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The PAMELA experiment  

V Search for antimatter: help solving the cosmological  

       problem about the existence of the apparent  

       asymmetry between matter and antimatter; 

V Search for signatures of exotic processes connected to  

       the Dark Matter problem ; 

V Study of cosmic-ray propagation, providing new high precision data 

about CR primary and secondary fluxes, to constrain on current 

acceleration and diffusion models of cosmic rays in the Galaxy 

V Study solar physics and solar modulation, investigating the 

heliosphere   

V Study terrestrial magnetosphere and Earth magnetosphere 

Payload for Antimatter/ Matter Exploration and 
Light -nuclei  Astrophysics  
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The PAMELA collaboration  
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The PAMELA collaboration  
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Launch: 15th June 2006, 0800 UTC 
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Resurs-DKI - multi -spectral imaging of 
%ÁÒÔÈȭÓ surface 

PAMELA is mounted inside a pressurized 
container of the Resurs DK-1 spacecraft 

 
- Launched on 15th June 2006  
- In nearly continuous data-taking mode since 
January 2016 when downlink operation were 
terminated 

ᾜ Quasi polar and elliptical orbit  

ᾜ Inclination ~ 70Á 

ᾜ Altitude ~ 300 - 600 km 

ᾜ From 2010 circular orbit 

PAMELA  

The PAMELA experiment  
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Orbit  period  ~ 90 min  
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Spectrometer   
microstrip silicon tracking system    +   permanent magnet  
It provides:   

- Magnetic rigidity   Ą  R = pc/Ze 
- Charge sign  
- Charge value from dE/dx  

Neutron detector  
36 He3 counters :  
- High-energy e/h 
discrimination  

GF: 21.6 cm2 sr         
Massa: 470 kg 
Dimensioni: 130 x 70 x 70 cm3 

Power Budget: 360 W 

Time -Of -Flight  
plastic scintillators + PMT:  
- Trigger 
- Albedo rejection; 
- Mass identification up to 1 GeV; 
- Charge identification from dE/dX  

Electromagnetic calorimeter  
W/Si sampling (16.3 X0, 0.6 ʎ))  
- Discrimination e+ / p,  anti -p / e-  
 (shower topology) 
- Direct E measurement for e- 
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The PAMELA experiment  
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·Results span 4 decades in 
energy and 13 in flux  

 

PAMELA overall  results  
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PAMELA overall  results  

V  Absolute Fluxes of primary Cosmic Rays  



¸ First high-statistics and high-precision 

measurement over three decades in energy 

¸ Deviations from  single power law (SPL):                  

Å Spectra gradually soften in the range 

30÷230 GV 

Å Spectral hardening  @ R~235GV  

Dg~0.2÷0.3 

  SPL is rejected at 98% CL 

 

Clear evidence of  different H and 

He slopes above ~ 10 GV 

Protons  and Helium  Nuclei Spectra  & H/He ratio  
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O. Adriani  et al . 2011, PAMELA 

Measurements of Cosmic -Ray 

Proton and Helium Spectra  
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Solar modulation 

Solar modulation 

O. Adriani  et al.,  ApJ  810 (2015) 142 
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PAMELA Results : Electrons  



B. Panico ɀ TAUP 2017, Sudbury July 24 - 28, 2017 
13 

PAMELA overall  results  

V  Absolute Fluxes of primary Cosmic Rays  

V  Light Nuclei and Isotopes 



Light Nuclei and Isotopes 

·Tuning of cosmic-ray propagation models with 
measurements of secondary/primary flux ratio 

 

·
2H/ 1H and 3He/ 4He are complimentary to B/C 
measurements in constraining propagation models (Coste 
et al., A&A 539 (2012) A88) 

 

·Antiparticles (antiprotons, positrons), secondaries from 
homogeneously distributed interstellar matter (light 
nuclei) 
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PAMELA Results : Secondary cosmic  rays 



O. Adriani  et al., ApJ  770 (2013) 2  

O. Adriani  et al., ApJ  818 (2016) 68  
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Hydrogen and helium isotopes  



Boron and carbon fluxes and B/C  

Adriani  et al., ApJ  791 (2014), 93  
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ɓ (ToF) vs. Rigidity   or  Multiple dE/dx (Calorimeter) vs. rigidity 

Ratio  7Li / 6Li  

                   Lithium                                                          Beryllium 

7Be / (9Be + 10Be) 

Lithium and Beryllium Isotopes 
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PAMELA overall  results  

V  Absolute Fluxes of primary Cosmic Rays  

V  Light Nuclei and Isotopes 

V  Antiparticles  
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PAMELA Results : Positrons  



Secondary production 
calculations 
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PAMELA Results : Antiprotons  
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PAMELA overall  results  

V  Absolute Fluxes of primary Cosmic Rays  

V  Light Nuclei and Isotopes 

V  Antiparticles  

V  Anisotropies 

 



Significance  map for   

backtraced  positrons  

Background : Protons  

Angular  scale 10Á 

Histogram  of  calculated  
significance  

Histogram  of  calculated  
significance  

Positrons  - R > 10 GV Electrons  R > 10 GV 

Significance  map for   

backtraced  electrons  

Background: Monte Carlo 

simulations   

Angular  scale 10Á 

Number  of  events  as a 

function   of  the angular  

distance  from  the Sun 

direction  

O. Adriani  et al., ApJ  811 (2015) 21 
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PAMELA Results : CRE Anisotropy  
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PAMELA overall  results  

V  Absolute Fluxes of primary Cosmic Rays  

V  Light Nuclei and Isotopes 

V  Antiparticles  

V  Anisotropies 

V  Solar events, solar modulation  

 



The solar modulation  

SOLAR CYCLE 
Á Solar activity rises and falls over 

an 11 year cycle  
Á Can be shorter/longer  
Á Different events during the cycle 
Á Activity correlates with Sunspot 

Number 

https://cosmicrays.oulu.fi/  

nasa.gov: 
solarcycle -primer.html  
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NOAA/Space Weather Prediction Center  



Neutron Monitor counts data from 

http://cosmicrays.oulu.fi/ 

PAMELA observations covers  ~ one solar cycle 

B. Panico ɀ TAUP 2017, Sudbury July 24 - 28, 2017 
25 

Heliospheric  conditions  during  PAMELA observations  



The PAMELA experiment  
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O. Adriani et al., ApJ  765 (2013) 91;  
M. S. Potgieter  et al., Solar Phys. 289 (2014) 391  

The PAMELA proton spectra 

over four months compared 

with the computed spectra 

Evolution of the proton 

energy spectrum from July 

2006 to December 2009 
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Time dependence of the proton  flux  



O. Adriani et al., ApJ  810 (2015) 142; 
M. S. Potgieter  et al., 810 (2015) 2, 141 

The ratios between the measured e- 

fluxes from January 2007 till December 

2009 and the measured fluxes for the 

period July-November 2006 with the 

corresponding computed spectra. 

Evolution of the electron (e-) 

energy spectrum from July 

2006 to December 2009 
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Time dependence of the electron flux  
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Time dependence of the proton  flux  



B. Panico ɀ TAUP 2017, Sudbury July 24 - 28, 2017 
30 

Time dependence of the proton  flux  
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Time dependence of the proton  flux  



B. Panico ɀ TAUP 2017, Sudbury July 24 - 28, 2017 
32 

Time dependence of the proton  flux  



B. Panico ɀ TAUP 2017, Sudbury July 24 - 28, 2017 
33 

Time dependence of the proton  flux  



Preliminary 
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Time dependence of the proton  flux  



Preliminary 

B. Panico ɀ TAUP 2017, Sudbury July 24 - 28, 2017 
35 

Time dependence of the proton  flux  



Preliminary 
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Time dependence of the proton  flux  



Preliminary 
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Time dependence of the proton  flux  



Preliminary 
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Time dependence of the proton  flux  



Preliminary 
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Time dependence of the proton  flux  



Preliminary 

B. Panico ɀ TAUP 2017, Sudbury July 24 - 28, 2017 
40 

Time dependence of the proton  flux  



Preliminary! 
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Time dependence of the proton  flux  



Preliminary 
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Time dependence of the proton  flux  


