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Introduction 1

» Detected 4265 giant pulses (GPs) from B1937+21 in 21 observations
with the Large European Array for Pulsars (LEAP)

e Obtained pulse energy distributions

 Estimated emission rates of detectable GPs from cosmological
distances and the Galactic Centre

e Measured the phase-dependent intensity modulation of GPs
e Measured scattering and DM variations, polarisation properties

* Explored the prospects of using GPs to time the pulsar



Giant Pulses - Description

Occasional single pulses with flux densities greatly exceeding that

of the single-pulse average 1F T T T ]
. i S/N=1988 |
e Detected in only 14 pulsars to date (see table) /
- L] - - HJB B ]
e Generated by a different emission mechanism to the regular I |
emission 0.6 F .
o Originally thought to be linked to magnetic field strength at the i ]
: : 0.4 - -
light cylinder, B, - (Cognard et al. 1996) _ _
e Pulse width of GPs much narrower than regular single pulses 2 02r -
E - -
o Unresolved durations as short as 2 ns in the case of the Crab £ o
Pulsar (Hankins et al. 2003) ° —r
o g 0 0.2 0.4 0.6 0.8 1
e Pulse energy distributions usually well-modelled as a power law E 1 T T ]
» GP emission occurs in a narrow phase window, often offset from 2 - ]
the regular radio components, but aligned with the high-energy 0.8 |- .
emission (Cusumano et al. 2004) i T
Name Brc (G) Rank Reference 7]
B1937+21 (J1939+4-2134) 1.0 x 10° 2 Wolszezan et al. (1984), Cognard et al. (1996) T
B0531+21 (J0534+2200) 9.6 x 10° 3 Staelin & Reifenstein (1968) |
B1821-24A (J1824-2452A) 7.4x10° 4 Romani & Johnston (2001)
B1957420 (J1959+42048) 3.8 x 10° 6 Joshi et al. (2004) 1
BO540-69 (J0540-6916)  3.6x 10° 7 Johnston & Romani (2003) i
J0218+4232 32x10° 9 Joshi et al. (2004)
B1820-30A (J1823-3021A) 25x105 16 Knight et al. (2005) 1
B0656-+14 (J0659+1414) 0 437 Kuzmin & Ershov (2006)
B0950+09 (J09534+0755) 140 790 Singal (2001), Smirnova (2012) 1
J1752+2359 711007 Ershov & Kuzmin (2005) 0.4765 0.477 0.4775 0.478
B0529-66 (J0529-6652) 39 1183 Crawford et al. (2013)
B0031-07 (J0034—0534) 7.0 1694 Kuzmin et al. (2004) Pulse Phase
B1112+50 (J11154-5030) 4.2 1832 Ershov & Kuzmin (2003)

(
B1237+25 (J1239+42453) 4.1 1843 Kazantsev & Potapov (2017)



http://adsabs.harvard.edu/abs/1996ApJ...457L..81C
http://adsabs.harvard.edu/abs/2003Natur.422..141H
http://adsabs.harvard.edu/abs/2004NuPhS.132..596C

Giant Pulses - Description

Occasional single pulses with flux densities greatly exceeding that
of the single-pulse average

Detected in only 14 pulsars to date (see table)

Lof . o 3
- 2.5-17 keV . ]
e Generated by a different emission mechanism to the regular o 08F | (’;‘da;)‘ pulse
emission 5 0.6 :
o F 1
o Originally thought to be linked to magnetic field strength at the & E
° -
. . z -
light cylinder, B, . (Cognard et al. 1996) :
e Pulse width of GPs much narrower than regular single pulses E
o Unresolved durations as short as 2 ns in the case of the Crab 3 3
Pulsar (Hankins et al. 2003) g E
e Pulse energy distributions usually well-modelled as a power law : E
= 1
e GP emission occurs in a narrow phase window, often offset from _ | | E
the.regular radio components, but aligned with the high-energy PP~ ;
emission (Cusumano et al. 2004) 0.8 | E
Name Brc (G) Rank Reference ey 0.6 a 3
B1937+21 (J1939+2134) 1.0 x 10° 2 Wolszczan et al. (1984), Cognard et al. (1996) E F | GP emission ]
B0531+21 (J05344-2200) 9.6x10° 3 Staelin & Reifenstein (1968) g 04p l E
B1821-24A (J1824-2452A) 7.4 % 10° 4 Romani & Johnston (2001) 02k 1
BI957+20 (J195942048)  38x10° 6 Joshi et al. (2004) ol ]
B0540-69 (J0540-6916) 36x10° 7 Johnston & Romani (2003) 0.0 [ meri o O ——
J0218+4232 32x10° 9 Joshi et al. (2004) _08 —04 _02 0.0 0.2
B1820-30A (J1823-3021A) 2.5%x10° 16 Knight et al. (2005) Pulse phase
B0656+14 (J0659+41414) 770 437 Kuzmin & Ershov (2006)
B09504-09 (J0953+40755) 140 790 Singal (2001), Smirnova (2012) :
J17524-2359 71 1007 Ershov & Kuzmin (2005) Flgu re from
B0529-66 (J0529-6652) 39 1183 Crawford et al. (2013)
B0031-07 (J0034-0534) 70 1694 Kuzmin et al. (2004) Cusumano et al. (2003)
B1112+50 (J1115+45030) 4.2 1832 Ershov & Kuzmin (2003)

(
B1237+25 (J12394-2453) 4.1 1843 Kazantsev & Potapov (2017)



http://adsabs.harvard.edu/abs/2003A%26A...410L...9C
http://adsabs.harvard.edu/abs/1996ApJ...457L..81C
http://adsabs.harvard.edu/abs/2003Natur.422..141H
http://adsabs.harvard.edu/abs/2004NuPhS.132..596C
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http://adsabs.harvard.edu/abs/2016MNRAS.456.2196B
http://adsabs.harvard.edu/abs/2017A%26C....19...66S

Giant Pulses Search 6

DM from multi-freq.
e LEAP isideal for single-pulse studies timing

of pulsars (Liu et al. 2016)

e Searched for GPs in 21 observations
of PSR B1937+21 with LEAP

e GP search performed on each
rotation individually

e DM calibrated by searching for high-
S/N GPs and minimising their pulse
width

e Apply the DM from these to the
coherently dedisperse and search the
full observation for GPs

e Select all candidates greater than 70 ,
at 3 different time resolutions (48 ns, Check for RFI by
95 ns, 190 ns) eye +

Detected GP



http://adsabs.harvard.edu/cgi-bin/bib_query?arXiv:1609.00188

Search Summary

Date Telescopes  f. (MHz) BW (MHz) Tobs (sec) S/Nprosile Namap  Nigp Nap

20120023 (1) EJW 1412 64 1240 719 125 7 202
20120923 (2) EJW 1412 64 1020 808 124 74 198
20130727 EJW 1404 112 1800 525 138 106 244
20130825 EW 1364 64 2700 1065 278 154 432
20140522 ESW 1396 128 2760 904 168 83 251
20140707 EW 1420 80 2770 435 172 84 256
20140727 EW 1380 96 2760 492 31 22 53
20140824 EJNW 1396 128 2490 852 155 75 230
20141015 EJNW 1380 64 1470 587 139 76 215
20150225 EJNW 1396 128 2120 715 145 94 239
20150326 EJNSW 1396 128 2510 1232 171 87 258
20150417 EJNSW 1396 128 2510 1202 137 52 189
20150620 EJW 1396 128 2230 598 112 63 175
20150719 EJS 1412 96 2790 458 112 92 204
20150918 EJN 1404 112 2520 429 90 32 122
20151010 EJ 1412 96 2790 543 112 52 164
20151107 EJS 1396 128 2790 729 81 55 136
20151212 EJNS 1396 128 2520 755 138 55 193
20160109 EJNS 1396 128 2520 1122 154 99 253
20160205 EJNS 1404 112 2390 629 97 49 146
20160407 EJNS 1388 80 2380 924 110 48 158

Mean - . ; 2337 709 133 70 203

Total - - - 19080 - 9780 1476 4265

* MGP:IGP ratio = 65:35
e Average detection rate:

e MGP: 205 hr™! 31 x 107 rotations Largest GP sample

e |GP:108 hr! ever obtained for
e Total: 313 hr! this pulsar



Phase Location 8

. Time Offset (us)
 GPs occur in a narrow phase 10 0 10 20 30 40 50 60 70

window
(Kinkhabwala & Thorsett 2000)

o Peak of MGP distribution trails
peak of regular emission by
58 us

o IGP trails regular emission by
64 Js

* Emission at the phase of the
regular profile occurs during GP
emission

Normalised Intensity

o GP emission and regular
emission can occur
simultaneously

Solid:  Total intensity (I) -0.01 0 001 “-“f?f 0.03 0.04
Pulse Phase Offset

Dashed: Total linear (L)

Dotted: Total circular (V)



http://adsabs.harvard.edu/abs/2000ApJ...535..365K

Energy Distribution

I
Dataset ~ Pulse energy (Jy ps) a 310
100 E IGP =2 -3.74 £ 0.05 —_
- MGPlw ~25 —3.51+0.05 T
MGPhig, 2 5 —2.02 +0.03 <
—~ GPlow ~25 —353+004 | =
I GPhighn 25 -2.08+0.03 7107 =
< I ] =
"8-’ 10 N, 2
3 " jithe i'.:_.:, | g 10-6 _8
g '::-.,: ‘ '"-'.,.i?!?;i:;. % ot
o 1¢F i s l c
Q F $. 8 Re
Fos . n
AN AL wn
’ [ . i) R 7 9 —; 10-7 UEJ
0.1 F R \ :
L L L L L 1 I T I L L L I SR L T
1 10 100
Pulse energy (Jy-us)
e FRBs proposed to be 'super giant pulses' (e.g. e Undiscovered population of pulsars thought to exist
Meyers et al. 2017) at the Galactic Centre (distance ~8.3 kpc)
e QOccurrence rate for FRBs at 1400 MHz with o -10% detectable from the Earth
energies of 130-1500 Jy s = 7000 sky~' day (Rajwade et al. 2017)
(Champion et al. 2016) e Wait time for a 130 Jy us GP from a single pulsar:
* Wait time for a 130 Jy pis GP (0.5 Gpc): 5.6 x 10" 6661 hrs
ears o If fraction of GP emitters is the same as the known
)4

pulsars, wait time for GP from one: 133 hrs


http://adsabs.harvard.edu/cgi-bin/bib_query?arXiv:1709.03651
http://adsabs.harvard.edu/abs/2016MNRAS.460L..30C
http://adsabs.harvard.edu/abs/2017MNRAS.471..730R

Intensity Modulation

.. MGP : 1
0.8 - e e ~N
. 5 i Phase-resolved
) 7 . .
E modulation index:
- 0.6
o 1
5 ;3 " V@) - ()2
o m =
g oar %? S oy
0.2 F '
0 i |
0.285
Pulse Phase Pulse Phase
e Intensity fluctuations between individual pulses * Distributions are approximately Gaussian
quantified by the phase-resolved modulationindex ~ © Vary by ~50% around the peak
(Jenet & Gil 2004, Weltevrede et al. 2006) o Very little variation about the edges (in contrast to
e Pulse stacks generated for each observation normal pulsar emission e.g. Crawford et al. 2013)

o Modulation index computed for MGP and IGP * Apparent modulation at the edge of the regular

separately using PSRSALSA' (Weltevrede 2016) (:nl]:\sscig:trast to Jenet et al. (2001)?

T https://github.com/weltevrede/psrsalsa/


http://adsabs.harvard.edu/abs/2004ApJ...602L..89J
http://adsabs.harvard.edu/abs/2006A%26A...445..243W
http://adsabs.harvard.edu/abs/2016A%26A...590A.109W
https://github.com/weltevrede/psrsalsa/
http://adsabs.harvard.edu/abs/2013ApJ...762...97C
http://adsabs.harvard.edu/abs/2001ApJ...546..394J

Polarisation

e Our data are polarisation calibrated 0 F S N
o Calibrate LEAP data using PSR B1933+16 - Fractional
and/or PSR [1022+1001 with their EPN 60 £ Linear :
polarisation profiles’r (Stairs et al. 1999) 50 F .

® GPs are found to be highly polarised
o B1937+21 GPs upto 100% circular polarisation
(Cognard et al. 1996, Soglasnov et al. 2004)

= At sampling rates close to the Nyquist rate or
the scattering time scale, unresolved

emission can appear to be 100% polarised =
(Cordes 1976, van Straten 2009) £
® GPsin our sample: = [ ,
60 | -
o Not RM calibrated : F':aCtlonal
Circular

m Effect is small, max. error of ~-0.007 rad 50 — -
across our bandwidth h i

o Tend to be highly linearly polarised (minimum =
17%)

o ~100% polarisation is rare
= 1% of sample is >90% circularly polarised
= <10% of sample is >590% linearly polarised

e No evidence for phase-dependent polarised
emission [

o ]
Light grey: MGP 0 0.2 0.4 0.6 0.8 1
Dark grey: IGP

Polarisation Fraction

i http://www.epta.eu.org/epndb/



http://adsabs.harvard.edu/abs/1999ApJS..123..627S
http://adsabs.harvard.edu/abs/1996ApJ...457L..81C
http://adsabs.harvard.edu/abs/2004ApJ...616..439S
http://adsabs.harvard.edu/abs/2004ApJ...612..375C
http://adsabs.harvard.edu/abs/2009ApJ...694.1413V
http://www.epta.eu.org/epndb/

Polarisation

- linear
0.8

0.6

L/I

0.4

0 ——

LGP
t linear

1 - MGP
[ circular

0.6

IV|/1

0.4

7 1 " 1
-+ IGP
T circular

Ll e ARCREARE

0.295 0.805
Pulse Phase

0.81




Occurrence Rates

Separation (x 103 rotations)

0 20 40 60 80 100 120 140
40 - ' I T I T I ' I ' I ' I T I -
MGP ]
@
= ——+——+— —————— —— ——————+——F——+——+——
3 B o 4
= 15 IGP ]
= 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
0 50 100 150 200

Separation (s)

® Proposed (Cairns et al. 2004, Melatos et al. 2008) e Exponential decay function fits our sample very well

that GPs arise from a self-organised criticality process
e Distribution of time intervals between GPs should ]
follow a Poisson distribution (Lundgren et al. 1995) Avigp = 1.28+0.01x107%
o Exponentially-decreasing time from most likely .
separation \AIGP =7.3+£0.1X% 10_5/



http://adsabs.harvard.edu/abs/2004ApJ...610..948C
http://adsabs.harvard.edu/abs/2008ApJ...672.1103M
http://adsabs.harvard.edu/abs/1988PhRvA..38..364B
http://adsabs.harvard.edu/abs/1995ApJ...453..433L

Scattering Variations

e Suggestion that scatter-broadening is the only
cause of pulse-shape variations
(Jenet et al. 2001)

e \We observe a wide distribution of GP widths

o Similar to the Crab GPs
(Karuppusamy et al. 2010)

® Scattering measurements:

o Smoothed with Savitzky-Golay filter
(Savitzky & Golay 1964)

o Fit exponentially-modified Gaussian
(Lyne et al. 2017, McKee et al. 2018,
submitted)

o Fit to MGP and IGP separately

0.8

0.6

Normalised Intensity

Pulse Longitude (ps)



http://adsabs.harvard.edu/abs/2004ApJ...602L..89J
http://adsabs.harvard.edu/abs/2010A%26A...515A..36K
http://pubs.acs.org/doi/abs/10.1021/ac60214a047
http://adsabs.harvard.edu/abs/2017ApJ...834..137L

GP Timing

® GPs have very small duty cycle [ OTOA < O 3/ ZJ
o §~0.001
e Small duty cycle related to TOA ° )

precision al .

o Measure TOAs with much higher . e Ll
precision many times per )L r R N s
observation - i I ; A (O :

e Timing using GPs > ol . ‘T !‘ilé 4‘% f Y ":‘ .

o Generated from polarisation- and % f ! 'A! . -f’ LY
frequency-scrunched profiles T 25 ? i e : e : -

o Used a delta-pulse as a template . . : "
= GP max. as fiducial point M . y - -

o Restricted analysisto 0, <1ns 6l
" 45% of our sample 56000 56200 56400 56600 56800 57000 57200 57400 57600

o Timing precision not improved, MJD
compared to using the average
profile 3 Yellow: MGP Regular profile RMS: 0.7 ps
" Phase jitter Black:  IGP IGP RMS: 1.8 ps

Blue:  regular profile | | MGP RMS: 1.5 ps




Conclusions

» Searched for GPs using 13.4 hrs of observations with LEAP
e Found 4265 GPs, the largest-ever sample for this pulsar

e Estimated GP fluxes and their distributions

e Measured scattering influence on pulse shape

e Found that GPs are generally more polarised than the average profile, no phase
dependency of polarised emission

e Timed PSR B1937+21 using GPs, did not offer an improvement

e Paper submitting soon

Thank you!
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® Dedisperse using DM values that
minimise the GP width

Year
2013 2014 2015 2016

e DM from the GP width disagrees with 71.028 —
those derived from multi-frequency - *
timing 71.026 = DM from multi-freq. ]
o Value that optimises delay over 64- 71.024 - timing \ _
128 MHz band doesn't best- .
describe the delay between 610- & 71.022 _—EE-EE E’%/Y%xi\} __
1532 MHz? ,,:,D_ 71.020 - _
o Variable dispersion of GP by the 5 - .
pulsar magnetosphere? = 71.018 0 __
= Seen in the Crab Pulsar O 71016 - ¢ _
(Hankins & Eilek 2007) : II |
o Frequency-evolution of the GP 71014 1 { i
pulse shapes? 71.012 - } -
* DM consistent with 1010 e v oo ]
Popov & Stappers (2003) (71.025 ' 56500 57000 57500
cm—3 pc)

. . . MJD
o Consistent with that seen in EPTA

DR1 dataset (Desvignes et al. 2016)
= Janssen, McKee et al. (in prep)


http://adsabs.harvard.edu/abs/2007ApJ...670..693H
http://adsabs.harvard.edu/abs/2007A%26A...470.1003P
http://adsabs.harvard.edu/abs/2016MNRAS.458.3341D

Scattering Variations

e Suggestion that scatter-broadening is the only
cause of pulse-shape variations
(Jenet et al. 2001)

350

300 :
e \We observe a wide distribution of GP widths
250 :
o Similar to the Crab GPs i
(Karuppusamy et al. 2010) & 200 .
® Scattering measurements: § 150 |
o Smoothed with Savitzky-Golay filter
(Savitzky & Golay 1964) 100 ]
o Fit exponentially-modified Gaussian 50 .
(Lyne et al. 2017, McKee et al. 2018,
submitted) °700 02 04 06 08 10 12 L4 15 18
o Fit to MGP and IGP separately Tsc (HS)
Dark: IGP
Medium: MGP

Light:  all GPs



http://adsabs.harvard.edu/abs/2004ApJ...602L..89J
http://adsabs.harvard.edu/abs/2010A%26A...515A..36K
http://pubs.acs.org/doi/abs/10.1021/ac60214a047
http://adsabs.harvard.edu/abs/2017ApJ...834..137L

Scattering Variations

e Significant variations R B B B

o Measurements of scattering in MGP and IGP in very close
agreement

71.025

e No correlation between DM and scattering time scale s _ EEI t
71.020 ~ 3 .
o Scattering variations do not contaminate our optimal DM g -
used for folding? 5 o f o
71.015 - * .

o In contrast to strong correlation seen in e.g. the Crab _
Pulsar (Kuzmin et al. 2008, McKee et al. 2018, submitted) L }

® No correlation between mean scattering and DM and TOA
error from regular pulse profile ek ;

o ISM variations don't limit TOA precession at our : ]

0.7 L

. e -~ 05 F -
frequencies and sensitivity ERa: I
g0.4 | { -
ke ] i I
E 0.3 - 1 I{ .
T 1 o02f I 1
i ] - : II = 1 I
—_ — ol N U T T T N N T N [N O M N T T N T T T B B
El L1 % % % 10 15 20 25 30 35
K YT T { —ﬁ ] TOA Uncertainty (ns)
[ T LU
¥ t 1=
1 T ;
: : T % b i
01 | L L 1 L | | L 1 | 1 L L 1 L L L L 1 L L L L 1 L L
56500 57000 57500 71.015 71.020 71.025
MJD DM (cm3 pc)


http://adsabs.harvard.edu/abs/2008A%26A...483...13K

Occurrence Rates

From our data set of 3.1 x 107 rotations:
Pr(IGP) = 4.7 x 10" rotation™" (@assuming GPs are completely independent
Pr(MGP) = 8.9 x 107 rotation™" events)

\Pr(GP) = 1.4 x 10 rotation ™' )

No GPs detected in consecutive rotations

Probability of n GPs occurring within a separation of m
rotations at some point in a data set of N_rotations:

N,
[Pr(n,m,Nr) - 1—{1 - (Pr(GP)”[l - Pr(GP)™™ o )} ]

n!(m-n)!

For our data set: Pr(2, 2, 31107 )= 46%  For 95% probability, need N, =1.5 x 10°
4.8x our data set



