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Abstract: In this paper we present the design of a photon pre-amplifier based on a photo-cathode
coated Thick Gas Electron Multiplier (THGEM). Such device is crucial in application where a
weak light signal produced in a radiation detector must be amplified so that it can be carried to
a photo-detector by means of optical fibres. An example of a device where a light signal must
be amplified is a gamma-ray Cherenkov detector for fusion power measurements in magnetic
confinement devices. In such application the active part of the detector must be located very close
the plasma, typically in a harsh radiation environment where standard photodetectors cannot operate.
The photon pre-amplifier allows to increase the signal generated in the active part of the detector so
that it can be easily detected by the photodetector located outside the harsh environment. We present
the conceptual design of a THGEM based photon pre-amplifier supported by Garfield++ simulations.
The device working principle is the following: primary photons impinge on the photo-cathode
and extract electrons that are accelerated by the THGEM electric field. Upon collisions with the
accelerated electrons, the gas molecules in the pre-amplifier are brought to excited states and de-excite
emitting scintillation photons. Since each electron excites multiple gas molecules, the scintillation
photons outnumber the primary photons, leading to the amplification. In addition, we present the
first observation of measurements of Nitrogen gas scintillation in a THGEM device. We devised an
experimental setup consisting of a vacuum chamber containing a THGEM and an alpha particle
source. The vacuum chamber is filled with pure nitrogen and is coupled to a photomultiplier tube via
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a view-port to detect the scintillation photons generated in the THGEM. For sake of simplicity the
electrons that induce the scintillation are generated by the ionization track of an alpha particle rather
than by the THGEM photo-cathode coating. A good qualitative agreement between simulations and
experiment has been found, however no quantitative conclusions can be made due to the lack of N2

excitation cross sections in the Garfield++ code.

Keywords: Cherenkov detectors; Nuclear instruments and methods for hot plasma diagnostics;
Photon detectors for UV, visible and IR photons (gas)
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1 Introduction

A radiation hard photon pre-amplifier may be integrated in different radiation detection devices. For
example it is a crucial component of the 17 MeV gamma ray counter optimized to measure the fusion
power in a magnetically confined plasma described in [1]. The photon pre-amplifier described in this
work also acts as a wavelength shifter. It is composed of a CsI coated single THGEM (Thick Gas
Electron Multiplier) working in pure nitrogen gas. The working principle of the photon pre-amplifier
can be summarized in three steps:

• the primary photons extract electrons from a photo-cathode;

• the electrons are accelerated by an intense electric field and excite gas molecules on their paths;

• the gas molecules de-excite emitting secondary photons according to its excitation spectrum.

The gain 𝐺 of this element is defined as

𝐺 = 𝑁ph/𝑁𝑖 (1.1)

where 𝑁ph is the number of photon emerging from the pre-amplifier and 𝑁𝑖 is the number of primary
photons impinging on the pre-amplifier.

2 Thick Gas Electron Multiplier

The THGEM is a micro-pattern gas detector consisting of a 170 µm alumina slab coated on both
sides with 15 µm thick gold electrodes [2]. The slab is pierced with 200 µm holes in an hexagonal
pattern with pitch of 600 µm. In correspondence of the holes, an additional rim of 80 µm is etched
from the electrode to avoid the formation of sparks between the top and bottom of the THGEM. A
picture of the THGEM is shown in figure 1. When the conductors on the opposite faces of the foil
are biased with a DC voltage, 𝑉GEM, a very intense electric field is produced inside the holes [3].
Electrons that enter the holes are accelerated by the electric field and multiplied by ionizing collisions
with the gas molecules.

– 1 –
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Figure 1. Microscope picture of
the THGEM.

Figure 2. CAD drawing cross-section of the experimental setup.

Two additional fields are required when operating a standard THGEM: the drift field 𝐸𝑑 , and
the induction field 𝐸𝑖. The drift field guides the electrons created in the gas by ionizing radiation
towards the THGEM foil. The drift volume is the active volume of a THGEM detector, i.e. the
ionizing radiation that deposit charge in the region where the drift field is present are detected. The
induction field extracts the electron from the THGEM foil.

3 Experimental setup

We built an experimental setup consisting of a vacuum chamber containing a THGEM detector and
an alpha particle source. The scintillation light from the THGEM is measured by a Hamamatsu
R9420-100-10-mod PMT. The vacuum chamber is composed by an ISO-LF200 full nipple closed by
a flange at one end and a view-port at the other end. The flange has been machined to accommodate
the gas and HV feed-troughs, the support for the THGEM detector, and the alpha source. A
custom-made, light tight PMT holder was 3D-printed to hold the photomultiplier tube in place. A
CAD drawing cross-section of the experimental setup is shown in figure 2.

The vacuum chamber is pumped down to a pressure of 2 × 10−2 mbar before being fluxed with
atmospheric pressure nitrogen to minimize the impurity content in the setup.

In effect, the usage of the photocathode coating requires dedicated production and handling of
the THGEM as CsI is hygroscopic and its performances are degraded if exposed to humidity present
in ambient air. Moreover, the CsI coated THGEM would require a UV lamp to be inserted in the
vacuum chamber to emulate the Cherenkov photons impinging on the photocathode. For sake of
simplicity we decided to use an 241Am alpha source, rather than the photocatode coating, to generate
the primary electrons that induce N2 scintillation in the THGEM.

Figure 3 shows a schematic drawing of the THGEM detector used in the experimental setup.
Alpha particles ionize nitrogen molecules in the gas producing electrons that are drifted towards

the THGEM. Electrons are accelerated in the THGEM field where they induce the scintillation of
nitrogen molecules. The scintillation photons are detected by the PMT. Alpha particles are emitted

– 2 –
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Figure 3. Schematic drawing of the THGEM assembly. The
thin cyan arrows are electrons produced in the drift by the alpha
particle and the thin green arrows are the scintillation photons.
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Figure 4. Scintillation in the THGEM
recorded by the PMT.

by a 241Am source, commonly employed in smoke detectors, placed inside the vacuum chamber.
Alpha particles with energy of 5.486 MeV produced by the 241Am source deposit 𝐸dep ≃ 1.128 MeV
in the drift region, since the stopping power of nitrogen at atmospheric pressure is

d𝐸
d𝑥

= 0.94 MeV cm−1 (3.1)

The ionization energy of nitrogen is 𝑊𝑖 (N2) = 35 eV, so the number of primary electrons, 𝑛𝑝,
produced by the alpha particle in the drift region is

𝑛𝑝 =
𝐸dep

𝑊𝑖 (N2)
≈ 34 000 (3.2)

Assuming that each primary electron produces at least one scintillation photon that reaches the
PMT, we expect the light yield of the THGEM detector to be about the same as the one of a LaBr3

detecting 500 keV gamma-rays.1
The pulse width recorded by the PMT depends on the time needed by the electrons generated

in the drift to reach the THGEM, on the lifetime of the N2* state, and on the PMT time response.
Both the lifetime of the nitrogen excited states and the PMT response are of the order of the
nanosecond [5, 6].

The drift field used in the experiment were in the order of 2 kV cm−1; the electron drift velocity
for such fields in nitrogen, computed with the Magboltz code [7], is about 2 cm µs−1. Thus, the
signal length is dominated by the time needed for the electrons to cross the 11 mm long drift region
and is around 500 ns.

Figure 4 shows a timetrace of the light emitted by the THGEM. The jagged profile of the
waveform is due to the formation of electron clusters in the drift [8]. The electrons created in a
cluster reach the THGEM at the same time, generating a strong scintillation light pulse. This feature
indicates that the signals are generated by the alpha interacting in the drift indeed.

A series of measurements varying the THGEM bias voltage in the range 1 kV to 1.330 kV while
keeping the drift and induction fields constant at 3 kV cm−1 and 2 kV cm−1 has been carried out to

1The light yield of LaBr3 scintillator is 63 photons/keV so 540 keV gamma-rays produce 34 000 photons in the
scintillator [4].

– 3 –
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Figure 5. Pulse Width Spectrum for the THGEM biased at 1320 V (blue) and 1320 V (red). The dash-dotted
lines are the mean value of the waveform integral histogram and are not representative of the full charge
deposition in the drift volume. The dashed lines indicate the point where the histogram drops below 1/4 of the
maximum value of the histogram, this point has been used to compute the gain as it is representative of the
full charge deposition in the drift volume.

investigate the dependence of the number of photons produced in the THGEM on the applied voltage.
Since the energy deposited in the drift by the alpha particles is widespread, the gain is defined as the
point where the signal drops to 1/4 of the maximum of the Gaussian fit of the waveform integral
histogram (see figure 5), this ensures that the maximum energy deposit is always taken into account
when computing the gain.

4 Garfield++ simulation

The THGEM geometry was implemented in a Garfield++ simulation to simulate the photon gain of
the pre-amplifier. The geometry of the simulation is depicted in figure 6. During the simulation,
100 000 primary electrons are created at the top of a THGEM hole, transported in the THGEM hole
where they undergo collisions with the nitrogen molecules. Each time an inelastic, non-ionizing
collision of the electron is recorded, a photon is simulated in a random direction. Garfield++ does
not include the de-excitation cross-sections for nitrogen, so the simulation assumes that a photon is
generated each time an inelastic collision happens. The number of photons reaching the window
below the GEM is saved. The photon gain is calculated as the ratio between the number of photons
reaching the window and the primary electrons in the simulation.

5 Results and outlook

The results of the measured and simulated THGEM bias voltage scan are compared in figure 7. With
the current setup we cannot evaluate the absolute number of photons detected by the PMT. To be
able to compare the simulation and measured gain we defined the relative gain as the ration between
the gain obtained at voltage 𝑉 and the gain obtained at 1 kV

𝐺𝑟 =
𝐺 (𝑉)

𝐺 (1000 V) (5.1)

The simulation qualitatively matches the experimental results, however no quantitative conclusions
can be made due to the lack of the nitrogen photon emission cross-sections in Garfield++. Nonetheless,

– 4 –
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Figure 6. Garfield++ THGEM simulation.
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Figure 7. Experimental and simulated realtive gain.

we observed nitrogen scintillation in a THGEM for the first time, demonstrating the basic working
principle of the photon pre-amplifier.

We plan to modify the experimental setup to repeat the THGEM bias voltage scan in nitrogen
at up to 2 bar, to investigate the gain dependence on the density of gas molecules that could
allow higher THGEM bias voltage. Moreover, we plan to repeat the experiment using a CsI
coated THGEM. To match the experimental results quantitatively we plan to include the nitrogen
scintillation cross-sections in Garfield++.
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