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Indirect Detection: charged CRs

and from DM annihilations in halo




Indirect Detection: photons
~ from DM annihilations (e.g. in the GC)

Galactic Bulge Norma Arm -
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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.
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Dark Matter interpretation:

Antiproton constraints
are not conclusive Gamma ray ones neither

Benchmark propagation models
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All Indirect Detection constraints
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Sub-GeV DM
& ‘MeV (scalar) DM’

In conclusion, scalar Dark Matter particles can be significantly lighter than
a few GeV’s (thus evading the generalisation of the Lee-Weinberg limit for

weakly-interacting neutral fermions) if they are coupled to a new (light) gauge
boson or to new heavy fermions F' (through non chiral couplings










Sub-GeV DM
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M?  TeV?
a.k.a. hidden sector DM 053
~secluded DM (O,V) R —
m

if g, is small,
m ‘naturally’ small

(but nothing points to a precise value)

Production mechanism:

just thermal freeze-out
of these annihilations






D

g/

XA
19

‘MeV (scalar)
‘simplified (li




theory L production

4

Collider
Searches!?

.

Indirect Detection?
Detection?



theory L production

4

Collider
Searches!?

.

Indirect Detection?
Detection?



Direct Detection constraints on SI scattering ‘
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Indirect Detection: charged CRs

and from DM annihilations in halo

Galactic Bulge Norma Arm
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~ Voyager|

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







Sub-GeV DM produces sub-GeV y-rays
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Sub-GeV DM produces sub-GeV y-rays
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Constraints on sub—GeV annihilating Dark Matter
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existing ID bounds
—— CTA GC

CTA dSph
— SWGO GC

(OV)thermal

(This work)
conservative upper bounds
AMEGO (SNR)

AMEGO (Fisher)
e-ASTROGAM (SNR)
e-ASTROGAM (Fisher)
MAST (SNR)

MAST (Fisher)

M. Cirelli, A. Kar, 2503.04907
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terms

1

iverse full of Hel

1uim



N astro je ne saws pas quot: a baryo: citne SM:

- BBN computes the abundance of He in terms
of primordial baryons:
too much baryons => Universe full of Helium

- Blaek Holes
- browwn dwarves

- CMB says baryons are 4% max

strong
lensing

A loophole: Primordial Black Holes!

- produced before BBN
- with masses too small/large to lens
- perhaps LIGO-VIRGO have seen them?
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window still open?
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Constraints on Primordial Black Holes
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Sterile neutrino decay

m, = (.1 KeV
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Theoretically motivated:

one can add tothe SM & = £ — 6 85 G% G

g -

which induces d,~ 0 e m>/my ~ 107'° 9 ecm
but experimentally |d,| <3 1072° ecm
sowhyis |9] < 107! 2

Perhaps because @ is dynamical (a field)

and driven to (almost) zero by its potential
(symmetrical under U(1)pq ).

1010 GeV

In this case m, 6~ 0.6 meV

a
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A matter of perspective: plausible ma.ss ranges

Fields Particles Macroscopic objects

Ultra—light é ermal
scalars Z Irelics PBHs

e
1030 20 -0 eV 1019 1020 kg 1010 1020 10p0 1040

Hubble B ow weak scale Planck scale Solar mass

90 orders of magnitude!

Thermal DM?
Sub-GeV DM?
PBH DM?

KeV DM?
Ultralight DM ?












The physics of Dark Matter is
in an experiment driven phase

Theory can (does) point to preferred directions,
but actually too many...

Thermal DM?
Sub-GeV DM?
PBH DM?

KeV DM?
Ultralight DM ?



The physics of Dark Matter is
in an experiment driven phase

Theory can (does) point to preferred directions,
but actually too many...

Thermal DM? still motivated, frontier Ls heavy DM
Sub-GeV DM ? why wot? Challenging detection
PBH DM? old toea with new vibes
KeV DM? phenomenological

Ultralight DM®? old iLdea with new vibes






Frontier




Spin—independent DM detection
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