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Hadron physics, or the quest for the nucleon structure

Nucleons make up all nuclei, and hence most of the visible matter in the Universe

They are bound states with internal structure and dynamics
Such a structure is encoded in Parton Distribution Functions

Parton Distribution Functions are essential tools in high-energy particle physics
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Outline

@ The QCD structure of nucleons
> Theory: factorization, evolution
@ A global analysis of parton distributions
> Practice: methodology, experimental data
© PDFs and new physics at the LHC and beyond
> QED corrections, resummation, polarization (with phenomenology)

@ Conclusions

DISCLAIMER
Not a comprehensive review of recent developments in PDF analyses.
Rather, a partial and subjective view on parton distributions
mostly based on results obtained by the NNPDF Collaboration recently.
Apologies in advance for not mentioning your favorite subject.
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1. The QCD structure of nucleons
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The QCD picture of the nucleon

naive picture

realistic picture

three non-relativistic quarks

QCD

factorization,evolution
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indefinite number of relativistic
quarks and gluons
PDFs for BSM searches



Factorization of physical observables | ]
@ A variety of sufficiently inclusive processes allow for a factorized description

short-distance part factorizati long-distance part
. . factorization
hard interaction of partons nucleon structure
scheme & scale pu . L. .
process-dependent kernels universal parton distributions

@ Physical observables are written as a convolution of coefficient functions and PDFs

oo = > Crly,as(y?) @ fy, 1)
f=q,9,8
1
XY =8ap(ys as(1?) © Lap(y, 1)
a,b Y
fi(y1, 12) © oy, 1%)

f(x, p ) f(xy, [,L
1
Lepton-nucleon Proton—proton fog = / ﬂf (f) g(y)
scattering scattering x

@ Coefficient functions/partonic cross sections allow for a perturbative expansion

Crr(y,as) = > akCP(y)  Ganly,as(u®) = S ak6) (), as = as/(47)

k=0 k=0
@ Incredible progress in higher-order computations of &%) recentl
prog g P ab Yy
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Scale-dependence of PDFs: DGLAP equations | ]

@ A set of (2nf + 1) integro-differential equations, nr is the number of active flavors
nf
X
G o )—Z/ Pi (2 as(s2)  (5.12)

@ Often written in a convenient basis of PDFs

nf

nf
axsi: = (6 £q) — (4 )  ansy =2 (G —8) T => (q+7)
i

i

0
——— a6 1) = PEY(x, 1) ® qus; v (%, 14°)
Olnp

O (Ee Y (B R Yo (X))
o2 \ glx,p?) )~ \ P% pee g(x, 1?)
© With perturbative computable splitting functions

Pite0s) = 3ol P0() 2 = as/(47)

0) 0 0
P 4»% P @9/< Pid —»—(Qg P wgz

October 19, 2015 7 /34

Emanuele R. Nocera (University of Oxford) PDFs for BSM searches



Theoretical constraints

@ Momentum & valence sum rules
1 1 1 _
ME/dxx[Z—l—g]:l /dx[u—ﬂ]:2 /dx[d—d]:l
0 0 0

@ Positivity of cross sections

© Can sum rules be satisfied automatically without being imposed? | ]
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PDFs: some general remarks

@ There is one independent PDF for each parton in the proton
@ Heavy quark PDFs are generated radiatively
© Beyond LO PDFs become scheme-dependent

@ The shape and the normalization of PDFs are very different for each flavor

e 1 e
g/10 1
xf(xu2=10* GeV?)]
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PDFs (and their uncertainties): why should we bother?

First:

PDFs are a fundamental limit for Higgs boson characterization

NNLL QCD
+NLO EW

NNLO QCD
+NLO EW

NLO QCD

o (8 TeV) uncertainty
gg—H [195p0 | 14.7% | NG
VBF |156p0| 2.9% | N
WH |070p0| 39% | EE & rorws
ZH  |039pb| 5.1% | (NI
ftH {013 pb| 14.4% | NG

@ All production cross sections require an accurate knowledge of PDFs
— gg fusion, ttH (gluon luminosity)
— vector-boson fusion (quark-quark luminosity)
— associated production with W/Z: quark-antiquark luminosity

@ PDF uncertainties are now dominant for a number of crucial LHC processes
— example: Higgs production in gg fusion, known up to N3LO |
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PDFs (and their uncertainties): why should we bother?

Second:

PDF uncertainties are huge (> 100%) for BSM heavy particle production

gluino pair production

squark-antisquark pair production

0.60

T T
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Emanuele R. Nocera (University of Oxford)

| L S
2000 2500 3000 3500

mg =mg =m [GeV]

1500

KNLO+NLL =

T T T T
KyLotnii(pp —+ 4¢° + X)
1.80 /5 = 13 TV

1 60 NNPDF3.0NLO
---- CTEQ6.6
aeneenees. MSTW2008NLO

140 | METW0

1.20 | o

RN R
o MM} -‘fu;ia Loleie
o RS
0.80 L Bl SN
Up = pR=1m Bt
0.60 ¢ 1 1 L
1000 1500 2000 2500 3000 3500
mg = mg = m |GeV)
O,NLO-I-NLL
O-NLO
=] (=) = E £ DA

PDFs for BSM searches



PDFs (and their uncertainties): why should we bother?

Third:
PDFs are the dominant source of systematics for precision measurements,
like the W bson mass, that provide consistency stress-tests of the Standard Model

o 10
< E
9 =\
8 E [ sm fit measurement E
F SM fit w and M, measurement 3
7 F-— smiitwi imal input —
6 E +@+ M, world ge [arXiv:1204.0042] =
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2. A global analysis of parton distributions

Emanuele R. Nocera (University of Oxford)

PDFs for BSM searches



A global PDF determination: the underlying strategy

[ QCD theory } { PDF parametrization ]

[ theoretical predictions ]

minimization
algorithm

comparison with
experimental data

l

stopping criterion

[ best-fit parameters ]

FITTING ALGORITHM

Assume a reasonable PDF parametrization
Obtain theoretical predictions for various processes and compare predictions to data

Determine the best-fit parameters via minimization of a proper figure of merit (e.g. x?)
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A global PDF determination: the ingredients we need

[ methodology ]

DGLAP evolution parametrization fixed-target data

partonic cross sections uncertainty estimation (DIS, DY)
heavy quark treatment error propagation collider data
QED/EW corrections minimization strategy (ep pp)

Need for a choice of

@ theory, or the theoretical details of the QCD analysis
(perturbative order, treatment of heavy quarks, treatment of as, theoretical constraints)

@ methodology, or a prescription to determine PDFs and their uncertainties
(uncertainty estimates are crucial to make reliable predictions based on PDFs)

© data, or the set of observables to be included in the analysis
(constrain all possible PDFs in the widest range of Bjorken-x)

Each of these ingredients is a source of uncertainty on the PDF determination )
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Methodology: the standard route
@ Simple analytical parametrization of PDFs, e.g.
XF(x, 1) = mex (1= x)P (14 pex? + ¢x) {a} = {a,b,1,0,7}

= potential bias if the parametrization is too rigid

@ Hessian propagation of errors

> expand the x2 about its global minimum at first order, x2{a} ~ x?{ag} + da’H;6a/
> diagonalize the Hessian matrix and take the hypersphere of radius \/x2 =1

= is linear approximation adequate? do we need a tolerance T = /2 > 1?7

2-dim (i,j) rendition of d-dim (~16) PDF parameter space

contours of constant nglohal
u,: eigenvector in the I-direction

p(i): point of largest a; with tolerance T 27 { .
Sy global minimum Y

diagonalization and

rescaling by
the iterative method

« Hessian eigenvector basis sets

(b)
Original parameter basis Orthonormal eigenvector basis
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Methodology: the NNPDF route

@ Neural network parametrization of PDFs

> redundant and flexible parametrization, (200) parameters
> requires a proper minimization algorithm and stopping criterion

= reduce the theoretical bias due to the parametrization

@ Monte Carlo propagation of errors

> generate experimental data replicas assuming multi-Gaussian probability distribution
> validate against experimental data to determine the sample size (NGC ~ 100 )

= no need to rely on linear error propagation, no tolerance needed

PDF replicas are equally probable members of a statistical ensemble
which samples the probability density P[f;] in the space of PDFs

(0) = / DEPIAOL]

Expectation values for observables are Monte Carlo integrals
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Methodology: standard vs neural network parametrization

HERA-LHC 2009 PDF benchmark
Fit vs H1PDF2000, Q? = 4. GeV?

xG(x)

Il
2 - 4 GeV?)
o

xg(x,Q

0 N . R 4 3 2 1
10 10 10 10 1 1 T 1 !
X
simple functional forms neural networks
o = = = = 9ac
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Experimental data in a global PDF determination

Process Reaction Subprocess PDFs probed X
e {p,n} - £F £ X Y'q—gq 9,3, 8 x 2 0.01
. . tEn/p - 0E + x v d/u— d/u d/u x > 0.01
v(D)N = p~ (ph) + X W*q — ¢’ q,q 0.01 < x <05
vN = p—put + X W*s — ¢ s 0.01 <x<0.2
¥ » oN — ptu= +X W*s - ¢ 5 0.01 <x<0.2
DIS
etp— et £ X v'q—q £:9,d 0.0001 < x $ 0.1
etp— o+ X wt{d,s} — {u,c} d,s x 2 0.01
eip%eicEJFX y*c — c,v*g — ct c, 8 0.0001 < x < 0.1
eip — jet(s) + X Y*g — qg g 0.01 <x<0.1
pp— upT +X ud, dd — ~* g 0.015 < x < 0.35
N, pn/pp = ptu= + X (ud)/(um) — ~* d/u 0.015 < x < 0.35
pB(pp) — jet(s) + X g8, qg, 99 — 2jets g9 0.005 < x < 0.5
pp— (WE 5 E0) + x ud - W, od - W™ u,d, b, d x 2 0.05
n; 3 pp— (WE 5 et 4 x ud - WT, di — W™ u,d, 0, d,(g) x > 0.001
P pB(pp) = (Z = €te7) + X uu, dd(uii, dd) — Z u, d(g) x 2 0.001
pp— (W+c)+ X gs — W™, g5 — W'e 5,5 x ~ 0.01
pp — tt+ X gg — tt g x ~ 0.01
CERN CERN SLAC DESY FERMILAB
NMC, BCDMS ATLAS, CMS, LHCb E142, E143, E154, E155 HERA, ZEUS, H1 NuTev, E605, E866
CHORUS CDF, DO
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Experimental data in a global PDF determination

FTDIS
HERA1
FTDY
TEVEW
TEVJET
ATLAS EW
LHCB EW
LHC JETS
HERA2
ATLAS JETS 2.76 TEV
ATLAS HIGH MASS
ATLAS WpT

CMS W ASY

CMS JETS

CMS WG TOT
CMS WC RAT
LHCB Z

TTBAR

2

iy

o

~
OO0OO0OO0O0O00O0O0O0 ¥ % ¥ X X X X X

1
10° 10° 10 1 9'3 102 10" 1

+ kinematic cuts in order to remove the sensitivity to higher-twist effects
NIZP ~ (O(4000)

dat = _ -
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Recent determinations of PDF sets

MMHT14 NNPDF3.0 ABM12 HERAPDF1.5

fixed-target DIS

vl

X
X
m W, 2)

HERA
fixed-target DY
Tevatron (W, Z)

Tevatron (jets)

S
KXXXNKX

SISISESESISEEE
NUASISISISESY
SISISISESESY

LHC
statistical Hzessian 2Hessian Monte Carlo He;sian Hzessian
treatment Ax® =100 Ax* dynamical Axc =1 Ax“° = 100
poamertzaion gl Syl neupenerpeiponidl - peonid
HQ scheme ACOT-x TR’ FONLL FFN TR’
as varied fitted+varied varied fitted varied

latest update

All PDF sets listed above are available through the LHAPDF interface
https://lhapdf .hepforge.org/
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Parton distributions with LHC data (e o000

inclusive jets and tt production:

large-x gluon
NNLO, ag = 0.118, Q° = 10* GeV?
:

T
. Global Fit

No LHC data

o
S ©
©

a

9 (x, Q% [new] /g (x, @) [ref]

o
o
n

I I Il
10* 10° 102 10"

0.8]

0.6

0.4

W + c: direct handle

on strangeness
NNLO, ag = 0.118, Q* = 10* GeV?

B Gloval Fit
0 Neutrino Data
10 Wac Data.

£+ no Neutrino, W+c Data

=)

'S

L L
10° 102

inclusive W /Z production: q/g

NNLO, o, = 0.118, Q? = 10° GeV?

T T
. Global Fit

2.3 Dataset

T(x Q) ref]

=)
o

Q) [new] /

ﬁ(é‘
©

o
©
T

I I I
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3. PDFs and new physics at the LHC and beyond
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PDFs with QED corrections |

@ QED and electroweak corrections are essential for precision LHC phenomenology

» W and Z production, W-mass determination, WW boson pair production
> TeV scale jet and top quark pair production, searches for new W’, Z’ bosons
> neglecting photon-initiated contributions underestimates theory errors in crucial

BSM search channels

@ The inclusion of EW effects requires PDFs with QED corrections and a v PDF
@ First determination of a v PDF from LHC data: NNPDF2.3QED [ ]

Ratio - Z/y production @ LHC Vs = 8 TeV

Y S

E - NNPDF2.3QED, Born g 3
£ 3 E
& H s NNPDF2.3QED, full O(c) QED 1
@ 255 __._._. MRST2004QED, full O(a) QED -
g C 7
q 2F E
w . |
E £ B
S 151 E
zZ t 1
L = -
o F E
§ p Tl 1
& osF E

I I I

0 500 1000 1500 2000 2500 3000 3500

M, (GeV)
AN/
Y —

WW production @ LHC Vs = 8 TeV

= NNPDF2.3QED, o
....... NNPDF2.3QED, yy
---- MRST2004QED, yy

|| L L |
200 400 500 800 1000 1200
M (GeV)

vy — WW
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PDFs with threshold resummation e o000

© Resummation of threshold logs performed consistently at (N)NLO + (N)NLL
@ Only a subset of the data included in NNPDF3.0 are included (DIS+DY+tt)

NNPDF3.0 DIS+DY+Top, Q?=10* GeV? NNPDF3.0 DIS+DY+Top, Q*=10° GeV?

°
©

°
9(x Q) [new] /g (x, Q) [ref]

2 (% Q% [new]/ = (x, Q) [ref]

°
m
°
&

I
107

I
=)
10 N N

NNPDF3.0 DIS+DY+Top, Q%=10° GeV? NNPDF3.0 DIS+DY+Top, Q=10° GeV?
3—

V (x, Q) [new] /V (x, Q) [ref]
s*(x, Q) [new] /s" (x, Q) [ref]

|
107

X

The main effect of threshold resummation is to suppress all PDF flavors for x 2 0.1;

at 0.01 < x £ 0.1 PDFs are enhanced by sum rules; the effect is negligible at x < 0.1
o <5 = <= Dac
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PDFs with threshold resummation e o000

© Resummation of threshold logs performed consistently at (N)NLO + (N)NLL
@ Only a subset of the data included in NNPDF3.0 are included (DIS+DY+tt)

LHC 13 TeV, NNPDF3.0 DIS+DY+Top, a(M,)=0.118 LHC 13 TeV, NNPDF3.0 DIS+DY+Top, ay(M,)=0.118

ity

uark - Antiquark Luminosity
)
©
&

Quark - Quark Luminosi

o @
o 2
& o

I I A I I
2 9 2 g

10 10° y (Gev) 10 10 10, (Gev) 10
LHC 13 TeV, NNPDF3.0 DIS+DY+Top, ay(M)=0.118 LHC 13 TeV, NNPDF3.0 DIS+DY-+Top, a(M,)=0.118
T

Gluon - Gluon Luminosity
Quark - Gluon Luminosity

o
S o
o &

I 7 I
3 3
10? M (Gev) 10 10 10? M (Gev) 10

The suppression at the level of PDFs becomes important for luminosities at:
Mx 2 400 GeV (gg); Mx 2 1 TeV (qg and qg); Mx 2 5 TeV (qq)
[m] = = =
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PDFs with threshold resummation e o000

© Resummation of threshold logs performed consistently at (N)NLO + (N)NLL
@ Only a subset of the data included in NNPDF3.0 are included (DIS+DY+tt)

LHC 13 TeV, NNPDF3.0 DIS+DY+Top, a(M,)=0.118 LHC 13 TeV, NNPDF3.0 DIS+DY+Top, ay(M,)=0.118

ity

uark - Antiquark Luminosity
©
&

Quark - Quark Luminosi

i I I 3 4 I I
2 9 2 g
10 10° y (Gev) 10 10 10, (Gev) 10
LHC 13 TeV, NNPDF3.0 DIS+DY+Top, ay(M)=0.118 LHC 13 TeV, NNPDF3.0 DIS+DY-+Top, a(M,)=0.118
T

Gluon - Gluon Luminosity
Quark - Gluon Luminosity

o
S o
o &

I I I
0 3
10 10° \, (Gev) 10 10 0%y, (Gev) 10

The trend is similar at NNLO,
but in this case differences between fixed-order and resummed PDFs are mLLCh smaller

=] =2 = £ DA
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PDFs with threshold resummation: phenomenology

First: SM and BSM Higgs production in gg fusion (searches for heavy Higgs)

@ Resummation in the PDFs can cancel out resummation in the matrix element

@ at NNLO this effect is less prominent

© PDF uncertainties are large at large Higgs masses (lack of jet data in the resummed fits)
@ Using resummed PDFs for SM/BSM production at the LHC has negligible effect

Higgs cross section: gluon fusion

Higgs cross section: gluon fusion

T . 18 T T

7 'NLO, fixed order POFs —+ | LHC 13 TeV ? NNLO, fixed order PDFs —+ JHC 13 TeV|

=) NLO+NLL, fixed order PDFs —e— e NNLO+NNLL, fixed order PDFs —e—

% 1.6 H NLO+NLL, resummed PDFs —#— 1 o 1.6 0 NNLO+NNLL, resummed PDFs —#— |

2 £

° ?

FIRERS b 8 14l 4

£ £

3 12 ‘e + ] 2 12f B
]

3 t 2 b ts

= 1 z 1 %

[ ®

£ g

g osf ] g 08 ‘ 1

S S

° °

5 06f 3 2 o6f 1

= 1 1 1 = L L L

125 600 2000 125 600 2000
my [GeV] my [GeV]
(results are normalized to the central value of the fixed (N)NLO calculation)
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PDFs with threshold resummation: phenomenology

Second: High-mass DY dilepton mass distributions (searches for Z")

@ At NLO and at large invariant masses the effect of threshold resummation is moderate
(the NLL correction amounts to about 4% at My, = 2.5 TeV, within PDF uncertainties

@ For My, € [1.5,2.5] TeV, NLO+NLL agrees with fixed-order NLO by less than 1%
© A fortiori, the effect of resummed PDFs is completely negligible at NNLO-+NNLL

Drell-Yan invariant mass distribution, pp @ 13 TeV Drell-Yan invariant mass distribution, pp @ 13 TeV
g 115 . — L 115 . —
5 NLO, fixed order PDFs ) NNLO, fixed order PDFs
o NLO+NLL, fixed order PDFs - - . % NNLO+NNLL, fixed order PDFs - - .
% 11+ NLO+NLL, resummed PDFs — .. - 3 11} NNLO+NNLL, resummed PDFs — .. -
‘O- o
o
g 105 g
< £
S <
o
2 2
Z o095 Z
g K]
€ E
8 09 § 09| ]
e )
'% 0.85 L . L . 2 o085 L . . .
= 200 500 1000 1500 2000 2500 & 200 500 1000 1500 2000 2500
My [GeV] My [GeV]

(results are obtained with Vrap supplemented with threshold resummation provided by TROLL)

[m] = = =

DA
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PDFs with threshold resummation: phenomenology

Third: Supersymmetric sparticle (slepton pair) production (signatures of SUSY)

@ Resummation in the matrix element only:
cross section enhancement from 1% at M,; ~ 1.2 TeV to 5% at M,; ~ 3 TeV

@ Resummation included in both PDFs and matrix element:
cross section enhancement limited to M,; ~ 1.2 TeV

© Resummation of PDFs compensate resummation of the matrix element

Slepton pair invariant mass, pp @ 13 TeV, m; = 564 GeV.

w12

5 " NLO, fixed order PDFs - ' '
[T NLO+NLL, fixed order PDFs - - .

E NLO+NLL, resummed PDFs — .. -

S 1.1

o

1]

X 105

E]

2 1

9 0.95

3 0

£ o9

€

8

° 0.85

o

= 0.8 L L L L L L L L
= 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

M, (GeV)

(results are obtained with Resummino and are normalized to the fixed NLO calculation)
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PDFs with threshold resummation: phenomenology

Fourth: Squark and gluino production at the LHC run Il | ]

@ NLO+NLL cross sections are significantly shifted

G This shift is within the total theory band, so current exclusions limits are unaffected

© Will become crucial if we ever need to characterize SUSY particles from LHC data

2.00 : : . 2.00 i , i ,
Kxo+ninlpp = 99 + X) / Kyrosnin(pp = 44" + X)
1.80 I /5 = 13 TeV 4 1.80 /5 =13 TeV
1.60 L —— Global st | 160 L Global fit
- NLL/NLO DIS+DY+top - NLL/NLO DIS+DY+top
- Prescription (1) : - Prescription (1)
1.40 Prescription (2) LA Prescription (2)
1.20 120 | ;
1.00 1.00 )»_——4——’_‘——:
0.80 | 4 0.80 | e— =
0.60 L L L : 0.60 L L L
1000 1500 2000 2500 3000 3500 1000 15 (lﬂ 2000 2500 3000
mg =my =m |GeV] mg =my =m |GeV]|
»NLO+NLL #NLO+NLL oNLO4NLL
K = INLO global K1) = NLO ,zlobal NLL,DIS+DY +top
= -NLO = JNL X “NLOTNLL

UNLO,global
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PDFs at a Future Circular Collider

@ A 100 TeV hadron collider, possibly with ete™ and ep operation modes

@ Rich phenomenology of PDFs at such extreme energies: top quark PDFs, EW
effects on PDFs and W/Z boson PDFs, ultra-low-x physics, BFKL dynamics, ...

Kinematics of a 100 TeV FCC

Plotby J. Rolo, Dec 2013

R O B B At
10°
& 20 TeV Z/
10 = FCC 100 TeV g
E 2 TeV squarks
: ~ F LHC 14 TeV p
3 ]
. % 3 . E
K < B E S e 3
Schematic of an e C i > L a
1 80-100 km N = L HIgES O gt
4 long tunnel v 102 3 w,z gl -
“ o [DY, low-pt je!s/ o E
> . * ;
. 10 P 7 E
% E T A A A S -
N R F -7 Sy=0 yma Sl y=s
rm 107 107 10" 107 10° ag® 10t 10° 0% 107
First studies are now being performed by the CERN FCC working group }
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Polarized PDFs at a Future Circular Collider |

@ Polarized PDFs are rather different from their unpolarized counterparts

@ If BSM physics is discovered at high values of the final-state invariant mass,
spin-asymmetry measurements could be used to characterize the structure of BSM physics

© Provided enough statistics, BSM cross-sections will look very different if they are initiated
by up quarks (large positive asymmetry), gluons (moderate positive asymmetry) or down
quarks (negative asymmetry)

@ The idea is to pin down BSM couplings within a given model, and possibly to discriminate
among different models that lead to the same signature

NNPDFpol1.1, Single-Spin Asymmetries, LHC 14 TeV' NNPDFpol1 .1, Single-Spin Asymmetries, FCC 100 TeV

=
o

o

:

1 Il L L L 1 L 1 L 1 L L L L L 1 1 1 L

200 400 600 800 1000 1200 1400 1600 1800 2000 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
My [ GeV ] M, [ Ge'

Emanuele R. Nocera (University of Oxford) PDFs for BSM searches October 19, 2015 31/ 34



Polarized PDFs at a Future Circular Collider

Example: Monotop production in R-parity violation MSSM

RPV monotop, FCC 100 TeV, NNPDF2.3

RPV monotop, FCC 100 TeV, NNPDF2.3 + NNPDFpol1.1
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@ Unpolarized case: all partonic production channels show the q X1
same qualitative behavior
@ Polarized case: asymmetries will vary between -30% and = s =
+10% depending on the dominant coupling t; t
© Provided a signal in unpolarised collisions, polarized data 7

would help in understanding the nature of BSM physics
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4. Conclusions
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Summary

Parton Distribution Functions are an essential ingredient for LHC phenomenology

Accurate PDFs are required for precision SM measurements,
Higgs characterisation and New Physics searches

The accuracy of a PDF determination closely depends on
the experimental data, the fitting methodology and the theoretical details

A plethora of new, precise data will be available at the LHC run Il
These may be supplemented with the data from RHIC and JLAB

The NNPDF methodology allows for a determination of minimally biased PDF sets

An increasing effort is being devoted to determine PDFs
including the best theory options available on the market:
QED/EW corrections, resummation, dynamic higher-twist corrections,
potential interplay with non-perturbative models, . ..
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Thank you for your attention
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