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1.1 ObjeCt and PLR N Pulsation periods and apparent magnitudes were obtained from Kagoshima University Im

Long Period Variable Stars have a linear relation between - Telescope. Mean magnitudes and pulsation periods are 2.79 mag and 257 day, respectively. Absolute
t;lelr. absolute mggmtude (Mk) and pulgatlon period (Log P). 13 magnitude (Mk) is revealed using the apparent magnitude and distance obtained by VERA.
that 1s called Period-Luminosity Relation (PLR). This relation

Mk=-7.31%.47 [mag]

can be used to derive distances of the LPVs from their apparent ™

magnitude (mk) and period. Distance of far LPVs, whose i Tt ' _
annual parallaxes are too small to detect, can be determined <1 B C 4.1 PLR fitting using T-UMa sl vt VR
based on the PLR. However, the current PLR was obtained from " AAES . ) . o
studies of LPVs in Large Magellanic Cloud (LMC) and Small _ RV We put the absolute magnitude of T UMa onto a
Magellanic Cloud (SMC) (Fig.1). The metallicity of these clouds .. &N B ~ b r;vmusly reported PLR (Nakagawa et al. 2016)
are different from Milky Way Galaxy, and also there are s : (Figure 6). Although T'UMa has the shortest
distance uncertainties for these clouds. So 1t 1s important to ° - pulsation period in Mira Var1ab1es obs;rved by =
construct the relation 1n our own galaxy. " : o e g VERA’ we found that the P.L R 15 consistent
One of our aims 1s to determine the PLR of the Galactic | o9 P Lol g et al. (2004) with the.result O.fT UMa within its error. .
Mira and to make Precise 3D map of Milky Way Galaxy. Fig 1. I\iﬁ: \?;rli_all\l/ljlcé(LSJtpaprgri)Sa}EdcsglC(Lower). According to Figure.6, Mk error of T UMa 1s
We observe Milky Way Galaxy LPVs to determine their | larger than other sources observed with VERA.
We think the large Mk error was caused by

distances based on annual parallaxes with VERA and their pulsation periods and apparent magnitudes
observed with Kagoshima University 1m Telescope. Current result of PLR of Galactic Mira 1s
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following t ible reasons 1n the fitting pr
OLOWINg tWo pOSSb © reasons C & Process, Fig.6 T UMa was plotted onto Nakagawa et al.(2016)

Mik=-3.51logP+1.09+0.07 (Nakagawa et al. 2016) . However, the number of the sources 1s still small (1) Misidentification of maser spot or feature. g‘gf’;‘dggl?g\;ﬁr;g”g'éft“gf(”gfjugn%f PLR.
so we are observing more Mira variables with VERA and Kagoshima University Im Telescope. Figure 7 is an example of the maser spots showing two bright ~ Sv-Peg are muitiplied by two and used.
1.2 T UMa coordinate peaks in the same velocity channel. In figure 5, we presented im"gth;razgtlj' 2010
. , _ our fitting result. Maser spots at three epochs .
1 Ursae Majqus (T UMQ) is a Mira R.A.12h36ml23.4645’9,)s (2009 Decl14, 2010 Jan17, Apr 05) are seen above the model, T Y e )
Variable star i Ursa Majpr. It has’the D.eC'+59d29 12.9745 . and the spots on next three epochs (2010 Sep 25, Nov04, Dec 04) | O .
shoﬁest pulsation period in the Mira © Period 256.60 [days] (G CV.S) are seen bellow the model. We think the deviations can be caused :_ 07 |
Variables observed by VERA. ¢ Parallax 0.80+1.39 [mas] (Hipparcos) by the misidentification of the maser spot. Consideration of the . ol 4 Z
light curve (Figure 4) and spatial structure of the maser spotis also .| ]
important for more correct spot identification. E. o ¢ , e
(2)We used only one radial velocity component at present. " : o L]
2.1 VLBI Observations To minimize the errors, we have to include different velocity i D 1
- Telescope:VERA (Figure 2) v components. From result of parallax fitting of T UMa, we e Ol 0 ;
intend to reconsider 1dentification of maser spot and to use e oA Seconds
) FrequeﬂCyZZG HZ (K ban d) different radial VGIOCity components. Lovs 59%0E.02 2, 3, 4,5, 5.8, 10,12, 14)

- Date: 2009 Mar0O8 ~ 2010 Dec04
- Object: T-UMa

Fig.7 Separeted maser features.
Observation Date 2010/11/04

*Reference Sources J1230+5830 J1248+5820 i o i‘id? tt)udre?er\r/l\lli:et II(’iR of Galactic LPVs, we are gl{a(T,nafelell ObserI;/;IQ%EbjeCtS 3F;9 / I205952
(Only use J123O+583_O from the 7th Observatlon) Fig 2. VERA Telescope? observing and analysing other objects with \;EVRA R Cn(c]: M::Z 361:6 2:558
- Number of observation:14 (Table 1). In the reduction of SY Aql, R Cnc and SVPeg SR 144.6 2.251
2.2 Single-dish Observations distanes (Table 2 Movement in the velestial sphere NSVITIEL OWR o
In parallel with the VLBI observations, a Flux density of H.O maser has been monitored. is shown in Figuré 8. Using these values, we P R Peg Mira 378.1 2.578
: TeIescope:VE RA Iriki station T e — plotted these objects in the PL plane (Fig. 6). HSUMa LPV 517.4 2.714
- Observation Date:2009/01/21~2011/02/01 = | | able 2. Resuts From VERA SRSE TSR e e
- Frequency:22GHz (K band) o | Name Parallax [mas] Distance [pc] Mk Mk
. Object:T-UI\/Ia P 0 1il 1 | SY Aql 1.10+0.07 012+62.2 2.36 -7.44+0.15
. Integra‘tlon tlme 10 to 20 mln 5_005_ MM'W. R Cnc 3.84+0.29 26Oi+2120 -0.55 -7.63+x0.17
- Number of observation:22 SV Peg 3.021+0.110 331 iy -0.465 -8.064 +0.0/8
- - 50Radia| Velzcity [km/s]SD o . R Cnc Motion on the skyplane SY Aq it on e ypiane sV peg
2.2 Data Reduction "0 Chservation bate 20127515 T T T 0 S B TRAE
Phase reference reduction was done using AIPS ) Jf A ' 3(5) ;

40 -

(Astronomical ImageProcessing System). We used the 7 { + +
component of radial velocity of -88.55km/s. (Fi1g.3) | ‘H’
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. . . . . . ) o Fig. 8. Movement in the celestial sphere. CONT V637-PER 1POL 2220421 MHz V637-PERICLOOTA
From the single-dish monitoring at Iriki, we obtained spectral profile and time variation of T, Ty Y o i
H>O maser emission of T UMa (Figure 4). = i
o[ ) ! O 68 S| ; , | . Observation of other sources started 1n the end of 2015, 7 |

298

I | Fig 4. Time variation of H2O maser emissions of
‘ component of radial velocity -88.55km/s.

we detected H O maser spot 1n all sources. Figure 9 shows
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the phase-referenced 1image of V637 Per. In the reduction of

V637 Per, the maser spot was found on all epochs. Good parallax
estimation can be expected. We continue observations and data =
reductions of other LPVs including Mira Variables.

Offset (mas)

3.2 VLBI results and parallax fitting

Fig 9. Phase referenced image of H O maser spot 284 : : =+
2+ ( 1 at the first epoch on Jan16 2016. Genter at A 03 54 0225000000 DEG 35 52 176000000
Maser position was confirmed at 8 epochs out of 14 observed epochs. : H (R (vn dssTi0
We used 7 epochs for the parallax fitting. Observation on 2010 Mayl8  #7 w b
was excluded from an annual parallax estimation because of a Al ¢ | Lowerthan
misidentification of the maser spot. Figure 5 shows parallactic
g:gﬁtzgtsigtllo?f I;A; ?ecleDoelS t.ailneréluzi Igglrlz(t)l\lj;(.(n), distance(D), and S Nakagawa, A., Kurayama, T., Matsui, M., et al. 2016, PASJ,tmp,79N
Xy Yeur Ita, Y., Tanab e, T., Matsunaga, N., et al. 2004a, MNRAS, 347, 720
— —_ +0.25 - SN Nakagawa, A., Omodaka, T., Handa, T., et al. 2014, PASJ, 66, 101
= 0.9610.19[“\&5] ! D =1.05 37 [kpc] EFDISC?_I(E;L%U;C;I;I:IQJIO;:?C?E:Q rFépAréggr?;/ t?eapniser van Lgeeuwen, F. 2007, Hipparcos, the New Reduction of the Raw Data.
(UX,py) = (-15.5+0.20,-8.09£0.54)[maslyr]  Redsymbols werenot uedin o fng.—~ Whitelock, P. A., Feast, M. W., & van Leeuwen, F. 2008, MNRAS,386, 313
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