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How a collider event looks like?
CATLAS

?EXPERIMENT
http://atlas.ch

Run: 280464
Event: 478442529
2015-09-27 22:09:07 CEST
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What 1s our best explanation?

)4 (71' 0 — Y7, ISR . FSR) °0o Pythia 8.3 manual : https://arxiv.org/pdf/2203.11601
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https://arxiv.org/pdf/2203.11601

How do we try to make sense?
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How do we try to make sense?

do(e” P — e~ X)
dQYdE’
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There are non-perturbative prescriptions
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Some non-trivial properties of PDFs
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The utility of PDF’s
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What does PDF fitting mean?

® choose a factorisation scheme (e.qg. IVI_S), an order in
perturbation theory (LO, NLO, NNLO) and a ‘starting
scale’ Q, where pQCD applies (e.g. 1-2 GeV)

* parametrise the quark and gluon distributions at Q, e.g.

fi(x,Q8) = A1 + biv/z + ciz](1 — x)¢

® solve DGLAP equations to obtain the pdfs at any x and
scale Q > Q,; fit data for parameters {A,a,, ...ac}

® approximate the exact solutions (e.g. interpolation grids,
expansions in polynomials etc) for ease of use; thus the
output ‘global fits’ are available ‘off the shelf”, e.q.

SUBROUTINE PDF (X,Q,U,UBAR,D,DBAR,..,BBAR,6 GLU)
input | output
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How do the PDF’s look like?

MSTW 2008 NLO PDFs (68% C.L.)
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PDF with uncertainties

® most groups produce ‘pdfs with errors’

® typically, 20-40 ‘error’ sets based on a ‘best fit’ set to
reflect 7o variation of all the parameters® {A.a,...,as}
inherent in the fit

®* these reflect the uncertainties on the data used in the
global fit (e.g. 6F,~ 3% — du~ 3%)

®* however, there are also systematic pdf uncertainties
reflecting theoretical assumptions/prejudices in the way
the global fit is set up and performed (see earlier slide)

: e.g. fi(z, Q%) = A, z%[1 4 b;v/z + c;z] (1 — aj)di
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Global PDF fit parametrization

e Two distinct methodologies on the market to

. : ar1 — Y\or . —» 2, 2riPi0®), CT, MSHT...
parameterising PDFs: Neural Nets (NNPDF) fil@ Qo) = Apx(1 =2 ;

or Explicit Parameterisation (CT, MSHT). NN;(z) NNPDF
+ MSHT20: 52 free parameters in terms of * NNPDF4.0: 763 free parameter Neural Net.
Chebyshev polynomials. o o

n? =25

6
zf(z,Qo) = Az’ (1 — z)" (1 + aiTi(y(x))) :

1=1

+ CT18: 29 free parameters in term of Bernstein

n® =20

polynomials. Variations considered and PDF L } 2

. | ® ® e e e a¥=3
uncertainty expanded to account for these. N N\
(3> Q)  xT, Q) xV(,0) Vs Q) xVi(, Q) Q) Q0  xTisx, Q)
(e, Q)  xu(x,Q) xa(x,Q) xd(x,Q) xdx,Q) x5(0) x5(x0) xc*(x,Qp)

+ Less ﬂexible 1n general - need to be sure

flexible enough! Allows direct handle on * Increased flexibility, but needs robust optimisation

uncertainties in Hessilan framework. + stopping (avoid over and under fitting).
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Steps adapted with NNPDF - 1

Experimental data

Fixed-targot & coiider DIS
Tovatran and LHC measivements
Juts, DY, tap, Z pT, ...

K\

POF parametnisation,
FPOF uncertainties and propagation
Modw! and theory uncevtaintios

L Statistical framework

Theory calculations

»

The global QCD fit

IMinimise figure of maerit (%) and
determine POF parameters

—

/ | on-line plotting toolbox |

m\tu}

—

NNLO DGLAP evolution
DIS structure functions

APFEL, HOPPET, QCDNUM, ...

Fast NLO grids

NNLO QCD &
NLO EW K-factors

n:'.l" ({a;} I} (COVexp +

-

\r

§ B

fit validation, statistical
estimators, diagnosis tools

- v,

APFEL WEB

hitp:/lapfel.mi.infn. it/

LHAPDFE A

Ihapdf.hepforge.org

standard interface for
L public POF defivery J

. yv=1{ [exp)
OOV ]H‘” ((7"

n;"'"‘ ({a;} )

External (N)NLO codes

MCFM, NLOjet++, FEWZ,
DYNNLO, private codes...

The NN based approach is cross verified with parametric fits.
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Steps adapted with NNPDF - 2

»

\ 4

»

A
\ 4

A
\ 4

The data replicas are generated from experimental mean & variance.
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NNPDF optimization

Try harder!
> New Fitting Methodology

T~

Define Underlying Physical Law
ie input PDFs from MSTW08, CT 10, NNPDF2.3...

~

Generate random pseudo-data for the NNPDF3.0 dataset
from info of experimental uncertainties and correlations

—~~

‘ Perform (NN)PDF fit

T~

Validate resulting PDF set:
[¥] Reproduce input PDFs
[¥] Both central values and uncertainties
——— IZ Expected values of X? are determined by pseudo-data
Eail? IZ PDF reweighting equal to refitting (Bayesian inference)

PN 000 = A7 g0
2 £
x gl(‘)
552) 52(3) 2,] gl(L)
In1/x [ &Y J
&2 £
e

Now you can fit
real exp data!l

=

Closure Test
successful!

L
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Our current hold on PDF sets

e Multiple PDF analyses, with different methodogies and datasets.
* Major releases from 3 global fitters (CT, MSHT, NNPDF) ~ 2 or more years ago. But they have been

busy:

* Major push to approximate
N3LO + theoretical

uncertainties

* QED/EW corrections
standard

* Many dedicated studies
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Where do we stand?

zg, PDF ratio, Q2 = 10% GeV?
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