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Cosmic Ray are not in a steady state!

Excesses appear and go away
GeV excess in diffuse gammas– GeV excess in diffuse gammas

(GALPROP ti l)(GALPROP  conventional)
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Cosmic Ray are not in a steady state!

New processes are discovered thus further 
complicating an already complex picturecomplicating an already complex picture 
– Inverse Compton scattering of CR electrons off 

solar photons (new foreground) and the Sun issolar photons (new foreground) and the Sun is 
moving…

e
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Cosmic Ray are not in a steady state!

A lesson learned: Act 
quickly to takequickly to take 
advantage of the 
excesses and featuresexcesses and features 
before they go away 
with a new experimentwith a new experiment
– Interpretation of the 

GeV excess in terms ofGeV excess in terms of 
the dark matter
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CR vs Accelerators

First elementary particles were discovered in CR
Switch to accelerators with controlled energy, beam 

ti l t t t i lparticles, target material
Rebirth of Astrophysics of Cosmic Rays
– Improved techniqueImproved technique 
– Indirect searches for supersymmetrical particles
– Complimentary sensitive X-ray & gamma-ray observations

A t h i l D k M tt b t th t d t– Astrophysical Dark Matter may be not the same as expected to 
be found on LHC

– New particles/interactions search – UHECR provide particle 
i h bl d hienergies unreachable on man-made machines

Very rich Astrophysics!
– Large scale structureLarge scale structure
– Minihalos 
– Dwarf galaxies

Et
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Status before 2008Status before 2008
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Wherever you look, the GeV γ-ray excess is there !

EGRET data

•Instrumental 
artefact?
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4a-f
•Physical phenomena?

Strong+’00,’04



A hint of the excess in positron fraction

e+/e
HEAT (Beatty+’04)

E > 6 GeV
Positron flux

HEAT combined

HEAT 2000 
HEAT 1994-95

E, GeV
1 10

1 E, GeV10
What is the reason for the excess?
No definitive answer yet:

Ptuskin+’06
No definitive answer yet:

•Systematic errors of different detectors?
• Dark matter? 
• Pulsar contribution?
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• Pulsar contribution?
•Absolute flux does not show any excess



Excess in CR antiprotons

Antiproton fluxAntiproton flux

Calculations made in 
diff i l tidiffusive reacceleration 
model show an excess 
by a factor of ~2

IM+’02
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Interpretation (pre-2008)

Variations of cosmic ray intensityVariations of cosmic ray intensity

A discovery of dark matter
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CR variations: Optimized/Reaccleration model

Uses Uses all skyall sky and antiprotons & gammasand antiprotons & gammas
to fix the nucleon and electron spectrato fix the nucleon and electron spectra

UsesUses antiprotonsantiprotons to fixto fix

antiprotonsantiprotons

Uses Uses antiprotonsantiprotons to fix to fix 
the the intensityintensity of CR nucleons @ HEof CR nucleons @ HE
Uses Uses gammasgammas to adjustto adjust

the nucleon spectrum at LEthe nucleon spectrum at LEthe nucleon spectrum at LEthe nucleon spectrum at LE
the the intensity intensity of the CR electrons of the CR electrons 

(uses also synchrotron index)(uses also synchrotron index)
Uses EGRET data Uses EGRET data up to 100 GeVup to 100 GeV

EE G VG V
protonsprotonselectronselectrons

x4x4

EEkk, GeV, GeV

x4x4

x1.8
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CR variations: Optimized model

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.
The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

• CR spectra are not the same 
everywhere in the Galaxyeverywhere in the Galaxy

• It is possible to tune proton and 
electron spectra to make a fit 
to diffuse gamma rays
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4a-f

to diffuse gamma rays

Strong+’00,’04



Discovery of Dark Matter Discovery of Dark Matter 

Supersymmetry:

γ

MSSM
Lightest neutralino χ0

m ≈ 50-500 GeV
pbars

γmχ ≈ 50-500 GeV
S=½ Majorana particles
χ0χ0−> p, pbar, e+, e−, γ

Look at the combined (pbar e+ γ) data
de Boer’03de Boer’03

p p

Look at the combined (pbar,e ,γ) data
Possibility of a successful “global fit” 
can not be excluded -non-trivial !can not be excluded non tr v al !
If successful, it may provide a 
strong evidence for the SUSY DM

e+
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Great October revolution of 2008

Pamela papers on CR positron fraction and pbar/p ratio p p p p p
(arXiv: 0810.4994, 0810.4995) have triggered an 
avalanche of interpretations followed by ATIC CR 
l t t d F i/LAT fi ti felectron spectrum and Fermi/LAT confirmation of non-

GeV excess at mid-latitudes

Understanding the backgrounds/IVM  14 CERN/Feb 3, 2009



Pamela: pbar/p ratio

Pbar/p ratio is consistent with secondary origin

GALPROP

Adri ni+’08 ( rXiv:0810 4994)Adri ni+’08 ( rXiv:0810 4994)
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Adriani+ 08 (arXiv:0810.4994)Adriani+ 08 (arXiv:0810.4994)



Pamela: pbars

Absolute pbar flux is consistent with secondary origin

F B lk LF B lk L
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From M.Boezio talk at SLACFrom M.Boezio talk at SLAC



Pamela: positron fraction

Excess in positron fraction is confirmed and 
extended to higher energiesg g

Solar modulationSolar modulation

Ad i i ’08 ( Xi 0810 4995)Ad i i ’08 ( Xi 0810 4995)
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Adriani+’08 (arXiv:0810.4995)Adriani+’08 (arXiv:0810.4995)



PAMELA: protons and helium

• PAMELA data are 
tremendously accurate, 
but currently only the 
“arb.units”

• Interestingly the sameInterestingly, the same 
slope for H and He and 
very close to C and O 
f CREAMfrom CREAM

• Protons are flatter than 
BESS and AMS data

Understanding the backgrounds/IVM  18 CERN/Feb 3, 2009



ATIC & HESS: electrons

A feature in the electron spectrum (ATIC) and a 
sharp cutoff above ~1 TeVsharp cutoff above 1 TeV

Aharonian+’08Aharonian+’08

ATICGALPROP
HESS

(e+γ)

Chang+’08Chang+’08
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June 11, 2008
12:05 pm (EDT)p ( )
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Fermi/LAT: This came in January 2009

GeV excess has gone (at least at intermediate 
latitudes) – one excess less!latitudes) one excess less!

(GALPROP conventional)(GALPROP  conventional)
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Pamela: B/C ratio

Pamela B/C ratio (not shown) is consistent with 
HE d

B/C

HEAO data

B/C

E M V/ l
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Ek, MeV/nucleon



C & O spectra from CREAM
W k l t l OG1 3 l Z i t l OG1 1 l Ah t l OG1 1 l

CREAM results span ~ 4 decades in energy: ~ 10 GeV to ~ 100 TeV
Different techniques give consistent spectra

Wakely et al, OG1.3 oral; Zei et al. OG1.1 oral; Ahn et al. OG1.1 oral

• The same slope (~2.70, from the plots) for C and O, 
consistent with HEAO-3

• The Boron spectrum if measured can tell us about the 
i idi d d f h diff i ffi i

Understanding the backgrounds/IVM  26 CERN/Feb 3, 2009

rigidity dependence of the diffusion coefficient
-IVM Credit P.Blasi/Rapporteur talk



Two options for a scientist

Hurry and explain new excesses in 
his/her favorite terms

Do nothing: Wait until the excesses 
h lgo away by themselves
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More data expected!

ATIC and CREAM
– Elemental abundances up to ~1015 eV

PAMELA
– Absolute positron flux
– More on absolute antiproton fluxMore on absolute ant proton flux
– Electrons
– Light nuclei

Fermi Large Area TelescopeFermi Large Area Telescope
– Electrons up to ~1 TeV
– Diffuse emission (Galactic and extragalactic)
K t dKeep tuned:
– A probe of electron spectrum from the solar surface to 

Saturn’s orbit 
A p b f CR p t n sp t m b nd th h li sph i– A probe of CR proton spectrum beyond the heliospheric 
boundary

AMS – will it fly?
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CR and gamma-ray (CR) instruments
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New reality

The Galactic diffuse emission at intermediate latitudes 
probes the “local” CR spectrum – it appears to be consistent 

ith l l twith local measurements
Antiprotons in CRs is another probe of the local CR spectrum 
– consistent with secondary origin
– Constrains SUSY models

B/C ratio has not changed 
These measurements assure that we understand theThese measurements assure that we understand the 
positron background well
– So what is the origin of the positron excess?

CR electrons = primary + secondary
– Secondary electrons can not produce the feature

C i i b h l i h G l b– IC emission probes the electron spectrum in the Galaxy but not 
sensitive to small features

Any connection between the excesses in primary positrons 
d l t ?
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and electrons?



What are other unknowns (CRs)?

Propagation in the ISM – will be fixed soon using 
accurate measurements of B/C ratio in MeV-accurate measurements of B/C ratio in MeV
subTeV range
– Provides an average diffusion coefficientg

However, the local medium could be quite 
different - measurements of heavy nuclei and 
short-lived radio isotopes are needed
Solar modulation – still open question even though 

l t h b l d f V 1 2 ( 100a lot has been learned from Voyagers 1,2 (<~100 
MeV/nucleon)
New approach: using Fermi/LAT observations ofNew approach: using Fermi/LAT observations of 
the solar system bodies and inverse Compton of CR 
electrons off solar photons
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electrons off solar photons 



What are other unknowns (gammas)?

Gas distribution in the Milky Way (π0-production) 
is still an issue
Interstellar radiation field (inverse Compton)
Galactic center is a very difficult regiony g
– A crowded region with many sources and many of them 

are unidentified or unresolved
– Gas distribution is uncertain (lack of the velocity info)Gas distribution is uncertain (lack of the velocity info)
– Difficult for background estimates

Solar modulation – still open question even though 
l h b l d f V 1 2 ( 100a lot has been learned from Voyagers 1,2 (<~100 

MeV/nucleon)
New approach: using Fermi/LAT observations ofNew approach: using Fermi/LAT observations of 
the solar system bodies and inverse Compton of CR 
electrons off solar photons 
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How this is all doneHow this is all done
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CR Propagation: Milky Way Galaxy
1 pc ~ 3x1018 cmOptical image: Cheng et al. 1992, Brinkman et al. 1993

Radio contours: Condon et al. 1998 AJ 115, 1693

Halo
0.1-0.01/ccm

NGC891

Sun

Intergalactic space
R Band image of NGC891

1 4 GH ti (NVSS) 1 2 64 J / b
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1.4 GHz continuum (NVSS), 1,2,…64 mJy/ beam
“Flat halo” model (Ginzburg & Ptuskin 1976)



CR Interactions in the Interstellar Medium

X,γ
ISM42 sigma (2003+2004 data)

SNR   RX J1713SNR   RX J1713--39463946

Chandra

e+-

PP ISRFd ffd ff
ICHESS

B
HESS

PP
HeHe

CNOCNO gas

ISRF

+-

•diffusion•diffusion
•energy losses •energy losses 

•reacceleration•reacceleration
•convection•convection

•production of •production of 
dd

π0
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e
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pp
secondariessecondaries

+

GLAST

PP
__
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e +-

π+-
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CR species:
Only 1 locationPAMELA

BESS
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helio-modulation
Only 1 location
modulation



Elemental Abundances: CR vs. Solar System 

CR abundances: ACE

SiO
S d l i i

Fe
Na

S

Secondary nuclei is an 
evidence of the long 
propagation history 
of CRsCNO

Al

of CRs

Why do we know they 
d

LiBeB

F

CrMnCl are secondary?
•A comparison with 
solar system 

ScTiV
abundances 
(interstellar medium 
~4 Byr ago)

“Secondary” nuclei

Solar system abundances •Models of 
nucleosynthesis

•CR propagation 
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Transport Equations ~90 (no. of CR species)

prqt
tprψ =∂

∂ r
r

),(),,( sources (SNR, nuclear reactions…)sources (SNR, nuclear reactions…)

VxxD ψψ −∇⋅∇+
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⎥
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∂
∂
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2 convection convection 
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per total momentum+ boundary conditions



B/C ratio

Different propagation 
models are tuned to fit 

ACE
Ulysses
Voyagers

the low energy part of 
sec./prim. ratio where Jones+’01

ReaccelerationReacceleration

the accurate data exist

CREAM
Standard diffusionStandard diffusion

CREAM
Ahn+’08

However, they differ at high energies 
hi h ill ll t di i i twhich will allow to discriminate 

between them when more accurate 
data will be available
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data will be available



Effect of Cross Sections: Radioactive SecondariesEffect of Cross Sections: Radioactive Secondaries

Different Different size from different ratios…size from different ratios…

WW

2727Al+pAl+p 2626AlAl TT1/21/2==??

STST
natnatSi+pSi+p 2626AlAlSTST

Zh l kp

pp

WW

STST

Zhalo,kp
c

ErrorsErrors in CR measurements (HE & LE)in CR measurements (HE & LE)
ErrorsErrors in production cross sectionsin production cross sections
ErrorsErrors in the lifetime estimatesin the lifetime estimates
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ErrorsErrors in the lifetime estimatesin the lifetime estimates



Nuclear Reaction Network+Cross Sections

Many different isotopes are produced via spallations of CR nuclei: 
A+(p,He)→B*+X

Mn54

C 51

Fe55Co
57SecondarySecondary,,

radioactive ~1 Myrradioactive ~1 Myr
&& KK--capturecapture isotopesisotopes

V49

Ca41

Cr51

Ar37

& & KK--capturecapture isotopesisotopes

ββ--, , nnAl26

Cl36
Ar

p,EC,p,EC,ββ++

ββ

Be7 Be10

Plus some dozens of more complicated reactions
B i ll k

p
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But many cross sections are not well known…
n



Production Cross Sections of Li,Be,B
Silberberg & Tsao, WebberSemi-phenomenology:
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Cosmic Rays vs Diffuse Gamma Rays

CR abundances

Yamamoto+ ‘07

Solar system 
abundances

pbar

Even an unrealistic model (e g Leaky Box) can be fitted to the CR data
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Even an unrealistic model (e.g. Leaky-Box) can be fitted to the CR data, 
but diffuse emission requires the CR spectra in the whole Galaxy…



Diffuse GalacticDiffuse Galactic γγ--ray emissionray emissionDiffuse Galactic Diffuse Galactic γγ--ray emissionray emission

~4-day First Light exposure, 

June 30 – July 3, 2008

Orthographic projection
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Simplified equation: VHE electrons

C li d i ll i l i

IC

Cylindrically symmetric solution:

(1/2π)

Bessel fns hypergeometric fn

d=halo size

Bessel fns hypergeometric fn

d halo size
a=radius
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Bulanov & Dogiel’74zeros of J0 



Energy Losses

Nucleons
Electrons & Positrons

Ionization

Bremsstrahlung
Ionization

107 yrCoulomb
Coulomb

IC, synchrotron

106 yr

1 G V 1 T V 1 TeV1 GeV
107 yr

El t l ti l

1 GeV 1 TeV 1 TeV1 GeV

Ekin, GeV/nucleon Ekin, GeV

Electron energy loss timescale:
1 TeV: ~300 000 yr
100 TeV: ~3 000 yr

Assuming:
H-gas: 0.01 atom/cc
Photon energy density: 1 eV/cc
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100 TeV: 3 000 yrPhoton energy density: 1 eV/cc



Electron propagation: solutions
Galactic disk 
with sources

Galactic halo 
boundary

N

N=0

Z

R

The “Galaxy”
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Components of the ISM: Views from the Inside
synchrotronsynchrotron

21 cm H I

2 6 mm CO (H )2.6 mm CO (H2)

dust

t & t f istars & star forming

optical

n-stars, BHs
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CRs x gas



Gas distribution in the Milky Way

Molecular hydrogen H2
is traced using J=1-0 
t iti f 12COtransition of 12CO,
concentrated mostly in 
the plane          
(z~70 pc, R<10 kpc)

Atomic hydrogen H IAtomic hydrogen H I
has a wider 
distribution         
( 1 k R 30 k )

Sun

(z~1 kpc, R~30 kpc)

Ionized hydrogen H II –Ionized hydrogen H II 
small proportion, but 
exists even in halo 
(z~1 kpc)

Understanding the backgrounds/IVM  48 CERN/Feb 3, 2009
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Distribution of interstellar gasDistribution of interstellar gas
Neutral interstellar medium Neutral interstellar medium –– most of the interstellar gas massmost of the interstellar gas mass
–– 2121--cm H I & 2.6cm H I & 2.6--mm CO (surrogate for Hmm CO (surrogate for H22))
–– Differential rotation of the Milky Way Differential rotation of the Milky Way –– plus random motions, streaming, plus random motions, streaming, 

and internal velocity dispersions and internal velocity dispersions –– is largely responsible for the spectrum is largely responsible for the spectrum and nternal veloc ty d spers onsand nternal veloc ty d spers ons s largely respons ble for the spectrums largely respons ble for the spectrum
–– Rotation curveRotation curveVV((RR) ) ⇒⇒ unique lineunique line--ofof--sight velocitysight velocity--Galactocentric distance Galactocentric distance 

relationshiprelationship
CO

Dame et al.

Rotation Curve

(2001)

H I

Kalberla et al. 
(2005)

Clemens (1985)

This is the best This is the best –– but far from perfect but far from perfect –– distance measure availabledistance measure available
Column densities:Column densities: NN(H(H )/)/WW ratio assumed; a simple approximate correctionratio assumed; a simple approximate correction

W. Keel
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Column densities:  Column densities:  NN(H(H22)/)/WWCOCO ratio assumed; a simple approximate correction ratio assumed; a simple approximate correction 
for optical depth is made for for optical depth is made for NN(H I); self(H I); self--absorption of H I remainsabsorption of H I remains



More on gas in the Milky Way
Surface mass density of the H2 in M sun pc−2

You You 
are are 
herehere

G.C.

herehere

Problems:

N f bi it• Near-far ambiguity

• No velocity information in the 
Center-Anticenter direction
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Pohl+’08

Center-Anticenter direction



HI gas

Spin temperature is unknown, usually used the 
same temparature ~125K for HI gas in the whole 
Galaxy

Self absorption (cold gas cloud in front of the 
itti l d) th ti l d th i lemitting cloud); the optical depth is very large
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Milky Way: Column densities of gasMilky Way: Column densities of gas

WCO

G.C.

sum

N(H I)

Examples of the p
Galactocentric “rings” sum
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Interstellar radiation field (ISRF)

CR electrons and positrons lose energy via IC - gamma rayCR electrons and positrons lose energy via IC gamma ray 
production in ISM (INTEGRAL, GLAST, ACT) 
Gamma rays from SNRsy
Gamma-gamma absorption of TeV photons
UV Heating of clouds in the Galaxy, etc.g y,
Extraction of extragalactic background light (EBL)
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ISRF: Large Scale Distribution
R = 0,4,8,12,16 kpc

Total
Optical

IR

The z scale height is large, 
takes 10s of kpc at R = 0 kpc IR

CMB
takes 10s of kpc at R = 0 kpc 
to get to level of CMB
Mostly due to stellar 

i i

gy
 

it
y

emission

En
er

g
D
en

siOptical + IR (no CMB) 
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New ISRF (Porter & Strong)

In-plane energy density 
– Factor ~5 larger than g

local at 4 kpc 
– Factor ~20 larger 

around GCaround G
– Averaged over ∆R ~ 

0.5 kpc, dz ~ 50 pc
– May be larger on sub– May be larger on sub-

scales (cf GC)
Out-of-plane
– Even for R~16 kpc 

~30% of total
– Significant energy 

density even for high-z
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HESS Observations of Composite SNR G0.9+0.1

G 0.9+0.1
Composite SNR

probe ISRF
leptonic scenarioSNR at the GC

Age: a few kyr

optical

IR

electron

photon index: 

CMB
GLAST

electron 
index: δ=2.8

p
2.40±0.11±0.20

Z=0, R=0 kpc

Porter,IVM,Strong’06Porter,IVM,Strong’06
IVM,Porter,Strong’06IVM,Porter,Strong’06

Interstellar radiation field in the

4 kpc
8 kpc

12 kpc
16 kpc

Interstellar radiation field in the 
inner Galaxy is dominated by the 
dust (IR) emission and starlight 

optical IR CMB
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ISRF: gamma-gamma absorption
Th h ld f h i

G0.9+0.1   @ GC
J1713-381 @ 10 kpc
J1634-472 @ 14 kpc

Threshold of the pair 
production (γγ->ee) on thermal 
(isotropic) photons: J1634 472 @ 14 kpc

γγ->ee

(isotropic) photons

Eγε ~ m2c4

ε ~ 1 eV (optical) -> Eγ > 1 TeV γγ ee( p ) γ

The effect is important above 
~30 TeV

EFFECT ON HESS SOURCES,
assuming power-law intrinsic spectra

(statistical errors only)

V,
 Z

=0
) Effect of anisotropy of ISRF

sun

Porter,IVM,Strong’07

o 
(1

00
 T

eV

e-

• Head on
GC

γγ
/

γγ
is

o

e+
• Head-on

• Following 
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Cosmic rays in the heliosphere
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Interplanetary B-field & solar wind
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Parker spiral



Transport equation

f – CR distribution functionf  CR distribution function
V  - solar wind velocity
<vD>=    x KAB/B∆

KA- antisymmetric part of the diffusion tensor
KS- symmetric part of the diffusion tensor
ρ rigidityρ - rigidity

• Not all factors are known - measurements are done by 
spacecraft in particular location at different times
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spacecraft in particular location at different times
• Local interstellar spectrum of CRs is unknown (exception pbars)



Heliospheric current sheet
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Variations over the solar cycle (pbars, p)Variations over the solar cycle (pbars, p)

antiprotons antiprotons

Modulation increasesModulation increases

A>0A>0 A<0A<0A>0A>0 A<0A<0

Modulation increases

protons protons
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Charge Sign Effect

pbar
Bieber et al.

p

pbar/p

A>0 predictions for A<0

ba
r/

p

p

pb
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Ekin, GeV Ekin, GeV



Positron fraction: Charge sign effect

A+

AA-

Kl ’00
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Klem+’00



New foregrounds and 
new opportunities
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A Zoo of Solar System Bodies 

Main Belt

Jovian Trojans Neptunian Trojans

Ce
nt

au
rs

K i b lt
+ 

M
oo

n

C Kuiper belt:
• Classical Disk
• Scattered Disk

Oort cloud
+

Comets
• Plutinos

α Cen
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Stern’03



The brightest γ-ray source on the sky: the Earth
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Why do we care?

Galactic plane

ecliptic
AC

70°

GC

70

The ecliptic crosses the Galactic equator near the Galactic center 

G

p q
and anti-center with inclination ~86.5º
Galactic center is crowded with sources and harbors the enigmatic 
source of the 511 keV positron annihilation linesource of the 5 keV pos tron ann h lat on l ne
Passes through high Galactic latitudes – extragalactic emission 
The orbits of the Moon and the Sun
Alb d f th O t Cl d s th h l sk
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Albedo of the Oort Cloud covers the whole sky



Solar System sources (albedo) – moving sources

“γ-ray albedo” due to CR interactions with surface material
CR

Guaranteed sources

CR γ
Guaranteed sources
– The Moon (brighter than the Sun!) – also a template
– The Sun (albedo + inverse Compton)

Th E th– The Earth
Potential Sources (IM+’08, IM & Porter’09)
– Asteroids (~ few meter size) in different populations:

The rim is bright at HE

( ) p p
•• Main Asteroid Belt (MBAs)Main Asteroid Belt (MBAs)
•• Jovian and Neptunian Trojans (Trojans)Jovian and Neptunian Trojans (Trojans)

Kuiper Belt Objects (KBOs)Kuiper Belt Objects (KBOs)•• Kuiper Belt Objects (KBOs)Kuiper Belt Objects (KBOs)
– Debris (< few meter size, dust, grains)

•• MBAs, Trojans, KBOsMBAs, Trojans, KBOs
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•• Oort CloudOort Cloud



Dark Face of the Moon: Gamma-ray Albedo Spectrum

Nuclear deNuclear de--
excitation linesexcitation linesKinematics of the 

i t ti CR Pion decayinteraction:
The cascade goes 
through to the depth 
where gamma-rays

CR

outer 5’
inner 20”

GLAST 1

where gamma-rays 
cannot come out
Splash pions are low-
energy and decay at The rim is bright at HE

Φ= 500 MV  (upper)
Φ =1500 MV (lower)

GLAST 1yr
gy y

“rest”
The rim is bright at HE

Data: EGRET (Thompson+97)Simulation of the GLAST observations

IVM,Porter’07
(earlier work: Morris’84)
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Debris albedo   
EG 0 01 g/cm2

Not much material: One 
interaction approximation –

l i d i h

EG 0.01 g/cm2

0.001 g/cm2

power-law index is the same as 
of ambient CRs

P b f th i t t ll CR
0.0001 g/cm2

Probe of the interstellar CR 
spectrum

Additi l f d

Oort Cloud

Additional foreground  

Galactic plane 0.1 g

IM & Porter’09
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Fermi/LAT: First 3 months rate skymap

The Solar track
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Inverse Compton scattering

e

©UCARQED

The heliosphere is filled with Galactic CR 
l d l helectrons and solar photons

•electrons are isotropic
•photons have a radial angular distribution
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p g



Anisotropic effect on solar photons

Head-on collision: 
E ~ 2

e

4 E
10 GeV e’s 100 MeV ’s

Target photons:
ρ = 0 25nbb(R /r)2ρ = 0.25nbb(R /r)
T = 6000 K

e
Following collision:Following collision: 

E ~(1/ )
~
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~



IC in the heliosphere

FluxIC ~1/r
e

r1 (AU) = sin , <90°
r1 (AU) = 1, >90°r

r2=10r1

r1

r2
Looking in different 
directions one can probe 1d p
the e-spectrum at 
different distances from 
th !
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the sun!



The ecliptic

Averaged over one year,
the ecliptic will be seen 
as a bright stripe on the

Galactic plane

ACas a bright stripe on the 
sky, but the emission 
comes from all 
directions

ecliptic
AC

70°

GC>100 MeV

IS spectrum

Modulated 500 MV>1 GeV
Current EGRB

Modulated 1000 MV
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Spectrum

theta=0.25°IC spectrum <1 GeV 
h t1°

5°

shows strong 
dependence on the 
modulation level

10°
45°

modulation level
> variations of gamma-
ray flux over the solar

180°Phi=0, 500, 1000 MV
ray flux over the solar 
cycle

IC integral flux
F(>100 MeV, <2.5°)~2x10-7 cm-2 s-1

EGRET upper limit =2x10-7 cm-2 s-1
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Gammas & neutrinos from the quiet sun

Solar “albedo” due to the 
interactions of CR particles 

Missed by the EGRET team!

with solar atmosphere: CRs 
produce cascades in the 
solar atmosphereγ p
Gamma rays are be observed 
by Fermi
N t i s p p t th h

p
Neutrinos propagate through 
the sun and also can be 
observed (IceCube)

ν

Can be used to probe the solar 
atmosphere and the matter

ν

atmosphere and the matter 
distribution in the solar core
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IVM+’91, Seckel+’91



Found in EGRET data !

Thompson+ 1997:Thompson+ 1997:
Upper limit 2x10-7 cm-2 s-1

Reanalysis by Orlando+’07:Reanalysis by Orlando+ 07:

Discovery of both solar 
di k i d i idisk pion-decay emission
and extended inverse 
Compton-scattered 
radiation in combined 
analysis of EGRET data 
from June 1991!! 

sun solar IC 3C279

moon

total+bgrd
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The Sun: 5 months of observations

Counts map >100 MeV
Pixel size 0.25º The disk sizePixel size 0.25 The disk size

Source Flux (>100 MeV) ~ 4x10Source Flux (>100 MeV) ~ 4x10--7 7 cmcm--2 2 ss--1 1 (albedo+IC,(albedo+IC, preliminary)preliminary)

Expected IC Flux (>100 MeV) ~ 4.3x10Expected IC Flux (>100 MeV) ~ 4.3x10--7 7 cmcm--2 2 ss--1 1 (near the solar min, IM+’06)(near the solar min, IM+’06)
EGRET Flux (>100 MeV) = not foundEGRET Flux (>100 MeV) = not found (Thompson+’97)(Thompson+’97)
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( )( ) ( p )( p )
= (4.44= (4.44±±2.03)x102.03)x10--7 7 cmcm--2 2 ss--1 1 (albedo+IC, Orlando&Strong’08)(albedo+IC, Orlando&Strong’08)



Extragalactic GammaExtragalactic Gamma--Ray BackgroundRay Background
EGRB in different

Predicted vs. observedPredicted vs. observed

EE22
xFxF

EGRB in different
directions

EE

Sreekumar et al. 1998Sreekumar et al. 1998

Strong et al. 2004Strong et al. 2004Elsaesser & Mannheim’05

E, MeVE, MeV

• Blazars
• Cosmological 
neutralinos

Understanding the backgrounds/IVM  81 CERN/Feb 3, 2009



Contributions to the extragalactic background

∑>100%!

plus albedo of theplus albedo of the 
small solar system 
bodies and debrisbodies and debris

plus inverse 
Compton on solar

Dermer’07

Compton on solar 
photons

Dermer 07
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Conclusion

Many advances in astrophysics of CRs y p y
are expected in the near future

M l d l ll bMany long-standing puzzles will be 
solved

Much better understanding of the 
backgrounds

Better prospects for searches of newBetter prospects for searches of new 
physics!
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