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Why Diboson production?

Standard Model Production Cross Section Measurements

Status: October 2023
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Modified from La,ug M. Wiesemann, 1st WG1 COMETA
meeting 2024

longitudinal transverse \\
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O(a3a4) O(a2a®) O(alae) O(a°a7)
META general meeting 2024

Dr. Z. Zinonos: Tests of the Standard Model of Particles. https://www.mpp.mpg.de/~zinonos/material/lecture10.pdf
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https://indico.cern.ch/event/1334055/contributions/5807455/attachments/2810085/4905122/talk-schwan.pdf
https://indico.cern.ch/event/1360356/contributions/5728499/attachments/2781781/4849569/Wiesemann_COMETA_2024.pdf

Unpolanized choss sections

Modified from talk M. Wiesemann, 1s:t WG1 COMETA meeting
2024 i BB
. H Zy v
MIiNNLOps 7 wp %) LO: O(ala®)
UNNLOPS QCD QCD QCD
EW EW
Geneva Z HH
: ; NLO: O(akat)’
WV C. Schwan, COMETA general meeting 2024 (yw+w+, zz)
NNLOPS ZH
)
------ 2018 2019 020 021 2022 2023 2024
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State-of-the-ant - Fixed onden

Les Houches wish list 2021 : fully leptonic decays

Process

State-of-the-art

pp— VV’

pp— VV' +25

pp— WIWT + 25
p — wtw™ + 27
pp— WTZ 425

pp = ZZ +2j

NNLOgcp + NLOgw

+NLOgep (g9 channel)

NLOgep (QCD component)
NLOgep + NLOgyw (EW component)

Full NLOQCD + NLOE\\'

NLOgqcp + NLOgw (EW component)

NLOgcp + NLOgw (EW component)

Full NLOQCD + NLOgw

MCFM 10.3

public available tools:

\ - MATRIX

- MCEM: QCD calculations

NNLO QCD [T.Gehrmann et al. 2014; F. Cascioli et al. 2014; M. Grazzini et al. 2015, 2016,
2016, 2017; S. Kallweit & M. Wiesemann 2018; G. Heinrich et al. 2017]

NLO EW: [B. Biedermann et al. 2016, 2016, 2016, 2017; S. Kallweit et al. 2017; M. Chiesa,
A. Denner, J.-N. Lang 2018]

NLO QCD (gg channel): . caola et al. 2015, 2015; M. Grazzini et al. 2018, 2020]
NNLO QCD & NLO EW combination: (M. Grazzini et al. 2020]

2016, 2017]

First NLO VBS offshell calculations:
= W+W+I [T. Melia et al., 2017], [B. Biedermann, A. Denner, M. Pellen,

= W*Z: [E. Campanario et al. 2013, A. Denner et al. 2019]

-2Z: [E. Campanario et al. 2014, A. Denner et al. 2020, 2021]
- W*W": [T.Melia et al. 2011, A. Denner et al. 2022]

v v v
LO: O(a2a*) O(ata®) O(ala®)
QCD QCD QCD
EW EW EW
v v v
NLO: O(ada?) O(ala®) O(ala’)

C. Schwan, COMETA general meeting 2024

wtwt, zz)
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https://arxiv.org/pdf/1405.3972
https://arxiv.org/pdf/2009.00411
https://arxiv.org/pdf/2107.10688
https://arxiv.org/pdf/1104.2327
https://arxiv.org/pdf/2202.10844
https://indico.cern.ch/event/1334055/contributions/5807455/attachments/2810085/4905122/talk-schwan.pdf
https://matrix.hepforge.org/
https://mcfm.fnal.gov/
http://arxiv.org/abs/1408.5243
http://arxiv.org/abs/1405.2219
http://arxiv.org/abs/1504.01330
http://arxiv.org/abs/1604.08576
http://arxiv.org/abs/1605.02716
http://arxiv.org/abs/1806.05941
http://arxiv.org/abs/1710.06294
http://arxiv.org/abs/1601.07787
http://arxiv.org/abs/1605.03419
http://arxiv.org/abs/1611.05338
http://arxiv.org/abs/1708.06938
http://arxiv.org/abs/1705.00598
http://arxiv.org/abs/1804.01477
http://arxiv.org/abs/1804.01477
http://arxiv.org/abs/1509.06734
http://arxiv.org/abs/1511.08617
http://arxiv.org/abs/1811.09593
http://arxiv.org/abs/2002.01877
https://arxiv.org/abs/1912.00068

Modified from talk M. Wiesemann, 1st WG1 COMETA meeting 2024

NNLO QCD+PS:

Process State-of-the-art NLO QCD + NLOEW + PS: MiNNLOps

Recola2-Collier+POWHEG-BOX-
NNLO QCD + PS RES+PYTHIAS8
NLO QCD + NLO EW + PS [M. Chiesa, C. Oleari, E. Re 2020] UNNLOPS

o NLO QCD + PS (gg channel):
pp—=VVi+2i NLO QCD + PS (EW, QCD POWHEG+Pythia8 Geneva
component), mostly in VBS ZZ: [S. Alioli et al. 2021, il et al

pp — VV’

pp — witwt + 2j

A P

+ 5
pp—=> W' Z+2j approximate NLO EW: (WW> [E. Re, M. Wiesemann. G.Zanderighi 2018]
pp — ZZ +2j Shel’PCI"'OPenLOOPS/ReCO[CI 2018 2019 2020 2021 2022 2023 2024
WW: [S. Bréuer et al. 2020];
ZZ: [E.Bothmann et al. 2021]

Special calon flowe in PS8!
Recent effort to get it right:

[B. Cabouat & T. Sjéstrand 2017]
NLO QCD (EW, QCD component): mostly with approximations {%ﬂu
(VBFNLO, POWHEG, MadGraph5)+Pythia8/Herwig, Sherpa+Recola
[A. Ballestrero et al. 2018], [B. Jager et al. 2011, 2013, 2013, 2018], [J. Baglio et al. 2014], [M. Rauch & S. Platzer 2016] ...

W*W*NLO EW (+NLO QCD) (EW component): POWHEG+Recola+Pythia8 : [M. Chiesa et al. 2019]
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http://arxiv.org/abs/1906.01863
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http://arxiv.org/abs/1108.0864
http://arxiv.org/abs/1301.1695
http://arxiv.org/abs/1312.3252
https://arxiv.org/pdf/1812.05118
http://arxiv.org/abs/1404.3940
http://arxiv.org/abs/1605.07851
https://arxiv.org/abs/1710.00391
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Recent progness

Les Houches wish list 2021 : fully leptonic decays

Process State-of-the-art Desired Complete NEC
NEOwas -+ QCD in gg->22:
, NNLOqcp + NLOgyy %8B +PS , B. Agarwall et al.
pp = VV (99 channel, w/ massive loops) 2024

+NLOgep (g9 channel)
N(I’I)LOQcDng + PS

NLOgep (QCD component)

p— VV' +25 Full NLOqcp + NLOgw +PS Finst WW
NLOgop +NLOgw (EW component) NNLC+PS nesult G. Degrassi, R. Gréber,
pp =W W' +2j  Full NLOgcp + NLOgw with gzngvﬁ M. Vitti 2024
pp— W' W™ +2j  NLOqep +NLOgw (EW component) methad.:
pp—- Wtz 425 NLOgcp + NLOgy (EW component) A. Gavardi 2023
pp— 272 +2j Full NLOgep 4+ NLOgw
A
(Semi-) hadronic decays: no new results since 07/22

NLG QCD fon semi- & more focus on:
fully hadnonic decays in

W2+2) in POWHEL

B. Jager, A. Karlberg, S.
Reinhardt, 2024

Independent recalculation:
Full NLC towen for WW' with Bensay+Openfocps & study of vanicus

appreximatiens S. Dittmaier et al. 2023
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https://arxiv.org/pdf/2207.02122
https://arxiv.org/pdf/2404.05684v1
https://arxiv.org/pdf/2404.05684v1
http://arxiv.org/pdf/2404.15113v1
http://arxiv.org/pdf/2404.15113v1
http://arxiv.org/pdf/2403.12192v
http://arxiv.org/pdf/2403.12192v
https://arxiv.org/abs/2308.16716
https://arxiv.org/abs/2308.11577

Complete NLC QCD in gluon-induced 22 production

B. Agarwall et al. 2024

do/dmzz[fb/GeV]

/5 =136 TeV
[tR = jtF =Mzz/[2
CT18NLO

D
ara=I1316" 1 &4b,

anne= 22T5(12)H 1 0% .
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http://arxiv.org/abs/1405.2219
http://arxiv.org/abs/1811.09593
http://arxiv.org/abs/1509.06734
http://arxiv.org/abs/1509.06734
https://arxiv.org/pdf/2404.05684v1

Complete NLG towen fon W + 2 with Bonsay+OpenLoops

S. Dittmaier et al. 2023

MOCANLO +RECOLA  BONSAY+OpenLoops

1.4178(2) EW  1.41773(5)
0.04815(2) Int (.048138(3)
0.17229(5) ocp 0.17233(2)

—0.1732(3) —0.1728(6) Cange EW
—0.0568(5) —0.0560(8) conhecticns full off-shell
—0.00032(13) 0.0047(2) +—— (>-12%) A = L0
—0.0063(4) —0.0073(2)

pp = et iy, i+ X (@13 TeV)

o
o

5
=

Lo
Ut

dU/dijljz[fb]
S

o
ot

=
o

pp — e v pty,jj + X (@13 TeV)

—
(=]
s T
2

=10
&= NLO

107

dvpsa[%)

=
)
O
=
*
£
)
Y
°©
<

full off-shell

H
9

= =
==
B

dvesa — 0[%]

VBSA: VBS approximation + DPA for
virtual corrections

- ~10 times faster

EVA: effective VB approximation not
suitable for LHC precision

8%)
|

|
o
S
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https://arxiv.org/abs/2308.16716

pp = ZZ @13 TeV

=== 55C
=== S55C

Prz, [GeV]
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http://arxiv.org/abs/hep-ph/0010201
http://arxiv.org/abs/hep-ph/0104127
http://arxiv.org/abs/1511.08692
https://arxiv.org/abs/2312.07927
http://arxiv.org/abs/2006.14635
http://arxiv.org/abs/2110.03714
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Polanized cnoss sections fon

longitudinal
transverse
v 7 v 7
§,=-1 Se=i0

transverse

§

vz

v

+1
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1 do(¢*,X) 3 ,
d‘:l()f)m = 8fL(X)(1+cos 0" F

3 2 nx* 2(6%_02}2) * 3 s 2 %
—I—ng(X)(l—I—cos 0 ﬂ:mcosﬁ ) —|—Zf0(X)s1n 0

lepton selection criteria
higher order corrections to decay
W rest frame

do do do do
& S 1R g, °(+fmt
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https://arxiv.org/abs/1103.5445
https://arxiv.org/abs/1710.09339

[ 0
Tfully exc&um events fon polamzed U gl e (g do

/) » » . p
[ zatwen s T
——
Sp=-1
Dr. Z. Zinonos: Tests of the Standard Model of Particles.

Polanization fon interumediate panticles

- helicity basis

- completeness relation

(-9 +2£) =%, (e Nele, N

‘i’; (0, — cosfcos¢ =+ isinp, — cosfsing F icose, sin 6)

eh(q) = E ( ‘;| cos ¢ sin @, sin ¢ sin 0, cos@)

- lead to interferences between different
polarizations - frame dependent!

Pcelanizaticn
E ! » gz gt! !
- problem: non-resonant diagrams
—> no polarisation definition, but necessary for gauge invariance

- scluticn: appropriate approximations - gauge invariant options:

- Pole Approximation ((D)PA)
- Narrow-Width Approximation (NWA)

Slide 15
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Fixed-onden phenomenoflogical Candscape

(nclusive DiGoson production

WZ: [D.N. Le, J. Baglio 2022, D.N. Le, J. Baglio, T.N. Dao 2022], [ ] RAZ @£O
2Z: | ]
W*W: [A. Denner & G. Pelliccioli 2020, A. Denner, C. Haitz, G. Pelliccioli 2023, T.N. Dao & D.N. Le 2023], [R. Poncelet & A. Popescu 2021]

Semi-leptonic decays: increasing interest very recently

\ NNLO QCD
W2Z: NLO QCD [A. Denner, C. Haitz, G. Pelliccioli 2022] @
Vecton Goson scattening

Fully Ceptonic decays:

WW: [A. Ballestrero, E. Maina, G. Pelliccioli, 2017], [ ]
WZ: [A. Ballestrero, E. Maina, G. Pelliccioli, 2019]
ZZ: [A. Ballestrero, E. Maina, G. Pelliccioli, 2019]

8enu'.-¢¢ptocuh detaya: conceptually possible, but not well studied all calculations
in DPA

Polarization frames: Lab, COM,

Mareen Hoppe (TU Dresden) LHCP24 - Boston - June 7, 2024 Slide 16


https://arxiv.org/abs/2203.01470
https://arxiv.org/abs/2208.09232
https://arxiv.org/abs/2010.07149
https://arxiv.org/abs/2107.06579
https://arxiv.org/pdf/2006.14867.pdf
https://arxiv.org/pdf/2311.16031.pdf
https://arxiv.org/pdf/2311.17027v1
https://arxiv.org/pdf/2102.13583.pdf
https://arxiv.org/pdf/2211.09040.pdf
https://arxiv.org/pdf/1710.09339
https://arxiv.org/abs/2007.07133
https://arxiv.org/abs/1907.04722
https://arxiv.org/abs/1907.04722

Genenaton Candscape

e several private fixed-order tools: @ T
o RECOLA+MOCANLO/BBMC e truncated
o AvH+OpenLoops+STRIPPER e [propagatoh
o) e \ N —1
e public codes & predictions matched to PS: .-~ :
o  PHANTGM: 2->6 processes @ LO+PS i satestreroetal 2008, 20171 =~ b nwa
o MB5_aMEeNLC: arbitrary processes @ LO+PS, A .--m777 - i
mUI.t|'Jet merg|ng [D. Buarque Franzosi et al. 2020, M. Javurkova et al. 2024] “‘ //', /'l
‘\p’* o SHERPA: arbitrary processes @nLO QCD+PS, multi-jet Merging yu u scome e siosert 20231 g

POWHEG-BOX-RES+PYTHIA: inclusive diboson processes @NLO QCD+PS .

7
d
Pelliccioli, G. Zanderighi 2023

]

PHANTOM: a Monte Carlo event generator for six
parton final states at high energy colliders.

Alessandro Ballestrero®, Aissa Belhouari®,
Giuseppe Bevilacqua ™! b Fzio Maina ®P!

> Vladimir Kash!

Mareen Hoppe (TU Dresden) LHCP24 - Boston - June 7, 2024
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https://arxiv.org/abs/0801.3359
https://arxiv.org/abs/1710.09339
https://arxiv.org/pdf/1912.01725.pdf
https://arxiv.org/pdf/2401.17365
https://arxiv.org/abs/2311.05220
https://arxiv.org/abs/2310.14803

New. polanization framewonks Geyond £0 - SHERPA

WZ-COM

pure transverse

pure longitudinal
L8
T
int

O = 37 / dos({p}h) BV ({a}) [ AW (1g; {a}) O({p})
+ 3% [auh e - ) Oty ()
S-event VT )
(s (7)) DGR aro W5 @) 1y, o
B({a}) ’

do/dy,: [fb]

resolved, singular

+ 3 [aeatiy [R({zn —ZDL‘ZL({Z})] O({F}) -
H-event & o

resolved, non-singular

nLO+PS/LO+PS

Mareen Hoppe (TU Dresden)
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https://arxiv.org/pdf/2310.14803.pdf

[J (44 5 2 comparison for W W =jj+0,1j t-ch. and W*Wj full
mt J —— WEW*jj+0,1jt-ch. LLWW-CM

— wEWEjjfull LLWw-cM

— WEWZjj+0,1jtch. LT+TLWW-CM
— WEWEjfull LT+TLWW-CM

— WEWjj+0,1jtch. TTWW-CM
— wEWEjjfull TTWW-CM

~ KStest: 0.012

[MH, M.Stange, to be published]

KS test: 0.008

LL [fb] LT+TL [fb] i | TT[fb] i [ o
i r‘m—“*ﬂ—“wwww

350 400

rison for W*W *jj+0, 1j t-ch. and W *W *jj full

—— WEW#jj+0,1jtch. LLWW-CM
— WEWEjjfull LLWW-CM

— WEW*j+0,1jtch. LT+TLWW-CM
— WEWEjjfull LT+TLWW-CM

—— WEW=jj+0,1jtch. TTWW-CM
— WEWEjfull TT WW-CM

M«WWWWM

- 125 KS test: 0.004

Only sub-percent level effects of QCD 2 P A G

125 KS test: 0.003

corrections on polarization fractions! e

0
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New polanization framewonks Geyond £O -
POWB@ + PyTH’ﬂ [G. Pelliccioli, G. Zanderighi 2023]

Cangest cvenall PS effects
from QED showen

PP—e* ety +X @ NLOPS, VS =13TeV: FID setup \ o| Pol. fractions [/ unp.] (dashed: NO, solid i PS + hadr.)
dashed: NLO, solid : PS + hadr. — unp.

e
— T
o TL:
—_

POWHEG SHERPA ,
state NLOPS nLO+PS MOS 1 w2z

full off-shell : 33.80(4) —0.7% eNLC+PS, e, Bt T I T e
33.46(3) +0.5% ‘ WFMMW e ® accomeiipdt
(2)

+0 5% =1 Normalised shapes (dashed: NLO, solid : PS + hadr.) PS(QCD only) / NLO

unpolarised
LL ; 1.902
LT . 5.241(4) +1.9%
TL ! 5.002(4) +2.3%
TT . 21.10(2) —0.3%
interference  0.217 0.215 —0.9%

PS / PS(QCD only)
82

main NLO QCD effect an pal fracticns fhom <
heal cennections - o T :ﬁ = > ol

308
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https://arxiv.org/abs/2311.05220

Summany & futune prospects

Unpolarized Diboson production
Inclusive Diboson production

vV NNLO QCD + PS & NLO QCD + NLO EW + PS state of the art
v NLO QCD for loop-induced processes available

o first calculations including top mass effects
Vector boson scattering

v full NLO tower available for W*W* + 2j and ZZ + 2],

otherwise only O(or *o® ) missing
LO: elZa?) O(alas)’ (%)
o/ NN va \
EW
NLO: O(u3a4) O(atab) o a%/)

C. Schwan COMETA general meeting 2024

wtwt, zz)

V' matching to PS only partly available
v semi- & fully hadronic channels become interesting

both process groups interesting for quantum entanglement
measurements

Polarized Diboson production

VvV first tools for fully realistic polarization templates
with higher-order QCD effects

Inclusive Diboson production

v NLO QCD + NLO EW state of the art in fixed-order
calculations for fully leptonic channels
VvV semi-leptonic channels become interesting

Vector boson scattering

Vv LO state of the art in fixed-order calculations for
fully leptonic channels
v first higher order QCD effects simulated

—
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https://indico.cern.ch/event/1334055/contributions/5807455/attachments/2810085/4905122/talk-schwan.pdf

Summany & futune prospects

Unpolarized Diboson production Polarized Diboson production

> matching to parton shower > inclusion of NLO EW (& beyond) in particle-level
> precision calculation in SMEFT / full BSM models simulations for inclusive diboson production

> NLO QCD & NLO EW predictions for VBS processes
> study of BSM effects

Inclusive Diboson production

> top mass effects for all loop-induced contributions

> tool comparison
> inclusion of NLO EW contributions in NNLO QCD

predictions > polarization tagger

: > connections between quantum entanglement &
Vector boson scattering

_ polarization community
> completion of NLO tower

_ _ T > more model independent approaches ...
> semi-leptonic predictions

N COmprehensive Multiboson A
‘Q} @ Intenested? Experiment-Theory Action C @fé]% A
g} \\ Stay tuned! COST-Action  Wiki T

https://www.zeppelinschule-speyer.de/.
sblick-auf-die-zeit-nach-pfingsten/

Mareen Hoppe (TU Dresden) LHCP24 - Boston - June 7, 2024

Slide 22


https://www.cost.eu/actions/CA22130/
https://foswiki.web.cern.ch/COMETA/

Summany & futune prospects

Unpolarized Diboson production Polarized Diboson production

> matching to parton shower > inclusion of NLO EW (& beyond) in particle-level

> precision calculation in SMEFT / full BSM models simulations for inclusive diboson production

> NLO QCD & NLO EW predictions for VBS processes
> study of BSM effects

Inclusive Diboson production

> top mass effects for all loop-induced contributions

> tool comparison
> inclusion of NLO EW contributions in NNLO QCD

predictions > polarization tagger

: > connections between quantum entanglement &
Vector boson scattering

_ polarization community
> completion of NLO tower

_ _ T > more model independent approaches ...
> semi-leptonic predictions

N COmprehensive Multiboson A
‘@ /:Q\ Intenested? Experiment-Theory Action C @fé]% A
Y}} \\ Stay tuned! COST-Action  Wiki T

https://www.zeppelinschule-speyer.de/.
sblick-auf-die-zeit-nach-pfingsten/
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Modified from talk M. Wiesemann, 1st WG1 COMETA meeting 2024
i b

MIiNNLOs ;’ 4

UNNLOPS Dr, Z. Zinonos: Tests of the Standard Model of Particles. https://www.mpp.mpg.de/~zinonos/material/lecture10.pdf

i ; = v v v
Geneva ¢ : O(a2a*) O(alad) O(ala®)

AN

) NLO: O(ata®) O(a2a®) Oata®)’ Ofa2a”y”

2020 2021 2022 2023 2024

C. Schwan, COMETA general meeting 2024 wWtwT, zz)
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https://indico.cern.ch/event/1334055/contributions/5807455/attachments/2810085/4905122/talk-schwan.pdf
https://indico.cern.ch/event/1360356/contributions/5728499/attachments/2781781/4849569/Wiesemann_COMETA_2024.pdf

Inclusive Dioson production
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— W,Z- W2 withH
- W Z,— W,Z, withoutH
——— WyZ W, 2, with H

S WyZo WiZy withoutH o<

10! v . ' 10°
C.Bittrich, PhD TU-Dres E,pin GeV
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Complete NLC QCD in gluon-induced 22 production

NNLO QCD

gg LO QCD

g NLO QCD

modified from talk of M. Wiesemann,
2nd WG 1 COMETA meeting 2024
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https://indico.cern.ch/event/1360356/contributions/5728499/attachments/2781781/4849569/Wiesemann_COMETA_2024.pdf
http://arxiv.org/abs/1405.2219
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Longitudinal signal in Z+j @ 13.6TeV: r" vs 7PN, LOPS, fiducial Longitudinal signal in Z+j @ 13.6TeV: r"C vs 72NN, LOPS, fiducial

[ MCtruth 3 MCtruth
3 rew. with 72" 3 rew. with 7PV

I rew. with ;¥ 3 rew. with 72NN

N
S

do/d cosA6,+ [pb]
do/dpr,; [pb/GeV]

ratio to MC truth
o o = r

o
O
ratio to MC truth

—0.75 -050 -025  0.00
cosAB,+;
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https://arxiv.org/pdf/2009.09429
https://arxiv.org/pdf/2211.09435
https://arxiv.org/pdf/2310.04350
https://arxiv.org/abs/2402.16365
https://arxiv.org/pdf/1510.01691
https://arxiv.org/pdf/2008.05316
https://arxiv.org/pdf/2102.05124
https://arxiv.org/pdf/1812.07591
https://arxiv.org/pdf/1812.07591
https://arxiv.org/pdf/2109.09924
https://arxiv.org/pdf/2305.16552
https://arxiv.org/abs/2306.07726

Most necent nesubts - NEO EW fon W W production

[A. Denner, C. Haitz, G. Pelliccioli 2023]

state Lo [fb] ONLO EW [fb] 6EW[%] fNLOEW[%] zfozsv*v,tf;g,,+x.v?=13.sTev: fiducial setup AR e ]
bb, vb, vb excluded

full  254.79(2)  249.88(9) ~1.93 103.5
unp.  245.79(2)  241.48(2) -1.75 100
LL  18752(2)  18.510(2) ~1.30 77
LT  32084(3)  32.043(3) -0.13 13.3
TL  33.244(5)  33.155(5) -0.27 13.7
TT  18217(2)  177.83(2) =238 73.6 o
—-2046(3)  —20.1(1) ~1.96 ‘\—&3\ 2 omatse shpes W&t | oo o i . W0 .G 10

~—— sum of pol.
- b¥h

—u s 7

2f]with bb / without bb (L0 EW)

do/dcosABe+ - [fb]

bb included, vb, vb excluded
259.02(2)  253.95(9) ~1.96
249.97(2)  245.49(2) -1.79
21.007(2)  20.663(2) ~1.64
33.190(3)  33.115(3) -0.23
34.352(5)  34.230(5) -0.35 GBan channel .
182.56(2)  178.21(3)  -2.38 -+ 12% ££ Lo T B T huge intenfenence
-21.14(5)  —20.6(2) ~2.45 : (diffenent heticity ~ connections (intenplay Getween
stuctune from -> diffen Getiween Ceft-chinal couplings &
t-channef top) diffenent pelanizaticns PT(e) setection)
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https://arxiv.org/pdf/2311.16031.pdf

New. polanization framewonks Geyond £0 -

PO‘!DHB@ + PyTH’ﬂ [G. Pelliccioli. G. Zanderighi 20231

pot fractions enly sizable affected Cangest cvenall PS effects
Fon Goosted setups, jet-activity vetoes from QED showen

PP e Vet - +X @ NLOPS, VS =13Tev: FID setup Pol. fractions [/ unp.] (dashed: NLO, solid : PS + hadr.)
100} dashed: NLO, solid : PS + hadr. nD,

iﬁ_‘_———_

Ratio [/ unp.] (dashed: NLO, solfid : PS + hadr.)
- O s W | =

— sum of pol.

R((i)élb q)rad)

©) = [avu i) [o(éum@o) [ 0O ) S

A(t)] 1 F Normalised shapes (dashed: NLO, solid : PS + hadr.)

pr.z [GeV] pr.z [GeV]
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