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Understanding the cosmic-ray spectrum
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e CRs are charged particles of extraterrestrial origin

e Consist Qf 'ma’tter and antimatter

e Connect small-scale physics to large-scale

= astrophysics

Ng e Can (dis)prove beyond the Standard Models
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= L : o GeV CRs are of solar origin

o >PeV CRs are of extragalactic origin
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Indirect cosmic-ray detection
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AGNs, SNRs, GRBs... MY

Gamma rays -

They point to their sources, but they
can be absorbed and are created by
multiple emission mechanisms.

They are charged particles and
are deflected by magnetic fields.
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. Earth
Neutrinos
They are weak, neutral AR
particles that point to their
sources and carry information
from deep within their origins.

air shower

Image Credit: Juan Antonio Aguilar and Jamie Yang. IceCube/WIPAC
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Accreting Galactic blawckholes e

Orbital period: ~days
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Image Credit: NASA's Scientific Visualization Studio s Image Credit: NASA's Scientific Visualization Studio
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Accreting Galactic black holes Il

L detted . Nondetted
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Small scale astrophysical jets in X-ray binaries

Image Credit: T. Revolta

€

~10,000 AU

We “know’:
o  Relativistic collimated plasma
o  Bulk Lorentz factor of ~3-10

o  Strong magnetic field

Dimitrios Kantzas | LAPTh | Rencontres de cosmologie des lacs alpins | 18 Jan 2024 5/10



Small scale astrophysical jets in X-ray binaries

Image Credit: T. Revolta

€

~10,000 AU

: We don’t know:

o  Jet launching mechanism(s)
& Energy dissipation and particle acceleration

o Jet composition
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Observational evidence — from radio imaging ...

GRS 1915+105

Mirabel & Rodriguez, 1994

Radio to MeV y-rays (Hannikainen etal. 2003)
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Observational evidence — from radio imaging ...

ACygnu's X-1

Gallo et al. (2005)
: 2 k. 7 S L) Radio imagé
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collimated jet

. Radio to GeV y-rays (zanin et al. 2016)

10,000 AU

Radio to MeV y-rays (Hannikainen etal. 2003)
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Observational evidence — from radio imaging ...

o ',Cygnu's X—1

" Galloetal. (2005) -
: : e el Radio image
§ it "
GRS 191 5+1 05 2 B y 3 ?. bremsstrahlung bow shock front
Mirabel & Rodriguez, 1994 5 5 . gas
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' collimated jet
3 [ ]
Radio to GeV y-rays (zanin et al. 2016)
. + o APRIL 16, 1994 :

10,000 AU

Radio to MeV y-rays (Hannikainen etal. 2003)
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Observational evidence — electromagnetic spectrum
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2011 Sep 03 (Hard)
2011 Sep 12 (HIMS)
2011 Sep 17 (HIMS)
2011 Sep 26 (HIMS)
2011 Oct 12 (Hard)
2011 Oct 27 (Hard)

1018

MAXI J1836-194

Russell et al. 2011
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Observational evidence — electromagnetic spectrum

2011 Sep 03 (Hard)
2011 Sep 12 (HIMS)
2011 Sep 17 (HIMS)
2011 Sep 26 (HIMS)
2011 Oct 12 (Hard)
2011 Oct 27 (Hard)
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Flux density (Jy)
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2011 Sep 03 (Hard)
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2011 Sep 17 (HIMS)
2011 Sep 26 (HIMS)
2011 Oct 12 (Hard)
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X-ray binaries as CR positron sources

511 keV Galactic Centre with INTEGRAL
Weidenspointner et al. 2008
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X-ray binaries as CR positron sources
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Data
Model
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X-ray binaries as CR proton sources
o if 1000 black hole XRBs
follow the same spatial

~50%

.. . )
distribution as Pulsars e
(Lorimer et al. 2006)
AMS-02 proton
ATIC2009 proton
4 CREAMIII
10 DAMPE proton
KASCADE light Evoli et al. 2017, 2018

: / 5\ <€+——— Kantzas et al. 2022

LMXB
_______ / Kantzas et al. 2021

Coof)er' et al. 2020
)
10° 10° 107 10” 101! HMXB: High-ass XRB
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Unravelling the _mystegieé of the small-scql“”e_i.astrophysical jets

Image Credit: T. Revolta
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We “know™: . - : v

o Galactic black holes in X-ray binaries launch relativistic jets

o Electrons accelerate in jets and produce radio/X-ray/y-ray radiation
e.g. ... Vila & Romero 2010; Russell et al. 2011; Kantzas et al. 2021, 2022; ...

o  Protons may accelerate in jets and can produce TeV radiation
e.g. ... Vila & Romero 2010; Kantzas et al. 2021, 2022; ... &

o CR positrons may originate in BHXBs

e.g. Vila & Romero 2010; Prantzos et al. 2015; Bartels et al. 2018

o  CR protons may originate in BHXBs (50% of TeV)

e.g. Cooper et al. 2020; Kantzas et al. 2023
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