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Who are we?

✤ Ben Stappers (HOG/All)
✤ Patrick Weltevrede (Fermi/Emission)
✤ Michael Kramer  (All)

Emeritus
✤ Andrew Lyne (All)
✤ Graham Smith (Emission/Books)

Technical/
Engineer Staff

✤ Christine Jordan (Obs/Software)
✤ Aziz Ahmedsaid (Technology)

✤ Cees Bassa  (LEAP)
✤ Cristobal Espinoza (Fermi/Glitches)
✤ Rob Ferdman (Precision Timing)(McGill)
✤ Gemma Janssen  (LEAP)
✤ Sotirios Sanidas ( Strings/GWs)

✤ Math (4th yr, Polarisation)
✤ Dan Thornton (3rd year, Searches)
✤ Monika Obrocka (2nd year, MUST)
✤ Rob Lyon (1st year, Machine Learn)
✤ Sally Cooper (1st year, LOFAR)
✤ Simon Rookyard (1st year, Emission)
✤ Shuxu Yi (visiting China/GWs)
✤ Helen Johnson (intern/Intermittents)
✤ Gary Marchiny (visiting WVU/Transients)

PDRAs

Students

Academic Staff
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JBO Pulsar 
Timing database
Unique monitoring of more 
than 700 pulsars/100 MSPs
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295 pulsars✦ Long-term spin evolution: B-evolution, 
population studies.
✦ Glitches: large database, interior physics.
✦ Timing irregularities, transient phenomena.
✦Support to other projects (GW/high-energy)
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Largest glitch 
database

‣ 378 glitches in 130 pulsars           
http://www.jb.man.ac.uk/pulsar/glitches.html

‣ Glitch size distribution is 
bimodal; some pulsars only exhibit 
large glitches.

‣ Glitch activity is larger for pulsars 
with higher spindown rates.
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Glitches are sudden spin-ups 
triggered by adjustments of the star 
caused by the systematic spindown.

Mean Glitching rate  v/s
spindown rate

Glitch sizes

Espinoza et al. (2011)
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Global Magnetospheric Changes
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PSR B1931+24

• Pulsar magnetospheres switch between small number of discrete states, usually two
• Changes in current flows cause changes in emission properties and slow-down rate
• Large f1 associated with enhanced core emission

• Origin of the quasi-periodicities that modulate statistics unknown, possibly free precession ?
•  Why discrete states ?

Tuesday, November 20, 2012



Global Magnetospheric Changes

• These phenomena are widespread (only highest SNR so far)
• These events represent major, instantaneous changes in the pulsars’ energy budgets and 

offer a new opportunity to study both the radiation and spin-down physics.  
• Not only unique plasma laboratory but impact on spin-down important as clocks
•  It shows that timing noise is not simply noise … and may be corrected for!
•

On the Pulse Intensity Modulation of PSR B0823+26 3

Figure 1. Consecutive pulse profile sub-integrations for PSR B0823+26
(from bottom to top), which were obtained during one observation on
10 May 2009. The pulse intensity of each sub-integration is normalised
to one and is offset from the next profile for clarity. The pulsar is de-
tectable in the first four sub-integrations (∼ 60 s each), after which it
abruptly ‘switches off’. This transition occurs sometime during the fourth
sub-integration over a timescale of less than one minute.

Due to the greater sensitivity, we use the DFB data to pro-
vide limits on the average pulse flux density during the sep-
arate phases of emission. By considering an integrated profile,
formed from an observation of length T , with an equivalent pulse
width Weq and signal-to-noise ratio SNR, the mean flux den-
sity can be estimated via the modified radiometer equation (e.g.
Lorimer & Kramer 2005):

S =
β SNRTsys

G
√

np B T

√

Weq

P −Weq
. (1)

Here, β ∼ 1 is the digitisation factor, G ∼ 1 JyK−1 is the tele-
scope gain, Tsys ∼ 35 K is the system temperature, np = 2
is the number of polarisations, B = 128 MHz is the observing
bandwidth, P = 531 ms is the pulsar period and Weq = 10 ms.
We averaged a total of 202 radio-on and 6 radio-off observations,
which correspond to total integration times of T = 1174.2 min
and 33.6 min for the radio-on and -off phases respectively. The
resultant time-averaged profiles are shown in Fig. 2. We place a
limit on the mean flux density in a radio-off phase Soff ! 0.022 ±
0.004 mJy (SNR ∼ 3), which is approximately 100 times fainter
than that of the radio-on phase Son = 2.2 ± 0.4 mJy (SNR ∼
1900)4. Converting these parameters into pseudo-luminosities, us-
ing (Lorimer & Kramer 2005)

L1400 ≡ S1400 d
2 , (2)

we find L1400, off " 2.9 µJy kpc2 and L1400, on ∼ 0.29 mJy kpc2
(where the pulsar distance d ∼ 0.36 kpc; Gwinn et al. 1986). We
note that the pseudo-luminosity of PSR B0823+26 in the radio-
off phase is at least six times fainter than the weakest known radio
pulsar PSR J2144−3933 (L1400 ∼ 20 µJy kpc2; Lorimer 1994).
Although this implies that the radio-off phases are consistent with

4 We note that the value quoted here for the radio-on flux density is lower
than that obtained by Lorimer et al. (1995) at 1400 MHz, i.e. S1400 =
10 ± 2 mJy. We attribute this discrepancy to our longer data set, which
provides a more robust estimate due to the strong scintillation behaviour of
the source (see, e.g., Wang et al. 2005).

Figure 2. Average profiles of PSR B0823+26 for the radio-on (top) and
radio-off (bottom) observations respectively, which are offset for clarity.
The maximum pulse intensities are normalised to one. The inset plots show
zoom-ins of the inter-pulse (left) and post-cursor (right) emission in the
radio-on profile, using the same axes units as the main plot. Note that the
y-axes of the inset plots represent the intensity offset from one.

emission cessation, we cannot rule out the possibility that they may
exhibit extremely faint emission (c.f. Esamdin et al. 2005).

In Fig. 3, we show an ‘activity plot’, formed from the 153-d
one-bit time-series data, which indicates when the pulsar was ob-
served and whether it was radio-on or -off. The radio emission in
PSR B0823+26 is clearly observed to undergo modulation over
variable timescales, which are much shorter than those seen for
PSR B1931+24 (i.e. days to weeks; Kramer et al. 2006).

The short-term emission modulation of PSR B0823+26 was
probed using the data intervals of continuous observations, which
are detailed in Table 2. These three data sets, shown in Fig. 4, dis-
play some evidence for ‘emission flickering’; that is, rapid changes
between the radio-on and -off states of emission before a constant
emission mode is assumed. We note, however, that further high-
cadence observations are required to confirm this, and the typical
characteristics of the ‘flicker’ pulses.

We also determined the emission phase durations for the ob-
ject, which are defined as the difference between the start and end
points (i.e. transition times) of emission phases. To reduce system-
atic error, the transition times for emission phases are assumed to
be the mid-points between consecutive radio-on and -off observa-
tions, that is when the pulsar changes from radio-on to -off and vice
versa. Fig. 5 shows the result of this analysis. These data clearly
show that the distribution of radio-on phase durations exhibits a
broader spread of values compared with that of the radio-off phase.
Overall, however, there is a bias towards shorter emission phase
durations, which is in stark contrast to PSR B1931+24. The av-
erage time that PSR B0823+26 exhibited detectable radio emis-
sion was 1.4± 0.4 d. Whereas, the average radio-off timescale was
0.26 ± 0.04 d. The activity duty cycle (ADC), the percentage of
time in the radio-on phase, was calculated from the ratio of the to-
tal radio-on duration to the total observation time. The uncertainty
in this value was determined from the ratio of the standard error
in the radio-off time to the mean radio-off time. Subsequently, the
pulsar is found to be radio-on for 80± 10 % of the time.

We were also interested in determining whether the pulsar ex-
hibits any systematic trend in pulse intensity before (or after) a null
(c.f. PSR B0809+74; Lyne & Ashworth 1983; van Leeuwen et al.
2002). Ideally, this analysis should be performed on single-pulse
data. As these data were not available, however, we were limited to

Lyne et al 2010. Science, 329,408, Young et al MNRAS 2012
4 N. J. Young et al.

Figure 3. The sequence of observations of PSR B0823+26 carried out over the 153-d period, denoted by the black lines. The data are separated into three
continuous N ∼ 54 d panels. The times of observation and the times when PSR B0823+26 was radio-on (full-amplitude) and -off (half-amplitude) are shown
by the extent of the black lines. The times of more intensive observing sessions are shown atMJD ∼ 54838, 54855 and 54858.

Figure 4. Three sequences of continuous observations of PSR B0823+26 during January 2009. The times when the pulsar was radio-on and -off are shown
by the extent of the black lines.

• All sorts of different manifestations
• In all cases can’t measure the change in period derivative. 
• Nulling may be an extreme form of Mode Changing
• Both are switched phenomena with a similar large range of timescales
• Both influence the spin-down rate
• One telescope’s nulling pulsar may be a larger telescope’s mode changer !
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The$gamma(ray/radio$connec1on
•2nd$Fermi$pulsar$catalogue$is$being$worked$on$at$the$moment
•Shape$of$gamma(ray$light$curves$can$be$predicted$if$viewing$
geometry$is$known$(although$it$is$model$dependent).
•So$if$viewing$geometry$is$known,$the$models$can$be$
constrained.
•Radio$polariza1on$measurements$can$constrain$the$viewing$
geometry$(work$done$by$Simon$Rookyard).

Weltevrede(et(al.(2010 WaFers$et$al.$2009
Tuesday, November 20, 2012



Detec1ng$GWs$using$a$pulsar$1ming$array$($Gemma$Janssen

• European$Pulsar$Timing$Array
• Collabora1on$between$5$large$radio$telescopes/
ins1tu1ons$in$Europe$+$theory$groups
• Direct$detec1on$of$GWs$using$a$pulsar$1ming$array
•Working$towards$global$effort:$IPTA

Tuesday, November 20, 2012



EPTA$GWB$limit:$
Van$Haasteren,$Levin,$Janssen$et$al.$2011,$MNRAS$414,$3117

Bayesian$analysis$of$residuals$
to$set$limit$on$red$noise$signal$
common$to$all$pulsars.

Not$restricted$to
$assump1on$of$α

5$pulsars,$3$telescopes:
$best$limit$produced$so$far
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α=(2/3$(SMBHBs):$hc$≤$$6×10(15

α=(7/6$(Cosmic$string$tension):$Gμ$$≤$$4×10(9
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Constraints on the cosmic string energy scale
● Upper limit on the string tension set by the 

EPTA SGWB limit; constraint similar to 
those set by CMB/GL

● Constraint independent of assumptions on 
other one-scale model parameters

● Projected contraints for present/future GW 
detectors

● PTAs inherently outperform any ground/
space based GW detector

Sanidas, Battye, Stappers PRD 85 2012

Sanidas, Battye, Stappers, to be submitted

Tuesday, November 20, 2012



Combining$EPTA$data$sets:$IPTA$data$release
•$EPTA$is$mini(IPTA:$
•$Needs$understanding$of$different$telescopes,$systems,$clocks
•$More$telescopes$=$more$data$=$beFer$1ming$for$each$pulsar
•$All$essen1al$to$op1mally$combine$data$sets$from$mul1ple$telescopes
•$LEAP$will$play$a$key$role$in$determining$offsets$between$telescopes

•$EPTA$has$selected$20$best$pulsars$for$PTA$work
•$All$“legacy”$EPTA$data$now$combined$and$provided$to$IPTA$for$first$projects$(>$IPTA$data$
release,$IPTA$GW$limit,$solar$system$studies,$pulsar$1mescale$

red=nancay, blues=jb, white=wsrt, green=eff
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LEAP
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Storage/processing hardware:
• 24 hour session @ 128 MHz BW → 40 TB of data per telescope
• Storage servers at each telescope with 100 TB of storage
• Jodrell Bank gets another 4 storage servers to match remote observatories
• Data transfer by shipping disks between storage servers or copy over internet (presently @ 80 
MB s−1 for Eff-JB, WSRT-JB)
• 400 CPU HPC cluster is in place at Jodrell Bank for processing Correlation/tied array 
Software:
• Developed from scratch 
• Fringe fitting of closure phase (after Schwab & Cotton 1983)
• Uses CALC model for geometric delays (also used by VLBI)
• Ability for pulsar binning (necessary to calibrate phases on pulsars)

Tuesday, November 20, 2012



The double pulsar: a neutron star formed 
without iron core collapse

• Pulse width measurements
• over time, affectred by geodetic precession
• PSR J0737–3039A: Pprec = 75 years 
• much shorter than PSRs B1913+16, B1534+12
• do not see any significant change in over 6 

years
• Fit to widths over time: 

low misalignment angle between spin 
and orbit

• Also: low space velocity (~10 km/s), low-
mass 2nd-formed NS (1.25 M⨀), low 
eccentricity (0.088)
• indicative of a symmetric, low mass-loss 

supernova
• possibly electron capture scenario

Orbital plane

Observer 
line of sight

Plane of 
the sky

δ

"s1

"I =
"i

"J

"K

"j

"k

i

(Ferdman et al., 2012)
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LOFAR: LOw Frequency ARray

✤ Distributed in NL & EU
✤ 30 - 240 MHz
✤ LBA & HBA
✤ > 30000 dipoles
✤ 20 Core/18 NL/>10 EU
✤ 2.5km/100km/1000km

Single station  - GBT like,  Superterp - Arecibo like, 
Full Array - unparalled!

Tuesday, November 20, 2012



For more information see.... 0
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LOFAR Emission Physics
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PSR B0943+10: X-ray vs Radio

Van Leeuwen IAUS291 An X-raydio switcheroo! 

B0943+10 with LOFAR 

LOFAR pulsar work steadily ramping up towards 200 beam survey 

 

APERTIF exploiting PAFs + regular array layout for surveying 

  First multi-beam pulsar observations with test system already started 

  Preparing for 600-beam transient/pulsar survey 

 

EMBRACE Aperture Array 

  Proven to be excellent for multi-beam pulsar observations  

  Allows for wide angles for timing, large FoVs for surveys 

 

SKA most compact core scenario 

   10,000 beams 

   ~10-100 P-OPS 
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• synchronous switching in the radio and X-ray emission properties of 
PSR B0943+10.  

• radio 'bright' mode, the X-rays show only an un-pulsed, non-thermal 
component. 

• radio 'quiet' mode, the X-ray luminosity more than doubles and a 
100%-pulsed thermal component is observed along with the non-
thermal component.  

• This indicates rapid, global changes to the conditions in the 
magnetosphere, which challenge all proposed pulsar emission theories.
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LOFAR: Wide FoV & Multi-beaming

0.5 degree

HBA
LBA

Hessels, Hassall, Stappers, Coenen & LOFAR PWG

23-02-12 13:35

Pagina 1 van 2file:///Users/thijscoenen/Documents/phd/projects/lpps/figures/sidelobes.xml
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Distinguishing single pulses
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Date

Pulsar is 10x brighter 
in the correct beam 

(beam 7)!

Shifted 1 deg south

Credit: Alexov & Hessels

LOFAR 127-beam Tied-Array!!
Pu

ls
ar

 w
or

ki
ng

 g
ro

up
 w

/S
al

ly
 C

oo
pe

r

Tuesday, November 20, 2012



Date

Andromeda

Credit: Hessels
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Hot off the press....
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The High Time Resolution Universe survey (HTRU)  South

● Pulsar & radio transients survey from Parkes
● Making discoveries across the neutron star 
phase space and beyond. 

● >100 “normal” pulsars
● >20 millisecond pulsars (isolated & 

binary)
● 1 magnetar
● 1 “diamond” planet

Survey Region Total pointings 
when complete

%'tage complete

Low – Latitude 15990 84

Med – Latitude 95056 100

High – Latitude 443287 60

f
centre

1381 MHz

BW 340 MHz 

t
samp

64 μ.sec

Currently timing many as yet 

unpublished HTRU pulsars with the 

Lovell Telescope

Highlights include:

● P
spin

 = 1.099 s pulsar in 98 day binary 

with massive companion (M
comp, min

 = 

0.237 M
solar

) unusual formation history; 

why isn't this pulsar an MSP?

● P
spin

 = 2.719 ms isolated MSP – 

relatively unusual and likely from a 

binary disrupted by supernova

● P
spin

 = 3.46 ms MSP in 7hr binary with a 

M
comp,min

 = 0.00076 = 0.8M
Jovian

 another 

“Planet Pulsar”! 

Thornton et al 
Tuesday, November 20, 2012



Table 1. The number of candidates generated by selected pulsar surveys.

Finding pulsars with Machine Learning. 

Current Investigations:
• Testing the performance of SOM classifier on large, 

adversarial data sets (1 positive example to 10,000 negative).
• Investigating decision trees, random forests, and support 

vector machines as alternative classifiers.
• Investigating semi-supervised learning techniques.
• Looking at fast highly scalable classification algorithms, to 

asses if they can be modified to meet our needs. SOM showing the clustering of 
patterns that represent actual 

 Pulsar survey telescope data rates and volumes (not raw 
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l 
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New Backends, Uniboard 1 & 2, Apollo

• Legacy$incoherent$filterbank$system,$up$to$about$100$MHz

• ATNF$Digital$Filterbank$(DFB),$incoherent$dedispersion,$384$MHz,$BW,$8$bits
• ROACH(board$system,$400$MHZ$BW,$8$bits,$Since$early$2011

$$$$$$$$observing$in$two$widely(spaced$bands$at$L(band,$baseband$RFI$rejec1on

• $HPC$compu1ng$cluster$for$ROACH$and$LEAP$processing
• Apollo$will$piggyback$on$_ALL_$Lovell$observa1ons$for$transients!

Bassa, Jordan, Ahmedsaid, Stappers et al 

Crab$GPs$(hundreds/day)$with$42o$telescope!
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memory accesses. The external memory is used to store the data only and the twiddle factors are 
computed on the fly. 

The core employs several radix 2 Decimation-in-Frequency (DIF) butterfly units in parallel to reduce 
the computation time. Due to the expected large external memory controller data width (typically 
4X to 8X the actual external memory data width), several samples are stored per memory location 
(in the memory controller address space). The number of butterfly units used is equal to the 
number of samples per memory location. 

 

Figure 3: LFFT core with four butterfly units (Quartus II auto generated schematic) 

 

The core uses fixed point data arithmetic with scaling by 1/2 after every stage and biased rounding, 
.i.e. add half LSB then truncate. However, a floating point format could be used instead by 
modifying the butterfly units only. 

In total, the core performs simultaneously a number of FFTs equal to the number of butterfly units 
multiplied by the number of FFTs per butterfly unit (this is a parameter that can be set at compile 
time). The data must be organised as a matrix with a number of rows equal to the total number of 
FFTs and a number of columns equal to the FFT size. The data matrix is stored column by column. 

The core always performs burst read/write operations. The burst size is equal to the number of 
FFTs per butterfly unit and the burst data width is equal to the memory controller data width (4X to 

Uniboard$($Coherent$Dedispersion$($FFT$module

Tuesday, November 20, 2012



MUST Digital Back-end
Developed on the Reconfigurable Open Architecture Computing Hardware (ROACH) board. 

ROACH is a standalone FPGA processing board. 

The design environment is the Collaboration for Astronomy Signal Processing and Electronic 
Research (CASPER) toolflow.

The project deliverables are:

! MUST digital back-end -- building towards full array

! Fractional delay block for CASPER library and possible MeerKAT deployment

! Comparison of frequency-domain  and time-domain beamformer  

MUST system overview MUST signal chain

Tuesday, November 20, 2012



RAPIDE

Time > 900 (80% of visible) 
pulsars/twice weekly

Weekly detection of 
extragalactic bursts

Tuesday, November 20, 2012



TRAPUM
Targeted pulsar searches of SNRs, PWNe, and high-energy point sources

Globular Cluster Searches

Extragalactic searches

Using Radio Pulsars to Probe Gravity, Dark Matter and Stellar Populations                           
in the Galactic Center

Galactic plane survey

Fast transients: expanding the parameter space

Rich locations for pulsars, in particular young pulsars, and energetic MSPs
Relatively “point like” so not many beams needed
High gain of meerKAT beats current Southern telescopes 

Rich locations for pulsars, in particular MSPs and interesting binaries
Relatively “point like” so not many beams needed
High gain of meerKAT beats current Southern telescopes 

Relatively “point like” so not many beams needed
High gain of meerKAT beats current Southern telescopes 
Predictions indicate that should be able to find a “few’

Unique high frequency capability of meerKAT
Implemented later when these frequencies became available
Extremely interesting science

30
00

 h
ou

rs
 A

llo
ca

te
d

Ambitious, requires about 500 tied-array beams
Will be developed in collaboration with meerKAT team
An absolutely vital step towards the SKA

Search all of the pulsar obs, but also commensal high time resoln. 

Commensal
& Targetted
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Many new/improved radio facilities (coming) 
online. 

• SKA is ultimate goal

• Precursors and many pathfinders in 
existence or under construction

• ASKAP and MeerKAT being built on proposed sites

• Thunderkat, TRAPUM, COAST, CRAFT, VAST, 
VFASTR....

" Data challenges before SKA comes on-line

" We are involved in all pathfinders, leading 
in LOFAR, MeerKAT and also leading non-

imaging processing WPs - see RS talk
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Summary
Lovell timing database is unparalleled - giving us vital clues about how 
pulsars work - and how to make them better clocks!

The EPTA and LEAP timing projects are putting us at the forefront of the 
race to directly detect gravitational waves

The HTRU survey w/Parkes is revealing all sorts of interesting new 
pulsar systems and transients!

LOFAR is already revolutionising our understanding of pulsar emission 
and will soon be a premier pulsar/transient search machine

We are actively involved in SKA pathfinders at both a technical and 
scientific level and are aiming to play a lead role in SKA itself.

MUST --> RAPIDE provide us with an excellent opportunity to build a 
unique instrument for pulsar timing and finding transients.

Not able to cover everything here...
Tuesday, November 20, 2012


