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The maiden outcomes of a television application for monitoring on the MMFL Proton Injector beam parameters
are adduced. In the basis of a system it is non-interrupted ionization detector reshaping the beam cross-section im-
age. The system provides rendition of cross-section and storage information, allows controlling the density distribu-
tion, its vertical and horizontal profiles and their width as well as position of the beam main point. The capability of
temporary parameters diagnostics are beam structure shape and extension is simultaneously afforded.
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1. INTRODUCTION

The Moscow Meson Facility Linac (MMFL) does
not suffer from surplus of diagnostics obviously, and of
not-destructive ones in particular [1,2]. Therefore, it is
very urgent to use the detectors of new types.

Among very important beam diagnostics problems
the measurement of beam transverse dimensions and
position is the most needed one. The ionization
profilometers are offered for a long time and are widely
adopted for these purposes [3,4]. This type of detector is
distinguished due to its full transparency to the beam to
be controlled, absence of an additional background
radiation, a weak dependence of its sensitivity on the
accelerated particle type and energy, simplicity of
information visualization, and its high possibilities.
Such devices work very well at different charged
particle accelerators [5].

However, detectors of such a kind do not allow one
to observe an accurate quantitative density distribution
across the beam.

2. IONIZATION DETECTOR
OF ACCELERATED BEAM

The method and the design of an ionization detector
for the operative observation of the real spatial density
distribution over accelerated beam cross-section were
proposed in [6]. The structure of the Beam Cross-sec-
tion Image Detector (BCID) was described in detail in
[7], its functioning was described in [8], so let us remind
only the working principle.

The BCID register ions created by the beam investi-
gated in residual gas. The transverse homogeneous elec-
tric field is used here for extraction and energy analysis
of residual gas ions. The extraction electric field draws
out ions through the narrow slit into the analyzer. The
distribution of these ions along the analyzer’s slit corre-
sponds (after the slit) to the beam intensity distribution
in the slit direction. The extracted ion energy distribu-
tion corresponds to the beam intensity distribution along
the other orthogonal coordinate. The analyzer of electric
field transforms the energy distribution of ions into the
spatial distribution. As a result, a two-dimensional opti-
cal image of the distribution of extracted ions in the
plane passing through the capacitor exit slit and perpen-
dicularly to its plane is generated on the image convert-
er tube (ICT) screen. ICT is developed on the micro-
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channel plate (MCP) basis. The analyzing capacitor is
set at an angle of 45° to the ion extraction direction and
to the extracting electrode plane. This ensures a linear
relation between the accelerated beam dimensions and
its image. The image dimension X corresponds to the
beam dimension X; in the extraction direction
X=2X*Eex/Ea, where Eex and Ea are the extracting and
analyzing fields strength, respectively. The optical im-
age of the accelerated beam cross-section is recorded
from the ICT screen by TV camera for monitoring and
computer processing.

However, to control the beam geometric parameters
using single frame image is not so correct. The averag-
ing of profiles for a number of frames gives better re-
sults.

The main BCID parameters:

- working pressure in the beamline is about 10°Torr,

- total amplification reaches 107,

- the threshold sensitivity is less than 10 nA/cm?,

- observation area diagonal is 60 mm,

- spatial resolution in visual control is of about
IxImm.

It should be noted that the converter output current
at a stable vacuum is proportional to the accelerated
beam current.

3. PROCESSING AND
INFORMATION PRESENTATION

The computer display provides the visual control of
the beam pulse shape, beam profiles and the beam cen-
ter-of-mass position. The frame resolution is 384*288
points with 64 brightness levels. The full amount of
frames that can be saved in the computer is up to 256, in
the Targa, GIF, or PCX formats.

The software gives us on-line possibility of:

- discrimination of a background from each frame;

- presentation of the vertical and horizontal beam
profiles, consisting of 128 points for every registered
image;

- presentation of the averaged vertical and horizontal
profiles;

- integration up to 256 frames resulting in the abso-
lute sensitivity growth and signal to noise ratio increase
more then an order of magnitude;

- fitting by the least square method a Gauss distribu-
tion for every frame to find out the beam position;
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- calculation of the beam position distribution dis-
persion (from Gauss fitting results);

- calculation of an average beam position, it's disper-
sion and statistical errors (from Gauss fitting results)
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- calculation of the beam center-of-mass for each
frame as an alternative to the Gauss fitting method,;
- comparison of results for different methods of the
wbeam center position processing.
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Fig 1. The MMFL beam channel initial part

4. FIRST EXPERIMENTS
ON THE MMFL PROTON BEAMS.
SENSITIVITY AND RESOLUTION

The first experiments were executed at the input of
the Isotope Production Complex. The experimental con-
ditions were as follows: proton energy 100...160 MeV,
proton pulse current - up to 14 mA, pulse duration —
150 ps, repetition rate — 1...50 Hz. These measurements
confirm the possibility to record the proton beam char-
acteristics with the help of BCID. However, the BCID
installation site was chosen incorrectly: BCID was situ-
ated next to the accelerating resonator, and as a result,
the powerful electron flow from the resonator created
strong background luminescence.

The next experiments were carried out on the Proton
Injector beam. Fig.1 gives the BCID installation site for
this case. The experimental conditions were as follows:
proton energy — 400 keV, proton pulse current - up to
125 mA, pulse duration — up to 200 s, repetition rate —
1...50 Hz. The size of non collimated beam was about of
15...30 mm. Fig.2 represents the cross-section image
and profiles of the 115mA proton injector beam. Fig.3.
represents the same beam after its passing through a col-
limator.

The detector sensitivity depends, first of all, on the
ionization losses of the accelerated beam de/dx (MeV [
cm*/g) in residual gas. The air (under normal
conditions) stopping power depending on the kinetic
energy of various particles is considered in [9]. The
ionized particles current /. to the collector is related to
the accelerated beam current 7, and the width L of the
extraction slit in the current collector and determined by
the expression: I, = Keo L[L [{p/epy) [{dE/dx) [p [1,- here
K.= 1 is the ionized particle stacking coefficient; p is
the working pressure in the beam pipe; p, is the normal
atmospheric pressure; e is the particle energy loss due to
electron-ion pair production (e =30 eV); p=1,300>g/cc
is the air density.
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For a 400 keV proton beam dE/dx =180 MeVIdm?/g.
At a typical MMFL the pressure is about 10°Torr and
for the injector beam current of 10"'A and a slit width
L= 1mm the collector current /= 3007A.

The threshold sensitivity of the detector was
estimated experimentally. The experiments showed that
the signal-to-noise ratio >3 is ensured when ICT
phosphor current density is about 10°A/mm? This
corresponds to the mean current of =10"'°A/mm’ of
residual gas ions or 600...700 particles/mm’[S when
MCPs with a gain of =10" are used. This level is
essentially higher than the MCP internal noise level.
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Fig.2. The proton beam cross-section characterzstlc im-
age and profiles on the program’s interactive display

The resolution of the diagnostic system as a whole is
determined by the detector design and parameters, the
ICT and the TV system resolution, and the parameters
of the beam under investigation. As a rule the resolution
of the ICT and the TV camera is proves to be better than
30line/mm. The slit width L influences the energy
analyzer resolution directly. At a permissible scatter of
5% for the beam dimension D =10mm the permissible
value of L is 1 mm.

As is shown in [10], the most of the residual gas ions
have energy of about 0.02¢V for 0.01...100MeV beams.
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The displacement of ions due to their own velocities can
be ignored at field strength in the detector
E=1..2kV/em.

The estimation must be made for 400 keV beam
displacement by the detector field. The beam deviation
occurs in the middle of the extracting capacitor to be
hua=E@/200 At the MMFL injector beam with the
energy [~400 keV and detector parameters d=7,5 cm,
E=1,2kV/cm the beam displacement is #,,=0,1 cm,
while the angular deviation reaches 13mrad. Therefore, it
is necessary to allow for the compensating field when
designing the detector.
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Fig.3. The beam image after []1mm collimator

The usefulness of such detectors in beam supervision
and control at other sites of the MMF proton accelerator
is considered now. The estimates allow us to expect that
the ionization detectors will be successfully used for
MMFL controlling.

4. CONCLUSION

A low-energy beam ionization detector has been
prepared for testing at MMFL LEBT. The experience of
work with this device revealed its rich potentialities,
sensitivity and sufficiently high reliability. The
experiments showed that it is quite possible to carry out
visual and quantity on-line monitoring of a powerful
proton beam. The non-destructive detector ensures the
operative control of the beam dimensions, its density, the
beam center-of-mass position and displacement, as well
as the beam current value. The computer processing of
TV-signals allows to carry out the beam cross-section
basic parameters quantitative processing and to create the
images library. Information accumulated from different
TV-frames gives the possibility to increase the sensitivity

of the method more then by an order of magnitude in the
wide ranges of energies and intensities. The completed
experiments demonstrate the potentiality to measure
proton beams with the size of Imm and less, that
permits to fulfill the two-coordinate beam focusing.
High statistic precision of the beam center-of-mass
position (up to a few microns) was achieved. It is
evident that such detectors placed at some distance can
measure the beam angular deflection with a high
precision. It is obvious also, that they can be used at
various accelerator sites and for various kinds of beam
application.
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sian Foundation for Basic Research, Agr.N 01-02-
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HEHAPYIIAIOIIUN JATUMK CEYEHUS TYYKA HA UHXKEKTOPE J1Y MM®
C.K. Ecun, E.C. Huxkynun, B.A. Pe3eos, /I.H. IOoun, B.I1. Axyuies

IIpuBenens! mepBble pe3yibTaThl NMpPUMEHEHHs TB KOHTpOJII MapaMeTpoB IIydka HPOTOHHOTO HH)KEKTOpa
JIY MM®. B ocHOBe CHCTEMBI — HEHAPYIIAOIINH HOHI3AIHOHHBIA JaTYiK, POPMUPYIOMHNN N300paKCHNE CCUCHHS
my4ka. Cucrema o0ecneunBaeT BU3yaIH3aIHI0 CCUCHNS M apXUBAIMIO H3MEPEHHH, TO3BOIIET KOHTPOJIHUPOBATH pac-
MpezieJIeHUe IIOTHOCTH ITy4YKa MO CEUYCHHIO, €r0 BEPTUKAIFHOTO ¥ TOPH30HTANBHOTO Npoduiiel, UX IUPHHBL U I10-
JIOXKEHHS LIEHTpa TsHKeCTH Myuyka. ONHOBPEMEHHO NPEOCTABISETCS BO3MOXKHOCTD TUATHOCTUKU BPEMEHHBIX Hapa-

METPOB — POPMBI M IPOTSHKEHHOCTH CTPYKTYPHI ITyUKa.

HENIOPYIIIYIOYUH JATUAK NEPETUHY ITYYKA HA THXKEKTOPI JIIT MM®
C.K. €cin, €.C. Hikynin, B.A. Pe3¢os, JI.U. FIOoun, B.II. fIxyuice
[puBeseHo mepini pe3yabTaTH 3acTOCYBaHHS TB KOHTPOJIO MapaMeTpiB IMydYka MPOTOHHOTO iHXKEKTOpa
JIIT MM®. B 0CHOBI cHCTeMH — HEMOPYIIYIOYHA 10HI3AIIHHAN TaTYHK, 1110 GOpMYE 300pakeHHs IIEPETHHY ITyJKa.
Cucrema 3abe3mneuye Bizyali3allilo MEpeTHHY U apXiBallifo BUMIpIB, JO3BOJIIE KOHTPOIIOBATH PO3MOIL IIIIBHOCTI
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My4Ka 10 MEepeTHHi, HOro BEPTUKAIBHOTO 1 TOPU30HTAILHOTO NPO(LNiB, IXHFOT IIMPHHM 1 MOJIOKEHHSI [IEHTpa Baru
nyuka. OJIHOYaCHO HA/AEThCSI MOXJIMBICTD JIarHOCTUKU YaCOBUX IMapamerpiB — (OPMHU 1 JAOBXKHUHH CTPYKTYpH
My4Ka.
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