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Precision backgrounds

NJET
SB, Biedermann, Uwer,  Yundin

pp⟶≤5j
pp⟶  V(W/Z/γ)+≤  5j  

pp⟶γγ  +≤  4j

C++ libraryautomated NLO corrections to 
high multiplicity jet production

MC interfaces with 
Herwig++/matchbox, 

Sherpa, Geneva

Applgrid/FastNLO interfaces 
for PDF uncertainties
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CPU bottleneck in real radiation



Integrand reduction methods

planar five-gluon all-plus helicity amplitude 
in QCD [SB, Frellesvig, Zhang (2013)]

general D-dimensional 
reduction procedure 

6D helicity trees
momentum twistors

algebraic geometry
compact analytic form

[work with Yang Zhang, Hjalte Frellesvig, 
Donal O’Connell, Gustav Mogull]

non-planar amplitudes via BCJ 
colour-kinematic relations
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Momentum twistors

useful tool for analytic calculations

usual spinor-helicity / invariants 
representations extremely redundant

[Hodges (2009)]

Simon Badger, November 4, 2014
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all multiplicity parameterisation

suitable for H+jets, W+jets etc.

�

(4)

 
nX

i=1

pi

!
$ �

(4)
(0)

Zi = (�↵(pi), µ↵(pi))

pi · �↵↵̇ = �↵(pi)
˜

�↵̇(pi)

Simon Badger, November 4, 2014

Momentum twistor representations

Hodges’ momentum twistor

The four component momentum twistor for a massless momentum p

i

is Z(p

i

) = Z

i

=

(�

i,a

, µ

i,a

) where �

i,a

are the 2-component holomorphic Weyl spinors (a = 1, 2). µ

i

are

the dual variables which are used to construct the anti-holomorphic spinors:

W

i,ȧ
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spinor-helicity

simplifying expressions 
becomes multi-variable 
polynomial factorisation 

problem 



On-shell counter-terms
[work in progress with Tom Melia and Franz Herzog]
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with

Kij(3, 4, n) = �sij + 2k̂? · ik̂? · j
s34sf34sjf34

. (34)

e34 and k̂? are defined by the m

n
34 mapping.

2 Completed subtraction for double real radiation

For completeness we right down the LO and real-subtraction contribution to NLO:
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There is additional issue when forming the full counter-term at NNLO since the map-
pings e↵ect the cancellation of the sub-divergences. In order to account for this we partial
fraction both the collinear and double soft counter terms so the both of the possible map-
pings appear in the counter-term. For the collinear limits we must partial fraction in the
on-shell(reduced) phase-space which has the e↵ect of suppressing unphysical divergences
from objects like m

1
34(pf34 · p2) = 0, which would otherwise cause problems. Combining

everything yields only 8 kinematic mappings in counter-terms. Though there are no
explicit cancellations between the primary limits and the sub-divergences the numerical
evaluation can be optimised.
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soft and collinear limits

test example (no ISR)
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local ISR FSR analytic 2 ! n

Antenna 8 4 4 4 ?

STRIPPER 4 4 4 8 ?

qT 4 4 8 4 ?

Trócsányi et al. 4 ? 4 ? ?


