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SYSTEM CONSISTING OF SONIC SPARK CHAMBERS, TIME-OF~-FLIGHT
AND PULSE-HEIGHT COUNTERS ("MISSING-MAbS SPECTROMETER") -
WITH ON-LINE COMPUTER

He BLIEDEN, D. FREYTAG; F. ISELIN, F. LEFEBVRES,
B, MAGLIC, H. SLETTENHAAR, S, AIMEIDA and A, LANG

CERN, Geneva

(presented by B. Maglié)

1o  INTRODUCTION

We have built a system consisting of sonic spark chambers, time-
of-flight, pulse~height and hodoscope counters (see Fig. 2). Such an
instrument was proposed recently under the name of "missing-mass spectro-
meter"1), for the search ¢f new unstable particles, X. (X can be boson,
nucleon iscobar or excited hyperon, depending on the type of the bombarding
particle.)

We have in mind an investigatien of the reaction

K +P->P+X
(1)
particle index: 1 2 3 4

with X = unstable boson.

In Fig. 2 we have listed the measurements which are supposed to
be done by the MVM-spectrometer. According to its function, the instrument
can be divided into two parts:

Part i) : '"Pion lime", It contains:
- hodoscopes Hy -Hp -H3 ~Hy
- "vertex'" counter, V.

Part ii) : "Proton line", It centains:
- sonic chambers Sq -So —S3 —84
- hodoscopes for recoil proton Ry -Ro =iz
C = aluminium degraders Di ~Do —D3, of variable thlckness.
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Part ii), the "Proton line", has been tested in a proton beam
(with a 20% pion admixture) from the CERN Synchro-cyclotron. In Fig. 1,
we show the diagram of this tested part of the system.

2,  QUANTITTES INVOLVED IN THE MEASUREMENT OF MISSING=MASS

Mass of particle 4, M4, in Reaction (1) is equal to the missing-
mass of particle 3, ms, In general, (miss. nass)? = (miss. energy)? -
(missg momentum)z, which, for the case of Reaction (1), (M2 = M3) becomes:

2 2 2 2 o \F - 2 2
mB—Md_M}'-Z[<P1+Ml> + MlJ[<P3+M5>

All gquantities in Eq. (2) are in the laboratory system. Knowledge of my requires
simultaneous measurement of six quentities; they are listed in Table 1, together
with the description of the measuring technique used.

o]

- ng + 2P P, 008 @36 (2)

All measured guantities listed in Table 1 Are first digitized and
then registered in scalers. The existing CERN scaler readout logic is used
to transfer the infermation from the scalers, either onbto magnetic tape or to
the Mercury computer.

In the following text we describe cnly the essential facts about the
operation of our system., Overall description of the interconnections and 7 rits
of the instrumen: will not be given. Apart from the descriptive figures 1 und
2, the reader is referred to talks presented by F. Iselin in Session IV and by
H, Slettenhaar in Session V.

3,  DATA STORAGE

All raw date without any pre-selection or pre-computation, are stored
from the scalers onto the magnetic tape. We use the IBM unit, placed in an
air-conditioned trailer. The tape speed is 36" /sec with a density of 200
characters per inch, A 2,200 ft reel can store 3 X 104 events (from 30 scalers),

Assuming & 100% running efficiency and 100 msec for the recording of
an event, one expects, on the average, 2 events per 300 msec/burst of the
Proton=Synchrotron, or 3,600 events/hour. Our estimate is a 30% efficiencys;
thus, the expected date getting rate is 1,000 events/hour or 2.4 X 104 events/

- dey,
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4, ROLE OF THE ON-LINE COMPUTER

Due to the slowness of the Ferranti "Mercury™ computer used, only
one out of three to four events can be processed to the point of computing
M3, Eg. (l). This makes the computer a sampling facility. The importance
of sampling is two-fold:

1) It mekes it possible to test the goodness of the physics
result (m1%31ng_mass dlstrlbutlons) by applying certain
prescribed checks on the © ¥vs Pz dot density distributions.
The proposed method of "particle hunting' depends on these
tests (described in paragraph 5). The 9 vs P display is
done by the mechanical x-y plotter.

ii) It constantly checks the functioning of the whole instrument:
whenever an event cannot be "fitted", the reason for the
failure (type of error) is displayed (see paragraph 6) on the
typewriter on-line.

%, ON-LINE CHECKS AGAINST FALSE PEAKS

We know, today, only of two X resonances (I = l): p and B, whose
masses are 750 and 1,220 MeV, respectively, and width T = 100 MeV. If there
are no new resonances, the Number vs mz3 distribution would show a continuvum
(phase spare), with only these two e peaks superimposed on it. A new heavy
boson would ‘show as another peak on the continuum,

However, in the past bubble~chamber work, peaks in N vs MM distri-
bution frequently turned out to be false ones. (A1l unstable bosons were
found in the effective mass, rather than MM distributions.)

The proposed method prescribes definite tests, to be made in the
course of the experiment, which should be capable of revealing if the peak

is false or not.

® z vs Pz scatter diagram

In this technique, the result is not displayed in the usual N yg MM
hlstogram. Since, at fixed Py, MM is a function of only two variables,
f(@3,P3), each event can be represented by a dot in a® B-P plane. This
glves more information than N ys MM histogram. First, it shows, simultaneously,
cross-section as a function of the momentum transferA2 (25P%), Secondly, the
scatter diagram provides two independent tests:
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Test 1l: If there is a discreet mess in X, the dots should lie along one

mas
(See, for example, O.=P, mass lines for P, = 6 GeV in Fig. 3.)
An increase of dot=density, if the effect is real, is expected
along a given line. If this condition appears to be satisfied
“in the course of the run, the physicist proceeds to

Test 2: The mass~lines shift in a known manner with the change of the
incident momentum Plg the increase (decrease) of P, by 1 GeV/c,
© typically increases (decreases) the maximum angle by about 3°,
At any beam setting, the variation of the beam momentum of * 1 Gev/c
is possible without changes in the beam design.

Therefore, the second test consists of vepeating the run at

P; + 1 GeV/c and Py - 1 GeV/c, and seeing if the density distri-
bution follows the scale prescribed by kinematics. For example,
the dotted line in Pig. 3 sghows the shift of the 1.5 GeV mass
‘line for P; = 8 GeV/c, in respect to the one at P =6 GeV/c
(solid line), i.e, it shows the effect of AP = + 2 GeV/c.

ION OF THE "PROTON LINE'

- Here, we shall describe the procedure of identifying the proton
and computing its ®3 and P3 in its time sequence: ‘

From the soni: information obtained from 24 transducers in
chambers Sy, Szg 83 and 84, the spark co-ordinates (x,y) in each of the
six gaps are fitted; then a straight line (proton direction) is fitted
through the points; '

- The straight line is extrapolated into the R; hodoscope; the
programme computes which of the three counters should have
been hit by the particle; on the other hand, the programme
checks the information stored in the pattern unit and sees
if the observed counter number, ng ®  is equal to ngxpected&
If yes, the position of the particle in the plane of the Ry
counter is computed; then, the time of propagation of the
light signal from this point to the photo-multiplier is sub-
tracted from the observed time-of-flight, (TOF)ObSe " This gives
"first-corrected TOF!, : S .

= Tie straight line is then extrapolated forward to the target
to find the intersection with the incident pion direction. -
[ This is the vertex of Reaction (1)1; then the time-of-flight
taken for the pion to travel from H4 to the vertex is sub=-
tracted from the first corrected TOF. This gives the real time-
of-flight, (Tom)real,
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Check is made on the counter number Rp; which is hit by the
proton.

Using the (TOF)Te2L and the information on the thickness of
degrader D,, the expected pulse height, (PH)SXP, in hodoscope
Ry, is computed, on the assumption that t%e particle is protong
then, the information on the (PH)Sbsewe is compared, and if
they agree to 20%, proton is identified.

Similar procedure is repeated for the hodoscope RB; then,

P3 is computed.

93 is computed.

USE _OF TYPEWRITER ON=-LINE

The typewriter is in the experimentel area, on-line with the com=-
puter ocutput;

it gives the evidence on the functioning of every instrument

of the system at any time:
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i) whenever an event cannot be '"fitted" by the missing-mass

programme, the reason for the failure is typed. This can be
illustrated by the following examples:

If the pion line operates properly only one counter in each of
the hodoscopes Hy =Hy should go off. If, in one hodoscope,
(say HB)’ two counters, (say 2 and 4), give signals, the event
will not be fitted.

Error H324 will be typed.

There were two sparks in S,. This will give too short sonic
times.

Brror type: 632

One transducer, say No. 1 in S;, has become insensitive or
disconnected. This gives too Eong sonic time.

Brror type: 5331

S

One spark chamber gap became inefficient. This would result in
the absence of the stop signals in any of the Tour microphones
in that gap.

Error type: 5.



= An event does not satisfy the PH criterion for proton of
given TOF.

Error type: 9.

ii) The repetition of any of these errors draws the experi-
© mentalist's attention to the specific part of the apparatus.
He requests the computer operator to output the quantities
related to the part of the system which is malfunctioning.
He can plot the distribution of each of the quantities.

An example of this is given in Figs., 4 and 5, Distribution
has revealed that the spark chamber Sj was inclined by 19
to the vertical. ’
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Figure captions

Figu 1

Fig. 2

Fige 3

Fige
Fige

Fig. 6

Fige 7

Fig. 8

Fig. 9
Fig. 10

Fig. 11

Fig. 12
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Simplified version of missing-mass spectroﬁeter, tested 19~20
December, 1963. Results of the test are given in Figs. 4-11.
See also Fig. 2.

Complefe diagram of the data reduction sys%em for MM-spectro-
meter. . The "proton line" was tested (see Fig, 1).

Kinematic "mass~lines" in the @3 ¥S Pz plane at incident pion
momentum of py = 6 ueV/c. An example for the shift of the
mass-line is shown for py = 8 GeV/c (dotfed 11ne) See;para—
graph 4 of the text. '

Distribution of the differences of the spark positions in two
gaps in the sonic chamber of active area of 40 X 80 cm2; for .
the x and y coordinates, respectively. The systematic shift
of 1 mm in the y coordinate helped us in finding out that the
chamber was 1nv11nea 1% to the vertlcal

Distribution of the differences of the Shock—ane parameter

‘At in two gaps. At is proportional to the square root of the

spark energy (see Lillethun et al., Operation of a sonic spark-
chamber system, CERN report 1963). ‘ , 3

Angular dlstrlbutlon of the collimated proton béam, as measured
by two sonic spark-chamber gaps, 150 cm apart. This megsurement
gives our angular resolution to be % 0.05°, o
Pulse~height distribution in a scintillator 50 X 30 cm2£ 1 em-
thick, obtained with protons of 0.9 GeV/c. This gives dur

pulse-height distribution, which is % 23%.
Momentum resolution, obtained by time-ofeflight measurembnts.

Flow dlagram,of the MM-programme used in the test of "proton line",
The set~up is shown in Fig. 1.

Missing~-mass resolution, obtained with the proton line set-up,
described in Fig. 1.

Layout of the cable connecting four expefimental areas on the
CERN site to Mercury computer (M). Details of the link are
described by Slettenhaar, Session V.
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IN REACTION: w-+P— P+X"

WE MEASURE: () weoewT R (&) ReColL ANGLE NTRIN, o) T+ NoTI%KR +N,%
(2) INCIDENT DIRECTION ||(5) DIFFERENTIAL PH.
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MAIN DATA STORAGE
EVENT_SAMPLING FACILITY
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COMPUTER
PROGRAINE ] MM~ SPECTROMETER
GENERAL DIAGRAM
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I Irom scalers, N1 !

!

Writing of magnetic
tape

Computing of the spark
coordinates, Fitting
intersections.

Computing trajectory of
the recoil particle
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Computing the momentum,
assuming it is proton

i

Computing expected pulse
height, Comparing with
obtained rulse height.

Computing missing massl

Testing if Ni's are within If not, scaler number is sent to
prescribed limits typewriter, with error type 1 or

2, corresponding to N too low or
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If no fit in one gap,
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