CERN LIBRARIES, GENEVA

LT o e,

CM-P00062079

ALTERNATIVES TO THw PRESENTLY PROPOSED ISR STRUCTURE -

by

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

The following is a report on investigations of .possible
magnet structure alternatives for the intersecting storage rings
(ISR),,including comparisons with the one presented in the "Design

1)

In Chapter I the various structures investigated. are listed-,

Study of Intersecting Storage Rings"

and discussed briefly. This discussion permits to eliminate most of:
them on the basis of rather simple arguments,

Chapter IT is devoted to the detailed description of a
structure which is sufficiently different from the previous one and also
sufllclently 1nterest1ng to warrant serlous cons1aeratlon.

Chapter ITI deser;tes possible methods of reaching zecro
degree crossing angles by approprlately distorting the orbits in the

. two rings. ._ :

Chaptar IV contains a summary of the advantages and dis-
advantages of the structures analysed in Chapters ITI and III w1th re-
spect to the eructure glven in 1) and our conc]us1ons

Finally, an Appendlx is added as a dléress1on into the
geometry of asymmetrical storage rings w1th dlfferent intersection

angles{

1)
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I. A Discussion of Several Difisrent ISR Structures

I.le Description of the structures

The study described in this report was initiated in order
to investigafe the influences of a reduction of the intersection angle
aﬂd/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 have an upper limit at the value of 150 which was

proposed in l). A lower limit is imposed 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 indica%es;

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 1) basically because of the loss 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 can then write

down the following table which is similar to the Tab. IV.1l. in l).

Table 1. Intersection Angles, Basic Brick and Period Numbers,

p/a w oo NN, M

/3 15° 16 8 48

2/5 9° 12 8 40 ]
411 12 3/11° 14 8 44

5/12 - 7.5° 14 0 48

5/13 10.4° 16 0 52

i'vAll these structures;aretféfy similar ih sdme respects.
N2 only assumes the values 8 and 10. Structures with N2 = 8 can‘be
expected to have more free space in the inner arc than the others.
The outer arcs contain 12, 14 or 16 basio_bﬁilding bricks and are

also more closely packed when Nl is high.
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- It can be deduced from the table above that the structure
with 52 periocds is tﬁe worst cf all possible choices because it haé
the highest number of pericds both in the inner and the outer arcs; 
Therefore we must expedt that it is about as crammed as a 150 struc? 
ture in the outer arb; and as crammed &8 a 7.50 structure in the inner
arc. For this esson we eliminate it from further investigation
already at this sta?e.. A

' The main parawmeters of the rcmalnlng structures are glven
in Tab. 2. The quunfﬂtLes cnt¢r1ng 1nto it are uelf~eyplanatory
The 1utcrectlor rate is proportlonal to (UBV R'dn %//Zﬂ
' ‘Structure noe_l is the one ﬂdopted by the Study Group half o
a year égo. Iﬁ'ié a éiightly modlrrcd version of the structure pre—
sented in'1>e'
that ofl), but the lenz he nf 2, and a, are slightly changed This

s 1ntcr%ocu10n roglon geometry is 1dent10al to

yields a small reduction in dpﬁrture requlrembnts, and makes the para—
meters of this tractarp sll hmry different from those glven in

Tab. IV.3. of*)

Structune no. 2 has “eoulced from the ana1y81s of the 1mpllCd—

tions of asking for 20 m free snuce in the interaction reglon in a l“
structurec. The only pracﬁical method of achieving thls would be to
reduce the length ol ‘e mqgug;'uuibu calgutly which necessarily means
a reduction in the design energy to 26.6 GeV. Thelresulting”Sfructure
turned out either to qu‘l e a very difficult injecﬁion or a very large
vertical npertur an “t was therefore dropj<é&. However, the compro-
mise structure no. 2 in the uablé was found to be worth further con-
siderations. It was errnvud 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 m in the middle of the inner arc for the injedtion septum
magnete A variant of structure no. 2 would be one still haviﬁg 28 GeV
design cnergy tut with its average radius increased by 5 m. Bécause
of the given size and shape of the ISK site we do not consider this a
practical proposal}

In structure no. 3 a crossing angle of 7. 5 is achiéved by
transferring four of the 43 veriods from the outer into the inner arcs.
Correspondingly, vhe free spzce in there beccmes rather limited. In

.
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fact most of the correction equipment would have to be remcved from
the inner arc in order to leave space free for the equipment for in-
jection which Just seecms possible when the parameters of all the com-~
poncnts are pushed. Additional mid-F and mid-D straight sections for
corréction equipment mist therefore be provided in the outer arcs.
Structure no. 4 is an example of a structure with 40 periods
and 90 crossing angle. Due to the reduced number of periods it can
be built with short magnets in a FOFDOD arrangement if one makes the "
gap between unlike magnets just.long enough for the coil overhangs and a

vacuur chamber connecticn. Since this structure has the same number

. . c v 0 .
of periods (i.es 4) in the inner arcs as a 15 structure, and since

there are only small gaps between unlike magnets, the long mid-F
.straight sections are almost as long as in the 15o structure although
the magnets and the intersection regions are longer. The lengths of

a4 and 36 are chpsen guch that the maximum vertical PB-value is as
spall as possible. A varisnt of this structure is one where the
magnets are arranged in a FODO fashion. Bccause of the smaller flexi-
bility of the FODO arrangement and because of the shorter 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 3/11o

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

9o structure there is not cnough space to split long magnet units

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

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

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

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

straight sections inserted between unlike magnets. Co .
Structure no. 6 is aon asymnetric structure with two differ-

ent crossing angles. A& méré detailed evaluation of designs with un~

equal intersection angles will be given in an Appendix.
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Parameter List for ISR Structures

Table 2
Structure 1
Number of periods M 48
Periods in outer arc Ml _ 8
Periods in inner arc M2 4
Intersection angle VU 15?
Magnet unit length Lu 2.44
F-D straight section a 1.63
D-D " " ao 0.15
P-F 1
Interaction region a, 16.78
Straight section bl 6.98
" " b, 9.80
" " 8 1.0
" " §4 13.08
" " a5 3.0
" " 8¢ 9.40
"t n 8.7 -
Profile parameter E n/p -3.14

" v (fe), 4305

BH max 379
BV max 50.2
BVIR 15.0
ap(F) 2.27
o D) 1.52
| o
Vertical aperture 49
Hori70ntal aperture 142
(Vg Byir tan«/J/z) 2.12
Maximum radius R 154.4
nax
Minimum radius R . 145.3
min _
Interaction radius R, , 148.6
int

x)

This structure gives

" PS/5136.
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48
8

15°
2.32
1.63
0.15

18.71
9.01
9.70
2.0,

14.03

2.0
9.50

-3.19

+3.10
41.9
54. 4
14.5
2.23
1.50
53
146
2.00
154.6
145.2
148.3

0
Te5

2.44
1.63
0.15
19.5
9.22
10.28
2.0

1.0

1.8
4.59 .

=3.23
+3.18
4846
70.9
24.0

2.28

1.52
64

154

T 3012
152.6
148.3
148.5

8.26

2.19
154.1
146.3
148.4

only 26.6 GeV total energy. in each ring.

7.5
2.44
1.63

0.15
16.13

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
{éo.B
30.7
2.28
1.51
88
158
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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 o .
to, those of the structures given above. This is due to the optimi-~ -
zation of the layout done wherever possible. ‘ .

The following features‘should be congidered in a comparison

of various ISR structures:

. ~,i) general machine layout anq engineering
~vii) betatron oscillation amplitudes, momentum compaction factors
,iii) aperture requirements
) iv) injection possibilities
V)_ ejection possibilities ‘
‘ vi) possibilities for physics experiments
a) space around the interaction regions
b)»interaction rate
'vii) pqsgibilitigs for pead—on‘collisions
viii) ‘cost '

Aix) the time delay in the construction programme.

- Is¢3s First elimination of a few structures

—— e o e e

.. The list of structures given in Table 2 is too long for
all of them to be investigated in great detail within a short time.
This is, however, not necessary since some of them can be eliminated
on the basis of the data contained in Teble 2,

In the elimination process we-sgall mostly compare the
structures in pairs and only consider the better structure from
there on. )

The lengths of the intersection regions being equal - the

o .. . . : 0 o -
1ls5 difference in crossing angle of 9 and 7.5 structures and the
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even smaller relative difference in interaction rate are not im-
portant arguments in a choice 1:tween 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
a 7.50 structure. We conclude that there are no important physics -
arguments in the choice.between the two kinds of structures.

The machine design arguments are &ll in favour of a 9o
structure. 7.50 structures need very difficult injection schemes,

a much bigger aperture and therefore bigger and more expensive

magnets. This is quite in contrast to 90 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 structures with uﬁequal crossing angles is different from
that of symmetrical structures we give a brief discussion of the
geometry and of.the resulting oroit 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 éutweigh the technical disadvantages.

Let us‘then comparevstructure 5 with 4 and 1 (or 2).

If one attaches‘much importance to a sﬁall crossing angle the step
from 150 to 12 3/119 seems small and cne should go to 90, which also
would give 250/0 larger interaction rate.y 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 vieﬁ
no. 5 is clearly inferior both to 4 énd 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.
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After this elimination process we are left with structures

_ 1, 2, 4
We consider structure no. 1 adequately discussed by referring to the .
structure represented inl> of which it is a small modification. .

We also consider gtructure no. 2 to be sufficiently sinilar to struc- ' -
ture 1 not to reguire a special'deécription in addition to the data .

given in Table 2. -

£,

In the following chapter more details are given on the 90
FOFDOD structure no. 4 in order to make possible a detailed comparison

with the other two structures.

II. Description of the 9° ‘FOFDOD Structure

II.1s Layout of the structure

The structurg hgs.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 grranged such that the inter-~
sections take place near the ceutres of the two extreme expanded peri-

odse 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 150 m. The average radius
of the compacf lattice is 107.0 m, and that of the expanded lattice is
19340 m, tﬁeuintersection ﬁoints are on-a circle of 148.7 m radius.

Thé long stra;ght sections arc all mid;F since this is
necessary for tﬂe_interséction regions and for injectibn and ejection - .
purposes, in particular fop the fast kickeTr magnets associated with
theme TheAinteraction rate is inversely proportional to the beam
height ﬁhich has relative minima in mid-F. The distance between the
injcction‘kickor and the‘edge Qf tﬁe stack is fixed by the condition
that'the‘kicker stray field musf not éisturb the stacked beam. There-

fore the kicker magnet(s) should be in azimuthal positions where the

PS/5156
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momentum range covered by this distance is & minimum. This is also

" achieved in mid-F.

From this point of view the mid-D straight sections in the
inner arc need not be longer than those in the outer arc. This is
even advéntageous since it yields the longest mid-F straight secéions.
However, we have tentatively made two of them about 0.8 m longer in
order to provide more space for sextupoles‘énd'otﬁer correction eeuip—

ment which are to be used together with corresponding equipment in tle

long mid-F straight sections.

For fixed lengths of the interaction 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 B-func-
tione The resultlng varlatlon of the ‘horizontal and vertical B-
functions along half a superperlod is shown in Fig. 3. Because of the
eh01ce of a, and a6 the two hlghest peaks of the vertical B-function

4
arec equal. For other choices of a, and & one of them would be

4

higher than shown in Fig. 3, and the other one Tower.

IT<2s Magnetic field and vradlent

The average length of the magﬁet'uqits is fixed by choosing
the maximum field on the equilibrium:erbit’ana the maximum total
energy of. the protons which' 'should be approx1mately equal to the
maximum energy availiable fron’ the CPS' 'name*y 28 GeV. '

For the reasons given in 1) we choose  a-maximum field on
the oqulllbrlum orblt of approx1mately 1.2 Te .The bending radius
is then 79.2 n and, if there are four magnet unlts in a period, the
length of a unit is L = 2.95 m. .

. :The 1nformat10n'gathered so faf can be used to compute the

magnetic field gradient if we neglect fringe field effects for focusing

for the time being; the result is

(n/p)p = = 303 57> W
(n/P)D + 2,99 m ‘

t
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The actual profile parameters with the fringe field effects for focusing
taken into account will be lower than the ones given in (l) since the
focusing length of the megnet units is longer than the core length Lu

usede

- II.3s Aperture requirements

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

new figures.

II.3.1. Beam emittance

Scaling beam radii with vBmaX yields at 25 GeV,

A A

x= 4.7 mm and % = 6.0 mn (2)35,

T s o o i~ £ " 7~ T 2o S o

We scale injection errors as Bmax and obtain

X. . =59 nm ‘
W - ' ' (3)
2, . 5.0 mm

inj

]

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=21.2m and h = 22.1 mn (4)

whereas the beaﬁ"héight in’ the intersection regions becomes

hp=13.1m _ : (5)

We also assume that a distance of 36 mm is necessary between the in-
jection orbit and the edge of the stack in order to avoid that the

kicker stray field affects the stacked beam.
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21.3.3. Influence of random magnet errors

0 viaa oo e

For the computation of closed orbit distortions we follow the

1)

procedure outlined in IV.4.4.2, of » From the behaviour of the B~

functions plotted in Fig. 3 we deduce that

=Y26_ (6)

Bav X

and obtain for closed orbit responses to misalignments

x98(6) = 42 & (
Zgg(8) = 69 6 7
and to magnetic field errors
Xoq (6B) = 14 85/B (8)
We assume the r.m.s. megnet imperfections given in Tab. IV.9
of l) and obtain the following values of the closed orbit distor-

tions which will not be exceeded in 980/0 of all machines:

x98 (total) = 12.5 mn

z98 (total) = 12.0 mm

(9)

IT.3.4, Aperture for stacking

The design momentum spread in the stack is ép/p = 2.50/0.
The meximum momentum compaction function can be taken from Teble 2 and

this gives the maximum width of the stack as 6x = @ (max) 6p/p = 59 mm.

ITe545« Vertical aperture for multiple scattering

Assuming the same relative amplitude increase due to mulfiple scat-
. 1 . .
tering as in , we obtain a vertical aperture for the beam of 33 mm

at 25 GeV.
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IIe3.6+ Conclusions for the aperture

. In the follow1ng we covolne the fngures obtalned in the pre—nI;v
ceedlng sectlons to determl e the aperturc re qulred. mhey are based on

the beam characterlstlcs at 25 GeV.A

The horlzontal aperturc is made up as follows-

Stack width ' - 59 mm
Distance from the injection orbit to _ .
the edge of the stack 36 mm
Beam size ‘ SR 21 mm
Closed orbit distortions ue : 25 mm

141 mm

The vertical aperture is giveh by‘the folloﬁihg two contributions:

Beam size includihg gas scatterlng j T - 33 mm
Closed orblt dlstortlono P ' 24 mm
57 mm

IIe4s Arrangement of auxiliary equipment

The number of straight sections long enough for putting in - - i:

auxiliarytequipment.like electrostatic pick-up stations. and correcting
magnets is 33 -in a-superperiod of the 15o st:ucturelh. In the 9
FOFDOD structure there are only 20 straight sections available because ..

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

FOFDOD arrangement. Therefore fhe amount of aux111ary eoulpment has to =

be reduced and some of the stralght sectlons have to be chosen such as
to prov1de room for more thqn one plece of equlpment 31hultaneously. .
A tentatlve dlstrlbutlon of the stralght sectlon spaoe 1s )

given in Fig. 2. The follow1ng equipment is foreseen in each rlng:

a) 44 electrostatic pick-up stations; they are distributed such that
the maximum phase advance between neighhouring stations is-about
0+3 wavelengths. Eight of them must be inside radial field magnets

and therefore may be of inferior quality than the others.
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IT.6e Beam transfer

II.641e Design of the injectior systen

o e o A e it S St e e Bt h i e P A S e R s €D et S e e S S ) W B B P R o v S

_The injector components are located in the long mid-F
straight sections a4 and ag of the inner arc. The beam to be in-’
jected approaches the vacuum chamber at e fairly large angle in a long
mid-F straight section. It is made parallel to the centr=l orbit by
a septum magnet and then deflected onto the injection orbit by a fast
kicker magnet in the next mid~F straight section. We prefer to inject
from the inside in a long mid-F straight section because the beam then
enters the machine on the open side of the magnet pole where the aberra-
tions are much smaller than on the“dlésed“side. Since the CPS is about
10 m lower than the ISR the beaﬁ is brought to the inside of the ISR
by passing under the magnet units. - Over the last part of its tra-
jectory it rises with a slope of about 100/0 and is finally deflected
horizontslly and verticaliy*until it is parallel “to -the central orbit.
This is shown schematical;y:iﬁ;Fig. 5 e

ITe6e2s Optimum injectof position

- Phore ‘are two ﬁbssibilities for{locéfing the injection equip-
ment after-the.deciéiOn'oh injection in a long mid—FSStraight section
is teken: ' - | T

i) ﬁtﬁé septum magnet is in an upétrééﬁ va4 and.the kicker

in the a, straight section

6
ii) the septum magnet is in ag and the kicker in the down-

stream a, straight section.

4
~The following arguments enter into the choice:
i) The lengths available in the straight sections a4 and

a They are given in Table 3.

ii) Tie values of the B functions there, alsq given in Tab. 3.
iii) The width of the stack when the Terwilliger scheme
described in II.5. is ﬁsed‘
iv) The distance of the injection trajectory from the next

upstream intersection region.

"PS/5136
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Let A ®e the maximum stack width, excluding betatron oscilla-
tions, that can be allowed at any azimuth during stacking, and B the

distance from the injection orbit to the bottom of the stack. ap(F)

is the unperturbed wvalue of the momentum compaction function in mig-F, .
ap(K) and ap(max) are its values at the kicker and the meximum respec— -
tively when the Terwilliger quadrupoles are excited. If they are -

turned on after the stacking is finished one can 2lso use part "B" of
the. aperture to accommodate the stack. In this case the ratio between

the maximum stacked currents with and without Terwilliger scheme is -

a (F) | %
A B ¥
1 Z app(max) | (10) “}

If one decides to stack with the Terwilliger quadrupoles excited, e.g.
becavse of a special small vacuum chamber in an intersection region,

the mazimum stacked current is reduced by the factor

/& (max) ' « (F)
R, = |1 - -1} 2

2 a (X) A | a (max) (11)
P b o
It is clear from eq. (11) that the largest value of Rz is
obtained if the kicker is at such a place that « (K) = ap (max).
The quantities entering into eq. (10) and (11) and the resulting values
of Rl and 32
are included in Tgb. 3.

conputed with the assumptions A = 59 mm and B = 36 mm

PS/5136
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cclable 5. Parvameters relsoted 4o the dinjection kicker position

Kicker position 8y ag

Total stralght section lpngth ’ ' , 12.14 9.56 m
Horlzontul B value S ' 25;5 26.5 m
Vertical B value s o ' g - 24,5 m

. (F) 2.34 234 m

ap (max) "5.01 5.01 m
a,(K) 3.25 4.7 m
Rl . 0.76 0.76

R2 0.31 0.46
Horizontal distance of injection orbit T L S
- from the upstream crossing point 8 C 1.6 m
Vertical distance of injection orbit '
from the upstream crossing point . 4.5 1«6 - m

II.6s%¢ Choice of the injector position

locating the kicker magﬁet in a

into a,s

4

PS/5136 -

Two of the arguments presented in II.6.2. are in’ favour of

i'):

ii)

iii)

6 and two afebin favouf of putting itb
If ‘the kicker iéfin:é;, theiééﬁtum'mngnet‘,~which needs
more space than the klcker can be in a4, Wthh is longer
th<n a ThlS arﬂument 1s, howover, not Very strong since

6
the studles currled out on structurc 1 have shown, that

>fa stralght sectlon of 9. 4 m length with also a Terw1111ger

quadrupole present, is just sufficient to allow injéctibn
from the inside.

The reduction in maximum stacked current with the Ter-
williger quadrupoles excited during injection is less
drastic when the kicker magnet is in a6. The difference
between the two schemes is, however, relatively small.
vathe kicker magnet is in a6,4its gap height must be

1.65 times larger than in a, .

4
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.. .) If the kicker magnet is in 8¢ the inje...on crajec-

tories are so near to the next upstream intersection

regions that they are practically lost for experiments. .

We. have decided to put the septun magnet into 2g and

4 mainly because of iv), since we

consider blocking two intersection regions right from the beginning

the kicker into downstream a

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

strong reasons for doing so.

—— e o 4 o e = e e e e S e a8 v e g

Wé have also studied beam dumping and slow ejection but
we shall make only a few corments about them.

The small value of the vertical B function in a4 nakes
this a very attractive place for various special magnets, e.g. for. .
beam dumping. One could locate two bump magnets in the upstream and
downstream a4 straight.séotions hglf a wavelength apart. By pulsing
them simultaneously from a capacitor bank one could drive the beam

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

the rest of the machine.

For slow ejection at Q = 9 a special ejection quadrupole

could be put into downstream a It would increase the vertical

. 4
.betatron amplitude by aboyt 20 O/o which is less than the allowance

fbr multip1e scattering.

PS/5136/aa0
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T1I. Special Magnets for Experiments and Head-On Collisions

1. Special magnet sections for small angle scattering

. For the study of clastic or nearly elastic scattering at
small (Say 50 mrad) angles a good monentum resolution is required,
but it is difficult to blace analyzing magnets close enough to the
ISR magnets. Therefore it may be.desirable to extend sowe of the
VISR nagnet units radially, so that. their field can also be used to
analyse the scattered protons. This procedure is difficult with
strong focusing magnets and. in such cases it looks preferable to
replace the first F and D nagnet units downstrezm of the crossing
point by a large homogenecous field magnet with & quadrupole with
open median plane at each end. To cover an angular range of e.g.

50 mrad at 12 m.from the crossing point, the good field region of
the large magnet should extend over about €00 mm from the orbit on
the side of interest. Its gap height could e.g. be 200 mm and its
maximum field 1.5 T. A possible layout for the structures 1. and 4
“shown-in-Figy 6. In-structure 4 the separation of the orbits
in the two rings at 11 m fron the'éfossing point is about 1.7 m
and from the diagpamMong»see§,vthat this is just. enough for the spe-
cial magnets mentioned above. ¢ In front of magnet IM' there is only
limited space for access to the open side of the gap:and beth the
"yoke- of M and-M! ’muat be- on tlie inside of " the ‘equilibriinm” orblt.
In structure 1 there is nouch space to place the yoke of M on the
outs1do of the equlllbrlum orblt or alternatwvei% to use even 1arger
spec1a1 magnets if the need for them would arlge; chh of .he spe-—
cial magnets shown in Fig. 6 would hive a weight of about 250 tons
in structure 1 and 300 tons in.structure 4.  The differ:nce is due
to the difference in }ength of the megnet periods in the two ﬁachines.
The longer magnet of machine 4 gives a correspdndingly higher momen-

tur selection.



It has been suggested that for certain experiments it

would be advantageous, if the crossing angle yﬁcould be made nuch

smeller (Say lo or 20) or if the beams could be made to collide .
head-on. Two possible methods to achieve this are shown schemati- “
cally in Figs. 7a and Tb. ‘In Fig. Ta all bending nagnets are located .
in the crossing straight section ey The sum of the deflection angles .

for each bean is then about 2.5 ¢~ . An important reduction in magnet

strength can be obtained by placing a bending nagnet MB in the adja-
cent straight section a4 of the inner arc. The distance between M2

and M, is about 30 m. 4&s shown in Fig. 7b the ISR magnet rcriod

3

between M2 and M3 nust then be displaced laterally over a distance

of about 0.6 m to 1.5 m depending on thé type of machine and the par-

ticular arrangement chosen. Tabie 4 gives the bending magnet strength

that is required to obtain*hesd-on collisions at 28 GeV.

Table 2. Values of [Bdl for head-on collisions

Bdl per bean Total [Bdl of all
in a, . special magnets
all magnets \¢)= 150 42 Tm 80 Tm
m ey w= 9 | 35 " | 45 "
magnets in W= 150 ' 28 " 40 ¢ .
a, and a4 97? 9o 16 55 n

Broadly speaking we can subdividé the 4 cases listed in
the Table into the followiﬁg three categoriés.

With all magnets in a, and y/= 150 (i.e. structures 1 and
2 in Table 2) we need magnetic fields of 8-10 T. This is somewhat
beyond what is feasible with present superconducting matérials.
Even if better materinls are developed, the enornous nagnetic forces
and large stray fields will present difficult engineering problems.

If solutions to these problems could be found they are likely to be

PS/5136 . ' : ' B D B



thiis case any further.

cepensive and therefore we shall

with

The two followinp‘lih
>

field of about 4 T. Such ficlde have already been reached a
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present in magnets with di
two cases ‘look realistic. We shall therefore base the further
1

analysis on superconducting magnets with a field of 4 T.

o

] . . ~ . N -
With nagnets in ao and 84 in the 9 machine the values

of’del’are Sufficiently low, +that onc can even obtain head-on
collisions with conventional steel nagnets w1th fieclds in the range
1e5 T to 2.0 T. One might, of course, prefer to use alsc in this
case superconducting magnets, which can then be correspondingly

shorter.

3 Some remarks about superconducting magnets

Although this matter has not been studied adequately in
the limited tinme available for this study it is nevertheless use-
ful to make a few elementary comments on those aspscts of supercon-
ducting nagnets thut are relevant fcr this discussicn. Let us start
by con31der1pg thb requlrbd flCld hnmoebnoltV., If the total bending
magnet length in a, is 8 o, and tnv gradicnt B /3" at the beam posi-
tion, dﬁe to field 1§homogene1ty_1s 10 gauus/cu,_the amplitude of
the vertlcal betatron OQClllthOQu is increased by about 50/0.

Wlth conventlonal_magnets it is not too difficult to obtain such

honOﬂoneltJ as l ng as thp steel is not satursted. However, at. .
4.0 T tho qteel is corplctely saturated so that the field distribu-
tion is determined nainly by the geometry of the coils. It is in-
structive, therefore, to consider first sone coil geometries without
iron. _ -

In the coil geometry shown in Fig. 8a the windings lie
on a cylindrical surface and are assumcd to be infinitely thin.

Their distribution is such that the current between Vand V + dVis

idy=1/2 cosvadv (12)

.-



It can be shown that this gives a2 nerfectly honogeneous Tield.
In practice the windings have » consicderable thickness snd a mcre

oractical arrangenent e.g. for ceils that it arocund the ISE vacuunm
chamber is shown in Fig. 8b. It can again be shown readily that

with a uniform current density in the shaded asrea the field is per-

fectly homogcneous, but for the same width ¢f the good ficld region
end the same number of ampereturns the field in the coil of Fig. 8k
is only Y1 times the field in the coil of Fig. 8a. Comparison of -
Fig. 8a and 8b suggests that there is a whole range of coil shapes
in between these two, giving homogeneous fields. The optimgm coil

shape then cepends on the current density that can be realised with

the particular type of copper-clad or otherwise stabilized super-
conducting wire. '

For superconductiﬁg nagnets that should have a wide gap
for the analysis of sccondary particles the arrangejéﬁttof'Fig: 8c
may be pfeferable. The field is meinly produced by the two large
coils but there afé also a nunber of smaller correcting coiis with
adjustable currents to obtain the reguired field homogeneity.

The forces on the conductors are very large. In s typi-
cal magnet as shown in Fig. 8¢, with w = 1m and h = 0.5 n, at
field B = 4T, the attracfive force between conductors with equal

currents is pbout 250 tons/ﬁ and Lng repulslvp force betwepn con~

ductors with opy081te currents “bout 350 ton%/q. Tnese forces
require strong supports and therefore the superconducting coils will
certaihlj be considerably more voluminous than is suggested by the
sketches of Figs. 8a fo 8c. An important part of the design will in
fact be, to make supports that obstruct as little as poésible the
traiectories of secondary particles that may also have to pass
through the megnet. In an ironfree coil the coil bracings can also
be inside the dewar and cooled down to liquid helium temperature.
The stray field at » distance of 5 m from an ironfree
superconducting magret with a fizld of 4 T and dimensions corre-
sponding to nagnets M. in the diagrans discussed below is of the

3
L

order of 0.05 T, The extra flux density in a large mass of iron,

pS/51%6 L. e



like en ISE nagnet vanilt would be o few times larger, since the

iron tends to "suck in" the flux lines from the surrounding spuce.

s
},J
o
s
—
(@]
<
[y

This would represeﬁt 2 majer perturbati the particle orbits
in the ISR and has to be corrected.

One possibility weoeuld be to shield the stray field locally
by surrounding the ISR magnet units znd straight sections in the vici-
nity of the crossing point with large shells of steel or with large
local correcting coils. another approach would be, to surround the
superconducting coils with additional coils that produce a weaker,
oppositely dirccted field but which have larger dimensions. By an
appropriate choice of psrameters one can then obtain approximate
cancelletion of the stray ficlds at large distancces. Such an arrange-
ment tends to becore rather volumincus and requires considerably
more (sqy a factor 3) anpere turns for a given defledting power of
the superconducting nagnet than the simple coil arrangement.

In gencral it appcars desirable, and for special magnets

that are close to the ISR magnet units it will certainly be necessary,
to build é steel yoke around the large superconducting magnets in
order to reduce the stray ficlds. This has the additicnal advantage
of reducing the nunmber of ampireturns by about a feetor 2. If the
steel surface coincides with an equipotential surface of the magne-
tic ficld around the coils, where the maximum flux densitﬁ is lower
than the saturatien value, no disturbance of useful field distribu-
tion should result at any field level. If the system ib Symmetri—
cally bﬁilt and the coil systenm is sufficiently rigid ih itself,

no forces will develop between the coils :nd the yoke. In fact the
coils  are in ah.unstnble eguilibrium positicn with respect to the
yoke and'moderately small sup@orts should be sufficient tc keep the
coils in place. On the other hand it would be interesting to be able
to take up the forces on’ the coils by strong supports from the yoke,
thus eliminating obstfuoting spacers between the coils. However,

strong supports with one extremity at room temperature and the other

i

perature give rise to difficult engineering

O

extremity at liguid helium ter

problems.

P5/5136 R o T



In view of thie arguments given above, we have shown in
theldrawing discussed below the dotted cutline of a steel return
voke of réctangular shape and with a cross-section that is just
sufficient to carry the flux of the superconducting wagnet with
B =2.0T in the steel. HMNore detailed studies of superconducting

mngnets could lead to a position or shape of the yoke that is

somewhat different from those prescented in our sketches.

4. Possible geomectries for head-on collisions

In discussing scme possible arrangements for hcad-on

.collisions we shall in general assume Tthe use of superconducting
megnets with a field of 4 T, but in some cases we whall also show the
possible use of conventional magnets. There are two different
apprcaches to the choice of the best layout. One would be, to make

he special magnets as slender as possible and to place them as

o+

for as possible frow the crossing point, so that they subtend a
small solid wngle and leave the maximum space free for experimenta-
tion. The alternative is to place the special magnéts‘rather close
to the crossing.point and to give them the largest possible gap

so that they are at. the same tine mseful for momentum analysis of

the secondaries. This is attractive since many secondaries will

be produced at small angles.. L
Fig. 9 shows a layout for head-on-collisions for struc-
ture 1 and Fig. 10 .for structure 2. Both are based on the second
alternative in I11.2 In fact for structure 1 this seems to be the
only possibility in the limited available straight section space.

3

straight sections, and the ISR magnet periods have been displaced

In both cases there are magnets M3 and ! (not sho.n) in the ay

laterally. The two sketches are very similar, but in Fig. 10 there

is more free spacc between Ml and the ISR magnet units, which may be
very valuable for detectors. Magnets M2 and MB'can have a field of
1.5 T hs an exenmple of what could be done if one is pressed for

space, we have assumed that M2 in Fig. 10 is placed against the

Feunit of the ISR and has a common coil with it. Since 62 has

. . . e e .
. . . ges
PO s . . . . « .
. - . . . .
" .
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perallel poles, a gap hoight of 8 cm would be sufficicnt snd there-~
N .

fore its ficld would be about 1.5 a¢ aumber of smpere-
2

turns tht give 1.2 T in the ISR unit. A sindilsr arrcagement
would be possible, of coursa, in some of the other skeiches.

Pig. 11 shows the cquivalent of Figs. 9 and 10 for the
9O machinc. In this cnse it is possible, to obtain head-on colli-
sions with 2 conventionzl magnet. with a field of l.é T, dut one
can also, of course, use a shortcr_supercnﬂducting magnet.

ient for head-on collisions

Fig. 12 shows

u

. 0] . . . :
ir the 9 machine with 211 magnets in a,.. This would be a rather
‘ s . o) . o)
oubtful possibility for the 15 wmschines and cven in e C
doubtful possibility the 15 h the 9
ne Chlnp the nmagnets toke up most of the straight section snﬁdc.

-

In Fig. 13 the nngnet Ml has Eeen placed as far as

possible from the CrOSSLng point and it has been asswed that the

] . .
b(cﬂs cross at an angle of lo. Even so Ml with its return yoke
subtends quite a large solid angle at the crossing point. M2 which
is_close to the ISR magnet units will certainly need a return yoke
end thersfere the latter has been drawn in full lines.

Fig. 14 shows the corresponding arrangenent for the 90
machinc. Since the coils of tle first'magnet units of the ISR
practicaliy ﬁouch, we have allowed a crossing angle of 2.6O in order
to placé Mi'és far away from the crossing regicn és p0881blc. In
this ca se'ﬁl and M2 can be picture frame nagnets of conventional
design and with a ficld of 2.0 T. They should take up considerably
less 1atéral space than the COTT’“UODdlng nagnaots in Fig. 13.

.

5. Improvement of the interaction rate due to head-on collisions

=
1

If the two ISR bequs cress at an angle %/,vthe inter-

action rate is

N 1\ L
1 (ZnR h tgyu/Q (13)

where h = beam height and the othoer synbols are well knowm.
PS/5136 G A
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If the besms collide head-on or at a very spsll angle,

in such a way, that they overl p cver a distonce L, the inteéraction

rate is
¥ .\° soe L | ,
- (R L 2Tl (24)
2 27R hw

vhere w = beann width. The "goometrical" improvement factor Fl

due to head-on collisicns is therefore
: » L / v .
/ e -
— Rf/l = Lzl (7_5)
1 2" 1 W -

|

& single burst from the improved CPS will heve a width of about
2 cme If secondaries cen usefully be collected from a-length L =1 m,

N , e , . . o
the improvenent due to the modified geometry is Fl = 13 for ¢’= 15

X p 0
and- F = 8 for %fz 9.
The maximun intensity of a full stack is reduced by closed

orbit distortions due to spcecial nognets for head-on collisions and

the Terwilliger scheme. If we define reduction factors f and ft
c

due to these effects, and assuuc that thoy are multiplicative, the

overall improvement factor for the maxinun interaction rate is

¢ ‘[’ -
Po= oo W (16)

2 (6] t w

It has not boen possible in the limited time to make
detailed calculations for all the goometfies shown in Figs. 9 to
14. Orbit computations made for a nunber of representative cases
show, that in gencral the betatron oscillaticons are affected in only
a minor way, but that the closed orbits for off-momesntum particles
arc somewhat deformed. In a typical case one finds fc = 0.3 to
0.85 and thérefore we shall take fi = 0.70.

For a full stack, which has o width of about 50 mm
(forzﬂp/ﬁws 29/05-+r-2O~mmA(beam_size).: 70 mm, we then find
F, =2.6 for /=15 and F, = 1.6 for « = 9°.

The Terwilliger scheme, that can be used to decrease w
in the crossing ragion also rudgces_the maximum stacked intensity.
If the Terwilliger quadrupoles are excifed after stacking is finished

(sce eq. 10 ) we find f, = 0.76 and therefore the interaction rate decre-

ot N\

19}
= 0.58. However, now we have w = 2 cm, so that

- ; o
= 3.2 for 9,

ases by a factor T

1l

o)
I ) — = R
E? = 5.3 for %/— 15 and ﬁ2

. .t
. . R : .a,
. . . .

.
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If one wants to usc 2 sonall vacuuzn chunber in the
crossing region, the Terwilliger guadrupoles must be excited before

stacking starts. Even with the injcctor in the optimum azimuthal

then reduced by a factor

position the maximum stecked intensity is
. 2
f = 0.46 and the intersction rate by a factor ft = 0.21. This leads
o}

, o . - ,
to P_=2.0for ¢/ =15 and F_ = 1.2 for /=9 .
2 i - 2 =9
From these considerations we see, that with hezad-on
collisions the intefaction rat¢ is incressed by about one order
of megnitude for single bursts frowm the CP3. This would be particular-

1y significant if it were not possible to stack in the ISR. However,

\

the same increase in interaction rate can be obtained if one stacks

"

Vr§15§3.5 pulses in the ISR. Thercfore the only gain achiuved by
hcod—-on collisions is an improvoment fﬁz in signal to noise ratio.
One would, therefore, for particular experiments, want to consider
other possible methods of acdhicving the sane result before cmbarking

n' this rather elaborate method. It uany, for instancé, be nore
“profitable to spend the effort on vecuum or on bunching. Fron

the figuros given above one also sees thet for a full stack the in-
crcase in maximum interaction rate F2 is only moderstely larger

than one. To this one has to dd the fact that with a larger volume
of overlap of the two beams it nay be somewhat more difficult to
discriminate against background.

So'far we hove assumed thet beam-bean effects are

not limiting the obtainable interaction rate. Recent investiga-
tions indicate that this is & safe assumption for the ISR performanee
as estimated in reference'l) and with nornal 150 or 90 crossings.
However, if one increcases substantiallyathe length of overlap at.
one crossing point,. the beam-beasn interaction will certainly become
stronger, increasing the probability of getting instabilities. This
may constitute a fundemental limit to the obtainable interaction

rate, and may reduce the usefulness of head-on collisions.

PS /5136
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6. Lcyouto for intermediste crogssing angles

The large megnets showr: in Figs. 9 to 14 represent serious
obstructions to the secondary particles that one wants to study and,

as shown above, lead to only moderste advantages. Although such an

o

ettompt must be rather speculative we have therefore tried to see

if modifications of the®special megnets discussced above might offer

adventages. i
It seems likely that therce will always te a need for large

“acceptance magnets to analyze secondary particles. Since the ana- -

lyzing fields must be close to the ISR vacuum chamber anyhow, the de-

sign of these mognets is sinplified by allowing that they also act on
the circulating beam. Therefore it seems reasonsble to admit sub-
stantial variations in the crossing angle.

Onc possible arrangenent for the'QO structure, which follows
these ideas is shown in Pig. 15.  Magnet Ml deflecéts the ISR beans
over 40 mrad and therefore reduces the crossing angle from’9o to 4.50
In the direction perpendicular to the ISR beans, its'gap width is 3 m,
while the distance from yoke to yoke is 4.5 m. The pernissible gap
height is limited by the fact thet a very large gap will lead to a
rather irhomogeneous field that upsets the betatron oscilla tions in

the ISR. More detailed studies are necessary to settle this point,

but gap heights of the order of 1 m may be possible.

The corrésponding drawings for strustures 1 and 2 are shown
in Figs. 16 and 17 respectively. 1In all these three drawings we
assume that Lagn et Ml has the same charecteristica and is at the sanc
distence from the crossing point. To illustrate the flexibility
offered by a large crossing angle, we assume that at the same time the X
first F and D magnet unit downstream of the crossing point has been
replaced by a special section as shown in Fig. 6. Magnet M which has .
an cxtended gap would agsin be used to analyse protons that are scattered
over sumell angles and have lost too little e« rgy to be separated from
the circulating bean by Ml' The small megnet M, should in Figs. 16 and 17

have a deflcction of about 15 mrad. We huve therefore assumed that

‘wsfsss o S



left,

unless

o}
fron 9

PS/513%6

red e Fig. 6, i.¢. thet it has e length

from 1.45 T

m instead of 4.0 m, and that its ficld is increasc
M is centered

T.” This should be peralssible if we assume, tha
beam, which is

in this case, since one is cgually

scatterad to the right and to the
structure there is no space for a large magnet M,
the field of I is reversed and the crossing angle igs increased

to 13.5°.
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IV. Comparison of the ISR Jtructures

In the following chapter the advantages and disadvantages of the ISR
structures no. 1, 2, and 4 are listed and commented upon. We have tried 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. Comparison of ISR Structures

Structure no. s 2
Maximum energy 28 26.6 28 GeV
Intersection angle 150 150 90
Length of intersection region 16.78 18.71 20.0 m
.Number of magnet typesl) » _ 4 4 2
1 .
Number of coil types 4 4 2
Auxiliary windings on long units2 yes yes . no
Total no. of straight sections5 1%2 132 80
) .
Total no. of piclup stationsB/ 432 48 44
No. of pickup staj%cns inside radial
field magnetsj 0) 0 8
Required vertical aperture : 49 53 57 mm
Additional cost4) 0] ~2 6-7 Msfr
Space available for septum magnetS) 9.40 9.50 9.55 m
Zero angle possible without displaced
" periods and: - advanced sup.conds sup.cond.
Zero angle possible with displaced :
periods and: sup.cond. steel magn.
Beam height in intersection regions 9.6 10.1 13.1 mm
Gain in interaction rate (under normal 0 -5 +23 o/o
crossing angle condition) ol
Minimum distance between orbits at the 6 2.50 2.50 1.54 m
position of the first inner magnets
Layout of intersection regions without
special magnets “Fig. 18 “Fige 1
Layout of intersection regions with : '
special magnets " Fig. 6 Fig. 6

Ps/5136
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1) In the 150 structure the number of magnet types is twice that of the
90 structure because there are.long and short units, also the coils
will be f four types: two long and two short. This is a drawback from the
point of view of magnet engineering, but the necessary technical

solutions have been presented in the design study report;).

2) Since the fringe field effects will vary differently with field level
whether the magnet end faces an open space or another magnet nearby,
auxi’liary windings must be foreseen on the long units in order to make
the bending angles of all magnets equal at all field levels. This is a

small complication from an operational point of view.

3) Since the number of straight sections is much smaller in the_9o structure

than in the 150 oneé, the number of beam observation electrodes héd to

be féduced to 44, 8 of which are ingide radial field magnets. Despite
this effort of saving straight sections, there is no mid-D space
available for spare quadruﬁoles to tune the machine in the 90 structure.
If such correcting guadrupoles 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 the 9O structure that it has

altogether less total field free space available for auxiliary devices.

4) The following facts contribute to the increase in cost between

structures no. 1 and 4:

Increase iﬁ‘weight and cost of magnet steel + i.4 MSfr.
Increased cost of'blockmaking o+ 0,7 . "
Increased weight and ébst of coils + 1.6 "
Increase in power dissipation and cooling capacity + 1.6 "
Increase in size of correcting lenses + 0.8 "
Savings on girdefs and auvxiliary windings - L.l "
5.0 MSfr.

PS/5136
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these figures are based on the assumptions that
i) ‘the gap height is increased by 100/0
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 height could be

reduced. This would reduce the increase in cost by the following amounts:

Reduction in t.znel width by 1 - ) 0.9 MSfr.
Reduction in beam height by 0.2 m - - 02 "
t.Cranes : : S 0.3 "
1.4 Msfr.

These modifications weuldAlimit the additional cost to 3.6 MSfr.

However bhey may not be desirable for ex cperiments in the intersection
reﬂ10n5w1th normal tunnel cross sections.

In addltlon to the cost increase on . the machlne components, there will

be a cost increase estimated at 2 NSfr. due to the extra study requlred

to brlng strueturee 4 and p0381bly 2, to the same degree of advancement

in the des1gn as structure 1 is now. Since this requires extra tlme,

leadlﬂg to a delay of the progrﬂt of about 6 months, the yearly budgets

A may not be hlgher than the presently estimated ones.

From an injectienﬁpeiht of.view all three sfructﬁres'afe very'similar.
However, the phase advance between the eeptum and the kicker is sllghtly
more convenlent in no, 4 resultlntT in a small reductlon of their
strengths. For beam dumping and ejection structure no. 4 has‘advantages

over the other two.

For the sake of brevity the 1nformatlon about the space available between

inner and outer arc is cast 1nto a SLngle figure. The detailed

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

Ul

figures referenced in Table




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 ejection, nos. 1 and 2 have slightly more
convenient arrangement of beam-observation stations, to mention some

differences. However. structure 4 is clearly more expensive.

From a physics point of view the main differences are that structure 4
requires less total bending power to reach zero degree and has about 200/0
longer straight sections in the interaction 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 approaéh each other. -In this respect
structures 1 and 2 leave much more flexibility. This fact is illustrated
clearly in Figs. 1 and 18. We attached much significance to this argument
when we first chose a structure with 150 crossing angle for our detailed
study presented inl). Since this preference for structure 1 crystallized
itself loag ago, the design based .n this structure -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 still considered to be a very important argument in favour

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

rather than structure 4.

We also favour 1 rather than 2 on the ground that it is a pity not to
make full use of the energy potentiality of the CPS in order to gain 2 m

straight section length 1n the interaction regions.
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APPEIDIX

The simplest structure of ISR with different crossing angles which .
corresponés to practical requirvements has outer arcs composed of three parts: .
a compact lattice, which produces the maximum possible orbit curvature, in
the middle, and two straight sections at the ends. The inner arcs will, of
course, also have straight sections near the crossing points, but since
they have glso other traight sections of gbout the same length elsewhere,

- their geometry is adequately represented, in first approximation, by an .

average radius of curvature, which is much larger than that of the compact

lattice.

Figure 19 illustrates the geometry of this structure: al and a2 are

the bending angles in the arcs of radius R1 (outer)‘and R (inner)

2
respectively; \yy and \VX are the crossing angles, y is the outer straight
section length at the point of crossing éngle \VV'(we call Lyy the larger
of the two angles), x 1is the outer straight section length at the point

of crossing angle \VX‘

1 2
Assuming all magnet periods to have the same bending power, and calling Nl

The required‘superperiodicity of 4 imposés the condition a, + o, = 900.

the number of periods in the outer arcs and N2 the mimber of periods in the

inner arcs, we have:

Ni o} N2 o
a, = T . 90 a, = = =, 90
1 ‘ N
1 Jl + kg | 2 Nl + N,
It can easily be seen that
' Nl -5 o
J = - = .
N 5 + xyx @ = o, T 90

 Ps/5136



if ths two rings sre identiczl, the system of the two iz symmetrical

with respact to the interactivn points. The system has then 8 axes of

symmetry, passing through the 8 crossing points. They cross at 450 from

each other at a point 0, which can be called the "centre™ of the ISR, but
the crossing points lyy_are not at the same distance from the centre as the
crossing points q&z(éhe distance is smaller for the points with smaller

crossing angle).

In general, R, is determined by the field and space reguirements in the
g l J L
compact lattice, and the straight sections y. and x must be long enough
to avoid interference between the equipment of the two rings, the magnets

in particular. The fellowing geometrical relations can be written:

[ l % | % “
: on ——= ] Y = (1 -1 %) =i <
, (Rl tan = y) sin ( 5=+ Hy) (Rl tan 57 + f)ivlﬂ ( =+ \VX)
o - o . o IR BRI
) 3 ._2 —_ P .--]; - —2. \ . —l- "‘.2. {
2R_ sin 5 = (Rl tan 5 + y) coz ( > + yUy, + (Rl tan > + X) cos (2 +

2
from which x and R_ can be determined, once R. and y have been chosen.

2 1

A certain number of practical cases have been computed, in psrticular:

. ) +y
Nl = 7T N2 = 5 , which corresponds to 4 X _ 70301

with the choice ‘+&.= 10045' W= 4015v

X
. W T
Nl =17 N2 = 4 , which corresponds to --XE———§ =12 3/11°
o
7ith the choice yw = 16 Ay = /140
W e choic t,y Y, 8 6/11

The results are shown in Table 6. Figures 20 and 21 show in detail the
structures for the cases \Vy = 10045', ‘%% = 4015' and V¥ = 160,

2 . ¥
q/X =8 6/11o respectively.

PS/5136
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In all cases the straignt section y , corresponding to the larger crossing
angle Y , has been givén a value between 5.5 and 6 m, which gives a
minimums}ree space 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:

l) The total straight section length at the small-~angle crossing is in

every :ase of the order of 30 m, taking into account the necessary free

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

vertical aperiure has to be iudcreased considerably with respect to the

corresponding symmetric structure.

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

fhan,in the symmetric structuress In the first of the two examples, which

has the smallest crossing angle, the straight sectidns in the inner arc turn
out so short that injection and ejection are very difficult and space for

some corrscting lenses is missing. In the other " case , the total

length of the magnets, and consequently the masimum momentum, is reduced.




Geometrical Parameters of Asvametric ISR Structures,

Periods in outer arc

N

1
Periods in inner arc Ng
[
. Yoo+
Average of crossing angles v X
2
Large crossing angle WS'
Small crossing angle .
«
Radius of outer arc Rl
Radius of inner arc R2
End s.s. of outer arc at y
End s.s. of outer arc at \VX X
VMaxdimum momentum P

Maximﬁm horizontal B

Maximun vertical B

Vertical B in interaction regions
Vertical aperture

Horizontal aperture

PS/51%6

177.2 m
6.0n
20.6 m

28 Gel/c
50.% m
98.2 m
30.6 m

83 mm

158 mm -

° 1
93.94 m
201.49 m
5.62 m
21.02 m
25.8 GeV/c
38.7 m
82.8 m
26.7 m

72 mm

140 mm
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Fig. 8a Cosine - like current distribution for
homogeneous  field

Fig. 8b Homogeneous field production  with
: two half. moorn shaped coils
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Fig.8¢c Homogeneous field production with main
‘coils and correcting  coils
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FIG.9 HEAD-ON COLLISIONS IN 15° MACHINE , VERSION 1 ,WITH DISPLACED MAGNET UNITS

FIG.10 HEAD-ON COLLISIONS IN 15° MACHINE , VERSION 2 ,WITH DISPLACED MAGNET UNITS
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Fig19 - One of the 4 superperiods of a simple ISR structure
with different crossing angles.
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Fig.20: One of the 4 superperiods of the case N=7 N,=5 %=10745 Y=415 Ral%0m p=28 GeVic
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