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ABSTRACT:

Possible effects of resonance production on the meson inclusive
distribution in the fragmentaticn region are investigated in the frame-
work of the parton recambination model. From a detailed study of the
data or: vector-meson production, a reliable ratio of the vector-to-
pseudoscalar rates is determined. We then examine the influence of the
decay of the vector mescns on the pseudoscalar spectrum and find the
effect to be no more tham 258 for x > 0.5. The normalization of the non- .
strange antiquark distributions are still higher than those in a quiescent
proton. The agreement bebueen.the calculated results and data remains
very good.
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1. Introduction

The parton model has recently been extended to describe the
production of hadrons with small pp in the fragmenteticn region of the
incident particle. * 78
recambination model the description of the shapes and ratios of hadron
spectra is quite successful. In this model a fast (valence) quark, whose
momentum distribution is assumed to be the same as revealad in deep
inelastic scattering, recombines with a slow (sea) anti-giark to produce
the detected meson. In fitting the data, one is led to a descrigtion of
the momentum distribution of the non-strange sea which is significantly
higher in nOJ(:tzrta]3.;'.sation than that cbserved in deep inelaszic

’

In the framework of a simples gquark-antiquark

scattering.

Of course when a quark and antiquark reconbine in this model,
there is no reason why they should not form a resonance which in tum
decays, producing the detected particle. It has been rea:ised by
several authors (3,5,6,7) that this resonance "contanination" should be
inciuded in the model and some rough estimates .7 of thre effect of ¢
production have indicated corrections of 20-30% for x > 0.5,

Independent of the considerations of any specific model, it is
important to know what proportion of pions, for example, zre produced
directly or from rescnance decays. A detailed quark model calculation
predicted that 90% of all produced pions should be decay products of
rescnances and there sometimes appears to be experimental —onfirmetion
for daminance by vector-meson production. (3,10) However one expects the
proportion of contamination 0 be highest in the central r=gion, where
the pion cross-section is largest and so this proportion may well be

{3)

much smaller in the fragmentation regions.

In this paper, we make a detailed estimate, using the reccubina-
tion model, of the effects of vector-meson production on the T end K-
fragments from the proton. We carefully examine all the data on inclusive
0%, X" producticn in order to fix wp the probability of the of fcrming a
vector-meson or directly a pseudoscalar meson. We investigate the effacts
of varying the anguiar distributions of the vector-mesons, of which we
oconsider p, w and K*. Nucleon resonance decays can be easily shown tc
have a negligible effect on the meson’ spectrum.
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At x = 0.5 we find that vector-meson decays account for about
cne~third &s many pions or kaons whichh are directlv produced. As '
expected, this proportio: rises as x decreases and the meson spectrnum
given by the recambination model is thereby emhanced for x below 0.3,
Although cn2 cannot find any tendency of the experimental x distributions
to have a slope consistert with such an amount of resonance contamination
at small x, one does not really expect the recombination model to be
valic in that region. The inclusion o the resonance decay component
certainly improved the w /p° ratio. 2s x decreases the ratio increases
insufficiently rapidly coempar=d with cata if that component is not
included.

One interestion cuestion is whether the inclusion of resonance
contamination can affect the amomt of non-strange sea quarks which
the recombiration uses tc fit the experimental data. It has been
conjectured (3) that rescnuance effects could significantly reduce the -
ratio cf the nonstrange/skrange sea components. We find that this
rati_o is not very differe-t when resonaice effects are switched on but
that it is possible to ma%e an adequate fit to the cata for x > 0.5 with
nonstrange and strange ses components each reduced by roughly one-half.

Ir. the next section we write down the formalism for describing
the resonence contamination. In secticn III we make a detailed
evaluation o the experimental situaticn and in the final section we
make fizs the various date. and make our conclusions.

. Recombination Mol with Resonaice Contributions

In the recombination model () the inclusive spectrum for a meson
Mij (1,3 are the quark lab=ls) fragmenting from an incident hadron is

- dax dx2
E dc 1
(®) = == Z— = |F..(x;,%,) R ,5,,%X) — —= 1)
HMij ot dj‘_L ijlre2 IS.] 1772 %3 %

where %, x., ¥, are the mox=ntum fractions of the produced meson and of

the partons. In (1) the idea of impulse approximsticn has been used.

A_though no large momentum transfer is involved, it is justified on the

grounds of short-range corrzlation among the partens. Fij (xl,xz} is the

joint distribution of twc partons, i guark at Xy and j antiquark at X5
2



In Ref, 2 the simple factorizable form for Fij was adopted, i.e.

Fii00xp) = F; () F00)e0x,x)) (2)
where

plxyx)) = B -x = x) ' ’ (3)
B being a constant. The simple form of (2) is commensurate with the
simple picture of the meson production process in terms of. the recom-
binatzon of a quark and an antiquark. A possible interpretation of - (1)
and (2) is that j _represents an "effective parton” whlch carries the
necessary gquantum number to form the meson Mij but may in itself contain
gluons. Eq. (2) is a crude way of estimating the momentum distribution in
a kinematical region where little is known about such joint probabilities.
In ReZ, 4 an attempt is made to modify (2) to & form that satisfies the
momentum sum rules by using the independent emission model. In our view
such a modification, while’ sgggesting an interesting possibility for Fij'
does not imcrove the credibility of the model. Although the integrations
in (1 extends over all values of X and X, between O and 1, the integrand
is phvsically meaningful at best over a limited region of the integration
space. which, one hopes, makes the dominant contribution to the integral.
In that limited region the requirement of sum rules (involvi—ng integration
over the whole phase s?a‘cefmay not be meaningful for Fij' The necessity
of an esnhanced sea (2_"") is an indication that the usual parton distribu-
tions in the central plateau are inadequate for our purpose. Thus we
shall ocontinue +to use (2) and relinquish the possibility of determining
the nommalization of F;4 on account of the unknown constant 8.

3 :
The recambination function was assumed in Ref. 2 to be
Xy X . .
_ 12 1%
Rij (x,%,%) = o = S-+—45-1 (4)

an th= basis that it should have the same functional dependence on xl/x
and xz/x as that for the valence partons in a reson. Cownting rule is
used bo determine the factor xlx2/x2. in (4). It is important to recognise
that Fij specifies the range of interaction (in rapidity) among the
partons that contribute to the formation of the meson. The range would be
longer if R;; vanishes as (x,;%,)% with 0 <a <1. It would stretch over
into the'wee region of the central plateau if a were zero, and divergent
result would ensue. for (1). Thus a = 1 is consistent with the usual
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short-range correlation, which in turn is crucial for the justification
of the impulse approximation employed in (1).

To generalize the recombination function to the case that includes
" the ocontribution fram vector mesons, we write

Rij0u im) = oy Ry a0

+ Z Cix ijJ Ry (%7 ,xz,y)D (—) y2 - (5)

The first term represents the direct reconbination into the
detected meson and the second term represents production and decay of
the vector meson. K, andeJ are defined by the r.h.s. of Eq. (4) with
the coefficients O and oy respectively; Oy includes the spin factor 3
and the mass effect. : -

. The c]_J dkJ are just the squares of Clebsch-(brdon coefficients
while D(x/y) describes the nature of the vector-meson decay Vix into the
pseudoscalar meson Mij with the normalisation

1
I D(z) d&z =1 (6)
0 ~

The scaled variable z = x/y is simply related to the "helicity"
angle 6, which is the direction of the decay product, in the vector-
meson rest-frame, with respect to the initial hadron direction:

m89h=&(z—*§+A) LT (7)

where q is the momentum of the detected meson in the vector-meson rest
frame, and A is a constant depending on the masses involved. Thus if
we know the angular distribution for the relevant vector-meson, which

is usually translated into estimates of the density-matrix elements for
the decay, the D(z) is fully determined. Unfortunately, while there are
very good experimental data for the p, w, K density-matrices produced
in the incident meson direction, there is virtually no experimental
information on the backward production process which is the relevant
kinematic region here.



" In the appmdjx, we write down expressions for D(z) for the two~
body decays p + 2w, K + K, and w -+ 31 for various possibilities of the
helicity angular distribution, which we use in the section IV.

Feeding in expressions (4) to eguation (5), we cet

. X x2
le (xl,xz,x) = 13 oM x 6(x1 - x)
. ) 1 o
+ E ¢y d SKOELKRX J D . (8)
x

Substituting into (1), using BEgs. (2),(3) gives
% .

Hy ()= cu%e’—& J ax) Fy (%)) Fylx - x))

15
(o]
. l-x 1 1l - x
. X 1 1 (l—x-xz)
+ 7 ¢ dha xf J +de[ - L
kJ.kaVB{odxlx_xldxz ) dx, T
- F, (%) E () DMN["‘T%E] (9)

ITII. The Data

We shall be camparing the expressions (9) for pp + T X and XX,
including the effects of p, w and K resonances, with tae data at high
energies on those reactions which cover the large x region. There are
two recent experiments on ni, K® inclusive production in the proton
fragmentation region; a Fermilab-Tllinois collaboration V) a

‘Prp = 100, 200 and 400 GeV/c and an ISR experimert by the CHLM

12)

ocollaboration at /s = 45 Gev.

The expression (9) refers to the p> integrated quntity
(E/q, )do/dpL and since both experiments measure data only at specific
Fp values and over different ranges of x at each FI" we must first
interpolate and extrapolate the data to do the 91‘ intagration. To do this
we performed a fit to the data of each experiment in twm, usmg a
parametrisation



(10)

and - then

AC, T,
11 1
“or L Pmr i@ By

E do - 3

o122

We found N = 3 sufficient to give a good fit. There is a sig-
nificant difference in the shapes of the resulting spectra, say for m,
betwean the two experiments which i= apparent in a direct comparison of
the daza on Ed3o/d1_33 at Bp = 0.75 GeV even allowing for a shift in
nomialiss=zion for eith=r set of data. This is demonstrated in Fig. 7
where ~he two sets of Jata show a different x dependence. Since we have
no préjudice against sither set we make separate fits and extract two
interpolated spect-a, sing Egs. (10) and (11), for each detected meson
t0 campare with the mofel in the next section.

Iv. Corparison of Mcdel with Data and Conclusions

Siace the fast cuark which recombines with an antiquark to form
the detected meson is zssumed to have the same momentum fraction .
distribution as seen ir deep inelastic scatterinc, but at "low" Q2 before
the anset of scaling wviolation, we take a parametrisation for the valence
quark from a good fit o that data, in our case we take that given by
Field and Feynman. F13:: We shall parametrise the sea-quark distributions
by simple power law bekavicurs, i.e.
n
Foi%) = u (1 - oY, Fz(x) = d,i1 - x)nd, Fo(x) = F(x) = s (1-% °
. (12)
and ad-ust the parameters Uy My etc. by fitting the inclusive data.
This has >een the proceslure in previous attempts to compare the
recarbination model with the inclusive data(2'3) . Because we are
including vector-meson resonar.ces, we have, in addition to the parameters °
onr O which goverr. the probability of a specific qq pair forming a pion
or kaor:, additional parameters up, Qe Og* vhich are the corresponding
6



quantities for the vector-mesons, whose spin factor is included in the
Jefiniticns of the a's.

First, we fix up the value of otp/otTr by looking at the data on
inclusive o° production. We assume that p° will oe produced cnly by
direct recombination, not as decay products of higher mass resonances.
#e have ust the first temm of Eq. (9) with oy replaced by o

(%) of gata on ° and K* inclusive

) There exists now a great deal
producticn. In Fig. 2, w2 take the data in the proton fragmentation
region and show the situation for the ratio of the processes ap + T X
and ap + p°X for a = wt, 17, K, p. There is a clear tendency for the
ratio to fall with increasing x, as expected from the different charges
of the 7 and p, but the precise magnitude of the ratio is not well
determined. As far as the model is concerned, this ratio is not
sensitive to the details of the sea—quark distrikutions etc. but only to
the ratio ocp/a". Also it is sensitive to the effect of including the
vector-mesons in the production of pions. The best fit is obtained
by taking a /@ = 0.45 which means, crudely speaking, that a given quark-
antiquark pair is twice as likely to directly recombine into a 7 as _
into a p. The ratio of inclusive production of ¢° to Kt is essentially
determined by the product of the ratios ap/aK* ard do/so. This latter
ratio is usually taken tc be around 10 and if we look at the experimental
02 /K™ ratio given by BSckmann (14} we find that this is consistent with

- taking ogx = ap, which is in line with our assumption o, = Og. Likewise

we shall assure o, = ap.

Next we turn to the inclusive ,"1-' K distributions themselves,
and as pointed out in the previous section we make separate comparisons
with the Fermilab-Tllinois data 1) and the camm data ¥ from the IsR.
In Fig. 3, we show a comparison with the former where we tock the anti-
quark distributions corresponding to the parameters

u, = 0.45, n, = 7; do = ?.60, ng = 7; Sy = 0.057, ng = 4.5, (13)

As we have stated before the valence quark distributions were taken from
Fisl@ and Feynman ('3). There is, of course, the free parameter B which
decides the overall normalisation for all detected mesons. This has been
adjusted so as to give the best fit for the curves corresponding to the
inclusion of resonance "contamination". We also show the curves

7



corresponding to direct production of #, K only. We see that the o:v/orM
ratio determined above implies that at x = 0.5, for _exanple, about 26%

of all w_ a.te the result of vector-meson decays (97% of the decay m

care from p ) As expected, when x becames smaller the proportion of
resonance cantamination increases significantly. The recombination
model however is expected to be less valid in the region x <0.5 and this
is reflected in the deviation of the agreement with data as x decreases.
In fact the "switching on" of the resonance contamination pmnomces the
divergence even further at these small x values.

In Fig. 4 we compare with the ISR data (12) , taking the same anti-

quark parametrisaticn as above but with B renormalised down by 20% to
give the best overall fit. It is noticeable that, apart fram the x > 0.85
region for 1r+, the agreement for the picn distributions is very good -
mich better than with the Fermilab-Tllinois data 1) in Fig. 3.

. As we see, the effect of including vector-meson decays does not
lead to any dramatic change in the recombination model. It was hoped
- that such inclusion would allow the strange and non-strange sea dist-
ributions to become more alike. We find that production ratios are only
slightly affected by resonance contamination - the TI+/K+ ratio changes'
by only 6% at x = 0.2 and the T /K ratio changes by about 15%. In
order to get a reasonable m.t we still need to take s /u " 0.1 and
n, - ng = 2.5, as in prevmus fits without resonance contributions: The
magnitude of the non-strange sea is effectively determined by the K /K
ratio. For example, Duke and Taylor found that to fit the K /K~ ratio the
non-strange sea had to be so enhanced that it accounted for more than
half the proton's total momentum. In our fit we have not paid particular
emphasis to the region x < 0.4 and the result is that we can allow a
smaller non-strange sea - the parameters of Eq. (13) correspond to 27%
of the proton's momentum béing carried by the non-strange sea. But,.'tbis
is not significant; it has very little to do with rescnance contributions,
more with the fact that we do not- seriously attempt to fit the K+/K_\
ratio in a region where .the model may not apply. It also means that the
recambination model with Fij as given in Eq. (2) may not be reliable
for the production of K since two sea quarks are involved and the
factorizability of their distributi_ons is questionable.

(3)
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We point out that in the above fits we tock the angular distribu-
tions of £he vector mesons, in their own rest-frame, to be isotropic.
This we did out of ignorance. As pointed out in section II there is
virtually no detemmination of the density matrices for vector pesons in
the proton fragmentation region. Nevertheless, it is important to know
how sensitive are our .results to the assumption of isotropy.

We carry out an exercise where we take three possibilities for the
decay distribution; coszeh, isotropic, and sin26h and compare with an
analysis of direct and indirect pion production by Crissler et &l. (14)
at 16 GeV/c. They attempt to estimate in their bubble-chamber experiment
what proportion of the T produced in T'p interactions are the results of
p° decay. In Fig. 5, we show their T direct and indirect cross~sections
in the proton fragmentation region together with the results of the
recanbination model for the same quantities. One thing is clear - the
amowunt of resonance contamination is very sensitive to the nature of the
resonance (in the case p°) decay. At X = 0.5, the indirect T groduction
from po decay varies by a factor 4 depending on which extreme choice we
meke for the angular distribution; cos’8, or sin°§,. Thus it is important
to measure the p density matrix elements in the backward direction so that
we have same guide to the nature of the angular distribution. Judging
from the comparison in Fig. 5, there is perhaps an indication fawvouring
a c0526h type decay. for the p, although it may be dangerous to draw any
definite conclusion especially at this comparatively low energy.

In conclusion, we would claim that any realistic rodel for des—
cribing inclusive particle production, such as the recombinatian model,
has to incorporate the effects of particles produced from resorance
decays. Scme doubts have been expressed about the success of the
recambination model in the past because this contrisution had besn
neglected. We have found that this contribution can be incorpcrated and
does not spoil the phenomenological success of the model in the region
X > 0.5, For smaller x, when resonance effects become more sicndficant,
the agreement with data worsens but it can be argued that the model is un-
reliable there anyway. In any case, the model can be used as a framework
for analysing what proportion of mesons do arise from the decays of
higher states. The conclusions we reached were thak, in the fragmentation
region of the proton, the proportion is less than or equal to zkout one-

9



- quarter though .the preciss amoun= will depend on the angular distribution
of the relevant decay. T-e nommalisation of the "effective" sea quarks
is still higher than <he zntiqua~k distribution of the quiescent proton
prabed in deep inelastic scattering. This is reascnable in view of the

gluon conversion in hadronic oollisions. But our effective sea is not as
enhanced as zhat found in Ref. 3. The model remains to be improved
regarding the production of K and 3.
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APPENLCIX

THE VECTOR-MESON: DECAY FUNCTEION D(z)

First, let us consider the decay of p meson to two pions, one of

which is the detected mesan. It is easy to show that
m
cosfy = 32 (z -%); z=x/5y (a.1)

vhere 3 is the "g-value" of the decay ~ i.e. the pion momentum in the
p rest-frame, and 6, the helicity angle, is the direction of the pion
relative to the proton reasured in the p rest-frame. Since we have
virtually no information on the density-matrix elements for the p meson
in the proton fragmentation region, we shall choose three possibilities
4 @rres:.::ndmg to an isotropic, ooszeh, si_nzeh angular distribution i.e.

2q/m p. . (isotropic: for
(¢ - g/m
Dlz) = [%] m/a)> (z - %7 (cos’e) b z_f) (a.2)
: 5 +am)
L [{‘-] g2 [1 - m/@? (e - a)z],(s‘inzeh)_

*
Next, let us consider ‘the decay of K to K and 7, where the pion
is the detected particle. We then have

*
coseh_ = I‘—%—(z - % 4+ 4A) (A.3)
. 2 2 .2 -
vihere A = (mK - ) /2 (A.4)

and th= corresponding expressions in (A.2) are —rivially modified to
includ= A, When we consider K decay but the kaon is the detected particle,
the sign of A is reversed and the corresponding expressions to (A.2)

follow trivially.

In considering o decaying to 3 pions, one of which is the detected
mescn, we first look at the situation as if the remaining two pion system,
"p", had a fixed mass. We then get an expression for cosg, as in Eq. (A.3)

but with .
11



2 20,2
A = (Inﬂpll ] mTT)/ZInU) (A-S)

We then integrate over three-body phase-space and obtain

mu) B m’ﬂ ) mm - mIT ]
D(z) = r(m..p..)dm..p..D[coseh(m..p..)] r(m..p..)dm..p.. (A.6)
2 am,
where r(m..pu) i = P‘Z/mwnh.p.. .

' We illustrate the functions D(z) for the case of isotropic decay
and for the case of the detected meson being a pion in Fig. 6. - Note
that, as expected the region of smaller z = x/y becomes the more dominant
region as the partner of pion in the decay becames heavier.

.12
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FIGURE CAPTIONS

1.

Variation of the data of references (11) and (12) at Py = 0.75
GeV/c. In each case the relative difference of the data from
an arbitrary function £(x) = 3.4(1 - x)3'34 b, GeV 2 is plotted.

The ratio of the invariant cross-sections for the inclusive .
processes ap + T %/ap + p°X for various choices of the beam
particle and energies, plotted versus x in the proton fragmen-
tation region. The two curves correspond to ap/a,"' ='0.45 in

the recombination model, with and without the vector-meson
cantribution to the = distribution.

X distributiors for pp -+ Trix, KiX. The shaded a;reas are .
interpolations of the data of reference (11). The solid lines
are fits from the recombination model, . with parameters given

in the text, including the effects of vector-meson resonances

Py Wy K*. The dashed lines correspcnd to dropping the resonance
terms.

x distributions for pp + nix, KtX. The shaded areas are inter—-
polations of the data of reference (12). The solid lines are
fits from the recombination model, with parameters given in the
text, including the effects of. vectcr-meson resonances p, w, K*..
The dashed lines correspond to dropring the resonance terms.

Comparison of the m x-distribution, in the fragmentation region
of the proton, for the full inclusiwe process and for the pions
which result from decays of p° mesons. The data are from
Grassler et al. %), The solid line is the recombination model
estimate, including vector-meson comtributions (assuming
isotropic decay). The dashed lines show the indirect inclusive
distribution for v~ from p° decay assuming three possibilities
for the angular distribution; coszeh, isotropic, and sinzeh.
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The function D(z) which describes the vector-meson decay
dlstrl.butlons for the case of the detected meson being a pion.

The dlstrl.butlons correspond to an isotropic angular distribution
for p, K and w decay.
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