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Indirect detection of sub-GeV dark matter
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1 MeV <mX<5GeV

3 decay/annihilation channels:

Kinematically open: m, > (2)m; i=eumn




Total Flux

Inverse Compton Scattering

XX — pp yx— () —oete
Xx — utu Rad e"+y—> e +
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Prompt components

Decaying dark matter:

d¢ | dN
[ dE, dQ(EV'9)=E dE, )D(H)] D(8) = jl _O_Sp(s(r,e))ds

N\

Energy  D-factor
spectrum

Annihilating dark matter: /

[ dE dQ. (E 9) — ;—g/](g) J J(0) = fl.O.SPZ(S(T,Q))dS




Inverse Compton scattering
xy — (..)—oete”

low-energy
hoton

fms’-—‘$

electron

3 kind of photons:
 CMB
* IR (dust)
e Optical (starlight)
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Inverse Compton scattering

Ee low-energy
Y = m, hoton
E, ~ 4y?%E
y O - ey

electron

Type E,[eV] E, [GeV]
CMB 10~ 5
IR 102 0.5

Opt 10 0.05

E, [keV]
40
40
400

X rays

12



m, d R
dE, Pic(E, E., %) T (E,, %) Emissivity
e

i 9)=2

me

PE Differential Number
Power density
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Photon
energy
distribution
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Energy losses

lonization

Electron

Bremsstrahlung

low-energy
hoton

| — Ty
electron

t‘l

Ve
/ |

L

. )
radio waves ~ N

Y

) .-"'} charged particle (proton or eleciron)
Y L

} magnetic field

~ radio waves

Synchrotron
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Electron number density

Energy losses b, (E,, X)

m
dnei 1 *
- i e - s
(Ee, x) — - dEe In the Gal Plane: Above the Gal Center:
dE biot (E,, X)
e tot\~e» > (R.2) = (8,0) kpc : (R.2) = (0,4) kpc
e
3
AN -
= — 2
dFE,
2
(0]
8
S
(0] - e
Energy = Brems Brems
spectrum : Ics IcS

Synchrotron £ Synchrotron
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NUSTAR A2

XMM-Newton INTEGRAL



Energy range

Suzaku

>

04 3 20 27 E, [keV]

Suzaku: 0.4 keV — 5 keV NuSTAR: 3 keV — 20 keV
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Observations







Annihilation cross section av [cm?/s]

Constraints on electron channel
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Diffusive gamma-ray constraints
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Voyager constraints
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CMB constraints
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Leo T constraints
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Final state radiation with INTEGRAL
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Comparison with bounds
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DM density profile

Profile p;s (GeV/em®) r, (kpe) Y

— NFW

— Cusped NFW 0.184 24.42 1

— Burkert Cusped 0.184 2442 1.26
Burkert 0.712 12.67 -




DM density profile
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Density of the interstellar medium
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Density of interstellar medium
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Density of gas
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Density of gas
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Magnetic field

Model Boy (uG) rp (kpe) zp (kpc)
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Magnetic field
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Overall uncertainties
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An eye toward the future






Secondary lnstrument on-bbad SRG
X -ray band up to 30keV
Developed By Russian Space Research Institute (IKI)

'5 . - ~ -t ™

Primary instrument on-board §RG
X-ray band up to 10keV _ | P
' Developed by Max Planck Institute for y@sterestrial Physics (MPE)

All-sky survey

Energy range: 0.2 keV— 10 keV

o~

2nd data release in 2023






Conclusions

can help in closing the MeV gap

on the photon bath
is a powerful tool to study sub-GeV dark matter

on

* Annihilating DM (if p-wave): mpy = 20 MeV

Diffuse y—ré{/é“~

* Decaying DM: mpy = 100 MeV

mpm [MeV]
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Annihilation
constraints

Annihilation cross section av [cm®/s]

Annihilation cross section ov [cm®/s]

INTEGRAL

102
DM mass [MeV]

DM DM — e*e”
102
DM mass [MeV]

600-1800 keV
200-600 keV
100-200 keV

27-49 keV

Annihilation cross section ov [cm®/s]

o
~
5]
IS
S,
c
S
e=1
5]
Q
»
0
7]
o
—
)
c
i<l
=
c
<
=
=
<

NuSTAR

NuSTAR plank-sKY

DM DM — e*e”
102
DM mass [MeV]

XMM-Newton (MOS) Ring 30 (174°-180°)

Ring 1 (0°-6°)

DM DM —s e*e

DM mass [MeV]

51



Decay
constraints
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Transport ec

3 dn +
V(D(E,, x) Vf) + a—Ee(btot(Ee;f) f)= 0.(E,x) f= dr:e

Diffusion Energy losses Source term

v
(Oann?) dNei

E., %) = ;
Qe( e x) ZmIZ)M dEe pDM 54




Near the GC: Above the GC:
(R,z) = (0.1,0) kpc loniz (R,z) = (0,4) kpc |ga
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On-the-spot
approximation
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Energy spectrum for FSR
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Energy spectrum for radiative decay
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In-flight annihilation

Brems. = Brems
mo — ESR
ICSh;i — [CS

ICS:. p— | mX = 60 MeV

Total

10} 102
f 08 [‘\lv\v’]

Figure 2: v-ray spectrum resulting from yxy — e*e™ with (ov) = 107 em®s™! in the
inner 10° x 10° of the Galaxy. The DM signal is broken up into individual components: IfA

(green), FSR (magenta), bremsstrahlung (red) and ICS (blue). Black lines indicate the
various diffuse-background components.




Sensitivity X-ray experiments

Table 28: Comparison of XMM-Newton with other X-ray satellites

Satellite Mirror PSF error PSF| E range A, at 1 keV | Orbital target || Energy resolution
F\ 1[ 7] HEW[ "] [kLV] ' at 1 keV [eV]
XMM-Newton ‘ 6 ‘ 15 0.15-12 4650 36.7 ‘ 4 (RGS)
Chandra ‘ 0.2¢ ‘ 0.5¢ 0.1-10 555 (ACIS-S) 44 4 ‘ 1 (HETG)




Velocity distribution
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XMM-Newton Telescope @esa
N

Observation time: 1999-2018

Energy range: 2.5 keV — 8 keV

Data set: 30 concentric rings
around the GC

Dessert+, Science 367 (2020)

Foster+, Phys. Rev. Lett. 127 (2021) 051101
https://github.com/bsafdi/XMM_BSO_DATA




INTEGRAL Space Telescope

Eesa

Observation time: 2003-2009

Energy range: 27 keV — 1.8 MeV

 Hard X rays
e Soft gamma rays

Data are provided in two forms:
* Energy flux
* Angular flux

Bouchet et al. (2011), APJ. 739 (2011) 29




Suzaku Telescope

Observation time: 2006-2008

Energy range: 0.4 keV - 5 keV

Energy flux in 11 fields of view

Large Galactic longitudes

Yoshino+, Publ. Astron. Soc. Jap. 61 (2009) 805
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NuSTAR Telescope

Observation time: 2012-2018

Energy range: 3 keV - 20 keV

Three datasets:
e GC observations

e Off-plane observations
* Blank-sky fields

Krivonos+, MNRAS. 502 (2021) 3966—3975
Perez+, Phys. Rev. D 95 (2017) 123002
Roach+, Phys. Rev. D 101 (2020) 103011
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Theory motivations for sub-GeV dark matter

e 511 keV line

KEEP
CALM

AND

DON'T BE A - Axnos
WIMP -

e Light scalar dark matter
* SIMP scenarios

e WIMPless idea



