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・Mass 1～8 M。  （Mira:1～2.5 M。?）   
・C/O-core, He-shell, H-rich envelope →O-rich/C-rich  
・Period 100～1000 d,  P>1000 d 
・Chemical enrichment of the universe 

・Distance indicator 

Two main topics 
(1) Mira Period – M(K) relation 
(2) OH/IR Period – M(mid-IR) relation 

https://www.cfa.harvard.edu/~mmarengo/me/agb.html 



VLBI monitoring observations with VERA 
VLBI monitoring with 1 month interval.  
We need 1.5～2 yr to derive a parallax. 



Parallax measurements 

S Crt (SR) : Nakagawa et al. 2008 SY Scl (Mira) :  Nyu et al. 2012 

Motions on  
the sky plane 

RW Lep (SR) :  Kamezaki et al. 2014 

H2O 22GHｚ 
H2O 22GHｚ H2O 22GHｚ 

R UMa (Mira) : (Nakagawa et al. 2016) 

Parallactic  
oscillation 

H2O 22GHｚ 



Latest results from VLBI astrometry 
24 sources 



Period- Mk relation of Mira and SR variables 
based on VLBI astrometry 

Mk = -3.52logP + (1.09±0.14) 

More sources are needed to solve a zero-point with better accuracy.  



                                VERA                                 Gaia       
・ HU Pup                  ---                        -0.15±0.57  （400%）    
・ T UMa       0.96±0.19 （20%）        1.07±0.94  （88%）     

Gaia DR1 

Lindegren et al. 2016 

ポスター：大山まど薫 



Gaia 

Mira, LPV 
2018-2019 ? 



Mid-IR absolute magnitudes of OH/IR stars with known distances.  

Distances from 

Period luminosity relation of OH/IR stars （P > 1000d） 

(1) Phase-lag method （Engels et al. 2015） 

(2) Kinematic distance 

MW3 ＝－3.1（±2.6）LogP－4.1（±8.1） 

What can we do with  
the relation of OH/IR stars ? 



Study of the Galactic kinematics 

SFRs and RSG are used as probes 
to study the Galactic kinematics.  

Sakai et al. 2015 

If we can construct PLR of OH/IR  
           with P>1000d, they can  
          offer a new disk tracer... 

・・・They are very young, ~106 yeas. 
       Sample property is uniform.   



OH/IR stars as a new tracers of  
the study of the Galactic kinematics 

・ Period=1000 days → M=~4Msun （Feast 2008） 
・ Age : 108 - 109 yr  
・ Probes with various ages are needed 
・ Calibration of mid-infrared PLR of OH/IR stars. 
・ Astrometry： VLBI （OH/SiO/H2O masers） 

Wada et al. 2011 



Gabor et al. in prep. 

VLBI astrometry of OH/IR stars 

・VLBI : OH, H2O, SiO masers 

・Gaia : OH/IR stars may be invisible 
・JASMINE :  infrared satellite for Galactic bulge stars   

To construct Mid-IR PL-relation of OH/IR stars ,  

is important.   



Summary 
― Astrometric study of the Galactic LPVs ― 

・ Mid-infrared Period-M relation can be confirmed  

・ Kinematics of stars with age of ~108 years 

  → They are unique sample for comparison with theoretical model  

・ VLBI astrometry using OH/H2O/SiO masers  is important  

（１） Mira & Semiregular variables  

（２）OH/IR stars  

・ Phase-referencing VLBI at 22 GHz with VERA 

・ Parallaxes of  ~15  Miras and SRs  were determined 

・ Period-Mk relation ; Mk = -3.52logP + (1.09±0.14) (Nakagawa et al. 2016) 

・10 more sources are required to accomplish zero-point accuracy of 0.1 mag.  

Wada et al. 2011 
Gabor in prep. 

Nakagawa in prep. 


