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Hundred years of research

Galactic and extragalactic cosmic rays (universal phen@tHegi. b i
Energy range: Vi 10*leV 5 itk
Galactic sourcesSNRs pulsars, star flares, stochastic
acceleration in the ISM

Extragalactic sources: AGN, gamiray bursts, intergalacic
shocks '

Propagation: diffusion, convection
Interactions with gagy( €), radiation and magnetic fielde){f« e

Emission: radio (synchrotron),-#ays (IC,bremsstrahlung gamma rays
(neutralpion decay, ICbremsstrahlung

Detection: direct (satellites, balloons), indirect (E/AGherenkov light,
cascade particles), even more indirect (via electromagnetic emissions)

Composition: all stable and lo#iyed particles and isotopes

Possible new physics: products of WIMP annihilations/decay, exotic
particles




F e r rskymagpof particle interactions

O >100MeV, 36 months

, & ) O shows where

/ _ accelerated particles
meet target (gas,
photons)

~80% of the emission
IS diffuse

many transients in the
a-ray sky

08—AUG—2008



Cosmic Scales
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Break in the CR and He absolute fluxes

Adriani +62011
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IMAX (1992) CAPRICE (1994)
CAPRICE (1998) & AMS (1998)

5 ATIC-2 (2007) BESS (2002)
CREAM (2004-2006) JACEE (1994)
RUNJOB (1995-1999) PAMELA

PAMELA systematic error ban

10?
E (GeV/n)

O O O O

Zatsepin et al. 2006 (fitted to data)
GALPROP ¢=450 MV

Zatsepin et al. 2006

Single power law fit

Datafrom several experiments (BESS, AMS,
ATIC62009, CREAMG62010,
all consistent and indicate spectral hardening
above ~10@eV/nucleon

p/He ratio vs. rigidity R is smooth
He spectrum is flatter than proton spectrum
Heavier nuclei seem to share the same trend

New data may provide us with a hint to the
origin of high energ{CRs



P and He SpECtr | 1” Reference

O All scenarios are tuned Eh
to the data, except the E
Reference scenario SR

Rigadity @ GV InJeCtlon

w— Calculation R
O CREAM
& ATIC-2
e PAMELA
it i)

Scenarios L and H: the
local source

component is 5,
calculated by the -
subtraction of the A
propagated Galactic [l
spectrum from the data |-

== Calculation I

O CREAM O CREAM
&  ATIC-2 | & ATIC-2
o PAMELA o PAMELA

Flux

Rigidity o, G Local LE Local HE Bigidity o, GV

O The local source is : B
assumed to be close tofg
us, SO no propagation; IS
only primary CR _ _. z
species S OF et o ot : { o et

VI adi mi r Apd A58, BS

1 10 1 o o' o 1 i ' Iy 1
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== CalubtnmH

Model predictions R e

O P/He ratio is tuned in all scenarios excep
Reference scenario

O Predicted antiproton/proton ratio agrees
with the existing data, but exhibits differe
behavior at >10GeV

O Only scenario P agrees with the data on
anisotropy

O Only scenario L can explain the sharp
break in the, He spectra

O Awaits for
and more
accurate data




FermtL AT observati ons o

1GeV-10 GeV 10 GeV-1TeV

AL

o-ray flux
>3.6GeV

¢  Fermi-LAT above 3.6 GeV (scaled)
o onvolved
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emissio
dominat

® Due to its proximity, the Eal
brightesto-ray source‘@m '

O The emission is produced by the*(‘; Y
cascades in the atmosphere” * .. AN

O Most energetio-rays are proau.Eéd 0)Y,
CRshitting the top of the atmosphere at
tangential directions (thin target)




Inferring the CR spectrum
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Inferring the CR spectruml|

Broken poweidlaw
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Broken powetlaw provides the
best fit with indices

2.84 0.03/2.6& 0.02
below/above the break at
264 19GeV

In perfect agreement with
direct CR measurements!
cf. PAMELA:

2.85 0.015 0.004 /
2.6/ 0.03t 0.05, break at
232+3530 GV

A single powetlaw with index

274 0. 01 canot Dbe
yet

FermiLAT continues to collect

data: more statistics, and
extension to higher energies

Can be used for instrument

~ralihratinn



Solar system

O Raw data sliced by 2 months
Interval, background removeg;
the solar track is clearly visible §

O Averagedover one year
theeclipticis seen as a
bright stripe on the sky,
but the emission comes
from all directions

galactic latitude [deq]

60.0 0.0 300.0
galactic longitude [deg]




FermiLAT observations of the Sun
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CRsin the interstellar medium

SNR IRXDT712B946| | |«
42 sigma(2003¢2'004 data) [ 140

(- -39d30"

(- =40d0"

HESS

PS F 17h|15m 17h‘11m

20 GeV/n

CR species!
U _Only 1 location
* 0 medulation

PAMELA



http://universe.gsfc.nasa.gov/astroparticles/programs/bess/BESSGroup1_2004.jpg

Constrains on CR propagation from global sca

Normalization of the diffusiogoeff. and its inde

6 8 10 12 vertical linei posterior

D, (10%® cm? s-1) 6
Alfven speed Halo size mean
- the best fit

Reacceleration model

| 0=0.37 very close to
classical value 1/3 fo
Kolmogorovdiffusion

K k
Injectiéh (inla/e’i) below/above thé l:{)rgg)k @1G All parameters are ver
close to those derived

t h-ei el

Posterior probability
distributions

O color bari 68%, 95%
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PAMELA data show rise in the positron fraction

Nl O PAMELA team reported a
rise in the positron fraction
per haps due t
positrons

OSo unexpected

O Possible explanations:

T VMEST o ngo L | N\L | primary astrophysical

® PAMELA = ‘

0O HEATO00
* AMS
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SNR shock)
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FermiLAT: et & € fluxes and positron fraction
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| Stat Error Only

O Stateof-the-art;: FermiLAT does not

have a magnet, but used geomagnet
field

Measured absolute fluxes ef& €
Fraction =«(e") /[« €) + «(€)]
Confirmed rise in the positron fractio
Extended measurements up to Zi¥V
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All -electron spectrum

O Cannot be reproduced with
single poweilaw injection
spectrum

O Origin

| Local sources?

O FermiLAT and PAMELA data agree well ,

N | perhaps needs a second
O Shows some structure (breaks and bumps) component with hard

O Flatter than extrapolated from low energies spectrum (positrons?)

O

Sharp cutoff at TeV (HESS), as expected



