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Open Quantum Systems

® Quantum systems are always coupled to the outside world
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Quantum dots
[Johnson et al. Nat. '05]
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® Focus on toy models to understand how this changes behavior
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Open Quantum Systems

® Quantum systems are always coupled to the outside world

Ilustration by Dick Codor.
[Auerbach, Interacting Electrons (Springer, 1998)]

® Focus on toy models to understand how this changes behavior
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Overview
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Dissipative Phase Transitions

® Markovian open quantum system with master equation:

p=~Lp=—i
Quantum PT Dissipative PT
H i) = E; |1i) Lp; = \ipi
H=Ht L# Lt
[¥0) = min H [1)) Lpo =10
Eo—FE; =0 A =0

[Kessler et al. PRA '12,

i[H, p] + Dlp]
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Example: LMG model

® As an example of this consider
the LMG model with dissipation X

J 0.5
Hpyve = —552— g8, |

S xT w00
p=—i[Hrma, p] + I'D[S™]
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-05

10
=100 —0.75 0.50 0.25 —0.00
g

— 8 =10/2 =8 = 100/2 =8 = 300/2 =M F ==-J./g = —0.625

0.500

Log
i 0.73
—0.625 = /
0.50
§ -0.750 0.23 X
= 100 075 050 —0.25  0.00|
0875
~1.000
1.00 -0.75 0.50 0.25 0.00

Jg



Phase Transitions in Open Systems PT Symmetry

o Q
[ 1o} (o]0
[¢]

PT Symmetric LMG Dimer

0000

Example: LMG model

® As an example of this consider
the LMG model with dissipation

Hiyve = —%Si - 95
p = —ilHprc, p) + TDIS]
® Phase transition between
different magnetic orders
® Small |J| normal dissipation
driven paramagnet
® Large |J| symmetry broken
ferromagnet
® Same transition as in ground
state

— X — Y — Z == J/g=-062
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Classical PT symmetry breaking

® Systems are Parity-time symmetric when they obey both

® An inversion symmetry
® Time reversal symmetry

® Consider a non-Hermitian Hamiltonian eg for a 2 mode system

——Real ——Imag
i
H= < g g ) 1.0
g —iy
0.5
® Balanced gain and loss requires U oo
Pl = Pg -05
® Eigenvalues change from real to o
imaginary at the exceptional

pOIntF:g 000 025 050 075 100 125 150 175
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PT symmetry in open quantum systems

® Consider master equation for pair of
coupled oscillators

p = L[H, cy,c]p = —i[H, p]+D[c1]+Dcs]

[Huber, PK, Rotter and Rabl, SciPost Phys (2020)]

Conclusions
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PT symmetry in open quantum systems

® Consider master equation for pair of § §
coupled oscillators \ v I ’
p [,[H Cl,CQ] [H p]—i—D[Cl]-i-D[Cg] B
® We propose this is PT symmetric if P « I /
A

L[H,c1,c2] = LIPT(H),PT(¢1),PT(c2))

T takes the Hermitian conjugate ¢ « ¢!

N\
B
® P exchanges sites a <> b §
N\
B

[Huber, PK, Rotter and Rabl, SciPost Phys (2020)]
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PT symmetry in open quantum systems

® Consider master equation for pair of § §
coupled oscillators \ v I /
p [,[H Cl,CQ] [H p]—i—D[Cl]-i-D[Cg] B
® We propose this is PT symmetric if P « I /
A

L[H,c1,c5) = L[PT(H),PT(c1), PT(c2)]

T takes the Hermitian conjugate ¢ « ¢!

Can think of this as swapping over a pair
of sites and exchanging gain for loss

N\
B
® P exchanges sites a <> b §
N\
B

[Huber, PK, Rotter and Rabl, SciPost Phys (2020)]
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PT Symmetric Dimer
® Consider a model with two spins
H = g(S$ S, +5;5))
® Spin a is driven. Spin b is dissipative

p=—ilH,p]+T,D[S; ] +TiD[S, ]

® Ground state is trivial

® Physics of phase transition is dissipation driven

Conclusions
(e]e]
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® Phase diagram has different A

magnetic configurations

® PT symmetric when
ry=Ih=r

e If g < I" dominated by
dissipation and fully polarised

® If g > I eigenstates are mixed
and driven to infinite temperate
mixed state

® This is a generic feature of
models with PT symmetry
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Generalisation: PT Chain

® Chain of spins with alternating
pumping and decay

§oF nE § i

,,,,,,,,,, B"‘l

N
H= Z 954,80 +hSF S, 1 + He.

N
Z an +Fl‘C[S ]

[Huber, PK and Rabl, PRA (2020)]

Conclusions
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Generalisation: PT Chain

® Chain of spins with alternating
pumping and decay 2

Eof ety & £

,,,,,,,,,, B"‘l

H= Z 954,80 +hSF S, 1 + He. 0

0 Ti/g 2

N ® First order transition
Z nl + Flﬁ[s nls without coexistance

® Second order transition

. . without symmetry breaking
® Phase diagram - disconnected from

equilibrium
[Huber, PK and Rabl, PRA (2020)]
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Generalisation: LMG Dimer

® Pair of coupled LMG models

H=Hine®I+1®Hrve +MNSFS, +S,5))

[Kothe, PK arXiv:2504.18426]
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Generalisation: LMG Dimer
® Pair of coupled LMG models

H=Hine®I+1®Hrve +MNSFS, +S,5))

* Nonlinear spin model ® One pumped one dissipative

Hyae =~ 552~ g5. p = —ilH, plTL[S; 1T LS}

[Kothe, PK arXiv:2504.18426]
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Generalisation: LMG Dimer
® Pair of coupled LMG models

H=Hiue @I +1® Hyypa +A(S;SS, +5,5))

® Nonlinear spin model ® One pumped one dissipative

Hine = —gsz —gs. p = —i[H, p|+T LISy | +TL[S]]

® Phase diagram is surprisingly complex

[Kothe, PK arXiv:2504.18426]
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Mean-Field Phase Diagram

® Find solutions of mean-field equations
® Check how many of them are stable

Number of Stable Solutions
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Mean-Field Dynamics

PT

Normal

-1.0  -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
X X

Conclusions
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Lyapunov Exponent

PT Symmetric LMG Dimer
[e]ele] ]

® Can calculate largest Lyapunov exponent to diagnose chaos
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Conclusions

® Dissipative phase transitions are more
complex than in equilibrium

® PT symmetry can be defined at the level
of microscopic quantum models

® | ots of interesting physics in these models!

et o Stable Soltions

~

[Huber, PK, Rotter, Rabl SciPost Phys (2020)
Kothe, PK arXiv:2504.18426 (2025)]
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