A Progress Report on Maser Mapping of KaVA ESTEMA I <€e\YZ:\

M. Oyadomari'™, H. Imai', S.-H. Cho?, Y.-J. Yun2, B. Zhang3, D.-H. Yoon2, J.-H. Kim3, H. Yang?, D.-J. Kim2 , C.-H. Min2 , v
L. Cui4, J. Zhou4, G. Wu4, G. Orosz4, R. A. Burns5, S. Xu3, R. Dodsons8, M. J. Rigja8, J. Chibueze 0.9, T. Oyamas®, Y. Asaki’,
A. Nakagawal, J.-I. Nakashima'9, and A. M. Sobolev10

Kagoshima Univ.; 2KASI KVN; 3SHAQ; 4XAO; 5JIVE; BNAOJ Mizusawa; 7NAOJ Chili; 8ICRAR/UWA; SUniv. Nigeria; 10Ural Fed. Univ.
*E-mail: k7219031 @kadaijp

We observed water and SiO masers simultaneously towards 80 evolved stars in the KaVA ESTEMA program from 2015 to 2017. 64 out
of the 80 stars (80%) have both water and SiO masers detected or some of them. We had completed image cube syntheses of water
and SiO v=1 and v=2, J=1-0 masers for 50% of stars which have the detected masers. Y Cas, shown in figure 2, is a Mira type star and
has 413 days period which is one of the candidate sources for the long monitoring observation in the 2nd stage of KaVA ESTEMA
program from 2018 (ESTEMA=EAVN Synthesis of Stellar Maser Animations). The distributions of v=1 and v=2 masers around Y Cas
have a ring-like shape, and the water masers extended more extensive than the SiO masers. In the case of UX Cyg, is a Mira type star
and has 569 days period, the v=2 masers distribute in a ring-like shape, while it seems that v = 1 masers spread wider than v = 2
masers. We show the maser maps of a semiregular variable star and IR star in figure 4 and figure 6, respectively, which have various
distributions of the masers.

Maser source (Type) RA. (J2000)  Dec. (J2000) Fringe detection / mapping Maser source (Type) R.A.(J2000) Dec. (J2000) Fringe detection / mapping
HO Q@2 W D HO Q1 Q2 W D
Y Cas (Mi%) 00032147  +554051.8 Y/Y Y/Y Y/Y Y/IP N/- |[MHSOM75 17461246 -2807053 N/- N/- N/- N/- N/-
V524 Cas (Mi%) 004600.12  +6910534 N/~ Y/IP Y/IP N/- N/- ||MHSOM100 17481811 -2807389 N/- N/~ N/- N/~ N/-
0 Cet (M) 02192079  -0258374 N/~ N/- N/~ N/- N/- [|v2211 Oph (Mi%) 17510095 -0801213 N/- Y/Y Y/N N/~ N/-
RR Per (Mix) 02282940  +511617.3 N/- Y/IP Y/IP N/- N/- ||V4201 Sgr (sr¥) 17531880 -2656370 Y/IP Y/IP Y/P N/~ N/-
BW Cam (Mi%) 05195256  +6315558 Y/ Y/IP Y/IP N/- N/- ||V4120 Sgr (M%) 18035654 -2019004 N/- Y/IP Y/AP Y/IP N/-
S Col (M%) 05 46 56.31 -3141284 N/~ N/~ N/~ N/~ N/~ [[IRC-20427 (Mas) 18053549 -2113422 Y/Y YN N/~ Y/IP N/-
U Ori (Mi%) 055549.17  +2010307 N/~ Y/IP Y/IP N/- N/- |[IRC-10395 (IR) 18064288 -0813120 N/- Y/Y Y/Y Y/IP N/-
AP Lyn (M%) 06343392  +6056262  Y/Y Y/Y Y/Y Y/IP N/~ ||OH16.1-03 (pA%) 18210644 -1503298 N/- N/~ N/~ N/~ N/-
U Lyn (Mi%) 06404649  +595201.6  Y/Y Y/Y Y/N N/- N/- [|V2302 Oph (M%) 18091855 +0912156 N/- N/~ N/- N/- N/-
GX Mon (Mi%) 06524704  +0825192 N/- Y/IP Y/IP Y/IP Y/IP ||V5102 Sgr (sr%) 18162603 -1639564 Y/IP N/~ N/- N/- N/-
IRC-10151 (OH#) 07074938  -1044059 N/~ N/- N/~ N/- N/- ||OH16.1-03 (pA%) 18210644 -1503298 N/- N/~ N/~ N/~ N/-
Z Pup (M%) 07323806  -203929.1 N/~ Y/IP N/~ N/- N/- ||UY Sct (sr9) 18273653 1227589 Y/Y Y/Y Y/Y N/~ N/-
0Z Gem(Mi%) 07335775  +303037.8 Y/IP Y/IP Y/IP Y/IP N/- ||OH247+0.2 (OH®) 18352920 -0713080 N/- N/~ Y/Y N/~ N/-
QX Pup (pA¥) 074217.16  -1442499 N/- N/~ N/- N/-  N/= |[Vi111 Oph (Mi¥) 18371926 +1025422 Y/AP Y/IP YAP Y/IP Y/IP
V353 Pup (sr%) 07463415  -3218163  Y/Y N/- N/~ N/- N/- [|v438 Sct (M%) 18411433 -0615007  Y/Y Y/Y Y/Y N/~ N/-
HU Pup (sr¥) 07554016  -2838548  Y/Y N/- N/~ N/- N/- |[IRC+00363 (Mix) 18412500 -0420360 Y/AP N/~ N/~ N/~ N/-
R Cnc (Mi%) 08163383  +1143346 N/~ Y/IP Y/IP N/- N/- [[IRC+00364 (IR) 18420843 -0245154 Y/Y N/~ N/- N/- N/-
X Hya (Mi®) 09353027  -1441286 N/~ Y/N Y/N N/- N/- [[V837 Her (Mix) 18433647 +1357228 Y/Y Y/ Y/Y N/~ N/-
W Hya (Mi%) 09451524  -2201453 N/~ Y/Y Y/IP N/- N/~ |[V1366 Al (M%) 18583009 +0642578 Y/Y Y/ Y/Y N/~ N/-
R Leo (Mix) 09473349  +1125437 N/~ Y/IIP Y/IP N/- N/- ||OH38.10-0.13 (pA%) 19012005 +0432316 N/~ N/~ N/~ N/~ N/-
V Ant (Mi%) 10 21 09.11 -3447187  Y/Y N/- N/~ N/ N/~ [|uV Cyg(sr¥) 19311328 +4338136 Y/Y N/~ N/~ N/- N/-
R UMa (Mi¥) 10443847  +6846327  Y/Y Y/N Y/Y N/- N/- ||RT Adl (Mi%) 19380160 +1143182 N/~ YAP YAP Y/P Y/IP
VX UMa (Mi%) 10553988  +7152098 N/- N/ Y/N N/- N/- |[IRAS 19371+2855 (OH%) 19390777 +2902386 N/~ N/~ N/- N/- N/-
R Crt (sr%) 11003385  -1819206  Y/Y Y/Y Y/Y N/- N/- [|V391 Cyg (M%) 19405239 +4847415 Y/Y N/~ N/~ N/~ N/-
RT Vir (sr%) 13023798  +0511084  Y/Y N/ N/- N/- N/- [|V1415 Agl (M) 19434529 +0344304 N/- Y/IP Y/IP N/- N/-
R Hya (Mi#) 13294278 -2316528  Y/Y Y/Y Y/N N/ N/- |[IRAS 19422+3506 (OH%) 19440700 +3514082 Y/IP Y/IP Y/AP N/- N/-
RX Boo (sr¥) 14241184 +2542211  Y/P N/~ Y/IP N/- N/~ ||OH654+1.3 (OH%) 19512120 +2913013 N/~ N/~ N/- N/- N/-
RS Vir (M%) 14271639  +044041.1  Y/IP Y/IP Y/IP Y/IP N/~ ||V468 Cyg (Mi%) 19553815 +3245338 N/- Y/Y Y/N N/~ N/-
S CrB (M%) 15212393  +3122024 Y/IP Y/IP Y/IP N/- N/- [|V1828 Cyg (M%) 20365704 +3752339 N/- N/~ Y/Y N/~ N/-
WX Ser (Mix) 15274738 +1933429 N/- Y/IP Y/IP N/- N/~ |[IRAS 20381+5001 (Mi¥) 20393960 +5012150 N/~ N/~ N/- N/- N/-
U Her (M%) 16254747  +1853329 Y/IP Y/IP Y/IP Y/IP N/- ||OH83.42-0.89 (OH¥) 20505860 +4248110 N/- N/~ Y/Y N/~ N/~
T Oph (Mi%) 16334354  -1607543 N/- Y/IP Y/IP N/~ N/~ [|UX Cyg (M%) 20550552 +3024521 Y/N Y/Y Y/ N/~ N/~
V446 Oph (sr¥) 16 46 39.11 -1138531 N/~ Y/Y N/~ N/- N/~ ||AM Cep (Mi¥) 21412708 +7623113 YAP YAP Y/IP N/~ N/
AH Sco (SG) 17111702 -3219307  Y/IP Y/IP Y/IP Y/IP N/~ [[IRC+60370 (Mi%) 22495920 +6017550 Y/Y N/- N/- N/- N/-
V2108 Oph (Mi*) 17141939 +0856026 N/- Y/IP Y/IP N/~ N/~ [|V386 Cep (sr¥) 22531233 +6117004 YAP Y/AP N/- N/- N/
RW Sco (Mi%) 17145168  -3325546 Y/IP Y/IP Y/IP N/~ N/- [[MY Cep (SG) 22543171 +6049389 N/~ N/~ N/~ N/~ N/-
IRAS 17187-3750 IR) 17221120  -3753130 N/~ N/~ N/- N/- N/ |[V627 Cas (Sy%) 22574099 +5849125 Y/N Y/Y Y/N N/~ N/~
IRAS17313-1531 17341080  -1533020 N/- Y/N Y/N N/~ N/~ [[RPeg (M%) 230639.17 +1032361 N/~ N/- N/~ N/~ N/-
IRC-30308 (OH+) 17384049  -3157182 Y/IP N/~ N/~ N/- N/~ [[RAar(Sy%) 23434946 -1517041 N/- Y/Y Y/IP Y/IP N/-
OH358.23+0.11 (OH¥) 17405340  -3023090 Y/IP_N/- N/- N/- N/~ ||R Cas (Mi¥) 23582487 +5123197  N/- Y/Y _Y/Y__Y/IP_N/-
Y Cas H,0 Y Cas v=1(J=1-0) Y Cas v=2(J=1-0) Figure 2 (Left panel)
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Figure 6 (Left panel)
Distributions of SiO v=1 masers
(left) and v=2 masers(right)
around IRC-10395 taken in the
sessions r16123a and r16124b.
The stellar light curve phase is
unknown.

Figure 7 (Right panel) Same as
figure 6 but around UX Cyg
taken in the sessions r16083a
and r16184a (at the light curve
phase ¢ ~0.8).

light curve phase ¢ ~0.0).

Figure 3 (Right panel)

Cross-power spectra for Y Cas

with a KVN baseline between

YONSEI and ULSAN.

Figure 4 (Left panel)
Same as figure 2 but around
R Crt. The stellar light curve
phase is unknown.

Figure 5 (Right panel)

Same as figure 3 but for R Crt.

The flux densities of SiO v=1

and v=2 J=1—-0 are multiplied

by 100 in the displayed

Table 1 Results of VLBI fringe detections
and maser source image cube synthesis for
80 evolved stars observed from 2015 to
2017. The frequency band codes Q1, Q2,
W, and D correspond to the SiO masers of
v=1 (J=1-0), v=2 (J=1-0), v=1 (J=2-1), and
v=1 (J=3-2), respectively. The indexes of
results mean below.

Y: VLBI fringes were detected or maser
maps were created successfully.

N: VLBI fringes were not detected or
maser maps were not created.

IP: In process of data reduction.
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Figure 1 Venn diagram of VLBI fringe

detections of water and SiO masers. 26

stars, correspond to 33% of observed

stars, simultaneously detectable in H20
and 28Si0 J=1—0 v=1 and v=2 masers.
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