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* New PDF set released last November

« arXiv:1410.8849, JHEP 04(2015)040

« LO, NLO and NNLO sets with different values of Oig and different datasets are
availlable from LHAPDF (lhapdf.hepforge.org)
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http://lhapdf.hepforge.org

NNPDF APPROACH

Parameterise parton distributions using
neural networks

Perform a genetic algorithm
minimisation to find best-fit PDFs

Cross-validation to prevent neural
networks from over-learning

Capture PDF uncertainties by
generating set of Monte Carlo
replica PDFs

Fit using large, global dataset,

including data from fixed target DIS
and DY, HERA, Tevatron and LHC

Christopher S. Deans

3.0 IMPROVEMENTS

New code completely rewritten in
C++, with new structure to improve
efficiency and promote modularity
between theory and fitting.

New mutation strategy exploiting
the structure of the neural networks
to obtain a better fit results in a
shorted amount of time.

Improved cross-validation which
prevents the fit from stopping too
early while still protecting against
over-learning.

New positivity constraints
covering a wider range of
observables over a larger kinematic
range.
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NNPDF3.0:

Large amount of new data included in the fit:

« HERA: HERA-II structure function

data

from H| & Zeus, combined

charm production data

- ATLAS: 2.76 TeV inclusive jet

data,

high-mass Drell-Yan and W

p distributions, top quark pair
production total cross-section

- CMS: / TeV inclusive jet data,

MUuoO

Drod
Drel

n asymmetry, W-c
uction, double differential
-Yan distributions, top quark

Dalk

broduction cross-section

« LHCb: Z rapidity distribution
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DATASER

NNPDF3.0 NLO dataset
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... plus data from NNPDF2.3
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NNPDF3.0: TH

CMS 2011 - I8l for gg-channel
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exact calculation for gg channel
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m® o

Use fast interfaces at NLO

(APPLgrid, FastNLO, aMCfast) to
oenerate FKtables

For NNLO fits, supplement NLO
theory for hadron data with k-
factors

Jet data included at NNLO using
threshold calculation in regions
where the gg channel agrees with
exact calculation (Pires et al.)

Electroweak corrections from
FEW/Z3.| for neutral current

datasets included as additional
feete]s
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S0 CLOSUR

-STING

Validate methodology by fitting to pseudo-data generated using known PDFs

Christopher S. Deans

Define underlying law based on chosen
PDF set (MSTW, NNPDF CT etc.)

l

Generate pseudo-data using underlying law and
experimental covariance matrix

l

Fit pseudo-data using standard fitting methodology

l

Compare results obtained from fit to underlying law
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e O CLOSUR

* Reproduce central ¥ of iInput set to within 1% (Fit "
=1.00, mputX =1.01)

-+ Additionally reproduce > of individual datasets (see right)

fluctuations)

fits.

PDF central values reproduced (with expected

Theory within one sigma of fit central value in ~/70% of

Closure test fit to MSTW2008 pseudo-data
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ELOSUR

Closure test fit to MSTW2008 pseudo-data
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Closure test fit to NNPDF2.3 pseudo-data
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Closure test fit to CT10 pseudo-data
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NNPDF3.0: NOISE

=55 CLOSURES

*  When generating closure test
pseudo-data, it's possible to
control level of noise

 Closure test with no noise R
provides test of basic fitting ability

+ |deal X of zero (expect slightly
above for fixed length fit)

Level O closure test vs. MSTW
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NNPDF3.0: RESULTS
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xg(x,Qz)
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NNLO, o = 0.118, Q* = 2 GeV?
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NNPDF3.0 NLO, ag = 0.118, Q% = 2 GeV?
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=SULTS RS

NNLO, ag = 0.118, Q° = 2 GeV?

q
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« General agreement with 2.3;
differences of ~ |0 due to new
data/improved methodology
» Reduction of uncertainties In
many PDFs

Impact of extended positivity In s+
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D

LHC 13 TeV, NNLO, aS(MZ)=O.118 - Ratio to NNPDF3.0
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«  Compare NNPDF3.0 fits with and
without LHC data

+ Reduction of uncertainties in large-x z
gluon, light-quarks

+ Also available on LHAPDF: HERA-only, (%~
BEE AR EAS T EIERATCIMS, Nojet

RIDES

NNLO, o = 0.118, Q%= 10* GeV?
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» PDFs generated by fitting reduced fully

consistent dataset

+  Consistency determined by calculating P(

) %r each dataset, (see arXiv:1012:0836)

+  Results compatible with global fit, with

larger uncertainties
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NNLO, ag = 0.118, Q® = 2 GeV?
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DATAS

i

B

Omax = 1.1 Omax = 1.2 Omax = 1.3 Global fit
Xr2110 Xl?lnlo X?llo X?xnlo X?xlo Xr21nlo Xr2110 X?lnlo
Total 096 1.01 | 1.06 1.10 | 1.12 1.16 | 1.23 1.29
NMC d/p 091 091 | 0.8 089 |08 089 | 092 0.93
NMC NP - - - - - - 1.63  1.52
SLAC - - - - 1.77 119 | 1.59 1.13
BCDMS - - 1.11 115 | 1.12 1.16 | 1.22 1.29
CHORUS - - 1.06 1.02 | 1.09 1.07 | 1.11  1.09
NuTeV 035 034 | 062 064 | 070 070 | 0.70 0.86
HERA-I 0.97 098 | 1.02 1.00 | 1.02 099 | 1.05 1.04
ZEUS HERA-II - - - - 141 148 | 1.40 1.48
H1 HERA-II - - - - - - 1.65 1.79
HERA ogc - - 1.21 132 | 1.20 1.31 | 1.27 1.28
E886 d/p 0.30 030 | 0.43 040 | 044 046 | 0.53 0.48
E886 p - - 1.18 140 | 1.27 153 | 1.19 1.55
E605 1.04 1.10 | 0.74 0.83 | 0.75 0.88 | 0.78 0.90
CDF Z rapidity - - - - - - 1.33 1.53
CDF Run-II k; jets - - 1.01 201 | 1.04 184 | 096 1.80
DO Z rapidity 0.56 0.61 | 0.62 0.71 | 0.60 0.69 | 0.57 0.61
ATLAS W, Z 2010 - - 1.19 113 | 1.19 1.17 | 1.19 1.23
ATLAS 7 TeV jets 2010 || 0.96 1.65 | 1.08 1.58 | 1.10 1.54 | 1.07 1.36
ATLAS 2.76 TeV jets 1.03 038 | 1.38 036 | 1.35 0.35 | 1.29 0.33
ATLAS high-mass DY - - - - - - 2.06 1.45

ATLAS W pr - - - - - - 1.13 -
CMS W electron asy 098 0.84 | 082 0.72 | 0.85 0.73 | 0.87 0.73
CMS W muon asy - - - - - - 1.81 1.72
CMS jets 2011 090 2.09 | 09 209 | 099 210 | 096 1.90
CMS W + c total - - - - - - 0.96 0.84
CMS W + c ratio - - - - - - 2.02 1.77
CMS 2D DY 2011 - - - - 1.20 1.30 | 1.23 1.36
LHCb W rapidity - - 069 0.65 | 0.74 0.69 | 0.71 0.72
LHCb Z rapidity - - 1.23 1.78 | 1.11 1.58 | 1.10 1.59
o (tt) - - - - - - 1.43 0.66
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EREAIONSTFRANGENESS

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

' 2 I I o l : " I_I”
« CMSW+c and ATLAS WZ data provide 18 FE covars
information on strangeness content 1.6 oo 0 Wi Dat
148 AN | no Neutrino, W+c Data
1.2
*  Fits with excluding different sets of T's 1
0.8 R
relevant data find general agreement o6 N
LI 5 0.4
B RG R T — 7 o > X
U 10° 102 10"

BECIREROINIECORNSEEEINS

NNPDF3.0 NLO, o = 0.118, Q° = 10* GeV?

- No deuteron corrections

«  NNPDF3.0 fit including deuteron

\\\\\\\\

\i MMHT14 deuteron corrections

NE’; 1_5_&“& corrections to fixed-target DIS and DY
s f data (Thorne et al., arXiv:1412.3989)

E 1.05:—

‘“’5_ | *  Non-negligible difference only for down
_\:/0.95 PEE
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EHIC CROSS-5ECTICHNS

LHC 13 TeV, a4=0.118, MadGraph5_aMC@NLO fNLO

II|IIIIIIIII|II
—— N*IPDFZ.:Q

— ———— NNPDF3.0

——s—— NNPDF3.0 cons

L
———— p+p->Z >ete
I .
—_ p+p>W ->e* v,

« (Consistent results between 2.3 and 3.0
across many LHC observables

iy - J—
—_— ! p+p->W ->e Ve

" p+p>W

T p+p->tt
—_— p+p->y +jet
I l I ' e +p->e* v, +jet
» Slightly larger uncertainties in general: ALESEM
| : —_—— p+p->He'e
due to improvements iIn methodology, e et
== p+p->Htt

better exploration of parameter space

| | | | I | | | I | | 1 1 | | I | | | I | | | I | | | I | | | I | | | I | | 1 1 |
2 094 096 0.98 1 1.02 1.04 1.06 1.08 1.1 112 1.14
Ratio to NNPDF2.3

©

0.

e [Decrease In ggH Gie s c-ailon diete NNPDF3.0 NNLO, LHC 13 TeV, iHixs1.3.3, ag=0.118
' - rrrrprrrrp T p e e e et
SO-[:ter gg |Um|nOS|t>/ 47 NrPres 2.3data slobel Conservativcramdets noLHC riERAony
I

» Again change Is due to improved
methodology, similar results for 3.0
olobal and 2.3data fits

o(gg>H) [pb]

44

43

EEEERE

'IIII|IIII|IIII|IIII|IIII|III

Christopher S. Deans 17 DIS20:1:5; 28 {EEEs



RECENT WORK
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THRESHOLD RESUMMATION

jet processes

production of BSM particles

NNPDF3.0 DIS+DY+Top, 0g=0.118, Q° = 10* GeV?

1 B oo
1.3
] -===== NLO+NLL ¥-soft
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First PDF sets at NLO+NLL and NNLO+NNLL

14

1.3

1.2

11

0.9

0.8

0.7

Soft-gluon resummation most relevant for DIS at large-x and Drell-Yan at forward rapidities

Perform fit (plus baseline) with DIS, DY and top data — code not yet available for inclusive

Preliminary results for NLO-+NLL: shifts in quark and gluon at large-x, relevant for

NNPDF3.0 DIS+DY+Top, 0g=0.118, Q° = 10* GeV?

Bl Nno

722, R ‘(

IIIIIIIIIIIII

DIS2015,28/04/15



TOWARDS NNPDF3. |

* New Data: Final combined HERA

results, Tevatron W/, many new LHC xu(x,Q), comparison plot
processes Incl. ATLAS |,2,3-jet cross-
sections, ATLAS top differential
distribution, LHCb W, Z rapidity, CMS
8TeV Drell-Yan, ATLAS prompt
photon

Ratio

* Running quark mass effects

» Fitted charm PDF: parameterisation 10° 107 10°  10° 0
with 9 independent flavors

NNPDF3.0 reweighted with LHCb W data

 PDF evolution and DIS cross-sections
calculated in APFEL,; optimised
theory calculation in fit
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SUMMARY

«  NNPDF3.0:
- Next generation PDF set, available now on LHAPDF
- Large amount of new data from HERA, ATLAS, CMS and LHCD
- New theory: Electroweak corrections, top cross-sections, jet data at NNLO
- Improved fitting methodology fully validated using closure tests

* Looking ahead:

- First PDF set including NLL and NNLL soft-gluon resummation effects

- NNPDF3.1: More LHC data, HERA combined dataset, running quark masses,
plitiectcrarm PR

* Also available:
- NNPDF2.3QED: PDFs with QED evolution + photon, arXiv: | 308.0598
- NNPDFpoll.l: Polarised neural network PDFs, arXiv:1406.5539
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