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Optical power of X-ray binaries




Optical timing

Early indications:
but not followed up, nor fuIIy understood
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(GX 339-4: Motch et al. 1982)



mag.

Optical timing

V4641 Sqr:

11.8 , : | | | ‘ I
119 F C lﬂi -
121 kbl I W W-
| nn n .‘1 “J { IW*% u*' H}lﬂwt hr [H'nﬂ"
12.1 M’ |||J ‘ll ( w I|‘||'| M W ||\-H1J|h\’;(|,}|llp||‘| I'.fl | H(ﬁ f'|||.“||-), |I‘ \ || -
h ' |i| \ |‘ J f|'|| |}. ‘l | “N(]’. N '|||l('l' |\‘~,r| __.rj\r-“||'|“|' f. I||l ‘ ‘ Inl |
12 2 \EM w w X | H)l w W" JH\EMF[}A lr M’L“}{ ” f\w M | 1| i " | _
12.4 | [ | ”“I I \ ' )

12.5 ' l | |

247 24, 705 2471 24715 2472 24725  24.73
2002 May (UT)

(Uemura et al. 2002)



X—ray counts/s)

1000 [
800

600

200

XTE J1118+480

Average optical around

400}

Average X-ray flares N X-ray flares
: N 5
B i g 10 '_ |
] - T ]
n i — 0.5 N _

d 73] -
: : 5 ooF by mW\" ;
] O Mt WW w-l i |
4 L i 1
‘ ] o TUF ‘;
_ o 10t ... . . '
-10 -5 0 5 10 -10 -5 0 5 10
t(s) t(s)

(Kanbach et al. 2001, Spruit et al. 2002)



X-optical cross-correlation
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Weighted mean flux (cts/s/SSC)
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ULTRACAM:
ultra-fast, triple-beam CCD camera

. Light-weight camera
(visitor instrument on WHT/VLT/NTT)

« Frame-transfer CCDs with
negligible dark current, dead-time

« Speeds ~ 500 frames / sec
« 3 simultaneous optical filters

« Absolute timing ~ 1 ms

ULTRACAM Mounted on Visitor Focus of MELIPAL )

http://www.shef.ac.uk/physics/peopie/vaniilon/ultracami



Observations

50 ms ULTRACAM frame (r band)
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X-0 Cr'oss Correlation Func'rlon (CCF)
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1. Small time delay
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Cross—correlation
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Auto Correlation Function
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Auto—-correlation function

3. Small optical coherence times
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GX 339-4: Simultaneous light
curves
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Swift J1753.5-0127:
Simultaneous light curves
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Complex optical/X-ray correlations
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Non-linear
variability:

df oc f
dt

Random shot

noise predicts

constant o

(Gandhi 2009)°

15~ T T T T T T T T
| XTE J1118+480 -
Optical ﬁ+ 1
--------------- 0.1-0.5 Hz *'.
10 0.5-5 Hz a2y
= a7 ]
(")2 . . i -
1‘0 05- -
(a)
A 0.0 ol ey Ty .
b 0 5 10 15 20 25
“—r Count rate (10° s™)
& 5 o Trr Tt | I L B T T T
O | Gx3394 ¢ :
= AE  Optical " 3
. N [— 0.0625-0.625 Hz * :
Eoo | twe S
ﬂr.f s vﬁ o :
E = w
2F ¢ <3
o “f .
S ~ :
e _/ E
F-B L -~ ]
= DE ......... AL BT [ 3
0 10 20 30 40
z Count rate (10° s°")
“ 1.5 '
- | SWIFT J1753.5-0127 '
E L Optical q
o 5-5 Hz | Q
> 1.0 N .
© *ﬂ'
= 4
© o5k .
(c)

0 Count rate (10°s™) SOFqu (f )ﬂ_+

100 R TrTrT T IR TrTrT T T T T
r XTE J1118+480
g0 AX-ray -
--------------- 0.705 iz ++
————— 0.5-5Hz S
60 DAL
4
| ++++
40+ P s .
~+
20 - _ .
C(d)
Ol e Levuiinn
0 100 200 300 400 500
Count rate (s°")
25 IBERRRRRRR [T T T IBERRRRRRA ]
L GX 3394 ]
o0L  X-ray _
Lo e 0.0625-0.625 Hz +
15 oL - pe Fi | _+_ __
e
; T
10 —+—+++ .
S + ]
- (o)
O Cvinins Lity . ........................ | I AR I A A ]
0 10 20 30 40 50 60
Count rate (s°")
80T ]
SWIFT J1753.5-0127 + _
X-ray + .
e I — 0.5-5 Hz| +4 }
e
40+ B .
_+__+_—+-4—
20 + .
(f)
100 200 300 400

Count rate (s™')



Additive shots ruled out

Superposition of independent shots => O'I

>
Flux

Ruled out in X-rays (Uttley et al. 2001...2005)
and now optical (Gandhi 2009)



Non-linear variability

X

Perturbations must be coupled together, rather than superposed

J

Interactions between multiple emission components
(Lyubarskii 97, Misra 00, King+04, Titarchuk+07, Zhang 07)
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Summary
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« Optical not reprocessed.

« Complex CCF
=> |et/corona/disk interaction

. X-ray and optical r.m.s. scales with flux o i
=> additive shots ruled out I

Fast optical timing => interesting constraints
on accretion and hot plasmas




