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I. The development of high-energy physics fer the latest decades displays
very distinotly trends towards a oontinuous and exponential rise of maximum
attainable energies, supplemented by an urge to increase simultaneously the
intensities of accelerated beams, More than 5 years ago 30-Gev accelerators be-
gan to operate in the United States and in Burope, the start of a 70-Gev accele-
rator 1s coming in the USSR, while designs of accelerators for higher energies
in the range of 200~X000 Gev are advanced and studied in several countries by mow,

The question of what oan physics get by advance into the field of superhigh
encrgies was disoussed at special meetings and conferences in the United States,
in Western Burope and in the USSR, Due to those discussions the scientific neces-
sity and expediency of the construotion of accelerators for energies up to
1000-Gev do not give rise to any doubt by now. When comstruoted, such acoelera-
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 emergy range is
entered. In commection with the latest advances in colliding beams experiments an
idea of possibility to substitute superhigh energy accelerators with two collid-
ing beams of moderate energies arose, But a cleose look at the problem shéws that
usual "olassic" accelerators with fixed targets and colliding beams installations
do not compete but supplement each other. Colliding beams installations expand
the possihilitieﬁ of accelerators with stationary largets in studying primary
partiocles interactions, but are not valid for a numwber of experiments, e,g, for
experiments on secondary beams of short living high energy particles.

2. At the Radiotechnical Institute, Academy of Seiences of the USSR, super-
high energy accelerators studies (in the range of hundreds Gev) began in 1960,

So far as the strong foousing proton synchrotron is the only checkedinstallation
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 foousing 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 "elasslce” accelerator soheme with a system of bhetatron oscillations auto~-
nqtio heom contirol. Now it is a commwon praclice to use an automatic synchrotron
oscillations beam control system which reduces significantly amplitudes of forced
synchrotron osoillations and essentially relaxes tolerances on the magnetic field
frequénoy and amplitude of the RF voltage, similarly the application of betatron
osoillations automatic control system reduces amplitudes of forced betatron
oscillations and relaxes tolerances on magnetic field perturbations and magnet
units adjustment, Advantages of betatron oscillations control are not exhausted
by relaxation of tolerances on magnet units, Forced betatron osoillations supres-
sion (l.e. supressién of olosed orbit distortions) allows to reduce signifiocantly
the vacuum chamber oross seotion (and, oonsequently, to reduce the total magnet
system weight). When the chamber dimensions are fixed, it allows to accelerate
beams of larger cross seotions and consequently of greater intenstties,

The major conceptions of such a superhigh energy accelerator, called "oyber-
netic”, were published in J96I-I962 [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 choloe of three-stage scheme: linear acoelerator-
booster (intermediate cyclic accelerator) - main accelerating ring.

Later on the specification of parameters and scoelerator 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,
Por example a I-Gev small aperture proton oybernetic accelerator was comstructed
and is now being put into operation at the Radiotechnical Institute [6] to in-

vestigate the behaviour of the oybernetic accelerator. The experience of this
acoelerator study and results of its systenms adjustment are also taken
into aocount in the latest version of the oybernetic acoelerator,

3. The wost essential features of each stage of the accelerating installa-
tion are input and output energies and its transmission ability (as for ihe
intensity). The chosen meximum energy of the main synchrotrom (I000 Gev) results
by one hand, from technological and economical poessibilities (the.mugnet system
weight and cost of o J000 Gev accelerator are still of the order of the weights
and costs of operating accelerators), and, by the other-hand, from unreliability
of dale extrapolation from the energy range of tens Gev to much more high ener-
gies, The iuput energy of the main ring was chosen to be I8 Gev, This energy
results in sufficiently high injection field, small frequency modulation in the
watn ring and, which is also very essential, the possible maximun intensity of
the miin 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 oconditions,

By comparing several versions the booster injection encrgy was chosen to
be 800 Mev. Similarly te injection into the wain ring the intensity attainable
in the booster rises when its injection energy inoreases. At the same time the
booster operating conditions are also facilitated. At the injeotion energy oi
800 Mev and with chosen booster parameters the mumber of partioles, stacked in
the main ring, equals to 3.1013 (or IOIA with multiturn injeetion into the boos-
ter) which seems to be a reasonable upper 1limit from the point of view of the

mein ring radioactivity level, Further increase of the booster lﬁdeotion onergy

would greatly complicate and raise ocost of the initial acocelerating stage -~
linear acocelerator, 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 acocelerating installation comprisethree main
units (Fig,I):

a. A 800 Mev linear proton accelerator with peak pulse current J00 mA,
pulse duration IO plseo (which is sufficient for three-turn injeotion into the
booster), beam emittance 6% , 1074

b. A I8 Gev booster with intemsity 2.101° particle/pulse (with one-turn
injeotion) and 6.1012partioles/pulse (with multiturn injection) and pulse

rad x om and pulse rate 20 cps.

rate 20 ops,

c. A T000 Gev wain ring with intensity 3.1012 part,/pulse (with one~turn
injeotion) and IOIM particles/pulse (with three-~turn injection) and pulse
rate 0.3 ops,

For the boosier and the linear accelerator injeot particles into the main
ring only during a small fraction of the total time while being thenseives
unique accelerating installations it is provided for in the study to utilize
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

ry to introd special matohing 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 matohing is neoessary for synchrotron and for betatron osoillations,

The major input and output parameters of the accelerating stages are 1listed
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 acoelerator is set within a ring housing tumnel which 1s
supposed to be constructed by the underground drifting, being used in large
soale in the USSR in subway construction. The tunnel deeping figure ( I8 m)
is set by radiution safety reasons. In the lower part of the tunnel communica~
tions are placed while in the upper part =~ the acoelerating ring itself:
;radient‘nagnet units, magnet correcting systems, RF acoeclerating cavities, injee
tion and extraction systems, high vacuum pumps and other equipment which is to
be in the very vioimity of the ring electromagnet (Fig.2).



The ring magnet consists of 12 superperiods, separated by matched long
straight seotions of T40 m length, Five of them are occupied by RF accelerating
system, one by injeotion system, two by ejection systems and one more by intermal
target facilities, Bach superperiod (Fig.3) contains 20 cells of FOFDOD type
(the two cells, adjacent to the long straight seotion, are shortened to facili-
tate matching with the long stiraight seotion), Each cell contains & focusing and
4 defoousing magnet units of 6,8 » length, Gradient magnets have no correcting
pole windings: compensation of saturation, ficld gradient and nonlinearities
correction are performed by special mltipole 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,

¥e considered it to be reasonable to choose as high magnetio field strength
as is economically and practically justified. The choise of high magnetioc field
strength results in reduction of the comstructional ¢Xpenses,

We have chosen rather bigh peak magnetic field of I6 kgauss
at equilibrium orbit, In future we also intend to consider the possibility of
utilization of the separated funetions magnet structure,

6. The ohosen methods of ring magnets adjustment (the second differences
radial adjustment and the first differencies vertinal adjustment) with technioal-
ly feasible accuracy results in orbit deviations whioh are several times toler-
able ones, A magnetic parameters beam control system is provided for in the
acoelerator. Correcting magnets distributed nearly uniformly around the whole
ring, are used in this system, They are intercounec!ed through a computer whioch
processes information in accordance with a given cou.rol programme, Within the
united ocomplex of automatic systems ocontroling the r,f. amplitude and frequenocy,
integral and local magnetic field values and magnetic field derivatives, sepa-
rate subsystems due to stabilize the betatron oscillations can be singled out:

I) Eguilibrium orbit control system, The same system (when the correoting
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 stehilize operation not only at injectien, but during the whole accelerating
cycle.

2) Magnetic gradient control system (1.e, the system of betatron oscilla-
tions number stabilization and stopband diminishing). Coherent betatron osoilla-
tions are excited to determine betatron oscillations frequency and space harmo-
nics of the gradient. (After measurcment the excited oscillations are dauwped),

In acoordance with measured dnta a correction is introduced through special
quadrupoles,

T. Particles are accelerated in 5 long straight seotions, For needed frequen-
oy deviation is small enough (0,12%) nontuned cavities or accelerating wave
guides oan be used, The accelerating structures with 20 cavities in each strue~
ture are arranged within each of 5 long straight sections, Each structure 1s
energized from a single acoelerating station,

A wave guide version hos been studied together with the oavity-type acoele-
rating system. [II,IZ} . The examination of the particle dynamics and technioal
features displayed possibility and advisibility of operating st 240 Mo frequenmoy,
whioh 18 twioe the upper value of the booster accelerating frequenoy, The wave
guide version features were optimized so that it was fit as for the current
3.1813 4

straight seotions it is supposed to srrange § wave guides of 20 w» length sach,

partiocles per pulse as for I0"" particles per pulse. In each of 5 long
The major parameters of the main ring ore listed in Table 2,
yarametors of the betatron osoillations within matched long straight seo-
tions are shown in Fig.4.

Conoclusion,

The results of the I000 Gev cybernetic proton synchrotron design study de-
monstrate, that such an acoelerator, ootﬁrising m 800 Mev linear aocelerator-
injector, an I8 Gev boostier proton synohrotron and the main I000 Gev proton
synchrotrou can be reslized starting frow existing and by mow verified elements
and designs, The total accelerator cost is not excessively great, and the neces-
sary total steel weight (about 20 thousands tons) for the most bulky element-

accelerator alectromugnet very modest,

Assistance of the following persons wrs essential for the J000 Gev accele-
rator (the main synchrotron) study: Dzergat«!: A, I., Sosensky X.lL., Antonov Yu,N.,
Batskikh G.I., Vladimirov V,V., Kaminsky N,K., Yudin L,A., Kuzmine N.I,, Lyubi-
wov E.B,, Skepskij G.P., Kurasov V,V,, Urlin B.M., Medvedev P,I,, Belozerove G,I.
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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.



Table I.

Parameters : Units : Linac H Booster ¢ Main synchrotron
: :(output) : input : output :  input output
Kinetic energy Gev 0,8 0.8 I8 18 1000
Equivalent radius
B, ] - 150 2717
Aocceleration freq. ops 20 - 20 - )0.‘)
I
Number of oscilla- = - !-;-'-;g- g-‘f %—
tions Q *
Frequenoy f Mo ~ 200 2) ~100 ~ 120 ~120 ~ 120
(1000)
Equilibrium 3)
phase Y, degrees - 0(45) 0 45 45
Aocelerating vol-
tage U, Mv - 0.5(4.5) 4.5 19 79
Semere Catio)e ¢ o8 20150 106 20.6 s 0.6
(AQ ). adegrees  76°) 360 360 37 37
4 (I3mn
Bunch parameters
Iﬁp % £0,184:0.55 :0-034) * 0,07 + o.156) + 0,015
ap degrees Th-42) 2,288 33 %) 10
Synchr,oso0illat. A7 om - 0,4 )0.2 0.3 0,03
7 -
Boam emittance J om x rad 6X .10} 9y .T0¢ 7% .107° g d07 1.9F 1078
Aupl.result,from J Qg om - 1.2 0.35 1.1 0,15
2% 2 13 1
Current (n.of par.) 100 mA 1,7.10 1.7.Y0 3.10 3.10
Number of particles (Mmax) 2,8,1012 I,S.IOH -

Notes: I.The denominator corresponds to the Q without long straight seotions,
2,In brackets 1s listed the value of f of the second part of the linear

accelerator,

3.lere and further in brackets are listed th. values of parameters in

nmiddle part of the cycle.
4 ,After debuncher,
5.,At I000 Mc/s frequency.
6.Corresponds to phase deviation listed one line lower,
7.Enittance values correspond to one-turn injection,

8.Taking into acoount the 25% loss of partioles during beam transfer,

Maximum total energy E
max

Maximum induction B

max
Injection induction B
Orbit ocircumference 1,
Field index n

Number of cells N

i

Number of magnet units in a cell Ilo
Total numsber of magnet units M
Magnet unit length lb
Amplitude funotion value (max)

in a normal cell max L

in a watohed long straight section ﬁ max
Formfaotor of betatron oscillations F
Vacuum chamber dimentions a x b
Number of long straight sections Nss
Length of a long straight section Lss
Number- of superperiods Ns
Length of a lense 1,
Lens magnetic field gradient Gp
Frequency modulation A/t
Harmonic number q
Time of acceleration 'l‘u
Critical energy Eor
Synchrotron oscillations frequency
( R /w),
(R /w ),

at injection

at ejection

Table 2,
Gev 1000
kgauss 16
kgauss 0.3
= 17069
- 7000
- 240
- ]
- 1920
n 6.8
I15
216
- I.46
m I3x20
- 12
w I42,12
- I2
n 3.265
kegouss/om 2,5
% 0,12
- 6850
sec I
Gev 35
- 7.2.1072
7.4.1077
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