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0. Motivation

1. Nonequilibrium quantum thermodynamics 
     - Time-dependent Hamiltonian should be considered. 

2.  Strong coupling view

QS
<latexit sha1_base64="7wzg1z3/7DP4Lb+dK2JJeOHc84Y=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaRRI8kXjxCkEcCGzI7NDBhdnYzM2tCNnyCFw8a49Uv8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mlmMfkjHko84o8ZKzcagOSiW3LK7BNkkXkZKkKE+KH71hxFLQpSGCap1z3Nj46dUGc4Ezgv9RGNM2ZSOsWeppCFqP12eOidXVhmSUaRsSUOW6u+JlIZaz8LAdobUTPS6txD/83qJGd35KZdxYlCy1aJRIoiJyOJvMuQKmREzSyhT3N5K2IQqyoxNp2BD8NZf3iTtStm7KVca1VKtmsWRhwu4hGvw4BZq8AB1aAGDMTzDK7w5wnlx3p2PVWvOyWbO4Q+czx8A5o2R</latexit>

QB
<latexit sha1_base64="uzVlioyCoI37KHkRD0cEItDErdo=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaRRI9ELx4hyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzTRGP6QjyYecUWOlh0b/tl8suWV3AbJOvIyUIEO9X/zqDSKWhCgNE1TrrufGxk+pMpwJnBV6icaYsgkdYddSSUPUfro4dUYurDIgw0jZkoYs1N8TKQ21noaB7QypGetVby7+53UTM7zxUy7jxKBky0XDRBATkfnfZMAVMiOmllCmuL2VsDFVlBmbTsGG4K2+vE5albJ3Va40qqVaNYsjD2dwDpfgwTXU4B7q0AQGI3iGV3hzhPPivDsfy9ack82cwh84nz/nE42A</latexit>

QSB
<latexit sha1_base64="Qn7Ip4kE3nUQKSudo01qsdPBDjk=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewiCR6JXjxClI8ENqRbulDptpu2a0I2/AcvHjTGq//Hm//GAntQ8CWTvLw3k5l5QcyZNq777eQ2Nre2d/K7hb39g8Oj4vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3M79zhNVmknxYKYx9SM8EixkBBsrtZuD9P5mNiiW3LK7AFonXkZKkKExKH71h5IkERWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LBY6o9tPFtTN0YZUhCqWyJQxaqL8nUhxpPY0C2xlhM9ar3lz8z+slJrz2UybixFBBlovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMGG4K2+vE7albJ3Va40q6V6NYsjD2dwDpfgQQ3qcAcNaAGBR3iGV3hzpPPivDsfy9ack82cwh84nz9QE47p</latexit>

S
<latexit sha1_base64="QnQEOt+s68TRRkp+rkKT3TO3BuM=">AAAB8XicbVDLTgJBEJzFF+IL9ehlIjHxRHaRRI8kXjxilEeEDZkdGpgwO7uZ6TWSDX/hxYPGePVvvPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNFGiOTR4JCPdDpgBKRQ0UKCEdqyBhYGEVjC+nvmtR9BGROoeJzH4IRsqMRCcoZUeughPqMP0btorltyyOwddJV5GSiRDvVf86vYjnoSgkEtmTMdzY/RTplFwCdNCNzEQMz5mQ+hYqlgIxk/nF0/pmVX6dBBpWwrpXP09kbLQmEkY2M6Q4cgsezPxP6+T4ODKT4WKEwTFF4sGiaQY0dn7tC80cJQTSxjXwt5K+YhpxtGGVLAheMsvr5JmpexdlCu31VKtmsWRJyfklJwTj1ySGrkhddIgnCjyTF7Jm2OcF+fd+Vi05pxs5pj8gfP5Aw7skR8=</latexit>

B
<latexit sha1_base64="ljwiX+kDvKPFPyAHkpUbtADTSTU=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQU8S9OIxgnlgsoTZSScZMju7zPSKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzaHOIxnpVsAMSKGgjgIltGINLAwkNIPRzdRvPoI2IlL3OI7BD9lAib7gDK300EF4Qh2m15NuseSW3RnoMvEyUiIZat3iV6cX8SQEhVwyY9qeG6OfMo2CS5gUOomBmPERG0DbUsVCMH46u3hCT6zSo/1I21JIZ+rviZSFxozDwHaGDIdm0ZuK/3ntBPuXfipUnCAoPl/UTyTFiE7fpz2hgaMcW8K4FvZWyodMM442pIINwVt8eZk0KmXvrFy5Oy9Vr7I48uSIHJNT4pELUiW3pEbqhBNFnskreXOM8+K8Ox/z1pyTzRySP3A+fwD4CpEY</latexit>

SB
<latexit sha1_base64="HiqXekcZA7wGEozDv71VEdFdLT4=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexWQY9FPXisaD9gu5Rsmm1Ds8mSzIpl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5By6hUU9akSijdCYlhgkvWBA6CdRLNSBwK1g5H11O//ci04Uo+wDhhQUwGkkecErCS3wX2BDrO7q8mvXLFrboz4GXi5aSCcjR65a9uX9E0ZhKoIMb4nptAkBENnAo2KXVTwxJCR2TAfEsliZkJstnJE3xilT6OlLYlAc/U3xMZiY0Zx6HtjAkMzaI3Ff/z/BSiyyDjMkmBSTpfFKUCg8LT/3Gfa0ZBjC0hVHN7K6ZDogkFm1LJhuAtvrxMWrWqd1at3Z1X6jd5HEV0hI7RKfLQBaqjW9RATUSRQs/oFb054Lw4787HvLXg5DOH6A+czx+gypF7</latexit>

interaction range
<latexit sha1_base64="y8ZmdSQh6W8jtlP+zMV1RzwlCHc=">AAACA3icbVC7SgNBFJ31GeMraqfNYBCswm4MaBmwsYxgHpAsYXZykwyZnV1m7oohBGz8FRsLRWz9CTv/xtlkC008MHA4517unBPEUhh03W9nZXVtfWMzt5Xf3tnd2y8cHDZMlGgOdR7JSLcCZkAKBXUUKKEVa2BhIKEZjK5Tv3kP2ohI3eE4Bj9kAyX6gjO0Urdw3EF4QB1OhELQjKcq1UwNYNotFN2SOwNdJl5GiiRDrVv46vQinoSgkEtmTNtzY/QnTKPgEqb5TmIgZnzEBtC2VLEQjD+ZZZjSM6v0aD/S9imkM/X3xoSFxozDwE6GDIdm0UvF/7x2gv0r38aLEwTF54f6iaQY0bQQ2hMaOMqxJYxrYf9K+ZClVdja8rYEbzHyMmmUS95FqXxbKVYrWR05ckJOyTnxyCWpkhtSI3XCySN5Jq/kzXlyXpx352M+uuJkO0fkD5zPHx++mGo=</latexit>

preventing from indefinite heating
<latexit sha1_base64="NTkhNOWtEoq/wAGoRZ2wa/2ZxR4=">AAACFXicbVDLSgMxFM3Ud31VXboJFsGFlJla0KXgxmUFq0I7lEx6pw0mmSG5UyxDf8KNv+LGhSJuBXf+jWk7C18HAodz7klyT5RKYdH3P73S3PzC4tLySnl1bX1js7K1fWWTzHBo8UQm5iZiFqTQ0EKBEm5SA0xFEq6j27OJfz0EY0WiL3GUQqhYX4tYcIZO6lYOOwh3aFTuUkPQKHSfxiZRVOgexEILBDoANtXH3UrVr/lT0L8kKEiVFGh2Kx+dXsIz5S7mklnbDvwUw5wZFFzCuNzJLKSM37I+tB3VTIEN8+lWY7rvlB6NE+OORjpVvydypqwdqchNKoYD+9ubiP957QzjkzAXOs0QNJ89FGeSYkInFdGeMMBRjhxh3Aj3V8oHzDCOrsiyKyH4vfJfclWvBUe1+kWjetoo6lgmu2SPHJCAHJNTck6apEU4uSeP5Jm8eA/ek/fqvc1GS16R2SE/4L1/Ac9gn8Y=</latexit>

�HS = W �QS
<latexit sha1_base64="r2WmpdgDgi9UtNvFkwbMBc+9RxQ=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4sSS1oBehoIceW2o/oA1hs922SzebsDsplNB/4sWDIl79J978N27bHLT1wcDjvRlm5gWx4Boc59va2Nza3tnN7eX3Dw6Pju2T05aOEkVZk0YiUp2AaCa4ZE3gIFgnVoyEgWDtYPww99sTpjSP5BNMY+aFZCj5gFMCRvJtu/fIBBBc9Rv37eu63/DtglN0FsDrxM1IAWWo+fZXrx/RJGQSqCBad10nBi8lCjgVbJbvJZrFhI7JkHUNlSRk2ksXl8/wpVH6eBApUxLwQv09kZJQ62kYmM6QwEivenPxP6+bwODOS7mME2CSLhcNEoEhwvMYcJ8rRkFMDSFUcXMrpiOiCAUTVt6E4K6+vE5apaJ7UyzVy4VKOYsjh87RBbpCLrpFFVRFNdREFE3QM3pFb1ZqvVjv1seydcPKZs7QH1ifP8KskmU=</latexit>

�HB = QB �QSB
<latexit sha1_base64="HN95ncoa7slrrI1FT0iBN/Zmcnw=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQyCF8NuDOhFCNFDjgmaByTLMjvpTYbMPpiZFcIS8Fe8eFDEq9/hzb9xkuxBEwsaiqpuuru8mDOpLOvbWFldW9/YzG3lt3d29/bNg8OWjBJBoUkjHomORyRwFkJTMcWhEwsggceh7Y1up377EYRkUfigxjE4ARmEzGeUKC255nHvDrgiuOZWbxpu9aLhpvfViWsWrKI1A14mdkYKKEPdNb96/YgmAYSKciJl17Zi5aREKEY5TPK9REJM6IgMoKtpSAKQTjo7f4LPtNLHfiR0hQrP1N8TKQmkHAee7gyIGspFbyr+53UT5V87KQvjREFI54v8hGMV4WkWuM8EUMXHmhAqmL4V0yERhCqdWF6HYC++vExapaJ9WSw1yoVKOYsjh07QKTpHNrpCFVRDddREFKXoGb2iN+PJeDHejY9564qRzRyhPzA+fwBGOpRb</latexit>

First laws
<latexit sha1_base64="myxTMMYYyoUd8+4H8ZQoUqYSBUI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5LUgh4LgnisYD+gDWWz3bRLd5OwO1FDqH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zM82PBNTjOt1VYW9/Y3Cpul3Z29/YP7MOjto4SRVmLRiJSXZ9oJnjIWsBBsG6sGJG+YB1/cjXzO/dMaR6Fd5DGzJNkFPKAUwJGGtjlPrBHUDK75koDFuRBTwd2xak6c+BV4uakgnI0B/ZXfxjRRLIQqCBa91wnBi8jCjgVbFrqJ5rFhE7IiPUMDYlk2svmx0/xqVGGOIiUqRDwXP09kRGpdSp90ykJjPWyNxP/83oJBJdexsM4ARbSxaIgERgiPEsCD7liFERqCKGKm1sxHRNFKJi8SiYEd/nlVdKuVd3zau22XmnU8ziK6BidoDPkogvUQDeoiVqIohQ9o1f0Zj1ZL9a79bFoLVj5TBn9gfX5A2hSlTY=</latexit>

3.  System point of view in terms of measurable quantities 
     - No relevant quantum master equation (Lindblad eq) for 
        time-dependent protocol except special cases included by this talk
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No unique definition of heat. 
Usually,                   is used for 
isolated system
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I. Introduction

1. A two-level system weakly coupled to optical bath via dipole interaction

�1 = |eihg|+ |gihe|, �2 = �i(|eihg|� |gihe|), �3 = |eihe|� |gihg|
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1

2
(�1 + i�2), �� =

1

2
(�1 � i�2)
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H0 =
~!0

2
�3
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Dipole moment ~d = hg| ~D|ei, assuming hg| ~D|gi = he| ~D|ei = 0
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2. Lindblad equation in interaction picture

where

: dissipator

(super-operator)= L0[⇢]
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Formal solution ⇢(t) = e
R t
0 d⌧L0⇢(0)

<latexit sha1_base64="DNb9HoGmZ8ZrovbiASEIiIt6r6U=">AAACGnicbVC7SgNBFJ2Nrxhfq5Y2g0FImrAbA9oIARsLiwjmAdlkmZ1MkiGzs8vMXSEs+Q4bf8XGQhE7sfFvnDwKTTwwcDjnXObeE8SCa3Ccbyuztr6xuZXdzu3s7u0f2IdHDR0lirI6jUSkWgHRTHDJ6sBBsFasGAkDwZrB6HrqNx+Y0jyS9zCOWSckA8n7nBIwkm+7OU8NowIUr1g39bgE3+kCxj0PSIK9kMCQEpHeTnxnMgs6Rd/OOyVnBrxK3AXJowVqvv3p9SKahEwCFUTrtuvE0EmJAk4Fm+S8RLOY0BEZsLahkoRMd9LZaRN8ZpQe7kfKPAl4pv6eSEmo9TgMTHK6rF72puJ/XjuB/mUn5TJOgEk6/6ifCAwRnvaEe1wxCmJsCKGKm10xHRJFKJg2c6YEd/nkVdIol9zzUvmukq9WFnVk0Qk6RQXkogtURTeohuqIokf0jF7Rm/VkvVjv1sc8mrEWM8foD6yvHwwDn5g=</latexit>

�! ⇢eq =
e��H0

Z0
as t ! 1

<latexit sha1_base64="shoFHahq6JWv34/k/3t4pdiBi2A="></latexit>

|ei
<latexit sha1_base64="7XU4wzD0HusIEHxAyi5/5RvsG3Q=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWMF+yFtKJvtpF262YTdjVBif4UXD4p49ed489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+W9mSToR3QoecgZNVZ6eMKeonIosF8quxV3DrJKvJyUIUejX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/eErOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMvueDLhCZsTEEsoUt7cSNqKKMmMzKtoQvOWXV0mrWvEuK9W7Wrley+MowCmcwQV4cAV1uIUGNIFBBM/wCm+Ocl6cd+dj0brm5DMn8AfO5w8EF5CA</latexit>

|gi
<latexit sha1_base64="3PzQQYWT8RiSVfn+f/IKRgzxFbo=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWMF+yFtKJvtpF262YTdjVBif4UXD4p49ed489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+W9mSToR3QoecgZNVZ6eBr2FJVDgf1S2a24c5BV4uWkDDka/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5wVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjtZ1wmqUHJFovCVBATk9n3ZMAVMiMmllCmuL2VsBFVlBmbUdGG4C2/vEpa1Yp3Wane1cr1Wh5HAU7hDC7Agyuowy00oAkMIniGV3hzlPPivDsfi9Y1J585gT9wPn8ABy2Qgg==</latexit>

~!0
<latexit sha1_base64="kNmKX3CT3XfSBH7CO7bHNm6tMkU=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKezGgB4DXjxGMImQXUPvZDYZMo9lZlYJIf/hxYMiXv0Xb/6Nk2QPmljQUFR1090Vp5wZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jco0oS2iuNL3MRjKmaQtyyyn96mmIGJOO/HoeuZ3Hqk2TMk7O05pJGAgWcIIWCc9hMMYNA6VoAPo+b1yxa/6c+BVEuSkgnI0e+WvsK9IJqi0hIMx3cBPbTQBbRnhdFoKM0NTICMY0K6jEgQ10WR+9RSfOaWPE6VdSYvn6u+JCQhjxiJ2nQLs0Cx7M/E/r5vZ5CqaMJlmlkqyWJRkHFuFZxHgPtOUWD52BIhm7lZMhqCBWBdUyYUQLL+8Stq1anBRrd3WK416HkcRnaBTdI4CdIka6AY1UQsRpNEzekVv3pP34r17H4vWgpfPHKM/8D5/ANeTkgk=</latexit>

Bath
<latexit sha1_base64="PB5wAaLPTJJEHR3xEMEz2ctDZ3Q=">AAAB9HicbVDLSgMxFM34rPVVdekmWARXZaYWdFl047KCfUA7lEx624ZmMmNyp1iGfocbF4q49WPc+Tem7Sy09UDgcM693JMTxFIYdN1vZ219Y3NrO7eT393bPzgsHB03TJRoDnUeyUi3AmZACgV1FCihFWtgYSChGYxuZ35zDNqISD3gJAY/ZAMl+oIztJLfQXhCHaY3DIfTbqHoltw56CrxMlIkGWrdwlenF/EkBIVcMmPanhujnzKNgkuY5juJgZjxERtA21LFQjB+Og89pedW6dF+pO1TSOfq742UhcZMwsBOhjadWfZm4n9eO8H+tZ8KFScIii8O9RNJMaKzBmhPaOAoJ5YwroXNSvmQacbR9pS3JXjLX14ljXLJuyyV7yvFaiWrI0dOyRm5IB65IlVyR2qkTjh5JM/klbw5Y+fFeXc+FqNrTrZzQv7A+fwBUjuSaQ==</latexit>

T
<latexit sha1_base64="5wVM2XAq81BdAJJ512XGi2DpnpQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKezGgB4DXjwmkBckS5iddJIxs7PLzKwQlnyBFw+KePWTvPk3TpI9aGJBQ1HVTXdXEAuujet+O7mt7Z3dvfx+4eDw6PikeHrW1lGiGLZYJCLVDahGwSW2DDcCu7FCGgYCO8H0fuF3nlBpHsmmmcXoh3Qs+YgzaqzUaA6KJbfsLkE2iZeREmSoD4pf/WHEkhClYYJq3fPc2PgpVYYzgfNCP9EYUzalY+xZKmmI2k+Xh87JlVWGZBQpW9KQpfp7IqWh1rMwsJ0hNRO97i3E/7xeYkZ3fsplnBiUbLVolAhiIrL4mgy5QmbEzBLKFLe3EjahijJjsynYELz1lzdJu1L2bsqVRrVUq2Zx5OECLuEaPLiFGjxAHVrAAOEZXuHNeXRenHfnY9Wac7KZc/gD5/MHrMGMzg==</latexit>

d

dt
⇢(t) = �̂0(1 +N(!0))

✓
��⇢(t)�+ � 1

2
{�+��, ⇢(t)}

◆

+�̂0N(!0)

✓
�+⇢(t)�� � 1

2
{���+, ⇢(t)}

◆

<latexit sha1_base64="v5KwQuq5FiFhUHBdeERBYe6jBWo="></latexit>

�̂0 =
4!2

0

3~c |
~d|2 , N(!0) =

1

e�~!0 � 1
<latexit sha1_base64="6l/RMgjr8whPNmKiDLc49+c9sFk="></latexit>

�0 = �̂0(1 + 2N(!0)) = �̂0 coth(�~!0/2)
<latexit sha1_base64="ErLLjsVjIHpmOYAzoPG2lxI2uoE="></latexit>

transition rate, dissipation rate
<latexit sha1_base64="2hVh3joWAc+gEMsB61N+R4N2Aa0=">AAACFHicbZC9SgNBFIVn/Y3xL2ppMxgEQQm7MaBlwMZSwWggCeHu5EYHZ2eXmbtiWJJ3sPFVbCwUsbWw822cxCBqPDBw+M69DPeEiZKWfP/Dm5qemZ2bzy3kF5eWV1YLa+vnNk6NwJqIVWzqIVhUUmONJCmsJwYhChVehNdHw/ziBo2VsT6jXoKtCC617EoB5FC7sNskvCUTZWRAWzmE3ADh3mDQkdbKBL5Rv10o+iV/JD5pgrEpsrFO2oX3ZicWaYSahAJrG4GfUCsDQ1Io7OebqcUExDVcYsNZDRHaVjY6qs+3Henwbmzc08RH9OdGBpG1vSh0kxHQlf2bDeF/WSOl7mErkzpJCbX4+qibKk4xHzbEO9KgINVzBoRxlQgursCAINdj3pUQ/D150pyXS8F+qXxaKVYr4zpybJNtsR0WsANWZcfshNWYYHfsgT2xZ+/ee/RevNev0SlvvLPBfsl7+wT78J/5</latexit>

L0
<latexit sha1_base64="kHiZp6cDUxZH0skmJHe7/uQB4qs=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxUoS4Lbly4qGAf0I4lk2ba0EwyJBmlDP0PNy4Uceu/uPNvzLSz0NYDgcM593JPThBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJteZ33mkSjMp7s00pn6ER4KFjGBjpYe0H2EzJpij29nAHZQrbtWdA60SLycVyNEclL/6Q0mSiApDONa657mx8VOsDCOczkr9RNMYkwke0Z6lAkdU++k89QydWWWIQqnsEwbN1d8bKY60nkaBncxC6mUvE//zeokJr/yUiTgxVJDFoTDhyEiUVYCGTFFi+NQSTBSzWREZY4WJsUWVbAne8pdXSbtW9S6qtbvLSqOe11GEEziFc/CgDg24gSa0gICCZ3iFN+fJeXHenY/FaMHJd47hD5zPHwVykig=</latexit>

HI = � ~D · ~EB
<latexit sha1_base64="li8G1L89yy8iKawP4IRGMi/ExF4=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcGNJakE3QvECdVfBXqAJYTKZtkMnF2YmhRICbnwVNy4UcetLuPNtnKZZaOsPAx//OYcz53cjRoU0jG+tsLS8srpWXC9tbG5t7+i7e20RxhyTFg5ZyLsuEoTRgLQklYx0I06Q7zLScUfX03pnTLigYfAgJxGxfTQIaJ9iJJXl6AcN5+7y1BoTnNykFvZCmfFt6lw5etmoGJngIpg5lEGupqN/WV6IY58EEjMkRM80ImkniEuKGUlLVixIhPAIDUhPYYB8IuwkuyGFx8rxYD/k6gUSZu7viQT5Qkx8V3X6SA7FfG1q/lfrxbJ/YSc0iGJJAjxb1I8ZlCGcBgI9ygmWbKIAYU7VXyEeIo6wVLGVVAjm/MmL0K5WzLNK9b5WrtfyOIrgEByBE2CCc1AHDdAELYDBI3gGr+BNe9JetHftY9Za0PKZffBH2ucPY/yXUw==</latexit>

based on The theory of open  quantum systems, Breuer and Petruccione, Oxford, 2002



II. A simple Floquet system

1. A simple Floquet system by tuning a constant electric field piecewise and periodic in time

E(t)
<latexit sha1_base64="AxipywW+3XryGZwc/LnojEGhN+Y=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXspuLeixIILHCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hY3Nre6e4W9rbPzg8Kh+fdHSUKELbJOKR6gVYU84kbRtmOO3FimIRcNoNpreZ332iSrNIPppZTH2Bx5KFjGCTSXdVczksV9yauwBaJ15OKpCjNSx/DUYRSQSVhnCsdd9zY+OnWBlGOJ2XBommMSZTPKZ9SyUWVPvp4tY5urDKCIWRsiUNWqi/J1IstJ6JwHYKbCZ61cvE/7x+YsIbP2UyTgyVZLkoTDgyEcoeRyOmKDF8ZgkmitlbEZlghYmx8ZRsCN7qy+ukU695V7X6Q6PSbORxFOEMzqEKHlxDE+6hBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDMPyNog==</latexit>

t
<latexit sha1_base64="RwvgBW097nXttmUg7xzJJZKjMnQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWML9gPaUDbbTbt2swm7E6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmd3O/88S1EbF6wGnC/YiOlAgFo2ilJg5KZbfiLkDWiZeTMuRoDEpf/WHM0ogrZJIa0/PcBP2MahRM8lmxnxqeUDahI96zVNGIGz9bHDojl1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDWz4RKUuSKLReFqSQYk/nXZCg0ZyinllCmhb2VsDHVlKHNpmhD8FZfXiftasW7rlSbtXK9lsdRgHO4gCvw4AbqcA8NaAEDDs/wCm/Oo/PivDsfy9YNJ585gz9wPn8A3UGM7g==</latexit>

T
<latexit sha1_base64="5wVM2XAq81BdAJJ512XGi2DpnpQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKezGgB4DXjwmkBckS5iddJIxs7PLzKwQlnyBFw+KePWTvPk3TpI9aGJBQ1HVTXdXEAuujet+O7mt7Z3dvfx+4eDw6PikeHrW1lGiGLZYJCLVDahGwSW2DDcCu7FCGgYCO8H0fuF3nlBpHsmmmcXoh3Qs+YgzaqzUaA6KJbfsLkE2iZeREmSoD4pf/WHEkhClYYJq3fPc2PgpVYYzgfNCP9EYUzalY+xZKmmI2k+Xh87JlVWGZBQpW9KQpfp7IqWh1rMwsJ0hNRO97i3E/7xeYkZ3fsplnBiUbLVolAhiIrL4mgy5QmbEzBLKFLe3EjahijJjsynYELz1lzdJu1L2bsqVRrVUq2Zx5OECLuEaPLiFGjxAHVrAAOEZXuHNeXRenHfnY9Wac7KZc/gD5/MHrMGMzg==</latexit>

2T
<latexit sha1_base64="1PJPuV37DMqq+xAXW05KipnDoAs=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWOVfkEbyma7aZduNmF3IpTQf+DFgyJe/Ufe/Ddu2xy09cHA470ZZuYFiRQGXffb2djc2t7ZLewV9w8Oj45LJ6dtE6ea8RaLZay7ATVcCsVbKFDybqI5jQLJO8Hkbu53nrg2IlZNnCbcj+hIiVAwilZ6rDYHpbJbcRcg68TLSRlyNAalr/4wZmnEFTJJjel5boJ+RjUKJvms2E8NTyib0BHvWapoxI2fLS6dkUurDEkYa1sKyUL9PZHRyJhpFNjOiOLYrHpz8T+vl2J462dCJSlyxZaLwlQSjMn8bTIUmjOUU0so08LeStiYasrQhlO0IXirL6+TdrXiXVeqD7VyvZbHUYBzuIAr8OAG6nAPDWgBgxCe4RXenInz4rw7H8vWDSefOYM/cD5/AB2ujQo=</latexit>T/2

<latexit sha1_base64="hXNDuwnBYuFuo+pzK3vxWBNXr2o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe7GgB4DXjxGzAuSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/fbT6g0j2XDTBL0IzqUPOSMGis9Nq4q/WLJLbsLkHXiZaQEGer94ldvELM0QmmYoFp3PTcx/pQqw5nAWaGXakwoG9Mhdi2VNELtTxenzsiFVQYkjJUtachC/T0xpZHWkyiwnRE1I73qzcX/vG5qwlt/ymWSGpRsuShMBTExmf9NBlwhM2JiCWWK21sJG1FFmbHpFGwI3urL66RVKXvX5cpDtVSrZnHk4QzO4RI8uIEa3EMdmsBgCM/wCm+OcF6cd+dj2ZpzsplT+APn8weKdY1D</latexit>

3T/2
<latexit sha1_base64="y62QGqcaouNS5eIW069S+5POy5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU91tC3osePFYoV/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpb2zu7e8X90sHh0fFJ+fSsq6NEEdohEY9UP8CaciZpxzDDaT9WFIuA014wu8/83hNVmkWybeYx9QWeSBYygk0m1ds3tVG54lbdJdAm8XJSgRytUflrOI5IIqg0hGOtB54bGz/FyjDC6aI0TDSNMZnhCR1YKrGg2k+Xty7QlVXGKIyULWnQUv09kWKh9VwEtlNgM9XrXib+5w0SE975KZNxYqgkq0VhwpGJUPY4GjNFieFzSzBRzN6KyBQrTIyNp2RD8NZf3iTdWtWrV2uPjUqzkcdRhAu4hGvw4Baa8AAt6ACBKTzDK7w5wnlx3p2PVWvByWfO4Q+czx/9Qo2A</latexit>

5T/2
<latexit sha1_base64="p8QofNgd6CtCmOsKPBD/G2zLSss=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU92tFT0WvHis0C9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZeEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3md+94kqzSLZMrOY+gKPJQsZwSaTblpXtWG54lbdBdA68XJSgRzNYflrMIpIIqg0hGOt+54bGz/FyjDC6bw0SDSNMZniMe1bKrGg2k8Xt87RhVVGKIyULWnQQv09kWKh9UwEtlNgM9GrXib+5/UTE975KZNxYqgky0VhwpGJUPY4GjFFieEzSzBRzN6KyAQrTIyNp2RD8FZfXiedWtW7rtYe65VGPY+jCGdwDpfgwS004AGa0AYCE3iGV3hzhPPivDsfy9aCk8+cwh84nz8AX42C</latexit>

H1 = H0 � ~D · ~E
<latexit sha1_base64="EGtY1sZbah1YaUeXrBKgGmWWK1A=">AAACB3icbZDLSsNAFIYn9VbrLepSkGAR3FiSWtCNUFChywr2Ak0Ik8mkHTqZCTOTQgndufFV3LhQxK2v4M63MUmz0NYfBj7+cw5nzu9FlEhlmt9aaWV1bX2jvFnZ2t7Z3dP3D7qSxwLhDuKUi74HJaaE4Y4iiuJ+JDAMPYp73vgmq/cmWEjC2YOaRtgJ4ZCRgCCoUsvVj1uudd1yzXN7glFyO7ORz1XOdzPbrrh61ayZuYxlsAqogkJtV/+yfY7iEDOFKJRyYJmRchIoFEEUzyp2LHEE0RgO8SBFBkMsnSS/Y2acpo5vBFykjykjd39PJDCUchp6aWcI1Ugu1jLzv9ogVsGVkxAWxQozNF8UxNRQ3MhCMXwiMFJ0mgJEgqR/NdAICohUGl0WgrV48jJ06zXrola/b1SbjSKOMjgCJ+AMWOASNEELtEEHIPAInsEreNOetBftXfuYt5a0YuYQ/JH2+QNre5hb</latexit>

=
~!0

2
�3 � (|eihe|+ |gihg|) ~D(|eihe|+ |gihg|) · ~E

<latexit sha1_base64="xSr6qipz4yHgsTIht56PT9a8oDc="></latexit>

=
~!0

2
�3 � ~d · ~E (|eihg|+ |gihe|)

<latexit sha1_base64="TSK8sdtZskiZRBWE5EJByuN9C1U="></latexit>

where c = �~d · ~E/(~!0/2)
<latexit sha1_base64="oddGF75PerrSeS2L4D8uMn17B9g="></latexit>

For (2n� 1)T/2 < t < nT
<latexit sha1_base64="W9A8qSSHmptKPW/+luS6lknQ3Uo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSDEg3F3Deghh4AgHiPkBUkIs5NJMmR2dpnpFcOSnLz4K148KOLVX/Dm3zh5HDSxoKGo6qa7ywsF12Db39bS8srq2npiI7m5tb2zm9rbr+ggUpSVaSACVfOIZoJLVgYOgtVCxYjvCVb1+tdjv3rPlOaBLMEgZE2fdCXvcErASK3UUQPYAyg/vgnUcDQaZVx55pyWzt085CUutVJpO2tPgBeJMyNpNEOxlfpqtAMa+UwCFUTrumOH0IyJAk4FGyYbkWYhoX3SZXVDJfGZbsaTP4b4xCht3AmUKQl4ov6eiImv9cD3TKdPoKfnvbH4n1ePoHPVjLkMI2CSThd1IoEhwONQcJsrRkEMDCFUcXMrpj2iCAUTXdKE4My/vEgqbta5yLp3uXQhN4sjgQ7RMcogB12iArpFRVRGFD2iZ/SK3qwn68V6tz6mrUvWbOYA/YH1+QNL6Zg4</latexit>

=
~!0

2

✓
1 c
c �1

◆

<latexit sha1_base64="PwBcjlwC6c4OhKRLWJ9rJkbcPwU="></latexit>



2.       -basisH1
<latexit sha1_base64="CluEn+jXaYBYlkHXdqJRTnud+xY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgpceK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHstHM03Qj+hI8pAzaqz00Bh4g1LZrbgLkHXi5aQMOZqD0ld/GLM0QmmYoFr3PDcxfkaV4UzgrNhPNSaUTegIe5ZKGqH2s8WpM3JplSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeOtnXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtO0Ybgrb68TtrVinddqd7XyvVaHkcBzuECrsCDG6hDA5rQAgYjeIZXeHOE8+K8Ox/L1g0nnzmDP3A+fwC/mY1m</latexit>

�0
3 = |e0ihe0|� |g0ihg0|

<latexit sha1_base64="8UUDEx40XXhT885w/By4ApWFoXI=">AAACHnicbVDLSgMxFM34rPVVdekmWKRuLDNtRTdCwY3LCvYBnaFk0ttpaCYzJBmhtP0SN/6KGxeKCK70b0zbWWjrgcs9nHMvyT1+zJnStv1trayurW9sZray2zu7e/u5g8OGihJJoU4jHsmWTxRwJqCumebQiiWQ0OfQ9Ac3U7/5AFKxSNzrYQxeSALBeowSbaRO7sJVLAhJp1y4HkPBlUQEHFw+axgK4/NxsKgGhXEnl7eL9gx4mTgpyaMUtU7u0+1GNAlBaMqJUm3HjrU3IlIzymGSdRMFMaEDEkDbUEFCUN5odt4Enxqli3uRNCU0nqm/N0YkVGoY+mYyJLqvFr2p+J/XTnTvyhsxEScaBJ0/1Es41hGeZoW7TALVfGgIoZKZv2LaJ5JQbRLNmhCcxZOXSaNUdMrF0l0lX62kcWTQMTpBZ8hBl6iKblEN1RFFj+gZvaI368l6sd6tj/noipXuHKE/sL5+AE9zoe8=</latexit>

II. A simple Floquet system

|e0i = c

2
p

↵(
p
↵� 1)

✓
1
�(

p
↵� 1)/c

◆

<latexit sha1_base64="MCXceLVyiAZc09Hn+WgobY9RgUg="></latexit>

|g0i = c

2
p
↵(

p
↵+ 1)

✓
1
(
p
↵+ 1)/c

◆

<latexit sha1_base64="ubtntWYkekZZ4h1liwclxAD/5Po="></latexit>

H1 =
~!0

p
↵

2
�
0
3 =

~!1

2
�
0
3 where ↵ = 1 + c

2

<latexit sha1_base64="idnP/PLb3N9vYc2b08SfcoEEwkA="></latexit>

U =

✓
he0|ei he0|gi
hg0|ei hg0|gi

◆

<latexit sha1_base64="I6GYrAjI4/9d0q0iWKAumQO9L+M="></latexit>

Transfer  matrix

=
cp
2↵

0

B@
1pp
↵�1

�
pp

↵�1
c

1pp
↵+1

pp
↵+1
c

1

CA

<latexit sha1_base64="23iHqZyOYG8wud5MphEotrTAHMs="></latexit>



II. A simple Floquet system

3.  Lindblad equation in       -basisH1
<latexit sha1_base64="CluEn+jXaYBYlkHXdqJRTnud+xY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgpceK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHstHM03Qj+hI8pAzaqz00Bh4g1LZrbgLkHXi5aQMOZqD0ld/GLM0QmmYoFr3PDcxfkaV4UzgrNhPNSaUTegIe5ZKGqH2s8WpM3JplSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeOtnXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtO0Ybgrb68TtrVinddqd7XyvVaHkcBzuECrsCDG6hDA5rQAgYjeIZXeHOE8+K8Ox/L1g0nnzmDP3A+fwC/mY1m</latexit>

N(!1) =
1

e�~!0
p
↵ � 1

<latexit sha1_base64="UAokfyp5nHVcQyCb16LCUhreSnA="></latexit>

d

dt
⇢ = �̂0

0(1 +N(!1))

✓
�0
�⇢�

0
+ � 1

2
{�0

+�
0
�, ⇢}

◆

<latexit sha1_base64="UneN/CijneYukIGBUfx+Ewyb+GE="></latexit>

+�̂0
0N(!1)

✓
�0
+⇢�

0
� � 1

2
{�0

��
0
+, ⇢}

◆

<latexit sha1_base64="SfD0hWS3WAomUgH3HD7XOezZT/A="></latexit>

�̂0
0 =

4!2
1

3~c |
~d1|2 =

4!2
0↵

3~c |he0|U t ~DU |g0i|2| {z }
=|~d|2/↵

= �̂0

<latexit sha1_base64="LNKYG+qJLiRAeg9Hr/nKNEJXbW0="></latexit>

�1 = �̂0(1 + 2N(!1)) = �0 coth(~!0
p
↵/2)

<latexit sha1_base64="t0Jmq51LycIbp1dRRS6fgcCkQuM="></latexit>

a new dissipation rate for an external electric field
<latexit sha1_base64="jNcqVhIqrS9FeQLL6XGo9j4au2M=">AAACJ3icbVDLSgNBEJz1bXxFPXoZDIKnsKsBPYngxaOC0UASQu+kNw7Ozi4zvWpY8jde/BUvgoro0T9xsuagiX0qqqrprgpTJS35/qc3NT0zOze/sFhaWl5ZXSuvb1zaJDMC6yJRiWmEYFFJjXWSpLCRGoQ4VHgV3pwM9atbNFYm+oL6KbZj6GkZSQHkqE75qEV4TybOgWu8411prUwLjRsg5FFiOGjuPGg0KI4KBRkpeCRRdQedcsWv+sXwSRCMQIWN5qxTfml1E5HFqEkosLYZ+Cm1czAkhcJBqZVZTEHcQA+bDmqI0bbzIueA7zimW7wUJZp4wf7eyCG2th+HzhkDXdtxbUj+pzUzig7budRpRqjFz6EoU5wSPizN1WJcbNV3AISR7lcursGAcK3YkishGI88CS73qsF+de+8VjmujepYYFtsm+2ygB2wY3bKzlidCfbAntgre/MevWfv3fv4sU55o51N9me8r29b96bL</latexit>



III. Time evolution

1. Time evolution for an infinitesimal time

eLdtA ' (1 + dtL)A
<latexit sha1_base64="le+7XHjx3Nb9c8imbpJlgU1xALU=">AAACFHicbVA9SwNBEN3z2/gVtbRZDIISCHcqaKnYWFgomA9IzrC3NxcX9z7cnRPCcT/Cxr9iY6GIrYWd/8a9JEU0Phh4vDfDzDwvkUKjbX9bU9Mzs3PzC4ulpeWV1bXy+kZDx6niUOexjFXLYxqkiKCOAiW0EgUs9CQ0vbuzwm8+gNIijq6xn4Absl4kAsEZGqlbrsJN1gkZ3nIms4uc+pifdrQI4X7Xqfo4Zu2ddssVu2YPQCeJMyIVMsJlt/zV8WOehhAhl0zrtmMn6GZMoeAS8lIn1ZAwfsd60DY0YiFoNxs8ldMdo/g0iJWpCOlAHZ/IWKh1P/RMZ3Gk/usV4n9eO8Xg2M1ElKQIER8uClJJMaZFQtQXCjjKviGMK2FupfyWKcbR5FgyITh/X54kjf2ac1DbvzqsnByO4lggW2Sb7BKHHJETck4uSZ1w8kieySt5s56sF+vd+hi2TlmjmU3yC9bnD5j9nng=</latexit>

For a 2⇥ 2 hermitian matrix A
<latexit sha1_base64="zXM8xC84hhi3qKrCOSm+ePE4qg0=">AAACGHicbVDLTgJBEJz1ifhCPXqZCCaecBdJ9IgxMR4xESEBQmaHXpk4M7uZ6TWQDZ/hxV/x4kFjvHrzbxyQg686Vaq609UVJlJY9P0Pb25+YXFpObeSX11b39gsbG1f2zg1HBo8lrFphcyCFBoaKFBCKzHAVCihGd6eTfzmHRgrYn2FowS6it1oEQnO0Em9wmEHYYhGZeexoYyWKh0UCiytlOgAjBIomKaKoRFDWjotjXuFol/2p6B/STAjRTJDvVd47/RjnirQyCWzth34CXYzZlBwCeN8J7WQMH7LbqDtqGbuejebPjam+07p08hFi2KNdKp+38iYsnakQjfpMg7sb28i/ue1U4xOupnQSYqg+dehKJUUYzppifaFAY5y5AjjxrXAKR8wwzi6LvOuhOD3y3/JdaUcHJUrl9VirTqrI0d2yR45IAE5JjVyQeqkQTi5J4/kmbx4D96T9+q9fY3OebOdHfID3vsnhF+ewA==</latexit>

=

✓
(1� �dt)A11 + �̃dt (1� �dt/2)A12

(1� �dt/2)A⇤
12 (1� �dt)A22 + (� � �̃)(A11 +A22)dt

◆

<latexit sha1_base64="TZqxU/m7A+qYiYmlfXv4/rPvJoY="></latexit>

⇥
eLdt

⇤n
A =

✓
Ã11 (1� �dt/2)nA12

(1� �dt/2)nA⇤
12 Ã22

◆

<latexit sha1_base64="Avl9Pgzrpn8akAnSsy0bKglQACE="></latexit>

Ã11 = (1� �dt)nA11 + �̃dt(A11 +A22)(1 + (1� �dt) + · · ·+ (1� �dt)n�1)
<latexit sha1_base64="wj6p3iMeSHMhyQA5jbq8QgFWCg4="></latexit>

= (1� �dt)nA11 + �̃(A11 +A22)dt
1� (1� �dt)n�1

1� (1� �dt)
<latexit sha1_base64="++AlRRS2BKdLPMfkpyxU6ZLMioI="></latexit>

Ã22 = (1� �dt)nA22 + (� � �̃)(A11 +A22)dt
1� (1� �dt)n�1

�dt
<latexit sha1_base64="jcHd7Vo63uXQTd1oHs/+dn8xY0Y="></latexit>

= A+ dt

2

64�̂0N|{z}
�̃

(A11 +A22)�3 � �̂0(2N + 1)| {z }
�

✓
A11�3 +

1

2
A12�+ +

1

2
A⇤

12��

◆
3

75

<latexit sha1_base64="ZFEk/tV/C9/XgQEcDnu+fT2sB18="></latexit>



III. Time evolution

2. Time evolution for a finite time n ! 1, ndt ! t
<latexit sha1_base64="q18AHDlzOTznJwgvkCNtTM9m1sk=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCCylJLeiy4MZlBfuANpTJdNIOnUzCzI0QYgv+ihsXirj1N9z5N07bLLT1wMCZc+7l3nv8WHANjvNtrayurW9sFraK2zu7e/v2wWFTR4mirEEjEam2TzQTXLIGcBCsHStGQl+wlj+6mfqtB6Y0j+Q9pDHzQjKQPOCUgJF69rHsQtTlMoD0YjLBsg/mj6Fnl5yyMwNeJm5OSihHvWd/dfsRTUImgQqidcd1YvAyooBTwcbFbqJZTOiIDFjHUElCpr1stv8Ynxmlj4NImScBz9TfHRkJtU5D31SGBIZ60ZuK/3mdBIJrL+MyToBJOh8UJAJPTzRh4D5XjIJIDSFUcbMrpkOiCAUTWdGE4C6evEyalbJ7Wa7cVUu1ah5HAZ2gU3SOXHSFaugW1VEDUfSIntErerOerBfr3fqYl65Yec8R+gPr8wcMLpYR</latexit>

�̃

�
=

N(!)

2N(!) + 1
=

e��~!/2

e�~!/2 + e��~!/2
<latexit sha1_base64="o80zKNNfL/npDKh/bvV/Yc/LO9g="></latexit>

e
R t
0 d⌧LA =

 
e��tA11 +

�̃
� (1� e��t)(A11 +A22) e��t/2A12

e��t/2A⇤
12 e��tA22 +

⇣
1� �̃

�

⌘
(1� e��t)(A11 +A22)

!

<latexit sha1_base64="yUrUIC/3o1bFzb9aoAVs6+a0ohM="></latexit>

� = �0 coth(�~!/2)
<latexit sha1_base64="grjSFeXzvS8sEYNksugp8VUOH+4=">AAACEnicbVA9SwNBEN3zM8avqKXNYhC0iXdR0EYI2FgqGBVyIcxtJsni7u2xOyeE4G+w8a/YWChia2Xnv3HzUfj1YJjHezPszksyJR2F4WcwNT0zOzdfWCguLi2vrJbW1i+dya3AujDK2OsEHCqZYp0kKbzOLIJOFF4lNydD/+oWrZMmvaB+hk0N3VR2pADyUqu0G3dBazget1YYC0O9nThBgriXgOWx0diFvepuq1QOK+EI/C+JJqTMJjhrlT7ithG5xpSEAucaUZhRcwCWpFB4V4xzhxmIG+hiw9MUNLrmYHTSHd/2Spt3jPWVEh+p3zcGoJ3r68RPaqCe++0Nxf+8Rk6do+ZApllOmIrxQ51ccTJ8mA9vS4uCVN8TEFb6v3LRAwuCfIpFH0L0++S/5LJaifYr1fODcu1gEkeBbbIttsMidshq7JSdsToT7J49smf2EjwET8Fr8DYenQomOxvsB4L3L/pKnPc=</latexit>

3. Periodic Steady state A = ⇢pss(t) = ⇢pss(t+ T )
<latexit sha1_base64="MRE46pKM7qg4vErhPj7zjfl2LTc=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahRSgztaAboeLGZYW+oB2GTJq2oZlkSDJCGbp046+4caGIWz/BnX9j2s7Cth64cHLOveTeE0SMKu04P1ZmbX1jcyu7ndvZ3ds/sA+PmkrEEpMGFkzIdoAUYZSThqaakXYkCQoDRlrB6G7qtx6JVFTwuh5HxAvRgNM+xUgbybdPb2+6cij8JFJqUtDFhddFvejbeafkzABXiZuSPEhR8+3vbk/gOCRcY4aU6rhOpL0ESU0xI5NcN1YkQniEBqRjKEchUV4yO2QCz43Sg30hTXENZ+rfiQSFSo3DwHSGSA/VsjcV//M6se5fewnlUawJx/OP+jGDWsBpKrBHJcGajQ1BWFKzK8RDJBHWJrucCcFdPnmVNMsl97JUfqjkq5U0jiw4AWegAFxwBargHtRAA2DwBF7AG3i3nq1X68P6nLdmrHTmGCzA+voF9v6ZPw==</latexit>

e
R T/2
0 d⌧L0⇢pss(0) = ⇢pss(T/2)

<latexit sha1_base64="phkPMErw9VoqARXg8CKugzxiiJE="></latexit>

e
R T/2
T d⌧L1⇢pss(T/2) = ⇢pss(0)

<latexit sha1_base64="aro10/KVWUSMIa/v9pNSwBDt/48="></latexit>



III. Time evolution

t
<latexit sha1_base64="RwvgBW097nXttmUg7xzJJZKjMnQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWML9gPaUDbbTbt2swm7E6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmd3O/88S1EbF6wGnC/YiOlAgFo2ilJg5KZbfiLkDWiZeTMuRoDEpf/WHM0ogrZJIa0/PcBP2MahRM8lmxnxqeUDahI96zVNGIGz9bHDojl1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDWz4RKUuSKLReFqSQYk/nXZCg0ZyinllCmhb2VsDHVlKHNpmhD8FZfXiftasW7rlSbtXK9lsdRgHO4gCvw4AbqcA8NaAEDDs/wCm/Oo/PivDsfy9YNJ585gz9wPn8A3UGM7g==</latexit>

T/2
<latexit sha1_base64="hXNDuwnBYuFuo+pzK3vxWBNXr2o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe7GgB4DXjxGzAuSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/fbT6g0j2XDTBL0IzqUPOSMGis9Nq4q/WLJLbsLkHXiZaQEGer94ldvELM0QmmYoFp3PTcx/pQqw5nAWaGXakwoG9Mhdi2VNELtTxenzsiFVQYkjJUtachC/T0xpZHWkyiwnRE1I73qzcX/vG5qwlt/ymWSGpRsuShMBTExmf9NBlwhM2JiCWWK21sJG1FFmbHpFGwI3urL66RVKXvX5cpDtVSrZnHk4QzO4RI8uIEa3EMdmsBgCM/wCm+OcF6cd+dj2ZpzsplT+APn8weKdY1D</latexit>

T
<latexit sha1_base64="5wVM2XAq81BdAJJ512XGi2DpnpQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKezGgB4DXjwmkBckS5iddJIxs7PLzKwQlnyBFw+KePWTvPk3TpI9aGJBQ1HVTXdXEAuujet+O7mt7Z3dvfx+4eDw6PikeHrW1lGiGLZYJCLVDahGwSW2DDcCu7FCGgYCO8H0fuF3nlBpHsmmmcXoh3Qs+YgzaqzUaA6KJbfsLkE2iZeREmSoD4pf/WHEkhClYYJq3fPc2PgpVYYzgfNCP9EYUzalY+xZKmmI2k+Xh87JlVWGZBQpW9KQpfp7IqWh1rMwsJ0hNRO97i3E/7xeYkZ3fsplnBiUbLVolAhiIrL4mgy5QmbEzBLKFLe3EjahijJjsynYELz1lzdJu1L2bsqVRrVUq2Zx5OECLuEaPLiFGjxAHVrAAOEZXuHNeXRenHfnY9Wac7KZc/gD5/MHrMGMzg==</latexit>

Density matrix for periodic steady state
<latexit sha1_base64="YKN/GpdbrwP01ir8PsR2vNDq1e0=">AAACGnicbVC7SgNBFJ31GeMramkzGASrsKuClgEtLCOYByQhzM7e1cHZmWXmrrgs+Q4bf8XGQhE7sfFvnDwKjZ5mDufcy5x7wlQKi77/5c3NLywuLZdWyqtr6xubla3tltWZ4dDkWmrTCZkFKRQ0UaCETmqAJaGEdnh7NvLbd2Cs0OoK8xT6CbtWIhacoZMGlaCHcI8mKc5BWYE5TRgacU9jbWgKRuhIcGoRWJS7hyEMB5WqX/PHoH9JMCVVMkVjUPnoRZpnCSjkklnbDfwU+wUzKLiEYbmXWUgZv2XX0HVUsQRsvxifNqT7TonGaWKtkI7VnxsFS6zNk9BNuuQ3dtYbif953Qzj034hVJohKD75KM4kRU1HPdFIGOAoc0cYN8JlpfyGGcbRtVl2JQSzJ/8lrcNacFQ7vDyu1o+ndZTILtkjByQgJ6ROLkiDNAknD+SJvJBX79F79t6898nonDfd2SG/4H1+A7VJodk=</latexit>

[⇢pss]11
<latexit sha1_base64="8KD21nVJ9rnXFu+zZxmJIYApaeQ=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16CRbBU0lqQY8FLx4r2A9IQ9hsN+3SzW7Y3Sgl9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5Ucqo0q77bZU2Nre2d8q7lb39g8Mju3rcVSKTmHSwYEL2I6QIo5x0NNWM9FNJUBIx0osmN3O/90CkooLf62lKggSNOI0pRtpIoV31B3IswjxVahaEuefNQrvm1t0FnHXiFaQGBdqh/TUYCpwlhGvMkFK+56Y6yJHUFDMyqwwyRVKEJ2hEfEM5SogK8sXpM+fcKEMnFtIU185C/T2Ro0SpaRKZzgTpsVr15uJ/np/p+DrIKU8zTTheLooz5mjhzHNwhlQSrNnUEIQlNbc6eIwkwtqkVTEheKsvr5Nuo+5d1ht3zVqrWcRRhlM4gwvw4ApacAtt6ACGR3iGV3iznqwX6936WLaWrGLmBP7A+vwBbH6UDg==</latexit>

[⇢pss]12
<latexit sha1_base64="vaGjUTIMVIxzFw1tbQrfTmi0lMA=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16CRbBU0lqQY8FLx4r2A9IQ9hsN+3SzW7Y3Sgl9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5Ucqo0q77bZU2Nre2d8q7lb39g8Mju3rcVSKTmHSwYEL2I6QIo5x0NNWM9FNJUBIx0osmN3O/90CkooLf62lKggSNOI0pRtpIoV31B3IswjxVahaEudeYhXbNrbsLOOvEK0gNCrRD+2swFDhLCNeYIaV8z011kCOpKWZkVhlkiqQIT9CI+IZylBAV5IvTZ865UYZOLKQprp2F+nsiR4lS0yQynQnSY7XqzcX/PD/T8XWQU55mmnC8XBRnzNHCmefgDKkkWLOpIQhLam518BhJhLVJq2JC8FZfXifdRt27rDfumrVWs4ijDKdwBhfgwRW04Bba0AEMj/AMr/BmPVkv1rv1sWwtWcXMCfyB9fkDbgOUDw==</latexit>



IV. Fluctuation theorem (within Lindblad)

G(�) = he���H(t)e��H(0)i
<latexit sha1_base64="JyJbh1QZWpn5PiKEvtj09XSamlc=">AAACLnicbZBNSwMxEIaz9avWr6pHL8EitAfLrgp6EQQRe1SwrdCtJZtO22A2uySzQln6i7z4V/QgqIhXf4Zp3YNWXwi8PDPDZN4glsKg6744uZnZufmF/GJhaXllda24vtEwUaI51HkkI30dMANSKKijQAnXsQYWBhKawe3puN68A21EpK5wGEM7ZH0leoIztKhTPDsv+9K2d1nl2BrVl0DhJt3NoB8AMlorY2Vk6RR0KyNfT0Y6xZJbdSeif42XmRLJdNEpPvndiCchKOSSGdPy3BjbKdMouIRRwU8MxIzfsj60rFUsBNNOJ+eO6I4lXdqLtH0K6YT+nEhZaMwwDGxnyHBgpmtj+F+tlWDvqJ0KFScIin8v6iWSYkTH2dGu0MBRDq1hXAv7V8oHTDOONuGCDcGbPvmvaexVvf3q3uVB6eQgiyNPtsg2KROPHJITUiMXpE44uSeP5JW8OQ/Os/PufHy35pxsZpP8kvP5Bd6ip8w=</latexit>

G(�) = GR(1� �)e��F
<latexit sha1_base64="XSVQU1sLl1TqTyo1tdErgvMBMXI=">AAACFHicbVDLSgMxFM34rPVVdekmWISKWGZU0I1QUNSlilWhU8ud9LYGMw+SO0IZ+hFu/BU3LhRx68Kdf2NaK/g6EDg551ySe4JESUOu++4MDY+Mjo3nJvKTU9Mzs4W5+TMTp1pgVcQq1hcBGFQywipJUniRaIQwUHgeXO/2/PMb1EbG0Sl1EqyH0I5kSwogKzUKqwclX9l4E1Z2DhonJW/t68rxMvMDJPD3UBHw/W6jUHTLbh/8L/EGpMgGOGoU3vxmLNIQIxIKjKl5bkL1DDRJobCb91ODCYhraGPN0ghCNPWsv1SXL1ulyVuxtici3le/T2QQGtMJA5sMga7Mb68n/ufVUmpt1zMZJSlhJD4faqWKU8x7DfGm1ChIdSwBoaX9KxdXoEGQ7TFvS/B+r/yXnK2XvY3y+vFmsbI5qCPHFtkSKzGPbbEKO2RHrMoEu2X37JE9OXfOg/PsvHxGh5zBzAL7Aef1A80knMQ=</latexit>

S = � ln ⇢S + �HB
<latexit sha1_base64="YQmeL7LV+idEg6LQn03hLSz1LjA=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLIIhlphZ0IxTddFmpfUBnGDJppg3NJEOSEcrQjb/ixoUibv0Md/6N6WOhrQcuHM65l3vvCRNGlXacbyu3srq2vpHfLGxt7+zu2fsHLSVSiUkTCyZkJ0SKMMpJU1PNSCeRBMUhI+1weDfx249EKir4gx4lxI9Rn9OIYqSNFNhHjZsLj3HoyYEIGudeSDSCteA2sItOyZkCLhN3Topgjnpgf3k9gdOYcI0ZUqrrOon2MyQ1xYyMC16qSILwEPVJ11COYqL8bPrAGJ4apQcjIU1xDafq74kMxUqN4tB0xkgP1KI3Ef/zuqmOrv2M8iTVhOPZoihlUAs4SQP2qCRYs5EhCEtqboV4gCTC2mRWMCG4iy8vk1a55F6WyveVYrUyjyMPjsEJOAMuuAJVUAN10AQYjMEzeAVv1pP1Yr1bH7PWnDWfOQR/YH3+AKcTlR0=</latexit>

IC: equilibrium
<latexit sha1_base64="hSKW378+9nyNYXu69q/ajKgG1P4=">AAACAXicbVDLSgNBEJz1GeMr6kXwMhgET2E3BhRPgVz0FsE8IAlhdtJJhszsrjO9YljixV/x4kERr/6FN//GyeOgiQUNRVU33V1+JIVB1/12lpZXVtfWUxvpza3tnd3M3n7VhLHmUOGhDHXdZwakCKCCAiXUIw1M+RJq/qA09mv3oI0Ig1scRtBSrBeIruAMrdTOHDYRHlCr5Lp0SeEuFlL4WsRq1M5k3Zw7AV0k3oxkyQzlduar2Ql5rCBALpkxDc+NsJUwjYJLGKWbsYGI8QHrQcPSgCkwrWTywYieWKVDu6G2FSCdqL8nEqaMGSrfdiqGfTPvjcX/vEaM3YtWIoIoRgj4dFE3lhRDOo6DdoQGjnJoCeNa2Fsp7zPNONrQ0jYEb/7lRVLN57yzXP6mkC0WZnGkyBE5JqfEI+ekSK5ImVQIJ4/kmbySN+fJeXHenY9p65Izmzkgf+B8/gDUgpcX</latexit>

he�S(t)eS(0)i = 1
<latexit sha1_base64="cY4Mi12/yjcBrYcareAGmPSDSRA=">AAACC3icbZC7TgJBFIZn8YZ4Qy1tJhATKCS7SKKNCYmNJQa5JIBkdjjAhNnZzcysCdlsb+Or2FhojK0vYOfbOCwUCp5kki//f07OnN8NOFPatr+t1Nr6xuZWejuzs7u3f5A9PGoqP5QUGtTnvmy7RAFnAhqaaQ7tQALxXA4td3I981sPIBXzxZ2eBtDzyEiwIaNEG6mfzXU5ESMOGO6js3pBF2MD9YJdjLsyMa6cfjZvl+yk8Co4C8ijRdX62a/uwKehB0JTTpTqOHagexGRmlEOcaYbKggInZARdAwK4oHqRcktMT41ygAPfWme0DhRf09ExFNq6rmm0yN6rJa9mfif1wn18LIXMRGEGgSdLxqGHGsfz4LBAyaBaj41QKhk5q+YjokkVJv4MiYEZ/nkVWiWS855qXxbyVcrizjS6ATlUAE56AJV0Q2qoQai6BE9o1f0Zj1ZL9a79TFvTVmLmWP0p6zPHwSZmbY=</latexit>

Proof of generalized Jarzynski relation 

U(t, t� dt) = edtL(t�dt)
<latexit sha1_base64="rmKtp170bwQZwxF5e6n12lCeVtk=">AAACFHicbVDLSgNBEJyNrxhfqx69DAYhoobdGNCLEPDiwUME84AkhtnZSTJk9sFMrxCW/Qgv/ooXD4p49eDNv3E2CaKJBQ1FVTfdXU4ouALL+jIyC4tLyyvZ1dza+sbmlrm9U1dBJCmr0UAEsukQxQT3WQ04CNYMJSOeI1jDGV6mfuOeScUD/xZGIet4pO/zHqcEtNQ1j9oegQElIq4lBTiGExcOL9hd7MKPca2NVE66Zt4qWmPgeWJPSR5NUe2an203oJHHfKCCKNWyrRA6MZHAqWBJrh0pFhI6JH3W0tQnHlOdePxUgg+04uJeIHX5gMfq74mYeEqNPEd3ppeqWS8V//NaEfTOOzH3wwiYTyeLepHAEOA0IexyySiIkSaESq5vxXRAJKGgc8zpEOzZl+dJvVS0T4ulm3K+Up7GkUV7aB8VkI3OUAVdoSqqIYoe0BN6Qa/Go/FsvBnvk9aMMZ3ZRX9gfHwDU0aeUA==</latexit>

1 = Tr · · ·
⇥
⇢�1
ss (t,↵t�dt)U(t, t� dt)⇢ss(t� dt,↵t�dt)

⇤

· · ·
⇥
⇢�1
ss (2dt,↵dt)U(2dt, dt)⇢ss(dt,↵dt)

⇤

·
⇥
⇢�1
ss (dt,↵0)U(dt, 0)⇢ss(0,↵0)

⇤
<latexit sha1_base64="dUxpLJalb/gGbhoC+tn0nKfGYYE="></latexit>

Note: L(t� dt)⇢ss(t� dt, ↵t�dt| {z }
protocol

) = 0 or U(t, t� dt)⇢ss(t� dt,↵t�dt) = ⇢ss(t,↵t�dt)

<latexit sha1_base64="ytaT1dLX4QHT4sCrhjko4kkU89Y="></latexit>

where ⇢ss(t,↵t) = e�F (↵t)e��H(↵t)
<latexit sha1_base64="jBN0F+ktPZ9MfJYKR+X5RUr/BB4="></latexit>

H = HS(t) +HB +HI
<latexit sha1_base64="X/oKODXZ9LyDU/zsNfXVwWYBvkw=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BItQEUpSC3oRil7iraL9gDaEzXbbLt1swu6kUEL/iRcPinj1n3jz37htc9DWBwOP92aYmRfEnCmw7W8jt7a+sbmV3y7s7O7tH5iHR00VJZLQBol4JNsBVpQzQRvAgNN2LCkOA05bwehu5rfGVCoWiSeYxNQL8UCwPiMYtOSbpnvj+o8lOL9w/Vtd975ZtMv2HNYqcTJSRBnqvvnV7UUkCakAwrFSHceOwUuxBEY4nRa6iaIxJiM8oB1NBQ6p8tL55VPrTCs9qx9JXQKsufp7IsWhUpMw0J0hhqFa9mbif14ngf61lzIRJ0AFWSzqJ9yCyJrFYPWYpAT4RBNMJNO3WmSIJSagwyroEJzll1dJs1J2LsuVh2qxVs3iyKMTdIpKyEFXqIZcVEcNRNAYPaNX9GakxovxbnwsWnNGNnOM/sD4/AGvnZG0</latexit>

IC: product state ⇢B ⌦ ⇢S
<latexit sha1_base64="8h8e0p6wCcTQMwGUvAvr5Hup3o4=">AAACHHicbVA9SwNBEN3zM8avqKXNYiJYhTsTUKyCabSLaEwgF8LeZmIW926P3TkxHPkhNv4VGwtFbCwE/42bj0KNDxbevDfD7LwglsKg6345c/MLi0vLmZXs6tr6xmZua/vaqERzqHMllW4GzIAUEdRRoIRmrIGFgYRGcFsd+Y070Eao6AoHMbRDdhOJnuAMrdTJlXyEe9Rhel49obFW3YQjNcgQaMHXfdU5pb5CEYKh4/KyQIedXN4tumPQWeJNSZ5MUevkPvyu4kkIEXLJjGl5boztlGkUXMIw6ycGYsZv2Q20LI2YXddOx8cN6b5VurSntH0R0rH6cyJloTGDMLCdIcO++euNxP+8VoK943YqojhBiPhkUS+RFBUdJUW7QgNHObCEcS3sXynvM8042jyzNgTv78mz5Pqw6JWKhxflfKU8jSNDdskeOSAeOSIVckZqpE44eSBP5IW8Oo/Os/PmvE9a55zpzA75BefzG7lwoRE=</latexit>

1. For an isolated system �H = W
<latexit sha1_base64="Wqpb4JGo76Yn9jvXBVQJdY99mZk=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6EUI6CHHCOaByRJmJ7PJkNnZZaZXCCF/4cWDIl79G2/+jZNkD5pY0FBUddPdFSRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkycasbrLJaxbgXUcCkUr6NAyVuJ5jQKJG8Gw9up33zi2ohYPeAo4X5E+0qEglG00mPnjkukpHrT7BaKbsmdgSwTLyNFyFDrFr46vZilEVfIJDWm7bkJ+mOqUTDJJ/lOanhC2ZD2edtSRSNu/PHs4gk5tUqPhLG2pZDM1N8TYxoZM4oC2xlRHJhFbyr+57VTDK/9sVBJilyx+aIwlQRjMn2f9ITmDOXIEsq0sLcSNqCaMrQh5W0I3uLLy6RRLnnnpfL9RbFymcWRg2M4gTPw4AoqUIUa1IGBgmd4hTfHOC/Ou/Mxb11xspkj+APn8wd6CJAX</latexit>

· Gallavotti-Cohen symmetry
<latexit sha1_base64="CNTwfkTg3ltFMbV++dvF5LDe204=">AAACE3icbVDLSgNBEJyNrxhfUY9eBqMggmE3KnoUPOhRwaiQhDA76Zgh81hmeoNhyT948Ve8eFDEqxdv/o2TmIOvgoaiqpvurjiRwmEYfgS5icmp6Zn8bGFufmFxqbi8culMajlUuZHGXsfMgRQaqihQwnVigalYwlXcPR76Vz2wThh9gf0EGordaNEWnKGXmsXtOsItWpVt1HnL4AY9YVKynkEUO8emA5q6vlKAtj9oFkthORyB/iXRmJTIGGfN4nu9ZXiqQCOXzLlaFCbYyJhFwSUMCvXUQcJ4l91AzVPNFLhGNvppQDe90qJtY31ppCP1+0TGlPOnxb5TMey4395Q/M+rpdg+bGRCJymC5l+L2qmkaOgwINoSFjjKvieMW+FvpbzDLOPoYyz4EKLfL/8ll5VytFuunO+VjvbHceTJGlknWyQiB+SInJIzUiWc3JEH8kSeg/vgMXgJXr9ac8F4ZpX8QPD2CYOXnoc=</latexit>

· Entropy production
<latexit sha1_base64="CQUS705H1LhmX3BwZ/uJfg3o4xs=">AAACDHicbVDLSgMxFM34rPVVdekm2Aquykwt6LIggssK9gHtUDKZtA3NJENyRyxDP8CNv+LGhSJu/QB3/o2ZtgttPRA4nHMuN/cEseAGXPfbWVldW9/YzG3lt3d29/YLB4dNoxJNWYMqoXQ7IIYJLlkDOAjWjjUjUSBYKxhdZX7rnmnDlbyDccz8iAwk73NKwEq9QrEL7AF0lJa6NFRQwtcStIrHONYqTGgWmtiUW3anwMvEm5MimqPeK3x1Q0WTiEmgghjT8dwY/JRo4FSwSb6bGBYTOiID1rFUkogZP50eM8GnVglxX2n7JOCp+nsiJZEx4yiwyYjA0Cx6mfif10mgf+mnXMYJMElni/qJwKBw1gwOuWYUxNgSQjW3f8V0SDShYPvL2xK8xZOXSbNS9s7LldtqsVad15FDx+gEnSEPXaAaukF11EAUPaJn9IrenCfnxXl3PmbRFWc+c4T+wPn8AU0om70=</latexit>

· Generalized Jarzynski relation
<latexit sha1_base64="00ScSYPJqPFZ/iq15G62Wf2tkPo=">AAACGHicbVA9SwNBFNzzM8avqKXNYiJYxbuoaClYKFYRjAZyIeztveiSvb1j9514HvkZNv4VGwtFbO38N25iCk0cWBhm3vD2TZBIYdB1v5yp6ZnZufnCQnFxaXlltbS2fmXiVHNo8FjGuhkwA1IoaKBACc1EA4sCCddB72TgX9+BNiJWl5gl0I7YjRJdwRlaqVPa9RHuUUd5xedhjBV6Cgo0k+IBQnrO9EOmTE9QDXIY6HdKZbfqDkEniTciZTJCvVP69MOYpxEo5JIZ0/LcBNs50yi4hH7RTw0kjPfYDbQsVSwC086Hh/XptlVC2o21fQrpUP2dyFlkTBYFdjJieGvGvYH4n9dKsXvUzoVKUgTFfxZ1U0kxpoOWaCg0cJSZJYxrYf9K+S3TjKPtsmhL8MZPniRXtaq3V61d7JePD0Z1FMgm2SI7xCOH5JickTppEE4eyTN5JW/Ok/PivDsfP6NTziizQf7A+fwGhgagqw==</latexit> ⌧

T exp

Z
t

0
d⌧

@⇢ss
@⌧

⇢�1
ss

��
= 1, ⇢ss = e�F (t)e��H(t)

<latexit sha1_base64="YTZo9fScmtRqN4a3soV2/Zv3XLY="></latexit>

detailed fluctuation theorem
<latexit sha1_base64="HEtiBU7MiRyxts1FwRuC6dfJIQQ=">AAACDnicbVA9SwNBEN3zM8avqKXNYghYhbsY0DJgYxnBfEASwt7eXLJk9+7YnRPDkV9g41+xsVDE1trOf+Pmo9DEBwOP92aYmecnUhh03W9nbX1jc2s7t5Pf3ds/OCwcHTdNnGoODR7LWLd9ZkCKCBooUEI70cCUL6Hlj66nfusetBFxdIfjBHqKDSIRCs7QSv1CqYvwgFplASATEgIaypRjOrMpDiHWoCb9QtEtuzPQVeItSJEsUO8XvrpBzFMFEXLJjOl4boK9jGkUXMIk300NJIyP2AA6lkZMgells3cmtGQVe0esbUVIZ+rviYwpY8bKt52K4dAse1PxP6+TYnjVy0SUpAgRny8KU0kxptNsaCA0cJRjSxjXwt5K+ZBpxtEmmLcheMsvr5JmpexdlCu31WKtuogjR07JGTknHrkkNXJD6qRBOHkkz+SVvDlPzovz7nzMW9ecxcwJ+QPn8wfMkZ0p</latexit>

integral fluctuation theorem
<latexit sha1_base64="MRLVuaWIZXTq/DNjyTQzic73a0U=">AAACDnicbVC7SgNBFJ31GeMramkzGAJWYTcGtAzYWEYwD0hCmJ3cTYbM7C4zd8Ww5Ats/BUbC0Vsre38GyebFJp4YOBwzr3cOcePpTDout/O2vrG5tZ2bie/u7d/cFg4Om6aKNEcGjySkW77zIAUITRQoIR2rIEpX0LLH1/P/NY9aCOi8A4nMfQUG4YiEJyhlfqFUhfhAbVKRYgw1EzSQCYck8ymOIJIg5r2C0W37Gagq8RbkCJZoN4vfHUHEU8UhMglM6bjuTH2UqZRcAnTfDcxEDM+ZkPoWBoyBaaXZnGmtGSVAQ0ibV+INFN/b6RMGTNRvp1UDEdm2ZuJ/3mdBIOrnk0aJwghnx8KEkkxorNu6EBo4CgnljCuhf0r5SOmGUfbYN6W4C1HXiXNStm7KFduq8VadVFHjpySM3JOPHJJauSG1EmDcPJInskreXOenBfn3fmYj645i50T8gfO5w/2hp1D</latexit>



IV. Fluctuation theorem (within Lindblad)
Rearranging

<latexit sha1_base64="s9VfhFlKUYk79D96FpzAGnQausM=">AAAB/XicbVBNS8NAEN3Ur1q/4sfNS7AInkpSC3osePFYxX5AG8pmO22XbjZhdyLWUPwrXjwo4tX/4c1/47bNQVsfDDzem2FmXhALrtF1v63cyura+kZ+s7C1vbO7Z+8fNHSUKAZ1FolItQKqQXAJdeQooBUroGEgoBmMrqZ+8x6U5pG8w3EMfkgHkvc5o2ikrn3UQXhAFaa3QJWicsDlYNK1i27JncFZJl5GiiRDrWt/dXoRS0KQyATVuu25MfopVciZgEmhk2iIKRvRAbQNlTQE7aez6yfOqVF6Tj9SpiQ6M/X3REpDrcdhYDpDikO96E3F/7x2gv1LP+UyThAkmy/qJ8LByJlG4fS4AoZibAhliptbHTakijI0gRVMCN7iy8ukUS5556XyTaVYrWRx5MkxOSFnxCMXpEquSY3UCSOP5Jm8kjfryXqx3q2PeWvOymYOyR9Ynz9yLpXR</latexit>

⇢ss(t,↵t)⇢
�1
ss (t,↵t�dt) =


⇢ss(t,↵t�dt) + ↵̇t

@

@↵t
⇢ss(t,↵t�dt)

�
⇢�1
ss (t,↵t�dt)

<latexit sha1_base64="Ruajtw2r4PdAH+baASOsyv1f08o="></latexit>

' exp


dt

@⇢ss
@t

⇢�1
ss

�

<latexit sha1_base64="gcxfdatX57AFaEiZnZ5+ZFKJsmw="></latexit>

= 1 + dt
@

@t
⇢ss(t,↵t�dt) · ⇢�1

ss (t,↵t�dt)
<latexit sha1_base64="PlNbpmnRwZEnH0vFCmt1Dhyv9C0="></latexit>

1 = Tr · · ·
⇥
⇢ss(t,↵t)⇢

�1
ss (t,↵t�dt)

⇤
| {z }

U(t, t� dt) · · · U(2dt, dt)
⇥
⇢ss(dt,↵dt)⇢

�1
ss (dt,↵0)

⇤
U(dt, 0)⇢ss(0,↵0)

<latexit sha1_base64="ysqsZduE9tfKYyTyBFYp+8vrKP8="></latexit>

6=
⌧
exp


��F � �

Z t

0
d⌧Ḣ

��

<latexit sha1_base64="ChjghuK68aOi2rVARY6VfVxwpvg="></latexit>

General Jarzynski equality
<latexit sha1_base64="TcEdN58YEcpM2eEYavqU+2obu3w=">AAACDHicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6DHgQfGkYIyQBOmddHTI7Ow60yuuSz7Ai7/ixYMiXv0Ab/6Nk8fBV8FAUVVNT1eYKGnJ9z+9icmp6ZnZwlxxfmFxabm0snpm49QIrItYxeY8BItKaqyTJIXniUGIQoWNsLc/8Bs3aKyM9SllCbYjuNSyKwWQky5K5RbhLZkoP0CNBhQ/AnOXaduTHK9TUJKyvkv5FX8I/pcEY1JmYxxflD5anVikEWoSCqxtBn5C7RwMSaGwX2ylFhMQPbjEpqMaIrTtfHhMn286pcO7sXFPEx+q3ydyiKzNotAlI6Ar+9sbiP95zZS6e+1c6iQl1GK0qJsqTjEfNMM70qAglTkCwkj3Vy6uwIAg11/RlRD8PvkvOduuBDuV7ZNquVYd11Fg62yDbbGA7bIaO2THrM4Eu2eP7Jm9eA/ek/fqvY2iE954Zo39gPf+Bfk7nCg=</latexit>

Therefore 1 =

⌧
T exp

Z t

0
d⌧

@⇢ss
@t

⇢�1
ss

��

<latexit sha1_base64="qO0gZTNPnqHwzzXS+ml1iY61TjQ="></latexit>

@

@t
e
�(F�H) 6= �(Ḟ � @H/@t)e�(F�H)

<latexit sha1_base64="kmgHNxDWaXRVwvZs292nfu0dgHs="></latexit>



IV. Fluctuation theorem (within Lindblad)

2.  FT for a Floquet system driven by a piecewise constant  protocol within the Lindblad equation

{H0, L0} ! {H1, L1} ! {H0, L0} ! {H1, L1},! · · ·
<latexit sha1_base64="PNtNlXTkHBOFJ8tpdhGmchAkqOU=">AAACWnicdVHJasMwFJTdJVsXd7n1IhoKPYRgp4H2GOglhx5SaBaIjZFlJRGRl0pyIRj3I3sphf5KoXLiQ5Z2QDDMvEFPIy9mVEjT/NL0vf2Dw1K5Uq0dHZ+cGmfnAxElHJM+jljERx4ShNGQ9CWVjIxiTlDgMTL05o+5P3wjXNAofJGLmDgBmoZ0QjGSSnKNVzvtumbj3Q6QnGHE0qfMNe0M2jKCuWVtWtaatZ2CdvZ/qqEsG/uRFK5RN5vmEnCXWAWpgwI91/iw/QgnAQklZkiIsWXG0kkRlxQzklXtRJAY4TmakrGiIQqIcNJlNRm8UYoPJxFXJ5Rwqa4nUhQIsQg8NZkvLLa9XPzLGydy8uCkNIwTSUK8umiSMKgayHuGPuUES7ZQBGFO1a4QzxBHWKrfqKoSrO0n75JBq2ndNVvP7XqnXdRRBlfgGtwCC9yDDuiCHugDDD7Bj3aolbRvXdcrem01qmtF5gJsQL/8BdaOtF4=</latexit>

U0(t
0, t) = e

R t0
t d⌧L0 , U1(t

0, t) = e
R t0
t d⌧L1

<latexit sha1_base64="RtBr9VHjccmCouvT7ew7uEKmYq4="></latexit>

Work W = H1 �H0 at t = T/2, 3T/2, 5T/2, . . .
<latexit sha1_base64="V5HFkU0cGMs/qX1Cl8BC2mYgXvI="></latexit>

W = H0 �H1 at t = T, 2T, 3T, . . .
<latexit sha1_base64="ab59bXoArxKmYaafo8oIiLTGPs4=">AAACHnicbVDLSsNAFJ34rPUVdekmWAQXtSRtRTeFgpsuK/QFTQiT6bQdOnkwcyOW0P6IG3/FjQtFBFf6N07bLLT1wIUz59zLnXu8iDMJpvmtra1vbG5tZ3ayu3v7B4f60XFLhrEgtElCHoqOhyXlLKBNYMBpJxIU+x6nbW90O/Pb91RIFgYNGEfU8fEgYH1GMCjJ1a+mC7QrNde8rLlW+raBPoDwEwyTKVQa+WlRVamRt3kvBOnqObNgzmGsEislOZSi7uqfdi8ksU8DIBxL2bXMCJwEC2CE00nWjiWNMBnhAe0qGmCfSieZnzcxzpXSM/qhUBWAMVd/TyTYl3Lse6rTxzCUy95M/M/rxtC/cRIWRDHQgCwW9WNuQGjMsjJ6TFACfKwIJoKpvxpkiAUmoBLNqhCs5ZNXSatYsEqF4l05Vy2ncWTQKTpDF8hC16iKaqiOmoigR/SMXtGb9qS9aO/ax6J1TUtnTtAfaF8/vrGjZg==</latexit>

Generating function for work
<latexit sha1_base64="IrPtNa9zh4hM4JEiicvm517SDW4=">AAACDnicbVC7TgMxEPTxJrwClDQWERJVdAeRoESigDJIJEFKTpHP2QtWfPbJ3gOiU76Ahl+hoQAhWmo6/gYnuYLXVKOZXe3ORKkUFn3/05uZnZtfWFxaLq2srq1vlDe3mlZnhkODa6nNVcQsSKGggQIlXKUGWBJJaEWD07HfugFjhVaXOEwhTFhfiVhwhk7qlvc6CHdokvwMFBgnqj6NM8XHLo21obfaDEbdcsWv+hPQvyQoSIUUqHfLH52e5lkCCrlk1rYDP8UwZwYFlzAqdTILKeMD1oe2o4olYMN8EmdE95zSmxyPtUI6Ub9v5CyxdphEbjJheG1/e2PxP6+dYXwc5kKlGYLi00NxJilqOu6G9oQBjnLoCONGuF8pv2aGcXQNllwJwe/If0nzoBocVg8uapWTWlHHEtkhu2SfBOSInJBzUicNwsk9eSTP5MV78J68V+9tOjrjFTvb5Ae89y9ZPZzf</latexit>

=
Z1

Z0
= e�(F1�F0) or 1

<latexit sha1_base64="eKYZaBGrVzYQVH7sj5gdCc2AHSg="></latexit>

Jarzynski equality holds in the original form.
<latexit sha1_base64="P7+HTyIGOHTOOD5SyqqYPNrMPiA="></latexit>

G(�) = Tr · · · e���H0e��H1U1(T, T/2)e
���H1e��H0U0(T/2, 0)

e��H0

Z0
<latexit sha1_base64="dFoHrm7aW3wTYyjaluh74JtHBdA="></latexit>

G(1) = Tr · · · e��H0e�H1 U1(T, T/2)e
��H1

| {z }
e��H1

e�H0 U0(T/2, 0)
e��H0

Z0| {z }
e��H0/Z0

<latexit sha1_base64="m8cYQvTHWTcU+o/RXPkaORRPEvE="></latexit>

cf. he���W i
<latexit sha1_base64="THMnKMU/Bcfe65ttUL57//gaqVA="></latexit>



IV. Fluctuation theorem (within Lindblad)

�
<latexit sha1_base64="K+Lo9rVx4SO66qzIdWkjiYCh5N8=">AAAB7nicbVDLSsNAFL3xWeur6tLNYBFclaQWdFlw47KCfUAbymRy0w6dTMLMRCihH+HGhSJu/R53/o3TNgttPTBwOOdc5t4TpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+Sjmabox3QkecQZNVbqDoSNhnRYqbo1dwGyTryCVKFAa1j5GoQJy2KUhgmqdd9zU+PnVBnOBM7Kg0xjStmEjrBvqaQxaj9frDsjl1YJSZQo+6QhC/X3RE5jradxYJMxNWO96s3F/7x+ZqJbP+cyzQxKtvwoygQxCZnfTkKukBkxtYQyxe2uhI2poszYhsq2BG/15HXSqde861r9oVFtNoo6SnAOF3AFHtxAE+6hBW1gMIFneIU3J3VenHfnYxndcIqZM/gD5/MHOd2Pcw==</latexit>

GC-symmetry holds!
<latexit sha1_base64="rmnShpN6vmFxE+E7YSBRcNcx+Vg=">AAACBHicbVA9SwNBEN3zM8avqGWa1SDYGO5iQMtACi0jmA9IQtjbTJIlu3fH7pwYjhQ2/hUbC0Vs/RF2/hs3H4UmPhh4vDfDzDw/ksKg6347K6tr6xubqa309s7u3n7m4LBmwlhzqPJQhrrhMwNSBFBFgRIakQamfAl1f1ie+PV70EaEwR2OImgr1g9ET3CGVupksi2EB9QquS6fm5FSgHpEB6HsmuNxJ5Nz8+4UdJl4c5Ijc1Q6ma9WN+SxggC5ZMY0PTfCdsI0Ci5hnG7FBiLGh6wPTUsDpsC0k+kTY3pqlS7thdpWgHSq/p5ImDL2Qt92KoYDs+hNxP+8Zoy9q3YigihGCPhsUS+WFEM6SYR2hQaOcmQJ41rYWykfMM042tzSNgRv8eVlUivkvYt84baYKxXncaRIlpyQM+KRS1IiN6RCqoSTR/JMXsmb8+S8OO/Ox6x1xZnPHJE/cD5/AP3zmEM=</latexit>

E(t)
<latexit sha1_base64="AxipywW+3XryGZwc/LnojEGhN+Y=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXspuLeixIILHCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hY3Nre6e4W9rbPzg8Kh+fdHSUKELbJOKR6gVYU84kbRtmOO3FimIRcNoNpreZ332iSrNIPppZTH2Bx5KFjGCTSXdVczksV9yauwBaJ15OKpCjNSx/DUYRSQSVhnCsdd9zY+OnWBlGOJ2XBommMSZTPKZ9SyUWVPvp4tY5urDKCIWRsiUNWqi/J1IstJ6JwHYKbCZ61cvE/7x+YsIbP2UyTgyVZLkoTDgyEcoeRyOmKDF8ZgkmitlbEZlghYmx8ZRsCN7qy+ukU695V7X6Q6PSbORxFOEMzqEKHlxDE+6hBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDMPyNog==</latexit>

t
<latexit sha1_base64="RwvgBW097nXttmUg7xzJJZKjMnQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWML9gPaUDbbTbt2swm7E6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmd3O/88S1EbF6wGnC/YiOlAgFo2ilJg5KZbfiLkDWiZeTMuRoDEpf/WHM0ogrZJIa0/PcBP2MahRM8lmxnxqeUDahI96zVNGIGz9bHDojl1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDWz4RKUuSKLReFqSQYk/nXZCg0ZyinllCmhb2VsDHVlKHNpmhD8FZfXiftasW7rlSbtXK9lsdRgHO4gCvw4AbqcA8NaAEDDs/wCm/Oo/PivDsfy9YNJ585gz9wPn8A3UGM7g==</latexit>

T
<latexit sha1_base64="5wVM2XAq81BdAJJ512XGi2DpnpQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKezGgB4DXjwmkBckS5iddJIxs7PLzKwQlnyBFw+KePWTvPk3TpI9aGJBQ1HVTXdXEAuujet+O7mt7Z3dvfx+4eDw6PikeHrW1lGiGLZYJCLVDahGwSW2DDcCu7FCGgYCO8H0fuF3nlBpHsmmmcXoh3Qs+YgzaqzUaA6KJbfsLkE2iZeREmSoD4pf/WHEkhClYYJq3fPc2PgpVYYzgfNCP9EYUzalY+xZKmmI2k+Xh87JlVWGZBQpW9KQpfp7IqWh1rMwsJ0hNRO97i3E/7xeYkZ3fsplnBiUbLVolAhiIrL4mgy5QmbEzBLKFLe3EjahijJjsynYELz1lzdJu1L2bsqVRrVUq2Zx5OECLuEaPLiFGjxAHVrAAOEZXuHNeXRenHfnY9Wac7KZc/gD5/MHrMGMzg==</latexit>

2T
<latexit sha1_base64="1PJPuV37DMqq+xAXW05KipnDoAs=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWOVfkEbyma7aZduNmF3IpTQf+DFgyJe/Ufe/Ddu2xy09cHA470ZZuYFiRQGXffb2djc2t7ZLewV9w8Oj45LJ6dtE6ea8RaLZay7ATVcCsVbKFDybqI5jQLJO8Hkbu53nrg2IlZNnCbcj+hIiVAwilZ6rDYHpbJbcRcg68TLSRlyNAalr/4wZmnEFTJJjel5boJ+RjUKJvms2E8NTyib0BHvWapoxI2fLS6dkUurDEkYa1sKyUL9PZHRyJhpFNjOiOLYrHpz8T+vl2J462dCJSlyxZaLwlQSjMn8bTIUmjOUU0so08LeStiYasrQhlO0IXirL6+TdrXiXVeqD7VyvZbHUYBzuIAr8OAG6nAPDWgBgxCe4RXenInz4rw7H8vWDSefOYM/cD5/AB2ujQo=</latexit>

T/2
<latexit sha1_base64="hXNDuwnBYuFuo+pzK3vxWBNXr2o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe7GgB4DXjxGzAuSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/fbT6g0j2XDTBL0IzqUPOSMGis9Nq4q/WLJLbsLkHXiZaQEGer94ldvELM0QmmYoFp3PTcx/pQqw5nAWaGXakwoG9Mhdi2VNELtTxenzsiFVQYkjJUtachC/T0xpZHWkyiwnRE1I73qzcX/vG5qwlt/ymWSGpRsuShMBTExmf9NBlwhM2JiCWWK21sJG1FFmbHpFGwI3urL66RVKXvX5cpDtVSrZnHk4QzO4RI8uIEa3EMdmsBgCM/wCm+OcF6cd+dj2ZpzsplT+APn8weKdY1D</latexit>

3T/2
<latexit sha1_base64="y62QGqcaouNS5eIW069S+5POy5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU91tC3osePFYoV/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpb2zu7e8X90sHh0fFJ+fSsq6NEEdohEY9UP8CaciZpxzDDaT9WFIuA014wu8/83hNVmkWybeYx9QWeSBYygk0m1ds3tVG54lbdJdAm8XJSgRytUflrOI5IIqg0hGOtB54bGz/FyjDC6aI0TDSNMZnhCR1YKrGg2k+Xty7QlVXGKIyULWnQUv09kWKh9VwEtlNgM9XrXib+5w0SE975KZNxYqgkq0VhwpGJUPY4GjNFieFzSzBRzN6KyBQrTIyNp2RD8NZf3iTdWtWrV2uPjUqzkcdRhAu4hGvw4Baa8AAt6ACBKTzDK7w5wnlx3p2PVWvByWfO4Q+czx/9Qo2A</latexit>

5T/2
<latexit sha1_base64="p8QofNgd6CtCmOsKPBD/G2zLSss=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU92tFT0WvHis0C9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZeEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3md+94kqzSLZMrOY+gKPJQsZwSaTblpXtWG54lbdBdA68XJSgRzNYflrMIpIIqg0hGOt+54bGz/FyjDC6bw0SDSNMZniMe1bKrGg2k8Xt87RhVVGKIyULWnQQv09kWKh9UwEtlNgM9GrXib+5/UTE975KZNxYqgky0VhwpGJUPY4GjFFieEzSzBRzN6KyAQrTIyNp2RD8FZfXiedWtW7rtYe65VGPY+jCGdwDpfgwS004AGa0AYCE3iGV3hzhPPivDsfy9aCk8+cwh84nz8AX42C</latexit>

F
<latexit sha1_base64="53q7YYu142mqzO7xp4fHH5ekT+c=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKezGgB4DgnhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt3O//YRK81g+mEmCfkSHkoecUWOlxl2/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwxp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aVXK3lW50qiWatUsjjycwTlcggfXUIN7qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AJeJjMA=</latexit>

forward process
<latexit sha1_base64="OZnVZtFMlg3gI1czvUWwn5SMlKc=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NB8BR2Y0CPAS8eI5gHJCHMznaSIbMPZnrVsMSLv+LFgyJe/Qtv/o2TZA+aWNBQVHXT3eXFUmh0nG8rt7K6tr6R3yxsbe/s7tn7Bw0dJYpDnUcyUi2PaZAihDoKlNCKFbDAk9D0RldTv3kHSosovMVxDN2ADULRF5yhkXr2UQfhAVWQ9iN1z5RPYxVx0HrSs4tOyZmBLhM3I0WSodazvzp+xJMAQuSSad12nRi7KVMouIRJoZNoiBkfsQG0DQ1ZALqbzj6Y0FOj+NTcYCpEOlN/T6Qs0HoceKYzYDjUi95U/M9rJ9i/7KYijBOEkM8X9RNJMaLTOKgvFHCUY0MYV8LcSvmQKcbRhFYwIbiLLy+TRrnknpfKN5VitZLFkSfH5IScEZdckCq5JjVSJ5w8kmfySt6sJ+vFerc+5q05K5s5JH9gff4Ap/qXnQ==</latexit>

reverse process
<latexit sha1_base64="BVKXMwW53I3Ti4yNAk5JIe+CuxY=">AAACAXicdVDLSgMxFM34tr5G3QhugkVwVSa12LoT3LhUsFpoh5JJ77ShmQfJHbEMdeOvuHGhiFv/wp1/Y0YrqOiBwOGcc7m5J0iVNOh5b87U9Mzs3PzCYmlpeWV1zV3fuDBJpgU0RaIS3Qq4ASVjaKJEBa1UA48CBZfB8LjwL69AG5nE5zhKwY94P5ahFByt1HW3OgjXqKNcQxEDmupEgDHjrlv2Kp7nMcZoQVj9wLPk8LBRZQ3KCsuiTCY47bqvnV4isghiFIob02Zein7ONUqhYFzqZAZSLoa8D21LYx6B8fOPC8Z01yo9Gibavhjph/p9IueRMaMosMmI48D89grxL6+dYdjwcxmnGUIsPheFmaKY0KIO2pMaBKqRJVxoaf9KxYBrLtC2UbIlfF1K/ycX1Qrbr1TPauWj2qSOBbJNdsgeYaROjsgJOSVNIsgNuSMP5NG5de6dJ+f5MzrlTGY2yQ84L+//3pfa</latexit> R

<latexit sha1_base64="VOBOhCI+falW9zRvdD+dr9hf5dc=">AAAB6HicdVBNS0JBFJ1nX2ZfVss2QxK0khmT1J3QpqVGfoA+ZN541cl5H8zMC+ThL2jTooi2/aR2/ZvmqUFFHbhwOOde7r3Hi6TQhpAPJ7O2vrG5ld3O7ezu7R/kD4/aOowVhxYPZai6HtMgRQAtI4yEbqSA+Z6Ejje9Sv3OPSgtwuDWzCJwfTYOxEhwZqzUvBnkC6RICKGU4pTQyiWxpFarlmgV09SyKKAVGoP8e38Y8tiHwHDJtO5REhk3YcoILmGe68caIsanbAw9SwPmg3aTxaFzfGaVIR6FylZg8EL9PpEwX+uZ79lOn5mJ/u2l4l9eLzajqpuIIIoNBHy5aBRLbEKcfo2HQgE3cmYJ40rYWzGfMMW4sdnkbAhfn+L/SbtUpBfFUrNcqJdXcWTRCTpF54iiCqqja9RALcQRoAf0hJ6dO+fReXFel60ZZzVzjH7AefsE9q+NAg==</latexit>

T/2 < t < T
<latexit sha1_base64="L0eZwlk3eMJP5XTyxc0L1aToigg=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCs4l0MaJEiYGMZIV+QHGFvs5cs2ds7dueEEPIjbCwUsfX32Plv3CRXaOKDgcd7M8zMCxIpDLrut7OxubW9s5vby+8fHB4dF05OWyZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8f3cbz9xbUSsGjhJuB/RoRKhYBSt1G5cl6tYbfQLRbfkLkDWiZeRImSo9wtfvUHM0ogrZJIa0/XcBP0p1SiY5LN8LzU8oWxMh7xrqaIRN/50ce6MXFplQMJY21JIFurviSmNjJlEge2MKI7MqjcX//O6KYZ3/lSoJEWu2HJRmEqCMZn/TgZCc4ZyYgllWthbCRtRTRnahPI2BG/15XXSKpe8m1L5sVKsVbI4cnAOF3AFHtxCDR6gDk1gMIZneIU3J3FenHfnY9m64WQzZ/AHzucPB/qOqw==</latexit>

�~!0/2 = 1, c = � ~E · ~d/(~!0/2) = 1
<latexit sha1_base64="0aagznjzKecxAidIxZIhQ2qUuTc="></latexit>

G(�) = Gr(1� �)
Z1

Z0
<latexit sha1_base64="HvjrTaOCsLPbk35sk6lpx7m7Wsk=">AAACEXicbVDLSsNAFJ34rPUVdekmWIS4sCS1oBuh4KIuK9gHNiFMJpN26GQSZiZCCfkFN/6KGxeKuHXnzr9x2kbQ1gMznDn3XO7c4yeUCGlZX9rS8srq2nppo7y5tb2zq+/td0SccoTbKKYx7/lQYEoYbksiKe4lHMPIp7jrj64m9e495oLE7FaOE+xGcMBISBCUSvJ0s2k6VNkDeHLZ9Lhpn/48nZBDlN15dq4uK/f0ilW1pjAWiV2QCijQ8vRPJ4hRGmEmEYVC9G0rkW4GuSSI4rzspAInEI3gAPcVZTDCws2mG+XGsVICI4y5OkwaU/V3RwYjIcaRr5wRlEMxX5uI/9X6qQwv3IywJJWYodmgMKWGjI1JPEZAOEaSjhWBiBP1VwMNoUpCqhDLKgR7fuVF0qlV7bNq7aZeadSLOErgEBwBE9jgHDTANWiBNkDgATyBF/CqPWrP2pv2PrMuaUXPAfgD7eMbQdWcAg==</latexit>



IV. Fluctuation theorem (within Lindblad)

Work distribution
<latexit sha1_base64="5vmabFfvDBFvcCHSCq5X0L7I0EI=">AAACA3icbVC7SgNBFJ31GeNr1U6bxSBYhd0Y0DJgYxnBPCBZwuxkkgyZxzJzVwxLwMZfsbFQxNafsPNvnE220MQDA4dz7uXOOVHMmQHf/3ZWVtfWNzYLW8Xtnd29fffgsGlUogltEMWVbkfYUM4kbQADTtuxplhEnLai8XXmt+6pNkzJO5jENBR4KNmAEQxW6rnHXaAPoEXaUnrs9e1BzaIk86Y9t+SX/Rm8ZRLkpIRy1HvuV7evSCKoBMKxMZ3AjyFMsQZGOJ0Wu4mhMSZjPKQdSyUW1ITpLMPUO7NK3xsobZ8Eb6b+3kixMGYiIjspMIzMopeJ/3mdBAZXYcpknACVZH5okHAPlJcVYjNrSoBPLMFEM/tXj4ywxgRsbUVbQrAYeZk0K+Xgoly5rZZq1byOAjpBp+gcBegS1dANqqMGIugRPaNX9OY8OS/Ou/MxH11x8p0j9AfO5w8+pZiA</latexit>

P (W )
<latexit sha1_base64="9XPvUoGPpzSasJwm/7HN5J6z340=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXspuW9BjwYvHCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305ha3tnd6+4Xzo4PDo+KZ+edXWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZneZ33uiSrNIPpp5TH2BJ5KFjGCTSe1q73pUrrg1dwm0SbycVCBHe1T+Go4jkggqDeFY64HnxsZPsTKMcLooDRNNY0xmeEIHlkosqPbT5a0LdGWVMQojZUsatFR/T6RYaD0Xge0U2Ez1upeJ/3mDxIS3fspknBgqyWpRmHBkIpQ9jsZMUWL43BJMFLO3IjLFChNj4ynZELz1lzdJt17zGrX6Q7PSauZxFOECLqEKHtxAC+6hDR0gMIVneIU3RzgvzrvzsWotOPnMOfyB8/kDFbiNkA==</latexit>

W [~!0/2]
<latexit sha1_base64="pqll7hNGr+tAXXOCe5nrAE4QYWA=">AAACCnicbVA9SwNBEN2LXzF+RS1tVhPBKt7FgJYBG8sIxgi5I+xtJsni7t2xOyeGI7WNf8XGQhFbf4Gd/8bNR6HGBwOP92aYmRcmUhh03S8nt7C4tLySXy2srW9sbhW3d65NnGoOTR7LWN+EzIAUETRRoISbRANToYRWeHs+9lt3oI2IoyscJhAo1o9ET3CGVuoU932Ee9QqK7fKlLbL/iBk2o8V9FnHPa6Wg1GnWHIr7gR0nngzUiIzNDrFT78b81RBhFwyY9qem2CQMY2CSxgV/NRAwvgt60Pb0ogpMEE2eWVED63Spb1Y24qQTtSfExlTxgxVaDsVw4H5643F/7x2ir2zIBNRkiJEfLqol0qKMR3nQrtCA0c5tIRxLeytlA+YZhxtegUbgvf35XlyXa14J5XqZa1Ur83iyJM9ckCOiEdOSZ1ckAZpEk4eyBN5Ia/Oo/PsvDnv09acM5vZJb/gfHwD5d+ZEA==</latexit>

Delta peaks at W/(~!0/2) = ±1± (1 +
p
2) for T/2 < t < T

<latexit sha1_base64="Ku38BVNaGR7lDYxXZZT2WIWwNmo="></latexit>

More delta peaks as t increases.
<latexit sha1_base64="cENTTj0rMS+pCjUcft8nqY2ldRM=">AAACFHicbVA9SwNBEN3zM8avqKXNYiIIQriLAS0DNjZCBKNCEsLcZqJL9vaO3TkxHPkRNv4VGwtFbC3s/DduYgo1Phh4vDezO/PCRElLvv/pzczOzS8s5pbyyyura+uFjc0LG6dGYEPEKjZXIVhUUmODJCm8SgxCFCq8DPvHI//yFo2VsT6nQYLtCK617EkB5KROYb9FeEcmyk5jg7yLioAnCH3LwfISlbjUwr1n0ZaHnULRL/tj8GkSTEiRTVDvFD5a3VikEWoSCqxtBn5C7QwMSaFwmG+lFhMQfbjGpqMaIrTtbHzUkO86pct7sXGliY/VnxMZRNYOotB1RkA39q83Ev/zmin1jtqZ1ElKqMX3R71UcYr5KCHelQYFqYEjIIx0u3JxAwYEuRzzLoTg78nT5KJSDg7KlbNqsVadxJFj22yH7bGAHbIaO2F11mCC3bNH9sxevAfvyXv13r5bZ7zJzBb7Be/9C/iunhM=</latexit>

�~!0/2 = 1, c = � ~E · ~d/(~!0/2) = 1
<latexit sha1_base64="0aagznjzKecxAidIxZIhQ2qUuTc="></latexit> |ei

<latexit sha1_base64="7XU4wzD0HusIEHxAyi5/5RvsG3Q=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWMF+yFtKJvtpF262YTdjVBif4UXD4p49ed489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+W9mSToR3QoecgZNVZ6eMKeonIosF8quxV3DrJKvJyUIUejX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/eErOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMvueDLhCZsTEEsoUt7cSNqKKMmMzKtoQvOWXV0mrWvEuK9W7Wrley+MowCmcwQV4cAV1uIUGNIFBBM/wCm+Ocl6cd+dj0brm5DMn8AfO5w8EF5CA</latexit>

|e0i
<latexit sha1_base64="+GDMcEbRNOvNuH9+/lQyjL6TtnQ=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjF6IrtIokcSLx4xkUeEDZkdGpgwO7uZmTUhK3/hxYPGePVvvPk3DrAHBSvppFLVne6uIBZcG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxzcxvPaLSPJL3ZhKjH9Kh5APOqLHSwxOedxWVQ4G9Ysktu3OQVeJlpAQZ6r3iV7cfsSREaZigWnc8NzZ+SpXhTOC00E00xpSN6RA7lkoaovbT+cVTcmaVPhlEypY0ZK7+nkhpqPUkDGxnSM1IL3sz8T+vk5jBtZ9yGScGJVssGiSCmIjM3id9rpAZMbGEMsXtrYSNqKLM2JAKNgRv+eVV0qyUvcty5a5aqlWzOPJwAqdwAR5cQQ1uoQ4NYCDhGV7hzdHOi/PufCxac042cwx/4Hz+AGYZkLE=</latexit>

|g0i
<latexit sha1_base64="BlIvwBRvHn0SihuxHRbIJi14ENY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvoqSS1oMeCF48V7Ae2oWy2k3TpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWaen3CmtON8W4W19Y3NreJ2aWd3b/+gfHjUVnEqKbZozGPZ9YlCzgS2NNMcu4lEEvkcO/74ZuZ3HlEqFot7PUnQi0goWMAo0UZ6eArP+5KIkOOgXHGqzhz2KnFzUoEczUH5qz+MaRqh0JQTpXquk2gvI1IzynFa6qcKE0LHJMSeoYJEqLxsfvHUPjPK0A5iaUpoe67+nshIpNQk8k1nRPRILXsz8T+vl+rg2suYSFKNgi4WBSm3dWzP3reHTCLVfGIIoZKZW206IpJQbUIqmRDc5ZdXSbtWdS+rtbt6pVHP4yjCCZzCBbhwBQ24hSa0gIKAZ3iFN0tZL9a79bFoLVj5zDH8gfX5A2kxkLM=</latexit>

|gi
<latexit sha1_base64="3PzQQYWT8RiSVfn+f/IKRgzxFbo=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWMF+yFtKJvtpF262YTdjVBif4UXD4p49ed489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+W9mSToR3QoecgZNVZ6eBr2FJVDgf1S2a24c5BV4uWkDDka/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5wVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjtZ1wmqUHJFovCVBATk9n3ZMAVMiMmllCmuL2VsBFVlBmbUdGG4C2/vEpa1Yp3Wane1cr1Wh5HAU7hDC7Agyuowy00oAkMIniGV3hzlPPivDsfi9Y1J585gT9wPn8ABy2Qgg==</latexit>

P (W ) =

Z 1

�1

d�

2⇡
ei�WG(i�)

<latexit sha1_base64="HSNfVfz3BsM2xnoKJEEa8WvPMFo="></latexit>
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t = T
<latexit sha1_base64="7N+j2vlJ2tC69zZXQV/yWUStD0Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKezGgF6EgBePEfOCZAmzk0kyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmIpDLrut5Pb2Nza3snvFvb2Dw6PiscnLRMlmvEmi2SkOwE1XArFmyhQ8k6sOQ0DydvB5G7ut5+4NiJSDZzG3A/pSImhYBSt9Ii3jX6x5JbdBcg68TJSggz1fvGrN4hYEnKFTFJjup4bo59SjYJJPiv0EsNjyiZ0xLuWKhpy46eLU2fkwioDMoy0LYVkof6eSGlozDQMbGdIcWxWvbn4n9dNcHjjp0LFCXLFlouGiSQYkfnfZCA0ZyinllCmhb2VsDHVlKFNp2BD8FZfXietStm7KlceqqVaNYsjD2dwDpfgwTXU4B7q0AQGI3iGV3hzpPPivDsfy9ack82cwh84nz8EEo2T</latexit>

t = 2T
<latexit sha1_base64="rmm+GykcdSpFXklj5RuzIeYk34g=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mthXoRCl48VugXtEvJptk2NMkuSVYoS/+CFw+KePUPefPfmG73oK0PBh7vzTAzL4g508Z1v53C1vbO7l5xv3RweHR8Uj496+ooUYR2SMQj1Q+wppxJ2jHMcNqPFcUi4LQXzO6Xfu+JKs0i2TbzmPoCTyQLGcEmk+5q7VG54lbdDGiTeDmpQI7WqPw1HEckEVQawrHWA8+NjZ9iZRjhdFEaJprGmMzwhA4slVhQ7afZrQt0ZZUxCiNlSxqUqb8nUiy0novAdgpspnrdW4r/eYPEhLd+ymScGCrJalGYcGQitHwcjZmixPC5JZgoZm9FZIoVJsbGU7IheOsvb5JurerdVGuP9UqznsdRhAu4hGvwoAFNeIAWdIDAFJ7hFd4c4bw4787HqrXg5DPn8AfO5w91pY3P</latexit>

t = 3T
<latexit sha1_base64="dPOQeQP1yAHjVmhbvwVG6cd6KTU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ltC3oRCl48VugXtEvJptk2NMkuSVYoS/+CFw+KePUPefPfmG73oK0PBh7vzTAzL4g508Z1v53C1vbO7l5xv3RweHR8Uj496+ooUYR2SMQj1Q+wppxJ2jHMcNqPFcUi4LQXzO6Xfu+JKs0i2TbzmPoCTyQLGcEmk+7q7VG54lbdDGiTeDmpQI7WqPw1HEckEVQawrHWA8+NjZ9iZRjhdFEaJprGmMzwhA4slVhQ7afZrQt0ZZUxCiNlSxqUqb8nUiy0novAdgpspnrdW4r/eYPEhLd+ymScGCrJalGYcGQitHwcjZmixPC5JZgoZm9FZIoVJsbGU7IheOsvb5JurerVq7XHRqXZyOMowgVcwjV4cANNeIAWdIDAFJ7hFd4c4bw4787HqrXg5DPn8AfO5w93Ko3Q</latexit> t = 4T

<latexit sha1_base64="E9reM4Rvqnxi/OvDfE91H1w5tgU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mthXoRCl48VugXtEvJptk2NMkuSVYoS/+CFw+KePUPefPfmG73oK0PBh7vzTAzL4g508Z1v53C1vbO7l5xv3RweHR8Uj496+ooUYR2SMQj1Q+wppxJ2jHMcNqPFcUi4LQXzO6Xfu+JKs0i2TbzmPoCTyQLGcEmk+7q7VG54lbdDGiTeDmpQI7WqPw1HEckEVQawrHWA8+NjZ9iZRjhdFEaJprGmMzwhA4slVhQ7afZrQt0ZZUxCiNlSxqUqb8nUiy0novAdgpspnrdW4r/eYPEhLd+ymScGCrJalGYcGQitHwcjZmixPC5JZgoZm9FZIoVJsbGU7IheOsvb5JurerdVGuP9UqznsdRhAu4hGvwoAFNeIAWdIDAFJ7hFd4c4bw4787HqrXg5DPn8AfO5w94r43R</latexit>

Many peaks with small weights are not shown. 
 It is hard to find rigorous P(W) at large t.



V. Summary

1. A nonequilibrium for a simple Floquet system is studied    
     by using the Lindblad equation. 

2.  GC-symmetry is shown to hold rigorously. 

3. The generating function for work is obtained and can be used 
    to find work distribution function. Similarly, heat distribution  
    can be found. 

4. Not shown in the talk, it is observed for our specific case  

    but the corresponding FT is not found. 

5. The strong coupling theory for general time-protocol will be 
     investigated. 
 

h�� ln ⇢+ �Qi > 0
<latexit sha1_base64="qrJJFN2xKuGuFJqyu39UbAFOgYI=">AAACEHicbVA9SwNBEN2L3/ErammzGERBDHcqaCUBLSwjmETIhTC3mSRL9vaO3TkhBH+CjX/FxkIRW0s7/42bmMKvBwOP92aYmRelSlry/Q8vNzU9Mzs3v5BfXFpeWS2srddskhmBVZGoxFxHYFFJjVWSpPA6NQhxpLAe9c9Gfv0GjZWJvqJBis0Yulp2pAByUquwEyrQXYX74TkqglDp0PSSvTBCAn4ZmrHJT/1WoeiX/DH4XxJMSJFNUGkV3sN2IrIYNQkF1jYCP6XmEAxJofA2H2YWUxB96GLDUQ0x2uZw/NAt33ZKm3cS40oTH6vfJ4YQWzuII9cZA/Xsb28k/uc1MuqcNIdSpxmhFl+LOpnilPBROrwtDQpSA0dAGOlu5aIHBgS5DPMuhOD3y39J7aAUHJYOLo+K5aNJHPNsk22xXRawY1ZmF6zCqkywO/bAntizd+89ei/e61drzpvMbLAf8N4+AZUmnDs=</latexit>

hQi = TrH(t)L⇢
<latexit sha1_base64="ih0Uvc5XTfn1htO33cJKUNZKefk=">AAACFnicbZDLSsNAFIYnXmu9RV26GSxCXViSWtCNUHDThYsWeoMmlMl02g6dTMLMRCghT+HGV3HjQhG34s63cZJmoa0/DHz85xzmnN8LGZXKsr6NtfWNza3twk5xd2//4NA8Ou7KIBKYdHDAAtH3kCSMctJRVDHSDwVBvsdIz5vdpfXeAxGSBryt5iFxfTThdEwxUtoampcOQ3zCCGw5IoPb2BE+bIsENsrqwvGRmmLE4vvEEdNgaJasipUJroKdQwnkag7NL2cU4MgnXGGGpBzYVqjcGAlFMSNJ0YkkCRGeoQkZaOTIJ9KNs7MSeK6dERwHQj+uYOb+noiRL+Xc93RnuqZcrqXmf7VBpMY3bkx5GCnC8eKjccSgCmCaERxRQbBicw0IC6p3hXiKBMJKJ1nUIdjLJ69Ct1qxryrVVq1Ur+VxFMApOANlYINrUAcN0AQdgMEjeAav4M14Ml6Md+Nj0bpm5DMn4I+Mzx/J2p8a</latexit>


