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Part I: Tools for nucleon and meson PDF fits

... xFitter with nucleons & pions ...

Special thanks to: Ivan Novikov,
Eitkar https://www.xfitter.org/ Alexander Glazov, Oleksandr Zenaiev
m
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XFitter release Xf|tter'201 www.xFitter.org %F/ﬁe/

Sample data files:
LHC: ATLAS, CMS, LHCb
XFitter Tevatron: CDF, DO
S HERA: H1, ZEUS, Combined
XFitter/xFitterTalks » xFitter/../xFitterDevel.. » xFitter/../Meeting2017-.. » xFitter » xFitter/DownloadPage Fixed Target: e
User Supplied: ...
f Experimental Data \ (
%] * | Data: HERA, Tevatron, LHC,
= fixed target experiments
Processes: |:>
Inclusive DIS, Jets, Drell-Yan, s
Diffraction, Top production Part(l):n Dlts.mb]tltlon
W and Z production ) é; k PDE HSC ;(f)n;'MD )
: 2 p 2
f Theory Calculations \ e
E o(M,), m ,m m ...
HQ Schemes: MSTW, NNPDF, ABM, ACOT
Jets, W, Z: FastNLO, ApplGrid Theoretical
Top: Hathor Cross Sections
Evolution: QCDNUM, APFEL, k,
Other: NNPDF reweighting Comparisons
\ TMDs, Dipole Model, ... ) |:> to other PDFs
o (LHAPDF)
F
Features & Recent Updates:
Photon PDF & QED Heavy Quark Variable Treshold xFitter 2.0.1
Pole & MS-bar masses Improvements in x2 and correlations Old Fashioned
Profiling and Re-Weighting TMD PDFs (uPDFs)

... and many other
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XFitter Nuclear PDFs

Nucleus | Exp.

INPUT

e Experimental data: cross
sections and kinematics

e Further input data: atomic
mass number, process (DIS),
PDF parameterization format

s Initial fit parameters

| vear| Ref.| Nap [ NLO|x® NNLO

Read data

.

Initial parameterization
of PDFs

4

Evolution

v

NNLD

Calculation of cross
sections

NNLD

v

Fitting (FCN Routine)

« Comparison of
o (Theo) with
exp. data

*  Variation of fit
parameters

*  Minimization
of

PDFs

D NMC 97 1996 [B5][ 120 12485 11R.066
EMC 90 1989 21 29.23 31.73
He/D |HERMES 2002 @71 T 54.64 37.99
NMC 95, re. 1995 13 12.44 12.98
SLAC E139 1994 11 7.21 468
Li/D NMC 95 1995 12 7.06 5.03
Be/D  |SLAC E139 1994 [B9]| 10 7.84 7.83
Be/C NMC 96 1996 14 14.80 16.19
[& EMC 90 1989 17 11.01 10.05
/D FNAL EGG5 1995 3 5.12 5.91
SLAC E139 1994 [B9]| @ 15.12 17.16
EMC 88 1988 | [I03]| o 4.49 3.50
NMC 95, re. 1995 13 38.08 36.52
O/ Li NMC 95, re. 1995 [BEE]] 10 17.27 13.90
N/D HERMES 2002 [97]| 1 2.20 0.97
Al/D SLAC E139 1994 [E9]| 10 11.20 14.22
Al/C NMC 96 1996 14 6.51 5.55
Ca EMC 90 1989 19 13.17 12.56
Ca/D |NMC 95, re. 1995 [BE]| 12 29.61 31.12
FNAL EGG5 1995 | [@0Z]| =2 4431 6.01
SLAC E139 1994 G 8.44 9.34
Ca/Li  |NMC 95, re. 1995 10 7.36 5.16
Ca/C  |[NMC 95, re. 1995 10 6.47 6.70
NMC 96 1996 14 7.14 65.09
Fe SLAC E140 1993 | [I04]| 2 0.05 0.05
Fe /D SLAC E139 1994 14 34.08 3418
Fe/C NMC 96 1996 14 9.82 9.96
v Fe CDHSW 1991 464 | 347.74 365.14
v Fe CDHSW L ===
Cu/D  |EMC 93
emc ss | Date Version Files
Kr/DD |HERMES
Ag/D |SLAC E17
Sn/D [EMC B8 O
Sn/C NMMO 96 2.0.1N ’
NMC 86, 0 xfitter-
Xe/D |FNAL E6 Nuclear
Au/D  [SLAC E1f Daiquiri
Ph/D |FNAL Ed
Pb/C |NMC 96
v Phb CHORLUS 02/2020
7 Pb CHORUS

Nuclear xFitter based on
2.0.1N.tgz OldFashioned 2.0.1

In total: [2336] 2072.20

2014.02

—’\‘ a (Thee)

4 —

| Bestfit
>‘ parameters

Open-source QCD analysis of nuclear parton 5
distribution functions at NLO and NNLO
Marina Walt, Ilkka Helenius, Werner Vogelsang
Tiibingen U, Jyvaskyla U (TUJU)

Phys. Rev. D 100, 096015 (2019)

EXTERNAL PROGRAMS

e QCDNUM (NNLO),
APPLGRID (NLO)

e APFEL (NNLO)

«  MINUIT

w
o

xg(x,Q%2=100 GeV?)
= N
o o

o

ACTEQLE e
EPPS16 ------
TUJUL19 NLO —
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XFitter Meson PDFs Special thanks to: Ivan Novikov,

Alexander Glazov, Oleksandr Zenaiev

xFitter: open-source framework for global fits to meson PDF's

| https://www.xfitter.org/ Experiment X2 /N et

- E615 206/140
X Fl tar NA10 (194 GeV)  107/67
A NA10 (286 GeV)  95/73

WA70 64,/99

W Tt Y Y
.__-" AV, -———" AV
N

JU
=4
E615 & NA10 WAT0

Pions on Tungsten Pions on Proton

Parton Distribution Functions of the Charged Pion Within The xFitter Framework

xFitter Developers’ team: Ivan Novikov,m’ Hamed Abdolmaleki,® Daniel Britzger,® Amanda
Cooper-Sarkar,” Francesco Giuli,® Alexander Glazov,Q* Aleksander Kusina,” Agnieszka i
Luszczak,® Fred Olness,” Pavel Starovoitov,'’ Mark Sutton,!! and Oleksandr Zenaiev'® e-Print: 2002.02502 [hep-ph]



Pion Data:
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Pions (7~) on Tungsten

E615 E, - 53GEY
NA10 E, - [94Gevis EEGISEN

JT

N

Pions (n*) on Proton

WAT0 T T

N

NLO computation with MCFM / APPLGRID

* theory errors from «, and nPDF uncert

* uncertainties include scale variations.

* for factorization scale variation
modify APPLGRID for two PDFs
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XFitter Pion PDFs (av) (S) @9 (gev?)
JAM [26] 0.54 £0.01 0.16 +0.02 0.30 £0.02 1.69
N ot JAM (DY) 0.60 +0.01 0.30 +0.05 0.10 £0.05 1.69
Experiment orma 1z_a 1011 X2/N o this work 0.55 +0.06 0.26 + 0.15 0.19 +0.16 1.69
uncertainty ROLEE Lattice-3 [16] 0.428 £ 0.030 1
| SMRS 0.40 + 0.02 4
E61_5 15 % 206/140 Han et al. [42] 0.428 + 0.03 4
NA10 (194 GeV) 6.4% 107/67 DSE 0.52 4
NA1 286 GeV 64 95/73 this work 0.50x0.05 0.25+0.13 0.254+0.13 4
0l ) % / JAM 0.48 £0.01 0.17+0.01 0.35+£0.02 5
WA70 32% 64,/99 $his work 0.494+0.05 0.25+0.12 0.26 +0.13 5
Lattice-1 |[14] 0.558 £0.166 5.76
Lattice-2 0.48 +0.04 5.76
= = - this work 0.48 +0.05 0.254+0.12 0.27 +£0.13 5.76
zv(x) = Ayx”* (1 — )" (1 + D,x?), WRH [21]  0.434 £ 0.022 27
ChQM-1 0.428 27
B
zS(z) = Asz®5(1 — )9 /B(Bs + 1,Cs + 1), ChQM-2 0.46 27
B c this work 0.42 +£0.04 0.25+0.10 0.32 £0.10 27
zg(z) = Ag(Cq +1)(1 —z)™, SMRS [20] 0.49 £ 0.02 19
this work 0.41 +0.04 0.25+0.09 0.34 +0.09 49
xf(x) XV(X) xf(x) XS(x) xf(x) xg(x)
254 2.00
Q? =5GeV? Q2 =5GeV?
—— GRVPI1  [1.751 —— GRVPI1
2.0 Z2 JAM 3 JAM
=3 this work |1-°07 =3 this work
1.25 1
1.5 -
1.00 4
1.0 4 0.75 A
Q? =5GeV? 0.50 -
—— GRVPI1 0.5 1
3 JAM 0.25 A
[ this work
0.0 T T 1 ] 1 ] 0.0 T 1 T T 1 0.00 T
0.0 0.2 0.4 x 0.6 0.8 1.0 0.0 0.2 04 x 0.6 0.8 1.0 0.0 0.2 0.4 x 0.6 0.8 1.0




XFitter Pion PDFs
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Scale dependence xfitter
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xFitter-draw
Python Jupyter
Mathematica: ManeParse



XFitter Tools:
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PDF Plots

xfitter-draw
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Theory/Data

e
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—e— EB15 {7<(0.231:0.254) Data

+

b uncorrelated
 total
= Theory + shifts
" L L " |

outputt/

0.5

Data vs. Theory

xfitter-process
—~ 0.2
Bl ot=19Gev?
X [ — outputl/
g : outpu
0.15/- Ch12
: Tables
0.1
0.05:-
0 Lol Lol Lo
107 107 10™
X
o 100F
[I'8 - BD-_
> - K
T 1.8 - 4 -
N 40 _*‘-_,7*7'-+_-.+-._+-"'-.,’~
16 0F 4 .
1.4 o
. [ —e— WA70 P, (4.5,4.75) Data
1 2-_ —20F 4 ouncorrelated
I e {tc(0.24:0.27) NA10-286 Data _4of  Ototal
1F ¢ O uncorrelated - - - - Theory + shifts output1/
- Stotal E_mf""""'
0.85 --- Theorly + shifts ?utputﬁ | é‘i 1'55_
s LEF— — — > %
8 105 peeneill . B 8 o0sf
> ¥ = i
2 1 1 ! | 05 0 05
@ 0.955'_ xF
£ o9t
0 0.2 0.4
X

Dataset autpuﬂ_ 2
Ep15-0 13/7
E615-1 9.5/10
Efn15-2 13/11
E615-3 15/12
Ep15-4 89/11
E615-5 9.7/11
En15-6 12/11
E615-7 16/11
Ep15-8 16/11
E615-9 18 /10
Ep15-13 32/8
E615-14 18/7
Ep15-15 35/8
E615-16 80/6
Ep15-17 16/6
NA10-194-0  88/6
NA10-194-1  65/6
NA10-1942  83/7
NA10-1943  51/7
NA10-1944  2.7/8
NA10-1945  6.0/8
NA10-1946  21/9
NA10-194-7  40/8
NA10-194-8  9.8/8
NA10-286-0 10/4
NA10-286-1 1.7/5
NA10-2862  3.6/5
NA10-286-3 15/6
NA10-286-4  47/7
NA10-2865 15/8
NA10-286-6  10/8
NA10-2867  59/9
NA10-286-8  20/8
NA10-2869  13/9
NA10-286-10  13/4
WA70plus-0  1.1/5
WA70plus-1 ~ 49/5
WA70plus-2  23/5
WA70plus-3  45/5
WA70plus-4  1.7/5
WA70plus-5  2.2/3
WA70plus-6  3.5/3
WAZ0-0 38/10
WA70-1 54/10
WA70-2 40/10
WA70-3 8.8/10
WA70-4 89/10
WA70-5 9.5/10
WA70-6 30/8
Correlated 2 3.5
Log penalty 3> -36.91
Total y2/dof 445/ 373
I p-value 0.01
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Python Jupyter Notebook

14

" Jjupyter PythonDemo_v03 Last Checkpoint: 02/03/2020 (autosaved)

File Edit View Insert Cell Kernel Widgets Help

+ =< A B 4 ¥ MHRun B C MW | Markdown v
22.6 1
1221  Momentum
a66{ Fractions

3.5 4

10 GeV

3.6 1

Q

2.7 A

Fraction of Momentum (%)

1.9 1

arton Number

| 5| -4] -3] -2 -1] Of 1 2] 3] 4] 5]
5 .9 3 b 2146.6 i b ! 9 d

fig.savefig('testFigX.pdf')
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Strange PDF
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Mathematica: ManeParse

1
http://www.ncteq.org °

nCTEQ

nuclear parton distribution functions

ManeParse: A Mathematica Interface to the PDFs

ManeParse is a modular Mathematica package that provides access to PDFs for hadronic calculations. It allow:

ManeParse Publication:

Download the publication here:

+ ManeParse : A Mathematica reader for Parton Distribution Functions
D.B. Clark, E. Godat, F.I, Oiness.
Comput. Phys.Commun. 216 (2017) 126-137.
or: arXiv:1605.08012 [hep-ph] .

ManeParse version 3.0, Mathematica package:
An SIMPLE example using LHAPDF Tables for PDFs:

This is an self-contained example that reads PDF tables in LHAPDF format.

PDF_DEMO_v01.zip

{850Kb, Version May 2020).
Includes PDF Grid files needed for demo.

A SIMPLE example using Structure Function Tables:

This is an self-contained example that reads Structure Function tables in LHAPDF format.

SF_DEMO_v01.zip
{460KDb, Version May 2020).

Includes Structure Function Grid files needed for demo.
Thanks to Tim Hobbs for supplying the sample tables.

qo =2.0;

iset0 = 1;

Plot[x {val[iset0, x, q0], sea[iset0, x, q0], glu[iset®, x, qO]}
{x, 0.0, 1}, PlotLegends = {"val", "sea", "glu"}]

15 _

i — val
10

- Sea

———

— glu

0.5 i \

0.2 04 0.6 0.8 1.0

Plot[x {val[l, x, 1], val[l, x, 2], val[l, x, 10], val[l, x, 100]}
{x, 0.0, 1}, PlotLegends - {"1", "3", "10", "100"}]

— 10
— 100




Mathematica: ManeParse ‘

e

https://jeffersonlab.github.io/txgrids/_build/html/grids.html

3 C Y @& jeffersonlab.githubioftxgrids/ build/html/grids.html

@& QCD theory for inclusive q0 = 10. ;
reactions at EIC

F7 F’Y LogLinearPlot [ x pdf[1, flavors, x, q0] I/ Evaluate, {x, 107°, 1},
29 L

_ I
F2VV 7FL 7FW

Search docs

[ — 900
Gettin Started 2 — 901
E LHAPDF grids —— 930
Structure function index conventio - — 931
I — 932
LHAPDF grids R e - .
MOS 0.010 0.050 0.100 0.500 1

Structure function index convention <

(T =p,n,d,..., A) ;- ListPointPlot3D [data, ScalingFunctions = {"Log", "Log", "Log"},
Filling - Bottom]
Reaction Structure Functions Index
et +T et + X y I 900, 901
b oA ST o 902, 903, 904
F2Z, FLZ, F3Z 905, 906, 907 P
&
ENC, FNC, pNC 908, 909, 910
b 911, 912, 913 |
1Y FRS; FEC 914, 915, 916
By, FR 917, 918, 919
Fggc, Fﬂc, ngo 920, 921, 922
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New Theoretical Tools for Global Meson PDFs
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q 10 [ 4E---Tht!-cn’;rc-shil‘ts outputt/
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0.001 0.01 0.1 1 k0% 05 i
X Xr
Pion PDFs :
Nuclear PDFs XFitter-draw tools
] " jupyter PythonDemo_v03 P
LHAPDF grids P
File Edit View Insert Cell ,,,A»".. Tl '.
Structure function index convention *)| sl K| * [ | WRuA < 5 IR 5
226 tee LR T e P 050
T=pnd,...,4) 3 1229 ".".,,»7":('.’-. '-. ! .«"; L 006
. ) £ 561 ’ . 1 R
Reaction Structure Functions Index E> ¢ RUDAECRRRRR R s
e 900, 901 s 0001 %o I
B0 367 $'\\a /m
c 0.010 .‘
FERE BT 902, 903, 904 g o] \h\ L
FZ, FZ, F? 905, 906, 907 T 194 7&;3,/
1
12

LHAPDF to Mathematica
LHAPDF Structure Pvthon Ju er
Function Grids y Pyt ManeParse

F.Omess ... join the effort
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