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Talk Summary

• Einstein Probe overview
• Science objectives
• Science payload
• Detector requirements & technology options
• Image readout options

– Tsinghua research
– Leicester research

• Summary



• PI: Weimin Yuan (NOAC), with IHEP, Tsinghua Uni & MicroSat
• Chinese medium class mission proposal promoted in Jan 2014 

to 2-year “Advanced Study Phase” (phase A/B) with ~1M€
• Science case:

– Find quiescent SMBHs through tidal disruption events
– Find the EM counterparts to Gravitational Wave sources
– Systematic census of the X-ray transient sky

• All-MPO payload
– WXT: 1 sr FOV
– FXT: 1 degree FOV

• Rapid slew and alert downlink

Einstein-Probe  爱因斯坦探针



The dynamic X-ray sky: transients & variability
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Einstein-Probe  Science Payload

1950mm

Wide-field MPO 
lobster-eye X-ray 
telescope

Small satellite platform 
designed by MicroSat

Payload: a wide-field and narrow-field soft X-ray telescopes
Orbit: 600km, circular, 30° inclination, 97min period
Mass:  380 kg (payload 150kg)
Alerting: fast downlink via the VHF network or relay satellites
proposed launch: 2019/2020, Life time: 5 years

Probing BH and GW
--- two key predictions 
of Einstein’s GR

60°x60° ~ 1/12 whole sky



Wide-field and Narrow-field Instruments

Wide-field X-ray telescope (WXT)

Follow-up X-ray telescope (FXT)    

Micro-pore lobster-eye focusing optics
Gas detectors (base line)
FoV 60°x    60°(~1.1 sr)
FWHM ~ 4’
Bandpass: 0.5-4keV
Effective area ~4cm2 @1keV
à 40 × 40 cm focal plane

Micro-pore K-B/Wolter-I optics
Si (CCD) or gas detector
FoV 1°
Effective area ~60cm2 @1keV
FWHM ~ 4’
Bandpass: 0.5-4keV 

FXT 1°x1°

WXT 
60°x60°

WXT

FXT

FoV

WXT



Requirements for the focal pane 
detectors for EP/WXT

• Large Format
– 8 cm × 8 cm each, 36 modules in total

• No Cooling and no (very) High Voltage
• High Quantum Efficiency

– Good Low Energy Response 0.5 – 4 keV
• Moderate Position Resolution

– Angular resolution ~ 5 arcmin
• Moderate Energy Resolution
• 5 year lifetime



Choice of detection technologies

• Gas detectors
ü Cheap
ü Less complicated
ü Operating at room 

temperature
ü Aging not due to 

radiation damage
ü Efficient in 0.1-10 

keV

• Si detectors 
(CCD/PIN/SDD etc.)
– Expensive & complicated
– Require cooling
– Radiation damage (more 

cooling & weight needed)

• Micro-channel plates
– Low efficiency at high 

energies
– Poor energy resolution



Gas gain options



Image Readout Options
• Low gain (~500) + high density readout

– Single or double GEMs
– Moderate charge spread reqd. for centroiding
– Requires  high density feed-throughs
– 128 × 128 cross strips

• High gain (>1000) + centroiding readout
– Double or triple GEMs, or micromegas
– Charge spread via resistive layer or Image Charge (no feed-throughs)
– Readout options

• Capacitive division image readout (C-DIR)
• Vernier anode
• Delay line – needs fast electronics & timing

– All have a small number of readout channels/electronics



Tsinghua EP/WXT prototype 



• Gas mixture
– Xe + CO2 (double-GEM)
– Xe + CH4 (single-GEM)
– 1000 Torr (1.3 atm)
– 8mm absorption depth



• Window
– Ultrathin window developed by 

HS Foil
– 40nm Silicon nitride (Si3N4) + 

30nm Aluminum, supported by 
silicon grid

– Transmission 60% at 0.5 keV, 
~80% above 1 keV



• GEM Foil
– Laser etched GEMs delivered by 

SciEnergy
– LCP insulated, 140μm-pitch, 

70μm-hole, 100μm-thick



• Readout Plane
– Cross strips, 128 channels each side
– VA64TA1, ENC 40 + 12/pF e-

– Low outgassing flex feedthrough
−30°C – 120 °C



• Readout Plane
– Noise 100 e- rms, Gain: 500, pitch 800µm, 

E = 500 eV

σT = 1000μm

σT = 600μm



• Readout Plane
– LC delay lines
– 2 or 3 GEMs needed



Leicester Breadboard detector

• Produced at CERN by Rui de Oliveira
• Multiple GEM or Micromegas
• 10 × 10 cm2

• Testbed platform for
– Crossed strip
– Capacitive division
– Vernier Anode
– ALD modification



Crossed strip readout

• 70 × 70 mm2 detector req. 240 × 240 pixel2

• Optimal approach
– Centroiding a necessity – GEM signal already 550 µm  wide
– Use controlled charge spread to minimise channel number

• Resistive layer or Image Charge
– Lower channel number:

• lower risk feed-through, lower complexity electronics
– Image Charge has much greater benefits:

• provides well defined geomtric footprint 
• No need for feedthroughs

– Need to identify channel number/gain trade-off



Image Charge Technique

• Resistive layer localizes 
event charge

• Charge induced on readout 
through dielectric substrate

• Intrinsic & stable charge 
spreading by dielectric 
thickness

• NO ELECTRICAL FEED-
THROUGHS



Capacitive charge image readout (C-DIR)

• Requires Image Charge by default
• Simple PCB construction
• Very low noise à high speed/high resolution
• Excellent performance in small formats

low parasitic capacitance
• Large EP format + GEM or Micromegas

– High parasitic capacitance compromises 
• signal collection efficiency 
• position linearity

– Can be mitigated by using higher pattern capacitance 
• Compromises signal-to-noise and position resolution

• Capacitance matrix calculations from simulations show:
àC-DIR not suited to large (140 × 140 mm2) format devices

• Will now invesitigate possibilities for 70 × 70 mm2 format



Capacitive charge image readout (C-DIR)



Vernier Anode
• Geometric charge division using 9 

electrodes per pitch
• 3 groups of 3 sinusoidal electrodes
• 3 cyclic phase coordinates
• Cyclically varying electrodes allow 

– Determination of a coarse position 
using a Vernier type technique

– Spatial resolution greater than charge 
measurement accuracy

– The full unique range of the pattern 
can be utilized

• Flight heritage:UoL/MSSL J-PEX 
sounding rocket EUV spectrometer

• MCP detector with MCP pore size 
limited resolution



One pitch

Axis of constant phase
For triplet A

One triplet

Not to scale

Advantage conferred by 
cyclic electrode amplitude



Advantage conferred by 
cyclic electrode amplitude

In practice:
Resolution per 2π ≈ 2.6SNR

N.B. Spatially extended background 
events identified by smaller radius



X = A + B

Generation of event x, y coordinate 
from phase coordinates A,B,C

Y = B + C A + C - X/16 - Y/4A                           B                    C – A/16 – B/4



Vernier Anode noise simulations

• 140 × 140 mm2 format
– >640 pixel2 resolution at 500 eV and gain of 5000

• 70 × 70 mm2 format
– >320 pixel2 resolution at 500 eV and gain of 2500

• Resolution estimates using Amptek A250 
preamplifiers and 2 µs shaping

• Lower noise (×0.45) expected using 10 µs 
shaping time àallows further gain reduction



Summary
• Several readout options being investigated
• No ideal detector for EP/WXT

– MPGD most likely candidate given restrictions
• Key issues to be resolved

– Choice of readout technology - within 2-year Advanced 
Study Phase 

– Large-format ultrathin window
• Acoustic tests not done yet
• Micro-meteorite damage

– Sealing technology
• Control of outgassing
üApproaching a lifetime of 5-10 years thanks to the development of 

XTP and LAMP detectors (Tsinghua)


