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Indirect search of Dark Matter S|gnals in the fluxes of Cosmic Ray

10~3
Antipa rtlcles Antiproton "
spectrum % ¢ AMS-022015
P05|tron fractlon — T
AOBS T V I'\M TTTT T
» | « PAMELA ke
For 5 AMS-02 - £
2 03p o Fermi . ar *94&
T F . CAPRICE94 x &
v » AMSO01 ] ™
025 - HH
- 1075¢ — Fiducial
0.2 ® Uncertainty from: Cross-sections
Propagation

0.15F

Primary slopes
Solar modulation

0.1

10

1 5 10 50 100
0.05F .. Kinetic energy T [GeV]
; : Below few tens of GeVs large uncertainties from
od T s oA modelling the propagation of Cosmic Rays inside the
: — Heliosphere
Evidence of P
excess of Rare secondary components are = s
positrons above very promising channels to detect
10 GEV from dark matter x E:t_r:f §10-7
pure secondary X + x — pn+pn e 1
. 1 e 5
oroduction Antideuteron bt *

Alex Lenni UniTS & INFN Trieste - Astro@Ts 23 Giugno 2019 T/n [GeV/n]



Solar Modulation of Cosmic Rays

Magnetic Field freezed in the Solar Wind

l

Solar Modulation

/ \
pectrum

Decrease of energy s
below few tens GeVs

Differential flux (m:2 srs M«'—JV)"1

—
o

107

-t
ol

|
w

AL Bifemsstrahlung, Synchrotron,
- e

P, He; c Inverse Compton
Nv o $ .""'-..
' ISM gag-., :, .22 %
..71"2.7[ . . .‘..- v

Interaction of Cosmic Rays with Heliosperic | .

; h ' Solar Modulation, lower
! p "-j_nterstellar cosmic ray spectra
CR secondary ; .

production
(pp— X)

credit ESA

Time dependence of

roons <0 | the fluxes as a
arth
Equatorial plane .
A<O A>0 A<O A>0 A<O
- function of the solar 15252 __£2>°%  A<0 A>0  A<0
//'_—\~-.__ B ~22-year cycle o A»—ll»year cycle;
activity phase % 100 |
1]
1 = v\ \
S o5} / M ]
S
—us =
. —— 2006 Computed spectrum g 90 1
——— 2007 Computed spectrum p
2008 Computed spectrum o
——— 2009 Computed spectrum =
PAMELA Nov, 2006 2 85} l’ﬂl ]
PAMELA Dec, 2007 =
PAMELA Dec, 2008
PAMELA Dec, 2009 -
10_1 100 101 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Kinetic energy (GeV) Year

Alex Lenni UniTS & INFN Trieste - Astro@Ts 23 Giugno 2019



Mechanisms of solar modulation effect on Cosmic Rays

Modulation mechanisms
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Geometric

The PAMELA experiment
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PAMELA results about the solar modulation effects

PAMELA results used to calibrate a 3D numerical
model of propagation in the Heliosphere
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PAMELA results about the solar modulation effects

PAMELA results used to calibrate a 3D numerical
model of propagation in the Heliosphere
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PAMELA results about the solar modulation effects

PAMELA results used to calibrate a 3D numerical
model of propagation in the Heliosphere
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The future: GAPS

The GAPS experiment is going to measure the antiproton and antideuteron components in
the cosmic radiation between 50 and 250 MeV/n, an energy range where solar modulation
is important.

First flight in Antarctica is scheduled for the austral summer 2021 - 2022
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Conclusions:

- The uncertainties on the modelling of solar modulations are the main
limitation for a detailed analysis of the CR low energy spectra
measured inside the Heliosphere

- A 3D state of art model which solves numerically the transport
equation of Cosmic Rays in the Heliosphere has been calibrated using

the PAMELA data.

- This model will be applied in future Dark Matter experiments like
GAPS which will search for antiprotons and antideuterons from Dark
Matter annihilation.
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