PT breaking in rings and competing
potentials

Yogesh N. Joglekar
Indiana University - Purdue University Indianapolis (IUPUI)

Main collaborators: Derek Scott, Bijan Bagchi
PARIS 2012 Phys. Rev.A 84, 062105 (2012)
arXiv:1207.1945, arXiv:1206.3310 1/42

Wednesday, August 29, 12



Outline

Introduction: experimental realizations

Lattice ring model: Results: PT phase diagram, Chirality
across PT breaking

Particle in a box with two PT potentials: Results: PT
phase diagram, Re-entrant PT Phase.

Conclusions: STEM student involvement

2/42

Wednesday, August 29, 12



Experimental lattice models: sites=impurities
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PT-symmetric two-tunneling ring

Tight-binding hopping
N
Ho = — > (i) [[6)( + 1] + |i + 1) (]
1=1

Single loss-gain pair
V =iy [[1)(1] — [d)(d]] # V"

Any loss, gain positions ok!

When does the PT ring have a real spectrum?
How does it depend upon the inter-impurity distance?
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P1-breaking signatures in a ring

Predictions for phase diagram of a two-tunneling ring
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PI-breaking threshold independent of loss-gain distance.
Wave packet evolution becomes chiral for nonzero loss/gain.
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P1-breaking signatures in a ring

Predictions for transverse momentum in a Pl symmetric ring
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After PT-breaking: Intensity increases exponentially with time

_ Chirality (momentum) shows a maximum at PT threshold
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Particle in a box: competing PT potentials

Short-range PT potential
Ve(r) = i€ [0(z — a) — 0(z + a)] <

Broad, constant PT potential

Vz(x) = i1 Zsign(x) 448

Both have nonzero critical e(a=L/2) ~5.06

strengths in relevant units

Znojil PLA 2001, JPA 2005; Mostazadeh JPA 2004

What is the effect of both on the PT phase?
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Particle in a box: competing PT potentials
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The critical strength diverges as allL approaches one.

For positions p=al/l < 0.5, the phase diagram is simple.
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Reentrant PT-symmetric phase!
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We predict that a PIl-phase is restored by adding localized
loss to the broad-loss region!
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Conclusions

Systems with balanced loss and gain.

PT breaking accompanied by maximal transverse
momentum.

Possibility to restore PT phase by increasing loss:
re-entrant PT-symmetric phase.

Fragile or robust nature of the PT-symmetric phase
depends upon the relevant energy scale.
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Joglekar at IUPUL.
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There is plenty of room at the bottom!
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Scaling results for lattice/continuum case
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Finite continuum results = vanishing (fragile) lattice results.
Finite lattice results = diverging continuum results.
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