Spencer Changf's,,E (U. Oregon/NTU)

w/ Markus Luty 1902.05556
NTU Flavor/Collider Workshop 2019



VECTOR BOSON SCATTERIN

¥ Nonstandard couplings (Higgs) and Unitarity
violation

¥ Overview of collider probes

¥ High energy scattering (model independen
¥ Resonances (model dependent 1
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UNITARITY VIOLATION

The Standard Model
IS a precise deck of cards
S & modibcations of coupling
<@ 4 (Higgs, but also gauge bosc
AL lead to scattering
amplitudes growing at
high energy
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EXAMPLE: ZZ. ! W*LW'L
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TRILINEAR UNITARITY
VIOLATION

Modifying trilinear from SM value automatically leads to Unite
violation at high energies (SC & Luty, Falkowskl & Rattazz
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TRILINEAR UNITARITY
VIOLATION

Modifying trilinear from SM value automatically leads to Unite
violation at high energies (SC & Luty, Falkowski & Rattazz
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HIGGS SEARCHES

NONSTANDARD COUPLINGS

HIGH ENERGY SCATTERINC
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VECTOR BOSON SCATTERIN

Nalve expectation that longitudinal VBS iIs
large Is not borne out by calculation
(e.g. Contino et.al. 1002.1011, also see CW Chiang's talk)



VECTOR BOSON SCATTERIN

Nalve expectation that longitudinal VBS Is
large Is not borne out by calculation
(e.g. Contino et.al. 1002.1011, also see CW Chiang's talk)

| Due to many
| suppression
factors, longitudinal
scattering doesn't |
dominate until severa
TeV. ‘
. Easier to search for
| Lo anomalous quartic
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Similarly can look for growth in processes related to trilinea

""
”
)\ O()' ‘\\ A A2
-

il



TRILINEAR PROCE&Sng etal1s1209:

Similarly can look for growth in processes related to trilinea
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IS competitive with di-Higgs
sensitivity to Higgs trilinear
coupling



0.4

i Constraints from pp - jtVV at HI_‘-'LHC
HENNING ET.AL. -~ )
m u -
0.2t 1o
- 95% HL-LHC tth |
HC HwH Growth %\” 0.0t
E 2
! t Oyt ’ I |_2 _ O 2_
d I E R R R— 10
' 4
35 Os T -——- | VE : :
B
>
I 10 constraints from pp » jjVV at HL-LHC
1z Oww 1l
cooe 2
vy | Oss ! I.E—z |
! vV Or ~ s \Inclusive
= of ——
X | . HC.
g Ogg :Z;ﬂiii:' | =5 |
2‘ solid, dashed:B=1,0
-2 -1 0 1 2
12



RESONANCES

Lesson from Higgs
New states can appear much
below Unitarity bound (1 TeV)
and In other channels

(GGF to™ , ZZ")
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Fig. 86: Discovery potential for the singlet-induced strong first order EWPT using resonant di-Higgs
production combining 4t and bbyy final states [403]. Vertical axis gives significance as a function of
the singlet-like scalar mass mo. Left panel gives comparison of the reach for the HL-LHC (blue band)
and the FCC-hh with 3 ab™ " and 30 ab™* (purple and red bands, respectively). Right panel shows the
prospective reach for different centre of mass energies, assuming 30 ab .
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CONCLUSIONS

¥ Near term LHC and future colliders will aim t
| measure Higgs couplings

¥ Complementary approach, look for energy
I growth or resonances in Unitarity violating
processes
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