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Translate hadronic degrees of

freedom into those of quarks
}X’ and gluons




HADRONIC QCD IN A NUTSHEL

Fe SIORIZATION
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« Non-Perturbative Functions
VWWe have to extract them
from experimental data

GLOBAL ANALYSIS




FDFS CURRENT STAFSS

Remarkable increase In
the sophistication and
brecision of the
extraction over the last
years.

Uncertainties reduction
0 a few percent points.
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FDFS CURRENT STAFSS

B

* Precision measurements at
the LHC will eventually
require a systematic
<nowledge of PDFs at the
percent level.

* Need for improvement In
the precision and reliability
of PDF determination

NNLO, Q% = 100 GeV?
| 58 NNPDF3.0

1.3 [ 3%
= 3 CT14
| .
Bl
N
s 1.2
x
N—
-
- 1.1
—~
—
e
x
S
+ e e
w e ."Q‘f’,.»‘\:.r’:.:.f."‘,"g-";"'.-' Wav v P
0.9 O R AT 5 3 SRR K IR
RN IR A IR
P AERISAR SO
“"l Er "‘\’, ,‘”‘..’.‘.’..” ...""
S 0NN Ly
08 AN AT : e asaul
an-s -4 -3 -2 -1
10 10 10 10 10



FDFS CURRENT STAFSS

1.6

BUT. "o NNPDF3.0 )
15 —— \MMHTI4 S/ SNNPDF
K : oT1a Up to 40% differences!!
* Precision measurements at st 5
the LHC will eventually 5t
require a systematic Ll
<nowledge of PDFs at the
percent level.
1/
 Need for improvement in  os \
the precision and reliability o
of PDF determination Y S

10 10 10



HOW WEL
RTO

P
N

)
B

o aiis

DN

NED ARE THESE

BUTIONS?

The extraction has a strong dependence with the experiments that are used

Inclusive Processes (DIS)

Lf, () + f; (x)]

+ Flavor symmetries

K K’
q For strange distributions
e
} x
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« DIS with electroweak currents

Leptonic decays of W bosons

Indirect sensitivity to the sea content

of the proton



SISV ELL DETERMINED ARE THESE PARTON DISTFRIBENESINSS

The strangeness puzzle

R.(x,07)=[s(x,0*) + s(x,0")]/ [u(x,0*) +d(x,0%)]
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ATLAS 2011 W/Z 2.14 1.55
ATLAS 2010 W/Z 0.96 0.92
NuTeV dimuon 0.82 26.5

Nathan Harland-DIS 2018



SISV ELL DETERMINED ARE THESE PARTON DISTFRIBENESINSS

The strangeness puzzle
R,(x,0%)=[s(x,0) + s(x,0")]/ [u(x,0*) +d(x,0%)]
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SEMI-INCLUSIVE OBSERVABLES

Improve parton distribution functions using data

from flavor-sensitive experiments like SIDIS
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COMBINED EXTRACTION OF PDFS & FFS

Improve parton distributions using data from

flavor-sensitive experiments like SIDIS

; 1 Oh P 2 H 2
| 1 =2/ (x.0")® D} (2.0")

-8



COMBINED
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Improve parton distributions using data from

flavor-sensitive experiments like SIDIS

G——Eef (x,0)® D, (z,0")

For example

£°)=fus) [K-)=fas

Charged kaon SIDIS can
improve the sea

distributions



COMBINED EXTRACTION OF PDFS & FFS

Improved parton distributions using data from

flavor-sensitive experiments like SIDIS

Slightly Cumbersome
Big number of
parameters to fit
Factorial-like

osrowth of the
number of
'terations needed
Different Phase
Space/ lTopography
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Compass
Multiplicity data in
bins of x,z and y
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REWEIGHTING

Inclusion data of semi-inclusive observables through Bayesian inference
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REWEIGHTING

Inclusion data of semi-inclusive observables through Bayesian inference
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BERALIVE PDF & FF EX TRAC TGS

independent form the PDFs & Fs

original sets!? '

Rewelghting using
SIDIS data

\/
MleleliilSle
PDFs
\/

FFs extraction

using new PDFs



BERALIVE PDF & FF EX TRAC TGS

independent form the PDFs & Frs

original sets!? U

How to account for the
FFs error in the
reweighing?

Rewelghting using
SIDIS data

\ 4
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PDFs
\/

FFs extraction

using new PDFs



BERALIVE PDF & FF EX TRAC TGS

independent form the PDFs & s

original sets!? U

I_:..OVT: ;o account f}c])r Reweighting using
the FFs error in the
SIDIS data

reweighing? @
Is the modified set of

PBHES an Modified
improvement? PDFs
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FFs extraction

using new PDFs



BERALIVE PDF & FF EX TRAC TGS

independent form the PDFs & Frs

original sets!? U

Rewelghting using
SIDIS data

How to account for
the FFs error in the

reweighing? @
Is the modified set of |
PDFs an Mleleliilsle
improvement!? PDFs
Convergence! FFs extraction

using new PDFs



REVWEIGHTTING IN ACTION: STRANGE QUARK DIS FRIBEEESIS
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REWEIGHTING IN ACTION: STRANGE QUARK DISTRIBUTION
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REVWEIGHTTING IN ACTION: STRANGE QUARK DIS FRIBEEESIS
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REWEIGHTING IN ACTION: STRANGE QUARK DISTRIBUTION
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Reduction In the uncertainties
of order | 5%

» Great tool to constrain the

strangeness In the proton,

as well as 1sospin symmetry
breaking and charge
symmetry breaking
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SUMMART

* The combined extraction of PDFs & FFs works, providing strong
constrains on the strange sea of the proton

» [he method proved to be robust
» EIC data expected to provide an important constrain on PDFs & FFs:
New Insights on the:

 Proton’s strange content

» Charge (& 1sospin) symmetry breaking



SIGHTING IN ACTION:
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