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XFitter Project Overview jf/‘n‘er

The xFitter project is an open source QCD fit framework ready to extract
PDFs and assess the impact of new data.

The framework includes modules allowing for a wvarious theoretical and

methodological options, capable to fit a large number of relevant data sets from
HERA, Tevatron and LHC.

This framework 1s already used in many analyses at the LHC.

The role of PDF uncertainties ]
Proton parton distribution functions (PDFs) are Maria Ubial
. . . . Higgs Physics
essential for precision physics at the LHC and
c . S Higgs Production Channel % theo. uncertainty o@13TeV i
other hadron colliders. The determination of the e cvoLo) [ e ..
. . . ver (N2.0) [ M PDF+as 37gpp  °
PDFs is a complex endeavor involving several B — -
physics process. ... In particular, the precise zioao) I 656 p
. . «r (NiLo) [ 0Sipb
measurements obtained or to come from LHC will o s 1o --
continue to improve the knowledge of the PDF. PDF uncertainty often dominant

‘contribution to theory uncertainty
L
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XFitter release xfitter-2.0.0 T SRR B

Sample data files:
LHC: ATLAS, CMS, LHCb
Tevatron: CDF, DO
HERA: H1, ZEUS, Combined
xFitter/xFitterTalks » xFitter/../xFitterDevel.. » xFitter/../Meeting2017-.. » xFitter » xFitter/DownloadPage Fixed Target: C e
User Supplied: ...
( Experimental Data \ :
" Data: HERA, Tevatron, LHC,
. fixed target experiments
. Processes: .
' = Inclusive DIS, Jets, Drell-Yan, Parton Distribution
i Diffraction, Top production Functions:
' W and Z production et :
\_ Y, o \ PDF, Updf, TMD )
o=
f Theory Calculations \ m o(M,), m ,m,m, ...
HQ Schemes:  MSTW, NNPDF, ABM, ACOT e
Jets, W, Z: FastNLO, ApplGrid Theoretical
Top: Hathor Cross Sections
Evolution: QCDNUM, APFEL, k,
Other: NNPDF reweighting Comparisons
\ TMDs, Dipole Model, ... ) to other PDFs
(LHAPDF)
Features & Recent Updates:
Photon PDF & QED Heavy Quark Variable Treshold xFitter 2.0.0
Pole & MS-bar masses Improvements in 2 and correlations FrozenFrog
Profiling and Re-Weighting TMD PDFs (uPDFs)
... and many other
3
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& xfitter examples (CTEQ school)

School 2016

Stefano Camarda
Ringaile Placakyte
Voica Radescu

http://xfitter.org

A list of educational examples are provided in the package

Exercise 1: PDF fit
— |learn 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 %? representations
nuisance parameters and covariance matrix x2 formulas
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xFitter Capabilities oo

Photon PDF

Q7 = 10000 GeV” | TMD (uPDFs) in xFitter
% 0.08 % xFitter_epHMDY i ( )
;u_n? .:'_T hﬁfqﬂ%ﬂ TMDs from fits - comparison of LO and NLO
- NNPDF30qed
U.UG o gluon, TMD-herapdf-LO, x = 0.0001, p = 100 GeV
‘E’:"“ 1 ; SR LA AR ILILTL | ' LR | ' "E-
g: 10 =
S : :
1: E
Profiling Lead PDFs 0f
ol 3
Q% = 1.9 GeV? vt m_sé‘ B
g 4% profiled -G - Y
- 3 nCTEQ15 £ 3 gi
.7F- H#+ plusminus profiled 10y E £
A 10°°
| T -
—_— =
05= . ... O N PR A P N
107 1 10 107 k [GeVb®
TMDs with experimental uncertainties.
10° 102 10" 1
X
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more XxFitter Capabilit
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Thanks to
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Sensitivity Studies

www.xFitter.org

%/z‘z‘er

g L Q° = 3.0 GeV* ™
X | %NNLO+NLLx st
g g WNNLO
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NNLx Resummation @ Small x
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Displacement of Heavy Quark
Matching Scales in xFitterq

Eur. Phys. J. C (2017) 77:837 THE EUROPEAN
https://doi.org/10.1140/epjc/s10052-017-5407-3 PHYSICAL JOURNAL C

Regular Article - Theoretical Physics

CrossMark

Impact of the heavy-quark matching scales in PDF fits

The xFitter Developers’ Team:, V. Bertone2, D. Britzger3, S. Camarda®, A. Cooper—SarkarS, A. Geiser’, F. Giuli®,
A. Glazov?, E. Godat®, A. Kusina’®, A. Luszczak®, F. Lyonnetﬁ', F. Olness®?, R. Plai’:akytém, V. Radescu®*,
I. Schienbein’, O. Zenaiev”

! Department of Physics and Astronomy, VU University, 1081 HV Amsterdam, The Netherlands
2 Nilkbaf Thacim Crann Saianca Dozl 108 1008 YO Acactardoms Tha Natharlande

Eur.Phys.J. C77 (2017) no.12, 837

Impact of the heavy quark matching scales in PDF fits X /
The xFitter Developers Team: V. Bertone, et al.,



Compare: VENS vs. FENS e.g. 4-Flavor vs. 5-Flavor

Varible Flavor Number Scheme (VFNS)

)./7 + Use DGLAP to resum higher orders
- Subtraction (Double Counting) delicate

Fixed Flavor Number Scheme (FFNS)

+ No HQ PDFs
- Must calculate explicitly



Previously: HQ Evolution initiated at u=m

Traditional VFNS
What are the benefits?
o f(x,Q) N6

1) Boundary Conditions are simple N =5

:_§ E
2)use DGLAP to resum logs & N =4

O F

N =3

Q Scale
Q m m m
0 charm bottom top

NLO Matching Condition Heavy Quark PDF

2
fo (z, p) = (g—j) { 1,0+ P11 log (,u_2>} ®f;(x,u)

my,

\ \ DGLAP

Zero at kernel
NLO m



Beyond NLO ...

Beyond NLO Matching Condition
ags N ,u2
fo (z, 1) = (%) [P1,0+P1,110g (m—%)

Discontinuities are Unavoidable

Non-Zero at +NLO

Discontinuities 10

® [y (x, 1)

0.00
0.2245¢f
__-0.02
o
& 0.2240} % -0.04
= <
[ ]
0.2235] * -0.06 b(a:)
—0.08[
0.2230 4.0 4.1 42 4.3 44

Q

p=m ... is no longer a special B.C.

o 1460
= | HERA-I+ll inclusive + charm
I FONLL-C
1450 my(m.} = 4.102 £ 0.128 GeV
1440 -
. @
1430  *e*ceves
[ example
1420||[11|J||I|1|IJ||I||1I|
36 38 4 42 44 46
15.0¢
14.5¢
o
> 14.0}
3
* 135}
130 .
40 41 42 4.3 44
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VFNS addresses “Double Counting” via the elegance of QCD 11

LO
TOT 6 TOT
5 = SUB
0p] % -
S NLO S
O O
NLO
Before After
Subtractio Subtractio
Energy Scale Energy Scale
— E + _ L'/-’1
TOT — LO NLO /4\\‘ Subtraction

(SUB)
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SOLUTION: shift heavy quark matching scale 12

We can adjust the matching scale for LLECUU AN
the heavy quark PDF transition
f(x,Q) N
. N =5
N
S N =
O F
N =3
APFEL Features
Q Scale
Ability to adjust matching scale Li¢c p QO m, m, om mtop
Need. tf) compute proper boundary New APFEL Flexibility
conditions at NLO/NNLO f N =6
(X’Q) , |~

N,—4

N, Sub-schemes




The matching conditions are non-trivial

13

0.3 ———— 03 —
NLO initial condition at y, = 4 [
I standard (4., = m) PDF t
0.2 " ——— Pm =2 m PDF 0.2 -
My = m/2 PDF [
0.1 s - 0.1 |
: / o
0.1 x=0.005 B 0.1}
" ... a special thanks to 1 I
Valerio Bertone |
‘0,2 i T #
2 5 10 20 30 0.2° é
H [GeV]

NLO Matching Condition

5 _ (25

... a special thanks to
Valerio Bertone

Pio+ P 1log

X

Zero at NLO

DGLAP
kernel

NLO initial condition at g, = 4
- NNLO initial condition at g, = M
standard (y,, = m) PDF
Hm = 2 m PDF
Uy = Mi2 PDF

x=0.005

10 20 30
u [GeV]



The matching conditions are non-trivial

bottom PDF at NLO

14

0.3 ] : —_—
[ wemse s NLO initial condition at p,,, = M
[ standard (g, = m) PDF
0.2 | —— p,,=2m PDF -
Hm = m/2 PDF resummed
DGLAP
0.1 I o
I \ Log(-Q/m)
0 | L |
I = Starts from zero at
| =" NLO (only)
0.1 \ negative PDFs are x=0.005 i
OK
-0.2 J ] ‘ | | ! L | [
2 S 10 20 30
u [GeV] 14



The matching conditions are non-trivial, especially at NNLO

0.3

0.2

0.1

-0.1

-0.2

bottom

PDF at NNLO
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' ' |
NLO initial conditi

- = - - NNLO initial condi
— standard (u, =
L = 2 m PDF
— Uy, = M/2 PDF
full matchingl computed:
discontinuity & logs

close to DGLAP

m) PDF

onat gy, = H
tionat y, = 4

NNLO

resummed
DGLAP

1

bottom PDF at NLO

~ can avoid cancellation region _-- . S S (S
B SEeE e | [ osesess NLO initial condition at g, = K
E . o - i standard (p,, = m) PDF
[ can avmdj Qgta_ - 0.2 | U = 2 m PDF
L ' [ = HUm = m/2 PDF
5 0.1 _ ]
P ]
i ) 0| NLO
.-i"l ] ] | | ] |
> 5 0.1 x=0.005 ]
u[GeV] -o02t— ' -, '
2 5 10 20 30



Let's try with a real fit:

Sl ™%

a)

Focus on HERA Data

16

Charm NLO Le= 1mg 2mM. 3m,
Charm cross section H1-ZEUS combined [36] 46 /47 61 /47 54 /47
H1 F2 Beauty Vertex [35] 3.1/12 2.8/)12 27/12
Beauty cross section ZEUS Vertex [37] 12/17 12/ 17 12 17
HERA1+2 CCep [34] 44 / 39 44 / 39 45/ 39
HERA1+2 CCem [34] 52 /42 47 | 42 48/ 42
HERA1+2 NCem [34] 220/ 159 228 / 159 227 / 159
HERA1+2 NCep 820 [34] 65/70 70/ 70 68/ 70
HERA1+2 NCep 920 [34] 414 | 377 433 / 377 471 /377
HERA1+2 NCep 460 [34] 221 /204 217 / 204 225 /204
HERA1+2 NCep 575 [34] 216 / 254 224 |/ 254 222 /254
Correlated y? total (charm) 86 (10.5) 91 (12.5) 105 (11.3)
Log penalty x? total (charm) +6.7 (+0.1) -0.7 (-0.4) -1.2 (-0.2)
Total x? / dof 1386 / 1207 1430 /1207 1479 /1207
AMAAAL 102 -
I A s
1.06 Charm “L , Bottom
A NLO :
I A X" 1.01¢
1.04 ‘ﬁt ;?- = NNLO
0 7 999 SoeeePoted &
1.02 “‘a‘ 1.00 | AA: Biaaad VNS g oad
PYTYIN YV VIVY N
1.00 W“A NNLO 0.99
P 2 L 'Y » i NLO
‘*"“0¥¢4¢¢¢¢o¢¢¢o+““‘
0.98 : : : 098 , 1 J ,
1.0 2.0 3.0 4.0 b ’ 10 15 20 25
L (GeV) ) LU (GeV)



Lessons so far .... 17

If we have data/constraints across a wide Q range:

At NLO, need to match near pc~ m. for charm

VENS w/ DGLAP resums higher logs; these are important

At NNLO, we have greater freedom where to match both picp
We can use this freedom to avoid
1) discontinuities in the middle of data sets

i1) delicate cancellations near ficp~ mep

You don't have to choose VFNS/FFNS or 4/5-Flavors !!! SN
‘i
A
A NLO
y2 1941 Charm A
2 A
N | B S B ——— XU 102 B ““
_:;2 LOLY o NNLO MM‘A‘A NNLO
® 1o0f S NP 1.00 } o
QeaeT NLO ‘..""'"*QQQO'&#QG##"“‘
Q08 s 10 15 20 25 0.98 . : .

e (GeV)



One more 1dea
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A proposal: Consider N dependent PDF 19

Builds upon the previous... 8 fi(X,Q ’NF) i | g
B N =5 N
Simplification: E —
Match at pep ~mep , Z] "
but switch at arbitrary scale Z N,=3
Advaptages: - 0 o m_ - Q Scale
* avold discontinuities 1n data 0 charm ttom om

* avoid delicate cancellations
and 130.! =3
* minimal set of PDF grids
a 120.
>
< 110.
New tool opens up fg(w,Q, NF)
many possibilities 100. |
1 10 100 1000 10*

Q GeV
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Thanks to my XxFitter

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

colleagues

21
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Summary }ij/'z'z‘er

XFitter project - a multi-functional QCD framework well integrated into
the high energy community (both, experimental and theory)  wwwxFiterorg

- many active developments thanks to the close collaboration with experiments

and theory groups
- technical updates include usage of GitLab and HEPFORGE J = J

h " e
N

A ’

- xfitter-2.0.0 is latest release (many ongoing developments)

O
. «ﬁ#

l
- over 30+ public results obtained using xFitter (main applications are from LHC) E
‘1

A

- several published dedicated physics studies (developers team publications), %
more studies are ongoing }

;n..

ﬂ
\"

-

o1
M|
- foreseen future physic (low-x phenomenology, nuclear PDF, etc...) i ﬁ
and technical developments (improved user interface for parametrisation, ‘ lj

data cards, python interface, etc...)
- useful for future projects, and room for suggestions and contributions
- Heavy Flavor Thresholds Study: valuable insight on VFNS/FFNS issues

we welcome new ideas and developers :)

22
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Back-up Slides %/ﬁer
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Charm NNLO Ue= 1m, 2m, 3m,

Charm cross section H1-ZEUS combined 45 /47 50/47 50/ 47

H1 F2 Beauty Vertex 35 /12 8.5/12 3.3 112

Beauty cross section ZEUS Vertex 13 /17 13/17 13417

HERA1+2 CCep 43 /39 43 /39 43/ 39

HERA1+2 CCem 55 /42 55 /42 54/ 42

HERA1+2 NCem 217 /159 217 /159 217:/159

HERA1+2 NCep 820 66 /70 64 /70 66/ 70

HERA1+2 NCep 920 444 /377 433 /377 442 | 377

HERA1+2 NCep 460 218 /204 219 /204 216 /204

HERA1+2 NCep 575 220 /254 218 /254 219 / 254

Correlated y? total (charm) 111 (10.8) 109 (11.3) 110 (14.5)

Log penalty x? total (charm) +18 (-1.1) +18 (-1.8) +15 (-1.8)

Total x2 / dof 1453 / 1207 1439 /1207 1447 / 1207
Bottom NNLO up = 1my 3my, 5my, 10m, 14 my,
Charm cross section H1-ZEUS combined 45/ 47 45 [ 47 45 /47 45/ 47 45 /47
H1 F2 Beauty Vertex 3.5/12 37 /12 3.7/12 3.6/12 3.6/12
Beauty cross section ZEUS Vertex 13/17 13 /17 13 /17 13/17 14 /17
HERA1+2 CCep 43 /39 43 /39 43 /39 42 / 39 42 /39
HERA1+2 CCem 55/ 42 55 /42 55/42 55/ 42 56 / 42
HERA1+2 NCem 217 /159 216 /159 220/ 159 218 /159 218 /159
HERA1+2 NCep 820 66/ 70 66 /70 66 /70 66 /70 66 /70
HERA1+2 NCep 920 444 /377 445 | 377 445 [/ 377 451 /377 453 |/ 377
HERA1+2 NCep 460 218 /204 219 /204 219 /204 217 / 204 218 /204
HERA1+2 NCep 575 220/ 254 219 /254 219/ 254 219 / 254 219 / 254
Correlated y? total (bottom) 111 (0.9) 112 (0.9) 112 (0.9) 114 (0.9) 116 (0.9)
Log penalty x> +18 +17 +15 +18 +18
Total x? / dof 1453 /1207 1453 /1207 1457 /1207 1463 /1207 1470 /1207




Introduction j}f/i’?‘é’f

Precise knowledge of the PDFs are essential for predictions at hadron colliders

kinematic plane of the experimental data (in x,Q?)

o T \\\HH‘ T \\\HH‘ T \\\HH‘ T \\\HH‘ T \\\HH‘ T \\\HH‘ T 171177
- - % i
QCD factor|sat|on: 108 [ 1 Atlas and CMS (7 TeV)
N\ [1 Atlas and CMS rapidity plateau
O N 6 ® PDE 1 010 7 E= D0 Central+Fwd. Jets
CDF-D0 Central Jets
10 6 1 H1
11 ZEUs
10°L = NMC

Experimental Data:

"7 BCDMS

- a large variety of data from fixed- 10* oo sprY
' . SLAC
target and collider experiments s | ,
y= =/‘,4F/ *1—7’2/ Iﬂl‘»“‘
102 P . / l
Theory: e
: : 10 P\ g S
- intense theoretical developments s
1 ‘\\HHH , ¥ -
: 1
QCD Analysis: 10 B LRI =<
— available PDFs: CT/CJ, MMHT, 107 100 100 1007 10
NNPDF, ABM, HERAPDF, JR
... and Tools g,
) I{(,.;ﬁg_ﬁei-? \c ” ™~
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Start evolution at Q=m

Variable Matching Scale po %/#er
LO

— Freedom to Choose Matching Scale p

— Avoid delicate cancellations
— Select scale “away” from data

bottom PDF at NLO

03 T T T T T T T L T d 1 t
[ s NLO initial condition at p,,, = p S SIS
i standard (uy, = m) PDF 5 cancellation
02 - —— yun=2mPDF 3
P — e = M/2 PDF 0
3 S
0.1 - =
- @)
I Thanks to Valerio Bertone
0 (=
~ 1460
ool = i :
[ T i HERA-I+ll inclusive + charm
-0.1 N x=0.005 ] L FONLL-C
L - 1450 | m(m,) = 4.069 + 0.153 GeV
I NLO i
-0.2 i | | ! 1 | 1 1 R 1 | ] I
2 5 10 20 30 1440
U [GeV] [
A theoretical laboratory ... 1430 —
1) flexibly interpolate between VFNS and FFNS _
b b RGO YEIW I [ Y [ (S P 1 [ ey e B S ey
2) answer many outstanding theoretical debates 1420 = e "33 4 42 a4 ae

with numerical results!!! mp(my,) [GeV]
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Variable Matching Scale 1. _ Afitter

Traditional VENS
APFEL has a new feature
We can adjust the matching scale for N =
the heavy quark PDF transition f(X’Q)
N =5
:_fé E
G N =
o/ E
N =
What are the benefits?
Q Scale
1) avoid discontinuities in the Q m m m
. 0 charm bottom top
middle of data sets
2)avoid delicate matching q New APFEL Flexibility
N =6
E (X,Q) 1 L
in region pu~ mep _g S
£ N, =4
A
zu' N.=3

Q{I mchﬂm mbnthlm m‘mp 29
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Tools for PDF Analysis

T3
- LHAPDF Standard s g e
SHe — . ':J:IUJ'F“
- Interface to Python 1.2 g
- ManeParse Mathematica Package 11 i S D

# loop over § values

for ig,gq in enumerate(Qval):
# divide it into two subplot vertically
subplot2grid((1,2}),(e,iq))
semilogx{xvalues, fulllead x vals[qq], label='Sxu(x)y ¥
semilogx({xvalues, fulliron x vals[qq], label='Sxu(x)% \
legend(loc=3)
text(2e-3,08.2, "sO={}\ GeVs".Tormat(qq))
xlabel( '%x%',fontsize=18)
ylabel('$xf(x)s', fontsize=18)

0.6

05}

04

—
x& 03}
8

02

Thanks to Florian Lyonnet

04— 2u(x) Lead : & Eric Godat
— au(x} lron

0.0 .
107 10° 10°' 10°

n nCTEQ15_108_54 ~

PDF Set ,
| iparton down  ~ Welcome to APFEL online cluster!

MSTW2008nnlo68cl
CTl4nnlo
NNPDF30_nnlo_as_0118_nf_6 [9]
HERAPDF20_NLO_VAR
abm12lhe_5_nnlo [11]
CJ15nlo [12]
nCTEQI5_1_1 [13]
nCTEQ15208.82 [13]
ct10.pds
ctqb6m.pds

q —&

a0l NNPDF2E_ sio s D118 Ligrd membess

{(nCTEQ15_108_54, Q= , 10}

S S e e PRGN ' S
0.005 0.010 0.050 0.100 0.500 1
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Data Available at HEPforge

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

This page contains the Hst of publicly avallable experimental data sets (with corresponding

theory grids I avallable) In the xFltter package. -
To download data set plesse click on the arXiv link (and open/save tangz file). LI i s i e

23 ‘fhe atlas wrzProduction 1203 4051

Pt Aot iniusimin A ¥lx Wikl 24 the atlas wiProduction 1612.03016 README
2 hem beautyProduction L L X 26 lhe €ms topProduction 12082671

4  hem jets 07063722 README AT

J_ 28 lhc IS topProduction w

5  her Jeis 07074057 README 024

6 hera jets 094 3K70 REEADME 29 Ihe £ms wizProduction 11134973

7 hera jets 091 1.56TE README 30 lhc cTms wzProduction 1206.2598

& hera jits 14064709 README 31 Ihe cmis wzProduction 1312.6383

9 hera hlzeusCombined charmProduction 2101182 32 Ihe cms wzProduction 1603.01803

10 hern hlzeusCombined inclusiveDis 091 10584 33 lhe [heh besutyProduction 1306 3663

11 hem hlzeusCombined mclusiveDis 150606042 34 lhe theh charmProduction 1302 2864

17 hern beautyProduction 1305 6915 35 |Ihe lhee mncluziveDas 130625913 README
13 hera diffractiveDis DA12.2003 36 fhe lhiec inchusiveDis 1605 08579 README
14 hera Jets 0208037 3T tevitron cdf Jets DE07 2304

15 ‘hera jeis DEOS048 38 tcvatron cdf wzProduction 09012169

16 hera jets 10106167 3% fevatron cdf wiProduction D8 3914

17 ke drell¥an 130541592 40 levatron dicdiCombined topProducthon 13097570

18 Ihc drellYan 1404.1212 41 tevatron do Jets DRO2 2400

19 Ihe jets 11126297 42 tcvatron diy wzProduction 0702025

30 . The jets 1304.4739 43 tevatron diy wzProduction 13092591

21 The topProduction 14065375 #4  tevatron do wzProduction 13122895

22 The ptlas topProduction 1407.0371 45 levulron do wizProduction 14123862

AT Tha riitlne R, | N - s - T AN e [ BN E- I |
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Tools for PDF determination ;rbﬂer

Available (open-source) tools for the PDF determination:

xFitter (former HERAFitter): an open-source package that provides a framework for the

determination of the PDFs of the proton and for many different kinds of analyses in QCD
EPJC (2015), 75: 304, xfitter.org

OPENQCDRAD (ABM collaboration: numerical computation of all hard scattering cross

sections (DIS structure function calculation including heavy quark contributions, W and Z
production) PRD86 (2012) 054009, www-zeuthen.desy.de/ alekhin/OPENQCDRAD

APFEL (used by NNPDF): a PDF evolution library, is a computer library specialized
in the solution of DGLAP evolution equations up to NNLO in QCD and to LO in QED

arXiv.1310.1394, apfel.hepforge.org

QCDNUM: Fast QCD Evolution and Convolution (numerically solves the evolution equations
for parton densities and fragmentation functions in pQCD) Comp.Phys.Com.182:490,2011

ALPOS: an object-oriented data to theory comparison and fitting tool (profit from and
exchange with xFitter experience) http://desy.de/~britzger/alpos/
— access from a public svn repository (via request)
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Results Obtained with xFitter: Examples

DIS inclusive processes in ep

H1 and ZEUS
o 1 —
| EPJC 75(2015) 12,580  ?=10GeV*
0.8 - —— HERAPDF2.0 NNLO 2]
* uncertainties:
2 B cxperimental
1 model X
[ parameterisation _
0.6 ” ------- = HERAPDF2.0AG NNLO =}

0.4

0.2

oo s R A
10" 10 10

Ll A
10! 1

Jet production (ep, pp, ppbar)

CMS Preliminary NLO  HERAPDF Method (hessian)

rrh 4

(«] HERA I+1l DIS Q%=1.9 GeV?
X s [ [ HERA I+ll DIS + CMS jets 8 TeV

o

>

e o

Fract. uncert.

© o

F. Olness

Drell-Yan processes (pp, ppbar)

- strange quark density determination

~ Q%= m2
| o & JHEP05(2014)068 w
“w 195 [ | HERAPDF1.5 + ATLAS Wc-jet/WD data
= I ATLAS-epWZ12
Phys.Rev.Lett.109(2012)012001
1
0.75- PRD 90 (2014) 032004
CMS NLO free s fit:
HERAIDIS + CMS A + W+c
0.5 “3 L 1 1 | Il 1 1 | -2 | Il 1
10 10 10
X
DY data sensitivity to photon PDF
i | ST B | S N LR L N LR =
‘E):({ 0.045-ATLAS QR-2GeV? -
%X 0 04F. [CINNPDF2.3qed 68% CL E
> = Em NNPDF2.3qed + ATLAS high-mass DY data :
= 0.035F- =+ MRST2004qed, current quark mass =
’ - ====x MRST2004qed, constituent quark mass 3
0.03F CT14qged 68% CL 3
0.025 e arXiv:1606.01736 ]
e e :
0.02 S =
= = =
0.015 S =
0.018 = =

Parton momentum fraction x

DI1S2018, Kobe Japan April 16 - 20, 2018

33



Results Obtained with xFitter: Examples

Heavy Quark production (ep, pp, ppbar)

Evaluation of modern PDFs (benchmarking)

F. Olness

o

=

og/g

ref

xd, (x,Q)/xd (x,.Q%)

PROSA NLO FFNS fit

60

40

20

1= 10 GeV?
[ HERA DIS
=] HERA DIS + LHCb abs
HERA DIS + LHCb norm

EFI’JC 75 (2|015) no.i?, 396

AL ‘5| L T} =5 =

10 10 10 10

)
I

-
122

0-5 >

[ b =
AT TR R TR TR e

Q% = 4.0 GeV?
44 ABM12 NNLO 4F
»>¢ JR14NNLOOSVF
M+ HERAPDF2.0 NNLO

EPJC 76 (2016)8, 471

»y
b
\

' "
5
alif
He
/

]

/

’

1

Top-quark production (pp, ppbar)

) ref

o4

f

0.4

0.2

Tllllllll

Sxg(xu?)/Xg(xp

CMS Preliminary

Xg() u?=30000 GeV®
[ 118p HERA + CMS W~ 8 TeV

El + y(tf) 8 TeV
+ M(D @ y(tD) 8 TeV

-0.2

-0.4

1 ] LI I | 1 1

CMS PAS TOP-14-013

1 1 Ii]IIII 1 Ill!IIII 1

—
On
(78]

PDF4LHC report (benchmarking)

107 107

-
]

xW'du{erz]jxuv'dum-Qz]rd.

Q? = 10000 GeV?
B MMHT2014
Bl MMHT2014 + W A, § = 2.0
Bl MIMHT2014 + WA, 5 % 1.0
B MMHT2014 + W A, § x 0.5

arXiv:1507.00556

HE, .P.—lf-}a"er'

102 107
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LHeC & FCCeh Studies

- Compute PDFs for future facilities
— Determine discovery reach

U

)
~
o
>
d
=
o
E
-0.
o
= =0.
-0.
-0.

-5 2 e
= (relaxed low x assumptions in the fit) -
1.8}
g 2 2
.E‘ 16 Q° =4 GeV
.‘é 14
]
pseudo data g 2
available 18
0.8
= I 1+ BCDMS|
A LHeC ep .
o2 | LHeC ep+ed
U 1 Lal | L L ul saianl
107 107 10° 107 10"

F. Olness

oG

X
HERA I
HERA I+BCDMS

f HERA I+LHC(Wasymm)
HERA I+LHeC s

X
DI1S2018, Kobe Japan

rel. une. xg(x)

HERA 1

0.3 L HERA I+LHC(Wasymm)

' EERA I+BCDMS

HERA I+LHel

0.2
0.1
L)
-0.1
0.2
-0.3
-0.4

0.4

Fitter
HERAPDFL .0 settings, Dz"i‘g Ge\'z, Experimental Uncert. }

del

Q’ = 1.9 GeV~
44 EIC
s>HERA
++ EIC+HERA

WA
e

I: -'f "}"'""?‘T'}:"t :ﬁ;‘ﬁ' .y

i - il e

e
P oo i
G

10% 10° 10* 10° 10%

Thanks to Voica Radescu
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Profiling W= in Proton-Lead Collisions

il

! generated from cms_Wm_ pPb/tabl_ NLO nCTEQ15/0-NLO.w.output FEWZextractor.pic

&Data
Name = 'cms_wm_fig3b_rew theory'
NData = 10
NColumn = 35
ColumnType = 2*'Bin', 'Theory’, f;
ColumnName = 'bin min', 'bin_ma 35 2
=
Percent = 35*false ;?
*x 1.8
&End
-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
F. Olness

Use nCTEQ15 LHAPDF grids

Use FEWZ for W cross section calculations

Input LHC pPb data
Use xFitter Profiling utilities

This theory file a test file

Q? = 1.9 GeV?
[~ 4% profiled

| AnCTEQ15

r H+ plusminus profiled

1 1 IIlIIII

1 L ililJ]I

xfFiter

1 L1 11111

103
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1072

10

1

X

H OR JIDNMNMMNODJIW

T 3nCTEQ15
.7F +H plusminus profiled

Q% = 1.9 GeV?
- 44 profiled

L)
'’

AT ATATATATS,

A A A RIRIA A A A B

V.9 041 990907
eS8 e
LR K JCPL R X K

PrATAT AT T ALY,

VavaTava”
L)

lklllllI L IIlIlliI L iIIIlIkI 1 L1 11111

.155551 73.

.491652 76

.834261 7
.149144 5
.320199 3

10°° 102 10" 1
X

195358 72.75966

.284879 96.182211 95.26098

.373931 75.46185

.670278 73.321801 72.60121

.562872 70.763443 70.600849

.724555 65.643148 66.244718
Both profiling &

reweighting available

Thanks to Eric Godat & Voica Radescu
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