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Operational orbit parameters: 

 

 
- orbit inclination, deg 

 
70 

 
- minimal orbit altitude, km  

 
361 

 
- maximal orbit altitude, km 

 
604 

 
Active life 

 
3 years 

 
Mass of assembled and loaded SC, kg

 
Maximum 6550 
 

 
Maximal length, mm  

 
7930 

 
Maximal diameter, mm 

 
2720 

 
Solar array area, m2 

 
36 

 



Main task of SC Resurs DK1



PAMELAPAMELA
PPayload for ayload for AAntimatter ntimatter MMatter atter 
EExploration and xploration and LLight Nucleiight Nuclei

AAstrophysicsstrophysics
LaunchedLaunched in in orbitorbit on on JuneJune 15, 2006, on board 15, 2006, on board 
of the of the satellite satellite Resurs DK1Resurs DK1 byby SoyuzSoyuz rocketrocket

fromfrom the Bajkonour launch site.the Bajkonour launch site.

SinceSince July 11, 2006, Pamela is in July 11, 2006, Pamela is in continuouscontinuous
data data takingtaking modemode
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PAMELA sciencePAMELA science
•• Search for antimatterSearch for antimatter
•• Study of origin of dark matterStudy of origin of dark matter
•• Study of cosmicStudy of cosmic--ray generation and propagationray generation and propagation
•• Study solar physics and solar modulationStudy solar physics and solar modulation
•• Study terrestrial magnetosphereStudy terrestrial magnetosphere
•• Study of electron spectrum (local sources?)Study of electron spectrum (local sources?)
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1, 3, 7- TIME OF FLIGHT SYSTEM;
2, 4- ANTICOINCIDENCE SYSTEM;
5- SILICON STRIP TRACKER (SIX DOUBLE PLATES);
6- MAGNET (FIVE SECTIONS); 
8- SILICON STRIP IMAGING CALORIMETER;
9- SHOWER TAIL CATCHER SCINTILLATOR; 
10- NEUTRON DETECTOR; 
11- HERMOCONTAINER. 

Measurements:
• time of flight (β);
• deflection in the      

magnetic field;
• energy losses in 

all detectors;
• number of 

neutrons.

Estimations:
• type of particle 

(lepton/hadron);
• sign and value of 

charge (±Z);
• mass of particle 

(A);
• rigidity and energy 

(R and E);
• direction of flight;

PHYSICAL SCHEME OF MAGNETIC SPECTROMETER PAMELA



Shower tail catcher
Scintillator

ToF

Magnetic 
spectrometer

Calorimeter

Anticoincidence
shield

Neutron Detector

Geometrical factor 21.5 cm2sr;
Space resolution of bending view 
3 µm;
Magnetic field 0.43 Tl;
MDR ~1 TV;
Time resolution (TOF) ~200 ps;
Thickness of calorimeter (W) 50 
g/cm2=16X0;
Electrical consumption 355 W;
Size 90 x 90 x 125 cm;
Mass 470 kg;

MAGNETIC SPECTROMETER PAMELA



PAMELA nominal capabilitiesPAMELA nominal capabilities
energy range particles in 3 years

• Antiproton flux    80 MeV - 190 GeV ~ 104

• Positron flux 50 MeV – 270 GeV ~ 105

• Electron flux up to 400 GeV ~ 106

• Proton flux up to 700 GeV ~ 108

• Electron/positron flux up to 2 TeV (from calorimeter)
• Light Nuclei  up to 200 GeV/n He/Be/C:       ~107/4/5

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

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

Taking into account live time and geometrical factor:
1 HEAT-PBAR flight ~ 22.4 days PAMELA data
1 CAPRICE98 flight  ~ 3.9 days PAMELA data



Resurs-DK1 Spacecraft TsSKB-Progress

 
Operational orbit parameters: 

 

 
- orbit inclination, deg 

 
70 

 
- minimal orbit altitude, km  

 
361 

 
- maximal orbit altitude, km 

 
604 

 
Active life 

 
3 years 

 
Mass of assembled and loaded SC, kg

 
Maximum 6550 
 

 
Maximal length, mm  

 
7930 

 
Maximal diameter, mm 

 
2720 

 
Solar array area, m2 

 
36 

 



Volume of Scientific DataVolume of Scientific Data
till 20.08.2007till 20.08.2007

•• Days of work of Days of work of s/cs/c ““ResursResurs DKDK””: : 
350350

•• Numbers of Orbits: 5300Numbers of Orbits: 5300
•• Total time of PAMELA on: 285 daysTotal time of PAMELA on: 285 days
•• Total time of measurement: 272 Total time of measurement: 272 

daysdays
•• Numbers of data files: 2370Numbers of data files: 2370
•• Total data size: ~5.2 TBTotal data size: ~5.2 TB
•• Useful information: ~4 TBUseful information: ~4 TB
•• Number of identified particles: 10Number of identified particles: 1088



Data acquisitionData acquisition

•• Trigger configurationsTrigger configurations
HighHigh--radiation environmentradiation environment

((S21S21 AND AND S22S22) AND () AND (S31S31 AND SAND S3232) OR CALORIMETER) OR CALORIMETER
LowLow--radiation environmentradiation environment

((S11S11 OR OR S12S12) AND () AND (S21S21 OR OR S22S22) AND () AND (S31S31 OR SOR S3232) OR ) OR 
CALORIMETERCALORIMETER

•• Trigger rate* Trigger rate* ~25Hz~25Hz
•• Fraction of live time* ~ 75%Fraction of live time* ~ 75%
•• Event size (compressed mode) ~ 5kBEvent size (compressed mode) ~ 5kB

25 Hz x 5 25 Hz x 5 kB/evkB/ev ~ 10 GB/day~ 10 GB/day
(*outside radiation belts)(*outside radiation belts)



Data transmissionData transmission

•• Collected data stored in PAMELA massCollected data stored in PAMELA mass--memory (2GB)memory (2GB)
•• DownloadDownload (PAMELA (PAMELA satellitesatellite )  )  

77--8 per day 8 per day 1414--16 GB16 GB
•• DownlinkDownlink (satellite(satellite groundground)  )  

22--3 sessions per day3 sessions per day
•• Error rate <10Error rate <10--99

Main downlink station: Main downlink station: 
Research Centre for Earth Research Centre for Earth 
operative monitoringoperative monitoring““NtsOMZNtsOMZ””
(Moscow, Russia) (Moscow, Russia) 

Spare downlink station: Spare downlink station: 
KhantyKhanty--Mansiysk West SiberiaMansiysk West Siberia





Flight data: 32.3 GeV/c
positron



Flight data: 43 GeV/c
non-interacting anti-proton



41GV interacting antiproton



Flight data: 36 GV 
interacting proton



14.7 GV
Interacting nucleus

(Z~8)



calorimeter self-trigger 
(m.p. proton)



Search for antimatterSearch for antimatter

Indirect
By measuring the spectrum of the Cosmic

Diffuse Gamma (CDG)

Direct
• By measuring p and e+ energy spectra
• By searching for Antinuclei



Search for Search for 
antimatterantimatter





very light
(m ≤ eV)

axion

very heavy
(m ≥ 100 GeV) 

WIMP

Candidates
(dark 

matter)

Model of Super 
Symmetry

The lightest stable 
particle (LSP) –
neutralino (χ)

Model of Extra 
Dimensions

The lightest stable 
particle (LKP) – Kaluza-

Klein particle (B1)

Study of origin of dark matterStudy of origin of dark matter



Study of origin of dark matterStudy of origin of dark matter

B1 + B1 → e+ + e –, ....
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,,,,,, 000
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Status of Direct Searches

Detect WIMP interactions with matter is via their elastic
scattering off a detector nucleus.

Status of Indirect Searches

Detect WIMP annihilation process:



Study of origin of dark matterStudy of origin of dark matter



Study of origin of dark matterStudy of origin of dark matter
Secondary antiprotonsSecondary antiprotons



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

Secondary production
(CAPRICE94-based)
Bergström et al.

Primary production from 
χχ annihilation 
(m(χ) = ~ 1 TeV)

( astro-ph 9904086)

Study of origin of dark matterStudy of origin of dark matter



Antiprotons

Study of origin of dark matterStudy of origin of dark matter



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

Study of origin of dark matterStudy of origin of dark matter



Data from PAMELA flightData from PAMELA flight

(PRELIMINARY)(PRELIMINARY)

Study of origin of dark matterStudy of origin of dark matter



(PRELIMINARY)(PRELIMINARY)

Data from PAMELA flightData from PAMELA flight

Study of origin of dark matterStudy of origin of dark matter



Protons Helium

Study of cosmicStudy of cosmic--ray generation and propagationray generation and propagation



Study of cosmicStudy of cosmic--ray generation and propagationray generation and propagation



Study of cosmicStudy of cosmic--ray generation and propagationray generation and propagation



Study of cosmicStudy of cosmic--ray generation and propagationray generation and propagation



(Preliminary)
Data from PAMELA flightData from PAMELA flight

Study of cosmicStudy of cosmic--ray generation and propagationray generation and propagation



(PRELIMINARY)(PRELIMINARY)

Data from PAMELA flightData from PAMELA flight

Study of cosmicStudy of cosmic--ray generation and propagationray generation and propagation



Solar particle event

Solar quiet spectrum

Study solar cosmic rays and solar modulationStudy solar cosmic rays and solar modulation

Data from PAMELA flightData from PAMELA flight

(PRELIMINARY)(PRELIMINARY)



Data from PAMELA flightData from PAMELA flight

(PRELIMINARY)(PRELIMINARY)

Study solar cosmic rays and solar modulationStudy solar cosmic rays and solar modulation



Download @orbit 3754 – 15/02/2007 07:35:00 MWT

SAA

Study terrestrial magnetosphereStudy terrestrial magnetosphere

Data from PAMELA flightData from PAMELA flight



36 MeV p, 3.5 MeV e-

Pamela World Maps: 350 – 650 km alt

Study terrestrial magnetosphereStudy terrestrial magnetosphere

Data from PAMELA flightData from PAMELA flight



Electron and positron fluxes in the SAA region 
(data of the MARIA-2 and PAMELA)
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MARIA-2
Integral fluxes of electrons and positrons 

(30-150 MeV)
vs pitch-angle  (SAA, L=1.12-1.8, B<0.22).

PAMELA 
Electron-positron ratio (100-150 MeV) 
vs B geomagnetic field (SAA, L=1.12-

1.75, pitch-angle>60°).

Study terrestrial magnetosphereStudy terrestrial magnetosphere

(PRELIMINARY)(PRELIMINARY)

Data from PAMELA flightData from PAMELA flight



Primary and Albedo (sub-cutoff measurements)

Study terrestrial magnetosphereStudy terrestrial magnetosphere
Data from PAMELA flightData from PAMELA flight

(PRELIMINARY)(PRELIMINARY)



Conclusion

29 august 2007

PAMELA is functioning normally

In the last 24 hours 4 downlinks were done

14.6 Gb of information was transmitted



Flight data: 18 GeV/c electron



g p



calorimeter self-trigger 
(m.p. electron)



Flight data: 500 GV  electron Flight data: 500 GV  electron 







Another possible scenario: Another possible scenario: 
KK Dark MatterKK Dark Matter

Lightest KaluzaLightest Kaluza--Klein Particle (Klein Particle (LKPLKP): B): B(1)(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.





CosmicCosmic--ray Antimatter ray Antimatter 
from Dark Matter annihilationfrom Dark Matter annihilation

A plausible dark matter candidate A plausible dark matter candidate 
isis

neutralinoneutralino ((χχ), the lightest SUSY), the lightest SUSY
particle.particle.

Annihilation of relic Annihilation of relic χχ
gravitationallygravitationally

confined in the galactic haloconfined in the galactic halo

Distortion of antiproton and Distortion of antiproton and 
positron spectra from purely positron spectra from purely 
secondary productionsecondary production

Most likely processes:Most likely processes:
•• χχχχ qqqq hadronshadrons antianti--p, p, 

ee++,,……
•• χχχχ WW++WW--,Z,Z00ZZ00,,…… ee++,,……

direct dicay direct dicay ⇒⇒ positron peak Ee+~Mpositron peak Ee+~Mχχ/2/2
other processed other processed ⇒⇒ positron continuum positron continuum 
E ME M /20/20

χχ

p-bar, e+-

You are here Milky Way

Halo



PAMELA apparatusPAMELA apparatus

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

Power Budget: 360W 



Search of structures in antiproton spectrumSearch of structures in antiproton spectrum

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

Secondary production
(CAPRICE94-based)
Bergström et al.

Primary production from 
χχ annihilation 
(m(χ) = ~ 1 TeV)

( astro-ph 9904086)
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Orbital environmentOrbital environment



Unexplored Region

Primary sources ?
•Dark matter
•Astrophysical 
sources 
•CR electron 
propagation

• Solar modulation

Positrons

PAMELA expectation in 3 years

Secondary production
@solar minimum
Diffusion-convection model
(Lionetto,  Morselli & .Zdravkovic 2005)



Pamela main objectives:

Study of antimatter component in
cosmic rays:

• Antiprotons (80MeV -190 GeV) ~ 104

•Positrons (50MeV - 270 GeV) ~ 105

•Search for Antihelium (some parts 10-8)

Study of galactic cosmic ray spectrum

•Protons (80MeV - 700 GeV) ~ 108

•Electrons (50MeV – 400 GeV) ~ 106

•Electron+positron (up to 2TeV)
•Nuclei (He/Be/C) ~107/4/5

•Geom. Fact. 21.5 cm^2 sr, 
400 cm^2 sr (in calo self trigger mode)

Taking into account live time and geometrical factor:
1 HEAT-PBAR flight ~ 22.4 days PAMELA data
1 CAPRICE98 flight  ~ 3.9 days PAMELA data



Charge reconstruction by TOFCharge reconstruction by TOF

σ (Z=1)= ~ 0.12

H

He

0.310.3122
0.150.1511

σ (σ (GSIGSI))ZZ



МодельМодель суперсимметриисуперсимметрии объединяет фермионы
и бозоны. Каждой частице со спином
соответствует партнер со спином 2/1−j

Частица - Счастица
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PAMELA statusPAMELA status
First switchFirst switch--on on June 21on on June 21stst 20062006

•• Detectors in nominal conditions (no problems due to the launch)Detectors in nominal conditions (no problems due to the launch)
•• Tested different trigger and hardware configurationsTested different trigger and hardware configurations
•• Commissioning phase successfully ended on September 15Commissioning phase successfully ended on September 15thth 20062006

PAMELA in continuous dataPAMELA in continuous data--taking modetaking mode

At January 30At January 30thth 2007:2007:
•• PAMELA ON for PAMELA ON for 201 days201 days
•• 20880 acquisition runs20880 acquisition runs
•• 2.8 TB of raw data2.8 TB of raw data
•• 344961274 triggers recorded344961274 triggers recorded
•• 13905282 s (~ 13905282 s (~ 161 days161 days) of total acquisition time) of total acquisition time



70 GV positron



Flight data: 11.6 GeV/c
interacting anti-proton





Development of dark matter Development of dark matter 
structure in the Universestructure in the Universe.. ((B.M.ShustovB.M.Shustov))

t~1 billion 
year

t~3,5 млрд лет

t~14 млрд лет







Galactic H and He spectra
Preliminary !!!





Flight data: 
0.171 GV positron

Flight data:
0.169 GV electron
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