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cosmic vs terrestrial accelerators
Eynpcr ~3x102eV ~50]

kinetic E of fastball
E\r ~8x10%Y eV (145¢g, 155km/h)

kinetic E of free kick
Ecr7 ~2x10%! eV (430g, 130km/h)

E| ye ~7TeV
<<
kinetic E of housefly

Eg, ~200 TeV (20mg, 7km/h)




1. observational status of UHECRSs



observed CR spectrum

Energies and rates of the cosmic-ray particles

— protons only

all-particle

2 L
10 electrons
XX 3¢

X
pogitrons x
HESK

10 F

E2dN/dE (GeV cm'zsr'1s'1)

'CAPRICE

Ryan et al.

Ti

CASA-BLANCA

CasaMia

AMS
BESS98

alrlgorc
JACEE
Akeno A
en Shan |
MSU

D) L) s >
HEGRA
Tibet

Fly Eye
Haverah

AGASA
HiRes

10° | antiprotons
108
Gaisser 05
10—10 1 1 1
10° 102 10% 106 108 1010 1012
Evin (GeV / particle)

up to knee (<10>-16 ¢V)
Galactic SNRs?
likely, but not yet definitive

knee-ankle (101°-16-1018 V)
Galactic? no new source?

above ankle (>1013 eV)
extragalactic: AGNs?

GRBs?
7?



UHECR observatories today: slide from T. Yamamoto
Auger and TA
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UHECR spectrum

: Auger, TA
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UHECR Xmax (composition?): Auger Letessier-Selvon
Rio ICRC 2013
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evidence for:
heavier composition at higher E
or nontrivial hadronic interactions

NB: data from HiRes and TA consistent so far with light
as well as heavy composition
(official conclusion from UHECR12 working group)




UHECR anisotropy: Auger vs TA Beijing ICRC 2011
slide from T. Yamamoto
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UHECR anisotropye. eg) E > 57 EeV
TA “hotspot” e o )

Abbasi+
arxiv:1404.5890
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recipe for a good CR source

g00d source =
good accelerator -> good confiner

+ efficient escape, inefficient adiabatic losses
-> good deconfiner

+ inefficient radiative losses
-> no-good radiator of neutrinos/hadronic gamma-rays



2. acceleration
-> Lemoine



UHECR sources: acceleration
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old favorite: AGNs

leading contender: GRBs

dark horse: magnetars
clusters, etc.



GRBs: acceleration sites

Progenitor : Waxman 95

(massive star) Vietri 95
External e

- shocks

Internal

noia Fe line

Afterglow

prompt X-y emission optical flash, radio flare radio-IR-opt-X afterglow
internal shocks? external reverse shock external forward shock
B reconnection?

R~I"ct,, ~1012-10'° cm R~R . .~10'° cm R~R ..-Ryg~101%-108 cm
B~10°-10° G B~10 G B~10-0.01 G? >>B, ¢y
I_‘relN 1 I_‘relN 1 I_‘rel>> 1

escape nontrivial accel. nontrivial



3. energetics



UHECR sources: energy budget

kinetic E input into the universe
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—— supernovae
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differential (per unit z)
dE,. /dz=(dt/dz)fdL L dn/dL

SI, arXiv:0809.3205

GRBs

ocC star formation rate
Porciani & Madau 01, Le & Dermer 07

Eirp=10°* erg, indep. of beaming

UHECR budget @1018° eV
ucg ~10719 erg cm?
~3x10°*erg Mpc™

stringent requirements
-> proton-dominated?



GRB energetics: radio afterglow calorimetry

late time radio afterglow after non-relativistic transition
-> total beaming-corrected blastwave energy

GRB 030329 -> E~10°! erg
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4. escape



CR acceleration and escape in SNRs

from S. Funk

o ’886’”!’;5’
0000
W&rg:s o%o (g(}) 0 yrs)

RY 5’6%? 982355500 yrs
R% J171373946 5800 Yre

N 1006 (1

Tyeng ShR 140"

}

) d
il '1‘-.5 L I||
-.*‘ o
'-... o
"

T T T TR

|

~,
“
o
w3 ’
.
R
o~ *

e
- o 'l"'( - -
R
- o4
- f’ﬁ .-"f' '

O, L) i
- ¢ o .
w"t“:f':."- F

~
4

= v—

Escaping 10° 10° 10" 10"
Energy (eV)

- higher-energy CRs likely escape earlier
- CR spectrum at acceleration # observed
- energy losses of CRs small




confined and escaping CRs in SNRs
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similar expectation for relativistic forward shocks
Katz, Meszaros & Waxman 2010



GRBs: acceleration sites

Progenitor : Waxman 95

(massive star) Vietri 95
External e

- shocks
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Afterglow
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5. tests: CRs, gamma-rays, neutrinos
-> Murase, Allard, Bustamante, Petropoulou...



GRBs as UHECR sources: diagnostics
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survival of Fe nuclei in GRBs
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Fe may survive destruction throughout the processes of jet
formation, shock formation and particle acceleration in GRBs



UHECR composition vs low-energy anisotropy
Lemoine & Waxman 09

If heavy nuclei with Z produce anisotropy at E:
protons produce anisotropy at E/Z stronger by
p/nuclei abundance ratio at source
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Auger anisotropy: Cen A Auger 2011 (arXiv:1106.3048)
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Auger anisotropy implications Auger 2011 (arXiv:1106.3048)

95% CL upper bounds from Cen A
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possible interpretations:

- nuclei strongly overabundant compared to protons: Fe/H>~0.5-10
- Auger anisotropy at E>55 EeV not significant

- heavy nuclei not dominant at highest E (Xmax evol. from hadronic inter.,



composition of metal-rich clumps in young SNRs

case of Cas A
SN IIb (H layer nearly stripped), 300 years after explosion

O, Si, Fe-rich clumps
n, >Ny

Hwang & Laming 03, 09; Hwang+ 04...




© K. Asano

U :106MeV, t, . ,=2.2%10° s



GRB neutrino limits  Abbasi+ 12

-> Murase
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hadronic interpretation 15
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hadronic interpretation : -
(proton synchrotron)

Fermi GRB 090510 :
Asano+ 09
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GRB GeV-TeV Asano & SI, 2007
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GRB GeV-TeV - UHECR - neutrino connection
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nuclear synchrotron spectra and cooling times
normalize to proton synchrotron spectrum Inoue, in prep.

expansion limited case ¢, .(<Z)=ty,, E,<Z,n,0cZ/A5, t,0cA%Z>
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abundance at low E: enhanced Fe/H~4
H=0.2, He=0.014, Fe=0.8 (C=3x107, O=3.7x10-)



nuclear synchrotron spectra and cooling times
normalize to proton synchrotron spectrum Inoue, in prep.

expansion limited case ¢, .(<Z)=ty,, E,<Z,n,0cZ/A5, t,0cA%Z>
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abundance at low E: enhanced C,O/H~4
H=0.2, He=0.014, C=0.22, 0=0.28 (Fe=7x10"%)



6. use?



use of UHECRs:

do they tell us something unique and important
about their sources?

1.e. besides confirmation of Hillas condition



use of UHECRs:

do they tell us something unique and important
about their sources?

1.e. besides confirmation of Hillas condition

Ask not what you can do for CRs,
ask what CRs can do for you!




survival of Fe nuclei in GRBs Horiuchi+ 12

jet acceleration phase dissipation phase
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Fe may survive destruction throughout the processes of jet
formation, shock formation and particle acceleration in GRBs

heavy-dominant composition -> magnetic acceleration favored?



summary GRBs as origin of UHECRS

- one of few realistic candidates for UHECR sources
but energetics remain a challenge
- if confirmed, heavy composition provides some support
but identification via CRs more difficult
- neutrino and gamma-ray tests crucial
but non-detections not decisive
(IceCube limits hardly rule them out)
- need to think more about escape processes, potential use?




final remark

Allez SVOM!
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