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Charm quark and D** cross sections in deeply inelastic scattering at DESY HERA
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A next-to-leading order Monte Carlo program for the calculation of heavy quark cross sections in deeply
inelastic scattering is described. Concentrating on charm quarlpafAq2010) production at DESY HERA,
several distributions are presented and their variation with respect to charm quark mass, parton distribution set,
and renormalization or factorization scale is stud{&0556-282(98)06405-4

PACS numbses): 12.38.Bx, 13.60.Hb, 14.65.Dw

I. INTRODUCTION Q? region covered by the HERA collider. Additionally, pre-
dictions for heavy hadrons, namely* *(2010), are given.
Electromagnetic interactions have long been used to studyhe calculation is implemented in a Monte Carlo style pro-
both hadronic structure and strong interaction dynamics. Exgram which allows the simultaneous histogramming of many
amples include deeply inelastic lepton-nucleon Scattering(;iistributi_ons incorpqrating experimental cuts. It represents an
hadroproduction of lepton pairs, the production of photonslaboration of the brief results already presented by one of us
with large transverse momenta, and various photoproductiobt2], and an application of the fully differential heavy quark

processes involving scattering of real or very low mass virStructure functions calculated i5]. No experimental data

tual photons from hadrons. In particular, heavy quark pro_are shown here because the results have already been added

duction in deeply inelastic electron-proton scattefib{fS) is to several of the plots ifl] (see alsd12]). An extensive

calculable in QCD and provides information on the gluonicSeMParison will be given elsewhere. Herein, the calculation
content of the proton which is complementary to that Ob_|tself is discussed and the variation with respect to the theo-

. L . . retical parameters is studied. Heavy quark correlations have
tained in direct photon production or structure function scal-also been calculated for hadroproduct[as], photoproduc-
ing violations. In addition, it forces one to address such is- P : P b

sues as when the mass of the heavy quark should t}%on [14],_ar_1_d photon-photor_l colhsmr[i$,1€ﬂ, a_llowmg fpr
S . the possiblility of an extensive comparison with experimen-
neglected, and how this is done consistently.

e tal data.

Activity in the area of neutral current DIS charm quark The calculation was performed using the subtraction
production has increased recently with new data becominﬂwethod which is based on the replacement of divergenf
a\ggiblﬁ frg::éj;iﬂs:tgr:—t'igﬁzs];r;tqgs?miE\((gglc(?)l“r?aec:- or collineay terms in the squared matrix elements by gener-

NP e P . . lized distributions. The method was first used in the context
rons have been obtained. On the theoretical side, much a

tention has been given to the study of heavy quark contribu—-f electron-positron annihilatiofd7] and its essence is de-
tions to the proton structure function. They have bee scribed and compared to the phase-space slicing méttjd

calculated to next-to-leading order in fully inclusiy@], sin- 'In the Introduction of a paper by Kunszt and SopE9].

ly inclusive[4], and fully differential(exclusive [5] forms The remainder of the paper is as follows. A review of the
gly . y . ) subtraction method and other aspects of the calculation, in-
as QCD corrections to the photon-gluon fusion prodess

i O(a§)+(9(a§) using three flavor parton densifiex- cluding how the hadronization is modeled, is given in Sec. II.

; ; o ) Numerical results and a discussion of related physics issues
perimentally[1,2,6] and phenomenologically7,8], it is this Phy

: . ._are presented in Sec. lll. The conclusions are given in Sec.
process that is seen to dominate near the threshold regiop,

However, well above threshold the heavy quark may be con-

sidered massless and included in the parton distribution func- Il. CALCULATION
tion of the proton. Various schemes to match these two re- _ . _
gions have been proposg@-11]. Despite all of the attention In this section the calculation of the charm quark cross

structure functions have received, much less has been dog€ction in deeply inelastic scattering is described. First, the
to explore the actual heavy quark differential cross section§ross section is written in terms of the charm quark contri-
in DIS which are, in fact, much easier to measure experimenbution to the proton structure functions. Then the next-to-
tally. leading order QCD corrections to the structure functions are

The purpose of this work is to present next-to-leadingreviewed. Finally we describe the connection with the pro-
order cross sections for charm quark production inxtend ~ duction of heavy hadrons containing a charm quark.

A. Cross section in terms of structure functions

"On leave from ITP, SUNY at Stony Brook, Stony Brook, NY  The reaction under consideration is charm quark produc-
11794-3840. tion via neutral-current electron-proton scattering:
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e (D+P(p)—e (I")+Q(py) +X. (2.1 the hard scattering cross sections. As a consequence, below
the subtraction scale, only the number (ofiassless light
When the momentum transfer squa®d=—q>>0 (q=| flavors appears in the running coupling and in the splitting

—1") is not too largeQ?<M?2, the contribution fronZ bo-  functions used in the parton evolution equations. At the sub-
son exchange is kinematically suppressed and the processtigction scaleu=m there are matching conditions for both
dominated by virtual-photon exchange. The cross sectiothe running coupling and the light flavor densitiE1].
may then be written in terms of the structure functionsTherefore, to ordet, there is no charm density at the scale
FS(x,Q%,m) and F{(x,Q% m) which depend explicitly on w=m[21,22.

the charm quark mass, [3,20] as follows: Consequently, one should use only parton distribution sets
that were derived from data using the same renormalization

d?c  2wa? - ) scheme. Examples of such densities are thecksReya-

dvd Q2= % {[1+(1-y)7]F3(x,Q% mc) Vogt 1994 setGRV94) [23] and CTEQ4FJ24]. At larger

y y scales there is a charm density proportionabitin(u?/mf),
—yzFf(x,QZ,mc)} (2.2 which grows at the expense of a reduction in the gluon den-

sity. One of the interesting problems in the analysis of charm
wherex=Q?/2p-q andy=p-q/p-| are the usual Bjorken quark contributions to deeply inelastic scattering is to under-
scaling variables and is the electromagnetic coupling. The stand the transition region from the photon-gluon predictions
scaling variables are related to the square of the c.m. enerdyased on three light flavors to a charm density picture with
of the electron-proton syste®e (1 + p)? viaxyS=Q? The four light flavors. The matching conditions become more
total cross sectiofi20] is given by complicated as one goes to higher order. The corresponding
two-loop matching conditions for the flavor densities have
1 yS—4m? ) d?o bgen calculated if11] wherein they were found to have
U:f f dydQ? (2.3 finite terms atw=m.
In addition to the virtual corrections described above,
where m, is the electron mass. In deriving E(R.2), one

there is also a contribution from the gluon-bremsstrahlung
integrates over the azimuthal angle between the plane coffOC€sSS
taining the incoming and outgoing electrons and the plane —
containing the incoming proton and the outgoing charm Y*(a)+9(k)—Q(p1) +Q(p2) +9(ky) (2.5

quark. . ) .
As mentioned in the Introduction, this process is de-2nd new production mechanisms not present at leading order,

scribed near threshold in the framework of perturbative QCDVhich are given by
by flavor creation through the virtual-photon-gluon fusion L
process ¥*(q)+0a(Ky)—Q(p1) + Q(p2) +a(ky)

2 2
4mZ/s may2/(1-y)

7*(@)+9(k) = QP +Q(py). @4 Y (@+a(k)—Q(p)+Q(p) +a(ky) (2.6

The structure functions followd,5] from the longitudinalr_ o

and transverser; cross sections for this reaction v  where (@)q is a masslesganti-)quark. The contributions to
=(Q¥4m%a) (o, +oq) and F°=(Q%4m2a)o,. Thus, the structure functions resulting from these processes have
QCD corrections to the reactiof2.1) correspond to QCD been calculated in a fully differentigb] form and are suit-
corrections to Eq(2.4) to which we now turn. The supersript able for use in constructing a Monte Carlo style program

¢ will henceforth be dropped to simplify the notation. because one has full access to the final state partonic four
vectors.

Briefly, the computation if5] was carried out using the
subtraction method which is based on the replacement of
Within the context of perturbative QCD, structure func- divergent(soft or collineay terms in the squared matrix ele-
tions are expressed as a product of the running coupling, theients by generalized plus distributions. This allows one to
parton densities, and the hard scattering cross sections. Thglate the soft and collinear poles within the framework of
result is a physical quantity, but the individual terms can bedimensional regularization without calculating all the phase

defined in a convenient scheme which moves terms from ongpace integrals in a space-time dimengief4 as is required
factor to another. All schemes should give the same result foi a traditional single particle inclusive computation. In this
the product, up to terms of higher order. method the expressions for the squared matrix elements in
A next-to-leading order calculation of the heavy quarkthe collinear limit appear in a factorized form, where poles in
contributions to the proton structure functions requires they—4 multiply splitting functions and lower order squared
one-loop virtual corrections to E¢2.4). For this set of dia- matrix elements. The cancellation of collinear singularities is
grams, the renormalization was carried out so that diverthen performed using mass factorization. The expressions for
gences coming from the light quarks were subtracted in théhe squared matrix elements in the soft limit also appear in a
standard modified minimal subtraction (}Scheme, while factorized form where poles in—4 multiply lower order
the divergences coming from heavy quark loops were subsquared matrix elements. The cancellation of soft singulari-
tracted at zero external momenta. This is the scheme origties takes place upon adding the contributions from the
nally proposed if21] in which the massn only appears in  renormalized virtual diagrams. Since the final result is in

B. QCD corrections to the heavy quark structure functions
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four-dimensional space time, one can compute all relevan
phase space integrations using standard Monte Carlo integre
tion techniques.

The resultant(differential structure functions may be
written in the form

FC
QPag(u?) (1 d¢|| ¢
Fx,Q2m=——-| —{|cA+amay(u?)
4772m2 gmin g kg s
2
X C%ﬁﬂ%‘”ﬁ efifgp(éu?)
”“0
+amayu?) 2 fyp(éu?) 10
i=q,q X
2 W= w? FIG. 1. F5(x,Q%,m.=1.5 GeV) as a function of for GRV94
X|ey| C it Ckj In—2 (solid lines and CTEQ4F3(dashed lingsparton distribution sets
m for Q?=3 Ge\? (bottom), 25 GeV? (middle), and 50 GeV (top).

+efdi +eenol)

] , (2.7 guarks is only a few percent due to charge and phase space
suppression. Thus, the charm quark contribution must be re-
tained, but the bottom quark contribution may be neglected
k=2L. The lower boundary on the integration &,, in the following. The gluon initiated contribution®.4) and
=x(4m?+Q?)/Q?. The parton momentum distributions in (2.5 comprise most of the structure function. The quark ini-
the proton are denoted Hy;p(&,#2). The mass factorization tiated processe@.6) give only a few percent contribution at
scaleu; has been set equal to the renormalization sgale small x for reasonable scale choices. Results for the charm
and is denoted by:. All charges are in units oé. Finally, = quark contribution to the proton structure function
Cff,)i), C(k,li)v Fﬁ,li) (i=9,9,q9), and df(,li)v O(k,li) (i=q,q) are Fg(x,Qz,mczl.S GeV) as a .function ok are shown in
scale independent parton coefficient functions. They ar&ig. 1 for u=Q*+4m; using the GRV94[23] and
functions of¢, Q2, andm. In Eq. (2.7) the coefficient func- CTEQ4F3[24] parton distribution sets.
tions are distinguished by their origin. Thecoefficent func- As mentioned above, these sets were chosen because they
tions originate from processes involving the virtual-photon—haven;=3 in the evolution and are therefore the most con-
heavy-quark coupling, while thé-coefficient functions arise  Sistent sets to use with the next leading or®LO) calcu-
from processes involving the virtual-photon—light-quark lation. The curves show a marked rise in the structure func-
coupling and the-coefficent functions are from the interfer- tion at smallx due primarily to the rapidly rising gluon
ence between these processes. distribution. The renormalization-factorization scale depen-
In addition to the calculation of5], the functionsc(kli), dence is rather flat, especially at smalivhere the structure
’ function is largest. This is demonstrated in Fig. 2 for various
x andQ? values. By far the largest uncertainty in the calcu-
lation of the structure functions is the value of the heavy

¢, andd(! were calculated in inclusive form i8,4] as
two-dimensional integrals and computed numerically25)
they were numerically tabulated in grids, with a fast interpo-
lation routine, so that the computation of E&.7) could be
included in a global fit, if desired. Finally, ih26] exact e e
analvti . 1_) . _ FZ F 2 _ 2 F2 F 2 _ 2
ytic formulas were given for thdafﬂ together with ana Py see x Q=25 GeV x
lytic formulas for all the coefficient functions) ¢, ¢, e m—— 0 -
(i=9,9,9), andd{) (i=q,q) in the limit Q>>m?. The e w0 P
latter results are necessary to consider a variable flavo .| = - _ Wl -
scheme in which the coefficient functions are incorporated 0 P =
into redefined light parton densities including a charm den- .
sity [11]. 0l e WEE = .
Naturally, properties of the structure functions give in- i ~ .
sight into the behavior of the cross section. Therefore the o+ L ~ . w? 103 |-
. . N W S P A P O Y Y |
more salient features of the next-to-leading order structure 5 ol 100 PP
functions will now be summarized. The interested reader car
find additional details in the original papdi®-5] and, more i (GeV) u (GeV)
so, in the recent phenomenological analy&27-29. For
moderateQ?~10 Ge\ one finds that the charm quark con-  FIG. 2. FS(x,Q%,m.=1.5 GeV) as a function of the scaje
tribution at smallx~10~“ is approximately 25% of the total with m,<x<2/Q%+4mZ for variousx and Q? values for the
structure functiondefined as light parton plus heavy quark GRV94 (solid liney and CTEQ4F3dashed lingsparton distribu-
contributions. In contrast, the contribution from bottom tion sets.
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quark mass. For charm production, for example: 40% 10! g
variation of the mass about the central value mof £ ~
=1.5 GeV gives at 20% variation in the structure function $ w1 2
for moderateQ?. i, i g
g 1073 i S 3
C. Fragmentation into heavy hadrons © PSR R PO T T P

Experimentally, it is heavy hadrons or their decay produc-
tions that are observed. Of interest for HERADE ~(2010)
production. Herein, the Petersenal. form of the fragmen-
tation function[30] is used to model the nonperturbative
hadronization process.

The cross section fob* production is obtained by con-
voluting the charm quark cross secti@3) with the frag-
mentation function

dao/dlog{x) (nb)
do/dQ® (nb/GeV?)

i Lol
;) AR I PPV P
10l 102

log(x) Q® (GeV?)

N
D(2)= P > 2.9 FIG. 3. Comparison of leading order resultpen circley with
41-1z=€l(1-2)] AROMA [36] (solid lineg for charm production in the kinematic

o , ) , region 16<Q?<100 GeV and 0<y<0.7 at HERA.
whereN is fixed such thaD(z) is normalized to unity. The

normalization of the cross section is then fixed by the Cham?:ussin the general properties of the complete next-to-
guark fragmentation probabilitP(c—D*)=0.26[31]. The Ing 9 _Prop P
leading order calculation.
parametere may be extracted from da{82] and used as
input. However, in light of recent work on the subject
[33,34,, the specific value that should be used in this particu- A. Comparison with existing results

lar application is not obvious. The choice of the best value is A comparison with the leading order event generator

left as a subject for future stqdy. B_elqy\ns treated as a free_ AROMA [36] provides a check on the kinematics and leading
parameter, and the effect of its variation on the cross Sectiog e, yatix elements through the shape and overall normal-
will be examined and considered as part of the uncertainty; avion of the distributions. For this purpose, both codes were

due to hadronization. L . .run with the CTEQ2L[37] proton parton distributions, the
Other sources of uncertainty include such technical detail§ ¢ 1+ set foraroma. This set hast @ =190 MeV which

- * 1
as how exactly the four-vector of tiz* is formed. One may was used, along with;=4, in the one-loop strong coupling

scale the entire fou_r-_v_ec';or y but then the hadron mass is as. The renormalization and factorization scales were both
zm, . Another possibility is to scale the three-vectorzgnd

fix the energy component such that that the masa(®*) set to V/s. In_the AROMA calling program all fragmentgtiorj
=201 GeV. The latter is used here. and showering was turned off, and only the contribution

Evolution of the fragmentation function, which one ex- from virtual photon exchange was retained. Shown in Fig. 3
pects to become important whens>m,, is not included &€ the results for charm quark production, assuzmmg
because the region of interestg~m.. Indeed, recent cal- Mc=1.5 GeV, in the = kinematic region 30Q
culations of charm photoproduction at HERI85] have <100 GeVf and 0<y<0.7. The distributions shown are for

shown that this effect becomes sizable only fpg the transverse momentupy and pseudo-rapidity; of the
20 GeV. charm quark, both in the HERA laboratory frame, along with

the usual deep inelastic scattering variademdQ?. These
will be the canonical set of observables used in the rest of the
lll. RESULTS paper. The shapes of the curves are virtually identical over
Using the results of the method described in the previou§evera| orders of magnitude and the area under the curves is
section, a computer program has been constructed to calctfle same to better than 1%.
late charm quark and/@* cross sections in deeply inelastic ~ Another checkis to reproduce the total heavy quark cross
scattering: The program uses Monte Carlo integration, andsection as previously calculated in next.-to—leadlng order
so it is possible to study a variety of distributions and imple-[25)- Both computer programs were run with the CTEQ3M
ment experimental cuts, provided they are defined in termE37] proton-parton  distributions.  This set has()
of partonic variables or the optional fragmentation into =239 MeV which was used, along witiy=4, in the two-
heavy hadrons is used. Results are presented in the HERROP strong couplingys. The renormalization and factoriza-
laboratory frame with positive rapidity in the proton direc- tion scales were both set tg¢Q*+4m¢. The results for
tion. The proton and electron beam energies are taken to l&harm quark production, again assuming.=1.5 GeV,
820 GeV and 27.6 GeV, respectively. There are severah the kinematic region 10Q%<100 GeV* and 0.0Ky
necessary cross-checks that should be performed before dis-0.7, are identical for both programs to better than three
significant figures. The numerical values for the cross section
per channel are 7.48 nb f@(as) photon-gluon, 2.68 nb for
Yinterested readers should contact harris@hep.fsu.edu for a cop{?(ag) photon-gluon, and-0.41 nb for the sum of photon-
of the computer code. quark and photon-antiquark contributions. Having made
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FIG. 4. Leading(dashed lingsand full next-to-leadingsolid FIG. 5. Next-to-leading order differential cross sections for

lines) order differential cross sections for charm quark production atcharm quark production at/S=301 GeV at HERA using the
JS=301 GeV at HERA using the GRV9fow order (LO) and GRV94 (dashed lingsand CTEQ4F3solid lineg parton distribu-
high order (HO), respectively parton distribution set atu tion sets atM:\/Qz+4mcz with m;=1.5 GeV. Also shown for

= \/Qz+4mc2 with m,=1.5 GeV. comparison in partc) is do/dlog(¢) vs log(€) (right pair of curvegs
these checks, the general properties of the full next-toprder differential cross sections for charm quark production
leading order cross section may now be considered. using the GRV94dashed linesand CTEQ4FJsolid lines
_ _ parton distribution sets atu= \/Q2+4mc2 with m,
B. Properties of the charm quark cross section =1.5 GeV. From Eq.(2.7) the parton distributions are

In this section the dependence of the charm quark crosgrobed at which is typically one order of magnitude larger
sections will be studied as a function of parton distributionthan x. This is illustrated in Fig. &) where a plot of
set, charm quark mass, and renormalization-factorizatiodlo/dlog(¢) vs log() (right set of curvepis superimposed on
scale. All results are for the kinematic range<®? the plot of do/dlog(x) vs logk) (left set of curves The
<50 GeV and 0.Ky<0.7. difference between the curves produced using the two parton

The CTEQ4F338] and GRV94 HO[23] proton-parton  distribution sets is approximately 10% &at 10 27. Thus,
distribution sets were used in the remainder of the paper, d§€ predictions are less dependent on the parton density sets
noted. For leading order results, the GRV94 [Z3] set was  in NLO.
used. Thelone) two-loop version of the strong couplingg The largest uncertainty in the structure function calcula-
was used with matching across quark thresholds fofltig  tion is that of the charm quark mass. The same is true for the
NLO results. The value ok ocp was taken from the proton- Cross section as shown in Fig. 6 for the next-to-leading order
parton distribution set. The renormalization and factorizatiorfifferential cross sections for charm quark production using
scales have been set equaluo

The leading (dashed lings and next-to-leading(solid ! ¢ ar
lines) order differential cross sections for charm quark pro- ¢ ; g
duction using the GRV94LO and HO, respectivelyparton S
distribution set at,uz\/Q2+4mc2 with m;=1.5 GeV are ‘::
shown in Fig. 4. The shape of the NLO transverse momen-3
tum distribution is similar to the LO one, but somewhat flat- ~
ter. The pseudo-rapidity distribution shows that the radiative
corrections are concentrated in the negative rapidity direc-
tion, tending to pull the maximum back towards the central
region. The Bjorkerx distribution receives corrections near
its maximum with a near zero correction at the tails. Qte
distribution receives a fairly uniform shift in normalization.
Save at higlp,, the NLO predictions lie below the LO ones.
This is a property of the GRV parton distribution set. For the : N ;
CTEQA4F3 set the opposite behavior is observed. This is ¢  obflololo ] 102 bbadulaldl s bisslusili
reflection of the difference between the leading order gluon log(x) Q* (Gev®)
distribution functions and the correspondifigp of the two
sets. FIG. 6. Next-to-leading order differential cross sections for

One may ask how sensitive are the full next-to-leadingcharm quark production at/S=301 GeV at HERA using the
order results to modern parton distribution sets. The answeLTEQ4F3 parton distribution set gk=/Q%+4m? with m
is immediate from Fig. 5 which shows the next-to-leading=1.35 GeV(solid lineg andm.=1.65 GeV(dashed lines

do/dn (nb)

()

do/dlog(x) (nb)
do/dQ® (nb/Gev?)
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FIG. 7. Next-to-leading order differential cross sections for

charm quark production at’S=301 GeV at HERA using the FIG. 8. Next-to-leading order differential cross sectionsBdr
CTEQ4F3 parton distribution set at=2m, (solid lines and production at\/S=301 GeV at HERA in the kinematic region

zzm (dashed Iine)swith mc=1.5 GeV. 00§<y<07, 2<Q2< 100 GE\;, 1.5< PP*<10 GeV, and
|7P"|<1.5 using the GRV94 parton distribution set at
— 102 2 ; — — H
the CTEQA4F3 parton distribution set at= \/(22+4mc2 with :0.(36?;?& "VrYgg, rfni otg(;i\éezq?n; 0.0 (dotted fnes, ¢
m.=1.35 GeV (solid lineg and m.=1.65 GeV (dashed
lines). Mass effects are smaller at the larger transverse maggom the mass uncertainty. The shape changes are very mild.
because they are suppressed by powemdfp, in the ma-  Using the CTEQ4F3 parton distribution set instead would
trix elements. However, as mentioned above, if the range igive slightly larger results.
extended much further, large logarithms of the form
In(pZ/n?) appear in the cross section and should be re- IV. CONCLUSION

summed. The calculation of next-to-leading ord tions h
Finally, the scale dependence is shown in Fig. 7. The € calculation of next-lo-ieading order corrections nas

next-to-leading order differential cross sections are for th allowed more reliable predictions of heavy quark differential

€ . : ) . " )
S o - distributions in deeply inelastic scattering. In addition, with
CTEQAFS3 parton distribution set at=2m_ (solid lineg and the calculational formalism used here, it was possible to add

- 2 ; ; - : o -
w=2Q%+4m? (dashed lines with m.=1.5 GeV. The peterson fragmentation, thus giving predictions for
curves show very little scale dependence. This can be anticp* *(2010) production at HERA.
pated from the results shown in Fig. 2 and the distribution in At leading order the results were cross-checked against
Bjorkenx shown in Fig. Tc). Th?slgtter show§4that the cross aroma and found to give complete agreement. When the
section is dominated bg~10"*°=3.2X10"" while the  program is run in fully inclusive mode it reproduces existing
former shows that, independent@f, the structure function results for the charm quark cross section at next-to-leading
is very flat in this particulaix region. Therefore, the cross order.
section tends to be fairly insensitive to the choice of scale. The radiative corrections to the lowest order photon-gluon
Other kinematic regions show increased scale dependenciision process are important as they change both the shape
This serves as a reminder that care must be taken in inteend normalization of the transverse momentum, pseudo-
preting the results of varying the renormalization- rapidity, andx distributions. TheQ? distributions only re-
factorization scale to estimate the size of the theoretical ercejve a shift in normalization. In the kinematic region stud-
ror. ied, the cross section is very stable with respect to variations

in the renormalization-factorization scale because the cross
C. Predictions for D* production section is dominated by axregion where the scale depen-
Gdence of the underlying structure functions is nearly flat. The

In this last section the fragmentation is turned on an . : .
scale dependence of the hard scattering cross sections is well

predictions forD** production at HERA are given. The d by that of th densiti d
power of the subtraction method becomes manifest becau§(9r_?£ensate y that o tde p_artond snsgles ag‘dl .
experimental cuts can easily be implemented. Cuts similar to e cross section Is dominated by the rapidly growing

those preferred by ZEU§L] and H1[2] are used, namely, gluon distribution at sr_nallx, but c_jisting.uishing betvyeen
22100 GeV. 0.05cv<0.7. pP*>15 GeV q modern parton distribution sets using this process will bed-
2<Q°< eV, UUSsy<U.7, b = eV, and jgicylt as demonstrated by the fact that they give nearly

| 7°*|<1.5. No distinction is made betwe®t * andD* . identical results for a variety of observables. This is com-

The results shown in Fig. 8 use the GRV94 parton distribupounded by relatively large uncertainties from the quark

tion set atu= Q%+ 4mc2 with m.=1.5 GeV ande=0.03 mass and hadronization effects. At present a comparison
(dotted line$, e=0.06 (solid lineg, e=0.09 (dashed lines  with experimental data can offer a confirmation of the gluon

The variation in the area under the curves is roughly half thadistribution at smalk. Examining a variety ok andQ? bins



2812 B. W. HARRIS AND J. SMITH 57

will shed light on the transition region between massive anccomments, J. P. Ferndez for discussions concerning the

massless charm quark descriptions. ZEUS analysis, and F. Sefkow and K. Daum for discussions
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