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Triboson production at the LHC

Status: October 2023
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Why triboson”?

1%
e Tree-level access to TGC and QGC " W@i v
Interplay with the Higgs sector . {: 4
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EW operators in Warsaw basis
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EW operators in Warsaw basis

Operator Definition pp - WHW~Z
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EW operators in Warsaw basis

Operator Definition pp - WHW~Z
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EW operators in Warsaw basis
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EW operators in Warsaw basis

Operator Definition pp — WHW-7
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Going NLO - inclusive

NLO QCD corrections are large in triboson processes
[Degrande et al.; 2008.11743]

e giant K-factors (in SM) for photonic processes
[Bozzi et al.; Phys. Rev. D 83 (2011) 114035]

e most EFT K-factors similar to the SM

e very large linear ¢y, K-factor: LO suppression partly lifted at NLO
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Going NLO - inclusive

NLO QCD corrections are large in triboson processes
[Degrande et al.; 2008.11743]

e giant K-factors (in SM) for photonic processes
[Bozzi et al.; Phys. Rev. D 83 (2011) 114035]

e most EFT K-factors similar to the SM

e very large linear ¢, K-factor: LO suppression partly lifted at NLO
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Going NLO - differential

Non trivial NLO QCD corrections: impact in size and shape

* high SM K-factor: 107!
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Fit: operators and observables

EWPOs and agy \/s = m,

LEP WW /s = 183 — 209 GeV

LHC VV /s =13 TeV

LHC VWV /s =13 TeV
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https://arxiv.org/abs/2310.05164

Fit: operators and observables
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Fit results

e | HC VV & VVV appear to improve
significantly the bounds from

e Quadratic fit: 50% improvement

from VVV wrt VV on

1
Cpp > Cpws >yl Coe

 Bounds dominated by quadratic

[EC, Durieux, Mimasu, Vryonidou; to appear]
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EWPQOs eigenbasis
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e Two EWPQOs unconstrained directions: wg, Wy, + ¢y

v? (1 1y 14 2 1
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T A2\ 3 3 2t
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VA2 <2 o0 T 3% 73 ¢WB> [Brivio and Trott; 1701.06424]

e 3/11 directions unconstrained in a EWPQOs only fit

e additional data is needed (multiboson)

2 possible origins of the improvement
1. constraints in EWPOs blind space + marginalisation
2. genuine effect of higher sensitivity in all directions
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Where do VV & VVV help?
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What about the other

— EWPO (8 param.)

directions?

NLO Marginalised 95% C.I.
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What about the other directions?

Does multiboson help EWPOs
In the directions orthogonal to

{vVBavaV9CWV}q>
e | HC VVV Iimpactis
negligible on {é&; (o}

 mild improvement from
guadratics (even EWPQOs)
on some directions

[EC, Durieux, Mimasu, Vryonidou; to appear]
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What about the other directions?

NLO Marginalised 95% C.I.
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Summary & conclusions

e QCD corrections have significant impact in LHC VW&VVV

 Quadratic EFT contributions are sizeable for all the processes, from
EWPO leading to secondary minima, to LEP diboson, and the LHC
WEVW

* Triboson already improves electroweak SMEFT reach beyond
EWPOs and diboson (improvement in EWPQOs blind space)
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Giant SM K-factors

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Approximate radiation zero effect in pp - Wyy

e partial LO cancellation between gg-induced amplitudes

* NO cancellation in gg-channels (dominating the NLO cross section)

Il 1 1 1 1 1 (IR 0 i=° 1 1 1 1 | bl 0
4 3 2 1 0 1 2 3 4 4 -3 -2 -1 0 1 2 3 4 4 -3 -2 -1 0 1 2 3 4
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[Bozzi et al.; Phys. Rev. D 83 (2011) 114035]
Log enhancements in QCD corrections to VV&VVV processes

e Soft-boson radiation off a hard jet ~ Sudakov logs
e Example: pp - VV

O O O
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Scale dependence in Wyy

Scale variation around p = My,

e the NLO scale uncertainty is ~10% for uy/2 < u < 2u,

* the K-factor is decreasing as the scale increases
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[Bozzi et al.; Phys. Rev. D 83 (2011) 114035]
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LO vs NLO: correlation matrix

Q ; E = T@ 3 o] o
- RS NESESS —_ - S NESEESS
" 0
EWPO+VW+V\VV fit Cop 11 29 | 447 —13 (=41
Cow s 118 +10.0 Y
Covr- 12|64 =13 | +15|+1.3| 1.5
v L 150%

cy) 4 =22 | 6.2 24 +6.4 JEEN +30 +29 3.9
® CpwB-C Q')f ) STFOHQW c) {484 —15 +21 +45 | 0.7 [IRSEIENIE () 1
correlated (>O.9) Cou{ 424 (58 05 || o

Cyg1+16 +68| 03 =321 416 —1.1 —9.2) +12 | 412 | —4.2

® Cywp-C M, ¢4 Strongly

cy) 5a8 +13 —64 [EEE +40 +12
anti-correlated with ¢, L 0%
° Cff,Cqbd,CWUHCOWelated SRRV (2 22 | 34 24 35| +43 JEEES
Cul—T8 471 —1.8 —22 —1.6 —2.7| —5.3 | 425 | —838
—100%

QCD order: DN LO ] NLO

E. Celada - HEFT, 12/6/24 18



LO vs NLO: posteriors
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