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Beyond X-ray timing

Fast multi-A variability
(from jets) in XBs

Plergiorgio Casella (Southampton)

with: T. Maccarone (Southampton), K. O’Brien (USCB)

and. R. Fender (Southampton), D. Russell (Amsterdam), A. Pe’er (STScl/CfA),
M. van der Klis (Amsterdam), 1. Belloni (INAF-OAB), J. Malzac (Toulouse),
...and others...
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Picrgiorgio Casella

FIRST HINTS FOR JET VARIABILITY: -

HARD state

REPROCESSED VARIABILITY:

BHs in Winchester Fast variabili
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FIRST HINTS FOR JET VARIABILITY:
X-RAY/OPTICAL CCFs

THE “COMMON RESERVOIR MODEL” (Malzac, Merloni & Fabian 2004)

OPTICAL b
T X-RAYS SAME ENERGY
FRO& RESERVOIR
THE JET » THE CORONA

FOR A JET-DOMINATED SYSTEM:
DATA MODEL

| @ XTE J1118+490

...................
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FIRST HINTS FOR JET VARIABILITY:
X-RAY/OPTICAL CCFs

THE “COMMON RESERVOIR MODEL” (Malzac, Merloni & Fabian 2004)

OPTICAL p
S X-RAYS SAME ENERGY
FROM RESERVOIR
THE JET » THE CORONA
MODEL
! 1%
0 )\\)\6‘\ ’
\N\é e) ‘
S o\o
-6 -4 -2 0 2 4 _ N\ S 00fo—— | LN
Gandhi et al. 2008 @ o NAJ)

Durant et al. 2008

JET HYPOTHESIS TOTTERING ( but see Casella & Pe’er 2010 )
PROBABLE NEED FOR OTHER COMPONENTS

8/16 E.G. A MAGNETIC CORONA? (Merloni et al. 2000; Veledina et al. 2011)
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FIRST HINTS FOR JET VARIABILITY:
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PROBABLE NEED FOR O
E.G. A MAGNETIC CORONA? (Merloni et al. 2000; Veledina et al. 2011)
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FIRST EVIDENCE FOR FAST JET VARIAI

IN INFRARED Casella
HARD state GX 339-4 - ISAAC@VLT - 62.5M
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FIRST EVIDENCE FOR FAST JET VARIABI

IN INFRARED Casella et
HARD state GX 339-4 - ISAAC@VLT - 62.5MS
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FIRST EVIDENCE FOR FAST JET VARIABILITY:

IN INFRARED Casella et al. 2010
HARD state GX 339-4 - ISAAC@VLT - 62.5Ms - K=12.5
INFRARED

outflow —

(jet) thick R thin

X-RAYS?
PHYSICAL MEASUREMENTS
From the 0. s delay, we can estimate: inflow
(all model dependent) \ (corona)

IF: THEN: thin
(I) IR:thick  X-rays: thin [ jet > 2 \
(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.Is
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Piergiorgio Casella BHs in Winchester Fast variabi]it9 gromjets N X~rag binariei -

X-RAY VARIABILITY

AND BROAD-BAND SED COMPONENTS

HARD states

“STEADY” JET

THERMAL COMPT.

transition SOFT state

~6 Hz
LITTLE X-RAY
)

:M_'; | VARIABILITY

SINGLE EJECTIONS NO JET

NON-THERMAL COMPT. LITTLE COMPT.

EITHER A JET OR A CORONA

PROPERTIES SHOULD CHANGE ACROSS TRANSITION

13/16



Piergiorgio Casella BHs in Winchester Fast variabi]itg Fromjets in X-ray binaries -

DISCOVERY OF A5 HZ IR QPO

transition GX 339-4 -|ISAAC + ULTRACAM|- 62.5MS
Casella et al. (in prep.)

POWER SPECTRA SED
RXTE : | 7 ‘ ‘ ‘ g
QPO RMS P |-
X-rays ~ 6% *. =~ O
o o u_§_ 0.1 ? é é
il 4 "\ o o QPO— E
s W | opt < 0.8% - e

:. » | : 13 14 ISLQg (Frequ:ncy; HZ) 17 18 19

TYPE-B QPO SIMULTANEOUS IN X-RAYS AND IR
NO QPO IN OPTICAL — THE IR QPO I1s NON THERMAL

IF ONE-ZONE MODEL (MAGNETIC CORONA):

Vhreak ~ 1.4x10%Hz —>» B~ 104G R ~ 6x107 h©5cm
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transition

BHs in Winchester

GX 339-4

Fast variability ?romjets in X~ra:j blﬂk —

DISCOVERY OF A S HZ IR QPO

Casella et al. (in prep.)

TIME LAGS
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CCF
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THE X-RAYS LAG ~30-60 MS BEHIND THE IR
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THE IR IS ANTI-CORRELATED

AND LAGS ~40-70 MS BEHIND THE X-RAYS
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f " DISCOVERY OF A5 HZ IR QPO
S SRR GX 339-4 - ISAAC@VLT - 62.5MS

Casella et al. (in prep.)

TIME LAGS CCE
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THE X-RAYS LAG ~30-60 MS BEHIND THE IR

\‘\0/)

THE IR IS ANTI-CORRELATED 40|

TIME LAGS vs. ENERGY

AND LAGS ~40-70 MS BEHIND THE X-RAYS

OnCe dgd/‘n ) Z(/‘M/‘ng / eaqves U{US a.)/Z‘/Z a »ux

of ,énoa)/ea/ge and confusion...? !
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e
CONCLUSIONS - FUTURE

V FAST VARIABILITY FROM THE INNER REGIONS CAN BE STUDIED

AT OTHER WAVELENGTHS THAN X-RAYS

& NEW FIELD. ENORMOUS POTENTIAL

W WE OBSERVE MATTER ALONG THE JET. MEASURE PHYSICAL QUANTITIES

W’ WE PROBABLY OBSERVE MATTER IN THE CORONA. DITTO )

N

,, MONITOR, MONITOR, MONITOR! EVOLUTION IS FUNDAMENTAL

& NEED NEW INSTRUMENTATION

- FASTER OIR DETECTORS
- SIMULTANEOUS OPTICAL-INFRARED FAST TIMING (NOW DIFFICULT)

- FAST-PHOTOMETERS PERMANENTLY MOUNTED, FOR TOO & MONITORING
- LARGER X-RAY DETECTORS (BUT WE CAN LIVE WITH XMM / ASTROSAT)

THE FUTURE: LOFT (and/or E-ELT):

- RXTE -> LOFT WwWOULD GIVE ACCESS TO MANY SOURCES, AND STATES

g POPULATION STATISTICS!
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WHAT & HOw

(&) ULTRACAM AT ING AND ESO -- OPtical

HIGH TEMPORAL RESOLUTION (~500 HZ)

TRIPLE BEAM CCD (3x1024x1024)

COVERS 3 DIFFERENT BANDS SIMULTANEOUSLY
SEVERAL FILTERS AVAILABLE, INCLUDING NARROW
PIPELINE: DATA ON REAL TIME!

- VISITOR INSTRUMENT -

) ISAAC AT ESO -~ Near lmcrarecl

“BURST” AND “FASTJITTER’> MODES AVAILABLE SINCE 2007

HIGH TEMPORAL RESOLUTION (~300 HZ)

H, J, K AVAILABLE

PIPELINE: CONVERSION TO ULTRACAM
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WHAT & How

& OPTIMA (ON SMALL TELESCOPES, BUT IMPORTANT RESULTS) ,}
{ Y ' O
% FAST MODES AVAILABLE FOR INSTRUMENTS AT VLT, KECK, ... QO

& ...AND MORE... (IQUEYE, GASP, SALTICAM, ETC...)

) NEW TECHNOLOGIES

©@ EMCCDs -- getting rid of that readout noise

¢) “EXPANDED” NORMAL OPTICAL CCD

O WIDER ENERGY RANGE

) HGCDTE E-APD (MERCURY-CADMIUM-TELLURIDE AVALANCHE PHOTODIODE DETECTORS)
) MKID (MICROWAVE KINETIC INDUCTION DEVICES)

& STJ (SUPERCONDUCTING TUNNEL JUNCTIONS)

Growing field
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