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HI absorption line

• Radiative transfer equation 

 




• On-Off observation 
angular resolution 
time resolution: pulsar

dIν

ds
= jν − ανIν

Iν = Iν,0e−τν + Sν(1 − e−τν)



Emission lines in beam

Absorption lines on LOS

• PSR B1937+21 (J1939+2134) 
P = 1.56 ms 
bright


• DSPSR 
CPU off-line 
500 MHz/32768 chan = 15 kHz/chan


• Scintillation



Kinematic distance
• Galactic rotation curve 

, 


• Radial velocity of HI cloud 
 
 

Local Standard of Rest (LSR) 
streaming & random motion:  
(Fich et al. 1989, Frail et al. 1990)


• Lower bound of pulsar distance 
furthermost cloud with absorption


• Upper bound of pulsar distance 
nearest cloud without absorption

R0 = 8.5 kpc Θ0 = 220 km/s

R2 = R2
0 + d2 − 2R0d cos l

vr = R0(ω − ω0)sin l cos b

∼ 7 km/s
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• Lower bound 
2.8 - 6.3 kpc 
Carina-Sagittarius Arm


• Upper bound 
8.3 - 9.6 kpc 
Perseus Arm


• Previous results 
DM distance: 2.9 kpc (YMW16) 
VLBI distance: 2.6 kpc (Ding et al. 2023) 
kinematic distance:  kpc,  
kpc (Weisberg et al. 2008) 

dl = 4.6 du = 14.8



Timing at HI absorption line

Arecibo result 
Jenet et al. 2010

FAST result What about causality?



Kramers-Kronig relation
• Causality in Green's function of 

 

 

 is analytic in the upper half- -plane.


• Kramers-Kronig relation 

 

 

absorption  dispersion
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• Lorentz dispersion model 
Damped harmonic oscillator 

 me
··x + meγ ·x + meω2

0x = − eE0
ϵ(ω)

ϵ0
= 1 +

Ne2

ϵ0me ∑
i

fi
ω2

i − ω2 − iωγi



Anomalous dispersion
• Normal dispersion 

 increases with 


• Anomalous dispersion 
 decreases with 


• Phase velocity  
Group velocity  

 

 around absorption lines


• Group velocity is defined at 
Gaussian peak

n ω

n ω

vp = ω/k = c/n
vg = dω/dk

vg =
c

n(ω) + ω dn
dω

vg > c Causality is preserved



• Absorption lines 
4 Gaussian components in optical depth 




• Prediction of Lorentz model 

 

Faddeeva function  
(Janet et al. 2010)

τ( f ) = τ0e
− ( f − fc)2

2f2d

Δt( f ) = τ0 ( f − fc
4πf 2

d ) Im w ( f − fc
2fd ) −

τ0

2 2π3/2fd
w(z) = e−z2erfc(−iz)



Thanks!

• Kinematic distance of PSR B1937+21 
between 2 Galactic arms

• Anomalous dispersion 

 faster-than-light


• Requires high S/N 
large telescopes (Arecibo, FAST and ???) 
bright pulsars (B1937+21 and ???) 
good luck (HI cloud, scintillation) 
new FAST proposal for more pulsars

∼ 10 μs

Summary
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