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"I. Apparatus.

The experimental apparatds shown in Fige 1 and described in.

1,2)

detail elsewhere y was lbcated around 900 6n opposite sides of
an interaction region. The charged particles were detected and
analysed in two magnetic spectrometers.' Each spectrometer was
equipped with a gas_éerenkov counter located in the magnet. The
Eefenkov in arm 1, filled with isobutane at atmospheric pressure,
had a momentuh threshold for pion detection of'2.8 GeV/c in the
laboratory system. The Xerenkév.in,arm 2 was not used in this

analysis.

Photons from fhe deéay 6f high momentum Tejand 71 mesons
were identified in arm 2 by their electromagnetic showers in the
tptal'absorption lecad-glass %erenkov.counter array located behind
the arm 2 spectrometer. This array consisted of 119 blocks,

Aarranged in 7 . horizontal rows of 17 blocks. Each block was 35 cm
thick, corresponding to 14.8 radiation lengths{ and had a cross-
section of 15 x 15 cm2. The distance between the centre of the.

intersection region and the front wall of the array was 3.48 m.

The high momentum charged pions were measured in arm 1. The

angular apertures of the detectors are listed in Table 1.

Four 1 m2 scintillation counters, B, to B not shown in

1 4’

Fig. 1, were also used. Counters Bl and 82

downstream vacuum pipe of Ring 1, while B3 and B4 were'simiiarly<

centred on Ring 2. Counters Bl and B4 were located at a distance

of 5.65 m from the crossing point, while 82 and B3 were at 4.65 m.

The coincidences 5184 and 8283 were timed to select an almost pure

éample of beam~beam collisions.

were centred on the

Ii. Trigqérs.

a) T ° and(“] .

‘The apparatus was triggered whenever sufficient energy to

exceed a set electronic threshold was deposited in any 2 x 2 block




square of thevlead—glaSS'array. However, to ensure that the event
originaEed from a beam-beam collision, the energy requirement was
put into coincidence with any of the following three signals :

3; 2 coincidence between the'Hl and H2 hodo-
scopes; a coincidence between the Hi and Hé-hodoscopes. The trig-

ger was thus not fully inclusive for ¥ -rays but resulted in a

BB = 8184 or BZB

triggering bias which is described below. During data taking, the
electronic threshold was adjusted as a function of the ISR lumi-
nosity in order to keep the triggering rate at a.level of around.

2 sec—l. Threshold values ranging between 1.0 and 2.4 GeV were

used.
¥
b) TC
This trigger required a coincidencé between‘the'signals
. . v
coming from the three hodoscopes Hl, H2, H3 and from the gas Ceren-

kov counter C. This last requirement selected events containing
an electron within the'apparatus as well as those eventg with
high momentum pions. To help feject events with low energy
electrons a signal from hodoscope HS located behind 5.5 radia-
tion lengths of material was also required. This trigger was

fully inclusive.

For each trigger, digitized infcormation from the apparatus
was written on to magnetic tape, as described in Ref. 2. Details
of the calibration and monitoring of the lead-glass counters are

3)

given elsewhere ~.".

III. Single Particle Analysis.

The data analysis was different for charged and neutral pions.

Charqged pions.

V .
The Cerenkov requirement in the trigger produced a sample of
events containing either an electron or a pion of momentum greater

than 2.8 GeV/c. This threshold corresponds to a centre-of-mass

~momentum of 3.16 GeV/c. In order to avoid difficulties in



'analysing events nsar the pien threshold where the detection
efficiency of the Cerenkov varied very rapidly with momentum, only.
events with transverse momenta in the centre-of-mass greater than
3.3 GeV/c were accepted. In addition, geometrical cuts were
‘applied in order to eliminete badly reconstructed tracks which

might simulate high Pp events.

The momentum resolution of the magnet is given by

Ap/p = AJ}.O25)2 + (.O2p)2 where p is in GeV/c. This‘resolution

was taken into account to correct the measured transverse momen-—
tum spectrum.
The background to the charged pions was assumed to be

negligible.

Neutral mesons.

The data were analysed by searching the recorded events for
energy clusters in the lead-glass array. An energy cluster was
defined as a group of no more than seven adjacent blocks, with at
" least 300 MeV deposited in a single block and the others having
-pulse heights correspondlng to at least 20 lKeV. 1In addition, the
cluster was constrained to be no more than four blocks wide or
high, and to be centred at a p01nt at least 15 cm from the edge
of the array.  These ‘criteria were emplrlcally determined to re-
jeettbackground clusters not originating from beam-beam
collisions. Futthermore, if a chargediparticle were incident on
the lead-glass array at a distance less than 18 cm away from the

cluster centre, the cluster was reJectco.

Events without a BB signal wereé considered only if at least
- one track originating from the interaction diamond could be fe—.
constructed in either.arm from the spark chambers preceding the

magnet.

For events containing two clusters, each cluster was inter-
preted as being due to a single photon, and the invariant mass,

of the photon pair wae calculated. The directions of the

thlr ,'



photons were obtained by connecting the centres of the two
clusters with the intéraction vertex. The vertex was directly
obtained if recqnstrﬁcted tracks were present in the event. It
was assumed to be4thé ;eﬁtre of the interaétion-diamond, for
events with no tracks. Reconstructed tracks weré present in

approximately 20% of the events-at each value of ,Js.

. Fig. 2 shows the nuhber of two clustef events as a function
of14xz;for four valyes of. 4;: These fouf distributions are
very similar in form and each has two peaks, the first occuring
at M‘{X.n Mo » 'The background under the second peak is in
each case estimated by an exponential interpolation as shown by
the dashed lines. This second péak with background subtracted
occurs at MK}f = 540 MeV. This value and the width of the peak
are con51stant Wlth thc'q meson, when the uncertainties in the
opening angle measurement and in the abeolute energy calibration

are taken into account.

It must be stressed that the T° mesons contributihg to the
distribution of Fig. 2 have an average momentum muéh lower than
that of'the WZ.mesons; This is due to the fact that the two

photons from the decay‘ﬂif>ﬁzzvdll in geﬁeral overlap in a
single cluster for 1¢° momenta above ~ 2.5 GeV/c. On the other
hand, in the decay Y)>Y¥Y the two clusters are distihct for
momenta up to A9 GeV/c, while below 2.5 GeV/c, the probability
that both photons enter the lead-glass array is small owing to

their large opening angle (¥ 25%).

Another éonsequence of the above‘facté is thét the events
containinq one cluster only, with energy above 2.5 GeV, are
mainly due to T°'s of the sameAenergy. Clusters resulting from
only one ‘of the photons from Wl decay would require, in fact, é
parent with an energy higher than that of the cluster. Such
events are éuppressed.by approximatély one order of magnitude,

owing to the steep fall of the production cross-section with



increasing energy of the meson.

Two clﬁster'events were accepted as candidates for the decay

'1’)—9 XY . if My Was between 450 and 650 Me¥. The backgrou’ed
under the peak, estimated as described above, was studied for
momentum dependence'ét 4;—= 52.7 GeV whére the data-had the best
statistics. The events were divided into two 71 momentum inter-

' vals contalnlng approximately the same number ‘of events For the
first interval, 3 £ p 4 GeV/,, this background amounted to

(55 + 5)% of all 7] —>Yyy candidates. It was (58 + 5)% in the
second interval, 4 & p £ 6 GeV/cﬂ Since. these values were equal

within errors, it was inferred that the background under the peak

was independent of the 7? momentum above 3 GeV/c. The backgrounds

at the other centre-of-mass energies were assumed to behave simi-
larly, and the resulting signal to background ratios are listed in

Table 2, where the errors are statistical only.

Two-cluster events with er( between 100 and 200 MeV, as

well as all one- cluster events, were accepted as candidates for
the decay TC —§~6~(

For both TL_.;. U’b’and *rl_», Uf decays, the' solid angle and
detection efficiency was-calculated using a Monte Carlo program.
vThe overall acceptance for the decay ~7_>?fé/mﬁs‘found to be a
steep function of the’7 momentum, inereasing by a fector of 5

between 3 and 4.5 GeV/c.

In order to determine the inclusive cross-section from the
data, it was necessary to know the triggering bias mentionad
above. This bies was deduced at each value of NS, by dividing
the events into four categories, i) events accompanied by the BB
signal and at least one track' 1I) events accompanied by the BB
signal only; III) events without the BB signal but accompanled
by at least one track; and IV) events with neither the BB signal
nor any track. The events belonging to category IV were not' |

detected, of course, because of the triggering bias. Their
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number was estimated assuming,as in Ref. 4, that the ratio of the
number of events of category I to that of category II is equal to
the :atio'of the number of events of category III to that of cate-
"gory IV. Under this assumption, the events undetected because of
the triggering bias were estimafed at each s value and the
correction factor was found to be independent of momentum for T°'s.
It was assumed to ?e the same for *L 's and-ﬁffs. 'This latter
assumption was checked at [E'= 52.7 GeV where the trigger bias
for 7 's was found to be within 1% of that for -t®'s. The trigger
bias (B), defined as the number by which the measured events have
to be mulﬁiplied to obtain the inclusive yieid,'is listed in Table

2 for each value.

IV. Results on inclusive cross-sections.

Fig. 3 shows the invariant cross-sections for both TC's and
Nl"s at .f§-= 52.7 GeV,.as a function of‘pi, the meson transverse
momentum in the centre-of-mass system. The errors shown are sta-
tistical. The branching ratio for the decay ”r~;§5'was taken to
.be 0.38. :

The shape of the‘7 production cross-section éppears to be
parallel, within statistics, to that of the 110, in the p% inter-
vall between 3 and 5.6 GeV/c. Lack of statistics prevented the-
determination of the’ﬂ; differential cross-section at all values
of s studied. However, by assuming in each case that the shape'
of the'Q ‘diétribgtion'was the same as that of the ° distribution,
the ratio ﬂ /Ht° was calculated by integrating thelq and
1° spectra over the interval 3.0 p* 4.9 GeV/c. ‘The values
obtained are given in Table 2 where the errors are statistical

only. -

In order to check the p% dependence, the 71/G(° ratio wasl
also determined for the more restricted . p®* interval 4.0<<_p°<: 4.9
GeV/c and found to be'in good agreement with the results from the

larger‘p‘ interval. It was thus concluded that the "T/Lmo ratio
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is independent of p* and s in the larde p,, region, and equal to
. g9 T g q

1 0.55 + 0.1 where the error includes an estimate for the uncertain-

ties in the acceptance calculation.

Figs. 4a - c show the invariant cross~sections for charged
and néutfai pions as a function of pf'at .three values of J——
From these it can be seen that there is general agreement between
the charged and neutral cross-sections. The ratio TT /GT is found
to be 1.2 but uncertainties in the relative normalizations prevent

the absolute comparison of neutral with charged pions.

In order to sEudy the s dependence, the invariant cross-

sectlons for charged and neutral pions were fitted to the form

B _ A _bFVr
P

- Neutral pion events with p% >.2.46 GeV/c at all five values

of s were used in the fit. For charged pions the p range
started at 3.3 GeV/c and only data at s = 44.8, 52.7, and

‘62 4 GeV were used.

‘ The values of A, b, and n obtained for'T:f,'Kf and % 's are
éummarised in Table 3 where_the errors are statistical only. The
neutral pion fit is illustrated in Fig. 5. A fit to the charged
averaged pion databt+1tzéixave the following values :

A = (4.88 + 0.8) x 10727, b = 30.8 + 1.7 and n = 7.8 + 0.2. This

may be compared with the result obtained on restricting the

1(0 data to the same range of Jgrand Sha A= (12.5+ 1.2) x 10"27

b= 26.2 + 1.0 and n = 8.4 + O.1.

o ’ -
The present T results agree fairly well with the earlier
data of Ref. 4 where a fit to the same function gave
A = (1.54 + 0.10) x lO 26, b = 26.10 + 0.50 and n = 8.24 + 0.05. .

The error in the abhsolute normalization of the present experiment

, of': 26% arising mainly from the uncertainty in the absolute

’




.

energy calibration (+ 3%), is thought to make the data more

‘reliable than those of Ref. 4.

V. Results on Correlations.

In the course of measuring high transverse momentum mesons,
the charged particles emitted within the acceptance of the appara-
tus coincidentally'with the high momentum particle were also're—
corded. Data are présented,fbr correlations with large p; pions
at four centre-of-mass energies, however insufficient data were

avallable to make a useful sludy of the charged partlcles

corralateo with the obqerved Yl

' 'The momenta of the correlated charged particles were mea-
sured in the magnetic spettrometers and were always assumed to be
pions.  To be considered in the analeis, a charged particle had
to traverse one counter in each of the three appropriate

scintillation hodoscope planes setting the corresponding bits and

‘have its track originate within the interaction diamond. The

o : . ,
high p% T. was always detected in arm 2 of the apparatus and this
made it convenient to consider separately the correlation with
charged partlcles in arm 1 and arm 2 which were separated in

azimuthal anole 75 -by 180°.

The hlgh p° charged pions were detected in arm 1 and due to
the limited solid angle in this arm, only the correlations

with charged particles in the opp051te arm will be presented.
‘A function F wés defined as
_ o0 . 'O\G’G‘
| d»oa&d4> cﬁ\) c\ dd, d A\
_— \éLA‘f.. 2 T (fﬂ. (i)/ P /Clé C.C}) ?
xR
o\a

ey ddy /
AZLA ). : F, 'FT 48¢C\‘!5¢9\

dey

2

||
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This is the probablllty, per interaction yielding a pxon of pm> Py
within the detector, of observing a partlcle of momentum’ Pros and

rapidity Y5 within the #5 acceptance of the apparutus.

This function was determined for those 1ntcractlons in which
aTt of p > 3 Gev/c was measured in ‘arm 2, and is presented in
Figse. 6 and 7 for the cases in which the chargedAparticles are

emitted with Adey, 0° and Ac]‘;: 180° respectively.

For comparison with low momentum behaviour, the function F
was also studied using a fully inclusive trigger for charged par-
ticlez within the accepténce of the appafatus. The triggefs em-—
ployed were a coincidence bétween‘the hodoscopes in arm 1,

Hl Hé H3 or between those in arm 2, Hi Hé Hé. These triggers gave
no bias for detecting charged. particles in either arm.

In this case P is the probability, per inelastic interaction,
of‘yielding a particle of Py = P, and y = Y, within the Sb accept-
ance of the apparatus. It is of course the same for both arms of
the detector and was found to be independent of s. It is shown

in Figs. 6 and 7 for comparison with the high momentum data.

_ When the charged partlcles are emitted with £§4> 180°

from the high momentum Tt (Flg.A7), F is found.to be independent

of s but at least an order of magnitude larger than the probability
'for the fully ihﬁlusive trigger for charged particles with

p%.>,1 GeV/c. This is illustrated more clearly in.fig. 8 where

F is presented as a function of . s for three momentum bands of

the coincident charged particle.

Different behavioﬁr is observed for F when the charged par-
ticles are emitted close in 7& to the‘high transverse moméntum"l‘to
(Fig. 6). 1In this case F increases-appreciably with s as-can be
seen more ciearly in Fig. 9. ' It should be noted that all the
correlation measurements in association with the n® 's involves a
small inefficiency due to the rejection of those events mentioned

earlier in thch a charged particle was incident on the lead-glass
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o ' ,
less than 18 cm from the centre of the W energy cluster. This . !
-inefficiency could not greatly effect the results presented since’
the magnetic field would normally separate. from the T° any charged

particle emitted close to its direction.

The Afu.n‘ction F observed in interactions in which. a charged

pion of pT‘\. >:3.?.> GeV/c was produced are presented iﬁFigs. iOa - C
for the correlated particle being emitted withAc;j A 180° at
three values of ,\rs-. For comparison the corresponding quantities
for neutral pilon correlations with Acf) 'CQ_,J.BO? and with Afb?{’; o°
Aa:e also shown in these Figures. Whether the high Pp pion is
neutral or charged does not seem to affect the behaviour of the

Asﬁ = 180° probability F. The charged meson correlatAions were
examined more closely by considering separately the correlations:
for ’Rf+and T(’mesons with particles of the same and opposite
charges. The results are presented in Fig. 11 again in terms of

F. Identical behaviour is-observed for all charge combinations
-at ,.Es 2 50 GeV.

The momentum dependence of the results is consistent with
the data of Ref. 5 on correlations between high transvefse momen-
tum TC 's. The opposite sides correlations ( 64393! 180°) can be
explained in terms of momentum conservation which predicts an

increase of F with Ppe

The same sides correlations hoWeQer, can not be explained

by momentum conservation. Here F élso increases with Py with

respect to its .behaviour for the inclusive trigger and an explana-
"tion of this requires.-some dynamical effects to be présent.‘ The
increase of the correlation with s may imply some phase space
"limitation; To examine whether the same sides correlation could
be due to resonance production, the invariant mass spectrum for
the high Pp 1tavﬁth the correlated charged‘pérticle was cal-
culated, under the assumption that the charged particles were all

TC 's. No structure was observed in this mass spectrum which
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is -shown in Fig. 12 for JZ-QQSO GeV. The mass resolution was

estimated from a Monte Carlo calculation to be # 60 MeV and

approximately constant between 700 MeV and.l.S GeV.
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in the centre-of+mass system

Angular apertures for Ehe'spectrometers

«62 + .O7

. : s
Particle 6% degrees ¢ degrees
type ' _ :
: ‘ *+
ARM m 90 + 13 180 ++5
.
ARM 2 m= 90 + 28 0+ 8
ARM 2 10 90 + 20 0+ 7
Table 2
J5 R__signal - o
GeV background Bias B Z/GT ratio
23.5 - 1.973 + .107 £ 1.73
30.6 <70 + .13 1.545 + .018 .42 + .08
44.8 W74 + .06 1.191 + .004 .56 + .04
52.7 <73 + .10 1.123 + .004 <58 + .05
62.4 1.080 + .003 .55 + .06




Fitted parameters for the pion inclusive cross-sections

Gl m" T°
A x 10%7 3.60 + 0.66 5.19 + 1.62 14.8': 0.6
b 30.8 + 2.3 32.2': 2.4 25.2 + 0.4
n 7.5 + 0.17 7.86 + 0.30 8.62 + 0.04
72/63 70/ 64 261.5/178

X*/D.F.
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Figure -captions

Fig. 1 Plan view of the experimental apparatus{

Fig. 2 -Invariant mass distributiéns of two photon events at

four centre-of-mass energies.

Invariant cross- section for inclusive producLlon of
w%'s (Fig. 3a) and M vs (Fig.3b) at g = 90° and
4_-~ 52.7 GeV. The curves shown in Flgs. 3a and 3b

are the best fits to the results of Ref. 4

Fig. 3

multiplied by 0.72 and 0.40, respectively.

.Invarlant cross-— secblon for the productlon of'mﬁ‘ﬂ
and‘Tt at 6 = 90° and As = 44.8 GeV (Flg. 4a),
52.7 GeV (Flg. 4b) and €2.4 GeV (Fig.4c).

- Fig. 4

Fig. 5 The function A (pT/ fE) = p; E d3c'/dp3, as deduced
’ from the 1t°|neasuréments using the best fit value

n = 8.62. The errors are statistical only.

.Fig. 6

'The function F, definéd in the text, plotted as a
fdnctibn of pT_of the charged particles emitted ciose
in azimuth ( A#; N 0°) to a 1° with p, > 3 GeV/c, for
four values ofAA/~. The- probablllty per 1nelas;1c

“interaction is also shown.

The function F, plotted as & function of'pT of the

Pig. 7

) charged particles emitted opposite in azimuth
bd w °© ° ‘

(bd % 180%) to a MCos p, >3 GeV/c.
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Fig. 11

Fig.
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The function F, plotted as a functlon of /q for three

P intervals for the charged particles emitted with

Aéi\’, 180° from a T of pT> 3 GeV/c.

The function F, plotted as a function of Jz'for three
Pp intervals for the charged particles emitted -

closp in a71muth (Atf) 0%).to a M°of Prp >3 GeV/c.

The function F, plotted as a function of pp of the
charged particles emitted opposite in azimuth -
(A.{:f.y, 180°) to a chargéd pion of pT> 3.3 GeV/c at:
10a) s =.44.8 Gev; 10b) J5 = 52.7 Gev; '
10c) J§—= 62.4 GeV. For comparison thc corresponding

results for charged particles emitted with azimuthal

 separations Aq_‘) r'gIIBOO and 0° from a‘TE?of

ij> 3 GeV/c are also shown together with the fully

inclusive result.

The function F (for t¥ 's and ¢ 's with

pT:> 3.3 GeV/c) plotted'as a function of Prp of the
positively and negatively charged partic]es emitted

opposite in azimuth to the hlgh P plon at

»l—"w 50 GeV.

The distribution in invariant mass, Gtowf- ) for

chargéd pions emitted close in azimuth ( A‘«'Léo ) to
a *°or pT:> 3. GeV/c.
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