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 The developed high resolution scanner
(„Leopard”) using focused UV light gave the 
possibility to study single photoelectron (PE)
response of MPGDs on the sub-millimeter 
scale [1]. 

 This technology reveals the microstructure of 
photo-efficiency and local gain to 
quantitatively compare different GEM 
geometries and thus provides a powerful 
tool for GEM quality control.

1. Introduction
 For each point of a scan the photoelectron (PE) yield and the gain can be 

calculated from the single PE spectra. The results are visualized as a map of 
the measured quantity. The details of the analysis steps e.g. fits, approximation 
methods, limitations, hole-level quantities, etc. are published in [5].

 Both the PE yield and the gain map fluctuate from hole to hole. The gain 
appears constant around each hole [1] the gain depends more on the hole 
geometry and less on the position where the electron enters. 

2. The Leopard scanner

 The single photoelectron (PE) spectra provides valuable information on the 
avalanche formation in GEM detectors.

3. Single photoelectron response

 Various defects can 
arise from 
production of the 
micropatter 
geometry. The 
Leopard system 
offers a possibility to 
measure the effect 
of these defects on 
the microscopic 
scale.

5. GEM defect scan

 The detector chamber, called TCPD [2] consists of a single layer MPGD (eg. GEM, 
TGEM) and an asymmetric MWPC (CCC) for postamplification stage. 

 240 nm UV light source is focused to 30 µm diameter spot onto the GEM surface.
 The emitted single photoelectron gets amplified in the MPGD and the post-

amplification layers. The PE spectra is measured in every pixel of a 2D region with 
a RaspberryPi based DAQ system [3].

 Microscope camera has been used for fast optical checking and calibration.
 For UV source a pulsed LED or a continuous deuterium lamp can be used, the 

latter has higher intensity but also has a systematic uncertainty via the self-trigger 
mode.

 Our small-scale prototype chamber can host GEMs and ThickGEMs up to the 
standard 10x10 cm2 for R&D and small-size projects.

 In the large-scale prototype chamber, with the active area of 90x48 cm2, eg. the 
GEMs from ALICE GEM TPC and TGEMs from COMPASS RICH Hybrid could be 
measured.

4. (T)GEM results
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Cu GEM gain measurement with four hole diameter segmentation. Different behaviour can be seen on 

different type of geometries. More detaild studies about edge-effect expected in the future.

A gold-plated ThickGEM corner scan. The holes can be identified and the gain is constant 

around each hole.

A gold-plated GEM scan. (up) PE yield map 

(down) the gain map. Holes are clearly separated.

(left) Photo of the large scale prototype in operation with a TGEM from COMPASS RICH Hybrid.

(right) Small-scale prototype containing a standard 10x10cm2 GEM.

(left) Photo of the optical system (right) and the main electronics components.

A measurement histogram with the Gaussian noise 

and the close-to-exponential photoelectron signal.

Example measurement around a large over-etching defect on a standard 

GEM foil; showing the microsope photo, the PE yield map, and gain map.
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The Leopard scanner can 
be used effectively from 
the scale of ThickGEMs 
down to the scale of 
standard GEM as well.

This system could be used 
for detailed studies of 
MPGDs, e.g. geometry 
optimization, simulation 
verification etc.

High resolution gain map 
allows us to measure 
edge effect which is 
caused by the electric 
field inhomogeneity.

Using single PE the GEM gain and PE
detection efficiency is clearly separated
[1].

 In each point several thousands of events 
are recorded (~1% PE), where from the 
spectrum, the PE yield and the gas gain 
can be measured.

The distribution has an exponentially 
decaying tail but the working gas has an 
influence on the spectrum via suppression 
of the low amplitude responses [4].

Summary
 The „Leopard” high resolution gain scanner is a powerful tool for comparison of MPGD geometries, GEM 

quality control or study local effects.
 The basis of operation is single photoelectron (PE) emission from the GEM surface by a 30 µm spot UV 

light. The close-to-exponential PE spectra is measured and PE yield and gain is calculated in every pixel of 
a 2D region with a RaspberryPi based DAQ system. The results are visualized as a map of the measured 
quantity.

 ThickGEM and GEM scans demonstrated that holes are identifiable and gain is constant around each 
hole.

 Example high resolution gain maps were showed edge effect and effect of a local production defect.
 The Leopard system is usable for large area MPGDs as well, thus it can enhance the quality control of 

mass production. 

Schematic of the main components
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