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Presentation outline

 The PAMELA experiment: short review
e Results on cosmic-ray antiparticles abundance:
Antiprotons

Positrons
e Other results:

Cosmic-ray galactic light nuclel (primaries &
secondaries)
Solar physics
Terrestrial physics
e SUMMary
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PAMELA
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PAMELA: a Space Observatory at 1 AU

e Search for dark matter annihilation

e Search for antihelium (primordial
antimatter)

e Search for new Matter in the Universe
(Strangelets?)

e Study of cosmic-ray propagation

o Study of solar physics and solar
modulation

e Study of terrestrial magnetosphere

e Study of high energy electron
spectrum (local sources?)
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PAMELA apparatus

Time-Of-Flight

plastic scintillators + PMT:

- Trigger

- Albedo rejection;

- Mass identification up to 1 GeV;
- Charge identification from dE/dX

‘1278 Electromagnetic calorimeter
&, W/Si sampling (16.3 X0, 0.6 Al)
- Discrimination e+ / p, anti-p/ e
(shower topology)
- Direct E measurement for e-

Neutron detector

GF: 21.5cm2sr

Mass: 470 kg - High-energy e/h discrimination
Size: 130x70x70 cm?3

microstrip silicon tracking system + permanent magnet

Today: It provides: PN |
- - Magnetic rigidity R =pclZe
1001th ﬂlght dayl - Charge sign

\_\ - Charge value from dE/dx
7
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Présentateur
Commentaires de présentation
Overview of the apparatus


PAMELA design performance

Antiprotons
Positrons

Electrons

Protons
Electrons+positrons

Light Nuclel

— Unprecedented statistics

\ — New energy range for cosmic ray physics
pqweL — Simultaneous measurements of many species




Antiprotons
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Antiproton identification

» Analyzed data July 2006 — February 2008 (~500 days)

* Collected triggers ~108

e Identified ~ 107 protons and ~ 103 antiprotons between
1.5 and 100 GeV - 100 p-bar above 20GeV

 Antiproton/proton identification:
 rigidity (R) — SPE
e |Z|=1 (dE/dx vs R) — SPE&TOF

* B vs R consistent with M, — ToF

 Dominant background — spillover protons:
* finite deflection resolution of the SPE
— wrong assignment of charge-sign @ high enerqy

— Strong SPE selection required
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i hbetavsdef 0 =
|_beta vs deflection | __hbetavsdef _ . Calorimeter selection \
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PAMELA antiproton to proton ratio

Seconday Production Models PRL 102:051101 (2009)

Donato 2001 {DRC, o=500MV}
Moskalenke 2002 (A<0, m=157)
—— Ptuskin 2008 (FD, 6=550MV)

* PAMELA

1 10
kinetic energy (GeV)
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PAMELA Antiproton Flux
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Positrons
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Positron identification

» Analyzed data July 2006 — February 2008 (~500 days)
* Collected triggers ~108

e Identified ~ 1.5 104 electrons and ~ 9 103 positrons
between 1.5 and 100 GeV - 180 positrons above 20GeV

Electron/positron identification:
e rigidity (R) —» SPE
*|Z|=1 (dE/dx=MIP) — SPE&ToF

e B=1 — TOF

 Dominant background — interacting protons:
proton spectrum harder than positron

— p/e+ increase for increasing energy (103 @1GV 104
@100GV)

— Strong CALOQO selection required

W
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Positron selection with calorimeter

Methods:

_ Presented results: Background estimation:
background estimation

method

 “weak” selection criteria

* p rejection factor ~O(10%)
Data from test-beams and e estimate p contamination

simulations were NOT USED in e statistical analysis

any step of flight data (parametric bootstrap analysis

calibration, selection and h _ |
analysis with maximum likelihood
fitting)

This measurement is based
purely on flight data

RESULTS

I'NFN
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Positron selection

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

Pre-selections:

w

« Energy-momentum match negatives

« Starting point of shower

number of avents
i

Rigidity: 20-30 GV

150

TRK trajectory i
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Présentateur
Commentaires de présentation
Total negative  3067

Total positive  189055

Selected electrons  2032

Selected positrons  322


Background estimation from data

Pre-selections:

* Energy-momentum match
« Starting point of shower

Rigidity: 28-42 GV

| proton u]u lhm

positron selection

Mumber cf avants

0
e
1]
=
(]
s
i
o
E
=
=

MNumber of avants

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

negatives |

03 0.4 0.5 06 07
Fraction of energy along the track

¢ bre-sémpler” P 4

0.3 0.4 0.5 06
Fraction of energy along the track

et positives

0.3 0.4 0.5 0.6
Fraction of energy along the track
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PAMELA Positron Fraction

astro-ph 0810.4995 - accepted by Nature, to appear soon

o ©
w b

o
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Positron fraction o(e*) / ( o(e*) + o(e’) )

PAMELA

Pulsar Component
Yuksel et al. 2008
astro-ph 0810.2784

KKDM (mass 300 GeV)
. Hooper & Profumo 2007
Phys. Reports 453, 29

Supernovae Component
Shaviv et al. 2009
astro-ph 0902.0376

1T " SN
Wino (mass 200 GeV)
Grajek et al. 2008
astro-ph 0812.4555

0.02| = AMS
& HEAT94+95 ]
* TS993 \
001 1 1 I I I | 1 | ||||||| | | |||||||
10™ 1 10 102

Energy [GeV]

I S—
Secondary production
Moskalenko & Strong 1998
ApJ 493, 694
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Electron (e",et & e +e*) fluxes with PAMELA

= Two independent energy
measurements:

Rigidity from Tracker
Energy from Calorimeter

= Charge sign
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PAMELA Electron (e’) Flux

v~ -3.28+0.05

~ [£-3.2840.05
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Other results
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Furthermore:

Rotational

GOES Space Environment Monitor
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Summary

» PAMELA has been in orbit and studying cosmic rays for ~32
months. >10° triggers registered, and >13 TB of data has been
down-linked.

= Antiproton-to-proton flux ratio (~100 MeV - ~100 GeV) shows no
significant deviations from secondary production expectations.
Additional high energy data in preparation (up to ~150 GeV).

» High energy positron fraction (>10 GeV) increases significantly
(and unexpectedly!) with energy. Primary source?

Data at higher energies will help to resolve origin of rise (spillover
limit ~300 GeV).

» Analysis ongoing to measure the e spectrum up to ~500 GeV, e*
spectrum up to ~300 GeV and all electrum (e + e*) spectrum up to
~1 TV.

.

* Furthemore:
* PAMELA is going to provide measurements on elemental spectra and low mass
iIsotopes with an unprecedented statistical precision and is helping to improve the
understanding of particle propagation in the interstellar medium
« PAMELA is able to measure the high energy tail of solar particles.

* PAMELA is able to measure composition and spectra of trapped particles.
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Backup slides
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The PAMELA Collaboration

m

Triste CNR, Florence

Florence Frascati Naples

lofle

Physico~
s Technical
| Institute

Moscow
St. Petersburg

N.
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Proton rejection power: C98 vs PAMELA

CAPRICE98 PAMELA

TRACKER

CAPRICE98

MDR ~350 GV ~1000 GV
CALO Gas RICH
DEPTH 7.2 X, 16.3 X,
LONGITUDINAL
SAMPLING 0.9 X, 0.7 X,

: ~ TRACKING
TRANSVERSAL - = ~ SYSTEM
SAMPLING 0.3 R, 0.2 R, ..
(strip width) (3.6 mm) (2.44 mm)
PROTON
REJECTION ~10° >10°
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Gamma-rays?

vlet: ~0.1 @ 10GeV
~0.2 @ 100GeV

Positron selection requires:
A. 1 MIP (>0.2MIP) signal on
S1/S2

C. no hit on CARD and CAT
D. clean track in TRK |
(no spurious hits, no clusters

5884 - S4 trigger -

not used in track fitting) ]

From simulations:
vle* after cuts A-B-C:
<4x10° @ 10GeV

<2x10° @ 100GeV

W
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Calorimeter
selection
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| beta vs deflection | hbetavsdef
3 o o : : e .
=l Antiproton identification
2.5 RMS y 0.1449

1.5

| beta vs deflection -- after Z1 sel (Trk+ToF) | hbetavsdef_Z1
Entries 2.540666¢+07
3r . Mean x 0.4418
B Mean y 0.9098
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Positron selection with calorimeter
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Starting point of shower
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Présentateur
Commentaires de présentation
Total negative  3067

Total positive  189055

Selected electrons  2032

Selected positrons  322


Positron selection

Pre-selections:
« Starting point of shower ngldlty' 20-30 GV

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

€ e

number of avents
Number of events

o6 — 1 0 75 20
Fraction of energy along the track Number of detected neutrons

number of avents
Number of events

:III|III|III|IIIIIII|IIIIIII|III|III|III|III|I

" " " | " " " L
[T [T 1
Fraction of energy along the track
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Positron selection

Energy loss in silicon tracker
detectors:

 Top: positive (mostly p) and
negative events (mostly e)

 Bottom: positive events identified as
p and e* by trasversal profile method

IIIIIIIII|IIIIIIIIIIIIIIIIIII|IIII|IIII
Normalized number of events

. nn " nnllnnnnllnnbis
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Normalized number of events
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The “pre-sampler” method

CALORIMETER: 22 W planes: 16.3 X,

2 W planes: =1.5 X,

20 W planes: =15 X,

\_\
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FATELNITE L) S0DE

TRIGGER:
AC: CAB

CALO: NSTR

n Board Time: 61620249 fms|
AT hit=0 CAS hir=40
=699 OTOT = 6861 [MIP]

8§4: 84.9 [IMIP] TOF: p=0.801
ND: Trig: 6 - Bekgr: upper = 3 lower =9

PALETTE

TOF. TRK, CALO. 54 [MIF]:

MDD [neutrons]:

ros

P KD

FATELLITE s S00E


Présentateur
Commentaires de présentation
	


P SIDE

File: L2PAMO70506-tree.root - Pkt_num: 2216509
Progressive number: 35884 - 84 trigger -
On Board Time: 100664563 [msf
TRIGGER: TOF4 CALO

AC: CAR ; AT hit =0 CAS hir=2

TRK: HIz2=LI6

CALO: NSTRTP= 045 QTOT =06921 fMIP]

§4: 72.2 [MIP] TOF:p=107

ND: Trig: @ - Bekgr: upper = 11 Iower =3

PALETTE

TOF. TRK, CALO. 54 [MIF]:

VAE SIDE

FATELLITE s S00E

MDD [neutrons]:

FATELLITE 0L} S0DE
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Positron selection with calorimeter

TMVA: Toolkit for MultiVariate data Analysis
http://tmva.sourceforge.net/

TMVA host large variety of multivariate classification
algorithms (cut optimization with genetic algorithm, linear
and non-linear discriminant and neural networks,
support vector machine, boosted decisional trees, ...)
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Positron selection with calorimeter
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T
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|

VAE SIDE
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SATELLITE (€FL) SIDE
Tracker
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B \ B Flight data: 51 GeV/c
‘ — positron

2
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Positron selection

Energy loss in silicon tracker
detectors:

» Top: positive (mostly p) and
negative events (mostly e)

» Bottom: positive events identified as
p and e* by trasversal profile method
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Normalized number of events

Normalized number of events

nﬂ.—......

Tracker dEldx {m

Rigidity: 10-15 GV Rigidity: 15-20 GV
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Positron selection with calorimeter

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

Flight data: Test beam data
rigidity: 20-30 GV Momentum: 50GeV/c
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[ [X] 1
Fraction of enargy along the track
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e+

Normalized number of av

oo nll
0 a1 Q.2 0.3 Q.4 0.5 0.6 0.7 0.8 0.9 1
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Fraction of energy along the track Fraction of energy along the track

W Energy-momentum match
;’,\ Starting point of shower
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Positron selection with calorimeter

Rigidity: 42-65 GV
Fraction of charge released along the

calorimeter track (left, hit, right) Neutrons detected by ND

S
==

s

2

Number of avents
NHumber of events

P 14

AL 15 20
Fraction of energy along the track Number of detected neutrons

Number of events
Number of avents

. EILER 15 20
Fraction of energy along the track Number of detected neutrons

Y Energy-momentum match
,:;,\ Starting point of shower
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Background estimation from data

Rigidity: 20-28 GV

Mumber of events

01 02 03 0.4 0.5 086 07 08 09 1
Fraction of energy along the track

aen am o~ o o aea o g | am

‘pre=sampter—p— ' ' ' ]

H.

MNumber of avants
o o
ST T T T
| 1

o th O

01 02 0.3 0.4 0.5 06 07 08 09 1
Fraction of energy along the track

¥ positron selection

MNumber of avants

0 0.1 02 0.3 0.4 0.5 0.6 07 08 09 1
Fraction of energy along the track

® Energy-momentum match
® Starting point of shower
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PAMELA Positron Fraction

astro ph 0810.4995
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~10 000 e* > 1.5 GeV
~2000 > 5 GeV
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PAMELA Positron Fraction

astro-ph 0810.4995

End 2007:

~10 000 e* > 1.5 GeV

~2000 > 5 GeV

PAMELA

Clem & Evenson 2007
HEATO0O

AMS

CAPRICES4
HEAT94+95

TS93

MASS89

Muller & Tang 1987
! S O O RS BB |

10" 1 10 10
Energy [GeV]

O % [ 4 WO @

\.
s . E®] Emiliano Mocchiutti, INFN Trieste - Rencontres de Moriond EW Session, La Thuile, March 11th 2009

&I
e
S



Positrons with HEAT & PAMELA
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® PAMELA Results
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Cosmic-ray antimatter search

Antihelium—tao—Heliurn Ratio
T T T T UL LLIRELRRRL T T T LRI RL LLELILRRLL

(95% C.L.)

Aizu et al. 61

&
~

Evenson 72

Smoot at al. 75

LEAP 87

Buffington et ol. 81 grgg g5

AMS 98

BESS 93-00

BESS combined (new)

PAMELA (2006-2009)

expected

Rigidity (GV)°

10

“We must regard it rather an accident that
the Earth and presumably the whole Solar
System contains a preponderance of
negative electrons and positive protons. It
IS quite possible that for some of the stars
it is the other way about”

P. Dirac, Nobel lecture (1933) )
INFN
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SATFATTF P O

Flight data: 0.763 GeV/c | |
antiproton annihilation




PAMELA Antiproton Flux
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PAMELA

5 modules of permanent magnet
(Nd-B-Fe alloy) in aluminum
mechanics

e Cavity dimensions 162x132x445 cm3
—GF 21.5 cm?sr

* Magnetic shields

e 5mm-step field-map

« B=0.43 T (average along axis), B=0.48
T (@center)

4
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PAMELA

Main tasks: a3
 Rigidity measurement
 Sign of electric charge
e dE/dx

Characteristics:

* 6 planes double-side (x&y view)
microstrip Si sensors

« 36864 channels

« Dynamic range 10 MIP
Performances:

e Spatial resolution: 3+4 um

« MDR ~1TV (from test beam data)

;f\
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Présentateur
Commentaires de présentation
Permanent magnet + microstrip silicon tracker

Geometrical factor + geometrical efficiency??

Main function:

Rigidity measurement

Sign of electric charge

Expected MDR

Expected spillover limits ???


=
PAMELA

CALORIMETER

The electromagnetic calorimeter

i

Main tasks:
ee/h discrimination
«e*/- energy measurement

Characteristics:

*44 Si layers (X/Y) +22 W planes

¢ 16.3 X,/0.6 1,

«4224 channels

* Dynamic range ~1100 mip

* Self-trigger mode (> 300 GeV GF~600 cm? sr)
Performances:

*p/e* selection efficiency ~90%

p rejection factor 10°

e rejection factor >104
* Energy resolution ~5% @200GeV

INFN
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Présentateur
Commentaires de présentation
Silicon-tungsten calorimeter  High granularity

Main function:

Electron-hadron separation

Electron energy measurement

Self-trigger capability  high-energy electrons


=
PAMELA

The time-of-flight system
£ '

First-level trigger
Albedo rejection
dE/dx

Particle identification| .
(<1GeV/c)

3 double-layer scintillator
paddles

X/Y segmentation
Total: 48 Channels

CALORIMETER *  Opagdle ~ 110pS
) * Orop — 330ps (for MIPs)

+ — ' INFN
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Présentateur
Commentaires de présentation
Main function:

Trigger

Albedo rejection


PAMELA The anticounter shields

Caby Rejection of events with
particles interacting with the

P apparatus (off-line and
s1 & - second-level trigger)

scintillator paddles 10mm
thick

il P T 4 up (CARD), 1 top (CAT), 4
<o e g, A4 side (CAS)

Efficiency > 99.9%

S3

CALORIMETER

_;‘ gl i
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PAMELA

CARD

S4

NEUTRON DETECR@E

CALORIMETER

“a

Shower-tail catcher (S4)

* ND trigger

« 1 scintillator paddle
10mm thick

Neutron detector

«e/h discrimination @high-energy

«36 3He counters: *He(n,p)T — Ep=780
keV

» 1cm thick polyetilene moderators

* n collected within 200 us time-window
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Présentateur
Commentaires de présentation
Main function:

Complement calorimeter in electron-hadron separation at high energy


Resurs-DK1 Satellite and Orbit

* Resurs-DK1: multi-spectral
Imaging of earth’s surface

* PAMELA mounted inside a
pressurized container

e Lifetime >3 years (assisted)
Resurs-DK1

Mass: 6.7 tonnes _
Height: 7.4 m e Data transmitted to NTsOMZ,

Solar array area: 36 m* @Moscow via high-speed radio
downlink.

» Quasi-polar and elliptical orbit
(70.0°, 350 km - 610 km)

* Traverses the South Atlantic
Anomaly

» Crosses the outer (electron) Van
Allen belt at south pole
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PAMELA milestones
Launch from Baikonur — June 15t 2006, 0800 UTC.

‘First light” — June 215t 2006, 0300 UTC.

* Detectors operated as expected after launch
* Different trigger and hardware configurations evaluated

— PAMELA in continuous
data-taking mode since

.. . ., Mai I{ n NTsOMZ
commissioning phase '-f ST
ended on July 11t 2006 1

Trigger rate* ~25Hz | Till ~now:

Fraction of live time* ~ 75% —650 days of data taking

Event size (compressed mode) ~ 5kB ~12 TByte of raw data downlinked

25 Hz x5 kB/ev —» ~ 10 GB/day ~12¢108 triggers recorded and analyzed
(*outside radiation belts) (Data from April till now under analysis)




Charge Iidentification capabilities (ToF)
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Charge identification capabillities (tracker

Beam-test data (@GSl 2006) flight data (preliminary)

12C projectiles on Al C = 4 =
p and polyethylene = e
targets % 35 g

He v Rl -
T E x

-
1
i

10°

10
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] 1000 2000 3000 4040 5000 6000 TO00
5., (ADC channels)
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