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Accurate measurement of Zeeman effect of methanol for deduction of interstellar
magnetic field

Kobayashi, Kaori

3,400,000

108 GHz 45 2 108 GHz

30
45m

Splittings of strong maser emissions in the star-forming regions have been
observed. These splittings may be explained by the Zeeman effect due to the interstellar magnetic
field. The laboratory data of the Zeeman effect to the methanol rotational transitions are
essential to determine the interstellar magnetic field. We carried out a measurement by using
microwave spectroscopy. Internal rotation was also included in our analysis. Based on the results,

we carried out a 108 GHz methanol maser survey by using Nobeyama 45 m radio telescope. Two sources
were found to be possible candidates.



[1]

[2]

AE =g uM B (LM
g
25 GHz
g
g
1
g
g_
0.7 (7,000 G)
«c )
108 GHz (£ 0p-1-1)
108GHz
45 m
36
95, 96, 107 GHz
0.7T
30
1-7MHz
g
2
g 31
108 GHz
108 GHz

B
) AE B
g
1
@ )
10%
Frequency (MHz)
213425 213426 213427 213428 213429
vit=0
vt=1
——-

141439 141440 141441 141442 141443 141|444
Frequency (MHz)

1 07T

(E 11*00V12E0, E11700)
1 (v=1,EQ-11)

(CH:0D)

45

2 108 GHz

108 GHz



45 m

ALMA 20 012-909 _0.260
108GHz
108 GHz
% 10
ALMA "
NRAO VLA
6.7 GHz N
20 25 30 Vlsr(k:i_is,\_l) 40 45 50
i 2 45
Vlemmings, W. H. T., Proc. IAUS 287, 012.900-02.60 o
31 (2012). : :
Jen, C. K., Phys. Rev., 81, 197
(1951).

Lankhaar, B., Vlemmings, W., Surcis, G. et al. Nature Astronomy, 2, 145, (2018)

3
Kim, M. K., Hirota, T., Machida, M. N., Matsushita, Y., Motogi, K., Matsumoto, N.,
Burns, R.A_, Honma, M., Extremely High Excitation SiO Lines in Disk-Outflow System
in Orion Source I, The Astrophysical Journal, 64..1-7, (2019) DOI:
10.3847/1538-4357/aafb6b
Hirota,T., RECENT PROGRESS IN HIGH-MASS STAR-FORMATION STUDIES WITH ALMA,
Publications of the Korean Astronomical Society, 33, 21-30 (2018) DOl
10.5303/PKAS.2018.33.2.021
Hirota, T., Machida, M. N., Matsushita, Y., Motogi, K., Matsumoto, N., Kim, M. K_,
Burns, R. A., Honma, M., Disk-driven rotating bipolar outflow in Orion Source 1,
Nature Astronomy, 1, 0146-0146 (2017) DOI:10.1038/s41550-017-0146

18

) , 74 , 2019

11, 19 2019
Hirota, T., High-frequency/High-resolution observations of High-mass young stellar

objects with ALMA and VLBI, Star formation with ALMA: Evolution from molecular clouds
to protostars, 2019
Kobayashi, K., Microwave Spectroscopy of Interstellar Molecules, Weeds and Flowers,

Laboratory Astrophysics Workshop 2018, 2018

; 45 108 GHz
, 2018 2018

I, 18 2018
Takagi, K., Tsunekawa, S., Kobayashi, K., Hirota, T., Matsushima, F., Microwave Zeman
Effect of Methanol, The 2nd Asian Workshop on Molecular Spectroscopy, 2018
Hirota, T., Future KaVA+TNRT (or extended EAVN) for Star-formation Studies, NARIT-Key
Science Workshop: Masers & Molecular Lines in Radio Astronomy, 2018
Hirota, T., High Resolution Observations of Orion Source I, High Mass Star Formation
Workshop 2018, 2018
Hirota, T., Recent progress in high-mass star-formation studies, The Cosmic Cycle
of Dust and Gas in the Galaxy: From Old to Young Stars, 2018

, 17 2017
Fukushima K., Kobayashi K., Hirota, T., Methanol maser survey at 3 mm band with
the Nobeyama 45 m radio telescope, NRO45m/ASTE Single Dish Science Workshop 2017,
2017




Hirota, T., Machida, M. N., Matsushita, Y., Motogi, K., Matsumoto, N., Kim, M. K_,

Burns, R. A., Honma, M., ALMA observations of submillimeter H,0 and SiO lines in Orion
Source I, 1AU Symposium 336, "Astrophysical Masers: Unlocking the Mysteries of the
Universe", 2017

Hirota, T., Interstellar and circumstellar maser observations with KaVA, TVN, and

beyond, TVN2016: Thai VLBI Network (TVN) Collaborative Workshop, 2016

Hirota, T., KaVA Large Program for Star-Formation, East Asia VLBI Workshop 2016, 2016

s , , 45 m 108 GHz
s 2016
I, 2016 2016
Fukushima K., Kobayashi K., Hirota, T., Methanol maser survey observation with the
Nobeyama 45 m telescope, Workshop for Interstellar Matter 2016, 2016

http://www.sci .u-toyama.ac.jp/phys/4ken/index.html

¢y

HIROTA, Tomoya

8 10325764

TAKAGI, Kojiro

8 60018976



