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Abstract: Neutron stars are collapsed remnants of massive stars. One form of neutron star, pulsars, produce clock-like radio pulses, a resul
rotation combined with a misalignment of their rotation and magnetic axes. These pulses can be used in a variety of experiments in fund:
physics, including tests of gravity theories, constraining the properties of supranuclear density matter, and gravitational wave detection. In thi:
will describe pulsar properties and explain how the above experiments are carried out, as well as show interesting recent results.
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' Cosmic Gifts

= Strange objects called “pulsars,” a form of
“neutron stars,” amazed astronomers upon

discovery, continue to amaze today
= Gift that keeps giving:
Could have been scientific footnote
Today studied by hundreds

Yield surprising, unexpected results on variety of
topics

Expect new gifts and more surprises
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Discovery of Pulsars

Cambridge
University
graduate
student
Jocelyn Bell,

1967.
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Discovery
of Pulsars




Discovery of pulsars

found by PhD student Jocelyn Bell
group led by Prof. Antony Hewish

Jocelyn convinced him of the reality of the signals
called "Little Green Men” initially
found many around the sky
Hewish won Nobel Prize in 1974
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Observing Pulsars

= Observe pulses of
radio waves

= Usually very faint
= Need big telescopes

Green Bank Telescope
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Crab Pulsar

S AERSE  Near center of
—wse om—umm Crab Nebula
ST SMTEM is a neutron
— = star: a pulsar.

: The Crab
. pulsar
| pulsates 30
times




Basic Neutron Star Facts

= typical neutron star mass:
1.4 solar masses

about a half-million Earths!

= typical neutron star radius:
10 km

= fastest known pulsar
rotates 716 times per
second!
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Basic Neutron Star Facts
|

= typical neutron star mass:
1.4 solar masses

about a half-million Earths!

= typical neutron star radius:
10 km

= fastest known pulsar
rotates 716 times per
second!
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Vita-mix 5000:

“fastest blender
on Earth”

maxes out at
625 rps




What 1s the speed at the
surface of a millisecond
pulsar?
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What 1s the speed at the
surface of a millisecond
pulsar?

27R 27210000
P 0.00155

=4x10"m/s =0.14c




Fast pulsars constrain EOS of
ultra dense matter

A MEUTRON STAR: SURFACE and INTERIOR




Fastest Pulsar Yet

F .

-

fastest rotating star
known: 716 rps

Discovered in

Montreal by Jason
Hessels in 2006

the search
continues...

YOU can help!



| Fastest Pulsar Y
= fastest rotating star | 3

known: 716 rps

= Discovered in
Montreal by Jason
Hessels in 2006

= the search
continues...
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Einstein@Home Finds First
 Pulsar!

= PSR J2007+2722
discovered this year!

= Knispel et al. 2010
Science

= PALFA survey

Precibo Ohsemtarv
Puertu ee—gg > /




Einstein@Home Finds First
' Pulsar!

= PSR J2007+2722
discovered this year!

= Knispel et al. 2010
Science

= PALFA survey



What 1s PALFA?

= Pulsar )
= Arecibo bl\ )
= |-band g 1=
* Feed e

= Array

425 researchers
7 different
countries




Einstein@Home Finds First
 Pulsar!

* PSR J2007+2722 PRy e s
discovered this year! S -
= Knispel et al. 2010 F ,.'E
o —

Science
= PALFA survey

Chris and Helen Colvin, Ames, lTowa
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What 1s PALFA? (77
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= Arecibo |
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= Feed e

= Array

425 researchers
7 different
countries
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Fastest Pulsar YetI

fastest rotating star
Known: 716 rps
Discovered at McGill
py Jason Hessels in
2006

the search
continues...

YOU can help!




| Fastest Pulsqr Yet!

=
L

fastest rotating star
known: 716 rps

Discovered at McGill

by Jason Hessels in
2006

the search
continues... A Neutron Star in F-sharp

YOU can help! o




Pulsar “Sounds™

& PSR B0329+54 P=0.7 s

& PSR B0833-45 P=0.089 s

® PSR B0531+21 P=0.033 s
& PSR BI937+21 P=0.0015s
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Fastest Pulsar 1s 1n a Star
Cluster

= Fastest pulsar one of
~30 other pulsars in
the star cluster

Terzan g

Different Ter5
pulsars in succession

All TerS pulsars
with intensity changes
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Fastest Pulsar 1s 1n a Star
Cluster

= Fastest pulsar one of
~30 other pulsars in
the star cluster

Terzan g

a Different TerS
pulsars in succession

a All TerS pulsars
with intensity changes




Binary Pulsars
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Binary Star Orbit
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Doppler Shift in Binary
Stars

Pulsar in binary

Doppler Shift due to . SyStem Show_s
Stellar Wobble e TR changing period
i Pulsar’s pulses are
very reqular 2
excellent clock

Can study binary
motion with
exquisite precision




Doppler Shift in Binary
Stars

= Pulsarin binary

_ system shows
Doppler Shift due to : . .
Stellar Wobble - changing period
Pulsar’s pulses are
very reqular 2
excellent clock

Can study binary
motion with
exquisite precision




974: Discovery of first Binary
Pulsar

PSR B1g13+161in
orbit around a . -
second neutron star Russell Hulse Joe Taylor

that is not a pulsar

PSR B1913+16: Orbital period 8 hrs!
 HIGHLY RELAINIST !C

e SR I ———— .




and Gravitational

inary Pulsar
aves

Dage 60/ / 3¢
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Binary Pulsars and General
Relativity
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