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We will make two identical storage rings (or accelerators) stacked 

together up and down (or side by side) as shown in Fig. 1.. There are some 

number of long straight sections, where the beam is steered up and down 

vertically (or in and out radially) with the aid of special vertically-bending 

magnets. 
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For the colliding beam of the same charge,e. g., p-p, e -e , etc., 

the magnetic field in two gaps of the ring is in the opposite direction from 

each other. And the upper and lower beams arc circulating in the different 

direction. There are a pair of vertically bending magnets on both· ends of 

the long straight scction as shown in Fig. 2. There the beams are steered 

up and down into the intermediate plane of the two rings, and they do head-on 

collision at the central region of the long straight sections. 

For the colliding beam of the different charge, e. g., p-p-, + e -e J 

etc., the magnetic field in two gaps is in the same direetlOn, and two beanls 

arc circulating in the different direction from each other. At both ends of the 

long straight section, there is a pair of vertically beinding magnets, one each 

beam as shown in Fig. 3. The beams are directed to the center of the long 

straight section and two beams collide with a small angle. The colliding 

angle C,1Il rrwdc smallcr by adding anothcr pair of vertically bending magnets 

next to thl' alrc8c1y insUlllcd pair' of magnets. 
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1. The Case for Particles of the Same Charge 

C0)-- --I' 
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Fig. 1 

. Fig. 2 

The distance between the centers of the two vacuum chambers is 
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2 x h meters. At one end of the straight section there arc a pair of bending magnets 

with their field reversed from each other. As a simple case the magnetic lengths 

of two bending magnets are taken same d, and the length between two is S. We 

calculate the total necessary length and minimize it. 

The approximate deflection angle e and deviation ~ through a magnet 

is given by, 

e = Q , 
R 

g = d 2 = 1/2 8d, 
2ft 

whet'e It is the t'aclius of the curvature of the beam in the gap of the vertically 

bending magnet and may be tak(:n same as the radius of the cur'vaturc of the 
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main ring. It is given by 

R =--L, 
300B 

R: m, B:weber/m2, and P:MeV/c. 

Then h is given by 

h = 23 + S' 0 = (d + S) . e = (d + S) . d, 
R 

S = hIt - d. 
d 

The total length L of this half system is given by 

L = 2d + S = d + hIt . 
d 

To minimize L, 

'L = 1 - hH n..= -:;-2-
Jd d 

FromJL=O, 
ad 

hIt = 1, d = Aill. 
dT 

Then 

o 

L=2fi;R. 

> 

FN-50 
0106 

Therefore, the length L is minimum when there is no drift space between 

the two bending magnets. The minimum total length Lo of thE' straight section fot, 

bending is twice the value given above and is given by 4M. It is proportional to 

the momentum of the beam and the necessary total kngth is propodional to ,;p: 

The ralio of this ~;cction to the tolal circumference is decrcasing with the incl'ease 

of the energy, as the distance between the centers of the beams is conc:tant 

reg:tl'Clless the energy of the beam. 

I 
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The examples 

1) 200-100 BcV Machine 

Mean radius = 10 3 m, R = 740 m, 2h = 0.3 m 

Lo = 4/i"iR = 4./0:15 x 740 = 42 m 

d=jhH = 10.5m 
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We may need some allowance of the order of 10m ---' 20 m for 

installing drift space, Q magnets and an experimentai area. The 

long straight section of this length 50~60 m is feasible with the 

present technology. 

2) 10 BeV 

Main radius = 100 m, R = 36 m, 2h = O. 3 m 

Lo = 4M = 4/0.15 x.36 = 9.3 

d = ./hR = 2.3 m 

We may need some allowance of the order of 5 m. The total length 

will be about 14 m. 

3) 1 BeV 

R = 4 m, 2h = O. 3 m 

d = jl1F:: = 0.78 m 

The particle can go in two ways as follows. In the first case the 

din;ction of the magnetic field of tlVO rings is made different from each other.· 

The !Jcam in the upper ring stays there and comes dowtl half way the distance 

between the centers of two vacuum ch8miJers, only in the long straight sections 

as shown in Fie. 2. r-rhe bearD in the lowe:: ring con1CS up in the san1C straight 

I 

II 
r 
I 
\ 

i 
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sections and collides head-on with the upper beam. In this case two beams may 

be kept apad until they a~'e stacked enough or accelerated. In the second case, 

the direction of the magnetic field of the main ring is reversed flt every long 

straight sections. Therefore, the beam in the upper ring goes downward at 

the long st['aight section and geis into the lower ring. The beam, which was 

in the lowe[' ring, comes up and collides with the oiher beam. 

If it is necessary we may put quadrupole magnets in the collision area. 

II. The Case for Particles of Different Charge 

In this case the vertical steering magnets as shown in Fig. 2 arc all 

split into halves, and the direction of the magnetic field is reversed from each 

other. The magnets ncar the center of the straight section may be made like 

a magnetic slit. 

The direction of the magnetic field of two rings is made the same. 

Two beams are circulating in the opposite directions and switch from one 

ring to the other in the long straight sections. 
cd 11(,' 

The beams collide each at the 
i\ 

center of the straight section. In this case they do not collide head-on but with 

a small angle depending on the veriically- bending magnets. The necessary length 

of the long straight section may be of the order of that for the case of particles 

of the same chal'ge. The length Illay be made shorter by eliminating the innel' 

stcet'ing magnets as showIl in Fig. 3, but the angle of collision becomes bigger. 

I 
I . 

" 

if I 
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Fig. 3 

We ,calculate the colliding angle 20 and d for a system with given h 

and total length Lo' 

S = k - d = Lo - RO, 
2 2 

h = r; + S8 = d2 + S8 = R 
2R 2 

Then 

R02 - L 0 + 2h = 0 
o ' 

8hR =k 
2R 
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L is longer than 2R8. Therefore, 8 and d are given by the following 

equations. 

- 8ECh), --Z 
Lo 

d = R8, 

As 8 should be real 

Thcrefon:, the minimum tOlal lenglh Lo in this case is shorter by a 

facloe of Ji than that for lhe case of the same ch<1rge. The vertical steering 
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magnets for this case can be two""gap magnets with the same yoke and coils. 

When thc hand c1 is given, the values of Sand 9 are given as follows: 

o = d 
R' 

III. Merits of this System 

The cost of this type of magnets is eh<2aper than that of two same 

magnets, which may be used together as a eol1iding syst<2m. Two magnets can 

be made in a unit. If we use C-type magnet, the core lamination for two rings 

can be made in a punch. The cost in its construction, transportation, instaUation 

and survey is cheap~:;and this type may b<2 made quick:(. If Rli' cavities are n<2edcd, 

they may b<2 put in one of the straight sections and can be used for twob<2ams 

simuUafleously. 

The tunnel cost can be greatly reduced, because it is almost equivalent 

to that of only OflC ring system. Intersecting storage :ing needs a much wid<2r 

tunnel which is costly, and two ring type needs double that for this type. 

In the system of the same charged particles the beams can be made to 

collide head-on for quite a long distance in several long straight sections. The 

production rate of collision j\ made big, which is proportional to the length and 

to the number of straight scctions. This means much more reaction l'ate can be 

obtained in this system, 

By takjnf~ out the vcrtic;:11.1y bcndine n1agnets, the ring can be used as a 

two""slociccl <lC'cclcl'alor or booster. From this kine! of eonsiclet'atlOtls, it may be 

gooe! if lhe magnet of the ring if; built as a sel'anltccl function type composed of 
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bending magnets and quadrupole magnets, which makes it possible to be used 

differently. If we arc interested only in the case of beams of the same charge, 

we can make a magnet with two gaps and with top and bottom yokes in one magnetic 

circuit. 

The type of side-by-side magnet also can be made from one punch of 

sheet. The distance between the centers of the vacuum chamber is kept constant 

and the radii of the two rings are different from each other but constant. The 

beam is steered radially instead of vertically. 

If we could usc superconducting magnets for the radially and vertically 

bending magnets, the radius of the ring and the length of the vertically bending 

magnets can be reduced to a great extent. The quadrupole magnets may be made 

of regular iron or of superconclucting material. 


