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The PAMELA Instrument

Main requirements = high-sensitivity antiparticle identification and precise momentum measure
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The PAMELA Experiment

Resurs DK , 2 T

Trapped protons in SAA.
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The PAMELA discovery: rising positron fraction
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Flux<E® (s'sr' m2 GeV?)

Electron spectrum
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Phys.Rev.Lett. 2011 (e-), Phys Pep. 2014 (e+)

First electron measurement above 50 GeV;

Both (e-) (e+) spectra show some structure
(breaks and bumps)

Above ~10 GeV flatter than extrapolated from
low energies.

Concave shape in both cases is clear
indication of an additional component above
~10 GeV
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Cannot be reproduced with a single
power-law injection spectrum

Origin :
Local astrophysical sources (pulsars)?
Hard component?
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AMSO02 and Fermi-LAT

confirmed results i
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Is here a bump In positron
spectrum?

v._H 25_1!1!] lll T lll T | J— llllll
_(D -
= B S '
q‘”’ 20 e 1.9 million positrons =
= 2
| S— o
) m £
w45 { 1.2 TeV 3
"9‘0 [ Dark Matter ~N
- + Collision of
10 [ Cosmic Rays
S
? Energy [GeV]
0 L ll L A L AL Ll 11 L A LAl L 11 ll L L L LA Ll ll
1 10 10° 10°
Dark Matter model is based on J. Kopp, Phys. Rev. D 88, 076013 (2013). 18

Figure from S.Ting presentation in CERN, May 2018

The feature should be visible both in e+ and e- spectra



New generation of space instruments
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Geom. acceptance G=1m?sr, .

Fermi-LAT (2008)
Calorimeter thickness t=8.5X,

AMS-02 (2011)
G~0.5 m2sr,
t=17X%,

MDR ~2 TV

CALET (2015)
G=1.04 m3sr
t=30X,




All electron spectrum in 2017
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New electron analysis

-New 10t data reduction

Event number with E>100 GeV with “standard” track finding algorithm
of previous 9t reduction (to cross check
200 -Soft tracker condition
- multiple hits in ToF
e This wWork - No AC veto
o 150 [_]Phys.Rev.Lett. 2011- Proton rejection with CALO
£ -Energy reconstruction with CALO
c
g ' Next step with EXTended tracks
¢ | of new 10™ reduction
50 4 300
g [_]Phys.Rev.Lett. 2011
0 ' T ' T y ¥ P
2006 2008 2010 2012 2014 100 4 o .

o T T T T T T T
2006 2008 2010 2012 2014
Year

Above 100 GeV: ~120 events in (Ph.Rev.Lett. 2011), new selection ~600 events



I(E) x E®, (GeV*/s sr m?)
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All electron (e*+e”) spectrum
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Energy spectra ®@ (E) evaluated by

@ (E)= N(E) - Nb
AE T G(E) €(E)

Where N(E) is number of events
In energy bin AE , Nb=0

T Is exposure time,

G(E) and ¢(E) are geometric
factor and efficiency

evaluated by MC simulations



PAMELA all electron (e*+e-) spectrum
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Heliospheric propagation

—— OULU Neutron monitor (Norm to 2006) —— PAMELA Trigger Rate (Norm to 2006)
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(a) f(x, p, t), omnidirectional function distribution of CRs; (b) convection with solar wind V; (c) diffusion by magnetic field irregularities; (d) drift, curvature and
gradient in magnetic field; (e) adiabatic energy losses; (f) local sources (Jovian electrons);
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