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Background & Motivation

o Topological properties in quantum field theories (QFTs):

* Governed by the global structure of the system rather than local details;

* Aharonov—Bohm effect, instanton-mediated tunneling effect, topological defects,
quantum anomalies, etc.;
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* Nonperturbative approaches should accommodate topological properties;
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Background & Motivation

o Functional renormalization group (fRG):

« A versatile nonperturbative functional approach with applications;

* How topological sectors are represented and carried through an RG flow is still

not fully understood;
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How can fRG flows faithfully encode topological vacuum structure?
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o Question:

o Strategy:

Controlled U(1) quantum mechanics as a benchmark theory [1].
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U(1) Quantum Mechanics as Benchmark

o The model, 8-term, and winding sectors

— o o o e e o e e e M m e M Mmooy,

U(1)-symmetric Q.M. . Radlal mean field limit 7% = 1 :

Quantum rotor
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U(1) Quantum Mechanics as Benchmark

o Topological vacuum structure \ , ! \
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U(1) Quantum Mechanics as Benchmark

o Benchmarks of the relaxed U(1) model

Back into the U(1)-invariant theory:

S = / [ T —|-’r2192) %r%‘—l— 1 ('r2 —1)2] .

Benchmark: numerical solution of the Schrodinger equation.
The Hamiltonian in (7, 9) basis reads

Schrodinger equation in r-direction
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U(1) Quantum Mechanics as Benchmark

= 30,0)

E, (9

o Benchmarks of the relaxed U(1) model

Energy levels
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(*Relaxing the radial constraint breaks the exact 6-periodicity.*)
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Functional Flow with Topology

6

o Regulator and topology freeze

Standard fRG-LPA setup [2-4]
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Functional Flow with Topology

o Regulator and topology freeze

Regulated generating functional
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Functional Flow with Topology

o Topological information at UV “Topological” potential
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Functional Flow with Topology

o Sector-wise RG flow and reconstruction “Moving cusps”
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Results & Discussion

o Effective potential flow with scale (Litim-type regulator)

AV (r?,0) =V (r?,0) —V(r*,0 = 0)
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Results & Discussion

o Energy levels
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Results & Discussion

o Vacuum energy
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Results & Discussion

Ey(0; 9)

o Varying with g and topological susceptibility
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Summary

In the zero-temperature limit, conventional regulators suppress nontrivial winding

sectors, so a naive LPA flow does not recover the expected level-crossing structure.

In the current work, we demonstrated that summing over winding sectors before the
RG evolution generates the additional topological potential, which contains the
information of the different energy branches.

Each n-sector evolves smoothly, while the physical potential is obtained from the
lower envelope of the sector potentials; the intersections generate the scale-dependent

cusps .

Both Litim- and CS-type regulators reproduce the Schrodinger energy levels and
vacuum-energy structure, while the topological susceptibility approaches the quantum-

rotor limit as g — 0.
Outlook: extend the idea to genuine gauge theories and higher dimensions?

Outlook: topologically non-trivial configurations emerge along the RG flow?
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Appendices

o Poisson resummation in quantum rotor

Quantum rotor
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Appendices

o Derivation of Vi, 5= / [

UV limit with unsuppressed windings
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Appendices

o Sector-wise and integrated flows

Sector-resolved [ PIEA

€ = lim e

Flow equation of integrated EA
(besides for cusps)
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Variation in RG time and the zero-temperature
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