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Two Paradigms of Open Quantum Systems: 
 Quantum Impurity Models vs Markovian Quantum Systems

Markovian Quantum Impurity Models: 
Examples, Motivations, Theoretical Approaches

Applications: Fermionic and Bosonic Markovian Impurities
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Open Quantum Systems
System+Bath Picture

Examples: Impurity in Metals, Quantum Dots, Photons in a Cavity, Atoms 
under spontaneous decay, Qubits,…

System Dynamics affected by the bath: retardation/memory effects

Slow vs Fast Baths
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H = HS +HB +HSB

Quantum Impurity Physics Markovian Open Systems



Quantum Impurity Physics

Diluted Magnetic Impurities in 
Metals and Kondo Effect

Quantum Dots and Single 
Molecule Devices

Light Control of Quantum Dots

Experimental Motivations

Impurity in Cold Atomic Gases

……



Example: Anderson Impurity model

Anderson,  Kondo,  Haldane,  Nozieres,  Wilson,...(~1960-1975)
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Strong Couplig Regime:
Kondo “Screening”

Local Moment Regime:
Spin Fluctuations

Free Orbital Regime:
Charge Fluctuations

Collective Many Body State (Impurity+Bath) available for resonant transport

van der Wiel et al, Science (2000)

Paradigm for Strong Correlation Physics (Dynamical Mean-Field Theory)



Open Markovian Quantum Systems

Dynamics for the system reduced Density Matrix

Coherent (Unitary) Evolution
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Environment Effects described by 
a set of “Jump Operators”

is local in time and linear
<latexit sha1_base64="nyJpz0i0zrYQo8EW/aWQOW2VeIU=">AAAB8nicbVBNS8NAEN3Urxq/qh69LBahXkoiBT0WvXisYG2xDWWz3bRLN7thdyKU0H/hxYOCePXXePPfuGlz0NYHA4/3ZpiZFyaCG/C8b6e0tr6xuVXednd29/YPKodHD0almrI2VULpbkgME1yyNnAQrJtoRuJQsE44ucn9zhPThit5D9OEBTEZSR5xSsBKj309VjU4d113UKl6dW8OvEr8glRRgdag8tUfKprGTAIVxJie7yUQZEQDp4LN3H5qWELohIxYz1JJYmaCbH7xDJ9ZZYgjpW1JwHP190RGYmOmcWg7YwJjs+zl4n9eL4XoKsi4TFJgki4WRanAoHD+Ph5yzSiIqSWEam5vxXRMNKFgQ8pD8JdfXiWdi7rfqPv+XaPavC7yKKMTdIpqyEeXqIluUQu1EUUSPaNX9OYY58V5dz4WrSWnmDlGf+B8/gD6qY+f</latexit>

⇢(t)

Idealisation: no memory effects from the environment, no 
system-bath entanglement

…but a useful one! Theoretical Insights, Experimentally relevant

System Environment

Breuer,Petruccione, Open Quantum Systems

Markov Born

Lindblad Form: 

Diagrammatic Derivation of Lindblad? Scarlatella, Schiro, arXiv:2107.05553



Spectral Properties of Lindblad Superoperator

In absence of specific symmetries and for finite-size systems the steady state 
is unique and analytic, but not necessarily thermal!
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@t⇢ = L⇢
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@t⇢ = L⇢
Linear Equation in terms of a Lindbladian “Superoperator”

Well defined dynamical map (trace and complete positivity preserving)



Cavity/Circuit QED Lattices: Many-Body Physics 
with “Photons”

Circuit QED

Cavity QED

Exploring Light-Matter Interaction at the Quantum Level

Fundamentally “Open” (leakage) - need refilling (pump&losses)

Dissipative processes highly tunable (correlated losses, ..)





C. Aron et al, PRX(2016)

J. Lebreuilly, C. Aron, C. Mora PRL(2019) Many-Body Cat States!





Dissipative Processes in Ultracold Gases

Heating by Spontaneous Emission

Two-Particle Losses (inelastic scattering)

Lindblad Dissipator

Lindblad Dissipator

Experiment@CdF - Bouganne et al, 
Nature Physics (2019)

Syassen et al, Science (2008)





A new class of Quantum Impurity Models



“Markovian” Quantum Impurity Models

Few, interacting, quantum 
degrees of freedom

Frequency-Dependent, out 
of equilibrium environment 

with gapless excitations

Dissipative environment described 
by a set of local (non-linear) jump 

operators/local lindbladian
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Example I: Dissipative Kondo Effect

Inelastic (2body) collision between impurity and bath

Mapping to non-Hermitian Kondo problem, unusual RG flow!

Interaction of a localised spin with a fermionic bath

Nakagawa et al, PRL(2018)

Cold Atoms Experiment:Riegger et al PRL(2018)



Example II: Localized Losses in 1d wire
Froml, Muckel, Kollath, Chiocchetta,Diehl PRL (2019);PRB(2020)

Quasi-stationary current-carrying state formed

Experiments: Barontini et al 
PRL(2013); Labouvie et al PRL(2016)

Zeno Regime 
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Dissipative version of Kane-Fisher Problem (Potential Barrier)



Example III: Bosonic Anderson Impurity Model with 
2body Losses

Experimental Motivation: Circuit QED (transmon qubit coupled to a transmission line), 
Atomic impurity in a BEC +plus inelastic collisions,..

Theoretical Motivation: capture the local physics of open quantum many-body systems
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Pump/Loss ratio: 
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Dynamical Mean Field Theory for Markovian Lattice Systems 
• O. Scarlatella, A. Clerk, R. Fazio, M. Schiro’, PRX(2021)  

DMFT maps the full master equation on a 
“Markovian Quantum Impurity Model” in a self-
consistent environment!

Large connectivity limit of open quantum many-body systems
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Example: Driven-Dissipative Bose Hubbard Lattice….
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…Maps onto a Bosonic Anderson Impurity with drive and 2 body (impurity)losses

https://arxiv.org/abs/2008.02563


How to solve Markovian Quantum Impurities?

Methodological challenge for many existing methods (QMC/NRG/MPO..)!

Non-Markovian bath induces memory effects (long-range in time)

Markovian bath induces dissipative interactions



Superoperator Hybridization Expansions
Scarlatella,Schiro JCP(2019);  
Scarlatella et al PRX(2021)

Exact Evolution “Superoperator" for 
reduced impurity density matrix

Diagrammatic Expansion of        in the non-Markovian Bath Kernel 

Lowest-Order (Self-consistent) Diagrams: Non-Crossing Approximations (NCA)
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<latexit sha1_base64="UPaZBZaAnIvAKOHAhverQSUQd8g=">AAAB+3icbVDLSsNAFL2pr1pfqS7dDBbBVUlE0GXRjcsK9gFNKJPppB06mYSZiVJiPsWNCwVx64+482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3v6BXT/sqjiVhHZIzGPZD7CinAna0Uxz2k8kxVHAaS+Y3hR+74FKxWJxr2cJ9SM8FixkBGsjDe26N8E68yKsJwTzrJvnQ7vhNJ050CpxS9KAEu2h/eWNYpJGVGjCsVID10m0n2GpGeE0r3mpogkmUzymA0MFjqjys3n0HJ0aZYTCWJonNJqrvzcyHCk1iwIzWWRUy14h/ucNUh1e+RkTSaqpIItDYcqRjlHRAxoxSYnmM0MwkcxkRWSCJSbatFUzJbjLX14lvfOme9F03buLRuu67KMKx3ACZ+DCJbTgFtrQAQKP8Ayv8GY9WS/Wu/WxGK1Y5c4R/IH1+QOIZZSj</latexit>

V̂
<latexit sha1_base64="lDQ41pOd6UAEs32DEAnFecQjsRA=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeiHjxWsB/QhrLZTtq1m2zYnQgl9D948aAgXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjllGp5tDkSirdCZgBKWJookAJnUQDiwIJ7WB8M/PbT6CNUPEDThLwIzaMRSg4Qyu1ercgkfXLFbfqzkFXiZeTCsnR6Je/egPF0whi5JIZ0/XcBP2MaRRcwrTUSw0kjI/ZELqWxiwC42fza6f0zCoDGiptK0Y6V39PZCwyZhIFtjNiODLL3kz8z+umGF75mYiTFCHmi0VhKikqOnudDoQGjnJiCeNa2FspHzHNONqASjYEb/nlVdK+qHq1qufd1yr16zyPIjkhp+SceOSS1MkdaZAm4eSRPJNX8uYo58V5dz4WrQUnnzkmf+B8/gD4cI81</latexit>

�

For Unitary QIM:Bickers,…Cohen&Gull, Eckstein&Werner, ..



Exact Diagonalization of Lindblad Superoperator
Secli, Capone, Schiro NJP (2021)

Discretization of the non-Markovian bath in a finite number of (dissipative) levels

Diagonalization of the resulting (finite-sized) Lindblad super operator



Dissipative Flow-Equation
Iterative “Diagonalization” of Lindblad Superoperator

L. Rosso, F. Iemini, M. Schiro, L. Mazza, SciPost(2020)

Different choices for the generator are possible

Application: 1d fermions 
with localised losses



Applications



NCA Benchmark: Fermionic Resonant Level Model 
with Dephasing

Lindblad Master Equation

Local Dissipator includes: 
pump, losses and dephasing

Fermionic Bath at T=0
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Scarlatella,Schiro JCP(2019); 



Scarlatella,Schiro JCP(2019); 

Fermionic Resonant Level Model with Dephasing

Crossover from Markovian to Non-Markovian Dynamics - Heating due to dephasing

Open Question: Role of impurity interactions?



Back to: Bosonic Anderson Impurity Model with 
2body Losses

Lattice Analogue (via DMFT): Driven-Dissipative Bose Hubbard
<latexit sha1_base64="q1rRg4FVfkqVpp8gXWpoehpR6/8="></latexit>
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Pump/Loss ratio: 
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@t⇢ = �i[H, ⇢] +Dpump[⇢] +Dlosses[⇢]



Equilibrium Bosonic Anderson Impurity Model

<latexit sha1_base64="w2ytyz/T5/YAsijVNDQ2lTWAJMk="></latexit>
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NRG: Lee, Bulla (2006, 2010)

Non-Markovian Bath
<latexit sha1_base64="Bs+PDTtLJB9mhCaR7nCDfEveMpg=">AAAB9nicbVBNSwMxEM3Wr1q/qh69BItQL2VXCnos6sFjBWsL3bVk09k2NJssSVYpS/+HFw8K4tXf4s1/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/cK9lqii0qORSdUKigTMBLcMMh06igMQhh3Y4upr67UdQmklxZ8YJBDEZCBYxSoyVHvxr4IZUfRnDgJz2yhW35s6Al4mXkwrK0eyVv/y+pGkMwlBOtO56bmKCjCjDKIdJyU81JISOyAC6lgoSgw6y2dUTfGKVPo6ksiUMnqm/JzISaz2OQ9sZEzPUi95U/M/rpia6CDImktSAoPNFUcqxkXgaAe4zBdTwsSWEKmZvxXRIFKHGBlWyIXiLLy+T9lnNq9c877ZeaVzmeRTRETpGVeShc9RAN6iJWogihZ7RK3pznpwX5935mLcWnHzmEP2B8/kDWrWSOw==</latexit>

�(!)
<latexit sha1_base64="gQOukUsE7XK+gXWfs2QOtfobXGs=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9BLzlGMG4gWcLsZDYZMo9lZlYISz7CiwcF8ervePNvnCR70MSChqKqm+6uOOXMWN//9kobm1vbO+Xdyt7+weFR9fjk0ahME9ohiivdjbGhnEnascxy2k01xSLmNIwnd3M/fKLaMCUf7DSlkcAjyRJGsHVS2BrkXJHZoFrz6/4CaJ0EBalBgfag+tUfKpIJKi3h2Jhe4Kc2yrG2jHA6q/QzQ1NMJnhEe45KLKiJ8sW5M3ThlCFKlHYlLVqovydyLIyZith1CmzHZtWbi/95vcwmN1HOZJpZKslyUZJxZBWa/46GTFNi+dQRTDRztyIyxhoT6xKquBCC1ZfXSXhVDxr1ILhv1Jq3RR5lOINzuIQArqEJLWhDBwhM4Ble4c1LvRfv3ftYtpa8YuYU/sD7/AEFlY/W</latexit>

Hloc

Model for a static impurity in a BEC

Quantum Phase Transition between local 
incoherent (Mott) and local BEC phase

What happens in presence of drive/
dissipation?



Driven-Dissipative Bosonic Anderson Impurity (No-bath)

Bose-Hubbard single site

Steady-State Density Matrix is known analytically • M. Dykman (1978)



Spectral Functions and Onset of Energy Emission

Negative Density of States (NDoS) at 

Physical Meaning:  Absorbed Power due to 
perturbation at frequency 

<latexit sha1_base64="iSJdoPUmBib30OpOOAtoURsvObQ=">AAACFHicbVBNS8NAEN34bf2qevSyWIRWsCRS0KMfF28qWFtoStlsJ+nibhJ2J0IJ/gcv/hUvHhTEqwdv/hu3NQetPhjm8d4Mu/OCVAqDrvvpTE3PzM7NLyyWlpZXVtfK6xvXJsk0hyZPZKLbATMgRQxNFCihnWpgKpDQCm5OR37rFrQRSXyFwxS6ikWxCAVnaKVeefe46icKIlbzjVDUlxBioez556PWc30togHWeuWKW3fHoH+JV5AKKXDRK3/4/YRnCmLkkhnT8dwUuznTKLiEu5KfGUgZv2ERdCyNmQLTzcc33dEdq/RpmGhbMdKx+nMjZ8qYoQrspGI4MJPeSPzP62QYHnZzEacZQsy/HwozSTGho4BoX2jgKIeWMK6F/SvlA6YZRxtjyYbgTZ78l7T2616j7nmXjcrRSZHHAtki26RKPHJAjsgZuSBNwsk9eSTP5MV5cJ6cV+fte3TKKXY2yS84718ZQZ18</latexit>

A(!) ⇠ (! � ⌦0)

Negative Absorbed Power = Gain —> Weak Drive (seed) leads to Energy Emission

<latexit sha1_base64="Czwtwli5cTQJyWnMX6Nu8UPGCHc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EqCNpYRjAkkR9jbTJIlu3vn7p4QjvwJGwsFsfXn2Plv3CRXaOKDgcd7M8zMixLBjfX9b6+wsrq2vlHcLG1t7+zulfcPHkycaoYNFotYtyJqUHCFDcutwFaikcpIYDMa3Uz95hNqw2N1b8cJhpIOFO9zRq2TWp1Y4oBe+d1yxa/6M5BlEuSkAjnq3fJXpxezVKKyTFBj2oGf2DCj2nImcFLqpAYTykZ0gG1HFZVowmx274ScOKVH+rF2pSyZqb8nMiqNGcvIdUpqh2bRm4r/ee3U9i/DjKsktajYfFE/FcTGZPo86XGNzIqxI5Rp7m4lbEg1ZdZFVHIhBIsvL5PmWTU4rwbB3Xmldp3nUYQjOIZTCOACanALdWgAAwHP8Apv3qP34r17H/PWgpfPHMIfeJ8/HmCP1g==</latexit>

! > 0

• O. Scarlatella, A. Clerk, M. Schiro’, NJP 2019  

Weak-Drive Strong-Drive

<latexit sha1_base64="MM1lJGrOtKJphQCHafAawkfJjJY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxMzvLzKwQQv7BiwcF8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaVSmGTaYEkq3I2pQ8AQblluB7VQjlZHAVjS6nfmtJ9SGq+TBjlMMJR0kPOaMWic1u0rigPbKFb/qz0FWSZCTCuSo98pf3b5imcTEMkGN6QR+asMJ1ZYzgdNSNzOYUjaiA+w4mlCJJpzMr52SM6f0Say0q8SSufp7YkKlMWMZuU5J7dAsezPxP6+T2fg6nPAkzSwmbLEozgSxisxeJ32ukVkxdoQyzd2thA2ppsy6gEouhGD55VXSuqgGl9UguL+s1G7yPIpwAqdwDgFcQQ3uoA4NYPAIz/AKb57yXrx372PRWvDymWP4A+/zByhDj1Q=</latexit>!



Role of the Quantum Bath and Consequences 
for the Lattice Problem via DMFT

Increasing hopping destroys the 
NDoS - non-trivial feedback from 

finite connectivity

A nonequilibrium mechanism for 
destruction of ordered phases: Bath/

Hopping induced decoherence 

<latexit sha1_base64="UPOi//mCtTFwv+/IdAXtLSpRMTY=">AAACAHicbZA9SwNBEIbn4leMX6eCjc1iEKzCnQS0DNpYRjBGyIWwt5kkS/b2zt09IcQU/hUbCwWx9WfY+W/cXK7QxBcWHt6ZYWbfMBFcG8/7dgpLyyura8X10sbm1vaOu7t3q+NUMWywWMTqLqQaBZfYMNwIvEsU0igU2AyHl9N68wGV5rG8MaME2xHtS97jjBprddyDQFDZF0hooDIIJN4Tr+OWvYqXiSyCn0MZctU77lfQjVkaoTRMUK1bvpeY9pgqw5nASSlINSaUDWkfWxYljVC3x9n9E3JsnS7pxco+aUjm/p4Y00jrURTazoiagZ6vTc3/aq3U9M7bYy6T1KBks0W9VBATk2kYpMsVMiNGFihT3N5K2IAqyoyNrGRD8Oe/vAjN04pfrfj+dbVcu8jzKMIhHMEJ+HAGNbiCOjSAwSM8wyu8OU/Oi/PufMxaC04+sw9/5Hz+AOgcldU=</latexit>

hai 6= 0
<latexit sha1_base64="7pkkDYU0CW8EfdOYvGI+J84pieE=">AAAB/XicbVBNS8NAEN3Ur1q/oj16WSyCeCiJFPRY9OLNCtYWmhg220m7dDcJuxuhhPpXvHhQEK/+D2/+G7dtDtr6YODx3gwz88KUM6Ud59sqrayurW+UNytb2zu7e/b+wb1KMkmhTROeyG5IFHAWQ1szzaGbSiAi5NAJR1dTv/MIUrEkvtPjFHxBBjGLGCXaSIFd9RQTGB5y5t0IGJDgVE8Cu+bUnRnwMnELUkMFWoH95fUTmgmINeVEqZ7rpNrPidSMcphUvExBSuiIDKBnaEwEKD+fHT/Bx0bp4yiRpmKNZ+rviZwIpcYiNJ2C6KFa9Kbif14v09GFn7M4zTTEdL4oyjjWCZ4mgftMAtV8bAihkplbMR0SSag2eVVMCO7iy8ukc1Z3G3XXvW3UmpdFHmV0iI7QCXLROWqia9RCbUTRGD2jV/RmPVkv1rv1MW8tWcVMFf2B9fkD/OqUzQ==</latexit>

⇠ ei⌦⇤t

• O. Scarlatella, A. Clerk, R. Fazio, M. Schiro’, PRX(2021)  

https://arxiv.org/abs/2008.02563


Strong 2BodyLosses Regime and Quantum Zeno Effect

Syassen et al, Science(2008);Garcia-Ripoll et al, New 
Journal of Physics (2009)

With no pump and large 2body losses only single occupied and 
empty sites effectively remain

Dissipative hard-core boson regime

Slow Power-law density decay to the 
vacuum (beyond mean-field)

D. Rossini et al, Phys. Rev. A (2021)
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Driven-Dissipative Bose Hubbard:

<latexit sha1_base64="VyyageVg1jwPjE8WfE4fKJna9Nw=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cKxhbaUDbbSbt0swm7E6GE/gYvHhTEq//Hm//GTZuDtj4YeLw3w8y8MJXCoOt+O5W19Y3Nrep2bWd3b/+gfnj0aJJMc/B5IhPdDZkBKRT4KFBCN9XA4lBCJ5zcFn7nCbQRiXrAaQpBzEZKRIIztJLfB2S1Qb3hNt056CrxStIgJdqD+ld/mPAsBoVcMmN6nptikDONgkuY1fqZgZTxCRtBz1LFYjBBPj92Rs+sMqRRom0ppHP190TOYmOmcWg7Y4Zjs+wV4n9eL8PoOsiFSjMExReLokxSTGjxOR0KDRzl1BLGtbC3Uj5mmnG0+RQheMsvr5LORdO7bHre/WWjdVPmUSUn5JScE49ckRa5I23iE04EeSav5M1Rzovz7nwsWitOOXNM/sD5/AHVx46F</latexit>⌘
<latexit sha1_base64="bQyE35xK2sQiSyMEwWxzcrRyKsU=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU90tBT0WvYinCtZW2rVk02wbmmSXJCuUpb/CiwcF8eq/8ea/MdvuQVsfDDzem2FmXhBzpo3rfjuFldW19Y3iZmlre2d3r7x/cK+jRBHaIhGPVCfAmnImacsww2knVhSLgNN2ML7K/PYTVZpF8s5MYuoLPJQsZAQbKz3cPNbOetTgUr9ccavuDGiZeDmpQI5mv/zVG0QkEVQawrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtlVhQ7aezg6foxCoDFEbKljRopv6eSLHQeiIC2ymwGelFLxP/87qJCS/8lMk4MVSS+aIw4chEKPseDZiixPCJJZgoZm9FZIQVJsZmlIXgLb68TNq1qlevet5tvdK4zPMowhEcwyl4cA4NuIYmtICAgGd4hTdHOS/Ou/Mxby04+cwh/IHz+QMDWo+2</latexit>

J2/⌘

<latexit sha1_base64="UJoYrQljgUY3IQm0oFQ2GF35rGs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3iqYG2lCWWznaRLd5OwuxFK6a/w4kFBvPpvvPlv3LY5aOuDgcd7M8zMCzPBtXHdb6e0srq2vlHerGxt7+zuVfcPHnSaK4YtlopUdUKqUfAEW4YbgZ1MIZWhwHY4vJ767SdUmqfJvRllGEgaJzzijBorPfpoqB/H5LZXrbl1dwayTLyC1KBAs1f98vspyyUmhgmqdddzMxOMqTKcCZxU/FxjRtmQxti1NKESdTCeHTwhJ1bpkyhVthJDZurviTGVWo9kaDslNQO96E3F/7xubqLLYMyTLDeYsPmiKBfEpGT6PelzhcyIkSWUKW5vJWxAFWXGZlSxIXiLLy+T9lndO6973t15rXFV5FGGIziGU/DgAhpwA01oAQMJz/AKb45yXpx352PeWnKKmUP4A+fzB8pRkDc=</latexit>

⌘ � J
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Pump+Losses: Steady-State Quantum Zeno Effect
• O. Scarlatella, A. Clerk, R. Fazio, M. Schiro’, PRX(2021)  

Finite density stationary state can be obtained with small drive 
(parametrically smaller than losses)

Zeno subspace is still 0,1 bosons but now the relative weight is controlled 
by the pump/loss ratio

<latexit sha1_base64="qcVPEr1HD0sEU6XRFHYVILj9X2E=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9lIoR6LXjxWsB/QLiWbZtvYbLIkWaEs/Q9ePCiIV3+PN/+NabsHbX0w8Hhvhpl5YSK4sb7/7RU2Nre2d4q7pb39g8Oj8vFJ26hUU9aiSijdDYlhgkvWstwK1k00I3EoWCec3M79zhPThiv5YKcJC2IykjzilFgntXVfCIQH5Ypf9RdA6wTnpAI5moPyV3+oaBozaakgxvSwn9ggI9pyKtis1E8NSwidkBHrOSpJzEyQLa6doQunDFGktCtp0UL9PZGR2JhpHLrOmNixWfXm4n9eL7XRdZBxmaSWSbpcFKUCWYXmr6Mh14xaMXWEUM3drYiOiSbUuoBKLgS8+vI66VxVca2K8X2t0rjJ8yjCGZzDJWCoQwPuoAktoPAIz/AKb57yXrx372PZWvDymVP4A+/zB4D0juY=</latexit>

r ⌧ 1

DMFT captures the Zeno scale! 
<latexit sha1_base64="bQyE35xK2sQiSyMEwWxzcrRyKsU=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU90tBT0WvYinCtZW2rVk02wbmmSXJCuUpb/CiwcF8eq/8ea/MdvuQVsfDDzem2FmXhBzpo3rfjuFldW19Y3iZmlre2d3r7x/cK+jRBHaIhGPVCfAmnImacsww2knVhSLgNN2ML7K/PYTVZpF8s5MYuoLPJQsZAQbKz3cPNbOetTgUr9ccavuDGiZeDmpQI5mv/zVG0QkEVQawrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtlVhQ7aezg6foxCoDFEbKljRopv6eSLHQeiIC2ymwGelFLxP/87qJCS/8lMk4MVSS+aIw4chEKPseDZiixPCJJZgoZm9FZIQVJsZmlIXgLb68TNq1qlevet5tvdK4zPMowhEcwyl4cA4NuIYmtICAgGd4hTdHOS/Ou/Mxby04+cwh/IHz+QMDWo+2</latexit>

J2/⌘

Results with DMFT/NCA:

https://arxiv.org/abs/2008.02563


QZE in the single-particle Lifetime

Emergence of hard-core constraint results in a single peak in the 
spectral function

Lifetime of 1 boson state sensitive to QZE



Impurity Perspective on Quantum Zeno
Secli, Capone, Schiro (in preparation)

How does the quantum bath look like in the Zeno Regime?

Only 1 bath site is essentially populated! 
Effective Bose-Hubbard Dimer

Life-time of the bath site contains 
Quantum Zeno Scale



Conclusions

New frontier: Markovian Quantum Impurity Models

New methods needed! (Dissipative interactions+ 
frequency dependent bath)

Bosonic Anderson Impurity Model and the 
role of 2-body losses (Zeno and beyond)

Open Problems: Fermionic Impurities + Dissipation? 
Luttinger Liquids? Kondo?
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