AGENCE NATIONALE DE LA RECHERCHR

@irapl(©)

ophysique & plan

UNIVERSITE |
TOULOUSEIII ﬂ Can
PAUL S/\b/\l IER &%
. J A

A multl-wavele ‘

‘

multi-messenges

model’for“ as /,,Q R

S. Dra eaL

P (CNRS/Université de Toulouse) 2Univer

ST ’S Corbel3, M.A. Nowak? |.

SAIM (CEA/CNRS/UnlverS|te Paris Diderot), *MIT, *University of Erlangen N \

Workshop Astro OCEVU, Marseille - 19 janvier 2015



Design of the model

Lepto-hadronic jet model




Design of the model

Lepto-hadronic jet model




Design of the model

Lepto-hadronic jet model




Design of the model

Lepto-hadronic jet model




Design of the model

Lepto-hadronic jet model




Design of the model

Lepto-hadronic jet model




Design of the model

Lepto-hadronic jet model




Design of the model

Lepto-hadronic jet model

® Maxwellian distribution
below shock

Thermal particles




Design of the model

Lepto-hadronic jet model

® Maxwellian distribution
below shock

Non-thermal
particles

@ Maxwellian + power-law
distribution above
shock

Thermal particles




Design of the model

Lepto-hadronic jet model

® Maxwellian distribution
below shock

Non-thermal
particles

@ Maxwellian + power-law
distribution above
shock

@ Leptonic radiative
processes includes:

Thermal particles




Design of the model

Lepto-hadronic jet model

® Maxwellian distribution
below shock

Non-thermal
particles

@ Maxwellian + power-law
distribution above
shock

@ Leptonic radiative
processes includes:

>synchroton self-
absorpted

Thermal particles




Design of the model

Lepto-hadronic jet model

® Maxwellian distribution
below shock

Non-thermal
particles

@ Maxwellian + power-law
distribution above
shock

@ Leptonic radiative
processes includes:

>synchroton self-
absorpted

Thermal particles
> synchrotron self- & l
external- Compton - >




Design of the model

Lepto-hadronic jet model

Non-thermal
particles

‘ Thermal particles

@




Design of the model

Lepto-hadronic jet model

® Hadronic radiative
Y Non-thermal
processes includes: particles

‘ Thermal particles

@




Design of the model

Lepto-hadronic jet model

® Hadronic radiative
Y Non-thermal
processes includes: particles

> proton-proton

> proton-photon

‘ Thermal particles

@




Design of the model

Lepto-hadronic jet model

neutrinos
Gamma-ray

@ Hadronic radiative
processes includes:

Gamma-ray

> proton-proton
> proton-photon

® Models emission from
Radio to Gamma-ray &
neutrinos




Assumption of the model

Lepto-hadronic jet model




Assumption of the model

Lepto-hadronic jet model

@ Multi-zone jet




Assumption of the model

Lepto-hadronic jet model

@ Multi-zone jet

@ Steady-state treatment
of the particle
distributions




Assumption of the model

Lepto-hadronic jet model

@ Multi-zone jet

@ Steady-state treatment
of the particle
distributions

@ Leptonic part based on

Markoff+2005 & Maitra
+2009
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Lepto-hadronic jet model

@ One major modification:

@ Proton-proton interaction: steady-state
s Kamae anoe distribution of
’ secondaries e* to
> Karlsson&Kamae 2008 caleul il i
@ Proton-photon interation: synchrotron and IC
> Kelner&Aharonian 2008 scattering radiation
B ! (pma) = 1) (Pemar) (Ginzburg&Syrovatskii
1964)

@ Acceleration & cooling

rates from Begelman+1990 @ Model of stellar wind

(Lamers&Cassinelli
1999)



Preliminary results

22 | | | | |

neutrino

21 |- .

20 - .

10 1001000104

Post-Shock
19 | 1

1

18 | n

log( Flux [erg/cm2/s])

F, [mJy]

50 10610-°10-410-30.01 0.1

Companion Star,"

-50

10° 107 10'" 102 108 10 105 10 107 10% 107 102° 102" 102 102 102 10% 10%
Drappeau et al. (in prep.) v [Hz]




Preliminary results

22 | | | | |

neutrino

21 |- .

20 - .

10 1001000104

Post-Shock
19 | 1

1

18 | n

log( Flux [erg/cm2/s])

F, [mJy]

-50 0 50 10°%10°10-410-30.01 0.1

Companion Star,"

X

10° 107 10" 1072 107 10% 105 10 1077 10% 107 102
Drappeau et al. (in prep.) v [Hz]

021 1022 1023 1024 1025 1026




Preliminary results

X

22 | | | | |
3 neutrino
pay 21
8 N i
o
o
o 20} ]
— o
~
o - N
- . Post-Sh( g
a i N w19 ]
— ~— ,' Ry ngn
> N\
= ) ._ E
E — . =
[ S— o- , -. 6 ]_8 - -
W — Corgpanion Star,* . o
S .
; . . | |
S.’D K . 17+ .
- : !
i S '
o R . \ 16 ! ! ! ! !
~ . ' | \ 6 8 10 12 14
| ‘ .
o S ,
— .
i . .
— F ;
o
Tp]
o
o
P

109 1010 1011 112 1013 1014 1015 1016 017 1018 1019 ‘020 f021 1022 1023 1024 1025 1026 |
| |
)
Drappeau et al. (f prep.) [Hz] v 8 Cyg X-1




Preliminary results

22 | | | | |
< neutrino
o
o 21 | i
o
o
3 _ 20 i
9 Post-Shock %
w19 ]
Z 5
E - =Ll |
W S Companion Stalz," 3
Q
5,? 17} -
o
Io \ 16 | | | | |
.~ \ 6 8 10 12 14
=)
- T N
o
T}
5 ‘
o
T}
|
10° 10" 10" 10" 10" 10 10" 10'® 10" 10" 10" 102 10%' 10?2 t 3 1024 10% 1026
Drappeau et al. (in prep.) v [Hz] Cyg X-1




Preliminary results

22 | | | | |
3 neutrino
—
8 21 | -
o
o
=) 20} i
— =
~
N
o Post-Shock g
~
E.P -
— 2,
> h
= E
€ — =
. (@)] n
W S Companion Star,’ S
S .
o
P
o
—
b
o
h
‘P
o
h
Q
Ok
- E
o
L0

Drappeau et al. (in prep.)

v [Hz]




Preliminary results

22 | | | | |

neutrino

21 |- .

20 - .

10 1001000104

Post-Shock

1
log( Flux [erg/cm2/s])

18 | .

F, [mJy]

50 10610-°10-410-30.01 0.1

Companion Star,"

X
0

-50

10° 10 10" 102 103 10™ 10% 10% 10" 1078 10"
Drappeau et al. (in prep.) v [Hz]

9 107 ‘ D22 1023 1024 1025 1026 |
Cyg X-1




Preliminary results

22 | | | | |

neutrino

10 1001000104

Post-Shock

1

F, [mJy]

50 10610-°10-410-30.01 0.1

Companion Star,"

-50

10° 10 10" 102 103 10™ 10% 10% 10" 1078 10"
Drappeau et al. (in prep.) v [Hz]

2 107 . 022 1023 1024 1025 1026 |
Cyg X-1




What the model offers

Examples

Help to...
@...choose promising sources

@...study recurring flaring events of
gamma-rays and neutrinos

@...better constrain gamma-ray and
neutrino background signal from
astrophysical sources in the Dark Matter
annihilation



Next steps

@ Better treatment of the neutrino signal

> open to collaboration with the neutrino
community!

@ Complete the radiative processes modelling

> pair production/annihilation, synchrotron from
proton and secondaries,...

® Quid of nuclei acceleration in jet! (AUGER results)
@ Development of a time-dependant version

> variability-triggered internal shocks (see Malzac’s talk)



Take-away points

@ Ve propose an multi-wavelength and multi-
messenger spectral jet model

® Prepare the future of radio to gamma-ray +
neutrinos analyses of accreting black holes at all
scales



