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Einstein Probe discovery of the short-period intermediate polar EP J115415.8−501810
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Abstract

The X-ray transient source EP240309a/EP J115415.8−501810 was first detected by the Wide-field X-ray Telescope on board the Einstein Probe (EP) instrument during the commissioning phase. Subsequent optical observations confirmed it as a cataclysmic variable of the intermediate polar type with a 238.2 s spinning white dwarf on a ∼3.76 h orbit. We report the source discovery and follow-up studies carried out with the EP’s Follow-up X-ray Telescope. A periodic variation of 231 s was detected in the 0.3−2 keV band, while no obvious pulsation appeared in the 2−10 keV band. The spectral analysis showed that the X-ray emission could be described by an absorbed bremsstrahlung model with kT > 11 keV. The partial covering absorption, with a hydrogen column density NH = 2.0 × 1022 cm−2 and covering fraction of around 0.9, is much higher than the interstellar absorption along the line of sight. According to the distance of d = 309.5 pc obtained from the Gaia parallax, we estimated that the luminosity of this source in the 0.3−10 keV range is ∼2 × 1032 erg s−1. In addition, a phase-resolved spectral analysis revealed that the detected periodic variation is mainly caused by the change in the absorption column density. In this scenario, the spin modulation arises due to absorption from the pre-shock accretion flow of the X-ray emitting pole, while the optical radiation is modulated at the orbital side band (ωspin − Ωorbit) due to the reprocessing in regions within the binary system. Due to this unusual transient behaviour for an intermediate polar, we also searched for radio signals similar to those observed in the new class of long period transients. We derived upper limits with ASKAP of 200–300 μJy beam−1 in the range 800–1500 MHz and with MWA of 40–90 mJy beam−1 in the range 80–300 MHz.
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1. Introduction
White dwarfs (WDs) are the common endpoints in the evolution of solar-mass stars. They are often observed in binary systems known as cataclysmic variables (CVs), where they accrete material from a low-mass companion. Intermediate polars (IPs) are one kind of magnetic CV in which the WD accretes mass from a late-type main sequence star and spins faster than the orbital period (Patterson 1994; Mukai 2017). Depending on the WD magnetic field strength, the accreted matter might form accretion disks truncated at the magnetospheric radius, from which the material is funneled onto the polar caps along the magnetic field lines, releasing gravitational energy. A stand-off shock is formed at the pole(s) below which matter cools via optically thin thermal (∼10–40 keV) X-ray radiation, giving rise to pulsed emission at the rotational period of the WD. Modulations of the X-ray emission at the orbital period are rarely observed in relatively high-inclination systems (Parker et al. 2005; Bernardini et al. 2018).
The X-ray spectra of IPs are generally complex, consisting of heavily absorbed multi-temperature plasma and often also an optically thick component arising from the heated WD polar cap (Mukai 2017; de Martino et al. 2020). As of 2021, 71 IPs have been identified and more than 100 additional candidates are known1.
On March 9, 2024, a new transient triggered the Wide-field X-ray Telescope (WXT) on board the Einstein Probe (EP) instrument during its commissioning phase. It was initially called EP240309a (Ling et al. 2024). Subsequent observations with EP’s Follow-up X-ray Telescope (FXT), identified this new transient as a candidate CV in high state (Ling et al. 2024), subsequently naming it EP J115415.8−501810 (EP J1154−5018 hereafter). Follow-up studies, including observations from Transiting Exoplanet Survey Satellite (TESS) and telescopes at the South African Astronomical Observatory (SAAO), have revealed it to be an IP with a spin period of 3.97 min and an orbital period of 3.76 h (Buckley et al. 2024; Potter et al. 2024). Chang et al. (2024) also performed a radio observation at 1.28 GHz and no radio counterpart was found within the error circle of the EP X-ray position. In this work, we report on the EP discovery of EP J1154−5018 via detailed X-ray timing and spectral analyses. In Section 2 we present the data processing and data analysis results. In Section 3 we present the radio upper limits. We discuss our results and draw a brief conclusion in Section 4.
2. EP data analysis and results
The main scientific objective of the EP mission is to monitor and survey the sky in the soft X-ray band. The EP was launched on January 9, 2024, and soon entered the commissioning and calibration phase, and then formally started its scientific mission in July 2024. The scientific payloads of EP include WXT and FXT. WXT has lobster-eye micro-pore X-ray focusing optics, giving it an instantaneous larger field-of-view (3600 sq. deg.) compared to previous wide-field X-ray monitors. It operates in the 0.5−4 keV band and also has very high sensitivity ((2−3) × 10−11 erg cm−2 s−1 for 1 ks exposure). FXT consists of two co-aligned units, FXT-A and FXT-B. Each unit adopts a Wolter-I nested telescope and pn-CCDs as the focal plane detectors. FXT has a field-of-view of 1° ×1° and an angular resolution of 30′′. The telescope has a detection energy range 0.3−10 keV, with an effective area of 600 cm2 (2 units) at 1.25 keV and an energy resolution of 120 eV (FWHM; Yuan et al. 2022).
EP J1154−5018 was detected at the position of RA  =  178.57°, Dec  =   − 50.29° (J2000, with an uncertainty of 2.1 arcmin; Ling et al. 2024). There were eight WXT observations covering the field of this source (see Table 1). The WXT data were reduced using the wxtpipeline tool from the WXT Data Analysis Software (WXTDAS). The calibration processes of the raw data include coordinate transformation, flagging hot and bad pixels, calculating the pulse-invariant values, screening events and extracting a sky image. We used the tools in WXTDAS to detect point-like sources and extracted light curves and spectra as well as the corresponding backgrounds, the ancillary response files, and the response matrices. The default region for source extraction is a circle with a radius of 9.1′, and the background region is an annulus with the inner and outer radii of 18.2′ and 36.4′, respectively.
Table 1. 
List of the 2024 observations of EP J1154−5018 presented in this work.

The FXT conducted a 3093 s observation with the full-frame mode on March 16, 2024 (ObsID 08500000024). This mode provides full imaging capability with a time resolution of 50 ms, which could be used to search for periodicities in the sub-second regime. More accurate position of EP J1154−5018 has been obtained by FXT, RA  =  178.566° and Dec  =   − 50.303° (J2000, with an uncertainty of about 10 arcsec; Ling et al. 2024). For this observation, we first used the fxtchain tool in the Follow-up X-ray Telescope Data Analysis Software (FXTDAS, version 1.10)2 package to reduce the FXT data. This task chain includes particle identification, calculating the pulse invariant values, flagging bad pixels and hot pixels, as well as screening of good time intervals. The source region was defined by a circle with a radius of 0.9′, while the background region was an annulus with inner and outer radii of 0.9′ and 2.9′, respectively. Then, the spectra and light curves were extracted with the given source and background regions, along with the corresponding ancillary files and redistribution matrices. In addition, we used the fxtbary tool to correct the photon arrival times to the Solar System barycenter using the JPL DE405 ephemeris.
The 0.3−10 keV light curve with a bin size of 20 s was extracted based on the combined events (FXT-A and FXT-B). At the same time, the hardness ratio (2 − 6 keV / 0.3 − 2 keV) in 120 s bins was calculated to search for possible spectral variations. The 0.5–4 keV light curve observed by WXT shows an increase of flux near the time of the FXT observation, as shown in Figure 1. During the FXT observation, the 0.3–10 keV light curve illustrates a decreasing trend with relatively strong variations in short time scales, but subsequent WXT observations show an increase in X-ray intensity (see Figure 1). At the same time, the hardness ratio shows a tendency to harden during the low-count-rate episodes. The FXT light curve can be fitted with a sine function at the known orbital period, indicating that the observed variations may be due to orbital motion. However, it cannot be verified due to limitations of the single exposure. On the other hand, the long-term WXT light curve shows an increase in intensity that suggests that the source is in a rise to a high state.
	[image: thumbnail]	Fig. 1. Light curves of EP J1154−5018. Main panel: Average count rates (black dots) of each observation by EP/WXT. The red vertical line indicates the start time of the EP/FXT observation. Inset: Light curve (with 20 s bin size) and hardness ratio (with 120 s bin size) of EP/FXT observation. The details of the observations can be found in Table 1.



For the FXT observation, we performed a periodic signal search in two energy bands, 0.3–2 keV and 2–10 keV, using the [image: equation] test (Buccheri et al. 1983), with the results shown in Figure 2. We assumed that the pulse profile is a superposition of two sine waves (n = 2, taking a larger value of n leads to similar result). We calculated the phase for each photon arrival time and obtained the value of [image: equation]. The [image: equation] value peaks at the period of 231 s for the 0.3 − 2 keV data, while no significant periodicity is detected based on the 2 − 10 keV data, which means that pulse signal was only significantly detected in the soft energy range. The result is consistent with that obtained by Pearson χ2 test, but with higher significance. Assuming that the potential variability is instrumental white noise, we used the period distribution determined from 10 000 samples based on the observed distribution and estimate the 68% confidence error to be 2 s. Using the [image: equation] distribution of 10 000 samples from a uniform distribution, the significance of this periodicity is found to be ∼4σ.
	[image: thumbnail]	Fig. 2. Period search results and pulse profile of EP/FXT data. Main panel: Period-searching results using the [image: equation] test in energy bands of 0.3−2 keV (solid black line) and 2−6 keV (solid red line). The error on the best period value is estimated to be 2 s (calculated using the bootstrap method). The dotted horizontal represents the 4σ significance level obtained using the bootstrap method. We mark the negative and positive beat period with a dashed black line and mark the optical spin period (Potter et al. 2024) with a dotted red line. Inset: 0.3 − 2 keV pulse profile folded on the period of 231 s.



Analysis of TESS data (Potter et al. 2024) reported an orbital frequency Ω (period = 3.7614(4) h). Assuming the spin frequency is ωx (period = 231 ± 2 s) as detected by FXT, then the periods corresponding to the positive (ωx + Ω) and negative beat (ωx − Ω) frequencies are 227 s and 235 s, respectively, which are marked in Figure 2. We also marked the spin period they reported, which is close to the (ωx − Ω) beat period of X-rays. The harmonic of the optical period of 119 s is not detected in the FXT data.
The pulse profile in the range 0.3 − 2 keV is folded with a period of 231 s with phase 0 corresponding to the midpoint of the observation (inset of Figure 2). The folded pulse profile exhibits a single peak per cycle (Figure 2), similar to that in the optical band. Without a spin ephemeris in the optical band, a direct phase comparison between the X-ray and optical pulse profiles is not possible. The pulse fraction in 0.3 − 2 keV is calculated to be 41 ± 9%, defined as (Cmax − Cmin)/(Cmax + Cmin), where Cmax and Cmin represent the maximum and minimum counts in the folded pulse profile. The pulse fraction of the 2–10 keV profile (folded with a period of 231 s) is only 20 ± 10 %. The spin modulation amplitude usually varies with energy for IPs in the X-ray band. Most of them have stronger modulation at lower energies due to the photoelectric absorption effects from the pre-shock material within the accretion curtain (Rosen et al. 1988; Hellier 1993; Mukai 2017; de Martino et al. 2020). The absence of periodic variations in the 2–10 keV band is consistent with this interpretation.
The FXT spectra were fitted using the XSPEC 12.14.0b software package (Arnaud 1996). The events in energy ranges 0.1−1.0 keV, 1.0−4.1 keV, 4.1−5.7 keV, and 5.7−11.9 keV were grouped into 15, 33, 7, and 4 bins using the tool grppha. We applied the model tbabs × tbpcf × bremss to fit the 0.3 − 10 keV spectrum generated from both the FXT-A and FXT-B data (left panel of Figure 3). The Tuebingen-Boulder model tbabs (Wilms et al. 2000) was used to account for the interstellar medium absorption along the line of sight. The parameter nH of tbabs was fixed at the Galactic value of 8.6 × 1020 cm−2 from HI4PI Collaboration 2016. The tbpcf model, which is typically used in the spectral fitting of IPs (Norton & Watson 1989; Mukai 2017), was included to account for the strong absorption below 2 keV. The inclusion of a partial covering absorber reduced the C-stat by 101 (with 26 d.o.f.), thus accounting for localised absorption of the X-ray emission by the pre-shock accretion flow (Done & Magdziarz 1998). We find that the local partial absorption has a hydrogen column density of 2.0 × 1022 cm−2 and a covering fraction of 88%. The X-ray radiation from post-shock region can be described by the bremsstrahlung process. Due to the limitation of the energy range of FXT, the fit yields a lower limit of 11 keV for the plasma temperature. We applied the optically thin emitting plasma model, apec, for comparison. We find that it was also unable to constrain the plasma temperature, and only reduced the C-stat by 0.18 (with 26 d.o.f.). To avoid over-interpreting the model, we still used the bremss model for fitting. Using the distance d = 309.5 ± 0.4 pc of the optical counterpart, Gaia DR3 5370642890382757888, derived by Bailer-Jones et al. (2021), the unabsorbed luminosity in the 0.3−10 keV energy range is ∼2.1 × 1032 erg s−1. The fitting results are listed in Table 2. Errors are quoted at the 90% confidence level for a single parameter of interest.
	[image: thumbnail]	Fig. 3. Phase-average and phase-resolved spectral fitting of EP/FXT data. Left panel: Phase-average spectrum fitted with the model tbabs × tbpcf × bremss and the residuals of the fit. Right panel: Phase-resolved spectra. The “pulse-on” represents phase 0.2−0.6 and “pulse-off” phase 0.6−1.2 (see the inset in Figure 2). The best-fitting parameters are listed in Table 2.



The phase-resolved spectra are extracted by collecting the source events into “pulse-on” and “pulse-off” parts using the Xselect tool (see the inset in Figure 2). The same model is applied to fit the pulse-on (phase 0.2 − 0.6) spectrum and the pulse-off (phase 0.6 − 1.2) spectrum (Figure 3, right panel). We fixed the plasma temperature of the bremsstrahlung model component at 12 keV due to the low statistic at higher energies. We checked that the constraints of other fitting parameters are robust against changes in the plasma temperature. The main spectral differences between the pulse-on and pulse-off intervals occur below 3 keV. In terms of fitting parameters, this is reflected in the variation of the column density of the partial covering absorption component (Table 2) as expected in IP systems. The normalisation of the Bremsstrahlung component displays no significant variation within error.
Table 2. 
Spectral fitting parameters with C-statistic.

3. Radio upper limits
The Australian SKA Pathfinder (ASKAP; Hotan et al. 2021) is a 36-antenna interferometer equipped with phased-array feeds that widen its field-of-view to approximately 36 sq. deg, observing at a frequency range 800–1500 MHz. It is undertaking several large surveys, the calibrated visibilities of which are accessible shortly after observation3. EP J1154−5018 was within the field-of-view of observations from the Variables and Slow Transients (VAST; Murphy et al. 2013) survey and the Rapid ASKAP Continuum Survey (RACS; McConnell et al. 2020), which have integration times of 12 min and 15 min per observation, respectively. We searched for five epochs of RACS spaced between March 27, 2020, and January 11, 2024, and nine epochs of VAST spaced between June 23, 2023, and August 16, 2024. We examined images formed from the integration of each epoch (via WSCLEAN;Offringa et al. 2014), finding no counterparts down to RMS noise levels of 200–300 μJy beam−1. We also performed a time-domain search at a resolution of 10 s, by subtracting the continuum model and re-imaging every time step. We find no bursting transient or pulsed radio signals down to RMS noise levels of ∼2–3 mJy beam−1.
The Murchison Widefield Array (MWA; Tingay et al. 2013; Wayth et al. 2018) is a low-frequency (80–300 MHz), wide-field-of-view (500–1000 sq. deg.) radio interferometer comprising 128–256 tiles, co-located with ASKAP. Under project code G0080, the Galactic Plane Monitor has been repeatedly scanning the Southern Milky Way over |b|< 15° (with decreasing sensitivity from |b|> 10°) with integrations of 30–45 minutes at 185–215 MHz from 2022 to 2025 (see Methods of Hurley-Walker et al. 2023, ; to be described in full by Hurley-Walker et al. in prep). Eleven observations with sensitivity to EP J1154−5018 were taken from December 15, 2024, to January 6, 2025. No counterparts were found in continuum imaging at five-minute intervals down to a noise level of 40–90 mJy beam−1. A time-domain search following the same method as for the ASKAP data yielded no bursting transient or pulsed radio signals on a 4-s cadence to RMS noise levels of ∼350–800 mJy beam−1.
4. Discussion and conclusion
EP J1154−5018 is an X-ray transient source discovered by the EP mission. The optical follow-up observations (Potter et al. 2024) classified this source as an IP. Optical photometry and spectroscopy revealed a binary orbital period of 3.7614 h and a proposed WD spin period of 238 s, while the optical beat period of 243 s was also detected. Using the FXT observation, a periodic modulation at a period of 231 ± 2 s was detected in the energy range 0.3−2 keV, with a significance exceeding 4σ. However, no harmonics of the spin period were detected as shown in Figure 2. The broad envelope of the peak in the [image: equation] periodogram precludes a clear determination of a beat period in the X-rays.
Our spin periodicity detection in the X-ray band deviates significantly from those reported in the optical band, and no periodic signal corresponding to 231 s was found in the Lomb–Scargle periodogram in Potter et al. 2024. However, the closeness of the longer optical period of 238 s to the possible negative beat period (ωx − Ω) of 235 s in X-rays, considering the relatively large uncertainty of the X-ray periodicity estimated at 2 s at the 68% level, may help reconcile the optical and X-ray results. If the peak at 362.5 c/d observed in the optical band corresponds to the beat frequency, using the orbital frequency derived from TESS of 6.3806 c/d, then the spin frequency is 368.9 c/d. This corresponds to a spin period of 234 s, which is within 2σ of the inferred X-ray period. The additional peak observed in the optical periodogram and interpreted as the beat frequency would instead correspond to (ω − 2Ω) at 356.12 c/d or 242.6 s. The variations in the relative dominance of the spin and beat frequencies between the X-ray and optical bands are not unusual in the case of IPs (see, e.g., Bernardini et al. 2012). This can be explained by the fact that the optical emission is affected by X-ray reprocessing at different locations within the binary system.
Our spectral analysis reveals that the X-ray emission from this source is thermal and well modelled by a Bremsstrahlung model whose temperature (> 11 keV) cannot be constrained with the present data and affected by a strong partial (∼90%) covering absorption below 2 keV. The local hydrogen absorption column density reaches 2.0 × 1022 cm−2, significantly exceeding the interstellar value of 8.6 × 1020 cm−2 that has been estimated on the basis of HI4PI Collaboration 2016. The phase-resolved spectral analysis shows that the periodic variation detected in the energy range 0.3−2 keV is mainly caused by the change in the absorption column density. This may indicate that the cool pre-shock accretion flow absorbs the X-ray emission at different angles as the WD rotates.
The EP/WXT long-term coverage reveals that EP J1154−5018 is undergoing luminosity changes of at least a factor of three over about a month-long time span. This is also confirmed by the long term optical photometric coverage reported by Potter et al. (2024). Overall, IPs rarely undergo frequent luminosity state changes (e.g., Kennedy et al. 2017; Littlefield et al. 2025), indicating unusual behaviour for this newly discovered magnetic system.
In the past few years, a new class of objects emitting bright periodic radio bursts have been discovered, known as long-period transients (LPTs). Eight such sources have been discovered thus far; however, the recent discovery of two LPTs in M dwarf-WD binary systems (ILT J1101+5521 and GLEAM-X J0704–37) suggests that WD binaries, especially those with short orbital periods, might be the progenitors of some LPTs. In that view, we searched in the radio archive for EP J1154−5018, but we were only able to derive an upper limit. Therefore, despite its unusual behaviour, EP J1154−5018 does not appear to belong to this new class of systems.
The detection of transient X-ray emission from EP J1154−5018 with EP, along with subsequent X-ray follow-up and coordinated optical observations, has enabled us to classify this system as an IP. This demonstrates the potential of the EP mission to discover previously unknown CV systems that re-emerge from deep low states or undergo outbursts. This is particularly significant in the case of IPs, whose changes in state are extremely rare.


1 https://asd.gsfc.nasa.gov/Koji.Mukai/iphome/iphome.html


2 http://epfxt.ihep.ac.cn/analysis


3 Via the CSIRO Astronomy Science Data Access portal: https://data.csiro.au/domain/casdaObservation/
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      Table 1. 

      List of the 2024 observations of EP J1154−5018 presented in this work.

      
        


	Telescope/instrument
	Obs ID
	Start – end time
	Exposure



	
	
	Mmm DD hh:mm:ss
	(ks)





	EP/WXT
	13600005097
	Mar 6 01:17:53 – Mar 6 12:04:09
	18.34



	
	08500000016
	Mar 9 01:33:26 – Mar 9 20:28:40
	33.37



	
	13600005117
	Mar 13 08:15:56 – Mar 14 08:18:22
	39.03



	
	13600005118
	Mar 14 08:18:22 – Mar 14 22:03:03
	25.01



	
	13600005120
	Mar 15 18:28:25 – Mar 16 04:54:28
	15.42



	
	13600005121
	Mar 16 05:18:46 – Mar 16 14:48:23
	19.93



	
	13600005122
	Mar 16 14:58:58 – Mar 17 00:10:42
	16.27



	
	13600005155
	Apr 8 12:14:12 – Apr 9 11:44:06
	39.29



	EP/FXT
	08500000024
	Mar 16 02:23:24 – Mar 16 03:14:58
	3.09





      

    

  
    
      Fig. 1. 

      
        [image: thumbnail]
      

      
        Light curves of EP J1154−5018. Main panel: Average count rates (black dots) of each observation by EP/WXT. The red vertical line indicates the start time of the EP/FXT observation. Inset: Light curve (with 20 s bin size) and hardness ratio (with 120 s bin size) of EP/FXT observation. The details of the observations can be found in Table 1.

      

    

  
    
      Fig. 2. 
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        Period search results and pulse profile of EP/FXT data. Main panel: Period-searching results using the [image: equation] test in energy bands of 0.3−2 keV (solid black line) and 2−6 keV (solid red line). The error on the best period value is estimated to be 2 s (calculated using the bootstrap method). The dotted horizontal represents the 4σ significance level obtained using the bootstrap method. We mark the negative and positive beat period with a dashed black line and mark the optical spin period (Potter et al. 2024) with a dotted red line. Inset: 0.3 − 2 keV pulse profile folded on the period of 231 s.

      

    

  
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Phase-average and phase-resolved spectral fitting of EP/FXT data. Left panel: Phase-average spectrum fitted with the model tbabs × tbpcf × bremss and the residuals of the fit. Right panel: Phase-resolved spectra. The “pulse-on” represents phase 0.2−0.6 and “pulse-off” phase 0.6−1.2 (see the inset in Figure 2). The best-fitting parameters are listed in Table 2.

      

    

  
    
      Table 2. 

      Spectral fitting parameters with C-statistic.

      
        


	Component
	Parameter
	Unit
	Average
	Pulse-on(0.2–0.6)
	Pulse-off(0.6–1.2)





	tbabs
	nH
	1022 cm−2
	0.086(fixed)
	0.086(fixed)
	0.086(fixed)



	tbpcf
	nH
	1022 cm−2
	2.0[image: equation]
	1.7[image: equation]
	2.9[image: equation]



	
	fcover
	
	0.87[image: equation]
	0.88[image: equation]
	0.91[image: equation]



	bremss
	kT
	keV
	> 11
	12(fixed)
	12(fixed)



	
	norm
	10−3
	3.3[image: equation]
	3.5[image: equation]
	3.6[image: equation]



	Fitting
	C-stat (d.o.f.)
	
	20(26)
	29(27)
	25(26)



	Flux
	Absorbed
	10−11 ergs cm−2 s−1
	1.32[image: equation]
	1.33[image: equation]
	1.26[image: equation]



	(0.3−10 keV)
	Unabsorbed
	10−11 ergs cm−2 s−1
	1.81[image: equation]
	1.93[image: equation]
	1.99[image: equation]
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