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INTRODUCTION

The desirability of a large acceptance spectrometer, roughly a cubic metre
or so of fairly uniform magnetic field with wire chambers and counters, arises
from interest in certain rare events and weak effects which can be rendered visible
only by the combination of large solid angle and momentum bite with good momentum
and angle resolution. In effect, the proposed spectrometer is a common solution
to several independent problems. The determination of the form factor from
Tp > aen by the observation of wide—angle pairs (large invariant mass) has the
same practical requirements as the observation o¢f the rare decay 70 +.e+e-; indeed,
the former is the principal background for the latter. Apart from e'e” pairs,
there are several other proposed experiments for which the physics has little re—
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lation, but the technique is quite similar; e.g. a measurement of the T
- 0 0 + . ] 3
by m p + m’ny 1p > T n, that is successive charge exchange scattering and detec-
. + . . .
tion of the m , requires just the same apparatus as pion double charge exchange
on a nucleus. Similarly, low energy muon scattering and low energy pion scatter-
ing require very similar experimental arrangements. The practicality of several

experiments with a large magnet at the SC is discussed elsewhere in this proposal,

Several features of the SC militate in favour of a large acceptance spectro-
meter:

a) It is expected that all of the best secondary beams will be made from the
external proton beam for high extraction efficiency, and it is possible to
deliver these secondary beams to ome position in the Protonm Hall, i.e. a
fixed emplacement for a heavy magnet is acceptable.

b) A duty cycle as high as 807 is expected for the SC extracted beam and, as
almost all interesting experiments have low rates and high backgrounds, duty
cycle will oftenr be a decisive factor,

¢) The SC beam can be stacked and delivered with a time structure apprepriate

to muon decay experiments, a facility which is not available from cw machines,

The combination of the peculiarities.of the S8C and the large acceptance of
the spectrometer proposed will offer a unique opportumity to do certain difficult
but basic measurements, even when beam intensities elsewhere become superior to
the SC. LAMPF have chosen to comstruct very high resolution spectrometers (EPICS,
HRS), and SIN a more moderate, but still good, resolution spectrometer of higher
acceptance, Neither has known plans for a large-acceptance low-resolution
(circa 1%) spectrometer of the type proposed here, apart from a pair spectrometer

for external y-conversion which is a much more limited device.

The direct cost of this project, excluding work done at home institutions,
is estimated at Sw,Fr, 876,000, The spectrometer could be ready for experimental

work by the summer of 1976.



TECHNOLOGY

2,1 Magnet and power supply

The economics of this spectrometer project is heavily dependent on obtaining
the use of an old bubble chamber magnet at Rutherford Laboratory known as the M1l,

and of a power supply at CERN.

A power supply designed for 2000 A at 500 V has been offered by the MSC
Divigion and it is thought that it may be possible teo take up to 2200 A at a lower
voltage. The power comsumption in the existing coils of the M1l would be a

maximum of 250 kW or possibly 300 kW (for 2200 A).

The M1l magnet is illustrated in Fig, 1 in a form slightly modified from that
in which it now exists. Over-all the magnet is roughly a cube of side 3 m, weight
185 t, with poles 186 cm long by 97 com wide, As illustrated in Fig. 1 with 12
coils and a 22 cm spacer in the side of the yoke the gap between the sets of coils
is 85 cm, It is estimated that a current of 2100 % 100 A will give a field of
about 10 kG at the mid-point, if the gap between the poles is also 85 cm, This
field should be sufficient for the experiments contemplated at the 5C, (A particle
of 300 MeV/c bends on a 1 m radius in a field of 10 kG,) The field of 10 kG is
limited by the power supply available, not by the coils which could take up to
8000 A giving a central field of about 20 kG.

The existing pole pieces of the M1l magnet were designed for a bubble chamber
and are mnot at all suitable for a spectrometer, New pele pieces are required and
it is expected that, with modest shimming, 2 field distributicn can be obtained
that deviates from the central value by less than 10Z over a volume at least 80 cm
wide X 75 cm high % 150 em long. It is hoped to design the magnet poles using
the computer program GFUN at the Rutherford Laboratory. The cost involved depends

on whether new steel is purchased, or whether 'Liverpool' steel could be re-used,

Two other mechanical modifications of the magnet are considered to be very
desirable. At present the upper set of coils, weighing 12 t, is supported by
jacks resting on the lower set of coils. It ig proposed te replace the jacks by
brackets fixed to the sides of the yoke and tie bars to the roof of the yoke, the
tie bars running in the space (about 5 cm) between the coils and the side of the
upper pole. In this way, a great deal of space adjacent to the field region is
made available for scintillation counter light-guides and cabling, Access to this
space can be improved by separating the two blocks that form the side of the yoke
to make a slot about 60 cm wide as shown in Fig. 1. This gap also provides a
means by which the unspent beam can leave the magnet without hitting the yoke,
after passing through the target, As it is not proposed to put any holes through
the pole pieces these slots (one on each side) will be the principal access for

cryogenic targets, etc,



2.2 Magnet box

Good momentum resolution requires the measurement of track coordinates by
wire and drift chambers to an accuracy of 1 mm or better., Evidently, the chambers
must be fixed in known positions to a higher accuracy which for design purposes is
taken as 0.1 mm. The solution proposed is a strutted framework of box section
stainless steel with something like the form illustrated in Fig, 2. Within the
magnet the framework will be clamped to rails fixed to the sides of the yoke
{see Fig. 1) and located with pins, but the framework will be removable by rolling
it onto a duplicate set of rails fixed to the floor, It should thus be possible
to mount chambers, counters, etc,, on the framework with free access fér accurate
measurement and to be confident that the positions relative to the framework will
be retained inside the magnet. In effect, the framework will provide the base of
the coordinate system with respect to which z2ll measurements, including the survey

of the magnetic field, must be made.

The "duplicate set of rails" is not quite trivial as the accuracy must be no
worse than the 0.1 mm specified; it will occupy a floor area of about 2 m x 3 m,
plus access from all sides., In additionm, it might be convenient if some beam
could be delivered to the chambers and counters for tests after they are mounted

and cabled, but before they disappear into the magnet,

The framework of Fig, 2 must be enclosed with panels to form a container for
helium gas which is essential to reduce multiple scattering. It is no longer

)

1 .
proposed to use pressures less than one atmosphere for the helium or for the
chamber gas, as the forces on the magnet box are too large; thus the panels can be
quite light and simple, Some of the panels will be required for cables and light

guides via hermetic seals.

2.3 The site for Omicrom

The proposed position of Omicron in the Proton Hall opposite pipe 'B' is shown
in Fig., 3, The figure also demonstrates how various beams might be laid out to
feed Omicron, at the same time allowing the use of the remainder of the Proton
Hail for other experiments. With the magnet in this position, beams of pioms,
muons, protons and neutrons are all available as projectiles, but since there may
be some advantage in moving Omicron further towards the north wall of the Proton
Hall, the position shown in Fig. 3 is not completely definitive, Furthermore,
the space requirements are somewhat larger than indicated there, since there will
need to be rails beside the magnet on which the magnet box can be placed when it
is being fitted with counters, etc., and when the alignment is made prior to
pushing the magnet box into the magnet; such a table will occupy roughly Z2m X 3 m

somewhere behind or to one side of the magnet,
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At the SC, the beam height is 1,25 m above floor level and, in order to put
the magnet centre at this height, the magnet must be put into a pit. The cost of
such a pit is determined by its diameter and by its position in the Proton Hall,
since the amount of reinforcing necessary te catrry a load of 200 t is less as the
north wall of the Hall is approached, In the interest of economy it was decided
that there was not a sufficiently strong reason to have both rotational and trans-
lational freedom for the magnet in its pit, and consequently it is proposed that T
the magnet should be placed in a pit of diameter 4,8 m, which will allow rotation

about a vertical axis, but no translationm, : o

The magnet will be assembled to produce a vertical magmetic field (see Fig, 1)
and it will be mounted on a slewing ring (taper rollers) capable of rotation to
any angle about a vertical axis, There will be a precision in the horizontal
plane of better than 0.1 mm as the magnet rotates, consistent with the over-all .
positional accuracy in the magnet box itself. The desired beams may then be fed
into Omicron by a suitable choice of the angle of the magnet, and the position of

the beam transport elements on the floor of the Proton Hall,

At some future date a scheme will have to be worked out to enable the eivil
engineering work and the magnet construction to be carried out in the Proton Hall

without interfering too much with the normal experimental use of the hall,
2.4 Beams
Details of the secondary beams expected at the SC have been given by
) and Cox et al.s), and estimates of likely beam intensities at
1)

an Omicron position in the Proton Hall have been made by Tapper *. Work is con-

Allardyce et al.2

tinuing on the caleculation of heams for Omicron, both on their intensities and on
their properties (beam size, Ap/p). However, it is already clear that with
Omicron sited as proposed, beams of neutrons, protons, muons and pions cculd be .

used.

Protons are an often embarrassing part of any T beanm produced at the SC,
indeed being often 5 to 10 times more intense for a given momentum, Thus for
protonms up to v 100 MeV there should be abundant fluxes in the Proton Hall,
Higher energy protons may also be produced, by scattering from targets placed
inside the bending magnet in the SC Hzll; however, this has not yet been fully
investigated. (The full energy proton beam cannot be taken to the Proton Hall

for radiation safety reasons),

A neutron beam will be available via pipe 'B', using a deuterium target and
the D(p,n)2p reaction at 0°, The flux of neutrons is expected to be 3 X 107 /sec
for the full energy of 595 MeV (assuming a 5 LA extracted proton beam from the

8C}.
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It seems, however, that by far the most interest for Omicron attaches te
pion and muon beams, at least in the first stages of the project., Some represen-
tative pion fluxes are given in Table 1, where it will be seen that typically

- +.
m fluxes are a factor of 4 or 5 lower than 7 £luxes,

Table 1
Pogsible beams
Momentum
Particle (MeV/c) Target in SC Hall Flux at Omicron
P 400 10 em C v 5 x 10°
1200 10 em liquid D; ~ 107

* 480 10 em liguid D, 5 x 10°
400 10 cm C 1.5 x 108
300 10 em C 1,5 x 10°
200 10 em C 4 x 107
150 10 em € 2 x 10°

Plus degrader in Proton Hall
" 400 10 cm Be 2 x 107
300 10 cm Be 4 x 107
200 10 cm Be 1,2 x 107
150 10 cm Be 5 x 10°

_ Plus degrader in Proton Hall
u 400 ‘10 em¢C 4 x 107
150 10 cm C 1,5 x 107

Plus degrader in Proton Hall
u 400 10 cm Be 5 x 108
150 10 cn Be 7 x 10°

Plus degrader in Proton Hall

Notes: Numbers caleculated assuming an extracted proton beam from SC of 5 pA,
Duty cycle for Protonm Hall v 80Z.
Degrading done by Be degrader from 200 MeV/e,
Momentum spreads typically Ap/p = 7%,
The momentum range available is from about 150 to 500 MeV/ec, with most flux be-
tween 200 and 400 MeV/c, Typically a pion beam of 400 MeV/c contains about 257
muons of the same momentum, the fraction increasing towards lower momenta. Thus
experiments could switch from 7 to U by changing the trigger with, for example,

a DISC Eerenkov counter in the beam,

There {s also considerable interest in very low energy or stopping pions
and muons, It is proposed to obtain the low-energy pion beam by transporting
the pions at 200 MeV/c or 300 MeV/c from the production target inte the Proton
Hall, and there to do particle identification followed by degrading in a beryllium
degrader, This will cause an enlargement of the beam by multiple scattering,
and a2 loss of flux by nuclear interactions, However, the resulting beam is still
acceptable for Omicron, especially if some prior cleaning is done with a bending

magnet just before the main magnet,
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Low-energy muons may also be obtained in the above way, but in this case there
is no loss of intensity due to nuclear interactions, Until the result of calcula=-
tion becomes known, it is not yet obvious whether the best low—energy muon beam
would be obtained this way, or by transporting the pions at lower momenta allowing
more time for decay. In any case, it is clear that a heam degraded from, say,
200 MeV/c by 10 cm of beryllium will increase in area by some 7 em® and in diver-—
gence by some 22 msrj this is by no means disastrous, In the case of pions, there IR

is about B80Z less by nuclear interactions,

2.5 Wire chambers

In order fully to utilize the potential of Umicrom with the intense beams of

fairly low energy expected at the SC, the detection devices should

1) Thave good spatial resolution
ii} have minimum material in the beam, to minimize multiple scattering .

iii) be able to stand intense beams, with good resolving times,

For a spectrometer of the Omicron type, the direction and momentum of the
incoming particle is measured together with the directions and momenta of all out-
going charged particles, and the detectors must he arranged in the magnet such

that this can be achieved (see, for example, Figs. 4 and 5).

Such considerations imply the use of multiwire proportional counters (MWPC)
with spatial resclutions of typically 1-2 mm, or drift chambers with spatial

resolution typically 100 um whenever the fluxes are sufficiently low,

2,5.1 MWPC for the entrance channel

In order to determine the momentum of a particle in a homogensous magnetic
field, one must measure at least three horizontal (X) and two vertical (Y)
coordinates at various points along the trajectory. (N.B, The X coordinates .
come from vertical wires, the Y from horizontal wires if the magnetic field is
vertical), However, due to spurious pulses in the MWPCs, or when two particles
arrive together, this minimum set of measurements gives rise to ambiguities,
These can be eliminated by inserting more planes of wires, causing some redundancy -
of information. The arrangement suggested for the incident particles in Cmicron
is to use four chambers giving a total of 4X, 3Y and 2U {i.e., inclined)} coordinates v
for each track; this then also allows Teconstruction of the incident momentum

even if one or more planes did not fire for any reason.

Unfortunately the inclusion of more chambers means that the wmultiple scatter-—
ing is increased. The arrangement of planes is shown below, where the critical

second and third chambers are kept to a minimum thickness,
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c2
X7, J planes

Cl ){,7 Planes

X P]ane_ o“l\s

bearn X%V planes

The specification for the MWPCs is as follows:
Area: 10 em x 10 cm

Sense wireg: 10 pm gold-plated tungsten

Sense wire spacing: 1 mm

Sense wire plane/cathode plané gap: 4 mm

Cathode wires: 50 um aluminium or beryllium copper, perpendicular to the
sense wires '

Cathode wire spacing: 1 mm
Windows: 10 um mylar
Cathode plane/window gap: 2 mm

Gas filling: 1 atmosphere 'magic’ gas, or argon/CO,/ether,

The chambers specified here have their dimensions scaled from conventional
2 mm spacing chambers; the 1 mm spacing should not give problems on the rather
small size of 10 em % 10 ¢m required for Omicron, It is proposed to use 1 atm
of gas in the chambers; in previous Omicron reports it was stated that Y% or ¥ atm
would be used, This, however, poses enormous structural problems for the magnet
box design, as mentioned earlier, and this solution has therefore been abandoned,
The MWPCs are instead made much thinner than is normal in order to counter the
effect of incréased multiple scattering at 1 atm pressure, Note that atmospherie
pressure helium will be substituted for air in the space surrounding the chambers

in the magnet box.

Development work is under way to determine the best gas mixture for our pur-
poses, and to investigate whether aluminized mylar foils could act both as cathode

planes and windows, thereby reducing the total amount of material present,

The momentum resolution obtainable from reconstructed tracks will depend on
the multiple scattering and on the wire spacing in the chambers, A 1 mm gpacing
leads to a momentum resolution of about 0.2% for a deflection angle of 1 radian,
The corresponding number for the momentum resolution caused by multiple scattering
in the chambers €2 and C3 is 0,3% for 100 MeV/c particles, and 0,17 for 400 MeV/c.

This is doubled whenever the particle hits one of the wires in the chambers,



2,.5.2 Drift chambers

Drift chambetrs will be used to measure the trajectories of particles emitted
from the target (except for the chamber closest to the target where the rate will

be too high), because here the local counting rates will be low,

There has been impressive progress recemtly at CERN in the drift chamber
fieldk), and advances have been made, whilst retaining the 100 pm accuracy of the
devices. However for Omicrom, such a precision is unnecessary, but it does mean
that the momentum resolution is here determined entirely by the multiple scattering,
Since the total thickness of material traversed is smaller in a drift chamber than
in 2 MWPC, the resolution on scattered particles will be rather better than that

on the incident particles.

In general terms, the scattered particles will be detected in "rings" of
chambers of which the closest to the target will be of the MWPC type, In practice,
since it is much simpler to comstruct planar chambers, these "rings" become poly~
gons. However, one possible future development is towards cylindrical drift
chambers, and work on 2 prototype has in fact already started at.CERN {an ISR
group). If such chambers were sucéessfully developed, then a genuine cylindrical
arrangement would be possible causing large gains in the off-line reconstruction

time of events on the computer.

Another exciting possibility is that of reading EQEE.X and Y coordinates
from a single sense wire by means of the induced signal in a delay line placed
behind the sense wires). Delay times of the order of 2 to 4 nsec/cm have been
obtained, which means about *3 mm vertical accuracy if timing to 1 nsec is attemp-
ted, It is hoped that this technique cen be developed and used in conjunction
with the cylindrical chamber development mentioned above, Another possibility to
obtain X and Y information from one wire is current divisiom, and this also will

be investigated,

A summary of the dimensions of the proposed chambers is given in Table 2.

and Fig, 4 or Fig. 5. Table 2
Summary of chambers
Distance between Planes No, of
sense wires Type Position Size of coords. | wires
(em) (sz)
c1 0.1 MWPC Incident 16 x 10 X,Y,U 300
beam
c2 0,1 " " " X 100
c3 0.1 " " " X,¥Y 200
cé 0.1 " "o " X,Y,U 300
C5 0.1 " Scattered | 20 x 20 X,%,U 600
beam
Cé 2.5 brift " 40 x 70 XY bt
c7 5 " " 50 x 100 X 20
c8 5 " " 70 x 150 X,Y,U 75




2.6 Chamber electronics

0f the several systems in use or under comstruction at CERN, there seem to
be two which are interesting for Omicron, bearing in mind that we have only a
limited number of wires, that there may be high count rates, and thet there is a
strong magnetic field present, There are:
1) the system developed by Lindsay et ai.,s) with receiver and memory module

type 4173;
2) the system developed by the TCL group.

Both systems have several common features:
i) the onl; circuit left directly on the chamber is the preamplifier;
ii) the non-standardized signals are sent via twisted pair cables to the elec-
tronic channel;
iii) the modules for the processing of the signals fit into CAMAC crates (16 wires/
module for standard WP, 32 wires/module for TCL), The problem of interfaces
is thus greatly simplified because a standard CAMAC-to-computer interface can

be used,

The differences between the two systems are essentially the following (apart
from the factor of 2 in compaétness in favour of the TCL):

a) the NP standard system with type 4173 RM modules has no active delay, The
delay is obtained by adjusting the length of the twisted pair cables., Thus,
there is no electronic dead-time. Unfortunately FOR and MAJ outputs are not
available,

b) the module of the TCL system consists of receiver, delay and memory for each
wire, The delay is fixed at 600 nsec, obtained by using a chain of three
monostables, The electronic dead-time is thus reduced to 200 nsec, FOR,
MAJ and MOR outputs are provided., Two memories in series are used for each

wire, as a special feature for fast~decision hardware analysis,

The price of the two systems is approximately the same, i,e., Sw. Fr, 80 per
wire including cables, connectors, mechanics of the CAMAC crates, etc, Power
supplies and interfaces of the CAMAC crates are excluded, and amount to v Sw. Fr, 20
per wire, Thus a good estimate for the complete electronic chain from the wire

into the computer is Sw., Fr. 100 per wire.

The TCL system seems more attractive, because it does not need modificationms
for use in Omicron, the only drawback is the dead-time of 200 nsec, which is in-
deed acceptable for the expected counting rates (v 2 X 10°% per wire per sec). The
standard NP system would need some modification in the modules in order to provide

FOR and MAJ outputs,
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Concerning the electronics for DRC, we recall that in order to have a 100 um
spatial resolution, one needs a time resolution of 2 msec. In the system developed
by the NP Electronics Group this feature was achieved using a clock at 125 MH=z
with four parallel channels in delaved coincidence, For the use in Omicron,
where accuracies of the order of 1 mm are requested, the use of a simple clock of
125 MHz is sufficient. The complete electronic processing chain from seunse wires
of the DRC to the CAMAC crate (preamplifiers on the wires, discriminators, time

measuring device, etc,) are available from the CERN NP Electromics Group,

Several optional functions on the modules are provided, and the price of a
complete electronic chain per wire is in the range Sw. Fr. 200-400, depending on
the requested optioms,. The price could be thus evaluated as ~ Sw, Fr, 300 per

wire, since Omicron will not require the more elahorate options,

2.7 Data acquisition

The CAMAC system mentiomed above should feed a small on-line computer, such
as the Nord 10 with 32K memory. This will enable the data to be collected onto
tape, but simultaneously will allow presentatiom of a section of the data, to-

gether with an elementary analysis.

It may be necessary eventually to do some form of pre~processing of the data
either by using the fast OR outputs mentioned above, followed by NIM coincidence
units and gateg, or by building special purpose pre-processors, Indeed, one
advantage of a Nord 10 computer is that there is a fast direct memory access

facility allowing just this sort of fast pre-processing,

Once the data is in the computer, it will be necessary to perform tests on
the goodness of the event not done bheforehand, to test the efficiencies of detec-
tors, to analyse the spectra of scintillators, to carry out book—keeping functions,
to write the raw data to tape, and to do some analysis (momentum reconstruction,
etc,), which should be available for display when tequired, This last operation
will presumably be carried out on a fraction of the data, not every event, Maxi-
mum event rates will be of the order of 100 per sec in order not to overload the

system,

The computer configuration necessary to perform these tasks would consist of,
for example, a Nord 10 computer with 32K memory, a CAMAC interface, direct memory
access facility, a disk controller (4 disks), a magnetic tape transport unit, a
card reader, a teletype, and a display unit; a fast plotter/printer would also
be a distinct advantage. Although 2 Nord 10 has been mentioned as a desirable

computer, other equivalent computers are certainly not excluded,
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2,8 0fif-line computing

Tt is intended to produce a program chain similar to that used at the SFM
consisting of '
i) Simulation (i.e, tracking in the magnet, including intersection with wire
planes, multiple scattering, background gereration from §-rays and nuclear

reactions, energy loss, etc.).

e
(=
R

Track finding (i.e. the association of signals into groups called 'tracks',
which have to obey various constraint criteria},

iii) Ceometry (i.e. confirmation that what has been called a track remains so
under tighter constraint condition, a fit to the momentum of each track, a

fit of tracks to a vertex, search for decays, etc.),

The output from such a chain congists of the vertex of the event, the momen-
tum vectors for all particles observed, and an error matrix, A final stage, called

'kinematics' can then decide on the physics of the event.

The programs will be medular in form in order to allow the changes in experi-
mental apparatus, which are bound to occur from time to time, and in order to
allow different experiments to be computed with only minor modifications to the

program.

The simulation of several experiments is already under way and preliminary

results have been produced.

The production of a tape containing simulated data is a very important first
step, since it allows development and testing of the track-finding programs to
be carried out in parallel with the mechanical/electrical instailation of the
Omicron magnet (i.e. a start can be made immediately on the difficult task of track

finding) .

There is comsiderable experiemce of track-finding problems at Omega and SFM,
but the problems encountered there should be very much reduced at Omicronm., At
Omega where the field is reasonably homogeneous and there are many detector planes,
the parametrization technique works well and is very fast., At SFM, the field
shape is very badly behaved and there is little redundancy of information along

a track. Omicron is thus more like the SFM than the Omega spectrometer,

However Omicron differs fundamentally in that:
i) the field shape is reasonably good (probably constant to 107 over most of the
volume) ,
ii) the multiplicity is lower (never more than about 3},
iii) the energy is much lower, hence less background, but more multiple scattering,
iv) there is no beam tube as at SFM, which there is responsible for the gemeration

of a background higher than the real event rate,
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These facts mean that the computing problem at Omicron will be very much
simpler than at SFM; the main problem areas are
i) the low redundancy (because of multiple scattering it is desirable to have
rather few planes),
3i) possible spiralling of low-energy particles,
iii) &-rays firing many wires in one plane,'
iv) cases where particles do not originate from the vertex (e,g, decays,

secondary interactions),

However, following the advice of the CERN DD Division, it is intended that
there be Enough'chambers in both primary and scattered beams to give 4X, 3Y and
2U coordinates along each track., The redundancy thus gained will enable the above

problems to be overcome easily.

_ It is intended that the parametrization technique for track finding be used
if at all possible, since one gains a good deal in speed in this way., Following
the suggestion of the DD Division, we are investigating whether cylindrical
chambers can realistically be used in Omicron for the scattered particles; this
would inerease the speed of the programs and make them simpler to write. However,
for the present the program development is going ahead on the assumption of a

parallel polygonal structure for the chambers in the scattered beam.

As far as the 'geometry' section of the program chain is concerned, not much
work has been done so far, However, standard methods and programs exist and there

should be no special problem in adapting them to Omicrom,

Upper limits for computing time have been estimated by H, Grote (CERN DD} as:
track finding: 10 + 2n® msec/event

geometry : 50n msec/event

where n = number of charged particles after scattering (1, 2 or 3 for Omicron).
There are good reasons for believing that the time quoted for the geometry pro-
gram may be reduced enormously (e,g. by a factor of 10) for Omicron. The above

- estimates are given as times for the CDC 7600,
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EXPERIMENTS

Of the many experiments which require or would benefit from a magnet like
Omicron, interest of the participating groups has focused on the following, which,

it will be seen, fall into groups requiring very similar experimental arrangements,

3.1 Muon scattering (also pion scattering) at low energies

3.1.1 Muons

The use of muon beams to probe nuclear properties has not been fully exploited,
and in particular, the scattering of low-energy muons on light nuclei has never
been studied., Ericson has pointed out that low-energy (g 50 MeV) muons, being non-
relativistic, might allow measurements which could never be performed with (rela-
tivistic) electrons, In particular, the radiative connections for low-energy muons
are very small, and due to the large rest mass of the muon there may be nuclear

effects which are detectable.

It is proposed to study large-angle Mott scattering of low-energy muons on
*He. Both u+ and 4 beams will be used, and the experiment consists in observing
a difference in this scattering between the u+ and u- due to the electric polar-
izability of the “He nucleus. - The cross-sections are of order 1 ub/sr in the
backward hemisphere and it is calculated that the effects to be observed are of
the order of at least 1% in the cross—section (corresponding to changes of 57 in

2

the r° term in the expression for the scattering amplitude).

The proposed experimental arrangement is shown in Fig., 5. We will use a

muon beam degraded to N 150 MeV/e by a beryllium absorber, as mentioned earlier.

By focusing and analysing the beam after the degrader we should obtain fluxes at
Omicron of at least 5 x 10° u_ per sec and of the order of a factor 10 more for

u+ {within. a momentum bite of 7%). There will be strong pion contamination in
these beams, but separation can be achieved by a good identification of the beam
particle pripr to the degrader (using a DISC 6érenkov), and by a range array at the
exit of Omiﬁron (see Fig. 5)., In addition, a bending magnet following the degrader,
and before the Omicron magnet, will eliminate the unwanted pions due to the approx-
imately 10% momentum difference caused by the degrader. The trigger will be a

coincidence slszsasussi§5.

The resolution of such a configuratiom is about 1 MeV intrinsiecally, with a
rather larger (v 3 MeV) spread arising from the finite “He target thickness. How-
ever, in this particular case, the energy resolution is not critical. A study of
the layout of the detectors is being made using the simulation program referred
to earlier. This shows that with the set—up shown in Fig. 5, all the muoens scat-
tered at angles from 160° to 180° and about 15% of those at angles from 90° to

160° are accepted; this corresponds to a solid angle of about 1 sr, It is hoped
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to improve this geometric acceptance by changing somewhat the positioning of the
detectors. With a target of 10 em of "He (1iquid) and a beam of 5 x 10° per sec,
a count rate of about 10" events per day is achieved for each ub/sr of cross-
section at the backward angles. They should be adequate to provide the necessary

statisties.
3.1.2 Pions

It should be mentioned that the same apparatus, with minor changes, can be
used to detect backward scattered pions, but the geometric arrangement would have

to be altered to observe forward angles.

Elastic and inelastic m-mucleus scattering at large angles can yield very
useful information to help check the propesed models for the m-nucleus interaction
at energies below the 3-3 resonance. TFor instance, a detailed analysis carried out
by Beiner and Huguenin?) has shown that the backward angle elastic scattering data
are essentigl in order to solve the ambiguities in the choice of a consistent set

of phase shifts,

Since for pions the cross-sections are very much larger than for muons, the

necessary statistics should be able to be collected in a short time,

3.2 Detection of electron-pesitron pairs after T interactions or decay

There are several experiments for which one needs a similar detection system
for the measurement of the energies of the electron-positron pair produced by a
T decay or by a pion interaction. These are:
. o + -
D)’ e e

pay - -, -
ii) m +p>n+ (ee ) with ™ at rest;

+ +

iii) ™ + éx > §+1X + ¥ (detection of Yy by external conversion) with m in flight.
A + -
>z Xt e

The quoted experiments can give information on several different phvsical processes

relevant to particle physics and nuclear physics. They are classed together because

from the experimental point of view the requirements are similar, i.e.:

a) counting rates are expected to be quite low for all the reactions;

b)  good energy resolution is needed in order to discriminate the desired events
from background.

Thus one needs a large solid-angle of detecticn associated with a good energy reso-

lution. Magnetic analysis is the best technique to achieve these goals.

In counection with the différent experiments, beams, trigger and targets are

different, but the configuration of the chambers inside the Omicron is the same.
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3.2.1 Decay of 7° to a single lepton pair

No experiment to measure the decay 7 + e*e” has been reported, but estimates
of the branching ratioc compared to the two-photon decay mode have been made, The
various calculations of the branching ratic assume different mathematical formu-
lations for the piom form factor and it is seen from Table 3 that values from
5% 10°° to 22 % 10~° are obtained. The unitarity limit is model independent and
consequently a comparison with an experimental result is very important, since a
value less than this limit would imply a phenomenon such as a CP violating current,
If, however, the experimental result is in the range of a few times 5 X 10_8, then
it could be used as a test of the model for the pion form factor, or as a guide

to the construction of future models.

Table 3

+
Calculated branching ratios for m° + e

Model cut-off B O(XlO_a) Reference
parameter il .
Unitarity 4.7 ()

1.6 m. 4.7 (a)
1.4 o 4,7 (b)
3.16 w 6.7 (b)
5.7 m 6.4 {c)
6.95 ™ 12.0 (a)
7.6 m. 6.1 (c)
9.8 m 5.7 ()
10.0 m, 4.9 (e}
13.9 m 22,0 (d)
Baryon loop 14.0 (a)

a) 8. Drell, Nuovo Cimento 11, 693 (1959).

b) S.M. Berman and D.A. Geffen, Nuove Cimento 18, 1192 (1960).
¢) C. Quigg and J.D. Jackson, UCRL-18487 (1968).

d) M, Pratap and J.T. Smith, Phys. Rev. D5, 2020 {1972).

+ -
It has been suggested that the high cross—-section e e =+ hadrons observed at
SPEAR, CEA and Frascati can be explained by electrons having hadronic cores. These

. . + - . .
could contribute to the decays of pseudoscalar mesons inte e e pairs for which

)

. . . 8 .
model-independent considerations show that only pseudoscalar and axial vector

couplings are possible. Decay rates were then estimated in terms of the corres-

ponding coupling constants, f and fA’ and these demonstrated that the measurement

P3
+ - . .o . .
of the 7 = e e branching ratio is the most sensitive test, The published data of
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those experiments having large numbers of m°'s and the means of detecting e e
s . . P =6 .

pairs were then reviewed to obtain an upper limit omn Bw“ of < 8 x 10 ., This

severely limits pure pseudoscalar coupling.

Any experiment will employ a very high intensity beam of some other particle
to make the T° within a high precision magnetic spectrometer of large solid angle.
One will trigger on 2 electrons and measure their momentum and opening angle so
as to construct their invariant mass; n° - e'e” should then show as a peak super-

imposed on the background of internal conversion electron-positron pairs.

)

. . . . 12
Methods for copious 7' production have been examined elsewhere in detail

especially with regard to competing backgrounds. Ximematically indistinguishable
backgrounds can come from:
. + - . . . . . .
i) 7" > e’e ¥ . With any reasonable momentum determination single Dalitz pairs

with a soft photon will be negligible;
8

ii) Any particle combination making a m° can also make a ¥y which may then inter—

nally convert. Consider o capture at rest; then the low value of the

Panofsky ratio, P = 1.6 gives
' R = Tp>mn>een 1
m™p * yn + ete™n 30

For E =m g 1% .
ete” m
Extensive Monte Carlo studies show that even in the optimal case, w° =+ e+e_, would
give a small enhancement on an enormous backgroundlo). At present, only W_p + 7n
at 180 MeV can give several hundred m° + e'e at the unitarity limit free from
large backgrounds. It has the large ¢ = 48 mb since it is dominated by A(1236)
production; background (ii) is suppressed by the favourable 0,67 partial decay
fraction of A(1238) -+ yn. Measuring forward angles exploits the different angular
distributions of the two processes so that R > 1 can be expected (see Fig. 6).

: . . 11
3.2.2 Electron-positron pairs from stopped negative pions

The yield of electron—positron pairs is expected tc be about §.5% of the
radiative capture fate, this rate being about (.03 per stopped pion for light nuclei,
0.3 for deuterium and 0.5 for hydrogen. Only a few per cent of the pairs are
interesting, and others appearing at small opening angles with a momentum transfer
near 140 MeV/c (carrying no more information than radiative capture, unless another
particle is detected in coincidence). Over-all there should be a few interesting
events per million stopped pions for light nuclei and an order of magnitude more
for deuterium. Hydrogen gives a prolific yield of neutral pions and does not lock

very easy but is of great theoretical importance,
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Judging from the existing data for the muon channel it may not be unreasonable
to hope for 10° stops per g em per second in the Proton Hall. This would give
an interesting event rate froma 1l g cm target of at least some hundreds per
hour distributed uniformly aver the 47 sclid angle. One has to measure the magni-
tude and direction of the momenta of electron-positron pairs, the most interesting
events being those in which the momenta are similar in magnitude and nearly op-
pesite in direction, i.e., in which the momentum transfer is small, Magnetic
analysis is the only respectable method for momentum determination and it will be
necessary to have a geometric acceptance of something like a double cone of half-
angle 60° to avoid the exclusion from observation of some electron-positron pairs
of large opening angles, Effectively this defines a large-volume magnet with

wire chambers.

There could be difficulty with spiral tracks, as the range of momenta is
large, say 20 to 100 MeV/c for interesting events, but the count rate is relatively
high and it should be possible to resolve the problems by a geries of measurements

at different magnetic fields.

For nuclear structure purposes the pairs look like radiative capture at
variable momentum transfer, In this case the energy resolution is important and

it is likely to be limited by multiple scattering to about 1 MeV at best.

Energy loss by the electrons in the target does not appear to be a serious
-d .
problem if the target is a thin slab, say about 0.1 g cm inclined so that the
beam sees 1 g cm °. Electrons emitted normally to the surface lose 0.1 MeV/c;

this can be corrected if the members of the pair come out on opposite sides.

+
3,2.3 Radiative capture of 7 in flight by nuclei

Radiative capture of 7 at rest by nuclei
CHE e S R W
was proposedlz) as a tool for the study of the T(a) = Tp + 1 analogues [t(s) = -k
for protons and t(a) = +% for neutronsj , of the giant dipole states of the target
nucleus éx, with ground state isespin %n and T(a) = Ty. Due to the particular
form of the effective Hamiltonian developed to describe the reaction (1) it was
shown that the spin-flip components of the giant dipole resonances would be pre-

13)

ferentially excited. The experiments carried out up to now confirmed these

predictions,

Experiments with stopped pions suffer from the limitation that the nuclear
form factor is measured only at a fixed momentum transfer, with obvious difficulties
for the comparisons with electron scattering results. A further difficulty arises

from the uncertainty on the T-mesic orbit from which the capture cccurs (unless
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the ﬂ—mesic X ray is detected in coincidence). It was pointed outlh) that these
difficulties are overcome if 7 in flight are used to induce the reaction (1). The
physical information which could be 6btained from experiments with ™ in Flight
would be thus superior to that from stopped T to the same extent as electron

scattering experiments are superior to nuclear photoabsorption experiments,

Furthermore, T can be used, and it would be possible to study the

(3}

T = Tp = 1 analogues of the giant resonance:

“+ A &
”*?"znx LA (2

This is of particular interest for target nuclei with ground state isospin %0 £ 0.
In the T(3) = Tp - 1 analogues in fact all the three components with % =Ty + 1,
Ty and Ty — 1 generated by the dipole isospin operator on the ground state would
show up. For Tw = 20-40 MeV differential cross-section of v 20 ub/sr for exci-
tation of each single state is expectedls).

A gold converter of the photons is placed at © 15-20 em from the target, and
must have a length of v 50 em in order to cover the angular range from v 40° to
"\ 130°. Since the electrons and the positrons. of the pairs follow quite different
trajectories corresponding to the different emission angles, it is hard to use a
unique localization plane as for the usual pair spectrometers, but perhaps several
planes in "strategic' positions. An efficient pair of Lucite ferenkov counters
must be placed immediately before the couverter in order to accept also the events
for which one of the charged particles of the pair spirals backward. This pattern
occurs mainly for reactions with a photon at forward or backward angles. A con-
siderable number of scintillators must be placed inside the magnet in order to
make the trigger as clean as possible. Some lead shields could help in the rejec-

tion of unwanted triggers.

With a thickness of 0.05-0.1 mm for the gold converter, a total detection
efficiency for 150 MeV photons of the order of 10“3 can be foreseen (v 10_2 from
the conversion efficiency and n 10" from the geometrical acceptance for the pairs).
Assuming thus a beam intensity of 10° w/sec and n 10 ub/sr for the differential
cross—gection for the excitation of_the individual states of zflx* {or Zfzx*) from
the reaction (1) [or (2)], we could expect more than 10 events per day for each
peak or complex and for each momentum band of & 25 MeV/c. Since we can cover a
momentum transfer region of v 150 MeV/c simultaneously, the total number of events
(integrated over the different momentum transfers and the excitation energies)

could be 10° events per day. The same apparatus can be used without any physical
A
Z+1%
is expected to be a factor v 10 lower, but there is of coutrse no need for a

+ - + - . .
change to study 7 + éX > X¥* %+ (e'e). In this case the physical event rate
converter. Thus the experimental event rate is of the same order as for the pre-
. P . -+ .
vious experiment. The only change is in the trigger, selected to choose e e pairs

coming directly from the target.



- 19 -

0

3.3 Double charge exchange on nuclei and 7° lifetime measurement

3.3.1 Double charge exchange

Double charge exchange reactions
wi + (A, Z) ~ ﬂ; + (A, Z £ 2)

represent & unique tool in studying nuclear structure; this transition changes
the third component of isotopic spin by two units without changing the number of
nucleons in the nucleus. This fact has no analogue in the nucleon-nucleus inter-
action. Informationm on nuclear structure can be obtained both by the study of
final states and by the study of the dominant mechanism of the reactibnls).
Recognition and analysis of final states allows a study of isobaric analogue states
of known nuclei (two-particle/two-hole excitations). Systematic study of double
charge exchange reactions in different nuclei, for m and m incoming, can give

information on nucleon correlations, pairing and shell structure and the difference

between proton and neutron distributions in nuclei,

Noc conclusive counter experiments exist, because the cross—sections are rather
small (from 1 to 100 pb) and % fluxes have not been high enough to permit decisive
measurements. '

In particular there is a great uncertainty regarding the production of def-

17-19}

inite final states ; this process seems to have a forward differential cross-—

section of about 1 ub/sr.

In our opinion the Omicron spectrometér has the required qualities for the
study of double charge exchange, reasonable resolution (about 1 MeV for 7 of
300 MeV/c) and a good solid angle {about 0.9 sr).

Figure 4 shows a possible set-up for a double charge exchange measurement.,
The incident pions are analysed in momentum by means of proportional chambers
Ci, C2, C3, Cy, while the outgoing particles are analysed by the proportional
chamber C; and drift chambers C¢, C7, Ca. The magnetic field is 11 kG for a w
momentum of 300 MeV/c: the trigger for the chambers is given by the coincidence
815253545541, The energy resolution for pions of 300 MeV/c is about 1 MeV plus
the uncertainty due to straggling in the target. With a target of 0.5 g/cm? of
beryliium we achieve a total resolution of about 1.5 MeV, Assuming a flux of
5 x 10% /sec on the target a detection efficiency of 100%, and a solid angle
of 0.9 sr we obtain a counting rate of 1.5 x 10" events per day for each ub/sr
of the differential cross-section; these features permit rather good statistics
to be accumulated. The solid angle of 0.9 sr was obtained from the simulation

program using the geometrical arrangement of Fig. 4,
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Some problems arise in the background in view of the small cross-section,
 The main sources are: '

i} elastic and inelastic scattering of piomns;

ii) electrons and positrons produced by Yy-rays due to the decay of 7' generated

in the target by simple charge exchange reactions.

The first source of background produces a great number of spurious triggers
and must be rejected with some form of fast hardware analysisz. A fast (some psec)
recognition of the sign of the curvature of the trajectory seems to be necessary.
This could be done by a single comparison between the horizontal coordinates of
chambers Cs, Cs, Cs. The time meeded for processing signals from chambers could
be of the order of 1 usec, while the total time for recognizing the sign of the
curvature depends on the distaﬁce between the wires in the drift chambers and
on the read-out system of the chamber; a value of some tens of Wsec seems to be
reasonable. In any case, spurious triggers of this type do not constitute a real
background for the experiment, because they are easily recognizable in the off-
line analysis. The second scurce of background would be considerably lowered using

a range detector after the last chamber in the spectremeter,

3.3.2 7° lifetime measurement

It is perhaps a surprising fact that the 7°

lifetime is not wvery well known.
However, various gquark theories make absolute predictions of its value and con-
sequently it is desirable to know this lifetime more precisely; a measurement to 5%

would be adequate,

The first measurement was made in emulsion using the reaction K> o+
followed by 7° + é+e-Y. The limitation was the grain size of the emulsion, since
the T° actually travelled a good deal less than this grain size before decaying.
Another measurement used the photoproduction of m° in the Coulomb field of lead,
for which the production cross—section is inversely proportional to the w° life-
time. The best measurement so far, however, determined the lifetime by counting
the & produced from the decay Y-rays converting in platinum (used both as pro-
duction target and converter). This e’ flux varied with platinum thickness and

]

the authors were able to deduce the 7' lifetime.

The present proposal is to use the reaction m p > nm'n followed by w'p > .
That is, the 7° is made to undergo a charge exchange reaction following its pro-
duction in the liquid H; target; this takes place of course within a distance of
a few times 10 ° e¢m, but nevertheless the cross—sections are such that count rates
of the order of tens per hour might be expected for the ﬂ+ produced. Note that
the incident beam is m (at the 3,3 resonance) and the particle sought is a 7t
thus the experimental arrangement is very similar to the double charge exchange

geometry proposed for Omicron.
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In order to deduce the m°

lifetime, the absolute cross-sections for the re-
actions involved must be known (which they are), and the energy and direction of
the emitted T must be measured. The main problem is the background of "

caused by y-rays through the reactions T p > yn, followed by Yyp * m'n. This is
very similar kinematically te the reactions of interest and in fact causes an event
rate which is of approximately the same size as the real 7' rate. There are also

. + .
o decay, causing yp + T n events, and these too will cause some prob-

Y-rays from 7T
lems, except in the forward direction where they are clearly distinguishable kine-
matically, Other possible reactioms involving the prdtons or neutrons knocked on
do not interfere, being unable to vield nt of anything like the right energy; the

same goes for electrons via the e p interaction.

+ + . .
3.4 (n, ' p) reactions on nuclei

The main interest in the study of these reactions on some selected nuclei
(e.g. '%C, '%0) is related to the ﬂ+fﬁ- ratio puzzle found some years ago in mea-
surements by the activation techniquezo). Among different hypotheses raised to
explain the experimental ratio of 1, the most reasonable seems that the production
of 11¢, %0 nuclei is related to a de—excitation of highly excited states in '%C,
183, The total isospin T of the intermediate states plays a crucial role. If only
T = 0 states were involved, the production of 'lg, 150 would proceed only through
the excitation of these states, and we will get immediately the ratie 1. If, om
the contrary, T a 1 states were essentially involved, we must admit a nearly equal
contribution from the mechanisms of guasi-elastic scattering and intermediate
state reaction. A measurement of the absolute cross—sections for (wt, ﬂip) re-
actions leading to the ground states of 11g. 150, would give a definite amswer to
the puzzle, More recent measurements have been made with a propane bubble chamber
and consequéntly poor energy resolution and statistiCSZI). With the Omicron
spectromeﬁer an energy resclution of * 1 MeV could be attained with high counting

rates due to the large cross-sections expected for the reaction (some mb/sr).
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TIME SCALE

Preliminary estimates of the time required for various parts of the construc-
tion work, excluding the mounting of apparatus specific to our experiment, are
given in Table 4. The limiting items are the manufactute of the new poles for
the magnet (if Liverpool steel plate is not available), the development and mamu-
facture of drift chambers, and on-line software if the delivery of the small com-
puter is delayed. It is supposed that the off-line programing is in the nature
of a continuing development. Another possible problem might be the fitting-in of

the necessary work in the Proton Hall with the general 8¢ program.

It would be reasonable to expect that the manufacture and assembly of the

spectrometer, ready for mounting an experiment, will be complete by the summer
of 1976.

Table 4

Time scale

Estimated time
in months
or completed
date

Magnet
Computing of magnet modifications 2
Design of pole pieces and yoke modi-
fications 1
Manufacture of new poles and yoke
spacer

- new material 9+3

- Liverpocl steel plate 3
Transport to CERN 2
Assembly of magnet in pit 1
Survey of magnetic field and modi-
fying of shims 2
Magnet box
Design of framework and rails 1
Mamnufacture of framework and rails 3
Design of panels and entry parts
for cables and light guides 1
Manufacture 3
Transport to CERN 1
Assembly and zligmment of internal
and external rails -1

S
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Table 4 {cont.)

Estimated time
in months
or completed
date

Emplacement

Decision on exact location via de-
tailed calculations of beams 4

Design of pit, base plate and
bearing fixing

Construction of pit
Manufacture of base plate

Delivery of bearing

oW = R e

Provision of services

Wire and drift chambers

Prototype MWPC with 1 mm spacing Dec. 1974

Decigion on pre-amplifiers and
mechanics April 1975

Manufacture of MWPCs Oct. 1875
Testing of prototype MWPC April 1975
Prototype drift chamber Feb. 1975

Beam tests of prototype drift
chamber Sept. 1875

Mamufacture of drift chambers Dec. 1975

Delivery of wire/drift chamber
electronics ~v b

Assembly of wire/drift chamber
electronics T

Computers
Delivery of Hord 1Q

=3
o

Software for on-line computing 12 +

Software for off-line computing 12 +

Beans

Manuf acture of DISC

Design of beams

Manufacture of vacuum pipes

Assembly

= H = oo o

Investigation of beam properties
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5. DISPOSITION OF MANPOWER DURING THE CONSTRUCTION PERIOD

5.1 Magnet and magnet box

Two physicists (Tanner, Davies);

One design engineer and workshop facilities at Oxford.

(It is hoped to obtain from RHEL the advice of their engineers with regard
to design, and the assistance of W. Trowbridge et al., with the computer calcula-
tions).

5.2 Emplacement

CERN SB Division under the direction of MSC engineers in consultation with

an SC physicist (Allardyce).

5.3 Wire and drift chambers

Three and a half physicists (Bressani, Chiavassa, Cocta, half Musso} plus
technicians and workshop facilities in Turin. Other contributions to be decided

(Van Dantzig from IKO, Amsterdam).

5.4 Electronics for wire and drift chambers

2 x % physicist for % year for decisions, buying and testing {Bonazzola and

Musso), 1 technician from Turin for % year for assembly,
5.5 Beams

3 x % physicist (Allardyce, Bajon, Salmon) for % year for beam design., Other
contributions to be finalized (probable IKO Amsterdam participation). DISC mamu-

facture in Amsterdam (Arnold, Van Dantzig).

5.6 On-line software:

1 NP Division programmer.
3 x % physicist at CERN (Dellacasa, Pasqualini, Ferrero}.

5.7 Off-line software

2 DD Division programmers;

1% physicists (Gallio, Dellacasa}.

Other contributions to be decided (Van Dantzig, Amsterdam),
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FINANCTAL IMPLICATIONS

The two biggest items, i.e. the magnet and its power supply, are excluded
from considgration as it is hoped to obtain these on loan from RHEL and CERN,
respectively and it is not easy to assign a value. Various other items which
can be manufactured at the laboratories of the participating members are included,
but are placed in a separate column. The cost of beam elements, off-line compu-
ting, scintillation and chamber counters, targets, and trigger {nsec) electronics

have been excluded.

The total of the permanent equipment is estimated to be Sw. Fr. 1,224,000
of which about Sw. Fr, 348,000 can be provided by home.institutions_of the Colla-
boratiorn mostly in the form of manufacturing effort. The shortfall of
Sw. Fr. 876,000 is requested as the support from CERN. To this it would be proper
to add the implicit load that will fall on the engineering and computer services
at CERN which, at least for some time ahead, is estimated to be equivalent to two

programmers, one technician and a fraction of an engineer.
The situation is summarized in Table 5.
Table 5

Cost of permanent equipment

All items Requested Contribution
{in thousands from by home
of Sw. Fr.,) CERN institutions
Computer
Nord 10 central processor umnit 42
Real-time clock 2
Memory, 32K 47
CAMAC and DMA 14
Disk controller and 4 cart-’
ridges 19
Magnetic tape transport 39
Card reader 22
Teletype 9
Display terminal 22
Plotter/Printer _60
. 276
Less CERN discount 87 =22
Net 234 254

e
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Table 5 (cont.)}

All items Requested Contribution
{in thousands from by home
of Sw. Fr.} GERN institutions

Wire chambers
MWPC, construction and
development (commercial price) 60 60
MWPC electroniecs, 1500 wires
at Sw. Fr. 100/wire made up of
the standard Sw. Fr. 80/wire
plus power supplies and inter-—
face 150 150
Drift chamber construction and
development (commerical price) 120 120
Drift chamber electronics for
150 wires at Sw. Fr. 300/wire 45 45

375 195 180
Magnet
Transport RHEL to CERN
(quotation} 35
Return to RHEL 35
New poles {cast and machined,
about 5w. Fr. 80,000, Fabri-
cated from Liverpool steel
plate Sw. Fr. 60,000) 70 = 10
Modifications to yoke 15
WMR 20
Hall plates 7

182 182
Magnet box
Framework 13
Rails and fixings within
magnet 18
External rails 7
Panels for helium seal 10

48 48
Empl acement
Pit 4,8 m diameter 55
Base plate 15
Slewing ring (bearing) 15

85 85

Y
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Table 5 {cont.)

All items Requested Contribution
{in theousands} from by home
of Sw. Fr.) CERN institutions
Cryogenic refrigerator 60 60
DISC 120 120
Total 1,124 776 348
To which must be added a sum ~ 100 w 100
for assembly and provision of
services o
Grand total 1,224 876 348
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Fig. 6 The angular distributions of photo~emission (T~
and charge—exchange (T7p - 7°n) processes at Tt

P> YOl

180 MeV



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

