Direct photon production
and PDF fits reloaded
Emma Slade
Rudolf Peierls Centre for Theoretical Physics,
University of Oxford

PDF4LHC WG meeting, CERN 28/03/18

Current status in NNPDF
•

The gluon in NNPDF3.1 is constrained by
jets, ZpT , tt̄

•

Upon the addition of the 3 above processes
we see a marked improvement in the gluon
uncertainty each time

•

Are there other processes which we can use
to constrain the gluon even more?

NNPDF (2017)

Motivation
•

Direct photon production at LO in QCD occurs
in 3 ways: the Compton process, q q̄ annihilation
and via the collinear fragmentation of an outgoing
quark

•

Photon production in hadronic collisions is
directly sensitive to the gluon PDF

•

Direct photon data used to be used in very old
sets but jet measurements from Tevatron
replaced photons in constraining the gluon

•

In 2012 it was shown that all available isolated
photon production data was consistent with
NLO QCD calculations d’Enterria, Rojo (2012)

•

The precision of most recent LHC data required
using NNLO QCD theory, which only recently
became available

Motivation
•

Recent theoretical progression in direct photon production means we may now
reasonably include data into PDF fits:
•

NNLO QCD (differential) calculation

•

Resummation of electroweak effects at high ET

Campbell, Ellis, Williams (2017)

Becher, Garcia i Tormo (2013)

•

Isolation algorithms to reduce fragmentation component

Frixione (1998)

•

Now we have much better theory predictions, we can study the impact of the ATLAS
8 TeV dataset into the NNPDF framework (there are no CMS results at 8 TeV)
ATLAS (2015)

ATLAS 8 TeV dataset
•

The data is differential in ⌘ and ET with 4 rapidity regions

region 1: 0 < |⌘ | < 0.6 ,

region 2: 0.6  |⌘ | < 1.37 ,

region 3: 1.56  |⌘ | < 1.81 ,
region 4: 1.81  |⌘ | < 2.37 .

•

And covering a maximum range 25 < ET < 1500 GeV

•

We exclude the first few bins in ET as the LL EW resummation is only valid for above

•

At LO, in QCD in the (x, Q2 )plane, x± = 2ET
the plane

•

The data probes a region only partly covered by other experiments, namely medium-x for over 2 orders in
Q2
Campbell, Rojo, ES, Williams (2018)

exp (±⌘ )/s

ET & mZ

thus each datapoint corresponds to 2 points in

Theoretical setup
•

NNLO QCD and LL EWK effects are
included via K-factors

•

The importance of the higher-order
effects grows with ET , with the
combination having around a 3-4%
impact

•

LL EWK resummation needed to
account for Sudakov effects induced by
virtual loops of heavy electroweak
gauge bosons

•

The Sudakov logs can be modelled as a
p
polynomial in terms of s and ET

Theoretical setup
•

The partonic cross-section is known to NNLO QCD

Fragmentation
component

Partonic
component
•

The fragmentation component of the cross-section is only known to NLO eliminate the need to account for fragmentation functions Dc using smooth cone
isolation

•

Not the isolation algorithm used by ATLAS, but the parameters are tuned to match
effects of actual experimental isolation requirements
Bern, Diana, Dixon et al. (2011)

Results
•

Initial results are for statistical and systematic
uncertainties added in quadrature

•

Moderate impact on the medium-x gluon,
consistent with previous studies at NLO

•

Good consistency with the rest of gluon
sensitive experiments in NNPDF3.1

•

Preference for softer large-x gluon
observed

ATLAS 13 TeV dataset

•

The 13 TeV dataset is presented in the same format as at 8 TeV, but the small
integrated luminosity L=3.2fb-1 makes it unsuitable for including in a PDF fit

•

The larger uncertainties also reduce the discrimination power of the dataset, but
we note that within uncertainties the theory in all bins agrees well with the data

•

We also show the NNLO scale uncertainties (lighter bands), which are approx
half the size of the NLO uncertainties → NNLO theory is vital to have an
ATLAS (2016)
accurate description of the data

Understanding the 4th rapidity bin
The most forward rapidity bin is poorly described in the 8 TeV
data, but reasonably well described in the 13 TeV data
• Determine the cause by taking ratios of the cross-section
measurements
• Such ratios are useful since many theoretical and experimental
systematic uncertainties cancel out
•

•

47 datapoints available. For now just add in quadrature the total
systematics and stat uncertainties (breakdown of systematics not
available at 13 TeV) since the discrepancy at 8 TeV is present both
with and without the full covariance matrix including correlations

Understanding the 4th rapidity bin
•

Good agreement between data
and theory for all the bins,
including 4th bin

•

This is a common effect between
the two centre of mass energies
which mostly cancels out when
computing their ratio

•

Suggests that there is either an
inadequacy of the theory
calculation or some issue with
the experimental measurement

Impact of correlations
•

Compare initial results (statistical and systematic uncertainties added in
quadrature, orange) with results from full covariance matrix including
correlations (purple)

•

In both cases, a strong preference for a softer large-x gluon is found, and
there is a good improvement in the gluon uncertainty over the full range in x

•

With the covariance matrix, the chi2 to the data is ~3.0, but good agreement
(~1.8) using just total systematics → ongoing work to determine cause

Summary and outlook
Our results indicate that the LHC direct photon production
data leads to both a moderate reduction of the gluon
uncertainties at medium-x and a preference for a somewhat
softer central value at large-x
• NNLO QCD and LL electroweak corrections are needed in
order to have some agreement with the experimental data
• Would be useful to repeat the analysis of the 13 TeV data with
the full integrated luminosity of Run II
• Ongoing work to understand the problems with the most
forward rapidity bin and problems with chi2 using the
covariance matrix
•
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