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From NLO to NNLO/LO global fits

e Datasets: DIS, Drell-Yan, vector boson production, jet data

e Implementation: FONLL-C, K factors

e Results: MC ensemble of PDF - probability distribution for the PDFs
e Comparison with other determinations

* Phenomenological implications

¢ Qutlook
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Datasets

e GGlobal fit - same cuts at LO and NLO, relax cuts on F2c @ NNLO

NNPDF2.1 dataset
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NNLO implementation - Quark masses

e guark masses: GM-VEN scheme introduced in
NNPDF2.1

e FONLL method IM Cacciari et al, 1998]; extended to DIS
[S Forte et al, 2010]

V.c0 L I LR
L F,, 0(a,®) x=1072

e NLO fit used FONLL-A scheme 020} Solid: FONLL~C -

+  Dotdash: FFN
| Dashes: ZM—VFN P

e FONLL-C: NNLO massless evolution + O(a?) =
massive coefficient functions
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NNLO implementation - hadronic data

* Full NLO implementation in FastKernel for DY, W/Z production

e NNLO evolution, NLO partonic cross-section + K-factor (NNLO/NLO)
Fixed PDF NNPDF21_nnlo_100.LHgrid
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e inclusive jets: approximated NNLO in FastNLO
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Results @ NNLO

e Statistical features

Experiment | x° | oo | (0P aue(%) | (00D) gt (%)
TOT 1.16 | 1.16 11.9 3.2
NMC-pd 0.93 | 0.97 1.8 0.5
NMC 1.63 | 1.73 5.0 1.8
SLAC 1.01 | 1.27 4.4 1.8
BCDMS 1.32 | 1.24 5.7 2.6
HERAI-AV || 1.10 | 1.07 7.6 1.3
CHORUS 1.12 | 1.15 15.0 3.9
FLH108 1.26 | 1.37 72.1 4.8
NTVDMN 0.49 | 0.47 21.0 14.0
ZEUS-H?2 1.31 | 1.29 14.0 1.3
ZEUSF2C 0.88 | 0.78 23.0 3.7
H1F2C 1.46 | 1.50 18.0 3.9
DYE605 0.81 | 0.84 25.0 7.2
DYES866 1.32 | 1.27 21.0 8.7
CDFWASY || 1.65 | 1.86 6.0 4.3
CDFZRAP || 2.12 | 1.65 12.0 3.6
DOZRAP 0.67 | 0.60 10.0 3.0
CDFR2KT || 0.74 | 0.97 23.0 4.8
DOR2CON 0.82 | 0.84 17.0 5.9
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Results @ NNLO

e Singlet sector

xg (x, Q%) xg (x, Q%)
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Results @ NNLO

e Non-singlet sector
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NNLO @ hard scale

e PDFs at Q% = (100 GeV)?

| Q%= 10" GeV?, ratio to NNPDF2.1 NLO FONLL-A
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Comparison with other NNLO fits

e MSTW08 a5 = 0.119

x= (x, Q%)
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Comparison with other NNLO fits

e MSTW08 a5 = 0.119

2 2
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LO implementation

e four different sets of LO fits - LO running

NLO | LO o :0.39//1:0* as; =0.119 | LO a=0.130 | LO* a, =0.130 ]
Total X 1.16 1.74 1.76 1.68 1.74

Ote~Z)_|| 1.25+0.07 | 1.95+0.21 1.89 £ 0.22 1.95 £ 0.19 1.94+£0.18 —
NMC-pd 0.97 43 - 18 — 112
NMC 1.72 2.05 1.68 1.74 1.72
SLACK 1.29 3.77 3.00 2.91 2.70
BEDIMS 1.24 1.87 1.82 1.76 1.75
HERAI-AV 1.07 1.70 1.55 1.58 1.59
CHORUS 1.15 1.51 1.67 1.53 1.67
NTVDMN 0.45 0.69 0.71 0.71 0.78
ZEUS-H2 1.29 1.51 1.42 1.43 1.44
ZEUSF2C 0.78 1.75 1.26 1.56 1.34
H1F2C 1.51 1.77 2.00 1.81 2,02
DYEG05 0.85 1.86 2.02 1.70 1.83
DYES886 1.26 1.99 2.52 2.59 3.11
CDFWASY 1.83 1.80 2.50 2.16 2.29
CDFZRAP 1.64 2.88 3.89 2.08 2.58
DOZRAP 0.59 1.07 1.29 0.87 1.02
CDFR2KT 0.96 2.60 3.22 2.45 2.76

DOR2CON 0.83 1.18 1.56 1.17 \ 1.35 /
[M] 1 1 1.16 £0.03 1 1.09 £0.03

No improvement from NLO running; better fit if we release positivity constraint
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Results @ LO

* large theoretical uncertainty due to the lack of higher order terms

e |argest shift for gluon, sizeable differences for singlet and valence

e dependence on the coupling/MSR: comparable to the statistical uncertainty
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Comparison with other LO fits

¢ | argest differences for the gluon distribution at small and large x
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Perturbative stability

e Compare the PDFs obtained at different orders in PT
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Momentum of partons

e Momentum fraction ¢)(Q%) = [ dxxq(z, Q%)

¢ [otal momentum (M) =[X]+[g] =1
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Momentum of partons

e perturbative prediction
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Phenomenolgical implications

e parton luminosities

| PDF Uncertainty parton lumis - LHC 7 TeV - Ratio to NNPDF2.1 NNLO |
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Phenomenological implications

e parton luminosities comparison with MSTWO08

PDF Uncertainty parton lumis - LHC 7 TeV - Ratio to NNPDF2.1 NNLO
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Phenomenological implications

¢ Higgs production via gluon fusion

LHC 7 TeV, Ratio to NNPDF2.1 NNLOaS(MZ)=0.1 19
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e ttbar production

LHC 7 TeV, HATHOR, mt = 172 GeV

I NLO NNLO
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Phenomenological implications

LHC 7 TeV, HATHOR + VRAP, mt = 172 GeV
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CMS measurement (36 pb'1) E—
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e vector boson production

o(W*) / 6(W)

((W*) +o(W)) / o(Z%
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Phenomenological implications
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Outlook

e NNLO/LO global fits (DIS, DY, vector boson, inclusive jets)

e NNLO fits compatible with NLO within statistical errors

e consistent picture @ NNLO GM-VFN (momentum sum rule, standard candles)
e flexible parametrization, unchanged since NNPDF1.2

e MC treatment of statistical fluctuations, statistically meaningful errors

e new data: reweighting the MC ensemble (cfr R Ball, Thurs)

e address theoretical uncertainties

23
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—xtras

e pbackup slides with detailed information
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MC ensemble of PDFs

e output of our fits: set of replicas

Nrep
e central value: F ={F)rep = Nl Flg™
rep k:]_
® variance: N
1 rep 9
0% =5 > (Flld™) - F)
rep kZl
e correlation:
D = <"r g>rep T <-’T">rep <g>rep
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Confidence level intervals

e Given the MC sample, we can compute the variance of the sample, or the
central 68% percentile.

a0
=

— NNPDF2.0 - 68% CL

— NNPDF2.0 - 1-¢
Individual Replicas

REEE
| =

_3-_ | | ||II| | |I|II|| | | IIIIIII | | ||I|||| | | [
10 10 10° 5 107 10"
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FONLL

e DIS structure function in the FONLL scheme:

m2

FFONLL(xa Q2) — 9(Q2 T m2) (1 o @) F(d) (xaQZ) + F(nl)(aja@2)

FO(z,Q%) = F"*(z,Q%) — F" % (z,Q?)

1 2
F( 1,0) (ZC, QQ) — .CU/ ?y E B,EO) (&7 m2,Oég l+1)(Q2>) fz( ) (yv QQ)

lim [Bi (z, Q—i) — BZ-(O) (z, Q—z)] -
m—0 m m
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Dependence on the HQ mass

e  Cerruti @ Moriond 2011
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Dependence on the HQ mass

e vector boson production

LHC 7 TeV LHC 7 TeV
6.5 1
64|  1414GeV  15GeV  16GeV 17 GeV | 099  1414GeV  15GeV  16GeV
098 |
63 | 097 |
g 62 2 0%
& 61} m Y & 095 ] i
z T N 094 L *
& 6 X -
093 | »
i | 092
58 ] 091 |
57 09

Charm mass dependence is within the statistical errors
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Parametrization

e NN and parameter count

e N0 change in the parametrization since 1.2

Parton Distributions Combination NN architechture

Singlet (X(x))

Gluon (g(z))

Total valence (V(x) = uy(x) + dv (z))
Non-singlet triplet (T5(x))
Sea asymmetry (Ags(z) = d(x) — u(x))
Total Strangeness (s (z) =

Strange valence (s~ (z) = (s(z) — 5(x))/2)

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)
2-5-3-1 (37 pars)
2-5-3-1 (37 pars)

LR

Total 289 params
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Comparison with other NNLO fits

e ABKMO9 nf =3, a, =0.1135+ 0.0014

xg(x,Qﬁ) xZ(x,Qﬁ)

1.0

1.4

1.2

ABKMO09 NNLO NF=3
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0.2
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Distance between LO fits

e Different values of o

XZ (x, Q%) xg (x, Q?)
T.6
14 - NNPDF2.1 LO a,=0.119 + MSR 14 - NNPDF2.1 LO a,=0.119 + MSR
12
1.2~ “| NNPDF2.1 LO 0,=0.130 + MSR | NNPDF2.1 LO 0,=0.130 + MSR
- NN 10 NN °
1=
- 8
0.8 —
- 6
0.6 —
C 4
04—
: 2 é\\\§§\\\\
02~ N
- o NN
O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|I ——— %X 1 IIIIII| 1 IIIIIII| 1 IIIIIII| 1 1 IIIIII|
0.1 0.2 0.3 0.4 0x5 0.6 0.7 0.8 0.9 1 10‘5 10—4 10‘3 . 10—2 10-1
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Distance between LO fits

¢ fits w and w/out momentum sum rule

xg (x, Q) xV (x, Q%)

10 1.4

- NNPDF2.1 LO a,=0.119 + MSR

| NNPDF2.1LO* ,=0.119, no MSR
OO\

- NNPDF2.1 LO 0,=0.119 + MSR
1.2

NNPDF2.1 LO* a,=0.119, no MSR 1

0.8

0.6

0.4

0.2
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Parton luminosities

e Definition: o= Z/d$1d332 fi(z1, 1) fi(wa, p°) 645
1,]

ds . dL;; .
B Z/ 5 dsdy 271

A | A
T = X1T9 :S/Sa Yy = §log(x1/x2), S:Mgf

AL, .
4 / dy filwr, M3) fy(wa, M3)
1
d
:/ %f’b(xlaMX)f]( MX)
T 1 L2
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NMC cross section

e Statistical features

NNPDF2.1 NLO

NNPDF2.1 NNLO

str. fctn. | xsec. | noNMC || str. fctn. | xsec. | noNMC
Total 1.16 1.14 1.09 1.16 1.16 1.12
NMC-pd 0.97 0.98 - 0.93 0.93 -
NMCp 1.78 1.67 - 1.69 1.68 -
SLAC 1.27 1.27 1.28 1.05 1.01 1.00
BCDMS 1.24 1.23 1.18 1.29 1.32 1.27
HERAI-AV 1.07 1.05 1.07 1.12 1.10 1.08
CHORUS 1.15 1.11 1.07 1.12 1.12 1.12
FLH108 1.37 1.34 1.38 1.27 1.26 1.29
NTVDMN 0.47 0.51 0.42 0.50 0.49 0.50
ZEUS-H2 1.29 1.23 1.24 1.32 1.31 1.30
ZEUSF2C 0.78 0.74 0.72 0.88 0.88 0.89
H1F2C 1.51 1.48 1.49 1.47 1.56 1.52
DYEG605 0.85 0.93 0.88 0.81 0.81 0.81
DYES866 1.27 1.40 1.34 1.31 1.32 1.34
CDFWASY 1.85 1.87 1.60 1.55 1.65 1.41
CDFZRAP 1.62 1.76 1.64 2.16 2.12 2.18
DOZRAP 0.60 0.57 0.56 0.67 0.67 0.67
CDFR2KT 0.97 0.73 0.81 0.79 0.74 0.80
DOR2CON 0.84 0.90 0.96 0.84 0.82 0.84
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NMC cross section

e PDFs at ew scale

| Ratio to NNPDF2.1 NNLO, Q2 = 10° GeV? |

1.25
- NNPDF2.1 NNLO

======= NNPDF2.1 NNLO NMC SFs

ns NNPDF2.1 NNLO wo NMC datg
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NMC cross section

* Higgs production

Tevatron Run Il, Ratio to NNPDF2.1 NNLO as(Mz)=0.119
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