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XX--ray emission from ray emission from MSPsMSPs (so far(so far……))

•• NonNon--thermal (pulsed) thermal (pulsed) magnetosphericmagnetospheric emissionemission
•• e.g. B1937+21, B1821e.g. B1937+21, B1821--24 24 
ĖĖ~10~103636 ergs sergs s--11 LLXX~10~103232--3333 ergs sergs s--11

•• Shock emission Shock emission 
•• e.g. B1957+20, the e.g. B1957+20, the ‘‘blackblack--widowwidow’’
ĖĖ~10~103535 ergs sergs s--11 LLXX~10~103131 ergs sergs s--11

•• Thermal (pulsed) emission from polar capsThermal (pulsed) emission from polar caps
•• e.g. J0437e.g. J0437--4715, 47 4715, 47 TucTuc MSPsMSPs……
ĖĖ~10~103333--3434 ergs sergs s--11 LLXX~10~103030 ergs sergs s--11



PSR J0437PSR J0437--47154715

Nearest MSP knownNearest MSP known
DDππ=139=139±±3 pc3 pc
P P = 5.76 ms= 5.76 ms
ĖĖ = 4= 4××101033 33 ergs sergs s--11

PPbb = 5.7 d = 5.7 d 
i i = 42= 42°°
a a = 1.2= 1.2××10101212 cm cm 
mmcc= 0.24 M= 0.24 M (He(He--WD)WD)
M =1.58M =1.58±±0.18 M0.18 M

XMM-Newton

(van (van StratenStraten et al. 2001)et al. 2001)



PSR J0437PSR J0437--47154715

First MSP detected in       First MSP detected in       
XX--rays by rays by ROSATROSAT
(Becker & (Becker & TrTrüümpermper 1993)1993)

XX--ray spectrumray spectrum::
-- 2 thermal components +2 thermal components +

PL tail PL tail ((ΓΓ=2.0=2.0±±0.40.4))
((ZavlinZavlin et al. 2002; et al. 2002; ZavlinZavlin 2006)2006)

Zavlin (2006)

XMM-Newton



XX--ray emission from J0437ray emission from J0437--47154715

•• NonNon--thermal thermal magnetosphericmagnetospheric emissionemission

Becker & Aschenbach (2002)



Kargaltsev, Pavlov, & Romani (2004)

XX--ray emission from J0437ray emission from J0437--47154715

HST

CXOROSAT



XX--ray emission from J0437ray emission from J0437--47154715

Interaction of MSP wind with Interaction of MSP wind with 
ISM or binary companionISM or binary companion

Arons & Tavani (1993)Fruchter (1995)
PSR J0437-4715

Hα



Hard XHard X--ray Emission from J0437ray Emission from J0437--47154715

•• NonNon--thermal thermal magnetosphericmagnetospheric emissionemission
-- inconsistent with FUV datainconsistent with FUV data

•• IntrabinaryIntrabinary shock emissionshock emission
-- pulsar wind too weakpulsar wind too weak

•• Thermal emission from polar caps  Thermal emission from polar caps  
-- too small + too hottoo small + too hot



Inverse Compton ScatteringInverse Compton Scattering

Repeated ICS by hot eRepeated ICS by hot e±± of of 
low optical depth (low optical depth (ττ<1<1)    )    
→→ PLPL
§§7.5 7.5 RybickiRybicki & & LightmanLightman (1979)(1979)

ComptonizedComptonized blackbody blackbody 
Nishimura, Nishimura, MitsudaMitsuda, & , & ItohItoh (1986)(1986)
EE00<<<<kTkTee<<mmeecc22

NS HNS H--atmosphere atmosphere ((BB=0)=0)
McClintock, McClintock, NarayanNarayan, & , & RybickiRybicki (2004)(2004)

BB

Bogdanov, Grindlay, & Rybicki (2006)

Blackbody

H-atmosphere

kTe=100 keV
τ = 0.1



ComptonizationComptonization in in MSPsMSPs

Bogdanov, Grindlay, & Rybicki (2006)

compbb
kTe~100 keV
τ ~ 0.1

pn

MOS1/2

ACIS-S



XX--ray Emission from J0437ray Emission from J0437--47154715

•• NonNon--thermal thermal magnetosphericmagnetospheric emissionemission
-- inconsistent with FUV datainconsistent with FUV data

•• IntrabinaryIntrabinary shock emissionshock emission
-- pulsar wind too weakpulsar wind too weak

•• Thermal emission from polar caps  Thermal emission from polar caps  
-- too small & too hottoo small & too hot

•• ComptonizationComptonization



ComptonizationComptonization in in MSPsMSPs

Bogdanov, Grindlay, & Rybicki (2006)

EPIC-pn

EPIC-MOS1/2

ACIS-S EPIC-pn



Other Nearby Other Nearby MSPsMSPs

PSR J0030+0451PSR J0030+0451
D D ≈≈ 300 pc300 pc
PSR  J2124+3358PSR  J2124+3358
D D ≈≈ 250 pc250 pc

•• SolitarySolitary

•• Spectra similar to Spectra similar to 
PSR J0437PSR J0437--47154715

•• Need deeper XNeed deeper X--ray and ray and 
Optical/UV observationsOptical/UV observations



ConclusionConclusion

ComptonizationComptonization model worksmodel works

⇒⇒ AllAll emission <1 emission <1 keVkeV is purely thermalis purely thermal

⇒⇒ Allows constraints on fundamental NS Allows constraints on fundamental NS 
parameters parameters (Pavlov & (Pavlov & ZavlinZavlin 1998)1998)

-- M/RM/R
-- Global BGlobal B--field configurationfield configuration
-- Surface propertiesSurface properties



Chandra HRC-S

Bogdanov et al. in preparation
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See See BogdanovBogdanov, , GrindlayGrindlay, & , & RybickiRybicki (2006) for more details(2006) for more details
astroastro--ph/0605237ph/0605237
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