EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

NP Intermal Report 75-3
3 July 1975

FINAL REPORT ON THE EXPLORATORY EXPERIMENT ON THE INVESTIGATION
OF HIGH MULTIPLICITY GAMMA-RAY EVENTS

G.F. Dell, H. Uto and L.C.L. Yuan

CERN, Geneva, Switzerland
and
. *)
Brookhaven National Laboratcry ’, Upton, NY, USA
E. Amaldi, M. Beneventano, B. Borgia, L. Luminari,

P, Pistilli and I. Sestili

CERN, Geneva, Switzerland
and
Istituto di Fisica dell'Universitid di Roma

and INFN, Sezione di Roma, Italy

J. Dooher
Adelphi University, New York, NY, USA

GENEVA
1975

*) Work performed under the joint auspices of the U.S. Energy Research &
Development Administration in collaboration with the U.S. National

Aeronautics & Space Administration and the Research Corporation of
New York.







- iii -

SUMMARY

An experiment investigating high-multiplicity gamma-ray events in a region
covering 187 of 4T around 90° in the centre of mass has been performed at the CERN
ISR by sharing the detector of the CERN-Columbia-Rockefeller group. Information
on the dependence of the cross—-section on gamma-ray multiplicity as well as the
dependence of the average gamma-ray and charge multiplicities on the centre-of-
mass energy has been obtained. Studies have been made -of correlations between the
number of gamma-rays and charged particles, as well as between the total number of
gamma-rays plus charged particles and the total measured energy per event. Two-
body inclusive rapidity distributions in the rapidity interval 0.86 to -0.86

covered by the detector are also presented.

The main corrections to the data, as well as considerations of background
effects, are extensively discussed in the appendices. Also discussed in the
appendices are a Monte Carlo calculation of the gamma-ray multiplicity distri-
bution expected from m° decay and a calculation based upon an independent emission
model of 7’ production. Both calculations give identical results, which are found
to be several orders of magnitude lower than the experimental results for gamma

multiplicities 2 10.
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INTRODUCTION

In’ the fall of 1970 the Brookhaven—Grumman—Rome (BGR) Collaboratlon pre—
sented a proposal for an experlment almlng to detect multlgamma events by means
of a set- up de51gned to cover about 607 of the total solld angle around an 1nter—
section regiomn of ‘the ISRI) The Droposal was motlvated by two kinds of phy51cal
problems: a) Since the great majority of the gamma-rays originate from the decay
of m°, a'study of events with many photons would provide information on ‘the multi-
plicity 6f the parent pions, their correlations, etc. ~b) Around 1955 a few events
were observed, in stacks of nuclear emulsions exposéd to cosmic rays at high alti-
tude; which show that between 16 and 24 gamma-rays were converted into “électron-
positron pairs in a length varying between 1 and 2/radiation-lengthsz).f These
observed events could mnot be accounted for either by conventional electromagnetic
showers originating froma single high-energy gamma (or electron) ‘or by conven-: - -

tional nuclear interactions with the production of many w°’

Since the estimated energies of the primaries of ‘these events ‘are very close
to the equivalent energy of the ISR colliding beams it seemed to ‘us that a
multigamma-ray .search experiment at the ISR would provide a unique opportunity
for recognizing whether events of this type are simply caused by -extreme fluctua-
tions of the usual multiple production of pions or due to a different physical -
origin.‘

In August of 1971 the ISR Committee suggested ‘to us to try first an-explorid—-
tory experiment by sharing an existing detector system of some other group already’
working at the ISR, mainly to see if there were present a sufficiently large

number of multigamma events which had not been looked for before.

Since the CERN-Columbia-Rockefeller (CCR) detector system appeared to be most
suitable for this type of experiment®), the BGR group discussed with the CCR group
the possibility of sharing the use of their equipment for a preliminary search ‘for
multigamma events. The CCR group kindly agreed to this proposition and suggested -
that we could add our trigger to their electronics, to trigger our own electronic
system, provided that the comnection of the'outputs of ‘their counters to the BGR

circuit would not disturb their experiment.

Besides -sharing the detector system and the associated electronics, the BGR-
shared also the recording system of the CCR group. This was done by having all -
the BGR events recorded on the same tape with a special code, so that, later, they

could easily be transferred to separate tapes.

It was clear from the beginning that for the search for multigamma events,
the CCR counter arrays had the considerable disadvantage of covering only a small
fraction, namely 18%, of the total solid angle and of being concentrated around
90° with respect to the direction of motion of the two colliding protons in their
centre-of-mass system, so that the forward and backward cones were completely un-

covered.
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Moreover, since the CCR group focused its interest and effort on investi-
gating comparatively rare events associated with high—energy gammas or electrons,
the apparatus was not well suited for the study of processes with many low-energy
photoné. Nevertheless, a satisfactory and valuable exploratory experiment has
been carried out with the shared detector equipment described above and some

rather interesting results have been obtained.

‘A few preliminary results have been already made known elsewhere“). In
Section 2 we shall briefly describe the main features of the detector and the kind
of triggers we have used. After a few general remarks on the nature of the re-
corded events and their analysis (Section 3) we discuss the spectrum of the gamma-
rays observed in a single lead-glass counter —- in particular its slope — as
well as the cross-section for production of at least one gamma-ray at 90° with
respect to the direction of the pp collision. We find that both the slope and

cross—section agree with the values obtained by other authors (Section 4).

We shall then discuss a number of pairs of regression lines from which one
can conclude that (Section 5): (a) the multiplicity of the observed gamma-ray
does not depend, or depends very weakly, on the transverse momentum or energy of -
a single photon; (b) the total energy observed in gamma-rays increases by in-

creasing the multiplicity.

The two-body inclusive rapidity correlations will also be discussed and
found to be in reasonable agreement with similar results of other authors

(Section 6).

Finally, we shall discuss the multiplicity distribution, the average multi-
plicity (Section 7) and the influence of the trigger mode on these observed
quantities (Section 8). The average multiplicity of neutral secondaries (mainly
gamma-rays) as well as the tails of the corresponding distributions, observed in
a rather narrow region around 90°, are considerably larger than those computed

from m° uncorrelated production (Section 9).

THE EXPERIMENTAL EQUIPMENT AND THE TRIGGER

Figures 1 and 2 show a top and a longitudinal view of one of the two identical
detectors of the CCR group placed on the two opposite sides of the intersection
region. Its details have been discussed on various occasions5) and will not be

repeated here.

The gamma-rays are detected by 16 + 16 1ead—g1ass Cerenkov counters, about
3 radiation lengths (3X,) thick, denoted by HV, behind which there are 60 + 60
Cerenkov counters, about lSX0 thick, denoted by LB.




The values of the variable®)
%

n=-lntg S . - @D

- for particles emitted from the centre of the interaction region (i.r.) in the
direction of the contour of the HV counters are shown in Fig. 3. Since for
gamma-rays this variable is identical to the c.m. rapidity, one can keep in mind
that the deviation from linearity of the rapidity, as a function of x and y, is
small over the whole surface of the detectors and is negligible within each HV
counter: The interval of c.m. rapidity covered by each HV counter is shown in
Table 1, from which it follows that the total interval covered by the detector
out (in) extends from +0.86 (+0.66) to —0.86 (-0.66).

The scintillators A, Z and B (5, 10 and 6 in each detector) add information
to that provided by the spark chambers, which allow the recognition and recon-

struction of the tracks crossing the detector.

Besides the counters shown in Figs. 1 and 2, two types of beam counters in
coincidence were used in the trigger. They allowed a reduction in the background
by requiring that in each event the timing of the pulses corresponded to fast
particles produced within the interaction region (i.r.). Their geometry is sum-
marized in Table 2. Downstream in each beam there was a single Zi counter and two
Bi counters, The II counters were designed for detecting a large fraction of the
interactions (Table 2), while the counting rate of the BB counters was about 5

‘times lower.

The trigger can be described symbolically as
Mt'ZZ'V or Mt°BB-V

where V is a veto against pick-ups and other disturbances, IX (or BB) is the co-
incidence between the I, (BI-B{) and X, (B2°B£) counters, and Mt means that at
least t out of the 32 HV counters were fired in coincidence, each with a threshold

of E: The threshold of the HV triggers was originally set at E.. = 0.160 GeV,

e
h' ' th
which is more than twice the average energy deposited by a fast charged particle
in an HV counter. Such a value would most likely ensure that the HV counts
e
th’
changed during the experiment, mainly because of the radiation damage undergone

forming the trigger are due mainly to gamma events. The value of E however,

by the lead glass (Section 4).

Once an event was obtained by such a trigger, the energies and positions of
all the Cerenkov counters fired, as well as the information on all the charged

tracks given by the scintillators and wire spark chambers, were completey recorded.
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Runs were made at various values of the momentum  p, of the protons circulating
in the ISR, and with different trigger modes (Table 3). In the majority of the
runs, the value of t was set equal to 4 because we wanted a high multiplicity and
we wanted to avoid too high a counting rate, which would affect the CCR event rate.
But, even under this condition, our counting rate was still so large at high beam
energies that it was necessary to introduce an artificial dead-time of up to 3 sec

that was adjusted to keep the counting rate about 1/10 of that of the CCR group.

Only a few runs were made with t = 3, 2 and 1, respectively (Table 3). Those
at t = 1 were essential for converting our counting rates into cross—sections for
productidn of gamma-rays that could be compared with results of other authors
(Section 4). The comparison of the data obtained with different trigger modes

provides a very useful check of their internal consistency (Section 8).

GENERAL REMARKS ON THE ANALYSIS OF THE EVENTS

The HV fired in each event have been divided into two classes*): charged HV
(HVC) are defined as those HV fired with a pulse greater than the adopted cut—off
energy ch and with one (or more) reconstructed wire chamber track(s) crossing

them.

-

The neutral HV (HVn) are those HV that show a pulse (2 E _), but do not have
cf

any track of charged particles crossing their entrance surface. The majority of
the neutral HV are fired by neutral particles such as gamma-rays, n, or n, while
the majority of the charged HV are fired by charged particles. Such a distinction,
however, is not rigorous but the over-all correction is small. For example, the
class of (HV™) includes a certain number of HV fired by charged particles, whose
track has not been reconstructed, either because of the limited efficiency of the
wire chambers, or because the computer was confused by the presence of too many

sparks.

These are two of the five main corrections (Appendix A) to be applied to the
observed numbers of HV™ and HV®. Their estimated values are summarized in
Table A.1, from which we can conclude that each correction is rather small, and
that they compensate each other almost exactly giving an over—all correction of
the order of 1Z. Such a correction has not been applied to the observed numbers
which are affected by statistical as well as systematic errors which are ap-
preciably greater. Here by systematic errors we mean errors arising from norma-

lization errors (Section 4) and background (Appendix B).

The background was determined, for both BB and IX trigger modes by three
types of measurements: (a) single-beam runs; (b) delayed coincidences (such as

[Miel'ZZ] or [MtZI'Zielj); (c) events triggered at random (pedestal events).
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In the case of BB trigger modes, the estimated background is of the order of
1%, while for IX trigger modes it is not more than 10Z. Finally the HV multi-
plicity of the events triggered at random amounted, in the worst case, to

0.3 count/event.

The results presented in the following have not been corrected for the back-
ground. We have, however, compared systematically the I data with the BB data
and, since we found, in general, a satisfactory agreement, we concluded that the
‘background should not affect our results appreciably. This statement will be

clarified by a few specific examples.

Another effect for which we did not introduce any correction could arise
from spurious gamma-rays, i.e. gamma-rays due to the decay of 70 produced in the
walls of the vacuum chamber —- and other objects in the surroundings -- by charged
particles generated in the pp collision. From the considerations summarized in
Appendix C we arrived at the conclusion that the contribution of these gamma-rays

is small even in the case of high multiplicity events.

. The energy EHV deposited in an HV counter (3X, thick) by a gamma-ray initiated
shower amounts, on the average, to a fraction of the order of 30% of its total
energy and fluctuates considerably around its mean value”). The energy k of the
initiating photon is given by the relation

ko= Eg, + Y Erg » (3.1)

where the second term is the sum over all LB counters (6 or 9) located behind the

HV in which the energy E __ was observed*).

HV
. The scale of energy of single photons (3.1) (or of the corresponding trans-—
verse momentum kt) is uncertain because of two reasons: the calibration of the

lead-glass counters, which is affected by systematic errors of about 157, and the

%) We assume that when two near-by HV counters are fired in coincidence, they are
due to two gamma-rays, for the following reason. The coincidence due to a
single shower developing in a lead-glass counter and passing in part in the
next counter, is in general negligible, except in the case of counter 7
"aragging" counter 5 (5 5%), counter 5 "dragging" counter 3 (S 10%), counter 3
"dragging" counter 1 (5 15%) and other geometrically equivalent pairs of
counters. We had however, to solve the problem of the ambiguity in the de-
termination of the energy ki and k; of each of these two gamma-rays originating
from the LB counters. We adopted the recipe of adding to the energies E; and
E: observed in the two HV counters, the energies in the LB counters placed behind
both of them proportionally to E; and Ej, i.e.

E. . Ej

k, = E, + =5 ) E 5 .

- 3
ky =Byt goE, L Brpe T8 TE, +E,
1 ] 1 J

i
The results do not change appreciably by adopting the extreme simple recipe
of adding to Ei (Ej) the energies observed only in the LB's placed behind HVi
(mv.). ' .

]
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uncertainty deriving from the recipe adopted for distributing the energy deposited
in the LB counters located behind two fired HV whenever these were close to one

*)

another 7.

In the analysis of the data we used a cut-off in the energy deposited in a
single HV (ch) equal to 30 MeV (or more). This value, according to pedestal
measurements (Appendix B), was adequate to eliminate completely the pedestal
fluctuations, although it should be considered as a '"nominal" value, because of

the uncertainty in the absolute scale of energy.

The fluctuations of the background for the photon energy (3.1) are much
larger than for an HV, because one should add -- incoherently -- the fluctuations

of all counters involved (about 10).

Finally, two further remarks about the trigger. Apart from the variation
undergone with time of the pulse amplitude due to radiation damage (Sections 2

and 4), the threshold Ei of the trigger is not "sharp", i.e. its transmission

h
increases from zero to full acceptance in a rather wide energy interval. This is
an instrumental effect that introduces some complications in certain analyses of
the data. In order to avoid these complications, we often use an analysis
a . . e
threshold Eth’ appreciably greater than the electronic threshold Eth
a e

> . .

Eth Eth (3.2)

Secondly, in order to obtain a better defined class of events, we have intro—

duced, in some analyses of the data, what we call a neutral trigger, defined by

requiring that the trigger mode Mt is due to at least t HV" (and no uv®). This
was obtained by requiring that the t HV with greatest deposited energy were uv".

This trigger clearly introduces a small bias against the uve.

ENERGY SPECTRUM OF SINGLE GAMMA-RAY
AND INCLUSIVE CROSS-SECTION AT 90  IN THE c.m.

As an example, we show in Fig. 4 the distribution of the energy deposited
per event by neutral secondaries in a single HV (HV 1 out) observed at
s% = 53.2 GeV, with the trigger mode M,. The general trend of the distribution
is the same for all other HV counters and is the same when the trigger mode is
changed from M, to My, M, or M;. The black dots shown in the figure are the dis-
tribution of the pulses of the events in which 4, and only 4, counters were fired.
They allow an a posteriori determination of the threshold Eih'Of the discriminator
which, in the case of Fig. 4, turns out to be around 0.240 GeV. This value does
not differ too much from the original value of 0.160 GeV (Section 3), but for a
few other HV counters the variation undergoné by E:h'because of radiation damage

was appreciably larger, with a maximum of about-AEth =~ 0.200 GeV.

*) See footnote on preceding page.
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The distributions of the type of that of Fig. 4 are the result of the super-
position of two distributions: (a) The distribution of the energy deposited in

the HV by photons that contribute to the trigger. This distribution increases
e

th’ v
(b) The distribution of the energy deposited by the photons recorded in all other

rapidly around E from zero to a maximum and then decreases exponentially.
HV counters, which starts at the value of E ¢ adopted in the analysis and decreases
exponentially. Figures 5 and 6 show these two distributions in the case of the
four HV counters placed at 90° lumped together (Nos. 7 + 8 + 9 + 10 separately

L .
for the "OUT" and "IN" detectors). These data were taken at s2 = 53.2 GeV with

the trigger mode [MHZZ].

We tried to parametrize the distributions of the type of that of Fig. 4bin
terms of two Gaussian distributions representing the fluctuations of both the
energy deposited by a shower in the HV and the value of the threshold Eih of the
discriminator. The adjustable parameters were the widths of both Gaussians and
the mean value Eih of the threshold. The values of these three parameters cor-
responding to the best fit in all cases turned out to be very close to the ex-

pected values.

In order to obtain the slope of the gamma-ray spectrum, we have plotted, after
subtraction in each event of the photon responsible for the trigger, the data in
Fig. 5, as a function of the photon energy in the c.m.

* _ - oUT
k = ch(l ¥ ch cos o)k [+ IN J s (4.1)

where k is the energy of the photon in the laboratory frame [Eq. (3.1)],

ch = 0.1287 and Yem = 1.0085, the velocity and the corresponding Yy of the c.m.
of the two colliding protons originating from the angle (14.8°) between the two
beams of the ISR. The angle o appearing in Eq. (4.1) is the angle between Ecm
and the line from the centre of the i.r. to the centre of any one of the counters

placed at 90°, i.e. the HV, Nos. 7, 8, 9 and 10.

The subtraction, in each event of the photon responsible for the trigger,
has been made for eliminating (or at least reducing) the deformation of the spec-

trum introduced by the trigger itself.

*

Best fits of these plots were made for the "OUT" (k> 155 MeV) and "IN"
(k* > 200 MeV) detectors by folding in an exponential spectrum, exp [-k*/ko] with
a Gaussian representing the energy resolution of lead-glass counters. The free

parameters were k, and the variance of the Gaussian. From the best fit we obtain

2
k, = 180 * 10 MeV &.— = 1.3, OUT]
o 2 (4.2)
k, = 160 * 10 MeV [2% = 1.8, IN] , ,
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where the errors are purely statistical. Also the values deduced for the variance
of the counter resolutions are in very good agreement with those measured directly

by us as well as by other authors.

The values (4.2) are in very good agreement with the value obtained by other
authors®»?)
ko = 161 * 8 MeV

(4.3)
k, = 157 + 8 MeV ,

especially if one considers the uncertainty inherent in the calibration of the

lead—-glass counters (Section 3).

We have then proceeded to verify whether our counting rates are in agreement
with the cross—section for producing gamma-rays at 90° measured by other authors.
We have used two procedures, the first of which is based on the data shown in

Fig. 5, while the second utilizes the data of Fig. 6.

The first procedure is the following. We have made semilogarithmic plots of
the data of Fig. 5 as a function of k* and we have summed the number of events
observed in the linear part of the semilogarithmic plot (k* 2 kih). We obtain a
number MIZZ(90°; k2 k:h) which is connected to the cross-section by the obvious
relation

o, * > a
y doy  MIZO0% K 2 k) 1
o._d ¥ IOX a *
in exp [-kth/k°] 2

1
F (4.4)

where the exponential factor is introduced in order to extrapolate the cross-—
. * . . . .
section to k” = 0, and 0% is 4 times the solid angle for gamma-rays in the c.m.,

covered by any one of the four counters at 90° in the "OUT" or "IN" detector

(Table D.3). Finally, F is a correction factor close to one originating from the
bias due to the beam counters (Appendix F). The first factor on the right-hand

side of Eq. (4.4) is conveniently factorized as follows

MyI5(90°5 K 2 1) (Mlzz(go% ¥ 2 )) (MIZZ] s
= , .5

th
I3 28 T

where the first ratio on the right-hand side is the ratio of the trigger mode
[MIZZ] due to gamma-rays firing '"the 90° counters' to the total number of triggers
due to gamma-rays firing any one of the HV counters. The second factor is the

ratio of this same number to the total number of IX, the physical meaning of which

is
M, L2 do
m— L Y % 2 1%y a0* = 0.106 (£ 72) . (4.6)
I g, % th ,
inel dQ .
Q*
tot

where Q:o is the solid angle of the whole gamma-ray detector.

t
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From Eqs. (4.4) and (4.5) we obtain: for the detector out

do

_1 Yy _0.0198 X 0.106 _ a _ . |
G, da*  0.0146 X 0.457 0.30, k¥ =760 MeV, k, = 180 MeV (4.7a)
for the detector in
L dcx 0.0081 x 0.106 a
S % = 0059 X 0.275 - 0+20» gy, = 660 MeV, ko = 160 MeV  (4.7D)
inel : .

with an error of about *40% originating mainly from the exponential factor
exp [—kth/koj.

These values agree as much as can be expected with the results of other

authors:
, o
—Y = 0.24 £0.02 %) and 0.21 £ 0.02 ) . (4.8)
inel 4% ' :

The second procedure for comparing our counting rates with the measured
cross-section utilizes the data of Fig. 6 as a function of EHV' Since a deter-
mination of Eth is rather uncertain because of various causes (including the
radiation damage of the lead glass), we use the slopes (E;) of the two straight
lines of Fig. 6 for extrapolating the distributions to EHv = 0 and for determining
the value of Eth that gives a preassigned value of 0;;e1 dey/dﬂ*. One starts
from a relationship similar to (4.4) with k*, kih and k, replaced by EHV’ Eih and
E,, which is solved with respect to Eth' Introducing for ngel dGY/dQ* the value

0.22 [average of the values in (4.8)], we obtain

Eth ~ 200 MeV (£ 20%) for the "OUT" detector

Eth ~ 190 MeV (x 20%) for the "IN" detector ,

(4.9)

which are in very good agreement with the mean values of Eth for the counter
Nos. 7, 8, 9 and 10. The large error originates again mainly from the uncertainty

in the energy determination.

Thus we can conclude that our counting rates give the correct value of the
slope of the gamma-ray spectrum at 90° [Eq. (4.2)] as well as the value of the

cross—-section (4.7), although the latter is affected by a large error.
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REGRESSION LINES

We present here a few results obtained by the method of regression lines
very popular among statisticians!®). Given a distribution p(x,y) in two stochastic

variables x,y, one defines as regression lines the two functions

yp(%,y)
21———————— ; (5.1a)

Ey P(X’Y)

y (%)

_ L, xp(x,y)
o x(y) = /7, (5.1b)
L, p&sy)

where x and y are assumed to take on a set of definite values and the sums are

extended over all of them.

The significance of plots of the two lines (5.1) is clarified by considering
two extreme cases. If the two variables x and y are stochastically independent,
the regression lines are straight lines, one parallel to the x—axis and the other
to the y—axis. 1If, on the contrary, x and y are completely dependent on each
other, both regression lines coincide with the one curve which represents the

corresponding x- and y-values. Finally, for the normal distribution
1 '
p(x,y) = const. x exp [- 3 Ql, Q= a;;x* + 2a;,xy + a,,5° ,

one finds

_ a _ a;,

y(x) = . - x(y) == PARA
i.e. in this case the regression lines are straight lines passing through the
mean value with slopes (relative to the x and y directions, respectively) equal
to -a,,/a,, and -a;,/a;;. This property should, however, be taken with caution:
the plots of the regression lines of many non-normal distributions appear to'be

linear in spite of their completely different analytic nature.

The following remark may contribute to clarifying the meaning of the re-
gression lines (5.1). If x and y are not completely dependent on each other, one
can ask for a function y = g(x) of x which gives the best possible estimation of
the other variable y. Interpreting the term '"best possible" in the sense of the
principle of least squares, the problem becomes that of determining g(x) so as to

minimize the expression
L Iy by - e ] pey)

From the minimum property of the variance it follows that, for each x,

Zy [y - e@® 7] px,y)
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becomes a minimum when g(x) = ;(x), which is the mean value (or conditional pro-

bability) of y for given x

p,(y]x) = P&y
. p(x,y)

In the same way
PN LR YOON s JE))

obtains its minimum for h(y) = E(y).

A few regression lines obtained from our data are presented here in the form
1
of graphs. They all refer to runs made at s? = 53.2 GeV. The indicated errors
are statistical and have been computed by taking into account the subtraction of

the pedestal fluctuations.

The first set of pairs of regression lines (Figs. 7 to 12) regard the vari-

ables x = total (out + in) multiplicity of " = m(HVn) and y = m(tracks) =

the total (out + in) multiplicity of reconstructed tracks. In Figs. 7, 10 and
11 all HV™ have been considered, while Figs. 8, 9 and 12 are constructed by using
the neutral trigger (Section 3) and subtracting, in each event, the HV that con-
tribute to the trigger. This was obtained by excluding the t HV® in which the
photons deposit the.largest energy.

This recipe eliminates a trivial correlation which produces an apparent
higher value of m(tracks) when m(HVn) is very small. From a comparison of the

two sets of figures this effect is very clear.

From Figs. 8, 9 and 12 it seems that, within the statistical errors,
(mtracks) increases very slowly for t = 1 and 2, and remains practically constant
for t = 4, when the abscissa increases from 1 to 8 or 9. This difference, how-
ever, remains within the statistical errors over the whole interval of observed
values of [m(HVn) - t]. The same figures show a tendency of (Emt(HVn) - t]) to

increase as m increases. Furthermore, for = 0 the values of

m
tracks tracks

n . . .
([mt(HV ) t]) 1ncreises when t increases from 1 to 2 and 4, while for W ks
the values of ([mt(HV ) - t]) observed with different t are always equal within

the statistical error.

Since the gamma-rays originating from particles different from m° k%, Ro and
)
in part K*) at s% = 53.2 GeV contribute about 20% of the total gamma-rays ob—
served, the behaviour discussed above is a clear indication of a positive cor-

relation between the numbers of charged (n,) and neutral (ny) pions.

The derivation of general conclusions from these observations is made rather
uncertain by the fact that our data refer to a very small solid angle. This geo-—

metrical feature of our detector is particularly inconvenient for such a comparison,
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because the angular distribution and spectrum of the gamma-rays are smeared out
with respect to the angular distribution and spectra of the charged particles by
the decay process of the parent particles. Furthermore, one has to keep in mind

the following remarks:

i) At sl’2 = 53.2 GeV, on the averagell) about 20% [as well as at 90° and
P, = 0.5 GeV/c 12’13)] of the charged particles are not ¥ and about 207 of the
observed gamma-rays originate from the decay of mesons different from 70
x°, K?, Ki). This rough estimate is based on the following considerations:
(a) wedassume for the average numbers of ﬂi, Ki, P> p produced at % = 53 Gev,
the values given in Ref. 11; (b) we take for (nﬂo) the arithmetic averages of
(nﬂ+), (nﬂ_); (c) we assume that the K° and K° are produced with the same partial
cross-sections as XK' and K~. Then by considering the various decay modes of K2

S
and K{, we obtain the following results:

Parent particle T (sec) (ng0)
Kg 0.886 x 10710 0.229
K{ 5.179 x 1078 0.279
k* 1.237 x 1078 0.240
(ny)
0
Kg 0.007
KE 0.149 .

0

The last two lines refer to gamma-rays that do not originate from 7" decay.

ii) The observed m(HVn) differ from nY because of the five main corrections
listed in Table A.l to which here one should consider adding three more: (a) the
probability that a shower produced by a gamma-ray in an HV counter fires also the
near-by HV counter; (b) the probabilities that two gamma-rays, originating from
the same m°, cross two different counters, or the same HV counter, or that omne
crosses one of the HV counters while the other does not cross the detector;

(~) the possible contribution of spurious gamma-rays.

We have made an estimate of point (a) starting from a rather detailed study
of showers in lead glass7) and found that the probability for a shower initiated
by a gamma-ray in an HV counter to produce a pulse greater than ch = 30 MeV in a
second counter is negligible in all cases, i.e. whenever the second HV counter is
placed below or above the first one, except in the case of the HV counter placed
at the same level as the first one, along its vertical side. 1In this case, the
effect was different from counter to counter, but always between 57 and 10Z.

This result agrees with the Monte Carlo computation that gives an average effect
of 87. |
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We have made estimates also of point (b). The result depends, however, in a
rather complicated way, on the angular and spectral distribution of the m° and

the geometry of the detectors.

An over-all estimate of both these effects lumped together is obtained from

the Monte Carlo computation (Appendix D), which gives

(m@@v™)

(m0) = 0.99 £ 0.01 , (5.2)
21

Y

where (m,,TO)ZlY is the number of pions per event giving at least one gamma-ray

crossing the detectors.

Finally, point (c), i.e. the possible contribution of spurious gamma-rays,
is discussed in Appendix C, where we arrive at the conclusion that it can be ne-

glected.

iii) The observed M ocks is lower than the charged particles, because of
the efficiency of the wire chambers as well as that of the procedure of track re-
construction. Both losses may increase with increasing multiplicity. We estimate
that for events of average charge multiplicity the correction for the first of these

effects is about +10% (see Table A.1), while for the second it amounts to about +20%.

A linear dependence of the average number (nﬂo) of neutral pions observed
over the whole solid angle on the number of charged particles L has been observed
by other authors working at lower as well as at the ISR and at NAL energies:

(nno) = A + Bnc (5.3)

h
A summary of the experimental results and their discussions in the frame of
a simple model can be found elsewhere!*),

At ISR energies A seems to be small and B ~ %. However, our results refer to

a small solid angle around 90° and are taken with trigger modes Mt’ which impose
always the condition A 2 t. What was not expected and is shown rather clearly by
Figs. 8, 9, and 12, is that in the pionization region ((<nn°> -~ t)) is appreciable

for t = 1 and increases considerably by increasing t from 1 to 4.

We will come back to the discussion of this point in Section 7, where the

data on the mean values of m(HVn) and m will be reexamined.
tracks

As a final remark on this set of regression lines, we notice that the data
of Figs. 10 and 12 always agree within the statistical errors, although three of
the II points are slightly higher than the corresponding BB points. This is a

good indication that the background is not very large even in the II data.
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The second set of pairs of regression lines (Figs. 13 to 18) regard the vari-
able x = my = total multiplicity (= Hy" +'HVC) in the detector IN, and
vy =m = total multiplicity (= " o+ HVC) in the detector OUT. In Figs. 13,
16 and 17 all HV have been considered, while Figs. 14, 15 and 18 are constructed
by using the neutral trigger (Section 2) and subtracting in each event the HV that

contribute to the trigger. Since in this case we do not know how many of the t HV
n

OUT)’ we have labelled m with an asterisk.

should be subtracted from m(HV?N) and m(HV

Figures 16 and 17 differ only because the corresponding trigger is [MHBB]
instead of [MRZZ]. Only in a few cases are the LI points slightly higher than the
BB data. The difference, however, is about one statistical error. This is another
example of the agreement we found in general between the BB and LI data. Tt con-
firms the conclusion that neither the BB data nor the XII data are affected by a

large background of accidentals.

A third group of figures (Figs. 19 to 22) illustrates the dependence of the
average multiplicity (m(HVn)) on the transverse momentum kt [or momentum k = energy:
see Eq. (3.1)] observed in a single HV and the LB's behind it. 1In all these
figures we do not show the companion regression line [x = <kt> (or (k)),

y = m(HVn)], because the values of (kt) (or (k)), always rather low, are ap—
preciably affected by the fluctuations of the pedestal events which arise from all
lead-glass counters involved: one HV plus about eight LB counters placed behind
it. We recall the remarks made in Section 4 about the energy scale of k and kt

and the fluctuations of the background.

In the first three figures we have plotted the mean value of m(av™) versus
kt at s% = 53.2 GeV, by separating the observations made in the two detectors.
The three figures differ only for the trigger mode, and the multiplicities are

computed with ch = 30 MeV.

The broken horizontal lines correspond to the over—all mean multiplicity.
They have been drawn for facilitating the recognition of possible general trends
of (m(HVn)) when kt increases. The data of Fig. 19 can be compared with the re-

15), who observe an increase (decrease) of

sults of the Pisa—-Stony Brook group
about 30% (5%) in the normalized total multiplicity of charged particles observed
in the hemisphere away from (towards) the direction of a single photon emitted at
about 90°, when its transverse momentum increases from 0.3 GeV/c to 4 GeV/c. We
recall that, according to the Monte Carlo computation (Appendix D), m(HVn) is
practically equal to the number of m° that generate at least a gamma-ray crossing
the detector [Eq. (5.2)]. Therefore the data of Fig. 19 show a different be-
haviour which probably arises from the fact that the solid angles within which we
observe (m(HVn)) and kt are small (9% of 47) -and fixed around 90°, while in the

Pisa-Stony Brook experiment the solid angle in which the multiplicity is observed

0 . - 3 . . _>
is 507% of 47 taken in each event with its axis opposite to k.
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The data of Figs. 20 and 21 cannot be easily compared with those of Fig. 19,
because the difference in the trigger mode introduces a selection of different

classes of events.

In the three previous figures the meaning of (m(HVn)) as a function of kt is
not very clear because, as long as the pions have a very low energy, kt represents
the transverse momentum of a single decay photon, while for pions of sufficiently
high energy, very often both decay photons cross the same HV, so that the measured
kt represents the transverse momentum of the parent neutral pion. In order to
clarify this point we have plotted, in Fig. 22, the mean value of m(HV" out), ob-
served at s% = 53.2 GeV with the trigger mode [MuZZ], versus the value of k ob-
served in any HV + LB behind it belonging to the "OUT" detector. In the same
figure we show a curve ¢ﬂo(k) representing the percentage of the cases in which
the observed energy k is due to both gamma-rays originating from the same m°.
The curve should be considered only as an indication since its computation in-

0 giving a gamma-ray in the detector are

.volves two approximations: (a) the 7
emitted isotropically; (b) all T° decay emitting the two gamma-rays at -
mﬂo
6 . = 2 arcsin — . . (5.4)

min E
0

The probability ¢ﬂ0(k) is zero as long as k < 0.58 GeV since for-emin > 28°
the two gamma-rays can never cross the same HV counter. If we wish to replot a
curve like that of Fig. 22 as a function of the energy k of a single gamma-ray,
one should decrease the value of (m(k)) for k 2 0.58 by the factor [1 - ¢ﬂ°(k)]

and at the same time multiply (m(k/2)) by the factor [1 + 2¢ﬂ0(k)].

The last set of figures (Figs. 23 to 28) concerns multiplicity and total

transverse momentum

K, =) L (5.5)
or total energy

K, =) k. (5.6)

In Fig. 23 we have plotted the mean value of m(HVn) versus kt both observed
in both detectors (OUT + IN) for two trigger modes at s% = 53.2 GeV. The points
beyond 3.1 GeV (4.1 GeV) observed with the trigger mode M, IZ (MMZZ) are slightly
more uncertain than those at lower kt for the following reason. Each point in
this figure is computed from the event distribution observed -- at a fixed value
of kt -- as a function of m(HVn). Since, in practice, we did not observe many
events with m(HVn) > 10, we were forced to extrapolate these distributions in the
region of m(HVn) > 10 for large values of kt’ before computing the mean value of

m(HV"). Such an extrapolation introduces an uncertainty in the value of (m(HVn)),
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which increases with kt’ but is not greater than 207 even for the last point of

each of the two curves shown in Fig. 23.

Figure 24 is related to the previous figure: it shows, for a few fixed

values of m(HVn), the distribution of the events as a function of kt.

Figure 25 shows the dependence of the transverse momentum kt observed (at
s% = 53.2 GeV) in any HV on the multiplicity m of the HV fired with a pulse
2 ch = 30 MeV. The dots refer to all fired HV (= " + HVC), the triangles to
the HV". The slope of a line drawn through the triangles is equal to 0.35 GeV/c
per unit multiplicity, in very satisfactory agreement with all other evaluations

of the mean transverse momentum.

The next two figures (Figs. 26 and 27) show, for two different trigger modes,
the regression lines corresponding to x = the total multiplicity m(HV) (where
n

HV = HV" + HV®) and y = Ktot = total energy per event observed in all HV.

The mean value of Ktot increases regularly with the multiplicity up tom = 12
and the mean value of the multiplicity also increases regularly as a functiom of
Kot reaching a value of about 8 at K__ . = 5.5 GeV for [MZZZ] and 9-10 at

K., = 7 GeV for [M,2X].

Figure 28 is related to Fig. 27, since it represents the distribution of the
events as a function of Ktot observed at s% = 53.2 GeV with the trigger mode
[M,22]. The increase undergone by the distribution from zero to a maximum, when
K increases from 1.5 to 4.25 GeV, is due to the trigger mode. By requiring

tot
that there are at least 4 gamma-rays with an energy 2 E h = 0.25 GeV in the HV,

t
we select events with a total energy in the HV + LB of at least

4 X 0.25 X 3 = 3 GeV ,

where the factor & 3 is due to the fact that a high-energy gamma-ray deposits be-

tween 1/2 and 1/3 of its energy in the HV counters”).

TWO-BODY INCLUSIVE RAPIDITY CORRELATIONS

The two-body inclusive rapidity correlation function is defined as

1 d*¢ _ _1 do _1 do
Ginel dnydn, Sinel dn, @ dn,

C(nysny) = (6.1)

inel

In the case of our detector we can write
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1 d’o Nivi s [MtZZ] 2m 2m 1 1

dnidn. [MtZZ] PN Aq)i A¢j Ani Anj

5 (6.2)

inel i

where the symbols have the following meanings:

NHvi = counting of the HV counter No. i above the adopted value of E:h;
NHvij = counting rate of coincidences between the HV counters No. i and No. j,
with both pulses 2 g2 H
th
A¢i = azimuthal angle covered by the HV No. ij
Ani = rapidity interval covered by the HV No. i.

From Eq. (6.2) we deduce, for the relative correlation

1 do 1 do
R(Mny,Nn,) = C(nl,nz)/-——-——-——- X e e
Oinel dny 0inel dn,

(6.3)

the expression
Ny 3/ (M2 B,
{NHi/[MtZZ]}{NHj/[MtZZ]} [v,52]

R (nym,) = (6.4)

when we have added the subscript t to recall that our data are obtained with

trigger mode Mt'

In order to obtain values of R regarding all inelastic events without bias
originating from the adopted trigger mode Mt’ it would be necessary to adopt ——
for all HV counters —- an analysis threshold Eih 2 400-500 MeV. With this-recipe,

however, the data turn out to be statistically inadequate.

Therefore we have derived the rapidity correlations from the data provided

by the "IN" detector (2 E g = 30 MeV) only for those events that fulfil the re-

quirement imposed by the agopted trigger mode in the "OUT" detector (2 E:h)'
Furthermore, we have tried to eliminate the trivial effect deriving from the
fact that, in 8% of the cases (Appendix C), a gamma-ray producing a shower in one
HV counter also fires the HV counter placed at its side but not those below or
above it with respect to the horizontal plane (Figs. 1 and 2). With such an aim
we have derived the value of R corresponding to An = Inl - n2| = 0 by using the

coincidences of each "odd" HVi counter (covering the azimuthal angle from ¢ = 0°

-]

(]

to ¢ = +26°) with the "even" counter HV, (covering the azimuthal angle from ¢ = 0

i+l
-26°) placed below it. This means that we have used the coincidences be-

]

to ¢
tween the pairs of counters (1,2) (3,4) ... (15,16). 1In order to improve the
rather poor statistics, we have lumped all these data together so that the cor-
responding value of R is averaged over the interval extending from n, =n, = 0 to

n, =n, = +0.6.
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A similar procedure has been used for the data at An = 0.16 which are ob-
tained from the coincidences between each one of the odd (even) HVi (HVj) with
the even (odd) HVl+3 (ij+1) which has a corner in common with HVi (HVj). To be
more specific we have used the coincidences between the pairs of counters

(1,4) (3,6) ... (2,3) ... (13,16) (14,15).

The data at An = 0.51 are obtained from the coincidences between one or the
other of the two groups of four counters placed away from 90° (i.e. 1 + 2 + 3 + 4:
n; = 0.585 % 0.075) and (13 + 14 + 15 + 16: n; = -0.585 % 0.075) and the four
counters placed at 90° (7 + 8 + 9 + 10: n, = 0.00 % 0.18).

Finally the data at n, = 1.02 are derived from the coincidences of the two
groups of four counters placed away from 90° (i.e. 1 + 2 + 3 + 4: n,; = 0.585) and
(13 + 14 + 15 + 163 n, = -0.585).

The resuits, summarized in Table 4, do not agree completely with those ob-
tained by other authors for the correlations of charged—chargedls) and charged-
neutral (Y) 17), because: (a) for n; =N, = 0 our value of R is identical with
that of the other two groups while we should get, in addition, the gamma-gamma cor-

0 18); (b) by increasing

relations originating from the decay of a single T
An = |n; - n,| from 0 to 1 our values of R seem to decrease faster than found by

other authors.

MULTIPLICITY DISTRIBUTIONS

Figure 29 shows the integral distribution of the multiplicity of the fired
Hv" for four colliding beam energies ranging from 11.7 GeV to 26.6 GeV in each’
beam. These results were obtained with a trigger mode [MkZZ], with a threshold
of the HV that we estimate was around Eth = 0.200 GeV (Section 4), and was
sufficient to ensure that these triggered events are due mainly to gamma-ray
events.. It should be emphasized again, however, that once an event was obtained
by such a trigger, the respective energies and positions of all the counters
fired, as well as the information on all the charged tracks given by the scintil-
lators and wire spark chambers, were completely recorded. The cut-off in‘energy
deposited in the HV adopted for the plot of Fig. 29 was taken equal to 25 MeV.
This value, according to pedestal measurements, was adequate to eliminate practi-
cally completely the HV background. Because of the change of the calibration of the
HV due to accumulated radiation damage effect, we estimate that the actual cut-off

was at 30-35 MeV *).

Figure 30 shows the distribution of the number of fired neutral HV for various
trigger modes from 2 1 to 2 4 at a centre-of-mass energy of 53.2 GeV and for the

same cut—off energy as in Fig. 29.

*) We wish to point out again that the value of E of should be considered only a
nominal value as stated in Section 3.
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The distributions shown in Figs. 29 and 30 are expressed in cross-section

per steradian assuming O el = 35.6 mb. Summing the values given in Fig. 30 for

the trigger mode [MIZZ], we obtain

°°d0
Yi -
ZE:[EQ—Jm = 1.25 mb . (7.1)

m=1

This value, divided by Oinel = 35.6 mb, gives 0.035, which is about 7 times

el
smaller than the larger of the two values (4.7). This is due simply to the factor

exp [—Eih/ko], where Ei is the electronic threshold of the trigger. If we as-

h
sume k, v 0.16 GeV -- as an average for the "IN" and "OUT" HV -- we obtain
Eih ~ 0.3 GeV, in reasonable agreement with what we know from the calibration of

the lead-glass counters, especially if we consider that in these plots the

e + gv" are lumped together.

The tails of these distributions show about the same slope irrespective of the
trigger mode. This is just the behaviour one would expect for multiplicities m

appreciably greater than the trigger t.

Table 5 shows the mean values of the average multiplicity (m(HVn)), their
variance O and the maximum value of m(HVn) we observed in the BB data, which have

been analysed with three different values of the cut-off energy ch.

In the lower part of the table we give also the mean values of the number of
reconstructed tracks. The values of (m(HVn)) and (m ) obtained with the

trigger mode [MkZZ] and Ec

tracks
£ = 30 MeV are plotted in Fig. 31 as a function of the
energy s% in the c.m. of the colliding protons and in Fig. 32, for % = 53.2, as
a function of the trigger t. The results obtained from the BB data agree always,

within the indicated errors (statistical), with those derived from the II data.

Figures 33 and 34 show the dependence of the average multiplicity as a fﬁnc?
tion of the cut-off energy for the trigger mode [MQZZ] and s% = 53.2 GeV. In
Fig. 33 the fired H" and HV® have been separated, while in Fig. 34 they are
lumped together (HV = "+ HVC)..

Some "of the analyses reported above have been repeated with the neutral
trigger (end of Section 3) and we think that these should correspond to better de-
fined conditions. The results of such an analysis are shown in Fig. 35 and in

Table 6.

Figure 35 is similar to Fig. 30 except that in the analysis of the data we
have imposed the 'meutral trigger" and the counting rates normalized to unity over

the whole range of values of the abscissa are plotted versus the variable

[m @™ - 1_:] .




_20_

From Fig. 30 it clearly appears that by increasing t, i.e. by selecting events

with a greater number of photons with E._ 2 E

a

Hy th ~ (0.2 GeV, we obtain a class of

events which shows a greater multiplicity.

The corresponding mean values, as well as a few higher moments, are shown in

Table 6. The comparison of these results with those obtained with normal trigger

suggest the following remarks:

i)

ii)

iii)

Passing from normal to neutral (analysis) trigger, the values of (mtracks>
slightly decrease and, in the case of the trigger [MIZZ], approach the value
one derives by integrating the inclusive cross-section over the solid anmgle

covered by the detectors
(mch) = 0,6 . - (7.2)

The mean values of m(HV™), on the contrary, increase appreciably as we should
expect, because with the neutral trigger we exclude from the computation of
the mean values the events that we recorded in spite of the fact that

m(HVn) < t, because at least one HV® contributed to the trigger.

By increasing t, i.e. by selecting events with a greater number of photons
. 5 8
with EHV Z Eth

photons with 0.03 £ By £ 0.2 GeV.

® 0.2 GeV, we also select events with a greater number of

THE INFLUENCE OF THE TRIGGER

In this section we try to analyse, in more detail, the influence of the trigger

on the mean value. of m(HVn). In a run with a fixed mode Mt’ the lead-glass coun-

ters provide a table of "two—index' numbers

i.e.

with a deposited energy E, S E<E

ye®e (8.1)

n,,0,

the number of events with n, " with a deposited energy E > Eth'and n, mv"

£ th' If N is the number of pp inelastic col-

lisions (i.e. BB or XX coincidences) recorded during the same run, we can define

the two-index frequencies .
NG
(t) T10T2 |
dnl,nz = =5 . (8.2)

If the electronic trigger were a step function at E = Eth’ the frequencies (8.2)

would have the property

d(t)
n;,0,

d whenever n, 2 t
{ M0 (8.3)
0

whenever n, <t,
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where d n is the frequency of the events, belonging to the class (n;,n,), that
120y
would be observed in a measurement without trigger.

The meaning of the frequencies dn n is clarified by the following remark.
1-0p
If the solid angle of each HV counter were so small that the probability to have
more than one gamma-ray crossing the same counter were negligible, then
2: dnl,nz =0, (8.4)
np+n,=n
where w, is the probability for n photons produced in an inelastic pp collision

to cross the detectors!?).

This is equivalent to saying that W, is the integral over the phase-space

volume defined by the detectors of the n photons exclusive cross—section (divided

by 0inel)'
From the observed values of the frequencies dn o, We compute the mean values
120
of n,,n, and n = n, + n,. These mean values depend on the adopted trigger mode

(i.e. n) 2 t), even in the case of an ideal trigger, i.e. a trigger satisfying
1

condition (8.3).

In order to understand such an influence, let us start by expressing the
average number of photons (with E 2 ch) that are observed without a trigger.

This is given by

L(N; + Nyy) + 2(N,, + Ny + Ngo) + 3(Ny, + Ny + Ny, + Npu) + ..

Nog + (Nyg + Ngy) + (Nyp + Ny +.Ng,) + ...

(n) =

1(N10 + NOI) + 2(N20 + Nll + NOZ) + 3(NBO + N21 * I\112 * N03) e

N

= Lldyo + dgy) + 2(dpq *+ dyy + dpy) + 3(dgy + dpy + dy, +dgg) + .ue .

(8.5)

In the limit of validity of (8.4), the relationship (8.5) becomes the well-known
relation between the one-particle inclusive integral [¢(1) = (n)] and the ex-~

clusive integrals Wy -
When the trigger mode M, is imposed we obtain

y 1(N10 + Nvi) + 2(Nzo + N11 +\Nbﬂ) * 3(N30 + N21 + N12 + F%ﬁ) MR
(nl = N =

e + (N, +\Nb() + (N20'+ N, +'qu) + ...

(Npp + Nyp) + 2(Ngg + Ny + NpL) + Lo

1+ : » because N . = 0 with M .
M, 1
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By multiplying the second term by N/N we finally obtain
N
(m)y = 1+ - {(dao + dyy) + 2(dgq + dpy + dyp) + 3(dy + dyy +dy, +dyg) + b
1
(8.6a)

By the same procedure one obtains for the average numbers of photons observed

with the trigger modes M,, M; and M,

(n), = 2+ 10 {(dgg + dyy) + 2(dyg + dgy *+ dyp) + o0} (8.6b)
2

(m)g = 3+ 3= {(dyy + dy) + 2, + dy +d ) + ...) (8.6c)
3

(n), = 4 % 3 {(dgy + dyy) + 2(dgq + dgy + d,) + -.n) . (8.6d)
N

These expressions can be summarized by the following relationship

M
t
[(n)t - t] N l(d(t+1)o * dtl) * 2(d(t+2)o * d(t+1)1 * dtz) T (8.7)

which can be recast in a form more convenient for showing the dependence on the

measured numbers

4 n
— ,_l_ = Z ==
(), =t + o A, A=), N, N Z Niinos.s ° (8.8a)
t n=1 S=0 .

The expressions (8.6) have the following interesting properties:

i) The average number (n)t of photons observed with the trigger 2 t is given by

t plus a term depending on the frequencies dn 0.t Therefore the most in-—
150,
teresting quantity is [(n)t - t] rather than (n)t.

ii) All the frequencies dn 0 appearing in expressions (8.6) are multiplied by
1502
an enhancement factor N/M;. We recall that its inverse has a simple meaning,

i.e.
> >
MO B | 1 'I‘dOY(_ Fen) (8.9)
N 0. do¥ : :
inel &
“tot

This expression is formula (4.6) with the dependence on En stated explicitly.

iii) The frequencies dn n appearing in expressions (8.6) obviously are only
1stl2

those with n; 2 t.

iv) The great sensitivity to rare high-multiplicity events obtained by using a
trigger mode Mt with large t, is in some ways paid for by the danger of back-
ground contamination, since, if present, this is also multiplied by the same

enhancement factor.
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The average values of the number n, and n,, mentioned at the beginning of

this section, are given by expressions similar to (8.6) or (8.8a). These are

. [oo] o]
A, v
(n1> = t + = b ‘ Al = Z (nl - t) Z N ) (8.8b)
t My © np=t n,=o "1°72 ‘
A . 0] [>o]
2
(nz)t = - A, = z: n, z: Nn n (8.8c)
t n,=o0 n,=t 1’72
)y *+ (), = (n) - | (8.10)
Table 7 shows, as an example, the values of d 0 for the trigger mode
Lo en 120
[M,BB], s% = 53.2 GeV and E.g = 30 MeV, and two values of E_, .

In Table 8 we have collected the values of the enhancement factors corres-

ponding to the averages given in Tables 5 and 6.

Flgure 36 shows, for two values of the threshold B2 th adepted in the analysis,
the average number of (ny) as a functlon of m, [see Eq. (8.11) below] The points
are obtained from data collected with three different trigger modes M t=1, 2
and 4 and by computlng for each value of t, the mean value (nl) obtalned from

events satisfying the condition

n, 2m =t+1i, (8.11)

where the integer i varies from O to the maximum value that still allows a statis-

tically significant result.

‘.The excellent agreemenf between the values of (nl) obtained from runs made
with different triggefs t, but the same m,, provides a very satisfactory test of
the internal consistency of the data. The broken straight line shown in Fig. 36
corresponds to the first term in Eq. (8.8b), i.e. the minimum value of (nl)iim—
posed by the adopted trigger condition. The difference between the experimental
points and theseé lines corresponds to the second term of Eq. (8.8b), which is the

~quantity of physical interest (Fig. 37).

Flgure 38 shows, ‘again for two values of Eth’ the average number (n,) as a
functlon of m, [see Eq (8.11)]. Here again the satisfactory agreement between
the values obtained for different values of t, but for the same value of m, , shows

the internal con51stency of the data.

We expect that the data obtained with E:ﬁ = 300 MeV are "cleaner" than those
at Eih = 200 MeV, because the influence of the variation undergone by the elec-
tronic trigger should be appreciably lower. 1In any case, both curves in Fig. 38
show thdt (n,) increases appreciably by increasing m,. This trend reveals a cor-
relation between the number of high—energy photons and the average number of low-

energy photons.
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DISCUSSION OF THE OBSERVED MULTIPLICITY
AND COMPARISON WITH UNCORRELATED MODELS

The results that drew our attention from the beginning were the multiplicity
distributions (Figs. 29, 30 and 35) and the large mean values of the number of
fired HV" (Tables 5 and 6, and Fig. 31). These are not due, in our opinion, to
background or secondary effects. As we point out in Section 3 (and Appendix B),
the background cannot seriously affect our results for the following reasons:

(a) The HV multiplicity of the events triggered at random amounted in the worst
case to 0.3 HV counters/event. (b) The very good agreement between the mean
values derived from II and BB data (Fig. 31) provides a posteriori a proof that
the background does not seriously affect even the XI data. We recall that the
estimated background in the case of the BB data is about ten times smaller than
for the II data. (c) The mean values of m(HVn) obtained with the neutral trigger

(Table 6) tend to be greater —— and not smaller -- than with the usual trigger.

The most important secondary effect is represented by spurious gamma-rays
originating in the walls of the vacuum chamber or other objecté in the surroundings,
where a charged secondary undergoes an inelastic collision with emission of neutral
pions. According to a rather generous estimate, this effect should produce an

increase of (m(HV™)) certainly not larger than 1% (Appendix C).

Assuming that such a conclusion is correct, we can proceed to derive from
(m(HVn)) the average number (ny) of gamma-rays observed in the detector. With
such an aim, a few further effects should be taken into .consideration. Firstly,
we should introduce a (negative) correction of about 8% (see Section 5 and
Appendix D) for gamma-rays crossing one HV counter and that fire also the near;by
HV counter, because the corresponding shower deposits in both of them an energy
greater than ch. Further negative corrections originate from the fact that in a

0

few per cent of the cases the two gamma-rays originating from the 7' fire two

different HV counters.

On the contrary, a positive correction is required, because in high-
multiplicity events two gamma-rays originating from two different m° can cross the
same HV counter. Such a probability depends on any possible correlation between
the emitted w’. If we assume that, within the solid angle covered by the detector,
the gamma-rays are emitted without any angular correlation and with almost con-
stant angular density, the mean number of gamma-rays (nY> is connected to (m(HVn))
by the relationship

(m(av™) ]
(ny) = =d In [1 ) ,
where d is the number of HV counters constituting the detector: in our case
d = 32.
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. -Such .a correction increases logarithmically with (m(HVn)) and reaches about
10Z for (m(HVn)).= 6. This means that this correction compensates within a few
per cent the sum of the two previous corrections. 1In other words, the mean values
(m(HVn)) we have observed should provide without corrections a rough estimate of

the mean value (nY) of the gamma-rays crossing the detector.

As we have shown in Section 8, in great part the large values of (m(HVn))
originate from the trigger mode M and what we should try to 1nterpret is only
the difference between (m(HV )) and t, divided by the enhancement factor N/Mt

(Table 8).

In order to clarlfy in which sense the mean values (m(HV )) are large, two
orders of consideration may be useful. The first one is based on the relation-
ship (8.7) that we may apply for example to the BB data taken at s% = 53.2 GeV.
One has (for the electronic threshold Eth)

M
(@™, - 1)] Fl = 0.14 * 0.01,

n
X
—
o

M
[(m@v™, - 4)]—Ni 55 % = (0.9 £0.1) x 107% .

Thus we clearly see how the large values of (m(HVn)) originate from high-
multiplicity events representing a fractlon of the cross- sectlon, which becomes
about 10 times smaller each time we increase by 1 the number of photons requlred

"by the trlgger.

As pointed out in Section 8, this very high sensitivity to rare events of
high multiplicity unavoidably regards also any -- even small —- possible con-

tamination of background and/or spurious photons.

) The second type of consideration is based on the direct comparison of the
observed values of (m(HVn))t With the values of (nY) computed from some simple
models. We can start from the mean multiplicity computed by integrating the in-
clusive one-particle angular distribution over the geometry of the detector and

the photon spectrum from k = E ¢ = 30 MeV to infinity:
(nY)Q = (nch)g.z 0.6 .

This computed value, however, cannot be compared directly with the data of Table 5,
even in the case of the trlgger mode M,, 51nce they correspond to different de-

finitions.

For this reason we have made two computations. The first one is a Monte

Carlo, based on the following assumptions (Appendix D): i) the emission of .the

0

T is independent of the emission of the charged pions; ii) the observed single-

particle inclusive spectrum is assumed to hold for any value of the multiplicity
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and in the whole angular range; 1ii) the observed inclusive angular distribution
is assumed for any value of the number of emitted 7°; iv) the multiplicity dis-
tribution of the m° is assumed to be Poissonian in the value of the number of

emitted 7%, with the average value

(n0) =3 Lo + (0]

The computation was made by taking into account, besides the Lorentz trans-
formations to the laboratory frame, the geometry of the detector and the conditions
imposed by the trigger mode M;. Also the pulse-height fluctuations’) in the HV
and the absorption of the Cerenkov light in the lead glass were taken into account.

From such a calculation we obtained, with ch = 30 MeV,
(m(EV™) ., = 1.49 £ 0.01, 0 =0.71

by neglecting the lateral spread of the showers in the lead-glass counters. If

this effect is taken into account, the mean value increases to
n
= 1.
(m(HV™)) e 61 ,

which still is almost one half the observed value. This seems to be an indication
that the assumption of the uncorrelated model over the whole phase-space volume,
with values of the parameters fixed according to the results of the one-particle
inclusive cross—section measurements, does not allow a satisfactory representation

of the multiple production we observe in the detector.

The same conclusion is reached if, instead of the mean values, we compare
the distribution of multiplicity of the fired HV observed experimentally with the
results of the Monte Carlo computation, as well as of what we call an independent

emission model (Appendix E).

In Fig. 39 we have plotted the integral distribution (i.e. summed from m to
infinity) versus m obtained with the trigger mode EM1BBJ with the result of these
two models. The difference between the two computed curves originates from the
fact that in the Monte Carlo we take into account the shower's spread and fluc-
tuations, as well as a few instrumental features such as the so-called "transit
factor", which are not considered in the IEM. Both theoretical curves fall down

with increasing m much faster than the observed distribution.

As the next step, we have tried to see if, by leaving as free parameters the
mean values of the numbers of particles emitted within the phase-space volume de-
fined by the detector, it was possible to fit the observed data by means of an
uncorrelated model. This can be indicated as "locally uncorrelated", since its
basic assumptions are required to be valid (at least approximatively) oniy within

the phase-space volume defined by the detector.,
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Such an ‘attempt should be considered mainly as an exercise in order to see
how far the observed distributions and the corresponding mean multiplicities fit

together in a simple computational scheme.

In order to disentangle the effect of the trigger mode, two different types
of fit have been made, each of which involves four variables. In the first one the
numbers of neutral (N) and charged (C) HV that one would observe in the absence
of the condition Mt are lumped together (N + C), but those belonging to the "OUT"
detector are separated from those belonging to the "IN" detector. 1In the second
type of fit the ”OUT" and "IN" depectors are lumped together (OUT + IN), while
the neufrals HV () aré separated from the charged ones (C). 1In both cases the
subscript 1 refers to an energy deposited in a single HV greater thén Eih = 200 MeV,
while the subscript 2 refers to an energy deposited in a single HV between

E . = 30 MeV and E: The model incorporates the trigger mode.

cf h' _
A fit of each of these two types has been made to the EMZZZ] and [MQZZ] data,
separately. The values of the free parameters corresponding to the best fit are
collected in Table 9. In three out of four cases the agreement between the re-
sults for the. two trigger modes is satisfactory. But if one tries an over-all
best fit of the [MéZZ] and [MQZZ] data taken together, the value of})v(2 increases
considéfably. Therefore, we éan say that the observed distributions are close to
those com?uted from thé loéally uncorrelated model provided large mean values —-
different forveaqﬁ_trigger mode —-- are acqepﬁed for the average mulfiplicities
one would observé in absence of any trigger. These mean values are connected to
the meén Vaiﬁes of the‘HV multiplicities observed under tﬁe condition Mt by the
relationships (F710) and (F.11) of Appendix F. These have been used for computing
fhe average values of the ay™ multiplicity we expect to observe in our detector
and compare them with the values actually observed (Table 10). The good agree-

ment indicates the consistency of the analysis.

It should be noticed that the difficulty to fit with the same set of values
of the free parameters the data obtained with different trigger modes Mt is re-
lated to the remark made in Sections 7 and 8: the difference [(m(HVn)) -t] ob-
tained with the neutral trigger (Figs. 8, 9, 12, 35, 36 and 37) increases by in-
creasing t. These experimental observations seem to originate from the fact that
by selecting events with a greater multiplicity of photons of large energy, we
select a class of events that have also a greater multiplicity of low-energy

photons.

In conclusion, we can summarize our results on the multiplicities of the

fired HV" as follows:

i) The various multiplicity distributions obtained with different trigger modes
in a narrow region around 90° have multiplicity tails considerably larger

than that computed from uncorrelated m° production.
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ii) These distributions can be analytically represented as Poissonians and in
each case the corresponding mean value, obtained from the best fit, turns

out to agree with the observed mean value:

iii) Such a fit is rather good for the results obtained with a single trigger
mode, while it becomes less satisfactory if one tries to fit, with a unique

set of free parameters, the results obtained with different trigger modes.

iv) The rather large tails of the distributions can be due, completely or in
part, to correlations between high-energy and low-energy photons of the type
indicated by Figs. 36 to 38: if one selects events with a larger number of

high-energy photons (k 2 3 E_, = 0.6 GeV), the mean number of low-energy

th
photons (30 £ k § 600 keV) also turns out to be large.
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Table 1

Intervals of rapidity An covered by the HV counters

1 3 5 7 9 11 13 15
HV {
2 4 6 8 10 12 14 16
ouT 0.20 0.21 0.22 0.23 -0.23 -0.22 -0.21 -0.20
IN 0.15 0.16 0.17 0.18 -0.18 -0.17 -0.16 -0.15
Table 2a

Data concerning the downstream counters

Beam Area Distance from Typical counting
counters centre i.r. rates/sec
(cm?) ' ‘

B, B, 4.50
} 40 x 40 { nogox 108

B,, B, 5.30
L., I, 100 x 100 5.65 N2 % 10%

Table 2b

Efficiency of the downstream counters
at various energies

Po NBB/LGinel NZZ/LOinel
(Gev) (%) (%)
11.0 10 44
15.3 10 51
22.6 15 . 70
26.6 18 73
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Table 8

Enhancement factors: N/M

* N t

[Ea, *) and E_; = 30 Mev]
Trigger S N/Mt
M, BB 12.4 ( 7.92)
M, 33 9.4 (£ 7.5%)
M,BB 2.85 x 10% (+ 13%2)
M,ZX 2.15 x 10* (¢ 7.2%)
MyBB **) 11.3 (£ 9%)
MiBB ") | 1.88 x 10% (¢ 157)

%) In the case of the trigger
mode [M;BB], the value of N/M,
becomes 14.5 (+ 8.7%) for
E3, = 200 MeV, 17.9 (+ 8.8%)

for Eih = 300 MeV.

*%) Neutral trigger.

Table 9

Values of the free parameters determined by the best fit

[55] [,55]
(4, + )y | 043 %0.05 | 0.68 £ 0.07
M, + Cp)py 0.78 * 0.05 | 1.40 % 0.01
(N, + Cdgyp | 2:74 % 0.36 | 2.31 £ 0.05
(N, + Cplgyy | 0-20 £0.28 | 1.46 * 0.04
X2/£ 2.2 4.3

€1 oure1n 0.21 # 0.07 | 0.41 * 0.05
(€2) gupe 1y 0.46 £ 0.09 | 0.68 % 0.06
) gyrey 0.29 + 0.07 | 1.41 £ 0.20
() oure1n 3.37 £ 0.08 | 4.01 * 0.03
X2/ £ ©0.39 1.48
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Table 10

Comparison of the multiplicities of the HV" and HV® deduced from
the locally uncorrelated model with the observed multiplicities
in the two sections of the detector ("IN" and "OUT") and globally

[,58] [v,58]

Locally Locally

uncorr. Observed uncorr. Observed

model model
(HV)?%C 1.28 £ 0.09 1.38 £ 0.06 2.52 * 0.06 2.50 £ 0.04
(HV)SE; 3.3 £ 0.5 3.38 + 0.1 5.24 + 0.03 | 5.22 % 0.04
(HV)§N+0UT 0.69 £ 0.14 0.71 + 0.03 1.20 £ 0.1 1.22 £ 0.03
@v)? 4.04 * 0.15 | 4.05 £ 0.1 6.5 * 0.3 6.51 * 0.05

IN+OUT
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Fig. 32 Centre-of-mass rapidity of gamma-rays emitted from the centre of the: tion
region in the direction of the contour of the HV counters (Numbers ¢, 11, 13,
and 15) of the "OUT" detector. The x-axis is the direction of the incoming pro-
tons, the y-axis is vertical. O :
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Fig. 3b Centre-of-mass rapidity of gamma-rays emitted from the centre of the interaction
region in the direction of the contour of the HV counters (Numbers 9, 11, 13,
and 15) of the "IN" detector. The x-axis is the direction of the incoming pro-
tons, the y-axis is vertical.
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Fig. 5 Distribution of the energy deposited by the photons that contribute to the
tyigger {M,BB] in the HV counters at 90° (Nos. 7 + 8 + 9 + 10):

s% = 53.2 and Egh = 0.200 GeV.
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Fig. 6 Distribution of the energy deposited by ‘the photons that do not contribute
to the trigger [M,BB] in the HV counters at 90° (Nos. 7 + 8+ 9 +10):

s% = 53.2 GeV and E?h = 0.200 GeV.
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Fig. 7  Regression lines relative to the variabies x =m (EV": OUT + IN) and
¥ = Mipacks = number of reconstructed tracks (OUT + IN). ALl HV? fired
with E 2 E ; = 30 MeV are taken into account: s% = 53.2 GeV; [M;BB].
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Fig. 8 . Regression lines similar to those of the previous figure, except that we have
" used the neutral trigger and in the computation of (m(HV®)) the HV responsible
for the trigger have been subtracted in each event: s% = 53.2 GeV; [M;IXl].
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Fig. 9 Regression lines similar to those of the preceding figure, except that the
trigger is [M,IX].




._“mm:zu_ ST 1988113 9yl 3ey3l 3deoxs f; 814 JO 9soyl 03 IB[TIWIS SOUI] UOTISsAITeY oL *bL4

(,AH) w
il 0l

!

- 45 -

| I

Yheg g'gz="d
ag '

+
h
-
.
-

o+
[ g

el



‘0T *8T14 jJo ©9soyl yilTm sSI0iid TEOTISTIBIS 2yl UTIYITA 2918e 9an313y STyl jJo sjutod
ayyg, ._”wwazu_ ST 1988113 oyl axey.leyl 1dsoxa Q. pue ; °*S8T3 JO @s0oyl. 03 IBTIWIS SOUTI] UOISS0IBY iL b4

(uAH W
I 0L

(op)
oo
r~
o)
Lo
<
o™
o~
—

- 46 -

-

—

I I | I

- -V
Yeg g9z =d |
X'
—v— Im
————i -9
L

Sy




_47..
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Fig. 12 Regression lines similar to those of Figs. 8 and 9, except that here the
. © -trigger is [MIX7]. ‘ : : . o
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Fig. 13 Regression lines relative to the variables x ;‘m(HVIN) and y = m(HVOUT):

s% = 53.2 GeVy
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Regression lines similar to those of the preceding figure,
except that we have used here the neutral trigger and we
have subtra ted in each event the HV respon81b1e for the
trigger: ='53.2 GeV; [MIZZ] .
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Fig. 15 Regression lines similar to those of the previous figure, except
that the trigger is [M,ZX]. '
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tracks plotted as a function of c.m. energy.
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Fig. 35 Distribution of the multiplicity of the fired HV];-l obtained in the
various neutral trigger modes. at a c.m. energy s? = 53.2 GeV. Notice
that the variable plotted in abscissa is [mt(.HVn) - t] and that each
curve is normalized to an integrated counting rate equal to 1.
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Fig. 37a Plot of the difference between the experimental points and the

broken lines of Fig. 36 versus m,.
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Fig. 37b Plot of the difference between the experimental points and the
broken lines of Fig. 36 versus m,.
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APPENDIX A

THE MAIN CORRECTIONS - -

The main corrections are listed in Table A.1.
The corrected values of the counting rates HV® and HV" are obtained from the

observed values by the two relationships

c R

corr = HVobS X exp (Z ci) (A.1la)
n = n -

corr HVobs * exp (z ni) (A.1b)

valid for c; << 1 and n, << 1. Since we have

c 1 n
Hvobs =z Hv- , (A.2)
in almost all cases we can write
1 , ,
ni =T g Ci * ' (A-3)

The first correction c; should be introduced for taking into account that the
efficiency of the spark chambers is smaller than 1. The estimate of c¢; (v 10%) is

based on the analysis of the spark distribution along the reconstructed tracks.

The correction c,, due to spurious tracks originating inside the interaction
region is obtained (as explained in Section B.3 of Appendix B) by extrapolating,
within the interaction region, the number of spuricus tracks that are observed to

originate outside the interaction region.

The correction c; originates from the fact that some of the charged HV are
due to a charged particle moviﬁg almost in tﬁe same direction as the neutral
secondary that triggers the HV counter. A good estimate of this correction would
involve thé,knowledge of possible short-range orders between neutral and charged
secondaries. If the secondaries were completely uncorrelated, n, would amount to

+1% for the "HV out" and 0.5% for the "HV in".

The correction ¢, originates from the fact that, by assuming sharp edges of
the interaction region, one throws away a certain number of good tracks originating

in the halo of the interaction region.
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Finally the correction ng is due to the conversion of the gamma-rays in the
walls of the vacuum chamber and counter A. The other materials placed between
the first spark chamber and the HV counters are irrelevant for the computation of
this correction because, by requiring at least 8 sparks per reconstructed track,
at least one spark should be observed in the first spark chamber. For this reason,
ng = 27 for the "OUT" detector as well as for the "IN" detector, in which a layer

of lead 0.17 cm thick was placed in front of the Z counters.

The corrections n,, n,, n, and cg are obtained from the relationship (2.3).

Table A.1

Main corrections to the counting rates HVc(ci) and HVn(ni)

Efficiency of spark chambers c, = +107% ny, = -27

Spurious Fracks oylglnat}ng o = =59 n. = +1%

from the interaction region 2 2

Angular resolution between +17 OUT

neutral and charged secon- ‘ n, =

daries +0.,57 IN

Good tracks originating in

the halo of the interaction c, = +5% n, = ~1%

region

Conversion of gamma-rays in . _

material in front of the HV s 10% ng = *+2%
Ye, =0 7. n, = +0.01

1 11
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APPENDIX B

EVALUATION OF THE BACKGROUND

Our main concern has always been with the background of the counters, in
particular the lead-glass Cerenkov counters, as well as with the data provided by

the spark chambers2?).

The background of the counters is mainly due to the superposition of two
types of events: (i) events produced by the interaction of a proton with the

residual gas or the vacuum chamber walls; (ii) accidentals of various types.
Both types of events affect the collected data in two different ways:

a) They affect the trigger in the sense that the adopted trigger conditions are

fulfilled only because a pp interaction —— not adequate for the adopted
trigger mode -— is in accidental coincidence with one, or more, secondary of

other origin [either (1) or (ii)].

b) They affect the multiplicity of events triggered by pp interactions that

fulfil the conditions imposed by the adopted trigger mode.

Therefore four classes of HV background should be examined which will be de-

noted with self-explaining notations as la, lb, 2a and 2b, below.

The classes la and 1b are discussed in Section B.l, the classes 2a aﬁd 2b in

Section B.2.

Section B.3 is devoted to the discussion of some problems connected with the
reconstruction of the tracks from the sparks, recorded by means of the spark
chambers. The most important are: (i) the problem of the efficiency of recon-
struction, i.e. the problem of how many tracks '"are lost" in the analysis because
of the limited efficiency of the spark chambers; (ii) the spurious tracks, i.e.
the tracks reconstructed erroneously by the computer because of reconstruction
ambiguities. In the course of the discussion of these two problems, we will also

give some useful information on the spark-chamber background.

EVENTS PRODUCED BY PROTON COLLISION AGAINST THE RESIDUAL GAS

OR THE VACUUM CHAMBER WALLS (CLASSES la AND 1b)

The background due to this type of event can be estimated from the results

of ISR runs made with a single beam.
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The main difficulty that one encounters in the subtraction of single-beam
data from those observed in two-beam runs derives from the normalization of the
one-beam data. We have tried to overcome this difficulty by assuming that the

frequency of the one-beam events is proportional to the corresponding beam current.

Thus we found the results summarized in Table B.1l, from which we can conclude
that the data obtained with the trigger modes involving the BB coincidences are

not affected appreciably by this type of background.

The situation is different for the trigger modes involving IZ. 1In spite of
this, we did not correct the 3 data for this type of background. We have com~
pared, however, the corresponding results with those obtained from the BB data,
so that the difference can provide an estimate of the background of XX data. In

all cases we found that the difference was small.

The interactions of protons with gas and vacuum chamber walls that affect

the multiplicity of the events, i.e. class 1lb, are still less important.

ACCIDENTALS OF VARIOUS TYPES (CLASSES 2a AND 2b)

The most important accidentals affecting the trigger (i.e. class 2a) are the

following:
[M,-z2]e21°8’
[M,-22]27-D’
[y, -z5]- 271"

[zz]-21+Q" ,

where T (= 50 nsec) is the resolution time of the trigger and s’, o/, T! and Q'
are total single, double, threefold and fourfold counting rates of the HV fired

by events produced in all possible ways. The frequencies of these four categories
of events have been estimated from time-of-flight measurements between any Mt and
$Y. The upper limit of the sum of the four terms written above in the case of

M, (M,) is of the order of 8% (27) depending on beam stability. With BB this

type of accidental remains the same, whereas other kinds, like [Zzaccj.Mu’ are

reduced by two orders of magnitude, passing from IZ to BB trigger modes.

The accidentals of class 2b can be estimated from the analysis of the so-
called "pedestal events'" obtained by triggering at random. The gate during which
the pulses of all Cerenkov counters were accepted is 200 nsec. The multiplicity
distributions of the HV fired in pedestal events, taken at s% = 53.2 GeV, are
given as example in Table B.2 for a few values of kcf' We see that the multi-
plicity of the HV (charged + neutrals) fired with kcf = 30 MeV is very small.
Only in a particularly bad run we found 0.3 particles/event, which is very small
with respect to the observed average multiplicities not only of H" but also of

HvC.
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Other background data obtained from pedestal events that may be of interest
are: (i) the frequency of events with pulse height 2 50 MeV and 200 MeV registered
in the "LB out" counters amounts to 0.3% and 0.17, respectively, whereas for the
"LB in" the same type of events have a frequency equal to about half that of
the "LB out"; (ii) The average number of sparks distributed at random is 9.5 for

pedestal events and the events with more than 20 sparks are 137%.

TRACK RECONSTRUCTION

Two main problems are faced in the reconstruction of individual tracks from
spark chamber data, i.e. the efficiency of reconstruction and the percentage of
spurious tracks. These may have different origins, among which the two most im—
portant are: (i) tracks due to a single beam; (ii) tracks reconstructed er—

roneously by the computer because of ambiguities of reconstruction.

The number of spurious tracks depends largely on the number of wire planes
used in the track reconstruction (these are all together 4x, 4y and 2n planes at
15°). ‘

In the reconstruction of the individual tracks at the beginning, we required

the presence of sparks in at least 7 planes, i.e.

v

3x plane sparks

v

3y plane sparks

v

In plane sparks .

Let us indicate by (x,,y,) the coordinates of the origin of a track in the

(x,y) plane (z = 0) and define a fiducial "volume' of dimensions
-15 cm £ %y £ +15 cm, =-2.5cm Sy, £ 2.5 cm . (B.1)

With the [MQZZ] trigger, the number of tracks originating outside the fiducial
volume in one-beam runs is about equal to that produced inside. From this result,
we estimate that the number of one-beam tracks originating inside the fiducial
volume in the two-beam runs amounts to about 20%. This 20% is computed as follows.
One starts from the map of the crossing points with the plane z = 0 of the recon-
structed tracks (called "origins") obtained with one-beam runs, and one computes
the ratio r of the number of origins outside to the number of origins inside a

fiducial "strip" -15 £ x £ +15 cm.

On a similar map, obtained from two-beam runs, one counts the number Next of

origins lying outside the same fiducial strip and one assumes

where Nin is the (unknown) number of internal origins due to one-beam interactionms.

t
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The spurious tracks of type (ii) represent a rather large contribution as
one recognizes from the following example: in the case s% = 53.2 GeV and M,, the
ratio of the number of tracks originating outside the interaction region defined
above, to the number of tracks originating inside the interaction region, amounts
to 38%7 when at least 7 sparks (i.e. 2 3%, 2 3y and 2 1n plane) are required; but
it is reduced to 187 when both n planes are imposed. Finally their number becomes
6% if sparks are required in all 10 x, ¥ and 1 planes (Table B.3). On the con-
trary, passing from 7 to 8 sparks, neither the number of #V° nor the number of

tracks originating inside the interaction region undergo an appreciable change.

The situation is illustrated in Figs. B.1l, B.2 and B.3, which show the dis-
tributions of the intersection points with the equatorial vertical plane (z,yo)
of the reconstructed tracks: Fig. B.1 refers to a one-beam run, Figs. B.2 and B.3
to a two-beam run analysed by reconstructing the tracks with sparks in at least

7 planes (Fig. B.2) and all 10 planes (Fig. B.3). ..

Thus we arrived at the conclusion that in selecting between all possible

ways of pairing the (x,y) and (y,2) reconstructed projections
X = X, + 0z, y=y, t Rz , (B.2)

the requirement of 7 sparks is not sufficient for eliminating the great majority

of ambiguous cases.

Therefore, in the final analysis presented here, for reconstructing a track,
we required at least 8 sparks by the following procedure: of all tracks that had
been reconstructed with at least 7 sparks, we kept only those that had an 8th

spark within 2 mm.

By imposing these more restrictive requirements, also the number of events
with at least 1 track originating outside the interaction region is considerably
reduced (last column of Table B.3). This means that, by requiring a greater
number of sparks, the spurious tracks of type (B.2) not only diminish in number
but, at the same time, they turn out to be assembled in a very scanty number of

events which can be interpreted as due to beam-gas or beam-walls interactions.

On the contrary, the number of tracks originating inside the interaction
region is reduced by only a very small amount when 8 instead of 7 sparks per re-
constructed track are imposed: their multiplicity distribution (Fig. B.4) does

not change appreciably passing from 7 to 8 sparks.

Further interesting information can be obtained from the data of Tables B.4

and B.5.

The results of this analysis are inragreement with the assumption that the

"rwo—beam" tracks originating outside the interaction region are mainly due to
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"spurious tracks" due to accidental alignment of sparks (more frequent when an
event is crowded because of many tracks and/or background sparks) which are paired

incorrectly with either a true or a spurious track in the other projection.

For all these reasons, in the final analysis, we have required, as said above,
8 sparks per reconstructed track. Under these conditions we found the useful re-

lation

Tracks> o Sparks>
Events Events

The number of reconstructed tracks n. is in general smaller than the number
of charged particles oy that cross the spark chambers. The difference

Atr =n, "0, v (B.3)

is due to various causes, the most important of which are:

a) The efficiency n of the single planes of the spark chambers is smaller than 1
(n = 0.90);

b) The reconstructed projections in the (x,z) and (y,z) planes are paired in-
correctly by the computer with the result that one (or both) of the co-
ordinates (xo,yo) of the origin of the reconstructed track falls outside the
interaction region and the track is rejected. The incorrect pairing of the
projections only exceptionally produces the opposite effect, i.e. the (er-
roneous) interpretation of a "true track" originating outside the interaction

region as a track originating inside the interaction region.

Therefore, both points (a) and (b) produce a positive value of the correction
(B.3) to be applied to n One may even be brought to suspect that such a cor-
rection increases with the multiplicity ny of the events more than in proportion

ton

.

ch _
In short, one can say that the correction Atr originates from the fact that,

for various reasons, a certain fraction of the so—-called " are in reality HVC,

but the corresponding tracks have not been reconstructed or have been reconstructed

incorrectly.

From these remarks it appears that the two following questions require an

answer:

- Which is the value of Atr that, applied to the observed value of n_s allows a

reasonable determination of nch?

- How many of the Bv® are in reality HVC?
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In order to answer the second question, one has to distinguish two subcases
. c .o .
according to whether an HV has been classified among the HV" because (i) the
corresponding track originates outside the interaction region and (ii) the cor-

responding track has not been reconstructed at all.

An approximate estimate of the correction (i) is obtained by adopting the
reasonable assumption that the fraction of the HV® that originates outside the
interaction region is equal to the fraction of reconstructed tracks that originate
outside the interaction region:

(HVC)OUT i.r. _ Tracks 2 8 sparks OUT i.r.
HV

c Tracks 2 8 sparks (B.4)
where the right—hand side is directly observed. Thus from the second column of
Table B.3, we see, for example, that for sl/2 = 53.2 GeV and_Mu, the value of the
ratio (B.4) amounts to 0.18. But we know that HvS/uv™ v 1/5, and therefore the
correction of type (i) that should be applied to the number of HVn, amounts to a

n
decrease of the uncorrected value of HV of no more than

(HVC) . c
— L L B _ 18 x 0.2 = 3.67 . (8.5)
Hv v

A similar estimate of correction (ii) shows that this also is not very large.

We prefer, however to proceed to look for an answer to the first question.
This is done in the following by two different methods that both provide upper

limits.

(1). The first estimate of ng is based on the observed value of the average
number of Z counters fired per event. This type of information is collected for

two cases, as examples, in the first part of Table B.6.

The values of ﬁz (total) shown in the 5th column of Table B.6 cannot, however,

be directly compared with the observed value of m r (8th column), because of

t

various causes:

a) The moderate spatial resolution of the Z counters due to their area (each of
the d = 20 Z counters has an area of 50 X 6.5 cm?. They lay in two planes

placed 34.2 cm from the centre of the interaction region);

b) The solid angle QZ covered (on each side of the interaction region) by 10 Z
counters is appreciably different from the solid angles Qch covered (on each

side of the i.r.) by the spark chambers:

QZ = 1.676, Qch = 0.780, Qch/QZ = 0.465 . . (B.6)
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c) A layer of lead 0.17 em thick (v 0.3 X,) was placed in front of the Z coun-

ters of the "IN" detector.

A crude estimate of the correction (a) can be obtained under the assumption
that the charged particles are emitted isotropically and without correlation.
In our case, such an assumption should give a fairly good estimate of the correct
value, because it is used only within the angular region QZ which is not very
large and centred around 90° with respect to the common direction of the two.
initial protons in the frame of their c.m. Under this assumption one can apply

Eqs. (B.18) and (B.19) of Ref. 1, i.e.

t-EIZ
n. ==-d1ln |1 - = (B.7a)

. (B.7b)

The values obtained by such a procedure should now be multiplied by the ratio
Qch/QZ shown by Eq. (B.6). The final results of these two operations are shown
in the last column of Table B.6. They are slightly larger than atr' Furthermore,

n, 8oes down from 2.86 to 2.49 if correction (c) is applied to the Z counters of

the "IN" detector™).

. (2). A second procedure is based on the total number of sparks per event
L
(Table B.3). Let us discuss the case s? = 53.2 GeV for the "OUT" detector. We

will try to clarify the relationships between:
a) the number of charged particles n, crossing the detector;

b) the number of reconstructed tracks m_;

c) the number of charged HV: HVE.

The total number of sparks per event that would be produced if the efficiency

of each plane of the spark chambers was n = 1 (and not n = 0.90) would be (Table B.3)

44.5 _
0.90 - 49 -

We should now subtract the number of sparks distributed at random in the
pedestal events in the spark chambers of the outside detector, i.e. ¥ x9.,5=4.7,

Thus we obtain

49 - 5 = gsparks/event ,

*) aZ(IN) = 0.70 x 2.1 = 1.47, BZ(OUT + IN) = 3.2 + 1.5 = 4.7

2, == 2V A R -
n, =-20 In [1 55 ] = -20 1n 0.765 = 5.36.
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from which the maximum number of tracks that can be reconstructed is

44 sparks _ 4 4 tracks . (B.8)
10 planes

These tracks originate in part outside, in part inside, the interaction

region in the ratio

2.4 % 0.38 _ _ 0.9
2.4 x (1 - 0.38) 1.5

|

Therefore, the maximum number of tracks originating inside the interaction

region should not be greater than.
4ot % (1 - 0.38) = 4.4 x 0.62 = 2.7 . (8.9)

This value is very close to that obtained from the multiplicity of the fired

7 counters (column 9 of Table B.6).

This number should not be used, however, for evaluating the number of HVF,
since in the definition of the latter we have considered only tracks originating
inside the interaction region. This means that an HV with a pulse height greater
than kcf’ with a reconstructed track originating outside the interaction region,
has been classified as HV™. Therefore, an upper limit for the number of HV® that
have been erroneously classified as HV® is obtained by multiplying the observed
Hv® by the ratio of Eq. (B.Sj to 1.5. Thﬁs we obtain
b

HY) pe 75 = E Dgpg * 29 - (B.10)

C
(H )corr
The factor 2.9 is certainly largely overestimated, because it does not take
into account two facts: (a) there are tracks crossing the spark chambers that do
not cross the HV counters; (b) an appreciable fraction of the charged particles

crossing the HV do not give pulses above kcf = 30 MeV.

, . n .
But even so, the corresponding correctlon on the number of HV 1is not dra-

matic.
Since the total number of
w = S + V"

fired with a pulse height 2 kcf does not depend on this correction, we can write
@VOK + (W Hx = B , (B.11)

where, according to Eq. (B.10), one has K =2.9. From Eq. (B.ll)_it follows that

CUPI ' 1 '
x=1=-——x (K-1)=1- ~1.9=1-20.38=0.62 . (B.12)
n o S g 7
(HV)
obs
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We can conclude that the correction originating from the inefficiency of the
. n .
procedure of track reconstruction amounts to a decrease of the observed HV » which

is certainly smaller than ~v 30%.

Table B.1

L
Background estimates at s2 = 53.2 GeV

M,IL  M,BB M,ZL  M,BB

1; p + gas and p + walls

la) affecting the trigger 17 - < 10% < 17

1b) affecting the multiplicity

much less than la
of the events h t

2. Accidentals
2a) affecting the trigger < 2% < 87

2b) affecting the multiplicity

- < 0.3 particles/event
of the events part /
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Table B.4

Number of sparks used for the reconstruction of tracks
when at least 7 sparks/track are imposed

ok Trigger Sparks Tracks Sparks Track yo, 2 2.5 cm
mode Events - Events Tracks Tracks
(GeV) (0UT) (ouT) (0UT)
53.2 M, 44,5 2.4 18.5 0.38
30.8 M, 29.6 1.3 22.8 0.27
53.2 M, 27.9 1.1 25.4 0.27
Table B.5
Dependence of the number of tracks reconstructed
upon the number of sparks required per track
X Trigger Tracks with 2 8 sparks Tracks with 10 sparks
s mode Tracks with 2 7 sparks Tracks with 2 7 sparks
(GeV) ) )
53.2 M, 0.64 0.18
30.8 M, 0.78 0.30
53.2 M, 0.74 0.23
Table B.6

The average values of the Z counters compared with the number of tracks per event

s T;cl)gier R A Ter Ter Ter %ch g **)
(GeV) ouT IN |-Total OUT‘ »IN Total computed
53.2 M, 3.2 2.1 5.3 1.50 0.67 2.17 * 2.86 + 0.04 | (1.25)
(1.1) | (0.46) | (1.56) *)
53.2 M, 1.56{'0.95| 2.5 0.73 0.33 1.06 1.24 £ 0.02 | (0.79)
(0.58) | (0.27) | (0.85)
%) The values in brackets are obtained by imposing that the tracks originate

%)

within the interaction region.

g =

variance.




- 9]_ -

*3x931 °y3 uTl poaureldxs se seueyd ; ur syieds woaj speuw

Sem s¥}Ov1] 9SIYJ JO UOTIDNAISUODDI @Yl :wedq STSuIs B YITM UNI B JO BIEBPp 94yl WOIJ PIIoONIIsuod
-91 sjoea3l 9y3 jyo sueld Jejuoziioy [eraolenbs ayi yis sjutod UOTIDVSISIUT 2Y3 JO UOTINQIAISIA  [°g ‘B4

2

i
NOS =0 12345678901234567R901234!

CHANe

567890123456 7890123456789012345678901234567890123456780012345678903234867890

0“9?76;).4321.“9.. ~e r...J?IMu,H-: 65“3?1“9 Lo 4 1Y 1%907:..5‘3!1“9.765'521”95765& ..?lho..u76:.l!7 lmwaﬂv € '.Plhq LN N T
- .
* * PPO N 4+ e SN+ N s e + on * +P rEEEe & PO -
* <
+ b4 +* + -
* *
>
+
.
+ 4+
*
+ * + + + e o
- . .
- . +
*
+ + ~ +
+
* +
* -+
*
©
* + 'S
+ +
hd +
* -
*
* -
* +
* * * *
* +
+ * + +* ~
-
* +
+ 4
* + +e +
* + »
* - +
+ *
* +
* * * - . o
+
+ *
. * LI -
-
* *
+ * * +* *
* + + ‘e«
* *
» - -
* Ed
+ +
* -
. o+ + -
. + * +
+* +
-
. .+
* *e - +
. + + L+ .
+ >
+ Y. ‘. + +
+ »
+ +
hd *
* * * + *
*
* +
+ , -
. -
-
* -,
- * - » -
+ *
+ e +
+
*
+ ‘
+ P
. + +
+ B
. * *
* - ’
* +
. - - -
. '
I
+ *
+ -
+ - + * - .
+ * +
-
-
. - * * - PEIMEINE + SeNENGS *Mme Ne P " neMM e+ 2 . ee N . v . v -
O OONONINNADIT R ONINNNOTININIANSICORONINNAST DN ONINAUNQGTOr BN INNROODN DD IA Yt s e BN oo S b o s o .
P-4 -3 © . B -

-

o 0 s

(S



_92_

Concie s N . “ B . 7 « L3 ¢
Wb =L 103+2aTREDIZTaS6THI T S haThGU e 400 Tun e 3t 80T il 16 6704t 12369071901 2365 TAI01 ¢ InG0TANIL 34567490
.t ce 4. & + Loe e Vel . . et 2 et
E 10 ) -¢ N *
Y - - .
6 * . . +
ts e +
'S . + + +
P . . ' . +
L w2 . . + o+ 0 *
Ay ¢ e +
e - * e e
i3 v + . LY + .
v e e . ¢
kI . < .
3 .. 2 + .
7. . 4. . +
it g .- A M
L ‘ * . . L2 .
-y + ¢ ot
K] - . * .
. ae - *
i + *
e 2 - 4 2 2 2
4 + * r e + .
Ve e ‘.. + ot *
75 € + v . L
RS B 2 *” * * te *
54 * 4 L) + . e +
coow? LR RS v 2 . L ]
3o + + e . *
Tas e e [ . . +
LT e . . e . v +
D N ] * + + iX3 + *
¥ 9 .2 2 * EEEEE T T Y e 1 + v e . LR I
-89 > + * * + * * ‘. LR IR 4+ + + * * LA 2 2
v *® . H LR R A ecd + + LI S I g
“m b LI C24e P e eer v 4y 48 ¥ D9 34 e o ee e e
50 + et e . . 7 trets 4 eTe29, see e ' 12 $ ot .. 2
b + " . e . LR 4 234%  w+y o ode 2t v 3 " +
9 . et ¢ + LERY 4+ + #2280 ¢ 4 2 e ¢ & LR I . .
2 ¥ "3 2 e e LSRR 2L VIR A G ‘e 20 + EIEE N 4 .
1 W e e 44 * AR A T4 L B L P R IR Lk A A + * ‘e +
o € L3 * LR IS B LR T2 X A PR Y T2 1) [ 0 tReEE 14 24 0 L+ LR ¥ 2 ¢ 2
* YR+ & 42 & FEIRY) Lo e LR PRI S F LA R A R I ) + teg L At IR 13
* a b we e2 922 4 e E 4 7 UNLRTRECEURIEIde 4 D 41 4 5 Heete 402 shet 4 ¢ L]
* Tk g 20 R : feg LYY TIPS ¥ P H A Vegl 3% 244 Dese 4 #4044 3 4 2
P b T 42200 CTHES 2T S5O0 Cet LZEDLEHADUFGS Y, FRLLUZUBD 24h 2204 el FRPTS TN . U
T h o E e teevgee FEaRY SO e DGR pLNCRe AT 2 2D el oee g0 2 S er 02 233 HeeP¥ 44
b .MU e 2 D 2 oesy e SOOI TRBE PRI RCALA U D CeUN 4 s 4% 4 b0 2 e 2
€ B VD el ekeee 2 Levet g, Uit BATECy nla e CheBes T 03402024 2 ¢ D 42 0 2tes g 4eed
- Rt G002 & 044230 3 NetL ¢ T SAGPECLLBT MUIHS p R  CATTEIENUT IO 0 ta e 0eeesd Do 3 & Dee @ ey ¢
el TE3 2D 00w DA eIl P AIGHAL aadne PTUNCN 60 Y0 303 T 2 D22 244, eellor ¢ b
B A0 K 9200 3¢ 82 o oebie D4 0t o3 Z;2 PErPUBIBFLTMwmg . LFPE3Ug 4 34 20422627 ¢ S 4 BEeD 2402
Lt 9w AR TS AL AR I I L P Y S S T T IR P H P PR R A X 2L 3¢ 2 v
BB 40 DT GBI I 0 e INee D LM PN AN TR 4302004 400 ¢ 4+ 246 2+ 44edeees
T v tee 3 bad PRI JE AR T B P A R L A T L Ju o ke, D2 . cre 2
LR B R L I A I I I R PR L O] 226 d2 22¢ 20 4 32 2 22 ¢+
.5 . PR NS IOt 44 eil 8 Ghep SeNTHL Wbl SBees ¢ seesd 4 epe e e s
-4 K . RILEE T A4IRRIOOYE Lol 2 Proe2y €02 . tep e 4o
»E e . e CeaZALNE 1L AN dee 46 k2 ae 4p dee 2 eae
P R 2ot 45 4e Qobb LRI AR T4 2 rer e+ 4
32 e n . e e e e ae e R .
& L e L3 + R L + e e s 2
y o LR + e e+ e +
aa . . T4E 46t 4 e vy 4 . +
[ . v P T I I S PR R T S PO +
s 9 - + - *t LR * + .
L L) v ey L B <
0 ? * 4 e ¥ ot e e L2} - e .
oy . « et . v v e .
PRTIY + v e e I3 + E23 + v
L e v . e ey ..
a7 P DRt} ‘ee , P ‘. +
- - e . ey ‘e .
o 7 . .. D B .. ‘ L
i * + M * ey + + * T+ +
o« . e . . PRI e
T .. . B B . .
e .. B . o . ‘e T . .
. . - v o . o, Pe e + +
P . . B 4 + . . e .
. . ‘e f ‘e . P
) . - . o + e .
. - . . . . . v . .
oo . . P T . . 3 .
[ v . . . . vooee . e
oo v v v -+ e - o D +
- ' . ‘e . .
- v . . o ‘.
3o . . . sr + .
¢ < . - v .
% * . . . . . ‘e
tr e e . . . o .
s . . . + .
e . . . . . . .
T . . .
33 P . ‘e
f o f . .
Py . . . ’ . .
N . N .
. . .
B . . +
e . e LR TS ytoe ' Pey oo . + v v e
o B

seeTiee e

AN AT E ANV DN CDBERAND

cavmor«axc <

A NNEVUE TON R e EROET VY

. .

*

RRCERTY S LY

©

Ve ) e L RN ABL m s e

~

cwmo

[ o

I3
WO NP IOHNUENP IBOI eV WE AN T OGN 4 F

~ G
M UERC 4RO . ~NWEETII O =V

v
i

©ee 3

The same as Fig. B.1 for the case of a two—beam run.

Fig. B.2




_93_

*soued QT T UI syaeds

QRERC S ir Nmem b o
e To

-

*

L1 4 e TR0, 123450 70N 1 2 2456 TR 23456 T4

€T,

"o

. - o

1 N
WOt i L 2 B TROG LI IO TGy T Mebin i 003 2 S0l TEND [ Sty

¥

Crikee

u_wqr.:w 3.&:..01.“ .l.:.t..b%io...a Yy ”h;vr.p..!‘ow.:67r...w5<i
5 B $ o I ) : R

gutatnbex pelonaisuodaa 9I9M SMNOBIF Yl Ing ‘z-g °ITJ SB dUWES BY]

£-g *6t4

SO U N NI N, R LRl NIRRT RIS MEHOCBFONENNACO AN COINCNOO P UD S FMINmL PO IMA . T L B
L ~ ° - . ” ~ -
- *e *
2
-
*
*
o
L d
A
- «
Ed
A -
.
* L d
~
L
.. . -
*
*
> . +7 .
-
* - L
. ~ °
- .9
> L . . .
- . . v . .
o~ * * -
e e Yasd s ranes
* * e Lt & mUN e N *
- EETMIOMIERNJLLITNT M
FHNLSMINIT LB OoLTIIUGLITINS
2 INEALUNSXBEL 4AAZVa IS oP *
Q?H—“c'luu'.l',-'.lk."IOJJDQ'Q' L d a
N L\‘l_'wuh.ﬂ.\NLM\NPhU‘.Lt.
*NE*NF D H’&U.&.GK U3 PN
* PRNININNVICTIO N > L4
- *N N e
s 38 TeanTe &+ e
-
. ~ .
> - *
+n
g * * £
* e, ~
*
- 0~ .
. .
- .
. . +
. - - +
. -
-+ . *
.
.
- ‘.
s .
- *
- -
- L
.
-
3 *
. .
N R 4 . A4 B * o *
gt u u?..n...b.._z.Aw..v.ld.:ka..c.u.w.sﬁlﬁ...»;:Lh.)e7thn.ua,.ﬂq.".rﬁ‘uh\v.‘xwyn?bn,u!ﬁ\..hm
T M TR Seerbeiedens e : 4 . . . ‘ 5 g

IR .




_94_

*3unodde 0JUT UINe]l SIB UOIFAA UOTIORIIUT 9yl ur BurleuIiliio SYOBII AJUQ
1od sjyaeds g pue ; Sutarnbei £q p91ONIISUODDA SHOBAZ JO UOTINGTAISTIP ATOTTAIITNRK

w G

0

w

G

*3oBII

0

! I T _ L J

ol —

NI

Syleds g v
Syeds / o

v0

G0

L0

—

L ]

¥

1Nn0

od

t'g b4

v0

G0




_95_

APPENDIX C

POSSTBLE CONTRIBUTION OF SPURIOUS GAMMA-RAYS

A contribution to the multiplicity of the HV® could arise from spurious

® produced in the walls

gamma-rays, i.e. gamma-rays originating from the decay of 7
of the vacuum chamber (or other objects in the surroundings) by charged secondary

particles or by the primary nucleon scattered in the pp collision.

A distinction should be made from the beginning according to whether the
spurious gammas are produced: (a) in the walls of the Qacuum chamber and other
materials by secondary particles moving from the i.r. towards the detector;

(b) in the walls of the vacuum chamber by charged particles moving within the
solid angle not covered by the counters; (c) in other objects placed in the

surroundings.

a) A rough overestimate of this effect is obtained by assuming that the in-
elastic cross—section of charged secondaries against nuclei of the various materials

is given by

- 2
ccoll = 62,8 X A" mb , o (c.1)

® is produced in each inelastic collision, and that one of its decay

that one 7
gamma-rays always crosses the detector. Thus we find that the number of HV coun-—
ters fired by this type of spurious gamma-ray generated in all materials between
the i.r. and the HV counters amounts to less than 47 of the charged secondaries
that cross the detector. Considering that this value is overestimated by a factor
greater than 4, we can conclude that the corresponding correction certainly does

not exceed 17.

b) The spurious gamma-rays originating in the part of the walls of the
vacuum chamber in the solid angle not covered by the detector can be expressed in

the form
(nY) = cg(x) , c.2)

where

ch zi Ai' inel(A) (c.3)

is a constant and
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_f(x) 1
() = 0 ST o

(C.4)

a geometric factor. In expression (C.3) NA is Avogadro's number, Bch the average
number of charged particles crossing the walls at an angle o, and d the thickness
of the walls (steel) of the vacuum chamber. 1In expression (C.4) Q(x) is the solid
angle under which one of the two detectors is seen from a point downstream at the

distance x from the i.r. It should be averaged with respect to x.

s obtained assuming that one T° is produced in each

[

The expression (C.2)
inelastic collision and that the corresponding gamma-rays are emitted isotropically

in the laboratory frame. Both assumptions are in error in the sense of giving a

value of C too large. Taking21)

Oinel(A) = A%T cinel(p)
Oinel(p) = 36 mb
n, =6 d=1lm,
one finds
c=2x107%,

The geometrical factor g(x) is different for the HV and the LB counters. Its
mean value, with respect to x, is of the order of 0.2 for the HV and 0.5 for the
LB counters. Therefore one can conclude that the expression (C.2), averaged with
respect to the distance x, is of the order 10~ ° for the LB and about 2 times
smaller for the HV countef. This means that the contribution of the second class

of spurious gamma-rays is also negligibly small.

c) The spurious gamma-rays produced in the surrounding objects could be
evaluated by considerations similar to those sketched under (b). We prefer, how-
ever, to notice that the most important objects are the side walls of the spark
chambers and the concrete blocks placed on the two sides of the lead-glass coun—
ters in order to protect them from radiation moving parallel to the x—axis. We
believe, however, that the spurious gammas produced in these matefials should be

relatively rare because of the two following reasons:

i) From the inspection of the distribution of the sparks in the spark chambers
we do not see a large density of sparks in the vicinity of the side walls of
the chamber. The sparks, in general, appear to be concentrated in the central

region of spark chambers.

ii) From the inspection of the number of times that each single HV (and LB) is
fired we do not observe any appreciable increase of counting rates in the
lead-glass counters close to the concrete block with respect to those in the

central region (8 = 90°).
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APPENDIX D

MONTE CARLO CALCULATION

D.1 ASSUMPTIONS

(1) Four-momentum conservation is not imposed on the emitted T°, but it is as—

sumed to be assured by final nucleons. Total energy E of all ° produced
|

tot

is computed; the event is rejected if E is larger than s?Z.

tot
(2) The emission of n m° is assumed to be independent of the emission of charged
pions.

(3) The observed single-particle inclusive spectrumzz)

—— = B2pt e“BPt, B = 5.7 (GeV/c)™! (D.1)
t .

is assumed to hold for any value of multiplicity and in the whole angular

-range. This hypothesis will be called "uncorrelated emission".

23)

(4) The inclusive angular distribution observed for charged pions is assumed

to hold for any value of ng,

dN it

W 'a—;—r—sm , a; = 0.106 sr—l, a, = (6.3 + 4.,0) x 1073

(D.2)

(5) The multiplicity distribution is assumed to be Poissonian in the variable n,

with average valuezu)
1
(ny) =5 [(m ) + ()], (D.3)
which can be put in the form?*)
Co
(ng) = Ay + By In s + X
SZ
Ay =<[A, +4_]=-2.15
0 2 Lot ™ :
(D.4)
1 ,
By =35 [B++B-]=0.85
¢, =1[c,+c_]=1.85
0 2 =t ™ : )
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D.2 STEPS OF COMPUTATION

D.2.1 Computation of gamma-rays from T

n

(2)

~~
L
~

(4)
(5)

(6)

7

(8)

0 decay

The angle 6% of emission of a m° in the c.m. of the pp collision is extracted

according to the distribution (D.2).

* k. * . . . .
The transverse momentum p _ = p Sin " is extracted according to the distri-
bution (D.1).

The momentum of the 7°
*
* pt

P = Sin o » (D.5)

is computed from the results of points (1) and (2). If p* > p* the event

max
is rejected.

The azimuthal angle ¢* is extracted according to a uniform distribution.

The Lorentz transformation from the c.m. to the laboratory frame is made

’
without introducing any approximation.

The decay of the m° is computed in its c.m. according to a uniform distri-

bution in solid angle.

The Lorentz transformation from the rest frame of the m° to the laboratory

frame is computed.

The final results, i.e. k;, k,, 6,, 0,, ¢,, ¢,, defining the energy and
direction of the two gamma-rays in the laboratory frame are stored on

magnetic tape for a total number of 70 equal to 200,000.

D.2.2 Construction of multipion events

(9)

(10)

1D

(12)

(13)

The number n, of 7% produced in an event is extracted according to the Poisson
law.

From the pool of T® recorded on the magnetic tape as explained under point (8),
n, "neutral pions” are extracted at random.

The total energy of the n, 70

n

0
Eiorn® = ;i k, + k,) (D.6)
is computed. If E 2 s%, the event is rejected.

tot
The point of generation of the event within the interaction region is ex~

tracted according to a triangular distribution of 30 cm base.

One verifies if at least one of the 2 gamma-rays enters the detector with an

energy 2 10 MeV. If not, the event is recorded as an "unfavourable event'.
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D.2.3 Instrumental features

(14)

(15)

(16)

(17)

The HV crossed by each one of the gamma-rays entering the detector is deter-
mined and the conversion efficiency into electrons is assumed to be 90Z as

25) | This means that in 10%

obtained from the total gamma-ray cross-section
of the cases the gamma-ray is not detected by the HV's and therefore is lost

for the subsequent computations.

The mean value of the energy deposited by the shower is computed by means of
the following empirical relation, obtained from best fit of an ad hoc Monte
Carlo computation7)

€

(Byy) = Vg T (p.7)

eV Lrad

where-t—:c = 13.4 MeV is the critical energy of the lead glass and Lrad the

corresponding radiation length (Lrad = 2.5 cm). The proportionality factor
-1 . . . '

of dimensions (energy) 2, not explicitly shown in Eq. (D.7), turns out to be

numerically equal to 1.

The fluctuations of E around the value (D.7) are computed as follows:

HV
a) the average number of electrons crossing the glass -is computed by means
of the relation
E
HV 1
T . (D-S)

€c tHV

(n) =

where the first factor represents the track length of the shower in the

lead glass and t,., is the thickness crossed by the axis of the shower

HV
inside the HV, measured in radiation lengths;
b) a Poissonian distribution for the number of electrons n, (treated as a

continuous variable) is assumed and used for extracting ne;

c¢) the "actual energy' deposited in the HV is computed by the relation

E =n

W eectHV s (0.9)

similar to relation (D.8).

When EHV # 0, one computes the "transit factor" Tf due to the absorption of

the light in that part of the lead glass that lies between the point of im-
pact of the shower and the photocathode of the photomultiplier; the ampli-

tude of the HV pulse AHV is connected to the energy EHV by the relation?®)
E
HV
AHV =5 (D.10)

f
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where

(18)
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Tp =1+8, (d-17.5) x 107

d = distance from the phototube of the impact point, in cm

B, = 2.7 ("OUT" detector)

B, = 1.5 ("IN" detector).

The events with a number m of fired HV equal to or greater than the trigger

mode adopted (for example M; or M,) each with an amplitude equal to or greater
than the chosen threshold (Eth = 150 MeV nominal) are selected and analysed

by means of the same programmes used for the events observed experimentally.

RESULTS OF THE MONTE CARLO COMPUTATION

(D.4)

ting

) L
All computations have been made at s2? = 53.2 GeV, so that Egs. (D.3) and
give

(n o) = 4.95 . (D.11)

They have been repeated for a few values of ch and Eth and either by neglec-—

or taking into account the fact that sometimes the shower initiated by a

photon in one HV counter gives also in the near-by HV counter a pulse 2 ch. The

main

features of the various models are summarized in Table D.1. The main results

are summarized in Table D.2.

from

The lower value given by model B with respect to model A for (nﬂo)>1 arises

the fact that by introducing a trigger with a higher threshold one selects

events of higher multiplicity.

The ratio

(myym)A’

————— = 1.08 * 0.02
(mgy)A

means that the effect of showers trespassing from one HV counter to the others,

averaged over the angular distribution and spectrum observed for the single m°,

amounts to 8% in very good agreement with the result of other rather careful evalua-

tions7).

0

From the numbers of T  giving at least 1 gamma-ray and just 2 gamma-rays

within the detector in the case of model A, we deduce:

a)

the average number of w° producing just 1 gamma-ray within the solid angle
of the detector is

(nﬂo>1y = (nﬂo) - <nﬂ°)2Y = 1,63 -0.39 = 1.24 , . (D.12)

21y
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b) the average number of gamma-rays within the solid angle of the detector per

neutral pion detectable is

(n,) (n_0) (n0)
R AP SV SR TV |
(HWO)Q <nﬂ°)21Y (nﬂo)ZIY
(D.13)
0.39 1.24 _ i
=2 X T4 L X TE = 2% 0,24 + 1 X 0.76 = 1.24 .

T PN R T I
it may oe iise

in the form

=1+ =1+ 0.24 . (D.14)
n n
( NO>Q ( 1To)>1Y
Only'a part of these gamma-rays are actually detected because: (i) the cut-
off energy used in the analysis of the Cerenkov is set at ch = 30 MeV; (ii) some-—

v
times 2 gamma-rays cross the same Cerenkov counter.

The actual number of HV" fired by gamma-rays is provided by the Monte Carlo:

for the computation A’ one obtains:

(mHVn)A' =1.61 £ 0.01 ., (D.15)
Dividing this figure by {(n_o) we obtain
T2y
(v 1,61 £ 0.01
o0) 183 <0.0l 0.99 + 0.01 ., - (D.16)
T2y

This figure should be independent (or almost independent) of the assumption of
full uncorrelation of the emitted pions, since it is determined by the spectrum
of the single m° and the geometry of the detector. Therefore we can assume that
in the CCR detector the number of fired HV" practically coincides with the cor-

responding number of m° at least as long as nY is not too far from (nﬂo).
Other results are:

i) The gamma-ray solid angles of the HV counters in the c.m. of the pp collision
(Table D.3).

ii) The multiplicity distribution of the fired HV (mHV) and of the m° (nﬂo) with
2 1 gamma in the detector (Table D.4).

iii) ‘The dependence of My 07 the value adopted for ch (Table D.5).
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Table D.1

Main features of the various Monte Carlo computations

et | ne | mg | SUCINE O |
(MeV) (MeV)
A 30 150 no M,
A! 30 150 yes ‘ M,
B 10 10
Table D.2

Main results of Monte Carlo computations

3,810 events 9,956 events
Model (nﬂo>21Y (nW°>2Y (mHVn) o
A 1.63 £ 0.01 0.39 % 0.09 1.49 £ 0.01 0.71
A' 1.63 * 0.01 0.39 = 0.09 1.61 + 0.01 0.71
22,420 events
B 1.36 £ 0.004 0.17 £ 0.0026

Table D.3

Gamma-ray solid angles of the HV counters in the c.m. of the pp
collision from the centre of the interaction region

1 3 5 7
- 2 4 6 8 Qt X
15 13 11 9 °
16 14 12 10
QSUT 0.0655 0.0835 0.1020 0.1143 1.4612
Q;N 0.03795  0.0500  0.06150 = 0.06885 | 0.8732
2.3344
2. i) 0.050 0.063 0.081 0.089

+) Computed from the geometry
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Table D.4

Multiplicity distributions of fired HV and T° detected per event

"y NN ot 00 NN e
0 - 0 0.640
1 0.552 1 0.332
2 10.320 2 _ 0.026
3 9.773 x 1072 3 0.0013
4 2.501 x 1072
5 3.817 x 1073
6 1.004 x 1073
7 2.009 x 107"

Ntot = 9,956 events Ntot = 3,810 events
Table D.5

Dependence on Eqf of the
mean number of fired HV

ch (mHV>
(MeV)
10 1.652
30 1.487
60 1.301
150 1.059
200 0.546
250 0.299
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APPENDIX E

INDEPENDENT EMISSION MODEL (IEM)

The IEM presented in this Appendix, although based on the same general as-
sumptions, has advantages and disadvantages with respect to the Monte Carlo com-
putation given in Appendix D. Some of the instrumental features of our experi-
mental set-up that are easily taken into account in the Monte Carlo computation
are not incorporated in the IEM because it would become unnecessarily complicated.
The IEM, however, provides its results in the form of an analytic expression much
more transparent, from the physical point of view, than tables of numbers or

histograms..

The assumption of no correlations between the particles emitted in a high-
energy collision of hadrons is expressed by the adoption of the following form
for the inclusive cross-section for emission of at least n identical particles

(pions)27)

n n
- “in o T1L ety (8.1
Uinel dil, .-.,d.En lippi s .1)
where s
dg. = ke
i E,
i
and
dlain
plp;) = —F (E.2)
t 9inel dgi
is the single-particle distribution function for a pion of momentum P+
The exclusive cross—section of n particles
n
d’o n
1 ex - (n)
=e . p(p:) (E.3)
oinel dEi, cees dgn I:Il i

and the probability that m particles are produced in a phase-space volume {

0@ =vE (my = — e ™9 (&.4)

m.

are easily derived from Eq. (E.1)27’28).
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We recall that

(m) = [ o(p) dg; (E.5)

is the average number of T° mesons emitted per inelastic collision in the avail-

able phase space, and
(m)g = é p(p;) dE; (E.6)

is the average number of 7° mesons emitted in t

he phase-space volume {) per in-
elastic collision. The same expression (E.4) is easily obtained by assuming that
the cross-section o, per production of n pions in the whole phase space follows

the Poisson law:

cn P
=4 () (€.7)
inel :
For the distribution function when there are at least t particles in Q -~ i.e.
with our trigger mode Mt -~ we obtain2®)
P (@) =0 ¥, _ (@), (E.8a)
where
e o]
(m)
- 9] "(m)Q .
Yy, (D = z:n —~ e . (E.8b)
t=1

Equations (E.8) predict a series of parallel momentum (and energy) distri-

butions for different t which seems to be generally observed (Fig. 29).

THE m° -+ 2y DECAY

Equations (E.4) and (E.8) give the qualitative aspects of uncorrelated pion

production but, for a quantitative comparison, at least the w’ + 2v kinematics

must be included.

We introduce the probability functions Po(pi), Fl(pi), Fz(pi), which are the
probabilities that a m° of momentum P; deposits 0, 1 or 2 gammas in Q. These can
be obtained by integrating the decay probability over appropriate phase-space

regions of the photon momenta.

In the IEM we obtain the following gamma-ray multiplicity distribution

P
2i-m

LV

- P - .
; (nl) lbm_j (nz) s (E.9)

=
8
i
B0
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where o .
5 if m is even
mo =
n ; if m is odd
and
n, = [ Ty(p) p(p) dp (E.10a)
n, = [ T,(p p(p) dp (E.10b)

are the average numbers of 7% which deposit 1 and 2 gammas in £, respectively.

The derivation of Eq. (E.9) proceeds in the following way. The probability

of producing n pions is expressed as an integral over all phase space of the ex-

. . n .y .
clusive cross—section (1/Oine1) (d Oexldg, ey dgn). The probability functions
Ty, Ty and F;'are then introduced into the integral by multiplying the integrand
by

n
T [rey + Tatep) + T2(pp)]

i=1
which is unity by definition of the I''s. The contribution of m pions to the pro-

duction of N gammas in Q can then be identified and Eq. (E.9) can be obtained by

summation over m.

Integrating the single-particle distribution obtained by Winter®) by using
the Monte Carlo computation (Appendix D), we obtain
- 1.24 3

n, = 755 = 0425, m, =g = 0.079 . (E-11)

o
O

-l-\
w

In these calculations, we have ignored the effect of the threshold of our
trigger which records events only if there is at least 1 gamma in § with
E 2 Eth ~ 160 MeV. This effect will now be estimated. The phase space available
for the trigger is denoted by Qt. If we denote by leNo the multiplicity distri-

bution when there is at least N, gammas in the Qt, then
N,-1
A D R NFIGE R E€.12)
j=o -
where wN . (2,0 ) is the multiplicity distribution when there are exactly j par-
ticles in Qt For N, = 1, noting that w (Q Q ) is simply the distribution for
the phase volume { - Qt, and assuming 52 to represent uncorrelated gammas, we may

write

by, = =)y (E.13)




- 107 -

where x = ﬁ(Q,Qt)/ﬁ(Q) is the ratio of 51 for Q - Qt and 51 for ©. The Monte

Carlo yields a value of 0.9 for x, and the effect on the multiplicity distribution
is to reduce the small N part of wN but as N gets large,

wN , and wN become equal.
1]
Equation (E.13) using Eq. (E.l1l) is plotted in Fig. 39.
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APPENDIX F

ESTIMATE OF THE CORRECTIONS TO THE INCLUSIVE GAMMA—~RAY PRODUCTION CROSS-SECTION

In Eq. (4.4) the cross-section for production of gamma-rays is expressed in

terms of the ratio of measured numbers
M, 2% (90°)
[}l"ff——"_ ’ (F.1)

where for simplicity of notation we have dropped the lower limit on the energy of
the detected photons. In the same Eq. (4.4) we have introduced a factor 1/F for
taking into account the bias introduced in our data by requiring that in each
event besides t (= 1) photons there should be at least one charged particle
crossing each of the two downstream counters Z;(B;), X,(B,). In this appendix
we shall derive the exact expression of F andAshow that its value differs from
unity by at most 30%. Under this circumstance it appears justified to deduce the
values (4.7) computed with F = 1, and to state that they agree as well as can be
expected with those deduced by other authors from measurements of the one-photon

inclusive cross-section.

We use the K.N.0. formalism generalized to the case of three non-overlapping
phase-space regionszg) which, in our case, are those defined by the counters as

follows:
for gamma-rays: the HV counters at 90° -0.2 < n, £ +0.2

for charged particles: the I,(B;) counter =-4.9 <n; £ -3.1 (4.7 s,

IN

-3.8)

the I,(B,) counter +3.1 S n, £ +4.9 (+3.8 £ n, £ +4.7)

The ratio (F.l) is given by the expression

[Mlzz(9o°)] ¢4 (HV,E,,E,)

5y 5,172 ¥.2)

-

where

0 @8yee) = [y [Epy oo [0, 09 p,0eip) (#.3)
o B

and Q(k) is the k-particle normalized inclusive cross-section. We recall now the

relations
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9, (E,5,) = £,(,,5,) + £,(Z)£, (5,)
b (HV,Z,,5,) = £,(HV,E;,5,) + £, (HV)+£,(Z;,5,) + .
| ¥ £ (5)) £, (HV,E,) + £,(5,) £, (HV,T,) +

+ £ (V) £, () E, (3,)

where
£(@) = ¢, ()

£,(0,8) = [an, [an, clnpny)
o B

(F.5)

with C(n,,n,) given by (6.1). With the notation

R( ’A) —-_—-———f(d,)z() ( . )
fa(a’B’ )

S(a,B,y) = fl(a)'fl (B)'fl(Y)

we obtain

M, 2% (90°)
—5—| = ¢, V) F (F.7)

where
R(HV,Z,) + R(HV,I,) + S(WV,I,,I,)

F=1+ - . - (F.8)
1 + R(Z,,I,)

In conclusion the one gamma-ray inclusive cross-section ¢1(HV) that would be
observed in the HV counters at 90° is obtained by dividing the ratio (F.l) by the
numerical factor (F.8). This is expressed in terms of R and §, where R differs
from (6.3) only because numerator and denominator have been integrated over the

phase-space volumes defined by the two counters.

The ratio S is similar to R but refers to triple coincidence. The pertinent

values of R can be easily deduced from the results of various authors. Thus
R(Z;,Z;) = R(=4,+4)
R(HV,Z,) = R(HV,I,) = R(0,*4)
can be read from Fig. 22 3°). One has

R(%,,%,) < 0.05 R(H,Z,) $ 0.1 .

Measurements of S are not yet available, but one finds from all indications that
it should be < 1/3 of R.
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In conclusion F should be not greater than 1.3 and for [na-— nB[ >> Ana,AnB
it is practically independent of the dimensions of the counters, in particular
the dimensions of I, and I, which determine the numerator as well as the de-

nominator of (F.l) and appear in the numerator and denominator R and S.
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