Higgs Couplings and High-Energy
Amplitudes

Brian Henning

Université de Geneve

KITP Precision Workshop 2021 Discussion



£l>
>

me
KFT or \x

Brian Henning

_I TT I| T T T TTTT I| ]
1 ATLAS Preliminary -~
- ” -
- Vs=13TeV, 36.1-79.8 b ..Z.t 3
[ m,=125.09GeV, |y, | <25 N i
1 0—1 s SM Higgs boson -
— ’*‘¢"
2 ]
10 = #7 D
-3
107°F E
[V
1074 E
_Illll | | llIIII| | | IlIIII| 1 1 IIIIIII |
107 1 10 10°

Particle mass [GeV]

Deviations in *any* of h couplings
leads to unitarity violation

KITP 2021



S-matrix and unitarity
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A pedestrian viewpoint: part II

goldstones = longitudinals

HI" ~ (v+h)* + ¢

\

ops that modity HC will induce
processes with longitudinal vectors
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Processes considered
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Top Yukawa
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Top Yukawa
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signal topology

look for single boosted top +

forward jet, then just count leptons
L e T

>2L: small background
# events @ HL-LHC

Process 04 14 (07 | 020% [30(40)

WEWT (3449 /567(1724/283|216/35| - -

WEW*2850/398(1425/199 - |178/25| -
W=*Z [3860/632| 965/158 |273/45| - |68/11
ZZ |2484/364 - 351/49| - |(12/2)

pY > 250 GeV / ph. > 500 GeV
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Top Yukawa

»2 leptons only

yd

Constraints from ﬁm at HL-LHC
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we parametrize background with B x signal

Competitive with on-shell Higgs measurements

Further improvements:
background characterization, especially for hadronic,
differential information, larger E” 2,
get rid of transverse polarizations
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Higgs self-coupling ,4 vE
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Higgs self-coupling

- 50-ish events in the SM

15,
Constraints from pp = jj vy h at HL-LHC

10}
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- Irreducible background negligible
- Background from ttjj with lepton misidentification under control
- Backgorund from fake leptons is; potentlally the dominant one.
We parametrize it with #back B x #31gna1
- Rough cut-and-count analy51s from just a single channel—gives
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gpetltlve results with doublekhlgigzs production
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E-growing opportunities
in many channels

hh, VV, Vh, tV, th, VVV, ...
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Some questions I have
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Longitudinal polarizations play key role in EW sector
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Accessing longitudinals

Best processes to look at?

Polarization tagging possibilities?

CMS simulation (13 TeV)
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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?

SAJA ~ E*/A\?
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many channels, but smaller cross-sections
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Computing high multiplicity, massive
amplitudes

Both analytic and numeric (MC) methods are

challenging

Cuomo, Vecchi, Wulzer 1911.12366

« What tools do we have?
« What are worth developing?

« To what extent can . O . ‘ Q ’
experiments employ theory (.} & m
calculations? i " 3 b

Franken & Schwinn 1910.13407
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Thank you!
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