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FROM NUCLEAR PHYSICS TO TELESCOPE
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The Radio Pulsar population

10—10 4

10—12 4

MSPs:
fully recycled,
low-eccentricity
orbits, stable,

fast!
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Double NS:
~17; mildly recycled,
high-eccentricity
orbits, good GR tests



Pulsar Timing

PSR J2145-0750

Time —
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Account for each rotation

In addition to basic parameters, models
account for ISM dispersion (DM), GR
effects, ephemeris, etc.

Deviations (measurement - model) =
residuals

Precision rivals atomic clocks
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Measuring masses

.

Masses can be measured very precisely for radio pulsars in
relativistic binaries (if geometry is favourable), using Post-
Keplerian parameters such as Shapiro delay.
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(Nearly) current mass measurements
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Shapiro delay

Generic Model of Shapiro Delay at Various ¢
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Shapiro delay

Generic Model of Shapiro Delay at Various ¢
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Massive NS via Shapiro C

* Demorest et al. 2010:
Long-term timing +
phase-targeted
campaign 1.97 £ 0.04
Me

* Fonseca et al. 2016:
1.928 £ 0.017 Mg

* First¥2 M g NSrules out
softer EoS (kaon
condensates, etc.)

Courtesy of Thankful Cromartie

elay (J1614-2230)
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Massive NS via Shapiro Delay (J0740+6620)

 Found in GBNCC survey (Stovall et al. 2014)
e P=2.9ms, P _binary=4.8 days

* NANOGrav MSP since 2014 that showed hint of Shapiro delay
(2.0x 0.2Mg)

* GBT 6-hr supplemental campaign targeted conjunction; saw
significant Shapiro delay (yielded 2.18 £ 0.15 M g combined
with NANOGrav data)

 Random orbital sampling wasn’t enough

Courtesy of Thankful Cromartie



Massive NS via Shapiro Delay (J0740+6620)

JO0740-+6620 residuals

90 - Full relativistic model
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Massive NS via Shapiro Delay (J0740+6620)

 Updated in Fonseca et al. 2021
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Constraints from spins
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Moments of inertia

* Requires highly relativistic binaries.
* For the Double Pulsar, SKA will allow | to be measured to =10%
over next 20 years. This gives R to ==5%.

 SKA may lead to discovery of other double neutron star systems
with favourable parameters (see Watts et al. 2015)



The future: Square Kilometer Array

SPDO /. Svwanbume Astronomy Productions







X-ray spectral modelling (quiescence)

Accretion off -
thermal spectrum
from NS.

Residuals

R 2
L=4XRZCngff S F=< ) aT4

Energy (keV)




t NS

. quiescen

S

=

Example constra

Guillot et al. 2013







X-ray spectral modelling (bursts)

Counts/s

Accretion on: bright
thermonuclear bursts =r——t—>
with Photospheric
Radius Expansion ——

Time




Example constraints: bursts
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Example constraints: combined
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For review of X-ray spectral technigues see Miller 2013



There remains some discussion
points and possible caveats! [

+ Why only use qLMXBs inglobular ; S
clusters ? return to full quiescence

+ What is the composition of the ; Hydrogen, Helium or
neutron star atmosphere ? something else

+ Is the surface magnetic field really No measurement, but
negligible ? —) expected for LXMBs

+ Is the emission really from the S No Con;t::aintsexist,
- ut...
entire surface ?

+ What are the effects of assuming : Fi:‘;rgtsf‘ezgufp:%:;?
slowly rotating neutron stars?

Courtesy of Sebastien Guillot



The future: Athena X-ray Observatory




PPM WITH ACCRETING NS?
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PPM FOR ACCRETING NS

The relativistic effects pulse profile modeling exploits are larger
for the more rapidly-rotating accreting neutron stars.

New astrophysical modeling and analysis challenges!




CAN X-RAY POLARIMETRY HELP?

X-ray polarimetry may help to constrain geometry (e.qg.
inclination) for accreting neutron stars, especially the pulsars

IXPE, launched
December 2021




SPOTS ARE DYNAMIC

378

Spin frequency =
377

Frequency (Hz)
O
J
o

375

Watts et al. 2009

e Drifting hotspot

1000 Cts/Sec/PCU



SURFACE PATTERN MODELS

Model I:
Flame spread stalls

Model 3:

Convective patterns
and zonal flows

Burning spreads from —
ignition location I — Model 2:

Large-scale waves

Some recent papers: Garcia et al. 2018a,b, 2019, 2020, Bilous et al. 2018, Bilous & Watts 2019,
Chambers et al. 2018, 2019, Chambers & Watts 2020, van Baal et al. 2020,
Goodwin et al. 2021, Cavecchi & Spitkovsky 2019, Cavecchi & Patruno 2022, Harpole et al. 2021.
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Enhanced X-ray Timing and
Polarimetry (eXTP) mission
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Probe class observatory Ray et al. 2019. Follow @STROBEXAstro on Twitter.



