
Driven-dissipative quantum systems & 
hidden time-reversal symmetries

• Exact descriptions via a useful quantum 
formulation of “detailed balance”
(work with D. Roberts, A. Lingenfelter, arXiv:2011.02148)
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Driven dissipative quantum phenomena

Hsys
drive

dissipation

• Are there non-trivial cases where we can 
analytically describe steady-state properties?
(non-perturbative, not semiclassics, not high-T limit, not MFT, etc.)

• Generic ingredients:
• System with strong nonlinearity / interactions
• Energy pumped in via external drives
• Balanced by dissipation ⇒

non-thermal steady state
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• Closed systems: exact solutions for strongly interacting systems
• Integrable quantum systems (Bethe ansatz methods)

• e.g. Heisenberg models, Anderson model, Rabi model, ...
• Analogous approaches for driven-dissipative problems?



Exact solutions of nonlinear bosonic systems
• Single nonlinear quantum cavity, coherent driving and loss (linear & nonlinear):

• Realized in many experiments (e.g. superconducting circuits)

Ĥa =
U

2
â
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† +
⇤2

2
â
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• Exact, non-perturbative descriptions of the quantum steady state:

• Mapping to classical Fokker-Planck equation (complex-P method)
• Drummond and Walls 1980, Drummond et al. 1981 

(see also Elliott and Ginossar 2016, Bartolo et al. 2016)

• Coherent quantum absorber method (CQA):
• Linear driving & loss:  Stannigel, Rabl and Zoller NJP 2012
• Nonlinear driving/loss:  Roberts & AC, PRX 2020
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(Grimm et al, Nature. 2020)
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CQA solutions yield physical insights!

• Steady state controlled by two parameters:

• Surprising behavior when r1, r2 are positive integers
• Photon blockade, quantum bistability, …..
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drives detuning
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Roberts & AC, PRX 2020

Segal-Bargmann
“wavefunction in phase space”



Why are these systems solvable?
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• No obvious symmetry or small parameter
• Adding other innocuous looking terms destroy solvability
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â
†
â
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• For closed (non-dissipative, non-driven) systems:

• CM:

• IDEA: make a connection to time-reversal symmetry
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• For dissipative systems, need something more general…..

• QM: exists an anti-unitary T such that



Time reversal and detailed balance

• “Quantum detailed balance” = ????
• Define as a correlation function symmetry?

(Agarwal 1973, Carmichael 1976, ….)

1
2

3
• CM: Time-reversal symmetry è

detailed balance
• Implies “Onsager” time-symmetry of fluctuations
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• Issue: only holds for very limited class of 
system with “trivial” steady states (Alicki 1978, ….)
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<latexit sha1_base64="NH1T2Y9CyTTPy8xtfe/qPcV8XLY=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKtlbaUDabTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuBNRwKWLeQoGSd1LNqQokfwhGN1P/4YlrI5L4Hscp9xUdxCISjKKVHnsoZMhzMelXa27dnYEsE68gNSjQ7Fe/emHCMsVjZJIa0/XcFP2cahRM8kmllxmeUjaiA961NKaKGz+fHTwhJ1YJSZRoWzGSmfp7IqfKmLEKbKeiODSL3lT8z+tmGF35uYjTDHnM5ouiTBJMyPR7EgrNGcqxJZRpYW8lbEg1ZWgzqtgQvMWXl0n7rO5d1N2781rjuoijDEdwDKfgwSU04Baa0AIGCp7hFd4c7bw4787HvLXkFDOH8AfO5w8t5JCn</latexit>

ĩ
time-reversal

<latexit sha1_base64="Bw7T2+ukYNogR+xHZ56hDe3wSWk="></latexit>

�i!j · pi(1) = �j̃!ĩ · pj̃(1)



Doubled-system formulation

• Use this to motivate a definition of quantum detailed 
balance and “hidden” time reversal symmetry T….

• Equivalent classical formulation of detailed balance:

A B

1
2

3

1
2

3

• Start doubled classical system in 
a correlated state:

• Detailed balance condition:

<latexit sha1_base64="EUxBn3PelQs0N9Ej7yYNwNdcIo0=">AAACIXicbVBLS8QwGEx9u75WPXoJLoIHWVpRFETQ9eJRwVVhW0qafqvBJC3JV3Ep/TVe/Cl6EfGi4p8xu+7Fx0BgmJmQzCS5FBZ9/8MbGR0bn5icmq7NzM7NL9QXl85tVhgObZ7JzFwmzIIUGtooUMJlboCpRMJFcnPU9y9uwViR6TPs5RApdqVFV3CGTorrrTwuD1tVR2+oPYr7fkT3qZNChDs0qrS2cl5EQxQKLKVhChJZXKoNp8gUSl1Vcb3hN/0B6F8SDEmDDHES1x/DNOOFAo1cMms7gZ9jVDKDgkuoamFhIWf8hl1BOWhY0TUnpbSbGXc00oH6I8eUtT2VuKRieG1/e33xP69TYHc3KoXOCwTNvx/qFpJiRvtz0VQY4Ch7jjBuhPsh5dfMMI5u1JqrHvwu+pecbzaD7aZ/utU4aA1HmCIrZJWsk4DskANyTE5Im3DyQJ7JG3n37r0n78V7/Y6OeMM7y+QHvM8vYQmjgw==</latexit>

pAB [n,m; t = 0] = pss[n]⇥ �m,ñ

<latexit sha1_base64="TR6WRrIRrs/zzIVSXK2gVxS0K6c=">AAACF3icbZDNSsNAFIUn/tb6F3XpZrAI7aYkotiNUOvGZQXbprQlTKaTdugkE2YmQgl9EDe+ihuRbhRc+jZO2gi29cDA4Xz3cudeL2JUKsv6NtbWNza3tnM7+d29/YND8+i4KXksMGlgzrhwPCQJoyFpKKoYcSJBUOAx0vJGdylvPREhKQ8f1TgivQANQupTjJSOXLPS5Rqn3Ql03NuiKsG2WytaJTiBN/APbM+h8wtds2CVrZngqrEzUwCZ6q457fY5jgMSKsyQlB3bilQvQUJRzMgk340liRAeoQFJZntN4LmO+tDnQr9QwVm6UIcCKceBpysDpIZymaXhf6wTK7/SS2gYxYqEeD7IjxlUHKZHgn0qCFZsrA3CguofQjxEAmGlT5nXq9vLi66a5kXZvipbD5eFai07Qg6cgjNQBDa4BlVwD+qgATB4AW/gA3waz8ar8W5M56VrRtZzAhZkfP0ADUubxw==</latexit>

XA(t)YB(0) = YA(t)XB(0)
Original system, 

transition rates 𝛤i→j
Copy of original system, 

but no dynamics

<latexit sha1_base64="O3Lsx6004mAtcdrWnuwh9P/+7ok="></latexit>

d

dt
⇢̂ = �i[Ĥ, ⇢̂] +

X

j

jD [ẑj ]⇢̂

• Steady state of original system: • Correlated state of “doubled” system
<latexit sha1_base64="+hMxsYpILRb0nMobNZk7C/ZQFMg=">AAACE3icbVDLSgMxFM3UV62vUZdugkVxVWakohuh6MZlBfuAThkyaaYNzWNIMkIZ+xlu/BU3Ii5U8AP8G9N2Nm29cMnhnBOSc6KEUW0879cprKyurW8UN0tb2zu7e+7+QVPLVGHSwJJJ1Y6QJowK0jDUMNJOFEE8YqQVDW8neuuRKE2leDCjhHQ56gsaU4yMpUK3GqiBDLNAcaj1GJ7CaxjolIdDmNh9GsJAIdFnBAZsdloShm7Zq3jTgcvAz0EZ5FMP3c+gJ3HKiTCYIa07vpeYboaUoZiRcSlINUkQHqI+yaaZxvDEUj0YS2VXGDhl53yIaz3ikXVyZAZ6UZuQ/2md1MRX3YyKJDVE4NlDccqgkXBSEOxRRbBhIwsQVtT+EOIBUggbW2PJRvcXgy6D5nnFv6h499Vy7SYvoQiOwDE4Az64BDVwB+qgATB4AW/gC3w7z86r8+58zKwFJ79zCObG+fkDfTicaQ==</latexit>

⇢ss =
X

k

pk|kihk|
<latexit sha1_base64="gTaT6fJ6tMsYVhrzpdLRJPibufA="></latexit>

| TFDi =
X

k

p
pk |kiA

⇣
T̂ |kiB

⌘



• A fully quantum notion of “detailed balance” that has operational utility, and that 
can be present even for systems with non-trivial steady states

Hidden time-reversal symmetry

• Original system Lindblad master equation: 
(steady state could be non-trivial, no “obvious” detailed balance)

• Pick an anti-unitary operator T
• Use to construct a “thermofield double” 

entangled state

• Consider a “doubled” system, prepare in 
thermofield entangled state….

• T represents a hidden time-reversal 
symmetry if for all operators we have:

<latexit sha1_base64="cRR/EftweeNwGnJ7zpy1BIaPDac=">AAACF3icbVBLSwMxGMzWV62vVY9egkXwVHZFsReh6MVjBfuAblmyabYbmseSZIWy7g/x4l/xItKLgkf/jenj0upA+IaZLyQzUcqoNp7345TW1jc2t8rblZ3dvf0D9/CorWWmMGlhyaTqRkgTRgVpGWoY6aaKIB4x0olGd1O/80SUplI8mnFK+hwNBY0pRsZKoVsPEmTyQCWyCO3gUOsC3sBAZzzMRQHTUMBnESgkhozAgM2n1UK36tW8GeBf4i9IFSzQDN1JMJA440QYzJDWPd9LTT9HylDMSFEJMk1ShEdoSPJZrgKeWWkAY6nsEQbO1KU9xLUe88hucmQSvepNxf+8Xmbiej+nIs0MEXj+UJwxaCSclgQHVBFs2NgShBW1P4Q4QQphY6us2Oj+atC/pH1R869q3sNltXG7KKEMTsApOAc+uAYNcA+aoAUweAXv4BN8OS/Om/PhTOarJWdx5xgswfn+BRTdn6A=</latexit>

⇢̂ss =
X

n

pn|nihn|
steady state:

<latexit sha1_base64="jV3rFOO8pZ8Pk3E1fFg0Sq5MpYQ="></latexit>

| TFDi =
X

n

p
pn|niA ⌦ T̂ |niB

<latexit sha1_base64="sZvcgN09YLSuZe5uJSCsCEh3Wf8=">AAACQnicbVDLTgIxFO34RHyhLt1UiQluyIzR6MYEceMSE4EhQCad0oGGziPtHRMymb9zoZ/gL7gxxo0mLiwwCwFv0uTcc8/pbY8bCa7ANF+NpeWV1bX13EZ+c2t7Z7ewt99QYSwpq9NQhNJ2iWKCB6wOHASzI8mI7wrWdIe343nzkUnFw+ABRhHr+qQfcI9TAppyCrQjSNAXDHcGBBI7dW5KcDptWqlTLZm6kZkiHF/EIDlKk+s0P2Ns/TXac0anUDTL5qTwIrAyUERZ1ZzCc6cX0thnAVBBlGpbZgTdhEjgVDC9OlYsInRI+iyZRJDiE031sBdKfQLAE3ZGR3ylRr6rlT6BgZqfjcn/Zu0YvKtuwoMoBhbQ6SIvFhhCPM4T97hkFMRIA0Il1y/EdEAkoaDDyuuvW/MfXQSNs7J1UTbvz4uVahZCDh2iY1RCFrpEFXSHaqiOKHpB7+gLfRtPxpvxYXxOpUtG5jlAM2X8/ALztK7w</latexit>

hX̂A(t)ŶB(0)i
!
= hŶA(t)X̂B(0)i

(see also Duvenhage and Snyman, J. Math Phys. A 2015)

(|n⟩ are not nec. energy eigenstates)

Aux. system B has 
no dynamics!



• Key: many systems violate conventional 
QDB, but nonetheless have “hidden TRS”

Dueling detailed balance definitions

<latexit sha1_base64="sZvcgN09YLSuZe5uJSCsCEh3Wf8=">AAACQnicbVDLTgIxFO34RHyhLt1UiQluyIzR6MYEceMSE4EhQCad0oGGziPtHRMymb9zoZ/gL7gxxo0mLiwwCwFv0uTcc8/pbY8bCa7ANF+NpeWV1bX13EZ+c2t7Z7ewt99QYSwpq9NQhNJ2iWKCB6wOHASzI8mI7wrWdIe343nzkUnFw+ABRhHr+qQfcI9TAppyCrQjSNAXDHcGBBI7dW5KcDptWqlTLZm6kZkiHF/EIDlKk+s0P2Ns/TXac0anUDTL5qTwIrAyUERZ1ZzCc6cX0thnAVBBlGpbZgTdhEjgVDC9OlYsInRI+iyZRJDiE031sBdKfQLAE3ZGR3ylRr6rlT6BgZqfjcn/Zu0YvKtuwoMoBhbQ6SIvFhhCPM4T97hkFMRIA0Il1y/EdEAkoaDDyuuvW/MfXQSNs7J1UTbvz4uVahZCDh2iY1RCFrpEFXSHaqiOKHpB7+gLfRtPxpvxYXxOpUtG5jlAM2X8/ALztK7w</latexit>

hX̂A(t)ŶB(0)i
!
= hŶA(t)X̂B(0)i

<latexit sha1_base64="RwPAUSGuP+l8Aq3rvwNKicw8wkI=">AAACSnicbVBNSwMxEE3qV61fVY9eokWol7Iril6EohePClYr3VKy6bQNzX6QzApl2f/nwYtH/4YXES+m7YK2OhB4vDdvJvP8WEmDjvNGCwuLS8srxdXS2vrG5lZ5e+feRIkW0BCRinTT5waUDKGBEhU0Yw088BU8+MOrsf7wBNrIKLzDUQztgPdD2ZOCo6U65aGneNhXwLwBx7SZVfFoCh+zqmOhztVoPAQw3c/Si6zEZlweStUF6/hx51Qz+z2lU644NWdS7C9wc1Ahed10ys9eNxJJACEKxY1puU6M7ZRrlEJBVvISAzEXQ96HdBJFxg4t1WW9SNsXIpuwM308MGYU+LYz4Dgw89qY/E9rJdg7b6cyjBOEUEwX9RLFMGLjXFlXahCoRhZwoaX9IRMDrrlAG1zJnu7OH/oX3B/X3NOac3tSqV/mIRTJHjkgVeKSM1In1+SGNIggr+SDEkrpC32nn/Rr2lqguWeXzFRh8Rto/LCN</latexit>

hX̂(t)Ŷ (0)i !
= h ˆ̃Y (t) ˆ̃X(0)i

Old: “Conventional” QDB New: Hidden TRS

<latexit sha1_base64="PiiDwKWJZxuVEMptLNvJDXRCU3w="></latexit>

d

dt
⇢̂ = �i [⌦�̂x, ⇢̂] + D[�̂�]⇢̂

• Hidden TRS:

<latexit sha1_base64="mdHa5A8xdAZdP9AJH+tV0UE/qSY="></latexit>

T̂h /
✓
1� 2i⌦


�̂x

◆
K̂z

• Q: Is some anti-unitary T a meaningful symmetry of my open quantum system?

<latexit sha1_base64="jV3rFOO8pZ8Pk3E1fFg0Sq5MpYQ="></latexit>

| TFDi =
X

n

p
pn|niA ⌦ T̂ |niB

• Simple example: driven qubit with loss…



Dueling detailed balance definitions

<latexit sha1_base64="sZvcgN09YLSuZe5uJSCsCEh3Wf8=">AAACQnicbVDLTgIxFO34RHyhLt1UiQluyIzR6MYEceMSE4EhQCad0oGGziPtHRMymb9zoZ/gL7gxxo0mLiwwCwFv0uTcc8/pbY8bCa7ANF+NpeWV1bX13EZ+c2t7Z7ewt99QYSwpq9NQhNJ2iWKCB6wOHASzI8mI7wrWdIe343nzkUnFw+ABRhHr+qQfcI9TAppyCrQjSNAXDHcGBBI7dW5KcDptWqlTLZm6kZkiHF/EIDlKk+s0P2Ns/TXac0anUDTL5qTwIrAyUERZ1ZzCc6cX0thnAVBBlGpbZgTdhEjgVDC9OlYsInRI+iyZRJDiE031sBdKfQLAE3ZGR3ylRr6rlT6BgZqfjcn/Zu0YvKtuwoMoBhbQ6SIvFhhCPM4T97hkFMRIA0Il1y/EdEAkoaDDyuuvW/MfXQSNs7J1UTbvz4uVahZCDh2iY1RCFrpEFXSHaqiOKHpB7+gLfRtPxpvxYXxOpUtG5jlAM2X8/ALztK7w</latexit>

hX̂A(t)ŶB(0)i
!
= hŶA(t)X̂B(0)i

<latexit sha1_base64="RwPAUSGuP+l8Aq3rvwNKicw8wkI=">AAACSnicbVBNSwMxEE3qV61fVY9eokWol7Iril6EohePClYr3VKy6bQNzX6QzApl2f/nwYtH/4YXES+m7YK2OhB4vDdvJvP8WEmDjvNGCwuLS8srxdXS2vrG5lZ5e+feRIkW0BCRinTT5waUDKGBEhU0Yw088BU8+MOrsf7wBNrIKLzDUQztgPdD2ZOCo6U65aGneNhXwLwBx7SZVfFoCh+zqmOhztVoPAQw3c/Si6zEZlweStUF6/hx51Qz+z2lU644NWdS7C9wc1Ahed10ys9eNxJJACEKxY1puU6M7ZRrlEJBVvISAzEXQ96HdBJFxg4t1WW9SNsXIpuwM308MGYU+LYz4Dgw89qY/E9rJdg7b6cyjBOEUEwX9RLFMGLjXFlXahCoRhZwoaX9IRMDrrlAG1zJnu7OH/oX3B/X3NOac3tSqV/mIRTJHjkgVeKSM1In1+SGNIggr+SDEkrpC32nn/Rr2lqguWeXzFRh8Rto/LCN</latexit>

hX̂(t)Ŷ (0)i !
= h ˆ̃Y (t) ˆ̃X(0)i
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Old: “Conventional” QDB New: Hidden TRS

See D. Robert’s 
talk tomorrow

H H’
b̂

<latexit sha1_base64="FYQHVqEFX47SYekBPe/IT0cmW+0=">AAAB5HicbVDLSgMxFL3xWeur6tJNsAiuykwVdFl047KCfUBbSibNtKGZzJDcEcrQP3Aj4kbB7/EX/BvTdjZtPRA4nHPCvecGiZIWPe+XbGxube/sFvaK+weHR8elk9OmjVPDRYPHKjbtgFmhpBYNlKhEOzGCRYESrWD8MPNbL8JYGetnnCSiF7GhlqHkDJ3U6o4YZsG0Xyp7FW8Ouk78nJQhR71f+ukOYp5GQiNXzNqO7yXYy5hByZWYFrupFQnjYzYU2XzJKb100oCGsXFPI52rSzkWWTuJApeMGI7sqjcT//M6KYZ3vUzqJEWh+WJQmCqKMZ01pgNpBEc1cYRxI92GlI+YYRzdXYquur9adJ00qxX/ulJ9uinX7vMjFOAcLuAKfLiFGjxCHRrAYQxv8AlfJCSv5J18LKIbJP9zBksg339sHYti</latexit>

â
<latexit sha1_base64="7sh//p9RrO+3fQc44usZqBxAaOo=">AAAB5HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84AkhN7JbDJk9sFMrxCW/IEXES8Kfo+/4N84SfaSxIKBoqqG7mo/UdKQ6/46G5tb2zu7hb3i/sHh0XHp5LRp4lRz0eCxinXbRyOUjESDJCnRTrTA0Fei5Y8fZn7rRWgj4+iZJonohTiMZCA5kpVa3RFShtN+qexW3DnYOvFyUoYc9X7ppzuIeRqKiLhCYzqem1AvQ02SKzEtdlMjEuRjHIpsvuSUXVppwIJY2xcRm6tLOQyNmYS+TYZII7PqzcT/vE5KwV0vk1GSkoj4YlCQKkYxmzVmA6kFJzWxBLmWdkPGR6iRk71L0Vb3Vouuk2a14l1Xqk835dp9foQCnMMFXIEHt1CDR6hDAziM4Q0+4csJnFfn3flYRDec/M8ZLMH5/gNqooth</latexit>



• The existence of hidden TRS places non-trivial constraints on dynamics
• Theorem:  hidden TRS implies the existence of a “simple” absorber network

Hidden TRS enables exact solutions

<latexit sha1_base64="jV3rFOO8pZ8Pk3E1fFg0Sq5MpYQ="></latexit>

| TFDi =
X

n

p
pn|niA ⌦ T̂ |niB

<latexit sha1_base64="sZvcgN09YLSuZe5uJSCsCEh3Wf8=">AAACQnicbVDLTgIxFO34RHyhLt1UiQluyIzR6MYEceMSE4EhQCad0oGGziPtHRMymb9zoZ/gL7gxxo0mLiwwCwFv0uTcc8/pbY8bCa7ANF+NpeWV1bX13EZ+c2t7Z7ewt99QYSwpq9NQhNJ2iWKCB6wOHASzI8mI7wrWdIe343nzkUnFw+ABRhHr+qQfcI9TAppyCrQjSNAXDHcGBBI7dW5KcDptWqlTLZm6kZkiHF/EIDlKk+s0P2Ns/TXac0anUDTL5qTwIrAyUERZ1ZzCc6cX0thnAVBBlGpbZgTdhEjgVDC9OlYsInRI+iyZRJDiE031sBdKfQLAE3ZGR3ylRr6rlT6BgZqfjcn/Zu0YvKtuwoMoBhbQ6SIvFhhCPM4T97hkFMRIA0Il1y/EdEAkoaDDyuuvW/MfXQSNs7J1UTbvz4uVahZCDh2iY1RCFrpEFXSHaqiOKHpB7+gLfRtPxpvxYXxOpUtG5jlAM2X8/ALztK7w</latexit>

hX̂A(t)ŶB(0)i
!
= hŶA(t)X̂B(0)i

<latexit sha1_base64="4quxMY2zha4cwN91PuB9RAjGfpU="></latexit>

⇢̂AB(t ! 1) = | TFDih TFD|

<latexit sha1_base64="KGyfkAsM5V2ChmVi49KXFR3yPJ8=">AAACBXicbVBLS8NAGNz4rPUV9ehlsSj1UhJR9CItevFYwT6gKWWz3TRLN9mw+0UJoWcv/hUvIl4UvPoX/DembS5tHVgYZmbZnXEjwTVY1q+xtLyyurZe2Chubm3v7Jp7+00tY0VZg0ohVdslmgkesgZwEKwdKUYCV7CWO7wd+61HpjSX4QMkEesGZBByj1MCmdQzTxyfQOooX47KgB3FBz4QpeQTdnjoQXKKr3G1Wu2ZJatiTYAXiZ2TEspR75k/Tl/SOGAhUEG07thWBN2UKOBUsFHRiTWLCB2SAUsnLUb4OJP62JMqOyHgiTqTI4HWSeBmyYCAr+e9sfif14nBu+qmPIxiYCGdPuTFAoPE40lwnytGQSQZIVTx7IeY+kQRCtlwxay6PV90kTTPKvZFxbo/L9Vu8hEK6BAdoTKy0SWqoTtURw1E0Qt6Q5/oy3g2Xo1342MaXTLyOwdoBsb3Hy0Nl3Y=</latexit>

⇢̂(t ! 1) =???

ό¾ύ

όßύ

$$$

όØύ

$$$

όÙύ

$$$
$$$

<latexit sha1_base64="y2sw767vLRZW15QHYJFazRVCLeI="></latexit>

d

dt
⇢̂(t) = �i[Ĥ, ⇢̂(t)] +

MX

j=1

D[ĉj ] ⇢̂(t)



• The existence of hidden TRS places non-trivial constraints on dynamics
• Theorem:  hidden TRS implies the existence of a “simple” absorber network

Hidden TRS enables exact solutions

<latexit sha1_base64="jV3rFOO8pZ8Pk3E1fFg0Sq5MpYQ="></latexit>

| TFDi =
X

n

p
pn|niA ⌦ T̂ |niB

<latexit sha1_base64="sZvcgN09YLSuZe5uJSCsCEh3Wf8=">AAACQnicbVDLTgIxFO34RHyhLt1UiQluyIzR6MYEceMSE4EhQCad0oGGziPtHRMymb9zoZ/gL7gxxo0mLiwwCwFv0uTcc8/pbY8bCa7ANF+NpeWV1bX13EZ+c2t7Z7ewt99QYSwpq9NQhNJ2iWKCB6wOHASzI8mI7wrWdIe343nzkUnFw+ABRhHr+qQfcI9TAppyCrQjSNAXDHcGBBI7dW5KcDptWqlTLZm6kZkiHF/EIDlKk+s0P2Ns/TXac0anUDTL5qTwIrAyUERZ1ZzCc6cX0thnAVBBlGpbZgTdhEjgVDC9OlYsInRI+iyZRJDiE031sBdKfQLAE3ZGR3ylRr6rlT6BgZqfjcn/Zu0YvKtuwoMoBhbQ6SIvFhhCPM4T97hkFMRIA0Il1y/EdEAkoaDDyuuvW/MfXQSNs7J1UTbvz4uVahZCDh2iY1RCFrpEFXSHaqiOKHpB7+gLfRtPxpvxYXxOpUtG5jlAM2X8/ALztK7w</latexit>

hX̂A(t)ŶB(0)i
!
= hŶA(t)X̂B(0)i

<latexit sha1_base64="4quxMY2zha4cwN91PuB9RAjGfpU="></latexit>

⇢̂AB(t ! 1) = | TFDih TFD|

• Finding steady state reduces to finding a 
highly constrained pure state

• Not limited to bosons (works for spins!)
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• Creating a doubled system and measuring 
TFD correlators difficult 
(but not impossible: recent Monroe group experiment, PNAS 2020)

Hidden TRS: observable consequences

<latexit sha1_base64="jV3rFOO8pZ8Pk3E1fFg0Sq5MpYQ="></latexit>

| TFDi =
X

n

p
pn|niA ⌦ T̂ |niB

<latexit sha1_base64="sZvcgN09YLSuZe5uJSCsCEh3Wf8=">AAACQnicbVDLTgIxFO34RHyhLt1UiQluyIzR6MYEceMSE4EhQCad0oGGziPtHRMymb9zoZ/gL7gxxo0mLiwwCwFv0uTcc8/pbY8bCa7ANF+NpeWV1bX13EZ+c2t7Z7ewt99QYSwpq9NQhNJ2iWKCB6wOHASzI8mI7wrWdIe343nzkUnFw+ABRhHr+qQfcI9TAppyCrQjSNAXDHcGBBI7dW5KcDptWqlTLZm6kZkiHF/EIDlKk+s0P2Ns/TXac0anUDTL5qTwIrAyUERZ1ZzCc6cX0thnAVBBlGpbZgTdhEjgVDC9OlYsInRI+iyZRJDiE031sBdKfQLAE3ZGR3ylRr6rlT6BgZqfjcn/Zu0YvKtuwoMoBhbQ6SIvFhhCPM4T97hkFMRIA0Il1y/EdEAkoaDDyuuvW/MfXQSNs7J1UTbvz4uVahZCDh2iY1RCFrpEFXSHaqiOKHpB7+gLfRtPxpvxYXxOpUtG5jlAM2X8/ALztK7w</latexit>

hX̂A(t)ŶB(0)i
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• Good news: H-TRS ensures that certain
single-system correlators exhibit time-symmetry

• e.g. driven nonlinear cavity….. 
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• Driven nonlinear cavity:
• At high temperature, system has 

“classical” detailed balance
• Is “hidden TRS” just an extension of 

this to T=0?

Hidden TRS & thermal fluctuations
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!
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• Short answer: no!
• Thermal fluctuations can in some 

cases destroy hidden TRS…
• Phase transition?
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• A truly quantum notion of detailed balance that has operational utility
• Many interesting extensions & applications to pursue

• Construct non-trivial, exactly solvable lattice models
• Extension to spins, fermions……
• Relation of hidden TRS and complexity / “quantumness” 

of steady state
• Novel perturbation theory in symmetry-breaking fields
• Extension to non-Markovian systems 
• ……

Hidden TRS: future directions
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(D. Roberts, A. Lingenfelter and AC, arXiv:2011.02148)
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Conclusions

• New approach for exact solutions of driven-dissipative resonators
(David Roberts and AC, PRX 10, 021022 2020)

• Hidden TRS in driven-dissipative quantum systems 
(David Roberts, A. Lingenfelter and AC, arXiv:2011.02148)

• Non-trivial solutions related to a surprising symmetry
• Underlies phase space solution methods (see D. Robert’s talk tomorrow!) 
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