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Pulsars, flickers and cosmic flashes
(the transient radio universe)
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* Introduction
* Pulsars
* Fast radio bursts

(more on these tomorrow)
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Eventually become
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Stars with 4-8 times the
mass of the Sun
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Eventually become
heutron stars
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Stars with more than 8

times the mass ofthe Sun

Eventually become
black holes
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Neutron stars are EXTREME objects!

Extremely dense - 100,000,000,000,000,000 kg m-3
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Neutron stars are EXTREME objects!

Extremely dense - 100,000,000,000,000,000 kg m-3

Very rapid rotation - up to 700 Hz

Ultrahigh magnetic fields - 1,000,000,000,000 times Earth’s

High space velocities - up to 1,000 km/s

sprinter - 10 m/s
f1 car - 100 m/s
normal stars - 10 km/s







“it was not realized that neutron stars would come equipped
with a handle and a bell!” --- John A. Wheeler
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This is known as
the “light house”
~ Credit: Bill saxton model for pulsars!

John A. Wheeler

RADIATION
BEAM



i sl s : -
5 * -
: .—-;ff”ﬂff .“-H-"x".h"k"“""HH.,,__K_
-~ . l S
: 7" 2000 solitary pulsars .
. . .
3 ,/'/J/./
i -~: S — e
- - 7 - E-H\“‘\.\x/x/ i l-‘\'\
., ~ \,\\l \\.
’ ;}, \\_\- J | ', \'\_\
£ . - 4 i - . ; ;
,/j' f_-’ Gl[}b ula[’ f:f '\:\ B li’iﬂf'y ]|| 1 ‘1' \_\
;o Cluster | 4 } | \
/ : E
e H {[ e |
{l ! _ // \‘:\ 80 i
\\ }:,./ E\(._rﬁ—h---}é )
Iy “ Ve Y
\\ rrf; 5 3 ;; // .\\\\!;/x \\ I,I'
.. 7 f/: ’_;'/ \-‘\""'-\, . / f
e e - . . H
\‘E x‘i - [ 1 - ; .f}__. \ 1 ‘\\_\‘.‘ y ;;l
IH\\ | :\'-.\\ l) 1311 etS J_,:’j} } f// 2 ()‘\‘\\xh" \.\_\: ./“,_/1-.}’ :;j-".
: \ j / ~ — f
\'\ ]l‘: R i Jl; ; J_,r
\'\ \:t. /‘j . T 4 /
-\\..\ , . 1 5 f-,./ | Sup e rn () v d E /..;;
‘1.\ \\.\ . P rd "l, t :J" v ‘
\.\\'\ .\x‘“\_‘_‘ REC}ECI eq//’.f \\ Remnan /.”f i : .
. Mo e , s
\\ e N / - .
\“_\\ \'\\\ f,-’ __,J'/ .
e .. .-‘.\“'"'\-\___-,_\_\_\_'_'_,_,""‘. /__,./ - .
\\-\\\ ..1/’_/
... - - -
T —_ —




Time of arrival




' (a) Best—fit residuals !  (b) Zero period derivative
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(d) Zero proper motion
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A two solar mass neutron star!

PSR J1614-2230
Spin = 3.15 ms
Orbit = 8.7 days
M =1.97(2) Msun

\ To Earth
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Demorest et al. (2010)
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Mewton's fixed space Einstein's flexible space-time
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And now for something different...
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DISCOVERY OF 14 RADIO PULSARS IN A SURVEY OF THE MAGELLANIC CLOUDS
R. N. Mancuester,! G. Fan,” A. G. Lyng,” V. M. Kasper,” anp F. CrAwWFORD” 2 006

Received 2006 February 23; accepted 2006 April 19

Figure credits:
ATNF (left)
Astropixels (right)




Single-pulse search

hMulti-Channel Search Data
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An unexpected signal!

Interference







A Bright Millisecond Radio Burst of
Extragalactic Origin 2007

D. R. Lorimer,*** M. Bailes,”> M. A. McLaughlin,™* D. ). Narkevic,* F. Crawford®*

Pulsar surveys offer a rare opportunity to monitor the radio sky for impulsive burst-like events with
millisecond durations. We analyzed archival survey data and found a 30-jansky dispersed burst, less
than 5 milliseconds in duration, located 3° from the Small Magellanic Cloud. The burst properties
argue against a physical association with our Galaxy or the Small Magellanic Cloud. Current models for
the free electron content in the universe imply that the burst is less than 1 gigaparsec distant. No
further bursts were seen in 90 hours of additional observations, which implies that it was a singular
event such as a supernova or coalescence of relativistic objects. Hundreds of similar events could occur
every day and, if detected, could serve as cosmological probes.

* Why so bright?
* Why no weaker events?
* Detectable in other surveys?



A Population of Fast Radio Bursts
at Cosmological Distances 2013

D. Thornton,’%* B. Stappers,® M. Bailes,>* B. Barsdell,>* S. Bates,® N. D. R. Bhat,***
M. Burgay,’ S. Burke-Spolaor,® D. ]J. Champion,’ P. Coster,>> N. D'Amico,'%’ A. Jameson,**
S. Johnston,® M. Keith,2 M. Kramer,”* L. Levin,® S. Milia,” C. Ng,’ A. Possenti,” W. van Straten®*
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What could they be?

Extra-terrestrial

Galactic

Extragalactic



What are people doing

(My) bold predictions
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