
This article was downloaded by:[Bochkarev, N.]
On: 20 December 2007
Access Details: [subscription number 788631019]
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Astronomical & Astrophysical
Transactions
The Journal of the Eurasian Astronomical
Society
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713453505

New RRa variable star near the X-ray Nova Oph
1993=V 2293 Oph and their distance evaluations
N. E. Kurochkin a; E. A. Karitskaya b
a Sternberg State Astronomical Institute, Moscow, Russia
b Institute of Astronomy of Russian Academy of Sciences, Moscow, RUSSIA

Online Publication Date: 01 July 1995
To cite this Article: Kurochkin, N. E. and Karitskaya, E. A. (1995) 'New RRa variable

star near the X-ray Nova Oph 1993=V 2293 Oph and their distance evaluations', Astronomical & Astrophysical
Transactions, 8:2, 157 - 160
To link to this article: DOI: 10.1080/10556799508203303
URL: http://dx.doi.org/10.1080/10556799508203303

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article maybe used for research, teaching and private study purposes. Any substantial or systematic reproduction,
re-distribution, re-selling, loan or sub-licensing, systematic supply or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents will be
complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be
independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713453505
http://dx.doi.org/10.1080/10556799508203303
http://www.informaworld.com/terms-and-conditions-of-access.pdf


D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

.] 
A

t: 
10

:1
0 

20
 D

ec
em

be
r 2

00
7 

Astronomica l  a n d  Ailrophy.icr1 Transaction..  1995, 
Vol .  8 ,  p p .  1.57-160 
Reprint.  rva i lab le  d irec t ly  f rom t h e  publisher. 
P h o t o c o p y i n s  permi t ted  by l i cense  o n l y  

(41995 O P A  (Overseas Publ i shers  Ansoc ia t ion)  
A m i t e r d r m  B . V .  P u b l i s h e d  under  l i cense  by 

Gordon  and Breach  S c i e n c e  Publ i sher .  S A  
P r i n t e d  in  Malays ia  

NEW RRa VARIABLE STAR NEAR THE 

THEIR DISTANCE EVALUATIONS 
X-RAY NOVA OPH 1993=V 2293 OPH AND 

N. E. KUROCHKINl and E. A. KARITSKAYA2 

Sternberg State Astron.omica1 Institute, Universiteliskiy Prospect 19, MOSCOW, 
11 9899, Russia 
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A new RRa variable star has been discovered in 215 from X-ray Nova Oph 1993 = GRS 1716-249 = 
V 2293 Oph. Its period is 0!4908409. The brightness varies in the range of 15.9m-(17.5m pg. The 
estimations of interstellar extinctions and distances to Nova Oph 1993 and the new RRa variable 
star have been received. 

KEY WORDS Variable star: discovery: light curve; X-ray Nova: distance 

An earlier unknown RR Lyr variable star has been found during our look through 
84 photographic plates (1949-1919) of the 40 cm astrograph of Sternberg Institute 
Crimean Station, for the purpose to reveal outbursts of the X-ray nova GRS 1716- 
249, discovered by Bullet el al. (1993), identified with optical Nova Oph 1993 by 
Della Valle et al. (1993) and designated as V 2293 Oph by Kazarovets and Samus 
(1994). 

The finding chart is given in Figure 1. The magnitudes of the comparison stars 
have been derived by the link to the standard sequence in the NGC 6304 region 
(Nesser, Hartwick, 1976). The variable star is situated near the edge of our plates 
and during its minimum is invisible. The star belongs to RRa type of variability 
with the elements: 

MAX = JD 2444409.424 + Od4908409 E; 

The list of maxima and high brightness epoches is given in Table 1. 
The mean light curve is given in Figure 2 and in Table 2. 
The coordinates of this variable star have been derived by linking ty, the stars 

of SAO Catalogue: a = 17h16"24P79; 6 = -24°59'50!8 (1950)) error f l .  0 in both 
coordinates. The RRa star is situated in 2I5'from the X-ray Nova Oph 1993 = V 
2293 Oph ( I  = 0?14; b = +6?99) and in the field No. 235 from the paper by 

m - M = OP25. 
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Figure 1 The finding chart for the X-ray Nova Oph 1993 N (is marked by the cross) and the 
RRa variable star V (is marked by the open dot). The reference stars A, B, C and D have the 
following m(pg) magnitudes: 15m9; 16m3; 1 P 3 :  ; 1 P 9 : .  The size of the field is 9' x 9'. 

Neckel, Clare (1980). According to this paper, the interstellar extinction in this 
field is constant within the limit of errors and is equal to A = 2m0 f Om7 for the 
stars with distances d 2 1 kpc. The hydrogen column density determined from 
the soft X-ray absorption by Tanaka (1993) is N(H) = 4 x lo2' According 
to Bochkarev (1992):N(H) = 6 x 1021 . E(B - V), so E(B - V) = Om67 and 
Av = 2111 or AB = 2m7 ( R v  = 3.2), in accordance with A v  obtained earlier. 
Taking MV = +Om3 and (B - V ) ,  = Om3 for RRa stars, we find the distance to 
our RRa variable d = 5.6 kpc. 

On the moment of the optical component discovery on 5 October 1993 the X-ray 
Nova Oph had B = 17ml (Della Valle ei al., 1993). Supposing that in maximum 
its absolute magnitude was MB = -0.1 as in the case of the X-ray Nova Mon 1975 
(A0620-00), we have the distance to Nova Oph 1993 d = 8.2 kpc and z = 1 kpc. 

Another path of distance estimation uses the total luminosity at  the moment of 
maximum radiation. In the case of the X-ray Nova A0620-00 its X-ray luminosity 
is LX M lo3' erg/sec and is almost equal to the Eddington limit for solar masses. 

Table 1. List of maxima 

J D  24.. . 4 P J l  E+Phose 

33482.33 
44409-41 
44438.36 
44818.30 
45134.41 
45826.53 
47329.40 
48028.41 

16.3 
16.0 
15.75 
15.85: 
1 5 . 9  
16.0 
15.95 
15.92 

-22261.987 
-0.028 
58.952 

833.011 
1477.028 
2887.098 
5948.926 
7373.033 
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as 0.0 0.5 p t o  
Figure 2 
ephemeris given in the text. 4 is the orbital phase. The errors and upper limits are shown. 

The light curve for the new RRa variable star folded with the Oe490 period using the 

Supposing that GRS 1716-249 has the same total luminosity, adopting X-ray fluxes 
1.4 Crab units (20-100 keV), 0.24 Crab units (0.5-10 keV) and assuming X-ray 
spectrum N ( E )  - E-2.3 (Harmon et  al., 1993; Tanaka, 1993) we get the distance 
d w 4.6 kpc, and z m 0.6 kpc. Thus GRS 1716-249 belongs to the thick disk 
population. The precision of our two distance estimates is 20% but without the 
24% error of A0620-00 distance. 

The out-of-error discrepancy between our two estimates of the distance for GRS 
1716-249 is probably a result of different ratios of X-ray to optical luminosities 
LXILOPT for GRS 1716-249 and A0620-00: 

rl = (LX/LOPT)NOPH : (LX/LOPT)NMON 3.2 

One of the reasons for it may be the following. Because of the high hardness, 

Table 2. The mean light curve 

Mean Phase m(pg) N U Mean Phase m(pg) N U 

X l O O O  x 1000 

17 
71 
146 
153 
214 
261 
318 
398 
444 
476 

16.035 
16.363 
16.450 
16.850 
17.100 
16.920 
17.475 
17.500 
17.000 
17.120 

2 0.131 
4 0.145 
1 0.000 
2 0.175 
2 0.071 
5 0.125 
4 0.268 
1 o.Oo0 
1 o.oO0 
5 0.192 

537 
583 
634 
662 
731 
772 
811 
878 
921 
994 

17.467 
(17.450 
(1 7.500 
(17.467 
17.433 
17.243 
17.250 
17.133 
16.044 
15.875 

3 0.046 
4 0.103 
2 0.000 
3 0.056 
3 0.109 
7 0.124 
2 0.177 
3 0.260 

2 0.053 
5 0.087 
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the most part of the X-ray flux is scattered by the accretion disk and by the second 
component and is not absorbed. According to  Klein-Nishina formula, the proba- 
bility of scattering of hard X-ray photons falling under small angules on the outer 
parts of accretion disk increases with the photon energy. As a result, the efficiency 
of transformation of the X-ray emission into the optical range decreases. Therefore 
in the case of equal X-ray fluxes the maximum optical brightness of GRS 1716-249 
is lower than for A0620-00. The most part of the distance discrepancy may be ex- 
plained like that, and the distance estimation error is responsible for the remaining 
part. 

According to Della Valle (1993), GRS 1716-249 is identified with a 21m-21m5 
star in the Blue Palomar Sky Survey, and the amplitude of its outburst is AB = 4714. 
It is significantly lower than AB for V 616 Mon, which has B = 19” t 2 0 m 2  in 
its minimum and B = 11713 in maximum brightness (Eachus ei al. ,  1976). This 
brings us to the supposition that GRS 1716-249 was 10 i 20 times less powerful1 
( L  = (1 i 0.5) x erg/s). So for the distance 
we should have the value d = 1 + 1.5 kpc. But it is very probable that the 21” 
object is a neighborhood star and both the identification of Della Valle (1993) and 
d = l i 1 . 5  kpc are not true. For the earlier derived distance d = 4 . 6 f 2 . 0  kpc, the X- 
ray nova V 2293 Oph in its minimum state should have a magnitude B M 25” +26” 
and invisible on Palomar Charts. 

This research has been supported by the Ministry of Science of Russian Feder- 
ation through the Grant of the “Astronomy” program. 
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