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A multi-channel version of the multi foil thermal detector (MFTD) prototype has been developed and tested
at the FNL ion accelerator in Tohoku University, which uses an imaging bolometer as a thermal sensor and 2-
dimensional set of the foils with the different thicknesses as an energy discriminator for alphas. A Phoenix IR
camera from FLIR Systems had been used for monitoring the temperature profile variations under the ion beam
irradiation. The results obtained showed that the tested foils are applicable for the MFTD design.
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1. Introduction
A lost alphas diagnostic is one of the high priority

tasks for ITER which still has no satisfactory solution.
The multi-foil thermal detector proof of principle experi-
ment [1] has resulted in a series of experiments with the
multi-channel system utilizing the imaging infrared video
bolometer (IRVB) [2]. The foil stack of several foils of dif-
ferent thicknesses acts like an alphas particle energy dis-
criminator. Using the FNL device as the source of alpha
particles with predefined energies we have tested a num-
ber of foils of different thicknesses and alpha particle en-
ergies. Previously shown advantages of high temperature
operation regimes of an IRVB [3] were used to increase the
sensitivity.

Several successful campaigns of operation of imag-
ing bolometers at LHD and JT-60U devices give the confi-
dence in the applicability of thin metallic foils as parts of a
MFTD.

The latest orbit calculations also show a good chance
for MFTD to be used in a tokamak device like ITER.

2. Experiments Description
Two successful experiments were held at different

times in Tohoku University. In the first case we used a rect-
angular (6× 9 cm) 0.6µm Pt foil as a reradiating one black-
ened with the graphite and mounted in a copper frame. The
reradiating foil was heated up by four special vacuum com-
patible ceramic heaters up to 220◦C. Stopping foils were
mounted in a masked copper frame with 5 mm holes mak-
ing a 2-d set of foils with different thicknesses as an en-
ergy discriminator. Figure 1 shows the experiment layout
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Fig. 1 Experiment layout.

for both cases. In the second experiment we used a reradi-
ating foil masked by the same pattern copper frame as the
stopping foils were. That was used to decrease the thermal
diffusion from different spots on the foil.

3. First Experiment
Figure 2 shows the thicknesses map of the foil stack.

Totally 8 different thicknesses, namely 0.8, 1.5, 2, 2.3, 2.8,
3, 3.8, 4.5, 5.3µm, 3 different materials namely Al (0.8,
1.5 µm), Pt (2 µm) and Au (3 µm) were used. Energies
achieved at that time were 0.8, 0.9, 1, 1.1, 1.2, 1.3, 1.5,
1.7 and 1.9 MeV. Beam current for both experiments was
2 µA.

A very strong beam profile dependence on the ion en-
ergy had been discovered at the FNL which results in quite
remarkable difficulties for the quantitative analysis of the
data obtained. In order to minimize the effect of beam
power and profile variations, the beam was swept by the
electric magnets in 2 directions, thus providing relatively
uniform irradiation of the foils.

However the qualitative results were quite informa-
tive. Figure 3 shows the resulting signal intensity on the
reradiating foil irradiated by 0.8 and 1.2 MeV alphas.
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Fig. 2 Discriminating foils thicknesses map.

Fig. 3 Signal intensity for 0.8 (left) and 1.2 (right) MeV alphas.

Comparing with the thicknesses map picture we can
state that only clear and thin (0.8 and 1.5 µm) spots are
heated in case of 0.8 MeV. In the higher energy case
(1.2 MeV) some thicker spots like 2 and 2.3µm start to
warm up.

On the highest achieved energy of 1.9 MeV almost all
the spots are heated except the thickest having 5.3 µm of
aluminum and 3 µm of gold.

Also the thermal diffusion problem on the reradiating
foil was found. So, some low signal level spots were com-
pletely obscured by the high signal level peaks from clear
or thin spots.

4. Second Experiment
In order to minimize the thermal diffusion on the rera-

diating foil it was mounted in between copper masks iden-
tical to those holding the discriminating foils and tighten
with several little bolts to provide good thermal contact.

In the Fig. 4 is shown the thicknesses map for the dis-
criminating stacks.

In that case we have used 5 different thicknesses (0.8,
1.4, 1.5, 1.6, 2, 2.3 and 2.8µm) using the same materials as
in first experiment. Following alphas energies were used:
0.8, 0.9, 1.1, 1.4, 1.9, 2.2, 2.5 MeV. The beam sweeping
was not available for that experiment. In order to normalize
the profiling effect of the beam it was defocused to become
spread and data was acquired line by line horizontally. The
reradiating foil was heated up to 200◦C. The signal levels
for 0.9 MeV and 1.7 MeV alphas are shown in Fig. 5.

Fig. 4 Discriminating foil thicknesses map.

Fig. 5 Signal intensity for 0.9 (left) and 1.7 (right) MeV alphas.

Fig. 6 Signal level over ions energies.

Compared to the thicknesses map we can say that
qualitatively the overall picture doesn’t change. Clear or
thin spots heat up at lower energies and thicker spots heat
up at higher energies. The foil thicknesses were decreased
to use the energy range of the FNL accelerator more pre-
cisely.

Figure 6 shows the signal levels for different thick-
nesses over the ions energy. Because of the beam sweeping
was not possible for that experiment beam profiling effect
was very strong and resulted plot has many local peaks.
But general trend is absolutely clear.

5. Conclusion
The results obtained showed that the tested foils are

applicable for the MFTD design. The IR imaging bolome-
ter proved to be an efficient tool for monitoring of energetic
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light ion fluxes. But the absolute accuracy of the beam
power measurements was poor due to a number of uncer-
tainties related to the beam power profile and instability,
thermal diffusion and the temperature profile of the reradi-
ating foil. The channel separation using the copper mash
(second experiment) for the reradiating foil was efficient
to decrease the heat diffusion. The beam profile problem is
still the issue to be solved in future experiments. The high
sensitivity of the technique in addition to the possibility to
look at the absorbing side of the foil could provide a good

diagnostic tool for lost alphas without stopping foils, us-
ing the tokamak magnetic configuration as a discriminator
with proper collimation.
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