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Stars getting close enough to black holes (BHs) can be torn apart by strong tidal forces, producing elec-
tromagnetic flares. To date, more than 100 tidal disruption events (TDEs) have been observed, each 
involving invariably normal gaseous stars whose debris falls onto the BH, sustaining the flares over years.
White dwarfs (WDs), which are the most prevalent compact stars and a million times denser–and there-
fore tougher–than gaseous stars, can only be disrupted by intermediate-mass black holes (IMBHs) of – 

solar masses. WD-TDEs are considered to generate more powerful and short-lived flares, but their 
evidence has been lacking. Here we report observations of a fast and luminous X-ray transient
EP250702a detected by Einstein Probe. Its one-day-long X-ray peak as luminous as

showed strong recurrent flares with hard spectra extending to several tens of MeV 
gamma-rays, as detected by Fermi/GBM and Konus-Wind, indicating relativistic jet emission. The jet’s
X-rays dropped sharply from to around within 20 days (10 days in the 
source rest frame). These characteristics are inconsistent with any previously known transient phenom-
ena. We suggest that this fast-evolving event over the unprecedentedly short timescale arises likely from 
disruption of a WD by an IMBH. At late times, a soft component progressively dominates the X-ray spec-
trum, reaching a luminosity as high as 10 44 erg s−1, which is consistent with being extreme super-
Eddington emission from an accretion disk expected to form in an IMBH-WD TDE. WD-TDEs open a
new window for investigating the elusive IMBHs and their surrounding stellar environments, and they
are prime sources of gravitational waves in the band of space-based interferometers.
© 2026 Science China Press. Published by Elsevier B.V. and Science China Press. All rights are reserved,

including those for text and data mining, AI training, and similar technologies.
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2 The Einstein Probe is a space mission led by the Chinese Academy of Sciences
(CAS), in collaboration with the European Space Agency (ESA), the Max Planck
Institute for Extraterrestrial Physics (MPE) in Germany, and the French Space Agency
(CNES).
1. Introductio n

Intermediate-mass black holes (IMBHs), with masses in the
range of – occupying the mass gap between stellar-
mass (a few to tens of solar masses) and supermassive black holes
(SMBHs, with masses above , represent a critical missing 
link in the cosmic evolution of SMBHs [1,2]. Detections of IMBHs 
offer us great insights into the seeding and growth of SMBHs [3]. 
Tremendous efforts have been put on hunting IMBHs, especially 
in dwarf galaxies, globular clusters, and active nuclei of low-
mass galaxies. However, very few candidates have been detected
so far (e.g., Omega Centauri [4]). 

When a star passes close enough to a black hole, it can be tidally
disrupted and accreted, resulting in an electromagnetic outburst
[5–7], which is known as tidal disruption events (TDEs). TDEs pro-
vide a unique probe for quiescent black holes which are otherwise 
difficult to detect, as well as an ideal laboratory for studying accre-
tion around them. More than 100 TDEs have been discovered as X-
ray, optical, and ultraviolet (UV) transients on timescales of
months to years [8,9]. Tidal disruption events by IMBHs offer a 
novel approach to detect new IMBHs, to study their formation
and evolution, and to investigate black hole accretion physics in
this elusive mass regime [2]. 

It is particularly intriguing when the disrupted star is a white 
dwarf (WD) rather than a main sequence star, which is typically
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the focus of observation. WDs are the final evolutionary stage of
most low- and intermediate-mass stars . Compared with 
main sequence stars, WDs possess denser cores and stronger mag-
netic fields. Due to the compactness of WDs, they can only be dis-
rupted by black holes with masses making detections of 
WD-TDEs a smoking-gun evidence of IMBHs. It has been predicted 
that WD-IMBH TDEs will give rise to short-lived bright flares, 
potential ly launch a relativistic jet, and may even be accompanied
by a thermonuclear explosion triggered by the tidal compression of
the WD [10,11]. However, no clear evidence for WD-IMBH TDE has 
been found hitherto, though this scenario was invoked to explain 
some of the observed properties in a few transients previously
detected with short timescales (e.g., Refs. [12–14]). 

In this paper, we report the discovery of a fast and luminous X-
ray transient EP250702a by the Einstein Probe (EP2 ) [15] mission 
and follow-up observations and investigations. Its unique observed 
properties, including a long-duration X-ray and gamma-ray out-
burst, fast evolution of the transient X-ray light curve, an extremely
high isotropic X-ray luminosity and rapid variability, the emergence
of a soft component at a late stage of the X-ray spectral evolution, do
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not resemble those of any transients known previously. Instead, they 
all suggest the transient EP250702a to most likely arise from tidal
disruption of a WD by an IMBH producing a relativistic jet.

Launched on 9 January 2024, EP is an interdisciplinary X-ray 
observatory with the main science goals being to detect cosmic 
X-ray transients. It carries 12 identical Wide-field X-ray Telescope 
(WXT) modules which utilize novel lobster-eye micro-pore optics
(MPO) for X-ray focusing imaging. They achieve both a large
instantaneous field of view (FoV; 3850 square degrees) and rela-
tively high sensitivity for 1 ks expo-
sure), as well as good spatial resolution ( 5′, full width at half 
maximum) across the entire FoV. These unique features make 
EP-WXT a powerful instrument for discovering X-ray transients 
and monitoring known sources. WXT’s wide-field monitoring
capability is complemented by an onboard Follow-up X-ray Tele-
scope (FXT), with a FoV of 1°, for quick and deep follow-up
observations.

( 2 3 10 11 erg s 1 cm 2
2. Observations and data analysis

On 2 July 2025, the EP-WXT detected an X-ray transient exhibit-
ing strong flaring activity, designated EP250702a [16]. The X-ray 
source was well localized with an uncertainty of only 2.4′ (90% C. 
L. statistical and systematic), thanks to the good spatial resolution 
of WXT. The source is spatially and temporally consistent with 
multiple gamma-ray flares, designated GRB 250702D, B, and E
(hereafter GRB 250702B), each lasting several hundred seconds
and together spanning a period of more than three hours, as
detected by the Gamma-ray Burst Monitor (GBM) onboard the
Fermi Gamma-ray Space Telescope, with spatial uncertainties of

– [17,18]. Associated hard X-ray and gamma-ray flaring 
activity from this source was also detected by the Monitor of All-
sky X-ray Image (MAXI) [19], Konus-Wind [20], and the Space Vari-
able Objects Monitor (SVOM) [21]. A backward search in the EP-
WXT data revealed the emergence of its X-ray emission already 
since 01:40:26 Coordinated Universal Time (UTC) on 1 July 2025
(defined as the trigger time), which is about one day before the
onset of the reported gamma-ray flares (Fig. 1a; Supplementary 
material, observations and data reduction). A targeted backward 
search in the Fermi/GBM data also uncovered an untriggered weak 
flare at 11:55:18 UTC on 1 July 2025, whose localization is broadly
consistent with that of EP250702a (Fig. S1 online; Supplementary
material, observations and data reduction).

The detections of EP250702a and the associated GRB 250702B 
have triggered extensive campaigns of multi-wavelength follow-
up observations. Based on the promptly well determined WXT 
position, EP-FXT observed EP250702a in a quick follow-up on 3
July (approximately two days after the trigger) and further pinned
down the source with an uncertainty of 10″ [23]  (Fig. 1b), thereby 
facilitating subsequent multi-wavelength follow-ups. The most 
precise X-ray localization was provided by a 15-ks observation 
with the Chandra Advanced CCD Imaging Spectrometer (ACIS) on
18 July (PI: D.Y. Li), as shown in Fig. 1c. The coordinates of the X-
ray source are right ascension (R.A.) = and declina-
tion (Dec.) = (J2000), with a uncertainty of 
that includes both statistical and systematic errors. A decaying 
near-infrared (NIR) counterpart, with an extremely red color and 
located off the nucleus of an underlying galaxy, was identified in
Very Large Telescope (VLT) observations starting from 3 July, and
a radio counterpart was detected with MeerKAT observations
starting on 4 July [22]. These positions are both consistent with
the X-ray localization (Fig. 1d), pinning down the transient at the 
outskirt of an external galaxy. The redshift of EP250702a was
determined to be based on a JWST spectroscopic

7 8 14 7 
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observation [24]. We performed high-cadence monitoring 
observations of EP250702a by EP-FXT until about 40 days after
the trigger, when the source became no longer detectable.

By combining the WXT and FXT data, we obtain a densely sam-
pled, complete X-ray light curve of EP250702a (Fig. 2a). The light 
curve shows an initial outburst phase lasting for day and fol-
lowed by a rapid decay (the ‘‘afterglow” phase) with the flux 
declining by more than five orders of magnitude within 20 days
(about 10 days in the source rest frame). Assuming isotropic emis-
sion, the outburst reached an apparent X-ray luminosity as high as
several times at the first detection of EP250702a on 1 
July. This hard non-thermal emission (see below) persisted rela-
tively steadily for about 10 h, followed by several hours (a factor 
of shorter in the source rest frame) of intense X-ray flar-
ing activity with variability amplitudes exceeding one order of
magnitude and reaching at peaks. Concurrently, 
three exceptionally bright and high-energy gamma-ray flares were 
detected. Prior to the start of the first-detection observation, the 
source position was not covered by WXT for 5 h. Stacking the data
acquired earlier yields an upper limit of Thus the 
initial rising phase from the onset of the event to the outburst state
cannot be constrained.

The extremely high apparent isotropic luminosity of
the hard non-thermal spectrum from X-ray to 

gamma-ray, and the rapid variability of the flares (see below) indi-
cate that the X-ray emission is highly beamed, originating from a 
transient relativistic jet. The emergence of the X-rays about one 
day before the gamma-ray flares, together with the exceptionally 
long gamma-ray flare durations (spanning about 2 h and possibly
extending beyond 14 h, in the source rest frame, if the untriggered
gamma-ray flare on 1 July was also associated with EP250702a),
argues against gamma-ray burst (GRB) scenarios, even those
involving ultra-long GRBs (Figs. 2a and 3a). The behavior of 
EP250702a neither fits any known Galactic transients. Instead, 
the extremely prolonged outburst with highly variable fluctua-
tions/flares closely resembles the rare class of jetted TDEs, such
as SW J1644 and AT2022cmc (over-plotted on Fig. 2a), except that 
they have even longer flare timescales. In such events, accretion of 
fallback stellar debris powers relativistic outflows, producing lumi-
nous and energetic non-thermal outbursts in the X-ray and
gamma-ray bands.

The short variability timescale of the early outburst phase indi-
cates an IMBH powering this event. The light curves during the 
flaring episodes observed by Fermi/GBM reveal a short minimum
variability timescale of 1.5s, corresponding to 0.74s in the source
rest frame (Table S5 online; Supplementary material, timing anal-
ysis). Such a brief timescale places an upper limit on the character-
istic size of the source emitting region, which 
implies an IMBH with a mass of given that 
cannot be smaller than the radius of the black hole event horizon 
for a Schwarzschild black hole. This is further supported by its 
off-nuclear position within its host galaxy. We thus suggest that
EP250702a provides likely the clearest evidence for a jetted TDE
produced by an IMBH.

The X-ray flux of this event began to decay much earlier, with a 
significantly faster decaying rate than all previously documented
jetted TDEs (Fig. 2a). Furthermore, its decay timescale is also sub-
stantially shorter than those of the three previously reported
IMBH-TDE candidates, which typically exhibit years-long decay
profiles [26–29]. We also note that its X-ray luminosity at the 
peaks of the outburst is at least 1–2 orders of magnitude higher 
than those of all the known jetted TDEs. The short evolutionary
timescale, together with the highest peak luminosity in X-ray,
points to a WD, rather than a main-sequence star, as the disrupted
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Fig. 1. The field of EP250702a in EP, Chandra, and HST imaging. (a–c) X-ray images of EP250702a taken by EP-WXT, EP-FXT, and Chandra, respectively. The position of
EP250702a is indicated with red circles, and the blue contour shown in (a) gives the position uncertainty of GRB 250702B. (d) Optical image of EP250702a observed by 
HST. The red, orange, and blue ellipses indicate the positions of the X-ray, near-infrared (NIR), and radio counterparts of EP250702a, respectively. The NIR position and its
uncertainties are obtained from VLT observations [22]. The radio position and its uncertainties are obtained from MeerKAT observations (Supplementary material,
observations and data reduction).

1r 
star, since the fallback timescale for the latter would be much
longer (tens of days or even longer) [30]. Our first-order theoretical 
scaling analysis further confirms that the rapid decay timescale of 
EP250702a is consistent with the tidal disruption of a low-mass
WD by an IMBH (Figs. S7 and S8 online; Supplementary material, 
theoretical modellin g).

Compared with other jetted TDEs, EP250702a also stands out by 
producing high-energy flares extending from the X-ray to the
gamma-ray regime of several tens of (Fig. 3a). We extracted 
the 0.5keV–38MeV broad-band spectra of EP250702a from the EP-
WXT and Fermi/GBM data for the flaring episodes, and found that 
the spectra are best fit with a non-thermal spectral model, charac-
terized by a low-energy photon spectral index of approximately

a peak energy reaching up to and a high-energy 
power-law component extending to several tens of (Fig. 3b; 
Supplementary material, spectral analysis). The total fluence 
during the flaring phase, inferred from spectral fitting, is

MeV. 

1, 2 MeV, 
MeV 
541
corresponding to an isotropic-
equivalent energy of at a redshift of

This unprecedented high-energy peak at the gamma-
ray band significantly exceeds the soft and hard X-ray regime typ-
ically observed in known jetted TDEs [31]. Based on the absence of 
a cutoff feature in the broad-band spectra, above which the pair-
production opacity may reach unity, together with the observed 
variability timescale, we are able to place a lower limit on the jet
bulk Lorentz factor under the assumption of the internal shock
model. This yields (Supplementary material, constraints 
on the jet bulk Lorentz factor), which is similar to the values
reported for previous jetted TDEs [31–33]. 

The WD-IMBH TDE scenario offers a natural explanation for the 
gamma-ray emission of EP250702a that is unique among jetted 
TDEs. The radiation mechanisms responsible for the flaring X-ray
and gamma-ray emission of jetted TDEs remain unclear. Possible
models include synchrotron radiation [31,34], synchrotron self-

J 1 7 0 1 10 4 erg cm 2,
J 5 0 0 3 1053 erg

z 1 036.

CjJ56 
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Fig. 2. Long-term X-ray light curve and spectral evolution of EP250702a. (a) Comparison of EP250702a with other X-ray transients, including jetted TDEs (Sw J1644+57, Swift
J1112.2–8238, AT2022cmc), an ultra-long GRB (GRB 211024B) and a jetted TDE candidate EP241021a [25], on their X-ray light curves. The trigger time of EP250702a is set to 
be the start time of the first WXT observation when EP250702a begins to emerge (Supplementary material, observations and data reduction), about one day before the first 
Fermi/GBM trigger. The data points of EP250702a with red borders and red error bars represent measurement from the Chandra observation. The overlaid gray dashed line 
represents the single powerlaw decay fit, and the overlaid red dashed curve represents the two-segment power-law decay fit to the long-term X-ray light curve of EP250702a.
The vertical dashed black lines denote the trigger times of the Fermi/GBM flares, and the vertical dashed gray one gives the time of the untriggered weak Fermi/GBM flare
(Supplementary material, observations and data reduction). (b) The photon indices for EP250702a derived from absorbed power-law spectral fitting to the X-ray spectra. All
error bars represent uncertainties.

Fig. 3. Light curves and spectral energy distributions (SEDs) during the flaring episodes of EP250702a. (a) Light curves observed during the flaring episodes by the BGO 
detector of Fermi/GBM (top panel), the NaI detector of Fermi/GBM (middle panel), and EP-WXT (bottom panel). Six distinct flaring episodes are indicated by grey shaded 
regions with color-coded boundaries. (b) SEDs corresponding to the six flaring episodes. The SEDs are derived from the joint spectral fits over the time intervals indicated by
the labels. Solid and dashed lines represent the best-fit unabsorbed and absorbed models, respectively. Error bars on the data points denote the confidence level, and the 
shaded regions around the best-fit lines indicate the corresponding confidence bands.
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Compton (SSC [32,35]), and external inverse-Compton [32]. 
Although a larger Lorentz factor could lead to a higher peak energy, 
this is not the case for EP250702a as its Lorentz factor is compara-
ble to other jetted TDEs. Another factor that determines the peak 
energy is the strength of the magnetic field if the radiation mech-
anism responsible for the high-energy emission is synchrotron or
SSC. In this context, a magnetized WD as the disrupted star for
EP250702a can offer a stronger magnetic field for the accretion
disk that forms after the tidal disruption, thus pushing the peak
energies to the gamma-ray band.

The extremely high X-ray luminosity at the first WXT detection 
of EP250702a indicates that the jet had already been launched by 
then. The initial flaring activity phase, with strong variabilities 
reaching peak luminosities two orders of magnitudes higher, lasted 
for almost one day. This implies that the process of launching and
intensifying the jet in EP250702a takes longer compared with the
typical debris fallback time scale expected for a WD-TDE by an
IMBH. This may indicate that the disk formation and the magnetic
flux accumulation processes [36], both needed for launching rela-
tivistic jets through the Blandford-Znajek process [37], likely hap-
pen over timescales much longer than the debris fallback
timescale.

The flux decay is accompanied by dramatic spectral evolution, 
beginning with an extremely hard early-phase spectrum that pro-
gressively hardens during the period of flaring activity and then
softens significantly during late-phase decay. This hard-to-soft
transition is obvious by looking at the change of the photon index

of the spectrum that is measured by fitting an absorbed power-
law model to the soft X-ray energy spectrum, which shows a
clear transition from 1  to  3  (Fig. 2b), and evident by 
comparing X-ray spectra of early and late phases (Fig. 4a). Inter-
estingly, the time from when the spectrum started to soften (sev-
eral days after trigger) roughly coincides with a transition from

C 

C C 
Fig. 4. X-ray spectra of EP250702a detected by EP and Chandra. (a) Evolution of X-
observations. The spectrum taken from the first FXT observation on 2 July is shown in blac
July, when the averaged spectral photon index is greater than 2) is shown in red. The la
spectra were fitted with an absorbed power-law model, and the fitting residuals were sh
FXT observations, taken on 18 July, with the best-fit absorbed blackbody (dashed line)
const*tbabs*ztbabs*(bbody + powerlaw) (solid line) (Supplementary material, spectral ana
represent the Chandra and FXT observations, respectively. All error bars represent un
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steep to shallow decay in the X-ray flux
evolution (Fig. 2a). 

The spectral softening is accompanied by and probably is due to 
the emergence and gradual dominance of a thermal component 
during the late stage of the event. The break in the decay profile 
therefore indicates that the thermal component decays slower
than the jet. The thermal component is significantly detected in
the joint fit to the simultaneous Chandra and FXT observations
taken about 17days after trigger (Fig. 4b; Supplementary material, 
spectral analysis). The composite model combining blackbody that 
is used to describe the thermal component and the power-law, as
demonstrated in Fig. 4b, yields a blackbody temperature of

(typical of TDEs [38]), and a power-law index

that is consistent with the early-phase value. The unab-
sorbed flux of the thermal component is estimated to be

and the corresponding luminosity is

The observed luminosity of the thermal component corre-
sponds to 100 (the Eddington limit of a pure-hydrogen accre-
tion disk) of a black hole of in late time. While 
simulations of super-Ed dington disks typically exhibit luminosities
of [39,40], WD-IMBH TDEs likely produce accretion disks 
with very high Eddington ratio and magnetization, which can lead
to much higher disk luminosities [41]. Furthermore, this tension 
can be alleviated for a WD because, in the case of a fully ionized
carbon–oxygen WD debris, the Eddington luminosity is 
twice due to its lower electron scattering opacity. In the con-
text of WD-IMBH TDEs, thermonuclear outbursts can occur, espe-
cially during deep tidal penetration events. As highlighted by
MacLeod et al. (2016) [11], such outbursts are suggested to subtly 
affect the binding energy distribution of the debris, however their
impact remains secondary to the gravitational dynamics that dom-

(f X t 4 6) (f X t 1 5)

kT 169 37 
37 eV

C 1 4 0 8 
0 8

1 7 10 13 erg s 1 cm 2,
9 8 1044 erg s 1.

LEdd 

7 5 104 M

K10LEdd 

LEdd CO 

LEdd 
ray spectra for EP250702a showing significant spectral softening trend in later 
k points, and the late-time stacked spectrum (with the data taken from 12 July to 15 
te-time stacked spectrum has been scaled by a factor of 10 for visual clarity. Both 
own in the lower panel. (b) Joint X-ray spectral fitting of simultaneous Chandra and
and power-law (dotted line) model components, as well as their combined model
lysis). The fitting residuals are shown in the lower panel. The black and red points
certainties. 
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inate accretion. Additionally, the outbursts themselves generate 
optical emission with peak luminosities around which 
is significantly lower than the observed X-ray luminosity of

The total luminosity from these thermonuclear events 
is estimated to be [42], with only a 
small fraction emerging in the soft X-ray band. Given that this 
luminosity falls below the detection limit at the redshift of
EP250702a, the thermonuclear component is unlikely to signifi-
cantly influence the observed accretion-driven light curve.

1042 erg s 1,

1044 erg s 1.
1041 MBH 10

3 M erg s 1
3. Discussion and conclusion

EP250702a exhibits rapid variability during early phases 
(hundred-second timescales), while the X-ray spectra photon 
index evolution demonstrates hardening–softening behavior 
unparalleled in comparison samples. This distinct timing signature, 
soft X-ray emission beginning about one day before the first Fermi/ 
GBM trigger, provides an exceptional case study for IMBH accre-
tion dynamics. EP250702a represents the first jetted TDE exhibit-
ing late-phase spectral softening, characterized by unprecedented 
rapid evolution (more than five orders of magnitudes flux decline
in 10 days in the source rest frame) and emergent thermal compo-
nents consistent with an IMBH tidally disrupting a WD while
launching relativistic jets. By modelling the near-infrared and radio
light curves within the first month of its evolution in the context of
synchrotron afterglow emission from the interaction of jet with the
ambient medium, we find an isotropic kinetic jet energy of

(Fig. S6 online; Supplementary material, 
afterglow modelling), which is comparable to that of the previ-
ously reported jetted TDEs [43]. 

We have examined several alternative models to interpret the
event EP250702a (Supplementary material, other possible scenar-
ios), including micro-tidal disruption events TDEs) involving 
stellar-mass black holes [44] and scenarios wherein a stellar-
mass black hole spirals into a helium-star envelope via unstable
mass transfer or common-envelope evolution [45]. Although these 
hypotheses present compelling theoretical possibilities, they face 
challenges in accounting for the full suite of observational features, 
particularly the luminous non-thermal X-ray emission detected 
approximately one day prior to the gamma-ray flares, significant 
spectral softening, and the off-center location within the host
galaxy. Given these observational constraints, the jetted WD-
IMBH TDE offers a more self-consistent and natural explanation
for the observed properties of EP250702a.

The successful launch of a relativistic jet with an initial Lorentz
factor of (Supplementary material, constraints on the jet bulk 
Lorentz factor), implies a high spin of the black hole residing in
EP250702a [37,46]. The dimensionless black hole spin parameter 
a is estimated to be around 0.6 at a redshift of 1.036 (Fig. S5 online;
Supplementary material, constraints on the black hole spin). Either 
the IMBH was born with a high spin, or the IMBH was born as a
stellar-mass black hole and grew via coherent accretion, while a
growth history with chaotic accretion is disfavored [47]. Based 
on the luminosity of EP250702a, we estimate the event rate den-
sity of similar events to be (Supplementary 
material, event rate density), which is orders of magnitude lower 
than what is expected for normal IMBH-TDEs and SMBH jetted 
TDEs. This low rate finds a natural explanation in the jetted TDE 
scenario through relativistic beaming, which limits detection to 
only a small fraction of events directed toward us. Future observa-
tions of sources analogous to EP250702a can provide further
insights into the formation and evolution of IMBHs, the launch of
relativistic jets in extremely high accretion systems, as well as

EK iso 4 1 1053 erg

(l

J56 

10 13 Mpc 3 yr 1
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their surrounding stellar environments. Perhaps of greatest inter-
est, WD-TDEs are prime sources of simultaneous electromagnetic 
and gravitational wave (GW) emission in the sensitivity regime
of future GW interferometers, allowing for important cosmological
applications3 . 
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