PAMELA/ATIC - an
Astrophysical point of view
or

“Anomalous” positrons from
very hormal sources
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Synchrotron From SNR

‘-: Ca55|ope|aA observed by Chandra

Green | .5- 245 I<eV




Once formed, Cosmic Rays

*Trapped in the Galactic Magnetic
field
*Diffuse

sEscape




*The protons produce
Secondaries p+p — ...
This is how positrons are
produced

also p+N = N’+...

*The electrons and
positrons cool




Standard View

® Electrons and Protons
are mostly accelerated

by supernova/ faSteI‘ dlfoSIOI’)

interstellar medium
(ISM) shocks. out of the

Pairs (and hence

) are produced
by CR protons
interacting with the ISM

(Positrons are
secondaries)

Positron/Electron ratio
should decrease with
energy!




What is PAMELA?

Google: PAMELA images




PAMELA’s anomaly:
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A new source of
electrons & positrions
that becomes dominant
at ~10 GeV




Decay of exotic particles (WIMPs)
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Science News
Pamela picks up 'dark matter' signs




Astrophysical Sources of Pairs:
Pulsars

Need ~3% of
the pulsars’

energy as g
100GeV pairs f\ .
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® These solutions require
NEW PHYSICS
or

NEW ASTROPHYSICS

® Okam’s razor:

Is there a simpler
solution?




Consider a Local Source of CR
electrons

® Above some energy, the electrons
don’t have enough time to reach us
before cooling.

tcool(E,d)=tditfuse(E,d)

d = I kpc for E=~ 20 GEV




This means that...

® Above E;, ~ 20 GeV, the electrons
will start cooling and disappear.

® Positrons however, form
continousely along the way from
proton-ISM interactions.

® Therefore the positron/electron
ratio will increase




* Primary electron cool and
disappear before reaching earth

* Secondary electron/positron
form nearer and can reach earth
before cooling




Electrons from Sprial
arms above ~ 20 GeV
cool (synchrotron and
inverse-Compton)
before reaching the solar
system!

Protons do not cool, so
positron production near
us does not care (too
much) about cooling.

faster diffusion
out of the galaxy!




faster diffusion
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‘But what ist
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arcseconds




Most SNe occur in the
spiral arms

In the Milky Way: Almost all
SNe are non-Type la, and
occur where almost all star
formation takes place: In the
Spiral Arms

Meteorites: Show that
density changes by a factor
of > 2.5

Deconvolved Synchrotron:
Shows arm to inter-arm
ratio of ~ 3
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Why Primarily Spiral Arms?




A simplied Model

T CR escape

v>_>\ Nearby SNRs

™

Spiral Arm SNRs
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CR Diffusion: D~EP |




The Resulting e*/(e* + e°) ratio Q




e'/(e*+e’) ratio and e- spectrum_j'.
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What about TIC?‘ -

These electrons
did not cool yet

| a=2, MED diffusion setup, ST model
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Contribution from
nearby KNOWN
young SNRs:
Geminga,
Monogem, Gela
Loopl and Cygnus
Loop




Conclusions

= Taking the real distribution of SNRs
gives the correct positron/electron
energy behavior.

= No free parameters give the correct
break energy.

= Nearby young known SNRs explain
ATIC

= Predictions:
% @%/etot ratio should saturate < 50%

%+ At higher energies the ratio should
decrease! (due to fresh electrons)







