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Talk layoutTalk layout

● J16211735+4412541 a cataclysmic binary in 
disguise  

● Outburst in 2016 – revealing its true nature        
● Follow-up LCs in quiescence 
● Primary and accretion disk parameters in 

quiescent state
● Conclusions



  

2MASS J16211735+441254

Simbad
                                                                                                                     

       

                                                                                                            Kjurkchieva et al. 2017

                                                                                   
                                                                                                                                                    SDSS colors consistent with MS+MS binary

                                                                                                             (Drake et al. 2016)



  

2MASS J16211735+4412541 2MASS J16211735+4412541 

     Outburst (June 2016)                                  Quiescence (July 2016)



  

Observations Observations 
Outburst ground photometryOutburst ground photometry

On June 4th an outburst detected  by  the Catalina Sky  Survey

This was ~2 mags  rise in brightness

   in the R filter  (Drake at al.    ATEL

   # 9112)

followed by a drop to pre-outburst 

   level after less than 2 weeks since

   brightening detection

Several observers reported data:

 Meahara et al. #9113, Scaringi et al.

 #9122, Zejda&Pejcha #9132,

 Thorstensen #9141 (RV), Zola et al.

 #9161 (end of outburst)



  

Observations Observations 
high resolution spectroscopy high resolution spectroscopy 

Spectra taken with 3.5m telescope at APO (NM, USA)

                                                                                                double-peaked emission lines seen   

                                                                                                (Zola et al 2017)



  

Observations Observations 
Swift X, UV Swift X, UV 

Swift observed this binary on June 10 and 14 (dedicated ToO program, XRT 
and UVOT), follow up observations taken in January 2017 (13, 16 & 19)

● Positive detection in X-rays

● Brightness measured in UBV as well as  UVW1 and UVW2 filters

                                                                                    SWIFT (and GALEX) 

                                                                                    magnitudes indicate       
                                                                                     WD+MS system



  

A cataclysmic variable or a red A cataclysmic variable or a red 
dwarf nova?dwarf nova?

SWIFT (and GALEX) magnitudes indicate WD+MS system

A semi-detached configuration system pretends to be a 
contact configuration one

credit: K. Smale                                                                    Essam et al. 2013



  

(Very old) Light curves simulations(Very old) Light curves simulations
                                    High inclinations: Zola, A&A (1995)

                                                contact configuration obtained as  best fit if disk light     
                                                contribution is low

                                                parameters spurious 



  

Proposed models                      Proposed models                      

      Kjurkchieva et al. 2017

Archival and 2016 photometry analyzed with

 the W-D code

Models for outburst and quiescence proposed:

a very large (0.1 R☼), cool WD (~4000K) + K-type 
MS star

No accretion disk at quiescence

         Qian et al. 2017

outburst are caused by burst on the surface

of white dwarf due to increased mass transfer

cool spot on the secondary to cause

the deeper minimum    



  

  Models                      Models                      

   Kimura et al.  2018

Slow rise recorded 

Cataclysmic variable with 

an accretion disk

white dwarf + K star 

high inclination: system 

seen almost edge-on

outburst of relatively low amplitude, low mass accretion rate leading  to 
accumulation of mass in the disk –>  instability triggered  in the disk  inner parts

        



  

Trial  model – stars onlyTrial  model – stars only
● Wilson-Devinney code with Monte Carlo search

● A spot must be introduced to account for different maxima heights in Aug 2016  
(hot or cool?)

Cool spot  (on the secondary) dominates but also  a hot spot is present (likely on 
disk rim)



  

Trial model: results  Trial model: results  

S-D configuration with large primary, the secondary minimum 
depth too shallow

Component that obscures the other one at the secondary 
minimum (phase 0.5) must be flattened (Zola et al. 2017)

           August 2016                                   March 2017 



  

Follow-up observations Follow-up observations 
quiescent state photometryquiescent state photometry

Several  complete BVRI light curves taken at the Mt. Suhora Observatory 
(Pedagogical Univ.) and Krakow (Jagiellonian Univ.) at least twice a year

 2016: light curves taken ~2 and 3 month after outburst, next  9 month later           
                                                                                                                         

                                                                                                   primary minimum  

                                                                                                   clearly visible

                                                                                                   variable LC shape

                                                                                                   flickering 



  

Observations Observations 
quiescent state photometryquiescent state photometry

Observations extended to 2018 (most recent LC taken in August)               

                                                   



  

Observations Observations 
quiescent state photometryquiescent state photometry

In Mach 2018 we took data also in U filter

A               

Pre-outburst BVR light curve taken in April 2016 available too (Qian et al. 2017)



  

Follow-up spectroscopy Follow-up spectroscopy 

APO spectrum from June 2018  
double peaked Balmer lines in emission → clear evidence for the disk 
presence 



  

LC Model:  W-D code + accretion LC Model:  W-D code + accretion 
disk built-indisk built-in

● Light from stars computed with the W-D code.

● Accretion disk surrounds star #1 

● Phenomenological model of the disk (rdisk,Tdout, thickness, 
steady state accretion temperature distribution)

● Mass gainer and the disk 

eclipsed at phase 0 

● Disk circular in shape  and 

optically thick

● No spots



  

Accretion disk model at outburstAccretion disk model at outburst

● Beginning of outburst – the disk model also 
gives a reasonable fit (Zola et al. 2017)

● WD temperature  ~44 600K  



  

  Accretion disk models at quiescenceAccretion disk models at quiescence

● Parts of LCs around the quadrature with lower height  
removed

● Disk model gives a better fit, hot WD required, normal size

      August 2016                            March 2017



  

Accretion disk models at quiesceneAccretion disk models at quiescene  
                         

Depths of both minima

reproduced within the disk

model 



  

Very preliminary results: WD and Very preliminary results: WD and 
accretion disk parameters accretion disk parameters 

T



  

Conclusions from observational Conclusions from observational 
evidence and preliminary LC evidence and preliminary LC 

modelingmodeling
J1621+4412 is a high inclination cataclysmic binary: i=86 (±3),

consists of a massive WD and a K-type dwarf

Infrequent inside-out outbursts are due to disk instability 

The accretion disk  present at all epochs after the outburst.  Temperature of the 
disk and its radius vary  in the quiescent state → non-uniform mass transfer rate 

J1621+4412 may belong to the same class as BD Pav and V364 Lib (Kimura et 
al. 2018), V1129 Cen (Walter et al. 2006)

 

How many of such objects are lurking among systems that are classified as 
contact binaries? 

   



  

    Thank you !Thank you !
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