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Einstein Probe 
exploring the dynamic 

X-ray universe

launched 2024 Jan 

nominal operations since 2024 

Jul 
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Outline 

 Introduction to EP  

 Science capabilities

 High-lights in the early phase of operations

 Fast X-ray transients

 Transients related to black hole and compact objects

 multi-messenger observations (prospects)

 Summary
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Core science objectives

Discover normally quiescent black holes and other compact 
objects by capturing their transient X-ray flares     

Detect and localise the potential X-ray sources of gravitational 
wave events

Systematic survey of transients and source variability in the 
soft X-ray band with unprecedented combination of sensitivity 

and cadence 
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Instruments & spacecraft

Wide-field X-ray Telescope  

WXT (12 modules)

Follow-up X-ray Telescope

FXT (2 units)

Lobster-eye MPO + CMOS

FoV:  > 3,600 sq deg (1.1 sr)

Band: 0.5 – 4 keV 

Angular resolution: ~ 5’ (FWHM)

Sensitivity: ~1mCrab @1ks 

Wolter-1 + pn-CCD (eROSITA) 

FoV:   ~1 deg 

Band: 0.3 -10keV

Angular resolution: 24” (HPD, on-axis)

Effe. area: ~300 cm2 @1keV (x 2 units) 

Yuan, et al. 2022 Handbook of X-ray and Gamma-ray Astrophysics

On-board data 

processing

Quick slew & 

autonomous follow-up

Spacecraf

t

Chinese Beidou system 

VHF network

Science data telemetry 

(hours)

Fast satellite-ground 2-way 

communications in minutes
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Instruments & spacecraft

acoustic test thermal vacuum test @ CAS

FXT mirror assembly FM 

(ESA/MediaLario/MPE)

PI: Yong Chen 

(IHEP/CAS)

Lead of LE mirrors

Chen Zhang (NAO/CAS)
WXT chief designer

Xiaojin Sun (SITP/CAS)

FXT FM built at IHEP/CAS

WXT mirror & CMOS detectors (1 modul

e)

WXT

FXT
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EP-WXT pathfinder LEIA (Lobster Eye Imager for Astronomy)

Size of full Moon
First light, 2022-8-8

~800s exposure

FoV 340 deg2

Frist wide FoV X-ray observations by a lobster-eye focusing X-ray telescope in orbit 
Zhang et al. 2022 ApJL, 941, L2 

Lobster-eye & CMOS technologies 

demonstrated

CAS’s SATech-01 

experiment satellite
credit: MicroSAT

LEIA 0.5 – 4 keV

2022-07-27
Lijian-1 first launch



one WXT pointing
FoV: 3850 sq. deg (~1/10 whole sky)

40 ks exposure

credit: EPSC, CAS



Puppis A supernova remnant (nebula)
FoV 1 deg
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3C 273

exposure: 68 ks

FXT X-ray First light  (0.3-10 keV)

sky region around quasar 3C273
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Observation modes

Equatorial coordinates

 Circular orbit

 Height 592km, period 96min

 inclination angle 29 deg.

 Observation modes

 Survey (primary WXT) 

 Autonomous follow-up (FXT) 

 ToO (FXT, WXT) – quick response

  

 WXT survey mode

 Pointing to night sky 

 3 pointings/orbit, ~20min each

 ~ 1/2 sky covered in 3 orbits (~ 5 hr)

 Whole sky coverage in ½ year

 FXT pointed to pre-selected targets



Sensitivity of WXT 

flux vs. exposure for point-like sources

1 orbit

snapshot

survey 

mode
EP(2024-)



Sensitivity of FXT 

FXT (1 unit)

1 orbit

lowest particle background



FXT autonomous follow-up
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FXT X-ray image
obs. started a few min after onboard trigger

expo 3.6 ks   

FXT error radius: 5-8 arcsec

identification of optical/IR counterpart

onboard follow-up response: several minutes
van Dalen et al. 2025



EP X-ray transients

• 198

• ~150 EFXT 

• various types

• > 463 GCN/ATel alerts

• enthusiastically 
responded by 
multiwavelength follow-
ups worldwide --- crucial     



EP X-ray transients

Galactic coordinate system



Extra-galactic fast X-ray transients (EFXT)
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• Fast X-ray transient mystery

• bursts lasting from seconds to hours, 
found since 1970’s 

• detected by wide-field & narrow-field 
(serendipitously) instruments

• classifications, demography & origins 

remain unclear (stellar explosive 
process?)

• EP has detected 148 EFXT 

• No-GRB (X-ray flash):

       99 (c.f. 30-40 before EP launch)

• GRB in soft X-ray: new window zph~2.23, Lp~6.8e46

erg/s Bauer et al. 2017

CDF-S XT1

SN Shock breakout by

Swift/XRT XRO 080109

(Soderberg+ 2008)



EFXT: example 
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CDF-S XT2

z~0.738, Lp~3e45 erg/s Xue et al. 2019
e.g. Zhang B., 2013, Sun et al. 2019

one of the models: driven by magnetar 

from BNS merger (both XT2 & XT1) 



Example light curves of EP fast X-ray transients
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~ 1/3 have hard X-ray/gamma-ray counterparts as GRBs



Fast X-ray transients last longer than GRBs
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X-ray and gamma-ray 𝑇90 distribution

Duration: X-ray longer than 

gamma-ray for all events

Wu et al. in prep.



Possible origin of EFXT
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Possible origin of EFXT
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FBOT？

EP may reveal the diversity of the processes of collapsars and compact object mergers
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EP240414a: new fast X-ray transient with SN ?

X-ray light curve

 Associated with Ic-BL supernova 2024gsa z=0.4  

 No GRB, very soft spectrum 

 possibly a new type of FXT

=> A weak relativistic jet that interacts with an 
extended shell surrounding the progenitor star 

Sun H. et al. 2025 Nature Astronomy 9, 1073; van Dalen et al. 2025 ApJL 



EP enabling multiple FXT–SN associations

8 confirmed FXT-SN, all Broad-line SN Ic

Extreme of Amati 
relation Jet Shock

EP250108a / SN 2025kg
Type Ic-BL @ z ≈ 0.176 (Li+ 2025)

Extremely soft/weak 

X-ray flash

A relativistic outflow origin 

(jet or shock)

from Wenxiong Li (submitted)



EP240315a: GRB @redshift 4.859

Onboard trigger, confirmed by on-ground analysis

Soft X-ray T90: 1034 s

Gamma-ray T90：41 s

by Swift/BAT & Konus-Wind 

Marked difference in LC of soft X-ray and hard X/γ rays

Liu Y., et al. 2025 Nature Astronomy, 9, 564 
Levan A., et al. 2025 Nature Astronomy, 9, 1375
Gillanders J.H., et al. 2024 ApJ      

FXT detection of X-ray 

afterglow

WXT image

redshift 4.859 measured by VLT (Levan et al. 2024)

23
detectable by WXT at z~7.5 

EP’s potential of detecting high-z GRB ! 



LXT 230307A: transient powered by NS merger  
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LEIA image

EP pathfinder LEIA 0.5 – 4 keV

 Hard X-rays and gamma-rays powered by relativistic jet

 Soft X-rays likely powered by a magnetar, emerging from burst onset

 Consistent with the association of kilonova signature found by JWST

Sun H. et al. 2025, 12E, 401 National Science Review
24



EP250704a: Extended emission in merger-type GRBs

WXT imageEP250704a/GRB 250704B

Episode I 

(~ 0.5 s)

initial X-ray hard spike

gamma-ray double spikes

Episode III 

(~ 540 s)

X-ray soft bump

no gamma-ray

Episode II 

(~ 3 s)

extended X-ray hard bump

no gamma-ray

Li, A &. EP/SVOM Collaboration et al, 2026, 

submitted , arxiv: 2601.14137 credit: Zhang B.B.

EP-WXT EP-FXT VLT optical VLA radio

A long-last soft X-ray prompt emission in a 
typical short gamma-ray burst, likely a common 
feature in merger-driven burst, and an X-ray 
counterpart of GW events



EP241021a: a repeating partial TDE or a peculiar GRB?
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EP-WXT light curve

flare duration ~100s

Possible scenarios:

• repeating partial TDE  by 

IMBH

• highly structured GRB jet 

• choked jet with supernova 

shock breakout

• merger-triggered magnetar

• new type of transients with 

    months-timescales  

Shu, XW et al., 2025 ApJL, arxiv: 2505.07665

Busmann, M. et al. , arxiv:2503.14588

Gianfagna, G. et al., arxiv:2505.05444

Yadav, M. et al., arxiv:2505.08781

Wu, GL et al. arxiv:2505.12491

may require an active central engine
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EP240222a: TDE by IMBH in the halo of a large galaxy

>4 years; off nucleus:  35 kpc from center of a massive galaxy 

X-ray light curve

optical light curve

BH mass 1e4-1e5 Msun
host stellar mass: ~1e7 Msun
(Jin et al. under review)

kT: ~ 200 eV

EP-WXT detection

EP240222a

https://arxiv.org/abs/2501.09580



• Unprecedented lightcurve & spectra

• Relativistic jets

EP250702a

HST

哈勃光学望远镜 韦伯近红外望远镜费米伽马射线望远镜

VLT 8 米光学望远镜 MeerKAT射电望远镜

outburst SED: X-ray to gamma

outburst last 1 day, 

undetectable after 

10 days

Li D. et al. 2026 Science Bulletin, arXiv:2509.25877

EP250702a: first discovery of TDE of a white dwarf by IMBH ?



• power-law (jet)

• blackbody 

~100 LEdd for BH with 

• a soft X-ray component emerged at a later stage: 

accretion disc of highly super-Eddington

• TDE of a white dwarf by an IMBH?

• stellar-mass BH falling into a star？

EP250702a: first discovery of TDE of a white dwarf by IMBH ?

joint EP-FXT – Chandra spectral fit

Li D. et al. 2026 Science Bulletin, arXiv:2509.25877



Prospects: tidal disruption events

• Performance of WXT data stacking demonstrated, more TDEs are expected 

increasing sensitivity achieved by stacking data

1-day WXT 1-month WXT 

peak X-ray fluxes of TDE



Prospects: tidal disruption events

example of a TDE  candidate found by data stacking
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Finding hiding stellar BH &  compact objects 

a new BH binary candidate found by detecting its faint outburst  

Cheng et al 2025 ApJL

• Where are the hiding BH XRB in Galaxy? predicted 103 vs. < 100  

• Most in quiescent or faint activities, important to constrain stellar evolution, accretion

• EP has found 16 new XRB candidates (2 BH, 4 NS, …)

• Very faint X-ray transients: ~ 5 /year 

• magnetars, fireball phase of novae, …

QPO 

~38 mHz

X -ra y  pow
e r s pe c tru
m
de te c ted  
by  E P -F X
T
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An outburst in Small Magellanic Cloud: Be + WD 

• CXOU J005245.0-722844 a weak Chandra source

• An X-ray outburst detected by EP/WXT (Atel#16631) 

and Swift/XRT (ATeL# 16633), follow-up by NICER 

(ATeL# 16636)

• very soft X-ray spectrum

• a rare class of Be binary system with a WD (7 previous)

WXT lightcurve

0.5-4 keV

~ 2 days

Gaudin, Coe, Kennea, et al. 2024 MNRAS (S-CUBED program)

Marino, et al. 2024, ApJL

thanks to NICER team



EP240408a: peculiar intermediate-timescale transient
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A burst of12s 

duration

Zhang W., et al. 2025SCPMA..6819511Z

O'Connor B., et al. 2025 ApJL

Spectral and temporal properties different 

from known transients; 

possibly a new transient type 

or IMBH-jetted TDE?



Multi-messenger: UHE gamma-ray & cosmic rays

EP-FXT discovered one of the longest X-ray pulsar wind nebula tails associated with a LHAASO source. 

1LHAASO J1740+0948u:

~0.2° offset from the pulsar J1740+1000

70 ks EP-FXT observations uncovers a 

32’ tail, matching the LHAASO source 

location.

• the first unambiguous case of a 

gamma-ray pulsar tail

• UHE electrons can escape from the 

pulsar and anisotropically transport 

over at least ~10 pc

• X-ray and gamma-ray from a single 

population (via synchrotron & IC)

EP-LHAASO collaboration, to be submitted



Prospects: multi-messenger, GW events

• Important to search for EM counterparts 
of GW events 

• Only GW170817 so far

• Counterparts of NS-BH never detected 

• EP suited to search for X-ray sources 
associated with GW events

• search for X-ray likely from newly formed 
magnetar

• WXT: large FoV, good sensitivity

• FXT: rapid response, 1deg FoV and depth

• EP has performed several searches, 
giving X-ray upper limits 

• waiting for LIGO O5



Prospects: multi-messenger, neutrino events 

• Significance of search for X-rays from 
neutrino events (e.g. Ice-CUBE)

• Questions:

• origin of high-E neutrinos

• acceleration of hadronic cosmic rays

• Possible sources ?

• blazars/jets/TDE

• low-luminosity GRB

• Why EP?

• WXT:  large FoV, high X-ray sensitivity, 

high cadence 

    collaboration with Chiba Univ. 

ongoing

• FXT: rapid response (matching FoV 1deg)

EP-FXT follow-up of an ICE-Cube neutrino 

event in 2025

37
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Release of First Batch of Einstein Probe Science Data

National Astronomical Data Centre (NADC)  National Space Science Data Centre (NSSDC)

ESA's Einstein Probe Science Archive (EPSA)

https://ep.bao.ac.cn/ep/next/data-release
https://ep.nssdc.ac.cn/#/container/home
https://ama.esac.esa.int/ama/#/pages/epsa
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Summary 

 The core science objectives have been largely fulfilled in 1.5-year nominal operations

 fast X-ray transients, diversity of collapsars and compact binary mergers

 discoveries of rare or long-predicted transients/objects (IMBH, WD-TDE, weak relative. 

jet)

 unexpected: EFXT-SN connection, new types of transients    

 EP has the potential to revolutionise our understanding of fundamental processes in 

some specific types of transients via 

 consolidation of statistically meaningful samples

 finding new types of transients in the wider discovery space

 WXT data release: expected in mid-2026 

 Future: expected to deliver new discoveries & expand to new frontiers

 http://ep.bao.ac.cn

 https://www.esa.int/Science_Exploration/Space_Science/Einstein_Probe_factshe

et

http://ep.bao.ac.cn/
http://ep.bao.ac.cn/
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