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Beyond nNNPDF2.0
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Nuclear uncertainties in proton PDF fits | ]

COV — COVexp + COVin

(covin)ij =

A

=T

ZA(k)A(k)

— TN

nuclear uncertainties determined by averaging
over Monte Carlo replicas from three nuclear
PDF sets: DSSZ12, nCTEQ15 and EPPS16

Experiment Naat X2/Ndat (bas.) x2/Ngat (nucl.)
CHORUS (v) 416 1.29 0.97
CHORUS (7) 416 1.20 0.78
NUTEV (v) 37 0.41 0.31
NUTEV () 39 0.90 0.62
DYE605 85 1.18 0.85
FT DIS 973 1.23 1.20
HERA DIS 1211 1.16 1.16
ATLAS 360 1.08 1.04
CMs 409 1.07 1.07
LHCb 85 1.46 1.32
4285 1.18 1.07

Emanuele R. Nocera Nuclear and Polarised PDFs

Ratio to Baseline

Ratio to Baseline

d at 10.0 GeV

Baseline (68 c |+ 10)
NucUne (68 c1+10)

107

s at 10.0 GeV

Baseline (66 c |+ 10)
NucUne (68 c1+10)

November 11, 2020

10°

4/11



nuclear uncertainties determined from the data
subset that involves deuterium targets by means

Nuclear uncertainties in proton PDF fits (.0 o0

COV — COVexp + COVih

N

1 Z k) A (K

(COVth)ij = N AE )Ag )
k

AR = TN [pF - TN [P

of a self-consistent iterative procedure

Experiment Naat X2/Ndas (bas)) x2/Ngas (nucl.)
SLAC (F§) 34 0.72 0.50
BCDMS (Fg) 248 1.10 0.91
NMC (F§/FY) 121 1.00 0.78
E866 (pd/pp) 15 0.47 0.71
FT DIS 1478 121 1.20
HERA DIS 1211 1.16 1.16
ATLAS 211 113 112
cMsS 327 115 1.14
LHCb 85 1.62 1.67
3978 118 1.16

Emanuele R. Nocera

Ratio to global-base

0.900
10~

1.025

1.000

0.975

Ratio to global-base

0.950
0.925

0.900
1

global-base (68 c.+10)
glabal-ite2-dw (68 c.I.+10)
global-ite2-sh (68 <1.+19)

Uat10.0 Gev

“1 global-base (68 cl+10}
global-ite2-dw (68 ¢ 1+10)
global-ite2-sh (68 ¢ 1 +10)

1072 107t 10°

d at 10.0 GeV

03

Nuclear and Polarised PDFs

1072 107t 10°



The NNPDFpol family

NNPDFpol1.0 | 1

Neutral Current DIS
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LO positivity imposed via unpolarised PDFs
NLO

NNPDFpoll.1 | ]
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Beyond NNPDFpoll.2

Data
@ SIDIS and Fragmentation Functions
[ | o [N
@ DIS at the Electron lon Collider
[ ] ,
Theory 14

@ Interplay with Fragmentation Functions 08

oo

@ Inclusion of higher orders 2.
[ 1

)

o
o

@ Onset of small-z behaviour
[ 1 !
@ Input from lattice

[

o

o

Methodology

R
@

N

@ Allow for global, simultaneous fits
efficient and scalable methodology
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Beyond NNPDFpoll.2

Data

. . R B R RRR R L
@ SIDIS and Fragmentation Functions o ] NNPDFpol1 0 E
[ ] F ) NNPDFpolt.1 e ]
) 155 [T NNPDFpolEIC =
@ DIS at the Electron lon Collider oo E
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Theory & F 1
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@ |Interplay with Fragmentation Functions Vs | E
@ Inclusion of higher orders I 3
[ s 3
! Foo Q?=10 GeV?
-2 H 4
@ Onset of small-z behaviour R R T

[ ] <A):(02)>m

@ Input from lattice

2 2 1 1
[ Q“ =10 GeV f1073 dr AY f1073 dz Ag

] NNPDFpoll.0 +0.23£0.15 —0.06 £1.12
NNPDFpoll.2 +0.25 £ 0.10 +0.49 £ 0.75
Methodology NNPDFpolEIC +0.24 £0.04 +40.49 + 0.25
@ Allow for global, simultaneous fits quarks and antiquarks ~ 20% — 30%
efficient and scalable methodology gluons ~ 70%
OAM ~ 0%
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Methodology: from nnfit to n3fit

nnpdf: nnfit new code: n3fit
Data 1/0 Data 1/O
| Monte Carlo | | Monte Carlo ‘

|
abstracted backend

| GA Choice | - ‘ Any framework
fitting l

method ’

| Fitting machinery | Any optimizer |

PDF generation PDF generation

Complete restructuring of the NNPDF fitting framework
enhanced modularity to improve flexibility and exploitation of external ML libraries
Keras, TensorFlow, ...
Per replica training time reduced by a factor of @(30) thanks to SGD minimisers
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Methodology: fitting the methodology

L Target
Hyperoptimization low X2,

Target

PDF fit optimization ——— low Y2

train

Quality | control Quality control

stable X33|

Test Set (not used for the fit at all)

Compare to a Test Set (new set of data previously not used at all)
Who picks the Test Set? Automatic generalisation based on K foldings
Divide the data into n representative sets, fit n — 1 sets and use n-th set as test set
Hyperoptimise on mean and standard deviation of Xfesm, i=1...n
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Methodology: hyperoptimisation

Loss

i
|

i
H
]
i
i
i

|

B T 5 & sgnod T
stopping patience positivity multiplier number of layers activation function

bddla b 4

Adam  WMSprop  Adadelta 1077 107 glorot o oot normal 10000 26000 30000 40000
optimizer learning rate initializer

SCAN parameter space; OPTIMISE x2,;; BAYESIAN UPDATING
Hyperoptimisation requires to define a reward (or loss) function to grade each model
This is different from the cost function (optimised separately for each model)

. . 1
cost function: C' = E, reward function: R = —

2 (Eval aF Etest)

In a hyperparameter scan one compares the performance of hundreds parameter combinations
Some parameters are discrete (type of minimiser), other are continuous (learning rate)
One should visualise which parameters are relevant and which parameters are immaterial
The violin plots are the KDE-reconstructed probability distributions for the hyperparameters

Hyperoptimisation successfully validated in closure tests and in future tests
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Summary

@ Continuous effort in improving the determination of nuclear/helicity PDFs

> Data: global fits
— inclusion of a variety of obervables, consistency of the QCD framework
— increasing experimental precision, extended kinematic range
> Theory: improved fits
— refinement of the QCD details in the PDF analyses
> Methodology: simultaneous fits
— non-trivial interplay between PDFs and FFs
— accompanied by an increased sophistication of the fitting techniques

@ Possible fruitful interplay between (helicity) QCD fits and lattice QCD calculations

> An extensive benchmark for helicity PDFs is now available
— competitive lattice QCD moments
— promising methods to determine the PDF = dependence

© Combination of all the above will perfectly fit into the EIC program
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Summary

@ Continuous effort in improving the determination of nuclear/helicity PDFs

> Data: global fits
— inclusion of a variety of obervables, consistency of the QCD framework
— increasing experimental precision, extended kinematic range
> Theory: improved fits
— refinement of the QCD details in the PDF analyses
» Methodology: simultaneous fits
— non-trivial interplay between PDFs and FFs
— accompanied by an increased sophistication of the fitting techniques

@ Possible fruitful interplay between (helicity) QCD fits and lattice QCD calculations

> An extensive benchmark for helicity PDFs is now available
— competitive lattice QCD moments
— promising methods to determine the PDF = dependence

© Combination of all the above will perfectly fit into the EIC program
Thank you
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