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NOTATIONS

1. We will use the following co—ordinate system:

2 (vertical)

5 (direction of motion)

x (horizontal)

2. The emittanoe of a beam is:

area of elligse
n

3. Widths of distribution (AE,Ap) are always total widths,
e.g. 5E = 2.50 MeV and not i 1.25 MeV

4. A refers to widths or differences within one beam

5 refers to differences between two beams.
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I. INTRODUCTION'

During any operation of the Booster without injection into

the PS (a situation which one will have in particular during the

running-in period and later on with all machine eXperiments not involving

the PS),the protons, accelerated in the Booster to 800 MeV, will have

to be dumped in a safe place.

For this purpose the beams will be ejected in the usual way

from the four rings into the transfer line. Somewhat downstream of

the point of full recombination (i.e. transfer kicker magnet KMB) and

before the transfer line.passes through the wall to the PS, a bending

magnet will deflect the beams into a ”beam dump", which consists of a

5 m deep hole into the earth, about 18 m from the transfer line at the

‘fln i,‘ end of the ”Spectrometer hall" (Fig; 1).

It has been suggested-in 1967 by K.H. Reich, to make use of

this bending magnet and to perform some kind of momentum analysis of

the ejected beams. This could yield valuable information for the

running—in and for later machine experiments.

It is of considerable interest to know the momentum distrim

bution of the protons in the four beams of the Booster and to inves—,

tigate its dependance, e.g. on the RF—gymrastics during acceleration.

Information on this can be gained from measurements of the longitudinal

density distribution of the beams and Comparison with the bucket shapes,

also by trapping emperiments in the PS. But a more direct measurement

9 Would certainly be welcome.

Our first approach was therefore to design a spectrometer

which would allow one to investigate the momentum distribution %% (p)

of the protons in each of the four sequentially ejected beams. We

will call this design the "real spectrometer“.
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According to ref 1) the total Width of the momentum distri—

bution at the moment of ejection is

(-—E> N~2.1o‘5
jbeam

-and for a reasonable analysis one has to ask for a resolution of at
least-1/1O of this value an& if possible better. The value assumed
‘for the design of the real Spectrometer was

('22 _ -4\ p :> w 1 1o .
res

As shown in II. it nay he feasible to obtain this resolution,
.perhaps not right from-the start, but after some time of operation
to find_out the necessary final touches.

This solution, however, requires a separate 500 Spectrometer
magnet of large aperture and hivh precision and several additional

.quadrupoles lenses, also of large aperture and high precision, not to
forget the power supplies, that go with them. The effort,-both in
deVelopMent and in money, is Substantial.

- Therefore we looked into the possibility of contenting one-
seif with a simpler and consequently less eXpensive Spectrometer with
limited performance. we will call this version the ”restricted Spec—
trometer".

It will still allow one to compare the average momenta of the
'20 sequentially ejected bunches with a precision of

(s) {ow
' p res
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II.

but Without giving information on the momentum distributiOn. This

resolution has to be Compared (see V.) with the value of 55/5 which

one can expect for a properly funotioniné Booster.

In the following ehapters we will briefly discuss the prin—

ciples and the technical consequences of both versions and give a rough

comparison of costs.

It is hoped that, on the basis of this report, a choice

between the two preposed versions can be made.

. For either version one can install additional detectors in

the spectrometer line to measure the emittance of the ejected beams or,

at least, to indicate changes.

REAL SPECTROMETER

As any proper image Spectrometer it will consist of a slit,

a feW lenses to image the slit onto a detector and a bending lmagnet to

introduce the diSpersion.

‘plt has been said that the required mementum_resolution is

<§§= 17104 1. '_” ' . p 1 ‘ (1)
/res

The resolution can best be diSCussed inatermspof the emittance

ellipses at the exit of the bending magnet (see Fig. 2){

a All particles with_ the central momentum p a Po Will be contained

in an emittance ellipse, which has its centre at the origin of the (x, X‘)~

plane. For particles with a different momentum p 2 p0 + Ap the centre

of their emittance ellipse will be shifted by Ax'. With e as the bending
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angle of the magnet

*Ax! = ¢ ..QE . .(2) )

Ellipses which do not overlap in the (x,x')—plane can be
transformed into ellipses which are completely separated in x at

s = s (detector). Therefore the smallest Ap which can be resolved,
** iis that which displaces the centre of the ellipse by (Ax')reS = ZXJ ).

Consequently
I

(15.2 \ _ 3:0. ( )
\ Po / " e 3res

Since a = g xg

It follows that to obtain a high resolution one has to meet

the following requirements:

11 A large bending angle e.

The limit will be given by cost and space considerations.

2. A small emittance 5'
This is obtained by reducing the emittance of the original
beam by means of a slit.
Limiting factors are intensity considerations for the de—
tectOr and scattering effects at the slit.

3. A large eeee Width 2% in the bending magnet ' . .
A wide beam is obtained with the help of quadrupole lenses.
Limiting factors are quality and cost considerations- for the
large aperture lenses and bending magnet. W

*) Correctly, e should be replaced by 2sin e/2 for a Sector magnet
and by 2tg 9/2 for a rectangular magnet. For e = 30° eq. (2)
is correct to 20/0. '

**) One could give a less stringent condition for resolution: assuming
e.g. a Gausaian density distribution, it is sufficient to s-eparate
the ellipses in x: by twice the half width of é§§(xv)
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The "classical” arrangement of a Spectrometer is shown in

Fig. 3 together with a typical evolution of the emittance ellipse.

In oer case the elements upstream of the bending magnet cannot be

arranged in this straight forward Way, but have'to be filled in—between

the elements of the transfer line such as not to prejudice in any way

the traHSTer from the Booster to the PS.

’We shall now discuss the elements of the Spectrometer in a

sequence, which leads in the most logical way to the determination of"

the parameters:

bending magnet

emittance of sample beam

slit '
detectors

‘ general layout;

The‘bending‘magnet

, It being the biggest item influencing strongest the general

layout, its main parameters Were determined first.

The fact that a high quality, large aperture magnet was

required, led away from the original layout indicated in Fig. 1. High

quality means not too high fields and this tagether with a Wide beam

would lead to an enormous aperture (not less than 1 m at 10 k9, with

+100, - 24°, )5 gs 2 11).;

As a consequence the original two-way magnet was replaced

by two one way magnets (Fig. 4). The first one is shifted upstream

of the original position by 1.5 m and bends the beam into the transfer

line to the PS by Z=9O;' It can be a relatively low quality, high field

and therefore short magnet (3 £50.54 m at 15 kG). It is switched off

when the beam is directed to the beam dump, but its aperture has to be

sufficiently large (about 0.4 m) to pass the wide Spectrometer beam.
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The spectrometer magnet has to be so far downstream of the

first bending magnet that it clears the transfer line; To keep this
distanCe within the limits of the building and looking for good field;

iguality, a C-type, Window frame magnet has been chosen, with the yoke
on the inside of the curvature. The required clearance together with

the gap and coil Width and the field strength of 10 kG determine the

position of the entrance.of the magnet and of the centre of curvature.
To save aperture a sector shape has been chosen.

To gain in resolution and to have the detectors at-a convenient
distance from the wall the bending angle is increased from 240 to o=300.

For the horizontal aperture there is the argument that one wants

a beam as Wide as possible in the magnet and we have assumed that it is

reasonable to ask for a good field region over 2% = 0.2 m. The total
aperture has to be considerably wider. As discussed later, the total

beam will suffer an emittance blow—up by 640/0 due to scattering on the‘
slit material. A total free gap width of 0.4 n will be about adeeuate.
The gap height will have to be 0.15 n (this is given by the vertical
envelope).

To sum up the parameters;

configuration sector magnet
C—type, yoke on the inside
window frame coils

free aperture hor. : 034 m
vert.: 0.15 m

field'strength 1O kG- ‘

bending radius p_=t4‘881 mr‘
bending angle ¢ = 300 = 0.5256 rad
length along s fl = 2.556 m.
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We can now.take.eq, (4) and calculate the maximum emittence

we can allow for.the Spectrometer beam

1 10 = 0.1m 0.5236 rad \ (4‘)"

as = 2.62 mm nrad ‘ " A L (5)

which means that, With a horizontal enittance of the total ejected

beam of 8t n 53 mm mrad, nearly all of the bean (870/0, assuming a

gaussien density distribution) has to be done away with; This leads

us to the next item.

The slit

A slit is usually a device which is brought into a bean to

stop all particles outside a certain range no i AX, in order to obtain

a source of particles With well defined position and size. This is

also required in our case, but we cannot afford to stop the protons for

the following reasons:

1. To stop 1013 protons per second at 800 MeV would create

‘ intolerably high radiation levels. After all, the
primary purpose of the Spectrometer is to bring the protons

to the bean dump!

2. Even with platinum as material for the slit} the range

of 800 Mev protons is 21 on (lead: 40 on).;w The Slit,
having a Width of a fraction of a millimeter would there—

fore limit the been not only in x, but also strongly in x‘.

3. With such an extension in the s—direction a consiierable

fraction of the protons entering the slit willleave it and

transverse part of the length of the jaw material, thus

increasing the effective width of the slit and adding a
low energy tail to ....the original energyrdistribution.
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A solution is to make the jaws of the slit only so thick,
that the protons incident on them are not stopped but only degraded
in energy to such an extent, that they are imaged in the detector
plane sufficiently far away iron the image of the slit. Considering

1. the Width of the energy distribution of the protons of
AEcQSMeV

2. the additional energy distribution which the degraded
protons suffer from the "straggling” in the material of
the jaws, ‘

3. the size of the degraded beam in relation to the disPersion
dX/dp at the detector,

one arrives at a required degrading of

(dE)deg s 10 MeV . (6)

For protons traversing such a degrading material one has
to consider the following effects:

energy loss

straggling

scattering

nuclear interactions.

Energy loss. Particles traversing matter will loose energy
by exciting or ionizing the atoms along their path;- 1 The energy loss
can be calculated by the Bethe~formula (ref. 2, p. 440, in the gaussian
system of units):

dE 2264 {.2y- m0 82 02 \\ 2-——=47c7 2 2 1n ya] (7)ds ‘ 13013 c h<w>
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Avogadro‘s number (atoms/cmE)
Z atomic number

as charge of particle

m0» ‘ electron rest mass

<w> ‘ mean of harmonic binding frequency

79B ' relativistic parameters of particle

Numerical values of dE/ds, calculated with corrections for
the inner electron shells, are tabulated in 5) of which a few values

'are given in Table I.

Straggling. “As the erotons loose their energy in discrete

amounts in statistically occuring events, the losses for the individual

rprctons will be distributed around the mean value as. given by eq. (7),

An originally monochromatic beam will leave the slice of matter with a

Gaussian energy distribution. The rms—value <AE> of this distribution,

4), is given in .Table I, also in terms of Ap/p.calculated according to

If the original beam already had an energy distribution, the tWO dis-‘

tributions have to be added ad.equately.

Scattering. . Apart from the inelastic interactions with the

electrons, the protons will also undergo Coulomb scattering by the nuclei,

leading to an angular deflection of the protons. The rms—value of the

total deflection the protons Will suffer after traversing a slice of-

matter of thickness As, can be calculated according to ref; 2, p. 456:

2 .

22263 i .'9 t 1/2 ‘
<e>=——~—l-2anC-3£x—>As] (8)

DB0 ‘ emin

6 , 6 : cut—off angles of the scattering cross section.
max min

For our purpose we have to consider the projections of all

angles 9 onto one transverse plane:
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Numerical values are given in Table I.

Nuclear interactions. A fraction of the protons traversing

the jaws of the slit will undergo inelastic interactions with the nuclei

of the material and are consequently lost from the beam. The proba—

bility for such an interaction over a certain pathlength can be calculated

from the crossusection for such processos. The values calculated for

Table I are based on the data given in 5).

The slit width 2dr may be found by the following argumentation:

Fig..5a shows how the slit outs the sample beam from the total

beam. In Fig; 5b the sample beam is shown as it enters and as it leaves
the slit of length As. The protons in the horiaontally shaded areas

hate entered the.slit at its entrance, but left it later on and traversed

part of the jaws. The protons in the vertically shaded areas on the

other hand have traversed part of the jaws before entering the slit.

Fig; 5c indicates the roar possibilities for the protons. ’The protons
in the heragonal‘unshaded area are completely undegraded, the protons in

the shaded areas have lost between 0 and 10 MeV. We consider it a

tolerable disturbance of the original energy distribution of the sample

~beam if of all the partially degraded protons 59/o fall siifiis the dis-
tribution Width of 2;5 MeV. This means that 2.5/10 of the shaded area

shall corresyond to not more than 50/0 of the total area.

6 *)m radcTotal area . 4 Ax'su = 4 as = 4 2;62 1o“
Shaded area . 2.As t‘gp

As §‘2 n 5
2 ‘ TEB'ES

*) Under the given circumstances i.e. ellipse in principal position at
the slit and inside the magnet one should take the inscribed ellipse
as representative for the rectangular sample.
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with §' = eS/Ax We obtain

and with the value for as and converting to millimeters

Ax = 0.0809 VEE . . , (95

AX,As in mm.'

The values of 2AX are also listed in Table l as well as the value §'

which results for the incoming and therefore also_for the sample beam

froa the given Ax and e = 2.62 mm mrad.

Due to the scattering in the jaws the emittance of the total

beam will increase. This is indicated by the dotted ellipse in Fig. 5a.

The i'* of the total beam after scattering has been calculated under the

assumption that the beam density distribution is Gaussian in the phase

plane (X,x*) and that the envelope is taken at 20 (i.e. it includes

950/0 of all protons). The scattering having also a Gaussian distri—

bution which is added onto the original one, one obtains the §'*, after

scattering by i

A 2 1/2 ' ‘ d '
A x") 2 J- ‘-1')!- = _.. < ‘x. _ 2 [C 2 + e>proj . (10.)

The ratio §'*/§| = e*/e = EB, which constitutes a blowsup

factor, is alSo given in Table I. The width of the total beam inside

the bending magnetand the adjacent lenses will be wider by this factor.

than the sample beam and this determines the necessary aperture with

all its technical and financial consequences.
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At first sight beryllium seems to be the obvious choice as
material for the jaws, as it gives the least blow—up for a degrading .
by 10 MeV. However, with an i1 = 6;O mrad unreasonably high gradients
Would be required in the following tWo lenses, to make an i = 100 mm
Wide and parallel beam inside the spectrometer magnet, their position and ‘
maximum length being restricted by the elements of the transfer line.
In order to obtain a bigger permitted £1 one has to choose a material v
with a bigger dE/ds which inevitably brings with it a bigger blow-up
factor for the scattered total beam.

In order to find a reasonable compromise, the blow-up factOr
EB and the maximum permitted £1, under the above discussed oonditiOns,
has been calculated for a large number of materials which can be considered
from the technological point of View and for which sufficient data could
be found. I,The results are plotted in Fig. 6 asra function of the atomic
number Z.

It is a very fortunate coincidence that for nickel (z m 28)
one finds.at the same-time a relative maximum of fl! and a relatiVe-miniw
mum of FB'.V

An FB = 1,64 may appear very high, but it is already 1.43.for
beryllium and, as we will see later, the requirements on the quality of
field in the lenses and in the bending magnet are such _that the sample
beam can only occupy at maximum 2/3 of the apertures; The total beam
may make use of the lower quality field regions,

i'Nickel has therefore been adopted as material for the jaws of 2
thevslit.

The detector

With a dispersion in the detector plane of 7.5 mm/MeV the sample
beam,having 2.5 MeV of total energy Spread,will be about 19 mm wide. This ‘
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width-has to be.divided into at least 20 channels, so.that a spatial
resolution of'OQ9 mm is required. It is proposed to use an arrangement

of thin wires, as described in 5 which collect charge by sesafiaary ‘
emission. The signals will be amplified by cathode followers situated

very close bye The situation at the detector is illustrated in Fig. 113.

The ejection fiom the Booster being arranged such that the V

beams from the four rings are ejected head to tail of each other, the

signals will have to be gated after each 5 bunches,1.e. every 620 nsec,

into four different channels, as one wants to investigate the energy '

distribution for each of the four rings separately. "The change over ‘-

time may be about 50 nsec; The electronics for the intermediate signal

storage and the channel scanning has at this stage not yet been looked into.

The following estimate on the signal letsls to be expected

can be_made;u

‘nofiinal number of protons per ring ' 5-: ' 2 5-1012 1‘

“'ruaning at 100/0 of nominal intensity ' , 0316
.sample beam/total beam (Gaussian - -0;15

1 _ distribution)

with a Cowoeicn d“”+r*butior and 20 _3_,
itchannels the outmost Wires wiil reCeive ' "0.013“

‘ 1 30/o of the total sample beam ' - ‘ ’
secondary emiSsion coefficient «r , 0‘03'

This means that under the-above givenwconditions a charge

of 1.5 10 e = 2.1 10 120

~1OO pF from the wire to the cathode follower, this constitutes a signal
7 will be collected. ASSuming a capacity of

Hf 20 mV. _ This calls for a noise level inferior to z5tp

.General laibut

-A first proposal for the arrangement of the lenses has been

made by A; Ball 6), The development since then of the design and the
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fixing of the parameters discussed until now have,led us to the layout

shown in Fig. 4. The shaded elements have been added to the elements

of the transfer.line.- The horizontal and vertical beam envelopes are

shown in Figs . The horizontal envelope is drawn for the sample beam,

for the total beam it is larger by 1.64 inside the bending magnet. - The.

vertical envelope is drawn for an emittance fo 35 mm mrad, i.e. for ejec-

tion in the "10-bunch mode", for which the beams also have to be brought

safely to the beam dump. The vertical amplitudes for the 10+bunch mode

and for the normal 20—bunch mode,but with scattering at the jaws,are

practically the same.

‘The slit is arranged as far upstream as possible, but still.

downstream of the kicker magnet KMB, as about 40/0 of all the protons

will undergo nuclear interactions in the jaws of the slit.

‘The doublet Q§1 and Q32 creates the prOper conditions at the.

slit, i.e. the correct X! for the sample beam and a large 2! to minim

mize the scattering effect also in the vertical plane.. This,.however,

is not easy to obtain and no solution has been established yet,

Qs3 = Q4 increases the horizontal divergence to bring the beam to the
Arequired x = 100 mm within the short distance availablefiS makes the4

beam parallel and the doublet Q85 and Qs6 focuses the beam in both planes

onto the detector. The required lens parameters are also given in Fig. 7.

Aberrations-and quality requirements

So far all calculations have been based on the assumption of.
perfect elements and on paraxial optics. With the high resolution a
required it is indispensable to look into effects due to trajectories far

from the axis and due to imperfections in the fields. This has been done.

in a report by C. Metzger 7), of which we will quote here the main results.
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The image plane at the detector is not at 900 with the s—direc—

Ition, but encloses with it an angle of t: 7. 50 only, which creates

certain difiiculties for the detector. The values for t for similar

spectrometers at DESY, SLAC, etc., are also of this order. Introduc-

tion of sextupole lenses can help very much to increase t (from ori-

ginally m 30 to £5450 for the SLAC 20 GeV spectrometer, see 8)), but

'inevitably.reduces the resolution strongly. So we would have to.live

with the 7:50.

The quality reguired for the lenses is that %u/'Bds does not

vary by more than 110"3 over the aperture occupied by the bean.n

For the bending magnet it has tentatively been assumed that the

value -/hds, measured along curves of different radii R, does not change

by more than 1 1O 4 over the aperture occupied by the sample beam. *

If it would turn out, that to reduce the aberrations and the

effects of the imperfections in the fields, one had to reduce the width

of the sample beam, one could introduce a second slit doWnstream of the'

first one. This would reduce the Width in the Spectrometer magnet and

the adjacent lenses, but als0 reduce the emittance and therefore the

Isignals at the detector by the same amount. The total aperture of the

magnetic elements Would still have to be the same as With one slit only,

to take the total blownuup beam. The two slits would degrade by 5 MeV

each and three beams.instead of two would arrive at the detector: .of

800, 795 and 790 Mev;

RESTRICTED SPECTROMETER

The adjective "restricted" should indicate that this is not a

proper spectrometer in the usual sense and that it gives only limited

information. Whereas with the "real" Spectrometer one obtains infor—

mation about the energy distributions and their centre values for the

PS/6929
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four beams ejected from the four rings, the "restricted” one will give
information only on the centre values of energy for the four beams, ‘
i;eQ,-one-can measure only the differences 85 or 53 between the different
beams. Probably the time-resolution will even be good enough to obtain ‘ ‘
the individual 85 for each of the 20 bunches, ‘ ‘

As one does not want any more to resolve the energy distri—
bution,the most stringent conditions appearing for the real spectrometer,

i;e;, very narrow slit, wide beam in the bending magnet, high:precision
magnet and lenses, become unnecessary;

The density distribution at the detector will no longer be

given by the energy distribution of the protons, but by the distribution

of their betatron amplitudes. However, the centre value of the density
%§(x), whichever definition it may be given, will still be an unambigous
function of the average momentum of all the protons, and can easily be

detected separately for the four beams or even for each of the 20 bunches,

The high quality requirement for the bending magnet being
abandoned, one could return to the original layout of Fig. 1, But in
order to avoid the very large aperture due to the sagittae for +9/u240,

we considered it better to have also in this case two magnets (see Fig. 9),
The first one is in the same position as for the real Spectrometer, but

is now arranged to bend by gg1o9 in both directions; The second one is
so far downstream as to give sufficient clearance to the transfer line'
and its angle is the smallest one which can direct the beam to the end

of the dump tube, arranged for the real Spectrometer; -The total bending

angle of z 260 is only 1 to 20 more than that of Fig. 1; '

We shall now discuss briefly the following asPects:

principle

target and detector

general layout; ‘ v '

PS/6929
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Principle.

Consider two beams With different average momenta, gland

p + -5p, with their centre lines as shown in Fig. 8a. The disPersion

at the detector is roughly given by

61 ~ éi ' I ‘7 A— m L 5 . (11)

. ”With o k 260 g 450'mrad and L g 16 m one obtains a fix :{OQT mm

for a 5575’: 1 10‘4, the resolution one is aiming at; I '

A disPlacement of this size is easily measured, even if the

beam Width 2Ax is conSiderably bigger than that, e.g; with a pair of

thin plates using the secondary emission effect (Fig. 8b).

‘ . For a beam with rectangnlar density distribution.in x the
signals from the two plates being 11 and 12 we have

~1___——— e a+t= —~e ‘ I _'t} r (12)

and for any_real density distribution the ratios will be of the same

order of magnitude. ' °

,12
‘ _ Assuming a resolutiOn in signal size of AI/Ifi 10 we get

the--maximum permissible beam size at the detector I

1:: $100 61: ; . , .7 ,. (13)

Transferring back to the bending magnet B (Fig. 8a) and using

eq; (11) this means (see Fig. 8c) ‘ '

.1011 5100151»
x; s 415 mrad for 8§fEI;I1 10—4 ;

PS/6929
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With a = 35 mm mrad this gives us a minimum half—width of
the beam in the bending magnet

v'.‘ 8X = E“? 2 7.3 mm
0

which is fulfilled anyway.

occurvfor

different

this;

'1‘;

to create

position:

2;

PS/6929

Variations of the beam position at the detector will also
beams with equal 5 but coming down the transfer line along
trajectories. 'There are four possibilities to account for

One could place a split—plate detector, so thin as to
hate negligible scattering and degrading effects, at the
place marked “target" in Fig. 9, measure the changes in
position and correct the result at the final detector.
This can be done by a simple addition of the two signals
AI/I from the two detectors. At least the same accuracy
is required for the monitoring detector as for the
measuring one;

If one wants to avoid correcting in this way,then one has
a sample beam coming from a slit or target with constant

Exactly the same arrangement as for the real spectrometer
can be made, i.e. a slit with jaws degrading by 10 MeV will

”be put in the same place as shown in Fig. 4. Also here
this WOuld necessitate a doublet upstream of KM? to focus '
in both planes onto the slit. The situation at the detec»
tor would be as shown in Fig. 11a, only that the wire de—
tector would be replaced by a Split~plate detector.

As the momentum distribution Er-l-(p) is no longer of interest,
we can permit it to be perturggd. Therefore the slit can
be replaced by an ”antislit", i.e. by a degrader ZAX wide and
As long. It is now the sample beam which is degraded. The
situation will practically.be as in Fig. 11a, only that the
beams are now reversed in x and it is now the sample beam
which is widened by the momentum straggling in the degrader.
Beam optically it is the same as 1. The use of an antislit
reduces the number of nuclear interactions by a factor 3 10.
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4. Quite a different possibility is to separate the sample beam
not by degrading and subsequent horizontal separation, but
by scattering and subsequent vertical separation.
A thin vertical. Wire is put into the beam at a place where
the conditions are such that the scattering has a great
influence on the emittance in the vertical plane, but only a
small one in the horizontal plane (XO‘>v Z0 )‘ Arranging
the optics such that in the horizontal plane there is imaging
onto the detector and that in the vertical plane the un—
scattered part of the beam is focussed onto the detector but
not so the scattered part, the situation at the detector is
as shown in Fig. 11b. With a Zo' : 0. 7 mrad at the targetf
a 1 mm aluminium wire will blow up the o of the vertical dis-
tribution by a factor of z 5. 19 0/c of the scattered '
particles can be detected outside the main beam on either side;

Versions 1 and 4 require no additional doublet upstream of KM3

which is difficult to realise anyway. They have therefore been chosen

for the general layout.

General‘layout

It is shown in Fig. 9. The monitoring detector or the

scattering Wire target is put at a place with suitable conditions

(x0! >-zoi). , The envelopes of lig; 10 are calculated With the scattering
being taken into account and include 950/0 of the sample beam; For

case 1 the vertical envelope will be somewhat smaller;

QS1 = Q4 and Qs2 produce a rather parallel beam in both planes

through the bending magnets, with an envelope much smaller than that for

the real Spectrometer. QSB and Q54 focus onto the detector in the

way described under case 4;

COMPARISON or cosr

We do not intend to give a complete cost estimate for each

version of spectrometer, but only a differential comparison of the costs

for the magnet systems, including power supplies.

rs/6929
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The prices given in Tables II and III were estimated by
P Bossard and are for this purpose accurate to only 20 0/o for each
element. The total same are

real spectrometer _ ' ' 870 kFr
restricted Spectrometer 365 kFr

difference 505 kFr.

*‘Not included are lenses used for the Spectrometer but
inStalled anyway for the transfer. Neither are included items which
cost about the same for either version, as slits and vacuum system.
The detector with all data transfer may however be cheaper for the
restricted Spectrometer by as much as 50 kFr;

It can therefore be concluded that the real Spectrometer is
more eXpensive than the restricted one by about 500 to 6OQ.kEr,at‘m.,

counting the considerably higher effort in man power. '

‘ A design with no other purpose than to dump the beam wOuld
”be little less expensive than tee restricted Spectrometer. ~ All one
would save is one lens with its power Supply (15 kFr + 30 kFr), the
slit or target (max 20 kFr), the detector with its electronics (5b kFr)
and the mechanical devices for accurate alignment; The vacuum system

-(10 kFr) Would have to be installed anyway.p Altogether one might save
only about 110 kFr.

In other wards: the restricted Spectrometer costs about
110 kFr above the bare minimum and the real spectrometer about 660 kFr.

PS/6929
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CONCLUSIONS

We do not intend to make any choice between the tWo versions‘

but just discuss their respective merits;

' The real spectrometer is clearly the much more expensive

version and would demand considerable further development; It cannot

be guaranteed that it will work to specifications from the start and

the ultimate shinning, trimming and tuning with the beam on may take

Quite some time.

There are three other possible means to obtain information on

dn '35(13):

1. Observation of the longitudinal density distribution in the

circulating beams. This presupposes exact knowledge of

the bucket shape, including space charge eifects.l

2. Scanning with empty buckets of the coasting beams; This
necessitates the facility for an abrupt turn—off of the

accelerating If or a second accelerating cavity to perform

a rapid phaSe shift by't, followed by a normal turnedown offl
the voltage.

5. Trapping experiments in the PS.

Measurements 1 and 2 are possible at any energy between 50-

and 800 MeV. ‘3 can be exoluded for the running-in or any longer de-

velopment runs;- eMeasurement 2 will probably be not available, as the;

rf voltage Cannot be.turned off sufficiently fast and for financial,

reaSons it is not foreseen to have a second cavity even-in one ring.

. How desirable the real spectrometer is, depends on how much

weight one puts on the knowledge_of the momentum distribution and how

much confidence one has in measurement 1. “ To discuss these tWo questions

is beyond the aim of this report.

135/6929
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The restricted Spectrometer is not much more expensive then

What is needed anyhow to bring the beam to the dump. No high preoision

elements are required and one can expect it to work properly practically

from the start.

We have said, that the resolution in 5573.w111 be 1 10-4 or

possibly even 5 10‘5; With a resolution of 1 10-4
3

, the momentum Spread

of the protons being Ap/p = 2 10— , one can check the equality of the

momenta of the 20 bunches to a degree which correSponds to a dilution of

100/6 in the longituéinal phase plane, when they are trapped in the PS.

We may now ask what inequality of the momenta of the four beams
9)of the Booster we may expect. Taking the equations of and comparing

any two rings:

— 2 ' m 2 2 w6p Y 6B Y _ Ytr 5
t: s 2 i:'- —§——'7§':r -
p Y ~ Y B l’ _Ytr

tr

With ytiz.Q z 4;? and for Ek : 800 MeV (y =‘1;853) We get (see also 10))
H

§=—o;1a§3+4;1§5 "is r

E is the average bending field and from the magnet tolerances one can

estimate that it Will be equal to Within SE/E :,1 1o"4 fer the four rings;
5 is the average revolution frequency; Before transfer the four rings

will be run at equal frequencies and equal phase and a afaCC/face < 5 10h6

can certainly be obtained. The second term will therefore at maximum

be equal to the first one and in the worst case this giVes a

£353” 41045
P

PS/6929
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which is definitely below the resolution; Coherent synchrotron oscilleé

tions in not full buckets may however considerably increase this term;

But we héVe also.to consider thet'orbit perturbations may be

different in the four rings. Different closed orbit shapes imply

different orbit lengths and We have to use the following equation(9,

but R replaced by the orbit length G):

n”? 2f 20 r O o£31m §~+v i=5.43§—+3.43§-.
p f O f G

Fer QH half integral the influence of closed orbit distortions

on the orbit length isstrengest; Assuming QH= 4. S‘end a maximum.
-5

residual distortion % = 15 mm yields a 50/0 2 i 4 10 and finder these
5

conditions a maximum of 66/0 = 8 10" cnn be expected.

6f/f being small compared to that We obtain:

$33 = 2.710”4
P

about 10 times as much as can be expected from inequalities in E;

Such differences can well be deteeted with a resolution_ of '

" —4(Sp/fi)res=0.5~1.01o .

Anert from detecting the effects of such extreme clOSed orbit

conditions, the restricted Spectrometer may come in useful when the

Booster is not working properly and help to find the causes. And even

if everything is in perfect order it is a reassuring feeling to have this

confirmed by the Spectrometer.

Finally one shOuld remark, that all measurements node with the

restricted Spectrometer can of course be performed also with the reel

spectrometer, if one just adds a split—plate detector downstream of the

Wire detector.

DISTRIBUTION (open)

- ...-.~.um..—...w wnmm-rnlwkr-wnnm"'



_ 24 _

EEEEEENCES

1) U; Bigliani et al., Parametree do base du sySteme HF du synchrotron
injecteur (Booster), SI/Note EL/68—2, rev. 1.

2) J;D. JackSOn, Classical Electrodynamics, 1962.

5) JQF. Jenni, Calculations of Energy Loss, Range, et, US Air Force -
Weapons Laboratory, Technical Report AFWL~TR—65»1SO.

4) C. Bovet, Optique des faisceaux primeires, CERN 66-25, p. 28.

5) C. Metzger, Etude prélimineire dfun détecteur pour le spectro—
metre du Booster, SI/Note DL/6ea18.

6) A. Ball, Private Communication;

7) G; Metzger, Spectrometre du BOOSter : calcul des aberrations,y
SI/Eote DL/68—26.

8) K.L; Brown, First and Second Order Matrix Theory for the Design ‘
of Beam Transport Systems and Charged Particle Spectrometers, ‘

9) C. Bovet et all? A Selection of Formulae and Data USeful for the
Design of A3G. Synchrotrons, MPS—SI/Int. DL/68-5. “

10) U. Bigliani, Influence de AB/B sur les parametres du feiSceau i
du Booster pour le transfer% du Booster cu PS, MPS/Int. RF/B 67~12.

PS/6929



-25....

Ha
.m

Q
O

H
P

odvdfl
H

dm
fiozfl

O
fipm

afim
nfi

How
hpflfifindnoag

m

adm
n

H
6909

Mo
m

ulaoan
w

oflfiP
pH

am
mm

wmhfi
Ha

wmqm
u

mw
How

Pflam
map

pm
m

oam
m

hwbwu
SSEHHmE

W
QHPHSmmH

.m

.
apw

flt
pHHm

Hmpop
wwpvwgym

m
Na

N
wdm

fla
w

gflam
vvdom

wayom
woam

mo
m

5Ha>1m
EH

om
Am

nv

m
nflam

m
uhpm

adpgm
aba

mo
m

sam
blm

ah
Am

\m
<V

m
Hm

wwaPm
hm

awnm
mo

m
dm

m
>lm

afi
Awav

bmg
0—

.b#m
qfiow

am
w

@
How

m
sdn

pHHm
we

m
m

m
uM

oHQ
P

m4

mmoa
hwamno

oawflommm
mw\mo

m.m
mm.m

N.Nw
“T

o
m

N
J:

m
m

.o
:3

0
04..

3
4
:

oh

w.m
m

m
.”

m.mw
Fm

.o
Pm.mF

pmpo
F>.o

w.m
wmpbm

pm

msm
m

m
."

m
,m

r
mm.o

mm,mw
Pm

,o
o>.o

09¢
fimp¢m

a

o,%
m

m
,"

w.ww
w¢.o

m
wsofi

m
m

,o
m

m
.o

¢qm
om

,m
F

m4

w,¢
m

os?
m

,m
e

m
¢,o

mmsm
¢m90

rm
,o

m,m
wm

swe
do

m,¢
¢m

.F
m.mw

m
¢,o

mmpm
¢m

.o
wouo

m.m
ew.m

v
Hz

mé
E

;
w..:

3.0
wm§

$6
36

mg
4%

.?
mm

‘:
Kw;

mé
$6

$6
$6

$6
0.8

86
Q

m.%
ro.m

.
mpm

mmpo
mm.m

mm.o
wm

.o
0,0m

¢M.m
m5

o.m
m

¢.F
o.m

pw
,o

mo.m
cm

.o
mm,o

osmw
m¢.m

mm

30V
933

33
323

ES:
$.25

Asa
AaoEmE

Ham
mm

,_m
Q

m
noamAav

A
“<3

v
A

E
v

E.
Qc

Haflmpfla

>o§
or

am
mnwwmhwmw

cnm
m

nowoam
>02

com
90%

mmSHfib
HH¢

H
m

a
m

4
a

‘
.

.
.

i
.

IWI‘IIIIHH‘ II Ium. mum luv-m nun. mm-mm-mu-m min \In I l'lll I ‘II IImnauNm‘NV....q-vb——mIHNNI\..Fmwm



-25-

Hz
.qH

P
oaH

m
pm

fi
adoflodfi

aflpm
daw

gfi
How

hpfiaflnnpom
m

m

admn
Hapop

we
m

alaoap
m

ofldppfiao
mm

vans
as

mmqw
H

mm
90%

pfiam
map

Pm
m

onom
hw

>fio
HSHHHME

m
nfipflfim

m
a

.m

_
£33

:3
H

38
@

3
3
5
3

“a
m

dfiw
m
fiflhm

ppdom
cupoow

oam
Mo

m
5Hw>1m

aH
n

o
A

m
u

v

wqwam
m

ahpm
Espsm

aoa
Mo

m
Sflm

blm
ah

Am
\m

qv

m
nflfim

m
m

hpm
hwym

nm
Mo

m
sfim

blm
an

Amav

m
ow

.b#w
nfiw

m
hm

w
w

How
mama

PHHm
Ho

mmmflMOH£P
m<

mmOH
mmhomm

oflm
fioom

m
m

w\flo

m.m
mm.m

N.mw
m

¢.o
m

w
.¢r

mm.o
vb.o

o.w
wm

.¢w
pm

wfi
mm;

ox:
5.0

3,?
R6

tho
fin

39m
5

WM
3.;

WE
mmé

N
T?

5.0
3,0

ozq
.wmém

a
o,¢

mm.w
wgmw

Fvso
m

m
por

mm,o
mm.o

¢qm
Ompmw

wd
w.«

m
m

,e
mpmw

m
¢,o

mm,m
«mso

hw90
m,m

¢m
9¢w

mo
m.¢

vm
.e

m.mw
m¢yo

mm,w
.

¢m
.o

Fm
.o

m.m
Fm

.m
fi

flz
m.¢

pm
."

w
prr

¢¢.o
mmpb

vm
,o

mm,o
msb

¢M
,m

F
mm

m,¢
ww.w

mph
m

v.o
mm.m

mm,o
wm

.o
0.0N

wopm
H4

mé
3.x

m.m
$5

$5
$6

$6
0.0m

$5
mg

O_w
m

¢.w
o.o

hwpo
wopm

.
cm

,o
mmgo

O,m
w

m
¢.m

mm

30v
933

has
33E

30>;
A

$33
Eav

EDEmE
Ham

mm
zm

5
m

M
8.3.23

A
3%

v
A

E.
v

2
$m

$2,04m

bwfi
0—

hp
m
flfiw

m
hw

m
w

wad
m

m
opom

m
>mS

00m
Hog

m
m

sam
b

HHd

H
m

H
m

4
a



-26....

Illa
].

Ohm
H6909

own
0a

m
opdam

H
ohhfia

.w
fiflm

dflm
am

w.o
u.P

ao>
ao¢.o

u.H
o£

I

om
0mm

com
wnm

“Q
O
fim

w
oo

Swwfi
.

"w
aspm

om
n

moam
oon

m
m

hpto
“hogom

m
axow

u
m

amm.w
u

w
Pm

nm
dfl

m
gflwnm

p

m
oam

flooam
chadgdpm

$69.0
"
.tb

a0¢.o
".H

ofi
+

om
0o

00*
m

adam
Eow

m
fls

.
"m

asyaom
d

m
ohw

om
H

aasm
sdpooa

axm
r

n
m

am
w.o

u
w

nm
da

m
sfiwaog

mm?
on

Om
om

:
z

c
m

aom
sawm

sw

,
mm

Om
Ow

Om
:

2
G

m
H

om
gw

dfiv

mmpdam
Hom

afla
8

8
om

mfimagm
mam

$2
n

a
590

u
a

E
seawaom

am
Swag

Eo\wom
>

n
m

am
VJo

u
n

G
m

aom
fihw

dsv

o
n

W
P

O
w

S
=

N
E

G
O

H
O

A
M

S
L
H

G
U

S
W

Fm
om

mF
or

w
d

H
P

wadcfiawm
mm

Hmwwmmyv
wawwm

apm
ad

a
oaom

shG
G

Sw

hHmQSm
Psoawam

nn
sax

aw
mafiam

mmmmwm
nowwdHSwH%

Q
oo

m
Q

O
fim

doafiQ
pdm

fiwam

H
m

pofioppoom
m

wm

HM
a

Q
m

¢
E



g 27 _
“1

|!

mmm
Havoe

ovm
mmv

daqoudrm
hgr

Scam
flooag

oH
G

G
nm

dww.m
M

.hos
owe

I

Om
ow

ooe
madhw

aow
nfla

"oasw
am

0
mega

M
dfi5m

sdPUO
M

m
e

u
m

.floo.w
n

»
poQM

da
m

qm
op

am
o.ou.pao>

flOHm
HooHQ

wgdm
sdpm

fi¢m
.o

M
.Ho£

OF
H

Ow
Om

00—
.

OHHQHW
BOHVHHHB

“O
H

S
P

H
O

Q
G

DOHW
n

3
M:

-

H
dH

S
dP

U
w

M
wxme

n
m

am
o.o

u
»

ponm
cfi

g
fl
c
Q

mr
oe

_.
dug

oH
O

Q
S

ddd
OM

=

we
09

_
u*

mac
oaom

sawm
fiw

om
.u

.

mmG
O

H
O

Q
S

H
dw

on
me

or
H

U
acM

P
@

Hd63dpm
md

M
o%

m
fidhp

chdwm
d#m

md
‘

meme
m

M

-

.

hammSm
P

H
hMWQWm

m
afiw

dhsw
w

m
fioo

m
gowm

flwfiflm
Paoaoam

Max
fifl

mafiam
Hmsom

hoPoaoH
Poom

m
oopoflhpm

om

IIIIlIIIIIIIIII:

HHH
m

H
m

4
9

‘
a

V

1278 /6929

‘...._—.. muvrvhlv‘lu mum (Illfl'mfiflillflflwx



5 1 I‘m

Jun-cf

to P5 \

FIG.1

x/

P m: up“,

i

x:

P'Po

a: x

«I

FIG. 2

M4253



wwwxum
m

.OE

_./_
_

.
_

_

_
_

vfi
%

_
_

Qt
\

Xn
_

.
\1

KN
.

-
II

/
\

\

_
n

l
l
l
l
l
l
l
l

.l
.IIII...

s
lllu

.
/

V
x

\
x

w
_

_
1-..?

h
l
l
l
l
l
l

III.\
1%

”.
l
l
l
l
l

_
\

c

\X

‘
\
\

I
!

I‘

LemQUmQV
In.

I
\

h
:0

III.
\
\

.
.1.

I:
\
\
.
I
\

“G
Ill...

[a
ll

II.‘

me

9%

m6



Q
§§§

9605
390:8

59%

q .OE

E
E

E
E

a
m

BE



I

AX Ax

FIG. 5

AS

IIKJZQ.





Hut...»



M[12.68.



my
N\MQ<arcs—u

563%_

@
693

3m:
88

m.OE

m
m

Eotum
am

Um
UEm

E





H?

1.?0 Add

wffltY

x
354nm v

I!“

a
C1. real spectrometer ll

situation at the detector x

b. restricted spectrometer I

2 I4 12 wires

24

in
dx

1""
I

xFIG. 11 Illa?“


	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41

