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1. The development of high-energy physics for the latest deodes displays 
very distinotly trends towards a continuous and exponential rise of maximum 
attainable energies, supplemented by an urge to increase simultaneously the 
intensities of accelerated beans. More than 5 years ago 30-Gev accelerators be
gan to operate in the United States and in Europe, the start of a 70-Gev accele
rator is coming in the USSR, while designs of accelerators for higher energies 
in the range of 200-1000 Gev are advanced and studied in several countries by now. 

The question of what can physics get by advance into the field of superhigh 
energies was discussed at special Meetings and conferences in the United States, 
in Western Europe and in the USSR. Due to those discussions the scientific neces
sity and expediency of the oonstruotlon of accelerators for energies up to 
1000-Gev do not give rise to any doubt by now. When constructed, such accelera
tors would help to get answers to many important questions which can already be 
put, even not refering to those arising each time when a new energy range is 
entered. In connection with the latest advanoes in colliding beams experiments an 
idea of possibility to substitute superhigh energy accelerators with two collid
ing beans of moderate energies arose. But a close look at the problem shows that 
usual "classic" accelerators with fixed targets and collidlng beams installations 
do not compete but supplement each other. Colliding beams installations expand 
the possibilities of accelerators with stationary targets in studying primary 
particles interactions, but are not valid for a number of experiments, e.g. for 
experiments on secondary beams of short living high energy particles. 

2. At the Radiotechnical Institute, Academy of Sciences of the USSR, super
high energy accelerators studies (in the range of hundreds Gev) began in 1960. 
So far as the strong focusing proton synchrotron is the only checked installation 
to accelerate heavy particles to high energies, our group, as well as research 
groups in the United States and in Western Europe, have chosen it to be a proto
type of a superhigh energy accelerator. When the maximum energy (and so dimen
sions) of a strong focusing accelerator increases, it becomes more and more dif
ficult to satisfy tolerances on magnetic field perturbations and on magnet units 
fabrication and adjustment. For these reasons it was proposed to supplement the 
usual "classic" accelerator scheme with a system of betatron oscillations auto
matic beam control. Now it is a common practice to use an automatic synchrotron 
oscillations beam control system which reduces significantly amplitudes of forced 
synchrotron oscillations and essentially relaxes tolerances on the magnetic field 
and frequenoy and amplitude of the RF voltage, similarly the application of betatron 
oscillatlons automatic control system reduces amplitudes of forced betatron 
oscillations and relaxes tolerances on magnetic field perturbations and magnet 
units adjustment. Advantages of betatron oscillations oontrol are not exhausted 
by relaxation of tolerances on magnet units. Forced betatron oscillations supression 
(i.e. supression of olosed orbit distortions) allows to reduce significantly 
the vacuum chamber cross section (and, consequently, to reduce the total magnet 
system weight). When the chamber dimensions are fixed, it allows to accelerate 
beams of larger cross sections and consequently of greater intensities. 

The major conceptions of such a superhigh energy accelerator, called "cyber
netic", were published in 1961-1962 [I] . The results of preliminary studies of 
a 1000-Gev accelerator were presented at 1963 International Conference on High 
Energy Accelerators in Dubna [2] . The comparison of various possible accelera
tor schemes resulted in the choice of three-stage scheme: linear accelerator-booster 

(intermediate cyclic accelerator) - main accelerating ring. 
Later on the specification of parameters and accelerator elements design 

took place. The experience of other superhigh energy accelerators studies [3-5], 
as well as the results of our investigations on models were taken into account. 
For example a I-Gev small aperture proton cybernetic accelerator was constructed 
and is now being put into operation at the Radiotechnical Institute [6] to investigate 

the behaviour of the cybernetic accelerator. The experience of this 
accelerator study and results of its systems adjustment are also taken 
into account in the latest version of the cybernetic accelerator. 

3. The most essential features of each stage of the accelerating installa
tion are input and output energies and its transmission ability (as for the 
intensity). The chosen maximum energy of the main Synchrotron (1000 Gev) results 
by one hand, from technological and economical possibilities (the magnet system 
weight and cost of a 1000 Gev accelerator are still of the order of the weights 
and costs of operating accelerators), and, by the other hand, from unreliability 
of data extrapolation from the energy range of tens Gev to much more high ener
gies. The input energy of the main ring was chosen to be 18 Gev. This energy 
results in sufficiently high injection field, small frequency modulation in the 
main ring and, which is also very essential, the possible maximum intensity of 
the main ring at this energy is greater than the booster one. A significant rise 
of this energy would greatly complicate the booster almost without facilitating 
the main ring operating conditions. 

By comparing several versions the booster injection energy was chosen to 
be 800 Mev. Similarly to injection into the main ring the intensity attainable 
in the booster rises when its injection energy increases. At the same time the 
booster operating conditions are also facilitated. At the lnjection energy of 
800 Mev and with chosen booster parameters the number of partioles, stacked in 
the main ring, equals to 3.1013 (or 1014 with multiturn lnjeotion into the boos
ter) which seems to be a reasonable upper limit from the point of view of the 

main ring radioactivity level. Further increase of the booster injection energy 
would greatly complicate and raise cost of the initial accelerating stage - linear 
accelerator. It is worth noticing that there is no experience in proton 

linacs construction for the listed energy range. That is why a rather conserva
tive figure for the linear accelerator energy seems to be reasonable. 

4. Thus, the discussed accelerating installation comprise three main 
units (Fig.I): 

a. A 800 Uev linear proton accelerator with peak pulse current 100 mA, 
pulse duration 10 M sec (whlch is sufficient for three-turn lnjection into the 
booster), beam emittance 6 . 10-4 rad × cm and pulse rate 20 cps. 

b. A 18 Gev booster with intensity 2.1012 particle/pulse (with one-turn 
injeotion) and 6.1012 particles/pulse (with multiturn injection) and pulse 
rate 20 cps. 

c. A 1000 Gev main ring with intensity 3.1012 part./pulse (with one-turn 
injection) and 1014 particles/pulse (with three-turn injection) and pulse 
rate 0.3 cps. 

For the booster and the linear accelerator inject particles into the main 
ring only during a small fraction of the total time while being themselves 
unique accelerating installations it is provided for in the study to utilise 
them experimental use within intervals between injection into the booster and 
the main ring. 

At the transport channels from one accelerator stage to another it is 
necessary to introduce special matching systems to transform phase space volume 
of the beam, leaving the preceding stage to the shape conformable to the fea
tures of the following stage. 

Such a matching is necessary for synchrotron and for betatron oscillations. 
The major input and output parameters of the accelerating stages are listed 
in the table I. 

The linear accelerator and the booster are described in detail in separate 
papers, presented at this conference [7,8] . Only the main ring will be 
discussed in this paper. 

5. The main ring accelerator is set within a ring housing tunnel which is 
supposed to be constructed by the underground drifting, being used in large 
scale in the USSR in subway construction. The tunnel deeping figure (18 m) 
is set by radiation safety reasons. In the lower part of the tunnel communica
tions are placed while in the upper port - the accelerating ring itself: 
gradient magnet units, magnet correcting systems, RF accelerating cavities, injec 
tion and extraction systems, high vacuum pumps and other equipment which is to 
be in the very vioinity of the ring electromagnet (Fig.2). 
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The ring magnet consists of 12 superperiods, separated by matched long 

straight sections of 140 m length. Five of them are occupied by RF accelerating 
system, one by injection system, two by ejection systems and one more by internal 
target facilities. Each superperiod (Fig.3) contains 20 cells of FOFDOD type 
(the two cells, adjacent to the long straight section, are shortened to facili
tate matching with the long straight section). Each cell contains 4 focusing and 
4 defocusing magnet units of 6.8 m length. Gradient magnets have no correcting 
pole windings: compensation of saturation, field gradient and nonlinearities 
correction are performed by special multipole magnets placed in straight sections 
between magnet units. It seems to us to be reasonable to separate magnet func
tions spatially, particularly in the accelerator with beam controle. 

We considered it to be reasonable to choose as high magnetic field strength 
as is economically and practlcally Justified. The choice of high magnetic field 
strength results in reduction of the constructional expenses. 

We have chosen rather high peak magnetic field of 16 kgauss 
at equilibrium orbit. In future we also intend to consider the possibility of 
utilization of the separated functions magnet structure. 

6. The chosen methods of ring magnets adjustment (the second differences 
radial adjustment and the first differencies vertical adjustment) with technical
ly feasible accuracy results in orbit deviations which are several times toler
able ones. A magnetic parameters beam control system is provided for in the 
accelerator. Correcting magnets distributed nearly uniformly around the whole 
ring, are used in this system. They are interconnected through a computer which 
processes information in accordance with a given programme. Within the 
united complex of automatic systems controllng the r.f. amplitude and frequency, 
integral and local magnetic field values and magnetic field derivatives, sepa
rate subsystems due to stabilize the betatron oscillations can be singled out: 

I) Equilibrium orbit control system. The same system (when the correcting 
programme is appropriatly altered) can be used to correct field within the first 
revolution. The system power and time constant should be chosen in such a way as 
to stabilize operation not only at injection, but during the whole accelerating 
cycle. 

2) Magnetic gradient control system (i.e. the system of betatron oscilla
tions number stabilization and stopband diminishing). Coherent betatron oscillations 
are excited to determine betatron oscillations frequency and space harmo
nics of the gradient. (After measurement the excited oscillations are damped). 
In accordance with measured data a correction is introduced through special 
quadrupoles. 

7. Particles are accelerated in 5 long straight sections. For needed frequen
cy deviation is small enough (0.12%) nontuned cavities or accelerating wave 
guides can be used. The accelerating structures with 20 cavities in each struc
ture are arranged within each of 5 long straight sections. Each structure is 
energized from a single accelerating station. 

A wave guide version has been studied together with the cavity-type accelerating 
system [II,12] . The examination of the particle dynamics and technlcal 
features displayed possibility and advisibility of operating at 240 Mo frequency, 
which is twice the upper value of the booster accelerating frequency. The wave 
guide version features were optimized so that it was fit as for the current 
3.1033 particles per pulse as for 1014 particles per pulse. In each of 5 long 
straight sections it is supposed to arrange 6 wave guides of 20 m length each. 

The major parameters of the main ring are listed in Table 2. 
parameters of the betatron oscillations within matched long straight sec

tions are shown in Fig.4. 

Conclusion. 

The results of the I000 Gev cybernetic proton synchrotron design study de
monstrate, that such an accelerator, comprising on 800 Mev linear accelerator-injector, 
an 18 Gev booster proton synchrotron and the main 1000 Gev proton 
synchrotron oan be realized starting from existing and by now verified elements 
and designs. The total accelerator cost is not excessively great, and the necessary 
total steel weight (about 20 thousands tons) for the most bulky element-accelerator 
electromagnet very modest. 

Assistance of the following persons was essential for the 1000 Gev accele
rator (the main synchrotron) study: Dzerga A.I., Sosensky N.., Antonov Yu.N., 
Batskikh G.I., Vladimirov V.V., Kaminsky N.K., Yudin L.A., Kuzmina N.I., Lyubimov SkepskiJ G.P., Kurasov V.V., Urlin B.M., Medvedev P.I., Belozerova G.I. 

R e f e r e n c e s 

1. E.L.Burshtein, A.A.Vasiliev, A.L.Mints, V.A.Petukhov, S.M.Rubchinskii. 
Doklady Akad. Nauk SSSR, 1961, v.141, 590; 
Atomnaya energia, 1962, v.12, 2, III. 

2. E.L.Burshtein, A.A.Vasiliev, A.L.Mints. Proceedings of the Internationa. 
Conference on High Energy Accelerators, Dubna, August 21-27, 1963. 
Atomizdat, Moscow, 1964, p.67. 

3. Heport on thr Design Study of a 300 Gev Proton Synchrotron, CERN, SR/Int. 
SG/64-I5, Geneva, 1964. 

4. 200 Bev Accelerator Design Study, UCRL-16000, 1965. 
5. V International Conference on High Energy Accelerators, Frascati, 1965. 

Roma, 1966, Session I. 
6. G.I.Batskikh, A.A.Vasiliev, A.I.Dzergatch, A.L.Mints, N.L.Sosensky. 

Proceedings of the International Conference on High Energy Accelerators, 
Dubna, August 21-27, I963. Atomizdat, Moscow, 1964, p.217. 

7. F.A.VodopJanov, B.M.Gutner, V.V.ElJan, A.A.Kalinin, V.N.Litvlnov. 
"18-Gev Proton Synchrotron-Injector to the 1000-Gev Cybernetic Accelerator". 
The report presented to the VI-th International Conference on High Energy 
Accelerators., 

8. B.P.Murin, I.Kh.Nevyazhsky, E.L.Burshtein, V.G.Kulman, V.G.Andreev, 
A.P.Fedotov. "800-Mev Proton Linear Accelerator". The report presented to 
the VI-th International Conference on High Energy Accelerators. 

9. W.M.Brobeck. Proceedings of the CERN Symposium on High Energy Accelerators, 
Geneva, 1966, p.60. 

10. G.T.Danby, J.E.Allinger, J.W.Jackson. AADD-115, BML, 1966. 
11. W.Schnell. V-th International Conference on High Energy Accelerators, 

Frascati, 1965, Roma, 1966, p.38. 
12. O.A.Valdner et al. "A Waveguide Accelerating System of the 100-Gev 

Cybernetic Accelerator". ,The report presented to the VI-th International 
Conference on High Energy Accelerators. 

DISCUSSION (condensed and reworded) 

E.D. Courant (BNL): What will be the time constant of the 
cybernetic control and correction system? 
Vasilyev: We will have two control systems, i.e., one for 
adjusting the first turn and one for the whole cycle. For 
the first turn we will have a rather narrow bandwidth of 
several cycles and for the whole cycle we will have a 
bandwidth of several hundred cycles. 
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Table I. 

Parameters : 
: 
Kinetic energy 

Equivalent radius 
RC 
Acceleration freq. 

Number of oscilla
tions Q 

Frequenoy ƒ 

Equilibrium 
phase 
Accelerating vol
tage Um 
Separatrix 
(∆p/p)c 

(∆φ)c 

Bunch paraneters 
∆p/p 

∆φ 
Synchr.oscillat.∆Z 

Beam emittance 

Ampl.result.from 

Current (n.of ) 

Number of particles (max) 

Units : 
: 
Gev 

m 
cps 
-
Mc 

degrees 

Mv 

% 
degrees 

% 
degrees 

cm 

cm × rad 

cm 

Linuc : 
(output) : 

0.8 

-
20 
-

~200 
(1000)2) 

-

-
± 0.78 

785) 

± 0.18÷0.55 

14÷42 5 ) 

-
6π.10-4 

-
100 mA 

Booster : 
input 

0.8 

-

~I00 

0(45) 3 ) 

0.5(4.5) 

± 0.I54) 

360 
(137) 

±0.034) 

2.244) 

0.4 
9π.I0-47) 

I.2 
I.7.I0I28) 

2.8.I0I2 

: 

I50 

output : 

I8 

20 

~I20 

0 

4.5 

± 0.6 

360 

± 0.07 

33 
0.2 
7π.I0-5 
0.35 

I.7.I0I2 

Main synchrotron 
input 

1 

-

~120 

45 

79 

± 0.6 

137 

± 0.156) 

33 
0.3 
π.I0-4 
1.1 

3.1013 

1.5.1014 

: 

27I7 

34.25I) 
3I.25 

output 

I000 

~I20 

45 

79 

± 0.6 

I37 

± 0.0I5 

I0 
0.03 

I . 9 π . I 0 - 6 

0.I5 

3.I0I3 

-
Notes: I. The denominator corresponds to the Q without long straight sections. 

2. In brackets is listed the value of f of the second part of the linear 
accelerator. 

3. Here and further in brackets are listed the values of parameters in 
middle part of the cycle. 

4. After debuncher. 
5. At I000 Mc/s frequency. 

6. Corresponds to phase deviation listed one line lower. 
7. Emittance values correspond to one-turn injection. 
8. Taking into account the 25% loss of partlcles during beaa transfer. 

Table 2. 
MAximum total enerey E m a x 

Maximum induction B m a x 

Injection induction Bi 
Orbit circumference L 
Field Index n 
Number of cells N 
Number of magnet units in a Cell Mo 
Total number of magnet units M 
Magnet unit length lb 
Amplitude function value (max) 

in a normal cell β m a x 

in a matched long straight section 
Formfactor of betatron oscillations F 
Vacuum chamber dimentions a × b 
Number of long straight sections Nss 
Length of a long straight section Lss 
Number of superperiods Ns 
Length of a lense l∆ 
Lens magnetic field gradient G∆ 
Frequency modulation ∆f/f 
Harmonic number q 
Time of acceleration Ta 
Critical energy Ecr 
Synchrotron oscillations frequency 

at injection ( Ω s / ω ) i 

at ejection ( Ω s / ω ) e 

Gev 
kgauss 
kgauss 
m 
-
-
-
-
m 

m 
m 
-
mm 
-
m 
-
m 

kgauss/cm 
% 
-
sec 
Gev 

-

1000 
16 
0.3 

17069 
7000 
240 
8 

1920 
6.8 

115 
216 
1.46 

33×20 
12 

142.12 
12 

3.265 
2.5 

0.12 
6850 

1 
35 

7.2.10-2 

7.4.10-3 
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Fig. 1 
Main proton synchrotron layout 

Fig.2 Main proton syncnrotron housing tunnee 
crossection. 
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Fig.3. The main proton synchrotron superperiod structure. 

Fig. 4 
α(s),β(s) and γ(S) for vertical betatron oscillations within a long straight section(L) and two adjacent shortened cells 


