


«Cosmology

Detection, not identification
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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




Another problem:

Matter / Antimatter Asymmetry
In the Universe

M. Casolino, INFN & University Roma Tor Vergata




Sakharov conditions

1) Direct violation of barionic number
particle “X” decays breaking barion symmetry

2) CP violation
to avoid specular antiparticle decay

3) Non thermal equilibrium at a given time

To avoid barion compensation through inverse
processes

Sakharov, A.D. 1967, J. of Exper. and Theo. Phys. Letters, 5, 24-28,

“Violation of CP Invariance, C Asymmetry, and Baryon Asymmetry of thé Universe”

Russian: Aunpeit murpuesny Caxapos) (May 21, 1921 — December 14, 1989)

M. Casolino, INFN & University Roma Tor Vergata




Matter — Antimatter domain separation?

" y-ray = 0.1 GeV from annihilation in
boundary regions

o Current limit: separation above
cluster of galaxy (> 10 Mpc)

Steigman, G. 1976, Ann. Rev. Astron.
Astrophys. 14, 339,

““Observational tests of antimatter cosmologies”

» Observable? M33
e Magnetic fields ?
o Survival probability?

Ahlen, S.P. et al. 1982, ApJ, 260, 20,

“Can we detect antimatter from other galaxies?”



Discovery of antiprotons in cr, 1979
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Bogomolov, E.A. et al. 1979, Proc. 16th ICRC, Kyoto, 1, 330,
“A Stratospheric Magnetic Spectrometer Investigation of the Singly Charged Component
Spectra and Composition of the Primary and Secondary Cosmic Radiation”



Antihelium search

 Probability to produce antinuclei in cosmic

rays is negligible. AntiHe could be

produced in Big Bang.
* Look in cosmic rays
 Up to now only upper limit-

« BESS has current world rec

=

59

?? ......

= I \ 2
| A — v

Antihelium/helium flux ratio

103

10™

108

Ref.:

"He/He Limit (95% C.L.)

Badhwar et al. (1978)

| Golden et al. (1992)

BESS-TeV

Buffington et al. (1981)

[BESS '95] J. F. Grmes et al. (1997)

[BESS '93 °94 '95] T. Saeki et al. (1938)

[AMS] J. Alcaraz et al. (1339)

[BESS '93 *94 'G5 '97 "98 '99 "00] M. Sasaki et al. (2002)

BESS + BESS-TeV + BESS-Polar |

BESS-Polar Il Flight (Sensitivity)
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Log10 Magnetic Field (T)

Pamela Physics objectives in the Hillas Plot

;o" 10 10° o’ 10° 10" 10" 10“’ 107" 10% 10%
L L R e TR I| I|T| St T 1'| I| '|1L| ' Ll "] '|1L| Al
10? ™ Earm 100AU 1p 1Mpc —
|— Nr:utf‘m;l_ —
5 Stars
Colllter _ B
0 Direct et/e TP/P i
I ", '( R
— "'-_)'f)’ Y =
10 — "-._.’ 1{/ f is the differential CR number density with respect to p: ]
— ¢ -"‘.,_‘0(,’ | % = \j (H(SJ . Tf) diffusion
108 == Sunspots V.Vf convection
= . — Vp-Vf drift =3
3 oy + % (T . V) u?nrp ad. energy change |
1 0-3 sJupiter Magnetosphere * B Source term
0 =1
’ ’
10-5 : : ; (),1 —
BN A Proton belt”* /!')x —
107 vy, Electron belt "-."ﬂ’ —]
v CMES-. -
-9
10 i) ¥ ek o alactic Disk ]
Gafactc  © Al S“ ., 0 Galay T
10-11 — . . -
(c) 2009 M-E—
10" T | | o b N I T TS T o |
10" 10’ 10° 10" 10" 10" 10 10 10%

M. Casolino, INFN & University Roma Tor Vergata

Log10 Gyroradius (m)

10°

10’

10°

10°

10

107

1073

10°°

107

10°

10-11

10.13




3 E T T |||||i1! -"I‘-’AIIIIIIII T T ||l|||| T l|||||||
- " Solar Particle Event

High precision charged
cosmic ray measurement IR
in Low Earth Orbit iy -

IR

I
11 IIIII;{

I
1 IIIIIII‘I

0.1 L

102 ALl -
: ; % Y g
I Posmonsﬁl’ H**E; f\:j.”% % i
1073 |- B % el
3 E
© Grimani ot al., 2002 *E 8& 3
A Alcoraz etal, 2000 By ‘E‘ % i
#* Boezio et al., 2000 *ﬁ o] g $G Il

10_4 B 4 Barwick et al.. 1998 ﬁ‘*r*qh i ° ¢

\nllpmmm _

—
9
o
I

\'\.

\ l—‘?

91990 1991 1992 1992 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

- —P>
NINA-1 NINA-2

- BESSQ&
* CAPRICES8
s BESS95+97
* MASS91
v CAPRICES4
o IMAX92

=
T
o
|

Differential flux (m2 sr s MeV/nucleon)—1

o5
11 lIIIlII

=

T
-1
!

—

—an-
g
1 IIIIIIII

Adapted from Simpson 1983 in  PDG by M. Casoling +
10_9 11 1 1iiil 1 ]IIIIII] 11 1 i1 1 IIIHII| 11 IHI| 11 111

10 102 103 104 105 108 107
Kinetic energy (MeV/nucleon)

M. Casolino, INFN & University Roma Tor Vergata




=
A
347
@]
=




; i e : Command / Measurement
Vermier engine installation antenna

Solar battery
Coordinate /time
synchronization antenna

Accessories module

Pamela Research
Hardware

Research

Instrument module
_ . hardware module

Instrument

ressurized containe :
P Cooler

Star tracker

Optronic equipment

WRL high rate datalink)
antenna

ommand / Measurement Infrared local
antenna . vertical reference
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Leninsk / Baikonur
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TOF (1)

ANTICOINCIDENCE

— ANTICOINCIDENCE

TOF (S2)

ANTICOINCIDENCE

TOF (S3)

SPECTROMETER

CALORIMETER

NEUTRON
DETECTOR

Spatial Resolution
e ~ 2.8 um bending view
e ~ 13.1 pum non-bending view

MDR from test beam data=1 TV

Calorimeter Performances:
e p/e* selection eff. ~ 90%
e p rejection factor ~ 10°
e e- rejection factor > 104

=3
A5 crr)?

ND p/e separation capabilities =10
above 10 GeV/c, increasing with energy

M. Casolino, INFN & University Roma Tor Vergata




e+ 0.171 GV Bending view e- 0.169 GV Bending view
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Flight data: 14.4 GV
non-interacting proton
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Flight data: 36 GV
interacting proton
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Flight data: 92 GeV/c
positron
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Earth's magnetosphere

The e-f\oc\" magnetosheath
ot

geomagnetic 0

field is an magnetopause
extremely : /

powerful tool "
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Selection of galactic component according to
geomagnetic cutoff

| (811*$12) [hit/time] |

g
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*Montecarlo efficency for
cuts

*Trigger efficiency
*Tracking efficiency
*Multiple Scattering
sCorrection for energy loss
In det

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

Fitted, single track
High lever arm, NXx
Rigidity R>0
Beta>.2

No anti

Energy loss from tracker

Beta

v/c (from TOF)
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1 2
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Rome Monthly neutron monitor
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Pamela
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Low Solar Activity = high particle flux

1107

A " '3

2 Cosmic Ray Fe Nuclei | -
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Energetic iron nuclei counted by the Cosmic Ray Isotope Spectrometer on
NASA's ACE spacecraft reveal that cosmic ray levels have jumped 19%
n above the previous Space Age high. 1
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Time evolution of Pamela

low energy proton flux

Sunspot number
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Solar modulation is effective below 10 GeV
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Fis: 1.54 Bisoj R X -2.76

p/(cm? s sr GV)

Spectral index
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J(r,E 1) E*—E,

protons/(cm’ sr s GeV)

9= E 5 jEram) | e o e
(E +CD(t)) _EO _|ncrea5|ngpartlc|e _______ ........................ -h ............ ........... _
'FIUX(]UIOG%&UQO?) ............................ ...... ........... _

So|ar modulatlon parameter _ ............................ ................ ........... ....... ..... ............................ ................ _
JULO6 5.01-01 + 2e-03 [ — S — B S
JANO7 4.16-01 £ 2-03 kinetic energy (GeV)
AUGO07 4.02-01 + 3-03

But Spherical approximation is not
sufficient for charge dependent

solar modulation

M. Casolino, INFN & University Roma Tor Vergata



=
e

p/cm?2 s sr (GeV/n)
3 3

-
(=
&

preliminary

- ’_'_|___,_n—~—'—-—‘—,_‘%'_|

E —_— ._—LH._.ﬂ'_H

= HHHHHH = H: ind: -2.752 +- 0.071

= — = He: ind: -2.624 +-0.122

C - e P: 2% fitting error

_I [ 11 | ] I I Y | ] ] I e | ] [ ] | ] ] ]
10™ 1 10 10




preliminary

2

—
=1
N

| |||||II‘ Illlllll‘ | Illllll‘ | ||||I|I‘ | |||||II‘ | |||||I|‘ I ||I||I|‘ [ TTTI

p /lcm?2 s sr (GeV/n)
2 2 . 3

-
o
&

—
&
th

—+4— Pamela proton
—+— Caprice 94 protons
—4— Caprice 98 protons
—4— Bess TeV protons
—4— Pamela Halium
—4— Caprice %8 He
—— Amsp

—4— Ams He

—— Bess TaV Ha

-
=]
&

10 1

M. Casolino, INFN & University Roma Tor Vergata

10



preliminary

— 102 = i Eime_ssa ;:;)‘tnn ]
-E = BN E:gt‘;:s
= - e
3 10 §— EEE%:ETBH@
:-' E —— Bazs TeV Ha
=
(7] 1 =
o™ =
< L
§10'=
o =
10 = - i . .
= e Different spectral indexe
100 For He and P
— FHFH;:*.:.
104 T
10° =
1O.ﬁ_llll| | IIIIII| | IIIIII| ] IIIIII| | |1
10" 1 10 10?

M. Casolino, INFN & University Roma Tor Vergata



A9

2.75
Flux xE

. m2s-'ster’(GeV)'

-
o
S

i
o
wn

? L. pos O ATIC, He
o AMS.D 00 R = AMS, He
A CAPRICE98,p = - A CAPRICE98, He
% BESS-TeV,p = Re

BESS-TeV, He

AL Preliminary

..........................................................................

............................................................................

around 1 TeV

"""""""""""""""""""""""""""""""""""""""""""""""

------------------------------------------------------------------------------------------------------------------------------------------------

................................................................................................................................................

| l IIIllII‘ | IlIllIII | llllII|| | IlIIlII|

........

________

________

........

........

........

10 102 10° 10*

10°



Preliminary results at high energy

.. StILpreliminary.....
‘Some MC correctlons
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Discrimination
between acceleration
Processes

*Shock accel.
E2 exp(E/E,)

p/emA2s sr

eStochastic Fermi

accel.

Impulsive events

Exp in Rigid/Kinene
Bessel function,

*Direct Acceleration
In magnetic
reconnection

Arxiv 0810.4980v1
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Critical Issue: an antiparticle
Can be faked if alignment of the
detector is wrongly considered

Incoherent misalignment

Correction with protons

2 steps: column alignment +
Inter-column alignment

Coherent misalignment
Correction with electrons
(or electrons + positrons)
and comparison with
simulation

M. Casolino, INFN & University Roma Tor Vergata




Proton spillover background

MDR > 850 GV

Protons (& spillgy

Strong track requirements:
estrict constraints on y? (~75% efficiency)
srejected tracks with low-resolution
clusters along the trajectory

- faulty strips (high noise)

-0.06 -0.
Antiprotons __deflection (GV™')




High-energy antiproton selection

deflection (GV™)




Released data  [EEGCENSEEEEEEEE Bergsirém & Ullio 1999
1-100 GeV Malnar & Siman 2001 (6=550)

I Moskalenko 2002 (A<D, o=15")
Currently Uncertaintiesin -~ 7 g%g =70
roughly 10 TB 10¢ ;= heliospheric ;
of data - propagation 1 8
As of March ) + 2
ou f Tl Uncertainties in
Outof8.8T8B = e jl Galactic propagation
107 p I |
800 p il |
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Antiproton ratio measured with Pamela:
Comparison with theoretical models
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10°
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Antiproton ratio measured with Pamela:

Comparison with experimental data

2 10" £
=1 — - Bergsirdm & Ullio 1999
oHighest E Molnar & Siman 2001 (0=550) _"_'
energy up to |, s s Moskalenko 2002 (A<D, o=15°)
now
«Coherent with [EERUM=S
secondary E
production L
eUncertainties =
of Galactic [N g meme
Propagation = 4 BESS 1999
*Would favour B & HEAT poar 2000
Moskalenko B E :::ﬁii:l;g;?rznm.
2002 (except i ﬁgj 457, L 103 1996 ¢ MASS 1891
highest energy) RIS =ty - ¥ CapricE 0%
Canan ] ® O F 0 b aanl oy oy pageed o et
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Antiproton ratio
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New points consistent with old ones.
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Preliminary antiproton spectrum
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— Preliminary - Evaluation of systematics is under way.




Preliminary antiproton spectrum
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F. Donato et al., Ap.J. 536 172
(2001), ®=500MV, with
indeterminacy of the diffusion
(black line) and nuclear (blue line)
parameters.
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Positrons results

Till August 30" about 20000 positrons from 200 MeV up
to 200 GeV have been analyzed

More than 15000 positrons over 1 GeV

Other eight months data to be analyzed

Selection criteria based on calorimeter

Tuned and tested with
Montecarlo
Test Beam
In flight data
Cross-checked with Neutron Detector

Charge ratio (e*/e"+e7)

e CAPRICE9S
v AMS
* CAPRICE94
A HEAT94+85
0 Clem et al. 1996 "
= TS93
4 MASS89
g3 # Golden et al. 1987
¢ Muller & Tang 1987
® Daugherty 1975
® Fanselow 1969
L T e |

M. Casolino, INFN & University Roma Tor Vergata 10 ‘
Energy (GeV)




Preshower Technique to reduce systematics of proton contamination:

Optimize electromagnetic/hadronic shower discrimination,
reduce systematics
-/

Protons:
*Non Interacting

e|nteracting

Electrons / Positrons

e|nteracting (e.m.)

M. Casolino, INFN & University Rom . . R
v Recipe: M. Boezio, E. Mocchiutti




Positron selection with calorimeter (1)

|-'III|||II||IIII||III|IIII|

o Energy Fraction

p (non-int)

[TT{TTIPTTI I  ITT(TIT T TT]T]=
=

** Ene rgy Fraction

Fraction of charge released along
the calorimeter track (left, hit, right)

M. Casolino, INFN & University Roma Tor Vergata




Positron selection with calorimeter (2)

L . . ]
: Energy F'raatin:'l

| 1 1 1 I
= Energy Fraction

Fraction of charge released along
the calorimeter track (left, hit, right) Energy-momentum match

M. Casolino, INFN & University Roma Tor Vergata




Positron selection with calorimeter (3)

L . . ]
: Energy F'raatin:'l

| 1 1 1 I
= Energy Fraction

Fraction of charge released along

. Energy-momentum match Starting point of shower
the calorimeter track (left, hit, right) + gy _|_ gp

Longitudinal profile

M. Casolino, INFN & University Roma Tor Vergata




Positron selection (4)

Indipendent selection/check with ND

Fraction of charge released along the
calorimeter track (left, hit, right) Neutrons detected by ND

a-

Number of events
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Normalized number of events
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Fraction of enargy along the frack

. . eali]

70 95 ' 20
Number of detected neutrons

=

Energy-momentum match

. R Starting point of shower
M. Casolino, INFN & University Roma Tor Vergata




Pamela positron fraction

.’J 0.3 - _
«July 2006 — February “f o
+ B arge i
2008 (~500 days) ‘o 02 dependent solar
. dulati
« Collected triggers = N e
~108 +£ 0.1 ¢ _
e Identified ~ 150 103 s s i
electrons and ~ 9 103 5 )
positrons between 1.5 E ]
and 100 GeV (180 S
positrons above 20 GeV = .
8 increase over backgroun
0.02 - -
® PAMELA
0.01 ] | | | 1 11 | | | L1 11 |

1 10 100
arXiv:0810.4995v1 [astro-ph] 28 Oct 2008~ Energy (GeV)

Nature 458, 607-609 (2 April 2009)
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Pamela positron fraction:

comparison with other data
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Various approach to background subtraction

July’06-December'08 (Beta pdf)

July’'06-December'08 (Wavelets pdf)

July’'06-December'08 (Kernel + Wavelets pdf)
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More positrons... data up to December 2008
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Secondary production 2

st collision i i
) =
it + — _|_ % :
— e : secondary [ £
. % H
relativistic proton antiproton [ 3
proton at rest - -
(cosmic r: (interstellar gas) o1 e #r = 000 MY
.-I_ Il |In. 109 Il |.o %0
TOA Fosilron energy  [Gov] T4 Pesitron energy [GeV]

9 g:arkb ectrons
2. Example of DM solution: SUSY with internal bremsstrahlung and
¥ bed D a r k I\/I att A r . ecay pOSitrOﬂS large boost factors, or Wines with unusual propagation parameters can
*T\} give the right spectrum:
f ‘5_ iy annihilation

leptons neutrinos
v VvVYy o1r .
. & e T “' N o ot ;
Matter _ AR i ”

antiprotons TR . R

-:",\
8 bosoni : e
7 cbirece P.Grajek, GL. Kane, . Phalen, A.
Pierce,ond 5. Watson, ar¥iv.0812.4555
Y -

% s | protons % m
e A I GV

However, does not explain new electron
plus positron data (see later)
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EDSJO 2009

Pulsars

New SNRs
mechanisms

Dark matter

Uncertainties

Acceleration model
(polar cap, outer gap, ...)

Injection spectrum E-%?

® Environmental
parameters at SNR
(production

Particle physics model
Particle physics

mechanism) enhancement (Sommerfeld) | ?
Release into the ISM * Distance to closest Substructure enhancement
(when, how much?) source (halo model)
Source locations, ages, ... e Cut-off energies
Tests
Anisotropy of flux FSR & IC photons from
Fluctuations in spectrum ® Antiproton fluxes galactic centre ?

consistency checks (gamma,
X-ray, ...)

® Secondary nuclei

Continuing positron rise

CMBR distortions




Astrophysical Origin

Pulsars
Must be young (T<10° yr) and

I‘D Moskalenko and Strong, 1298 siaimssimiasa:
nearby (<1 kpc). If not: too much + Gﬂ_mmf’mm
diffusion, low energy, too low L A>0 for PAMELA d=450 MV/c

flux.

_ “-’F %+ @ Clem and Evenson, 2007 T
—1 % :‘.‘--.i ‘. %] *
'y : I:'E ILHI- £ K
J 2

Injection flux:
(I)ei =~ El_p eXp(E/EC) LB Aquilar et al., 2007

p 2 2 10—2_ ) Grimani et al., 2002

A Alcaraz et al., 2000
E’ ~ 10 102 ! I “ 7 % Hoezio et al., 2000 2217 Picozzo et ol 2008
co— & Clem st al., 2000 @ Beatty et al., 2004 |
A Clem and Evenson, 2004
[0 Boegziostal, 1988 B
w Clem and Evensaon, 2002
P Barwick et al., 1997 B Golden et ., 1994
B Goldenetal, 1896 * Adriani et al., 2008
10_3 | | | | 11 11411 I| | | | | L1 1 I|

i versi 10 1 10
M. Casolino, INFN & University Roma Tor Vergata Energy (GeV)



2. Example of DM solution: SUSY with internal bremsstrahlung and
large boost factors, or Winos with unusual propagation parameters can
give the right spectrum:

Bergstrom, Bringmann & Edsjo (2008) Postron Flux Rato for Dfferng Values of Eneegy Loss Rate (tau)

(}zr s _' 1 —— 7 rr1r#Mu ]
Azro —_—
[+ PAMELA 1 Bl R B 1
- , ! Sgnal with Bashground
+ I " " Sagnal with Badkground
0.1fF + -
— : T A o ! - :
| > +
e : S
-+ » ' i
0.05 I J
B '
—
*.

""" BMS' (my = 132 GeV)
- : - —
! ST T BM3 (my=ZI1 GeV) 3 Enesgy [GeV]
: background P.Grajek, G.L. Kane, D. Phalen, A.
0,01 L——t : . l \ . Pierce,and 5. Watson. arXiv.0812 4555
' 5 10 20 50 100 200
E,: [GeV]

Bergstrom 2009 However, does not explain new electron
plus positron data (see later)



Positron fraction: comparison with models

_ Pulsar Component
Yuksel et al. 08

| y

KKDM (mass 300 GeV)
~ Hooper & Profumo 07

Pulsar Component
Atoyan et al. 95

\ Pulsar Component

Zhang & Cheng 01
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& e :
8 Ml & Teny *HT / |
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Charge dependent solar modulation of low energy positrons

*Charge dependent solar

modulation

«Separate gA>0 with gA<O0 solar

cycles

*Evident in the proton flux

*Observed in the antiproton

channel by BESS

eFull 3D solution of the Parker

equation — drift term depends on

sign of the charge

A>0

P os itive particles

A<0

Pos itive particles

Heliolatitude[deg]

Intensita Neutron Monitor di Roma (dati mensili)

Pamela A

® Caprice:/ Mass /TS93
@ BESs

qA<0, Parker
qA=0, Parker

— A<0, Fisk
qA=0, Fisk

20 40 60 80
Helioradius[AU]



Charge dependent (@0 N a0 [ @0 x  a<0_
_ E «--'_1.-;, I I jfh - l ;'
solar modulation = | .
: & & 3
P 2
iy i 13 %1 [ | E
A J | ] [ Z 2
A, | | | | At A g
0.4 —— (Clem et gl. 1996 Model
—— Pbor /P Drift Model (Biber et al 1999)
0.2 Rigidity = 1.25CGV
Ay,
Q)
_|_
0.1
+
N
g
"
D o.os
E Boezio et al. 00 B
0.02 Fanselowetol. 69 W Clem et ol, 0D
¥ Borwick et gl. 97 #& Clem gnd Evenson Q2
& Alcarez et al. 00 — Clem and Evenson 04 W
O® Asgokg et al. 02 & This Work
o.m

1965 1970 1975 1980 1985 1990 1995 %JGU 2005

. . lem et al.
Observation Time 20th ICRC 2007




Electrons and positrons are fashionable

But there Is disagreement on the e*+e- spectrum

BGO calorimeter,

Atic: Balloon but deep detector ATIC 1+2, 18.47l,
in 4 XY, planes,

ATIC 4, 22.9 1l
in 5 XY planes,

Fermi: Large statistics (400 events in last bin) but shallow:

M. Casolino, INFN & University Roma Tor Vergata




E,dN/dE, (m™s'sr 'GeV?)

AII three ATIC fllghts are con3|stent

1,000 ¢
- Preliminary
0.4’.’
s ag, ™ ”t—:—-o—*o é
100 R O
: R ol
ATIC 1+2+4
10 - PREE ey, | a ey | 2
10 100 1,000

Energy (GeV)

“Source on'source off” significance of
bump for ATIC1+2 15 about 3.8 sigma

ATIC-4 with 10 BGO layers has improved
¢ , p separation. (~4x lower background)

“Bump” 1s seen m all three flights.

Significance for ATIC1+2+4 15 5.1 sigma

EdN/dE, (m™s™'sr™'GeV?)

1,000

Events

100 ¢ [ %ﬂ: 1
ATIC 1 4]

Preliminary

W

*‘*rwaf*‘r

ATIC 2 2
ATIC 4 t
10 Aol A PR ¥ | .
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Joachim Isbert PAMELA 20UY



And finall
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- simulating

- —— ATIC (2008)

—=— Fermi (2009)
—— Model, no smear
—— Model, AE/E = 12% (16)
—— Model, AE/E = 25% (10)
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Egberts, 2009 HESS electrons

= Cuts:
impact distance < 100 m

image size in each camera >
80 photo electrons

Data set of 2004/2005

= Syst. uncertainty:
atmospheric variations +
model dependence of

_ % L} kh AE +15%

E? dN/dE (GeVZ m2 s sr)
o=

proton simulations (SIBYLL i ATC -
vs. QGSJET-II) |5 R “
Spectrai |ndex [ : H:E:g:g:-luw-energy analysis

[ 1 Systematic error
[ 1 Systematic error - low-energy analysis
—emeeeeee-oe Broken power-law fit

I, = 3.0£0.1(stat)x0.3(syst.) on powerow it |
[, = 3.910.1(stat)£0.3(syst.) 102 10°

Energy (GeV)

Kathrin Egberts, Max-Planck-Institut fiir Kernphysik, Heidelberg RICAP0O, May 13, 2000



PAMELA electron flux

PAMELA Electron Flux_| PI€liminary
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Comparison with other experiments

PAMELA Electron Flux e| Imi n arv
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PAMEL Electron Flux preliminary
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ePamela is operating successfully in space

*Expected three years of operations —

completed

@‘ Extended other 2 years

-Data’récewed until now show good potegntial and
T fullfillmengof scienfific
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