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BLACK-HOLE X-RAY BINARIES
SUMMARY

(of a highly biased, shallow, subjective and incomplete review)

adding further complexity (?)

- Complex objects, variable on many timescales
- Complex objects, variable at many wavelengths
- Complex objects, data sometimes insufficient

- Complex Physics, models sometimes oversold

- Complex Physics, sometimes revealed by simple exercises

=p-the problem of the jet missing energy

L = -~
N\iﬁi\\d@\* =P “come ti individuo il getto” (how I tell you where the jet is)

=P on the efficiency of the accretion flow
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BLACK-HOLE X-RAY BINARIES

HARD STATE
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steady inflow variable inflow
(thin cool disk) (thick hot flow)




BLACK-HOLE X-RAY BINARIES

A POSSIBLE GEOMETRY FOR THE SOFT STATE
( X-RAY DEFINED )

Compton
. . scattered
active regions hard photons
powered by & seed
reconnection b 7 %
reflected photons ¢ ,-° WV
S photons Co’

cold accretion disk black hole ,-*
R/
The.mner disc radius probably at the
_-innermost stable orbit, 6GM/c? or
° less for a rotating black hole
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BLACK-HOLE X-RAY BINARIES

A POSSIBLE GEOMETRY FOR THE HARD STATE

( X-RAY DEFINED )

jet emitting radio/IR/O...

scattered
direct soft . hard photons
photons reflected
VR photons_ ;

gravity +
Coulomb .
cold outer disk _ o'ﬂ
f hot inner disk ué}:k hole
ul]c;mialsgl-als;?)ak‘:{;h The inner disc radius poorly
K ¢ determined, ~10-200GM/c?, L/L;
," * ‘ ‘ dependent
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BLACK-HOLE X-RAY BINARIES
MULTI-WAVELENGTH EMISSION
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BLACK-HOLE X-RAY BINARIES
MULTI-WAVELENGTH EMISSION
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BLACK-HOLE X-RAY BINARIES

REAL DATA
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BLACK-HOLE X-RAY BINARIES

REAL DATA + COMPLEX MODEL
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Flux density F, (mJy)
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BLACK-HOLE X-RAY BINARIES

MORE REAL DATA
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BLACK-HOLE X-RAY BINARIES

STANDARD JET MODEL

Blandford & Konigl 1979
Markoff et al. 2001

A Flux

Total spectrum results from
summed contributions at
each distance z along the jet

Basic assumptions Basic synchrotron theory
N=CYP~r-? + vbreak:v|_l_ ! =>

B(r) ~ r! /\ =

Flat radio

= spectrum
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BLACK-HOLE X-RAY BINARIES

STANDARD JET MODEL

Blandford & Konigl 1979

Markoff et al. 2001

A Flux

Total spectrum results from
summed contributions at

*problem* / “"" \ each distance z along the jet
l / "%
CO(.) Ing 9 )\
IS
missing | ST RO
" >
obs vV
ptions Basic synchrotron theory .
1 ___ Flatradio
+ Vbreak=V| =l _>
Ty=1 spectrum

< s




BLACK-HOLE X-RAY BINARIES

STANDARD JET MODEL

Blandford & Konigl 1979

A Flux
Markoff et al. 2001
Total spectrum results from
summed contributions at
B p rO b l e m 4 each distance z along the jet
cooling
s }
misssng |\ /. /////// RO N NN
)
Vobs V

LIMICASUTrea 1M e ITAINC U1 UIC HUIU) WINLCII WILI valy as 7 ~, WHCIT 7 1D LT UDLANLC UL LHTE apCA (Vi LIE avue: v

NGC 6251 in Readhead, Cohen, and Blandford 1978). We assume that relativistic electrons can be accelerated
continuously within the jet, and that their distribution function is N(y,) = Ky, 2, With Y, min < ¥e < Yemax and
Yemax »> Yemmn- 1hese electrons will radiate synchrotron radiation with a spectral _index a = 4. The electron energy

Blandford & Konigl 1979
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BLACK-HOLE X-RAY BINARIES

10 g T
o F oo v _E
N: K
10 L E
F i }s\ E
= 0 v ;
-2
o107
10 B,=210"G E
i B,=10*G
10°H___B, =1110°G §
: B, =310° G
10- I10 I12 14 16 18 20 22
10 10 10 10 10 10 10
v [Hz]

if cooling included...no radio emission
(obviously: the electrons can’t have infinite energy)

WE NEED EXTRA ENERGY (I.E. ELECTRONS RE-HEATING)




BLACK-HOLE X-RAY BINARIES

A POSSIBLE KEY INGREDIENT:

VARIABILITY




BLACK-HOLE X-RAY BINARIES

RE-HEATING FROM INTERNAL SHOCKS
BETWEEN DISCRETE SHELLS WITH DIFFERENT VELOCITY

Jamil, Fender & Kaiser 2010; Malzac 2013; Drappeau et al. 2014

longitudinal
expansion
/2
lateral o T — Ny 1 rj-1
expansion j
¢ 0 — 1
di(j)

diG-1)

IS THE JET POWERED
BY VARIABILITY
IN THE ACCRETION FLOW?
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BLACK-HOLE X-RAY BINARIES

RE-HEATING FROM INTERNAL SHOCKS

BETWEEN DISCRETE SHELLS WITH DIFFERENT VELOCITY

(mJy])

log( F,

Jamil, Fender & Kaiser 2010; Malzac 2013; Drappeau et al. 2014
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SEEMS POSSIBLE
(STILL TOO MUCH FINE TUNING)




BLACK-HOLE X-RAY BINARIES

HUNTING FOR JET FAST VARIABILITY

L l | ] | ]

X ~ray > —_

0 _<I— radio 'I'(’b O,p'Z‘

log,, v (GHz)
WE CAN GO AND STUDY THE VARIABILITY.

DOES THE JET VARY?
IS IT CORRELATED WITH THE X-RAY VARIABILITY?




BLACK-HOLE X-RAY BINARIES

HUNTING FOR JET FAST VARIABILITY

FOUND!
THE BEAUTIFUL Casella et al. 2010
BRIGHTNESS TEMPERATURE . ACCRETION X-RAYS
ARGUMENT FLow
8 * . |
2l | il ‘
C WE SEE VARIABILITY > 5 HZ LTI ",,',,s"‘1\,-;,,.-"”"J\W'._,5\.,-_"\n,o,_;.'{u.".
Maximum size of the region =BT INFRARED
S |
(< 6 1 09 Cm) 3) l-"J"l"‘b" !'b.lﬂ [\ \"'l ‘(l ." "| Y ‘l‘ "U
§ ‘,'.‘ll j "‘ '-J!o,t‘.' ‘il }' .',{l- ¢ " Ul e
( AMPLITUDE OF SUCH VARIABILITY 7400 7600 7800 8000 8200 8400 —
Minimum IR flux from the region

more on JET variability
C ASSUMPTION: THERMAL EMISSION in TALKS by:

Black Body formula gives you X-ray flux = :
Federico Vincentelli (these data)

CHECK IN X~-RAYS. DO YOU SEE IT? NO! Maithili Kalamkar (more data!)

IT’S NOT THERMAL MUST BE A JET

=
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= S 5 BeEC R
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COMPLEX PHYSICS VS. SIMPLE EXERCISES

A WORD ON RADIATIVE EFFICIENCY

Radio = Compact Jets

© Conical jet, powcr-law distribution of electrons,

Cncr&’ losscs rCPlCDiSth, cte. (Blandford & Kéinisl
1.4
Lradio o€ Qjet

® Power injected is a fraction of the accretion power:

Qjet — fj M 62

79, Falcke & Bierman 95):

°f‘7 independent of M ==

Lradio X M1'4




COMPLEX PHYSICS VS. SIMPLE EXERCISES

A WORD ON RADIATIVE EFFICIENCY

Radio = Compact Jets X-ray component
©® Conical jct, powcr~law distribution of electrons, R A [ A dias AN
energy losses replenished, ete. (Blandford & Kénigl st S (e..g. e o
79, Falcke & Bierman 95): Lx X M

1.4
Lradio X Qjet

® Power injected is a fraction of the accretion power:

¢ Radiatively inefficient (e.g. ADAF, X-ray jet

del) : o ) Fo
R el Iy M
Qjet — fj M c
°f.7 independent of M => | Lradio M4 s LX X A/[B
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COMPLEX PHYSICS VS. SIMPLE EXERCISES

A WORD ON RADIATIVE EFFICIENCY

Radio = Compact Jets X-ray component

©® Conical jct, powcr-law distribution of electrons,
energy losses replenished, ete. (Blandford & Kénigl )
79, Falcke & Bierman 95): Lx X M

1.4
Lradio X Qjet,

® Power injected is a fraction of the accretion power:
Qiet = fi M 2
2 [ < | P f 7 C
Of] independent of M - Lradio X M1'4 —) LX X A”[B

[ Lradio X L;(4/ﬁJ

® Radiatively efficient (e.g. thin disc, ADC...) :

¢ Radiatively inefficient (e.g. ADAF, X-ray jet
del) : D -
g o

Lradio X L?{G o :8 =2-3 SRR o L;(A — ﬁ =1

iati inefficie Radiatively efficient
Radiatively inefficient Coriat et al. 2011 s :
component ponen
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COMPLEX PHYSICS VS. SIMPLE EXERCISES

A WORD ON RADIATIVE EFFICIENCY
33— ey

GRS 19154105 ]
GX 394 }
4U 154347 ® .-
XTE J1550-564 e
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. ;RO J1 Py |
31 Crpmas X-1 ’
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~ XTE 111184450

- : J1720-3
20+ 5 VIRER.
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N
» 4 1 4 4
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28 - |
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Log,,(GHz radio luminosity)

»
'4
» L d
27 e
5

30 32 34 36 38
Log,,(1-10 keV X-ray luminosity)
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COMPLEX PHYSICS VS. SIMPLE EXERCISES

A WORD ON RADIATIVE EFFICIENCY

2"
GBH ' add

o~ ~ A

(A) L’ l 4 < 'ﬁ'
Sy LI Y
* QS0 M u‘ . ALF

40

35

AGN

log Ly, (erg s
X
vy
n

1 ¢ ‘Wf(‘RH 1915+ 105 Log M<2 1
g RADIATIVELY INEFEICIENT

' \f &

?"‘ Cyg X-1 r<Log
?’ O9<log M
- - g

20 25 30 35
0.60 log Ly + 0.78 log M

30




COMPLEX PHYSICS VS. SIMPLE EXERCISES

PERHAPS NOT THAT SIMPLE...

Br— "
8 6
s 20 7 il o7 o .
2 1§ XTE -0 'y SR
- . GRO J1655-40 o R
= 31 ! (_‘mx-l 3 ,*
L= -~ Swift J1753.5-0127 AV
- T AN-0
2 . bglq:ju_:_:;:: .- 8
o 30 : GRS 1758288 e
- -GS 13%4-64
'] : \:lkll!llam
S 200 Y MREER
T ! HI743-322 3 -<
) I [Pt
vg 28 | L 4
g o
- 27 | Lt
e OUTLIERS
26 - — . \ N fimnisl il J
30 32 34 36 38
Log,,(1-10 keV X-ray luminosity)
Fender et al. 2011; Soleri & Fender 2011

NO CLEAR CONNECTION WITH OTHER PROPERTIES
(E.G. BH SPIN, ORBITAL PERIOD, BH MASS, ...)

shada b canamgudandinnd
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COMPLEX PHYSICS VS. SIMPLE EXERCISES

PERHAPS

NOT THAT SIMPLE...

LA A AAL Y' v L4 LJ 'TV'V' Al L} """' ""' L) LI """ v L ""'l Al L} ""V" " L4 L} 'V"'l
11107 2 E
- A GX 3394 :
t ® V404 Cyg )
! o H1743-322 i
10 E" '5
— - o
L
T \ﬂ~
o
x
— "1@ r ..., dq
oy : ;
£ | RADIATIVELY ﬂ ~
: INEFFICIENT? 46 - -
2 , /".-" °o°
2 " { / .
g w0 g 3 ’ RADIATIVELY :
. ,."‘/’ - >/
: 1 il . EFFICIENT?
N Transition ?
) -7
W -
o™ e E
- . 4
. ' R
b R
! 4
- A A AL LALLM Al V AL AAAAl V. N - AAAl A A AL LAAAl A‘AA‘L A Ao AAjAl A Ao A AL AAl A Al LA‘Al<
'ﬂq. 1-10‘ 1-10“ 1-10’ 1-10’ 1-10” 1-10. 1-10.

Coriat et al. 2010

X-ray 3-9 keV luminosity (erg s°)

more on flux-flux correlations
in TALKS by:

Federico Vincentelli (in IR, fast)
Federico Bernardini (in Opt, BH vs. NS)




