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GF: 21.5cm?sr
Mass: 470 kg

Size: 130x70x70 cm?®
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

microstrip silicon tracking system + permanent magnet

It provides:

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

- Charge value from dE/dx
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Resurs DK1 satellite and orblt

|* Resurs- DKl satellite: muIt| -spectral
Imaging of Earth’s surface

§° PAMELA mounted inside a pressurized
| container

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

 Data transmitted to NTsOMZ, Moscow
[l Vvia 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)

vI3Wvd (R

 Traverses the South Atlantic Anomaly

Resurs-DK1
Mass: 6.7 tonnes

2N A : { « Crosses the outer (electron) Van Allen belt
olar array area: 36 m
P*""—"-a Emiliano Mocchluttl INFN Trleste — Vulcano Work at south pOIe
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. Primary Cosmic Rays
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“Proton and Helium Nuclei Spectra

O. Adriani et al., Science, vol. 332 no. 6025 (2011), arXiv: 1103.4055
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» j'C,_o'mp ariso.n-w_ith' AMS: not (too) bad!
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ICRC2013, preliminary

3
0 Ry

Y
=

_ Emilia'no'-bMOCchiutti, INFN T_r.iést'e — Vulcano Wo'rkshop 2014 — Vulcano Island, Italy, May 239, 2014




ot rGreat;. but.y b

N’

- Wide energy rangel

" Huge statistics! -
Fine binning! -
Systematlcs at %
levell

' Systematic’uncertainties

.are too big! ,
systematlcs >> statlstlcal

80 90 102 3x102  4x10?
R(GV) uncertalntles_
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~ Systematic uncertainties

Systematlc uncertalntles
- represent the level of knowledge
| of our detector S, E
Systematlcs are NOT measured
but ESTIMATED“ s

+

f" e T A B o S RO S | N - N
eLa _ Emiliano ‘Mocchiutti, INFN Trieste — Vulcano Wo'rkshop 2014 — Vulcano Island, Italy, May 231 2014 (14

P



~ Systematic uncertainties * .
E— et R = Whatwe
~know -

= Whatwe -
- _knowwe
- don't know

Whatwe .
' ' - “don't kKnow
Systematlc uncertainties: AR
- what we know we don'’t know |
| about the detector , '
Systematlcs are NOT measured
but ESTII\/IATED” it
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' Systematics: many sources, different effects

' So'urc_e's of systemat_i.c ,u,ncertainties: :
o Under or over- estlmatlon of eff|C|enC|es
~ » Flight data measurements:
s energy/acceptance/tlme
" dependencies; o
- selections cuts correlatlons
- samples contamlnatlon
» Simulation measurements:

madequaues of the modelllnvolved F ey A
. (physics; modell_ng of the dete_c_t.or) ’. =h A
'-Resi'd_u.al Contami‘r'iati'o-n(s)'; | b
~« Energy measurement. L N B £
: b LEE g shift e v distarsion
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. Systematic ,eStimation";»e'ner'gy g
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* Overall systematic uncertainties

Science paper, online supplementary material
—_— 20

Y

Hydrogen
Coherent misalignment
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* Overall systematic uncertainties

Science paper, online supplementary material
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Overall systematic uncertainties

Science paper, online supplementary material
~— 20
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Overall systematic uncertainties

Science paper, online supplementary material
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~ Overall systematic uncertainties

Science paper, online supplementary material
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~ Overall systematic uncertainties

Science paper, online supplementary material
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Systematic uncertainties (%
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'The big picture: good agreement with some “tension”
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. p/He: asolid measurement

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

0
L
a

PAMELA

Zatsepin et al. 2006 (fitted to data)
GALPROP =450 MV

Zatsepin et al. 2006

Single power law fit

3
10 R (G\))“4
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 p/He: most systematics cancel out

p/He ratio vs rigidity
T T TTT I IIIIII| I IIIIIII| I

—— PAMELA

—— AMS02

10 10° 10°
R (GV)

. Emilia'no'-blVI(')cchiutti, INFN T_r.iést'e — Vulcano Wo'rkshop 2014 — Vulcano Island, Italy, May 239, 2014



. Electron (&) spectrum

O. Adriani et al., Phys. Rev. Lett. 106, 201101 (2011)
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- . Electron (e) spectrum

O. Adriani et al., Phys. Rev. Lett. 106, 201101 (2011)
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Prlmary Cosmlc Rays

,' Szfazza’ard paraalzgzzz i |
ﬂozzrc'es ‘of cosmic 2'2]75’*- ﬁamayeﬂeozaﬁéyf Wlfea’ SZVE

Vza [[ az'a’ez' fézznz ac'c'elez'aam

PAMELA results | < |
- protons; Helium nuclei, light nuclel electrons spectra

~_structures + p/He not constant'

_-Impllcatlons '. e e
“challenging - standard " paradigna: -
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. Secondary Cosmic:Rays
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. Secondary Cosmic:Rays

a 'Bre'_ist(athng, Synchrotron,

m & 85 . inverseCompton. . -
- CRsecondary

“production  FESENEEC b /M/LT e
o tine EANE ORI el e R
. | Be1 B, N ’.7 i ‘¢. e 1y
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(2009) 071301
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BESS-polar 2004 (K. Abe et al.)

CAPRICE 1924 (M. Boexzio et al.)

CAPRICE 1998 (M. Boexzio et al.)
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HEAT-pbar 2000 (A. S. Beach et al.)

PAMELA

10-5 | | IIIIII| IIIIII| | | IIIIII|
10 1 102

0. Adriani etal, Phys Rev Lett. 105:121101, 2010'("’-9'“6 energy [GeV]
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Donato et al. - ApJ 563 (2001) 172
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~ Positron fractien
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- " Positron flux
O. Adriani et al., Phys. Rev. Lett. 111, 081102 (2013)
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“Positron: isotropic distribution
Event map Background map |

Signiﬁcance sky map as a function of the integration radius

Angular scale 10°

riamber af o s

significance o
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“Boron and Carbon nuclei Spectrum

(e

(1n = &I

—&— PAMELA
Galprop
—§— CREAM
—&— TRACER
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—B— HEAD
—&— CRN

Flux = E
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E(GeVin) Submitted to ApJ

Vulcano Island, Italy, May 239, 2014



.~ 'PAMELAB/C .

Submitted to ApJ
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Secondary Cosmrc»Rays

: Sz,‘azza’am’ paz'aafzgzzz R |
azzl,‘ava‘!r&c']es Sec’ona’azms' ﬁ'ozzz ﬁomoyemm szlfea’
£5 zzzz,‘ezm‘eﬂaz' maa,‘ez' ' | | s |

- PAMELA measurements

~ anti-protons, positrons, Irght nuclei spectra |
'antlprotons as expected, _posrtronssource’? L

- .

_Implrcatrons s s e
| Tchallengrng standard paradrgm ' |

e 5 |
eLa ~ Emiliano-Mocchiutti, INFN Trieste — Vulcano Workshop 2014 — Vulcano Island, Italy, May 234, 2014
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~ Cosmic Rays in the Heliosphere
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& CosmIC 'rayS', in th e Heh osph ere

et gt Bremsstrahlung Synchrotron

e e et 0 e Inverse Compton S
Anfe v dpnsieat e D decay. o e SO
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* Cosmicrays in the Heliosphere -

' s Bre’_istrathng—, Synchrotron,
= - Inverse' Compton. - *

L]

_ i ' . Solar Modulation, lower
= ey . 4 S 0 , Ninterstellar cosmic ray spectra

“production (ML LT D

fegmination
Shiock

credit: ESA

, INEFN Trieste — Vulcano Workshop 2014 — Vulcano Island, Italy, May 2314, 2014

~ Emiliaho Mocchiutti



T|me Dependence of Proton Flux

' O Adriani et aI ApJ 765 91 (2013)
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© . pand e : different behavior 1

Fluxes variation, R =0.72 =+ 1.04 GV
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GOES Xray Flux
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~ Solar. Physiés—:?ﬁﬁlJ une 2011 i

PAMELA protons flux
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PAI\/IELA and Ferml correlatmn between
hlghest SEPS and flare extended emission

Fermiy () <5 PAMELA p @ ~200 MeV March 7th 2012 -
— T T -
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@ o . N
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Cosmlc Rays |n the Hellosphere
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PAI\/IELA measurements -
protons eIectrons posﬂrons Ilght nuclel Iow energy

spectra as functlon of tlme (years)
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'j’- Cosmlc rays in the Earth
o Magnetosphere
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South Atlantlc Anomaly (SAA)
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~ PAMELA trapped antiprotons
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~ Subcutoff particles spectra -
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- Subcutoff particles spectra .

Protons flux
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Cosmlc Rays in the»Earth
e I\/Iagnetosphere ”

| PAMELA measurements . |
protons antlprotons electrons posﬂrons I|ght nucle|
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~ PAMELA in the dawn of AMS era

'-Most of the detectors are Worklng nomrnally wrth small or no effects on -
- physics observables

~+Time dependent:calibrations and off- I|ne correctrons compensate for agrng
effects on detectors and electronics - -

“o'Reduced trackrng effrcrency makes low |ntens|ty quxes more drffrcult to be- |

detected % g
| "Hrgh mtensrty, low energy fluxes for
studylng solar physrcs |

. studying solar modulatron and

~heliosphere .«
e “studying terrestrral
magnetosphere |

over a Iong trme wrndow
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Astropartlcle physms below 1 GeV W|th
re-processed PAMELA data s

i European Commission - Research - Participants
Proposal Submission Forms ( S t Fo- M)

European Research Council Executive Agency

Topic ERC-CoG-2014 Type of action ERC-COG
Call ide"“ﬁer Acronym* [Astro-PAM

Proposal title™ |Astroparticle physics below 1 GeV with re-processed PAMELA data

| Data analysis down to' - set the basis for a better
| > new trigger configuration.- .. . modelling of the
| » _data analysis softy j (=Iowfen-ergies"!) heliosphere

> same experiment, full new data set -

» GPU clot processmg Sy

\r' Prominence

— unlock new type of
. s studies on solar events
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" PAMELA has been in orbrt and studyrng cosmrc rays for 2900",_
days (almost 8 year$!); >10° trlggers regrstered and >45 TB of |
data have been down linked. ~ * _ . S

= PAMELA lifetime extended,._Un_'l__i,mitedand depen'ding'.onf
sateIIrte operatrons G e Sy e C N

'.' Many very mterestrng measurements from PAMELA whrch"
are challengrng astropartrcle physrcs standard model | |

e Analy.srs ongorng to frnalrze thes. antrpartrcle measurements "
(positron anrsotropy) continuous study. of solar modulatron'-“
'solar fIares and magnetosphere attow energy P e

. Good agreement between PAMELA and AMS resuIts
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| PHYSICS REPORTS

Summary of PAI\/IELA results

“The PAI\/IELA Space MlSSlon '
i Heralding a New Era in Precision §
Cosmic Ray Physics”

To appear on Physics Reports
| (78 pages)

Summarizes published and
unpublished (but final) PAMELA
results.
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