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Introduction

O LHAPDF is being developed as a replacement for PDFLIB
to do the following:

B give access to the latest PDF sets,
B be able to handle the multiple set error PDFs,
B be more flexible than PDFLIB in updating.

[0 Developed (in FORTRAN) by Walter Giele of FNAL following
the 2001 Les Houches meeting (LH accord#2)

0 I became involved in 2003 as it needed a permanent home
— and I already ran PDF server as part of HEPDATA.
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Recap - Version 1

0 V1 appeared in 2002 (Walter Giele).

B PDFs were produced ‘on-the-fly’ starting from the fitted
parton distributions at Q0 and evolved (normally) to
higher Q values using an evolution code program.

B QCDNUM(16.12) was/is the default evolution program
used for the MRST, Alekhin, Botje and Fermi sets.
EVLCTEQ was/is used for CTEQ.

B Input files are small (<100 lines with typically 20-40
parameters) and separate from the program code (cf.
PDFLIB where the authors — often large - interpolation
grid files are part of the program code).
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Recap - Version 1

[0 Standard FORTRAN calling routines were developed.

call InitPDFset(name)
call InitPDF(member)

call evolvePDF(x,Q,f) < f(6,5,...,0,....,-5,-6)
call numberPDF(number)
call alphasPDF(Q)

0 A Web site was produced by Walter from which all the
program and example code and input datasets could

be downloaded, and which contained an on-line
manual.

DESY - 22/03/2005 LHAPDF status report



Wonderful ..... but

O Many PDFs were missing. Ezzameters
O Problems incorporating the older sets. available

[0 MRST evolution code - was not QCDNUM

(slight ~0.5% differences between the LHAPDF numbers
and those of the authors is now believed to be due to
mismatches in the grid structure around the parton
thresholds)

O Can be slow in some circumstances
(eg repeatedly calling InitPDF(member) for a given PDFset)
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Recap - Version 2

[0 V2 appeared ~March 2004.

B Gave access to the original interpolation grids of
the PDF authors, as well as to the
parameter/evolution method of V1.

O .LHgrid files €< interpolation grid method
O .LHpdf files €« parameter/evolution method

B Advantage(s) = can include older PDF sets
- faster in some cases

B Disadvantage - much larger files — but still

separate from the code.
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Recap - Version 3

[0 V3 appeared ~September 2004

B More new and legacy PDF sets.
ZEUS,H1,CTEQ4/5,GRV98,MRSTc2003

B LHAglue interface introduced
a PDFLIB type interface to LHAPDF developed
with Dimitri Bourilkov (U. of Florida)
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LHAglue

LHAglue is a PDFLIB look-alike front-end package to LHAPDF
(written mainly by Dimitri Bourilkov)

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.
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LHAglue

Where to find the input files:
PARM(20).ne.'LHAPATH’ (default) — looks in the current working directory
PARM(20).eq.'LHAPATH" — user defined path in the common block

Which mode to use (PYTHIA, HERWIG or Stand-Alone)
PYTHIA: PARM(1).eq.’/NPTYPE’ (set automatically in PYTHIA)
HERWIG: PARM(1).eq.”HWLHAPDF’ (set by the user in HERWIG)
Stand-Alone: PARM(1).eq.’'DEFAULT

Extrapolate (or freeze) beyond x and Q2 limits
PARM(18) — default is to freeze. 'EXTRAPOLATE’ extrapolates (at own risk)

Limit printed output
PARM(19) — default is print info. — ‘SILENT’ supresses printout
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page taken
from the
online manual

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

CTEQ
MRST
Fermi
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
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B PDF set numbers and names

MNotes:

+ When vsing the LHAGLUE initialization method:
< The colurnns headed LHpdf and .LHgrid give the sef munbers to use with LHAGLUE

+ When Using the direct LHAPDF initialization routines:

PDF numbering scheme in LHAGLUE/LHAPDF

< The LHpdf and LHgrid colwrnns show the availablity of the respective files
o The File Mame and Member columnns give the names to use in the direct LHAPDF initialization routines.

o LHpdf or LHgrid has to be appended to the File Name depending the availability of that file {as indicated in the table) and wishes of the user
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PDF set LHpdt LHerid  |File Name |Member|ijn |Xmax|Q2mjn GEVZ‘QZmax GevP
CTEQ6m (centrsl value) 10000 10050 CTEQ6m 0 I P 18
CTEQS (40 errer sets) 10001-10040|10051-10090 |CTEQS 140 |ig8 1 e 18
CTEQS(LO tiyNLO alphas) 10041 CTEQAL o1 gt |1 |ies 18
CTEQSL (LO f/L O alphas) 10042 CTEQé o1 gt |1 |ies 18
CTEQ6L (central value) 10100 10150 CTEQ6L 0 w0 1 [iee 18
CTEQSL (40 error sets) 10101-10140|10151-10190 | CTEQ61 140 [ig8 1 e 18
CTEQSm (Standard MShar) 19050 CTEQSm o1 g [t |roo 18
CTEQSmI (updated CTEQSm) 19051 CTEQSm1 o1 g |1 |roo 18
CTEQSd (Standard DIS) 19060 CTEQSd ot g [t |roo 18
CTEQSL(LO i) 19070 CTEQS] o1 gt [t |roo 18
CTEQdm (Standard MSbar) 19150 CTEQdm o1 gt |1 |ess 18
CTEQ4d (Standard DIS) 19160 CTEQ4d o1 gt |1 |ess 18
CTEQ4L(LO i) 19170 CTEQAL e 18
MRST2001nle (Stendard MSbar)  |20000 20050 MRST200Inle |01 |ig® |1 [12s 10
MRST2001nlo lower §talpha_S§)  |20002 20052 MRST200Inle |2 w0 [ [ies 107
MRST2001nlo (higher fialpha_S§)  [20003 20053 MRST200Inle |3 w0 [t [ies 107
MRST2001nle (Jet Fit) 20004 20054 MRST2001nl0 |4 w0 [ [ees 107
MRST2001lo (LO fit) 20060 MRST200Le |01 |ig® |1 [12s 107
MRST2001rmlo (NNLO fit) 20070 MRST200Lmilo |01 |1g° |1 [125 107
MRST2001E (central walue) 20100 20150 MRST2001E |0 w0 [ [ies 107
MRST2001E (30 error sets) 20101-20130[20151-20180 [MRST2001E |10 |1g® |1 [125 107
T ey = T oo = =
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Version 4 — what's new!

[0 New proton PDFs — MRST2004, a02m

AN

improved interpolation
/ routine from a02

[0 Photon and Pion PDFs. New gluon parametrisation

at large x

[0 New (simpler) file structure.
O Alphas(Q) routine improvements.

0 Lambda4/Lambda5b routines.
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V4 Photon and Pion PDFs

All the photon and pion routines that were in PDFLIB are now

directly available (as .LHgrid) files in LHAPDF.

i 1 B Al 2 me Feferance
R e L0 [ [P e D78 (2 150 | Photon PDF Set Surnmary
3 1 2 440 1o DO-G Set 2 MS NLL
B 2 T [Tam |1 [ DOGSet1 10 |[ZFhky= 28 (1%8] 451] PDF set IMembers .LHpdf File .LHgrid File
2 2 2 400 L DG-G Set 2 Lo
H 3 13| 8| & |peamil i DO-GLO 1 * DOGO.LHgrid
R A e fo | R DO-G NLO 1 - DOG1LHgrid
3 3 k] 200 5 LAC-GSet 3 LO e DG_G LO 4 o DGG LH d
i i 2 g 5‘.53 T5-C HD I b]lfL {?;?:’ é:ﬁ&:; 307] S _.gn_l
: i 2| @™ | s cEGLomt Lo LAC-G/GAL-GLO 4 z LACG LHerid
Y a a 200 5.3 GE_—G—EE HO WS | NLL | [ANL-HEP-PR-06-23] Ge-OLO B o G8G0.LH g jd
p h otons T E o TCAeEo DT TN [P e TR [T 5, e .
K] 5 2 200 "f GEV-G HO DIS') | MLL | Phys Rev. D45 (1992) 3965] %NLO 1 = GEG1.LHerid
H : I A |5 e i | [Phys.Fev. D51 (1095) 2220) G5-8-295 LO i - GEG960.LHerid
2 ] X 0 2 ACFGPF Set HO ME HLL [Z Fhys. Cs6 (1992) &29] a e
3 5 |2 | w0 | 2 |scroPsemom | WS | L GS-G-96 NLO 1 & 080961 LHerid
3 5 3 200 2 AIG-F Set HO MS NLL Z. P:us. .C&I (1aa4) §2;13~ e e ;
? Tl ® [T |vErcr IO [P Fev. TS0 Tk | GRV-G/GRE-GLO > e GRVG0.LHerid
3| 8 | 1| | & |weres io GRV-G NLO 2 = GRVGLLHerid
P @ . e io ACFGP/AFG-G NLO 3 3 ACFGPG.LHgrid
3 E] 2 200 036 | Sa5-G 10 (Version 1]‘ LO | [ZPk= G6E (1995) 607 -
: 8| 3| ) aw | e e e £ WHIT-G LO B 2 WHITG.LHerid
3 SO1E | am |ah SRR [ S mp—— SAS-GvIARY LO 8 | 3 SASG.LHerid
2 a ] 200 0.36 825G 1M (Version 2) LO T
3 a i 200 4 Sa5-G 20 (Version J) Lo Pion PDF Set Sunrmary
b s e L SeRfiomel £ PDF set Members LHpdt Flle LHgrid Flle
Nptype | Hgroup | Mack | ABL 192 | MNome of act Beferance _OW'P LG 2 T —SILOWPI'LH id
: BERrE-EEE L0 Tehie R0 fm = SMRS-P NLO B - SWRSPILLHerid
. i BENEEE e C R GRV-PLC 1 = GRVPIO.LHerid
pions 2 3 |2 | w0 | s |siesPa A5 | NLL GRV-P NLO 1 5 GRVPILLHgrid
2 5 1 200 0.3 GRV-F HO MS | NLL [Z Phy=. 053 (1992) ﬁEL] e e v =
2 s |2 | wo o2 |GRePLO Lo _ ABFEW-P/NLO B 2 [ABFEWPLLHgrid
2 & 1 231 2 ABFKW-F Set 1 | MS | NLL | [Phy=Lett. 2328 (1989) 517] —.
2 ] 2 181 - ABFIW-F Set 2 M NLL -
2 & 3 281 2 ABFICW-P Set 3 5 | NLL NeW Cal Ilng

LHAglue uses 3 digits
for the set number

call evolvePDFp(x,Q,P2,IP2,f) &

routine for
photons
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V4 - simpler file structure

Previous New - from V4
LHAPDFV3 LHAPDFv4
LHAPDF
CUSTOM =) SIC
QCDNUM
EVLCTEQ
PDFsets PDFsets
Makefile Makefile
libLHAPDF.a libLHAPDF.a
Why:

e Files are not large in number/no name duplication
e More typically expected file structure
o Will fit more readily into GENSER
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V4 - alpha_s(Q)

The function GetAlphas(Q) gives the value of ALPHA_s at

the scale Q (GeV) for the selected PDF set as given by the
PDF authors.

Several sources of code used in LHAPDF:

MRST 3\ In LHAPDF version 4 these

CTEQ are more strictly adhered to
QCDNUM \ than in previous versions, to
H1 ensure that the ALPHA_s
Alekhin output corresponds with that
PDFLIB

A Lsed by the individual PDF
/ fitters.

Photon and Pion PDFs
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V4 - alpha_s(Q)
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V4 - LAMBDA4/5

At the request of users the values of Lambda4/5
applicable to the various PDF sets has been made

available (read-only) in V4 -

call GetLam4(mem,qcdl4) } L HAPDE
call GetLam5(mem,qcdl5) "
COMMON/W50512/QCDL4,QCDL5 = in LHAgTue

Health warning: beware of the differing definitions of
Lambda which exist when using these.
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Summary - v4 - LHAPDF/LHAglue routines

LHAPDF LHAg1ue
call InitPDFset(name) call pdfset(parm,value)
call InitpPdf(member) }

call evolvePDF(x,q,T) call structm(x,q,upv,dnv,usea,dsea,str,chm,bot,top,glu)
call evolvePDFp(x,q,p2,ip2,f) |call structp(x,q2,p2,ip2,upv,dnv,usea,dsea,str,chm,bot,top,glu)

call GetLam4(mem,qcd14) common/w50512/qcd14,qcdl15
call GetLam5(mem,qcdl5)

function alphasPDF(Q) )
call numberpPDF(Nmem)

call GetorderpPDF(iord)
call GetorderAs(iord) >
call GetbDesc()

call GetQmass(nf,qgmass)
call GetThreshold(nf,Q)

No equivalent LHAglue routines

call Thasilent(iprint) common/Thasilent/iprint, parm(19) = ‘silent

iprint=1 - no printout
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Summary - V4 - PDFsets available

CTEQ

ctegb61, cteg6, cteqb, cteg4
MRST

mrst2004, mrst2003c, mrst2002,mrst2001,mrst98
ZEUS

zeus2002 (+soon zeus2005)
H1

H12000 (to higher Q2)
Alekhin

Alekhin_100/1000, Alekhin2002 (with improved interpolation)
GRV

GRV9S8
Botje Plus photon and
Botje_100/1000 pion pdfs as in
Fermi PDFLIB

Fermi_100/1000

DESY - 22/03/2005 LHAPDF status report
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http://durpdg.dur.ac.uk/lhapdf4/

Summary - V4 - Downloading Code+PDFsets

or

Download only
FORTRAN code
+ Makefile
(0.9mb)

The LHAPDF Interface - V4

® The LHAPDF homepage ® Theory ® Downloads & online manual &

Downloads:

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

L 4

All files can be installed by downloading a single tar file: LHAfullv4 tar.gz

Unzipping and un-tarring the file will install a directory LHAPDFv4 which In\
turn contains

B A directory src which contains all the fortran source files

m A file Makefile from which the make command will make the library file
libLHAPDF.a (which will be placed in directory LHAPDFv4) which can
be linked to external code. The pathname in the makefile should be
edited.

m A directory PDFsets with a selection of PDF set files

m A directory examples with the source code of examples together with a
Makefile. The pathname in the makefile should be edited.

¥ Pick and choose files
lhacodev4.tar.gz o
The manual: online manual
The LHAPDF version 4 code only (without the .LHpdf and .LHgrid files)

and

select individual

PDF sets o

i

The LHAPDF version 4 code plus LHpdf files (without the .LHgrid files)
Select PDF sets from the archive
Download examples

Comments andior Problems

®The LHAPDF home page® Theory ® LHAPDF ready MC's @ Downloads @ online manual ®

You have the
choice of:

either

Download everything
(42mb)

Ihafullv4.tar.gz

Makefile produces
l[ibLHAPDF.a
(1.2mb)

DESY - 22/03/2005
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Summary - V4 - Downloading Individual PDFsets

.
The LHAPDF Interface - V4

Cmmats & asio meal &

PDF set Archive:

http://durpdg.dur.ac.uk/Ilhapdf4/

Mucheon POF Set Sumimary

Wh
€n re/eas ed

http://durpdg.dur.ac.uk/Ihapdf/

MRST2004nko - NLOH
MRST200400k - W
MRST2003¢ - HLOD Ficted
MEST2003c - b
MESTI002 - NL
MRST2002 - W
MRST2001E
MRST2001 - L€
MRST2001 - N
MRETZ001 -
MESTSS
MESTISK
MRSTeSno
MRSTHE

DESY - 22/03/2005 LHAPDF status report 21



Summary - V4 - Future

Some thoughts/suggestions (by no means a definitive list):
e Add new PDF sets as and when they become available.

e Add equivalent PDFSTA routine to give ‘statistics’ on
exceeding limits etc. - LHAglue

e Develop C++ wrapper (already have basis, courtesy of
Stefan Gieseke).

e Understand alpha_s code at Q2 > 100 GeV.
e Incorporate new QCDNUM when it is ready.

e More than one PDF set in memory at same time?
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