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Abstract

X-ray binaries, powered by accretion onto black holes, neutron stars,
or white dwarfs from companion stars, are among the brightest non-
explosive beacons in galaxies, outshining the Sun by millions of times
in luminosity. Typical X-ray binaries emit primarily above 0.3 keV,
whereas cooler sources, peaking in the extreme ultraviolet (EUV),
remain challenging to detect due to a long-standing observational blind
spot. Here, we report the discovery of a remarkable class of luminous,
point-like, non-nuclear X-ray objects—hypersoft X-ray sources—that
have largely been missed by previous surveys. Detected primarily or
exclusively below 0.3 keV, the most luminous examples radiate near
1038 erg s~! in the narrow X-ray band, with spectral models sug-
gesting even higher bolometric luminosities, most of which emerge
in the EUV. They rank among the most energetic sources in galax-
ies, yet their EUV-peaking spectra evaded earlier detections. We
propose that hypersoft sources represent X-ray binaries spanning mul-
tiple physical classes, including accreting white dwarfs or post-nova
systems—potential progenitors of Type Ia supernovae—and systems
hosting accreting black holes. Beyond their elusive nature, they may
play a crucial role in ionizing gas within galaxies.



1 Main Text

The extreme ultraviolet (EUV) window, spanning 100-912 A (13.6 eV-0.124 keV),
occupies a critical yet largely uncharted territory of the electromagnetic spectrum[1].
Despite its importance for understanding hot astrophysical sources, the neutral hydro-
gen and helium in the interstellar medium absorb EUV photons so efficiently that
they form a nearly impenetrable barrier[2, 3]. While the EUV band remains largely
inaccessible, EUV-peaking spectra would be expected to emit a detectable soft X-ray
tail of emission that offers a potential indirect window into this hidden domain. Even
so, detecting EUV-peaking sources via their soft X-ray tail is inherently challenging:
lower-energy X-ray photons are also susceptible to extinction by Galactic gas, and
most current X-ray detectors exhibit rapidly declining sensitivity below 0.5 keV.

We conducted a systematic search for extremely soft X-ray sources that may rep-
resent the high-energy tail of a hidden EUV source population. We searched in six
well-observed, nearby external galaxies using archival Chandra data. These galax-
ies were selected for their long exposure times, proximity, and diversity in galaxy
type, optimizing the chances of uncovering these exceptionally soft X-ray emitters. By
imposing stringent selection criteria, we uncovered a previously unrecognized popu-
lation of sources that emit primarily or exclusively below 0.3 keV. We refer to these
objects as hypersoft X-ray sources (HSSs)—a class that radiates at the lowest energies
accessible to modern X-ray instrumentation, making them among the softest X-ray
sources yet observed. To identify HSSs, we required > 3 detections in the 0.15-0.3
keV energy range, with no significant emission above 0.3 keV. To ensure a more conser-
vative classification, we impose an additional criterion that the photon ratio between
the 0.15-0.3 keV and 0.3-1.0 keV bands must exceed 8 (see Methods). All candidate
sources were visually inspected to exclude spurious detections arising from elevated
background levels and/or background flares.

For two galaxies, NGC 3379 and NGC 4472, Fig. 1 illustrates that the HSSs are
bright below 0.3 keV but exhibit no emission above that value. This name is given to
contrast them to the somewhat harder supersoft X-ray sources (SSSs)[4], which emit
energies up to around 1.0 keV[5, 6]. Like HSSs, SSSs are phenomenologically defined
by their ranges of temperatures and luminosities. The class includes black hole (BH)
and white dwarf (WD) accretors, either actively accreting material from a companion
star[7], or in a post-nova phase with residual hydrogen shell burning[8], and potentially
neutron stars.

We discovered 84 HSSs, with 7 to 21 in each galaxy (Table 1), found in both star-
forming and older galactic populations. In the case of SSSs, CAL 83 and CAL 87 were
both known before the class was established[5]. For HSSs as well, a few sources have
previously been suggested to be highly luminous in the EUV regime, based either on
direct observations[9, 10] or on inference from their proposed physical interpretation
[11]. While a few nearby, low luminosity HSSs were previously known X-ray sources,
nearly all of the more luminous and distant HSSs remained undiscovered, despite
decades of X-ray observations. This is because the current generation of X-ray tele-
scopes either lack the spatial resolution or the effective collecting area below 0.3 keV to
have readily detected these sources previously. Detectability of HSSs depends strongly
on both source location and instrumental sensitivity (see Extended Data Fig. 1 for



Fig. 1 Smoothed composite Chandra images of NGC 3379 and NGC 4472. (a-b) 0.15-0.3
keV and 0.3-1.0 keV band images of NGC 3379, respectively, combining 337 ks of observations.
(c-d) 0.15-0.3 keV and 0.3-1.0 keV band images of NGC 4472, respectively, combining 434 ks of
observations. The white ellipses, slightly enlarged for visual clarity, represent detections from the
Chandra source detection tool wavdetect, which accounts for the point-spread function’s size and
orientation at each source location. They highlight the locations of the HSSs detected with at least
3 significance in the 0.15-0.3 keV band but not above 0.3 keV. The insets show selected detections
of HSSs that do not appear in the 0.3-1.0 keV bands. None of the HSSs appear in the Chandra
Source Catalog version 2.1[52] or the comprehensive source list of [16, 53], as most investigators tend
to ignore energy channels below 0.3 keV.

the decline in Chandra’s sensitivity over time); as a result, the number of detected
HSSs likely represents a lower limit of the true underlying population within each host
galaxy. A comprehensive list of source properties is provided in Extended Data Table
1.



Table 1 A summary of HSS/SSSs detected in six nearby galaxies.

No. of Total D Nu Lx (HSS)

Galaxy Type Obs.  Exp. (ks) (Mpc) (102%cm~2) HSSs — S88s (erg s~ 1)

M3l Sb 13 369 0.8 6.68 18 17 1035-1036
(bulge)

M101 SABc 25 1057 6.5 1.15 7 53 1036-1037

(face-on)

NGC 3115 E-S0 11 1139 9.7 4.61 18 12 1036-1037

NGC 3379 E 5 337 10.6 2.79 12 18 1036-1037

NGC 4697 E 5 193 12.5 2.14 8 11 1036-1037

NGC 4472 E 8 434 16.7 1.62 21 21 1037-1038

Notes: (i) Morphological classification from the HyperLeda catalog[44]. (ii) The distances (D) are
from [45-50]. (iii) Ng are estimated from published values of Galactic HI column densities[51]. (iv)
HSSs are defined as sources with no significant detection above 0.3 keV and a 0.15-0.3 keV to
0.3—-1.0 keV photon ratio > 8, whereas SSSs are defined as sources detected only at 6 1:0 keV with
no emission at higher energies. (v) All Lx values correspond to the 0.15-0.3 keV energy range.

We estimate that HSSs have unabsorbed 0.15-0.3 keV luminosities ranging from
10%5-10%® erg s !, assuming isotropic emission, depending on the detection limits of
each galaxy (see Methods for spectral fitting details). The lowest-luminosity HSSs are
detectable only in our nearest galactic neighbor, M31. Sources with 1036-1037 erg s !
can be found in M101, which is closer than the other galaxies on our list, and which
has had a very deep (1 megasecond) exposure. These are the only spiral galaxies
we have studied. Given the greater distances and relatively shorter exposures of the
other galaxies on our list, which are early-type galaxies, only the brightest HSSs can
be detected.

If the emission is anisotropic or beamed, the isotropic-equivalent luminosities
reported here would overestimate the intrinsic luminosities. Strong beaming would also
make such systems observable only over a restricted range of viewing angles, poten-
tially implying a larger underlying population than is directly detected. As the spectral
energy distributions (SEDs) of these sources likely peak in the EUV (Extended Data
Fig. 2), their total bolometric energy output must be markedly higher than these
limited bandwidth values.

Although precise temperature measurements are not possible due to low count
rates and calibration uncertainties below 0.3 keV in Chandra, the absence of significant
emission in the harder 0.3-1.0 keV band strongly indicates that these sources have
exceptionally low effective temperatures, likely not exceeding 24 eV (280,000 K).
This upper limit does not rely on direct spectral fitting of the HSSs, which is unreliable
in the 0.15-0.3 keV range, but is instead motivated by the well-studied Milky Way
supersoft source RX J0439.8-6809. Despite its spectroscopically measured temperature
of only 21:5  2:6 eV (250; 000 30;000 K)[12], RX J0439.8-6809 exhibits detectable
emission in the 0.3-1.0 keV band (see Methods), whereas the HSSs do not. Consistent
with this, a lower-luminosity source in M31 previously observed with XMM-Newton
has blackbody temperature of 1715 eV (200;000+§8§888 K; M31IN 1996-08b)[9, 10],
representing the only HSS with a published temperature estimate to date.



Theoretically, a 24 eV blackbody spectrum implies a bolometric correction fac-
tor of 8 to the 0.15-0.3 keV luminosity, while the most conservative physically
plausible estimate, using a WD atmosphere model, gives 4-5 (Spectral Analysis in
Methods). This suggests that the most luminous HSSs found so far have bolometric
luminosities of at least 103 erg s !, and potentially considerably higher for cooler
temperatures, given the steep temperature dependence of the correction factor in
the narrow 0.15-0.3 keV band (see Extended Data Fig. 3). Even without bolomet-
ric corrections, several HSSs already approach ~ 10%% erg s ! in this band, including
when accounting for lower uncertainty bounds. These results are robust to systematic
effects: multiple independent approaches (see Spectral Analysis in Methods) indicate
an additional ~ 51% systematic uncertainty, yet all plausible spectral models—not
limited to thermal blackbodies—consistently predict similarly high bolometric lumi-
nosities. Intrinsic absorption that preferentially suppresses EUV emission relative to
the 0.15-0.3 keV band could further reduce the bolometric correction and introduce
additional systematics.

By comparison, known very soft Galactic sources such as AG Draconis (AG
Dra)[13], which also emit predominantly below 0.3 keV, have much lower luminosities.
The most luminous sources in NGC 4472 nearly reach 1038 erg s ! in the 0.15-0.3
keV band—almost an order of magnitude higher than AG Dra’s bolometric luminos-
ity. This discrepancy is substantial even without a bolometric correction and becomes
more pronounced when accounting for the fact that any realistic spectral model—mnot
only blackbodies— implies a non-negligible correction. For reference, AG Dra has a
bolometric correction of order 100, which raises its observed 0.15-0.3 keV luminos-
ity from 2 103 erg s ! to a bolometric luminosity of 1 1037 erg s ! (see
Methods).

HSSs are clearly associated with the galaxies we are studying. In the elliptical
galaxy NGC 3379, for instance, a substantial concentration of HSSs is observed near
the galaxy’s center (Fig. 1), where they account for at least 20% of the detected X-ray
sources. In other elliptical or bulge-dominated galaxies, HSSs are often seen farther
from the central region, yet generally remain confined within the halo. Meanwhile,
in the spiral galaxy M101—the only surveyed galactic disk in our sample—HSSs pri-
marily appear along the spiral arms (Fig. 2). The connection between the spatial
distributions of HSSs and the galaxy morphologies rules out both a cosmological and
a Milky Way origin, indicating that HSSs represent a distinct point-source population
warranting separate classification. This conclusion is further supported by our control
sample analysis of deep Chandra observations of non-galaxy fields (see Control Sam-
ple in Methods), which finds that foreground/background contamination is negligible
(< 3%). Their presence in the older stellar populations of elliptical galaxies and spiral
bulges (e.g., M31) suggests that these sources are not exclusively linked to recent star
formation.

Since many HSSs were only detected in merged Chandra observations covering
many years, their time variability is difficult to assess. A few HSSs in NGC 3379 and
M101 show intra-observation variability, while others remain detectable over timescales
of about a year (when observed through individual exposures during that period).
Intriguingly, some HSSs may completely turn off, as indicated by their absence in



Fig.2 A 8" 8 cutout from the full BVI color mosaic of the HST ACS and WFC3/UVIS
observations of M101. The location of point-like Chandra HSSs and SSSs are overlaid as 3% -radius
circles. The figure highlights that both types of X-ray sources primarily appear along the spiral arms
of M101. The total number of sources in each category is indicated in parentheses.

later observations (Fig. 3). It is also possible that some of these sources may cool
to a level where they no longer emit enough 0.15-0.3 keV photons to be detected,
thus only appearing to disappear. Whether HSSs are inherently persistent, transient,
or recurrent remains uncertain, as their low count rates necessitate deep exposures
for reliable detection. For most suitable targets—those that are nearby, large, low in
hot gas content, and situated behind minimal Galactic absorption—only a single long
Chandra observation is typically available for the entire Chandra mission. However, in
NGC 4472, at least two HSSs exhibit clear 0.15-0.3 keV emission over a span of 11 years
(Fig. 4). Although neither source showed significant emission during the relatively
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