The 65" Compton Lecture Series

The Quest for Gamma Rays:
Exploring the Most Violent Places In

\ the Universe

INGA PSR B1055-52

'

Lecture 3

The Puzzle of
Gamma-Ray Pulsars
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Key Questions

\

- What Is a pulsar?
* How do pulsars accelerate particles?
* How does a pulsar generate a wind nebula?

& What Is puzzling about gamma-ray pulsars and
their nebulae?

% What can we learn about pulsars and pulsar
wind nebulae from gamma-ray observations?




Overview

\

& Radio pulsars

% Detecting gamma-ray pulsars with EGRET
® pair production telescopes

& Discovering new pulsars
% Pulsar wind nebulae




Radio Pulsars

\




Pulsars are defined by radio
\ observations*

* A pulsar Is a star that emits radio pulses

% Pulses of radio waves occur regularly

s Typically a few times per second, but some
pulse a few hundred times a second

3 Pulses are fast and so thelr source has to
be small

* Radio pulsars are rapidly rotating neutron
stars

*except for when they are not




Neutron star review

\

+ Remnant of a supernova explosion

& Gravitational collapse causes protons and
electrons to bind into neutrons

% Energy goes into
% Supernova explosion (last week)
4 Some may go into rotation of the neutron star

> (Note: not all supernova remnants produce neutron
stars and not all neutron stars are pulsars)




Why pulsed and not steady?
\

G Rotation Axis

% The neutron star is an
electric generator -
turning rotational . “Radio beam
energy into electron
(and positron)
currents

> |t generates a beam
of radio waves

> We only see the
beam when it IS
pointing toward us

| Magnetic field lines
|




Synchrotron radiation from

\ electrons

% Electrons traveling in a magnetic field produce
photons

* The photon wavelength depends on the strength

of the magnetic field (B)

* Typically radio photons, but in very strong
magnetic fields, X-ray photons

Synchrotron y’s
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Pulsars are particle accelerators

\

s Radio measurements can be used to find
synchrotron emission

% Those with X-ray synchrotron emission

have very strong magnetic fields

& Can pulsars generate gamma-ray
emission?




A simple model

\

5 Accelerator + Target = gamma rays
* The pulsar Is accelerating electrons

% |f there are enough lower energy photon
targets, we can see gamma rays from
iInverse Compton scattering

Scattered y




Pulsar power

\

& Pulser energy is from rotation

s Energy 4 Spin rate
» Pulsar spin rate slows down over time
¢ 30,000 yrs to slow down 1 thousandth of a second

% Rotational energy loss goes into acceleration and

radiation
& Pulsar power u Spin rate x Spin rate decrease
> ~1000 x energy output of the Sun for young energetic pulsars
s A few % of this power is enough to make a visible gamma ray

signal

Young pulsars with high spin rates are the most
powerful and the most likely to produce gamma rays.




Detecting Gamma-Ray Pulsars

\’




“~ The gamma-ray spectrum
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Gamma-ray pulsars detected by

\ EGRET

High energy gamma-ray map of the sky

/ confirmed pulsars (1 at lower energy than this map)...more unidentified?




How do we know they are

\ pulsars?

* The gamma-ray signal is from the location of a radio pulsar
% The signal is periodic

CRAB PSR B1508-58 VELA PSR B1706-44 PSR B1851432 GEMINGA PSR B1055-52
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EGRET

\

5 High energy gamma-ray telescope on the
Compton Gamma Ray Observatory (1991-
2000)

s 30 MeV — 30 GeV
s Detected >270 sources




A close-up of EGRET

\ Tracking Layers (direction)

Detecting a gamma ray
& Direction

s Energy
& Time

Total Absorption Shower Counter
From CGRO Science Support Center (energy measurement)




Compare angular resolution

\

» EGRET located sources within ~1 degree

& Ground-based gamma-ray telescopes:
~0.1 degree

» Radio telescopes: Arecibo < 0.1 deg,
Green Bank < 0.01 deg

> X-ray telescopes: XMM-Newton, Chandra
< 0.001 deg

% Optical: Hubble << 0.001 deg




Discovering New Pulsars

\




Geminga: an early riddle

\

5> Geminga was one of the early
unidentified gamma-ray
sources

% |t Is brighter iIn gamma rays
than at any other wavelength Optical

% No radio pulse is observed ol
s Why not? Sl l ‘
Ray

P~ 23T MSEC
]

GEMINGA

Radio

Some pulsars are primarily gamma ray objects




Radio quiet pulsars
\

% This Is a big question

* Some pulsars will be faint because of where we
are relative to their beam or just because
emission levels are too low

% But what about pulsars without radio signals that
have gamma-ray and X-ray signals

»> Are the gamma rays and X-rays produced in a
different part of the pulsar?

» Can some pulsars suppress radio emission?
> We don’'t know yet...stay tuned




Pulsar Geometry

\ <| Rotation Axis

“Radio beam

| Magnetic field lines
|




Discovering radio pulsars with
\ gamma rays

A recipe for finding a needle in a moving haystack

1. Find a variable source
near the galactic plane Pulsar J2021

with a gamma-ray
space telescope /-\ >

angular resolution
Re-analyze the data \\

Hunt for X-ray sources
In archival data

Take a deep radio 2 EGRET sources
telescope observation 2 X-ray sources

Take new X-ray data

See it again with better \
o,
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Isn't tnere a betier way!?



Pulsar Wind N



Cnarncdra nas excellent
angular resolutorn

Trne dark feature 1s real, not
0oOor Visior

A-rays are corning frorrn ine
oulsar and also from ine area
surrouncing ine pulsar

The snape loors very similar
to oiner young pulsars

Pulsar J2021

|

Chandra X-ray Image



Pulsar wind neoula

« Srmeall inner neobula 91/85 off A-rays frorn ine nignest

erier J/ orlrrlrles close toine pulsar
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X-rays

Lower energy photons

Samrma reys?

Polar jets from pulsar Torus of energgtic particles
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Farnneant evolutorn

v Supernova rermnant containing pulsar and
neb ula (not to scale)




v« Opiical Irnage of
lzirge rernnant,|C 4473
v Radio overlay (yr
v J-ray overlay (ol
v Zoomin4dio PS
JOs17 and neplla
v Radio and A-ray
v« J-ray (Dlue)
v Zoorn oLt to full
rernneant

Z00rrn Into a

SUOBIMOVeL rernrearit

~

0.75 deg
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Chandra X-ray: NASA/CXC/B.Gaensler et al;
ROSAT X-ray: NASA/ROSAT/Asaoka & Aschenbach;

Optical: DSS
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Selrrifriel relys ere not
corning frorrn ine pulsar
0osltlor)

There are also A-rays inat
\re not frorn ine pulsar
0osltlor)

Qb

Are the garnrmea rays and

/)

J
'_r.'r le A-rawys associated with
oulszl

oLUlsea

Whny is It offset?

of Vela /

A-ray feature
pulsar

Gamma-ray image from H.E.S.S.
(16 hr exposure) with X-ray
contours from ROSAT



Fernnant evolution revised
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Fernnant evoluilon re-revis

Add non-uniforrn density around ine rernneant




H.E.S.S.

Milagro
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Supernova remnant shells EGRET pu

sars

| G12.82-0.02 supernova remnant and new pulsar candldatre
stended, galactic sources. .. pulsar wind neoulae?
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Discovering new pulsars with
Cerenrov ielescopes
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SUrrirnary

Trere are only 7 confirmed garmme-ray pulsars,
oul we nave good reason to ining there are more
Ot trere

Thne garnrrze- rety signals nelp determine wnere
acceleratlon napperns rnear ine pulsar

Pulsars also power wird rwouJe e inat allow us to
locate some radio cuiet pulsars Using gearrrra
relys

Studying tne snape of a e' ular witr A-rays and

garrirrz rays reveals now ine superrnova
rernnearnt evolved



