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&P 1 symmetry breaking
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Parity-Time symmetry (PT symmetry) H+ H f

PT symmetry of eigenstates
preserved (oscillation) :

(PT)H(PT)™' =H < PT |d1) = |d1) — € :real
broken (attenuation/divergence) :

s e szesn, 1 |P1) = €rldr)  PT |¢n) # |dn) — e complex

PT symmetry of a Hamiltonian

typical behavior in PT symmetric systems:

drastic change of dynamics!
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Optical experiments in both

—___Classical and quantum regimes
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Results are similar in both systems
= Is there a distinct feature?
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photon source direction of photon propagation = effective time
separation of paths = hoppings between lattices
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photon loss effect & post selection» [Ji £ U -1 . H £ HT
= (Un(a,t)

(1)) = ; ( w: (i:t) ) |z) | conventional: single photons

many photons = non-classical behavior?




Extension to cases with many photons -

single photons = many photons: boson sampling problem

detection of
output photons &\ +i 01 of

. creation operators -
Y
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T . p o
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t ] p Db —bjbi =14,
evolution by
t P({nin}a{nout}at)??

optical elements

quantum walks : Z/{T(t) =U' j=(x,0),0="hv, Y =2X

Probability distribution of photons can be hard to compute
= computational complexity/quantum supremacy



Computational complexity/ Quantum supremacy
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U (t) : random matrix = hard to compute

. 4 . S.A , A. Arkhipov,
U (1) : positive matrix = easy  gloc s
A. Deshpande, et al,

PRL. 121, 030501 (2018).

U :local and ¢ : small = easy

¥ hard/easy : within polynomial time of N

physical situation & hardness for computing the distribution

may be possible Ut (t) = Ut
characterization of dynamics/phase by computational complexity
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extension from single photons to many photons

¥

boson sampling problem

Ut(t) =U"

[ computational complexity in PT symmetric non-Hermitian systems? ]
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-PT symmetric model

wave plates : changes of polarizations
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partially polarizing beam splitters :
polarization dependent photon losses
:>nonun1tary dynamics U f | 7

Z|x $|( 697)

S
X
ooy =3 (@0 Yy o . . |
Uy (2, 1) ' Gain effect of photons 1s also considered for

u*(t)=U; ! . theoretical simplicity, while only loss exists. !
PT symmetry : (PT)Un(PT)™! gll, PT = Z |—z) (x| ® 03K
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..Single-particle dynamics
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—&System-size dependence
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gNumerical confirmation
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Summary

Ken Mochizuki

extending single-photonic non-Hermitian system into many-photon system

computational complexity of boson sampling problem

PT symmetry breaking

= prolongation of the threshold for the short-time complexity transition
* long-time complexity transition unique to non-Hermitian systems
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