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New structure: ordered by process classes
. Diboson production 5. MC/Pheno Studies Status: 69 pages
. Vector-boson fusion 6. Fiducial cross-sections and BSM For every section: Theory + Exp
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Significant progress earlier this year
Progress stalled over the last few months
o problem: man-power / focus / changing editorship in experimental sections




Measurements of Multibosons: current results and outlook

What's there

- Diboson
- ZV
- Wy
- YY

- Zii
W-jj

- WW-ss+jj

- W

- WZjj

- ZZ4

- Semi-leptonic-jj
- Wy-j

- ZY-Wy-jj

- Polarised measurements

Tribosons
- YYY
- Wyy
- Zyy
- WWy & WZy

What's missing

- Diboson
- ZZ (already existing text was outdated)
- WW (already existing text was outdated)
- Triboson
- WWW
- WWZz
- Wzz

TBD: common phase-space definitions




Predictions for Multibosons: state-of-the-art and best-practise
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Predictions for Multibosons: state-of-the-art and best-practise

What's there

- Diboson

- Reference cross sections at
NNLO QCD + NLOgg + NLO EW + NLOy/qy

for WW/ZZ/WZ (all relevant leptonic channels) @ vecorboson fuion (1) remsablung ke © nomsesomant
o A Fig. 2.1: Representative Feynman diagrams for the production of two charged leptons in association with two
= Th eo ry rev I eW I n p rog reSS jets at order o, This process is also referred to as EW Zjj in this section, or more inclusively EW V5 that also
includes the £vjj final states (i.e. EW Wj). Semileptonic diboson final states also contribute at order a*, but are
_ V B F _V not shown as their contribution is very small in the VBF kinematic region (m;; >> mw).

- Theory review: draft available / work in progress
o V B S _VV Recommendations and good practice

— Present results of the measurements for the full process (EW+int+QCD) as well for the contribu-

= Theo ry review: draft available tions separately. On the theory side, beyond LO one should specify how the EW component is
defined as it is ill defined from the theory point of view in the full computation.

— Keep in mind that while the VBS approximation is currently perfectly valid and has an effect of

i i few per cent (in typical PSP), this might not hold for future measurements as these will be much
Wh at’ S MISSIN g more precise and maybe in other PSP.
— In this respect, it is very important to ensure sound PSP definition. In the sense that they should
make sense also beyond LO. For example ZZ measurement of CMS which goes down to mjj >
Yy p! g )
i 100 GeV and suppress triboson contributions in this way. At NLO QCD, this is not sufficient to
- Tr| bOSO N suppress these contributions due to extra real radiations.




Predictions for Multibosons: state-of-the-art and best-practise

What's there

- Diboson
- Reference cross sections at
NNLO QCD + NLOgg + NLO EW + NLOy/qy
for WW/ZZ/WZ (all relevant leptonic channels)
- Theory review in progress
-  VBF-V
- Theory review: draft available / work in progress
-  VBS-VWV

- Theory review: draft available

What's missing

- Triboson

(a) vector boson fusion (b) bremsstrahlung-like (c) non-resonant

Fig. 2.1: R ive Feynman di for the production of two charged leptons in association with two
jets at order o, This process is also referred to as EW Zjj in this section, or more inclusively EW V5 that also
includes the £vjj final states (i.e. EW Wj). Semileptonic diboson final states also contribute at order a*, but are
not shown as their contribution is very small in the VBF kinematic region (m;; > mw).

Recommendations and good practice

— Present results of the measurements for the full process (EW+int+QCD) as well for the contribu-
tions separately. On the theory side, beyond LO one should specify how the EW component is
defined as it is ill defined from the theory point of view in the full computation.

— Keep in mind that while the VBS approximation is currently perfectly valid and has an effect of
few per cent (in typical PSP), this might not hold for future measurements as these will be much
more precise and maybe in other PSP.

— In this respect, it is very important to ensure sound PSP definition. In the sense that they should
make sense also beyond LO. For example ZZ measurement of CMS which goes down to mjj >
100 GeV and suppress triboson contributions in this way. At NLO QCD, this is not sufficient to
suppress these contributions due to extra real radiations.

Question: is there motivation for reference cross sections beyond Dibosons
(VBF-V and VBS-VV xsections strongly depend on precise fiducial phase-space)
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= _ == INnspired by Higgs STXS: Useful benchmarks!

T =
M | _—— LHC EWWG Working group proposal
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(oo | [ [
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— and basis to start EFT investigations

|

Multiboson Production = Vecwrb"sun_ Eusion
Y m m n _ _ - - Final state | Object Selection requirements
Final state Object Selection requirements ZVBF/ Teptons T ead 525 GeV, [ < 25
ww leptons pr >25GeV, || < 2.5 Zjj jets >55 GeV, pr,ji >40 GeV, |5 < 4.5
- - neutrinos (X 7») >30GeV ’ bosons A(mz,my) <10 GeV
differential cross jots b jets it pr 30 GeV and within 7] < 5.0 furthe et T ——
final BSM region myg: 380-600 GeV, >600 GeV ek prt s SO ek )
. s 77 Teptons Dot 25 eV, pr S15 GeV, [ <25 final BSM region - hm,,,.s.sr‘i.h'rev >1.2TeV
section definitions (7 > 0Gev T i Sy
jets 10 b-jets with py >30 GeV and within || < 5.0 Flualstate | Object Selection ats
b 230 GeV (see Eq. 2%), A( ) <is WV VBS/ | leptons pr >20 GeV, [ < 2.5, same-sign
o L mrw > see Eq. 22), Almz, mae WWjj jets prjr >30 GeV, prji >30 GeV, |y < 4.5,
in BSM GV
final BSM region mr,wz: 380-600 GeV, >600 GeV (see Eq. ??) same-sign | final BSM region myj: 025-0.5 TeV, >0.5 TeV.
Y44 leptons pr >25/15/10 GeV (leading leptons), || < 2.5 ZyVBS/ Ieptons pr >35, 5] <25
bosons A(mz,my) <25 GeV Zvjj photons Er >75, |n] < 2.5, AR({/j,~) > 0.4
phase-space DSV region_ mu 08107, 510TeY i) <106 _
W Teptons b1 S35, [ <25 jets v >>33(;> GeV, prji >30 GeV, || < 4.5,
A % Anj; >3
d t o photons Er >25, [n| < 2.5, AR(,7) > 0.7 final BSM region m;>0.5 TeV
o Va n ag e o neutrinos (C70) >30Gev WZVBS/ | leptons PT1end 525 GeV, pr 15 GeV, [] < 25
bosons mr,w >50 GeV neutrinos (X 70) >30GeV
- final BSM region Pry: 25-60 GeV, 60-90 GeV, 90-150 GeV, >150 Jets prj1 >55 GeV, prji >40 GeV, [n| < 4.5
o Benchmarkin Slegpge
Z(— )y leptons pr >35,[n] < 2.5 further jets pr>25 G(e)\i_n(one .; m;e:)ml between leptons
. o w0 25 ) ¥ event pnee <0.15 (see Eq. 2?
" . l‘:‘“’"’“’ iT >’§‘ In] < 1‘(')’6%{({‘")) =04 final BSM region miwz: 0.8-1.0 TeV, >1.0 TeV
O C o m b | n atl o n s g . (mz,my) <10 Ge leptons pr >25/15/ 10 GeV (leading leptons), [5]] < 2.5
final BSM region 1, 100-250 GeV, >250 GeV jets pri1 >55 GeV, prji >40 GeV, [y < 4.5
Z(—vv)y | photons Br >25,[n] < 2.5, AR(,7) > 0.4 bosons A(mz,me) <25 GeV
neutrinos (X7 v) >30GeV further jets pr >25 GeV, none in interval between leptons
final BSM region P14 100-250 GeV, >250 GeV event PRI <0.15 (see Eq. 22)
final BSM region miwz: 0.8-10 TeV, >1.0 TeV

|s there support for for universal STFX-like approach
also for (inclusive) MB measurements?



https://indico.cern.ch/event/732057/

Outlook

e Meeting amongst YR editors on 23/11 at 3:30pm (CERN time) in order to touch base
and realign focus

e Additional input for YR
o Formalise STXS approach
o Unified framework for theory uncertainty estimates

e Next public meeting planned for: 7th Dec 2022

e Goal: final draft until next General Meeting (June?) - cut out what’s not in until then!



