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ABSTRACT

The «° and n° production is studied in « p interactions
at 360 GeV/c. The cross section for «° production in the forward
hemisphere (X > 0) is a(r°) = (49.7 + 1.0 + 1.1)mb and for n0 with
X>0.1, N, >2, o(n’) = (3.1 £ 0.5) mb. The ratio of the #° to n°
> 2 is o(v®)/a(n®) = 2.9 £ 0.5. Results

h

cross section for X » 0.1, Nch
on Feynman X and pT distributions are presented. The data were obtained

using the European Hybrid Spectrometer EHS and the bubble chamber LEBC at
CERN.



1. INTRODUCTION

This paper is devoted to the study of the inclusive 7" and no
production in « p interactions at 360 GeV/ec. The data were collected
using the European Hybrid Spectrometer (EHS) and the small rapid cycling
hydrogen bubble chamber (LEBC}. Fig. 1 shows the experimental set-up. A
detailed description of the spectrometer is given elsewhere [1]. The
photon detection was provided by two electromagnetic calorimeters: the
Intermediate Gamma Detector (IGD) and Forward Gamma Detector (FGD) located
16.7 m and 41.8 m from the vertex detector respectively. The structure of
the gamma detectors, the monitoring system, the calibration and shower

recognition procedures are described in [2].

The inclusive approach turns out to be an interesting method for the
investigation of the dynamics of multiparticle production in hadronic
interactions at high energies. Pioneer work can be found in [3] where
inclusive differential cross sections were first formulated, and in [4]
and [5] where the scaling and limiting fragmentation hypotheses were

introduced.

It should be noted that in ﬂ—p interactions data on neutral
mesons decaying into photons, at energies larger than vs = 15 GeV gre
scarce compared to data on inclusive charged mesons and neutral strange
particle production. Note however that a similar analysis on neutral
mesong produced in proton-proton interactions at vs = 26 GeV can be
found in [6]. Thus a high statistics study of processes resulting in
photon production at high energy, over the full range of Feynman X > O is

original and interesting.

2. THE EXPERIMENTAL DATA

The present study of the 7 and no production properties in
« p interactions at vs = 26 GeV is based on data collected during
the w exposure of the NA27 experiment. The statistics used in this
paper consists of nearly 75 000 inelastic interactions occuring in LEBC
having e charged prong multiplicity Nc > 2. This corresponds to a

h
sensitivity of 3.7 events/ub.



The main goal of NA27 is a detailed study of the properties and .
mechgnisms of charm}particle production in ¥ p and pp intergctiqns at
360 GeV/c”and 400 GeV/c respectively. _During the data takiﬁg priority was
given to the éqllection of bias free high multiplicity data. _Theltfigger
was designed to provide a 100% efficiency fop charmed events; it required
at least three hits in the wire chambers wo‘and w1,'loca£ed directly
behind the exit window of the bubble chamber (fig. 1). Thus low
multiplicity and diffractive events were partiﬁllﬁ supbreééed. In fig. 2
the trigger %fficiency is displayed as a function of the charged prong
multiplicity;.The data presented in this figure are the ratios of.the
measured uncorrected topological cross sections to those published in [7]
and taken as reference. The losses of 2-, 4- and 6-prong eventé are the
largest ones (81%, 60% and 26%, respectively); they become relatively
small for 8 and 10-prongs and negligible for higher topologies. The
2-prong events were excluded from the following analysis because they
could only pass the trigger conditions due to a background of knock-on

electrons or secondary interactions in the LEBC exit window.

Cur "minimum bias™ interaction trigger may nevertheless cause a
systematic distortion of the 7 spectra. To investigate the influence
of the trigger on the 4, 6 and B-prong events we used the Lund Monte-Carlo
model [8], which describes the global features of particle-production in
soft hadron-nucleon collisions reasonably well. For the purposes of this
Monte-Carleo study the wire chamber efficiencies, as well as the probability
for a single secondary_track to imitate the multitrack configuration, were
adjusted to reproduce the trigger efficiencies presented in fig. 2. The
trigger efficiencies thus computed are equal to 35% and 73% for 4- and
6-prongs events respectively in reasonable agreement with the experimental
- values of 40% and 74% (fig. 2). The ratios of the "detected" and of the
“true" ﬂo spectra for these topologies computed by Monte-Carlo are
presented in fig. 3. The «o losses are most important at large X,
reflecting the kinematics of the interaction. When a 1eading % is
present in the event the charged particles have low momenta; they are
mainly produced backwards in c.m.s. and miss the spectrometer acceptance.
The Monte-Carlo distributions presented in fig. 3 (together with those for
no) were fitted to polynomial functions. These were later used to
correct the wo and no spectra at the analysis stage. The correction

factor thus introduced never exceeds 20% for X < 0.90;



. CORRECTICNS FOR LOSSES

The gamma detectors {IGD and FGD, see fig. 1) used in this experiment
operated in a high level background condition and thus a study of
systematic losses is essential to reduce biases in the detection of o
and no. A weighting procedure hag to be used in order to account for
these losgsses. In the geometry of NA27 individual photons from ﬂo or

no decays could be lost due to the following reasons:
- ¥ conversion in the material of the tracking detectors and in the sir.

— The geometrical acceptance of the gamma detectors.

— Cuts applied to remove low energy showers which are strongly contaminated
by misidentified hadronic showers. The cuts used in this analysis are
Emin(Y) = 0.9 GeV for the IGD and 2.0 GeV for FGD. In fig. 4 we
present the dependence of the total number of #° seen in the detectors
{background subtracted) as function of these cuts. Lowering the cuts
does not increase the signal while it increases the combinatorial
background. Note that the reconstruction efficiency above the
thresholds is very close to 100% for IGD but only about 20% for FGD.

For the latter it reaches 100% only around EY ~ 30 GeV,

— Reduced detection efficiencies for asymmetric decays (large values of
cos(e*)) even for the most energetic «° and no. e* is the angle of the
¥ in the 7% rest frame. In this paper the range of cos(ex) was limited
to Icos(e*)] < 0.9.

— The misinterpretation of two close showers as a single shower. This
becomes non negligible for energetic ° (E > 100 GeV in this experiment)
decaying symmetrically. The problem was solved by computing for each
X-bin the Icose*lmax values corresponding to a minimal reliable
detectable (based upon experimental data) gamma-gamma separation and

then using it explicitly in the weighting procedure.

To account for all these effects we have applied a weighting
procedure based on the computation of a probability P(X, pT) for the
detection and reconstruction of both photons from the decay of a particle

with mass HO(H° 2 vY), transverse momentum Pp and scaled longitudinal

momentum X.



Considering the background conditions and imposing a reasonable limit
on the weighting function WYY(X’ pT) = 1/P{X, pT) < 10, we may define the
kinematic regions where it is possible to extract reliable signals of a

o
and n mesons

o

m: 0.01 <« X < 1.0; 0.0 < Py < 4.0 GeV/e

n°: 0.10 < X < 1.0; 0.0 < Pp < 4.0 GeV/c.

. THE INCLUSIVE % AND n° MESONS PRODUCTION

Fig. 5 shows the low mass region of the effective mass M(yy)
plotted for X(yy) > 0.01. Each combination was weighted according to
W(K, pT) = WYY-(X, pT) % wtop’ where wtop is the topological microbarn
equivalent; wtop = dtop/Ntop’ (dtop’ Ntop being the topological cross
gsection and the total number of events observed with a given charged
multiplicity, respectively). The experimental distribution was fitted to
a gaussian plus a polynomial background of the fifth order. The fit gives
a value for the n° mass: M = {135.0 £ 0.1) MeV/c® and the experimental
resolution o = (8.6 *+ 0.2) MeV/c®. A similar distribution for the n°
meson mass region plotted for X(yy) > 0.3 is shown in fig. 6. The

experimental resolution is o = (37 % 6) MeV/c?,

. . . . o .
The inclusive production cross section for # meson in the events

with a charged multiplicity Nc > 2 computed from the M(yy) effective

mass distribution for X > 0.01his equal to (37.5 + 0.7) mb. The n°
production erosgs section in the region X > 0.1 (Nch > 2) is equal to
(3.1 £ 0.5) mb assuming a branching ratio n° <+ vy of 39% [9]. The
value of the inclusive w° cross section in the same kinematical region
is d(ﬂo, x> 0.1) = (9.0 + 0.5) mb and the cross section ratio
o(wo)/d(no) = (2.9 + 0.5) for X > 0.1 and Nch > 2.

Using the known branching ratios for no decays into final states
with «° [9], we can estimate the contribution of n° mesons to the
inclusive x production cross section at X > 0.1. Using the
experimental X, Py distributions oflthe no mesons (see below), a
contribution of (1.3 * 0.2)mb is obtained, corresponding to about 15% of

the observed «o production cross section for X > 0.1.
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Fig. 7 shows the X dependence of the x° production in w p
interactions at 360 GeV/c. The distribution shows a pronounced peak in
the region of small X. Fitting the data in the region 0.01 < X < 0.2 with
two exponentials and extrapolating to X = 0 gives a value of
{11.4 + 0.5 * 1.1)mb for the «° cross section for 0 < X < 0.01, where 1.1
contains the uncertainty of the functional behaviour of the X distribution
at small X. The total inelusive cross section for a° production into the
forward hemisphere then adds up to (48.9 £ 0.9 + 1.1)mb for events with

N 2.
ch >

The cross sections for w° production as a function of charged
particle multiplicity measured in our experiment, are summarized in

table 1. Extrapolating from this for Nch

total inclusive w° cross section in the forward hemisphere:

o(x°) = (49.7 £ 1.0 + 1.1)mb, X > 0. (The contribution N, =0 is

= 2 allows us to estimate the

negligible at this energy).

In fig. 8 we present the average a multiplicity for X > 0 as a
function of the charged multiplicity. The cross section values for X > 0
are determined by the method described above. The ratio of the cross
sections for forward produced w° to the total semi-inclusive ones (see
table 1) were computed using the published data of ref. [10].

. THE DIFFERENTIAL «° AND no DISTRIBUTIONS

5.1 The = and n° longitudinal momentum distributions

The invariant cross sections

* 2
R B i
dXdp
T
x
for ° and n° production are presented in fig. 9 (E is the CMS energy of
the meson and vS8 the total CMS energy).

The break in the slope around X ~ 0.1 and the sharp maximum at X ~ ©
which could already be seen in the noninvariant do/dX cross section data

{see fig. 7) are also present here.
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o . . . : . .
The v invariant cross section is also presented in fig. 10 for

different ranges of Nc All these distributions peak at X = ¢. In

.
addition, a broad plateau between X ~ 0.1 and X ~ 0.7 is observed for

the low charged multiplicity distributions.

Table 2 summarizes the results of the fit of inclusive #° and
no—spectra for different lower limits of the fit interval xmin to the

power dependence

F(X) = A& (1 - |EDH"

predicted by the quark counting rules [11}. The slope value for n° is
practically independent of the fit interval and is equal to 1.0 % (.3,
For the w_ the slope slowly decreases when xmin is increased. At high
X both distributions are characterized by the same slope in agreement with
the predictions of the naive quark model. The excess of n at small X
with respect to an exponential distribution can be attributed to the decay
of higher mass resonances like n' and Az. An n' signal is observed in the
vy mass spectrum {(fig. 6) and we can quote a cross section for n', X > 0.3
and Nch >20f 2.9 £ 1.4 mb.

The values of the slopes of the x° and n° distributions are
close to the gquark counting rule predictions. Therefore, one may use our
results, in the X = 1 limit, to test various models. One of them is the
dual parton model [12], which we have applied, using a version [13] which
gives a good interpretation of Kp, wp and pp data up to ISR energies
with a particle density 52 = 1.3 + 0.1 in the middle of the string
and a vector to pseudoscalar meson production ratioc of 1.3. These two
parameters can be related to the slope and the cross sections,
respectively, of the «° and no production. The results of this model are
shown by the curves on fig. 9 [14)]. We have used an octet-singlet mixing
angle of -7° for n'/n. With this mixing angle, the model predicts
o{n) = 2.4 mb for X > 0.1 and oi{n*') = 1.2 mb for X > 0.3, to be compared

with our experimental results 3.1 * 0.5 mb and 2.9 * 1.4 mb, respectively.
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5.2 The transverse momentum distributions

The p; distribution for ﬂo with X > 0.01 is presented in fig. 11.
The mean value of this distribution is (0.20 % 0.01)(GeV/c)® and it is

clearly not exponential. It agrees well with a function of the form

do  _ __C

dpZ (py + 85"

with 8 = (0.64 + 0.02) GeV/c and n = 4.03 t 0.07. The cqnstant in

the denominator is essential for the description of the dc/dp;
distribution up to Py values comparable with 4. In the high P limit
the shape of the distribution is determined by the (llp;)n term.

This term is usually associated with hard scattering processes taking
place among hadron constituents. A value 2n = 8 is predicted by the
Constituent Interchange Model (CIM) [15] assuming that the interacting
objects are gq bound systems (pioms). The difference between the fitted
value 2n = 8.06 t 0.14 and the predicted value for hard scattering
indicates that at the highest Pr accessible in our experiment, the hard

scattering regime is reached.

We present in fig. 12 the transverse mass distributions of wo and

no for x > 0.1:

M = (H2 2)1/2
T = T Pp .

Above HT ~ 0.6 GeV/e, the two distributions are characterized by

nearly the same exponential slope (4.1 % 0.1)(Gev/¢) 2 for a° and
(4.3 % 0.5)(GeV/c)—2 for n° and by similar values for the

differential cross sections in this range of HT.

. DOUBLE DIFFERENTIAL v  DISTRIBUTIONS

The invariant, double differential cross sections

pmax
x
F(x min max, _ TI 2E_d°c d
» Pp o Py ) g S dX dp_ Py
Py

for produced in the forward direction are presented in fig. 13 for

four Pr intervals.
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The low Pr distribution is characterized by the prominent peak at
X = 0, which disappears when Pr increases. Table 3 summarizes the
results of the fits of the inclusive wo spectrum to the power

dependence F(X) ~ (1—|X|)n for the four intervals of Pr-

The observed difference in the shape of the double differential

o » * - . L] *
v distributions for various Pp intervals indicates correlations

fores

between the w° transverse and longitudinal momenta. This is
illustrated in fig. 14 where the <pT(«°)> dependence on X is
presented. In the central region, the average transverse momentum
decreases sharply down to the value of 250 MeV/c. Above X > 0.2, the
average transverse momentum of the x° remains practically constant and

close to 0.50 GeV/c.

. CONCLUSIONS

In this paper we have presented high statisties data on #° and
n® production in # p interactions at 360 GeV/c for the whole forward
hemisphere over a pT range of 0-4.0 GeV/c. The main results of the

analysis are summarized below.

. . PR . o]
{a) We have measured the total inclusive and semi inclusive v and
o . i) . L]
n cross sections in the forward hemisphere. The inclusive cross

sections are
or p>wX; X>0)=49.7%1.0%1.1mb,

olr p=wX; X>0; N_>2) =48.9+0.9%1.1lmb

ol p > n°K; X > 0.1; N, >2) =3.1%0.5mb,

The ratio of the wolno total cross section for X » 0.1 and

N, > 2 is o(r®)/a(n®y = 2.9 + 0.5.



(b)

(c)

(d)

(e)
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The inclusive and semi-inclusive 7  eand no-differential
distributions were studied as functions of the transverse and
longitudinal momenta. The slopes of the 7" and n° X distributions
tend to be the same at large X. The value of the exponent is close

ton ~ 1 as predicted by the quark counting rules.

The transverse mass distributions for w_ and no mesong with
X > 0.1 have practically the same slopes: (4.1 % 0.1)(GeV/e) ' and
(4.3 + 0.5)(CeV/e) respectively and the corresponding differential

cross sections are of a similar size.

The double differential a spectra at X ~ 1 have slope values
independent of pT. The sharp maximum at X = 0 is seen only in the

low Py region.

The inclusive cross section for n' is measured to be d(w"p <> n'x;
x > 0.3; N >2) = 2.9+ 1.4 nb.
ch
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. + - o o + L] + k]
Semi-inclusive » cross sections, mean ¥ multiplicities and the

ratio of semi-inclusive cross section for X > 0 to topological

cross section for all X as function of charged particle multiplicity

N,, |otmb); X > 0.01 almb); X > 0 <an(r)>; X'> o(X > 0)/0[10]
4 2.45 + 0.15 2.98 + 0.16 1.22 + 0.08 0.48 + 0.07
6 4.82 *+ 1.18 5.85 + 0.21 1.81 + 0.07 0.45 + 0.05
8 6.72 + 0.20 8.54 + 0.29 2.22 + 0.08 0.57 + 0.05

10 6.72 + 0.21 8.76 + 0.29 2.55 + 0.08 0.51 + 0.05

12 6.05 + 0.20 8.00 + 0.31 3.13 + 0.12 0.54 + 0.05

14 45,28 + 0.17 5.88 + 0.23 3.59 + 0.14 0.62 *+ 0.07

16 3.14 + 0.15 4.00 + 0.21 4.12 + 0.22 0.61 * 0.07

18 1.61 + 0.12 2.34 + 0.14 4.56 + 0.27 0.68 + 0.11

20 0.70 % 0.06 1.00 + 0.07 4.70 + 0.34

22 0.33 + 0.06 0.50 + 0.06 5.69 + 0.72

24 0.11 + 0.02 0.15 + 0.03 4.41 + 0.77

26 0.07 + 0.02 0.10 + 0.03 5.47 + 1.37

fo 37.0 + 0.5 48.1 + 0.7 2.34 + 0.05
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TABLE 2

Values of the exponent n from the fit to the differential cross section

F(X) of the form (1-|X|)**n using various values of xmin

(X > 0.3) (X > 0.4) (X > 0.5) (X > 0.6) (X > 0.7)

1.7 £ 0.1 1.5 ¢ 0.2 1.3 £ 0.2 1.2 £+ 0.3 1.0 £ 0.3

1.0 + 0.2 1.0 0.3 0.9 £ 0.3 0.8 £ 0.3 0.9 0.4
TABLE 3

The mean value of X, together with values of exponent n from fits of

the differential cross section F(X) to the form (lmlxl)n for

different regions of transverse momentum pT

P (GeV/c) <Ek> (X » 0.01) n(X > 0.5)
0.00 < PT < 0.25 0.17 + 0.01 1.2 £+ 0.3
0.25 < pT < 0.40 0.19 £ 0.01 1.3 + 0.3
0.40 < pT < 0.65 0.20 + 0.01 1.5 % 0.3

+ 0.01 1.7 £ 0.4

0.65 < PT < 1.00 0.24
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FIGURE CAPTIONS

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

10

11

12

The version of the European Hybrid Spectrometer used for the NA27

experiment.

Trigger efficiency as function of the charged multiplicity.
Ratio of the "detected" number to "true" number of ﬂo for 4,
6, 8-prongs as a function of X determined by Monte-Carlo

calculations using our trigger conditions.

Number of #° plotted as a function of minimum accepted energy
for IGD and FGD.

Yy effective mass disteibution for X > 0.01 in the ﬂo mass

region.

Yy effective mass distribution for X > 0.3 in the no mass region.
do/dX distribution for the v° meson with results of the fit of
two exponentials over the range 0.0l < X < 0.3. 1In the insert,

the region x < 0.2 is enlarged.

Mean number of #° (<n(r°)>) as a function of charged particle

multiplicity.

o o, . . . .
The # and n invariant differential cross sections

X
F(X) ~ (2B /nv8)do/dX as a function of X.

o . . . . . .
{a-d) v semi-inclusive invariant differential cross section
F(X) as a function of X.

dc/dez distribution for v  with X > 0.01.

. o . (o] [+] [+
Transverse mass distribution dd/dMT for + and n (the ¥ values

have been multiplied by 10 for clarity).



- 17 -

FIGURE CAPTIONS

Fig. 13 (a-d) x° double differential cross sections f£(X, pr) for

the pT intervals indicated.

Fig. 14 Mean transverse momentum <pT> as a function of the scaled

longitudinal momentum X.
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