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The 60th Anniversary of X-Ray Astronomy: X-ray Astronomy in the 
Time-domain & Multi-messenger Era

Prospects of detecting supernova shock breakouts, 
TDE, and GW EM counterparts with the Einstein Probe



EP scientific goals



Higher cadence & Deeper sensitivity

n 3 snapshots per orbit, each ~20 min
n 3 orbits (~ 5 hr) cover half sky
n 1 day: ~ 45 snapshots

WXT FoV
~3600 sq. deg

new discovery 
space



Rapid Follow-up

Simulation for follow-up observation

Ø Autonomous X-ray follow-up

Ø Alert data rapid downlink

• Beidou system (China)

• VHF (CNES/France)

• Transient alert information to be 

released immediately and publicly

Ø Target of opportunity command uplink 

• Normal (S-band): < 1 day

• Time critical (Beidou): < 10 min 



EP WXT sensitivity

central spot used only
> 1 order of magnitude 
better than current X-
ray ASM (MAXI, Swift)

~ 1 survey snapshot
FXT: ~1e-14 erg cm!"s!# @1.5 ks



EP WXT Monitoring of M31 (ULXs included)

Middleton+2013

XMMU J004243.6+412519 (ULX in M31)

FXT

WXT

Next



EP WXT Monitoring of bright TDE

𝑀!" ~ 10# 𝑀'() IMBH？
See also Robert’s talk

a bright TDE
 𝐹$.&!'()* = 6.9×10!#"𝑒𝑟𝑔𝑠!#𝑐𝑚!"

 D = 21 Mpc
 𝑁+ = 1.7×10"$𝑐𝑚!"

 𝐿$.&'#()* = 4.3×10#+ 𝑒𝑟𝑔𝑠!#

Detected



EP WXT Monitoring of faint TDE

One of faintest detectable TDEs
 𝐹$.&'#()* = 1.2×10'+,𝑒𝑟𝑔𝑠'+𝑐𝑚',

 z=0.28
 𝑁" = 3.4×10,$𝑐𝑚',

 𝐿$.&'#()* = 3.2×10## 𝑒𝑟𝑔𝑠'+

Detected 9 days after the burst.
We may miss the rising period.



EP WXT Monitoring of Galactic center

Galactic center region (about 20°x 10°)

Credit: EP team Credit: RIKEN/JAXA/MAXI team

EP/WXT 1 year MAXI (10 year)



EP WXT Monitoring of SMC



Simulation step 1: Generating transient events

TDE as an example

Transients
distributed in
the universe



Updates of Luminosity Function for SN SBOs

Alp & Larsson 2020



Simulation step 2: simulate with EP

u Diffuse Background

u RASS & MAXI

From Step 1

EP calibration files



SCO X-1

Crab

Cygnus Loop

Vela

All-sky survey by EP (one year)
Galactic (l, b)

TDE

Short 
GRB

Long
GRB

SN SBO

LMC



EP WXT simulator online
The EP WXT simulator is now available at ep.bao.ac.cn/simulator/anonymous

FXT online simulator is on the way…



Estimated detection rates

Type of transients Detections per year

Tidal disruption event (TDE) 10s - 100 

TDE with jet several 

Supernova shock breakout 10 – 10s

Long GRB  10s

High-z GRB (z > 6-8) several 

Short GRB 10

Low-luminosity GRB 10

Magnetar a few

Stellar flares a few  103

AGN monitored daily / weekly tens / hundreds

# transients per week
EP: >10

Swift: 2.5

MAXI: 0.8

Note: subject to large 
uncertainties…



Estimated detection rates for stellar flares

u Limited stellar flare samples in X-ray

u Derived by using Gaia and Kepler

u >1000 stellar flares per year （1 per 3

orbits）



EP/WXT 
@1ks

Swift XRT

sGRB afterglow 
scaled at 40Mpc

EP detectability for GW 170817: early X-ray

GRB prompt emission: several seconds

ability to detect early X-ray afterglow

Prompt emission: several WXT 
counts, marginal detection
Early afterglow: possibly detectable

Evans et al 2017

Fermi/GBM band



EP detectability for XT2-type transients
Simulated EP observation of XT2
(Xue et al. 2019) @ z=0.06

 detectable up to ~300Mpc (z~0.07), well match LIGO/VIRGO horizon
 expected rate: 2 – 40 per year (with possible joint GW detection)

EP-WXT light curve

Sun et al. 2019



Strategy for detecting GW EM counterparts

l Survey 
l WXT survey (by chance, 1/11 in FoV) + FXT automated 

follow-up

l Target-of-Opportunity (< 10 minutes, via Beidou Navi. network) 

l Triggered by GW observatories
l WXT coverage + FXT mosaics or snapshots of galaxies

l Follow-up 
l FXT pointed observations

Compared with typical 
GW source locus

detectable at the peak of LC

GW170817 (Chandra)



Summary

• EP WXT simulator have been developed, and it is now available online.

• EP would monitor source variability and may detect ~10 transients per week.

• EP may detect a few to several tens CDF XT2-type X-ray transients per year, 
some associated with GW sources (if they are truely resulting from BNS mergers)

• Synergy with other Multi-Wavelength & Multi-Messenger facilities offers great 
science opportunities


