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Binary X-ray sourcesBinary X-ray sources



  

Donor, lobe-Donor, lobe-
filling starfilling star

Stream impact onto diskStream impact onto disk

Mass Mass 
streamstream

Compact object Compact object 
(WD, NS, BH)(WD, NS, BH)

Accretion diskAccretion disk

Dominant source of luminosity: Dominant source of luminosity: 
                    accretion processaccretion process

  Inner disk region – thermal radiation (far Inner disk region – thermal radiation (far 
          UV in CVs, soft X-rays inLMXBs)UV in CVs, soft X-rays inLMXBs)

  Close vicinity of compact Close vicinity of compact 
object object 
          CVs: brehmsstrahlung (X-CVs: brehmsstrahlung (X-
rays) rays) 
          LMXBs: Comptonizing  LMXBs: Comptonizing  
cloud  (inversecloud  (inverse
          Compton process – hard Compton process – hard 
X-rays) X-rays) 

  Donor – thermal radiation Donor – thermal radiation 
          (optical, IR)(optical, IR)

Cataclysmic variables  (CVs),  LCataclysmic variables  (CVs),  Low-mass X-ray ow-mass X-ray   binariesbinaries   (LMXBs) (LMXBs)  
  

  Outer disk region – thermal Outer disk region – thermal 
          radiation (UV, optical, IR)radiation (UV, optical, IR)
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Mechanisms for the long-term activity in CVs and X-ray binariesMechanisms for the long-term activity in CVs and X-ray binaries

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

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

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

  ..
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Binary systems with outbursts:Binary systems with outbursts:
  

Dwarf novaeDwarf novae

Soft X-ray transients (SXTs)Soft X-ray transients (SXTs)



  

ThermallThermall
y y 
unstable unstable 
diskdisk

ThermallyThermally
stable diskstable disk
(most time)(most time)

Increasing  time-Increasing  time-
averaged   mass averaged   mass 
accretion rate accretion rate m (also m (also 
increasing increasing 
time-averaged optical time-averaged optical 
luminosity)luminosity)

Transient Transient source source 
          Soft X-ray Soft X-ray 
    transient (SXT) transient (SXT) 

Persistent Persistent 
sourcesource

ThermallThermall
y y 
unstable unstable 
diskdisk

ThermallyThermally
stable diskstable disk
(most time)(most time)

4U 4U 
1608–521608–52

4U 1705-4U 1705-
4444

Ser Ser 
X-1X-1

Systematics of cataclysmic variables (CVs) and low-mass X-ray binaries (LMXBs)Systematics of cataclysmic variables (CVs) and low-mass X-ray binaries (LMXBs)
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Change  of   long-term   activity   from  Change  of   long-term   activity   from  
large-amplitude, isolated outbursts large-amplitude, isolated outbursts 
starting from the baseline quiescent   starting from the baseline quiescent   
state  to the  dominant  relatively  state  to the  dominant  relatively  
small  fluctuations in small  fluctuations in 
the high state.the high state.

..

CVs – optical light curvesCVs – optical light curves   LMXBs – X-ray light curvesLMXBs – X-ray light curves
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Problems in long-term coverageProblems in long-term coverage

  X-ray binaries:X-ray binaries: often bright in X-rays – easily observable  often bright in X-rays – easily observable 
by X-ray monitors, but by X-ray monitors, but 
        often too  faint in the  optical (usually  fainter than 16-often too  faint in the  optical (usually  fainter than 16-
18 mag except infrequent 18 mag except infrequent 
        outbursts) – optical data are fragmentary or even outbursts) – optical data are fragmentary or even 
absentabsent

  Cataclysmic variables:Cataclysmic variables:   bright in  the  optical,  so good     bright in  the  optical,  so good  
long-term  coverage is long-term  coverage is 
          available, but X-ray data are fragmentary  –  too faint  available, but X-ray data are fragmentary  –  too faint  
for  X-ray monitors (with for  X-ray monitors (with 
          only very few exceptions) only very few exceptions) 

  Transitions between activity states (e.g. outbursts, Transitions between activity states (e.g. outbursts, 
high/low) are often fast andhigh/low) are often fast and
        unpredictable  –  monitors with wide field of view are unpredictable  –  monitors with wide field of view are 
needed to resolve them. needed to resolve them. 

  Occasional pointing is not enough: Occasional pointing is not enough: 
  many pieces of information on the time evolution are many pieces of information on the time evolution are 

lostlost
  time allocation has to be justified (search for time allocation has to be justified (search for 

unexpected behavior of the object unexpected behavior of the object 
          is usually not approved)is usually not approved)
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Decaying branchDecaying branch  –   the  most    –   the  most  
stable  part of outburst, slope stable  part of outburst, slope 
independent of peak outburst independent of peak outburst 
luminosityluminosity

Properties of outburst light Properties of outburst light 
curves in dwarf novae – curves in dwarf novae – 

the case of DX Andthe case of DX And

Monitoring is necessary to obtain sufficient number   Monitoring is necessary to obtain sufficient number   
of   well-mapped   outbursts  in  a given  dwarf nova of   well-mapped   outbursts  in  a given  dwarf nova 
to   determine   a  meaningful ensemble of outburststo   determine   a  meaningful ensemble of outbursts 77

Simon Simon 
(2001)(2001)

Relation Relation   between between  peak peak    
magnitudemagnitude    of of 
the outburst and  the slope the outburst and  the slope 
of its risingof its rising  branch. branch.   The The 
slope (rate  of  rise  slope (rate  of  rise  ττ RR)  is  )  is  
expressed  in daysexpressed  in days//mag.mag. 

AAppearance of ppearance of  the   the  well well   covered covered   
outburstsoutbursts, , shifted shifted 
along the time axis to match the along the time axis to match the 
decaydecayinging branch of  branch of 
the templatethe template..

Simon Simon 
(2001)(2001)

Fainter outbursts Fainter outbursts 
have  slower rise, have  slower rise, 
hence  they  start hence  they  start 
closer to the WD. closer to the WD. 



  

Cataclysmic variables – Cataclysmic variables – 
dwarf nova GK Perdwarf nova GK Per

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

outburst outburst 
Intermediate polar Intermediate polar 
Very long Very long PPorborb=1.99 d=1.99 d
(Crampton et al. 1986)(Crampton et al. 1986)

Exploded as classical Exploded as classical 
nova in 1901nova in 1901

Fluctuations   by  ~1  mag Fluctuations   by  ~1  mag 
after return to quiescence, after return to quiescence, 
later  they  developed into later  they  developed into 
infrequent    infrequent    dwarf    nova  dwarf    nova  
outburstsoutbursts        (Sabbadin   & (Sabbadin   & 
Bianchini    1983,    Hudec Bianchini    1983,    Hudec 
1981)1981)

One  of  very   few  CVs One  of  very   few  CVs 
detected by detected by ASM/RXTEASM/RXTE

X-ray start of outburst can X-ray start of outburst can 
precede the optical start by precede the optical start by 
up to 40 days up to 40 days (Binachini & (Binachini & 
Sabbadin 1985). Sabbadin 1985). Models: Models: 
even up to 80 – 120 days even up to 80 – 120 days 
(Kim et al. 1992)(Kim et al. 1992)

Simon Simon 
(2005)(2005)
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OpticalOptical

Hard X-ray Hard X-ray 
  ((EE>2 keV)>2 keV)

  Soft X-ray Soft X-ray 
((EE<0.5 keV)<0.5 keV)

Optical – accretion diskOptical – accretion disk
X-ray – boundary layerX-ray – boundary layer

Large dependence of the outburst profile Large dependence of the outburst profile 
on the passbandon the passband

Large structural changes of  the emitting Large structural changes of  the emitting 
regions during outburstregions during outburst

Boundary  layer  changes  from optically Boundary  layer  changes  from optically 
thin,   geometrically    thick   to  optically thin,   geometrically    thick   to  optically 
thick, geometrically thin during outburstthick, geometrically thin during outburst

Wheatley et al. Wheatley et al. 
(2003)(2003)
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Cataclysmic variables – dwarf nova SS CygCataclysmic variables – dwarf nova SS Cyg
Complicated relation between the optical and X-ray profile of outburst Complicated relation between the optical and X-ray profile of outburst 



  
Simon (2000)

Variations in quiescence between two   Variations in quiescence between two   
                        outbursts (means)outbursts (means)

Simon (2000)

Simon (2003)

Szkody et Szkody et 
al. (2002)al. (2002)

Cataclysmic variables – outbursts Cataclysmic variables – outbursts 
of intermediate polar DO Draof intermediate polar DO Dra

Profile of optical LC in 
accordance with X-rays

Rare outbursts caused by thermal Rare outbursts caused by thermal 
instability of instability of 
accretion disk embedding magnetized accretion disk embedding magnetized 
white dwarfwhite dwarf
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      Outburst of V 1223 Sgr Outburst of V 1223 Sgr 
on Bamberg photographic on Bamberg photographic 
                                  plates plates 
          (one plate per night)(one plate per night)

  Moment of the Moment of the 
peak peak 
brightness brightness 
(outburst)(outburst)

"Normal" "Normal" 
levellevel

V1223 SgrV1223 Sgr: : "var""var"    
Reference starsReference stars:: "C1"  "C1" 
and "C2"and "C2"
North is at the top, North is at the top, 
east to the left.east to the left.  

Sept 14, 1966; JD Sept 14, 1966; JD 
2 439 3832 439 383

Sept 11, 1966; JD Sept 11, 1966; JD 
2 439 3802 439 380

Rare flares in cataclysmic variablesRare flares in cataclysmic variables

V1223 SgrV1223 Sgr

Statistical distribution for Statistical distribution for 
brightness can reveal rare, short brightness can reveal rare, short 
brightenings even in sampled databrightenings even in sampled data
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Intermediate polar Intermediate polar 
(nova-like)(nova-like)
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Charles & Coe Charles & Coe 
              (2006)(2006)

OpticOptic
al al 
((BB &  & 
pg.)pg.)

X-X-
rayray

RadRad
ioio

Outburst of SXT in various Outburst of SXT in various 
passbands – the case of passbands – the case of 
A0620–00 / V616 MonA0620–00 / V616 Mon

Influence of the inner disk region Influence of the inner disk region 
on the outburst rise in SXT – the on the outburst rise in SXT – the 

case of GRO J1655–40case of GRO J1655–40

X-raysX-rays

OpticalOptical

Outburst  begins  sooner Outburst  begins  sooner 
in the optical than in X-in the optical than in X-
rays  (filling of  rays  (filling of  
advection-dominated advection-dominated 
accretion accretion 
flow (ADAF)   by  a hot, flow (ADAF)   by  a hot, 
viscous viscous 
disk)disk)

Hameury et al. Hameury et al. 
(1997)(1997) 1212



  

Uemura et al. (2002)Uemura et al. (2002)

Relation  between   the   Relation  between   the   
evolution  of evolution  of 
the optical magnitude and X-the optical magnitude and X-
ray  flux ray  flux 
(1.5-12 keV) during the 2000 (1.5-12 keV) during the 2000 
outburstoutburst

1313

Low-mass X-ray binary – 
black hole SXT: 

XTE J1118+480/KV UMa

X-X-
rayray

OpticOptic
al al 

Evolution of the Evolution of the RR band  band 
magnitude and magnitude and 
color indices during the color indices during the 
2000 outburst2000 outburst



  

Casares et al. Casares et al. 
(2009)(2009)

Long-term optical variations of SXT in Long-term optical variations of SXT in 
quiescence – the case of quiescence – the case of 

GS 1354–64 / BW CirGS 1354–64 / BW Cir

Episodes of anomalous color indices in Episodes of anomalous color indices in 
outburst – the case outburst – the case 

of Aql X-1 / V1333 Aqlof Aql X-1 / V1333 Aql

Episodic reddening of the Episodic reddening of the 
B-V inxes – launch of B-V inxes – launch of 
synchrotron-emitting jet?synchrotron-emitting jet?

Charles et al. Charles et al. 
(1980)(1980)
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Multiwavelength long-Multiwavelength long-
term monitoring term monitoring 

(a) (a) Near-IR Near-IR JJ-band light curve -band light curve 
(Aql X-1 + (Aql X-1 + 

            ccontaminating star)ontaminating star)
(b) (b) Optical Optical RR-band light curve -band light curve 

(Aql X-1 + (Aql X-1 + 
            contaminating star)contaminating star)
(c) (c) Logarithm of soft X-ray Logarithm of soft X-ray 

(1.5-12 keV) (1.5-12 keV) 
            count ratecount rate (ASM/RXTE)

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

MaitraMaitra &  & 
Charles Charles ((20082008) 1515

Properties of outburst light curves in SXTs – the case of Aql X-1Properties of outburst light curves in SXTs – the case of Aql X-1

Simultaneous observations of the Simultaneous observations of the 
outburst in the optical  and  X-ray  outburst in the optical  and  X-ray  
passbandspassbands  –  duration of  the   –  duration of  the 
outburst in  various  passbands outburst in  various  passbands 
and X-ray/optical and X-ray/optical 
ratio may differ substantially – ratio may differ substantially – 
mass outflow from mass outflow from 
the inner disk region?the inner disk region?

(a(a

(b(b

(c(c



  

Properties of outburst light curves in SXTs – the case of Aql X-1Properties of outburst light curves in SXTs – the case of Aql X-1

1616

MaitraMaitra &  & 
Charles Charles ((20082008)

OpticalOptical vs. s vs. softoft  X-ray correlationX-ray correlation during a set of outbursts during a set of outbursts

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



  

Peak Peak 
intensityintensity

O-C O-C curve of curve of outburst maximaoutburst maxima

Relation between O-C curve Relation between O-C curve 
and and TTCC: : 
LLinear profile of O-C curve inear profile of O-C curve – – 
constant constant TTCC

Parabolic profile ofParabolic profile of  O-C O-C – – linear linear 
change of change of TTCC

    Peak Peak 
intensity intensity 
of of 

outbursts in outbursts in 
Aql X-1 Aql X-1 

            (1.5-12 (1.5-12 
keV)keV)

Variations of the outburst recurrence time in dwarf novae and SXTsVariations of the outburst recurrence time in dwarf novae and SXTs

Aql X-1   (SXT)Aql X-1   (SXT)

CH UMa  (dwarf nova)CH UMa  (dwarf nova)

1717

      O-C O-C curve of curve of 
outburst maximaoutburst maxima

        Peak Peak 
magnitudmagnitud
ee



  

  Profiles of outbursts  –  very large variety of profiles exists Profiles of outbursts  –  very large variety of profiles exists 
(even outbursts in a single(even outbursts in a single
          system display largely different profiles).  Search for the system display largely different profiles).  Search for the 
common features is needed. common features is needed. 

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

  PParameters ofarameters of  irradiation irradiation of disk (mainly in SXTs).  of disk (mainly in SXTs).  
Evolution of irradiating body duringEvolution of irradiating body during
        outburst.outburst.

  Analysis of a possible sAnalysis of a possible shielding of outer disk region by hielding of outer disk region by a a 
structurstructure (mainly in SXTs).e (mainly in SXTs).

  Role and evolution of Role and evolution of spiral arms spiral arms that may appear in disk that may appear in disk 
during outburst during outburst 
        (observations versus models)(observations versus models)

  Where is the outburst triggered? Where is the outburst triggered? 

  Role of optically thin ADAF in the profile of the outburst’s Role of optically thin ADAF in the profile of the outburst’s 
rising branch (in SXTs).rising branch (in SXTs).

Properties of outbursts in dwarf novae and SXTs – possibilities to Properties of outbursts in dwarf novae and SXTs – possibilities to 
investigate various phenomenainvestigate various phenomena
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  VariationsVariations of  of the recurrence time of outbursts, the recurrence time of outbursts, TTCC, , of SXTs of SXTs 
are large,are large,  but not chaoticbut not chaotic  –      –    
          long-term trends can be clearlylong-term trends can be clearly  resolvedresolved  ––  individual individual 
outbursts depend on each other outbursts depend on each other 
          inin  a given a given  SXT SXT. .  This behavior of  SXTs can  be  compared   This behavior of  SXTs can  be  compared  
with  that of  dwarf  novae with  that of  dwarf  novae 
          determined from the optical data. determined from the optical data. 

  Behavior Behavior   ofof    TTCC  in  SXTs is in  SXTs is quite quite   similar tosimilar to    dwarf dwarf   novae novae   
(e.g. Vogt (e.g. Vogt 191980, Simon 80, Simon 202000,00,
        Simon Simon 202002a02abb). ).   Mean Mean TTCC  ofof   some  S some  SXTs XTs can be even as can be even as 
short as short as those in those in dwarf novaedwarf novae
        wwith longith long orbital period  orbital period PPorborb (CH U (CH UMMa, DX Anda, DX And,, GK Per). GK Per).

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

TTCC shows large jumps and/or  shows large jumps and/or   cyclic cyclic   variations variations   (dependent (dependent   
on the system). on the system).   Episodes Episodes 
        (intervals) of both increase and (intervals) of both increase and   decrease of decrease of TTCC in  in   a given a given   
dwarf nova or dwarf nova or SXTSXT  are  are    nonott
        explicable byexplicable by  evolutionevolutionary processes in theary processes in the system. system.  

  Disk is not considerably depleted in outburst.Disk is not considerably depleted in outburst. G Gradual radual 
accumulationaccumulation  andand  redistributionredistribution
        of matter in outer disk regionof matter in outer disk region plays a large role plays a large role. . 

Evolution of activity in dwarf novae and SXTs – current statusEvolution of activity in dwarf novae and SXTs – current status
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Low-mass X-ray binary HZ Her/Her X-1 

Inactive state

Hudec &Wenzel (1976)Hudec &Wenzel (1976)

Sonneberg Sonneberg 
photographic photographic 
data (one plate data (one plate 
per night)per night)

Data folded with orbital period Data folded with orbital period 
of 40.8 hoursof 40.8 hours

Remarkably different profile of the Remarkably different profile of the 
orbital modulation  with  respect to orbital modulation  with  respect to 
the active state:the active state:

  Much smaller amplitude Much smaller amplitude 
  Appearance of secondary Appearance of secondary 

minimumminimum
  Flat profile outside primary and Flat profile outside primary and 

secondarysecondary
        minimaminima

Simon et al. (2002)

Inactive Inactive 
statestate

2020



  

Long-lasting active Long-lasting active 
statestate

Sonneberg Sonneberg 
photographic photographic 
data (one plate data (one plate 
per night)per night)

Data folded with orbital Data folded with orbital 
period of 40.8 hoursperiod of 40.8 hours

Data folded with orbital Data folded with orbital 
period  40.8  hours and period  40.8  hours and 
smoothed  for   various smoothed  for   various 
phases of  the cycle  of phases of  the cycle  of 
the disk precessionthe disk precession

Analysis of statistical Analysis of statistical 
properties properties 
of  the  folded  data  of  the  folded  data  
for  various for  various 
phases of   the cycle of phases of   the cycle of 
 the disk the disk
precessionprecession

2121

Low-mass X-ray binary HZ Her/Her X-1 

Simon et al. (2002)Simon et al. (2002)



  

Low-mass X-ray binaries – Sco X-1Low-mass X-ray binaries – Sco X-1

2222

Long-term light curve in blue light. Annular means Long-term light curve in blue light. Annular means 
are determined from archival photographic plates. are determined from archival photographic plates. 

The light variations are composed of the rapid and The light variations are composed of the rapid and 
long-term activity.long-term activity.

Hudec Hudec 
(1981)(1981)

Moffett et al. Moffett et al. 
(1973)(1973)

Rapid brightness variations during a single nightRapid brightness variations during a single night

X-ray spectral changes vs. X-ray spectral changes vs. BB  
band magnitudeband magnitude

Augusteijn Augusteijn 
et al. (1992)et al. (1992)

13.13.
1 1 
mama
gg

12.12.
5 5 
mama
gg

Augusteijn et al. Augusteijn et al. 
(1992)(1992)

Orbital variation from 150 nights in 1971–1973Orbital variation from 150 nights in 1971–1973
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Supersoft X-ray sourcesSupersoft X-ray sources
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Specific clustering 
of color indices 
during active state

Supersoft X-ray sourcesSupersoft X-ray sources

(Quasi)steady-state 
thermonuclear 
burning  of  accreted  hydrogen 
on 
the surface of the white dwarf

Intense  soft  X-ray  emission is 
produced,  but  its  detectability 
depends    on    the   interstellar 
extinction and metallicity of the 
source.

Optical emission comes from 
both 
the  reprocessing  of  X-rays in 
the 
disk and from the disk 
viscosity. 

Unique type of X-ray sources

Simon & Mattei Simon & Mattei 
(2002, 2006)(2002, 2006)

Cowley et al. Cowley et al. 
(2002)(2002)

Simon Simon 
(2003)(2003)

Before Before 
correction correction 
for for 
insterstellar insterstellar 
extinctionextinction

After After 
correction correction 
for for 
insterstellinsterstell
ar ar 
extinctionextinction

V SgeV Sge

RX J0513-69RX J0513-69
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Supersoft X-ray sources – V SgeSupersoft X-ray sources – V Sge

(Quasi)steady-state thermonuclear  
burning of  accreted hydrogen on 
the white dwarf surface

Intense  soft  X-ray  emission  is 
produced,  but  its detectability  
depends on the interstellar 
extinction,  temperature of white  
dwarf, and  metallicity of  the  
source (these are the causes of 
anticorrelation).

Optical emission comes from both 
the reprocessing  of  X-rays in the 
disk and from the disk viscosity. 

Unique type of X-ray sources
Simon & Mattei Simon & Mattei 
(2002, 2006)(2002, 2006)

Greiner & van Greiner & van 
Teeseling (1998)Teeseling (1998)

Optical changes in antiphase with X-rays

                Greiner & Greiner & 
van Teeseling van Teeseling 
(1998)(1998)

X-ray X-ray 
spectrumspectrum

    Optical Optical 
high statehigh state

Optical Optical 
low statelow state

2525



  

Comparison  of  visual and Comparison  of  visual and 
photoelectric (CCD) obs.:photoelectric (CCD) obs.:

Visual   data   make    densely Visual   data   make    densely 
covered long-term light curvecovered long-term light curve

Photoelectric data are suitable Photoelectric data are suitable 
for  color  variations and rapid for  color  variations and rapid 
changes (orbital modulation)changes (orbital modulation)

Simon et al. (2001)Simon et al. (2001)

Supersoft X-ray Supersoft X-ray 
sources – V Sgesources – V Sge
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  U-B U-B constantconstant
  B-V B-V decreases in the upper partdecreases in the upper part

        of the transitionof the transition

Color – magnitude diagramColor – magnitude diagram

Simon et al. (2001)Simon et al. (2001)

Supersoft X-ray sources – V SgeSupersoft X-ray sources – V SgeRise from Rise from 
a low statea low state

2727



  

Simon et al. Simon et al. 
(2002)(2002)

      Relation between Relation between 
long-term long-term 
activity and orbital activity and orbital 
modulationmodulation

Supersoft X-ray sources – V SgeSupersoft X-ray sources – V Sge

High stateHigh state

Medium stateMedium state

Low stateLow state
2828



  

Supersoft X-ray sources – RX J0513–69Supersoft X-ray sources – RX J0513–69

(Quasi)steady-state   thermonuclear 
  burning  of  accreted hydrogen on 
the surface of white dwarf

Intense soft X-ray  emission  is 
produced,  but   its detectability 
depends on the interstellar 
extinction, temperature  of  white 
dwarf, and metallicity of the source 
(these are the causes of 
anticorrelation).

Optical emission comes from both 
the reprocessing  of  X-rays in the 
disk and from the disk viscosity. 

Unique type of X-ray sources

Optical changes in antiphase with X-rays

Reinsch et al. Reinsch et al. 
(2000)(2000)

  X-ray X-ray 
ROSATROSAT

OpticaOptica
ll
MACHMACH
OO

Cowley et al. Cowley et al. 
(2002)(2002)
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Cataclysmic variables Cataclysmic variables 
– – polar AM Herpolar AM Her

Wide outburstsWide outbursts

3030

Relation between the Relation between the 
optical optical and X-ray and X-ray light light 
ccurveurve in the individual  in the individual 
episodes of the high episodes of the high 
state. state. Only the HEC13 Only the HEC13 
ffitsits a are shown. re shown. 

SStatistical distributions of the tatistical distributions of the 
optical and X-ray intensity in the optical and X-ray intensity in the 
episodes of the episodes of the high states. high states. 
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MicroquasarsMicroquasars



  

MicroquasarsMicroquasars

  X-ray binaries with   X-ray binaries with   
          relativistic jetsrelativistic jets

      1999 1999 
outburstoutburst  

Frontera et Frontera et 
    al. (1998)al. (1998)

TThhe outburste outburst can be explained can be explained    
by by   the the   thermal thermal   instability instability   of of   
the the   accretionaccretion  diskdisk  embedding embedding 
the the   black black   hole, hole,   analogous analogous   to to   
the the   outbursts outbursts   ofof      soft soft     X-ray X-ray 
transientstransients (Simon et al. 2006). (Simon et al. 2006).

CI Cam  reddens  in  outburst CI Cam  reddens  in  outburst 
in  spectral   region  longward in  spectral   region  longward 
of  Balmer  jump  –  very rare of  Balmer  jump  –  very rare 
behavior   among  soft   X-ray behavior   among  soft   X-ray 
transients  (SXTs)  (a kind  of transients  (SXTs)  (a kind  of 
X-ray binaries).X-ray binaries).
On the contrary, color indices On the contrary, color indices 
of   SXTs    usually    decrease of   SXTs    usually    decrease 
during outburst. during outburst. 

Simon et al. (2007): Simon et al. (2007): 
reanalysis of data  of reanalysis of data  of 
Barsukova et al. (2002) Barsukova et al. (2002) 
using color indicesusing color indices

CI Cam = XTE J0421+560CI Cam = XTE J0421+560
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Decaying Decaying 
branch branch 
of 1999 of 1999 
outburstoutburst
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PPhotometric history hotometric history 
according to the according to the 
photoelectric and CCD photoelectric and CCD 
observationsobservations  
(years 1989 – 2004)(years 1989 – 2004)
PPeak of eak of the the 1998 1998 
outburst is out of outburst is out of 
scalescale. Notice the . Notice the 
difference in the difference in the 
activity before and after activity before and after 
the outburst.the outburst.

OutbursOutburs
tt

        CI Cam=CI Cam=
XTE J0421+560XTE J0421+560

PPhotometric hotometric   history history  according   according  
to theto the
Bamberg   photographic  Bamberg   photographic  
observations observations 
in the blue band (similar to the in the blue band (similar to the B B 
band)band)  
(years 1928 – 1939)(years 1928 – 1939)
Points are connected by line in Points are connected by line in 
densely densely 
covered segments.  Typical covered segments.  Typical 
uncertainty uncertainty 
is 0.05 mag. is 0.05 mag. 
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Simon et al. Simon et al. 
(2007)(2007)



  

UBVRIUBVRI light  light 
curves and curves and 
color changes color changes 
inin      postpost  --  
outburst outburst   
interval interval 
(daily means) (daily means) 
(1999 – 2004)(1999 – 2004)

LLabels abels   1,1,   2,  2,   
3,3,   4  4 –  –    
important important 
moments in moments in   
curves, curves,   used used 
for for 
orientation orientation   
in in color color 
ddiagrams. iagrams. 

X symbols X symbols  –   –  
X-rayX-ray  
oobsbservationservations

CI Cam=XTE J0421+560CI Cam=XTE J0421+560
Post-outburst Post-outburst 
          activityactivity

3434
Simon et al. Simon et al. 
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      Post- Post- 
outburstoutburst

Hysteresis Hysteresis 
due due 

to Hto Hαα   
changeschanges

CI Cam=XTE J0421+560CI Cam=XTE J0421+560
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Simon et al. Simon et al. 
(2007)(2007)

BrightnBrightn
ess ess 
variatiovariatio
ns ns 
are NOT are NOT 
caused caused 
by by 
extinctiextincti
onon
changeschanges

                                                                      Post-outburst activity (1999 – Post-outburst activity (1999 – 
2004):2004):

  Significant vSignificant varariations iations of continuum;dominant lineof continuum;dominant line  changeschanges  
would lead towould lead to i independent ndependent   
        variations of indices. Not variations of indices. Not explicable explicable by changes of by changes of 
reddening intrinsic to CI Cam. reddening intrinsic to CI Cam.   
          InterpretationInterpretation: several superposed spectral components.: several superposed spectral components.
          DDivision of dominant contributions of ivision of dominant contributions of sspectral components pectral components 
near near λλ =550 nm: =550 nm:   free-freefree-free    
          emission from wind and/or envelope emission from wind and/or envelope   (in red and near-IR; (in red and near-IR;   
ClarkClark  etet    al.al. 20 200000, , A&A, 356, A&A, 356, 
          50);50);  anotheranother  component component  i in blue regionn blue region  –   –   
(pseudo)photospheric emission. (pseudo)photospheric emission. 

  Observed HObserved Hαα  changes are not simple var changes are not simple variationsiations of  of 
combined combined   continuum continuum   and and   weaker weaker   
        emission lines at stable Hemission lines at stable Hαα  em emissionission. H. Hαα  region evolves  region evolves 
on time scale ofon time scale of  hundredshundreds  ofof
        days. days. 



  

DDashedashed   vertical vertical      lines lines  –   –  
moments ofmoments of   X-ray X-ray

observations. observations. 

(a)(a)  VV band data in post- band data in post-
outburst intervaloutburst interval

(b(b,c,c))  VVariations of ariations of   EW of EW of   HeI HeI 
58765876 ( (inin  AA) and) and

FeII 6318 FeII 6318   ((data  data  from from   
BarsukovaBarsukova  etet   al.  al. 20200202,,

AZh, AZh, 779, 309). 9, 309). 

(d)(d)  BeppoSAXBeppoSAX data ( data (Parmar et Parmar et 
al.al. 20 200000, , A&A,A&A,

360, L31) and360, L31) and    XMM obsXMM obs.  .  
((Boirin Boirin   etet   al.  al. 20200202,,

A&A, 394, 205) A&A, 394, 205) 
UUnabsorbed 1-10nabsorbed 1-10  keV flux keV flux (i(in n 

1010-13-13 erg erg//cm2cm2//ss;;
right-hand ordinate). right-hand ordinate). 
OObsbs. . in JDin JD  2451595 2451595  –   –  upper upper 

limits limits onlyonly

(e)(e)  HH  column density column density NNHH

UVUV

      Optical vs. X-ray Optical vs. X-ray 
activity in quiescenceactivity in quiescence

CI Cam=XTE J0421+560CI Cam=XTE J0421+560
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Simon et al. Simon et al. 
(2007)(2007)

Huge changes of the extinction in X-rays and no Huge changes of the extinction in X-rays and no 
extinction  variations in  the  optical suggest that extinction  variations in  the  optical suggest that 
the X-ray emission comes from the close vicinity the X-ray emission comes from the close vicinity 
of the mass-accreting black hole (re-filling of the of the mass-accreting black hole (re-filling of the 
disk after outburst?), not  from the  giant  donor disk after outburst?), not  from the  giant  donor 
star.star.



  

Recent pRecent photometric history ofhotometric history of  
V4641 SgrV4641 Sgr.. P Peak eak 
of of  the  the 19919999  main main outburst is outburst is near near 
the left hand the left hand 
edge of the plot. Four  smaller  echo edge of the plot. Four  smaller  echo 
outbursts outbursts 
are marked by arrows. Each of them are marked by arrows. Each of them 
is defined is defined 
by multiple observations. by multiple observations. 

      Main Main 
outburstoutburst
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V4641 Sgr=SAX J1818.3–2525V4641 Sgr=SAX J1818.3–2525

Examples of echo outburstsExamples of echo outbursts  
Notice  the  multi-peak  structure  Notice  the  multi-peak  structure  
of outburst and the accumulation of outburst and the accumulation 
of the points near the peak mag.  of the points near the peak mag.  
This  implies  that  the  outburst This  implies  that  the  outburst 
does not  consist  of  a long  series does not  consist  of  a long  series 
of short,  narrow  peaks  starting  of short,  narrow  peaks  starting  
from   the quiescent level. from   the quiescent level. 

Simon & Henden Simon & Henden 
 (2009) (2009)

  EEcho cho 
outburstsoutbursts



  

Evolution of Evolution of TTCC. . DDashed ashed horizontal horizontal lineslines  –  length of  the   –  length of  the 
reference period of 377 d to show the relatively small reference period of 377 d to show the relatively small 
scatter of scatter of TTCC of  the echo outbursts.  Two  positions  of  the  of  the echo outbursts.  Two  positions  of  the 
main outburst are shown:  (1) –  two missing echo main outburst are shown:  (1) –  two missing echo 
outbursts; (2) – one missing echo outburst.outbursts; (2) – one missing echo outburst.

      Main Main 
outburstoutburst
          (1)(1)

      Main Main 
outburstoutburst
          (2)(2)

      Echo Echo 
outburstsoutbursts

V4641 Sgr=SAX J1818.3–2525V4641 Sgr=SAX J1818.3–2525

Recurrence Recurrence 
  time time TTCC of  of 

  outburstsoutbursts
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Statistical Statistical 
distribution of distribution of 
                the the 
brightnessbrightness

S1:S1:    Fluctuations in quiescence. Fluctuations in quiescence. 

S2:S2:  The general level of brightness is The general level of brightness is 
higher than  higher than  
in S1, a  weak  outburst occurred in S1, a  weak  outburst occurred 
from this level.from this level.  

S3:S3:    The  state  similar  to  that  in  The  state  similar  to  that  in  
S1.  Prevailing skewness  toward  a S1.  Prevailing skewness  toward  a 
higher  brightness indicates higher  brightness indicates 
faint outbursts.  faint outbursts.  

S1S1

S2S2

S3S3

SS
11

SS
22

SS
33

PPhotometric history hotometric history according according 
to the Bamberg to the Bamberg 
photographic  observations  in  photographic  observations  in  
the  blue  band the  blue  band 
(similar to (similar to BB))  (years 1964 – (years 1964 – 
1967). 1967). 
Typical  uncertainty  is  0.05 mag.  Typical  uncertainty  is  0.05 mag.  
Magnitudes are with respect  to GSC Magnitudes are with respect  to GSC 
0684802768.  0684802768.  

V4641 SgrV4641 Sgr

3939
Simon & Henden Simon & Henden 
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Conclusions – CVs, X-ray binaries, microquasarsConclusions – CVs, X-ray binaries, microquasars

  DDense series of observations covering the intervals of ense series of observations covering the intervals of 
several years are necessary several years are necessary 
        toto investigate the properties of the long-term activity:  investigate the properties of the long-term activity: 

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

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

  form the representative  ensemble of events  (e.g. form the representative  ensemble of events  (e.g. 
outbursts) in (a) a given system, outbursts) in (a) a given system, 
          (b) in a type of systems(b) in a type of systems
This is important for our understanding of the physical This is important for our understanding of the physical 
processes involved. processes involved. 

  We emphasize We emphasize   the the   very important very important   role of role of   X-ray X-ray 
monitors like ASM onboard monitors like ASM onboard RXTERXTE  
        on our underon our undersstanding of the processes operating in X-tanding of the processes operating in X-
ray sources.ray sources.

  We argue in favor of We argue in favor of   the development of more sensitive the development of more sensitive 
X-ray monitors that will be X-ray monitors that will be     
          able to detect able to detect   the the   long-term long-term   activity of activity of   cataclysmic cataclysmic   
variablesvariables  to enable analysis    to enable analysis  
          of the simultaneous behavior in the X-ray and optical of the simultaneous behavior in the X-ray and optical 
passbands. passbands. 

  Search for rare and/or  unexpected  phenomena (the Search for rare and/or  unexpected  phenomena (the 
cases of the unique transientscases of the unique transients
        CI  Cam  and  V 4641 Sgr  suggest   that   definitely   CI  Cam  and  V 4641 Sgr  suggest   that   definitely   
there  are  a  lot  of  “sleeping”  there  are  a  lot  of  “sleeping”  
        transients).transients).

4040



  
4141

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

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

  (b)(b)  Late bump in the light curve of OA  Late bump in the light curve of OA  –   not a –   not a 
certain classificationcertain classification
              of SN, because also inhomogeneities in the of SN, because also inhomogeneities in the 
circumburst medium   circumburst medium   
              can give rise to a bump (Eldridge et al. can give rise to a bump (Eldridge et al. 
202006, MNRAS, 367, 186).06, MNRAS, 367, 186).

CColor indices of olor indices of the early phase of the early phase of optical optical 
afterglows of GRBs afterglows of GRBs ((t – Tt – T00 < 10 days) < 10 days)

Role of the cRole of the color indices olor indices in the in the 
GRBGRB-supernova connection-supernova connection



  

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

All observations are in the All observations are in the RR band (red light) and their  band (red light) and their 
time is in the observer frame.time is in the observer frame.

Zhang et al. (2006)

Brightness of  most  OAs already  Brightness of  most  OAs already  
falls when they falls when they 
are discovered in the optical are discovered in the optical 
passband. Typically, power-law  passband. Typically, power-law  
decay  is  observed,  but  decay  is  observed,  but  
fluctuations fluctuations 
may be superimposed on it. may be superimposed on it. 

Luminosity   proportional to   Luminosity   proportional to   tt  -a-a

OA lasts  much  longer OA lasts  much  longer 
than GRB (days versus than GRB (days versus 
seconds or minutes)seconds or minutes)

GRBs occur during core-collapse of a massive star or during a merge of compact objects. 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 Relativistic jet is the  dominant source of radiation from gamma-ray to the infrared (and 
radio) spectral region.radio) spectral region.
Intensity of emission  depends  on the inclination angle (jet has to point to the observer).Intensity of emission  depends  on the inclination angle (jet has to point to the observer).
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Very well observed lVery well observed light curve of the OA ight curve of the OA 
of GRB030329of GRB030329  

whole whole RR band curve to show the time  band curve to show the time 
evolution of the brightnessevolution of the brightness..  
ther filtersther filters –  – only those (only those (oftenoften averaged)  averaged) 
points which were used for calculation points which were used for calculation 
of the color indices. of the color indices. 

Error bars Error bars are are includedincluded,, but  but they are they are usually usually 
smaller than the symbolssmaller than the symbols..  

GRB030329GRB030329

4343

XRF030723XRF030723

Light curve of  the  OA  Light curve of  the  OA  
according to the according to the 
data of Fynbo et  al.  data of Fynbo et  al.  
(2004).  Data  in the (2004).  Data  in the 
dashed boxes are the  ones dashed boxes are the  ones 
used for the used for the 
determination of  the  color  determination of  the  color  
indices. The indices. The 
data   are   connected  by   data   are   connected  by   
the  lines  for the  lines  for 
convenience.convenience.

Simon et al. Simon et al. 
(2004, 2007)(2004, 2007)



  

Ensemble of OAs of long GRBs (0.17< Ensemble of OAs of long GRBs (0.17< z z 
< 3.5; < 3.5; t-Tt-T0 0 <10 <10 dd) in ) in 
The observer frame,The observer frame, corrected for  corrected for   the the 
Galactic Galactic   reddening. reddening.   
Multiple indices of the same OA are Multiple indices of the same OA are 
connected by lines for connected by lines for 
convenience. convenience.   The The   mean mean   colors colors   
((centroidcentroid) )   of of     the the   wholewhole  
ensemble of Oensemble of OAAss    (except for (except for   
GRB000131GRB000131 and SN 1998bw and SN 1998bw) ) 
are marked by are marked by   the the   large cross.large cross.    
RRepresentative reddening epresentative reddening 
paths paths are are for for EEB-VB-V  ==  0.50.5. Positions of . Positions of   

main main   sequence stars, giantssequence stars, giants,, and  and   the the 
locus locus   of of   black black   bodies bodies   are plottedare plotted  
(useful(useful
for observational differentiation of OAs for observational differentiation of OAs 
from other kinds offrom other kinds of
objectobjectss..

Color-color diagrams of OAsColor-color diagrams of OAs

4444
Simon et al. Simon et al. 
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GRBGRB
06020602
1818
BB––VV vs.  vs. VV––RR diagram of  diagram of OAs (OAs (t-Tt-T00<10.2 <10.2 dd). ). The colors are The colors are 
corrected for the Galactic reddening. Multiple indices of corrected for the Galactic reddening. Multiple indices of 
the same OA are connected by lines for convenience. The the same OA are connected by lines for convenience. The 
mean colors of the whole ensemble (except for mean colors of the whole ensemble (except for 
GRB000131) are marked by the large cross. The colors of GRB000131) are marked by the large cross. The colors of 
SNSN  1998bw are shown 1998bw are shown onlyonly for  for compcomparison. arison. 

BVBV data: data:  
UVOTUVOT

RR band data band data::
Mirabal et Mirabal et aal.l.  
2006,2006,  
ApJ,643,L99ApJ,643,L99

RRepresentatiepresentati
ve ve 
reddening reddening 
paths paths are are for for 
EEB-VB-V=0.5 mag.=0.5 mag.  

Color-color Color-color 
diagram for the diagram for the 

early OA of GRB060218early OA of GRB060218
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Time evolution of the color indices of Time evolution of the color indices of 
the OA of the OA of GRB030329 GRB030329 (solid circles)(solid circles)::

  HHorizontal solid line with orizontal solid line with   error barserror bars    
–  –  mean color mean color     
        iindices of ensemble of 25 OAsndices of ensemble of 25 OAs  
((Šimon et al. 2004). Šimon et al. 2004). 

  SSynthetic colors of SN 1998bw, SN ynthetic colors of SN 1998bw, SN 
2002ap and the2002ap and the
          group of group of   Type Ic Type Ic  supernovae  supernovae 
(database and code (database and code 
          of Poznanski et al. 2002)of Poznanski et al. 2002), with , with   the the 
passbands and passbands and 
          t-Tt-T00 recalculated for  recalculated for redshift redshift z z ==  

0.168, appropriate 0.168, appropriate 
          for GRB030329for GRB030329..

  CColorolor  indices    indices  of of   25 25   OAs OAs   are are 
independent onindependent on  thethe
          redshiftredshift  zz..

GRB030329GRB030329
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DData ata   were corrected were corrected 
for for 
the the reddeningreddening   and  and 
lightlight  
contribution of contribution of   the the 
host host 
galaxy. galaxy. 

Data were interpolated Data were interpolated 
to determine the color to determine the color 
indices.  indices.  Separation ofSeparation of  
thethe colors  colors   appropriate appropriate   
to to  the  the early OAearly OA
and and   SNSN  2006aj is clear 2006aj is clear 
for for UVW2-BUVW2-B, ,   UVW1-UUVW1-U, , 
UVMUVM2 2 -- U UVW1VW1. .   

SN SN 
2006aj2006aj

BB band light  band light 
curvecurve

  
Color Color 
indicindic
eses

Early Early 
OAOA

GRB060218/SN 2006ajGRB060218/SN 2006aj

UVOT dataUVOT data
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Horizontal linesHorizontal lines  –  mean color indices –  mean color indices 
of ensemble of 25 OAs  of long GRBs of ensemble of 25 OAs  of long GRBs 
(Simon  et  al. 2004, (Simon  et  al. 2004,   AIPC, 727, AIPC, 727,   487). 487). 
They are They are independent on redshift.independent on redshift.

SyntheticSynthetic   colors  colors   of of   several types of several types of 
supernovae supernovae    (Poznanski  et (Poznanski  et   al. al.    202002, 02, 
PASP, PASP,   114,114,   833)  are   833)  are    calculated  for calculated  for 
redshift redshift zz=0.03=0.03 of  GRB0 of  GRB06021860218..  

Large open circlesLarge open circles  – UVOT data of – UVOT data of 
                                                                        SN 2006ajSN 2006aj
Large closed circlesLarge closed circles  – ground-based – ground-based 
                                                                  data of SN 2006ajdata of SN 2006aj

GRB060218/SN 2006ajGRB060218/SN 2006aj

Time evolution of color indicesTime evolution of color indices

4848
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(2007, 2009)(2007, 2009)



  

Statistical distribution of Statistical distribution of   absabs..  RR    
magmagnitudesnitudes of OAs of long GRBs of OAs of long GRBs 
at (at (t-t-TT00))restrest=1.5=1.5  d. Both d. Both   the the kk--
corrected and uncorrected values corrected and uncorrected values 
are displayed. are displayed. MagMag of all the OAs  of all the OAs 
was already decreasing. was already decreasing. 
GRB060218 is not includedGRB060218 is not included..  
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XRF030XRF030
725725

SSkewnesskewness  of  the  histogram    of  the  histogram  -0.17 -0.17  suggests  suggests 
asymmetric asymmetric   distribdistributionution    with a tail toward with a tail toward 
fainter fainter mag  –  many supernovae  can  have mag  –  many supernovae  can  have 
the initial optical flare similar to the optical the initial optical flare similar to the optical 
afterglow of GRB – observations in various afterglow of GRB – observations in various 
filters in  the  early  phase of the supernova filters in  the  early  phase of the supernova 
are   needed.  The   observing   angle   (with are   needed.  The   observing   angle   (with 
respect  to  the  jet axis)  may  play a role in respect  to  the  jet axis)  may  play a role in 
the observability of the early emission. the observability of the early emission. 

Histogram of absolute Histogram of absolute 
magnitudes of OAs: magnitudes of OAs: 

the early OA of GRB060218the early OA of GRB060218

    
GRBGRB
06020602
1818

4949

Simon et al. Simon et al. 
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GRB070610GRB070610  / SWIFT/ SWIFT  J195509+261406J195509+261406

5151

Time evolution of Time evolution of the the 
scatter of the points in the scatter of the points in the 
light curve.light curve.

LLight curve in the individual ight curve in the individual 
passbands for passbands for 
t-Tt-T00 < 7 < 7  dd ( (TT00 is the time of  is the time of 
GRB070610GRB070610)). . 

Comparison of the profile of the 
I  band light curve in three 
epochs after T0. 

Flares become more narrow 
with the progress of the 
outburst.Castro-Tirado et al. Castro-Tirado et al. 

(2008, 2009)(2008, 2009)
Simon et al. (2009)Simon et al. (2009)



  

Dense series of the VRI 
observations  (dur. ~65 min) 
(June 11,  2007).  The I and R 
data are  not   quite   
simultaneous.   Significant 
fluctuations of the brightness 
are apparent (~1 mag, 
timescale ~15 min). 

GRB070610GRB070610  / SWIFT/ SWIFT  J195509+261406J195509+261406

Comparison of (R-I)0 of  J1955 with 
the ensemble 
of  OAs  of  long  GBs  from  Simon  
et  al. (2004), 
plotted as a function of redshift z 
(only OAs with 
z < 3.5, t-T0 < 10.2 d).  Color index  
of  each OA is dereddened  for  the  
Galactic  extinction  and  is 
in the observer frame. Linear fit 
and 1σ  deviation 
of  the  ensemble  are  displayed. 
Color  index of J1955 is displayed 
for three ER-I. 

5252

Castro-Tirado et al. (2009);   Castro-Tirado et al. (2009);   
Simon et al. (2009)Simon et al. (2009)

Optical emission in SWIFT J1955 is due to 
synchrotron radiation



  

General conclusionsGeneral conclusions

  DDense series of ense series of   observations observations   are are   necessary necessary   toto  
investigate  the  properties of the   investigate  the  properties of the   
          long-term activity: long-term activity: 

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

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

  form a representative  ensemble of events  (e.g. form a representative  ensemble of events  (e.g. 
outbursts) in (a) a given system, outbursts) in (a) a given system, 
          (b) in a type of systems(b) in a type of systems
This is important for our understanding of the physical This is important for our understanding of the physical 
processes involved. processes involved. 

  Search for the unexpected and unique phenomena Search for the unexpected and unique phenomena 

  Wide-field  optical  monitoring  is important  for a search  Wide-field  optical  monitoring  is important  for a search  
for  and  investigation  of for  and  investigation  of 
        objects containing a compact object which, although the objects containing a compact object which, although the 
source of X-ray emission,  source of X-ray emission,  
        may not be detected in X-rays due to the beaming may not be detected in X-rays due to the beaming 
and/or big intrinsic extinction and/or big intrinsic extinction 
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