i,‘
i
p{ y-ray
X-ray binaries as c@smlc ray and He-u-’[-H-HG
sources &j

Dimitris Kantzas
LAPTh/CNRS

with F. Calore



Cosmic-ray sources?

Energy [J]
¢ 1= 100

m
@*
®n

«
g
~
>
Q

&
X
=]

o
>
o0
5
Q
S

5]

1& v IRGB

AMS02 FERMI
HAWC HESS
AUGER
ICETOP
CALET KASCADE-Grande
EAM I+II 1
DAMPE Tibet-11T

PeV
Energy




Cosmic-ray sources?
Energy [J]
1= i

L
§ v,
- » > 2o ‘ .
&
-~ ) ¥ ' 4
¥ .
Y .~ o
nova Remnant Spitzer Space Telescope » MIPS

Chandrs

Galactic: SNe/SNRs?

m
@*
®n

«
g
~
>
Q

&
[=]

o
>
o0
5
Q
S

5]

T v IRGB

AMS02 FERMI
HESS
ICETOP
KASCADE-Grande

CREAM I+1 1

DAMPE Tibet-11T

PeV
Energy




Cosmic-ray sources?

Energy [J]
=" s 42 -1

bt
N ', ” :
B st Extragalactic: AGN,

star-forming galaxies?

Galactic: SNe/SNRs?

m
@*
®n

«
g
~
>
Q

&
[=]

o
>
o0
5
Q
S

5]

T v IRGB

AMS02 FERMI
HAWC HESS
AUGER
ICETOP
CALET KASCADE-Grande
CREAM I+II
DAMPE Tibet-11T

PeV
Energy




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
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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
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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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Population of BH-XRBs: disc

Black hole masses
based on Olejak et al. 2020
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Image Credit: Nick Risinger

100.000 sources following a 2D Lorimer
distribution (Lorimer et al. 2006)
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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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Population of BH_-XRB‘s:diffus‘e 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 BH-XRBs:diffuse 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 BH-XRBs:diffuse 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
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Population of BH-XRBs:diffuse and prompt emission

CR propagation -
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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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Prompt emission from_the Boxy Bulge gBH-XRBs

= - 10.000 sources following a 3D Boxy
’ Bulge distribution (Cao et al. 2013)
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Prompt emission from_the disc gBH-XRBs

~100.000 sources following a 2D Lorimer
distribution (Lorimer et al. 2006)
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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)
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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)
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Population of BH_-XRBs:diffuse a"nd prompt emission
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Conclusions

e quiescent black-hole XRBs may contribute:
o . ~0% tothe CR proton spectrum
o ~0% to the CR electron spectrum
o  with prompt emission:.
m upto ~100% to the 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

.

T
INTEGRALJSPT .|.+++_|.++ H_I-

Lem™2)

»
0
2
8,
B
<3
N

Kantzas et al. in prep






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
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Contribution of black hole XRBs to the neutrino spectrum

HERMES

High-Energy Radiative MESsengers
Dundovic et al. 2021

IceCube 10yt v, + 1,
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Contribution of black hole XRBs to the neutrino spectrum
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Contribution of black hole XRBs to the neutrino spectrum

High-mass XRB

Potential Galactic neutrino emitter!!!
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Particle acceleration uncertainties
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