
Cem Yuce
17th of July 2007

Complex Spectrum of a Complex Spectrum of a 
Spontaneously Unbroken PT Spontaneously Unbroken PT 

Symmetric HamiltonianSymmetric Hamiltonian



Outline

1. A spontaneously broken Hamiltonian
with real spectra

2. Symmetry Property

3. A new approach

4. Conclusions



1998

Hamiltonians must
be Hermitian

~1930

PRL 80 5243
(1998)

should be replaced 
by the PT symmetry
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PT Symmetry condition
there

exist also examples with 
real spectra for which 
Hamiltonian is not PT

symmetric.

http://images.google.com.tr/imgres?imgurl=http://diveretailing.com/images/wrench_hand.gif&imgrefurl=http://diveretailing.com/index.html&h=128&w=120&sz=5&hl=tr&start=23&tbnid=9vcaJoMQeOIUIM:&tbnh=91&tbnw=85&prev=/images%3Fq%3Dwrench%2Bhand%26start%3D20%26gbv%3D2%26ndsp%3D20%26svnum%3D10%26hl%3Dtr%26sa%3DN
http://images.google.com.tr/imgres?imgurl=http://www.sarasotahairtransplant.com/grafx/cartoon_man1.gif&imgrefurl=http://www.sarasotahairtransplant.com/articles.asp&h=150&w=119&sz=3&hl=tr&start=7&tbnid=eLKtM3xX3Op2PM:&tbnh=96&tbnw=76&prev=/images%3Fq%3D%2522cartoon%2Bman%2522%26gbv%3D2%26svnum%3D10%26hl%3Dtr
http://images.google.com.tr/imgres?imgurl=http://www.lakeridgehealth.on.ca/patient_care/interventional_radiology/presentations/radiology/index.3.gif&imgrefurl=http://www.lakeridgehealth.on.ca/patient_care/interventional_radiology/presentations/radiology/index.htm&h=254&w=119&sz=3&hl=tr&start=13&tbnid=I0XB7ZlkttHOHM:&tbnh=111&tbnw=52&prev=/images%3Fq%3D%2522cartoon%2Bman%2522%26gbv%3D2%26svnum%3D10%26hl%3Dtr


PT Symmetry

Spontaneous breaking of PT transformations: 
The appearances of complex eigenvalues
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A Time-dependent Hamiltonian

PT Symmetric:



Analytic Solution

For n=0, n=1
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Energy Spectrum

  Suppose

for n=0

Spectrum is not real unless f α=0

for n=1
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Examples

PT Symmetric
PT Symmetric
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Symmetry Property

Theorem:

2

1

generalization of PT 
condition

Hermiticity condition

Let

The spectrum is real if



PT condition works only for
time-independent potentials

But, they work for both cases.
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The energy shift:

Spectrum is real if
all of the complex terms vanish!!
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But, there are infinitely many terms. 

Let’s use a and a+ operators.

http://images.google.com.tr/imgres?imgurl=http://www.sarasotahairtransplant.com/grafx/cartoon_man1.gif&imgrefurl=http://www.sarasotahairtransplant.com/articles.asp&h=150&w=119&sz=3&hl=tr&start=7&tbnid=eLKtM3xX3Op2PM:&tbnh=96&tbnw=76&prev=/images%3Fq%3D%2522cartoon%2Bman%2522%26gbv%3D2%26svnum%3D10%26hl%3Dtr


Examples



Examples



Examples



Outline

1. A spontaneously broken Hamiltonian
with real spectra

2. Symmetry Property

3. A new approach

4. Conclusions



Summary of results

•Spontaneously unbroken PT symmetric
Hamiltonians may have real spectra.

•New approach: Perturbation theory is useful for
searching for a non-Hermitian Hamiltonian with
real spectrum.
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