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where                                             .

• Infinitely sensitive to weak signals at critical point — crucial in hearing [1]

Abstract: Classical dynamical systems close to a critical point are known to act as efficient sensors. We study the response of such 
systems in the quantum regime and find new, characteristic features which could have important applications to quantum sensing.
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I. Classical driven van der Pol

• Iconic model for spontaneous oscillation and synchronization

II. Quantum driven van der Pol

• Harmonic oscillator + drive + dissipation (for implementation, see Sec. VIII)

IV. Diverging susceptibility

V. Nonmonotonic response

VI. Enhanced sensing at criticality

VII. Sensing limited by two-body loss

IX. Summary
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<latexit sha1_base64="oDtirCRVqY+KnbsLkyBxKnINL5k=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSZV0JMUvHizgv2AJoTJdpMu3d2E3Y1QS3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF2WMKu2639bK6tr6xmZpq7y9s7tXsfcP2irNJSYtnLJUdiNQhFFBWppqRrqZJMAjRjrR8Gbqdx6JVDQVD3qUkYBDImhMMWgjhXbFv+MkgTM/Ac4hrId21a25MzjLxCtIFRVohvaX309xzonQmIFSPc/NdDAGqSlmZFL2c0UywENISM9QAZyoYDw7fOKcGKXvxKk0JbQzU39PjIErNeKR6eSgB2rRm4r/eb1cx1fBmIos10Tg+aI4Z45OnWkKTp9KgjUbGQJYUnOrgwcgAWuTVdmE4C2+vEza9Zp3XqvfX1Qb10UcJXSEjtEp8tAlaqBb1EQthFGOntErerOerBfr3fqYt65Yxcwh+gPr8wf/0JKl</latexit>

susceptibility
diverges

˙̂⇢
<latexit sha1_base64="bsygALhsti4/Dfggc3CnEAvilOE=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWaqoMuiG5cV7APaoWTSTCc0kwzJnUIZ+iduXCji1j9x59+YtrPQ1gMJh3Puvbk5YSq4Ac/7dkobm1vbO+Xdyt7+weGRe3zSNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLx/dzvTJg2XMknmKYsSMhI8ohTAlYauG5/qCDvx8ReOlaz2cCtejVvAbxO/IJUUYHmwP2yI2iWMAlUEGN6vpdCkBMNnAo2q/Qzw1JCx2TEepZKkjAT5IvNZ/jCKkMcKW2PBLxQf3fkJDFmmoS2MiEQm1VvLv7n9TKIboOcyzQDJunyoSgTGBSex4CHXDMKYmoJoZrbXTGNiSYUbFgVG4K/+uV10q7X/Kta/fG62rgr4iijM3SOLpGPblADPaAmaiGKJugZvaI3J3denHfnY1lacoqeU/QHzucPWuWUIA==</latexit>

density 
matrix

| {z }
<latexit sha1_base64="l0NBSjN1/47wYSRWZphibCd05Cc=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuQlIVXRbduKxgH9CEMpnctEMnkzAzEUrowo2/4saFIm79CHf+jZM2C209MMzhnHu5954gZVQqx/k2VlbX1jc2K1vV7Z3dvX3z4LAjk0wQaJOEJaIXYAmMcmgrqhj0UgE4Dhh0g/FN4XcfQEia8Hs1ScGP8ZDTiBKstDQwa17GQxCBwARybyTT4nftCxJPpwOz7tjODNYycUtSRyVaA/PLCxOSxcAVYVjKvuukys+xUJQwmFa9TIIeMMZD6GvKcQzSz2dHTK0TrYRWlAj9uLJm6u+OHMdSTuJAV8ZYjeSiV4j/ef1MRVd+TnmaKeBkPijKmKUSq0jECqkAothEE0wE1btaZIR1IErnVtUhuIsnL5NOw3bP7Mbdeb15XcZRQTV0jE6Riy5RE92iFmojgh7RM3pFb8aT8WK8Gx/z0hWj7DlCf2B8/gANeJhY</latexit>

�+
1 D[â†]⇢̂

<latexit sha1_base64="Bvm9sCiEn+CpPhCgfS7znJ8Vthk=">AAACHHicbVDLSsNAFJ3UV62vqks3g0UQhJK0gi6LunBZwT6gScvNdJoOnUnCzEQoIR/ixl9x40IRNy4E/8bpY6GtBy4czrmXe+/xY86Utu1vK7eyura+kd8sbG3v7O4V9w+aKkokoQ0S8Ui2fVCUs5A2NNOctmNJQfictvzR9cRvPVCpWBTe63FMPQFByAaMgDZSr1h1AxACek73DLsC9JAAT2+yjjsEnULWTd0+BAGVmTdVXDmMsl6xZJftKfAyceakhOao94qfbj8iiaChJhyU6jh2rL0UpGaE06zgJorGQEYQ0I6hIQiqvHT6XIZPjNLHg0iaCjWeqr8nUhBKjYVvOif3q0VvIv7ndRI9uPRSFsaJpiGZLRokHOsIT5LCfSYp0XxsCBDJzK2YDEEC0SbPggnBWXx5mTQrZadartydl2pX8zjy6Agdo1PkoAtUQ7eojhqIoEf0jF7Rm/VkvVjv1sesNWfNZw7RH1hfPyfXorM=</latexit>

one-body 
injection

| {z }
<latexit sha1_base64="l0NBSjN1/47wYSRWZphibCd05Cc=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuQlIVXRbduKxgH9CEMpnctEMnkzAzEUrowo2/4saFIm79CHf+jZM2C209MMzhnHu5954gZVQqx/k2VlbX1jc2K1vV7Z3dvX3z4LAjk0wQaJOEJaIXYAmMcmgrqhj0UgE4Dhh0g/FN4XcfQEia8Hs1ScGP8ZDTiBKstDQwa17GQxCBwARybyTT4nftCxJPpwOz7tjODNYycUtSRyVaA/PLCxOSxcAVYVjKvuukys+xUJQwmFa9TIIeMMZD6GvKcQzSz2dHTK0TrYRWlAj9uLJm6u+OHMdSTuJAV8ZYjeSiV4j/ef1MRVd+TnmaKeBkPijKmKUSq0jECqkAothEE0wE1btaZIR1IErnVtUhuIsnL5NOw3bP7Mbdeb15XcZRQTV0jE6Riy5RE92iFmojgh7RM3pFb8aT8WK8Gx/z0hWj7DlCf2B8/gANeJhY</latexit>

+��
1 D[â]⇢̂

<latexit sha1_base64="Kyv+tftk3i0TOQpvfHWdoJHXmMo="></latexit>

one-body 
loss

| {z }
<latexit sha1_base64="l0NBSjN1/47wYSRWZphibCd05Cc=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuQlIVXRbduKxgH9CEMpnctEMnkzAzEUrowo2/4saFIm79CHf+jZM2C209MMzhnHu5954gZVQqx/k2VlbX1jc2K1vV7Z3dvX3z4LAjk0wQaJOEJaIXYAmMcmgrqhj0UgE4Dhh0g/FN4XcfQEia8Hs1ScGP8ZDTiBKstDQwa17GQxCBwARybyTT4nftCxJPpwOz7tjODNYycUtSRyVaA/PLCxOSxcAVYVjKvuukys+xUJQwmFa9TIIeMMZD6GvKcQzSz2dHTK0TrYRWlAj9uLJm6u+OHMdSTuJAV8ZYjeSiV4j/ef1MRVd+TnmaKeBkPijKmKUSq0jECqkAothEE0wE1btaZIR1IErnVtUhuIsnL5NOw3bP7Mbdeb15XcZRQTV0jE6Riy5RE92iFmojgh7RM3pFb8aT8WK8Gx/z0hWj7DlCf2B8/gANeJhY</latexit>

+�2D[â2]⇢̂
<latexit sha1_base64="9tG8hBv6YHoezCTjhWaow6nw2FI="></latexit>

two-body 
loss

| {z }
<latexit sha1_base64="l0NBSjN1/47wYSRWZphibCd05Cc=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuQlIVXRbduKxgH9CEMpnctEMnkzAzEUrowo2/4saFIm79CHf+jZM2C209MMzhnHu5954gZVQqx/k2VlbX1jc2K1vV7Z3dvX3z4LAjk0wQaJOEJaIXYAmMcmgrqhj0UgE4Dhh0g/FN4XcfQEia8Hs1ScGP8ZDTiBKstDQwa17GQxCBwARybyTT4nftCxJPpwOz7tjODNYycUtSRyVaA/PLCxOSxcAVYVjKvuukys+xUJQwmFa9TIIeMMZD6GvKcQzSz2dHTK0TrYRWlAj9uLJm6u+OHMdSTuJAV8ZYjeSiV4j/ef1MRVd+TnmaKeBkPijKmKUSq0jECqkAothEE0wE1btaZIR1IErnVtUhuIsnL5NOw3bP7Mbdeb15XcZRQTV0jE6Riy5RE92iFmojgh7RM3pFb8aT8WK8Gx/z0hWj7DlCf2B8/gANeJhY</latexit>

+[⌦(â†� â), ⇢̂]
<latexit sha1_base64="lCOApikeRvA1Hc+2OsG7FLdO6Z0="></latexit>

coherent 
drive

| {z }
<latexit sha1_base64="l0NBSjN1/47wYSRWZphibCd05Cc=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuQlIVXRbduKxgH9CEMpnctEMnkzAzEUrowo2/4saFIm79CHf+jZM2C209MMzhnHu5954gZVQqx/k2VlbX1jc2K1vV7Z3dvX3z4LAjk0wQaJOEJaIXYAmMcmgrqhj0UgE4Dhh0g/FN4XcfQEia8Hs1ScGP8ZDTiBKstDQwa17GQxCBwARybyTT4nftCxJPpwOz7tjODNYycUtSRyVaA/PLCxOSxcAVYVjKvuukys+xUJQwmFa9TIIeMMZD6GvKcQzSz2dHTK0TrYRWlAj9uLJm6u+OHMdSTuJAV8ZYjeSiV4j/ef1MRVd+TnmaKeBkPijKmKUSq0jECqkAothEE0wE1btaZIR1IErnVtUhuIsnL5NOw3bP7Mbdeb15XcZRQTV0jE6Riy5RE92iFmojgh7RM3pFb8aT8WK8Gx/z0hWj7DlCf2B8/gANeJhY</latexit>

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>

�+
1

<latexit sha1_base64="Xmoh2b9lbMOhgm2Kye6zl6sRW4o=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoMgCGE3CnqSgBePEcwDkzX0TibJkJnZZWZWCEv+wosHRbz6N978GyfJHjSxoKGo6qa7K4w508bzvp3cyura+kZ+s7C1vbO7V9w/aOgoUYTWScQj1QpRU84krRtmOG3FiqIIOW2Go5up33yiSrNI3ptxTAOBA8n6jKCx0kNngEJg13886xZLXtmbwV0mfkZKkKHWLX51ehFJBJWGcNS67XuxCVJUhhFOJ4VOommMZIQD2rZUoqA6SGcXT9wTq/TcfqRsSePO1N8TKQqtxyK0nQLNUC96U/E/r52Y/lWQMhknhkoyX9RPuGsid/q+22OKEsPHliBRzN7qkiEqJMaGVLAh+IsvL5NGpeyflyt3F6XqdRZHHo7gGE7Bh0uowi3UoA4EJDzDK7w52nlx3p2PeWvOyWYO4Q+czx/QJJBW</latexit>

��
1

<latexit sha1_base64="6iYYnohZDo572soTfrfHgb2AnmQ=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgxbAbBT1JwIvHCOaByRp6J5NkyMzsMjMrhCV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcacaeN5305uZXVtfSO/Wdja3tndK+4fNHSUKELrJOKRaoWoKWeS1g0znLZiRVGEnDbD0c3Ubz5RpVkk7804poHAgWR9RtBY6aEzQCGw6z+edYslr+zN4C4TPyMlyFDrFr86vYgkgkpDOGrd9r3YBCkqwwink0In0TRGMsIBbVsqUVAdpLOLJ+6JVXpuP1K2pHFn6u+JFIXWYxHaToFmqBe9qfif105M/ypImYwTQyWZL+on3DWRO33f7TFFieFjS5AoZm91yRAVEmNDKtgQ/MWXl0mjUvbPy5W7i1L1OosjD0dwDKfgwyVU4RZqUAcCEp7hFd4c7bw4787HvDXnZDOH8AfO5w/TLJBY</latexit>

�2
<latexit sha1_base64="NbbjCc36cXfd3Vh5li3fUmDzqqs=">AAAB73icbZC7SgNBFIbPxluMl0QtLGwGg2AVdmOhhUjAxjKCuUCyhNnJbDJkZnadmRXCkpewsVDE1to3sfMBbPMMTi6FJv4w8PH/5zDnnCDmTBvX/XIyK6tr6xvZzdzW9s5uvrC3X9dRogitkYhHqhlgTTmTtGaY4bQZK4pFwGkjGFxP8sYDVZpF8s4MY+oL3JMsZAQbazXbPSwE7pQ7haJbcqdCy+DNoVg5HI/zlx/f1U7hs92NSCKoNIRjrVueGxs/xcowwuko1040jTEZ4B5tWZRYUO2n03lH6MQ6XRRGyj5p0NT93ZFiofVQBLZSYNPXi9nE/C9rJSa88FMm48RQSWYfhQlHJkKT5VGXKUoMH1rARDE7KyJ9rDAx9kQ5ewRvceVlqJdL3lmpfOsVK1cwUxaO4BhOwYNzqMANVKEGBDg8wjO8OPfOk/PqvM1KM8685wD+yHn/AS6Lk80=</latexit>

⌦
<latexit sha1_base64="SyefeM0/dxJW+igdYSH0Z8EYHbc=">AAAB7XicbZC7SgNBFIbPxluMt6ilzWAQrMJuLLTSgI2dEcwFkiXMTmaTMXNZZmaFEPIONhaK2PogvoGdb+Nkk0ITfxj4+P9zmHNOlHBmrO9/e7mV1bX1jfxmYWt7Z3evuH/QMCrVhNaJ4kq3ImwoZ5LWLbOcthJNsYg4bUbD62nefKTaMCXv7SihocB9yWJGsHVWo3MraB93iyW/7GdCyxDMoXT1eZap1i1+dXqKpIJKSzg2ph34iQ3HWFtGOJ0UOqmhCSZD3KdthxILasJxNu0EnTinh2Kl3ZMWZe7vjjEWxoxE5CoFtgOzmE3N/7J2auOLcMxkkloqyeyjOOXIKjRdHfWYpsTykQNMNHOzIjLAGhPrDlRwRwgWV16GRqUcnJUrd0Gpegkz5eEIjuEUAjiHKtxADepA4AGe4AVePeU9e2/e+6w05817DuGPvI8fVxSRLA==</latexit>

|0i
<latexit sha1_base64="JF9EsSPFRRT3LXuJ+H/J2cIkHsU=">AAAB8HicbZBNSwMxEIZn/az1q+pRkGARPJXdetCTFLx4rGA/pF1KNp22odnskmSFsvZXeFFRxKs/x5v/xmzbg7a+EHh43xkyM0EsuDau++0sLa+srq3nNvKbW9s7u4W9/bqOEsWwxiIRqWZANQousWa4EdiMFdIwENgIhldZ3rhHpXkkb80oRj+kfcl7nFFjrbsHt62o7AvsFIpuyZ2ILII3g2Ll6DnTS7VT+Gp3I5aEKA0TVOuW58bGT6kynAkc59uJxpiyIe1jy6KkIWo/nQw8JifW6ZJepOyThkzc3x0pDbUehYGtDKkZ6PksM//LWonpXfgpl3FiULLpR71EEBORbHvS5QqZESMLlCluZyVsQBVlxt4ob4/gza+8CPVyyTsrlW+8YuUSpsrBIRzDKXhwDhW4hirUgEEIj/AKb45ynpx352NauuTMeg7gj5zPHwVxlEc=</latexit>

|1i
<latexit sha1_base64="ArzSSqkKqcwTV4rIXlBm7kZ8W88=">AAAB8HicbZBNSwMxEIZn/az1q+pRkGARPJXdetCTFLx4rGA/pF1KNp22odnskmSFsvZXeFFRxKs/x5v/xmzbg7a+EHh43xkyM0EsuDau++0sLa+srq3nNvKbW9s7u4W9/bqOEsWwxiIRqWZANQousWa4EdiMFdIwENgIhldZ3rhHpXkkb80oRj+kfcl7nFFjrbsHr62o7AvsFIpuyZ2ILII3g2Ll6DnTS7VT+Gp3I5aEKA0TVOuW58bGT6kynAkc59uJxpiyIe1jy6KkIWo/nQw8JifW6ZJepOyThkzc3x0pDbUehYGtDKkZ6PksM//LWonpXfgpl3FiULLpR71EEBORbHvS5QqZESMLlCluZyVsQBVlxt4ob4/gza+8CPVyyTsrlW+8YuUSpsrBIRzDKXhwDhW4hirUgEEIj/AKb45ynpx352NauuTMeg7gj5zPHwb8lEg=</latexit>

|2i
<latexit sha1_base64="N927IhLQ7DS+i1omYUVYePtEpMI=">AAAB8HicbZBNSwMxEIZn/az1q+pRkGARPJXdetCTFLx4rGA/pF1KNp1tQ7PZJckKpfZXeFFRxKs/x5v/xmzbg7a+EHh43xkyM0EiuDau++0sLa+srq3nNvKbW9s7u4W9/bqOU8WwxmIRq2ZANQousWa4EdhMFNIoENgIBldZ3rhHpXksb80wQT+iPclDzqix1t1Dua2o7AnsFIpuyZ2ILII3g2Ll6DnTS7VT+Gp3Y5ZGKA0TVOuW5ybGH1FlOBM4zrdTjQllA9rDlkVJI9T+aDLwmJxYp0vCWNknDZm4vztGNNJ6GAW2MqKmr+ezzPwva6UmvPBHXCapQcmmH4WpICYm2fakyxUyI4YWKFPczkpYnyrKjL1R3h7Bm195EerlkndWKt94xcolTJWDQziGU/DgHCpwDVWoAYMIHuEV3hzlPDnvzse0dMmZ9RzAHzmfPwiHlEk=</latexit>

|3i
<latexit sha1_base64="R6GSuHC+kVIhL44S0zuT2RcVwK8=">AAAB8HicbZDLSgMxFIbP1Futt6pLQYJFcFVm2oWupODGZQV7kXYomTTThiaZIckIZexTuFFRxK2P4863MdN2oa0/BD7+/xxyzglizrRx3W8nt7K6tr6R3yxsbe/s7hX3D5o6ShShDRLxSLUDrClnkjYMM5y2Y0WxCDhtBaOrLG/dU6VZJG/NOKa+wAPJQkawsdbdQ7WrsBxw2iuW3LI7FVoGbw6l2vFzppd6r/jV7UckEVQawrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsSiyo9tPpwBN0ap0+CiNlnzRo6v7uSLHQeiwCWymwGerFLDP/yzqJCS/8lMk4MVSS2UdhwpGJULY96jNFieFjC5goZmdFZIgVJsbeqGCP4C2uvAzNStmrlis3Xql2CTPl4QhO4Aw8OIcaXEMdGkBAwCO8wpujnCfn3fmYleacec8h/JHz+QMKEpRK</latexit> Heisenberg equation of motion:

˙̂a = 1
2 (�

+
1 ���

1 ) â� �2 â†ââ+ ⌦
<latexit sha1_base64="JRcESWo1imVdxors3KH7QufwVrw="></latexit>

Heisenberg equation of motion:

⇒ Critical case: �+
1 = ��

1
<latexit sha1_base64="XQRwI3YJfFOAP9D3xDQsxlcD1Oo=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQktgiCWmbrQjVIQxIWLCvYC7XTIpJk2NMkMSUYoQ8Gtj+HGhSLizudw59uYtiLa+kPg4z/ncE7+IGZUacf5tDJz8wuLS9nl3Mrq2vqGvblVU1EiManiiEWyESBFGBWkqqlmpBFLgnjASD3on4/q9VsiFY3EjR7ExOOoK2hIMdLG8u2dVhdxjny3fXD6g4e+XXCKzlhwFtxvKJTh1dtF+z5f8e2PVifCCSdCY4aUarpOrL0USU0xI8NcK1EkRriPuqRpUCBOlJeOzx/CPeN0YBhJ84SGY/f3RIq4UgMemE6OdE9N10bmf7VmosMTL6UiTjQReLIoTBjUERxlATtUEqzZwADCkppbIe4hibA2ieVMCO70l2ehViq6R8XStVson4GJsmAX5ME+cMExKINLUAFVgEEKHsATeLburEfrxXqdtGas75lt8EfW+xdSW5dV</latexit>

D[x̂]⇢̂ ⌘ x̂⇢̂x̂† � {x̂†x̂, ⇢̂}/2
<latexit sha1_base64="Yz+0QX16oSl3HNQyq3mYjNJKMjw="></latexit>

III. Critical response

Simplest case: �+
1 = ��

1 = 0
<latexit sha1_base64="LExWWql2eNhIPXydjEcyX4r3hac=">AAACAHicbZDLSgMxFIYz9VbrbdSFCzehRRDEMlMXuqkUBHHhooK9QDstmTTThiaZIckIZejGnc/hxoUi3foY7nwb0wuirT8EPv5zDifn9yNGlXacLyu1tLyyupZez2xsbm3v2Lt7VRXGEpMKDlko6z5ShFFBKppqRuqRJIj7jNT8/tW4XnsgUtFQ3OtBRDyOuoIGFCNtrLZ90OwizlHbbZ0Uf/C06LTtnJN3JoKL4M4gV4K3o+vWU7bctj+bnRDHnAiNGVKq4TqR9hIkNcWMDDPNWJEI4T7qkoZBgThRXjI5YAiPjNOBQSjNExpO3N8TCeJKDbhvOjnSPTVfG5v/1RqxDi68hIoo1kTg6aIgZlCHcJwG7FBJsGYDAwhLav4KcQ9JhLXJLGNCcOdPXoRqIe+e5Qt3bq50CaZKg0OQBcfABeegBG5AGVQABkPwDF7Bm/VovVjv1mjamrJmM/vgj6yPb1CRl9Y=</latexit>

0 1 2
0

1

Steady-state response

hâi
<latexit sha1_base64="FUNyRdngzgKWiS1vIt32DAluyQw=">AAAB/nicbVBNS8NAEN34WetXVDx5CRbBU0mqoCcpePFYwX5AE8pkO22XbjZhdyOUUPCvePGgiFd/hzf/jds0B219MPD2vRl25oUJZ0q77re1srq2vrFZ2ipv7+zu7dsHhy0Vp5Jik8Y8lp0QFHImsKmZ5thJJEIUcmyH49uZ335EqVgsHvQkwSCCoWADRkEbqWcf+xzEkKM/Ap3B1Jf5q2dX3Kqbw1kmXkEqpECjZ3/5/ZimEQpNOSjV9dxEBxlIzSjHadlPFSZAxzDErqECIlRBlq8/dc6M0ncGsTQltJOrvycyiJSaRKHpjECP1KI3E//zuqkeXAcZE0mqUdD5R4OUOzp2Zlk4fSaRaj4xBKhkZleHjkAC1SaxsgnBWzx5mbRqVe+iWru/rNRvijhK5IScknPikStSJ3ekQZqEkow8k1fyZj1ZL9a79TFvXbGKmSPyB9bnD+WDlhM=</latexit>

⌦/�2
<latexit sha1_base64="oDtirCRVqY+KnbsLkyBxKnINL5k=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSZV0JMUvHizgv2AJoTJdpMu3d2E3Y1QS3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF2WMKu2639bK6tr6xmZpq7y9s7tXsfcP2irNJSYtnLJUdiNQhFFBWppqRrqZJMAjRjrR8Gbqdx6JVDQVD3qUkYBDImhMMWgjhXbFv+MkgTM/Ac4hrId21a25MzjLxCtIFRVohvaX309xzonQmIFSPc/NdDAGqSlmZFL2c0UywENISM9QAZyoYDw7fOKcGKXvxKk0JbQzU39PjIErNeKR6eSgB2rRm4r/eb1cx1fBmIos10Tg+aI4Z45OnWkKTp9KgjUbGQJYUnOrgwcgAWuTVdmE4C2+vEza9Zp3XqvfX1Qb10UcJXSEjtEp8tAlaqBb1EQthFGOntErerOerBfr3fqYt65Yxcwh+gPr8wf/0JKl</latexit>

Quantum

Classical

0 1 2
0

1

2

Susceptibility � ⌘ dhâi/d⌦
<latexit sha1_base64="HVb9kz2JryY2lEi25b26SncIdeo=">AAACE3icbVA9SwNBEN2LXzF+RS0FWQyCWMQ7LbSSgI2dEYwGciHM7U2SJXt75+6eEI78BxsL/SE2ForY2tj5b9wkFhp9MPD2vRl25gWJ4Nq47qeTm5qemZ3LzxcWFpeWV4qra5c6ThXDGotFrOoBaBRcYs1wI7CeKIQoEHgV9E6G/tUNKs1jeWH6CTYj6Eje5gyMlVrFXZ91OfXxOuU3NPQFyI5Avwsmg4GvRq+90D+LsAOtYsktuyPQv8T7JqXK5v0QD9VW8cMPY5ZGKA0ToHXDcxPTzEAZzgQOCn6qMQHWgw42LJUQoW5mo5sGdNsqIW3HypY0dKT+nMgg0rofBbYzAtPVk95Q/M9rpKZ91My4TFKDko0/aqeCmpgOA6IhV8iM6FsCTHG7K2VdUMCMjbFgQ/AmT/5LLvfL3kF5/9wrVY7JGHmyQbbIDvHIIamQU1IlNcLILXkkz+TFuXOenFfnbdyac75n1skvOO9fsWyiaQ==</latexit>

�2�
<latexit sha1_base64="6Uw/c84SWqgGx0IDyZQxcGBLrG0=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuSlILupKCG5cV7AOaEG6mk3bozCTMTIQSunDjr7hxoYhbP8Kdf+O0zUJbDwyce8693LknShlV2nW/rbX1jc2t7dJOeXdv/+DQPjruqCSTmLRxwhLZi0ARRgVpa6oZ6aWSAI8Y6Ubjm5nffSBS0UTc60lKAg5DQWOKQRsptCv+EDiHsO6PVAqY5G7NbWA+9fGIhnbVVHM4q8QrSBUVaIX2lz9IcMaJ0JiBUn3PTXWQg9QUMzIt+5kiZskYhqRvqABOVJDPj5g6Z0YZOHEizRPamau/J3LgSk14ZDo56JFa9mbif14/0/FVkFORZpoIvFgUZ8zRiTNLxBlQSbBmE0MAS2r+6uARSMDa5FY2IXjLJ6+STr3mXdTqd41q87qIo4Qq6BSdIw9doia6RS3URhg9omf0it6sJ+vFerc+Fq1rVjFzgv7A+vwB3B+Xkw==</latexit>

⌦/�2
<latexit sha1_base64="oDtirCRVqY+KnbsLkyBxKnINL5k=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSZV0JMUvHizgv2AJoTJdpMu3d2E3Y1QS3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF2WMKu2639bK6tr6xmZpq7y9s7tXsfcP2irNJSYtnLJUdiNQhFFBWppqRrqZJMAjRjrR8Gbqdx6JVDQVD3qUkYBDImhMMWgjhXbFv+MkgTM/Ac4hrId21a25MzjLxCtIFRVohvaX309xzonQmIFSPc/NdDAGqSlmZFL2c0UywENISM9QAZyoYDw7fOKcGKXvxKk0JbQzU39PjIErNeKR6eSgB2rRm4r/eb1cx1fBmIos10Tg+aI4Z45OnWkKTp9KgjUbGQJYUnOrgwcgAWuTVdmE4C2+vEza9Zp3XqvfX1Qb10UcJXSEjtEp8tAlaqBb1EQthFGOntErerOerBfr3fqYt65Yxcwh+gPr8wf/0JKl</latexit>

Quantum

Classical

• Classical response persists well into quantum regime, hâi ⇠ 1
<latexit sha1_base64="TmfZz0415cO3LyF3rcwcOhPTQb0=">AAACBXicbVDLSsNAFJ3UV62vqEtFBovgqiR1oSspuHFZwT6gCeVmOm2HTiZhZiKU0I0bv0G/wI0LRdz6D+78GydpF9p64MKZc+5l7j1BzJnSjvNtFZaWV1bXiuuljc2t7R17d6+pokQS2iARj2Q7AEU5E7Shmea0HUsKYcBpKxhdZX7rjkrFInGrxzH1QxgI1mcEtJG69qHHQQw49YagU5h4Mn9hT7EQu1277FScHHiRuDNSrh09Zniqd+0vrxeRJKRCEw5KdVwn1n4KUjPC6aTkJYrGQEYwoB1DBYRU+Wl+xQSfGKWH+5E0JTTO1d8TKYRKjcPAdIagh2rey8T/vE6i+xd+ykScaCrI9KN+wrGOcBYJ7jFJieZjQ4BIZnbFZAgSiDbBlUwI7vzJi6RZrbhnleqNW65doimK6AAdo1PkonNUQ9eojhqIoHv0jF7Rm/VgvVjv1se0tWDNZvbRH1ifP6ZDnGE=</latexit>

• Divergence cut off at weak drive — finite susceptibility

• Yet zero-field susceptibility diverges as          for small      !1/�±
1

<latexit sha1_base64="87aJ7/ndgN7NdkCSZgZ+YvdR4P4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU02qoCcpePFYwX5AE8Nmu2mX7iZhd1Moof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2IdHbZVkktAWSXgiuyFWlLOYtjTTnHZTSbEIOe2Eo7uZ3xlTqVgSP+pJSn2BBzGLGMHaSIFtuxfeAAuBA/cp91IxDeyqU3PmQKvELUgVCjQD+8vrJyQTNNaEY6V6rpNqP8dSM8LptOJliqaYjPCA9gyNsaDKz+eXT9GZUfooSqSpWKO5+nsix0KpiQhNp8B6qJa9mfif18t0dOPnLE4zTWOyWBRlHOkEzWJAfSYp0XxiCCaSmVsRGWKJiTZhVUwI7vLLq6Rdr7mXtfrDVbVxW8RRhhM4hXNw4RoacA9NaAGBMTzDK7xZufVivVsfi9aSVcwcwx9Ynz/fr5Mp</latexit>

�±
1

<latexit sha1_base64="dU374p4reRda1M7xdamp3K3Vck4=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k4MVjBfsB3W3Jptk2NMkuSVYpS/+HFw+KePW/ePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7czv/1IlWaxfDCThAYCDyWLGMHGSj1/iIXAfa+X+YmY9ssVt+rOgVaJl5MK5Gj0y1/+ICapoNIQjrXuem5iggwrwwin05KfappgMsZD2rVUYkF1kM2vnqIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGswjQgClKDJ9Ygoli9lZERlhhYmxQJRuCt/zyKmnVqt5FtXZ/Wanf5HEU4QRO4Rw8uII63EEDmkBAwTO8wpvz5Lw4787HorXg5DPH8AfO5w+G3ZKE</latexit>

��
1 /�2

<latexit sha1_base64="PQG9YrdWCYLFotUMTTrZ0LM3+1A=">AAAB/HicbZDLSgMxFIYzXmu9jXbpJrQIbqwzdaErKQjiwkUFe4F2OmTSTBuaZIYkIwxD3fsUblwo4sKND+LOtzG9LLT1h8DHf87hnPxBzKjSjvNtLS2vrK6t5zbym1vbO7v23n5DRYnEpI4jFslWgBRhVJC6ppqRViwJ4gEjzWB4Oa4374lUNBJ3Oo2Jx1Ff0JBipI3l24VOH3GOfLd7fDLDim+XnLIzEVwEdwalKrz5uOo+Fmu+/dXpRTjhRGjMkFJt14m1lyGpKWZklO8kisQID1GftA0KxInyssnxI3honB4MI2me0HDi/p7IEFcq5YHp5EgP1HxtbP5Xayc6PPcyKuJEE4Gni8KEQR3BcRKwRyXBmqUGEJbU3ArxAEmEtckrb0Jw57+8CI1K2T0tV27dUvUCTJUDB6AIjoALzkAVXIMaqAMMUvAEXsCr9WA9W2/W+7R1yZrNFMAfWZ8/FqCWqw==</latexit>

Quantum
Classical

�+
1 /�2

<latexit sha1_base64="I+Yo90QXeGcEuyS+hZU2/lvexTM=">AAAB/HicbZDLSgMxFIYzXmu9jXbpJrQIglBn6kJXUhDEhYsK9gLtdMikmTY0yQxJRhiGuvcp3LhQxIUbH8Sdb2N6WWjrD4GP/5zDOfmDmFGlHefbWlpeWV1bz23kN7e2d3btvf2GihKJSR1HLJKtACnCqCB1TTUjrVgSxANGmsHwclxv3hOpaCTudBoTj6O+oCHFSBvLtwudPuIc+W73+GSGFd8uOWVnIrgI7gxKVXjzcdV9LNZ8+6vTi3DCidCYIaXarhNrL0NSU8zIKN9JFIkRHqI+aRsUiBPlZZPjR/DQOD0YRtI8oeHE/T2RIa5UygPTyZEeqPna2Pyv1k50eO5lVMSJJgJPF4UJgzqC4yRgj0qCNUsNICypuRXiAZIIa5NX3oTgzn95ERqVsntarty6peoFmCoHDkARHAEXnIEquAY1UAcYpOAJvIBX68F6tt6s92nrkjWbKYA/sj5/ABOGlqk=</latexit>

�2 �(⌦! 0)
<latexit sha1_base64="Mg7ub+2z77LLcg+ArzFQ/jqPoF4=">AAACMnicbVBNSwMxEM36bf2qevQSLEI9WHarqCcpeNGTFawtdEuZTadtaLK7JFmhLP1NXvwlggc9KOLVH2FaK2jrg8Cb92aYzAtiwbVx3WdnZnZufmFxaTmzsrq2vpHd3LrVUaIYVlgkIlULQKPgIVYMNwJrsUKQgcBq0Dsf+tU7VJpH4Y3px9iQ0Al5mzMwVmpmL/0OSAnNot/VMTBM3YJ7zOSA+qzL8/6VxA78WAfWO7Keb6JJibr7zWzOFiPQaeKNSY6MUW5mH/1WxBKJoWECtK57bmwaKSjDmcBBxk802iU96GDd0hAk6kY6OnlA96zSou1I2RcaOlJ/T6Qgte7LwHZKMF096Q3F/7x6YtqnjZSHcWIwZN+L2omgJqLD/GiLK2RG9C0Bprj9K2VdUMCMTTljQ/AmT54mt8WCd1goXh/lSmfjOJbIDtkleeKRE1IiF6RMKoSRe/JEXsmb8+C8OO/Ox3frjDOe2SZ/4Hx+AfnoqLQ=</latexit>

1 2 32 1

1

3

5

• Competition between drive and dissipation ⇒ coherences grow as ⌦/�±
1

<latexit sha1_base64="99jfWs1k3c2KTFGm4Tcgj3m2uNU=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GRIET3E3HvQkAUE8CEYwD8huQu9kkgyZ2V1mZoWwBLz6GV48KCLe/A5v/o2Tx0ETCxqKqm66u4KYM6Ud59taWFxaXlnNrGXXNza3tu2d3aqKEklohUQ8kvUAFOUspBXNNKf1WFIQAae1oH8x8mv3VCoWhXd6EFNfQDdkHUZAG6ll73s3gnbh2OuCENBym6kXi2HLzjsFZww8T9wpyZfw9cdl8zFXbtlfXjsiiaChJhyUarhOrP0UpGaE02HWSxSNgfShSxuGhiCo8tPx+UN8aJQ27kTSVKjxWP09kYJQaiAC0ylA99SsNxL/8xqJ7pz5KQvjRNOQTBZ1Eo51hEdZ4DaTlGg+MASIZOZWTHoggWiTWNaE4M6+PE+qxYJ7UijeuvnSOZoggw5QDh0hF52iErpCZVRBBKXoCb2gV+vBerberPdJ64I1ndlDf2B9/gB735gY</latexit>

• Resolution: response strongly nonlinear for              — purely quantum⌦ & �±
1

<latexit sha1_base64="tYb/ljqzgQrqVJYQCSFFrKbySXU=">AAACBnicbVDLSgMxFM3UV62vqksRgkVwVWaqoCspuHFnBfuATh3upOk0NMkMSUYoQ1du/BU3LhRx6ze4829MHwttPRByOOdcknvChDNtXPfbyS0tr6yu5dcLG5tb2zvF3b2GjlNFaJ3EPFatEDTlTNK6YYbTVqIoiJDTZji4GvvNB6o0i+WdGSa0IyCSrMcIGCsFxUP/RtAIsB8ZGxL2BiEg8O4zPxGjoFhyy+4EeJF4M1JCM9SC4pffjUkqqDSEg9Ztz01MJwNlGOF0VPBTTRMgA4ho21IJgupONlljhI+t0sW9WNkjDZ6ovycyEFoPRWiTAkxfz3tj8T+vnZreRSdjMkkNlWT6UC/l2MR43AnuMkWJ4UNLgChm/4pJHxQQY5sr2BK8+ZUXSaNS9k7LlduzUvVyVkceHaAjdII8dI6q6BrVUB0R9Iie0St6c56cF+fd+ZhGc85sZh/9gfP5A+f6mMI=</latexit>

0.0 0.1 0.2 0.3
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⌦/�2
<latexit sha1_base64="4FFXcTz5XGKl3pY9YKbPFTS+5E4=">AAAB+nicbVBNSwMxEM3Wr1q/tnr0EiyCp7pbBT1JwYs3K9gP6C5lNk3b0CS7JFml1P4ULx4U8eov8ea/MW33oK0PBh7vzTAzL0o408bzvp3cyura+kZ+s7C1vbO75xb3GzpOFaF1EvNYtSLQlDNJ64YZTluJoiAiTpvR8HrqNx+o0iyW92aU0FBAX7IeI2Cs1HGLwa2gfcCnOOiDENCpdNySV/ZmwMvEz0gJZah13K+gG5NUUGkIB63bvpeYcAzKMMLppBCkmiZAhtCnbUslCKrD8ez0CT62Shf3YmVLGjxTf0+MQWg9EpHtFGAGetGbiv957dT0LsMxk0lqqCTzRb2UYxPjaQ64yxQlho8sAaKYvRWTASggxqZVsCH4iy8vk0al7J+VK3fnpepVFkceHaIjdIJ8dIGq6AbVUB0R9Iie0St6c56cF+fd+Zi35pxs5gD9gfP5A7IYkvk=</latexit>

hâi
<latexit sha1_base64="FUNyRdngzgKWiS1vIt32DAluyQw=">AAAB/nicbVBNS8NAEN34WetXVDx5CRbBU0mqoCcpePFYwX5AE8pkO22XbjZhdyOUUPCvePGgiFd/hzf/jds0B219MPD2vRl25oUJZ0q77re1srq2vrFZ2ipv7+zu7dsHhy0Vp5Jik8Y8lp0QFHImsKmZ5thJJEIUcmyH49uZ335EqVgsHvQkwSCCoWADRkEbqWcf+xzEkKM/Ap3B1Jf5q2dX3Kqbw1kmXkEqpECjZ3/5/ZimEQpNOSjV9dxEBxlIzSjHadlPFSZAxzDErqECIlRBlq8/dc6M0ncGsTQltJOrvycyiJSaRKHpjECP1KI3E//zuqkeXAcZE0mqUdD5R4OUOzp2Zlk4fSaRaj4xBKhkZleHjkAC1SaxsgnBWzx5mbRqVe+iWru/rNRvijhK5IScknPikStSJ3ekQZqEkow8k1fyZj1ZL9a79TFvXbGKmSPyB9bnD+WDlhM=</latexit>

Classical
Quantum
3-level

��
1 /�2 = 0.02

<latexit sha1_base64="eDJTE91cvtRZ88CkiKrCdfPWukE=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBDfWmVHQjVJw47KCvUA7Dpk004YmmSHJCGWoG1/FjQtF3PoW7nwb03YW2nog5OP/zyE5f5gwqrTjfFuFhcWl5ZXiamltfWNzy97eaag4lZjUccxi2QqRIowKUtdUM9JKJEE8ZKQZDq7HfvOBSEVjcaeHCfE56gkaUYy0kQJ7r9NDnKPAvT8+ydG7dCqOF9hlc00KzoObQxnkVQvsr043xiknQmOGlGq7TqL9DElNMSOjUidVJEF4gHqkbVAgTpSfTTYYwUOjdGEUS3OEhhP190SGuFJDHppOjnRfzXpj8T+vnerows+oSFJNBJ4+FKUM6hiO44BdKgnWbGgAYUnNXyHuI4mwNqGVTAju7Mrz0PAq7mnFuz0rV6/yOIpgHxyAI+CCc1AFN6AG6gCDR/AMXsGb9WS9WO/Wx7S1YOUzu+BPWZ8/29eVMQ==</latexit>

�+
1 = 0

<latexit sha1_base64="LkG4nLsZnGyC41Bvzi8E5af1+JA=">AAACBXicbZDLSsNAFIYn9VbrLepSF0OLIIglqYhulIIgLlxUsBdo0jCZTtqhM0mYmQgldONGfBM3Liri1ndw59s4vSy09YeBj/+cw5nz+zGjUlnWt5FZWFxaXsmu5tbWNza3zO2dmowSgUkVRywSDR9JwmhIqooqRhqxIIj7jNT93tWoXn8gQtIovFf9mLgcdUIaUIyUtjxz3+kgzpFnt46crowRJumxVbROMR9cWJ5Z0DwWnAd7CoUyvB1et57zFc/8ctoRTjgJFWZIyqZtxcpNkVAUMzLIOYkkekcPdUhTY4g4kW46vmIAD7TThkEk9AsVHLu/J1LEpexzX3dypLpytjYy/6s1ExWcuykN40SREE8WBQmDKoKjSGCbCoIV62tAWFD9V4i7SCCsdHA5HYI9e/I81EpF+6RYurML5UswURbsgTw4BDY4A2VwAyqgCjB4BC9gCN6MJ+PVeDc+Jq0ZYzqzC/7I+PwB+FqZ2Q==</latexit>

hâi ⇡
(
2⌦/��

1 ⌦ < ��
1

2⌦
�2

+ ��
1

4⌦ ⌦ > ��
1

<latexit sha1_base64="V/Eve/8tkAZHxjcORnM/AWJOvt4="></latexit>

Three-level approximation:

• Negative susceptibility for                                 — robust to anharmonicity�±
1 . ⌦ . (�±

1 �2)
1/2

<latexit sha1_base64="us0V4BjPbG7g9deR9RqdxPN5/Xo=">AAACL3icbVBNSwMxEM36WetX1aOXYBHqpe5WQU8iCOJNBauFbltm02kNJrtLkhXK0n/kxb/Si4giXv0XpnVB2/og8Oa9GSbzglhwbVz31ZmZnZtfWMwt5ZdXVtfWCxubtzpKFMMqi0SkagFoFDzEquFGYC1WCDIQeBc8nA39u0dUmkfhjenF2JDQDXmHMzBWahXO/S5ICS2vmfqx7FNfoNaaS+pfSuzCb10ab8yqyl4z9fYr/Vah6JbdEeg08TJSJBmuWoWB345YIjE0TIDWdc+NTSMFZTgT2M/7icYY2AN0sW5pCBJ1Ix3d26e7VmnTTqTsCw0dqX8nUpBa92RgOyWYez3pDcX/vHpiOseNlIdxYjBkP4s6iaAmosPwaJsrZEb0LAGmuP0rZfeggBkbcd6G4E2ePE1uK2XvoFy5PiyenmRx5Mg22SEl4pEjckouyBWpEkaeyIC8kXfn2XlxPpzPn9YZJ5vZImNwvr4BFuqpCQ==</latexit>

• Damped oscillator has susceptibility                   — can we engineer            ?�p = 2/��
1

<latexit sha1_base64="qI5B8CRN+6exxyFpA0ixfcIQOOU=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG2tSBd0oBTcuK9gHNDFMppN26MwkzEyEGoq/4saFIm79D3f+jdM2C209cOFwzr3ce0+YMKq043xbhYXFpeWV4mppbX1jc8ve3mmqOJWYNHDMYtkOkSKMCtLQVDPSTiRBPGSkFQ6ux37rgUhFY3GnhwnxOeoJGlGMtJECe8/DfRok8LJ64vUQ5yhw748Du+xUnAngPHFzUgY56oH95XVjnHIiNGZIqY7rJNrPkNQUMzIqeakiCcID1CMdQwXiRPnZ5PoRPDRKF0axNCU0nKi/JzLElRry0HRypPtq1huL/3mdVEcXfkZFkmoi8HRRlDKoYziOAnapJFizoSEIS2puhbiPJMLaBFYyIbizL8+TZrXinlaqt2fl2lUeRxHsgwNwBFxwDmrgBtRBA2DwCJ7BK3iznqwX6936mLYWrHxmF/yB9fkDpTqUCg==</latexit>

� > �p
<latexit sha1_base64="AI92mRvDBqj6GEbj9iOwKwDcEsw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNV0FUpuHFZwT5gOpRMmmlDM8mQ3BHK0M9w40IRt36NO//GTDsLbT2QcDjnXu69J0wEN+C6305pY3Nre6e8W9nbPzg8qh6fdI1KNWUdqoTS/ZAYJrhkHeAgWD/RjMShYL1wepf7vSemDVfyEWYJC2IyljzilICV/AGd8Gb+DZNhtebW3QXwOvEKUkMF2sPq12CkaBozCVQQY3zPTSDIiAZOBZtXBqlhCaFTMma+pZLEzATZYuU5vrDKCEdK2ycBL9TfHRmJjZnFoa2MCUzMqpeL/3l+CtFtkHGZpMAkXQ6KUoFB4fx+POKaURAzSwjV3O6K6YRoQsGmVLEheKsnr5Nuo+5d1RsP17VWs4ijjM7QObpEHrpBLXSP2qiDKFLoGb2iNwecF+fd+ViWlpyi5xT9gfP5AwrIkRU=</latexit>

• Yes, e.g., set                        and increase      to approach classical limit �+
1 = ��

1 ⌘ �1
<latexit sha1_base64="lSSlGl8U84TESjkBrUPDlqjE49Q="></latexit>

�1
<latexit sha1_base64="5g3l4pxXp7k/Ap/MhkFqXZkDUTY=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CQFD3qsYD+gDWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nirIGjUWs2gFqJnjEGoYbwdqJYigDwVrB6Gbqt56Y0jyOHsw4Yb7EQcRDTtFYqd29RSmx5/VKZbfizkCWiZeTMuSo90pf3X5MU8kiQwVq3fHcxPgZKsOpYJNiN9UsQTrCAetYGqFk2s9m907IqVX6JIyVrciQmfp7IkOp9VgGtlOiGepFbyr+53VSE175GY+S1LCIzheFqSAmJtPnSZ8rRo0YW4JUcXsroUNUSI2NqGhD8BZfXibNasU7r1TvL8q16zyOAhzDCZyBB5dQgzuoQwMoCHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfw+PmQ==</latexit>

0.1 1 10 100
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5

Sensitivity gain G0 ⌘ �/�p |⌦!0
<latexit sha1_base64="vcFm3nwQSUo7fLdvS3Klz3pEOQ0=">AAACHXicbVDLSgMxFM34rPVVdekmWARXdaZWdCUFF7qzgn1ApwyZ9LYTmsyMSaZQxv6IG3/FjQtFXLgR/8b0sdDWCwmHc+7l3nP8mDOlbfvbWlhcWl5Zzaxl1zc2t7ZzO7s1FSWSQpVGPJINnyjgLISqZppDI5ZAhM+h7vcuR3q9D1KxKLzTgxhagnRD1mGUaEN5udKVZ2MX7hPWxy4N2PHo82I3UDGhkNoF+5SK4YOXujcCusTVEbaHXi5vhHHheeBMQR5Nq+LlPt12RBMBoaacKNV07Fi3UiI1oxyGWTdRYPb1SBeaBoZEgGqlY3dDfGiYNu5E0rxQ4zH7eyIlQqmB8E2nIDpQs9qI/E9rJrpz3kpZGCcaQjpZ1Ek4Nh5HUeE2k0A1HxhAqGTmVkwDIgnVJtCsCcGZtTwPasWCc1Io3pby5YtpHBm0jw7QEXLQGSqja1RBVUTRI3pGr+jNerJerHfrY9K6YE1n9tCfsr5+AEzWoW8=</latexit>

G0 ⇠
p

�1/�2
<latexit sha1_base64="vJKqBovicNbd+im/fm3ltM+Qspo=">AAACCnicbZC9TsMwFIWd8lcKlAAji2mFxFSSMsCEKjGUsUj0R2qqyHGd1qqdBNtBqqLOLLwAj8DAwgCqWHkCNl6AlVfATTtAy5VsfTrnXtn3eBGjUlnWp5FZWl5ZXcuu5zY2t/Lb5s5uQ4axwKSOQxaKlockYTQgdUUVI61IEMQ9Rpre4GLiN2+JkDQMrtUwIh2OegH1KUZKS655UHUt6EjK9XUjVOJUEefItY+dXgrlkWsWrZKVFlwEewbFSuFhnH/8+q655ofTDXHMSaAwQ1K2bStSnQQJRTEjo5wTSxIhPEA90tYYIE5kJ0lXGcFDrXShHwp9AgVT9fdEgriUQ+7pTo5UX857E/E/rx0r/6yT0CCKFQnw9CE/ZlCFcJIL7FJBsGJDDQgLqv8KcR8JhJVOL6dDsOdXXoRGuWSflMpXdrFyDqaVBfugAI6ADU5BBVyCGqgDDO7AE3gBr8a98WyMjbdpa8aYzeyBP2W8/wCQpZ35</latexit>

G0
<latexit sha1_base64="d24TJbCglxpbg3ZIVtS2iyReLgw=">AAAB6nicbZDLSgMxFIZPvNbWS61LN8EqdFVm6kJXUnChy4r2Au1QMmmmDc1khiQjlKE+gW5cKMWtT+TOtzG9LLT1h8DH/59Dzjl+LLg2jvON1tY3Nre2MzvZ3O7e/kH+sNDQUaIoq9NIRKrlE80El6xuuBGsFStGQl+wpj+8nubNR6Y0j+SDGcXMC0lf8oBTYqx1f9N1uvmiU3ZmwqvgLqBYLUyen0qnuVo3/9XpRTQJmTRUEK3brhMbLyXKcCrYONtJNIsJHZI+a1uUJGTaS2ejjvGZdXo4iJR90uCZ+7sjJaHWo9C3lSExA72cTc3/snZigksv5TJODJN0/lGQCGwiPN0b97hi1IiRBUIVt7NiOiCKUGOvk7VHcJdXXoVGpeyelyt3brF6BXNl4BhOoAQuXEAVbqEGdaDQhxd4g3ck0CuaoI956Rpa9BzBH6HPH9dRj7c=</latexit>

�1/�2
<latexit sha1_base64="b/UtPnmO5pcI6Y7YRL5e8fH6eDI=">AAAB+nicbZDLSgMxFIYz9VbrbapLQYJFcFVn6kJXUnChywr2Au0wZNJMG5pkhiSjlLEPouDGhSJufRJ3vo2ZaRfa+kPg4z/ncE7+IGZUacf5tgpLyyura8X10sbm1vaOXd5tqSiRmDRxxCLZCZAijArS1FQz0oklQTxgpB2MLrN6+45IRSNxq8cx8TgaCBpSjLSxfLvcu0KcI9896Q1yqPl2xak6ueAiuDOo1A8eMz01fPur149wwonQmCGluq4Tay9FUlPMyKTUSxSJER6hAekaFIgT5aX56RN4ZJw+DCNpntAwd39PpIgrNeaB6eRID9V8LTP/q3UTHZ57KRVxoonA00VhwqCOYJYD7FNJsGZjAwhLam6FeIgkwtqkVTIhuPNfXoRWreqeVms3bqV+AaYqgn1wCI6BC85AHVyDBmgCDO7BM3gFb9aD9WK9Wx/T1oI1m9kDf2R9/gB0/pc1</latexit>
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Steady-state response

(�
2
/�

1
)1

/
3
hâ
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<latexit sha1_base64="w/BM1E58AWMQ8paJPIXDjrET0jI="></latexit>

�1/�2 = 1000
<latexit sha1_base64="d+wjGBh351YjOgfz5M1WX4vlp6g=">AAACAXicbZDLSgMxFIYz9VbrbdSNIEiwCK7qpC50oxRc6LKCvUBnGDJppg1NZoYkI5RSNz6Frt24UMStb+HOtzEz7UKrPwQ+/nMOJ+cPEs6UdpwvqzA3v7C4VFwurayurW/Ym1tNFaeS0AaJeSzbAVaUs4g2NNOcthNJsQg4bQWDi6zeuqVSsTi60cOEegL3IhYygrWxfHvHvcRCYB8dub0cqvAMIsdxfLvsVJxc8C+gKZRrew+ZHuu+/el2Y5IKGmnCsVId5CTaG2GpGeF0XHJTRRNMBrhHOwYjLKjyRvkFY3hgnC4MY2lepGHu/pwYYaHUUASmU2DdV7O1zPyv1kl1eOqNWJSkmkZksihMOdQxzOKAXSYp0XxoABPJzF8h6WOJiTahlUwIaPbkv9CsVtBxpXqNyrVzMFER7IJ9cAgQOAE1cAXqoAEIuANP4AW8WvfWs/VmvU9aC9Z0Zhv8kvXxDYhYmLk=</latexit>

�1/�2 = 50
<latexit sha1_base64="Fj5PTgppSpXFePas5EokBC9ypKI=">AAAB/3icbZDLSsNAFIYn9VbrLSq4EWSwCK5qUhHdKAUXuqxgL9CEMJlO2qEzSZiZCCV24WPo0o0LRdz6Gu58GydpF9r6w8DHf87hnPn9mFGpLOvbKMzNLywuFZdLK6tr6xvm5lZTRonApIEjFom2jyRhNCQNRRUj7VgQxH1GWv7gMqu37oiQNApv1TAmLke9kAYUI6Utz9xxrhDnyLOPnF4OVXgOTyzPLFsVKxecBXsC5dreY6anumd+Od0IJ5yECjMkZce2YuWmSCiKGRmVnESSGOEB6pGOxhBxIt00v38ED7TThUEk9AsVzN3fEyniUg65rzs5Un05XcvM/2qdRAVnbkrDOFEkxONFQcKgimAWBuxSQbBiQw0IC6pvhbiPBMJKR1bSIdjTX56FZrViH1eqN3a5dgHGKoJdsA8OgQ1OQQ1cgzpoAAzuwTN4BW/Gg/FivBsf49aCMZnZBn9kfP4ApLmYSQ==</latexit>

�1/�2 = 5
<latexit sha1_base64="GSyF3webWeMJuslRe5EHmoAuz3E=">AAAB/nicbZDLSgMxFIYz9VbrbVRcCRIsgqs6UxHdKAUXuqxgL9AZhkyaaUOTzJBkhDIUfA3duXGhiFufw51vY6btQqs/BD7+cw7n5A8TRpV2nC+rMDe/sLhUXC6trK6tb9ibW00VpxKTBo5ZLNshUoRRQRqaakbaiSSIh4y0wsFlXm/dEaloLG71MCE+Rz1BI4qRNlZg73hXiHMUuEdebwxVeA5PArvsVJyx4F9wp1Cu7T3keqwH9qfXjXHKidCYIaU6rpNoP0NSU8zIqOSliiQID1CPdAwKxInys/H5I3hgnC6MYmme0HDs/pzIEFdqyEPTyZHuq9labv5X66Q6OvMzKpJUE4Eni6KUQR3DPAvYpZJgzYYGEJbU3ApxH0mEtUmsZEJwZ7/8F5rVintcqd645doFmKgIdsE+OAQuOAU1cA3qoAEwyMATeAGv1r31bL1Z75PWgjWd2Qa/ZH18AzAumA8=</latexit>

Classical

⌦/�1
<latexit sha1_base64="vmNUz45R5S2rtaeMeifETQ9MtkE=">AAAB+HicbVBNS8NAEN3Ur1o/GvUoSLAInmpSD3qSgge9WcF+QBPCZLtpl+4mYXcj1NAfol48KOLVn+LNf+Om7UFbHww83pthZl6QMCqVbX8bhaXlldW14nppY3Nru2zu7LZknApMmjhmsegEIAmjEWkqqhjpJIIADxhpB8PL3G/fEyFpHN2pUUI8Dv2IhhSD0pJvlt0bTvpw4l4B5+A7vlmxq/YE1iJxZqRSP3jM8dTwzS+3F+OUk0hhBlJ2HTtRXgZCUczIuOSmkiSAh9AnXU0j4ER62eTwsXWklZ4VxkJXpKyJ+nsiAy7liAe6k4MayHkvF//zuqkKz72MRkmqSISni8KUWSq28hSsHhUEKzbSBLCg+lYLD0AAVjqrkg7BmX95kbRqVee0Wrt1KvULNEUR7aNDdIwcdIbq6Bo1UBNhlKJn9IrejAfjxXg3PqatBWM2s4f+wPj8AR06lnY=</latexit>

• Sensitivity further enhanced by strong particle injection, �+
1 � ��

1 � �2
<latexit sha1_base64="20JjL2YVF+HhHX/hZYcOKfAEBss=">AAACD3icbVDLSgMxFM3UV62vUZduQosiiGWmLnQlBUFcuKhgH9CZDpk0nYYmM0OSEcrQDxDc+Cm6caGIW7fu/BvTB1JbDwTOPedebu7xY0alsqxvI7OwuLS8kl3Nra1vbG6Z2zs1GSUCkyqOWCQaPpKE0ZBUFVWMNGJBEPcZqfu9i6FfvyNC0ii8Vf2YuBwFIe1QjJSWPPPACRDnyLNbR9AJAvhbHk+XJc8sWEVrBDhP7AkplOH102XrPl/xzC+nHeGEk1BhhqRs2las3BQJRTEjg5yTSBIj3EMBaWoaIk6km47uGcB9rbRhJxL6hQqO1OmJFHEp+9zXnRyprpz1huJ/XjNRnTM3pWGcKBLi8aJOwqCK4DAc2KaCYMX6miAsqP4rxF0kEFY6wpwOwZ49eZ7USkX7pFi6sQvlczBGFuyBPDgENjgFZXAFKqAKMHgAz+AVvBmPxovxbnyMWzPGZGYX/IHx+QPOpp2G</latexit>

• Drive induces swift transition from limit cycle to classical steady state

Wigner function 

for                    

and �+
1 /�2 = 50

<latexit sha1_base64="s3bkZ4sD247IpK7fXPfCWnh/xXs=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4ya0CIJQZyqiG6UgiAsXFewF2umQSdM2NMkMSUYoYxcufQ03LhTRpa/hzrcxvSy09YfAx3/O4Zz8QcSo0o7zbaXm5hcWl9LLmZXVtfUNe3OrosJYYlLGIQtlLUCKMCpIWVPNSC2SBPGAkWrQuxjWq3dEKhqKW92PiMdRR9A2xUgby7d3Gh3EOfLd5sHhBAtnx45v55y8MxKcBXcCuSK8/rhsPmZLvv3VaIU45kRozJBSddeJtJcgqSlmZJBpxIpECPdQh9QNCsSJ8pLR/QO4Z5wWbIfSPKHhyP09kSCuVJ8HppMj3VXTtaH5X60e6/apl1ARxZoIPF7UjhnUIRyGAVtUEqxZ3wDCkppbIe4iibA2kWVMCO70l2ehUsi7R/nCjZsrnoOx0mAXZME+cMEJKIIrUAJlgME9eAIv4NV6sJ6tN+t93JqyJjPb4I+szx+NDJdp</latexit>

��
1 /�2 = 20

<latexit sha1_base64="CemzYlgfhLFCoFJEZDjUNTooWfo=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4ya0CG6sM+NCN0pBEBcuKtgLtNMhk6ZtaJIZkoxQxi5c+hpuXCiiS1/DnW9jello9YfAx3/O4Zz8Ycyo0o7zZWXm5hcWl7LLuZXVtfUNe3OrqqJEYlLBEYtkPUSKMCpIRVPNSD2WBPGQkVrYPx/Va7dEKhqJGz2Iic9RV9AOxUgbK7B3ml3EOQrc1sHhFL1TzwnsglN0xoJ/wZ1CoQSv3i9aD/lyYH822xFOOBEaM6RUw3Vi7adIaooZGeaaiSIxwn3UJQ2DAnGi/HR8/xDuGacNO5E0T2g4dn9OpIgrNeCh6eRI99RsbWT+V2skunPip1TEiSYCTxZ1EgZ1BEdhwDaVBGs2MICwpOZWiHtIIqxNZDkTgjv75b9Q9YruUdG7dgulMzBRFuyCPNgHLjgGJXAJyqACMLgDj+AZvFj31pP1ar1NWjPWdGYb/JL18Q2LnZdo</latexit>

Re ↵
<latexit sha1_base64="/EE3Lp8Zs1z54HttQaJqU7qGVTU=">AAAB+XicbVDJSgNBEO2JW4zbqEcvjUHwFGaSg5404MVjFLNAMoSeTk3SpGehuyYYhvyJFw+KePUT/ANv/o2d5aCJDwoe71VRVc9PpNDoON9Wbm19Y3Mrv13Y2d3bP7APjxo6ThWHOo9lrFo+0yBFBHUUKKGVKGChL6HpD2+mfnMESos4esBxAl7I+pEIBGdopK5tdxAeMbsHOukwmQxY1y46JWcGukrcBSlef1ZmqHXtr04v5mkIEXLJtG67ToJexhQKLmFS6KQaEsaHrA9tQyMWgvay2eUTemaUHg1iZSpCOlN/T2Qs1Hoc+qYzZDjQy95U/M9rpxhcepmIkhQh4vNFQSopxnQaA+0JBRzl2BDGlTC3Uj5ginE0YRVMCO7yy6ukUS65lVL5zi1Wr8gceXJCTsk5cckFqZJbUiN1wsmIPJEX8mpl1rP1Zr3PW3PWYuaY/IH18QOPNZXO</latexit>

Re ↵
<latexit sha1_base64="/EE3Lp8Zs1z54HttQaJqU7qGVTU=">AAAB+XicbVDJSgNBEO2JW4zbqEcvjUHwFGaSg5404MVjFLNAMoSeTk3SpGehuyYYhvyJFw+KePUT/ANv/o2d5aCJDwoe71VRVc9PpNDoON9Wbm19Y3Mrv13Y2d3bP7APjxo6ThWHOo9lrFo+0yBFBHUUKKGVKGChL6HpD2+mfnMESos4esBxAl7I+pEIBGdopK5tdxAeMbsHOukwmQxY1y46JWcGukrcBSlef1ZmqHXtr04v5mkIEXLJtG67ToJexhQKLmFS6KQaEsaHrA9tQyMWgvay2eUTemaUHg1iZSpCOlN/T2Qs1Hoc+qYzZDjQy95U/M9rpxhcepmIkhQh4vNFQSopxnQaA+0JBRzl2BDGlTC3Uj5ginE0YRVMCO7yy6ukUS65lVL5zi1Wr8gceXJCTsk5cckFqZJbUiN1wsmIPJEX8mpl1rP1Zr3PW3PWYuaY/IH18QOPNZXO</latexit>

Re ↵
<latexit sha1_base64="/EE3Lp8Zs1z54HttQaJqU7qGVTU=">AAAB+XicbVDJSgNBEO2JW4zbqEcvjUHwFGaSg5404MVjFLNAMoSeTk3SpGehuyYYhvyJFw+KePUT/ANv/o2d5aCJDwoe71VRVc9PpNDoON9Wbm19Y3Mrv13Y2d3bP7APjxo6ThWHOo9lrFo+0yBFBHUUKKGVKGChL6HpD2+mfnMESos4esBxAl7I+pEIBGdopK5tdxAeMbsHOukwmQxY1y46JWcGukrcBSlef1ZmqHXtr04v5mkIEXLJtG67ToJexhQKLmFS6KQaEsaHrA9tQyMWgvay2eUTemaUHg1iZSpCOlN/T2Qs1Hoc+qYzZDjQy95U/M9rpxhcepmIkhQh4vNFQSopxnQaA+0JBRzl2BDGlTC3Uj5ginE0YRVMCO7yy6ukUS65lVL5zi1Wr8gceXJCTsk5cckFqZJbUiN1wsmIPJEX8mpl1rP1Zr3PW3PWYuaY/IH18QOPNZXO</latexit>

Im
↵

<latexit sha1_base64="ABTXtQdtvztS+eF4kdJ8Qh8NwrI=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVZJ2oSstuNFdBfuAJpTJdNIOnUnCzE2xhP6JGxeKuPUT/AN3/o3TtAttPXDhcM693HtPkAiuwXG+rcLa+sbmVnG7tLO7t39gHx61dJwqypo0FrHqBEQzwSPWBA6CdRLFiAwEawejm5nfHjOleRw9wCRhviSDiIecEjBSz7Y9YI+Q3Uk89YhIhqRnl52KkwOvEndByteftRyNnv3l9WOaShYBFUTrrusk4GdEAaeCTUteqllC6IgMWNfQiEim/Sy/fIrPjNLHYaxMRYBz9fdERqTWExmYTklgqJe9mfif100hvPQzHiUpsIjOF4WpwBDjWQy4zxWjICaGEKq4uRXTIVGEggmrZEJwl19eJa1qxa1VqvduuX6F5iiiE3SKzpGLLlAd3aIGaiKKxugJvaBXK7OerTfrfd5asBYzx+gPrI8fjaCVzQ==</latexit>

⌦/�2 = 15
<latexit sha1_base64="kvcfReS97PHg++cU/jsgP1CYZ0U=">AAACAHicdVBNS8NAEN34bf2KevAgyGIRPNUkotGDUvDiTQWrQlPKZLtpl+4mYXcjlNCL/0KvXjwo4tWf4c1/46ZVUNEHA4/3ZpiZF6acKe0479bI6Nj4xOTUdGlmdm5+wV5culBJJgmtkYQn8ioERTmLaU0zzelVKimIkNPLsHtU+JfXVCqWxOe6l9KGgHbMIkZAG6lprwRhlAcngrZhK2iDEND0DtydftMuO5V93/N3fGzInr/rugUx8HaxW3EGKFfXbgvcnTbtt6CVkEzQWBMOStVdJ9WNHKRmhNN+KcgUTYF0oU3rhsYgqGrkgwf6eMMoLRwl0lSs8UD9PpGDUKonQtMpQHfUb68Q//LqmY72GjmL00zTmAwXRRnHOsFFGrjFJCWa9wwBIpm5FZMOSCDaZFYyIXx9iv8nF17F3a54Z265eoiGmEKraB1tIhf5qIqO0SmqIYL66B49oifrxnqwnq2XYeuI9TmzjH7Aev0Afm+aFw==</latexit>

⌦/�2 = 3
<latexit sha1_base64="5Cvhw53XdnphUC4XJnLCtylrb6k=">AAAB/3icdVBNS8NAEN34WetXVfAiyGIRPNUkotGDUvDizQpWhaaUyXbTLu4mYXcjlNiDP0OPXjwo4tW/4c1/46ZVUNEHA4/3ZpiZFyScKW3b79bI6Nj4xGRhqjg9Mzs3X1pYPFNxKgmtk5jH8iIARTmLaF0zzelFIimIgNPz4PIw98+vqFQsjk51L6FNAZ2IhYyANlKrtOwHYeYfC9qBTb8DQkDL3d/qt0plu7Lnud62hw3Z9XYcJycG7g52KvYA5erqbY67Wqv05rdjkgoaacJBqYZjJ7qZgdSMcNov+qmiCZBL6NCGoREIqprZ4P4+XjdKG4exNBVpPFC/T2QglOqJwHQK0F3128vFv7xGqsPdZsaiJNU0IsNFYcqxjnEeBm4zSYnmPUOASGZuxaQLEog2kRVNCF+f4v/JmVtxtiruiVOuHqAhCmgFraEN5CAPVdERqqE6Iuga3aNH9GTdWA/Ws/UybB2xPmeW0A9Yrx8EUpna</latexit>

⌦/�2 = 0
<latexit sha1_base64="VsAw5D7eMiOTHSlvG/SuwIqZfK0=">AAAB/3icdVBNS8NAEN34WetXVfAiyGIRPNUkoqkHpeDFmwpWhaaUyXbTLu4mYXcjlNiDP0OPXjwo4tW/4c1/46ZVUNEHA4/3ZpiZFyScKW3b79bI6Nj4xGRhqjg9Mzs3X1pYPFNxKgmtk5jH8iIARTmLaF0zzelFIimIgNPz4PIg98+vqFQsjk51L6FNAZ2IhYyANlKrtOwHYeYfCdqBTb8DQkDL3bP7rVLZrux6rrftYUOq3o7j5MTA3cFOxR6gXFu9zXF33Cq9+e2YpIJGmnBQquHYiW5mIDUjnPaLfqpoAuQSOrRhaASCqmY2uL+P143SxmEsTUUaD9TvExkIpXoiMJ0CdFf99nLxL6+R6rDazFiUpJpGZLgoTDnWMc7DwG0mKdG8ZwgQycytmHRBAtEmsqIJ4etT/D85cyvOVsU9ccq1fTREAa2gNbSBHOShGjpEx6iOCLpG9+gRPVk31oP1bL0MW0esz5kl9APW6wf/tJnX</latexit>

• Susceptibility                   ,  only limited by two-body loss ⇒� ⇡ 2/(3�2)
<latexit sha1_base64="FqkFes0VeVBcejYi5V9mYnWrLWk=">AAACAnicbVC7SgNBFJ31GeMraiWCDAYhNnF3U2glARvLCOYB2SXcnUySITO7y8ysGJZg409ob2OhiK1fYeffOHkUmnjgwuGce7n3niDmTGnb/rYWFpeWV1Yza9n1jc2t7dzObk1FiSS0SiIeyUYAinIW0qpmmtNGLCmIgNN60L8c+fVbKhWLwhs9iKkvoBuyDiOgjdTK7XukxzyIYxndYfe0UPK6IAS03JNWLm8X7THwPHGmJF8+fBzhqdLKfXntiCSChppwUKrp2LH2U5CaEU6HWS9RNAbShy5tGhqCoMpPxy8M8bFR2rgTSVOhxmP190QKQqmBCEynAN1Ts95I/M9rJrpz7qcsjBNNQzJZ1Ek41hEe5YHbTFKi+cAQIJKZWzHpgQSiTWpZE4Iz+/I8qblFp1R0r00aF2iCDDpAR6iAHHSGyugKVVAVEXSPntErerMerBfr3fqYtC5Y05k99AfW5w+4TZoR</latexit>

G0 ⇡ ��
1 /(3�2) � 1

<latexit sha1_base64="yaTxWW7feJs1bmLjsLYwTLpA+/Q=">AAACEXicbVC7TsMwFHXKq5RXgZHFokIqAyVpkWCsYICxSPQhtSW6cd3Uqp1EtoOoov4CC7/CwgBCrGxs/A1umwEKR7rS8Tn3yvceL+JMadv+sjILi0vLK9nV3Nr6xuZWfnunocJYElonIQ9lywNFOQtoXTPNaSuSFITHadMbXkz85h2VioXBjR5FtCvAD1ifEdBGcvPFS9fGHYgiGd7jjg9CgOvcHh0XK+mjfGhkHztuvmCX7CnwX+KkpIBS1Nz8Z6cXkljQQBMOSrUdO9LdBKRmhNNxrhMrGgEZgk/bhgYgqOom04vG+MAoPdwPpalA46n6cyIBodRIeKZTgB6oeW8i/ue1Y90/6yYsiGJNAzL7qB9zrEM8iQf3mKRE85EhQCQzu2IyAAlEmxBzJgRn/uS/pFEuOZVS+fqkUD1P48iiPbSPishBp6iKrlAN1RFBD+gJvaBX69F6tt6s91lrxkpndtEvWB/frqubAw==</latexit>

VIII. Realization

• Trapped ions, optomechanical membranes, superconducting resonators — drive 
blue/red sidebands to engineer particle injection/loss [2,3].

• Strong two-body loss results from four-wave mixing in circuit QED [4], polariton 
blockade in cavities [5], and shaken BECs in box traps

• Alternatively, use energy-dependent one-body loss [6]

• Measure response by tomography [7] or direct mapping of  Wigner function [8]

• Prototypical quantum system exhibiting feature-rich dynamical criticality

• Genuine quantum features: diverging susceptibility and nonmonotonic response 

• Susceptibility limited only by two-body loss — application to quantum sensing

5. Jia et al., Nat. Phys. 14, 550 (2018)
6. Lörch et al., PRL 118, 243602 (2017)
7. Lvovsky and Raymer, RMP 81, 299 (2009)
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