Title: The Hunt for Radio Pulsars and Fast Radio Bursts
Date: Feb 03, 2016 02:00 PM
URL.: http://pirsa.org/16020100

Abstract: <p>Radio pulsars are Nature's most perfect clock and hence are useful for precision work on a wide variety of physical and astroy
topics, ranging from sensitive tests of relativistic gravity to constraining the equation of state of ultradense matter. | will describe current or
surveys for radio pulsars using the two largest radio telescopes in the world, and how these surveys are also valuable for searching for Fa
Bursts, a newly recognized astrophysical phenomenon of unknown origin. </p>
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Overview of Talk

Radio pulsar primer

Why search for more pulsars?

How to find pulsars

Current pulsar surveys PALFA, GBNCC

PSR J1903+0327 (Champion et al. Science 2009; Freire et al. 2011)
PSR J1023+0038 (Archibald et al. Science 2009; Archibald et al. 2014)

PSR J0348+0432 (Antoniadis et al. Science 2013)
Fast Radio Burst +

CHIME
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Radio Pulsars

Rapidly rotating,
highly magnetized
neutron stars

Over 2400 known
today, nearly all

in Milky Way

Emit across full EM
spectrum

Generally most

easily observed in
radio band

Some highly sporadic:
"Rotating Radio
Transients” or RRATSs
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Basic Neutron Star Facts

= neutron star mass:
1.4 solar masses

typical neutron star
radius: 20 km

Typical pulsar B field
109-10"3 G

Typical pulsar period
5OMS—25S

fastest known pulsar
rotates 716 times per
second!

= millisecond pulsar

R ————— [ — P—— -
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Why So Interesting?

= Neutron stars embody

Gravity (z ~ 0.3)
Density (>10x nuclear)
Magnetic field
Dynamics
R saaiet
= Physics dream come
true!
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Pulsars: Extremes of Precision

PSR B1937+21 on MJD 47899.5:
P=0.001557806472448817(3)




Pulsars: Extremes of Precision

PSR B1937+21 on MJD 47899.5:
P=0.001557806472448817(3)




Input: DV - 1280x720p@60, 1Hz

Doppler Shift in Binary Stars b

_ » Pulse period in binary
Doppler Shift due to .
Stellar Wobble ? system
- | changes!

Can study binary
motion with exquisite
precision

( Nobel-celebrated

experiments in
relativistic gravity
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Doppler Shift in Binary Stars

, Pulse period in binary
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- | changes!
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What makes an MSP?

Regular pulsar “recycled”
by mass transfer from a L Accration
binary companion

Disk

secondary

Old objects; once ronewey sta
recycled, live forever '

Distributed ~isotropically ory g
On the Sky’ In Circular ‘ young pulsar
binaries with degenerate binery survives

Y

Companlons . young pulsar

mildly recycled pulsar

#

binary disrupts E:

Predicted evolutionary secondary evolves

(Roche Lobe overflow)

relationship between s o
LMXBs and MSPs .

low-mass system binary survives
b

% -

millisecond pulsar - white dwarf binary double neutron star binary
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Pulsars as Laboratories

Equation-of-State of ultradense matter:
Maximum mass
Maximum rotation speed

Tests of Relativistic Gravity Theories:

Famed dynamical tests via PK parameters
General Relativity, SEP, alternative theories e.g. TS

Binary evolution:

Relation to HMXBs, LMXBs, qLMXBs

Branching ratios, stellar winds, eclipse mechanisms
Connections between topics:

E.g. want pulsar/black hole binary for superb GR tests

Page 15/70




Neutron Star Equation

of State
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CRUST
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Magnet
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Pulsars as Laboratories

Equation-of-State of ultradense matter:
Maximum mass
Maximum rotation speed

Tests of Relativistic Gravity Theories:

Famed dynamical tests via PK parameters
General Relativity, SEP, alternative theories e.g. TS

Binary evolution:
Relation to HMXBs, LMXBs, qLMXBs
Branching ratios, stellar winds, eclipse mechanisms

Connections between topics:
E.g. want pulsar/black hole binary for superb GR tests!!
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Pulsars as Laboratories II: GWs

= Pulsar Timing
Array’ (PTA): detect
gravitational waves with
nanohertz frequencies
using millisecond pulsars

Need many MSPs
distributed ~isotropically
on the sky, timed with
very high precision
simultaneously over
NERIAYEETS
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Gravity Wave Sources for IPTA

= Merging supermassive
black holes (SMBH),
natural prediction of
galaxy evolution

Stochastic background
with amplitude
dependent on

SMBH merger rate
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Complementarity of IPTA, aLIGO,
LISA

Current
upper limit:

h < 7x107%5
at1yr?
95% c.l.

(NANOGray;
Demorest
et al. 2013)
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Why we want more MSPs!

—
—
'
='
1

o/

4w Chasastariatis Rpilkide Manchester et al.
2012

Figure 12: Sensitivity of a PTA to a stochastic background of GWs as a function of total data span T,

inumber of pulsars NV in the PTA and assumming 100 ns rms timing residuals. Black lines are for Nj, = 20
and, Ty, of 5 yr (unmarked), 10 yr (x) and 20 yr (o), respectively, red lines are similar for N, 50
and blue lines for N, = 200
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How Do We Find Pulsars?’?

Define survey area
Systematic pointings with big radio telescope

For each pointing, record fast-sampled,
frequency-channelized data for fixed integration
time

RFIl removal

Dedisperse at many trial dispersion measures

For each trial DM:
FFT, acceleration search, harmonic summing, folding

Single pulse search
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Dispersion of Radio Pulses

T

e N
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Binary Pulsar Search Techniques

e |solated Pulsars
« Fourier analysis
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RFl removal
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Binary Pulsar Search Techniques

e |solated Pulsars
« Fourier analysis
e Binary P_,, > 10T,

e “Acceleration”
Searches
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Pulsar Candidate: PRESTO
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Searching for MSPs: PALFA & GBNCC

Pulsar Arecibo L-Band Feed Array (PALFA)

Survey of Galactic Plane with
7-beam PALFA receiver

Center freq 1.4 GHz, BW 300 MHz,
Plan to survey |b|<s deqg in 35<l<75 deg
~1 Petabyte

Green Bank North Celestial Cap Survey

d (GBNCCQ)

Survey of full GBT-visible sky
Centre freq 350 MHz, BW 100 MHz,
~0.4 Petabytes
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PALFA+GBNCC Processing

Gunl iImin @ McGill

E JCalcul Quebec/
Compute Canada
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PALFA Discoveriles

The most distant MSPs known

600
ATNF
PALFA |

500/

400

ATNF
e®e PALFA
|Yolok This Work

Dispersion Measure (pc cm

10 15
Spin period (ms)
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PALFA Highlight 1:
PSR J1903+0327: An Eccentric MSP

= 2ms pulsarin g5-day
e=0.44 orbit with 1-sm
non-degenerate
companion (Champion et
al. 2009; Science)

Freire et al. (2011):
Vr of companion
3D velocity of system

Present & past motion
mainly in the Plane

Suggests formation in a
triple system, with
recycler gone
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PALFA Highlights: More MSPs

Deneva et al. 2012:
2 PALFA MSPs: J1949+3106, J1955+2527
Both also stuck in Plane

New Plane population?
Or selection effect?

Crawford et al. 2012: 4 more MSPs

NEW 1: 2" eccentric MSP found! (Knispel et
al., in prep.)

NEW 2: 5 more MSPs, 1 highest DM ever
(Scholz et al. 2015); 5 more MSPs (Stovall et
al.in prep.)
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PALFA Highlight 2:
Fast Radio Burst

Single few-ms radio burst
detected with
DM > DMaGalaxy

Handful of FRBs previously
detected (Lorimer et al.
2007; Thornton et al. 2013)
all at Parkes telescope

Spitler et al. 2014:
1°t non-Parkes FRB

Estimated rate:
3,000 /sky/day

ORIGIN UNKNOWN!

M Thornton et al. 2013, Science
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PALFA Highlight 2:
Fast Radio Burst

Single few-ms radio burst
detected with
DM > DMGaGalaxy

Handful of FRBs previously
detected (Lorimer et al.
2007; Thornton et al. 2013)
all at Parkes telescope

Spitler et al. 2014:
15t non-Parkes FRB

Estimated rate:
3,0
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Arecibo FRB

>10 more bursts

Burst 2

.%.‘I}{\r—;‘;:i:ﬂ: -.'N;-' | i .-m.” '.; 1 d eteCtEd
NGRS o~ LRI I < |

R — R < | :

@M‘%@ T - | — = Spitler et al. 2015

e f\‘! 5 QS :
Nature, in press

Hugely varying spectra
Bursts come in clusters
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GBNCC 350 MHz Survey

Green Bank
North Celestial Cap Survey

GBT Driftscan Precursor Survey

.||':1"..]E|]i.1.m.( '|'-|
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GBNCC 350 MHz Survey

Green Bank
North Celestial Cap Survey

GBT Driftscan Precursor Survey

1AACCeS ”l]! to ( .|'.|
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GBT Highlight 1: PSR J]1023+0038
MSP/LMXB Transition Object

= Bright 1.7 ms MSP at position of catalogued
CV/LMXB with accretion disk, with same 0.2-
day orbit! (Archibald et al., Science, 2009)

= Evidence for recent accretion disk:
‘missing link’ between LMXBs and MSPs!

= Interesting eclipsing phenomenology
See Archibald et al. (2014)
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NEW! J1023+0038 Disappears!

In ~June 2013 radio pulsar vanished from the
sky! (Stappers et al. 2014)

At same time, coincident Fermi gamma-ray
source got factor of ~g5 brighter!

X-ray flux increased by 20x!!
Spectrum softened

X-ray phenomenology radically different

Flares, dips...(Tendulkar et al. 2014; Archibald et al.
2014)

Will it return??
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GBT Highlight II: J0348+0432

Pulsar P=3gms, P_,=2.4hr
Highly relativistic!
(Antoniadis et al. Science,
2013)

WD companion, mass well
determined from spectrum,
models: 0.175+/-0.020 solar
mass

WD absorption lines show ‘
Orbltal Doppler Shifts: q = - - ()I‘I)“.t:i ,]’hdh'l? .
11.70 +/- 0.013

Radial Velocity (km s '
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Testing Dipolar Radiation
Damping: Tensor-Scalar theories

= Radio timing of pulsar at GBT, Arecibo determines
relativistic PK parameter
Pbdot = (-0.273+/-0.045)x107*2

" PSRJ0348+0432: YNNI
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J0348 and alLIGO/Virgo

To detect merging NS- GR Masa
binaries, need template |
AARAANAARARAARLAARALLIAAAARRAR AR AARI A R

More realistic template = |iElEEE LR LR e AL gL b LR
greater sensitivity

Major effort to calculate - R

post-Newtonian (PN) | TS

approximation to GR

But alternative tensor-
scalar (TS) theories
could pose problem with
this strategy
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