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RECAP: HERMITIAN SCATTERING
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NON-HERMITIAN SCATTERING

Phenomenological description of reduced dynamics

Particle detectors, inelastic collisions, injecting sources,
spontaneous emission etc. H £ H

Formalism: Phys. Rep. 395 357 (2004)

More recently: PT symmetry and Optics
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GENERALISED SYMMETRY RELATIONS
(1) AH=HA
(2) AH =H'A

Klein four-group
Ae Ky = {1,1_[,@,@1_[}

Common Examples
Hermiticity: (2)& A=1
Parity-Time Symmetry: (1) & A =110



SCATTERING SELECTION RULES

h?  d? h2k?
@)+ [ Vu)dy = 5 i)
Code  Symmetry (x|V|y) T" T R' R™ Moduli Relations
I 1H = H1 (z|Vlyy T' T R" R"
II 1H=H'1 WlV|z)* T'T" R* R™ |T'=|T"|, |R=|R"|
III HOH=HIO (—z|V|—-y) T" T"* R™ R* |TY=|T"|,|R"|=|R"]
IV HOH=H'T (—ylV|-2)*T" T' R" R
V  ©H = HO (z|V|y)y* T" T' R' R’ R' = |R"
VI ©H=H'© W|Vl]z) T" T' R' R T =|T"
VII OIIH = HOII (—z|V|—y)* T" T" R" R’ T!|=|T"
VIII ONIH = H'ell (-y|V|-z) T' T" R" R R'|=|R"

V(z,z") = 6(x — 2")V(x) > Symmetry VI



OTHER SYMMETRIES
Particular symmetries: 11,1V, V, VII

HB|E,) = BH|E,) = E,B|E,)

Energies are conjugate pairs: F,, = E

S-Matrix Code  Symmetry — (plS|p) =

l ! LA = Hl (pISIp')

1"(p) R nou=H1 (S
S = ( Rl Epg T Epg ) III I[IH = HII (_p@ —p')
p p v OH=H'T (—pl3| - p)
g
_ > >k VI OH = H'O —p’ S|—»

Sj(k) = 55 (=k") VIl enH=Hen  (¢/|S|p)

VIII OIH = Hfelr  ('|S|p)

Poles and zeros symmetric about imaginary axis
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EQUIVALENCE RULES
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SCATTERING DEVICES

(a) TR/A (b) T/R

Symmetry Allowed devices
—— —_— - - —_— | All types
r—— - II None
— = *-- | |S I None
IV TR/R, TR/T
\Y TR/R
VI R/A,TR/T
VII TR/T
(c) T/ A (d) TR/R VIII T/ATR/R
A= > A—— —_—

<-- ~-> e — (a) One-way mirror

(b) One-way barrier

(c) One-way T-blter

(d) Mirror and 1-way transmitter
(e) One-way R-blter

(f) Transparent 1-way rel3ector

(e) R/A () TR/T

<«- -=> — —

. (S - I




DESIGN OF POTENTIALS I
INTERPOLATING POLYNOMIALS

Viz,y) = Zz‘,j Ui,jxiyj

wl/r(fE) — Zj Cl/r,jfgj

T /A
Chosen wave vector ko = 1/d 1.0-/\
£ 0.8}
Enforce symmetry VIII fij 0l
vij = (1) v, 304
0.2
R=R' =R’ e




DESIGN OF POTENTIALS II:
BORN APPROXIMATION TR/T
Local PT potential

T=T'=T" |[T]*=1! R"™R

1.2 R!I2
Born approximation £1.0 s
[ V2! im g 8 I
Rl= =V g R
_ | _2Uim \ .
RM =1 -5V (2k) o2 o T2
S 10 15 20

k<0 V(k)= 2" k
k>0 V(k)=0

D < o 2x"
V()= !“!mo (X2 + "2)2 + I(x2 + 72)2
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DESIGN OF POTENTIALS IlI:
SEPARABLE POTENTIALS

Potential V = V |®) (x|

Qo(E) = (x|(E —Ho) *|o)

Top = |"1"#]

Vo T'+T1 TT"+R'R =1
1! VoQo(E)

Forbids TR/R and R/ A
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SEPARABLE POTENTIAL EXAMPLE

2ba?

6__01“”_
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QUANTUM-OPTICAL IMPLEMENTATION

1 p?0 +!' 0 I (X)
2m 0 p2 2 L (x)' (2" +il)
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QUANTUM-OPTICAL IMPLEMENTATION

7 = 1 p?0 L 0 I (X)
2m 0 p? 2 LX) (@2 +i!)
A= " 1/ 2
v | I 4+
B m e X! yICII | ) q= 2mE 14 2! !
V(X,y) = —! (x)! (Y) | 2E/ |
4 1Q
2)
Symmetry Conditions Implies A I
(D 1H =H1 none T ey A
(D) 1H = H'1 g=—q* (ie.Req = 0) I
() TIH = HTI Q(x) = e*Q(—x) I Y
(IV) TIH = H'TI g=—q"&Qx) = e?Q(—x) ILIL I
(V) ©H = HO g =—q" &Qx) = *Qx)*  VLILI () ( gf;)
(VI) ©H = H'® Q(x) = é*Q(x)* I
(VI) OTIH = HOMl g = —q* & Qx) = 4Q(—x)* VIILIL I
(VIID) ®IH = H'OI1 Q(x) = ?Q(—x)* I ‘ 1>
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NUMERICAL RESULTS
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CLASSICAL MOTION APPROXIMATION
T/A DEVICE

Approximation: x ! xwvt

! ﬁ + (1) = V(xvt)" (1)

Left Incidence

Sqguare potentials

1.0¢
«n 0.8}
= 0.6}
a 0.4}
Q 0.2

0.0t

1.0f
n 0.8}
= 0.6}
o 0.4¢
Q 0.2}
0.0t

\/ , St "l Lw<x< 0
| V)= St (12! D+ 5, 1y 0<x< w

0 otherwise

2 #
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SUMMARY

¥ Symmetries imply scattering selection rules
¥ Broad amount of asymmetric devices possible (beyond PT)
¥ Non-Hermitian potentials possible in quantum optics

B ——— B ——

Ali Mostafazadeh Miguel Simon Gonzalo Muga Andreas Ruschhaupt
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