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WHY ARE JETS IMPORTANT?

AGN - X-RAY BINARIES - GRBS - WDs - SNE - PROTOSTARS - (ULX?)

GENERAL PHENOMENON >>> GENERAL KNOWLEDGE

PROTOSTAR
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WHY ARE JETS IMPORTANT?

AGN - X-RAY BINARIES - GRBS - WDs - SNE - PROTOSTARS - (ULX?)

GENERAL PHENOMENON >>> GENERAL KNOWLEDGE

PHYSICS OF JETS (LAUNCH, STRUCTURE, COMPOSITION)
THEY INFLUENCE THE EVOLUTION OF THE LAUNCHING SYSTEM

THEY INFLUENCE THEIR SURROUNDINGS (ISM, IGM)
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BLACK HOLE TRANSIENTS
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WHY JET VARIABILITY?

A PROBLEM: THE MISSING RE-HEATING

A POSSIBILITY: INTERNAL SHOCKS BETWEEN DISCRETE SHELLS
WITH DIFFERENT VELOCITY.

Jamil, Fender & Kaiser 2010
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IS THE JET POWERED BY VARIABILITY FROM THE ACCRETION FLOW?
UNIVERSITY OF
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FIRST HINTS FOR JET VARIABILIT
X-RAY/OPTICAL CCFs =
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AN EXPLANATION: A POWERFUL JET

THE ‘“COMMON RESERVOIR MODEL” (MALZAC, MERLONI & FABIAN 2004)

JET-CORONA COUPLING THROUGH COMMON ENERGY RESERVOIR

OPTICAL

_5 FROM X-RAYS

THE JET FROM
..................................... ) THE CORONA

IF THE SYSTEM IS “JET DOMINATED”’, IT WORKS:
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AN EXPLANATION: A POWERFUL JET

THE ‘“COMMON RESERVOIR MODEL” (MALZAC, MERLONI & FABIAN 2004)

JET-CORONA COUPLING THROUGH COMMON ENERGY RESERVOIR

OPTICAL

_5 FROM X-RAYS

THE JET FROM
..................................... ) THE CORONA

REALITY SEEMS MORE COMPLEX:
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IF YOU WANT THE JET..GO WHERE T
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LET’S GO REDDER: INFRARED FAST PHOTOMETRY

SO FAR, IN OPTICAL.
THE JET/DISK RATIO IS (MUCH) HIGHER IN INFRARED

GX 339-4 - ISAAC@VLT - 62.5Ms - K=12.5
Casella, Maccarone et al. 2010
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LET’S GO REDDER: INFRARED FAST PH

SO FAR, IN OPTICAL. ,
THE JET/DISK RATIO IS (MUCH) HIGHER IN INF

GX 339-4 - ISAAC@VLT - 62.5Ms - K=
Casella, Maccarone et al. 2010 2l
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LET’S GO REDDER: INFRARED FAST PHOTOMETRY

SO FAR, IN OPTICAL.
THE JET/DISK RATIO IS (MUCH) HIGHER IN INFRARED

GX 339-4 - ISAAC@VLT - 62.5Ms - K=12.5
Casella, Maccarone et al. 2010
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LET’S GO REDDER: INFRARED FAST PHOTOMETRY

SO FAR, IN OPTICAL.
THE JET/DISK RATIO IS (MUCH) HIGHER IN INFRARED

GX 339-4 - ISAAC@VLT - 62.5Ms - K=12.5
Casella, Maccarone et al. 2010

INFRARED
thick thin
X-RAYS
(I) IR:thick X-rays: thin
inflow
(2)  IR:thin X-rays: thin (corona)
(3)  IR:thin X-rays: inflow - thin

(4) IR:thick X-rays:inflow
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LET’S GO REDDER: INFRARED FAST PHOTOMETRY

SO FAR, IN OPTICAL.
THE JET/DISK RATIO IS (MUCH) HIGHER IN INFRARED

Casella, Maccarone et al. 2010
GX 339-4 - ISAAC@VLT - 62.5Ms - K=12.5

(I) IR:thick X-rays:thin

- It takes 0. s for the matter to get there

- we assume dll jets in X-ray binaries are similar

- we scale from Cyg X-1 in radio to GX 339-4 in infrared

Ruax ~ 742 22 D 23 SING-H2 -1 L2 v
( “standard” formula by Blandford & Konigl 79 )

thin

- we measure the speed for many sets of parameters

I'>2 A MEASURE OF THE JET SPEED
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LET’S GO REDDER: INFRARED FAST PHOTOMETRY

SO FAR, IN OPTICAL.
THE JET/DISK RATIO IS (MUCH) HIGHER IN INFRARED

Casella, Maccarone et al. 2010
GX 339-4 - ISAAC@VLT - 62.5Ms - K=12.5

(I) IR:thick X-rays:thin I thi =

7000

6000

- It takes 0. s for the matter to get there

4000

3000 r > 2

- we assume dll jets in X-ray binaries are similar

- we scale from Cyg X-1 in radio to GX 339-4 in infrared

Rmax ~ Y43 B-Z/s D 23 giNO-1/3 P-1 [L2/3 y-1
( “standard” formula by 1

0

- we measure the speed for many sets of parameters

I>2 A MEASURE OF THE JET SPEED
UNIVERSITY OF

Southampton
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LET’S GO REDDER: INFRARED FAST PHOTOMETRY

SO FAR, IN OPTICAL.
THE JET/DISK RATIO IS (MUCH) HIGHER IN INFRARED

Casella, Maccarone et al. 2010
GX 339-4 - ISAAC@VLT - 62.5Ms - K=12.5

(2)  IR:thin  X-rays: thin sl

- we observe a time delay: IR must come dfter cooling

- Tcooling = 100 ms

thin
- we assume Eg ~ X-rays and E| ~ IR

- we find a unique solution: Yo ~ 104 ¥, ~ 50 B ~ 10* G

A GLIMPSE OF JET PHYSICS

the way forward: optical + infrared + ...
UNIVERSITY OF

Southampton
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LET’S GO REDDER: INFRARED FAST PHOTOMETRY

SO FAR, IN OPTICAL.
THE JET/DISK RATIO IS (MUCH) HIGHER IN INFRARED

Casella, Maccarone et al. 2010
GX 339-4 - ISAAC@VLT - 62.5Ms - K=12.5

(3) IR:thin  X-rays: inflow

inflow

a) before cooling: Teject < 0.1 s (corona)

A MEASURE OF THE EJECTION TIMESCALE

b) dafter cooling:

- can’t be too far off the break... can be approximated as estimated if thick
I'>2 A MEASURE OF THE JET SPEED

- can’t be too far from the base either... looser upper limit:
Teject < 0.1 s A MEASURE OF THE EJECTION TIMESCALE
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LET’S GO REDDER: INFRARED FAST PHOTOMETRY

SO FAR, IN OPTICAL.
THE JET/DISK RATIO IS (MUCH) HIGHER IN INFRARED

Casella, Maccarone et al. 2010
GX 339-4 - ISAAC@VLT - 62.5Ms - K=12.5

(4) IR:thick X-rays:inflow

inflow
(corona)

- The reasoning on the jet speed still holds, but with looser lower limit:
I'>>2 A MEASURE OF THE JET SPEED

- Similarly, looser upper limit on the ejection timescale:

Tejeer << 0.1s A MEASURE OF THE EJECTION TIMESCALE

UNIVERSITY OF

Southampton
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1)

2)

3)

4)

S)

6)

7)

CONCLUSIONS - FUTURE

WE ARE TRACKING MATTER ALONG THE JET!

MORE DATA. MONITORING OF ONE OUTBURST NEEDED. SPECTRAL TRANSITIONS

THE SAME FOR NS. LESS POWERFUL JETS? DIFFICULT STATISTICS.

LONGER WAVELENGTHS: FURTHER AWAY ALONG THE JET
RADIO. (WSRT - ATCA) MID-IR. (SPITZER)

ESO PROPOSAL APPROVED / INFRARED + OPTICAL + X-RAY
SOME PERFORMED -- BH & NS
MORE SUBMITTED \ MONITORING!

DOING THINGS PROPERLY: }

NEED FOR BETTER MODELS... VARIABLE MODELS!

NEED FOR NEW INSTRUMENTATION: OPT + IR ; E-ELT!
DEDICATED SPACE MISSION?

UNIVERSITY OF

Southampton




