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Motivakion
PDFs and LHC im&erpiaj

NNLO gg—H at the LHC (\'s = 8 TeV) for M_ = 126 GeV
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S. Forte, G. Watt, ArXiv:1301.6754

e LHC data provides huge amount of
information in Kinematical regions where
PDFs are not well constrained or rely on
fixed-target data: must fully exploit its
physics potential

G.Watt  (November 2012)

e PDFs are crucial input for the LHC:

a faithful determination of PDF
uncertainties (experimental, statistical and
theoretical) is vital for precision physics and
exclusion/discovery in BSM searches

NNPDF, Nucl.Phys. B867 (2013) 244-289
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Inkroduction

The NNTDF apprcm«ch

Monte Carlo by
importance sampling

Neural Networks
as interpolants

Genetic algorithm
for neural network
training

Cross-validation to

stop of the
minimization
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Inkroduction

The NNPDF latesk releases

NNPDFZ2.3: improved genetic algorithm and
inclusion of early 2010 LHC data with all
information on correlations

ATLAS W and Z lepton rapidity 35 pb-!

ATLAS inclusive jets 36 pb™

LHCb W rapidity at large Y 36 pb-!

CMS W electron asymmetry 36 pb™!

iy
o

-

l y
s

2
 §
-
QD
I‘A"Tq Ifnlﬂ{ Iunlﬂ{ th-l‘ﬂ‘{ T.TIITII 1TT|Iffi LRI
L3 . o0 PR R R R

p’ [GeV]
3

Q'IM
3,

3

NNPDF, Nucl.Phys. B877 (2013) 2, 290-320
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Photon PDF comparison at 10° GeV?

0.14F~ \ e, NNPDF2 3GED average ] X
0.12 \\ e _ NNPDF, Nucl.Phys. B867 (2013) 244-289
" \ — — NNPDF 68% c.l. é
50.08 \\\\\ _ NNPDF2.3QED: PDF set with QED corrections,
$0.06 s 2 uncertainty on photon PDF and inclusion of
0.04 <L~ photon-initiated processes at the LHC
DIEE | i ATLAS W and Z lepton rapidity 35 pb-
0 / ) ATLAS y /Z high mass 4.9 fb™!

PEEPIPTTYN PP PRI Al aaian Y | A it



Inkroduction

The NNPDF latesk releases

NNPDF2.3QED@LO : LO PDFs with QED corrections
photon extracted from same data as NNPDF23 N(N)LO
sets, internal set in Pythia8. [s. carrazza et al, ArXiv: 1311.5887]
Photon-initiated contribution relevant at large invariant
mass. Important for new physics searches.

Employed in the Monash 2013 tune of Pythia8
[P. Skands et al, ArXiv: 1404.5630]

Dilepton production in Pythia8 with NNPDF2.3 LO QED

---- QQ initial state
— vy initial statq

do/dM,(fb/GeV)

L 1 L 1 hedh l Rl l A
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Inktroduction
Moving forward: the NNPDF3.0 seb

-~

* Major update

* Code completely
re-written in c++

* Completely re-
designed fitting
methodology based on
closure test with
known underlying
physical law

* Tested Weight Penalty
method based on
iterative Bayesian
regularization

* More than 1000 new
data points from
HERA II and LHC

NNPDF3.0
(roadmap)

\
4

S. Carrazza, PDF4LHC 2013




The NNTPDF23.0 seb

Data set
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NNPDF23
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The NNPDF 3.0 set

Data set

HERAII
HL high Q2 data [JHEP 1209 (2012) 061] —> quark at medium and large x
Hl data at lower CoM energy (Ep = 460,575 460 GeV) [Eur.Phys.J. C71 (2011) 1579]
H1 high inelasticity data [Eur.Phys.J. C71 (2011) 1579]
Combined HERA charm production [Eur.Phys.J. €73 (2013) 2311] -> gluoi at small/medium x
ZEUS NC and CC with positron beams [Eur.Phys.J. C70 (2010) 945]

ATLAS
Jets 2.76 TeV and 7 TeV [Eur.Phys.J. C73 (2013) 2509] —> skronger cownstraint
High mass Drell-Yan [Phys.Lett. B725 (2013) 223] —> quark‘-amﬁquo\rk‘ satparaELcn at large x
W pT distributions

CMS
Jets 7 TeV 5fb™! [Phys.Rev. D87 (2013) 112002] —> gluown at large x
DY double differential distributions [JHEP 12 (2013) 30] —> flav. separation
Muon charge asymmetry 4.7fb™! [ArXiv:1312.6283]

W + charm [JHEP 02 (2014) 013] —> SET‘&MS@.V\QSS 0(1000) NEW data points!
_LHCb Over 4000 data points:

Large rapldl’ry Z distributions [JHEP 1302 (2013) 106] FastKernel + FASTNLO/APPLngd
+ Total ttbar cross section from ATLAS and CMS (7 and 8 TeV) systematically employed!




The NNPDF 3.0 set

Theoretical aspects: higher order corrections

NNLO calculations are essential to 350
reduce theoretical uncertainties in
PDF analyses 300

Recently important progress has

NNLO (scales) wemm

NLO (scales)
LO (scales) === 1
CMS, 8TeV ——

tep:
tortetot
LN X .‘:’.'

250 ¢ O

been made on some key processes 7
E 200
Full NNLO top quark production SRS
cross section is available (TOP++2.0)
and differential distributions are 100 } PP(8 TeV) — tt+X

Independent g p variation
expected soon —> gluown at large x MSTW2008(68¢.I.) LO; NLO; NNLO

. : 50 ———
~ H+lj also available now at NNLO, 164 166 168 170 172 174 176 178 180 182
important milestone towards Z W+l My, [GeV]

op

-> gluon & quark‘ sep&ro&icn
Czakon et al., ArXiv:1305.3892

Czakon, Fiedler, Mitov PRL 110 (2013) 25
Boughezal et al, JHEP1306 (2013) 072

If NNLO calculations z 4 e ke g
. . Op quark very promising observaple 1o proviae
available, include NNLO constraint on the gluon

corrections via C-factors Czakon et al JHEP 1307 (2013) 167

Beneke et al JHEP 1207 (2012) 194
Alekhin et al Phys.Rev. D89 (2014) 054028]




The NNPDF 3.0 set

Theoretical aspects: higher order corrections

NNLO calculations are essential to

reduce theoretical uncertainties in 1.5, --NLOLO - --NNLONLO -~ NNLORLO <03 _
PDF analyses }-2: i N S 3
Recently important progress has 12} - e g g et S o —
been made on some key processes T — 3
10 10 p. (GeV)
¥
_ 1_2 [ -~ NLOLO - - NNLOINLO —— NNLOILO 03¢ |yi<078 '
Full NNLO top quark production 16} ¢ i . T g SR
cross section is available (TOP++2.0) 1; s N A RS et B WA BRSSP
and differential distributions are 5 P S oo S 2 T () oA
2 3
expected soon =» gluown at large x Q 107 b, Gev)
H+1j also available now at NNLO, 1.2_ T e — 08<lyl<12
important milestone towards Z,W+1} 1.2: — O
-» gluon & quark separation .2p eaeeresevereIERIIIIIIIIIIIII]] N e Rkl .. 2
' o - 5 c S | A =r-=i~r1 =5
NNLO inclusive jet production in the 1 102 10
p, (GeV)

gg channel has been completed
-7 gluoh & quark at large x

For jets full NNLO
calculation is not yet
available but...

Gehrmann-De Ridder et al, Phys.Rev.Lett. 110 (2013) 16

In gg channel up to
20-25% enhancement of
NNLO wrt NLO result




The NNPDF 3.0 set

Theoretical aspea&s: je& cross seckion

e At the LHC gluon-gluon channel is small at

medium-large pT

» Approximate NNLO results can be derived

from the improved threshold calculation,

reasonable at large pT and expected to break

down at small pT
e Approx NNLO is an improved version of
Kidonakis et al. [Phys.Rev. D63 (2001) 054019]

2-0 -7 7“ L2 L L l' LS R4 Ls T ] L4 Ll . Ls ‘l
K [\ LHC, 8 TeV, [nl<4.4, anti-k,, R=0.7
1.8

\ ' NNLO thresh., N,=0
\ 7
\ X/

. tull NLO, NNLO 1
(all-gluon channel) |
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[De Florian et al, Phys.Rev.Lett. 112 (2014) 082001]

e Comparison between NNLO approx and full
NNLO in the gg channel can determine for
which value of pT and 1 NNLO approx can be

trusted
e This assumes NNLO K-factors similar in all
channels



The NNTDF 3.0 set
Theoretical aspects: Jet eross section

Plots courtesy of J. Pires and S. Carrazza

K-Factors - CMS 2011 7 TeV, 1.0<|<1.5 K-Factors - CMS 2011 7 TeV, 2.0<n|<2.5
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e Until exact NNLO result available, jet dat at small jet transverse momentum and large
pseudo-rapidity have better been cut out from NNPDF30 NNLO fits as NNLO_threshold is
not suitable in that region.

e Tevatron data and ATLAS 2010 data less affected due to different validity range and
larger uncertainties

* Otherwise we include them by computing the NNLO_threshold/NLO C factors



The NNPDF 3.0 set

Theoretical aspects: higher order corrections

QED and EW corrections can also 8 TeV LHC
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Boughezal, Liu, Petriello, ArXiv:1312.4535



The NNPDF 3.0 set

Theoretical aspea&s: higher order corrections

QED and EW corrections can also
be easily computed with FEWZ3.1

[ Li, Petriello, Phys.Rev. D86 (2012) 094034]

They can be sizable especially at
large invariant mass

QED corrections affected by large
uncertainty induced from uncertainty

on photon PDF

in theoretical predictions
at NLO and NNLO in
NNPDF30 fit

Pure EW C-factors included

Kfact
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The NNPDF 3.0 set

Improvad me&hodai«ogv: Weight ‘Pev\a&j

NNPDF optimal fitting has been determined so far by using CROSS-VALIDATION:
data randomly divided in two sets: training (fitted) and validation (non-fitted).

Alternatively one can introduce a penalty factor in the measure of goodness, designed tfo
discriminate against functions that vary too fast [Graczyk, Plonski, Sulej JHEP1009 (2010) 053]

penalty function related tfo
the complexity of each NN

constant
determined by
the expected

complexity of TLINRL. i
each NN based Eai — [SAQ] ol |
on previous fits : Ny

Iterate ftill convergence
Convergence is reached when network fit
the data but are not too complex

By

__target

STOP

| | | l ., | 4 | !
5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
GA generations



The NNPDF 3.0 set

Improved me&hodoiogj: closure test

How do we defermine the best minimization strategy?

(i) Assume underlying PDFs known (say, MSTW2008)
(ii) Generate data with given statistical and correlated systematics
(iii) Perform a fit and compare to the “truth”

LEVEL O: each datapoint equal to the MSTW true value and uncertainties
assumed equal to experimental ones. Fit: must find x° =0

x2 to data percentage uncertainty on prediction
o.lm L r ey L Al Al L4 TrrrT ,o | 3R XE AR ] L . . L4 LN 2N 2 2 . L4 T L2 T 5%
RAzz T ~{ mEaas 1
L b4 8t
0.050 | 7| »
° -
6 -
X ol |
0.010 —~ sl X
[ X . X
0.005 : 2t
% X
V S V 5%
X X
owl 2 2a ‘1 4 M P B ll " 4 ™ PR w] AL ll i i A s AL ll e ' A e F—-—-—
7800 1000 5000 10000 50000 100000 1000 6000 10000 50000 100000

training length

training length



The NNPDF 3.0 set

Imprc:-ved me&hodoiagv: closure test

LEVEL 2: each datapoint is obtained as a random fluctuation with given covariance matrix
about the “truth”. Generate pseudo-data replicas of these "data”, then fit PDF replicas to
pseudo-data replicas. Fit, must find x2= 1, (predictions-theory) compatible with O and

within 10 of MSTW “true” PDFs

Perform Fixed-Length fit to 100% data

xu(x,Q), comparison plot xg(x,Q), comparison plot

0.62 ‘./.‘.'/ - MSTW
WSS Level 0

Gavvrwtod by APFELZ 00 V.Dwtose, 5§ Cavaron, 4 Rwje feiy 23% 2354

0.58 - Q=1GeV

ose g g g iy g _gcg Jorg iguug_graloog.guing ] _gogliog iy .
.1 0.15 0.2 025 0.3 0.35

o/ | Truth is within 10 error band!

V. Owtunn 3.Corvesin. 2 R0 (WX 1310 1IN)

Omiwated by AV LL200



The NNPDF 3.0 set

Improve_d me&hodoiﬁgjt closure test

LEVEL 2: each datapoint is obtained as a random fluctuation with given covariance matrix
about the “truth”. Generate pseudo-data replicas of these "data”, then fit PDF replicas to
pseudo-data replicas. Fit, must find x2= 1, (predictions-theory) compatible with O and

within 10 of MSTW “true” PDFs

e At 10K iterations x° = 0.96, (E) = 2.0 (NOTE 2,4, = 0.96)

X% — X2 ot VS. TRAINING LENGTH

0.016 [~ —rrr
[ weight penalty 3
0.010 - standard -
0008 [~ X -
X

- x o

0.000 o
P :
~ - :
7< ~0.005 Bp o
e F X 3
. % 4
~0.010 [~ —
: X X 1
-0.015 1 e b

104
training length

10%

v

® Chi2 within 0.1% accuracy!

® Same at 20K, 30K and 40K iterations.

® Non WP show signs of micro-
overlearning around 10K iterations of
GA

® WP does not overlearn up to 80K
iterations

® However micro-overlearning is much
smaller than statistical fluctuations

sz < O 2




The NNPDF 3.0 set

Improved me&hodoiogj: closure test

LEVEL 2: each datapoint is obtained as a random fluctuation with given covariance matrix
about the “truth”. Generate pseudo-data replicas of these "data”, then fit PDF replicas to
pseudo-data replicas. Fit, must find x2= 1, (predictions-theory) compatible with O and

within 10 of MSTW “true” PDFs

® At 10K iterations

x? = 0.96, (E) = 2.0 (NOTE Xx2,,¢., = 0.96)

Central Value

20 v — — e

- —§ -

15 Distances between PDFs ':5 =

- at 10K and 20K d -

ge— ~ U -
O [~ - -
= 10 S 4
° j i
5'_ —

- LIS L - i ‘."

v

® Chi2 within 0.1% accuracy!

® Same at 20K, 30K and 40K iterations.

® Non WP show signs of micro-
overlearning around 10K iterations of
GA

® WP does not overlearn up to 80K
iterations

® However micro-overlearning is much
smaller than statistical fluctuations

sz <L 0,2




The NNPDF 3.0 set

Improved me&hodoiagj: closure test

LEVEL O: each datapoint equal to the MSTW true value and uncertainties v
assumed equal to experimental ones. Fit: must find x° =0

LEVEL 2: each datapoint is obtained as a random fluctuation with given covariance
matrix about the “truth”. Generate pseudo-data replicas of these “data”, then fit PDF v

replicas to pseudo-data replicas. Fit, must find x:= 1, (predictions-theory) compatible
with 0 and within 10 of MSTW “true” PDFs

Central Value
20 LA LA A AL | LA B BB A AL | LA R AL L) | LA A AL |

. I »

o
-
OCQEICIN -

?retimimar:} conclusions

Distances between PDFs
at 10K and 20K Fixed-Length fit fully adequate
No overlearning in global fit
due to large number of data
Over-learning observed in fits
to reduced datasets
Effect of Weigh-Penalty

moderate

|
1111111111111[1111‘

—_—
o
.IIIIIIITIIUIIII‘IIU

i




Resulks

Description of the new data
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Resulks

The NNFPDF3.0 par&osf\s

Q@ O XV(x@)

¥ 7 'l[ L4 r T 57 "'[ ) A L LAl
6 - NNPDF30 (preliminary fit) 5 - NNPDF30 (preliminary fit) b
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Preliminary fit:
some data (ATLAS W pT) not yet included
» some theoretical refinement (C-factors for EW corrections and some NNLO C-factors)



Conclusions and Cubloolk

NNPDF23 is the first public fit fo include the effect of the LHC data.
NNPDF23QED and NNPDF23 for MC widely used

NNPDF is the only unpolarized and polarized set available in LHAPDF

: : : ALy RIS Rt [see Emanuele Nocera’s talk in WG6]
Fit to fragmentation functions within similar framework soon available!

Upcoming NNPDF30 release is a major upgrade

Totally rewritten code NNPDF++

Improved methodology and closure fest validation

Proven independence of basis

More accurate theory settings: jets, EW corrections

Many more LHC data included, larger impact expected than NNPDF23
Improved positivity (SUSY observables and large x gluons and quarks)

Release in LHAPDF expected by summer 2014

NNPDF30 will be available at LO, NLO, NNLO

Soon after NNPDF30QED and NNPDF30IC with intrinsic charm

In the near future NNPDF30 including N3LO approx and resummations
based on Ball, Bonvini, Forte, Marzani, Ridolfi et al, NP B874 (2013)
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Upcoming NNPDF30 release is a major upgrade

THANKS for your |
Totally rewritten code NNPDF++ ;

Improved methodology and closure test validation EQEEQM&"OM and
Proven independence of basis STAY TUNED! ,
More accurate theory settings: jets, EW corrections AT i S g P '
Many more LHC data included, larger impact expected than NNPDF23

Improved positivity (SUSY observables and large x gluons and quarks)
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In the near future NNPDF30 including N3LO approx and resummations
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