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The internal structure of neutron stars is still
unknown and many theories are proposed.
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Dense nuclear matter is described by an

equation of state P(p). But what is 1t?
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Ideally, we want measurements of both
the mass Mns and the radius Rns.

5 5| These are not

- measurements!

[
2.0}

...............

1.0}

0.5l




The pulsed emission caused by hot spots on a rotating
neutron star can help measure the compactness.

—. Front-side hotspaot rotates through the line of sight
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Strong gravity permits seeing beyond

the hemisphere ol the neutron star.

Strong gravity
Weak gravity — ‘




The pulsed emission caused by hot spots on a rotating
neutron star can help measure the compactness.

— Front-side hotspot rotates through the line of sight
>
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The pulsed emission also depends on the
system geometry.
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I 'we can model the lighteurve, it 1s

prelerable to know the neutron star mass.

PSR J0437-4715 with
XMM-Newton
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NICER 1s NASA’s fast X-ray photon

counting machine. R

X-Ray Concentrators (38)
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Launched.in June 2017
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Credits: NASA/NICER




Light curve model I:
Relativistic ray tracing

NS properties inference
(Likelihood statistical sampling)

Light curve model II:

Instrument properties Surface emission model
+ emission pattern




NICER now routinely observes a few key target millisecond
pulsars to give us unprecedented signal-to-noise data.
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In addition to the pulse profile shape, the
energy information is important.

1400
PSR J0030+0451 2.0 PSR J0437-4715 -1000
1200
[solated pulsar _ Known mass .
S 10002 S =
o) = Q1.5 =
A S <) 3
- 800 = > o
= S S S
3 o 1.0 =
2 600 & & S
400
0.5
200 o b
0.5 1.0 1.5 00 05 1.0 15 20
Pulse Phase Pulse Phase
2.0 PSR J1231-1411 2.0 PSR J2124-3358
Measurable mass HEEEE [solated pulsar
N g S =
g 603  £1° 3
> g B 5
= 1.0 400 8 1.0 S
J A J A
0.5] 200 0.5
0.0 ﬁ I I i 00 05 1.0 1.5 2.0

Pulse Phase Pulse Phase



Using a new instrument means that we
need to understand its response.

Optical loading at soft-energies

. PSR J0030+0451
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PSR J0030+0451

Light curve model I:
Relativistic ray tracing
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The light curve modelling requires a
relativistic ray-tracing model
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PSR J0030+0451
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The thermal emission from a NS surface

is modelled with a NS atmosphere.

Models by Zavlin et al. (1996),
Heinke et al. (2006),
Haakonsen et al. (2012)
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The emission pattern of the hotspots

are not well predicted by theory.
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The instrument properties also play a

crucial role in the lightcurve modeling
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We parameterize the instrument response,
with a prior on the effective area.
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Preliminary results for uniform
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Preliminary results for dual-temperature
two polar caps model.

C'bB*; = 1384’§ ;2 | DK’L =(0.68

0.4

PSR J0050+0451

o
w

L
-

W TR SRR S ——

<)
N
Probability density

o
—

6/ ’
Clgge =0.15%901 | Dy =2.67

0.01

:20

Probability density

110

Clr'ﬁs‘ = 144:8 ;; I DKL =1.14

12.5

12.0

L)

] €

11538

| 2

$103 Court'esy of
| 8 Tom Riley &
R a.
5 A Anna Watts




Preliminary results for dual-temperature
two polar caps model.
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Summary of preliminary results from NICER

+ For PSR J0030+4+-0451:

+ Favors two polar caps with non-uniform temperatures

+ A radius in the range 12-15 km, preferring stiff EOS

+ The first mass measurement of an isolated pulsar.

+ More models to test, improved NICER ca

+ For other millisecond pulsars:

ibration

+ On track to deliver 5% uncertainties with definitive

data sets for two other pulsars.

+ Newly discovered pulsars added to the target list.



Newly discovered millisecond pulsars with NICER
PSR JO614 3329
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Future missions will fully enable the light
curve modelling technigue
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The cold surface of millisecond pulsars
can also be used to measure their radius.
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The cold surface of millisecond pulsars

can also be used to measure their radius.
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Summary

For PSR J0030+0451:

R =12-15 km, to be confirmed
M=12-1.7 Mo

Results expected soon for 4 other millisecond pulsars

Future missions will fully exploit this technique to
provide many more M and R measurements.



