Diffractive scintillation studies of EPTA pulsars
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Diffractive scintillation
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Methods

R(AF, Af)
R(0,0)

ACF(Af, At) =

RAf, A = <AI(f,0) - AI(f + Af,t + Af) >

ACF(v =0,71) = exp(—a - ),
ACF(v,7 = 0) = exp(-b - V).

Scintillation timescale: 7 =14/

Scintillation bandwidth: ,, _ /12
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Pulsar: J0636+5128
Telescope: NRT
MJD: 56676
vy: 13.35+40.83 (MHz)
74: 9.43+0.11 (mins)
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Applications

Vd oC favd ayd — 4.4

1) Study the IISM nature

o . 2mvaTy = Cq
2) Improve timing precision

(1)

(2)

(3) Constrain the scattering screen distance
(4)

(

4) Constrain the pulsar proper motion I,

Td =
5) Probe the pulsar orbital information Viss
(Lyne, A. G. 1984, Natur, 310, 300) VISS — Veff / \)

Vet (s) = sV + (1 — 5)(Vp + Vi) — Vism(s).



Periodic interstellar scintillation
variations of PSRs J0613-0200 and
J0636+5128

DVd
ftd ’

D
Viss = Vel 5—

Viss = Arss

Dy

\/V_d _ |Veff| \/B

fra  Aiss D - D,

D — D Dy
Ve + —(V, + V) — Viisms

Vg = )
eff D D

’E ° .o: . L4 ‘.
E ., ' : [ 4 ),
\.; 25 - o a 11 .:';.E o ;, \ L I PR o'...
= 1% ¢ > -y o" o 4 "o, g . T . : ‘. * .. “ ‘
(Foairatentet ARG T it haatiiett Bl L e BERB 1T sl
0- f é é f é é é
38.78 A . s g1 t 3 SR pe ¥
AR SN S R4 ST L s
® ei i ? b . o lou ‘ot s N *2 . .
BT e R s ' S | °

N o201
T 3 A
S | 5
\'c’: s 's "eid ot . . - i
- O- ?.:"‘.v ki ol'q.P.c,. :v.' cW".v;&.'fbo .°V:
—~ 1004 5 ! | 5
= § é 5
- . : 1
E : : A : i s A
R -l » ml 3 B
ol WF e ade B G T
§~]J"12- : §
: |
- \ ’ | °3-$.. - A ;
8_ 11.10 ;? e .::*..{ .o 2 o ‘. fa
=
O

J0613-0200

¢ EFF (1349 MH2)

10 A

+ JBO (1556 MH2)

o . . |
Y 8" : vy Y% Y
v v :"v wYy 'v"' o":
'v; MR vv‘w: W '3
"Wy v AR AR AR Al teee

1 <
,"v':
v % TN

* NRT (1484 MH2)

2012

20132014

2015

$2016 2017

2018

2019

2020

56000

J0636+5128

56500

57000

57500

M)D

e EFF (1347 MH2)

58000

¢+ JBO (1532 MH2)

58500

59000

* NRT (1544 MH2)

2016

2017

2018

2@19

2020

57500

58000

MJD

58500

59000



Uniform

Thin screen

|sotropic

Scattering model
Mildly anisotropic scattering

Extremely anisotropic scattering

Mildly anisotropic scattering Extremely anisotropic scattering
V.| = \/avfﬁ,a + bV 5 + Vet Vet s Vet = ' \/ aVig , + bV s + cVeraVers — Vism|,
D - D, D, D — Dy D;
Veff,a/ = D VE,a + E(Vp,a + Vﬂ,a) — V[ISM,Q, Veﬁ,a — D VE,a/ + E(Vp,a + V,u,a),
D - D, D, D - D, D,
Vetts = D ViEs + B(Vp,é + Vis) — Viisms, Vet s = D Vs + E(Vp,é + V,s),
a = [1 — Rcos (2(,0)] / \/1 — Rz, a = coS (//2,
b =[1+Rcosy)]/ V1 - R, b = siny?’,
¢ = —2R sin (2¥)/ V1 - R2, ¢ =-2sinycosy.

Arss = 2.78 V@A, + 1/A)/22D./(D - D,) x 10* Aiss = K2D,/(D - D,) x 10
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Figure 2 The posterior probability distributions of all fitted parameters for PSR J0613-0200. In the 1-D histograms, the red lines are the kernel-density
mate smoothed version of the distributions, the vertical dashed lines indicate the 10% fractional quantiles, the most likely value and 90% fractional quant
The most likely value and the upper/lower errors are presented in the top of 1-D histograms. Factors F and Q are the noise parameters EFAC and EQU
respectively. The factor Q is magnified a thousand, and it’s actually on the order of 107, the same as Y.

Figure 3 The posterior probability distributions of all fitted parameters for PSR JO636+5128.

Mildly anisotropic scattering Extremely anisotropic scattering



Viss (km/s) Residuals (km/s) Viss (km/s)

Viss (km/s)

125

125

125

N \l.-.
o & & & 8

J0613-0200
« Viss,p * Viss,m
56000 56500 57000 57500 58000 58500 59000
2
xX° = 3.42
{ o'. ° .: '.0. ] Ll | | 'o.. .
. e . e s Bile & el " 4 &'.:. SR
el ‘\O ,..." . e .: "o’. ".. L P .:0 '. u:. !
‘... :: o::O’..$ e&?%&?‘ {: . 0;?‘:?.0 .‘M?. ‘. ...‘. '. ‘:.:: .' .. 0:.}. . o.t"..O:.
56000 56500 57000 57500 58000 58500 59000
MJD
0 50 100 150 200 250 300 350
Day of Year

0.4 0.6 0.8 1.0

0.2 .
Orbital phase

Viss (km/s) Residuals (km/s) Viss (km/s)

Viss (km/s)

40

20

20"

10+

40

20"

2

o
o

N
e

J0636+5128

! « Viss,p * Viss,m

56800 57000 57200 57400

x2 =0.91

o..°. 0. 1 i | 0..'. o1 - . : . ... | g . *
..0. "0 1 ' O.z.s:o 0....;:'0.'.. e o* " * °.o. | M : .

56800 57000 57200 57400

M)D
0 50 100 150 200 250 300 350
Day of Year
. l - { o. 1 . o | 't . :
! ’ . ! ' . :. o.. ~. T .° .. ! . . T
. o. ! ?1? F ® . * s
0.0 0.2 0.4 0.6 0.8 1.0

Orbital phase




PSR J0613-0020
PSR J0636+5128

400 400 400

200 200 200

Y[pc]
Z[pc]
Z[pc]

316723 pc and 262*3° pc

-200 =200 -200

-400 -400 -400

-400 =200 0 200 400 -400 -200 0 200 400 -400 -200 0 200 400
X[pc] X[pc] Y[pc]

Figure 6 Scintillation screen position on three crosscuts (XY, XZ and YZ planes) of the 3D dust extinction map from Lallement et al. 2019 [45]. The X axis
points from the Sun (the circle dot) to the Galactic center, the Y axis points towards / = 90° and the Z axis points to the North Galactic pole at Galactic latitude
b = 90°. The colour scale shows log(A?,) and indicates the gas density, where A}, is the differential extinction in units of magnitude per parsec.
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Figure 7 The gas density distribution along the line of sight to two pulsars, from the 3D dust extinction map of Lallement et al. 2019 [45]. The coloured
vertical lines denote the estimated position of the scattering screen for each pulsar, while the lighter shades of the vertical lines indicate the uncertainty range
of the scintillation screen positions. The dashed black vertical lines indicate positions of the inner local bubble surface on the line of sight to each pulsar.



Current works

LAPUDA, LAconic Program Units for pulsar Data Analysis:
https://github.com/lujig/lapuda)

LAPUDA

LAPUDA: LAconic Program Units for pulsar Data Analysis
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