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H� OBSERVATIONS OF THE GALACTIC MICROQUASAR LSI+61Æ303ZAMANOV, R.K.; STOYANOV, K.A.; TOMOV, N.A.Institute of Astronomy, Bulgarian A
ademy of S
ien
es, Tsarigradsko shosse Blvd. 72, 1784 So�a, Bulgariae-mail: rkz�astro.bas.bg; kstoyanov�astro.bas.bg
LSI+61Æ303 (V615 Cas, GT0236+610) is a Be/X-ray binary star at a distan
e of2.3 kp
 (Steele et al., 1998) and with radio outbursts every 26.496 d (Gregory, 2002,and referen
es therein) whi
h is assumed to be the orbital period. The variable radio
ounterpart of the system was resolved at milliar
se
ond s
ales as a rapidly pro
essingrelativisti
 
ompa
t jet (Massi et al., 2004), so LSI+61Æ303 joined the group of Gala
ti
mi
roquasars. It is also a variable 
-ray sour
e (Albert et al., 2006). The 
ompa
t obje
tis probably a bla
k hole orbiting around a Be star in a highly e

entri
 orbit (Casareset al., 2005). Spe
tral observations show that the H� emission is variable on time s
alesdays-years (see Grundstrom et al., 2007, and referen
es therein). Here we present theresults of our H� spe
tros
opy during the period January 2000{April 2007.We have se
ured 53 spe
tra with the Coud�e spe
trograph of the 2-m RCC teles
opeat the Bulgarian National Astronomi
al Observatory Rozhen and Photometri
s AT200CCD. The wavelength 
overage is from 6500 �A to about 6700 �A at resolution 0.2 �A/pixel.For ea
h spe
trum, we have measured the equivalent width (EW) of the H� emission lineand the separation between the blue and red humps (�V ). The measured quantities aregiven in Table 1. The typi
al error of our measurements is �10% in EW, and �10 km s�1in �V .In Fig. 1 (left panel) we show a few examples of the H� line. From up to down areplotted our spe
tra 20000127, 20000820, and 20000623. In all our spe
tra the H� line isin emission with two peaks and EW(H�) is always > 8 �A. We have not observed a thirdpeak in the emission, as visible in the September 2001 observations of Liu & Yan (2005),nor very weak emission in H� as dete
ted by Grundstrom et al. (2007) at JD2451468.In Fig. 1 (right panels) we plot the long-term variability of EW(H�) and �V . Wealso use data from Paredes et al. (1991), Zamanov et al. (1999, 2001), Liu & Yan (2005),and Grundstrom et al. (2007). EW(H�) a
hieved values � 18 �A during the two promi-nent maxima at JD2448800 and at JD2450000. It seems that there are three minima ofEW(H�) at about JD2449200, JD2451200, and JD2453270, when EW(H�) was � 7 �A.During the last 2000 days, there is not a prominent maximum. After JD2451000, theEW(H�) is always < 14 �A. We see a 
lear minimum in �V at JD2451900, when �Vdropped to �V � 280 km s�1, values similar to those observed during the maximum ofEW(H�) at JD2450000.The distan
e between the blue and red peak (�V ) is 
onne
ted with the outer size ofthe H� emitting disk: �V=(2v sin i) = (Rout=R�)�1=2 for a Keplerian disk (Huang, 1972).
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Adopting for a typi
al B0 star radius R� = 10 R�, and v sin i = 360 km s�1 (Hut
hings& Crampton, 1981), we obtain that Rout varies from 3.7 R� (37 R�) to 7.7 R� (77 R�).These values are in the range 1.2{100 R� as derived by Hanus
hik et al. (1988) in otherBe stars.It deserves noting that the sudden drop on 1 week s
ale of the EW(H�) observed byGrundstrom et al. (2007) at JD2451468 is not a

ompanied with dramati
 
hanges in�V , indi
ating that the disk size does not 
hange on su
h time s
ale.Using the PDM method (Stellingwerf, 1978), we did not dete
t a 
lear periodi
ity inH� line parameters in the interval 200{3000 days. However, when we plot the data foldedwith the radio period P = 1667 days (Gregory, 2002) we see that the modulation is 
learlyvisible (Fig. 2). All of the data (and the subsets of data when EW < 12 �A and EW � 12 �A)show signs of the 1667 day modulation in EW(H�) and �V . The maximum of EW(H�)and the minimum of �V are at phase 0:25 � 0:10. At the minimum �V � 260 km s�1,and at phase 0.75 it a
hieves � 370 km s�1.Table 1. Parameters of the H� line in the spe
trum of LSI+61Æ303date JD EW(H�) �V date JD EW(H�) �Vyyyymmdd 2400000+ [�A℄ [km s�1℄ yyyymmdd 2400000+ [�A℄ [km s�1℄20000127 51571.29 13.1 351 20010206 51947.40 8.8 30720000621 51717.48 8.6 325 20010207 51948.29 9.7 30720000621 51717.51 8.3 338 20010208 51949.29 10.3 29920000621 51717.52 10.0 313 20010317 51986.23 9.7 28120000623 51718.50 7.8 325 20010317 51986.24 10.2 29420000623 51718.51 8.8 401 20010407 52007.24 10.5 31920000623 51718.52 9.6 338 20010709 52100.57 11.8 34520000623 51719.48 8.1 313 20010727 52118.53 10.8 25620000623 51719.50 8.5 363 20010903 52156.44 13.4 33220000623 51719.51 9.5 338 20010904 52157.36 12.4 33220000817 51774.38 9.4 313 20011003 52186.55 12.0 33120000817 51774.39 9.0 300 20020123 52298.34 9.2 28020000818 51775.39 9.4 275 20020622 52448.54 8.6 33220000818 51775.40 9.5 288 20020624 52450.55 9.7 35720000819 51776.39 10.4 325 20021020 52568.46 11.0 33220000820 51777.39 10.3 325 20021112 52591.45 10.3 30620000820 51777.40 12.3 300 20030717 52838.58 9.3 39020000821 51778.35 9.8 300 20030718 52838.58 11.8 36220000821 51778.36 10.2 325 20031205 52979.46 11.4 31220000822 51779.35 10.3 338 20031208 52982.39 12.4 34920000822 51779.36 11.0 338 20031208 52982.40 12.8 37520000917 51805.50 10.1 338 20041001 53280.50 10.6 30020000917 51805.52 10.5 351 20060116 53752.40 12.4 36120001205 51884.43 11.4 332 20061202 54072.46 10.0 30020001206 51885.48 11.8 299 20070401 54192.25 10.6 33720001208 51887.43 10.2 281 20070402 54493.24 9.5 34020010204 51945.32 12.0 332

Possible origins of 4.5 year modulation are:� (1) pre
essing relativisti
 jet (Gregory et al., 1989);� (2) quasi-
y
li
 Be star envelope variations (Gregory et al., 1989);� (3) pre
ession of the Be star (Lipunov & Nazin, 1994);� (4) outward-moving density enhan
ement in the equatorial disk (Gregory & Neish,2002);� (5) variability of the Be star mass loss;
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Figure 1. Pro�les of the H� emission line in the spe
trum of LSI+61Æ303 (left panel). Long-termvariability of the EW(H�) and �V (right panels). Squares indi
ate the previous data, and 
rossesindi
ate our new observations

Figure 2. Variability of the EW(H�) and �V folded with period P = 1667 days. Filled squaresindi
ate EW(H�) � 12 �A, open squares indi
ate EW(H�) < 12 �A
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� (6) variability of the size of the 
ir
umstellar disk.The 
ir
umstellar disks in Be/X-ray binaries are trun
ated by the gravitational in
u-en
e of the 
ompa
t obje
t (Okazaki & Negueruela, 2001). Very likely in LSI+61Æ303a pre
ession of the Be star leads to variations of the trun
ation radius, whi
h 
ombinedwith variable mass-loss rate of the Be star, 
reates the 4.5 year modulation in H� andradio emission.To 
on
lude, the main results of our spe
tral observations of the Be/X-ray binary andgala
ti
 mi
roquasar LSI+61Æ303 are:� (i) In our observations the equivalent width of the H� emission line varied from 8 �Ato 14 �A.� (ii) The separation of the H� peaks varied from 250 to 400 km s�1.� (iii) The signs of 1667 day modulation are visible in the H� parameters, even duringthe time of lower EW(H�).
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