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Abstract

The Ionization Profile Monitor (IPM) based on the resid-
ual gas molecule is designed and fabricated for high power
proton beam accelerator China Accelerator Driven
Subcritical system injector I. The method of calculating the
intensity of ionization signal is explored. The device uses
the electric field generated by electrode to guide the ions,
using Microchannel plates (MCP) to amplify ionization
signals. A screen and a camera is used to detect the output
electrons of the MCP, which present the distribution of the
beam. The electric field distribution is optimized by CST
ELECTROMAGNETIC STUDIO calculation. The IPM is
installed on the ADS injector I and tested by beam. It
measures the proton profile successfully during the CW
commission. The experiment results agree well with the
theoretical value which proves that the equipment can be
used for CADS main linac in future.

INTRODUCTION

The Ionization Profile Monitor (IPM), also known as Re-
sidual Gas Monitor (RGM)), is one of the most popular non-
destructive profile detection device, mainly used for the
machine which the beam size is in the range from mm to
cm. High intensity and high power hadron accelerators
usually implies the usage of non-destructive methods[1].
For the high power beam, the interception materials such
as the phosphor screen [2], the wire target [3], the second-
ary electron grid may be damaged by the beam. Laser scan-
ning [4], electron beam scanning [5] and residual gas de-
tectors will not have this problem. There are a lot of IPM
research experience in different lab, such as FNL [6, 7],
KEK [8, 9], BNL [10], and CERN [11]. Several IPM sys-
tems have been installed and several workshops focus on
this topic have been held in GSI [12, 13, and 14].

With the development of China high-power proton ac-
celerator, there is a growing demand for non-destructive
profile detection, such as Chinese Spallation Neutron
Sources (CSNS) and Accelerator Driven Subcritical sys-
tems (ADS). There are several wires have been destroyed
by beam both in CSNS and ADS. Two non-invasive beam
profile measurement methods were developed including
the electron scanner and IPM on ADS Injector I. The
Fig.1 (a) shows the layout of the injector and the locations
of both electron scanner and IPM. The Fig.1 (b) shows the
RMS beam size from the exit of the ion source to the dump,
the blue curve is the horizontal size and the red curve is
vertical size. As shown in Fig. 1 (b), the theoretical beam
size at the IPM location is 15 mm X Smm.
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The most important parameters that affects [IPM systems
is the ionization yield, which is how much electron-ion
pairs are generated per second. It is determined by the
beam parameters and the vacuum parameters, including the
pressure and the composition of the residual gas. The Be-
the-Bloch formula describes the energy loss caused by the
collision between the beam and residual gas which is re-
lated to the energy of the beam. The total ionization num-
ber N can be expressed as: N=AE/I,, where the AE is the
total energy loss in the gas volume, and I is the average
energy required to produce an electron-ion pair, also
known as ionization energy, usually is about 20~30 eV. Ac-

cording Np =(=dE/dx)- 110/ 1o , for the ADS

beam, Leuren=10 mA, assume that the residual gas is H, and
the pressure is 1x107 Pa, the detector longitudinal length
[=3cm, lo=33 eV, the Np is 3.86 x 107 pps for CW beam.

EXPERIMENT

The experiment set up is shown as Fig. 2. The device is
working in ion collection mode. In order to produce a guild
field of 1 kV/cm, 24 kV is applied to the upper and lower
oxygen-free copper electrodes, respectively.

Table 1: IPM Design Parameters for ADS Injector I

Parameters Value
Electric field (V/m) 103
Distance of two plates (cm) 8
Size of MCP (mm) 75
Size of EGA (mm) D70
Detector P43 +CCD
Work mode Tons
Magnetic field 0
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Figure 2: (a) Schematic of ion collection by E-field IPM (b)

potential distribution MAP of IPM different components (c)

picture of Oxygen-free copper electrodes and MCP.
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[a)
E The distance of the two electrodes is 8 cm. The potential
g of other components is shown in Fig. 2 (b). The MCP is a
< . . ; .
Z two-stage V type with a nominal gain of 10, the potential
g difference between the output and input of the MCP is 2 kV
 as shown in Fig. 2 (b). The potential difference between the
° MCP out and the anode phosphor screen is 3 kV which to
v allow the MCP output electrons to be accelerated and hit
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the screen to produce photons, EGA from the PHOTONIS
company has not been installed at this stage, it will adding
to the device in future. The photo of the electrode and MCP
are shown in Fig. 2 (c), there are two nets made by brass
with a transmittance of 90% in the upper and lower elec-
trodes. The design parameters are shown in Table 1.
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Injector I, 15X 5mm at the IPM location.

In order to ensure that the generated ions (from initial

ionization position to the detector) travel along the straight
line, a higher and uniform Ey is better. (As shown in Fig. 3,
assume horizontal direction is x, the vertical direction is y,
. longitudinal direction is z). The six small electrodes are
Z helping to get a more uniform field. The two holes make
A the E-field worse in the centre of the electrode, it will be
@better after adding the brass nets and small electrodes as
: 8 shown in Fig. 3 (a) and Fig. 3 (b). Fig. 3 (c) shows the Ey
g of the centre line (black curve) as shown in Fig. 3 (b). Small
< electrodes are connected with a 10 MQ resistance. To in-
[ap] . .
» crease the number of small electrodes, increase the size of
2 the entire electrode x direction can improve the central area
U Ex, the electrode longitudinal size has little effect on the
Ex but can slightly i 1mprove the uniformity of Ey.
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Figure 3: (a) The distribution of equal potential curve in
my plane without the net (b) with the net (c) Ey in the Z di-
rection (as shown in Fig. 3 (b).
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£ Figure 1: (a) the layout of ADS Injector I and the location of the non-invasive profile measurement (b) Beam size of the

Figure 4 shows the mechanical design and photos of the
IPM system. Fig. 4 (a) is a mechanical design. The size of
the large electrode is 320 mm X 220 mm X 3 mm, the size
of the small electrode is 180 mm x 30 mm X 3 mm, the
electrodes are supported and insulated with ceramics, and
the longitudinal size of system is 450 mm. The image is
recorded by an industrial camera with a resolution of
1360 x 1024, the pixel size of the sensor is 5.3 um x
5.3 um. With an external trigger function, it can simultane-
ous exposure with beam. The after time of P43 phosphor
screen is 1ms from 90% to 10%, is 1.6 ms from 10% to 1%

Figure 4: The Ionization profile monitor system, (a) me-
chanical design, (b) interior photos, (c) exterior photos.

Figure 5 is IPM system measurement results.
Figure 5 (a) is the screen image before adding a cover, the
shadow in the centre is produce by the CCD camera and
bracket, it will remove after adding the black cloth shield
as shown in Figure 4 (c). Figure 5 (b) is a pseudo-colour
image of the screen with a duty factor of 10% proton beam
after the stray light is masked. The time from camera re-
ceiving the trigger signal to stat to exposure is about 3 ps.
The cable delay are in ns range and the afterglow time of
the screen is 2~3 ms. the digital delay generator (DG645)
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is used to control the exposure time synchronize with the
beam. The Figure 5 (c) is the profile Gaussian fitting re-
sults. The dash line is the summation along the horizontal
in the area in Figure 5 (b) indicate by the red lines. The
RMS width is 13.72 mm =+ 0.28 mm, which is close to the
theoretical value of 15 mm. The result is worse in the lower
duty ratio (<1%). The deviation from the Gaussian distri-
bution is mainly due to the synchronization of the exposure
time, the afterglow time and the beam are not exactly
matched.

2600

= =
position mm

Figure 5: Results of IPM measurement. (a) Picture of
screen without a beam, (b) picture of screen with a 10%
duty factor beam, (c) horizontal profile by fitting the curve
with Gaussian.

CONCLUSION

A In order to measure the profile of proton of CADS
which will operated in a CW mode, two noninvasive beam
profile measurement methods were developed. The paper
mainly introduces the results of IPM system, including the
mechanical design and fabrication. The CST calculation is
used for optimize the guide E-field, the effect of adding
small electrodes and metal net is shown. In addition, the
method of assessing the intensity of ionization signals
based on beam and vacuum parameters are also studied.
The experiment details, such as the potential distribution,
the 2-stage MCP, optical system, calibration system EGA
are also introduced. Finally, the IPM system have been in-
stalled on the ADS injector I, the beam measurement
shows the results agreement with the theoretical expecta-
tion very well. The possible reason of the no-Gaussian dis-
tribution in a low duty factor is the synchronization is not
perfect and the noise ratio is not good enough. Further
study is under the way of this problem. Experiment results
show that IPM is an effective method to measure the trans-
verse profile a high power proton beam, and it will play an
important role in the following projects such as CSNS and
CIADS.
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