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Hamiltonians must
be Hermitian

should be replaced
by the PT symmetry
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there
exist also examples with
real spectra for which
Hamiltonian is not PT
symmetric.
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ﬂ PT Symmetry T
P —p, r — —. P — —1, f— —f

H.PT|=0; PTU(z)=7F ¥(x)

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

H=p"+2°4+2if(t) z

PT Symmetric: f(—t) = f(t)



Analytic Solution




Energy Spectrum
ffﬂ W HVy dx _ _ _
o | X O[TOT

Eq1 + 2iaf(3 4 20 + 24°)
1|E|1 >=
T R e e v e

Spectrum is not real unless f a=0 :l
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Symmetry Propert

2
] T L] ?‘
| Theorem: | Let H = ;—m + UR !

The spectrumis real if < U1 >= / T2 U d3x =0

/@iticity conditio)
generalization of PT
condition

2 Ul(—x.t) = —Ul(x.t); /

| U(—x.t) |* = | U(a.t) |?




— TN
PT condition works only for
time-independent potentials

_

Ul(—x.t) = —Ul(x.t);
| U (=2, t) |* = | U(x.t) |?

But, they work for both cases:|
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H = Hp+ 1AV Vak =< n|V |k >

|The energy shift: |

. r - IV, ;:.|2 .o
f'iﬂ, — 3}1/1"?1?1 - }13 Ek;én EE i EE. — V(E

1;1 k: LI;I:-I Li_’n |1;1 k: |2 1;1 n
E nE T o E S 71 P
( TR - EQ)(EY - EY) T (EY — EY)?

Spectrum is real If
all of the complex terms vanish!!
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Viin =0
Vak Vit Vin =0

vﬂ k I’fkf L} 8 I’:S* D I/:t:r?rl =0

But, there are infinitely many terms. :I

g

‘L Let’s use a and a+ operators. :I
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Examples

H = ;UE + 2?4+ idx T =

< mlx|n >=

I/fnn p— 'U'

1
V2

Vi Vi ﬂm\,ﬂ\>

1

NG (&.Jf + f}.)

(\/E 5m,n—1 + vn+ 1 5ﬂ1,ﬂ—|—1)



Examples

H =p* + 2% +i\e”

< mlz’|n >#0 v f mFL or m=F3

v;ln — L?ah‘”li’{’}n =0




Examples

iV =i\f(a) iV(x) =i f(a")

o at o (r
iV =i\e® =i\l



. A spontaneously broken Hamiltonian
with real spectra

. Symmetry Property

. A new approach

. Conclusions




Summary of results

sSpontaneously 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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