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General remarks

precision In VV by far not at the same level as DY. However:
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e current reach (150fb-1) ~ 1% statistical precision up to about 500 GeV
e reach for HL-LHC ~ 1% statistical precision up to about 1 TeV



EW schemes

* consistent EW Input schemes: mZ,mW +

o (0)
LO x(mZ) } sin 03, = 1 — miy, /m7,

Gh ac, = V2G.M3(1 - M3 /M3)/x

e consistent EW renormalisation schemes:

x(0) free of mass singularities for external photons
NLO «a(m2) relevant for high-energetic virtual photon exchange
Gu absorbs universal corrections into LO— NLO EW/LO reduced
Ar
W elay 7 0Zelu, = 0Zeloiy ~ 5
—mixed scheme: oo = a(GL)"a(0)""ALo for nyresolved photons
ONLO = OLO (1 + 5EW) Spx = 5]%‘\(,8) +nAr+... =0(«a)
— consistent schemes required at LO and NLO EW /

0
(in particular for reweighting of Monte Carlo samples) ag, or o(0)



Y-Induced contributions

* In particular In WWV there are sizeable Y-induced contributions
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EW schemes for Y-induced

[S. Kallweit, JIML, M. Schonherr, S. Pozzorini,’ [ 7]

* external photon in hard process = &(0) ¢

0%

* PDF renormalisation at O(&) yields for each initial state photon: 5z, ppp = T [_ +In (@)]
T ILLF

* This collinear singularity has to be cancelled by renormalisation of
photon wave function and EM coupling: 5z .. = o 467 un
’ o

no fermion mass singularities
_0 4+ in on-shell schemel

light

| da(0)
oslight | a(0)

+ 0244

in X(0)-scheme: 9%

N &(mZ)-scheme: 67, vire|yy, g = =(172,,(0) — 17, (M3))

o Ce K 5 9 mfc 5
In | - = N, In| —5 =
27%[6 " (M2>+3] SFfEZF C’fo[II(M% +3

from dispersion relations

- 5Zv,virt’MZ,hght +0Z,,poF free from manifest 1/ singularities

— couplings of initial-state photons and unresolved final-state photons should be parametrised in terms
of &(mZ) or any other short-distance scheme, e.g. GU / MS

[see also: Harland-Lang etal, | 605.04935]
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* There are subtle differences in implementation of these schemes in

Validation

particular in the context of CMS (complex mass scheme).
— Have been studied for ZZ in the context of [LH I/, 1803.0/977]
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—very convincing agreement between automated tools



Conclusions

* scheme of choice: GM or &x(mZ) for hard processes and initial state photons combined with
x(0) for resolved final state photons

* This is the default scheme implemented for NLO EW in
Sherpa+Openloops, MATRIX+Openloops, Sherpa+Recola, MoCaNLO+Recola

* Questions/Comments:
* Best scheme for W/Z polarizations!
* EW scheme uncertainties at NLO have not been studied in VV. Necessary!

* See also: "Dictionary for electroweak corrections” by S. Dittmaier in [LH2013,1405.1067]



