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Spectral line Variations of the Symbiotic Variable CH Cygni
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Absirgck A weries ol high mesolution spevira of CTT Cyeni obtained ot the Bohyunsan Orical Asmonomy Obwervaton:
(BOAOY in April 2004 has been analyed. 'The emission sompanems of the € 1] 6300 A lines are de~omalimax] ad Firies]
with Goavssban funetions in onder w investipme the dsmeteristics and the strocmre of CH Cheni svsom alonp with the
analysis for Hee andd O T lines A posianmt poomictrival strueme of the components of CH Cyni system is suppestad.
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Introduction

CH Crvgnl is one of the well studied svmbiotic
sariables. Over the decades it has been in the svm-
biotic phenomena. During [977-1985 1962-1995 and
[o8-2000 @ was v owtburst  phases  which
sirenpthen the blue continuum with emission Lites
of [Fe 1] and doublepeaked Heo profiles (Yamash-
ita and Machara. 197% Hack and Sebvelli 1982
Wallerstain. 1983 Yoo and  VYamashita.  1991:
Mikolgjewski ¢t al. 1998 Theda and Tamura. 2004y
L also showed peculiar phenometn outside  optical
wavelengths i the outburst phases. In the end of
[G77-1985 outburst phase a radio outbuarst and bi-
polar tlows vwere obsengd (Tavlor ¢ al.. 1936L The
sofl Xeray emission was also detecked tor about a
vear atler the obsenation of bi-polar jes (Solf
587

Yamashita and Machara (1979) propesed a bivary
madel and found thal the orbiial periet of CH
Cygni is 57530 days. On the otber hand CH Chgni
was suppested 10 be o wiple svswem and the thind
body revelues amound the ouer orbit of the bibany
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with the orbital peried of 5257 davs (Hinkle ¢ al.
1905y Nevertheless CH Crvpni shows more like a
binar balre b recent years. The celipsing proper-
tics in the U and B light einvgs were tound in CH
Cvpnil (Shopal ¢t al. 19960 These phenomena were
contimmed with the variation of the profiles of HB
emission (Iijima. 1998y, The causes of the various
kinds of these observed tacts mav be atributed 10
the instabilitics of an accretion disk (Sokeloski and
Kenvon, 20053 b).

In this paper a sudv oh @ high resolutioh opti-
cal specira of CH Cugnil in April 2004 observed al
the BOAQ is presented. On 2004 Apeil & CH
Cvgni was ettering a otbital phase of 0275
according 1o the period and  the  gpoch  of
JD2440025 (periasinony proposed by Yamashita and
Maehara (1979

In the secobd section. obsenvations and data
reduction are explained. Deseriplion of the He [Qr
[]and [O U] ling profiles and Gaussian Titing w
the [O 1] line are given in the thind and the founh
sections. Diseussion and conclusion ane given i the
lasl. section,

Observations and Data Reduction

The observations weme carriod oul over  theee



Table 1. List of obscrved spectra of CH Cyeni
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spec e e (U7) 0 m) o time () dspersion por el savslnath runge (A)
w0 Apr 92005 2653105217 00240083 406600,
79 g 9 2004 24531052 00250033 506600
7m0 Apei 9 2004 2453105346 0024008 6600
ey Apit 11 2004 253107260 00240033 U600
i3 April 11 2004 2453107298 0020033 5406600

aights from Apiil 9 2004 to April 11 2004 using

high resolution echelle spectrograph BOES (BOAO GH Cygni Ha

Echelle Specmogriaph) mounted on the 1§ m reflcc- we07592

tor at the BOAO. A rectangle amay of 2048%4096

pixels cumera was wsed with pivel size being s o759

15 um. We obtained five spoctra of CH Cygni over 3

o nghs duing this obseving period The  § © esorse

observed wavelength regions covered the range of &

43406600 A. The diameter of the used optical 4 #s07933

fiber vas 200 . which transmils a bearn of light i

from the fouus of the telescope to the main colima- 2 w0793

tor. ‘The output dispersions range fiom 156 0 2,14 e

A mo”, Dewils of the available files are given in
“Table 1.

All the spectra were reduced with IRAF practic-
ing usual process of bias-subeacting. flat-Telding.
scarered light-subtracting and_ spectra-extractng. We
it the relation between pixel posifions and wave-
with dth-onder polynomials, The reduced
spectra around e region of CH Cygni are shown
in Fig. 1. The spectra are given in the normalized
ntensiy scale.

fengths

Behavior of Line Profiles

Adopting the binary model schemed by Yamash-
ita and Maebara (1979), CH cyani consists of an M
HE gient (Tr=2800K, R~300R. d=2i0pc, Jur-
daneSepic ¢t al.. 2004 jima, 1998) and @ nommal
white dwarf star. Then CH Cyu
spectel behavior, 1t is well known that the charse-
teristics in M type spectra almost disappeared s the
blue continuum becomes stronger in eruption phase.
Alhough we have no opportunity of cbserving the
blue continuum since the 2000 optical flux dectines,
in April 2004 the variaions in Baimer lines were

shows compasie
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Fig. 1. Tligh resohtion 1o proflss taken on 9 end 11
Apel, 2004, The Hoc hase conspicuously changed (o his
pericd since e end of he exuption in 1995-2000.

560 5%

shown quite differently compured with those in the
past emuption times of CH Cygni (Hack and Selv-
elii, 1982; Hack et al. 1988). The spectra secured
in April 2004 inciuded only & part of present infor-
mation about CH Cygni which has not a blue con-
tinum veiled aver the photographic infiared region
and blue continuun Fies.

Compering with the spectra at quicscent phases
(Komik-Kanza and Jurdana-Sepic 1998). the inten-
sity of the biue component of the Hor is befieved 1o
be going 1o be wesker than that of red component,
“The double pesked emission profiles in the Ha fine
were, moreaver. believed o have been remarkubly
weekened in this siage, which might have been con-
dnuously changed over last three years since it
steted fuding out in 2000,

As seen in the spectum i June 1986 (Bode et
al, 1991} it seems that at present CH Cygni puts
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Fig. 2. The {0 11 4959 taken en 11 Aprl, 2004,

the intensity ratio of blue 1o red component in the
Ho i reverse with mespect 1o that in the end of
eruption phase. From judging the Hlo Tine profile
after the 19982000 eruprion stage (in the phase of
awomnd 08810042, CH Cygni seems 1o be cur
rently in a beginning oubust stege. We guess that
the cause of temporal variations in the et profiles
wight be due to the muss transferred o the cir-
cumference space from the system by the jets and
shock waves. The H alpha ine strengths have been
conspicuously changed 1o this level compared with
those in the ead of the eruption in 1998-2000.

10 1] fines were appeared in the end but not in
the beginning of the ouburst epoch (Hack et el
1988). In Apil 2004 the enhanced [O I} fines
were observed end the [0 111] 4959 A is displayed
in Fig. 2.

However [0 1] 6300 A line bes been alvays
detected on the spectra of CH Cygni but Ted two
emission components in the end of the outbusst
epoch (Hack et al. 1988). In April 2004, the three
1o seversl emission componems of {0 1} 6300 A
fine were also observed and given in Fig. 3. But
de-conveluting the [0 1] fine to muli-Gaussian
functions, the 0 1] line has more emission compo-
nents than expected.

200 e s
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Fig. 3. The [0 1] tine profile taken on 11 April, 2004,

Gaussian Fifting to the [O 1] Line

‘Through the whole phase of CH Cgni. the ter-
poral variations of the other fines. such as e, Fe
1l and [Fe 1] fines, were remurkable, These varia-
tons might also b rclated 1o both the acerction
disk and the jen which ore associd with the
instbilities of the aceretion disk. Then to find how
the [0 1] fine profile s affected. we ty o fit the
10 1] 6300 A line to the mult-Gaussian furc
In the process of de-convolution of the {0 1] fine,
the determination of the local continuum s very
troublesome work. Throughout the tedious de-convo-
lution procedure we separated the observed line pro-
fle of the [0 1) line into several components.

It is known that the reletionship berween the
FWHM and the standard deviation of the Gaussian
function is

s,

WM =2355% 0

where & is @ standard deviation of Gaussian func-
sion (tkeds and Tamura 2004). An example of result
of Gaussian de-comvolution for the 0 1] tine is dis-
played in Fig 4. The [0 I} fine profile has the
nine emission companents, indicating the interection
berween outflows from the hot ésarf star and mer-
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Fig. 4. An esample of Gaussian de<onsoluten of the [0 1)
i Tizeh munber eprescaes Gassian componsal

steflar wedia around it. and also meaning the Kelper
motion of the accretion disk. The measured FWHM
values are listed in the “lable 2.

Discussion and Conclusion

The differences of the observed radiel velocities
of emission components of the [0 1] 6300 A line
fiom the measured ones of the Gaussian emission
components for the other lines were not so remark-
ably detected. One possibility or the cause of the
varigtions of the [0 1] line in time would be asso-
ciated with inswbiliies of &n sceretion disk sround
the white dwarf sur s mentioned above (Yoo wxd
Yamashita, 1991). ‘The instabiliies ocourred in the
inner boundary of the disk lead a high velocity
stream along with magnetic fields perpendicular o
the disk 1o move out in the circumference space
faster than the maters themselves revolving around
the white dwarf star (Taylor ot al. 1986). The fact
suggests that the jets or ouflows are coming out
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due to metters in the inner boundary of the disk
(Solf, 1987). Then the maters are no longer con
centuated in the fner region of the disk and some
of them are colfimatedly spreed around the hot ster
and in the case of being collimated fhey ere moved
out as the jets (Sokoloski and Kenyon, 1923a).

This jet event followed by the optical light drop
seemed 10 be connected with the optical activity
(Karovska et al. 1998 Sokoloski and Kenson
2003a). Over the long term, the eruption phenom-
ena seem o have an imponant sole in the evolu-
tion of orbiting materials around the hot star. The
temporal changes of line profiles happened during
the eruption showed that each of ejection mater
was more clongated then had been detccted by
Sokoloski and Kenyon (I523a). The gases which
move out along a narow band are thermal sources
for the ot line (Sokoloski and Kenyor, 2003) and
iluminating  themselves, and emit the  radiation
which causes the He lings 10 form & complex emis-
sion profie, This is also the reason why we fi the
10 1] fine to Gaussian functions.

The most inner region very close to the white
dwarf star causes extraondinary convestion and vis-
cosity 10 drive the instebiltes of the system. How-
ever currently CH Cygni is not in that situation.

Actording to Mukkola and “Tanikawa (1998), the
velogity of the center of mass of CH Cygni has a
value of sbout ~60 knvsec. The (O 1) 6300 A line
s always originated at @ distance from the acere-
tion disk in the process of mass flowing out the hot
sar, From these facts, the [0 1] Tine profile is
teflected by the orbital motions of the [0 1] gases
in the system.

Besed on the above supgestion we propase the
‘geometrical stcture of CH Cygoi in April 2004 a5
follows.

Table 2. FWIM (A) of & (kmiscc) of Gaussion filing of [0 1] 6300 A

Companent 1 2 3 4 s 3 7 s o
WML 047 018 615 [ 015 623 057 3 [rs
vy 064 913 06 £ 3 26 519 22 a3

The compencnis sepreseed by nuniber ane in the order of wanclength
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The emission eompobents of [O 1] line profile
seem 10 be in different positions i view of he de-
cotmvoluted  Gaussian components. The maih emis-
sioh  ¢ompobents might resull fhom the  extendixd
ssmmelric repion al a distanes thom the acenetion
disk amound the white dwart and from maby lage
palches fommed by the jets and the shocks. Taking
it acounl the gentral velocin: of the svsiem and
the [O I libe profile. the olher Mo ¢MisSon oim-
pobents (-2 69 in the Fig, 43 of the [O 1] line
profile  are  origitawd by ogases  veny slowly
apprcaching W and receding fhom the main ¢mis-
sioh component, And all the emission and absop-
tion eomponents of the other lines for example
cmissioh peaks of the He lines are also cobsidend
due 1o 1he orbilal motions amoud the hot stan

The near fulire spectoscopic and mdio obsena-
tions are teeded 1o better understand the characicris-
tics and the geometn of CH Cipnl ¢ven i the
quigseenl s1ape,
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