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The Dawn of the Physics of PAMELA
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Antiproton/proton ratio
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Balloon data : Positron fraction before 1990
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~ BESS (93, 95, 97, 98, 2000)
Heat (94, 95, 2000)
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AntiHelium / Helium flux ratio
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Charge-dependent Cosmic Ray Antimatter

solar modiulation
Asaoka Y. Et al. 2002
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Space Missions and LDF
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PAMEILA Instrument

GF ~21.5 cm?sr
Mass: 470 kg

Size; 130x70x70 cm?3




PAMELA Instrument

p
« 81, 82, S3; double layers, x-y
* plastic scintillator (8mm)
* ToF resolution ~300 ps (S1-3 ToF >3 ns)
* lepton-hadron separation <1 GeV/c

+ TOF (81) Trigger, ToF, dE/dx | * $1.52.S3 (low rate) / S2.S3 (high rate)
ANTICOINCIDENCE
(DS * Permanent magnet, 0.43 T
ANTICOMNCIDENCE «21.5 cm?sr
TOF (52) b (CAT) .
* 6 planes double-sided silicon strip
detectors (300 pm)
= Sign of charge, | * 3 ym resolution in bending view + MDR
SPECTROMETER R
ot - IDENCE rigidity, dE/dx
2| Amocscneme gy MDR 1.2 TeV
I .
TOF ($3) * 44 Si-x /| W [ Si-y planes (380)
Electron energy, |[*16.3X0/0.6L
CALORMETER t;Efdx, lepton- * dE/E ~5.5 % (10 - 300 GeV)
adron separation |, Self trigger > 300 GeV / 600 cm? sr
H[Eﬁl"ﬁ%@]’_d
BETEETOR - 36 *He counters
v -3He(n,p)T; E, = 780 keV

~470 Kg / ~360 W -1 cm thick poly + Cd moderator
- 200 ps collection



Orbit Characteristics

Low-earth elliptical orbit
e 350 - 610 km

Quter Van Allen Belt Inner Van Allen Belt New Belt

o Q U a S| = pO I a r ( 7 OO | n CI | n atl 0 n ) (Electrons) (Protons) (Interstellar Matter)
e v

£oabioa, L% % B
e SAA crossed


http://nedwww.ipac.caltech.edu/level5/March02/Plionis/Plionis3_2.html

Antiparticles

Antimatter and Dark Matter Search



Antihelium/Helium upper limit (95% CL.)
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AMS (M. Aguilar et al.)
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PAMELA new analysis
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Positron ratio
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PAMELA Electron flux
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PAMELA and FERMI electrons
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Positron flux
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DM annihilations

DM particles are stable. They can annihilate in pairs.

Primary annihilation
channels Decay Flnal states

2
ﬂUX Xin g annihilation

astro& part|cle reference cross section: B
COsSmo o =3-10"%%cm? /sec 0,= <OV>




A Challenging Puzzle for Dark Matter Interpretation
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Example: Dark Matter

Phys.Rev.D79:103529,2009

Phys.Rev.D8:103520,2008

Bergstrim, Bringmann & Eds)d (2008
T T T

0.2
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0.1r -
Bt T '.l+fl
0.053 -

EM5' (m,=132 CeV)

BM3 (=233 GeV)

[ background
0,01 . :

5 10 20 5il
E.. [GeV]

Majorana DM with hew internal bremsstrahlung
correction. NB: requires annihilation cross-

section to be ‘boosted’ by >1000.
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Example: pulsars
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H. Yuksak et al., arXiv:0810.2784v2
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Geminga assuming different distance,
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A Challenging Puzzle for CR Physics

Solid line — E =100TeV
Max
dash—dot line — E =10TeV
Max

dotted line — Emm=jTeV

O
o
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E(GeV)

P.Blasi, PRL 103 (2009)
051104; 4

Positrons (and electrons)
produced as secondaries in the
sources (e.g. SNR) where CRs
are accelerated.

S: Sarkar
PhysRev.Lett.103:081104,2009
arXiv:1108.1753. Nearby
sources

But also other secondaries are
produced: significant increase
expected in the p/p and B/C
ratios.

Y. Fujita
Phys.Rev.D80:063003,2009
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N.J. Shaviv et al.,
PRL 103 (2009) 111302;



Proton and Helium Spectra




Proton and Helium fluxes

Y
=]
s

Flux x E”( m*2 s sr GeV/n) 1y GeVin*'

10

102

Science 332,69 (2011)

10°

;1:||||| | | |||||||I::: | l ||||ii|.{:! l
s

E (GeV/n)

He



Proton and Helium fluxes
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p/He
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Proton to Helium ratio

PAMELA

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

Zatsepin et al. 2006
Single power law fit
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Hydrogen and Helium Isotopes
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Boron and Carbon nuclei Spectra
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C/O ratio

C/O ratio
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Solar Modulation of galactic cosmic rays

Intensita Neutron Monitor di Roma (dati mensili)
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«  Study of solar modulation 5 b
a0 mm - Pamela
O o
« Study of charge sign _
dependent effects B - @ Caprice / Mass /TS93
@ BESS
Asaoka V. et al. 2002, Phys. Rev. Lett. 88, B0 Ariviririririviriviririririr i i
051101) SEEE9B0 61626364 B5BEGEY BERY 7O 7Y 727374757677 787008081 828358408506087585658950919293949596979399 01 2 3 4 5 6 7
Bieber, J.W,, et al. Physi-cal Review Letters,
84, 674, 1999.
J. Clem et al. 30th ICRC 2007 Smoothed Sunspot Number
U.W. Langner, M.S. Potgieter, Advances in Monthly Averages

Space Research 34 (2004)
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Cosmic-Ray Antiprotons and DM limits

Cargafe. Dalahaye & Lavale (d001)

pfiux

My = 12 GeV' Direct b B production

My = Mp = My = 12 GeV

My = 12 GeV My, = 10 GeV M, = 2 GeV

Primaries and secondaries
Primaries ondy

<ov> = 3. 102° cmis 1
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PAMELA data [arXiv-1007.0821]
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See also:

D. G. Cerdeno, T. Delahaye & J.
Lavalle, arXiv: 1108:1128

Antiproton flux predictions for a 12
GeV WIMP annihilating into different
mass combinations of an intermediate
two-boson state which further decays
into quarks.

*M. Asano, T. Bringmann & C. Weniger, arXiv:1112.5158.
* M. Garny, A. Ibarra & S. Vogl, arXiv:1112.5155
* R. Kappl & M. W. Winkler, arXiv:1140.4376
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Time Dependence of PAMELA Proton Flux
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Fluxes in time PAMELA

range: 0.4 — 0.71 GeV
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PAMELA Positron Fracti

Moskalenko and Strong, ApJ 493, 694 (1998)
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December 2006 Solar particle events
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December 13th 2006 event

GOES Space Environment Monitor
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GOES Space Envuronment Monitor
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GOES Space Environment Monitor

December 14th 2006: Forbush decrease

Watts/m’

St T {4107 00300 - 05150
el 19 5555555_14,*121500-1300

Partides/cm’sec sr

"s
o L "'M‘ Wf f "\m.\’!“lr? i v'f"‘g

-------------- =) Sl I;ew energy tall ef Dec 13th event """" """""

Below galactic spectrum:; : :

—
=
(2]
Y
—~
Q
=
—
O
—h
T
o
=
o
o
(7]
=
o
(D
0
-~
-- €D
QD
V2]
(>

Decrease of prlmary spectrum

Arrlval of magnetlc cloud from CME of Dec 13th

ShOCk 1774km/5 (g’Opa|SW3.my1 200.7)._ ............ _.._ ...... .._..._i.._ ......... ﬁ

Decrease of Neutr:Pn Monitor Flux 10

—
o

A
_||||

—
=2 -
-



Forbush decrease — protons

Rigidity from 1.57 to 5.70 GV
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Forbush decrease — protons, electrons and positrons

Rigidity from 1.57 to 5.70 GV
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proton flux during the January 23rd flare
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Quter Van Allen Belt %2 Inner Van Allen Belt / / /
(Electrons) ~ (Protons) (Interstellar Matter)
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PAMELA trapped antlprotons
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Distributions of sub-cutoff proton counts

Oleq VS L-shell
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Gradients in the Heliosphere, PAMELA & ULYSSES
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