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*PDFLIB no longer maintained and does not have the latest PDF sets

*The “error PDF sets” would not easily be included in PDFLIB

- Developed by Walter Giele (FNAL) after the Les Houches
meeting in 2001 to provide

The new concept was to have “on-the-fly” evolution of PDFs starting from the

fitted f(x) distributions at QO, as produced by the PDF authors (MRST, CTEQ, ..)

Featured:

- small parameter files (xxxx.LHpdf) defining the fitted f(x) distributions
at the momentum transfer value QO.

- QCDNUM and EVLCTEQ codes to evolve to higher Q values

- Recipes for extracting the individual parton distributions from the
evolved f(x)s

- The grouping of PDFs into sets — collections of related PDFs with
individual PDF members (eg an error set or a specific distribution set)




The LHAPDF V1 web site (authored by Walter Giele)

http://vircol.fnal.gov/index.html

The LHAPDF Interface

The LHAPDE home Eane- Thsty = LA mads ME)

~Ihe LHAPDF home page= Theory = LHAPDF ready MC's = Downloads = anling manual =

LHAPDF version 1 Users Guide *
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Introduction:

The experimental uncertainties in current and future hadronic colliders are decreasing to a level where more careful consideration has to be given to
the uncertaintes in the theoretical predictions. One important source of these uncertaintes has its origin in Parton Density Functions {PDFs). The PDF AR PDF sqrs are dafined through wremal files. This mems thar @ new ser san be added by simply dewnloading irs file while the INAPDF inverface cods doss mer
uncertainties in turn are areflecten of these in the experimental data used as an input to the PDF fits and in the uncertainties of the theoretical change. Tha svolzion oode & nos pars of LNAFDF. Carrencly, QCTINUM [ L] 5 che defouks svoheion code fully inowzfoced wich LHAFPDF. Ocer evobeion codes cm
calculations used to fit those data. As a consequence, sophisticated statistical methods and approximations have to be developed to handle the e e

propagation of uncertaintes, These metheds are discussed in the theory section,

Contents
A convenient way of evalusting PDTF uncertainties is by expressing the uncertainty in a set of individual PDFs, By evaluating the observable for each of
the members of the PD'F set the PDF uncertainty can be determined. The Les Houches Accord Parton Density Functions (LHAPDF) interface 1 Intraduction

package is designed to work with PDF sets. 2 Analysls using PDF ainities
2.1 Method of Rendom Sampling

Fuipoas: _J'“ The LHAPDF Interface

The Les Houches Accord Parton Density Function interface was conceived at the Les Houches 2001 workshop in the PDF working group to enable 3 Tha LUAPRE hemse gagns Theary » KHAFTE realy M6 s « Pasnioads « plint s
the usage of Parton Density Functions with uncertainties in & unifortn manner. When PDFs with uncertainties are considered, 8 "fit” to the data no
longer is described by a single PDF, Instead in its most flexible implementation, a fit is represented by a PDF set consisting of many individual PDF
metmnbers, Caleulating the observable for all the PDF members enables one to reconstruct the uncertainty on the observable, The LHAPDF interface
was made with this in mind and manipulates PDF sefs,

The LHAPDF code and the PDF files can be obtained in the download section.

Downloads: The LHAPDF Interface

The LHAPDF interface can be viewed as a successor to PDFLIB and improvements
were added. To list some of the features: Tt LIBAPT oo page- Thatey - LASDE rmady 0y . al framework

The handling of PDF sets to enable. PDF fits that include uncertainties, er straightiorarard. However, n mare detailed look reveals many difficult issues. A the PDF uncertainties will affect
5 ; fns . . sdoon coliders, o dear malhermatical rarmework of a PDF B esseutal L], From this forltion sl explct
All PDF sets are defined through external files in parameterized form. This means the
it 5 i k n ption will make exqplicit all £ dbefore ene con make a fit 'I'Jmuamlrr tung
format. 4lso nevr PDF sets can be defined by constructing the PDF defining files, The [Downloads: ariginin i bur mlhrzux? cetical prejudice. Such are as we fit a“?

& The LHAPDF code is modular and default choices like the QCDNUM evolution code e ol e of degrees of freedom (the PDF functional) to  findte set of daka peints.

The LHAPDF cede and the PDF files can be obtained in the dewmnload secten. Several exar file [ Jality density function ?“’M which refects the uncertainty in predicting the observable (2 due to the FDF

%) ives the probability density to measure & vaue x_for observable &)

Jryr density funceion for abgervable Owe have to integrate over the fanctional space of all pasible PDF: V(). The

e probiability density funchions: the prior p y density B e B2 response function of the

ability density function of the fitted i PW“‘"“‘_H— lting formmude is given by

=The LHAPDF home page- Theory - LHAPDF ready MC's - Dow 4 thes with a ma e pathnaene in the be vﬂlatx ju ] llﬂll‘lc)x? uu-r.‘.';},_l, o'[x LTz 1
#

cton cantsing theoretical constraints on the PDF Amctionals such as sum rules and ather potential it constraints
[ The mast cruckal propesty of the prior function s that it defines the functional integral by imposing smoothncss

e of degrees of reedom become finte. The simplest example is an explicit fnite parametrzzation of the FOF

Poag e §W Al AL, B (DRSPS ONE, Ce e, @)

e LIAPTA home page - Dhaery - |MAPTI ready 10y - Damnslonds - aoline. .
SR — b given by the Est {1}, Note that through the f | prar choice we have restricted the integrationto a
F functienals £ !}ndu cheice is founded on plysies azsumptons with no a prieer justification. The resulting




Introduction (continued):-
Version 1 works fine, in principle — but some practical problems:

—> possible small disagreements with values given by the original
author codes, if a different evolution code had been used in the fit.

(eg MRST ~0.2%).
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Introduction (continued):-

— appeared in March 2003 - after the Durham group became
involved in the project.

In collaboration with Walter, “solved” the Version 1 problems by
including the option to use the original interpolation code methods of the
authors — xxxx.LHgrid files.

- no evolution code progams needed = also single compilation
- can include older legacy PDF sets for all.
- much faster

LHAPDF V2

Time (sec) per
InitPDFset

Time (sec) per
100,000 calls to
EvolvePDF

Time (sec) per 1O~ *1 O~
InitPDF 5*10"-7 5*10"-7

The downside is that the xxxx.LHgrid files are much larger than the xxxx.LHpdf
files - we are effectively doing the same as PDFLIB, but with external files!




LHAPDF Version 3

released Sept 2004

->

older versions
are “frozen” and
kept available

(1) More PDFs available:

New : ZEUS — LHpdf file using QCDNUM
H1 — LHgrid file
MRST2003c (nlo and nnlo) — LHpdf and LHgrid files

Legacy: CTEQ4, CTEQS, GRV98 - all using the original
interpolation codes — ie LHgrid files




PDF sets added in Version1 Version2

Alekhin — Alekhin_100, 1000 Alekhin2002
Botje — Botje_100,_ 1000
Fermilab — Fermilab2002_100,_ 1000,

CTEQ — CTEQ61(E) CTEQSB(E)

MRST — MRST2002 MRST2001(E),MRS98

GRV —
ZEUS — (VEN(TR), FF, ZM — error sets)

H1 - (nlo msbar&dis + lo — error sets
extended to higher Q"2 — 10%6)




LHAPDF Version 3

released Sept 2004

(2) New Feature:

— a PDFLIB like interface to LHAPDF

- developed by/with Dimitri Bourilkov and Craig Group of U. of Florida

—> available in_addition to the standard LHAPDF calling routines

—> initial development has been with PYTHIA and HERWIG




“The LHAGLUE package, plus a unique PDF numbering scheme, enables
LHAPDF to be used in the same way as PDFLIB, without requiring
changes in the PYTHIA or HERWIG codes”

“LHAGLUE fortran calls:-

CHARACTER*20 parm(20)
DOUBLE PRECISION value(20)

- Call PDFSET(parm,value)

> Call STRUCTM(X,Q,UPV,DNV,USEA,DSEA,STR,CHM,BOT,TOP,GLU)

Control of which PDFs sets to use and other settings is through the
paired parm() and value() arrays — similar to PDFLIB.




Using LHAGLUE

Where to find the input files:

PARM(20).ne.'LHAPATH’ (default) — looks in the current working directory
to find the input files (LHpdf or LHgrid)

PARM(20).eq.’LHAPATH’ — user defined path in the common block
COMMON/LHAPDFC/LHAPATH — a CHARACTER*132 variable

Which mode to use (PYTHIA, HERWIG or Stand-Alone)

PARM(1).eq.’NPTYPE’ (set automatically in PYTHIA)

PARM(1).eq.’"HWLHAPDF’ (set by the user in HERWIG)

PARM(1).eq.'DEFAULT




Using LHAGLUE

Using the interface from PYTHIA:

MSTP(52) = 2 (to use an external PDF library)
MSTP(51) = PDF number

(COMMON/PYPARS/MSTP(200),PARP(200),
PDF set numberis ABS(MSTP(51))

Using the interface from HERWIG:

AUTPDF(1) = ‘HWLHAPDF’
AUTPDF(2) = ‘HWLHAPDF’

MODPDF(1) = PDF number
MODPDF(2) = PDF number Stand-Alone:

PARM(1)="DEFAULT
PDF set number is ABS(INT(value(1))) VALUE(1)=PDF number




Using LHAGLUE

Other settings:

PARM(18) — allows extrapolation of the PDFs beyond the defined
limits of xmin,xmax and Q2min,Q2max.

- default is to “freeze” the PDFs at the boundaries

- ' EXTRAPOLATE’ extrapolates (at own risk)

PARM(19) - defines the amount of printout.

- ‘SILENT’ suppresses the printout of initialization
information from PDFSET




Using LHAPDF routines with LHAGLUE

Except for the initialization routines “InitPDFset” an “InitPDF” all
the other LHAPDF subroutines can be used with LHAGLUE

call evolvePDF(x,Q2,f)
Returns the pdfs f(-6:6) at x and Q2

call alphasPDF(Q)

Returns the value of alpha_s at the scale @

call numberPDF(Nmem)

The integer Nmem will contain the number of
PDF members, excluding the best fit member (O)

call getbDesc()

Prints out the PDF description given at the
beginning of the PDF file

+ others (see the user guide)




page taken
from the
online manual

10000-19999
20000-29999
30000-39999
40000-49999
50000-59999
60000-69999
70000-79999
80000-89999

CTEQ
MRST
Fermilab
Alekhin
Botje
ZEUS

H1

GRV

Notes:

when both LHpdf and
LHgrid exist then:
LHgrid = LHpdf + 50

Legacy sets occupy
the very high numbers

New sets will be
added numerically
increasing from the
Tower end

B PDF set numbers and names

Mates:

+ When using the LHAGLUE initialization method:
o The colurnns headed LHpdf and .LHerid give the set mumbers to use with LHAGLUE

+ When Using the direct LHAPDF initialization routines:

o The LHpdf and .LHgrid cohunns show the availablity of the respective files
o The File Name and Member colurnns give the narnes to use in the direct LHAPDF iniialization routines.

o LHpdf or LHgrid has to be appended to the File Mame depending the awailability of that file (as indicated in the table) and wishes of the use

PDF numbering scheme in LHAGLUE/LHAPDF

PLF set

LHpdf

LHgrid

File Name

|Member‘§{mjn

[xtmax| gomin Gev? | Qamaz Gev?

CTEQém {central value)

10000

10050

CTEQém

0 1078

169 108

CTEQs {40 error sefs)

10001-10040

10051-10020

CTEQS

140 108

169 108

CTEQS] (LO fiyNLO alphas)

10041

CTEQéL

01 1078

169 108

CTEQSI {LO iYL alphas)

10042

CTEQsl

01 1078

169 108

CTEQ&1 {central value)

10100

10150

CTEQ61

a

169 108

CTEQ&1 (40 error sets)

10101-10140

10151-10120

CTEQS1

169 108

CTEQ5m (Standard MSbar)

19050

CTEQSm

1.00

CTEQS5m] {updated CTEQSm)

19051

CTEQS5ml

1.00

CTEQ5d (Standard DIS)

18080

CTEQSd

1.00

CTEQSL(LO fit)

18070

CTEQSL

1.00

CTEQ4m (Standard MSbar)

19150

CTEQ4m

2.58

CTEQ4d (Standard DIS)

19180

CTEQ4d

2.58

CTEQ41(LO fit)

18170

CTEQ4L

[ R U I Y R [ I [ R R N

2.58

MRST2001nlo (Standard MEbar)

20050

MRST2001nlo

125

20052

MRST2001nlo

1.25

{
MRST2001nlo {lower $ialpha_S§)
MRST2001nlo {higher §ialpha_S§)

20053

MRST2001nlo

125

MRST2001nle (Jet Fit)

20054

MRST2001nlo

125

MRST200110 (LO fity

20060

MRST200110

125

MRST2001nnle (NMNLO fit)

20070

MRST2001nnle

125

MRST2001E {central walue)

20100

20130

MRET2001E

1.25

MRST2001E (30 error sets)

20101-20130

20151-20180

MRET2001E

RN NI VY IR (R N [

125




The LHAPDF V3 web site
http://durpdg.dur.ac.uk/lhapdf/

The LHAPDF Interface

= The LHAPDF home:

€= Theory = Downloads = onfine manval =

The LHAPDF Interface - V3

=The LHAPDF-¥2 home pade = Ths

PDF set Archive:

All available sets can be downloaded from the file PDFsetsv3 0.tar.gz. Unzipping and un-tarring the file will create the directory PDFsets containing

The individual sets can also be downloaded. Available are the latest sets, legacy sets and non-standard sets.

THAPDF version 3 Users Guide
Abstract

The Les Houehes Accord PDF{ LKAPDF) interfuce packege is designed to work with PDF sers. A PDF set can eonsist of many individy
interpretation of the member PDFs depends onthe particular set, the LHAPDF interfoce is specifically designed to accommodate PDFs
g ) Fa PDF set are needed to colzulate the PDF uncert

The LHAPDE | ¢ V3 ser con be added by simply downlbading i2s file wh

5 5 ( LHpdf) ol doiag the evolution “on the fiy” or o)
e nterface POF Crvently, CCONUM [17is the defonk evolizic
= Thee LUAPDS howws page - Theary - Dawsbeads - online ssanual -
PDFLIB-tike, inteface to the LEAPDF code.

Introduction:

PDF Set Sumnmary

PDF set

Members

.LHpdf File [ L Hgrid File

| Alekhin03 1O

15

- [e02 1o v.LHgrid

Alekhin03 NL.O

15

- [e02 nlo v.LHerid

Alekhin03 NNLO

15

5 202 nulo w.LHgrid

Alekhin00

100

Alekhin 100.1 Hpdf -

Alekhin00

Alekhin 1000.LHpdf -

Botjes

100

Botje 100.LHpdf -

Botjes?

Botje 1000.LHpdf E

CTEQ61 (cteqélms+errors)

41

cteqél.LHpdf cteqsl.LHerid

CTEGS

cteqé L Hpdf

CTEQS Standard MEbar

teqsmE LHgrid
cteqém LHpdf

CTEQE LO fif, with NLOrder alpha_$

cteqsl L Hpdf &

CTEQS LO fit, with LOrder alpha §

ctegéll. L Hpdf -

UTEQSMI updated U TEQem

- [CtegdmL LHena

CTEQSd Standard DIS

- [cteqsd LHerid

CTEQS5I Leading Order

- [cteqS1 L Herid

CTEQ4m Stendard MEbar

- [cteqdm. LHerid

CTEQ4d Standard DIS

- ctegdd LHgrid

CTEQ4] Leading Order

cteqdl LHgrid

Fermil2

Fermi?002 100.LHpdf -

[FermiD2

Fermi2002 1000.LHpdf 3

The LHAPDF Interface - V3

=The LHAPDF home

e = Theory - Downloads - puline manval =

GRV9S LO

- GRV98lo. LHegrid

GRVSS NLO (msbar & dis)

i GRV6nlo.LHgrid

H12000ms NLO msbar

- H12000ms . LHgrid

H12000msE NLO msbar error sets

= H12000msE LHgrid

H12000dis NLO dis

H12000dis.L Horid

H12000disE NLO dis error sets

H12000disE L Herid

Downloads:

files,
el keTHing, 5% @ Allfiles can be installed by downloading a single tar file: LHAfullv3.0.
the PDT set dovanload eection — % ¥ e i i 5
Unzipping and un-tarring the file will install a directory LHAPDFw3 which in turn contains:

& directory LHAPDF %3 which contains all files of the LHAPDF interface.
& directory CUSTOM which contains all controlling wrapper files.

& directory QCDNUM which contains all QCD N UM evolution files,
A directory EVLCTEQ which contains all EVLCTEQ evolution files,

pathname in the makefile should be edited,
& directory PDFsets with @ selection of PDF set files,
pathname in the makefile should be edited.

4@ Dick and choose files:

The meanual: enline manual

The LHAPDF wversion 3.0 code only (without the LHpdf and .L Hgrid files)
The LHAPDF version 3.0 code plus LHpdf files {without the .LHgrid files)
Select PDF sets from the archive.

Download examples.

The required files can be dowmloaded as gzipped tar files. Un-tarring the downloaded files will unpack the.

& file Makefile from which the make command will make the library file (hLHAPDF.a
{which will be placed in directory LHAPDFv3) which can be linked to external code. The

A directory Examples with the source code of examples together with a makefile. The

H120001o LO {evol+alphas)

H1200010.L Herid

H120001oE difto error sets

H12000leE.LHgrid

H12000102 LO evol NLO alphas

- H12000102. 1 Herid

H12000102F ditto error sets

H12000162E. L Hgrid

MRET2003c - NLO - restricted range

MRET2003cnlo.LHpdf |MRET2003cnlo LHgrid

MRET2003c - NNLO - restricted range

- ‘MRSTZDDEmnln.LHg‘g‘d

MRST2002 - NLO

MRST2002nl0.LHpdi ‘MRST?_UUanu‘LHgg'd

MRST2002 - NNLO

- ‘MRSTZDDZnn]n‘LHg‘g'd

MRST2001E

MRST2001E.LHpdf ‘MRSTZUUIE.LHgg‘d

MRST2001- LO

- ‘MRSTZDDlln‘LHg‘g’d

MRET2001 - NLO

MRST2001nlo.LHpdi ‘MRSTZUUlnlu‘LHggjd

MRST2001 - NNLO

- WMRST2001nnle LHerid

MRET28

MRET?6.LHpdf 4

[ZEUS2002 NLO VEN{ Thomne-Roberts) scheme

ZEUS2002 TR.LHpdf -

[ZEUS2002 MLO FFN scheme

ZEUS2002 FF.LHpdf 3

IZEUS2002 NLO ZM scheme

ZEUS2002 ZM.LHpdf -

ts:

. Alekhin2003 set:

Status: Preliminary.

Publication: hep-ph/02.11096(Phys Rev.D67(2003)14002)

Method of error propagation | Randorn sampling,
Method of PDF fitting: Gaussian approzimation, covariance matrix method.




LHAPDF Version 3- Download the Code/Files

The LHAPDF Interface - V3

=The LHAPDF home page = Theorny = Downloads = online manval =

LHAPDFfullv3.0.tar.gz
Everything - 40.5 Mbytes

Downloads:

The required files can be dowmloaded as geipped tar files. Un-tarring the dewnloadgéfiles will unpack the
files.

HAPDFcodev3.0.tar.gz
Code (fortran) only - 0.3 Mbytes

€ Allfiles can be installed by dowmloading a single tar file: LHAfullv3.0,
Unzipping and un-tarring the file willinstall & directory LHAPDFYS which in turn contains:

& directory LHAPDF%3 which contains all files of the LHAPDF interface.
A directory CUSTOM which containg all controlling wrapper files.

A directory QCDNUM which contains all QCDNUM evolution files.

A directory EVLCTEQ which contains all EVLCTEQ evelution files,

A file Makefile from which the make command will tnake the library file ihLHAPDF.a
{which wil be placed in directory LHAPDFv3) which can be linked to external code, The
pathname in the makefile should be edited.

A directory PDFsets with a selection of PDF setfiles.
A directory Examples with the source code of examples together with a makefile. Te
pathname in the makefile should be edited.

LHAPDFpartv3.0.tar.gz
Code+ LHpdf files - 0.8 Mbytes

@ Pick and chone= =

The manual: enline manual
The LHAPDF version 3.0 code only {without the LHpdf and .Lngid;;/

The LHAPDF version 3.0 code plus LHpdf files (without the .LHgrid fil
elect PDF sets from the archive.

Lownload examples.

The manual¥online manual
The LHAPDF version 3.0 code only {without the .LHpdf and .L Hgrid files)
The LHAPDF wersion 3.0 code plus LHpdf files {without the .LHgrid files)
select PDF sets from the archive.
Dovwmnload exarnples,

Select PDFs from archive -
- separate web page

PDFsetsv3.0.tar.gz - 40.3 Mbyte

Examplesv370.tar
Example programs - 0.2Mbyte



Downloading the code - V3

wrap02.f
wrapcteq5.f
wrapcteqb6.f
wrapevolve.f
wrapmrst.f
wrapzeus.f
wraphl.f
wrapgrv.f
Thaglue.f

kVLCTEQ.f

rapEVLCTEQ. f

LHAPDFV3
cusTom/
EVLCTEQ/
QCDNUM/
Examples/
LHAPDFv3/
T1ibLHAPDF. a
Makefile
PDFsets/

gcdnum. f
Sgcdnum. f
wrapQCDNUM. f

Examplel.f
Example2.f
Example3.f
Example4.f

alphas.f
description.f
evolution.f
inputPDF.f
LHpdflib.f
parameter.f
parmsetup.f

.LHpdf

Alekhin_1000
Alekhin_100
Botje_1000
Botje_100

cteq6l
Cteqb
cteq6bm
cteqb6]
cteq611

Fermi2002_1000

Fermi2002_100
MRST2001E

MRST2001nTo

MRST2002nTo0
MRST2003cnlo

MRST98

.LHgrid
a02_lo_v
a02_nlo_v
a02_nnlo_v

cteq4m
cteqg4d
cteq4l
cteqSml
ctegSm
cteq6l
cteq6bmE

MRST2001E
MRST200110
MRST2001nTo
MRST2001nnlo
MRST2002nTo0
MRST2003cnlo
MRST2003cnnlo

.LHpdf

ZEUS2002_TR
ZEUS2002_FF
ZEUS2002_2zZM

.LHgrid

H12000ms
H12000msE
H21000d1is
H12000d1isE
H120001o0
H120001oE
H12000102
H12000T102E

GRV98nlo
GRV9810




LHAPDF Version 3 — released - building on versions 1 and 2
» More PDFs — ZEUS, H1, mrst2003c... and legacy sets
» LHAGLUE routines included
o Unique numbering scheme
o PDFLIB like interface requiring no change to MCs
Future

» Add new PDFs as they are produced.

» Continue to add more legacy sets as needed.

» Set up user list to inform people of changes/new versions etc.




