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UHECR sources: acceleration
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radio galaxies vs UHECR Takami, SI, Yamamoto & Sato

high power (FR2) objects N prep. . .
Massagha 07 +60° radio galaxies
' = (D<75Mpc): black
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“simplest” radio-loud AGN
picture not confirmed




GRBs: acceleration sites FHERANER
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GRB GeV-TeV emission from electrons+protons

- electrons+protons acceleration in internal shocks (prompt phase)
- pair cascading, py interactions, various radiative processes...
- parameters: pulse energy E, pulse timescale At, I, fz=ug/u,

fix Epk=300 keV, p=2.5, assume u,=u,, pp=2

- fluence spectra, z=0.1, no intergalactic yy Asano & SI 07
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GRB GeV-TeV emission

_ - —1053
e, /e, =1 (proton-electron equip.) E, ; =10 erg
secondary pair synchrotron+ muon synchrotron+
ef(e) |cra/enr] ef(e) |cra/enr]
ok f=1.0, Bg=10% erg, | 107 £,=30, =107 crg,
: =300, Ai=0.12 ¢ : = 1000, Ai=33 ms
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double (multiple) breaks
-> proton signature

Fermi, MAGIC (II), HESS (IT), VERITAS, CANG.III ...
MILAGRO, ARGO...



post-Swift GRB energetics

- local emissivity E *dN /dtdE
~ 104 erg/yr/Mpcg for Ep>1O}i9 eV only, >10* if also at E <10 eV

- post-Swift local GRB rate Daigne+ 06, Guetta & Piran 07

~0.2-1 /yr/Gpc? if oc SFR Le & Dermer 07...
~ 0.05 /yr/Gpc? if stronger z-evol.

-> required total proton energy/burst (iso. €q.)
L, iso~ 2x10°4-3x10°° erg (p=2, E ~10°-10% eV)

P,1s0

E. . ~E . (1-10keV) ~10°3-10°* erg

€,1S0 Y,1SO

GRBs out of competition?



post-Swift GRB energetics
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- post-Swift local GRB rate Daigne+ 06, Guetta & Piran 07

~0.2-1 /yr/Gpc? if oc SFR Le & Dermer 07...
~ 0.05 /yr/Gpc? if stronger z-evol.

-> required total proton energy/burst (iso. €q.)
L, iso~ 2x10°4-3x10°° erg (p=2, E ~10°-10% eV)

P,1SO
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e,180 Y,1S0

GRBs out of competition?

->p/e ratio £/, >~10-100
proton-dominated GRBs? hn:A !

- central engine poorly understood
- p/e>>1 plausible from shock physics




proton-dominated GRB GeV-TeV

Asano, SI & Meszaros

effect of py-induced pair cascade ApJ, submitted
arXiv:0807.0951
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from py-pair cascade

-> some X-ray
rich GRBs?

e,/e,~100:

- pYy-pair cascade
totally dominant!
nonlinear in € /e,

1ot - both pair syn.+IC

- high E ,~10-100MeV
-> seen by

EGRET TASC?




high E ... GRBs already observed?

GRB 930506 (Trigger 2329) Kaneko+ 08

R e B SRR reanalysis of
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proton-dominated GRB GeV-TeV
B dependence: proton synchrotron or secondary 1C

o . TeV spectral bump
EI;(E) [erg/cm™]  E =107 erg, €,/e~=100, At=0.1 &, [=1000
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-> detectable by
e.g. MAGIC to z>~17?



acceleration/survival of heavy nuclei in GRBs
Anchordoqui+ 07, Wang+ 08 '

! Fe nuclei
I £.-
Murase+ 08, Dermer 08... - ¢
1000} Wang+ 08
ﬁ' 100}
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10" 108 10" 107 107 10%
E (eV)

synchrotron from UHE nuclei Inoue, in prep.

photon energy v, oc E2Z/A’
power P oc B2 Z/A*
loss time t,, oc E-1 A%/Z*




UHE nuclei composition at GRB?

collapsar model

unmixed O, Si, Fe clumps!

fiducial assumption:

abundance at low E=Galactic CR source at fixed E/A
H=1, He=0.07, C=3x10-3, O=3.7x1073, Si= 7x104, Fe=7x10*

caveat: metals may be highly enhanced in GRBs!



nuclear synchrotron spectra Inoue, in prep.
normalize to proton synchrotron

expansion limited case t, (<Z)=t,, E;<Z, v;0cZ/A3, t;0cAYZ>

p

Fe x100 He 0

p dominant, but t, shorter -> late appearance of He?

pure CO or Fe d1fferent E eako toyn



nuclear synchrotron spectra
synchrotron limited case  t,.(cZ)=t,,(cA%Z*) most relevant
E, ocA/Z', v, ,oc AJZ2, t,0cA?/7%>

p

0.5 tZ/tp
0 \
~0.5 EZ/Ep
3 VIV,




nuclear synchrotron spectra
photodisintegration limited case f,..(°cZ)=ty (oc~Al2)
EZOCZ/Al'z, VZOCZ3/A5°4, tZOCAS'z/ZS depends on low E spec.

s . . . e
: P 1 // t,/t,
s :
Vi, B
) He -3




implications

He observable -> crucial for interpretation of UHECR ankle

C,0,Si,Fe... may be observable
if highly enhanced and/or protons cool faster

unique probe of UHE nuclei acceleration in GRBs!
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cluster accretion shocks FHEAKRKMSE

)
N

accretion
(minor merger)

strong (high M) shock
-> hard spectra,
high efficiency

accretion power
L,..0M)=f, GMM/R,
~10%erg/s (M/101°> Mg)>/3 massive clusters (~101°> M)

L~10% erg/s

n~10" Mpc-3

P~10%0 erg s-"'Mpc-?

Mach no.



expected high energy emission from clusters

e primary electron IC  traces shock e.g. Waxman & Loeb 00
tie<<tihock Totan1 & Kitayama 00
* LE proton p+p->m, traces gas e.g. Volk et al. 96
tioser Leon>>ty Berezinsky et al. 97
0Ss? “con

Pfrommer+ 08 assume p=2, £§.=0.01
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UHE proton acceleration at accretion shocks
e.g. SI, Aharonian & Sugiyama 03

proton E_ .« accel. vs CMB losses, lifetime
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c.f. Kang, Rachen & Biermann 97

Coma-like cluster
M=2x10 Mg

shock radius, velocity, etc.
R~3.2 Mpc

V ~2200 km/s

B e~ 6 UG

Bohm limit shock accel. time
t,..=(20/3) n 1rgc/Vs2
n~1 (c.f. SNR observations)

shock lifetime(?)
t,~R/V~2 Gyr <t ~6 Gyr

E . ~1018-10"° eV

p,max



UHE proton-induced hard X+y emission from clusters
p(10"%eV) +ycvp— p+ e (10eV)  SI, Aharonian, Sugiyama 05

ete+B(~uG)—keV, ete+yoyp—TeV Kelner & Aharonian 08

-10¢ ' I ' T T 1 i | ' | : | ' :
- Coma ;
_ cl NeXT ;
A SGD :
0 ' :
2, o ;
2 5
= =13} r
Hm C E
g ¥ ?
14} __ -
- \ pp o’ (x10) :
-15 : (A , | , | L 13

0 6 8 10 12 14
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- large radiative efficiency from protons NeXT

- hard (I'~-1.5) spectrum + rollover Cerenkov telescopes



nuclei from cluster accretion shocks as UHECRS
SI, Sigl, Miniati & Armengaud, astro-ph/0701167

E .« acceleration vs CMB losses, lifetime
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nuclei from clusters as UHECRSs

(E/7),,/EeV < 5.
I | I | L | I

100.000

spectrum - may work if:

PR = - B~1 uG, Bohm (fully turbulent)
000 - _ 2 - source Fe/p Galactic CR-like
5 = T 7L = - “right” Galactic+extragal. B field
3 0.100g=— with EGMF 5
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confirmed by X, .. 7?



summary gamma-rays in relation to UHECR sources

GRBs
UHE protons induce py cascade or p synchrotron GeV-TeV

p-dominated GRBs as UHECR sources?

can induce high E

UHE nuclei induce Z synchrotron GeV-TeV

cluster accretion shocks

UHE protons induce hard X-rays + TeV gamma-rays from photopairs
heavy nuclei as UHECR sources?



summary gamma-rays in relation to UHECR sources

GRBs
UHE protons induce py cascade or p synchrotron GeV-TeV

p-dominated GRBs as UHECR sources?

can induce high E

UHE nuclei induce Z synchrotron GeV-TeV

cluster accretion shocks

UHE protons induce hard X-rays + TeV gamma-rays from BH pairs
heavy nuclei as UHECR sources?

Who will win UHECR gold?




