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Interstellar scintillation and polarization of PSR B0656+14 in the Monogem ring
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         1. Dynamic spectrum, ACF, SF, and secondary spectrum 

ACF: 

ISS timescale, bandwidth and velocity:

SS:

The location of the screen: 

B1133+16

ISS arc detection of pulsar associated with SNR 



2. Six PSRs/SNRs systems

J0502+4654 and J1952+3252: small scale patches in time, no ISS arc detections.  

J0538+2817, B0656+14 and J2337+6151: detected ISS arcs. 



2. The Dynamic spectra of  J0502+4654 and J1952+3252
J1952+3252 J0502+4654

3. The secondary spectra of  J0538+2817, B0656+14 and J2337+6151
J0538+2817 (35 kyr) B0656+14 (110 kyr)J2337+6151 (40 kyr)



2D and 3D spin-velocity alignment 

1. 2D velocity and 3D spin vector 

    I. Pulsar transverse velocity: VLBI, Timing, ISS and et al.  

    II. 3D spin vector: pulsar polarization and X-ray torus 

2. 3D velocity and 3D spin-velocity alignment 

ISS arc detection: new method for estimating  
pulsar radial location and velocity  

J0538+2817/SNR S147: the first 3D spin-velocity  
alignment in pulsars 

(Yao et al. 2021, accepted by NA) 



PSR B0656+14 and the Monogem ring 

Thorsett et al. 2003

The Monogem ring: 
300 pc, 25 deg, 110 kyr 

-Radius of 64 pc 

The PSR B0656+14: 
288 pc, close to the center, 86 kyr 

60+/7 km/s  

Summary (association): 

1. Location  
2. Age  
3. Reasonable proper motion 
4. Distance



The DS and SS of PSR B0656+14
1. The dynamic spectrum of PSR B0656+14  

Weltevrede et al. 2006: 

WSRT, 1380 MHz, 2-h observations

a thousand second - 17 min

Yao et al in prep. (2021):

1-h and 3-h FAST observations



2. The ACF of PSR B0656+14

Using ACF, we obtained the scintillation timescale and scintillation bandwidth.



3. The secondary spectrum of  PSR B0656+14

The secondary spectra

Normalize secondary spectra 

                   & 
  
               Resample



4. The arc curvature and the distance between pulsar and screen 



5. The two scattering screens 

Outer arc - The shell of the Monogem ring:  

- Radius of 64+/-7 pc 
- Pulsar-to-screen 52+/-7 pc 
- Confirm the association 
- Shell of SNR dominate scattering

Gl=201 deg

Inner arc - The shell of the local hot bubble:  

               - 185±13 pc from the Earth  

               - Shell of LB: 150- 180 pc from the Earth  



6. The turbulent spectra for these two observations - Delay profile 

The slope is: 
-(1+alpha)/2 

Kolmogorov: 
alpha=11/3 
Slope: -2.33

The turbulent spectra for these two observations are flatter than the Kolmogorov.



The pulse profile of PSR B0656+14

The pulse profile of PSR B0656+14 at MJD 58183 obtained by  
averaging successive blocks of 1000 single pulses. 

No stable pulse profile available 
may affect the S/N of the detected 
ISS arc. 



The polarization of  PSR B0656+14
1. Previous polarization results

Johnson et al. 2007 (Parkes)

Noutsos et al. 2013

The angle between spin and velocity is 1+/-2 deg. 

—— near-perfect 2D spin-velocity alignment 



2. FAST polarization (1-h and 3-h observations)  

The angle between spin and velocity is 20 deg, not 1deg - far from near-perfect alignment.

2D-Velocity (VLBI): 
-86 deg from North 

2D-Spin (FAST Pol): 
-66 deg from North

The new measured RM is 
consistent with old measures. 

New: 

Old: 
            (Sobey et al. 2019, LOFAR) 



Summary 

      Detected ISS arcs for three pulsars, PSRs J0538+2817, B0656+14 and J2337+6151 
           
         
        We detected two ISS arcs for PSR B0656+14 

         Outer arc - from the shell of the Monogem ring, Inner arc - the shell of the Local Bubble  

     
         Confirm the association and the shell of SNR dominate pulsar scattering  

          The angle between spin and velocity is 20 deg, which is far from near-perfect alignment 
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