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Summary
How to consider mirror losses.
The interaction of two fields.
Nonunitary transformations leading to non-Hermitian Hamiltonians.
Realizing such nonunitary transformations in waveguide arrays.

How to make your own non-Hermitian Hamiltonian.
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Cavidades reales: pérdidas llevan a ecuaciones maestras
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Quasiprobability distribution functions

A classical probability density P(q,p) may be written as

Clasico Cuantico

P(q,p)= [ 6(g—4)5(p—p)P(q’,p")dq dp

) AW -
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<e VP Tr{ pe~ @0
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Correspondence principle.
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Fig. 8. Wigner function f = —a =2 for(a) yt =0.(b) pr =.1 and (c) yt = .5.
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Interaction between two-classical fields
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o exp[NOeOP] S Noy 'L
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Quantum Semiclass. Opt. 10 (1998) 671-674. L. M Arévalo-Aguilar and H. Moya-Cessa, Solution to
the master equation for a quantized cavity mode
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Where is the cheating?

< e—i(q'v+p'u) >

oo k
2 s+ 1 P .
F(H.ﬁ}:mz (Ig_l) LI'H?;\ p|ﬂf.. lll." {1)

k=0

with s the quasiprobability function’s parameter that
indicates which 1s the relevant distribution (s = —1
Husimi [12]. s = 0 Wigner [13] and s = 1
Glauber-Sudarshan [14.15] distribution functions), p the
density matrix and the states |a,k) are the so-called
displaced number states [16].

Tr{ﬁe—i(upwé)}

H Moya-Cessa, PL Knight
Physical Review A 48 (3), 2479 (1993).

JOURNAL OF MODERN OPTICS, 1995, voL. 42, No. 8, 1741-1754

Generation and properties of superpositions of displaced

Fock states
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Exact solution for the interaction of two decaying
quantized fields

L. HERNANDEZ-SANCHEZ, ©© |. RAMos-PRiETO,* © F. SoTto-EGuiBAR, (2 AnD H. M.
Moyva-CEessa

4,

dp
dz

= —i‘t;"gf! + vy, Llalp + }’h-f:[ff‘]f’- (1)

where Sp = [ab' + a'h, p] determines the interaction of the two
fields or lieht modes. while the second term of the rieht-hand
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p=exp|-x (L +3,)] & (2)
to obtain
do .
— =—ig80+ v, [(1-2x) ], - L,| 0
- ¢SO0+, [(1-2x) { 3)
T l(] -2x)J —Ef;l 0,
and by setting y = 1/2, the above equation reads
do (s . o
i (Hcfreﬂ — yHIE) : (4)

where H.z = —iy,a'a —iv,b'h + ¢ (E:i*b* + -:':i-*b) is an effective

non-Hermitian Hamiltonian. It is important to emphasize
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Infinite waveguides array

dz
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Discrete Diffraction

A beam injected into one
of the waveguides in the
array spreads to the rest

of them by wave
coupling.

Waveguide number

0 1 2 3 4 5
Propaaation lenath (cm)

This phenomenon has been referred to as DISCRETE DIFFRACTION
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Non-Hermitian propagation in
equally-spaced waveguide arrays

Ivan A Bocanegra-Garay!'~>* and Héctor M Moya-Cessa'

611;?” — !"; + V(.r)] (7). (1)

1
By doing

(W (1)) =e™|P (1)), a e R, (2)
the non-Hermitian Schrodinger equation [36]

d|® (1))
ot

(p+ia)
2

i

+ V(.r)] P (1)), (3)

1s reached. In fact, non-unitary transformations naturally lead to non-Hermitian dynamics [37].

[37] Vi]leg;aza-.\/lﬂrtfnez B M. Soto-Eguibar F, Hojman S A, Asenjo F A and Moya-Cessa HM 2024 Non-,
Hermitian dyvnamics from Hermitian systems: do-it-yourself Mod. Phyvs. Lett. B 38 2450178



iCy (2) = afcp1(2) +Cag1 (7)), (4)

where a oc e € R is the coupling constant, d is the distance between adjacent waveguides
and the dot denotes derivative with respect to 7. Equation (4) has an associated equation of the
Schrodinger type (a partner equation [8], see also [22])

0¥ (2))
0z

= H|i(2)). (5)

where the Hamiltonian operator
H=a(VI+V), (6)

for a pair of well-defined conjugate ladder operators V and V7, is Hermitian, namely H = H'.
An abstract Hilbert space H is assumed, where each ¢,(z) is associated to an abstract vector
n) € H. The partner equations (4) and (5) are connected by

[ (2)) =D (@) |n). (7)
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Non-Hermitian dynamics from Hermitian systems: Do-it-yourself
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4. The Complex Deformed Harmonic Oscillator

A very well-known P7 -symmetric non-Hermitian Hamiltonian, is the complex de-

formed harmonic oscillator given by

where € is a non-negative real number.
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-~

~ : . 7T ~
H = exp(2ir)p2 + exp[—zfr(Q +€) + ’1§E:| T2+e.
As r is an arbitrary real constant, we choose it such that

: : . 7T
exp(2ir) = exp[—zr(Q + €) + ’E—E:l :

2
. e+ 4k\ L
Hj. = exp| im (P2 + T2te),
4+ €

H = p2 + V(ix) (22)
can be transformed with the non-unitary squeezing transformation S = exp |4 X<
(zp + px)] (which is the same one used in the case of the complex deformed

harmonic oscillator with » = 7w/2) to
H = exp(im)p2 + V (ixze 7)., (23)

which becomes the Hermitian Hamiltonian

-~

H = —p2 + V(). (24)

September 2025 QOART 30



Conclusions

It was shown how to obtain non-Hermitian
Hamiltonians via non-unitary transformations.

Such transformations were applied in several cases,
among them the interaction between two fields.
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