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1 Aim, Method of astrometric study of Miras and LPVs using VERA
2 Current results

*Period—luminosity relation
* Circumstellar kinematics

3 Future prospects of the Galactic LPV studies based on astrometry
" Construction of PLR of the Galactic OH/IR stars ( P>1000d )



Mira and other long period variables

’/
Mass 1~3 Msun (1~8 Msun) Dusty envelope C
C/O-core, He-shell, H-rich envelope clumpy? .
. . asymmetric? .-
—  O-rich, C-rich M

Period 100~1000 d, P>1000d
Period-luminosity (MK) relation

—> Distance indicator

High mass loss ratio

— Chemical enrichment of the universe
Thick disk star dust con‘d\ens:étio

. . . and growth -

Large velocity dispersion 5

radial pulsation
Mira - SR - irregular

\\ \\
dust driven wind \

lJ—IK I ' ' I ' l https://www.cfa.harvard.edu/~mmarengo/me/agb.html
B s1.4]>1.4
50.55
T
" (Ita et al. 2004) L A+ Cyan RGB variables and metal-poor and old AGB variables
B ) A- Yellow Less regularly pulsating AGB variables
' ) 5 B- Orange  RGB variables and metal-poor and old AGB variables
’_.’.,""" VI B+ Green Less regularly pulsating AGB variables
= C' Blue Mira variables pulsating in the first-overtone mode
a - C Red Mira variables pulsating in the fundamental mode
o e D Steel-blue Some obscured variables and unknown variables
P<100.d : F Magenta Cepheid variables pulsating in the fundamental mode
e —+ G Purple  Cepheid variables pulsating in the first-overtone mode

Log P [days]



Masers in Miras

 Long term monitoring of H20 masers (2003 ~)
"Interval ~1 month

5x10'3cm ~2.5x10"cm ~5x10"5cm ~1x10"%cm ~1.3x10'8cm
distance: 1R. ~5R. ~100R. ~20000R, ~25000R,
temperature: ~2000K ~1000K ~100K ~10K
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Period-Luminosity Relation (PLR)

—10 F T T
_ Whitelock et al. 2008
~ MK =-3.51[log P - 2.38] - 7.25

9 ]
8 . i Y |
| % | !,,/; _

: - ’JT + A 1 |

- ".. '_,. — - —
7 * ® - _
e . e ""‘ —

_g B ,4--f'|""|"'x-|---f E N N N I 111
2 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.

log(P)
Method:

— (1) Distance measurements using annual parallax (VLBI astrometry)
— (2) Convert apparent magnitudes(m,) to absolute magnitudes(M,)
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Parallax measurements : Mira and SR
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Latest results:
PLR of the Galactic LPVs based on astrometric VLBI

18 Galactic LPVs from VLBI method VERA
Source Type Parallax P LogP M Mg Maser Reference’
[mas] [day] [mag] [mag] (Parallax. mg )

RW Lep SRa 1.621+0.16 150 2.176 0.639 —8.31£0.22 H,O kaml4. a
S Crt SRb 2.33+0.13 155 2.1 0.786 —7.38£0.12 H;0O nak08. a
RX Boo SRb 7.31+0.5 162 2.2 —1.96 —7.64+£0.15 H,O kaml2. b
R UMa Mira 1.971+0.05 302 2.4 1.19 —7.34£0.06 H;0

W Hya SRa 10.184+2.36 361 2.5 —3.16 —8.12+0.51 OH vle03. c
S CrB Mira 2.391+0.17 360 2.5 0.21 —7.90+0.15 OH vle07. ¢
T Lep Mira 3.060.04 368 2.566 0.12 —7.45+0.03 H->0 nakl4. c
R Aqr Mira 4.7+0.8 390 2591 —1.01 —7.65£0.37 S10 kaml0. ¢
R Aqr Mira 4.5940.24 390 2591 —-1.01 —-7.70%+0.11 S10 minl4. ¢
RR Aql Mira 1.58+0.40 396  2.598 0.46 —8.55 £ 0.56 OH vle07. ¢
U Her Mira 3.76x£0.27 406  2.609 —-027 —-7.394£0.16 OH vle07. ¢
SY Scl Mira 0.75+0.03 411 2.614 2.55 —8.07£0.09 H,0O nyull.b
R Cas Mira 5.67£1.95 430  2.633 —1.80 —8.03L£0.78 OH vle03. c
U Lyn Mira 1.27+0.06 434 2.637 1.533 —7.95+£0.10 H-0O kaml35. a
UX Cyg Mira 0.54+0.06 565 2.752 1.40 —9.94+0.24 H-20 kur05, a
S Per SRe 0.413£0.017 822 2.915 1.33 —10.59+0.09 H:0 asal0. b
PZ Cas SRe  0.356+0.026 925 2.966 1.00 —11.24+0.16 H20 kus13. b
VY CMa SRc 0.88+0.08 956 2980 —-0.72 —-11.00£0.20 H30 cho08. b
NML Cyg  — 0.62+0.047 1280 3,107 0791 —10.25x£0.16 H,0 zhal2, a

Nakagawa et al. 2016



Latest results: 5 L WVLBI Nakagawa et al. 2016
i - Ita et al (2004) ,

PLR of the Galactic LPVs
based on VLBI

<Solid lines> (preliminally : Submitted to PASJ) -10
*Unweighted fitting

MK = —3.52 LogP + (1.09 = 0.14 )
*Weighted fitting

MK = —3.52 LogP + (1.45 %= 0.07 )

Mk

<Dashed lines> (ita et al 2004 PAS))
*Sequence C

MK = —3.52 LogP + 1.05
Sequence C'

MK = —3.77 LogP + 0.40

<Assumption>
Distance modulus 1.4
= 18.49 (van Leeuwen 2007)
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MEXXHET—XDER
Kinematics of circumstellar matter based on proper motion

*  Kinematics of circumstellar matter obtained with VLBI imaging based on pattern
matching.

*  High accuracy of proper motion of each maser spot
*  Difference between NJ/GAIA and VERA indicate circumstellar (internal) motion of

masers
Circumstellar motion of masers p_int
L_vera = W_SYysS + |L_int
—) K_Nj = U_SYS
L_vera = J_Nnj = _int
_-" Internal \‘\
Ve o
y ‘\‘u_mt A
/ \
/ . ) \ Typical velocity of circumstellar maser
: ‘ 1 7 km/sec = Angular velocity mas/yr
System \ I, 3.0 mas/yr@ 500pc
LL_SYS (= M nj ) \ / 1.5 mas/yr @ 1kpc

N [ o 1.0 mas/yr @ 1.5kpc
N < P
~

—_ e = =
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Preliminary study using Hipparcos data.

Circumstellar motion derived from two
independent astrometry, VERA and HIPPARCOS
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No assumption of symmetry for distribution and kinematics of masers.
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> R UMa D £ F:EE) (Nakagawa et al. 2016)

Existence of binary companion of R UMa

| T T T I T T T T ,1 T
. RUMa ME\
N—-M9 |

0.2 0.3 0.4

0.1

0.5 1 1.5 Z
Wavelength (micron)

Sahai et al. 2008
NUV, FUV, optical and near-IR . Red symbols : R UMa
blue: cool AGB star; green: hot companion.



Contribution to study of the Galactic kinematics

In VLBI astrometry, SFRs are used as probes to
study Galactic kinematics. But the number of
samples is still small. We want to add

more samples as a new plobes.
(O
‘\
D

N

-

OH/IR stars can be expected to have larger mass.
If we can establish PLR of OH/IR with P>1000
days, they can be a new disk tracer.

To determine distribution and motion of OH/IR stars, ...

1. Annual parallax measurement
2 . Distance indicator

PLR of the Galactic OH/IR stars

Sakai et al. 2015

L Ll
Perseus arm-—e—
Local arm- - e -~
' Other region
Log fit toward the Perseus arm
L Log fitin Sakai et al. 2012 = =

Perseus arm




= Absolute magnitudes of Galactic OH/IR stars with known distances

20 |

OH/lR stars with P > 1000d Engels et al. (2015)

Phase lag method

17 OH maser source
PLR of Galactic LPVs
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Period [day]
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OH/IR stars with P > 1000d

= Absolute magnitudes of Galactic OH/IR stars with known distances

PLR of Galactic LPVs

Engels et al. (2015)
Phase lag method
17 OH maser source
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OH/lR stars with P > 1000d Engels et al. (2015)

Phase lag method
= Absolute magnitudes of Galactic OH/IR stars with known distances 17 OH maser source

PLR of Galactic LPVs
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all 2 Cagis

Indication of usability | LN { Re-radiation
. . I from dust
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Distribution of Mira and OH/IR (I,b) coordinate

. Mira

- Wide distribution
e OH/IR@® - Concentration to Galactic plane

- High Mass - Disk tracer

(I,b) distribution of MIRA and OH/IR on Galactic coordinate
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OH/IR stars with P > 1000d

5 IRA519567+3132 A IRA818423 0135

. IRAS19071+0946
IRA505131+4530 _/ IRAS77‘77+3359// IRAS19127+1717/ /

1RA519§93+293///

| IRASO3293+6010 ' IRAS23580+ 5633 IRA519283+1944

TRAS19075+092
IRAS21516+5245 s

IRA‘501304+6?11 - IRAS20491 44236 ‘IRAS18340-0839 S
: IRA818176 1848

IRAS22177+5936

i . u,i “§:¢' Yamashita (Thesis 2016)
A A _ LPVs with P > 1000 day
LY . K-band monitoring with

51000 52000 53000 54000 55000 56000 57000 58000 KagOSI’“ma un|VerS|ty 1m IR telescope_

MJD [day]
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OH-maser VLBI or IR with X-JASMINE.
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* Period vs K-magnitude
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FEER1ImMiETE=A2—LT-LPV

* Period vs K-amplitude Yamashita (Thesis 2016)
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FEER1ImMiETE=A2—LT-LPV

e Period vs Color (H-K) Yamashita (Thesis 2016)
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Low-frequency Astrometry (1.6GHz)
— OHY/IR stars: OH maser astrometry (Gabor-san)

— Single Dish (EAEH64mMm®D F|HA)
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