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We provide nonperturbative fragmentation functionsBanesons, both at leading and next-to-leading order
in the MS factorization scheme with five massless quark flavors. They are determined by fitting the fractional
energy distribution of8 mesons inclusively produced ie*e~ annihilation at CERN LEPL. Theoretical
predictions for the inclusive production 8f mesons with high transverse momentapﬁscattering obtained
with these fragmentation functions nicely agree, both in shape and normalization, with data recently taken at
the Fermilab Tevatror.S0556-282(98)00117-9

PACS numbg(s): 13.60.Le, 13.85.Ni, 13.87.Fh, 14.40.Nd

[. INTRODUCTION disagreement between the experimental data and the NLO
predictions is actually real. In order to extract thequark
The study ofb-quark production in high-energy hadronic production cross section, one needs an independent measure-

interactions offers the opportunity to test perturbative quanment of the fragmentation df quarks intoB mesons. In fact,
tum chromodynamic4QCD) [1]. Hadron-collider experi- two years ago the CDF Collaboration published data on their
ments usually consider the cross section integrated over first measurement of thB-meson differential cross section
fixed range in rapidityn and over all values of transverse do/dp; for the exclusive decaysB*—J/yK* and
momentump; above a variable thresholof™". First mea- B%—J/y¢K*° based on the 1992-1993 rurun 1A) [7].
surements of such cross sections were performed by the UA3imilarly to the case ob-quark production, the measured
Collaboration at the CERNp collider with center-of-mass C€ross section was found to exceed the NLO prediction by
(c.m) energy+/s=630 GeV[2]. More recent experimental aPProximately a factor of two, while there was good agree-
results atys=1.8 TeV were presented by the Collider De- MeNt in the shape of thpy distribution. Agreement in the
tector at FermilaCDF) [3] and D0[4] Collaborations at the normalization gould only be achieved by choosing extreme
Fermilab Tevatron. On the theoretical side, such cross se alues for the input parameters of the NLO calculation, i.e.,

. - . ducingu andmy, and by increasing\ [6].
tions were calculated up to next-to-leading ord&tO) in yre I b . . .
the strong coupling conpstamt [15.6 Thegshadpes 3f the In Ref.[8], the CDF Collaboration extended their analysis
S 1M M.

X . [7] by incorporating the data taken during the 1993—1996
theprencal curves agree well with the dqta of all three eX1un (run 1B), which yielded an integrated Iuminosity of
periments, UA1, CDF, and DO. However, independent of the54.4 pb ! to be compared with 19.3 pb collected during

beam energy, the absolute normalizations of the experimeny;,, 1 [8], and presented the cross sectiw/dp; for the
tal cross sect_lor_13 exceec_j, by a_bout a factor qf two, the reqciusive production 0B+ andB® mesons withp;>6 GeV
spective predictions obtained with the conventional sgale n the central rapidity regiomn|<1. Again, the NLO pre-
= Vpr+my and a typicalb-quark mass ofm,=4.75 GeV.  diction with input parameters similar to those used for the
The experimental cross sections could only be reproduced biyitegrated b-quark cross section in Refs[1,5,6 (u
the theoretical predictions ji. and m, were reduced tqu = \/pT2+ mb2 andm,=4.75 GeVf was found to agree with the
=Vprt+my/2 andm,=4.5 GeV and parton density func- data in the shape, while its normalization came out signifi-
tions (PDF's) with particularly large values of the asymptotic cantly too low, by a factor of 24 0.4. Here, it was assumed
scale parametek were chosen. that the fragmentations df quarks intoB mesons can be
In the experimental studies, tiiequark production cross described by a Peterson fragmentation functiei [9] with
section is not actually measured directly as a funcpgii'. €=0.006. This value for the parameter was extracted more
The original measurements refer to the productioBafie- than ten years ago from a global analysis of dat@emeson
sons, which decay either semileptonically, or exclusively orproduction ine*e™ annihilation at the SLAG" e~ storage
inclusively intoJ/¢ mesons. The cross sections for the pro-ring PEP and the DES¥*e™ collider PETRA[10], based
duction of bareb quarks were then obtained by correcting on MC models which were then up-to-date. The result of this
for the fragmentation ob quarks intoB mesons with the comparison is to be taken with a grain of salt, since the
help of various Monte CarlgMC) models. Since this is a underlying description ob— B fragmentation isad hocand
model-dependent procedure, it remains unclear whether theot backed up by model-independent data. It is the purpose
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of this work to improve on this situation. The fragmentatione™e™ data, which was previously used ferquark fragmen-

of b quarks intoB mesons has been measured by the OPAltation intoD* * mesong23], and present our results for the
Collaboration at the CERN*e™ collider LEP1[11]. The  b-quark FF’s at LO and NLO in th#S factorization scheme
producedB™ andB® mesons were identified via their semi- with five massless flavors. We assume three different forms
leptonic decays containing a fully reconstructed charmedor the FF's at the starting scale, which enables us to assess
meson. This resulted in the measurement of the distributiothe resulting theoretical uncertainty in other kinds of high-
of theB mesons in the scaling variabte= 2E(B)/ /s, where  energy processes, suchms scattering. In Sec. IIl, we apply
E(B) is the measured energy of ttR'/B° candidate and the nonperturbative FF’s thus obtained to predict the cross
Js=M, is the LEP1 c.m. energy. Earlier measurements ofection ofB-meson production ipp collisions at the Teva-
theb— B FF were reported by the L3 Collaboration at LEP1 tron and compare the result with recent data from GBF
[12]. In the following, we shall base our analysis on theOur conclusions are summarized in Sec. IV.

OPAL data, which have higher statistics and contain more

bins than the L3 data. Il. B-MESON PRODUCTION IN e*e~ COLLISIONS

At LEP1, B mesons were dominantly produced Hy
. bb decavs with subsequent fragmentation of thguarks Our procedure to construct LO and NLO sets of FF's for
Y q 9 B mesons is very similar to the case®@f © mesons treated

and z-inthuarks intd mesons, which decay weakly. In the ;, Refs.[22,23. Here we only give those details which differ
reactione”e” —bb—B+ X at theZ-boson resonance, the  from Refs.[22,23.

quarks and antiquarks typically have large momenta. A The OPAL data on the inclusive production®f andB®
large-momentunb quark essentially behaves like a masslessmesons ire"e™ annihilation at theZ-boson resonance serve
particle, radiating a large amount of its energy in the form ofas our experimental inpf1]. These data are presented as
hard, collinear gluons. This leads to the presence of logadifferential distributions ink=2E(B)/\/s, whereE(B) is the
rithms of the formas In (M3/mp) originating from collinear measured energy of the* or B® candidate. This function
singularities in a scheme, whera, is taken to be finite. peaks at fairly largex. For the fitting procedure we use the
These terms appear in all orders of perturbation theory andxperimentalx bins, with width Ax=0.08, in the interval
must be resummed. This can be done by absorbing thg.28<x<1 and integrate the theoretical functions ovex,
my,-dependent logarithms into the FF of theguark at some  which is equivalent to the experimental binning procedure.
factorization scale of ordevl;. Alternatively, one can start There is a total of nine data points.

with m,=0 and factorize the collinear final-state singulari- When we talk about thb—B FF, we have in mind the
ties into the FF’s according to the modified minimal subtrac-,,, fragmentation processés—B*, b—B°, b—B~, and

tion (MS) s_cheme_, as is usual_ly do_ne in connection_wi_th the, B0 | Ref. [24], the respective branching fractions are
fragmentation of light quarks Into I'g.ht mesons. This is the ) assumed to be equal. If we neglect the influence of the
so-called massless schefs], in Wh'Ch,mb is neglected, g jactroweak interactions, this follows from thie-d flavor
except in the initial conditions for the FF’s. This scheme WaSqummetry and the charge-conjugation invariance of QCD.
used for NLO calculations of charm and bottom production\ye ;s make the stronger assumption that the FF's of these
in e"e” [14], pp [15], yp [16,17], and yy [18] collisions,  four processes all coincide. We take the starting scales for
with the additional feature that the masslesandb quarks  the FF’s of the gluon and the, d, s, ¢, andb quarks and
were transformed into their massive counterparts by the usgntiquarks intd3 mesons to bg.,=2m,, with m,=5 GeV.

of perturbative FF'414]. These perturbative FF's enter as a The FF’s of the gluon and the first four quark flavors are
theoretical input at a low initial scale, of orderm; orm,,  assumed to be zero at the starting scale. These FF’s are gen-
respectively, and are subject to evolution to higher scales erated through the. evolution. For the parametrization of
with the usual Altare"l-ParlS(AP) equatlonq:lg]. Follow- the b-quark FF at the Starting Scaleo, we emp|0y three

ing Ref.[20], this theory was extended by including nonper- different forms. The first one is usually adopted for the FF's
turbative FF’s, which describe the transition from heavyof light hadrons, namely

quarks to heavy mesoin47,21,22.
In th|§ work, we describe the fragmentation of massbas; Dy (X, o) = NX4(1—x)~. 2.1)
guarks intoB mesons by a one-step process characterized

entirely in terms of a nonperturbative FF, as is usually donepy;s ¢om has been used in RE20] to describe the nonper-
for the fragmentation afl, d, ands guarks into light mesons. turbative effects ob-quark fragmentation, in addition to a

We assume simple parametrizations of thquark FF at the erturbative contribution. The standaff) parametrization

starting scale. We determine the parameters appeari 1) depends on three free paramet@is, and 8, which

I(Eg)eg‘n;hﬁ)fgh_;gzstg)_thjaipﬁl‘:'jsd;[eaﬂeit ngggstg Orrde?jrict are determined by fits to the OPAL ddthl] after evolution

the diff i I. qt'ouha/d £ B- q pt' to the factorization scal®l =M. As our second parametri-
€ differential cross secti Pr OF B-MESON proauclion  ;aton, we use the Petersed) distribution[9],

in pp scattering at/s= 1.8 TeV, which can be directly com-

pared with recent data from the CDF Collaboratj8h X(1—x)2
This paper is organized as follows. In Sec. Il, we recall Dp(X, o) =N——————. (2.2)

the theoretical framework for the extraction of FF's from [(1—x)%+ ex]?
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This choice is particularly suited to describe a FF that peaks TABLE I. Fit parameters for the— B FF’s according to sets S,
at targex. It has been frequently used in connection with theP, and B at LO and NLO and respective valueg®fer degree of
fragmentation of heavy quarks, such @®r b quarks, into freedom. All other FF’'s are taken to be zero at the starting scale

their mesons. It depends only on two parametiirgnd e. Mo=2mp=10 GeV.

The third parametrization is theoretically motivated. 5
There exists a particular class of FF’'s which are calculable irpet N @ B € r XDF
perturbative QCD, namely those of gluons and heavy quarkgg g 56.4 839 1.16 - _ 0.80
into heavy-heavy bound states, suchcasbb [25], andcb  NLO S 79.4 8.06 1.45 - — 1.21
mesong 26]. These perturbative FF's can also be applied to o p 0.0952 - - 0.0126 - 0.67
describe the fragmentation bfquarks into bound states bf NLO p 0.116 — _ 0.0198 _ 0.27
and light quarks, in the sense of a model assumption rathgrg g 0.308 _ _ _ 0121 250
than a formula derived in perturbative QCD. The formula fory o g 0.280 _ _ _ 0156 1.66
the b— B, transition was derived by Braaté€B) et al. [26]
and reads _

tion, and the factor of two accounts for the fact that
rx(1—x)2 our cross-section formul27] includes the fragmentation of
Dp(X, o) =N ————[6—18(1~2r)x both b and b. Following Ref.[24], we identify f(b— B)
[1=(1=r)x] =f(b—B*)=f(b—BP%. For consistency, we adopt the
+ (21— 74r +68r2)x2—2(1—r) OPAL results R,=0.2171+0.0021+0.0021 [28] and
f(b—B)=0.405+0.035-0.045 [29], where the first(sec-
X(6—19r +18r2)x* ond) error is statisticalsystematig.

The values for the input parameters in E¢.1), (2.2,
and (2.3) which result from our LO and NLO fits to the
OPAL data are summarized in Table I. In the following, we
refer to these FF's as sets LO S, NLO S, LO P, NLO P, LO
B, and NLO B, respectively. The correspondigg values

+3(1-r)?(1—2r+2r?)x*], (2.3

wherer =m./(m,+ m.) andN is given in terms ofxg, m,
and theB.-meson wave function at the origin. Similar for-

mulas also exist fob—B¢ ,B;™ [26]. Naively applying this  yer gegree of freedomy@) are listed in the last column of
formula forr to the fragmentation process-B would yield  Tgpje |: there is a total of nine degrees of freedom. Except
a rathgr small pumber, which is not well determlngd. Thussor the sets of type S, thg%F values for the NLO fits are
our philosophy is to tredd andr as free parameters if one of gjianty jower than those for the LO fits. The Peterson ansatz
the quarks in the bound state is light. In R¢26], the 575 via|ds the best fits. This is surprising, since it has only
branching fraction ot —B. was fo_und to be two orders of two free parameters, one less than the standard {@cth).
magnitude smaller than the one lof>B,. Extrapolating to  The sets of type B have the largegd. values. Since the
the case oB mesons, it hence follows that our assumptionb_quark FF is peaked at>0.5, we havex> 3 in the case of
D4(X,10) =0, whereq denotes a light quark, should be well sets LO S and NLO S. The parameters of sets LO P and
founded even ifg is the light constituent of th& meson. NLO P are larger than the standard vake0.006[10] usu-

We calculate the cross section ¢l)do/dx for e"e”  ally quoted in the literature. It is important to note that the
— 7, Z—B*/B%+X to LO and NLO in theMS scheme with  values ofe obtained in the various analyses depend on the
five massless quark flavors as described in R&f], where  underlying theory for the description of the fragmentation
all relevant formulas and references may be found. In parprocessb— B, in particular, on the choice of the starting
ticular, we choose the renormalization and factorizationscaley,, on whether the analysis is done in LO or NI(&s
scales to be.=M;= \/s. As for the asymptotic scale param- may be seen from Tablg,land on how the final-state col-
eter appropriate for five active quark flavors, we adopt theinear singularities are factorized in NLO. We emphasize that
LO (NLO) valueA%: 108 MeV (227 MeV) from Ref.[27]. our results fore in Table | refer to the purM_S factorization
As in Ref.[22], we solve the AP equations ix space by scheme with five massless flavors aug=2m,=10 GeV. If
iteration of the corresponding integral equations. In the Apwe were to interpret the values forin Table | with the
pendix of Ref[22], the timelike splitting functions are listed formula r =mg/(m,+m,), which is naively adapted from
in a convenient form, i.e., with the coefficients of the deltathe analogous definition fatb bound state$26], then we
functions and plus distributions explicitly displayed. As in would find m,=688 MeV and 924 MeV at LO and NLO,
Ref.[22], we take theb-quark mass to be,=5 GeV. Since  respectively. These values are a factor of 2—3 larger than the
m,, only enters via the definition of the starting scalg, its  generally assumed constituent-quark masses ofithadd

precise value is immaterial for our fit. quarks. This just illustrates the model character of using an-
~ The OPAL data are presented in Fig. 3 of Réfl] as the  satz(2.3) in connection with heavy-light bound states.
distributiond N/dx normalized to the bin widtAx=0.08. In In Figs. Xa)—1(c), we compare the OPAL dafd 1] with

order to convert these data to the inclusive cross sectiofhe theoretical results evaluated with sets S, P, and B, respec-
(Lo do/dx, we need to multiply them by the overall fac- tively. Except at lowx, the LO and NLO results are very
tor 2R,f(b—B)/Ax=2.198, whereR,=1'(Z—bb)/T'(Z  similar. At low x, we observe significant differences between
—hadrons) f (b— B) is the measurel— B branching frac- LO and NLO. In this region, the perturbative treatment
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1/0,,,do/dx(e’e” — B+X)

TABLE II. b—B branching fractions and me&hto b momen-
tum fractions evaluated from Eq&.4) and (2.5, respectively, at
the starting scale and at t@eboson resonance using the various FF
sets.

] Set Bp(2mp)  Bp(Mz)  (X)s(2mp)  (X)p(M2)

LO S 0.425 0.411 0.813 0.697
NLO S 0.384 0.370 0.787 0.672
LOP 0.448 0.431 0.787 0.677
NLO P 0.405 0.388 0.758 0.650
LOB 0.460 0.442 0.768 0.663
NLO B 0.416 0.398 0.739 0.635
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and strongly increases as-0. Therefore, our results should
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say. As already observed in connection with ){rﬁ?p values,
sets LO P and NLO P give the best description of the data.
The contribution due to gluon fragmentation, which only en-
ters at NLO, is insignificant, below 1%. The contribution due
to the first four quark flavors is mostly concentrated at jow
and is also very small. For> X, it makes up less than 1%
of the total integrated cross section.

4 It is interesting to study thb— B branching fraction,

Vo] 1
7 Bb(M):f dx Dp(X,u), (2.9

Xeut

where, for reasons explained above, we have introduced a

0 0.1 02 03 04 05 0.6 07 038 09

lower cutoff atx.,~= 0.15. In Table II, we present the values
of By(u) at thresholdu=2m,, and at theZ-boson resonance
u=Mjy for the various FF sets. As expecteB,(u) is
rather stable under the evolution fronmg to M. The
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values of By(Mz) are consistent with the input
f(b—B)=0.405+0.035-0.045 [29] which was used to
scale the experimental data pointsl] so as to obtain the
fully normalized cross section.

Another quantity of interest is the me&to b momen-
tum fraction,

1 (1
(Xp(p)= mfxcmdx XDp(X, ). (2.9

Table Il also contains the values ©f),(x) at w=2m, and
M evaluated with the various FF sets. The differences be-
tween sets S, P, and B on the one side and between LO and

0 0.1 02 03 04 0.5 0.6 0.7

(c) X

FIG. 1. The cross sections of inclusi@"/B°-meson produc-
tion in e* e~ annihilation at\s= M evaluated with set&) LO S
and NLO S,(b) LO P and NLO P, andc) LO B and NLO B are

compared with the OPAL dafd 1].

09

1 NLO on the other side are small. As runs from 2n, to
Mz, (X)p(u) decreases from approximately 0.8 down to
below 0.7. This is a typical feature of the evolution, which
generally softens the FF’'s. Our values(of,(Mz) can be
compared with the experimental result reported by OPAL
[11]:

(X)p(Mz)=0.695+0.006+0.003-0.007, (2.6

ceases to be valid. Here, the massless approximation alsghere the errors are statistical, systematic, and due to model
loses its validity. SinceB mesons have masge)(B)=5.28 dependence, respectively. Our results in Table Il are in rea-
GeV, they can only be produced fer>X.,,=2m(B)/M;  sonable agreement with E(.6). In connection to this, we
=0.12. The LO result has a minimum in the vicinity xf;, remark that Eq(2.6) is not directly obtained from the mea-
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sured distribution, which would be difficult to do, since there T
are no data points below=0.2. To extrapolate to the un-
measured region, OPAL uses four different models which L
describe the primordial fragmentation of quarks inside L
their MC simulation. Equatiori2.6) is actually determined
from the MC fits to the measured data points. Obviously, the
guoted error for the model dependence can only account for
the specific model dependence inside their particular MC
approach, and need not be characteristic of the absolute
model dependence. A rather model-independent fit toxthe
distribution, including a MC estimate for the regiar<0.2,
leads to{x),(Mz) =0.72+0.05[11], where the error is only
statistical and does not account for the uncertainty due to the
extrapolation. Our results in Table Il are somewhat smaller - up:
than this value and are barely consistent with the experimen- down: NLO
tal error given above. Nevertheless, we believe that ourre- | ... Standard
sults in Table Il are in reasonable agreement with the inde- — — — Peterson
pendent determinations ¢k),(M;) quoted in Ref[11].

pp - BY/B® + X

Vs = 1.8TeV 1
Inl <1 ]
& CDF

102

do/dp; [nb/GeV]

10!

— Braaten

lll. B-MESON PRODUCTION IN pp COLLISIONS

]
Jury
o

15 20
() pr [GeV]

In this section, we compare our LO and NLO predictions
for the cross section of inclusivB*/B° production inpp 102 [ T
collisions at the Fermilab Tevatron/§=1.8 Te\) with re- pr = o ~ BY/B° + X
cent data from the CDF Collaborati¢8]. These data come 13.4GeV Vs = 1.8TeV
as thepy distribution do/dp; integrated over the central - - ——— lLoP
rapidity region|y|<1 for p; values between 7.4 and 20 — NoP
GeV. They are normalized in such a way that they refer to

the single channgdp—B™ + X. In the case of run 1A, where
bothB* andB® mesons were detected, the respective cross
sections were averaged; i.e., their sum was divided by a fac-
tor of two.

Our formalism is very similar to Ref.30], where inclu-

sive light-meson production ipp collisions was studied in
the QCD-improved parton model. The relevant formulas and
references may be found in R¢B0], and we refrain from
repeating them here. We work at NLO in tiwS scheme
with n;=5 massless flavors. For the proton and antiproton
parton distribution function$PDF’s), we use set CTEQ4M
[31] with A%z 202 MeV. We evaluateys from the two-

loop formula with this value ofAG2. We recall that the o7t ¢ 1 = 3 4 5
evolution of the FF sets NLO S, NLO P, and NLO B is (b) n

performed withA%= 227 MeV, which is very close to the

above value. We identify the factorization scales associated FIG. 2. (@ The cross sectioda/dpr of inclusiveB */B°-meson
with the proton, antiproton, and tflBemeson and collectively ~production inpp collisions with ys=1.8 TeV, integrated ovelr]
denote them by . We choose renormalization and factor- <1, is compared with the CDF daf8]. The predictions are calcu-

ization scales to bee=M;=2my, wherem;= m is lated at LO and NLO with sets S, P, and ®) The cross section

the B-meson transverse mass. Whenever we present LO r%—" /dndpr atfixed values opr evaluated with sets LO P and NLO

sults, they are consistently computed using set CTE[34L
of the proton and antiproton PDF’s, our LO setsSeineson First, we consider the; distributionda/dp; integrated

FF's, the one-loop formula fos with A{d=181 MeV[31],  oyer the rapidity regiof|<1 as in the CDF analys[$]. In

and the LO hard-scattering cross sections. We adopt the kifig. 2(a), we compare the CDF da{8] with the LO and
nematic conditions from Ref8]. Since we emplo,(X,4)  NLO predictions evaluated with our various setsBemeson
both for theb andb quarks, the resulting cross section cor- FF’'s. The NLO distributions fall off slightly less strongly
responds to the sum of ti&" andB~ yields. Thus, it needs with increasingp than the LO ones. The results for sets LO
to multiplied by a factor of 1/2, in order to match the crossS, LO P, and LO B almost coincide. The same is true of the
section quoted in Ref8]. results for sets NLO S, NLO P, and NLO B. This means that

101

d?¢/dndpy [nb/GeV]

100
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102 i ; — and NLO P. For the two highegt; values,pr=20 and 30

] GeV, we observe the expected pattern. The LO results for

P - ] do/dpy essentially decrease withincreasing, whereas the
NLO results are ratheg¢ independent and exhibit points of

horizontal tangent close t§=1. Furthermore, the LO and

—

N T T T 17

pp - B*/B° +X | NLO curves intersect near these points. Thus the scale choice
Vs = 1.8TeV . &=1 is favored both from the principles of minimal sensi-
In| <1 tivity [32] and fastest apparent convergefds]. These ob-

servations reassure us of the perturbative stability and the
theoretical soundness of our calculation in the upper
range. Forpr=13.4 GeV, the NLO prediction oflo/dpt
shows a stronger scale dependence, in particular, when the
scale is drastically reduced. If we limit the scale variation to
the interval 1/2£<2, which is frequently considered in the
literature, the NLO cross section still varies by a factor of
1.56, to be compared with 1.15 pt=20 GeV. We hence
conclude that, belowp+=13.4 GeV, our NLO predictions
should be taken with a grain of salt. The dents in the curves
for py=13.4 GeV appear at the value éfwhereM;= w,.
This is because we identiffD,(X,M¢)=Dp(X,xo) if My
<pug, i.€., the FF's are frozen below their threshold.

We must also remember that, o values comparable to

FIG. 3. Scale dependence of the cross sectiodp;, inte- My, the massless-quark approximation ceases to be valid,
grated ovell 5| <1, at fixed values op;. The predictions are cal- Since terms of ordem/p7 are then not negligible anymore.
culated at LO and NLO with set P. For pr=13.4 GeV and 20 GeV, we have?/p3=0.14 and

] o ] 0.063, respectively, so that the massless approximation

the details of theb— B fragmentation is tightly constrained ghoulq certainly be valid fop;=20 GeV. On the other hand,
by the LEP data, and that the considered yarlatlon in the,, pr=20 GeV, we haver, In(p%/rrﬁ)=0.42, assuming that
functional form of theb-quark FF at the starting scale has a,=0.15, so that the NLO calculation in the massive

very little influence on thep distribution. Hencefqrth, W€  scheme, where these logarithmic terms are not resummed,
shall only employ sets LO P and NLO P, which yielded thegpq|q then already be inadequate. From these consider-

best fits to the OPAL datgl1]. We observe that our predic- 4tions; we conclude that our predictions should be fairly re-
tion agrees very well with the CDF data, within their errors. |iapie for pr=15 GeV.

This is even true for the data point with smallgst, pt
=7.4 GeV, where the massless approach is presumably not
valid any more. It should be emphasized that the NLO pre- IV. CONCLUSIONS
diction reproduces both the shape and the absolute normal-
ization of the measureg distribution, while the previous In this paper, we considered the inclusive production of
investigations mentioned in the Introduction fell short of thesingle B mesons in the QCD-improved parton model en-
data by roughly a factor of two. dowed with nonperturbative FF’'s. We chose to work at NLO
The CDF Collaboration has not yet presented results oin the pureMS factorization scheme with five massless quark
the # distribution of the produce® mesons, which would flavors. This theoretical framework is known to lead to an
allow for another meaningful test of the QCD-improved par-excellent description of a wealth of experimental information
ton model endowed witlB-meson FF’s. Anticipating that on inclusive light-hadron production in different types of
such a measurement will be done in the future, we show itligh-energy reaction§27,34. It is thus expected to also
Fig. 2(b) the 5 dependence ofi’c/d7dp; evaluated with work well in the case oB mesons provided that the charac-
sets LO P and NLO P gi=13.4, 17.2, 20, and 30 GeV. teristic mass scal¥ of the process by which they are pro-
The first three of thesp; values are among those for which duced is large compared to thequark mass. Then, the large
CDF performed measurements aé/dp; [8]. Since theny  logarithms of the typex In(M?mg) which are bound to arise
spectrum is symmetric aroung=0, we only considerp  in any scheme where bottom is treated as a massive flavor
=0 in Fig. 2b). As expected, the cross section falls off with get properly resummed by the AP evolution, while the omis-
7 increasing from zero up to the kinematic limit, which de- sion of the terms suppressed by powermﬁth is a useful
pends onpt. approximation. The criterioM >m,, is certainly satisfied for
In order to assess the reliability of our predictions, at lease™ e~ annihilation on theZ-boson resonance, and for hadro-
to some extent, we now investigate the scale dependence pfoduction ofB mesons withp>m, . Owing to the factor-
the cross section considered in Figa2 To this end, we ization theorem, the FF's are universal in the sense that they
introduce the scale fact@rsuch thaiwu=M;=2&m;. In Fig.  just depend on the produced hadrons and the partons from
3, the ¢ dependence oflo/dpy is displayed forpr=13.4, which they sprang, but not on the processes by which the
20, and 30 GeV. The calculation is performed with sets LO Hatter were produced. Thus, the theoretical framework

do/dps [nb/GeV]

034016-6



INCLUSIVE B-MESON PRODUCTION INe*e™ AND pp. .. PHYSICAL REVIEW D 58 034016

adopted here is particularly suited for a consistent descripsingle B mesons with larg@;. We found good agreement,
tion of LEP1 and highpt Tevatron data of inclusive both in shape and normalization, with tipg distribution
B-meson production. By the same token, a massive calculaecently measured in the central rapidity region by the CDF
tion at fixed order would be inappropriate for this purpose. Collaboration at Fermilah8]. From the study of the scale
Our procedure was as follows. We determined LO anddependence of the LO and NLO calculations, we concluded
NLO B-meson FF’s by fitting the fractional energy distribu- that our results should be reliable fpr=15 GeV. To our
tion of theB-meson sample collected by the OPAL Collabo- surprise, the central prediction, with scaless M;=2my,
ration at LEP1[11]. In order to get some handle on the also nicely agreed with the CDF data in the Igw-range,
theoretical uncertainty, we adopted three different functionalvhere the massless scheme is expected to break down. We
forms for theb— B FF at the starting scale, which we took to recall that the massive NLO calculation with traditional
be uo=2my=10 GeV. The ansatz proposed by PetersorPeterson fragmentatidriO] was found to fall short of these
et al.[9] yielded the best LO and NLO fits, WitjazDFZO.67 data by a factor of two. It would be interesting to also test the
and 0.27, respectively. Theparameter, which measures the predicteds distribution against experimental data.
smearing of the Peterson distribution, came out as 0.0126
and 0.0198, respectively, i.e., more than twice as large as the
standard value=0.006 determined by Chriri0] more than
a decade ago, before the LEP1 era. In this connection, we We are grateful to Ties Behnke and Alex Martin for clari-
should emphasize that the results for the fit parameters, iffying communications concerning Refll]. One of us
cluding the value ot, are highly scheme dependent at NLO, (G.K.) thanks the Theory Group of the Werner-Heisenberg-
and must not be naively compared disregarding the theoretnstitut for the hospitality extended to them during a visit
ical framework to which they refer. Thb—B branching when this paper was prepared. The Il. Institut ftheore-
fraction and the meaB to b momentum fraction evaluated tische Physik is supported by Bundesministerium Bil-
from the resulting FF’s after the evolution to=M; turned  dung und Forschung, Bonn, Germany, under Contract 05 7
out to be in reasonable agreement with the model-dependehtH 92P (0), and by EU PrograniHuman Capital and Mo-
determinations by OPAL11]. Using our FF's, we made bility through NetworkPhysics at High Energy Colliders
theoretical predictions for the inclusive hadroproduction ofunder Contract CHRX-CT93-035DG12 COMA).
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