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Unitarization in VBS and
Tribosons

Jurgen R. Reuter, DESY

work together with
S. BraB3, C. Fleper, W. Kilian, T. Ohl, M. Sekulla
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WHIZARD: Multi-boson processes / Unitarization ™~

WHIZARD v2.6.3 (10.02.2018) http://whizard.hepforge.org <whizard@desy.de>

Wolfgang Kilian, Thorsten Ohl, JRR, Simon Bral3/Vincent Rothe/Christian Schwinn/Marco Sekulla/So Young
Shim/Pascal Stienemeier/Manuel Utsch/Zhijie Zhao + 2 Master

* Multi-purpose MC for pp and ee physics ?/I¥
* Final validation phase for NLO (QCD) automation; first test results for NLO EW —

* UFO interface for SM-like models
 Completely general UFO interface: final validation phase [5-,6-pt vertices etc., MC4BSM2018?]
* Dim. 8 operators for VBS / Simplified Models for VBS / Unitarization:

A

T-matrix unitarization

i

Lso= Fsotr _(DuH)T(DuH)_

tr [ (D*H)T (DY H)

Lg, = Fgtr |(D,H) (D*H)| tr |(D,H)"(D"H)

Longitudinal dim-8 operators
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Dim 8 operators and their Unitarization:
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Lo = —92FMOt1" [(DMH)T(D“H } [ W”p] - | Lro= g4FTOtr W, W] tr [Waﬂw"ﬁ_ :
ransversa o - 5 .
Lopy = —g° Fyp tr [(DNH)T(D"H)] tr [W,, W] CimEgTon R Lra =g Frtr [Wo, W | tr W weT
_ 4 wi va
Lyo=—4¢ FM r [ H T (D"H } r [BW,B""] Lra =g Frtr _WQ“W }tr (Wa W K
Lrs = g*¢*Frtr [W,,W"]tr |B, ;B
£M3 — —gleM r |: ,LL T DPH :| T I:BVpBV,Uj| T,5 g g T5 _— o ] |: ﬂ |
Mixed dim-8 Log = g9 Fr,tr [Wo, W* | tr [B,,B™
Lya=—99 Fu, r[ H D“H)B”” : T p -
operators Lon=g’g Frtr [W,, W ]tr B, B"]
_ P m -
t m . Bra3/Kilian/|RR/Sekulla, 03/18
Lasz = —g Fgtr [<D“H) Wi, W (DpH) ’ ) Lry = g" Fr,tr [BauBuB] tr [Bs,B™] .
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Dim 8 operators and their Unitarization:

= g (0,0 D780 e, 9 trg 5 W 1 [ ]
Transversal . :
uB av
Losi = —¢*F t[DHTDPH]t W, W . ET,1=9FT1trWauW]tr[ W,
M1 g Lt ( v ) ( ) I‘[ ] d|m_8 Operators ) ] _
) :FtWW“} W, W] |
£M2 _ _g/QFM tr [(D“H)T D*H ] r [BVpB P} ET,z g r'p,tr 1"[ Bv !
Lrs=¢°¢"Frtr [W, W] tr [Ba B
Lors = —g Fy tr [(DMH)T (D’H) ] r [B,,B"] " rotr W W tr B -_
: Mixed dim-8 Lrg= 99" Frtr [Wo, W tr [B,;B"]
Lara = —99 Fy,tr | (D,H)'W,,(D'H)B*| | o |
operators Lrr=g°g Fr tr WWW“B] tr [B;,B"] .
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Dim 8 operators and their Unitarization:

Laro = —g° Fap tr [(DMH)T (D“H)} tr [W,,, W"] X I Lro = g'Fr,tr [W,, W] tr [W,, w7
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Dim 8 operators and their Unitarization:

Lro=g'Frtr [W,, W] tr ﬁwaﬂ :

Transversal (&mixed) operators: Tran ey

dim-8 operators

Lr1= g4FT1tr aVW“ﬁ] tr [ HBWO”/: ,
[

Much more room for new physics

Lro=g'Fptr |W, Wﬂ r [W,, W |

ET,5 — 92gl2FT5tr _W;LVWHV

| I

. tr [BaﬁBaB' |
Lors = —gFop tr [ (D, H)' DPH)] tr [B,,B"] -

: 1 Mixed dim-8 Lro = 49" Frytr [Wo, W] tr [B,,B"].
Lora = —gg Fap tr [ D,H)'W,,(D"H)B"| o _
; operators Lrr=g°g Fr tr WWW“B] tr [B;,B"] .
— ! ] p VI -
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Complete LHC process at 14 TeV N

pp — ete T jjat3ab !
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EFT, Unitarization, and Simplified Models i

“€C

Rise of amplitude: Taylor expansion below a resonance

“€c

Resonances might be in direct reach of LHC
EFT framework EW-restored regime: SU(2). X SU(2)r, SU(2). X U(l)y gauged

Include EFT operators in addition (more resonances, continuum contribution)

“€c

*€c

€

Apply T-matrix unitarization beyond resonance (“UV-incomplete” model)

Spins 0, 2 considered, Spin | has different physics (mixing with W/Z2)

5}
isoscalar isotensor 327TF/ M
¢;_7¢;7¢g7¢2—7 2__'_ o ) f X
scalar oY b, 0, dF
¢o Fsg : 2 15 5
S
VT o D O Gy U Fs, - 1 5 35
tensor i ENE D
e
Translation into Wilson coefficients

below resonance
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Comparison: Simplified Models & EFT

Kilian/Ohl/JRR/Sekulla: PRD93(16),3.036004 [1511.00022]

Black dashed line:

saturation of Ay (WTW™)/Agw(Z2)
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Triple [multiple] Vector Boson Production? 7/®

Relate to ]

Yes, same Feynman rule as in VBS, but ...
one external W/Z/y always far off-shell

Unitarization formalism: work in progress (needs 2 — 3 unitarizations)

(using scattering matrix with elastic & inelastic channels Kilian/JRR/Sekulla in prep.)

Different Wilson coefficients dominate (particularly for resonances)

Important physics (partially) independent from VBS (“different fiducial vol.”)
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Open Questions / Further projects 8 /08

Better treatment of on-/off-resonance transitions at kinematic edge

How much do luminosity and energy buy us!?

Investigate other potentially strongly coupled channels like: pp — jVV — jjtt

Study connections of Wilson coefficient dependence between VBS and tribosons

Sensitivity of triboson channels & unitarity bounds

Relations between pp = VWV [...] and pp — HHH...]

Importance of QCD (+ EW) corrections on signal for limit setting
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MBI 2018 [6th Multi-Boson Interactions] .
University of Michigan, Ann Arbor, Aug. 28-30 2018

https://indico.cern.ch/event/70096 |/
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https://indico.cern.ch/event/700961/
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BACKUP SLIDES
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