
Astrometric observation of 
 'very' long period variables  

Long period variables shows high mass-ross and plays an important 

role in chemical enrichment of the universe. They are also used as a 

standard candles in distance estimation of celestial objects.  

Though astrometric observations of long period variables revealed 

their period-luminosity relation especially for Mira type variables (van 

Leeuwen et al.1997, Whitelock et al. 2008, Nakagawa et al. 2014), the relation for stars 

with period longer than ~1000 days are not studied in the Milky Way 

Galaxy. Astrometric observations of these kind of sources are little or 

nothing. We started water maser survey toward potential sources of 

'very' long period variables. Optical monitoring are also considered 

using 1m telescope at Kagoshima.  
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Determination of Period-Luminosity  
Relation (PLR) of Mira type variables 
位置天文に基づいたミラ型変光星の周期光度関係の確立 

Current purpose: 

Current result from VERA 
Nakagawa et al. 2014 PASJ 



VLBI astrometry with VERA 

・Single-dish monitoring  and surveys at IRIKI.  
 
・VLBI monitoring using  with VERA.  

Measurement of annual parallax using  
water maser emission. 

Period distribution of  
target  Mira variables  



Period-luminosity relation of the Galactic Mira 
variables obtained from VLBI astroemtry.  

Nakagawa et al. 2014 PASJ 

Parallax of variable stars  
with VLBI astroemtry 

位置天文VLBIによる年周視差計測 

Current results of astrometric VLBI observations  
toward variable stars with VERA. 



Sequences of long period variables 

• Ita et al. 2004 shows several sequences of variable stars in LMC.  

 

 

 

A+  Cyan           RGB variables and metal-poor and old AGB variables 
A-   Yellow        Less regularly pulsating AGB variables 
B-   Orange       RGB variables and metal-poor and old AGB variables 
B+  Green         Less regularly pulsating AGB variables 
C'   Blue             Mira variables pulsating in the first-overtone mode 
C    Red              Mira variables pulsating in the fundamental mode 
D    Steel-blue  Some obscured variables and unknown variables 
F     Magenta    Cepheid variables pulsating in the fundamental mode 
G    Purple        Cepheid variables pulsating in the first-overtone mode 



Sequences of long period variables 

• Ita et al. 2004 shows several sequences of variable stars in LMC.  

• Almost NO observation for variable stars with pulsation  

     periods > 500 days. 

 

 

? 
Period 
> 500 days  
> 1000 day 

C    
Mira variables pulsating in the fundamental mode 

・OH/IR stars ?  
・LSP ? 
・Miras ? 



Long period variables NOT on the known sequences ? 

• OH/IR stars show very long period. There are many OH/IR 
stars whose pulsation period are not determined.  

• Parallax measurements of OH/IR stars is not so many.  

• Do they show period-luminosity relation ? 

• Is there a pulsation mechanism with period of >1000 days ? 

• Long secondary period (LSP) in variable stars.  
– Reason of the periodicity 

• Pulsation ?  ・・・What kind of pulsation mode, mechanism ? 

• Binary system ? (Red giant with a low-mass companion, interaction with 
circum stellar matters. ) 

• Spotted star ? (Dark spot on their photosphere.) 

 
Parallax measurements of the stars give distances, free from any assumption 
of their properties, and it helps to deduce accurate physical parameters.  



Detection of 'very' long period variables from K-band 
monitoring using Kagoshima university 1m telescope 

Results of Fourier analysis of light curve in K-band. 
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IRAS 19303+1553,  Data and best-fit model.  

IRAS 19235+1034,  Data and best-fit models.  
It shows three possible periods of 540, 651, and 462 days.   



P=?day, OH/IR P=?day, OH/IR P=?day, C-star 

P=1114day, ? star 
P=2000day, OH/IR 

P=?day, OH/IR 

P=537day, OH/IR 

Vertical axis shows an antenna temperature. Flux density in [Jy] can be obtained by multiplying 19 to the values. 

H2O maser detection from 'very' long period variables 

P=1500day, C-star 

IRAS 18176-1848 
Fourier analysis in 
infrared photometry 
gives a period of 
1114 day.  

H2O maser, Detect or not ? 



H2O maser survey for 'very' long period  
variables at VERA IRIKI station.  

• ~280 candidate sources. (OH/IR, Carbon star, Mira, SR, LSP, IR source, ... ) 

• K-band variable star with period of ~1500 day found from 1m Kagoshima telescope.  

• H2O maser survey at 22 GHz.  

• Detection criterion : ~3 Jy 

• Vlsr range :  -200 < Vlsr < +200 km/s 

15 detection  


