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UHECRSs, High-energy Nu, & Gamma Rays
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UHECRSs, High-energy Nu, & Gamma Rays

Fermi Collaboration, PRL (2016)
Lisanti + ApJ (2016)
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~14% of the Fermi extragalactic gamma-ray Izackground is contributed by unknown sources.



When putting them together..
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Despite ten orders of magnitudes difference in energy, UHECRSs, IceCube
neutrinos, Fermi non-blazar EGB share similar energy injection rate.

Murase, Ahlers & Lacki, PRD (2013)
Waxman 1312.0558

Giacinti et al (2015)

Murase & Waxman PRD (2016)
Wang & Loeb PRD (2017) ...



A common origin is not trivial

Source should provide
the right interaction
- FeemigGB probability

—+ IceCube (HES

I mm Fermi EGBnon — blazar

Truncation / hard
spectrum below ~TeV

No EHE neutfrino has

[Murase, Guetta & Ahlers,
PRL, 116, 071101 (2016), been defected
Bechtol+ApJ (2017)]
[IlceCube, PRL 117, 241101,
2016]



Cosmic Ray Production by the Jet
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Cosmic rays that are confined by
the radio lobes cool adiabatically

/7 —1/3
tiobe ~ 6.1 <1P/eV> Myt *

| tcool ~ D Myr

Only particles above ~PeV leave the source

*taking a typical lobe size 10 kpc, coherence length 0.3 kpc, magnetic field strength 5
muG, and expansion velocity 2000 km/s.



Cluster Environment

ICM gas ) )

niem () = niomo |1+

B(M,r) o n(M,r)"

[Cavaliere & Fusco-Femiano, A&A (1976)]

Infrared background from galaxies
[Takami & Murase ApdJ 2012]

CMB, EBL

CRPropa3 + SOPHIA for turbulent

field & N~
[Batista+ JCAP (2016)]

EPOS for Np
[KF, Kotera & Olinto ApJ (2012)]

Diffuse propagation

[Kotera & Lemoine PRD (2007), KF & Olinto ApJ (2016)]

—38/2

8

20

30

+ =20

z / kpc



Particle Trajectory - 10 EeV

_ . 15
Particle Larmor Radius B =10puG, M =107 Mg

rp, = 10 B1g BZ; Z~ ' kpc

Field Coherence Length
lo ~ 20kpc

Dyotar = 46 MpC



Particle Trajectory - 0.1 EeV
B. =10 uG, M = 10" Mg

Approximation for diffusion computation

Dtotal ~ tHubble
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Cosmic Ray Flux from One Single Cluster
B. =10 uG, M = 10" Mg
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Neutrino Flux from One Single Cluster
B. =10 uG, M = 10" Mg

Accumulation at low E




Cosmic Particles from Black Hole Jets in Clusters

CRs
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A Unification Picture of Multi-messengers

. 900
10 ~+ Fermi EGB IceCube (HESE 4yr) KASCADE — all — EPOS_LHC
== FermiEGB non — blazar == ) — allflavor KASCADE — light
== Associated yray — tota Murase — Beacom 2010 uger (E x 1. .
'_.|_. 10_6_ —_— :ssociatejzraz—io;’lce '?A%—T:__E (}525()).91) 850 B - Slbyllz'l ,f’: P
| == CR-—all et
m . CR—r.nedium/heavy _— | - QGSJet“_O4 ”T::“_.
-—Ii = CR-light N ~ .
»w 1077,
. | S 800-
S o
(9}
2 10784 —
% N 750
W 107°4 (>é
&
> 700
10—10
\'
650 1
- Auger ICRC2015
600 T T T T
17.5 18.0 18.5 19.0 19.5 20.0

log E[eV]

~

Black ,hole Jets embedded @n massive les’rérs can simultaneously
explain UHECRs, high-energy neutrinos, and the non-blazar-

.component of isofropic gamma-ray:background.
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