Gamma ray signatures of Ultra High
Energy Cosmic Ray accelerators

Stefano Gabici
Max-Planck-Institut fuer Kernphysik, Heidelberg
...but moving soon to DIAS, Dublin!



Who is accelerating UHECRs???

(see talk by Angela Olinto)
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v extreme sources! must accelerate up to 102%¢V and more!

v can we do CR astronomy? (we don't know...) IGMF basically unknown

v AUGER statistics and better angular resolution...




A new possibility: searching for UHECR

accelerators in gamma rays
Ferrigno et al., 2005; SG and Aharonian, 2005,2007; Armengaud et al., 2006
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Interactions with background photon fields and magnetic field
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y — Pair Production — e

Can we detect these photons?
In which energy band?



Electromagnetic cascade initiated by a UHECR
SG and Aharonian, 2005,2007
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The case of the unmagnetized Universe
Ferrigno, Blasi and De Marco, 2005

Ideal case: B = 0 G — one-dimensional cascade (no syn losses, no deflection)

L =2x10" erg/s, B=0G
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What does ‘“‘unmagnetized’ mean?

Part I: energy losses
Gabici & Aharonian, 2005
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What does ‘“unmagnetized’’ mean?
Part 11: deflection

SG & Aharonian, 2007
Aharonian et al., 1994

/\ <] more relevant for lower energies
Eobs 1/2
@ | TeV we observe the radiation from: E, ~ 20 - YV TeV
e

Electrons are isofropized if they cool in one Larmor time

CAUTION! This 1s NOT included is the public code CRPropa!(Armengaud et al,2006)



Three different regimes

(1) B < B~ 102G — one-dimensional cascade

the cascade 1s unaffected by B: no deflection nor energy losses
(2) Bgo<B < B, ~10°G  — giant pair halo

low energy electrons are 1sotropized, no energy losses

(3)B > BSyn — no cascade

the development of the cascade 1s strongly suppressed



Regime 1: one-dimensional cascade

SG & Aharonian, 2007 B < B~ 10°12G
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Regime 1: one-dimensional cascade

SG & Aharonian, 2007 B < B~ 10°12G

the first generation electron (photon)
determines the size of the “Klein-

Nishina cascade”
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Regime 1: one-dimensional cascade

SG & Aharonian, 2007 B < B~ 10°12G

the last generation photon determines

the size of the “Thomson cascade”
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Regime 1: one-dimensional cascade

SG & Aharonian, 2007

B < B, ~ 102G

\4 -
\ to avoid energy losses
~ 5-10 Mpc
\/
v -
A
< 50Mpc to avoid 1sotropization

it 1s a very small magnetic field!

/\ but not ruled out...




Regime 1: one-dimensional cascade

(Ferrigno, Blasi and De Marco, 2005)

B < By~ 102G

Ideal case: B = 0 G — one-dimensional cascade (no losses, no deflection)

L =2x10" erg/s, B=0G
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Reglme 2: giant pair halo
Aharoman Copp1 & Volk, 1994; SG & Aharonian, 2007
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Reglme 2: giant pair halo Biso<B < B,

/

~10°G

Aharoman Coppl & Volk, 1994; SG & Aharonian, 2007
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Reglme 2: giant pair halo
Aharoman Coppl & Volk, 1994; SG & Aharonian, 2007
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Reglme 2: giant pair halo  BisosB < B~ 107G

- Aharoman Coppl & Volk, 1994; SG & Aharonian, 2007
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Reglme 2: giant pair halo

~10°G

Biso<B < B,

- Aharoman Copp1 & Volk, 1994; SG & Aharonian, 2007
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Reglme 2: giant pair halo  Biso=B < B~ 107G

e Aharoman Coppl & Volk, 1994; SG & Aharonian, 2007
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In the public code CRPropa by Armengaud et al (2006) the deflection of
102%V protons is considered but the deflection of secondary electrons
(down to TeV energies) is neglected.
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Regime 3: synchrotron gamma ray emission

SG and Aharonian, 2005,2007 B=B,, ~10°G
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New way to identify UHECR sources!

steady UHECR source

10 =20 Mpc

super clusters?
bigger than the interaction
loss length!
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New way to identify UHECR sources!

steady UHECR source

10*eV proton =
NO DEFLECTION!!!

4 )
Electrons immediately cool

via synchrotron emission!
E ~10GeV
syn

: 10 =20 Mpc l

super clusters?
bigger than the interaction
loss length!



New way to identify UHECR sources!

steady UHECR source

NO DEFLECTION!!!

10*eV proton = J

: 10 + 20 Mpc

super clusters?
bigger than the interaction
loss length!
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New way to identify UHECR sources!
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New way to identify UHECR sources!

steady UHECR source you don't
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New way to identify UHECR sources!

steady UHECR source you don't
10*eV proton = see this
NO DEFLECTION!!! l
AN
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Although synchrotron photons are produced in an
extended region of size ~ 10-20 Mpc, the gamma ray

emission is POINT LIKE (and STEADY)!!!
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Quantitative estimates: angular size
SG and Aharonian, 2005,2007

for B=1nG @ 100 Mpc

comparable with the GLAST
angular resolution!

GLAST — D = 100 Mpc
HESS —» D = 1 Gpc

HESS large field of view — 1maging of closer sources?



Quantitative estimates: total energy
SG and Aharonian, 2005,2007
D=100Mpc B =1nG L =2 10" erg/s Condition for detectability:
UHECR
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If the source is bursting (e.g.GRB) this does not work! (time spread of the signal)



The effect of the magnetic field
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If the field is in the range 0.5 — 50 nG the formation of the
synchrotron source seems to be UNAVOIDABLE




Speculation: detecting sources outside the horizon
SG and Aharonian, 2005,2007
Extremely powerful accelerator @ a Gpc or more...
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Point-like and steady sources without counterparts might be
accelerators of UHECRSs located outside the CR-horizon!!!
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Conclusions

v UHECR sources: still a mystery
v CR astronomy? — Intergalactic magnetic field basically unknown!
v An exciting possibility: gamma ray counterparts

v Three different scenarios:
() B <1012G — 1D cascade 2 108 erg/s @ 100 Mpc @ TeV
2) 102G <B<10°G — giant pairhalo UNDETECTABLE!

3)B=>10°G — no cascade BUT SYNCHROTRON!!!

point like & steady emission - 10%erg/s @ 100 Mpc @ GeV-TeV's

v Coincidence between CRs and y's depending on deflection



