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PAMELA

Payload for Antimatter Matter
Exploration and Light Nuclei
Astrophysics

Launched in orbit on June 15, 2006, on board
of the satellite Resurs DK1 by Soyuz rocket
from the Bajkonour launch site.

Since July 11, 2006, Pamela is in continuous
data taking mode
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PAMELA science

e Search for antimatter
e Study of origin ofi dark matter
® Study of cosmic-ray generation and propagation

e Study selar physics and: solar moedulation
e Study terrestrial magnetosphere
e Study of electron spectrum (local sources?)




PHYSICAL SCHEME OF MAGNETIC SPECTROMETER PAMELA

1, 3, 7- TIME OF FLIGHT SYSTEM,;
2, 4- ANTICOINCIDENCE SYSTEM;

5- SILICON STRIP TRACKER (SIX DOUBLE PLATES);

6- MAGNET (FIVE SECTIONS);

8- SILICON STRIP IMAGING CALORIMETER;
9- SHOWER TAIL CATCHER SCINTILLATOR,;
10- NEUTRON DETECTOR;

11- HERMOCONTAINER.

Measurements:

» time of flight (B);

o deflection in the
magnetic field;

* energy losses in
all detectors;

 humber of
neutrons.

Estimations:

» type of particle
(lepton/hadron);

« sign and value of
charge (£2);

 mass of particle
(A);

* rigidity and energy
(R and E);

« direction of flight;



MAGNETIC SPECTROMETER PAMELA

S o I N Geometrical factor 21.5 cm?3sr;
shield < ‘\ Spac.e resolution of bending view
H e g | 3 um;
. Magnetic field 0.43 TI;
| MDR~1TV;
i\ Time resolution (TOF) ~200 ps;
i&  Thickness of calorimeter (W) 50
- glem?=16X,;
~ Electrical consumption 355 W;
- Size 90 x 90 x 125 cm;
~ Mass 470 kg;




PAMIELA nominal capabilities
energy range particles in 3 years

Antiproton flux 80 MeV - 190 GeV = 0F
Positron flux 50 MeV — 270 GeV ~ 10°
Electron flux up to 400 GeV ~ 106
Proton flux up to 700 GeV ~ 108
Electron/positron flux up to 2 TeV (from calorimeter)
Light Nuclei up to 200 GeV/n He/Be/C: = Q)
AntiNuclei search sensitivity of 3x10-8 in anti-He/He

—> Simultaneous measurement of many cosmic-ray species
—> New energy range
—> Unprecedented statistics

Taking into account live time and geometrical factor:
1 HEAT-PBAR flight ~ 22.4 days PAMELA data
1 CAPRICE98 flight ~ 3.9 days PAMELA data




. . . Command / Measurement . .
Vernier engine installation antenna Operational orbit parameters:

Solar battery

synchronization antenna
Accessories module - minimal orbit altitude, km 361
Pamela Research - maximal orbit altitude, km 604
Hardware
pressurized container
Active life 3 years
Instrument module Research .
hardware module Mass of assembled and loaded SC, kg Maximum6550
Instrument
pressurized container
Cooler .
Maximal length, mm 7930
Star tracker i
579\ Optronic equipment Maximal diameter, mm 2720
VRL thigh rate datalink) )
antenna Solar array area, m 36

Infrared local
vertical reference

Command / Measurement
antenna




Volume of Scientific Data
till 20.08.2007

e Numbers of OrbjiEE5300

* Total time of PAMIE bn::__ZSS days

- Total time of mBagfifement: 272
days |

* Numbers of datdE

* Total data size:®

e Useful information: ~4 TB

e Number of identified particles: 108




Data acquisition

-~ 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

- Trigger rate* ~25Hz
> Fraction of live time* ~ 75%

- Event size (compressed mode) ~ 5kB
- 25 Hz x 5 kB/ev ~ 10 GB/day
(*outside radiation belts)



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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SErer for arltlrraiiar

Indirect

By measuring the spectrum of the Cosmic
Diffuse Gamma (CDG)

Direct
By measuring p and e* energy spectra
By searching for Antinuclei



Search for
antimatter

AntiHelium/Helium flux ratio

107

= Ll LA I'l'll' L L Ll I'T—I'I'I'I' L L TT'I'I'I"I L

Smoot et al. (1975)

—
Aizu et al. (1961)

E
-
107 ¢
L

Evenson (1972)

L
L

Smoot et al. (1975)
Golden et al. (1997)

e
Buffington et al. (1981)

AMS STS-91 (1998)

BESS (1993-2004)

|
PAMELA 2006-2009

10 10° 10°
Rigidity (GV/c)



Stldy of orlglin of darie inaniar

Microwave Anisotropy
WMAP - NASA - —
Explorer Mission

total Qtotal.,balyon.
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stars, galaxies
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(Universe is flat)
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Stildy e eHdin ol darkimacter

Candidates
(dark
matter)

AN

very light
(m = eV)
axion

very heavy
(m = 100 GeV)
WIMP

Model of Super
Symmetry
The lightest stable
particle (LSP) —
neutralino (y)

Model of Extra
Dimensions
The lightest stable
particle (LKP) — Kaluza-
Klein particle (B1)




Sty eI oHdINoidarkanatuer:

Detect WIMP /nteractions with matter is via their elastic
scattering off a detector nucleus.

Detect WIMP annihilation process:
Bl +Bl et +e, ...

v+ y o> bb,tt,c't,2°Z°, 2% W*'W ,HH —

S Y4 e +o., pp+.,dd + ..., ..
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Study of origin of dark matter

Secondary production
(upper and lower limits)
Simon et al.

= BESS98
e CAPRICES8

s BESS95+97
* MASS91

v CAPRICE94
o IMAX92

g
-~
7]
O
]
| -
]
~N
E
f
~
o
=
o
f
x
=
e
e
o
iy
o
[ .
a
'*E.‘
<L

Kinetic Energy (CeV)

Secondary production

(CAPRICE94-based)
Bergstrom et al.




Study of origin of dark matter
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Study of origin of dark matter

e m PAMELA expectation (3y)

HEATOO
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Sellcly of orlgln of =i mlzeear

Data from PAMELA flight

dE/dx vs Rigidity |

(PRELIMINARY)
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Study of origin of dark matter

-

Data from PAMELA fi

(PRELIMINARY)
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Silldy of cusinle=rzY ganarilon zld oroozigzitlor)

The current situation of the  The current situation of
3He / 4He ratio the d / He ratio

PAMELA
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Data from PAMELA flight
(Preliminary)
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Data from PAMELA flight

(PRELIMINARY)
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Data from PAMELA flight

He (PRELIMINARY)
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Data from PAMELA flight
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Data from PAMELA flight
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Data from PAMELA flight
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Selcy taprasirlzal mzgnatosonars
Electron and positron fluxes in the SAA region
(data of the MARIA-2 and PAMELA)
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Selcy taprasirlzal mzgnatosonars
Data from PAMELA flight
Primary and Albedo (sub-cutoff measurements)

Differential prdton flux at various cutoffs | (pREU MI NARY)
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Conclusion

29 august 2007
PAMELA is functioning normally
In the last 24 hours 4 downlinks were done

14.6 Gb of information was transmitted
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- Flight data: 18 GeV/c electron
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File: run3sto60.root - Pkt _num: 671423
Progressive number: 1743

On Board Time: 36512565 [msf
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The SUSY Particle Spectrum

Standard Model

Mark Pearce [pearce@particle kih se)

Sparticles

Symbol Spin
leplons v 172 § sleptons TE ?L Ve 0
quarks g1 dR 12 squarks G.,3x (b2, )| O
photon ; 1

Z boson i ; P
- light Higgs neutralinas .(Bi’“ Fo o | 1

: heavy Higgs H 0 e

* | pseudoscalar Higgs A 0

W boson W+ |

gluon g 1 gluino z 1/2 e
graviion G 2 gravitino G 3/2

4
¥=NV+N,Z°+N,H'+N,H; Z|N,.
i=1

2

Astroparticle Physics [3A1312)
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Antihelium/helium flux ratio
=

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

- Badhwar et al. (1978)

BESS-TeV

Golden et al. (1997)

Buffington et al. (1981)

J. F. Ormes et al. (1997)

T. Saeki et al. (1998)
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Another possible scenario:
KK Dark Matter

Ligritest Kaluze-ilein Pariicle (LKP): B
Bosonic Dark Matter:
fermionic final states

, , no longer helicity

8 ww——1 B I suppressed.

Af ! e+e- final states
directly produced.

B wWWW—<—TF B :

Bl ﬁg{lﬂ:l Y

As in the neutralino case i e R .

there are 1-loop i
processes that produces Eiz & | A
monoenergetic r

v Yy In the final state. .r-'—--';_i:,;-}_f.- () "'\:]—r\_x
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- A ;)_Iausible dark matter candidate
Is
neutralino (y), the lightest SUSY
. particle.

". . Annihilation of relic y

£ = oY h i
gravitationally, kg Milky Way

confined in the galactic halo | W

" 'Most likely processes:

° XX =2 qq =2 hadrons% anti- p
e
= xx 3 WEW-70Z5%.. & er,.
dWrect dlcay => posttron peak E;a+ I\/IX/Z
o Dther processed = positron tontinutime
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Saercr of strucitres ir arltlorotorn soacirursr

Secondary production
(upper and lower limits)
Simon et al.

= BESS98
e CAPRICES8

s BESS95+97 \ _
* MASS91 \ Secondary production

(CAPRICEY94-based)
v CAPRICE94 Bergstrom et al.
o IMAX92

Antiproton flux (pgrticle / (m? sr s GeV))

Kinetic Energy (CeV)
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Orbital environment




» Solar modulation |gssa

Primary sources ?

a cAbiBelp, Morselli & .Zdravkovic 2005)
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Study of galactic cosmic ray spectrum

— :L()S
~_:l()6

He/Be/C ~1074/5

Taking into account live time and geometrical factor:

1 HEAT-PBAR flight ~ 22.4 days PAMELA data
1 CAPRICE98 flight ~ 3.9 days PAMELA data
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70 GV positron




TOF. TRK, CALOD. 54 MIF]:

Flight data: 11.6 GeV/c
interacting anti-proton




Matter in the Universe

Microwave Anisotropy P otal SHA(t)
WMAP - NASA - —® total  Baae 1 derit. 812G
Explorer Mission .

(Universe is flat)
= + Q + .
total total,baryon. dyn. required
i — = — - e -
baryonic matter dark matter dark energy
5% 25% 70%
g4 222
stars. galaxies candidates: quintessence
e WIMPs
e ()-balls

® 4X10Ns

® Kaluza-Klein-part.
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dE/dx vs Rigidita dE/dx vs Rigidita
Entries 1233013
a 25 Mean x 3.044
£ B Meany  3.067 .
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Tracker

a

I Calorimeter

0.171 GV positron

Flight data:

Tracker

Flight data: §!
0.169 GV electron
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File: DW 050518 001.dat - Event number: 206
Progressive number: 43
On Board Time: 214530 (delta: 637) fmsf
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