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Zurich workshop faces the LHC’s precision
challenge
27 March 2007

With Switzerland’s reputation for exactitude, Zurich was the ideal place for
scientists to discuss high precision for hard processes at the LHC in last year’s HP
workshop.

With the imminent start-up of the LHC, particle physics is about to enter a new regime,
which should provide solutions to puzzles such as the origin of electroweak symmetry-
breaking and the existence of supersymmetry. The LHC will produce head-on collisions
between protons or heavy-ions, but at the fundamental level these come down to
interactions between partons, that is, quarks and gluons. For this reason, all the interesting
new reactions will be initiated essentially by quantum chromodynamic (QCD) hard-
scattering, and any claim for new physics will require a precise understanding of known,
Standard Model processes.
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Workshop participants in front of the ETH building in Zurich.

To prepare for the “precision challenge” at the LHC, the particle theory groups of ETH
Zurich and Zurich University organized a workshop on High Precision for Hard Processes
(HP ). The three-day workshop took place on the ETH campus in early September 2006,
involving about 65 participants. These included 15 diploma and doctoral students,
indicating that precision calculations for the LHC is a lively field that attracts many young
researchers.

HP  addressed the precision challenge with reviews of results from Fermilab’s Tevatron,
expectations at the LHC and measurements of parton distributions. A few benchmark
reactions, such as single-inclusive jet-production and vector-boson production, will already
be accessible with very low luminosity at the LHC. These can provide precise constraints on
the proton structure, which is relevant to all hadron-collider reactions.

Likewise, precision studies, such as investigating the properties of the top quark, demand a
better description of the full characteristics of an event. These will include improved jet-
algorithms and a better understanding of soft physics in hard interactions. Searches will
often involve multiparticle final states, calling for a precise description of high-multiplicity
processes.
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Left to right: Darren Forde, Ruth Britto, David Dunbar and Lance Dixon relaxing with other
participants at the reception, following an intense day of talks at the HP  workshop.2



Unitarity, master integrals, dimensional regularization…



Cuts: the theme of my career
Unitarity and on-shell methods
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2018 at GGI
I presented “Reduction of Hypergeometric Integrals” - 
hypergeometric coaction work with Abreu, Duhr, Gardi, Matthew



2018 at GGI
• Lance asked if we could write the coaction of  that 

featured in his paper with Caron-Huot, von Hippel, McLeod, 
Papathanasiou on double pentaladders to all orders. 

• It is an interesting function, and different from typical Feynman integrals.

2F1(ig, − ig; 1; x)



Here is the coaction.

Well, so what?



I don’t know what we can do with that. 

But all the elements are special…

We see antipodal duals.



The antipode map S



Hopf algebra

•  is the coproduct. 

•  is the antipode.

Δ

S



• We have de Rham versions of the hypergeometric 
functions that form a Hopf algebra. [Brown, Dupont] 

• Antipode of a 2F1 doesn’t have to be a single 
2F1, just something generated in the algebra. 

• In our example, it recombines very nicely. 

• Why? Anything to do with Z-sums? [cf. Moch, Uwer, Weinzierl]



• This example has extra symmetry. 

 

• The exponents of  and  sum to an integer. 

• Therefore, integrals over  and  have 
the same symbol. 

• Now it makes sense! 

2F1(ig, − ig,1,x) = ig∫
1

0
dt t−1+ig(1 − t)−ig(1 − xt)ig

t (1 − t)

(0,1) (1/x, ∞)



The antipode exchanges canonical forms and their 
dual cycles.



Hypergeometric Antipode

•  is the canonical form associated to .  

• For a general  expanded around integer parameters, we 
would decompose the integrand into a basis of canonical forms.

ψi γi

2F1



 

Let’s keep talking! 

Thank you for every kind of collegiality. 

Happy birthday, Lance!

S [2F1(ig, − ig,1,x)𝔡r] = 2F1(−ig, ig,1,1 − x)𝔡r


