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.ALTERNATIVES TO TH.I!.: PRESENTLY PROPOSED ISR STRUCTURE · 

by 

K. Johnsen, E. Keil, B. de Raad, L. Resegotti. 

The following is a report on investigations of .possible 

magnet structu�e alternatives for the intersecting storage rings 

(ISR), including comparisons with the one presented in the "Design 

Study of Intersecti�g Storage Rings111) . 

In Chapter I the various structures investigated are listed .. : 

and __ disc,ussed briefly.. _Th.is. discussion permits to eliminate most of 

them Oil _the ba:s_is of r�ther simple arguments. 

Qh�p�er II is devoted to the detailed description of a 

structure which is sufficiently different.from the previous one and also 

sufficiently interesting t.o warrant serious cons,ideration. 
__ ., __ . ..; .· •.. .-.. ·• ·-. �-- .: - :. -··· _:...:...� ... ...; .. ::;_ ··.: . . . .. :·· ... ·:.. - .. ... . . . . .:. . .. ' . .. . . . ··• ... 

Chapter III describes possible methods of reaching zero 

( degree crossing angles by appropriately distorting the orbits in the 

• two rings. 

Chapter IV contains a summary of the advantages and dis-

advantages of the structures analysed in Chapters _II and 
,. ; 1) . 

spect to the si":r'ucture given in and our conclusions. 
! �-i .: . . • .' ,; .. 

III with re-
. ·-

Finally, an Appendix is added as a digression into the 

geometry of asymmetrical storage rings with different intersection 

angles. 
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I. A Discussion of Several DifJ'erent ISR Structures 

!:.�_:. __ Description_of_the_structures 

The study described in this. .. report :was initiated in order 

to investigate the influences of a reduction of the intersection angle 

and/or an increase of the free space available in the intersection re-

gions on the machine design. The range of intersection angles studied 

could therefore 

proposed . 1) 
in • 

have an upper limit at· the 

.A lower limit is imposed 

value of 15° which was 

by the finite width of the 

magnets adjacent to the crossing points. This limit turned out to be 

in the range 7-9
° as the following study indicates. 

From the previous design studies it was furthermore known 

that the number of periods should not be increased much beyond the 48 

periods chosen in l) basically because of the lo�s of useful space 

when the circumference is split into shorter and shorter pieces, and 

because of the increase in gradient. We therefore decided to under-

take the present study between 40 and 52 periods. We ca.n then write 

do,,m the following table which is similar to the Tab. IV .1. in 

Table 1. Intersection Angles; Basic Brick and Period Numbers 

p/q <j-/ Nl N2 M 

1/3 15° 16 8 48 

2/5 90 12 8 40 
4/11 12 3/11° 

14 8 44 

5/12 7.5
° 14 10 48 

5/13 10.4° 16 10 52 

1) 

All these structures are very similar in some respects. 

• 

N
2 

only assumes the values 8 and 10. Structures with N
2 

= 8 can be 

expected to have more free space in the inner arc than the others. 

The outer arcs contain 12, 14 or 16 basic.building bricks and are 

also more closely packed when N1 is high. 
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It can be deduced from the table abovB that the structure 

with 52 periods fa thE, worst cf !'.!.ll possible chofr,:es bfJCause it has 

the highest nm1ber of periods both in the inner and the outer arcs. 
0 Th�refore we must expedt that it is about as crammed as a 15 struc-

o ture in th_e outer arc, and as crammed as a 7.5 structure in the inner 

arc. For this res,son we Gliminate it from further investigation 

already at this stage. 

The main para1t.1.eters of the remaining structures are given 
. . 

in Tab. 2r The quantities entering. into it are self�explanatory. 

The intorachon r�te j
�
s proportio�al to [v�V�Rtan (,f/2i

l

-l· 

· Structure no. 1 is the one adopted by the Study Group half 

a year ago. It· is a s1ight�-Y :modified veJ'.'sion of the structure pre-
- 1) sentod in • ' Its intersection region geometry is identical to 

1) that of , but the length
·
s
-, : 

of a 4 
and a6 are slightly changed_. This 

yields a small reducfaon :Ln ap9rture requirements, and makes the para

meters of this structure slightly different from those given in 
'1) Tab. rv.3. of • 

Structune ;10. 2 has :cesul ted from the analysis of the implica

tions of asking for 2G m frr,e space in the interaction region in a ·15° 

structure. The only practical rn.ethod of achievinc this would be to 

reduce the lengtl1 of -�:k llk1 6l.1." � w.1._;_ �,_, ..,:-,.i5iiUy which necessar�ly means 

a reduction in the design energy to 26.6 GeV. The resulting structure 

turned out either to require a very difficult injection or a very large 

vertical aperture and it was therefore dropps:;d. However, the compro

mise structure· nci; 2 in the t'able was found to be worth further con

siderations,. It was arrived at by keeping the reduced energy (26.6 GeV) 

and reducing the free space in the interaction region by one metre in 

order to gain 2 min the middle of the inner arc for the injection se�tum 

magneto A variant of structure no. 2 would be one still having 28 GeV 

design energy tut with its average radius increased by 5 m. Because 

of the given size ancl sLa:pe of the ISR site we do no t.consider this a 

practical proposal. 

In structme no,. 3 a crossing angle of 7.·5° is achieved by 

transforring four of the 48 :9eriods from the outer into the inner arcs. 

Correspondingly, �he free spece in ther8 becomes rather limited. In 

_PS/5136 
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fact most of the correction equipment would have to be removed from 

the inner arc in order to leave space free for the equipment for in

jection which just seorns possible whon the parameters of all the com

ponents are pushed. Additional mid-Ii' and mid-D straight S8ctions for 

correction equipment must therefore be provided in the outer arcs. 

Structure no. 4 is an example of a structure with 40 periods 

and. 9° crossing angle. Due to the reduced number of periods it can 

be built with E1hort magnots in a FOFDOD arrangement if one makes the 

gap between unliko magnets ,just long enough for the coil overhangs and a 

vacuum chamber connec tion. Since this structure has the same number 

of periods (i.eo 4) in the inner arcs as a 15
° structuro, and since 

there are only small gaps between unlike magnets, the long mid-F 

straigh t sections are almost as long as in the 15° structure although 

the nmgnots and the intenrnction regions are longer. The lengths of 

a
4 

and a6 are chosen such that tho maximum verticai �-value is as 

small as possible. A varian t of this structure is one whore the 

magnets are arranged in a FODO fashion. Because of the smaller flexi

bility of the FODO arrangement and because of the shatter mid-F 

straight sections we consider it less attractive than the FOFDOD 

structure given. 

Structure no. 5 is a structure with· 44 periods and 12 3/11° 

crossing angle, Since it has one period more in the outer arc than a 

9° structure there is not cmough space to split long magnet uni ts 

into two short ones. As a consequence the magnet lattice must be 

FODO. The useful free space available in the inner arcs is shorter 

thnn in the 15° structure since the nagnets and the intersection regions 

are longer; it is also shorter th1cm in structure no. 4 because of the 

straight sections inserted between unlike r:-1agnets. 
Structure no. 6 is D,n asyrmetric structure with two differ-

ent crossing angles. A nore detailed evnluntion of designs with un
equal intersection angles will be give� in an Appendix. 

PS/5136 
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Table 2. Parameter L:i.st for ISR Struct1_�-� 

Structure 

Number of periods M 

Periods in outer arc M1 
Periods in inner arc M2 
Intersection angle 

Magnet unit length 

F-D straight section 
D-D1 
l!,-Fj 

II II 

Interaction region 

Straight section 
II ti 

II II 

II II 

II ti 

II II 

" " 
Profile parameter F 

II II D 

Vertical aperture 

Horizontal aperture 

( f (3VI� tan t/-1/2)-l 

Maximum radius R max 
Minimum radius R. 

min 

Interaction radius R. t in 

:x:) 

L u 

al 

a2 

bl 

b2 
a3 
a4 
a5 

a6 
a

7 
(n/p)F 
(n/p)D 

(3H max 
13v max 

j3VIR 
o: (F) 

o: (D) 
p 

48 

8 

4 

1 

15° 

2.44 

1-63 

0.15 

16.78 

6.98 

9.80 

1.0 

13. 08 

3.0 

9.40 

-3.14 

+3.05 

37. 9 

50.2 

13.0 

2.27 

1.52 

49 

'142 

· 2.12 

154.4 

145.3 

·148.6 

48 

8 

x) 
2 

4 

15° 

3 

48 

2.32 2.44 

1.63 1.63 

0,15 0. 15 

18,71 19.5 

9.01 9.22 

9.70. 10.28 

2.0 2.0 

14.03 8.26 

2,0 1.0 

9. 50 1 .8 

4.59 

-3-19 -3.23 

+3-10 +3.18 

41�9 

54,4 

14,5 

2.23 

1.50 

53 

146 

48.6 

70.9 

24.0 

2.28 

1.52 

64 

154 

2.00 3.12 

154,6 152.6 

145-2 148,3 

148-3 148�-5 

40 

6 

4 

2.95 

0,88 

1.63 

20.0 

10.13 

9,87 

1.63 

12.14 

2.5 

9.55 

.... 3.oa 

+2.99 

39.4 

65,0 

22. 9 

2.34 

1.51 

57 

141 

2.67 

153.3 

147.1 

148,7 

44 

7 

4 

5 

2.70 

1.63 

0.15 

20. 0 

9.90 

10.10 

2.0 

12.93 

2.0 

5.24 

-2,95 

+2. 85 

37.3 

62,4 

18,3 

2.30 

1.49 

58 

142 

2.19 

154-1 

146.3 

148.4 

This structure gives only 26,6 GeV total energy. in each ring. 

48 

7 

5 

6 

2.44 

1.63 

0. 15 

�
6. 13 

30.73 
6.00 

20.60 
10. 13 

2.0 

7.26 

2.0 

1. 8 

4,45 

-3,26 

+3,21 

50.3 

98,2 
S30�5 
L30.1 

2. 28 

1.51 

88 

158 

m 

m 

m 

m 

m 

m 

m 

m 

m 

m 

m 
-1 m 
-1 m 

m 

m 

m 

m 

m 

mm 

mm 

m 

m 

m 
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We believe that this list of ISR structures includes all 

possible structures with fundamental design differences. There,is, 

of course, an infinite number of variations to these structures but 

their properties are probably close to, and in most cases inferior 

to, those of the structures given above. This is due to the optimi

zation of the layout done wherever possible. 

I.2. Arguments for the selection of ISR structures 

The foflowing features should be considered in a comparison 

of various ISR structures: 

'i) 

-ii) 

iii) 

iv) 

v) 
vi) 

general mac_hine layout and engineering 

betatron oscillati_on ampli,tudes, momentum compaction factors 

ap_erture requirements 

injection possibilities 

ej�ction possibilities 

po�sibilities for physics experiments 

a) space around the interaction regions 

b)_ interaction rate 

vii) possibilities for head-on collisions 
. ' . ' 

viii) cost 

ix) the . time delay in the construction programme. 

r.3. First elimination of a few structures ---------�-------------�---------------
.' , . The li:st of structures. given in Table 2 is too long for 

all of them to be investigated in great -detail within a c,hort time. 

This is, ·however;· not necessary since some of them can be eliminated 

on the basis of the data contained in Table 2. 

In the elimination process we shall mostly compare the 

structures in pairs and only consider the better structure from 

there on, 

The lengths of ·the intersection regions being equal - the 

1.5
° 

difference in crossing angle of 9° and 7.5 ° 
structures and the 

PS/5136 



even smaller relative differenee in interaction rate are not im

portant arguments in a choice l 1tween them from an experimental 

physics point of view, The advantages of the small gain in inter

action rate may even be smaller than the disadvantages from the re� 

duced accessibility of the intersection regions due to the fact that 

the magnets of outer .and inner arc are almost touching each other in 
0 a 7.5 structure. We conclude that there are no important physics 

ai0guments in the choice between the two kinds of s tructures. 

The machine design arguments are all in favour of a 9° 

0 structure. 7. 5 structures need very d.ifficul t injection schemes, 

a much bigger aperture and therefore bigger and more expensive 

magnets. This is quite in contrast to 9
° structures which have 

enough space to allow short magnet units·(and thus only one type of F and D 

magnets), are less difficult to inject into and need less increase 

in aperture. We therefore eliminate the structure no. 3 from further 

considerations. 

Difficult injection and considerably higher aperture are 

also features of the asymmetrical structure no. 6. Since the general 

layout of sh·uctures �1ith unequal crossing angles is different from 

that of symmetrical structures 1:1e give a brief discussion of the 

geometry and of the resuiting oroi� parameters of such structures in 

an Appendix. We may summarize the result of this evaluation by 

saying that we have not found that asymmetrical structures present 

advantages that could outweigh the technipa:J.. disadvantages. 

Let us then compare structure 5 with 4 and 1 (or 2) . 

If one attaches much.importance to a small crossing angle the step 

from 15° to 12 3/11° seems small and cne should go to 9
° , which also 

would give 25°/o larger interaction rate. If long straight sections 

are very important one finds this advantage also in 2, and with only 

marginally smaller interaction rate. From a machine point of view 

no. 5 is clearly inferior both to 4 and 1 (or 2). For instance, 

injection is easier in both 4 and 1, and the magnets are smaller .• 

For these reasons we do not present more details on structure 5 in 

this report. 

PS/5,136 .. 
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After this elimination process we are left with structures 

1, 2, 4 

We consider structure no. 1 adequately discussed by referrinc to the 

structure represented in1) of which it is a small modification. 

We also consider structure no. 2 to be sufficiently sinilar to struc.

-ture l not to require a special 'description in addition to the data 

given in Table 2. 

In the following chapter more details are given on the 9° 

F0FD0D structure no.� in order to make possible a detailed comparison 

with· the other two structures. 

II !-. Description of the f(·Ji'OFDOD Structur..§_ 

f�!�!--��l���-�!_!��-��E��!�E: 

The structure has 40 periods, thus 10 periods in a super,

period. They consist of 5 compact periods, forming the central part  

of the outer arc, and 5 expanded periods arranged such that the inter

sections take place near the centres of the two extreme expanded peri

ods. The layout of one octant of this machine is shown in Fig . 1, 

the whole machine is shown in Fig. 2. 

The average radius of the ISR is 15-0 m. Tha average radius 

of the compact lattice is 107.0 m, and that of the expanded lattice is 

193.0 m, the intersection points are orl.a circle of 148.7 m radius. 

The long s_tra.ig�t sections are all mid-F since. this is 

necessary for the_ interseption regions and for injection and ejection 

purposes, in particular for; the fast kicker magnets associated with 

them. The interaction rate is inversely proportional to the bea.m 

height which has relative minima in mi��F. The distance between the 

injection kicker and the edge of the s.tack is fixed by the condition 

that ··the kicker stray field must not disturb the stacked beam. There-

fore the kicker magnet(s) should be in azimuthal positions where the 
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momontum range covered by this dis tance is a minimum. This is also 

achieved in mid-F . 

From this point of view the mid-D s traight s ections in the 

inner arc need not be longer than those in the outer arc . This  is 

even advantageous s ince it yields the longes t mid-F s traight sec tions. 

However, we have tentatively made two of them about 0. 8 m longer in 

order to provide more space for sextupoles and o ther correc tion equip

ment which are to be used together with corresponding equipment in tl:B 

long mid-F straight sections . 

For fixed lengths of the interac tion regions and' of the 

mid-D straight sections the remaining mid-F straight sections were 

chosen such as to minimize the maximum value of the vertical �-func� 

tion. The resulting variation of tb,e horizontal and vertical �-
. . . . . 

. 

functions along half a superperi�d is shown in Fig . 3.  Because of the 

choice of a
4 

and a6 the two highest peaks of the vertical �-function 

are equal . For other choices of a
4 

and a6 one of them would be 

higher than shown in Fig . 3,  and the · csther -6ne lower·. 

The average length of the magnet units is fixed by choosing . .  
the maximum field on the equilibrium orbit and the maximum total 

energy of the protons which should be approximately equal to the 

maximum energy avail:able ' fro\n the CPS ', ·  nktmciJ.y 28 GeV . : 

For the reasons giyen in l ) .we choo�e a maximum field on 

the equilibrium ?rbit of appro�imately 1 .  2 T .  The bend.in g radius 

is then 79 . 2 m and, if there are four magne t units in a period , the 

length of a unit is L = 2 . 95 m. 

The informatiort · gathered so  far can be used to compute _ the 

magne tic field gradient if we negfoc-t fringe field effects for focusing 

for the time being ; the result· is · 

PS/5136 

( n/p)F = 

(n/p )D  = 

-1 3e08 m 

+ 2 . 99 
-1 m 

u 
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The ac tual profile parameters with the fringe field effec ts for focusing 

taken into account will be lower  than the ones given in ( 1 )  since the 

focusing length of the magnet units is longer than the core length L u 
used . 

!!!��--Aperture_requirements 

In the following sect�on we make the same assumptions as in 
1 )  IV. 6 .  of • We thus can limit the discussion to a pure listing of  the 

new figures. 

II. 3 . 1 .  Beam emi ttance 

Scaling beam radii with � yields at 2 5  GeV .  
max 

x= 4 . 7  mm and z = 6 . 0 mm 

We scale inJ· ec tion errors as � · and obtain max 

X .  
inj 
.. " ·  . l.llJ 

= 5 . 9  mm 

= 5 .0 mm 

( 2 )  

t 'f •
• 

(3 )  

Combining (2 ) and ( 3 ) gives the following figures for the maximum width 

w and the maximum. height h . of the· bean at · 25 GeV : 

w = 21. 2 mm and :ti = 22 . 1  mm ( 4 )  
whereas the beam height in' the· intersection regions becomes 

We also assume that a distance of 36 mm is necessary between the in

jection orbit and the edge of the s tack in order to avoid that the 

kicker s tray field affects the stacked beam . 

PS/5136 

... 

II.3.2, Injection space and errors --------- - - -

A 
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II . 3 .  3 .  __ Influence_ o_f _random_ magnet_ errors 

For the computation of  clos ed orbit distortions we follow the 

procedure outlined in iv . 4 . 4 . 2 . of l) . From the behav�our of the �

func tions plo tted in Fig . 3 we deduce that 

� = 1/2 � av max 

and obtain for closed orbit  responses to misalignments 

and to magnetic field errors 

x98( o )  = 42 o 

z
98(o) = 69 o 

( 6 )  

(7 )  

( 8 )  

We as sume the r. m . s. magnet imperfec tions given in Tab. IV . 9 

of l) and obtain the following values of  the closed orbit  dis tor

tions which will not be exceeded in 98°/o of  all machines : 

x
98 ( total ) = 12 . 5  mm 

z
98 ( total ) = 12 . 0  mm ( 9 ) 

!!!�!,1.!, __ _ Aperture _for_ s tacking 

The design· momentum spread in the stack is op/p = 2 , 5°/o . 

The maximum momentum compaction function can be taken from T[lble 2 and 

this gives the maxii:num width of the stack as ox = o: (max ) &p/p = 5 9  mm. 
p 

!!!�!2! __ Vertical_aperture_for_multiple_s cattering 

tering as 

at 25 GeV . 

PS/5136 

As suming the same relative amplitude increase  due to  multiple scat-
1 )  

in , we obtain a vertical ape�ture for the beam o f  3 3  mm 
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Il . 3 � 6 .  Conc lusions for the aperture ----�--------------------------------
In . the fo�lowing we co1.bine the figures obtained in the pre

ceeding sec tions _to . 0:e termine the _aperture required . They are based on 

the beam charac teristics at  25  GeV . 
. .  

The horizontal ape rture is made up as follows : 

S tack width 

Distance from the inj ection orbit to 
the edge of the stack 

Beam size  

Closed orbit distor tions 

59 mm 

36 mm 

21 mm 

25 mm 

· J41· 'mm 

The vertical aperture is given by the following two contributions : 

Beam size �ncluding gas scattering 33 mm 

Closed orbi t distortions 24 mm 

57 " · :  . .- � .  , .  : 

II . 4 .  Arrangeme nt of auxiliary equipment �----------------------------------------

.• ' .  

The number of  straight sections long . _ eno1igh · .f c;i::r. .. Pu.·-tti.r:tg J� � �- -- '.'_ .!; :i 

auxiliary equipment . like elec trostattc . pick-uP. stations . and correcting 

magnets is 33 ·i.n a· , supe rperiod of th� 15° structure1 �. . In the 9° 

FOFDOD struc ture there are only 20 straight sec tions available because 

of the smaller number of periods ( and magnets) and because of the 

FOFDOD arrangement .  The:�E��e th� - ��?��t of  auxiliary equipment- . ha� to . .  , .  
be red�ced and some of the straight sections have to be chosen such as 

to provide _room _ _ for more than one piece of • equipment s imultaneous ly • 
. • . 

A tentative distribution of the st:raight section s pace is 

given in Fig. 2 .  The following equipment is foreseen in each ring : 

a )  44 electrostatic pick-up stations ; they are distributed such that 

tho maximum phase advance between neighbouring stations is about 

0.3 wavelengths. Eight of them mus t be inside radial field magne ts 

and therefore may be of . inferior quali ty than the others . 

/ 

mm 
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b) 16 Terwilliger qu�drupoles, 8 horizontally focusing ones in the 

inte:action regions and 8 vertically focusing ones in the centres 

of the inner and outer arcs. 

c) 16 radial field magnets arranged about one quaieter betatron wave

lengths before and after each intersection region for vertical 

beam position adjustment at the crossing points. 

d) 32 quadrupoles with their axes at 45
° 

(skew quadrupoles) for de

coupling horizontal and vertical betatron oscillations. 

e) 16 sextupoles :_n four of the straigh_t sections of each inner arc 

fpr changing the dependence of the Q-values on momentum. 

!!.:.2:. __ Superposition_of_closed_orbits 

A small beam width �n the intersection regions, which is 

desirable for certain types of experiments, and -under certain condi

tions to be discussed below -for increasing the_ interaction rate when 

used together with nead-on collisions, can be obtained by superposition 

of the closed·orbits for different momenta there. Terwilliger2
) has 

shown that this can _b0 achie7ed by applying a harmonic gradient per

turbation to the magnet structure with a harmonic number close to Q. 

In Fig. 4 a distribut: on of Terwilliger quadrupoles is. given 

together with the momentum compaction function a (s) over a superperiod. . p . . . 
In this symmetrical arrangement of the Terwilliger quadrupoles all 

closed orbits are made coincident at all intersection points with an 

angle of about 1 Nrad between the extreme closed orbit:s: for a stack 

width .!1p/p = 2.5
°
/o. This angle is of ·the same order of magnitude 

as the angle due to betatron oscillations and injection errors� A total 

number of 16 quadrupoles is used with the following strengths: 

-1 8 F quadrupoles with C '= -0. 0096 m 

8 D quadrupoles with C = -;-0.0096 -1 m 

The Terwilliger scheme has the following effects on the 

orbit parameters and machine performance: 

The ratio between the maximum momentum cor.ipaction function 

with and without 'rerwilliga:' quadru.poles excited is 2.14. Since the 

2) . . 
( ) . ._K.M._. Te�williger, P.ro'?,Int •. c.�1_1f, High En. Ace� C�RN·,· P• 53 1�_59 · 

· · ·_P_S/51'.36 
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II . 6 .  Beam transfer 

I I . 6 . J. .  Des ign of  the inj ectio , ' sys tem 
- - -- - - - - - - - - - - - - - - - -- - - - - - - - - - - -� 0 -- - - · 

.. The in,j ector c omponents are loc ated  in the long tnid-F 

s traight sec tions a
4 

and a6 of the inne r arc . The beam to be . in- · 

j e cted approaches the vacuum . chamber at a fairly large angle in a long 

mid-F stro.ight sec tion . It is made parallel  to the centr.• •.l orbit by 

a s eptum magnet  and then deflected onto the inj ection orbit by a fast 

kicker magnet in the next  mid�F s traight sec tion. We p�efer to inj ec t 

from the inside in a long mid-F .straight section because the beam then 

enters the machine on the open side of the magne t pole where the aberra

tions are much smaller than on the . . cl·osed ··stde . Since tha CPS is about 

10 m lower than the ISR the beam is brought to the inside of the ISR 

�y .passing under the magne t units . Over the las t  part of its tra

j e�tory it rises with a slope of about 10°/o and· is finally deflec ted 

horizontally and vertically un:til it is parn. llel ·to : the central orbit . 

This is shown schematically in Fig. 5 .  
t 

!!!���! __ Optimum_inj e c tor_position 

.
,,, 

. : "Tho'reL "are
0 

t�o· possibilities for· locating t,he inj ection equip

ment after the , decision on inj ection in a long mid-F straight section 

is taken : 

i ) . the septum magnet is in an ups tream a
4 

and the kicker 

in the a6 straight sec tion 

ii) the septum magnet is in a6 and the kicker in the down

s tream a4 straight sec tion. 

The following arguments enter into the choice : 

i) The lengths available in the s traight sections a
4 

and 

a6 • They are given in Table 3 .  

ii ) The values of  the � func tions there , also given in Tab .  3 .  

iii ) The width of the s tack when the Terwil]:jger scheme 

described in II.5. is us ed . 

iv) The dis tanc e of the i nj e c tion traj ec tory from the nex t 

ups tream intersec tion region . 
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Let A -_e the maximum s tack width , exc luding be tatron os ci J la

tions , that can be allowed at  any azimuth during s tacking , and B. t"he· · 

dis tance from the inj ec tion orbit to tho bottom o f' the s tack . a ( F )  
p 

is the unperturbed :value o-f the momentum compaction function in mid-F , 

a (K) and o: ( max )  are its valu0s at the kicker and the maximum res pec-
p p 

tively when the Terwillige r quadrupol es are excit e d . If they are 

turned on after the stacking is finished  one can also · use part "B" of 

the . aperture tu accommodate the stack . In this case the ratio between 

the maximum stacked currents with and without Terwilliger scheme is 

a (F ) 
p .. 

a ( max) 
p 

(10 ) 

If one decides to stack with the Terwilliger quadrupoles exci ted , e . g .  

becaus o  o f  a spec ial small vacuum chamber i n  an intersection region , 

the maximum stacked current is reduced by the fac.tor 

( 11 )  

It is clear from eq .  ( 11 )  that the large s t  value o f  R2 is 

obta ined if the kicker is at such a place · that a (K )  = a (max ) . 
p p 

Tho quantities entering into eq . (10 ) and (11 ) and the resulting values 

of R
1 

apd R2 computed with the assumptions .A =  5 9 mm and B = 36 mm 

are included in Tab • 3 . 

PS/5136 
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Kicker pos i t i on a4 

12 . 14 

25. 5 

To tal st�aig�t section length 

Horizontal � value 

9 . 56 

26 . 5  

. 24 . 5 

2 . 34 

m 

m 

m 

m 

Vertical • �  valu.e 9 ·  

2 .'.34 o: (F ) 

o: (max ) 
p 

a: ( K) 

Rl 

R2 

· 5 . 01 

3.25 

0. 76 

0.31 

5 .-01 m 

4.73 m 

0. 76 

0. 4 6  

Horizontal dis tance of inj ection orb��
from the upstream crossing point i. 6  m 

Vertical distan�e of  inj ectici� �rbit 
from the upstream crossing point 

' .- _, ) . 

!!!�!�!--���!��-�!-���-inj Gcto r position 

1 .• 6 m 

Two of the arguments presented in . II . 6 . 2 . are . in· favour of 

locating the kicker magnet in a6 and two are in favour of putting i t  
- : ; !  . , __ . . ; ' i. , 

i )  .· If  'the kicker i� '  in a6 , the siptum magne t ·  , which needs 

more space than the kicker can be; in a
4

, which is longer 
. . . · . · ., ' .  ; . . . . · . . •. 

. · . . . . . . . 
. 

than a6 � This argument ·is , however , not very strong s ince 

"the , 'k tudie s :�arried out on struc tur8 1 have sho:Nn , that 

a straight sectio� of· 9 . 4  � - length , with also a Terwillige r 

quadrupole present , is just sufficient to . allow inJ ection 

from the ins ide . 

ii) The reduction in maximum stf.cked current with the Ter

williger quadrupoles excited during inj ection is less 

dras tic when the kicker magnet is in a6 • The difference 

between the two schemes is , however ,  relatively small . 

iii) If the kick0 r magno t is in a6 , its gap height must be 

1 .65  times larger than in a
4 

• 

. .  

p 

p 

8 

4,5 

PS/513.6 
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\ If the kicker magne t is in a6 the inj e ..;  0.1.on craje c-- • I 

to ries are so near to the next ups tream intersection 

regions th at they are practically lost for experir:1ents. 

We . have decided to put the septu!'l magne t into a6 and 

the kicker int o downs t;ream a
4

, mainly because of iv ) ,  since we 

cons ider blocking two intersection regions right from the beginning 

a very serious decision which should only be taken if there were 

strong reasons for doing so .  

II . 6 �4 •  Beam dumping and e j ection -�-�------------------------------
We have also studied beam dumping and s low e j ection but 

we shall make only a few conments about them . 

The small value of the vertical � function in a
4 

LJ.akes 

this a very attractive place for vari?,�_s_ �p_e<:ial _ _ �?.n�;��_; a . g . t,or . .  

beam dumping . One could locate two bump I!lagnets  in the ups tream and 

downstream a
4 

straight sections half a wa �elength apart. By pulsing 

them s imultane �usly from a capacitor bank one could  drive the beam 

into a dump target in a6 without perturbing the closed orbit in 

the rest of the machine. 

For slow ej ection at Q = 9 a special ejec tion quadrupo le . . 

could be put into downstream a
4

• It would increase the vertical 

. betatron amplitude by aboµt 20 °/o which is less than the allowance 

for _multiple scattering. 

PS/5136/aao 
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J.11 • Spec ial_Nagne ts for Experinents and Head-On Colli!!...ions 

!.:_ __ Spec ial_magne t_sections_for_small_angle_scntte ring 

For the s tudy of  elas tic or  ne arly elas tic s c attering at 

small ( say 50 nrad) angles  n good  monentum resolution i s  required ,  

but i t  is difficul t to place an�lyzing maene ts clos e enough t o  the 

ISR magne ts . Therefore i t  may be . des irable to ex tend some of the 

ISR magne t uni ts radially , s o  that their field can also  be used to  

anaiyse the scattered pro tons . This procedure is difficul t with 

s tro ng focus ing magne ts and . in such cases it looks preferable  to 

replace the firs t F and D n:mgne t  units downs tream of the crossing 

point by a large homogeneous field magne t wi th a qur drupole with 

open median plane at  each end . To c over an angular range Gf  e . g . 

50 mrad a t  12 m . from the cross ing point , the good field region of  

the large magnet should extend over about •00  tlrn from the o rbit  on 

the side of intere s t .  I ts gap height  c ould e . g . be 200 mo and i ts 

maximum field _l . 5 _T . .b. possi_bl?. layou:t .;f o;r  th.� $ .true t:u.rEl$ 1- and 4 

is shown- in Fig . 6 � ·  -:-In · -structur-e · 4- the separation of  the orbi ts  

in the two rings a t  11  m fro6 the crossing point is  about 1 . 7  m 

and from the dictgl'ai1 .. ,1;m� . ;3e�� - '  that this ;i.s ju!;'l :t _  enough. for the s pe

cial magne ts mentioned above . ,. In front of ma.gne t H'  there is only 

limi ted space for access  t'o the open s ide of the ga.p � and bo th the 

·yoke · · of M· and - :M 1 · mus t ·  be -- ·on . . tl1e ins ide of .the equilibrium · orbi t �  

In s truc ture 1 there i s  enough space t o  place the yoke o f  r1 on .the . . " 
outside of the e quilibrium orbit  or  alternative ly to  ·us e even larger 

special magnets if the need for the0. would arise . Each of the spe

cial magne ts shown in Fig . 6 would k ve a we ight of about 250 tons 

in struc ture 1 and 300 tons in s tr;uc ture 4 .  The differ , nce  is due 

to the differenc e in length of the megne t periods in. the two machines . 

Tl1e longer :oa.gne t of machine 4 gives a correspondingly higher momen

tum selec tion . 

·PS/5136 .  
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;: ._ __ f'Iagne t _ � trengths _ for }ieac3- on_ col lis ions 

I t  has been sugges ted that for certain experi□ents i t  

would b e  advantageous ,  if thG crossing angle f could b e  rr1ade much 

smeller ( say 1° or 2 °
) or  if the beams c ould be made to  collide 

head.-on . Two pos s ible me thods to achieve this are shown s chemati

cally in Figs . 7a and Tb . In Fig . 7a all bending E1agne ts are located 

in the cro s sing s traight sec tion a
2

• The sun of  the deflec tion angles  

for each bean is then about 2 .  5 LjJ • An important reduc tion in Eiagnet 

s trength can be ob tained by pl e.c ing a bending magne t M3 in the adj a

c ent s traight  sec tion a
4 

of the inner arc . The dis tanc e be twe en rir2 
and M

3 
is  about 30 m .  As shown in Fig . 7b the ISR Hagne t "o riod  

be tween M2 and M
3 

mus t then be  dis placed  laterally over a dis tance 

of about O .  6 n to 1 .  5 m deJ)Gnding on the type of machine and the par

ticular arrangement chosen .  Tabl<➔ 4 gives the bending nagne t s trength 

tlv� t is required to obtain " head-on collis ions at  28 GeV . 

Table 2 .  Values c-L}Bq,_L_f_o_r head-on collisions 

all magne ts 
in a2 

f Bdl . per beam 
J.n a2 . 

'92  Tm 

35  " 

To tal fBdl of all 
s pec iBl mc=i.gne ts 

80 Tm 

45 II 

-----------------·-------------,1-------------l 
magne ts in 

a2 
and a

4 

28 

16 

I I  

I !  

40 . " 

22 I I  

Broadly s peaking we CGn subdivide the 4 cases lis ted in 

the Tuble  into the following three categories .  

With all magne ts in a2 and tf = 15
° ( i . e .  s truc tures 1 and 

2 in Table 2 )  we need magne tic fie lds of 8-10 T .  This is sonewhat 

beyond what is feas ible with p.ces ent  supercond1,1c ting materials . 

Even if be tter materials are deve loped , the enoroous nagnetic fo rces  

and large s tray fields will  pres ent difficul t engineering probler::is . 

If solutions to the s e  problems c ould be found tht,y are likely to be 

PS/5136 
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v�gcns ive· a11d the refore w e  f, lw.:L l  no t c o no idc, r  t h i s  case  n.ny fur the r .  

The two foll 01'iing l i  ·, e s  in Te.bl e  4 .  rHj ' ' ire urtgnc t s  with 

a fi eld of a-bout 4 T .  Such f i c l d2. have already b e en re ached a t  

pres ent i n  r:iagne ts w i th dinons icms o f  tho order o f  1 m s o that the s e  

two c a s e s  · l o o k  renlis  tic . W e  sh2.ll the refore bas e the further 

analys i s  on superc onduc ting nagne ts wi th a fie l d  o f  4 T .  

• . 0 . . 
Wi th r1agne ts in a2 and a4 in the 9 1'.lachine the va.1-irn s 

of JBdl 'are suff i c i ently low , thc:d 0110 c an even ob tain head-on 

c o l lis ions with c onventi onal s te e l  nngne ts wi th f i e l ds in the range· 

1 . 5 T to 2 . 0  T .  One r:1ight , of c ours e , pre fer to us e E,l_s o in this 

c::i.se supe rc onduc ting L'l.c:.gne ts , whj_ch c an then be c o rre s pondingly 

shorte·r . 

�:_ __ �oIJ.e _remarks_ about superc onduc ting_ ruagne ts 

. Al though this me tter has no t been s tudi e d  adequ2, t e �y in 

the l imi ted t ir1e available for thi s  s tudy it is neve r thele s s  us e-

ful to  make a few e l el!lentary c omEents on those . aspe c ts of supe rcon

ducting magne ts tha t are relevan t fo r this dis cus sion . Le t us s tart 

by cons ide ring the required fiel d  homogene i ty .  I f  the to tal bending 

nagne t length · in a2 i s  8 ;:1 , and the gradient oB
x

/) z _  a t  the be§,m pos i -

tion , due to fie ld inhonogE?nei ty _is 10 gaus s/en , _  the ampl i tude o f  
. }  

the vertical be ta t ron o s c i l la tio:ns is inc reas e d  by 0-bout 5°/o . 

Wi th conventi onal pagne ts i t  is no t too diff i c ul t to ob tain such 

a homogene i ty as l ong as the s te e l  is  no t sa turt0,.te d . Hovt3ver , a:t . 

4 . 0  T. the s te e l  is c o mpl e te ly s e.. turated s o  tha t the field  dis tribu-:-. . . . ] :  · .  

tion i s  determined mainly by the ge ome try o f  the c o ils . I t  i s  in_"'." 

s truc tive , therefore � to c ons ider firs t s one c o i l  geome tries wi thout 

iron . ,, 

In the c o il ge oT'.le try shown in Fig . 8a the windings lie 

on a cyl indrical surfa c e  and are as sur:1o d to  be infini t e ly thin . 

Their dis tribution is such tha t the curren t  be twe en V and V + d J is 

•. I,  

i d V � 1/2 cos  1) d v ( 1 2 ) 

. ,  . PS/5136· .-



I t  _can be shown tha t this gi vcs 2 perfec tl:, h.Jr , 1 Qgeneous fie ld. .  

In  prac tice  th0 windings hc.ve "' c on:,dderabJ.e  thiclmss s  and a mor_e 

pre,c tical arrangenent  e . g . for c -:, il s  that fit  around the ISR vacuum 

chamber is shown in Fig .  Sb . I t  can again be shown readily that 

wi th a unifo rm current  dens i ty in the shaded area the field  is per:

fec tly homog-oneous , but for the saEie width of  the good fie ld region 

nnd the smne number  of  rnnpero turns the field  in the c o_il of  Fig . St 

is only Yn tibes the field in tho c oil  of Fig . 8a . Corn.pE1.rison  of 

Fig . Ba and 8b sugg<:cs ts that  the re is 8 who le range of  coil shapes 

in bo tween these  two , gj_ving homogeneous fields . The optimum coil  

shape then depends on the curr,mt dens i ty tha t can be real ised  with 

th8 particular type o f  copper-clt, d  or  o therwis.e s tabilized  super

c onduc ting wire . 

For superc onduc ting magnets that should have a wide gap 

for the analys is  of  soc ondary particles  the arr s.nge::ient  of  Fig . 8c 

ma.y be preferable . The field is m2 inly produced  by the two large 

coils but there are also  a number of smaller correcting coils with 

2..dj ustable currents to obtcd.n thu required fie ld  ho:mogone i ty . 

'I'hE: forces on the c onduc tors are very large . In a typi

cal nagne t as shown in Fig . 8c , wi th w = l m .  and h = 0 . 5  I!l. ,  at a 
field B = 4T , the attrac tive force be twe en conduc tors with eq_ual 

currents is about 250  tons/m and the repuls ive force be tween con- · 

due tors wi th oppo s i te currents 1:'.bout 350 to�s/m .  These force s  

require s trong supports [l.nd therefore thE: supt. rconduc ting coils will  

certainly be cons iderably more volurainous than is  sugges ted  by  the 

:ske tches of Figs . Sa to Be . An imporbnt part o f  the des ign will  in 

fac t be , to make supports thn t obs truc t as little  as pos s iblG the 

tro.;_i ectories of s e condary :rm.rtic les  that mc?cy als o  have to pas s  

through the m�gne t .  I n  an ironfree coil  the c o i l  bracings can also  

be inside the  dewar and cooled  down to liquid helium ter:1perature . 

The s tray field  at  a c li s tmice of  5 121 froa an ironfree 

superconduc ting r-mgne t· ·wi th a field of 4 T an.d dimens ions corre

sponding to nagne ts :M, in the diagrm1s discus s ed below is of tho 

order of 0 . 05 T .  The ex tra flux dcins i t:y in a large l:las s  o f  iron , . 
.J. 

· . . . 
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l ikG e n  ISR ;nr;grw t u.nit  woulci_ be 2, fm,J t ir::c s l argG r ,  s inc e the 

iron tends to " suc k in 1 1 th0 flux l ine s  fron th0 s urro'.-lnding S j Y.: C G . 

Thi s  would rrl pre: s ent r: !'laj o r  per turba tion to thE: p,.1 r t i c l e  o rb j_ ts 

in the ISR nnd hns t o  be  c o rrec t e d . 

Oro po s s ibil i ty woul d be t o  shi G l d  the s tray field locally 

by surrounding tlH-:! ISR rn::i,grw t uni ts  c:'-nd ::, traigh t  �, ec tions in the vic i.;.. 

ni ty o f  the c ros s ing point wi th l arge shells of s t c, e l  or wi th large 

loc al c o rre c t ing c o i l s . Ano ther appro ach would be , to surround t� 

superconduc ting c o i l s  wi th addi tional coils tha t pro duc e a weake r ,  

oppo s i  te l�r dire c te d  fd. a l d  but ·which hEwe large r ·  dinens ions . By an 

appropriate cho i c e  of ps,ramo t e rs one can then o b tain approximPc to  

c enc e l l e.tion of tl:w s tray f i o l d s  at lnrgo dis  tc1.11c ,:; s . Such an arrange

ment tends to beco::,ie ra thor vo luminous and requires considerabJ y 

more ( s qy a fac t o r  3 )  ampe re turns for a given d0fJ. o d t ing powe r of 

the supG rconduc ting nagno t ·  thr;n the  s i r,1ple coil  arrangement . 

In genoral i t  aP}_)cars d e s i rable , and f o r  s pe c i :=tl magne ts  

that are c l o s e  to the ISR E1agne t  uni t s  i t  will c e r tainly be ne c e s sary ,  

to bui ld R s te e l  yoke around tho J::arge superc onduc ting nagne t s  in 

o rder to  reduc e the s tray f i e lds . This ha s the addi tional advantage 

of reduc ing the numbe r  of ampo re turns by . about a fac t o r  2 .  T:f tho 

s teel  surfac e c oinc ides wi th an equipo tential s urfac e of the magne

tic fiGld  around the c o i l s , where the I!laxirn.um flux dens i ty i s  lower 

than the s a tura tien valua , no dis turbance of  us eful f i e l d  dis tribu

tion should resul t a t  any fi8 ld l eve l . I f  the  sys tem is sy0me tri

cally bui l t  and the c o i l  sys tem is suffic i ently rigid ih i ts e l f , 

no forc es  will deve l o p  be twe en the c o i l s  r_nd the yoke . In fac t the 

c o i l s '  a-re in an uns tnble e quilibrium pos i tion wi th re s pe c t  to thu 

yoke P.nd modera t e ly s ma l l  s uppor ts should be suffi c i e n t  to ke e p  the 

c o i l s  in plac e .  On the o ther hand i t  wou.,ld be interes t ing to be able 

to take up the for c e s  on· · the c o i l s  by s trong supports  fr01'1 thG yoke , 

thus elimineting obs truc ting s pacers be twe en the c o i ls . However , 

s trong suppor ts with one ex tr00i ty a t  I' '.JOI!l t 1:;r:1pe rn ture and tho o ther 

ox trai-r!i ty at l i quid hel iu:::i tomper2. turo give · ri s e  tc difficul t  enginee ring 

probleE:ts . 



In view of  tho 2.rgur;1ent s s;i v8n a bovc , 1,:e hnve shown in 

the drawing d i s cus s e d  below thD do t t e d  outl irie o f  a s te e l  re turn 

yoke of re c tengular shr-1:i::e and wi th a cros s -s e c b. o n  th.?. t  is j us t  

suffi c ient t o  c arry the flux o f  the supG rc onduc t ing n:1gne t Hi th 

B = 2 . 0  T in the s teel . Mo ro de tail ed s tudie s  of  supe rc onduc ting 

illngno ts c ould l ead to  a pos i tion or s hape o f  the yoke thR t is 

s ome wha t d i fferent from those  pre s en t e d  in our sk0 tche s . 

4 .  P o s s ible ge om� tries for head-on c o l l i s ions 

In d i s cus s ing s o ne po s s ible arrangements for he ad-on 

c o l l i s i ons we shal l in goneral assune the us e of :c,U_;_)tJrc onduc ting 

nw.gne ts wi th a field of 4 T ,  but in s o ,D.8 c ns e s  we lifhall als o show t1:e 

pos s ible us e o f  c o nventio1w,l rnigno ts . There are two different 

app rmche s t o  the cho i c e  o f  tll& b d s t  layout . One would be , to Bnke 

tho special magnots as s lender as p :J s s ible and to plnc e  the I11 as 

far as pcs si ble froill the c ro s s ing point , s o  tha t  they sv.b tend a 

small ,a; o lid :mgle and l e o;vG tho maxil'ltm s p2ce fre e  for oxpe riaenta

tion . The alterna tive i s  t o  pl nc e �he spec ial F1agn e t s  r1:1 ther c l o s e  

t o  the c ro� s ing point and t o  give them t h s  large s t  po s s ible  gap 

s o  tha t  they are . a t .  the s a;;1e t i: 1e us e ful for mo 1:1entun analysis of 

the s e c ondaries . Thi s is a t tr2.c ti ve s ine e iTic"'-ny s e c ondarie s will 

be produc ed a t  sma l.l . angle s  • . 

Fig . 9 s hows a laym�t f o 1� he ad-on,  c o l l i s ions f o r  s truc 

ture . l and Fig . 10 for  s truc ture 2 .  Bo th are b as e d  on the s e c ond 

al te rnative in III .2 In f::i,c t for s truc ture 1 this s eens to be the 

only pos s ibility in the l imi ted available s traigh t s ec t i on s pace . 

In both cases there are nagnets M3 nnd M� ( no t  sho n )  in the. a4 
s traight s e c tions , and the ISR magne t 1x,riods  have bE- �n displac e d  

� ater2,lly . The two sketche s are ve r:r s iuilar , but i n  Fig . 1 0  the re 

is mo re fre e s pace  be twE,en III and . th8 ISR magne t uni t s , whi ch may be . . . 1 
very valur,ble for detec tors . Hagnots M2 ancl M3 c rm have a fie l d of 

J..  5 T .  11.s an excmple of  wha t c ould b e: dom, if one i s  pre2- s e d  for 

s pac e , we  have assume d that M2 in Fig . 10 is pl 0 ,c e d  agains t th(a 

F-uni t of tho ISR and has a c oi;111on c oil wi th i t .  S ince 11
2 

�as 
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. . . 

p:=:rallol  :pole s , a · gap h;, i ::;-ht o f  fl e n  would be  s uffi c h n t  �,ncl there

fore its fio ld would be: about L 5 'I' fer  tho s ar11e ,:111E1b e r  of  ampe rE:

turns th . t  giv e  1 . 2  T in th,-J ISR uni t . A s iEiiJ. t,r arrE,ngement 

would b e  pos s ible , o f  c ours o , in s o::10 o f  the o thar skotcho s . 

:Pig . 11 s hmrn the equivFLlcnt o f  li'igs • .  9 and 10 fo r the 

9° maclnnc . In this c ,;_s e it is  pos s ible , to ob tain he ad-on c o l l i

s ions wi th a convention�� l mRgne t _ _ with n fiold of 1. 6 T ,  but one 

c an als o , o f  c ourse , use a shor t e r  supe rc :-mduc ting m0.gnet . 
: . .. 

Fig . 12 shows rm arrangone n t  for he [1d- on c o l l i s i ons 
0 . . 

iri the 9 1:1c1chine wi th .::1.l l  nagne ts in a
2

• Thi s  would be a rather 

doub tful po s s ib i l ity fo r tho 15 ° r:w.chine s and even in the 9
° 

L12.chin0 thG nngne ts tc:.ke Ul) IJos t o f  the s trnigh t sec tion 's IJade . 

p o s s ible 

In Fig . 13 tho a�"cgno t ilI has been pl:w e d  as  far as 
l 

fron the c ros s ing point nnd it hc:,.s been assm ,0 d  tha t the 

Even s o M
1 

wi th i t s  re turn yoke 

sub tonds quite  a large s o lid  nngl o e. t the cros s ing point . rii:2 which 

is  close to thu ISR 1:mgne t uni ts will c e .r tainly neod a re turn yoke 

end the :::ofcre the la tter has been drnvm in ful J. line s . 

l o . bc r:ms c ros s at  an 1:,nglo of 
C -

Fig .  14 s hows the c o rres ponding arrnngurnmt f o r  the 9° 

r,iachinc . S inc e the c o i l s  of t! �e firs t rt,1.gne t  uni ts o f  the ISR 

prac tically touc h ,  we have all ow8 d a c ro s s ing angle of 2 . 6
° 

in o rder 

to pla� e M
1 

as far away from the c ro s s ing region as pos s ib le . In 

this c as e  l\ and M
2 

can be pic ture frar1e nr,gne ts of c o nventional 

des ign and with a fi o ld of 2 . 0  T .  They shoul d take up c onsider1;.bly 

l es s  lateral s pa c e  than the c orro s ponding nagn0 ts in Fig . 13 . 

I f  tho two ;i:s,a be�,ms c ro s s  a t  an 1.rngle y✓ , . the inte r..: 

ac tion rate is 

C D  
( 13 )  

where h == bec.m he ight trnd the o thur syqb o l s  are w e ll known . 
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:i..n such a w::.>,,y , thn t they ovc;rl .  ,p o ver a clis  tcmc e 1 ,  the in h) rac t ion 

rate is 

2 0- c  L 
hw 

ulwre w = h.,an wid tb . The 1 1  gu c. u 0 t r i c a l  II impTOVGI!len t fac tor F 
1 

due to hond-on co lli ,J ions i s  therE:: fore 

F 
1 

. . - kt. 
= R2/Rl - w ( J.5 ) 

A s ingl e  burs t fror>1 the io.pro vcd CPS wi l l  ht',Ve a wi d th o f  about 

2 cm. If s e c ondarL: s c an useful ly be c o l l ,  c te d  frori1 a ·  l eng th 1 = 1 m ,  
0 the iraprovu oo n t  due to the raod i f i e d  geome t ry is F 

1 
== 1 3  for lf' = 15 

and- F = 8 ,fo r  t.f = 9
°

. 

The max inu;tt intens i ty o f  n ful l s t ::wk is reduc e d  by c l o s e d  

o rb i t  d i s tortions clu8 to  S )C c i a l  n�\grie ts f o r  head-on c o l l is i ons and 

tho Terwi l l ig0 r schar>:ie . If we do f ine re d ue tion fac tors f c arl.i f t  

due t o  the s e  e ffec ts , 2nd a s s uno tha t  thc;y a r e  aul tiplic a tive , the 

overall impro v01:mmt fnc tor for  th o r:cax inuu intE, rac tion rate is 

2 ° 1 1..h 
F = f f'- . .....1_ 2 C t W 

( 16 )  

I t  has no t boen pos s ible in the l ir.:1i ted  t ime to make 

de tail e d  calcula tions for al l the go ome tries s hown in Figs . 9 to 

14 . Orbit c ompu tations nade for a nuaber of repre s entative c as e s  

show , thc,, t i n  gen8 ral the bo tc. tron os c i l ln tions r,re affe c ted i n  only 

a minor way , but tha t  th0 c l o s e d  o rb i t s  for o ff-momentur.i par t i c l e' s  

are somewha t deforr10 d .  In n typical cas e  one finds 
2 0 . 85 and the refo re we she.11 take f = 0 . 70 .  
C 

f = 0 . 8  to 
C 

For a ful l  s tack , ·  which h2 s n wid th o f  about 50 mm 

( fo r il p/p•-:,:,: 2�/o) + - 20 . 1nr:1 . ( bee.m . s iz c J . = 70 m,_11 , we the n find 

F
2 

= - 2 . 6  for t.jl =  1 5
° 

and F2 == 1 . 6  for c: � , 0 • 

The Te rwil l ige r s clwme , th?.t c an be us e d  t o  d e c rease w 

in the c ro s s ing rogion als o r0 duc o s . the i,:w.ximum s t2.ckcd intens i ty .  

I f  the Terwill ige r  quadrupo l e s  are exc i t e d  afte r s tacking i s  finished 

( s e e  eq . 10 ) we find ft  = 0 . 7 6 and tl� e r e f o re the int e rac t ion rate de cre 

ases  by a fac t o r  f! = O .  58 . Howeve r ,  now we have w = 2 c m ,  so that 

F
2 

= 5 . 3  for / =  1 5 ° and F2 = 3 . 2  for ;,/1 = 9
°

. 
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I f  one wants t o  us e .'.'."J, s□all vacu::_i.;21 c }Ln1)c: r in tho 

c ro s s ing region , the Terwillig,:: r q_uadrupo l & s  ,'lu s t  be e xc i t e d  b e fore 

s tacking s tarts . Even wi t h  th0 i�.1j ,, c to r  :Ln the o p timuc nziI:J.uthal 

]_)O s i  tion the ;,1£ui:ir.1um s te.c kc d int cns j_ ty is  then re du c e d  by a fac tor · 

by o.: fe.ctor f
t 

= 0 . 2 1. f = 0 . 46 and the int e rac tion rn to  This l ends 

to F 
2 

= 2 .  0 for f = 1 5 ° and F 2 == 1 . 2 for c.jJ = !=>° .  
From tho s e  cons id 0ra ti ons we s 0 e , tha t with head-on 

c o ll i s ions the int er.<l.c tion rate is incre ,:=;.s o d  bv about" one order .., 

of mc isnitude fo r s i ng l e  burs ts frou the CPS . This would bG  particular

ly s ignific ant if.  i t  w0re rio t pos s iblG  to  s tack in th0 ISR.  Howo"t e r ,  

the s aae inc rea s e  in . intarac tion rnte c an b e  obtaine d i f  one s tacks 

� .fu 3 . 5 puls es  in the I SR .  Thcro f o re the only gain achi"ved by 

ho c,d-on c o l l is ions is an improv0mont � in signal to noif; e  rat io . 

One would , the refore , for' particul[,r experioen�s , want t o  c onsider 

o ther pos s ible me thods of  ndhicving tho s ane resul t bo fore embarking 

· on- this r1ttll o r  e l aborate · t1etho d .  I t  uay , for ins tanc e , be nore 

· profi tabJ_ G to  s pund the e f·fort on  ve.cuum or on bunc hing . Fror:1 

the figures giv...::n above· 0110· nlso  s 0 e s  thP,t  fo r a ful l s tack tho in

crease in maximum int e rac tion rato  F 
2 

is only mo d.e re.te ly l f'-rgc r 

than one . To thi s one has to  d.d the fnc t tha t w i th a lc.rge r volume 

of overlap of the two beams i t  T.1G.Y be s onowho..t more d ifficul t. to 

di s c riminate agains t bnckground . 

S o  far we rwve nssuuod the, t  bearn-bec',!.'.1 effe c t s  <1re 

no t l ici ting th& ob tainable interac t ion ra te . Re cent inve s tiga

tions indicate that this is e s nfe as sunp t ion fo r tho ISR perfornan,. e . 
1 )  · . o o . 

as es tima ted in reference and w1 th norr1a l  15  or 9 c ro s s ings . 

Howeve r ,  if ono inc reases  subs t,.nt i;:illy� tlw length of  overlap at 

one c ros s ing point , the beam-be a:l int e rac tion wi l l  c e r tainl;y b e c ome 

s tronge r ,  inc re as ing the probab i l i ty of ge t ting ins tab i l i t ie s . This 

may c ons t i tute a fundmaento.:l l ini t to the ob tain2.. b l u  inforac tion 

rate , and may reduc e the us e fulne s s  o f  he nd-on c o l l is ions . 

. . .. .. . 

t 
2 



Th o l,l rgo rv, e;ne ts showr� in Fig·s . 9 to 1 4  _;_ upr0 s ent s e rious 

ob s truc tions to  th e s e c ondnry pu r t i c l e s  tlu t one wants t o  s tudy and , 

c,s shown 2b9ve , l e ad to only nod. eTe, to e,d.vant?,gc s . Al though suc h  an 

n ttcmpt raus t be rathe r s 1)ccula tivo we ktVE: the:re forc tried to s e 1:;  

i f  moclific e,tions o f  t he'' s rcc ial ;:,1e,gne ts dis cus c: c d  above r,1ight o ffer 

e,dv2,n tage s . 

I t  s e ems l ikely that thcro will always h e  a need for lerge 

· ac c optarice ne,gne ts to aw1ly,ze s o c ondary par tic los . S inc e the an2.

lyzii1g fie lds nus t be c l o s e  to the ISR vacuum chn,rnbe r c1nyhow , the de

s ign o f  th,1 s e  B2.gne t s  is s inplifie d by a l l owing tha t they als o ac t o n  

the c i rcul nting bear:1 . Therefoj_�o i t  s e em.s r-easonr· ble to  adI'li t s,ub

s tantial varia t i ons i n  tho c ro s si ng angl e . 
0 

One pos s ib l e:  arrange:-1en -t f o r  the 9 s truc ture , whi ch follows 

the s e  ideas i s  shown in Fig . 15 . Mi:,gne t �\ deflec! ts the ISR be ans 

over 40 mrad and the refore reduce s  the c ro s s i ng anglo fron ·9
° 

to 4 . 5
°

. 

In the di re:c ti o n  pe rpe ndicular to the ISR be ams , i t s  gap width is 3 m ,  

while the dis tcmc e fron yoke t o  yoke i s  4 . 5  m .  '.I'he pernis s iblo gap 

he ight is l if:li t e d  by t he fac t thet a very L0�.rge gap wi l l  lead to  a 

rathor irhomo gene ous fi.e ld that U)S e ts the be tatron o s c ill9. tians in 

the ISR .  More de tai l e d  s tudie s  are ne c e s s ary t o  s e t t l e  this po int , 

but gap heights of the order o f  1 m cay be pos s ible . 

The c o rres ponding drawings for s trv.: : tures 1 and 2 nre s hown 

in Figs . 16 and 17 res :pe,;c tiv0 ly . In all the s e:  three drawings we 

as smi1e tha t rnngnet M
1 

has the s arr10 chare.c teri s t i c a  and is a t  the s aiilG 

dis tanc e fro o the c ro s sing po int . To illus trate the flexib i l ity 

offered by a large cros s ing angle , we  a s sune ths t a t  tho  s a::e t ine the 

fir s t  F and D magn& t uni t  down s t ri: am o f  the c ro s s ing point has been 

roplo,c ed , by  a s pec ial s e c t i on as shown in Fig . 6 .  :Magne t I1i which has 

an ex tende d gap would agnin be us o d  to ana lys e pro tons tha t are s c a t te re d  

over small angl es  and hr'.ve l o s t t o o  l i  t t l o  enc rgy t o  be  s e para t G d  from 

in Figs . 16 

have a deflec tion o f  about 1 5  1<1r 1:-:! d .  We h::-:ve therefore as sumed that 

and 17 tho circulating bear1 by l'\. The sno.11 mr:.gnet M
2 

should 
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of 4 . 5 rn. ins tt:, ad of  4 . 0  n ,  ::u1d tl:cat i ts fi0J.d  is increaEr nd  fror1 1 . 45 T 

to 1 . 6 T . · This s hould be p� r�i s s iblc  if we E i s swno , tha t M is centered  

on the bc ar:1 , which is  ru ns on :,blo  in this case , s inc e one  is equc..l ly 

inton;s tc. d  iri p2;rt i c l e s  thr:. t nr.;;, s c c, t tE,r,A to the right and to  the 
0 left .  In the 9 s truc turo there i s  no S J) [.;. C 8  · f or  .<1 l.s.rge r.mgnc t  M ,  

unless  the field  of  I\ is roversod . 2-n cl the c ro s s ing angl0 is inc re as ed 

fro� 9° to 13 . 5° . 
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IV . C orrroaris on of the ISR Struc tures 

In the following chapter the advantages and disadvantages of the ISR 

s tructures no . 1 ,  2� and 4 are lis ted and commented upon . We have tri ed to  

express the important differences between them in the form of figures 

which are given in Table 5 ,  Some explanation of the table entries are 

given in the footnotes below . 

Table 5 ,  Com12arison of ISR Struc tures 

Struc ture no . 

Maximum energy 

Intersection angle 

Length of intersection region 
. 

. . 1 )  Number o f  magnet types 

Number of coil types
1 )  

Auxiliary windings on long uni ts2 ) 

Total no . of s traight sections3 )  

T t 1 f . l t t ·  3 )  o a no . o pic mp s a ,ions 

No . of piclrup stattcns inside radial 
field magnets3 }  

Required vertical aperture 

Additional cos t4 )  

Space available for septum magnet5 )  

Zero angle possible without displaced 
periods and : 

Zero angle possible with displaced 
periods and : 

Beam height in intersecti on regi ons 

Gain in interaction rate (under normal 
crossing angle condition ) 

Minimum distance between orbits at the 6 ) 
posi tion of the first inner magnets 

Layout of intersecti on regions wi thout 
special magnets 

Layou t of intersecti on regions with 
special magnets 

, . . . .  

.1 2. 
28 26 . 6  

15° 15
° 

16 . 78 18 . 71 

4 4 

4 4 
yes yes . 

132 132 

48 48 

0 0 

49 53 
0 r-J 2 

9 . 40 9 . 50 

advanc ed sup . cond . 

sup . cond . 
9 . 6 10 . 1 

0 -5 
., 

2 . 50 2 . 50 

· Fig .  18 

Fig.  6 

.1. 
28 GeV 

9
0 

20 . 0  m 

2 

2 

no 

80 

44 

8 

57 mm 

6-7 Msfr 

9 , 55 m 

sup . c ond . 

s teel  magn . 
13 . 1  mm 

+23 °lo 

1 . 54 m 

· · Fig . 1 

Fig . 6 

•, . 
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1) In the 15° structure the number of magnet types is twice that of the 

9° structure beca.use there are l ong and short uni ts , also the coils 

will be of four types : two long and two short . This is a drawback frc;;m the 

point of view of magnet engineering, but the necessary technical 

soluti ons have been presented in the design study report� ) .  

2) Since the fringe field effects will vary differer!tly with field level 

_whethe� th_e magnet end faces an open space or another rµagnet nearby , 

auxi � . .!.a_ry windings must be foreseen on the long uni ts in order to make 

the be�ding angl es of all magnets equal at all field levels . This is a 

srria1r·coinplication from an operational point of view . 

3) Since the number of s traight sections is  much smaller in the 9° structure 
. . 0 

. 
than in the 15 ones , the number of beam observation electrodes had to 

be reduced to 44 , 8 of which are inside radial field magnets . Despite 

this effort of saving straight sections, there is no mid-D space 

available for spare quadrupoles to tune the machine in the 9° structure. 

If such correcting quadrupoles turn out to be necessary other equipment 

will have to be removed , which may not be easy . This is an example of 

the general relative disadvantage of th� 9° structure that it has 

altogether less total field free space available for auxiliary devices.  

4 )  The following facts contribute to  the increase i n  cost between 

structures no. 1 and 4 : 

increase in weight and cost of magnet s teel 

Increased cost of blockmaking 

Increased weight and cost of coils 

Increase in power dissipation and cooling capacity 

Increase in size of correcting lenses 

Savings on girders and auxiliary windings 

+ 1 . 4  

+ 0. 7 

+ 1.6 

+ 1 . 6  

+ 0.8 

- 1 . 1 

MSfr. 
II 

I I  

I I  

I I  

I I  

5 . 9  MSfr . 
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"ihese figures are based on the assumptions that 

i )  the gap height is increased by 10°/o 

ii ) the tunnel width · and height remain the same 

iii) the unit prices remain constant 

From a machine point of view the tunnel width and heigh� could be 

reduced . This would reduce' the increase in cos t by the following amounts : 

Reduction in t .:::nel width by 1 . · . .  

Reduction· in beam height by O .  2 m · 

' - Cranes 

0. 9 MSfr . 

0 . 2 

0 . 3 

_I I  

I I  

1.4 MSfr. 

These modifications would limit the additional cost to 3.6 MSfr . 

However , they may ncit be  desirable for experiments in the intersection 
. . 

regionq with nor.nal turu1el cross sections .  

In addit{on to the cost  increase ◊� - the machine components , there will 

be a cos t . increase estimated at 2 MS:fr . due to the extra study required 

to· · bring structures 4, and possibly 2, to the same degree of advancement 

in tr.i"e design . as s tructure 1 is no� . · . Sirice thi. s requires extra· time � 

leading to � - delay of the project of about 6 months , the yearly budgets 
. . . 

may .not be .higher than the presently estimated ones. 

. . . : 

From an injection point of view all three structures are very similar . 

However , the phase advance between the septum and the kicker i� �iightly 
. . . ·. . . . . . . 

more convenient in no. 4 resulting in a small reduction of their 

strengths . For beam dumping and ejection sti-ucture no . · 4  has �dvantages 

over the other two . 

6) For the sake of brevi ty the inforin�ti6ri . iabo{it the space available· between 

inn.er .and outer arc is cast into a· single figure . The detailed 

information on the geometry of the intersection regions is shown in the 

figures referenced in Table 5 .  

PS/5136 
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In conclusion ,  from a technical point of view there is little difference 

between the three structures . Structure 4 has a somewhat simpler magnet 

system and more convenient ej ection ,  nos . 1 and 2 have slightly more 

convenient arrangement of beam-observation s tations , to  mention some 

differences . However s tructure 4 is clearly more expensive . 

From a physics point of view the main differences are that s tructure 4 

requires less  total bending power to reach zero degree and has about 20
°
/o 

longer straight sections in the interacti on regions . This is counterbalanced 

by the fact that the structure leaves very little room for experimental 

devices , special magnets included ,  between the magnet units near the ends 

where the inner and outer arcs approach each other . · In this respect 

s tructures 1 and 2 leave much more flexibility .  This fact is  illus trated 

clearly in Figs . 1 and 18 . We attached much significance to this argument 

when we first chose a s tructure with 15 ° crossing angle for our detailed . 

study presented in1 ) . Since this preference for structure 1 crys tallized 

itself long ago , the design based c__n this s tructure is ,  of course , quite  

advanced , and a change away from it  would now imply a delay . . . This should 

carry little weight in the choice , but the flexibility in detecting particles 

at small angles is s till considered to  be a ver� important argument in favour 

of structure 1 ,  and is the main reason why we continue to recommend it  

rather than s tructure 4 .  

We also favour 1 rather than 2 on the ground that i t  i s  a pity not to 

make full use of the energy potentiality of the CPS in order to gain 2 m 

straight section length in the interaction regi ons . 
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The simplest structure of ISR i;i th different crossing angles which 

corresponds .to practical requirements >as outer arcs composed of three parts : 

a compact lattice , which produces the maximwn possible orbi t curvature ,  in 

the middle , and two straight sections at the ends . The inner arcs wi ll , of 

course , also  have s traight secti ons near the crossing points , but since 

they have also o ther · · traight sections of about the same length elsewhere , 

thei r geometry i s  adequately represented , in first approximati on , by an 

average radius of C'J.rvature , which is much larger than that of the compact 

lattice . 

Figure 19 illustrates the geometry of this s tructure : a
1 

and a2 are 

the bending angle s in the arcs of radius R
1 

( outer ) '  and R
2 

( inner ) 

respectively , \.y' and \jJ are the crossing angles , y · is the outer s traight 
y X 

secti on length at the point of crossing aI1gle y (we call ½' the larger 
y y 

of the two angles ) , x is  the outer straight sec tion length at the point 

of cros sing angle V .  
X 

The required . superperiodicity of 4 imposes the condi tion 

Assuming all magnet periods to have the same bending power ,  and
1
calling N1 

the number of periods in the ou ter arcs and N
2 

the number of periods in the 

inner arcs , we have : 

= 

It  can easily be seen that 

"'t' + y vx 

PS/5136 

a - a., c.. 

= 

"' 

Nl 
- N 

N + N 
1 2 

. 90° 

N 
1 

= 

1 
2 

= 

2 . 900 

N N 
1 + 2 
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if the hro rin1;s are ident i cal , the sys tem of the  two i s  symme trical 

with respe c t  to the interaction points . The ,sys tem has then 8 axes of 
O '  symme try , passii'lg through the 8 cro s :,,ing points . They cros s at 45 from · 

each other at a point 0 ,  which c.:-:!.Il be called the " c entre n of the ISR , but 

the crossing points y are no t at the same dis tanc e from the centre as the 

crossing points 1 , 1  ( the di s tanc e is sma ll er for the points wi th sma l l er 
'i' X 

crossing angl e )  . 

In general , R1 i s  det ermined by the fi eld and space requirements in the 

c ompact lattice , and the s traight sec tions y .  and x mus t be long enough 

to avoid ' interference beh·een the equipment of the two rings , the magne ts 

in particular . The following geometrical relations can be wri tteli : 

(R
l 

al ( 
a2 ) ( R

l 

. 

. till 
x )  (X2 'V ) tan - + y) sin - +  '\.f-' = tan -;:;-'" + sin ( - +  2 2 y c.. 2 X 

a 2 al 
a
2 al 2R 

2 
s in - =  

2 
(R 

1 tan 2 + y) C03 ( - + 2 VJ ) + (R 1 
: tan - +  x )  

2 
cos ( :2 + <fx) y 

from whi ch x and R2 can be d etermined , onc e  R1 and y have been chosen . 

A certain number of practical cases h�ve been computed , in particular : 

= 7 = 5 ,  which corresponds t o  

wi th the choice '\jJ . = 10° 45 ' 
y 

= 7 
'+' + '/'-: 

4 h .  h d t y X = , w 1c correspon s o 
2 

= 

0 
with the choice ·If = 16 

y 

20 and 21 show in de tai l The resul ts are shown in Table 6 .  Figures 
0 s tructures for the cases y = 10 45 ' �  

0 y 
0 0 '-V

x 
= 4 15 ' and V

y 
= 16 , 

1 1.1 = 8 6/ll respec tively . 
--, X . • 
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In a"!.l cases the straight section y ,  corresponding to the larger crossing 

angle 1f , has been given a value bet·•.<Teen 5 . 5  and 6 m ,  which gives a 

minimum free s pace of 4 . 5  to  5 m between the crossing point and the coils 

of the first lens . The straight section x has always come out larger 

than 20 m .  

This has two important consequences : 

1 )  'l'he total straight section length at the small-angle crossing is  j_n 

every �ase of the order of 30 m 1 taking into account the necessary free 

space in the inner arc as well . Therefore � has a large modulation and the 

vertical aperture has to be i 11creased considerably with respect  to the 

corresponding symmetric s tructure . 

2 )  The space available for magnets and normal s traight sections is smaller 

than in the symmetric s truc tures ,  In the firs t of  the two exampl es , which 

has the smallest crossing angle , the straight sections in the inner arc turn 

out so  short th�t injection and ejection are very difficult and space for 

some correcting lenses is  missing . In the other case , the total 

length of the magnets , and consequently the ma.11..i1m,;.m momentum, · is. reduced . 

. . 

y 
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TABLE 6 

Geome tri cal Pararo.eh,rs of .Asvrmnetric ISR Stractures 

Periods in outer arc Nl 7 

Periods in inner arc j_\J 
2 5 

Average of crossing angles l.jJ + '\..} 'Y_ I :Jf 7
°30 ' 

2 
Large crossing angle \.v 10

°
45 '  

Smal l  crossing angle Yx 4
°15 ' 

'Radius of outer arc Rl 101 . 6  m 

Radius of inner arc 
R2 

177 . 2  m 

End s . s .  of outer arc at 't' y 6 . 0  m 

End s . s .  of outer arc at \y X 20 . 6 m 

Iviaxirr..111.i."li · momentum p 28 GeV/c 
max 

Maximum horizontal � 50. 3 m 

Maximum ver·tical � 98 . 2  m 

Vertical � in interaction regions 30 . 6 m 

(�> 
Vertical aperture 88 mm 

Horizontal aperture 158 mm 
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Fig·.19 _ One of the 4 superper lods of a simple ISR structure 
with different crossing angles . 
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Fig . 20 : One of the 4 superperiods of the case N1 = 7 N 2  = 5 lf'y= 10'45' 'f,.=4 15 R .. �1�m P=28 GeV/c 
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a7 ¾ a5 '¾ a3 a2y �x a3 a4 a5 a5 .!Z. 
T L 

short magnets ( steel ) = 2 .44 m k = 2 . 23 m a3 = 2 . 00 m 
long . magnets ( steel )  = 5.03 m a6 = 1 .  SO m b2 = 1 0 . 1 3  m 
F D  str. sections = 1 . 63 m as = 2 . 00 m y = 6 . 00 ·  m 

a,. = . 7 .  26  m X = 20 . 60 m 

Fig . 21 : One of the 4 superperiods of the case N1 = 7 Na= 4 'Py=16' <i?c=8� R...,i'150 m p:25.8 GeV/c 
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� ' a5 a4 a3 a2y a2x a3 a4 "5 1 
2 2 

short magnets (steel ) = 2 . 47 m  X = 21 . 01 m a4 = 1 3 . 13  m 
long magnets (steel) = 5. 09 m y = 5.62 m as = 2 .00 m 
F D  stc sections = 1 . 63 m b2 = 9.00 m � = 10.28 m 

a:i = 2 .00 m 
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