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Spectroscopic Observation of AG Peg and Efficiency Changes of
Bowen Fluorescence Mechanism

Siek Hyung, Seong-Jae Lee, and Kang Hwan Lee*
Department of Earth Science Education, Chungbuk National University, Chunglbouk 28644, Korea

Abstract: We investigated the H 1, He 1T and O IIT emission lines of the symbiotic star AG Peg, using the spectroscopic
data secured at different phases in three periods at the Lick Observatory. We measured FWHM and the intensity of six O
IIT Bowen lines and studied the efficiency of fluorescence mechanism. The mean FWHM of O III normal and Bowen
lines observed during three time periods did not make much difference, while Bowen line intensities are about 4.0 times
higher than the normal lines. Comparing the predicted and the observed ratios, we found that the observed intensities are
higher than predicted intensities, except for O III 43759.87. The O Il 13791.26 and 3754.67 intensity ratios observed
only in 2001 are in good agreement with the predictions by Saraph and Seaton (1980). We obtained the Bowen efficiency
parameter (R)=0.47 for 2002, but we could not find R for the other two periods of time. Because of this, based on the
2002 efficiency result, we calculated the intensity ratio of O IIl normal and Bowen lines relative to He 11 14685.68 and
derive the efficiency variation with time period. The result showed that the efficiency is the highest in 1998 and the
lowest in 2001. We conclude that the efficiencies with phase are caused by the electron temperature changes in the
ionized gas. The efficiencies of AG Peg are likely to increase along with electron temperature. Our analysis results may
be useful in understanding the physical conditions of the ionized shell in symbiotic star and the intensity ratio and
efficiency variation.
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Table 1. Physical quantity for AG Peg (Kenny, 1995)
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AEL WEdt. aelal vE 9A(2p3s P2p” P)
oA 1374400 7V7ke- o9 UV AES W&t
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Py T N9 B N NI 13744349 1374.442
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+H'o] 7]218k}ar &1ATk. Likkel and Aller (1986)=
1771 944378 4432 O 1 Bowen A1A|7]7} Saraph
and Seaton (1980)°] </t did A|7|9} TE2AY
Al LR35}, Dalgarno and Sternberg (1982)2] #&}
23-8-S X3k st Liu and Danziger (1993)
9} Kastner and Bhatia (1996 O III 45592.257}
Bowen 712 olsf QaFs WA 23l 93 CE 4
ozt 4= CE Aojgkx 3kt

378 483 FA™EA O I Bowen Ao
= He I Ly-o 3Ake] ¥IQl 33 713 282
Ao wet tk=m 0.1-0.9 ol AA Uth(Pereira
et al, 1999). 28122 Bowen 712> He II Ly-«
B A & L 7AA AAH R AAE
ke Ao Folest Hyo| dFS 74 Hrh
bk Bowen 34 712He olalat ™, A<zt 7}
AR 2HlERS] gulE d4o] M5 27HT)
%3 Bowen HES 07, N o]L3} #Ho)x
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Hot Cool Hot Cool Nebular Hot Cool Nebular
0.5-2 2-4 0.6 120 750 52000 3430 400-20000
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Table 2. AG Peg observation log
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Observation date Julian date Phase Exposure Region Seeing

(year/month/day) (+2450000) (D (s) A) "
1998/09/17 1073.70 0.24 300, 1800 3480-10300 1.5
2001/08/30 2151.60 0.56 180, 1800 3480-10650 1.0
2002/08/11 2498.92 0.98 300, 3600 3400-9925 0.8
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1998, 2001, 20024 AG Peg £33 ¥ AFe
NOAO (National Optical Astronomy Observatory)2]
IRAF (Image Reduction and Analysis Facilities) A}
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~17.09+3.32kms” (Lee et al, 2017)2 HAAL
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A YEREO Y, 2001 g W okskAl UERETE
Fig. 1= oFspA|¥F F5iahA vt 1998 O 1T &
W e EHot), o] WeF SRR HASE O
I 2¥HA 14370275, 3707.25, 3714.03, 3715.08 ©]
9loll H 14-16, He I 43705.00, Ti 1I 1370622 5
S Fglo] B 4 k. #=H 0 1M YykdS Table

>
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Fig. 1. Spectrum of the O III normal lines. Observation
date=1998, exposure=1800 sec. Wavelength unit in horizon-
tal axis: Angstrom (A). Flux unit in vertical axis: 10 ergs™
em A", See the text.

Table 3. Observed O III normal lines

Transition
A (A) Aj (™)
upper lower
342336 2572p(PO4d *DY  2s2p(‘P)3s PPy 3.62¢+07
370275 252p(P)3d DY 252p(P°)3p PPy 5.45¢+07
370725  2572p(°P)3d *DS  252p(P°)3p *Pi 7.34et07
371403 252p(P7)3d *DY  252p(P7)3p P 4.06e+07
371508 252p(P7)3d *D  252p(P°)3p Py 9.73e+07
396157  252p(PY)3d 'F; 2s2p(CPY)3p 'D,  1.25¢+08
4074.02  22p°('P)3p DS 252p°(‘P)3s Py 4.54e+07
4081.00  2s2p°(‘P)3p ‘DY 2s2p°(‘P)3s P, 6.02¢+07

Transition and Transition probabilities Aj are from NIST
(http:/physics.nist.gov/PhysRefData/ASD/lines_form.html).
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Fig. 2. Spectrum of the O Il normal line 43423.36. Obser-
vation date=2002, exposure=300 sec. Wavelength unit in hor-
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Pegoll Al #E3HA] B389t Selvelli et al. (2007)=
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Fig. 3. The symmetric line profile of the O III normal line 43715 in 1998 (FWHM=34.9 km s) and 2002 (FWHM=
450kms") and a Gaussian fit. Velocity unit in horizontal axis: kms™'. Flux unit in vertical axis: 107" erg s cm” (kms™) .
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Fig. 4. The symmetric line profile of the O III normal line 23962 in 1998 (FWHM=37.6kms "), in 2001 (FWHM= 349kms™),
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O III ¥¥Hde] FWHMS SA435ith YT w]ofste]
7FAIQE fittings & 7 %l 9= IRAF splot
task® PG Ao R © HAEE SHs] =2
a3 FoE AL, FEE Aee 41
(EuropeanSouthernObservatory)ollA] =
DIPSOZ 7F-A¢t fittingS 3lo] =4 &tk 2001
del 0 I Y-S 13961.592 A8l tiAl=
mofslo] IRAFS] splot taskE ©]&3lich 81
14074.029F 14081.00& 37f #=dx 2% uw|ets)
o] IRAF?] splot taskE ©]-838l] FWHME =43}
At

WA MEe 7kA7) o]f e 7o) st
ol F 47119 F-FQ Q9lo] s MZo] F
7VeS Eefor k. A4 HAE ZT7KVe), BIA T
Z(fine structure) A% F7HVe), #3719 FeH
AlZ="of] ofgh Z1A1A] AZE F7H Vi), ‘T (turbulence)
AE Z7H V)= 71998} weby $2= 0 I ¢
WAk Bowen 9] FWHMS =43l 2V,,,=
WFWHMZ-Vthz-Vinerf-sz-Vturb2)l/zil?‘a R AE F7}
2918 BA3 FWHMS Table 49l 2l3l3ich.

SHH, FEriksson et al. (20055 AG PegollA 13755-
3813A Alele] F23 ¢/l O I Bowen A& #=3}
7 Eslglernz 92l UVES (1999. 10. 16)9] 7}
Al 99 adl] ZHEZAXA SAT Selvelli et
al. (2007)2] RR Tel FWHM3} H|W38}3ZA} Table 4
o 3 VERf AT
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Z Ao7 oAsl ot Table 4914 B uRol 7ho)

{0

O



AG Peg 22 25T} Bowen 82 7[%10| &8 HiE 411

Table 4. FWHM (kms ') of O III normal lines and O III Bowen lines

Jiab (A) 1998 2001 2002 Ay (A) 1998 2001 2002 1999
3715.08 33.2(D) 20.5(S) 43.9(D) 3754.67 347 36.3 344 31.8
3961.57 36.0(D) 33.6(D) 32.3(D) 375721 346 192 532 335
4074.02 25.1(S) 32.1(S) 40.4(S) 3759.87 37.8 19.7 28.0 -
4081.00 31.9(S) 16.3(S) 21.6(S) 3774.00 259 23.8 21.5 30.7
- - - - 3791.26 46.3 21.4 28.0 354
mean 31.6+4.6 25.6+8.5 34.6+9.9 35.8+7.3 24.147.1 33.0+£12.2 33.3+2.0
- - - - He II 4686 60.1 61.4 57.8 56.2
- - - - H I 4861 1143 147.3 93.7 60.0
*(D) and (S) of FWHM analysed by DIPSO and splot task, respectively.
**Data of 1999 are from Selvelli et al. (2007). See the text.
199832 O III Bowen Alo] U¥FART} 42kms 3.5 2003
A7, 200192 AET 1.5kms™ 2], 200249 3.0 | O Iil 3444

T UukAET Lekms' A A=

2= O Il Bowen A1¢] A1Zo] He II 14685.68
o] ME3} ofd FAZ}F YA Yok A} Table 490
YeRHJEE He 119] ©]23} olx]7} 54.4 eV, O III
o] 0]23} oLiR)7} 549 eVolEE O I W& 9
olo] He 119 W= ¥4 AF 770l wi¢ =42
FWHMo| H|5=8 Aoz A7E 4 ok, 284 W
= Y999 7t #FA=E A2kl O M9 He 1T
o] S U ¥4 AEF ZUHE 2AEY
FWHMS AXFeE 23} Table 4014 HE ule} 7o)
O III Bowen 49| A13%o] He I 14685.689] 4132
b A vho) Fx] odth IR R Selvelli et al.
(2007)%. O I Bowen 41¢] A3o] He II 14685.68
AZo] wk =gl

Table 40141 2002 13757.21¢) FWHMS 73}
27F He I 13758.14% £3=]o] YepER thh
Eahdaar, 19989, 20019, 20029 13759.879)
FWHM=E &43t7] vlg- o [Fe VII] 137599}
P YRR o Bt ek GS9
WDE 25 #ET F e 914d¢] 02420 19983}
WD7} GS¢] Skl = 917de] 0.9821 200292 ¥
o AZo] QS HIEA %2 Selvelli et al.
(2007)¢] RR Tel ¥ &3} H|S=5AT, GS7)
WDE 7Rl o] 05620 2001d%e] O I
Bowen A2 1998, 20028 % RR Tel Bt} Het
MEZo] ok 10kms ' BE 2 Vet

Fig. 6& T2 #2droles 9y 3 3= ¥4
7} 23400-9925A010 ¢ 2002350 o}F EFslEky
AIA YERE O T 13444.069] thA# el Agdo)
2002959 O III A3444.06& FWHMO]

Flux
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Fig. 6. The symmetric line profile of the O I 13444.06
(obs. year=2002, exposure=300s) and a Gaussian fit with
FWHM=41.5kms . Velocity unit in horizontal axis: kms".
Flux unit in vertical axis: 10" erg s cm™ (kms™)™.

2 #33dxd Bowen A9 Hd FWHMELE ¢F 6-
17kms' A% FA Velstth 398 Mckenna et al.
(1997y2 RR Telol|#], Fang and Liu (2011)= NGC
7009914 O I 13444065 A3 #l glon,
Selvelli et al. (20072 RR Tel 974 O IO
13444.062] FWHMS 349kms'2 243193, O
M1 13444.060] red wings 2zt SE8islA vlthAd A
F4g Hte Mol g9 g2t

O Il YetMat Bowen MAM7| H|I

Aol|A g upel o] DIPSOE #4 7hs¢dh
O I 9ukA 14342336, 3715.08 22|32 3961.572
ALJstar Y] oFsbA| Ve DIPSO #41¢] o
9 sploteZ =43 O I YW 113702.75,
3707.25, 3714.03, 4074.02, 4081.005 A H YT}

2370275 200192 AE3} AA71E S50
ol A== Wi kst o, 19983 20029
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A& 200132 AE3} AA7E 2A57] ojHe F
=2 o) wekslglont, 199893 200292 He' |
3705.002+ Ti 11 1370622 Fol Falx|qt gelsk &
AT 13714038 200292 UERFA] 9rom,
200138 vl w]eksle] IRAFS] splot taskZ 14|71
24319tk 19983 O I 13714.030] wi-¢- 7
A H 1 A3711.97(H15)% O I 13715.08 Aol
25 UERdTh 14074.029F 14081.00& 370 &
W 25 ul$- mefsle] IRAFQ] splot taskS ©]
gt AAl7IE 248l Kim and  Hyung
(2008)°] A|AISH A Al C=1.47Epyv=0.045 7IA
3L Seaton (1979)9] 433 WA w} A7 AES
A A71E it olFA A7 %S B
O III YW FollA ASdE 257 vepd A9 4
4 A71E Table 591 UERHSITE g4, HAA7]1E
e o dubHoz Hyo AZIE 10022 3
F33) 927t 978 AG Pegll Hy(H 1 4861.33)
£ Blue A%, Red A%, Z8]3 Broad A¥-0] =4
sk, g §e AZS Hol= Broad AEe A%
gt skl o3 P AHolmz 43 Aol
gt & 4 itk w2k $E= Hpol Broad HES
ALl st et 424120 Blue 323 Red A9 &
< 10022 3t A& A71E Hlastsict.

O I YHHz} pR7IR 2 IRAFY] splot taskE ©]
£31] O I Bowen 49| AI7|E &4 & A7 &

ro

Ay R

F& RStk 2 F, 200299 vErd 0 I
3444062 AlClei ) AFdE BT vERd O I
Bowen A12] A|712 Table 6] YERHSIEE Table 59
69] #olo} Ho] FE Ay NISTOIA 18315t

AR 0 I G Al7IE 199833 2001
W2 sy 200292 7HAskginh Wi, O I
Bowen A9 A7|= Zdsle Aol FIeith &
O 1I Bowen Ao] dubdd B} A7|7F Athks AR
S ¢ 4 gl O 1T Bowen A°] O T YRHIE
oF 19983 oF 460, 20012 °oF 408, 22|32
20021 oF 420 =A VERTE

TN AZEE 0 1 A9 EF 717 0|22
(1) Bowen 3% ¥4 (Bowen resonance fluorescence;
gk o] o o5 WEH HAL e old
I F HE AXH BEAS dE50E WEeH
olx= #4), (2) HY Ee A2l gt A&HM
% (continuum fluorescence; 743+ UV EAP} o]
S ST AHE Fol e @), 3) £ A
Z % (dielectronic recombinations; YA A7t A-f-
Ade zYFow Swe W), 4) A3 wd
(charge exchange; St ©]o] 7} FHI 249l
HY Hedt &3 &% dAE wdkse whg)ol
A

Table 59} 65 B AA|7]e} Aol e Uk
O Il 43715082 13961579 o] 88 Az} 73
AAI717F 2 Bowen 4 O III 13759.87¢] AEH=
ZAG o AT 259 Ao Azl we- &

Table 5. Relative intensity of O III normal lines [Hy (nebular) 1=100]

Transition 1
A (R) (upperlower) Ai(s™) 1998 2001 2002
3715.08 3d *D°%-3p P, 9.73¢+07 0.710 0.536 0.457
3961.57 3d 'F53p 'Ds 1.25¢+08 0.598 0.657 0.536
4074.02 3p 'D%-3s Py 4.54¢+07 0213 0.360 0.122
4081.00 3p 'D%-3s P, 6.02¢+07 0.172 0.230 0.045
mean - - 0.423 0.446 0.290

Table 6. Relative intensity of O III Bowen lines [Hz (nebular) I=100]

Transition 1
eN) (upperlower) Ai(s™) 1998 2001 2002
3754.67 3p *Da-3s P 7.53¢+7 1.841 2.629 1.077
375721 3p *Di-3s P 5.56e+7 1.049 0.814 1.194
3759.87 3p ‘Ds-3s P 9.79¢+7 5213 3.965 3.464
3774.00 3p 'Di-3s P, 391et+7 0.694 0.573 0.110
3791.26 3p ‘Da-3s P 224e+7 1.007 0.882 0.249
mean - - 1.961 1.773 1219
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Fig. 7. A Grotrian diagram of O III transitions [after Selv-
elli et al. (2007)].

ol¢} 7+o] O III Bowen A1o] Anbdxc} 733k
A EF 717 o]& FollA Bowen
Fol 7 & 71998 she A 2tk A2lA
CE= 2% O I Ao
a3-elr O I
Bowen AA|7]ol 7]edgk 4= QItk(Liu et al, 1993).
<g)e] EFABNE 2p3p Dy, BHEY B3]
A Ueies ol A F 0 T 13810.965 #)8kaL
s Ade & vepleg A48 CE’F 0 I
Bowen A19] =" AA|7]o] o]= A= 7]osiiT)
I A7 2y A Adgeld CES] 7]

TE S AdF HAE dol 2o B A

AG Peg? 22 HE1} Bowen HZ 7[210] 52 ti5t 413

O Il BowenMe| ATHX M7| H|m

Fig. 72 O Il 14303.800¢} 303.695¢] #o|=
Rl o)t} 2l O M9 Grotrian 3 %
A7l A Qe Aol FE AE o83l I
O I Bowen A9] o]&& M7} EoHEUT

WA, 2]E Kim and Hyung (2008)0.E5E AG
Peg®] AALE N=7.00x10°2} HAALE T, (1998
19,500K, 20010 11,000K, 2002+ 13,200K)Z €3}
At 73t O 1T Bowen Ao Yeh} 3oz +
ASEZ Case BE Z435lo 7} ASETHEI L/
L] HIE ZH2F 1043, 96.7, 9922 7F33iich
(Storey and Hummer, 1995). wighr #=% He 1
24685.68 Al7|Z5E He I Ly-o(4303.782)2] A7
£ 958 + dem, He II Ly-o7t O I
2303.8002 100% #ckal 7148k, Selvelli et al.
(2007)7F A|A&F O T Bowen A12] o] 35 A, H|
goll o3l o2 "olx= AEC] o]&H AV
(IS T3HATE O]FA 3 o]2F A|719} oA
ArAEe] e HAE YeE 4T AV|E =
Atste] Table 79 WFERAITE Table 79 BEE A=
o] A7)E 13444062 10002 3 Atz Al7]ol}.
2l9] H 1 1486133 Al7]E 2714 o=z vep
Qedl, 25 flo] Yehd 7+ Blue?t Red A%-<]

it
e
SERY

Ry

BAC
o], &35 oFe] 72 Blue, Red, ZZ8]3. Broad 4
o] goloh. 2P| 19983} 20019 AEE= O 11l
23444.06 AA57F O] Laasoe=10002 731 AJh
2 A717F et &917F 10 erg s em ™l AJ7E A&
F BAZE A7t}

Table 75 RW, Mckenna et al. (1997)] O II

A7) WE Age 23759872 A AZI7F Lol W18 UF Atk
Table 7. Relative intensity of O III Bowen lines (I344406=100)
Sel Ours
HA Mc FL
Ay (A) Tpred STIS UVES 1998 2001 2002
NGC 7009 RR Tel RR Tel NGC 7009 AG Peg
3444.06 100 - 100 100 100 100 - - 100
3754.67 232 1.029 10.081 (2.39) 3.76 5.6840 2.762 2.787 5.206
3757.21 0.20 0.369 7.302 (0.78) 0.86 3.0878 1.573 0.862 5.775
3759.87 31.48 3.669 560.606 bl bl 15.7568 7.819 4.203 16.750
3774.00 0.14 0.269 2287 (0.87) 0.79 1.6631 1.040 0.608 0.533
3791.26 0.70 0.356 3.369 - 1.08 1.5430 1.511 0.935 1.204
He II 4686 - - 558.148 458.07 - 133.3909 146.0 159.9 210.8
150.0 106.0 483.5
HI 4861 - - 614.700 503.1 - 863.9533 (188.0) (125.0) (535.5)

*Ref.: HA=Hyung and Aller (1995), Mc=Mckenna et al. (1997), Sel=Selvelli et al. (2007), FL=Fang and Liu (2011)
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Mckenna et al. (1997)2] 13759.87 Al71E ElF3HA]
Qria Eoh A5 A7IeE O5E AlZIE Wt
A= vt 2

(1) 13444.060] #2¥ RE A7AE A= A
17F TyeaBTF ZA] WERSTHO T 13759.87 A9,
E£3] Mckenna et al. (1997)2] &= A|717F 7 =
A YERsT.

(2) 20029% AG Peg®] 4t* Al7|= Fang and
Liu (2011)2] NGC 70092] & A7)} vls=stct,

(3) T2l 20029% AI71E sPPERE Hws|EH
13754678 T TF 9F 2280, 13757212 LoeaTH
oF 20ul, 13759.87 L TH 9F 0.58H, 13774.00&
L2 ©F 3.8, 1379126 I2tF < 179 O
=t

@) tE AFAEY AV SPPEHE vws|Ed
13754678 LBl &F 164300, 13757218 Ly
BT} oF 43-36.59, 13759.872 Iy UF 2F 0.5-17.8
v, 23774002 LB TF F 5.6-1641, 13791262
Lpea2TF ©F 1.5-4.94) o =t}

O I 23759.87%F A Jetal ¢-2]o] Azs E3sh
RE AFAES #=H A7) o83 A7|Et =
Al WeRgTh Sabbadin et al. (2006)0] <JshA =pE
o] &Rl i Mejlx] WEHE o|8F A7l
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Zzl-o
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re

Atk o714 Nez AR, N(X)
o] £:2] n=mtl, his ZF=
an(H)E R AAT 3, Blhye
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Ay
HZ A77E A7t v ol A A" oA 7t
A5 Aol s e o] g AR 1H
sto] o]2F M7 L AR wiiEelth el
2 olgd AZIE AN W He I Ly-oZF Ol

=i s
E,_l4,

o 2

o~
T
Gkl
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o> rlo
¥
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1

ol

Branching ratio= =

A4303.800%2 100% Ztth 733k on, 03 1303.695
TE 3034612 724 = s e Azl 2 4 9tk

g9 23S 9 HHE Hojus= EUVvel o
S 2k57) QlojA] B o] AA|7] HE v 4
$%lett, O I Bowen Al oA 3791263
3754.672] #=3 A|7] HIE o=FE A7) H|9} vl

sle] Table 8o YERNSITE Saraph and  Seaton
(1980) (SS), Bhatia and Kastner (1993) (BK),
Froese-Fischer (1994) (FF)& o] H|Z Alal3l o]&
A Al7] H"lo|H, UVESE Selvelli et al. (2007)°]
RR TelollA &5t 7] wlolch. 29 73-F, 1998
92 SS, BK, FF7} €53 A7 ek =24, 20019
& HISSHAl, 200292 R 2A VrERSITE

=0

O Il Bowen && 7|&e| 83 11 WS}
Bowen 3 712K Bowen Fluorescent Mechanism;
BFM)®] &€& R& He II Ly-a AWM O 1II
Bowen A FAZ H¥s]= HE 5SSl gk og
O III 13444.06 Bowen 413} He I 14685.682] 3t}
2 A7) v o]t A RS AN 5 Sl
Burgess and Seaton (1960)2 #2522 #=% He
ek O I Ae] Fid AI71E ol&ste] RS AR
T Aok AR e, NGC 70279] Re 04302
AAFeIATE. Weymann and Williams (1969)= 334
& A2 Alo|HE 23t o] RS Al He Il
Ly-o®t Bowen A= gt HAF dd W29 3
2RE HZE A%t 8 RS 0472 ARGt
Harrington  (1972)2 4374 AL =do| i)
Weymann and Williams (1969):.t} & © #pA|g
£ sto] 1870 A e A5 AR & A}
£ R = 0508 {3t} Kallman and McCray (1980)

Aol 885 0422 AR eH, 1971 B4 &
o] #=3t O III Bowen A9 T8 H 0377 2

2% RS vt 7ol HeoJ¥rk(Saraph and
Seaton 1980).

Table 8. A comparison between observed and predicted line intensity ratio

Ours
O III line ratio SS BK FF UVES
1998 2001 2002
3791.26/3754.67 0.55 0.34 0.23 0.33 0.31 0.30 0.29




_ P-o,,(HelIL4686)-1(A)-1()
P(V)- o (HelINLy—a) - 4686 - 1(HelI14686)

©)

7|4 P= cascade €EZ Saraph and Seaton
(1980)ell ©JatH 0.0187°]t}. P(A)= He I Ly-ool
oJ8) 2p3d PiE EE F Bowen A& 11313279
T 34440602 W= F e 7RSS Rt
(Aller, 1984). %= a5 He 11 14685687 He II
Ly-a Aol tigt f& AAF Ao, (e 3
3] Bowen A1¢] AI71E 2jw|git],

He 17} AASel ofs @Agichd, He 11 Ly-oo
EARES 0 &0 A FAs viEldT v E
7= He 11 14685.68%] HAREo] Bl#|gich. wetA]
BFMe] &&2 dF 54 Ao Fgshd 2 AR
7Feet 7hdet oz ¥ 4 9t} Harrington
(1972y& O 1II 13444.06° Z-&3l T.=15,000K°l
Al R=1.0xI(1 3444)/1(1 4686)0)}2L 1o, &2}
A7 T=10,000K04 = 1.1 ©lA T.=20,000KA4]
= 0.927FA] W3}, Saraph and Seaton (1980)= 7+
< 338 ARrsieH, ort =2 ATt ot o
249 T=10,000KIME 1258  T=20,000K* =
1.07k4) W3tk a2y Likkel and Aller (1986)=
ATZ 1.0 AHE3FFoH, Selvelli et al. (2007)x=
oF 1.00] Agstdar skt wEhA] 2= Re A
F21.0& ARESte] O T 43444.067F B2F 2002
W G885 AXtele] Hokth

S, Contini (1997)= 34" AG Peg <tll BLN
(Broad-Line-emitting Nebula)®} NLN (Narrow-Line-
emitting Nebula)gh= F 79 A2l vkl A+

R

AG Pege| 22 =1} Bowen 82 70| 22 w5t 415

20024 13200K2HT 3= 5 E3inju} ok7ke] xjo)

7 e 28E=  T=15000KaL  7HgskaL
Harrington (1972)0] #|A13+ A4
R=1.0xI(O I 3444)/I(He II 4686) 4)

o 20023 AtA Al71E Y3l R=047S AU
AG Peg® O1 && R toll oigt A8 A7 glo]
29 e Hud F Aok 2eA 2= Table
7 e tE AAEL] A A7IE ol8ste] F
A 38 RS T35 3L, I Pereira et al. (1999)3
Selvelli et al. (2007)7} AXFsE R gk FF 3t o]
£ Table 9 A YERAICE. DA FAE RR
TelZ} HM Sge:= 0.2-03, S& FAEQ AG Peg
047, 28|32 7+& P AL NGC 70094 2=
HEol| wheh xpolzh Atk= AMEE & ¢ Sith

3, g2 #= Al7le BFMY a8 78 &
U] el T MsHEE dolEiA} He I
24685.682] AI71E 10022 g Uwtiz} th2 Bowen
A¢] H|E F3lo] Table 100 LFERAITE

Table 102 H® Al A]7]d] 3502 UeRd 471
O I Uwie]l Athd A7) Hae Zzh 0435,
0.296, 0.665°I1300H, FFo= Yepd 71 O I
Bowen 49| g4 Al7] a2 2.015, 1.175, 2.795
o]3]t}. o|9} Zro] O M AA|I71E WD7} GS9| ¥
ool 7F4 wS wiel 200249 (@=0.98)°] 7FE =t
3, GS7F WDE 7HIA =Ho] WD F9ldllM F/4d=

Table 9. Efficiencies of Bowen fluorescent mechanism

Object 1(3444)/1(4686) Ref
RR Tel 0.18 Mckenna et al. (1997)

stm, BLN®| H4& d7F 2%+ 18,000K, NLN9| RR Tel 0.27 Pereira et al. (1999)
= HM Sge 0.32 Pereira et al. (1999)
2 AR 2EE 14,000K2H 3133Th Kenyon et al. &
- l e 000 j}* FAEF. Kenyon et a RR Tel 022 Selvelli et al. (2007)
2001y Fol2shd Ao HAR2E T-10,000 K, NGC 7009 (minor axis) 037 Likkel and Aller (1986)
Kim and Hyung (2008y> AG Peg 2 7k=9] # NGC 7009 (major axis) 0.75 Fang and Liu (2011)
ALE TE 19989 19,500K, 2001€  11,000K, AG Peg 047 This paper
Table 10. Relative intensity of O III normal and Bowen lines (Lssss.cs=100)
A (A) 1998 2001 2002 Qi (A) 1998 2001 2002
3715.08 0.729 0355 1.048 3754.67 1.892 1.742 2469
3961.57 0.615 0435 1.228 375721 1.078 0539 2.739
4074.02 0219 0.239 0.280 3759.87 5357 2.628 7.945
4081.00 0.177 0.152 0.103 3774.00 0.713 0380 0253
- - - - 3791.26 1.035 0.585 0571
mean 0.435 0.296 0.665 mean 2.015 1.175 2.795
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z¥zke] Al BlElSl=] Table 129 AHEE W,
25 0 I HEAe] B Ay Ho] Hg tiA=
A & Aok 2y 20029%9] 23757213
3774.002] A; Ho] 7} 14909 ubksl FA vl
Fim) A= =7 Usith F3e 99 & 5 ¢l
A%, 13774.000] w9 mokeA EdAThe A
2375721 9] O Il 13754.67, He I 13758.14,
[Fe VII] 23759, 283 O I 13759.87 o] &%
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Table 11. Electronic temperature, intensity of He I 14685.68, mean intensity of O III Bowen lines, and efficiencies with Phase

Phase (@) Te (K) Tasss Mean I (Bowen) R (%)
1998 0.24 19,500 100 2.015 2.015
2001 0.56 11,000 109.6 1.175 1.072
2002 0.98 13,200 155.5 2.795 1.797

Lisse=100=1.46x10" ergs™ cm™.

Table 12. Intensity I (107" ergs™ em ™), relative intensity I, [Hp (nebular) 1=100], and photon number N, (107 em™ s™") of O

III lines associated with the Bowen fluorescence

1998 2001 2002
Jw (A AT
I I N, I I, N, I I N,

3444.06 421e+7 - - - - - - 107.8 20.68 1869.0
3754.67 7.53e+7 2.762 1.841 52.21 2.787 2.629 52.68 5.610 1.077 106.04
3757.21 5.56e+7 1.573 1.049 29.75 0.862 0.814 16.30 6.223 1.194 117.70
3759.87 9.79¢+7 7.819 5213 148.00 4203 3.965 79.55 18.05 3.464 341.64
3774.00 391et+7 1.040 0.694 19.76 0.608 0.573 11.55 0.575 0.110 10.92
3791.26 2.24e+7 1.511 1.007 28.84 0.935 0.882 17.85 1.297 0.249 24.75
Hp (neb) - 150.0 100.0 3670.9 106.0 100.0 2594.1 521.0 100.0 12750
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