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Launch: 15 June 2006 — Stopped in January 201

Solar Modulation

LEAP - satellite
Proton - satellite

Yakustk - ground array
Haverah Park - ground array

Akeno - ground array
AGASA - ground array
Fly's Eye - air fluorescence

HiRes1 mono - air fluorescence
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HiRes2 mono - air fluorescence

HiRes Stereo - air fluorescence

o

Auger - hybrid

Multi-purpose cosmic ray experiment:
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Launch: 15 June 2006 — Stopped in January 20
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The PAMELA instrument

Geometric
acceptance

24 bars of plastic
scintillator disposed on six
plane, S11, S12, S21, S22,
S31, S32: velocity,
absolute charge 7Z<8.

w

GF: 21.5 cm?2 sr
Mass: 470 kg

Size: 130x70x70 cm
Power budget: 360 W

Tracking
system
(6 planes)

44 planes of Si detector Calorimeter

interleaved with 22 tungsten ~ |/yn_—_—
planes, 16.3 radiation length:
hadron lepton separation.
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| Cosmic rays inside Heliosphere

P SLEV, . Brémsstrahlung, Synchrotron, -
e vl -2 . Inverse Compton. . - .
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Positr_on' fraction high energy excess

ot Bremsstrahlung, Synchrotron,

o AMS-02

o PAMELA % " Inverse Coniptan.

High energy: first evidence
of positron excess above
10 GeV with respect to
pure secondary production; |

o Fermi
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Positron fraction and solar modulation

ot Bremsstrahlung, Synchrotron,

Inverse Comiptaon,

High energy: first evidence
of positron excess above
10 GeV with respect to
pure secondary production; |

~ Low energy: time
.. dependence introduce by .

the solar modulation!
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p e P_r0pagati.on in th_-e Heli()sph_ere and dark matter

Cerdeno, Delahaye & Lavalle (2011)

Low energy signals from dark
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P_r0pagati.on m th_-e HeliOsph_é_re and dark matter
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Cerdeno, Delahaye & Lavalle (2011) " :

PAMELA data [arXiv-1007.0821] +*

5 Low energy signals from dark
€" € matter annihilation: Antiproton ;
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‘ g e | P_rOpagation in the HeliOsphé_re and dark matter

Cerdeno, Delahaye & Lavalle (2011)

FAMELA data [arXiv:1007.0821] *

5 Low energy signals from dark
€" € matter annihilation: Antiproton
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Astrophysical
background, of the order
L A ~ of the secondaries...
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- ...information limited by
" the modelling
uncertainties, at low

DM

Secondaries (

—  Fiducial energy dominated by the -
Uncertainty from: g“"ss'seg_ﬁf’ns propagation inside the
ropagation :
I Primary slopes HE]lOSphere.
Solar modulation
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| Cosmic rays p'_rop'aga'tion, inside 'HelioSph-eré_

*

—» (Convection

—>» Diffusion

Perpendicular
diffusion
O o V.VEIV- (K- VF visiw-w | . £
gy e MR | \ —> G,C & NS Drifts
\a/ o c e £

d

nal function distribution of CRs; (b) convection with solar wind V; (c) diffusion by magneti
i i i Jovi

ient in magnetic field; (e) adiabatic energy losses; (f) local sources (Jovian el ns); ey ISy S .
. . _ . . — Shock-drift
3 I"'lrﬂrl-l Taidlala) 1

Heliosphere: ideal environment to
test the theory for propagation of
charged particles under conditions
which well approximate cosmic
condition.
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_ _22 year cycle
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| Propagation in the Heliosphere

Bremsstrahlung, Synchrotron,
Inverse Comiptaon,

Protons , X So¥r Modulation, l[ower

rirration

LIS (122 AU) —— 2008m
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;Propagatibn in the HélioSphefé: Mod'eling'l

*

at Bremsstrahlung, Synchrotrbn,

= Inverse Conipton. *

L

Voyager data

Solar Modulation, lower
\interstellar cosmic ray spectra
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O. Adriani et al., ApJ 765 (2013) 91
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T Propagati(jn in the Heliosphere: other elements
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ahlung, Synchrotrbn,
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Solar Modulation, lower
terstellar cosmic ray spectra
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' Propagation in th"_e Hel_io'sph'e'r.e: charged sign d'epend_ence
.;: - 1.0 GeV | b '
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' Propagation in th"_e Hel_io'sph'e'r.e: _C_harge'd sign d'epend_ence
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P_r0pagati.on m th_-e HeliOsph_é_re and dark matter

. Brémsﬁfrnhlllnﬂ Qunrhratran
ES o > - : - .. 1 Low energy signals from
: : dark matter annihilation:
A2 e, - _ AntiDeuteron, antiHe
WW annihilation ! ; .
m=100GeV
BESS limt e neutralino (SUSY)
95% C.L. gravitino
—— (decay)
m =50 GeV ]
bb annihilation ____LzP(UED) a
m=40GeV ! m, zp= 40 GeV
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background

Thw
.....
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..in a region strongly
affected by solar ’
l modulation, needs to
improve the modelling in
order to reduce the
associated uncertainties.
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