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@ Quartic gauge coupling (like in VBS)
Another test of the EWSB mechanism and SM

e NLO QCD
+ EW
NLO QCD + NLO EW for ON-shell for all processes (see [Huss, Huston, Jones, MP; 2207.02122])

e NLO QCD + NLO EW for OFF-shell for WWW

[Schénherr; 1806.00307],

(*] NLO QCD + NLO EW for OFF—She” for V"y’y [Greiner, Schénherr; 1710.11514]

e NLO QCD + NLO EW for OFF-shell for WZ~
/\ only leptonic decays considered
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Triboson - [Denner, MP, Schonherr, Schumann; to appear]

Signature: WHWTjj ... golden channel for vector-boson scattering
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Triboson - [Denner, MP, Schonherr, Schumann; to appear]

Signature: WTWTjj ... golden channel for vector-boson scattering

o EW process

@ QCD process
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— Measurement by ATLAS [atias; 2201.13045]
— Investigation of EW corrections [giedermann, Denner, MP; 1611.02951]
— Full NLO QCD+EW + PS corrections using SHERPA
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Typical phase space (inspired by [atLas; 2201.13045)):

pre+ > 20 GeV and lye+] < 2.5
ptj > 20 GeV and lyj| < 4.5
m;; < 160 GeV and \Ay“] <15

40 GeV < my+p+ < 400 GeV
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Typical phase space (inspired by [atLas; 2201.13045)):

pT o+ > 20 GeV
ptj > 20 GeV
m;; < 160 GeV

and lye+] < 2.5
and lyj| < 4.5
and |Ay;| < 1.5

40 GeV < my+p+ < 400 GeV

O(a6) off-shell on-shell on-shell subprocess
WTwW+
Process v et ve) sum ||WTWTW~ | WHH | wtZ VBS
oLolfb] 0.7917 0.7738 0.4207 0.3265 | 5-10~" | 0.0266
o /oPfshell o] 100 97.7 53.1 412 [7-10°] 33
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A\ Large contribution from WH! A\ preliminary
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[Denner, MP, Schénherr, Schumann] A preliminary
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[Denner, MP, Schénherr, Schumann] A
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preliminary — More complex picture with higher-orders
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NLO QCD + EW to pp — € Dept 1/, 7" /7 [Dittmaier, Knippen, Schwan; 1912.04117]
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(b) t-channel with 3 resonances
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@ Large cancellations between different , ‘
. 0 200 400 600 800 1000 1200
corrections Mg [GeV]

Precise Standard-Model predictions for tri-boson




@ Triple pole approximation
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Excellent approximation of full process where VH not relevant!
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NLO QCD + EW to pp — €' vept™ j1~ 7 [Cheng, Wackeroth; 2112.12052]

o Off-shell effects, spin correlations, and non-resonance contributions accounted
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oo (] | oqep (0] | K-factor| opw [fb] |dpw (%] |08 [%]|0247 [%]
0.20869(5)[0.35883-99%(2) | 1.719(1) |0.2101(1)| 0.97(1) |-3.99(4) | +4.96(1)
At NLO EW:

large cancellation between g and photon-induced contributions
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oro [fb] | oqop [fb] | K-factor| ogw (5] [dgw [%]|0%, [%]| 6247 (%]

0.20869(5)[0.35883-99%(2) | 1.719(1) |0.2101(1)| 0.97(1) |-3.99(4) | +4.96(1)

At NLO EW:
large cancellation between g and photon-induced contributions

10!
e, pp—ety pt pm v @5 =13 TeV LO — pp— ety pt pt v @5 =13TeV Lo —
ERU | quark induced —— = NLO EW
< 1ot photon induced  — NLO QCD w. scale e
£ | Ty
s —— -
] ——
1ot ——
S0 .==‘=l=_‘ 0.1% NLO QCD (central) ——
s ) 0.1x NLO QCD w. scale unc.
60 i ﬁ
0 NLO EW — 1
40 e
30
- 20
T :
<
0 £ __,__l—_'—_—'—'ﬁ
B
10 —l_|—|_'_|_’_‘_'_‘ =0
-20 ~20{ QCDEEW
—30 ~40f QCDREW —
—40 —60
15 100 200 300 400 500 15 100 200 300 400 500

Pranis [GeV] Praniss [GeV]

Mathieu PELLEN Precise Standard-Model predictions for tri-boson



Sudakov logarithms vs. photon-induced

pp — I"viy(y/jety

10*
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— Large effect of photon-induced g o
contributions also in pp — W~y 5o
0=
[Denner, Dittmaier, Hecht, Pasold; 1412.7421] 106
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@ Dim-8 operator in SMEFT:

Owms = |(D, @)Wy, D'®| x B Opy = Tr |W, WH| x Tr | W, W
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Missing EW corrections can mimic dim-8 operator ...
if looking at single distributions
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Summary

Recent computations:

@ pp — WWW Wlth had roniC decays [Denner, MP, Schénherr, Schumann; to appear]
@ pp — WWW with |ept0niC decays [Dittmaier, Knippen, Schwan; 1912.04117]
@ pp — WZ’)/ [Cheng, Wackeroth; 2112.12052]
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Recent computations:

@ pp — WWW Wlth had roniC decays [Denner, MP, Schénherr, Schumann; to appear]
@ pp — WWW with |ept0niC decays [Dittmaier, Knippen, Schwan; 1912.04117]
@ pp — WZ’}/ [Cheng, Wackeroth; 2112.12052]

@ Decisive information for SM tests
— Precision programme at the LHC

@ Crucial interplay between theory and experiment
— Big impact on physics results
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Recent computations:

@ pp — WWW Wlth had roniC decays [Denner, MP, Schénherr, Schumann; to appear]
@ pp — WWW with |ept0niC decays [Dittmaier, Knippen, Schwan; 1912.04117]
@ pp — WZ’}/ [Cheng, Wackeroth; 2112.12052]

Decisive information for SM tests
Precision programme at the LHC

@ Crucial interplay between theory and experiment
Big impact on physics results

Thank you
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