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Abstract
The LIPAc accelerator will be a linear CW deuteron accel-

erator capable of delivering a 9 MeV, 125 mA beam which
aims to validate the technology that will be used in the fu-
ture high power accelerator-driven neutron source, IFMIF. In
summer 2017 a campaign of measurements was done during
the injector commissioning, in which a Fluorescence Profile
Monitor based on an Intensified CID camera (ICID) was
used to measure the beam transverse profile at the extraction
of the ion source. In this contribution we review the design
of the ICID, its performance and discuss the measurements
carried out. The performance of ICID monitors for its use
in future accelerators will be assessed.

INTRODUCTION
During the installation and comissioning of LIPAc [1] it

was decided to test the performance of an Intensified Charge
Injection Device camera in the measurement of the trans-
verse beam profile, substituting the Fluorescence Profile
Monitors that were previously installed (normal CID cam-
eras). The main objectives of this measurement campaign,
apart from testing the ICID, was the characterization of the
extracted beam on the injector [2] most basic configuration,
just after the accelerating column, in order to compare the
measurements with the results obtained by the simulations.
The assessment of the simulated beam is a crucial step for
the success of the next commissioning step of the accelerator.
In this short campaign of experiments the only component
downstream the source were a diagnostic chamber which
includes an emittance metter, the FPM, the Doppler Spec-
trometer and the Beam Dump.

FLUORESCENCE PROFILE MONITORS
When the charged particle beam travels along the vacuum

of the beam pipe it interacts with the atoms and molecules of
the low pressure residual gas that have not been pumped out.
As a result of the electromagnetic interaction, some of the
gas particles end up in an electronic excited state, and return
to the ground state emitting photons. The number of emitted
photons per unit time is proportional to the gas density and
the beam current density, therefore by guiding the emitted
photons into a detector we can obtain the transverse beam
∗ Work partially supported by the Spanish Ministry of Science and Innova-
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profile. This fluorescence emission process has a very low
cross section, typically two orders of magnitude lower than
ionization processes, thus it is only used with high current
beams.

The measurements of the vertical transverse profile were
done using an Intensified CID Camera [3], seen in Fig. 1.
This not a monolithic device, but an assembly of different
parts. The front end is a 25 mm fixed focal length with
variable aperture, which forms the image in the front plate
of the intensifier. The intensifier itself is based on a Micro
Channel Plate model BV 2581 BX-V 100 N from Proxitronic
(now Proxivision) [4] with a P46 phosphor screen where the
intensified image of the beam is formed. A relay lens forms
the image onto the final detector, a CID camera 8726DX6
from Thermo Scientific [5] (now Thermo Fisher Scientific).
The detector main characteristics are enumerated in Table 1.

Table 1: ICID Characteristics

MCP Type V-stack
Photocathode Bialkali (K2SbCs)
Phosphor screen P46
MCP max. gain 106

Detector sensor size (pixels) 726 x 575
Pixel size 17.3 x 17.3 µm
Calibration constant 0.32 mm/pixel

Figure 1: ICID assembly.

The image acquisition is done by capturing the analog
output of the camera electronic box with a National In-
struments [6] video acquisition card, which is controlled
with LabView. The Labview program, created by B. Bol-
zon (CEA), has many features, including background sub-
straction, automatic profile fitting and average over multiple
frames. The data post processing was done at CIEMAT with
a python script that includes multiple Region Of Interest se-
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lection, automatic profile fitting and automatization routines
for data processing.

The whole system was synchronized with the LIPAc tim-
ing system. The timing board was designed and built at
CIEMAT and is based around a microcontroller with an
auxiliary interface board to protect the inputs and generate
the required 5V TTL (50 Ohm) signal for the MCP elec-
tronics. The microcontroller generates both the gain analog
DC signal and the train of pulses with variable period and
duty cycle in order to synchronize the gating with the beam
arrival.

The other non-interceptive, fluorescence based diagnostic
that was installed was a spectrometer [7], which is mainly
used to measure the fraction species of the beam, although
it is also capable of measuring the beam profile. The appara-
tus is located at the RF bay, separated from the accelerator,
therefore the need of a system to guide the light from the
beam. In this case a image fiber was selected. The spectrom-
eter is a iHR320 from Horiba Scientific with a cooled CCD
camera. The combination of difraction grating and detector
yield a resolution of 0.032 nm. The spectrometer and de-
tector were controlled using a PC with Horiba’s propietary
software, and the spectral data processing was done using
python. In order to separate the lines with Doppler shift the
spectrometer is located at an angle of 20º with respect to the
beam direction in the horizontal plane.

OPERATION AND MEASUREMENTS
During operation both devices performed extremely well.

The light yield of the residual gas was more than enough
to be detected with our ICID without getting close even to
the maximum gain and using short integration times. A raw
image acquired can be seen in Fig. 2 Due to the proximity to
the plasma chamber, the background was measured with the
plasma ignited but without beam extracted. One of the main
noise sources was the reflection on the chamber walls, which
were not darkened in order to minimize the reflection of stray
light. Nevertheless, a dark coating would be of little interest
in that particular vacuum chamber due to the presence of the
emittance scanner [8], which is an Allyson type scanner with
tungsten plates facing the beam. Although tungsten is known
to be resistant to sputtering, the continuous bombardment
with 100 keV ions scrap material and deposit it all around
the chamber, making a mirror like deposition that has a very
high reflectivity, and even affecting the CF100 viewport
where the FPM was installed, requiring a cleaning of the
glass to remove the deposited tungsten. In order to minimize
the noise associated with the measurement an inherent to
the ICID operation, we took multiple pictures of the beam
and average them to obtain the final profiles that we proceed
to analyze after the measurement campaign.

Due to the minimal injector configuration, with the diag-
nostics chamber installed after the accelerating column, only
a few parameters of the source could be tuned. In order to
compare with the simulations we focused on the variation of
the profile with respect to the beam current, the intermediate

Figure 2: Raw profile acquired by the ICID camera (rotated).

electrode voltage and the repeller electrode voltage. The
total accelerating voltage was always kept at 100 keV.

Intermediate Electrode Voltage Variation
The first focusing of the beam just after the extraction from

the plasma is done by the Intermediate electrode. During our
measurements we chose to vary it from 14 kV to 40 kV, with
our range limited by sparks. In Fig. 3 six different profiles are
shown at two different currents (total beam current including
heavier species). The overall effect in the measured profile
of the variation of the electrode voltage is a change in the
beam width. However, we observed that the gravity centre
of the distribution is slightly shifted at higher voltages.

Figure 3: Beam profile at different intermediate electrode
voltages (kV) for 115 mA (top) and 156 mA (bottom) of
total extracted current.

Beam Current Variation
LIPAc’s nominal beam current is 125 mA, however, in

order to compensate the losses in the scrapers, along the
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accelerator and the presence of other species (D+2 and D+3 ), a
total beam current higher than 125 mA is needed. Although
the total extracted current is very dependent on the plasma
parameters, during this scan we choose to kept the gas flow
constant and increase the RF power in order to obtain higher
currents. In Fig. 4 the effect of increasing the beam current
at two different intermediate electrode voltages is shown.
The effect of the higher space charge due to higher current is
clearly seen in the profiles, and also the flattening of the beam
peak. In order to emphasyze the comparison the profiles
were normalized to the unity and their offset substracted, as
the increase in the beam current yielded more signal but also
an increased background.

Figure 4: Beam profile at different beam currents (mA).

Repeller Electrode Voltage Variation
The function of the repeller electrode is to avoid the en-

trance of accelerated electrons generated outside the accel-
erating column. In our measurements we found that, during
the scan, a voltage lower than a certain threshold makes
the beam unstable and the beam profile appears heavily dis-
torted, with a greatly increased spark rate that disrupt the
beam profile due to the falling voltages, thus making impos-
sible the measurement of a correct profile. Another effect of
the sparks that we noticed was the noise injection into the
ICID electronics, both the MCP electronics and the image
acquisition system, with a few episodes of heavy failure that
required to reset the electronics. Fortunately, no permanent
damage or loss of sensibility was observed.

Krypton Gas Injection
In order to increase the space charge compensation with-

out increasing the beam losses and the charge exchange
neutralization, a small flow of Krypton gas is injected into
the ion source. The emittance decrease was observed as it
was expected, and a reduction on the beam current ripple
was observed at low flow. The effect of the additional gas
injection on the profile width was negligible, however the
S/N ratio of the image is greatly increased, although the
floor level is a little bit increased, as seen in Fig. 5, where
the MCP gain voltage and gating signal has been kept con-
stant to see the effect of the increased gas pressure due to Kr.
Further data analysis from the aquired profile and the spec-
troscopic measurements confirmed the linear dependence of
the emitted light with respect to the gas pressure.

Figure 5: Beam profile with different Krypton flow injected
(sccm).

During the Krypton injection some spectroscopic mea-
surements where performed in order to compare the relative
intensity between them, and their behaviour with respect to
the ion source parameters. In all the cases the line inten-
sity was found to be linear with respect to the beam current
and gas pressure, and no dependence on the intermediate
electrode or repeller electrode was found. However, dur-
ing the classification and study of the different lines we
could identify and separate the contribution of the 743.58
nm line [9]. The line is quite special compared with the rest
as it comes from a transition involving spin flip, requiring
the presence of an external electron, therefore single ions
such as the Deuteron from the source are not able to excite
the transition. This opens up the possibility to use a narrow
wavelength filter in front of the spectrometer in order to
isolate the transition, see directly (using the spectrograph
mode) the contribution of the line to the profile, and then
relate it to the electron density inside the beam.

CONCLUSION
Transverse profile measurements of a 100 keV Deuteron

beam have been done and the profile dependence on the ion
source parameters have been studied. The performance of
the Intensified CID monitor at low energies and high currents
has been validated with satisfactory results. Spectroscopic
measurements were in accordance with the theory, and the
presence of a Krypton line with spin flip opens up the possi-
bility of a direct electron density measurements, which will
be studied in the future.
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