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NNPDF2.1
A family of global fits ...
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HERAI-AV
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DYE886

CDFWASY

CDFZRAP
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CDFR2KT
D0R2CON

NNPDF2.1 dataset

3415 data points (NLO fit)
(3408 - LO and 3473 - NNLO)

[R. D. Ball et. al, arXiv:1101.1300] - NLO
[R. D. Ball et. al, arXiv:1107.2652] - LO/NNLO

OBS Data set
Deep Inelastic Scattering

F d
2 /F p

2 NMC-pd
F p

2 NMC, SLAC, BCDMS
F d

2 SLAC, BCDMS
σ±NC HERA-I, ZEUS (HERA-II)

σ±CC HERA-I, ZEUS (HERA-II)

FL H1
σν , σν̄ CHORUS

dimuon prod. NuTeV
F c

2 ZEUS, H1

Drell-Yan & Vector Boson prod.
dσDY/dM2dy E605
dσDY/dM2dxF E866

W asymm. CDF
Z rap. distr. D0/CDF

Inclusive jet prod.
Incl. σ(jet) CDF (kT ) - Run II
Incl. σ(jet) D0 (cone) - Run II
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NNPDF2.1
... based on the NNPDF Methodology

Monte Carlo determination of errors
No need to rely on linear propagation of errors
Possibility to test for the impact of non gaussianly distributed errors
Possibility to test for non-gaussian behaviour in fitted PDFs
(1− σ vs. 68% CL)

Neural Networks
Provide an unbiased parametrization

Stopping based on Cross-Validation
Ensures proper fitting avoiding overlearning
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NNPDF2.1
... including Heavy Flavour contributions (FONLL)

We adopt the FONLL General Mass-Variable Flavour Number Scheme
[M. Cacciari, M. Greco and P. Nason, (1998)]

[S. Forte, P. Nason E. Laenen and J. Rojo, (2010)]

FONLL gives a prescription to combine FFN (Massive) and ZM-VFN
(Massless) computations, at any given order, avoiding double
counting.

With available computations three implementations of FONLL are
possibile:

FONLL-A: O(αs) Massless + O(αs) Massive - (NLO fit)
FONLL-B: O(αs) Massless + O(α2

s) Massive
FONLL-C: O(α2

s) Massless + O(α2
s) Massive - (NNLO fit)

Fixed Flavour Number Scheme (3-, 4-, 5-) fits available.
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NNPDF fits to reduced datasets
HERA-only fit

HERAPDF is not the only fit based on HERA data only

HERA-only fit uses the SAME settings of global fit

No restrictions on flavour separation
No assumptions on strangeness being proportional to non-strange sea
Same unbiased parametrization (259 parameters)
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Large uncertainties due to lack of experimental constraints and no
ad-hoc parametrization choices
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NNPDF fits to reduced datasets
Collider-only fit

The fit we would love to have ...
Only high energy data: minimize effects of higher-twist contribiutions
Only proton data: no assumptions based on nuclear corrections models

Based on HERA and Tevatron (inclusive jets and W/Z prduction) data
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Impact of NMC data on PDF determinations
... if you needed one more reason to love a collider-only fit

[R. D. Ball et al, arXiv:1102.3182v2]

In arXiv:1101.5261, ABM suggested that the detailed treatment of
NMC data has a sizable impact on PDF determinations and the
Higgs cross-section at the Tevatron and the LHC.

We addressed the question in the context of the NNPDF2.1 NLO and
NNLO fits
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Figure 6: NLO PDFs determined using NMC cross-section data (long dashes) and no NMC data
(short dashes) shown as ratio to the default NNPDF2.1 set (determined using NMC structure
function data) at Q2 = 104 GeV2: singlet Σ(x, Q2) (top, left), gluon g(x, Q2) (top, right), triplet
T3(x, Q2) (bottom, left) and total valence V (x, Q2) (bottom, right).

of αs was determined together with the PDFs, and the best-fit αs was found to change
significantly according to the treatment of the NMC data. In particular, the change of
the best-fit αs value was found to be of order of 1.5 sigma at NLO and 2.3 sigma at
NNLO, with an increase of the Higgs cross-section at the LHC by 4% (i.e. about one
sigma) at NLO and 9% (i.e. about 2.7 sigma) at NNLO when the NMC cross-section
data are replaced by structure function data. In order to assess quantitatively how much
of this change in Higgs cross-section is just due to the different value of αs a comparison
between ABKM sets with fixed value of αs but different treatment of NMC data would
be necessary. These sets are at present not available. However, a simple estimate (which
at NLO is in fact quite accurate [14]) can be obtained by noting that, based on the size
of the NLO and NNLO K-factors one expects that a percentage change ∆α in the value
of αs, if everything else is kept fixed, leads to a percentage shift of the Higgs cross-section
∆σ ≈ 2.5∆α at NLO and ∆σ ≈ 2.8∆α at NNLO. Based on this, one would estimate that
about 90% of the cross-section increase seen in Ref. [1] at NLO when structure function
data replace cross-section data and about 80% of the increase at NNLO, is just due to the
change in value of αs. The residual change, due to the PDFs, is still perhaps somewhat
larger than that which we observe, but qualitatively more in line with it.

We conclude that we do not support the conclusion that the treatment of NMC data
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Figure 7: NNLO PDFs determined using NMC structure function data (long dashes) and no
NMC data (short dashes) shown as ratio to the default NNPDF2.1 set (determined using NMC
cross-section data) at Q2 = 104 GeV2: up u(x, Q2) (top, left), gluon g(x, Q2) (top, right), antdown
d̄(x, Q2) (bottom, left) and strange s(x, Q2) (bottom, right).

may affect the Higgs cross-section and thus exclusion limits in any significant way. Of
course, if the value of αs is varied by a very large amount, then the cross-section and
ensuing limits are significantly affected. In this respect, it should be noticed that the best-
fit αs(Mz) = 0.1135 value of Refs. [1, 8] at NNLO differs by more than 7 sigma from the
PDG value αs(Mz) = 0.1184 [13], in units of the latter’s uncertainty ∆αs = 0.0007. The
Higgs working group [17] following PDF4LHC [25], recommends to use a more conservative
∆αs = 0.0012, but even so the value of Refs. [1, 8] differs by more than four sigma from
the PDG average. A NLO determination of αs based on the NNPDF2.1 PDF fit [26]
leads to values of αs which are in good agreement with the PDG value, both when the
global dataset (αs(Mz) = 0.1191) and deep-inelastic data only (αs(Mz) = 0.1177) are
used. Given that, as we have just shown, the treatment of NMC data has no statistically
significant impact on the NLO analysis, it is exceedingly unlikely that the NNPDF NLO
determination of αs might depend on how the NMC data are treated. It will be interesting
to repeat the analysis of Ref. [26] at NNLO. The stability of NNPDF2.1 PDFs when going
from NLO to NNLO [7] suggests that results should not change dramatically.

In summary, we find that the effect of the treatment of NMC data on NNPDF2.1
PDFs is of no statistical significance at NLO, and just about statistically significant at
NNLO though by at least a factor three smaller than the typical PDF uncertainty due to
propagated data uncertainties. The effect on the Higgs production cross-section is accord-
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Impact of NMC data on PDF determinations
... if you needed one more reason to love a collider-only fit

[R. D. Ball et al, arXiv:1102.3182v2]

In arXiv:1101.5261, ABM suggested that the detailed treatment of
NMC data has a sizable impact on PDF determinations and the
Higgs cross-section at the Tevatron and the LHC.

We addressed the question in the context of the NNPDF2.1 NLO and
NNLO fits
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Figure 8: The Higgs cross-section in gluon fusion at the Tevatron Run II (top) and at the LHC 7
TeV (bottom). Left: the reference NNPDF2.1 NLO (NMC structure functions) compared to the
NLO fits with NMC cross-sections and no NMC data, shown as a ratio to the reference. Right: the
reference NNPDF2.1N NLO (NMC cross-sections) compared to the NLO fits with NMC structure
functions and no NMC data, shown as a ratio to the reference. All uncertainties shown are one
sigma.

ingly negligible. Even removing NMC data altogether has a moderate effect on NNPDF2.1
PDFs, which even at NNLO remains below one sigma. The considerable stability of the
NNPDF2.1 results is due both to the use of a very wide dataset which includes DIS, Drell-
Yan, weak vector boson production and inclusive jet data, which reduces the dependence
of our results on any particular dataset, and to the extremely flexible neural network
parametrization which eliminates the parametrization bias which might otherwise lead to
instabilities on small shifts in input data.
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PDF4LHC
Vector boson Production

Standard Candles measurements might soon have the ability to
discriminate among theory predictions
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PDF4LHC
t t̄ production

[Nadolsky et al, ArXiv:0802.0007]
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Reweighting NNPDFs
Assessing the impact of new data on PDF fits

[R. D. Ball et al., arXiv:1012.0836]

The Nrep replicas of a NNPDF fit give the probability density in the
space of PDFs

Expectation values for observables computed as

〈F [fi(x ,Q2)]〉 = 1
Nrep

Nrep∑
k=1

F
(

f (net)(k)
i (x ,Q2)

)
(... the same is true for errors, correlations, etc.)

We can assess the impact of including new data in the fit updating
the probability density distribution without refitting.
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Reweighting NNPDFs
Assessing the impact of new data on PDF fits

According to Bayes Theorem we have

Pnew({f}) = NχP(χ2|{f})Pinit({f}) , P(χ2|{f}) = [χ2(y , {f})]
ndat−1

2 e−
χ2(y,{f})

2

Averages over the sample are now weighted sums

〈F [fi(x ,Q2)]〉 =
Nrep∑
k=1

wkF
(

f (net)(k)
i (x ,Q2)

)
where the weights are

wk =
[χ2(y , fk )]

ndat−1
2 e−

χ2(y,fk )

2∑Nrep
i=1 [χ

2(y , fi)]
ndat−1

2 e−
χ2(y,fi )

2
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Towards a reliable collider-only fit
W lepton asymmetry data at the LHC

Al
W =

σ(pp → W + → l+νl )− σ(pp → W− → l−ν̄l )

σ(pp → W + → l+νl ) + σ(pp → W + → l−ν̄l )

ATLAS: muon charge asymmetry
(31pb−1) [ArXiv:1103:2929]

CMS: muon charge asymmetry
(36pb−1) [ArXiv:1103:3470]

LHCb: preliminary forward W muon
charge asymmetry (16.5pb−1), not
corrected for FSR

Al
W ∼

u(x1,M2
W )d̄(x2,M2

W )− d(x1,M2
W )ū(x2,M2

W )

u(x1,M2
W )d̄(x2,M2

W ) + d(x1,M2
W )ū(x2,M2

W )

W
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Towards a reliable collider-only fit
The W lepton asymmetry data at LHC
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Towards a reliable collider-only fit
Inclusion of the LHC W lepton asymmetry data (PRELIMINARY)

x

­5
10 ­410

­3
10 ­210 ­110

x
u

b
a
r

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2

1.25

1.3

, ratio to NNPDF2.1
2

W = M
2

Q

NNPDF2.1

NNPDF2.1 + CMS 25 GeV cut + ATLAS

, ratio to NNPDF2.1
2

W = M
2

Q

x

­5
10 ­410

­3
10 ­210 ­110

x
d

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2

1.25

1.3

, ratio to NNPDF2.1
2

W = M
2

Q

NNPDF2.1

NNPDF2.1 + CMS 25 GeV cut + ATLAS

, ratio to NNPDF2.1
2

W = M
2

Q

ATLAS and CMS data compatible
with data included in global analysis

The provide important constraint to
PDFs in the small medium-x region

Significant uncertainty reduction

ATLAS
Neff = 928, χ2

d.o.f. : 0.69→ 0.65
CMS (pl

T > 25GeV)
Neff = 554, χ2

d.o.f. : 1.41→ 0.74
CMS (pl

T > 30GeV)
Neff = 717, χ2

d.o.f. : 0.98→ 0.72

A. Guffanti (NBIA & Discovery Center) NNPDF & The LHC 14 / 22



Towards a reliable collider-only fit
Combining Tevatron and LHC data (PRELIMINARY)
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LHC4PDFs
Prompt photons at the LHC

Direct probe of qg luminosity

Constraint on medium-x gluon ...
complementary to inclusive jets

Possible “problems” ... but
concentrated in the small-p⊥ region

PROMPT PHOTON PRODUCTION

• DIRECT PROBE OF THE qg LUMINOSITY

• x1x2 =
4p2

T
s

: if 50 ∼< pT ∼< 200 GeV

then 10−4
∼< x1x2 ∼< 10−3

• MEASURED BY CMS+ATLAS,
POSSIBLE PROBLEMS
RESTRICTED TO SMALL pT REGION
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LHC4PDFs
Prompt photons at the LHC
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LHC4PDFs
Prompt photons at the LHC
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LHC4PDFs
Prompt photons at the LHC
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LHC4PDFs
Inclusive Jet data at the LHC

Larger impact expected on gluon in medium-x region (0.05 ≤ x ≤ 0.2)

JETS AT THE LHC
• FOR SAME pT & RAPIDITY, TEVATRON → LHC, x → x/7

• LARGEST IMPACT EXPECTED IN MEDIUM–x REGION 0.05 ∼< x ∼< 0.2

• CURRENTLY SOME DISAGREEMENT IN THIS REGION
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PRELIMINARY CMS DATA

SYSTEMATICS LARGE, BUT GETTING THERE...

Inconsistencies among PDF fits in this region might be resolved by
precise data ... uncertainties dominated by systematics

| < 0.3y|1.5

1

0.5

 [GeV]
T
p

210 310

| < 2.1y1.2 < |1.5

1

0.5

 [GeV]
T
p

210 310

| < 1.2y0.8 < |1.5

1

0.5

| < 0.8y0.3 < |1.5

1

0.5

Ra
tio

 w
rt 

NL
O

 p
Q

CD PreliminaryATLAS 

statistical error
Data with

uncertainties
Systematic

Non-pert. corr.
!(CTEQ 6.6) 

NLO pQCD

=7 TeVs

-1 dt=37 pbL 

    jets,  R=0.4tanti-k

| < 0.3y|1.5

1

0.5

 [GeV]
T
p

210 310

| < 2.1y1.2 < |1.5

1

0.5

 [GeV]
T
p

210 310

| < 1.2y0.8 < |1.5

1

0.5

| < 0.8y0.3 < |1.5

1

0.5

Ra
tio

 w
rt 

CT
EQ

 6
.6 PreliminaryATLAS 

statistical error
Data with

uncertainties
Systematic

=7 TeVs

-1 dt=37 pbL 

    jets,  R=0.6tanti-k

Non-pert. corr.
!NLO pQCD 

CTEQ 6.6

MSTW 2008

NNPDF 2.1

HERAPDF 1.5

 / 25SM Benchmarks, DESY Zeuthen, June 16, 2011 (20’+5’) Mikko Voutilainen, University of Helsinki / HIP

Final results: ATLAS

ATLAS results are in good agreement with NLO predictions
However, some hints that prediction is not as good for smaller cone sizes
High |y|, high pT has maybe some tendency to be low
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Final results: CMS

CMS results are in good agreement with NLO
Tendency to be below NLO with R=0.5 is consistent with ATLAS 0.4 vs 0.6
High |y|, high pT has maybe some tendency to be low as also seen in ATLAS
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LHC4PDFs
W polarization measurement

Can we learn something more looking at W polarization?

CMS measurement available but still uncorrected for:
background subtraction, efficiency, resolution.

NLO calculation implemented in BLACKHAT
(thanks to Daniel for running the code for us)
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LHC4PDFs
... the data we would love to have

Medium- and large-x gluon
Prompt photons
Inclusive Jets
t-quark distributions (p⊥, y ) ?

Light flavour separation at medium- & small-x
Low-mass Drell-Yan
Z rapidity distribution
W (+jets) asymmetry

Strangeness & Heavy Flavours
W + c
Z + c, γ + c
Z + b

... and if we could have them as APPLGRID or FastNLO grids ...
that would be really sweet! ;)
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