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We have learned a lot by monitoring the X/y-ray sky

New X-ray novae, black hole candidates
GRBs up to z= 8-9 MAXI(GSC)
Tidal disruption events: ~two dozens 2014.3/23
Relativistic tidal disruption events (2-3) / R
Supernova shock breakouts ( a few )

and more....... JAXA/RIKEN/MAXI team

Fermi



Beyond 2020: a golden age yet to come....

Multi-wavelength Multi-messenger
- GW, neutrino

X-ray

optical

LOFAR. SKA




Need compatible, sensitive monitors in (soft) X-rays
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Electromagnetic sources of gravitational wave évents

NS—NS/BH-NS mergers

The
significance
Is hard to
overstated !
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Possible EM radiation of NS-NS mergers

Merger product as BH

SGRB, optical/lR, radio
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Conventional X-ray monitors — non-focusing
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* Relatively low spatial resolution
(~ degrees)

* High background on detector

* Need focusing optics & wide-field




Lobster-eye micro-pore optics for wide-field imaging

Concept proposed by R. Angel in 1979
Device industrialised in recent years

Kirkpatrick-Baez
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40 mm
True imaging
Wide FoV, no vignetting effect

Good angular resolution: ~ arcmin
(c.f. ~ degrees for Swift, MAXI, ...)

High sensitivity
Low weight

|deal for X-ray wide-field monitor




Missions ever proposed, built and planned ...

Lobster-ISS

ROSITA
ART

BepiColombo MIXS

Mercury Imaging X-ray Spectrometer

credit: Leicester Univ. «
G.W. Fraser (1955-2014) CAS/EP




Development of X-ray MPO applications at NAOC

Development started form 2010 at X-ray Imaging Lab, NAOC
(led by Prof. Zhang S.N.)

Prototype MPO
lobster-eye camera
and X-ray image

true focal spot



Einstein Probe (EP)

Features

A small mission for time-domain all-sky monitoring

Soft X-ray band (0.5-4keV)

High-energy transients and study variability

>1 order-of-mag. more sensitive than those currently in orbit

Background
Proposal submitted to CAS in 2013 Jan.

Selected as a candidate mission funded for advanced study
in July 2013

Selected among 3 top candidate missions of priority in 2015



Team and collaboration
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EP payload

Wide-field X-ray telescope (WXT)

X-ray optics: lobster-eye MPO
Detectors: CMOS array

Focal length: 370mm

FoV: 3600 sqr. deg. (1.1 sr)
FWHM: ~ 5 arcmin

Bandpass: 0.5-4 keV

Fellow-up X-ray telescope (FXT)

X-ray optics: Wolter-1 type

Focal length: 2m

Effective area: ~120cm? @1keV
FWHM: ~3 arcmin

FoV: ~30 arcmin

Bandpass: 0.5-8 keV

Wide-field X-
star sensor
s ray telescope

o
Follow-up X-
ray telescope

7 WXTH# :
>3600 75 &




Wide-field X-ray telescope

12 modules

~300 sqg.deg. each
Weight: 240kg
Power: ~300W

Qbfimm

Detector: back illuminated CMOS (Chinese

energy resolution 210 eV
Current back illuminated @ 5.9 keV @ room temp.
2cm x 2cm (2kx2Kk)

" Cu929eV '
— P Au 2123 eV
e
10%F

Si 1740 eV

Goal: 6cm x 6ecm 4kx4k

N 392 eV
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S, (cm®)

Wolter-I type

Slumped glass mirror
(Tongji Univ., China)
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Mission profile

Orbit: 600km, incl. < 30deg
Observation mode

Survey mode: a series of pointings to > |
the night-sky, each 11min exposure

cover the whole night sky in 3 orbits

(97min each) éﬁp
Follow-up mode: pointed observation LI T
with FXT (WXT remains operation) aninlew

2min slew

Possible ToO mode (tbd) B: 11min obs

16.8 min

On-board transient data reduction o

- 11min obs

16.8 min

3min 4 Fe IR XA

Quick alert data downlink
VHF network (French)
Relay satellites (China)

C: 1minobs | 1min obs

Nominal lifetime: 3 (+2) years

./ min,

night sky zone



Simulated performance of WXT

Effective area (simulated)
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Limiting Flux (erg/s/cm2)

Performance of EP WXT: senstivity
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Simulated X-ray sky images

Simulated X-ray sky (500ks)
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Wide range of scientific objectives: X-ray transients
& variability

X-ray flash
& LL GRB
GRB physics | {esrmmbmmnicis : . .
Active galactic nuclei
High-redshift GRB Neutron-star merger Extreme gravity, BH
Trace first stars/BH EM counterparts of GW sources accretion/jets/growth

Early universe

BH Tidal disruption
Quiescent MBH finder
BH accretion/jets

SN shock breakout
SN physics

Size of progenitors

Star X-réry flares SGR/magnetar

e BH X-ray binary
Magnetic fields extreme Thermal'nuclear bu'rst Extreme gravity
Corona activity magnetic Field Neutron stars physics BH physics/accretion




Core science goals

Systematic survey of soft X-ray transients and
variability of X-ray sources at high sensitivity and
high cadence

Uncover quiescent Black holes at all astrophysical
mass scales and other compact objects via
capturing their transient flares

Detect and localize electromagnetic-wave sources
of gravitational-wave events by synergy with GW @&
detectors

22



Estimated detection rates of selected transients

Type of events Estimated detections per year

Tidal disruption events (TDE) 20-120
TDE with jets 20-40
SN shock breakout 7
GRB z > 6 (8) 7 (3)
magnetar 1
X-ray flash ~10
Low-luminosity GRB <8
SFXT ~ 13

Stellar flares many



EP/WXT Count Rate (cts/s)
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Simulated detection of TDEs with EP/WXT

WXT X-ray lightcurves of TDE
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Redshift

Important to catch the onset and rising phase of outbursts



Current status

Nov. 2016, initiated the last phase of reviews to demonstrate
the engineering feasibility of the whole mission system

Formal approval expected in half a year; [aunch: 2021/22

Il China’s space science & exploration road map |l

Dark Matter Quantum Experiments Chang'e-4
Particle Explorer at Space Scale First mission to
Probe's scintillators are Satellite will test quantum moon's far side will
watching for gamma entanglement and do experiments feature a lander
rays spawned by dark in quantum cryptography and and rover and will
matter annihilation. communications. carry a telescope.
Chang'e-3 Shijian-10 Hard X-ray Chang'e5
Lander and rover Capsule carried Modulation Telescope  Probe will drill |
are studying lunar microgravity Broadband all-sky into lunar crust i
geology and and life science survey for high- to collect samples |
conducting experiments into energy objects such andreturnthem |
astronomical orbit and back as massive black holes. to Earth. |
observations. to Earth. i ' |
| IIIIII|III¢’ IIIIIIII‘I¢I!IIIIWIII¢III ’IIIIIII
2014 2015 2016 2017 2018 2019

Mars mission
Orbiter will release
alander witha
rover to study
martian geology
and environment.

— | |

2020

Solar wind Magnetosphere
lonosphere Link Explorer

Satellite’s key instrument will try a new
technique to image the magnetosphere.

Magnetosphere, lonosphere
and Thermosphere

Four satellites will study the flow of charged
particles throu, space.

Einstein Probe
(Wide-field X-ray Telescope)

ray bursts and gravitational wave sources.

Water Cycle Observation Mission
Spacecraft's remote sensors will track
key components of Earth's water cycle.

2021 2022




Summary

Time domain astronomy has come of a golden age of multi-
wavelength & multi-messenger

New technology is needed to look both deeper & wider in
soft X-rays

MPO lobster-eye is a promising technique

New discovery space will be explored, with Einstein Probe
and other future missions.......

Look forward to operation in synergy with MAXI



“Look deep into nature, and then you will understand
everything better.”
—— Albert Einstein

Thank you

http://ep.bao.ac.cn

Thanks to Matsuoka-sensei, Mihara-san, Kawai-san, Tamagawa-san, etc....



