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Who are we% !

Academic Staff

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)

PDRAs

Cees Bassa (LEAP)

Cristobal Espinoza (Fermi/Glitches)

Rob Ferdman (Precision Timing)(McGill)
Gemma Janssen (LEAP)

w
i
\

Sotirios Sanidas ( Strings/GWs)

Students

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)
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JBO Pulsar
TIming database

Jnique monitoring of more

(o0}
o

Number of Pulsars
N »
o o

—

than 700 pulsars/100-MSPS ;
+ Long-term spin evolution: B-evolution, 5295 pulsars
population studies. = .
+ Glitches: large database, interior physics. Observation Span  (yr)
+ Timing irregularities, transient phenomena. - N[ *
+Support to other projects (GW/high-energy) SN s ?

AXP
AXP radio
XINS

1757-24

1800-21
@ 1823-13
@& 1747-2958
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Glitches are sudden spin-ups

triggered by adjustments of the star
caused by the systematic spindown.

Av  [uHz]
0.0001 0.001 0.01 0.1 1 10 100

LargeSt ghtCh I R

i -l Magnetars

- Glitch sizes

database

» 378 glitches in 130 pulsars
http://www.jb.man.ac.uk/pulsar/glitches.html o :
» Glitch size distribution is Z N S B
bimodal; some pulsars only exhibit - Mean Glitching rate v/s
: | spindown rate
large glitches. |
» Glitch activity is larger for pulsars |

with higher spindown rates.

Espinoza et al. (2011)
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Global Magnetospheric Cha,nges

i PSR B1931+24 R Bkt oS
. T § ol s0eeTred R "‘-«,“‘3
‘:3 N TSRS _ RS W SO . " aia \ e
: 1 ol | | S v '~--.\g...,.m-4 -
' | SRR i IR | A T
S | A | Ry : ""'\"' , -.n'\% W s’\ M’
5 11\ R P AN L e wm.m
' ~- ‘ .01 A A a i
e Longihude {periods LA AT FA VL LY R

. 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

. Drigin of the quasi-periodicities that modulate statistics unknown, possibly free precession

. §Why discrete states ?
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Global Magnetosphemc Changes

y CIC LI | :‘

Normalised Intensity

< 6% Change

PSR'B'082'3+26 '

» All sorts of different manifestations

. gln all cases can’'t measure the change in period derivative.

. ﬁNuIIing may be an extreme form of Mode Changing

« :Both are switched phenomena with a similar large range of timescales

. gBoth influence the spin-down rate

* :One telescope’s nulling pulsar may be a larger telescope’s mode changer !

. iThese 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.

- 5N0t 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!
Tuesday November 20, 2012
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-«O
The gamma- ray/radlo‘necho

«2"d Fermi pulsar catalogue is being worked.on at the moment

*Shape of gamma-ray light curves can be predicted |
geometry is known (although it is model depende

*So if viewing geometry is known, the models
constrained.

*Radio polarization measurements can consHa viewing
geometry (work done by Simon Rookyard). ™ |

] &

Weltevrede et al. 2010




* European Pulsar Timing Array

* Collaboration between 5 large radio telescopes/
institutions in Europe + theory groups

* Direct detection of GWs using a pulsar timing array
* Working towards global effort: IPTA

- 7 ‘_-_h.;“
: : "
.-“ -/l . ' s
» ' .'_.\ I
. mp/ . e i
\“9’ k ' ¢ - s -
BB A .' - )
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EPTA GWB limit:

Van Haasteren, Levin, Janssen et al. 2011, MNRAS 414, 3117

Joint GWB (a,h.) distribution

. . - -13 = ‘
Bayesian analysis of residuals | ., ;
to set limit on red noise signal |
common to all pulsars.

[ Jenet et al. (2006)

o
N

Not restricted to
assumption of a

L.
o

GWB Amplitude log( h.(1yr™) )

5 pulsars, 3 telescopes:
best limit produced so far

_16 L L 1 L L P | L L L L | L L L L 1
-1 -0.5 0 0.5

GWB Index a

a=-2/3 (SMBHBs): h.< 6x101°

a=-7/6 (Cosmic string tension): Gu £ 4x10-

Tuesday, November 20, 2012
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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

Sanidas, Battye, Stappers, to be submitted

Projected contraints for present/future GW
detectors

PTAs inherently outperform any ground/

_ space based GW detector
Sanidas, Battye, Stappers PRD 85 2012
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Combining EPTA data sets: IPTA data release

* EPTA is mini-IPTA:

* Needs understanding of different telescopes, systems, clocks

* More telescopes = more data = better timing for each pulsar

* All essential to optimally combine data sets from multiple telescopes
* LEAP will play a key role in determining offsets between telescopes

Janssen et al

* 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 timescale

red=nancay, blues=jb, white=wsrt, green=eff

Tuesday, November 20, 2012



- Storage/processing hardware:

Bassa et al

* 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:

2MO5 3x10° 4MO

Visibility Amplitude (arbitrary)
10°

0 120 0

Visibility Phase (deg)

—120

- Developed from scratch

* Fringe fitting of closure phase (after Schwab & Cotton 1983)
+ Uses CALC model for geometric delays (also used by VLBI)
Ab|||ty for pulsaﬁblmmmg (ﬂ@@@ssary to callbrate phases on pulsars)

5x107°

h bl
$ 4 !\N i \ ’

‘\*”\M M W fw MM

Hﬂ‘\m\\

Prefit Residual (sec)

i

\
1360

1380

\
1400

Frequency (MHz)

10

—5x107° 0

—-10

B1937+21 (rms = 6.903 us) pre—fit

-
]

t t ;
: § i
%
1
%
T
MJD—-55967.3
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The double pulsar: a neutron star formed
without iron core collapse

¢ Pulse width measurements
e over time, affectred by geodetic precession
e PSR JO737-3039A: Pprec = 75 years
e 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)

¢ ndicative of a symmetric, low mass-loss
supernova
® possibly electron capture scenario

Tuesday, November 20, 2012

Orbital plane
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line of sight

(Ferdman et al., 2012)
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* Distributed in NL & EU
* 30 -240 MHz

* LBA & HBA

* > 30000 dipoles

" 20Core/18NL/>10EU  Gingle station - GBT like, Superterp - Arecibo like,
* 2.5km/100km/1000km Full Array - unparalled!
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http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2011A%26A...530A..80S&db_key=AST&link_type=ABSTRACT&high=4694c7aabe13473
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2011A%26A...530A..80S&db_key=AST&link_type=ABSTRACT&high=4694c7aabe13473
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N Looks like one

component Is

| moving and one

is fixed




Hermsen et al submitted to Science, don’t tweet!

PSR B0943+10: X-ray vs Radio

0.5

Pulse phase

Lofar & GMRT
Mode Model| BB(kI) |PLindex| BBflux, | PLflux, Yrea !
total / keV r unabs. | unabs dof
pulsed (aE") (0.5 -8 keY) (0.5-8 kel)
10%erg em? | 10" erg cm?
5! | 5!
Qtotal | BB+PL| 027720012 | 2601034 | 7522220 | 7.55=1.81 0.81/20 |
| Qpuised | BB |0319:0012 | 7812164 | 038/3
B total PL 2.2940.16 | 7.69<1.00 0.74/10 |
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 synchronous switching in the radio and X-ray emission properties of
PSR B0943+10.

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

e 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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B0329+54
L2010_07524
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LOFAR: Wide FoV & Multi-beaming
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Distinguishing single pulses

Hessels, Hassall, Stappers, Coenen & LOFAR PWG
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LOFAR 127-béam Tied-Array!!
shifted 1 deg south

Pulsar is 10x brighter
In the correct beam

Credit: Alexov & Hessels (beam 7)!
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Hot off the press....

2 Pulses of Best Profile Search Information
Candidate: PSR_B1508+55 RA 000 = 15:09:26.0000 DEC,p00p = 55:31:32.0000
Telescope: LOFAR Best Fit Parameters
Epoch,,,, = 56231.32916666667  Reduced x* = 540.710 P(Noise) ~ 0
Epoch,,,, = N/A Dispersion Measure (DM; pc/cm®) = 19.621
- = 0.0013107 Piopo (MS) = 739.66958(80) Py, (ms) = N/A
Data Folded = 221184 P'iopo (5/5) = 0.0(2.1)x10 Ploary (5/5) = N/A
Data Avg = B.737e+05 Piopo (8/57) = 0.0(4.8)x107"% P (s/s?) = N/A
Data StdDev = 6158 Binary Parameters
Profile Bins = G5z Pop (s) = N/A e = N/A
e ) e - e Profile Ayg = 3.765e+08 a;sin(i)/c (s) = N/A @ (rad) = N/A
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The High Time Resolution Universe survey (HTRU) South
» Pulsar & radio transients survey from Parkes
* Making discoveries across the neutron star --
BW  340MHz

phase space and beyond.

« >100 “normal” pulsars - 64 ll.sec
» >20 millisecond pulsars (isolated &
binary) Currently timing many as yet
* 1 magnetar unpublished HTRU pulsars with the
e 1 "diamond” planet Lovell Telescope

Highlights include:
« P_._=1.099 s pulsar in 98 day binary

spin

with massive companion (M =

comp, min

0.237 M___ ) unusual formation history;

why isn't this pulsar an MSP?
e P =2.719 ms isolated MSP —

spin
relatively unusual and likely from a
binary disrupted by supernova

e P__=3.46 ms MSP in 7hr binary with a

spin
Med — Latitude 95056 100 M = 0.00076 = 0.8M

___ Comp’min o

“Planet Pulsar”!
Tuesday: November 20, 2012

another

Thornton et al




Finding pulsars with Machine Learning.

i ) Sursey Yeor
— Survey Candidates Iy —
. "~
CG “.}‘,}' l"nxl'.('!u‘) Southern 1 50.000 ) S
: \ '... Paries - 15 s ag "
"5? Sky Survey S ey
' Parkes Southern Pulsar 2 N ' o
g; . 10,000
: SUrvey !
g gy
O: Parkes Multibeamm Pulsar Ly ol itude Sarvry
> - _ N U0 00N Arwoibo P A 204
: Survey
p-J: - HTRE (LOW ST
: Swinburne Intermodiate . _ J NTNL (MED 200
: N "Several hundred thousand ——gTT =
' Latitude SUrwey ‘ '
: - - LOFAN 2010
Arecibo P Alfa 5,000 000 FAS nie
HTRU (LOW) 1,600,000 SKA
HTRU (MED) 9,505,600
HTRU [HIGH) 44,328,700

Data per boam Data rate
M I RS
! | nu
0 MH G40 KB
1.3 )
L0 NH
6 G Y
! AN
- ‘.'f‘ )
Lt
SEML (ML
AR S . P M

Pulsar survey telescope data rates and volumes (not raw

.

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

Cuirrent Investigations:

e Testing the performance of SOM classifier on large,
adversarial data sets (1 positive example to 10,000 negative).

* [nvestigating decision trees, random forests, and support
vector machines as alternative classifiers.

o I?nvestigating semi-supervised learning technigues.

e Looking at fast highly scalable classification algorithms, to
asses if they can be modified to meet our needs.

.

L e e TR L L o

SOM showing the clustering of
patterns that represent actual

Total
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New Backends, Uniboard 1 & 2, Apollo

Crab GPs (hundreds/day) with 42ft telescope!

B0531+21 add.Fp
Freq: 610.000 MHz BW: 10.000 Length: 7.644 S/N: 56.364

20

. Legacy incoherent filterbank system, up to about 100 MHz
- ATNF Digital Filterbank (DFB), incoherent dedispersion, 384 MHz, BW, 8 bit
ROACH-board system, 400 MHZ BW, 8 bits, Since early 2011

observing in two widely-spaced bands at L-band, baseband RFI rejection

e (hours)

°
15

10

HPC computing cluster for ROACH and LEAP processing

Approximate Elapsed T

- Apollo will piggyback on _ALL Lovell observations for transients!

0 0.2 0.4 0.6 0.8
Pulse Phase

r— Uniboard - Coherent Dedispersion - FFT module

o

e

Bassa, Jordan, Ahmedsaid, Stappers et al
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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
5 I . : PO e—
(] —
- " PO SRV
. } 1 - 7 _
X = ! F ROACH b
P —
F2 —» -—_
")1 —_—
. QADC
‘)L) | S —
3
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Key Properties of RAPIDE
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?Time > 900 (80% of visible) Weekly detection of
pulsars/twice weekly extragalactic bursts
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TRAPUM

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

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

Globular Cluster Searches
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

Extragalactlc searches

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’

Using Radio Pulsars to Probe Gravity, Dark Matter and Stellar Populations

in the Galactic Center
Unique high frequency capability of meerKAT
Implemented later when these frequencies became available

3000 hours Allocated

Extremely interesting science

Galactlc plane survey

Ambitious, requires about 500 tied-array beams
Will be developed in collaboration with meerKAT team

An absolutely vital step towards the SKA

Fast transients: expanding the parameter space Commensal
: Search all of the pulsar obs, but also commensal high time resoln. & Targetted
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Many new/improved radio facilities (coming)

online.

’ SKA is ultimate goal

Precursors and many pathfinders in

— R
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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




-

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...
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