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Rotation-Powered Pulsars

 Lighthouse emission
from radio to gamma
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Typical X-ray Spectrum
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Old Pulsars X-ray Spectrum

T ~0.01 -1 Myr T > 1 Myr
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Old Pulsars X-ray Spectrum
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Old Pulsars X-ray Spectrum

T ~0.01 -1 Myr T > 1 Myr
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The four Old Pulsars

PSR B0114+58 ~ 100
PSR B0919+06 0.43 13.73 2.9 0.5 ~ 250
PSR B0628-28 1.24 7.12 3.0 3.0 ~ 1000

PSRB1133+16 1.19 3.73 2.1 5.0 ~900



Maximum Likelihood Method

 Very dim sources

o It exploits the knowledge of the PSF and all the counts
of the image: makes the best use of the statistics
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Maximum Likelihood Method

(x,y,t) information: allows to separate pulsed from
unpulsed counts = two different spectra
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PSR B0114+58
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PSR B0919+06
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PSR B0919+06
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PSR B0919+06
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PSR B0628-28
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PSR B0628-28
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PSR B0628-28
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PSR B0628-28
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PSR B1133+16
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PSR B1133+16
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PSR B1133+16
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PSR B0114+58 has a thermal emission from a hot spot

« PSR B0919+06 has a non-thermal emission and an
upper limit on the bolometric luminosity

« PSR B0628-28 emission is mainly non-thermal, with a
pulsed emission possibly thermal from a hot spot

« PSR B1133+16 spectrum is best described by a power-
law plus 2 harmonically spaced lines, interpreted as
cyclotron absorption lines



Polar Cap Temperature
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Polar Cap Temperature
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Polar Cap Radius
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Conclusions

« ML method allows a better spectral analysis of
faint sources

« Not all the old (0.1 < T_< 10 Myr) RPPs have a
thermal emission from a hot spot...

e ...but when it is present, the emission area is
consistent with the polar cap

« PSR B1133+16 is the second RPP that shows
cyclotron absorption lines (psr ji740+1000, Kargalssev+ 2012)
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X-Ray Emission

Polar cap model

neutron

star thermal (BB)

non-thermal (PL)
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Polar Caps Model

Harding & Muslimov 1998, 2001, 2002

E, accelerates particles

until they emit photons and
pairs in an avalance process

Accelerated charges
towards us = non-thermal ﬂ
emission

Screening region

Onset of ete-

Backilow particles —
heating of the polarcaps » ¢
thermal emission

v

E, ()

to neutron star surface
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Typical X-ray Spectra

Young Pulsars Middle age Pulsars Old Pulsars
<0.01 Myr 0.01 - 1 Myr > 1 Myr
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Maximum Likelihood Method

Exploits the knowledge of the PSF and all the counts of
the image: makes the best use of the statistics
In the pixel (i,j) the probability to measure N, counts is
_ .. Nij
e~ Hi Hij }
Nj;!

Pij —

where 1 is the expectation value for the pixel (7,j) and
in this case corresponds to p, = 0 PSF, + B



Maximum Likelihood Method

3D (x,y,t) approach: the expectation value of bin (i,j,k)
W = (Gu + 0, (Dk) ’ PSFZ.].+ B

Application: given a pulse profile @ , it separates the
unpulsed counts o, from the pulsed ones 0,

Makes possible 3D spectra



PSR B0628-28
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PSR B1133+16
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Cyclotron Absorption Lines
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PSR B1133+16
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PSR J1740+1000
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Polar Cap Luminosity
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Millisecond Pulsar - BB
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Millisecond Pulsar - ATM
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Millisecond Pulsar - ATM
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