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ABSTRACT

The production of p° mesons in hadronic interactions is investigated
at high transverse momentum (pT > 2 GeV/c). The data come from a sample of
o N interactions at 300 GeV/c obtained at the CERN OMEGA spectrometer,
requiring a p0 > o'w with pT(pair) > 2 GeV/¢c to recoil against an
opposite particle with Py (opposite) > 1 GeV/c. The signal/(signal +
background) ratio of p° production shows an increase of 38% as Xp =
pT(opposite)/pT{pair) decresses from 0.5 < Xp < 1l to g £ 0.5. This
increase is not compatible with a QCD model of parton scattering and
subsequent fragmentation. It is interpreted as evidence for direct p°
production via QCD higher twist processes, in terms of which a

quantitative agreement with the data is found.
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In the framework of Quantum Chromo Dynamics (QCD), high pT pért{c;es
are mainly produced "indirectly" via parton scattering and fragmentation
(fig. 1(a)). "Direct"™ meson production, via a higher twist mechanism such
as fig. 1(b), is also predicted to exist and to be detectable at high Pr
[1,2]. Such direct processes have not yet been isolated experimentally,
although experimental evidence for and against higher twist effects has

been presented in other contexts [3].

This paper investigates the mechanism of p0 production at high Py
(> 2 GeV/¢) in v N interactions at 300 GeV/c. In particular, in comparing
the experimental results with the predictions of QCD-based models it is
found necessary to include direct production of po via higher twist

processes in order to explain the observations.

We note that in the direct process (fig. 1{b)) the po picks up the
full momentum transfer carried by the exchange, while in the indirect
process (fig. 1(a)) the p° shares the momentum transfer with the other
fragmentation products. This feature is exploited in a multiparticle
trigger, which isolates events in which a high Py p° meson recoils against
one high Pr particle. The trigger gelects eventsc;ith three particles
having P > .9 GeV/c and c.m.s. rapidities -1 < ¥ < 1, i.e. a pair of
oppositely charged particles produced opposite in azimuth to a third one
(fig. 1(e)}.

A 300 GeV/c v beam interacts in a 4.8 cm Be target in the CERN
OMEGA Spectrometer [4]. The charged tracks are detected by 15 multiwire
proportional chambers (MWPCs) in a magnetic field with a bending power of
5.8 Tm and two drift chambers (DCl, DC2) (fig. 2(a)). Two downstream
multicell Cerenkov counters (Cl, Cz) allow for a separation between w and

K mesons between 4 and 17.8 GeV/c.

The trigger electronics using the MBNIM system [5] allows for
measurements of the transverse momentum Py of several particles. It
uses two hodoscopes (HZ1, HZZ) and two MWPC's with two planes each (MY1,
MYZ and MY3, MY4) specifically designed for the detection of high Py
particles. The hcdoscopes have four quadrants, each made of 15 horizontal
slabs. The sensitive region of the hodoscopes has a "butterfly" shape

(fig. 2(b)) which lies outside the reach of particles with Py < 0.6 GeV/c.
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The slabs of HZ1l and HZ2 subtend the same solid angle for particles
leaving the vertex. A pair of correlated hits in HZ1 and HZ2 gives a
measurement of the dip angle A. The MY planes have 4 mm pitch vertical
wires. Craphite paint on the cathodes defines three electrically
insulated regions, with butterfly shapes matching the outlines of the
hodoscopes HZ1l and HZ2. The voltages are adjusted so that the pair MY1,
ﬁY3 records particles only in the upper part, and MY2, MY4 only in the
lower part. Two hits in the MY's (e.g. MYl and MY3) measure the horizontal
component of the production angle and the radius of curvature. From these
data and from the dip angle A, the MBNIM system computes the transverse

momenta pT in ~ 30 uys with an accuracy of ~ 10%.

An incident intensity of 107 per pulse and a trigger rate of
~ 80 events per burst led to about 7 million triggers being recorded in
a 12-day run (integrated luminosity 2000 nb—l). The events were
reconstructed by the TRIDENT program [6].. The pattern recognition uses
the higher precision of the drift chambers to define track segments, which
were followed upstream to the 15 MWPCs and target. The reconstruction of
angles and momenta gives a resolution in effective mass of % 15 MeV for

pairs of high Pr tracks.

The data presented here are based on a sample of 266611 reconstructed

events which satisfy the following requirements:

(a) 3 and only 3 trigger tracks from the primary vertex, each with

pT >1 GeV/c.

(b) A pair of these tracks, of opposite charges, opposite in azimuth
to the third track. ' (1)

(¢) pripair) > 2 GeV/c.

{dY -0.45 < YCH. < 0.45,
pair

The invariant mass spectrum for the pairs of high Py particles
assuming both particles in.the pair to be pions, is shown in fig. 3(a).

Clear signals are present in the p°(770) and £°(1270) mass regions.

A fit of the 7 v mass spectrum by the method described below, yields

13074 + 400 po. From this number, a cross section for po'production for
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PT(po) > 2 GeV/e, —.45 < Ygg < .45 and py (opposite) > 1 GeV/c is
determined. Taking into account the measured detection efficiencies of
the trigger and associated electronics, the efficiency of the spectrometer
and of the TRIDENT reconstruction, the geometrical acceptance of the
apparatus and assuming an isotropic angular decay distribution for the p°,
we find c(po) = 0.89 + 0.3 pb(*) where the error contains bhoth the

statistical and systematic effects.

For each event we compute the quantity

PT(opposite)

E P, (pair)

We expect, on average, xE to be smaller for the direct production
process (fig. 1(b)) than for the indirect one {(parton scattering and
subsequent fragmentation, fig. 1(a)). Thus we use the xE dependence to

investigate the contributions of the two processes.

The Xy distribution for the total sample is shown in fig. 3(b). It

peaks at X = 0.5. Hence we separate the events in two categories:

— Sample A: events with 0.5 < xE < 1,
— Sample B: events with XE £ 0.5.

The effective mass distributions for the high PT pair of particles,
interpreted as pions, are shown in figs 4(a,b) for samples A and B,
respectively. The spectra were fitted with two relativistic Breit-Wigner
functions BW(m) with masses and widths fixed at the Particle Data Group

values [7] for the Po and £° mesons and a background parametrization
o 2
BG{m) = (m - mo) exp(fm + yn™) {2)

where m is the effective mass of the pair, mo is set to 0.15 GeV and «o,
B, vy are the parameters in the fit. The fits take into account the

x — X — _ -
reflections of the decays K ° 5 K+« , K ° 5K ﬂ+, $ - K'K™ into the ﬂ+«

(*) The acceptance depends on the angular distribution of p° decay. The
decay distribution is expected to be isotropic for indirect p°
production while one expects a sin26 distribution [2] (© being the
angle of the decay % with respect to the p°® line-of-flight in
the p® restframe) in the case of direct production. In the extreme
case of a pure sin2® decay the cross section becomes o(p®) =
0.58 + 0.2 ub.
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x
effective mass distribution, shown at the bottom of figs 4(a,b). The K and
¢ signals have been estimated both from the total sample and from the

subsample in which one kaon was identified in the Cerenkovs.

0 1] + *
The p signal NP and the background BG are determined from the fit,
by integrating respectively BW(m) and BG(m) in an interval of width PP centred
at the p° mass. From these quantities we define Fp = Np/(NP + BG).

The results of the fits are given in table 1. Good xz values were
obtained for both samples. We note a 38% increase in Fp in sample B over
sample A: more pO are produced, relative to background, in the region

where direct production is favoured.

A number of checks were performed. For example the acceptance was
evaluated for several extreme assumptions about the angular distributions
of background and of p° decays and this cannot explain the Xg dependence of

Fp. In addition the XE dependence persists when

- the sign of the opposite particle is chosen to be either positive or

negative, or

cM
— the samples are selected with Y . < 0 (backward production of the

o oM pair
p )} or Ypair > 0 (forward production}.

The experimentﬁl results are compared to two QCD models, using the
Lund Monte—Carlo simulation and taking into account the experimental

trigger conditions and the requirements (1).

(a) The standard Lund Monte—Carlo [8) which is based on leading order QCD
parton scattering and subsequent fragmentationm, yields the right
order of magnitude for the inclusive cross section and reproduces
satisfactorily the main features of the data, e.g. the shape of single

particle spectra (not shown) and of the x_ and Pr distributions as

shown in figs 3(b,c,d). The shape of theEbackground is also well
reproduced by the model in both Xg intervals. The amount of pP
production depends on a parameter of the model, the ratio « of vector
meson/{(vector + pseudoscalar meson) production in the fragmentation
model. This parameter is not well determined; comparisons with data
have given values in the range 0.25-0.60 [9]. 1In order to pursue thk

comparison with the model, the Monte-Carlo signal and background



have been normalized, summed over the two x_ regions, to the

corresponding experimental values. In tableEZ(a) we give the expected
numbers for po signal (NP) and background (BG), now separately

for the two Xe intervals. The XL dependence of the background is
well reproduced; however the model fails to predict the observed X
dependence of Np. A contingency table analysis [10] rules out

the model predictions for NP at a level below 0.1%. Attempts to
reproduce the observed xE dependence for Np by modifications of

other parameters of the medel (e.g. the shape of the p° fragmentation
function) lead to inconsistencies [11] with other known data from

deep inelastic lepton scattering [12].

(b) A modified Lund Monte-Carlo [13]), where in addition to the leading
order parton scattering diagrams, the contributions of the higher-

twist processes:

quark + antiquark = gluon + po meson,
quark + gluon - guark + p° meson

have been included. \
)

These predictions come from new, detailed calculations of direct
meson production [2]. The only adjustable parameter in establishing the
direct cross sections is the exponent B which appears in the meson wave
function ¢ = fp(xq . xa) BI2,14], where fp is the p ®weak decay constant
and xq, xa are the valence quark and antiquark momentum fractions in the
p°. However, this parameter B does not influence the Xy dependence of
the direct p° signal but only its intensity. To reproduce our data we
have chosen B = 1/4; we note that for the pion form factor a value of
B = 1/4 also appears to be favoured [14]). The results are shown in
tab}e‘Z(b); the Xg dependence of the p° is now well reproduced as well
es the background, which is the same as for model (a). We find that ~ 55%
of the overall p° signal, corresponding to a cross section of
0.30 + 0.10 ub, comes from the higher twist contribution; the rest comes
from fragmentation and corresponds to a value a = 0.3. We note that this
value is close to that obtained from recent e'e” data (TPC) [9) and
from a detailed comparison [1l] of the Lund model to deep inelastic lepton

data. lThe lack of correlation between the xE dependence of Np and the

charge of the opposite particle is also reproduced by the model. We note
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that the model predicts a further enhancement of p0 production via
higher twist mechanisms relative to fragmentation ag the incident beam
{

energy decreagses. This will be tested in a future run of the experiment.

. CONCLUSION

In summary, p° production has been observed at high Pp in 300 GeV/c
n N interactions. The p° fraction is Fp = (.21 for the total sample.
when separated into two categories in terms of the variable X, an increase

E
observations are not compatible with leading order QCD only, which however

of 38% is observed in the p° fraction Fp as x_ decreases. These

reproduces the ww background under the po. Good agreement is obtained
when higher twist contributions are included. 1In the selected sample of
events, they amount to about one half of the p° signal and reproduce

the observed dependence of FP on xE. We interpret this as evidence

for direct po production via QCD higher twist processes.
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TABLE 1

N BG F x” /NDF

x_ > 0.5 3577 £ 190 16144 + 200 0.181 + 0.007 19/24

xE s 0.5 4085 * 160 12250 + 180 0.250 * 0.008 30/24

TABLE 2

— Errors on predictions reflect the Monte-Carlo statistics only.

- Monte-Carlo signal and background have been separately normalized,

summed over the two xy regions, to the corresponding experimental
values.

N BG F
P p

{(a) Lund model (leading order QCD)

1> Xg > 0.5 4310 * 240 16149 % 670 0.211 + 0.014

X £ 0.5 3352 + 210 12245 + 590 0.215 + 0.016

(b) Modified Lund model (leading order + higher twist po)

1> Xy > 0.5 3686 + 150 16149 £ 670 0.186 + 0.010

Xe £ 0.5 3976 + 190 12245 + 590 0.245 * 0.015
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FIGURE CAPTIONS

Fig. 1
Fig. 2
Fig. 3
Fig. 4

(a)

(b)

(c)

(a)

{(b)

(a)

(b)

(c)

(d)

{(a)

(b)

Example of a diagram for the indirect production of a p°
meson, in the reaction #N, via quark scattering and

subsequent fragmentation.

Example of a higher twist diagram for the direct production

o]
of a p meson.

Transverse momentum selection to enhance a signal from the
diagram of fig. 1(b).

Layout of the experiment,

Perspective view of a reconstructed event showing three
triggering tracks (wl, L ws) with their hits in the
hodoscopes (dot = slab hit). The "butterfly" shape of the
hodoscopes prevents the recording of tracks with

PT < 0.6 GeV/c.

Mags gpectrum for the pairs of oppositely charged high Py

particles.

Distribution of X, = pT(opposite)/PT(pair) for the

selected events.
Distribution of pp(pair).
Distribution of pyp(opposite).

The dashed histograms are the results of a simulation using
the Lund program [8] based on leading order QCD parton

scattering and subsequent fragmentation.

As fig. 3(a) but for 0.5 < Xg < 1. The results from the

fit described in the text are indicated by: solid line:
fitted mass spectrum, dashed line: fitted values of the
function BG(m). The histograms at the bottom represents
the reflection of the ¢ » K'K (dashed-dotted line) and

X0 + ¥
K = K« (dotted line) decay.

As (a) but for xE £ 0.5,
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