The S-Matrix Bootstrap For a
Custodially Symmetric Higgs

Justin Berman

Work 1n progress with Nathaniel Craig and Yue-Zhou L1

“’W//

PPINCETON CENTER
THEORETICAL SCIENCE

NIVERSITY OF
MICHIGAN

////

A ",\\

\

\

7

/

<

—r"‘——-"”_-

A\

I



A Theorist’s Motivation

Energy?

777

277

Scale of
AQ
Unmeasured EEFT
Physics Top quark

Higgs
W,Z bosons

pr(.)ton/neutron
pion
muon
electron

neutrino

photon



A Theorist’s Motivation

Energy?

777

277

Scale of
A2
Unmeasured ERFT
Physics Top quark

Higgs
W,Z bosons

C'mon, | proton/neutron
do something...
pion
muon

electron

neutrino

photon




A Theorist’s Motivation

Energy?

777

277

Scale of
AZ
Unmeasured ERFT
Physics Top quark

Higgs
W,Z bosons

C'mong” proton/neutron

%, do s#fnething. .. What can we learn about

what we could measure?

pion
muon
electron

neutrino

ATLASZ?
BN i

photon



Outline

Custodial Symmetry and Higgs Amplitudes
S-Matrix Bootstrap for EFT Amplitudes
Bounds & Extremal Amplitudes

Experimental Constraints



Peskin-Takeuch1/Oblique Parameters

S 0.008 =0.071
T 0.021 = 0.055




Peskin-Takeuch1/Oblique Parameters

S 0.008 =0.071
T 0.021 = 0.055




Peskin-Takeuch1/Oblique Parameters

0.5 LAl
- [ Mw

- [ Asymmetries

S 0.008 =0.071
T 0.021 = 0.055

Controls Higgs sector violation of
O(4) symmetry for Higgs field

-0.5




Peskin-Takeuch1/Oblique Parameters

0.5 LAl
- [ Mw

- [ Asymmetries

-Fz

S 0.008 =0.071
T 0.021 = 0.055

Controls Higgs sector violation of
O(4) symmetry for Higgs field

T" =0 Custodial Symmetry

1" o< cr OT:§(HTﬁH)(HTﬁH)



Why the Custodially Symmetric Higgs?

e LHC Entering “Higgs precision” era



Why the Custodially Symmetric Higgs?

e LHC Entering “Higgs precision” era

e Simple approximation for the SM Higgs

- Scalar theory

- SU(2) more computationally intensive



Why the Custodially Symmetric Higgs?

e LHC Entering “Higgs precision” era

e Simple approximation for the SM Higgs

- Scalar theory

- SU(2) more computationally intensive

e Easy to relate to experimental frameworks



Why the Custodially Symmetric Higgs?

LHC Entering “Higgs precision” era

Simple approximation for the SM Higgs

- Scalar theory

- SU(2) more computationally intensive

Easy to relate to experimental frameworks

Bootstrap bounds already exist! Elias Miro, Guerrieri, Gumus, 2311.09283
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Cqp — 1 / 4 TeV-4

But we want more! Bounds on coand cy? What theories?

Suppose > A < 2TeV




Imposing AUC

M(slt,u)= )  abep2pip;
a+b+c< Nmax

Xabe — Ageb

2R3 — VAT s
; V2A2/3 + VA2 — s

Ps

Paulos, Penedones, Toledo, van Rees, Vieira, Paulos, 1708.06765
Guerrieri, Penedones, Vieira, 1810.12849
Elias Mi1r6, Guerrieri, Gumus, 2210.01502



Imposing AUC

M(slt,u)= )  abep2pip;
a+b+c< Nmax

~ (Crossing

2R3 — VAT s
B \/2A2/3+ VAZ — s

Ps

Paulos, Penedones, Toledo, van Rees, Vieira, Paulos, 1708.06765
Guerrieri, Penedones, Vieira, 1810.12849
Elias Mi1r6, Guerrieri, Gumus, 2210.01502



Imposing AUC

M(slt,u) = > Qabeptpips,
a - b | CSNmaX

Xabe — Ugceb . ,
~ (Crossing

Analyticity _

B RT3 VAT s

e
)
|

Paulos, Penedones, Toledo, van Rees, Vieira, Paulos, 1708.06765
Guerrieri, Penedones, Vieira, 1810.12849
Elias Mi1r6, Guerrieri, Gumus, 2210.01502



Imposing AUC

M(slt,u)= )  abep2pip;
a - b | CSNmaX

Xagbe = Ageb . "

=== Crossing
Analyticity
Ps =
V2A2/3 + /A2 — s
Unltarlty then impOSGd aS d COIlStI‘aiIlt on Oéa,bc Paulos, Penedones, Toledo, van Rees, Vieira, Paulos, 1708.06765

Guerrieri, Penedones, Vieira, 1810.12849
Elias Mi1r6, Guerrieri, Gumus, 2210.01502



Imposing AUC

Y= Crossing
Analyticity
Ps —
Unltarlty then imp()sed as a C()I]Straint on O{ a bC Paulos, Penedones, Toledo, van Rees, Vieira, Paulos, 1708.06765

Guerrieri, Penedones, Vieira, 1810.12849
Elias Mi1r6, Guerrieri, Gumus, 2210.01502



Imposing AUC

Y= Crossing
Analyticity

B 2R3 — /AT =5

Massive Particle: A2 = 4m?

Ps =
2A\? A2 — . . L.
\/ /3+V > Today: approximate Higgs as having tiny mass
m* = A*/100
Unltarlty then imp()sed as a C()I]Straint on a{ a bC Paulos, Penedones, Toledo, van Rees, Vieira, Paulos, 1708.06765

Guerrieri, Penedones, Vieira, 1810.12849
Elias Mi1r6, Guerrieri, Gumus, 2210.01502



Imposing Weak Coupling
LSV S|D,HP + 2 |H? ~ N H|

g
; f\g O (HYH)o, (HH)

Elias Miro, Guerrieri, Gumus, 2210.01502



Imposing Weak Coupling
ESILH D |D“H|2 ’

Elias Miro, Guerrieri, Gumus, 2210.01502



Imposing Weak Coupling
ESILH D |D“H|2 ‘

m* = A*/100

In addition to unitarity:

for 4m? < s < A?
Im|a

One-loop contribution from small couplings

Elias Miro, Guerrieri, Gumus, 2210.01502



Imposing Weak Coupling
ESILH D |D“H|2 ‘

m* = A*/100

In addition to unitarity:

for  4m® < s < A?
Im|a
One-loop contribution from small couplings
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Summary

Bootstrap can teach us more than just the scale of BSM physics

Experimental data 1s straightforward to input and leads to interesting new features
Need nonperturbative theory to have negative ¢, and light spin-1 contributions

Perturbative models with spin-2 leading trajectories are experimentally interesting

Future Work

Bootstrap in the broken phase with h, W, Z... and t?

Model building?



