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7Y from annihil in galactic center or halo
and from secondary emission

Fermi, IACT, radio telescopes...

indirec from annihil in galactic halo or center
Fermi, HESS, AMS,balloons...
from annihil in galactic halo or center

(l from annihil in galactic halo or center
GAPS, AMS

V, I/ from annihil in massive bodies
oK, Icecube, Antares, KM3Net
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Indirect Detection: charged CRs

rand - from DM annihilations in halo




Indirect Detection: charged CRs

and from DM annihilations in halo

Galactic Bulge Norma Arm
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Indirect Detection: charged CRs

and from DM annihilations in halo

Salati, Chardonnay, Barrau,

spectrum Donato, Taillet, Fornengo, Maurin,
af/ 8 8 Brun...“90s, ‘00s

" _ K(Ehe b(E e ) = Qinj — 2hd(2)'spa

L K(B) V3 = o (ME)) + 5 (Vef) = Qung — 200(:) sy

diffusion energy loss convective wind source spallations



and - from DM annihilations in halo

Previous historical determinations:

TABLE I: Propagation parameters for the MIN, MED, and Donato et al,, 2003+
MAX benchmarks for SLIM. Delahaye et al. 0712.2312
<“F % r = < > Y YT S aSeeE Cirellietal. 1012.4515
S : 0 01 Evoli et al. 1108.0664

[kpc] [kpc® Myr—"]
MAX 8.40 -1.18 : See also:
MED 4.67 -1.44 . Génolini et al. 1904.08917

MIN  2.56 -1.71

Genolini, Cirelli et al. 2103.04108

Sizable reduction of the propagation uncertainties

This work This work
PPPC4DMID PPPC4DMID
Donato et al. 2004 Donato et al. 2004
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Based on AMS-02 p data (2016)

primary DM best fit

S secondary
total




Based on AMS-02 p data (2016)
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Based on AMS-02 p data (2016)
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Bounds quite ‘weak’
because of bump

Bounds on leptonic
channels
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Based on new AMS-02 p data (R021)

(slightly inconsistent since propagation and background are based on 2016 data)

— — — - D1 Mauro & Winkler 21
Kahlhoefer et al. 21
p limits (AMS data 21)
p limits (AMS data 16)

Results are robust

NFW (y=1)
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Dwarf galaxies

4-year Pass 7 Limit 4-year Pass 7 Limit
6-year Pass 8 Limit 6-year Pass 8 Limit
Median Expected Median Expected
68% Containment 68% Containment
95% Containment 95% Containment

10
DM Mass (GeV/c?) DM Mass (GeV/c?)

Pass 8 Combined dSphs — Pass 8 Combined dSphs
Fermi-LAT MW Halo —  Fermi-LAT MW Halo
H.E.S.S. GC Halo MAGIC Segue 1

MAGIC Segue 1 9+ Abazajian et al. 2014 (10)
Abazajian et al. 2014 (10) — Daylan et al. 2014 (20)
Gordon & Macias 2013 (20) Calore et al. 2014 (20)
Daylan et al. 2014 (20)

Calore et al. 2014 (20)

Thermal Relic Cross
(Steigman et al. 2012)

102
DM Mass (GeV/c?) DM Mass (GeV/c?)




Dwarf galaxies
FERMI+HAWC+HESS+MAGIC+VERITAS
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Dark Matter interpretation:

Counts in 0.1°x0.1° pixels

Without NFW: DATA-MOD E L 0.3°radius gaussian smoothing
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With NFW:

P RI | I\Il\ \R\

Pulsars, tuned-index

S. Murgia for FERMI-LAT - ICRC 2015
T. Porter for FERMI-LAT - ICRC 2015 #815
Fermi coll. 1511.02938



Dark Matter interpretation:

Counts in 0.1°x0.1° pixels
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Pulsars, tuned-index
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Dark Matter interpretation:

Best fit:
~35 GeV, quarks, ~thermal ov

bb
35.25 GevV
.15 X 1026 cm3/s

E2 dN/dE (GeV/em?/s/sr)

5.0

. T . . ‘ )
compelling case
for annihilating DM

...as good as it can get.



Dark Matter interpretation:

Antiproton constraints
are not conclusive

Benchmark propagation models
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Dark Matter interpretation:

Antiproton constraints

are not conclusive Gamma ray ones neither

— Pass 8 Combined dSphs
— Fermi-LAT MW Halo
MAGIC Segue 1

Benchmark propagation models

© Abazajian et al. 2014 (10)
— Daylan et al. 2014 (20)
Calore et al. 2014 (20)
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Dark Matter interpretation:

Antiproton constraints
are not conclusive Gamma ray ones neither

Pass 8 Combined dSphs
Fermi-LAT MW Halo
MAGIC Segue 1
Abazajian et al. 2014 (10)
Daylan et al. 2014 (20)
Calore et al. 2014 (20)

Benchmark propagation models
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Possible interpretations for:
AMS-02/Fermi/Pamela
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Astrophysics Background

135 GeV Xenon
750 GeV
DAMPE

ARCADE-2
ANITA

3.5 keV
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Cirelli, Strumia, Zupan 2406.01705
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Indirect Detection: charged CRs

and from DM annihilations in halo




Indirect Detection: charged CRs

and from DM annihilations in halo

Galactic Bulge Norma Arm

° ()
Scutum Arm \+\
l n /
4

Pt Q
outer A 4 ‘ | R . |
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150 | 4. 4

Crux Arm

Carina Arm

Sagittarius Arm °* ‘ ' Local Arm
Sun _

Perseus Arm

Problem:
sub-GeV charged CRs do not penetrate the heliosphere,
experiments cannot collect



Indirect Detection: charged CRs

and from DM annihilations in halo

Galactic Bulge Norma Arm
Scutum Arm .*

N\

N\

Perseus Arm

Sagittarius Arm °* Local Arm

~ Voyager|

Problem: /)
sub-GeV charged CRs do not p netra,te the hehosphere
experiments cannot collect... with one exception!




Electron+positron measurements by Voyager I
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Propagation A = strong reacceleration
Propagation B = weak/no reacceleration



Electron+positron measurements by Voyager I
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/ SPI-INTEGRAL

//
COMPTEL
A |
' EGRET Past/current experiments:
TS TR Integral, Comptel, Fermi
BISKGRL (2002—)  (1991-2000) (2009—)

TEM-X /,v"' HiSCORE

Planned/proposed experiments:
e-Astrogam!?, Compair?,
Energy (MeV) Am €go ?, COSI?

AMEGO satellite )20s7 HEP detectors ~-rays 0.2 — 10 GeV
COMPAIR satellite )20s’ HEP detectors Y-rays 0.2 — 500 MeV
SKA S.Africa+Australia 2020s? radio telescope radio b0 MHz — 30 GHz

INO-ICAL India 2020s? calorimeter neutrinos 1 100 GeV
E-ASTROGAM satellite )30s” HEP detectors y-rays 0.3 MeV — 3 GeV
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EGRET

HAWC
IBIS/AISGRI

JEM-X

,CTA North

Past/current experiments:

Integral, Comptel, Fermi
(2002—>)  (1991-2000) (2009—)
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Planned/proposed experiments:

" e-Astrogam?!, Compair?,

Energy (MeV) Am €go ?, COSI?

AMEGO
COMPAIR

~ \ 1
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satellite 2020s? HEP detectors ~N-rays 0.2 — 10 GeV

satellite 2020s? HEP detectors y-rays 0.2 — 500 MeV
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satellite )30s’ HEP detectors y-rays 0.3 MeV — 3 GeV
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How to do better?
ICS & X-rays!






Annihilation channels
DM DM — efe™
DM DM — utu
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DM DM —> 1* 1™, mpy = 150 MeV Ib|<15°, |/|<30°
ov =3 1072 cm3/s, NFW
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Annihilation channels
DM DM — efe™
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Annihilation channels
DM DM — e'e™
DM DM — utu
DM DM — 'tz

‘Prompt’ emission: DM DM —> p* ™, mpw = 150 MeV IbI<15°, ]<30° -
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Annihilation channels
DM DM — e'e™
DM DM — utu
DM DM — 'tz

‘Prompt’ emission: DM DM —> p* ™, mpw = 150 MeV IbI<15°, ]<30° -
=3107%° cm°ss, NFW
Final State Radiation (FSR) "
Radiative y decay
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Annihilation channels

DM DM — e"e™

DM DM — utu~

DM DM — 7t7 ICS y
‘Prompt’ emission: DM DM —> p* 1™, mpy = 150 MeV IbI<15°, |<30° -

ov =310 cm3/s, NFW

Final State Radiation (FSR)
Radiative y decay

INTEGRAL I 1||
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Secondary emission:

|CS: inevitably associated R
to annihil to charged states T ': -

E? Flux [MeV/cm?/s]

Photon Energy E [MeV]



Annihilation channels
DM DM — e'e™
DM DM — utu
DM DM — 'tz

DM DM —s u* ™, mpy = 150 MeV b|<15°, |/|<30°

ov =3 107%° cm?s, NFWI
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Key message: z |
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|CS allows to probe PR
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Bounds on annihilating Dark Matter
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Bounds on all 3 channels
ICS allows to vastly improve at large mipy,
Deeper than the s-wave CMB bounds



=== This work (v4 = 13.4 km/s, XMM-Newton)
— = This work (v4 = 0 km/s, XMM-Newton)
---= (irelli+2023 (XMM-Newton)

Updated with a refined propagation (incl reacceleration)






Gamma-—ray constraints, DM DM — bb

dwarfs halo ExG radio clusters

_ status spring 2024
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Constraints on sub—GeV annihilating Dark Matter
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All Indirect Detection constraints
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Constraints on sub—GeV decaying Dark Matter

Decaying DM
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V\,‘...-)
DM not seen yet P

ID with cosmic rays is in principle
a very powerful tool, but:

in e*: long standing ‘excesses’ at high-energies
new constraints at low-energies
in p: still large uncertainties
reports of excesses are greatly exaggerated
in y: astrophysical background
in d: challenging flux
in He: hopeless? who knows...



