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ANL Magnetic Field Test Facility

(left) Self-designed test stand with the capability of testing MCP-PMTs up to 20 x 20 cm2

(right) Picture of MCP-PMT magnetic field test setup at ANL in building 366. 

• A transporter with the capability of testing MCP-PMTs up to 20 cm x 20 cm 

• All components are made of non-magnetic materials

• Electrically controlled router

First test experiment was done: High voltage, magnetic field strength and 
angle dependences were all tested. 



Performance of 6x6 cm2 MCP-PMT in magnetic field

Internal resistor chain design
Gain drops quickly 
0< B < 0.15 T

Individual biased design
B field tolerance
0< B < 0.8 T

Burl 25um pore size MCP-PMT
B field tolerance
0< B < 1.0 T 

• Obvious improvement from internal resistor chain design to individual biased 

design, optimization of biased voltages for both MCP is important

• Comparable performance of LAPPD (Not optimized yet) to Burl tube in B field 

A. Lehmann NIMA 595 (2008) 173–176



Standard MCP-PMT design exhibit magnetic field tolerance up to 0.8 T at 0o test angle.

The MCP-PMT performance in magnetic field is clearly angle related, due to the 8o MCP 
bias angle, the highest gain is obtained around 8o. Notice the two peaks around -8o and 
8o, indicating the effect of upper and lower MCP angles are different. Simulation is 
necessary to explain the different effect.
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LAPPD for EIC PID detectors

A program proposed for EIC-LAPPD development
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ANL MCP-PMT with LAPPD design
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▪ 20 μm pores, L/D = 60, MCP thickness 1.2mm, 
8-degree bias angle

▪ Gain as high as 7X107

▪ Time resolution overall ~35 ps, TTS <20 ps

▪ Laser start time jitter: laser ~30ps

▪ Rate capability: > 75KHz/cm2

▪ B field tolerance: 0.8 T without optimization

Overall time resolution Rate capability

𝝈𝑰.𝑹.𝑭.
𝟐 ~ 𝝈.𝑻𝑴𝑪𝑷

𝟐+ 𝝈.𝑻𝒍𝒂𝒔𝒆𝒓
𝟐

75KHz/cm2

B field tolerance



Incom Inc. 20 x 20cm2 LAPPD production 

➢ Incom Inc. has successfully manufactured several sealed LAPPDs
▪ QE over 30% at 8x8 inch2 area
▪ Gain ~ 107 at 1000V/plate
▪ Dark count rate: 1ct/s/cm2

➢ LAPPD is expected to be a low cost option 
when compare to competitive technology



DOE-NP proposal calls for optimization of LAPPD

Low cost large area Multi-channel Plate (MCP) type detector (LAPPD)
high spatial resolution: pixelated readout optimization (under developing)
high rate capability: 75 kHz/cm2 (good, tested at Fermi)
radiation tolerance: need to test, ANL can complete in FY18 with Si radiation test together 
magnetic field tolerance: up to 1.5 T, currently 0.8 T for LAPPD (critical for EIC application) 
timing resolution of < 10 ps: currently 20ps, for EIC PID 10 ps is not mandatory 
accompanying readout system: Electronics developed in LAPPD project

https://science.energy.gov/~/media/sbir/pdf/TechnicalTopics/FY2018_Phase_1_Release_1_Topics.pdf

https://science.energy.gov/~/media/sbir/pdf/TechnicalTopics/FY2018_Phase_1_Release_1_Topics.pdf


➢ LAPPD is a very promising sensor (maybe the only) candidate for proposed EIC PID 
detectors: price, performance

➢ Cost and technical performance, including high speed, spatial resolution, pixelated 
readout and high B tolerance are the driving forces for optimization of LAPPD

➢ EIC timeline requires mass production of optimized LAPPD in 7 years (construction 
starts ~2025), needs quick action

EIC dRICH Detector cost estimation

SiPMs have a high dark current rate per area, and also get noisier when they get 
radiation damage. Other reasons for MCP-PMT other than SiPMs?

132 LAPPD would provide equivalent 
area coverage as 1920 MCP-PMTs



Effort for pixelated readout - capacitive coupling 

➢ Various applications require pixelated readout
➢ Signal pickup via capacitive coupling is demonstrated using NiCr anode and ceramic base
➢ Incom was awarded a 1M two year Phase II SBIR for the pixelated readout design (DOE-

NP is serious about optimization of LAPPD for EIC applications)

Credit: Andrey Elagin & Michael Foley



Propose a SBIR/STTR program to address B field tolerance

A program well aligned with ANL interest and Incom development plan:
- Scale up of 6 micron (or 10 micron) MCPs to 8’’X8’’ 
- Redesign of tiles to eliminate magnetic materials
- Optimization of spacing between photocathode – MCPs – Anode
- Simulation packages, etc.
- Other ideas? ...

Suggestions, comments, and feedback…

Technical hurdles to achieve B field tolerance are challenging but achievable: Large Area 
Small Pore (6 micron) MCPs,  and spacing optimization

A. Lehmann NIMA 595 (2008) 173–176



Back up



Planacon price quote

5cm x 5cm area, 10 μm pore, 8X8 array

5cm x 5cm area, 10 μm pore, 32X32 array

5cm x 5cm area, 25 μm pore, 32X32 array

5cm x 5cm area, 25 μm pore, 8X8 array


