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Multi-wavelength variability:
Accretion and Ejection onto BHs
at the fastest timescales

Plergiorgio Casella (INAF - OA Roma)
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ACCRETING BHsS (X-RAY BINARIES)

Accretion. - .
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BH X-RAY BINARIES
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BH X-RAY BINARIES
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Zdziarski & Gierlinski (2004)

BH X-RAY BINARIES
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BH X-RAY BINARIES
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BH X-RAY BINARIES

EXPECTED AND OBSERVED
FAST VARIABILITY

GX 339-4 low-luminosity Hard State
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BH X-RAY BINARIES

EXPECTED AND OBSERVED
FAST VARIABILITY

FIGURE OF MERIT:
CHARACTERISTIC TIMESCALES

Light crossing 0.3 ms
Dynamical | ms
Thermal 0.1 ms
Viscous | s

Assuming M ~ 10 Msun , X~ 0.1, rb~ 0.1 ,r~ brg
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AGN Vvs. BHXBS

CHARACTERISTIC TIMESCALES

e.g. GX 339-4 e.g. NGC 7213
Timescale 10 Mgun 108 Msun
Light crossing 0.3 ms 3000 s
Dynamical | ms 10 ks
Thermal 0.1 ms 1000 s
Viscous | s ~100 day

Assuming &~ 0.1 rb ~ 0.1 ,r~ 6rg
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AGN Vvs. BHXBS

FIGURE OF MERIT

AVAILABLE INFORMATION

e.g. XMM 10 Msun 107 Msun
cts/s 100 I
cts/dynamical 0.1 100
typical observ. 10 ks 100 ks
viscous/observ. 10 ~0. |

for a given L/Ledd
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AGN Vvs. BHXBS

- GX 339-4 ~10 Mgun
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NGC 7213 ~108 Mgun

< 3 hours
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AGN Vvs. BHXBS

FIGURE OF MERIT

AVAILABLE INFORMATION

e.g. XMM 10 Msun 107 Msun
cts/s 100 I
cts/dynamical 0.1
typical observ. 10 ks 100 ks
viscous/observ. ~0. |
more cycles more counts/cycle
BHXBs AGN
average processes details of individual events
(stochastic) (micro-Physics)

\ population (_/
statistics
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BH X-RAY BINARIES

FLUCTUATIONS PROPAGATE THROUGH THE INFLOW...
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Observed X—ray
emission

Lyubarskii (1997); Kotov et al. (2001); Arevalo & Uttley (2006); ...

...THEN REFLECTED FROM CORONA TO DISK.

Wilkinson & Uttley et al. (2009)
Uttley et al. (2011)
Cassatella et al. (2012 a,b)
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RADIO LUMINOSITY
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26
Lg s op, (X107 erg/s)

AND THE JET ?

IT CORRELATES WITH X-RAY VARIABILITY

BH GX339-4
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Migliari, Fender & van der Klis (2005)
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JET FAST VARIABILITY?

Blandford & Konigl (1979)
4 Hh picture from Markoff (2010)

but see: o conteibationa ot

Pe,er & Casella (2009 ) each distance z along the jet

Zdziarski et al. (2012)
- >
obs Vv
I — T ——
Basic assumptions Basic synchrotron theory Flat radio
T

B(r) ~r A v AN
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JET FAST VARIABILITY?

THE WELL KNOWN MISSING-ENERGY PROBLEM

Blandford & Konigl (1979)
A Flux picture from Markoff (2010)

. Total spectrum results from
but see. surtnmgd ctontributiortls at
Pe ,er & Casella (2009) each distance z along the jet

Zdziarski et al. (2012)

continuously within the jet, and that their distribution function is N(y,) = Ky, 2, With Yemin < ¥e < Yemax and
Yemax > Yemn- 1hese electrons will radiate synchrotron radiation with a spectral index « = }. The electron energy

. ENERGY LOSSES ACT VERY FAST:

WE SHOULD NOT SEE THE RADIO JET
16/29

s (IMEASUrca 1mn wune Irame 01 uic Huiu) WINCIH wWill valy a7, wWlucic 7 » uic uwtal.u.'c I‘IUIII LT @pTA (Vi LIS IHvUel v
4q NGC 6251 in Readhead, Cohen, and Blandford 1978). We assume that relativistic electrons can be accelerated
9 )




JET FAST VARIABILITY?

THE WELL KNOWN MISSING-ENERGY PROBLEM

RE-HEATING FROM INTERNAL SHOCKS
SHELLS WITH DIFFERENT VELOCITY

GRB jet emission theory ——> blazars (Spada et al. 2001)

recent works on XBs: Jamil, Fender & Kaiser 2010; Malzac 2013

A

lateral 9/2 1 r'-l
expansion j

¢ 0 -

diG-1)

RE-HEATING LINKED TO INFLOW VARIABILITY?

17/ BEST TO STUDY VARIABILITY: X-RAY BINARIES



(Casella et al. 2010)
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JET FAST VARIABILITY

GX 339-4 - ISAAC@VLT - 62.5Ms - K=12.5
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JET FAST VARIABILITY

d
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-> IT WOULD EMIT MUCH MORE IN X-RAYS

DEFINITELY NOT THERMAL
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JET FAST VARIABILITY
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THEY CORRELATE: IT’Ss A JET
INFRARED LAGS X-RAYS BY O.1 SECONDS

=> PHYSICAL MEASUREMENTS
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JET FAST VARIABILITY

GX 339-4 - ISAAC@VLT - 62.5Ms - K=12.5

INFRARED

outflow —

(et thick X thin

X-RAYS

o PHYSICAL MEASUREMENTS
S
3 From the 0.ls delay, we can estimate: inflow
o (all model dependent) \ (corona)
S .
5 IF: THEN: B
= = R \\
% (1) IR: thick X-rays: thin [ jet > 2
S

(2)  IR:thin X-rays: thin B~10*G and [elec.~10*—>50

(3) IR:thin X-rays: inflow ejection timescale < 0.1 s

(4) IR: thick X-rays: inflow [ jet >> 2 and ejec. timesc. << 0.1s
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DIFFERENT ACCRETION REGIMES
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DIFFERENT ACCRETION REGIMES
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DIFFERENT ACCRETION REGIMES
GX 339-4

Casella et al. (in prep.)
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DIFFERENT ACCRETION REGIMES
GX 3394
CCF IR/X-RAYS

Bin time: 0.8250E-01 s
®' - : IR AND X

SHIFTED BY 2,
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Ce
G&"}b

Casella et al. (in prep.)
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DIFFERENT ACCRETION REGIMES
GX 339-4

CCF IR/X-RAYS PHASE LAGS IR/X-RAYS
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T T T T S -
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e 3
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Casella et al. (in prep.)

CORRELATION IR LEAD X-RAYS

2 HYPOTHESIS

INFLOW (ON TOP OF DISC) JET BASE (TRANSIENT ONE)

...precessing...

R=60 Rs H=R/10

-—m
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R=20 Rs H~R
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WHICH INSTRUMENTS?

]_"_'](20% OF) RXTE: ~50 cCcTS/s STATISTICS LIMITED

[ ISAAC @ VLT: ~50.000 CTS/S TECHNOLOGY LIMITED
(HAWK-I)

&) NEW TECHNOLOGIES Growing field

© GETTING RID OF THAT READOUT NOISE... \\’& O@
o EMCCDs (‘EXPANDED” NORMAL OPTICAL CCD)

© ...AND WIDENING THE ENERGY RANGE

¢ HGCDTE E-APD (MERCURY-CADMIUM-TELLURIDE AVALANCHE PHOTODIODE DETECTORS)

¢© MKID (MICROWAVE KINETIC INDUCTION DEVICES) (\efb'( e,
© STJ (SUPERCONDUCTING TUNNEL JUNCTIONS) %\)&\)

&) ASTROSAT: X-RAYS (+ UV) (2014)

(@ LOFT: POPULATION STATISTICS + FULL OUTBURST COVERAGE

+ MUCH BROADER ENERGY RANGE
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WHICH INSTRUMENTS?

IZ(SX)ZOX RXTE: ~5.000 CcTS/s STATISTICS! LOFT

lZ UPCOMING TECHNOLOGY @4 OR 8 METERS

10|

o]
LI LI B B
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TTT T T T T T 717

Effective area [mz]

~
T T T T T T TTTT

|

01.0 - H10.0
Energy [keV]

A MISSION PROPOSAL SELECTED BY ESA AS A CANDIDATE CV M3 MISSION

DEVOTED TO X-RAY TIMING AND DESIGNED TO INVESTIGATE
THE SPACE-TIME AROUND COLLAPSED OBJECTS
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CONCLUSIONS - FUTURE

N
$

FAST VARIABILITY FROM THE INNER REGIONS
AT OTHER WAVELENGTHS THAN X-RAYS

v WE OBSERVE MATTER ALONG THE JET.
TRACKING THE VARIABILITY >> GEOMETRY CONSTRAINTS

PHYSICAL QUANTITIES

Y THEORETICAL EFFORTS

\/J VARIABLE JET EMISSION - INTERNAL SHOCKS IMPLEMENTED:

SELF-CONSISTENT CODE, SPECTRAL EVOLUTION OF EACH INTERNAL SHOCK

JOINED APPROACHES: Pe’er & Casella (2009) + Jamil et al. (2010)

\

=

o

9 NEW TECHNOLOGIES/INSTRUMENTS AT ALL WAVELENGTHS
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