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@ Ensemble of replicas: probability distribution in the space of PDFs

@ Any feature of distribution can be determined using statistical tools
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@ Ensemble of replicas: probability distribution in the space of PDFs.

@ Any feature of distribution can be determined using statistical tools.

—— NNPDF2.0 - 68% CL
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* Not only the standard deviation but also the 68% CL.

* Uncertainties are Gaussian in the data region, less in the extrapolation.
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Ensemble of replicas: probability distribution in the space of PDFs.

Any feature of distribution can be determined using statistical tools.
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Mean PDFs extracted from a Monte Carlo set of Ny, replicas fluctuates with standard deviation o /Nep

If two Monte Carlo sets are extracted from the same underlying distribution then d ~ 1

We can quantify the stability and the differences between fits.



NNPDF approach

General scheme

‘ Experimental Data

. < -

‘ MC generation ’{

TRAINING
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EVOLUTION
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@ Generate a N, Monte Carlo sets of artificial data, or " pseudo-data” of the original
Nyata data points.

Fi(art)(k)(xp» Qﬁ) = Fi(,::an)(k) i = 1» aoag) Ndata
k = 1,.. Neep

@ Multi-gaussian distribution centered on each data point:

Nsys
Fi(art)(k) S(k) Fexp 1+ r(k) stat + Z (k) sys
P =

@ If two points have correlated systematic uncertainties,

(k) _ (k)
Toj = "oty

@ Correlations are properly taken into account using the full covariance matrix.
o < = E z ©ac
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NNPDF approach

NNPDF parametrization

@ Each independent PDF is described by a large neural network:

@ Normalization is fixed by momentum and valence sum rules.

T(x, Q) = (1—x)"™x""ENNg(x),
V(x, Q) = Ay(l—x)"x "VNNy(x),
T3(x, QS) = (1—-x)"T3x""Ts NN, (x) ,
As(x, Q) = Aag(l—x)"sx "2sNNp(x) ,
g(x, Q) = Ag(l—x)"x"ENNg(x),
STG@R) = (1—x)™ x™"% NN (x)
ST = (L—x)™ X7 NN (x) — A [x5= (L= x)™ ],

@ The preprocessing helps in speeding up the learning process.
@ The preprocessing exponents are randomly set for each replica within
@ Very weak correlation is found: independence of the preprocessing.

<X2m):>rep - <X2>rep<m):>rep
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NNy — 37 pars

NNy — 37 pars
NNz, — 37pars
NNags — 37pars
NNg — 37 pars

NNg+ — 37 pars
NN,- — 37pars

a reasonable range.
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Trained neural network weights

* Set of neural networks at stopping provides our best-fit.

* No physical interpretation for parameters: most unconstrained or zero.
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@ The figure of merit used in the minimization is the fully correlated x?2.

@ Normalization is treated according to the ty-prescription.

Naat

(k) _ L (art)(k) _ p(net)(k) (7L (plart)(k) _ p(net)(k)
EWM[w] Nt ’?::1 (FI F; ) (covto )u (FJ F ) ,
Ne Na Nr
(cov?(;))ij = (g i o)1+ 5,—1-6,-2’5) F,-(a")(k)fj-(a”)(k) + <n§1 i,n%j,n+ n§1 ai,ncrj,n) F,-(O)Fj(o) ,

@ In a redundant parameter space the minimum is not give by the absolute minimum

Cross-validation method

* Divide data in two sets: training and 3F
validation. 82E
3.26 -
* Random division for each replica 324E =
(ft = f, =0.5). 320F E
* Minimisation is performed only on the 3:2F _E\:aI
training set. The validation x? for the 3.18p T
set is computed. 316
* When the training x?2 still decreases S
. . . % 312
while the validation x~ stops E NI T T T T e e
decreasing — Sfsg 159 160 165 166 167
#iterations _ _
& = = 9ac
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NNPDF features

Data sets: NNPDF1.0

* FLH108
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1 | | | s e
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3161 data points
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@ Kinematical cuts:
Q2 >2 GeV?
W2 = Q%(1 — x)/x >12.5 GeV?2

@ Target mass corrections included.

@ No nuclear corrections.
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NNPDF features

Data sets: NNPDF1.2
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3372 data points

@ Tested the impact of nuclear corrections (NuTeV,
A=49.6; CHORUS, A=206). Effect within statistical
fluctuation.

@ |-ZMVFN scheme for Ff structure functions (ZMVFN
scheme for all other data).
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5 o (qu(a),c Fr(@)e Fi/(ﬂ),c)
e = G 2VeslZs + ¢
2 = x|Qq¢® \cs\5+n_f 2,8 ®&
F7¢ = G 2VeslZ5 + 2
2 = x|Qgq¢® \cs\5+n_f 2,8 ®&

Neutrino and anti-neutrino dimuon
production from NuTeV.

HERA-II ZEUS data on NC and
CC reduced xsec at large- Q2.

HERA-II ZEUS data on xF;*.

CCFR %€ not included since less
accurate.

* CHORUS o%:¢ since only LO QCD
analysis available.
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NNPDF features

Data sets: NNPDF2.0

NNPDF2.0 dataset
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NMC-pd
NMC
SLAC
BCDMS
HERAI-AV
CHORUS
FLH108
NTVDMN
ZEUS-H2
DYE605
DYES86
CDFWASY
CDFZRAP
DOZRAP
CDFR2KT
DOR2CON

No cuts on hadronic data.
ZM-VFN scheme for treatment of heavy quark masses.
Included combined HERA data.

10

Included Tevatron Run Il and DY fixed target data.

NNPDF

OBS [ Data sets ]
Fy NMC,SLAC,BDCMS
s SLAC,BCDMS
S /FP NMC-pd
oNC HERA-T AV, ZEUS-H2
- HERA-T AV, ZEUS-H2
cC
Fl GE
50,00 CHORUS
dimuon prod. NuTeV
doPY /dM2dy E605
doPY /dMP dxe E886
W asymmetry CDF
Z rap. distr. CDF.D0
incl. oU°t) DO(cone) Run Il
incl. oU°t) CDF(k7) Run Il

3477 data points

* E772 and E886d not included since
they do not add information.

* W lepton asymmetries not included
(see re-weighting studies)

* Tevatron Run | jet data not included
due to increased statistics in run Il
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NNPDF features

Data sets: NNPDF2.1

> data in NNPDF2.1

OBS [ Data sets ]
FP NMC,SLAC,BDCMS
104 | X ZEUSF2C99 %
E| » zeusracos F5 SLAC,BCDMS
F| + zEusracos Fs/FE NMC-pd
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E| o HiF2c0L S 7 T
T H1F2C09 . . T CHORUS
%) | ® H1F2C10 0] ] dimuon prod. NuTeV
3102 L 0K XK, 4§ X % o DY JdPdy E605
5 E e o oe xix do DY /dMZdxe 886
E *8x % 20°® o x W asymmetry CDF
= x 80 8 xx Z rap. distr. CDF.D0
10E .80 RES.2x incl. o(J°%) DO(cone) Run II
E ot 2 % ixx + )
E . incl. oG°t) CDF(k7) Run Il
r 23 ZEUS (99,03,08,09)
L 3 ,03,08,
z
| I RO R R 7 HI (01.00.10)
10° 10 1)9’3 10? 10"

@ HQ mass effects implemented according to the FastKernel
method. Exact NLO analysis.

* Included F; data from H1 and ZEUS.
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3554 data points

* Does not include F? due to large
uncertainties.
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NNPDF features

Theoretical side: perturbative order and heavy quark treatment

e A truly analysis (no K-factors).

NNPDF2.0 includes full NLO calculation of hadronic observables.
Use available fastNLO interface for jet inclusive cross-sections.
Built up our own FastKernel computation of Drell-Yan observables.

@ Both PDFs evolution and double convolution are sped up by:

* Use of high-orders polynomial interpolation
* Pre—computing all Green Functions

. . N, . .
Va1 d falx)f () C?P o f Vg [N g zef) cb

x| iy fa(x1)fy ()T (x1, x2) = D falx1,a)fb(x0, ) Ixq Ix2 (1, ) C (x5 x2)
X0,1 x0,2 a,B=1 *0,1 X0,2

@ Up to NNPDF2.0, the ZM-VFNS is implemented for inclusion of HQ mass effects.

@ NNPDF2.1 implements a GM-VFNS based on the FONLL scheme.

2

2
F}-'ONLL(X. Qz) _ F(n,)(X’ Qz) + 9(Q2 - mz) <1 _ %) {F(nﬂrl)(x’ Qz) _ F(n,,o)(X_ Qz)]
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LH benchmark
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| Solid: FONLL-A ]
[ Dashes: FONLL—A (chi v2) ]
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@ NNPDF2.1 implements a GM-VFNS based on the FONLL scheme.

5\ 2
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@ «s is not fitted, it is fixed beforehand to

as = 0.119.

@ In principle we could also fit as

Qs

NNPDEF2.0
NNPDF1.2
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@ Study dependency on as:

NNPDF1.2.

Study dependency on as:

uncertainty.

stronger than in

still within
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@ With Monte Carlo ensemble one can evaluate
combined PDF + «s uncertainty.

(Fhrep =

o)
Na Nrep

Z S ]_-(PDF( 5d) U)) ,

rep]lkl

0) X -
) ij;p are determined by the probability
distribution of values of «, with the constraint

Noag

s
Niep = § :Nrep .




Add 1 or 2 plots about value of mc and mb (overlap with HQ talk!)
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Conclusion

@ The benchmark comparison strongly depends on the value of the strong coupling
constant.

@ For meaningful comparison use the same value of as.
@ What about the values for m. and m?

@ Going from NNPDF2.0 to NNPDF2.1 results for LHC standard candles move within
lo uncertainty.

@ NNPDF2.1 closer to MSTWO08 but a marginal agreement with CTEQ66.
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Nuclear corrections

Kulagin-Petti parametrization, corrections on structure functions

CHORUS inclusive

NuTeV charm

N
AN
N\

Corrections are model-dependent.

Tested the impact of nuclear corrections (NuTeV, A=49.6; CHORUS, A=206).
Used both De Florian-Sassot model and Hirai et all model.

Found that the impact of the nuclear corrections is small, within statistical fluctuations.
Quantified with computation of distances d ~ 1

¢ ¢ ¢ ¢ ¢
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Nuclear corrections

[ ZM [ De Florian-Sassot | HKNO7 |
Data Extrapolation Data Extrap. Data Extrap. .

(x, Q3) 51077 < x<0.1 105 <x<10?

(dal) 52 10 23 14 23 0.9

(d[o]) 25 16 15 12 12 11
g(x, @) 5107 < x < 0.1 105 <x<10° 7

(dlq]) 1.4 15 12 1.0 1.4 1.1

(d[a]) 1.8 1.5 1.2 1.2 1.2 1.4
T3(x, @) 0.05 < x < 0.75 103 <x<107?

(d[al) 14 2.0 13 1.0 1.0 1.0

(d[o]) 2.9 0.9 1.4 15 11 11
V(x, Q3) 01<x<0.6 31073 < x<310 2

(dal) 12 12 13 12 08 0.7

(d[o]) 15 11 1.3 15 13 0.9
As(x, QF) 01<x<0.6 31073 < x<310 2

(dal) 21 23 08 10 11 10

(d[o]) 11 11 1.2 13 1.0 13
sT(x, Q) [ 510 F<x<o0.1 10 °<x<10° 7

(dlal) 9.4 11 2.1 15 16 11

(d[a]) 3.4 1.6 15 1.0 1.5 1.0
s (x, Q) 01<x<06 31073 <x<310 7

(d[al) 0.9 0.9 1.0 11 13 11

(d[o]) 1.4 1.2 1.0 1.0 1.4 0.9
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Nuclear corrections

NNPDF1.2, Q% = 20 GeV?, N,

op = 1000 NNPDF1.2, Q% = 20 GeV?, N, = 1000
05 KS:[S‘]/J[U»fE] 15
Ks (mean) Rs
Reference 0.717%% | (6+45)-107°
Nuclear - dFS03 0.747%%% (124+48)-107°
Nuclear - HKNO7 | 0.687%2% | (0+40)-1073
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