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Abstract 

The gauge for remote monitoring of the 
density distribution of accelerated particles’ 
beam over cross section is based on the analysis 
spatial distribution of residual gas ionization 
products. Wlth the transverse homogeneous 
electric field the released charges are 
transported through narrow slot behind which they 
are analyzed over energy with the electric field. 
Then they are registered by the open electron- 
optical converter with micro-channel-plate 
amplifier. The image of the beam distribution 
over cross section from the electron-optical 
converter screen is read out by TV-camera for 
representation on monitor. The detector was 
tested on cyclotrons at IAE (Moscow), INP (Kiev) 
and INP ( Prague]. The threshold sensitivity on 
the proton beam with the energy 30 MeV 10 -A. 

I. WTRDDUCTIDN 

The accelerated beam dimension and position 
monitoring in beam transport tract (BTT) is 
significant when performirq precise nuclear 
experiments, as well as irradiating various 
targets, e.g. productlon if isotopes. For 
example, beam profile detectors used wide which 
registrated residual gas ionisation products ln 
BTT Cl, 21. 

The device was proposed ln C3-71 for 
unconnected measurements ofthe accelerated beam 
transverse distribution in cross section ( fig. 1). 
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Fig. 1. The circuit of the beam cross section 
unconnected detector. 

1 - investigated beam, 2-removing capacitor, 
3.4 -reflecting and removing electrodes, 5- 
permanent voltage course, 6-two-coordinate 
position sensitive detector, 7-registration 

circuit, 8-analysing capacitor, Q-resistive 
divider, lo-slot in removing electrode, ll- 
slot in the input plate of analysing 
capacitor. 

The cross section detector includes removing and 
analyzing capacitors, current collector designed 
as electron-optical converter ( EOC) with 
amplifier on microchannel plates (MCP) and 
corresponding power supplies. The guided beam 
ionizes BTT residual gas when passing the gap of 
removing capacitor. The ions released by the 
plane field are accelerated to the removing 
electrode with the shaping slot 1x50 mm in size 
and directed perpendicular to the BTT. Passing 
through the shaping slot the accelerated ions 
form the strip beam in which the spatial 
distribution of particles directed along the slot 
corresponds to the distribution of particles in 
the guided beam in this direction. Energy 
distribution of the removed ions corresponds to 
the investigated beam distribution over the other 
orthogonal coordinate. Electric field of 
analysiw capacitor performs the analysis of this 
energy distribution. As a result, two-coordinate 
optical image of removed ions’ distribution 
corresponding to the transverse cross section 
particle distribution in the guided accelerated 
particle beam, is formed on the EOC screen. 
Arrangement of analysing capacitor at an angle of 
45O to the direction of removal and removing 
electrode plane provides linear correlation of 
the obtained image dimensions with the dimensions 
of the guided beam, and image dimension Y 
corresponding to the beam dimension X in the 
direction of removal are correlated by the 
dependence 

Y - 2.(E,r EP).X , 

where EU and EP are intensities of removing and 
analysing fields, respectively. The detection of 
the optical image of the beam transverse cross 
section is performed with the inhstrial TV 
camera. 

1. DEVICE CDNSTRUCTlDN 

At present, the standardized &vice for the 
accelerated beam dimension and shift monitoring 
was developed at IAE cyclotron. The elements of 
construction of the beam cross section 
unconnected detector are placed In a standard 
diagnostic section with overall diIlMXSiOnS 

230x230~230 mm and hole diameter for a flange 
188 mm. The supply voltage is introduced through 
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the flange on wNch the removing electrode and 
analysing capacitor with EOC are fixed. The 
detection of optical image of the beam cross 
section is performed with TV camera on the side 
of a flange on which the reflecting electrode of 
removing capacitor is fixed. Thus, some 
electrodes of removing capacitor are designed in 
the form of a grid with Ngh transparence. The 
observation of EOC screen is carried out at angle 
of 45’. FOR the current location of beam 
dimensions on both coordinates equation 
E = 95.E was chosen between the intensities of 
rtmoving Ind anelysing fields, and Y - 6.X . 

A remove drive wNch provides installation 
of luminescent screen into the removing capacitor 
gap is fixed on one of the sides of the 
diagnostic section. The center of the luminescent 
screen is brought into coincidence with the line 
Joining the TV lens center and EOC screen center. 
TNs allows to perform initial tuning of the beam 
using traditional diagnostics with the increased 
sensitivity, also to carry out comparative 
measurements to estimate serviceability of 
unconnected detector. Fig. 2 shows pictures of the 
beam transverse cross section of current 
interception luminescent screen and EOC screen. 
It can be seen that the images are identical. 

Fig. 2. Picture of the beam transverse cross 
section from the luminescent screen [a) and 
unconnected detector EOC screen I b). 

Detector construction permits the beam 
intensity monitoring. It’s enough to measure the 
screen EOC beam. But the sensitiveness of the 
device depends from the pressure in the BTT. For 
exclusing tNs dependence it is proposed to 
change MCP-multiplier amplification coefficient 
in accordance with pressure changing 151. It may 
be reached as using some special functional 
converter for changing of MCP-amplification, as 
by the pressure changihg calculation when 
information is treated in computer. 

The additional convenience for the user is 
produced by the unit of TV signal quasi-color 
presentation. The unit is based on rapidly 
stopped 8-stage ADC providing the upper step 
frequency up to 20 MHz. The 3 higher stages of 
ADC are used for modulation of 3 projectors of 
colored monitor. In this case the colored image 
of the beam cross section is formed on the 
monitor screen, and the shape of colored stripes 
of each color corresponds to the studied beam 
intensity distribution on the given comparison 
level. We also provided a device for separation 
of sync pulses from TV signal for current 
transmission of ADC codes into computer memory at 
digital processing of parameters of the guided 
beam cros section. An example of the computer 
data processing of the beam cross section is the 
beam diagnostics in a large scattering camera of 
IAE cyclotron. In this case by the signals from 
two separated beam cross section detectors we 
calculate position and angle of the current 
incidence on a physical target inaccessible for 
direct measurements ( fig. 3). The section of the 
station for TV image digital processing was 
considered in l71. 

FIG. 3. Example of determination of the beam 
position on an image target. 

WI. MAIN PARAMETERS 

Let us give for conclusion the summary table 
of the principle parameters of the beam cross 
section unconnected detector. 

Dimensions of the controlled area 40x40 mm 
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Aperture 00 mm 
Spatial visual resolution 1x1 mm 
Spatial resolution after computer 

processing 0.1xo.1 mm 
Sensitivity on 30 MeV proton beam 10-8A 
Effective pressure range in BTT 3x10 -5 torr 
Power supply voltage 10 kV 
Consumption current 10 crA 
MuItipIier ampIificat!on coefficient 

of MCP lo8 
Ampiification inhomogeneity over area 20 % 
Time of image shaping 100 SW 
Number of ADC stages 6 
Step frequency 5 Mllz 
Number of color intensity gradation on a 
colored monitor 8 

One must note that in case of necessity the 
dimensions of the controlled area can be easily 
increased up to 60x80 mm. The further increase of 
these dimensions is limited by the sizes of 
produced MCP . 

Iv. coNcLuSKn4 

An explotation such detector at the 
cyclotron and tandem in Kurchatov Atomic Energy 
Institute, (Moscow), in Institute of Nuclear 
PNsic (Kiev), in Institute of Nuclear PNsic 
f Prague-Rgage ) , an experiments in 
Zentraiinstitute fur Kernforschung f Dresden- 
Rossendorf) show that our detectors are very 
usefull devices for unconnected beam diagnostic 
at difference accelerators. The production of 
such detectors is prepared now as for fiances 
apperture 188 mm. so for fiances apperture 180 
nunand 100 mm in accordance with standard ISO/DIS 
1809. 

V. FzEFERENCES 

Cl1 V. Agortsias, s. Batisti, K. D. Johnson, 
G. Shnlder, Wetody izmereniya parantetrov 
puchka uskorennyh chastits” , in Trudy II 
Vsesoyuznogo soveschaniya po uskoritelyam 
ZaryazheMyh chastits. t. 2. p. 8, Moscow. 1972. 

c21 L. Rezzonico , “Beam diagnostic at SW, ln XI 
Intern. Conf. on Cycl. and their Appl. , pp. 

467-461. 1887, Jonics PubIlsNng Comp. , Tokyo. 
I31 

[41 

cm 

W. A. Rezvov , L. I. Yudtn. ‘Sposob izmereniya 
poperechnogo raspredeleniya plotnosti puchka 
zaryazhennyh chastits”. AS USSR Nl3Q2846, BQI 
NIS. p.32, 1988. 

V. G. M&ha’ lov et al. , “Ioniatsionnyl datchlk 
raspredeleniya pIotnost1 puchka zaryazhennyh 
chastits po poperechnomu secheniyu”. AS USSR 
Nl482521. BOIIU8. p. 284. 1989. 

A. N. Bryukhanov, V. A. Rezvov, L. I. Yudin. 
“Beskontaktnyl datchik parametrov wkorennogo 

puchka zaryazhennyh chastits”. AS USSR 
NlOQQ219, BOI N47. p.211. 1884. 

081 P. Yu. Komissarov et al. , “Beskontactnyi 
izmerltel sechenlya pucti”. in Trudy 11 

Vsesoyuznogo soveschaniya po uskoritelyam 
zaryazhennyh chastits, DBBNA. 1889. t. 1, p. 87. 

I71 P. Yu. Komissarov et al. , “Operativnly kontrol 
vywxiennogo puchlra cykiotrona”, ln Trudy 10 
Vsesoyuznogo soveschanlya po uskoritelyam 
zaryazhennyh chastits, DBBNA, 1988, t. I, p. 81. 

1168 

PAC 1991


