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Indirect detection

Annihilations or decays of DM particles
in astrophysical objects

generate fluxes of “standard” detectable parficles.
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Particle DM candidates
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Indirect detection channels

WIMPs are a primary source of

high-energy charged cosmic-rays,
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For candidates different from WIMPs

other indirect signatures can arise

(e.g. X-ray line for sterile neutrinos)




Mechanisms of emission

Credir: C. Weniger

1014 - QCD Axions WIMPs WIMPzillas Credit: S. Funk
ALPs sub-GeV DM frequency e
= Q
101 4 S @
£ g
=] o UHECRs
“(i - g E
| d B
@
D 10%- £ Gamma rays &
o} E
3 s Cosmic rays
@ 2 a %
5 107 1 @ o W
E C ¢ ¢
= e S S X rays
D 1075 4 - Q $
’ & Iy
uv ’ S 2 uv
& .
10710 - S cg‘f Optical/IR
1 ~
N o CMB distortions CMB
10~ 4 (\\"a‘*c’\ w0
P 21 cm line Radio
10—15 T

1018 10-14 1010 10-6 10-2 102 106 1010 1014
Center of mass energy [Ge

Dark Side of the Universe, Annecy, 27/06/2018 Marco Regis



largefs

from observafions...
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Shrinking the 4D space

Axion-like particles with | =5 ..,
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decay INTO phOTOﬂ(S) WWE _____ avier Reaondo

X % ”
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spheroidal galaxies

Many dSph discovered with SDSS and DES, and

likely many more to come from near-future surveys.
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DM in the unresolved background

Map from Lisanti+, 2017

Even if DM halos are too
faint fo be
individually detected in
gamma-rays,
fhey form the most
numerous

population in the Universe.

The DM “cumulative” signal and ifs

spafial coherence (angular correlations)
might be observable in the unresolved
exfragalactic sky
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2-point angular cross-correlation

Map where we believe DM- Gravitational tracer of the DM

induced photons are present
(e.g. from WIMP DM in the
Fermi-LAT map)

distribution in the Universe
(e.g. lensing or galaxy/cluster
cafalog)
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physical space harmonic space
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| -point probability distribufion function

- number of pixels versus flux (or number of photons) in the pixel

(different components have different pdf)

k-photon pixel counts, E >1.0 GeV
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Talk at a glance

SIGNATURES of
WIMP annihilations and ALP decays

N

dwarf spheroidal galaxies and unresolved backgrounds

NASA images
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RADIO
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Transport of WIMP-induced e /e”

p=gu

‘ - WIMP annihilation Confinement length << halo size

— no diffusion

. ——-- diffusi —— short baselines (1.3")
= morph0|ogy fO”OWIng DM ﬁee—:;ggpe —— long baselines (4.1")
-+ point source

y L] ||||..'.. 3

= i Confinement length ~ halo size

Confinement length >> halo size

— morphology reshaped — significant fraction of power carried away
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doph bounds on WIMPs
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Within the next 10 years and regardless of the astrophysical assumptions,
it should be possible to progressively close in on the full parameter space of WIMPs.
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Forecasts for axion like parficles

Sensitivity of the SKA to cold dark matter axions in dwarf spheroidal galaxies

Caputo+ 2018
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The ARCADE excess

The extragalactic radio background appears to be brighter than exfrapolafion from number counts of
AGN and SFG (ARCADE-2 Collaborafion 2009)

Possible explanations: (Singal, MR+ 2017)

Fornengo, MR+ JCAP 2014

T

NUMBER COUNTS
: ) Observations: issues on calibration of zero
level for the low-frequency maps?
disfavoured?

) Galactic foreground: rather peculiar
underhanded aspects?

Tp v*> [107 K MHz*"]

disfavoured?

ll) Extragalactic sources

v [MHz] 1

faint (<pdy), diffuse (Mpc scale) and/or exceptionally numerous population
(or truly diffuse/high-z cosmological sources)
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Proposed inferprefations

5 Fornengo,MR+ PRL 2011
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Where DM solution can work

Dark structure

“Traditional” structure

with non-quiescient baryonic disfribution
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Where DM solution can work

Dark structure

+ magnefic field

“Traditional” structure

with non-quiescient baryonic disfribution

but large scale magnetic field
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Fornengo,MR+ 2011
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AUufo and cross correlations
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Evolutionary Map of the Universe (EMU)
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Near InfraRed
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NIRB and Axion Like Parficles

Zemcov+, Science 2014
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Excess in the NIRB autocorrelation
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NIRB and Axion Like Parficles

Excess in the NIRB autocorrelation angular power spectrum
- decay of ALPs of few eV?

v
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To be checked:
- Determination of the energy spectrum

NIRB and Axion Like Parficles

- Cross correlation between different NIRB bands

- Cross correlation between NIRB and X-rays.

HST 1.6 um, y* =41.78 (data points = 14)
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Cross correlation NIRB vs X-ray background
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A-rays
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X-rays from sterile neutrinos in dSph

deep XMM-Newton of observations Draco dSph

Ruchayskiy+ 2016 P85 oV Jellemadfrofumo 2016
V_“‘-'l_’_\‘- T T T T
- -L‘L\""—._'_“
el
_b"-—\__“h_‘“_ A‘r'T
1 02 + N . i
} o T
3 —_— U
2
3
oo )
2 3]
2 =
—_— )
- 6x108 —+ f — t -
-~ .
®
a 10 i ]
3 or - [ @—@ MOS, full sample (Bulbul+) .
§ 10—7 : B-M PN, full sample (Bulbul+) :
=
S_bxlu_i L 1 | 1 1 1 | 1 1 1
= £ n 1 1 -8 7 72 74
3 35 4 45 5 107° |
Energy (keV) [ ms [keV]
107
IS
~ 1071
=
7 = >
10"} 2 o
> QO
: 5
€2 < Q&
AU >
g S
[75]
.13 N
10 Z O
i _
10714 - ‘ _UR™
2 10! 50

Dark Side of the Universe, Annecy, 27/06/2018 Marco Regis



X-rays from sterile neutrinos in the Galaxy

Cosmic X-ray Background observations using Chandra

— 2.5-30 evidence for a 3.5 keV emission line from DM in the Milky Way
Cappellufi+ 2018
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X-rays from extragalacfic sterile neufrinos

Interesting projected sensitivity for the cross correlation between
eROSITA and 2MASS

(Zandanel+ 2019)

projected 95% CL upper limits
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X-rays from WIMPs

Inverse Compton of DM-induced electrons and positrons on CMB

— [ypically not so constraining

Anisotropies

(Fornengo&MR 2014)
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Gamma-rays
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Prediction for gamma-rays from dSph

The detection of y-ray emission from the direction of a dSph is guaranteed!
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Prediction for dSph

The detection of y-ray emission from the direction of a dSph is guaranteed!

Are we already witnessing this situation?

Geringer-Sameth+, 2015 DES+Fermi-LAT Collab., 2016
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Plenty of background sources in the Universe!
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Already observed in Reficulumll 7
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Bounds from dSphs

Typically considered as the most
robust bound on WIMPs

. but some doubts regarding the DM
distribution in dSphs

MAGIC+Fermi-LAT Collab. 2016
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Bounds from UGRB observables
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Angular cross-correlation

» Cuoco MR+, ApJS 2015

== 1
10 —_———— .
£ | T 1 T 4
' \ annLOW - bb - ALLGeV 05
|
L | A
1 \ txr 1T /ML T s 0
10 7F |I annLOW - bb - 1GeV ,v'*""" 9 60 02 04 06 1
\ ammLOW - bb - 10GeV o ] 8,
M 2 1 ~ 0.5
I 2,
= 10 <
© 10k 0
T E 0 02 04 06 6
m—a 0.6 X 1
= iz}
=~ 0 04 )
=, 05
A 105 . S .
~ e = - MR+7 PRL 2015 % 02 04 06 6 % 02 04 06
\."‘-‘- - — - - T T T T T T T T T T T T T T T T T T | T T T T 15 15 1
b [ JRPIEI E >1GeV - £ |
: - | BL Lac <:E 05 05 0'5
. - 0 0 0 .
r - 0 02 04 06 6 0 02 04 06 0 0.5 1
r 7 N "3 2 2 :
=27 - - e a
10 e annNS - bb - A ~_ <0 0 0 05
" y % u;E -2 ) )
L annHIGH - bb g ., , o o o o
r ‘—I‘ 0 02 04 06 6 0 02 04 06 0 05 1 -4 -2 0 2
=28
10 ] : e "j ) A_~ ABLLacs AFSRQs ASFGs AmAGNs logIO[ADM]
10 107 s
\Y
¥
mpa[GeV]
) 1 Il Il 1 Il Il 11 | Il Il 1 Il Il Il 11 Il
0 0 2

1
redshift z

— Promising fechnique
— Sighificant degeneracies are sfill present in current analyses
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Conclusions

(let’s hope dark mafter has non—gravitational inferactions.,.,)

Different particle DM candidates can show up with

indirect signatures in different frequency bands.

Even though it sounds like an oxymoron, particle

DM is a multi-wavelength business!
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