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Diboson precision measurements at the LHC

Diboson Cross Section Measurements
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Importance of higher-order calculations
(example WZ)

[Grazzini, Kallweit, Rathlev, MWV '| 6]
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—> NINLO crucial for accurate description of data
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VV production: Which processes!
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VV production: What is state of the art!

fixed order resummation shower matching
NNLO QCD for gg — VV NSLL in diboson pr NNLO+PS in QCD
forgg —> VV
NLO EW for gg — VV NNLL in jet pt/ jet veto
NLO+PS in EW for gg — VV
NLO QCD for gg — VV NNLL in double resummation
(loop induced) of diboson prt & jet pt/ jet veto NLO+PS in QCD for

gg — VV (loop induced)

other/new developments: Higgs interference effects in gg — VV at NLO QCD (yy, Zy, ZZ)

inclusion of top-mass effects at 2-loop level (yy, Z7)

NNLO QCD for yy + jet
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VV production: What is state of the art!

fixed order resummation shower matching
NNLO QCD for gg —» VV NSLL in diboson pr NNLO+PS in QCD
forgg —> VV
NLO EW for gg — VV NNLL in jet pt/ jet veto
NLO+PS in EW for gg — VV
NLO QCD for gg = VV NNLL in double resummation
(loop induced) of diboson prt & jet pt/ jet veto NLO+PS in QCD for

gg — VV (loop induced)

other/new developments: Higgs interference effects in gg — VV at NLO QCD (yy, Zy, ZZ)

inclusion of top-mass effects at 2-loop level (yy, Z7)

NNLO QCD for yy + jet
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NLO QCD
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NNLO QCD
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nNNLO QCD
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Example: pp = 202v (WW)

X gg NLO QCD X

ZZ, WW,WZ ZZ = [Grazzini, Kallweit, MW, Yook 'l 8] 7ZZ. WW.WZ
=> [various calculations within MATRIX] WW = [Grazzini, Kallweit, MW, Yook "20] —> [Grazzini, Kallweit, Lindert, Pozzorini, MW '| 9]
do/dy, [pb/GeV] W'W @LHC 13 TeV (ATLAS data) 10 do/dp; w- [pb/GeV] W*W @LHC 13 TeV do/dp,, [pb/GeV] W'W@LHGC 13 TeV (ATLAS data)
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Public fixed-order codes

MATRIX

MCFM

\\

Version: 2.1.0.betal Mar 2022
Reference: arXiv:1711.06631

Munich -- the MUlti-chaNnel Integrator at swiss (CH) precision --
Automates qT-subtraction and Resummation to Integrate X-sections

. Grazzini (grazzini@physik.uzh.ch)
. Kallweit (stefan.kallweit@cern.ch)
. Wiesemann (marius.wiesemann@cern.ch)

MATRIX 1is based on a number of different computations and tools
from various people and groups. Please acknowledge their efforts
by citing the references in CITATIONS.bib created with every run.

—> automated NNLO QCD framework

—> based on qr subtraction

— all VV processes at NNLO QCD

—> NLO EW for all massive VV processes

—> NLO QCD for loop-induced gluon-fusion channel

Mll"'..dS'l' CENTER FOh _*QUEMENT
MARTIAL ARTS

1 Overview of MCFM MCFM 10.3

2 Installation and directories

3 New features in version 10.3

John Campbell (johnmc@fnal.gov)
R. Keith Ellis (keith.ellis@durham.ac.uk)
5 Configuration Ciaran Williams (ciaranwi@buffalo.edu)
6 Input file configuration Tobias Neumann (tneumann@bnl.gov)

4 Process list

7 Histograms . . L.
MCFM is a parton-level Monte Carlo program that gives predictions for a

wide range of processes at hadron colliders. Almost all processes are

9 CuTe-MCFM available at NLO, but some processes are also available at NNLO

or N3LO in QCD. The calculation of some processes can also account for
NLO electroweak effects. Transverse momentum and jet veto resummation
is available for the production of color singlet final states.

12 C++ matrix element interface Please look at the list of available processes.

13 Notes on specific processes This document is available as a series of webpages and as a pdf file.
Download and installation instructions are in Section 1.

8 NNLO using non-local subtraction

10 Jet-vetoed cross sections

11 Z production at N°LO and N“LL

14 New features in MCFM-10

15 New features in MCFM-9 January 30, 2023
16 Versions prior to MCFM-9

Bibliography

- extensive NLO QCD process library
— all VV processes now included at NNLO QCD
—> based on N-jettiness & qr subtraction
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VV production: What is state of the art!?

fixed order

resummation

NNLO QCD for gg — VV
NLO EW for gg — VV

NLO QCD for gg — VV
(loop induced)

NSLL in diboson pt
NNLL in jet pt/ jet veto

NNLL in double resummation
of diboson pt & jet p1/ jet veto

shower matching

other/new developments:

NNLO+PS in QCD
forgg — VV

NLO+PS in EW for gg — VV

NLO+PS in QCD for
gg — VV (loop induced)

Higgs interference effects in gg — VV at NLO QCD (yy, Zy, Z7)

inclusion of top-mass effects at 2-loop level (yy, Z7)

NNLO QCD for yy + jet
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Examples: Zy & YY p1 spectrum at NNLO+N3LL

MATRIX+RADISH !EiITe-MﬁFM
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VV production: What is state of the art!?

fixed order

resummation

NNLO QCD for gg — VV
NLO EW for gg — VV

NLO QCD for gg — VV
(loop induced)

NSLL in diboson pt
NNLL in jet pt/ jet veto

NNLL in double resummation
of diboson pt & jet p1/ jet veto

shower matching

other/new developments:

NNLO+PS in QCD
forgg — VV

NLO+PS in EW for gg —» VV

NLO+PS in QCD for
gg — VV (loop induced)

Higgs interference effects in gg — VV at NLO QCD (yy, Zy, Z7)

inclusion of top-mass effects at 2-loop level (yy, Z7)

NNLO QCD for yy + jet
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NNLO+PS methods
NNLOPS: MINLO+reweighting Geneva

[Hamilton, Nason, Oleari, Zanderighi 'l12, + Re '13], [Karlberg, Re, Zanderighi '14] [Alioli, Bauer, Berggren, Tackmann,Walsh '| 5 + Zuberi 'l 3]

+ LL accuracy (+ simple NLL terms) from PS + LL accuracy from PS (at most! no NNLL nonesense!)
+ no new unphysical scale (1.e. physically sound) + slicing cutoff (missing power corrections)

+ numerically very intensive + numerical cancellations In slicing parameter

+ applied beyond 2— | processes + applied beyond 2— | processes

MINNLOps UNNLOPS

[Monni, Nason, Re, MW, Zanderighi '19], [Monni, Re, MW '20] [Hoche, Prestel '14 ' 5]

+ LL accuracy (+ simple NLL terms) from PS + extension of UNLOPS merging of event samples
+ no new unphysical scale (l.e. physically sound) + two-loop corrections entirely in 0-jet bin

+ numerically efficient + only applied to 2— | processes
+ applied beyond 2— | and even beyond colour singlet

there was also some progress on NNLO+PS for sector showers [Campbell, Hoche, Li, Preuss, Slands 2]
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NNLO+PS timeline

MiNNLOps H Zy yy
a a a 5 g Z W WW WZ

UNNLOPS  H Z

L H H—>bb HH
Geneva V4 WH H—> 88 H

“J/ZZW;/
7 .

NNLOPS | H o WH  ZH H—>bb

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
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NNLO+PS timeline

VV processes

MINNLOps
UNNLOPS H /
Geneva /

W

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
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MiINNLOps: diboson processes

[Lombardi, MWV, Zanderighi 20 21]

[Lombardi, MWV, Zanderighi 2]

‘Buonocore, Koole, Lombardi, Rottoli, MWV, Zanderighi 21]
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also yy production [Gavardi, Oleari, Re '22]

and VH with H = bb in SM [Zanoli, Chiesa, Re, MW, Zanderighi *21] and in SMEFT [Haisch, MW, Zanderighi, Zanoli’22]
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MiNNLOps: W=Z production (NNLOoco+PS & NLOgw+PS)

[Lindert, Lombardi, MWV, Zanderighi, Zanoli ’22]

additive schemes:

1. NNLOGE PS4 gNLOga D)

2. NNLOGE "Y1 gNLOw s
3. NLOp® > FPIrs 4 sNNLOGE, ™

multiplicative schemes:

1. NNLOGsy PP 5 K-NLOpg D@

5. NNLOGhn ¥ x K-NLOgg Fs
6. NLOpw ¥ x K-NNLOG s, '

Marius

Wiese
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MiNNLOps: W=Z production (NNLOoco+PS & NLOgw+PS)

[Lindert, Lombardi, MWV, Zanderighi, Zanoli ’22]
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MiNNLOps: W—Z productlon (NNLOQCD+PS & NLOgw+PS)

MA'A aNdeE

do/dy- [fb
25 ¢ o yZ[ ] ¢

new development:

] ppoete j +X, vs=13TeV: LHE level
{ no pr cuts, My >60GeV

+ v, @LHC 13 TeV

20 _ ............... .................. - [Lombardi, Pelliccioli, MWV, Zanderighi, Zanoli 'in progress] 7 O I S ——— 4
sb | A N S }
10 ‘ """""""" === NN . . ;:101: ------
Y M1NNL()I?SCDXEW => simultaneous s - |
T . oo,
b ..l NNLO@cp*+*NLOgw+PS event generation | =~
1 1 dO/dGNNLOQSBQED e MiNLo'Zzz+EW — MiNNLOZEEJrEW
| mcluswe setup | Xecowew / Xoo 0 wino' | B :
toep 4 accuracy. |
=
o9sf QCD: NNLO 0-jet, NLO I-jet, LO 2-jet ..
0.9 bt : :
. do/donnLoges = 2. EW: NLO O-]et & | -jet Lol |
tosf o1
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MiNNLOps generators publicin POWHEG BOX

| MiNNLOps for 2 — 1 processes (H, 2, W) in POWHEG-BOX-V?2 |

The POWHEG BOX
072722 ason, Ie, an 67’Zg l 072722 €, s‘
M N R MW a’ /z ’]9 M R MW’2O
g EW(‘ Top-quark pazr genemtm
Project
rOIEe ‘Ali’ h [M azzitelll, Monni, Nason, Re, MW, Zandmg/zz 20 '21)
The POWHEG BOX is a general computer — R - o . - - . ,
framework for implementing NLO calculations
in shower Monte Carlo programs according to M ZNNLO PS /zas been extena’ed to 2 - 2 mlo ur- Sznglet pmcesses
the POWHEG method. It is also a library, where
previously included processes are made available Zn P 0 WH E G B OX— R E S
to the users. It can be interfaced with all modern ) ~
shower Monte Carlo programs that support the _— ¢ | |

Les Houches Interface for User Generated
Processes.

’)NEW‘ Zy genemz‘()r (bozf/z Z — z,”+z,” cma’Z — v + aTGC @NNLO)

)A‘,_/( [Lombardy, MW, Zanderight °20, °21]
Index: o J. ¢
J
* Available NLO+PS processes )/ NEW‘( WWw generalor [Lombardi, MW, anderighy °21]
e NNLOps using MiNNLOps N’
— Co : : _
* Proper references g EW(‘ ZZ generator with incoherent combination of qq and gg channels
+ Downloads 3 N2" X [Buonocre, Koole, Lombardi, Rottoli, MW, Zanderighi °21]
e Version 2 ,,J(
J
e Version RES )’NEW‘( YY generator ( L.b.a. ) [Gavardr, Oleart, Re °22]
a_r
e Bugs — : :
 Licence ’)NEW(‘ VH generator interfaced with H—bb decay and SMEFT effects (1.b.a.)

ou ,‘ [Lanoly, Chiesa, Re, MW, Landeright 21, [Haisch, Scott, MW, Landeright, anoli 22]

o
)NEW( « WZ generator for NNLOgcp+PS and NLOpw+PS (t.b.a.)
>

or click here: https://powhegbox.mib.infn.it/#MiNNLOps = _ , [Lindert, Lombardr, MW, anderighi, Lanolv "to appear]

e Contributing Authors



https://powhegbox.mib.infn.it/#MiNNLOps

VV production: What is state of the art!?

fixed order

resummation

NNLO QCD for gg — VV
NLO EW for gg — VV

NLO QCD for gg — VV
(loop induced)

NSLL in diboson pt
NNLL in jet pt/ jet veto

NNLL in double resummation
of diboson pt & jet p1/ jet veto

shower matching

other/new developments:

NNLO+PS in QCD
forgg — VV

NLO+PS in EW for gg — VV

NLO+PS in QCD for
gg — VV (loop induced)

Higgs interference effects in gg — V'V at NLO QCD (yy, Zy, ZZ)

inclusion of top-mass effects at 2-loop level (yy, ZZ)

NNLO QCD for yy + jet
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Higgs interference » — yy@NNLO QCD

- V [Becchetti, Bonciani, Cieri, Coro, Ripani '23]
> N “ " 27NNLO

v
g g V

® 00— /7 92 > WW@NLOQCD

Y

»

f—
o
o

NNLO(nf=8) -

[Caola, Dowling, Melnikov, Rontsch, Tancredi ’ | 6], [Grazzini, Kallweit MW, Yook 21] E 10~ ]

N
® g8 — vy @NNLOgy QCD 2 -
[Bargiela, Buccioni, Caola, Devoto, von Manteuffel, Tancredi ’22] 10—4 _

do/dM

& g9 — Z}/@ NLOSV QCD Vs=13 TeV

[Buccioni, Devoto, Djouadi, Ellis, Quevillon, Tancredi 23] Pp->77+X

025 S pr o ' | ]
| | [LOg;e] foosee

{;:0,::0.\‘ [NLO Si g] X
02 B [LOpy] x10 ¢
[NLOsvp,] x10

r.oov5fF b

1.0030

dc/dmzY [fb/MeV]

1.0025

R

RIS
XXM X XN,
4 QRN
& KX >
Tl ¢ ULLRIELHR S
XX LRGINKS LKL X SR .
85 N S
o5 % XS O N 9%
KRR o &S > \%0%0; ~
I K s’ 28 A S R0 Yol TR 200 e e Rt _
. P P o LIRS NREIKRIRX
SERIRRE AKX RIS RIIMELIRE
TS » %% X L o
SIS > & &
s e
e i
pIERX

0.9975

SR,
X T
% VT

NNLO(nf=6) /NNLO(nf=5)

0.9950

. .
ARG P’
A RS T e,
RIS BT X KKK E KK
et XX i _.:;‘ozv

005 |

| | | | | | . Myy (GeV)

Marius Wiesemann (MPP Munich) Status of vector-boson pair production at the LHC January 17, 2024

o) 500 1000 1500 2000



do /dpr(v7) [pb/GeV]

ratio to NLO

NNLO QCD for diphoton + jet

[Chawdhry,a Czakon, Mitov, Poncelet "21]

LHC 13 TeV PDF: NNPDF31
Scale: pr = pp = mr(y7y)/2

o LHC 13 TeV PDE: NNPDE31| = o=
Scale: up = pup = mr(vy)/2 O -
I
s [0 .&.
10_3_; mmmm N O /F\\
= <
10~* S 02g T O
3 10 mmmm N0
. o m—— NNLO
T T T I I ' ' 'U I
1.3
1.2 -
1.0
0.8 - 1.0
0.6 _f -

ratio to NLO

&
S
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pr(vy) |GeV]
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Common technical features with triboson processes

® triboson processes: pp — yyy @NNLO
vyy, Lyy, Wyy, ZLy, WWy, W2y, ZZL, WWW, ZZLW, WWZ

q —» Y
\4
% subtraction for colour-singlet production fully understood & { 7
automated within MATRIX ] — ol
100 do/dmm [fb/GeV] pp*xxx@ LHC 8 TeV (ATLAS data)
% only missing ingredient: 2-loop amplitudes ST — NNLO
—> very complicated ! (ﬁve-point functions with external maSSGS) 101 ,,,,,,,,,,,,,,,,,,, e o _E
E I _ I __- g
q > V : ”””””” { ”””””” : §
1072 v ‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ............... }.35
V [Kallweit, Sotnikov, MW "20] é ig”
_ do/doyn o
] — |4 wEL T T I I __
250 1 1 s
—> known for yyy,feasible for Zyy & Wyy (one external mass), éLT
but needs significant progress for the other processes
on the 2-loop side (two and even three external masses) B el i
m,.. [GeV]

NLO QCD & NLO EW exists [MG5 aMC@NLO, Sherpa], [Schénherr etal.’ 17’18 °19]  <ee also: [Chawdhry, Czakon, Mitov, Poncelet '19]
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Combined interpretation of VV, VH and HH
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Combined interpretation of VV, VH and HH

—> SMEFT !

Marius

Wiesemann (MPP Munich) Status of vector-boson pair production at the LHC January 17,2024

34



Combined interpretation of VV, VH and HH

—> SMEFT !

% many implementations: automated at LO QCD and NLO QCD, dedicated ones at NNLO QCD

—> too many to cover here... 1ot dordmgp [f/GeV]  ppZh—erebb, 5 = 13 TeV
=TT T T T T T E

_ L Ty T weme0

® first NNLO+PS in SMEFT: pp — VH production & H — bb decay e T I

[Gauld, Haisch, Schnell °23] [Haisch, Scott, MW, Zanderighi, Zanoli '22] 103

% important at higher orders: consistent input scheme, with input scaleand 1©*¢
RGE running of SMEFT operators S i s i T R
see for instance [Battaglia, Grazzini, Spira, MWV, "21] 15

do/dogpm

% recently NLL RGE running automated within MG5_aMC@NLO

[Aoude, Maltoni, Mattelaer, Severi,Vryonidou 23] | ” : _y "

| | | | | | | I
80 100 120 140 160 180 200
Mpb [GeV]
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Summary

fixed order: NNLO QCD, NLO EW and gg NLO QCD for all VV processes
(public in MATRIX, NNLO QCD also in MCFM)

resummation (MATRIX & MCFM); NNLO+PS QCD (MiNNLOps & Geneva); NLO+PS EW

new developments: Higgs interference at NLO QCD; top-mass effects in diphoton;
diphoton+jet at NNLO QCD

Outlook

feasible (all ingredients available): gg — yy at NNLO QCD; gg — yy at N3LO QCD
top-mass effects in massive diboson processes

Sophisticated inclusion of NLO EW corrections in NNLO+PS predictions

SMEFT effects at NNLO+PS
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Summary

fixed order: NNLO QCD, NLO EW and gg NLO QCD for all VV processes
(public in MATRIX, NNLO QCD also in MCFM)

resummation (MATRIX & MCFM); NNLO+PS QCD (MiNNLOps & Geneva); NLO+PS EW

new developments: Higgs interference at NLO QCD; top-mass effects in diphoton;
diphoton+jet at NNLO QCD

Outlook

feasible (all ingredients available): gg — yy at NNLO QCD; gg — yy at N3LO QCD
top-mass effects in massive diboson processes

Sophisticated inclusion of NLO EW corrections in NNLO+PS predictions

SMEFT effects at NNLO+PS
Stay tuned!
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Comparison to high-precision Drell-Yan data
[CMS 22 - arXiv:2205.04897]

MG5 aMC MiNNLOps Geneva-r, Geneva-p~

[Alwall et al."[4] [Monni, Nason, Re, MWV, Zanderighi 'l 9], [Alioli et al.'13 'l 5] [Alioli, Bauer, Broggio, Gavardi, Kallweit,
[Monni, Re, MW "20] Lim, Nagar, Napoletano, Rotolli "21]
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MiINNLOeps: Zy (£¢y) production

[Lombardi, MW, Zanderighi 20]

dO/anY [fb] pp— 270 y@LHC 13 TeV 20 dg/dpmY [fb/GeV] pp—>g+g y@ LHC 13 TeV
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MiINNLOeps: Zy (£¢y) production

[Lombardi, MW, Zanderighi 20]

pp— 270 y@LHC 13 TeV

dc/dmwY [fb/GeV]

— MINNLOps (PY8,part)
————— MINNLOps (PY8,had)

iNNLOPS (PY8,part)

0.9 —

m,,, [GeV]

5t :
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11E
1.05F
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__AS setup 2 — M|NNLOPS (PY8 part)
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—e— data
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MiNNLOps: Zy (vvy) production

[Lombardi, MW, Zanderighi 211 / (p? —
| F“ﬁ”(ql, G, D) = i(p my hlv<qétgaﬂ _ qzagﬂﬂ>_|_

ZyV
* presence of 1solated photon — theoretically challenging " hzv
AZ

* highly relevant as a probe for BSM (especially Z — vp)

 — S — |
r/ ) . ] ‘ |
Good agreement with experimental data from ATLAS 36.1fb-1 analysis! | |
@LHC 13 TeV 107 do/de i [fb/GeV] pp*vvv@LHC 13 TeV
—VV I o o L |
WOl oo g b (boen  pemwvelrosty | | T .\
: o MINNI : . — MlNNLOpS (PY8) \ 1006 R — e (h43=-5e-4, h%,4=0) |
B0 Pl E\/'T"EEE%Z?;PYS) ----- i ATLASdata | | — e (nZ3=+5e- 4. h2=0) ‘»
: { T \ TR R S S S (hZ5=-2.56-4, h%,=0) 1
0 F [ B B e —— (hZ3=+2.5¢- 42hz4_0) \
B R S S NS R 102 T (hz3--1e 4, h%,=0) |
| | | e (h? 3—+1e 4 hZ4=O) |
*********************************************** TR s
"""""""""""" B PPN S T T T s~~~ SO |
,,,,,,,,,,,,, —— | ATLAS setup (N* ) |
I | | | Lol | | | i i ' ' ' ' |
| ‘ _
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" - s SR I
e 1
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e e = e =
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[Lombardi, MWV, Zanderighi 21]

+ largest cross section of massive VV processes
+ no full event reconstruction due to neutrinos

+ |et-veto requirement to
suppress top backgrounds

* remove diagrams with external b's

* not finite for massless b's => 4FS

(top-free 5FS in good agreement)
[Grazzini, Kallweit, Pozzorini, Rathlev, MW '17]

s,?uttmg

+ important Higgs background SM
cou.plmg

+ direct access at LO to anomalous
triple gauge couplings

Massive VV production at (n)NNLO+PS

[Buonocore, Koole, Lombardi, Rottoll, MVV, Zanderighi 21]

+ smallest cross section of massive VYV, but very clean

+ relevant background for Higgs and BSM

NNLO+PS using MiNNLOps * N ‘ *

\ /

pp — f"'f Lﬂ()'l'f()_
Incoherent combmatzon — nNNLO 'I'PS

* also in [Alioli et al.’21] * also in [Alioli, Ferrario Ravasio, Lindert, Rontsch "2 1]
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MiINNLOps: WW (£ 'V") production

[Lombardi, MWV, Zanderighi 21]
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/7 (") production
Geneva: NNLO+PS MINNLOps: nNNLO+PS

[Alioli et al. 21] [Buonocore, Koole, Lombardi, Rottoli, MW, Zanderighi 21]
3 } CMS | | | | I | | | | I | | | | | | | | | | | | | | | | | | |
== nNNLO+PS (MINNLOpg) A
—— (GENEVA + PYTHIAS
— 10-2. HH CMS data
> : ; — 1072 |- -
D % - .
2 : < i i
— ) — - -
= f ~ i i
— - - -
s S0 3
aS = - -
5 - b i _
~ pp = 0000+ X T : i |
— VS =13TeV, 137fh L, : i
60 GeV < Mg+g—, Mg/+g/— < 120 GeV
el < 2.5, pre > {20,10,5,5} GeV -
| | | | I | | | | I | | | | I | | | | I | | | | I | | | |
1074 2
. + - .
o007 ] %_L ] } 2 1.0
< —0.11 ®
i~ ] * 0.8
—0.2- 0
0 50 100 150 200 250 300 s 0 50 100 150 200 250 300
PT, 4¢ [GGV] Pr,ac [GeV]
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MiNNLOps: nNNLO+PS (x EW) for ZZ (£££'¢")

[Buonocore, Koole, Lombardi, Rottoli, MWV, Zanderighi 21]

rr 1 1 r 11 1| 111 1. 11 1 1 [ 1 11T 1 [ T T T 1 10—2,,,,.,,,,.,,,,.,,,, .........................

== nNNLO+PS (MINNLOpg)

|§| CMS data

nNNLO+4PS (QED off) X K4 mw

IIiIIIIIIIII
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1000

v  ntNNLO+PS predictions in good agreement with CMS results, based on the al37fb1 131eV analysis ([arXiv:2009.01186])!
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MiNNLOps: nNNLO+PS (x EW) for ZZ (£££'¢")

[Buonocore, Koole, Lombardi, Rottoli, MWV, Zanderighi 21]

Ty rrrrygprrrorgr-rori ]_O_2 rrrryprrrryryrrrprrrrgprrrrrrrrryprrrrfrrrrrrrri
— 10-2 == nNNLO+PS (MINNLOpg) | == nNNLO-+PS (MINNLOpg) -
% |i| CMS data N |§| CMS data i
U I — ]
~ i > -
= : 8
N 1073 = -
N - > - -
~ — u N
3 ' 3 i ]
~ g i i
b 3 B 7
= 107® B 10 | E
N i 3 2 3
—~ ’ b - -
b ~ _ i
o ) ™ _ =
< | -
— L
-5 i \
U) 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 mlo L1 11 I L1 1 1 I L1 1 1 I L1 11 I L1 11 I L1 1 1 I L1 1 1 I L1 11 I L1 11
G i ]
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v  ntNNLO+PS predictions in good agreement with CMS results, based on the al37fb1 131eV analysis ([arXiv:2009.01186])!
v anclusion of W corrections (through fixed order NLO K factor) to describe tails of distributions

Marius Wiesemann (MPP Munich) Status of vector-boson pair production at the LHC January 17, 2024



MiINNLOps for 2—2 colour singlets

[Lombardi, MW, Zanderighi '20]
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MiINNLOps for 2—2 colour singlets

[Lombardi, MW, Zanderighi '20]
Z (
i— AL,

_ ¥
q——\ N\
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MiINNLOps for 2—2 colour singlets

[Lombardi, MW, Zanderighi '20]
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MiINNLOps for 2—2 colour singlets

[Lombardi, MW, Zanderighi '20]
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MiINNLOps for 2—2 colour singlets

[Lombardi, MW, Zanderighi '20]
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MiINNLOps for 2—2 colour singlets

[Lombardi, MW, Zanderighi '20]
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MiINNLOps for 2—2 colour singlets

[Lombardi, MWV, Zanderighi '21]
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MiINNLOps for 2—2 colour singlets

[Lombardi, MW, Zanderighi 2]
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o s1zeable NNLO corrections + improved accuracy
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MiINNLOps for 2—2 colour singlets

[Lombardi, MW, Zanderighi 2]
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o sizeable NNLO corrections + improved accuracy

* good agreement among NNLO predictions (differences induced by scale settings)
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MiINNLOps for 2—2 colour singlets

[Lombardi, MW, Zanderighi 2]
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MiINNLOps: WW (£v¢ V') production

[Lombardi, MWV, Zanderighi '21]
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