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Why electroweak corrections?

» LHC precision measurements in the EW sector can validate the SM and get sensitivity to new

physics

- EW corrections are not always at (sub)percent level

Radiative return of photon radiation in NC DY
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Sudakov logarithms in NC DY
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Why input parameter schemes?

* intrinsic theoretical uncertainties (size of radiative corrections at fixed order, convergence of
the perturbative series)

. via choice of parameters

» direct determination of parameters in template fits

—— Running of sin?6, in the MS scheme
® sin?6)5(my), PDG (2022)
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The neutral-current Drell Yan

large cross section and clean experimental signature

precision tests of EW SM at high energy
— determination e.g. sin” 6,
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The Drell-Yan process

More recent theoretical progress includes

. inclusive N°LO QCD calculations
« resummation of large logs in QCD and QED and multi-photon emission

« mixed QCDxQED corrections
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POHWEG implementation of neutral-current Drell Yan

Z_ew-BMNNPV package of POWHEG-BOX-V2 svn 4067
NLO QCD + NLO EW + matching to QED and QCD PS
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here EW NLO + leading universal fermionic h.o. corrections related to Aa, Ap

iInput parameter and renormalization schemes comparison at the Z peak and
INn the high energy region
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Electroweak input schemes

Higgs and fermion masses + 3 other independent parameters

1. (ao/(x(Mg)/G , My,, M ,): commonly used at the LHC
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Scheme comparison 50-200 GeV
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Scheme comparison 50-200 GeV

Cross section at LO
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Scheme comparison 50-200 GeV

Cross section at NLO
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Scheme comparison 50-200 GeV

Cross section
at NLO+ho
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Comparison with LEP1 theory predictions

e q

e" q
LHC: hadronic machine LEP: leptonic machine at \/E ~ M,
Determine Seszin Collins-Soper frame Extract ngf from pseudo-observables

with template fit
MC codes: all schemes are “tuned

iIndependent input schemes realisations” of «, GM, M,

~ 107> agreement on x-section ~ 10™* agreement on I',, and x-section
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Comparison with LEP1 theory predictions

| o
Tuning to the reference scheme (o, Gﬂ, M) a(M) = 1 _OAa
(g, Sgp> M)
A0 Pefy> Mz
AF,, = AFD — Aa + Ap(l)
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N.B.: no subleading contributions O(a’M?
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top

Ap(X) — Ap(l’X) 4 Ap(z’X)

Bardin, Passarino, The standard model in the making, 1999

) included Degrassi Gambino, Vicini, Phys. Lett. B 393 2 (1996) 219-226
Degrassi, Gambino, Nucl.Phys.B 567 (2000)
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Results of tuning: Z¢ £ width

Bardin et al., CERN 95-03, 1995

Observable Exp. Theor. Predictions | Average
BHM 83.919:+0-020
83.9301 0053 LEPTOP
[y (MeV) | 83.96 % 0.3 83.931707013 83.933
83.94310:05; [HOH)

F 8394170018

Agreement within 10~
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Results of tuning: cross section and Ay,
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. . s [T
Comparison at higher energy
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Scheme comparison at higher energy
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Cross section
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Sudakov approx

True NLO - approx. ~ 5 %
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Conclusions

« Electroweak corrections are relevant at the LHC and measurements in the EW sector
represent a fundamental test of the Standard Model

» The choice of an EW input parameter and renormalization scheme is important for the
quantification of theoretical uncertainties and for SM parameter determinations

Updated version of Z_ew-BMNNPV which includes input schemes suitable for direct
determination of weak mixing angle in both on-shell and M\S scheme

— Amoroso et al., Phys. Lett. B 844 138103, 2023
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BacK-up




Tuning and implementation of higher orders

In tuned schemes, higher orders in Born Improved Approximation with a(M%) and Sesz
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Tuning and implementation of higher orders

In tuned schemes, higher orders in Born Improved Approximation with a(M%) and Sesz

(@ Gﬂ, My)
5 1 1 71101 (1 + AF| )
SW,NLO+HO — & — — Il
2Vt V2GMp
(a()a MWa MZ)
2 2

~ Cu Cy T g8 08, 08
S NLo+HO = S | 1A ZAP(X) I == ApY) > == > ( - R)

Sy Sy Siw 2 (81 — 8r) 8L SR

(o, Se%vf, M) already ok

C. Del Pio HP2 2024

22



[ | [ | [ |
Parametric uncertainties
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Resonance treatment

Complex-mass scheme

Denner, Dittmaier, Roth, Wackeroth, Nucl. Phys. B 560 no. 1-3, 33-65, 1999
Denner, Dittmaier, Roth, Wieders, Nucl. Phys. B 724 no. 1-2, 247-294, 2005
Denner, Dittmaier, Nucl. Phys. B - Proceedings Supplements 160, 22-26, 2006

Pole scheme

Stuart, Phys. Lett. B 262 no. 1, 113-119, 1991 - Sirlin, Phys. Lett. B 267 no. 2, 240-242, 1991
Gambino, Grassi, Phys. Rev. D 62 no. 7, 2000 - Grassi, Kniehl, Sirlin, Phys. Rev. D 65 no. 8, 2002
Stuart, Phys. Rev. Lett. 70, 3193-3196, 1993 - Dittmaier, Huber, JHEP 2010 no. 1, 2010)

R(u? R(p?) — RIM3 .
P-— Hp P _MIZ’

Factorization scheme

Argyres et al., Phys. Lett. B 358 no. 3-4, 339-346, 1995
Kurihara, Perret-Gallix, Shimizu, Phys. Lett. B 349 no. 3, 367-374, 1995
S. Dittmaier and M. Kramer, Phys. Rev. D 65 no. 7, 2002

2 M2

P — Mp
fP(Pz) = 5
P~ — Hp
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