FUTURE X-RAY TELESCOPES
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X-RAY SPECTRAL TIMING
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Image credits: NASA



THE PULSE PROFILE MODELING PROCESS

Pulse profile data: Phase, Energy

Energy (channel)

0.8 1.0 1.2 14 1.6 1.8 2.0

Phase (cycles) Bayesian inference of
model parameters

(statistical sampling)

V

Model parameters:
Mass and radius
Geometric properties




MAPPING PULSARS

PSR J0030+045 | PSR J0740+6620

Movie: Sharon Morsink, NASA

Published NICER team papers:
Data + supporting tests/sims: Bogdanov et al. 2019a, 2019b, 2021, Wolff et al. 2021
Mass-radius results: Miller et al. 2019, 2021, Riley et al. 2019, 2021, Salmi et al. 2022

EOS analysis: M19, 21, Raaijmakers et al. 2019, 2020, 2021
Pulsar geometry: Bilous et al. 2019



COMPLEX MAGNETIC FIELD

Credit: NASA’s Goddard Space Flight Center/Harding, Kalapotharakos,VWadiasingh.



MASS-RADIUS CONSTRAINTS
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WHAT'S NEXT FOR NICER?

Simulations of parameter
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PPM FOR ACCRETING/BURSTING NS

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

Accretion-powered millisecond
X-ray pulsars

Thermonuclear burst oscillation
sources

New modelling and analysis challenges e.g. different atmosphere
models, unknown surface pattern, variability




LARGE AREA X-RAY SPECTRAL-TIMING
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Analysis pipelines being developed and tested using
simu
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STROBE-X/EXTP PROSPECTS

NICER (X-PSI results) .
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95% credible regions shown

Three different classes of neutron star: rotation-powered millisecond pulsars
(more with mass priors), accretion-powered pulsars, thermonuclear burst
oscillation sources.

Initial survey at +/-5%, run cross-checks to address any systematics.
Deep observations to hit +/-2% for most promising sources.



Multi-Messenger Astrophysics with the STROBE-X Satellite

Nicole Lloyd-Ronning (Los Alamos National Lab)
on behalf of the STROBE-X team

Coordination with next generation
GW detectors — allows
STROBE-X to observe X-rays
concurrent with the merger

Expected GW and EM sGRB detections

Based on Ronchini et al. 2022
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Einstein
Telescope

STROBE-X has the potential to capture unique X-ray modulation
coincident with gravitational wave emission from supermassive black
hole mergers ~ 1 year before the merge.
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FeKa line

The change in the broad FeKa line profile due to a central cavity in a circambinary
accretion disk. Left panel: “clipped wings™ due to central cavity; Right panel: “see-
saw wings" due to circumsecondary’s orbital motion. Tanaka & Haiman, 2013

X-ray Concentrator
Array (XRCA)
(0.2-12 keV)

Wide Field Monitor
(WFM)
(2-50 keV)

Large Area Detector
(LAD)
(2-30 keV)

binary systems will produce modulated X-
ray emission coincident with gravitational
wave emission detectable by LISA
(Maccarone et al. 2023)

Mass transfer in ultra-compact white dwarf
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STROBE-X will
detect X-rays from
supernovae shock
breakout shortly after
the supernova’s
neutrinos are detected
by next generation
neutrino detectors /
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Coincident X-ray photons detectable by
STROBE-X are crucial in establishing blazers as a
source of cosmic neutrinos.
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WE NEED INPUT FROM YOU!

Pulse profile modelling is a powerful new technique that delivers not
only mass and radius but also a surface map. How can you use this?
Powerful X-ray spectral-timing-(polarimetry?) observatories are being
proposed. What could you learn from them (not just PPM)?

They will also have excellent capability for multi-messenger
astrophysics. How can you use this for your work?




