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An Analysis of the H Emission Line Profiles of the Symbiotic Star AG Peg

Kanghwan Lee, Seong-Jae Lee, and Siek Hyung*
Department of Earth Science Education, Chungbuk National University, Cheongju 28644, Korea

Abstract: The symbiotic star AG Peg is a nebulous binary system that consists of giant star (GS) and white dwarf (WD).
We investigated the HI Balmer emission lines of the symbiotic nova AG Peg, observed in 1998, 2001, and 2002 at Lick
Observatory. The Ha and Hp line profiles consist of blue-shifted, red-shifted, and broad components of which intensities
and width showed notable changes. The HI emission line profiles that represent the kinematics of the gaseous nebula
appear to be mainly from an accretion disk in relatively large radius from the WD. Considering the line of an observer’s
sight, both GS and WD are located at the sky plane side by side during the 1998 observation, while the WD is in front
of GS during 2002 but the WD in rear during 2001. Such a relative position and the spectral line intensity variation
imply that a fairly constant outflow occurs into WD from GS which caused to maintain the rotating thick accretion disk
structure responsible for the observed spectral lines.
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Dwarf, WD, 0.6-0.7Me)2} 2718 274 (Giant
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A 9}k, o] HA|= Fleming (1907)° <J8) 7t HI
WEAo] 302 F=Fo] Be star2 Y H &
Merrill (1916, 1929, 1932, 1942)0] oJ&f F4 <&
9] Ho%*Ur Hed} Ca 11 22 B2 Salo] A

3, TIO & Wi=s o] &2 ol2sid W&EMo| A
ZH AT} o] F 1980d2] F7F Aol sl AFAI
A FAER F7)= oF 8008 o] B A th(Allen,
1980; Kenyon, 1986; Viotti, 1988; Nussbaumer, 1992).
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Table 1. Basic data for AG Peg

RA (2000) Dec (2000) d (kpc) P (day)

Vo (km s™) e a - sini (Re) f(Me)

21 51 01.9 +12 37 294 0.7 816.5

-15.9 0.11 87 0.0135M

d: distance from Iben and Tutukov (1996), P: period from Fernie (1985) and other data from Fekel et al. (2000). Vo: systematic
velocity, e: eccentricity. a: semi-major axis. i inclination angle. f(M): mass function. f{M)=(m sini)’(m+M)’.
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ZeEo 2 12" (640 micron, pm)e] &3 L& AE
slo] T RalleS 5000A9] FFeIA oF 024/
pixelo|t}. 5" £8lZol= o|sl= o4 A (echelle
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g2 WA (flux calibrationy $J3l, IRAF (Image
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Table 2. Symbiotic star AG Peg observation log

S AG Pege| H 42M B2 24 3

Observation date (Julian date) phase (¢) exposure( s) region (A) seeing (")
1998/09/17 (2451073.70) 0.24 300, 1800 3480-10300 1.5
2001/08/30 (2452151.60) 0.56 180, 1800 3480-10650 1.0
2002/08/11 (2452498.92) 0.98 300, 3600 3400-9925 0.8

Table 3. Systematic velocity data for AG Peg T T T T T
year Vg (kms™') Ref. note 8.00E-12 7 B
1953 -17.10 (1)
1975 -16.30 (2) M-Star absorption velocities 6.00E-12 = N
1990 -15.60 3)
1993 -15.90 (4) M Giant absorption line velocity 4.00E-12 | H
1993 -16.00 (4) M Giant absorption line velocity
1993 -17.20 (4) TIron line (Fell) data | |
1998 -18.88 (5) absorption and emission line average R
2004 -25.00 (6) Hea Gaussian fitting absorption . | | . \

2008 2000  (7) by Herrick (1935) method

2008 -1433 (8) M-Star absorption line (~5900A)
mean -17.09+3.32

Ref.: (1) Wilson (1953). (2) Hutchings et al. (1975). (3)
Komarek (1990). (4) Kenyon et al. (1993). (5) Tomov et al.
(1998). (6) Ikeda and Tamura (2004). (7) Kim and Hyung
(2008). (8) Yoo (2008).
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gk AG Peg®| Alx dr‘:" of g Oq:rLXV} ME o
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Fig. 1. Lick HES spectral scan, showing Hel 6678A emis-
sion line. Observation date=1998, exposure=1800 sec. Flux
units: erg s em > A7
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Fig. 2. He spectral line profile for 2001 (¢=0.56) observa-
tion. Blue (B), red (R), wide (W), and synthetic line pro-
files (analyzed by Dipso analysis tool) are also overlapped.
Exposure is 180 sec. Radial velocity unit in horizontal axis:
km s, Flux unit: 10-11 erg s cm™ A™.

Observatory)oll4] ¥HE StarLink DipsoS ARE-3}SIT}

ARk o2 FAHIS o]Rsld  dgo= vy
5 BHLE Aoy wWEEe v, dF ol
(Hellyd& =AL 9 77k AHlA st P
upEbA] o]t Mol AZIER oudt HElE Hole
A5 AR, FAE] 7k goo] oj9A Ry
JeAE & T As Aotk $E7F A5-e HIHS
W&ol A5 A A9E thEFEE, AG Pegdl
AeleaHI) G ooty 5434 7k B2
st SAE S F Aok

AG Pege= 7] 816.54F 1998, 2001, 20029
SAHS] e, FE7E SUY WE 7EeR A
2 (Ephemeris, By |83 3(@)ys vt 2ol
e]g 4= 2th(Iben and Tutukov, 1996).

=

Max (V)=ID 2,442,710.14816.5 - E

T A dAgolx HAES FErt HaY
2 7% (Lee et al, 201202, = WD7} 7HA &
Aoz Holarw sl=tl, AG Pegdl A5 o9}
= 22, WD7F GS9| el o] Bhe w7t @=00]
M, @=05= GS7} WDE 7l A7l WD F+¢]
A FAPEE WEMo] ofFe wolth(Lee et al.
2012). $-g)7F #=3 19984, 20014, 20024 AlF
o] A 247}, $=0.24, 0.56, 0.98°]T}.

Fig. 2 2001'dol] #53+ Hodol i3 257t
AN, Starlink/Dipso toolZ #43+ Aol
ZAHo|  Zo] Y2 wingdio] UERJTE HESE
H23 AX7] AG Pegdl B3R RFOA A &

200 100 0 100 200

Fig. 3. HS for 2001 ($=0.56) observation. See Fig. 2 cap-
tions for other parameters.

T—200 -—-100 0 100 200
Fig. 4. H spectral line profile. Observation date=2002
(#=0.98) and exposure=300s. Note that the H (n=5-2) line
and other higher n Balmer lines do not show broad W-com-
ponent. Flux unit: 10-12 erg s ecm™ A™". The left weakly
register line is Hell 4338.67. See Fig. 2 captions for other
parameters. See the text.
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Table 4. Expansion velocities derived from the Her and H/ three components

Obs. line blue (B) red (R) total (B+R) broad (W)
1998 Ha 112.0(%3.3) 62.1(+0.4) 171.2(£3.3) 414.6(£2.3)
Hp 35.8(£0.4) 57.3(x0.2) 109.1(+0.4) 224.6(%+1.3)
2001 Ha 88.5(%0.6) 69.9(+0.8) 195.8(%1.0) 456.5(+3.2)
Hp 48.83(+0.4) 50.8(+0.6) 132.0(x0.7) 194.6(+2.4)
200 Ha 80.8(x1.9) 66.4(+0.8) 155.5(x2.1) 276.0(+4.5)
Hp 38.3(0.5) 49.9(+0.4) 98.3(+0.6) 197.9(%5.3)

112.0 (£3.3) means 112.0£3.3km s. total (B+R) means the expansion velocity derived from the total FWHM, that is, from

both blue (B) and red (R) components combined. See the text.

B T3t AL Eoln.

20013} 200299 3 AFE= 139 Afolzt oF
0.50]22, 2001do]E= GS7F Ade] 2002dE GS
7F Fre] fIA|gc} GS7F AW $1A1gk 200113
£ BARo] 7%k wbd GS7F FHell 9213k 20023
o= RARC] sl YebdS & + Utk Table 4
£ EY HeAet HAMAARE Yehks Fo] Y&
AR GS7F ARl $1x13F 2001189l 20023 Ko}
H sl vERaL Qi

Ikeda and Tamura (2004)8] AENME $2]<]
2001(¢=0.56) &= A5} FAFSE 2d(4=0.45) Al
7121 19939 1Y 49l #=3S Heoll o3t &
o] YehEd), $8E Ha, HB #7t oluz), Hel
M= e FFE RGN SolsHAl= ©] Al7]
o= singletz} doublete] GFE=  Gaussiand’dS
Hol=t], ©]5 lkeda and Tamura (2004)y= WDS]
AWM GS7F HElFiHmAG S ey i
o A7l ZeE siMsta vt ST, SEle
Fig. 29} Fig. 3] HXo|, o]8& dG A& 9
o] AF <z} GS7} HI H9S 7HA Hae=
1998(¢=0.24)2 2002(4=0.98)2] &= A= L}
EPdS E1g 4 9l

Heot HAE HIE3 RE 9rjAe] BAED RA

ol BF e £EHH BHL /HEAE Yo

=

) AYEARL, olld £EH aslolod, e
B5Ae A%, (1) 9995 AE Z7HVa), @
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Table 5. Expansion velocities of the Hy and HS

line blue red total
1998 Hy 39.1(x0.3) 59.8(+0.3) 101.5(x0.4)
Ho 36.7(+0.4) 70.3(+0.3) 99.7(+0.5)
2001 Hy 64.6(+2.8) 45.6(+4.1) 129.2(£5.0)
Ho 59.7(£2.4) 37.8(x4.5) 118.0(x5.1)
2000 Hy 35.2(+0.8) 55.6(+0.7) 92.7(x1.1)
Ho 35.3(x0.9) 50.9(=0.9) 84.1(x1.3)

Measurements are from corrected FWHMs (km s™).

A7 A"l oJg 717] AEFT7H Vi), (3) HIA
TZ(fine structure) AFHF7HVey), (4) T (turbulence)
o] MEZZ7HVturb)®= 7]ojgtH(Lee and Hyung,
2007; Lee et al., 2009).

T2 WA Ee] FWHMS 431, AR Wi
o7 Fzte] WFEEE T 5 Slrh Table 59 H
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33, A4sy, 22| A|5PL Aolx] AFe BAE,
RS (BHR)-EE9] &=t Hoét HRkE
=] HeF HAE WARe] EA8HA] Bt

M =0l 2lad MZE H[D

Table 6 Table 49} Table 59 A8 A
g Aok A9 BAEET oA9A DEA=A
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< HAN Bl 2 32 7=, B/9E 3.134)9]
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Table 6. Expansion velocity ratios

line blue red total broad

Ha 3.13 1.08 1.57 3.80

Hp 1 1 1 2.06
1998

Hy 1.09 1.04 0.93

Hé 1.03 1.23 0.91

Ha 2.47 1.22 1.79 4.18

Hp 1.36 0.89 1.21 1.78
2001

Hy 1.80 0.80 1.18

Hé 1.67 0.66 1.08

Ha 2.26 1.16 143 2.53

Hp 1.10 0.87 0.90 1.81
2002

Hy 0.98 0.97 0.85
Ho 0.99 0.89 0.77

FWHM expansion velocity ratios are found based on the
1998°s V(HP)=1 value: all the blue, red, and total velocities
in Tables 4 and Table 5 are divided by the same compo-
nent 1998 Hf values, respectively, while broad W-compo-
nent values are found relative to the 1998 total (B+R) value.
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Penston and Allen (1985) F&3l= &4d3(colliding
wind) 29& AAEI =], WA gol] v ad
T A= dl], Fo] B Al ATA] FFgF
n%, Zo] o B WEAMe] FAHUE ZoR F
=313 9tk

olf gt 534 549 73 Table 69 ol
A BE] 9 6=0.5621 200133} $=0.9821 20023
o #ZE T feINE Btk SR Sl
upel oF7ke] Zpol7b EAjsk=H, o)t AG PegEs
T8k= GSoF WDO| HAl: £l FIFS W
Vs GAlE) oRE dolE7] flEiA GSS
WD H= Ho] 4% HIF9 A
AP 3] diste] of| fixel AEAE AEE
d8Ao] Qi

el 2 Al A8E HwEid, BARY A=
FWHMHa)FWHMHAS  H17F - 3.1(=3.13/1)°l141
1.8(=2.47/1.36) Atel®] 7t Zhe=tl, RAES] A9e
1.4(=1.22/0.89)°14 1.1(=1.08/1) Alo]e] & 714,
AN o 2 weE Bt od Ade
Bl FWHMOR 77 771 99, & #3AE
el Hske @EA Fol IXske) HI
L&A EAol S gks & 7
Moz e HEAZNEH W £ HIYYe]l GSel
ofg) U AFEATL AT F Q)

WAEe A$= AEHZE 2.3(=4.18/1.78)0014
1.3(=2.53/1.8102] Zte= R} B F AE w3l
Z7F 72 7R Ik Raman(@HE) Akgto] doju}
H 29 FH€] Lyman FA7F AFRECE Balmerdd
o7 4o ojuj AZo] ¢4uj7tA] HoAE AoR
4 A2 rH(Lee and Hyung, 2007).

WARE o] W Fejo] MZo] A=) 3]
AN 7k 9E7b Ne10%-10"° em” AE9] o] L3)
7] & HI 4 71271 HII 99 SAH A EA)
ok, HII Follr d24% Ly-pAo] gt 2te
o3 Ha 3Fgtell WAR: 78 Alehde 348 &
Ath(Lee and Hyung, 2007). 3FA%}, 2}7H(Raman)
Aol olell FAE WARE-S Ha 9t HAOT UE
Ui, Hy, HS SollXe UehA &=t} oyst o
15 Ha 9} HB Ol WAES dAe sl Lg Ly
o] AA717F 73 Wi L, Le 59 AA7)7F A
2 A== oFs7] wliEo]th(Lee and Hyung, 20079
Table 13x). W-32o] ofug =] 7oA 2
g Adee] At ofste] PAPEUEAE FFH R
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lo,
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A5, WD 9 7k
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e BAE, RAE, (BHR)Awol ¢
[ B9 7lskehy =
o} WD} GS¢] A=L52 FFIA HIZHAS A
o7 FZ=Hr} o] HoME AG Peg® HI 999
B5S 345 98, AG Pegs TAsHs F W

=]
oS $YSH Sl 275 AG Pegsl 7153
R

GSSl e B4y MON-M3ICE, kA (aye
50-90Ro%= 2¢#A JrHDumm and Schild, 1998).
AG PegZ 743k GSeF WD F o] Aao] ztz}
2.5Mo, 0.6Mo2FH, GS¢+ WDEHE A1 2%
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Fig. 5. AG Peg model diagram showing two components
and their relative positions to the observer when ¢=0.56.
Plus-sign (+): CM (center of mass). See Table 2 for others.
The semi-major radius is assumed to be 100Ro, while the
GS radius is 64Ro (limited by the Lagrangian point, L1),
smaller than 70Rs of the M3III star radius. Distance from
the CM to the two stars, r (GS) and r (WD) are 64Ro and
36Ro, respectively. The line of sight is at the bottom.

Table 7. Relative position and motion of WD in AG Peg

obs-date(phase)  1998(0.24) 2001(0.56) 2002(0.98)
WD position right rear (block?) front
WD motion receding tangential tangential
(GS position) (left) (front) (rear)

The relative position of WD determines whether the emit-
ting zone around the WD is blocked by GS. See the text.
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