Multi-frequency scatter broadening evolution of pulsars - I : Supplementary Material

This is the supplementary material for the paper titled “Multi-frequency scatter broadening evolution of pulsars -
[”. The following pages contain all the results of our observations and analysis as detailed in the paper. First two
pages contain the table of 7,. fit results. Table 1 includes measurements of 7,. for pulsars from our new observations
with the GMRT, those reported in KMNJM15 as well as from archival data available at EPN pulsar database. Table
2 shows the fit results of 7,. obtained from the publicly available profiles in LWA1 data archive.

The plots of all the fits of 7., and « for all the pulsars we studied are given. Each page contain all the analysis
plots of one pulsar. Each panel is divided into two panels as left and right.

(left panel): The plot shows the profiles of the pulsar at each frequencies and the fit. The observed profiles are
plotted as black continuous curve and the best fit are in red continuous curves. The high frequency profile
used for fitting is plotted at the top in black continuous curve. In the case of Multicomponent profiles, the high
frequency profile is plotted as black dotted curves and the component of the profile fitted is given in black con-
tinuous curve. The centre frequency of observation and the observatory are given at the top right side of each profile.

(right panel): The plot shows the fit to the 7,. measurements (black filled circles) as a function of observing frequency.
The black continuous line shows the best fit model to the dataset and the dashed line shows the expected line for the
Kolmogorov turbulence model. The pulsar name and the value of a obtained is also given in the right side of the panel
along with confidence limits.



Tse Measurements

No. PSR 150 MHz 235 MHz 327 MHz 408 MHz 436 MHz 610 MHz 658 MHz a
Tsc (ms) X2 Tsc (ms) x° Tsc (ms) % Tsc (ms) X2 Tsc (ms) Tsc (ms) % Tsc (ms) x°
1 | JO502+4654 | 102 +60 | 1.2 | 274+5 |09 19+1 1.2 11+1 |09 - - - - - 21707
2 | J05344+2200 | 25+1 [ 09| 414+02 [ 1.0 [ 225 +0.04 | 0.9 - - - - - - - [ 34+02
1.63 4+ 0.01 | 0.9
3 [ J06144+2229 | 23+3 [ 13| 46+06 | 07| 1.74+0.03 [ 0.8 | 1.3+0.1 | 1.2 - - - - - [29+01
4 | J1328-4921 19+46 [09] 36+£05 |12] 08+04 [1.0 - - - - - - - 4.0757
5 | J1557-4258 - - 5+ 18 [ 08| 53+03 | 1.1 - - [ 13+01 - - - - 6.070°5
6 | J1604-4909 | 42 +£29.0 [ 0.7 | 7.2+ 0.6 | 0.8 | 1.77 £0.04 | 0.6 - - - - - - - 4.0798
7 | J1613-4714 | 100£70 [ 07| 23+£3 |09 68+£05 |09 - - - - - - - 3.6775
8 | J1639-4604 - - 259+ 78 | 1.1 26 + 2 1.1 - - - - - - - -
9 | J1651-5222 - - 20+4 |09 67+04 | 1.1 - - - - - - - -
10 | J1703-3241 76+8 [08] 15+2 |15 47+01 |09 - - - - - - - [ 35+01
11 | J1705-3423 - - - - 41+ 3 09 23+£2 [09] 16+1 53+ 0.1 | 1.0 - - [33+01
12 | J1722-3207 - - 48+2 [09] 139+02 [1.0| 65+1.4 | 0.8 - - - - - [36+03
13 | J1731-4744 3+1 [1.0 4+2 08| 88+02 |09 - - - - - - - -
14 | J1732-4128 - - - - 26 + 4 1.2 - - - 04+03 |07 - - -
15 | J1741-3927 - - 39 £8 1.0] 17204 [ 1.0 - - - - - [1.84+01]08] 3.075;
16 | J1743-1351 16+3 [08] 23+£02 [06] 044+01 [1.0 - - - - - - - 4.67573
17 | J1745-3040 | 39+ 14 |07 [ 121404 [ 1.0 | 37+02 | 1.1 - - - - - - - 2.9703
18 | J1759-2205 | 168 £ 126 | 1.3 | 44+6 |[1.0| 90+03 | 1.0 - - - - - - - 3.6777
19 | J1801-0357 | 42+7 [09| 20+£02 [09| 06+01 | 1.0 - - - - - - - [ 54+03
20 | J1807-0847 | 38+15 |08 | 12+1 [0.6| 43+01 [1.0] 24+0.2 |09 - - - - - 27703
21 | J1807-2715 - - | 151 +46 | 1.0 37 £ 2 1.3 - - - 1.8+0.1 1.5 - - 47752
22 | J1808-0813 - - 85+ 14 | 0.6 12+ 1 08 | 44+04 |07 - - - - - [ 54+03
23 | J1816-2650 | 55 £37 | 0.8 19+6 1.1 75+03 |09 - - - - - - - 25708
24 | J1822-2256 - - 66+6 | 1.0 145+02 | 1.0 - - - - - - - -
25 | J1823-0154 - - 44+5 [09] 59+03 [1.2| 48+0.1 | 1.3 - - - - - [41x02
26 | J1835-1106 - - 25+3 [09] 68404 [1.0] 45+01 | 0.7 - 1.0+ 0.1 | 1.0 - - [ 33+01
27 | J1849-0636 | 593 £250 | 1.0 | 97+3 | 1.0 24 + 1 1.3 [ 123+05 | 1.0 - - - - - 3.975%
28 | J1854+1050 - - | 138 £48 [ 11| 46+4 | 1.3 - - - 49+01 |08 - - | 35702
29 | J1854-1421 - - [ 73406 [08] 30402 [10] 1.7+01 |12 - - - - - [ 26+02
30 | J1903-0632 - - 66+4 |07 207+03 [09]| 83+06 | L.1 - - - - - [37+01
31 | J1904-1224 | 397 £250 | 0.8 | 24 +5 1.0 56+02 |09 - - - - - - - 5.4708
32 | J1905-0056 | 380 £280 | 1.4 | 39+3 [06| 74+04 |05 - - - - - - - 5.070%
33 | J1910-0309 75+33 [ 11| 16+£1 |[11] 274+01 |09 - - - - - - - 4.275%
34 | J1910+0714 - - 12+2 |08 4+1 0.7 - - - - - - - -
35 | J1910+1231 - - - - 52+ 5 1.0 - - - 23+02 |06 - - -
36 | J1916+1312 | 79£60 |08 | 24+6 | 06 6+1 1.0 - - - - - - - 3.2707
37 | J1926+0431 | 12+1 | 07| 404+06 |09 | 224+01 |09] 09+03 | 06 - - - - - 24703
38 | J1932+2020 - - 71+6 |10 19+1 11| 121 |11 - - - - - [33+02
39 | J1932+2220 - - 7+2 0.7 | 0.65 + 0.03 | 1.1 - - - - - - - -
40 | J1935+1616 | 20+2 |10 | 45+02 |10 32+02 [07 | 1.2+£04 | 1.1 - 04+01]09 - - [ 3101
41 | J2004+3137 | 222 £ 105 [ 0.7 | 38+2 |[1.1| 9.0+02 |12 - - - - - - - 4.0707
42 [ J2029+43744 | 295+81 | 07| 49+3 |10 | 11.6+03 | 1.1 - - - - - - - 41707
43 [ J2055+3630 | 85+£50 | 1.0 | 23+£2 |08]| 55+03 |09 | 3.0£0.1 | 0.9 - - - - - 34707
44 [ J2113+4644 | 50+2 [ 13 ] 56+02 [12] 1.84+01 [0.7 - - - - - - - [42+01




Tsc Measurements

No. PSR 37.55 MHz 42.45 MHz 47.35 MHz 52.27 MHz 57.15 MHz 62.05 MHz 66.95 MHz 71.85 MHz 76.75 MHz «
Toe Ms) | X% | 7se (ms) | X% | Tse ms) [ X% | 7sc (ms) [ x% | 7se (ms) [ X7 | 7sc ms) [ X% | 7se (ms) [ X% | 7sc (ms) [ x% | 7sc (ms) | x?
1 J0332+5434 50+5 1.0 2942 0.7 21+1 0.8 | 13.840.5 | 1.0 | 9.3£0.4 | 0.9 | 5.7£0.2 1.0 | 4.0£0.1 1.0 | 3.4£0.2 | 0.8 - - 4.34+0.1
2 J1825-0935 - - - - 35+4 1.4 20+2 0.9 11+£1 0.7 9+2 9 6+1 0.9 - - - - 5.0+£0.5
3 J2219+4754 - - 83+10 0.9 64+5 1.0 37+2 0.9 28+2 1.0 19+1 0.8 14+1 0.8 | 9.2+0.4 | 0.9 | 7.0+£0.4 | 0.9 | 4.240.1
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Normalised Intensity

J1905-0056

T I T
Template Profile — 1408 MHz

I
LOVELL — 410 MHz

0.2

0.4
Pulse Phase

Figure 34:

0.6

0.8

T (ms)

1000 F ~ J1905-0056
07 |

o = 4.9t1'3
100 ¢ ;
10+ ]
1 | L L L oo |
100 10

Frequency[MHz]

00



Normalised Intensity

0.5

0.5

o

—-0.5

0 0.2

J1910-0309

T I T
EFFELSBERG - 1420 MHz

327 MHz

ORT -

| ’ 1
GMRT — 234 MHz -1

I :
GMRT — 148 MHz

MAA thw\ﬁ

| VVV

0.4
Pulse Phase

Figure 35:

0.6

8 1

T (ms)

1000

100 |

10 |

T

T

J1910-0309

_ +0.4
o = 4.27,%

Il Il Il Il Il Il Il Il l

1000
Frequency[MHz]



J1910+0714

T I T I T I T I T
— Template Profile — 1400 MHz
0| 4
o
o
: | : | : | : | :
— - ORT — 327 MHz
L |
I
0 [ i
o - -
o "l"lny,‘,”'/ ‘(‘ x‘\”‘n |’l A\, _’“'””l,lY LT"\'L‘ “‘ J Hl’ l(‘ [\ U lu A || il rl"ﬂr‘ l,'ll l'“l“ i lILA l M L"A \Fl
E Il I Il I Il I Il Il =
- | ' ' ' GMRT - 234 MHz

Pulse Phase
Figure 36:



0.5

J1910+1231

T T T T T T T T
Template Profile — 1420 MHz

I }
GMRT — 608 MHz

n,’ 1'1' I‘

ORT - 327 MHz

, ' r “” ‘,”1“ M M M,A i lllm Il I ML g L

‘ h,u { "“”]l ||| “ “H Y ‘w y'

0.2 0.4 0.6
Pulse Phase

Figure 37:

0.8

1



J1916+131%8

- ‘ : ' ' ' ' ' LOVELL — 1408 MHz
1000 0191641312
+0.7 |
2 - | - | . | . . . - x = 3.277,
G~ ‘ ! ' ! ' ! ' ORT - 327 MHz
3 _ ‘ I
EIA : 100 | f
% o .J‘M‘ ""JWWJ,II.IH’AAI‘N “,M Il Jh‘ n“““ ‘ “A 'L‘H JH ‘m“‘,,\lv“uhl AL I Lu]. “x l’u‘ P i
g | T T LT AL L PP 0
s(; } } ! ' ] E
Z GMRT - 234 MHz ~
] =
1L 1 L]
100 1000

Frequency[MHZz]

" Pulse Phase

Figure 38:



Normalised Intensity

10

J1926+0431

I T ]
LOVELL - 1408 MHz -

I
LOVELL - 410 MHz

I
ORT — 327 MHz

Pulse Phase

Figure 39:

0.6

T (ms)

T

100.0

T

10.0|

0.1L

J1926+0431
0.3 -
o = 2.4t0'2

|

Il Il Il Il Il Il

100

1000
Frequency[MHz]



Normalised Intensity

1

o

1

o

J1932+2020

0.5

PN Ny JINVASAUN NN NANANIY Wty S

I
LOVELL - 1408 MHz

0.5

LOVELL -410 MHz

X

I T
ORT — 327 MHz

Pulse Phase
Figure 40:

T (ms)

T

100 |

10 L

J1932+2020
0.2
a = 3.3%,%

Il Il A Il Il Il

|

100

10
Frequency[MHz]

00



J1932+2220

— - LOVELL — 1408 MHz

I T
- ORT — 327 MHz

o0 [ i

o -

o Mﬂ =
: | : | : | : | :

— GMRT — 234 MHz -

Pulse Phase

Figure 41:



Normalised Intensity

10

10

10

10

J1935+1616

0.5

LOVELL — 1642 MHz

0.5

0.5

/\\ ! ! LOVELL - 610 MHz -
: | : | : } .
A\ LOVELL — 410 MHz ]
| s L \ |

0.5

I ! I ! I !
ORT — 327 MHz

0.5

| L J " |
T

GMRT — 234 MHz

| N | e Il

10

I T
GMRT - 148 MHz

Pulse Phase

Figure 42:

T (ms)

100.0

10.0|

0.1

T

T

J1935+1616

_ +0.1
O( - 3.1 _0'1

1 1 T T R

|

100

Frequency[MHz]

10

00



Normalised Intensity

10

J2004+3137

0.5

I T
LOVELL —1642 MHz |

0.5

Tl

I :
ORT — 327 MHz

0.5

NI

I :
GMRT - 148 MHz

T

vvl uvvlv

AA/mJM%

0.2

04
Pulse Phase

Figure 43:

0.6

0.8

1

T (ms)

1000

T

100 |

T

10 |

J2004+3137

_ +0.4
o = 4.05,75

|

Il Il Il Il Il Il

100

1000
Frequency[MHz]



Normalised Intensity

J2029+3744

LOVELL — 1408 MHz |

0.5

I :
ORT — 327 MHz

AJl A I\ AN 2 n
"VV|vvryp"pvvv V vy v W
Il

I :
GMRT - 234 MHz

Pulse Phase
Figure 44:

T (ms)

1000

T

100 |

T

10 |

J2029+3744
0.3 |
o = 4.1t0'4

Il Il Il Il Il Il

|

100

Frequency[MHz]

10

00



Normalised Intensity

0.5

10

J2055+3630

I ! -]
LOVELL - 1408 MHz -

I
LOVELL - 408 MHz

—

A

s

ORT — 327 MHz

0 0.2 0.4

Pulse Phase

Figure 45:

0.6

T (ms)

1000

T

100 |

T

10 |

J2055+3630

_ +0.4
a = 3.4,

Il Il b Il Il Il

T

|

100

10
Frequency[MHz]

00



Normalised Intensity

1

10

0]

10

J2113+4644

0.5

I T
LOVELL —-610 MHz

0.5

f —
ORT — 327 MHz

0.5

I T
GMRT - 234 MHz

0.5

I :
GMRT - 148 MHz

L L.

04 0.6 0.8
Pulse Phase

Figure 46:

T (ms)

T

100 |

T

10|

T T T T T

J2113+4644

. +0.1
o = 4.272,]

Il Il Il Il Il Il

I

|

10
Frequency[MHz]

00



Normalized Intensity
005100510051005100510051005100510051

J2219+4754

LOFAR — 150 MHz

LWA — 77 MHz

LWA - 42 MHz

0.2

0.4
Pulse Phase

Figure 47:

0.8

T (ms)

100 ©

10

T 1T

- J2219+4754

_ +0.1
a = 4.27,]

1 1 lllllll 1 1

1

L

100
Frequency[MHz]



