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This talk

- Recent results from Eur. Phys. J. C 84 (2024) 5, 539

most recent report on Z_ew-BMNNPV with comparison of different input schemes

- Results including NLO QCD
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Main features of POWHEG Z ew-BMNNPV

Possibility to select among different EW input and renormalization schemes:

(o / a(M%) /G, My, My) (a, G, My)

(a() / a(Mg) / G//p Sesza MZ) (a(//tz)a Sy%(luz)a MZ)

Different options for resonance treatment: complex-mass scheme, pole scheme,
factorization scheme

Results for weak corrections are presented in the Z-peak region and high energy
region (Sudakov regime)
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Comparison among input schemes
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Tuning (LEP inspired) |

Tuning from reference scheme («, Gﬂ, M)
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Tuning (LEP inspired) Il

Higher orders in Born Improved Approximation with a(M%) and Sesz
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Results of tuning
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0.0008 ' '

Resonance treatment
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Sudakov regime

Channel with d-quarks only: no PDFs dependence
— Nno large unphysical distortions at high energies
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Sudakov regime
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Sudakov regime

True NLO - approx. ~ 5 %
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NLO QCD effects



Code inputs and definitions

Parameter Value
EW scheme: (a, M, MW) Q 7.297353 - 1073
G, 1.166389 - 10~
CMS scheme Mz 01.1876
_ [ -~ 2.4952
. /s =8TeV My 80.385
Mw 2.085
PDF. MSTW2008nlo63cl (LHA 21100) My 125
Me 0.51099907 - 103
factorisation scheme: M$ m, 0.1056583
= b = My o
m; 173
Parameter | Value |- Automatically translated to
my, 0.06983 | pole values
mqy 0.06984
ms 0.15
m 1.2

Update on NLO QED results from POWHEG | C.Del Pio 13



QED corrections

Ay =8/3AFB From last General Meeting
July 2024
Code: 89 < M,z[GeV] < 93 [ 60 < Mz[GeV] < 81 | 81 < Mz[GeV] < 101 | 101 < M,;[GeV] < 150
8/3 - [Arg (NLO QEDISR) — Afg (LO)]/10~*
MCSANC 02{3) Aes { 2 _5(%) e CO)/ 0.2(3) 5(2) Overall agreement of the codes
WZGRAD2 0.2(5) —5(3) 0.3(5) 6(4)
KKMC-hh —1.0(6) 0(1) —0.5(5) —8(2)
KKMC-hh (NISR) ~1(2) 0(4) 0(1) 6(8)
RADY (CMS) 0.16(4) —4.05(3) 0.12(3) 4.90(3)
A. Huss 0.17(1) —4.07(1) 0.11(1) 4.94(4)
POWHEG., 0.1(1) —4.0(4) 0.1(1) 4.5(7)
8/3 - [Ars (NLO QEDIFI) — Afrg (LO)]/10~%

MCSANC —2.8(5) —34(2) —4.0(4) —60(3)
WZGRAD2 ~1.1(5) —37(3) —2.3(5) —51(4)
KKMC-hh —3.8(6) —25(1) —2.1(1) —53(1)
KKMC-hh (NISR) —3.1(6) —17(1) —3.2(5) —60(3)

RADY (CMS) —1.5(1) —33.6(4) —2.49(7) —59.5(1)

A. Huss —1.42(6) —33.9(6) —2.57(7) —58.7(3)

we = My, ~1.2(3) —62(1) —2.5(4) —59(2)
POWHEG.., | _ M,; —1.3(6) —34(2) —2.6(7) —59(3)

@ POWHEG.,, n F (1) = My, for real rad calculated with underlying Born momenta

Q POWHEG. u1fr(2) = M;, for real rad calculated with radiative event momenta

@ differences between F (1) and (2) expected to decrease when including also QCD corrections

F. Piccinini (INFN Pavia)

QED/EW subgroup

11 July 2024  25/31

Update on NLO QED results from POWHEG

| C.DelPio
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QED corrections

As = 4(cos 9)
Code: 89 < M,;;[GeV] < 93 | 60 < M,;[GeV] < 81 | 81 < M,[GeV] < 101 | 101 < M,;[GeV] < 150
[A4 (NLOQEDISR) — A4 (LO)]/10~*
RADY (CMS) 0.15(3) —4.05(3) 0.10(2) 4.89(2)
A. Huss 0.16(1) —4.07(1) 0.11(1) 4.87(2)
POWHEG.,, 0.07(9) —4.0(3) 0.10(7) 4.8(4)
[A4s (NLOQEDIFI) — A4(LO)]/10~%
RADY (CMS) —1.7(1) —42.3(4) —2.97(6) —71.6(2)
A. Huss —1.68(6) —42.4(6) —3.05(8) —71.2(3)
we = My —1.5(5) ~70(1) —3.0(4) ~71(3)
POWHEG.. LF = lZ —1.5(5) —43(1) —3.0(4) —~71(3)

F. Piccinini (INFN Pavia)

QED/EW subgroup

POWHEGe,, 1 (1) = My, for real rad calculated with underlying Born momenta

POWHEG.,, pfr(2) = M, for real rad calculated with radiative event momenta

differences between u (1) and (2) expected to decrease when including also QCD corrections

at low and high M, virtual QED boxes and I-F real radiation interference break factorization assumption for angular coefficients
and the LO equality between the two A, def’s

11 July 2024

26/31

From last General Meeting

July 2024

Update on NLO QED results from POWHEG

Overall agreement of the codes

| C.DelPio
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NLO QED and QCD corrections - how to combine them?

1: additive method

OOED+QCD = ONLOQCD T ONLOQED — 0L0 = 0Lo (1 + 0ocp + Oopp)

NLOQED NLOQCD LO
A QED+QCD _ (GF - GB) + (UF o UB) Il (UF — 53)
FB - NLOQED NLOQCD LO
(UF + GB) + <GF + GB) — (UF ~+ UB)
Equivalent at NLO
2: factorized method difference due to O(aa,) terms

00ED+QCD = 0Lo (1 + 0ocp) (1 + 0gEp)

A PP to be computed bin-by-bin from do/d cos € - has more complicated expression

starting point: dogep+Qcp  4ONLOQCD (dUNLOQED / doy o )

dcos@ - dcos@ dcosd dcos@
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QED and QCD corrections

Hr = Up = My; A, =8/3-App
89 —93GeV | 60 —81GeV | 81 — 101 GeV | 101 — 150 GeV
8/3 - Arg(LO)
0.12414(1) | —0.54107(2) | 0.119512(8) | 0.60292(4)

8/3- [AFB(NLOQCD) = AFB(LO)]/10_2

Numbers obtained with additive method

—0.38(4) 2.10(2) —0.36(3) —1.86(3) QED : [App (NLO QED) — Ay (LO)]/1072
8/3 - [Ars(NLOQCD + QED) — Afg(LO)]/1072
—0.067(9) | 27.24(1) —0.152(6) —1.79(4) NLOQCD + QED : [Apz (NLO QCD + QED) — Apz (NLO QCD)]/1072
89 < M,;[GeV] < 93 | 60 < M,;[GeV] < 81 | 81 < M,;{GeV] < 101 | 101 < M;[GeV] < 150
QED 0.423(2) 28.296(3) 0.262(2) 0.27(1)
NLO QCD + QED 0.32(1) 25.14(3) 0.209(9) 0.07(5)
QED FSR 0.439(2) 28.604(7) 0.289(1) 0.87(1)
NLO QCD + QED FSR 0.33(1) 25.42(3) 0.231(9) 0.58(5)
QED ISR 0.001(1) —0.040(4) 0.001(1) 0.045(6)
NLO QCD + QED ISR 0.002(8) —0.04(2) 0.002(7) 0.05(3)
QED IFI —0.013(6) —0.34(2) —0.026(7) —0.59(3)
NLO QCD + QED IFI —0.01(1) —0.30(4) —0.02(1) —0.52(5)

C.Del Pio 17



QED and QCD corrections

Ay =4<cosl >

Hr = P = Mz

89 — 93 GeV

60 — 81 GeV

81 — 101 GeV

101 — 150 GeV

As =4 < cosf > (LO)

0.031034(1) | —0.135266(3) | 0.029878(1) | 0.150727(2)
[A4(NLOQCD) — A4(LO)]/1072
—0.384(4) 2.1(1) —0.363(3) —1.89(1) QED : [A, (NLO QED) — A, (LO)]/1072
[A4(NLOQCD + QED) — A4(LO)]/1072
—0.071(7) | 27.154(6) —0.160(5) —1.94(3) NLOQCD + QED : [A, (NLO QCD + QED) — A, (NLO QCD)]/1072
89 < M,;[GeV] < 93 | 60 < M,7{GeV] < 81 | 81 < My[GeV] < 101 | 101 < M,;[GeV] < 150
QED 0.420(2) 28.196(3) 0.256(1) 0.131(8)
NLO QCD + QED 0.313(9) 25.05(1) 0.203(7) —0.05(4)
QED FSR 0.438(1) 28.553(6) 0.288(1) 0.862(9)
NLO QCD + QED FSR 0.327(9) 25.37(2) 0.229(7) 0.57(4)
QED ISR 0.0007(9) —0.040(3) 0.0010(7) 0.048(4)
NLO QCD + QED ISR 0.002(6) —0.04(1) 0.002(4) 0.05(3)
QED IFI —0.015(5) —0.43(1) —0.030(4) —0.72(3)
NLO QCD + QED IFI —0.013(9) —0.37(2) —0.026(7) —0.62(5)

Numbers obtained with additive method
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Scale variations at NLO QCD

Cross section
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Scale variations at NLO QCD+QED
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LO p=2My —
Cross section 01 L™ N T Lo p= g2 == | 0.1 Cross section
factorised method additive method
005 [ o T i 0.05
T ° '
< B e e . o
S 05 'r,rnn”“"’"ldj S _0.05
Hp. QED corrections ' _.-=~ S '\
do notdepend on p, ;[ A This bulk is due. to
0.03 0.06 NLO QED corrections:
_, multi-photon emission
0.02 j | ;
o would reduce the
_ 001 002 effect
| |
il S
S oo ) o002l NN SN AN WU T— — .
SN RS . M — —— — | Bl = T
- I e !
—0.03 | | | | | | = | | | | | |
60 80 100 120 140 160 180 200 60 80 100 120 140 160 180 200

Mll [GGV]

Mll [GGV]
C.Del Pio 20



Summary and roadmap

Systematic study of different renormalization and input parameter schemes, as well as tuned
realisations of some schemes, can be useful in our discussion on theoretical uncertainties

Comparison of different schemes at high energy and effects of the Sudakov approximation
for NC DY

NLO QCD corrections with POWHEG and their combination with QED effects studied for A,
and A together with preliminary exploration of scale variations

To be done:

plots for asymmetry with QCD+QED combination (higher stat will probably be needed)

quantification of the impact of using pr = M,z or up = M&z}, at NLO QCD+QED to follow-up
previous discussions
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