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L of
AR HFATLY B E A A E O (Bohyunsan Optical Astronomical Observatory, BOAO)2] BOES
(Bohyunsan Optical Echelle Spectrograph)& o] &3}o] 2003'd 29 26-27Y o] 57t 44 BX
Andg RE BES FREUT o] AEFE FE A2 ~HEYLE F BAE AF 0.1 ~
0.39) o2t 7 At AL 2A ST @AFo] | FAR AAKEEE F317]
$]3te BF(Broadening Function)$} CCF(Cross-Correlation Function)& ©]£3t %jo] B 5%
Ag5 2tk CCFE ol 489S e T4 AMEE TS 2 vy, BFYA A9, $A47 04
g ANEE BRE A 24T 5 AUtk 2 AMSEFH o2 R FAZ w4 H A
A&EEE 247 Ky = 96.1km/s9t Ko = 196.6km/s 22 A%l o, o]& Bell et al.(1990)9] &
Fsie} 293t BX And9] A B3-S AFA 2A A
ABSTRACT

High resolution spectroscopic observations of BX And using the BOES (Bohyun-
san Optical Echelle Spectrograph) of Bohyunsan Optical Astronomical Observatory
(BOAO) were performed during 26-27, Feb. 2003. From the observations, we ob-
tained 38 line spectra of BX And which cover all phases except the phase interval
between 0.P1 and 0.P3. Both methods of the CCF (Cross-Correlation Function) and
BF (Broadening Function) were used to get the radial velocities of primary and sec-
ondary components. Both velocities of the primary and secondary stars were calcu-
lated with the BF method while only primary velocities were determined with the
CCF. Using new radial velocity curves, the maximum radial velocities of the primary
and secondary stars were obtained as K1 = 96.1km/s and K; = 196.6km/s, respec-
tively. New absolute dimension of BX And was deduced with the combination of our

spectroscopic solution with the photometric one of Bell et al. (1990).
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264 LEE et al.

1. M 8

BX And(ED 13078, my = 8.98)% Soloviev(1945)0] 2&lstod ¢F ez F=7} M3l A
< 48 A &, 20032 Harvard patrol AHA A S 43t Ashbrook(1951)¢) 2] 8}o} f—Lyrae® %
BAAZ Z8E AAZA Sol3tA Wst= FEFAA B0 F7W3 4 24T A E 2R
B A3t B2 A7AS] FH S wok AA otk 22 HEE T FxF4d 9 A& Svolopou-
los(1957)8) #H = FA &3 Aoz o8 Ad(Svolopoulos 1957, Chou 1959, Castelaz 1979,
Rovithis & Rovithis-Livaniou 1984, Samec, Fuller, & Kaitchuk 1989, Derman, Akalin, & Demircan
1989, Gulmen et al. 1988, Bell et al. 1990, Demircan, Akalin, & Derman 1993, Derman, Demircan,
& Akalin 1993, Jassur, Khalaj, & Kermani 2000)%] # 3 o]&o] Ao} £FFEL Bell et al.(1990,
o}t BRHHZ %§)el o] 3t 1987 d ol & &}l o] Foj Tt

BRHH®= 2.5m Isaac Newton YA} 3-& AM-3Ha} BX And®) 38 4H16.7A/mm) 2232
oA 15 AMSEE 787 Sstel, B34 HD36673(Sp.=Folb, m, = 2.6)2] 139 &
E¥5} BX AndB] 13-4 ~dEdS M2 I (Cross-Correlation) Al A CCF(Cross-Correlation
Function)& 953, 1 CCFE o|F 7192 Z2uldd 3 &3l optimization) A|H F4 3} Hh4 9]

NASEE T od Y58 B2YL 3 1BROE 1 47 BA gk

313, DDO(David Dunlop Observatory)2] S. M. Rucinski®} 12| £8 47252 1.8m B¢
Aoz HAENBAE AFHALE ARSI, 7€ ZAATTY Ui B35 2dEH A F
A3 Bgde) AL s, SR, me A 534 2L o8 AFE 93 BF(Broadening Function)&
&9 8] (de-convolution) 3} W& W& AHEsto, AZFGAL) NUEEE P53 d&5Hez
w37 QtHLu & Rucinski 1999, Rucinski & Lu 1999, Rucinski, Lu, & Mochnacki 2000, Lu,
Rucinski, & Ogloza 2001, Rucinski et al. 2001, Rucinski et al. 2002, Rucinski 2002, Rucinski et al.
2003, Pych et al. 2004). 15°f & 3td, YEFAIH Zo] Hol AAT olFER A3 HF o] T7
¥ 4%, OCF RUbe BFZ AIASEE 7ot 20 NUSES Foted) glo] U% 28 29 4
Stk #7433 qlck.

2 T 2AEYTYE R34 JEv(Bohyunsan Optical Astronomical Observatory, BOAQ)]
BOES(BOao Echelle Spectrograph) ¥%7] 7} 1.8m % 7 ofl S 25 o} 2002'd E7)| R E] TZof AF
£3 o ue}, 2ol E TEAH1.56A/mm) EF3E 0] 7534 5 ATH(Kim et al. 2002). ©] o] w}et,
BOESE ©|8% A HoR ARBY3Ue, AFHL AEHS AT “'°]¢-4 T&o] d23stA FHrh
o] =84 22l BOESE 353 BX And9) 134 !_“ﬂ.‘ goz By 7j£2] CCF2 Rucinski®
BFE A3, 2255 2489, foA 71ed 78 %%ﬁ ]E’.% g otz w27t &
oz A]ﬁeig_ o] 83l BX And9] 71E Zd) B

o
=
)
=

mi Qm Jl)l'

2. &5 9 xt2 Xzl

20039 2¢ 26-27¢ ©]E7F RHA A2 1.8m U 3 7} BOESE ©]-£3t9 BX Ande) £33
< YAt Lelg EFBEF 2 AMEEE ke Aol F FH )7 wiEel sty EH(flat)2
12 g1, gad-g2al —“—ﬂ—g— 107 35311, & vt wpolojA(bias) B4< 107 Y533ct
%o A3 BOES: 74 X ARE ol 8t AAY B EFLE HAY
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ov%r_srﬁan zero images T-H lamp Th-Arlamp obj, std, ...
; @ zero @ flat @ com @ gbj
hedit
[ combine | ‘ zero | | flat I
apace | | apfat e [ apobject_|
apflaten resp

> p//@ com H p//f@ obj |
\Ir ap//@ com ‘ L ap/f@ obj T
eciden
wipec |
dispcor
scopy
continuum

g
:

A B3E Y 5 €
Th-Ar V]34 94 hddA e 35 A Y5357 ghotx Ak Iy, Bladde] ¥
ol et AEE Asta] B& A F A #5 F8 F 23] AX v2 39 45 1034 533
t}. BOES+= 3709 2zt th& A PR3 glen, Jde] Al wheh 3472 3
A& 2% AL FH(Kim et al. 2002). FF5ZAL A4S T2 ste] 2] 300um A B E e
19 FARE AL #F0] AP =Fd € LY CCDR F4F ol AA 7 B89
FoleAe dRE AIstY, FEAEE 253 FAR ol AT BF3] o= {FA Ak

NAEE BEAHo 2 AR 3 AA+= HD222368(SP=F7V, my=4.13, RV=5.6km/s)o] ™, 33 o]
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Zotn wa4 TA ANG A MG AASE BEYS = EATL 022 4FSHAT,
BX And9) =2AHE 37 %717 F 146429 A€ Reisted & B Po] AojA = 4EY 24
g BAZ7)0) Batel o 1.15% A 60022 AR sto] 2M=PA o] § 4] npet AAA AL B
AL Ae $AsAT

[o
4]
2

it

#2722 Helolt IRAFE AH§3Hth codred 714§ ] §3te] vholol2 G434 EAG4
€ TEL, echelle HANAE ol §3te] 2248 2MEY JHLTHE 149 ANEFL IT HFY
3¢ 34k IRAFIA A2 A2le) 2 BAE BAe A48 A2 He) 2A9)e) o83 4% W4 E

< Zt7t 39 13 B 12 Asdnh
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21 AHSE AE MY FYge o5 47 A,

bk

4749% 2 29 43

FILES

ZEROCOMBINE

CCDPROC

FLATCOMBINE

ECHELLE

APTRACE

APFLATTEN

CCDPROC

BACKUP

APSCATTER

APALL

APSUM

ECIDENTIFY

ECREIDENTIFY

SETJD

REFSPEC
DISPCORR

SCOPY

CONTINUUM

SPLOT

e

AR § 448 BHEI) 3o nlojoja, A2 ZR, A2 5 P2E
Eo}.

combine = average, reject = crreject, scale = none, rdnoise = 4, gain =
0.5

overscan = yes, zerocor = yes, readaxi = line, biassec = [2100:2140,*)],
zero — zero, minrepl = -20, interac = no, functio = legendre, order = 7
combine = average, reject = avsigclip, scale = mode, rdnoise = 4, gain =
0.5

dispaxis = 2 =+ hedit .fits dispaxis 2 add+ upd+ ver- ¥t} AHEY
olu] 2] & ds9 T2 & t}3 9 hedit 52 ©]&3t9 Z o}v] A 2| header 7| =F
A s A, stepile ¢S ulEoh 2dEPHo]l 2B 29 2 dispaxis =
12 4431, adeg o] oz M)A 29 dispaxis = 22 A&}
b2 WY o2 heditE o] 43t9 dispaxis gt2 F7F3H)

intrerac = yes, find = yes, resize = yes, trace = yes, fittrac = yes, functio
= spline3, order = 2 fittingAl 77} sampling2 s s 2 3t} ¢ 3¢
aperture:= 2 8570 A% 2ghch

reference = flat, flatten = yes, fitspec = yes, pfit = fitld, rdnoise = 4,
gain =0.5, functio = spline3, order = 7, niterat = 1, low._rej = 1, high_rej
= 0, flat °]u} A& nflato g e} wetv | settingol A apertured] THR
P2L BF noR AHAEr) profile fitting typel fit2d& M =3t}

overscan = yes, zerocor = yes, readaxi = line, biassec = [2100:2140,*},
zero = zero, flat = nflat, minrepl = -20, interac = no, functio = legendre,
order = 7

zero ¢} flat¥ AHE F2ojujxE 2F pre/ eh= g &8 &7l X object T
ek

input = pes*, output = %pes%s%*, reference = flat, interac = yes, subtrac
= yes, smooth = yes, fitscat = yes, fitsmoo = yes, apscatl,2 functio =
spline3, order = 7

format = echelle, reference = flat, extract = yes, extras = yes, review =
yes, lower = -5, upper = 5, bfunct = chebyshev, b_order = 1, bsampl
= -10:-6,6:10, pfit = fitld, rdnoise = 4, gain = 0.5 imred ccdred echelle 2
Sol714 e AN e,

format = echelle, reference = flat, extract = yes, extras = no, pfit = fitld,
rdnoise = 4, gain = 0.5, apall9|A] extract = yes, extras = no, review =
yes 2 3o}

match = 0.001, maxfeat = 100, thresho = 500000, m 1 f j k 59 7|8
o] g3ttt

match = 0.001, maxfeat = 100, thresho = 500000, m 1 f j k §9 71&
eS8

date = date-obs, time = ut, exposur = exptime, ra = ra, dec = dec, epoch
= epoch, jd = jd, hjd = hjd, Ijd = 1jd, utdate = yes, uttime = yes

input = objlist, referen = compl,comp2, ignorea = yes, select = interp
dispcorE A& object o]u]x9] il sAo] WE calibration FHE
&8t

HAEPL ulA AHEYo 2 UE 4350 ~ 44404, 4520 ~ 46104, 5125 ~
5230A0] Zt7t # et 25, 29, 419 T A9 Wt Aok

function = spline3, order = 5, low.rej=2, high_rej=0, niter=10 2 3}
continuum &.3 3}¢grc}.

splot &2 plotting & 3@ s}4o)] o2 adu g2 & 5 Yok
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2% 2. CCF(Cross-Correlation Function)$t BF(Broadening Function)®] H|®. BX And9 $4°] U=
0.75 Z Ao 1S uf, 5% 144 2HEYZ /1AL CCFe} BFE #3112 o] 23E o] &3t 2709 7hea
Aoz HAF ok A42 Zzte] 4§ vEde, AAL 2749 7hes THeg HAHSE ek
CCF9 A(9% 18) 7192 FMo] 1712 A 3tE vid, BFY] (2288 ag)ddle 47 ddez A%
2709 7teA o HAZED Yok

A7l =& WolFe A& Wojok Tt of Holgte] FHS AMA de ARH 3
& B A#EH(f(k))F BX Ande) AHE-(g(k))E N2

(cross-correlation) A|#A T4 (CCF)E T3l Aoz, F 2HEH Ale]g Li}%"'_‘;}

iy

= c(z)e o
o(z) = / F(k)g(k — z)dk )

9} Zro| d=r}(Hilditch 2001). A7IA k2t z+= 42k = loghe) log(l + v/c)o &, z42} sh3a}
&Y o5 FE UYetlin, v} e A7 B AALE 9 B4 5 o]t (McLean 1981). CCF c(z)+&
cE A5FA o R UAAA A&, & AAAA 7hh B H, gk —2z)7F f(k)9F A== zgko] B o,
< 7Hd Aojch AAZ o(x) T F oA HAdighs Beln, o] F AP &3
AT DA APEEE Eo
SEle AR BHE )83t AMESEE @7] 915t BOESRE @2 2#HEY AE FolA
T7 200 Gt BES AR o] FHo] AFEHL 4520~4610A0] AA glon, ek
Fis £ AdEEE & 1.46km/s F T olth CCFE 271 $13t4 IDL 7] A o A
AFE e ccorrelate FFF o] B F YT ccorrelate T4+ 3740 WS e} 1749 AFE
Fe F+2H, 47 1349 24913 T 400 ~ +40071X 9] M & 71A A E YH 3o o)
HE] Ao T AFEZ AAZS el £ Aoz 73 BX And® CCFY 8 o7} 28 29
4% agolrt o] 2o B CCFollA 49 Al Sxof s F3te & 7o AP vte] £33,
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29 3. ANSE E240) e 2 B3 Ad =948l CCF} BF Wi,

HA o gt AAS 271 e ook fEle 2 H4A COFE o5 723 ald A3}
AlA, AR s|Fele 428 AAEER Aot HFHog 2 AU SEE F 29 237 63
o +&3t5ict.

O3 32 9F O3 BE 4o 2 CCFE B Zojth IfdA Az&e #AEANLSE
Aoz ATt YyeEld A2 2N Kreiner, Kim, & Nha(2001)8] 3= 24(Min I = JD Hel
2448237.4893 + 0.61011419E)E ol &3taf W3 A7) Zo|th 72 %2 «3& WAEA A 4-& CCFE
ou3d, 2 t-& £ 2 W3 etk 2HANA 94 0014 10 A ARJITZM Hello e
A Yehe &3o] A AT AME T oy, of &Fof tiste Ao B v|dA Hol= &2
of WA ofl o gt A ML EojtH (1Y 3 AF 2o BAIY WA 7L A HolA g+ WY,
Fo =g 2 EE 7o RAIE M9 2F2 B3] 75Tl #93eh). COF ¥ 2= BRHH
£ BX And9] A3 B AAEEE BRE G2 9, fe]o AZA g AMEEE AE
A 28 o]t )7t B2 A3 A AL 1.8m FLE AT CCD F94lA % 1.56A/mme] £
A5 7HAE TEA £37]8 AL8-3 v BREHHE 2.5mo] 4445 % 16.7A/mm9] &4 £
2718 AHEgoz N, 2ejo FFHET E S/N HE Y537 WiEQd 2Aer Btk

3, Fucinski(1999)+ ZAd#o 2 73 CCFol: £ 9 AldEs FE £ ol
el A4d 2 ZHEF S AT AZ57F AEIL 2EH Q7] WE W UMad #4474 2
o] Mg AA-g 3t HAAAY AXEEE Tie PHLEE 5% 2HEHS A EE(de-
convolution) 3t} BFE 731 ©]& ol&3to] AMEEE 73d A8 €Y + Atk AA S
1, Eo]gk B8)(SVD; Singular Value Decomposition) W2 o] &3l BFE 3= W EA
€ DDO(David Dunlop Observatory) oA #& 3 S84 FZA8 & ol &8t AA3] 4T v A
t}(http://www.astro.utoronto.ca/~rucinski/SVDcookbook.html #2). #3880 F & uf, BF= F
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2HEYE A ZA4TF XA 78 CCFYe 2o, 3 2HEYOZRHE MNHEEE ¥R
Blo] £, AAET 57 Zo] BE2H 2HEHS HYPAF|E= BE FJRE FHRHAA A ol
o} upebA, ZAFEPY o2 3 CCFol vldte] 20 AE3 Al2de] ARE g3 o)

TS o839 BFE €+ A2 AZAA KT EFH S 713 €AY F 394
o 2] 8 (sharp) 28 E & (TF) o] BF(B)%} % (convolution)5] o] H&4e] 28y (P)S 94 9t
£ /1A e2RE AFHE &, 2 A=

DesB=P (2)

o2 Jerd 4 glon, JANEL 23273 4314 4 (over-determined linear equation)2 ¢} &
th 7|4, B & Sogs Ao, uad bﬂ%(demgn matrix) Des& EZA49) o2 g 2HE
H(D)e £3 P¥e vt AW o FAA WE £ Yo,

Des=0W VT ®3)

9} o] 370e) B Foz HAY 4 Ut 7|4, U} Vi column ortho-normal 3 @ o), W&
iz ggolck. 4(2)ol 4 BF(B):
B=vWU'P (4)

o8 78 4 gtk

£ 2]+ RucinskiZ7} BFE 7317 93l A8 wWH-& BOES &% 250 24 2z W4
3t} 7k 914 b2 BFE IDLY svdec ¥49 svsol7} o]-§3t] Fatgich 384 29 E
|3l BFE 78 A%+, RucinskiZ} A H A K], BE 59| g(Singular Value) & A&t %
3 BA7L ey 1R 2HERG ALY F Lo 2HERY §/N7F S H3}A 4 7HEA =
E Folghd AHgdte il 5ol S/Nuj7t 32 o 749 Feolgtuhg o881, o|¥ BF
E 2337 93 A8 5ol A2 15070 ojth. FH o2 73 BX Ande] BF &9 & o7}
a9 28 28F 2otk o aYelA BXol, BF F5olA 243 149 AdSse HPate
T A e FEE Aok 3¥ 2 AGTYES FARMYP o= 44 73 CCFS} BF
o] polg A3 erf i Jlrh

CCFol A ¢} 27t 2 7k Aol A 23 BFE o|F 7FeaF Mo A3 syt AL&3 7}
o~ 2Ao) T2} (profile) L FAL ALl ¥ 1.2, % L2 3, g Beole
247+ 0.3, 6022 DAA 7 FEiM m2de A& AA T oEHE WA A Jho] 2 A3 &
Aok HEHA oz T BFE 1% 32 2LEZE 270 el ot 23 394 x2 el HEo] 7
Zte] AAZTE olF 7hea F4 A A3} A7 AL b 22 ude A 7 gtelth
BFE H A3 ANA 78 AT A4 AXNESEE & 29 3~43 7T 7~8F o] $284T)
32 MM 2M BY

Hilditch(2001) el & 3t9, B2 AL E (V)

Vi2 K 2[cos(0 + w) + ecosw] + vy (5)
27a1,2 5int

K, = ——raz2sms
1,2 P(1—e?)1/2 (6)
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£ 2. CCF$} BFZ 3 BX And9 A4S E,

HJD CCF BF HJD CCF BF
(24529564-) Kj(km/s) Ki(km/s) Ka(km/s) (2452956+) K;(km/s) K;(km/s) Ka(km/s)
0.9245 -113.4 -121.6 96.6 1.1785 57.0 48.2 -234.3
0.9371 -101.9 -114.4 92.0 1.1881 56.9 47.5 -227.4
0.9584 -85.8 -98.6 82.8 1.1978 53.0 45.0 -221.9
0.9685 -81.4 -91.0 63.0 1.2076 51.4 42.9 -228.2
0.9782 -69.1 -84.2 46.8 1.2175 44.7 34.8 -232.4
0.9881 -61.4 -70.8 26.3 1.2271 42.3 34.9 -224.0
1.0084 -44.5 -42.7 -7.1 1.2371 36.9 30.2 -217.5
1.0183 -34.2 -38.8 -41.7 1.2469 31.9 22.8 -228.9
1.0280 -24.3 -29.8 -40.5 1.2568 24.5 17.9 -227.7
1.0378 -18.8 -24.9 -31.6 1.2667 19.1 15.5 -211.1
1.0543 -2.8 -6.4 -99.2 1.9052 6.6 3.0 -138.2
1.0641 4.4 -3.3 -123.7 1.9269 -38.5 -45.4 -48.8
1.1075 37.3 34.0 -210.0 1.9369 -50.8 -50.5 -44.8
1.1179 45.0 33.6 -232.4 1.9476 -76.2 -54.9 -44.8
1.1279 49.4 41.2 -224.2 1.9677 -94.8 -72.0 -33.6
1.1376 54.0 42.8 -226.6 1.9776 -99.5 -94.8 -2.9
1.1474 60.0 48.6 -225.4 1.9882 -102.2 -108.2 37.9
1.1571 57.7 48.7 -237.3 1.9981 -105.5 -115.6 98.7
1.1686 56.3 45.1 -227.0 2.0078 -111.6 -118.8 101.9

*CCF9 7%, 349 ANdEEx &F0] Fn|gte] o]F 7t¢x 34 JHH5} o] 7oA gArt.

o2 #ATTH A7NA bw,e, 2B v JA2H o, IATH o7, oj4 &, 28] AFFAH &%
E JEtlo], K= AASEY A Eg Jepdth A3 1.2 4L, 2= WY& o vt} BRHH
£ BX Andd] F=34 E4L $319 BX Andd] AEE 922 71AHACt 713 29 Jassur,
Khalaj, & Kermani(2000)8] FE=FH A% BX And: 4AEE Ad SHM4He) EAL HolT
A0}, £ % BX And9] o4& 022 7A st wabA, A(5)9 (6)

Viz = Kiplcos(8)]+ 7 (7
Ki, = 271'a1; sini )
o2 42 AnaA Bk 474, 6=
2w
0=—5t-To) (9)

©2 REEC o] Aol At} T,& 22 B2 A 23 71482 Yehdch & 200 AAE 229 o
2 AV BX Ande] AHSES B2 H2ASHLE (7) ~ (9)0) B2l AN E (T, P, v, K12)E
7zt 735ith 1 AB%E E 30 FERYE F 3014 B0l CCF #AA 9 49 N4EE
s BF whol o8 gtETt 42 34 e don ol axa@ Moz CCFe 78 o 27
9 ~2HER e A FAY WY AHEE B L oht AHESR, EBH, €8 AHFVF 5
AR AES HS 37 AR/ HELE AA

39 AAEE HE o] 83t BX Ande) NS EIFHE 27 40 ehigich Zzke) ge
2 7% 438 asty] fiste] BFY £A0IN 238 AHSE9} COF #4202 A& A4
Ze 1, BRHH7} CCF #A o2 AR AMEEE 19 49 EF Jehuiglth. 23 49 A BF

3

A T
Y

4
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3 AMSER YH 45 A58 ¥ 3

Parameter Bell et al.(1990) ©°] =¥(BF) °| =¥(CCF)
K1(km/s) 1055 £1.9 96.1 £4.4 994 £1.8
Ka(km/s) 212.3 +£4.0 196.6 +4.1
~(km/s) —45.1 £2.7 —44.8 £4.0  -39.4 +1.2
a(ma/m1) 0.497 £0.013  0.489 £0.012

a1 sini(Rg) 1.272 £0.022  1.158 +0.053

azsini (Rg) 2.559 £0.048  2.370 0.049

asini (Rg) 3.831 £0.053 3.528 +0.072

mysin®i (Mg) 1.358 +0.045 1.065 £0.066
masin® i (Mg) 0.675 £0.022 0.520 £0.038

M} (Mg) 1.52 £0.05 1.19 £0.08
M (Mg) 0.75 +0.03 0.58 £0.09
R! (Rg) 1.78 £0.03 1.64 +£0.03
R} (Ro) 1.30 +0.03 1.19 £0.04

*Bell et al.(1990)1 A AH83+ i = 74.55 + 0.50, r; = 0.448 £ 0.005,
re =0.326 £ 0.005 A&

49, ML 99 902 Yeh), o249 24S AHOR ¥

249 AASEEL 99 Ao AT o2 AU E

E 49 ot BEo AF A9 o] B A Aol(FAHE B

E 33 2 40l REo] o] 7oA CCFe BFE RAste 2% A9 AMEE K& 7}
7} 99.4(+1.8)km/s9} 96.1(+4.4)km/s 2 2 F ko] 2ol 3.3(+4.8)km/selth. CCF £4 22 73t
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