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PULSE PROFILE MODELLING:
PAST, PRESENT AND FUTURE
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FROM NUCLEAR PHYSICS TO TELESCOPE
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Figure: Adapted from Ray et al. 2019



PULSE PROFILE MODELING (PPM):PAST

Credit: Morsink/Moir/Arzoumanian/NASA-GSFC
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PPM: PRESENT (NICER)

Lightcurve model:
Emission, Relativistic ray-tracing

Pulse profile data: Phase, Energy
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NICER SURFACE MAPS

PSR J0030+0451 PSR J0740+6620

Movie: Sharon Morsink, NASA, based on surface patterns from Riley et al. 2019, 2021.
Comparable patterns found by Miller et al. 2019, 2021




NICER MASSES AND RADII
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NICER team setup/support papers: Bogdanov et al. 2019a, 2019b, 2021
NICER team J0030 papers:, Riley et al. 2019, Raaijmakers et al. 2019, Bilous et al. 2019, Miller et al. 2019.
NICER team J0740 papers: Wolff et al. 2021, Riley et al. 2021, Raaijmakers et al. 2021, Miller et al. 2021.



DENSE MATTER IMPLICATIONS

- - Hebeler et al. 13
3.GOf _
—— Nucleonic
2.75F -—--- Quark
—— Hybrid
2.50F . Hyperon
O]
s 2.25¢
2 2.00
=
1.75}
1.50}
/
1.25¢ /
/
// /
1.00 -

L V4 L
8 9 10 11 12

68%, 95% regions

PSR J0740+6620

PSR J0030+0451

13 14 15 16

Radius (km)
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NEXT STEPS FOR NICER
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PPM: LONGER-TERM FUTURE

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

Next generation
telescopes

eXTP (Zhang et al. 2019)
STROBE-X (Ray et al. 2019)

| Different source type‘s '

New astrophysical modeling and
analysis challenges!




