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Abstract 
The SPIRAL2 project is based on a multi-beam driver 

facility in order to allow both ISOL and low-energy in-
flight techniques to produce intense radioactive ion beams 
(RIB) in a new Facility. A superconducting linac capable 
of accelerating 5-mA deuterons up to 40 MeV is used to 
bombard both thick and thin targets. These primary beams 
will be used for the RIB production by several reaction 
mechanisms (fusion, fission, etc.) The production of high 
intensity RIB will be based on fission of uranium target 
induced by neutrons. 

These exotic particles will be produced, ionized, 
selected in a dedicated production building and 
transported to the existing CIME cyclotron for post 
acceleration. After this, they will be used in the present 
experimental area of GANIL. The construction phase of 
SPIRAL2 was officially started in 2005. 

The beam diagnostics for the production facility allow 
a pre-tuning with a stable beam followed by an 
extrapolation to the radioactive beam. Some diagnostic 
devices may also provide for equipment protections and 
for the safety systems. 

An overview is presented of the diagnostics which will 
allow tuning and control of the RIB in this new 
production facility. 

SPIRAL2 RNB FACILITY  
 

Figure 1: RNB general scheme. 
 

The RNB facility will produce, from a high intensity 
primary beam, radioactive ion beam in a red radiological 
cave. The production of high intensity RIB will be based 
on fission of uranium target induced by neutrons. The 
mono-charged secondary beams will be selected in the 1+ 
beam line, used for low energy experiment or multi 
ionized to be post accelerated in the existing Ganil. 

TUNING  AND CONTROL METHODS 
The tuning principle of the SPIRAL2 beams consists of 

pre-tuning with a stable beam followed by an 
extrapolation to the radioactive beam. 

 

Figure 2: Stable beam tuning and R.I.B. tuning. 

PRELIMINARY TUNING IN STABLE 
BEAM 

Beam Intensity Measurement 
Measurement of the beam intensity in the lines is based 

on the use of Faraday cups (Fig. 3) and a linear current to 
voltage converter. Their measurement dynamics extends 
from 109 pps up to Imax (P<50W) with an absolute 
accuracy of a few percent. 

Figure 3: Faraday cup. 

Beam Profile and Position Measurement 
The measurement of the beam transverse profile in the 

lines is carried out by secondary emission multiwire 
profilers (Fig. 4). The principle is based on electron 
emission under the impact of the beam on wires. The 
range measurement is 109 pps – 1013 pps for energy from 
some keV to 25 MeV/A and the absolute positional 
accuracy is better than 1 mm. 

It gives transverse profile dimensions and the gravity 
centre of the beam along a horizontal and vertical axis. 
This information will be distributed via electronic 
processing according to Ethernet or MODBUS protocol 
with the Spiral2 Command-Control. 
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Figure 4: Secondary emission multiwire monitor, 
principle and picture. 
 

For Spiral2 facilities, electronics components will be 
far away from the sensor to be protected from the 
radiation. Studies will therefore have to be conducted on a 
new electronic device with a length of approximately 
20 m of cables (Fig. 5). 

 
Figure 5: Spiral2 profiler acquisition principle. 

RADIOACTIVE ION BEAM TUNING 

Low Beam Intensity Measurement 
Electrical Measurement. The intensity measurement 

will have to be carried out using a Faraday cup with 
logarithmic current/voltage converter, like that used on 
the SPIRAL1 facility. Their measurement dynamics 
extend from some 107 to 1014 pps. This Faraday cup has 
electric shielding to measure weak beam intensity over a 
large dynamic range. 

 

Figure 6: Faraday Cup views and logarithmic converter 
for low beam intensity.  

Beam Radiation Measurement. In the case of “routine 
intensity measurement” in beam lines, it will be possible 
to use devices containing implantation foil and 
semiconductors to measure the beam radioactivity 
(gamma radiation) and control the transmission in the 
beam line.  

 
Figure 7: CdTe detector. 

These interesting devices are under development at 
Ganil (resolution: 0.8 % FWHM at 662 keV). 

Beam Profile Measurement 

Secondary Emission Foil Profiler. Profilers with 
emissive foil and micro-channel plates will also allow 
measurement of the transverse profile after CIME, with 
no lower energy limit. This is a low intensity beam 
profile monitor. The principle is a collection of the 
secondary electrons in a drift space which are amplified 
with an MCP stage and collected on an x-y grid for a 
required resolution of 1 mm. They are currently under 
development at GANIL (Fig. 8). 

 

 
Figure 8: Secondary emission foil profiler: principle and 
view. 

The last Ganil tests results show good performance 
with high energy beam (5 Mev/A) with a wide range of 
intensities (10 to 1011 pps). The tests will also have to 
show that this device can measure with a low energy 
beam in the 1+ and n+ lines of Spiral2 (E < 10 keV/A). 
Consequently, the configuration of the electric and 
magnetic fields will have to be extensively optimised to 
ensure correct guidance of the detected electrons. 

Very Low Intensity and Low Energy Profiler. To 
control the radioactive beam in the low energy line of 
Spiral2, beam localisation and beam quantification should 
be carried out.  When there is no stable beam pollution, 
beam detection with electric charge measurement is 
possible. One solution with weak beam energy would 
consist in direct interaction of the beam with a micro-
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channel plate without emissive foil. This development 
will start in 2010. 

Secondary Emission Multiwire Profiler with Gas 
Circulation for Post Accelerated Beam. Transverse 
beam profile measurement in the lines after existing 
CIME cycloton will be carried out, in most cases, by 
profilers with gas circulation. The principle is like a gas 
ionisation chamber. The low limit for this profiler is due 
to the thickness of the input window. This sensor is under 
development and the results are very good: Résolution 
better than 1mm for 102 to 106pps with a gas pressure of 
10mbar of C4H10 or C3F8 and with an input window 
thickness of 6um of Mylar. 

 
 

 

Figure 9: Gas Profiler: view and principle. 

DIAGNOSTIC FOR RADIOLOGICAL 
DOSE CONTROL BY BEAM INTENSITY 

MEASUREMENT 
Beam intensity measurement by electric charge 

measurement is a possibility which has been studied. If 
the pollution by a stable beam is not too high, it would be 
interesting to use electric charge measurement to take a 
flow measurement on line, thereby limiting the activity 
downstream. For this, three solutions are studied. 

Beam Current Transformer 
It is designed for non-destructive measurement. 
The coil transformer only measures magnetic field 

variations so beam modulation is necessary. Since the 
best measurement resolutions at GANIL for these sensors 
are of the order of nAe (≈1010 pps), an absolute threshold 
under all conditions lower than ≈1011 pps cannot be 
guaranteed. 

Pick-Up  
For this measurement, beam modulation is necessary 

too. The best measurement resolutions for these sensors at 
low energy (20 keV) are of the order of 10nAe (≈1011 
pps), an absolute threshold under all conditions lower 
than ≈1012 pps cannot be guaranteed. 

 

 
Figure 10: Views of the GANIL pick-up. 

Faraday Cup Associated With a Fast Electro-
static Deflector 

In order to provide users with a beam which is as 
continuous as possible, a device equipped with an 
electrostatic deflector in front of a low intensity Faraday 
cup which integrates the average intensity could be 
installed. This electrostatic deflector could deflect, for 
example, at a frequency of 1 kHz, with a useful ratio for 
measurement of 5 %, leaving 95 % of the continuous 
beam for the users (Fig. 11).  

Figure 11: Faraday cup associated with a fast electrostatic 
deflector. 

In this case, a Faraday cup resolution of 2 pAe, by 
guaranteeing the "deflector" function, provides an indirect 
resolution of 36 pAe on the beam users. This device could 
control and guaranty in all circumstances a user beam 
threshold of about 360 pAe (2*109 pps). It is sufficient. 

CONCLUSION 
The feedback of the Ganil and Spiral1 operation is a 

major factor contributing to optimum design of the 
Spiral2 facility and definition of the beam tuning 
methods. The beam diagnostic definition benefits from 
this feedback. Some Spiral1 diagnostics will be reused; 
others are in development.  

However all diagnostics will have to answer:  
• new and strong nuclear environment requirements 

(remote handling, simplicity, robustness, reliability), 
• requirement for behaviour at high vacuum (low 

degassing rate at a pressure of 10-8 mbar in order to 
limit the beam losses in the n+ line). 
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