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The relic abundance is determined by 79 and mx.

9 2
NB: s = %Q*STS entropy density in the Universe at temperature T
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Consider a particle x:
- subject to f, ff — x, xX
with a very small rate
- ‘heavy’ (e.g. 100 GeV)

- ‘stable’
- in an expanding Universe
- zero initial abundance

%) Alternatively: £ is ‘heavy , x production stops
) as abundance of £ s Boltzmann suppressed




Consider a particle x:
- subject to f, ff — x, xX
with a very small rate
- ‘heavy’ (e.8. 100 GeV)

- ‘stable’ :
- in an expanding Universe |

increasing

- zero initial abundance o ,—""" production o

-
"

The final abundance is determined by o (or rather ).
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an astro je ne saws pas quot: a barvoer cfthe SM:
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- CMB says baryons are 4% max

strong
lensing

A loophole: Primordial Black Holes!

- produced before BBN
- with masses too small/large to lens
- perhaps GW observatories are seeing them?
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Sub-GeV DM byproduct or pheno motivated
Sterile neutrinos theory/pheno motivated
Axions byproduct of wider theory
non-particle DM
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From N-body numerical simulations:
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From N-body numerical simulations:

Angle from the GC [degrees]
10” 30”1’ 510" 30’1° 2° 5°10920°45°

Common features:

pom [GeV/em?]

DAy GeV/cm?

Total mass of the MW: ~ 10'* M
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direct detection
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production at colliders :
LH

from annihil in galactic center or halo
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from annihil in massive bodies
lececube, KmaNet
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Xenon, Lz, DarkSide, CDMS (Dama/Libra?)

production at colliders :
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and from synchrotron emission
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and from DM annihilations in halo

Galactic Bulge Norma Arm
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Crux Arm

Carina Arm
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Sagittarius Arm Local Arm

1.diffusion (on magnetic field granularities)
2.energy losses (ICS, bremsstrahlung, synchrotron)

3.convection
4.spallations
5.solar influence




and from DM annihilations in halo

Galactic Bulge Norma Arm
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spectrum

0 0

o= (0(B) ) + 5-(Vef) = Qinj = 218(2)Tspan f

diffusion energy loss convective wind source spallations




and - from DM annihilations in halo

Electrons or positrons | Antiprotons (and antideuterons)
0 Ko [kpc*/Myr] | & Ko [kpc®/Myr]  Viony [km/s]

0.95 0.00595 0.85 0.0016

0.70 0.0112 0.70 0.0112

0.46 0.0765 0.46 0.0765

Donato et al., 2003+

TABLE I: Propagation parameters for the MIN, MED, and
MAX benchmarks for SLIM.

SiLIM [ ) log,, Ko , )\
[kpc] [kpc? Myr 1]
MAX 8.40 -1.18

MED 4.67 -1.44
MIN 256 -1.71 . Previous historical determinations:
e Delahaye et al. 0712.2312

, . . . . Cirellietal. 1012.4515
Geénolini, Cirelli et al. 2103.04108 Evoli ot al. | 108.0664

See also:
Geénolini et al. 1904.08917
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Antiprotons
Varying prop parameters Varying halo profile
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Almost 2 orders of magnitude Almost 1 order of magnitude

Bottom line: Antiprotons are quite affected by propasgation,
but spectral shape somewhat preserved




Positrons
Varying prop parameters Varying halo profile
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From factor 10 to no effect From factor 10 to no effect

Bottom line: Positrons are affected by propagation,
mainly at low energy




direct detection
Xenon, Lz, DarkSide, CDMS (Dama/Libra?)

production at colliders :
LH

y and from synchrotron emission

Fermi, HESS, X—ray‘satyelhtes, radio tyels»epef

indirecti~" " from annihil in 8alactic halo or center
AMS, Fermi
from annihil in galactic halo or center

CZ from annihil in galactic halo or centeé’A ;
i

from annihil in massive bodies
lececube, KmaNet




Basic picture
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~ from DM annihilations in galactic center
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~ from DM annihilations in galactic center
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1. prompt emission
la. continuum 1b. line(s) 1c. sharp features

&. secondary emission
Qa. ICS Qb. bremsstrahlung &c. synchrotron
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| C.} radio-waves from synchro radiation of
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Sagittarius Arm

- compute the population of
from DM annihilations in the GC

- compute the synchrotron emitted power
for different configurations of galactic /5

(assuming ‘scrambled’ B; in principle, directionality
could focus emission, lift bounds by O(some))
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Expected flux:
d(I)’Y s

dE

Region AQ) Jann
[steradians] | NFW  Ein  EinB  Iso Moore

‘GC 0.1°’ 3579 55665

‘GC 0.14* 3206 43306

‘GC 1°’ 1196 6945

‘GC 2% 711 3103

‘Gal Ridge’ 1605 11828 \

‘3 x 3 443 1577 107810 10% 1072 1
‘5 x5 264 783 Moore

‘5 x 30° 70.5 170 NEW

‘10 x 10 118 280

‘10 x 30’ 51.8 109 Einasto
Iso
Burkert

opread is very large
for small regions close to GC I

90




All Indirect Detection constraints
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