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An Analysis of the Symbiotic Star Z And Line Profile

Seong-Jae Lee, Siek Hyung*, and Kangwhan Lee
Department of Earth Science Education, Chungbuk National University, Chungbuk 361-763, Korea

Abstract: The symbiotic nova Z Andromedae (And) was investigated, using the high dispersion spectra of spectral
resolution, A1~0.1A. The spectral observations were done with (1) the Hamilton Echelle Spectrograph (HES) and the
high resolution spectra (exposures=1800s and 3600s) were obtained at Lick Observatory in 2001 August 30" (phase
@=0.77), and 2002 August 12" (phase @=0.22), (2) with the Bohyunsan Echelle Spectrograph (BOES) at Bohyunsan
Optical Astronomy Observatory and the high resolution spectra (exposure=1200s) were secured in 2009 October 21*
(phase @=0.70). From both the HES and BOES spectral data in the 3600A-9500A wavelengths, we extracted the
emission lines of HI, Hel, and Hell, which have been decomposed into double or triple Gaussian components for 3
consecutive phases. The emission zones responsible for these components appear to be closely related with the orbital
motion of a white dwarf or a giant star. The presence of the Raman scattering He broad wing feature and the kinematic
characteristics of the line profile observed in each phase imply that the Z And emission lines are mostly from two
Lagrangian points, L, and L,, and the accretion disk around the white dwarf star. The Z And was most active in 2009
and 2001 during the outburst phase, while it remained quiescent in 2002 in spite of the complex line profiles.
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Table 1. Symbiotic star Z And observation log

Observation date (Julian date) Phase Exposure (s) Region (A) Seeing (")
2001/08/30 (2452151.603) 0.77 1800 3475-10700 1.5
2002/08/12 (2452498.924) 0.22 3600 3400-9930 0.7
2009/10/21 (2455125.592) 0.70 1200 3520-9230 22
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Fig. 2. BOES He spectrum, showing an absorption feature
at the center and broad wing at the bottom of the emission

line (observation date=2009, exposure=1200s). Flux units:
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Fig. 3. Overlap plot of three Har 6563A spectra taken in 2001, 2002, and 2009. (left): Observed. (right): Corrected for Earth’s
revolution and rotation. (1) medium intensity flux profile in 2001. (2) strongest intensity one in 2002. (3) weakest intensity one
in 2009. The arrow indicates where the notable difference occurs. Flux units: erg s cm™ A™.
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Fig. 4. HI 8750A spectral line profile shows double Gauss-
ian peak (observation date=2001, exposure=1800s). Flux
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Table 2. Radial velocity of shell using 3 elements in 2001 (©=0.77)

Year Jabs (A) lon FWHM (A)  Vrwim Vin Vinst Vi Vb AV Vi
434033 HI 121 83.56 30.55 6.58 77 77.12 38.56
4861.21 HI 141 86.92 30.55 6.58 77 80.74 40.37
8749.86 HI 1.77 60.72 30.55 6.58 77 51.48 25.74
10048.1 HI 225 67.05 30.55 6.58 77 58.82 2941
B 3352
RMS 6.11
5875.32 He I 1.52 77.79 1527 6.58 5 75.82 3791
6678.15 He I 1.12 50.40 1527 6.58 5 4732 23.66
2001 7064.59 He I 1.70 72.16 1527 6.58 5 70.04 35.02
7281.12 He I 1.70 70.17 1527 6.58 5 67.98 33.99
LEE 32.65
RMS 538
468519  Hell 234 149.82 1527 6.58 5 148.80 74.40
541143  HeTl 234 129.58 1527 6.58 5 128.42 64.20
101237  Hell 372 110.09 1527 6.58 5 108.71 5436
b 64.32
RMS 8.18
% Velocities are in km/s. RMS: Root mean square error. See the text.
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Table 3. Variation of Radial Velocity, Vi.4, of Hel lines at 3 phases

Year Aovs (A) Ion FWHM Vewim Vin Vinst Vis 2Vra Vrad
587532 Hel 152 77.79 1527 658 5 75.82 3791

2000 667815 Hel 112 5040 1527 658 5 4732 23.66
®=077 706459  Hel 1.70 72.16 1527 6.58 5 70.04 35.02
78112 Hel 1.70 70.17 1527 658 5 67.98 33.99

mean 32.65

RMS 5.38

438732 Hel 055 37.53 1527 658 5 33.8 1664

471292 Hel 093 57.45 1527 658 5 56.86 2843

492155 Hel 0.90 54.89 1527 6.58 5 52.07 2603

2002 501529 Hel 0.74 43.99 1527 658 5 4042 2021
?=022 504742 Hel 0.60 3581 1527 658 5 3132 1566
587548 Hel 146 7442 1527 658 5 7236 36.18

667801  Hel 190 4874 1527 658 5 4554 27

78157 Hel 122 50.39 1527 658 5 4730 23.65

mean 23.70

RMS 6.24

587585 Hel 1.90 96.83 1527 658 5 95.26 47.63

ool 667834 Hel 1.80 80.66 1527 658 5 78.76 3938
' 706433 Hel 203 86.35 1527 658 5 84.59 4230
mean 43.10

RMS 342

% Velocities are in km/s. RMS: root mean square error. See Table 2 and the text.
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Fig. 1. Z And model diagram showing relative positions of two components with respect to the observer in 2001, 2002, and
2009. Each arrow at the bottom center indicates the line of sight.
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Appendix: Fig. A. Lagrangian points and accretion disk around WD. Due to the left side giant star and right side WD star, 5
Lagrangian points will be formed. The outflow gas from the giant passes through L, point, which may form an accretion disk
around the WD. The gas around the accretion disk might have recirculating wake zone around two points L; and L,, from
which the HI and He I lines were formed. Although the Lagrangian points are fixed around the WD, the accretion disk and the
clockwise rotating gas must pass through the two Lagrangian points swiftly. The C; and C, components as in Fig. 5 and Fig. 6

line profiles might be originated from such L, and L, Lagragian points within the accretion disk boundary. The line of sight is at
the bottom as in Fig. 1.
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