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» XFitter is an open source QCD framework that has proved to be a successful
platform well integrated in the high energy physics community

« XFitter infrastructure has increased the scientific output of both HERA and LHC
data, providing a flexible environment for theory benchmarking

» Stable release: xFitter-2.0.0 is available at www.xfitter.org

« |t was developed in a close collaboration of experimentalists from HERA and the
LHC with theoreticians
 There are ~30 developers


http://www.xfitter.org/

Uncertainties on Parton Distribution Functions
(PDFs) limit our knowledge of cross sections
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f, the HERA data
PDFs are evolved up in scale using the
DGLAP equations to make predictions for
LHC cross -sections



Accurate knowledge of Parton Distribution Functions is essential
for precision physics at the LHC

« Uncertainty on PDFs is one of the main PDFs and the Higgs
uncertainties on the SM Higgs cross section (8 TeV) uncertainty
« And on M, NoBw | ga—H [19.5pb| 14.7% | NN

* And on predictions for high scale

. VBF |[156pb| 2.9% | 1N
BSM production — .-
Nimmw | WH  |070p0| 39% | HE = roFies
Different PDF groups use different ZH |039pp| 5.1% | NI
methodologies as well as different data NLOQCD tH | 0.13pb| 14.4% | NN

HERAFitter is an open source QCD fitting code which allows the comparison of the use
of different data sets and different methodology, e.g. choice of heavy flavour scheme,
using a common platform

It can be used to extract PDFs ------- it is used for the HERAPDF-----------------
and to assess the impact of new data and hence to improve the sensitivity of new
measurements to PDF- this is already being done within ATLAS and CMS before
finalisation of measurements and publication



How do we determine Parton Distribution Functions ?
Parametrise the parton distribution functions (PDFs) at Q?%, (~1-2 GeV?)- Use (NN)LO
QCD DGLAP equations to evolve these PDFs to Q2 >Q?,

Construct the measurable cross-sections by convoluting PDFs with (NN)LO
matrix elements: make predictions for ~3000 data points across the x,Q?
plane- Perform x2 fit to the data

Formalism
(NN)LO DGLAP
gl;bar factorisation ‘fi (x,Q2) £ 5, (x,Q2) ‘
functional form @ Q,?
Heavy quark treatment... |aS(MZ) |
Who?
ABM, CT, MMHT,
Data HERA,JR,NNPDF
DIS (Fixed target and HERA) —
Drell-Yan (E605, E772, E866, ...)
High E; jets (Tevatron) 1
W,Z rapidity and asymmetry (Tevatron)
etc. and NOW LHC data. .. l http://durpdg.dur.ac.uk/hepdata/
http://projects.hepforge.org/lhapdf/

| LHAPDFv5/6 |



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

HERAFitter allows the choice of input parametrisation
« HERAPDF/MSTW style

« CTEQ style

* Chebyshevs

* Log Normal

And the choice to input a wide range of data in addition to the HERA-DIS data
e.g. LHC data

Measurement at LHC POF sensitivity

Jets | high x quarks and gluons (alphas)
Inclusive W, Z and asymmetries quark flavour separation (u.d,s)
Low and high mass Drell-Yan guarks at low and high x (u,d)

W + charm Direct sensitivity to s-quark
Isolated photons medium - x gluons

Single top u,d and b quark

tthar (total, differential) Medium-x gluon (alphas)

W Z production with jets Medium-x gluon

Z+b production sensitive to b-gquark




HERAFitter allows various ways of treating experimental systematic uncertainties

Data should be provided with information on correlated systematic uncertainties this can
be in the form of a correlation matrix, or in terms of correlated shifts for each systematic

source. These are used in the x2 minimisation as:
@ Nuisance parameter representation

» Simple form
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o Covariance matrix representation
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@ Mixed form (covariance matrix and nuisance parameters):
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Experimental errors can be propagated to the PDFs by several methods

1) Hessian method — nuisance parameters are fitted, x2 tolerance T >1 can also be
used to account for marginally compatible input data sets

i) Offset method- nuisance parameters are applied as 1o shifts

i) MC-method—data points are shifted randomly within their 1o limits to form MC
replicas. This can also allow for asymmetric uncertainties



Herafitter allows comparison of different theoretical formalisms
QCDNUM is used for DGLAP evolution, but QCDRAD and APFEL can also be used
Coefficient functions can be calculated in various heavy quark schemes

» Variable Flavour Number schemes a la MMHT(TR), CT(ACOT) or NNPDF (FONLL)
» Fixed Flavour Number schemes as used by ABM

Variety of schemes were tested by H1/ZEUS collaborations in F£™™analysis
H1 and TELE [Eur. Phys. L GF3 (2013) 2311]
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Tools like FastNLO and Applgrid are implemented to make fast calculations for

NLO (and NNLO) cross sections which are otherwise too slow for input to a fit

* NLO jet production can be done by FastNLO or Applgrid interfaced NLOJet++ and
NNLO calculations are now coming

* NLO Drell-Yan and W,Z production can now be done exactly using Applgrid
interfaced to MCFM.

 NNLO Drell-Yan using DYNNLO should be available soon

« Top production, from MCFM at NLO, is extended to NNLO by DiffTop

—and NOW within FASTNLO there are NNLO grids for top from Mitov

arxiv:1704.08551



XFitter release: 2.0.0 FrozenFrog i

Releases of the xFitter QCD analysis package | |
\Versioning convention: | j K with i* \
i - stable release 4
*| - beta release
*k - bug fixes. https://www.xfitter.org/xFitter/xFitter/DownloadPage

*The release notes can be found in this attachment: xFitter _release notes.pdf .

eInstallation script for xFitter together with QCDNUM, APFEL, APPLGRID, LHAPDF install-xfitter

*The script to download coupled data and theory files xfitter-getdata.sh.

-Data and theory files are also stored in hepforge and can be accessed from there ("List of Data Files").

. Date Version Files Remarks
stable release with
03/2017 2.0.0 FrozenFrog xfitter-2.0.0.tgz decoupled data and theory
files

Documentation

*Manual (under continuous improvement) can be accessed here.

*The README file (accessible via the package) gives an explanation for a quick start.

*The INSTALLATION file (accessible via the package) provides information for package installation and usage
instructions.

*The package is licensed under GNU GPL, please see LICENCE for mode details (accessible via the package).
First git based release hosted at gitlab: Web access to GIT

*The master version can be viewed and downloaded from https://qitlab.cern.ch/fitters/xfitter.qit

Bv default only final combined HERA I+II data are distributed

(xfitter-)getter sh scopt to download data with comesponding theory files already adjusted for
the xfitter format.

A complete installation scrpt is also provided (tested under different platforms)
A release note to keep track of changes between releases 15 included


https://www.xfitter.org/xFitter/xFitter/DownloadPage?action=AttachFile&do=view&target=xfitter-releasenotes.mar.2017.pdf
https://www.xfitter.org/xFitter/xFitter/DownloadPage?action=AttachFile&do=view&target=install-xfitter
https://www.xfitter.org/xFitter/xFitter/DownloadPage?action=AttachFile&do=view&target=xfitter-getdata.sh
http://xfitter.hepforge.org/data.html
https://www.xfitter.org/xFitter/xFitter/DownloadPage?action=AttachFile&do=view&target=manual.pdf
https://gitlab.cern.ch/fitters/xfitter.git
https://www.xfitter.org/xFitter/xFitter/DownloadPage?action=AttachFile&do=view&target=xfitter-2.0.0.tgz

Examples of the use of xFitter

Hl and ZETS

Hl and ZETUS

xf
xf

ui =10 GeV?

0.3

1 mrrarprromi0
HFEAPDFL0 KLO

0.4

04} g

The first was the production of the HERAPDF-- now HERAPDF2.0

xFitter also contains the HAverager tool which is used to combine ZEUS and H1
data, and now to combine electron and muon channel data at the LHC

10



Quantitative comparison of agreement between new data sets and
predictions from various PDFs— not just HERAPDF

X Fitter provides a quantitative assessment of level of agreement between
data and theory by taking into account theoretical and experimental uncertainties
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This is also the basis of the profiling
method for determining the impact of new
data sets on current PDFs

weights replica PDFs according to their
Goodness of fit is also implemented in
xFitter. Here High Mass Drell-yan dataare
used to reweight the NNPDFqged photon




Some recent analyses

CMS
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e Measurement of W, Z cross section at /s =7 TeV and PDF
analysis by ATLAS suggests that strange-quark distribution is
not suppressed for low x. arXiv:1612.03016

o CMS studies of HER A+different CMS sets reveals sensitivity to
the gluon density of the jets and 7 data. For x ~ 0.1, s = 8§ TeV

jet data pulls gluon up, while differential 17 data are fully
consistent with HERA fit. arXiv: 1703.01630arXi1v: 1609.0533]
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Photon PDF studies
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¢ At leading order, {*{ pair production process at
pp colliders is sensitive to quark and photon

PDFs.
¢ The photon PDF is suppressed by agpp coupling

and is small under the Z-peak.
« Off-peak contribution reaches few percent,

comparable to precision of the recent ATLAS

. -cb-ﬁihw’— high-mass DY analysis (arXiv: 1606.01736).

=25 — Fittogether with HERA data (arXiv:1701.08553)



Photon PDF results

G @ = 10000 GeV* o
+ 0.08F < xFitter_epHMDY e
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10

Fits performed to ATLAS and HERA combined inclusive data

using NNLO QCD + NLO QED evolution. NLO QED evolution
is computed using APFEL and cross-checked with
QCDNUM+QEDEVOL program (all interfaced in xFitter).

as well as with LUXqged and HKR16.

Results are consistent with NNPDF30ged (with smaller errors)

14



Highlights: importance of low x region**lf"””

Saturation investigation: fits with and without saturation
ansatz to final HERA data using BGK model

arXiv:1611.10100
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» No significant differences between the saturated and
no-saturated fits were observed.

» For fits to data including the low Q2 region (<3.5
GeV2) the saturated gluon density is preferred:

» x2/dof=156vs 1.21
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Accurate predictions for atmospheric lepton fluxes are
of crucial importance both to refine veto experimental
techniques and to get a precise estimate of the actual
spectrum of astrophysical neutrinos (IceCube)
o it requires extension of the PDF precision to low x
» PROSA used LHCDb data > relevant for high-
energy neutrino production| arxiv:1503.04581
using PROSA PDFs calculated predictions for the
flux of prompt neutrinos in the atmosphere.

PROSA (v, « anti-u)

0 10t 10t e 10t e T

arXiv:1611.03815

» PDF uncertainties on the prompt neutrino flux

increase with increasing neutrino energies.

» PDF uncertainties are already quite well constrained

and are subdominant
dominant: the renormalisation and factorisation scales



Recent studies on the gluon from A Glazov
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Other jet data agree
Apart from CMS 7 TeV

Adding ATLAS jet data
(7 TeV, JHEP02(2015)153)
Pulls the HERAPDF
towards the PDF4LHC
PDFs CT,NNPDF,MMHT
But the x2 of the ATLAS
data are poor
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CMS 8 TeV jet data agree

arxiv: 1609.05331.

Try different jet data: run-11 DO PRL101:062001, CDF PRD78:052006.

CMS at /s =7 TeV (R = 0.7), Phys. Rev. D87 112002.
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Overview of results based on xFitter

LHC
HERA
Pheno
Other
xFitter

e Most of the results are from the LHC experiments.

e Increasing amount of phenomenological groups usage.

e Couple of papers by the xFitter developers’ team.
There are > 42 papers using xFitter package.



Summary

e xFitter is a versatile platform for PDF studies, incorporating a
number of calculations and tools.

* Recent stable release 2.0.0 Frozen Frog— making sure that
all advertised features perform as expected.

e A number of new studies using xFitter performed by the LHC
collaborations, phenomenological groups, xFitter developers’
team.

o Anexample of xFitter usage is the study of differences
between gluon distribution reported by HERAPDF and current
PDF4LHC PDF sets (CT14, NNPDF3.0, MMHT14).

And further developments are coming..............
Improve user intertace tor various parametrisation
Simplification of the steering card for easier access to profiling module [no fit]
Add resummation options APFEL— MELA, HELL
More on low x phenomenology: higher twists
Nuclear PDFs
Interface to other kind of grids [APFELgrids, TMDgrids]

18



extras
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Examples in xFitter

+ A list of educational examples are provided in the package - prepared for the CTEQ
summer school 2016:

+ Exercise 1: PDF fit
o Learn the basic settings of a QCD analysis, based on HERA data only

+ Exercise 2: Simultaneous PDF fit and as
o Learn the basic of an as extraction using H1 jet data

» Exercise 3: LHAPDF analysis
© How to estimate impact of a new data without fitting:
o profiling and reweighting techniques

+ Exercise 4: Plotting LHAPDF files
- Direct visualisation of PDFs from LHAPDF6 using simple python scripts

» Exercise 5: Equivalence of x2 representations
 understand different x2 representations

20
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Expect in new release:

Fixes, Additions, Examples and Documentation

Technical fixes:
* better syncronisation with lhapdfé6 output
+ added extra options for plotting tools (MC replica, draw individual data sets)

* better separation for the uncorrelated vs statistical uncertainties
* implement flexibility to displace thresholds and switching scales

Include the top PDF if top mass is below kinematic limit ( 5 vs 6 tlavour PDFs)

Updates ot dipole steering cards

Added extra PDF parameters for the pthon parametrisation

21



Sensitivity Studies

Platform can be used for sensitivities studies of the potential of
future colliders:

-+ LHeC ep simulated data was used for to « The output in LHAPDF format can be
study sensitivity to PDFs: used for Higgs predictions:
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(Journal of Phys. G 39 (2012))




