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PAMELA DESIGN PERFORMANCE 
     energy range                

Antiprotons    80 MeV ÷190 GeV    

Positrons    50 MeV ÷ 300 GeV    

Electrons      up to 600 GeV     
Protons    up to 1 TeV 
Heliums    up to 400 GeV/n    
Electrons+positrons   up to 2 TeV                 
Light Nuclei    up to 200 GeV/n       He/Be/C:  O(107/4/5) 
Anti-Nuclei search   sensitivity of 3x10-8 in  anti-He/He 
 



♠
 R

oberta S
parvoli ♠

 D
IS

C
R

E
T

E
 2010 – R

om
e, Italy 

p-bar, e+ 

Halo 

PAMELA SCIENTIFIC GOALS 

Launch : 15 June 2006  
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DARK MATTER SEARCHES 
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EXPECTED DM SIGNALS 

Deviations of the antiparticle spectra wrt secondary production 



PAMELA DETECTORS 

GF: 21.5 cm2 sr                
Mass: 470 kg 
Size: 130x70x70 cm3 

Power Budget: 360W  
Spectrometer  
microstrip silicon tracking system   +   permanent magnet 
It provides:   

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

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 λI)  
-  Discrimination e+ / p,  anti-p / e-  
 (shower topology) 
-  Direct E measurement for e- 

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

Main requirements à high-sensitivity antiparticle identification and precise momentum measure 
+           - 



♠
 R

oberta S
parvoli ♠

 D
IS

C
R

E
T

E
 2010 – R

om
e, Italy 

ANTIPROTONS 
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ANTIPROTON-TO-PROTON RATIO 
PRL 102 (2009), 051101 + PRL 105 (2010), 121101  
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ANTIPROTON FLUX 
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INTERPRETATION 

¢ PAMELA results are consistent with pure 
secondary production of antiprotons during the 
propagation of cosmic rays in the galaxy.  

¢ The quality of PAMELA data surpasses the 
current precision of the theoretical modeling of 
the cosmic-ray acceleration and propagation 
mechanisms.  

¢  Improved models are needed to allow the full 
significance of these experimental results to be 
understood. 
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As shown by the dashed line, a reasonable choice of propagation parameters 
(dashed-dotted line) allows a good description of PAMELA antiproton data 
with the inclusion of the wino-annihilation signal. Given current uncertainties 
on propagation parameters, this primary component cannot be ruled out. 
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POSITRONS 
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PAMELA: POSITRON (e+ / e++e-) FRACTION 
NATURE 458 (2009), 697 + Astrop. Phys. 34 (2010), 1 
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PRIMARY POSITRON SOURCES 

Dark Matter 
 
¢   e+ yield depend on the dominant 

decay channel  

→   LSPs (SUSY) seem disfavored due 
to suppression of e+e- final states  
→   low yield (relative to p-bar) 
→   soft spectrum from cascade decays 

→  LKPs seem favored because can 
annihilate directly in e+e-  
→   high yield (relative to p-bar) 
→   hard spectrum with pronounced 

cutoff @ MLKP (>300 GeV) 

¢   Boost factor required to have a 
sizable e+ signal 
→  NB: constraints from p-bar data!! 

¢  Other hypothesys possible and 
under study (i.e. Minimal DM 
Model, decaying DM, new gauge 
bosons, …) 

 

LKP  -- M= 300 GeV  
(Hooper & Profumo 2007)   
 

More than 150 articles  
claim DM is discovered ! 
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EXAMPLE: DARK MATTER 



PRIMARY POSITRON SOURCES 

Astrophysical processes 
¢   Local pulsars are well-known 

sites of e+e- pair production (the 
spinning B of the pulsars strips e- that 
emit gammas then converting to pairs 
trapped in the cloud, accelerated and then 
escaping at the Poles) : 
→ they can individually and/or 

coherently contribute to the e+e- 
galactic flux and explain the 
PAMELA e+ excess (both spectral 
feature and intensity) 
→   No fine tuning required 

→   if one or few nearby pulsars 
dominate, anisotropy could be 
detected in the angular 
distribution 
→   possibility to discriminate between 

pulsar and DM origin of e+ excess 

All pulsars (rate = 3.3 / 100 years) 
(Hooper, Blasi, Seprico 2008)   
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EXAMPLE: PULSARS 



♠
 R

oberta S
parvoli ♠

 D
IS

C
R

E
T

E
 2010 – R

om
e, Italy 

Revision of standard CR model 

o  Pairs created also in the acceleration sites 
(e.g. in old SNRs): in standard model, only 
primary CRs are accelerated in SNRs. In reality, 
secondary production takes place also in the 
acceleration sites; 

o  Distribution of CR sources not homogeneus 
(SNRs more in spiral arms): the assumption of 
homogenous distribution of SNRs is not valid for 
electrons, which reach us from a small distance 
where inhomogeneity can play an important role.  
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POSITRONS FROM OLD SNR’S 
P. BLASI , PRL 103, 051104 (2009) 



EXPLANATION WITH SUPERNOVAE REMNANTS  

SHAVIV, NAKAR & PIRAN, ASTRO-PH.HE 0902.0376 
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HOW TO CLARIFY THE MATTER? 

Courtesy of J. Edsjo 
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ELECTRONS 

Any positron source is an electron source too … 
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RECENT CLAIMS OF (e++e-) EXCESS 

FERMI does not confirm the ATIC bump 
but finds an excess wrt conventional diffusive models 

γ = 3.0 
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PAMELA NEGATIVE ELECTRON (e-) SPECTRUM 

Submitted to PRL 

Energy derived from the rigidity (full circles) 
Energy derived from the calorimeter (open circles) 
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PAMELA ELECTRON (e-) SPECTRUM 
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BEST FIT TO THE ELECTRON DATA 

Solid line 
(top&bottom): 
Standard GALPROP 
calculation with  
reacceleration (tuned on  
P and He PAMELA data). 
 
Dashed line (top): 
Single power-law fit to  
The data abive 30 GeV 
(gamma= - 3.18) 
 
Dotted line 
(top&bottom): 
Same GALPROP  
calculation with 
additional 
cosmic-ray electron 
(and positron) 
component 
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INTERPRETATION 

¢ PAMELA electron data not inconsistent with 
standard production and propagation models; 

¢ Some level of incompatibility between the data 
suggest a revision of the models; 

¢ The best fit is obtained when a new electron (and 
positron) source, with a standard single power-
lae spectrum, is included. This accomodates 
PAMELA electron and positron (and p and He) 
results. 
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PROTONS AND HELIUMS 
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PAMELA PROTON AND HELIUM FLUX 
Accepted by SCIENCE  
In press 

Hardening of the proton 
and helium spectra at 
200 GV, corresponding to  
200 GeV for p and 100 GeV/n 
for He 



♠
 R

oberta S
parvoli ♠

 D
IS

C
R

E
T

E
 2010 – R

om
e, Italy 

FIT WITH 2 SPECTRAL INDEXES 

Proton Helium 
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PROTON/HELIUM RATIO 

Different from what assumed so far, p and He do not have the same spectral index, 
but their ratio decreased monotonically 
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STILL TO COME …. 

¢ Absolute positron flux (easily derived by the 
positron fraction and electron flux…); 

¢ Light nuclei fluxes and secondary/primary 
ratios; 

¢ Effects of solar modulation on low-energy CR 
fluxes; 

¢ Magnetospheric physics (SAA, Van Allen belts) 
¢ …….  
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SUMMARY 
Interesting features in cosmic rays 

seen by PAMELA in 4 years analysis 

PAMELA data are showing complex mechanisms in CR 
production and propagation models: 

¢  Positron fraction: need an additional source, or additional 
mechanisms of secondary particle acceleration; 

¢  Electron flux:  spectrum up to ~ 650 GeV shows spectral 
features that may point to additional components; 

¢  Proton and Helium fluxes: hardening of the spectra at high 
energies (effects on the yield of secondary particles at high 
energies!!), and different spectral indexes among the two 
(different acceleration mechanisms?). 

All data can be still explained in terms of standard 
astrophysics and CR production and propagation 

Still room for exotic solutions 


