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EXPER]MENTAL SUPERCONDUCTING ACCELERATOR RING 

G. Lam~ertson · 

Lawrence Berkeley Laboratory, University of California, 

Berkeley'· California, U.S .A. 

Introduction·. 

A new project in accelerator technology has been proposed by the 

Lawrence Berkeley Laboratory. It is the construction and operation of 

a relatively small synchrotron and storage ring employing supercon~uct­

ing magnets, which I shall call ESCAR. The intent is to gather data 

and experience that will ensure that the planning and design of future 

large synchrotrons· and storage rings may proceed in a kno.wledgeable and 

responsible manner. 

It is clear that the project can provide experience with a com­

plete cold-magnet system suitable for an accelerator. But particularly 

it is clear that we need a complete accelerator to learn the realities 

of the interaction between the cryogenic magnet system and the many 

other necessary components in th~ ring. It will be learned to what 

extent those.other components are compatible.with the cryogenic features 

of the. accelerator, or how they force modifications of the design. 

Finally, the circUlating beam will penni t experimentation on 
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important aspects of the dynamics of high~current' stored beams. In this 

area there are many unresolved issues of importance to future storage 

rings. The flexibility to carry out beam experiments must be incorpor-

ated in the design of ESCAR. I .shall return to same of these aspects 

after a description of the project. 

General Parameters 

The ring will accelerate protons to about 4 GeV at which energy 

the guide field will be 45 kilogauss. It will be located, as shown in 

Fig. l, in the ·end of the experimental area of the Bevatron. Here there 

is electric~l power, cooling water, a foundation, and coverage by roof 

and crane. 50 MeV protons for injection can be brought from the nearby 

injector linac. A goal of 5 x 1012 circulating protons is desired for 

beam experiments re~uiring high intensity. 

A more detailed view in Fig. 2 shows that the ring is a rounded 

square of about 14 meters radius. The,four long straight sections are 

each 6 meters in length; one is occupied by injection, one by the 

accelerating rf system, and the other two are available for monitoring 

and experimentation. The large amount of straight section is costly 

but needed for flexibility in an accelerator experiment of this type. 

The magnet layout in a ~uadrant, or cell, of the lattice is shown 

in Fig. 3.· It is a separated-function structure with focussing provided 

by the groups of 4 ~uadrupoles. This arrangement gives adequate straight 

sections and the betatron functions are shown in Fig. 4. Of course, the 

periodicity is four and the tune has been placed ~t the favorable point 

"x = v = 3-l/4. However, the transition energy has been placed at 
y 

1t = 8, well above the peak ·energy, because it would be difficult at 
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best to cross transition with ) x 1012 protons. The high value of y t 

has been achieved by the action of the strong QF2 lenses that reduce 

the excursion of off-momentum particles in the curved regions. Other 

independent values of v and of Yt may be obtained by adjustments of 

the quadrupoles. Nominal values of some more parameters are given in 

Table I. 

Injection and Ejection 

To accumulate the goal intensity of 5 x 1012 protons, one must 

use multiturn injection and stack about 12 effective turns, of which 

about 70% will be captured by the accelerating rf. The stacking will 

be done in the vertical space using orbit-sweeping magnets. If needed 

for maximum intensity and to make the beam cross-section more round, 

the beam from the linac may be split vertically and recombined radially 

before injection to reduce the vertical emittance. 

Particularly for such an experimental accelerator, it is desired 

to minimize radioactivation by the accelerated beam. Normal operation 

should include deceleration of the beam and controlled dumping at an 

energy below 150 MeV. It is also true that the primary goal of the 

project and studies of single-particle dynamics can be done with an 

11 intensity reduced to 10 or less protons. For unavoidable losses at 

higher intensity, a pulsed magnetic ejector and beam dump are planned. 

I . 
M~gnet, CfYosystem, and Vacuum 

Certainly the magnets and associated equipment are central to 

this experiment and should include as much as possible those features 

appropria.te to a full.,.scale high-energy ring. But certain adaptations 
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to the smaller scale will be necessary and we do expect to learn and 

make improvements from our experiment. Hence, the magnet system must 

not be regarded as an exact prototype of future systems, but it will be 
I i I I 

a realistic test of the technology. 
. I 

I 

Because the magnets will be described in a separate report by Dr. 

W. Gilbert, I shall not give many details here; some general aspects 

will suffice. The dipole field is about 45 kilogauss; the quadrupoles 

I 
have about 2 kG/em and may be separately adjusted to change the focusing. 

The magnets will have a rise time to full field of 5 seconds, determined 

by the capacities of the power supply and the refrigeration system. 

Shorter rise times as low as one second should not complicate unduly the 

magnet fabrication or the conductor if this were desired. Without a 

flattop the pulse rate will be six per minute, or the power supply can 

hold full current for studies of slowly-developing effects in the coast-

ing beam •. 

The cryostats for the dipole magnets are 3.2 meters long and 

house two magnets, for 45 d~grees of bend. Four quadrupoles are grouped. 

in a cryo~tat 2.0 meters long. The bore tubes are cold and' have circular 

aperture ~ em in radius in the dipoles and 10 em in the qua~rupoles. In 

the straight sections the beam tube is also at - 4° K unlesls a warm 

section is needed for some special equipment. 
I I 

The magnets ~ remain 

cold while the straight sections are warmed and opened. A !suitable 

refrigera.~ion system would have two 1000-watt helium refrig;erators and 

cold helium transfer lines to Joule-Thompson valves at the cryostats. 
I 

The choice of cold bore throughout provides excellent cryopumping 

,· · -10 -12 I 
and the vacuum will be· in the region 10 - to - 10 torr. 

. I J 

! 
Still, 

the surfacles surrounding a high-intensity beam are a concerr with 
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respect to problems of gas desorption from the surface, the electrical 

impedances presented to the beam, and the need for ion-clearing elec­

trodes. Consequently, liners for the bore must be considered; Fig. 5 

illustrates some first examples. These vacuum system questions are an 

important part of the ESCAR mission. 

Accelerating Radiofrequency System 

For the greatest flexibility in beam experiments, the particles 

shall be accelerated in one bunch at the first-harmonic frequency. 

After acceleration, if desired, the beam can be more tightly bunched or 

divided into a few bunches by a second, higher~frequency system. It is 

attractive to think that a single drift tube may serve for both frequen­

cies; that is, it will act as an accelerating drift tube at the funda­

mental frequency and also act as a half-wave resonator at llth harmonic. 

For experiments with beam bunching, one may wish to add later other. 

cavities that are excited by the beam interaction. 

Cost, Schedule, and Planning 

By utilizing some of the facilities available near the Bevatron, 

the basic cost of this project can be kept in the area of $4 million, 

to which engineering, management, and contingency might add $1 million. 

Table II shows the costs of the component systems. 

The Laboratory has requested funding from the Atomic Energy 

Commission and it is hopeful that the project· can start in 1974. It 

would require two years to complete the construction. 

The AEC has appointed for ESCAR an advisory board h<J.Ving members 

from all the large accelerator laboratories in the nation. This group 
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will guide the sc·ientific planning of the project. It is recognized 

that the primary goal of ESCAR is to gain information on superconducting 

accelerator design and system operation. For this purpose alone, the 

entire project co'uld be .considered as an experiment that,tould end with 
i ' 

successful operation as an accelerator and storage ring. But it is also 

apparent that the ring has potential value as a tool for experiments in 

beam effects anu controls. From our recent studies of storage rings, 

a number of topics can be listed that could be studied using ESCAR: 

l. Interactions between beam and residual gas. 

2. Cold bore vs. warm bore at high intensity. 

3• Tolerances and problems in achieving low f3. 

4. Limits on chromaticity. 

5. Controlled self-bunching. 

6. Diagnostics for measuring bunch properties. 

7. Stability of the bunch with respect to: 

a. Coupling of the beam to surroundings 

b. Multi-bunch effects 

c. r.:f. noise 

Intrabeam scattering 

' e. Other bunchbroadening (transverse or longi~udinal) 

8. I Crossing or ap~roaching transition energy. 

9. 
I 

Simulation of beam-beam effects using electron beams or 

conductors. 

At
1
this time when funding is limited and progress rdquires the 

extrapoljtion of our understanding to ever more complex and costly 

machines, it seems that ESCAR would be a very appropriate and productive 

experiment in accelerator science. 
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Table I. Lattice parameters 

Magnetic field 

Design momentum 

Kinetic energy 

Quadrupole gradients: 

QF1 

QD1 

QD2 

QF2 

Number of cells 

Betatron frequencies 

Transition energy 

Beta function maxima: 

Dispersion maximum 

Injection (vertical stacking) 

Energy 

Linac emittance 

Linac current 

Number of injected turns 

Captured intensity 

Stacked emittance s 

Bunched momentum spread 

Required apertures (good field radii): 

Quadrupole s 
I 

Dipoles 

Bo 

p 

T 

N 

n 

'' 

45.0 kG 

5.0 GeV /c 
4.15 GeV 

130.0 kG/m 

-140.0 kG/m 

-147.4 kG/~ 

198.1 kG/m 

4 

3.25 

7.94 

15.2 m 

·18.7 m 

3.11 m 

50 MeV 

2TT cm-mran 

100 rnA 

20 I 
I I 

5X10 ~ 2 protons/pulse 

4TT,16TT cm-mrad 

±0.004 

* 8<;:m 

Scm 

* . ·Does not include considerations for injection orbit bump. 
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Table II Cost estimate for ESCAR 

Injection (switch, transport, and infl.) 

Cryomagnets (16 dipoles, 6" coil i. d., 8 triplets; 

1 sec to full field) 

Cryosystem (1 pulse every 10 sec) 

Vacuum system 

RF system 

Beam steering and monitor 

Controls 

Ring magnet power supplies, including 

distribution (5 sec rise; 1 pulse 

every 10 sec) 

Shielding installation (no cost included for blocks) 

Utilities 

TOTAL 

COST (fri $1000) 
300 

800 

800 

340 

500 

200 

300 

310 

125 

50 

3725 
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XBL 739 '- 4089 

Fig. 3. Quadrant of synchrotron. 

Gircumference/2rr R 14m Quadrupole length 

Inscribed radius R1 12m Dipole length B 

Circumscribed radius R2 14.9 m Drift lengths: LL 

Magnetic radius 3.565 m '! 0 p 

Cell length L 22~0 m A c 
Circumference c 88.0 m L 

. : 

0.6 m 

1.4 m 

3.0 m 

0.2 m 

0.7 m 

1.0 m 

.... 



-13-

~(~~~--~~--~~--r--.--r--.--r-~ 
20 'T'J (m) 

X 

15 
4.0 

3.0 

2.0 

5 1.0 

B 0 

-1.0 
0 

PATH (m) 

XBL 739-4088 

Fig. 4. Betatron functions. 
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(a) (b) (c) 

XBL 739-408~ 

Fig. 5 (a). Cold bore with cold electron clearing electrodes. (b). Cold bore with 80•K 
electron clearing electrodes. (c). Cold bore with optically opaque Bo•K baffle. 
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