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??

Deviations in *any* of h couplings 

leads to unitarity violation
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S-matrix and unitarity

*see Chang’s talk for 
precise formulation

The S matrix is 
unitary

For a unitary matrix, the elements 
are bounded
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A pedestrian 

viewpoint

Energy “falling”
(+ non-analytic in s)

Energy “growing”
(~polynomial in s)

Can expand amplitude 
around the 

experimental energy



Brian Henning KITP 2021 5

A pedestrian 

viewpoint

Energy “growing” 
components systematically 

(and transparently) 
captured by EFT

The SM makes a 
definite prediction 

here
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goldstones = longitudinals

ops that modify HC will induce 
processes with longitudinal vectors

HC:

HwH:

A pedestrian viewpoint: part II

“Higgs without 
Higgs”



Brian Henning KITP 2021 7

Example: |H|6

trilinear

diagram in 

unitary gauge
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Processes considered

BH, Lombardo, Riembau, Riva 1812.09299
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signal topology

# events @ HL-LHC

look for single boosted top + 

forward jet, then just count leptons

≥2L: small background

Main bkg: ttjj → tW bj j 

∼W

large background, 

but manageable

Top Yukawa
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Top Yukawa

we parametrize background with B x signal

Competitive with on-shell Higgs measurements

>2 leptons only

Further improvements:
                    background characterization, especially for hadronic,
                    differential information, larger E^2,
                    get rid of transverse polarizations
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at c
ollid

er

VBF topology

VVh final states

W± W± h

W± W∓ h

W± Z h
Z Z h

same sign 

di-leptons

Higgs self-coupling
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- 50-ish events in the SM

- Irreducible background negligible

- Background from ttjj with lepton misidentification under control

- Backgorund from fake leptons is potentially the dominant one. 

  We parametrize it with #back = B x #signal.

- Rough cut-and-count analysis—from just a single channel—gives

  competitive results with double higgs production

Higgs self-coupling
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E-growing opportunities 

in many channels

hh, VV, Vh, tV, th, VVV, ...

Azatov et al 1502.00539

Maltoni, Mantani, Mimasu 1904.05637

Falkowski et al 2011.09551
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Some questions I have
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Accessing longitudinals

CMS PLB (2021) arXiv:2009.09429

Longitudinal polarizations play key role in EW sector

Best processes to look at?

Polarization tagging possibilities?
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High Energy. High multiplicity.

High opportunities?

2 → n processes offer exciting and challenging 

experimental opportunities

Adding more final state particles decreases cross-section due to 

phase space

→ what is feasibly measurable at (HL-)LHC? 100 TeV?

→ to what extent can we access differential information?

→ what are “optimal” differential variables?

→ to what extent can we access hadronic decays of vectors?

many channels, but smaller cross-sections
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Computing high multiplicity, massive 

amplitudes

Both analytic and numeric (MC) methods are 

challenging

● What tools do we have?

● What are worth developing?

● To what extent can 

experiments employ theory 

calculations?

Cuomo, Vecchi, Wulzer 1911.12366

Franken & Schwinn 1910.13407



Brian Henning KITP 2021 19

Thank you!
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