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ABSTRACT 

In Buolear Research hetitufe 
of Ukrainian Academy of Sclenoes In 
Kiev the eonatruotlon of 240~am 
isoohronous oyclotron is being ac- 
cram 

B 
lished. The aocelerator assign 

is eveloped by B.V.Brremov Solen- 
tiflo Research Institute of Elec- 
trophysical Apparatus in Leningrad. 
The cyalotron is being In the state 
of assembly and adjustment. The cyc- 
lotron provides for variable-energy 
protons up to 80 MeV of high beam 
quality as well as neutron pulses 
with duration less than two nanosec 
at pulse rate from 1 k&z to 100 kHe. 
At 

d 
oint operation with the designed 

tan em generator xenon ions can be 
accelerated up to the energy being 
higher the Coulomb barrier. In the 
present paper main data oonoernlng 
the cyclotron and its main mode 
operation are desoribed. 

IBTBODUCTIOB 

The design of 240-om isochronous oyalotron was 
develo ed by D.V.Efremov Soientifi Researah Insti- 
tute 0 s Bleotroph sloal 
1966 to order of 5 

A paratus ? Leningrad) in 
aolear %Bserroh institute of 

Ukrainian Acrademy of Science Kiev . The uharaote- 
ristlcs of cyclotron desfgn were published in[1+3]. 
In 19694971 In order to widen the aooelerator 
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z;i;;t;lities Its Initial design was oonslderably 
Magnet10 structure of the oyolotron was 

*hanged: The ion source 
i 

Inserted In the aacelerat- 
lng chamber in median p ane was replaoed by an 
axial oae. For neutron epeotrometry a number of new 
units is designed (pulse defleotors with power 
supply syet ems, neutron target and some other) 
earlier developed d&signs of oentral optios of'cyc- 
lotron and d8e were also ohanged. These and other 
ohanges should essentially ohange the range of 
nuclear - phyeiaal experiments 
2400om eyolotron. 

oarried out at 
The aooelera$or will operate in 

three relatively Independent modes: the mode of 
oonstant orbit geometry 

1. 
neutron 

P 
ulse 

and heavy Ian aooelera 
source mode 

1 
on mode. he first mode 

~~:nhSg:o’s~al~XiI~~~a~mi:~~~~‘, FzJution is better 

mrad, iongl~udlnal buncth 
Is about 20 mm 

several degrees to 30+4Oo $ 
engih ia iontrolled from 

at the possibility of 
smooth variation of final energy* 

The d 
to 8.10 4 

oreaslng of energy spread from 3. lOma 
Is possible at using 270’ analyrrlng migp' 

net or designed 8 
T 

etem of aotlre extern 1 
at 50s intensity f 

beam mo- 
noohromatlsation loss Induct ion 
at beam extrsotion radius 1% ooatrolled ;lthln 

5OOO-13000 %a, whloh oorresponds to the energy 
from - 12 to 80 MeV for the protons. At oyolotron 
operation In neutron 
aooelerated to the m 

aouroe mode protons are 

swltohed valley foil 
energy of 100 HeV (with 

(without valley ooil 
and deuterons up to 65t70 MeV 

Time duration of ion bunohes 
Is less than 1 nseo. in heavy ion aooeleratlon mode 
lnduotlon at external radius oan be inoreaaed to 
1700003 rl(ioh oorresponds to maximum Ion energy of 
140 2 /A YeV. 

At present aooelerator bufldlng oonstruation is 
being ended, assembly and adjustment works of 
engineering systems are being oant lnued. 

1. MAIIV CYCLOTRON PARAMETERS 

Below a brief desorlption of only essentially 
ohanged units of the oyolotron la presented. The 
beam transport ayetern was desorlbed earlier in 
d8tall In the paper(21. 

a. Magnet. Modelling results 

The main arlterla of parameters oholoe of new 
magnet10 etrusture at its modelling was weak depen- 
denoe of field map on the level of axaitation mag- 
net. To this effeot the gap between seotors In the 



KIEV 240 cm CYCLOTRON 89 

"hill" was left 232 cm and air gap in the valley 
was decreased from 960 to 532 mm. 

To decrease iron saturation effect the sector 
edges were rounded. Fig.1 shows seotor forms and 
arrangement of valley and harmonic 0011s. 

Fig.1 
Magnetic structure 
of the cyolotron: 

i 
- harmbnic coils; 
- valley ooil; 

3- average radii 
of concentric 

Fig.2 shows the dependence of the focusing func- 
tion value F, near extraction radius on the mag- 
netic field. It is seen that up to 12000 0s focus- 
ing properties of magneiio struoture change little. 
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AVERAGE MAGNETIC FIELD (KILOGAUSS) 

Fig.2. The dependence of 
focusing fanetion on in- 
dnetlon at maximum radius 

Fig.3 shows the radial 
dependenoe of the average 
nagnetio field for several 
excitation levels. Dotted 
line shows the average 
field view at switohlng 
valley 0011 in proton 
aaeeleratlon mode ap to 
100 YeV. 
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Fig.3. The dependence 
of the average mag- 
netic field on radius 
for different excita- 
tion levels of the 
main magnet oolls.Tha 
dotted line - proton 
aoseleration mode up 
to 100 MeV (with 
sritt?hed valley 0011). 
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b. Accelerating uhamber (beam injection 
and extraction system) 

At acceleration of proton9 deute rona HJ and 
hg ions a new axial ion aourci will be u:ed with a 
number of advantages compared with a radial one: 
convenient arrangement and fine aocuraoy of setting 
in the given position (Up to 0.2 mm). Phase bunch 
selection is carried out b 
installed beyond the dee. H 

two flag collimators 
he calculation of initial 

motion showed, that If it is necessary to obtain 
the bunches with 5o time duration, the amplitude 
of non-coherent radial oscillations at the start 
ofacoeleratlon will be less than 1 mm. In bunch 
acceleration mode with time duration up to 300 the 
amplitude of radial oscillations will not exceed 
the value 1 mm) if the ion source and the puller 
are rotated by 15O. Otherwise, the amplitude in- 
creases to 3 mm. 

At the end of acceleration orbit separation on 
isochronous radius is just higher than 1 mm, At 
beam extraction from the dropping field it is poa- 
sible to increase orbit separation up to the value 
about 5 mm. After the deflector a compensated cur- 
rent septum-type channel is installed. The channel 
length is about 640 mm) the 
ing is 30x32 mm (over copper 7 

perture for beam pass- 
. The ohannel provides 

for induction decreaeing by 2200 Oe at supply power 
up to 80 kw. The value of the radial positive field 
gradient of the channel Is equal to-150 (&/am. The 
magnetic field pertubations in the beam acoelera- 
tlcn region quickly dro 
tum and do not exceed 1 8 

as they remove from sep- 
6s over the first harmonic 

of the field. After the current Channel (In the 
valley) the iron magnetic shield is installed. At 
changing the external field between 4000-7500 Gs 
the shielding coefficient changes from 0.1 
The effective positive field gradient up to 

go 0.5. 

350 GLI/CBI is created at the expense of the variable 
vertical aperture of the channel and the side faces 
By ratlo selection between these components one can 
obtain weak dependence of the focusing shielding 
gradient on the external field. lagnetic field per- 
tabatlone contributed by the field are compen- 
sated by two pairs of the iron plat&. 

The extracted beam angle of entry Into the ion 
tube is correated by a special magnet with additi- 
onal quadrupole coils. The main field strength of 
ti;O;og;ecting magnet is contrclled between-1700- 

250 Gdc;. 
The quadrupole coils create the gradient 
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C. Beam diagnostics system 

For the internal beam diagnostics in the accele- 
rator vacuum chamber three probes are installed 
through 120 o for the measurement of frequencies and 
betatron oscillation amplitudes by the shading 
methodE4). One probe of them is universal. It can 
be used a9 differential for A B - diagnostics. To 
measure large currents the internal probe with 
rotating head Is designed for radiation on the in- 
ternal beam. 

Apart from multi-finger probes and "Faraday cup" 
-type probes , pendulum-type scanners will be used 
for beam diagnostics in the layout track. At opera- 
tor wish the beam scanning can be observed by any 
of 40 devices 
beam layout, d 

installed in different points of 
canning devices, installed after the 

electromagnetic lenses of the layout track, allow 
to measure the beam emittance[5]. 

2. ACTIVE EXTERNAL BEAM MONOCHROMATXZATIOH 
SYSTEM 

To increase the extracted beam monochromat icitg 
without intensity loss the active monochromatieat- 
ion system is bein 

8 
uadrupole lenses 8 

develcped[61 (fig.4). The 
1 + 45 and the bending magnet 

M2 compensate the extracted beam dispersion, 
caused by the fringing field of the cyclotron mag- 
net, and the lenses Q6 and Q7 form the required 
beam geometry at 1350 magnet entry Il. After this 
magnet dispersed trajectories are oscillated by the 
lens Q The longitudinal momentum particle aepara- 
tion ig*achieved in the 2700 magnet. The system is 
symmetrized and achromatieed by the lens Qg and the 
magnet M2. Thus the beam with initial energy spread 
4.10'3 has 45O phase stretching. The debuncher ge- 
nerator operates on the second harmonic of ion re- 
volutfcn fn the cyclotron. 80 MeV protons require 
maximum debuncher potential equal to 110 kv. Stabi- 
lization and control of energy is accomplished by 
debuncher phase changing through error signals from 
the electrodes I% after the analyzing magnet AM, 
controlled by the NMB pickup. After the magnetic 
analyzer half of the particles have the energy 
spread up to 2.10'4 and 45* phase width, If the 
initial phase width is 30 and energy spread 4.10’3. 

Fig.4 also shows the system beam transport into 
experimental areas. The secondary particle analysis 
system include9 a precision magnet anslyser and a- 

wrride-range speotrograph. 



‘\ \ \ 
\ bju tron 

earn 

Fig.4. Beam layout and external mono- 
chromatloation system. Dotted 
line is the direotlon of neutron 
beam.. 
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3. PJEUTBOB PULSE SOURCE MODE 

At designing the conversion of Kiev isochronous 
oyolotran into the mode of neutron pulse source the 
olrcuit of Karlsruhe oyclotron was takenas a 
type 173 l 'ihe obtaining of current pulses with 

proto- 

dnrat ion about 1 ncek at pulse rate 1 MOO kHZ is 
provided b 
deflector f 

the new initial optics. The fnterna 
fig.51 form a pulse set of (25-100 1 

beam bunch pulses, deflecting other pulses in the 
vertical dire&Ion on the rater-oooled stopper. 
A pulse train haa radius (860lOO)cm, where an 
external deflector is installed. ‘At the same time 
the defleotor spills them on the Internal neutron 
target. In the mode 
neutron flow of 3.10 OS neutron plalse souroe the 

seo'l is supposed at pulse 
duration equal to 2 naee and pulse rate controlled 
between l-100 kHZ. 
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Fig.5 
The scheme of dropping of aset 
of orbits on the internal 
target for obtaining of a 
ahort neutron pulse: 

l 
- dropped orbit region; 
- puller; 3 - ion eource; 

4 - internal deflector with 
stopper; 5 - toll. imat ore; 
6 - limiting frame: 

;5 
- external deflector; 
- generating target. 

The neutron beam is tranoported from the target 
to the radiation detectors through three f oreva- 
ouum neutron tubes. The angle between axes of the 
lateral beams is 3.50. 

The len th of drift bases of the Iateral ohan- 
nels is 10 8 m and of the central channel is 180 m. 
It is poesible to increase the drift base up to 
400 In. 

4. HEAVY IOW ACCEGLEBAT IOB 

The accelerator has the heavy ion source[8,]. It 
differs by a cathode unit from the light ion aouroe, 
which consists of a tungeten oube with 7x7 mm cross 
sect Ion, heated by electron bombardment. The heavy 
Ion source is inserted into the chamber over the 
radius. It can operate in DC and ulse modes. 

The source of multicharged Ions P 91is being tested 
with supplying of working material into gas 
disaharge chamber b means of its evaporation by 
the electron beam. ik lectron beam evaporation allows 
to exclude the ballast gas from the discharge 
chamber of the soume and the vacuua chamber of the 
aocelerator. 

The magnetic field and the adjustment range of 
the cyclotron accelerating system at the maximum 
radius 103 cm allow to obtain heavy iona up to 
140 Z2/A MeV, which Is higher the Coulomb barrier 
for ei ht-charged argon ions or four-charged neon 
ions. i he lone heavier than argon cannot be acce- 
lerated to the repaired energy directly In the 
iacohronous cyclotron, as the value of the specific 
ion charge le still small [lo]. The ione heavier 
than argon are aupposed to be aocelerated In the 
cyolotron after preacceleration up to the energy 
about 1 HeV/nuclecn in the tandem-generator 
3l.‘l’I-20110 IV on the conductor) and after stripping 
at the solid etripper inside the cyclotron. 
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Such an arrangement is being Investigated in 
detail. 

. 
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DISCUSSION 

KIM: You are proposing an energy spread of 2 x 10e4 with 20 I.IA 
current. I would like to know more about the method you propose. 

LINEV: Dr. Basargin’s active monochromatization system will be used. 
The longitudinal momentum particle separation is achieved with the 
270 deg magnet. The RF field of cavity is used for the energy spread 
compensation. About this proposal there was a report at the 
Cyclotron Conference in Oxford (1970). 




