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STATUS REPORT OF THE CERN-LSD SYSTEM

CERN-LSD Group
(presented by J.-C. Gouache)

INTRODUCTION

This first paper is intended to serve as a general frame for the following reports.
It gives an overall view of the construction of the LSD (short for "Lecteur a Spirale
Digitisée') and of the operation of the whole system at CERN. Most of the points and

figures just mentioned here will be dealt with in detail in the next papers.

No attempt is made to give a precise description of the machines - this can be found
in references 1, 2, 3 and 4 - we simply emphasize the main differences with the other

devices of this type.

Before we go into the details of this status report we would like to stress the
following point: experiments at CERN are carried out in two departments; the Department
of Physics II concentrates on bubble chamber physics and half of the events measured there
are processed on the LSD's. This already gives an idea of their importance in the CERN

production systems.

. HISTORICAL SURVEY

The studies for the construction of a Spiral Reader at CERN as a joint project with
the Colldge de France began in November 1966. The design of the LSD was intended to be as
close as possible to the Berkeley machine but finally evolved into the complete redesign

of the following items:

- the cone-periscope system was put vertical instead of horizontal and the photomultiplier

outside the periscope assembly;

- the system for automatic measurement of fiducial marks was designed to measure 4 marks/

picture instead of 2;
- the PDP-4 was replaced by a PDP-9;
- the spiral scan radius was increased from 40 cm in space to 72 am;

- the optical path was simplified in the sense that the light did not go through any

plane parallel plate (except film gate) on the main path from film to cone-periscope;

- the film transport had to accomodate film from the 2 m or 80 cm HBC's, i.e. 50 or

35 mm unperforated film (measurement of 70 mm film was not required);
- the electronics was entirely redesigned for integrated circuits.

In April 1969 the LSD 1 (fig. 1) produced its first event digitizings and test produc-
tion could be started. The digitizing logic and pulse analysis system were closely derived

from the Berkeley machine and the periscope slit dimensions were then 260 x 17 u? in the
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film plane. The first experiment to be measured was Exp. 30, = p at 3.9 GeV/c, topologies
200 and 400 only. At the end of April 1970, this first experiment was successfully
completed with the measurement of 33,000 events. A detailed account of this first year of
production, of the difficulties encountered and their solutions is given in ref. 5. In the
meantime, in November 1969, the autofiducial system had been put into operation and this
increased the measuring rate by a factor 3 (from 20 to 60 events/hour). This first experi-
ment consisted partially of events already measured on manual machines (IEP) and was essen-
tially intended to assess the quality of LSD data.

The second experiment was started in May 1970 (Exp. 36, again ™ p at 3.9 GeV/c, but
all topologies except 200) and until June 1971, 120,000 events (out of which 40,000 were
measured twice) had been processed, corresponding to the measurement of 200,000 vertices.
This experiment was originally intended to investigate the alleged split of the A2 meson, to
study the wp interference and the B meson, but finally extended its scope to a general
study of production mechanisms. In the meantime, towards March 1971, the very first inves-
tigations to get ionization information from the pulse height measurements were initiated
on selected event samples using the method then currently in use at Berkeley and at the
Weizmann Institute. This study was carried further with the next experiment to convince
ourselves of the reliability of pulse height measurements. The study was sufficiently well

advanced to use ionization in production for the second half of the experiment.

This third experiment was Exp. 28, a formation experiment, K p between 1.45 and
1.86 GeV/c, all topologies. It lasted from July to December 1971 and yielded 68,000 events
(out of which 12,000 were measured twice) corresponding to the measurement of 115,000 vertices.

It was intended essentially for phase shift analysis, hence the large amount of remeasurements.

The last experiment started in February 1972 (K p at 4.2 GeV/c, all topologies except
200 and 400). It is intended to be the first very large statistics K experiment. One
expects to obtain a total of 3 million photographs (the exposure would then correspond to
200 events/ub) which should lead to the measurement of a total of 1,500,000 events on LSD's.
Besides the study of the E* resonance (v 50,000 strangeness-2 final states expected) one
intends to perform all K induced physics in the intermediate region. At this date (May 1972)

40,000 events are already on DST, corresponding to the measurement of 75,000 vertices.

Since we have mentioned the existence of two LSD's, let us review briefly the construc-
tion of LSD 2 (fig. 2).

Already in the fall 1969 the spare parts for LSD 1 were being used to perform different
tests which had proven to be necessary from the experience gained with the first machine
and the difficulties encountered. Since this set-up essentially consisted of the machine
framework carrying a cone-periscope assembly, it was, in some early reports, referred to

as "Test C-P" (Cone-Periscope).

The first item to be tested was a new type of Automatic Gain Control referred to as
AGC 2 (as opposed to AGC 1 on the LSD 1). It could accept background variations in a ratio
1:50 (resp. 1:10 for AGC 1).
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The second item was an integrator, primarily intended to replace the pulse height by
a pulse area estimate to improve the ionization information. It turned out to be extremely
useful in the treatment of broad pulses, as encountered during calibration and with highly

curved tracks but its influence on ionization estimate still remains to be investigated.

Other pieces of hardware, such as a new type of analog-to-digital converter, a new
pulse discrimination logic, a new photomultiplier etc. were also tested. At the same
time, studies to increase the amount of light coming to the periscope in order to be able
to reduce the slit width (thus improving ionization measurement) without deteriorating the
signal to noise ratio, led to the replacement of both semi-transparent mirrors. All these

results are discussed in detail in the next reports on hardware improvements.

In the meantime, in June 1971, an X-Y stage was added to '"Test C-P" and,\ in August 1971,
a slow film transport. After the completion of the system for automatic measurement of the
fiducial marks and debugging of the control program towards the beginning of 1972, it was
then officially labelled LSD 2.

Up to now, it has measured a total of 15,000 events from Exp. 42. These events have
already been measured on LSD 1 and are intended to check the consistency between both
machines. This comparison is still under way but everything seems to indicate that LSD 2
will be in a position to take over the full production load when LSD 1 is turned off for a
long maintenance in July 1972. From October 1972 onwards, both machines are expected to
be run together.

. PERFORMANCE
3.1 Production

Fig. 3 shows the overall production of LSD 1 since April 1969. Based on 1971 production
and extrapolating the figure for the beginning of 1972, the typical yearly production should
now amount to 200,000 to 250,000 vertices. The speed has also constantly increased; it
seems to level off at 70 vertices/hour but it is obviously correlated to the topologies
measured, to the beam density and to the operator's performance. The maximum speed obtained
up to now on a 2 hour shift is 120 vertices/hour. To appreciate this figure one should
keep in mind that the absolute maximum velocity of the machine lies between 150 and 180
vertices/hour. The total number of events processed on LSD 1 at this date is 320,000
(resp. 430,000 vertices).

Fig. 4 shows the actual measuring time, i.e. the time during which one actually
measures events (thus excluding breakdowns, film and magnetic tape handling, calibration,
tests etc.). Again a typical yearly figure can be estimated to lie between 3,500 and
4,000 hours of measuring time on a total of 5,000 hours foreseen (corresponding to a
typical percentage of 75%). The LSD 1 has been measuring events during 8,000 hours but
the machine has been running during 11,000 hours since April 1969.



- 24 -

The difference between foreseen time and measuring time can be accounted according to

the following table (typical values):

o

- film and magnetic tape change calibration, etc. 7

~
pey

- preventive maintenance

- test (including title measurements) 7%
- breakdown 7%

Total 25%
3.2 Quality

For the current experiment (Exp. 42; all events, except 600's are multi-vertex events)

one can give the following figures:
- passed events (i.e. go directly onto DST) 40%

- check events (i.e. come back to the scanning
table because of ambiguous kinematical
hypotheses) 40%

- failed events:

geometry 13%

o

kinematics 7

One should note that these numbers are obtained without using ionization. Preliminary
results for Exp. 42 seem to indicate that ionization should reduce the number of check
events by a factor 2 and the number of hypotheses for the remaining check events by a

factor 3.

. PRODUCTION OPERATION

Fig. 5 shows a flow diagram of the production operation of LSD 1 for Exp. 42. Its most
characteristic feature is the time scale. As can be seen, a complete measurement cycle does
not take more than 60 hours. In other words, within 3 days, a film is measured, the output
tapes are processed through THRESH-GRIND-SLICE on the CDC 65-6600, the CHECK events are
identified, the remeasurements are prepared and the physicist gets a pre-DST. At this stage

already, most of the tests on physical quantities can be carried out.

The procedure has become necessary by the very type of experiment performed namely the
processing of 1,500,000 events out of 3,000,000 photographs. It allows to split the whole
experiment into a series of ''sub-experiments'', not longer than 8 weeks, corresponding to
the standard interval between two long maintenance periods on the LSD. Remeasurements are
typically performed during the last 1} week of this period. At this level real physics

analysis can already be started and then proceed in parallel with the measurements.

This procedure has been implemented and operated up to now with the direct participation
of programmers and physicists. We are now in the process of delegating more and more of

this responsibility to assistant staff and are making efforts to get a smooth and well
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coordinated operation of the whole chain, in order to leave the physicists free for other
tasks.

4.1 Preparation of input

The high processing rates reached by 2 LSD's in production are such that the classical
scanning had to be given up and a more efficient system implemented. Recently (May 1972),
6 Shiva scanning tables have been connected on-line to a PDP-11 computer. The data (roll,
frame, topology) are entered via a keyboard and the grid is replaced by a line of 24 push-
buttons located on the table about 30 cm in front of the operator. These buttons have
dimensions corresponding to the size of the TV screen on the LSD, thus ensuring a good

positionning for the measurement.

After different consistency checks, the data are output onto a DEC-tape which is used
to produce the usual INDEX tape and the LSD input tape. Paper, pencil and scan-cards have
thus been entirely eliminated.

The scanning operation itself has been simplified as much as possible. The only item
which has been added to the usual information is the number of kinks.

Besides the improvement in reliability and the reduction in cost, the scanning speed
has increased by a factor of 2 (from 32 to 60 events/hour, thus almost reaching the average
speed of one LSD).

4.2 Organization of measurements

4.2.1 LSD operation

A typical measuring period lasts 8 weeks between two maintenance periods of 1 week.
One measures 5 days/week, 24 hours/day. Each week, a preventive maintenance is performed,
typically during 5 hours.

The measurement is presently organized in 2 hour shifts. The operators are the same
as for scanning and identification, and are supervised in all their activities by the same

coordinators.

The maintenance is performed by one electronics technician 'on call', 24 hours a day.

4.2.2 Measuring sequence

A detailed description of the measuring sequence is given in ref. 1 We would simply
like to mention here that the number of "special' buttons has been cut down to a minimum

in order to increase the speed and to reduce the number of operator errors.
Three "'special' buttons are left:

- Button A : this point must be reconstructed in space
- Button B : this point is a help to the filter program
- Button C : ignore the digitizings beyond this point.
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4.3 Quality control of the output

4.3.1 Hardware checks

During the weekly preventive maintenance all the standard test programs are run before
the machine is delivered to the production. These programs cover the PDP-9, the magnetic
tape units and the LSD hardware. The production control program also performs, on-line, a

series of consistency checks.

Some parameters computed by the calibration program have been shown to be particularly
sensitive to the machine status. Their behaviour is carefully registered and the engineers
are informed whenever their value reaches a given threshold. As an example, we might mention
the average RMS deviation of the digitizings for all crosses, the reconstruction of a radial

line on the square grid, and the average pulse width and pulse height on individual crosses.

4.3.2 Check of the operator's measurements

After one week, the number of events measured by each operator is sufficient to perform
a statistics on his performance. For instance, the speed, the percentage of tracks lost

per topology, the ratio of the number of useful crutch points to their total number etc.

At the sub-experiment level (8 weeks) one computes the operator's effective speed
expressed in ''good" events/hour. A ''good" event is defined as an event which has passed
the whole program chain (geometry and kinematics). This latter figure really expresses
the operator's performance.

4.3.3 Check of the measurement quality

The geometry output allows to verify several quantities such as the residuals on the

fiducial marks, the track residuals and the beam parameters (1/p, A, ¢).

The kinematics output serves to produce the plot shown on fig. 6. It should be
emphasized that this plot is updated each week and thus ensures that the whole chain, from
film to DST, is working properly.
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FIGURE CAPTIONS

Overall view of LSD 1

Overall view of LSD 2

Production of LSD 1

Measuring time on LSD 1

Flow diagram of production operation for Exp. 42

Physical distributions for the system's quality control.
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Fig. 1

Fig. 2
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