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Abstract

Although photometric and spectroscopic observations of Be stars (7 Cas-type variable stars) have been carried
out for many years, there are many things that remain unclear, such as the mechanism of angular momentum transport
to the circumstellar disk (in the case of binary systems, is there also a contribution from the companion star).
Spectroscopic monitoring observations of several Be stars were performed using the Small Aperture Telescope +
low-dispersion spectrograph at the school observatory starting in September 2018. As a result, we hypothesized that
“the disk is ringed by tidal forces when the Be star’s companion passes through the perihelion point™ (47 H 2022,
Stars and Galaxies, 5, 10). To test this hypothesis, we performed medium-dispersion spectroscopic observations of
Be stars § Sco and 7 Aqr using the Nayuta Telescope at the Nishi-Harima Observatory, University of Hyogo, during
and after the periastron passage of their respective companion stars. Combined with the results of the BeSS database
analysis, no ring formation of the disk was observed. Combined with the observations at the School Observatory, the
disk at  Sco is expected to be expanding due to a decrease in effective temperature, and may be headed for extinction
in the future. In the disk of 7 Agr, the effective temperature of the disk tends to change around the perihelion. From
these results, it is possible that the companion star has a significant effect on the angular momentum transport
mechanism of the Be star to the disk.
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Introduction

AEIND, HEkms I THIELTWS Z &AM 6N

Be £ (7 CasBIZ ) X, JEE R AM-VOB(—EHO £
ZIBAMEDS L, BEIZ-ETHKEOHRELEA LN
7R L TEHES NS (EAIZA 2009), 18665, 1 XV T
DRIFFH Xy FHA(PA. Secchi)hiy CasD AR 2 k)L
V2 K S D AR & 5 H U 72 (Secchi 1867), Z D E A3 #] DBe
EBETh5b,

BeRIZZENXETH D, BHKIE L E (eruptive variables)

*  Last update: August 22,2019

THY, FEAVICERMEZED, T 20 5KEREEN
Bl X 15 (Struve 1931), MBEO YR IE, wEOBH, >~
Jab—vavhro BLZEYREDOIERETHD Z &H
15 3T\ % (Jaschek & Jaschek 1993), HESRDEIX. BED
EER N R R D A<t/ A | P S E10) 1 N A
V=27, FEf» SRS & XTIV —27 OFT ik
IEA R 5355 D & 7 5 (Struve 1931), Be R IXBHLE 12
BEn2@ENRESKEEZEZOoNTE D, & 2RI I3
PHEELUTBREIZRE S Z &3 H 5 (Kogure 1990), 78,
BEIE D#10-15%5Be 2 & HLFE 5 1T\ % (Merrill 1933),
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1900EARATE & D, B4 RBe B IZHB W TERK, KEZ T
U o &3 BRR% 25T OBRRRE, SFMiRESE D' = X —#i
HID o TE O HBEOME, ARk - HIRD 2 =X LH
HMINTWD, BEDOYIaL—vavit kb, BeEN
FEME 2R L. £ OMBAFLREKD S OB &
n U TR 22 &, HREBANIEE S &, MEIX
RZITHWT 2 2 &2 D & T\ 5 (Carciofi et al.
2013), L2 L. FREPSOMBHRH A=A L%, 1
BADOAEBEHMEKEEEROE A, LEOHFLEH S
DOh), FLREOE R D A = AL EHFD>TWV
BWIZEHEN,

Bei 2R IZET A4 & LT, Stefl 5 13, HEDBe & (¢
Tau, 4 Her, e Cap. ¢ Per, 9 Per. v Gem)!Z &\ TV/R(H#z
XTIV — 7 EE[V], FR[RIFE L) o> 28 &) & 52 58 5 1
COHBEZFEAR, BRARTRWHERHE Z L 2HEL
7= (§teﬂ etal. 2007), Pollmann and Vollmann (2014) TlX. Be
BTV (AR, B8V L) D & o Bl <, 2D
3 & 5 (periastron) @B AT TV/RVPEE T 5 Z & g X
N7z, TOHKE, FEIE— KX AHBGE KO R REDOE
HQ0134E20154E) THMER TN TH . 1 Kidperiastron
ERBIZHBEVTIIRE Z e SEEOMY o E %
B L TV AR, FF 2018),

HEHIF2018FIH L0, MBKDORIHIZH H/NAR%
(201849 H-20204£3 H: 30 cm, 202044 A-HA1F: 35 cm)
B + (K5 B Y6 28 Alpy600(H 0 650 nm T DI £
DRERE ~ 600) & FH\W T, KBRS MR 2 n 2. B0
WEPDLRV NI T —EREE (RIF%ETIE Hok HROHE
FMREMIE D) D3, DEE % FARTz, FOFRER, HRLE
% /R9 BelE (§ Sco. m AqrE &) KR DD (K1), Fh
D PEE Dperiastroni@ @R & BBE L7728 25, Dyl
periastron i TYHAMEF ., B THIMERITH 5 Z &3 530
7o (FiH 2022), Z 246 TPEE Hiperiastron % 383 5 IRf 2
M) ¥ 2 k(e EI1T PO PRI S T HHEDEWSH
INE L2 D, Dy BEINT 5 L WO R Z L T2 (A
2022), Z DAREHRDOMEE 1E. /2 edr D fEREE B pe-
riastronfi£& T, FIZMEEDO AMID 5 H 5 HEEEKR D DIF
PINI LK BTV D 2HET 2HERH S,

AL TIE, AH (2022) TNV Y — B RE Dy 12 H 7=
RAEDIH 5726 Sco. m AqrD R B E TS, £
NENDORIKDOME %2 RIZRT, 6 Scold, 2 Dperias-
tron;E 8 I C & 52000412y CasBI DB % U, BELE D
5Be R I o 72 Kk & L THI S 41T\ % (Miroshnichenko
et al. 2001), HolERR iR (L N EWa, HB S HER) & VEE
WMo R 2Bz & b, HE8IX20004E 2 5200512
B, 2005452 52006412 —IRTHE U 7= BRI ZEH L 72 0 |
20104F \CEE TR O MBI AR Z D, 20114455
FIEEEREL o T WS & E X 51T\ 5 (Suffak et al.
2020), Z o DBIEM, B & Z 114E 5 W] Tperiastron % &
S B R OB T B B H I AW (Suffak et al. 2020)T &
D, 20224F Dperiastron i £ TR E D L S IZREHS
NIRRT NTWVWRV, 7 Agqrid, XEETHHHS VWBeZ(y
Cas analog)iZ /7S N, MEEVHMBEEZ L T5 &, XHR
& 5> £ EBHITE 5 &0 S HE A H B (Tsujimoto et al.
2023), 7z, WEODHBIINIZ KD, EWalZ19504E0 5
19904E 1F 58 <. 19964E D 520004E1259< 72 b, 201441 H
[ZEWaR30IZ 72 0 FEEDSE IR U 7228, 2 A AR 3R (2 ik
ELTW3 Z 22 HE SN TWB(Nazeetal. 2019, BT D
EWaD## 13X 1at 2 ),

KUIRT & S1Z, § ScoDERBUEF, BEOLERIT, £
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(c) Plot of D34 and periastron.

Fig. 1. Variations in EWo,EW 3 and D34 of § Sco and 7 Aqr. The data
are the most recent additions to the 41 Hl (2022). See 41 H (2022) for
the calculation method of each physical quantity.

OBHPUMREDLHZ TV AXDENS LD KEL, 7 Aqr
TlE, M TV AR I ONT VN, UEBERIFER S KK
EORBIHIT S Z LT, ROWHEBME L &5 2 & 03 HfE
Iha,

2. Observations and data reduction

BUHNE, FFERENL KPP D £ RCEH (S Rk A RME
FHE) Tiio7z, BlHIZEIX, HR0O0%2m [z HiE
$i1 AR 4 853 Y # Medium And Low-dispersion
Long-slit Spectrograph (MALLS) T & %, MALLSIZ¥E 5
fRRE ~ 7500 (FOIEES50 nm, A ) v MEV'.2)TH D, &
ElX. AV MIEAY0”.8, Grating31800 I mm~t, BN E
A Ha, HA(— 6. Mg DHubh 5400 A DHEIFHTH 5, #
HNE, RAKD LR A¥periastron % 8 i# 3~ 5 [Kf & periastron 2
SEEN AT o 72, BT 7% RUTRT, T,
RIKHE MY 7 b7 = 7IRAFA A L, —R0LHE (X —
JH1&, 77y MlE, —oafb, EERIE, Bkl %
o7z, JEEL 725 — X %, Microsoft ExceliZ i /1L, %
FEARDO Y — 7 ME (X 7 VY — 27 DG4, R VHITAE
W), E— 27 BENEP IR DINEE A, FAEE
(Full Width at Half Maximum, FWHM) % Jll5€ U 7=, 24#].
DT VEBISRETD T 4y T4 v TR EE L DN, R
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DIEWEMTH 72720, FIRDOFiEE L o7z, 272U,
XTNE =7 DMEENRKE WHEEIE, MERTTH -
7~

3. Observation Result

3.1. Nayuta Telescope

(727 EEFEOA TR D 72) THRONIZART ML E
ZFNZF N2 Sco). B3(m Agr) iR,
8§ ScolZB U T, periastronid@ iy & @@ T, Hafk., HS
MROFWHMIZ K & 22 bIx e Do 72 (HM6a), — . ARZ
NV OFRERTEAIRIZZEALH B D, HoldBERR IR E A8 4 L
THED, HBE XTIV E =206V Y IV E— 2128 W
Lo T Wz, Hoff, HBREOHDEEN Y 7 LTV
D, ARZ MVOIIRIZZAEDI R 5 5 i, 1 E OB
THHE XN TV S (e.g. Suffak et al. 2020, X4H S HR),
FEEDY 7 MiE, 6 ScoDNEEENIZ XD E DT, £
EOEE e B X Z#EE L T\W5(K4a, b), VROZEE)
EEDIZART MIVOIRELIE, FEDOHEL KE W
EFHEINDD, FHICIE, FHRETLVLLETH D
(Suffak et al. 2020), F2c & B3cid, HAD RGO BRIZ F R
IZEENTWS5016 A DHe MR T, B D& HIH 4
BWEDTH 5 He HERRT, BEIZHEDL D 5726678
Alx, S EDEE L ICHE T Wz, 5876 A, BN
EOHFMN), 2008l X TNV -2 koTHED,
BEARGR L (X200 H QBTN L T Wiz,
7 AqriZB LT, FWHMIZ6 Scolfl Bk, K & & Abid i h o
72 (E6b), AR MIVOERERRIZBEI L TlX, Haldk
SRR o 723, 6564 A D IRINAR AY2[8] H D8
HTHELS R>T Wiz, HBIZ X TV E— 27 OVERED L7
L. RERENHA U7z, He UIR2MDEHH TR I TH 57,
5167ADMg (B% 55166 ADFe1b 7L Y RENTW
D) F2E DB TR E BREIZ IR o T2,

3.2.  Analysis of BeSS database

BUAHATE AN TOFWHM O £ 8 %2 B 5 728, Be 2

DT —HATT—ZNELEAFEIMET 5Be Star  Spectra
database(BA FBeSS)!2* 5 H ART MV TF— X 2HAEL 7,
T— R EEIZEMIE, WESMBENLFEL S D, HHARL
H—EllHCE 2D L, T—X—EE2RK2, K3
TNENRT, BIFFIEZ RPEZTHESNIZARS
WEFRRRTH B,
d ScolZBH U T. il D periastron(2011.7.3)%* 5 5 £ Z 10
ERIZD D ART MIVEMAIZRT, £72. 7 Aqrids
2GS T — XI5 72 Hh, periastron & T Z D 5 it
NIzHDARZ MV E2JEIA T % K502 R,

4. Discussion
4.1. 6 Sco

72 72 £ BeSSIZ & 5 FWHM Dl & #& 5 % X 6alZ = 3
10 AT — )V TR % & Halfiff, HEKEAR & & 1T perias-
tron(20114F) %> S @i 5 & )4 U, IR D periastron(20224)
ED L WM S EA AR S0z, ZHiX, 20114FD
periastronif # [Kf 2 F10M 2 B U T 72 Ahmad et al. (2015)
SDOMBREHFMT S, Thikb, MENT I —HiEL
TWb &z 5 &, periastronZ I WIRFIHIE &, IO %

I BeSS database (http://basebe.obspm.fr/basebe/)
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Fig. 2. Spectra of § Sco obtained with the Nayuta telescope.
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Table 1. Characteristics of Targets & Observation log.

Object é Sco 7 Aqr
V [mag] 1.59-2.32% 4.42-4.87%
Spectral type B0.3IVe? + BI-3V°® B1II-IVe?

Companion star type

Orbital period of companion star

main sequence star®

10.8092 = 0.0005 yr?

white dwarf star?
84.07 £ 0.02 d®

Periastron epoch 2000.9.15, 2011.7.3F 1996.8.23°¢
Eccentricity 0.9403 + 0.008° very small or absent?
Observation datel 2022.4.167 2023.8.8-97
Observation date2 2023.4.21-22 2023.9.12

Exposure time Ss 30s

Number of obtained frames 5 5

(p) periastron

(a) aavso (https://www.aavso.org/)
(b) Balona and Dziembowski (1999)
(c) Miroshnichenko et al. (2013)

(d) Tsujimoto et al. (2023)

(e) Slettebak (1982)

(f) Meilland et al. (2011)

(g) Bjorkman et al. (2002)

Table 2. List of BeSS database (6 Sco)

Observations date Observer
2011.7.14 (periastron) Thierry GARREL
2012.5.12 Thierry GARREL
2013.5.11 Thierry GARREL
2015.4.12 Christian Buil
2017.4.9 Olivier GARDE
2019.6.12 Olivier GARDE
2020.8.14 Olivier GARDE

Spectral resolution ~ 11000

Table 3. List of BeSS database (7 Aqr)

Observations date Observer

2022.9.3 (periastron)

Joan Guarro F16

2022.11.9 Joan Guarro F16
2022.11.25 (periastron) Joan Guarro Fl6
2022.12.28 Joan Guarro Fl16

Spectral resolution ~ 8500

FEART 2 L EIRTE, A (2022) TILT 72 AR [
5 Diperiastron % JHi T 5 & Z DWW HTHEBENY Ik
T5] ERO LT, T OREE & AR B BT o
ReGHOET, MBHEEZESRT 5,

X1 & b periastron % 38 U THEEWaILTHIT B 23 5e &, Day
EIEIEWBIZIEA) LT W5, Dy iZMBOARRE &
WD O, Dy ERBZ WS 22k, GRREOK T %
KT, SEOLW 7 TORBMTFWHMIE S % © Z{Lhi 7%
o7z (KM6a)n3, H L 20114 Dperiastronf (X 6a)h* 5 T4
N5 B D2 AL -periastron R DL DAD- 2 E X D &
SEMEBEImATHERL, HBEIZHE?» S TR H 5D
TIRZEWA, WFNIZLTH, 6 Scod D iy H) & il
EEBICHEENEE L TWA AL DS L EX S,
IKFE A DBERRE B H & b MG 2 E KT 5, He 1HE

FR(5016 A) DM 1%, K EBERRHUR FEI & 0 SR SR A B
52 RRYT S, 7. #R2[E Dperiastroni@ £ (T,
Y— 7 BE DM AN RSN T WS (X2, Kdc), Mg 1
Fr(5167 A DM, KSR BERR R IR & 0 {5 IR FE I A
HBZLERETE, AT MLOBRIZOWT, &7
NE—I M5V — 22 5N, KEMR &
B2 5T\ 2, KEHARIZ20132015FETH > 72 DX L
(H4a, b), Mg DHEFRIZ20174EEHTH - 72 (M4d), T s D
fERE D, FBIZHWT, HePMgldkE & 13572 5 577
PO ENTWS TN,

4.2. wAgqr

72 7z ¥ BeSSIZ X ZFWHM D I E #k R % X 6blZ =7,
2023 FE DD - TOBMNMAM TR E L ELIZ R D7
23(¥3a, b), BeSSH 5155 N7z AT hLTIX, Haolfk
DFWHM I3 periastrontZ B & 7 < JAME T A3i 72, HEHE
MTIE, FTNVE =27 DMEENPKEVEDHEL L, HIE
RATH o7z, periastronfF DB DV > 7 (b D MRGE 13
LW, X 1c® D3y D Z Hj(periastron § TIHAMEI, # T
BEhMER . A E 20220 KIZEFM D 0 )ik, HEEOERRE
Miperiastronfif T & <. periastronfé T < 725 Z & & Rk
LTWwd, AR MLOEEXTRIZBEIL T, BeSSH o
Bo5 N/ AT FIVTIL, periastroniZ BIfR7%: < Ho. HAME
MEBIZXTNE =T OREEDN EF U, VIREDEA L
72 BHIM BN X 0, HoD V/IREFH A, tEE D
ERAMBEIZHMIMEIFIEF T EI PRI NTS
v (Zharikov et al. 2013), HoEKROFWHMD ZE &, 2
MHBIZHEEZEZTWAEZ EWREBINE D, BN
WhHHPIEIRHATDH 5,

Ho, HBHEASRDA O2BFRDEEBIZ O W T HHEET 5,
He DHEERR(5016 A)id. 72D 7= TOBMIBIRIZIZE S g
> 72 M(K3c). BeSSMHfF 6Nz AT MLV TIE, BHEIZ
RZTE D (E5c), 7 Aqrd M & SIRFESVFET 5
R H 5 Z & 2RKELTW5S, periastronfil 4 T D i &
ZiLidRond, AR OMBIZAHTH 5, BeSSH 5
35N 7-He EFR A X2 MIVDOIIRIC K & 2B bIE 22 o
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Fig. 3. Spectra of m Aqr obtained with the Nayuta telescope.
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Fig. 4. Spectra of § Sco obtained with the BeSS database.
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Fig. 5. Spectra of m Aqr obtained with the BeSS database.
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U 7220234 13XV > R, BeSSH 5 137220224E13V < RTH
20, TNTNOHM TR EBREIER A -T2,

5. Summary

AFFEDONEEZUNIZE LD D,

1.

Be 2 DAY, periastronZ @it 5 & &) v (LT
DM EMEET 5728, 20224E4 3 5202349 H DI
Mz, EEENKZEPEIZD FRCAE DR 72 L
IZHEHE OMALLS 2 N, § Sco. 7 Aqrd H 438043
B % 1T 5 72,0

.6 ScoD Ml T — X £ BeSS & V. periastron §ij & D

FWHM#% JI%E U7z, £ DR 5. periastronlZifE
RHE S, MEOEENHE KT 5 LT E, peri-
astron TV Y 7 LT B L IEE X RV, T, Ko
DB D 5185 NTZEWa, EWS, D3y D EHr O
RrEbE 5 L. 20224 Dperiastroni@@ . I8 1%
WATIIR L., BT S afjetErisd 5, 7z,
He THERR(5016 A), Mg DHERR(5167 A) DM - 28 &
0. MO ESEARRICE S IRES GRS N,
NSIFIKKRENZRR DG ST N T WS ATHE
Wb LHEZ5,

. m AQriZ B WT, HBEEMR TIE, X7V E— 2 Dk

JEAPREVWEDNE <, FWHMORIESB AR A TH
0. periastronfF D IHED YV > F{LDMEEH T & A
27z, periastrontZXf 9 5 Dy, DEEY X, MDA
SIIELEE hperiastron ] T <. periastronf? T < 742 5



id. 4 Spectroscopic Observations of Be stars § Sco and m Aqr

ZrERIBLTWS, He IHR(5016 A), Mg D
(5167 A)DHHIX, § Scod HEIRE N4 & F & L
EL\O

4. 2.£3.5 0, Bek DI~ D £ E B & ik BRI
MERPHE L2 EZ T WD ABENEDRD 5,

Ackowledgment

KR 2 ED DI HT=D, ke Fi42ProEDIE%
W22z, £9, REMABHZZ I AN T W20
LRI KX D FRXAD AR Y 7D F2IZi%, Bt
L7\, RrIZAEREIZEE. S LIEEDZE Bk, Bl
W, B3 R— b2 W Wk, 77, RHEHBGEHH
B, REBAMEEIZIZBHROY K- 2P thd. [
BREDOMIFIZ OWTHERBER2 WA W, fizH,
BB X A RIGEEANITE, EEHEOX>RTIF
27 THHETREKEGWEY 7 b = 7IRAFZ i T
EOBRBREIIHE R VW E W, &REBIZ. ZOWHEIR.
T VADL— RN YRXBLESIATHEA X LTV %BeSS
T — R R—=2%FH L T Z 7 (http://basebe.obspm.fr),
ZZICE#HOREERL T,
This work has used of the BeSS database, operated at LESIA,
Observatoire de Meudon, France: http://basebe.obspm.fr
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