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Q@ NNPDF1.0 (Nucl.Phys.B809:1,2009) — First NNPDF parton set from inclusive DIS data
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NNPDF1.0: First NNPDF parton set
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Parametrization of 5 combinations of PDFs at Q2 = 2 GeV/?

Singlet : X(x) — NNy (x)
Gluon : g(x) — NNg(x)
Total valence : V(x) = uv(x) + dv(x) — NNy(x)
Non-singlet triplet : T3(x) — NNr73(x)

Sea asymmetry : As(x) = d(x) — G(x) — NNa(x)

185 parameters

2-5-3-1 37 pars
2-5-3-1 37 pars
2-5-3-1 37 pars
2-5-3-1 37 pars
2-5-3-1 37 pars
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NNPDF1.1: Statistical consistency

[

NNPDF1.0 — Symmetric strange sea proportional to non strange

_ _ Cs _ -
() =5(x) 50 = 2 (8(x) + d(x)
@ NNPDF1.1: independent parametrization of the strange PDFs

Total strangeness : sT(x) = (s(x) +3(x)) +— NN (x) 2-5-3-1 37 pars
Strangeness valence : s~ (x) = (s(x) — 5(x))— NN__(x) 2-5-3-1 37 pars

(7

Randomization of the preprocessing exponents.

(7

Very large uncertainties for strange PDFs.
Non-strange PDFs statistically identical to NNPDF1.0 (see later)

(7
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NNPDF ROADMAP
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NNPDF2.0
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01/2007  08/2008  11/2008
@ Previous work: NNQNS, NNPDF1.0, NNPDF1.1

05/2009  10/2009?

@ This talk: NNPDF1.2 — Precision determination of strange PDFs and EW parameters
NNPDF2.0 — First NNPDF global parton analysis
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Q@ NNPDF1.2

strange PDFs

Available PDF parametrizations very restrictive

«O0>» «Fr « > < > = Q>



@ NNPDF1.2

@ The strange PDFs are the worse known light quark PDFs (NNPDF1.1)—
Effects of parametrization bias could be dominant

@ The strange sea asymmetry plays a prominent role in explaining the
NuTeV anomaly. Available PDF parametrizations very restrictive.

o Common lore (PDG) — Uncertainties in [ST] prevent accurate
determination from dimuon data

— Reuvisit within the NNPDF approach

i
v
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@ NNPDF1.2

@ The strange PDFs are the worse known light quark PDFs (NNPDF1.1)—
Effects of parametrization bias could be dominant

@ The strange sea asymmetry [S_] plays a prominent role in explaining the
NuTeV anomaly. Available PDF parametrizations very restrictive.

¢ Common lore (PDG) — Uncertainties in [5 } prevent accurate
determination from dimuon data

— Reuvisit within the NNPDF approach
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@ NNPDF1.2

@ The strange PDFs are the worse known light quark PDFs (NNPDF1.1)—
Effects of parametrization bias could be dominant

@ The strange sea asymmetry [S‘] plays a prominent role in explaining the
NuTeV anomaly. Available PDF parametrizations very restrictive.

¢ Common lore (PDG) — Uncertainties in [5+] prevent accurate |Vcs|
determination from dimuon data

— Revisit within the NNPDF approach
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@ NNPDF1.2

@ The strange PDFs are the worse known light quark PDFs (NNPDF1.1)—
Effects of parametrization bias could be dominant

@ The strange sea asymmetry [S‘] plays a prominent role in explaining the
NuTeV anomaly. Available PDF parametrizations very restrictive.

¢ Common lore (PDG) — Uncertainties in [5"’] prevent accurate | V|
determination from dimuon data

— Revisit within the NNPDF approach
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Q@ NNPDF1.2

@ The strange PDFs are the worse known light quark PDFs (NNPDF1.1)—
Effects of parametrization bias could be dominant

@ The strange sea asymmetry [S’} plays a prominent role in explaining the
NuTeV anomaly. Available PDF parametrizations very restrictive.

o Common lore (PDG) — Uncertainties in [ST] prevent accurate |Vcs|
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Q@ NNPDF1.2

@ The strange PDFs are the worse known light quark PDFs (NNPDF1.1)—
Effects of parametrization bias could be dominant

@ The strange sea asymmetry [S*} plays a prominent role in explaining the
NuTeV anomaly. Available PDF parametrizations very restrictive.
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determination from dimuon data
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Q NNPDF2.0

@ Constrain PDFs that have large uncertainties from DIS data only — Sea
quark decomposition, total valence, large-x gluon — Mandatory for
precision LHC phenomenology
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Motivations for recent NNPDF work

Q@ NNPDF1.2

@ The strange PDFs are the worse known light quark PDFs (NNPDF1.1)—
Effects of parametrization bias could be dominant

@ The strange sea asymmetry [S*} plays a prominent role in explaining the
NuTeV anomaly. Available PDF parametrizations very restrictive.

o Common lore (PDG) — Uncertainties in [ST] prevent accurate |Vcs|
determination from dimuon data
— Reuvisit within the NNPDF approach

Q NNPDF2.0

@ Constrain PDFs that have large uncertainties from DIS data only — Sea
quark decomposition, total valence, large-x gluon — Mandatory for
precision LHC phenomenology

@ Show that the NNPDF approach gives statistically faithful PDF
uncertainties in the presence of a large number of different experiments
(some of them possibly inconsistent)
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Motivation

NNPDF1.2 Data and theoretical input
The proton strangeness content
NNPDF2.0 A
. Determination of EW parameters
Conclusions

Experimental data

@ Direct determination of both s and 5 allowed by recent NuTeV data, via

1 d2gv@)2m ) 1 d2gv(@)e )
——(x R)= ——(x Q) - (Br(D — - A (x E;
E gy or @)= B (0, @) (Br(D = ) Aoy, B
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Total strangeness: log scale |, individual reps \, Total strangeness: lin scale |

" " Central value

G rang
Individual replicas

@ Data region — Moderate uncertainties, larger <
than CTEQ6.6/MSTWO08 5 o8
9 o

@ Extrapolation region — Blow-up of uncertainties
due to lack of experimental constraints




oLvatien Data and theoreticallinput

NNPDF2.0 The proton strangeness content

) Determination of EW parameters
Conclusions

Strange sea fraction

Strange sea fraction characterized by Ks(Q?)
fol dx x s* (x. Qz)
fol dx x (T (x, @) + d (x, @?))

Highly asymmetric distribution — Requires proper treatment of non-gaussian effects
No theoretical prejudice on shape of s, unlike other analysis (Ex. MSTWO08)

Ks(Q?) =

XSmstw08 = X (2(ﬂ+ 5) + S+) = Asx%S (1= x)"S (1+ esv/5 + vsx)

xshoiwos = AxS (1= x)" (1+ esv/s + v5x)

Q?=20GeV?, N, = 1000

0.18—

Analysis Ks (Q2 =20 GCVz) 0.16F
NNPDF1.2 0.711%% 227
MSTWO08 0.56 +0.03 o

CTEQ6.6 0.72 4 0.05 o

AKP08 0.59 +0.08 0.08~

0.06—

Central value for Ks in perfect agreement with 004
CTEQ6.6, uncertainties larger by factor 4 0020
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Strange asymm: log scale |, individual reps \,

0.041 Central value
E -~ CTEQ6.55-0 1.0 range
Eo o CTEQ6.55-1 003 | Individual replicas - R
003~ -+ CTEQ6.552
E [ MsTW08
= — NNPDFLO .
E [0 NNPDF1.2 <
3
= 8
N
<
Z
..... 2
-0.01—
-0.02—
-0.03
T R T E R A TN R T
10* 10° 19° 10? 1 x

Analysis [STT (@ =20GeV?) - 10°
NNPDF1.2 0E9
MSTWO08 1.44+1.2
CTEQ6.5s 1.2+1.1
AKPO8 1.0+1.3
NuTeV07 1.3+£0.8
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@ No theoretical constraints on s~ (x, Q2) apart from valence sum rule
@ At least one crossing required by sum rule, but some replicas have two crossings

@ Compare with more restrictive parametrizations

XSimatw = A-X*2 (1= %)= (1= x/x0)

0.03 T T
0.02

001
>

[}

[}

o

Y 0
o

o

X

2 -0.01

-0.02

-0.03




@ No theoretical constraints on s~ (x, Q2) apart from valence sum rule

@ Compare with more restrictive parametrizations

XS,

@ At least one crossing required by sum rule, but some replicas have two crossings

-0.01

-0.02

0.03

mstw

=A X201 —x)" (1—x/x)

-0.03
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Addition of 74 new PDF parameters for strange sector leaves non-strange PDFs unaltered

Mweoriz
NNPDF1.1

NNPDF1.0

Juan Rojo

.2 VS. .
Data Extrapolation
V] =7 = =7
I(x, Q) 510 % < x < 0.1 1075 <x<10
@l 32 19
(d[o]) 2.9 33
g(x, @) 5107 < x<0.1 105 <x<10 %
(dlal) 17 09
(d[o]) 16 13
T3(x, @3) 0.05 < x < 0.75 10-3 < x < 102
(dlal) 11 10
(d[o]) 2.0 32
V(x, @) 01<x<06 31003 < x <310 2
(dlal) 26 24
(d[o]) 53 49
Ag(x, Q) 01<x<06 31003 < x <310 2
(dlal) 14 09
(d[o]) 15 12
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Mweorie
NNPDF1.1
ANPDFLO

.2 VS. .
Data Extrapolation
V] =7 = =7
I(x, Q) 510 % < x < 0.1 1075 <x<10
@l 32 19
(d[o]) 2.9 33
g(x, @) 5107 < x<0.1 105 <x<10 %
(dlal) 17 09
(d[o]) 16 13
T3(x, @3) 0.05 < x < 0.75 10-3 < x < 102
(dlal) 11 10
(d[o]) 2.0 32
V(x, @) 01<x<06 31003 < x <310 2
(dlal) 26 24
(d[o]) 53 49
Ag(x, Q) 01<x<06 31003 < x <310 2
(dlal) 14 09
(d[o]) 15 12

The valence PDF uncertainties were somewhat underestimated in NNPDF1.0 — As was shown by
the preprocessing analysis in (Nucl.Phys.B809:1,2009)!

Juan Rojo
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NNPDFL.2, Ny, = 500, |V4|=0.2256

" NuTeV Dimuon M ‘ ‘ ‘ :
62 r Parabolic fit —— = /#‘
/
60 | /]
/
/
58 | , |
LN /
56 \\ 7 q
\\ /‘
54 1 N e 1
~ 7
Sl _-
52 ¢, ‘ - ‘ ‘ .
0.8 0.85 0.9 0.95 1 1.05 11
Vsl

CKM global fit

Ves = 0.97334+0.00023, AVes ~ 0.02%

Direct determination-D and B decays

Ves = 1.04 £ 0.06, AVes ~ 6%

Direct det from v—DIS (CCFR)

Ves > 0.74  (90%CL)

[PDG, Amsler et al, Phys. Lett. B67(2008) 1.]

@ Our result: |Ves| = 0.93 £ 0.067PFs +0.05'° — Most accurate direct

determination from a single analysis to date!

9 Faithful PDF uncertainties allow to discriminate uncertainties in S*(x) (large)

from uncertainties in CKM elements (small)
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Scan the (| Ve.al, | Ves|) plane for correlations between the CKM elements

1.02

1.00

098

0.96 -

094

0.92

0.90

0.88

CKM unit. fit
L o ]
[Ves| 1
[ Ved| ]
0.22 0.23 0.24 025 0.26

Final results for joint determination:

V| = 0.9640.07%",
[Veg| = 0.24440.019%"
P[Vccly Vcs] = 021

| Ves|: Most accurate ever direct determination!!
| Vea|: Accuracy similar to other determinations

@ Despite much larger strange PDFs
uncertainties!

@ Perfect agreement with global CKM fits
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oLvatien Data and theoretical input

NNPDF2.0 The proton strangeness content

Cardlces Determination of EW parameters

Impact on NuTeV anomaly

@ NuTeV anomaly: Discrepancy (> 30) between indirect (global fit) and direct
(NuTeV neutrino scattering) determinations of sin 6y

sin? Oy = 0.2223 + 0.0003 J sin? fy = 0.2277 + 0.0017 J
sin Oy —sin? Oy =(544+1.7)-103
NuTeV EWfit

@ NuTeV assumes [S™] = 0. Releasing this assumption
s7]
dssin® Oy~ —0.240[—
[Q7]

NNPDF1.2 — 8ssin20yy = (0 + 10PDFs 4 3“190) 1073

@ Central value for [57] consistent with vanishing strange asymmetry — Not
enough information from NuTeV dimuons to pin down [S’}
@ PDF uncertainties more than enough to completely remove the NuTeV anomaly
=] 5 = = =
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The NNPDF approach is not affected by flat directions ....

@ So even if some PDFs are very poorly constrained by data, we can
add a very large number of parameters and the results are identical in
the statistical sense ...

Q.

and we can have exactly the same PDF parametrization regardless

of the precise data set — Faithful estimation of PDF errors in both
data and extrapolation regions

Because of the

(For details on the Monte Carlo in the NNPDF approach —
This is rather different from the standard approach, where
Qo

9

convergence issues both in the fit and in error propagation

— To avoid
are specially affected by parametrization bias
«Or «Fr o« < = 9DaAe
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The NNPDF approach is not affected by flat directions ....

@ So even if some PDFs are very poorly constrained by data, we can
add a very large number of parameters and the results are identical in
the statistical sense ...

Q ... and we can have exactly the same PDF parametrization regardless
of the precise data set — Faithful estimation of PDF errors in both
data and extrapolation regions

Because of the Monte Carlo sampling on the space of experimental data!
(For details on the Monte Carlo in the NNPDF approach — Stefano's talk)
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NNPDF1.2: Lessons learned (I)

Data and theoretical input
The proton strangeness content
Determination of EW parameters

The NNPDF approach is not affected by flat directions ....

@ So even if some PDFs are very poorly constrained by data, we can
add a very large number of parameters and the results are identical in
the statistical sense ...

Q ... and we can have exactly the same PDF parametrization regardless
of the precise data set — Faithful estimation of PDF errors in both
data and extrapolation regions

Because of the Monte Carlo sampling on the space of experimental data!
(For details on the Monte Carlo in the NNPDF approach — Stefano's talk)
This is rather different from the standard approach, where

@ PDF parametrizations need to be adjusted to available data — To avoid
convergence issues both in the fit and in error propagation

@ Unconstrained PDFs are specially affected by parametrization bias
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The NNPDF approach does provide faithful estimation of PDF
uncertainties ....

@ So when some PDF errors are large, the NNPDF approach
reproduces them — The NuTeV anomaly ...

determination of

Q ... But it also efficiently disentangles between errors in PDFs and
uncertainties in physical parameters — World’s most accurate direct
]

This is rather different from the standard approach, where
@ PDF errors are
Q ..

which might prevent to extract useful information from
analysis!

global PDF
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The NNPDF approach does provide faithful estimation of PDF
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@ So when some PDF errors are large, the NNPDF approach
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uncertainties in physical parameters — World’s most accurate direct
determination of | V!
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The proton strangeness content
Determination of EW parameters

The NNPDF approach does provide faithful estimation of PDF
uncertainties ....

@ So when some PDF errors are large, the NNPDF approach
reproduces them — The NuTeV anomaly ...

Q ... But it also efficiently disentangles between errors in PDFs and
uncertainties in physical parameters — World’s most accurate direct
determination of | V!

This is rather different from the standard approach, where
© PDF errors are tangled to uncertainties in physical parameters ...

Q@ ... which might prevent to extract useful information from global PDF
analysis!
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@ Inclusion of hadronic data is necessary to constrain large-x gluon, sea

quarks decomposition, u/d ratio at large x

CTEQ6S

9(x Q)

-

10°

06 07 08 09

relevant hadronic data

9@ Upcoming NNPDF2.0 will be the first neural global fit including all

CTEQSS

| MRST2001E

EJAlekhino2

INPDF1.0
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NNPDF2.0: Experimental data

New data: fixed-target Drell-Yan data, Tevatron electroweak gauge boson
production, Run Il inclusive jet data.

; 4 DIS
I - DY
100000 - v JET e | OBS | Data set |
F vy
i doP¥ /dM?dy E605
10000 | AN DY 2
F T do”* /dM*dxF E772
i i doPY /dM? dxg E886
1000 st
el § 3 W asym. D0/CDF
100 L :‘ P1id Z rap. distr. DO/CDF
N EREE incl. o CDF (k1)
r Laagh i, -
YT SIS S I incl. o DO(cone)
0E cetnbadadadatale, i L4
E P S A S S Sl Sl Sl ALY
SN E T S E e S 15
1 PR | el el L
1e-4 1e-3 1e-2 1e-1 1
800py + 2005 = O(1000) new data. J

u]
]
I
ut
iht
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NNPDF2.0: FastNLO-like evolution

@ The NLO computation of hadronic observables is too slow for parton
global fits.

@ Many parton fits rely on K-factor approximation, relatively fast.

@ K-factors depends on PDFs, its use might be delicate to precision PDF
analysis

NNPDF2.0 includes full NLO calculation of hadronic observables.
Use available fastNLO interface for jet inclusive cross-sections

Built up our own fastNLO-like evolution for Drell-Yan observables, not
available in literature.

Fast code easy to benchmark versus other slow codes.
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E886p: DY x_ distr.

18 —_—
IE '[ -NNPDFZ.O(preI)
16 RYYNNPDF1.2 I
%\ 14 — Es86p data
N NN
L ] \'\
] \
§ LRNANNN
IR NN
. - NN
£ o= PN
= C N
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3 r A
s 4F {\\
2F
% 07 08
Xe

@ Predictions evaluated with NNPDF1.2 and NNPDF2.0 (prel) error sets.
@ NNPDF1.2: Large error bands on predictions, compatible with data

@ NNPDF2.0: Smaller error bands, data are well described (O @ <=y <z=r» = Hao




oz N oz
N
Woroooes \ Poroooes

dbar (x, QF)

L L L L L I I
01 02 03 04 05 06 07 08 09
x

Error on V/(x) and d(x) reduced due to inclusion of hadronic data
(Drell-Yan).

NNPDF2.0 statistically consistent with NNPDF1.2 PDFs

No modifications of the NNPDF approach required for the global PDF
analysis

«0)>» «F» «=)» « ) = Q>




number of different experiments:

uncertainties

The NNPDF approach can efficiently combined information from a large

and

© Without any modifications of the parametrizations of the input PDFs
This is rather different from the standard approach, where both

© Without any modification of the statistical treatment to determine

are fine tuned to the available data set
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number of different experiments:

The NNPDF approach can efficiently combined information from a large

@ Without any modifications of the parametrizations of the input PDFs
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NNPDF1.2, Ny, = 500, |Vs|=0.97334

‘ Parabolic fit — — -

,\‘ ‘ ‘ ‘ 'NuTeV Dimuon W ]
60

021 022 023 024 025 026 027 0.28
Ivcdl

CKM global fit

Voq = 0.2256 + 0.0010, AV,.q ~ 0.5%

Direct det - v—DIS (CDHS)

Ves =0.24 £0.03

AV,q ~ 12%

Direct det - PDG average

Voq =0.230£0.011, AV ~5%

[PDG, Amsler et al, Phys. Lett. B67(2008) 1.]

@ Our result: |V 4| = 0.248 4 0.012FPFs 4 0.014tP¢© — Confirms accuracy of
previous determination (despite much larger PDF uncertainties)
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Theoretical input

@ Only theoretical constraint on strange PDFs — valence sum rule

1
/ dxs (x,Q°) =0
Jo

@ Charm mass effects for NuTeV dimuon production treated in the Improved
ZM-VFEN scheme [Thorne, Tung, ArXiv:0809.0714] [Nadolsky, Tung,
ArXiv:0903.2667].

@ Neutrino data (NuTeV and CHORUS) corrected by (small) nuclear effects
from various models [Hirai, Kumano, Nagai - de Florain, Sassot|

QR
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@ Predictions evaluated with NNPDF1.2 and NNPDF2.0 (prel) error sets.
@ NNPDF1.2: Large error bands on predictions, compatible with data

@ NNPDF2.0: Smaller error bands, data are well described (O @ <=y <z=r» = Hao
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@ Predictions evaluated with NNPDF1.2 and NNPDF2.0 (prel) error sets.
@ NNPDF1.2: Large error bands on predictions, compatible with data

@ NNPDF2.0: Smaller error bands, data are well described
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@ Predictions evaluated with NNPDF1.2 and NNPDF2.0 (prel) error sets.
@ NNPDF1.2: Large error bands on predictions, compatible with data

@ NNPDF2.0: Smaller error bands, data are well described
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Scan the (| Veal, | Ves|) for correlations between the CKM elements
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Scan the (| Veal, | Ves|) for correlations between the CKM elements

100

oggl. CKM unit. fit
°

0.96 -

IVes

094f

092

0.90 -

o IVed

022 0.23

Final results for joint determination:

|Ves| = 0.964+0.07""
|Vea| = 0.244 £0.019%"
P [Vcd, Vcs] = 0.21
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No neural net

A, * 6" (xy,E,ldxidy A, * 620" (xy £, dxidy.
5 5
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error reduction — NuTeV data provides unique constraints!
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LHC phenomenology

Motivation
NNPDF1.2
NNPDF2.0
Conclusions

o(WF)Br (W’ - /W,) o(W™)Br (W’ - /’w) o(Z2%Br (20 - /ﬂ*)
NNPDF 1.0 | 10 TeV 840 £ 0.18 581 £ 013 136 £ 0.02
14 TeV 11.83 + 0.26 8.41 + 0.20 1.95 + 0.04
NNPDF 11 | 10 TeV 852 £ 033 579 £ 028 136 £ 0.04
14 TeV 11.85 + 0.35 8.41 & 046 1.95 + 0.05
NNPDF 12 | 10 TeV 861 £ 025 585 L 015 137 £ 003
14 TeV 11.99 + 0.34 8.47 + 0.34 1.97 + 0.04

Juan Rojo
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Scatter plot of Data vs

Monte Carlo replicas

. MC replicas for central values ...

NNPDF1.2 - Central values
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Scatter plot of Data vs. MC replicas for total uncertainties

NNPDF1.2 - Errors
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Experimental data

With the MonteCarlo method in experimental data space, with N;c, central values and errors
reproduced
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Scatter plot of Data vs. Nets for central values ...

NNPDF1.2 - Central values
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Neural nets follows physical law but not statistical fluctuations
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Scatter plot of Data vs. Nets for total uncertainties

NNPDF1.2 - Errors
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Error reduction from physical law learning
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Xz (x, Q)
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Y(x,Q) = (1—x)"™x""ENNg(x),
V(x,@) = Ay(l—x)"x""VNNy(x),
T3(x,QF) = (1—x)"sx "BNNr(x),
As(x, Qg) = AAS(]- — x) s x™ "As NNag (%),
g(x, @) = Ag(l—x)"x""eNNg(x)
s Q3) = (1 —x)™ x " NN, (x)
S(Q) = (1= )™ X NN, () = A x5 (1= )™ ]

Normalization — Fixed by valence and momentum sum rules
/0 Cdxx (5060 +g() = 1
/0 Yix (u) —T(x) = 2
/0 Y (dix) —d)) = 1
/0 Ydx (s() —3()) = O



@ For instance

A

3
i dx (1 —x)™ x~="NNy(x))

@ For the strange sum rule it is slightly different:
A

M(re— +t-+2)

T (DT (6 +1) /o

dx ((1 = x)™~ x~ "~ NN,-(x))

@ When A,- = 0 the valence sum rule constraint is removed.
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Preprocessing exponents

@ Polynomial preprocessing functions are introduced in order to speed up the
training but should not affect final results.

@ Default values for the preprocessing exponents, x> = 1.34.

m n
> 3|12
g 4 1.2
T3 3103
\% 3103
As | 3 0.

@ Stability checks under variation of exponents:

[ Valence sector | [ Singlet sector | |

n, =ny =01 | 138 ny =ng =0.8 1.39
n, =ny =05 | 1.34 ny =ng =1.6 1.52
mp, =my =2 1.55 my =mg—1=2| 1.37

mr, =my =4 | 1.28 my =mg—1=4] 141

Juan Rojo News from NNPDF



xuval

0.

@ Remarkable stability: in most cases variations are within 90% C.L.

Exception given by valence and triplet: deviation ~ 1.40 from central value when varying
exponents.

Uncertainty on V and T3 underestimated by factor between 1 and 2.
Note that we have full control on that!

NNPDF1.2: Randomized preprocessing!

N W s o o S
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[0 NNPDF1.2 [0 NNPDF1.2
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xs(x,Q%=20 GeV?)

Individual replicas for strange an anti-strange.

Bigger uncertainty for 5 due to larger uncertainties of anti-neutrino data.

=20 GeV?)

xsbar(x,Q%
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