GRBs, UHECRS, and the IGMF
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Acceptable UHECR source candidates

Sources are extragalactic /

Mechanism to accelerate to ultra-high energies
acceleration region smaller than Larmor radius (Hillas condition)

Adeqguate energy production rate within GZK volume
Sources within GZK radius

UHECRSs can escape from acceleration region

AR
Electromagnetic signatures of UHECRs "'t_"-?

The goal of identifying hadronic signatures in the
high-energy spectra of GRBs is ambiguous, and
leptonic emission models are energetically favored.

Neutrino signatures of UHECRs in GRBs  Waiting...
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Intergalactic Magnetic Field Constraints from Auger Observations
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2. Mechanism to accelerate to ultra-high energies

external shocks or colliding shells T
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Requirement to accelerate to ultra-high energies by Fermi processes:
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O Bulk Lorentz factor I" from
Yy opacity arguments

O Sources with jet Lorentz
factor I' must have jet
power L exceeding heavy
solid and dot-dashed curves
to accelerate p and Fe
respectively, to E = 1020 eV

O GRBs can easily accelerate

p and Fe to >10%0 eV /
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3. Energy Production Rate within GZK Volume

Uunecr/tezx ~ 10% erg Mpc3 yr?

Inject —2.2 spectrum of UHECR
protons to E > 1020 eV
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Luminosity Density from Long GRB Observations

(Nonthermal) Luminosity density ¢ (energy/ time/ volume)

a Luminosity function ®(L): = ¢ = <At>jde d(L)
¢ (10*erg Mpc™ yr™) !

0.05-0.08 (Guetta et al. 2005; 50-300 keV) <At> ~105
0.3-0.4 (Le & Dermer 2007; all photon energies)
0.6 (Wanderman & Piran 2010; 1 keV — 1 MeV)

0 Mean GRB flux ¢ e

é(> 20keV) ~ 0.0075 erg cm™2 yr™
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Q GRB flux ¢ at Fermi/LAT energies only
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Luminosity Density of UHECR Candidates from Fermi Data
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GRBs have adequate energy production rate only if baryon loading large
(Fermi data favors ion acceleration by BL Lacs/FR1 radio galaxies)

Dermer Annapolis GRB Workshop 4 Nov 2010 8



4. Sources within the GZK Radius

Local GRB rate density ~ (0.5 x 75) Gpc-3 yr1 (Guetta et al. 2005)
~ 10 Gpc3 yr! (Le & Dermer 2007)
. GRB rate within GZK radius (100 Mpc): ~0.1 yr1
GRB rate within GZK radius with jets pointing towards us: ~10-30_,2 yr!
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To extend arrival times over ~10° yr, require B . >10° 2 7
100

For UHECR/GRB hypothesis to be viable, B,g,(nG) > 0.1/Z
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Intergalactic Magnetic Field

Lepton secondaries of Yy — e*e- from TeV blazars /
makes GeV emission unless IGMF deflects pairs /
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Implications of Weak IGMF

O Model of UHECRS from GRBs not viable for weak IGMF

O Claims of Neronov & Vovk (2010), Tavecchio et al. (2010a,b) based on
assumption about the constancy of TeV flux of blazars

(paper with Cavadini, Razzaque, Finke, Lott, in prepartion)

O Ando & Kusenko (2010) parameters contrary to spectral model

o 1f Bigue(G) > 0.1 nG/Z, GRB model of UHECR origin remains viable
Bcur(G) < few nG/Z for clustering

Fine tuning?
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5. UHECR escape from acceleration region

Depends on composition
1. If p-dominated, claimed by HiRes

Neutral beam model (Atoyan & Dermer 2003)

2. If Fe-dominated, claimed by Auger (at ~4x101° eV)
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Scorecard: GRBs as UHECR sources

Sources are extragalactic /

Can accelerate to ultra-high energies /

Adeqguate energy production rate within GZK volume ?
Sources within GZK radius Need strong IGMF @

3
UHECR escape Depends on composition ?

A 9
ctromagnetic signatures of UHECRs "

Jtrino signatures of UHECRS

Evidence favors (radio-loud) AGN hypothesis for UHECR origin H



