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HEX-P is a probe-class mission concept that will combine high spatial resolution X-ray imaging (<10 arcsec FWHM) and broad spectral coverage (0.1-150 keV) with an 
effective area far superior to current facilities (including XMM-Newton and NuSTAR), to enable revolutionary new insights into a variety of important astrophysical problems. 
Given their copious emissions in the X-ray band, accreting compact objects are some of the primary targets of HEX-P. We present a broad range of new exciting science 
that will be accessed by exploiting the superior capabilities of HEX-P’s design. This includes studies of spin distributions for supermassive and stellar-mass black holes 
(including ultraluminous X-ray sources); accreting neutron stars, their magnetic fields and equations of state; characterization of tidal disruption events in X-rays; broadband 
spectroscopy of blazars; and spectral-timing analysis in general. More information on HEX-P, including the full team list, is available at https://hexp.org.

Overview:

The High Energy X-Ray Probe (HEX-P): 
Probing the power of accreting compact objects

Javier García1, Dominic Walton2, Daniel Wilkins3, Laura Brenneman4, John Tomsick5, 
Riley Connors6, Renee Ludlam7, Katja Pottschmidt8, Matteo Bachetti9, Matthew 
Middleton10, Suvi Gezari11, Thomas Wevers12, Lea Marcotulli13, Marco Ajello14, 

Guglielmo Mastroserio9, Adam Ingram15, & The HEX-P Team

Accurate constraints on coronal properties (temperature 
& optical depth) for relatively faint sources

See poster 108.01 by  D. Wilkins

Physics of the X-ray Corona
Black Hole Spin

HEX-P will measure the spin of SMBHs at unprecedented precision

Spin uncertainty ~5% (3-sigma) for a 
100-ks exposure of a 10 mCrab source

Black Hole Spin Measurements

See poster 100.41 by J. Piotrowska 

HEX-P will measure the spin of SMBHs at 
unprecedented precision. A statistically significant 
distribution of spins will constrain cosmological 
simulations for BH growth

Pulsar Detection
NuSTAR HEX-P LET

HEX-P HET 1 HEX-P HET 2
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Simulations by Matteo Bachetti

NGC 253 100-ks SIXTE simulation

Detection of Pulsations
HEX-P will measure pulsations otherwise undetectable 
by NuSTAR, owing to its larger effective area and 
improved angular resolution (i.e., lower background)

See poster 116.38 by  M. Bachetti

The High Energy X-Ray Probe (HEX-P) 
Probing accretion onto stellar mass black holes

Riley Connors1, Javier Garcia2, John Tomsick3, Paul Draghis4, Benjamin Coughenour3, Nicole 
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HEX-P is a probe-class mission concept that will combine high spatial resolution X-ray imaging (<10 arcsec FWHM) and broad spectral coverage (0.1-150 keV) with an effective area
far superior to current facilities (including XMM-Newton and NuSTAR) to enable revolutionary new insights into a variety of important astrophysical problems. We present a summary
of simulations of HEX-P observations of accreting black holes in binary systems to demonstrate the power of this observatory to conduct binaries science. We show that HEX-P will
allow us to: 1) probe the physics and energetics of accretion flows in the vicinity of black holes; 2) break the model degeneracies that hinder accurate and precise measurements of black
hole spin; 3) revolutionize the study of black hole binaries in nearby galaxies, allowing us to broaden the population of black hole spins; 4) determine the physical and geometrical nature
of the X-ray corona; and much more. More information on HEX-P, including the full team list, is available at https://hexp.org.

Overview:

Accretion physics and disk truncationConstraining the geometry of 
the corona

Black holes in nearby galaxies 

Coronal energizationDisk tearing
• GRMHD simulations of misaligned disks predict

tearing events in the inner accretion flow

• Raytracing of the emission from such tearing
events predicts complex iron line profile and
timing features

• HEX-P may allow detection of disk tearing! –
see poster by Andrew West (116.92)

• Degree to which accretion disk is truncated during hard states
of BH XRBs still an open question, as well as coevolution of
disk and corona – both key to spin measurements!

• Improved sensitivity and broad spectral coverage of HEX-P
allow us to probe both the disk truncation radius, via reflection,
and coronal temp, at low Lx and with short exposures

• See poster by P. Draghis (108.02) and B. Coughenour (116.65)

• Several known BH XRBs in nearby galaxies, BUT 
most too faint to perform detailed spectral 
analyses  or detect spectral features with current 
instruments

• HEX-P will : (i) expand population of BH XRBs in 
nearby galaxies (see poster by K. Garofali,
103.24); (ii) allow deeper spectral studies of 
these sources

• Bright hard state BH XRB (Lx ~ 5 x 1038 erg/s) at 
distance = 3 Mpc with 600 ks HEX-P exposure 
exhibits strong reflection features in broadband 
X-ray spectrum - HEX-P will measure line 
profiles of new population of BHs

• Distinguishing geometry of corona essential to 
understanding physics of inner accretion flow, key 
to breaking degeneracies between accretion 
physics and BH spin

• Broad energy coverage of HEX-P, combined with 
high sensitivity, allows us to detect spectral 
differences at E > 100 keV

• GR ray tracing code kerrC predicts polarization and 
energy spectra for different coronal geometries

• Combination of X-ray polarization (e.g., IXPE) and 
broadband HEX-P spectra key to constraining 
coronal orientation/geometry

• See poster by N. Rodriguez (116.93)

• State-of-the-art radiative kinetic plasma simulations revealed 
Comptonized emission might be powered by trans-relativistic 
bulk motions of magnetic reconnection plasmoids in BH coronae 
(Sridhar et al., 2021, 2023).

* This assumes that a window mode is implemented for the LET

Credit: D . Wilkins

* This assumes that a window mode is 
implemented for the LET

For more information on the capabilities of HEX-P to resolve X-ray populations in nearby 
galaxies see poster by K. Garofali (103.24) or visit  hexp.org/pillar-3-science/

• Emission depends on 
magnetization parameter 
! (also related to 
composition), mostly 
impacts high energies.

• Broadband energy 
coverage and sensitivity 
out to E > 100 keV 
allows HEX-P to 
constrain ! and plasma 
composition where 
current instruments 
cannot (e.g., NuSTAR)

Accretion Disk Truncation
HEX-P will measure the inner-disk radius via reflection 
spectroscopy with relatively short exposures, probing its 
evolution throughout an outburst life-cycle

See poster 116.105 by  R. Connors

Overview:
HEX-P is a probe-class mission concept that will combine high spatial resolution X-ray imaging (<10 arcsec FWHM) and broad spectral coverage (0.1-200 keV) with an effective area
far superior to current facilities (including XMM-Newton and NuSTAR) to enable revolutionary new insights into a variety of important astrophysical problems. HEX-P will
characterize X-ray binary systems over an unprecedented range of fluxes, energies, and time-scales, allowing us to answer questions about binary evolution, neutron star (NS) physical
properties, and feedback into their environment. We present spectral simulations of accreting neutron stars to demonstrate the power of the HEX-P observatory. We show that HEX-P
will (1) detect cyclotron line features above 80 keV, directly measuring B-fields stronger than ever before; (2) provide constraints on neutron star radii with higher accuracy using X-ray
reflection modeling; (3) yield unique information about the accretion geometry and accretion state in these systems for the whole range of mass accretion rates from ULX-like
luminosities to the onset of the propeller effect or quiescence; and (4) characterize the diverse environments these systems live in, including stellar winds and dust shrouds, intervening
Be-star disks or warped accretion disks, as well as outflows. More information on HEX-P, including the full team list, is available at hexp.org.
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Figure 1: Schematic 
light curve of a typical 
NS HMXB outburst

High Mass X-ray Binary Science:
• NS HMXBs have a stellar companion of ≥10 M⊙
• Accretion occurs through capture of stellar 

winds or as the NS passes through the stellar 
deccretion disk

• HMXBs harbor NSs with strong magnetic fields
• We perform simulations based off literature at a 

few different luminosity regimes to demonstrate 
the power of HEX-P to reveal the properties of 
accretion onto highly magnetized NSs  

Low Mass X-ray Binary Science:
NS Radius Constraints

• NS LMXBs have a stellar companion of ~1 M⊙
• Mass transfer occurs through an accretion disk formed via 

Roche-lobe overflow
• The accretion disk must truncate at the surface of the NS (if 

not prior to it), hence measuring the location of the inner 
disk radius provided an upper limit on the NS radius

• 100 ks HEX-P exposure based on reflection modeling of 
Cygnus X-2 which has a measured mass of 
M = 1.71+/-0.21 M⊙[1]

Cyclotron Line Cyclotron Line

At High Luminosity (>1038 erg/s):
Find Cyclotron Lines Above 80 keV

• Report of a cyclotron line at ~142 keV in the 
Galactic 9.8 s pulsating ultra-luminous X-ray 
source Swift J0243+6124[2], which is a record 
for a directly measured magnetic field

Intermediate Luminosity (~1036 erg/s):
Phase Dependence of Cyclotron 

Resonance Scattering Feature 
• Based on Vela X-1 

(Camille Diez+ 2023, in prep)

• HEX-P simulation of 
a 50 ks observation
resolving the 283 s 
pulse into 25 spectra

• Input parameters 
recovered at 1-10%

At Low Luminosity (~1034 erg/s):
Measure Surface B-Field Strengths
• Based off GX 304-1[9]

• Magnetic field constrained at ~2%

References: 
[1] Casares et al. 2010, MNRAS, 401, 2517 [2] Kong et al. 2022, ApJL, 933, L3; [3] Ludlam et al. 2022, ApJ, 927, 112; [4] Miller et al. 
2019, ApJL, 887, L24; [5] Miller et al. 2021, ApJL, 918, L28; [6] Raaijmakers et al. 2021, ApJL, 918, L29; [7] Riley et al. 2019, ApJL, 887, 
L21; [8] Riley et al. 2021, ApJL, 918, L27;  [9] Sokolova-Lapa et al. 2021, A&A, 651, A12; [10] Trueba et al. 2020, ApJL, 899, L16

Figure 2: Mass (M) and radius 
(R) constraints from NS 
gravitational wave events[6]
and NICER pulsar light curve 
modeling[4,5,7,8] in comparison 
to reflection modeling of 
Cygnus X-2 from literature[3]
and with HEX-P.

v HEX-P will allow 
unprecedented views 
of the magnetic field 
configuration, 
emission pattern, and 
accretion column 
physics close to the 
surface of the NS!

v HEX-P will detect a similar line in a 20ks 
phase-resolved bin with the energy of the 
line constrained at ~3%!

v HEX-P will be able to observe direct pole emission 
at low-L accretion regimes due to large effective 
collecting area, thereby enabling  measurements 
of B-field strengths at the NS surface!

Accretion Geometry from Absorption Lines
• 40 ks simulation of 4U 1916-053 based on Chandra 

observations[10] with two absorbers (one at rest, one blue-
shifted at 0.017c)

v HEX-P’s large effective collecting area, broad X-ray passband, and 
energy resolution provides high enough S/N to independently 
constrain the inner disk radius and dimensionless spin parameter, 
therefore pushing down the upper limit on the NS radius by >2 km!
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v HEX-P’s large effective 
collecting area provides 
high S/N observations of 
absorption lines in dipping 
sources, thus enabling 
study the structure of the 
outer disk and the mass 
transfer process!
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The High Energy X-Ray Probe (HEX-P): 
Unveiling Accretion Around Neutron Stars

/ 
/

 

Cyclotron lines at 25 keV and 50 keV

Neutron Stars Radius Constraints
HEX-P provides high S/N enough to 
independently constrain the inner disk radius 
and spin parameter, pushing down the upper 
limit on the NS radius by >2 km

See poster 116.39 by  R. Ludlam

Broad-band spectroscopy combined 
with a large effective area and low 

background provides an excellent tool to 
probe accretion onto compact objects  

Complete List of Posters in HEX-P's 
Accretion Pillar:
* AGN (108.01) — D. Wilkins
* SMBH Spins (100.41) — J. Piotrowska
* BHBs (116.105) — R. Connors
* Coronal Geometry (116.93) — N. Rodriguez
* Disk Tearing (116.92) — A. West
* Disk Truncation (108.02) — P. Draghis 
* Neutron Stars (116.39) — R. Ludlam
* ULXs (116.38) — M. Bachetti
* Blazars (100.46) — L. Marcotulli
* TDEs (103.46) — S. Gezari
* Spectral-Timing (103.54) — G. Mastroserio


