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Textbook case: potential real and bounded

V(g) = m*¢? + A", A >0
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Negative Coupling

V(¢) = m*¢* —g¢*, g>0
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In classical physics: Epa = 00
'Endless Hill" potentials make no sense in classical physics
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V() = —go*

in Quantum Mechanics
(without any classical prejudice)
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Equivalent Hermitian Hamiltonian for the non-Hermitian —x* potential
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The potential V(x) = —x*, which is unbounded below on the real line, can give rise to a well-posed
bound state problem when x is taken on a contour in the lower-half complex plane. It is then
PT-symmetric rather than Hermitian. Nonetheless it has been shown numerically to have a real spectrum,
and a proof of reality, involving the correspondence between ordinary ditferential equations and integrable
systems, was subsequently constructed for the general class of potentials —(ix)". For such Hamiltonians
the natural PT metric is not positive definite, but a dynamically-defined positive-definite metric can be
defined, depending on an operator Q. Further, with the help of this operator an equivalent Hermitian

V(x) = —gx* isospectral to V/(x




Known since 1997: “P7T-symmetric Quantum Mechanics”

Energy

FIG. 1. Energy levels of the Hamiltonian H = p* — (ix)®"
as a function of the parameter N. There are three regions:




What does PT symmetry stand for?
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Discovered by accident

Energy

FIG. 1. Energy levels of the Hamiltonian H = p* — (ix)®"
as a function of the parameter N. There are three regions:




No stable classical ground state!
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Purely Quantum Phenomenon!
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Can be tested in AMO experlments, e.g. at TU Wlen. Schmiedmayer
group
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Quantum Field Theory for Higgs Field

z- / Doe=5 S — / Bam O — %m%fﬁ At

“Normal” solution approach:
« small perturbations around classical theory (A < 1)
« Systematically improvable, phenomenologically successful

+ Requires classical ground state to be stable



Investigating the near-criticality
of the Higgs boson
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unexpected feature of the SM that opens new avenues for theoretical speculation. The intriguing
result is that, assuming the validity of the SM up to very high energy scales, the measured value
of M, is near-critical, in the sense that it places the EW vacuum right at the border between
absolute stability and metastability. Because of the present experimental uncertainties on the
SM parameters (mostly the top quark mass), we cannot conclusively establish the fate of the
EW vacuum, although metastability is now preferred at 99.3% CL.




Classical ground state is not stable



ARVIN ASH

> »l ary of metastability > . oy «0 ¢ = O I3

0:00/13:12 + Sl

Is the Higgs Field unstable? | Vacuum Decay



Negative Coupling To the Rescue!


https://www.youtube.com/watch?v=gLiGHuE7to8

Negative Coupling To the Rescue!
No time for details, but Dec 2024 colloquium recording available:


https://www.youtube.com/watch?v=gLiGHuE7to8




. and now some thoughts about HEP theory in Europe...



HEP Theory in Austria
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Central European Supercluster for High Energy Theory
(CENTAURLUS)
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Central European Supercluster for High Energy Theory
(CENTAURLUS)

« Virtual collaboration of HEP theory groups
« Minimal administration, physics first

« Increased visibility

« ldentify common goals/strategy

« Offer common teaching for special topics

« Mentioned as "very good idea” by Restricted European Committee
for Future Accelerators (RECFA Austria visit, Sep 2026)

Want to know more? Contact: centaurus@quantengesellschaft.at
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Summary and Conclusions

« Quantum mechanics needs less symmetry than often assumed
« Same Standard Model theory allows for new physical solutions
Particularly important for cosmology/Higgs

Policy level: push to set up European network of HEP theory
departments
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Path Integral Perspective — Contour Deformations

‘Normal” s - I @)
“Deformed’ = =

Figure 1: Contour deformation for integrations in the complex domain of ¢(x). “Normal” integration for
¢(x) is for along the real line, but the “Deformed” integration contour is along two segments at an angle to
the real line.




Negative Coupling ¢* on the Lattice
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Triv f ¢* theory in four dimensions can be avoided if the bar

in the UV. Theories wi coupling can be put on the laiti

d(x) ontour-deformed from the real to the complex doma

one can recover results from symmetric quantum mechanics in this way. Ir

on an attempt (o put ne e co s ¢* theory in 4 dimensions on the lattice.

work, I report




Negative Coupling Quantum Mechanics

Zhdg), direct s{mulation
Z1pr(g), Hamiltonian Spectrum




Physics Perspective: Scattering




Special Potential Barriers: “Upside-Down” Potentials

Class of potentials V(x)=-|x|

Position

[Micheline B. Soley, C. M. Bender, A. D. Stone, PRL (2023)]



Theory prediction: reflectionless scattering for some energies!

4

Scattering on quasi 1d truncated V/(x) = —x

[Micheline B. Soley, C. M. Bender, A. D. Stone, PRL (2023)]



What does reflectionless scattering mean?

Generic Energy: Scattering

+ Sending in wavepacket
(x) with generic E > 0
will scatter




What does reflectionless scattering mean?

Quantum Fhysics

For special values
E = E,, no scattering at
all!




What does reflectionless scattering mean?

Quantum Fhysics

For special values
E = E,, no scattering at
all!

For E = E, > 0 v¥p(x) is exact solution of Hi) = Ev



