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Pamela’s scientific objectives

v Study antiparticles in cosmic rays
v’ Search for antimatter

v'Search for dark matter

v’ Study cosmic-ray propagation

v' Study solar physics and solar modulation

v' Study the electron spectrum (local sources?)

Bruxelles, November 13, 2007 - EuroGDR2007 Pamela Oscar Adriani



PAMELA nominal capabilities

energy range particles in 3 years
= Antiprotons 80 MeV - 190 GeV ~ 104
= Positrons 50 MeV - 270 GeV ~ 10°
m Electrons up to 400 GeV ~ 106
= Protons up to 700 GeV ~ 108

O Elec’rrons+posi‘rron5 up to 2 TeV (from calorimeter)
= Light Nuclei up to 200 GeV/n He/Be/C:  ~107/4/5

= AntiNuclei search sensitivity of 3x108 in He/He

-~ Simultaneous measurement of many cosmic-ray species
- New energy range
-~ Unprecedented statistics
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PAMELA in Space

On June 15* 2006 at 08:00
UTC the RESURS DK-1 satellite
housing the PAMELA apparatus
was successfully launched in
space from the Russian
cosmodrome of Baikonur.

PAMELA was switched on for the
first time on June 21st,

In the following days PAMELA
was on for several hours and
continuously since the 11th of
July.

On September the 15 the
commission phase of the RESURS
was completed.
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PAMELA flight

m Detectors operated as expected after launch

» Tested different trigger and hardware
configurations

= As of August 30, 2007 PAMELA has
collected data for about 30 million seconds
corresponding to more than 340 days (8100

hours) of continuous data taking (life time
~70%)

s The amount of data collected is ~5.8 TB,
corresponding to more than 700 million events
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The Resurs DK-1 spacecraft

Mass: 6.7 tons |
Height: 7.4 m i
Solar array area: 36 m2

Imaging with simultaneous
=imagery data transmission

o ’a
‘ Coverage 448 km |

s Multi-spectral remote
sensing of earth's surface
- near-real-time high-quality images
= Built by the Space factory
TsSKB Progress in Samara

= 4 emoved from parking to data-
taking position few times/year

(Russia)
Operational orbit parameters:
— Inclination ~70°
— altitude ~ 360-600 km (elliptical)
Active life >3 years

Data transmitted via Very

| -PAMELA mounted insid . al
. pressurize(;ngcl:r?tz‘:inelrrlsI o h'Qh‘SPeed Radio Link (VRL)
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March 2006 @Baykonur
Integration with satellite

‘PAMELA

PPressurized
\ caontainer
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The PAMELA apparatus

1.2 m

Mass ~450 kg Power ~360 W Geometrical Factor ~20.5 cm?sr
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The magnet
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= 5 modules of permanent magnet (Nd-
B-Fe alloy) in aluminum mechanics

m Cavity dimensions 162x132x445 cm3
> GF 21.5 cm2sr

m Magnetic shields

s 5mm-step field-map

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

SPECTROMETER
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SPECTROMETER
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The tracking system
Main tasks:

= Rigidity measurement
m Sign of electric charge
s dE/dx
Characteristics:

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

m 36864 channels

s Dynamic range 10 MIP
Performances:

m Spatial resolution: 3-4um

m MDR ~1TV/c (from test beam
data) —

-

Pamela
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SPECTROMETER
CALORIMETER
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The electromagnetic calorimeter
7 X3 -

Main tasks:
m e/hdiscrimination [
= e/~ energy measurement
Characteristics:

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

16.3 X,/ 0.6 1

4224 channels

Dynamic range 1400 mip

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

p-bar and e* selection efficienecy ~ 90%

p rejection factor >10°

e rejection factor > 10*

Energy resolution ~5% @2006eV

B B B B DS B B B
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The time-of-flight system

Main tasks:

m First-level trigger
m Albedo rejection
s dE/dx
|

Particle identification (<1
GeV/c)

Characteristics:

m 3 double-layer scintillator
paddles

m  X/Y segmentation
m Total: 48 Channels

Performances:

m  o(paddle) ~ 110ps
m o(TOF) ~ 330ps (for MIPs)

SPECTROMETER
CALORIMETER
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The anticounter shields
Main tasks:

m Rejection of events with
particles interacting with the
apparatus (off-line and
second-level trigger)

Characteristics:

m scintillator paddles 10mm thick

s 4up (CARD), 1 top (CAT), 4
side (CAS)

Performances:

m Efficiency > 99.9%

fi

SPECTROMETER
CALORIMETER
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Shower-tail catcher (S4)

Main tasks:

* ND trigger

Characteristics:

» 1 scintillator paddle
10mm thick

Neutron detector

Main tasks:

= e/h discrimination @high-energy
£7, Characteristics:
&9 = 36 3He counters:
3He(n,p)T > Ep=780 keV
m 9 cm thick polyetilene moderators ™

)’ m n collected within 200 us time-
e window

SN A— Very important to help the
CALORIMETER Calorimeter in the particle separation
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DAQ and data link with earth




Data acquisition

m Trigger configurations

High-radiation environment
> (S21 AND S22) AND (S31 AND S32) OR CALORIMETER

Low-radiation environment
> (S11 OR S12) AND (S21 OR S22) AND (S31 OR S32) OR CALORIMETER

m Trigger rate™ ~25Hz
m Fraction of live time* ~ 75%

m Event size (compressed mode) ~ bkB
> 25 Hz x 5 kB/ev ~ 10 GB/day
(*outside radiation belts)
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Data transmission

. Collected data stored in PAMELA mass-memory (2GB)
- Download (PAMELA - satellite )
7-8 per day - 14-16 GB
- Downlink (satellite—> ground)
2-3 sessions per day
. Error rate <10

Main downlink station:
Research Centre for Earth
operative monitoring"NtsOMZ"
(Moscow, Russia)

Spare downlink station:
Khanty-Mansiysk West Siberia
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Remote control

= Macrocommands: commands to PAMELA
cpu
- System configuration (hundreds of
modifiable parameters):
- Calibration (ascending node)
- Download to satellite mass memory

m Telecommands: hardware lines to
handle power modules

— Extremely flexible system, designed to be
easily adapted to space (unknown)
conditions.
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ToF counter rates

Outer
radiation belt
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Pamela maps at various altitudes

Top Counter Rate

Mean S1 rate. Altitude: 576 km - 619 km. (Hz)
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Trigger rate

i Event rate [Hz]
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In Flight detector performances
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Charge

dE/dx (MIP)

measurement with Tracker
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Charge measurement with Calorimeter

Calorimeter truncated mean

Calorimeter truncated mean [MIP]
B =
S (o)) (0] o N
o o o o o

N
o

1 10 10?
Rigidity [GV]

Truncated mean of multiple dE/dx measurements in different
silicon planes
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ToF P vs Rigidi

: 2589301

Entries

1

0
Rigidity [GV/c]

-1

Oscar Adriani

Pamela
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ToF p for p-like events
(calorimeter based selection)

Entries: 1572185
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Cosmic-ray Antimatter from

Dark Matter annihilation
A plausible dark matter candidate

is neutralino (y), the lightest
SUSY particle.

Annihilation of relicy
gravitationally confined in the
galactic halo
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A short review on existing antiparticle data

Charge-dependent solar _ _ _ Am'le'O'rOﬂS
modulation Experimental scenario during 90s
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Positrons
Experimental scenario until 90s

Charge-dependent solar

Difficult
Interpretation due
to large
uncertainties in
propagation
models
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What we can learn from existing data?

Situation is not clear:

‘Big statistical uncertainties

‘Big systematic uncertanties (poorly known
propagation models used during 90s)

‘Many different experiments each covering a
small energy range

‘Different modulation effects (different places,
different years)

Pamela really has a good chance to
look for Dark Matterllll (thanks also
to the improved models...)
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Secondary production of Antiparticles

m pp>pppp is the main antiproton source

m In order to look for Dark Matter with good
sensitivity we need to precisely know the
secondary produced pbar spectrum

m Propagation equation for CR in our Galaxy should
be solved

= Many very precise and fine tunable models
exists in literature now (big effort in the last
few yearsliill)

m Lionetto/Morselli/Zdravkovic model used as
example in the next slides
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Propagation Equation for Cosmic Rays in the Milky Way

OY(r,p,t) 0 o 1
2
= q(r,p)+ V- -(DgzVY—-—V)+ —p°Dppp,— —
0 D 1 1
- S—W—E(V'V)w—;%b—:%b
¥ / f T diffusion
convection velocity field that corresponds to f ?Demc'ent in the
galactic wind and it has a cylindrical symmetry, impulse space,
as the geometry of the galaxy. It's z-component quasi-linear MHD:
is the only one different from zero and increases Dl D va)
4 : A : np xry VA
linearly with the distance from the galactic plane loss term: fragmentation
diffusion coefficient is function of rigidity loss term: radioactive decay
Inputs and Cross Checks for the Models: Pamela can also

Secondary/primary (B/C, Be/C, Li/C etc.)
Absolute fluxes of p, e-, He
‘Nuclear Cross Sections
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help to improve
the models!



B/C ratio
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04
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Enveloping curves of
all the good fits

of the experimental
B/C data

Dashed line: Best fit

DR: diffusion+ reacceleration
DC: diffusion+convection

In DC model problem with
the ACE data at low energy

ALionetto, A.Morselli, V.Zdravkovic
JCAP0O9(2005)010 astro-ph/0502406
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Primary spectra: H and He
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Expected pbar spectrum from secondary origin
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Expected e* spectrum from secondary origin
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What we can expect from Dark Matter?

m Antiparticles secondary spectra will be
distorted by the Dark Matter annihilation
induced antiparticles

m The effect heavi Iz depends on the
characteristics of the Dark Matter composing
particles!

m Effect more evident in the high energy part of
the spectra

m Detailed analysis exists to understand which
part of the SUSY parameter space is accessible
to Pamela data

= I will not cover this part in detailllll
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Conclusions

m Pamela is in orbit since June 15, 2006

m Data are continously transmitted to
ground

m The detector is well performing, according
to what we were expecting

m PAMELA is measuring antiparticles with an
unprecedented statistical precision

m PAMELA will allow a careful and extensive
indirect search for dark matter!l! (allowing
also a precise calibration of the models)

= Results are coming soon!
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Spare slides
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Anti pPro tons (Lionetto,Morselli &.Zdravkovic 2005)

tg(B)=55, sign(w)=+1

U T L NS, L S o+ T
M ' PAMERAUGRA)
GeV) oo |  clumpiness factor 10
WMAP 3
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Extragalactic Cosmic-ray Antimatter Search
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Secondary-to-primary ratio
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Proton SPECTI"G: Upper and lower bounds of due to the uncertainties of propagation parameters
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Expected pbar spectrum from secondary origin
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Antiproton spectra
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Positron ratio: Experimental situation and PAMELA expectation for DC model
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Positron selection

Fraction of charge released along the track
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Many selection criteria provided by the calorimeter:
* total energy release
e longitudinal and later shower development
» shower topology
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