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Launch: 15 June 2006 – Stopped in January 2016

Multi-purpose cosmic ray experiment:  
● Origin, propagation, composition;
● Antimatter component;
● Indirect dark matter detection;
● Solar physics and solar modulation.
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The PAMELA instrument

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

(CAS, CARD e CAT) nine 
plane of plastic scintillator 
around the apparatus: 
reject false trigger or 
multi-particle events.

44 planes of Si detector 
interleaved with 22 tungsten 
planes, 16.3 radiation length: 
hadron lepton separation.

Six plane of double side 
microstrip silicon detector 
inside a magnetic cavity: 
rigidity, absolute charge 
Z<6, charge sign.

36 proportional counter 
filled with 3He: improve 
hadron rejection.

GF: 21.5 cm2 sr 
Mass: 470 kg
Size: 130x70x70 cm 
Power budget: 360 W

Anti-coincidence
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Cosmic rays inside Heliosphere
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Positron fraction high energy excess

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

Adriani, O., et al., Nature 458 (2009) 607
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Positron fraction and solar modulation

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!

Adriani, O., et al., Nature 458 (2009) 607
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Propagation in the Heliosphere and dark matter

Low energy signals from dark 
matter annihilation: Antiproton

854 (2012) 738

D. G. Cerdeno, T. Delahaye, J. Lavalle, Nucl. Phys. B
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Propagation in the Heliosphere and dark matter

Low energy signals from dark 
matter annihilation: Antiproton

Astrophysical 
background, of the order 
of the secondaries... 

Donato, Maurin, Brun, Delahaye, Salati, PRL 102 (2009) 07130
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Propagation in the Heliosphere and dark matter

Low energy signals from dark 
matter annihilation: Antiproton

Astrophysical 
background, of the order 
of the secondaries... 

...information limited by 
the modelling 
uncertainties, at low 
energy dominated by the 
propagation inside the 
Heliosphere. 

G. Giesen,et. al, JCAP 1509 (2015) 09
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Below  30 GV heliosphere ∼
strongly affects CRs at Earth

Heliosphere: ideal environment to 
test the theory for propagation of 
charged particles under conditions 
which well approximate cosmic 
condition.

Cosmic rays propagation inside Heliosphere
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Propagation in the Heliosphere



16

Propagation in the Heliosphere: protons over a solar cycle

Adriani, O. et al. 2017, NUOVO CIMENTO, 40, 473
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Propagation in the Heliosphere

LIS

Local Interstellar Spectrum: based 
on propagation model 

(GALPROP) or Voyager data

Protons

EE Vos, P.h.d thesis, 2016
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Propagation in the Heliosphere

x 100
x 10

x 5

EE Vos, P.h.d thesis, 2016
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Propagation in the Heliosphere: Modeling

Voyager data

O. Adriani et al., ApJ 765 (2013) 91
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Propagation in the Heliosphere: Modeling

Voyager data
l

Adiabatic energy  losses

O. Adriani et al., ApJ 765 (2013) 91

M. S. Potgieter et al., Solar Phys 289 (2014)
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Propagation in the Heliosphere: other elements

O. Adriani et al., ApJ 810 (2015) 142

O. Adriani et al., ApJ 810 (2015) 142



23

Propagation in the Heliosphere: other elements

O. Adriani et al., ApJ 810 (2015) 142

Spatial diffusion 
(energy independent)

M. S. Potgieter et al., ApJ 810 (2015) 2, 141.

O. Adriani et al., ApJ 810 (2015) 142
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Propagation in the Heliosphere: charged sign dependence

O. Adriani et al., PRL 116 (2016) 241105
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Propagation in the Heliosphere: charged sign dependence

O. Adriani et al., PRL 116 (2016) 241105
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\][
Preliminary

Preliminary

Helium Deuterium

Propagation in the Heliosphere: other elements

Preliminary

Preliminary
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Propagation in the Heliosphere and dark matter

Low energy signals from 
dark matter annihilation: 
AntiDeuteron, antiHe

Very low astrophysical 
background, 2 orders of 
magnitude lower... 

..in a region strongly 
affected by solar 
modulation, needs to 
improve the modelling in 
order to reduce the 
associated uncertainties.
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Ten years of PAMELA data
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