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ANTIMATTERANTIMATTER

Antimatter Lumps 

in our Galaxy
Trapped

antiparticles



Gamma Gamma EvidenceEvidence  forfor  CosmicCosmic  AntimatterAntimatter??

GRO: Comptel and EGRET



Cosmic Diffuse Gamma SpectrumCosmic Diffuse Gamma Spectrum

P. Sreekumar et al, astroph/9709257



Gamma Gamma EvidenceEvidence  forfor  CosmicCosmic  AntimatterAntimatter??
SteigmanSteigman 1976, De  1976, De RujulaRujula 1996,  1996, DolgovDolgov 2007 2007

OsservationOsservation in the 100  in the 100 MeVMeV gamma  gamma rangerange

LeadingLeading  processprocess::
p pp p   00+ + ………………

  

OtherOther  processesprocesses::
p pp p     ++………………                ++………………                  ee++………………                



GloballyGlobally    B-SymmetricB-Symmetric  UniverseUniverse

ThisThis  possibilitypossibility  seemsseems  observationallyobservationally  excludedexcluded

A.G.A.G.  CohenCohen, A. De , A. De RujulaRujula and  and S.L.S.L.  GlashowGlashow,,

AstrophysAstrophys. J. 495, 539, 1998. J. 495, 539, 1998



LumpsLumps of  of AntimatterAntimatter in  in ourour  GalaxyGalaxy??
  C. C. BambiBambi and A.  and A. D.D.  DolgovDolgov, , arXivarXiv: : astro-phastro-ph/0702350 /0702350 and and thereintherein  enclosedenclosed

referencesreferences

0.511 0.511 MeVMeV  positronpositron  annihilation-Integralannihilation-Integral/SPI/SPI

G. Weidenspointner et al., astro-ph/070261



New Gamma Space New Gamma Space ExperimentsExperiments



AntimatterAntimatter Direct  Direct researchresearch

AntimatterAntimatter  whichwhich  hashas  escapedescaped  asas a  a cosmiccosmic  rayray  fromfrom a  a distantdistant

antigalaxyantigalaxy

SreitmatterSreitmatter, R. E., Nuovo Cimento, 19, 835 (1996), R. E., Nuovo Cimento, 19, 835 (1996)

AntimatterAntimatter    fromfrom    globularglobular  clustersclusters of  of antistarsantistars in  in ourour  GalaxyGalaxy  asas

antistellarantistellar  windwind or   or  anti-supernovaeanti-supernovae  explosionexplosion

K.K. M.  M. BelotskyBelotsky  etet al.,  al., PhysPhys. . AtomAtom. . NuclNucl. 63, 233  (2000), . 63, 233  (2000), astro-phastro-ph/9807027/9807027



(GLAST AMS-02)



1979: First observation (Golden et al)

1979: Russian PM (Bogomolov et al)

1981: Excess reported (Buffington et al)

1985: ASTROMAG Study Started

1987: LEAP, PBAR (upper limits)

---------------------------------------------------

1991: MASS

1992: IMAX

1993: TS93, BESS

1994: CAPRICE94, HEAT-e±

1996: Solar minimum

1997: BESS

1998: CAPRICE98, AMS-01

1999: BESS

2000: HEAT-pbar, BESS

2004: BESS Polar I

Antimatter in Cosmic Rays

Before MASS Flight



•• Charge sign andCharge sign and

momentummomentum

•• Beta selectionBeta selection

•• Z selectionZ selection

•• hadronhadron  –– electron electron

discriminationdiscrimination

CapriceCaprice
SubnuclearSubnuclear

physics techniquesphysics techniques

 in space in space

experimentsexperiments







BESS Coll. 

30th ICRC 2007



BESS Coll. 

30th ICRC 2007



AntistarsAntistars in  in ourour  GalaxyGalaxy??

AbundanceAbundance of  of elementselements in CR  in CR reflectsreflects relative relative

abundancesabundances in the  in the GalaxyGalaxy







AntideuteronsAntideuterons

Hadronization

Monte Carlo
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• Pair annihilating WIMPS

produce:
 , , e+…

_
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F. Donato et al. Antideuterons as a signature of

supersymmetric dark matter. Phys. Rev D,

62(4):043003



60 GeV neutralino

Background

AntideuteronsAntideuterons
F. Donato F. Donato etet  al.al.  ––  3030thth ICRC 2007 ICRC 2007



WhatWhat do  do wewe  needneed??

Measurements at higher  energiesMeasurements at higher  energies

Better knowledge of   backgroundBetter knowledge of   background

High statisticHigh statistic

Continuous monitoring of solar modulationContinuous monitoring of solar modulation

                                        Long Duration FlightsLong Duration Flights



AntimatterAntimatter Dark  Dark MatterMatter
 Space  Space MissionsMissions



PAMELA and AMS-02:PAMELA and AMS-02:  ObservatoriesObservatories at  1 AU at  1 AU



PAMELAPAMELA
LaunchedLaunched in  in orbitorbit on  on JuneJune 15, 2006, on 15, 2006, on

board of the DK1 satellite board of the DK1 satellite byby a  a SoyuzSoyuz

rocketrocket  fromfrom the Bajkonour launch site. the Bajkonour launch site.

Since July 11, 2006, Pamela is in

continuous data taking mode

16 Gigabytes data/day

The amount of data collected is ~5.8TB,

corresponding to more than 7x108 events.



Bari Florence Frascati

Italy:

TriesteNaples Rome CNR, Florence

Moscow 

St. Petersburg

Russia:

Germany:
Siegen

Sweden:

KTH, Stockholm

PAMELA Collaboration



GFGF ~21.5 cm ~21.5 cm2sr       sr       Mass: 470 kg        Mass: 470 kg        SizeSize: 130x70x70 cm: 130x70x70 cm3



PAMELA nominal capabilitiesPAMELA nominal capabilities
energyenergy  rangerange                                                particlesparticles in  in 3 y3 yeaearrss

Antiprotons    Antiprotons                     80                  80 MeVMeV - 190  - 190 GeVGeV                              ~ 10~ 1044

Positrons              Positrons              50 50 MeVMeV  –– 270  270 GeVGeV ~ 10~ 1055

Electrons  Electrons    up to 400 up to 400 GeVGeV ~ 10~ 1066

Protons   Protons                               up to 700 up to 700 GeVGeV ~ 10~ 1088

Electrons+positronsElectrons+positrons        up to 2 up to 2 TeVTeV (from calorimeter) (from calorimeter)

Light NucleiLight Nuclei    up to 200 up to 200 GeV/nGeV/n    He/Be/C:       ~10    He/Be/C:       ~107/4/57/4/5

AntiNucleiAntiNuclei search search         sensitivity of          sensitivity of 3x3x1010--88 in  in antiHeantiHe/He/He



Flight data: 69.9 GeV/c

positron



Flight data  40.7 GeV/c

 interacting antiproton



SecondariesSecondaries / primaries / primaries
i.e. Boron/ Carbon to constrain propagation parametersi.e. Boron/ Carbon to constrain propagation parameters

D. Maurin, F. Donato R. Taillet and P.Salati
ApJ, 555, 585, 2001 [astro-ph/0101231]

F. Donato et.al, ApJ, 563, 172,

2001 [astro-ph/0103150]

AstrophysicAstrophysic

B/CB/C

constraintsconstraints

NuclearNuclear

crosscross

sections!!sections!!

B/C Ratio Antiproton flux



PAMELA eventPAMELA event

Flight data: 13 GV

Interacting

Helium Nucleus



Flight data: 5.7 GV

non-interacting

Carbon Nucleus



Pamela  maps at various altitudes



Galactic H and He spectra
Prelim

inary

!!!



Solar particle event

Solar quiet spectrum

Preliminary!

13 december 2006  solar impulsive event



Solar particle event

Solar quiet spectrum

Preliminary!

13 december 2006 solar impulsive event



Primary and Albedo (sub-cutoff measurements)

Preliminary!
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AMS-02 on ISSAMS-02 on ISS
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The Completed AMS Detector on ISS

Transition Radiation
Detector (TRD)

Silicon Tracker

Electromagnetic
Calorimeter (ECAL)

Magnet

Ring Image Cerenkov
Counter (RICH)

Time of Flight
Detector (TOF)

Size: 3m x 3m x 3m
Weight: 7 tons



AMS AMS CapabilityCapability Space  Space PartPart 2006 2006

Gamma Rays



Sensitivity of AMS:  If no antimatter is found => there is no
antimatter to the edge of the observable universe (~ 1000 Mpc).

Direct search for antimatter: AMS on ISS
y
0
6
K
3
0
1

Collect 2 billion nuclei 

with energies up to 2 trillion eV
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     Combining searches in different channels could

  give  (much)  higher sensitiviy to SUSY DM signals

antiprotons

positrons

gamma rays

anti deuterons

Unique 

Feature 

Of 

AMS



BESS
Balloon-borne
Experiment with a
Superconducting
Spectrometer

Search for
Primordial Antiparticle

antiproton: Novel primary origins  (PBH,DM)
antihelium: Asymmetry of matter/antimatter

Precise Measurement of Cosmic-ray flux:
    highly precise measurement at < 1 TeV



BESS

Collaboration
The University

of Tokyo

High Energy  Accelerator

Research Organization(KEK)

University of Maryland

Kobe University

Institute of Space and

Astronautical Science/JAXA

National Aeronautical and

Space Administration

Goddard Space Flight Center

University of Denver

(Since June 2005)

BESS Collaboration
As of April, 2006



BESS Detector
–Rigidity measurement

–  SC Solenoid (L=1m, B=1T)

–  Min. material (4.7g/cm2)

–    Uniform field
–    Large acceptance

–Central tracker
– (Drift chamber
–  ~200μm

– Z, m measurement
– R, --> m = ZeR   1/ 2-1
– dE/dx -->  Z

JET/IDC
Rigidity

TOF
, dE/dx



 BESS-Polar II   December 2007

  Long duration flight of 20 days with two circle around the
pole,  4~5 x BESS-Polar I statistics
Combined measurements with PAMELA



BESS Polar II Observation
(Expected)
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Simulation for secondary only (20 days)
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BESS Polar

Antiproton Spectrum     Search for Antideuteron  and AntiHelium
(Search for PBH)   



 General Antiparticle Spectrometer (GAPS)
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60 GeV neutralino

Background

AntideuteronsAntideuterons
F. Donato F. Donato etet  al.al.  ––  3030thth ICRC 2007 ICRC 2007



GLAST

Gamma-Ray
Large Area Space
Telescope

 96 CsI(Tl)
 8 layers

3000 kg, 650 W
1.8 m x 1.8 m x 1 m
20 MeV – 300 GeV



LKP Detection by LATLKP Detection by LAT

Very, very favorable situation:Very, very favorable situation:
LKP mass = 300 LKP mass = 300 GeVGeV

ee--  ++ e e++ yield direct yield direct

annihilation ~20%  of theannihilation ~20%  of the

totaltotal

Single (closest) clumpSingle (closest) clump
1 year observation1 year observation

MoiseevMoiseev  etet  al.al.  ––  3030thth ICRC  2007 ICRC  2007

Red points – “conventional” electron flux

Blue line – LKP annihilation in electrons

Black points – reconstructed LAT electron

spectrum with LKP

Reconstructed LAT electron

spectrum



AGILE

the most compact

instrument for high-

energy astrophysics

It combines for the first

time a gamma-ray

imager (30 MeV- 30 GeV)

with a hard X-ray

imager (18-60 keV) with

large FOVs (1-2.5 sr) and

optimal angular

resolution



AGILE in orbit

April 23, 2007

ISRO Sriharikota base,
PSLV-C8



AGILE gamma-ray detection of the Vela PSR

12 orbits  data accumulation of the  Vela PSR region







BESS Coll. 

30th ICRC 2007





AMS-01 AMS-01 BremstrahlungBremstrahlung  eventevent



J.E. Koglin et al. 30th ICRC 2007 



PEBS - Positron Electron Balloon Spectrometer



ECAL:
3D imaging,
80 layers (1mm Pb +
scintillating fibre)
with  SiPM readout
14.3 X0,
weight: 550kg

Time-of-Flight system
2 x 2 x 5 mm3

scintillator, SiPM
readout; trigger
system!

Transition Radiation
Detector (TRD):
2 x 8 x ( 2cm fleece
radiator + 6mm straw
tube Xe/CO2 80:20 )



What could be measured with a 2500 cm2 sr Experiment ?

PAMELA:   20 cm2 sr 20 days PEBS = 7 years PAMELA

AMS-02: 500 cm2 sr            = 100 days AMS-02

What ever PAMELA or AMS-02 might discover in the positron fraction,

we need an independent verification.



GLAST
Large Area Telescope (LAT)
Gamma Ray Burst Monitor (GBM)

 

Spacecraft

 (Gamma Ray Burst Monitor) GBM:

correlative transient observations

 LAT:  ~20 MeV  -  >300 GeV~5 keV – 30 MeV


