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Multi-messenger from Galaxy Clusters (GCs)

Cosmic-Ray Sources
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for Hadronic (Secondary) Scenario

0 [Zandanel et al. 2015]
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Non-detection with Fermi-LAT
[e.g., Ackermann et al. 2014]

(*Possible detection from Coma : e.g., Adam et al. 2021)
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for Hadronic (Secondary) Scenario

[Fang & Murase 2017] [Zandanel et al. 2015]
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FermiEGB (non - blazar) [l IceCube (v, 6yr) KASCADE - light gamma ZPP 20%-40% loud
== Associated yray —total === y—allflavor Auger (E x 1.05) = neutrinos PP10% loud — — — -
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Leptons: Giant Radio Halo (RH)

. _ Mering cIuster ,
[van Weeren-et al. 2019]  Abell 2744 . Synchrotron radiation from
b Loisrrralioenan di i el Sl e g relativistic electrons

diffuse emission with “Mpc scale

appearance ~40%

found in merging systems

Turbulent Re-acceleration scenario

merger-induced turbulence = wave-particle interaction

24s 12s 0h13m48s
RA (J2000)
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for Hadronic (Secondary) Scenario

T

— p ) AAMVVA Gamma-ray :\inver'se Compton

S [Brunetti et al. 2017]
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- p* p > @ -~ @ — Radio/X-ray

-p collision - ]
P-P ’ Neutrinos

Non-detection with Fermi-LAT
[e.g., Ackermann et al. 2014]

(*Possible detection from Coma : e.g., Adam et al. 2021)

Does “Re-acceleration”
revive the “hadronic” scenario ??
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Aim : Radio constraints on hadronic model

1. Modeling Coma cluster 2. Statistical Study

Fokker-Planck eq. "~ Merger Tree
(1D in space) |

- cooling AN - lifetime of RHs

- spatial diffusion = w ° - merger history

- re-acceleration - turbulent injection

- pp collision ‘ - mass dependence
- primary injection : \ - redshift evolution

observations observation
* brightness profile * gamma-ray » occurrence of RHs (~40%)
* radio spectrum upper-limit * P, 4, — Mgy, scaling relation
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1. Fokker — Planck equation

ON, 9 dp| 9. 0N, 2 o[ 0N, 2 R
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cooling re-acceleration diffusion primary secondary

. . , Electron spectrum
Injection re-acceleration cooling 13 |
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Modeling Coma cluster

, T ) * primary-secondary ratio: fo,
| synchrotron spectrum "~ 2% ¢ |

a=245 scenario: fo, = 0

¢ : - primary scenario: fg, = 0.01 (our Galaxy)

— T
350 MHz A
-----_ ]
- ———

|
o before re-acc. 1

S, [Jy/arcmin?]

spectral shape
-> re-acceleration timescale : t,.. = 300 Myr

assuming ~ uG magnetic field (cf: Bonafede+2010)
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Injection from the outer parts?

secondary primary

»
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(*Another possibility: e.g., radially flat (increasing) turbulence, e.g., Pinzke et al. 2017)
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Multi-wavelength spectrum

secondary primary
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* relatively hard spectra * relatively soft spectra

* underthe Ferm.i-LAT Iimit _ * better match to the radio data
* gamma-ray available with future experiments
(e.g., LHAASO, CTA)
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Lifetime of the RH

secondary
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tRH > 1 Gyr (v = 1GHz)

enhanced injection from
re-accelerated protons
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tRH ~ 300 Myr
(cooling/re-acceleration timescale)
[e.g., Cassano & Brunetti 2005, Cassano+2016]




Occurrence of RHs

shaded... data from Cuciti et al. (2021)
—_——— ‘ 7 * Onset condition

N = 100 RH/R5oo >0.2 1 1. merger kinetic energy -> turbulent acceleration
NVSS sensitivity R/ R0 > 0.3 €turp (M, &, 2) = NerSparyon€kin (M,¢,z)

2. above threshold -> onset
€turb (M, €,2) > xcg €1cm(M, Z)

secondary

secondary i primary . 0.05% 300 Myr
-primary ‘ ‘ ] ™ -
O a7 has 149 o Ibi . , ~10%  similar to Coma

log19 Ms00[h7g Mo)

“secondary + re-acceleration” scenario
would also explain statistical properties!
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High-Energy Backgrounds

NOTE : Very Approximate primary

LA B L1 B L) e

secondary

10 f. =0 —— Fermi EGB IceCube cascade (2020) 1
F'ep™ 0.28xEGB . 1¢eCube Glashow resonance (2021) ]
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1074 f. =0.01 Fermi EGB IceCube cascade (2020) 1
Flep™VY:V | —— 0.28xEGB ——— IceCube Glashow resonance (2021) ]
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We have assumed ...
5

* L, < M3, normalized with Coma flux more optimistic result could be available from

* fru = 0.4 atall mass and redshift AGN injection model [e.g., Fang & Murase 2017
* injection from cosmological shocks
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summery

Challenge on hadronic scenario
- non-detection with Fermi-LAT
- re-acceleration model can explain RH under the gamma-ray limit

Comparison between primary & secondary scenario
= (secondary > 1Gyr, primary ~ 300 Myr)
- both can explain Coma spectrum & statistical property

High-energy backgrounds from GCs
- sizable contribution to the IceCube flux is expected
- AGN injection model would provide more optimistic result
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