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1. PSR B0355+54 and its PWN 

2. The scintillation of PSR B0355+54 from FAST 

3. The polarization of PSR B0355+54 from FAST 

4. Summary 

Based FAST observations:  

PSR B1842+14 and B1929+10, ISS arc detection, RAA, Yao et al. 2020; 
PSR J0538+2817 and SNR S147, ISS and polarization, NA, Yao et al. 2021; 
PSR B0656+14 and Monogem ring, ISS and polarization, ApJ, Yao et al. 2022; 
PSR B0355+54 and its PWN, ISS and polarization, Yao et al. in prep.  



PSR B0355+54 and its PWN 
The basic parameters of PSR B0355+54

(1)The distance of PSR B0355+54: 1000+/-200 pc (VLBI - PX, Verbiest et al. 2012) 

(2) The transverse velocity of PSR B0355+54: 59+/-12 km/s (Li et al. 2016) 

(3) The position angle of the transverse velocity:  48.3+/-3.2 deg (Li et al. 2016) 

(4) The position angle of the spin axis: -33+/-5 deg (Carr P., 2007, PhD thesis, Univ. Manchester) 

(5) The 2D spin-velocity angle: 25+/-6 deg (Li et al. 2016, Carr P., 2007) 



PSR B0355+54 and its PWN 
The PWN of PSR B0355+54

Noel Klingler et al. 2016

Chandra X-ray Observatory observations of   
PSR B0355+54: 
(1) Long tail - about 2 pc 
(2) As they found that the emission at the CN 
apex becomes distinguishable from the 
background at a distance of 3.5 arc-second in 
front of the pulsar, they guess that the projected 
stand-off radius is : 

The bow-shock is located about 0.02 pc from the 
pulsar . 

No Halpha observation 



Interstellar scattering and scintillation

1. Scatter-broadened image and scattering tail             2. Scintillation  (DS: Time and Freq; SS: arc)                

Thin screen

The geometric time delay 

PSR B0355+54 and its PWN 



PSR B0355+54 and its PWN 
Interstellar scintillation of PSR B0355+54 from other telescopes

Dan Stinebring et al. 2006 (GBT)

(1)ISS arc detection for the 
first time at 1.4 GHz

(2) ISS arc detection at 2.2 
GHz (curvature variation)

Xu et al. 2018 (Kunming 40 m)

(3) ISS arc detection at 2.2 
GHz (arclets)

Wang et al. 2018 (Jiamusi 66 m)



The scintillation of PSR B0355+54 from FAST
The DS and ACF results

1.1 GHz 1.4 GHz

Scintillation timescale and bandwidth largely vary with observing time.



The scintillation of PSR B0355+54 from FAST
The ISS arcs in the SS 

1.1 GHz 1.4 GHz

(1) One main ISS arc at 1.1 GHz, and three ISS arcs at 1.4 GHz;  

(2) Small scale structures are located within the main arc;  

(3) Small scale structures are located at the main arc;  

(4) Small scale structures are located outside the main arc.



The scintillation of PSR B0355+54 from FAST
The arc curvature at 1.1 and 1.4 GHz - two methods 

Arc b at 1.4 GHz ( power count) Arc a and c at 1.4 GHz (Normalize) 



The scintillation of PSR B0355+54 from FAST
The location of the scattering screen

(1) Arc a  - 250 times stand-off radius (Not the bow shock); 
(2) Arc b - seem like the SNR; 
(3) Arc c - (Not the local hot bubble shell) 

(4) Based on the refractive angle - we obtain the DM variations.



The scintillation of PSR B0355+54 from FAST
The movement of the small scale structure - judge the origin

(1) Structure I is located outside 
of the main arc;  

(2) The moving direction of  I is 
inconsistent with II and III.

Consistent with pulsar 
proper motion 
13 mas/yr  

Explain I



The scintillation of PSR B0355+54 from FAST
The observations at MJDs 59881 and 59883

DS at 1.1 and 1.4 GHz

SS at 1.1 and 1.4 GHz

(1) Structure IV is located within the main arc; 
(2) The moving direction of IV is consistent with 

that of II, III and the pulsar; 
(3) The arc curvature of IV is larger than that of 

the main arc.  
Where is IV coming from?  
Can we simulate pulsar scattered image at these 
two days?



The polarization of PSR B0355+54 from FAST
The mode change of PSR B0355+54 - Morris et al. 1980

Gradual mode change within 
24 min and no PA change.

Pulse profiles vary with frequency; 
No mode change at other frequency.



The polarization of PSR B0355+54 from FAST
The two modes from FAST (based on polarization)

(1)There are two modes based on the detected PA; 
(2)The presence of both mode A and B have continuity in time； 

(3) More analysis are needed next. ????? 



The polarization of PSR B0355+54 from FAST
The 2D spin-velocity angle (Based on Mode B)

PSR B0355+54

Blue points: from FAST;  

Red points: from other telescopes; 

Consistent with Janka’s theory. 



Summary

PSR B0355+54 and its PWN

Polarization of PSR B0355+54 from FAST

 Two modes - mode A and B based on the detected PA; two modes have continuity in time. 

 2D spin-velocity angle - updated 2D spin-velocity angle based on PA at mode B. 

 The D, PM and Pol of PSR B0355+54, and the long tail and stand-off radius of the PWN

Interstellar scintillation of PSR B0355+54 from FAST 
DS and ACF - interstellar scintillation parameters vary with observing time 

SS and small scale structure- three ISS arcs; The movement of I, II and III.  

Observations at 59881 and 59883 - interesting main arc and small scale structures.



⼆二

四

     Thank you!



Propagation effects in the interstellar medium 
The secondary spectrum Dynamic spectrum(1.4 GHz, J0538+2817)

Secondary spectrum(1.4 GHz, J0538+2817)

s, determine screen 
location

FT

Hill PhD thesis 


