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GF: 21.5cm? sr
Mass: 470 kg
Size: 130x70x70 cm?3
Power Budget: 360W
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Time-Of-Flight

plastic scintillators + PMT:

- Trigger

- Albedo rejection;

- Mass identification up to 1 GeV;
- Charge identification from dE/d

Electromagnetic calorimeter
WI/Si sampling (16.3 X, 0.6 A))
- Discrimination e* / p, p-bar/ e
(shower topology)

- Direct E measurement for e-

Neutron detector

- High-energy e/h discrimination

Spectrometer

TOF (S1)

ANTICOINCIDENCE
(CARD)

TOF (S2)

ANTICOINCIDENCE
(CAS)

TOF (S3)

microstrip silicon tracking system + permanent magnet

It provides:

- Magnetic rigidity > R =pc/Ze
- Charge sign

- Charge value from dE/dx

ANTICOINCIDENCE

(CAT)

SPECTROMETER

CALORIMETER

NEUTRON
DETECTOR



PAMELA a space experlment

1* Resurs-DK1 satellite: multi-spectral

imaging of Earth’s surface

§° PAMELA mounted inside a pressurized

container

* Launch 15/06/2006 - lifetime >3 years
(assisted), extended till end of satellite
operations

* Data transmitted to NTsOMZ, Moscow
"l via high-speed radio downlink. ~16 GB per

day

* Quasi-polar and elliptical orbit (70.0°, 350
km - 600 km) — from 2010 circular orbit
(70.0°, 600 km)

* Traverses the South Atlantic Anomaly

Resurs-DK1
Mass: 6.7 tonnes

\\‘ gﬁ'ff arvay area: 36 m? e * Crosses the outer (electron) Van Allen belt )
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Primary Cosmic Rays
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‘Supernova Explosions: CRs productionand acceleration
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Proton and Helium Nuclei Spectra

Adriani et al., Science, vol. 332 no. 6025 (2011), arXiv: 1103.4055
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Precise r_n.eas'ure_m'_erit: break irf the.spectrum

Proton Helium

Adr1an1 et al., Sc:1ence vol. 332 no. 6025 (2011) arXiv: 1103 4055

Flux x R*” (m?s sr GV)"'GV?’
Flux x R*" (m?s sr GV)"'GV#’

102 10° 102 10°
R (GV) R (GV)
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Proton and Helium Nuclei: a dlfferent
| spectral mdex |

Adriani et al., Science, vol. 332 no. 6025 (2011), arXiv: 1103.4055

GALPROP

PAMELA
Zatsepin et al. 2006 (fitted to data)

GALPROP ¢=450 MV
Zatsepin et al. 2006

| BRI EEE : Single EDwEr law fit
2 3 4
10 10 10 R (GJ)O
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. Electron (e spectrum

Adriani et al., Phys. Rev. Lett. 106, 201101 (2011), arXiv: 1103.2880
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Electron (e") spectrum: good agreement W|th
| - latest Fermi restlts |

Adriani et al., Phys. Rev. Lett. 106, 201101 (2011), arXiv: 1103.2880
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.~ Carbon nuclei Spectrum
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~ . Carbon over Oxygen ratio
CIO ratio

RN l ATIC, Panov at al., ICRCO7
CREAM, Ahn et al., Astro-ph 0808.1718
HEAO-3, Engelmann et al., Astron. & Astrophys. 1990

%3 N PAMELA (2009
P(e\““\“a =
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Prlmary Cosmlc Rays PAMELA contrlbutlon

5Ifa.zza’az'a’paz'aa2qm T | -
souzrces ‘of cosmic z'am ﬁomogemoafé' distributad S/VE
Cvia ogafez Fermni  scceleration; - cosmiz raps - are
 Spectators” dartng scceloration. e |

| PAMELA measurements .

'protons Hellum nuclei, Ilght nuclel electrons spectra

‘I.

Implications: . : | I
~‘challenging - standard . paradigm: |
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. Secondary Cosmic*Rays
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| Secondary Cosmic Rays: a rare cpmponent of all
| 2 types of part|c1es |
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Antlproton to proton ratio: aggeement with
| secondary productioh models |

Simon et al. - ApJ 499 (1998) 250 Ptuskin et al. - ApJ 642 (2006) 902

L

v
[

BESS 1993
MASS 1991
IMAX 1992
PAMELA new analysis
BESS-polar 2004
BESS 1999
BESS 2000
HEAT-pbar 2000
CAPRICE 1998
BESS 1995-97
CAPRICE 1994

1 10 10?
kinetic energy [GeV]

Donato et al.
PRL 102
(2009) 071301
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Antlproton flux: agreement with secondary
productlon model -

Donato et al. - ApJ 563 (2001) 172
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P03|tron fraction: agreement W|th other
~ experimental results
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P03|tron fraction: . dlsagreement with pure
' secondary productlon model
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P05|tron fraction: dlsagreememt with pure
' secondary productlon model

?i;-

Moskalenko and Strong, ApJ 493, 694 [1998)

Fermi e* 2011
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| Z . Boro,n-nUClei SP..thrum
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PAMELAB/C .

T T 1171717
—m— ATIC ;

—o— CREAM
—— HEAO3

—=— |SEE3
TRACER (2006)

AMS-01 (2010)

B/C [unitless]

—— PAMELA

CNO+ISM > B + ...

» Local secondary/primary ratio sensitive
to average amount of traversed matter
(Aesc) from the source to the solar
system

Local secondary abundance:
= study of galactic CR propagation

* B nuclei of secondary origin: : e —;

(B/C used for tuning of propagation | | 1 || . | | . | | E
models)

10kinetic energy [GeVﬂn‘f
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PAMELA 2H/'"H

Galprop DR Model ¢ = 414 MV
Galprop PD Model ¢ = 543 MV
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| Secondary Cosmlo Rays PAMEILA contrlbutlon

* ,.S’z,‘azm’az«a’ paraa&gzzz L | |
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| mzfezm‘e]laz' maz,‘ter snd ,ﬁamqqemazwjf distrabutod sources

| PAMELA measurements 3 |
-ant| protons positrons, |sotopes Ilght nuclel spectra

Implloatlons :
- ‘-ChaIIenglng standard paradlgrn
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~ Cosmic rays in the Heliosphere

- Sl Y e et 'Bre'msstrahlung, Synchrotrbn,

IR - Inverse Compton.
decay % . .
_ . ’Y§ W ' ' W

\

- CRsecondary = #T Ry
“production T L i, T




Cosmlc rays: measured at Earth are mfluenced
R by the solar modulatlon |

o ot 'Bre'msst_rahlung, Synchrotrbn,

: LT .+ Inverse Compton._
N decay . SR
S T _ : ’}/§ \ .. . i

. 4 Sdlér Modulation, lower
B . \interstellar cosmic ray spectra

-~CR secohdary AN :
- production
(PP—X) . ° pHe/C,~

iiesmination

N’ Q’ L|, LShiock
Be, B, | *,
“*
r
credit: ESA
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L'dwgene_'r.gy e*and e flux'es'.rd:_épend_'on ti'me
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Time dependence: p gnd e"

behave differently

Fluxes variation, R =0.72 <+ 1.04 GV

52100

| — protons
— electrons

05/06 09/06 01/07 05/07 10/07 02/08 06/08 10/08 03/09 07/09 11/09

time (mm/yy)
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Time dependence: e* and e”
~ behave differently

Meoskalenke and Strong, ApJ 493, 694 (19938)

PAMELA (MLP) 2006

PAMELA (MLP) 2007
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' Solar Physics: December 13t 2006 event

from 2006- 12 1 to 2006-12-4

1

[r— ) 2006-12-13 00:23:02 to 2006-12-13 02:57:46 | (SeERREIES SRR

- from 2006-12-13 02:57:46 to 2006-12-13 03:49:09 .
from 2006-12-13 03:49:09 to 2006-12-13 04:32:56 -
from 2006-12-13 04:32:56 to 2006-12-13.04:59:16
from 2006-12-13 08:17:54 to 2006-12-13 09:17:34

O. Adriani et al., Astrophys. J. 742,102 (2011) arXiv:1107.4519 1?0?“ T T —4‘
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Solar Physics: 7th June 2011 flare, seen by PAMELA

GOES Kray Flux
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Solar Phy3|cs 7th June 2011 flage, PAMELA
proton counts* -

GOES13 Proton Flux (5 minute data) _Begi 2011 i 6 0000 UG PAMELA protons
10 : ' '
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So!ai' Phy's_ics: 'Ytb-June :2.'011.,.1 P'AME.I.A' pro.ton.flux"es‘

PAMELA proton fluxes
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Solar PhyS|cs 7th and 13th March 2012 flare,
PAMELA proton partlclé den3|ty
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Solar PhyS|cs 7th and 13th March 2012 flare,
PAMELA and Ferml jom't anaIyS|s

March 6,2012 March 7,2012

Galactic Disk

-
Solar Flare

A4 i- P ’ '
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5 Solar PhyS|cs 17th May 2012 flares mduced GLE
| : from a “weak” event ‘

31st M ay NASA press release: Proton time-rigidity distribution during the flare onset of the 17 of May 2012

“PAMELA recorded the incoming
solar particles up in space,
providing one of the first in-situ
measurements of the stream of
particles that initiated a GLE.
Only the early data has been
seen so far, but scientists have
high hopes that as more
observations are relayed down
to Earth, they will be able to
learn more about the May 17
onslaught of solar protons, and |
figure out why this event
triggered a GLE when earlier
fl bursts of solar protons in

January and March, 2012 i
] " -------------------
didn't. 02h07 02h08 02n09 02h10 02hi1 02h12 02h13 02014 O02h5 02hi6

Time (UT)
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Cosmlc Rays |n the Hellqsphere

PAMELA contrlbutlon
: C'ommozz&wplzﬁea’mew e

,5’0]&2' eﬂ‘éct zzzt,‘ezpz'ez,‘ea’ zzszzzg . ﬁgvﬁezzzaal poz,‘enaal zzzaa’e] |

_. PAMELA measurements _ 1 -
protons, electrons positrons, light nuclel low energy
spectra as function of time. VEEIRS) and for |mpuIS|ve
events L R
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| Cosmlc Rays in the Earth
i Magnetosgher e
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“Cosmic rays in the Earth Magnetosphere

A A o o Brémsstrahlung, Synichrotron,
R 7 - Inverse Comipton.
. | decay % . . _

. : 4 Sdlér Modulation, lower
B , \interstellar cosmic ray spectra
- CR secondary AR :
- production
(PP—X) . ° pHe/C,~

regtimation

Shock
B

7N . e , N
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Cosmlc rays bent and trapged in the
Earth magnetlc fleld '

o et 'Bre'msst_rahlung, Synchrotrbn,

' T 2 - Inverse Conipton .
| decay % = R
~ : : Y§ s ‘
L . . ‘ . —

\

- ) 7'[0 \\\.,
CR secohdary = M = -decay .
b . ' Y R Bow Shock -
productlon : — . @ |
X . R p . Magnetic Field
( pp — ) p, He’ C1 _ * .I .' SolarV\_rind
. N ] O ’ Li ] 1= Streamlines
Be, B, l
+
i‘ ENA Formation - Earth Faf(tg:oiﬁtr’:::)m
. Zone ' :
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 South-Atlantic Anomaly (SAA)

Radiatiof

Fadiatiof]
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~ South-Atlantic Anomaly (SAA)

SAA morphology
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'PAMELA: discovery of trapped antiprotons

Selesnick et al. 2007 —a— GCR

- Gusev et al, 2008
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Subcutoff partlcles spectra, PAMELA

electrons and posﬂrons
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PAMELA protons
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. Cosmic Rays in the*Earth.
PR I\/Iagnetosphere |

| PAMELAmeasurements

“protons, antlprotons electrons, posﬂrons Ilght nuclel -
" at spemﬂc posmon on Earth

'Usefull to:
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Summ ary: PAMELAresults
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Summary +

-" PAMELA has been in orblt and studylng cosmic rays for 2350
days (>6 years) >10° triggers reglstered and >20 TB of data_
have been down I|nked . | .

. PAMELA I|fet|me extended unI|m|ted and dependlng on-
satelllte operations. . R T ., |

= Many very |nterest|ng measUrements from PAMELA which
-are chaIIenglng astropartlcle physu:s “standard” modeI .

= Analysls ongoing to flnallze the antlpartlcle measurements
(positron  flux, - positron fraction), *contlnuous study of solar'
._modulatlon effects at Iow energy T e : "
.. Study of solar |mpulswe events towards solar maxrmum
(expected npxt year). . - AL

L AMS taklng data' waltlng for results to compare contemporary
: measurements B R .

+
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