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Cosmic-ray sources?
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Cosmic-ray sources?
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Indirect cosmic-ray detection
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y-ray emission ...
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y-ray emission ...
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Diffuse emission or point
sources?

Astrophysical origin or
beyond the Standard Model
physics?
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Stellar-mass black hoiles with jets

companion star

black hole



Image Credit: Corral-Santana et al. 2016

30.000 v

Image Credit: NASA/CXC/M.Weiss



A multi-zone, jet model with hadronic interactions
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A multi-zone, jet model with hadronic interactions

jet launching




A multi-zone, jet model with hadronic interactions
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A multi-zone, jet model with hadronic interactions

accelerated electrons
emit synchrotron and
inverse Compton |

particle
acceleration region
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A multi-zone, jet model with hadronic interactions

accelerated electrons
jet launching emit synchrotron and
inverse Compton

accelerated protons
interact with jet flow
+ jet radiation

p+p—p+p+an’+p(nt+mn7),

p—|—y—>p+p+a710+,3(71++7t7).

particle Blandford & Kénigl 1979;

. - Hjellming & Johnston
acceleration region 1988; Falcke & Biermann
1995; Markoff et al. 2001,

2005; Maitra et al. 2009;

Crumley et al. 2017;
m—>wcchini etal. 2019, 2022
Kantzas et al. 21, 22, 23a

Image Credit: T. Revolta



Multiwavelength constraints from A0620-00
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Multiwavelength constraints from A0620—
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Population of qBH-XR\Bs: disc

Black hole masses
based on Olejak et al. 2020

“

Image Credit: Nick Risinger

100.000 sources following a 2D Lorimer
distribution (Lorimer et al. 2006)
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Population of qBH—XRBs: di—ffuse ”and prompt emission

CR propagatlon :
0% contrlbutlon to the CR spectrum '

o contrlbutlon to the y-ray spectrum ’

o contribution to the neutrino spectrum

Image Credit: Nick Risinger



Population of qBH—XR\Bs: di-fose and prompt emission

CR propagation -
0% contrlbutlon to the CR spectrum |

@ contrlbutlon to the y-ray spectrum

o contribution to the neutrino spectrum

e prompt (intrinsic) emission
o - contribution to the y-ray spectrum

o contribution to the neutrino spectrum




Population of gBH-XRBs: di-fose and prompt emission

o CR propagation
: o contrlbutlon to the CR spectrum

@ contrlbutlon to the y-ray spectrum

e prompt (intrinsic) emission
o  contribution to the y-ray spectrum

ety e |
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Population of qBH—XR\Bs: di-fose and prompt emission

CR propagation -
0% contrlbutlon to he CP spectrum |

@ contrlbutlon to thc v-ray spectrum

o contrlbutqon to‘ne n utrino spectrum

e prompt (intrinsic) emission
o - contribution to the y-ray spectrum

o contribution to the neutrino spectrum




Prompt emission from_the disc gBH-XRBs

~100.000 sources following a 2D Lorimer
distribution (Lorimer et al. 2006)

Kantzas et al. in prep




Prompt emission from the disc gBH-XRBs

,w“\kr . 100.000 sources following a 2D Lorimer
distribution (Lorimer et al. 2006)
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Kantzas et al. in prep

up to 100% in the 10—100keV regime

100.000 with 10 Eddington luminosity

Kantzas et al. in prep



Fermi/LAT
; ,,,ff’"%{‘;’_ 100.000 sources fo'llowihg a 2D Lorimer = s
£ (L distribution (Lorimer et al. 2006 :
= © e Fermi/LAT

(Ackermann etal. 2012)
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<0.01% in the GeV regime
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Prompt emission from_the disc gBH-XRBs

,w“\kr . 100.000 sources following a 2D Lorimer
distribution (Lorimer et al. 2006)

Kantzas et al. in prep

100% in the TeV regime

Kantzas et al. in prep



Population of qBH—XRBs: di-fose and prompt emission

CR propagation -
0% contrlbutlon to he CP spectrum |

@ contrlbutlon to thc v-ray spectrum

o contrlbutqon to‘ne n utrino spectrum

e prompt (intrinsic) emission

o - contribution to the y-ray spectrum

o contribution to the neutrino spectrum (in prep)




Conclusions

e quiescent black-hole XRBs may Contribute:
o ~0% to the CR proton spectrum
o ~0% to the CR electron spectrum
o with prompt emission:
m upto ~100% tothe X-ray spectrum (100.000 with 10 Eddington luminosity)
m upto ~0.01% tothe GeV y-ray spectrum

m upto ~100% tothe TeV y-ray spectrum
e BUT flaring black-hole XRBs (see Kantzas et al. 2023b)?
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Multiwavelength constraints from A0620-00
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Population of BH-XRB\s:' bulge

Image Credit: Nick Risinger

10.000 sources following a 3D Boxy
Bulge distribution (Cao et al. 2013)
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Prompt emission from the Boxy Bulge gBH-XRBs

~10.000 sources following a 3D Boxy
Bulge distribution (cao etal. 2013)
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Prompt emission from_the Boxy Bulge gBH-XRBs
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(Ackermann etal. 2012) m— ijtermediate
m— ridge

mmm off plane

Kantzas et al. in prep

-150°-120° -90° -60° -30°*;.30° 60° 90" 120°

e
L)

<0.01% in the GeV regime

Kantzas et al. in prep




Prompt emission from_the Boxy Bulge gBH-XRBs

= - 10.000 sources following a 3D Boxy
’ Bulge distribution (Cao et al. 2013)

1071 ¢

10%

Kantzas et al. in prep

-150°-120° -90° -60° -30°*;.30° 60° 90° 120° 150°

e
L)

~20% in the TeV regime

Kantzas et al. in prep




Multiwavelength constraints from black hole XRBs
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High-mass XRB
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1% (HZ) 1 O’S TeV Low-mass XRB

Kantzas et al. 2023b

particle density: N ~ E™, where E is the particle energy



Contribution of black hole XRBs to the CR proton spectrum
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Contribution of black hole XRBs to the y-ray spectrum
—— HERMES

" : High-Energy Radiative MESsengers
y#** ++ :
Yt .

*-

HESS : Dundovic et al. 2021
®e00004,%

p "t -
T T p+p/y — p+am®+ p(m+m)

]

7', HI, E, =126 GeV, nside=256

B ——— e e

| oo

Latitude b [deg

20 40 60

Kantzas et al. 2023b




Contribution of black hole XRBs to the neutrino spectrum

HERMES

High-Energy Radiative MESsengers
Dundovic et al. 2021

IceCube 10yt v, + 1,

p+p/y — p+an’ + p(m+m)

intrinsicsoft ~~

Kantzas et al. 2023b



Contribution of black hole XRBs to the neutrino spectrum

High-mass XRB

Potential Galactic neutrino emitter!!!

Kantzas et al. 2023b
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Particle acceleration uncertainties
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