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INTRODUCTION

In this report we investigate the feasibility of measurements on the

distribution in angle and momentum of pions, kaons, protons and antiprotons

produced in the ISR.

i)

ii)

iii)

iv)

Arguments which have led to this choice over other possibilities are:
The angular and momentum distribution of particles produced at 50 GeV
c.m, energy is of evident importance in the light of thermodynamical,
multi Regge and possibly other models of production processeé at
high energy.

Data of this sort will be required at an early stage in the ISR opera-
tion to enable the planning of more complicated experiments.

The data obtained will enable reliable calculations of yields for the
200 and 300 GeV machines and will supplement available data from cosmic
rays by some order of magnitude,

While most experiments at the ISR will be handicapped by a low rate of
events, the measurement of particle production is a relatively high
rate experiment.

The experiment does not require a large magnet structure affecting

the ISR beams in the interaction region., Septum magnets are expect-
ed to be adequate to separate the secondary from the primary beam at
small angles. Interference with the rings can thus be held to a minimum,

In the following three spectrometers will be described: a small angle

spectrometer, designed to get as close as possible to zero degrees with re-

spect to the beams in order to measure the momenta and to focus the second-

aries onto Cerenkov counters for particle identification; a large angle spect-

rometer designed for maximum acceptance in an angular range where the rates

are low; and finally an intermediate angle spectrometer, as a transition be-

tween the two, Prior to this a remark will be made about running the experi-

ment with unequszl energies in the two rings. The choice and location of
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septum magnets, the Cerenkov counters, the vacuum chamber, the expected rate
of events, the beam gas interactions and the monitor will also be discussed,
For definiteness we shall divide the angﬁla.r range as follows:
0 - 15 mrad not accessible without affecting the ISR beams .
15 = 150 mrad small angle spectrometer
150 - 1000 mrad medium angle spectrometer b

1000 - 1500 mrad 1large angle spectrometer.

ISR BEAM MOMENTA

In order to obtain the maximum c.m, energy, both ISR beams must run at
maximum momenta., Less than maximum c.m, energy can be obtained with a variety .
of beam momenta, ranging from "equal momenta" to "maximally unequal momenta"
in the rings. These settings are not equivalent since for "equal momenta"
the centre-of-mass is at rest, while for "maximally unequal momenta" it moves
with the maximum speed compatible with the required c.m., energy. In the lat-
ter case the angle of production at the downstream side of the lower momentum
ISR beam is increased by the Lorentz transformation to the lab., system, while
at the downstream side of the higher momentum ISR beam the angle is correspond-
ingly decreased, As a result a spectrometer set at a given minimum angle with
respect to the ring can accept a lower value of tmin (min, momentum transfer .
squared) in the "unequel momenta" case than in the "equal momenta" case, For

example, for a spectrometer of minimum angle 30 mrad in the lab, system, one

has for elastic scattering at a c.m. energy of 32 GeV:

x

P1 Pz E* 61 02 19* t

g

16 GeV/c 16 GeV/c 32 GeV 30 mrad 30 mrad 30 mrad 0,23 GeV/c?

10 " 25 " 32 " 30 " 12 " 19 n 0,09 "

where @1, 9, are the lab, angles w.r.t. the downstream side of the 10 GeV/c,

respectively 25 GeV/c beams., "Unequal rumning" thus results in a reduction
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of the minimum detectable #* from 30 to 19 mrad and a reduction in min, detect-
able t by a factor 2.5. Assuming an angular distribution with average slope

10 ahayb)°2 the rate of events is increased by a factor
Co

[ -ret «
L A /['Ci/f x 55 (1)
0.2

3

Figure 1 indicates the minimum detectable t at various c.m. energies, for equal
and maximally unequal momenta in the rings, assuming a minimum spectrometer
angle of 30 mrad. For inelastic events the distribution in t is less steep

and hence the gain is less,

SMALL ANGLE SPECTROMETER
It is well known that in the very forward direction the rate of events is

expected to be high over the entire spectrum of momenta, due to the combined
contributions of leading protons and secondaries emitted in high multiplicity
events and of nucleons and decay products from isobar production, With an
average transverse momentum Pp = 0.3 GeV/c, this region extends over an angular
interval £ 20 mrad; hence the importance of reaching the smal-

lest possible angles with the spectrometer,

It is proposed here to deflect the secondaries into the vertical direc-

tion by means of septum magnets placed above one of the rings. The septum

magnets are followed by bending magnets and quadrupoles for momentum analysis
and by Cerenkov counters, onto which the secondaries are focused for particle
identification,
The advantages of vertical over horizontal deflection are the following:
i) PFor vertical bending the size of the source in the direction of bending
is smallest; this simplifies the optics,
ii) Clearance of the next downstream ISR element at 9.8 m from the intersec-

tion., A standard ISR magnet is 0.61 m high and 0,53 m wide at the open
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side (measured from the centre of the vacuum chamber). Without septum
magnets the minimum detectable angle would then be 50-60 mrad and hence

a major part of the angular distribution would remain inaccessible., It
will be shown in Section 8 that with two septum magnets the minimum
detectable angle can be reduced to ~ 15 mrad provided thé bending is .

done in the vertical plane, For the horizontal plane the minimum angle

at

would be ~ 25-30 mrad, "Skew" bending offers no particular advantages.
jii) Signal /background, As will be shown in Section 9 the ratio of beam-gas

to beam-beam interactions seen by the spectrometer placed above the

rings is reduced by a factor of roughly two compared to the ratio seen in

the horizontal plane, .

An aglternative to using septum magnets is the use of a "special maglet"i)

i.e. a large magnet which replaces the first two downstream ISR elements,
The field is fixed in sign and magnitude. Particle trajectories for various
angles and momenta show that a large fraction of the particles will leave the
magnet sideways and can only be collected into a Cerenkov counter by a rotat-
able set of magnets; this solution has been rejected as impractical.

The small angle spectrometer is shown in Fige. 2, It consists of 2 septum
magnets (to be described below), two 1.5 m long/20 cm diameter and two 2 m
long/20 cm diameter standard quadrupoles, and three 2 m long standard bending ‘
magnets, The septum magnets and the first two quadrupoles are mounted on ’
supports which allow for displacement in the vertical and horizontal direction
and rotation around a horizontal axis perpendicular to the beam, The two
septum magnets and the first quadrupole are placed in the space between the -

intersection and the next downstream ISR element at 9.8 m; the remaining ele-

L)

ments are placed on top of the downstream ISR elements.

The opticael characteristics are shown in Figs. 3, 4 and 5 and in Table 1,
Figare 3 shows the deflections in the septum and bending magnets corresponding
to a particle produced at 20 mrad. Figure 4 shows trajectories in both planes,

of particles emitted at 4 mrad with respect to the production angle for which
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the septum and bending magnets are set. Figure 5 shows trajectories from the
front and rear end of the intersecting volume, 60 cm apart, With the currents
in the magnets set near the design ‘'values given in Table 2, the focus for

25 GeV/c particles is at 41.5 m from the centre of the intersection. For
particles produced at the front and rear ends of the intersecting region the
focal planes are displaced by #1.7 m; at these positions the apparent object
size is +10%, respectively, -10% different in size from the image of the

centre of the intersecting region,

The counters and spark chambers shéwn in Fig. 2 determine the scattering
angle and the momentum, The resolving power of the spectrometer is illustrat-
ed in Fig. 6B which shows the'phase space diagram for the vertical plane
(plane of bending) at the focus, for particles with 23, 24, 25, 26 and 27 GeV/e
momentum, with the spectrometer set at 25 GeV/c, Figure 7B shows the same for
the horizontal plane for 23, 25 and 27 GeV/c. Inspection of these figures
shows that a set of five 7 em (H) x 8 em (V) scintillators placed one above
the other would already give a resolution of ~ 4% in momentum, a figure which
can easily be reduced to ~ 1% without necessitating the use of chambers, This
is of use in on-line classification of the data. Two pairs of spark chambers
placed before and after the bending magneté will improve this further. If the
distance between the two chambers in each pair is ¢ and a4, @z are the entrance,

respectively, exit angles of the (combined) bending magnets, then if @ = a4 - a2

———

d Ao 7 @
P 7

hence with a spark chamber resolution of d¢ = *1 mm and £ =1 m

5/{{9 = 1 004 P (3)

which is certainly adequate,
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The scattering angle ¢ is measured by the coordinates of the sparks in

the first two chambers in Fig., 2, Its accuracy is given by

GARC/AC A

where dﬂc is the mean angle of multiple scattering in the walls of the vacuum
chamber (see Section 7) and where it has been assumed that no error is introduc-
ed by the integral SBd¢ for the septum magnets, For the vacuum chamber (3 mm

stainless steel traversed perpendicularly, see below) we have

— ®
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For d¢/t =~ 10™> this error is dominated by the multiple scattering, except at

Hence

angles near 150 mrad and momenta near 25 GeV/c, In fact, for most angles and

momenta a ~ 10 mm precision in the coordinates would be adequate, We have

for the error:

d8 = 0,3mrad for p =25 GeV/c

(7)

5 GeV/c .

1.5 mrad for p

"

An important point in comnection with the conversion of the observed rates
to differential cross-sections is the variation of solid angle AN and accept-~

ed momentum bite Ap with the position of the point of interaction in the inter-

section volume, For the total collision rate we have:

/y,; L TC Coszf—//l,(xj 7,2) /71[‘)(, 4, z) a(‘xd'ydz, &f”&"f/‘m/m
(8)

N 4
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where

o = total cross-section

c = velocity of the proton

a = angle of intersection = 15°

nq’g(x,y,z) No, of protons per unit volume in ring 1, 2

and where the integral extends over the intersecting region (IR).

If the total number of protons in either ring, Ng, is unifarmly distributed

over the circumference 2mR, the beam height h and the beam width w we have

2 -
N 2

N - 2 C (’mt? - S b
T Lo in R Sean o
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(9)

which is the familiar expression for the luminosityz). Equation (9 ) has been
used in estimating the rates (see Section 9) assuming AQ and Ap to be independ-
ent of the position of the interaction point. Although good enough for this
estimate, Eq. (9 ) is only an approximation as can be seen from Figs. 6A and
7A which show the fraction of the vertical, respectively, horizontal phase
space at the interaction, as seen by the spectrometer; in particular in the
horizontal plane there is a strong correlation between position on the one hand
and angular acceptance and momentum on the other., Taking this into account we

have for the rate of events

R //’% 2¢ lo % vl (%, 0,200 %5,2) A rg2)ad(nye) xdyd 2

IR

(10)



where

[d%0(p,®) /dpdq] = differential cross-section for production of secondaries (of
a particular type) produced at angle ¢ and with momentum p.

The limits of integration are given by:

-h/2 <z < +h/2 where h ~ 14 mm, the height of the beams.

-h/2 <x< Lf where ¢ ~ 600 mm, the length (along the circumference)

of the intersecting volume.
w(x)/2 <y < w(x)/2 where w(x) is the width of the intersecting volume at

position x.

The functions Ap(x,y,z) and dQ(x,y,z) can be calculated for given settings of
the spectrometers magnets by similar methods as used for obtaining the diagrams
in Figs, 6A and 7A, The product of the beam profiles, ny(x,y,2) nz(x,y,z)
must be measured (see Section 10) and folded into Eq, (10). From the observed
rate and Eq. (10) one then obtains [d%¢(p,®)/dpd0]; in case of unequal beam
momenta this quantity must then be further Lorentz transformed to the c.m.
system, It may be noted that no knowledge of the coordinates of the point of
interaction is required, once the functions n4, nz, Ap and AQ are known by

measurements and calculations,

To a limited extent the spectrometer is self-monitoring, By classifying .

particles of a given kind produced with the same momentum and angle, but

hzving originated along different slices which can be drawn through the
intersecting volume parallel to the axis of the spectrometer, one obtains
rates whose ratio's are independent of the production cross-section (which is

a function of p and ¢ only). For example, for two such slices

‘R/(/)/[J) - [../_'/,(Y}y/l)ﬂ‘(x"""z) A/’/")ZL)AQ[X,%’Z)ﬂ(xa/Vb_

R.(14) //},(x, 12) I(x,be) Aphyz) 4R (% y2) ddydz
2

(11)
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where the limits of integration now extend over the volume of the two slices.
One thus measures integrals over slices through the beam profiles, not the
profiles themselves. This feature does therefore not replace the need for
a profile measurement, but it provides a built-in check on the stability of
the shape of the beams with time. The accuracy with which the "slice" through
the interacting volume can be located depends mostly on the precision in the
coordinates in the first two spark chambers., With *1 mm precision in this
pair (1 m apart) one has a 15‘mm uncertainty in the intersection 15 m away.
It will thus be useful, if back ground problems do not prevent this, to place
spark chambers in front of the two septa as well,

The Cerenkov counters will be discussed below, Helium bags or vacuum
will be required since the air path over 40 m is 0,13 radiation lengths,

equivalent to an extra 2.5 mm stainless steel,

LARGE ANGLE SPECTROMETER

At large angles (1000-1500 mrad) the distributions of secondaries are

characterized by:

‘1) A very steep decrease in intensity of all but the lowest momentum

particles with increasing angle.

2) A relatively weak dependence of intensity on angle and momentum within
the range of low momenta, indicating the predominance of high multipli-
city type of events in this region of the spectrum, A practical upper
1imit on the momentum for measurable fluxes at large angles is ~ 3 GeV/c.
Figure 8 indicates one possible design which meets the requirements of

large solid angle and wide momentum acceptance, indicated by the above-

mentioned features of the production process. Its main objective is to provide
momentum analysis, while at the same time holding the trajectories together
over a long enough path so that the particle can be identified by time of
flight. It consists of two 1 m long quadrupoles with non-standard aperture

(0.35 m ¢), followed by a 1 m long standard bending magnet of

0.5 (H) x 0.2 (V) m aperture. The spectrometer accepts particles from the



central region (~ 20 cm) of the area of the intersecting beams. The solid angle
as a function of momentum is shown in Fig. 9. It is seen that a range of

~ 0,7 GeV/c is accepted with more than ~ 50% of the full solid angle,

Momenta up to ~ 3 GeV/c can thus be collected with three to four settings of
the spectrometer,

It must be stressed that the set-up of Fig, 8 is by no means the only
possible one, In particular, one could omit the quadrupoles and move the
bending magnet forward up to ~ 2 m from the intersection., This would, how-
| ever, not increase the solid angle and only shorten the path available for
identification by time of flight, A more elaborate hodoscope of time of ﬂight‘
counters would then be required after the bending magnet to identify the
particles over the whole range of momenta, If a larger, non~standard, bend=-
ing magnet would be available, such a solution might, in fact, be preferred,

The rates calculated for the set-up of Fig, 8 (see Section 9) indicate, how-
ever, that the present arrangement is probably adequate, It may be noted
that the solid angle is ~ 100 x as large as the one for the small angle spec-
trometer,

Figure 8 shows the position of the counters and the spark chambers.
The interaction point is determined by WC1 and WC2 with a precision of the
order of a few millimeters in the x (along the machine circumference) and ‘
z (vertical) directions., This is to be compared with the precision of 15 mm |
quoted above for the small angle spectrometer, As will be discussed further,
below (see Section 10) this is a strong argument (besides obvious economy
considerations) for running both spectrometers at the same time, so that the
large angle spectrometer can act as monitor while data are being collected
at small and large angles simultaneously.,

The momentum is determined by WC3-WC6 in Fig, 8, The accuracy obtained

is given by Eq. (2), with ¢ = 2 m:

%ﬁ = L7 7 (12)
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The scattering angle is determined by WC1 and WC2, with an accuracy

[c.f. Eqo (4)]¢
(5 )
& =<1’ 7 (/o,sé (13)

For example:

ad 2,7 mrad for 3,0 GeV/e =

(14)
420 mrad for 0.25 GeV/ep .

For momenta down to ~ 0,25 GeV/c the vacuum chamber thus introduces an error

of less than ~ 10%.
Between ~ 2 and 3 GeV/c particles are identified by means of two gas

Cerenkov counters (see Section 6). Between 1 and 2 GeV/c pions are labeled
by one Cerenkov counter, kaons and protons are distinguished by time of
flight., The time difference ranges from ~ 2,5 to ~ 8 nsec over a ~ 9 m
flight path, Below ~ 1 GeV/c pions, kaons and protons have flight times
which differ by at least 3.5 nsec and are hence easily measurable,

At 1.8 GeV/c 50% of the kaons have decayed before reaching the second
time-of-flight counter; at 0.5 GeV/c this is 92%, By placing a third time-
of-flight counter at, e.ge 2 m this loss is reduced to 42%, while the 7=-K
flight time difference remsins 2 2,5 nsec for momenta < 0.5 GeV/e.

The optical and electrical characteristics of the large angle spectro-
meter are summarized in Taeble 3. Figure 10A shows the fraction of phase
space in the horizontal plane at the intersection, accepted with the spectro-
meter set at 1 GeV/c for particles of various momenta. Figure 10B shows the
phase space at 1,25 m behind the bending magnet. Note the reduction in
dispersion with respect to the small angle spectrometer (Fig. 6B), due to

the smaller bending power and the larger accep tance,
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MEDIUM ANGLE SPECTROMETER

In the range 150-1000 mrad the thermodynamical model predicts again a
very steep decrease in intensity with increasing angle for all high and inter-
mediate momentum particles, At ~ 150 mrad the highest measurable momentum is
~ 15 GeV/c; at ~ 1000 mrad it is ~ 3 GeV/ec. In this angular range the
interpretation of the data is complicated by the fact that both isobar-
formation and high multiplicity reactions contribute to the production of
particles, It is proposed to scan the medium angle range in fairly large steps.

The layout is sketched in Fig. 11 and the optical and electrical character-
istics are indicated in Table 4., It consists entirely of standard elements, O
four 1,5 m long, 0.2 m aperture quadrupoles and one 2 m long,
0,33 (H) x 0,14 (V) m aperture bending magnet. Particles are accepted over
the full height and width of the intersecting beams., The ray diagram is
shown in Fig., 12; it is seen that the main limitation in rate comes from the
apertures of Qs and Q. The phase space at the intersection in the horizontal
(bending) plane accepted by the spectrometer when set at 10 GeV/c, is shown
in Fig, 13A for 9, 10 and 11 GeV/c particles; Fig. 13B shows the horizontal
phase space at the focus, 25 m from the intersection, As in the large angle
set-up the increased acceptance worsens the optics at the foci compared to ‘
the small angle spectrometer, Nevertheless a simple counter set-up, e.g. one
1 (H) x 1 (V) cm scintillator on the central ray at the focus, and one of
20 (H) x & (V) cm on each side, is sufficient to obtain a ~ 10% resolution in
momentum, The scattering angle is again determined by spark chambers to a

precision of £ 3 mrad limited only by the vacuum chamber,

CERENKOV COUNTERS

In all three spectrometers particles are identified by means of Cerenkov
counters, In order to judge whether threshold counters are adequate and, if

30, what length and what gas pressure they should have, threshold curves have
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been calculated for various gases and various lengths of the counter., In
these calculations it has been assumed that the guantum efficiency (No. of
photoelectrons per photon) for a typical photomultiplier is 18%, that the
optical efficiency is 50% and that 10 photoelectrons are required for a
"yes" signal and O photoelectrons for a "no" signal. One then obtains from
standard formulae for the critical angle and the number of photoelectrons,

collected in a counter of length ¢ cm:

b. = lz(e-5) s
N, 75/({*5) plots chietruns

1l

with
g:'h~/’ ) g:/"ﬂ

g ' (16)

= s - kP P pue (Lifen)
where K is a constant, characteristic for the gas in question.
We have
K= 147 x 10 for H
= 7.0 x 10~* for sethylene
= 10,0 x 10-‘ for propane
-4

=13,3 x 10 for isobutane .

The condition for a "yes" signal is then: Nt = 10, i.e,

o 0 4 .
P: K + ?y[(( ( 3’/6“, > (18)

and for a "no" signal ("no light" limit): Nl =0, i.e.

P (45 /eur) (19)

o
K
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Figure 14 shows the results for the four gases listed above., It is seen
that there is a wide choice of configurations which will distinguish #, K and
p over the typically *10% momentum acceptances of the small and medium angle
spectrometers, down to ~ 2 GeV/c. In the choice of gas, hydrogen is to be .
preferred in view of its high refractive power per atomic electron. This is
of importance for the detection of rare particles in the presence of a high
rate of other particles below threshold, It is furthermore seen from Fig., 14
that the simultaneous requirement of 10 photoelectrons for a "yes" and O photo-
electrons for a "no" signal restricts the choice of lengths of counters to
be used above ~ 20 GeV/c, In particular, the 7 counter must be at least .
7.5 m long and the 7 + K counter at least 2,5 m long in the small angle spectro-
meter, where particles up to 25 GeV/c are to be identified, This is independ~-
ent of the choice of gas, Below 13-15 GeV/c (medium angle spectrometer) both
the 7 and the m + K counter need not be longer than 2,5 m.

The diameter of the counters is determined by the phase space diagrams
at the focus (Figs. 6A and 13B). A 7.5 m long counter placed beyond the focus of
the small angle spectrometer requires a 10 (H) x 50 (V) cm aperture;
the divergence at this point is < 15 mrad. For reasons of mechanical strength
and optical efficiency a conically shaped counter with front window ¢ 30 cm
and rear window ¢ 50 cm is possibly most suitable for this purpose., It is (.
known from tests that a 5,0 mm Al window is required to maintain a
~ 30 atm pressure if its diameter is 50 cm,

Below 2 GeV/c time-of-flight identifies the particle in the 40 m long
small angle and 25 m long medium angle spectrometer. In the 9 m long large
angle spectrometer particles below 2 GeV/c are identified by a combination of
one Cerenkov counter and time-of-flight, as mentioned in Section k.

Since the low rates at the ISR exclude any testing on site, it is intended
to test the Cerenkov counters (along with all other counters and chambers) at

the SC or the PS, In particular the question whether the production of
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5-rays makes it necessary to install low field sweeping magnets between

Cerenkov counters can then be settled empirically.

VACUUM CHAMEER

The standard ISR vacuum pipe consists of 3 mm thick stainless steel, - This
corresponds to 0,15 radiation length and ~ 0,03 collision length. A particle
emitted at 20 mrad, traverses 15 cm wall, corresponding to a 70% probability
of interaction and a multiple scattering angle of 2,2 mrad for a 25 GeV/c,

5,5 mrad for a 10 GeV/c particle, In the interaction region the standard ISR
pipe must therefore be replaced by a special vacuum chamber,

What maximum wall thickness is acceptable? From the derivative of the
betatron amplitude, taken at the intersection, it can be shownz) that the
maximum uncertainty in angle at the production point for the ISR design

pareameters, for the horizontal (x) and vertical (z) planes, is given by:

)(I: 0.9 mud ct oSy [ 2= 049 hwd @t /oG
(20)
-0.38 mad aft IAsGev = 0.35 hnd at 25 §ed/

The walls should thus introduce no more multiple scattering than these inherent
angular uncertainties, A 3 mm stainless steel wall, traversed perpendicularly
produces a multiple scattering of 0.3 mrad for 25 GeV/c protons and 3.5 mrad
for 2.5 GeV/c protons and thus contributes an error of less than 10% to the
scattering angle for momenta > 2.5 GeV/c and angles > 35 mrad, For angles
< 35 mred in the small angle spectrometer the wall should simply be as thin
as is mechanically tolerable.

A vacuum chamber suitable for use with any one of the three spectrometers
is indicated in Fig. 15. It consists of an octogonally shaped box, to which

the upstream ISR pipes are attached. The downstream ISR pipes are replaced
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by "flares" which enable the particles emitted in the vertical plane to tra-
verse the vacuum walls perpendicularly before entering the measuring devices
above and eventually below the downstream beams; they also contain a section
which can be displaced verticelly (but left in place during injection) by
means of bellows, in order to accommodate the septum magnets on one side and
spark chambers or counters on the other side as close as possible to the down-
stream beams, Between this section and the end of the flare the standard pipe
is maintained, The flare is placed at least at 1,70 m from the intersection
since no particle can traverse the pipe beyond this distance and still enter
the septum magnet, anywhere over its 6 cm width, Q
The chamber is kept as small as possible in order not to obstruct any
detectors, Its minimum half length L in the direction of the beams (L = 0.6 m)
is specified by the point where the up- and downstream pipes touch., In the
region of large angles, its siée has been reduced below L in order to gain
space for the large angle spectrometer, In doing so the effective wall thick-
ness is increased by no more than 10%, i.e. a < 5% increase in multiple scat-
tering., The height of the chamber (150 mm) and of the end of the flare
(+300 mm) are set by the requirement that particles from the entire interac-
tion volume, emitted between 15 < 4 < 150 mrad and 50° < ¢ < 130° (correspond- ('
ing to a 6 cm width septum with front face at 2.25 m; ¢ = 90° is the vertical
direction) must be able to enter the small angle spectrometer,
As discussed below, it is of great importance to maintain a vacuum of

< 10“11

Torr N; in the interaction region; hence cryopumps will be connected to
the chamber as close as possible to the interaction volume, Pressure tests

should be performed at an early date with helium and/or nitrogen-titanium

pumps.
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SEPTUM MAGNETS

In this paragraph we return to the problem of the septum magnets in the
smell angle spectrometer, In particular the optimum dimensions of the septa,
their optimum position with respect to the intersection, and the required power
are calculated and compared for bending in the horizontal and vertical plane,
It is assumed that at most two septum magnets will be used for sweeping cherged
secondaries produced at small angles past the first obstacle, the ISR magnet,
in the downstream side of an ingoing intersection.

Figure 16 shows the genersl layout of the system and the notation used.

It is seen that the following conditions must be satisfied:
of, Lo+ %L +%te =~ H (21)
o, = (H4d) [(Lo=t, ~056) (22)

[, + 05 ( =L - a.y// ~0.5 (23)

if a distence of 0,5 m is required between the septum magnets, Furthermore

7 _.
[2;4,4,( = L, - 0.5 (/ 7 (2&_)
if also a minimum distance of 0.5 m between the second septum and the first

ISR magnet is required. Finally:

H-,“/“dlz = Ao [LO -L,*0.5 é/; ;o_;-) f.g/a 5—4 fa'fj (25)

The smallest distance, Hi, between the septum and the centre of the beam is
jllustrated in Fig., 17 for vertical and horizontal bending. The calculations

have been done for a beam size of 74 mm horizontal and 14 mm verticsl, cor-

responding to a stacked beam with Ap fo = 2% including betatron oscillation
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amplitude, injection errors and blow-up of the beam due to Coulomb scattering
with the rest gas in the vacuum pipe. It has been assumed that the wall of
the vacuum system can be moved down to 2.5 mm distance from the edge of the
beam. The wall thickness is taken to be 3 mm and the minimum distance be-
tween the septum and the vacuum pipe is 2,5 mm., (Alternatively, the beam can
be steered towards the wall of the vacuum pipe, hence effectively decreasing
the size H of the obstacle,) Figure 17 shows that Hy = 15 mm for vertical
bending and Hy = 45 mm for horizontal bending, and values in between for bend-
ing in a plane between horizontal and vertical ("skew" bending). ‘
A comparison between horizontal, vertical and skew bending is made in (.
Fig. 18, The figure shows the front end of the first downstream ISR magnet.
The small circle shows the displacement aolo of the secondaries away from the
central orbit due to the production angle, The four ellipsoides show the
displacement aolo + ay4Ls due to four possible septa listed in Table 5, For
a good comparison, it is important to take into account not only the size of
the obstacle [H in Eg. (21)] but also the size of the first quadrupole doub-
let in the spectrometer, In the figure their positions, QV’ QS and QH’ are
indicated for the axis of a standard split pole quadrupole magnet at the
earliest longitudinal position along the ISR where they can fit., For horizont-
al bending the largest displacement is obtained for septum C (24 = 107 mrad), |
The direction at the entrance of the ISR magnet is now 122 mrad, the entrance
of QH can then be put at 2,75 m beyond the entrance of the ISR magnet,
Similarly for QS with septum A, B, C, D the distances are 2,72 m, 1,45 m,

0.86 my 0,70 m, respectively, and for QV with septum D the distance is

1.57 m.

At first view, "skew" bending is to be preferred over vertical bending
because of power economy, but for simplicity of optics vertical bending is
to be preferred, With thinner septa, the power can be reduced, We have
used a paper by Green‘) to estimate maximum conditions for a first septum,

i.,e, with dy and ¢y matched to the maximum field of 1.8 T, The result is
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shown in Table 6., The lowest power is obtained for cases a and b, The power
is higher than for "skew" bending but in the case of vertical bending a first
Q magnet can be introduced before the ISR magnet. It is not excluded that
for "skew" bending, a similer study would give improvement. However, in that
case Hy [Eq. (22), Fig. 17] is larger than for vertical bending and less space
is available for two septum magnets and a quadrupole magnet,

The septum magnets have been read justed finally to slightly less rigorous
conditions, keeping in mind that a 20 A, 600 kW generator will be available,
Table 7 shows the result. The power dissipated in the septum has been increas-
ed by 20% as an estimate of the additional loss in return windings and in-
and output leads, This system is also optimized for the production angle.

It is in practice not possible to go much lower than ao = 15 mrad. The posi-
tions of the two septa, resulting from the optimization procedure are:

Ly = 6.8 m i.e. centre of first septum is at 3.0 m from intersection.

L, = 4.0 m i.e, centre of second septum is at 5.8 m from intersection.

The mechanical strength of a multiturn septum is not sufficient to stand

the magnetic pressure, This pressure is
. / 82 N/ 4,' / ’ R ' ., —
/58 -4 By <+ = e X /3 Yo fo B=r.87 (26)

The septum can be supported on the outside by a stainless steel plate. The

displacement, f, at the centre of the plate under pressure is given by:

: 4
L{' = st Az Ed’ (27)

where h is the height of the septum, ds is the thickness of the stainless
steel i:late and E is Young's modulus (~ 2 x 10° kg/cm® for steel),

For £ £ 0,2 mm, the plate thickness, ds’ has been indicated in Table 7.
This supporting plate fits between the septum and the ISR vacuum pipe. The

septa can be positioned to follow the direction of the secondary particles.
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Hence, the supporting plates can be made wedge shaped with increasing ds from

beginning to end, The stress on the stainless steel plate, also indicated in

Table 7 is
. oy 4’9
S=(h)te (i e

The stress is in all cases far below the maximum permissible stress for the

5 2
usual steels (Sma.xz 10% kg/em?).

RATE OF EVENTS, BACKGROUND

®

The design value of the luminosity L of the ISR for beam~beam interac-

tions is [see Eq. (9)]:

L{g = (//\/036/[‘;,,\2‘9.ec_

for 4 x 10'* protons in each circulating beam. The total cross-section at
50 GeV c.m. energy is unknown, Cosmic-ray data indicate ~ 30 mb, an extrapola-
tion of accelerator data gives 38 mb, a theory by Cabibbo et al. suggests

~ 25 mb 5), We teke 30 mb, The rate of secondaries produced per day is then

/e//),ﬁ): 2.1 X/Diox/uf xa S x /V//’/g) Heondlan g //(475 (29) ’

where

P = momentum of the secondary particle (GeV/c)

f = momentum interval, in units of p (Ap/p =% f)

AQ = solid angle (sr)

N(p,9) = number of secondaries produced /sr.GeV/c.int.proton,

N(p,®) is taken from the thermodynamical model of Hagedorn andﬂRanfts) s @s

)

7
calculated in a programme written by J. Ranft ’ and adapted to ISR geometry

by S. Andersson and C. Dauma). With the values for f and AQ indicated in
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Tables 1, 3 and 4 we have
Q&QTC:ONMO 'M%%7 (30)

with

Q
|

= 6,25 x 10* for the small angle spectrometer

(31)

2.62 x 10° for the medium angle spectrometer

while for the large angle spectrometer C itself is dependent on p., #s a
representative figure we take f = 0,15, AQ = 6.6 msr (see Fig. 9) and

hence
C = 2.0 x 107 for the large angle spectrometer (32)

This choice will probably not overestimate the rate at large angles (within
the limitations of the model).

The rates obtained are indicated in Tables 8, 9 and 10, The very strong
dependence of rate on angle and momentum is evident. If a rate of 100 events
per day can be consideredvto be a practical lower limit, then P ut, K; and P
emitted with momenta between 2,5 and 10 GeV/c are measurable over the entire
angular range of the small angle spectrometer. For the medium angles the
rates are negligibly small down to ~ 10 GeV/c at 150 mrad and down to ~
1 GeV/c at 1000 mrad. At large angles the rate is negligible down to ~
3 GeV/c; below this momentum the rate is only weakly dependent on angle,

-11

At a gas pressure in the intersecting regions of 10 Torr N2, the ef-

fective luminosity for beam-gas interaction is

2(
Lé; =/ /(;»-mz. Fee o Cm £iam (33)
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The geometrical cross-section for proton-N, collisions is 380 mb and thus the

background in each spectrometer is expected to be:
35/sec.om beam seen by the spectrometer . (3)

The secondaries produced by these 35 p-N; interactions give rise to a back-

ground equal to
/QB(/‘,Q: 6.0 xi0® x /)«/ x AL x %///W*g/‘&; (35)

where f, p 40 are the same as above

n

NB(p,ﬂ) number of secondaries produced in p-N,/sr.GeV/c.int.proton

L length of beam(s) seen by the spectrometer.

For the values of f and AQ listed in Tables 1, 3 and 4 we have:

Ro(p9)= Co b Mylr) ! (3

with
CB = 18 for the small angle spectrometer
CB =76 for the medium angle spectrometer (37)
Cp = 6 x 10° for the large angle spectrometer .

Here, ¢ can be calculated for each scattering angle from the geometry of the
intersecting region, For bending in the horisontal (tH) and vertical (tv)

direction one has

, ~ 2 |
//7, = w[éf; +;,fx 7y (38)
s £ (39)

4,

[

w(a Pine) T TE
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and hence
/,/ L - 4 (10)
v
1%¢9

where
w = width of either beam (taken to be equal) = 75 mm
h = height of either beam (teken to be equal) = 14 mm
a = crossing angle = 15°
4 = scattering angle,

Equation (40) displays the advantage of vertical over horizontal bending

(see Section 3), from the view point of signal /background; e.g. for 15 mrad
f;q Y, = 4m (41)
while from Eq. (39)

L <15 m (42)

The results, computed with Egs. (30), (31), (36), (37), (38) (for the
medium and large angle spectrometer) and (39) (for the small angle spectro-
meter) with values for N(p,?) and NB(p,ﬁ) obtained from the programme of
Ref, 8 z.a.re listed in Tables 8, 9 and 10,

From these results it can be concluded +that, in the hypothesis that the
thermodynamical model gives a correct estimate of the rates, the beam-gas inter-
actions are less than 5% of the beam-beam interactions for all particles at
all momenta and all scattering angles with the exception of protons below
2.5 Ge\.f/c where this ratio increases to 110-120% (for 0.25 GeV/c at 25 mrad).

1

Hence if a vacuum of 10~'! Torr N: can indeed be reached in the intersection, no -

elaborate background measurements would then be necessary. The criteria,



-2 =
imposed by the spectrometers on accepting good events, evidently aid quite
strongly in rejecting background,

10, MONITOR

The quantity measured in the experiment is given by Eq. (10):

d’s144)

PR P Ol Siad vy y2) ALYy, 2)cidyd2
R(P,S) = 2c CosT d/b 0 n(xz) ”Z(XJXZ)AP[)”%) (%Y, ) 7(#3)
\l i IR ,l,
A7
measured in to be to be measured known from properties
spectrometers determined with monitors of spectrometer

The symbols have been defined after Eq, (10). It is evident from Eq. (43),
that a measurement of the overlap integral [see Eq, (45) below], for which
methods have been devised by several authors”‘o) is not sufficient to evaluate
the differential cross-sections from the observed rates; this is since not only
the densities but also the acceptance in momentum, Ap, and solid angle AQ, of
the spectrometers are functions of the coordinates of the point of interaction,

In this case it is in fact the differential overlap function n4 (x,y,z) na(x,y,2)

which is required in Eq, (43). This function is determined by setting up a
monitor which measures a rate proportional to the number of secondaries emerg-
ing from each volume element of the interaction region, The proportionality
constant is then obtained from the integrated rate and a measurement of he £r°
The complete measurement is thus done in the following three steps,

1) A monitor telescope is constructed whose solid angle is independent of
the coordinates x,y,z of the point of interaction and in which the charged
particle rate integrated over all momenta and over the whole interaction

volume is measured, We then have for the rate in this monitor:

2 oy Ao | N
KM/é*).;zc fos*s ey A-Q,.,/l;,(y,y,a)/,L(y,%g)z{m{y-;/a "
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where doc/dQ is the differential cross-section for the production of charged
particles (of any kind) and AQM the solid angle subtended by the monitor.

2) We determine the overlap integral

/h,/x,y,zj ho (%, vy 2) dxdyal 2 (15)

in Eq, (44) through a measurement of h_ pp Dy the methods proposed in Ref. 9 or
10.

The relation between Eq. (45) and heff is found by equating Eq. (8) to

Eq. (9) which defines h_pet

Cy

=20¢c e’ S /7,[)(,7,2)/;2()(‘,%2)[[)(47;{2_

VA

(46)

where [unlike in Eq. (9)] we have taken the total No. of protons in the

two rings, N, and N, to be different. '

Equations (43) to (46) are independent of the choice of reference frame, We

now fix a frame (x1, y1, 21) to ring 1 and introduce a second frame (x25, ¥a2»

z2) fixed to ring 2 [x4,2, ¥1,2 and 2y, = z are the azimuthal (increasing in
the beam direction), radial and vertical coordinates respectively]., If we

then assume that, in their respective frames, the density distributions in the
X, y and z directions are decoupled and furthermore independent of X, X,

respectively, we have:

/}4;/)(',2)742’211):/}/,;(5742 ’VZ) _/7—(7“) i (EJ (u7)

Furthermore we have then for the currents I, and I, in the rings:
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Ns 7
22’? ) —Ej :“ /752 {%1212) ﬂ/%,z 12 (48)

We then obtain an expression for he P by substituting Eq, (48) into Eq, (46),
taken e.g. in the frame x¢, y1, 2 of ring 1, and transforming the volume element

in this frame to that in the ya, y4, 2z frame by means of the transformation

Ho=X S ~p o [ =y Jz=z (49)

from which it follows that

o(x, g
Ay, dy, d= = (’ gf,,Z) ﬁ(le%dz | (50)
o(%..%,2)
L Ay Ay A~
= Sax 7 or (51)

The result is -

._./___-' ete—/f/////)z/ﬁ;//fwzj/%q//l Z= ' (52)
/1// Z L, |

S0 :2) /(5.7 Gt
;//;,’[y,,z/ Ay, 4> //A’/yz, 2)dy, 4>

[S¢z) ()42
) [Stds [ S.(2) 4=

(53)

(5)
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Equaetion (54) is equal to Eq. (1) of Ref, 9 and Eq. (2) of Ref. 10 and hence
the overlap integral in Eq. (54) can indeed be obtained from the measurement

of he £e by these methods, Substituting the expression for he £r [Eq. (53)] into

the expression for the monitorate [Eq. (44)], one has, with Egs. (51) and

Eq. (48):

e M, M\ A
Ryt8) = — » (Q P /; /UZ 4 Ly (55)
4// /%Z n 2mr Q
— Aoz
= -4# 1o 4 Lip (56)

which defines the effective luminosity Le oy by comparison with Eq. (9).
3) The differential overlap function m (x,y,z) nz(x,y,s) is obtained by
differentiation of Eq. (44); with Eqs. (47) and (51) we have

dlkmlﬁ) fal d’U‘(éD —_ -
dydy. = — <=2 A, [ (4) Wl )4l [SE)5() 42 5D
dy, dy, vy fok d2 42, 1,(4) z/%/ ydp [5G (2) 2=

and

4'6‘7[9) < ﬁ/cr[ﬂ) : va —

: = — ¢ Q S 2 S; j {7 /2 o 6/ j
ds d2 7% Ia ALy /() (2) 2//(4) [.9) b 72_(58)

Here AQy and AQz are the solid angles of the respective monitor hodoscopes.

By combining Eqs. (57) and (58) and using Egs. (47) and (55) one finds
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hl /[y/)z) /7:.,/‘?") 2/ /7/ ‘/}’z dz =

— - 2 a0
I, [ 4%#) )/ L ”'( /y, dy, o2 (59)
23, 4y dp. J| 12 ﬁ/ﬁj

ctet /\q/

Returning now to the cartesian frame x,y,z and using the Jacobian in Eq. (50),

Eq. (59) becomes

hixgz)h(ry=)dxdydz = (60)

L Z, Sinx [/ 4'@1/9) } dxa( A=
W—(az dy, 4y, AJ? = /i’,sﬁ)

which is the quantity to be substituted into Eq. (43) for the rate in the
spectrometers,

In practice the three functions (integral monitor, he £f measurement,
differential monitors in yy, y2 and z direction) are performed by two sets of
counters and spark chambers, one in the horizontal plane, one in the vertical
plane, It is clear from the formulae above that the monitors must satisfy the
requirements that their solid angle is independent of x,y,z and that the
scattering angle ¢ is the same for both monitors. This is obtained by placing
trigger counters and spark chambers close to the intersection at ~ 90° in the
median plane and above (or below) the intersection, The counters and chambers
in the median plane are part of the large angle spectrometer, described in
Section 4 (see Fig., 8).

In order to estimate the rate of charged particles, integrated over all

momenta, seen by the monitors, we have calculated

-
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loire
AN, ’ A2 |
< - A Ap (61)
aQ agt Adp 42
"161‘7/( °
/544&11,\

at various angles, Here, PLIN is the kinematical limit at the corresponding angle.
Figure 19 shows the results for beam-beam interactions and for beam-gas inter-
actions; for the latter the effective beam length is calculated from Eq. (38).

For comparison the results for neutrons in beem-beam and beem-ges interactions

is also indicated., It is seen that for all cases the intensity is rapidly

dropping at small angles; for large angles the distribution flattens out for
charged beam~beam interactions while for the other cases the drop continues.

In fact at ~ 90° we have

Ny = Ok charged particles/sr.int, proton
(62)
Nbg x~ 0,03 charged particles/sr.int, proton

and hence the ratio of the rates for beam-gas and beam-beam interactions at

~ 90° is
lé? Léﬂ X S, ¥ /\/[; X2 -
= - X 2.5 X /o (63)
‘Z—;’d Agg ¥ 0 ¥ 4/‘56 Y2
Vi
with

Luminosity for beem-gas interactions = 10%°/cm®.sec.cm beam, see Eq. (33)

o
®

Luminosity for beam-beam interactions =4 x 10%° /em?, sec

o
o

= 30 mb
app 3
o = 380 mb
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The factor 2 arises from the contributions defined with respect to each beam,
It is seen from Eq, (63) that a set of chambers and counters placed at ~ 90°
measures predominantly beam~beam interactions,

The counting rate in the monitors is limited by solid angle amd by a
lower limit on the accepted momenta imposed by the precision required for
heff’ The uncertainty in the beam profile is mainly due to multiple scattering
in the wall of the vacuum box, For particles with g > 0.75, the multiple
scattering is less than 10 mrad, which results in a position determinati on
not worse than 1 mm; this corresponds to an error in h of about 0,5% for
Gaussian-type distributions. Hence, a sample of tracks has to be selected,
for which the angular acceptance along the direction of the distribution is
less than *5 mrad around the central angle, whereas in the perpendicular direc-
tion the acceptance can be larger, about 100 mrad, within the limits of flat~
ness of the angular distribution., The selection should give rise to a constant
AQ for each point of the interaction region, For a solid angle
AQ =7 x 5 x 100 msr = 1,6 msr, and all charged particles abové B = 0.75,
ic.eo 1.4% of 21l charged particles, the rate in the monitor is about 1/%ec at
a luminosity of 4 x 10°° /cm®.sec. This rate is quite adequate, As to the
measurement of heff’ this is most simply done by a vertical movement of the
beam as suggested in Ref. 9. The proposal of Ref, 10 (dropping a wire through .

the intersecting beams) seems more difficult to realize since it would require

1

movable parts in an environment of 10~"" Torr N, and in the field of view of

the monitors, The profile monitor operates continuously,

The selection of particles with 8 > 0.75 can be done with a liquid or
glass Cerenkov counter for the monitor in the vertical direction., In the
horizontal direction, the monitor is incorporated in the large angle spectro-
meter. Here, the multiple scattering in the Cerenkov counter would interfere
with the operation of the large angle spectrometer, hence time-of-flight selec~

tion for particles with 8 > 0,75 will be applied here,

N\,
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A relative monitor, an extension of the absolute monitor, for checking
the time stability of the ISR operation, can have a much larger solid angle
than the absolute monitor, For AQ = 1 - 100 msr the rate is 10% - 10*/sec

at a luminosity of 4 x 103°/cm?®. sec.
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Table 1

Optical characteristics of the small

angle spectrometer

Solid angle
Momentum bite
Dispersion at focus

Chromatic aberration

Depth of field

Vertical magnification
Horizontal magnification

Limiting apertures

(13

(13

13

ve

Field gradients required for 25 GeV/c (T/m):

Field in bending magnets for 25 GeV/c (T)

Accuracy in momentum {

Accuracy in scattering angle

with counters only

with counters +
spark chambers

13

e

0.03 msr
0.125 GeV/e)/em at 25 GeV/e

Displacement of focal plane
1,67 /% 8p/p

Apparent increase of object
size for particles emerging
from front (rear) end of
intersecting region

+(=) 10%

A

-1

Horizontally: Septum 1,
Septum 2, Q4
Qe
Q1 = 9,95 Q}
Qz 8019 Q4 = 9.95
Sep tum 1 1.77

Septum 2 s 1.77

Vertically
8.19

f1

.o

BM1 = BM2 = BM3 = 1,60

~ L%

~ 0,2%

< 1.5 mrad

e
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Table 3

Optical and electrical characteristics of the large angle spectrometer

(1]

Peak solid angle 6,6 msr

0.8-1.5 GeV/c with AQ > 3 msr with magnets
set for 1 GeV/c

Momentum bite

Dispersion ¢ In the range 0,8-1.5 GeV/c: 0,02 (GeV/c)/em
Limiting aperture : Q2

Field gradients required

for 1 GeV/e (T/m) t Qy = 3.84 Qz = 2,46

Field in bending magnet

for 1 GeV/c $ 1.2 T

Quadrupoles have non=-
standard apertures

0.3> m ¢, 1 m long: power and weight not yet

specified

1 m H-type bending
magnet ¢ Length 1.7 m

Gap 0.5 m (H)x 0.2 m (V) [(V) is non-standard]
Nominal current :t 675 A
Field : ~ 1,3 T (with gap height increased to 0.2 m)
Power ¢ 93 kW
Weight ¢ 15 tons




Table L4

Optical and electrical characteristics of
the medium angle spectrometer

Solid angle H

.

Momentum bite
Dispersion at focus :
Horizontal magnification:
Vertical magnification @

Limiting agpertures s

Field gradients required
for 10 GeV/c (T/m) :

Field in BM for 10 GeV/c:

All quadrupoles are of
the 1.5 m split-pole

type

o

The bending magnet is
standard

[

0,125 msr

Ap o 2 *10%
0,067 GeV/c/cm
-1.85

-0,6

Horizontally: Q2
Us

Vertically : Qg4

Q1 =7.63 ys3
QZ =6.16 Q4

1.60 T

See Table 2

See Table 2

(exit),
(entrance)

(centre)

6.16
7.63
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Table 7
Optimized septum magnet system for vertical bending
Septum 1 2
d 0.02 0.06 m
h 0,06 0.075 m
] 1.5 3.0 m
B 1.8 1.8 T
Bt 2.7 S5k Tm
a 32 6l mrad
nI 86 107 kA turn
Ws 248 172 kW
Wt 300 206 kW
Py 13 13 kg/cm?
dg 2.3 8.8 mm
s 6450 1500 kg /cm*
d,h,¢ thickness, height, length of septum
B field
Bt bending strength
« = BL/3.336 p for particles of p = 25 GeV/c
nl ampere turns
Ws power dissipated in septum
Wt ~ 1.2 W_ total power dissipated, including return
winding, etec.
Py magnetic pressure
d thickness of stainless steel plate for support

of the septum

stress on stainless steel plate

o
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Minimum detectable momentum transfer squared as a function of
c.m. energy, for equal and for meximally unequal momenta in
the rings.

Small angle spectrometer, Side view of the experimental lay-
out.

Small angle spectrometer. Deflection in the septa and the
bending magnets for a secondary produced at 20 mrad.

Small angle spectrometer, Horizontal and vertical ray diagram
for a particle leaving the centre of the interacting region,
Divergence L4 mrad.,

Small angle spectrometer. Horizontal and vertical ray diagram

for a particle leaving the front and rear end of the intersect-

ing region (60 cm apart). Divergence L4 mrad.

Small angle spectrometer. Phase space in the vertical (bending)
plane at the intersecting region, seen by the spectrometer.
Small angle épectrometer. Phase space in the vertical (bending)
plane at the focus.

Small angle spectrometer, Phase space in the horizontal plane
at the intersecting region seen by the spectrometer,

Small angle spectrometer, Phase space in the horizontal plane
at the focus.

Large angle spectrometer, Experimental layout,

Large angle spectrometer, Solid angle versus momentum with the
bending magnet set for 1 GeV/c.

Large angle spectrometer, Phase space in the horizontal plane
at the intersecting region, seen by the spectrometer.

Large angle spectrometer. Phase space in the horizontal plane

at 1,25 m behind the bending magnet.,
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_ Fig, 11 : Medium angle spectrometer., Experimental layout.
Fig. 12 s Medium angle spectrometer., Horizontal and vertical ray
diagram; divergence 6 mrad,
: Medium angle spectrometer, Phase space in the horizontal )

Fig. 13A
plane at the intersecting region for particles with 9, 10 and
11 GeV/c momentum, seen by the spectrometer,

13B : Medium angle spectrometer. Phase space in the horizontal plane

at the focus,

oo

Fig. 1 Cerenkov counter threshold curves f"or various gases and various
lengths of the counter, calculated from Egs. (18) and (19). ‘
The solid line indicates the pressure limit, for which K or p

does not produce Cerenkov light, as a function of momentum,

(For isobutane, the oritical temperature is 134°C; at room tem-

perature, condensation sets in at ~ 2 kg/em®,)

Schematic layout of vacuum chamber.

.o

Fig. 15

oo

Fig. 16 Schematic layout of septum magnets for explanation of formulae
(21) to (25).

Fig. 17

Schematic drawing of arrangement of beam, wall of vacuum chamber'
and septum magnet, displaying smallest distance between septum
and median plane for vertical and horizontal bending,

Fig, 18 Schematic front view of first downstream ISR magnet with end-

.o

points of particle trajectories for some septum magnets, which
deflect particles,A produced at 15 mrad, away from the circulat-
ing beam.

Rates integrated over momentum at fixed angle for beam-beam

[

‘Fig. 19

and beam-gas interactions,
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VERTICAL BENDING

A o

"‘25(=Thickness vacuum pipe)
N N SN NN NN ] Ti=Half beam height )

MEDIAN PLANE

dy (=Septum thickness)

HORIZONTAL BENDING
25

7//////////%

CENTRAL ORBIT

All distances in mm

Fig.17
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