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Log10 Magnetic Field (T)

Pamela in the Hillas plot
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High precision charged
cosmic ray measurement
In Low Earth Orbit

M. Casolino, INFN & University Roma Tor Vergata

Differential flux (m2 sr s MeV/nucleon)—1
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Gagarinsky Start
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Time
of Flight

(three scintillators,
6 planes, 48 phototu

Magnetic (0.
Spectromete
Microstrip

detector

(6 double sided
microstrip planes

Silicon

Tungsten
Tracking

Calorimeter
(44 planes of 96 strip)

Shower
Catcher

Scintillator
Neutro

M. Casoli
Detector




Time of Flight / Scintillator

*6 X-Yy layers arranged on 3 planes;

* 48 channels.

*Albedo rejection dE/dx

Part ident. Up to 1 GeV with 150ps resolution

*Nuclear identification up to Oxygen

3 double-layer scintillator paddles

 Timing resolution:
 g(paddle) ~ 110 ps
* 5(ToF) =~ 330 ps (MIPs)

DIMENSIONS
S11 | 8 [330 x 51 mm2| 7 mm
S12 | 6 [408 x 55 mm?2| 7 mm
S21 | 2 [180 x 75 mm2| 5 mm
S22 | 2 [150 x 90 mm2| 5 mm
S31 | 3 [150 x 60 mm?2| 7 mm
S32 | 3 [180 x50 mm?2| 7 mm

Adapted from W. Menn “or Vergata



The permanent magnet

= 5 magnetic modules

» Permanent magnet (Nd-Fe-B alloy)
assembled in an aluminum mechanics

= Maghnetic cavity sizes (132 x 162) mm? x 445
mm

=Field inside the cavity 0.48 T at the center

= Average field along the central axis of the
magnetic cavity : 0.43 T

Geometric Factor: 20.5 cm?sr
= Black IR absorbing painting

» Magnetic shields _ .
______ / o =3917°
4 NG NG B =50.83°
2P PN
E E
s| & /‘T | B s / Y
N 2
v
AN 2P X
e ¢ S | V4
L E
> p |
i 162 mm i &
b 240 mm .;4

Adapted from E.VanNUCCINI .........cccccoeveiiiiiic e ICRC2005 — Pune (India)



The tracking system

]

53.33 mm

6 detector planes composed by 3 “ladders”

=*Mechanical assembly
* no material above/below the plane
(1 plane = 0.3% X,)
= carbon fibers stiffeners glued laterally
to the ladders

= ladder : - 2 microstrip silicon sensors
-1 “hybrid” with front-end electronics

= silicon sensors (Hamamatsu):

= 300 mm, Double Sided - x & y view

» Double Metal - No Kapton Fanout

» AC Coupled - No external chips
= FE electronics: VAL chip

» Low noise charge preamplifier -

» Operating point set for optimal
compromise:
= total FE dissipation: 37 W on 36864
channels
» Dynamic range up to 10 MIP

"DAQ: 12 DSPs
= data compression (>95%)
» on-line calibration (PED,SIG,BAD)

X side (junction)

70,00 mm

2035 p+ strips
for each detector

Implantation
pitch:
25.5 um

70.00 mm

|
Readout pitch:
51 um

1018
electrodes

50.00 mm

hybrid

8 x 128 = 1024 channels

Y side (ohmic)

53.33 mm

70.00 mm

Y 5o O O
b 5 L]

27| 1024 n+ strips
Ale for each detector

; Implantation pitch:
+| 67 nm

70.00 mm

(-({{ | Readout pitch:
CIo|d | 67 um

[y .
= |-.—

50.00 mm

T

8 x 128 = 1024 channels

1024
electrodes

hybrid Y
LX

== ’
o |
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(i S D G
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Spatial resolution

o | l

entries

» E 7£0.04) pm
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L L L L
-10 0 10
plane 3, X side

s | ‘

s, = (13.1+0.2) pm

entries

70
60 |-
00 |
o |

30

10

-40 220 0 20 a0
plane 3, Y side §; ()

40-100 GeV pions (CERN-SPS 2000)
beam-test of a small tracking-system
prototype

M. Casolino, INFN & University Roma Tor Vergata



Imaging Calorimeter

* Main tasks:
» lepton/hadron discrimination
e e*energy measurement

Characteristics:

22 W plates (2.6 mm /0.74 X,)
44 Si layers (X-Y), 380 um thick
Total depth: 16.3 X,/ 0.6 A,
4224 channels

Self-triggering mode option

(> 300 GeV; GF~600 cmZ sr)
Mass: 110 kg

Power Consumption: 48 W

Design performance:

p,e* selection efficiency ~ 90%
e p rejection factor ~10°

* e rejection factor > 104

* Energy resolution ~ 5% @ 200
GeV

Adapted from V. Bonvicini jata



Neutron Detector

Lebedev Physical Institute Academy of Science, Russia

36 3He containers (2
planes)

9.5 cm polyethilene
moderator enveloped In
thin cadmium layer.
*60x55x15 cm3, 30 kg,
10 W

*(10% eff for E<1MeV

n)

*Triggered counts

*Background counting
Plane 1
Plane 2

M. Casolino, INFN & University Roma Tor Vergata

3He tube



e- 0.169 GV Bending view

ND

e+ 0.171 GV Bending view
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Flight data: 14.4 GV
non-interacting proton
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From E. Mocchiutti




interacting proton
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Earth's magnetosphere

The e-f\oc\" magnetosheath
ot

geomagnetic 0

field is an magnetopause
extremely : /

powerful tool "

to select e

different origin

——— .
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Altitude (k)

Selection of galactic component according to

geomagnetic cutoff

R, =14.9GV/L?2

M. Casolino, INFN & University Roma Tor Vergata
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Particle rigidity vs Vertical Stormer Cutoff

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

0.4

0.2

e e e Ry I e S e | S e S [ N Sy Sy S | S gt W | S Sy i

0 2 4 6 8 10 12 14 16
cutoff 14.9/L72 (GeV)

M. Casolino, INFN & University Roma Tor Vergata




Particle identification: basic principle

p

v/c (from TOF)

Beta
=

L albedo

0.5 — particles 74

é_mti‘parti‘cles'_ S N

- alpedo |

Rigidity [GV/c]

M. Casolino, INFN & University Roma Tor Vergata

Rigidity (from Tracker)



Proton Absolute flux

*Montecarlo efficency for cuts
*Trigger efficiency

*Tracking efficiency

Multiple Scattering

*Back scattering...
«Systematics under close
Investigation, currently 10%
uncertainty on abs flux.

To be reduced to less than 5%

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

No anti

M. Casolino, INFN & University Roma Tor Vergata

Energy loss from tracker

“antiparticles ~ \|/*"  particles ]
0

N: albedo _ albedo
05 B\ S
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Solar Modulation of Galactic Cosmic Rays

Intensita Neutron Monitor di Roma (dati mensili)
108

.

—>Balloon: low frequency e /©
modulation A
—>Pamela: low and high % | ]
frequency modulation | | i |

O
—> Long solar minimum 1 @ Capride / Mass /TSP3

@ BEsS
evariation in Galactic 80558596061 62636465666?6869?0?1 ?2?3?4?5?6???8?98081 82838485868?88899091 92939495969?9899 D 1 2 3 4 5 6 ? i

flux Smoothed Sunspot Number
Monthly Averages
—>Short Term
(months)
3.5 R.=0.03 u 0.6 GV
—>Charge dependence B
(e.g. Asaoka Y. et al. 2002, Phys. mo I
Rev. Lett. 88, 051101) - :
'S s &
2o L |
E2—E2 _ e e
\](r,E,t): 0 ’ J(OO,E+(I)(t)) 1965 1975 1985 1995 2005

(E°+d(t))" - E, e afati meteor 0.03 GV 0.6 GV, Stozkov 2008



Solar modulation at minimum of solar cycle XXII1 years 2006-2008

Fis: 1.54 Bisoj R . -2.76

p/(cm? s sr GV)

Spectral index
2.76 £0.01

J(r,Et)=

protons/(cm’ sr s GeV)
=]

102

=
-

ns/(cry’ sr s GeV)
=)

E*-E,
e
(E° +d()) —E.

> J(0, E+D(t)) g-m-a

: — July 2006

kinetic energy (GeV)

kinetic ené'r%y (GeV)

Solar modulation parameter:

d(GV) error
JULO6 5.01-01 £ 2e-03
JANO7 4.16-01 + 2-03
AUGO07 4.02-01 £ 3-03



Comparison Pamela —~AMS-Bess
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Comparison Pamela —~AMS-Bess
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Comparison Pamela —~AMS-Bess
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Solar modulation at minimum of solar cycle XXII1 years 2006-2008

Fis: 1.54 Bisoj R . -2.76

p/(cm? s sr GV)

Spectral index
2.76 £0.01

J(r,Et)=

protons/(cm’ sr s GeV)
=]

102

=
-

ns/(cry’ sr s GeV)
=)

E*-E,
e
(E° +d()) —E.

> J(0, E+D(t)) g-m-a

: — July 2006

kinetic energy (GeV)

kinetic ené'r%y (GeV)

Solar modulation parameter:

d(GV) error
JULO6 5.01-01 £ 2e-03
JANO7 4.16-01 + 2-03
AUGO07 4.02-01 £ 3-03



Trapped proton flux in the Van Allen belt
(South Atlantic Anomaly) Arxiv 0810.4980v1

Trapped Turquoise 0.3G <B
Yellow 022G<B<0.23G
Blue 021G<B<0.22G
Green 0.20G<B<0.21G
Red 0.19G<B<0.20G

Black B<0.19 G

Galactic

I IIII|T|'| IIIIII|T|

lII

10"
Integral Pamela flux
(E>35 MeV)
(PSB97 plot by SPENVIS A Yo Y1 yéIndf
project, model by BIRA-IASB) nero 0.11+0.01 6.0+0.4 | 3.1+0.5 7.1

bO=AE" VLREZLON g (23:0.3) 107 |59+0.5 |2.6+06 |68

M. Casolino, INFN & University Roma Tor Vergata verde (5+3) 104 8.1+1.8 4.7+1.8 10.




Comparison with theoretical model of inner rad belt
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Comparison with theoretical model of inner rad belt

| mean_flux vs energy at 550 Km |

= * * - - -
%%—1 _o—‘l i o o -
E " — T d:‘
o b2 T ———————
nw'z —go..-; ----- -, - . . - F :' :h 1
%4 _o" ! 7 3
; 318

10'-5 o Lcsab madsadnslslal

106 _Q I WL NSNS eS———.

L& s
10—7 _0 b featessconmaosinemedosianmed

kinetic ggergy (GeV)

R. S. Selesnick,1 M. D. Looper,1 and R. A. Mewaldt2
SPACE WEATHER, VOL. 5, S04003, doi:10.1029/2006SW000275, 2007

M. Casolino, INFN & University Roma Tor Vergata



Primary (galactic) spectra: polar measurerfTéinité' —

4000 [\ '@

cutoff <= 0.600000024 w000 -
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Primary and secondary spectra:

Intermediate latitudes
cutoff > 2&& cutoff <= 4

2000 |-

107 &

102

107

P/(cm”2 sr GeV s)

10+

Secondary partlcles (reentrant albedo)

.“]-5 i i i|||||| | i i|||||| | | |
1 10

—
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GeV

RED: JULY 2006
M. Casolino, INFN & University Roma Tor Vergata B I_U E AU G UST 2007



Primary and secondary spectra: .
Magnetic equator L
cutoff > 10&& cutoff <= 14 B

B | | | 1T 1T 11 | | | | 1T T T i

1 S 00 TS SRR U SO N O O SO S SO ]

T L TR S

;’:l ~6000 [ Ground s

e PenUMbEE. L
102 n mbra M.Hon%fa 5&8 W00 {1490 F2088, $AcK

R v (km)

107

P/(cm”2 sr GeV s)

10+

107 '
10° 1
GeV

RED: JULY 2006
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Proton flux at various cutoffs

-> Atmospheric neutrino contribution
-> Astronaut dose on board
International Space Station

—> Indirect measurement of cross
section in the atmosphere

—> Agile e Glast background estimation

*Grigorov, Sov. Phys. Dokl. 22, 305 1977
*NINA ApJ Supp.132 365, 2001
*AMS Phys. Lett. B 472 2000.215,

Phys. Lett. B 484 2000.10-22
eLipari, Astrop. Ph. 14,171, 2000
*Huang et al, Pys Rev. D 68, 053008 2003
*Sanuki et al, Phys Rev D75 043005 2007
*Honda et al, Phys Rev D75 043006 2007
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Solar Particle evnts 13-14/12/06 — GLE 70

Wind/WAVES: 2006/12/13 03:06
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Moreton Wave, Dec 6th 2006 (from Ed Cliver)




Kataoka, 2008 hbkswl.stelab.nagoya-u.ac.jp/ryuho.htmi




December 13th 2006 event
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Neutron Monitor 3

Preliminary!



Discrimination
between acceleration
Processes

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

eStochastic Fermi

accel.

Impulsive events

Exp in Rigid/Kinene
Bessel function,

*Direct Acceleration
In magnetic
reconnection

M. Casolino, INFN & University Roma Tor Vergata
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Preliminary Results B/C

PR —
[ £
zZ. . track averel;e _ :
-_E_ 5 = m | B/C ratio [ a Orth et al. ApJ 228 (1978) 1147
g . F e s Simon at al. ApJ 239 {(1980) 712
3 ) A HEACS
5k N E IMP8
B C - A Voyager
2 1 TE ” 04 Iy " Dwyer & Meyer 1887 ApJ 322 981
; ] & ISEES
15): ] B ®  PAMELA (2007)
10 - 1 0.35 = -
E T + IL‘ +1 4 f‘
.E 03 —_ * + il 3
= = ] I I 1P A
(&) B I | I_ I |7 1
Sozs—1 1 i | _
o5 02s[7} 1 % \
| e |l
0.2 — y
0.15 — ]
0.1 :v- | ] | I i e B 1 | 1 ] eyl
10" o 1 10
Kinetic energy, GeV/n
s

Boron is a secondary particle.
Its abundance is relevant for propagation in
the Galaxy

M. Casolino, INFN & University Roma Tor Vergata
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Matter in the Universe

Microwave Anisotropy D

_ _Pow _ ~ 3H%(1)
WMAP - NASA o Qtotal P st l pt.'l'll 816G
Explorer Mission

(Universe is flat)

= Q - Q - & S
total total,baryon. dyn. required
— e _ X , S ——
baryonic matter dark matter dark energy
4% 23% 3%
- ?? 229
stars. galaxies candidates: quintessence
dark energy stars, g evirinos dark matter ® WIMPs
e ()-balls
® axions

® Kaluza-Klein-part.

Adapted from M. Boezio, P. Picozza
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Supersymmetry: & F S W,

HE—2
—— &
"0 ®
FOUoF—5 Za—hus i?j/ R 223’;’;%
- i g\:—_:"_/
Neutralino as Dark Matter e -
- a . f “!3 :
candidate Mot
e wryy gu—#v b
>
(dlﬁ 3¢ §
] 2/ o
can not decay but can Sb! S’
annhilate
Standard Model particles and fields Supersymmetric partners
Interaction eigenstates Mass eigenstates
Symbol Name Symbol Name Symbol Name
g=d.c,b,u,s.,t quark dr, 4r squark q1, Go squark
l=e,pu,1 lepton L, Iy slepton l1, I slepton
V = Ve, Vu, Vr neutrino % sneutrino U sneutrino
g gluon g gluino q gluino
W= W-boson W= wino )
H~ Higgs boson I'{Tl_ higgsino \ ifg chargino
HT Higgs boson ax higgsino
B B-field B bino )
w3 W3-field w3 wino . _
HY Higgs boson . - % X134 nNeutralino
Hg Higgs boson EIE hfggS!nO LSP — can not decay
M. Hg Higgs boson Hj higgsino J But can annhilate




Another possible scenario:

KK Dark Matter
Lightest Kaluza-Klein Particle (LKP): B®

As in the neutralino case
there are 1-loop
processes that produces
monoenergetic

Y 7 Inthe final state.

M. Casolino, INFN & University Roma Tor Vergata

Bosonic Dark Matter:
fermionic final states
no longer helicity
suppressed.

fi
e+e- final states
directlv nroduced.
B < Y
‘\/\’\" <28 V\/\/\’
1
€4 Y@
i
"’\f;/‘ ne s o
B Y

From P. Picozza



Dark Matter Searches

«Cosmology

Detection, not identification

o[ HC Search

Supersymmetry, not necessarily DM

. . il __
Direct Detection i, A
;-IJ.OSE_.
Local structure and nature dbllly Ll
DAMA
Indirect Detection &
i
Various galactic scales 5/, bl oo
L € - =
i s s oy SN N
Antiprotons: positrons:

M. Casolino, INFN & University Roma Tor Vergata Galactic average Local galactic 1kpc



Dark matter search in cosmic ray antiparticles

Only secondary production in the galaxy e.q. [ na St iud Sl Sl tan®

Depends on vropagation in the
galaxy

Background — free channel to
study rare phenomena such as
Dark matter decay

Positrons

[
e

A Elecirnns

\"I/‘Iq/] q‘#$

Medium-energy

gamma rays ‘$
A Neutrinos
@

UUV@
®

’? Antiprotons
Vo

.~ . Protons
\ AVA ;"'-._.

/
~ 7
% .r"
r
-
I \

. Leptons

il-
7

Supersymmetric
neutralinos

g T sl
5 :5 _ Background from normal
O ¥~ secondary production
1]
» ] | % _
” i '___ A/ Example of signal from
“E -, neutralino annihilations
= y: )
~10F 4 -
Q
Secondary ©
production .E i y
(upper and L
Iowerlimits)___-g_-__“- ; o
Simonetal. ™~ »
ApJ 499 (1998) X 0 AMS98
250. — ~
e, = BESS98 . 3
§ 7 7 e CAPRICE9S e
from X x g ! ‘.,.-"" a BESS95+97 %
?:r?r:;t!lon }/""’r *~ MASS91 Bergstrom el
production v - al. ApJ 526
m(c) = 964 - = BESS 00 CAPRICES4 ) (1999) 215
GeV) o O IMAX92 0 AN
Ullio : astro- 107" 1 102
ph/9904086 K:netlc Energy (GeV)



Calorimeter Selection Criteria for Antiprotons

W
o
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‘Hadron’

P s I ‘T'_I'"'i“iilv_l-ﬁl ||:

-15 -10 -5 0 5 10 15 20
Rigidity (GV)

'IIII|IIH|ITIIIIII'II

hIP
c1'

M. Casolino, INFN & University Roma Tor Vergata From M BOEZiO



Alignment

. : : I l
Critical Issue: an antiparticle
Can be faked If alignment of the — T -
detector is wrongly considered ——— .
Incoherent misalignment . — .
Correction with protons | : ’ 5 :
2 steps: column alignment +
Inter-column alignment |
. | |
Coherent misalignment L
Correction with electrons ;
(or electrons + positrons)
and comparison with R
simulation TR
_________ ‘—T_I_‘

M. Casolino, INFN & University Roma Tor Vergata From E. Vannuccini, P. Papini



Deflection

1/R

D

Entries 4325619

11

|

____:_ l

et b d e B EEE LIS LSt s LR EE L tr ety

|

—
—

Very sharp and

- 3
ive cuts 10

conservat

lever

(top and bottom
planes of the

Imum

Max

spectrometer must

o

—

it)

be h

t to

In magne
keep spillover
under control

arm

Then release this
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Proton spillover background

MDR = 850 GV
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F--

| Strong track requirements:
estrict constraints on y2 (~75% efficiency)

rejected tracks with low-resolution L

i clusters along the trajectory i

| - faulty strips (high noise) i NN

- d-rays (hlgh signal and multlpI|C|ty)
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~
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High-energy antiproton selection

p-bar

p- ]
O 1400 —
S
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(14 = : .
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High-energy antiproton selection

p-bar

1400

MDR (GV)
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B0J
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|I|II||I|I||II|I|I||II‘III
-
-
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deflection (GV™)
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Why Ratios?

Reduce
systematic
error

All (most)
efficiencies
cancel out

Subsequently

absolute fluxes

a107?
o

1073

107

Antiproton-Proton Ratio

[ T TTTTH

------- Molnar & Simon 2001 (0=550)

Bergstrim & Ullio 1999

BESS 1995-97
BESE 2000
BESS 1999
BESS 1993
HEAT-pbar 2004

IMLAX 1982
BESE-polar 2004
MASS 1591
CAFRICE 1584
CAFPRICE 1998

- kb0 A4 B @

M. Casolino, INFN & University Roma Tor Vergata

10
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kinetic energy (GeV)



10

Released data
1-100 GeV

Currently
roughly 10 TB
of data

As of March
08
Out of 8.8 TB

10’ p
800 p°

M. Casolino, INFN & University Roma Tor Vergata

3
j= B

10"

Antiproton ratio measured with Pamela:
Comparison with theoretical models

- - Bergstrtim & Ullio 1999

Molnar & Siman 2001 (0=550)

------- Moskalenko 2002 (A<D, a=15°)

Uncertainties in PR L
heliospheric L
propagation

ol -
H
-
- -
. -
.t
o
- T -
b -
Y &
ks
- -
a
A
-
,"-
-'--
-

Uncertainties in
Galactic propagation

10" 1 10 107
kinetic energy (GeV)

arXiv:0810.4994v1 [astro-ph] 28 Oct 2008
Accepted - PRL




Antiproton ratio measured with Pamela:
Comparison with experimental data

2 10" £
o — ------- Bergsirtm & Ullic 1999
C Malnar & Siman 2001 (6=550) ;—'

*Highest [I— Maskalenko 2002 (A<0, a=15°)
energy up to
now 10° =
«Coherent with  E
secondary il
production

eUncertainties

i L ® BESS 199597
- 1u‘ s -._---" [ | BESS 2000
of Galactic = " , & BESS 1999
Propagation — 4 ¥ BESS 1993
= K- & HEAT-phar 20040
Would favour | DL Ry O IMAX 1852
Moskalenko - | %
2002 (except ApJ 457,L 1031996 4 CAPRICE 1984
. 10° =" ApJ 532,653,2000 ¥ CAPRICE 1998
highest energy) E | | | ® PAMELA
1 111 1 1 1 1 1 1 11 1 1 1 L1l 1 1 1 L 1a1 il
107" 1 10 107
kinetic energy (GeV)

arXiv:0810.4994v1 [astro-ph] 28 Oct 2008

M. Casolino, INFN & University Roma Tor Vergata ACCEptEd - PRL



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 g’

[ v AMS |
I * CAPRICES4
A HEAT94+95

O Clem et al. 1996f
= TS93

........
o

Ao MASSB9
4573 * Golden et al. 1987
F ¢ Muller & Tang 1987
[ = Daugherty 13?5
® Fanselow 19!’?9 zjnrmi.hilaﬂons

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: i
*Non Interacting
eInteracting N TR
. e *
ad® W,

Electrons / Positrons

eInteracting (e.m.)

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



Preshower Technique to reduce systematics of proton contamination:

1. Take straight track  in SmallTop = Select Protons
Take interacting protons in BigBottom
(known sample of hadronic shower. No leptons)

P hadronic shower

2. Define cuts (energy/topology) on 40 layers
Using “BigTop” for e.m. showers (electrons)
“BigBottom” for hadronic showers (protons)

et’-e.m. shower
3. Apply cuts to the positron sample

4. Apply cuts to electron sample to estimate efficiency

M. Casolino, INFN & University Roma Tor Vergata



Positron selection with calorimeter

Rigidity: 20-30 GV

8 smf—
s =
@ =
o
A0d f—
200 E—
iR p (non-jnt)
“l—I:_ = m— 1’_
Energy Fraction
] u-ng : ! n
o =
g mE
100 —
= p (non-int)
&0 —
an — ) +
= p (int) €
= e N e : .——._—’.r—'—:ﬁ-l_\
nl! 0.z lﬂ.ld [N Lk

: Energy Fraction

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

M. Casolino, INFN & University Roma Tor Vergata From P. Picozza, M. Boezio, E. Vannuccini



Positron selection with calorimeter

Rigidity: 20-30 GV

Events

: Energy Fraetin;'l

Events

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

M. Casolino, INFN & University Roma Tor Vergata

s Energy Fraction

Energy-momentum match

From P. Picozza, M. Boezio, E. Vannuccini



Positron selection with calorimeter

Rigidity: 20-30 GV

384

Events

304

250

200

I : 04

: Energy Fraetin;'l

k]

Events

25

20

L 1 i
02 04

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

M. Casolino, INFN & University Roma Tor Vergata

s Energy Fraction

* Energy-momentum match
* Starting point of shower
* Longitudinal profile

From P. Picozza, M. Boezio, E. Vannuccini



Mormalized number of events

Normalized number of events

kA e @

Positron selection — indipendent
selection/check with ND

Rigidity: 20-30 GV

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

Neutrons detected by ND
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0 =5 20
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*Energy-momentum match

. o Starting point of shower
M. Casolino, INFN & University Roma Tor Vergata
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Status of Positron - Electron ratio

M. Casolino, INFN & University Roma Tor Vergata

Charge ratio (e*/e*+e7)

o
'S

o
1

0.2

0.02

o O % > 4 %

HEATCO
AMS
CAPRICE94
HEAT94+95
TS93

MASS89 .- =l

Muller & T___c_m'(j‘“198? o

1

10

Energy (GeV)




Status of Positron - Electron ratio

Secondary production
‘Leaky box model’
(Protheroe 1982)

(13
_‘f 0.4
:3 0.3
Secondary production 5
‘Moskalenko + Strong T} o 0
model’ (1998) without =
reacceleration O ¢
O Y ol *
9 01 T
2 oo =
O 0.08 e
0.07
0.06
oon HEATQO
= * AMS
' v CAPRICE94
oo3} & HEAT94+495
* TSO3
oos| O MASSBY .
Primary production from yy ' > Muller & Jgay 1997 o B
annihilation (m(y) = 336 GeV) I1 7 '

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



Pamela e+ results

IfO.s_ [ II]II| I [ IIIII_
=
i h +‘t‘ 0.2 7]
Till August 30" about o
20000 positrons from =
200 MeV up to 200 =~
GeV have been ‘0.4
analyzed <
==
9O
*More than 15000 §
positrons over 1 GeV =
o
:'5
«Other eight months 80 02
data to be analyzed '
® PAMELA
| | | | |1 1 1 | | ] L1 1 1 |
0'011 10 100

arXiv:0810.4995v1 [astro-ph] 28 Oct 2008 EMeray (Gev)

Accepted on Nature
M. Casolino, INFN & University Roma Tor Vergata



Pamela e+ results
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arXiv:0810.4995v1 [astro-ph] 28 Oct 2008 Energy (GeV)

Accepted on Nature
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Comparison with solar cycle — low energy

gA<0 measurements [T T
(now, 22 years ago)
SOIar mOdUIatlon up tO PAMETA dhta | ]
10 GeV |

o -]
v
o
=
o

@ Beatryetal, 2004 ]
A Clem and Evenson, 2004 |

¥ Clem and Evenson, 2002
W Golden et al., 1004

G -

i
= :—‘%

suoljoaag Yug

>_—'
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Northe

Comparison with solar cycle

gA>0 measurements

(11 years ago)

M. Casolino, INFN & University Roma Tor Vergata



Low energy positrons

.Charge dependent SOI ar e Intensita Neutron Monitor di Roma (dati mensili)
modulation 1(%) -
100 A
«Separate gA>0 with gA<0 o | | 1
solar cycles ‘
90 1 | Pamela A
Evident in the proton flux - @ Caprice/ Mass /TS93
@ BEss

*Observed in the antiproton
channel by BESS

‘h
=

Full 3D solution of the Parker
equation — drift term depends
on sign of the charge
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Charge dependent :
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High energy nearby Pulsar contribution

rotation axis

+

+,
e ./I-. e

-3

4

% E

F B = O ¢ X

Aguilar et al., 200V

Clem and Evenson, 2002

Grimani et al,, 2002
Alearaz et al,, 2000
Boezio et al.. 2000

Clem et al., 2000

Barwick et al., 1987
Golden et al, 1986

Beatty et al,, 2004

Clerm and Evenson, 2004

Golden et al., 1954

10
T

C. Grimani A&A 474, 2, November | 2007, pp.339-343
Adv. Sp.Res. 39, Issue 2, 2007, p. 280-284.
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Atic results on all electron flux at 300-500 GeV

1000 —Tr—rrrrr — Ty

*No separation

g

between 3

electrons and L

positrons ;«n
E

*Requires high §

boost factor S _
U..Io

f) 10 PR | A A PR e | A A PR e |
.G IaSt ' 10 100 1,000
Energy (GeV)

Figure 3 | ATIC results showing agreement with previous data at lower
energy and with the imaging calorimeter PPB-BETS at higher energy. The
electron differential energy spectrum measured by ATIC (scaled by E) at the

Nature, 456, 362 top of the atmosphere (red filled circles) is compared with previous

20 November 2008 observations from the Alpha Magnetic Spectrometer AMS (green stars)’’,
doi:10.1038/natureQ7 HEAT (open black triangles)™, BETS (open blue cirdes)*, PPB-BETS (blue
A77 crosses)'® and emulsion chambers (black open diamonds)**?, with

M. Casolino, INFN & Univuncertainties of one standard deviation. The GALPROP code calculates a

s muisme lacis acanatbaal 2aa daee 8 - 3 T PR R PR PRy R, | R ) §



ePamela is operating successfully in space

o *Expected three years of operations —
e completed more than 1000 days

-Data received until now skiow good
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