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A MULTIWAVELENGTH APPROACH

-

v UNDERSTANDING THE NATURE OF THE ENGINE OF PULSARS




ELECTRODYNAMICS




PULSAR ELECTRODYNAMICS
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A MULTIWAVELENGTH APPROACH

-

v UNDERSTANDING THE NATURE OF THE ENGINE OF PULSARS

4 CLARIFYING THE REAL NATURE OF PECULIAR SIGNALS




PECULIAR SIGNALS: RRATS

¢ REPEATING SINGLE DISPERSED PULSES IN PARKES PULSAR SURVEYS DATA
‘REF’EATING RADIO TRANSIENTS

¢ UNDERLYING PERIODICITY FOUND THROUGH TIME DIFFERENCE STUDIES

¢ PERSISTENT PULSATION FOUND FROM X-RAY OBSERVATIONS
‘RDTATING RADIO TRANSIENTS!

¢ POPULATION STUDIES INCLUDING RADIO SURVEYS SELECTION EFFECTS

‘4 TIMES MORE RRATS THAN PERSISTENT PULSARS
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A MULTIWAVELENGTH APPROACH

-

v UNDERSTANDING THE NATURE OF THE ENGINE OF PULSARS
4 CLARIFYING THE REAL NATURE OF PECULIAR SIGNALS

4 ESTABLISHING A LINK BETWEEN DIFFERENT CLASSES OF NSS




THE NSS CONNECTIONS

Galactic Field Radio Pulsar

. X-RAY OBSERVATIONS OF RRATS
RADIO OBSERVATIONS OF XDINS

RADIO OBSERVATONS OF MAGNETARS

RADIO Camilo et al. 2006
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A MULTIWAVELENGTH APPROACH

-

v UNDERSTANDING THE NATURE OF THE ENGINE OF PULSARS
4 CLARIFYING THE REAL NATURE OF PECULIAR SIGNALS
4 ESTABLISHING A LINK BETWEEN DIFFERENT CLASSES OF NSS

v HAVING A COMPLETE PICTURE OF SPECIFIC OBJECTS OF INTEREST




THE DOUBLE PULSAR
JO737-3039A

-

22.7 MS PULSAR IN THE PARKES

HIGH-LATITUDE SURVEY

2.4 HR ORBIT AROUND A SECOND NS

THE MOST RELATIVISTIC DNS KNOWN

ALLOWING FOR PRECISE TESTS OF GR

-

. Burgay et al. 2003 Nature
. Kramer et al. 2006 Science




THE DOUBLE PULSAR
JO737-3039B8

HOyd Mg

DISCOVERY OF 2.7 S PULSATIONS

FROM COMPANION NS

UNIQUE SYSTEM ALLOWING FOR NEW o <
GR TESTS

MUTUAL INTERACTIONS BETWEEN RADIO

Lyne et al. 2004 Science

' BEAMS AND MAGNETOSPHERES Breton et al. 2008 Science
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THE DOUBLE PULSAR

IN X-RAYS

light distance [=]

THE BALANCING POINT BETWEEN
PRESSURES INSIDE B’S
MAGNETOSPHERE

SHOCK EMISSION EXPECTED:
X/Y-RAYS FROM SYNCHROTRON
(TINVERSE COMPTON)

" line of asight arth

L. Pellizzoni — Feb, 2008

light distance [s]




THE DOUBLE PULSAR

IN X-RAYS

X-RAY OBSERVATIONS
* CHANDRA ACIS-S, 10.0 KS: 64 BOUNTS, SPATIAL ANALYSIS
(McLaughlin et al 2004, Campana et al. 2004)

XMM MOS-1+2 47.2 KsS: 432 BTS SPECTRAL AND TIMING ANALYSIS
(Campana et al. 2004, Pellizzoni et al. 2004, Kargalstev et al. 2006)
CHANDRA HRC-S 53.5 ks: 250 BTS, SPATIAL AND TIMING ANALYSIS

(Chatterjee et al. 2007)

CHANDRA HRC-S 35.8 ksS: 167 BTS, SPATIAL AND TIMING ANALYSIS

(Chatterjee et al. 2007)

CHANDRA ACIS-5 79 kS: 529 BTS, SPATIAL, SPECTRAL AND TIMING ANALYSIS

(Possenti et al. 2008)

XMM MOS+pPN 230 ks: 5000 ©TS, SPATIAL, SPECTRAL AND TIMING ANALYSIS
(Pellizzoni et al. 2008)




THE DOUBLE PULSAR

IN X-RAYS: TIMING

PULSATIONS FOUND AT A’S PERIOD
DOuUBLE PEAKED

PF — 75%

McLaughlin et al 2004, Campana et al. 2004,
Pellizzoni et al. 2004, Chatterjee et al. 2007,

Possenti et al. 2008, Pellizzoni et al. 2008




THE DOUBLE PULSAR

IN X-RAYS: TIMING

PULSATIONS FOUND AT B’S PERIOD IN

0.41 — 0.66 ORBITAL PHASE

Pellizzoni et al. 2008
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THE DOUBLE PULSAR
IN X-RAYS: SPECTRA

.\_

- Pellizzoni et al 2008

PL (DR BB+PL) oOrR BB+BB ERQUALLY OK
STANDARD EMISSION FROM A
QUITE SOFT

230 ks XMM:

PHASE AVERAGED: PL+BB or BB +BB

PHASE & ENERGY RESOLVED SPECTRA:
' <> OFF-PULSE SOFTER

<> PF INCREASES WITH ENERGY

OFF PULSE: SHOCK? PULSAR B~?
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THE DOUBLE PULSAR

IN X-RAYS: SPECTRA

.\_

PL (OR BB+PL) orR BB+BB ERUALLY OK 0.1-0.3 keV Pellizzoni et al 2008

STANDARD EMISSION FROM A

0.008

QUITE SOFT

230 ks XMM:

PHASE AVERAGED: PL+ BB orR BB +BB

PHASE & ENERGY RESOLVED SPECTRA:
' <> OFF-PULSE SOFTER

0.5-0.8 keV 0.8-3.0 keV
<> PF INCREASES WITH ENERGY

OFF PULSE: SHOCK? PULSAR B~?
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IN X-RAYS

2008

Pellizzoni et al

TOO SOFT FOR SHOCK

NO ORBITAL VARIATIONS

GIVES LIMIT ON A’S WIND

MAGNETIZATION

PARAMETER

OFF PULSE: NOT sHOCK. PuLsaAR B!




THE DOUBLE PULSAR
IN X-RAYS: SPECTRA

THREE COMPONENT SPECTRAL MODEL.:

- POWER LAW (I'=3.3) 2 PSR A PULSED

{“HEIT" BB (134 EV, 100 M) 2 PSR A

“CoLbp” BB (32 EV, 15 kKM) -2 PSR B
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DELAY BETWEEN RADIO AND X-RAY

Hardness ratio

EMISSION PHASES CAN CONSTRAN
THERMAL INERTIA OF NS SURFACE




MULTIWAVELENGTH OBSERVATIONS ARE FUNDAMENTAL TOOLS

<> HAVE A DEEPER KNOWLEDGE OF THE PULSAR EMISSION MECHANISMS

<> UNDERSTAND POSSIBLE CONNEETIONS BETWEEN CLASSES OF NSS

<> HAVE A BETTER UNDESRTANDING OF PECULIAR OBJECTS SUCH AS

< RRATS (NSSs POPULATION)

FOR.

<> THE DouBLE PULSAR (EMISSION MEEBHANISMS, PLASMA PHYSICS...

<







