Recent QCD results from the xFitter project
Demonstration of xFitter with FFNS/VFNS and multi-scale predictions

on behalf of the xFitter team

: Fred Olness
%/E/ l‘z’-e /»' SMU

Thanks for the input from DIS2019 Workshop

my xFitter friends & colleagues Torino
8-12 April 2019



www.xFitter.org

xFitter Project XFitter
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xFitter Capabillities

Photon PDF
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http://xfitter.org

& xfitter exam ples (CTEQ school) .
- XFitter
‘ﬁ, 1 i Stefano Camarda

Ringaile Placakyte
Voica Radescu

A list of educational examples are provided in the package

Exercise 1: PDF fit
— |earn the basic settings of a QCD analysis, based on HERA data only

Exercise 2: Simultaneous PDF fit and as
— |earn 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: Plotting LHAPDF files
— direct visualisation of PDFs from LHAPDF6 using simple python scripts

Exercise 5: Equivalence of x* representations
— understand different x? representations
nuisance parameters and covariance matrix x2 formulas
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In Progress
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The CC Charm Production
with focus on LHeC

Measurement of strange PDF
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The Strangeness Conundrum: (. from Juan Rojo) 10

Constraints from LHC data
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The CC Charm Production with focus on LHeC11
... A Case Study

Highlights utility of xFitter
W—i—

C

*Measurement of strange PDF

*Compare/contrast FEFNS and VENS

A multi-scale problem {m _,m Q}

*Variety of QCD Issues



A Fantastic QCD “Laboratory”
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Look in P_ Space 13
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What if there is no Charm PDF 2?? 14
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S

1
xFitter incorporates both FFNS & VFNS

Let’s compare
FENS & VENS
across kinematic limits. ..

... special interest at:
Hi Q% Hix



Compare FFNS and VFNS acrosss kinematic range 16
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Compare FFNS and VFNS acrosss kinematic range 17
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Source of the large Q difference
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Source of the large X difference
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20

When should we
switch to VENS?

One measure, when the difference
between FENS and VENS 1s larger
than the higher order correction.

Some observations on Charm CC:



Limits: from low to high scales 21

5-Flavor

Low Energy: Hi Energy:
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When should we switch from FFNS to VENS 22
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Compare FFNS and VFNS acrosss kinematic range 23
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Gluon & Charm
Initiated
Contributions



Flavor Decomposition
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Flavor Decomposition 26
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The bottom line:

Can we improve the PDFs???

27
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Scheme
Differences:

FFNS & VENS
What is impact?

29



Where FFNS & VFNS differ 30
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Let’s cut out points
where PDF A
is larger than
Scheme A

Reflects PDF
uncertainty larger at
kinematic “edges”

30



PDF profiling with cuts: PDF profiling with cuts [NNPDF]
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LHeC & FCCeh Studies  NVote: This is just one LHeC channel
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F. Olness

Conclusions
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Summary: Versatility of xFitter 34
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... a toast to the xFitter developers

a very useful tool

g -

€ _ - YRE T4
xFitter Meeting: Minsk March 2019
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Summary: Versatility of xFitter 36
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Uncertainties:
PDF & 1

variations



Gluon Uncertainty 40
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Q=300
1Q=, 300

NNPDF30 nlo as 0118

5.x1074 0,005 0,050 0501
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Theoretical uncertainties: Q2

ep FF NLO ABMP16 —— nominal — PDF unc. —— J Unc. ep FONLL-B NNPDF3.1 —— nominal — PDF unc. —— 1 unc.

Ratio
-l

.

|i|i|i| IIIIIII IIIIIII Iililil IIIIIII IIIiIII IIIIIII
—h
ha

1

'!'!':' I!I!Irlﬂ I!I!I|!I4 I|I|I|!l1 I!I!I|!I1 I!I!I|DI4 I|I|I|Il1

i
w

10 10° 10* 132‘!6 v 10? 10° 10*
e

@ Scale uncertainties: FF ABM > FONLL-B [to be checked]

@ PDF uncertainties: FONLL-B [NNPDF] > FF ABM [ABMP16], especially
at low y (s contribution)

)
-
&
<

0. Zenaiev Charm in CC at LHeC 12/19
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1.20¢ Charged Lepton DIS
Ei
(* Y/Z

some caveats
.. correlated errors

HKNO? {HLD}

10" 1

Extract s(x)

Neutrino DIS



Data Available at HEPforge

This page contains the list of publicly available experimental data sets (with corresponding

theory grids if avallable) In the xFitter package.
To download data set please click on the arXiv link (and open/save tar.gz file).

Mo Collider

It

fixed Target
hera
hera
hera
hera
hera
hera
hera
hera
hera
hera
hera
hera
hera
hera
hera
Ihc
Ihc
Ihc
Ihe
lhe
thc

-

. Olness

Experiment
bedms

hl

hi

hl

hl

hl

bl

hl
hlzeusCombined
h1zeusCombined
hilzeusCombincd

atlas
atlas
atlas

atlas

atlas

il

Reaction
mnchusiveDis
beautyProduction
inclusiveDis

Jets

Jets

Jets

Jets

Jets
charmProduction
inclusivelis
incluziveDis
beautyProduction
diffractiveDis
Jets

Jets

jets

drell¥an

drellYan

Jets

Jets
topProduction
topProduction

v D At

DIS2019, Torino Italy April 8-12, 2019

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

arXiy
cern-cp-89-06

Readme
README

507 2643
10124355
07063722

README

0707 4057

README

04 3870

REEADME

0911 5678

README

14064709

README

12011182
10884
1506.06042
1405.6915
DE12.2003
20R037
(OB 04 E
1016167
13054142
1404 1312
11126257
1304 4735
144065375
1407.0571

17T AnSE

e
[he
Ihc
lhe
lhe
[he

lhe

The
lhe
the
[he
the
lhe
the
[hc
tevrtron
tevatron
levatron
tevatron
tevatron
tevatron
tevatron
tevatron

tevatron

alas
atlas
atlas
cms

s

Cms

s

s

CIms
thch

Ihch

lhec

thec

cdf

cdf

cdf

dicdfC ombined
di

do

di

diy

diy

LOPFTOSUCLLON
wzProduction
weProduction
Jets
topProduction
topProduction
topProduction
wzProduction
wzProduction
wzProduction
wzProduction
beautyProduction
charmProduction
nclusiveDis
inclusiveDis
Jets
weProduction
wzProduction
topProduction
Jeis
wzProduction
wzProduction
wzProduction
wzProduction

[ CLTTRTE R
1203 4051
1612.03016

README

1212 660
1208 2671
12112230

cms-pas-top-1[-
024

11004573
1206.2598
1312 6283
160301805
1306 3663
1302 2864
13062513

README

1605.0857%

README

0807.2304
05012169
D%08.35914
1309.7570
0E02.2400
0702025

13092591

1312.2895
1412 2RAZ

43



F. (

Profiling W= in Proton-Lead Collisions

Use nCTEQ15 LHAPDF grids

Use FEWZ for W cross section calculations
Input LHC pPb data

Use xFitter Profiling utilities

11l

! This theory file a test file

! generated from cms_Wm_ pPb/tabl_ NLO nCTEQ1l5/0-NLO.w.output FEWZextractor.pic
!

&Data
Name = 'cms_wm_fig3b_rew_ theory'
NData = 10
NColumn = 35
ColumnType = 2*'Bin', 'Theory', ‘8 L Q2 =1.9 GeV? _
ColumnName = 'bin_min', 'bin_maj X 2_— 44, profiled xFitter
3 [ NnCTEQ15
Percent = 35*false f - H+ plusminus profiled
&§End B

-3.210000 -2.210000 68.741530
-2.710000 -1.710000 73.166300
-2.210000 -1.210000 77.117926
-1.710000 -0.710000 76.802215
-1.210000 -0.210000 74.028980
-0.710000 0.290000 71.703561
-0.210000 0.790000 66.724986
0.290000 1.290000 60.784235
0.790000 1.790000 55.089179
1.290000 2.290000 50.663899

1

10*

107 102 10"

P O R JIDN MO Jd W o

x2(x,Q%)

0.7 H+ plusminus profiled

XF

0'9; Q? = 1.9 GeV? 3

0.8 4% profiled '
- SnCTEQ15

1 |||||||| L1 1 |

.155551
.284879
.491652
.670278
.562872
.724555
.834261
.149144
.320199

73.
96.
76.
73.
70.
65.

10° 10 10"
195358 72.75966
182211 95.260098
373931 75.46185
321801 72.60121
763443 70.600849
643148 66.244718
Both profiling &

reweighting available

Thanks to Eric Godat & Voica Rad

14
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Thanks to my xFitter colleagues 46

TN v IS WAL VYA = eseeriast

['4

ADOWEJ .

xFitter Meeting: Krakow March 20

A special thanks to
former xFitter conveners:
Ringaile Placakyte & Voica Radescu

. 46
F. Oln« y April 8-12,2019
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