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Preface

This report is the result of the work of a number of CERN physicists
and engineers, the so~called Omega Project Working Group which was set
up in April 1967. This group now consists of the following members:

W.F. Baker, W. Beusch, G.Brautti, G. Cocconi, B. French,
0. Gildemeister, A. Michelini, M. Morpurgo, B.Nellen, G. Petrucci,
P. Preiswerk, E. Quercigh, C. Rubbia, K. Tittel, and P. Zanella.

This group is grateful for much help from end discussions with
several other people, especially to M. Borghini for discussions on the
possible use of polarized targets for the "Omega".
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INTRODUCTION

During the last few years, the field of counter experiments in high-
energy physics has been marked by the extensive use of spectrometer magnets
associated with spark chamber systems. In most cases, because of the

relatively small aperture of the magnets, a limited number of particle
secondaries (< 2) were detected at each interaction.

In order to perform =— with high statistics and good measurement
accuracy -- experiments on more complicated {types of interactions with
detection of meny secondaries, larger spectrometer magnets with better
resolution and wide solid-angle acceptance are necessary. In view of
this natural development of highw-energy experiments, the Omega Project
Working Group has worked out, in the present report, a proposal for a
large spectrometer magnet and spark chamber system to be built as a part
of the improvement programme of CERN. The proposed instrument is expec-
ted to be installed in the new PS West Experimental Hall (see Fig. 1.1).
The global cost of the magnet and of an optical spark chamber system
including construction staff is estimated to be 13.9 MSFr. (1967 prices,
no provision is made for contingencies). It is expected that the project

will be completed approximately 3.5 years after approvel.

The basic idea of the project is a large=-aperture spectfometer
magnet and a system of spark chambers to be operated within this magnet,
associated with an efficient data=handling system. This configuration of
magnet and spark chambers makes it possible to perform a new class of coune
ter experiments, especially on interactions where a large number (> 2) of
secondary particles or unstable mesons and baryons such as K°, A°, ete.,
have to be completely detected and measured. An additional merit of the
proposed system is its ability to perform experiments on relatively simple
types of reactions but with very small cross-section (£ 1 pb) as in the
case of large momentum transfer scattering detected over a large solid
engle of acceptance. As exemples of the use of the system, we have con-
sidered various experiments such as: the study of resonances with a
missing-mass trigger on the recoil proton, and complete detection and
measurement of the resonance secordaries (Section 3.1); the study of
baryon exchange processes requiring an ingoing meson and a forward out-
going proton of a relatively high momentum (Section 3.2); and the study
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of leptonic decays of hyperons (Section 3.3). These types of experiments
will form a part of the experimental programm of the apparatus. However,
it is impossible to foresee all the experiments that will be performed
with the magnet, and the aim is therefore to build a flexible system which
can be used in a large number of experiments over a period of many
(2 10) years. The experience with the present CERN~ETH~Imperial College
spectrometer magnet makes us confident that this can be done. In the
following we state a few general properties and requirements of the
various components of the proposed system, which are independent of the
final design to be adopted. |
Magnet

The design of the Omega magnet has to be flexible so that it can be
easily adapted to the maximum number of experimenté, This can be realized,
in practice (see Fig.1.2), by restricting to a minimum its fixed mechani-
cal partsy the coils, the horizontal yokes, and four vertical pillars
which act as spacers. All other parts such as the vertical yoke and the
poles are made removable. In particular, the vertical yoke is composed
of modular elements to be mounted around the horizontal yoke in different
geometrical configurations suggested by the explicit layout of each ex~
periment. The choice of this design satisfies the following important

requirements:

- maximum flexibility for mounting inside the field volume systems of

spark chambers, counters, and targets in various configurations;

= possibility of photographing a system of optical spark chambers through
the top pole;

= possibility of extracting from the field volume through side apertures
those particles which originated at the target and must be detected
outside the magnet.

The size of the magnet and the value of its field are chosen on the
basis of the reguired large acceptance and good resolution up to the

meximum beam energy available at the CERN PS.

The main characteristics of the Omega magnet are:
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Maximum field at the centre

(with top pole removed) 18 kG
Inner diameter of circular coils 3.0 m
Free gap between coils 1.5 m
Free gep between poles 2.0 m
Weight ' 1300 tons .

In the present proposal we have considered two alternative solutions

of comventional and supercomductive coils for a magnetic field of 18 kG.

Because of its large size and weight, the magnet has to be consi-
dered as a fixed installation in the future West Experimental Area.

Targets

The operation inside the magnetic field of conventional tergets of
different nuclear composition (from liquid hydrogen to the highest Z)
represents no problem. The operation of a polarized target in the gap
of the Omega magnet can be considered as a possible and interesting
future development. The interest lies in the possibility of using the
Omega spectrometer to detect and measure all secordaries of an inter-

action -~ an important feature for identifying the target nucleus.

Spark chambers

The operation of large-volume optical spark chambers in a magnetic
field represents a well-established technique. However, it is very
likely that other types of chambers, such as wirs spark chambers with
digitized read-out working in a magnetic field, will become available
during the period of construction and operation of the Omega project.
Some examples of digitized read-out, at present unmler test in a magnetic
field, are the magnetostrictive and the sparkostrictive types; others,
such as multiwire proportional counters*), can be considered as a possi-

ble future development. It is therefore reasonable to assume that the

*) See: The use of multiwire proportional counters to select and
localize charged particles, by G. Charpak et al.(Submitted to Nucl.
Instr. and Methods, 1968).
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alternative read-out systems for both optical and digital spark chambers
in a magnetic field, will be used for future experiments, each system
having its well-defined field of application: +the optical chamber for
low trigger-rate and rather complicated types of events; digitized

wire chamber for higher trigger=-rate and relatively simpler events.

It seems reasohable today to expect that after a first phase of operation
of the Omega spectrometer with optical spark chambers, a second phase will
follow during which both systems could be used alternatively.

Trigger system

~The trigger system is defined by the experiment to be performed.
Scintillation counters are used extensively as particle detectors for trig-
ger systems because of their good time-resolution (a few nanoseconds).
In the case of experiments with a spectrometer magnet, a part of the
trigger system is very often required to operate inside the magnet.
The photomulipliers which collect the light coming from the scintilla~
tors can only be operated in a region of low magnetic field (£ 1 kG).
This problem can, however, be solved simply by the use of "long" (one-
two metres) light-guides, provided the magnet has good access from
the outside and a fringing field extending over short distances, as
in the case of the proposed Omega spectrometer., No essential limitations
are expected from the long light-guides on the performance of the
scintillation counters. One exception could perhaps be the pulse-height
analysis when used to distinguish between one or two particles traversing

the counter.

Apart from the scintillation counters, new detectors could become
available by the time the Omega spectrometer will be operating. One
type now under study is the above-mentioned multiwire proportional
counter. If it turns out to have adequate time-resolution, it would
provide large~area low-mass counters. It would not only signal the
presence of at least one particle, but the exact number of secondaries
for each interaction and their position with a space accuracy down to

a fraction of a millimetre.



Data~handling system

Under the hypothesis that the Omega runs at the PS with an éffective
data-tsking time corresponding to L x 10%® PS cycles/year, the maximum
annual production can be estimated to be ~ 12 x 10® pictures in an optical
system, yielding about 4 x 10° events to be measured, or 50 x 10° wire
chamber events on tape, yielding up to 20 x 40° good events to be analysed.
The analysis of the data will be performed at CERN and in Buropean
laboratories and universities.

The data handling therefore represents a fundamental aspect of the
whole project. A well-planned system should be sufficiently flexible to
provide for the evaluation of film and wire chambers data; it should
have the computer capacity required for experiment planning, data acqui-
sition, sample event calculations, full analysis of the CERN share of
" the events, general computing, development work, etc. The size of the
system has to be determined on the basis of reasonable_estimates of the

event rate, yet allowing for possible expansion, wheh necessary.

The system proposed in this report consists essentially of a com=
puter connected on-line to both the experimental eduipment and an HPD
flying-spot digitizer, for the data acquisition and re&ﬁétién stages
of the analysis. For higher stages of the processing chain (geomét:y,
kinematics, statistics) extensive use of CERN large central computers

is foreseen.

Besides all general computing activities related to the running of
the Omega project, the proposed system should be capable of handling
approximately 25% of the films and 10-15% of the wire chamber events.
This might be regarded as a reasonable CERN share of the experlment
analysis.
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1.1 Construction programme and costs

On the assumption that the detailed design work can start now and
that the finel decision on the project can be made at the middle of
1968, the project could probably be finished in 1971.
a time-scale of the project.

Figure 1.1.1 shows

The total costs are listed below.

of present prices.

They are estimated on the basis
(The data-handling system is listed separately since
it is not yet clear how the budgeting will be handled. )

Experimental part:

Magnet, refrigerator, etc,

(superconducting coil) MSFr. 9.6

Spark chambers, optics, etc.,
Staff during construction period 2.6
Total MSFr. 13.9

Data~handling system:

Computers MSFr. 5.8
HFD, interface, scanning tables, links 2.0
Buildings 0.6

Totel MSFr. 8.4

L
The rumnning costs ) for staff, power, maintenance, film, and tape

are estimated at 3.5 MSFr./year if superconducting coils are used.

The expected distribution of the costs over the years would be:

1968 1969 1970 1971 Total

Experimental part | 1.2 L.6 L.6 3.5 13.9
Data handling - 4.0 4.0 0.4 8.4
Total 1.2 8.6 8.6 3.9 22.3

*) Including the analysis up to the event recognition,
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1.2 Choice of the main parameters of the Omega magnet

The main parameters of the Omega magnet, i.e. coil diameter and
magnetic field, are to be chosen on the basis of the required momentum

resolution and mass resolution.

The momentum resolution for a magnet spark chamber system can be

expressed as:

pilgran) (BT o

in units: [cm, kG, MeV/c], and where:

H = magnetic field;
= space resolution in the plane perpendicular to the magnetic field;

(o)

7 [ typically, oy = (0,02 + 0.044 |8|) cm, & being the angle of the
particle to the normal to the spark chamber plates];

P = particle momentum;

L = length of measurable track in space;

N’ = number of measured sparks per cm of track (typicaelly N’ = 0.33 em” !
for tracks perpendicular to the spark chamber piates);

A = dip angle;

Lo = radiation length [Lo = 3.5 x 10° em (7 x 10® cm) for 254 (10u)Al
plates and for particles perpendicular to the spark chamber plates].

The mass resolution in the case of a mass M decaying into two

secondaries 1 and 2 can be expressed as:

AM =

=)

[(Ezﬂ.-pa cos ©)%Apf + (E4B2 = p1 cos ©)%Apf
1 1
+ pipZ sin® @ A@z}‘/z = E(AM)KP + (AM)&_) }/2 (2)

where p1, Ey, P2, Ez are the momenta and the energies of the two secon-

daries and © is the angle between them.
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As will be shown below, the diameter of the magnet coils and the
value of the magnetic field can be chosen so that in each of the formu-

lae (1) and (2) the various terms are matched.

1.2.1 Choice of the diameter of the magnet coils

Figure 1.2.1 shows how Ap/b decreases with increasing L according
to formula (1). In particular, Ap/p varies much more rapidly in the
region of relatively small L's (~ L—sz), where t?e measurement error
dominates, than in the region of large L's {~ L—/é) where the error
introduced by the multiple scattering dominates. It is therefore natural

to choose as optimum track length L the value of L for which the two

opt’

terms of (1) become equal. The resulting expression of LOpt is:

Lt=(1.8—0-3§_/§%'1371/2, (3)
°p L cos’ A J

i.e. Lopt depends on the characteristics of the spark chamber used, -

namely, its radiation length L, and the relative space resolution 0&}1

In Table 1.2.1 are listed values of Lopt for different choidesAof
Lo and o, and for a fixed value of p = 20 GeV/c. For the particular case
of Lo = 7 x 10 em (10 p Al plates) and o = 0.02 cm (expected space
4

resolution for an optical spark chamber system), we obtain Lopt = 324 cm.
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Table 1.2.1

Plate thickness Lo ') o

y opt
u Al x 10° em | (em) | (cm)
25 345 0.015 | 235
25 3.5 0.020 | 272
25 3.5 0.025 | 305
25 345 0.030 | 334
10 7. 0.015 | 280
10 7 0.020 | 324
10 7 0.025 362
10 7 0.030 | 395

wire chambers: :
60u @ Be~Cu wire, ko6 0.030 | 314

1 mm spacing

1.242 Choice of the magnetic field

Having fixed Lop,c, (AM)Z@ in formula (2) is also fixed. One can
therefore choose as optimum magnetic field Hopt’ the value of H which
makes (AM)Zp equal to (AM)ZG. The results are illustrated in Fig. 1.2.2

for the case of a K (1420) decaying into K + w at 5, 10, 15, and 20 GeV/ec.
The plotted curves represent the variation with magnetic field of

(AM)ZP of formula (2):

M - (AM)Z‘p = (Ez2 B1 =p2 cos ©)%Ap{ + (Eq P2 =py cos ©)?4pf

2

and the #-—points represent the corresponding values of M2 ° (AM) 20°

independent of H:

M2 . (AM)Az@ = pfpf sin® @ /0% .

Hspt is determined by the relation:

2, 2 _ wm2, (A 2
M (AM)AP = M (AMA@

1) 80 plates per metre, chamber gas and mylar t'oils included.
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In the particular case of Fig. 1.2.2, Hopt ranges between 11 and

- 3 -
15 kG for Lo = 7 x 10 and Lopt = 300 cm.

have assumed an average track lenzth L = (7% L

In the calculations we
- 25) cm in order to

cm,
opt
allow for some of the K* secondaries to leave the spark chamber sideways,
More values of
and L, are listed

and for a length of 25 cm occupied by the H: target.
Hopt corresponding to different combinations of Lopt
in Table 1.2.2.

Table 102.2

' , Lo opt (kG)

opt

(cm) [(x 10> om) | P, = 5 GeV/c | P, = 10 GeV/c | By, = 15 GeV/e | P, = 20 GeV/o
250 3.5 16.9 15.2 14.0 13.6

300 3.5 1.7 13.1 12,4 12.1

350 3.5 12.3 1.6 10.9 10.6

250 7 15.8 15.8 13.9 13.2

300 7 15.0 12,4 11.5 1.1

350 7 12.1 11.0 10.3 9.8

see that a value of H 2

Under all the possible conditions considered in Table 1.2.2 we can

the errors in formula (2).

17 kG would satisfy the requirement of matching

According to what has been discussed so far, the criterion of
matching the errors in (1) and (2) indicetes as optimum values ~ 300 cm
for the track length Lopt’ and ~ 18 kG for the magnetic field H0pt’
Whether this choice is reasonasble can be decided by looking at the
absolute value of the mass resolution and the momentum resolution that
can be obtained, This is illustrated in the subsequent Figs. 1.2.3

to 1.2.6.

Figure 1.2.3 shows the effective mass resolution AM as a function
&
of the magnetic field H in the case of the K*(1420) decay ) and for

*) The mass resolution becomes worse for increasing Q-velues. The
K*(1420) decay has one of the highest Q-values and is therefore a
good example,
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FIG.1.2.3
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Lopt = 300 em and Lo = 7 x 10° em. At H = 18 kG we expect mass.resolutions

between AM = 3.3 MeV (pg* = 5 GeV/c) and AM = 6.3 MeV (pg* = 20 GeV/ec) *).
Figure 1.2.4 shows the mass resolution AM on the missing recoile .
neutron when all other secondaries of an interaction are produced in for=-
ward direction and are measured (1C-fit type of event). The primary
momentum is chosen to be 20 GeV/c. In this case AM can be expressed approxi-
mately as: “

%
wiw (opp e opf )

where Api and Apf are the momentum resolutions of the incident beam

particle and of the outgoing final system, respectively.

The limited momentum resolution on the incident particle Api = 40 MeV
sets a lower limit to AM, independent of the magnetic field. We can
expect to obtain a AM ~ 341%7 at H = 18 kG and for the parameters of curve

¢ in Fig. 1.2.4 (iee. Lo = 7 x 10° cm and Lopt = 300 cm).

Finally, in Fig. 1.2.6 are plotted the momentum resolution curves for
particles emitted at zero angle with respect to the magnet axis for
H = 18 kG. The geometrical configurations for different momenta assumed
in the calculations of Ap/p are illustrated in Fig. 1.2.5.

1.2.3 Conclusion

The choice of the parameters of the Omega magnet based on matching
the different terms of the momentum resolution (1) and the effective mess
resolution (2) lead to satisfactory small values, from the physics point
of view, for the errors on effective mass and missing mass. We therefore
choose for the magnet the following characteristics:

Magnetic field with open pole (optical spark chamber operation) = 18 kG;

* %
Coil diameter = 300 cm .

*) The expected K° mass resolution is about 3 eV for a K° momentum of
10 GeV/c and an average track length of 2 metres.

**) 1In section 2.2, one of the proposed optical designs allows a maximum
track length of ~ 350 cm to be obtained in the medium plane of the
magnet.
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MISSING MASS RESOLUTION FOR I-C FIT
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DETAILED DESCRIPTION OF THE PROJECT

2.1 Magnet

The general characteristics of the magnet are:

max. magnetic field at the centre = 18 kG (without top pole)
inner dismeter of circular coils = 3,0m
free gap between coils ; = 1.5m
free gap between poles = 2.0m

At a first epproximation, taking the fringing field into account,
the bending power of this magnet will be = 7.8 Wb/m.

A magnet.having the above-mentioned characteristics can be designed
either with superconducting or conventional copper coils. Both solutions
are being studied in some detail; a decision as to which of the two
alternatives will be used has not yet been taken. A cost estimate for
both solutions is given below (Section 2.6). The magnet will have an
iron yoke which has the purpose of increasing the magnetic field for a
given number of empere turns and to reduce the volume of the region
occupied by the magnet stray field. A general layout of the magnet is
shown in Fig.1.2.

2.1.1. Iron Core

The iron yoke (see Fig. 2.1.1) will remain substantially the same,
whatever type of coil is used. The two horizontal ydkes [item (1)] of
the magnet are spaced apart by means of four pillars (2) which are
designed to withstend the weight of the iron and the attracting magnetic
forces which are of the order of 4,000 tons. The top and bottom horizon=
tal yokes are obtained by bolting together four iron slsbs. The weight
of each slab does not exceed 80 tons. In the horizontal yoke there is a
rectangular window (3 x 1.5 m®) to allow photographic operation of the
spark chembers. The windows can be filled by removable pole pieces (&),
The vertical yokes (3) are subdivided into & number of slabs (40 cm thick)
which can be mounted in various positions along the perimeter of the
horizontal yokeé, so as to leave side gpertures where required by the
experimental needs. The total weight of the iron is epproximately
1300 tons.
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2.1.2 Superconducting coils

We are at present considering two possible designs of the supercon-
ducting coils. In both cases the coils will be fully stabilized by em=
bedding the superconducting wires in a copper or aluminium substrate.
Each coil will provide a maximum of 2 x 10° empere turns. In the
first solution the conductor (substrate + superconducting wire) will
have the form of a ribbon, and the coils will be operated whilst complete-
ly immersed in a 1liquid helium bath. |

In the second solution the conductor will be hollow and the cooling
of the coils will be obtained by circulating supercritical helium (at a
pressure of approximately 5 atm) through the hollow conductor. This
second solution should allow a simpler and mechanically safer construc-
tion. However, a number of technical problems remain to be solved and an
experimental investigation will be required.

A general layout of the magnet wound with hollow superconducting
pipe is shown in Fig. 2.1.2.

In either case the coils will have to withstand very large vertical
forces. In the present geometry, the direction of the vertical force
(which will be approximately 2000 tons) will tend to push the coils
against the iron yoke. Horizontal forces on the coils may be originated
either by some asymmetry of the construction or by some other magnet or
iron blocks installed in the neighbourhood of the Omega magnet.

The system by which the coils are clamped to the yoke is illustrated
in Fig. 2.1.3. This clamping system will be capeble of withstanding a
vertical force of o 2000 tons and a horizontal force of 250 tons per

coil.

The clamping system does not prevent the thermal contraction of the

coils.

The heat losses through the clamping system will be approximately
100 W per coil.

The radiation losses will be ~ 25 W per coil. This value has been
calculated assuming that the coils are insulated by a 3 cm thick layer
of superinsulation and that there is no nitrogen shield. The current
leads (there are two current leads per coil, each one carrying 5000 4)
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will require a refrigeration capacity of > 75 W per coil. Taking into
account a safety factor, we estimate that a refrigerator capable of
supplying 750 W at 4.2°K would be sufficient (for both coils).

2.1.3 Conventional coils

The general layout of the magnet energized by conventional coils is

given in Fig. 2.1.4.

Bach coil consists of 10 simple pancakes wound with hollow copper
conductor having a rectangular cross-section. Each of the pancakes, which
are electrically comnected in series, has two parallel water circuits.

The total copper weight required for the two coils is approximately
85 tons.

The current is 10,000 A and the corresponding voltage (the two coils
are connected in series) and power are 750 V and 7.5 MW. The magnet
cooling will require a flow of 45 £/sec of demineralized water at a

pressure of 4 atm,

2.1.4 Field measurement for Omega megnet

The average accuracy for the field measurement should be better than
-
5 x 10 .

The‘Omega magnet yoke will be used in verious configurations, accor-

ding to the particular experimental requirements. The field is expected
to vary correspondingly inside large limits. It is therefore important
that the measuring equipment be capable of performing the complete field
mapping in a reasonably short time . Apart from mechanical limitationms,
the rate of measurement is certainly limited by the minimum time required
for conversion from anslogué to digital, and particularly for the recor-
ding of the data (three field compoﬁents and the space coordinates).
Even using magnetic tapes to record the data, a reasonable rate seems to
be not higher than 5-6 points/sec. The displacement speed of the field
detectors will consequently depend on the density of points desired for
the field mapping. This density may be determined as a function of the
required accuracy and of the maximum estimated second derivative of the
field. With 0.1% accuracy and estimating the highest (d2B/dx?) to

approximately 2 gauss/cm?®, the minimum distance between two measured
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points will be about 5 cm. The whole system might be programmed to
increase or decrease the density of measurement according to the gradient
of the magnetic field. With this assumption it seems reasonsble to take
1000 cm® as the average volume corresponding to one measure. Since the
totel volume to be mapped, inclusive of the useful and fringing field,
totals 100 m3, then for each yoke configuration and each excitation
current one has to measure approximately 10° points. If we take into
account that field mapping is normally needed at at least three different
values of excitation current, this will result in 3 x 10® points to be
measured for each yoke configuration. With a rate of 5 points/sec and

a dead-time of 50% due to mounting, resetting, and checking operations
between each set of measurements, a total mapping will require approxi-

mately 24 hours.

In order to have rough information on the field configuration
and to allow a better magnet design, a reduced scale model (1:10) has been
constructed. A general view of this model is shown in Fig. 2.1.5. The
model magnet is energized by two conventional water-cooled copper coils
and requires & power of about 0.7 MW,

In the model, as well as in the full=-scale magnet, the top pole-

piece is removable and the side yokes can be mounted in various positions.

Figures 2.1.6 and 2.1.7 give the results of preliminary magnetic
measurements on the model.
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Fig. 2.1.5 Model magnet
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2.2 Spark chambers

2.2.1 OQptical chambers and optics

2.2.1=1 Optical spark chambers. For optical spark chambers we

have to consider the following types:

-~ sampling spark chambers; many gaps of = 1 cm;

- wide~gap chambers, the spark follows the track up to a certain angle;
gaps of 10 cm or more;

- isotropic streamer chambers, the track is displayed by localized

streamers.

These chambers may be in plane, cylindrical, or other geometries, and

contain opaque (foil) or transparent plates (wire mesh).

For the time being, we base the discussion on sampling spark
chambers with opaque paiallel plates. This very conservative approach
results in an extrapolation of an existing magnet spark chamber (CERN-ETH-
IC Group). - We can therefore give reasonably safe predictidns on the
feasibility of chambers and optical system, accuracy in track parameter
measurement, and scanning and measuring problems. Obiiously, the system
described here is not optimal for all experiments, and sufficient
flexibility must be built into the camera and the HPD measﬁring technique

in order to cope with other, more complicated, chamber arrangements.

2:2¢1=2 vSpérk chamber arrangement. A possible arrangement is shown
in Fig. 2.2.1; All gaps are perpendicular to the beam direction except
for two gaps on one side of the system which are parallel to the beam.
The gap width ié 1 cme. The frames holding the foils may‘be chosen to be
1.5 cm thick.,‘ It is reasonable to arfange the spark chamber in the
form of units of, say, 10 gaps each. Each unit has its own housing,
consisting of a metal frame and mylér windows, and thié housing is filled
with the spark chamber gas. The width of each unit would amount to
about 30 cm. Ten units could be mounted in the visible region of the
magnet. This would result in a total number of 100 gaps or 200 foils
on 3 m length. The spark chamber frames should be as thin as possible
on one side in order to allow low-momentum particles to leave the spark
chamber at the side to be used for triggering.’ A "typical event" is
shown in Fig. 2.2.1.
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The material of the spark chambers should be kept to a minimum,
Aluminium foils of 25 u thickness are commonly used. Thinner foils,
e.gs 10 u, would be preferable and are being tested. Taking into account
the contributions of the aluminium in the foils, the neon in the gaps, and

the mylar foils, one finds for the radiation lengths L,

25 u Al: Lo = bk m ,
10 u Al: Lo =8m .

Any system of spark chambers (also wire) with planes oriented in more
than one direction calls for some supporting structure inside the active
volume.' A very light one is proposed by G.L. Schnurmacher*). These
Al/plastic-foam/Al sandwiches have a rediation length corresponding to
50u Al. A system with a minimum of material near the target is obtained
if the target is located inside a cylimdrical hole in the sperk chamber
plates. It has been found that the foils stay flat if a hole is cut
with appropriate care, for example by galvenic etching.

Particle trajectories turning parallel to the spark chamber planes
are still quite well recorded in a sampling spark chamber, but the resolu-
tion is poorer. Since the particles in question generally have low
momentum, a large relative momentum error results in a moderate error in
the over-all momentum balance. Typical pictures taken with the
existing spark chamber system are shown in Fig. 2.2.2 (ﬂ-p > K°i°n)and

Fig. 2.2.3 (six~prong event).

2.2.1-3 Optical system. This spark chamber system inside the

magnet has to be photographed from the top with small-angle stereoscopy.
In the case of parallel plates, a cylindrical lens of some kind is needed
to bend the light from the sparks, emitted parallel to the plates, into
the camera lenses. We believe that a system with a prism for each gap
is simpler and more accurate than other solutions (mirrors, cylinder lens,
etc.). Machining and polishing pefspex prisms to the tolerances required

seems to be just at the limit of the state of the art.

*) G.L. Schnurmacher et al., UCRL 17947.
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The 1ight paths are shown in Figs. 2.2.4 and 2.2.5. We propose to
use 70 mm film (future standard perforation) and put the two stereo views
side by side. This choice poses some problems for HPDs outside CERN

that are designed for the 50 mm film of the 2 m CERN-HBC. However,
70 mm film is also foreseen for the 3.5 m CERN-HBC. Possible para-

meters of the optical system are:

- Optical distance to beam height 5m

- Stereo angle 17°

- Proportionality constant for depth measurement az/d(yz =y1) = 3.5
- Demagnification m = 50

- TFocal length of lenses 10 cm

-~ Width of spark image on film 0.04 mm

- Lehgth of spark image on film 0.2 mm at centre

0.15 mm at far end
- Two images 30x 60 mi° side by side on film,
frame length ~ 8 cm.

A larger stereo angle could be reached by reducing the optical dise-
tance. This would increase the variation of the spark-image length and the
systematic errors of the prism system. In the proposed system these errors
introduce a maximum apparent shift of spark position of 0.95 cm along the
beam line. The corresponding sparks will be photographed after one reflection
by a chamber plate surface; no apprecisble error in position is introduced.

2.2.1-4 Spatial resolution. The r.m.s. spark position fluctuation

in small=-gap chambers is known to be somewhat less than 0.2 mm. Opti-
cal system and measurement should introduce only smaller errors. In the
existing magnet spark chamber the combined random errors of optics and

* . .
measurement are 0.09 mm in space ‘.

This may be looked at as a 5% error in centring on the width of a
spark, and might be explained entirely by the non-uniformity of spark
shapes. Under this assumption, about 0.1 mm of random error would also

be expected in the proposed chamber, since the variation of spark shape

*) Astbury et al., Nucl.Instr.and Methods 46, 61 (1967).
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is unlikely to change with the size of the chambers. This'assumption
gives a lower limit. An upper 1limit of 0.2 mm is obtained if this ran-

dom error is thought to come from any combination of

~ imperfections of optical surfaces (prisms);
- film resolution;

'~ HPD resolution

which would all increase with the linear dimensions, the picture size
being kept constant. It seems unlikely that the error will be mainly due
to film and HPD resolution (4 u on film). One can therefore hope to
approach the 0.1 mm random error due to measurement and optics, provided

the mirror and prism surfaces are sufficiently good.

The larger demagnification might create some problems of contrast
due to the variation of spark brightness; however, the difficulties

appear less severe than those met with in a large bubble chamber.

2.2.1-5 Alternative version of spark chamber arrangement.

Figure 2.2.6 shows an arrangement of spark chambers with the gaps being
inclined out of the vertical position so as to see from the camera the
whole volume of the gaps without the aid of optical prisms. Each spark
chamber gap is still formed by two parallel plates (foils), but the

frames between each two adjacent spark gaps are wedge-shaped.

Again, each ten gaps form one of a series of units,each one being
equal to the other. The units are mounted at different angles of inclina-
tion to the vertical. Twelve units can be mounted in the visible region
of the magnet. The maximum visible track length in beam direction in
the medium plane is thus increased to 3.6 m. This fact, and the
avoidance of the large number of precisely machined prisms, are the

advantages of this version of spark chamber arrangement.

2.2.2 Wire spark chambers

As an alternative to optical spark chambers, digitized wire spark

chambers can be used in the Omega magnet. The problems connected with

the read—-out of wire chambers within a strong magnetic field are discussed

in Section 4.1, As shown there, one can hope that by using improved

techniques it will be possible to achieve the same momentum resolution as

with optical systenms.
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In general, a wire chamber arrangement offers the advantages of
higher data-taking rate and of on-line control of the experiment. The
data-taking rate is limited by the read-out time, which will be about

5 msec for 200 wire chamber planes of 1.5 x 1.5 m® (3 x 10° wires).

If one assumes that the average number of sparks ber gap and event —-
including beam tracks and spurious sparks -- is seven, then the on-line
computer has to store 1400 coordinates per event. For a maximum of
50 events per burst this means the storage of 70K words per burst.

Each word has to contain the coordinate value in one wire plane of one
spark. Associated with a group of words containing the coordinate
information of all sparks in one plane, the address of that plane has to
be stored as an extra word. The minimum word-length depends on the kind
of position quantization produced by the read-out technique. The position
quantization is half the wire spacing if it is due to the wire structure
of the chamber plane itself (core read-out or electronic read-out). In
the case of magnetostrictive or "sparkostrictive" read-out (Section 4.1),
the quantization is aué to the clock giving the timing signals for the
delay-time measurement. The timing resolution should not int'luence the
total spark position resolution of the chamber, and must therefore be
higher than the delay which corresponds to half the wire spacing. The
number of timing signals for a chamber length of 1.5 m shall be assumed
to be 7500, which‘correspénds to 13 bits. Thus a standard 16-bit word=-
length will in any case be sufficient. Therefore a /0K-word, 16—bit

or BSK, 32 bit input buf'fer memory has to be used for the on=-line

computer.

_Further computer requirements are discussed in Section 2.5.
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2,3 Beam layout

To make the best use of the Omega apparatus, beams with high momentum
resolution, good intensities, and large momentum range are needed, A
possible design of two beams covering different energy rangés and satisfy-
ing these requireménts is shown schematically in the optical diagrams of
Fig., 2.3.1.

The features of these two beams are the following:

High-energy Medium-energy
beam beam

Maximum momentum | 2L GeV/c 8 GeV/c
Angular acceptance ' 1074 sr L x 107* sr
Production angle | 0 - 20 mrad 0 - 50 mrad
Momentum bite * 2% x 2%
Momentum resolution + 0.,05% + 0.1%
Total length of the secondary beam ~ 14,0 m ~ 70 m
Bending magnet length required ~ 1 m ~7m
Quadrupole magnet length required ~ 18 m ~ 1 m

The high-energy beam is a four-stage beam; the first two stages are
intended to provide momentum selection and reduction of background; the
third stage is used to perform momentum analysis; the fourth one compen-

sates the momentum dispersion and matches the beam to the experiment target.

The medium-energy beam has only three stages. Actually, the first
stage provides momentum selection and sufficient background reduction, so

that in the second stage the momentum analysis can be performed.

In both beams the momentum analysis is done by means of a rather
large bending (8° in the h.e. beam and 10° in the m.e. beam) and of three
hodoscopes (4,B,C). Hodoscope B is placed in a position where in the
analysis plane an optical image of A is formed., Hodoscope C, which should
provide only a very rough resolution, is used to divide the angular acceptance
of the beam and thus reduce the errors due to chromatic aberrations. To

achieve the desired momentum resolution, hodoscopes A and B should provide
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a space resolution of about 1.5 mm for the first beam, and about 3 mm
for the second one. Multiple scattering in the three hodoscopes does

not, in practice, influence the precision of measurements.

The expected intensities at the end of the two beams can be deduced
by the curves shown in Fig.2.L4.15, taking into account the appropriate
solid-angle acceptances and path length of the two beams.

Figure 2.3.2 shows a general layout of possible counter beams in
the West Hall. The two high=-resolution beams described above are shown
to supply the Omega area as well as a possible lower energy separated
beam (below 3 GeV/c). Because of the different beam lengths, different
targets have to be located along the proton line. This line crosses the
whole West Hall and starts at the far end of the switch yard, meking an
angle of 10° with the bubble chamber proton line s which runs along the
building. It must be noticed that the beams for the Omega will be
deflected also vertically to coﬁpensate for the difference in level
between the Omega medium plane and the proton lines (0.5 -1 m).

A possible improvement in the Omega exploitation of beams could be
achieved by mounting long-pulse RF mass separators in the beam.

RF separators with a duty cycle matched to an electronics experiment
could speed up considerably the experiments with particles that are a
minority in the beam [see Section 4.3].
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2.4 Beam intensities and data-taking rate

The purpose of this Section is to estimate the rate of events to

be analysed per year and the corresponding beam intensities required.

As it will be shown below, the results of this estimate depend on
various assumptions about the operation of the PS, the beam, the spark

chamber system and ebout the type of experiment performed. We will,
therefore, present first a list of all the assumptions made (Section 2.4.1),
we will then describe briefly the way the calculations have been carried

out (Section 2.4.2), and finally we will discuss the results (Section 2.4.3).

2.4.1 The assumptions made can be ligted as follows:

PS and beam operation

Some of the parameters assumed are:

i) PS_energy  19.2 GeV  19.2 GeV 25 GeV

ii) Beam pulse 0.2 sec 0.5 sec 0.2 sec
iii) PS cycle 1 sec 1.5 sec 2 sec

Further parameters are:

iv) A PS running efficiency of SQ% due to machine maintenance

o
v) A beam halo of 0% to 100% )

vi) A beam attenuation of 10% in the target and "possibly in counters

surrounding the target. This attenuation is responsible for the

accidental interactions (see below).

*) A beam halo of 100% means that the beam which traverses the spark
chamber has twice the intensity of the beam focused in the beam
telescope. :
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2.4.2 By using the above assumptions the estimate is performed
through the following calculations.

Firstly, the number of triggers recorded per PS cycle is calculated
on the assumption of an exponential distribution of the time intervals
between two subsequent triggers for a given dead-time [Section 2.4.1,
point (ix)]. Secondly the efficiency for having a "useful trigger" is
talculated [see Section 2.4.1, point (ziii)]. This efficiency is then
used to obtain from the total number of triggers the number of useful

triggers recorded per PS cycle.

Finally from these values we estimate the rate of events per year
to be measured by making assumptions on various PS and data-taking

efficiencies [Section 2.4.1, points (xiv) and (xv)].

2.4.3 The results are presented in Figs. 2.4.1 to 2.4.14, Figure 2.L.1
shows the number of triggers recorded per PS cycle as a functicn of
the trigger level for different values of the spark chamber system dead-
time. For a given value I of the beam intensity the trigger level scale
has to be multiplied by the factor I/1.6 x 10° to obtain the appropriate
number of triggers. For the following calculations only the two cases

of 0,01 and 0.05 sec dead-time have been considered,

Figure 2.4.2 shows the efficiency for "useful'triggers" [as defined
by Section 2.4.1, point (xiii)] as a function of the beam intensity.
Various cases are considered according to the assumptions made on beam
pulse, beam halo, unprotected and protected spark chamber plates [see Section
2,441, points (ii), (v), (x) and (xi)].
Figures 2.4.3 to 2.4.6 show the number of "useful triggers" recorded

per PS cycle as a function of beam intensity.

Figurés 2.447 to 2.4.10 show the maximum number of "useful triggers"
recorded per PS cycle and the corresponding optimum beam intensities as a

function of trigger level.
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Finally Figs. 2.4.11 to 2.4.14 show the estimate of the number of

events to be analysed per year as a function of the trigger level,

The parameters used in Figs. 2.4.3 to 2.4 .14 are summarized in

the following table:

Pigure No, Dead-time Wanted beam particles Beam pulsge
2403, 7, 11 0.01 sec 100% 0.2 sec
2obe, 8, 12 0.05 sec 100% 0.2 sec

0,01 sec
2.6, 10, 14 0.05 sec 100% 0.5 sec

The results displayed in Figs. 2.4.11 to 2.4.14 occasion the follow-

ing remarks.

a)

There are two main sources of large variations on the rate of recorded
triggers to be measured: the trigger level and the percentage of
wanted beam particles. As the trigger level goes from 10™* to 10" or
the percentages of wanted beam particles change from 10 to 100% the
trigger rate changes by factors of 10 to 100. Consequently, the
trigger rate depends on the type of experiment. Therefore it is diffi-

- cult to make very definite predictions on the amount of triggers to be

' analysed per year.

As an example, in the case of the optical spark chamber operation one
can estimate an average of 4 x 10° useful triggers to be analysed per
year for a trigger level of {0-5 [i.e. 10 pbarn cross-section for 25 cm
of liguid H, target and 100% detection efficiency or 1000 pbarns

cross=section and 10—'2 detection efficiency].
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There are still several possibilities of improving the triggering

rate, namely:

Beam pulse: " an improvement of a factor of ~ 2 can be obtained
going from 0.2 to 0.5 sec.

Beam helo: an improvement of a factor of ~ 2 going from 100% to
0% beam halo.

Dead-time: an improvement of a factor of 1.5 to 3.5 can be obtained

as the dead-time goes from 0.05 to 0.01 sec.

Protection of spark chamber plates (in the region traversed by the

beam): again a factor of ~ 2 improvement can be obtained with

respect to the case of unprotected plates.

The intensities which are required will be available for the designed

beams as is shown in Fig. 2.4.15,
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2,5 Data-~handling facilities

2.5.1 General specifications

During the foreseeable lifetime of the Omega project, two types of
detector are going to be operated inside the magnet, i.e. optical and
wire chambers. Hence the data-handling system should providé for the
evaluation of both film and filmless data., It ig difficult to predict
the relative weights of the two techniques as a function of time; it is
likely that both modes will coexist for a good fraction of the Omega
lifetime.

However, it seems reasonable to assume that switching over from one
mode to the other will not occur too frequently for reasons of efficiency
(say, once a year). Of the total amount of data produced by the Omega in
any one year, only a relatively small fraction ought to be fully analysed
at CERN. The corresponding computing requirements have to be taken into
account in designing the data~handling system, together with sufficient
extra capacity for carrying out sample computations on the experimental
data to be processed outside CERN. Also, some computer capacity should be
foreseen for the development of any dafa—handling technique related to the
Omega project. Finally, the system capacity should be determined by present
knowledge and plausible estimates, whilst still ensufing that there are

possibilities for expansion, if necessary.

2.5.2 Basic assumptions

In order to specify the data-handling requirements in some detail, it
is necessary to make a set of hypotheses related to the data production of the

Omega project,

i) Beam use - Data will be taken during 25% of the total time,
i.e. ¥ 2000 hours/year.
Approximately 4 x 10° PS bursts per year will be
exploited to record experimental data. The assumed
beam characteristics are: 2 sec cycle and T 300 msec
flat top.
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ii) Trigeer rates

Dead- | Max. triggers/ | Average No. of triggers/
time burst burst over one year

a) Optical chambers |50 msec 5=~ 6 3

b) Wire chambers 5 msec 50 - 60 15

One also assumes that the ratio of triggers to good events to be

analysed will be about 3, on the average.

In the film mode, events will generally be selected by manual
scanning, while in the filmless mode the reduction will be performed
automatically. Some 20% of the triggers should be rejected on-line,

the rest off-line.

iii) Information format

fa) Film -7 70 mm £ilm; +two views recorded on a single

60 x 70 mm® frame.

b) Filmless : >Half—inch tapes; one trigger will give a
maximum of 2000 16-bit words, but an average

of only 1200-1A00 words.,

iv) Maximum total annual production.

a) Film ~ 12 million pictures, yielding 4 million events

to be measured;

b) Filmless 2 60 million triggers, yielding 50 million raw-

events on tape, yielding
% 20 million good events to be analysed.

Incidentally, film will be used at a rate of 10 frames/metre and
tapes at a rate of 3000-4000 triggers/tape.

For 50 million wire chamber events, at least 15,000 magnetic tapes

will be needed.
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v) CERN quota

a) Film : Production measurement and full analysis of
%~ 1 million events (™ 25% of the total). The
measurement would be well within the capacity

of one "HPD-2" flying-spot digitizer.

b) Filmless : Full analysis of 5 million triggers or 2 mil-
lion events (X 10% of the total) and -~ to control
the experiments -- a sample evaluation of a few
per cent of all events to be processed outside

CERN, including test runs.

In both modes of operation an important allocation of the data-
handling facilities should be made for development work.

2.5.3 Characteristics of the system

One can distinguish three stages in the data~processing chain:

STAGE I : data acquisition by a computer from an on-line HPD or an

on-line experiment;

.

STAGE II : data reduction performed by automatic pattern recognition

programs;

STAGE III: geometrical reconstruction and kinematic analysis of events;

statistical analysis of experiments.

The essential features of the system are considered below for each of the

three stages.

2.5.3-1 Stage I: Data acquisition. The size of the on-line com=-
puter is clearly determined by the filmless application. It is essential
that the memory should be able to contain the data produced during one

burst; that is, 50-60 triggers each yielding a maximum of 2000 16-bit
words of information. The size of the input buffer must therefore be
about 50K 32~bit words. The memory size should therefore be at least
64K 32-bit words. It should be expandable to 128K, if necessary. As
one can see, memory size is closely related to trigger rates, flat top‘

length, etc., and might be a limitation in some cases.



- 60 -

Access to memory should be at least 1 word per usec, in order to limit
the input time for one trigger to some 2 msec. However, such a rate would
become a limiting factor if wire chamber systems with a one-millisecond dead-

time had to be considerea.

Tapes should be written at a speed of 120-150 kch/sec (kilocharacters/sec)
in order to empty the buffer in the two seconds available between bursts.
However, given a memory size of 64K, half of which is reserved for an input
buffer, a tape specd of 90 kch/sec would be sufficient. This compromise
could be acceptable in the beginning, but tape speed ought to be inereased as
soon as more memory becormes available., Incidentally, one half-inch tape mounted
on a 90 kch/sec tape unit, would be filled in less than five minutes.

Unless tape capacity increases considerably in the 70's, or more suitable
storage media become availiable, the bottleneck might well be the manipulation

of tapes.

In order to perform some checks on the experimental data, thus giving
real-time feedback to the physicists, the on~line computer should have a
powerful CPU. However, since it is unthinkable to do anything more than very
simple checks on the data (such as applying some selection criteria based on
number of sparks in each gap, etc.), it is not necessary to have very fast
floating-point arithmetic. The operations should be mainly of the "logical”
and "fixed-point arithmetic" types.

As far as data acquisition from an HPD is concerned, the same éomputer
could well be used when not working on the data=-taking activity. Alternatively,
the HPD could be attached on-line to a separate computer, which would have to
be very similar to the Omega one. This could be part of a necessary expansion
of data-handling facilities at a later stage. It is proposed that the initial
configuration of the Omega data-handling system be based on an Omega computer

attached both to the HPD and to the experimental equipment.

For reasons of economy and safety, it is suggested that a small "Control
Computer" be inserted between the rather large Omega computer and the experi-

mental equipment. This would serve several purposes:

i) control and data storage during film-mode data-taking leaving the Omega

computer entirely to the HPD exploitation;

ii) as a setting-up aid, during experiment changes and switch over to

or from wire chambers, minimizing the allocation of the Omega computer;
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iii) emergency on-line data-taking in case of failures of the Omega
computer;

iv) during on-line data acquisition, it would be by-passed by the flow
of data and could be allocated to some useful control functions.

The Omega data-acquisition system is schematically shown in
Fig. 2.5.1.

The characteristics of the computers and the HPD are:

a) Main computer configuration

1) Core memory size 64K words (expandable)

2) Word length 32 bits (should be & multiple of 16 bits)

3) Memory cycle time = 1 gsec or less

4) Floating point hardware

5) Interrupt system

6) Card reader/punch

7) Line printer

8) L4 or 5 magnetic tape units (say 4", 7-9 tracks, density 800 bpi,
90 kech/sec).

9) Typewriter on-line

10) CRT + LP with controller

11) Backing store (disc driver for monitor, program overlays, and data)

12) Two buffered channels (32 bits) for the HPD and the on-line input

13) Memory protection

14) Auxiliary card-handling equipment

15) Software (FORTRAN compiler, ASSEMBLER, operating system)

The total cost of such a configuration is estimated to be about

5 million Swiss francs,.

As this computer is to be located near experimental equipment, and
as it will pbssibly be on-line to this equipment, it should be capable
of operation under varying environmental conditions and should be highly
reliable in its operation. Its processing speed should be particularly

fast for logical and fixed-point arithmetic operations.
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b) Small control-computer configuration

1) Core memory size 16K (expandable)

2) Word length 16-32 bits

3) Memory cycle time =~ 1 usec

4) Priority interrupt system

5) Card reader/punch

6) 1-2 tape units

7) CRT display

8) Typewriter on-line

9) Software (FORTRAN compiler, ASSEMBLER, operating system).

The cost of such a configuration is estimated to be about 0,8 mil-

lion Swiss franecs.,

Compatibility with the main Omega computer would be highly desir-
able.

c) HPD characteristics

The Omega picture format is assumed to be as follows:

- 70 mm film
- 70 x 60 mi’ frame
- two views, side by side, each 30 x 60 mm’

- spark dimensions on the film ~ 40 x 200 um’
The basic features of the Omega HPD should be:

-~ 70 mm scan length
- 2 um least count in both X and Y (16-bit coordinates)
- width measure optional

- HPD rotating disc designed for 6000 rpm.

The resolution of the device, defined as the ability to measure two
distinet sparks lying very close together, should be 40 to 50 um (dis-
tance between spark centres on the film).
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The estimated time to measure one picture is in the region of 6 sec

if one makes the following assumptions:

- all gaps parallel to a single direction of HPD scan

1200 scan lines raster to cover one frame

- scanning speed: 2.5 msec/scan-line

overheads (film advance, stage setting etc) ® 3 sec/frame.

This leads to a peak measuring rate of 600 frames/hour. If one
takes into account film changes, tests, operator interventions, break-
downs, and all other contribution to inefficiency, only about 60—70% of
this maximum rate can be maintained over long production periods. Hence
one would expect such an HPD to measure of the order of 2 million frames/

year.

The HPFD hardware is partly commercially available (mechanical and
optical parts). A very small computer would be substituted for a sub-
stantial part of the electronics involved, and would constitute a flex-
ible and reliable interface. The total cost of the HPD hardware is
estimated at 0.9 million Swiss francs. Its construction will involve

some 18 man-years and could be achieved in a period of about two years.

2.5.3=2 Stage II: Data reduction. The data acquisition activi-

ties and the development work will use the full capacity of the Omega
computer for sbout 50% of the total time only. Since the computing
requirements of pettern recognition are well adapted to the characteris-
tics of the Omega computer, the rest of the time can be used effectively
to run these programs. Stage III programs, on the other hand, are best
run on the central computer facilities because they make greater use of
floating-point arithmetic operations end, in any case, the sample event
computations cannot be executed on the Omega computer because they are
required during data-teking periods. One can imagine a possible schedule
of the Omega computer relative to a two-year period near the central part
of the project's lifetime, one year spent taking film and the other
pollecting wire chamber events. The available 15,000 hours could be sub-

divided as follows:
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2500 for filmless stage I
1500 for film stage I = (automatic measurement of 10° pictures)
6000 for filmless stage II
2000 for film stage 1II
3000 for development work.

(date acquisition during 25% of one year)

(pattern recognition of 5 x 10° trigpers)

(pattern recognition of 10° film events)

In order fo achieve these processing rates, the computer would have v
to have a calculating speed of the order of one-fifth that of a CDC 6500.
It is believed that only a small amount of time is lost for the muin
Cmega computer during switching from film to filmless operation and vice
versa. Most of the apparatus tests and measurements can be done with the

help of the small computer.

Visual recovery application

A human operator will view on a CRT display the events that are not
recognized by the computer programs. With the aid of a light-pen and a
typewriter, the operator can supply some guidance to the programs in order
to complete the pattern recognition. It is highly desirable that the onera-
tor has access to the pattern recognition programs sitting in the memory

of the same computer which controls the CRT display.

This does not necessarily need to be the Omega computer. It is
felt that this important application might grow to a non-negligible load
of the compdter if more than one or two displays were to be used continu-
ously. Perhaps, one has to distinguish betﬁeen an initial "development
and limited production" phase where the CRT can be attached to the Omega
computer and a second "large production" phase where an independent
multi-display system would be required to satisfy the demand. Consider-
ing this possible future installation, one has to take into account the

expected decrease of prices for CRT display units.

Experience is now being gained at CERN with these grephical input/
output displays, and it is perhaps too early to foresee their future
computer implications. Nevertheless, they have to be regarded as an
important component of the Omega data=-handling system, in view of the
topological complexity of the events to be processed.
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2.5.3=-3 Load on the central computers. Although the particular
data teking and data reduction requirements of the Omega project will

be satisfied by its own computer, there will still be a large general
computing load which would be processed more efficiently by central

computing facilities. The main components of this load are:

i) stage III analysis of CERN's share of the events,
ii) sampling calculations during on-line data~taking,

iii) general computing (Monte Carlo calculations, development work,etc.).

On the basis of the assumptions made on the operation, one would have
to analyse 0.5 million film events and 1 million wire chamber events per
year. With an estimated analysis time of 3 "6600 CPU" sec/event, stage III
processing would require the equivalent of 1250 hours per year of CDC 6600
CPU,

As far as sampling calculations are concerned, if one analyses a
few per cent of all wire chamber triggers, another 300-600 hours of

CDC 6600 CPU would be needed.

The remaining load which is made up of development, experiment
preparation, etc.,, and which also includes reasonable provision for
repeated calculations and possible overflow from the Omega computer,
might account for 1000-1500 more hours. This makes a total of
2500-3500 hours/year, in other words a large fraction of the capacity
of one CDC 6600,

This figure should be seen in proportion to the expected total
CERN computer load in say 1973/74, which will be substantially higher
than it is now and which will probably be handled by a computer system
more powerful than the CDC 6000 series system used at present.
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2.6 Cost estimate

The estimates are based on interpolations or extrapolations of the
costs of existing systems, and are thus not extremely accurate. They
are based on present (1967) prices. No provision is made for contin-
gencies. (The_data-harﬂling system has been estimated éeparately.)

Experimental part:

Magnet incl. supplies MSFr. 9.6
Instrumentation ‘ 1.7

Staff 2.6

Total MSFr. 13.9

Data=handling system MSFr. 8.4

a) Experimental part
Magnet with superconducting coils:

Iron yoke (1300 t at 2.5 SFr./kg) MSFr. 3.25
Superconducting stebilized cable 1.0
Coil winding, insulation, tools 0.5
Helium container, vacuum tank, supports 0.6
Superinsulations 0.3
Vacuum pumps, valves, pipes 0.5
Power supply and controls - 0.k
Refrigerator (750 W) 1.4
Liquid=-helium container (2000 £) ' 0.15
Gas-helium storage (2000 m>) 0.15
Helium 0.1
Foundation 0.5
Measurement gear 0.25
Cryogenic tests 0.4
Compressor building (100 m®, 1000 SFr./m?) 0.1

em———

Total MSFr. 9.6
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Magnet with conventional coils:

Iron yoke MSFr.
Copper coil (75 t)

Power supply

Cooling towers

Cables, piping, etc.

Foundations

Measurement gear

Total MSFr.

' *
Instrumentation: )

Sperk chembers (100 frames)

Material MSFr. 0.1 } MSFr.
Labour , 0.3
Prisms, supporting glass plate
Camera, lenses, mirrors, supports
Electronics, pulse system
Film=developing machine
Accessories
SB=installations
Total MSFr.

*) Only optical spark chamber system included.

3.25
1.9
1.3
0.7
0.5
0.5
0.25

8.4

0.4

0.15
0.2
0.2
0.3

' o O
W =
Ut

-
~J



Staff

A large part of the work will be done by existing staff of the NP

and DD Divisions.

kets and are not taken into account in the total cost estimation.

The numbers of these staff members are given in brac-

The

numbers before the brackets represent the additional staff to be hired

for the Omega Project.

higher grades (2 10)/lower grades (< 10)

The numbers before and after the bars mean:

1969-1971
1968 1969 1970 197 man=years
Magnet system 1/2[1/21 |1/401/2] | 1/ [1/41 [1/5 [1/0] | &/450 &/5]
Instrumentation | - [1/2] [1/2[1/2] | 2/2 [1/2] |2/2 [1/2] | 5/6 [ 4/8]
Data~handling
system - [1/01 |2/2[1/11 | 3/% [2/3] |3/7 [3/3] | 8/13[ /7]
General 1/0[1/0] |1/1[1/0) | 1/1 [1/0] |1/1 [1/0] | 4/3 [ 4/0]
Totel | 2/2[4/4] |5/9(4/5] | 7/41[5/6] | 1/45[6/5] |21/37[19/20]
Totel man-years of (additionsl)staff s 21/37
Average costs per man-year :  0.044 MSFr./year
Total staff costs during construction period : 2.6 MSFr.
b) Data-handling system
Main computer + CRT MSFr. 5.0
Auxiliary computer 0.8
Electronic interfaces, links 0.1
HPD: components 0.9
construction staff 0.7
Scanning tables 0.25
Buildings:
computer and HFD-room 250 mz,
about 2000 SFr./m? 0.5
scanning room, offices, etc.,
200 n*, 750 SFr./m? 0.15

Total MSFr,

8.4
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*
¢) Rumning costs including enalysis )

Magnet, power, maintenance MSFr./year 0.5 )
(supercond. coils)

Film . 0.5

Tapes (CERN quota only) 0.2

Staff (operators, programmes, etc.) 1.5
Computer maintenance 0.6
Prescanning 0.2

Totel MSFr./year 3.5

In the case of normal conducting magnet coils, the running costs
would be higher by 1 MSFr./year.

*) The time of a central computer for the final analysis is not
included.
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3, EXPERIMENTAL PROPOSALS

3.1 Missing-mass experiment at low momentum transfer

3.1.1 Introduction

In the Omega project we can either treat the instrument as being simi-
lar to a bubble chamber (triggering whenever an intoraction occurs in the
target) or take advdntage of the triggering possibility and bias ourselves
to some .specific interaction configuration. The former possibility may
be interesting both from a rate and accuracy point of view, but with the
latter we may in addition choose an interaction configuration so as to
(a) reduce the experimental errors (though not without some bias), or
(b) trigger on a specific mass region in which one is interested (eeg. to
determine the spin-parity, decay branching ratios, and A® dependence of a

resonance without having to consider the total mass spectrum).

There are two ways in which one might reduce the errors, Congi@erdphe

reaction W-p -»> pX- and trigger on the recoil proton

| BeP oo
miPsls - R
m v '
/\‘
M

2 2 2 2 - - 0 - .
M* = nf + nf + 0l + 2mp(Ei E,) 2(B,E, PPy coS @) (1)
Sy = 55 80 = i P3P, sin © 86 | (2)
= oM Al O - ) |
GMPi = apj_ 5pi = —Pf- cos @ ﬁi(Ef mp)— 5Pi (3)
_ oM _al . , N
éMpf " 3, 8p, = —pi cos @ - B(B; + mp)_ bpp (&)
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Now since aM? = (8MZ + &M2 + oM2 ) we can choose, for a given 8p./p, of

© pi pr 5y
the primary beam (which fixes SMP_), to operate in such a condition that

i

either OM_ = 0 or SM@ = 0,

Pp .

Method e): Sy =0. FromEq. (4), 8My, = O when p; cos © -

ﬁf(Ei'+ mp) = 0. This is the same condition for the maximum angle of the
reccil proton in the lab. system as can be seen fromeq. (1) by solving

for cos © and differentiating thus

M2 - [(m;f_ + ol + m; + 2mp(B; - Ep) - 2EiEf)»]

cos @ =
2p;Pp

oy (m_ +E,)B, - p, cos®
3(cos ©) = — i f = = 0 for minimum Q§,= g 1.
9Pp P;Pp ; ap |

In this econdition we therefore operate with the recoil proton at its maximum
angle in the lab. system, and in order to achieve maximum accuracy in the
measurement of the missing mass we must measure © accurately. Clearly BMP,

» i

should, if possible, be reduced below 6MD. This is called the "Jacobian
peak method",

Method b): 8Mj = 0. From Eq. (2), &My = 0 if ® = 0. In this
case the crror on M depends only on 6Mp. That is, Pe must be measured

accurately., Clearly SMP' should be made smaller than BMPf, that is 5pi/pi
1
must be made sufficiently small.

A® consideration. Since A% = =2 mpr = =2 mp(Ef - mp) we have

that, for a given M, A® is smallest when Pp is smallest., Now since

By = YC(E* + B p* cos ©%),

then
A% = 2mpl Yc( + B p* cos @ ) mpl

and this will be the smallest for cos 0% = -1,
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Thus method (b) selects events with the smallest possible A%, which
is of interest since most A® distributions fall off exponentially with

A%, and one therefore might expect to attain larger rates with method (b).

“We have thus considered as a first study a missing-mass experiment
using method (b) (cf. Kienzle et al,, EEC proposal 10 April, 1967).

3.1.2 Experimental set-up for method (b)

The idea is to trigger the Omega on recoil protons leaving the target
at®@ <= Oo_t 12° and to seiect the protons by time-of-flight. For example,
the locus af the protons with € = 0° and pf in the range from 0.35 GeV/c
to 1.5 GeV/c with a flight time of 30 nsec is shown in Fig. 3.1.1. Pretons
with ® = +12° arrive +2 nsec before or after those with © = OO. On the
other hand, relativistic pions take ~ 20 nsec from the target to the counter.
The time spread due to protons coming from different points in the target

is ~ 1 nsec,

3.1.3 Errors on missing mass M

For the Omega the error in p, in the region of 0,35 tc 1.5 GeV/c is
limited by multiple scattering (X = 30 m), and is ~ 0.5%. Table 1 gives
the error contributions from @, Pys Pp at various incident momenta for

a t4 mrad ('4°) error in ®, 0.2% error in p;» and 0.5% error in Ppe

Table 1
® =0° ® = 8.5 e = 15°
p. | Range of M | 8M, | OM oM oM, | &M oM oM oM &M
i o Pi| Pp @ "ps| Pp| © Ps| Pp

20 3._35'-»4.96 0 | *#4.6%6.5 [x2,0 1246 | 6.5 ]| 24,0 *4.61 £6.5
11 1249 » 3,631 0 [+£3.,61%5.5 [£1.7123.61%£5.5|+3.0]%3.6] 5.0
812.12 » 3,33 0 [ *3.0]=%5,0 [*x1.5]*3.0}%5.,0|*2,5]%3.0] 5.0

L {1.48 > 1.95] 0 {x2.2 1 x4,5 jx4, 02,2 1x4,5]+2,0122.21+4.5

GeV - GeV MeV MeV MeV
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From this table it can be seen that:

a) 8p./p, should be a little less than 0.2%, say 0.1% if &M.. is to be
Pi/ Py Pi

negligible compared to GMPf;

b) © should not be increased much beyond 150 to keep SMG negligible;v
c) . incréasing Xo by a factor 2, i.e, reducing SMPf by a factorv'2

could be interesting--that is, thinner plates or wider spacing;

d) one might expect to reduce these errors by a small amount for 4-con-

straint and 1-constraint kinematic fits.

: These results may be compared to those expected by Kienzle et al, For
example, for p, = 11 GeV/c and M of about 3 GeV/c they predict &M =+ 9 MeV,
whereas with a épi/pi of 0.1% the Omega gives &M = % 5,5 MeV (unfitted events),
[Note: Kienzle et al. get same OM if they have same Spi/Pi'] :

Thus the main features of this experimental arrangement are large solid-
angle, high data rate (limited by 20 to 50 msec dead-time of camera in the
case of optical spark chambers or < 10 mséc déad-time for wire spark chambers),
nissing mass to = 6 MeV, complefe kinematic fitting of fhe éventbas in.the

bubble chamber, observation of the various decay modes of resonances.

2e1e4 Other errors and systematic effects

1) Brror in bp, due to * 0.4 om uncertainty in interaction point

in H, target., For non-reletivistic protons

2
—L
E = 2m
m
A =_AEO
P P

In liquid Hp,

& _ 0,24 MeV/om
ax - B2 '
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Ex.” For p, = O.k4 GeV/c, B = 0.4

% = 1.5 MeV/cm, giving 6pf. = +1.5 MeV/¢ for Ax = *0.4 cm.

Such an error on dp, leads to a 6pf/Pf of *0,37% which should be compared

to the +0,5% coming from multiple scattering.

2) Energy loss in Hp target and 1 mm mylar window., If target

is 20 cm long we have a momentum loss of ~ 75 MeV/c in 20 cm, and in 1 mm

mylar ~ 2 MeV/c (systemé‘tic and correctable).

3) Brror on © of recoil proton at target due to *0.L cm uncer-

tainty of point of interaction. For Pp = 0.4 GeV/e, p = 80 cm.

= Lok | 15 nrad giving Sy ~ /e 8, , therefore all right.

AG = .
s 80 P

-oll;:

4) Error on ® at production due to multiple scattering in the

Ho target and mylar window. -

o - 15§M€:V% L
= pv(MeV X °

X (Hz) = 10 m Xo(mylar) = 40 cm.
For 10 em Hp  © = £3.2 mrad
} leading to &My < A R
0.4 mm mylar © = *1,6 mrad Pp

3145 Monte Carlo computer study

In order to understand, in more detail, the problems associated with
a given experimental arrangement, we have used the data summary tapes of
the 8 GeV/c 7T+p bubble chamber experiment which contain all the relevant

information on the 4, 1, and 0 constraint events.,
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3+41.5~1 Experimental arrangement for method b): M.~ 0, In this

case the apparatus is triggered on recoil protons in the momentum range

~ 0.35 to ~ 1.5 GeV/c and emitted at small laboratory angles (6 ~ 0°) to

the incident_partiéle. The locus of the positions of protons emitted at

® = 0° and with.momenta in the above-mentioned range was determined after

they had travelled for a flight time of 30 nsec from the target (see Fig.
3.1.1). A nypothetical scintillator was placed at this locus, and the
properties of trigger studied as a function of the time gate (30 + At nsec)

and the shape of the scintillator in the z direction (L to plane of Fige 3¢141).
It is clear that At determines the angles & in the Xy plane of the accepted
protons. We found that a At'= +2 nsec accepts a A¢ = +12° about & = 0°

(see Fig. 3.1.2).

a) Accidental triggers on 7

Figure 3.1.3 shows the arrival times of protons and ﬂ+ at the scintillator
having dimensions in the z direction of * 50 em. We see that the number of
nt arriving within 30 * 2 nsec is ~ 1,5% of the protons. These 7" will give
spurious triggers. However, on measuring the events, these w+ can essentially
be 1dent1fled since it is found that the probability of the at having a
l@l < 12° is ~ 3%.. The At can be increased to tl nsec without too much 7'
contamination, but then the & accepted becomes rather too large if one

‘wishes to keep 6M® smaller than BMP .
f
b) Shape of the scintillator and the mass spectrum

If one wishes to maintain the angle of proton emission in the xz plane
(A or dip) also < 120, then the counter dimension in z must decrease as one
goes from the high momentum side to the iow momentum side (region & to B of
Fig, 3.1.1). However, this gives rise to a missing-mass spectrum which is
peaked at high masses. The reason for this is that high masses are associated
to small c.m.s. momenta (p*) of the proton, and a larger fraction of these,
than for events with higher p* (lower missing mass), are transformed into
the laboratory system with angles < 120. We thus attempted to compensate
for this effect by having a counter with z dimensions constant at t50 cm.
In this case the dip angle A reaches 25 at pe = 0.35 GeV/c and decreases
to 12° at Pp = 1.5 GeV/c. A mass spectrum for two intervals of the final
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recoil proton momentum 0.6 to1.5 GeV/c and 0.6 to 1.3 GeV/c is shown in
Fig. 3.1.4. The peak in the region of 1.3 to 1.5 GeV/c comes from the

rapid inerease in solid angle accepted in the c.m.s. for small p*.

. . + L. .
c) Confusion between proton and m arriving earlier

For the events selected by the trigger, there is a finite probability
for a ' of the same event to follow a trajectory which could have triggered
the apparatus if it had been a proton. For these events one does not know
which of the two particles actually caused the trigger, although in fact
the 7" arrived too early. The number of events where this possible con-
fusion occurs is 4%, and can be reduced by dividing the seintillator into

sections along the path of the locus,

d) Accidentals due 4o K

A study in which all the 7" were assigned the mass of the K meson
showed that the problems arising from accidental triggers due to Kf‘mesons,
and confusion between K' and proton from the same event, were similar in
magnitude to those for the ﬂ+. Since the K production is an order of

magnitude lower than the ﬂ+, the problem is one in the 0.2% region.

¥
e) N; s production

The study showed that the percentage of events having a pﬂ+ mass com-

. %
bination lying in the Ns,3(1238) region did not appreciably change, in the
. events selected by the trigger, from the 25% of all pv+ mass combinations

for the unselected events.

f) Conclusion on method (b)

It seems to be possible to trigger the apparatus by time-of-flight
and obtain a recasonable mass spectrum with a rather small contamination
and little bias coming from the need to reject ambiguous events, The trigger
rate changes according to the pion multiplicity of the channel but is of the
order 2% for recoil momenta between 0.6 and 1.5 GeV/c. Assuming a cross-
section of 1 mb and trigger efficiency of one, we would obtain ~ 7 events/

burst of 10° m's from a 10 cm H, target.
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341.5=2 Experimental arrangement to select on a given mass interval

for all A®, Once it is known that a certain region of the missing mass
spectrum is interesting, it would be useful to be able to trigger on events
lying in this region in order to study it in more detail, e.g. a specific
resonance. The locus of the protons after a flight path of 30 nsec coming
from events with a missing mass of 2.6 GeV was determined, and the arrival
times of the protons and ot crossing a scintillator placed at this locus
(with z = *50 cm) is shown in Fig. 3.1.5. In this case we see that ~ 60%
of the triggers between 30 * 2 nsec would be due to #*. On the other hand,
if we accept these triggers, nearly all could be rejected after measurement

as the ¢ distribution ef the wt and the protons do not overlap (see Fig, 3.1.6).

Figure 3.1.7 shows the mass region at about 2.6 GeV, which is chosen
by selecting the protons which arrive at the target in the time interval

30 + 2 nseec.

Thus it appears that such a trigger is possible if one accepts an
equal number of unwanted events which can be rejected cleanly after measure-

ment,

3+1.6 Comparison with the hydrogen bubble chamber

341.6-1 Missing-mass distribution of the #° in 1C fits. With a program,

the fitted quantities (p,M,9) of each track were randomized according to

the external errors of the equipment (bubble chamber or Omega). These external
errors were those needed by the "GRIND" kinematic fitting program to give

good X2 distributions for the fitted events., As a comparison, Figs. 3.1.8 a,b
show the distribution of the missing 7 mass in the reaction n'p » 7 pr'm o
for (a) the 2 metre hydrogen bubble chamber, and (b) the Omega. For the Omega,
the distribution is a factor of two narrower than for the bubble chamber
(essentially because of less multiple scattering).
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3.2 Study of baryon exchanie processes

The class of reactions generally described as baryon exchange processes
are ideally suited for study with the Omega system. They have a characteris-
tic signature, namely a forwerd nucleon at close to the beam momentum; and

their kinematics resquire the 47 geometry of the Omega for good efficiency.

3.2.1 Baryon exchange reactions. It is proposed to study processes in

which an incident pion or kaon yields a high-energy proton in a small forward
& &Y

cone, such as:

T+p->p+rmrorK+p->p+K, backwerd elastic scattering (1)
T+ p > N+, forward baryon resonance production (2)
T+p->Dp+X, . backward meson resonance production (3)

plus similar reactions with incident K mesons and backward associated production.
Some data is available on elastic scattering, but in the other processes the
unique relation of the final-state particles is lost and it is essentially
impossible to study them without a b geometry. In this sense this report
describes how the Omega system could substantially improve an experiment now

in progress at CERN,

Figure 3.2.71 gives some kinematics for backward pion gscattering and shows
the large angular range over which the scattered pion must be measured for a
reasonable cemtre-of-mass range. The cquivalent relations for Kp scattering

are similar,

Tn reactions of type (2) in which a proton results from the N* decay,
the opening angle for the proton is small and can be detected with good
efficicncy; for example, it is 2,1° for the N¥(1236) at 8 GeV/e. Class (3)
reactions require the full 4m geometry because of the low velocity of the

system X and henoe the large opening angle of its decay.

3,2,2 The layout, Figure 3.2.2 shows the configuration for studying back-
ward reactions at the Omegs magnet. Upstream from the magnet are the Cerenkov
counters and hodoscopcs nccessary to define the mass, momentum, and direction

of the incident particle.
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The baryon exchange trigger is downstream from the magnet and consists
of a large-element hodoscope as a coincidence requirement and a large-aperture
threshold Cerenkov counter to anticoincidence out all but the forward going
protons., Elements of the hodoscope would be chosen as a tri.gering require=-

ment to give the desired maximum proton angle about the zero degree line,

Spark chambers between the pole tips of the magnet fill a path one metre
wide and two metres high along the beam line. Additional spark chambers down-
stream outside the magnet improve the momentum measurement of the proton,
which is to a few tunths of a per cent. The liquid hydrogen target is mounted

far enough into the field region to permit analysis of 180° scattering,

Particles emitted into the backward hemisphere (lab. system) have a momen-
tum of less than 1 GeV/e in géneral, and a path length of 50 cm gives the
momentum resolution that is permitted by the multiple scaftering (a few per
cent)., A fence of trigger counters around the sides and back of the spark
chambers could be used to reduce the triggering rate or could be used at high
beam intensities to label the track of interest so as to distinguish.it from

accidental tracks in the chambers.

If optical chambers were ﬁsed:they could be mounted at 45° to the beam
line thus permitting all scattering angles. If wire chambers were used, a
more spedialized chaber geometry would be possible with better angular

coverage.

3.2.5 Trigger and event rates. Recent results on backward elastic scat-

tering and on some backward inelastic processes permlt reasonuble estimates
of rates, For example, at 8 GeV/c the Brookhaven-Carnegle Group *) have
meagured the total cross-section for backward elastic w p scatbering to be
1.5 ub, for the process 7 p » pp to be 1.8 ub, and for all processes in their
geometry giving~a high~energy forward proton about 100 ub, These results

are consistent with other data which show that for reactions permitted by
baryon exchange, and usually showing a backward peak, the ratios of the back-
ward to forward cross-sections range from a few hundred to a few thousand.
For other processes, the backward cross-sections are even smaller, as for
example in K p elastic scattering. These generalizations are”only approxi- -

mate, but they pormit some estimates of rates with a baryon exchange»trigger.

*) R,H, Bdelstein, private communication,
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with the configiration proposed here and a beam of 10°%7" /burst strik-
ing a 50 cm liquid hydrogen target, a Lobal interaction rate per burst of about
6000 is ex?ected. The above datas indicate that of these, at 8 GeV/c,
spprozimetely 20 could give rise to a forward proton; and of these 0.3 would
be an elastic scattering and 0.4 a backward p production. The use of the appropriate
fence counters in the Omega magnet could reduce some unwanted triggers, DBeams

of 10° pions per burst should be obtainable at the PS5 up to about 22 GeV/c.

The barvon exchange trigger alone is quite general and is better suited
£o wire chambers in which a number of processes could be studied simultaneously.
For optical chambers, additional triggering conditions should probably be

imposed.

A comparison of this proposal with an experiment noﬁ under way at CERN
to0 measure the backward elastic scattering of pions and K mesons shows an
increase in solid angle of a factor of 10 plus the momentum measurement of the
scattered particle with the Omega. It also becomes feasible t o study the

inelastic channels.,

A further refinement of +the baryon exchcnge trigger would be the detection
of a forward neutron instead of the proton. One could then do backward charge

exchange scattering and studies with a deuterium target.
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3.3 Bxperiments on leptonic hyperon dscays

JeJet Introduction

The presentu) experimental situatien of leptonic hyperon decays needs
considerable experimental clarification. A large number of experiments
carried out so far has given only rather approximate information on the
interaction rate. Only in a few cases have we indications on the form of

the interaction by measurements of decay correlations.

On the other hand, current theoretical ideas based on Cabibbo's appli-
cation of SU(B) to weak interactions appear to be quite capable of standing
up to accurate tests. Ideally, one would like to accumulate in this field
an amount of information comparable with the present information; for

instance, on neutron beta decay

n-p+e+v

for which about 10,000 events have been observed from a polarized (> 90%)

neutron beaia,

More precisely, the Cabibbo theory is able to give exact predictions
in the SU(3) limit for the absolute strength and the relative phase between
the axial vector and vector interactions in terms of the phenomenological
~ parameters F and D, A theorem due to Ademollo and Gafto ensures that, to
the first order, the vector part is unaffected by the symmetry-breaking
interaotions.» Quite accurate tests of the theory are therefore possible on

the veotor part of the weak coﬁpling.

We 1list in Table 1 the main loptonie.hypceron decay processes and the
presently -mcasured branching ratios [Brene, Veje, Roos and Cronstrim,
Phys. Rev. 149, 1288 (1966)].

.

*)  Of course, it is not known how many of the present questions on
hyperon decay would still bc open at the time of operation of
the Omecga project.
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Table 1

Leptonio Jyperon decays

Process , Branching ratio

A = pev (0.88+ 0,08) x 10~

A »pp v ] (1.35%0,6 ) x 107

" > ne v (1.28% 0.16) x 10™°

2 -y (0.,62% 0,12) x 10~

5% > ne™y Forbidden by AQ = AS rule

5t s nu+v } Two pos.?ible canc_lidates detected
(Columbia and Heidelberg)

57 > Aev (0,75+ 0,28) x 10~

2 > Aov (0.13% 0,13) x 107

2 > Ae v Only two events obscrved (questionable?)

= Ny Not observed

g > 3teTy Not observed

A E+y_v Not cbserved

' ' \ + +
A particularly interesting decay is the strangeness conserving I~ - A°e™v ’
- which is predicted‘by Conserved Vector Current Theory to be only of the axial

vector type.

From the peoint of view of the determination of the form of the inter-
action, it is required to measure for cach decay the polarization of at least
onc of the hadrons in order to be sensitive to terms of the form 8y * Bys the
correlations between momenta being sensitive only to terms of the form gz

and g2 (Vicinberg)., Therefore polarization measurements are very cssential.
v _
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3e3¢2 Expeorimental technigues

Until now the bulk of the information, apart from a few exporiménts,

has been obtained from bubble chamber work.

There arc two possible ways of searching for leptonic decays in a

bubblc chambor:

a)

b)

In an Hp bubble chamber, by mcasuring all decays and identifying
leptonic decays by lack of fit to the more likely (two-body) non-
leptonic decay mode, About 10° - 10* ovents nced reconstruotlon

to yicld onc good leptonic count.

~In a heavy-liquid bubble chamber, by recognizing eleotrons from

the characteristic radiative losscs, No information is availablc
from production vertex (complox nucleusl) and multiple solutions

are cncountered in the fit. Furthormorc, the polarization of the
hyperon is unknown.

The Omega project, being a somewhat intermediate instrument between the

bubble chamber and a counter arrangemont, appears as an interesting detec-
tor in this field because of the possibility of triggering and the much
higher incident flux of particles accepted. More precisely:

2)

The leptonic (muons and electrons) decays can be readily identified

by a throshold gas Cerenkov counter or by penetration of a thick
shicld, Recently, scveral oxperimental groups in CERN and elsowhere
have opcrated threshold gas écronkov counters of atmospheric presswre
capable of angular acceptances up to some 50 degrees in a variety of
shapes and dimensions. The clectron detector officiency is-esantially
‘complete, while the rejection against particles below threshold can be
as good as a few parts in 10°° *). This clcar identification of olec-

trons is possible with the required rcjoction of non-lcptonic decays.

*) We arc grateful to Dr., V. Socrgel for the illuminating discussions on’

this point.,
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h) The high incident flux accepted and clectronic beam particle
identification arc such as to permit setting up the Omega-sped—
trometer in an hyperon beam produccd outside the detcetor, As
we shall scc, this would provide an intense source of hyperons
of wcll-known dircction and momentum. Alternatively, hyperons
could be produced by a high-flux K becam incident on a hydrogen

target located inside the dector.

6) The common charactoristic of all decays listed in Table 1 is
that hadrons at high cnorgies are kinematically constrained to
carry away thc largest fraction (~ 90% on average) of tho kinctic
cnergy of the incident particle, and they are emitted in a narrow
conc in the direction of the incident hypcron, For instance, in
the decay & = A° v for Py~ = 18 GoV/e, the maximum cmission
anglc for tho A° is about 0,24° and the momenta lay in the interval
1548 GoV/c < p, < 18,0 GeV/c.

It is possible to construct rcasonably small and officicnt dotestors
to determine the dircetion of neutrons cmitted in decays such as & - nev,
3 - nuv, Protons cmittcd in decays such as A = 7p can bo rocognizod‘by
threshold Serenkov counters.

The above-mentioned points make of the Omega spectrometer a much more
effective instrument than a bubble chamber in searching for hyperon f-decays.
On the other hand, the accuracy in momentum and angle measurement being here
quite comparable to the ones of a hydrogen bubble chamber, a very precise
and complete event reconstruction is expected in general. However, the
fact that the spark chambers give a signal every two centimetres of track
length in the beam direction, requires that the decay path of the particles
involved be larger than several centimetres. Thus high~energy beams are in

general preferable,

3.3.3 Negative hyperon beam

We shall try to estimate hyperon fluxes for proton collisions at 24 GeV/c
on a thick target. We shall assume a 3 metre beam path embedded in heavy
shielding to prevent background from the proton beam. The return yoke of
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the Omega magnet would probably constitutc the major part of this shicld.
Suitable magnetic analysis selects a negative bcam of about 18 GeV/c.
The cxperimental information on hyperon production in p-p collision is
limited to the case of £, and it comes from a BNL bubble chamber cxperi-
mentm .

In an cxposure of 180 km of proton tracks at 28.5 GeV/b, 15 %~ cvents

werc obscrvod. Assuming forward-backward sympetry in the production from

proton—p;y&on collision and a transversc momentum, Prp distribution of the

form o + with p) = 0,25 GeV/b, these authors cstimate that on hydrogen:
dNﬁ‘ ‘ - -1 -1 ' =1
FE (0°, py- = 19.0 GeV/e) = 0,054 &, sr  GeV/e ' int,.p

with an e¢stimatced error of about a factor of 2. This flux is about a fac-

tor of 5 smallcr than the negative pion flux at the same cnergics.

Completely arbitrarily we shall apply the "thumb rule" of reducing
the yicld by a factor of 10® at cach additional strangeness unit of the
emittcd hyperon, This gives thco following guesscs:

i,

T (00 3 5% 107 = sr ' GeV/e™' int.p!

19.0 GeV/c)

-
——t °
i (0° Po-

19.0 GeV/e) 5x107°07 sr ' GeV/e™' int.p™!

-

A considerable loss is expected because of decays in flight, After a
3 metre path, for a momentum of 19,0 GoV/c the expected yields are as follows:

Pafticle Yicld at target Yield at 3 m
GV ' sr ' int! GeV ' sr ' int
5" 5x 107" 9. x10*
T 5% 107 8.2 x107°
Q" 5x10™° 1.75%x 10"

#) A. Thorndike et al. BNL. We are grateful to Dr. J. Sandweiss for
providing us with this piece of information, and for many discussions
on the subject. =
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Assuming Ap = 1 GeV/c, l\Tp = 5x101°, 0 = ‘IO“4

sr, we get at 3 metres from
target ' '

_ 7 B - Q : T _
4500/pulse 40/pulse 0,08/pulse 1.2x 10° /pulse

These fluxes are quite adequate for several interesting experiments.

Particle identification in the incoming beam could be obtailned with a
difforential Cerenkov counter DISC#). However a rather complicated beam
transport with superconducting lens~elements is roquired to mateh the accept-
ance of the DISC with the emittance of the beam, More conservatively, a
threshold gas Serenkov veto-counter could be used to reject the bulk of fast
particles (1r—, K-), and hyperons could be further identified by the decay

configuration and kincmatics.

3.3.4 The decays of O particle

Fourtecn Q—-hyperon decays arc kmown so far, The possible decay modes
calculated as well as possible on the basis of SU(3) by Glashow [Physics
Lettors 10, 14k (1964)] are listed in Table 2 below:

Iable 2
povay mods | (2056Y oty | reohing
= 178 3945
ol 86 19.1
A 9% 20.9
I°K" 2.4 0.6
R, 0.8 0.2
e 38 A
500 22 19
(Bmm) not res. 1 0.2
e v 18 4,0
=uTv 12 2.7
=0 %™y 2. Oult
TR 041 0,02

#) R, Nounicr has designed one of such counters for thc present type of investi-
gation. Ve arc grateful to Dr. kounier for stimulating and interesting
remarks on the subject. '
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There is a considerablc intercst in detecting the two-body decay APK—,
which could permit a convenient spin determination., Furthermore, it must
be remarkcd that the leptonic decay rates are now predicted to be ~ L% of
all docays, and thereforc it is probablc that these decay channels would be

acoessiblec as well,

34345 Experimental arrangemonts with negative hyperon boams

Bvery potential exporiment would roquire its specific triggering logie.

However, a number of remarks can be mado:

i) The triggcring could make use of the following points:

a) the incidont particle is slow, or has a given velocity
if DISC is provided;

B) there are a number of decay products coming from a

regién with 1little or no mateorial;

6) in case of leptonic, electron, or muon decays, the

nature of lepton is identified;

d) the last stable baryon is emitted with forward cone

and identified by a neutron or proton detector.

ii). The polarization of the incoming hypcron would most likely be zero,

Thercfoxre non-lcptonic decay processes arc the main polarization

analyscrs. In particular, the decays
£ -7
oo A
o ,n,oAc

Pt
0
L

have large and well-knowm spin correlation cooffioiénts.
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FURTHER DEVELOPMENTS

4,1 Wire chambers

Wire chembers which could work and be read out inside the Omega
magnet would offer the following advantages;

i) on-line control of the experiment;

ii) higher speed of data taking; the read-out time would be of the

order of b5 msec for 3 x 10° wires;

iii) no need for a hole in the magnet pole. This means a 10% higher
field strength.

The requirements on a wire chamber system are
i) momentum resolution comparable to that of optical chambers.

3i) reelisbility of the chamber and the read-out system operating in the
magnetic field comparable to that of optical chembers.

4.1.1 Momentum resolution of wire chambers

As for optical chambers, one has to consider the errors in the momen-
tum determination due to multiple scattering and due to the limited
accuracy of position measurement. For a comparison with optical chambers
it will be assumed that the number of chamber gaps is equal in both

cases.

The radiation length of a wire chamber system —- made of 67 planes
per metre consisting of 10 copper wires per cm, 100 p diameter -- is
23 metres*), compared with L4 metres for the conventional 25 p aluminium-

plate chambers.

Bither thinner copper wires or aluminium wires can be used to inc=

rease the radiation length. The corresponding velues are:

100 m
for 60 p copper wires : o= 55m.

for 100 ¢ aluminium wires : Lo

Thus the radiation lengths of low density wire chambers are com-
parsble with those of 10 p eluminium plate chambers (Lo = 86 m). In
both cases the lifetime of the wires and the reliability of operation
have to be investigated (60 p copper-wire chambers are already in use).

*) Chamber gas and seven 0.1 mm mylar foils per meter are included.
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The track position determination in wire chambers is not as accurate
as in optical chambers. The best resolutions obtained so far in large
wire chambers (1 mm wire spacing) are *0.3 mm for core read-out as well
as for magnetostrictive read-out. This has to be compared with *0.2 mm
for optical chambers. For high momentum particles, the reduced resolu-
tion could probably be compensated by measuring the tracks over larger
lengths, that is to say further down to the fringing-field region of the
magnet, which is not possible with optical chambers.

4.1.2 Read-out of wire chambers in a magnetic field

- The commonly used core and magnetostrictive read-out techniques are
not very well suited to operate in a strong magnetic field; they need
special provisions in that case, Different hon—magnetic read-out tech=
niques are being discussed and have been partly tested. For tnese, one
should require the same resolution as that obtained by conventional wire
chambers outside a magnetic field. To get from each spark a two-dimensional
position information (as one can with optical chambers), one has to read
both the grounded and the pulsed plane. Otherwise the momentum resolution

is reduced,

Up to now,measurements of wire chamber resolution have been performed
only outside a magnetic field end for tracks nearly perpendicular to the
wire planes. For a general spark chamber arrangement inside a magnetic
field, larger anglés between soue tracks and the normal to the planes
cannot be avoided. Thus, for any wire chamber system,the dependence of
the measurement accuracy on the track angle should be investigated. This
dependence has been measured for optical chambers but it may be different

for wire chamber systems.

To avoid ambiguities of the spark positions in wire chamber
systems planes of wires stretched in three different directions should

be used.

4.1.3 Core read-out -

Read-out by means of ferrite cores is most commonly used for cham=

bers that are outside a magnet. In magnetic fields of more than some
50 or 100 gauss cores fail to operate. Thus for chambers inside a mag-

net, the core boxes would have to be placed outside the field region
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and 300,000 connecting peirs of wires for 200 wire planes of 1.5 m width
would be necessary. In spite of the fact that these connections could be
made quite economically by means of multiwire strips and miniaturized
plugs, many problems wbuld have to be solved such as avoidance of cross=
talk and induction of core-flipping currents by the high~voltage pulse.
In particular, the read-out of the pulsed planes, which is already
difficult for normal core read=—out chambers, becomes a serious problem

in a system having long connections between chamber wires and cores.

L.1.4 Magnetostrictive read-out

The magnetostrictive read-out technique is being used increasingly
for wire chambers outside a magnet. At one end of each plane, the
chamber wires are crossed by a read-out wire made of ferromagnetic
material. The spark current flowing in the chamber wire produces a
magnetic field pulse in the direction of the read-out wire. The magneto=-
strictive effect generates a longitudinal sound-wave, which runs along
the wire and can be detected as a voltage pulse in a coil surrounding
the read-out wire at its end. A permanent axial magnetic field has to be

applied to the wire at the position of the detection coil.

The generation of the sound waves still works in high external
magnetic fields (up to 20 kG) as long as the direction of the field is
everywhere very nearly perperdicular to the wire. This cannot be realized
in rather inhomogeneous fields. In that case the field has to be
screened down to the order of one kilogauss, and the wire has to be
tilted in such a manner that the field component along the magneto-
strictive wire does not change sign. Otherwise insensitive transition

- regions would occur.

The detection coil can easily be screened against the externsl
field. The detected signals have to be digitized by means of a set of
scalers and a clock measuring the delay of the signals with respect to
the HV pulse applied to the chambers. Since the éignal propagation time
in a 1.5 m long wire is about 0.3 msec, it is possible to connect about

*
20 read~-out wires in series using one set of scalers /.

*) G. Brautti, CERN 66~30.
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4.1.5 Non-magnetic read-out techniques

It is obvious that read=out systems avoiding magnetic materials
are preferasble for chambers working in a strong magnetic field. The most
important techniques being developed are the "sparkostrictive chamber" -

and the capacitive storage.

8) "Sparkostrictive chamber"

It is known that a spark hitting a wire produces in it a longitudi-
nal shock-wave. This signal can be detected by means of a piezoelsctric
crystel attached to the wire* . In test systems the amplified voltage
signal had a width of sbout 0.5 pses. The idea is to produce secordary
sparks from the sparking chamber wires to a crossing resd-out wire.

A fine-meshed fibre-glass cloth keeps the distance between read-cut wire
and chamber wire constant. This method can perhaps be improved so as

to increase the resolution. The detector is very sensitive, so that the
spark current can be reduced to zbout 3 p Coulombs per spark. With these
currents, the lifetime of the wires is limited to some 10°® sparks per
chember wire. The other properties of this system are similar to those

of magnetostrictive chambers.

b) Capacitive storage and electronic read-out

In this case part of the spark charge is stored in a capacitor
connected to the sparking wire. For each chamber wire one needs a
storing capacitor amd an electronic read-out circuit which gives the
information to the output when a read pulse is fed in. These read=-out
circuits could be manufactured in the form of integrated units, each
containing a couple of these circuits., First tests are being run using
lumped circuits directly coupled to the chamber wires and hence reading
only the grounded planes. To read also the pulsed plane, inductive
coupling to the wires would have to be used. The advantage of this
system is that it gives directly digitized information on the spark
positions, as in the case of core read-out.

*) R. Grove, L. Keufman and V. Perez~Mendez, UCRL~18003.
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k1.6 Conclusions

While optical spark chambers could be built directly for the use of
Omega experiments, wire chamber systems still need development work.
Very likely the associated problems will be solved during the construc-
tion time of the Omega magnet., Therefore all provisions for wire chamber
operation at the Omega should be taken. Wire chamber systems allow
extremely high data=taking speed and are therefore especially suited for
experiments with high trigger rates, | '



- 101 =

4.2 Possible use of a polarized proton

target in the Omega magnet

The main characteristics of a dynamic polarized proton target are:

-

the
its
its
the
its
the
the
the

and the maximum proton polarization Pn’

samplé X,

hydrogen density dH’

contamination by bound protons n(p# H)/n(H),

magnetic field H,

inhomogeneity AH/H,

operating temperature T,

microwave frequency F,
target length L,

The table summarizes these values for (i) the present CERN targets,

and (ii) the best results so far achieved in organic compounds.

/.
X & ) H g T F L P PndH2
(g/em’) (ke) (°x) |(GHz) |(m) |(%)
(1) LMN 0.07 15 18,5 10-4 1 70 L5 70 1
(i) Ethanol 0.4 3.3 25 |5 x 10~ 1 70 (45)*) 35 0.7

*) Measurements have been limited to L = 15 mm, but 45 mm should be feasible,
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For experiments with a full kinematic separation between scattering
events occurring on free protons and on bound protons it is possible that
the statistical accuracy is proportional to P dH this quantity is given in
atbitrary units in the table. Although in this respect organic targets
are not yet as good as IMN targets, we feel confident that by the time the
Omege project is achieved this situation will have changed. We thus
suggest that the parameters defined for ethanol should be used with a
possible stronger requirement on the field homogeneity.

As it is unlikely that the field of the Omega magnet in the position
where the target will be located will have the required value and homo-

| geneity, a special set of coils will have to be designed to correct the

field shape and to increase locally the field strength. In this way it

will also be possible to adjust independently the polarized target field

and the field in the main volume of the Omega magnet.
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4.3 Separated beams

Beams for electronics experiments - that need a high duty cycle -
have so far been separated electrostatically. The efficiency of an
electrostatic separator, however, decreases rapidly shove ~ 5 GeV/c.
RF separators can achieve separation at higher momenta, but roéh—temperature
cavities would need excessive amounts of RF power for the duty cycle
used in counter beams, Moreover, the flux of minority particles could
not have been substantially enhanced by placing an RF separator into
a normal secondary beam from an internal target. A large gain in the
intensity of the wanted minority particles would require a beam'intensity
much higher than that now available from an internal target.

This situation may have changed by 1971 for the following reasons:
= higher internal proton intemsity in the improved PS,
- higher flux in a secondary beam from an external target,

- possibility of a high duty cycle by superconducting RF separator

cavities.,

Because of radiation problems, the PS intensity seems to be limited around
3 x 10'? protons/sec; we assume 5 x 10'2 protons/burst for a PS cycle of
17 sec. The superconductive separator is supposed to have adequate :
acceptance and separation power up to the highest energies considered E

here.

The numerical values for the gain in useful particles are derived.

from assumptions that are listed below:

PS intensity at 23.1 GeV/c 5% 10%? p/burst N

Target sharing ' 50% N
Target efficiency 30% 'N:
Beam solid angle 1074 sr N

Momentum bite Ap/p + 1% N
Note: The separator is assumed

to be matched to this beam

Beam length without separator , L =80 m -

Additional beam length introduced | - L
by separator Lo =50m E

Acceptable flux at Omega 2 x 10° p/burst D
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The beam intensities and the gain in useful particles by a separator

are shown in Table Le3e1.

Since here we assume conditions where the detector is always satu-
+ -~
rated by the unsepared beam, and since we are considering K~ and p that
are a small minority, the changes in gain can be simply related to the

factors by which the assumptions are changed:

factors N |

factor D E,

factor multiplying gain =

where N and D refer to the last column in the list of assumptions, and

£ZL:—£5> for K;, E = 1 for p,

E = exp AR

L. being the assumed additional length of the separated beam in metres

and p the beam momentum in GeV/c. The data for the fluxes are taken from
*

a report by B. Jordan ), with some extrapolations. A beryllium target

is used.

Table 4e3.1

Comparison of negative separated and unseparated beams .

GeV/c 6

Béam momentum 8 10 12 1
. - S
Particles/burst T 85 85 62 k3 28 x 105
emittod into beam X | %7 3.2 1.9 0.99 - 0.46 x 10
B 0.61 0eli0 0.20 0.058 |0.0084 x 10°
Corrected for _
decay in 80 m K 0.79 0.83 0.66 0ol 0.21 x 10°
beam length
_ m_ {2 x 10° |2 x 10° |2 x 10° |2 x 10° 2 x 10°
i;g:lgiZ:égugzzm K | 1850 | 2000 | 2100 | 4800 1500
p D 14,00 960 640 300 90
Particles/burst K | 8700 | 12000 | 11000 | 7750 4450
separated beam P 20000 13000 6000 1900 280
K | L7 6 5.3 Le3 3
GAIN = * *
P 14 13 9.4 6e3 3.1

*) B. Jordan, CERN 65-1L (1965).
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Table 4e3.2

Comparison of positive separated and unsepa'rated beams

]
GeV/c
Beam momentum 6 8 10 12 14
Particles/burst  a 17 19 17 12 6.5 x 10°
emitted into beam K | 1.54 148 1.5 0.90 0.38 x 10° -
0 degrees P 9.9 23 3L 76 145 x 10°
Particles/burst vrj: 2.8 1.3 0.47 0.11 0.022 x 10°
emitted into beam K 0e42 0.21 0.069 0.017 | 0.003% x 10°
5.7 degrees P 3.6 342 241 1.0 0.32 x 10°
+ 5
T 86 57 36 19 13 x 10
gnéegzrj:(:: beam, L+ | 55 2.4 1.9 1.2 0.95 x 10
ol °°8 p | 112 141 162 180 186 x 10
Separated beam + . .
0 degrees K 26 62 81 oL 33 x 10
GAIN ' 12 26 43 53 35
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