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Binary X-ray sources




Cataclysmic variables (CVs), Low-mass X-ray binaries (LMXBS)

“ IDonor - thermal radia¥i®rr disk region - thermal radiatioL'n (f
(optical, IR) UV in CVs, soft X-rays inLMXBs)

* Close vicinity of compact
ect
CVs: brehmsstrahlung (X-
rays)

LMXBs: Comptonizing
cloud (inverse

Dominant source of luminosity: Compton process - hard
accretion process X-rays)

......... Donor, lobe-
filling star

* Quter disk region - therma?bj
radiation (UV, optical, IR)
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Mechanisms for the long-term activity in CVs and X-ray binaries

* Changes of mass transfer rate m from donor onto
compact object (timescale:
days, weeks, months, years)

* Thermal instability of accretion disk (timescale: days,
weeks, months)

* Hydrogen burning on white dwarf (in CVs) :
Episodic:
- classical nova explosion (timescale: weeks,
months)
— recurrent novae (timescale: weeks, months)
Steady-state:
- supersoft X-ray sources (timescale: days, weeks,
months)



Binary systems with outbursts:

Dwarf novae

Soft X-ray transients (SXT's)
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Systematics of cataclysmic variables (CVs) and low-mass X-ray binaries (LMXBs)
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Problems in long-term coverage

« X-ray binaries: often bright in X-rays - easily observable
by X-ray monitors, but

often too faint in the optical (usually fainter than 16-
18 mag except infrequent

outbursts) - optical data are fragmentary or even
absent

« Cataclysmic variables: bright in the optical, so good
long-term coverage is

available, but X-ray data are fragmentary - too faint
for X-ray monitors (with

only very few exceptions)

* Transitions between activity states (e.g. outbursts,
high/low) are often fast and
unpredictable - monitors with wide field of view are

nandad F A raecalvia Fhharm



—O— t128=45238.2 (shift 4394.1 d)
-—3-- t128=47 187.2 (shift 24451 d)
<> 112=49 225.8 (shift 406.5 d)
—o— t128=49632.3
--¥-—- {125=49 890.5
--A--- t128=50 438.7
---A-— t128=51 133.0

W t108=51 5775

Properties of outburst light
curves in dwarf novae —
the case of DX And

shift -258.2 d)
shift -806.4 d)
shift -1500.7 d)
shift -1945.2 d)

e o o o~

Relation between peak

magnitude of

\ the outburst and the slope
N of its rising branch. The

N 11:2 j‘(j)f frJErJFfISTV_ I'::’j_
49615 49620 49625 49630 49635 49640 spfessed o (?JI! erg?ﬁv i'fssef
JD-2400 000 Simon 116 |
Appearance of the well covered 21?:;3 tt;lfzes&?;t
outbursts, shifted 18 ’
along the time axis to match the ‘E 120! |
decaying branch of =
th&teniplateanch - the most £ 122
stable part of outburst, slope
independent of peak outburst 124 ¢ 1
luminosity
12.6 4
Monitoring is necessary to obtain sufficient number o8| | | | | ro

of well-mapped outbursts in a given dwarf nova 1 > 3 4 5 6 7
to determine a meaningful ensemble of outbursts Simon Tr (days/mag vis) 7



Cataclysmic variables —

dwarf nova GK Per
Complicated relation between
the optical and X-ray profile of
outburst
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Cataclysmic variables — dwarf nova SS Cyg

Complicated relation between the optical and X-ray profile of outburst

Optical - accretion disk
X-ray - boundary layer
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Rare flares in cataclysmic variables
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Outburst of SXT in various Influence of the inner disk region
passbands — the case of on the outburst rise in SXT — the
A0620-00/V616 Mon case of GRO J1655-40
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Low-mass X-ray binary —
black hole SXT:
XTE J1118+480/KV UMa

night means)
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Long-term optical variations of SXT in
quiescence — the case of
GS 1354-64 / BW Cir
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Episodes of anomalous color indices in
outburst — the case
of Aql X-1/V1333 Aql
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Properties of outburst light curves in SXTs — the case of Aql X-1
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Multiwavelength long-
term monitoring
(a) Near-IR J-band light curve
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(b) Optical R-band light curve
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Properties of outburst light curves in SXTs — the case of Aql X-1
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Optical vs. soft X-ray correlation during a set of outbursts

Monitoring is necessary to obtain sufficient number of well-mapped outbursts in a given
SXT to determine a meaningful ensemble of outbursts




Variations of the outburst recurrence time in dwarf novae and SXTs
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Properties of outbursts in dwarf novae and SXTs — possibilities to

investigate various phenomena

* Profiles of outbursts - very large variety of profiles exists
(even outbursts in a single

system display largely different profiles). Search for the
common features is needed.

« Search for the relation between the outburst properties
in the long-term activity of a
given system.

« Parameters of irradiation of disk (mainly in SXTs).
Evolution of irradiating body during
outburst.

* Analysis of a possible shielding of outer disk region by a
structure (mainly in SXTs).

* Role and evolution of spiral arms that may appear in disk
during outburst



Evolution of activity in dwarf novae and SXTs — current status

« Variations of the recurrence time of outbursts, T, of SXTs

are large, but not chaotic -

long-term trends can be clearly resolved - individual
outbursts depend on each other

in a given SXT. This behavior of SXTs can be compared
with that of dwarf novae

determined from the optical data.

« Behavior of T_.in SXTs is quite similar to dwarf novae
(e.g. Vogt 1980, Simon 2000,
Simon 2002ab). Mean T. of some SXTs can be even as

short as those in dwarf novae
with long orbital period P_,, (CH UMa, DX And, GK Per).

* Available observations suggest that the individual
outbursts in a given system are
dependent on each other.

«T. shows large jumps and/or cyclic variations (dependent

N e I | I



Low-mass X-ray binary HZ Her/Her X-1
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Low-mass X-ray binary HZ Her/Her X-1
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Low-mass X-ray binaries — Sco X-1

(1981)
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ray sources
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Supersoft X-ray sources — V Sge
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Supersoft X-ray sources — RX J0513-69

RX J0513—69 HRI monitoring Unique type of X-ray sources
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Microquasars
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X-ray binaries with
relativistic jets
CI Cam = XTE J0421+560

The outburst can be explained

i by the thermal instability of
il the accretion disk embedding

l;:;::::;w

Hl transients (Simon et al. 2006).

the black hole, analogous to
the outbursts of soft X-ray

CI Cam reddens in outburst
in spectral region longward
of Balmer jump — very rare
behavior among soft X-ray
transients (SXTs) (a kind of
X-ray binaries).

On the contrary, color indices
of SXTs wusually decrease
during outburst.
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CI Cam=XTE J0421+560
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* Significant variations of continuum;dominant line changes
would lead to independent

variations of indices. Not explicable by changes of
reddening intrinsic to Cl Cam.
Interpretation: several superposed spectral components.

Division of dominant contributions of spectral components
near A =550 nm: free-free

emission from wind and/or envelope (in red and near-IR;
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Main
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of the 1999 main outburst is near
the left hand

edge of the plot. Four smaller echo
outbursts

are marked by arrows. Each of them
EXdarpies]

Netice|tthe dmlti-peainstructure

of outburst and the accumulation

of the points near the peak mag.
This implies that the outburst
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Recurrence
time 7 of
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Epoch (T max =2 452 858 + 377 E)
Dashed horizontal lines - length of the

reference period of 377 d to show the relatively small
scatter of T. of the echo outbursts. Two positions of the

main outburst are shown: (1) - two missing echo
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Conclusions — CVs, X-ray binaries, microquasars

* Dense series of observations covering the intervals of
several years are necessary
to investigate the properties of the long-term activity:

> resolve the state transitions, like rising and decaying
branches of outbursts and
high/low states.

> put these events to the context of long-term activity of
a given system

> form the representative ensemble of events (e.g.
outbursts) in (a) a given system,

(b) in a type of systems
This is important for our understanding of the physical
processes involved.

* We emphasize the very important role of X-ray
monitors like ASM onboard RXTE

on our understanding of the processes operating in X-
ray sources.



Color indices of the early phase of optical
atterglows of GRBs (z — 7, <10 days)

Role of the color indices in the
GRB-supernova connection

Currently used methods to resolve the
contribution of a supernova (SN ) in optical
afterglows (OAs):

(a) - only for brighter OAs,
large telescopes needed;

(b) - nota



Typical light curves of optical afterglows (OAs) of long GRBs

GRBs occur during core-collapse of a-massive star or during a merge of compact objects.
Relativistic jet is the dominant source of radiation from gamma-ray to the infrared (and

radio) spectral region.
Intensity of emission depends on the inclination angle (jet has to point to the observer).

Brightness of most OAs already
falls when they

are discovered in the optical
passbhand. Typically, power-law
decay is observed, but
fluctuations

may be superimpecad an it
OA lasts much longer

| than GRB (days versus
seconds or minutes)

Zhang et al. (2006)

0.001 0.01 0.1
Time After the Burst (Days)

All observations are in the R band (red light) and their
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Color-color diagrams of OAs
o 1.2+
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030226
030329
Simon et al.
SN1998bw
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1.2 00 04 08 1.2
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Ensemble of OAs of long GRBs (0.17< =
< 3.5; t-T,<10d) in

The observer frame, corrected for the
Galactic reddening.

Multiple indices of the same OA are

(U-B)o

connected by lines for
convenience. The mean colors
(centroid) of the whole
ensemble of OAs (except for
wwy GRB0O00131 and SN 1998bw)
are marked by ihe larye cross.




Color-color
diagram for the
early OA of GRB060218

o 000131
X 010921 BV data:

o 011121
A 020405 uvoT
V¥ 020813

?8%23 R band data

X 030329 Mirabal et al.
O Simon et al.

+ SN1998bw |PA0J0)eFE
Ap),643,1.99

XRF030723

Simon et al.

B-V vs. V-R diagram of OAs (t-T,<10.2 d). The c¢olors are

corrected for the Galactic reddening. Multiple indices of
the same OA are connected by lines for convenience. The
mean colors of the whole ensemble (except for
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& SN1998bw
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Time evolution of the color indices of
the OA of GRB030329 (solid circles):

« Horizontal solid line with error bars
- mean color

indices of ensemble of 25 OAs
(Simon et al. 2004).

* Synthetic colors of SN 1998bw, SN
2002ap and the

group of Type Ic supernovae
(database and code
_ of Poznanski et al. 2002), with the
0203 05 1 t-'?o 3(da§s) 10 20 30 5 passbands and




GRB060218/SN 20064aj
UVOT data

7 B band light Sl Data were corrected
—— curve ———— iels

o émm UEEVWQEVMJ I the reddening and
5| : | light

(UVW1-U)y @ (UVW2-B), ] :
contribution of the
host

: i A ii b galaxy.
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Color index

Data were interpolated
to determine the color
indices. Separation of
the colors appropriate
Bl to the early OA

2] and SN 2006aj is clear
@g Simon etal. for UVW2-B, UVW1-U,

B band peak light *
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GRB060218/SN 2006aj

Time evolution of color indices

- mean color indices
ensemble of 25 OAs of long GRBs

s5imon et al. 2004, AIPC, 727, 487).
uhey are independent on redshift.

nthetic colors of several types of
Lpernovae (Poznanski et al. 2002,

- UVOT data of
SN 2006aj
- ground-based
data of SN 20063aj
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General conclusions

* Dense series of observations are necessary to
investigate the properties of the
long-term activity:

> resolve the state transitions, like rising and decaying
branches of outbursts and
high/low states.

> place these events in the context of long-term activity of
a given system

> form a representative ensemble of events (e.g.
outbursts) in (a) a given system,

(b) in a type of systems
This is important for our understanding of the physical
processes involved.

* Search for the unexpected and unique phenomena

* Wide-field optical monitoring is important for a search
for and investiagation of
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