3 DEUTSCHES ELEKTRONEN-SYNCHR
"DESY 82-038 - ..

)

i B




DESY behalt sich alle Rechte fur den FaI | der Schutzrechtsertenung und fi dle w:rtschaf"i he'
Verwertung der in diesem Berlcht enthaltenen Informatl voa;_._ L

DESY reserves all rights for commerc:lal use of mformatlon mcluded m_fhls report e,specn iyin s
g case of flltng appilcration for or grant of patents :

- To be sure that your preprlnts are promptly mcluded m the SR
‘HIGH ENERGY PHYSICS INDEX , o
send them to the foilowmg address { if possible by air mall ) b .

A )
DESY
Bibliothek _
Notkestrasse 86
2 Hamburg 52

- Germany -




ABSTRACT

DESY 82-038

We show that in a model where fragmentation functions are created
June 1982

from jet calculus followed by recombinalion, the fragmentation functions
of charmed quarks into heavy particles such as the D and A, will fail to
peak at low x at presently accessible values of Q% Prediclions are made for
the rate of D production in e*e” annihilation, and the ratio of Ac to D.
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GENERAL METHOD

We use the Konishi-Ukawa-Veneziano(KUV) jet caleulus/1/ to compute
the distribution of partons in the jet, and a form of the recombination
model to make. these into mesons/2,3/ or baryons/3-5, At present ener-
gies we allow only three flavors to participate fully in the jet evolution;
i.e.gluons are not allowed to split into <@ pairs at any stage in the
evolution or recombination. Hence each charmed quark jet will contain
only one charmed hadron, and no other jets will contain charmed
particles. As shown in our previous papers(Refs.2-5) this approach has
many appealing features, including approximate agreement with experi-
ment for the production of non-charmed mesons and baryons.

In this letter we wish to stress one important feature of this model
which strongly influences the energy spectrum of produced heavy
particles. Consider the KUV formula for the 2 parton distribution
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We use ap=10.

The integration variable y represents the position of the splitting vertex P,
as shown in Fig.la. If the partons a; and a. are to be recombined into a
hadron of mass M?, the mass just before the splitting must always be
greater than M2 Hence the lower limit Y, in the KUV formula must obey
Yo>y(M?). '
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Therefore, when the particle produced is quite heavy, the region of
integration is much smaller than for the creation of light particles like
pilons,at present Q® Physically speaking, this means much less QCD
radiation occurs and the original heavy quark tends to have most of the

- jet momentum. Hence charmed particles should be concentrated near

large x.

In our studies of production of light particles, we showed that in fact ia
the KUV calculation the original quark usually is a ”I\eading" quark,
regardless of Yo it is more "leading” when Y, is larger. In addition. many
pions and other light particles are produced at small x by splitting of the
produced gluons into qf pairs and the subsequent recombination of these
quarks. By forbidding the creation of c¢& pairs. we "turn off" this
possibility.' This is an approximation to more exact inclusion of the quark
masses in the jet calculus, but it seems physically reasonable/6/.

For the production of baryons, we must compute the three parton
distribution depicted schematically in Fig 1b. The explicit formula is given
by Eq. 2 of Ref.4. Again we allow only three flavors to participate in the
jet evolution.
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PARAMETERS AND RESULTS

We begin with the available data for non-charmed particles. For the
charged pions, for instance, we compute parton sets qf,qg and gg. All final
gluons are then converted into uf,dd and s§ pairs by a splitting
function/7/ which conserves momentum, and all ud and du pairs at x, and
X are recombined into mesons at x using the recombination function

1.0 %Xy & (g ry -x)
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Sirnilar calculations are performed for neutral pions, and kaons.

To compute proton yields,we calculate the uud distributions in the
same way and recombine them using the recombination tunction

a) 27 XaFs e Y(‘ﬁ*n*"c“‘-)
{ B

(see Refs. 4 and 5 for details about the general features of production of
non-charmed baryons as predicted in this model).

In Fig 2 we summarize the results of thess calculations at §#=1088GeV2.
This figure should be compared with the data shown in Fig 4 of Ref 8.
Further discussion of these resulis and comparison with experiment is
centained in Refs.2-5.

We use the same procedure and recombination function to study the D
production as were used for the pions and kaons. Only ge and Jc pairs
need be computed in the jet calculus. Due to the large mass of the D, we
consider the two possibilities Q¢%=4 GeV? and Quf=8GeV2, In Fig 3a we show
the energy dependence of the fragmentation function D% as shown it rises
from a rather flat shape at low Q% to a more peaked shape at larger Q% For
verv large Q% we would have to include charmed quarks in the QCD
evolution; the resulting g—c@ vertices would result in further peaking at
low x. For comparison we show in Fig 3b the range of parameterizations
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preferred by the EMC collaboration/9/ in fitting their charm production.
Peaking at large x for D production is alse preferred in other
reactions/10/.

We can also compute charmed baryen production, by applying the
same procedure to the three parton distribution. Using the recombination
function of Eq. 3, we obtain the fragmentation functions shown in Fig.3c.

In Fig.4a we show the ratio of fragmentation functions into A, and D,
when both have been computed using a value Qp*=86 (GeV¥? Note that the
ratio decreases near X=1; as can be seen by comparison with Fig 4b, the
behavior is more like (1-x) ihan like the (1-x)? we might expect from
counting ruie arguments. This behavior is unlike that for non-charmed
baryons and mescns({see Ref.3) where the Qy® is much larger for the
baryons than the mesons, and one obtains a decrease in the baryon/
meson ratic near x=1 only for very large Q.

The cross section sdo/dx for "primary” D°+DY production {equal in our
present rough approximaticn to the productien of D*+D~ and to the
productior: of each charged state of D*+D¥) is shown at a representative
Q=900 GeV? in Fig.5 for the iwo values Qo*=4 and Q°=8 GeV® Notice that at
large x it is as large as the charged pion cross section {shown here as a
dotted line).

Published data on D production distributions is not copious, although
preliminary results at Q®=900 GeV® are currentiy being discussed. SPEAR
data at Q2=50 CeV? reported by Rapidis et al/11/ show a rather flat
distribution in x from x=.6 to x=.95; however since the minimum value of
x allowed at this energy is 54, it is not clear how important kinematical
corrections are. After allowing for D* decay, our model approximately
reproduces the ratio of D's to pions reported in Fig 3 of Ref. 11, at the
largest x; but it underestimates both cross sections by approximately a
factor of 2.
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SUMMARY AND CONCLUSIONS

In this model the fragmentation function of the charmed quarks into
charmed. hadrons is necessarily quile flat at present energies;at the Q?
values accessible in deep inelastic muon scattering, the functions
generally peak niear x=1. The results have many features in common with
those hypothesized by Suzuki/12/ and Bjorken/13/ using momentum

- arguments. Similar peaking near large x was produced by Kartvelishvili et

al./14/ in a model using Regge arguments for heavy quark trajectories.
Their formula,however, lacks Q® dependence; so while it agrees with the
data of Ref.1l it is not clear that it will be successful at very large @
where the difference between I's and lighter mesons is not so crucial.

Due to the fact that charmed baryons and mescns have similar masses,
the ratic of baryons to mesons will tend to decrease mear x=1; this is
simply because for a given energy it is harder to make 3 partons
perturbatively and have them carry all the momentum than it is to make
two.

The cross section for the production of primary D%D? will be
comparable in size to that of nt+n~ at large x. Our approximation to the
overall size of the recombination term for the charmed quarks can of
course be adjusted slightly when more data is known, as can the ratio of D*
to primary D preduction.

Summary and Conclusions . vii
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FIGURE CAPTIONS
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Fig 1.

a.Pictorial representation of Eq. 1. The lines with dots represent QCD
"propagators” calculated in the leading log approximation. The variable of
integration y is determined by the mass of parton j just before the vertex.

b)Pictorial representation of the jet calculus expressidn for the three
parton inclusive cross section

Fig.2.Predictions at Q®=1089 GeV? for the meson and proton plus antipreton
production in e*e"annihilation using the parameters of Eq3 for the
baryens and Eq.2 for the mesons The option Q@4 (four flavors of quarks are
making jets,but only 2 flavors are active in the evolution of the jets) 1s
used. These should be compared with the Tasso data shown in Fig 4 of Ref
8.

Fig 3.

a)The fragmentation function D.” as a function of Q2 for Q#=4GeV2 Note
the change in shape from a peak at large x at low values of Q? to a peak at
small x at large Q2

b) For comparisen with &) we show the range of parameterizations
preferred by the EMC collaboration/8/ to fit their data with 1<Q2<100GeV?
[n preparing this graph, these functional forms have been normalized to
have roughly the same size at large x as our calculations in a).

¢)The fragmentation function of charmed quarks into Ac as a function of
Q® for Q¢*=8 GeV® and A=.2GeV.
Fig 4.

a)Ratic of A. production to D production if both are calculated using
Qu®=6GeV?

b)Two shapes commonly postulated for the baryon,/ meson ratio

Figure Captions xi

Fig 5. Expected size of D meson production in e*e~ annihilation at
Q%=900GeV?,compared with pion production. We show the predictions for
two values of Qo which should probably bracket the correct value.

Figure Captions xii
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