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Black hole X-ray Binaries (BHXBSs)
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| - Some BHXBs are observed in radio to gamma-rays. “




Multi-wavelength photon spectrum -

BHXBs show the two-state_In the photon spectrum.
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~ We consider that the hot electron plasma comes from the |
hot accretion flows especially Magnetically Arrested Disk (MAD)



Magnetically Arrested Disks (MADSs) -

Radio and X-ray obs MHD simulations
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@ Efficient jet productlon by the BZ process. Tehekhovskoy:2011 '
© and nosity refation

Particle acceleration and heating

by the MHD turbulence is expected.



Magnetically Arrested Disks (MADS) -

Radio and X-ray obs MHD simulations
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Plasma injection model ;

Magnetic Reconnection Particle Acceleration & Emission of HE photons
in the vicinity of BH -> yy — ¢’e” pair production
High resolution MHD simulation
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Plasma injection model 7

I\/Iagne’uc Reconnectlon Particle Acceleration & Emission of HE photons

Our Study
We apply the emission

model of jets and MADs W|th
~ the particle injection model
R to Cyo s

e~ pair plasma produced by y+y—>et +e



Overview of the Jet-MAD model

100GHz, GeV gamma-ray
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Emission from the MAD :

Schematic image of MAD model

RK+2022 NGC3894
0 0 _ — Total | ——=- Proton synchrotron —-= YY pairs
N — == Thermal electrons  ----- Bethe-Heitler pairs Primary electrons
e 10
@)
Tm |
(@) ' .
é ! o Prlmgry proton
‘—&\ '-IE.l> -13 _;+++ Al ‘;::“‘::
((Turbulence ) (BH magnetosphere W = . N
2 -14 g 5
O | ‘ Prlmary electron S \
/ 15-4 -3 21 0 1 2 3\4"/; 6 “7 8 9 10\11 “12 13 14
log(E,)[eV]
Synchrotron radiation produce
MHD turbulence accelerates the CRs. y P
the broadband photons.
B 5 particle species B Steady & one-zone approximation
R nEIRE s igelad Primary electron Transport d [ NgL; _ N
— “VE.In

Equation E \ ¢

Cooling Injection Escape



Synchrotron
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Proton photon interaction
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Emission from the Jet

100GHz, GeV gamma ray
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Magnetic reconnection inside the
jet accelerates the particles.

B Steady & one-zone approximations
B Nonthermal Electrons

Cyg X-1

— Jet Synchrotron - Jet Synchrotron self-Compton

10 Synchrotron
11 SSC

5-4-32-10123456 78 9101112131415
log(Ey)[eV]

Accelerated electrons emit multi-

wavelength photons via synchrotron and
synchrotron-self Compton.
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PhyS|caI processes In the Jet 12
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Result: Photon spectrum

Parameter : 6., ~ 0.001, i1 = 0.1
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oc~11x%x10% op=2.1

Sinj,MAD = 1.1, Sinjjet = 2.1

Emission mechanisms

Radio Synchrotron of jet
IR-Opt Thermal radiation of star
Thermal Comptonization
X-ray of the MAD +
Other components
GeV SSC of jet
Pion decay of the MAD
100TeV (pp inelastic collision,

photomeson production)

The Jet-MAD model can roughly explain the multi-wavelength observational data.




Neutrino Emission from MAD 14

Schematic image of the neutrino Neutrino emission from MADs
emission from MADs Cyg X-1
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° p/ Proton maximum energy is 10> eV

-> Neutrino energy is ~ 10'* eV.

We consider the neutrino emission froM e
the pp collision (p+p — p+p+1) and the | IceCube-Gen2 and TRIDENT may detect;

14

photomeson production (p +y — p + n).



Summary

We apply the multi-wavelength emission model with the particle injection

scenario to Cygnus X-1.

15

v/ The Jet-MAD model can roughly explain the observational data of Cygnus X-1.

B Radio: Electron synchrotron (Jet)

B X-ray: Thermal electron (MAD)
+ Other components

B Gamma-ray: Electron IC (Jet) (<TeV)
+Pion decay (MAD) (>100 TeV)
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v/ To explain the X-rays perfectly, we need other components.

v/ We estimate neutrino emission from Jet-MAD model
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Due to the upper limits of gamma-ray (LHAASO, HAWC, MAGIC) and
neutrino (lceCube), we need to constrain the energy fraction of the
nonthermal particle production to dissipation to be low.
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Applying our model to other BHXBs

GRO J1655-40
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Contribution to the CR spectrum

Escaped Cosmic ray Spectrum
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We calculate the escaped CRs from MADs and |
lestimate the contribution to the CR spectrum assummg
'the number of BHXBs. We find that the



Contribution to the galactic neutrino =

Diffuse Neutrino
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| We also estimate the Contrlbutlon to the galactlc neutrlno B
Due to the low duty cycle of the low/hard state (1.4%), \



The estimate method of CR flux

We estimate the CR flux by equating the escape rate with the injection rate:
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Population synthesis of HMXB

BlackCAT(Corral+2016) -> 1280 HMXBs In our galaxy (by ORP).
Populatlon synthesis(Shao+2020) -> ~1500 HMXBs in our galaxy.

Escaped Cosmic ray Spectrum
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Timescales of the MAD model

Timescale of the MAD for Cyg X-1
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Timescales inside the jet

We assume g = 5/3

(Kolmogorov spectrum)
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Physmal quantities| MAD parameter
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Emission from the Jet 27

100GHz, GeV gamma-ray
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Basic equation of Jet-MAD model =

Optical, X-ray]
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Parameters of the MAD model =

Steady & one-zone approximations e
GM @ (Turbulence) BH magnetosphere
e vl / \\
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Parameters inside the jet

Steady & one-zone approximations
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We consider that the KHI induces
turbulence inside the jet, and this
turbulence induces magnetic reconnection.

Scenario of Jet-MAD model
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Calculation Method (Thermal)
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Calculation Method (Non-thermal)
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Injection index of the MAD model

Transport Equation in Energy space

Stawarz&Petrosian 2008
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GX 339-4: Jet-MAD model

Timescale of the MAD for GX 339-4




GX 339-4: Jet-MAD model

GX 339-4 Neutrino
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GRO J1655 with MAD parameters
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GRO J1655

GRO J1655-40 Neutrino
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GRO J1655

Timescale of the MAD for GRO J]1655-40




Particle distribution of Injection term
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