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Where do and come from?

Mostly locally within 1 Kpc, due to the energy losses by
Synchrotron Radiation and Inverse Compton

Typical lifetime
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Antiprotons within 10 Kpc




ALL ELECTRON INCLUSIVE SPECTRUM
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P Imaging calorimeters (energy measurement
and background rejection).

» Many different implementations explored.




Electrons (e + e*) - early experiments (1970-2000)

e Zatsepin, 1971

e Meyer, 1971

e Silverberg, 1973

= TIFR(Anand), 1973
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Proton satellite experiments (Grigorov 1967)
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Galactic Cosmic Ray All Particle Spectrum
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Figure 3: This figure is taken from Grigorov (1990). It shows measurements
of the galactie cosmle ray all particle spectrum from the Proton Satellites
{(+'s) and from the sum of the elemental spectra measured in the Sokol
experiment (triangles).
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Antiproton to proton ratio
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Antiproton/proton ratio before
1990 ,

- extFagéI actic antimatte
- Stecker & Wolfendale
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Balloon data : Positron fraction before 1990
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BESS Detector

—Rigidity measurement
- SC Solenoid (L=1m, B=1T) | “ihtlt
Min. materia (4.7g/cm?) L8

- Uniform field
- Large acceptance B, dE/dx

—Central tracker
- (Drift chamber 0 . 1m
— o ~200um . ' """"
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Proton flux
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AntiHelium / Helium flux ratio
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Charge-dependent COS m i c Ray Anti m atte r
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Space Missions and LDF
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Antiparticles

Antimatter and Dark Matter Search



Antihelium/Helium upper limit (95% C.L.)
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Antiproton Flux

Donato et al. (Ap) 563 (2001)
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Antiproton to proton ratio

(0.06 GeV - 180 GeV)
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Positron to Electron Fraction
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e*/(e*+e")

Models

—— Moskalenko, Strong (1998)
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Uniform model (yo=2.3, y1=2.7)
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Electron flux
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PAMELA and FERMI electrons
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SNR Density in the Galaxy
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o Stars and galaxies are only ~0.5%
o Neutrinos are ~0.1-1.5%
o Rest of ordinary matter
(electrons, protons & neutrons) are 4.4%
o Dark Matter 23%
o Dark Energy 73%
o Anti-Matter 0%
o Higgs Bose-Einstein condensate

~10%2%2?

@ baryon

@ neutrinos

@ dark matter
dark energy
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DM annihilations

DM particles are stable. They can annihilate in pairs.
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PAMELA antiproton to proton ratio
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Example: Dark Matter

Phys.Rev.D79:103529,2009

Phys.Rev.D8:103520,2008
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Rotation axis Beamed
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A NEUTRON STAR
WITH A STRONG
MAGNETIC FIELD:

FAST ROTATING
PULSAR
(P = 33 msec)

L(spindown) =
Enetg&ficchﬂfﬂﬁd 1038 erg/S
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Example: pulsars
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All" electron spectrum

Silicon Detector Si Complete GLAST
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E.°dN/dE, (m™s™'sr™'GeV?)

All three ATIC flights are consistent

1,000 | 1,000
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“Source on/source off” significance of bump for ATIC1+2 is

about 3.8 sigma
J Chang et al. Nature 456, 362 (2008)

ATIC-4 with 10 BGO layers has improved
e, p separation. (~4x lower background)

“Bump” is seen in all three flights.

Significance for ATIC1+2+4 is 5.1 sigma



l. Cholis et al.

Example: DM

arxiv:nnd A NS AA. A1

* Propose a new light boson (me < GeV), such that yy—=®®; ®—c*e, p+,
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* Light boson, so decays to antiprotons are kinematically suppressed




Flux x E3, m-%-ster GeV?
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All Electron Spectrum

Models

Uniform model (y =2.3,y =2.7)

PPB-BETS, 2007

H.E.S.S., 2009, LE analysis
H.E.S.5., 2009, HE analysis
Fermi/LAT, 2010, LE analysi
Fermi/LAT, 2010, HE analysij
PAMELA, 2010, e +e*
ECC(Nishimura), 2011
MAGIC, 2011 (preliminary)
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Fermi (e*+ e) and PAMELA ratio
Bergstrom et al. Phys.Rev.Lett.103:031103,2009

Bergstrom, Edsjo & Zaharijas 2009
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All electron spectrum
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Cosmic Ray Spectra



Proton and Helium fluxes
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Proton and Helium fluxes
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Proton Flux
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Proton to Helium ratio
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Proton and Helium fluxes
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Carbon Flux
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Solar Modulation of galactic
cosSmic rays

Intensita Neutron Monitor di Roma (dati mensili)
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antiproton flux [Gev-! s mrd srt]
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Cosmic-Ray Antiprotons and DM

limits

Carda e, Dalahaye & Lavale (4001}
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See also:

D. G. Cerdeno, T. Delahaye & J.
Lavalle, arXiv: 1108:1128

Antiproton flux predictions for a 12
GeV WIMP annihilating into different
mass combinations of an intermediate
two-boson state which further decays
into quarks.

*°M. Asano, T. Bringmann & C. Weniger, arXiv:1112.5158.
* M. Garny, A. Ibarra & S. Vogl, arXiv:1112.5155
* R. Kappl & M. W. Winkler, arXiv:1140.4376



Time Dependence of PAMELA Proton
Flux
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Fluxes in time PAMELA

range: 0.4 — 0.71 GeV
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AMELA Positron Fraction
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Time Dependence of PAMELA Helium Flux
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South Atlantic Anomaly



Orbit Characteristics



http://nedwww.ipac.caltech.edu/level5/March02/Plionis/Plionis3_2.html
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Subcutoff particle spectra

Protons flux
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flux, (m” sr MeV sec)”

Subcut-off electrons and
positrons
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Distributions of sub-cutoff proton counts
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Gradients in the Heliosphere, PAMELA &
ULYSSES
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Spatial gradients

1.97 GV

2.07 GV
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Comparison of the proton flux measured between 1.97 and
2.07 GV by PAMELA and ULYSSES as a function of time



Proton gradients in the heliosphere - PAMELA
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December 2006 Solar particle
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GOES Space Environment Monitor
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Forbush decrease - protons

Rigidity from 1.57 to 5.70 GV
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Forbush decrease - protons and electrons

Rigidity from 1.57 to 5.70 GV
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Forbush decrease - protons, electrons and

Rigidity from 1.57 to 5.70 GV
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proton flux during the January 23rd flare
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proton flux during the March 7th flare
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helium flux during the March 7 flare
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Solar event March 2012

6/19/12 411 PM

Fermi/LAT > 100 MeV emission lasted ~ 20 hrs
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Evento Solare 17 Maggio
_ 2_012_
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Summary PAMELA Results

PAMELA Data
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and assembled at CERN, near Geneva, Switzerland



pectrometer

300,080 electronié char Is N - = ¥ Sm x 4m X 3m
- i 7.5 tons




AMS is installed on the ISS
Truss and fully operational
since May 19, 2011




AMS consitst of 5 sub-detetcors which provide reduandant
trp Information for particle identification

Identify e+, e- Particles and nuclei are defined by their TZOE
charge (£) and energy (E ~ P) il

Z, P are measured independently by
the Tracker, RICH, TOF and ECAL



CALET KIBO-ISS

CHD 120
Electronics CHD

156.5

240

Electrons up to 20 TeV
Launch 2015



Gamma-400 Satellite

Upper Charge Detector [——

Converter/tracker
(thin W and silicon
micro-strip pitch
120um)

High-energy gamma-ray
Tracker (Segmented W
Converter + Si ustrip planes)

Homogenous Calorimeter
39 X0 CsI(TI)

Launch foreseen by end 2018
gamma-rays from 30 MeV up to 300GeV energies
electrons/positrons in the TeV energy range and beyond

proton/ion cosmic-rays up to the "knee”



CREST (Cosmic Rar Blactron Synchrotren Tekscops)

eI RS sT

I"'.'i"."j'i"JI'I

[SEATRE:

i lee | G el

B wo Antarctic LDE_ b Planning for the next-generation

b All electrons from 2 TeV to 50 Tel. Emssie s iy, e

B Detect synchrotron radistion of primary .
electron as it passes through Earth's '
magretic fizld: 1024 BaFz crystal with
b v tic AC D

b Signal: lire of photons arrving nearky - 5‘"’?”;1 S R RN et o
simubtanscusly (mean energy 10 keW-5 MV s, e

related to the primary lectron snergy ). : e Al zlectrons vp to 22 10 Tel.




Thanks!

http:// pamela.roma2.infn.it
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