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Final-state singularities cancel by the Kinoshita-Lee-Nauenberg theorem.
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Following Sterman and Weinberg, we cluster them into jets (one per hadron)
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For Drell-Yan we need two “initial-state” jets; we sum over overlapping partitions:

( S, = {1, ...,k}, Sy = {m + 1, ,n}
qQ1 + ...t g4m + gm+1 + ... + Q. = P1
dm+1 Tt - TGk T qm+1 T .. T Gn = P2

2 2 2 2
| P1 < A7, p3 <A;
For small virtualities:

g =xp1+OA]) ¢, = xips + O(A3) @ =0+ O(AF, A3)
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“Easy” integrals! Computed by Reverse Unitarity! That’s why “simplest clustering”.
C. Anastasiou, K. Melnikov, F. Petriello C. Anastasiou, C. Duhr, F. Dulat, F. Herzog, B. Mistlberger

(2003) (2015)

Each integral is badly divergent...
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The embedding allows us to organise the zoo of topologies we get into IR-finite classes!
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The KLN theorem is here a deformed version of the pole cancellation mechanism
between regions!
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Everything is IR finite!
Longitudinal structure functions and scale evolution are the same as in the parton model

Thus, there exists a scheme change mapping this result to the MSbar parton model result
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The extra diagrams, at leading virtuality, provide
“blown-up PDF counter-terms”, i.e. local

representations of the PDF counter-terms in a
certain scheme
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But the two beams can be evolved independently.

Finally, the big question: can the scheme change counter-term used for DIS to reproduce
MSbar parton model results be used for this computation to reproduce MSbar parton
model results? In the DIS calculation we determine that

S T MS
Fao ) = (1= 2228 4 (1 ) L+ (1 - 99)]) & Fo, )
Using this now known quantity, we verify that 0@
do MS
dé]g (z1,%2) = D(&1) @, dQQ (21/&1,22/&2) ®¢, D(&2)

The same holds for quark-anti-quark contributions.
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What can we do with this?

Back to the original objectives... one of them was enabling MC computations of x-sections:

g<1><e+ﬁjj>m@}w+w@>w+w@w+w®m

IR-finite
©.@)
IR-finite

Local Unitarity allows to exploit this pole cancellation at the local level:

cW(ete™ = jj) = /ng]Agl_)ﬂ\Q —|—/dH3]A§O_)>3\2 — /dHf Integrable

It re-expresses integrals with different measures in terms of a common measure, using
local manipulations only. The resulting integrand is integrable, i.e. it is locally IR-finite.

This means we can obtain the integral by direct Monte Carlo integration!
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We can apply this technology to also exploit the pole cancellation mechanism that we
constructed for Drell-Yan in the initial state:
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For now | have results from the qg channel:

Graph #1
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Matches against benchmark.

Czakon, Mitov

(2008)

Need to determine all remaining
“splitting counter-terms”:

DQQ’

qu

D

q9:

DQQ

DIS/DY

Dedicated “AP”
computation







Conclusion



Conclusion

* We constructed a framework in which cross-sections are expressed as a sum over
Initial-state multiplities, on top of final-state multiplicities.



Conclusion

* We constructed a framework in which cross-sections are expressed as a sum over
Initial-state multiplities, on top of final-state multiplicities.

* The many initial-state partons are clustered into “jets” that describe the initial-state
hadrons



Conclusion

* We constructed a framework in which cross-sections are expressed as a sum over
Initial-state multiplities, on top of final-state multiplicities.

* The many initial-state partons are clustered into “jets” that describe the initial-state
hadrons

* At leading power in the virtuality of these “jets” we retrieve the parton model results,
up to a scheme-change, for the DIS and DY cross-sections



Conclusion

* We constructed a framework in which cross-sections are expressed as a sum over
Initial-state multiplities, on top of final-state multiplicities.

* The many initial-state partons are clustered into “jets” that describe the initial-state
hadrons

* At leading power in the virtuality of these “jets” we retrieve the parton model results,
up to a scheme-change, for the DIS and DY cross-sections

Leading-power computational method via Local Unitarity:

* Construct a MC method that integrates any NLO cross-section without the need for
dimensional regularisation in either phase-space nor loops (barred DIS)

* Investigate MC method for NNLO cross-sections



Conclusion

* We constructed a framework in which cross-sections are expressed as a sum over
Initial-state multiplities, on top of final-state multiplicities.

* The many initial-state partons are clustered into “jets” that describe the initial-state
hadrons

* At leading power in the virtuality of these “jets” we retrieve the parton model results,
up to a scheme-change, for the DIS and DY cross-sections

Leading-power computational method via Local Unitarity:

* Construct a MC method that integrates any NLO cross-section without the need for
dimensional regularisation in either phase-space nor loops (barred DIS)

* Investigate MC method for NNLO cross-sections

Investigate power-corrections in A\

* |deally one would start comparing with DIS, which has a well-defined OPE, and
some work has been done on determining twist four operators, especially in the so-
called handbag model

Jaffe, Soldate (1982) Ellis, Furmanski, Petronzio (1983) Qiu (1990)



