20144 98 248 VERA 1—4—X=Z—5744

Bk NEACKS
5552'2%%%0)}% HR S ERE{R DML

)l gBfda(1), ms B (1), FH %IJ%A(]),%H%E%U),VERA 7O 2)

() BIREXREARE R BTEMI LR (2) EiIXX e ACRVLBIEH &Kogoshimc
nakagawa@sci.kagoshima-u.ac.jp J 1 University

ZRZHEG EDRBIARICEIIKGD | 8 EDEEEF/FE. EILORPICELEAL DTLETH D, BEMENAL . FEHOIEFENDEREICSWV THEELG XN
T%% COEDE|ICIFES T EZHABOBIDOLEAERANSNTEHY . NIXEEEERMR (Peirod-luminosity relation ; PLR) & KIENTWNS, AN T VIERTHRA
TN DOFEFRZIELDKD)EEIEE CRO S C EIFMEXTFRREDE DS L < Z DREZROBENI A VERA 7OV 17 FOREFEBED—D & LTS, PLR IZEH
1 TEREEZHFRHNSEDEHAZERT SV —IVLE L TELEETHD, ENTFREHNESNZLDEABEDEFRZEZ% VERA CatAlL. T I H S IEEGMETSER (M) &
HYHLTEKDINERERTD PLR DI ZBIg§d, FRBAEDIEREDOHICIZEDEFEICH T 2K A—F—% 3%t VLBI (KR T 5,

VERA ZRAWcINFK TOEHANL S, WL DHDKAKICDWNT 10% KLY SUVEE CEEA RET A EDTE, FIZIEZ ZBRIEHE T Lep DEFRZEIL 3.06£0.04 mas
T BB 32744 pc (Nakagawa et al. 2014) [TXT T B, EFX—T—DRHPEEFE Hﬁvtz?%bh‘c L5, VERA & VLBA [ AREINAINEK COMBEKRX VLBIEAIHN 5.
KD |ERRID = SR HE [N T S PLR [& Mk= —3.51 logP+1.37+0.07 £1§5Nfce T CPIGEINREHCTH S,

1. Astrometry of Mira variables 3. Recent result and discussion of T Lep

LMC Mira variables are pulsating stars with periods of 100 to 3.1 Parallax measurement
1000 days, showing rapid mass loss before ejecting their Among the water maser spots around T Lep detected in radial velocity (Visr) range of —32 to
g0 L. outer layers as planetary nebula shells. Accurate distance of —23 km/s, VLsr = —29.73 km/s was continuously bright during our VLBI monitoring period. The
go X the sources helps us to understand the nature of the variables. annual parallax was estimated to be 3.060.04 mas, corresponding to a distance of 3271+ 4 pcC.
§ 10 A]th()ugh a narrow PL relation for Miras in the Large Flgure 6 shows parallactlc motions in R.A. and Dec.
" il Magellanic Cloud (LMC) was found (figure 1), the same
< L relation for the Galactic Miras has not been precisely 3.2 Properties of the source
14 obtained (figures 2,3) because of large errors. Such large . . .. . .
20 22 24 26 28 30 - . : We revealed distribution of the maser spots around T Lep together with their internal kinematics
log(Period) [day] errors arise from the ambiguity of absolute magnitudes . ) . : ) :
Fig.1. PLR of Miras in LMC suffering directly from 1naccurate distances to each object. (Figure 7). Color image at the map center is obtained from VLI infrared interierometer (le
- ' ’r L ol 1989 ' Usine absolute Bouquin et al. 2009). Angular radi1 of a photosphere (2.9 mas) and a molecular layer (7.5 mas) in
east et dl. ' . e 1%1 fudes 1(llerive d le Bouquin et al. (2009) can be converted to linear sizes of 0.95 AU (=204 Rsun) and 2.45 AU
Milky Way Galaxy f S te dist (=527 Rsun), respectively. From a consideration of the proper motion in Galacto-centric
12 i ooy O acc(ilra.teh {/sEalr{lzes coordinate, we obtained peculiar motion of
s E 4 ncastrc@ Wit » T Lep to be 69.9 km/s. Direction of this Nakagawa of ol 2014
2-10 s : e 1  wWe can lnvestlgate . . . : > 2masyr = 3.10kms
g, T - - . . peculiar motion projected on sky plane 1s 10mas = 327 AU
= il s of 4 precise PL relation in also shown.
E m - 1 the Galaxy. Once we \ G;':g/ Peculiar
2 : s - have calibrated the ettt | mofion
< 0 | an L.ecuwen et|a B i _ ° T bszf\zt'i:(;‘lMlgdﬂ?l . . N k T | 20]4-
20 22 24 ! 121J6 21:81 199730 -6 1 | | 11 1 | I 11 1 | I 111 | I 111 | L 111 | L 111 | L1 1] relatlon based On the ° ( | ) o o OgOWO e o /U?
. . lo.g(PeriOd). [day] . . 2 2.1 _2.2 2.3 IOZg.ZLP) 2.5 2.6 2.7 2.8 absolute diStaIlCG, We ,g L é
Fig.2. PLR of Galactic Miras, Fig.3. PLR of Galactic Miras, can convert the < ;
van Leeuwen et al. 1997. Whitelock et al. 2008. pulsation period to the g -
distance for many 2 2
Galactic variables. s

2. Observation and data reduction R it

Le Bouquin et al. 2009

Observation (Dec.) .- e- - | -32 —-30 —-28 —-26 —-24 =23

2.1 Source selection and single dish monitoring
Water maser emission around Mira variables are so bright and Tablel: Target Sources
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Relative R.A. (mas)

Fig.7. Water maser distribution in T Lep. Superposition
of VLIl infrared interferometric image and water

compact thet they are good targets to observe with VLBI as a tracer

. i Name P LogP Type
of their motion.

SY Scl 415 2.62 Mira

Relative Dec. [mas]

In table 1, we show a part of our target sources. Long period WX Psc 660 2.82 Mira ; maser distribution obtained with VERA. Color image at
variables including Miras and semiregular variables are presented. RU Ari 354 2.55 SR the center is an image obtained with VLTI (le Bouquin
Pulsation periods (P) of these sources are aslo presented. Figure 4 ]g\%,egam 368 2.57 %ig ' ST ?!bzc?og). \;‘/OT? masers ??ﬁ.e?/ed vwér:h \l/ERAf?c.r”e q
shows a period distribution of ~800 Mira variables in Feast et al. RWLep 150 2.18 SR e e [;L,o] w0 o cilﬁcrllesuinedi COOTgLfrheeril’O\r/?_gROC o:érlg?;ﬁé c%gﬁ Oﬂ) s’rloreis

. R R . ays from ay .
(2000) and our 78(.) target sources. Period average of ~8Q Miras with ][?})ngiam 4312;1 %.gg %g Fig.6. Oscillation of the maser spot af unrelated 1o the color index of the maser.
water maser emission 1s 407 day (LogP = 2.61), which 1s longer than APLyn 430 2.65 Mira Visk = -29.73 km/s in T Lep. Filled circles
that of 338 day (LogP = 2.53) of the sources 1n Feast et al. (2000). U Lyn 434 764 Mira Leprehsen’r ’rhfe maser p05|’r|c|>n .ot%’rol!ged

To determine a beginning of the series VLBI observations, we GX Mon 527 2.72 Mira Oy pniase-reterencing analysis. 5ol -

monitor >250 lon geriodgvariables at Iriki station (Shintani et al Z Pup 509 2.71 Mira ines indicate fhe best fit model of the fes B R L e
ong p ) Sl QXPup - - Mira poarallactic oscillation. Source Type Parallaxf P LogP  mxj Mk
2008). Intensity of ~10 Jy 1s a threshold of a successful detection in R Cnc 362 2.56 Mira [mas] [day] [mag]  [mag]
VLBI observation with VERA. X Hya 301 2.48 Mira TLep Mira 3.06+0.04(a) 368  2.566 0.12 (h)-7.45+0.03
RUMa 302 2.48 Mira é SCrt SR 233+0.13(b) 310% 2.190 0.73 (i) -7.43%0.12
' ' ' ' ' ' S Crt 155 2.19 SR . . . . R RAgqr Mira 4.7 08 (c) 390  2.591 -1.01(h) -7.65+0.37
N B R A m— | VX UMa 215 2.33 Mira 3.3 Period luminosity relation > SYScl Mira 0.75+0.03(d) 411  2.614 2.61 (j) -8.01£0.09
T — | : , , RXBoo SR 7.3140.5 (¢) 340  2.531 -1.85(k)-7.53+0.15
v 1| F . 2000 —— RS Vir 354 2.55 Mira
G100 P28 N by S — Table 2 shows parallaxes of variables SCrB  Mira 2.39+0.17(f) 360  2.556 0.21(h) -7.90+0.15
FVBoo 340 2.53 SR |
3 WHya 361 2.56 Mira stars measured with astrometric VLBI é UHer Mira 3.76:0.27() 406  2.609 -0.27(h) -7.39+0.16
5 ARREE ' RX Boo 278 2.44 SR (VERA and VLBA). Errors 1in absolute 3 RRAql Mira 1.58+0.40(f) 394  2.595 0-46(1111) -8.55+0.56
Eo 7 i : g(%;g %8 %-‘5“6‘ ML{Z magnitudes are attributed to the parallax ~ }{Véga i/ﬁm lg'égﬁ'gggg 22(1) g'ggg ::f '%g((lg :g'(l)gig‘%
= 40 | | - SW Lib 292 2:47 Mira CITOI:S. Based (?Il thCSC. VLBI I'CSU,I.t 5, WC [1] Reference of the parallax; (a)Nakagawa et al 2014, (b)Nakagawa et al 2008,
FS Lib 415 2.62 Mira obtained a pCI'IOd lumanSIty relation of (c)Kamohara et al 2010, (d)Nyu et la 2011, (e)Kamezaki et al 2012, (f)Vlemmings &
20 | IRC+10374 --- --- Mira : : : : van Langevelde 2007, and (g)Vlemmings et al. 2003.
‘ IRC-2054 10 2.71 Mir the Galactlc Mira Varlables as (red line [I] Reference of the m_K; (h)Whitelock et al. 2000 (Fourier mean magnitude), (1)Jura &
| C-20540 510 2.7 a . ¢m_l
0 — e QY Aql 356 2.55 Mira 1n Flgure 8) , Kleinmann 1992, (j)Whitelock et al. 1994, (k)Glass & van Leeuwen 2007, and (I)Feast
1.8 2 22 24 26 2.8 3 32 . & Whitelock 2000.
Period (Log P) }S{\;Pfg %3(5) %ég 1%41}1‘21 Mk = — 3 ) 1 log P+1 37 + 007 [*] .Foi‘tfhcheriod of S~Crt, we use 310~days, which is the double of its first overtone
Fig.4. Period distribution of Mira variables in Feast et al. (2000) 1 | Un-weighted least squares fitting was ~ period of 155~day.
(white) and our targets (red). adopted 1n this fitting. We solved for the | | | | |
zero point of 1.37 +0.07. The slope of —— @N  VERA (weighted) |
2.2 VLBI observation -3.51 (Whitelock et al. 2008) was fixed. T | ~ " qmon VLBl (e € .
VERA is a Japanese VLBI project dedicated for the Galactic astrometry. We observe QSOs Various fitting results are also presented | hitelock et 81.2008  RRAq

adjacent to the maser sources as a position reference, and this simultaneous observation in the same figure.

towards two sources can be realized by a dual-beam system equipped to the VERA antennas.

We conduct 22 GHz multi epoch VLBI observations during 1 - 2 years with a typical Fig.8. Period luminosity relation derived
interval of one month. from astromeftric VLBI. Filled symbols =

: . : represent absolute magnitudes MK
In the data reduction, we use AIPS. Image of maser emission detected in phase-reterenced Thgf derived frOLrJn VER Ag oIbLsJerva’rions.
map 1s fitted with 2-dimensional Gaussian model to determine its position and flux density. Open symbols represent those from
Motion of the maser obtained from sequential VLBI observations is considered as a ofher VLBI observations conducted by
combination of its linear proper motion and parallactic motion. We numerically deduce the Vlemmings et al. (2003) ana

Vliemmings & van Langevelde (2007).

parallax and linear proper motion. Square symbols are used to denote
L Y ER A eyt System parameters of observations for Mira variables. Sﬁmwegulollr \T/qnobles. TD%SBG?/\/'L?TG ek |
e AT L ot % : shows a relation reported by itfeloc . . . . .
Ll S e S oy * Array : VERA 20m antenna X 4 stations etal. (2008). 2.45 2.5 2.55 2.6 2.65 2.7
P , Mizusawa
éﬂ?@i?ﬁéfé{@fgaz o A °Frequeqcy : 22GHz (rest freq. 22.235080 GHz) Log P
Al P | *Band width for maser : 16 MHz Reference
\ Y el * Velocity resolution for maser : 0.42 km/s
R (;CI;)' " . B d yd h f f SO . 240 MH Feast, M. W. et al. 1989, MNRAS, 241, 375 Nyu, D., Nakagawa, A., Matsui, M., et al. 2011, PASJ, 63, 63
| - and width for reference Q : Z Feast, M. W., & Whitelock, P. A. 2000, MNRAS, 317, 460 Shintani, M., et al. 2008, Submitted to PASJ.
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BV e *Separation angle of maser and QSO : 0.3 - 2.2 Kamezaki et al. 2012, PASJ, 64, 7 Vlemmings, W. H. T., & van Langevelde, H. J. 2007, A&A, 472, 547
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*Reduction software : AIPS software package (NRAO) Le Bouquinet al. 2009, A&A. 496, L1 Whitelock. P.. Marang, F.. & Feast, M. 2000, MNRAS, 319, 728
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