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The model

The single polariton Hamiltonian is
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Bose-Hubbard model ﬁ

Lipkin-Meshkov-Glick model




The non-Hermitian Bose-Hubbard Hamiltonian is given by

_ + — 2 o
p=_Y V>¢+1¢ . y)w*1w+l+ (bi19% +DI12,),

With the spin operators, the Hamiltonian becomes
1 : ~
:;[LIJ ‘O-k‘LIJ],k:O,x,y,Z, LI’,: (1./)4_1,1/)_1)
H = Hy(5) + iH,(5),
where

Ho(s) = —£8, + - (8, + 35 — 30), H,(5) = —-v3,.




Semiclassical approximation

In the mean-field approximation,

ds [dHO )] dH,
— =|——=XS5[+5—7,
dt AC AC

Or in components

Sy =—aS,Sy, S, =—-yS+¢eS,+as,S, S,=-¢S, S=-YS,.

Assuming positive values for the parameters a, &,y and choosing £ 1 the
unit of time we can always set € = 1 and rescale aS = § = {x, y, z} to obtain

X = —2zy, Yy =—yYSs+z+ zx, zZ = —Y, S = —yy.




We have two integrals of motion and the spin length

E=—x+-2% p=5—7Yz s? =x%+y*+z°
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T (wq1[1 + cn(wt, m)] + w41 F cn(wt, m)])?
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Where

w1 = \/(21 — 23)(zy — z3), Wy = \/(Zs — 24) (23 — 24),

1 [wiws + (21 — 22) (23 — 24)]°
W = E\/w1w4, m =

Ayaa(7. — 775 — 74)




Fixed points

x =—zy =0, y=—-ys+z+zx =0, z=—-—y =0, s =—yy =0.

y=0, z=t—5—,  (A-vi+ixt—p+x)4 —y4 = 0

The determinant of the quartic equation for x gives us the condition
2 4]3/2
Pc = [1+y3+y3]

If y = y/& =1 (critical dissipation imbalance) we have p,. = v27.
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Weak dissipation imbalance
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y/e<1:i oo e

P > Pe, three focus and one saddle

v/e =0.7,p, = 3.741: p = 3.6 (right) and p = 4.3 (left)
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Strong dissipation imbalance

wVive j v e o

. v SNF PO
y/e>1: ip > Pe, two focus and one saddle
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p = 8.5 (right) and p = 10.7 (left)
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Remarks

 We have shown the PT-symmetry is unbroken in our system with the
semiclassical approximation.

 The dynamics of the polariton condensate is characterized by closed
pseudoconservative trajectories.

 We have analyzed the bifurcations of the fixed points and the topology
of the system
 Weak dissipation imbalance: ellipsoids
e Critic dissipation imbalance: paraboloids

e Strong dissipation imbalance: hyperboloids

* The fixed points are focus and saddle







