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Coherent Many-Body Dynamics
(Far from Equilibrium Many-Body Physics)

Emerged around 2004 as one of the main fields in condensed matter physics

Interesting interacting many-body Hamiltonian of your choice

Reason: major experimental advances in 2000s

ü Precise time-dependent control over system Hamiltonian

ü Decoupling from environment 

Examples: 

ü Pump-probe spectroscopy in solid state systems (e.g. superconducting films)

ü Ultra-cold  atomic gases

ü Qubits and other quantum devices
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Want:

Fundamental interest: New states of matter with properties unlike any equilibrium phase

For example, spontaneous emergence of oscillatory (in time) order, of spatial 
inhomogeneities, new topological properties, coexistence etc.
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Three Main Cases

1) H(t):

2) H(t) – periodic Floquet physics

3) H(t) – general smooth Landau-Zener physics

H1

H2

Quantum Quench

Breakdown of adiabaticity, Kibble-Zurek mechanism, adiabatic quantum computation, 
molecular production in cold gases



BCS-BEC Condensate of Ultracold Fermions (40K, 6Li) 

Greiner, Regal & Jin, JILA, 40K (2004)
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†
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BCS-BEC Condensate of Ultracold Fermions (40K, 6Li) 

Greiner, Regal & Jin, JILA, 40K (2004)

For a narrow resonance the BCS-BEC condensate is well described by the 
inhomogeneous Dicke model  

Detuning: !0 ⇡ 2µB(B �B0)
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Resonance width:

atoms molecules
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†
�k#

⌘

<latexit sha1_base64="igYkncIocDOtSe6PwzoaNIL5dT8="></latexit><latexit sha1_base64="igYkncIocDOtSe6PwzoaNIL5dT8="></latexit><latexit sha1_base64="igYkncIocDOtSe6PwzoaNIL5dT8="></latexit><latexit sha1_base64="igYkncIocDOtSe6PwzoaNIL5dT8="></latexit>

BCS-BEC Condensate of Ultracold Fermions (40K, 6Li) 

Greiner, Regal & Jin, JILA, 40K (2004)

For a narrow resonance the BCS-BEC condensate is well described by the 
inhomogeneous Dicke model  

Detuning: !0 ⇡ 2µB(B �B0)
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Resonance width:

atoms molecules

BCS of atoms – no molecules, weakly paired Fermi sea

BEC of molecules – no atoms, everything condensed into a single mode b

Ground state:
n̂b = b̂†b̂
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<latexit sha1_base64="oGXTMKFSZncArxfPwPLZuYQlpPU=">AAACAnicbVC7TsMwFHV4lvIKMCEWixapDFRJFxgrWBiLRB9SE0WO67RWHTuyHaQoqlj4FRYGEGLlK9j4G9w2A7QcydLROffq+pwwYVRpx/m2VlbX1jc2S1vl7Z3dvX374LCjRCoxaWPBhOyFSBFGOWlrqhnpJZKgOGSkG45vpn73gUhFBb/XWUL8GA05jShG2kiBfVzD57DqiZgMUeB4WsALj/JIZ9XArjh1Zwa4TNyCVECBVmB/eQOB05hwjRlSqu86ifZzJDXFjEzKXqpIgvAYDUnfUI5iovx8FmECz4wygJGQ5nENZ+rvjRzFSmVxaCZjpEdq0ZuK/3n9VEdXfk55kmrC8fxQlDJokk77gAMqCdYsMwRhSc1fIR4hibA2rZVNCe5i5GXSadRdp+7eNSrN66KOEjgBp6AGXHAJmuAWtEAbYPAInsEreLOerBfr3fqYj65Yxc4R+APr8wfP9pXF</latexit><latexit sha1_base64="oGXTMKFSZncArxfPwPLZuYQlpPU=">AAACAnicbVC7TsMwFHV4lvIKMCEWixapDFRJFxgrWBiLRB9SE0WO67RWHTuyHaQoqlj4FRYGEGLlK9j4G9w2A7QcydLROffq+pwwYVRpx/m2VlbX1jc2S1vl7Z3dvX374LCjRCoxaWPBhOyFSBFGOWlrqhnpJZKgOGSkG45vpn73gUhFBb/XWUL8GA05jShG2kiBfVzD57DqiZgMUeB4WsALj/JIZ9XArjh1Zwa4TNyCVECBVmB/eQOB05hwjRlSqu86ifZzJDXFjEzKXqpIgvAYDUnfUI5iovx8FmECz4wygJGQ5nENZ+rvjRzFSmVxaCZjpEdq0ZuK/3n9VEdXfk55kmrC8fxQlDJokk77gAMqCdYsMwRhSc1fIR4hibA2rZVNCe5i5GXSadRdp+7eNSrN66KOEjgBp6AGXHAJmuAWtEAbYPAInsEreLOerBfr3fqYj65Yxc4R+APr8wfP9pXF</latexit><latexit sha1_base64="oGXTMKFSZncArxfPwPLZuYQlpPU=">AAACAnicbVC7TsMwFHV4lvIKMCEWixapDFRJFxgrWBiLRB9SE0WO67RWHTuyHaQoqlj4FRYGEGLlK9j4G9w2A7QcydLROffq+pwwYVRpx/m2VlbX1jc2S1vl7Z3dvX374LCjRCoxaWPBhOyFSBFGOWlrqhnpJZKgOGSkG45vpn73gUhFBb/XWUL8GA05jShG2kiBfVzD57DqiZgMUeB4WsALj/JIZ9XArjh1Zwa4TNyCVECBVmB/eQOB05hwjRlSqu86ifZzJDXFjEzKXqpIgvAYDUnfUI5iovx8FmECz4wygJGQ5nENZ+rvjRzFSmVxaCZjpEdq0ZuK/3n9VEdXfk55kmrC8fxQlDJokk77gAMqCdYsMwRhSc1fIR4hibA2rZVNCe5i5GXSadRdp+7eNSrN66KOEjgBp6AGXHAJmuAWtEAbYPAInsEreLOerBfr3fqYj65Yxc4R+APr8wfP9pXF</latexit><latexit sha1_base64="oGXTMKFSZncArxfPwPLZuYQlpPU=">AAACAnicbVC7TsMwFHV4lvIKMCEWixapDFRJFxgrWBiLRB9SE0WO67RWHTuyHaQoqlj4FRYGEGLlK9j4G9w2A7QcydLROffq+pwwYVRpx/m2VlbX1jc2S1vl7Z3dvX374LCjRCoxaWPBhOyFSBFGOWlrqhnpJZKgOGSkG45vpn73gUhFBb/XWUL8GA05jShG2kiBfVzD57DqiZgMUeB4WsALj/JIZ9XArjh1Zwa4TNyCVECBVmB/eQOB05hwjRlSqu86ifZzJDXFjEzKXqpIgvAYDUnfUI5iovx8FmECz4wygJGQ5nENZ+rvjRzFSmVxaCZjpEdq0ZuK/3n9VEdXfk55kmrC8fxQlDJokk77gAMqCdYsMwRhSc1fIR4hibA2rZVNCe5i5GXSadRdp+7eNSrN66KOEjgBp6AGXHAJmuAWtEAbYPAInsEreLOerBfr3fqYj65Yxc4R+APr8wfP9pXF</latexit>
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<latexit sha1_base64="yHoNKImfxI6fzvp2csCeM+db/DQ=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiRF0I1QdOOygn1AU8tketMOnUnCzKRQQn7Bjb/ixoUibt2582+ctllo64GBc8+5lzv3+DFnSjvOt1VYW9/Y3Cpul3Z29/YP7MOjlooSSaFJIx7Jjk8UcBZCUzPNoRNLIMLn0PbHNzO/PQGpWBTe62kMPUGGIQsYJdpIfbviTYiEWDFuqtTzAzzOrrxAEprm1UMtS2si69tlp+rMgVeJm5MyytHo21/eIKKJgFBTTpTquk6seymRmlEOWclLFMSEjskQuoaGRIDqpfOLMnxmlAEOImleqPFc/T2REqHUVPimUxA9UsveTPzP6yY6uOylLIwTDSFdLAoSjnWEZ/HgAZNANZ8aQqhk5q+YjoiJQ5sQSyYEd/nkVdKqVV2n6t6dl+vXeRxFdIJOUQW56ALV0S1qoCai6BE9o1f0Zj1ZL9a79bFoLVj5zDH6A+vzBzXOnds=</latexit><latexit sha1_base64="yHoNKImfxI6fzvp2csCeM+db/DQ=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiRF0I1QdOOygn1AU8tketMOnUnCzKRQQn7Bjb/ixoUibt2582+ctllo64GBc8+5lzv3+DFnSjvOt1VYW9/Y3Cpul3Z29/YP7MOjlooSSaFJIx7Jjk8UcBZCUzPNoRNLIMLn0PbHNzO/PQGpWBTe62kMPUGGIQsYJdpIfbviTYiEWDFuqtTzAzzOrrxAEprm1UMtS2si69tlp+rMgVeJm5MyytHo21/eIKKJgFBTTpTquk6seymRmlEOWclLFMSEjskQuoaGRIDqpfOLMnxmlAEOImleqPFc/T2REqHUVPimUxA9UsveTPzP6yY6uOylLIwTDSFdLAoSjnWEZ/HgAZNANZ8aQqhk5q+YjoiJQ5sQSyYEd/nkVdKqVV2n6t6dl+vXeRxFdIJOUQW56ALV0S1qoCai6BE9o1f0Zj1ZL9a79bFoLVj5zDH6A+vzBzXOnds=</latexit><latexit sha1_base64="yHoNKImfxI6fzvp2csCeM+db/DQ=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiRF0I1QdOOygn1AU8tketMOnUnCzKRQQn7Bjb/ixoUibt2582+ctllo64GBc8+5lzv3+DFnSjvOt1VYW9/Y3Cpul3Z29/YP7MOjlooSSaFJIx7Jjk8UcBZCUzPNoRNLIMLn0PbHNzO/PQGpWBTe62kMPUGGIQsYJdpIfbviTYiEWDFuqtTzAzzOrrxAEprm1UMtS2si69tlp+rMgVeJm5MyytHo21/eIKKJgFBTTpTquk6seymRmlEOWclLFMSEjskQuoaGRIDqpfOLMnxmlAEOImleqPFc/T2REqHUVPimUxA9UsveTPzP6yY6uOylLIwTDSFdLAoSjnWEZ/HgAZNANZ8aQqhk5q+YjoiJQ5sQSyYEd/nkVdKqVV2n6t6dl+vXeRxFdIJOUQW56ALV0S1qoCai6BE9o1f0Zj1ZL9a79bFoLVj5zDH6A+vzBzXOnds=</latexit><latexit sha1_base64="yHoNKImfxI6fzvp2csCeM+db/DQ=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiRF0I1QdOOygn1AU8tketMOnUnCzKRQQn7Bjb/ixoUibt2582+ctllo64GBc8+5lzv3+DFnSjvOt1VYW9/Y3Cpul3Z29/YP7MOjlooSSaFJIx7Jjk8UcBZCUzPNoRNLIMLn0PbHNzO/PQGpWBTe62kMPUGGIQsYJdpIfbviTYiEWDFuqtTzAzzOrrxAEprm1UMtS2si69tlp+rMgVeJm5MyytHo21/eIKKJgFBTTpTquk6seymRmlEOWclLFMSEjskQuoaGRIDqpfOLMnxmlAEOImleqPFc/T2REqHUVPimUxA9UsveTPzP6yY6uOylLIwTDSFdLAoSjnWEZ/HgAZNANZ8aQqhk5q+YjoiJQ5sQSyYEd/nkVdKqVV2n6t6dl+vXeRxFdIJOUQW56ALV0S1qoCai6BE9o1f0Zj1ZL9a79bFoLVj5zDH6A+vzBzXOnds=</latexit>
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<latexit sha1_base64="igYkncIocDOtSe6PwzoaNIL5dT8="></latexit><latexit sha1_base64="igYkncIocDOtSe6PwzoaNIL5dT8="></latexit><latexit sha1_base64="igYkncIocDOtSe6PwzoaNIL5dT8="></latexit><latexit sha1_base64="igYkncIocDOtSe6PwzoaNIL5dT8="></latexit>

BCS-BEC Condensate of Ultracold Fermions (40K, 6Li) 

Greiner, Regal & Jin, JILA, 40K (2004)

For a narrow resonance the BCS-BEC condensate is well described by the 
inhomogeneous Dicke model  

Detuning: !0 ⇡ 2µB(B �B0)
<latexit sha1_base64="+mrW5dcTbYdfbl5Z4SH5BIwIO8c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQF5akCLosceOygn1AE8JkOm2HzmTCzEQsoSs3/oobF4q49Rvc+TdO2yy09cCFwzn3cu89UcKo0o7zbRVWVtfWN4qbpa3tnd09e/+gpUQqMWliwYTsREgRRmPS1FQz0kkkQTxipB2Nrqd++55IRUV8p8cJCTgaxLRPMdJGCu1jX3AyQKHjoySR4gHWfJ6GXsU790LnLLTLTtWZAS4TNydlkKMR2l9+T+CUk1hjhpTquk6igwxJTTEjk5KfKpIgPEID0jU0RpyoIJu9MYGnRunBvpCmYg1n6u+JDHGlxjwynRzpoVr0puJ/XjfV/asgo3GSahLj+aJ+yqAWcJoJ7FFJsGZjQxCW1NwK8RBJhLVJrmRCcBdfXiatWtV1qu7tRbnu5XEUwRE4ARXggktQBzegAZoAg0fwDF7Bm/VkvVjv1se8tWDlM4fgD6zPH/Q1l3k=</latexit><latexit sha1_base64="+mrW5dcTbYdfbl5Z4SH5BIwIO8c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQF5akCLosceOygn1AE8JkOm2HzmTCzEQsoSs3/oobF4q49Rvc+TdO2yy09cCFwzn3cu89UcKo0o7zbRVWVtfWN4qbpa3tnd09e/+gpUQqMWliwYTsREgRRmPS1FQz0kkkQTxipB2Nrqd++55IRUV8p8cJCTgaxLRPMdJGCu1jX3AyQKHjoySR4gHWfJ6GXsU790LnLLTLTtWZAS4TNydlkKMR2l9+T+CUk1hjhpTquk6igwxJTTEjk5KfKpIgPEID0jU0RpyoIJu9MYGnRunBvpCmYg1n6u+JDHGlxjwynRzpoVr0puJ/XjfV/asgo3GSahLj+aJ+yqAWcJoJ7FFJsGZjQxCW1NwK8RBJhLVJrmRCcBdfXiatWtV1qu7tRbnu5XEUwRE4ARXggktQBzegAZoAg0fwDF7Bm/VkvVjv1se8tWDlM4fgD6zPH/Q1l3k=</latexit><latexit sha1_base64="+mrW5dcTbYdfbl5Z4SH5BIwIO8c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQF5akCLosceOygn1AE8JkOm2HzmTCzEQsoSs3/oobF4q49Rvc+TdO2yy09cCFwzn3cu89UcKo0o7zbRVWVtfWN4qbpa3tnd09e/+gpUQqMWliwYTsREgRRmPS1FQz0kkkQTxipB2Nrqd++55IRUV8p8cJCTgaxLRPMdJGCu1jX3AyQKHjoySR4gHWfJ6GXsU790LnLLTLTtWZAS4TNydlkKMR2l9+T+CUk1hjhpTquk6igwxJTTEjk5KfKpIgPEID0jU0RpyoIJu9MYGnRunBvpCmYg1n6u+JDHGlxjwynRzpoVr0puJ/XjfV/asgo3GSahLj+aJ+yqAWcJoJ7FFJsGZjQxCW1NwK8RBJhLVJrmRCcBdfXiatWtV1qu7tRbnu5XEUwRE4ARXggktQBzegAZoAg0fwDF7Bm/VkvVjv1se8tWDlM4fgD6zPH/Q1l3k=</latexit><latexit sha1_base64="+mrW5dcTbYdfbl5Z4SH5BIwIO8c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQF5akCLosceOygn1AE8JkOm2HzmTCzEQsoSs3/oobF4q49Rvc+TdO2yy09cCFwzn3cu89UcKo0o7zbRVWVtfWN4qbpa3tnd09e/+gpUQqMWliwYTsREgRRmPS1FQz0kkkQTxipB2Nrqd++55IRUV8p8cJCTgaxLRPMdJGCu1jX3AyQKHjoySR4gHWfJ6GXsU790LnLLTLTtWZAS4TNydlkKMR2l9+T+CUk1hjhpTquk6igwxJTTEjk5KfKpIgPEID0jU0RpyoIJu9MYGnRunBvpCmYg1n6u+JDHGlxjwynRzpoVr0puJ/XjfV/asgo3GSahLj+aJ+yqAWcJoJ7FFJsGZjQxCW1NwK8RBJhLVJrmRCcBdfXiatWtV1qu7tRbnu5XEUwRE4ARXggktQBzegAZoAg0fwDF7Bm/VkvVjv1se8tWDlM4fgD6zPH/Q1l3k=</latexit>

Resonance width:

atoms molecules

n̂b = b̂†b̂
<latexit sha1_base64="aAquvf2CfnAwQWsrHCQqBpplRkg=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFUSEXQjFN24rGAv0MQwM5mkQyeTMDMRSunSja/ixoUibn0Ed76N0zQLbf1h4OM/53Dm/DjjTGnH+bYqS8srq2vV9drG5tb2jr2711FpLgltk5SnsoeRopwJ2tZMc9rLJEUJ5rSLh9fTeveBSsVScadHGfUTFAsWMYK0sQL7EHoDpKEI8GUB+N4LURxTOfNxYNedhlMILoJbQh2UagX2lxemJE+o0IQjpfquk2l/jKRmhNNJzcsVzRAZopj2DQqUUOWPi0Mm8Ng4IYxSaZ7QsHB/T4xRotQowaYzQXqg5mtT879aP9fRhT9mIss1FWS2KMo51CmcpgJDJinRfGQAEcnMXyEZIImINtnVTAju/MmL0DltuE7DvT2rN6/KOKrgAByBE+CCc9AEN6AF2oCAR/AMXsGb9WS9WO/Wx6y1YpUz++CPrM8f6eGYoA==</latexit><latexit sha1_base64="aAquvf2CfnAwQWsrHCQqBpplRkg=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFUSEXQjFN24rGAv0MQwM5mkQyeTMDMRSunSja/ixoUibn0Ed76N0zQLbf1h4OM/53Dm/DjjTGnH+bYqS8srq2vV9drG5tb2jr2711FpLgltk5SnsoeRopwJ2tZMc9rLJEUJ5rSLh9fTeveBSsVScadHGfUTFAsWMYK0sQL7EHoDpKEI8GUB+N4LURxTOfNxYNedhlMILoJbQh2UagX2lxemJE+o0IQjpfquk2l/jKRmhNNJzcsVzRAZopj2DQqUUOWPi0Mm8Ng4IYxSaZ7QsHB/T4xRotQowaYzQXqg5mtT879aP9fRhT9mIss1FWS2KMo51CmcpgJDJinRfGQAEcnMXyEZIImINtnVTAju/MmL0DltuE7DvT2rN6/KOKrgAByBE+CCc9AEN6AF2oCAR/AMXsGb9WS9WO/Wx6y1YpUz++CPrM8f6eGYoA==</latexit><latexit sha1_base64="aAquvf2CfnAwQWsrHCQqBpplRkg=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFUSEXQjFN24rGAv0MQwM5mkQyeTMDMRSunSja/ixoUibn0Ed76N0zQLbf1h4OM/53Dm/DjjTGnH+bYqS8srq2vV9drG5tb2jr2711FpLgltk5SnsoeRopwJ2tZMc9rLJEUJ5rSLh9fTeveBSsVScadHGfUTFAsWMYK0sQL7EHoDpKEI8GUB+N4LURxTOfNxYNedhlMILoJbQh2UagX2lxemJE+o0IQjpfquk2l/jKRmhNNJzcsVzRAZopj2DQqUUOWPi0Mm8Ng4IYxSaZ7QsHB/T4xRotQowaYzQXqg5mtT879aP9fRhT9mIss1FWS2KMo51CmcpgJDJinRfGQAEcnMXyEZIImINtnVTAju/MmL0DltuE7DvT2rN6/KOKrgAByBE+CCc9AEN6AF2oCAR/AMXsGb9WS9WO/Wx6y1YpUz++CPrM8f6eGYoA==</latexit><latexit sha1_base64="aAquvf2CfnAwQWsrHCQqBpplRkg=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFUSEXQjFN24rGAv0MQwM5mkQyeTMDMRSunSja/ixoUibn0Ed76N0zQLbf1h4OM/53Dm/DjjTGnH+bYqS8srq2vV9drG5tb2jr2711FpLgltk5SnsoeRopwJ2tZMc9rLJEUJ5rSLh9fTeveBSsVScadHGfUTFAsWMYK0sQL7EHoDpKEI8GUB+N4LURxTOfNxYNedhlMILoJbQh2UagX2lxemJE+o0IQjpfquk2l/jKRmhNNJzcsVzRAZopj2DQqUUOWPi0Mm8Ng4IYxSaZ7QsHB/T4xRotQowaYzQXqg5mtT879aP9fRhT9mIss1FWS2KMo51CmcpgJDJinRfGQAEcnMXyEZIImINtnVTAju/MmL0DltuE7DvT2rN6/KOKrgAByBE+CCc9AEN6AF2oCAR/AMXsGb9WS9WO/Wx6y1YpUz++CPrM8f6eGYoA==</latexit>

� =
g2⌫F
"F

⌧ 1
<latexit sha1_base64="l+yyaUlI0FYkyYtjf4GM4NcoKn8=">AAACE3icbVDLSgMxFM3UV62vqks3wSKIizJTBN0IRaG4rGAf0KnlTpppQ5PMkGQKZeg/uPFX3LhQxK0bd/6N6WOhrQcCh3PO5eaeIOZMG9f9djIrq2vrG9nN3Nb2zu5efv+grqNEEVojEY9UMwBNOZO0ZpjhtBkrCiLgtBEMbiZ+Y0iVZpG8N6OYtgX0JAsZAWOlTv7M74EQcOWHCkjaeyj5MulUxqk/BEVjzbgNVcY+59jr5Atu0Z0CLxNvTgpojmon/+V3I5IIKg3hoHXLc2PTTkEZRjgd5/xE0xjIAHq0ZakEQXU7nd40xidW6eIwUvZJg6fq74kUhNYjEdikANPXi95E/M9rJSa8bKdMxomhkswWhQnHJsKTgnCXKUoMH1kCRDH7V0z6YNsxtsacLcFbPHmZ1EtFzy16d+eF8vW8jiw6QsfoFHnoApXRLaqiGiLoET2jV/TmPDkvzrvzMYtmnPnMIfoD5/MHaBqedw==</latexit><latexit sha1_base64="l+yyaUlI0FYkyYtjf4GM4NcoKn8=">AAACE3icbVDLSgMxFM3UV62vqks3wSKIizJTBN0IRaG4rGAf0KnlTpppQ5PMkGQKZeg/uPFX3LhQxK0bd/6N6WOhrQcCh3PO5eaeIOZMG9f9djIrq2vrG9nN3Nb2zu5efv+grqNEEVojEY9UMwBNOZO0ZpjhtBkrCiLgtBEMbiZ+Y0iVZpG8N6OYtgX0JAsZAWOlTv7M74EQcOWHCkjaeyj5MulUxqk/BEVjzbgNVcY+59jr5Atu0Z0CLxNvTgpojmon/+V3I5IIKg3hoHXLc2PTTkEZRjgd5/xE0xjIAHq0ZakEQXU7nd40xidW6eIwUvZJg6fq74kUhNYjEdikANPXi95E/M9rJSa8bKdMxomhkswWhQnHJsKTgnCXKUoMH1kCRDH7V0z6YNsxtsacLcFbPHmZ1EtFzy16d+eF8vW8jiw6QsfoFHnoApXRLaqiGiLoET2jV/TmPDkvzrvzMYtmnPnMIfoD5/MHaBqedw==</latexit><latexit sha1_base64="l+yyaUlI0FYkyYtjf4GM4NcoKn8=">AAACE3icbVDLSgMxFM3UV62vqks3wSKIizJTBN0IRaG4rGAf0KnlTpppQ5PMkGQKZeg/uPFX3LhQxK0bd/6N6WOhrQcCh3PO5eaeIOZMG9f9djIrq2vrG9nN3Nb2zu5efv+grqNEEVojEY9UMwBNOZO0ZpjhtBkrCiLgtBEMbiZ+Y0iVZpG8N6OYtgX0JAsZAWOlTv7M74EQcOWHCkjaeyj5MulUxqk/BEVjzbgNVcY+59jr5Atu0Z0CLxNvTgpojmon/+V3I5IIKg3hoHXLc2PTTkEZRjgd5/xE0xjIAHq0ZakEQXU7nd40xidW6eIwUvZJg6fq74kUhNYjEdikANPXi95E/M9rJSa8bKdMxomhkswWhQnHJsKTgnCXKUoMH1kCRDH7V0z6YNsxtsacLcFbPHmZ1EtFzy16d+eF8vW8jiw6QsfoFHnoApXRLaqiGiLoET2jV/TmPDkvzrvzMYtmnPnMIfoD5/MHaBqedw==</latexit><latexit sha1_base64="l+yyaUlI0FYkyYtjf4GM4NcoKn8=">AAACE3icbVDLSgMxFM3UV62vqks3wSKIizJTBN0IRaG4rGAf0KnlTpppQ5PMkGQKZeg/uPFX3LhQxK0bd/6N6WOhrQcCh3PO5eaeIOZMG9f9djIrq2vrG9nN3Nb2zu5efv+grqNEEVojEY9UMwBNOZO0ZpjhtBkrCiLgtBEMbiZ+Y0iVZpG8N6OYtgX0JAsZAWOlTv7M74EQcOWHCkjaeyj5MulUxqk/BEVjzbgNVcY+59jr5Atu0Z0CLxNvTgpojmon/+V3I5IIKg3hoHXLc2PTTkEZRjgd5/xE0xjIAHq0ZakEQXU7nd40xidW6eIwUvZJg6fq74kUhNYjEdikANPXi95E/M9rJSa8bKdMxomhkswWhQnHJsKTgnCXKUoMH1kCRDH7V0z6YNsxtsacLcFbPHmZ1EtFzy16d+eF8vW8jiw6QsfoFHnoApXRLaqiGiLoET2jV/TmPDkvzrvzMYtmnPnMIfoD5/MHaBqedw==</latexit>

Linear sweep across the Feshbach resonance: !0 = �⌫t
<latexit sha1_base64="zckuVhoLtPft/eA+/5LS2qhDFFs=">AAAB+HicbVDJSgNBEO1xjXHJqEcvjUHwYpgRQS9C0IvHCGaBzDD0dHqSJr0MvQgx5Eu8eFDEq5/izb+xk8xBEx8UPN6roqpemjOqTRB8eyura+sbm6Wt8vbO7l7F3z9oaWkVJk0smVSdFGnCqCBNQw0jnVwRxFNG2unwduq3H4nSVIoHM8pJzFFf0IxiZJyU+JVIctJHSXB9FgkLTeJXg1owA1wmYUGqoEAj8b+insSWE2EwQ1p3wyA38RgpQzEjk3JkNckRHqI+6ToqECc6Hs8On8ATp/RgJpUrYeBM/T0xRlzrEU9dJ0dmoBe9qfif17Umu4rHVOTWEIHnizLLoJFwmgLsUUWwYSNHEFbU3QrxACmEjcuq7EIIF19eJq3zWhjUwvuLav2miKMEjsAxOAUhuAR1cAcaoAkwsOAZvII378l78d69j3nrilfMHII/8D5/ALH+knI=</latexit><latexit sha1_base64="zckuVhoLtPft/eA+/5LS2qhDFFs=">AAAB+HicbVDJSgNBEO1xjXHJqEcvjUHwYpgRQS9C0IvHCGaBzDD0dHqSJr0MvQgx5Eu8eFDEq5/izb+xk8xBEx8UPN6roqpemjOqTRB8eyura+sbm6Wt8vbO7l7F3z9oaWkVJk0smVSdFGnCqCBNQw0jnVwRxFNG2unwduq3H4nSVIoHM8pJzFFf0IxiZJyU+JVIctJHSXB9FgkLTeJXg1owA1wmYUGqoEAj8b+insSWE2EwQ1p3wyA38RgpQzEjk3JkNckRHqI+6ToqECc6Hs8On8ATp/RgJpUrYeBM/T0xRlzrEU9dJ0dmoBe9qfif17Umu4rHVOTWEIHnizLLoJFwmgLsUUWwYSNHEFbU3QrxACmEjcuq7EIIF19eJq3zWhjUwvuLav2miKMEjsAxOAUhuAR1cAcaoAkwsOAZvII378l78d69j3nrilfMHII/8D5/ALH+knI=</latexit><latexit sha1_base64="zckuVhoLtPft/eA+/5LS2qhDFFs=">AAAB+HicbVDJSgNBEO1xjXHJqEcvjUHwYpgRQS9C0IvHCGaBzDD0dHqSJr0MvQgx5Eu8eFDEq5/izb+xk8xBEx8UPN6roqpemjOqTRB8eyura+sbm6Wt8vbO7l7F3z9oaWkVJk0smVSdFGnCqCBNQw0jnVwRxFNG2unwduq3H4nSVIoHM8pJzFFf0IxiZJyU+JVIctJHSXB9FgkLTeJXg1owA1wmYUGqoEAj8b+insSWE2EwQ1p3wyA38RgpQzEjk3JkNckRHqI+6ToqECc6Hs8On8ATp/RgJpUrYeBM/T0xRlzrEU9dJ0dmoBe9qfif17Umu4rHVOTWEIHnizLLoJFwmgLsUUWwYSNHEFbU3QrxACmEjcuq7EIIF19eJq3zWhjUwvuLav2miKMEjsAxOAUhuAR1cAcaoAkwsOAZvII378l78d69j3nrilfMHII/8D5/ALH+knI=</latexit><latexit sha1_base64="zckuVhoLtPft/eA+/5LS2qhDFFs=">AAAB+HicbVDJSgNBEO1xjXHJqEcvjUHwYpgRQS9C0IvHCGaBzDD0dHqSJr0MvQgx5Eu8eFDEq5/izb+xk8xBEx8UPN6roqpemjOqTRB8eyura+sbm6Wt8vbO7l7F3z9oaWkVJk0smVSdFGnCqCBNQw0jnVwRxFNG2unwduq3H4nSVIoHM8pJzFFf0IxiZJyU+JVIctJHSXB9FgkLTeJXg1owA1wmYUGqoEAj8b+insSWE2EwQ1p3wyA38RgpQzEjk3JkNckRHqI+6ToqECc6Hs8On8ATp/RgJpUrYeBM/T0xRlzrEU9dJ0dmoBe9qfif17Umu4rHVOTWEIHnizLLoJFwmgLsUUWwYSNHEFbU3QrxACmEjcuq7EIIF19eJq3zWhjUwvuLav2miKMEjsAxOAUhuAR1cAcaoAkwsOAZvII378l78d69j3nrilfMHII/8D5/ALH+knI=</latexit>

At t ! �1: hn̂bi = 0, hĉ†k� ĉk�i = ✓(k � kF )
<latexit sha1_base64="JZtgAX3N+VFRzIsSNY7YQrUY1Qo="></latexit><latexit sha1_base64="JZtgAX3N+VFRzIsSNY7YQrUY1Qo="></latexit><latexit sha1_base64="JZtgAX3N+VFRzIsSNY7YQrUY1Qo="></latexit><latexit sha1_base64="JZtgAX3N+VFRzIsSNY7YQrUY1Qo="></latexit>

i
@ 

@t
= Ĥ(t) 

<latexit sha1_base64="YhgdbA62I8wzBSApiUK43rJibDg=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EopsuK9gHdIaSSTNtaOZBckcow/yFG3/FjQtF3OrOvzHTDqKtBwIn59x7k3u8WHAFlvVllFZW19Y3ypuVre2d3T1z/6CjokRS1qaRiGTPI4oJHrI2cBCsF0tGAk+wrje5yf3uPZOKR+EdTGPmBmQUcp9TAloamHXu+JLQ1ImJBE6E01I8+7lhyK6cMQHcrMFpbg3MqlW3ZsDLxC5IFRVoDcxPZxjRJGAhUEGU6ttWDG6aj6eCZRUnUSwmdEJGrK9pSAKm3HS2V4ZPtDLEfiT1CQHP1N8dKQmUmgaergwIjNWil4v/ef0E/Es35WGcAAvp/CE/0etGOA8JD7lkFMRUE0Il13/FdEx0TqCjrOgQ7MWVl0nnrG5bdfv2vNq4LuIooyN0jGrIRheogZqohdqIogf0hF7Qq/FoPBtvxvu8tGQUPYfoD4yPb2OpoAE=</latexit><latexit sha1_base64="YhgdbA62I8wzBSApiUK43rJibDg=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EopsuK9gHdIaSSTNtaOZBckcow/yFG3/FjQtF3OrOvzHTDqKtBwIn59x7k3u8WHAFlvVllFZW19Y3ypuVre2d3T1z/6CjokRS1qaRiGTPI4oJHrI2cBCsF0tGAk+wrje5yf3uPZOKR+EdTGPmBmQUcp9TAloamHXu+JLQ1ImJBE6E01I8+7lhyK6cMQHcrMFpbg3MqlW3ZsDLxC5IFRVoDcxPZxjRJGAhUEGU6ttWDG6aj6eCZRUnUSwmdEJGrK9pSAKm3HS2V4ZPtDLEfiT1CQHP1N8dKQmUmgaergwIjNWil4v/ef0E/Es35WGcAAvp/CE/0etGOA8JD7lkFMRUE0Il13/FdEx0TqCjrOgQ7MWVl0nnrG5bdfv2vNq4LuIooyN0jGrIRheogZqohdqIogf0hF7Qq/FoPBtvxvu8tGQUPYfoD4yPb2OpoAE=</latexit><latexit sha1_base64="YhgdbA62I8wzBSApiUK43rJibDg=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EopsuK9gHdIaSSTNtaOZBckcow/yFG3/FjQtF3OrOvzHTDqKtBwIn59x7k3u8WHAFlvVllFZW19Y3ypuVre2d3T1z/6CjokRS1qaRiGTPI4oJHrI2cBCsF0tGAk+wrje5yf3uPZOKR+EdTGPmBmQUcp9TAloamHXu+JLQ1ImJBE6E01I8+7lhyK6cMQHcrMFpbg3MqlW3ZsDLxC5IFRVoDcxPZxjRJGAhUEGU6ttWDG6aj6eCZRUnUSwmdEJGrK9pSAKm3HS2V4ZPtDLEfiT1CQHP1N8dKQmUmgaergwIjNWil4v/ef0E/Es35WGcAAvp/CE/0etGOA8JD7lkFMRUE0Il13/FdEx0TqCjrOgQ7MWVl0nnrG5bdfv2vNq4LuIooyN0jGrIRheogZqohdqIogf0hF7Qq/FoPBtvxvu8tGQUPYfoD4yPb2OpoAE=</latexit><latexit sha1_base64="YhgdbA62I8wzBSApiUK43rJibDg=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EopsuK9gHdIaSSTNtaOZBckcow/yFG3/FjQtF3OrOvzHTDqKtBwIn59x7k3u8WHAFlvVllFZW19Y3ypuVre2d3T1z/6CjokRS1qaRiGTPI4oJHrI2cBCsF0tGAk+wrje5yf3uPZOKR+EdTGPmBmQUcp9TAloamHXu+JLQ1ImJBE6E01I8+7lhyK6cMQHcrMFpbg3MqlW3ZsDLxC5IFRVoDcxPZxjRJGAhUEGU6ttWDG6aj6eCZRUnUSwmdEJGrK9pSAKm3HS2V4ZPtDLEfiT1CQHP1N8dKQmUmgaergwIjNWil4v/ef0E/Es35WGcAAvp/CE/0etGOA8JD7lkFMRUE0Il13/FdEx0TqCjrOgQ7MWVl0nnrG5bdfv2vNq4LuIooyN0jGrIRheogZqohdqIogf0hF7Qq/FoPBtvxvu8tGQUPYfoD4yPb2OpoAE=</latexit>

At t ! +1: hn̂bi =?, hĉ†k� ĉk�i =?
<latexit sha1_base64="cj8CKQzqKsozYqouPF+jElGDQKg="></latexit><latexit sha1_base64="cj8CKQzqKsozYqouPF+jElGDQKg="></latexit><latexit sha1_base64="cj8CKQzqKsozYqouPF+jElGDQKg="></latexit><latexit sha1_base64="cj8CKQzqKsozYqouPF+jElGDQKg="></latexit>



Multi-level Landau-Zener problem

A,B – N ⇥N time-independent Hermitian matrices
<latexit sha1_base64="0suiNQUF0HtwzHSAg0dlBRVD7S0="></latexit><latexit sha1_base64="0suiNQUF0HtwzHSAg0dlBRVD7S0="></latexit><latexit sha1_base64="0suiNQUF0HtwzHSAg0dlBRVD7S0="></latexit><latexit sha1_base64="0suiNQUF0HtwzHSAg0dlBRVD7S0="></latexit>

H(t) = A+Bt
<latexit sha1_base64="MKXH+oEVXJz/AivN3hIFN5liBig=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEqQtkVQS9CrZceK9gPaZeSTbNtaJJdklmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhALbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRndTv/XEtOGReoBxzHxJBoqHnBKw0mOtBGc3t+dV6BWKbtmdAS8TLyNFlKHeK3x1+xFNJFNABTGm47kx+CnRwKlgk3w3MSwmdEQGrGOpIpIZP50dPMGnVunjMNK2FOCZ+nsiJdKYsQxspyQwNIveVPzP6yQQXvspV3ECTNH5ojARGCI8/R73uWYUxNgSQjW3t2I6JJpQsBnlbQje4svLpHlR9tyyd39ZrFSzOHLoGJ2gEvLQFaqgGqqjBqJIomf0it4c7bw4787HvHXFyWaO0B84nz8M2I9A</latexit><latexit sha1_base64="MKXH+oEVXJz/AivN3hIFN5liBig=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEqQtkVQS9CrZceK9gPaZeSTbNtaJJdklmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhALbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRndTv/XEtOGReoBxzHxJBoqHnBKw0mOtBGc3t+dV6BWKbtmdAS8TLyNFlKHeK3x1+xFNJFNABTGm47kx+CnRwKlgk3w3MSwmdEQGrGOpIpIZP50dPMGnVunjMNK2FOCZ+nsiJdKYsQxspyQwNIveVPzP6yQQXvspV3ECTNH5ojARGCI8/R73uWYUxNgSQjW3t2I6JJpQsBnlbQje4svLpHlR9tyyd39ZrFSzOHLoGJ2gEvLQFaqgGqqjBqJIomf0it4c7bw4787HvHXFyWaO0B84nz8M2I9A</latexit><latexit sha1_base64="MKXH+oEVXJz/AivN3hIFN5liBig=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEqQtkVQS9CrZceK9gPaZeSTbNtaJJdklmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhALbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRndTv/XEtOGReoBxzHxJBoqHnBKw0mOtBGc3t+dV6BWKbtmdAS8TLyNFlKHeK3x1+xFNJFNABTGm47kx+CnRwKlgk3w3MSwmdEQGrGOpIpIZP50dPMGnVunjMNK2FOCZ+nsiJdKYsQxspyQwNIveVPzP6yQQXvspV3ECTNH5ojARGCI8/R73uWYUxNgSQjW3t2I6JJpQsBnlbQje4svLpHlR9tyyd39ZrFSzOHLoGJ2gEvLQFaqgGqqjBqJIomf0it4c7bw4787HvHXFyWaO0B84nz8M2I9A</latexit><latexit sha1_base64="MKXH+oEVXJz/AivN3hIFN5liBig=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEqQtkVQS9CrZceK9gPaZeSTbNtaJJdklmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhALbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRndTv/XEtOGReoBxzHxJBoqHnBKw0mOtBGc3t+dV6BWKbtmdAS8TLyNFlKHeK3x1+xFNJFNABTGm47kx+CnRwKlgk3w3MSwmdEQGrGOpIpIZP50dPMGnVunjMNK2FOCZ+nsiJdKYsQxspyQwNIveVPzP6yQQXvspV3ECTNH5ojARGCI8/R73uWYUxNgSQjW3t2I6JJpQsBnlbQje4svLpHlR9tyyd39ZrFSzOHLoGJ2gEvLQFaqgGqqjBqJIomf0it4c7bw4787HvHXFyWaO0B84nz8M2I9A</latexit>

i
@ 

@t
= Ĥ(t) 

<latexit sha1_base64="YhgdbA62I8wzBSApiUK43rJibDg=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EopsuK9gHdIaSSTNtaOZBckcow/yFG3/FjQtF3OrOvzHTDqKtBwIn59x7k3u8WHAFlvVllFZW19Y3ypuVre2d3T1z/6CjokRS1qaRiGTPI4oJHrI2cBCsF0tGAk+wrje5yf3uPZOKR+EdTGPmBmQUcp9TAloamHXu+JLQ1ImJBE6E01I8+7lhyK6cMQHcrMFpbg3MqlW3ZsDLxC5IFRVoDcxPZxjRJGAhUEGU6ttWDG6aj6eCZRUnUSwmdEJGrK9pSAKm3HS2V4ZPtDLEfiT1CQHP1N8dKQmUmgaergwIjNWil4v/ef0E/Es35WGcAAvp/CE/0etGOA8JD7lkFMRUE0Il13/FdEx0TqCjrOgQ7MWVl0nnrG5bdfv2vNq4LuIooyN0jGrIRheogZqohdqIogf0hF7Qq/FoPBtvxvu8tGQUPYfoD4yPb2OpoAE=</latexit><latexit sha1_base64="YhgdbA62I8wzBSApiUK43rJibDg=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EopsuK9gHdIaSSTNtaOZBckcow/yFG3/FjQtF3OrOvzHTDqKtBwIn59x7k3u8WHAFlvVllFZW19Y3ypuVre2d3T1z/6CjokRS1qaRiGTPI4oJHrI2cBCsF0tGAk+wrje5yf3uPZOKR+EdTGPmBmQUcp9TAloamHXu+JLQ1ImJBE6E01I8+7lhyK6cMQHcrMFpbg3MqlW3ZsDLxC5IFRVoDcxPZxjRJGAhUEGU6ttWDG6aj6eCZRUnUSwmdEJGrK9pSAKm3HS2V4ZPtDLEfiT1CQHP1N8dKQmUmgaergwIjNWil4v/ef0E/Es35WGcAAvp/CE/0etGOA8JD7lkFMRUE0Il13/FdEx0TqCjrOgQ7MWVl0nnrG5bdfv2vNq4LuIooyN0jGrIRheogZqohdqIogf0hF7Qq/FoPBtvxvu8tGQUPYfoD4yPb2OpoAE=</latexit><latexit sha1_base64="YhgdbA62I8wzBSApiUK43rJibDg=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EopsuK9gHdIaSSTNtaOZBckcow/yFG3/FjQtF3OrOvzHTDqKtBwIn59x7k3u8WHAFlvVllFZW19Y3ypuVre2d3T1z/6CjokRS1qaRiGTPI4oJHrI2cBCsF0tGAk+wrje5yf3uPZOKR+EdTGPmBmQUcp9TAloamHXu+JLQ1ImJBE6E01I8+7lhyK6cMQHcrMFpbg3MqlW3ZsDLxC5IFRVoDcxPZxjRJGAhUEGU6ttWDG6aj6eCZRUnUSwmdEJGrK9pSAKm3HS2V4ZPtDLEfiT1CQHP1N8dKQmUmgaergwIjNWil4v/ef0E/Es35WGcAAvp/CE/0etGOA8JD7lkFMRUE0Il13/FdEx0TqCjrOgQ7MWVl0nnrG5bdfv2vNq4LuIooyN0jGrIRheogZqohdqIogf0hF7Qq/FoPBtvxvu8tGQUPYfoD4yPb2OpoAE=</latexit><latexit sha1_base64="YhgdbA62I8wzBSApiUK43rJibDg=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EopsuK9gHdIaSSTNtaOZBckcow/yFG3/FjQtF3OrOvzHTDqKtBwIn59x7k3u8WHAFlvVllFZW19Y3ypuVre2d3T1z/6CjokRS1qaRiGTPI4oJHrI2cBCsF0tGAk+wrje5yf3uPZOKR+EdTGPmBmQUcp9TAloamHXu+JLQ1ImJBE6E01I8+7lhyK6cMQHcrMFpbg3MqlW3ZsDLxC5IFRVoDcxPZxjRJGAhUEGU6ttWDG6aj6eCZRUnUSwmdEJGrK9pSAKm3HS2V4ZPtDLEfiT1CQHP1N8dKQmUmgaergwIjNWil4v/ef0E/Es35WGcAAvp/CE/0etGOA8JD7lkFMRUE0Il13/FdEx0TqCjrOgQ7MWVl0nnrG5bdfv2vNq4LuIooyN0jGrIRheogZqohdqIogf0hF7Qq/FoPBtvxvu8tGQUPYfoD4yPb2OpoAE=</latexit>

 (t ! �1) = |ini,  (t ! +1) = S|ini
<latexit sha1_base64="N8F1onaAJ1cLXHZ8j2kfbS1SxEA="></latexit><latexit sha1_base64="N8F1onaAJ1cLXHZ8j2kfbS1SxEA="></latexit><latexit sha1_base64="N8F1onaAJ1cLXHZ8j2kfbS1SxEA="></latexit><latexit sha1_base64="N8F1onaAJ1cLXHZ8j2kfbS1SxEA="></latexit>

S – scattering matrix = ? Transition probabilities: pi!k = |Sik|2
<latexit sha1_base64="s9QY/nwCMk0jGMbixXwKtwRbCTo=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiuCpJEXQjFN24rGgv0MYwmU7aIZNJmJkIJQ34Km5cKOLW53Dn2zhts9DWHwY+/nMOc87vJ4xKZdvfxtLyyuraemmjvLm1vbNr7u23ZJwKTJo4ZrHo+EgSRjlpKqoY6SSCoMhnpO2H15N6+5EISWN+r0YJcSM04DSgGClteeZh4mW0p2IrzC/Hd5rDfPxQ88yKXbWnshbBKaAChRqe+dXrxziNCFeYISm7jp0oN0NCUcxIXu6lkiQIh2hAuho5ioh0s+n6uXWinb4VxEI/rqyp+3siQ5GUo8jXnRFSQzlfm5j/1bqpCi7cjPIkVYTj2UdByix97iQLq08FwYqNNCAsqN7VwkMkEFY6sbIOwZk/eRFatapjV53bs0r9qoijBEdwDKfgwDnU4QYa0AQMGTzDK7wZT8aL8W58zFqXjGLmAP7I+PwBXNyVug==</latexit><latexit sha1_base64="s9QY/nwCMk0jGMbixXwKtwRbCTo=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiuCpJEXQjFN24rGgv0MYwmU7aIZNJmJkIJQ34Km5cKOLW53Dn2zhts9DWHwY+/nMOc87vJ4xKZdvfxtLyyuraemmjvLm1vbNr7u23ZJwKTJo4ZrHo+EgSRjlpKqoY6SSCoMhnpO2H15N6+5EISWN+r0YJcSM04DSgGClteeZh4mW0p2IrzC/Hd5rDfPxQ88yKXbWnshbBKaAChRqe+dXrxziNCFeYISm7jp0oN0NCUcxIXu6lkiQIh2hAuho5ioh0s+n6uXWinb4VxEI/rqyp+3siQ5GUo8jXnRFSQzlfm5j/1bqpCi7cjPIkVYTj2UdByix97iQLq08FwYqNNCAsqN7VwkMkEFY6sbIOwZk/eRFatapjV53bs0r9qoijBEdwDKfgwDnU4QYa0AQMGTzDK7wZT8aL8W58zFqXjGLmAP7I+PwBXNyVug==</latexit><latexit sha1_base64="s9QY/nwCMk0jGMbixXwKtwRbCTo=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiuCpJEXQjFN24rGgv0MYwmU7aIZNJmJkIJQ34Km5cKOLW53Dn2zhts9DWHwY+/nMOc87vJ4xKZdvfxtLyyuraemmjvLm1vbNr7u23ZJwKTJo4ZrHo+EgSRjlpKqoY6SSCoMhnpO2H15N6+5EISWN+r0YJcSM04DSgGClteeZh4mW0p2IrzC/Hd5rDfPxQ88yKXbWnshbBKaAChRqe+dXrxziNCFeYISm7jp0oN0NCUcxIXu6lkiQIh2hAuho5ioh0s+n6uXWinb4VxEI/rqyp+3siQ5GUo8jXnRFSQzlfm5j/1bqpCi7cjPIkVYTj2UdByix97iQLq08FwYqNNCAsqN7VwkMkEFY6sbIOwZk/eRFatapjV53bs0r9qoijBEdwDKfgwDnU4QYa0AQMGTzDK7wZT8aL8W58zFqXjGLmAP7I+PwBXNyVug==</latexit><latexit sha1_base64="s9QY/nwCMk0jGMbixXwKtwRbCTo=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiuCpJEXQjFN24rGgv0MYwmU7aIZNJmJkIJQ34Km5cKOLW53Dn2zhts9DWHwY+/nMOc87vJ4xKZdvfxtLyyuraemmjvLm1vbNr7u23ZJwKTJo4ZrHo+EgSRjlpKqoY6SSCoMhnpO2H15N6+5EISWN+r0YJcSM04DSgGClteeZh4mW0p2IrzC/Hd5rDfPxQ88yKXbWnshbBKaAChRqe+dXrxziNCFeYISm7jp0oN0NCUcxIXu6lkiQIh2hAuho5ioh0s+n6uXWinb4VxEI/rqyp+3siQ5GUo8jXnRFSQzlfm5j/1bqpCi7cjPIkVYTj2UdByix97iQLq08FwYqNNCAsqN7VwkMkEFY6sbIOwZk/eRFatapjV53bs0r9qoijBEdwDKfgwDnU4QYa0AQMGTzDK7wZT8aL8W58zFqXjGLmAP7I+PwBXNyVug==</latexit>

B – diagonal (diabatic basis), TrB = 0
<latexit sha1_base64="hNwgDpac4Ii9oC+2kPudzifRLM4="></latexit><latexit sha1_base64="hNwgDpac4Ii9oC+2kPudzifRLM4="></latexit><latexit sha1_base64="hNwgDpac4Ii9oC+2kPudzifRLM4="></latexit><latexit sha1_base64="hNwgDpac4Ii9oC+2kPudzifRLM4="></latexit>



Multi-level Landau-Zener problem

A,B – N ⇥N time-independent Hermitian matrices
<latexit sha1_base64="0suiNQUF0HtwzHSAg0dlBRVD7S0="></latexit><latexit sha1_base64="0suiNQUF0HtwzHSAg0dlBRVD7S0="></latexit><latexit sha1_base64="0suiNQUF0HtwzHSAg0dlBRVD7S0="></latexit><latexit sha1_base64="0suiNQUF0HtwzHSAg0dlBRVD7S0="></latexit>

H(t) = A+Bt
<latexit sha1_base64="MKXH+oEVXJz/AivN3hIFN5liBig=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEqQtkVQS9CrZceK9gPaZeSTbNtaJJdklmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhALbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRndTv/XEtOGReoBxzHxJBoqHnBKw0mOtBGc3t+dV6BWKbtmdAS8TLyNFlKHeK3x1+xFNJFNABTGm47kx+CnRwKlgk3w3MSwmdEQGrGOpIpIZP50dPMGnVunjMNK2FOCZ+nsiJdKYsQxspyQwNIveVPzP6yQQXvspV3ECTNH5ojARGCI8/R73uWYUxNgSQjW3t2I6JJpQsBnlbQje4svLpHlR9tyyd39ZrFSzOHLoGJ2gEvLQFaqgGqqjBqJIomf0it4c7bw4787HvHXFyWaO0B84nz8M2I9A</latexit><latexit sha1_base64="MKXH+oEVXJz/AivN3hIFN5liBig=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEqQtkVQS9CrZceK9gPaZeSTbNtaJJdklmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhALbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRndTv/XEtOGReoBxzHxJBoqHnBKw0mOtBGc3t+dV6BWKbtmdAS8TLyNFlKHeK3x1+xFNJFNABTGm47kx+CnRwKlgk3w3MSwmdEQGrGOpIpIZP50dPMGnVunjMNK2FOCZ+nsiJdKYsQxspyQwNIveVPzP6yQQXvspV3ECTNH5ojARGCI8/R73uWYUxNgSQjW3t2I6JJpQsBnlbQje4svLpHlR9tyyd39ZrFSzOHLoGJ2gEvLQFaqgGqqjBqJIomf0it4c7bw4787HvHXFyWaO0B84nz8M2I9A</latexit><latexit sha1_base64="MKXH+oEVXJz/AivN3hIFN5liBig=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEqQtkVQS9CrZceK9gPaZeSTbNtaJJdklmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhALbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRndTv/XEtOGReoBxzHxJBoqHnBKw0mOtBGc3t+dV6BWKbtmdAS8TLyNFlKHeK3x1+xFNJFNABTGm47kx+CnRwKlgk3w3MSwmdEQGrGOpIpIZP50dPMGnVunjMNK2FOCZ+nsiJdKYsQxspyQwNIveVPzP6yQQXvspV3ECTNH5ojARGCI8/R73uWYUxNgSQjW3t2I6JJpQsBnlbQje4svLpHlR9tyyd39ZrFSzOHLoGJ2gEvLQFaqgGqqjBqJIomf0it4c7bw4787HvHXFyWaO0B84nz8M2I9A</latexit><latexit sha1_base64="MKXH+oEVXJz/AivN3hIFN5liBig=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEqQtkVQS9CrZceK9gPaZeSTbNtaJJdklmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhALbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRndTv/XEtOGReoBxzHxJBoqHnBKw0mOtBGc3t+dV6BWKbtmdAS8TLyNFlKHeK3x1+xFNJFNABTGm47kx+CnRwKlgk3w3MSwmdEQGrGOpIpIZP50dPMGnVunjMNK2FOCZ+nsiJdKYsQxspyQwNIveVPzP6yQQXvspV3ECTNH5ojARGCI8/R73uWYUxNgSQjW3t2I6JJpQsBnlbQje4svLpHlR9tyyd39ZrFSzOHLoGJ2gEvLQFaqgGqqjBqJIomf0it4c7bw4787HvHXFyWaO0B84nz8M2I9A</latexit>

i
@ 

@t
= Ĥ(t) 

<latexit sha1_base64="YhgdbA62I8wzBSApiUK43rJibDg=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EopsuK9gHdIaSSTNtaOZBckcow/yFG3/FjQtF3OrOvzHTDqKtBwIn59x7k3u8WHAFlvVllFZW19Y3ypuVre2d3T1z/6CjokRS1qaRiGTPI4oJHrI2cBCsF0tGAk+wrje5yf3uPZOKR+EdTGPmBmQUcp9TAloamHXu+JLQ1ImJBE6E01I8+7lhyK6cMQHcrMFpbg3MqlW3ZsDLxC5IFRVoDcxPZxjRJGAhUEGU6ttWDG6aj6eCZRUnUSwmdEJGrK9pSAKm3HS2V4ZPtDLEfiT1CQHP1N8dKQmUmgaergwIjNWil4v/ef0E/Es35WGcAAvp/CE/0etGOA8JD7lkFMRUE0Il13/FdEx0TqCjrOgQ7MWVl0nnrG5bdfv2vNq4LuIooyN0jGrIRheogZqohdqIogf0hF7Qq/FoPBtvxvu8tGQUPYfoD4yPb2OpoAE=</latexit><latexit sha1_base64="YhgdbA62I8wzBSApiUK43rJibDg=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EopsuK9gHdIaSSTNtaOZBckcow/yFG3/FjQtF3OrOvzHTDqKtBwIn59x7k3u8WHAFlvVllFZW19Y3ypuVre2d3T1z/6CjokRS1qaRiGTPI4oJHrI2cBCsF0tGAk+wrje5yf3uPZOKR+EdTGPmBmQUcp9TAloamHXu+JLQ1ImJBE6E01I8+7lhyK6cMQHcrMFpbg3MqlW3ZsDLxC5IFRVoDcxPZxjRJGAhUEGU6ttWDG6aj6eCZRUnUSwmdEJGrK9pSAKm3HS2V4ZPtDLEfiT1CQHP1N8dKQmUmgaergwIjNWil4v/ef0E/Es35WGcAAvp/CE/0etGOA8JD7lkFMRUE0Il13/FdEx0TqCjrOgQ7MWVl0nnrG5bdfv2vNq4LuIooyN0jGrIRheogZqohdqIogf0hF7Qq/FoPBtvxvu8tGQUPYfoD4yPb2OpoAE=</latexit><latexit sha1_base64="YhgdbA62I8wzBSApiUK43rJibDg=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EopsuK9gHdIaSSTNtaOZBckcow/yFG3/FjQtF3OrOvzHTDqKtBwIn59x7k3u8WHAFlvVllFZW19Y3ypuVre2d3T1z/6CjokRS1qaRiGTPI4oJHrI2cBCsF0tGAk+wrje5yf3uPZOKR+EdTGPmBmQUcp9TAloamHXu+JLQ1ImJBE6E01I8+7lhyK6cMQHcrMFpbg3MqlW3ZsDLxC5IFRVoDcxPZxjRJGAhUEGU6ttWDG6aj6eCZRUnUSwmdEJGrK9pSAKm3HS2V4ZPtDLEfiT1CQHP1N8dKQmUmgaergwIjNWil4v/ef0E/Es35WGcAAvp/CE/0etGOA8JD7lkFMRUE0Il13/FdEx0TqCjrOgQ7MWVl0nnrG5bdfv2vNq4LuIooyN0jGrIRheogZqohdqIogf0hF7Qq/FoPBtvxvu8tGQUPYfoD4yPb2OpoAE=</latexit><latexit sha1_base64="YhgdbA62I8wzBSApiUK43rJibDg=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EopsuK9gHdIaSSTNtaOZBckcow/yFG3/FjQtF3OrOvzHTDqKtBwIn59x7k3u8WHAFlvVllFZW19Y3ypuVre2d3T1z/6CjokRS1qaRiGTPI4oJHrI2cBCsF0tGAk+wrje5yf3uPZOKR+EdTGPmBmQUcp9TAloamHXu+JLQ1ImJBE6E01I8+7lhyK6cMQHcrMFpbg3MqlW3ZsDLxC5IFRVoDcxPZxjRJGAhUEGU6ttWDG6aj6eCZRUnUSwmdEJGrK9pSAKm3HS2V4ZPtDLEfiT1CQHP1N8dKQmUmgaergwIjNWil4v/ef0E/Es35WGcAAvp/CE/0etGOA8JD7lkFMRUE0Il13/FdEx0TqCjrOgQ7MWVl0nnrG5bdfv2vNq4LuIooyN0jGrIRheogZqohdqIogf0hF7Qq/FoPBtvxvu8tGQUPYfoD4yPb2OpoAE=</latexit>

 (t ! �1) = |ini,  (t ! +1) = S|ini
<latexit sha1_base64="N8F1onaAJ1cLXHZ8j2kfbS1SxEA="></latexit><latexit sha1_base64="N8F1onaAJ1cLXHZ8j2kfbS1SxEA="></latexit><latexit sha1_base64="N8F1onaAJ1cLXHZ8j2kfbS1SxEA="></latexit><latexit sha1_base64="N8F1onaAJ1cLXHZ8j2kfbS1SxEA="></latexit>

S – scattering matrix = ? Transition probabilities: pi!k = |Sik|2
<latexit sha1_base64="s9QY/nwCMk0jGMbixXwKtwRbCTo=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiuCpJEXQjFN24rGgv0MYwmU7aIZNJmJkIJQ34Km5cKOLW53Dn2zhts9DWHwY+/nMOc87vJ4xKZdvfxtLyyuraemmjvLm1vbNr7u23ZJwKTJo4ZrHo+EgSRjlpKqoY6SSCoMhnpO2H15N6+5EISWN+r0YJcSM04DSgGClteeZh4mW0p2IrzC/Hd5rDfPxQ88yKXbWnshbBKaAChRqe+dXrxziNCFeYISm7jp0oN0NCUcxIXu6lkiQIh2hAuho5ioh0s+n6uXWinb4VxEI/rqyp+3siQ5GUo8jXnRFSQzlfm5j/1bqpCi7cjPIkVYTj2UdByix97iQLq08FwYqNNCAsqN7VwkMkEFY6sbIOwZk/eRFatapjV53bs0r9qoijBEdwDKfgwDnU4QYa0AQMGTzDK7wZT8aL8W58zFqXjGLmAP7I+PwBXNyVug==</latexit><latexit sha1_base64="s9QY/nwCMk0jGMbixXwKtwRbCTo=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiuCpJEXQjFN24rGgv0MYwmU7aIZNJmJkIJQ34Km5cKOLW53Dn2zhts9DWHwY+/nMOc87vJ4xKZdvfxtLyyuraemmjvLm1vbNr7u23ZJwKTJo4ZrHo+EgSRjlpKqoY6SSCoMhnpO2H15N6+5EISWN+r0YJcSM04DSgGClteeZh4mW0p2IrzC/Hd5rDfPxQ88yKXbWnshbBKaAChRqe+dXrxziNCFeYISm7jp0oN0NCUcxIXu6lkiQIh2hAuho5ioh0s+n6uXWinb4VxEI/rqyp+3siQ5GUo8jXnRFSQzlfm5j/1bqpCi7cjPIkVYTj2UdByix97iQLq08FwYqNNCAsqN7VwkMkEFY6sbIOwZk/eRFatapjV53bs0r9qoijBEdwDKfgwDnU4QYa0AQMGTzDK7wZT8aL8W58zFqXjGLmAP7I+PwBXNyVug==</latexit><latexit sha1_base64="s9QY/nwCMk0jGMbixXwKtwRbCTo=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiuCpJEXQjFN24rGgv0MYwmU7aIZNJmJkIJQ34Km5cKOLW53Dn2zhts9DWHwY+/nMOc87vJ4xKZdvfxtLyyuraemmjvLm1vbNr7u23ZJwKTJo4ZrHo+EgSRjlpKqoY6SSCoMhnpO2H15N6+5EISWN+r0YJcSM04DSgGClteeZh4mW0p2IrzC/Hd5rDfPxQ88yKXbWnshbBKaAChRqe+dXrxziNCFeYISm7jp0oN0NCUcxIXu6lkiQIh2hAuho5ioh0s+n6uXWinb4VxEI/rqyp+3siQ5GUo8jXnRFSQzlfm5j/1bqpCi7cjPIkVYTj2UdByix97iQLq08FwYqNNCAsqN7VwkMkEFY6sbIOwZk/eRFatapjV53bs0r9qoijBEdwDKfgwDnU4QYa0AQMGTzDK7wZT8aL8W58zFqXjGLmAP7I+PwBXNyVug==</latexit><latexit sha1_base64="s9QY/nwCMk0jGMbixXwKtwRbCTo=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiuCpJEXQjFN24rGgv0MYwmU7aIZNJmJkIJQ34Km5cKOLW53Dn2zhts9DWHwY+/nMOc87vJ4xKZdvfxtLyyuraemmjvLm1vbNr7u23ZJwKTJo4ZrHo+EgSRjlpKqoY6SSCoMhnpO2H15N6+5EISWN+r0YJcSM04DSgGClteeZh4mW0p2IrzC/Hd5rDfPxQ88yKXbWnshbBKaAChRqe+dXrxziNCFeYISm7jp0oN0NCUcxIXu6lkiQIh2hAuho5ioh0s+n6uXWinb4VxEI/rqyp+3siQ5GUo8jXnRFSQzlfm5j/1bqpCi7cjPIkVYTj2UdByix97iQLq08FwYqNNCAsqN7VwkMkEFY6sbIOwZk/eRFatapjV53bs0r9qoijBEdwDKfgwDnU4QYa0AQMGTzDK7wZT8aL8W58zFqXjGLmAP7I+PwBXNyVug==</latexit>

B – diagonal (diabatic basis), TrB = 0
<latexit sha1_base64="hNwgDpac4Ii9oC+2kPudzifRLM4="></latexit><latexit sha1_base64="hNwgDpac4Ii9oC+2kPudzifRLM4="></latexit><latexit sha1_base64="hNwgDpac4Ii9oC+2kPudzifRLM4="></latexit><latexit sha1_base64="hNwgDpac4Ii9oC+2kPudzifRLM4="></latexit>

N = 2
<latexit sha1_base64="1IEaO9eumOm5B0ixIgn2gW0SYXM=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXiSivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6387K6tr6xmZhq7i9s7u3Xzo4bJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XEtRGxesRxwv2IDpQIBaNopYe7q2qvVHYr7gxkmXg5KUOOeq/01e3HLI24QiapMR3PTdDPqEbBJJ8Uu6nhCWUjOuAdSxWNuPGz2akTcmqVPgljbUshmam/JzIaGTOOAtsZURyaRW8q/ud1Ugwv/UyoJEWu2HxRmEqCMZn+TfpCc4ZybAllWthbCRtSTRnadIo2BG/x5WXSrFY8t+Ldn5dr13kcBTiGEzgDDy6gBrdQhwYwGMAzvMKbI50X5935mLeuOPnMEfyB8/kDmX+NVQ==</latexit><latexit sha1_base64="1IEaO9eumOm5B0ixIgn2gW0SYXM=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXiSivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6387K6tr6xmZhq7i9s7u3Xzo4bJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XEtRGxesRxwv2IDpQIBaNopYe7q2qvVHYr7gxkmXg5KUOOeq/01e3HLI24QiapMR3PTdDPqEbBJJ8Uu6nhCWUjOuAdSxWNuPGz2akTcmqVPgljbUshmam/JzIaGTOOAtsZURyaRW8q/ud1Ugwv/UyoJEWu2HxRmEqCMZn+TfpCc4ZybAllWthbCRtSTRnadIo2BG/x5WXSrFY8t+Ldn5dr13kcBTiGEzgDDy6gBrdQhwYwGMAzvMKbI50X5935mLeuOPnMEfyB8/kDmX+NVQ==</latexit><latexit sha1_base64="1IEaO9eumOm5B0ixIgn2gW0SYXM=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXiSivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6387K6tr6xmZhq7i9s7u3Xzo4bJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XEtRGxesRxwv2IDpQIBaNopYe7q2qvVHYr7gxkmXg5KUOOeq/01e3HLI24QiapMR3PTdDPqEbBJJ8Uu6nhCWUjOuAdSxWNuPGz2akTcmqVPgljbUshmam/JzIaGTOOAtsZURyaRW8q/ud1Ugwv/UyoJEWu2HxRmEqCMZn+TfpCc4ZybAllWthbCRtSTRnadIo2BG/x5WXSrFY8t+Ldn5dr13kcBTiGEzgDDy6gBrdQhwYwGMAzvMKbI50X5935mLeuOPnMEfyB8/kDmX+NVQ==</latexit><latexit sha1_base64="1IEaO9eumOm5B0ixIgn2gW0SYXM=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXiSivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6387K6tr6xmZhq7i9s7u3Xzo4bJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XEtRGxesRxwv2IDpQIBaNopYe7q2qvVHYr7gxkmXg5KUOOeq/01e3HLI24QiapMR3PTdDPqEbBJJ8Uu6nhCWUjOuAdSxWNuPGz2akTcmqVPgljbUshmam/JzIaGTOOAtsZURyaRW8q/ud1Ugwv/UyoJEWu2HxRmEqCMZn+TfpCc4ZybAllWthbCRtSTRnadIo2BG/x5WXSrFY8t+Ldn5dr13kcBTiGEzgDDy6gBrdQhwYwGMAzvMKbI50X5935mLeuOPnMEfyB8/kDmX+NVQ==</latexit>

Landau, Zener, Majorana, Stuckelberg (1932)

H(t) =

✓
0 g/2

g/2 0

◆
+

✓
�/2 0
0 ��/2

◆
t

<latexit sha1_base64="n9dmbb//BOXvMvsljnGyeX1/hjs="></latexit><latexit sha1_base64="n9dmbb//BOXvMvsljnGyeX1/hjs="></latexit><latexit sha1_base64="n9dmbb//BOXvMvsljnGyeX1/hjs="></latexit><latexit sha1_base64="n9dmbb//BOXvMvsljnGyeX1/hjs="></latexit>

 (t) – solution in terms of parabolic cylinder functions
<latexit sha1_base64="CVq2ZD2zQnCNg6kNJ6lj1yEFWLI="></latexit><latexit sha1_base64="CVq2ZD2zQnCNg6kNJ6lj1yEFWLI="></latexit><latexit sha1_base64="CVq2ZD2zQnCNg6kNJ6lj1yEFWLI="></latexit><latexit sha1_base64="CVq2ZD2zQnCNg6kNJ6lj1yEFWLI="></latexit>

Survival probability 
(Landau-Zener formula):

p0!0 = 1� e�
⇡g2

� ! 1 as � ! 0
<latexit sha1_base64="Mq2sUqkK2S0ltHQ1a+ojZ2VMseo="></latexit><latexit sha1_base64="Mq2sUqkK2S0ltHQ1a+ojZ2VMseo="></latexit><latexit sha1_base64="Mq2sUqkK2S0ltHQ1a+ojZ2VMseo="></latexit><latexit sha1_base64="Mq2sUqkK2S0ltHQ1a+ojZ2VMseo="></latexit>

(adiabaticity)



Multi-level Landau-Zener problem

A,B – N ⇥N time-independent Hermitian matrices
<latexit sha1_base64="0suiNQUF0HtwzHSAg0dlBRVD7S0="></latexit><latexit sha1_base64="0suiNQUF0HtwzHSAg0dlBRVD7S0="></latexit><latexit sha1_base64="0suiNQUF0HtwzHSAg0dlBRVD7S0="></latexit><latexit sha1_base64="0suiNQUF0HtwzHSAg0dlBRVD7S0="></latexit>

H(t) = A+Bt
<latexit sha1_base64="MKXH+oEVXJz/AivN3hIFN5liBig=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEqQtkVQS9CrZceK9gPaZeSTbNtaJJdklmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhALbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRndTv/XEtOGReoBxzHxJBoqHnBKw0mOtBGc3t+dV6BWKbtmdAS8TLyNFlKHeK3x1+xFNJFNABTGm47kx+CnRwKlgk3w3MSwmdEQGrGOpIpIZP50dPMGnVunjMNK2FOCZ+nsiJdKYsQxspyQwNIveVPzP6yQQXvspV3ECTNH5ojARGCI8/R73uWYUxNgSQjW3t2I6JJpQsBnlbQje4svLpHlR9tyyd39ZrFSzOHLoGJ2gEvLQFaqgGqqjBqJIomf0it4c7bw4787HvHXFyWaO0B84nz8M2I9A</latexit><latexit sha1_base64="MKXH+oEVXJz/AivN3hIFN5liBig=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEqQtkVQS9CrZceK9gPaZeSTbNtaJJdklmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhALbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRndTv/XEtOGReoBxzHxJBoqHnBKw0mOtBGc3t+dV6BWKbtmdAS8TLyNFlKHeK3x1+xFNJFNABTGm47kx+CnRwKlgk3w3MSwmdEQGrGOpIpIZP50dPMGnVunjMNK2FOCZ+nsiJdKYsQxspyQwNIveVPzP6yQQXvspV3ECTNH5ojARGCI8/R73uWYUxNgSQjW3t2I6JJpQsBnlbQje4svLpHlR9tyyd39ZrFSzOHLoGJ2gEvLQFaqgGqqjBqJIomf0it4c7bw4787HvHXFyWaO0B84nz8M2I9A</latexit><latexit sha1_base64="MKXH+oEVXJz/AivN3hIFN5liBig=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEqQtkVQS9CrZceK9gPaZeSTbNtaJJdklmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhALbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRndTv/XEtOGReoBxzHxJBoqHnBKw0mOtBGc3t+dV6BWKbtmdAS8TLyNFlKHeK3x1+xFNJFNABTGm47kx+CnRwKlgk3w3MSwmdEQGrGOpIpIZP50dPMGnVunjMNK2FOCZ+nsiJdKYsQxspyQwNIveVPzP6yQQXvspV3ECTNH5ojARGCI8/R73uWYUxNgSQjW3t2I6JJpQsBnlbQje4svLpHlR9tyyd39ZrFSzOHLoGJ2gEvLQFaqgGqqjBqJIomf0it4c7bw4787HvHXFyWaO0B84nz8M2I9A</latexit><latexit sha1_base64="MKXH+oEVXJz/AivN3hIFN5liBig=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEqQtkVQS9CrZceK9gPaZeSTbNtaJJdklmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhALbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRndTv/XEtOGReoBxzHxJBoqHnBKw0mOtBGc3t+dV6BWKbtmdAS8TLyNFlKHeK3x1+xFNJFNABTGm47kx+CnRwKlgk3w3MSwmdEQGrGOpIpIZP50dPMGnVunjMNK2FOCZ+nsiJdKYsQxspyQwNIveVPzP6yQQXvspV3ECTNH5ojARGCI8/R73uWYUxNgSQjW3t2I6JJpQsBnlbQje4svLpHlR9tyyd39ZrFSzOHLoGJ2gEvLQFaqgGqqjBqJIomf0it4c7bw4787HvHXFyWaO0B84nz8M2I9A</latexit>

i
@ 

@t
= Ĥ(t) 

<latexit sha1_base64="YhgdbA62I8wzBSApiUK43rJibDg=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EopsuK9gHdIaSSTNtaOZBckcow/yFG3/FjQtF3OrOvzHTDqKtBwIn59x7k3u8WHAFlvVllFZW19Y3ypuVre2d3T1z/6CjokRS1qaRiGTPI4oJHrI2cBCsF0tGAk+wrje5yf3uPZOKR+EdTGPmBmQUcp9TAloamHXu+JLQ1ImJBE6E01I8+7lhyK6cMQHcrMFpbg3MqlW3ZsDLxC5IFRVoDcxPZxjRJGAhUEGU6ttWDG6aj6eCZRUnUSwmdEJGrK9pSAKm3HS2V4ZPtDLEfiT1CQHP1N8dKQmUmgaergwIjNWil4v/ef0E/Es35WGcAAvp/CE/0etGOA8JD7lkFMRUE0Il13/FdEx0TqCjrOgQ7MWVl0nnrG5bdfv2vNq4LuIooyN0jGrIRheogZqohdqIogf0hF7Qq/FoPBtvxvu8tGQUPYfoD4yPb2OpoAE=</latexit><latexit sha1_base64="YhgdbA62I8wzBSApiUK43rJibDg=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EopsuK9gHdIaSSTNtaOZBckcow/yFG3/FjQtF3OrOvzHTDqKtBwIn59x7k3u8WHAFlvVllFZW19Y3ypuVre2d3T1z/6CjokRS1qaRiGTPI4oJHrI2cBCsF0tGAk+wrje5yf3uPZOKR+EdTGPmBmQUcp9TAloamHXu+JLQ1ImJBE6E01I8+7lhyK6cMQHcrMFpbg3MqlW3ZsDLxC5IFRVoDcxPZxjRJGAhUEGU6ttWDG6aj6eCZRUnUSwmdEJGrK9pSAKm3HS2V4ZPtDLEfiT1CQHP1N8dKQmUmgaergwIjNWil4v/ef0E/Es35WGcAAvp/CE/0etGOA8JD7lkFMRUE0Il13/FdEx0TqCjrOgQ7MWVl0nnrG5bdfv2vNq4LuIooyN0jGrIRheogZqohdqIogf0hF7Qq/FoPBtvxvu8tGQUPYfoD4yPb2OpoAE=</latexit><latexit sha1_base64="YhgdbA62I8wzBSApiUK43rJibDg=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EopsuK9gHdIaSSTNtaOZBckcow/yFG3/FjQtF3OrOvzHTDqKtBwIn59x7k3u8WHAFlvVllFZW19Y3ypuVre2d3T1z/6CjokRS1qaRiGTPI4oJHrI2cBCsF0tGAk+wrje5yf3uPZOKR+EdTGPmBmQUcp9TAloamHXu+JLQ1ImJBE6E01I8+7lhyK6cMQHcrMFpbg3MqlW3ZsDLxC5IFRVoDcxPZxjRJGAhUEGU6ttWDG6aj6eCZRUnUSwmdEJGrK9pSAKm3HS2V4ZPtDLEfiT1CQHP1N8dKQmUmgaergwIjNWil4v/ef0E/Es35WGcAAvp/CE/0etGOA8JD7lkFMRUE0Il13/FdEx0TqCjrOgQ7MWVl0nnrG5bdfv2vNq4LuIooyN0jGrIRheogZqohdqIogf0hF7Qq/FoPBtvxvu8tGQUPYfoD4yPb2OpoAE=</latexit><latexit sha1_base64="YhgdbA62I8wzBSApiUK43rJibDg=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EopsuK9gHdIaSSTNtaOZBckcow/yFG3/FjQtF3OrOvzHTDqKtBwIn59x7k3u8WHAFlvVllFZW19Y3ypuVre2d3T1z/6CjokRS1qaRiGTPI4oJHrI2cBCsF0tGAk+wrje5yf3uPZOKR+EdTGPmBmQUcp9TAloamHXu+JLQ1ImJBE6E01I8+7lhyK6cMQHcrMFpbg3MqlW3ZsDLxC5IFRVoDcxPZxjRJGAhUEGU6ttWDG6aj6eCZRUnUSwmdEJGrK9pSAKm3HS2V4ZPtDLEfiT1CQHP1N8dKQmUmgaergwIjNWil4v/ef0E/Es35WGcAAvp/CE/0etGOA8JD7lkFMRUE0Il13/FdEx0TqCjrOgQ7MWVl0nnrG5bdfv2vNq4LuIooyN0jGrIRheogZqohdqIogf0hF7Qq/FoPBtvxvu8tGQUPYfoD4yPb2OpoAE=</latexit>

 (t ! �1) = |ini,  (t ! +1) = S|ini
<latexit sha1_base64="N8F1onaAJ1cLXHZ8j2kfbS1SxEA="></latexit><latexit sha1_base64="N8F1onaAJ1cLXHZ8j2kfbS1SxEA="></latexit><latexit sha1_base64="N8F1onaAJ1cLXHZ8j2kfbS1SxEA="></latexit><latexit sha1_base64="N8F1onaAJ1cLXHZ8j2kfbS1SxEA="></latexit>

S – scattering matrix = ? Transition probabilities: pi!k = |Sik|2
<latexit sha1_base64="s9QY/nwCMk0jGMbixXwKtwRbCTo=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiuCpJEXQjFN24rGgv0MYwmU7aIZNJmJkIJQ34Km5cKOLW53Dn2zhts9DWHwY+/nMOc87vJ4xKZdvfxtLyyuraemmjvLm1vbNr7u23ZJwKTJo4ZrHo+EgSRjlpKqoY6SSCoMhnpO2H15N6+5EISWN+r0YJcSM04DSgGClteeZh4mW0p2IrzC/Hd5rDfPxQ88yKXbWnshbBKaAChRqe+dXrxziNCFeYISm7jp0oN0NCUcxIXu6lkiQIh2hAuho5ioh0s+n6uXWinb4VxEI/rqyp+3siQ5GUo8jXnRFSQzlfm5j/1bqpCi7cjPIkVYTj2UdByix97iQLq08FwYqNNCAsqN7VwkMkEFY6sbIOwZk/eRFatapjV53bs0r9qoijBEdwDKfgwDnU4QYa0AQMGTzDK7wZT8aL8W58zFqXjGLmAP7I+PwBXNyVug==</latexit><latexit sha1_base64="s9QY/nwCMk0jGMbixXwKtwRbCTo=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiuCpJEXQjFN24rGgv0MYwmU7aIZNJmJkIJQ34Km5cKOLW53Dn2zhts9DWHwY+/nMOc87vJ4xKZdvfxtLyyuraemmjvLm1vbNr7u23ZJwKTJo4ZrHo+EgSRjlpKqoY6SSCoMhnpO2H15N6+5EISWN+r0YJcSM04DSgGClteeZh4mW0p2IrzC/Hd5rDfPxQ88yKXbWnshbBKaAChRqe+dXrxziNCFeYISm7jp0oN0NCUcxIXu6lkiQIh2hAuho5ioh0s+n6uXWinb4VxEI/rqyp+3siQ5GUo8jXnRFSQzlfm5j/1bqpCi7cjPIkVYTj2UdByix97iQLq08FwYqNNCAsqN7VwkMkEFY6sbIOwZk/eRFatapjV53bs0r9qoijBEdwDKfgwDnU4QYa0AQMGTzDK7wZT8aL8W58zFqXjGLmAP7I+PwBXNyVug==</latexit><latexit sha1_base64="s9QY/nwCMk0jGMbixXwKtwRbCTo=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiuCpJEXQjFN24rGgv0MYwmU7aIZNJmJkIJQ34Km5cKOLW53Dn2zhts9DWHwY+/nMOc87vJ4xKZdvfxtLyyuraemmjvLm1vbNr7u23ZJwKTJo4ZrHo+EgSRjlpKqoY6SSCoMhnpO2H15N6+5EISWN+r0YJcSM04DSgGClteeZh4mW0p2IrzC/Hd5rDfPxQ88yKXbWnshbBKaAChRqe+dXrxziNCFeYISm7jp0oN0NCUcxIXu6lkiQIh2hAuho5ioh0s+n6uXWinb4VxEI/rqyp+3siQ5GUo8jXnRFSQzlfm5j/1bqpCi7cjPIkVYTj2UdByix97iQLq08FwYqNNCAsqN7VwkMkEFY6sbIOwZk/eRFatapjV53bs0r9qoijBEdwDKfgwDnU4QYa0AQMGTzDK7wZT8aL8W58zFqXjGLmAP7I+PwBXNyVug==</latexit><latexit sha1_base64="s9QY/nwCMk0jGMbixXwKtwRbCTo=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiuCpJEXQjFN24rGgv0MYwmU7aIZNJmJkIJQ34Km5cKOLW53Dn2zhts9DWHwY+/nMOc87vJ4xKZdvfxtLyyuraemmjvLm1vbNr7u23ZJwKTJo4ZrHo+EgSRjlpKqoY6SSCoMhnpO2H15N6+5EISWN+r0YJcSM04DSgGClteeZh4mW0p2IrzC/Hd5rDfPxQ88yKXbWnshbBKaAChRqe+dXrxziNCFeYISm7jp0oN0NCUcxIXu6lkiQIh2hAuho5ioh0s+n6uXWinb4VxEI/rqyp+3siQ5GUo8jXnRFSQzlfm5j/1bqpCi7cjPIkVYTj2UdByix97iQLq08FwYqNNCAsqN7VwkMkEFY6sbIOwZk/eRFatapjV53bs0r9qoijBEdwDKfgwDnU4QYa0AQMGTzDK7wZT8aL8W58zFqXjGLmAP7I+PwBXNyVug==</latexit>

N > 2  No general solution, only certain special cases 

Q: For which                           is the multi-level Landau-Zener exactly solvable?         
What is the solution?

H(t) = A+Bt
<latexit sha1_base64="MKXH+oEVXJz/AivN3hIFN5liBig=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEqQtkVQS9CrZceK9gPaZeSTbNtaJJdklmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhALbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRndTv/XEtOGReoBxzHxJBoqHnBKw0mOtBGc3t+dV6BWKbtmdAS8TLyNFlKHeK3x1+xFNJFNABTGm47kx+CnRwKlgk3w3MSwmdEQGrGOpIpIZP50dPMGnVunjMNK2FOCZ+nsiJdKYsQxspyQwNIveVPzP6yQQXvspV3ECTNH5ojARGCI8/R73uWYUxNgSQjW3t2I6JJpQsBnlbQje4svLpHlR9tyyd39ZrFSzOHLoGJ2gEvLQFaqgGqqjBqJIomf0it4c7bw4787HvHXFyWaO0B84nz8M2I9A</latexit><latexit sha1_base64="MKXH+oEVXJz/AivN3hIFN5liBig=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEqQtkVQS9CrZceK9gPaZeSTbNtaJJdklmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhALbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRndTv/XEtOGReoBxzHxJBoqHnBKw0mOtBGc3t+dV6BWKbtmdAS8TLyNFlKHeK3x1+xFNJFNABTGm47kx+CnRwKlgk3w3MSwmdEQGrGOpIpIZP50dPMGnVunjMNK2FOCZ+nsiJdKYsQxspyQwNIveVPzP6yQQXvspV3ECTNH5ojARGCI8/R73uWYUxNgSQjW3t2I6JJpQsBnlbQje4svLpHlR9tyyd39ZrFSzOHLoGJ2gEvLQFaqgGqqjBqJIomf0it4c7bw4787HvHXFyWaO0B84nz8M2I9A</latexit><latexit sha1_base64="MKXH+oEVXJz/AivN3hIFN5liBig=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEqQtkVQS9CrZceK9gPaZeSTbNtaJJdklmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhALbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRndTv/XEtOGReoBxzHxJBoqHnBKw0mOtBGc3t+dV6BWKbtmdAS8TLyNFlKHeK3x1+xFNJFNABTGm47kx+CnRwKlgk3w3MSwmdEQGrGOpIpIZP50dPMGnVunjMNK2FOCZ+nsiJdKYsQxspyQwNIveVPzP6yQQXvspV3ECTNH5ojARGCI8/R73uWYUxNgSQjW3t2I6JJpQsBnlbQje4svLpHlR9tyyd39ZrFSzOHLoGJ2gEvLQFaqgGqqjBqJIomf0it4c7bw4787HvHXFyWaO0B84nz8M2I9A</latexit><latexit sha1_base64="MKXH+oEVXJz/AivN3hIFN5liBig=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEqQtkVQS9CrZceK9gPaZeSTbNtaJJdklmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhALbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRndTv/XEtOGReoBxzHxJBoqHnBKw0mOtBGc3t+dV6BWKbtmdAS8TLyNFlKHeK3x1+xFNJFNABTGm47kx+CnRwKlgk3w3MSwmdEQGrGOpIpIZP50dPMGnVunjMNK2FOCZ+nsiJdKYsQxspyQwNIveVPzP6yQQXvspV3ECTNH5ojARGCI8/R73uWYUxNgSQjW3t2I6JJpQsBnlbQje4svLpHlR9tyyd39ZrFSzOHLoGJ2gEvLQFaqgGqqjBqJIomf0it4c7bw4787HvHXFyWaO0B84nz8M2I9A</latexit>

Solvable: pi!k = felem(Aij , Bij)
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Exactly Solvable Multi-level Landau-Zener models
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B. Three irreducible exactly solvable MLZ problems since 1932 

Exactly Solvable Multi-level Landau-Zener models

1. Demkov-Osherov model Soviet Phys. JETP (1968)

2. Bow-tie model Ostrovsky & Nakamura, J. Phys. A  (1997)

3. Inhomogeneous Dicke model             Sinitsyn, Yuzbashyan, Chernyak, Patra & Sun, PRL (2018)
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Exactly Solvable Multi-level Landau-Zener models

Q: What is special about these models? What sets them apart from any other 
Hamiltonian linear in time? H(t) = A+Bt
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identify u = t or u = bt in the equal slope model. For generic T and V , e.g. two randomly generated such matrices, the only
Hermitian matrix similarly linear in u that commutes with H(u) is (a + bu)1 + cH(u), where a, b and c are real numbers and
1 is the identity matrix. We identify this as the trivial commuting partner. It turns out that the requirement that H(u) has a
nontrivial commuting partner is a very restrictive one, so that the set of H(u) with at least one such nontrivial integral of motion
is of measure zero among Hermitian matrices of the form T + uV .

A Hamiltonian matrix H(u) = T + uV is said [17, 19] to belong to a linear family of integrable matrices if it has n �
1 nontrivial partners linear in u that commute with H(u) and each other and, in addition, have no common u-independent
symmetry. The last condition means that there is no Hermitian u-independent matrix that commutes with H(u) and all its
integrals of motion. Whenever common u-independent symmetries are present, the Hamiltonian and its commuting partners can
be simultaneously block-diagonalized resulting in a commuting set of smaller matrices until all such symmetry is exhausted.
This definition naturally leads to a classification of linear integrable matrices according to the number n of nontrivial integrals.
It turns out that the maximum possible number is n = N � 2, so n ranges from 1 to N � 2 and the 2 ⇥ 2 case is trivial as we
already commented above.

Remarkably, from this definition alone all linear integrable models with n = N � 2, N � 3, N � 4 as well as a certain class
of models with any other allowed number of nontrivial commuting partners were constructed explicitly in [17, 19]. Moreover,
all these models turn out to be exactly solvable and exhibit Poisson level statistics and energy level crossings, even when there
is only a single commuting partner. We believe this justifies the name “integrable” at least for these models even when there are
only a few integrals. Apparently fixing the parameter dependence in the Hamiltonian and its commuting partners has powerful
consequences.

As an example relevant to the present paper, consider the maximal family of commuting matrices linear in u, i.e. n = N � 2.
Counting the Hamiltonian itself and the identity matrix, these are N mutually commuting N ⇥N matrices of the form Hi(u) =
Ti + uVi, i.e. [Hi(u), Hj(u)] = 0 for all i, j, and u. In the shared eigenbasis of Vi any maximal family can be explicitly
parametrized as follows [17]

[Hi(u)]ij =
�i�j

"i � "j
, i 6= j,

[Hi(u)]jj = � �
2
i

"i � "j
, i 6= j,

[Hi(u)]ii = u�
X

j 6=i

�
2
j

"i � "j
,

(9)

where �i, and "i are arbitrary real parameters. The above matrix can also be written in the bra-ket notation as follows:

Hi(u) = u1 +
X

j 6=i

�i�j |iihj|+ �i�j |jihi|� �
2
j |iihi|� �

2
i |jihj|

"i � "j
. (10)

There is a certain “gauge freedom” in the choice of the parameters. In particular, we can factor out an overall scale in �i and
apply a constant shift to all "i, e.g. we can set one of the �i to 1 and one of the "i to 0. A general Hamiltonian that is a member
of this commuting family is an arbitrary linear combination, H(u) =

PN
i=1 diHi(u).

The above notion of an integrable matrix naturally generalizes to include commuting partners with a polynomial dependence
on the parameter. In the present paper we call an N ⇥N Hermitian H(u) = T + uV integrable if it has at least one nontrivial
Hermitian commuting partner I(u) that is a matrix polynomial in the real parameter u of order p  N � 2 and if H(u) and I(u)
have no common u-independent symmetry. As already mentioned above, nontriviality means that I(u) cannot be expressed in
terms of powers of H(u) no higher then p, i.e. I(u) 6=

Pp
k=0 ck(u)H

k(u), where ck(u) are scalar polynomial functions of u.
The restriction on the order of I(u) stems from the observation that as long as the matrix V is nondegenerate, commuting

partners of order in u higher then N � 2 are either trivial or reduce to lower order polynomials. Let us demonstrate this in the
3 ⇥ 3 case. The statement in this case is that a quadratic commuting matrix I(u) = eT + ueV + u

2
Q is either trivial or reduces

to a linear one. Indeed, [I(u), H(u)] = 0 implies [Q, V ] = [Q, V
2] = 0, i.e. we can simultaneously diagonalize Q, V , and V

2.
There are at most three linearly independent diagonal 3⇥ 3 matrices and 1, V , and V

2 are a complete set if V is nondegenerate.
It follows that Q = ↵V

2 + �V + �1, where ↵,�, � are real numbers. Now consider I 0(u) = I(u)� ↵[H(u)]2 � �H(u)� �1.
By construction the quadratic dependence cancels out in I

0(u), so it is linear in u and commutes with H(u) thus proving our
statement. Similarly, in the general N ⇥ N case commuting matrices of order N � 1 or higher in u reduce to those of order
N � 2 or lower. The restriction on the order in u in our definition of a nontrivial integral eliminates this redundancy. Thus, a
nontrivial commuting partner of degree p can exist only for dimensions (p + 2) ⇥ (p + 2) and higher. In particular, the 2 ⇥ 2
case is trivial and in 3⇥ 3 one can have at most linear in u integrals.

Nontrivial: eH(t) 6= ↵H(t) + (� + �t)
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symmetry. The last condition means that there is no Hermitian u-independent matrix that commutes with H(u) and all its
integrals of motion. Whenever common u-independent symmetries are present, the Hamiltonian and its commuting partners can
be simultaneously block-diagonalized resulting in a commuting set of smaller matrices until all such symmetry is exhausted.
This definition naturally leads to a classification of linear integrable matrices according to the number n of nontrivial integrals.
It turns out that the maximum possible number is n = N � 2, so n ranges from 1 to N � 2 and the 2 ⇥ 2 case is trivial as we
already commented above.

Remarkably, from this definition alone all linear integrable models with n = N � 2, N � 3, N � 4 as well as a certain class
of models with any other allowed number of nontrivial commuting partners were constructed explicitly in [17, 19]. Moreover,
all these models turn out to be exactly solvable and exhibit Poisson level statistics and energy level crossings, even when there
is only a single commuting partner. We believe this justifies the name “integrable” at least for these models even when there are
only a few integrals. Apparently fixing the parameter dependence in the Hamiltonian and its commuting partners has powerful
consequences.

As an example relevant to the present paper, consider the maximal family of commuting matrices linear in u, i.e. n = N � 2.
Counting the Hamiltonian itself and the identity matrix, these are N mutually commuting N ⇥N matrices of the form Hi(u) =
Ti + uVi, i.e. [Hi(u), Hj(u)] = 0 for all i, j, and u. In the shared eigenbasis of Vi any maximal family can be explicitly
parametrized as follows [17]

[Hi(u)]ij =
�i�j

"i � "j
, i 6= j,

[Hi(u)]jj = � �
2
i

"i � "j
, i 6= j,

[Hi(u)]ii = u�
X

j 6=i

�
2
j

"i � "j
,

(9)

where �i, and "i are arbitrary real parameters. The above matrix can also be written in the bra-ket notation as follows:

Hi(u) = u1 +
X

j 6=i

�i�j |iihj|+ �i�j |jihi|� �
2
j |iihi|� �

2
i |jihj|

"i � "j
. (10)

There is a certain “gauge freedom” in the choice of the parameters. In particular, we can factor out an overall scale in �i and
apply a constant shift to all "i, e.g. we can set one of the �i to 1 and one of the "i to 0. A general Hamiltonian that is a member
of this commuting family is an arbitrary linear combination, H(u) =

PN
i=1 diHi(u).

The above notion of an integrable matrix naturally generalizes to include commuting partners with a polynomial dependence
on the parameter. In the present paper we call an N ⇥N Hermitian H(u) = T + uV integrable if it has at least one nontrivial
Hermitian commuting partner I(u) that is a matrix polynomial in the real parameter u of order p  N � 2 and if H(u) and I(u)
have no common u-independent symmetry. As already mentioned above, nontriviality means that I(u) cannot be expressed in
terms of powers of H(u) no higher then p, i.e. I(u) 6=

Pp
k=0 ck(u)H

k(u), where ck(u) are scalar polynomial functions of u.
The restriction on the order of I(u) stems from the observation that as long as the matrix V is nondegenerate, commuting

partners of order in u higher then N � 2 are either trivial or reduce to lower order polynomials. Let us demonstrate this in the
3 ⇥ 3 case. The statement in this case is that a quadratic commuting matrix I(u) = eT + ueV + u

2
Q is either trivial or reduces

to a linear one. Indeed, [I(u), H(u)] = 0 implies [Q, V ] = [Q, V
2] = 0, i.e. we can simultaneously diagonalize Q, V , and V

2.
There are at most three linearly independent diagonal 3⇥ 3 matrices and 1, V , and V

2 are a complete set if V is nondegenerate.
It follows that Q = ↵V

2 + �V + �1, where ↵,�, � are real numbers. Now consider I 0(u) = I(u)� ↵[H(u)]2 � �H(u)� �1.
By construction the quadratic dependence cancels out in I

0(u), so it is linear in u and commutes with H(u) thus proving our
statement. Similarly, in the general N ⇥ N case commuting matrices of order N � 1 or higher in u reduce to those of order
N � 2 or lower. The restriction on the order in u in our definition of a nontrivial integral eliminates this redundancy. Thus, a
nontrivial commuting partner of degree p can exist only for dimensions (p + 2) ⇥ (p + 2) and higher. In particular, the 2 ⇥ 2
case is trivial and in 3⇥ 3 one can have at most linear in u integrals.

Nontrivial: eH(t) 6= ↵H(t) + (� + �t)
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For simplicity, let eC = 0 (Demkov-Osherov, Dicke), i.e. eH(t) = eA+ eBt
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Typical H(t) = A+Bt @ nontrivial eH(t) = eA+ eBt
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ü Matrices that have nontrivial commuting partners are measure zero in the space of Hermitian 
matrices linear in t

ü Have all hallmarks of Bethe Ansatz-solvable models (level crossings, Poisson level statistics, 
exact solution). We therefore proposed to call such matrices integrable.                                                

[Owusu, Wagh & Yuzbashyan (2009), Owusu & Yuzbashyan (2011), Yuzbashyan & Shastry (2013)]

Patra & Yuzbashyan (2015)



Exactly Solvable Multi-level Landau-Zener models

Q: What is special about these models? What sets them apart from any other 
Hamiltonian linear in time? H(t) = A+Bt
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A,B – N ⇥N time-independent Hermitian matrices
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A: They are “Quantum integrable” matrices – have nontrivial commuting partners

Example: inhomogeneous Dicke model

Ĥ(t) =
X

k,�

"kĉ
†
k� ĉk� � (⌫t)n̂b + g

X

k

⇣
b̂
†
ĉ�k#ĉk" + b̂ĉ

†
k"ĉ

†
�k#

⌘
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Anderson pseudospins: szk ⌘ 1

2

h
c†k"ck" + c†�k#c�k# � 1

i
, s�k ⌘ c�k#ck", s+k ⌘ c†k"c

†
�k#
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Q: What is special about these models? What sets them apart from any other 
Hamiltonian linear in time? H(t) = A+Bt
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A,B – N ⇥N time-independent Hermitian matrices
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A: They are “Quantum integrable” matrices – have nontrivial commuting partners

Example: inhomogeneous Dicke model
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Anderson pseudospins:

[Ĥ(t), Ĥk(t)] = [Ĥk(t), Ĥp(t)] = 0, 8t,k,p
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+
k ) + 2g2

X
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"k � "p

<latexit sha1_base64="I/qbVB7g2iURjPVMCZgRjP/Fve4="></latexit><latexit sha1_base64="I/qbVB7g2iURjPVMCZgRjP/Fve4="></latexit><latexit sha1_base64="I/qbVB7g2iURjPVMCZgRjP/Fve4="></latexit><latexit sha1_base64="I/qbVB7g2iURjPVMCZgRjP/Fve4="></latexit>



Exactly Solvable Multi-level Landau-Zener models

Q: What is special about these models? What sets them apart from any other 
Hamiltonian linear in time? H(t) = A+Bt

<latexit sha1_base64="MKXH+oEVXJz/AivN3hIFN5liBig=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEqQtkVQS9CrZceK9gPaZeSTbNtaJJdklmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhALbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRndTv/XEtOGReoBxzHxJBoqHnBKw0mOtBGc3t+dV6BWKbtmdAS8TLyNFlKHeK3x1+xFNJFNABTGm47kx+CnRwKlgk3w3MSwmdEQGrGOpIpIZP50dPMGnVunjMNK2FOCZ+nsiJdKYsQxspyQwNIveVPzP6yQQXvspV3ECTNH5ojARGCI8/R73uWYUxNgSQjW3t2I6JJpQsBnlbQje4svLpHlR9tyyd39ZrFSzOHLoGJ2gEvLQFaqgGqqjBqJIomf0it4c7bw4787HvHXFyWaO0B84nz8M2I9A</latexit><latexit sha1_base64="MKXH+oEVXJz/AivN3hIFN5liBig=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEqQtkVQS9CrZceK9gPaZeSTbNtaJJdklmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhALbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRndTv/XEtOGReoBxzHxJBoqHnBKw0mOtBGc3t+dV6BWKbtmdAS8TLyNFlKHeK3x1+xFNJFNABTGm47kx+CnRwKlgk3w3MSwmdEQGrGOpIpIZP50dPMGnVunjMNK2FOCZ+nsiJdKYsQxspyQwNIveVPzP6yQQXvspV3ECTNH5ojARGCI8/R73uWYUxNgSQjW3t2I6JJpQsBnlbQje4svLpHlR9tyyd39ZrFSzOHLoGJ2gEvLQFaqgGqqjBqJIomf0it4c7bw4787HvHXFyWaO0B84nz8M2I9A</latexit><latexit sha1_base64="MKXH+oEVXJz/AivN3hIFN5liBig=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEqQtkVQS9CrZceK9gPaZeSTbNtaJJdklmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhALbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRndTv/XEtOGReoBxzHxJBoqHnBKw0mOtBGc3t+dV6BWKbtmdAS8TLyNFlKHeK3x1+xFNJFNABTGm47kx+CnRwKlgk3w3MSwmdEQGrGOpIpIZP50dPMGnVunjMNK2FOCZ+nsiJdKYsQxspyQwNIveVPzP6yQQXvspV3ECTNH5ojARGCI8/R73uWYUxNgSQjW3t2I6JJpQsBnlbQje4svLpHlR9tyyd39ZrFSzOHLoGJ2gEvLQFaqgGqqjBqJIomf0it4c7bw4787HvHXFyWaO0B84nz8M2I9A</latexit><latexit sha1_base64="MKXH+oEVXJz/AivN3hIFN5liBig=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEqQtkVQS9CrZceK9gPaZeSTbNtaJJdklmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhALbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRndTv/XEtOGReoBxzHxJBoqHnBKw0mOtBGc3t+dV6BWKbtmdAS8TLyNFlKHeK3x1+xFNJFNABTGm47kx+CnRwKlgk3w3MSwmdEQGrGOpIpIZP50dPMGnVunjMNK2FOCZ+nsiJdKYsQxspyQwNIveVPzP6yQQXvspV3ECTNH5ojARGCI8/R73uWYUxNgSQjW3t2I6JJpQsBnlbQje4svLpHlR9tyyd39ZrFSzOHLoGJ2gEvLQFaqgGqqjBqJIomf0it4c7bw4787HvHXFyWaO0B84nz8M2I9A</latexit>

A,B – N ⇥N time-independent Hermitian matrices
<latexit sha1_base64="0suiNQUF0HtwzHSAg0dlBRVD7S0="></latexit><latexit sha1_base64="0suiNQUF0HtwzHSAg0dlBRVD7S0="></latexit><latexit sha1_base64="0suiNQUF0HtwzHSAg0dlBRVD7S0="></latexit><latexit sha1_base64="0suiNQUF0HtwzHSAg0dlBRVD7S0="></latexit>

A: They are “Quantum integrable” matrices – have nontrivial commuting partners

9 eH(t) = eA+ eBt+
eC
t
:

h
eH(t), H(t)

i
= 0 8t

<latexit sha1_base64="ZJv0kVnEVqdyIibKFAvWmCjYNMk="></latexit><latexit sha1_base64="ZJv0kVnEVqdyIibKFAvWmCjYNMk="></latexit><latexit sha1_base64="ZJv0kVnEVqdyIibKFAvWmCjYNMk="></latexit><latexit sha1_base64="ZJv0kVnEVqdyIibKFAvWmCjYNMk="></latexit>

Patra & Yuzbashyan (2015)

Q: What is the role of these commuting partners? How do they help us solve for the 
dynamics of the system?

i
@ 

@t
= Ĥ(t) 

<latexit sha1_base64="YhgdbA62I8wzBSApiUK43rJibDg=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EopsuK9gHdIaSSTNtaOZBckcow/yFG3/FjQtF3OrOvzHTDqKtBwIn59x7k3u8WHAFlvVllFZW19Y3ypuVre2d3T1z/6CjokRS1qaRiGTPI4oJHrI2cBCsF0tGAk+wrje5yf3uPZOKR+EdTGPmBmQUcp9TAloamHXu+JLQ1ImJBE6E01I8+7lhyK6cMQHcrMFpbg3MqlW3ZsDLxC5IFRVoDcxPZxjRJGAhUEGU6ttWDG6aj6eCZRUnUSwmdEJGrK9pSAKm3HS2V4ZPtDLEfiT1CQHP1N8dKQmUmgaergwIjNWil4v/ef0E/Es35WGcAAvp/CE/0etGOA8JD7lkFMRUE0Il13/FdEx0TqCjrOgQ7MWVl0nnrG5bdfv2vNq4LuIooyN0jGrIRheogZqohdqIogf0hF7Qq/FoPBtvxvu8tGQUPYfoD4yPb2OpoAE=</latexit><latexit sha1_base64="YhgdbA62I8wzBSApiUK43rJibDg=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EopsuK9gHdIaSSTNtaOZBckcow/yFG3/FjQtF3OrOvzHTDqKtBwIn59x7k3u8WHAFlvVllFZW19Y3ypuVre2d3T1z/6CjokRS1qaRiGTPI4oJHrI2cBCsF0tGAk+wrje5yf3uPZOKR+EdTGPmBmQUcp9TAloamHXu+JLQ1ImJBE6E01I8+7lhyK6cMQHcrMFpbg3MqlW3ZsDLxC5IFRVoDcxPZxjRJGAhUEGU6ttWDG6aj6eCZRUnUSwmdEJGrK9pSAKm3HS2V4ZPtDLEfiT1CQHP1N8dKQmUmgaergwIjNWil4v/ef0E/Es35WGcAAvp/CE/0etGOA8JD7lkFMRUE0Il13/FdEx0TqCjrOgQ7MWVl0nnrG5bdfv2vNq4LuIooyN0jGrIRheogZqohdqIogf0hF7Qq/FoPBtvxvu8tGQUPYfoD4yPb2OpoAE=</latexit><latexit sha1_base64="YhgdbA62I8wzBSApiUK43rJibDg=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EopsuK9gHdIaSSTNtaOZBckcow/yFG3/FjQtF3OrOvzHTDqKtBwIn59x7k3u8WHAFlvVllFZW19Y3ypuVre2d3T1z/6CjokRS1qaRiGTPI4oJHrI2cBCsF0tGAk+wrje5yf3uPZOKR+EdTGPmBmQUcp9TAloamHXu+JLQ1ImJBE6E01I8+7lhyK6cMQHcrMFpbg3MqlW3ZsDLxC5IFRVoDcxPZxjRJGAhUEGU6ttWDG6aj6eCZRUnUSwmdEJGrK9pSAKm3HS2V4ZPtDLEfiT1CQHP1N8dKQmUmgaergwIjNWil4v/ef0E/Es35WGcAAvp/CE/0etGOA8JD7lkFMRUE0Il13/FdEx0TqCjrOgQ7MWVl0nnrG5bdfv2vNq4LuIooyN0jGrIRheogZqohdqIogf0hF7Qq/FoPBtvxvu8tGQUPYfoD4yPb2OpoAE=</latexit><latexit sha1_base64="YhgdbA62I8wzBSApiUK43rJibDg=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EopsuK9gHdIaSSTNtaOZBckcow/yFG3/FjQtF3OrOvzHTDqKtBwIn59x7k3u8WHAFlvVllFZW19Y3ypuVre2d3T1z/6CjokRS1qaRiGTPI4oJHrI2cBCsF0tGAk+wrje5yf3uPZOKR+EdTGPmBmQUcp9TAloamHXu+JLQ1ImJBE6E01I8+7lhyK6cMQHcrMFpbg3MqlW3ZsDLxC5IFRVoDcxPZxjRJGAhUEGU6ttWDG6aj6eCZRUnUSwmdEJGrK9pSAKm3HS2V4ZPtDLEfiT1CQHP1N8dKQmUmgaergwIjNWil4v/ef0E/Es35WGcAAvp/CE/0etGOA8JD7lkFMRUE0Il13/FdEx0TqCjrOgQ7MWVl0nnrG5bdfv2vNq4LuIooyN0jGrIRheogZqohdqIogf0hF7Qq/FoPBtvxvu8tGQUPYfoD4yPb2OpoAE=</latexit>

Want:  (t ! 1) =?
<latexit sha1_base64="IoyBWKpe67a4sLjUVlW4IhlMAbQ=">AAAB+3icbVBNS8NAEN34WetXrEcvwSLUS0lE0ItY9OKxgv2AJpTNdtMu3eyG3YkYQv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZFyacaXDdb2tldW19Y7O0Vd7e2d3btw8qbS1TRWiLSC5VN8SaciZoCxhw2k0UxXHIaScc3079ziNVmknxAFlCgxgPBYsYwWCkvl3xm5rVwAfpMxFBdnp13berbt2dwVkmXkGqqECzb3/5A0nSmAogHGvd89wEghwrYITTSdlPNU0wGeMh7RkqcEx1kM9unzgnRhk4kVSmBDgz9fdEjmOtszg0nTGGkV70puJ/Xi+F6DLImUhSoILMF0Upd0A60yCcAVOUAM8MwUQxc6tDRlhhAiausgnBW3x5mbTP6p5b9+7Pq42bIo4SOkLHqIY8dIEa6A41UQsR9ISe0St6sybWi/VufcxbV6xi5hD9gfX5A0Ynk+0=</latexit><latexit sha1_base64="IoyBWKpe67a4sLjUVlW4IhlMAbQ=">AAAB+3icbVBNS8NAEN34WetXrEcvwSLUS0lE0ItY9OKxgv2AJpTNdtMu3eyG3YkYQv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZFyacaXDdb2tldW19Y7O0Vd7e2d3btw8qbS1TRWiLSC5VN8SaciZoCxhw2k0UxXHIaScc3079ziNVmknxAFlCgxgPBYsYwWCkvl3xm5rVwAfpMxFBdnp13berbt2dwVkmXkGqqECzb3/5A0nSmAogHGvd89wEghwrYITTSdlPNU0wGeMh7RkqcEx1kM9unzgnRhk4kVSmBDgz9fdEjmOtszg0nTGGkV70puJ/Xi+F6DLImUhSoILMF0Upd0A60yCcAVOUAM8MwUQxc6tDRlhhAiausgnBW3x5mbTP6p5b9+7Pq42bIo4SOkLHqIY8dIEa6A41UQsR9ISe0St6sybWi/VufcxbV6xi5hD9gfX5A0Ynk+0=</latexit><latexit sha1_base64="IoyBWKpe67a4sLjUVlW4IhlMAbQ=">AAAB+3icbVBNS8NAEN34WetXrEcvwSLUS0lE0ItY9OKxgv2AJpTNdtMu3eyG3YkYQv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZFyacaXDdb2tldW19Y7O0Vd7e2d3btw8qbS1TRWiLSC5VN8SaciZoCxhw2k0UxXHIaScc3079ziNVmknxAFlCgxgPBYsYwWCkvl3xm5rVwAfpMxFBdnp13berbt2dwVkmXkGqqECzb3/5A0nSmAogHGvd89wEghwrYITTSdlPNU0wGeMh7RkqcEx1kM9unzgnRhk4kVSmBDgz9fdEjmOtszg0nTGGkV70puJ/Xi+F6DLImUhSoILMF0Upd0A60yCcAVOUAM8MwUQxc6tDRlhhAiausgnBW3x5mbTP6p5b9+7Pq42bIo4SOkLHqIY8dIEa6A41UQsR9ISe0St6sybWi/VufcxbV6xi5hD9gfX5A0Ynk+0=</latexit><latexit sha1_base64="IoyBWKpe67a4sLjUVlW4IhlMAbQ=">AAAB+3icbVBNS8NAEN34WetXrEcvwSLUS0lE0ItY9OKxgv2AJpTNdtMu3eyG3YkYQv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZFyacaXDdb2tldW19Y7O0Vd7e2d3btw8qbS1TRWiLSC5VN8SaciZoCxhw2k0UxXHIaScc3079ziNVmknxAFlCgxgPBYsYwWCkvl3xm5rVwAfpMxFBdnp13berbt2dwVkmXkGqqECzb3/5A0nSmAogHGvd89wEghwrYITTSdlPNU0wGeMh7RkqcEx1kM9unzgnRhk4kVSmBDgz9fdEjmOtszg0nTGGkV70puJ/Xi+F6DLImUhSoILMF0Upd0A60yCcAVOUAM8MwUQxc6tDRlhhAiausgnBW3x5mbTP6p5b9+7Pq42bIo4SOkLHqIY8dIEa6A41UQsR9ISe0St6sybWi/VufcxbV6xi5hD9gfX5A0Ynk+0=</latexit>

They aren’t conserved: d eH
dt

= i[H, eH] +
@ eH
@t

=
@ eH
@t

6= 0
<latexit sha1_base64="RN/DpwZCy6cH2Ne6IMwqpYGGMiE="></latexit><latexit sha1_base64="RN/DpwZCy6cH2Ne6IMwqpYGGMiE="></latexit><latexit sha1_base64="RN/DpwZCy6cH2Ne6IMwqpYGGMiE="></latexit><latexit sha1_base64="RN/DpwZCy6cH2Ne6IMwqpYGGMiE="></latexit>



Idea: the non-stationary Schrodinger equation can be consistently embedded 
into a set of multi-time Schrodinger equations8

>>><

>>>:

i
@ 

@t
= Ĥ 

i⌫
@ 

@xk
= Ĥk , k = 1, . . . , n� 1

<latexit sha1_base64="9K9qoEXc985SqbUg5T/gpqD6hSs="></latexit><latexit sha1_base64="9K9qoEXc985SqbUg5T/gpqD6hSs="></latexit><latexit sha1_base64="9K9qoEXc985SqbUg5T/gpqD6hSs="></latexit><latexit sha1_base64="9K9qoEXc985SqbUg5T/gpqD6hSs="></latexit>

Consistency: @jĤk � @kĤj � i[Ĥk, Ĥj ] = 0
<latexit sha1_base64="MyTtuz9ewvc8qipbwjbb2F5WLBI=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCC1sSEXQjVN10WcFeoAlhMp2000wuzEyEEvo8bnwVN10oxa0P4qRNi7b+MPDznXM4c343ZlRIw5hoa+sbm1vbhZ3i7t7+waF+dNwUUcIxaeCIRbztIkEYDUlDUslIO+YEBS4jLdd/zOqtF8IFjcJnOYyJHaBeSD2KkVTI0e+tGHFJEXMG0OojCWuOX14wf84GsAxpZ95wucD2neHoJaNiTAVXjZmbEshVd/Sx1Y1wEpBQYoaE6JhGLO00W4kZGRWtRJAYYR/1SEfZEAVE2On01BE8V6QLvYirF0o4pb8nUhQIMQxc1Rkg2RfLtQz+V+sk0ru1UxrGiSQhni3yEgZlBLPcYJdygiUbKoMwp+qvEPcRR1iqdIsqBHP55FXTvKqYRsV8ui5VH/I4CuAUnIELYIIbUAU1UAcNgMEreAcf4FN708baRPuata5p+cwJ+CPt+wc4w6U4</latexit><latexit sha1_base64="MyTtuz9ewvc8qipbwjbb2F5WLBI=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCC1sSEXQjVN10WcFeoAlhMp2000wuzEyEEvo8bnwVN10oxa0P4qRNi7b+MPDznXM4c343ZlRIw5hoa+sbm1vbhZ3i7t7+waF+dNwUUcIxaeCIRbztIkEYDUlDUslIO+YEBS4jLdd/zOqtF8IFjcJnOYyJHaBeSD2KkVTI0e+tGHFJEXMG0OojCWuOX14wf84GsAxpZ95wucD2neHoJaNiTAVXjZmbEshVd/Sx1Y1wEpBQYoaE6JhGLO00W4kZGRWtRJAYYR/1SEfZEAVE2On01BE8V6QLvYirF0o4pb8nUhQIMQxc1Rkg2RfLtQz+V+sk0ru1UxrGiSQhni3yEgZlBLPcYJdygiUbKoMwp+qvEPcRR1iqdIsqBHP55FXTvKqYRsV8ui5VH/I4CuAUnIELYIIbUAU1UAcNgMEreAcf4FN708baRPuata5p+cwJ+CPt+wc4w6U4</latexit><latexit sha1_base64="MyTtuz9ewvc8qipbwjbb2F5WLBI=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCC1sSEXQjVN10WcFeoAlhMp2000wuzEyEEvo8bnwVN10oxa0P4qRNi7b+MPDznXM4c343ZlRIw5hoa+sbm1vbhZ3i7t7+waF+dNwUUcIxaeCIRbztIkEYDUlDUslIO+YEBS4jLdd/zOqtF8IFjcJnOYyJHaBeSD2KkVTI0e+tGHFJEXMG0OojCWuOX14wf84GsAxpZ95wucD2neHoJaNiTAVXjZmbEshVd/Sx1Y1wEpBQYoaE6JhGLO00W4kZGRWtRJAYYR/1SEfZEAVE2On01BE8V6QLvYirF0o4pb8nUhQIMQxc1Rkg2RfLtQz+V+sk0ru1UxrGiSQhni3yEgZlBLPcYJdygiUbKoMwp+qvEPcRR1iqdIsqBHP55FXTvKqYRsV8ui5VH/I4CuAUnIELYIIbUAU1UAcNgMEreAcf4FN708baRPuata5p+cwJ+CPt+wc4w6U4</latexit><latexit sha1_base64="MyTtuz9ewvc8qipbwjbb2F5WLBI=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCC1sSEXQjVN10WcFeoAlhMp2000wuzEyEEvo8bnwVN10oxa0P4qRNi7b+MPDznXM4c343ZlRIw5hoa+sbm1vbhZ3i7t7+waF+dNwUUcIxaeCIRbztIkEYDUlDUslIO+YEBS4jLdd/zOqtF8IFjcJnOYyJHaBeSD2KkVTI0e+tGHFJEXMG0OojCWuOX14wf84GsAxpZ95wucD2neHoJaNiTAVXjZmbEshVd/Sx1Y1wEpBQYoaE6JhGLO00W4kZGRWtRJAYYR/1SEfZEAVE2On01BE8V6QLvYirF0o4pb8nUhQIMQxc1Rkg2RfLtQz+V+sk0ru1UxrGiSQhni3yEgZlBLPcYJdygiUbKoMwp+qvEPcRR1iqdIsqBHP55FXTvKqYRsV8ui5VH/I4CuAUnIELYIIbUAU1UAcNgMEreAcf4FN708baRPuata5p+cwJ+CPt+wc4w6U4</latexit>

x0 ⌘ ⌫t, Ĥ0 ⌘ Ĥ, @k =
@

@xk
, x = (x0, . . . , xn�1)

<latexit sha1_base64="9csNMO3qTi0zIXeb+MwsC88Rwf4="></latexit><latexit sha1_base64="9csNMO3qTi0zIXeb+MwsC88Rwf4="></latexit><latexit sha1_base64="9csNMO3qTi0zIXeb+MwsC88Rwf4="></latexit><latexit sha1_base64="9csNMO3qTi0zIXeb+MwsC88Rwf4="></latexit>

i⌫@k (x) = Ĥk (x)
<latexit sha1_base64="4AD+mTDCwYr5xSns+ZSLcri6oVw="></latexit><latexit sha1_base64="4AD+mTDCwYr5xSns+ZSLcri6oVw="></latexit><latexit sha1_base64="4AD+mTDCwYr5xSns+ZSLcri6oVw="></latexit><latexit sha1_base64="4AD+mTDCwYr5xSns+ZSLcri6oVw="></latexit>

Sinitsyn, Yuzbashyan, Chernyak, Patra & Sun, PRL (2018)



Idea: the non-stationary Schrodinger equation can be consistently embedded 
into a set of multi-time Schrodinger equations8

>>><

>>>:

i
@ 

@t
= Ĥ 

i⌫
@ 

@xk
= Ĥk , k = 1, . . . , n� 1

<latexit sha1_base64="9K9qoEXc985SqbUg5T/gpqD6hSs="></latexit><latexit sha1_base64="9K9qoEXc985SqbUg5T/gpqD6hSs="></latexit><latexit sha1_base64="9K9qoEXc985SqbUg5T/gpqD6hSs="></latexit><latexit sha1_base64="9K9qoEXc985SqbUg5T/gpqD6hSs="></latexit>

Consistency: @jĤk � @kĤj � i[Ĥk, Ĥj ] = 0
<latexit sha1_base64="MyTtuz9ewvc8qipbwjbb2F5WLBI=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCC1sSEXQjVN10WcFeoAlhMp2000wuzEyEEvo8bnwVN10oxa0P4qRNi7b+MPDznXM4c343ZlRIw5hoa+sbm1vbhZ3i7t7+waF+dNwUUcIxaeCIRbztIkEYDUlDUslIO+YEBS4jLdd/zOqtF8IFjcJnOYyJHaBeSD2KkVTI0e+tGHFJEXMG0OojCWuOX14wf84GsAxpZ95wucD2neHoJaNiTAVXjZmbEshVd/Sx1Y1wEpBQYoaE6JhGLO00W4kZGRWtRJAYYR/1SEfZEAVE2On01BE8V6QLvYirF0o4pb8nUhQIMQxc1Rkg2RfLtQz+V+sk0ru1UxrGiSQhni3yEgZlBLPcYJdygiUbKoMwp+qvEPcRR1iqdIsqBHP55FXTvKqYRsV8ui5VH/I4CuAUnIELYIIbUAU1UAcNgMEreAcf4FN708baRPuata5p+cwJ+CPt+wc4w6U4</latexit><latexit sha1_base64="MyTtuz9ewvc8qipbwjbb2F5WLBI=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCC1sSEXQjVN10WcFeoAlhMp2000wuzEyEEvo8bnwVN10oxa0P4qRNi7b+MPDznXM4c343ZlRIw5hoa+sbm1vbhZ3i7t7+waF+dNwUUcIxaeCIRbztIkEYDUlDUslIO+YEBS4jLdd/zOqtF8IFjcJnOYyJHaBeSD2KkVTI0e+tGHFJEXMG0OojCWuOX14wf84GsAxpZ95wucD2neHoJaNiTAVXjZmbEshVd/Sx1Y1wEpBQYoaE6JhGLO00W4kZGRWtRJAYYR/1SEfZEAVE2On01BE8V6QLvYirF0o4pb8nUhQIMQxc1Rkg2RfLtQz+V+sk0ru1UxrGiSQhni3yEgZlBLPcYJdygiUbKoMwp+qvEPcRR1iqdIsqBHP55FXTvKqYRsV8ui5VH/I4CuAUnIELYIIbUAU1UAcNgMEreAcf4FN708baRPuata5p+cwJ+CPt+wc4w6U4</latexit><latexit sha1_base64="MyTtuz9ewvc8qipbwjbb2F5WLBI=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCC1sSEXQjVN10WcFeoAlhMp2000wuzEyEEvo8bnwVN10oxa0P4qRNi7b+MPDznXM4c343ZlRIw5hoa+sbm1vbhZ3i7t7+waF+dNwUUcIxaeCIRbztIkEYDUlDUslIO+YEBS4jLdd/zOqtF8IFjcJnOYyJHaBeSD2KkVTI0e+tGHFJEXMG0OojCWuOX14wf84GsAxpZ95wucD2neHoJaNiTAVXjZmbEshVd/Sx1Y1wEpBQYoaE6JhGLO00W4kZGRWtRJAYYR/1SEfZEAVE2On01BE8V6QLvYirF0o4pb8nUhQIMQxc1Rkg2RfLtQz+V+sk0ru1UxrGiSQhni3yEgZlBLPcYJdygiUbKoMwp+qvEPcRR1iqdIsqBHP55FXTvKqYRsV8ui5VH/I4CuAUnIELYIIbUAU1UAcNgMEreAcf4FN708baRPuata5p+cwJ+CPt+wc4w6U4</latexit><latexit sha1_base64="MyTtuz9ewvc8qipbwjbb2F5WLBI=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCC1sSEXQjVN10WcFeoAlhMp2000wuzEyEEvo8bnwVN10oxa0P4qRNi7b+MPDznXM4c343ZlRIw5hoa+sbm1vbhZ3i7t7+waF+dNwUUcIxaeCIRbztIkEYDUlDUslIO+YEBS4jLdd/zOqtF8IFjcJnOYyJHaBeSD2KkVTI0e+tGHFJEXMG0OojCWuOX14wf84GsAxpZ95wucD2neHoJaNiTAVXjZmbEshVd/Sx1Y1wEpBQYoaE6JhGLO00W4kZGRWtRJAYYR/1SEfZEAVE2On01BE8V6QLvYirF0o4pb8nUhQIMQxc1Rkg2RfLtQz+V+sk0ru1UxrGiSQhni3yEgZlBLPcYJdygiUbKoMwp+qvEPcRR1iqdIsqBHP55FXTvKqYRsV8ui5VH/I4CuAUnIELYIIbUAU1UAcNgMEreAcf4FN708baRPuata5p+cwJ+CPt+wc4w6U4</latexit>

real imaginary

x0 ⌘ ⌫t, Ĥ0 ⌘ Ĥ, @k =
@

@xk
, x = (x0, . . . , xn�1)

<latexit sha1_base64="9csNMO3qTi0zIXeb+MwsC88Rwf4="></latexit><latexit sha1_base64="9csNMO3qTi0zIXeb+MwsC88Rwf4="></latexit><latexit sha1_base64="9csNMO3qTi0zIXeb+MwsC88Rwf4="></latexit><latexit sha1_base64="9csNMO3qTi0zIXeb+MwsC88Rwf4="></latexit>

i⌫@k (x) = Ĥk (x)
<latexit sha1_base64="4AD+mTDCwYr5xSns+ZSLcri6oVw="></latexit><latexit sha1_base64="4AD+mTDCwYr5xSns+ZSLcri6oVw="></latexit><latexit sha1_base64="4AD+mTDCwYr5xSns+ZSLcri6oVw="></latexit><latexit sha1_base64="4AD+mTDCwYr5xSns+ZSLcri6oVw="></latexit>
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[Ĥk, Ĥj ] = 0
<latexit sha1_base64="vsGqiVhtJ4fS2+tazWXKooifLFs="></latexit><latexit sha1_base64="vsGqiVhtJ4fS2+tazWXKooifLFs="></latexit><latexit sha1_base64="vsGqiVhtJ4fS2+tazWXKooifLFs="></latexit><latexit sha1_base64="vsGqiVhtJ4fS2+tazWXKooifLFs="></latexit>

Integrability

Sinitsyn, Yuzbashyan, Chernyak, Patra & Sun, PRL (2018)



Idea: the non-stationary Schrodinger equation can be consistently embedded 
into a set of multi-time Schrodinger equations
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:

@jĤk = @kĤj

[Ĥk, Ĥj ] = 0
<latexit sha1_base64="vsGqiVhtJ4fS2+tazWXKooifLFs="></latexit><latexit sha1_base64="vsGqiVhtJ4fS2+tazWXKooifLFs="></latexit><latexit sha1_base64="vsGqiVhtJ4fS2+tazWXKooifLFs="></latexit><latexit sha1_base64="vsGqiVhtJ4fS2+tazWXKooifLFs="></latexit>

Integrability

Example: inhomogeneous 
Dicke model

Ĥ =
X

k

"ks
z
k + !0n̂b + g

X

k

⇣
b̂
†
s
�
k + b̂s

+
k

⌘

<latexit sha1_base64="bAhqCEvsp8GOJ2KhdSDCkR/0bt8="></latexit><latexit sha1_base64="bAhqCEvsp8GOJ2KhdSDCkR/0bt8="></latexit><latexit sha1_base64="bAhqCEvsp8GOJ2KhdSDCkR/0bt8="></latexit><latexit sha1_base64="bAhqCEvsp8GOJ2KhdSDCkR/0bt8="></latexit>

Ĥk = ("k + !0)s
z
k + g(b̂†s�k + b̂s

+
k ) + 2g2

X

p 6=k

~sk · ~sp
"k � "p

<latexit sha1_base64="YaO4qVwniASIor/o0ckIvqpiwGg="></latexit><latexit sha1_base64="YaO4qVwniASIor/o0ckIvqpiwGg="></latexit><latexit sha1_base64="YaO4qVwniASIor/o0ckIvqpiwGg="></latexit><latexit sha1_base64="YaO4qVwniASIor/o0ckIvqpiwGg="></latexit>

x0 = �!0 = ⌫t, xk = "k
<latexit sha1_base64="/GAadfKOIcYqzrkuoCTV80J2BT0=">AAACGnicbVC7SgNBFJ31bXxFLW0Gg2ChYVcEbQTRxlLBPCAblruTu3HI7Ow6MxsSlnyHjb9iY6GIndj4N04ehRoPDBzOOZc794Sp4Nq47pczMzs3v7C4tFxYWV1b3yhublV1kimGFZaIRNVD0Ci4xIrhRmA9VQhxKLAWdi6Hfq2LSvNE3pp+is0Y2pJHnIGxUlD0eoF7dugnMbbBMl9m1Bz49xm0aC/onPldUJhqLmw298OIdgZBseSW3RHoNPEmpEQmuA6KH34rYVmM0jABWjc8NzXNHJThTOCg4GcaU2AdaGPDUgkx6mY+Om1A96zSolGi7JOGjtSfEznEWvfj0CZjMHf6rzcU//MamYlOmzmXaWZQsvGiKBPUJHTYE21xhcyIviXAFLd/pewOFDBj2yzYEry/J0+T6lHZc8vezXHp/GJSxxLZIbtkn3jkhJyTK3JNKoSRB/JEXsir8+g8O2/O+zg640xmtskvOJ/faNCggQ==</latexit><latexit sha1_base64="/GAadfKOIcYqzrkuoCTV80J2BT0=">AAACGnicbVC7SgNBFJ31bXxFLW0Gg2ChYVcEbQTRxlLBPCAblruTu3HI7Ow6MxsSlnyHjb9iY6GIndj4N04ehRoPDBzOOZc794Sp4Nq47pczMzs3v7C4tFxYWV1b3yhublV1kimGFZaIRNVD0Ci4xIrhRmA9VQhxKLAWdi6Hfq2LSvNE3pp+is0Y2pJHnIGxUlD0eoF7dugnMbbBMl9m1Bz49xm0aC/onPldUJhqLmw298OIdgZBseSW3RHoNPEmpEQmuA6KH34rYVmM0jABWjc8NzXNHJThTOCg4GcaU2AdaGPDUgkx6mY+Om1A96zSolGi7JOGjtSfEznEWvfj0CZjMHf6rzcU//MamYlOmzmXaWZQsvGiKBPUJHTYE21xhcyIviXAFLd/pewOFDBj2yzYEry/J0+T6lHZc8vezXHp/GJSxxLZIbtkn3jkhJyTK3JNKoSRB/JEXsir8+g8O2/O+zg640xmtskvOJ/faNCggQ==</latexit><latexit sha1_base64="/GAadfKOIcYqzrkuoCTV80J2BT0=">AAACGnicbVC7SgNBFJ31bXxFLW0Gg2ChYVcEbQTRxlLBPCAblruTu3HI7Ow6MxsSlnyHjb9iY6GIndj4N04ehRoPDBzOOZc794Sp4Nq47pczMzs3v7C4tFxYWV1b3yhublV1kimGFZaIRNVD0Ci4xIrhRmA9VQhxKLAWdi6Hfq2LSvNE3pp+is0Y2pJHnIGxUlD0eoF7dugnMbbBMl9m1Bz49xm0aC/onPldUJhqLmw298OIdgZBseSW3RHoNPEmpEQmuA6KH34rYVmM0jABWjc8NzXNHJThTOCg4GcaU2AdaGPDUgkx6mY+Om1A96zSolGi7JOGjtSfEznEWvfj0CZjMHf6rzcU//MamYlOmzmXaWZQsvGiKBPUJHTYE21xhcyIviXAFLd/pewOFDBj2yzYEry/J0+T6lHZc8vezXHp/GJSxxLZIbtkn3jkhJyTK3JNKoSRB/JEXsir8+g8O2/O+zg640xmtskvOJ/faNCggQ==</latexit><latexit sha1_base64="/GAadfKOIcYqzrkuoCTV80J2BT0=">AAACGnicbVC7SgNBFJ31bXxFLW0Gg2ChYVcEbQTRxlLBPCAblruTu3HI7Ow6MxsSlnyHjb9iY6GIndj4N04ehRoPDBzOOZc794Sp4Nq47pczMzs3v7C4tFxYWV1b3yhublV1kimGFZaIRNVD0Ci4xIrhRmA9VQhxKLAWdi6Hfq2LSvNE3pp+is0Y2pJHnIGxUlD0eoF7dugnMbbBMl9m1Bz49xm0aC/onPldUJhqLmw298OIdgZBseSW3RHoNPEmpEQmuA6KH34rYVmM0jABWjc8NzXNHJThTOCg4GcaU2AdaGPDUgkx6mY+Om1A96zSolGi7JOGjtSfEznEWvfj0CZjMHf6rzcU//MamYlOmzmXaWZQsvGiKBPUJHTYE21xhcyIviXAFLd/pewOFDBj2yzYEry/J0+T6lHZc8vezXHp/GJSxxLZIbtkn3jkhJyTK3JNKoSRB/JEXsir8+g8O2/O+zg640xmtskvOJ/faNCggQ==</latexit>
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@Hp

@"k
<latexit sha1_base64="ePklcqotsRUFvlOMfLqyQXu0LW4="></latexit><latexit sha1_base64="ePklcqotsRUFvlOMfLqyQXu0LW4="></latexit><latexit sha1_base64="ePklcqotsRUFvlOMfLqyQXu0LW4="></latexit><latexit sha1_base64="ePklcqotsRUFvlOMfLqyQXu0LW4="></latexit>
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<latexit sha1_base64="8yQxtRYcuKdlJwMoFZPQO2XP7Ys="></latexit><latexit sha1_base64="8yQxtRYcuKdlJwMoFZPQO2XP7Ys="></latexit><latexit sha1_base64="8yQxtRYcuKdlJwMoFZPQO2XP7Ys="></latexit><latexit sha1_base64="8yQxtRYcuKdlJwMoFZPQO2XP7Ys="></latexit>



Multi-level Landau-Zener problem

Formal solution:  (x) = T exp
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Ĥkdxk
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<latexit sha1_base64="4KnE7OPf/srteJGm5IItapVfP/M="></latexit><latexit sha1_base64="4KnE7OPf/srteJGm5IItapVfP/M="></latexit><latexit sha1_base64="4KnE7OPf/srteJGm5IItapVfP/M="></latexit><latexit sha1_base64="4KnE7OPf/srteJGm5IItapVfP/M="></latexit>
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<latexit sha1_base64="XgKN2Dm1PjiHRURiO77O/gROOdA="></latexit><latexit sha1_base64="XgKN2Dm1PjiHRURiO77O/gROOdA="></latexit><latexit sha1_base64="XgKN2Dm1PjiHRURiO77O/gROOdA="></latexit><latexit sha1_base64="XgKN2Dm1PjiHRURiO77O/gROOdA="></latexit>



Multi-level Landau-Zener problem

Formal solution:  (x) = T exp
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<latexit sha1_base64="4KnE7OPf/srteJGm5IItapVfP/M="></latexit><latexit sha1_base64="4KnE7OPf/srteJGm5IItapVfP/M="></latexit><latexit sha1_base64="4KnE7OPf/srteJGm5IItapVfP/M="></latexit><latexit sha1_base64="4KnE7OPf/srteJGm5IItapVfP/M="></latexit>
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<latexit sha1_base64="XgKN2Dm1PjiHRURiO77O/gROOdA="></latexit><latexit sha1_base64="XgKN2Dm1PjiHRURiO77O/gROOdA="></latexit><latexit sha1_base64="XgKN2Dm1PjiHRURiO77O/gROOdA="></latexit><latexit sha1_base64="XgKN2Dm1PjiHRURiO77O/gROOdA="></latexit>

@jĤk � @kĤj � i[Ĥk, Ĥj ] = 0 =) the curvature of

non-abelian gauge field Ak = �iĤk is zero
<latexit sha1_base64="IyZ2dKMV19PVTuw42xDh37oGULE="></latexit><latexit sha1_base64="IyZ2dKMV19PVTuw42xDh37oGULE="></latexit><latexit sha1_base64="IyZ2dKMV19PVTuw42xDh37oGULE="></latexit><latexit sha1_base64="IyZ2dKMV19PVTuw42xDh37oGULE="></latexit>

Path-independent
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<latexit sha1_base64="4KnE7OPf/srteJGm5IItapVfP/M="></latexit><latexit sha1_base64="4KnE7OPf/srteJGm5IItapVfP/M="></latexit><latexit sha1_base64="4KnE7OPf/srteJGm5IItapVfP/M="></latexit><latexit sha1_base64="4KnE7OPf/srteJGm5IItapVfP/M="></latexit>
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<latexit sha1_base64="XgKN2Dm1PjiHRURiO77O/gROOdA="></latexit><latexit sha1_base64="XgKN2Dm1PjiHRURiO77O/gROOdA="></latexit><latexit sha1_base64="XgKN2Dm1PjiHRURiO77O/gROOdA="></latexit><latexit sha1_base64="XgKN2Dm1PjiHRURiO77O/gROOdA="></latexit>

Path-independent

H(t) =

0

BBB@

0 g2 · · · gN

g2 a2 · · · 0
...
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. . .

...
gN 0 · · · aN

1

CCCA
+ t

0
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� 0 · · · 0
0 0 · · · 0
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. . .

...
0 0 · · · 0

1

CCCA

<latexit sha1_base64="BHIi4Bkbp8LIN7uZHzgsclL1iKo="></latexit><latexit sha1_base64="BHIi4Bkbp8LIN7uZHzgsclL1iKo="></latexit><latexit sha1_base64="BHIi4Bkbp8LIN7uZHzgsclL1iKo="></latexit><latexit sha1_base64="BHIi4Bkbp8LIN7uZHzgsclL1iKo="></latexit>

Demkov-Osherov model:

a3 � a2
<latexit sha1_base64="2dtaNAf9fmUrYVQnwrqmFneS3x8=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iLgpZBG8sI5gOS49jb7CVLdveO3T0hHAH/gq32dmLrX7H1l7hJrjCJDwYe780wMy9MONPGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFWENknMY9UJsaacSdo0zHDaSRTFIuS0HY7upn77iSrNYvloxgn1BR5IFjGCjZXaOLi8wEEtKFfcqjsDWiVeTiqQoxGUf3r9mKSCSkM41rrruYnxM6wMI5xOSr1U0wSTER7QrqUSC6r9bHbuBJ1ZpY+iWNmSBs3UvxMZFlqPRWg7BTZDvexNxf+8bmqiGz9jMkkNlWS+KEo5MjGa/o76TFFi+NgSTBSztyIyxAoTYxNa2BKKScmG4i1HsEpatarnVr2Hq0r9No+nCCdwCufgwTXU4R4a0AQCI3iBV3hznp1358P5nLcWnHzmGBbgfP0CgDSVeA==</latexit><latexit sha1_base64="2dtaNAf9fmUrYVQnwrqmFneS3x8=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iLgpZBG8sI5gOS49jb7CVLdveO3T0hHAH/gq32dmLrX7H1l7hJrjCJDwYe780wMy9MONPGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFWENknMY9UJsaacSdo0zHDaSRTFIuS0HY7upn77iSrNYvloxgn1BR5IFjGCjZXaOLi8wEEtKFfcqjsDWiVeTiqQoxGUf3r9mKSCSkM41rrruYnxM6wMI5xOSr1U0wSTER7QrqUSC6r9bHbuBJ1ZpY+iWNmSBs3UvxMZFlqPRWg7BTZDvexNxf+8bmqiGz9jMkkNlWS+KEo5MjGa/o76TFFi+NgSTBSztyIyxAoTYxNa2BKKScmG4i1HsEpatarnVr2Hq0r9No+nCCdwCufgwTXU4R4a0AQCI3iBV3hznp1358P5nLcWnHzmGBbgfP0CgDSVeA==</latexit><latexit sha1_base64="2dtaNAf9fmUrYVQnwrqmFneS3x8=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iLgpZBG8sI5gOS49jb7CVLdveO3T0hHAH/gq32dmLrX7H1l7hJrjCJDwYe780wMy9MONPGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFWENknMY9UJsaacSdo0zHDaSRTFIuS0HY7upn77iSrNYvloxgn1BR5IFjGCjZXaOLi8wEEtKFfcqjsDWiVeTiqQoxGUf3r9mKSCSkM41rrruYnxM6wMI5xOSr1U0wSTER7QrqUSC6r9bHbuBJ1ZpY+iWNmSBs3UvxMZFlqPRWg7BTZDvexNxf+8bmqiGz9jMkkNlWS+KEo5MjGa/o76TFFi+NgSTBSztyIyxAoTYxNa2BKKScmG4i1HsEpatarnVr2Hq0r9No+nCCdwCufgwTXU4R4a0AQCI3iBV3hznp1358P5nLcWnHzmGBbgfP0CgDSVeA==</latexit><latexit sha1_base64="2dtaNAf9fmUrYVQnwrqmFneS3x8=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iLgpZBG8sI5gOS49jb7CVLdveO3T0hHAH/gq32dmLrX7H1l7hJrjCJDwYe780wMy9MONPGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFWENknMY9UJsaacSdo0zHDaSRTFIuS0HY7upn77iSrNYvloxgn1BR5IFjGCjZXaOLi8wEEtKFfcqjsDWiVeTiqQoxGUf3r9mKSCSkM41rrruYnxM6wMI5xOSr1U0wSTER7QrqUSC6r9bHbuBJ1ZpY+iWNmSBs3UvxMZFlqPRWg7BTZDvexNxf+8bmqiGz9jMkkNlWS+KEo5MjGa/o76TFFi+NgSTBSztyIyxAoTYxNa2BKKScmG4i1HsEpatarnVr2Hq0r9No+nCCdwCufgwTXU4R4a0AQCI3iBV3hznp1358P5nLcWnHzmGBbgfP0CgDSVeA==</latexit>

xk = ak
<latexit sha1_base64="6JYCa9+rRsRY4RdenHkkeaksN7s=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWsB/QhjDZbtslm03Y3Ygl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aysrq1vbJa2yts7u3v7lYPDlk4yRVmTJiJRnRA1E1yypuFGsE6qGMahYO0wup367UemNE/kgxmnzI9xKPmAUzRWaj8F0TUGUVCpujV3BrJMvIJUoUAjqHz1+gnNYiYNFah113NT4+eoDKeCTcq9TLMUaYRD1rVUYsy0n8/OnZBTq/TJIFG2pCEz9fdEjrHW4zi0nTGakV70puJ/Xjczgys/5zLNDJN0vmiQCWISMv2d9Lli1IixJUgVt7cSOkKF1NiEyjYEb/HlZdI6r3luzbu/qNZvijhKcAwncAYeXEId7qABTaAQwTO8wpuTOi/Ou/Mxb11xipkj+APn8wcf8Y9q</latexit><latexit sha1_base64="6JYCa9+rRsRY4RdenHkkeaksN7s=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWsB/QhjDZbtslm03Y3Ygl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aysrq1vbJa2yts7u3v7lYPDlk4yRVmTJiJRnRA1E1yypuFGsE6qGMahYO0wup367UemNE/kgxmnzI9xKPmAUzRWaj8F0TUGUVCpujV3BrJMvIJUoUAjqHz1+gnNYiYNFah113NT4+eoDKeCTcq9TLMUaYRD1rVUYsy0n8/OnZBTq/TJIFG2pCEz9fdEjrHW4zi0nTGakV70puJ/Xjczgys/5zLNDJN0vmiQCWISMv2d9Lli1IixJUgVt7cSOkKF1NiEyjYEb/HlZdI6r3luzbu/qNZvijhKcAwncAYeXEId7qABTaAQwTO8wpuTOi/Ou/Mxb11xipkj+APn8wcf8Y9q</latexit><latexit sha1_base64="6JYCa9+rRsRY4RdenHkkeaksN7s=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWsB/QhjDZbtslm03Y3Ygl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aysrq1vbJa2yts7u3v7lYPDlk4yRVmTJiJRnRA1E1yypuFGsE6qGMahYO0wup367UemNE/kgxmnzI9xKPmAUzRWaj8F0TUGUVCpujV3BrJMvIJUoUAjqHz1+gnNYiYNFah113NT4+eoDKeCTcq9TLMUaYRD1rVUYsy0n8/OnZBTq/TJIFG2pCEz9fdEjrHW4zi0nTGakV70puJ/Xjczgys/5zLNDJN0vmiQCWISMv2d9Lli1IixJUgVt7cSOkKF1NiEyjYEb/HlZdI6r3luzbu/qNZvijhKcAwncAYeXEId7qABTaAQwTO8wpuTOi/Ou/Mxb11xipkj+APn8wcf8Y9q</latexit><latexit sha1_base64="6JYCa9+rRsRY4RdenHkkeaksN7s=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWsB/QhjDZbtslm03Y3Ygl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aysrq1vbJa2yts7u3v7lYPDlk4yRVmTJiJRnRA1E1yypuFGsE6qGMahYO0wup367UemNE/kgxmnzI9xKPmAUzRWaj8F0TUGUVCpujV3BrJMvIJUoUAjqHz1+gnNYiYNFah113NT4+eoDKeCTcq9TLMUaYRD1rVUYsy0n8/OnZBTq/TJIFG2pCEz9fdEjrHW4zi0nTGakV70puJ/Xjczgys/5zLNDJN0vmiQCWISMv2d9Lli1IixJUgVt7cSOkKF1NiEyjYEb/HlZdI6r3luzbu/qNZvijhKcAwncAYeXEId7qABTaAQwTO8wpuTOi/Ou/Mxb11xipkj+APn8wcf8Y9q</latexit>

t
<latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit>

a = (a2, . . . , aN )
<latexit sha1_base64="fGt18sB36j1ogMhfd6ANBHeW+50=">AAACD3icbVDLSsNAFJ3UV62vqODGzWARKpSSFEE3QtGNK6lgH9CGcDOdtkNnkjAzEUrtR/gLbnXvTtz6CW79EqdtFrb1wIXDOfdwLyeIOVPacb6tzMrq2vpGdjO3tb2zu2fvH9RVlEhCayTikWwGoChnIa1ppjltxpKCCDhtBIObid94pFKxKHzQw5h6Anoh6zIC2ki+fdQOBIarAvjlYrsTaVXE4N+d+XbeKTlT4GXipiSPUlR9+8ekSSJoqAkHpVquE2tvBFIzwuk4104UjYEMoEdbhoYgqPJG0//H+NQoHdyNpJlQ46n6NzECodRQBGZTgO6rRW8i/ue1Et299EYsjBNNQzI71E041hGelIE7TFKi+dAQIJKZXzHpgwSiTWVzVwIxzplS3MUKlkm9XHKdknt/nq9cp/Vk0TE6QQXkogtUQbeoimqIoCf0gl7Rm/VsvVsf1udsNWOlmUM0B+vrF9g7mvU=</latexit><latexit sha1_base64="fGt18sB36j1ogMhfd6ANBHeW+50=">AAACD3icbVDLSsNAFJ3UV62vqODGzWARKpSSFEE3QtGNK6lgH9CGcDOdtkNnkjAzEUrtR/gLbnXvTtz6CW79EqdtFrb1wIXDOfdwLyeIOVPacb6tzMrq2vpGdjO3tb2zu2fvH9RVlEhCayTikWwGoChnIa1ppjltxpKCCDhtBIObid94pFKxKHzQw5h6Anoh6zIC2ki+fdQOBIarAvjlYrsTaVXE4N+d+XbeKTlT4GXipiSPUlR9+8ekSSJoqAkHpVquE2tvBFIzwuk4104UjYEMoEdbhoYgqPJG0//H+NQoHdyNpJlQ46n6NzECodRQBGZTgO6rRW8i/ue1Et299EYsjBNNQzI71E041hGelIE7TFKi+dAQIJKZXzHpgwSiTWVzVwIxzplS3MUKlkm9XHKdknt/nq9cp/Vk0TE6QQXkogtUQbeoimqIoCf0gl7Rm/VsvVsf1udsNWOlmUM0B+vrF9g7mvU=</latexit><latexit sha1_base64="fGt18sB36j1ogMhfd6ANBHeW+50=">AAACD3icbVDLSsNAFJ3UV62vqODGzWARKpSSFEE3QtGNK6lgH9CGcDOdtkNnkjAzEUrtR/gLbnXvTtz6CW79EqdtFrb1wIXDOfdwLyeIOVPacb6tzMrq2vpGdjO3tb2zu2fvH9RVlEhCayTikWwGoChnIa1ppjltxpKCCDhtBIObid94pFKxKHzQw5h6Anoh6zIC2ki+fdQOBIarAvjlYrsTaVXE4N+d+XbeKTlT4GXipiSPUlR9+8ekSSJoqAkHpVquE2tvBFIzwuk4104UjYEMoEdbhoYgqPJG0//H+NQoHdyNpJlQ46n6NzECodRQBGZTgO6rRW8i/ue1Et299EYsjBNNQzI71E041hGelIE7TFKi+dAQIJKZXzHpgwSiTWVzVwIxzplS3MUKlkm9XHKdknt/nq9cp/Vk0TE6QQXkogtUQbeoimqIoCf0gl7Rm/VsvVsf1udsNWOlmUM0B+vrF9g7mvU=</latexit><latexit sha1_base64="fGt18sB36j1ogMhfd6ANBHeW+50=">AAACD3icbVDLSsNAFJ3UV62vqODGzWARKpSSFEE3QtGNK6lgH9CGcDOdtkNnkjAzEUrtR/gLbnXvTtz6CW79EqdtFrb1wIXDOfdwLyeIOVPacb6tzMrq2vpGdjO3tb2zu2fvH9RVlEhCayTikWwGoChnIa1ppjltxpKCCDhtBIObid94pFKxKHzQw5h6Anoh6zIC2ki+fdQOBIarAvjlYrsTaVXE4N+d+XbeKTlT4GXipiSPUlR9+8ekSSJoqAkHpVquE2tvBFIzwuk4104UjYEMoEdbhoYgqPJG0//H+NQoHdyNpJlQ46n6NzECodRQBGZTgO6rRW8i/ue1Et299EYsjBNNQzI71E041hGelIE7TFKi+dAQIJKZXzHpgwSiTWVzVwIxzplS3MUKlkm9XHKdknt/nq9cp/Vk0TE6QQXkogtUQbeoimqIoCf0gl7Rm/VsvVsf1udsNWOlmUM0B+vrF9g7mvU=</latexit>

�1
<latexit sha1_base64="XIFFDZzg56X6sUkOUbF3IiA0F9w=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgY7gTQcugjWUE8wHJEfY2e8mSvb1jd04IR8C/YKu9ndj6V2z9JW6SK0zig4HHezPMzAsSKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00Tp5rxBotlrNsBNVwKxRsoUPJ2ojmNAslbwehu6reeuDYiVo84Trgf0YESoWAUrdS66AoV4rhXrrhVdwaySrycVCBHvVf+6fZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCOpYpG3PjZ7NwJObNKn4SxtqWQzNS/ExmNjBlHge2MKA7NsjcV//M6KYY3fiZUkiJXbL4oTCXBmEx/J32hOUM5toQyLeythA2ppgxtQgtbgmhSsqF4yxGskuZl1XOr3sNVpXabx1OEEziFc/DgGmpwD3VoAIMRvMArvDnPzrvz4XzOWwtOPnMMC3C+fgF+ypYZ</latexit><latexit sha1_base64="XIFFDZzg56X6sUkOUbF3IiA0F9w=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgY7gTQcugjWUE8wHJEfY2e8mSvb1jd04IR8C/YKu9ndj6V2z9JW6SK0zig4HHezPMzAsSKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00Tp5rxBotlrNsBNVwKxRsoUPJ2ojmNAslbwehu6reeuDYiVo84Trgf0YESoWAUrdS66AoV4rhXrrhVdwaySrycVCBHvVf+6fZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCOpYpG3PjZ7NwJObNKn4SxtqWQzNS/ExmNjBlHge2MKA7NsjcV//M6KYY3fiZUkiJXbL4oTCXBmEx/J32hOUM5toQyLeythA2ppgxtQgtbgmhSsqF4yxGskuZl1XOr3sNVpXabx1OEEziFc/DgGmpwD3VoAIMRvMArvDnPzrvz4XzOWwtOPnMMC3C+fgF+ypYZ</latexit><latexit sha1_base64="XIFFDZzg56X6sUkOUbF3IiA0F9w=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgY7gTQcugjWUE8wHJEfY2e8mSvb1jd04IR8C/YKu9ndj6V2z9JW6SK0zig4HHezPMzAsSKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00Tp5rxBotlrNsBNVwKxRsoUPJ2ojmNAslbwehu6reeuDYiVo84Trgf0YESoWAUrdS66AoV4rhXrrhVdwaySrycVCBHvVf+6fZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCOpYpG3PjZ7NwJObNKn4SxtqWQzNS/ExmNjBlHge2MKA7NsjcV//M6KYY3fiZUkiJXbL4oTCXBmEx/J32hOUM5toQyLeythA2ppgxtQgtbgmhSsqF4yxGskuZl1XOr3sNVpXabx1OEEziFc/DgGmpwD3VoAIMRvMArvDnPzrvz4XzOWwtOPnMMC3C+fgF+ypYZ</latexit><latexit sha1_base64="XIFFDZzg56X6sUkOUbF3IiA0F9w=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgY7gTQcugjWUE8wHJEfY2e8mSvb1jd04IR8C/YKu9ndj6V2z9JW6SK0zig4HHezPMzAsSKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00Tp5rxBotlrNsBNVwKxRsoUPJ2ojmNAslbwehu6reeuDYiVo84Trgf0YESoWAUrdS66AoV4rhXrrhVdwaySrycVCBHvVf+6fZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCOpYpG3PjZ7NwJObNKn4SxtqWQzNS/ExmNjBlHge2MKA7NsjcV//M6KYY3fiZUkiJXbL4oTCXBmEx/J32hOUM5toQyLeythA2ppgxtQgtbgmhSsqF4yxGskuZl1XOr3sNVpXabx1OEEziFc/DgGmpwD3VoAIMRvMArvDnPzrvz4XzOWwtOPnMMC3C+fgF+ypYZ</latexit> +1

<latexit sha1_base64="rQKZBJTzTds+zBVee9Q4EcbD+RU=">AAAB/nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03YnQglFPwLXvXuTbz6V7z6S9y2OdjWBwOP92aYmRckUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHd1G89cW1ErB5xnHA/ogMlQsEoWql10RUqxHGvXHGr7gxklXg5qUCOeq/80+3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz2bkTcmaVPgljbUshmal/JzIaGTOOAtsZURyaZW8q/ud1Ugxv/EyoJEWu2HxRmEqCMZn+TvpCc4ZybAllWthbCRtSTRnahBa2BNGkZEPxliNYJc3LqudWvYerSu02j6cIJ3AK5+DBNdTgHurQAAYjeIFXeHOenXfnw/mctxacfOYYFuB8/QJ7lpYX</latexit><latexit sha1_base64="rQKZBJTzTds+zBVee9Q4EcbD+RU=">AAAB/nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03YnQglFPwLXvXuTbz6V7z6S9y2OdjWBwOP92aYmRckUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHd1G89cW1ErB5xnHA/ogMlQsEoWql10RUqxHGvXHGr7gxklXg5qUCOeq/80+3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz2bkTcmaVPgljbUshmal/JzIaGTOOAtsZURyaZW8q/ud1Ugxv/EyoJEWu2HxRmEqCMZn+TvpCc4ZybAllWthbCRtSTRnahBa2BNGkZEPxliNYJc3LqudWvYerSu02j6cIJ3AK5+DBNdTgHurQAAYjeIFXeHOenXfnw/mctxacfOYYFuB8/QJ7lpYX</latexit><latexit sha1_base64="rQKZBJTzTds+zBVee9Q4EcbD+RU=">AAAB/nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03YnQglFPwLXvXuTbz6V7z6S9y2OdjWBwOP92aYmRckUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHd1G89cW1ErB5xnHA/ogMlQsEoWql10RUqxHGvXHGr7gxklXg5qUCOeq/80+3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz2bkTcmaVPgljbUshmal/JzIaGTOOAtsZURyaZW8q/ud1Ugxv/EyoJEWu2HxRmEqCMZn+TvpCc4ZybAllWthbCRtSTRnahBa2BNGkZEPxliNYJc3LqudWvYerSu02j6cIJ3AK5+DBNdTgHurQAAYjeIFXeHOenXfnw/mctxacfOYYFuB8/QJ7lpYX</latexit><latexit sha1_base64="rQKZBJTzTds+zBVee9Q4EcbD+RU=">AAAB/nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03YnQglFPwLXvXuTbz6V7z6S9y2OdjWBwOP92aYmRckUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHd1G89cW1ErB5xnHA/ogMlQsEoWql10RUqxHGvXHGr7gxklXg5qUCOeq/80+3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz2bkTcmaVPgljbUshmal/JzIaGTOOAtsZURyaZW8q/ud1Ugxv/EyoJEWu2HxRmEqCMZn+TvpCc4ZybAllWthbCRtSTRnahBa2BNGkZEPxliNYJc3LqudWvYerSu02j6cIJ3AK5+DBNdTgHurQAAYjeIFXeHOenXfnw/mctxacfOYYFuB8/QJ7lpYX</latexit>

a2 ⌧ a3 ⌧ · · · ⌧ aN
<latexit sha1_base64="kiMAnOiskz54LBqgQsIHD4yMfic=">AAACEnicbVDLSgMxFM3UV62vUVfiJlgEV2WmCrosunElFewD2mG4k2ba0GRmSDJCGYo/4S+41b07cesPuPVLTNtZ2NYDISfn3sO9OUHCmdKO820VVlbX1jeKm6Wt7Z3dPXv/oKniVBLaIDGPZTsARTmLaEMzzWk7kRREwGkrGN5M6q1HKhWLowc9SqgnoB+xkBHQRvLtI/CrXc4x+Ofm6vZirWbPO98uOxVnCrxM3JyUUY66b/8YO0kFjTThoFTHdRLtZSA1I5yOS91U0QTIEPq0Y2gEgiovm35hjE+N0sNhLM2JNJ6qfx0ZCKVGIjCdAvRALdYm4n+1TqrDKy9jUZJqGpHZoDDlWMd4kgfuMUmJ5iNDgEhmdsVkABKINqnNTQnEuGRCcRcjWCbNasV1Ku79Rbl2ncdTRMfoBJ0hF12iGrpFddRABD2hF/SK3qxn6936sD5nrQUr9xyiOVhfv76WnTA=</latexit><latexit sha1_base64="kiMAnOiskz54LBqgQsIHD4yMfic=">AAACEnicbVDLSgMxFM3UV62vUVfiJlgEV2WmCrosunElFewD2mG4k2ba0GRmSDJCGYo/4S+41b07cesPuPVLTNtZ2NYDISfn3sO9OUHCmdKO820VVlbX1jeKm6Wt7Z3dPXv/oKniVBLaIDGPZTsARTmLaEMzzWk7kRREwGkrGN5M6q1HKhWLowc9SqgnoB+xkBHQRvLtI/CrXc4x+Ofm6vZirWbPO98uOxVnCrxM3JyUUY66b/8YO0kFjTThoFTHdRLtZSA1I5yOS91U0QTIEPq0Y2gEgiovm35hjE+N0sNhLM2JNJ6qfx0ZCKVGIjCdAvRALdYm4n+1TqrDKy9jUZJqGpHZoDDlWMd4kgfuMUmJ5iNDgEhmdsVkABKINqnNTQnEuGRCcRcjWCbNasV1Ku79Rbl2ncdTRMfoBJ0hF12iGrpFddRABD2hF/SK3qxn6936sD5nrQUr9xyiOVhfv76WnTA=</latexit><latexit sha1_base64="kiMAnOiskz54LBqgQsIHD4yMfic=">AAACEnicbVDLSgMxFM3UV62vUVfiJlgEV2WmCrosunElFewD2mG4k2ba0GRmSDJCGYo/4S+41b07cesPuPVLTNtZ2NYDISfn3sO9OUHCmdKO820VVlbX1jeKm6Wt7Z3dPXv/oKniVBLaIDGPZTsARTmLaEMzzWk7kRREwGkrGN5M6q1HKhWLowc9SqgnoB+xkBHQRvLtI/CrXc4x+Ofm6vZirWbPO98uOxVnCrxM3JyUUY66b/8YO0kFjTThoFTHdRLtZSA1I5yOS91U0QTIEPq0Y2gEgiovm35hjE+N0sNhLM2JNJ6qfx0ZCKVGIjCdAvRALdYm4n+1TqrDKy9jUZJqGpHZoDDlWMd4kgfuMUmJ5iNDgEhmdsVkABKINqnNTQnEuGRCcRcjWCbNasV1Ku79Rbl2ncdTRMfoBJ0hF12iGrpFddRABD2hF/SK3qxn6936sD5nrQUr9xyiOVhfv76WnTA=</latexit><latexit sha1_base64="kiMAnOiskz54LBqgQsIHD4yMfic=">AAACEnicbVDLSgMxFM3UV62vUVfiJlgEV2WmCrosunElFewD2mG4k2ba0GRmSDJCGYo/4S+41b07cesPuPVLTNtZ2NYDISfn3sO9OUHCmdKO820VVlbX1jeKm6Wt7Z3dPXv/oKniVBLaIDGPZTsARTmLaEMzzWk7kRREwGkrGN5M6q1HKhWLowc9SqgnoB+xkBHQRvLtI/CrXc4x+Ofm6vZirWbPO98uOxVnCrxM3JyUUY66b/8YO0kFjTThoFTHdRLtZSA1I5yOS91U0QTIEPq0Y2gEgiovm35hjE+N0sNhLM2JNJ6qfx0ZCKVGIjCdAvRALdYm4n+1TqrDKy9jUZJqGpHZoDDlWMd4kgfuMUmJ5iNDgEhmdsVkABKINqnNTQnEuGRCcRcjWCbNasV1Ku79Rbl2ncdTRMfoBJ0hF12iGrpFddRABD2hF/SK3qxn6936sD5nrQUr9xyiOVhfv76WnTA=</latexit>



Multi-level Landau-Zener problem

Formal solution:  (x) = T exp
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<latexit sha1_base64="4KnE7OPf/srteJGm5IItapVfP/M="></latexit><latexit sha1_base64="4KnE7OPf/srteJGm5IItapVfP/M="></latexit><latexit sha1_base64="4KnE7OPf/srteJGm5IItapVfP/M="></latexit><latexit sha1_base64="4KnE7OPf/srteJGm5IItapVfP/M="></latexit>
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<latexit sha1_base64="XgKN2Dm1PjiHRURiO77O/gROOdA="></latexit><latexit sha1_base64="XgKN2Dm1PjiHRURiO77O/gROOdA="></latexit><latexit sha1_base64="XgKN2Dm1PjiHRURiO77O/gROOdA="></latexit><latexit sha1_base64="XgKN2Dm1PjiHRURiO77O/gROOdA="></latexit>

Path-independent

H(t) =

0

BBB@

0 g2 · · · gN

g2 a2 · · · 0
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gN 0 · · · aN
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0 0 · · · 0
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<latexit sha1_base64="BHIi4Bkbp8LIN7uZHzgsclL1iKo="></latexit><latexit sha1_base64="BHIi4Bkbp8LIN7uZHzgsclL1iKo="></latexit><latexit sha1_base64="BHIi4Bkbp8LIN7uZHzgsclL1iKo="></latexit><latexit sha1_base64="BHIi4Bkbp8LIN7uZHzgsclL1iKo="></latexit>

Demkov-Osherov model:

a3 � a2
<latexit sha1_base64="2dtaNAf9fmUrYVQnwrqmFneS3x8=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iLgpZBG8sI5gOS49jb7CVLdveO3T0hHAH/gq32dmLrX7H1l7hJrjCJDwYe780wMy9MONPGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFWENknMY9UJsaacSdo0zHDaSRTFIuS0HY7upn77iSrNYvloxgn1BR5IFjGCjZXaOLi8wEEtKFfcqjsDWiVeTiqQoxGUf3r9mKSCSkM41rrruYnxM6wMI5xOSr1U0wSTER7QrqUSC6r9bHbuBJ1ZpY+iWNmSBs3UvxMZFlqPRWg7BTZDvexNxf+8bmqiGz9jMkkNlWS+KEo5MjGa/o76TFFi+NgSTBSztyIyxAoTYxNa2BKKScmG4i1HsEpatarnVr2Hq0r9No+nCCdwCufgwTXU4R4a0AQCI3iBV3hznp1358P5nLcWnHzmGBbgfP0CgDSVeA==</latexit><latexit sha1_base64="2dtaNAf9fmUrYVQnwrqmFneS3x8=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iLgpZBG8sI5gOS49jb7CVLdveO3T0hHAH/gq32dmLrX7H1l7hJrjCJDwYe780wMy9MONPGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFWENknMY9UJsaacSdo0zHDaSRTFIuS0HY7upn77iSrNYvloxgn1BR5IFjGCjZXaOLi8wEEtKFfcqjsDWiVeTiqQoxGUf3r9mKSCSkM41rrruYnxM6wMI5xOSr1U0wSTER7QrqUSC6r9bHbuBJ1ZpY+iWNmSBs3UvxMZFlqPRWg7BTZDvexNxf+8bmqiGz9jMkkNlWS+KEo5MjGa/o76TFFi+NgSTBSztyIyxAoTYxNa2BKKScmG4i1HsEpatarnVr2Hq0r9No+nCCdwCufgwTXU4R4a0AQCI3iBV3hznp1358P5nLcWnHzmGBbgfP0CgDSVeA==</latexit><latexit sha1_base64="2dtaNAf9fmUrYVQnwrqmFneS3x8=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iLgpZBG8sI5gOS49jb7CVLdveO3T0hHAH/gq32dmLrX7H1l7hJrjCJDwYe780wMy9MONPGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFWENknMY9UJsaacSdo0zHDaSRTFIuS0HY7upn77iSrNYvloxgn1BR5IFjGCjZXaOLi8wEEtKFfcqjsDWiVeTiqQoxGUf3r9mKSCSkM41rrruYnxM6wMI5xOSr1U0wSTER7QrqUSC6r9bHbuBJ1ZpY+iWNmSBs3UvxMZFlqPRWg7BTZDvexNxf+8bmqiGz9jMkkNlWS+KEo5MjGa/o76TFFi+NgSTBSztyIyxAoTYxNa2BKKScmG4i1HsEpatarnVr2Hq0r9No+nCCdwCufgwTXU4R4a0AQCI3iBV3hznp1358P5nLcWnHzmGBbgfP0CgDSVeA==</latexit><latexit sha1_base64="2dtaNAf9fmUrYVQnwrqmFneS3x8=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iLgpZBG8sI5gOS49jb7CVLdveO3T0hHAH/gq32dmLrX7H1l7hJrjCJDwYe780wMy9MONPGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFWENknMY9UJsaacSdo0zHDaSRTFIuS0HY7upn77iSrNYvloxgn1BR5IFjGCjZXaOLi8wEEtKFfcqjsDWiVeTiqQoxGUf3r9mKSCSkM41rrruYnxM6wMI5xOSr1U0wSTER7QrqUSC6r9bHbuBJ1ZpY+iWNmSBs3UvxMZFlqPRWg7BTZDvexNxf+8bmqiGz9jMkkNlWS+KEo5MjGa/o76TFFi+NgSTBSztyIyxAoTYxNa2BKKScmG4i1HsEpatarnVr2Hq0r9No+nCCdwCufgwTXU4R4a0AQCI3iBV3hznp1358P5nLcWnHzmGBbgfP0CgDSVeA==</latexit>

xk = ak
<latexit sha1_base64="6JYCa9+rRsRY4RdenHkkeaksN7s=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWsB/QhjDZbtslm03Y3Ygl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aysrq1vbJa2yts7u3v7lYPDlk4yRVmTJiJRnRA1E1yypuFGsE6qGMahYO0wup367UemNE/kgxmnzI9xKPmAUzRWaj8F0TUGUVCpujV3BrJMvIJUoUAjqHz1+gnNYiYNFah113NT4+eoDKeCTcq9TLMUaYRD1rVUYsy0n8/OnZBTq/TJIFG2pCEz9fdEjrHW4zi0nTGakV70puJ/Xjczgys/5zLNDJN0vmiQCWISMv2d9Lli1IixJUgVt7cSOkKF1NiEyjYEb/HlZdI6r3luzbu/qNZvijhKcAwncAYeXEId7qABTaAQwTO8wpuTOi/Ou/Mxb11xipkj+APn8wcf8Y9q</latexit><latexit sha1_base64="6JYCa9+rRsRY4RdenHkkeaksN7s=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWsB/QhjDZbtslm03Y3Ygl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aysrq1vbJa2yts7u3v7lYPDlk4yRVmTJiJRnRA1E1yypuFGsE6qGMahYO0wup367UemNE/kgxmnzI9xKPmAUzRWaj8F0TUGUVCpujV3BrJMvIJUoUAjqHz1+gnNYiYNFah113NT4+eoDKeCTcq9TLMUaYRD1rVUYsy0n8/OnZBTq/TJIFG2pCEz9fdEjrHW4zi0nTGakV70puJ/Xjczgys/5zLNDJN0vmiQCWISMv2d9Lli1IixJUgVt7cSOkKF1NiEyjYEb/HlZdI6r3luzbu/qNZvijhKcAwncAYeXEId7qABTaAQwTO8wpuTOi/Ou/Mxb11xipkj+APn8wcf8Y9q</latexit><latexit sha1_base64="6JYCa9+rRsRY4RdenHkkeaksN7s=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWsB/QhjDZbtslm03Y3Ygl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aysrq1vbJa2yts7u3v7lYPDlk4yRVmTJiJRnRA1E1yypuFGsE6qGMahYO0wup367UemNE/kgxmnzI9xKPmAUzRWaj8F0TUGUVCpujV3BrJMvIJUoUAjqHz1+gnNYiYNFah113NT4+eoDKeCTcq9TLMUaYRD1rVUYsy0n8/OnZBTq/TJIFG2pCEz9fdEjrHW4zi0nTGakV70puJ/Xjczgys/5zLNDJN0vmiQCWISMv2d9Lli1IixJUgVt7cSOkKF1NiEyjYEb/HlZdI6r3luzbu/qNZvijhKcAwncAYeXEId7qABTaAQwTO8wpuTOi/Ou/Mxb11xipkj+APn8wcf8Y9q</latexit><latexit sha1_base64="6JYCa9+rRsRY4RdenHkkeaksN7s=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWsB/QhjDZbtslm03Y3Ygl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aysrq1vbJa2yts7u3v7lYPDlk4yRVmTJiJRnRA1E1yypuFGsE6qGMahYO0wup367UemNE/kgxmnzI9xKPmAUzRWaj8F0TUGUVCpujV3BrJMvIJUoUAjqHz1+gnNYiYNFah113NT4+eoDKeCTcq9TLMUaYRD1rVUYsy0n8/OnZBTq/TJIFG2pCEz9fdEjrHW4zi0nTGakV70puJ/Xjczgys/5zLNDJN0vmiQCWISMv2d9Lli1IixJUgVt7cSOkKF1NiEyjYEb/HlZdI6r3luzbu/qNZvijhKcAwncAYeXEId7qABTaAQwTO8wpuTOi/Ou/Mxb11xipkj+APn8wcf8Y9q</latexit>

t
<latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit>

a = (a2, . . . , aN )
<latexit sha1_base64="fGt18sB36j1ogMhfd6ANBHeW+50=">AAACD3icbVDLSsNAFJ3UV62vqODGzWARKpSSFEE3QtGNK6lgH9CGcDOdtkNnkjAzEUrtR/gLbnXvTtz6CW79EqdtFrb1wIXDOfdwLyeIOVPacb6tzMrq2vpGdjO3tb2zu2fvH9RVlEhCayTikWwGoChnIa1ppjltxpKCCDhtBIObid94pFKxKHzQw5h6Anoh6zIC2ki+fdQOBIarAvjlYrsTaVXE4N+d+XbeKTlT4GXipiSPUlR9+8ekSSJoqAkHpVquE2tvBFIzwuk4104UjYEMoEdbhoYgqPJG0//H+NQoHdyNpJlQ46n6NzECodRQBGZTgO6rRW8i/ue1Et299EYsjBNNQzI71E041hGelIE7TFKi+dAQIJKZXzHpgwSiTWVzVwIxzplS3MUKlkm9XHKdknt/nq9cp/Vk0TE6QQXkogtUQbeoimqIoCf0gl7Rm/VsvVsf1udsNWOlmUM0B+vrF9g7mvU=</latexit><latexit sha1_base64="fGt18sB36j1ogMhfd6ANBHeW+50=">AAACD3icbVDLSsNAFJ3UV62vqODGzWARKpSSFEE3QtGNK6lgH9CGcDOdtkNnkjAzEUrtR/gLbnXvTtz6CW79EqdtFrb1wIXDOfdwLyeIOVPacb6tzMrq2vpGdjO3tb2zu2fvH9RVlEhCayTikWwGoChnIa1ppjltxpKCCDhtBIObid94pFKxKHzQw5h6Anoh6zIC2ki+fdQOBIarAvjlYrsTaVXE4N+d+XbeKTlT4GXipiSPUlR9+8ekSSJoqAkHpVquE2tvBFIzwuk4104UjYEMoEdbhoYgqPJG0//H+NQoHdyNpJlQ46n6NzECodRQBGZTgO6rRW8i/ue1Et299EYsjBNNQzI71E041hGelIE7TFKi+dAQIJKZXzHpgwSiTWVzVwIxzplS3MUKlkm9XHKdknt/nq9cp/Vk0TE6QQXkogtUQbeoimqIoCf0gl7Rm/VsvVsf1udsNWOlmUM0B+vrF9g7mvU=</latexit><latexit sha1_base64="fGt18sB36j1ogMhfd6ANBHeW+50=">AAACD3icbVDLSsNAFJ3UV62vqODGzWARKpSSFEE3QtGNK6lgH9CGcDOdtkNnkjAzEUrtR/gLbnXvTtz6CW79EqdtFrb1wIXDOfdwLyeIOVPacb6tzMrq2vpGdjO3tb2zu2fvH9RVlEhCayTikWwGoChnIa1ppjltxpKCCDhtBIObid94pFKxKHzQw5h6Anoh6zIC2ki+fdQOBIarAvjlYrsTaVXE4N+d+XbeKTlT4GXipiSPUlR9+8ekSSJoqAkHpVquE2tvBFIzwuk4104UjYEMoEdbhoYgqPJG0//H+NQoHdyNpJlQ46n6NzECodRQBGZTgO6rRW8i/ue1Et299EYsjBNNQzI71E041hGelIE7TFKi+dAQIJKZXzHpgwSiTWVzVwIxzplS3MUKlkm9XHKdknt/nq9cp/Vk0TE6QQXkogtUQbeoimqIoCf0gl7Rm/VsvVsf1udsNWOlmUM0B+vrF9g7mvU=</latexit><latexit sha1_base64="fGt18sB36j1ogMhfd6ANBHeW+50=">AAACD3icbVDLSsNAFJ3UV62vqODGzWARKpSSFEE3QtGNK6lgH9CGcDOdtkNnkjAzEUrtR/gLbnXvTtz6CW79EqdtFrb1wIXDOfdwLyeIOVPacb6tzMrq2vpGdjO3tb2zu2fvH9RVlEhCayTikWwGoChnIa1ppjltxpKCCDhtBIObid94pFKxKHzQw5h6Anoh6zIC2ki+fdQOBIarAvjlYrsTaVXE4N+d+XbeKTlT4GXipiSPUlR9+8ekSSJoqAkHpVquE2tvBFIzwuk4104UjYEMoEdbhoYgqPJG0//H+NQoHdyNpJlQ46n6NzECodRQBGZTgO6rRW8i/ue1Et299EYsjBNNQzI71E041hGelIE7TFKi+dAQIJKZXzHpgwSiTWVzVwIxzplS3MUKlkm9XHKdknt/nq9cp/Vk0TE6QQXkogtUQbeoimqIoCf0gl7Rm/VsvVsf1udsNWOlmUM0B+vrF9g7mvU=</latexit>

�1
<latexit sha1_base64="XIFFDZzg56X6sUkOUbF3IiA0F9w=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgY7gTQcugjWUE8wHJEfY2e8mSvb1jd04IR8C/YKu9ndj6V2z9JW6SK0zig4HHezPMzAsSKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00Tp5rxBotlrNsBNVwKxRsoUPJ2ojmNAslbwehu6reeuDYiVo84Trgf0YESoWAUrdS66AoV4rhXrrhVdwaySrycVCBHvVf+6fZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCOpYpG3PjZ7NwJObNKn4SxtqWQzNS/ExmNjBlHge2MKA7NsjcV//M6KYY3fiZUkiJXbL4oTCXBmEx/J32hOUM5toQyLeythA2ppgxtQgtbgmhSsqF4yxGskuZl1XOr3sNVpXabx1OEEziFc/DgGmpwD3VoAIMRvMArvDnPzrvz4XzOWwtOPnMMC3C+fgF+ypYZ</latexit><latexit sha1_base64="XIFFDZzg56X6sUkOUbF3IiA0F9w=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgY7gTQcugjWUE8wHJEfY2e8mSvb1jd04IR8C/YKu9ndj6V2z9JW6SK0zig4HHezPMzAsSKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00Tp5rxBotlrNsBNVwKxRsoUPJ2ojmNAslbwehu6reeuDYiVo84Trgf0YESoWAUrdS66AoV4rhXrrhVdwaySrycVCBHvVf+6fZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCOpYpG3PjZ7NwJObNKn4SxtqWQzNS/ExmNjBlHge2MKA7NsjcV//M6KYY3fiZUkiJXbL4oTCXBmEx/J32hOUM5toQyLeythA2ppgxtQgtbgmhSsqF4yxGskuZl1XOr3sNVpXabx1OEEziFc/DgGmpwD3VoAIMRvMArvDnPzrvz4XzOWwtOPnMMC3C+fgF+ypYZ</latexit><latexit sha1_base64="XIFFDZzg56X6sUkOUbF3IiA0F9w=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgY7gTQcugjWUE8wHJEfY2e8mSvb1jd04IR8C/YKu9ndj6V2z9JW6SK0zig4HHezPMzAsSKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00Tp5rxBotlrNsBNVwKxRsoUPJ2ojmNAslbwehu6reeuDYiVo84Trgf0YESoWAUrdS66AoV4rhXrrhVdwaySrycVCBHvVf+6fZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCOpYpG3PjZ7NwJObNKn4SxtqWQzNS/ExmNjBlHge2MKA7NsjcV//M6KYY3fiZUkiJXbL4oTCXBmEx/J32hOUM5toQyLeythA2ppgxtQgtbgmhSsqF4yxGskuZl1XOr3sNVpXabx1OEEziFc/DgGmpwD3VoAIMRvMArvDnPzrvz4XzOWwtOPnMMC3C+fgF+ypYZ</latexit><latexit sha1_base64="XIFFDZzg56X6sUkOUbF3IiA0F9w=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgY7gTQcugjWUE8wHJEfY2e8mSvb1jd04IR8C/YKu9ndj6V2z9JW6SK0zig4HHezPMzAsSKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00Tp5rxBotlrNsBNVwKxRsoUPJ2ojmNAslbwehu6reeuDYiVo84Trgf0YESoWAUrdS66AoV4rhXrrhVdwaySrycVCBHvVf+6fZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCOpYpG3PjZ7NwJObNKn4SxtqWQzNS/ExmNjBlHge2MKA7NsjcV//M6KYY3fiZUkiJXbL4oTCXBmEx/J32hOUM5toQyLeythA2ppgxtQgtbgmhSsqF4yxGskuZl1XOr3sNVpXabx1OEEziFc/DgGmpwD3VoAIMRvMArvDnPzrvz4XzOWwtOPnMMC3C+fgF+ypYZ</latexit> +1

<latexit sha1_base64="rQKZBJTzTds+zBVee9Q4EcbD+RU=">AAAB/nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03YnQglFPwLXvXuTbz6V7z6S9y2OdjWBwOP92aYmRckUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHd1G89cW1ErB5xnHA/ogMlQsEoWql10RUqxHGvXHGr7gxklXg5qUCOeq/80+3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz2bkTcmaVPgljbUshmal/JzIaGTOOAtsZURyaZW8q/ud1Ugxv/EyoJEWu2HxRmEqCMZn+TvpCc4ZybAllWthbCRtSTRnahBa2BNGkZEPxliNYJc3LqudWvYerSu02j6cIJ3AK5+DBNdTgHurQAAYjeIFXeHOenXfnw/mctxacfOYYFuB8/QJ7lpYX</latexit><latexit sha1_base64="rQKZBJTzTds+zBVee9Q4EcbD+RU=">AAAB/nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03YnQglFPwLXvXuTbz6V7z6S9y2OdjWBwOP92aYmRckUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHd1G89cW1ErB5xnHA/ogMlQsEoWql10RUqxHGvXHGr7gxklXg5qUCOeq/80+3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz2bkTcmaVPgljbUshmal/JzIaGTOOAtsZURyaZW8q/ud1Ugxv/EyoJEWu2HxRmEqCMZn+TvpCc4ZybAllWthbCRtSTRnahBa2BNGkZEPxliNYJc3LqudWvYerSu02j6cIJ3AK5+DBNdTgHurQAAYjeIFXeHOenXfnw/mctxacfOYYFuB8/QJ7lpYX</latexit><latexit sha1_base64="rQKZBJTzTds+zBVee9Q4EcbD+RU=">AAAB/nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03YnQglFPwLXvXuTbz6V7z6S9y2OdjWBwOP92aYmRckUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHd1G89cW1ErB5xnHA/ogMlQsEoWql10RUqxHGvXHGr7gxklXg5qUCOeq/80+3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz2bkTcmaVPgljbUshmal/JzIaGTOOAtsZURyaZW8q/ud1Ugxv/EyoJEWu2HxRmEqCMZn+TvpCc4ZybAllWthbCRtSTRnahBa2BNGkZEPxliNYJc3LqudWvYerSu02j6cIJ3AK5+DBNdTgHurQAAYjeIFXeHOenXfnw/mctxacfOYYFuB8/QJ7lpYX</latexit><latexit sha1_base64="rQKZBJTzTds+zBVee9Q4EcbD+RU=">AAAB/nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03YnQglFPwLXvXuTbz6V7z6S9y2OdjWBwOP92aYmRckUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHd1G89cW1ErB5xnHA/ogMlQsEoWql10RUqxHGvXHGr7gxklXg5qUCOeq/80+3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz2bkTcmaVPgljbUshmal/JzIaGTOOAtsZURyaZW8q/ud1Ugxv/EyoJEWu2HxRmEqCMZn+TvpCc4ZybAllWthbCRtSTRnahBa2BNGkZEPxliNYJc3LqudWvYerSu02j6cIJ3AK5+DBNdTgHurQAAYjeIFXeHOenXfnw/mctxacfOYYFuB8/QJ7lpYX</latexit>

a2 ⌧ a3 ⌧ · · · ⌧ aN
<latexit sha1_base64="kiMAnOiskz54LBqgQsIHD4yMfic=">AAACEnicbVDLSgMxFM3UV62vUVfiJlgEV2WmCrosunElFewD2mG4k2ba0GRmSDJCGYo/4S+41b07cesPuPVLTNtZ2NYDISfn3sO9OUHCmdKO820VVlbX1jeKm6Wt7Z3dPXv/oKniVBLaIDGPZTsARTmLaEMzzWk7kRREwGkrGN5M6q1HKhWLowc9SqgnoB+xkBHQRvLtI/CrXc4x+Ofm6vZirWbPO98uOxVnCrxM3JyUUY66b/8YO0kFjTThoFTHdRLtZSA1I5yOS91U0QTIEPq0Y2gEgiovm35hjE+N0sNhLM2JNJ6qfx0ZCKVGIjCdAvRALdYm4n+1TqrDKy9jUZJqGpHZoDDlWMd4kgfuMUmJ5iNDgEhmdsVkABKINqnNTQnEuGRCcRcjWCbNasV1Ku79Rbl2ncdTRMfoBJ0hF12iGrpFddRABD2hF/SK3qxn6936sD5nrQUr9xyiOVhfv76WnTA=</latexit><latexit sha1_base64="kiMAnOiskz54LBqgQsIHD4yMfic=">AAACEnicbVDLSgMxFM3UV62vUVfiJlgEV2WmCrosunElFewD2mG4k2ba0GRmSDJCGYo/4S+41b07cesPuPVLTNtZ2NYDISfn3sO9OUHCmdKO820VVlbX1jeKm6Wt7Z3dPXv/oKniVBLaIDGPZTsARTmLaEMzzWk7kRREwGkrGN5M6q1HKhWLowc9SqgnoB+xkBHQRvLtI/CrXc4x+Ofm6vZirWbPO98uOxVnCrxM3JyUUY66b/8YO0kFjTThoFTHdRLtZSA1I5yOS91U0QTIEPq0Y2gEgiovm35hjE+N0sNhLM2JNJ6qfx0ZCKVGIjCdAvRALdYm4n+1TqrDKy9jUZJqGpHZoDDlWMd4kgfuMUmJ5iNDgEhmdsVkABKINqnNTQnEuGRCcRcjWCbNasV1Ku79Rbl2ncdTRMfoBJ0hF12iGrpFddRABD2hF/SK3qxn6936sD5nrQUr9xyiOVhfv76WnTA=</latexit><latexit sha1_base64="kiMAnOiskz54LBqgQsIHD4yMfic=">AAACEnicbVDLSgMxFM3UV62vUVfiJlgEV2WmCrosunElFewD2mG4k2ba0GRmSDJCGYo/4S+41b07cesPuPVLTNtZ2NYDISfn3sO9OUHCmdKO820VVlbX1jeKm6Wt7Z3dPXv/oKniVBLaIDGPZTsARTmLaEMzzWk7kRREwGkrGN5M6q1HKhWLowc9SqgnoB+xkBHQRvLtI/CrXc4x+Ofm6vZirWbPO98uOxVnCrxM3JyUUY66b/8YO0kFjTThoFTHdRLtZSA1I5yOS91U0QTIEPq0Y2gEgiovm35hjE+N0sNhLM2JNJ6qfx0ZCKVGIjCdAvRALdYm4n+1TqrDKy9jUZJqGpHZoDDlWMd4kgfuMUmJ5iNDgEhmdsVkABKINqnNTQnEuGRCcRcjWCbNasV1Ku79Rbl2ncdTRMfoBJ0hF12iGrpFddRABD2hF/SK3qxn6936sD5nrQUr9xyiOVhfv76WnTA=</latexit><latexit sha1_base64="kiMAnOiskz54LBqgQsIHD4yMfic=">AAACEnicbVDLSgMxFM3UV62vUVfiJlgEV2WmCrosunElFewD2mG4k2ba0GRmSDJCGYo/4S+41b07cesPuPVLTNtZ2NYDISfn3sO9OUHCmdKO820VVlbX1jeKm6Wt7Z3dPXv/oKniVBLaIDGPZTsARTmLaEMzzWk7kRREwGkrGN5M6q1HKhWLowc9SqgnoB+xkBHQRvLtI/CrXc4x+Ofm6vZirWbPO98uOxVnCrxM3JyUUY66b/8YO0kFjTThoFTHdRLtZSA1I5yOS91U0QTIEPq0Y2gEgiovm35hjE+N0sNhLM2JNJ6qfx0ZCKVGIjCdAvRALdYm4n+1TqrDKy9jUZJqGpHZoDDlWMd4kgfuMUmJ5iNDgEhmdsVkABKINqnNTQnEuGRCcRcjWCbNasV1Ku79Rbl2ncdTRMfoBJ0hF12iGrpFddRABD2hF/SK3qxn6936sD5nrQUr9xyiOVhfv76WnTA=</latexit>

Energy levels well separated (i.e. evolution is 
adiabatic and no transitions occur) everywhere along 
the contour except near crossings where       
scattering events take place

2⇥ 2
<latexit sha1_base64="O6ChbjUFRzWtTyKHNQ2yRg3Kj0k=">AAACAHicbVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLCOYhyRLmJ3MJkNmdpeZu0JY0vgLttrbia1/YuuXOEm2MIkHBg7n3Mu5c4JECoOu++2srW9sbm0Xdoq7e/sHh6Wj46aJU814g8Uy1u2AGi5FxBsoUPJ2ojlVgeStYHQ79VtPXBsRRw84Triv6CASoWAUrfRY7aJQ3JBqr1R2K+4MZJV4OSlDjnqv9NPtxyxVPEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsjamP8bHbwhJxbpU/CWNsXIZmpfzcyqowZq8BOKopDs+xNxf+8TorhtZ+JKEmRR2weFKaSYEymvyd9oTlDObaEMi3srYQNqaYMbUcLKYGaFG0p3nIFq6RZrXhuxbu/LNdu8noKcApncAEeXEEN7qAODWCg4AVe4c15dt6dD+dzPrrm5DsnsADn6xdLQZZ8</latexit><latexit sha1_base64="O6ChbjUFRzWtTyKHNQ2yRg3Kj0k=">AAACAHicbVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLCOYhyRLmJ3MJkNmdpeZu0JY0vgLttrbia1/YuuXOEm2MIkHBg7n3Mu5c4JECoOu++2srW9sbm0Xdoq7e/sHh6Wj46aJU814g8Uy1u2AGi5FxBsoUPJ2ojlVgeStYHQ79VtPXBsRRw84Triv6CASoWAUrfRY7aJQ3JBqr1R2K+4MZJV4OSlDjnqv9NPtxyxVPEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsjamP8bHbwhJxbpU/CWNsXIZmpfzcyqowZq8BOKopDs+xNxf+8TorhtZ+JKEmRR2weFKaSYEymvyd9oTlDObaEMi3srYQNqaYMbUcLKYGaFG0p3nIFq6RZrXhuxbu/LNdu8noKcApncAEeXEEN7qAODWCg4AVe4c15dt6dD+dzPrrm5DsnsADn6xdLQZZ8</latexit><latexit sha1_base64="O6ChbjUFRzWtTyKHNQ2yRg3Kj0k=">AAACAHicbVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLCOYhyRLmJ3MJkNmdpeZu0JY0vgLttrbia1/YuuXOEm2MIkHBg7n3Mu5c4JECoOu++2srW9sbm0Xdoq7e/sHh6Wj46aJU814g8Uy1u2AGi5FxBsoUPJ2ojlVgeStYHQ79VtPXBsRRw84Triv6CASoWAUrfRY7aJQ3JBqr1R2K+4MZJV4OSlDjnqv9NPtxyxVPEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsjamP8bHbwhJxbpU/CWNsXIZmpfzcyqowZq8BOKopDs+xNxf+8TorhtZ+JKEmRR2weFKaSYEymvyd9oTlDObaEMi3srYQNqaYMbUcLKYGaFG0p3nIFq6RZrXhuxbu/LNdu8noKcApncAEeXEEN7qAODWCg4AVe4c15dt6dD+dzPrrm5DsnsADn6xdLQZZ8</latexit><latexit sha1_base64="O6ChbjUFRzWtTyKHNQ2yRg3Kj0k=">AAACAHicbVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLCOYhyRLmJ3MJkNmdpeZu0JY0vgLttrbia1/YuuXOEm2MIkHBg7n3Mu5c4JECoOu++2srW9sbm0Xdoq7e/sHh6Wj46aJU814g8Uy1u2AGi5FxBsoUPJ2ojlVgeStYHQ79VtPXBsRRw84Triv6CASoWAUrfRY7aJQ3JBqr1R2K+4MZJV4OSlDjnqv9NPtxyxVPEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsjamP8bHbwhJxbpU/CWNsXIZmpfzcyqowZq8BOKopDs+xNxf+8TorhtZ+JKEmRR2weFKaSYEymvyd9oTlDObaEMi3srYQNqaYMbUcLKYGaFG0p3nIFq6RZrXhuxbu/LNdu8noKcApncAEeXEEN7qAODWCg4AVe4c15dt6dD+dzPrrm5DsnsADn6xdLQZZ8</latexit>

) S = S1N
LZ . . . S13

LZS
12
LZ

<latexit sha1_base64="mw/TDYIYaS9BKP/JcoPtG/9/H4U="></latexit><latexit sha1_base64="mw/TDYIYaS9BKP/JcoPtG/9/H4U="></latexit><latexit sha1_base64="mw/TDYIYaS9BKP/JcoPtG/9/H4U="></latexit><latexit sha1_base64="mw/TDYIYaS9BKP/JcoPtG/9/H4U="></latexit>
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<latexit sha1_base64="DC39lUMLlRpngvcrN75Ttw2Vd4s="></latexit><latexit sha1_base64="DC39lUMLlRpngvcrN75Ttw2Vd4s="></latexit><latexit sha1_base64="DC39lUMLlRpngvcrN75Ttw2Vd4s="></latexit><latexit sha1_base64="DC39lUMLlRpngvcrN75Ttw2Vd4s="></latexit>

– Gaudin magnets

More generally, any semisimple Lie algebra and/or hyperbolic, trigonometric Gaudins
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<latexit sha1_base64="cip92LybW6aqgK68Ur1TS5n4Y6M="></latexit><latexit sha1_base64="cip92LybW6aqgK68Ur1TS5n4Y6M="></latexit><latexit sha1_base64="cip92LybW6aqgK68Ur1TS5n4Y6M="></latexit><latexit sha1_base64="cip92LybW6aqgK68Ur1TS5n4Y6M="></latexit>

[Ĥj , Ĥk] = 0, [Sz
tot, Ĥk] = 0, S
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<latexit sha1_base64="Ki07bG4zlhGoK8v/oRdEtIOvN2M="></latexit><latexit sha1_base64="Ki07bG4zlhGoK8v/oRdEtIOvN2M="></latexit><latexit sha1_base64="Ki07bG4zlhGoK8v/oRdEtIOvN2M="></latexit><latexit sha1_base64="Ki07bG4zlhGoK8v/oRdEtIOvN2M="></latexit>
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<latexit sha1_base64="DC39lUMLlRpngvcrN75Ttw2Vd4s="></latexit><latexit sha1_base64="DC39lUMLlRpngvcrN75Ttw2Vd4s="></latexit><latexit sha1_base64="DC39lUMLlRpngvcrN75Ttw2Vd4s="></latexit><latexit sha1_base64="DC39lUMLlRpngvcrN75Ttw2Vd4s="></latexit>

– Gaudin magnets

More generally, any semisimple Lie algebra and/or hyperbolic, trigonometric Gaudins

X

k
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<latexit sha1_base64="+qO7PjOU5isVm1g/eP7QAoEaxT0="></latexit><latexit sha1_base64="+qO7PjOU5isVm1g/eP7QAoEaxT0="></latexit><latexit sha1_base64="+qO7PjOU5isVm1g/eP7QAoEaxT0="></latexit><latexit sha1_base64="+qO7PjOU5isVm1g/eP7QAoEaxT0="></latexit>

BCS model of 
superconductivity

[ĤBCS, Ĥk] = 0
<latexit sha1_base64="ROkFUXXOEbVTv/xz/ze7uyGnlng=">AAACGnicbVDLSsNAFJ34rPUVdelmtAgupCQi6EYo7abLivYBSQiT6bQdOpOEmYlQQtb+hL/gVvfuxK0bt36JkzYL23rgwuGce7n3niBmVCrL+jZWVtfWNzZLW+Xtnd29ffPgsCOjRGDSxhGLRC9AkjAakraiipFeLAjiASPdYNzI/e4jEZJG4YOaxMTjaBjSAcVIack3Txx3hBRs+i5HaiR4Wm/cZxewEMfereWbFatqTQGXiV2QCijQ8s0ftx/hhJNQYYakdGwrVl6KhKKYkazsJpLECI/RkDiahogT6aXTVzJ4ppU+HERCV6jgVP07kSIu5YQHujM/WC56ufif5yRqcOOlNIwTRUI8WzRIGFQRzHOBfSoIVmyiCcKC6lshHiGBsNLpzW0JeFbWodiLESyTzmXVtqr23VWlVi/iKYFjcArOgQ2uQQ00QQu0AQZP4AW8gjfj2Xg3PozPWeuKUcwcgTkYX78PTJ/s</latexit><latexit sha1_base64="ROkFUXXOEbVTv/xz/ze7uyGnlng=">AAACGnicbVDLSsNAFJ34rPUVdelmtAgupCQi6EYo7abLivYBSQiT6bQdOpOEmYlQQtb+hL/gVvfuxK0bt36JkzYL23rgwuGce7n3niBmVCrL+jZWVtfWNzZLW+Xtnd29ffPgsCOjRGDSxhGLRC9AkjAakraiipFeLAjiASPdYNzI/e4jEZJG4YOaxMTjaBjSAcVIack3Txx3hBRs+i5HaiR4Wm/cZxewEMfereWbFatqTQGXiV2QCijQ8s0ftx/hhJNQYYakdGwrVl6KhKKYkazsJpLECI/RkDiahogT6aXTVzJ4ppU+HERCV6jgVP07kSIu5YQHujM/WC56ufif5yRqcOOlNIwTRUI8WzRIGFQRzHOBfSoIVmyiCcKC6lshHiGBsNLpzW0JeFbWodiLESyTzmXVtqr23VWlVi/iKYFjcArOgQ2uQQ00QQu0AQZP4AW8gjfj2Xg3PozPWeuKUcwcgTkYX78PTJ/s</latexit><latexit sha1_base64="ROkFUXXOEbVTv/xz/ze7uyGnlng=">AAACGnicbVDLSsNAFJ34rPUVdelmtAgupCQi6EYo7abLivYBSQiT6bQdOpOEmYlQQtb+hL/gVvfuxK0bt36JkzYL23rgwuGce7n3niBmVCrL+jZWVtfWNzZLW+Xtnd29ffPgsCOjRGDSxhGLRC9AkjAakraiipFeLAjiASPdYNzI/e4jEZJG4YOaxMTjaBjSAcVIack3Txx3hBRs+i5HaiR4Wm/cZxewEMfereWbFatqTQGXiV2QCijQ8s0ftx/hhJNQYYakdGwrVl6KhKKYkazsJpLECI/RkDiahogT6aXTVzJ4ppU+HERCV6jgVP07kSIu5YQHujM/WC56ufif5yRqcOOlNIwTRUI8WzRIGFQRzHOBfSoIVmyiCcKC6lshHiGBsNLpzW0JeFbWodiLESyTzmXVtqr23VWlVi/iKYFjcArOgQ2uQQ00QQu0AQZP4AW8gjfj2Xg3PozPWeuKUcwcgTkYX78PTJ/s</latexit><latexit sha1_base64="ROkFUXXOEbVTv/xz/ze7uyGnlng=">AAACGnicbVDLSsNAFJ34rPUVdelmtAgupCQi6EYo7abLivYBSQiT6bQdOpOEmYlQQtb+hL/gVvfuxK0bt36JkzYL23rgwuGce7n3niBmVCrL+jZWVtfWNzZLW+Xtnd29ffPgsCOjRGDSxhGLRC9AkjAakraiipFeLAjiASPdYNzI/e4jEZJG4YOaxMTjaBjSAcVIack3Txx3hBRs+i5HaiR4Wm/cZxewEMfereWbFatqTQGXiV2QCijQ8s0ftx/hhJNQYYakdGwrVl6KhKKYkazsJpLECI/RkDiahogT6aXTVzJ4ppU+HERCV6jgVP07kSIu5YQHujM/WC56ufif5yRqcOOlNIwTRUI8WzRIGFQRzHOBfSoIVmyiCcKC6lshHiGBsNLpzW0JeFbWodiLESyTzmXVtqr23VWlVi/iKYFjcArOgQ2uQQ00QQu0AQZP4AW8gjfj2Xg3PozPWeuKUcwcgTkYX78PTJ/s</latexit>
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<latexit sha1_base64="cip92LybW6aqgK68Ur1TS5n4Y6M="></latexit><latexit sha1_base64="cip92LybW6aqgK68Ur1TS5n4Y6M="></latexit><latexit sha1_base64="cip92LybW6aqgK68Ur1TS5n4Y6M="></latexit><latexit sha1_base64="cip92LybW6aqgK68Ur1TS5n4Y6M="></latexit>
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<latexit sha1_base64="Ki07bG4zlhGoK8v/oRdEtIOvN2M="></latexit><latexit sha1_base64="Ki07bG4zlhGoK8v/oRdEtIOvN2M="></latexit><latexit sha1_base64="Ki07bG4zlhGoK8v/oRdEtIOvN2M="></latexit><latexit sha1_base64="Ki07bG4zlhGoK8v/oRdEtIOvN2M="></latexit>
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<latexit sha1_base64="DC39lUMLlRpngvcrN75Ttw2Vd4s="></latexit><latexit sha1_base64="DC39lUMLlRpngvcrN75Ttw2Vd4s="></latexit><latexit sha1_base64="DC39lUMLlRpngvcrN75Ttw2Vd4s="></latexit><latexit sha1_base64="DC39lUMLlRpngvcrN75Ttw2Vd4s="></latexit>

– Gaudin magnets

More generally, any semisimple Lie algebra and/or hyperbolic, trigonometric Gaudins
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<latexit sha1_base64="+qO7PjOU5isVm1g/eP7QAoEaxT0="></latexit><latexit sha1_base64="+qO7PjOU5isVm1g/eP7QAoEaxT0="></latexit><latexit sha1_base64="+qO7PjOU5isVm1g/eP7QAoEaxT0="></latexit><latexit sha1_base64="+qO7PjOU5isVm1g/eP7QAoEaxT0="></latexit>

BCS model of 
superconductivity

[ĤBCS, Ĥk] = 0
<latexit sha1_base64="ROkFUXXOEbVTv/xz/ze7uyGnlng=">AAACGnicbVDLSsNAFJ34rPUVdelmtAgupCQi6EYo7abLivYBSQiT6bQdOpOEmYlQQtb+hL/gVvfuxK0bt36JkzYL23rgwuGce7n3niBmVCrL+jZWVtfWNzZLW+Xtnd29ffPgsCOjRGDSxhGLRC9AkjAakraiipFeLAjiASPdYNzI/e4jEZJG4YOaxMTjaBjSAcVIack3Txx3hBRs+i5HaiR4Wm/cZxewEMfereWbFatqTQGXiV2QCijQ8s0ftx/hhJNQYYakdGwrVl6KhKKYkazsJpLECI/RkDiahogT6aXTVzJ4ppU+HERCV6jgVP07kSIu5YQHujM/WC56ufif5yRqcOOlNIwTRUI8WzRIGFQRzHOBfSoIVmyiCcKC6lshHiGBsNLpzW0JeFbWodiLESyTzmXVtqr23VWlVi/iKYFjcArOgQ2uQQ00QQu0AQZP4AW8gjfj2Xg3PozPWeuKUcwcgTkYX78PTJ/s</latexit><latexit sha1_base64="ROkFUXXOEbVTv/xz/ze7uyGnlng=">AAACGnicbVDLSsNAFJ34rPUVdelmtAgupCQi6EYo7abLivYBSQiT6bQdOpOEmYlQQtb+hL/gVvfuxK0bt36JkzYL23rgwuGce7n3niBmVCrL+jZWVtfWNzZLW+Xtnd29ffPgsCOjRGDSxhGLRC9AkjAakraiipFeLAjiASPdYNzI/e4jEZJG4YOaxMTjaBjSAcVIack3Txx3hBRs+i5HaiR4Wm/cZxewEMfereWbFatqTQGXiV2QCijQ8s0ftx/hhJNQYYakdGwrVl6KhKKYkazsJpLECI/RkDiahogT6aXTVzJ4ppU+HERCV6jgVP07kSIu5YQHujM/WC56ufif5yRqcOOlNIwTRUI8WzRIGFQRzHOBfSoIVmyiCcKC6lshHiGBsNLpzW0JeFbWodiLESyTzmXVtqr23VWlVi/iKYFjcArOgQ2uQQ00QQu0AQZP4AW8gjfj2Xg3PozPWeuKUcwcgTkYX78PTJ/s</latexit><latexit sha1_base64="ROkFUXXOEbVTv/xz/ze7uyGnlng=">AAACGnicbVDLSsNAFJ34rPUVdelmtAgupCQi6EYo7abLivYBSQiT6bQdOpOEmYlQQtb+hL/gVvfuxK0bt36JkzYL23rgwuGce7n3niBmVCrL+jZWVtfWNzZLW+Xtnd29ffPgsCOjRGDSxhGLRC9AkjAakraiipFeLAjiASPdYNzI/e4jEZJG4YOaxMTjaBjSAcVIack3Txx3hBRs+i5HaiR4Wm/cZxewEMfereWbFatqTQGXiV2QCijQ8s0ftx/hhJNQYYakdGwrVl6KhKKYkazsJpLECI/RkDiahogT6aXTVzJ4ppU+HERCV6jgVP07kSIu5YQHujM/WC56ufif5yRqcOOlNIwTRUI8WzRIGFQRzHOBfSoIVmyiCcKC6lshHiGBsNLpzW0JeFbWodiLESyTzmXVtqr23VWlVi/iKYFjcArOgQ2uQQ00QQu0AQZP4AW8gjfj2Xg3PozPWeuKUcwcgTkYX78PTJ/s</latexit><latexit sha1_base64="ROkFUXXOEbVTv/xz/ze7uyGnlng=">AAACGnicbVDLSsNAFJ34rPUVdelmtAgupCQi6EYo7abLivYBSQiT6bQdOpOEmYlQQtb+hL/gVvfuxK0bt36JkzYL23rgwuGce7n3niBmVCrL+jZWVtfWNzZLW+Xtnd29ffPgsCOjRGDSxhGLRC9AkjAakraiipFeLAjiASPdYNzI/e4jEZJG4YOaxMTjaBjSAcVIack3Txx3hBRs+i5HaiR4Wm/cZxewEMfereWbFatqTQGXiV2QCijQ8s0ftx/hhJNQYYakdGwrVl6KhKKYkazsJpLECI/RkDiahogT6aXTVzJ4ppU+HERCV6jgVP07kSIu5YQHujM/WC56ufif5yRqcOOlNIwTRUI8WzRIGFQRzHOBfSoIVmyiCcKC6lshHiGBsNLpzW0JeFbWodiLESyTzmXVtqr23VWlVi/iKYFjcArOgQ2uQQ00QQu0AQZP4AW8gjfj2Xg3PozPWeuKUcwcgTkYX78PTJ/s</latexit>
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<latexit sha1_base64="1BIRkOdWvj0vIi0STTJc1LF+Yi8="></latexit><latexit sha1_base64="1BIRkOdWvj0vIi0STTJc1LF+Yi8="></latexit><latexit sha1_base64="1BIRkOdWvj0vIi0STTJc1LF+Yi8="></latexit><latexit sha1_base64="1BIRkOdWvj0vIi0STTJc1LF+Yi8="></latexit>
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<latexit sha1_base64="8JoWBkqFj5ZQaPBd4eDgXUemrB4="></latexit><latexit sha1_base64="8JoWBkqFj5ZQaPBd4eDgXUemrB4="></latexit><latexit sha1_base64="8JoWBkqFj5ZQaPBd4eDgXUemrB4="></latexit><latexit sha1_base64="8JoWBkqFj5ZQaPBd4eDgXUemrB4="></latexit>
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<latexit sha1_base64="cip92LybW6aqgK68Ur1TS5n4Y6M="></latexit><latexit sha1_base64="cip92LybW6aqgK68Ur1TS5n4Y6M="></latexit><latexit sha1_base64="cip92LybW6aqgK68Ur1TS5n4Y6M="></latexit><latexit sha1_base64="cip92LybW6aqgK68Ur1TS5n4Y6M="></latexit>

Yuzbashyan, Ann. Phys. (2018)
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<latexit sha1_base64="Ki07bG4zlhGoK8v/oRdEtIOvN2M="></latexit><latexit sha1_base64="Ki07bG4zlhGoK8v/oRdEtIOvN2M="></latexit><latexit sha1_base64="Ki07bG4zlhGoK8v/oRdEtIOvN2M="></latexit><latexit sha1_base64="Ki07bG4zlhGoK8v/oRdEtIOvN2M="></latexit>



Knizhnik-Zamolodchikov-BCS equations
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<latexit sha1_base64="DC39lUMLlRpngvcrN75Ttw2Vd4s="></latexit><latexit sha1_base64="DC39lUMLlRpngvcrN75Ttw2Vd4s="></latexit><latexit sha1_base64="DC39lUMLlRpngvcrN75Ttw2Vd4s="></latexit><latexit sha1_base64="DC39lUMLlRpngvcrN75Ttw2Vd4s="></latexit>
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= Ĥj 

i⌫
@ 

@B
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<latexit sha1_base64="6+Lh2ZbielIdlV+75NB0UovKP9Q="></latexit><latexit sha1_base64="6+Lh2ZbielIdlV+75NB0UovKP9Q="></latexit><latexit sha1_base64="6+Lh2ZbielIdlV+75NB0UovKP9Q="></latexit><latexit sha1_base64="6+Lh2ZbielIdlV+75NB0UovKP9Q="></latexit>

ĤBCS =
X

k

2"ks
z
k � 1

2B

X

j,k

s
+
j s

�
k

<latexit sha1_base64="T7R5XOqD8CwtMTQ5k8u65ZaMNVE="></latexit><latexit sha1_base64="T7R5XOqD8CwtMTQ5k8u65ZaMNVE="></latexit><latexit sha1_base64="T7R5XOqD8CwtMTQ5k8u65ZaMNVE="></latexit><latexit sha1_base64="T7R5XOqD8CwtMTQ5k8u65ZaMNVE="></latexit>

BCS model of superconductivity

Mapping:

KZ-BCS equations

KZ-BCS equations

Inhomogeneous Dicke model

Demkov-Osherov model

Bow-tie model

(Many) new solvable 
MLZ models

s0 ! 1
<latexit sha1_base64="K7QhYPIK35xVZIJ3ZUdbjDwfsTM=">AAACA3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwiZBdwuxkNhkyj2XmrrCElP6CrfZ2YuuH2PolTpItTOKBC4dz7uVcTpwKbsH3v73S2vrG5lZ5u7Kzu7d/UD08aludGcpaVAttHmNimeCKtYCDYI+pYUTGgnXi0e3U7zwxY7lWD5CnLJJkoHjCKQEnhbbnh6BDrhLIe9WaX/dnwKskKEgNFWj2qj9hX9NMMgVUEGu7gZ9CNCYGOBVsUgkzy1JCR2TAuo4qIpmNxrOfJ/jMKX2caONGAZ6pfy/GRFqby9htSgJDu+xNxf+8bgbJdTTmKs2AKToPSjKBQeNpAbjPDaMgckcINdz9iumQGELB1bSQEstJxZUSLFewStoX9cCvB/eXtcZNUU8ZnaBTdI4CdIUa6A41UQtRlKIX9IrevGfv3fvwPuerJa+4OUYL8L5+AZGZmF8=</latexit><latexit sha1_base64="K7QhYPIK35xVZIJ3ZUdbjDwfsTM=">AAACA3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwiZBdwuxkNhkyj2XmrrCElP6CrfZ2YuuH2PolTpItTOKBC4dz7uVcTpwKbsH3v73S2vrG5lZ5u7Kzu7d/UD08aludGcpaVAttHmNimeCKtYCDYI+pYUTGgnXi0e3U7zwxY7lWD5CnLJJkoHjCKQEnhbbnh6BDrhLIe9WaX/dnwKskKEgNFWj2qj9hX9NMMgVUEGu7gZ9CNCYGOBVsUgkzy1JCR2TAuo4qIpmNxrOfJ/jMKX2caONGAZ6pfy/GRFqby9htSgJDu+xNxf+8bgbJdTTmKs2AKToPSjKBQeNpAbjPDaMgckcINdz9iumQGELB1bSQEstJxZUSLFewStoX9cCvB/eXtcZNUU8ZnaBTdI4CdIUa6A41UQtRlKIX9IrevGfv3fvwPuerJa+4OUYL8L5+AZGZmF8=</latexit><latexit sha1_base64="K7QhYPIK35xVZIJ3ZUdbjDwfsTM=">AAACA3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwiZBdwuxkNhkyj2XmrrCElP6CrfZ2YuuH2PolTpItTOKBC4dz7uVcTpwKbsH3v73S2vrG5lZ5u7Kzu7d/UD08aludGcpaVAttHmNimeCKtYCDYI+pYUTGgnXi0e3U7zwxY7lWD5CnLJJkoHjCKQEnhbbnh6BDrhLIe9WaX/dnwKskKEgNFWj2qj9hX9NMMgVUEGu7gZ9CNCYGOBVsUgkzy1JCR2TAuo4qIpmNxrOfJ/jMKX2caONGAZ6pfy/GRFqby9htSgJDu+xNxf+8bgbJdTTmKs2AKToPSjKBQeNpAbjPDaMgckcINdz9iumQGELB1bSQEstJxZUSLFewStoX9cCvB/eXtcZNUU8ZnaBTdI4CdIUa6A41UQtRlKIX9IrevGfv3fvwPuerJa+4OUYL8L5+AZGZmF8=</latexit><latexit sha1_base64="K7QhYPIK35xVZIJ3ZUdbjDwfsTM=">AAACA3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwiZBdwuxkNhkyj2XmrrCElP6CrfZ2YuuH2PolTpItTOKBC4dz7uVcTpwKbsH3v73S2vrG5lZ5u7Kzu7d/UD08aludGcpaVAttHmNimeCKtYCDYI+pYUTGgnXi0e3U7zwxY7lWD5CnLJJkoHjCKQEnhbbnh6BDrhLIe9WaX/dnwKskKEgNFWj2qj9hX9NMMgVUEGu7gZ9CNCYGOBVsUgkzy1JCR2TAuo4qIpmNxrOfJ/jMKX2caONGAZ6pfy/GRFqby9htSgJDu+xNxf+8bgbJdTTmKs2AKToPSjKBQeNpAbjPDaMgckcINdz9iumQGELB1bSQEstJxZUSLFewStoX9cCvB/eXtcZNUU8ZnaBTdI4CdIUa6A41UQtRlKIX9IrevGfv3fvwPuerJa+4OUYL8L5+AZGZmF8=</latexit>

Yuzbashyan, Ann. Phys. (2018)



KZ-BCS equations Demkov-Osherov model
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<latexit sha1_base64="BHIi4Bkbp8LIN7uZHzgsclL1iKo="></latexit><latexit sha1_base64="BHIi4Bkbp8LIN7uZHzgsclL1iKo="></latexit><latexit sha1_base64="BHIi4Bkbp8LIN7uZHzgsclL1iKo="></latexit><latexit sha1_base64="BHIi4Bkbp8LIN7uZHzgsclL1iKo="></latexit>

Ĥj = 2Bs
z
j �

X

k 6=j

~sj · ~sk
"j � "k

<latexit sha1_base64="DC39lUMLlRpngvcrN75Ttw2Vd4s="></latexit><latexit sha1_base64="DC39lUMLlRpngvcrN75Ttw2Vd4s="></latexit><latexit sha1_base64="DC39lUMLlRpngvcrN75Ttw2Vd4s="></latexit><latexit sha1_base64="DC39lUMLlRpngvcrN75Ttw2Vd4s="></latexit>
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CCCCCCCCCCCCCA

<latexit sha1_base64="YEn3Ik8zNTmpDdnkMhRnLC6Tqtg="></latexit><latexit sha1_base64="YEn3Ik8zNTmpDdnkMhRnLC6Tqtg="></latexit><latexit sha1_base64="YEn3Ik8zNTmpDdnkMhRnLC6Tqtg="></latexit><latexit sha1_base64="YEn3Ik8zNTmpDdnkMhRnLC6Tqtg="></latexit>

1⇥ 1
<latexit sha1_base64="s3YLRSF4eALP+nxlHYPfXqld15s=">AAACH3icbVA9SwNBEN2NXzF+a2lzGASrcCeClkEbywjGBJIgc5uJLtndO3bnlHDkT9hq46+xE9v8GzfJFWp8MPB4b4aZeXGqpKMwnPDS0vLK6lp5vbKxubW9s7u3f+eSzApsikQlth2DQyUNNkmSwnZqEXSssBUPr6Z+6wmtk4m5pVGKPQ0PRg6kAPJSO+qS1Oii+91qWAtnCBZJVJAqK9C43+O8209EptGQUOBcJwpT6uVgSQqF40o3c5iCGMIDdjw14Nf08tnB4+DYK/1gkFhfhoKZ+nMiB+3cSMe+UwM9ur/eVPzP62Q0uOjl0qQZoRHzRYNMBZQE0++DvrQoSI08AWGlvzUQj2BBkM/o15ZY+x8sGnwWidZg+l2wFkb+VN+Tn6U0rvjQor8RLZK701oU1qKbs2r9soivzA7ZETthETtndXbNGqzJBFPshb2yN/7OP/gn/5q3lngxc8B+gU++AeLyoog=</latexit><latexit sha1_base64="s3YLRSF4eALP+nxlHYPfXqld15s=">AAACH3icbVA9SwNBEN2NXzF+a2lzGASrcCeClkEbywjGBJIgc5uJLtndO3bnlHDkT9hq46+xE9v8GzfJFWp8MPB4b4aZeXGqpKMwnPDS0vLK6lp5vbKxubW9s7u3f+eSzApsikQlth2DQyUNNkmSwnZqEXSssBUPr6Z+6wmtk4m5pVGKPQ0PRg6kAPJSO+qS1Oii+91qWAtnCBZJVJAqK9C43+O8209EptGQUOBcJwpT6uVgSQqF40o3c5iCGMIDdjw14Nf08tnB4+DYK/1gkFhfhoKZ+nMiB+3cSMe+UwM9ur/eVPzP62Q0uOjl0qQZoRHzRYNMBZQE0++DvrQoSI08AWGlvzUQj2BBkM/o15ZY+x8sGnwWidZg+l2wFkb+VN+Tn6U0rvjQor8RLZK701oU1qKbs2r9soivzA7ZETthETtndXbNGqzJBFPshb2yN/7OP/gn/5q3lngxc8B+gU++AeLyoog=</latexit><latexit sha1_base64="s3YLRSF4eALP+nxlHYPfXqld15s=">AAACH3icbVA9SwNBEN2NXzF+a2lzGASrcCeClkEbywjGBJIgc5uJLtndO3bnlHDkT9hq46+xE9v8GzfJFWp8MPB4b4aZeXGqpKMwnPDS0vLK6lp5vbKxubW9s7u3f+eSzApsikQlth2DQyUNNkmSwnZqEXSssBUPr6Z+6wmtk4m5pVGKPQ0PRg6kAPJSO+qS1Oii+91qWAtnCBZJVJAqK9C43+O8209EptGQUOBcJwpT6uVgSQqF40o3c5iCGMIDdjw14Nf08tnB4+DYK/1gkFhfhoKZ+nMiB+3cSMe+UwM9ur/eVPzP62Q0uOjl0qQZoRHzRYNMBZQE0++DvrQoSI08AWGlvzUQj2BBkM/o15ZY+x8sGnwWidZg+l2wFkb+VN+Tn6U0rvjQor8RLZK701oU1qKbs2r9soivzA7ZETthETtndXbNGqzJBFPshb2yN/7OP/gn/5q3lngxc8B+gU++AeLyoog=</latexit><latexit sha1_base64="s3YLRSF4eALP+nxlHYPfXqld15s=">AAACH3icbVA9SwNBEN2NXzF+a2lzGASrcCeClkEbywjGBJIgc5uJLtndO3bnlHDkT9hq46+xE9v8GzfJFWp8MPB4b4aZeXGqpKMwnPDS0vLK6lp5vbKxubW9s7u3f+eSzApsikQlth2DQyUNNkmSwnZqEXSssBUPr6Z+6wmtk4m5pVGKPQ0PRg6kAPJSO+qS1Oii+91qWAtnCBZJVJAqK9C43+O8209EptGQUOBcJwpT6uVgSQqF40o3c5iCGMIDdjw14Nf08tnB4+DYK/1gkFhfhoKZ+nMiB+3cSMe+UwM9ur/eVPzP62Q0uOjl0qQZoRHzRYNMBZQE0++DvrQoSI08AWGlvzUQj2BBkM/o15ZY+x8sGnwWidZg+l2wFkb+VN+Tn6U0rvjQor8RLZK701oU1qKbs2r9soivzA7ZETthETtndXbNGqzJBFPshb2yN/7OP/gn/5q3lngxc8B+gU++AeLyoog=</latexit>

N ⇥N
<latexit sha1_base64="twzqZG+SGuB3laqKiHrCBeFwoc4=">AAACIHicbVDLSgNBEJzxbXwlevQyGARPYVcEPQa9eBIFo5EkhN5JRwdnZpeZXiUs+QqvevFrvIlH/RonMQdfBQ1FVTfdXUmmlacoeudT0zOzc/MLi6Wl5ZXVtXJl/cKnuZPYkKlOXTMBj1pZbJAijc3MIZhE42VyezTyL+/QeZXacxpk2DFwbVVfSaAgXZ20SRn04qRbrka1aAzxl8QTUmUTnHYrnLd7qcwNWpIavG/FUUadAhwpqXFYauceM5C3cI2tQC2EPZ1ifPFQbAelJ/qpC2VJjNXvEwUY7wcmCZ0G6Mb/9kbif14rp/5Bp1A2ywmt/FrUz7WgVIzeFz3lUJIeBALSqXCrkDfgQFII6ceWxIQfHFq8l6kxYHttcA4G4dTQU+xlNCyF0OLfEf0lF7u1OKrFZ3vV+uEkvgW2ybbYDovZPquzY3bKGkwywx7YI3viz/yFv/K3r9YpPpnZYD/APz4BpSKi7A==</latexit><latexit sha1_base64="twzqZG+SGuB3laqKiHrCBeFwoc4=">AAACIHicbVDLSgNBEJzxbXwlevQyGARPYVcEPQa9eBIFo5EkhN5JRwdnZpeZXiUs+QqvevFrvIlH/RonMQdfBQ1FVTfdXUmmlacoeudT0zOzc/MLi6Wl5ZXVtXJl/cKnuZPYkKlOXTMBj1pZbJAijc3MIZhE42VyezTyL+/QeZXacxpk2DFwbVVfSaAgXZ20SRn04qRbrka1aAzxl8QTUmUTnHYrnLd7qcwNWpIavG/FUUadAhwpqXFYauceM5C3cI2tQC2EPZ1ifPFQbAelJ/qpC2VJjNXvEwUY7wcmCZ0G6Mb/9kbif14rp/5Bp1A2ywmt/FrUz7WgVIzeFz3lUJIeBALSqXCrkDfgQFII6ceWxIQfHFq8l6kxYHttcA4G4dTQU+xlNCyF0OLfEf0lF7u1OKrFZ3vV+uEkvgW2ybbYDovZPquzY3bKGkwywx7YI3viz/yFv/K3r9YpPpnZYD/APz4BpSKi7A==</latexit><latexit sha1_base64="twzqZG+SGuB3laqKiHrCBeFwoc4=">AAACIHicbVDLSgNBEJzxbXwlevQyGARPYVcEPQa9eBIFo5EkhN5JRwdnZpeZXiUs+QqvevFrvIlH/RonMQdfBQ1FVTfdXUmmlacoeudT0zOzc/MLi6Wl5ZXVtXJl/cKnuZPYkKlOXTMBj1pZbJAijc3MIZhE42VyezTyL+/QeZXacxpk2DFwbVVfSaAgXZ20SRn04qRbrka1aAzxl8QTUmUTnHYrnLd7qcwNWpIavG/FUUadAhwpqXFYauceM5C3cI2tQC2EPZ1ifPFQbAelJ/qpC2VJjNXvEwUY7wcmCZ0G6Mb/9kbif14rp/5Bp1A2ywmt/FrUz7WgVIzeFz3lUJIeBALSqXCrkDfgQFII6ceWxIQfHFq8l6kxYHttcA4G4dTQU+xlNCyF0OLfEf0lF7u1OKrFZ3vV+uEkvgW2ybbYDovZPquzY3bKGkwywx7YI3viz/yFv/K3r9YpPpnZYD/APz4BpSKi7A==</latexit><latexit sha1_base64="twzqZG+SGuB3laqKiHrCBeFwoc4=">AAACIHicbVDLSgNBEJzxbXwlevQyGARPYVcEPQa9eBIFo5EkhN5JRwdnZpeZXiUs+QqvevFrvIlH/RonMQdfBQ1FVTfdXUmmlacoeudT0zOzc/MLi6Wl5ZXVtXJl/cKnuZPYkKlOXTMBj1pZbJAijc3MIZhE42VyezTyL+/QeZXacxpk2DFwbVVfSaAgXZ20SRn04qRbrka1aAzxl8QTUmUTnHYrnLd7qcwNWpIavG/FUUadAhwpqXFYauceM5C3cI2tQC2EPZ1ifPFQbAelJ/qpC2VJjNXvEwUY7wcmCZ0G6Mb/9kbif14rp/5Bp1A2ywmt/FrUz7WgVIzeFz3lUJIeBALSqXCrkDfgQFII6ceWxIQfHFq8l6kxYHttcA4G4dTQU+xlNCyF0OLfEf0lF7u1OKrFZ3vV+uEkvgW2ybbYDovZPquzY3bKGkwywx7YI3viz/yFv/K3r9YpPpnZYD/APz4BpSKi7A==</latexit>
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<latexit sha1_base64="bD9YvFCoyUKGO7b6v3BRO0zaNbE="></latexit><latexit sha1_base64="bD9YvFCoyUKGO7b6v3BRO0zaNbE="></latexit><latexit sha1_base64="bD9YvFCoyUKGO7b6v3BRO0zaNbE="></latexit><latexit sha1_base64="bD9YvFCoyUKGO7b6v3BRO0zaNbE="></latexit>

N ⇥N block of Ĥ1 �! Demkov-Osherov H(t)
<latexit sha1_base64="ueOmn31k9q262ggoaDFYhHb7B5M="></latexit><latexit sha1_base64="ueOmn31k9q262ggoaDFYhHb7B5M="></latexit><latexit sha1_base64="ueOmn31k9q262ggoaDFYhHb7B5M="></latexit><latexit sha1_base64="ueOmn31k9q262ggoaDFYhHb7B5M="></latexit>

N ⇥N blocks of Ĥj �! commuting partners of H(t)
<latexit sha1_base64="9y8ROWsjjJseJwLRV+ad56gJGfA="></latexit><latexit sha1_base64="9y8ROWsjjJseJwLRV+ad56gJGfA="></latexit><latexit sha1_base64="9y8ROWsjjJseJwLRV+ad56gJGfA="></latexit><latexit sha1_base64="9y8ROWsjjJseJwLRV+ad56gJGfA="></latexit>

[Sz
tot, Ĥj ] = 0 )
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KZ-BCS equations Demkov-Osherov model
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Knizhnik-Zamolodchikov 
equations are replaced with:
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non-stationary Schrodinger 
eq. for Demkov-Osherov

ak evolution eqs.



New integrable time-dependent Hamiltonians
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BCS model of superconductivity:

Let B = B(t)
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BCS Hamiltonian with coupling proportional to 1/t

B(t) = cos ⌫t
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�
k

<latexit sha1_base64="0PIqIwH9yar1VmfSfUc3VFgiIhY="></latexit><latexit sha1_base64="0PIqIwH9yar1VmfSfUc3VFgiIhY="></latexit><latexit sha1_base64="0PIqIwH9yar1VmfSfUc3VFgiIhY="></latexit><latexit sha1_base64="0PIqIwH9yar1VmfSfUc3VFgiIhY="></latexit>

Floquet BCS Hamiltonian

Yuzbashyan, Ann. Phys. (2018)



General solution of the non-stationary Schrodinger equation

KZ theory: integral representation of the general solution of Knizhnik-Zamolodchikov 
equations using off-shell Bethe Ansatz 

Extending this technique and using the mapping to KZ-BCS equations, we derive the 
general solution of the non-stationary Schrodinger equation for all our models 
(inhomogeneous Dicke, Demkov-Osherov, bow-tie & time-dependent BCS)

Babujian J. Phys. A (1993)

Yuzbashyan, Ann. Phys. (2018)

Moreover, using techniques developed in KZ theory for relating asymptotic solutions, 
can get the scattering matrices (connection matrices in KZ language) for these models

Transition probabilities in multi-
level Landau-Zener problem:

pi!k = q-deformed 6j symbols
<latexit sha1_base64="Iy0Z72YrAoiWK5jsC6+qCeb1L8o="></latexit><latexit sha1_base64="Iy0Z72YrAoiWK5jsC6+qCeb1L8o="></latexit><latexit sha1_base64="Iy0Z72YrAoiWK5jsC6+qCeb1L8o="></latexit><latexit sha1_base64="Iy0Z72YrAoiWK5jsC6+qCeb1L8o="></latexit>



Aniket Patra 
Rutgers

Nikolai Sinitsyn
LANL

Vladimir Chernyak
Wayne State Univ.

Collaborators:

ü Patra & Yuzbashyan, J. Phys. A (2015)
ü Sinitsyn, Yuzbashyan, Chernyak, Patra & Sun, Phys. Rev. Lett (2018)
ü Yuzbashyan, Ann. Phys. (2018)

Publications:


