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Motivakion
PDFs and LHC va&erptav
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PDF uncertainties are a crucial input at the LHC, Exploit the power of precise LHC
often being the limiting factor in the accuracy of data to reduce PDF uncertainties
theoretical predictions, both SM and BSM and discriminate among PDF sets
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PDFs

and coumem factorisation
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perturbative QCD but they
are universal and their Dokshitzer, Gribov, Lipatov, Altarelli, Parisi

evolution with the scale is renormalization group equations

predicted by pQCD

LO - Dokshitzer; Gribov, Lipatov; Altarelli, Parisi, 1977

NLO - Floratos,Ross,Sachrajda; Floratos,Lacaze Kounnas, Gonzalez-
Arroyo,Lopez,Yndurain; Curci,Furmanski Petronzio, 1981

NNLO - Moch, Vermaseren, Vogt, 2004



PDFs

and collinear factorisation
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Constraints from daka

before the LHC
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Constraints from daka
before the LHC
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% strange and anti-strange
at moderate x > 102



Constraints from daka
before the LHC
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Constraints from daka

before the LHC
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The name of the qame

How does ik work?

Hessian prescription

Choose experimental data to fit / " 172 ™
Theory settings: factorization scheme, - ( ( f(k) - F{ f(o) ]) )
perturbative order, heavy quark mass N k=1 / | )~
scheme, EW corrections ¢ 7
Choose a starting scale where pQCD
applies Qo error sets central set
Parametrise quarks and gluon distributions mem > 1 mem = O
at the starting scale
Solve DGLAP equations from initial scale to LHAPDF interface
scales of experimental data http: / /Thapdf.hepforge.org
and build up observables
Fit PDFs fo dafa call InitPDF (mem)
Provide error sets to compute PDF
uncertainties
call evolvePDF(x,0Q,f)
6 |D| 4| =8| -2]| -1 0 1 2 3 & 5 6
Parton || tbar ||bbar||cbar||sbar (ubar|dbar|| g d u S c b t



http://lhapdf.hepforge.org/

The name of the qame

Notk as si.mpte as ik may looke

/

(Flfa@) = [0 Flfa @) Plioe)

Given a finite number of experimental point want a set of functions with error
Standard approach: project into a n-dimensional space of parameters and use linear

approximation around the minimum of the y2 (Hessian method)

/

| 'i'.l'.(,,)") =apx" (1 — )2 P(x.as.ay....
\f ( o) 0 ( ) 3, (4 )/

Possible issues:
(I) Linear approximation and Gaussian assumption
(II) Tolerance > 1 equivalent to blow up uncertainties

/- x? = 1, ABKM fits and HERA (non global)\

* Ax?= 10 [CT10], Ax? ~ 7.5 [MRST2001],
dynamical tolerance [MSTWO08], 3< Ax? <5
* Uncertainty inflated by a factor 2/5?

b o - - - - - - -




The name of the qame

Not as simpi,e as it may loolk
/ | - .
(Flfw@)) = [ [DfIFfy(@) Plfy (@)

N\ (e

Given a finite number of experimental point want a set of functions with error
Standard approach: project intfo a n-dimensional space of parameters and use linear
approximation around the minimum of the y? (Hessian method)

2.0 T 2.0 T
d (u = 20CeV) [ u (4 = 2GeV)

Fit

Possible issues:
(III) Parametrisation: what is the error
associated to a given functional form?
If it is not flexible enough PDFs may

Ratio to CT10 Best Fit
o
£
i
Ratio to CT10 Best
P
| & ki 2

be not able to adapt to new data or 07k 4 4 Stk ]
s SeL”/ : ‘
present unreadlistically small errors where - S r - 1l
data do not constrain PDF uncertainties 0.8 Cpsasmalrsbisuand oisninl PR PP T -
g 1074 109 10 o7t 100 ot w07 1072 p07 a0f
X X

J. Pumplin ArXiv:0909.0268



The name of the qame

Notk as simpi,e as ik may looke
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Lepton charge asymmetry
o
N

o NLO POFs (with NLO K-factors)
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0.1 ‘ - 0.1 UBRSSTRT MSTWOS (68% C.L), z9/11 = 5.34
s 2L
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Martin, Mathijssen, Stirling, Thorne, Watt, Watt
ArXiv: 1211.1215 [Eur.Phys.]. C73 (2013) 2318]

Recent study by MSTW collaboration by using large and flexible Chebyshev
polynomials parametrization

Spotted a restrictive uy and dy parametrization in MSTW2008 fit

Larger parametrization needed to have an adequate description of W
asymmetry data.






The NNPDF solution

Monte Carle and Neural Network

[ Experimental Data J .;~ S AC o

.~ < -

TRAINING

]

EVOLUTION

=

<

Ball, Del Debbio, Forte, Guttanti, Latorre, Rojo, MU, ArXiv:0808.1231




The NNTPDF solubion

Monte Carlo and Neural Nebtworle
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Ball, Del Debbio, Forte, Guffanti, Latorre, Rojo, MU, ArXiv:0808.1231



The NNTPDF solubion

Mownte Carle and Neural Nebworle

Generate Nep Sets of "pseudo-data” of the original Naata data points

FE 00, @)= FEM i = 1,..,Napa
k — 1,..., Nrep

Multi-Gaussian distribution centered on each data point

'q)b

F(art)(k) Sﬁf/{/ Ff);p 1+ (k) stat+zr(k) sys

P

If two points have correlated systematic uncertainties

k) —

i
sJ of

= rp,

Correlations are properly taken intfo account



The NNTPDF solubion

Monte Carloe and Neural Network

Each independent PDF at initial scale is parametrized by an individual NN

B £
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& | - ' _A8s) Output : .
\-‘f T T ’(\-" b oo Each neuron receives input from
A / N - -~ — - / hd ] '. o o
i 48 : R neurons in the preceding layer
(o] (o,) () Hidden T P : J y.
W Activation determined by weights and
N = T N\ b o thresholds according to non linear
{ - [ — ———_ A :
&) (&) | Q@ Input functions
| | - — /
/ | & = 8()_ —
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The NNPDF solution

Momnte Carlo and Neural Nebtworke
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© MSTW and CT added parameters (e.g. an exponent in small-x region)
NNPDF always uses same redundant parametrization



The NNTPDF solubion

Monke Carlo and Neural Network

—— . 5

i\ —— NNPDF2.0 - 68% CL , E:
a ’\‘ —— NNPDF2.0 - 1-0 " J
aEN Individual Replicas

id ! P T PR TS TS NS PN R
v 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
GA generations

Neural networks provide flexible and redundant parametrization
O(250) parameters versus O(25) parameters of fixed parametrization
Same parametrization for all fits

Can verify independence of parametrization

Cross-Validation method avoids over-learning of statistical fluctuations
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All details in arXiv:1308.0598



The NNPDF2.3 sek

Feakures and daka

e EW corrections have become relevant at the current phenomenological precision level

e A consistent inclusion of EW corrections requires PDF with QED effects

e NNPDF23QED is new PDF set with uncertainties which incorporates (N)NLO QCD + LO QED effects

* Photon PDF fitted from DIS and DY data (on-shell W,Z production and low/high mass DY)

e DIS data fitted and DY data included via Bayesian re-weighting [sall et al, Nucl.Phys. B855 (2012) 608-638]

e Photon PDF is poorly determined from DIS data. Need hadron collider processes where photon contributes at LO!

/

4 Dataset Observable Ndat | [Mmin, Pmax] Ml'l“in y M N
| LHCb v*/Z Low Mass do(Z)/dMy 9 12,4.5] [5,120] GeV
| ATLAS W, Z do(W=,2)/dn | 30 [-2.5,2.5 [60,120] GeV
N ATLAS ~*/Z High Mass do(Z)/dMy 13 [-2.5,2.5] [116,1500] GeV |~

Correlation betwean photon PDF and cross sactons
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Photon PDF comparison at 2 GeV?
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The NNPDF2.3 sek

More constraints from the LHC

® WW production is phenomenologically relevant as a

background for BSM searches

® At high Mww, photon-induced contribution become

relevant

® The large uncertainty at large Mww comes from the

large uncertainty of photon PDF for x > 0.1
® New LHC data give unique opportunity of
constraining the photon in that region

Correlation between photon PDF and cross sections
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The NNPDF2.3 LO sekb

Monte Carlo event generators

NNPDF2.3QED@LO : LO PDFs with QED corrections xy(x,Q’ = 10° GeV?)
photon extracted from same data as NNPDF23 N(N)LO ‘ 03 B 1POF2306010.0, 0110
sets, internal set in Pythia8. [s. carrazza et al, ArXiv: 1311.5887] YUY weor e weo.u w01 ]

Photon-initiated contribution relevant at large invariant
mass. Important for new physics searches.

Employed in the Monash 2013 tune of Pythia8
[P. Skands et al, ArXiv: 1404.5630]

Dilepton production in Pythia8 with NNPDF2.3 LO QED

.-+ qq initial state

— ¥y initial state
: B NNPOF23QEDLO, @, =0.119 ]
SSNSE NNPOF23QEDNLO, @, =0.119 |
G444 NNPOF23QEDNNLO, a, =0.119 |

T eaees %l ......
...... 4
1 b ' A A l A A s l ' A 'S l A 'S A l A A ' l A s s l A s 'S l A
qi(X)O 1200 1400 1600 1800 2000 2200 2400 :
Invariant Mass of the Dilepton Pair ( GeV )
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All details in arXiv:1410.8849



The NNPDF 3.0 set

Twe years of hard work

M\JM MMM w..h«.rm- M-u.b.—n&.yw >-«£- IWWM

* Major update

* Code completely
re-written in c++

NNPDF3.0

* Completely re- (roadmap)

designed fitting
methodology based on
closure test with
known underlying
physical law

\
wa

* Tested Weight Penalty
method based on
iterative Bayesian
regularization

* More than 1000 new
data points from
HERA II and LHC



Methodological uncer&o\m%v

The closure kest

At current level of experimental precision, it is important to minimise and possibly Kill
methodological uncertainty. How?

NNPDF3.0 Closure Test

Try harder!

> New Fitting Methodology

/

Define Underlying Physical Law
ie input PDFs from MSTWO08, CT 10, NNPDF2.3...

Now you can fit
real exp data!

/

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

f

Closure Test
Perform (NN)PDF fit successful!

/

Validate resulting PDF set:
[¥] Reproduce input PDFs OK!
(V] Both central values and uncertainties
[] Expected values of x? are determined by pseudo-data
Fail? [¥] PDF reweighting equal to refitting (Bayesian inference)




Methodological umcer&ai;m&v

The closure kest

LEVEL O: no fluctuation on pseudo-data, no Monte Carlo replica generation.
Each datapoint equal to the MSTW true value and uncertainties assumed
equal to experimental ones. Fit: must find y? = O

[M Central values of input
PDFs reproduced with

Effectiveness of Genetic Algorithm in Level 0 Closure Tests

i - 0ld (2.3) genetic al.orithm ;
107 hoap ~ arbitrary accuracy
: —3— New genetic algorithm
102 [M PDF uncertainties of
= fitted data points can
Til | become arbitrarily small
3 \\ —
10 - \\\\ =
T,
. | [M Minimization in 3.0 more
104t . S efficient that in 2.3
10 10° ' 10
Number of Generations




Methodological umcer%aim&v

The closure kest

LEVEL 1: fluctuation on pseudo-data, but no Monte Carlo replica generation.

LEVEL 2: fluctuation on pseudo-data and Monte Carlo replica generation.

Distribution of y2 for experiments
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Closure test canval
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Experiments

Ay,
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[M Reproduce chi2 of input
PDFs, both tfotal and individual
experiments

[ Fitted PDFs central values
fluctuate about input values by
the same amount as expected
from the size of the PDF
uncertainties

[M The central value of the
fitted PDFs all in the
one(two)sigma interval around
68%(95%) of the times
(averaging over x and flavors)



Methodological umcer&aim&v

The closure kest

LEVEL 1: fluctuation on pseudo-data, but no Monte Carlo replica generation.

LEVEL 2: fluctuation on pseudo-data and Monte Carlo replica generation.

200
180
160
140
@ 120

Y'Y"Tl"

YTTYT'Y
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Distribution of single replica fits in level 2 uncertainties
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[ Replica distribution

-

Gaussian distribution
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Liaely

Difference to\theory (o)
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[M Reproduce chi2 of input
PDFs, both fotal and individual
experiments

[ Fitted PDFs central values
fluctuate about input values by
the same amount as expected
from the size of the PDF
uncertainties

[M The central value of the
fitted PDFs all in the
one(two)sigma interval around
68%(95%) of the times
(averaging over x and flavors)

Difference between fit and input PDF central values in unit of PDF uncertainties



Methodological unﬁer&am%v

The closure kest

15
14
13

12
1.1

09
08
0.7
06
05

Ratios of d at different closure test levels

I L} L) L} ] L) 1 T ]' T
B LvIO Closure Fit

B Lvi1 Closure Fit
[ Lvi2 Closure Fit

% Comparing level O, 1
and 2 closure tfests
provide a quantitative
determination of
components of the
total PDF uncertainty

% LO: extrapolation
uncertainty

% L1: functional
uncertainty

% L2: experimental
uncertainty



The NNPDF3.0 set
Daka sek
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The NNPDF 3.0 set

Data set

HERAII
HL high Q2 data [JHEP 1209 (2012) 061] -> quark at medium and large x
Hl data at lower CoM energy (Ep = 460,575 460 GeV) [Eur.Phys.J. C71 (2011) 1579]
H1 high inelasticity data [Eur.Phys.J. C71 (2011) 1579]
Combined HERA charm production [Eur.Phys.J. €73 (2013) 2311] -> glucn at small/medium x
ZEUS NC and CC with positron beams [Eur.Phys.J. C70 (2010) 945]

ATLAS
Jets 2.76 TeV and 7 TeV [Eur.Phys.J. €73 (2013) 2509] —> stronger cownstraint
High mass Drell-Yan [Phys.Lett. B725 (2013) 223] -> quo\rk-—amﬁquo\rw se.p&ra&i,on at large x
W pT distributions

CMS
Jets 7 TeV 5fb™ [Phys.Rev. D87 (2013) 112002] -> glucwn ab large x
DY double differential distributions [JHEP 12 (2013) 30] —> flav. sarmra&ion
Muon charge asymmetry 4.7fb™! [ArXiv:1312.6283]

W + charm [JHEP 02 (2014) 013] > skrangeness 0(1000) NEW data points!
LHCb Over 4000 data points:

Large rapidity Z distributions [JHEP 1302 (2013) 106] Fastkernel + FASTNLO/APPLgrid
+ Total ttbar cross section from ATLAS and CMS (7 and 8 TeV) systematically employed!




The NNPDF 3.0 set

Theoretical aspects: higher order corrections

NNLO calculations are essential to
reduce theoretical uncertainties in
PDF analyses

Recently important progress has
been made on some key processes

Full NNLO top quark production
cross section is available (TOP++2.0)
and differential distributions are

expected soon —> gluown at large x
H+1j also available now at NNLO,
important milestone towards Z,W+1

-> gluon & quark: separo&ian

If NNLO calculations
available, include NNLO
corrections via C-factors

350

300

250 [N&

~
]
*é 200
©
150 t
100

50

NNLO (scales) wemm

NLO (scales) :
LO (scales) === 1
CMS, 8TeV ——

. PP(8 TeV) — tt+X
Independent pg  variation

MSTW2008(68c.1.) LO; NLO; NNLO

164 166 168 170 172 174 176 178 180 182
Myop [GEV]

Czakon et al., ArXiv:1305.3892

Czakon, Fiedler, Mitov PRL 110 (2013) 25
Boughezal et al, JHEP1306 (2013) 072

Top quark very promising observable fo provide
constraint on the gluon
Czakon et al JHEP 1307 (2013) 167
Beneke et al JHEP 1207 (2012) 194
Alekhin et al Phys.Rev. D89 (2014) 054028]



The NNPDF 3.0 set

Theoretical aspects: higher order corrections

NNLO calculations are essential to

reduce theoretical uncertainties in o Taoo  —-wwowo  —wwono <03 ] _
PDF analyses :-2: — ]
Recently important progress has | 1.2} e U ——
been made on some key processes L—— 1, con
:
. 1_%. - -- NLOLO - -~ NNLONLO —— NNLOILO 03¢ ]yi<0§8 ' .
Full NNLO top quark production 1.6} ) - —
cross section is available (TOP++2.0) | (TR TET L L b ]
and differential distributions are 2 L Ui i i riia i o
expected soon =» gluown at large x | 10 107 b, (Gev)
H+1j also available now at NNLO, 1123_ ——IROED | ==IREORRD — NNLOLO 08<lyl<1.2 g
important milestone towards Z,W+1} 1.6: — — ,_ _________
=» gluon & quark separation }:‘2‘- T e --._ S
NNLO inclusive jet production in the | 173 ‘ 1 1 oo
gg channel has been completed 7
ehrmann-De Ridder et al, Phys.Rev.Lett.

-7 gluon & quark at large x

For jets full NNLO
calculation is not yet
available but...

In gg channel up to
20-25% enhancement of
NNLO wrt NLO result
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Theorektical aspec&s: Jet cross section

e At the LHC gluon-gluon channel is small at

medium-large pT

e Approximate NNLO results can be derived

from the improved threshold calculation,

reasonable at large pT and expected to break

down at small pT
e Approx NNLO is an improved version of
Kidonakis et al. [Phys.Rev. D63 (2001) 054019]

2-077' L3

K

1.2

1.4

1Lo4

I T Y T T ‘[
LHC, 8 TeV, n|<4.4, anti-k,, R=0.7

. NNLO thresh., N,=0

A\ . ,
\ /
L\ :
\ .
\ .
T

-
y

NLO thresh., N,=0

l A A A A l

|

|

pa—

el tull NLO, NNLO
(all-gluon channel) |

1000

1500
pr (GeV)

=
.- LHC 8 TeV |
g I
E 0.0-—
g L g
§ 0.4
2 _
@ 499
T N A . S
R R N
0_ 99 ;- T T T WP
500 1000 1500 2000 2500
p‘;'(GeV)

[De Florian et al, Phys.Rev.Lett. 112 (2014) 082001]

e Comparison between NNLO approx and full
NNLO in the gg channel can determine for
which value of pT and nNNLO approx can be
trusted

* This assumes NNLO K-factors similar in all
channels
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Theorektical aspec&s: Jet cross section

Plots courtesy of J. Pires and S. Carrazza

K-Factors - CMS 2011 7 TeV, 1.0<[n|<1.5 K-Factors - CMS 2011 7 TeV, 2.0<n|<2.5
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e Until exact NNLO result available, jet dat at small jet fransverse momentum and large

pseudo-rapidity have better been cut out from NNPDF30 NNLO fits as NNLO_threshold is
not suitable in that region.

e Tevatron data and ATLAS 2010 data less affected due to different validity range and
larger uncertainties

e Otherwise we include them by computing the NNLO_threshold/NLO C factors

o
=
L
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Theoretical aspects: higher order corrections

QED and EW corrections can also 8 Tev LHC
be easily computed with FEWZ3.1 -~ r- !
[ Li, Petriello, Phys.Rev. D86 (2012) 094034] 02 _
_ \
They can be sizable especially at r = §
large invariant mass 3 \\
. { 0.0
QED corrections affected by large | % >
uncertainty induced from uncertainty {*° |
on photon PDF - ST T,
—0z2}
‘ " 500 GeV < My < 1 TeV
O.OIl.‘OL‘l‘ll%O‘.
Yyl

!OUQEGZC', Elu, !elrle"o, !P!IV‘!!!!.!!!!
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Theoretical aspects: higher order corrections

QED and EW corrections can also CMSDY2D - 200 GeV2 < Mi < 1500 GeV2
: 3 0.04 T T T T
be easily computed with FEWZ3.1 ey

q . 0.035 NLO ’

[ Li, Petriello, Phys.Rev. D86 (2012) 094034] { } > —
0.03 o

They can be sizable especially at v } T, } t

large invariant mass § ooy
0.015 | *
. 0.01 | *

QED corrections affected by large ~
uncertainty induced from uncertainty o CMSDY2D - 200 GeV2 < Mi < 1500 GeV2 4, .
on photon PDF Y KtocorEw o

13 | K-factor GED ]
1122 S PPORRRRRRRRI T L )
TR S —
I S—
VL1 —
09; :
Pure EW C-factors included 0 05 1 s ;
Yi

in theoretical predictions — —
at NLO and NNLO in NNLO __ 9NNLO = 5NNLO

C cspe .
NNPDF30 fit ek ONLO ® JYNLO

CEW _ ONLOEW & Lo
oNLO ® fiio
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Compari.son with NNPDF2.3

e Gk Al s Al

NNLO, ag = 0.118, Q* = 2 GeV?

| NNPDF3.0

§ NNPDF2.3

R
R
A
R

—
R
R
B
B

-
R
—
R
4
B
4

llll

NNLO, ag =0.118, Q° = 2 GeV*

£ NNPDF3.0

N
\\\ NNPDF2.3

R Bl S bt A F il e A, NG I I g

NNLO, ag = 0.118, Q’=2GeV?

= NNPDF3.0

§ NNPDF2.3

1 PR |

10° , 10%

* Reasonable agreement with NNPDF2.3 and
NNPDF3.0: expected given that all new HERA
and LHC data are already well described by
NNPDF2.3

* Differences between central values at 1o level
at most

* PDF uncertainties are reduced, effect most
visible in gluon, down quark and strangeness

—— sy g o h £5 s ’-4—'\4.\'*"&‘-"\ S LA -
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ffect of the LHC data

4 . e , y ' P VS T g e B RPN, ol ST
SRPTILL ST IR A T KT STS O N LD IV (S5 Oy AP X NN WS SRR A SR R X P

NNLO, as = 0.118, Q* = 10* GeV?

1 Y rrrrrreg

10* GeV?

b |

\\\\\

SN
N
2 No LHC data

-5'8

9 (% Q) Inew] /g (x, @) [ref]
8

o
©

A aaaaaaal A aaaaul

2
NNLO, &g = 0.118, Q% = 10° GeV? %0

CYYyy—

T y— Y

\\\\\

N | * PDF uncertainty of large-x gluon reduced by
inclusion of jet and top quark data

* Uncertainty of light quarks at small x reduced
by DY data and W+c

* Description of LHC data, already good with
NNPDF2.3 improves in NNPDF3.0

\\\\\\\\\\\\\\\\\\\\\\\

s* (x, Q°) [new] /s" ( x, Q°) [ref]
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Sktrangeness
RIS I RSB b L o R G A G T e i N Sl S L i GAGBE 8 S k5 5 il 8 B R M SR S IR L
NNLO, o = 0.118, Q@ = 2 GeV* NNLO, ag = 0.118, Q2 = 10* GeV?

I vav‘l

x - S——————

SSNR=* no Neutrino Data

\\\\\\

IS Giobal Fi
SRRRSE no Neutrino Data

\\\\\

1.6

°°°°°° no W+c Data
------ no Neutrino, W+c Data

lllll[lll[l

~ a 8(2,Q%) + (z,Q?)
- Q)= 72 ) u @)
n T
10* 107
: ,
/ o) \ No signs of fension between
Xexp . .
Global No neutrino No W+¢ No neutrino/W +¢ neutrino data and collider
CHORUS 1.13 3.87 1.09 3.45 I W+c data. Everything
NuTeV 0.62 4.1 0.66 6.45 . reconciled within large
ATLAS W, Z 2010 | 1.21 1.05 1.2 1.08 et s
CMS W+e 2011 0.86 0.50 0.90 0.61

y




Phenomeno ng

Luminosities
% Q‘,‘#«J\.;.—,(Jm S s Srs i lbs Bl ON LG s Bl TR R s e B A S I G B S L Tk L il L4 4.9;5‘«:.5- .-\:';v:-"wxwiwk
LHC 13 TeV, NNLO, %(Mz)=0.118 - Ratio to NNPDF2.3 LHC 13 TeV, NNLO, as(M2)=0.118 - Ratio to NNPDF2.3
1.25 rrT —_———— n : 1.25‘ —r—TTTrTy

" NNPDF2.3 20 NNPDF2.3
\\\ NNPDF3.0 %1451 " NNPDF3.0

-d
()

Gluon - Gluon Luminosity

* PDF luminosities useful to translate differences in PDFs into differences in LHC cross sections
* QQ 3.0 luminosity softer for 300 GeV < M < 1 TeV — implication for heavy particle production
* GG 3.0 shifter down by 16 for M < 200 — implication for gg > H
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Higqgs Frodwﬂ&mv\ in gluon fusion

NNPDF3.0 NLO, LHC 13 TeV iHixs1.3.3, ag=0.118 ‘ NNPDF3.0 NNLO, LHC 13 TeV, iHixs1.3.3, «=0.118
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Softer gluon-gluon luminosity leads fo a decrease in the the ggH cross section at LHC 13 TeV

The effect is most marked at NNLO rather than at NLO, with pull of ~ 1.5

The ggH process is different from many other processes at LHC since there are no direct
experimental constraints on the gluon at x =~ 0.01, thus predictions are very sensitive to
methodology and choice of dataset

In this case changes are most due fo the change in methodology, now validated by closure tests
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Other k‘ej processes

LHC 13 TeV,a,=0.118, MadGraph5_aMC@NLO fNLO
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Positivity of BSM cross sections

Effect of extended positivity range in the fit via Lagrange multiplier: no more negative cross sections

for heavy new particle production

(x %

xsec jpb)

0.31

__mu. Pagears * 1 1OV

Squark Antisquark peoduction

NNPDF23NLO =
NNPDF3ONLO  »

0

10 20 30 40 S50 60 70 8 90 100
Replica

CHCTE, Py =310V NNPDF2INLO =

NNPOFZONLO = ]

Gluino pair production
[ O Ao ™ 1 Y0V NNPDF2.3 NLO
NNPOF3.0 NLO

LHC14, % =2TeV NNPDE2.3 NLO

NNPOF3.0 NLO

NNPOF3.0 NLO
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How ko combine seks?

NNLO gg—H at the LHC (\'s = 8 TeV) for M, =126 GeV NNLO gg—H at the LHC (\'s = 8 TeV) for M, =126 GeV
—~ 22r - _— 3Ir
-a - Solid lines: envelope and midpoint. . .g [ MSTWOS, o (M) = 8.1171 ggh@nnio (v1.4.1), By =1, = M, 2
~ 25 - Dashed lines: statistical combination. . Iy .
r  °F T . c 2.5 —— crio.a M) = 0m® Green solid line:
(o) - . R — - average of three Gaussians
21 _—T --------------- - g 2:_—mm.xu,w:u-um
: . _ -~ =
20.5[- d E 2 [ susetcalcontioaton -,
SR 1 3 = 1sb
20 % i 4 . 8 |
- E K] L
frececccccccccnccccsncccccccccccedheclecccccccccccccccccccccccccccceas : o e 1 >:
s N
. ggh@nnlo (v14.1),p =p =M, /2 . .
191 = osf- Y
: MSTWO8 =~ CT10 =~ NNPDF23 : C '
" ag(M) =0.4171 oy (M) =0.1180 o (M) = 0.1190 § » R e
185 5 19 195

Open markers: usual best-fit and 68% C.L. Hesslan uncertainty.

Closed markers: average and s.d. over random predictions. Solid ines: histogram of random predictions

Dashed lines: Gaussian with same mean and s.d.

S
Envelopes [PDF4LHC prescription arXiv 1101.0538]
Statistical combination from different PDF groups generating MC sets. [Forte, Watt,

2013] Smaller uncertainty than envelope: 4.8% vs 3.4% for gg>H
Meta-PDFs: fit with input functional form the CT, MSTW and NNPDF shapes and

combine in a unique consistent set [Gao, Nadolsky, 2014]
Crucial fo decide optimal value of as and its uncertainty in combination
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How ko combine seks?

xg(x,Q), 1000 MC replicas Is it possible to reduce the size
- B e of a PDF set of Monte Carlo
------- Central value replicas with no loss of
Std. deviation

information?

Q = 1.41e+00 GeV

xg(x,Q), 50 compressed replicas

A B | 12 vrrerm L 2 vy

Q = 1.41e+00 GeV

O O D W A O O N

Generaled with APFEL 3.0.0 Web

|
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|

10’
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10° 10 107
X
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Generated with APFEL 3.0.0 Web

Avoid bias in the extrapolation region
Preserve physical requirements: positivity of
xsec, sum rules and PDF correlations
Complex procedure: work in progress by S.
Carrazza and J.I. Latorre
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Conclusions and Cubloolk

NNPDF23QED and NNPDF23QED_LO for MC widely used

The NNPDF3.0 release is a major upgrade

Totally rewritten code NNPDF++

Improved methodology and closure test validation
Proven independence of basis

More accurate theory settings: jets, EW corrections
Many more LHC data included, significant impact

Improved positivity (SUSY observables and large x gluons and quarks)
NNPDF30 is available at LO, NLO, NNLO, for several nf and as

NNPDF is the only unpolarized and polarized set available in LHAPDF
What's next?

Working on NNPDF30QED and NNPDF30IC with intrinsic charm

Fit to fragmentation functions within similar framework soon available!

In the near future NNPDF30 including N3LO approximation and resummations
based on Ball, Bonvini, Forte, Marzani, Ridolfi et al, NP B874 (2013)
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Inkroduction
The NNFPDF apprmath

Monte Carlo by Xg(x, Qz)
importance sampling "
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NNPDF2.3 noLHC NNLO replicas

Neural Ne’rworks ------- NNPDF2.3 noLHC NNLO mean value

as interpolants

NNPDF2.3 noLHC NNLO 1o error band

-

NNPDF2.3 nolLHC NNLO 68% CL band

-
-

e

Genetic algorithm
for neural network
training

Cross-validation to
stop of the
minimization
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The NNPDF 3.0 set

Improved methodology: Weight Penalty

NNPDF optimal fitting has been determined so far by using CROSS-VALIDATION:
data randomly divided in two sets: training (fitted) and validation (non-fitted).

Alternatively one can introduce a penalty factor in the measure of goodness, designed fo
discriminate against functions that vary too fast [Graczyk, Plonski, Sulej JHEP1009 (2010) 053]

......................................... _Ey -
penalty function related to -+ Eva
constant the complexity of each NN
defermined by ;. ................... E
the expected A[f] — wa
complexity of : i -
:-----------------flf:fif: """""""
each NN based oy = [§Az2] 5
on previous fits % Ny :

Iterate ftill convergence T DU P PUUTE PN PUUE O
Convergence is reached when network fit ' 5900 15000 18000 0000 20000 30000 35900 40000 45000 60000
the data but are not too complex
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Improved methodology: closure test

LEVEL 2: each datapoint is obtained as a random fluctuation with given covariance matrix
about the “truth”. Generate pseudo-data replicas of these "data”, then fit PDF replicas to
pseudo-data replicas. Fit, must find =1, (predictions-theory) compatible with O and within
lc of MSTW "true” PDFs

Perform Fixed-Length fit to 100% data

xu(x,Q), comparison plot xg(x,Q), comparison plot

O abod by APT L2080 V Owrare A Coveisn, IR0 \wXiv 1170 13M)

Garvvwtodd by APFELZ 00 V.Dwtose, 5§ Cavaron, JBwls feiy 239 2354

0.68
0.66
0.64
= — MSTW
NN Level 0
0.6
/ Level 2
0.58 Q=1GeV
056 P ST S W S VT W W TR S N W SN NN NN SN U S T N S S ' .
0.1 0.15 0.2 0.25 0.3 0.35

o/ | Truth is within 16 error band!
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Improved methodology: closure test

LEVEL 2: each datapoint is obtained as a random fluctuation with given covariance matrix
about the “truth”. Generate pseudo-data replicas of these "data”, then fit PDF replicas to
pseudo-data replicas. Fit, must find =1, (predictions-theory) compatible with O and within
lo of MSTW “true” PDFs

® At 10K iterations x? = 0.96, (E) = 2.0 (NOTE x2,.t., = 0.96) v
X% — X2 1w VS. TRAINING LENGTH ® Chi2 within 0.1% accuracy!
R ' R ® Same at 20K, 30K and 40K iterations.
i weight penalty o
0010 [~ standard - ® Non WP show signs of micro-
: : overlearning around 10K iterations of
0005 — X —
g ; GA
0.000 - 2t V. ® WP does not overlearn up fo 80K
i : ]| iterations
:E: e B ® However micro-overlearning is much
o010 |- X E smaller than statistical fluctuations
[ % % §
[ : 2
oo b Axol4 : Ce e AX <L 0'X2

training length
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Improved methodology: closure test

LEVEL 2: each datapoint is obtained as a random fluctuation with given covariance matrix
about the “truth”. Generate pseudo-data replicas of these "data”, then fit PDF replicas to
pseudo-data replicas. Fit, must find =1, (predictions-theory) compatible with O and within
lc of MSTW "true” PDFs

® At 10K iterations x? = 0.96, (E) = 2.0 (NOTE x?2,,;,, = 0.96) v
Central Value ® Chi2 within 0.1% accuracy!
20_ T v ® Same Cl‘l' ZOK, 30K Cll'ld 40K i’rera’rions.
E T 1| e NonWP show signs of micro-
15/~ Distances between PDFs '_,',g = overlearning around 10K iterations of
[ at 10K and 20K d | cGA
g' 10:_ -.s 1| ® WP does not overlearn up to 80K
° [ i iterations
E | ® However micro-overlearning is much
o 7| smaller than statistical fluctuations
o s i me o Ax? < 042
10 10 10° , 10° 10"
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Improved methodology: closure test

LEVEL O: each datapoint equal to the MSTW true value and uncertainties Vv
assumed equal fo experimental ones. Fit: must find > = O

LEVEL 2: each datapoint is obtained as a random fluctuation with given covariance
matrix about the “truth”. Generate pseudo-data replicas of these "data”, then fit PDF v

replicas to pseudo-data replicas. Fit, must find > =1, (predictions-theory) compatible
with 0 and within 1o of MSTW "“true” PDFs

Central Value
20p T
E == Preliminary conclusions
15/~ Distances between PDFs '“',g =
at 10K and 20K 8 : Fixed-Length fit fully adequate
10F- -5 ] No overlearning in global fit
i x due to large number of data
I ! Over-learning observed in fits
o . to reduced datasets
! 3 Effect of Weigh-Penalty
0 st i s L O et e K T Al st B moderate
10 10 10° , 10° 10"
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