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ABSTRACT. At the surface of ~7% of single hot
stars stable mainly dipolar strong magnetic fields have
been detected. The main hypothesis today is that
these magnetic fields are of fossil origin. In other
words, these fields formed from the seed field in the
molecular clouds from which the stars were formed.
The recent observational and theoretical results confi-
rm this theory: the properties of the observed fields
correspond to those expected from fossil fields. Massi-
ve stars are stars whose initial mass exceeds about
8 solar masses. Massive stars play a significant role
in the chemical and dynamical evolution of galaxies.
However, much of their variability, particularly during
their evolved supergiant stage, is poorly understood.
To date magnetic field was registered only at three hot
stars of I-IT luminosity types: p Leo (Bl Ib), ¢ Ori
Aa (09.2 Ib), and ¢ CMa (B1.5 II). We performed
high-accuracy spectropolarimetric observation of the
hot supergiant ¢ Per (B1 Ib) over 26 nights from 1997
to 2012 with long-slit spectrograph mounted in the
coude focus of 2.6-m reflector ZTSh at the Crimean
Astrophysical Observatory. We also used circularly
polarized spectra obtained during 2 nights in 2008 wi-
th echelle spectrograph ESPADONS mounted at 3.6-
m CFHT. Effective magnetic field B. (longitudinal
component of the field integrated over visible hemi-
sphere) of ¢ Per was calculated in the line He I 6678.149
A. Statistically significant longitudinal magnetic field
(Be/op > 3) was registered in 14 from 199 single
measurements. These significant magnetic field values
are all in the range from —145 to +148 G with the
mean error 27 G. We suppose the supergiant ¢ Per can
be magnetic, but its magnetic field properties is diffi-
cult to detect likely due to the insufficient precision of
the used spectropolarimetric measurements compared
to the expected field strength.

Key words: stars: early-type — stars: supergiants —
stars: magnetic fields — stars: individual (¢ Per).

AHOTAIIIS. Ha noepxui ~7% NMOOAMHOKHX rapsi-
9uX 3iPOK BUSBJIEHI CTaOLIbHI, IEPEBAXKHO JIUIOJILHI
MAarHITHI TIOJIS SIKi CATAIOTH IHKOJIM JIECATKIB KiJIorayc.

T'otoBHOMO TiNOTE3010 CHOTOIHI € Te, IO i MarHiTHI 1o-
JIsT MAIOTh PEJIKTOBE MOXOJYKeHHs. [HIIMMHI CJIOBAMH,
I1i TIOJIsl YTBOPUJINCK 13 TOJIsI B MOJIEKYJIIDHAX XMapax,
3 skux yrBopuiucsa 3ipku. OcTaHHI CIIOCTEperKeHHsI
Ta, Pe3yIbTATH TEOPETUIHOIO MOIEFOBAHHS IIiITBED-
JKYIOTh I[I0 TEOPIif0: BJIACTUBOCTI TVIODABHUX OB
1[0 CIOCTEPIraloThCsl, BiAMOBIIAIOTH THUM, IO Majau O
OYiKyBATHUCH y PEMIKTOBUX MaruHiTHuX moJiB. Macusmi
3ipKH - 1Ie Ti 3ipKu, MOYATKOBI MaCH AKHX MPUOJIUIHO
y 8 i Giyibie paziB mepepurnyorb Macy Conrg. Boru
BIIrparoThs 3HAYHY POJIb Y XIMIYHOMY Ta JUHAMIYHOMY
po3BuTKy rasiakTuk. OmHak iX 3MIHHICTB, 0COOJUBO
MiJT 9aC eBOJIIOIIMHOI CTa il HaJINTraHTiB, HEJOCTATHHO
BuBueHa. Ha crorommimmHiit merHp MaruiTHe mose 6ysio
3apEECTPOBAHO JIUIEe y TPhoX rapsgumx 3ipox [-11
tunie csitaocri: p Leo (Bl Ib), ¢ Ori Aa (09.2
Ib) i ¢ CMa (B1.5 II). ¥V wuiif pobori mMn mposenan
BHCOKOTOYHE CIIEKTPOIOJISIPAUMETPUIHE [TOCJIiI2KEHHS
rapsgdoro nagriranta ¢ Per (Bl Ib). Cuocrepexenns
Oy BuUKOHaHI mporsaroM 26 wmodueit 3 1997 mo 2012
PP- 3a JOIIOMOIOK KJIACHYHOIO CIIeKTporpada, BCTa-
HOBJIEHOTO ¥ (boKyci Kyze 2,6-meTpoBoro pedekropa
3TII B Kpumcekiit acrpodizuuniit obcepBaTopii.
Mu TakoXK BUKOPHUCTAJM MUPKYISPHO IMOJIAPUIOBAHI
CIIEKTPH, OTpuUMaHi mpordarom 2 Hodeit B 2008 pori 3a
nomomororo emesie-ciiekrporpaga ESPADONS, Bera-
Hopjienoro Ha 3,6 M Kanama-Ppanko-I'aBaiicbkomy
resteckori (CFHT). Edexkrnsre marnitae mosne B,
(1103M0BXKHS CKJIaJI0BA 1I0JIsl, IHTErPOBAHA 110 BUIUMI
miekysi) ¢ Per 6yso pospaxosano mno uinii He I
6678.149 A. Crarucrudso 3HAUYIIE TT03/I0BYKHE MarHi-
tre noJie (Be/op > 3) Gyso 3apeectposano B 14 i3 199
OJMHUYHUX BUMIPIOBaHb. ¥YCI IIi 3HAYYII 3HAYEHHS
MAarHITHOTO TOJIS 3HAXOJATHCA B Jliana3oHi Big —145
1o +148 raycis 3i cepennboio moxubkKoo y 27 raycis.
Ha mniit mincrasi Mu npuiyckaemo, 1mo HaarirasT ¢ Per
Ma€ Mar”iTHe [oJjie, ajie XapakKTep 3MIHHOCTI sIKOrO IO
HasBHOMY MaTepiayly CIIOCTEPEXKEHb BayKKO BUSIBUTHU
qepe3 HEIOCTATHIO TOYHICTH HAIMAX CIEKTPOIOJIs-
PUMETPUYHUX BUMIPIOBAHb IOPIBHAHO 3 OYIKYBaHOIO
HAIIPYKEHICTIO I10JIS.
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Kuro4oBi cstoBa: 3ipku paHHiX CIIeKTPaJIbHAX KJIACIB,
Ha/INiraHTU, MACHUBHI 3ipKu, rapgdd4i 3ipku, MarHiTHi
I10JIS 31POK.

1. Introduction

At the surface of ~ 7% of single hot stars stable mai-
nly dipolar magnetic fields have been detected. The
main hypothesis today is that these magnetic fields
are of fossil origin. In other words, these fields formed
from the seed field in the molecular clouds from whi-
ch the stars were formed. The recent observational and
theoretical results confirm this theory: the properties of
the observed fields correspond to those expected from
fossil fields.

Massive stars are stars whose initial mass exceeds
about 8 solar masses. These stars play a significant role
in the chemical and dynamical evolution of galaxies.
However, much of their variability, particularly during
their evolved supergiant stage, is poorly understood.

To date only three hot supergiants have been found
to host a magnetic field. Kholtygin et al. (2007)
reported the possible detection of the magnetic field
with polar strength 240 £ 50 G on p Leo (Bl Ib).
Bouret et al. (2008) reported the detection of a weak
magnetic field of 50-100 G on the supergiant ¢ Ori Aa
(09.2 Ib). The result was confirmed by Blazere et al.
(2015). Fossati et al. (2015) detected the magnetic field
with polar strength of at least 13 G on the bright giant
e CMa (B1.5 II).

¢ Per (HD 24398, HR 1203, B1 Ib) is a hot supergi-
ant, which main stellar parameters are shown in
Table 1. We present here the results of magnetic field
measurements on ¢ Per.

Table 1: Stellar parameters of ( Per.

Parameter Value Reference

Sp. Type B1Ib Lesh (1968)

v 2.85 SIMBAD

Tesr (K) 22040 Zorec et al. (2009)

log g 3.061 Huang & Gies (2008)
vsini (km/s) 45  Simén-Diaz et al. (2017)
M/Mg 15.5 Tetzlaff et al. (2011)
R/Rg 26 P. Fracassini et al. (2001)
L/Lg 47039 Hohle et al. (2010)

t (Myr) 12.6  Tetzlaff et al. (2011)

2. Observations

Spectropolarimetric observations of { Per were carri-
ed out with the long-slit spectrograph and the circular
polarization analyzer mounted in the céude focus of
the 2.6-m reflector ZTSh at the Crimean Astrophysical
Observatory (26 nights from 1997 to 2012, spectral
resolution R ~ 30000). We also used polarimetric
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Figure 1: Magnetic field of ( Per measured in 1997
- 2012. Filled circles indicate data obtained at ZTSh
(CrAO), open circles - data obtained at ESPADONS
(CFHT).

data collected during 2 nights in 2008 with the echelle
spectrograph  ESPADONS (spectral resolution R ~
65000) mounted at the 3.6-m CFHT (Hawaii, USA).
Effective magnetic field B, (longitudinal component
of the field integrated over visible hemisphere) of
¢ Per was calculated in the line He I 6678.149
A (effective Lande factor z = 1) with the procedure
discussed in detail by Butkovskaya & Plachinda (2007).

3. Results

In Figure 1 individual magnetic field (B,)
measurements (N = 199) of ¢ Per are presented.
Statistics on the magnetic field measurement is
illustrated in Figure 2. Most B, values fall in the range
from —50 to +50 G, and the mean value < B, > =
2.6 £ 5.2 G. The mean error of a single measurement,
< o > = 52 G, while the minimum error is 19 G.
Statistically significant longitudinal magnetic field
(Be/op > 3) was registered in 14 single measurements.
These significant magnetic field values are all in the
range from —145 to +148 G with mean error 27 G.

4. Conclusion

We suppose the supergiant ¢ Per can be magnetic,
but its magnetic field properties is difficult to detect
likely due to the insufficient precision of the used
spectropolarimetric measurements compared to the
expected field strength.



Odessa Astronomical Publications, vol. 33 (2020)

27

(9]
o
T

\

ey
o
T

N
o
T

\

0 N\
-200  -100 0 G 100

Count of Bg measurements

SN

200

300

100 +

75+

50 -

25

Count of B, measurements

50 100

S 150

100

75

50

25

|

Count of B, measurements

o
-

2 3 4 5
B, /oy

Figure 2: Distribution of the magnetic field B, (top
panel), its errors op (middle panel) and signal-to-noise
ratio Be/op (bottom panel). Normal distribution curve
is shown on the top panel by the strong line.
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