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Abstract 

A simple energy spread measurements system 
with target potential. modulation which may 
suitably be uwed at any electrostatic accele- 
rator ie described. Measurements were carried 
out using gamma rays yield functions of (p,$) 
and (p,A&) resonance reactions. The energy 
spread of the proton beam was found to be 
lower than 200 eV at 1 MeV. The latest data 
on ion beams accelerated at tandem are also 
presented. 

Introduction 

The purpose of this contribution is to 
present main features of the 1 MV heavy ion 
tandem accelerator and to give a short des- 
cription of the energy spread measurements 
system and high voltage fluctuations 
decreasing set up. 

Multipurpose tandem UKP is in operation 
at the Institute of Nuclear Physics in Alma- 
Ata for some years' (Fig. 1). The main f ea- 
ture of this Cockroft-Walton type accelerator 
is two accelerating beam lines with one high 
voltage source. It allows to carry out target 
Irradiation with two beams simultaneously. 
The accelerator ia mainly used in: 

- material sc.ience and material modification 
based on MeV ion implantation and ion 

mixiA& 

- elements analysis with NRA, RBS, PIXE 
methods, 

- atomic physics, 
- few-body nuclear physics. 
In material analysis experiments a highly 
defined beam energy is necessary as this 
energy is directly related to the depth pro- 
filing and depth resolution in the investige- 
ted sample fcr resonance renctions, hdditio- 
nal requirement Is the quick change of energy 
without changing the stability conditions. 
For this purpose an energy spread measurement 
system and a set up for decreasing of high 
voltage ripples were developed and put into 
operation. 

Pig. 1. General view of the two-beam 
heavy-ion tandem accelerator 

hAera Calibration System 

Usually for rapid energy calibration and 
energy spread measurements with acceptable 
accuracy some kind of target potential modu- 
lation as a rule of triangular waveform is 
used with atrict demanda to linearity of po- 
tential changing2. In another case a rather 
sophisticated beam deflection system is em- 
ployed3*4. In this paper a very simple and 
reliable beam energy scanning system based on 
applying sinusoidal target potential modula- 
tion is presented. 

Fig. 2 represents the block diagram of the 
system. The output of the hv sinusoidal wave- 
form generator V = 7 kV, 200 Hz is connected 
in parallel to ti: isolated target holder and 
to a voltage divider. A signal, proportional 
to the instantaneous voltage, is taken from 
the low value resistor and fed to a analog 
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Pig. 2. Block diagram of the energy 
scanning system for the automatic 
excitation function mea6urementa 
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Fig. 3. Determination of excitation function 
27Al(p,f)28Si reaonanoe et sm992keV 
The energy sweep is 6.4 keV, the 
'energy male is 35 eV per channel, 
the energy Interval. between the 
point0 of l/8 and 7/8 of yield curve 

gate circuit. Puleea from NaI(T1) deteotor, 
titer suitable amplitude seleotion, trigger 
the gate. The gate output pulses are analyzed 
with multichannel analyzer. Only gamma raye 
produced at the target are correlated with 
the applied voltage waveform. The speotrum 
obtained ie a distorted excitation funotion 
(Fig. 3). At the next etage the calibration 
spectrum is obtained using random oounte from 
a deteotor produoed with a radioactive Bource 
without beam on the target. After that the 
distorted excitation function ie correoted by 
taking Into aocount a correction spectrum. 
Scanning frequency should not be multiple of 
beam intensity variations frequenoy. In this 
case the obtained excitation funotions are 
not depend on ecannlng frequenoy up to 1 kHz. 
Fig. 3 illuetretee the proceaaing of excita- 
tion function for 27Al(p,~)26Si reaction at 
s I 992 keV. Fig. 4 show8 the excitation 
funotiona for target8 of different tbioknesa 
for the same reaction. Such kind of measure- 
ments were oarried out In the wide energy 
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Fig. 4. Exoitation function ror 
27Al(prd)28Si resonance at 992 keV. 
The energy sweep ie 6,4 keV, the 
energy scale is 35 eV per channel, 
a) for targets of different thioknsee 

ia 350 eV. b) for different proton beam energy, 



range using the reaatione l’F(p,dd )160 
s I 224 keV, 340 keV, 872 keV; 27~(p,l)28Si 
s - 992 keV, 1388 keYi 58Nl(p,~)5gCu 

%I= 1424 keV. This allowa to calibrate an 
analyzing magnet in the beam tran8porting 
eystem. Using NMR eignal it is possible to 
set the mean beam energy with accuracy 200 eV 
The energy spread was estimated aa In ref. 5 
and it'8 value was found to be about 200 eV. 

High Voltage Ripples DecreaainB Ssatem 

The energy spread Is determined substanti- 
ally by the ripples Induced by the hv cascade 
generator. These ripples were observed with 
a piok-up plate installed near the terminal. 
Different methods of hv ripple eliminations 
for such accelerators are considered In ref.6 
The eimplified lay out for ripple reduction 
for UKP accelerator is shown in Fig. 5. 

A signal proportional to the output voltage 
of power converter is fed to an adjustable 

Fig. 5. Simplified block diagram of the 
electronic set up for deoreaeing 
high voltage ripples 
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phase shifter. After a proper amplification, 
correction voltage V PP 

= 600 V at UT = 0,5 MV 
is applied to the middle point of the hv 
transformer. The ripples were decreased by a 
factor of the order of 3. The ripplee at the 
main frequency of 5 J&z were eliminated al- 
moat completely. The remaining ripples are 
V P 30 V at the frequenoes multiple the 
5piHz, 

Conclusion 

The developed systema were found to be 
very reliable and effective tool for beam 
energy spread investigations. 
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