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Log10 Magnetic Field (T)

Pamela Physics objectives in the Hillas Plot
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The PAMELA apparatus

Spatial Resolution
e [12.8 um bending view
e [113.1 pm non-bending view

TOF (1)

ANTICOINCIDENCE

ANTICOINCIDENCE

MDR from test beam data 01 TV

SPECTROMETER
Calorimeter Performances:
o p/et selection eff. 190%
e p rejection factor 010>
e e" rejection factor > 104
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ND p/e separation capabilities >10 Powsr Budgsi 350 WY

above 10 GeV/c, increasing with energy




CFASURED BY PAME

1. DEDX

(scintillators, tracker, calo)
> Z of the particle

2. DEFLECTION = 1/Rigidity
- Impulse (4-6 planes)

3. Time of flight = 1/Beta
(12 betas)

4.Shower (No, Hadronic,
Electromagnetic)
—> lepton/hadron

5. Number of neutrons

- lepton/hadron

53

[ Calorimeter

5% to 10% precision

PHYSICAL QUANTITIES
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I \_ I Flight data: 14.4 GV | B / |
— = non-interacting proton ;

: PALETTE II b
¥ - F. TRK, 54 [MIF]: | ¥ x
[ ] ] [ - I ]
. ] B.2 101 1

From E. Mocchiutti




Flight data: 36 GV
interacting proton




Flight data 84 GeVic
interacting antiproton
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Selection of galactic component according to

geomagnetic cutoff

rig:14.9/L*2:abs(beta) {rig!=0. && abs(rig)<20 && betal!=100.}
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*Montecarlo efficency for
cuts

*Trigger efficiency
*Tracking efficiency
*Multiple Scattering
*Correction for energy loss
in det

*Back scattering...
*Systematics under close
investigation, currently
about 1-2% uncertainty on
abs flux.

antiparticles particles

v/c (from TOF)

albedo albedo
particles

Beta

Rigidity [GV/c]

Rigidity (from Tracker)

dE/dx (MIP)

Fitted, single track
High lever arm, Nx
Rigidity R>(

Beta>.2 - —
No anti o o Maen

Energy loss from tracker




High
precision
charged
cosmic ray
measurement
in Low Earth
Orbat

_Pamela overall results

Science 2011
:1103.4055

- arXiv:0810.4995, =
Nature, Astrop. Phys

Positror(rat.) -

e

JElegian06, 2011

I
It T
Antiprotons I

ApJ 457, L 103 1996
ApJ 532, 653, 2000
arXiv:0810.4994, PRL,
NJP11,105023

10°
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http://lanl.arxiv.org/abs/1103.4055
http://lanl.arxiv.org/abs/1103.4055
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*Cosmology

Detection, not identification
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Hubble Space Telescope * WFPC2
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*[LHC Search

Supersymmetry, not necessarily DM

*Direct Detection
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Local structure and nature

Low-energy photons Positrons

Quorks

*Indirect Detection | &

|

Various galactic scales
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Decay process mmm—mp.
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Different approaches to search for Dark Matter

Efficient production now
(Particle colliders)
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Efficient scattering now
(Direct detection)

Adapted from P. Lipari




Antiproton/proton ratio

Confirms charge dependent
solar modulation

Consistent with models
(galprop, donato...) at
high energy

PRL. 105, 121101,
September 13,2010)

PRL 102:051101,2009

BESS 2000 (Y. Asaoka et al )
BESS 1953 5. Beach et al.)
BESS 1939

CAPRICE 13938 (M.
HEAT-pbar 2000 {Y
PAMELA

10 10°
kinetic energy [GeV]




Antiproton absolute flux

PRL. 105, 121101,
September 13,2010)

PRL 102:051101,2009
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AMS (M. Aguilar et al.)
BESS-polar04 (K. Abe et al.)
BESS1999 (Y. Asacka et al.)
BESS2000 (Y. Asaoka et al.)
CAPRICE1998 (M. Boezio et al.}
CAPRICE1994 (M. Boezio et al.)
PAMELA
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Pamela positron fraction
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Secondary production

k M 1'1' 2. Example of DM solution: SUSY with internal bremsstrahlung and
a,q a er' ecay large boost factors, or Winos with unusual propagation parameters can

give the right spectrum

However, does not explain new electron
plus positron data (see later)

Astrophysical sources,
SNR.. e -

@ Clem and Evenson, 2007

quilar et al., 2007|
Clem and Evensan, 2002|
Grimani et al., 2002
Alearaz et al., 2000

Boezio et al., 2000 II11: Picozza et al., 2008
Beotty et al., 2004

Cler and Evenson, 2004
Clem and Evenson, 2002

Clem et al., 2000
Boezio et al., 1999
Barwick et al., 1997 S
Golden et al, 1996 Adriani et al., 2008

Energy (GeV)
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@ss, ermd From Fermi Symposium

ChJ-"'""l.-'.l ray

rr Space Telescope
* The Fermi-LAT has measured the cosmic-ray positron and

electron spectra separately, between 20 — 130 GeV, using the
Earth's magnetic field as a charge discriminator

« The two independent methods of background subtraction,
Fit-Based and MC-Based, produce consistent results

« The observed positron fraction is consistent with the one
measured by PAMELA

m

. DID';-Iongi-.lilde :l Fearr reliminan
e blocked wh_|_le e ) —+— PAMELA 2008 PRELIM]NARY

g— AMS 2007
—=— HEAT 2004
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| L L L L L |
10 10?
Energy (GeV)

May 9, 2011 W. Mitthumsiri, C. Sgro, et al. Page 10/ 10



Flux GeV*? (s sr m* GeV)?
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PAMELA e- spectrum

Energy [GeV]10°

PRL, 106 26

Solid line GALPROP
calculation for a
diffusion reacceleration
model; the

dotted line is a single
power-law fit to the data
above 30 GeV; the
dashed-dotted line is a
GALPROP calculation
including a component
from additional cosmic-
ray electron sources.
Bottom:

the PAMELA positron
fraction [28] compared
with the previous
GALPROP calculations
with no

(solid line) and with
additional e— and e+
components (dashed-
dotted line).



Electron spectrum
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FIG. 1. The negatively charged electron spectrum measured by
PAMELA with two independent approaches: energy derived
from the rigidity (full circles); energy derived from the calo-
rimeter information (open circles). The error bars are statistical
only.




Debate on the origin of cosmic rays

1s still open

*  Experimental evidence of Supernova acceleration is mounting

HESS TeV emision from SNR RX J1713.7-3946 - hadronic inter. Of cr.
E>10"14eV F. Aharonian, et al., Astron. Astrophys. 464, 235 (2007).

X-ray measurements of the same SNR > evidence that protons and nuclei can be
accelerated E>10"15 eV in young SNR Uchiyama, et al., Nature 449, 576 (2007).

AGILE: diffuse gamma-ray (100 MeV — 1 GeV) SNR IC 443 outer shock =
hadronic acceleration M. Tavani, et al., ApJL 710, L151 (2010).

Fermi: Shell of SNR W44 have = decay of pi0 produced in the interaction of
hadrons accelerated in the shock region with the interstellar medium A4. Abdo, et
al., Science 327, 1103 (2010).

Starburst galaxies (SG), where the SN rate in the galactic center is much higher than
in our own, the density of cosmic rays in TeV gamma-rays (H.E.S.S infers cosmic
rays density in SG NGC 253 three orders of magnitude higher than in our galaxy F.
Acero, et al., Science 326, 1080 (2009).

VERITAS: SG M82 cosmic rays density is reported to be 500 times higher than in
the Milky Way VERITAS Collaboration, et al., Nature 462, 770 (2009)



However, supernova-only model has
been challenged many times

* Multiple origin of cosmic rays:

— SN explosions of various sizes in either the
interstellar medium or in a pre-existing stellar wind,
WR stars P. L. Biermann, Space Science Reviews 74,

385 (1995); L. Biermann, Astron. Astrophys. 271,
649 (1993)

* Nova stars and explosions in superbubbles, V. I.

Zatsepin, N. V. Sokolskaya, Astron. Astrophys. 458,
1 (20006))

* Different acceleration processes such as nonlinear 10100 100 A0 1FAF 1T 101
. nergy per particle, Ge
shock acceleration _ _ T
. . . Fig. 1. Proton and He spectra. D—nshecl lines are described in Sect. 3,
— D C ElllSOl’l, ]nl‘ernal‘lonal COSWZZC Ray solid lines are described in Sect. 5.
Conference (1993), vol. 2 of International Cosmic
Ray Conference, pp. 219

— DSA, diffusive shock acceleration, V. I. Zatsepin, N.
V. Sokolskaya, Astron. Astrophys. 458, 1 (2006).

— M. Ahlers, P. Mertsch, S. Sarkar, Physical Review D
80, 123017 (2009).

Wolfendale et al, (ICRC 2009) one source cause of knee




Pamela galactic p and he
2006-2008
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Fitting p and He spectra
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Ratio P/He: Rigidity

Acceleration

1s a rigidity

. dependent

. Ay= —0101‘|‘—0002 _ effect

2. The ratio
decreases—>
More He at
high energies
9
Acceleration
mechanisms

- | Or sources are

different

- ) 7 3.  Measurement

Solar modulation 230-240GV valid also

below the

(low) solar

modulation
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Fitting the p/he ratio

PAMELA
Zatsepin et al. 2006 (fitted to data)

GALPROP ¢=450 MV
Zatsepin et al. 2006
Single power law fit

10°




Deviations from the power law: >230-240 GV
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Deviations from the power law: a) 30-240 GV

Additional
source(s)
above 240 GV
2. Fisherand T
student test
reject single
power law to
better than
99.7 CL

i

10° ]

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

" Yao-s06v, p = 2.800 +- 0.007
Ys0. 2326v, p = 2-85 +- 0.01
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Deviations from the power law: b) 30-240 GV
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Flux x R*" (m® s sr GV)" GV*’
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spectrum
softens at
30-240
GV
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Proton spectral indexes




Helium spectral indexes




Proton and helium comparison

LEAP Protons
MASS2 Protons
IMAX Protons
CAPRICE Protons
AMS Protons
BESS Protons
CREAM Protons
JACEE Protons
RUNJOB Protons
PAMELA Protons

LEAP Helium
MASS2 Helium
IMAX Helium
CAPRICE Helium
AMS Helium
BESS Helium
CREAM Helium
JACEE Helium
RUNJOB Helium
PAMELA Helium



At higher energies:
CREAM balloon data
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from 1.57069 to 5.70284 GV Fluxes (particles / (cm’ sr s GV))
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‘PAMELA data challenge the mechanisms

and processes of acceleration and

e - propagation in the galaxy

e *Complex, structured features are present
Lms also in the GV — TV range.
| -' *They hint to additional sources/ph€nomena

g e S,

i =g
-r" g r ﬂih

8- http //pamela rom'"'Z mfn 1t

-
s, e N R
AR . = 4 sk & 1
.-‘.r' -



http://pamela.roma2.infn.it/

PAMELA has survived five
years up to now, under
discussion a possible
extension

Most of the collaboration
in Italy is part of the JEM-
EUSO experiment
(Picozza, PI of Pamela is
now PI of JEM-EUSO)

Current work involves
calibration tests of JE
detector module in TA site
in Utah.
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