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History

PDF4LHC originated from the HERA/LHC workshops
organized in the period 2004-2008

* Forum for PDF discussions with all PDF groups and
experiments

* First recommendation in 2010: arXiv:1101.0538 (under
some duress of the Higgs cross section group © )

« This recommendation (see later) was a bit tedious: revised
and being improved now...

 New recommendation being finalized, which should be a
easier for the user, without (noticeable) loss of precision




New PDFs (2014/

CT14 PDFs NNLO
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CT14 PDFs
To be released soon

Final combined HERA
structure function
data not yet released
hence not included
yet
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*New release NNPDF3.0 arXiv:1410.8849
*New release MMHT  arXiv:1412.3989 (formerly known as MSTW)
*HERAPDFs: data& fits ready, paper expected in a few weeks
*Other PDF updates of PDFs are older




LHC Data Plays an Increas

arXiv:1410.8849: NNPDF Parton Distributions for the LHC Run-II
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- - Also, in preparation:
Plan for a discussion forum , IN prep

damong the experiments for The PDF4LHC report on PDFs and LHC data:
PDF sensitive measurements Results from Run I and preparation for Run 11




PDF Updates —» Benasque

Monday, February 16

Morning session:

08:30h Registration

09:00h Introduction to the workshop and logistics

Juan Rojo
09:20h CT plans
Pavel Nadolsky
10:00h MMHT plans
Lucian Harland-Lang
11:00h NNPDF plans
Juan Rojo
11:40h HERAPDF plans
Amanda Cooper-Sarkar

Parton Distributions for the LHC
2015, Feb 15 -- Feb 21

Organizers: o Also summaries
J. Rojo (CERN / University of Oxford)

on recent PDF4LHC
meeting (5/4/2014)

http://benasque.org/2015lhc/
cgi-bin/talks/allprint.pl

- PDF. BSM

Parton Distributions in the Higgs Boson Era

Eumpun Research Councll



Updated PD

New data added

Partially new parameterization,

*Correcting some numerical
problems in the global fit

All sorts of improvements...
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Slides from J. Huston
FNAL seminar last week

good agreement of CT14,
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within uncertainty bands
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Updated P
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Updated P
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PDF Comparl

Gluon-Gluon, luminosity

g NNPDF3O
czzzeze MMHT2014,

soas CT14
\S = 1.30e+04 GeV

R —

Generated with APFEL 3.0.0 Web

very good agreement now;
especially important now that
ggF known to NNNLO
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PDF Compa

Quark-Gluon, luminosity
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PDF Compa

Quark-Antiquark, luminosity
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PDF Compa

Quark-Quark, luminosity
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NNLO ggF Higgs Cro

CT14 MMHT2014 NNPDF3.0
18.66 pb 18.65 pb 18.77 pb
-2.2% -1.9% -1.8%
+2.0% +1.4% +1.8%
42.68 pb 42.70 pb 42.97 pb
-2.4% -1.8% -1.9%
+2.0°/o +1 .30/0 +1 .9°/o

J.Huston, PDF4LHC, April 2015
e ALMOST PERFECT AGREEMENT BETWEEN GLOBAL PDF FITS

e PDF UNCERTAINTY REDUCED BY A FACTOR 2/3 W.R. TO PREVIOUS COMBINATION
e COMES OUT OF THE BOX, THANKS TO METHODOLOGICAL IMPROVEMENTS




PDF4LHC Recommend

In 2010, we camed out an exercise to
which all PDF groups were invited to
participate

A comparison of NLO predictions for
benchmark cross sections at the LHC
(7 TeV) using MCFM with prescribed
input files

Benchmarks included

+ W/Z production/rapidity
distributions

+ fttbar production

+ Higgs production through gg
fusion

4 masses of 120, 180 and 240
GeV

PDFs used include CTEQ6.6, 1.
MSTWO08, NNPDF2.0, HERAPDF1.0 =

ABKMO9, GJROB

Use CTEQ6.6, MSTW, MSTWO0S8 for PDF uncertainty calculations -

3
Results summarized in Higgs YR1 «

and YR2 5
.

The PDFALHC Working Group Interim Report
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All of the benchmark processes were o be calenlated with the following settings:
at NLO in the M S scheme

all ealeulation done in a the 5-favor gquark ZM-VENS scheme, though each group uses a different

freatment of heavy quarks
al a center-of-mass energy of 7 TeW
for the central value predictions, and for £68% and £907% ¢ 1. PDF uncertainties

with and without the o wncertantes, with the prescription for combimng the PDF awd o, emors

to be specified
repeating the caleulation with g central valne of o, [z ) of 0,119,




PDF4LHC Recommend

2010 PDF4LHC recommendation for an LHC observable:

Do you need
to know
detailed PDF
ora,
dependence?

NLO; extended to NNLO in 2012 P. Nadolsky

Combine the PDF+a.
uncertainties for the
observable from
several ensembles

Compute the 68% cl.
PDF+ag uncertainty
for each PDF

ensemble , according
to the prescriptions

from that ensemble

Compute the observable
with 3-6 independent NLO
PDF ensembles, compare
their native PDF+as(Mz)
uncertainty bands

.-""---
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!
r,
|

T

Non-global
ensembles: [

/ CTEQ6.6, /

MSTW’08,

: NNPDF2.0 |

/'* global NLO |
\ ensembles \

| |

| |

__,f"f' a;(Mz) =0.118 i uncertainty as the !
(CTEQ), 0.119 i envelope of the !
(NNPDF), 0.120 | PDF+a, i

| |

| |

| |

(MSTW); ... iI
Eas(Mz) = \
0.0012 at 68% c.l. \h

Estimate the
combined PDF+a

uncertainties from 3
input ensembles

ABM, GR, HERA,...

—_—_————e—ee e —— — — a1

M. Botje et al., arXiv:1101.0538




PDF Evolut

® __with additional data and in going from NLO to NNLO (and other theory improvements)

I (o) luminosity at LHC f/a =7 TeV) LHZ 8 TaV - Ratio o NNPDF2.S NNLD - o, =0.118

— TV
s CTECS &
L MHPDFLO
HH- HERAPDF1.3

Pt L
« rasHALS

......

Ratio to MSTW 2008 NLO (68% C.L.)

Prryi— il K L2t
RO :::nﬂ.ﬂm 3 i ' Zi2H2 METW20DB NNLO

mmmmmm

g 2

a T T A
o Y
Al g
o -
- S

N TIANE

il L
w0 N e 1t

o
=i

Ratio to MSTW 2008 NLO (88% C.L.)
= b !
&



Adapted Recommend_

On PDF4LHC web page: http://www.hep.ucl.ac.uk/pdf4lihc/

® Use updated versions of PDFs present in the
old recommendations

+ CTEQ6.6->CT10
¢ MSTWO08->MSTWO08
+ NNPDF2.1->NNPDF2.3
® Use central value of a,(m5)=0.118 for each set

® PDF uncertainty (at NLO and NNLO) given by
envelope of these three sets

® o error given by variation of +/-0.0012 around
central value of 0.118

® Add PDF + o errors in quadrature




Updated Recommend

Criticism: use of only 3 PDF (motivated in arXiv:1101.0538)

Criticism: complicated for the user, having to make the
envelope for each observable. Some signal programs are
not adapted well to do that in an efficient way.

Criticism: not statistically rigorous/robust

Response: Use the transition from Run-1 to Run-I1l for a
more statistically rigorous procedure. Ideas developed in
0.a. Forte arXiv:1011.5247, G Watt PDF4LHC meeting 4/2013

|dea: create a “combined-PDF” set based on N input PDFs
with its uncertainty band, using the MC replica method.
This i1s what the user can use directly. Correlations
between the PDFs should be kept. The user should have a
simple procedure.

Compress the set to reduce the number of replicas



Updated Recommend

In principle N can be larger than 3, ie it can allow for more
PDFs that the 3 sets used before to enter in such a
‘combination’

 In practice one has to study this carefully. So far we have
used only the ‘global fitted’ PDFs from the previous
envelope. When new sets are included that do not contain
all available experimental data in the fits, we will (likely)
have to use some weighting procedure in the combination.

« Hence we start the first set of these ‘Combined-PDFs’
Including CT, MMTH and NNPDF. HERAPDF could be
next to be included.

* Minimum requirements for PDFs to be considered in the
combination, see https://indico.cern.ch/event/377812




Basic inputs for the Com
.

NNPDF3.0 (arXiv:1410.8849)

MMHT14 (arXiv:1412.3989)

CT14 (preliminary)  To be released soon

HERAPDF2.0 (preliminary)  Not yet included

Except for HERAPDF, all include data from the LHC, such as

+ Inclusive jet->need full cross section at NNLO but corrections
look to be small if scale of p/*! used
+ Drell-Yan

+ 1T cross sections->need differential cross sections at NNLO
(and EW corrections) to make full use of data

HERAPDF2.0 includes the HERAZ2 combined data (not available
for the other PDFs yet)

Typically other improvements as well, such as in parametrizations




Combining Procedure

Two methods for combination of PDFs
were extensively compared, with
promising results:

1. Meta-parametrizations + MC replicas
+ Hessian data set diagonalization

(J. Gao, J. Huston, P. Nadolsky,
1401.0013)

2. Compression of Monte-Carlo replicas
(Carazza, Latorre, Rojo, Watt,
1504:06469)

Both procedures start by creating a
combined ensemble of MC replicas from
all input ensembles (G. Watt, R. Thorne,
1205.4024; S. Forte, G. Watt, 1301.6754).
They differ at the second step of reducing
a large number of input MC replicas
(~300) to a smaller number for practical
applications (13-100 in the META
approach; 40 in the CMC approach). The
core gquestion is how much input
information to retain in the reduced
replicas in each Bjorken-x region.

® See for example the presentation and discussion from PDF4LHC meeting

+ https://indico.cern.ch/event/355287/other-view?view=standard
® .. .and Pavel Nadolsky's talk at DIS2015
+ https://indico.cern.ch/event/341292/session/11/contribution/265



Updated Recomme

2015: A concept for a new PDF4LHC recommendation

P. Nadolsky
Do you need to Is a reduced
know detailed PDFALHC PDF No

PDF or a, ensemble

available for this
dependence? observable?

I SR SN . 2
iLCompute the observable and its PDF+a uncertainty with... ji
____________T__________________________T_____________________T _____ T

/ >3 independent / / - ...the general-
/ PDF ensembles, using | / ~the reduced /

PDF4LHC ensemble, = | purpose PDF4LHC

their native | : . ensemble and its |
as(Mz) and PDF Its s (‘ng ) {et 2 \ a,(M;) =0.118 + 0.0012
uncertainties N member sets) N (40-60 member sets) \
f._.f-"‘f Input (N)NLO ensembles (CT14, MMHT14,
_ NNPDF3.0,...) with their respective a.(My) +
— das(Mz)

This procedure applies both at NLO and NNLO




1. Select the input PDF ensembles (cT, msTw,

2.

META1.0 PDFs: A working example of a meta-analysis

NNPDF...)
Fit each PDF error set in the input only in
ensembles by a common functional form g

(“a meta-parametrization”) META set

. Generate many Monte-Carlo replicas from
meta-parametrizations of each set to
Investigate the probability distribution on

the ensemble of all meta-parametrizations
(as in Thorne, Watt, 1205.4024?

. Construct a final ensemble of 68% c.l.
Hessian eigenvector sets to propagate
the PDF uncertainty from the combined
ensemble of replicated meta-
parametrizations into LHC predictions.

Meta-PD

See arXiv:1401.0013 for details




CMC-

Compressed Monte Carlo PDFs (a la NNPDF) arXiv:1504.06469

CMC PDFs

S. Carrazza, Feb. 2015

Preparation of a

@ PDF sets to
combine

Coveressor

Reduce the size
of MC replicas

combined MC prior set

, Possible conversionto |

-: Hessian representation |

mchessian



Compression S
CMC PDFs

THE COMPRESSION STRATEGY
S. Carrazza, Feb. 2015

https://indico.cern.ch/event/377812
We define statistical estimators for the MC prior set;

1. moments: central value, variance, skewness and kurtosis

7. statistical distances: the Kolmogarov distance
3. correlations: between flavors at multiple X points

These estimators are them compared to subsets of replicas
interactively driven by an error function, i.e.

™ _ oM
ERFt.-Dt - Z Nn Z DI:”}

where n runs over the number of stat|5t|r:al estimators and

- N; is a normalization factor extracted from random realizations

: Of"’ is the value of the estimator for the prior
- [f”] Is the rorresponding value for the compressed set




Comparisons

Benchmark comparisons of CMC and META PDFs

CMC ensembles with 40 replicas and META ensembles with 40-100
replicas are compared with the full ensembles of 300-600 MC
replicas.

Accuracy of both combination procedures is already competitive
with the 2010 PDF4LHC procedure, can be further fine-tuned by
adjusting the final number of replicas.

Error bands:

In the (X, Q) regions covered by the data, the agreement of 68%,
95% c.l. intervals is excellent. The definition of the central PDFs and
c.l. intervals is ambiguous in extrapolation regions, can differ even
within one approach. E.g., differences between mean, median,
mode “central values”.



Compressi

g (x,Q) at Q=8 GeV at 68% c.l. g&ﬁ;a(;:;zge\é;tc‘;;:?:oﬁ; P. Nadolsky,
METAG600 (solid), META100 (dashed), METAG0 (dottec ' ]. Rojo et al.
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Compariso

g (x,Q) at Q=8 GeV at 68% and 95% c.l. 7~ s (x,Q) at Q=8 GeV at 68% and 95% c.|.
META300 (solid), CMC (dashed) META300 (solid), CMC (dashed)
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PDF-PDF Corre
P. Nadolsky DIS2015

PDF-PDF correlation, example: d(x, Q) vs g(x, Q) at Q = 8 GeV

Correlation(MET AB0Y) - CorralationET A 100} ComegialiongMETABSI0)-Corelalion( METAS0) Corred alion METASC D -ComelationgMETA40)
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Documentation (i

PDFALHC recommendations for Run 2

Anthor lst

Author affiliation |t

A bstract:

A new generation of PIFs has been recently developed, mcheding for the first time, in
many cases, data from Bun 1 at the LHC. With the advent of Bun 2, and of the data at
higher energies laminosities, it 15 mportant to revimt the PDFALHC recommendations
for PDF+aa{mz) uncertamtses, taking into account this new generatson of PDFs. Ths
document presents the updated recommendations i standard form, and m the newly
developed META- and CMC-PDF formats.

Selection of PDF ensembles for the 2015 CMC and
META PDFs

Draft, by PDF4LHC group

The PDF4LHC group provides a recommendation on how to combine PDF ensembles that
are publicly available in LHAPDF8, are based only on published data, and are accompanied
by a published paper that summarizes the details of the construction of this PDF fit. This note
summarizes some of the conditions that simplify inclusion of the PDF ensembles into the
PDF4LHC combination.

Expected in June/July

The PDFALHC report on PDFs and LHC data:
Results from Run I and preparation for Run IT

The PDFALHC Working Group: Juan Rojo!, Albert de Roeck (eds.), Richard
D). Ball, Amands Cooper-Sarker?, Stephen Farry, Joey Hoston, Maxime Gomzeviteh?,
Clnire G‘mlu.n!, KEnterinn Lipks, Povel Nadalsky, Robert Thorme, ...

! Rudolf Peierls Centre for Theoretical Phgaics, [niversity of Ogford,
1 Keble Road, Oxford OX1 NP, United Kingdom
2 Particle Physics, Department of Physies, University of Oxford,
1 Keble Road, Oxford OX1 NP, United Kingdom
? Université de Lyon, Université Clande Bernond Lyon §, CNRS.IN2FP3,
Inatitrt de Physique Nuclégire de Lyon, Villewbanne, Fronee

Abstract

The necurate determination of the Parton Distribution Funetions (PDFs) of the proton
i nn essentin] ingredient of the Lorge Hodron Collider (LHC) progrum. PDF uneertninties
impnet o wide ronge of proceses, from Higgs boson ch erization and precision Ston-
ﬂud]ﬂudalmﬂmm:ntl,tnﬂewph}mﬂﬂlm Amlprﬂ.ﬂ:hpmmtmmndﬂu
PDF fits has been the inclusion of & wenlth of mensurements from the LHC. In this repart
we summnrise the information that PDF.-sensitive messurements ot the LHC Run T have
provided | nnd then we review the prospects for the corresponding mensurements st Run
II. We abio present an overview of those studies that hove quontified the informntion oo
POFs provided by LHC date. This document should provide useful inpat to the LHC ol
ﬁmmmﬁupwm“mmnﬂunﬂllndwﬂl-hw
& comprehepsive set of ref for the PDF fitting collsborstions.




Summary/Pla

Status: Two methods available, using different
methodology. Eg one can be the baseline, the other used
as a cross check. Both will be made available.

Finalizing tests and discussions still ongoing within the

group
Note Is in preparation (plan to circulate in the PDF groups
of the experiment for further feedback)

Plan to release these combined PDFs for use end of June
or in July

Further studies will continue after that eg more thorough
study on theoretical errors.

New sets will be made available as needed by new PDFs
added or improved inputs in future



The PDF Lar‘
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Panorama of PDF representations:

Watt and Thorne,
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