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optical (red） 

http://en.wikipedia.org/wiki/File:Chan

dra-crab.jpg 

Crab Pulsar by Chandra(X-ray blue) 

• Magnetic field： 

     １０８～１０１４Gauss 

• Gravitation：１０９G 

• Voltage difference in     

magnetosphere：１０１２V 

 

Pulsar 

1. Introduction of pulsars 

Firstly detected pulses from  
B1919+21   
28 November, 1967  
by J.Bell & Hewish. 
        44years ago! 

http://upload.wikimedia.org/wikipedia/commons/c/c9/Chandra-crab.jpg
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Duncan R. Lorimer  “Binary and Millisecond Pulsars”、2005 



Lyne &Graham-Smith, 1998, Pulsar Astronomy, 

Cambridge Univ. Press 

  Dispersion Measure 

DM=A(t1-t2)(1/ν12  -1/ν2 2 ) –1 ,     A=2.410×10-16 cm-3pc 
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Period and dP/dt 

Lyne &Graham-Smith, 1998, Pulsar Astronomy, 

Cambridge Univ. Press 

 

Duncan R. Lorimer  “Binary and Millisecond Pulsars ”、2005      τc＝ P/（2dP/dt）  

B=3.2×1019（P （dP/dt））1/2   



What is interesting by the Pulsar research? 

• Know the distribution of pulsars in our Galaxy. 

    (Positional astronomy of pulsars) 

• Determination of distance of pulsars: 

    Estimation of precise physical parameters of pulsars 

    which improves theoretical models of pulsars. 

• Estimation of physical values: contribution to theoretical 

physics(ex. change of Gravitation constant). 

• Measure real velocity transverse to the line of sight. 

• Know distribution of mean electric density toward pulsars.   
DM=ｄ・ｎ 

• Discovery and research in new phenomena of pulsation 

mechanism.  

     giant pulse, binary pulsers, milliseconds pulsars etc,,,  

 



Unbiased survey 
• Parks Multi-beam Pulsar Survey（PMPS)：13 beams 

– Taylor Catalog(1993)：558 

– PMPS：７４２ new 

• １７８９ pulsars  from ATNF 

http://www.atnf.csiro.au/research/pulsar/psrcat/ 



Pulsar Timing Observations： 

Detection of Gravitation wave 
• Parks Pulsar Timing Array（PPTA)：measures pulse stability of 20 milli 

second pulsars every 2-3 weeks 

• Comparation of Two clocks : detection of Gravitation wave 

Manchester.(AIP Conf. 2007) 



Giant Radio Pulse 

• Pulsars with high 

magnetic filed 

often have GRPs. 

(Hankins&ELEK, ApJ,2007) 

Width < 0.4ns 



Giant Radio Pulse 

• Pulsars with high 

magnetic filed 

often have GRPs. 

(Hankins&ELEK, ApJ,2007) 

Width < 0.4ns 
Japanese Activity: 

NICT Kashima34m Observing Giant 

Radio Pulses (by Drs. Sekido, Terasawa, 

and Takefuji, ,,,)  

>> Collaboration with VERA, Usuda 

64m, etc. 

 



If the distance of pulsars is 

known, we can estimate 

interstellar  ionized- gas 

density. 
Lyne &Graham-Smith, 1998, Pulsar Astronomy, 

Cambridge Univ. Press 

 

   DM=ｄ・ｎ 
 

 

 

    ｎ  

    ｄ 

 

   RM=const・B・ｄ・ｎ 
 B=RM/（const・DM） 

 ＝1.23μG(RM/radm-2)(DM/cm-3pc)-1 





Iriki 

Ishigakijima 

Mizusawa 

Ogasawara 

VERA 

Another Activity of Japanese Group 
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Position of masers measured by VERA 

VERA+JVN+KVN+Chinese VLBI >>EAVN 



Changes in the position of the 

Mizusawa station  
on March 11, 2011 

EW 

UD 

NS 

3m 



Damage to Mizusawa 20m station by 

the big earthquake 
 

Some teeth alignment pins came off. 

Repaired in August 



Distribution of pulsars on the Galactic plane 

By determination from DM of pulsars 

Distribution of pulsars 

G.C. 

Duncan R. Lorimer  “Binary and Millisecond Pulsars ”、2005 

Tylor, Manchester, and Lyne, 

  ApJ Supple, 88, 529, 1993 



Gwinn et al. 1986 
Arecibo, North American VLBI 1.66GHz 
 PSR0950+08 7.9(0.8)mas 
 PSR0823+26 2.8(0.6)mas 

 

Differential VLBI 

Parallax measurement 



Ex. Brisken et al. 2002 

Persews Arm 

Position of pulsars based on the parallax measurement of 

them.(Left) 

Derived Parameter of IMS by pulsars (Right). 

 

G.C. 

Sun 

Local Arm 
Sagittarius Arm 



Parallaxes of 47 Pulsars  
Brisken & Chatterjee & others 28 pulsars 

・ ２２ pulsars are better than 100μarcsec. 
PSR J0030+0451  3.4(0.6)mas     Lommen et al. 2005 timing 

                3.3(0.9)mas     Lommen et al. 2006 timing 

                4.1(0.7)mas     Abdo et al. 2009   timing   

PSR B0031-07   0.93(0.08)mas   Chatterjee et al. 2009   

PSR B0108-1431 4.17(1.42)mas   Deller et al. 2009 

PSR B0136+57   0.37(0.04)mas   Chatterjee et al. 2009 

PSR B0329+54   0.94(0.11)mas  Brisken et al. 2002 

                  <1.5mas       Chatterjee et al. 2004 

PSR B0355+54   0.91(0.16)mas  Chatterjee et al. 2004 

PSR J0437-4715  6.65(0.07)mas   Verbiest et al. 2008 timing 

                6.3(0.2)mas     Hotan et al. 2006 timing 

                6.396(0.054)mas Deller et al. 2008 VLBI+timing 

PSR B0450-18   0.65(1.40)mas   Chatterjee et al. 2009 

PSR B0450+55   0.84(0.05)mas   Chatterjee et al. 2009 

PSR J0538+2817  0.68(0.15)mas   Ng et al. 2007 

               0.72(0.12)mas   Chatterjee et al. 2009 

PSR J0613-0200  2.1(0.6)mas     Hotan et al. 2006 timing 

PSR B0630-2834 3.01(0.41)mas   Deller et al. 2009 

PSR B0656+14    3.47(0.36)mas   Brisken et al. 2003 

                                Golden et al. 2005 

RX J0720.4-31.25 2.8(0.9)mas    Kaplan et al. 2007 HUBBLE 

PSR B0737-3039 0.87(0.14)mas   Deller et al. 2009 

PSR B0809+74    2.31(0.04)mas   Brisken et al. 2002 

PSR B0818-13   0.51(0.04)mas   Chatterjee et al. 2009 

PSR B0823+26    1.8(0.4)mas     Gwinn 1984 

                2.8(0.6)mas     Gwinn et al. 1986 

VELA pulsar   3.4(0.7)mas     Caraveo et al. 2001 HUBBLE 

                3.5(0.2)mas     Dodson et al. 2003  

PSR B0919+06    0.31(0.14)mas   Fomalont et al. 1999 

                0.83(0.13)mas   Chatterjee et al. 2000 

PSR B0950+08    7.9(0.8)mas     Gwinn et al. 1986  

                3.6(0.3)mas     Brisken et al. 2001  

                3.82(0.07)mas   Brisken et al. 2002    １０ 

PSR J1022+1001  2.5(0.8)mas     Hotan et al. 2006 timing 

PSR J1024-0719  1.9(0.8)mas     Hotan et al. 2006 timing 

PSR B1133+16    2.80(0.16)mas   Brisken et al. 2002 

PSR B1237+25    1.16(0.08)mas   Brisken et al. 2002    １１ 

PSR B1451-68    2.2(0.3)mas     Bailes et al. 1990 

PSR B1508+55    0.415(0.037)mas Chatterjee et al. 2005 

               0.47(0.03)mas   Chatterjee et al. 2009   １２ 

PSR B1534+12    0.925(0.13)mas  Stairs et al. 1999 

PSR B1541+09   0.13(0.02)mas   Chatterjee et al. 2009   １３ 

PSR J1559-4438  0.384(0.081)mas Deller et al. 2009 

PSR J1713+0747  0.89(0.08)mas   Splaver et al. 2005 timing   

                1.1(0.1)mas     Hotan et al. 2006 timing 

                0.95(0.06)mas   Chatterjee et al. 2009 １４ 

PSR J1744-1133  2.8(0.3)mas     Toscano et al. 1999 timing 

                2.1(0.4)mas     Hotan et al. 2006 timing 

PSR B1857-26   0.5(0.6)mas     Fomalont et al. 1999 

PSR B1929+10    21.5(8.0)mas    Salter et al. 1979,  

                  <4mas         Backer & Sramek 1982  

                3.02(0.09)mas   Brisken et al. 2002   

                2.77(0.07)mas   Chatterjee et al. 2004  １５   

PSR J1909-3744  0.88(0.04)mas   Hotan et al. 2006 timing  １６ 

PSR B1933+16   0.22(0.12)mas   Chatterjee et al. 2009 

PSR B2016+28    1.03(0.10)mas   Brisken et al. 2002    １７ 

PSR B2020+28    0.37(0.12)mas   Brisken et al. 2002 

PSR B2021+51    0.95(0.37)mas   Campbell et al. 1996 

                0.50(0.07)mas   Brisken et al. 2002   １８ 

PSR B2045-16   1.05(0.03)mas   Chatterjee et al. 2009  １９ 

PSR B2048-1616 1.712(0.909)mas Deller et al. 2009 

PSR B2053+36   0.17(0.03)mas   Chatterjee et al. 2009  ２０ 

PSR J2124-3358  4(2)mas         Hotan et al. 2006 timing 

PSR B2144-3933 6.051(0.560)mas Deller et al. 2009 

PSR J2145-0750  2.0(0.6)mas     Loehmer et al. 2004 timing   

PSR B2154+40   0.28(0.06)mas   Chatterjee et al. 2009   ２１ 

PSR B2310+42   0.93(0.07)mas   Chatterjee et al. 2009   ２２ 

 

PSR J0030+0451  3.4(0.6)mas     Lommen et al. 2005 timing    

                3.3(0.9)mas     Lommen et al. 2006 timing   

                4.1(0.7)mas     Abdo et al. 2009   timing   

PSR B0031-07   0.93(0.08)mas   Chatterjee et al. 2009   １ 

PSR B0108-1431 4.17(1.42)mas   Deller et al. 2009 

PSR B0136+57   0.37(0.04)mas   Chatterjee et al. 2009   ２ 

PSR B0329+54   0.94(0.11)mas  Brisken et al. 2002 

                  <1.5mas       Chatterjee et al. 2004 

PSR B0355+54   0.91(0.16)mas  Chatterjee et al. 2004 

PSR J0437-4715  6.65(0.07)mas   Verbiest et al. 2008 timing ３  

                6.3(0.2)mas     Hotan et al. 2006 timing 

                6.396(0.054)mas Deller et al. 2008 VLBI+timing 

PSR B0450-18   0.65(1.40)mas   Chatterjee et al. 2009 

PSR B0450+55   0.84(0.05)mas   Chatterjee et al. 2009    ４ 

PSR J0538+2817  0.68(0.15)mas   Ng et al. 2007 

               0.72(0.12)mas   Chatterjee et al. 2009 

PSR J0613-0200  2.1(0.6)mas     Hotan et al. 2006 timing 

PSR B0630-2834 3.01(0.41)mas   Deller et al. 2009 

PSR B0656+14    3.47(0.36)mas   Brisken et al. 2003 

                                Golden et al. 2005 

RX J0720.4-31.25 2.8(0.9)mas    Kaplan et al. 2007 HUBBLE 

PSR B0737-3039 0.87(0.14)mas   Deller et al. 2009 

PSR B0809+74    2.31(0.04)mas   Brisken et al. 2002    ５ 

PSR B0818-13   0.51(0.04)mas   Chatterjee et al. 2009   ６ 

PSR B0823+26    1.8(0.4)mas     Gwinn 1984      

                2.8(0.6)mas     Gwinn et al. 1986     ７ 

VELA pulsar   3.4(0.7)mas     Caraveo et al. 2001 HUBBLE ８ 

                3.5(0.2)mas     Dodson et al. 2003      ９ 

PSR B0919+06    0.31(0.14)mas   Fomalont et al. 1999 

                0.83(0.13)mas   Chatterjee et al. 2000 



Results of ne for parallax data                 
（Kameya 2010） 

Left: 

Distribution of pulsars 

and interstellar ionized 

gas density on the Galactic plane  

G.C. 

太陽系 

Pulsar Distribution on G.P.
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X VS Z  



Pulsar observations by 

Japanese Activity 
１．Pulsar VLBI observations using VERA & 

Kashima34m, and Japanese VLBI Network 

stations. Also collaborate with Asian countries. 

 6.8GHz, 2GHz or 1.7/１．4GHz 

   higher sensitivity > large antennas & add pulsar 

gating machanism to the Software correlator 

   (with Dr. Oyama). 

2. Observations of Giant pulse of pulsars 

    with NICT group (Drs. Sekido, Terasawa, and 

Takefuji, ,,,)  



SKA（Square Kilometer Array) 
Frequency band：0.1－10GHz(25GHz) 

      Low-band: 100-500MHz 

      Mid-band:500MHz-10GHz 

      High-band: 10GHz-25GHz 

Antennae： 

– Aperture Array (Low band) 

 Dense AA, Sparse AA 

– 2000-3000 dishes (Mid band) 

 WBSPF, PAF 



Longer Baseline（～9000km） is 

necessary for pulsar study! 

Smits et al. 2011 



Summary 

• SKA can discover pulsars whole in our Galaxy. 

•  Determination of distances of pulsars: 

   - improve theoretical model of pulsars. 

 - density distribution of interstellar ionized gas. 

• Pulsar timing observations are important for study of 

Giant pulses and detection of gravitational wave etc. 

• Japanese groups have some activities on pulsar study. 

    (GP and VLBI astrometry etc)    

 

 


