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A FORTRAN packagecontainingparametrizations01 parton distributionfunctions ( PDFs)in the proton is describcd.It
allows aneasyaccessto PDFsprovided by severalrecentparametrizationsand to someparameterscharacterizingparticular

parametrization.Somecommentsaboutthe use 01 various parametrizations arcalso included.

PROGRAM SUMMARY

title o/progratn: PAKPDFversion I. I Keywords: perturhative quantum chromodynamics (QUO),
0(1) improvedpartonmodel,standardmodel.Altarelli—Parisi

(‘aialogus’ iuonher: ACGU equation.deep inealstic scattering,parton distribution tune—
tions (PDFs), structurefunctions,cross—sections

Program obtainable from: CPU Program Libran, Queen’s
University of Belfast. N. Ireland (see applicationform in this A’anire of physicalproblem
issue) In theframeworkof theQUO improvedparton model.parton

distribution functionsplay a basic role enablingto relate the
Licensingproi salons:none theoreticallv calculated hard partonic cross—sectionwith the

experimentallymeasuredone. Their specific featuresdeter-
Computerfor wiii/i theprogram i.s designed:Ii) IBM 3090. (ii) mine the behaviourof hadroniccross-sectionsat high cner-
VAX. and anycomputerwith a FORTRAN 77 compiler gies.The accurateknowledgeof PDFsis important especially

in precision studies ol t he stancIaRI model, in est rnat i ng
Operatingsystemswider wine/i the program ha,s beeti tested: ( i ) possiblesourcesof backgroundin searchtbr new physics and
MVS: (ii) VMS in predictions for forthcoming coIliders A collection of cil

recent parametrizations of parton distribution functions al—
Programming language used:FORTRAN 77 lows an easy and fast access to various PDFs in is ssidc

kinematicrange.
Memnors’ required required to ereciite nit/i typical data 45(11(11
words Met/red of vc/ution

Solutions01 the Altarelli Parisi equationwith input distrihu—
No. of bits in a isord’.32 tions appropriatelydeterminedfrom experimentaldata have

been parametrizedin an analytic form with Q
2-dcpcndent

No. of line.s in distril,uted program including teat data, etc.: paaters or throughthe look— up tablescontaininggrids in
15366 (v. Q~) variables with an interpolating procedure. The

collection ot parametrizationshas a modular tbrm consisting
On leave 01 absencefrom the Institute of Experimental ol severalprocedureswith a unified calling format.
Physics,WarsawUniversity.
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Restrictionson the complexityof theproblem Typical running time
All parametrizationsare applicablein a restricted region of Calculation of parton distributions for all flavours at 100
(x, Q2) variables,dependenton a particularparametrization, various (x, Q2) points takesapproximately0.04 s CPU time
Extensivewarnings/errorsmessagesare provided to control on an IBM 3090.
thevalidity region of input parametersof theprocedures.

LONG WRITE-UP

1. Introduction with very small x, well beyond the currently
measuredrange,will be very important at forth-

The QCD improved parton model providesa coming colliders.Available theoreticalguidelines
comprehensiveframework for describinggeneral were up to now mainly qualitative and only re-
high energy processesin current and planned cently more quantitative studieshave appeared
accelerators[1—41.In this frameworkparton dis- [5—71.
tribution functions (PDFS)play a basic role en- The determiningsourceof information on par-
abling to connect a theoreticallycalculatedpar- ton distribution comes from experimentaldata,
tonic hard cross-sectiono with the experimen- mainlyfrom structurefunctionsmeasuredin deep
tally measuredcross-sectiona-. For example,in a inelasticscattering(DIS). Data from modernhigh
typical hadron—hadroncollision processA + B —s statistics DIS experiments [8,9] (CDHSW,
C + X the relation is the following: BCDMS, EMC andNMC) accompaniedwith the

new analysis[101of the SLAC-MIT experiments
a-AB~CX f~® ~ ~f~’ (1) allowed to get accuratestructurefunctionsdata.

wheref,~is the distribution function of parton a They can be used for constrainingparton distri-
in the hadron A, ~ab -. ~ is the hard scattering butionsin a wide rangeof x (around 0.01 <x <

cross-sectionfor the partonicprocessa + b —~ c, 0.75) and Q2 (around 1 <Q2 < 280 GeV2).
and ® denotesa convolution integral. It is obvi- It should be emphasized,that although the
ous from eq. (1) that specific featuresof PDFs relation betweenstructurefunctions and parton
play a key role in determiningthe behaviourof distributions is intimate, thosequantitiesare not
hadroniccross-sectionsat high energies.The de- identical.Structurefunctionsare physical quanti-
tailed, up-to-dateknowledgeof parton distribu- tieswhich are measuredin a specific deepinelas-
tions is especiallyrequired in the following stud- tic experiment(i.e. they are processdependent).

On the other hand,parton distribution functions
ies:
• precisetestsof the standardmodel; are theoreticalobjectswhich (if properlydefined)
• the study of signalsand backgroundsin search are universal— i.e. theydo not dependenton the

for newphysics; physicalprocessto which they are applied.How-
• predictions made for forthcoming colliders ever,beyond the leading order they start to be

(HERA, LHC andSSC). renormalization-schemedependent.In the QCD
PerturbativeQCD predicts the Q2 evolution improved parton model, structurefunctions can

of the parton distributions by means of the be expressedthrough parton distributions. For
Altarelli—Parisi (AP) equation [1], which de- example, the electromagneticF

2 structurefunc-
scribes well the Q

2-dependenceof measured tion for ep scatteringhas the following form (in
structurefunctionswithin the rangeof available leadingorder):
energies.However, the size and shape of the
distributions are not specified by QCD. Some F

2(x, Q
2) = >.e~xq(x,Q2), (2)

ideasfrom Regge(soft) physics (see e.g. ref. [21) q

happento be very helpful in determining the x
shapeof PDFs. The extrapolationto smaller x, where q(x, Q2) is the quarkdistribution function
however,is still not verywell understood.Partons and eq denotesthe chargeof a quark q.
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In order to determineparton distributions, a • a global numerical fit is next performed to
“global analysis” is usuallyperformed.The terni determinethe “best” valuesfor the parameters
“global analysis” refers to the quantitativecorn- appearing in the formulas for PDFs at Q~
parison of experimentaldata from a wide range scale;
of physical processeswith the QCD predictions • finally, input distributionsat Q~with the ~‘ best”
(e.g.eq.(1)), for the purposeof extractinga set of parametersare evolved to higher Q2 values
universal parton distribution functions. In more and a set of PDFs in a desired(x. Q2) range is
details, the standardproceduregoesas follows: obtained.
• a reference momentum value Q~is chosen In general a further step is added: the resulting

(usually around4 GeV2) andthe parton distri- distributions are parametrizedby some analytic
butionsat that value are parametrizedwith the formulas with Q2-dependentparametersor a
help of a simple formula, e.g.: q(x, Q~)= look-up table grid in (x, Q2). The parametriza-
Ax~’(l — x)”; lions of parton distribution functions obtainedin

• thesedistributions are then evolved numeri- this way allow an easyandfast accessto PDFs at
cally,usingthe AP equation,to obtain (through, any (x, Q2) point. However, one should remem-
e.g.eq. (1)) valuesfor the quantitiesmeasured her that such parametrizationscan, at best,sum-
in the experiment; marizeour knowledgeconcerningthe parton dis-

Table I
Summary of parametrizations

Parameter IPAR ISET Type N
1 i.~(GeV) x range Q range(GeV) Remarks Ref.

DO I I LO 4 ((.20(1 5 x II) l_1 4—1 ((5 soft gluons.set I 2]
2 LO 4 11.400 5 x 10 ~—i 4—10 hardgluons.set 2
3 LO 4 0.177 10 ~--l 4--l.ti7X It)~ updatcdvcr.,sct1.1 [13]

EHLQ 2 I LO 6 0.200 II) — I S ~i l0~ R ri /u5 (1.1 [4]
2 LO 6 ((.291) R= P0115

DFLM 3 I LO 6 ((.201) 5±10 ~—0.95 l0_l0i average [151
2 NLO 6 (1.300 average.DIS

GRV 4 I LO 5 ((.201) 10 ~--I 0.25—0)~ [16]
2 NLO 5 ((.200 10 ~— I 0.30—io~ M S schente

MT S I) L() 6 ((.144 II) ~— I 4—I ((5 set St. 17]

±I NLO 6 ((.212 DIS/. set S
±2 NLO 6 0237 DIS/S. setSN
±3 NLO 6 IL 194 DIS/MS, set 131
±4 NLO 6 11.191 DIS/MS. set B2

±5 NLO 6 ((.155 DIS/MS. setF

IIMRS 6 I NLO S (LI)))) II) ~—t 5—1.3±10 MS. set F [IS]

2 NLO 5 (1.190 MS. set 13

KMRS 7 I NLO 5 11.19(1 I)) h—i 5±1.3±10 MS. set 131) [19]
2 NLO 5 1(19)) MS. set B-
3 NLO 5 11.1911 , set 13-S
4 NLO 5 ((.19)) MS. set [3-2

MRS S I NLO 5 ((.135 II) ..t 5—1.3±10’ MS. set 13135 [21)]
2 NLO 5 (1.160 MS. set BI6O
3 NLO 5 (1.2(10 MS. set B200
4 NLO 5 0.235 MS. set B235
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tributionsat the time theywereconstructedfrom tions, the order of the approximation(leading
the existingdata, order (LO) or next-to-leadingorder (NLO)), the

This papergives a descriptionof a collection treatmentof the heavy-quarksector,assumptions
(package)of procedureswhich calculate PDFs aboutthe behaviourat small x — to mentiononly
usingrecentparametrizationsof parton distribu- a few (a detailed comparison betweenvarious
tion functions for the proton. The main aim of parametrizationscanbe found in ref. [11,21,22]).
this packageis to collect in one place and one The parametrizationscan be divided into two
format these parametrizations,which represent main groups.The first two (DO andEHLQ) were
the presentknowledge(theoretical and experi- obtainedin the leadingorderQCD approachand
mental)about partondistributions in the proton. arebasedon the experimentaldatawhich existed
In addition, the user is provided with an easy before 1984. The remaining(DFLM, MT, GRV,
access(in the form of a call to the procedure)to HMRS, KMRS and MRS) use the next-to-lead-
useful information relevant to a particular ing order formalism and recent data from the
parametrization(range of validity, value of the high statisticsneutrino and muon experiments.
A0~~parameter,...). Becausethe old data are not in full agreement

The outline of the paper is as follows. In with the new data, the older parametrizations
section 2 more details about collected param- (DO (old sets),EHLQ and to some extent also
etrizationsare given. The structureof the pack- DFLM) do not reproducethe best current data
age is describedin section 3. In section 4 the [11]. The new parametrizations(MT, GRV,
main proceduresare describedin detail. Finally, HMRS, KMRS andMRS) describecurrent deep
section5 containsan exampleof theoutput from inelasticdatawell. Someof them, i.e. KMRS and
the packageandfinal remarks. MT, include various options(asspecific sets)for

the behaviourof PDFs in the region of small x.
This featureis very important for the studiesat

2. The parametrizations the forthcoming colliders (HERA, LHC, SSC),
where the bulk of datawill comefrom processes

The following parametrizationshavebeenin- in which partonscarrya small part of thelongitu-
corporatedin the package(alsoseetable 1): dinal momentum,i.e. small x.

In all applicationswithin the leading orderDO Duke andOwens(1984) [12], Owens
QCD formalism it is sufficient to use the LO

(1991)[13];
parton distributions. It is important, however,

EHLQ Eichten,Hinchliffe, Laneand Quigg that thesedistributions agreewith existing data.
(1984)[14]; As was discussedabove, older LO parametriza-

DFLM Diemoz, Ferroni, Longo and Mar- tions (DO (old sets) and EHLQ) do not reflect
tinelli (1988) [15]; accuratelyrecentdataand thereforeare not rec-

GRV Glück, ReyaandVogt (1991) [161;
ommended.Instead, the LO set of the recentMT Morfin andTung (1990) [17]; MT, GRV parametrizationsor the new (updated)

HMRS Harriman,Martin, RobertsandStir- set of DO parametrizationarepreferred.
ling (1990) [18]; For applications which require higher accu-

KMRS Kwiecinski, Martin, Roberts and racy, the next-to-leadingorder formalism is usu-
Stirling (1990) [19];

MRS Martin, Roberts and Stirling (1990) ally used.Whenthe NLO hardcross-sectionsare
taken (for example, in eq. (1)) also the NLO[20].
parton distributionsshouldbe used in order not

Theseparametrizationsdiffer in many aspects: to looseconsistency(andaccuracy).In this caseit
the choice of experimentaldatataken for deter- is also important to make a consistentchoice of
minationof the input distributions,thetreatment the renormalizationschemein the hardcross-see-
of experimentalerrorsandcorrections,the selec- tion formula and in the definition of the parton
tion of functional forms for the input distribu- distributions (i.e. DIS schemeor MS scheme).
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It follows from comparativestudiesof various ics and not to the input assumptionsbr small .v.
parametrizations[21,221that betweenthe differ- They are usually steeperas .v —~ (I than the ones
ent NLO parametrizationsthe HMRS(B) (or obtainedin the “conventional” approach.
KMRS(B0)) and the MT(S) parametrizations The uncertaintiesconnectedwith the choiceol
should be preferred for high energy studies. the 1Q(’t) value can best he studied with the
Within a particularparametrization(for example, MRS parametrization. It is built around the
MT or KMRS) the use of various sets can he KMRS(B0) set with slightly different ‘~(‘i) val-
helpful in estimatingthe rangeof uncertaintydue uesandpowersof the (I — .v) term in the formula
to the fact that existing data do not completely for the input gluon distribution.
determine all the parton distributions and that For the sake of simple and fast applications
the behaviour of PDFs beyond the currently the new set of the DO parametrization(Set I. I).
measuredregion is not preciselydefinedby OCD providedby J. Owens[13]canhe used.It is based
(especiallyat small x ). on the recentdatafrom DIS, dilepton production

In particular, the approach to the small x anddirect photon plusjet production.All parton
region in various parametrizationsis different. distributions, obtained in LO approach. arc
Largedifferencesin thepredictionsfor the exper- parametrizedin a convenientanalyticalform (the
imentally not yet accessiblesmall-x region Lv ~ sameas the old DO sets). It is meant to replace
0.01 or so) come mainly from the assumptions the old Set I of the DO parametrization.
aboutinput distributions,i.e. how flat or steepan Although the aim of the packageis to collect
input for xG(x. Q~)and x7(x, Q~)has been parametrizationswhich properly describepresent
chosenas x —~ 0. Variousshapesof parton distri- data, threeolder parametrizationswere included
hutions in different sets of the MT parametriza- for backwardcompatibility. The DO (sets 1.2).
tion come mainly from different assumptions EHLQ and DFLM paranietrtzationswere exten-
about the functional form (in .v) of parton distri- sively used in the past and it can he helpful to
hutions. The sets, obtained during detailed and have thosesetsavailablefor comparativestudies.
careful phenomenologicalanalysis, constitute a
collection of allowed (by experimentaldata)be-
haviour of parton distributions at small ,v. The 3. Structure of the package
behaviour of PDFs at small x in the KMRS
parametrization relies on ideas coming from Each parametrizationis specified by two IN-
Reggetheory and from studiesof shadowingef- TEGER numbers: the parametrization code
fects. Two extreme possibilities for the small-x (IPAR) and the set code(ISET). The correspon-
behaviourof gluon and sea quark distributions dencebetweenthis notation and the original one
were assumedat Qj~..vG(x. Q~),.v~(x,Q~) x° as well as a short description of every param-
and x°’5. Shadowingcorrectionswere included etrtzation set is given in table 1. i’he package
by modifying the initial distributionsin the region containstwo user-crientedsubroutines:
of x = 10_a and by including a non-linear • PDSET — allows to get/set values of several
term in the evolution equation.The GRV analy- parameterscharacterizinga particular param-
sis representsan alternative approach to the etrization.
small-x region (and generally to the evolution of • PDVAL — returnspartondistribution functions
partondistributions).In this approacha low-value at (x, Q2) calculatedin a chosenparametriza-
~2 (around 0.3 GeV2) of the input scale Q~is tion; momentum weighted distributions (i.e.
chosenin order to allow for a valence-likeinput .~p(.v,Q2), where p standsfor parton distrihu-
which vanishes~ —s ~ The gluon andseaquark tion) are returned:
distributionsare producedradiativelyby evolving and severalinternalones:
the initial valence-likestructureat /L2 to Q2 > p~. • PDDO. PDEHLQ, PDDFLM, PDGRV,
The resulting predictions for PDFs at x ~ 10 PDMT, PDHMRS, PDKMRS, PDMRS — con-
and Q2 > ~./ are mainly dueto the QCD dynam- tam codesof individual parametrizations.
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• PDWARI, PDWARR, PDWARC — are warn- If severalwarningsoccur, they are returned as
ing procedures, e.g.: = 13: both warnings 1 and 3; = 123: all

• PDDAT — is a block datasegmentwith default threewarnings1, 2 and3.
values.

(2) SUBROUTINE PDSET(tACT, IPAR, ISET,
CHNAME, VALUE, IRET)

4. Description of procedures

In the following the detailed description of Purpose.- to get/setvaluesof some parametersof
user-orientedsubroutinesis given: specifiedparametrization.

(1) SUBROUTINE PDVAL (IPAR, ISET X,
~2 XPDF IRET) Arguments:tACT: (INTEGER, input) specifiesaction:

= 0: write short information about all the
Purpose: to get values of PDFs in a chosen parametrizations;IPAR, ISET, CHNAME,
parametrization. VALUE-dummy variables;

= 1: get VALUE of the parameterCHNAME in
Arguments: specifiedparametrizations:input variables:
IPAR: (INTEGER, input) specifiesparametriza- IPAR, ISET, CHNAME, output variable:
tion. VALUE;
ISET: (INTEGER, input) specifies set in the = 2: set parameterCHNAME to VALUE in
parametrizationIPAR. specifiedparametrizations:input variables:
X: (REAL * 8, input) value of the Bjorken x IPAR, ISET, CHNAME, VALUE.
variable. IPAR: (INTEGER, input) specifiesparametriza-
Q2: (REAL * 8, input) squareof the momentum tion.
scale,in GeV2. ISET: (INTEGER, input) specifies set in the
XPDF: (REAL * 8, output) (— 6 : 6) vector with parametrizationIPAR.
momentumweighted(X * p(X, Q2)) PDFs; CHNAME: (CHARACTER, input) name of the
the assignmentof flavoursin the XPDF vector is parameter(uppercase!):
as follows [23]: if tACT = 0: dummyvariable;
IPDF = 0, 1, 2, 3, 4, 5, 6, if tACT = 1, i.e. “get” option:
flavour= G, d, u, s,c, b, t, = NFL: number of flavours provided by the
with negativevalues of IPDF correspondingto parametrization;
antiquarks. = ORD: order of pert. calculations; 1 LO, ±2
IRET: (INTEGER, output) return error/warning NLO(DIS, MS);
code; = LAMBDA: value of the ~ (for 4 flavours);
= 0, no errors; = MTOP: top quark mass, in GeV;
errors: = XMIN: lower limit of X variablerange;
= — 1: X <0; = XMAX: upperlimit of X variable range;
= —2: X> 1; = Q2MIN: lower limit of 02 variable range,in
warnings: GeV2
= 1: parametrizationcode is not valid (default = 020: startingvalueof Q2 evolution

value taken); (~Q2MIN), in GeV2
= 2: X out of (XMIN, XMAX) range(limit value = Q2MAX: upperlimit of Q2 variable range,in

usuallytaken); GeV2
= 3: Q2 out of (Q2MIN, Q2MAX) range (limit = NOUT: unit no. for output messages(default

value taken). = 6);



366 K. C/iarc/nsla / Para,netrizatton.sof parton distribution /unctlon.s

if 1ACT = 2. i.e. “set” option: Finally, severalgeneralremarksconcerningthe
= MTOP: massof the top quark; whole package:
= NOUT: unit no. for output messages;VALUE • it is an extendedand modified version of the

= 0 — no warningsappear. packagedescribedin ref. [25];
VALUE: (REAL ~8) value of specifiedparame- • the flavour codesof partonsfollow the Particle
ter CHNAME; DataGroupnumberingconvention[23]; in par-
for IACT = 0 — dummy; ticular. the code for the up quark is 2 and for
for IACT = 1 — output; the down quark 1;
for 1ACT = 2 — input. • partondistributionsreturnedin the XPDF vec-
IRET: (INTEGER, output)return error/warning for satisfy the momentum conservation sum
code; rule at every Q. i.e.
= 0: no errors: parameterfound/valid value;

errors: , . . f’dx E.vp1(x,Q
2) = I,

= — I: parametrizationcode is not valid; i 0

= —2: parameteris not found;
= —3: wrong value of parameter(also IACT). where xj

1(x, Q

2)= XPDF(i) at (x, Q).

• the default parametrization is the MT
parametrization,set “S”, i.e. IPAR = 5, ISET

For completeness,below is the format of pro- = I:
cedurescontainingthe FORTRAN codefor indt- • the DO, MT andGRV parametrizationscanhe
vidual parametrizations.Those routines can he used to X valueslower than XMIN hut results
usedas stand-aloneproceduresbut, for example, may he unreliable(an appropriatewarningwill
warningand errorsmessageswill not be issued. be issued);

• in the parametrizationswhich provide the top

(3) SUBROUTINE subname (ISET, X, 02. quarkdistribution (Ef-ILQ. DFLM and MT) it
XPDF) is possible to change (through PDSET) the

value of the top quark mass; the modification
of the top quark distribution is achievedby a

Purpose: to calculate PDFs in a parametrization simple rescaling of the momentum scale:
identified by subname,where subname= PDDO, mil QOIJ =

PDEHLQ, PDDFLM, PDGRV, PDMT, • the conventionfor messagecodesis the follow-
PDHMRS, PDKMRS, PDMRS. ing:

I RET = (I — no errors.

Arguments: > 0 — warnings.
ISET: (INTEGER, input) specifies set in the <0 — errors:
parametrizationsubname, • all proceduresand commonsbegin with PD,
X: (REAL s 8, input) value of the Bjorken x t.C. PDVAL;
variable.
02: (REAL * 8, input) squareof the momentum
scale,in GeV. 5. Final remarks
XPDF: (REAL * 8, output) (—6:6) vector with
momentumweighted(X * p(X, 02)) PDFS; An exampleof the numerical resultsobtained
the assignmentof flavours in the XPDF vectoris from the PAKPDF packageis presentedin fig. I.
as follows [23]: The predictions for the gluon distribution at Q’
IPDF = 0, 1, 2, 3, 4. 5, 6; = 10 GeV2 coming from various parametriza-
flavour= 6. d, u, s, c, h. t; tions are compared.Becauseof the dependance
with negativevalues of 1PDF correspondingto on the order of QCD calculationsand renormal-
antiquarks. ization scheme(in NLO order)of PDFs, the LO
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and NLO (MS) distributions are comparedon • In PAKPDF values of parton distributions
separate figures. are returned in a vector XPDF (—6: 6) with the

There exists a similar collection of various flavour codeconventionas advocatedby the Par-
parametrizationsof PDFs in the proton called tide DataGroup (asimilar conventionis used in
PDFLIB [24].The main differencesbetweenthese recent versions of some Monte Carlo programs:
two packages(PAKPDF and PDFLIB) can be PYTHIA55, JETSET72,...). In PDFLIB values
summarizesas follows: of partondistributionsare returnedthrough sev-

eral parametersof a calling procedure, which
• The aim of PDFLIB wasto collect all exist-

ing parametrizations(about 50 different sets); correspondto different flavours.• A packagesimilar to PAKPDF — which is
many of those sets, however, do not describe

devotedto the proton — exist for theparametriza-
recentdata, i.e. theseareolder setsbasedon low

tions of PDFs in the photon — PHOPDF [26]; anstatisticsdata. The goal of the PAKPDFpackage
analogousformat of proceduresmakesit easyto

was to collect only recent, up-to-date par- usebothpackagesin some studies(e.g.photopro-
ametrizationsobtainedin different analysesand duction).
basedon presentdata. As a result the sizeof the
package is considerably smaller than that of In a future version of PAKPDF a procedure
PDFLIB. calculating predictions for various DIS structure

• In PAKPDF there is explicit checkingof the functions from collectedparametrizations will be
allowed(x, Q2) rangefor a chosenparametriza- provided.
tion; in caseof trouble a warning/errorcode is
returned.

• PAKPDFprovidesaccessto severalparame- Acknowledgements
ters characterizingthe chosen parametrization,
like AQCD, number of flavours, order of QCD I would like to thank all the authors of the
analysis,validity rangein (x, Q2). parametrizationsfor permissionto use their code

• PDFLIB allows to calculate the QCD (run- in this package.I am particularly indebtedto G.
ning) coupling constanta~at a given scaleand Ingelmanfor many usefulsuggestionsconcerning
order of QCD approach. the structureof the package.Specialthanksgo to

20.0 ~ 20.0
a b

xG Q2=10 GeV2 xG Q2=10 GeVa

DO 1.1 — HMRS B
15.0 15.0EHLQ 1 KMRS BO

DFLM LO MRS B135

- GRV LO ~- GRV HO

— MT SL 10.0 MT S

10.0

5.0 ---~:-~--~ ~. 5.0

000.0
10~ 10~ 10~ i0~ 10~ 1o~

x x

Fig. 1. Comparisonof gluon distributions at = 10 GeV2 obtained in (a) LO analysesand (b) NLO (MS) analyses.Only
representativesetsof theparametrizationsareshown.
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