Next-to-leading order electroweak corrections
:

Electroweak corrections in event generation

Conclusions

Status of NLO electroweak corrections in
SHERPA+QOPENLOOPS

Marek Schonherr

Universitat Ziirich

Mw-Meeting, CERN, 08,/06,/2016

| UI"IIVEI‘SI‘ta‘t FONDS NATIONAL SUISSE
. uzH SCHWEIZERISCHER NATIONALFONDS
Z u rlch FONDO NAZIONALE SVIZZERO
= Swiss NATIONAL SCIENCE FOUNDATION
I

Marek Schénherr

o =
Status of NLO electroweak corrections in SHERPA+OPENLOOPS

12N Ge

:
1/19




Next-to-leading order electroweak corrections

Electroweak corrections in event generation

Introduction

Conclusions

Electroweak correction come in two variants: virtual corrections and real
emission correction.

Most observables driven by either

- virtual corrections, often studied in the context of vector boson or
jet production at large p; (EW-Sudakov suppression)

bremsstrahlung

— NLO EW calculation
- real photon emission/bremsstrahlung, very important for most
lepton observables, less important for quarks as drowned in QCD

— NLO EW matched to resummation
- real weak boson emissions, constitutes separately finite process,

depending on decay channel and analysis different signature

— add as separate LO process
Resummation of genuine weak corr. important if scale > my, present
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Next-to-leading order electroweak corrections

Kallweit, Lindert, Maierhdfer, Pozzorini, MS JHEP04(2015)012, JHEP04(2016)021

fixed-order next-to-leading order electroweak corrections

automated implementation, independent cross checks:

— OPENLOOPS for virtual corrections
cross checked against other private generator

— SHERPA for Born, real em., subtraction and phase space int.,
cross checked against MUNICH (MEs from OPENLOOPS)

combine QCD and EW corrections as:

QCD+EW: onLo qep+ew = oo (1 + dqep + dew)

QCDXEW: onLo qepxew = 010 (1 + dqep) (1 + dew)
already studied a range of processes:

- pp — V +1,2(,3) jets production

- pp — tth for LH'15

- pp — Zj/pp — ~j ratio for LH'15

- pp — Vh for FCC report
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pp — Wj @ 13 TeV

PP~ ("7 +1j @ 13TeV

Kallweit, Lindert, Maierhofer, Pozzorini, MS JHEP04(2016)021
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pp — Wj/Wjj/Wjjj @ 13 TeV

Kallweit, Lindert, Maierhéfer, Pozzorini, MS JHEP04(2015)012
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pp — Wjj @ 13 TeV
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Kallweit, Lindert, Maierhdfer, Pozzorini, MS JHEP04(2016)021
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pp — Zjj @ 13 TeV
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pp = e~et +2j @ 13TeV

Kallweit, Lindert, Maierhdfer, Pozzorini, MS JHEP04(2016)021
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pp — Zjj @ 13 TeV

Kallweit, Lindert, Maierhdfer, Pozzorini, MS JHEP04(2016)021
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Z /~ ratio @ 8 TeV

Z/y ratio for events with njes > 1

Kallweit, Lindert, Pozzorini, MS for LH'15
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Z /~ ratio @ 8 TeV

Z/y ratio for events with njes > 1

o 0 T T T T el
£ E

T ]
N C 12
B o004 Jz

T oof =
w L me
= L <
T oo3 | =z
s r EE
= E 13

002 - —— CMS data 3

» JHEP10(2015)128 ]

4 —+— NLO QCD b

.01 - —4— NLO QCD+EW -

F | | | | | | g

°F T T T T T T ]

12 =

sl =

£ 1o ]

B E

B liARRE: ;

E ! ! ! ! ! ! E

Kallweit, Lindert, Pozzorini, MS for LH'15

use this ratio to get handle
on pf in Z — v for NP
searches

test how well data is
described in Z — 04

NLO EW improves data
description
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Inclusion of virtual electroweak corrections

e incorporate approximate electroweak corrections in
NLO QCD multijet merging (MEPS@NLO)

e modify MCONLO B-function to include NLO EW virtual corrections
and integrated approx. real corrections
— optionally also subleading Born configurations

Bn,QCD+EWVirt(¢n) = Bn(q)n) + Vn,EW(q)n) + In,EW(q)n) + Bn,mix(q)n)

o real QED radiation can be recovered through standard tools
(parton shower, YFS resummation)

e simple stand-in for proper QCD+EW matching and merging
— validated at fixed order, found to be reliable,
difference < 5% for observables not driven by real radiation

] = = B -
I I
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Results: pp — (~ U + jets

Kallweit, Lindert, Maierhdfer, Pozzorini, MS JHEP04(2016)021
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Soft photon resummation

YFS soft-photon resummation default for higher-order QED
corrections in SHERPA Yennie, Frautschi, Suura Annals Phys.13(1961)379-452
MS, Krauss JHEP12(2008)018

factorised from higher-order QCD corrections

universal soft eikonal supplemented with universal hard collinear
corrections

process specific corrections can be easily incorporated where known
— NLO QED accuracy in W — fv and Z — £
and other important resonant decay channels
— generic resonance identification in multibody final states
invariant masses are preserved
important in e.g. VV etc.
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Accuracy in pp — 4
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Accuracy in pp — 4

Huss, MS for LH'15
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e genuine weak corrections sizeable only at large Pl .
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Accuracy in pp — (v

Hoche, Prestel, MS for EW report
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Accuracy in pp — (v
Hoche, Prestel, MS for EW report
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Highest precision description
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Conclusions

NLO EW automated in SHERPA+OPENLOOPS framework
— programs will become public soon

no matching of NLO EW to parton shower available yet
— in the works

YFS-type soft-photon resummation gives precise results for
bremsstrahlung dominated observables

— no EW Sudakov-type corrections

— no ISR corrections (usually negligible)

implementation orthogonal to higher-order QCD corrections
— complements LOPS, NLOPS (MC@NLO), NNLOPS (UN?LOPS)
and MEPs, MEPS@NLO simulations
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Thank you for your attention!
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Merging systematics: pp — ¢~ + jets

Kallweit, Lindert, Maierhdfer, Pozzorini, MS JHEP04(2016)021
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Merging systematics: pp — ¢~ + jets
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Merging systematics: pp — ¢~ + jets

PP — (740,12 @13 TeV
T

Kallweit, Lindert, Maierhdfer, Pozzorini, MS JHEP04(2016)021
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