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Scientific & technical background
Einstein Probe (EP) & science capabilities
Selected discoveries of transients by EP

Its role in multi-messenger astronomy




New high-energy transients & science questions

BH tidal disruption event Quasi-periodic eruption

EMRI as GW sources?

Demography of Black holes
How matter falls onto BH?
How jets form?

High-redshift GRB  JUSSENIIENLIDE Y EM counterpart of

]\C’Vhe”:“t stars monitors needed to see neutrin events
ormed? .
metal enrichment in deeper/further :"OWIIOBFIIC(;?PS
early universe High cadence ccelérated:
Supernova EM counterpart of

shock breakout gravitational waves

Supernova physics
& progenitors

What are EM counterparts?
How compact objects merge?




Lobster-eye optics for X-ray focusing imaging
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Einstein Probe (EP) - Tianguan (X3K) mission

Goals space X-ray observatory for time-domain astro.
Discover soft X-ray transients & monitor source variability at unprecedented
sensitivity
Characterise transients/variables by quick X-ray follow-up onboard
Disseminate transient alerts to astro. community in time, quick response ToO

Milestones
2011 Lobster-eye R&D @ XIL/NAO & X-ray ASM on CSS
2012 Mission concept

2017/12 Funded by the 2nd phase of the Space Science
Programme (CAS)

2018 Joined by ESA & MPE; 2022 CNES

2022/07 Pathfinder LE/A launched

2024 Jan. 9 launch

2024/01-07 commissioning & calibration

2024/07- nominal mission (lifetime: 3 yr, goal 5 yr)

Ccnes




Instruments & spacecraft

Wide-field X-ray Telescope
WXT (12 modules)

Lobster-eye MPO + CMOS Spacecraft
FoV: 3,850 sq deg

Band: 0.5 - 4 keV

Effe. area: ~3 cm? @1keV
Resolution: ~ 5’ (FWHM)

On-board data processing
Quick slew & autonomous
follow-up

Follow-up X-ray Telescope
FXT (2 units) Gesa @
Wolter-1 + pn-CCD (eROSITA)
FoV: 1deg x 1 deg

Band: 0.3 — 10 keV

Effe. area: ~300 cm? @1 keV (x 2 units)
Resolution: 24” (HPD, on-axis)

Telemetry Cesall B
X/S-band (several hours)
BD (down/up-link; minutes)
VHF (down-link; minutes)

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



Mission profile

Orbit: 590 km (P ~97min), i=29 deg
Observation modes

Survey: 3 snapshots per orbit in the night-sky,
each ~20 min exposure

cover most of night sky in 3 orbits
Cover whole sky in half a year
Autonomous follow-up: FXT (3-5 min)

ToO

On-board data processing & transient search

Alert data rapid downlink & triggering (Beidou &
VHF)

Fast ToO uplink (Beidou)




Observed 0.5-4 keV flux (erg s~ cm™2)

Sensitivity
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WXT FoV 3850 sq. deg..

20007

exposure 40 kilo- g

1: Cir x-1 and
Swift J151857.0-
C 572147
2:Sco X-1 *
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X-ray data credit: EPSC, image credit: Chen Zhang, Huaging Cheng.
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EP-WXT 1 day sky coverage




EP-WXT all-sky map (RGB: 0.5-0.8-1.0-2.0 keV)

credit: EPSC (Pan et al. in prep.)



FXT X-ray First light (0.3-10 keV) FXT X-ray spectrum obtained at the same time
Puppis A supernova remnant (nebula)
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Main science goals

Carry out systematic survey of soft X-ray transients
and variability of X-ray sources at unprecedented
sensitivity and high cadence

Discover otherwise quiescent Black holes at almost
all astrophysical mass scales and other compact
objects by capturing their transient flares

Detect and localize the electromagnetic-wave
sources of gravitational-wave events by synergy
with gravitational-wave detectors

defined in proposal of 2013 Jan



EP transients in 1st two years

ray transients: 232
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WXT monitoring survey + FXT automated follow-up

WXT obs. and onboard search FXT automated follow-up multi-waveband follow-ups

Host galaxy

WXT X-ray image. 3600 sqr. deg. FXT X-ray image

expo 3.6 ks
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Foreground star

10II

WXT position error 2'-3’ FXT error radius: 5-8 arcsec

& several minutes van Dalen et al. 2025
= ;1 :7_ :“ T’v ‘: |

transient alert downlinked to EPSC and
automatically disseminated via GCN/notices
In minutes




Declination

EP240315a: GRB @redshift 4.859
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FXT detection of X-ray
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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
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Redshift 4.859 by VLT (Levan et al. 2025)

Fast X-ray transient & GRB
Central engine activity before detection

Photon Index



Apparent Magn' tude

EP240414a: possibly new type of fast X-ray transients with SN( @&,
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hot material at large radii

Shock breakout and cooling emission from the expanding

an extended shell
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Rest-frame peak energy Ep(1 + z) [keV]
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EP241113a: an energetic dirty fireball

Type-ll GRBs
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Dai C., et al. arXiv/2603.26213, Science, under review

« Long-predicted dirty fireball: relativistic jet contaminated by baryons
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EP240222a —
T X-ray light curve o,
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EP250702a: possible TDE of a white dwarf by IMBH ?
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« Unprecedented light curve & spectra
« extreme relativistic jets + thermal/disc
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Li D. et al. 2026 Science Bulletin
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Fo3-10 [erg em 2 s71]

A new transient class?
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EP follow-up observation of GW event

detection galaxy list NSt °

GW localization

(e [ GW & A
GW Yes autonomous
i J hreshol . detection ) FXT observation

(1): 1-pointing WXT

Sun & Moon
constraint
check

Yes ( ) coverage (2400s) FXT galaxy targeting

(each 300s)

h 4

. R (2): 2-pointing WXT
NS coverage (each 1200s)

No EP follow-up

No EP follow-up , 20deg2~ | FXT galaxy targeting FXT galaxy targeting
' ' 100 deg? / WXT coverage each 300s
, GW & GRB No? 0 deg” ) d ( )
( for BH-BH: w  detection | ) ;
pay attention to GRB localization un&Moon™~ Yes > FXT tiling FXT tiling
C 20 deg?
special situations (e — co;:;ﬁm < 9 /' WXT coverage (each 300s)
B
~ detection FXT observation

f : ] 1st orbit: maximum :
effective skyma
“ ymap) { WXT probability J later orbit

~ 3.FXT galaxy targeting

Credit: Yunfei Xu

Figure: Jingwei Hu



ToO-MM automated uplink

] GW Alerts

( Ground Support System \
TDI
GW Alerts Generate Obsercation Plan
Produce Tiling Table Automatically Beidou Uplink
r Send Tiling Series Submit ToO-MM Request to Mission Center
N W Y :
- nia. - : Messaging Service (Rabbit MQ) API Orchestrator
(Ali Cloud) |
A
L __________________________________________________________________________________________________________________________________________________________________________
(
( Gen. Request File\ r GW Event Filter ( Phone / Messaging
EP ToO-MM Tool . JSON parsing Significant = 1 7x24 Instantly Call TA/DS;
(AWS) Format Convertion NSBH / BNS Lark Notifications
Schema Valadation
J
- y

Figure: Mo Zhang Software: Yunfei Xu, Mo Zhang



$250206dm

$250206dm: T0=2025-02-06 21:25:30.439 UTC; NSBH (55%), BNS (37%); 373 +/- 104 Mpc; 90% area=547 deg?
EP follow-up observations:
15¢ round: 2x2400s WXT coverage + 100x300 s FXT targeting galaxies (2025-02-07T02:55:12Z ~ Feb. 8t)
2" round: 59%2000s FXT tiling (from Feb. 11t to 18th)

Search for transient or variable candidates in the FXT data (apparently associated with the galaxies):

found ~20 uncatalogued sources, two of which exhibit significant flux decay.
Detailed information: GCN Circular 39545; https://ep.bao.ac.cn/ep/cms/article/view?id=185
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The origin of high-energy astrophysical neutrinos

Diffuse neutrino background
Possible sources:
Blazar
Seyfert
Supernova?
Low-luminosity GRB ?
TDE?

OO

p+y->At->p+nt

T T ., etwy

Cosmic Known
rays O(PeV) invariant mass ~ 1.2 GeV

.........

The IceCube CoIIaboratlon(2022)

B v~ 1 keV (WXT band!)
B Expect association between X-ray
transients and neutrinos



EP observing strategy

Prompt FXT follow-up

lceCube Gold event FXT (1 deg x 1 deg)
lceCube-250706A

Automated uploading (TO+40 min)
Latency ~ 40 min

Seek evidence counterpart

s Error circle
FXT monltorlng (weekly) radius ~ 0.5 deg
Blazar candidates Blazar flare | |
Long-term correlation UeE | '
WXT/FXT and neutrino event correlation SN+isM [N -
Low-L GRB | | YV emission
WXT+ g.old/brc.)nze.events (collaborate | cre ) time scale
with Chiba University)
. e %
FXT + low significant events |
min hour day month year

Constrain cosmic-ray loading factor



EP-FXT follow-up of lceCube-250706A

39.60°

" lceCube Gold alert: ~210 TeV and signalness ~65%

i Rapid FXT follow-up: T0+43 min, five epochs, and ~96%
H localization coverage (90% C.L.)
54 X-ray sources: no convincing counterpart

38.80°

Flux upper limits + LLGRB afterglow model
z>0.44 (ISM-like) or z>2.38 (Wind-like)
Tight constraint with more events

266.00° 265.50°
ight Ascension (deg)

- ISM-like Wind-like

XMM-Newton Compatible tail: 62% Compatible tail: 2.1%

[ Dotted: ISM z=0.08 '=5 . | . A ,
B T 0 0.5 1.0 1.5 2.0 2.5 3.
10 10 10 Redshift, z
Time since trigger (day)

Legacy Surveys ALLWISE Slide credit: Guojiong Yang
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2,1 = 0.44 Zin = 2.38

Solid: ISM z=0.44 I'=10

Dashed: Wind z=2.38 =10

Probability density, p(z)

Flux (erg cm=2 s7!)
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Performed follow-up analyses on ~2 years of lceCube alerts
with EP/WXT to search for X-ray transient counterparts:

14 alerts : long time window +10*> s

5 alerts : short time window +103

No X-ray counterpart was observed.

Assuming IceCube v are from X-ray transients, we could provide a very strong
limit on the X-ray sources: X-ray luminosity, Ly, and rate density p.
=> LLGRBs and TDEs as origins of high energy neutrinos are very much

disfavored by this analysis
Slide credit: Nobu Shimizu



Release of 1st batch of EP science data

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

https://ep.bao.ac.cn/ep/next/data-release https://ep.nssdc.ac.cn

@ % %ﬁ 18 ﬁ‘i ﬁ. NA'DE Nationat Astronomical Data Centes

e\naiainipibne wsxnsngss - Einstein Probe Data Archive 20255128118, BERAXNERERL. ERSENLMENOS KL DER

FHRLHKEAFRB RX"DEEHMFRIE, KWRRHOBIERET20245F78118

Home Mission News Consortium Data Archive Data Description User Support Proposal Publications Activities

FENPETEEANRPENGEHXHEEEE (FXT) ME3GRNYME~R, 68
Einstein Probe Data Archive

16157 WA, HRARREERNED. BARPFESRERGBOREL,. R, #

To0LS DATA POLICY NEWS

HREVEIERAFEENREREN, SRR, RKMNZERBRESHART X

"DERFHIETE, ZFeRR2IREN' XX DERRBERR.

einstein¥probe

fh = e 4 SCIENCE MISSIONS ~ + EXFLORE ESA ONLINE

General at Maticnal Astronomical Observatories, Chinese Academy of Sciences

OPENING OF DATA ARCHIVES

11 December 2025 EP Science Data are proprietary for a period of ane year after which they shall be made publicly available. Access to dafta is descibed here: There are two institutes in China operating archive
nterfaces, the Mational Astronomical Data Centre (NADC) and the National Space Science Data Centre (NSSDC). ESA has now opened the Eirstein Probe Science Archive (EPSA) containing public, calibrated high-level data,
.2, calibrated data covering level 2 (events files) and level 3 (images, spectra, light curves); for details of ESA mirror archive, see EPSA Documentation.

Data in EPSA are calibrated with the last major calibration release, If data need to be processed with the lafest calibration version, level 1 data must be obtained from the NADC or NSSDC archives and processed with the
EP Data Analysis software. Further, Pls of proprietary datz need to obtain their data from the NADC archive. At this time, enly the FXT data are released while the WXT are planned to be released early 2026,

ESA's Einstein Probe Science Archive (EPSA)
LAUNCH OF ESA WEBPAGES OF EINSTEIN PROBE . . . .
19 July 2022 These ESA webpages with information about Einstein Probe see their first light. https //WWW COS mOS " esa " I nt/We b/el nSteI n-p rObe/d ata



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

Summary

Einstein Probe has been operating remarkably well in the past 2 years

Public availability & data release
FXT data after 1-year proprietary period already made public
WXT data

Some core science objectives have been partly fulfilled
Dramatically enlarged samples, e.g. fast X-ray transients (XRF, SN, ...), stellar flares
Rare or long-predicted transients/objects (IMBH-TDE, WD-TDE, dirty fireball, ..)
Unexpected: jet-SN connection, other new types of transients

EP will continue to advance our understanding of high-energy transients ..

larger samples, new types, multi-messenger transients, ......

http://ep.bao.ac.cn

https.:/www.esa.int/Science Exploration/Space Science/Einstein Probe factsheeft


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