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Muon electron Scattering: a NLO QED MC event generator

MC event generator features

the complete NLO QED p.-e scattering amplitudes are built in
both w-and pt cases can be chosen

fully-exclusive events are generated in the CM frame and then
they are boosted to the Target Rest frame
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NLO QED p-e scattering: calculation features

> the exact and complete NLO QED amplitudes calculation is
performed in the on-shell renormalization scheme

> Feynman’'s diagrams have been manipulated with the help of
FORM, rewriting 2-3-4 points function of 1-loop integrals as
Lorentz-covariant tensor coefficients (J.Vermaseren, htips://nikhef.nl/~form )

> tensors coefficients are decomposed into a combination of scalar
coefficient functions, which are evaluated numerically with
LOOPTOOLS libraries ( THahn, https://www.feynarts.de/looptools )

» full p and e mass dependency is kept
> fermions’ helicity is kept explicit

> |R singularities are regularized with the introduction of a
vanishingly small photon mass A


https://nikhef.nl/~form
https://www.feynarts.de/looptools
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NLO QED Amplitudes
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NLO QED Amplitudes
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NLO QED Amplitudes
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NLO calculation: details

the total cross section can be divided into two contribution by the
different number of final state particles
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the integration over the real contribution can be done using slicing
techniques with soft-limit approximation by the introduction of an
arbitrary small photon energy cutoff w,

1 rea 2 1 rea
02 53 = — dq)?)‘ANLlO + _/ dq)3}“4NLlO
F A EL<wsg F E>ws

2

1 1
— AS()\7w8)—/d(I)2‘ALO‘2 + —/ d(I)3|A7]a\EfzglO
>Ws

Y

soft factorization



Muon electron Scattering: a NLO QED MC event generator

NLO calculation: radiation setup

NLO muon-line correction and NLO electron-line correction are
2 different gauge-invariant subset of the whole total cross-section

e Fadiation setup
Aro|” = [Mof
2 Re ["420 > Afz])\;lztgal} — 9 Re [MS < (Ml‘iz;)—l-tap 4 Mha,d 4 MV )]
ANZO|T = [Ma, + Mg, [
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NLO calculation: radiation setup

NLO muon-line correction and NLO electron-line correction are
2 different gauge-invariant subset of the whole total cross-section

RO ¢ radiation setup
Aro|” = [Mof
2 Re ["420 > A%Ztgal} — 9 Re [MS < (MZ‘?Z;D—HO]O 4 Mha,d 4 MV )]
ANIL]T = [Ma, + Mg,
— ‘MRQ|2 + ‘MR4|2 + 2R€[(M*R2 X MR4)}
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NLO calculation: radiation setup

NLO muon-line correction and NLO electron-line correction are
2 different gauge-invariant subset of the whole total cross-section
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Numerical cross-checks

Feynman's amplitudes have been calculated independently by at
least two of us

both LOOPTOOLS and COLLIER libraries have been used to
evaluate 1-loop tensor coefficients and scalar 2-3-4 points function
In the NLO calculations (A.Denner, S.Dittmaier, L. Hofer, https://collier.hepforge.org )

UV finiteness, 4 and w, independence are verified with high
numerical accuracy

3 independent implementation of the 3-body phase-space have
been done to cross-check the final results

» perfect agreement !
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Conclusions

» the comparison with other independent results gives a
high-accuracy perfect agreement (M. Fael, M. Passera et al.)

» 3 different setup for NLO event generation are available:
1. only u radiation,
2. only e radiation,

3. both p-e radiation

» any type of experimental cut can be implemented and
reproduced through the fully-exclusive event generation
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Thank you !
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