
James Stirling – Legacy for PDF Studies.

Robert Thorne

December 13th 2018

University College London

With thanks to Alan Martin

WJS – Dec 2018



James Stirling 1953-2018

James Stirling died on 9 November 2018 following a short illness.

He left an enormous legacy in the theory and application of QCD and
performed work which was central in verifying QCD as the correct theory
of strong interactions, and in computing precise predictions for all types
of processes at hadron colliders like the LHC

However, in this meeting we know him best for his extremely wide-
ranging and influential contribution to the subject of PDFs.
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James was born in Belfast, Northern Ireland, and educated at
Peterhouse, Cambridge University, where he obtained his PhD in 1979.

Already during his graduate studies at Cambridge, in the early days of
QCD, he contributed to the clarification of the connection between deep
inelastic lepton-hadron scattering and hadron-hadron processes such
as Drell-Yan production.

He then took a post-doc position at the University of Washington in
Seattle, and as early as 1981 came the first studies to obtain the details
of parton distributions.
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Using the factorization theorem.

Only the gluons and valence quark and generic sea quark. Also need
the pion.
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Already encounter difficulties in fitting different data sets simultaneously.

Improve theory?
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Significant break in trying to obtain the PDFs in detail. Next time was for
very specific, and rather different, physics reasons. Typical of James’
reasoning in PDF studies.

Also started very long
and successful collaboration
with Alan Martin - (M)
and Dick Roberts - (R).
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At the time some existing PDFs, and also some not very compatible
data from BCDMS and NMC.

Showed that improved PDFs
reduced uncertainty compared
to existing sets which didn’t
fit all data.
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Full details of the extraction of the PDFs themselves appeared soon
afterwards – first NLO fit.
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Template of comparisons to different data types, and interesting
predictions for precision physics set in place.
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Soon became overwhelmingly clear that not all data is always equal.
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Another standard convention of PDF studies and predictions was also
very quickly introduced.
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Also the implication for very high precision Collider measurements were
realised very early.

Along with the potential to improve
the relevant PDFs with particular
data.
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An early interest in the implications of very low-x physics soon to be
probed at HERA.

Look at suggestions from
different ways of ordering
gluon ladder - DGLAP or
BFKL.
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Also look at possible beyond leading twist contributions, e.g shadowing.

And, most importantly, implications
for other processes.

WJS – Dec 2018 14



A very early investigation of the scale
dependence we are now discussing
again.

Already knew that µ ∼ Q was most
sensible, but also preferred.
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James was also interested in expanding the range of knowledge if
possible.

And linking to other sources of
available information.

Very early lattice comparison.
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New improved data provides evidence for changes in PDFs.
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Again look at predictions and introduce philosophy of global fits.
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This involved reacting quickly to new important data.
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Also making and comparing predictions for the most important PDF
dependent cross sections.
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Data was now providing complimentary PDF and αS information.
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As always James was extending the range of his interests, particularly
if there was a promising PhD student to work with.
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Also investigating different implications for small x physics.

WJS – Dec 2018 23



A new, expanded collaboration.

WJS – Dec 2018 24



The types of data sets were ever expanding. Could now start to make
some attempts at investigating “model uncertainties”.
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Detailed studies of a number of types of variation, e.g. cuts, αS(M2
Z) ....

Comparison with the “Competition”.

WJS – Dec 2018 26



Further updates led to a detailed prediction study, and the first
appearance of a familiar plot (devised by James and shown using
updated version).
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First inclusion of QED in available
PDFs.

Modelled photon input from evolution
from low-Q2 valence quarks.

Similar in principle to modern version.

Isospin asymmetry in valence quarks
automatically in right direction to
reduce NuTeV anomaly.

R− =
σνNC−σν̄NC
σν
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−σν̄
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First produced PDFs with approximate
NNLO in 2003. OK, due to
good approximations to NNLO
splitting functions.

First “full” set with heavy quark
threshold properly included.

Also differential distributions forDrell-
Yan included.

Full dependence in both rapidity
and αS(M2

Z).
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Used dynamical tolerance for the
first time.

Also extended parameterisation for
e.g. gluon.

WJS – Dec 2018 31



Studies of various issues such
as inclusion of jets or not.

Also variation of PDFs with
scale, or jet algorithm.
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Again look at implications, and full comparison with older PDF or
alternative sets.

Also the first appearance of one of James’ “standard” plots.
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MSTW produced PDFs with αs(m
2
z) uncertainties and in fine binned

variations in αs(m2
z).

As always looked in detail at implications.
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Also examined different flavour scheme numbers. James looked in great
detail at how these affected LHC predictions.
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At the same time James was investigating and improving the correct
theoretical framework for and phenomenological implications of double
parton scattering.
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Final article with PDF determinations. As always James was asking
additional questions.

Improved valence parameterisations fit lepton asymmetry better. What
about interpretation and interesting predictions?
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James was interested in and contributed so much to, the study of PDFs
for their own sake.

(Note – I have essentially “ignored” two 500+ cited articles.)

However, also very much because they were fundamental to lots of
particle physics.

Typical of his wide interests and expertise in particle physics and
beyond.

He consequently made enormous contributions to the whole world of
particle physics, physics and the scientific/academic world in general.
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He was elected a Fellow of the Royal Society in 1999.

He played a major role in the foundation of the Institute of Particle
Physics Phenomenology in 2000, and served as its first Director.

His textbook QCD and Collider Physics written with Keith Ellis and Bryan
Webber has been a standard reference for more than 20 years.

In 2006 he received the national honour of CBE from the Queen for his
services to science.

He moved to Cambridge in 2008 to take up the Jacksonian
Professorship of Natural Philosophy in the Cavendish Laboratory,
becoming Head of the Department of Physics in 2011.

In 2005 he was appointed Pro-Vice Chancellor for Research at Durham.
Was twice on the UK Research Excellence Framework panels for
Physics, and on STFC Science Council.

Then in 2013 he was appointed to the newly-created position of Provost,
the chief academic officer, at Imperial College, London, from which he
retired last August
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Photograph taken at Alan’s 80th birthday celebration in Durham.
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James and wife Paula enjoying another of his interests.
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