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Throughout a few years studies 
and investigations on creation of super- 
conducting accelerating section of 
collective accelerator are being carried 
out in the Joint Institute for Nuclear 
Reeearch. The main segments of the section 
are eolenoids which produce axial magnetic 
field of the required shape and accele- 
rating cells. The analysis of the 
possibilities of different systems 
creating the required magnetic field 
(2 Tesla) in the accelerator showed that 
the most perspective one appeared to be 
the system of superconducting solenoida. 
The system is noteworthy from the 
following point of view: it produces the 
stationary magnetic field and allows to 
avoid a number of difficulties connected 
with pulse current input of standard non- 
-iron solenoids and heat extraction, etc. 

At the same time the stationarity 
of currents in superconducting solenoids 
facilitates the task of providing the 
neceeeary precisions in the magnetic 
field distribution. At the present time 
thermostatic questions of superconducting 
solenoids with stationary field are not 
a problem of principle. 

Taking into account the super- 
conducting variant of the accelerating 
seotion solenoids, it's natural to take 
the next step -- to use superconducting 
cavities for acceleration of the ring. 
That was the foundation of Research 
Progrsame on Creation of "Cryogenic 
High-Frequency Accelerating Section of 
KOLTSETRON"Cfl,2, 3J. 

What advantages do the super- 
conducting cavities in collective acoelera- 
tor promise? Aa far as not very high 

~~1it:~~c~~“,~r~h~~~~~8,n advantage 
of such cavities in pulse power decrease 
of supplied generators a-i 

a 
, where 

- quality-factor. Accordingly, high- 
frequency power supply system is simplified 
and cheaper. Nevertheless, some special 
diffioulties due to the study of the 
aspect arise. For example, the growth and 
improvement of the requirements in 
accordance with precision of maintaining 
the preset frequency, etc. However, the 
difficulties can be got over. 

At the indicated quality-factors 
heat losses in the cavities in each pulse 
of energy feeding are still great and thus, 
the operation under continuous routine 
is impossble. Timing interval 'Z between 
consequent pulses of ener feeding into 
cavities is selected issu ng from the f? 
accepted powers of refrigestive plants. 
We admit mean heat gains 30 w/m at the 
expense of the cavities. At thq3electron 
number in the ring (3 + 5)' 10 and 

Q 7 -40 + IO8 
where W 

'zr*Q/d has to be chosen, 
- iyclic frequency i the 

cavity. We have W = 2X! 5' 18 Hz, For 
z decrease and increaee of the mean 

current of accelerated particles, 
reepectively, at such quality-factore a 
system for extracting the energy that 
has not been captured by electron-ion 
rings should be elaborated. The cavities* 
"Cleaning" can be made by the electron 
rings between acceleration ycles. 

In case of Q+ 105 continuous 
operative routine with efficiency close to 
unit is feasible. Then at the energy 
gradient on ions 2 MeV/m and continuous 
feeding of high-frequency power 3kw/m, 
acceleration of 100 rings per second - - 
is possible. 

Presentlv. thadeeis? is mainlv 
completed and as&mbly teszs of KO T$ET 

Iit ROl9 cryogenic acoelerating seotio # 31 
which is intended for proton acceleration’ 
up to the energy of 0.5 GeV are being 
carried out (Fig.1, 2). 

The section consists of four 
cavities of cylindrical 

~~~~r("on~c~i% cm), which are placed 
into axial stationary ma 
2 T. The cavitise are ma t? 

etic field 
e of copper 

and on thsinner surface there is A/.&-Tj 
coating with 10 p thickness. 

The utilization of euperconductors 
in the superconducting cavities of the 
second type is explained by the fact that 
all the cavities of KOLTSETRON should 
perform at the presence of 2 T magnetio 
field. The magnetic field is produced by 
superconduotin 
main solenoid f 

cylindrical solenoids. The 
SS-600), which envelope 

the cavities. hae 60 cm inner diameter 
and 240 cm lingth, The preset homogeneity 
of the field at 2 T level. at 5 cm radius w 
amounts to 0.15%. 

Besides the main eolenoid, six 
cylindrical correction the so-called 
"gradient" solenoids with the length of 
31 cm are placed between the cavities. 
These superconducting solenoids are 
sectionalized 8nd each consists of 16 
coils with 17 cm inner diameter, The 
windings are made of multiple wire with 
0.5 mm diameter. Matrix is made of copper. 
The number of superconducting filaments of 
alloy - 19, diameter - 65p . The 
insulation is double layered winding 
of lavsan filament. The wire length of one 
gradient solenoid (16 coils) is 6 kilo- 
meters. 

In 1972-1973 the superconducting 
coatin s on KOLTSETRON cavities were 
fulfil ed. f For this purpose specially 
designed vscuum spnny chamber was used , 
und r operative conditions vacuum was 
IO 3 Torr. (Fig.3). 
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The cavities consist of two halves 
.ioint in the first variant mechanicallv. 
The first experiments on quality-facto;- 
measurements of the cavity have been 
carried out. The obtainable quality- 
-factor of the cavity with such an im- 
perfect j@.nt (without magnetic field > 
was 2.10 

The experiments with different 
joint variants on model cylindrical 
cavities at 1.3 Hz frequency allowed to 
rise the quality-factor by an order. 
Further investigations and studies were 
directed touards improvement of the 
superconducting surfaces of the cavities 
and creation of an optimal joint so that 
the quality should be ncreased to the 
calculated value of 1 & 

The gradient solenoid was tested 
under operative conditions in KOLTSETRON. 
The mean magnetic field 2 'I! and the 
required field variation at independent 
current input of 16 coils of gradient 
module have been obtained. 

The current input was obtained by 
different currents within the limits of 
+ 50 a. Power supplies provide the preset 
stabilization of the set currents. As far 
as it's known, it is one of the first 
experiments of current input of a large 
number of magnetically connected super- 
conducting solenoids. The diffioulties and 
rigidness of the Bystem requirements are 
associated with the fact that at current 
input of one superconducting coil, the 
eddy currents, which arise in the other 
similar coil,.are very slowly damping 
(ohmic losses are very small - within 
the coils they are equal to zero). 

For winding the main solenoid 
multi-filament superconductor was used, 
The croaa section of the superconductor 
is 2.5 x 5 mm; matrix is made of copper 
with resistance ratio 
(4.2 K) 

I? (300 K) /R 
= 150, the superconducting 

;;Ly;;;s are made of Mb-n with 6Oj\l 
The insulation of glass fiber 

impregnaied with epoxy compound is 
complete. The superconductbr consists of 
two pieces, 1.5 kilometers each. It's 
wound in four iayers. Critical current 
dependence of the superconductor samples 
on external ma 

r 
etic field has been 

measured, Besi es, two sample coils with 
IO cm inner diameter, which contains 
50 m of the superconductor. have been 
tested. The critical curreht of samples 
and coils in the field of 2 T is 
approximately equivalent and equal to 
4300 a. 

KOLTSETROR Helium system has been 
created basing on laboratory liquefier 
(MGL - Multi-Goal Relium Liquefier) with 
60 litres of liquid Helium per hour 
capacit (250 watt under refrigerative 
routine . Y 

gradient 
The power supplies of KOLTSETRON 

solenoids which have 16 indepen- 
dent outlets, provide stability of current 
maintenance with the accuracy of f 1.5 ma. 
The main solenoid power SUDD~Y allows to 
feed current up to-400 a with-the accuracy 
of 0.07%. 

KOLTSETRON high-frequency feed 
system can operate under the routine of 
pulse power 6 kW/m, pulse length up to 
~Oom;c~;e;o;~s and repetition frequency 

. . . 
If there are positive results of 

KOLTSETRON composite tests, a question of 
high energy particle aocelerator design 
with the use of superconducting sections 
will be considered. 
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Fig. 1 Solenoid making up SS-600 with current 
lead-ins in vacuum shell of KOLTSETROV. 
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Fig. 2 System making up of KOLTSETRON magnetometry. 

Fig. 4 Operative KOLTSETRON cavity in chamber 
for fulfilling superconducting coating. 

Fig. 3 Installation for fulfilling superconductin 
coatings onto KOLTSETRON cavity. 

Fig. 5 Experimental superconducting cavities. 
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