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The XxFitter Project

» The xFitter project (former HERAFitter) is an unique open-source QCD fit framework

» GitLab (CERN) is now the main repository of the project:
nitps://aitlab.cern.ch/fitters/xfitter (open access to download for everyone —read only)

» This code allows users to:
» extract PDFs from a large variety of experimental datq,
» assess the impact of new data on PDFs,

B LHCGC
B HERA

M Pheno
» check the consistency of experimental data, B Others
> test different theoretical assumptions B xFitter

» More than 40 publications obtained using xFitter from the beginning of the project:
hitps.//www Xxfitter.org/xFitter/xFitter/results

» LHC experiments provide the main developments and usage of the xFitter platform

| List of analyses by xFitter -

The link to the list of analyses using former HERAFitter can be accessed @ here

5/01.2017 F. Giuli, xFitter Developers' team and M. Lisovyi arXiv:1701.08553 @ The photon PDF from high-mass Drell Yan data at the LHC

4/03.2016 xFitter and APFEL teams and A. Geiser JHEP 1608 (2016) 050, arXiv:1605.01946f ® A determination of mc(mc) from HERA data using a matched heavy flavor scheme

List of analyses using xFitter

Number Date Group Reference Title LO‘I‘eS‘I‘ reSU |‘I‘S
2016 .
| 4
arXiv:1703.01630, submitted to EPJC @ Measurement of double differential cross sections for top quark pair production in pp collisions at More In

42 03.2017 CMS (TOP-14-013) 8 TeV and impact on PDFs _I_o I

A. Aleedaneshvara, M. Goharipour, " . e . . . . prepOrO Ion °
41 02.2017 S. Rostami Chin Phys C 41, 2 (2017) 023101 @ Uncertainty of parton distribution functions due to physical observables in a global analysis
40 01.2017 Y.G. Gbedo, M. Mangin-Brinet arXiv:1701.07678 @ Markov Chain Monte Carlo technics applied to PDF determination: proof of concept
39 01.2017 ABMP arXiv:1701.05838 @ Parton Distribution Functions, as and Heavy-Quark Masses for LHC Run II
38 12.2016 ATLAS arXiv:1612.03636 @ Measurements of top-quark pair to Z-boson cross-section ratios at s = 13; 8; 7 TeV with the

ATLAS detector




06/07/2017 Francesco Giuli - University of Oxford

XFitter in a Nuishell

Parametrise PDFs at the inifial scale:
» several functional forms available (“standard”, Chebyshev, etc.)
» define parameters to be fitted

Evolve PDFs to the scales of the fitted data points:
» DGLAP evolution up to NNLO in QCD and NLO QED (QCDNUM, APFEL, MELA)
» non-DGLAP evolutions (dipole, CCFM, ABF)

Compute predictions for the data points:
» several mass schemes available in DIS (ZM-VFNS, ACOT, FONLL, RT, FFNS)
» predictions for hadron-collider data through fast interfaces (APPLgrid, FastNLO)

)
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XFitter release 2.0.0

Sample data files:
LHC: ATLAS, CMS, LHCDb
: - Tevatron: CDF, DO
xFitter/xFitterTalks » xFitter/../xFitterDevel.. » xFitter/../Meeting2017-.. » xFitter » xFitter/DownloadPage HERA: Hl, ZEUS, Combined

e Fitter / Vo St
RecentChanges Download Page Ser llpp 1ed: ...
FindPage

|
HelpContents

xFitter/DownloadPage

“ 'Releases of the xFitter QCD analysis package

= Versioning convention: Lj.k with

Page ‘ o i - stable release
Immutable Page ‘ o j - beta release
Info

o k - bug fixes.

4 |
Subsc.nbe « The release notes can be found in this attachment: @ xFitter_release_notes.pdf .
AR |« Installation script for xFitter together with QCDNUM, APFEL, APPLGRID, LHAPDF @install-xfitter
Attachmel'-lts « The script to download coupled data and theory files @ xfitter-getdata.sh.
| More Actions: v

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

Date Version Files Remarks

vl
@'{ 03/2017 2.0.0 FrozenFrog W@ xfitter-2.0.0.tgz stable release with decoupled data and theory files

| xFitter 2.0.0
07/2016 1.2.2 0 xfitter-1.2.2.tgz release with decoupled data and theory files | FI'OZellFl'Og
05/2016 1.2.1 0 xfitter-1.2.1.tgz release with decoupled data and theory files
02/2016 1.2.0 » 0 xfitter-1.2.0.tgz release with decoupled data and theory files

» By default, only final combined HERA I+Il data are distributed

» getter-xfitter.sh script to download data with corresponding theory files

https://www xfitter.org/xFitter/
xFitter/DownloadPage

» in directory 'datasets' located all available files
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Results obtained with xFitter: Examples (1)

DIS inclusive processes (ep)

Drell-Yan processes (pp, pp)

. HlandZEUS _ (strange quark density determination)
= EPJC 75 (2015) 12, 580 M7 =10 GeV” o 15 e mz
HERAPDF2.0 NNLO ‘; e o /00 =T
0.8 : :I;I:::::lﬂn;: - b "‘n 1 25 B I:] HERAPDF1 .5 + ATLAS Wc-‘et/WD data
(o xu, gt I ATLAS-epWZ12
_— ' Phys.Rev.Lett.109(2012)012001
0.6 ----- HERAPDF2.0AG NNLO =
1 F
0.751 PRD 90 (2014) 032004
' [] CMS NLO free s fit:
HERAIDIS + CMS A +W+c
0'5 -3 A L 1 L lenl-z ! 1 -1
= s 10 10 10
16-‘ 10° 10% 10" 1 . | X
« | More examples in backup!
Jet production (ep, pp, rp) . _
CMS Preliminary NLO HERAPDF Method (hessian) Top-quark pr9dUCf|0n (pp‘ pp)
o« 4r CMS Preliminary
(] [ HERA 1+ DIS Q°=1.9 GeV* ¥ [ o e i
x o [ [ HERA I+ DIS + CMS jets 8 TeV o4l %GR [, *0000 GoY _
gl | | \E;, [ [_]18p HERA + CMS W* 8 TeV ]
“ 5__02'_[:]+y(tf)8TeV 7
71 0+ med) @y 8 Tev i
\al) - -
=~ -
e

(=)

-0.2F
0.4 B CMS PAS TOP-14-013
i 1 1 L. 1 Ll II 1 1 1111l Il 1 1 1L 111
10° 102 10" 1
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Photon PDF determination - Motivations

> Interpretation of the LHC data requires theoretical calculations that include not only
QCD corrections, but also the EW effects for the TeV region:

arXiv:1701.08553
EPJ-C 77 (2017) 400

» pure weak corrections
> QED corrections > photon PDF

» The photon PDF is a crucial ingredient that needs to be determined accurately:

» Historically, the first set was MRST2004 QED: photon taken from a model and tested
on direct photon production at HERA

» NNPDF2.3 QED provided a first model independent determination from fits to DY
LHC data

» More photon PDFs followed: CT14ged, NNPDF30ged

> A new approach from LUXged: photon PDF calculated from inclusive lepton-proton
DIS structure functions (% level precision); similarly HKR16

> Drell-Yan data at LHC provide direct handle on the photon PDF:
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Input dataset .. ... o6 005

» ATLAS high mass Drell Yan af 8 TeV (published in June '16) arXiv:1606.01736

ZE 0 -, ATLAS %
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> 48 data points I oy
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_.
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[ ]
Theory inputs (1)
> PDF evolution and DIS cross sections via APFEL program: NOVELTY!

» Accurate up to NNLO in QCD + NLO in QED
> Includes relevant mixed QCD + QED correction

» FONLL general-mass scheme NNLO QCD + NLO EW

> LHC hmDY cross sections calculated via ke (mu lyul) = NLO QCD + LO EW
Madgraph5_aMC@NLO which includes Pl diagrams
» Interfaced to APPLgrid via aMCfast
» Tailored version of APPLgrid used to account for photon
confributions

» NNLO QCD + NLO QED corrections to DY obtained using

FEWZ3.1 Determined by the technique
1.04 [116.150] Gav = ! ! of saturation of the y?2

[150,200] GeV ~—o—
1.03 - [200,300] GeV —s+— -

[300,500] GeV —v—

[500,1500] GeV
1.02 - -
5 101 .

0.99 i xy(x) = AP (1 —x)Y (1 4+ Dyx + Epx?) .
0.98 - MMHT14 NNLO FDE PDF parameterisation
0.97 . ! ! ! (the number of parameters is increased one

0 0.5 1 1.5 2 2.5 by one until the y? does not improve further)
ly ()]
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Results (1)

> Good description of the dataset (remarkably, for DY data y?/Nyqq = 48/48)

| Dataset | x? INgar | g 10 PR =8Tey
= [
‘ HERA I+I1 ‘ 1236/1056 ‘ 2: :
high-mass DY 116 GeV < my; < 150 GeV 9/12 OO0
high-mass DY 150 GeV < m;; <200 GeV 15/12 © 102
high-mass DY 200 GeV < my;; < 300 GeV 14/12 -
high-mass DY 300 GeV < my;; < 500 GeV 5/6 -
high-mass DY 500 GeV < my; < 1500 GeV 4/6 [ Suncorramed 0 M <190 GeV)
r 3 total
Correlated (high-mass DY) x? 1.17 T XFierepHMDY O . .
Log penalty (high-mass DY) x? -0.12 § 13::
‘ Total (high-mass DY) x?/Nga ‘ I 48/48|h %‘ 09;;— AN ?'ﬁ i?*
Q " E
< 0.96k - -
| Combined HERA I+1I and high-mass DY x?/Ngor | 1284/1083 | Co 1 2 Iy |
I
E 10% ;_pp —>IM;fs=8TeV
= f
F
3 C
‘”g 10 3
10'7é—
C e ATLAS Data (500 <m, < 1500 GeV)
10—85_ ¢ g:.glg?rrelated
E — xFitter_epHMDY
s 14F
a8 1.2F
. ;
S 08
0.6E . . . . .
= 0.5 1 15 2 25
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Results (2)

> Good description of the dataset (remarkably, for DY data y?/Nyqq = 48/48)

2 & - Q°=10000 GeV- .
‘ Dataset ‘ X /Ndat ‘ %0.08;— 44 xFitter_epHMDY XFitter
| HERA I+11 | 1236/1056 | < 0.07E Hioded
high-mass DY 116 GeV < my; < 150 GeV 912 0.06f. — ' NPDF30qed
high-mass DY 150 GeV < my;; <200 GeV 15/12 v
high-mass DY 200 GeV < my;; < 300 GeV 14/12 0.05
high-mass DY 300 GeV < my;; < 500 GeV 5/6 0.04
high-mass DY 500 GeV < my;; < 1500 GeV 4/6 0.03
Correlated (high-mass DY) x2 1.17 '
Log penalty (high-mass DY) x? -0.12 0.02%
| Total (high-mass DY) %2 /Nga | 4848 | 0.01
]
‘ Combined HERA I+II and high-mass DY x> /Ndof ] 1284/1083 ]
> Agreement within uncertainties for all PO QFE_; 10000H(Rne[\)/Y2
determinations for x > 0.1 (1o level) % | Zluxqed "
g N ++ HKR16
> For 0.1 < x LUXged and HKR1é are softer than S a4 =NNPDF30ged  J7~
xFitter_epHMDY (agreement at 20 level) 2 7
x -
» Smaller uncertainty as compared to NNPDF3.0ged i
(~30% below x = 0.1 ) — the only other direct I
determination
> Direct determination not competitive with o m
theoretical calculations, but fully consistent with Y ’

them 107 N
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Francesco Giuli - University of Oxford

> Good description of the dataset (remarkably, for DY data y?/Nyqq = 48/48)

G T o7=10000 GeV? e Go.0osf  G’=10000 GeV? itt G [ O?=10000 GeV®
X | %% xFitter_epHMDY X [ 44 xFitter_epHMDY ¢ 0.08F 4% xFitter_epHMDY
X | NNm,=1.53 GeV %0.08F d~r1,=0.75 = C 2 +neg
0.081 4+ m, = 1.41 GeV C H+ Q% =5 GeV? * 0.07F +#+ +neg+Duv
[ ==m, =4.75 GeV 0.07F = g5 = 0.120 - =— +neg+Duv+DUbar
| ==m, =4.25GeV E ==ags=0.116 0.065
0.06 ~ Q; =10 GeV? 0.06} 0.0 -
0.05 05
0.04 0.04 0.041X
! 0.03 0.03
0.02} 0.02 0.02
I 0.01 0.01
of 0 0
. T . . &0.08F 2 2
» Agreement within uncertainties for all determinations S #fﬁft;f‘f:;jn‘g’v NNLO
forx > 0.1 (1o level) XO.07E S xFitter_epHMDY_NLO
> For 0.1 < x LUXged and HKR16 are softer than 0.06
xFitter_epHMDY (agreement at 20 level) 0.05
» Smaller uncertainty as compared to NNPDF3.0ged 0.04¢
(~30% below x = 0.1 ) — the only other direct 0.03f
determination 0.02-
» Robustness of the fit and his perturbative stability 0.01F
studied (NLO vs NNLO) o
» Experimental uncertainties: MC vs. Hessian
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Summary

> xFitter (former HERAFitter) is a unique open-source package oriented to fits of

PDFs that provides a framework for the interpretation and the analysis of the
experimental data

xFitter is presently widely used for many analyses of the LHC data to quantify

the constraints on PDFs
\_i x’
xFitter-2.0.0 is latest (recommended) release - Frozen Frog }F/ﬁ?f lf

‘kﬁ‘
«s’i‘“ﬁ

4
;
i
Over 40 public results obtained using xFitter xFitter 2.0.0 "

FrozenFrog

Several published dedicated physics studies (developers team publications),
more studies are ongoing

| have presented one of the many recent results obtained with xFitter:

» an extraction of the photon PDF based on the recent ATLAS 8 TeV high
mass Drell-Yan data

I https://www xfitter.org/ I

We welcome new ideas and developers :)
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Thanks for your attention!

Ringaile Voica
Placakyte Radescu
(almost five year (founder and
of convenorship) convener)

Best wishes and have fun with the new
work
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Motivation

» The factorisation theorem for a hadronic cross section read:

dohad = [W5;|®|f; & [;|dD

Partonic cross sections: Parton distribution functions:
* Process dependent « Universal (for a given hadronic
« High-energy dominated species)

Computable in perturbation theory + Low-energy dominated
« Perturbation theory inapplicable

How do we determine parton distribution functions (PDFs)?

L

Presently, the most accurate and reliable way is through fits to data
and reliable way is through fits to data
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Infroduction

» Fitting PDFs is a complex task
» Datasets:
» as large and varied as possible
» Spanning a wide kinematic range

» Estimate of the uncertainties:

» include full experimental uncertainties

» ensure a faithful representation

» Choice of the parametrisation:
» avoid parametrisation biases

> Theoretical inputs:
» higher order corrections
» Heavy-quarks mass effect
> ...

» Different choices my lead to different
results

31.5 """"""""" Il 1T I T 17T ] T T 17T | T 17T ] T T 1T

T A MMHT14 7

o] W CT14 * <+

1 4 NNPDF3.0 .

. 3052 VY ABM1i2 .
2 7" 4 HERAPDF2.0 - .
1 @ JR14VF e .

5 wl® E
5 b B S .
3 - o ]
D 295 N
%) - .- .
e _F .
O 29— + -
285 v : -

o []. ROJO, a oV0.V0 445 |

C | | | | T

108

. LHC
10 (14 TeV)

Jers

YHERA

ixed Targ¢t
10™ [PDG]

4

10* 10° 107 10" 1

X
Gluon-Fusion Higgs production, LHC 13 TeV

8 1 1 1 I L1 11 | 1 11 1 I 1 11 1 11 1 1 11 11 1 11 1 1 11
%_ 0113 0114 0.115 0116 0117 0.118 0119 012
ag(M)

-
-
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xFitter on Hepforge: data access

http://xfitter.hepforge.org/ http://xfitter.hepforge.org/data.html

I'his page contains the list of publicly available experimental data sets
| (with corresponding theory grids if available) in the xFitter package.
i To download data set please click on the arXiv link (and open/save tar.gz file).

* Home
e Source Code

-
o List of Data Files XF/#Ef

* xFitter Wiki No Collider Experiment Reaction arXiv Readme

* xFitter Releases

ettt An Open Source QCD Fit Project

1 fixedTarget bedms inclusiveDis cern-ep-89-06 README
Welcome! This site is under development. ; Z hera h1 beautyProduction 0907.2643
juse: XFITTER site ) {3  hera h1 inclusiveDis 1012.4355
4  hera h1l jets 0706.3722 README
. . . 5 hera hl jets 0707.4057 README
» This welbsite contains 6 hera h1 jets 09043870 README
: : { 7 hera hl jets 0911.5678 README
ComplemenTory InformOTlon 8 hera hl jets 1406.4709 README
TO hTTDS//WWWXfITTel’OI’C}/ 9 hera h1zeusCombined charmProduction 1211.1182
10 hera h1zeusCombined inclusiveDis 0911.0884
o, 11 hera hlzeusCombined inclusiveDis 06.060
> POSSIbIllTy TO dOWﬂ'OCId dOTO 12 hera zeus beautyProduction 1405.6915
ﬁles (inCIUding -I-heory) 13 hera zeus diffractiveDis 0812.2003
i 14 hera zeus jets 0208037
15 hera zeus jets 0608048
> Updated automatically with | 16 hes s MuEE
i 17 lhe atlas drellYan 1305.4192
new data added to svn 18 he atias drellYan 1404.1212
19 lhe atlas jets 1112.6297

Your feedback is welcome! ©

: S (more datasets available on the welbsite)
(via email xfitter-help@desy.de)
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Results obtained with xFitter: Examples (2)

Heavy quark production(ep, pp, pp)

S DY data sensitivity to photon PDF
(=) 2_ 2 P T — T T — T T T
. ui =10 GeV G 0.045-ATLAS ' o2 GoV2
x B HERADIS % = 5 Q' =2Ge
Z (.04 [INNPDF2.3qed 68% CL
©Z] HERA DIS + LHCb abs = = @R NNPDF2.3qed + ATLAS high-mass DY data
40 =] HERA DIS + LHCb norm 0.035F = +MRST2004qed, current quark mass
E ==sss MRST2004qed, constituent quark mass
B 0.03F CT14ged 68% CL
- GiiiE = arXiv:1606.01736
. § — L \\
0.025—, \\\
0 0.015
B Z 0.005
0
1 gl EFx,‘]:: 75(21015) .n.(.).'g' 396| Lo Parton momentum fraction x
10° 10° 10° 10° 10° 107 1
X
Evolution of moder PDFs (benchmarking) PDF4LHC report (benchmarking)
E Q%= 4.0 GeV? 2 F 2
< = = 10000 GeV
g > %4 ABM12 NNLO 4F G - = azMHTZOM ¢
= SRS K FANML OO 2 12 B VIVHT2014 + W A, 5 = 2.0
E H+HERAPDF2.0 NNLO v L Bl MMHT2014 + WA, § < 1.0
S EPJC 76 (2016)8, 471 E! L B MMHT2014 + W A, < 0.5
&£ 15 S 14 )
3 ::; arXiv:1507.00556
5
=
1
0.5 - .
xFitter HERSEILTer
o0l vl L
ol sl ol PRI 3 S5 -1
10 10 10
10" 107 10% 107 1 X

X
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Novelties in xFitter 2.0.0 (1)

Release Date Description
xfitter-2.0.0 20.03.2017 Physics related additions:
(FrozenFrog)

Implementation of switching scales for heavy quarks (APFEL)

Fast convolution using APFELGRID (“fk” tables)

Write out top LHAPDF if top mass is below kinematic limit (5 and 6 flavour PDFs)
Extra PDF parameters of the photon parametrisation

Improvements to QED evolution interface (QEDevol)

(optionally) Produce symmetric hessian PDF sets using minuit HESSE covariance
matrix computation instead of default ITERATE method.

Updates to dipole steering files, saturation flag added

e Extra option to separate statistical uncertainty from total covariance matrix, when
it is uncorrelated

Il

Technical improvements:

"o Move to QCDNUM 17-01-13 new PDF interfaces. Make use of fast PDF calls.

e Update fastNLO to latest version. Switch from APPLGRID — FastNLO to native
FastNLO.

install-xfitter script uses cvinfs (recommended way to install xFitter)
xfitter-getdata.sh script added to download datasets

Added new datasets from LHC and HERA, and LHeC simulated data.
Synchronisation of the lhapdf6 output grid with initialisation from QCDNUM

Restore optional LHAPDFv5 usage
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Novelties in xFitter 2.0.0 (2)

Release Date Description

xfitter-2.0.0 20.03.2017 Physics related additions:

(FrozenFrog) e Possibility to force PDF's to be positive after processing (xfitter-process tool)

e Adjustment of internal systematic arrays to to run with all data. Reduction of
other internal arrays to keep memory footprint low Havour PDFs)

e Improvements in configuration and makefiles to work with different compilers and
operation systems )

e If OUTPUTDIR directory exists when running xfitter, it will be moved to PE covariance
OUTPUTDIR_OLD

e Increased the possible length of the output directory name .
e Clean up (removing/renaming functions, suppressing unneeded outputs) matrix, when
e Updates to README, INSTALLATION, steering files, manual, doxygen config
e Add error message if combine utility is used with LHAPDFv 5.x
e Cleanup of warning messages, better indication of potential problems
e Restore make dist functionality DF calls. .
e Added extra automatic checks LO to native
e Add feature to draw individual sets by using set:ID:dir syntax
e Additional option --loose-mc-replica-selection itter)
e Add strict check for second option of MC-replica path matching
e Other small fixes in drawing options (logo, coloured error bands, etc) ta.
DCDNUM

IBug Fixes: I 4

e Fix in the gluon parametrisation (affecting HERAPDF parameterisation sum-rule)
e Enable compilation with LHAPDF6 and without APPLgrid

e Fixes in non-standard parameterisations (e.g. using Chebyshev polynomials)

e Fix few conflicting fortran symbols.
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xFitter Developers Meeting

External xFitter's meeting in Oxford:

« 33 participants

« 2.5 days workshop with number
of talks and many discussions

Downloads of xFitter software package xFitter Meeting in Oxford, UK
1 xFitter-2,0.0 release is publicly avallable.
All the xFitter releases can be accessed HERE. 19 - 22 March 2017
All the former (HERAFitter) releases can be acce St Hilda's College, Oxford, UK

Description: @ http:/arxiv.org/abs/1410.4412

xFitter Meetings

r O xFitter Meeting in Oxford 20-22 March 2017

® User's Meetings: meetings to enhance commun

® Developer's Meeting: technical weekly meeting
access)

e Steering Group's Meeting (restricted access)

xFitter representation

o List of results

o List of collected talks

Developers Info (restricted to developers

¢ Intenal Developments

Organisation

Steering Group is composed of:
* Conveners: Voica Radescu, Ringaile Placakyte|
o Release coordinator/Librarian (revision of the
e Contact Persons: Cristi Diaconu (H1) Klaus Ral
e DESY IT Contact: Yves Kemp

Getting help
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’ Fiﬂer workshops
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xFitter examples (CTEQ school)

QCD and Electroweak Stefano Camard
and Electrowea efano Camarda
@::'..ﬂ,‘:,?:e"mogy hitp://gcd2016.desy.de/ Ringailé Placakyté

BESY, Hamburg

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

> Exercise 1: PDF fit
> learn the basic setftings of a QCD analysis, based on HERA data only

> Exercise 2: Simultaneous PDF fit and as
» 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:
» profiling and reweighting techniques

» Exercise 4: Plofting LHAPDF files
» direct visualisation of PDFs from LHAPDFé using simple python scripts

> Exercise 5: Equivalence of y? representations
> understand different y? representations (nuisance parameters and
covariance matrix y? formulas)
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Physics cases in xFlﬂer

> New QED PDFs up to NNLO QCD + Soof _T=TwGT & T
NLO QED in FFNS and VFNS are now =00 APFELQED 5 — APFELGED
available via evolutions in: £ T
» QCDNUM adjusted for DGLAP+QED [R. 1 l
Sadykov] http://www.nikhef.nl/~h24/gcdnum : \I
> APFEL DGLAP+QED as used by NNPDF2.3
[V. Bertone et al.] nttps://apfel.hepforge.ora/ i e "')1 ol
» plan to add NLO QED, interface APPLGRID  [Plots produced by R. Sadykov and V. Bertone]
to SANC https://apfel.nepforge.org/mela.html Perfect agreement between QEDEVOL and APFEL

NC structure functions in the FONLL-B scheme

> NLO QCD + QED via APFEL in xFitter: Rl o p—

> implementing the 0(aas) and the 1.015 | XELfmg —
0(a?) corrections to the DGLAP splitting

functions on top of the 0(a) ones

1.01

1.005 |

1

> implementing 0(aa?) and the 0(a?), —
0.995 | N\ 1
» when including NLO QED corrections, not ose| V. Berfone '

0(a’as) corrections to g functions

nLo acp+Qen(®:Q) / FyLo acp(*%.Q)

only the evolution is affected but also the 2 oss| APFEL
DIS structure functions

0'98 | | | |
0.000010 0.000100 0.001000 0.010000 0.100000
X
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Physics cases in xFitter (2)

» Addition of new Heavy Flavour Scheme: H1 and ZEUS

rrrrr L AL B Y SN Bt L B LS L L

FONLI‘ VFNS h;E 1.25 ~ EPJC 75 (2015) 12, 580 -?

> it is available thanks to collaboration with APFEL Ni 12 [

> various FONLL options available via interface to

APFEL https://apfel.nepforge.org/ 18 ]
> ABM SCheme WGS Up_TO_dOTed TO 1 :— A1 :((;:;)ITLN;:’LFOL:‘(“S A RTOPT NLO, F, O(c? —;
OPENQCDRAD v 2.0b4 W = inningpepgeinpaspy e
http.//www-zeuthen.desy.de/~alekhin/OPENQCDRAD ]
1 ..... g.tu..;;‘llo.;A“.;..lls‘ ....... .zldz ....... ;2152
> Interface to Mangano-Nason-Ridolfi (MNR, Qi Gy
NPB 373 (1992) 295) theory code added in : PROSA —
. 5 pp »D° 35<y<40 -
xFitter: 3 1 e
» was used for analysing the heavy-flavour 37_ [ Sttt
prOdUCﬁOH at ;% 10? ®  LHCb fs=7TeV
> LHCb and at HERA (via OPENQCDRAD) B | gty fm
> use of FFNS for accounting of heavy quark £ s i , E
masses at NLO T s - o /v i
» added corresponding LHCb data 8 L W= .
-E‘ L-%\"t" i1l | J -1”_ -]
S T R G SR e
» Added extra reweighing option using Giele- S B
. 0.8 mcmot -
Keller weights s s — —
p, [GeV]
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Electroweak Corrections

105 | O(a)
F O(a+aa.)
O(a+aas+a2)
DGLAP Evolution: the yy luminosity 5
S
8
Sizeable effect of the EW § 0.95 1
corrections (10% for low masses)
oo
0.85 .
1000
! My, [GeV]
1.05 O@) :
O(a+oaay)
O(a+aas+a2)

g DGLAP Evolution: the photon PDF
.g 095
3 Effect on the photon PDF of the
ol NLO QED corrections ~5%
0.85 -

0.000010 0.000100 0.001000 0.010000 0.100000 1.000000

X
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Latest xFitter Developers Team Pubblications

arXiv.org > hep-ph > arXiv:1605.01946

JHEP 1608 (2016)

High Energy Physics - Phenomenology

A determination of mc(mc) from HERA data using a matched heavy-
flavor scheme z

xFitter Developers' team: Valerio Bertone, Stefano Camarda, Amanda Cooper-Sarkar, Alexandre Glazov,
Agnieszka Luszczak, Hayk Pirumov, Ringaile Placakyte, Klaus Rabbertz, Voica Radescu, Juan Rojo, Andrey
Sapranov, Oleksandr Zenaiev, Achim Geiser

(Submitted on 6 May 2016)

» Determination obtained using the FONLL general mass scheme

> Formulation of the FONLL scheme in terms of the MS masses (improvement of
perturbative convergence w.r.t. the pole mass definition)

» All the formalism is implemented in APFEL (available in xFitter)

> Inclusive and charm data in DIS is directly sensitive to the charm mass (exploit the
precise HERA I+l combined data to extract the charm mass)

» FONLL-C scheme used — NLO accuracy in the massive sector
» Also tested in Fixed Flavour Number Scheme (FFNS) at NLO

me(me) = 1.335 £ 0.043(exp) Ty g0 (Param) Ty gog (mod) Tggog(th) GeV
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Analysis settings (1)

> The datasets:
» combined HERA I+l charm production cross sections
» combined HERA I+l inclusive DIS cross sections

» cut on data with @Q? < Q,,,,> = 3.5 GeV?
» The parametrisation:
xg(x) = AgaBo(1 —2)% — A;il?B;(l —x)?°, Bp = Bp,
ruy(z) = wu(z) — aW(z) = AyyaPuo (1 — )00 (1 + Bua®), Ay = Ap(L—£.)
rdy(z) = zd(z) — zd(z) = Ag,xBdv (1 — z)%%,
xU(x) = au(x) = ApaPBo(1 —2)% (1 + Dga),
rD(z) = zd(z) + 25(x) = AD;I?BD(l — z)%D.

» and its variations:
» strangeness fraction: f, = 0.4 + 0.1
> initial scale: Q9,2 = 1 — 1.5 GeV? (bound to be below the charm mass)
» functional form variation: inclusion of the D, linear term in xu,, (x)
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Analysis seftings (2)
» The model (QCD) settings and their variations:

» strong coupling: a,(M;) = 0.118 + 0.0015
> all heavy quark masses are defined in the MS renormalization scheme:
» charm mass: m.(m,) scan in the range [1.10 — 1.60] GeV with steps of
0.05 GeV
» bottom mass: m,(m;,) = 4.18 + 0.25 GeV (PDG value and
conservative variation)
» top mass: m;(m;) = 160 GeV (PDG value and no variation)

» The theory settings and their variations:

> centralscales: ug = pi = Q2

2
> scale variations: uz = ué =Q7ond s = pé = 202

» variation of the damping factor (only for FONLL)
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Parametric unceriainty

» The parametric uncertainty is estimated varying:
> the initial scale Qy2 from 1 to 1.5 GeV?

» including the linear proportional D, into the xu,(x) distribution (variation
with the largest impact)

~ 1540 : ~ 1940 :
><1520 - HERA-I+ll inclusive + charm ><1520 —  HERA-I+ll inclusive + charm
1500 [ © FonLL-C @E=SGeVE) 1500 [ © FONLL-C BiyRonzero)
u mq(m;) = 1.354 £ 0.041 GeV - m¢(m.) = 1.340 + 0.043 GeV
1480 1480 -
1460 1460
1440 | 1440
1420 |- 1420 —
1400 | 1400 |
2 1380 |-
1380 B (mo) = 1.335 + 0,009 GeV = me(me) = 1.335 + 0.005 GeV
1360 [ 1360 -
- | ! ! | A A A | A A | | 1340 [ ! I | ] ! ! | ] ! A | |
1340 1 1.2 1.4 1.6 1 1.2 1.4 1.6

m.(m,) [GeV] m¢(m;) [GeV]
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Model uncertainty

w1540 [
. . . = 1520 | HERA-I+ll inclusive + charm
» The model uncertainty is estimated 1500 | ®FONLLC
. . E mg(m,) = 1.330 = 0.043 GeV
varying. 1480 g FONLL-C

m,(m,) = 1.343 = 0.043 GeV

> as(My) by 0.0015 around 0.118 1222 _ W/
> my(myp) by 0.25 GeV around 4.18 GeV 1420}

1400 |
» f. by 0.1 around 0.4 1380 F
1360 [Me(m<) = 1335 +0.008 - 0.005 GeV
« 1540 PSS R
x - . . 1 1.2 1.4 1.6
1520 | HERA-I+ll inclusive + charm mc(mc) [GeV]
1500 |  © FONLL-C @D=0:i6s) 1540
1480 : meJ:L&W N><1520 : HERA-I+Il inclusi h
— - FONLL—C :— —I+1l INnClusive + charm
: . FONLL-c ({2013
1460 |- me(mc) = 1.329 = 0.043 GeV :igg - r:lc(mc)=1.338:0.043 GeV
X ~  mFONLL-C
1440 3 1460 | mc(m,) =1.332£0.043 GeV
1429 :_ 1449 i— \-q-—.’/
1400 | 1420 |-
1380 7, (me) = 1335 + 0.007 - 0.006 GeV 1400 -
1360 |- 1380 1, (mq) = 1335 + 0.003 - 0.003 GeV
1340il | I1I2I | I1[4' | I1l6l 12‘612_"'
mc(mc) [GeV] 1 1.2 1.4 1.6

mc(m,) [GeV]
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Theory uncertainty

» The theoretical uncertainty is estimated varying:

> pi and uzup and down by a factor of two around u3 = u2 = 202 (only
for heavy quark contribution)

» the suppression power of the FONLL damping factor from 2 tfoland 4

1540
= 1520
1500
1480
1460
1440
1420
1400
1380
1360
1340

HERA-I+ll inclusive + charm

mg(m.) = 1.347 £ 0.044 GeV

mw

mc(mc) = 1.335 + 0.012 + 0.026 GeV

||I|||I‘III|I||||I||III|||I‘III

| | | | | | | | | | |
1.2 1.4 1.6
m.(m,) [GeV]

—r T T 1]

AN

1540
= 1520
1500
1480
1460
1440
1420
1400
1380
1360
1340

HERA-I+ll inclusive + charm

® FONLL-C

mg(m,) = 1.352 £ 0.041 GeV

B FONLL-C

mg(m,) = 1.327 + 0.044 GeV

S

mc(me) = 1.335 + 0.017 - 0.008 GeV

I

A||I||||‘III|III‘III|I||||I||||I|II|‘I

1.2

| | | | | | |
1.4 1.6
m.(m,) [GeV]
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Charm mass determination

o~ NX1 480
= 1500 - HERA-I+llinclusive + charm : HERA-“TcIusive + charm

i ® FONLL-C 1460l ® FF (MS)
. m,(m,) = 1.335 + 0.043 GeV - mc(m )=1.318 = 0.054 GeV

1480 - :
- 1440

1460 |- _ .
I 1420 ~ e .

1440 :
- 1400 B

1420 |- i
| ] ! ] | ] ! ] | ] ! ] | ] L I I | ! ! ! | ! ! ! |
1 1.2 1.4 1.6 191 1.2 1.4 1.6

 FONLL.C: m(my) [GeV] m.(m,) [GeV]
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Our determinations are compatible
with each other

Compatible with the PDG world
average

Competitive uncertainty

General agreement with most of
the past determinations

Differently from the other
determinations, ours fend fo be
above the PDG value

The recent combined HERA I+l]
inclusive cross sections tend to
pull the value of m.(m,) up

Francesco Giuli - University of Oxford 34

Charm mass determination (2)

FONLL (this work)

FF (this work)

FF (H1-ZEUS)

FF (Alekhin et al. approx. NNLO)

FF (Alekhin et al. NLO) —o—+

S—ACOT—y (CT10 str. 1) +——e—i
S—ACOT—y (CT10 str.2)  +———i
S—ACOT-y (CT10 str. 3)

S—ACOT—y (CT10 str. 4)

World average

| | | |

10 11 12 13 14 15
m (m,) [GeV]
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Results: PDFs

» Comparison with other PDF sets based on a GM-VFNS:

& - — 2 : I - _ 2
q - . 02 =10 GeV x)f/#er ‘b.. -, 02 =10 GeV ).’I_F/n‘ﬁ
X 5[ %% NNPDF3.0 « X | »%<NNPDF3.0 p
o L w¢ MMHT2014 £ 201 ¢ MMHT2014
" H4 CT14 [ 4 CT14
4 — HERAPDF20_EIG - — HERAPDF20_EIG

| === FONLL-C (MCerr) | === FONLL-C (MCerr)

15

10

(=)

1073 102 10" 1
X

1073 102 10" 1
X

—h
e
E S
—h
<
E Y

» General good agreement

» A detailed study at the level of PDFs is beyond the scope of this work
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Theory comparison

» The measured cross sections are compared to theorefical predictions using a
selection of recent PDF sets (HERAPDF2.0, CT14, ABM12, NNPDF30)

» Theory = NNLO pQCD ® NLO EW + LO PI; pQCD uses MMHT14 NNLO PDF set
» LO Pl uses NNPDF23ged for photon PDF £ 68% of replicas; a,=0.118 = 0.001

» Scale error: envelope of yr and ug varied by factors of 2

» Theory uncertainties are larger than

> o
o 10'f e ¢ e L .
€ b %e, Sy uncatabty data uncertainties = potential for
S ok ° . oy, PDF constraints
Ols ¢ . .
10°F ATLAS ° . 1 Theory generally in agreement with
10°F Vs =8TeV, 203 0" 1 data
’ 0_6; —— MMHT2014 with 68% CL (PDF +a,) + scale + Pl unc. | ° 1
:: 201 Proonesion] 1 » Photon induced confribution
- _+} reaches 15% at large m
| e S N o e e L e R S §
08} . . » Where PI| contribution is large, theory

M k2014 _—% | uncertainty dominated by the P
o piece

-o-

Theory/Data  Theory/Data

09} -~ HERAPDF20 --CT14 - ABM12 ~~NNPDF3.0
1 1 1 Il 1 1 Il 1

116 200 300 400 1000 1500 > Else PDF uncertainty dominates
m, [GeV] theory precision




>

>

06/07/2017

Francesco Giuli - University of Oxford

Theory comparison

The measured cross sections are compared to theoretical predictions using a
selection of recent PDF sets (HERAPDF2.0, CT14, ABM12, NNPDF30)

Theory = NNLO pQCD ® NLO EW + LO PI; pQCD uses MMHT14 NNLO PDF set

» LO Pl uses NNPDF23ged for photon PDF £ 68% of replicas; a,=0.118 = 0.001

>

o hh/GeV]

dm,

Scale error: envelope of yr and p varied by factors of 2

Theory/Data "\ Theory/Data

10" ._. Py -~ Data ©
® ® Sys. unc c 111
2[ L T
10 r ° ° Total unc 2
C o ... O
10-3 B w/o luminosity @
s S
4 ;_ ® .
10°F ATLAS . 116
10°F {s=8TeV,20.3 b
10 r ~— MMHT2014 with 68% CL (PDF +a) + scale + Pl unc. 1

0.6% precision reached

— MMHT2014

1.4f
- - MMHT2014

L - - HERAPDF2.0
1

--CT14 -
1

30

1000 1500
m, [GeV]

300

200

4

At low m, observe large spread of
predictions from different PDFs
compared to experimental accuracy
- large potential to constrain PDFs!
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Theory comparison

2
ATLAS - - HERAPDF2.0 ¥ Data d 9 data/th ti
\s=8TeV,203fb" --CT14 Sys. uncentainty d m d | y I ata/tneory ratio
- MMHT2014 with 68% CL - ABM12 Total uncertainty I Il

(PDF + o) + scale + Pl unc.

- - MMHT2014 w/o Pl corrections NNPDF3.0 w/o luminosity uncer. . |
..g 4 {116 Gev<m, <150 Gev _.g 1 {116 Gev <m, <150 Gev > ReO”y precise datal
()] o . . .
S fesscssesss i} > freeeeessiss » Photon-induced (Pl) conftribution
§ ogj‘-‘"""“""'" R § N e increases with m;; and decreasing
= 1'1_1sbeévém,|'<260G;v — ] = 1'1_15.0G(|3V<.mﬂl<20‘0G:eV — R | Yu |
R ERRERERES: * TREY H;ﬁ,_u,#i } » PDF uncertainties calculated for each
09—-—.- OW N - PDF scaled to 68% CL
100G < <3m0Ger 10 GoV < <500V » Compatibility of data to predictions
. S :
1+T-H-L:§__?++L_{_Jf 1ﬁ%§4_%7ﬁ£__£_—{' with other PDFs test with x? function
oS oor Mg [yee|  |Ane
1.2-300GeV<m"<500GeV 1.2-300GeV<m"<SOOGeV | MMHT2014 182/12 593/48 628/47
1.\ 1'1'-..-.T.e.-:.S.-F..-'..-F-____————::'T"' £ CT14 | 16.0/12 51.0/48 61.3/47
[ o i B T_L L e e e — NNPDF3.0 | 20.0/12 57.6/48 62.1/47
0.9f . . o ) ]
o e e HERAPDF2.0 | 15.1/12 55.5/48 60.8/47
o ABMI2 | 14.1/12 57.9/48 53.5/47
o} Data in good agreement
0 04081216 2 24 0 04081216 2 2.4 with SM predictions

v |
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Photon PDF

C\T'\ 1_ T T T T T T T T T T T ] N T T T T L l T T T T —TTT
& 0.045- ATLAS P0GV = G 01K ATLAS Q*=10*GeV?
x 0.04F- 1 NNPDF2.3qed 68% CL = x \ [JNNPDF2.3qed 68% CL i
S F EE NNPDF2.3qged + ATLAS high-mass DY data 3 N\ fEE NNPDF2.3ged + ATLAS high-mass DY data -

0.035F — - MRST2004qed, current quark mass = 0.08 =\ \ — MRST2004qed, current quark mass —
E seees MRST2004qged, constituent quark mass = RYAN N MRST2004qed, constituent quark mass .
0.03F CT14qged 68% CL — B SN CT14qed 68% CL ]
0.025F~— E 0.06F o\ T\ ]
= —~ - B N i
0.025 T~ = SN _
00155 \\\ = 0.04+— YA N —
. — - ~ N 1
E ~ - ~ ~N N
0.01 N ] - \\ 4
- 0.02 — S .
0-005 .‘.‘...;:::...‘...u.. — R eessessszsaassnensls i sEBEASERERRRREEEENARRRNRS-? & r......:f::iﬁ:::a._ B ) \\ i
0 2822222555555 5anncnnannnncnnnannnns _......_._.,:, easeslt --------:-.«......:..'.-..... ,, , S HHHN O *_ » g I " I ‘ l : ,
103 1072 10" 1 10°° 102 10 1
Parton momentum fraction x Parton momentum fraction x

» Assess impact of new data on photon PDF - use Bayesian reweighting of
NNPDF replicas

» Each replicareceives a weight according to x2 function (poorly fitting replicas
receive a small weight; replicas fitting the data well receive a large weight)

» New PDF central value is estimated from mean of weighted replicas
» New PDF uncertainty determined from 68% CL

» Original NNPDF uncertainty dramatically reduced in reweighting
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APPLgrid settings

» The APPLgrids are produced using aMCfast (v01-03-00) and MG5_aMC@NLO
(v2.4.3) — one of the latest tag available) technology and then transferred to
xFitter for fitting

» Because photon PDF is a new addition to the Ihapdf format type, a mapping
of the indices is needed to assure that that the photon PDF contribution is
actually accounted for:

» use of the tailored APPLgrid for photon PDF (thanks to V. Bertone / S.
Carrazza) https://github.com/ scarrazza/applgridphoton

» use of the modern interface to LHAPDF (vé.1.6)

» use of a dedicated branch of xFitter that is linked to the adjusted
APPLgrid (PI_apfel_for_IhaGridQED)

» Validation procedure then is performed using:
» standalone reader of the APPLgrids (thanks to V. Bertone)
> xFitter reader of the predictions
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Following suggestion made by S. Glazov during one of the Internal xFitter meefting:
increment the number of points in the grids and play a bit with Q2,,;,,and Q2,4 ... SO |
modified the following piece of code in my analysis:

*

* Grid parameters

*

appl_Q2min = (lower mass bin edge - 5 GeV)A2d0
appl_Q2max = (higher mass bin edge + 5 GeV)A2d0

appl_xmin =1d-5

appl_xmax = 1d0

appl_.nQ2 =10 (for QCD 1D distribution and for all LO Pl = 70)
appl_Q2order = 3

appl_nx =30 (for QCD 1D distribution and for all LO Pl = 50)
appl_xorder =3

I'm also optimising the cut on m;; at the generation level (lower mass bin edge - 5 GeV)
and I'm using dynamical scales, set to the invariant mass of the lepton pair: in setscale.f

elseif(dynamical_scale_choice.eq.0) then
temp_scale_id="MIl'l use a meaningful

string
tmp=dsqrt(2d0*dot(pp(0,3).pp(0,4)))
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02 FEWZ o FEWZ ——
0.18 | MG5_ aMC@NLO  + | 009 | MG5_aMC@NLO ~ +
o) ooy
> > I
8 o4t g 07
3 g 006t
S o012t =
8 g o005t
g Oy g o004t
g 008 & o003l
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005 | 001 |
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$ 004t & 0008 f
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ly(ID) Iy

Here the NLO QCD predictions for MG5_aMC@NLO 2.4.3 and FEWZ 3.1

Cross section as a function of |y, | in five invariant mass bins

Difference between the two predictions at most 1%

25
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g S 00004 |
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I 0.0002 |
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Here the LO PI predictions for MG5_aMC@NLO 2.4.3 and FEWZ 3.1
Cross section as a function of |y, | in five invariant mass bins

Difference between the two predictions at most 1% as well
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Here the predictions for MG5_aMC@NLO 2.4.3 and FEWZ 3.1 regarding the 1D

distribution do/(dM;)

Difference between the two predictions at most 1.5% for NLO QCD, around 4

per mille as regards LO

Pl
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LO Pl contribution to total xsection

my || QED/QCD
[GeV| S

116 — 150 0.0 - 0.2 ( 0.0252 )
116 - 150 0.2-04 .

116 — 150 0.4 - 0.6 0.0250
116 — 150 0.6 — 0.8 0.0245
116 — 150 0.8-1.0 0.0241
116 — 150 1.0-1.2 0.0234
116 — 150 1.2-1.4 0.0227
116 — 150 1.4-1.6 0.0214
116 — 150 1.6 - 1.8 0.0184
116 — 150 1.8-2.0 0.0160
116 — 150 2.0 -2.2 0.0138
116 — 150 2.2-24 0.0127
150 - 200 0.0-0.2 0.0524
150 - 200 0.2-0.4 0.0520
150 - 200 0.4-0.6 0.0507
150 — 200 0.6 — 0.8 0.0491
150 - 200 0.8-1.0 0.0473
150 — 200 1.0-1.2 0.0442
150 - 200 1.2-14 0.0380
150 - 200 1.4-1.6 0.0315
150 - 200 1.6 -1.8 0.0263
150 — 200 1.8-2.0 0.0223
150 — 200 2.0-2.2 0.0188
150 - 200 2.2-24 0.0174

As expected:

>

LO PI contribution increases
when m increases

LO PI contribution
decreases when |y, |
increases

LO PI contribution reached
~12% of the total ¢ in the
last invariant mass bin

LO PI confribution
evaluated with our fit as
PDF input; QCD part with
MMHT14_nnlo_68cl

Difference to prediction
computed wrt.
NNPDF30ged_nnlo_as_0118
_ged ~3%

A

my lyu QED/QCD

[GeV]
200 — 300 0.0 — 0.2 0.0837
200 — 300 0.2-0.4 0.0822
200 - 300 0.4 0.6 0.0793
200 - 300 0.6 - 0.8 0.0737
200 - 300 0.8 1.0 0.0643
200 - 300 1.0 — 1.2 0.0525
200 - 300 1.2-1.4 0.0421
200 - 300 1.4 1.6 0.0339
200 - 300 1.6 1.8 0.0279
200 — 300 1.8 —2.0 0.0231
200 — 300 2.0 2.2 0.0202
200 - 300 2.2-24 0.0178
500 — 1500 0.0 - 0.4 0.1184
500 — 1500 0.4 — 0.8 0.0910
500 — 1500 0.8 — 1.2 0.0580
500 — 1500 1.2 - 1.6 0.0362
500 — 1500 1.6 — 2.0 0.0239
500 — 1500 2.0 - 2.4 10,0182
500 — 1500 0.0 — 0.4 Qé;_lrg)
500 — 1500 0.4 0.8 0.
500 — 1500 0.8 — 1.2 0.0493
500 — 1500 1.2 - 1.6 0.0308
500 — 1500 1.6 — 2.0 0.0221
500 — 1500 2.0 - 2.4 0.0250
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Theory inputs (2)

» PDF evolution and DIS cross sections via APFEL program: NOVELTY!
» Accurate up to NNLO in QCD + NLO in QED
» Includes relevant mixed QCD + QED correction
» FONLL general-mass scheme

» LHC hmDY cross sections calculated via
Madgraph5_aMC@NLO which includes Pl diagrams
» Interfaced to APPLgrid via aMCfast
» Tailored version of APPLgrid used to account for
photon conftributions

» NNLO QCD + NLO QED corrections to DY obtained using
FEWZ3.1
» Chi2 definition: from H1 paper (arXiv:1206.7007)
» Qy2=7.5GeV? (also Q? cut on datq)
> 1= i_g = 1.0 (ATLAS W.,Z data) (includes corrections for possible biases from
2 statistical fluctuations and treats the systematic
> M. =1.41 GeV uncertainties mulfiplicatively)
» M,=4.5GeV ; 2
° {Mi —m (1 — 2 ’ijj)] m? + 07

x2—Z

z unc ) i,sta ,U/zmz
AEOEDIIE v
5z2uncmz —I_ 525tatlu’lmz ( - Zj 'Y;bj) j unC'uz stat:uz
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Parameterisation variation

Starting point > 10p from HERA + Euv: 1340. 22/1088 1.230) - x2 / #degrees of freedom

131127 131613 131298 131441 1309.50 130223 131355 130885 1313.82 131337 128524 X
+Dph  1287.42 1289.77 128526 1287.24 - 128729 1287.33 1283.40 - 1287.43  1285.53 ;
+Eph 128330 127825 127466 128251 - 128041 1283.19 127793 127651 128332  1281.80 : i
+neg 127464 127439 ; 126791 - 127449 127463 127220 1269.05 127442  1271.23 .
+Duv  1267.92 1267.65 : : . 126779 126778 125334 126077  1267.89 126536 :

+DUbar  1253.32 1253.10 ; ; . 125312 125323 i 125329 125330  1250.33 ;

+EDbar  1250.32  1250.23 _ _ . 124981 125004 ] 1250.28 - ] ]

» Euv + Dph + Eph is our central fit (NNLO)

> We include the solutions +neg, +Duv, +DUbar (4th, 51 and 6" line) as parameterisation
variation

» +DDbar solution didn’t converge so we cannot take it into account
> Beyond +neg,Duv,DUbar no really significant decrease of the x?

» More checks on parameterisation scan in the following slide



06/07/2017 Francesco Giuli - University of Oxford 48

Exira checks on the parameterisation scan

» NNLO fit with +Euv+Dph+Eph our baseline... Are we sure that is the best
solution?

> | performed a reversed parameterisation scan:

- 16p:
After minimisation 1283.80 1088 1.180

15p (no Eph):
After minimisation 1287.30 1082 1.182

15p (no Dph):
After minimisation 1286.58 1089 1.18]1

15p (no Euv):
After minimisation 1359.14 1089 1.25

» The impact of Dph, Eph on the chi2 is marginal but there's an improvement so
it justifies our choice to have 13p+Euv+Dph+Eph as central fit
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Resulis

> After minimisation 1283.80 1083 1.185 (y?/ #degrees of freedom )

HMDY 8 TeV
Dataset 1 8.96(-0.01) 12 HMDY rap 116-150

Dataset 2 15.36( +0.00) 12 HMDY rap 150 200

Dataset 3 13.81(-0.21) 12 HMDY rap 200 300 | x2/#points = 47.96/48 |
Dataset 4  4.82(+0.02) 6 HMDY rap 300 500 ;

Dataset 5  3.96(+0.07) 6 HMDY rap 500 1500 (data described well)

Correlated Chi2 1.1654788144144461
Log penalty Chi2 -0.11984831500646678

HERAI+II
Dataset 1 218.79(-1.59) 159 HERA1+2 NCem
Dataset 2 383.22( +2.13) 332 HERA1+2 NCep 920
Dataset 3  60.49(-0.81) 63 HERA1+2 NCep 820
Dataset 4 197.41(+2.98) 234 HERA1+2 NCep 575 |)(2 /#points =1235.85/1056 |
5
6

Dataset 207.41(-1.55) 187 HERA1+2 NCep 460
Dataset 54.61(-2.21) 42 HERA1+2 CCem
Dataset 7 48.52( +0.00) 39 HERA1+2 CCep
Correlated Chi2 66.4488724391

Log penalty Chi2 -1.0519009775
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Data Vs Theory

g 10-1E—pp—>|+|';i§=8Tev g D 1T 45 =8 Tev g 10'2§—pp—>|+|';i§=sTev
;: r ;: ;: :
3 [ T 10°F R ..
s | S f S 0
N 2 I '
© ho} o g o] r
102 i .
E 10-3:_ 10—4_
| —e— ATLAS Data 3116 <m, <150 GeV) F —— ATLAS Data (150 <m, <200 GeV) E —e— ATLAS Data (200 <m, <300 GeV)
¢ Jduncorrelate [ e Jduncorrelated L e Juncorrelated
N S total S total B § total
= XFitter_epHMDY [ === xFitter_epHMDY [ = xFitter_epHMDY
slaE ] sief . &, |
S 1.02- S : S 1.05F
§O1EIFP|+||‘H] S 1 S Rt At
S 0.98- S 0.95) S 0.950 w|
£ 0.96k . . £ : . . £ : . .
1 2 0 1 2 0 1 2
ly,| ly,| ly |
_ S — » Comparisons shown both in
- 15 ds = T . M: ¥5 = 8 TeV
2 10°gPP 7 hie=sre 2 10“Epp% s=Re an absolute scale and as
> f E ratios to the central value of
> | = 0% the experimental data
L 10°E NN
° Uk © 10°F » FError bars on data correspond
[ ok to statistical uncertainties
i E
105 L —=— Data (300 <m, <500 GeV) C _o_ ATLAS Data (500 < m, < 1500 GeV) > Yellow bands indicate the size
 +  preprlad 107 ¢ { il f th lated systemati
[ = XFitter_epHMDY E — XFitter_epHMDY orine cprrg area sysremartic
g e pe———————————————— uncertainties
1% L N S 12
g 095‘-5 t G S—— = ;; > Good agreement between
2 ook . . . . ] 2 oskt ATLAS data and NNLO theory
= 0.5 1 15 2 25 F

predictions
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=7.5 GeV”
| 44 XFitter_epHMDY
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Impact on the antiquark PDFs
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The impact in the medium and large-x antiquark distributions from the high mass

DY data are rather moderate
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Data Vs Theory (1D)

TS 10%Epp - I1;Vs=8TeV eitter
o S . .
= 10 | > Comparisons shown both in
f: 10_11 an absolute scale and as
b .
3 102 rafios to the cenftral value of
10° the experimental data
10*
10:2’ » Error bars on data correspond
18_7 —e— Data to statistical uncertainties
108 t duncorrelated , iitter epHMDY o i
10° 3 total AN LUXqed » Yellow bands indicate the size
10710 g ==~ Theory + shifts  HNNPDF30qed of the correlated systematic
= uncertainties
S
e > Good agreement between
l."E’ , ATLAS data and NNLO theory
200 300 1000 icti
M, [GeV] predictions
Dataset xFitter LUXqed =~ NNPDF30qed ~ Here. also comparison with
HMDY q q two other NNLO PDF set:
°p LUXged and NNPDF30ged
HMDY Mass 11/12 12/12 12 /12 c fole +2 bet
Correlated y2 5.8 45 5.3 d.ﬁfmpcf' © éf. T.e Weeg |
Itvr2  +0.30 +011 L 0.04 ifferent predictions and a
Log penalty x : : : around 1 (pretty good data
Total x*>/dof  17/12 17/12 17/12 description)

x> p-value 0.15 0.16 0.15
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NLO fit resulis

8_035'_ Q2 =100 GeV? e, ‘80.04_— Q? = 10000 GeV? Jiter
X [ 4%MC 68CL xFitter_epHMDY > X [ 4%MC 68CL xFitter_ epHMDY >
% .F 32CT14qed 68 CL $9.035[ 3 CT14qed 68 CL
0.03C" {11 NNPDF30qged - H+ NNPDF30qed
- : NLO 0.03f
0.025( 21
- 1 R/,
- ) 0.025[
0.02F -5
N \ 0.021-PK
0.015 / ETR
- e 0.015( |
0.01f F)
r 0.01F
L \ C
o . . ., , ot
107

X

» Drastically improvement in the errors size band compared to NNPDF30ged
» Agreement at 1o level with CT14ged prediction in the low-x region

» In the medium-/high-x region, agreement af 1.5 o level
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S Q” = 10000 GeV? ] ' e Q” = 10000 GeV>
2008 2 K uxaea T oY e ] Z i imer PHMDY | Comparison
™ 0.07F +H HKR16 Fa +HHKR16 between NLO vs
== NNPDF30qed = - NNPDF30ged
< 77 NNLO photon PDF
X - A
2_
To quantify perturbative
o e stability of photon PDF

B determination (QED
x  part of the calculation
[ Q% = 10000 GeV? ’7 identical in both cases)

- Q*=10000 GeV? S
- %% xFitter_epHMDY_NNLO et

X ¥ xFitter_epHMDY_NNEO
20-07 2 xFitter_epHMDY_NLO

i 4
> xFitter_epHMDY_NL@

- The fit exhibits a
reasonable
oL perturbative stability,

i since the central
> 'IIIIIIIIIII/ -l’l’///////

P2 value of the NLO fit is
[ //////////// always contained in

T Jeter the 16 PDF uncertainty

band (only exp. unc.)

xy (,Q)/xy (x,Q7)
=y
|

10




06/07/2017 Francesco Giuli - University of Oxford 55

— 0.1 «— - )
G S0y | QOOSE &= 10000 Gy | » Here, NNLO Hessian
x - Fitt HMDY ’ = r itter_e 4 .
x| g)r:m:::.%gpeev Z0.08E st 2075 I’eSL.JHS. for nine model
PO e me= 141 CeV - variations:
[ ==m, =4.75 GeV 0.07t
| ==m, =4.25 GeV 3 _ _
0.06lc = QZ =10 GeV? 0.065 a; = 0.116
0.05 -a,=0.120
-1,=0.75

0.04 0.04

-Q2cut =5 GeV?

- m, down = 4.25 GeV
-mp up =4.75 GeV
-m. down = 1.41 GeV
-m.up = 1.53 GeV

- Qp? cut =10 GeV?

0.03
0.02 0.02

0.01

~ [ Q® = 10000 GeV? [/, ~ | Q% =10000 GeV? g > No changes in the
S e %% xFitter_epHMDY / o] 6 %% xFitter_epHMDY / ; S
£ 7 & m, = 1.53 GeV L N1, =075 chi2
x| FH m, = 1.41 GeV X 7 H+ Q2. =5 GeV? ,
o) == m, = 4.75 GeV Tt — a5 = 0.120 > All the central fit are
LI —m, =4.25 GeV X 4k —as=0.116 P
4 Q=10 Gev? | inside the MC error
- I bands (some of them
[ I overlap and they are
ol 2 not visible)
_ "'-"—‘—‘:—‘—;;,’,/ 7717 ,l;;;;;;—f:::;;,’,f'l///////////
L ,lll,,'{{/.//// L "Illlll’i' |r — ( S + S) / 2 d |
o~ . o . S
L XFitter B XFitter
1 1 1 111 II 1 1 1 1 111 1 1 1 111 II 1 1 1 1 11 1
10 10

X X
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Q” = 10000 GeV~
44 xFitter_epHMDY
N +heg
+H +neg+Duv
- +neg+Duv+DUbar

xy (%,Q°)/xy (x,Q%)

_"II"”””” Z

Q° = 10000 GeV? >

44 xFitter_epHMDY
N~ +heg

++ +neg+Duv
= +neg+Duv+DUbg

>,

{77 >S

10"

Here, I'm showing the
NNLO Hessian results
for parameterisation
variations:

- +heg

- +neg+Duv

- +neg+Duv+DUbar

All the cenftral fit are
inside the MC error
bands
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Median + 68% CL vs Hessian (asym)

G 008 45 iter SwIION & T Fziooeevrppz) » Bands = experimenta
Roort Siined v % : ’lﬁiﬂﬁgmuv uncertainties only
0-065_=+neg+Duv+DUbar % al — +neg+Duv+DUbsz
2 =z | » Reasonable
o [ agreement between
ol the two methods
A/
=e5z77777” | » Central values with
T different fitting
T ~~  fechniques similar to
S [ G*=10000 Gev? ~ | Q2 = 10000 GeV? each other
2o st Sl gmgmepe -,
0.0} X ‘ » MC uncertainties
0.05 og larger than Hessian
8 ones (expecially for
008 x z 0.2, indicating
0.03 deviations with
0.02 B R A respect to the
0.01 o Saes Gaussian behaviour
o - g of the photon PDF)




