VERA (2 X % R A2 02 00 VLBI AL E RSB

R)IHACTE), B FRQ), mEfzQ), FmF5a0), 2R—#0), & EEEQ), &8 EQ),
KiligE L#Q), VERA a2 =7 ~8)

(DEERERE:, Q) 7B RS, (3)EN K S 7K IR VLBI BLAIHT

nakagawa@sci.kagoshima-u.ac.jp

Abstract

KGO 1—8 5D EEAEFFHOREMME N ZLPVITEEKHAM L < . FHOLFMHEEEZ S 9
ZCHEHETHD, HD I EENEHORIZEAYEERFR (Peirod-luminosity relation ; PLR) 73
HoNTEY, ZoBKREFH2 ORKOJISEFIMA CTHSLT 5 Z &2 VERA OHIED—>Th D,
[FIRF AT &AL 5 B8 Y E oS & B S OBFIC 7208 5, £ DE L L LT HIPPARCOS (2
L D5HE DES Z WD FiELR ATz, ZOEAA TV —OrEh 2 mat T o 685 5, K
FENT > DI A TV —IZBT D 5RWEIR 2 M2 5 2 S 138 Lo 7228, 7 < & b 0.56km/slyr &
DRE R A=Y —FEONHE IR TE R -o 7, EHTO Gaia X° 2017 4 12 HIZiTH BT ¥
7E® Nano-JASMINE (2 1 3r 5 (B EE=%2 15 pe) > LPV O E A EENHE N M X5, VERA IZX
DA =P —DAERLFER LFHEODT D Z & THEETC A T U —#HENZOW TRV EEDE

Wi BIfF T E B,

1 Source selection and VLBI observation

For the sake of construction of the PLR of i B VERA mn |

] J—
/1| Feastetal 2000C——

Galactic source, we have selected ~80 LPV 0
it === Bl

targets which show maser emission. Miras,

Semiregular, and OH/IR stars are included in

Number of sources

this target list. Figure 1 shows a period
distribution of ~800 Miras in Feast et al. (2000)
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and our ~80 targets. Period average of ~80 Miras
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with water maser emisison is 407 day (LogP = eriod (Log P)

2.61), which is longer than that of 338 day (LogP

= 2.53) of the sources in Feast et al. (2000). We  Fig.1 Period distribution of Miras in
, , Feast et al. (2000) (white) and our

conduct phase referencing VLBI observation at 22 targets (filled).

GHz with typical duration of 1.5 - 2.0 years.

Interval is ~1 month.

2 PLR of Galactic LPVs revealed by VLBI observations

In the last decade, astrometric VLBI has been played an important role for determining

annual parallaxes of the Galactic LPVs. Accurate distance measurements were achieved with

VERA and VLBA using H20, OH, and SiO masers. In the upper panel of figure 2, we show a



distribution of the Galactic LPVs on
absolute magnitude Mk - LogP
plane. A solid line indicates a PLR
determined in our previos work

(Nakagawa et al. 2014). Result by 9

LPVs in the Galaxy

12 (Nakagawa et al. in prep)

Ita et al. (2004) is superposed to find 10!

sequences for several types of
variables. Errors of absolute

magnitude are based on their

mk [mag]

distance errors. We can find there

are some LPVs representing Mk of ™|

—11 mag. They are classified as red 15 |

supergiants. PLR for this kind of
stars can be an additional aim of our

program.
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Fig.2 Distribution of LPVs in the Galaxy and LMC
(Ita et al. 2004) on Mk - LogP plane. Distance of
49.89 kpc is assumed to the LMC.

3 Observation of a Mira tyoe variable “R UMa”

3.1 Parallax measurement

Using 12 maser spots, an annual parallax of R UMa was determined to be 1.92+0.05 mas,

corresponding to a distance of 520+14 mas. Figure 3 shows parallactic motions in R.A. and

Dec.
3.2 Maser spot distribution

Distribution of the maser spots around R UMa (Figure ). Color indicate radial velocity. A cross

mark is an estimated positon of central star from a consideration of the distribution. The map

is 146 au square. An estimated shell with a radiusof 85 mas is presented with a dotted circle.

3.3 Maser internal motion revealed from VERA and HIPPARCOS astrometry

Kinematics of circumstellar matter from
VLBI method is constructed on "pattern
matching". Since we can not directly see
photosphere, we estimate internal
motions of maser spots by subtracting
"average motion" of the maser spots.
Sometimes, it is very difficult to derive
the average motion. We tried to reveal ths
internal motion using two independent

astrometric measurements, one from

Fig.3 Distribution of water masers in R
UMa. A cross mark indicate an estimated
star posion.
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VERA and another from Hipparcos. In figure 3, we derived the internal motions by
subtracting HIPPARCOS proper motion (ux, py) = (-40.51, -22.66) mas/yr from our VLBI
measurements of each maser spot. VLBI proper motion accuracy of the spots was~0.2mas/yr.

This can give a grobal picture of the circumstellar matter of the star.

3.4 Constraint on binary scenario
Actually, we have to pay attention to effects of “binary system”. The p_bin and p_bin’ indicate

velocity vectors of binary motion on Hipparcos and VERA observation dates.

u VERA = u sys+ ¢ bin'+ i int
M HIP - = it _sys+ (1 bin (A ¢ bin= g bin' - g _bin)
u VERA - y HIP = A y bin+ i int

Time differential of p_VERA-p_HIP include an acceleration of binary system. In next section,
we consider the effect of binary motion, and try to give a constraint on binary scenario of R
UMa. Since we did not detect difference of systematic motions between HIP and VERA larger
than ~2 mas/yr (=~5 km/s), an acceleration due to a binary motion can be estimated to be <
0.5 km/s/yr (5 km/s was divided by an interval of 10 yr between HIP and VERA ). In a radial
velocity, we could not find any difference in Vslr of R UMa from literatures.

Gray scale of figure 6 gives a companion mass in unit of Msun as a function of orbit semimajor
axis and acceleration. If we assume the acceleration of 0.5 km/s/yr as an upper limit, and also
assume a companion mass larger than 0.5 Msun, a semimajor axis should be larger than ~14

au. Of course, we can not reject a single star scenario.
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For very bright stars, like nearby Milas, 140 4!—
Nano-JASMINE will be a powerful and
promising telescope to determine their 120
proper motions. In near future, more
accurate proper motions from new E 1001
satellites will be tied up with VLBI '% 80 L
measurements of maser spots. With the £
same method as this study, circumstellar E 60 4 | _ |
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