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O t d t diOur present understanding
does not forbid a 

Bar on S mmetric Uni erseBaryon Symmetric Universe

antiM/M < 10-5 in 10-8 of the Universe
(if well mixed in the gas systems)

The observed M-antiM asymmetry
i LOCAL his a LOCAL phenomenon



high energy 
(Æ 100 G V/ )(Æ 100 GeV/n)





--- Experimental summary:
• The “MeV bump” disappeared (in 1995)
•The p- and e+ measured fluxes can be justified 

by production on ISMby production on ISM
• The search for N- gave only upper limits

--- AT PRESENT:
NO EXPERIMENTAL INDICATIONS
FOR COSMOLOGICAL ANTIMATTERFOR COSMOLOGICAL ANTIMATTER

--- NEEDED:
HIGHER ENERGIES (for p-, e+, N-)
CLEANER ENVIRONMENT (p-, e+ in space)

--- WHAT FOR THE NEXT FUTURE?? :
BESS by LDB flights (p- exotic, N-)
PAMELA on satellite (p- e+ N-)PAMELA on satellite (p-, e+, N-)
AMS-02 on ISS (N-, p-, e+)
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AntiM. ‘ideal scheme’



Open balloons

He
AirAir Air

Class A balloons
2.8 Mm3 @ 5 g/cm2

Lifting power 11t

services

Lifting power ~ 11t

Balloon 5 t
i 3

payload
services  3 t
payload 3 t @ 38÷40km 

(5g/cm2 residual atm )(5g/cm residual atm.)



Atmospheric temperature versus Altitude
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‘open’ balloons:
Volume @ 5g/cm2 > 1 Mm3Volume @ 5g/cm  1 Mm
Very thin material (20μm), 

does not support pressure differencesdoes not support pressure differences
Maximum load ≈ 3 t
Line of sight (LOS) ≈ 800 kmLine of sight (LOS) 800 km
Tipical duration of the flight 20 hours 



It is necessary a:

New Generation ofNew Generation of
Antimatter Researches 

in Cosmic Rays

[BESS + PAMELA + AMS]



WiZard: Æ Russian Italian Missions (RIM)
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MASS = 480 kg
POWER = 345 W
GF 20 5 2GF = 20.5 cm2sr
MDR = 740 GV/c

Readout pitch 50μ
Resolution <3μ

5 magnets, 
4.8 kG @ center

2 layers
2 layers

Scintillation
Counters
Hodoscopes 2 l

9 counters Si μ-strip, double side, 
double metallization
•6 planes x 6 sensors

• 37 kchannels

• IMAGING (2.4mm 
granularity)

Hodoscopes 2 layers

1 layer

• 37 kchannels

granularity)
• 16 Xo deep
• 44 Si layers + W
• 4.4 kchannels 

Neutron
Detector36 He3 counters

Granularity 2 x 2 x 4 mm3



PAMELA

P sit s 50 M V 270 G VPositrons 50 MeV - 270 GeV

Antiprotons 80 MeV – 190 GeV

l 1 8 ( / )Limit on antinuclei ~7 10-8 (He /He)

El t 50 M V 2T VElectrons 50 MeV – 2TeV

Protons 80 MeV – 700 GeV

Nuclei < 300 GeV/n   (Z ≤ 8)

study of the solar modulation 
ft r th 23rd s l r c cl m ximum

GF                      20.5 cm2 sr
after the 23rd solar cycle maximum.Mass                  480 Kg

Dimensions         120 x 40x45 cm3

Power Budget     345W 



PAMELA milestonesPAMELA milestones
• Launch from Baikonur: June 15th 2006 0800 UTC• Launch from Baikonur: June 15th 2006, 0800 UTC.
• Power On: June 21st 2006, 0300 UTC.                                      
• Detectors operated as expected after launch• Detectors operated as expected after launch

• PAMELA in continuous data-taking mode sincePAMELA in continuous data taking mode since 
commissioning phase ended on July 11th 2006

• As of ~ now:
•• ~600 days of data taking (~73% live-time) 
• ~10 TByte of raw data downlinked
• >109 triggers recorded and under analysis

Mirko Boezio, INFN Trieste Mirko Boezio, INFN Trieste -- ICHEP08, 2008/08/01ICHEP08, 2008/08/01



32 3 GV32.3 GV
positron



36 GeV/c36 GeV/c 
interacting proton



High-energy antiproton analysis
Event selected from 590 days of data
Basic requirements:

S1

Basic requirements:
• Clean pattern inside the apparatus

– single track inside TRK
S2

CATg
– no multiple hits in S1+S2
– no activity in CARD+CAT

S2

S

TOF

.

• Minimal track requirements
– energy-dependent cut on track χ2 (~95% 

efficiency)

C
A

STRK

efficiency)
– consistency among TRK, TOF and CAL 

spatial information CAL

S3

• Galactic particle
• measured rigidity above geomagnetic 

cutoff

S4

ND

cutoff
• Down-ward going particle (no albedo) 



PAMELA: Antiproton-Proton Ratio

li ipreliminary



PAMELA: Antiproton-Proton Ratio

preliminary



PAMELA: Antiproton-Proton Ratio

preliminary



Positron - Electron ratio



Positron charge ratioPositron charge ratio



Pamela e+ results

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

•More than 15000•More than 15000  
positrons over 1 GeV

•Other eight  months 
data to be analyzed

arXiv:0810 4995v1 [astro ph] 28 Oct 2008arXiv:0810.4995v1 [astro-ph] 28 Oct 2008

Accepted on Nature



Pamela e+ results

arXiv:0810.4995v1 [astro-ph] 28 Oct 2008
Accepted on Nature



Positrons to Electrons ratio

___ Moskalenko & Strong 1998

+Charge sign 
dependent

¯

dependent 
solar 

modulation
statistical errors only



Positrons with HEAT





Cosmic-ray antimatter search

BESS combined (new) 

expected



PAMELA: Preliminary Results B/C



PAMELA: Galactic H and He spectra

Very high statistics on a very wide energy rangeVery high statistics on a very wide energy range

- Precise measurement of spectral shape 

- Possibility to study time variations and transient phenomena



PAMELA: Proton SpectraPAMELA: Proton Spectra
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Solar modulation
(statistical errors only)

Interstellar spectrum

(statistical errors only)
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Primary and secondary spectra:
Magnetic equatorg q
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Primary and secondary spectra:
Intermediate latitudes
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A look at Earth:
the geomagnetic field

e

p

epp



SAA



Spectrum of proton radiation belt inside the SAA

T d

(statistical errors only)

Trapped

G l tiGalactic

B > 0 30 G

0.20 G ≤ B < 0.21 G

B > 0.30 G
0.22 G ≤ B < 0.23 G
0.21 G ≤ B < 0.22 G

B < 0.19 G
0.19 G ≤ B < 0.20 G

Always: 10 GV < cutoff < 11



Solar Physics with PAMELASolar Physics with PAMELAyy

80 MeV

50 MeV

Mirko Boezio, INFN Trieste Mirko Boezio, INFN Trieste -- Fermilab, 2008/05/02Fermilab, 2008/05/02



December 13th 2006 eventDecember 13th 2006 event



• PAMELA is the first space experiment which is measuring the g
Antiprotons and Positrons to the high energies (> 150GeV) with 
an unprecedented statistical precision

• PAMELA is setting a new lower limit for finding Antihelium

• PAMELA is looking for Dark Matter candidates

• PAMELA is providing measurements on elemental spectra and 
low mass isotopes with an unprecedented statistical precision and 
is helping to improve the understanding of particle propagation inis helping to improve the understanding of particle propagation in 
the interstellar medium

• PAMELA is able to measure the high energy tail of solar particlesPAMELA is able to measure the high energy tail of solar particles.





AMS-2

2009-2012



Pamela and AMS-02 
Space Observatories at 1AU

Solar Energetic particles Matter :  Antimatter
PBH    Dark Matter
Galactic cosmic rays

Jovian electrons

l d l

Galactic cosmic rays

Solar Modulation

Anomalous Nuclei
Nearby e- Sources

Magnetospheric physics
R. B., SAA, Albedo, 
secondary particle 



Th k f tt tiThank you for your attention


