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Neutral kaon production in e*e™, ep, and pp collisions at next-to-leading order
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We present new sets of fragmentation functions for neutral kaons, both at leading and next-to-leading order.
They are fitted to data on inclusiv€® production ine*e™ annihilation taken by Mark Il at SLAC PEP
(\/§: 29 Ge\) and by ALEPH at CERN LEP. Our fragmentation functions lead to a good description of other
e*e” data on inclusivek® production at various energies. They also nicely agree Witthgleransverse-
momentum spectra measured by H1 at the DE®Y:ollider HERA, by UAS at the CERN |pS collider, and
by CDF at the Fermilab Tevatron.

PACS numbgs): 13.65+i, 13.87.Fh, 14.40.Aq

[. INTRODUCTION guarks into neutral kaons contribute quite differently in
these processes as comparecet@®™ annihilation. For ex-
Recently, precise data on inclusive™, K*, and ample, ine"e™ annihilation, all five quarks are directly pro-
unspecified-charged-hadron productioreife™ annihilation ~ duced, whereas the gluon does not directly couple to the
at the Z resonance have been published. Using these nelectroweak currents. The gluon only contributes in higher
data and similar data from a lower center-of-méasm) en- ~ orders and mixes with the quarks through tb_é evolution.
ergy (\/g: 29 Ge\), we constructed new sets of fragmenta-on t_he other hand, in the case of inclusive Ilg_hpmeson pro-
tion functions(FF's) for charged pions and kaons at leading dUction at moderatey in high-energypp collisions, the

order (LO) and next-to-leading ordéNLO) [1]. These new cross section is dominated by gluon fragmentati@h In
parametrizations were tested against datamdn K*, and ep collisions with almost real photons at HERA, the situa-

i Y L . tion is mixed. In the lowep+ range <15 Ge\), inclusive
chargt_ad hadron productlpn e annihilation at various single hadron production proceeds dominantly via the re-
energies and data on single-charged-hadron production Mived photoproduction processgg—gg, qg—gd, and

2 . . 1 )
smallQ® ep scattering at the DES¥p collider HERA, qg—qg, where the first and second partons originate from
which presents a nontrivial check of the factorization theo4q yirtual photon and the proton, respectively, while the
rem of_the QCD-|mpered parton model_. third one fragments into the outgoing hadi{@&}. Direct pho-

0Be5|des charged.p|0ns and kaons orjust_ charg_ed hadrorl%’production only plays a significant role at largey [9].
Ks mesons are easily detected through their dominant decapherefore, the quark and gluon fragmentations should give
into =" pairs. The ALEP"[Z], DELPHI [3], OPAL [4], Comparab|e contributions even at Sn’]a.“_

and L3[5] Collaborations at the CERM"e™ collider LEP In our previous work on FF’s for charged pions and kaons
have recentlg reported their high-statistics analyses of incluf1], we could exploit the information from tagged three-jet
sive singleK™ production. events ine*e™ annihilation to constrain the gluon fragmen-

Following our strategy of constructing FF's for chargedtation into charged hadrons, which also constrained those
pions and kaons, we shall combine these new dat&%n into charged pions and kaons. Unfortunately, such informa-
production at theZ resonance with the rather precise datation is not yet available for inclusiv&k® production in
taken atys=29 GeV by the Mark Il Collaboratiof6] at the  e*e~ annihilation. Thus, we shall have to resort to the in-
SLAC e"e” storage ring PEP to obtain FF's for the neutral formation on gluon fragmentation into charged kaons which
kaons. Owing to the factorization theorem, the same FF’s cawe extracted in Ref]1].
be used to predict cross sections of inclusive sitflgoro- Another problem that requires special attention is related
duction at high transverse momenia) in other processes to the distinction of different quark flavors K fragmenta-
like ep and pp scattering. The functions characterizing thetion. In our recent analysis af* andK= fragmentatiorj 1],
fragmentation of gluonsy, d, s, ¢, andb quarks(anti- we had some information on the fragmentation of specific

flavors at our disposal. Preliminary measurements of
charged-hadron production by the ALEPH Collaboration
* Permanent address: Max-Planck-Instittiir ®hysik, Werner- [10] distinguished between three cases, namely, the fragmen-
Heisenberg-Institut, Fainger Ring 6, 80805 Munich, Germany.  tation of (i) u, d, s quarks,(ii) b quarks only, andiii) all
lunless stated otherwise, we shall collectively use the symbofive flavors @, d, s, ¢, andb). This enabled us to remove
KO for the sum ofk$ andK? (or K andK?). the assumption that ths, ¢, andb (d, ¢, and b) quarks
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fragment into charged pior(kaons in the same way, which for ep and pp collisions with H1, UA5, and CDF experi-
we had made in our earlier wofld1]. Although equivalent mental results. Our conclusions will be summarized in Sec.
information is still lacking fork® fragmentation ine*e~ lll. In the Appendix, we shall list simple parametrizations of
annihilation, we shall follow the approach of our recent workour FF sets for inclusiv&® production.

on 7~ andK™ production[1], where no additional identities

between the FF's of different quark flavors were imposed, Il. RESULTS

except those following from the flavor content of the pro- ) )
duced mesons. Should it turn out that the relative importance For our analysis, we select the data KA production
of the different flavors cannot yet be pinned down so reli-taken at energy/s=29 GeV by the Mark Il Collaboration at
ably, then this will not be because of a shortcoming of thisPEP[6] and those collected afs=M by the ALEPH Col-
specific procedure; this would just signal that more detailedaboration at LEP[2]. These data come in the form
data are indispensable in order to determine the differenced/ohaddo/dx as a function ok=2Eo/ s, wherey/s and

in flavors of the FF’s more accurately, leaving room for fur- Exo are thee*e” andK® energies in the c.m. system, re-
ther improvements. spectively. The data from Mark Il and ALEPH lie within the

It is the purpose of this work to make use of the newranges 0.036x<0.69 and 0.003 698x=<0.8187, respec-

K data by ALEPH[2] together with thek® data by Mark II tively. These and othee™ e~ experiments present inclusive
[6] to construct new LO and NLO sets of FF's, only identi- CT0ss sections foKs+K{ (or K°+K?), i.e., the sum of the
fying the FF’s of thed ands quarks and imposing no con- WO individual rates. Wg adopt this gonventlon, I.e., our FF’'s
straint on the quarks otherwise. At the starting s@ge we  refer to the fragmentation of any given parton irtd and
shall take the gluon FF's of the neutral kaons to be equal t&0 (or K® andK®). For the fitting procedure, we use the
their charged counterparts. The recent data from DELPHbins in the interval betweex,,;,=max(0.1, 2 GeV{/s) and
[3], OPAL [4], and L3[5] agree with the ALEPH data and Xmax—= 0.8 and integrate the theoretical functions over the bin
will not be used in our fit. A comparison of all four data sets Widths, which is equivalent to the experimental binning pro-
may be found in a report by OPA[4]. We choose the cedure. The restriction at smallis to exclude events in the
ALEPH data, since, in the region of relatively langewhich nonperturbative region, where mass effects are important.
we are mainly interested in, they have a slightly smaller totaMery-largex data suffer from huge uncertainties, so we pre-
error than those from DELPHI and OPAL. The data from L3fer to disregard the few data points aboyg,. As usual, we

do not extend tx values in excess of 0.24 and are thus lesgparametrize the dependence of the FF’s at the starting scale

useful for our purposes. Qo as
Our newK?® FF sets will be tested against older data from
e“e” colliders with lower c.m. energies. Furthermore, we Dgo(x,QS):Nx“(l—x)B, (1)

shall calculate thep distributions ong mesons produced
inclusively inep and pp collisions at various c.m. energies
and compare them with preliminary H1 ddts2] and with . KO KO ) KO KO )
data from UA5[13] and CDF{14], in order to check whether the condition D,s (x,Q)=Dg "" (x,Q%). For all the
the gluon fragmentation and the relative importance of variOther quark FF's, we takll, «, and to be independent fit
ous quark flavors are realistically described. parameters. . _ .

An alternative way of constructing FF’s is to fit to data S mentioned above, the"e" data on inclusive single
generated by well-established Monte CaifldC) event gen- par.tlcle production do nqt well constrgm the .gluon FF,
erators rather than experimental data. This avenue has judfich, however, plays an important role ép reactions and
a NLO set ong FF’s has been presented. This offers us yef1© add_ltlorlal_lnformgtm_n on gluon fragmentation to neutral
another opportunity to test o FF’s, namely, against MC kaons ine™e™ annihilation, we fall back on the results on

output. We shall report the outcome of such a comparisoﬁhe fragmentation_ of gluons into charged kaons obtained in
later on. our recent analysigl]. We argue that the supposedly flavor-

The LO and NLO formalisms for extracting FF's from blind gluon should fragment into charged and neutral kaons
e*e” data are comprehensively described in our previou@t the same rate, and identify the corresponding FF's. Later
works[1,11] and will not be reviewed here. Also, the formu- "IN this section, we shall demonstrate in more detail that, in

las that are needed to calculate the cross sections of inclusi\‘/ié"’mtf of betterr:jata, this is a sensible pres_criptihon. H
single hadron production iep collisions (with almost real Of course, the data o™ andK ™ productions have muc

photons and inpp collisions may be found in earlier publi- Pelter statistics than thie® production data under investiga-
cations[1,8,9. The NLO formulas in these references arelion |n+th|s paper. For this reason, and for compatibility with
based on the works by Aversa al.[16] (resolved photopro- OUr 7~ andK™ sets, we do nOt(sl;mM_S anew, but adopt the
duction andpp collisions, Aurencheet al.[17] (direct pho-  Values determined in Refl], A= 108 MeV (227 MeV)
toproduction, and Altarelliet al. [18] (e*e™ collisions. in LO (NLO), whereMS denotes the modified minimal sub-
This paper is organized as follows. In Sec. Il, we shalltraction scheme. We are thus left with 12 independent fit
describe the actual analysis and present our results for thearameters.
K® FF. We shall also check these FF’s agaieise™ data at The quality of the fit is measured in terms of th@ for
lower energies which we did not use in our fits. Furthermoreall selected data points. The technical procedure to determine
we shall compare the calculated incIusK(% cross sections these 12 parameters, using well-tested numerical techniques

wherea stands for any quark flavor or the gluon. We impose
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TABLE I. c.m. energies, experimental collaborations, numbers of data points useds(z,ﬁndalues
obtained at NLO and LO for the variows e~ data samples discussed in the text. The data used in the fits

are marked by an asterisk.

Vs [GeV] Experiment Ref. No. of points ~ x% in NLO X3¢ in LO
91.2 ALEPH * [2] 9 0.47 0.52
DELPHI [3] 11 0.96 0.98
OPAL [4] 8 1.23 0.98
35.0 CELLO [21] 6 0.22 0.24
TASSO [22] 10 1.64 1.56
29.0 Mark 1l * [6] 11 0.40 0.47
HRS [23] 12 2.83 3.37
TPC [24] 6 0.35 0.43
10.49 CLEO [25] 12 1.05 1.38
9.98 ARGUS [26] 4 4.02 4.90

of multidimensional optimizatiof19], is similar to our ear-
lier work [1]. As in Ref.[1], we choos&),= \J2 GeV for the
u, d, ands quarks,Qy=m(7.)=2.9788 GeV[20] for the
¢ quark, andQy=m(Y)=9.460 37 GeV[20] for the b
quark. Our results are listed below. For the sumkéfand
K°, we find
Df,KOHZO'LO)(X.Qg)=0.54(_O'77(1—X)1'49,
0, 0 0, 0
DG " 9(%,Q§) =D (x,Qf)
=154 %741-x)3",
D(CKO+'ZO~LO)(X,Q§)=1.13(70'70(1—X)3'02,
D(bK0+|ZO,|_o)(X’Qg):0.64(—0.63(1_)()1.84,
DEJK°+K°,L0)(X'Q(2))20_375(—0.21(1_)()3.07 )
in LO, and
DEJKOHZOYNLO)(X,Q(Z))20_53(70.57(1_)()1.87,
0, 10 0,10
DgK +K 'NLO)(X,QS):D(SK +K 'NLO)(X,QS)
=1.45¢ *%q1-x)3%
D(CK°+ IZO,NLO)(X,Q?)) = 1.70¢ 05%(1— x)378
DBK0+}ZO’NLO)(X,QS):0'475(70.66(1_)()1.49’
DéKO-HZO,NLO)(X’QS):0‘3])(—0.17(1_)()0.89 3)
in NLO. Here, it is understood that ti@3 values refer to the

individual starting points given above.
As pointed out before, no experimental information on

N, «, andg turn out to be appreciably correlated in E(®.

and (3). This could be remedied in the future, when the
K°-production experiments at LEP and the SLAC Linear
Collider (SLC) discriminate between the fragmentation of
theb, c, and light flavors. To obtain an estimate of the un-
certainties in the various parameters of the quark FF's, we
force one parameter at a time away from the local minimum.
Allowing for an increase of 30% iy we can shift the
individual parameters by 3%—15%.

For the data that we fitted to, we find very smaf:
values, namely, 0.480.49 at NLO (LO). The x3r values
achieved for the various data sets may be seen from Table I.
Our FF's also give a good description of tHeresonance
data from DELPHI[3] and OPAL[4], with values of y3¢
around unity. The same is true for the lower-energy data
taken by CELLO[21] and TASSO[22] at the DESYe*e™
collider PETRA (\/§= 35 GeV) and for the data collected by
HRS [23] and TPC[24] at PEP (/s=29 Ge\). Among
the data that we compared with, those from CLEX5] and
ARGUS [26] have the lowest energyy6=10 Ge\). Only
the ARGUS data give an exceptionally Iar)géF, of order 4.

For the reader’s convenience, we list simple parametriza-
tions of thex and Q? dependences of o® FF sets in the
Appendix. We believe that such parametrizations are indis-
pensable for practical purposes, especially at NLO. However,
we should caution the reader that these parametrizations de
scribe the evolution of the FF's only approximately. Devia-
tions in excess of 10% may occur fpr<0.1 orx>0.8, and
for Q>100 GeV, in particular for the gluon. While this kind
of accuracy is fully satisfactory for most applications, it is
insufficient for the comparison with the high-statistics data
collected at LEP. We wish to point out that alpe values
presented in this paper have been computed using FF's with
explicit Q2 evolution, which have an estimated relative error
of less than 0.4%. B

Since we have built in thec andbb thresholds, we have

flavor differences in the quark FF's is yet available. As athree different starting scalé3,. To illustrate the relative
consequence, in the case of the quark FF's, the parametesizes of the FF's for the different quark flavors and the gluon,
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Js=91.2 and 29.0 GeV. The theoretical calculations are compared
with the respective experimental data by ALEPH and Mark I

we have plotted them in Fig. 1 as functions»ofor Q_: 10 [6]. For better separation, the distributions at 29.0 GeV have been
GeV. We show only the NLO results. The pattern is some<jiiged by ten.

what unusual and, contrary to mal expectations, not very
similar to the K* FF's in our earlier work[1]. The
u-quark, b-quark, and gluon FF’s are rather hard, while the .

d/s-quark and the-quark distributions are soft. This pattern €.9., foryy, ep, or hadron-hadron collisions. In the follow-

is already visible at the starting scals in Eq. (3), where ing, we shall present NLO predictions for inclusive photo-
we must keep in mind, however, tha, takes on tr’1ree dis- Production ofK2 mesons at HERA and confront them with

tinct values for the lightc, andb quarks. Guided by our preliminary data takgn by HI12]. As in the H1 measure-
findings in connection withK = fragmentation, we would ex- méant, we shall consider ther spef:t_rum of the produced
pect that, in Fig. 1, thel/s-quark FF should be hardest, and Ks Mesons, averaged over the rapidity rafigg|<1.5. We
that theb-quark FF should resemble that of thequark. At ~ shall work at NLO in theMS scheme withN;=5 quark
this stage, it cannot be excluded that the relative importancBavors, fix the renormalization and factorization scales by
of the individual quark flavors will need some adjustment.settingu=M =M =M= ¢£pr, and adopt the NLO parton
But for this we would need additiona* e~ data on inclu-  distribution functions(PDF's) of the photon and the proton
sive K° production for which the fragmentation of the vari- from Refs.[27,28, respectively, together with our NLO
ous quark flavors and the gluon is disentangled, similarly td-F's. We wish to emphasize that the hard-scattering cross
what has been done in the case of Charged_hadron produéections will also be calculated up to NLO. We shall evaluate
tion. Unfortunately, the existing information fromp and  «s to two loops WithA%= 158 MeV [28]. The quasireal
pp collisions does not help us much either. Because of itphoton spectrum will be simulated according to H1 condi-
high threshold,b-quark production is absent at smail}, tions, by imposing the cut 08z<0.7 onz=E,/E, and
below 9.5 GeV. In ouep analysis,c/c production accounts choosingQ,znaxz 0.01 Ge\2. Our predictions forg=1/2, 1,
for 18% (21%) of the cross section gir=5 (8) GeV, while,  and 2 are confronted with the H1 points in Fig. 3. The agree-
in our pp calculation forys=1.8 TeV, its contribution at the ment is very satisfactory as for both shape and normaliza-
samepy value is 1.6%(1.9%), i.e., in both reactions it is tion. Unfortunately, the H1 data are accumulated at rather
small or negligible. small pt (pr=3 GeV), whereas our predictions should be
The goodness of our fits to the ALEPR] and Mark Il more reliable at larggpr. Thus, the perfect agreement at the
[6] data may be judged from Fig. 2. At NLQO), we find  low end of thep; spectrum is perhaps somewhat fortuitous.
X%F values of 0.47(0.52 for ALEPH and 0.40(0.47 for = We must bear in mind, however, that this represents the first
Mark II. measurement of inclusivé2 production at HERA, based on
The factorization theorem guarantees that the FF’s whiclidata taken in 1993, and that the numbers are still preliminary.
we extracted frome™e” data may also be used to predict More data at largep; are expected to appear after the analy-
other types of inclusive singl&® production cross sections, sis of the 1994 run is completed. As we see in Fig. 3, the
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FIG. 3. The(preliminary p; spectrum of inclusivng produc- FIG. 4. Thepy spectra of incIusivng production inpp colli-

tion in ep collisions as measured by H12] is compared with the sions as measured by UA%3] at s=900, 546, and 200 GeV are

NLO calculation in theMS scheme withN;=5 flavors using the compared with the respective NLO calculations in M8 scheme

photon and proton PDF's of Ref§27,28, respectively, together with N¢=5 flavors using the proton and antiproton PDF's of Ref.

with our FF’s. The dashe@olid, dash-dottedcurves correspond to  [28]. For better separation, the spectra have been separated by fac-

the choice£=0.5(1,2). tors of ten. The dashddolid, dash-dottedcurves correspond to the
choicesé=0.5(1,2).

cross section shows only moderate scale dependence, which . ) o

indicates relatively good perturbative stability. Notice thations are valid only fopr>myo; their reliability atpy below

our prediction in Fig. 3 refers tKOSproduction, which cor- 1 Gey, say, Is certainly questlopable. At this point, we
responds to the average kP andK®. would like to encourage our experimental colleagues in the

There only exists rather limited experimental information CDF Collaboration to ‘T’IISO analyze the vast amount of data
. . 0 . : collected after 1989 with respect to light-meson fragmenta-
on inclusiveK g production inpp collisions. The only high-

. tion. In view of the considerable recent theoretical progress
energy data available come from the UA5 Collaborafib8] prog

= in this field, this would be interesting and exciting in its own
at the CERN Super Proton Synchrotr@ppS) and from the it rather than but a boring measure to assess backgrounds
CDF Collaboration[14] at the Fermilab Tevatron. In Fig. 4, 'gnt, u g . grou

“ for certain other processes which presently happen to be
we SQOW our _predictions for thepr spectrum of 46 en vogue. In fact, this would allow us to test the QCD-
pp—Kg+X at Ys=200, 546, and 900 GeV, with rapidity improved parton model and, in particular, the factorization
averaged over the interval 2.5<y<2.5. The calculation is theorem at the quantum level.
performed at NLO in theMS scheme wittN¢=5 quark fla- Because of their limitegh; range and their modest accu-
vors using the CTEQ3 proton PDH'28]. The renormaliza- racy, the data sets presented in Figs. 4 and 5 are not so well
tion and fragmentation scales are identified and set equal tsuited for constraining the FF’'s obtained from thée~
pr/2, pr, and Zr. The agreement with the UAS daffd3]  analysis. However, they provide a welcome cross check, in
is satisfactory. It is worst for the highest c.m. energy. Unfor-particular with respect to the gluon FF, which is only feebly
tunately, these data are accumulated at rather spgallAt  constrained by the™e™ data. To elaborate this point, we
large pr, the data seem to favor scales equapid2. The investigate the influence of the gluon fragmentation on the
data from CDF[14] are more recent. They were taken atep andpp cross sections. To that end, we repeat the calcu-
\/§= 630 and 1800 GeV. These data, together with our theolations of Figs. 3—5 switching off the quark FF’s. In Fig. 6,
retical results for scalep;/2, pt, and 21, are plotted vs we show the outcome normalized to the full calculations for
pr in Fig. 5. The experimental and theoretical results arghe ep cross section and the 200 GeV, 630 GeV, and 1800
both averaged ovely|<1.0. Unfortunately, the CDF data, GeV pp cross sections. We observe that, in the lpywange,
too, have rather smapl;. Again, the agreement of our cal- the pp cross sections are overwhelmingly dominated by the
culation with the data at largpt is best for scales equal to gluon FF. The ratio increases with c.m. energy and exceeds
p1/2. The astonishingly good agreement at very smpalls ~ 90% at the largest energy. This shows that, if it were not for
perhaps somewhat accidental, since the theoretical predithe large errors, thep data would be perfectly well suited
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dictions for the 1800 GeV and 630 GeV CIDE4], 200 GeV UA5

for constraining the gluon FF. Looking back at Figs. 4 and 5,[13]’ and H1[12] experiments, respectively.

it is fair to say that the strength of the gluon FF as obtained
from oure*e” —h*+X fits is large enough to account for
the pp data. This is in accord with recent studies of inclusive
charged-hadron production ipp collisions [29]. We also
examined in whictx range the gluon FF maximally contrib-
utes to thepp inclusive cross sections in thg: range con-
sidered. Depending on the c.m. energy, the most importal
x values are concentrated around 0.4. This means that the
pp data only constrain the gluon FF in a limited range of

respective gluon FF'&t least for high c.m. energigsvhich
enables us to tegb). On the other hand, this ratio has been
measured for both charged and neutral kaons, providing us
with a check of(a). In Fig. 7, we confront our predictions,
Iﬁased on assumptiori@ and(b), with the experimental data

X. On the other hand, we know that teée™ data do not 08 T
determine the gluon FF very accurately, i.e., a good descrip- s ]
tion of thee"e™ data may also be obtained with a weaker A : gls!Fséatg) ;nv ] ;
gluon FF. Theep data also need a sufficiently strong gluon 08 I~ ———- 0 cP 27 c:v n
FF, in particular to describe the data nggr=2 GeV. At
largerpy, the influence of the gluon FF diminishes, and the [ ]
guark FF's come into play much more strongly. This is to be é" 04 — —
expected, since, in thep cross section, thgg— qg channel e ]
is similarly important as thgg—gg andqg— gq channels, [ ]
even at smaIbT. 02 — gﬁi}'? .:.:.:.i:i:.:.é:.:..— P At |
Having established the importance of the gluon FF for " ]
Kg production inpp collisions, we should take a closer look § I
at our assumptions. goncerning the gluon FF. These were o.o‘J it é e " e ; . p
twofold. (a) We explicitly stated that we were going to as- Py (GeV/c)

sume Dgo(x,Qo)zDgi(x,Qo). (b) A second, hidden as-

sumption was thaDg had been well constrained by our g 7, Ratio of the differential cross section for inclusive kaon
previous analysi$1], although only experimental informa- production to that for charged hadrons as a functiorppf We
tion on the gluon FF for the sum of the charged hadrons hagompare thep data ork mesons by CDIF14] and thepp data on
been available. By investigating the ratio of the cross sectiok* and K~ mesons(averageti by the British-ScandinaviatBS)

for inclusive kaon production in hadron collisions to that for [30] and Chicago-PrincetofCP) [31] Collaborations with the re-
charged hadrons, we may check both assumptions. For or@ective NLO calculations using our FF's. We compute the denomi-
thing, this ratio is approximately equal to the ratio of the nators by summing over the charged pions and kaons.
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100 had to make in view of shortcomings in the presently avail-
E | | 3 able experimental information. From a theoretical point of
10-1 L PP > Kg +X _] view, it would certainly be desirable to constrain & FF’s
E -— - GR E by using juste*e™ data, as this would enable us to test them
10-2 L — BKK ] in other types of processes so as to probe the factorization
theorem. Unfortunately, this is not yet possible, which has
. 103 L _ led us to use additional input to obtain FF’s that satisfactorily
= E describe a variety of*e”, ep, andpp data.
% 10-5 L _ ll. SUMMARY AND CONCLUSIONS
’E c 1 We presented FF’s for neutral kaons, both at LO and
I 10 6 = 3 NLO. They were constructed from fits to data on inclusive
N_Z o f E K%+ KO production ine™e™ annihilation taken by Mark II
i E [6] at PEP (/s=29 Ge\) and by ALEPH at LEF2]. Al-
s [ B though our FF's were only fitted to the Mark Il and ALEPH
1077 E data, it turned out that they lead to an excellent description of
109 F Vs = 1.8TeV ] other e"e™ data on inclusivek®+K° production ranging
e y=0 from \/s=10 GeV to LEP energy. We always obtaingﬁl,F
oo v b b b ey values of order unity. The only exception, wig§-~4, oc-
0 20 40 60 80 100 curred for the ARGUS data afs=9.98 GeV.
pr [GeV] Since thee*e™ data do not constrain the gluon FF so

B well, we made NLO predictions for thpy spectra ofK‘S’

FIG. 8. pr spectrum of inclusiv&g production inpp collisions  mesons produced inclusively in the scattering of quasireal
for \'s=1.8 TeV andy=0 evaluated at NLO in th#1S scheme photons on protons under HERA conditions and in proton-
with N¢=4 flavors using the proton and antiproton PDF's of Ref. antiproton collisions under UA5 and CDF conditions, and
[32]. The prediction based on the FF’'s of REf5] (dashed lingis  confronted them with the respective data. The agreements
compared with our predictiofsolid line). turned out to be reasonable. We discovered that the gluon FF

is very important to account for thep data. We are thus

on neutral-kaon production in 1.8 Te¥p collisions by CDF ~ faced yvith the unfortunate situati_on _that tpé data almost
[14] and on charged-kaon production in 53 GeV and 27 Ge\px_cll,.lsweiy test the gluon FF, which is of little relevance for
pp scattering by the British-Scandinavian Collaborafige] ~ €Xistinge’e™ data. Vice versa, the quark FF's, which, up to
at the CERN Intersecting Storage RingSR) and by the & residual uncertainty in the relative |mportrimce of the indi-
Chicago-Princeton Collaboratiof81] at Fermilab, respec- Vidual flavors, are fixed by a wealth @'e” data, have
tively. In the theoretical calculation of charged-hadron pro-hardly any impact orpp—Ks+X. The situation will be
duction, only charged pions and kaons are included. Protongmeliorated as soon as thep-scattering experiments at
A hyperons, and other heavy hadrons are known to contribtlERA provide us WI'Fh higher-statistics data, in particular at
ute little to the cross section and are neglected here. We fin@rgerpr . In conclusion, present data do not yet allow us to
reasonable agreement throughout with the data. All data, dgst the universality of the FF's in inclusiw€® production;
well as our predictions, approach a plateau at not-too-smaihe situation rather requires that we exploit the universality
p. Its height is about 0.2, fairly independently of the C_m_postu[ated by the fgctorization_theorgm in order to extract
energy whether neutral or charged kaons are considered. meaningful FF's. This was achieved in the work presented
At this point, we should compare our results on &  here.
FF's with those obtained in Ref15]. In Fig. 8, we do this In order to make further progress, one would nec¢e "
for the Pt dependence (_ljzo-/dydp]_ in the case of inclusive data on inCIUSiveKO prOdUCtion in which different quark
K2 production inpp collisions atys=1.8 TeV andy=0. flavors are tagged. Also, the gluon FF would have to be

The calculation is performed at NLO in théS scheme with icnortlastra(lar:je?h:):;t_gé,t i‘\%h?sy osrtut;jylrr:]ge;nsﬂlrjiil([%tr?(reol(z)t:]ailgﬂjinal
N;=4 flavors using set A of the proton PDF’s of RE82] 99 J y 9 9

her withA 4= h dicti part of the cross section, similar to what has been done for
together withA yz5=230 MeV. The two predictions agree re- .p4rqeq particles. As fagp andpp collisions, data at larger

markably well over the entirdr range considered. We |, ith sufficient accuracy would be highly welcome, since
should bear in mind that the analysis of Raf5] is based on  this would allow us to quantitatively test the factorization

data generated with an MC event generator, while we USgheorem of fragmentation in the QCD-improved parton
genuine experimental data. In the MC approach, the fragy,qdel.

mentation process is simulated according to some theoretical
model with a set of parameters tuned so as to fit a certain
choice of experimental data. Therefore, that approach is
more indirect than our procedure.

These tests reassure us of the soundness of the assump-We are grateful to Frank Linsel for making available to us
tions concerning the gluon FF of the neutral kaons which wahe preliminary H1 data on inclusive photoproduction of
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APPENDIX A: PARAMETRIZATIONS N=1.130-0.765.+ 01652

. . .+ 0. :

For the reader’s convenience, we shall present here simple _
parametrizations of the and Q? dependence of our FF%. a=—0.700-0.30%,
As usual, we introduce the scaling variable

B=13.020+0.763,— 0.034

s=| IN(Q%/A?) (A1)
S=IN———>. 0, KO0
|n(Q0/A2) DEK +K 'LO)(X,QZ):
For A we use theMS value appropriate td;=5 flavors, N=0.640-0.37%,+ O.OSLE%
since the parametrization would not benefit from the incor-
poration of discontinuities irs. A% is taken from our pre- a=—0.630- O.35§b+0.04]§§
vious fit[1] to be 108 MeV(227 MeV) in LO (NLO). Simi-
lar to Egs.(2) and (3), we use three different values for Bz1.840+O.62]§,D+O.02§2b
Qo: namely, B
D(K0+KO,LO) X,02):
J2GeVv if a=u,d,s,g, g (x.Q%)
Qo={ M(7.)=2.9788 GeV ifa=c, (A2 N=0.370-0.87%+0.97%?— 0.39&>

m(Y)=9.46037 Gev  if a=b. a=—0.210- 2.85%+2.0947 — 0.604°

This leads to three different definitions af For definiteness,

we use the symbd, for charm and,, for bottom along with B=3.070+ 1.356:— 0.584°
s for the residual partons. —

We parametrize our FF's by simple functions sinwith (2) NLO FF's for (K°+K°):
coefficients which we write as polynomials B s;, and DKHKONLO)(y 32):

S,. We find that the template
N=0.530-0.25%+ 0.03%2
D(x,Q%) =Nx*(1—x)# (A3)

, o , o _ a=—0.570-0.593%+0.14152
is sufficiently flexible. Fors=s;=s,=0, the parametriza-
tions agree with the respectiansazein Egs. (2) and (3). B=1.870+0.895— 0.146?
The charm and bottom parametrizations must be put to zero
by hand fors.<0 ands,<0, respectively.

We list below the parameters to be inserted in ER)
both at LO and NLO. The resulting parametrizations cor-
rectly describe the Q? evolution up to 10% for
Qo=0Q=100 GeV and 0.£x=<0.8.

(1) LO FF’s for (K°+K?9):

K9+KO Lo . _
DI KO (x,Q2): B=23.840+0.10&+ 0.27%?
N=0.540-0.21&

0,0 0,0
DgK +K ,NLO)(X'QZ):DgK +K 'NLO)(X,QZ):
N=1.450-1.69%4+ 1.081s%—0.287%°

a=—0.620-0.584+0.08&?+0.03&>

DgK°+ IZO,NLO)(X'QZ):

a=-0.770-0.24% N=1.700- 1.255, + 0.3072

- _ = =2
2A FORTRAN subroutine that returns the FF’s for giverand Q2 a=—0.510-0.4365.+0.03%;

may be obtained from the authors via electronic-mail _ -
(binnewie@ips107.desy.de, kniehl@vms.mppmu.mpg.de B=3.760+0.64Gs.— 0.036

(A4)

(A5)

(A6)

(A7)

(A8)

(A9)

(A10)

(A11)



DE)KO-HZO,NLO)(X,QZ):
N=0.470-0.31%,+0.10%
a=—0.660-0.53%,+0.15%;

B=1.490+ 0.42G5,+ 0.0852 (A12)
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0,0
DE,K +K ,NLO)(X'QZ):
N=0.310-0.585%+ 0.66&%—0.2&°
a=—0.170- 3.5815+3.89(%2— 1.58 %%

B=0.890+ 0.965%+ 0.95%%— 0.406° (A13)
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