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Cosmonaut S. Cosmonaut S. AvdeevAvdeev during measurements with during measurements with 
SilEyeSilEye--2 apparatus on “Mir” Space Station2 apparatus on “Mir” Space Station
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Pamela Flight ModelPamela Flight Model
GF: 20.5 cm2 sr               
Mass: 470 kg
Size: 120x40x45 cm3

Power Budget: 360W 



PAMELA detectorsPAMELA detectors

Shower tail catcherShower tail catcher
ScintillatorScintillator

ToFToF

Magnetic Magnetic 
spectrometerspectrometer

CalorimeterCalorimeter

AnticoincidenceAnticoincidence
shieldshield

Neutron DetectorNeutron Detector

MAGNETIC SPECTROMETER
B=0.4T
6 planes double sided 
Si strips 300 µm thick
Spatial resolution ~3µm
MDR = 740 GV/c 

TOF
First level trigger 
Particle identification
(up to 1GeV/c)
dE/dxIMAGING CALORIMETER

44 Si layers intervealed with 
22 W planes 
16.3 X0 / 0.6 l0
e+/p and p/e- at level of 10-4

~ 10-5

SHOWER TAIL CATCHER 
SCINTILLATOR

• Scintillators organized in a TOP 
paddle and 4 LATeral paddles

•Neutron Detector Trigger

NEUTRON DETECTOR
36 3He counters in polyetilen
moderators to discriminate 
between very high energy
electron and proton
components

ANTICOINCIDENCE SHIELD

• Scintillator paddles 10 mm thick

•Dynamic range of 1÷1000 mip



Pamela CalibrationPamela Calibration

SPS Test
Beam 
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50 GeV/c
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Pamela CalibrationPamela Calibration
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PAMELA PAMELA 
EventEvent

Ground Data
Hadron:
6.6 GV



PAMELA PAMELA 
EventEvent

Calorimeter
Self Trigger



The Satellite: The Satellite: ResursResurs DK1DK1
-- SoyuzSoyuz--TM Launcher TM Launcher 

from from BaikonurBaikonur
-- Launch Launch end end 20052005--

beginning 2006beginning 2006
-- Lifetime >3 yearsLifetime >3 years
-- PAMELA PAMELA mountedmounted

inside ainside a PPressuriressurizzed ed 
ContainerContainer,  ,  attachedattached
toto SatelliteSatellite

-- EarthEarth--ObservationObservation--
SatelliteSatellite

TsSKBTsSKB--ProgressProgress--SamaraSamara--RussiaRussia



RESURS DK1 SatelliteRESURS DK1 Satellite



quasiquasi--polar (polar (70.4°70.4°))
ellipticalelliptical ((300÷600 km300÷600 km))
33--yearsyears--long missionlong mission

Orbit Orbit characteristicscharacteristics

SAA



PAMELA PAMELA CapabilitiesCapabilities

Positrons 50 MeV - 270 GeV

Antiprotons 80 MeV – 190 GeV

Limit on antinuclei ~10-8 (He /He)

Electrons 50 MeV – 2TeV

Protons 80 MeV – 700 GeV

Nuclei < 200 GeV/n (Z < 6)

Electron and proton components 
up  to 10 TeV

Long term monitoring of the solar 
modulation of Cosmic Rays



PAMELA: The “ 3 Models ”PAMELA: The “ 3 Models ”

(1) MASS  & 
THERMAL  MODEL, for mechanical and thermal tests

(2) TECHNOLOGICAL MODEL, for electric, magnetic and data 
trasmission tests

(3) FLIGHT MODEL, now installed on the satellite and under   
final test 



Mass & Thermal Model Mass & Thermal Model 

Mass&Thermal Model in 
TsSKB Pressurized ContainerIntegration in the Container



Technological Model Technological Model 



FLIGHT MODEL TEST  FLIGHT MODEL TEST  -- IABG/ Munich, January 2005IABG/ Munich, January 2005







The The ScienceScience of PAMELAof PAMELA



ScientificScientific PrimaryPrimary GoalsGoals
and and ObjectivesObjectives

Search Search forfor evidenceevidence of of exoticexotic mattermatter::
-- Heavy AntinucleiHeavy Antinuclei
-- Nonbaryonic particles outside the Nonbaryonic particles outside the 

Standard ModelStandard Model

Understanding  formation and evolution of our Understanding  formation and evolution of our 
Galaxy and the Universe Galaxy and the Universe 
Exploring  the cycles of matter and Exploring  the cycles of matter and energyenergy in the in the 
UniverseUniverse..



Search Search forfor HeavyHeavy AntinucleiAntinuclei
The discovery of one nucleus of antimatter (Z≥2) in the 
cosmic rays would have profound implications for both
particle physics and astrophysics.

Gamma ray observations place strong limitations on 
antimatter domains within 50 Mpc and further.

Search for high-energy nuclei from antimatter domains
beyond the gamma limits.

Antihelium/Helium from cosmic ray collision =10-14

AntiIron/Iron =10-56

Necessity of Necessity of anan excellentexcellent identificationidentification capabilitycapability



CosmicCosmic--ray Antimatter Searchray Antimatter Search



AntiprotonAntiproton MeasurementsMeasurements



Distortion on the secondary antiproton flux induced by an ExtragDistortion on the secondary antiproton flux induced by an Extragalactic alactic 
Antimatter and Black Hole evaporation componentsAntimatter and Black Hole evaporation components

Extragalactic Antimatter
Black Hole evaporation

• Background from normal 
secondary production

• Mass91 data from 
XXVI ICRC, OG.1.1.21 , 1999

• Caprice94 data from 
ApJ , 487, 415, 1997

• Caprice98 data from 
ApJ Letters 534, L177, 2000





NEUTRALINO ANNIHILATIONNEUTRALINO ANNIHILATION

a) CDM neutralinos annihilation in 
the Galactic halo in minimal SUSY

b)     In R-parity- violating SUSY



WhatWhat do do wewe espectespect fromfrom
PAMELA?PAMELA?



Search of structures in antiproton Search of structures in antiproton 
spectrumspectrum

Secondary production
(upper and lower limits)
Simon et al.

Secondary production
(CAPRICE94-based)
Bergström et al.

Primary production from 
χχ annihilation 
(m(χ) = 964 GeV)

( astro-ph 9904086)



Distortion of the secondary positron fraction induced by a signaDistortion of the secondary positron fraction induced by a signal from a l from a 
heavy heavy neutralinoneutralino..

Baltz & Edsjö
Phys.Rev. D59 (1999)
astro-ph 9808243





Positron with HEAT  Positron with HEAT  



CosmicCosmic--ray antiparticle measurements:ray antiparticle measurements:
positronspositrons

Secondary production
‘Leaky box model’ 
(Protheroe 1982)

Primary production from χχ
annihilation (m(χ) = 336 GeV)

Secondary production
‘Moskalenko + Strong 
model’ (1998) without 
reacceleration

Charge dependent
modulation effects

PAMELA energy range



PrimaryPrimary and and SecondarySecondary SpectraSpectra

UnambiguousUnambiguous interpretationinterpretation of of exoticexotic mattermatter
signaturesignature requiresrequires a a clearclear understandingunderstanding of the of the 
secondarysecondary spectraspectra and and theirtheir sourcessources..

PrimaryPrimary cosmiccosmic rayray spectraspectra asas a a powerfulpowerful tooltool toto
quantifyquantify the the sourcesource of of atmosphericatmospheric neutrino neutrino 
anomalyanomaly..





ElementalElemental EnergyEnergy SpectraSpectra

SecondarySecondary toto primaryprimary CR CR ratiosratios are the are the mostmost
sensitivessensitives quantitiesquantities toto fixfix the the propagationpropagation
parametersparameters in the in the trasporttrasport model. [ e.g. model. [ e.g. CarbonCarbon
((directlydirectly producedproduced byby nucleosynthesisnucleosynthesis), ), BoronBoron
((fromfrom fragmentationfragmentation)] )] 

EnergyEnergy profilesprofiles validatevalidate the the transporttransport model and model and 
the the mattermatter density density hypothesishypothesis..



Secondary to Primary ratiosSecondary to Primary ratios



Helium and Hydrogen IsotopesHelium and Hydrogen Isotopes



ProtonsProtons HeliumHelium



ConcomitantConcomitant GoalsGoals

NearNear electronselectrons sourcessources

Solar Flare Particle SpectraSolar Flare Particle Spectra

ChargeCharge--Sign Dependent Sign Dependent SolarSolar ModulationModulation

New New RadiationRadiation BeltsBelts



High High EnergyEnergy electronselectrons
The study of primary electrons is especially important 
because they give information on the nearest sources of 
cosmic rays 

Electrons with energy above 100 MeV rapidly loss their 
energy due to synchrotron radiation and inverse 
Compton processes 

The discovery of primary electrons with energy above 
1012 eV will evidence the existence of cosmic ray 
sources in the nearby interstellar space (r≤300 pc) 





ChargeCharge--SignSign DependentDependent SolarSolar
ModulationModulation

OsservationalOsservational evidenceevidence thatthat the negative the negative chargecharge
componentcomponent of of galacticgalactic cosmiccosmic raysrays isis modulatedmodulated in in 
the the heliosphereheliosphere differentlydifferently thanthan the positive one.the positive one.

ModificationModification and and modulationmodulation of Galactic of Galactic CosmicCosmic
RayRay spectraspectra in the in the heliosphereheliosphere complicate the complicate the 
interpretationinterpretation of the of the exoticexotic mattermatter resultsresults at at lowlow
energyenergy..

MeasurementsMeasurements of the of the abundancesabundances of of speciesspecies withwith
the the samesame mass mass butbut differentdifferent chargecharge signsign in Ain A++ and and 
AA-- of the of the solarsolar cyclecycle..



Proton fluxes at TOAProton fluxes at TOA
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Comparison of Comparison of p/pp/p ratio with modelratio with model
Time variation of p/p ratio at 
solar maximum

Observed data by BESS

Charge dependent model

prediction(Bieber et al.)

Charge dependent solar 
modulation model well follows

the suddenly increase of p/p
ratio observed by BESS

at the solar polarity reversal 
between 1999 and 2000



High Energy Radiation BeltsHigh Energy Radiation Belts

–– High energy from ~ 1 High energy from ~ 1 GeVGeV to ~ 10 to ~ 10 GeVGeV

–– Contains e+, eContains e+, e--, p, 3He, p, 3He

–– e+ over ee+ over e-- dominancedominance

–– Low LLow L-- shell shell ⇔⇔ low altitudelow altitude

–– Life time Life time O(secondsO(seconds))

⇒⇒ Secondary production from CR interactionSecondary production from CR interaction
with atmospherewith atmosphere



≈

PAMELA will be able to measure electrons at very high 
energy to discover sources near the solar system



DiracDirac Nobel Nobel SpeechSpeech (1933)(1933)

““WeWe mustmust regardregard itit ratherrather anan accidentaccident thatthat
the the EarthEarth and and presumablypresumably the the wholewhole SolarSolar
System System containscontains a a preponderancepreponderance of of 
negative negative electronselectrons and positive and positive protonsprotons. . ItIt
isis quitequite possiblepossible thatthat forfor some of the some of the starsstars
itit isis the the otherother way way aboutabout””

EarliestEarliest exampleexample of the interplay of the interplay betweenbetween
particlesparticles physicsphysics and and cosmologycosmology



AntiprotonAntiproton fluxesfluxes

A  range of minimal (R-parity-conserving) SUSY predictions of 
Galactic antiprotons spectrum, with neutralino masses = 45-700 GeV



AMS

Background from normal 
secondary production

Signal from 964 GeV
neutralino annihilations

( astro-ph 9904086)

Mass91 data from 
XXVI ICRC, OG.1.1.21 , 1999

Caprice94 data from 
ApJ, 487, 415, 1997

Caprice98 data from
ApJ, 561, (2001), 787.  
astro-ph/0103513

Distortion of the secondary antiproton flux induced by a signal Distortion of the secondary antiproton flux induced by a signal from a heavy from a heavy HiggsinoHiggsino--
like like neutralinoneutralino..

Particles and photons 
are sensitive to
different neutralinos. 
Gaugino-like particles 
are more likely to  
produce an observable 
flux of antiprotons 
whereas Higgsino-like 
annihilations are more 
likely to produce an 
observable  gamma-ray 
signature

∆ BESS data from 
Phys.Rev.Lett, 2000, 84, 1078

AMS data : preliminary



PAMELA:PAMELA:
CosmicCosmic--Ray Ray 
Antiparticle Antiparticle 

Measurements: Measurements: 
AntiprotonsAntiprotons

MSSM

fd: Clumpiness
factors  needed 
to disentangle a 
neutralino
induced 
component in the 
antiproton flux

A.Lionetto, A.Morselli, V.Zdravkovic
astro-ph/0502406, 21 Feb. 05



χ contribution
background
total

MSMM

PAMELA:PAMELA:
CosmicCosmic--Ray Ray 
Antiparticle Antiparticle 

Measurements: Measurements: 
AntiprotonsAntiprotons

A.Lionetto, A.Morselli, V.Zdravkovic
astro-ph/0502406, 21 Feb. 05

fd: Clumpiness
factors  needed 
to disentangle a 
neutralino
induced 
component in the 
antiproton flux



region where
0.13 < ΩCDMh2 < 0.3

Equi-clumpiness
factor density
in respect to a NFW

MSSMEstimated reaches with PamelaEstimated reaches with Pamela

region where
0.09 < ΩCDMh2 < 0.13

Clumpiness factors fd
needed to disentangle a 
neutralino induced 
component in the 
antiproton flux with 
PAMELA (χ2>1.8)
that still give a good fit 
of the present data

Equi-neutralino mass 
lines astro-ph/0502406, 21 Feb. 05

mt =174 GeV



Proton  spectraProton  spectra: Upper and lower bounds are due to the uncertainties of propaga: Upper and lower bounds are due to the uncertainties of propagation parameters tion parameters 

A.Lionetto, A.Morselli, V.Zdravkovic
astro-ph/0502406, 21 Feb. 05
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