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NewAthena Special Issues

Mapping  the  environment  around  compact  objects  in 

binaries with NewAthena: 5 merged abstracts, 40+ co-authors

New  physics  of  nova  outbursts,  accreting  white  dwarfs,  and 

planetary nebulae with NewAthena:  2  merged abstracts, 10+ co-

authors



Accreting WD systems

• Cataclysmic Variables: Binary systems with a WD accreting matter from a 

low mass companion star (< 1 M☉). 

WD + low mass 

mCVsNon-

Magnetic

DNe Nova-

Like

Polars
IP

Magnetic field  
of WD

• Other CV subclasses:  Symbiotic stars with WD (novae),  Be + WD systems 

(gamma Cas analogous)



Types of CVs
Non-magnetic

Intermediate Polars: Truncated accretion disks by 

magnetized WD.

X-ray emission occurs from accreted matter shock 

heated  to  high  temperatures  kT ~ 10-50 keV. 

Emission lines from medium Z elements like Ar, Si, 

S, Fe 

Nova-like  variables:  Accretion  disks 

around non-magnetized WD.

Accretion occurs via the formation of an 

accretion disk with the primary site of X-

ray  emission  considered  to  be  the 

boundary  layer  between  the  accretion 

disk and the WD.

Magnetic



Methods to estimate mass of WD in CVs

Radial velocity measurements

Eclipse mapping -> Islam et al. 2026 ApJ for eclipsing source UU Aqr

Optical/UV modelling of the absorption and emission lines from the WD

X-ray shock temperatures of mCVs are related to the mass-radius ratio of the WD -> 

Shaw et al. 2020 for mCVs and Yu et al. 2018 for non-magnetic CVs

Gravitational redshift of various emission lines enables us to measure directly WD mass 

- radius ratio

Masses of WD are important to understand the formation and evolution of CVs: 

Isolated WD versus WD in binaries, progenitor channel for Type Ia supernovae

ESTIMATING THE MASS OF THE WHITE DWARF IN THE INTERMEDIATE POLAR
V2400 OPH USING XRISM OBSERVATIONS

1 Introduction

profile of the plasma in the accretion flow. We found significant
redshifts for the Kα lines of hydrogen-like magnesium, silicon
(ΔE/Erest∼ 7× 10−4), and sulfur (ΔE/Erest∼ 15× 10−4) ions,
which are above the instrumental absolute energy accuracy
(ΔE/Erest∼ 3.3× 10−4). We considered several factors produ-
cing the redshift, such as the Doppler shift associated with the
plasma flow velocity and the systemic velocity, the optical depth,
and the gravitational redshift, and then concluded that the
gravitational redshift is the major contributor to the observed
redshift. This is the first gravitational redshift detection from a
magnetic WD. The gravitational redshift provides us with a new
method of WD mass measurement, which estimates the WD mass
to be MWD> 0.9Me.
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Appendix

A.1. Plasma Flow Model

An accretion plasma flow channeled by a magnetic field is
modeled as a one-dimensional flow. Fundamental equations of
a one-dimensional flow are the mass continuity equation:

( ) ( )d
dz

v 0, A1r =

Figure 3. Same as Figure 2, except for theoretical calculations involving the binary system motion and the gravitational redshift. Thick solid lines represent
the calculations with the WD mass of 0.9 Me (red), 1.3 Me (black), and 1.4 Me (blue). The dashed, dotted, and thin lines show the components of the
gravitational redshift, the plasma flow velocity (Hayashi & Ishida 2014), and the binary systemic velocity, respectively. The pole-on geometry is assumed for the
calculations.
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Figure 1: ∆E/Erest and the line-of-sight plasma ve-
locity measured with the emission lines of H-like
Mg, Si, and S ions (black squares) [3]. Thick solid
lines represent the calculations with the WD mass
of 0.9 M→ (red), 1.3 M→ (black), and 1.4 M→ (blue).
The dashed, dotted, and thin lines show the com-
ponents of the gravitational redshift, the plasma
flow velocity [5], and the binary systemic velocity,
respectively. The orange square, green square and
the magenta square are expected ∆E/Erest from a
simulated XRISM/Resolve spectrum around neu-
tral Fe Kω lines, H-like Fe Kω lines and H-like Ar
Kω lines respectively (see Section 3 for details).

White dwarfs are a fascinating example of how
extreme gravity of a dense stellar core is bal-
anced by the electron degeneracy pressure of
the electron gas. Many WDs occur in an inter-
acting binary system, called Cataclysmic Vari-
ables (CVs), with a WD accreting matter from
a low mass star. For non-magnetic CVs, the
accretion disks extends up to the surface of the
primary, whereas for Polars, the magnetic field
is strong enough to prevent the formation of an
accretion disk. Intermediate polars (IPs) are a
subclass of magnetic CVs, where a partial ac-
cretion disk exists and accretion onto the WD
is magnetically funneled onto its poles from the
inner edge of the truncated accretion disk. The
X-ray emission from these IPs arises from an
accreted matter shock heated up to high tem-
peratures (kT ↑ 10–50 keV), which must cool
before settling onto the WD surface. The post-
shock gas is heated up to ↑ 108 K and the gas is
highly ionized. While the post-shock gas cools
and settles down onto the WD surface, it emits
various X-ray emission lines of various medium
Z elements [1,2]. The Kω lines emitted from
H-like ions of medium Z elements like Ne, Mg,
Si, S, Ar and Fe arises from the preshock region
and contains information of the temperature,
density, velocity of the plasma flow and the WD
mass.

An unique way of estimating the WD
mass is by detecting the gravitational red-
shift of various emission lines. In weak gravity
regime, the gravitational redshift can be written as

vg = cz =
c∆E
Erest

= 0.635
M→
R→

(1)

where c is the speed of light, z is the redshift parameter, ∆E = -(Eobs - Erest) and Erest and Eobs are
the rest frame and observed frame energies respectively [3]. The source V2400 Oph (also known as
RX J1712.6-2414) is an IP that was discovered in the ROSAT All-Sky Survey [4]. The optical/near-
infrared observations detected a circular polarization with spin period of 927 s, indicating the WD’s
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V2400 Oph (also RX J1712.6-2414)

observation is shown in Fig. 2. Both light curve and transform
are dominated by a pulsation at the 1003-s beat period; this has a
maximum amplitude of < 50 per cent [(peak–trough)/peak] and
a mean amplitude of 25 per cent, as shown by the folded pulse
profile in Fig. 3. There is no sign of variations at the orbital
period (,7 per cent) or at the spin period (,2 per cent). A
preliminary look at five other RXTE observations, of similar
length and spaced at intervals of a few months, finds the same

behaviour: a strong beat-cycle pulse but no modulation at the
orbital or spin cycles.
The absence of an orbital modulation in the X-ray light curve is

unexpected in a discless IP. If the stream flows to the
magnetosphere, latches on to the nearest field line and follows it
on to the white dwarf (see Fig. 4), then the accretion sites will
always be on the hemisphere facing the secondary, and thus their
visibility should vary over the orbit, as in an AM Her star. The lack
of an orbital modulation can, though, be explained if we concur
with the suggestion that V2400 Oph is at so low an inclination that
the upper pole is always in view and the lower pole never in view.
The next puzzle arises from the fact that the beat-cycle

modulation is not total. If all the accreting material participates in

Figure 1. The 2–15 keV X-ray light curve of V2400 Oph as recorded by RXTE.

Figure 2. The Fourier transform of the RXTE observation, part of which is shown in Fig. 1. The orbital (V) and spin (v ) frequencies are marked. The dominant

modulation, with an alias structure caused by the spacecraft orbit, is at the beat frequency, v2V.

Figure 3. The X-ray light curve of V2400 Oph folded on the 1003-s beat

period. A typical error is shown.

Figure 4. An illustration of the discless accretion geometry in V2400 Oph.

In our model (Section 4) the stream attaches to a 208 swathe of field lines
(shown in bold). The change in geometry over the beat cycle can be

visualized by imagining the feeding point moving round the ring.
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Diskless IP. 3.42  hr orbital period and 927  s 

spin period.

Distance of 709 pc from Gaia EDR3.

Highly magnetized WD 9-27  MG. Only one 

magnetic pole is observed, at low inclination 

of 10o

2 0 0  ks  of  Chandra  HETG  observation 

calculated the energy shifts of medium Z lines.



Energy shifts of Emission lines in CVs

Figure 1. X-ray spectra obtained from the Chandra High Energy Grating (black) and Medium Energy Grating (red). We show the spectra including emission lines
from H-like ions of Ne, Mg, Si, S, Ar, and Fe. The thick solid lines are the best-fit models. Meanwhile, the thin solid lines are the components of the best-fit models,
consisting of a power-law function and two Gaussians. The residuals from the best-fit model are shown at the bottom of each panel. We also show the position of the
rest-frame energy of each emission line with a vertical dotted line and the energy shift value.
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Figure 1. X-ray spectra obtained from the Chandra High Energy Grating (black) and Medium Energy Grating (red). We show the spectra including emission lines
from H-like ions of Ne, Mg, Si, S, Ar, and Fe. The thick solid lines are the best-fit models. Meanwhile, the thin solid lines are the components of the best-fit models,
consisting of a power-law function and two Gaussians. The residuals from the best-fit model are shown at the bottom of each panel. We also show the position of the
rest-frame energy of each emission line with a vertical dotted line and the energy shift value.
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from H-like ions of Ne, Mg, Si, S, Ar, and Fe. The thick solid lines are the best-fit models. Meanwhile, the thin solid lines are the components of the best-fit models,
consisting of a power-law function and two Gaussians. The residuals from the best-fit model are shown at the bottom of each panel. We also show the position of the
rest-frame energy of each emission line with a vertical dotted line and the energy shift value.
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Figure 1. X-ray spectra obtained from the Chandra High Energy Grating (black) and Medium Energy Grating (red). We show the spectra including emission lines
from H-like ions of Ne, Mg, Si, S, Ar, and Fe. The thick solid lines are the best-fit models. Meanwhile, the thin solid lines are the components of the best-fit models,
consisting of a power-law function and two Gaussians. The residuals from the best-fit model are shown at the bottom of each panel. We also show the position of the
rest-frame energy of each emission line with a vertical dotted line and the energy shift value.
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Chandra HEG (black) and MEG (red) spectra of 

IP V2400 Oph around H like Kα1 & Kα2 lines of 

Mg, Si, S & Fe

Hayashi et al .2023

profile of the plasma in the accretion flow. We found significant
redshifts for the Kα lines of hydrogen-like magnesium, silicon
(ΔE/Erest∼ 7× 10−4), and sulfur (ΔE/Erest∼ 15× 10−4) ions,
which are above the instrumental absolute energy accuracy
(ΔE/Erest∼ 3.3× 10−4). We considered several factors produ-
cing the redshift, such as the Doppler shift associated with the
plasma flow velocity and the systemic velocity, the optical depth,
and the gravitational redshift, and then concluded that the
gravitational redshift is the major contributor to the observed
redshift. This is the first gravitational redshift detection from a
magnetic WD. The gravitational redshift provides us with a new
method of WD mass measurement, which estimates the WD mass
to be MWD> 0.9Me.
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An accretion plasma flow channeled by a magnetic field is
modeled as a one-dimensional flow. Fundamental equations of
a one-dimensional flow are the mass continuity equation:
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Figure 3. Same as Figure 2, except for theoretical calculations involving the binary system motion and the gravitational redshift. Thick solid lines represent
the calculations with the WD mass of 0.9 Me (red), 1.3 Me (black), and 1.4 Me (blue). The dashed, dotted, and thin lines show the components of the
gravitational redshift, the plasma flow velocity (Hayashi & Ishida 2014), and the binary systemic velocity, respectively. The pole-on geometry is assumed for the
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Mass of the WD in V2400 Oph > 0.9 M☉



XRISM observation of V2400 Oph
300 ks of XRISM observation of V2400 Oph in AO Cycle 1. 

PI and Lead author: N.Islam
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XTEND X-ray spectra

Absorbed X-ray luminosity of 1033 erg/s

Cooling flow model coolflow with an ionized absorber model zxipab plus a blackbody of  0.1 keV
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Resolve X-ray spectra

Absorbed X-ray luminosity of 1033 erg/s
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Resolve X-ray spectra

Absorbed X-ray luminosity of 1033 erg/s
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HETG and Resolve X-ray spectra
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XIFU X-ray spectra simulations

50 ks XIFU observation compared with a 300 ks Resolve observation 



Summary

Masses  of  WDs are  important  in  understanding  the  formation  and  evolution  of  these 
systems.

Gravitational redshift of various emission lines enables us to measure directly WD mass - 

radius ratio

Previous HETG observation of V2400 Oph, an IP, estimated the mass of the WD to be > 0.9 

M☉

XRISM observation allows us to probe the Fe line regions in more detail. Broad, redshifted 

Fe Kα line likely related to a combination of the pre-shock flow and the reflection from the 

slowly spinning WD surface.

NewAthena XIFU observations would provide an excellent sample for measuring masses of 

WD  from  the  gravitational  redshifts  of  various  emission  lines,  especially  Fe  Kα  line. 

Important for faint sources.

Thank you 


