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Squeezed Kerr oscillator: platform to detect ESQPTs

FREQUENCY & TIME domain measurements

• Spectrum
The system exhibits basic feature of ESQPT

Vanishing of energy gaps

Divergence of the DOS

• Quantum dynamics
Consequences of the presence of the ESQPT

Exponential growth of OTOCs 
(scrambling – instability)

Slow evolution of survival probability
(localization)
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Anharmonic oscillator
Selective transitions between energy levels

Harmonic oscillator
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Control parameter
(competition between 2 terms)

Squeezed Kerr oscillator

EESQPT
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~e↵ = 0.1

clusteringclosing gaps

<latexit sha1_base64="Og0dNlssvKhZPxVHIZL+VnMGZeY=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ6KokU9ViUgscW+wVtCJvttl262YTdiVpifooXD4p49Zd489+4bXPQ1gcDj/dmmJnnR5wpsO1vY2V1bX1jM7eV397Z3ds3CwctFcaS0CYJeSg7PlaUM0GbwIDTTiQpDnxO2/74Zuq376lULBQNmETUDfBQsAEjGLTkmYXqqZf0gD5CUr2r1xpp6plFu2TPYC0TJyNFlKHmmV+9fkjigAogHCvVdewI3ARLYITTNN+LFY0wGeMh7WoqcECVm8xOT60TrfStQSh1CbBm6u+JBAdKTQJfdwYYRmrRm4r/ed0YBlduwkQUAxVkvmgQcwtCa5qD1WeSEuATTTCRTN9qkRGWmIBOK69DcBZfXiat85JzUSrXy8XKdRZHDh2hY3SGHHSJKugW1VATEfSAntErejOejBfj3fiYt64Y2cwh+gPj8wfjVZPH</latexit>

E0
ESQPT

<latexit sha1_base64="Og0dNlssvKhZPxVHIZL+VnMGZeY=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ6KokU9ViUgscW+wVtCJvttl262YTdiVpifooXD4p49Zd489+4bXPQ1gcDj/dmmJnnR5wpsO1vY2V1bX1jM7eV397Z3ds3CwctFcaS0CYJeSg7PlaUM0GbwIDTTiQpDnxO2/74Zuq376lULBQNmETUDfBQsAEjGLTkmYXqqZf0gD5CUr2r1xpp6plFu2TPYC0TJyNFlKHmmV+9fkjigAogHCvVdewI3ARLYITTNN+LFY0wGeMh7WoqcECVm8xOT60TrfStQSh1CbBm6u+JBAdKTQJfdwYYRmrRm4r/ed0YBlduwkQUAxVkvmgQcwtCa5qD1WeSEuATTTCRTN9qkRGWmIBOK69DcBZfXiat85JzUSrXy8XKdRZHDh2hY3SGHHSJKugW1VATEfSAntErejOejBfj3fiYt64Y2cwh+gPj8wfjVZPH</latexit>

E0
ESQPT
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Vanishing of Energy Gaps 

<latexit sha1_base64="Og0dNlssvKhZPxVHIZL+VnMGZeY=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ6KokU9ViUgscW+wVtCJvttl262YTdiVpifooXD4p49Zd489+4bXPQ1gcDj/dmmJnnR5wpsO1vY2V1bX1jM7eV397Z3ds3CwctFcaS0CYJeSg7PlaUM0GbwIDTTiQpDnxO2/74Zuq376lULBQNmETUDfBQsAEjGLTkmYXqqZf0gD5CUr2r1xpp6plFu2TPYC0TJyNFlKHmmV+9fkjigAogHCvVdewI3ARLYITTNN+LFY0wGeMh7WoqcECVm8xOT60TrfStQSh1CbBm6u+JBAdKTQJfdwYYRmrRm4r/ed0YBlduwkQUAxVkvmgQcwtCa5qD1WeSEuATTTCRTN9qkRGWmIBOK69DcBZfXiat85JzUSrXy8XKdRZHDh2hY3SGHHSJKugW1VATEfSAntErejOejBfj3fiYt64Y2cwh+gPj8wfjVZPH</latexit>

E0
ESQPT

<latexit sha1_base64="Og0dNlssvKhZPxVHIZL+VnMGZeY=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ6KokU9ViUgscW+wVtCJvttl262YTdiVpifooXD4p49Zd489+4bXPQ1gcDj/dmmJnnR5wpsO1vY2V1bX1jM7eV397Z3ds3CwctFcaS0CYJeSg7PlaUM0GbwIDTTiQpDnxO2/74Zuq376lULBQNmETUDfBQsAEjGLTkmYXqqZf0gD5CUr2r1xpp6plFu2TPYC0TJyNFlKHmmV+9fkjigAogHCvVdewI3ARLYITTNN+LFY0wGeMh7WoqcECVm8xOT60TrfStQSh1CbBm6u+JBAdKTQJfdwYYRmrRm4r/ed0YBlduwkQUAxVkvmgQcwtCa5qD1WeSEuATTTCRTN9qkRGWmIBOK69DcBZfXiat85JzUSrXy8XKdRZHDh2hY3SGHHSJKugW1VATEfSAntErejOejBfj3fiYt64Y2cwh+gPj8wfjVZPH</latexit>

E0
ESQPT

Lipkin U(2)
U(3) vibron
U(4) vibron
U(6) IBM

etc
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Vanishing of Energy Gaps 

<latexit sha1_base64="Og0dNlssvKhZPxVHIZL+VnMGZeY=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ6KokU9ViUgscW+wVtCJvttl262YTdiVpifooXD4p49Zd489+4bXPQ1gcDj/dmmJnnR5wpsO1vY2V1bX1jM7eV397Z3ds3CwctFcaS0CYJeSg7PlaUM0GbwIDTTiQpDnxO2/74Zuq376lULBQNmETUDfBQsAEjGLTkmYXqqZf0gD5CUr2r1xpp6plFu2TPYC0TJyNFlKHmmV+9fkjigAogHCvVdewI3ARLYITTNN+LFY0wGeMh7WoqcECVm8xOT60TrfStQSh1CbBm6u+JBAdKTQJfdwYYRmrRm4r/ed0YBlduwkQUAxVkvmgQcwtCa5qD1WeSEuATTTCRTN9qkRGWmIBOK69DcBZfXiat85JzUSrXy8XKdRZHDh2hY3SGHHSJKugW1VATEfSAntErejOejBfj3fiYt64Y2cwh+gPj8wfjVZPH</latexit>

E0
ESQPT

<latexit sha1_base64="Og0dNlssvKhZPxVHIZL+VnMGZeY=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ6KokU9ViUgscW+wVtCJvttl262YTdiVpifooXD4p49Zd489+4bXPQ1gcDj/dmmJnnR5wpsO1vY2V1bX1jM7eV397Z3ds3CwctFcaS0CYJeSg7PlaUM0GbwIDTTiQpDnxO2/74Zuq376lULBQNmETUDfBQsAEjGLTkmYXqqZf0gD5CUr2r1xpp6plFu2TPYC0TJyNFlKHmmV+9fkjigAogHCvVdewI3ARLYITTNN+LFY0wGeMh7WoqcECVm8xOT60TrfStQSh1CbBm6u+JBAdKTQJfdwYYRmrRm4r/ed0YBlduwkQUAxVkvmgQcwtCa5qD1WeSEuATTTCRTN9qkRGWmIBOK69DcBZfXiat85JzUSrXy8XKdRZHDh2hY3SGHHSJKugW1VATEfSAntErejOejBfj3fiYt64Y2cwh+gPj8wfjVZPH</latexit>

E0
ESQPT

EXPERIMENT
<latexit sha1_base64="G9ostNrMQ8XmU1u6ajfcsw+UW+Y=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItYF5YZKepGKErBZQX7gHYcMmnaxmYyQ5JRytD/cONCEbf+izv/xrSdhVYP3MvhnHvJzfEjzpS27S8rs7C4tLySXc2trW9sbuW3dxoqjCWhdRLyULZ8rChngtY105y2Iklx4HPa9IdXE7/5QKViobjVo4i6Ae4L1mMEayPdVb37w4ui6cdVzz7y8gW7ZE+B/hInJQVIUfPyn51uSOKACk04Vqrt2JF2Eyw1I5yOc51Y0QiTIe7TtqECB1S5yfTqMTowShf1QmlKaDRVf24kOFBqFPhmMsB6oOa9ifif145179xNmIhiTQWZPdSLOdIhmkSAukxSovnIEEwkM7ciMsASE22CypkQnPkv/yWNk5JzWirflAuVyzSOLOzBPhTBgTOowDXUoA4EJDzBC7xaj9az9Wa9z0YzVrqzC79gfXwD+DaQ4Q==</latexit> E

0 j
=

(E
j
�
E

0
)

<latexit sha1_base64="bmYo6StmxcTTBUHJD1cUBr2pFIo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa67z7xXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNe043e</latexit>

⇠

<latexit sha1_base64="+E37o1zsZCrLhEXV3M5TDo98VuE="></latexit>

Ĥqu = ~2e↵Kn̂(n̂� 1)� ~e↵K⇠
�
â
†2 + â

2
�
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Clustering of the Eigenvalues
Divergence of DOS

Density of states (DOS)

<latexit sha1_base64="HY/SbeWHJrhGHswS6hAMvGRQczo=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsKMBPUiBL14jGAWyAyhp1OTNOlZ6K4Rw5iDv+LFgyJe/Q1v/o2d5aCJDwoe71VRVc9PpNBo299Wbml5ZXUtv17Y2Nza3inu7jV0nCoOdR7LWLV8pkGKCOooUEIrUcBCX0LTH1yP/eY9KC3i6A6HCXgh60UiEJyhkTrFA7fvM9VxER4wgyAY0Utql51OsWSX7QnoInFmpERmqHWKX2435mkIEXLJtG47doJexhQKLmFUcFMNCeMD1oO2oRELQXvZ5P4RPTZKlwaxMhUhnai/JzIWaj0MfdMZMuzreW8s/ue1UwwuvExESYoQ8emiIJUUYzoOg3aFAo5yaAjjSphbKe8zxTiayAomBGf+5UXSOC07Z+XKbaVUvZrFkSeH5IicEIeckyq5ITVSJ5w8kmfySt6sJ+vFerc+pq05azazT/7A+vwBs0qVPg==</latexit>

~e↵ = 0.1

<latexit sha1_base64="bmYo6StmxcTTBUHJD1cUBr2pFIo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa67z7xXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNe043e</latexit>

⇠

Hamiltonian is unbounded - Fock
Truncated N ensures convergence of the levels

1 effective degree of freedom

<latexit sha1_base64="Og0dNlssvKhZPxVHIZL+VnMGZeY=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ6KokU9ViUgscW+wVtCJvttl262YTdiVpifooXD4p49Zd489+4bXPQ1gcDj/dmmJnnR5wpsO1vY2V1bX1jM7eV397Z3ds3CwctFcaS0CYJeSg7PlaUM0GbwIDTTiQpDnxO2/74Zuq376lULBQNmETUDfBQsAEjGLTkmYXqqZf0gD5CUr2r1xpp6plFu2TPYC0TJyNFlKHmmV+9fkjigAogHCvVdewI3ARLYITTNN+LFY0wGeMh7WoqcECVm8xOT60TrfStQSh1CbBm6u+JBAdKTQJfdwYYRmrRm4r/ed0YBlduwkQUAxVkvmgQcwtCa5qD1WeSEuATTTCRTN9qkRGWmIBOK69DcBZfXiat85JzUSrXy8XKdRZHDh2hY3SGHHSJKugW1VATEfSAntErejOejBfj3fiYt64Y2cwh+gPj8wfjVZPH</latexit>

E0
ESQPT

<latexit sha1_base64="tijnuGSnccBdsMC4Kd+SfZpz/nY=">AAAB/nicbVDLSsNAFJ34rPUVFVdugkVwVRIp6kYounFZwT6gCWEyvWmHTh7M3IglFPwVNy4Ucet3uPNvnLZZaOuByz2ccy9z5wSp4Apt+9tYWl5ZXVsvbZQ3t7Z3ds29/ZZKMsmgyRKRyE5AFQgeQxM5CuikEmgUCGgHw5uJ334AqXgS3+MoBS+i/ZiHnFHUkm8euoOASt9FeMQcwnB8ZVdtxzcruk1hLRKnIBVSoOGbX24vYVkEMTJBleo6dopeTiVyJmBcdjMFKWVD2oeupjGNQHn59PyxdaKVnhUmUleM1lT9vZHTSKlRFOjJiOJAzXsT8T+vm2F46eU8TjOEmM0eCjNhYWJNsrB6XAJDMdKEMsn1rRYbUEkZ6sTKOgRn/suLpHVWdc6rtbtapX5dxFEiR+SYnBKHXJA6uSUN0iSM5OSZvJI348l4Md6Nj9noklHsHJA/MD5/AG7LlSQ=</latexit>

~e↵ = 0.01

Caprio, Cejnar, Iachello
Ann. Phys. 323, 1106 (2008)
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<latexit sha1_base64="bmYo6StmxcTTBUHJD1cUBr2pFIo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa67z7xXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNe043e</latexit>

⇠

<latexit sha1_base64="Og0dNlssvKhZPxVHIZL+VnMGZeY=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ6KokU9ViUgscW+wVtCJvttl262YTdiVpifooXD4p49Zd489+4bXPQ1gcDj/dmmJnnR5wpsO1vY2V1bX1jM7eV397Z3ds3CwctFcaS0CYJeSg7PlaUM0GbwIDTTiQpDnxO2/74Zuq376lULBQNmETUDfBQsAEjGLTkmYXqqZf0gD5CUr2r1xpp6plFu2TPYC0TJyNFlKHmmV+9fkjigAogHCvVdewI3ARLYITTNN+LFY0wGeMh7WoqcECVm8xOT60TrfStQSh1CbBm6u+JBAdKTQJfdwYYRmrRm4r/ed0YBlduwkQUAxVkvmgQcwtCa5qD1WeSEuATTTCRTN9qkRGWmIBOK69DcBZfXiat85JzUSrXy8XKdRZHDh2hY3SGHHSJKugW1VATEfSAntErejOejBfj3fiYt64Y2cwh+gPj8wfjVZPH</latexit>

E0
ESQPT

<latexit sha1_base64="vDBORevr5GK+l58+/szYGVPr3gA=">AAACD3icbVA9SwNBEN3z2/gVtbRZDIpVuJOgNkLQQktFYwK5EPY2k2TJ3t6xOyeGS/6BjX/FxkIRW1s7/42bGEETHwy8fW+GnXlBLIVB1/10pqZnZufmFxYzS8srq2vZ9Y0bEyWaQ4lHMtKVgBmQQkEJBUqoxBpYGEgoB53TgV++BW1EpK6xG0MtZC0lmoIztFI9u9vzYyPqqY9wh+nZVb9Pfc1USwI9pj3351HP5ty8OwSdJN6I5MgIF/Xsh9+IeBKCQi6ZMVXPjbGWMo2CS+hn/MRAzHiHtaBqqWIhmFo6vKdPd6zSoM1I21JIh+rviZSFxnTDwHaGDNtm3BuI/3nVBJtHtVSoOEFQ/PujZiIpRnQQDm0IDRxl1xLGtbC7Ut5mmnG0EWZsCN74yZPkZj/vHeQLl4Vc8WQUxwLZIttkj3jkkBTJObkgJcLJPXkkz+TFeXCenFfn7bt1yhnNbJI/cN6/ALicnHE=</latexit>

| GSi = |0i

<latexit sha1_base64="/sCgXijkcWc0XO2MkaO0j+L/f30=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVol6EohePFey20C4lm2bb2GyyJFmxLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/4GuZKkKbRHKp2iHWlDNBm4YZTtuJojgOOW2Fo5up33qkSjMp7s04oUGMB4JFjGBjJb/7xNCV2ytX3Ko7A1omXk4qkKPRK391+5KkMRWGcKx1x3MTE2RYGUY4nZS6qaYJJiM8oB1LBY6pDrLZtRN0YpU+iqSyJQyaqb8nMhxrPY5D2xljM9SL3lT8z+ukJroMMiaS1FBB5ouilCMj0fR11GeKEsPHlmCimL0VkSFWmBgbUMmG4C2+vEz8s6p3Xq3d1Sr16zyOIhzBMZyCBxdQh1toQBMIPMAzvMKbI50X5935mLcWnHzmEP7A+fwBp4iOiQ==</latexit>

⇠ = 0

PRA 92, 050101R (2015)
PRA 94, 012113 (2016)
Fortschr. Phys. (2017)

Bounded Hamiltonians

<latexit sha1_base64="hHEA/Px+pmELDzy8jc0IAY8W5EM=">AAACFHicbVDLSgNBEJyNrxhfUY9eBoMgCGFXgnoURfCYYBID2RBmJ504ZHZ2mekVw5qP8OKvePGgiFcP3vwbJzGCGgsaiqpuuruCWAqDrvvhZGZm5+YXsou5peWV1bX8+kbdRInmUOORjHQjYAakUFBDgRIasQYWBhIug/7pyL+8Bm1EpKo4iKEVsp4SXcEZWqmd37v1YyOor5nqSWinPsINpmcXlXJ1OKS+ESG9db/dfMEtumPQaeJNSIFMUG7n3/1OxJMQFHLJjGl6boytlGkUXMIw5ycGYsb7rAdNSxULwbTS8VNDumOVDu1G2pZCOlZ/TqQsNGYQBrYzZHhl/noj8T+vmWD3qJUKFScIin8t6iaSYkRHCdGO0MBRDixhXAt7K+VXTDOONsecDcH7+/I0qe8XvYNiqVIqHJ9M4siSLbJNdolHDskxOSdlUiOc3JEH8kSenXvn0XlxXr9aM85kZpP8gvP2CR+snt4=</latexit>

| iESQPT ⇠ |0i

<latexit sha1_base64="+E37o1zsZCrLhEXV3M5TDo98VuE="></latexit>

Ĥqu = ~2e↵Kn̂(n̂� 1)� ~e↵K⇠
�
â
†2 + â

2
�
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<latexit sha1_base64="bmYo6StmxcTTBUHJD1cUBr2pFIo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa67z7xXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNe043e</latexit>

⇠

<latexit sha1_base64="Og0dNlssvKhZPxVHIZL+VnMGZeY=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ6KokU9ViUgscW+wVtCJvttl262YTdiVpifooXD4p49Zd489+4bXPQ1gcDj/dmmJnnR5wpsO1vY2V1bX1jM7eV397Z3ds3CwctFcaS0CYJeSg7PlaUM0GbwIDTTiQpDnxO2/74Zuq376lULBQNmETUDfBQsAEjGLTkmYXqqZf0gD5CUr2r1xpp6plFu2TPYC0TJyNFlKHmmV+9fkjigAogHCvVdewI3ARLYITTNN+LFY0wGeMh7WoqcECVm8xOT60TrfStQSh1CbBm6u+JBAdKTQJfdwYYRmrRm4r/ed0YBlduwkQUAxVkvmgQcwtCa5qD1WeSEuATTTCRTN9qkRGWmIBOK69DcBZfXiat85JzUSrXy8XKdRZHDh2hY3SGHHSJKugW1VATEfSAntErejOejBfj3fiYt64Y2cwh+gPj8wfjVZPH</latexit>

E0
ESQPT

<latexit sha1_base64="vDBORevr5GK+l58+/szYGVPr3gA=">AAACD3icbVA9SwNBEN3z2/gVtbRZDIpVuJOgNkLQQktFYwK5EPY2k2TJ3t6xOyeGS/6BjX/FxkIRW1s7/42bGEETHwy8fW+GnXlBLIVB1/10pqZnZufmFxYzS8srq2vZ9Y0bEyWaQ4lHMtKVgBmQQkEJBUqoxBpYGEgoB53TgV++BW1EpK6xG0MtZC0lmoIztFI9u9vzYyPqqY9wh+nZVb9Pfc1USwI9pj3351HP5ty8OwSdJN6I5MgIF/Xsh9+IeBKCQi6ZMVXPjbGWMo2CS+hn/MRAzHiHtaBqqWIhmFo6vKdPd6zSoM1I21JIh+rviZSFxnTDwHaGDNtm3BuI/3nVBJtHtVSoOEFQ/PujZiIpRnQQDm0IDRxl1xLGtbC7Ut5mmnG0EWZsCN74yZPkZj/vHeQLl4Vc8WQUxwLZIttkj3jkkBTJObkgJcLJPXkkz+TFeXCenFfn7bt1yhnNbJI/cN6/ALicnHE=</latexit>

| GSi = |0i

<latexit sha1_base64="/sCgXijkcWc0XO2MkaO0j+L/f30=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVol6EohePFey20C4lm2bb2GyyJFmxLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/4GuZKkKbRHKp2iHWlDNBm4YZTtuJojgOOW2Fo5up33qkSjMp7s04oUGMB4JFjGBjJb/7xNCV2ytX3Ko7A1omXk4qkKPRK391+5KkMRWGcKx1x3MTE2RYGUY4nZS6qaYJJiM8oB1LBY6pDrLZtRN0YpU+iqSyJQyaqb8nMhxrPY5D2xljM9SL3lT8z+ukJroMMiaS1FBB5ouilCMj0fR11GeKEsPHlmCimL0VkSFWmBgbUMmG4C2+vEz8s6p3Xq3d1Sr16zyOIhzBMZyCBxdQh1toQBMIPMAzvMKbI50X5935mLcWnHzmEP7A+fwBp4iOiQ==</latexit>

⇠ = 0

<latexit sha1_base64="cZlLrWA39f7kIby2X6zV1etpwIo=">AAACGnicbVDLSgMxFM34rPU16tJNsAh1U2akqBuh2I3LCvYBnXHIpGkbmmSGJCOUab/Djb/ixoUi7sSNf2PajqCtBy4czrmXe+8JY0aVdpwva2l5ZXVtPbeR39za3tm19/YbKkokJnUcsUi2QqQIo4LUNdWMtGJJEA8ZaYaD6sRv3hOpaCRu9TAmPkc9QbsUI22kwHZHXqzoXVocnIyhJ5HoMQIvoacSHghYDURmjcSPG9gFp+RMAReJm5ECyFAL7A+vE+GEE6ExQ0q1XSfWfoqkppiRcd5LFIkRHqAeaRsqECfKT6evjeGxUTqwG0lTQsOp+nsiRVypIQ9NJ0e6r+a9ifif105098JPqYgTTQSeLeomDOoITnKCHSoJ1mxoCMKSmlsh7iOJsDZp5k0I7vzLi6RxWnLPSuWbcqFylcWRA4fgCBSBC85BBVyDGqgDDB7AE3gBr9aj9Wy9We+z1iUrmzkAf2B9fgOpO6AF</latexit>

| (k)i =
X

n

C(k)
n |ni

<latexit sha1_base64="tijnuGSnccBdsMC4Kd+SfZpz/nY=">AAAB/nicbVDLSsNAFJ34rPUVFVdugkVwVRIp6kYounFZwT6gCWEyvWmHTh7M3IglFPwVNy4Ucet3uPNvnLZZaOuByz2ccy9z5wSp4Apt+9tYWl5ZXVsvbZQ3t7Z3ds29/ZZKMsmgyRKRyE5AFQgeQxM5CuikEmgUCGgHw5uJ334AqXgS3+MoBS+i/ZiHnFHUkm8euoOASt9FeMQcwnB8ZVdtxzcruk1hLRKnIBVSoOGbX24vYVkEMTJBleo6dopeTiVyJmBcdjMFKWVD2oeupjGNQHn59PyxdaKVnhUmUleM1lT9vZHTSKlRFOjJiOJAzXsT8T+vm2F46eU8TjOEmM0eCjNhYWJNsrB6XAJDMdKEMsn1rRYbUEkZ6sTKOgRn/suLpHVWdc6rtbtapX5dxFEiR+SYnBKHXJA6uSUN0iSM5OSZvJI348l4Md6Nj9noklHsHJA/MD5/AG7LlSQ=</latexit>

~e↵ = 0.01
<latexit sha1_base64="U0zC4DJ0JdIEezCp48p6lkjCgKM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUr0IRS8eK7htoV1KNs22odlkSbJiWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqgj1ieRSdUKsKWeC+oYZTjuJojgOOW2H49uZ336kSjMpHswkoUGMh4JFjGBjJb/3xK7r/XLFrbpzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJsfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzT5HA6YoMXxiCSaK2VsRGWGFibH5lGwI3vLLq6R1UfXq1dp9rdK4yeMowgmcwjl4cAkNuIMm+ECAwTO8wpsjnBfn3flYtBacfOYY/sD5/AFZt45l</latexit>

⇠ = 6

PRA 92, 050101R (2015)
PRA 94, 012113 (2016)
Fortschr. Phys. (2017)

Bounded Hamiltonians

<latexit sha1_base64="hHEA/Px+pmELDzy8jc0IAY8W5EM=">AAACFHicbVDLSgNBEJyNrxhfUY9eBoMgCGFXgnoURfCYYBID2RBmJ504ZHZ2mekVw5qP8OKvePGgiFcP3vwbJzGCGgsaiqpuuruCWAqDrvvhZGZm5+YXsou5peWV1bX8+kbdRInmUOORjHQjYAakUFBDgRIasQYWBhIug/7pyL+8Bm1EpKo4iKEVsp4SXcEZWqmd37v1YyOor5nqSWinPsINpmcXlXJ1OKS+ESG9db/dfMEtumPQaeJNSIFMUG7n3/1OxJMQFHLJjGl6boytlGkUXMIw5ycGYsb7rAdNSxULwbTS8VNDumOVDu1G2pZCOlZ/TqQsNGYQBrYzZHhl/noj8T+vmWD3qJUKFScIin8t6iaSYkRHCdGO0MBRDixhXAt7K+VXTDOONsecDcH7+/I0qe8XvYNiqVIqHJ9M4siSLbJNdolHDskxOSdlUiOc3JEH8kSenXvn0XlxXr9aM85kZpP8gvP2CR+snt4=</latexit>

| iESQPT ⇠ |0i

(Fock basis)
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Localization at the ESQPT

<latexit sha1_base64="F3rmkYy7HV+Tx6nDpfRfFpfuJWo="></latexit>

P(k)
R =

1
PN

n=0 |C
(k)
n |4

<latexit sha1_base64="cZlLrWA39f7kIby2X6zV1etpwIo=">AAACGnicbVDLSgMxFM34rPU16tJNsAh1U2akqBuh2I3LCvYBnXHIpGkbmmSGJCOUab/Djb/ixoUi7sSNf2PajqCtBy4czrmXe+8JY0aVdpwva2l5ZXVtPbeR39za3tm19/YbKkokJnUcsUi2QqQIo4LUNdWMtGJJEA8ZaYaD6sRv3hOpaCRu9TAmPkc9QbsUI22kwHZHXqzoXVocnIyhJ5HoMQIvoacSHghYDURmjcSPG9gFp+RMAReJm5ECyFAL7A+vE+GEE6ExQ0q1XSfWfoqkppiRcd5LFIkRHqAeaRsqECfKT6evjeGxUTqwG0lTQsOp+nsiRVypIQ9NJ0e6r+a9ifif105098JPqYgTTQSeLeomDOoITnKCHSoJ1 mxoCMKSmlsh7iOJsDZp5k0I7vzLi6RxWnLPSuWbcqFylcWRA4fgCBSBC85BBVyDGqgDDB7AE3gBr9aj9Wy9We+z1iUrmzkAf2B9fgOpO6AF</latexit>

| (k)i =
X

n

C(k)
n |ni

<latexit sha1_base64="tijnuGSnccBdsMC4Kd+SfZpz/nY=">AAAB/nicbVDLSsNAFJ34rPUVFVdugkVwVRIp6kYounFZwT6gCWEyvWmHTh7M3IglFPwVNy4Ucet3uPNvnLZZaOuByz2ccy9z5wSp4Apt+9tYWl5ZXVsvbZQ3t7Z3ds29/ZZKMsmgyRKRyE5AFQgeQxM5CuikEmgUCGgHw5uJ334AqXgS3+MoBS+i/ZiHnFHUkm8euoOASt9FeMQcwnB8ZVdtxzcruk1hLRKnIBVSoOGbX24vYVkEMTJBleo6dopeTiVyJmBcdjMFKWVD2oeupjGNQHn59PyxdaKVnhUmUleM1lT9vZHTSKlRFOjJiOJAzXsT8T+vm2F46eU8TjOEmM0eCjNhYWJNsrB6XAJDMdKEMsn1rRYbUEkZ6sTKOgRn/suLpHVWdc6rtbtapX5dxFEiR+SYnBKHXJA6uSUN0iSM5OSZvJI348l4Md6Nj9noklHsHJA/MD5/AG7LlSQ=</latexit>

~e↵ = 0.01

PRA 92, 050101R (2015)
PRA 94, 012113 (2016)
Fortschr. Phys. (2017)

Prague (2016)
QPTN 8

Padova (2018)
QPTN 9

<latexit sha1_base64="bmYo6StmxcTTBUHJD1cUBr2pFIo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa67z7xXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNe043e</latexit>

⇠
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Classical Limit of the Kerr Resonator

Quantum Hamiltonian
<latexit sha1_base64="+E37o1zsZCrLhEXV3M5TDo98VuE="></latexit>

Ĥqu = ~2e↵Kn̂(n̂� 1)� ~e↵K⇠
�
â
†2 + â

2
�

Classical 
Hamiltonian

Stránsky & Cejnar
PLA 380, 2637 (2016)
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Classical Limit of the Kerr Resonator

Quantum Hamiltonian
<latexit sha1_base64="+E37o1zsZCrLhEXV3M5TDo98VuE="></latexit>

Ĥqu = ~2e↵Kn̂(n̂� 1)� ~e↵K⇠
�
â
†2 + â

2
�

Classical 
Hamiltonian

Critical points
Center points Hyperbolic point

ESQPT Separatrix

q

p

<latexit sha1_base64="U0zC4DJ0JdIEezCp48p6lkjCgKM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUr0IRS8eK7htoV1KNs22odlkSbJiWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqgj1ieRSdUKsKWeC+oYZTjuJojgOOW2H49uZ336kSjMpHswkoUGMh4JFjGBjJb/3xK7r/XLFrbpzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJsfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzT5HA6YoMXxiCSaK2VsRGWGFibH5lGwI3vLLq6R1UfXq1dp9rdK4yeMowgmcwjl4cAkNuIMm+ECAwTO8wpsjnBfn3flYtBacfOYY/sD5/AFZt45l</latexit>

⇠ = 6 Stránsky & Cejnar
PLA 380, 2637 (2016)

(Bernouilli Lemniscat)



Curro Pérez-Bernal
Lea F. Santos

QPTN10  
Dubrovnik, 2022

Classical Limit of the Kerr Resonator

Density of states Smooth component of Gutzwiller trace formula



Curro Pérez-Bernal
Lea F. Santos

QPTN10  
Dubrovnik, 2022

Husimi Quasidistribution

Squared overlap between a quantum state and the coherent state (Bargmann)
representation of quantum states in phase space. PRE 65, 036205 (2002)

<latexit sha1_base64="U0zC4DJ0JdIEezCp48p6lkjCgKM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUr0IRS8eK7htoV1KNs22odlkSbJiWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqgj1ieRSdUKsKWeC+oYZTjuJojgOOW2H49uZ336kSjMpHswkoUGMh4JFjGBjJb/3xK7r/XLFrbpzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJsfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzT5HA6YoMXxiCSaK2VsRGWGFibH5lGwI3vLLq6R1UfXq1dp9rdK4yeMowgmcwjl4cAkNuIMm+ECAwTO8wpsjnBfn3flYtBacfOYY/sD5/AFZt45l</latexit>

⇠ = 6

<latexit sha1_base64="HY/SbeWHJrhGHswS6hAMvGRQczo=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsKMBPUiBL14jGAWyAyhp1OTNOlZ6K4Rw5iDv+LFgyJe/Q1v/o2d5aCJDwoe71VRVc9PpNBo299Wbml5ZXUtv17Y2Nza3inu7jV0nCoOdR7LWLV8pkGKCOooUEIrUcBCX0LTH1yP/eY9KC3i6A6HCXgh60UiEJyhkTrFA7fvM9VxER4wgyAY0Utql51OsWSX7QnoInFmpERmqHWKX2435mkIEXLJtG47doJexhQKLmFUcFMNCeMD1oO2oRELQXvZ5P4RPTZKlwaxMhUhnai/JzIWaj0MfdMZMuzreW8s/ue1UwwuvExESYoQ8emiIJUUYzoOg3aFAo5yaAjjSphbKe8zxTiayAomBGf+5UXSOC07Z+XKbaVUvZrFkSeH5IicEIeckyq5ITVSJ5w8kmfySt6sJ+vFerc+pq05azazT/7A+vwBs0qVPg==</latexit>

~e↵ = 0.1

<latexit sha1_base64="gT3RjCm7BSObt/nTUQa5auXl318=">AAACH3icbVDLSgMxFM3UV62vUZdugkWomzJTSnUjFN24bME+oFPLnTRtQzOZIckIZdo/ceOvuHGhiLjr35g+Ftp6IHA451xu7vEjzpR2nKmV2tjc2t5J72b29g8Oj+zjk7oKY0lojYQ8lE0fFOVM0JpmmtNmJCkEPqcNf3g38xtPVCoWigc9img7gL5gPUZAG6ljl6qdxIsUm+CcBzwawCW+wWOPg+hzihcSHuNZBHtyoY4fCx076+SdOfA6cZcki5aodOxvrxuSOKBCEw5KtVwn0u0EpGaE00nGixWNgAyhT1uGCgioaifz+yb4wihd3AuleULjufp7IoFAqVHgm2QAeqBWvZn4n9eKde+6nTARxZoKsljUiznWIZ6VhbtMUqL5yBAgkpm/YjIACUSbSjOmBHf15HVSL+TdUr5YLWbLt8s60ugMnaMcctEVKqN7VEE1RNAzekXv6MN6sd6sT+trEU1Zy5lT9AfW9AcPGKHC</latexit>

Q (↵) = |h↵| i|2
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Husimi Quasidistribution

j=0 j=1 j=2 j=3

j=4 j=5 j=6 j=7

j=8 j=9 j=10 j=11

j=12 j=13 j=14 j=15

j=16 j=17 j=18 j=19
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Classical Limit of the Kerr Resonator

Selected initial conditions and associated orbits in phase space



Curro Pérez-Bernal
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<latexit sha1_base64="hHEA/Px+pmELDzy8jc0IAY8W5EM=">AAACFHicbVDLSgNBEJyNrxhfUY9eBoMgCGFXgnoURfCYYBID2RBmJ504ZHZ2mekVw5qP8OKvePGgiFcP3vwbJzGCGgsaiqpuuruCWAqDrvvhZGZm5+YXsou5peWV1bX8+kbdRInmUOORjHQjYAakUFBDgRIasQYWBhIug/7pyL+8Bm1EpKo4iKEVsp4SXcEZWqmd37v1YyOor5nqSWinPsINpmcXlXJ1OKS+ESG9db/dfMEtumPQaeJNSIFMUG7n3/1OxJMQFHLJjGl6boytlGkUXMIw5ycGYsb7rAdNSxULwbTS8VNDumOVDu1G2pZCOlZ/TqQsNGYQBrYzZHhl/noj8T+vmWD3qJUKFScIin8t6iaSYkRHCdGO0MBRDixhXAt7K+VXTDOONsecDcH7+/I0qe8XvYNiqVIqHJ9M4siSLbJNdolHDskxOSdlUiOc3JEH8kSenXvn0XlxXr9aM85kZpP8gvP2CR+snt4=</latexit>

| iESQPT ⇠ |0i
<latexit sha1_base64="6X5YW4/gfkzBaKyaikY/5cAV8Qs=">AAACF3icbVDLSiNBFK3W8RUfE3XpppgguArdIo4bISiCOxMmUSEdwu3KTVJYXd1U3RZDm79w46+4caGIW93N30wlZsDXgYLDOedy654oVdKS7//1pqZ/zMzOzS8UFpeWV34WV9dObZIZgQ2RqMScR2BRSY0NkqTwPDUIcaTwLLo4HPlnl2isTHSdBim2Yuhp2ZUCyEntYvk6TK0MDeiewnYeEl5RfvSnVq0Ph3yfX4eg0j60T/4niiW/7I/Bv5JgQkpsgmq7+Bp2EpHFqEkosLYZ+Cm1cjAkhcJhIcwspiAuoIdNRzXEaFv5+K4h33RKh3cT454mPlbfT+QQWzuII5eMgfr2szcSv/OaGXX3WrnUaUaoxduibqY4JXxUEu9Ig4LUwBEQRrq/ctEHA4JclQVXQvD55K/kdLsc7JZ3ajulysGkjnm2wX6xLRaw36zCjlmVNZhgN+yOPbBH79a7956857folDeZWWcf4L38A9NkoFQ=</latexit>

| iESQPT = |↵Oi

Survival Probability: Slow Evolution for O

<latexit sha1_base64="OapCXLQAvNcjkPq0J5y6srYVeBA=">AAACGXicbVA9SwNBEN3zM8avqKXNYhBiE+4kqKVoYxnBfEAuhr3NXLK4t3fszgkh8W/Y+FdsLBSx1Mp/4ya5QhMfDPN4b4bdeUEihUHX/XYWFpeWV1Zza/n1jc2t7cLObt3EqeZQ47GMdTNgBqRQUEOBEpqJBhYFEhrB3eXYb9yDNiJWNzhIoB2xnhKh4Ayt1Cm4voQQR9SXTPUkUL9qRMk9Gk06HlFfZ7oWvT6Obo87haJbdieg88TLSJFkqHYKn3435mkECrlkxrQ8N8H2kGkUXMJD3k8NJIzfsR60LFUsAtMeTi57oIdW6dIw1rYU0on6e2PIImMGUWAnI4Z9M+uNxf+8VorhWXsoVJIiKD59KEwlxZiOY6JdoYGjHFjCuBb2r5T3mWYcbZh5G4I3e/I8qR+XvZNy5bpSPL/I4siRfXJASsQjp+ScXJEqqRFOHskzeSVvzpPz4rw7H9PRBSfb2SN/4Hz9ANItn5M=</latexit>

|h (0)| (t)i|2
q

p

p=0,q=0

O
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<latexit sha1_base64="hHEA/Px+pmELDzy8jc0IAY8W5EM=">AAACFHicbVDLSgNBEJyNrxhfUY9eBoMgCGFXgnoURfCYYBID2RBmJ504ZHZ2mekVw5qP8OKvePGgiFcP3vwbJzGCGgsaiqpuuruCWAqDrvvhZGZm5+YXsou5peWV1bX8+kbdRInmUOORjHQjYAakUFBDgRIasQYWBhIug/7pyL+8Bm1EpKo4iKEVsp4SXcEZWqmd37v1YyOor5nqSWinPsINpmcXlXJ1OKS+ESG9db/dfMEtumPQaeJNSIFMUG7n3/1OxJMQFHLJjGl6boytlGkUXMIw5ycGYsb7rAdNSxULwbTS8VNDumOVDu1G2pZCOlZ/TqQsNGYQBrYzZHhl/noj8T+vmWD3qJUKFScIin8t6iaSYkRHCdGO0MBRDixhXAt7K+VXTDOONsecDcH7+/I0qe8XvYNiqVIqHJ9M4siSLbJNdolHDskxOSdlUiOc3JEH8kSenXvn0XlxXr9aM85kZpP8gvP2CR+snt4=</latexit>

| iESQPT ⇠ |0i
<latexit sha1_base64="6X5YW4/gfkzBaKyaikY/5cAV8Qs=">AAACF3icbVDLSiNBFK3W8RUfE3XpppgguArdIo4bISiCOxMmUSEdwu3KTVJYXd1U3RZDm79w46+4caGIW93N30wlZsDXgYLDOedy654oVdKS7//1pqZ/zMzOzS8UFpeWV34WV9dObZIZgQ2RqMScR2BRSY0NkqTwPDUIcaTwLLo4HPlnl2isTHSdBim2Yuhp2ZUCyEntYvk6TK0MDeiewnYeEl5RfvSnVq0Ph3yfX4eg0j60T/4niiW/7I/Bv5JgQkpsgmq7+Bp2EpHFqEkosLYZ+Cm1cjAkhcJhIcwspiAuoIdNRzXEaFv5+K4h33RKh3cT454mPlbfT+QQWzuII5eMgfr2szcSv/OaGXX3WrnUaUaoxduibqY4JXxUEu9Ig4LUwBEQRrq/ctEHA4JclQVXQvD55K/kdLsc7JZ3ajulysGkjnm2wX6xLRaw36zCjlmVNZhgN+yOPbBH79a7956857folDeZWWcf4L38A9NkoFQ=</latexit>

| iESQPT = |↵Oi

Survival Probability: O vs A-E

q

p

A

D

C
B

O
E

<latexit sha1_base64="OapCXLQAvNcjkPq0J5y6srYVeBA=">AAACGXicbVA9SwNBEN3zM8avqKXNYhBiE+4kqKVoYxnBfEAuhr3NXLK4t3fszgkh8W/Y+FdsLBSx1Mp/4ya5QhMfDPN4b4bdeUEihUHX/XYWFpeWV1Zza/n1jc2t7cLObt3EqeZQ47GMdTNgBqRQUEOBEpqJBhYFEhrB3eXYb9yDNiJWNzhIoB2xnhKh4Ayt1Cm4voQQR9SXTPUkUL9qRMk9Gk06HlFfZ7oWvT6Obo87haJbdieg88TLSJFkqHYKn3435mkECrlkxrQ8N8H2kGkUXMJD3k8NJIzfsR60LFUsAtMeTi57oIdW6dIw1rYU0on6e2PIImMGUWAnI4Z9M+uNxf+8VorhWXsoVJIiKD59KEwlxZiOY6JdoYGjHFjCuBb2r5T3mWYcbZh5G4I3e/I8qR+XvZNy5bpSPL/I4siRfXJASsQjp+ScXJEqqRFOHskzeSVvzpPz4rw7H9PRBSfb2SN/4Hz9ANItn5M=</latexit>

|h (0)| (t)i|2
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Survival Probability: D vs E

q

p

A

D

C
B

O
E

<latexit sha1_base64="OapCXLQAvNcjkPq0J5y6srYVeBA=">AAACGXicbVA9SwNBEN3zM8avqKXNYhBiE+4kqKVoYxnBfEAuhr3NXLK4t3fszgkh8W/Y+FdsLBSx1Mp/4ya5QhMfDPN4b4bdeUEihUHX/XYWFpeWV1Zza/n1jc2t7cLObt3EqeZQ47GMdTNgBqRQUEOBEpqJBhYFEhrB3eXYb9yDNiJWNzhIoB2xnhKh4Ayt1Cm4voQQR9SXTPUkUL9qRMk9Gk06HlFfZ7oWvT6Obo87haJbdieg88TLSJFkqHYKn3435mkECrlkxrQ8N8H2kGkUXMJD3k8NJIzfsR60LFUsAtMeTi57oIdW6dIw1rYU0on6e2PIImMGUWAnI4Z9M+uNxf+8VorhWXsoVJIiKD59KEwlxZiOY6JdoYGjHFjCuBb2r5T3mWYcbZh5G4I3e/I8qR+XvZNy5bpSPL/I4siRfXJASsQjp+ScXJEqqRFOHskzeSVvzpPz4rw7H9PRBSfb2SN/4Hz9ANItn5M=</latexit>

|h (0)| (t)i|2
LDOS

<latexit sha1_base64="8MBrhBs5vMpQxIUy+L6+3GzjJCE=">AAAB7nicbVBNTwIxEJ3FL8Qv1KOXRmLiiewSoh6JXDxiIh8JrKRbutDQdjdt14Qs/AgvHjTGq7/Hm//GAntQ8CWTvLw3k5l5QcyZNq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gXJ/77SeqNIvkg5nE1Bd4KFnICDZWak/rfTl9rPSLJbfsLoDWiZeREmRo9ItfvUFEEkGlIRxr3fXc2PgpVoYRTmeFXqJpjMkYD2nXUokF1X66OHeGLqwyQGGkbEmDFurviRQLrScisJ0Cm5Fe9ebif143MeGNnzIZJ4ZKslwUJhyZCM1/RwOmKDF8YgkmitlbERlhhYmxCRVsCN7qy+ukVSl7V+XqfbVUu83iyMMZnMMleHANNbiDBjSBwBie4RXenNh5cd6dj2VrzslmTuEPnM8fB7uPYQ==</latexit>

|Cn|2
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OTOC

Out-of-time-ordered four-point correlator (OTOC)
<latexit sha1_base64="pin7il0JZgi1Bh486mCiWOVuPqM=">AAACInicbZDLSsNAFIYn9VbrrerSzWAR3FgSKV52RTddVrAXaGKZTE/boZNJmJkIJfRZ3Pgqblwo6krwYZykXWjbHwY+/nMOZ87vR5wpbdvfVm5ldW19I79Z2Nre2d0r7h80VRhLCg0a8lC2faKAMwENzTSHdiSBBD6Hlj+6TeutR5CKheJejyPwAjIQrM8o0cbqFq9dTsSAA4aHhNX0BLdSOsuwudx0ZTbRLZbssp0JL4IzgxKaqd4tfrq9kMYBCE05Uarj2JH2EiI1oxwmBTdWEBE6IgPoGBQkAOUl2YkTfGKcHu6H0jyhceb+nUhIoNQ48E1nQPRQzddSc1mtE+v+lZcwEcUaBJ0u6scc6xCneeEek0A1HxsgVDLzV0yHRBKqTaoFE4Izf/IiNM/LzkW5clcpVW9mceTRETpGp8hBl6iKaqiOGoiiJ/SC3tC79Wy9Wh/W17Q1Z81mDtE/WT+/R5Wi5g==</latexit>

heiHtWe�iHtV eiHtWe�iHtV i
<latexit sha1_base64="krIE6PqSwcDHJuyXrlIS2W+I7vU=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgtSElKUZdFNy4r2AcksUymk3boZBJmJkJJu3Xjr7hxoYhb/8Cdf+M0zUJbD1w4nHMv997jx4xKZVnfxsrq2vrGZmGruL2zu7dvHhy2ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOPrmd+54EISSN+p8Yx8UI04DSgGCkt9UzoMsQHjMCJ0ymrylm7bFW8yX0NQldkRs8sWVUrA1wmdk 5KIEezZ365/QgnIeEKMySlY1ux8lIkFMWMTItuIkmM8AgNiKMpRyGRXpp9MoWnWunDIBK6uIKZ+nsiRaGU49DXnSFSQ7nozcT/PCdRwaWXUh4ninA8XxQkDKoIzmKBfSoIVmysCcKC6lshHiKBsNLhFXUI9uLLy6Rdq9rn1fptvdS4yuMogGNwAsrABhegAW5AE7QABo/gGbyCN+PJeDHejY9564qRzxyBPzA+fwCKi5hX</latexit>

h|[W (t), V (0)]|2i
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OTOC

Out-of-time-ordered four-point correlator (OTOC)
<latexit sha1_base64="pin7il0JZgi1Bh486mCiWOVuPqM=">AAACInicbZDLSsNAFIYn9VbrrerSzWAR3FgSKV52RTddVrAXaGKZTE/boZNJmJkIJfRZ3Pgqblwo6krwYZykXWjbHwY+/nMOZ87vR5wpbdvfVm5ldW19I79Z2Nre2d0r7h80VRhLCg0a8lC2faKAMwENzTSHdiSBBD6Hlj+6TeutR5CKheJejyPwAjIQrM8o0cbqFq9dTsSAA4aHhNX0BLdSOsuwudx0ZTbRLZbssp0JL4IzgxKaqd4tfrq9kMYBCE05Uarj2JH2EiI1oxwmBTdWEBE6IgPoGBQkAOUl2YkTfGKcHu6H0jyhceb+nUhIoNQ48E1nQPRQzddSc1mtE+v+lZcwEcUaBJ0u6scc6xCneeEek0A1HxsgVDLzV0yHRBKqTaoFE4Izf/IiNM/LzkW5clcpVW9mceTRETpGp8hBl6iKaqiOGoiiJ/SC3tC79Wy9Wh/W17Q1Z81mDtE/WT+/R5Wi5g==</latexit>

heiHtWe�iHtV eiHtWe�iHtV i
<latexit sha1_base64="krIE6PqSwcDHJuyXrlIS2W+I7vU=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgtSElKUZdFNy4r2AcksUymk3boZBJmJkJJu3Xjr7hxoYhb/8Cdf+M0zUJbD1w4nHMv997jx4xKZVnfxsrq2vrGZmGruL2zu7dvHhy2ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOPrmd+54EISSN+p8Yx8UI04DSgGCkt9UzoMsQHjMCJ0ymrylm7bFW8yX0NQldkRs8sWVUrA1wmdk 5KIEezZ365/QgnIeEKMySlY1ux8lIkFMWMTItuIkmM8AgNiKMpRyGRXpp9MoWnWunDIBK6uIKZ+nsiRaGU49DXnSFSQ7nozcT/PCdRwaWXUh4ninA8XxQkDKoIzmKBfSoIVmysCcKC6lshHiKBsNLhFXUI9uLLy6Rdq9rn1fptvdS4yuMogGNwAsrABhegAW5AE7QABo/gGbyCN+PJeDHejY9564qRzxyBPzA+fwCKi5hX</latexit>

h|[W (t), V (0)]|2i
Quantum

Classical
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OTOC

Out-of-time-ordered four-point correlator (OTOC)

PRL122, 024101 (2019)

<latexit sha1_base64="pin7il0JZgi1Bh486mCiWOVuPqM=">AAACInicbZDLSsNAFIYn9VbrrerSzWAR3FgSKV52RTddVrAXaGKZTE/boZNJmJkIJfRZ3Pgqblwo6krwYZykXWjbHwY+/nMOZ87vR5wpbdvfVm5ldW19I79Z2Nre2d0r7h80VRhLCg0a8lC2faKAMwENzTSHdiSBBD6Hlj+6TeutR5CKheJejyPwAjIQrM8o0cbqFq9dTsSAA4aHhNX0BLdSOsuwudx0ZTbRLZbssp0JL4IzgxKaqd4tfrq9kMYBCE05Uarj2JH2EiI1oxwmBTdWEBE6IgPoGBQkAOUl2YkTfGKcHu6H0jyhceb+nUhIoNQ48E1nQPRQzddSc1mtE+v+lZcwEcUaBJ0u6scc6xCneeEek0A1HxsgVDLzV0yHRBKqTaoFE4Izf/IiNM/LzkW5clcpVW9mceTRETpGp8hBl6iKaqiOGoiiJ/SC3tC79Wy9Wh/W17Q1Z81mDtE/WT+/R5Wi5g==</latexit>

heiHtWe�iHtV eiHtWe�iHtV i

<latexit sha1_base64="krIE6PqSwcDHJuyXrlIS2W+I7vU=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgtSElKUZdFNy4r2AcksUymk3boZBJmJkJJu3Xjr7hxoYhb/8Cdf+M0zUJbD1w4nHMv997jx4xKZVnfxsrq2vrGZmGruL2zu7dvHhy2ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOPrmd+54EISSN+p8Yx8UI04DSgGCkt9UzoMsQHjMCJ0ymrylm7bFW8yX0NQldkRs8sWVUrA1wmdk5KIEezZ365/QgnIeEKMySlY1ux8lIkFMWMTItuIkmM8AgNiKMpRyGRXpp9MoWnWunDIBK6uIKZ+nsiRaGU49DXnSFSQ7nozcT/PCdRwaWXUh4ninA8XxQkDKoIzmKBfSoIVmysCcKC6lshHiKBsNLhFXUI9uLLy6Rdq9rn1fptvdS4yuMogGNwAsrABhegAW5AE7QABo/gGbyCN+PJeDHejY9564qRzxyBPzA+fwCKi5hX</latexit>

h|[W (t), V (0)]|2i

Dicke Model
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OTOC

Out-of-time-ordered four-point correlator (OTOC)
<latexit sha1_base64="pin7il0JZgi1Bh486mCiWOVuPqM=">AAACInicbZDLSsNAFIYn9VbrrerSzWAR3FgSKV52RTddVrAXaGKZTE/boZNJmJkIJfRZ3Pgqblwo6krwYZykXWjbHwY+/nMOZ87vR5wpbdvfVm5ldW19I79Z2Nre2d0r7h80VRhLCg0a8lC2faKAMwENzTSHdiSBBD6Hlj+6TeutR5CKheJejyPwAjIQrM8o0cbqFq9dTsSAA4aHhNX0BLdSOsuwudx0ZTbRLZbssp0JL4IzgxKaqd4tfrq9kMYBCE05Uarj2JH2EiI1oxwmBTdWEBE6IgPoGBQkAOUl2YkTfGKcHu6H0jyhceb+nUhIoNQ48E1nQPRQzddSc1mtE+v+lZcwEcUaBJ0u6scc6xCneeEek0A1HxsgVDLzV0yHRBKqTaoFE4Izf/IiNM/LzkW5clcpVW9mceTRETpGp8hBl6iKaqiOGoiiJ/SC3tC79Wy9Wh/W17Q1Z81mDtE/WT+/R5Wi5g==</latexit>

heiHtWe�iHtV eiHtWe�iHtV i
<latexit sha1_base64="krIE6PqSwcDHJuyXrlIS2W+I7vU=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgtSElKUZdFNy4r2AcksUymk3boZBJmJkJJu3Xjr7hxoYhb/8Cdf+M0zUJbD1w4nHMv997jx4xKZVnfxsrq2vrGZmGruL2zu7dvHhy2ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOPrmd+54EISSN+p8Yx8UI04DSgGCkt9UzoMsQHjMCJ0ymrylm7bFW8yX0NQldkRs8sWVUrA1wmdk 5KIEezZ365/QgnIeEKMySlY1ux8lIkFMWMTItuIkmM8AgNiKMpRyGRXpp9MoWnWunDIBK6uIKZ+nsiRaGU49DXnSFSQ7nozcT/PCdRwaWXUh4ninA8XxQkDKoIzmKBfSoIVmysCcKC6lshHiKBsNLhFXUI9uLLy6Rdq9rn1fptvdS4yuMogGNwAsrABhegAW5AE7QABo/gGbyCN+PJeDHejY9564qRzxyBPzA+fwCKi5hX</latexit>

h|[W (t), V (0)]|2i

We conjecture a sharp bound on the rate of growth of chaos in thermal quantum 
systems with a large number of degrees of freedom. Chaos can be diagnosed 
using an out-of-time-order correlation function closely related to the commutator 
of operators separated in time. We conjecture that the influence of chaos on this 
correlator can develop no faster than exponentially, with Lyapunov exponent

A bound on chaos

Juan Maldacena, Stephen H. Shenker, Douglas Stanford

TBRE = SYK

JHEP (2016)
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OTOC and FOTOC

Out-of-time-ordered four-point correlator (OTOC)
<latexit sha1_base64="pin7il0JZgi1Bh486mCiWOVuPqM=">AAACInicbZDLSsNAFIYn9VbrrerSzWAR3FgSKV52RTddVrAXaGKZTE/boZNJmJkIJfRZ3Pgqblwo6krwYZykXWjbHwY+/nMOZ87vR5wpbdvfVm5ldW19I79Z2Nre2d0r7h80VRhLCg0a8lC2faKAMwENzTSHdiSBBD6Hlj+6TeutR5CKheJejyPwAjIQrM8o0cbqFq9dTsSAA4aHhNX0BLdSOsuwudx0ZTbRLZbssp0JL4IzgxKaqd4tfrq9kMYBCE05Uarj2JH2EiI1oxwmBTdWEBE6IgPoGBQkAOUl2YkTfGKcHu6H0jyhceb+nUhIoNQ48E1nQPRQzddSc1mtE+v+lZcwEcUaBJ0u6scc6xCneeEek0A1HxsgVDLzV0yHRBKqTaoFE4Izf/IiNM/LzkW5clcpVW9mceTRETpGp8hBl6iKaqiOGoiiJ/SC3tC79Wy9Wh/W17Q1Z81mDtE/WT+/R5Wi5g==</latexit>

heiHtWe�iHtV eiHtWe�iHtV i

FOTOC
<latexit sha1_base64="wqo6mVvvdpkDA/Mjyy0wDhvSmC8=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0GITdiVoDZC0MYygnlAdgmzk5tkyOzsMjMrhE1+wcZfsbFQxNbOzr9xkmyhiQcu93DOvczcE8ScKe0431ZuZXVtfSO/Wdja3tnds/cPGipKJIU6jXgkWwFRwJmAumaaQyuWQMKAQzMY3kz95gNIxSJxr0cx+CHpC9ZjlGgjdeySNyA6bUyuxl5NsZJz6kki+hywx7M+l8cdu+iUnRnwMnEzUkQZah37y+tGNAlBaMqJUm3XibWfEqkZ5TApeImCmNAh6UPbUEFCUH46u2iCT4zSxb1ImhIaz9TfGykJlRqFgZkMiR6oRW8q/ue1E9279FMm4kSDoPOHegnHOsLTeHCXSaCajwwhVDLzV0wHRBKqTYgFE4K7ePIyaZyV3fNy5a5SrF5nceTRETpGJeSiC1RFt6iG6oiiR/SMXtGb9WS9WO/Wx3w0Z2U7h+gPrM8fxL2cVg==</latexit>

V̂ = | (0)ih (0)|
<latexit sha1_base64="hIbpwjHlnoeOXO81PXe8KFPmh0g=">AAACCnicbZC7SgNBFIZnvcZ4i1rajAbBKuxKUBshaKFlBHOBbAyzk5NkyOyFmbNCWLa28VVsLBSx9QnsfBtnkxSaeGDg4//P4cz5vUgKjbb9bS0sLi2vrObW8usbm1vbhZ3dug5jxaHGQxmqpsc0SBFADQVKaEYKmO9JaHjDq8xvPIDSIgzucBRB22f9QPQEZ2ikTuHAHTBMGukF3CeCul2QyKgbDQxnxnWadgpFu2SPi86DM4UimVa1U/hyuyGPfQiQS6Z1y7EjbCdMoeAS0rwba4gYH7I+tAwGzAfdTsanpPTIKF3aC5V5AdKx+nsiYb7WI98znT7DgZ71MvE/rxVj77ydiCCKEQI+WdSLJcWQZrnQrlDAUY4MMK6E+SvlA6YYR5Ne3oTgzJ48D/WTknNaKt+Wi5XLaRw5sk8OyTFxyBmpkBtSJTXCySN5Jq/kzXqyXqx362PSumBNZ/bIn7I+fwAOnZqC</latexit>

Ŵ = ei��Ĝ

<latexit sha1_base64="2GoVjICfJWMI+f7l7IQKi3grAC4="></latexit>

Fotoc(t) = �2
G(t) = hĜ2(t)i � hĜ(t)i2

<latexit sha1_base64="oTjOfHxQH/SWCmDwoZRgbfF5BP0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOSUDabTbt0sxt2J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelAluwHW/ncra+sbmVnW7trO7t39QPzzqGpVryjpUCaX7ETFMcMk6wEGwfqYZSSPBetH4bub3npg2XMlHmGQsTMlQ8oRTAlbyg5gJIDjIRnxQb7hNdw68SrySNFCJ9qD+FcSK5imTQAUxxvfcDMKCaOBUsGktyA3LCB2TIfMtlSRlJizmJ0/xmVVinChtSwKeq78nCpIaM0kj25kSGJllbyb+5/k5JDdhwWWWA5N0sSjJBQaFZ//jmGtGQUwsIVRzeyumI6IJBZtSzYbgLb+8SroXTe+qeflw2WjdlnFU0Qk6RefIQ9eohe5RG3UQRQo9o1f05oDz4rw7H4vWilPOHKM/cD5/AP6vkRQ=</latexit>

��
<latexit sha1_base64="XjCms5/CIESEDgntmQbH4MEh9tY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiBz1WsB/QhrLZbtqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKV2r0Rxexu2i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+7pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZr+TgdCcoZxYQpkW9lbCRlRThjahkg3BW355lbQuqt5ltfZQq9Rv8jiKcAKncA4eXEEd7qEBTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wdotY+h</latexit>

Ĝsmall perturbation Hermitian operator

<latexit sha1_base64="krIE6PqSwcDHJuyXrlIS2W+I7vU=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgtSElKUZdFNy4r2AcksUymk3boZBJmJkJJu3Xjr7hxoYhb/8Cdf+M0zUJbD1w4nHMv997jx4xKZVnfxsrq2vrGZmGruL2zu7dvHhy2ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOPrmd+54EISSN+p8Yx8UI04DSgGCkt9UzoMsQHjMCJ0ymrylm7bFW8yX0NQldkRs8sWVUrA1wmdk5KIEezZ365/QgnIeEKMySlY1ux8lIkFMWMTItuIkmM8AgNiKMpRyGRXpp9MoWnWunDIBK6uIKZ+nsiRaGU49DXnSFSQ7nozcT/PCdRwaWXUh4ninA8XxQkDKoIzmKBfSoIVmysCcKC6lshHiKBsNLhFXUI9uLLy6Rdq9rn1fptvdS4yuMogGNwAsrABhegAW5AE7QABo/gGbyCN+PJeDHejY9564qRzxyBPzA+fwCKi5hX</latexit>

h|[W (t), V (0)]|2i

Nat. Comm. 10, 1581 (2019). 
R.J. Lewis-Swan, A. Safavi-Naini, J.J. Bollinger & A.M. Rey

exponential growth = scrambling
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FOTOC: Exponential Growth for O

<latexit sha1_base64="C1D2RPjI4ogIX4CYgHhKK/FI00Q=">AAACBHicbVC7SgNBFL0bXzG+Vi3TDAbBKuyGoDZC0EawiWAekF3C7GQ2GTL7YGZWDEsKG3/FxkIRWz/Czr9xstlCEw8MHM45l7n3eDFnUlnWt1FYWV1b3yhulra2d3b3zP2DtowSQWiLRDwSXQ9LyllIW4opTruxoDjwOO1446uZ37mnQrIovFOTmLoBHobMZwQrLfXNssN1eIDRBaohJ8BqJP30ZoqcB4b6ZsWqWhnQMrFzUoEczb755QwikgQ0VIRjKXu2FSs3xUIxwum05CSSxpiM8ZD2NA1xQKWbZkdM0bFWBsiPhH6hQpn6eyLFgZSTwNPJbM1Fbyb+5/US5Z+7KQvjRNGQzD/yE45UhGaNoAETlCg+0QQTwfSuiIywwETp3kq6BHvx5GXSrlXt02r9tl5pXOZ1FKEMR3ACNpxBA66hCS0g8AjP8ApvxpPxYrwbH/NowchnDuEPjM8fywKW7Q==</latexit>

� = 2K⇠Lyapunov exponent:

Slow Survival Probability,
Exponentially Fast FOTOC. PARADOX? 

<latexit sha1_base64="M21fXce7T/FazrgBYFdLvKGWdms=">AAACG3icbVBLSwMxEM7WV62vqkcvwSJUhLJbinoRioJ4rGAf0NYlm6ZtaHazJrNiWfo/vPhXvHhQxJPgwX9j2u5BWwcC32OGyXxeKLgG2/62UguLS8sr6dXM2vrG5lZ2e6emZaQoq1IppGp4RDPBA1YFDoI1QsWI7wlW9wYXY79+z5TmMriBYcjaPukFvMspASO52eKlG7eAPUAsQdLRCOfhEJ+1NO/5xA1vi2N6hBN+N+FuNmcX7EnheeAkIIeSqrjZz1ZH0shnAVBBtG46dgjtmCjgVLBRphVpFhI6ID3WNDAgPtPteHLbCB8YpYO7UpkXAJ6ovydi4ms99D3T6RPo61lvLP7nNSPonrZjHoQRsIBOF3UjgUHicVC4wxWjIIYGEKq4+SumfaIIBRNnxoTgzJ48D2rFgnNcKF2XcuXzJI402kP7KI8cdILK6ApVUBVR9Iie0St6s56sF+vd+pi2pqxkZhf9KevrB6X1n+M=</latexit>

Fotoc(t) = �2
p(t) + �2

q (t)

q

p

p=0,q=0

O

REGULAR

<latexit sha1_base64="tijnuGSnccBdsMC4Kd+SfZpz/nY=">AAAB/nicbVDLSsNAFJ34rPUVFVdugkVwVRIp6kYounFZwT6gCWEyvWmHTh7M3IglFPwVNy4Ucet3uPNvnLZZaOuByz2ccy9z5wSp4Apt+9tYWl5ZXVsvbZQ3t7Z3ds29/ZZKMsmgyRKRyE5AFQgeQxM5CuikEmgUCGgHw5uJ334AqXgS3+MoBS+i/ZiHnFHUkm8euoOASt9FeMQcwnB8ZVdtxzcruk1hLRKnIBVSoOGbX24vYVkEMTJBleo6dopeTiVyJmBcdjMFKWVD2oeupjGNQHn59PyxdaKVnhUmUleM1lT9vZHTSKlRFOjJiOJAzXsT8T+vm2F46eU8TjOEmM0eCjNhYWJNsrB6XAJDMdKEMsn1rRYbUEkZ6sTKOgRn/suLpHVWdc6rtbtapX5dxFEiR+SYnBKHXJA6uSUN0iSM5OSZvJI348l4Md6Nj9noklHsHJA/MD5/AG7LlSQ=</latexit>

~e↵ = 0.01
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FOTOC: O vs A-E

<latexit sha1_base64="C1D2RPjI4ogIX4CYgHhKK/FI00Q=">AAACBHicbVC7SgNBFL0bXzG+Vi3TDAbBKuyGoDZC0EawiWAekF3C7GQ2GTL7YGZWDEsKG3/FxkIRWz/Czr9xstlCEw8MHM45l7n3eDFnUlnWt1FYWV1b3yhulra2d3b3zP2DtowSQWiLRDwSXQ9LyllIW4opTruxoDjwOO1446uZ37mnQrIovFOTmLoBHobMZwQrLfXNssN1eIDRBaohJ8BqJP30ZoqcB4b6ZsWqWhnQMrFzUoEczb755QwikgQ0VIRjKXu2FSs3xUIxwum05CSSxpiM8ZD2NA1xQKWbZkdM0bFWBsiPhH6hQpn6eyLFgZSTwNPJbM1Fbyb+5/US5Z+7KQvjRNGQzD/yE45UhGaNoAETlCg+0QQTwfSuiIywwETp3kq6BHvx5GXSrlXt02r9tl5pXOZ1FKEMR3ACNpxBA66hCS0g8AjP8ApvxpPxYrwbH/NowchnDuEPjM8fywKW7Q==</latexit>

� = 2K⇠Lyapunov exponent:

Exponential behavior of FOTOC in the 
VICINITY of the critical point.

<latexit sha1_base64="M21fXce7T/FazrgBYFdLvKGWdms=">AAACG3icbVBLSwMxEM7WV62vqkcvwSJUhLJbinoRioJ4rGAf0NYlm6ZtaHazJrNiWfo/vPhXvHhQxJPgwX9j2u5BWwcC32OGyXxeKLgG2/62UguLS8sr6dXM2vrG5lZ2e6emZaQoq1IppGp4RDPBA1YFDoI1QsWI7wlW9wYXY79+z5TmMriBYcjaPukFvMspASO52eKlG7eAPUAsQdLRCOfhEJ+1NO/5xA1vi2N6hBN+N+FuNmcX7EnheeAkIIeSqrjZz1ZH0shnAVBBtG46dgjtmCjgVLBRphVpFhI6ID3WNDAgPtPteHLbCB8YpYO7UpkXAJ6ovydi4ms99D3T6RPo61lvLP7nNSPonrZjHoQRsIBOF3UjgUHicVC4wxWjIIYGEKq4+SumfaIIBRNnxoTgzJ48D2rFgnNcKF2XcuXzJI402kP7KI8cdILK6ApVUBVR9Iie0St6s56sF+vd+pi2pqxkZhf9KevrB6X1n+M=</latexit>

Fotoc(t) = �2
p(t) + �2

q (t)

q

p

A

D

C
B

O
E

protected

<latexit sha1_base64="tijnuGSnccBdsMC4Kd+SfZpz/nY=">AAAB/nicbVDLSsNAFJ34rPUVFVdugkVwVRIp6kYounFZwT6gCWEyvWmHTh7M3IglFPwVNy4Ucet3uPNvnLZZaOuByz2ccy9z5wSp4Apt+9tYWl5ZXVsvbZQ3t7Z3ds29/ZZKMsmgyRKRyE5AFQgeQxM5CuikEmgUCGgHw5uJ334AqXgS3+MoBS+i/ZiHnFHUkm8euoOASt9FeMQcwnB8ZVdtxzcruk1hLRKnIBVSoOGbX24vYVkEMTJBleo6dopeTiVyJmBcdjMFKWVD2oeupjGNQHn59PyxdaKVnhUmUleM1lT9vZHTSKlRFOjJiOJAzXsT8T+vm2F46eU8TjOEmM0eCjNhYWJNsrB6XAJDMdKEMsn1rRYbUEkZ6sTKOgRn/suLpHVWdc6rtbtapX5dxFEiR+SYnBKHXJA6uSUN0iSM5OSZvJI348l4Md6Nj9noklHsHJA/MD5/AG7LlSQ=</latexit>

~e↵ = 0.01
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FOTOC: O vs A-E

<latexit sha1_base64="C1D2RPjI4ogIX4CYgHhKK/FI00Q=">AAACBHicbVC7SgNBFL0bXzG+Vi3TDAbBKuyGoDZC0EawiWAekF3C7GQ2GTL7YGZWDEsKG3/FxkIRWz/Czr9xstlCEw8MHM45l7n3eDFnUlnWt1FYWV1b3yhulra2d3b3zP2DtowSQWiLRDwSXQ9LyllIW4opTruxoDjwOO1446uZ37mnQrIovFOTmLoBHobMZwQrLfXNssN1eIDRBaohJ8BqJP30ZoqcB4b6ZsWqWhnQMrFzUoEczb755QwikgQ0VIRjKXu2FSs3xUIxwum05CSSxpiM8ZD2NA1xQKWbZkdM0bFWBsiPhH6hQpn6eyLFgZSTwNPJbM1Fbyb+5/US5Z+7KQvjRNGQzD/yE45UhGaNoAETlCg+0QQTwfSuiIywwETp3kq6BHvx5GXSrlXt02r9tl5pXOZ1FKEMR3ACNpxBA66hCS0g8AjP8ApvxpPxYrwbH/NowchnDuEPjM8fywKW7Q==</latexit>

� = 2K⇠Lyapunov exponent:

Exponential behavior = scrambling?

<latexit sha1_base64="M21fXce7T/FazrgBYFdLvKGWdms=">AAACG3icbVBLSwMxEM7WV62vqkcvwSJUhLJbinoRioJ4rGAf0NYlm6ZtaHazJrNiWfo/vPhXvHhQxJPgwX9j2u5BWwcC32OGyXxeKLgG2/62UguLS8sr6dXM2vrG5lZ2e6emZaQoq1IppGp4RDPBA1YFDoI1QsWI7wlW9wYXY79+z5TmMriBYcjaPukFvMspASO52eKlG7eAPUAsQdLRCOfhEJ+1NO/5xA1vi2N6hBN+N+FuNmcX7EnheeAkIIeSqrjZz1ZH0shnAVBBtG46dgjtmCjgVLBRphVpFhI6ID3WNDAgPtPteHLbCB8YpYO7UpkXAJ6ovydi4ms99D3T6RPo61lvLP7nNSPonrZjHoQRsIBOF3UjgUHicVC4wxWjIIYGEKq4+SumfaIIBRNnxoTgzJ48D2rFgnNcKF2XcuXzJI402kP7KI8cdILK6ApVUBVR9Iie0St6s56sF+vd+pi2pqxkZhf9KevrB6X1n+M=</latexit>

Fotoc(t) = �2
p(t) + �2

q (t)

q

p

A

D

C
B

O
E

<latexit sha1_base64="tijnuGSnccBdsMC4Kd+SfZpz/nY=">AAAB/nicbVDLSsNAFJ34rPUVFVdugkVwVRIp6kYounFZwT6gCWEyvWmHTh7M3IglFPwVNy4Ucet3uPNvnLZZaOuByz2ccy9z5wSp4Apt+9tYWl5ZXVsvbZQ3t7Z3ds29/ZZKMsmgyRKRyE5AFQgeQxM5CuikEmgUCGgHw5uJ334AqXgS3+MoBS+i/ZiHnFHUkm8euoOASt9FeMQcwnB8ZVdtxzcruk1hLRKnIBVSoOGbX24vYVkEMTJBleo6dopeTiVyJmBcdjMFKWVD2oeupjGNQHn59PyxdaKVnhUmUleM1lT9vZHTSKlRFOjJiOJAzXsT8T+vm2F46eU8TjOEmM0eCjNhYWJNsrB6XAJDMdKEMsn1rRYbUEkZ6sTKOgRn/suLpHVWdc6rtbtapX5dxFEiR+SYnBKHXJA6uSUN0iSM5OSZvJI348l4Md6Nj9noklHsHJA/MD5/AG7LlSQ=</latexit>

~e↵ = 0.01
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Paradox?

<latexit sha1_base64="M21fXce7T/FazrgBYFdLvKGWdms=">AAACG3icbVBLSwMxEM7WV62vqkcvwSJUhLJbinoRioJ4rGAf0NYlm6ZtaHazJrNiWfo/vPhXvHhQxJPgwX9j2u5BWwcC32OGyXxeKLgG2/62UguLS8sr6dXM2vrG5lZ2e6emZaQoq1IppGp4RDPBA1YFDoI1QsWI7wlW9wYXY79+z5TmMriBYcjaPukFvMspASO52eKlG7eAPUAsQdLRCOfhEJ+1NO/5xA1vi2N6hBN+N+FuNmcX7EnheeAkIIeSqrjZz1ZH0shnAVBBtG46dgjtmCjgVLBRphVpFhI6ID3WNDAgPtPteHLbCB8YpYO7UpkXAJ6ovydi4ms99D3T6RPo61lvLP7nNSPonrZjHoQRsIBOF3UjgUHicVC4wxWjIIYGEKq4+SumfaIIBRNnxoTgzJ48D2rFgnNcKF2XcuXzJI402kP7KI8cdILK6ApVUBVR9Iie0St6s56sF+vd+pi2pqxkZhf9KevrB6X1n+M=</latexit>

Fotoc(t) = �2
p(t) + �2

q (t)
<latexit sha1_base64="OapCXLQAvNcjkPq0J5y6srYVeBA=">AAACGXicbVA9SwNBEN3zM8avqKXNYhBiE+4kqKVoYxnBfEAuhr3NXLK4t3fszgkh8W/Y+FdsLBSx1Mp/4ya5QhMfDPN4b4bdeUEihUHX/XYWFpeWV1Zza/n1jc2t7cLObt3EqeZQ47GMdTNgBqRQUEOBEpqJBhYFEhrB3eXYb9yDNiJWNzhIoB2xnhKh4Ayt1Cm4voQQR9SXTPUkUL9qRMk9Gk06HlFfZ7oWvT6Obo87haJbdieg88TLSJFkqHYKn3435mkECrlkxrQ8N8H2kGkUXMJD3k8NJIzfsR60LFUsAtMeTi57oIdW6dIw1rYU0on6e2PIImMGUWAnI4Z9M+uNxf+8VorhWXsoVJIiKD59KEwlxZiOY6JdoYGjHFjCuBb2r5T3mWYcbZh5G4I3e/I8qR+XvZNy5bpSPL/I4siRfXJASsQjp+ScXJEqqRFOHskzeSVvzpPz4rw7H9PRBSfb2SN/4Hz9ANItn5M=</latexit>

|h (0)| (t)i|2
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Time Evolution of the Husimi Quasidistribution

A

Bound Systems: PRE 104, 034119 (2021)

https://gitlab.com/currix1/kerr_resonator_animations
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Time Evolution of the Husimi Quasidistribution

B state

B

https://gitlab.com/currix1/kerr_resonator_animations
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Time Evolution of the Husimi Quasidistribution

C state

C

https://gitlab.com/currix1/kerr_resonator_animations
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Time Evolution of the Husimi Quasidistribution

O state

O

https://gitlab.com/currix1/kerr_resonator_animations
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Time Evolution of the Husimi Quasidistribution

O state

O

https://gitlab.com/currix1/kerr_resonator_animations
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Time Evolution of the Husimi Quasidistribution

D state
D

https://gitlab.com/currix1/kerr_resonator_animations
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Time Evolution of the Husimi Quasidistribution

E state

E

https://gitlab.com/currix1/kerr_resonator_animations
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Exponential OTOC Growth

<latexit sha1_base64="U0zC4DJ0JdIEezCp48p6lkjCgKM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUr0IRS8eK7htoV1KNs22odlkSbJiWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqgj1ieRSdUKsKWeC+oYZTjuJojgOOW2H49uZ336kSjMpHswkoUGMh4JFjGBjJb/3xK7r/XLFrbpzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJsfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzT5HA6YoMXxiCSaK2VsRGWGFibH5lGwI3vLLq6R1UfXq1dp9rdK4yeMowgmcwjl4cAkNuIMm+ECAwTO8wpsjnBfn3flYtBacfOYY/sD5/AFZt45l</latexit>

⇠ = 6

PRELIMINARY
RESULTS

<latexit sha1_base64="tijnuGSnccBdsMC4Kd+SfZpz/nY=">AAAB/nicbVDLSsNAFJ34rPUVFVdugkVwVRIp6kYounFZwT6gCWEyvWmHTh7M3IglFPwVNy4Ucet3uPNvnLZZaOuByz2ccy9z5wSp4Apt+9tYWl5ZXVsvbZQ3t7Z3ds29/ZZKMsmgyRKRyE5AFQgeQxM5CuikEmgUCGgHw5uJ334AqXgS3+MoBS+i/ZiHnFHUkm8euoOASt9FeMQcwnB8ZVdtxzcruk1hLRKnIBVSoOGbX24vYVkEMTJBleo6dopeTiVyJmBcdjMFKWVD2oeupjGNQHn59PyxdaKVnhUmUleM1lT9vZHTSKlRFOjJiOJAzXsT8T+vm2F46eU8TjOEmM0eCjNhYWJNsrB6XAJDMdKEMsn1rRYbUEkZ6sTKOgRn/suLpHVWdc6rtbtapX5dxFEiR+SYnBKHXJA6uSUN0iSM5OSZvJI348l4Md6Nj9noklHsHJA/MD5/AG7LlSQ=</latexit>

~e↵ = 0.01

<latexit sha1_base64="krIE6PqSwcDHJuyXrlIS2W+I7vU=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgtSElKUZdFNy4r2AcksUymk3boZBJmJkJJu3Xjr7hxoYhb/8Cdf+M0zUJbD1w4nHMv997jx4xKZVnfxsrq2vrGZmGruL2zu7dvHhy2ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOPrmd+54EISSN+p8Yx8UI04DSgGCkt9UzoMsQHjMCJ0ymrylm7bFW8yX0NQldkRs8sWVUrA1wmdk 5KIEezZ365/QgnIeEKMySlY1ux8lIkFMWMTItuIkmM8AgNiKMpRyGRXpp9MoWnWunDIBK6uIKZ+nsiRaGU49DXnSFSQ7nozcT/PCdRwaWXUh4ninA8XxQkDKoIzmKBfSoIVmysCcKC6lshHiKBsNLhFXUI9uLLy6Rdq9rn1fptvdS4yuMogGNwAsrABhegAW5AE7QABo/gGbyCN+PJeDHejY9564qRzxyBPzA+fwCKi5hX</latexit>

h|[W (t), V (0)]|2i

PRE 101, 010202(R) (2020)
JHEP 2020, 68 (2020)
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Husimi Quasidistribution Second Moment

PRELIMINARY
RESULTS

Click to add text

<latexit sha1_base64="U0zC4DJ0JdIEezCp48p6lkjCgKM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUr0IRS8eK7htoV1KNs22odlkSbJiWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqgj1ieRSdUKsKWeC+oYZTjuJojgOOW2H49uZ336kSjMpHswkoUGMh4JFjGBjJb/3xK7r/XLFrbpzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJsfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzT5HA6YoMXxiCSaK2VsRGWGFibH5lGwI3vLLq6R1UfXq1dp9rdK4yeMowgmcwjl4cAkNuIMm+ECAwTO8wpsjnBfn3flYtBacfOYY/sD5/AFZt45l</latexit>

⇠ = 6

<latexit sha1_base64="HY/SbeWHJrhGHswS6hAMvGRQczo=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsKMBPUiBL14jGAWyAyhp1OTNOlZ6K4Rw5iDv+LFgyJe/Q1v/o2d5aCJDwoe71VRVc9PpNBo299Wbml5ZXUtv17Y2Nza3inu7jV0nCoOdR7LWLV8pkGKCOooUEIrUcBCX0LTH1yP/eY9KC3i6A6HCXgh60UiEJyhkTrFA7fvM9VxER4wgyAY0Utql51OsWSX7QnoInFmpERmqHWKX2435mkIEXLJtG47doJexhQKLmFUcFMNCeMD1oO2oRELQXvZ5P4RPTZKlwaxMhUhnai/JzIWaj0MfdMZMuzreW8s/ue1UwwuvExESYoQ8emiIJUUYzoOg3aFAo5yaAjjSphbKe8zxTiayAomBGf+5UXSOC07Z+XKbaVUvZrFkSeH5IicEIeckyq5ITVSJ5w8kmfySt6sJ+vFerc+pq05azazT/7A+vwBs0qVPg==</latexit>

~e↵ = 0.1

PRE 65, 036205 (2002)
PRE 104, 034119 (2021)
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Husimi Quasidistribution Second Moment

<latexit sha1_base64="U0zC4DJ0JdIEezCp48p6lkjCgKM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUr0IRS8eK7htoV1KNs22odlkSbJiWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqgj1ieRSdUKsKWeC+oYZTjuJojgOOW2H49uZ336kSjMpHswkoUGMh4JFjGBjJb/3xK7r/XLFrbpzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJsfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzT5HA6YoMXxiCSaK2VsRGWGFibH5lGwI3vLLq6R1UfXq1dp9rdK4yeMowgmcwjl4cAkNuIMm+ECAwTO8wpsjnBfn3flYtBacfOYY/sD5/AFZt45l</latexit>

⇠ = 6
<latexit sha1_base64="HY/SbeWHJrhGHswS6hAMvGRQczo=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsKMBPUiBL14jGAWyAyhp1OTNOlZ6K4Rw5iDv+LFgyJe/Q1v/o2d5aCJDwoe71VRVc9PpNBo299Wbml5ZXUtv17Y2Nza3inu7jV0nCoOdR7LWLV8pkGKCOooUEIrUcBCX0LTH1yP/eY9KC3i6A6HCXgh60UiEJyhkTrFA7fvM9VxER4wgyAY0Utql51OsWSX7QnoInFmpERmqHWKX2435mkIEXLJtG47doJexhQKLmFUcFMNCeMD1oO2oRELQXvZ5P4RPTZKlwaxMhUhnai/JzIWaj0MfdMZMuzreW8s/ue1UwwuvExESYoQ8emiIJUUYzoOg3aFAo5yaAjjSphbKe8zxTiayAomBGf+5UXSOC07Z+XKbaVUvZrFkSeH5IicEIeckyq5ITVSJ5w8kmfySt6sJ+vFerc+pq05azazT/7A+vwBs0qVPg==</latexit>
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Conclusions

Squeezed Kerr oscillator measures both spectrum and dynamics
exhibits signatures of ESQPT
excellent platform for ESQPT (quantum control)

The experiment for the spectrum was done.
The experiment for the dynamics will be.

Slow survival probability vs exponentially fast FOTOC.
(storage vs scrambling)

We have results for the kicked Kerr oscillator 
gateway to classical and quantum chaos

Coupling oscillators: many-body quantum dynamics

NSF CCI 
(2124511)
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Discussion

Quantum Dynamics 

How long does it take for isolated many-body quantum systems perturbed far 
from equilibrium to finally reach equilibrium?

Quantum dynamics/equilibration/thermalization depend on many factors: 

NSF CCI 
(2124511)

Ø system size 
increases/decreases with the system size

Ø model
regular/chaotic, short/long-range

Ø initial state
middle vs edges of the spectrum

Ø QUANTITY
local/global, phase space/Hilbert space


