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Instruments & spacecraft

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

Lobster-eye MPO + CMOS

FoV: > 3,600 sq deg (1.1 sr)
Band: 0.5 — 4 keV

Angular resolution: ~ 5 (FWHM)
Sensitivity: ~1mCrab @1ks

Follow-up X-ray Telescope

Wolter-1 + pn-CCD (eROSITA)

FoV: ~1deg

Band: 0.3 -10keV

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

launched 2024 Jan 9
@Xichang, China

Spacecraft

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

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



Instruments & spacecraft
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Observation modes

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 "2 year
FXT pointed to pre-selected targets




9.3

" exposure 40 kilo-seconds

WXT FoV 3850 sq. deg.

"1::Cir x-1 and
Swift,J151857.0-
572147
2:Sco X-1
3: V2216 Oph
4:\V1101 Sco
5: V821 Ara
6: NP Ser
) ; ; L " 1:V4134 Sgr
X-ray spectrum of CAS o : (SRR | / / /.- ——8-Sgrx4

AE ~ 122eV @1.25keV iOLL;KIL;%SFfCNW 86

Counts/sec/keV

X-ray data credit: EPSC ima“,\c“je credit: Chen Zhang, Huaging Cheng.



FXT X-ray First light (0.3-10 keV)
Puppis A supernova remnant (nebula)
Exposure:

FoV 1 deg

FXT X-ray spectrum obtained at the same time
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EP-WXT sources

Galactic coordinate
total number of known sources: 6137

AGN

Star

Ccv

SNR

XRB

Cluster of Galaxies
Galaxy

Star Cluster

Pulsar

e Unclassified
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Observed 0.5-4 keV flux (erg s~ cm™2)

WXT

Sensitivity

1078 5

107° E

10710 4
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10—12 -

flux vs. exposure for WXT sources

flux, ergs cm2 s
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4.0
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Counts

1.5 -

1.0
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0.0

FXT localization precision for bright sources

detA

. 90%

0 1 2 3
Delta/arcsec
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Example of EP detection & follow-up: EP240908a:

+  WXT 0.5-4 keV

WXT onboard trigger: . +owaosdier
T0=2024-09-08T17:28:27 (UTC)
peak flux: ~1e-9 erg/s/cm”2

(EP team et al. GCN 37443)

FXT light curve

Flux [erg/s/cm?]

TO+7min: automated FXT follow-up 10 Y
(EP team et al. GCN 37432) - }
TO+19hrs: FXT ToO 10° 10¢
T-To y = 1 T ————

flux ~1.1x10%(-13) erg/s/cm”2
optical afterglow candidate:

AB magnitude r ~ 24
(Quirola-Vasquez et al. GCN 37438)

no GRB counterpart

Q1709046016

Bin time: 25.00

WXT light curve

i+
Py

T S
+ + +++H+++++++++++_+ s

+

FXT error ~ 5-8arcsec



Alerts of transients & science data

Transient alerts: source position, flux, time, hardness ratios

Onboard transient search and trigger
Alert information quick downlink: minutes, via BD system (China)/VHF (CNES/France)
Announced immediately to the community via GCN notice

On-ground transient search and trigger
Analysis of telemetry data by transient advocates (TA)
Refined parameters of onboard triggers and fainter transients not triggered onboard
Alerts announced via GCN circulars or ATels (latency: several to ~ 10 hours)

Science data
X-band telemetry: it takes from several hours to half a day to reach EP Science Centre
Will be made public after proprietary period of one year
EP data public: first batch release by end of 2025 (FXT end October)



Typical latencies for issuing transient alerts

B Triggered On-board -
Bl Discovered On-ground |

109

10t

Agelay Since the detection (hr)

to be improved



EP transients

Fast X-ray transients (FXTs) ~120

FXTs without GRBs: ~40

GRBs: ~40; soft X-rays precede GRBs and lasting longer significantly

FXTs with supernovae: EP240414a, EP250108a, EP2503044a, possibly 2 more
Tidal disruption events (candidates)

EP240222a, EP240425a, EP241021a, EP250702a

3 jetted, 2 with possible IMBH, 1 white dwarf
Transients from X-ray binaries in the Galaxy and nearby galaxies

Outbursts from known objects: many

New objects: several; EPJ182730.0-095633 (BHC), EP240809a (NS)
Likely previously unknown types: e.g.

EP240408a (Zhang et al. 2024), EP240414a (Sun et al. 2025)




Declination

EP240315a: GRB @redshift 4.859

S.f' WXT image Eoch1 Epoch EEhS Epocnd | Epach Enoch &
§ 30t EU {10.0
¢ + Soft X-ray T90: 1034 s
g T 25| Gamma-ray T90: 41 s |-05
o EP240315a p ne by Swift/BAT (200keV) & Konus-Windtj
= () S 20} | x
S v oy + T |15 8
¥ 0 2
< S, a
- > 1.0}
§ EP24031 ba E 1720
Z | bk mMr
8 1-2.5
g FXT detection of X-ray 0.0 ik 8 Lﬂ"‘ H IJLLM L

144.000 140.000 136.000 afterglow 0 250 500 1000 1250 1500 1?5[]_3'0

Right ascension T—=To(s)

Onboard trigger, confirmed by on-ground analysis Marked difference in LC of soft X-ray and hard X/y rays

Liu Y, et al. 2024 NA (arXiv:2404.16425) redshift 4.859 measured by VLT (Levan et al. 2024)

Gillanders J.H., et al. arXiv:2404.10660 (ATLAS optical/radio counterpart, z) detectable by WXT at z~7.5
Levan A, et al. NA arXiv.2404.16350 (optical pho. and spec., z) EP’s potential of detecting high-z GRB !



EP240414a: new fast X-ray transient with SN ?

Associated with type Ic-BL supernova 2024gsa z=0.4
No associated GRB, very soft energy spectrum
possibly a new type of FXT

1
& = —SN 2024gsa

~o -

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

SDSS 1124601.99-094309.3

13 26 3.9 52 65 7.8 8.1 10 12

Apparent Magn' tude

Observer-frame Phase (day)
1 10’ ' .
- I - I , X-ray light curve
ol == 06aiiv) 0 v 1+ . ; ; ; ; ; ; 10%
¥ N ® EP240414a-FXT
— O EP240414a-XRT
B - i s EP240414a ~— SN SBO from WR
LY 104+ o 10 — . SN SBO from BSG
2 5 <
g S 0¥ GRB 100316D
0= Q
= — 103 L Y3
rg: %) S 1046 GRB 060218
:DUE fﬁ '
5 s 1n
. E N GRB.980 O 10% GRB 120422A
HE + 102} =
) >
~ £ -——
17 \-a « wn 1044
=r Phase 1 Phase 2 Phase 3 W 2 Wy ¥
GTC Keck/LRIS * 1-16 101t ® SN-associated HL GRBs | E = v’
o | ] prasa ® SN-associated LL GRBs 3
' 1w’ ' - EP240414a >
st-frame Phase (day) 0 + Type | GRBs ; 10%
10%¢ b g +  Type Il GRBs
X — - 107 710%™ 10% 10% 109 10 105 105 10 104 :
Shock breakout and cooling emission from the expanding Eio(erg) WAE IS M N 3 A W
hot material at large radii an extended shell Time in the observer frame (s)

Sun H. et al. 2025 NA, NatAs, 9, 1073



EP240222a: TDE by IMBH in the halo of a large galaxy

1071 44 44/ Jio-1
OPTICAL HOST & X-ray |Ight curve i’& MM
€ NICER1 f\
Galaxy: 2MASX kY ~4
J11320214+2700207. 0 10 | -
ué’ 10*1,_"/,-‘»9?"/";; - Joi
May 2020--May 2022 Feb 2023--Jan 2024 Feb 2024--jul 2024
- : 2 May 2023--Nov 2023
EP240222a ‘ - optical light curve + + +
§ e 5 \;\\* 410
§ 0 + +u+* * e s
>4 years; off nucleus: 35 kpc from center of a massive galaxy

31 1911 1705 12 25 05 13 2 31 09
20200° 2301042 1101\,01 gcﬁm 2 0230 2 02398 D 20230 L 02312 z Q02803 3 402897 0

v I - f 1.0 1 Date
‘EP WXT@22nd, Feb. 2024, exp.=21825s ESO‘.‘7‘0349 HLX-1 n Er2407225.ohASS i Iﬂﬂ
B ARGy i : 0 | i ® smMpiso | 09F ! 1
- . 200} “\\\ 0.8F i i
' g ; | g BH mass 1e4-1e5 Msun
)-—Elsu ) © 0.7} = I ~
- : ! host stellar mass: ~1e7 Msun
06} ! i
| KT:~200 eV ™ o5l | Jin et al. 2025 arXiv:2501.09580
a ® MBH(Mlob) ' o v 0.4 ;. 1I0 6.0

M.[10*M¢]


https://arxiv.org/abs/2501.09580

EP250702a: a Ilkely IMBH Jetted TDE disrupting a WD

Off-nuclear localization, at z=1.036 s, s, b

Lin et al. 2025, arXiv:2509.25877

70
Energy (keV)

50

é o HiHHH :\‘IE,.H.{;A',‘ 7 | /,./,
<: = 10_7_/’/’7/ ;Lai:liw
102 1071 10° 10! i B guif 7 -
a g 0 vj‘:'.‘.f ‘riw' 510'” /jl ‘
1040} ] ’ 7t * ] Lo ;’ «"':::i:.
:\ 1048 -I E ;0.1 i _15 //V’m\
g 104 T *\ ] ) 0O—o.ozs 0000 0024 25.';0 525,25 250‘ 26.1 28,3‘ 2;3‘4 2'&5 w0 10° 10' 102 10° 10°
‘% d\ ! i 3 Hours since 2025-07-01T01:40:26 +10.248 hours Energy (keV)
S 0% - >
—~ 10°° f W |
v . 1. Recurrent X-ray, gamma-ray flares
a i \ !\ ------ ack bo . ~
~ 100} o .. " Soucan” spanning ~2(14) hours, spectra
o o o B gL i extending to Mev
. e . Soft X-ray detection before the
U 4} 2 .
2 } %ﬁ ﬁﬂ < gamma-ray trigger
gl g st x
g | % X-ray flux dropped by > 5 orders of
107 107 107 10t e o T magnitude within 20 days
Rest-Frame Time (days) 5 oMl Tl | T
;- + e X-ray spectrum softened, a possible

thermal component emerged in
later phase


https://arxiv.org/abs/2509.25877
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An outburst in Small Magellanic Cloud: Be + WD

2024-05-25 10:11:35 (2.0ks)

EP J005245.1-722

2024-05-27 08:41:28 (2.0ks)

T | I I
4
- WXT lightcurve ’+¥ \ .
0.5-4 keV ] *gk
I
&
L I L _
ok
:’\+ “a
B : \‘ |
¢ \
i : Y
! ~ 2 days
[ 1 - | | L]
60456 60457 60458 60459
MIJID

2024-05-25 11:47:47 (67.9ks)

2024-05-27 10:17:40 (63.0ks)

Counts s~ ! keV~! cm~2
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I thanks to NICER team
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0.01 d (FXT)

0.43 d (XRT)

0.55 d (NICER)
0.61 d (NICER)
0.67 d (NICER)
0.74 d (NICER)
1.25 d (NICER)
1.45 d (NICER)
1.51 d (NICER)
1.58 d (NICER)
1.64 d (NICER)
1.71 d (NICER)
2.03 d (NICER)
2.16 d (NICER)
2.29 d (NICER)
2.42 d (NICER)
3.06 d (NICER)
3.13 d (NICER)
4.29 d (NICER)
5.06 d (NICER)
5.96 d (NICER)

1 I ' |

0.2 0.3 05 07
Energy (keV)

= T f
1.0 1.2 1.5

CXOU J005245.0-722844 a weak Chandra source

An X-ray outburst detected by EP/\WWXT (Atel#16631)

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

(ATelL# 16636)

very soft X-ray spectrum
a possible Be binary system with a WD

f f
2.0 25

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



X-ray follow-up of GW event: $250206dm

S240422ed: 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 + 100x300s FXT targeting galaxies (2025-02-07T02:55:12Z ~ Feb. 8™)
2" round: 59%x2000s FXT tiling (from Feb. 11t to 18t)

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

Dec. (deg)

46

15t : WXT covered 302 deg? within (55% of) the 90% GW area Jnd . T i F;.A. (d_:i)] o o e S0 G
. covere within o) e area
WXT 0.5-4 keV flux limits: 1 x 10~ erg s~ *cm™2 eg (89% of) o

FXT 0.5-10 keV flux limits: 3 x 10—13 erg S—lcm—z FXT 0.5-10 keV flux limits: 5 x 10_14 erg S_1C1’r1_2



Summary

Science operations have been started since July 2024

~150 X-ray transients with high/SN detected

A wide range of targets: FXTs, GRBs, TDEs, WD+NS+BH, flaring stars, GW events ......
Monitored the activity of large samples of known sources

Alerts publicly announced via GCN/ATel

More discoveries expected in X-ray time-domain and MM astronomy

http://ep.bao.ac.cn
https:// www.esa.int /Science_Exploration /Space Science /Einstein_Probe factsheet
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EP240408a: peculiar intermediate-timescale transient
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Time since trigger [day]

Spectral and temporal properties different from
known transients;

possibly a new transient type

or IMBH-jetted TDE?

Zhang W., et al. 2025SCPMA..6819511Z
O'Connor B., et al. 2025 ApJL
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EP J182730.0-095633: Atel # 16805, 16807, 16817, 16825; no optical/NIR counterpart

found
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EP240904a: a new X-ray binary (BH?)

FXTA

FXT

WXT detection
,\\\

%!

image

radio: flat spectrum @ X-ray

18M27m48s

36°
RA (J2000)

24°

bright state: a compact jet

10°

107t

Fo.5 - 10, absorbed (10_10 erg/S/cm‘z)

. Long-term X-ray light curve

1072 {
A faint/mini-outburst lasting for three ] ‘
weeks ] f
107 4 EP-FEXT 4 NICER 4 Swift/XRT EP-WXT 4 NuSTAR
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

days

X-ray spectrum: power-law I'~2

101{ -~

Power density [(rms/mean)? Hz %]

-

-

X-ray power
spectrum
., detected by
% EP-FXT

1.75 1
= 150

odel

1.25 4

a/

-

1.00 1

Da

0.75 1

Cheng et al.,

107t 10°

Frequency (Hz)

0%

2025 ApdJ published
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