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My work with Graham
A east coast-west coast 
(bipolar?) collaboration

Born of the conviction that the 
singularities of Feynman 
diagrams are determined by the 
Landau rules, and hence come 
from the propagation of real 
physical particles.

Contributed in a significant way 
to establishing factorization as a 
property valid beyond leading 
logarithmic accuracy.

Influenced the research of 
others, eg calculation of the NLO 
splitting kernels

Factorization is an important 
issue that underpins all the 
predictions we make for hard 
processes at the LHC.
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 ellipsis

Universal acclaim?

J.C. Collins, Foundations of perturbative QCD 
Cambridge University Press (2011)
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Generalized ladder diagrams
Division of cut diagrams into 2PR (two 
particle reducible) and 2PI (two particle 
irreducible)

Examination of the kinematics of ladder 
diagrams

A series of projections on to physical states 
preserving the 2PI nature

The 2PI kernels are functions of the  input 
and output momenta K(k′,k)
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The generalized ladder equation

...and its formal solution
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Kinematics of cut ladder diagrams
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The kinematics of cut ladder diagrams allow us to reduce the full four 
momentum integration to a convolution, (d4k→ d β) 
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Oversubtraction
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The heavy lifting 

The real challenge is to 
demonstrate that the 2PI kernels 
are free from singularities so that 
the limits k2=0 can be taken.

In this we were greatly helped (at 
least in the collinear region) by the 
adoption of a physical  gauge, in 
which the unphysical degrees of 
freedom do not propagate.

This gives extra factors in the 
numerator, as can be understood 
from a helicity argument. 

The detailed arguments are based 
on power counting.

Treatment of soft and collinear 
regions separately.
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Missing region: Glauber scattering

Glauber region defined as 

In the Glauber region  

Proofs of factorization rely on the use of 
the Ward identity.

                         valid only if all the 
components of k are roughly the same.

Often (but not for DY), one can deform the 
counter out of the Glauber region.

At least for DY processes the factorization 
has been established.

In the centre of mass system the Glauber 
singularities cancel because of a 
combination of the colour singlet nature of 
B, unitarity, and the time dilation of the 
interactions of the constituents of B. 
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Bodwin, Brodsky, Lepage, PRL 47 (1981) 1799
Lindsay, D.A. Ross and Sachrajda, NPB214 (1983) 61

Collins, Soper, Sterman, hep-ph/0409313
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The follow-up paper: Curci, Furmanski and Petronzio

Followed exactly the procedure laid 
out in EGMPR.

Introduced specific forms for the 
projectors.

Provided compact forms for the two 
loop anomalous dimensions, eg the 
qq splitting function.

Identified small errors in the Pgg as 
calculated (previously) using the 
operator product expansion.
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Nucl.Phys.B175:27,1980.



Aberdonians

How others see us...



and how we see ourselves......

...generous to a fault, happy and hirsute



STOP



 The greatest physicist who spent his young 
life in Aberdeen

131 Union Street, Back Wynd Steps
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Maxwell and Aberdeen

Aberdeen had two universities 
King’s College, established in 1495 
by papal bull and Marischal College 
established 1593, a protestant 
institution, for the training of post-
reformation clergy.

Maxwell was professor in Aberdeen 
at Marischal College (1856-1860)

Worked on the stability of Saturn’s 
rings.
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Graham,

Lang may yer lum reek!
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Program for the next decade
LBNE - Long baseline neutrino experiment 
(baseline 1200km) to South Dakota

Neutrino mass spectrum (mass 
hierarchy)

Matter-Antimatter symmetry

Neutrino anti-neutrino differences

Project X - Megawatts of continuous beam 
a world-leading facility for the intensity 
frontier

>2MW to LBNE

Kaon experiments

Rare muon decay experiments

Applications to spallation targets and 
ADS (sub-critical nuclear reactor, 
accelerator driven)

Front end for muon collider or neutrino 
factory. 17



g-2 sensitivity
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Intensity Frontier: Rare processes

g-2: anomalous magnetic moment of 
the muon x20 statistics 

Mu2e: direct muon to electron 
conversion - huge sensitivity to 
NP:Single event sensitivity below 
10-16

SeaQuest: nuclear physics Drell-Yan 
process to study the structure of the 
nucleon in the nuclear environment. 
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g-2 sensitivity



EGMPR+33- Keith Ellis

Intensity Frontier:Neutrinos

ν Standard model: Pattern of neutrino masses and 
mixings.

MINOS, Noνa, LBNE

ν beyond the standard model: the search for sterile 
neutrinos and anomalous interactions.

 Short baseline: MiniBoone-MicroBoone 

Long-baseline: MINOS, Noνa                      

Neutrino physics measurements as a probe of nuclear 
structure and support of oscillation experiments 

Dedicated experiment: Minerνa
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Noνa building and 15KTon 
detector schematic


