenario.
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2. Current status of the 43 GeV line

* Fermi-LAT:
v 43 GeV line signal is detected with a relatively high significance (3.70-4.30)
v’ Some clues support its reality
v No similar signal is detected in the control region
o Double the data set may be required to detect the signal with >50 significance

o Unknown intrumental artifacts may be presented and are triggered in a
specific condition to create the signal



Non-detection with DAMPE
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It is difficult to detect the signal with DAMPE because of the small acceptance of the telescope.
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Hard to find 43 GeV line with CTAO
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Prospect of the line detection with VLAST
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3. Summary

o There is probably a line in the nearby clusters, with central energy at 43 GeV:
* |ts post-trial significance is 3.70 in 13 clusters, and 4.3c0 in first 3 clusters.

o Some clues support the reality of the line signal:
* |ts TS value roughly increases with time;
* The radial size of the signal region matches the virial radii of the galaxy clusters;
* The energy width is consistent with a monochromatic line;
* And no similar excess is detected in the Earth limb data.

o If the line is explained with DM annihilation into two photons, DM mass should be

m,~43 GeV and annihilation cross section should be (gv)~4x107*> cm” s,

o The signal can be quickly verified with large space telescopes such as VLAST in the
future.

Thanks for your attention!
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Virgo & M49

Counts map
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E2dN/dE (GeV? ph GeV™1)

Counts spectra & residual
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95% C.L. upper limit of (ov),, (cm3s~1)

Contaimnent bands
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Systematic uncertainties: energy window size
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* We define the energy windows bounded by [E,,, E,,,], Where Ey,, = Ejine/ve and E,, =
EjineVe. The window width is controlled with the parameter «.

* The TS values do not significantly derivate from the baseline ones when we change the E window.



Systematic uncertainties: incident angle

40-46 GeV events around the clusters (ULTRACLEAN, EDISP123)
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TS values (allsky z<90°, ULTRACLEAN, EDISP123)
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TS value @ ~43 GeV
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EZ dN/dE (GeV/cm?/s/sr)

Systematic uncertainties: broadband fit
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The LogParabola model has the best Akaike information criterion for both models, the TS values of
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the line are 24.4 and 26.1 for 3 and 13 clusters, respectively.
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Residual (o)

More details on the prospect of CTAO
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Very Large Area gamma-ray Space Telescope (VLAST)
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