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Fig. 6, left vert., coord., : read "FB” instead of "B".
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NOTATIONS

1., We will use the following co-ordinate system:
z (vertical)

s (direction of motion)

x (horizontal)

2. The emittance of a beam is:

area of ellipse
'

S Widths of distribution (AE,Ap)-are always total widths,
e.2. M = 2,50 MeV and not £ 1.25 MeV

4, A refers to widths or differences within one bean

8 refers to differences between iwo beanms,
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INTRODUCTION

During any operation of the Bocster without injecfion into
the PS {(a situation which ome will have in particular during the
running-in period and later on with &21l1 machine experiments not involving
the PS),the protons, accelerated in The Booster %o 800 MeV, will have

0 he dumped in a2 safe place,

Tor this purpose the beams will be ejected in the usual way
from the four riags into the transfer line, Somewhat downstream of
the point of full recombination (i,e, transfer kicker magnet KM3) and
before the transfer linc.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

end of the "spectrometer hall" (Fig. 1).

I% 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 valusble information for the

running-in and for later machine experiments,

It iz of considerable interest to know the momentum distri-
bution of the protons in the four beams of the Booster and to inves~.
tigate its dependance, e¢.g. on the RF-gymrestics during acceleration.
Tnformation on this can be gained from measurements of the longitudinal
denglity distributidn of the beams and comparison with the bucket shapes,
alsoc by trapping experiments in the PS, But & more direct measurement

would certainly be welcome.

Cur first appfoaoh was therefore to design a specirometer
which would allow one to investigate the momentum distribution %% (p)
of the protons in each of the four sequentially ejected beams, We

will eall this design the "real spectrometer”.
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1)

bution at the moment of ejection is

According to ref '/ the total width of $he momentum distri- .

beam
and for a reascnable analysis one has to ask for a resclution of at
least 1/10 of this value and if possible bebter. The value assumed
fTor the design of the real spectrometer was

(L -1 1074
\?P *

N

res

As shown in II. it may be feasible to obtain this resolution,
perhaps not right from the start, but after some time of operation

to f£ind out the necessary final touches.

This solution, however, requires a separate 30° spectrometer
magnet of large aperturé and high precision and several éddi%idnéi |
-quadrupoles lensesy also of large aperiure and high precision, not to
forget the power supplies, that go with them, The effort; both in

development and in money, is substantizl,

_ Therefore we 1ooked 1nto the pessibility of contentlng one —
self W1th a 51mpler and consequently 1ess eXpensive spectrometer with
limited performance, We will call thls version the "restricted spec-

trometer".

} It Wlll stlll allow one %o compare the average momenta of the 2
20 sequentlally eaected bunches W1th a precmslcn of

(8 e TR
" P “res ‘

PS/6929

skt A J

R b LT S ER T L UL T T LT T L L T DT L I T T L T B L P




but without giving information on the momentum distribution,  This
resolution has to be compared (see V.) with the value of ép/p which

one can expect for a properly funotlonlng Booster,

In the ¢ollov1ng chapters we w111 briefly dlscuss the prin-
01ples and the technlcal consequences of both versicns and give a rough

comparigon of COutS-

It 41s hoped that, on the basis of this report, a choice

between the two proposed 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,

REAT SPECTROMETER

As any proper image sPectrometer it will consist of a slit,
a few lenses to imege ‘the slit onto a detector and a bendlng magnet to

introduce the dispersicn,

- It has been said that the required mbmehtum_resdlution‘is

( - 1.10-4 o o - (1)
I‘eS o * ; ’ o
The resocolution can beét be discussed inftérmsfof the emititance

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

: All partmcles Wlth the central momentum D= D, Will be contained
in an. emlttance ellipse, Whlch has its centre at the orlgln of the (x x!) -
plane, For particles with & different momentum p = p, + Ap the centre
of their emittance ellipse will be shifted by Ax!, With 9 as the bending
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angle of the magnet
3
Ax! = o . Le _ .(2) )
Ellipses which do not overlap in the (%,x')-plane can be

transformed into.ellipses which are completely separated in x at

s = s (detector). Therefore the smallest Ap which can be resolvé&,

#)
iz that which displaces the centre of the ellipse by (Ax')res = 21& ).
Conseguently

1
(N _ %o (3)
Vo po 7 Ty 3
res
Since ¢ = ; xSt
/..‘?‘.P. ™ 2&
! = w— . . o 4
\\‘ Po /IGS x¢ B ( 1) -

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

the following requirements:

t. A large bending angle o,

The limit will be given by cost and space considerations.

2. A small emiﬁtance g

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.

%, A large beam 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 hending magnet,

*) Correctly, ¢ should be replaced by 2sin’ ¢/2 for a sector magnet
and by 2tg ¢/2 for a rectangular magnet, TFor ¢ = 30° eq. (2)
is correct to 20/0.

**) One could give a less stringent condition for resolution: assuming
e.8. a Gaussian density disdribution, it is sufficiént to separate
the ellipses in x! by twice the half width of é%%ﬁx').
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The "classical® arrangement of a spectrometer is shown in
Pig, 3 together wita a typical evolution of the emittance ellipse.-
Tn our case the elemenis upstream of the bending magnet cannot be
arranged in this straight forward way, but heve to be filled in-between
the ‘elements of the transfer line such as not to prejudice in-ﬁny way
the transfer from the Booster to the PS5,

We shall now discuss the elements of the spectrometer in 2
sequence, which leads in the most logical way to the determination of

the parameters:

bending nmagnet

emittance of sample beam
s1it '

detéctors

 general layout.

The bending magnet

I% belng the blggost 1tem 1nfluenolng strongest the general

1ay0ut, 1ts main parameters were determlped first.

The fact that 2 high quality, large aperture magnet was
requlred led away from the original 1ayout indicated in Fig. 1. High
guality means not too high flelds and this together with a wide beam
would lead to an enormous aperture (not less than 1 m at 10 kG, with
+10°%, - 24°%, £ w2 n).

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 PS5 by ~9°." 1t can be a relatively. low quality, high field
ond therefore short megnet (£ ~ 0.54 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:'
quality, 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 msave 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 fronm 240 to @:300.

For the horizontal aperture there is the argument that one wants
o beanm as wide as possible in the magnet and we have assumed that it is
reasonable %o ask for a good fieldAregion over 2% = 0,2 m. The total
aperture has to be comnsiderably wider, As discussed later, the total
beam will suffer an emittance blow-up by 640/0 due %o scattering on the.
slit material, A total free gap width of 0.4 m will be abouﬁ‘édeéuate.
The gap height will have to be 0.15 n (this is given by the vertieal

envelope).
To sum up the porameters:
configuration sector nmagnet

C~type, yoke on the inside
window frame coils

free aperture hor. : 0i4 m
vert,: 0.15 m
field strength 10 kG. ‘
" bending radius p = 4.881 .
bending angle p = 30° = 0.5236 rad
length a2long s £ = 2.556 n.
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We con now-vake.edq. (4) and calculate the maximunm emittance

we can-allow for the spectrometer beam

-4 Lge '
110 = 0.in 0.52%6 rad \ (41)‘

e, = 2.62 m mrad : o (5)

which means: that, with a horizontal emittance of the total ejectéd
beon of e, = 33 mo mrad, nearly all of the veon (87°/0,. assuming a
gaussian density distribution) has to be done away with, This leads

us to the next iten.
The slit

4 s1it is usually a device which is brought into 2 bean to
stop all particles outside a certain range X, i A, in order to obtain
e source of par%iéiés‘Wifh well defined position and sigze. This is
also required in our case, but we cannot afford to stop the protons for

the following reasonss

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

‘ intolerably high radiation levels.,  After all, the
prinary purpose of the spectroneter is to bring the protons
to the bean dunp! - :

2. Even with platinun as nmaterial for the slit, the range
of 800 MeV protons is 21 cm (lead: 40 cm).. . The $1it,
having e width of a fraction of a nillineter would there-~ o
fore 1init the bean not only in x, but also strongly in x',
3. With such on extension in the s~direction a considerable
fraction of the protons entering the slit willleave 1t and
transverse part of the length of the jaw naterial, thus
increasing the effective width of the s1it and adding a
low energy tail .to-the .original . energy- distribution.
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A solution is to maeke the jaws of the slit only so thieck,
that the protons incident on them are no stopped but only degraded
in energy to such an extent, that they are imaged in the detector

plane sufficiently far away ffoﬁ'the'imége of the slit, Considering

1. the Wlath of the energy distribution of the protons of
AR = 2,5 MeV,

2. the additional energy distribuition which the degraded
protons suffer from the "straggling" in the material of
the jaws, :

R the size of the degraded beam in relation to the dispersion
dx/dp at the detector,

one arrives at a regquired degrading of

(AE) = 10 MeV , (6)

deg
Por protons traversing such a degradin material one has
P g & ]

to consider the following effects:

energy ‘oss
gtraggling
scattering

- nuclear interactions,

Energy loss. Particles travefsing matter will loose energy
by exciting or ionizing the atoms along their path, - The energy loss

can be ealculated by the Bethe~formula (ref 24 p., 440, in the gauss1an
system of units):

ag 2264 {—2Y2 m 52 e? N ' 5
— =4 Nz ——— | In{ — . )-8 ] (7)
ds ‘ moﬁ ] h<w>
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Avogadro's number (atoms/cm3)

Z atomic number

b1] chafge of pérticle'

m,  electron rest mass

<> " mean of harmonic binding frequency
v, relativistic parameters of particle

Numerical wvalues of dE/ds, calculated with corrections for
the inner electron shells, are tabulated in'3) of which a few values

" are given in Téble L.

Straggling. "As the ﬁrofoﬁs loose their eneréjnih“discrete
amounts in statlstlcally occuring events, the 1osses for the individual
_protons will be dlstrlbuted around the mean value as given by eq. (7)
An originally monochromatic beam will leave the slice of matter with a
Gauss1an energy dlstrlbutlon. The rms-value <AR> of thls distribution,

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

calculated accordlng to
If the original beam already had an energy disfrlbutlon, the two dls-'

tributions have to be added adequately.

Scatterlng. _ Apart from the inelastic 1nteract10ns with the
electrons, the protons will also undergd Coulomb soatterlng by the nuclei ,
leading %o 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 .
2z Ze - /2
<e>=——-—l—2nN1n<—n£x—>As:t (e)
ppe - emin
8 _, 8 . : cut-off angles of the scattering cross section.

max min

For our purpose we have to consider the projections of all

angles © onto one transverse plane:

<85> =éifh<ie >,

proj jQﬁ
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Numerical values are given in Table I.

Nuclear interactions. A fraction of the protonse 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 cross-section for such processes. The values calculated for

Table I are bhased on the data given in 5)

The s1it width 2Ax may be found by the following argumentation:

Pig. 5a shows how the slit ocuts the sample beam from the total
beaﬁ. In Pig, 5b the sémple beam is shown ag it enteTS"an& as it leaves
the'slit of_iength bs, The protons in the horiéontally shaded areas
haﬁe_entered the. 81lit at its entrance, but left it 1afer on and traversed
part of thé jaws, The protons in the vertically shadéd areas on +the
éther hand have traversed part of the jaws before entering‘the slit.

Fig; 50‘indicates the fpﬁr possibilities for the protons. The protoné
in the hekagonal‘unéhaded area are cqmpletely undegraded, the protons in
the shaded areas have lost between 0 and 10 MeV. We consgider it a
tolerable disturbvance of the original energy distribution of the sample
‘bgam if "of all the partially degraded protons 5°/c fall within the dis-
tribution width of 2.5 MeV. This means that 2.5/10 of the shéded area

shall correspond to not more than 50/0 of the total area,

} : - - Dox
Total area : 4 Ax xt = A ey = 4 2,62 10 6 o rad )
2

Shaded area Q.ﬁs %'

As X125

2 100

8

*) Under the given circumstances i,e., ellipse in principal position at
the =l1it and inside the magnet one should take the inscribed ellipse
as representative for the rectangular sample.
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with X! = e4/Ax we obtain

AX=J~1OE-: As
S
and with the value for e and converting to millimeters

- 0.0809 /B N ¢)

Az, As in mm,

The values of 24x are also listed in Table I as well as the value X!
which results for the incoming and therefore also for the sample beam

from the given Ax and € = 2,62 mm mrad.

Due to the scattering in the jaws the emittance of the total
team will increase, This is*indicdted by the dotted ellipse in Fig. 5a.
The =% of the total beam after scattering has been calculated under the
assumpiion that the beam density distribution ig 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 gcattering having also a Gaussian distri-
bution which is added onto the original one, one obtains the %'*, after

scattering by

wr-2 [(3) wﬁ]uz; Y

The ratio %'*/ﬁ' = ¢¥fe = Fyy which constitutes a blow-up
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 conseguences,
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At first esight beryllium seecms to be the obvious choice asg
material for the jaws, as it gives the least blow-up for a degrading -
by 10 MeV. However, with an Xt = 6;O"ﬁrdd unreasonably high gradients
would be required in the following 4wo lenses, to make an X = 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 permifted 3 one has to choose a material -
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
FB and the maximum permitted %1, under the above discussed conditions,
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.,  The resuits are plotted in Fig, 6 as a function of the atomic
rumber Z. | '

It is a very fortunate coincidence that for nickel (Z = 28)

. . . Y ~ : . - - s
one finds. at the same time a relative maximum of X! and & relative mini~-

mum of FB..‘

An P = 1.64 may appear very high, but it is already 1.43. for
beryllium and, as we will see later, the requirements on the guality 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 aperiures, The total beam
may meke use of the lower quality field regions.,

- 'Nickel has therefore been adopited as material for the jaws of *
the -slit,

The detector

With & dispersion in the detector plane of 7.5 mm/MeV the.sample
beamyhaving 2,5 MeV of total energy spread, will be about 19 mm wide, This v
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width has to:-'be. divided into at least 20 channels, so that a spatial
resolution of 0.9 mm is required, It is proposed to use an arrangement

5) ', which collect charge by secondary

of thin wires, as described in
emission. ~ The siguals will be amplified by cathode followers situated

very close by, The situation at the detector is 111ustrated in Flg. RER

The egectlon from the Booster belng arranged such that the |
beams from the four rings are ejected head %o tail of each othor, the
signals will haverto_be gated after each 5 bunches,l.e. every 620 nsec;
into foufédifferent channels, as one wants to investigate the:enefgy '
distribution for each of the four rings separately. ~ The change over
time may be about 50 nsec., The electronics for the intermediate signal

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

The following estimate on the signal 1e#els'to-$é-expéetéd
can be made:

o

‘nominal rumber of protons per ring i 905 1012 .
running at-10%/0 of nominal intensity - Q.1
sample beam/tOual bveam (Goussian - : 0,13
o ‘distribution) .
with a Causcien distribution ond 20 .
‘”ohannels the outmost wires will recelve '. - 0,013

1.3%/0 of the total samaple beam

secondary emission coefficient S 0.03

This means that vnder the.gabove.given conditions a charge

12

7e = 2. 1 10 will be collected, ASSumlng a capaclity of

of 1.3 10
100 pF from the wire to the cathode follower sThis constitutes a 51gnal

of ~ 20 mV _ Thls calls for a noise 1evel 1nfer10r to ~ 5 nV,

,Geneial 1a§out

A Tirst proposal for the arrangement of the lenses has been

made by A, Ball 6), The develo@ment since then of the design and the

S /6929
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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 Fig, 7. 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 fhe'"10~bunch mode", for which the beams also have to- be brought
gsafely to the beam dump . The vertical amplitudes for the 10~-bunch mo&e
and for the normal 20-bunch mode,but with scattering at the jaws,are

practicélly the same,

"The slit is arranged as far upstream as possible, but still.
downstream of the kicker magnct KMB, as about 40/0 of all. the protons:

will undergo nuclear interactions in the jaws of the slit,

. The doublet Q51 and QSZ creates the proper conditions at the.
slit, i.e. the correct xt for the gsamnple beam and a large gl 0 nindi-
mize the scatteriqg effect also in the vertical plane., This, however,
is not easy to obtain and no solution has been established yet..

Q53 = Q4 inoreases‘the horizontasl divergence to bring the beam to the

required x = 100 mm within the short distance available;Qs nakes the

. 4
bean parallel and. the doublet QsS and QS6 focuses the beam in both planes

onto the detector. The reguired lens paremeters are alsc given in Pig., 7.

. Aberrations and quality requirenments

So far all caloulations have been based on the assumption of
perfect elements and on paraxial optics, With the high resolutien f
required it is indispensable to look into effects due tb trajectories far
from the axis and due to imperfections in the fields, This has been done.

in a report by C., Metzger T), of which we will guote here the main results,
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The image plane at the detector is not at 90 with the s-dlrecnf
“tion, but encloses with it an angle of = T. 5° only, which creates.
certain difficulties for the detector, The values for ¢ for similar.
sfectrometers at DESY, SLAC, etc., are also of this order. Introeduc-
tion of sextupole lenses can help very much to increase ¢ (from ori-
ginally w 3° 4o ~ 45° for the SLAC 20 GeV spectrometer, see )) but
inevitably. reduces the resolution strongly., So we would have 0. 1live
with the 7.5°.

The qualityireQuired for the lenses is that %3/'Bds does not
vary by'more than ‘1‘10"3 over the aperture occupied'by the beam.

For the bendlng magnet 1t has tentatlvely been assumed that the‘
value —-/bds, measured along curves of dlfferent radii R, does not- ohange

by more than 1 10 -4 over the aperture occupied by the sample bean,

If it would turm 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
flrst cre. This would reduce the width in the spectrometer magnet and
the adgacent lenses, but also reduce the emlttance and therefore tae
31gnals at the detector by the same amount The total aperture of the
magnetic elements would. &8%ill have to be the same as with ome slit only,
to take the total blown-up beam, Thé two slite would degrade by 5 MeV
each and three beams. instead of twoé would arrive at the detector: -of
800, 795 and 790 MeV. |

III. 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" syectrometer one obtains infor-

mation about the energy distributions and their centre values for the
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four beams ejected from the four rings, the "restricted" one will give
information only on the centbe values of energy for the four beans,

i.€.5 One.can measure only the differences 8E or SE between the different

beamé. Probvably thé Time resclution will even be gocd enrough to obtain

the individual &p for each of the 20 bunches, .

As one does not want any more to reseclve the energy distrie
bufion,the mnost stringent conditions appearing for the real spectrometer,
i,e.y very narrow slit, widc beam in the bending magnet, high precision

megnet and lenses, become umnecessary,

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 dens1ty
dn(x), whichever definition it may be given, will still be an unambigovs .
funetion 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 guelity requirement for the bending magnet being
abandoned,'one could return to the original layout of Fig, 1: But in
order to avold the very large aperture due to the sagittae for +9/~24O,
we considered it better to have also in this case two magnets (see Pig, 9},
The firsf one is in the same position as for the real spectrometer, but
is now arranged to bend by g;109'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 direcet the beam tc the end
of ‘the dump tube, arranged for the real spectrometer., . The total bending
angle of 26° is only 1 %o 2% more than that of Pig., 1. .

We shall now discuss briefly the following aspecis:

prineciple
target and detector

general layout, : :

PS/6929
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Principle .
Congider two beams with different average-moménfa, E'énd

5 +-8§, with their centre lines as shown in Fig} 8a,, The dispersion

at the detector is roughly given”by
&% = & . | |
_chif' (11)

‘ With ¢ ~ 26° ~ 450 mrad and T s 16 m one obtains a 8% x 0.7 mm
for a 6p/F = 1 10”4, the resolution one is aiming at, ' |

A dlSplacement of thls gize 18 easily measured, even 1f the
beam width 2Ax is con51derab1y blgger than that, e.g, With a palr of
thin plates using the secondary emission effect (Fig, 8b).

v For a beam with rectangﬁlar density distfibutioh'in x ‘the

signals from the two plétes being I, and I, we have

Sl o = ! - (12)

and for any real. density distribution the ratios will be.of_the same
order of magnitude; ' ' '

-2

‘ _ Assumlng a resolutlon in signal size of AI/I 10" we get
the max1mum.perm1531ble ‘heam $1ze at the deteetor |

.ﬂx < 100-6x ; . | - o (13)

Transferrlng back to the bendlng magnet B (Flg. 8a) and using
eq; (11) this wmeshs (see Fig, 80)
_xt <100 8xt

xJ £ 4.5 mrad | for 69/" 10t
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With € = 33 mm mrad this gives us a minimum half-width of

the beam 4n the bending magnet

~ £
X=z7=27.3m
o)

which is fulfilled anyway,

oceur~for
different
this;

1,

to create

position:

2,

Variations of the beam position at the detector will also
bezms 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 o
have negligible scattering anhd degrading effects, at the
place marked "target" in Fig, 9, measure the changes in
position and correct the result at the final detector,
This canr be done by a simple addition of the two signals
AT/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 s1it or target with constant

Exactly'fhé saﬁe'arrangement as for the real spectroméﬁer
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 XM to focus

in both planes onto +the slit. The situation at the detec-
tor would be as shown in Fig, 1ia, only that the wire de~
tector would be replaced by a split-plate detector,

As the momentum distribution Q&(P) is no longer of interest,
we can permit it to be pertur%gd; Therefore the slit can

be replaced by an "antislit", i,e, by a degrader 24x wide and
As long,. It is now the sample beam which is degraded, The
situation will practically be as in Pig. {1i1a, only that the
beams are now reversed in x and it is now the sample beain
which is widened by the momentum siraggling in the degrader,
Beanm optically it is the same as 1, The use of an antislit

- reduces the number of nuclear interactions by a factor x 10,

PS/6929
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4, Quite a different possibility is to separate the sample beam
not by degraoding and subsequent horigzontal separation, but
by scattering and subscguent vertical separation.
A thin vertical wire is put into the beam at a place where
the conditlons are such that the scattering has a great
influence on the emittance in the vertical plane, bui only a
small one in the horizonial plans (Xo't> zo’) Arranging
the optics such that in the horizontal plane there is inaging
ontc the detector and that in the verticsl plane the un-—
scattered part of the beam is focussed onto the detector but
not sc the scattered part, the situaticn at the detector is
as shown in Fig, 11b. With a z,' = 0.7 mrad at the target,
a 1 mm aluminium wire will blow up the ¢ of the vertical dis-
tribution by a factor of ~ 3. 19°/0 of the scattered '
particles can be detected outside the main beam on either side,

Versions 1 and 4 reguire no additional doublet upstream of KM3
which is difficult to realise anyway, They have therefore been chosen

for the general layoudb,

General‘layout

T+ is shown in Fig. 9. The menitoring dedtector or the
gscattering wire target is put at a place with suitable conditions
H 1) ‘ ey 1 i i
(xo > B }. . The envelopes oft,lg. 1OOare calculated with t@e scattering
being taken into account and include 3§95 /o of the sample beam, For

case 1 the vertical envelope will be somewhat smaller.

Qs1 = Q4 and Qs2 produce & rather paralliel beam in both planes
through the bending magnets, with an envelope much smaller than that for
the real spectrometer. QSB and Qs4 focus onto the ‘detector in the

way desoribed under case 4,

COMPARISON OF COST

We do not intend to give o complete cost estimate for each
version of spectrometer, but only a differential.comparison of the costs

for the mognet systems, including power supplies,

PS5 /6929
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The prlces given in Tables II and IIT were estlmated by
P. Bossard and are for this purpcse accurate to only 200/0 for each

element. ' The total Sums are

real 5pectrometer ' ' 870 ¥¥r

estrlcted Spectrometer 265 XPr
difference 505 XFPr,

L Wot 1ncluded are lenses. used for the spectrometer but
installed anyway for the tronsfer. Nelther are included items which
cost about the same for either version, as slits and va.cuun systen,
The detecior 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 exXpensive than the restricted one by about 500 %o 600 kFr,.not .. .

counting the oonsiderably nigher effori{ in man power.

. A desgign with no other purpoqe than to dump the. beam would
'be 11tt1e less expensive than the restricted spectrometer. - A1l ong'f
would save is one lens with its power supply (15 kFr + 30 kir), the
slit or target (mgx 20 kFr), the detector with ite electronics (50 kFr)
and the mechanical devices for accurate alignment;_ The vacuum systen
-(10 kFr) would have ito be installed anyway. Altogefher dﬁe‘might save
only about 110 kFr, | .

In other words: +the restricted spectrometer costs about

110 ¥Fr above the bare ninimum and the real spectrometer about 660 kFr,

Ps /6929
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CONCTLUSIONS

We do not intend.to make any choice between the two versions

but just discuss their respective nerits,

: The real spectrometer is clearly the much more expensive
version and would demand considerable further development, It carnot
be guarantéed that it will work to specifications from the start and
the ultinate shimming, trimming and ftuning with the beam on may take

duite some tinme.

There are three other possible'means to obtain information on

1. Observation of +thé longitudinal density distribution in the
circulating heauws. This presupposes eXxact knowledge of
the buckei shape, including space charge effects.

o, Scanning with empty buckets of the coasting beams, This
necessitates the facility for an abrupt turn~off of the
accelerating rf or a second accelerating cavity to perform 7
o rapid phase shift by m, followed by a normal turn-dovn of -
the voliage.

3. Trapping experiments in the PSS,

Measurements 1 and 2 are possible at any energy between 50.
and 80C MeV. .3 can be excluded for the running-in or any longer de-
velopnent TUns .-  Measurement o will probably be not available, as theé’
rf volbtage cannot be turned off sufficiently fast and for financial.

ressons it is not foreseen to have & second cavity even in one ring.

_ _wa:desirable the real,Spectrometér is; deﬁends on how much
weight one puts on the knowledge of the momentum distribution'and how
much confidence one has in neasurement 1, To discuss these two questions

is beyond the ainm of this report.
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The restricted spectrometer is not nuch more expensive than

what is needed asnyhow to bring the beam to the dump. No high precigion
clements are reguired and one can expect it to work properly practicdlly

from the stort,

We have said, that the resolution in 89/ will be 1 1077 or

possibly even B 10”5; With = resolution of 1 10"4

3

s the nmomentunm spread
of the protons veing Ap/p =2 1077, one can check the equality of the
nomenta of the 20 bunches to a degree which corresponds to a dilution of

100/6 in the longitudinal phase plane, when they are trapped in the 25,

We nay now ask what inequality of the momenta of the four beans

9)

of the Booster we nay eXpect, TakXing the equations of and comparing

any two rings:

- 2 - 2 2 =
Sp Y 8B Y ¥y 6
sy T T D T T T
P Y - Y B Y - Y'tI‘
tr

With y._ ~. Q. ~ 4.7 and for B, = 800 MeV (y = 1.853) we get (see also 1O))
tr H k :

i:—OJB'@—E-P 4—.1'§§
7 B T

B is the average bending field and from the magnet tbleranoés one can
estimate that it will be equal to within &5/ = 1 1074 for the four rings.
¥ is the average revolution frequency. Before itransfer the four rings
will be run at equal freguencies and equal phase and a Gfacc/facc <5 10“6
can ceriainly be cbiained, The second term will therefore at maximum

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

82 _ 4 1070
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which is definitely below the resolution. Coherent synchrotron oseilla~

tions in not full buckets may however considerably increase this tern.

But we have also.to consider that orbit perturbations may be
different in the four rlngs. Different closed orbit shapes inply
different orbit lengths and we have to use the Tollowing equatlon(g)
but R replaced by the orbit lemgth ¢)s:

 8p .2 BF 2 8¢ | £ | ¢
Sp_ 2O (2805 s 5 2,
1) f C £ G
For QH half integral the influence of closed orbit distortions
on the orbit length is sbrongest, Asuumlnrr QH 4.5 and a naxinum

-5

residual distorticn % = 15 nn yields a ac/C = % 4 1077 and under these

5

conditions a naxinun of §C/C = 8 107~ cnn be expected.

8f/f being small compared to that we obtain:

8 _ 0,7 107
P
about 10 times as'much os can be expected from inequalities in B.

Such dlfferences can well be detected with a resolutlon of
o -4
(65/5) ., = 0.5 - 1.0 107,

Apart from detecting the effects of such extreme closed orbit
conditions, the restricted spectrometor may cone in useful when the
Booster is not working properly and help to find the causes., And even
if everything is in perfect order 1t is a reassuring feecling to have thils

confirmed by the spectrometer.

Finally one should remark, that all measurements nade with the
restricted spectrometer can of course be performed also with the real
spectrometer,. if one just adds a split-plate detector downstrean of the

wire detector.
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