
Cosmic Ray Studies with PAMELA
ExperimentExperiment

Piergiorgio Picozza 
INFN and University of Rome Tor Vergata

14th Lomonosov Conference on Elementary Particle Physics

MSU, Moscow
August  19 – 25, 2009



PAMELAPAMELA
PPayload for ayload for AAntimatter ntimatter MMatter atter EExploration xploration 

and and LLight Nucleiight Nuclei AAstrophysicsstrophysics



PAMELA PAMELA CollaborationCollaboration

Moscow 
St. Petersburg

Russia:

Sweden:
KTH, Stockholm

Germany:
Siegen

Italy:
Bari Florence Frascati TriesteNaples Rome CNR, Florence



WiZardWiZard RussianRussian ItalianItalian MissionsMissions

…1989 · 1990 · 1991 · 1992 · 1993 · 1994 · 1995 · 1996 · 1997 · 1998 · 1999 · 2000 · 2001 · 2002 · 2003 · 2004 · 2005 · 2006 · 2007..

PAMELA

NINA-1 NINA-2SILEYE-1

SILEYE-2

Alteino-SILEYE-3

ALTEA-SILEYE-4

•
M 89

•
M 91

•
TS 93

•
C 94

•
C 97

•
C 98

SILEYE-2 SILEYE-1 ALTEINO: 
SILEYE-3 ALTEA: 

SILEYE-4
LAZIO 
SIRAD

MASS-89, 91, TS-93, 
CAPRICE 94-97-98

NINA-2
NINA-1 PAMELA



ANTIMATTER
Collision of High Energy
Cosmic Rays with the 
Interstellar Gas

Annihilation of
Exotic Particles

Evaporation of
Primordial Black
Holes

Pulsar’s 
magnetospheres

Antimatter Lumps
In the Milky 
Way

p

p
p

p

e+

e+
e+

e+

e+

e+

e -

e -

He

Cosmic Rays Leaking
Out of Antimatter 
Galaxies



THE UNIVERSE ENERGY BUDGET





(GLAST-FERMI
AMS-02) 

Signal (supersymmetry)…

… and background
pppppp ISMCR +++→+

−+

+++

→→→

→→→+

ee

epp ISMCR

γγπ

μπ
0



Another possible scenario: 
KK Dark Matter

Lightest Kaluza-Klein Particle (LKP): B(1)

Bosonic Dark Matter:
fermionic final states 
no longer helicity 
suppressed.
e+e- final states 
directly produced.

As in the neutralino case 
there are 1-loop
processes that produces 
monoenergetic
γ γ in the final state.



DecayDecay ChannelsChannels



PAMELA Instrument

GF ~21.5 cmGF ~21.5 cm2srsr

Mass: 470 kg    Mass: 470 kg    

Size: 130x70x70 cmSize: 130x70x70 cm3





Bending in 
spectrometer: 
sign of charge

Ionisation energy 
loss (dE/dx): 
magnitude of charge

Interaction pattern 
in calorimeter: 
electron-like or 
proton-like, 
electron energy 

Time-of-flight: 
trigger, albedo
rejection, mass 
determination (up 
to 1 GeV)

PositronProton

Proton / positron selectionProton / positron selection



Design PerformanceDesign Performance
Energy range

Antiprotons                                              80 MeV - 190 GeV

Positrons              50 MeV – 300 GeV

Electrons   up to 500 GeV

Protons                 up to 1 TeV

Electrons+positrons up to 2 TeV (from calorimeter)

Light Nuclei (He/Be/C) up to 200 GeV/n

AntiNuclei search                            sensitivity of 3x10-8 in He/He

Simultaneous measurement of many cosmic-ray species 
New energy range 
Unprecedented statistics 



ResursResurs--DK1 satelliteDK1 satellite

Mass: 6.7 tonnes
Height: 7.4 m
Solar array area: 36 m2

Main task: multi-spectral 
remote sensing of earth’s 
surface

Built by TsSKB Progress 
in Samara, Russia

Lifetime >3 years 
(assisted)

Data transmitted to 
ground via high-speed 
radio downlink

PAMELA mounted 
inside a pressurized 
container 



PAMELAPAMELA
LaunchLaunch

15 15 JJuune 2006ne 2006

BajkonurBajkonur CosmodromeCosmodrome
(Kazakhstan)(Kazakhstan)



OrbitOrbit CharacteristicsCharacteristics

70ο

610 km

350 km
SAA

• Low-earth elliptical orbit

• 350 – 610 km

• Quasi-polar (70o inclination)

• SAA crossed 

••16 16 GigabytesGigabytes trasmittedtrasmitted dailydaily toto
GroundGround--NTsOMZNTsOMZ MoscowMoscow



PAMELA StatusPAMELA Status

•• Today 1162 days in flight Today 1162 days in flight 
•• data taking ~73% livedata taking ~73% live--timetime

•• >14 >14 TBytesTBytes of raw data of raw data downlinkeddownlinked

•• >1.4 10>1.4 1099 triggers recorded and under triggers recorded and under 
analysisanalysis



Antiproton to proton ratioAntiproton to proton ratio
PRL 102, 051101 (2009)PRL 102, 051101 (2009)



AntiprotonAntiproton toto protonproton ratioratio

preliminary



Wino Dark Matter in a non-thermal Universe
G. Kane, R. Lu, and S. Watson

arXiv:0906.4765v3 [astro-ph.HE)



26/06/2009 22

Preliminary



Positron to all electron ratioPositron to all electron ratio
Nature 458, 697, 2009Nature 458, 697, 2009

Secondary production
Moskalenko & Strong 98



Positron to all electron ratioPositron to all electron ratio



Secondary production
Moskalenko & Strong 98

Pulsar Component
Atoyan et al. 95

Pulsar Component
Zhang & Cheng 01

Pulsar Component
Yüksel et al. 08

KKDM (mass 300 GeV)
Hooper & Profumo 07

PAMELA Positron FractionPAMELA Positron Fraction





AstrophysicalAstrophysical ExplanationExplanation
PulsarsPulsars

S. Profumo S. Profumo AstroAstro--phph 08120812--44574457

MechanismMechanism: the spinning : the spinning BB ofof the pulsar the pulsar stripsstrips ee-- thatthat
acceleratedaccelerated at the at the polarpolar capcap or at the or at the outerouter gap gap emitemit γγ thatthat
makemake production production ofof ee±± thatthat are are trappedtrapped in the in the cloudcloud, , furtherfurther
acceleratedaccelerated and and laterlater releasedreleased at at ττ ~ 10~ 105 5 yearsyears..

Young (T ~10Young (T ~105 5 yearsyears) and ) and nearbynearby (< 1kpc) (< 1kpc) 
IfIf notnot: : tootoo muchmuch diffusiondiffusion, low , low energyenergy, , tootoo low low fluxflux..

GemingaGeminga: 157 : 157 parsecsparsecs fromfrom EarthEarth and 370,000 and 370,000 yearsyears oldold
B0656+14: 290 B0656+14: 290 parsecsparsecs fromfrom EarthEarth and 110,000 and 110,000 yearsyears oldold
ManyMany othersothers afterafter Fermi/GLASTFermi/GLAST

Diffuse mature Diffuse mature pulsarspulsars



Example: pulsarsExample: pulsars

H. Yüksak et al., arXiv:0810.2784v2
Contributions of e- & e+ from 
Geminga assuming different distance, 
age and energetic of the pulsar diffuse mature &nearby young pulsars

Hooper, Blasi, and Serpico
arXiv:0810.1527 



Pulsars: Most significant contribution to high-energy CRE:
Nearby (d < 1 kpc) and Mature (104 < T/yr < 106) Pulsars

D. Grasso et al. 0905.0636 [astro-ph.HE]

Example of fit to both Fermi and Pamela data with known
(ATNF catalogue) nearby, mature pulsars and with a single, 

nominal choice for the e+/e- injection parameters



Interaction of high energy gamma-rays with star-light

F. A. Aharonian and A M Atoyan
J. Phys. G: Nucl. Pan. Phys. 17 (1991) 1769-1778.

A. Eungwanichayapant and F. A. Aharonian
0907.2971v1 [astro-ph.HE]

After discovery of After discovery of TeVTeV binaries like binaries like 
LS5039 and LSI 61 by LS5039 and LSI 61 by 
HESS/Magic/VERITAS in which the HESS/Magic/VERITAS in which the 
powerful production of high and very high powerful production of high and very high 
energy gammaenergy gamma--rays is accompanied by rays is accompanied by 
their absorption (which leads to the their absorption (which leads to the 
modulation of the gammamodulation of the gamma--ray signal), it is ray signal), it is 
clear that these objects are also sources clear that these objects are also sources 
of electronof electron--positron pairs.positron pairs.



Standard Standard PositronPositron FractionFraction
TheoreticalTheoretical UncertaintiesUncertainties

T. Delahaye et al., arXiv: 0809.5268v3

γ = 3.54 γ = 3.34



Preliminary



Preliminary



Preliminary



CosmicCosmic RaysRays PropagationPropagation in the in the 
GalaxyGalaxy



Proton Proton fluxflux



HeliumHelium fluxflux



Proton and Helium spectra,  July 2006

preliminary





B/CB/C

Preliminary



PAMELA PAMELA preliminarypreliminary resultsresults

Li/C Be/C



PositronPositron FractionFraction



Solar Modulation of galactic cosmic rays

BESS

Caprice / Mass /TS93
AMS-01
Pamela

• Study of charge sign
dependent effects

Asaoka Y. et al. 2002, Phys. Rev. 
Lett. 88, 051101), 

Bieber, J.W., et al. Physi-cal
Review Letters, 84, 674, 1999. 

J. Clem et al. 30th ICRC 2007
U.W. Langner, M.S. Potgieter, 

Advances in Space Research 
34 (2004)



Solar modulation Interstellar spectrum

July 2006
August 2007
February 2008

D
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sun-spot number

Ground neutron monitor
PAMELA

(statistical errors only)



A > 0
Positive particles

A < 0 

¯

+

¯

+

Pamela
2006

(Preliminary!) 

Charge dependent solar modulation



PositronPositron FractionFraction



RadiationRadiation BeltsBelts

South Atlantic South Atlantic AnomalyAnomaly

Secondary production from CR Secondary production from CR 
interaction with atmosphereinteraction with atmosphere



36 MeV p, 3.5 MeV e-

Pamela World Maps: 350 – 650 km alt

Study terrestrial Study terrestrial 
magnetospheremagnetosphere



Proton spectrum in SAA, polar and equatorial regionsProton spectrum in SAA, polar and equatorial regions



Study terrestrial magnetosphereStudy terrestrial magnetosphere
Ratio of  subRatio of  sub--cutoff positron to electron fluxescutoff positron to electron fluxes



Study terrestrial Study terrestrial 
magnetospheremagnetosphere

SubSub--cutoff positron + electron flux cutoff positron + electron flux 

31st ICRC, Łódź, July 7-15, 2009



December 2006 Solar particle eventsDecember 2006 Solar particle events

Dec 13th largest CME since 2003, anomalous at sol min



DecemberDecember 13th  2006 13th  2006 eventevent

Preliminary!



Preliminary!

DecemberDecember 13th  2006 13th  2006 HeHe differentialdifferential spectrumspectrum



ThanksThanks!!

http:// pamela.roma2.infn.ithttp:// pamela.roma2.infn.it
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