
BROOKHAVEN NATIONAL LABORATORY
Associated Universities, Inc.

Upton, New York

BNL 17752

CRISP 73-3

I- ••

ACCELERATOR DEPARTMENT
Informal Report

INCOHERENT TONE SHIFTS FOR THE ISA

M. Month

March 21, 1973

- N O T I C E -
This report was prepared as an account of work
sponsored by the United States GoraamM. Neither
the United Stales nor the United States Alomie Energy
Commission, nor any of their employees, m jay of
their contractors, subcontractors, or their employees,
makes any warranty, express or implied, or ~ — — any
legal liability or responsibility for the j o m c y , com-
pleteness or usefulness of aay Information, apparatus,
product or process disclosed, or represents that Us use
would not infringe privately aimed rights.

N O T I C E

This report was prepared as an account of work sponsored by the United
States Government. Neither the United States nor the United States Atomic
Energy Commission, nor any of their employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty, express or implied,
or assumes any legal liability or responsibility for the accuracy, complete-
ness or usefulness of any information, apparatus, product or process disclosed,
or represents that its use would not infringe privately owned rights.

USIRiBUTMl OF THIS DSSiSZiEfiT S3 &lUiZI

Is



- 1 - CRISP 73-3

ABSTRACT

The vertical tune shifts due to space charge and due to

images are computed for two possible sets of ISA magnet paramotors. A

circular geometry corresponds to a design suitable for a syn-

chrotron with very high field magnets, ~ 40 kG. This is referred

to as the cold case. A second possibility is a larger radius

synchrotron with low field magnets* ~ 13 kG. The main feature

in this case, referred to as the warm case, is a very small gap

height in the magnets. Parallel plate geometry is assumed. The

warm case, as presented here, is clearly unacceptable, leading

to an incoherent v-shift of almost 3 full units. Given the

following three assumptions: 1. that the injection energy is

10 GeV so that the AGS can be used as an Injector to the ISA;

2. that the tune be about 20 in order that the transition energy

be sufficiently below the injection energy; and 3. that the cir-

culating current not be less than 15 A, so that sufficient lumi-

nosity be attainable when the beams of the intersecting rings

collide; then, with these three assumptions, a staple relation

connecting the tune shifts for the cold and warn cases is obtained.

It is concluded that, in order to bring the. image tune shift for

the warm case to an acceptable value, the radius mist be decreased

and the magnet gap height must be increased* In fact, the re-

quired changes tend to lead the design strongly in the direction

of the original cold case.

1. Introduction

We compute the incoherent vertical tune shifts for two possible sets of

ISA design parameters. We consider first a. circular geometry which corre-

sponds to a design suitable for a synchrotron vith very high field magnets,

~ 40 kG. This is referred to as the cold case, A second possibility is a
2

larger radius synchrotron vith low field magnets, ~ 13 kG. The main feature

in this case,referred to as the v a n case, is a very saall gap height in the
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magnets. Parallel plate geometry is assumed. There are essentially two

contributions to the incoherent vertical tune shift. First, there is the

space-charge tune shift, which is dependent on the beam dimensions. If

one includes the effects of metallic boundaries, i.e., the vacuum chamber

wall, and ferromagnetic boundaries, i.e. the Magnetic pole surfaces, then

one obtains the image contributionsto the tune shift. These depend on the

chamber and magnet geometry and only inconsequentially on the benm dimensions.

As we will see, it is the image contributions which produce the design limi-

tations.

2. Vertical Incoherent Tune Shift

The vertical incoherent tune shifts, Av due to space charge, and
3Av. due to images, can be writtenitn

Nr R

2 3
y vb(a + b)

and

where N = total number of particles in the ring,

R • average synchrotron radius,

P •= particle velocity in units of c,

Y = energy in units of proton mass,

v * vertical tune,

b * vertical half-size of beam,

a = horizontal half-size of beam,
-18r * classical proton radius, * 1.54 x 10 n,

h = chamber haIf-height, and

g * magnetic gap half-height.

The quantities e, and e are geometry dependent terms and relate to ttu- presence of
3chamber and magnet pole boundaries, respectively. They are easily evaluated

for circular and parallel plate geometry. For the circular chamber, e, = 0,
2 *

while for the narrow height chamber, c, * n /48. The «„ term is not sensi-
3 2

tive to the geometry and ve assume « • n /2A.
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We can thus compute the tune shifts for various designs.

1. Cold ISA: a = 0.76 cm, b = 0.76 am, Y = 30, v = 2C.25, R = 385.5 m,
N = 7.5 x 1014 (I = 15 A), h = 3.5 cm, g = 7.5 cm, 6 j = 0,
e2 = n2/24.

Avsc = - 2.2 x 10"3

Avim = " °*0 1 7 *

2. Warm ISA: a = 2.27 en, b * 0.42 cm, y = 30, v = 20.25, R = 899.5 m,

N = 1.75 X 1015 (I * 15 A), li * 1.35 en, g = 2.0 cm,

fil « n2 /48, e2 « w2/24.

Av - - 1.25 X 10"2

sc

av^ - - 2.73 .

(Note the unacceptable vshift due to luges.)

3. ISR (Only image contributions):
Y - 30, v - 8.75, R » 150 m, N * 2.94 x 1014 (I = 15 A),

2 2
h = 2.5 cm, g = 3.5 cm (est.), fj - v /48, e 2 * TI'/24.

tv = - 0.05 .

4. NAI- (Only ironge contributions):

Y = 11.66, v * 20.25, R * 1000 a, K * 5 x 1013 (I = 0.38 A),

h = 2.4 cm (1.8 cm), g * 2.5 cm (1.9 cm), Cj, * n2/48,

e2 * n
2/24.

Avi« * " °*10 {" °*19) *
(Note the small current here. This is acceptable for an accelerator

where particles vill ultimately bombard a fixed target, but not

acceptable for storage ring design.)

Let us consider the relationship of cold to warm ISA a little more

generally. The connection between the image contributions to the tune

shifts for the two cases can be made very simple if we assume the following

three general requirements for the design. He assume first that the in-

jection energy is 30 GcV. This is clearly related to the natural choice of

the AGS as an injector to the ISA. Note, however, that higher energy in-

jection will only decrease the v-shift due to inager linearly. A second
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assumption will be that the tune should be about 20. This follows from

the desire for high v but transition energy sufficiently below 30 GeV.

This means that v must be sufficiently below 30. And thirdly, we assume

tluit the circulating current should be 15 A; this is to ensure sufficient

luminosity when the beams of the two intersecting rings collide. Then,

with these assumptions, and using Eq. (2), we have
2 2

A vw Rw 8c

C V

where the subscripts w and c refer to the warn and cold cases,.respectively;

and we have made the simplifying and reasonable assumption that

f&'tf, • <*>
From Eq* (3), we can see immediately where the large image - tune-shift

for the warm case comes from. Using, R » 899.5 si, R * 385.5 m, g = 7.5 cm,

h =1.35 cm, we have

Ctf •>•>•(£ f-»-> •
c w

This leads to a total value for the warn case of 168 times the cold case.

3. Conclusions

We have computed the vertical tune shifts due to space charge and

image terms for two possible ISA designs. The image contributions provide

the significant limitation. The warm case as presented here is clearly

unacceptable, leading to an incoherent v-shift of almost 3 full units.

Given our assumptions concerning injection energy (YJHJ * 30), tune

(v ~ 20, in order that the transition energy be sufficiently below the

injection energy), ar.d luminosity (I > 15 A ) , we conclude that there arc

This conclusion is derived from the assumption -that the beam dimensions
play no essential role in determining the image contributions to the tune
shift. In fact, this is not true when the width of the beam is larger
than the chamber height. It can be shown in the warm case considered here
that this effect reduces the tune shift by at least a factor of four.
Thus, the conclusions presented in this paper must be somewhat tempered
with this fact.
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two ways to bring the image-tune-shift for the warm case to an acceptable

value. We must decrease the radius and increase the magnet gap. In fact,

it seems clear that the required changes will lead us inexorably in the

t)Jreel ion of the orlfilnai cnld design.
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