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IRREVERSIBILITY AND ENTROPY PRODUCTION



UNDERSTAND AND QUANTIFY

Understanding the emergence of irreversibility is a fundamental problem in 
physics. 

Quantifying it is crucial for several applications:

Engines, power plants, biological motors, electronic devices, &c.

In thermodynamics, irreversibility is quantified by the entropy production. 

Thermodynamic processes obey the Clausius inequality:
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The difference is called the entropy production:
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It is always non-negative and zero iff the process is reversible.

Sometimes it is easier to work with rates:
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� = � 1

T

dQ

dt
<latexit sha1_base64="v3pv85byKjPWCU+yUgBjmj3GOZw=">AAACMXicbVDLSgMxFM34rPU16tJNaBHcWGZE0IVCwY3LFvqCTimZTKYNzWSGJCOUMHu/xo0L/ZXuxK0/4NJMOwvbeiBwOOfem3uPnzAqlePMrI3Nre2d3dJeef/g8OjYPjntyDgVmLRxzGLR85EkjHLSVlQx0ksEQZHPSNefPOZ+95kISWPeUtOEDCI04jSkGCkjDe2K1xhT+ACvoBcKhLWb6Va2oAFsZjpQ2dCuOjVnDrhO3IJUQYHG0P7xghinEeEKMyRl33USNdBIKIoZycpeKkmC8ASNSN9QjiIiB3p+SwYvjBLAMBbmcQXn6t8OjSIpp5FvKiOkxnLVy8V/PT9a+llzikl+58o+KrwbaMqTVBGOF+uEKYMqhnl8MKCCYMWmhiAsqLkI4jEyY5QJuWyicleDWSed65rr1NzmTbV+X4RWAuegAi6BC25BHTyBBmgDDF7AK3gHH9abNbM+ra9F6YZV9JyBJVjfv+9Yqh4=</latexit><latexit sha1_base64="v3pv85byKjPWCU+yUgBjmj3GOZw=">AAACMXicbVDLSgMxFM34rPU16tJNaBHcWGZE0IVCwY3LFvqCTimZTKYNzWSGJCOUMHu/xo0L/ZXuxK0/4NJMOwvbeiBwOOfem3uPnzAqlePMrI3Nre2d3dJeef/g8OjYPjntyDgVmLRxzGLR85EkjHLSVlQx0ksEQZHPSNefPOZ+95kISWPeUtOEDCI04jSkGCkjDe2K1xhT+ACvoBcKhLWb6Va2oAFsZjpQ2dCuOjVnDrhO3IJUQYHG0P7xghinEeEKMyRl33USNdBIKIoZycpeKkmC8ASNSN9QjiIiB3p+SwYvjBLAMBbmcQXn6t8OjSIpp5FvKiOkxnLVy8V/PT9a+llzikl+58o+KrwbaMqTVBGOF+uEKYMqhnl8MKCCYMWmhiAsqLkI4jEyY5QJuWyicleDWSed65rr1NzmTbV+X4RWAuegAi6BC25BHTyBBmgDDF7AK3gHH9abNbM+ra9F6YZV9JyBJVjfv+9Yqh4=</latexit><latexit sha1_base64="v3pv85byKjPWCU+yUgBjmj3GOZw=">AAACMXicbVDLSgMxFM34rPU16tJNaBHcWGZE0IVCwY3LFvqCTimZTKYNzWSGJCOUMHu/xo0L/ZXuxK0/4NJMOwvbeiBwOOfem3uPnzAqlePMrI3Nre2d3dJeef/g8OjYPjntyDgVmLRxzGLR85EkjHLSVlQx0ksEQZHPSNefPOZ+95kISWPeUtOEDCI04jSkGCkjDe2K1xhT+ACvoBcKhLWb6Va2oAFsZjpQ2dCuOjVnDrhO3IJUQYHG0P7xghinEeEKMyRl33USNdBIKIoZycpeKkmC8ASNSN9QjiIiB3p+SwYvjBLAMBbmcQXn6t8OjSIpp5FvKiOkxnLVy8V/PT9a+llzikl+58o+KrwbaMqTVBGOF+uEKYMqhnl8MKCCYMWmhiAsqLkI4jEyY5QJuWyicleDWSed65rr1NzmTbV+X4RWAuegAi6BC25BHTyBBmgDDF7AK3gHH9abNbM+ra9F6YZV9JyBJVjfv+9Yqh4=</latexit><latexit sha1_base64="v3pv85byKjPWCU+yUgBjmj3GOZw=">AAACMXicbVDLSgMxFM34rPU16tJNaBHcWGZE0IVCwY3LFvqCTimZTKYNzWSGJCOUMHu/xo0L/ZXuxK0/4NJMOwvbeiBwOOfem3uPnzAqlePMrI3Nre2d3dJeef/g8OjYPjntyDgVmLRxzGLR85EkjHLSVlQx0ksEQZHPSNefPOZ+95kISWPeUtOEDCI04jSkGCkjDe2K1xhT+ACvoBcKhLWb6Va2oAFsZjpQ2dCuOjVnDrhO3IJUQYHG0P7xghinEeEKMyRl33USNdBIKIoZycpeKkmC8ASNSN9QjiIiB3p+SwYvjBLAMBbmcQXn6t8OjSIpp5FvKiOkxnLVy8V/PT9a+llzikl+58o+KrwbaMqTVBGOF+uEKYMqhnl8MKCCYMWmhiAsqLkI4jEyY5QJuWyicleDWSed65rr1NzmTbV+X4RWAuegAi6BC25BHTyBBmgDDF7AK3gHH9abNbM+ra9F6YZV9JyBJVjfv+9Yqh4=</latexit>

entropy production 
rate

entropy flux 
rate

Rate of change of 
the entropy



EXAMPLE: ELECTRICAL CIRCUIT

The simplest example is an RL circuit connected to a bath and a battery.

�

�

ℰ

In the long-time limit, this system will reach a non-equilibrium steady state:

dS

dt
= 0

<latexit sha1_base64="mUDDzDti1COPUDaYOv1mMcQP3Tw=">AAACInicbVBNS8MwGE7n15xf1R29BIfgabQi6EFh4MXjRPcBWxlpmm5hSVqSVCilv8WLB/0r3sST4A/xaLr14DZfSHh4nvdNnvfxY0aVdpwvq7K2vrG5Vd2u7ezu7R/Yh0ddFSUSkw6OWCT7PlKEUUE6mmpG+rEkiPuM9PzpbaH3nohUNBKPOo2Jx9FY0JBipA01suvDUCKcBfAhN5fO4Q10RnbDaTqzgqvALUEDlNUe2T/DIMIJJ0JjhpQauE6svQxJTTEjeW2YKBIjPEVjMjBQIE6Ul83M5/DUMAEMI2mO0HDG/p3IEFcq5b7p5EhP1LJWkP9qPl/4ORMUk2LZJT86vPIyKuJEE4HndsKEQR3BIi8YUEmwZqkBCEtqNoJ4gswz2qRaM1G5y8Gsgu5503Wa7v1Fo3VdhlYFx+AEnAEXXIIWuANt0AEYpOAZvII368V6tz6sz3lrxSpn6mChrO9fdEqjow==</latexit><latexit sha1_base64="mUDDzDti1COPUDaYOv1mMcQP3Tw=">AAACInicbVBNS8MwGE7n15xf1R29BIfgabQi6EFh4MXjRPcBWxlpmm5hSVqSVCilv8WLB/0r3sST4A/xaLr14DZfSHh4nvdNnvfxY0aVdpwvq7K2vrG5Vd2u7ezu7R/Yh0ddFSUSkw6OWCT7PlKEUUE6mmpG+rEkiPuM9PzpbaH3nohUNBKPOo2Jx9FY0JBipA01suvDUCKcBfAhN5fO4Q10RnbDaTqzgqvALUEDlNUe2T/DIMIJJ0JjhpQauE6svQxJTTEjeW2YKBIjPEVjMjBQIE6Ul83M5/DUMAEMI2mO0HDG/p3IEFcq5b7p5EhP1LJWkP9qPl/4ORMUk2LZJT86vPIyKuJEE4HndsKEQR3BIi8YUEmwZqkBCEtqNoJ4gswz2qRaM1G5y8Gsgu5503Wa7v1Fo3VdhlYFx+AEnAEXXIIWuANt0AEYpOAZvII368V6tz6sz3lrxSpn6mChrO9fdEqjow==</latexit><latexit sha1_base64="mUDDzDti1COPUDaYOv1mMcQP3Tw=">AAACInicbVBNS8MwGE7n15xf1R29BIfgabQi6EFh4MXjRPcBWxlpmm5hSVqSVCilv8WLB/0r3sST4A/xaLr14DZfSHh4nvdNnvfxY0aVdpwvq7K2vrG5Vd2u7ezu7R/Yh0ddFSUSkw6OWCT7PlKEUUE6mmpG+rEkiPuM9PzpbaH3nohUNBKPOo2Jx9FY0JBipA01suvDUCKcBfAhN5fO4Q10RnbDaTqzgqvALUEDlNUe2T/DIMIJJ0JjhpQauE6svQxJTTEjeW2YKBIjPEVjMjBQIE6Ul83M5/DUMAEMI2mO0HDG/p3IEFcq5b7p5EhP1LJWkP9qPl/4ORMUk2LZJT86vPIyKuJEE4HndsKEQR3BIi8YUEmwZqkBCEtqNoJ4gswz2qRaM1G5y8Gsgu5503Wa7v1Fo3VdhlYFx+AEnAEXXIIWuANt0AEYpOAZvII368V6tz6sz3lrxSpn6mChrO9fdEqjow==</latexit><latexit sha1_base64="mUDDzDti1COPUDaYOv1mMcQP3Tw=">AAACInicbVBNS8MwGE7n15xf1R29BIfgabQi6EFh4MXjRPcBWxlpmm5hSVqSVCilv8WLB/0r3sST4A/xaLr14DZfSHh4nvdNnvfxY0aVdpwvq7K2vrG5Vd2u7ezu7R/Yh0ddFSUSkw6OWCT7PlKEUUE6mmpG+rEkiPuM9PzpbaH3nohUNBKPOo2Jx9FY0JBipA01suvDUCKcBfAhN5fO4Q10RnbDaTqzgqvALUEDlNUe2T/DIMIJJ0JjhpQauE6svQxJTTEjeW2YKBIjPEVjMjBQIE6Ul83M5/DUMAEMI2mO0HDG/p3IEFcq5b7p5EhP1LJWkP9qPl/4ORMUk2LZJT86vPIyKuJEE4HndsKEQR3BIi8YUEmwZqkBCEtqNoJ4gswz2qRaM1G5y8Gsgu5503Wa7v1Fo3VdhlYFx+AEnAEXXIIWuANt0AEYpOAZvII368V6tz6sz3lrxSpn6mChrO9fdEqjow==</latexit>

⇧ss = �ss =
E2

RT
<latexit sha1_base64="mlgku8OGYYlExWOaQK6pkrDGxjA="></latexit><latexit sha1_base64="mlgku8OGYYlExWOaQK6pkrDGxjA="></latexit><latexit sha1_base64="mlgku8OGYYlExWOaQK6pkrDGxjA="></latexit><latexit sha1_base64="mlgku8OGYYlExWOaQK6pkrDGxjA="></latexit>

but

��/��
Φ

Π
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t

ℰ2/RT

dS

dt
=

R

L

1

e2Rt/L � 1
<latexit sha1_base64="/Iwg6dOpbafS3thMcV+TSfZRQag="></latexit><latexit sha1_base64="/Iwg6dOpbafS3thMcV+TSfZRQag="></latexit><latexit sha1_base64="/Iwg6dOpbafS3thMcV+TSfZRQag="></latexit><latexit sha1_base64="/Iwg6dOpbafS3thMcV+TSfZRQag="></latexit>

⇧(t) =
E2

RT
(1� e�Rt/L)2 +

R

L

e�2Rt/L

e2Rt/L � 1
<latexit sha1_base64="RDCgIaAlhDNxd8Kqa16NULUA9ns="></latexit><latexit sha1_base64="RDCgIaAlhDNxd8Kqa16NULUA9ns="></latexit><latexit sha1_base64="RDCgIaAlhDNxd8Kqa16NULUA9ns="></latexit><latexit sha1_base64="RDCgIaAlhDNxd8Kqa16NULUA9ns="></latexit>

� = ⇧� dS

dt
<latexit sha1_base64="P9ZGK5kisl7p0TWAONCIYc1rzU0=">AAACK3icbVC7TsMwFHXKq5RXgBEGiwqJhSpBSHRBqsTCGAR9SE1UOY7TWnWcyHaQqigLX8PCAL/CBGLlHxhx2gy05Uq2js65177n+AmjUlnWh1FZWV1b36hu1ra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98U2hdx+JkDTmD2qSEC9CQ05DipHS1MA8dp0RhdfQdSg8h24oEM4CeJ/rS+UDs241rGnBZWCXoA7KcgbmjxvEOI0IV5ghKfu2lSgvQ0JRzEhec1NJEoTHaEj6GnIUEellUxc5PNVMAMNY6MMVnLJ/JzIUSTmJfN0ZITWSi1pB/qv50dzPGaeYFEYX9lFh08soT1JFOJ6tE6YMqhgWwcGACoIVm2iAsKDaEcQjpJ9ROt6ajspeDGYZdC4attWw7y7rrWYZWhUcgRNwBmxwBVrgFjigDTB4As/gFbwZL8a78Wl8zVorRjlzCObK+P4Fo/GmyA==</latexit><latexit sha1_base64="P9ZGK5kisl7p0TWAONCIYc1rzU0=">AAACK3icbVC7TsMwFHXKq5RXgBEGiwqJhSpBSHRBqsTCGAR9SE1UOY7TWnWcyHaQqigLX8PCAL/CBGLlHxhx2gy05Uq2js65177n+AmjUlnWh1FZWV1b36hu1ra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98U2hdx+JkDTmD2qSEC9CQ05DipHS1MA8dp0RhdfQdSg8h24oEM4CeJ/rS+UDs241rGnBZWCXoA7KcgbmjxvEOI0IV5ghKfu2lSgvQ0JRzEhec1NJEoTHaEj6GnIUEellUxc5PNVMAMNY6MMVnLJ/JzIUSTmJfN0ZITWSi1pB/qv50dzPGaeYFEYX9lFh08soT1JFOJ6tE6YMqhgWwcGACoIVm2iAsKDaEcQjpJ9ROt6ajspeDGYZdC4attWw7y7rrWYZWhUcgRNwBmxwBVrgFjigDTB4As/gFbwZL8a78Wl8zVorRjlzCObK+P4Fo/GmyA==</latexit><latexit sha1_base64="P9ZGK5kisl7p0TWAONCIYc1rzU0=">AAACK3icbVC7TsMwFHXKq5RXgBEGiwqJhSpBSHRBqsTCGAR9SE1UOY7TWnWcyHaQqigLX8PCAL/CBGLlHxhx2gy05Uq2js65177n+AmjUlnWh1FZWV1b36hu1ra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98U2hdx+JkDTmD2qSEC9CQ05DipHS1MA8dp0RhdfQdSg8h24oEM4CeJ/rS+UDs241rGnBZWCXoA7KcgbmjxvEOI0IV5ghKfu2lSgvQ0JRzEhec1NJEoTHaEj6GnIUEellUxc5PNVMAMNY6MMVnLJ/JzIUSTmJfN0ZITWSi1pB/qv50dzPGaeYFEYX9lFh08soT1JFOJ6tE6YMqhgWwcGACoIVm2iAsKDaEcQjpJ9ROt6ajspeDGYZdC4attWw7y7rrWYZWhUcgRNwBmxwBVrgFjigDTB4As/gFbwZL8a78Wl8zVorRjlzCObK+P4Fo/GmyA==</latexit><latexit sha1_base64="P9ZGK5kisl7p0TWAONCIYc1rzU0=">AAACK3icbVC7TsMwFHXKq5RXgBEGiwqJhSpBSHRBqsTCGAR9SE1UOY7TWnWcyHaQqigLX8PCAL/CBGLlHxhx2gy05Uq2js65177n+AmjUlnWh1FZWV1b36hu1ra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98U2hdx+JkDTmD2qSEC9CQ05DipHS1MA8dp0RhdfQdSg8h24oEM4CeJ/rS+UDs241rGnBZWCXoA7KcgbmjxvEOI0IV5ghKfu2lSgvQ0JRzEhec1NJEoTHaEj6GnIUEellUxc5PNVMAMNY6MMVnLJ/JzIUSTmJfN0ZITWSi1pB/qv50dzPGaeYFEYX9lFh08soT1JFOJ6tE6YMqhgWwcGACoIVm2iAsKDaEcQjpJ9ROt6ajspeDGYZdC4attWw7y7rrWYZWhUcgRNwBmxwBVrgFjigDTB4As/gFbwZL8a78Wl8zVorRjlzCObK+P4Fo/GmyA==</latexit>

GTL, T. Tomé and M. J. de Oliveira,  J. Phys. A, 46, 395001 (2013)
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WHY ENTROPY PRODUCTION MATTERS

The entropy production directly influences the efficiency of a heat engine.

Q̇h
<latexit sha1_base64="kziTTSAbeFwrAacqCMaYTquqmvo=">AAACFnicbVA9TwJBFNzDL8Qv1NLmIjGxInfGRAsLEhtLSAQ0cCF7yzvYsLt32X1nQi78ChsL/St2xtbWf2LpAlcIOMkmk5k3u28nTAQ36HnfTmFtfWNzq7hd2tnd2z8oHx61TJxqBk0Wi1g/hNSA4AqayFHAQ6KBylBAOxzdTv32E2jDY3WP4wQCSQeKR5xRtNJjtx9j1pj0hr1yxat6M7irxM9JheSo98o/NstSCQqZoMZ0fC/BIKMaORMwKXVTAwllIzqAjqWKSjBBNlt44p5Zpe9GsbZHoTtT/yYyKo0Zy9BOSopDs+xNxX+9UC68nCnOINKULe2D0XWQcZWkCIrN14lS4WLsTjty+1wDQzG2hDLN7Y9cNqT2GrRNlmxV/nIxq6R1UfW9qt+4rNRu8tKK5IScknPikytSI3ekTpqEEUmeySt5c16cd+fD+ZyPFpw8c0wW4Hz9AtfxoF0=</latexit><latexit sha1_base64="kziTTSAbeFwrAacqCMaYTquqmvo=">AAACFnicbVA9TwJBFNzDL8Qv1NLmIjGxInfGRAsLEhtLSAQ0cCF7yzvYsLt32X1nQi78ChsL/St2xtbWf2LpAlcIOMkmk5k3u28nTAQ36HnfTmFtfWNzq7hd2tnd2z8oHx61TJxqBk0Wi1g/hNSA4AqayFHAQ6KBylBAOxzdTv32E2jDY3WP4wQCSQeKR5xRtNJjtx9j1pj0hr1yxat6M7irxM9JheSo98o/NstSCQqZoMZ0fC/BIKMaORMwKXVTAwllIzqAjqWKSjBBNlt44p5Zpe9GsbZHoTtT/yYyKo0Zy9BOSopDs+xNxX+9UC68nCnOINKULe2D0XWQcZWkCIrN14lS4WLsTjty+1wDQzG2hDLN7Y9cNqT2GrRNlmxV/nIxq6R1UfW9qt+4rNRu8tKK5IScknPikytSI3ekTpqEEUmeySt5c16cd+fD+ZyPFpw8c0wW4Hz9AtfxoF0=</latexit><latexit sha1_base64="kziTTSAbeFwrAacqCMaYTquqmvo=">AAACFnicbVA9TwJBFNzDL8Qv1NLmIjGxInfGRAsLEhtLSAQ0cCF7yzvYsLt32X1nQi78ChsL/St2xtbWf2LpAlcIOMkmk5k3u28nTAQ36HnfTmFtfWNzq7hd2tnd2z8oHx61TJxqBk0Wi1g/hNSA4AqayFHAQ6KBylBAOxzdTv32E2jDY3WP4wQCSQeKR5xRtNJjtx9j1pj0hr1yxat6M7irxM9JheSo98o/NstSCQqZoMZ0fC/BIKMaORMwKXVTAwllIzqAjqWKSjBBNlt44p5Zpe9GsbZHoTtT/yYyKo0Zy9BOSopDs+xNxX+9UC68nCnOINKULe2D0XWQcZWkCIrN14lS4WLsTjty+1wDQzG2hDLN7Y9cNqT2GrRNlmxV/nIxq6R1UfW9qt+4rNRu8tKK5IScknPikytSI3ekTpqEEUmeySt5c16cd+fD+ZyPFpw8c0wW4Hz9AtfxoF0=</latexit><latexit sha1_base64="kziTTSAbeFwrAacqCMaYTquqmvo=">AAACFnicbVA9TwJBFNzDL8Qv1NLmIjGxInfGRAsLEhtLSAQ0cCF7yzvYsLt32X1nQi78ChsL/St2xtbWf2LpAlcIOMkmk5k3u28nTAQ36HnfTmFtfWNzq7hd2tnd2z8oHx61TJxqBk0Wi1g/hNSA4AqayFHAQ6KBylBAOxzdTv32E2jDY3WP4wQCSQeKR5xRtNJjtx9j1pj0hr1yxat6M7irxM9JheSo98o/NstSCQqZoMZ0fC/BIKMaORMwKXVTAwllIzqAjqWKSjBBNlt44p5Zpe9GsbZHoTtT/yYyKo0Zy9BOSopDs+xNxX+9UC68nCnOINKULe2D0XWQcZWkCIrN14lS4WLsTjty+1wDQzG2hDLN7Y9cNqT2GrRNlmxV/nIxq6R1UfW9qt+4rNRu8tKK5IScknPikytSI3ekTpqEEUmeySt5c16cd+fD+ZyPFpw8c0wW4Hz9AtfxoF0=</latexit>

Q̇c
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The efficiency in the steady-state reads:

Entropy production is the reason why the efficiency is smaller than Carnot’s.

⌘ = � Ẇ

Q̇h

= 1 +
Q̇c

Q̇h

= 1� Tc

Th
� Tc

Q̇h

⇧
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dt
= Q̇h + Q̇c + Ẇ = 0
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The 1st and 2nd laws in the steady-state, read:

Thank you Wikipedia.





SCHNAKENBERG’S APPROACH
Consider a discrete state system described by the classical master 
equation:

dpn
dt

=
X

m

⇢
W (n|m)pm �W (m|n)pn

�

Schnakenberg, Rev. Mod. Phys., 48, 571 (1976)

We now look at the evolution of the Shannon entropy: 

S = �
X

n

pn ln pn
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We also assume detailed balance for simplicity (his result is actually more 
general):

W (n|m)

W (m|n) =
peqn
peqm

= e��(En�Em)
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Schnakenberg showed that

where

We can rewrite this formula in a neat way in terms of the relative entropy 
(Kullback-Leibler divergence): 

⇧ = � d

dt
S(p(t)||peq)
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MASTER EQUATIONS AND THERMAL OPERATIONS



DAVIES MAPS

The entropy production for Davies maps can be formulated in an 
analogous way:

H. Spohn, J. Math. Phys., 19, 1227 (1978).

The entropy production can be shown to be:

⇧ = �dS(⇢||⇢eq)
dt
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<latexit sha1_base64="jRctiABAxrBTpQNpz9aD8A8E1DQ=">AAACJ3icbVC7SgNBFJ31bXyt2gg2g0Gw0LArgmkExcZSwTwgWZbZyd1kyDyWmVkhLPo1Nhb6K3aipX9h6SSmMNEDA4dz7r1z70kyzowNgg9vZnZufmFxabm0srq2vuFvbtWNyjWFGlVc6WZCDHAmoWaZ5dDMNBCRcGgk/cuh37gDbZiSt3aQQSRIV7KUUWKdFPs7ravDi5hF+Awf4bYS0CUxw06J/XJQCUbAf0k4JmU0xnXsf7U7iuYCpKWcGNMKg8xGBdGWUQ73pXZuICO0T7rQclQSASYqRhfc432ndHCqtHvS4pH6u6MgwpiBSFylILZnpr2h+K+XiImfC8kopJrQqX1sWo0KJrPcgqQ/66Q5x1bhYWi4wzRQyweOEKqZuwjTHnFjrIu25KIKp4P5S+rHlTCohDcn5fPqOLQltIv20AEK0Sk6R1foGtUQRQ/oET2jF+/Je/XevPef0hlv3LONJuB9fgPOx6TC</latexit><latexit sha1_base64="jRctiABAxrBTpQNpz9aD8A8E1DQ=">AAACJ3icbVC7SgNBFJ31bXyt2gg2g0Gw0LArgmkExcZSwTwgWZbZyd1kyDyWmVkhLPo1Nhb6K3aipX9h6SSmMNEDA4dz7r1z70kyzowNgg9vZnZufmFxabm0srq2vuFvbtWNyjWFGlVc6WZCDHAmoWaZ5dDMNBCRcGgk/cuh37gDbZiSt3aQQSRIV7KUUWKdFPs7ravDi5hF+Awf4bYS0CUxw06J/XJQCUbAf0k4JmU0xnXsf7U7iuYCpKWcGNMKg8xGBdGWUQ73pXZuICO0T7rQclQSASYqRhfc432ndHCqtHvS4pH6u6MgwpiBSFylILZnpr2h+K+XiImfC8kopJrQqX1sWo0KJrPcgqQ/66Q5x1bhYWi4wzRQyweOEKqZuwjTHnFjrIu25KIKp4P5S+rHlTCohDcn5fPqOLQltIv20AEK0Sk6R1foGtUQRQ/oET2jF+/Je/XevPef0hlv3LONJuB9fgPOx6TC</latexit><latexit sha1_base64="jRctiABAxrBTpQNpz9aD8A8E1DQ=">AAACJ3icbVC7SgNBFJ31bXyt2gg2g0Gw0LArgmkExcZSwTwgWZbZyd1kyDyWmVkhLPo1Nhb6K3aipX9h6SSmMNEDA4dz7r1z70kyzowNgg9vZnZufmFxabm0srq2vuFvbtWNyjWFGlVc6WZCDHAmoWaZ5dDMNBCRcGgk/cuh37gDbZiSt3aQQSRIV7KUUWKdFPs7ravDi5hF+Awf4bYS0CUxw06J/XJQCUbAf0k4JmU0xnXsf7U7iuYCpKWcGNMKg8xGBdGWUQ73pXZuICO0T7rQclQSASYqRhfc432ndHCqtHvS4pH6u6MgwpiBSFylILZnpr2h+K+XiImfC8kopJrQqX1sWo0KJrPcgqQ/66Q5x1bhYWi4wzRQyweOEKqZuwjTHnFjrIu25KIKp4P5S+rHlTCohDcn5fPqOLQltIv20AEK0Sk6R1foGtUQRQ/oET2jF+/Je/XevPef0hlv3LONJuB9fgPOx6TC</latexit><latexit sha1_base64="jRctiABAxrBTpQNpz9aD8A8E1DQ=">AAACJ3icbVC7SgNBFJ31bXyt2gg2g0Gw0LArgmkExcZSwTwgWZbZyd1kyDyWmVkhLPo1Nhb6K3aipX9h6SSmMNEDA4dz7r1z70kyzowNgg9vZnZufmFxabm0srq2vuFvbtWNyjWFGlVc6WZCDHAmoWaZ5dDMNBCRcGgk/cuh37gDbZiSt3aQQSRIV7KUUWKdFPs7ravDi5hF+Awf4bYS0CUxw06J/XJQCUbAf0k4JmU0xnXsf7U7iuYCpKWcGNMKg8xGBdGWUQ73pXZuICO0T7rQclQSASYqRhfc432ndHCqtHvS4pH6u6MgwpiBSFylILZnpr2h+K+XiImfC8kopJrQqX1sWo0KJrPcgqQ/66Q5x1bhYWi4wzRQyweOEKqZuwjTHnFjrIu25KIKp4P5S+rHlTCohDcn5fPqOLQltIv20AEK0Sk6R1foGtUQRQ/oET2jF+/Je/XevPef0hlv3LONJuB9fgPOx6TC</latexit>

��
i

�+
i

= e��!i

<latexit sha1_base64="JWbodqkb3p5nb3uo8YiU8uf3QFA="></latexit><latexit sha1_base64="JWbodqkb3p5nb3uo8YiU8uf3QFA="></latexit><latexit sha1_base64="JWbodqkb3p5nb3uo8YiU8uf3QFA="></latexit><latexit sha1_base64="JWbodqkb3p5nb3uo8YiU8uf3QFA="></latexit>

(eigenoperator) (detailed balance)

H.-P. Breuer, Phys. Rev. A, 68, 032105 (2003)



dpn
dt

=
X

m

⇢
W (n|m)pm �W (m|n)pn

�

<latexit sha1_base64="dGvS0BFOKjUFS4pJvTsfT52X3GY="></latexit><latexit sha1_base64="dGvS0BFOKjUFS4pJvTsfT52X3GY="></latexit><latexit sha1_base64="dGvS0BFOKjUFS4pJvTsfT52X3GY="></latexit><latexit sha1_base64="dGvS0BFOKjUFS4pJvTsfT52X3GY="></latexit>

Davies maps select the energy basis as a preferred basis (einselection).

This means the populations                     will evolve according to pn = hn|⇢|ni
<latexit sha1_base64="eRNZWY9ryhkXxkFh6gsoOeaZNlg=">AAACMXicbVC7TsMwFHXKq5RXgJHFaoXEVCUICQaQKrEwFok+pDaKHPemteo4ke0gVaE7X8PCAL/SDbHyA4y4aQZaOJLlo3Pute89QcKZ0o4zs0pr6xubW+Xtys7u3v6BfXjUVnEqKbRozGPZDYgCzgS0NNMcuokEEgUcOsH4du53HkEqFosHPUnAi8hQsJBRoo3k29XEF/gG9zkRQw5Y4Cfcl6PYXMKQXPTtmlN3cuC/xC1IDRVo+vZ3fxDTNAKhKSdK9Vwn0V5GpGaUw7TSTxUkhI7JEHqGChKB8rJ8lyk+NcoAh7E0R2icq787MhIpNYkCUxkRPVKr3lz81wuipZ8zwSiEktCVeXR45WVMJKkGQRfjhCnHOsbz+PCASaCaTwwhVDKzEaYjYp7RJuSKicpdDeYvaZ/XXafu3l/UGtdFaGV0gqroDLnoEjXQHWqiFqLoGb2gN/RuvVoz68P6XJSWrKLnGC3B+voBxpmpbA==</latexit><latexit sha1_base64="eRNZWY9ryhkXxkFh6gsoOeaZNlg=">AAACMXicbVC7TsMwFHXKq5RXgJHFaoXEVCUICQaQKrEwFok+pDaKHPemteo4ke0gVaE7X8PCAL/SDbHyA4y4aQZaOJLlo3Pute89QcKZ0o4zs0pr6xubW+Xtys7u3v6BfXjUVnEqKbRozGPZDYgCzgS0NNMcuokEEgUcOsH4du53HkEqFosHPUnAi8hQsJBRoo3k29XEF/gG9zkRQw5Y4Cfcl6PYXMKQXPTtmlN3cuC/xC1IDRVo+vZ3fxDTNAKhKSdK9Vwn0V5GpGaUw7TSTxUkhI7JEHqGChKB8rJ8lyk+NcoAh7E0R2icq787MhIpNYkCUxkRPVKr3lz81wuipZ8zwSiEktCVeXR45WVMJKkGQRfjhCnHOsbz+PCASaCaTwwhVDKzEaYjYp7RJuSKicpdDeYvaZ/XXafu3l/UGtdFaGV0gqroDLnoEjXQHWqiFqLoGb2gN/RuvVoz68P6XJSWrKLnGC3B+voBxpmpbA==</latexit><latexit sha1_base64="eRNZWY9ryhkXxkFh6gsoOeaZNlg=">AAACMXicbVC7TsMwFHXKq5RXgJHFaoXEVCUICQaQKrEwFok+pDaKHPemteo4ke0gVaE7X8PCAL/SDbHyA4y4aQZaOJLlo3Pute89QcKZ0o4zs0pr6xubW+Xtys7u3v6BfXjUVnEqKbRozGPZDYgCzgS0NNMcuokEEgUcOsH4du53HkEqFosHPUnAi8hQsJBRoo3k29XEF/gG9zkRQw5Y4Cfcl6PYXMKQXPTtmlN3cuC/xC1IDRVo+vZ3fxDTNAKhKSdK9Vwn0V5GpGaUw7TSTxUkhI7JEHqGChKB8rJ8lyk+NcoAh7E0R2icq787MhIpNYkCUxkRPVKr3lz81wuipZ8zwSiEktCVeXR45WVMJKkGQRfjhCnHOsbz+PCASaCaTwwhVDKzEaYjYp7RJuSKicpdDeYvaZ/XXafu3l/UGtdFaGV0gqroDLnoEjXQHWqiFqLoGb2gN/RuvVoz68P6XJSWrKLnGC3B+voBxpmpbA==</latexit><latexit sha1_base64="eRNZWY9ryhkXxkFh6gsoOeaZNlg=">AAACMXicbVC7TsMwFHXKq5RXgJHFaoXEVCUICQaQKrEwFok+pDaKHPemteo4ke0gVaE7X8PCAL/SDbHyA4y4aQZaOJLlo3Pute89QcKZ0o4zs0pr6xubW+Xtys7u3v6BfXjUVnEqKbRozGPZDYgCzgS0NNMcuokEEgUcOsH4du53HkEqFosHPUnAi8hQsJBRoo3k29XEF/gG9zkRQw5Y4Cfcl6PYXMKQXPTtmlN3cuC/xC1IDRVo+vZ3fxDTNAKhKSdK9Vwn0V5GpGaUw7TSTxUkhI7JEHqGChKB8rJ8lyk+NcoAh7E0R2icq787MhIpNYkCUxkRPVKr3lz81wuipZ8zwSiEktCVeXR45WVMJKkGQRfjhCnHOsbz+PCASaCaTwwhVDKzEaYjYp7RJuSKicpdDeYvaZ/XXafu3l/UGtdFaGV0gqroDLnoEjXQHWqiFqLoGb2gN/RuvVoz68P6XJSWrKLnGC3B+voBxpmpbA==</latexit>

We can now split 

S(⇢||⇢eq) = S(p||peq) + C(⇢)
<latexit sha1_base64="ZAnlT3HK8ql7nLRmEfrdhdReWqo="></latexit><latexit sha1_base64="ZAnlT3HK8ql7nLRmEfrdhdReWqo="></latexit><latexit sha1_base64="ZAnlT3HK8ql7nLRmEfrdhdReWqo="></latexit><latexit sha1_base64="ZAnlT3HK8ql7nLRmEfrdhdReWqo="></latexit>

C(⇢) = S(p)� S(⇢)
<latexit sha1_base64="lnp7dJLK9vR8icUpx4WhzJh9lrs=">AAACNnicbVDLSgMxFM3UV62vqks3wSK2C8uMCHYjFLpxWdE+oDOUTJppQ5PMkGSEMvQT/Bo3LvRD3LgTty5dmmlnYVsPBA7nPnLu8SNGlbbtdyu3tr6xuZXfLuzs7u0fFA+P2iqMJSYtHLJQdn2kCKOCtDTVjHQjSRD3Gen440Za7zwSqWgoHvQkIh5HQ0EDipE2Ur947nKkRxixpDEtu3IUVuANvC+7Pk+iaQVepDxV+8WSXbVngKvEyUgJZGj2iz/uIMQxJ0JjhpTqOXakvQRJTTEj04IbKxIhPEZD0jNUIE6Ul8wOmsIzowxgEErzhIYz9e9EgrhSE+6bztS+Wq6l4r81ny/8nAiKSSARXvKjg5qXUBHFmgg8txPEDOoQphnCAZUEazYxBGFJzUUQj5BZo03SBROVsxzMKmlfVh276txdleq1LLQ8OAGnoAwccA3q4BY0QQtg8ASewSt4s16sD+vT+pq35qxs5hgswPr+BdN+qtQ=</latexit><latexit sha1_base64="lnp7dJLK9vR8icUpx4WhzJh9lrs=">AAACNnicbVDLSgMxFM3UV62vqks3wSK2C8uMCHYjFLpxWdE+oDOUTJppQ5PMkGSEMvQT/Bo3LvRD3LgTty5dmmlnYVsPBA7nPnLu8SNGlbbtdyu3tr6xuZXfLuzs7u0fFA+P2iqMJSYtHLJQdn2kCKOCtDTVjHQjSRD3Gen440Za7zwSqWgoHvQkIh5HQ0EDipE2Ur947nKkRxixpDEtu3IUVuANvC+7Pk+iaQVepDxV+8WSXbVngKvEyUgJZGj2iz/uIMQxJ0JjhpTqOXakvQRJTTEj04IbKxIhPEZD0jNUIE6Ul8wOmsIzowxgEErzhIYz9e9EgrhSE+6bztS+Wq6l4r81ny/8nAiKSSARXvKjg5qXUBHFmgg8txPEDOoQphnCAZUEazYxBGFJzUUQj5BZo03SBROVsxzMKmlfVh276txdleq1LLQ8OAGnoAwccA3q4BY0QQtg8ASewSt4s16sD+vT+pq35qxs5hgswPr+BdN+qtQ=</latexit><latexit sha1_base64="lnp7dJLK9vR8icUpx4WhzJh9lrs=">AAACNnicbVDLSgMxFM3UV62vqks3wSK2C8uMCHYjFLpxWdE+oDOUTJppQ5PMkGSEMvQT/Bo3LvRD3LgTty5dmmlnYVsPBA7nPnLu8SNGlbbtdyu3tr6xuZXfLuzs7u0fFA+P2iqMJSYtHLJQdn2kCKOCtDTVjHQjSRD3Gen440Za7zwSqWgoHvQkIh5HQ0EDipE2Ur947nKkRxixpDEtu3IUVuANvC+7Pk+iaQVepDxV+8WSXbVngKvEyUgJZGj2iz/uIMQxJ0JjhpTqOXakvQRJTTEj04IbKxIhPEZD0jNUIE6Ul8wOmsIzowxgEErzhIYz9e9EgrhSE+6bztS+Wq6l4r81ny/8nAiKSSARXvKjg5qXUBHFmgg8txPEDOoQphnCAZUEazYxBGFJzUUQj5BZo03SBROVsxzMKmlfVh276txdleq1LLQ8OAGnoAwccA3q4BY0QQtg8ASewSt4s16sD+vT+pq35qxs5hgswPr+BdN+qtQ=</latexit><latexit sha1_base64="lnp7dJLK9vR8icUpx4WhzJh9lrs=">AAACNnicbVDLSgMxFM3UV62vqks3wSK2C8uMCHYjFLpxWdE+oDOUTJppQ5PMkGSEMvQT/Bo3LvRD3LgTty5dmmlnYVsPBA7nPnLu8SNGlbbtdyu3tr6xuZXfLuzs7u0fFA+P2iqMJSYtHLJQdn2kCKOCtDTVjHQjSRD3Gen440Za7zwSqWgoHvQkIh5HQ0EDipE2Ur947nKkRxixpDEtu3IUVuANvC+7Pk+iaQVepDxV+8WSXbVngKvEyUgJZGj2iz/uIMQxJ0JjhpTqOXakvQRJTTEj04IbKxIhPEZD0jNUIE6Ul8wOmsIzowxgEErzhIYz9e9EgrhSE+6bztS+Wq6l4r81ny/8nAiKSSARXvKjg5qXUBHFmgg8txPEDOoQphnCAZUEazYxBGFJzUUQj5BZo03SBROVsxzMKmlfVh276txdleq1LLQ8OAGnoAwccA3q4BY0QQtg8ASewSt4s16sD+vT+pq35qxs5hgswPr+BdN+qtQ=</latexit>

(relative entropy of coherence)

⇧ = �dS(p||peq)

dt
� dC

dt
<latexit sha1_base64="yOc1UrxUg3PyPZd4PGpS0SCm4r0="></latexit><latexit sha1_base64="yOc1UrxUg3PyPZd4PGpS0SCm4r0="></latexit><latexit sha1_base64="yOc1UrxUg3PyPZd4PGpS0SCm4r0="></latexit><latexit sha1_base64="yOc1UrxUg3PyPZd4PGpS0SCm4r0="></latexit>

This yields:

Coherence does not affect the entropy/heat flux. 

But decoherence is irreversible and thus affects the entropy production.



THERMAL OPERATIONS

A thermal op. is a map of the form

These maps are defined for any environment size and encompass Davies 
maps as a particular case.

F. Brandão,  M. Horodecki, J. Oppenheim, J. Renes & R. Spekkens, Phys. Rev. Lett., 111,250404 (2013).

Example:

U = e�iHSEt
<latexit sha1_base64="NK9zWBSxe+HGAJx8Jsxkwfm18Ds=">AAACInicbVDLSgMxFM3UV62v0S7dBIvgxjIjgi4UCiJ0WdE+oB1LJr3ThmYyQ5IRhqHf4saF/oo7cSX4IS5NHwvbeiBwOOfe5OT4MWdKO86XlVtZXVvfyG8WtrZ3dvfs/YOGihJJoU4jHsmWTxRwJqCumebQiiWQ0OfQ9Ic3Y7/5BFKxSDzoNAYvJH3BAkaJNlLXLtbxNYbH7JThaje7vx1hPeraJafsTICXiTsjJTRDrWv/dHoRTUIQmnKiVNt1Yu1lRGpGOYwKnURBTOiQ9KFtqCAhKC+bhB/hY6P0cBBJc4TGE/XvRkZCpdLQN5Mh0QO16I3Ffz0/nHs5E4xCIAldyKODSy9jIk40CDqNEyQc6wiP+8I9JoFqnhpCqGTmR5gOiLlGm1YLpip3sZhl0jgru07ZvTsvVa5mpeXRITpCJ8hFF6iCqqiG6oiiFD2jV/RmvVjv1of1OR3NWbOdIpqD9f0L1syjTQ==</latexit><latexit sha1_base64="NK9zWBSxe+HGAJx8Jsxkwfm18Ds=">AAACInicbVDLSgMxFM3UV62v0S7dBIvgxjIjgi4UCiJ0WdE+oB1LJr3ThmYyQ5IRhqHf4saF/oo7cSX4IS5NHwvbeiBwOOfe5OT4MWdKO86XlVtZXVvfyG8WtrZ3dvfs/YOGihJJoU4jHsmWTxRwJqCumebQiiWQ0OfQ9Ic3Y7/5BFKxSDzoNAYvJH3BAkaJNlLXLtbxNYbH7JThaje7vx1hPeraJafsTICXiTsjJTRDrWv/dHoRTUIQmnKiVNt1Yu1lRGpGOYwKnURBTOiQ9KFtqCAhKC+bhB/hY6P0cBBJc4TGE/XvRkZCpdLQN5Mh0QO16I3Ffz0/nHs5E4xCIAldyKODSy9jIk40CDqNEyQc6wiP+8I9JoFqnhpCqGTmR5gOiLlGm1YLpip3sZhl0jgru07ZvTsvVa5mpeXRITpCJ8hFF6iCqqiG6oiiFD2jV/RmvVjv1of1OR3NWbOdIpqD9f0L1syjTQ==</latexit><latexit sha1_base64="NK9zWBSxe+HGAJx8Jsxkwfm18Ds=">AAACInicbVDLSgMxFM3UV62v0S7dBIvgxjIjgi4UCiJ0WdE+oB1LJr3ThmYyQ5IRhqHf4saF/oo7cSX4IS5NHwvbeiBwOOfe5OT4MWdKO86XlVtZXVvfyG8WtrZ3dvfs/YOGihJJoU4jHsmWTxRwJqCumebQiiWQ0OfQ9Ic3Y7/5BFKxSDzoNAYvJH3BAkaJNlLXLtbxNYbH7JThaje7vx1hPeraJafsTICXiTsjJTRDrWv/dHoRTUIQmnKiVNt1Yu1lRGpGOYwKnURBTOiQ9KFtqCAhKC+bhB/hY6P0cBBJc4TGE/XvRkZCpdLQN5Mh0QO16I3Ffz0/nHs5E4xCIAldyKODSy9jIk40CDqNEyQc6wiP+8I9JoFqnhpCqGTmR5gOiLlGm1YLpip3sZhl0jgru07ZvTsvVa5mpeXRITpCJ8hFF6iCqqiG6oiiFD2jV/RmvVjv1of1OR3NWbOdIpqD9f0L1syjTQ==</latexit><latexit sha1_base64="NK9zWBSxe+HGAJx8Jsxkwfm18Ds=">AAACInicbVDLSgMxFM3UV62v0S7dBIvgxjIjgi4UCiJ0WdE+oB1LJr3ThmYyQ5IRhqHf4saF/oo7cSX4IS5NHwvbeiBwOOfe5OT4MWdKO86XlVtZXVvfyG8WtrZ3dvfs/YOGihJJoU4jHsmWTxRwJqCumebQiiWQ0OfQ9Ic3Y7/5BFKxSDzoNAYvJH3BAkaJNlLXLtbxNYbH7JThaje7vx1hPeraJafsTICXiTsjJTRDrWv/dHoRTUIQmnKiVNt1Yu1lRGpGOYwKnURBTOiQ9KFtqCAhKC+bhB/hY6P0cBBJc4TGE/XvRkZCpdLQN5Mh0QO16I3Ffz0/nHs5E4xCIAldyKODSy9jIk40CDqNEyQc6wiP+8I9JoFqnhpCqGTmR5gOiLlGm1YLpip3sZhl0jgru07ZvTsvVa5mpeXRITpCJ8hFF6iCqqiG6oiiFD2jV/RmvVjv1of1OR3NWbOdIpqD9f0L1syjTQ==</latexit>
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<latexit sha1_base64="9IkF0eTXpZ2744ylIRG7iGi+TXo="></latexit><latexit sha1_base64="9IkF0eTXpZ2744ylIRG7iGi+TXo="></latexit><latexit sha1_base64="9IkF0eTXpZ2744ylIRG7iGi+TXo="></latexit><latexit sha1_base64="9IkF0eTXpZ2744ylIRG7iGi+TXo="></latexit>

It also has a unique fixed point:

E(e��HS ) = e��HS
<latexit sha1_base64="DcBLZZ0ErE1DG3sHKg43N/enAk0=">AAACO3icbVDLSgMxFM3UV62vqks3wSJU0DIjgi4UCiJ0WdE+oFNLJr3ThmYyQ5IRyjA/4de4caF/4dqduBVcmj4WtnogcDjn3pt7jxdxprRtv1mZhcWl5ZXsam5tfWNzK7+9U1dhLCnUaMhD2fSIAs4E1DTTHJqRBBJ4HBre4GrkNx5AKhaKOz2MoB2QnmA+o0QbqZM/cgOi+5Tw5Dotwn1y7HqgCa50btNDfIlnlU6+YJfsMfBf4kxJAU1R7eS/3W5I4wCEppwo1XLsSLcTIjWjHNKcGyuICB2QHrQMFSQA1U7GV6X4wChd7IfSPKHxWP3dkZBAqWHgmcrRDWreG4n/el4w83MiGAVfEjq3j/bP2wkTUaxB0Mk6fsyxDvEoSNxlEqjmQ0MIlcxchGmfmDHaxJ0zUTnzwfwl9ZOSY5ecm9NC+WIaWhbtoX1URA46Q2VUQVVUQxQ9oif0gl6tZ+vd+rA+J6UZa9qzi2Zgff0A2uetbg==</latexit><latexit sha1_base64="DcBLZZ0ErE1DG3sHKg43N/enAk0=">AAACO3icbVDLSgMxFM3UV62vqks3wSJU0DIjgi4UCiJ0WdE+oFNLJr3ThmYyQ5IRyjA/4de4caF/4dqduBVcmj4WtnogcDjn3pt7jxdxprRtv1mZhcWl5ZXsam5tfWNzK7+9U1dhLCnUaMhD2fSIAs4E1DTTHJqRBBJ4HBre4GrkNx5AKhaKOz2MoB2QnmA+o0QbqZM/cgOi+5Tw5Dotwn1y7HqgCa50btNDfIlnlU6+YJfsMfBf4kxJAU1R7eS/3W5I4wCEppwo1XLsSLcTIjWjHNKcGyuICB2QHrQMFSQA1U7GV6X4wChd7IfSPKHxWP3dkZBAqWHgmcrRDWreG4n/el4w83MiGAVfEjq3j/bP2wkTUaxB0Mk6fsyxDvEoSNxlEqjmQ0MIlcxchGmfmDHaxJ0zUTnzwfwl9ZOSY5ecm9NC+WIaWhbtoX1URA46Q2VUQVVUQxQ9oif0gl6tZ+vd+rA+J6UZa9qzi2Zgff0A2uetbg==</latexit><latexit sha1_base64="DcBLZZ0ErE1DG3sHKg43N/enAk0=">AAACO3icbVDLSgMxFM3UV62vqks3wSJU0DIjgi4UCiJ0WdE+oFNLJr3ThmYyQ5IRyjA/4de4caF/4dqduBVcmj4WtnogcDjn3pt7jxdxprRtv1mZhcWl5ZXsam5tfWNzK7+9U1dhLCnUaMhD2fSIAs4E1DTTHJqRBBJ4HBre4GrkNx5AKhaKOz2MoB2QnmA+o0QbqZM/cgOi+5Tw5Dotwn1y7HqgCa50btNDfIlnlU6+YJfsMfBf4kxJAU1R7eS/3W5I4wCEppwo1XLsSLcTIjWjHNKcGyuICB2QHrQMFSQA1U7GV6X4wChd7IfSPKHxWP3dkZBAqWHgmcrRDWreG4n/el4w83MiGAVfEjq3j/bP2wkTUaxB0Mk6fsyxDvEoSNxlEqjmQ0MIlcxchGmfmDHaxJ0zUTnzwfwl9ZOSY5ecm9NC+WIaWhbtoX1URA46Q2VUQVVUQxQ9oif0gl6tZ+vd+rA+J6UZa9qzi2Zgff0A2uetbg==</latexit><latexit sha1_base64="DcBLZZ0ErE1DG3sHKg43N/enAk0=">AAACO3icbVDLSgMxFM3UV62vqks3wSJU0DIjgi4UCiJ0WdE+oFNLJr3ThmYyQ5IRyjA/4de4caF/4dqduBVcmj4WtnogcDjn3pt7jxdxprRtv1mZhcWl5ZXsam5tfWNzK7+9U1dhLCnUaMhD2fSIAs4E1DTTHJqRBBJ4HBre4GrkNx5AKhaKOz2MoB2QnmA+o0QbqZM/cgOi+5Tw5Dotwn1y7HqgCa50btNDfIlnlU6+YJfsMfBf4kxJAU1R7eS/3W5I4wCEppwo1XLsSLcTIjWjHNKcGyuICB2QHrQMFSQA1U7GV6X4wChd7IfSPKHxWP3dkZBAqWHgmcrRDWreG4n/el4w83MiGAVfEjq3j/bP2wkTUaxB0Mk6fsyxDvEoSNxlEqjmQ0MIlcxchGmfmDHaxJ0zUTnzwfwl9ZOSY5ecm9NC+WIaWhbtoX1URA46Q2VUQVVUQxQ9oif0gl6tZ+vd+rA+J6UZa9qzi2Zgff0A2uetbg==</latexit>

⇢0S = E(⇢S) = trE

⇢
U

✓
⇢S ⌦ e��HE

ZE

◆
U †

�

<latexit sha1_base64="V7ZWvHMsNP9w1qhpj5oKUJ4lj80="></latexit><latexit sha1_base64="V7ZWvHMsNP9w1qhpj5oKUJ4lj80="></latexit><latexit sha1_base64="V7ZWvHMsNP9w1qhpj5oKUJ4lj80="></latexit><latexit sha1_base64="V7ZWvHMsNP9w1qhpj5oKUJ4lj80="></latexit>

[U,HS +HE ] = 0
<latexit sha1_base64="iH6hXDH41Fzxx+4jJ5Nu0Lho9HQ=">AAACIXicbVDLSgMxFM34rPU11qWbYBEEpcyIYDdCQYQuKzptoR2GTJppQ5PMkGTEMvRX3LjQX3En7sQfcWnazsK2Hkg4nHPvzc0JE0aVdpwva2V1bX1js7BV3N7Z3du3D0pNFacSEw/HLJbtECnCqCCeppqRdiIJ4iEjrXB4M/Fbj0QqGosHPUqIz1Ff0IhipI0U2KWOdw7rwT08M/etD6+hE9hlp+JMAZeJm5MyyNEI7J9uL8YpJ0JjhpTquE6i/QxJTTEj42I3VSRBeIj6pGOoQJwoP5vuPoYnRunBKJbmCA2n6t+ODHGlRjw0lRzpgVr0JuK/XsjnXs4ExSSSCC/so6Oqn1GRpJoIPFsnShnUMZzEBXtUEqzZyBCEJTU/gniAzBhtQi2aqNzFYJZJ86LiOhX37rJcq+ahFcAROAanwAVXoAbqoAE8gMETeAav4M16sd6tD+tzVrpi5T2HYA7W9y/LFqGI</latexit><latexit sha1_base64="iH6hXDH41Fzxx+4jJ5Nu0Lho9HQ=">AAACIXicbVDLSgMxFM34rPU11qWbYBEEpcyIYDdCQYQuKzptoR2GTJppQ5PMkGTEMvRX3LjQX3En7sQfcWnazsK2Hkg4nHPvzc0JE0aVdpwva2V1bX1js7BV3N7Z3du3D0pNFacSEw/HLJbtECnCqCCeppqRdiIJ4iEjrXB4M/Fbj0QqGosHPUqIz1Ff0IhipI0U2KWOdw7rwT08M/etD6+hE9hlp+JMAZeJm5MyyNEI7J9uL8YpJ0JjhpTquE6i/QxJTTEj42I3VSRBeIj6pGOoQJwoP5vuPoYnRunBKJbmCA2n6t+ODHGlRjw0lRzpgVr0JuK/XsjnXs4ExSSSCC/so6Oqn1GRpJoIPFsnShnUMZzEBXtUEqzZyBCEJTU/gniAzBhtQi2aqNzFYJZJ86LiOhX37rJcq+ahFcAROAanwAVXoAbqoAE8gMETeAav4M16sd6tD+tzVrpi5T2HYA7W9y/LFqGI</latexit><latexit sha1_base64="iH6hXDH41Fzxx+4jJ5Nu0Lho9HQ=">AAACIXicbVDLSgMxFM34rPU11qWbYBEEpcyIYDdCQYQuKzptoR2GTJppQ5PMkGTEMvRX3LjQX3En7sQfcWnazsK2Hkg4nHPvzc0JE0aVdpwva2V1bX1js7BV3N7Z3du3D0pNFacSEw/HLJbtECnCqCCeppqRdiIJ4iEjrXB4M/Fbj0QqGosHPUqIz1Ff0IhipI0U2KWOdw7rwT08M/etD6+hE9hlp+JMAZeJm5MyyNEI7J9uL8YpJ0JjhpTquE6i/QxJTTEj42I3VSRBeIj6pGOoQJwoP5vuPoYnRunBKJbmCA2n6t+ODHGlRjw0lRzpgVr0JuK/XsjnXs4ExSSSCC/so6Oqn1GRpJoIPFsnShnUMZzEBXtUEqzZyBCEJTU/gniAzBhtQi2aqNzFYJZJ86LiOhX37rJcq+ahFcAROAanwAVXoAbqoAE8gMETeAav4M16sd6tD+tzVrpi5T2HYA7W9y/LFqGI</latexit><latexit sha1_base64="iH6hXDH41Fzxx+4jJ5Nu0Lho9HQ=">AAACIXicbVDLSgMxFM34rPU11qWbYBEEpcyIYDdCQYQuKzptoR2GTJppQ5PMkGTEMvRX3LjQX3En7sQfcWnazsK2Hkg4nHPvzc0JE0aVdpwva2V1bX1js7BV3N7Z3du3D0pNFacSEw/HLJbtECnCqCCeppqRdiIJ4iEjrXB4M/Fbj0QqGosHPUqIz1Ff0IhipI0U2KWOdw7rwT08M/etD6+hE9hlp+JMAZeJm5MyyNEI7J9uL8YpJ0JjhpTquE6i/QxJTTEj42I3VSRBeIj6pGOoQJwoP5vuPoYnRunBKJbmCA2n6t+ODHGlRjw0lRzpgVr0JuK/XsjnXs4ExSSSCC/so6Oqn1GRpJoIPFsnShnUMZzEBXtUEqzZyBCEJTU/gniAzBhtQi2aqNzFYJZJ86LiOhX37rJcq+ahFcAROAanwAVXoAbqoAE8gMETeAav4M16sd6tD+tzVrpi5T2HYA7W9y/LFqGI</latexit>



The entropy production for thermal operations is similarly defined as 

which can similarly be split as ⌃ = ⌃d + ⌅
<latexit sha1_base64="rxTVNLrSlFpopuK8zPXQn15oNK0=">AAACJnicbVDLSgMxFL3js9bXqAsXboJFEIQyI4LdCAU3LivaB3RKyaSZNjTJDElGKEO/xo0L/RV3Iu78DJem7Sxs64HA4Zx7b+49YcKZNp735aysrq1vbBa2its7u3v77sFhQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weDvxm09UaRbLRzNKaEfgvmQRI9hYqeseBw+sLzC6QTPS7aELFLRY1y15ZW8KtEz8nJQgR63r/gS9mKSCSkM41rrte4npZFgZRjgdF4NU0wSTIe7TtqUSC6o72fSAMTqzSg9FsbJPGjRV/3ZkWGg9EqGtFNgM9KI3Ef/1QjH3cyYZoZHCZGEfE1U6GZNJaqgks3WilCMTo0lmqMcUJYaPLMFEMXsRIgNsxxibbNFG5S8Gs0wal2XfK/v3V6VqJQ+tACdwCufgwzVU4Q5qUAcCY3iGV3hzXpx358P5nJWuOHnPEczB+f4FwtKkxQ==</latexit><latexit sha1_base64="rxTVNLrSlFpopuK8zPXQn15oNK0=">AAACJnicbVDLSgMxFL3js9bXqAsXboJFEIQyI4LdCAU3LivaB3RKyaSZNjTJDElGKEO/xo0L/RV3Iu78DJem7Sxs64HA4Zx7b+49YcKZNp735aysrq1vbBa2its7u3v77sFhQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weDvxm09UaRbLRzNKaEfgvmQRI9hYqeseBw+sLzC6QTPS7aELFLRY1y15ZW8KtEz8nJQgR63r/gS9mKSCSkM41rrte4npZFgZRjgdF4NU0wSTIe7TtqUSC6o72fSAMTqzSg9FsbJPGjRV/3ZkWGg9EqGtFNgM9KI3Ef/1QjH3cyYZoZHCZGEfE1U6GZNJaqgks3WilCMTo0lmqMcUJYaPLMFEMXsRIgNsxxibbNFG5S8Gs0wal2XfK/v3V6VqJQ+tACdwCufgwzVU4Q5qUAcCY3iGV3hzXpx358P5nJWuOHnPEczB+f4FwtKkxQ==</latexit><latexit sha1_base64="rxTVNLrSlFpopuK8zPXQn15oNK0=">AAACJnicbVDLSgMxFL3js9bXqAsXboJFEIQyI4LdCAU3LivaB3RKyaSZNjTJDElGKEO/xo0L/RV3Iu78DJem7Sxs64HA4Zx7b+49YcKZNp735aysrq1vbBa2its7u3v77sFhQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weDvxm09UaRbLRzNKaEfgvmQRI9hYqeseBw+sLzC6QTPS7aELFLRY1y15ZW8KtEz8nJQgR63r/gS9mKSCSkM41rrte4npZFgZRjgdF4NU0wSTIe7TtqUSC6o72fSAMTqzSg9FsbJPGjRV/3ZkWGg9EqGtFNgM9KI3Ef/1QjH3cyYZoZHCZGEfE1U6GZNJaqgks3WilCMTo0lmqMcUJYaPLMFEMXsRIgNsxxibbNFG5S8Gs0wal2XfK/v3V6VqJQ+tACdwCufgwzVU4Q5qUAcCY3iGV3hzXpx358P5nJWuOHnPEczB+f4FwtKkxQ==</latexit><latexit sha1_base64="rxTVNLrSlFpopuK8zPXQn15oNK0=">AAACJnicbVDLSgMxFL3js9bXqAsXboJFEIQyI4LdCAU3LivaB3RKyaSZNjTJDElGKEO/xo0L/RV3Iu78DJem7Sxs64HA4Zx7b+49YcKZNp735aysrq1vbBa2its7u3v77sFhQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weDvxm09UaRbLRzNKaEfgvmQRI9hYqeseBw+sLzC6QTPS7aELFLRY1y15ZW8KtEz8nJQgR63r/gS9mKSCSkM41rrte4npZFgZRjgdF4NU0wSTIe7TtqUSC6o72fSAMTqzSg9FsbJPGjRV/3ZkWGg9EqGtFNgM9KI3Ef/1QjH3cyYZoZHCZGEfE1U6GZNJaqgks3WilCMTo0lmqMcUJYaPLMFEMXsRIgNsxxibbNFG5S8Gs0wal2XfK/v3V6VqJQ+tACdwCufgwzVU4Q5qUAcCY3iGV3hzXpx358P5nJWuOHnPEczB+f4FwtKkxQ==</latexit>

⌃ = S(⇢S ||⇢eqS )� S(⇢0S ||⇢
eq
S )

<latexit sha1_base64="mjdYspLLg1nG/5RcnYcDoNRyXak="></latexit><latexit sha1_base64="mjdYspLLg1nG/5RcnYcDoNRyXak="></latexit><latexit sha1_base64="mjdYspLLg1nG/5RcnYcDoNRyXak="></latexit><latexit sha1_base64="mjdYspLLg1nG/5RcnYcDoNRyXak="></latexit>

⌃d = S(p||peq)� S(p0||peq)
<latexit sha1_base64="SRxnCowhAAhwzVyKLdesdGfrKck="></latexit><latexit sha1_base64="SRxnCowhAAhwzVyKLdesdGfrKck="></latexit><latexit sha1_base64="SRxnCowhAAhwzVyKLdesdGfrKck="></latexit><latexit sha1_base64="SRxnCowhAAhwzVyKLdesdGfrKck="></latexit>

⌅ = C(⇢S)� C(⇢0S)
<latexit sha1_base64="99iChWklQtcI4GIq7yiJ7CbEcH0=">AAACP3icbVDLSsNAFJ34rPUVdelmsIjtwpKIYDdCoRuXFe0DmhAm00k7dDIJMxOhhP6GX+PGhf6DX+BOXOrOSZuFfRwYOJz7mHOPHzMqlWV9GGvrG5tb24Wd4u7e/sGheXTcllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/amT1zhMRkkb8UY1j4oZowGlAMVJa8kzL6VJ4C50QqSFGLG1Myo4YRt5DBV6uUC8qnlmyqtYUcJnYOSmBHE3P/HH6EU5CwhVmSMqebcXKTZFQFDMyKTqJJDHCIzQgPU05Col00+llE3iulT4MIqEfV3Cq/p9IUSjlOPR1Z+ZVLtYycWXND+d+TjnFJBAIL/hRQc1NKY8TRTie2QkSBlUEszBhnwqCFRtrgrCg+iKIh0ivUTryoo7KXgxmmbSvqrZVte+vS/VaHloBnIIzUAY2uAF1cAeaoAUweAYv4A28G6/Gp/FlfM9a14x85gTMwfj9A5Afrr0=</latexit><latexit sha1_base64="99iChWklQtcI4GIq7yiJ7CbEcH0=">AAACP3icbVDLSsNAFJ34rPUVdelmsIjtwpKIYDdCoRuXFe0DmhAm00k7dDIJMxOhhP6GX+PGhf6DX+BOXOrOSZuFfRwYOJz7mHOPHzMqlWV9GGvrG5tb24Wd4u7e/sGheXTcllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/amT1zhMRkkb8UY1j4oZowGlAMVJa8kzL6VJ4C50QqSFGLG1Myo4YRt5DBV6uUC8qnlmyqtYUcJnYOSmBHE3P/HH6EU5CwhVmSMqebcXKTZFQFDMyKTqJJDHCIzQgPU05Col00+llE3iulT4MIqEfV3Cq/p9IUSjlOPR1Z+ZVLtYycWXND+d+TjnFJBAIL/hRQc1NKY8TRTie2QkSBlUEszBhnwqCFRtrgrCg+iKIh0ivUTryoo7KXgxmmbSvqrZVte+vS/VaHloBnIIzUAY2uAF1cAeaoAUweAYv4A28G6/Gp/FlfM9a14x85gTMwfj9A5Afrr0=</latexit><latexit sha1_base64="99iChWklQtcI4GIq7yiJ7CbEcH0=">AAACP3icbVDLSsNAFJ34rPUVdelmsIjtwpKIYDdCoRuXFe0DmhAm00k7dDIJMxOhhP6GX+PGhf6DX+BOXOrOSZuFfRwYOJz7mHOPHzMqlWV9GGvrG5tb24Wd4u7e/sGheXTcllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/amT1zhMRkkb8UY1j4oZowGlAMVJa8kzL6VJ4C50QqSFGLG1Myo4YRt5DBV6uUC8qnlmyqtYUcJnYOSmBHE3P/HH6EU5CwhVmSMqebcXKTZFQFDMyKTqJJDHCIzQgPU05Col00+llE3iulT4MIqEfV3Cq/p9IUSjlOPR1Z+ZVLtYycWXND+d+TjnFJBAIL/hRQc1NKY8TRTie2QkSBlUEszBhnwqCFRtrgrCg+iKIh0ivUTryoo7KXgxmmbSvqrZVte+vS/VaHloBnIIzUAY2uAF1cAeaoAUweAYv4A28G6/Gp/FlfM9a14x85gTMwfj9A5Afrr0=</latexit><latexit sha1_base64="99iChWklQtcI4GIq7yiJ7CbEcH0=">AAACP3icbVDLSsNAFJ34rPUVdelmsIjtwpKIYDdCoRuXFe0DmhAm00k7dDIJMxOhhP6GX+PGhf6DX+BOXOrOSZuFfRwYOJz7mHOPHzMqlWV9GGvrG5tb24Wd4u7e/sGheXTcllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/amT1zhMRkkb8UY1j4oZowGlAMVJa8kzL6VJ4C50QqSFGLG1Myo4YRt5DBV6uUC8qnlmyqtYUcJnYOSmBHE3P/HH6EU5CwhVmSMqebcXKTZFQFDMyKTqJJDHCIzQgPU05Col00+llE3iulT4MIqEfV3Cq/p9IUSjlOPR1Z+ZVLtYycWXND+d+TjnFJBAIL/hRQc1NKY8TRTie2QkSBlUEszBhnwqCFRtrgrCg+iKIh0ivUTryoo7KXgxmmbSvqrZVte+vS/VaHloBnIIzUAY2uAF1cAeaoAUweAYv4A28G6/Gp/FlfM9a14x85gTMwfj9A5Afrr0=</latexit>

It is also possible to express the entropy production as

⌃ = S(⇢0E ||⇢
eq
E ) + I(⇢0SE)

<latexit sha1_base64="/B7xqMORakD10mfRa0ODcIb4c0M="></latexit><latexit sha1_base64="/B7xqMORakD10mfRa0ODcIb4c0M="></latexit><latexit sha1_base64="/B7xqMORakD10mfRa0ODcIb4c0M="></latexit><latexit sha1_base64="/B7xqMORakD10mfRa0ODcIb4c0M="></latexit>

I(⇢0SE) = S(⇢0S) + S(⇢0E)� S(⇢0SE)
<latexit sha1_base64="Nmtzin9Zp9nyO2dinFkD1ERQw24="></latexit><latexit sha1_base64="Nmtzin9Zp9nyO2dinFkD1ERQw24="></latexit><latexit sha1_base64="Nmtzin9Zp9nyO2dinFkD1ERQw24="></latexit><latexit sha1_base64="Nmtzin9Zp9nyO2dinFkD1ERQw24="></latexit>

(SE mutual information)

M. Esposito, K. Lindenberg,  C. Van Den Broeck, New Journal of Physics, 12, 013013 (2010)



BASIS DEPENDENT QUANTUM DISCORD

For thermal operations it follows that the total coherence is conserved,

C(⇢S) = C(⇢0SE)
<latexit sha1_base64="gJ6SVStL5FiSTJqtexn+IiWdSfU=">AAACPHicbVDLSsNAFJ3UV62vqEs3g0VsF5ZEBLsRCkVwWal9QBPCZDpph04mYWYilJCv8GvcuNCvcO9O3IpLp4+FbT0wcDj3MeceP2ZUKst6N3Jr6xubW/ntws7u3v6BeXjUllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/qk/qnUciJI34gxrHxA3RgNOAYqS05JkXTojUECOW1rOSI4aR1yzDG7iips3b7LzsmUWrYk0BV4k9J0UwR8Mzf5x+hJOQcIUZkrJnW7FyUyQUxYxkBSeRJEZ4hAakpylHIZFuOj0rg2da6cMgEvpxBafq34kUhVKOQ193TuzK5dpE/Lfmhws/p5xiEgiEl/yooOqmlMeJIhzP7AQJgyqCkyRhnwqCFRtrgrCg+iKIh0ivUTrvgo7KXg5mlbQvK7ZVse+virXqPLQ8OAGnoARscA1q4A40QAtg8ASewSt4M16MD+PT+Jq15oz5zDFYgPH9C4f8rlI=</latexit><latexit sha1_base64="gJ6SVStL5FiSTJqtexn+IiWdSfU=">AAACPHicbVDLSsNAFJ3UV62vqEs3g0VsF5ZEBLsRCkVwWal9QBPCZDpph04mYWYilJCv8GvcuNCvcO9O3IpLp4+FbT0wcDj3MeceP2ZUKst6N3Jr6xubW/ntws7u3v6BeXjUllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/qk/qnUciJI34gxrHxA3RgNOAYqS05JkXTojUECOW1rOSI4aR1yzDG7iips3b7LzsmUWrYk0BV4k9J0UwR8Mzf5x+hJOQcIUZkrJnW7FyUyQUxYxkBSeRJEZ4hAakpylHIZFuOj0rg2da6cMgEvpxBafq34kUhVKOQ193TuzK5dpE/Lfmhws/p5xiEgiEl/yooOqmlMeJIhzP7AQJgyqCkyRhnwqCFRtrgrCg+iKIh0ivUTrvgo7KXg5mlbQvK7ZVse+virXqPLQ8OAGnoARscA1q4A40QAtg8ASewSt4M16MD+PT+Jq15oz5zDFYgPH9C4f8rlI=</latexit><latexit sha1_base64="gJ6SVStL5FiSTJqtexn+IiWdSfU=">AAACPHicbVDLSsNAFJ3UV62vqEs3g0VsF5ZEBLsRCkVwWal9QBPCZDpph04mYWYilJCv8GvcuNCvcO9O3IpLp4+FbT0wcDj3MeceP2ZUKst6N3Jr6xubW/ntws7u3v6BeXjUllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/qk/qnUciJI34gxrHxA3RgNOAYqS05JkXTojUECOW1rOSI4aR1yzDG7iips3b7LzsmUWrYk0BV4k9J0UwR8Mzf5x+hJOQcIUZkrJnW7FyUyQUxYxkBSeRJEZ4hAakpylHIZFuOj0rg2da6cMgEvpxBafq34kUhVKOQ193TuzK5dpE/Lfmhws/p5xiEgiEl/yooOqmlMeJIhzP7AQJgyqCkyRhnwqCFRtrgrCg+iKIh0ivUTrvgo7KXg5mlbQvK7ZVse+virXqPLQ8OAGnoARscA1q4A40QAtg8ASewSt4M16MD+PT+Jq15oz5zDFYgPH9C4f8rlI=</latexit><latexit sha1_base64="gJ6SVStL5FiSTJqtexn+IiWdSfU=">AAACPHicbVDLSsNAFJ3UV62vqEs3g0VsF5ZEBLsRCkVwWal9QBPCZDpph04mYWYilJCv8GvcuNCvcO9O3IpLp4+FbT0wcDj3MeceP2ZUKst6N3Jr6xubW/ntws7u3v6BeXjUllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/qk/qnUciJI34gxrHxA3RgNOAYqS05JkXTojUECOW1rOSI4aR1yzDG7iips3b7LzsmUWrYk0BV4k9J0UwR8Mzf5x+hJOQcIUZkrJnW7FyUyQUxYxkBSeRJEZ4hAakpylHIZFuOj0rg2da6cMgEvpxBafq34kUhVKOQ193TuzK5dpE/Lfmhws/p5xiEgiEl/yooOqmlMeJIhzP7AQJgyqCkyRhnwqCFRtrgrCg+iKIh0ivUTrvgo7KXg5mlbQvK7ZVse+virXqPLQ8OAGnoARscA1q4A40QAtg8ASewSt4M16MD+PT+Jq15oz5zDFYgPH9C4f8rlI=</latexit>

We now define the distributed coherence (basis dependent discord):

T. M. Kraft and M. Piani, arXiv 1801.03919

Cd(⇢0SE) = C(⇢0SE)� C(⇢0S)� C(⇢0E)
<latexit sha1_base64="1g5Attr5wymIoidj61IfZBVeGw8="></latexit><latexit sha1_base64="1g5Attr5wymIoidj61IfZBVeGw8="></latexit><latexit sha1_base64="1g5Attr5wymIoidj61IfZBVeGw8="></latexit><latexit sha1_base64="1g5Attr5wymIoidj61IfZBVeGw8="></latexit>

= I(⇢0SE)� I(�(⇢0SE))
<latexit sha1_base64="zAVNHfk4nOv8Cy/pvg2wkhnZABg="></latexit><latexit sha1_base64="zAVNHfk4nOv8Cy/pvg2wkhnZABg="></latexit><latexit sha1_base64="zAVNHfk4nOv8Cy/pvg2wkhnZABg="></latexit><latexit sha1_base64="zAVNHfk4nOv8Cy/pvg2wkhnZABg="></latexit>

The coherence part of the entropy production will therefore also have two 
contributions,

⌅ = C(⇢0E) + Cd(⇢0SE)
<latexit sha1_base64="/KXiqhX/0K76spsY8prFfXScQo4="></latexit><latexit sha1_base64="/KXiqhX/0K76spsY8prFfXScQo4="></latexit><latexit sha1_base64="/KXiqhX/0K76spsY8prFfXScQo4="></latexit><latexit sha1_base64="/KXiqhX/0K76spsY8prFfXScQo4="></latexit>



STOCHASTIC TRAJECTORIES



STOCHASTIC TRAJECTORIES

We finally formulate the same problem using stochastic trajectories and 
the standard 2-point measurements.

⇢S =
X

↵

p↵| ↵ih ↵|
<latexit sha1_base64="wlJAg1Z6jTBdv8an5m2m9LOkIJM="></latexit><latexit sha1_base64="wlJAg1Z6jTBdv8an5m2m9LOkIJM="></latexit><latexit sha1_base64="wlJAg1Z6jTBdv8an5m2m9LOkIJM="></latexit><latexit sha1_base64="wlJAg1Z6jTBdv8an5m2m9LOkIJM="></latexit>

⇢E =
X

µ

qµ|µihµ|
<latexit sha1_base64="EOf5+BQFUJbC3mONb70SDdZZrLg="></latexit><latexit sha1_base64="EOf5+BQFUJbC3mONb70SDdZZrLg="></latexit><latexit sha1_base64="EOf5+BQFUJbC3mONb70SDdZZrLg="></latexit><latexit sha1_base64="EOf5+BQFUJbC3mONb70SDdZZrLg="></latexit>

HS =
X

n

En|nihn|
<latexit sha1_base64="yGLT+heR0g2wFjmzkZmVsIJrc08="></latexit><latexit sha1_base64="yGLT+heR0g2wFjmzkZmVsIJrc08="></latexit><latexit sha1_base64="yGLT+heR0g2wFjmzkZmVsIJrc08="></latexit><latexit sha1_base64="yGLT+heR0g2wFjmzkZmVsIJrc08="></latexit>

(different bases)

Measure S+E in | ↵, µi
<latexit sha1_base64="NHPUD2+rXOqzvETEsHCd1pTqntU=">AAACJ3icbVA9SwNBEN3zM8avqI1gsxgECwl3ImhhIdhYRjBR8I5jbjOXLO7uHbt7Qjj119hY6F+xEy39F5ZuPgqNPlh4vDczO/OSXHBjff/Dm5qemZ2bryxUF5eWV1Zra+ttkxWaYYtlItNXCRgUXGHLcivwKtcIMhF4mdycDvzLW9SGZ+rC9nOMJHQVTzkD66S4tnkX5obHIYi8B3s0lEWoQXUFxrW63/CHoH9JMCZ1MkYzrn2FnYwVEpVlAoy5DvzcRiVoy5nA+2pYGMyB3UAXrx1VINFE5fCCe7rjlA5NM+2esnSo/uwoQRrTl4mrlGB7ZtIbiP96ifz1c6k4w1QDm9jHpkdRyVVeWFRstE5aCGozOgiNdrhGZkXfEWCau4so64EbY120VRdVMBnMX9LebwR+Izg/qJ8cj0OrkC2yTXZJQA7JCTkjTdIijDyQR/JMXrwn79V7895HpVPeuGeD/IL3+Q0jlKa1</latexit><latexit sha1_base64="NHPUD2+rXOqzvETEsHCd1pTqntU=">AAACJ3icbVA9SwNBEN3zM8avqI1gsxgECwl3ImhhIdhYRjBR8I5jbjOXLO7uHbt7Qjj119hY6F+xEy39F5ZuPgqNPlh4vDczO/OSXHBjff/Dm5qemZ2bryxUF5eWV1Zra+ttkxWaYYtlItNXCRgUXGHLcivwKtcIMhF4mdycDvzLW9SGZ+rC9nOMJHQVTzkD66S4tnkX5obHIYi8B3s0lEWoQXUFxrW63/CHoH9JMCZ1MkYzrn2FnYwVEpVlAoy5DvzcRiVoy5nA+2pYGMyB3UAXrx1VINFE5fCCe7rjlA5NM+2esnSo/uwoQRrTl4mrlGB7ZtIbiP96ifz1c6k4w1QDm9jHpkdRyVVeWFRstE5aCGozOgiNdrhGZkXfEWCau4so64EbY120VRdVMBnMX9LebwR+Izg/qJ8cj0OrkC2yTXZJQA7JCTkjTdIijDyQR/JMXrwn79V7895HpVPeuGeD/IL3+Q0jlKa1</latexit><latexit sha1_base64="NHPUD2+rXOqzvETEsHCd1pTqntU=">AAACJ3icbVA9SwNBEN3zM8avqI1gsxgECwl3ImhhIdhYRjBR8I5jbjOXLO7uHbt7Qjj119hY6F+xEy39F5ZuPgqNPlh4vDczO/OSXHBjff/Dm5qemZ2bryxUF5eWV1Zra+ttkxWaYYtlItNXCRgUXGHLcivwKtcIMhF4mdycDvzLW9SGZ+rC9nOMJHQVTzkD66S4tnkX5obHIYi8B3s0lEWoQXUFxrW63/CHoH9JMCZ1MkYzrn2FnYwVEpVlAoy5DvzcRiVoy5nA+2pYGMyB3UAXrx1VINFE5fCCe7rjlA5NM+2esnSo/uwoQRrTl4mrlGB7ZtIbiP96ifz1c6k4w1QDm9jHpkdRyVVeWFRstE5aCGozOgiNdrhGZkXfEWCau4so64EbY120VRdVMBnMX9LebwR+Izg/qJ8cj0OrkC2yTXZJQA7JCTkjTdIijDyQR/JMXrwn79V7895HpVPeuGeD/IL3+Q0jlKa1</latexit><latexit sha1_base64="NHPUD2+rXOqzvETEsHCd1pTqntU=">AAACJ3icbVA9SwNBEN3zM8avqI1gsxgECwl3ImhhIdhYRjBR8I5jbjOXLO7uHbt7Qjj119hY6F+xEy39F5ZuPgqNPlh4vDczO/OSXHBjff/Dm5qemZ2bryxUF5eWV1Zra+ttkxWaYYtlItNXCRgUXGHLcivwKtcIMhF4mdycDvzLW9SGZ+rC9nOMJHQVTzkD66S4tnkX5obHIYi8B3s0lEWoQXUFxrW63/CHoH9JMCZ1MkYzrn2FnYwVEpVlAoy5DvzcRiVoy5nA+2pYGMyB3UAXrx1VINFE5fCCe7rjlA5NM+2esnSo/uwoQRrTl4mrlGB7ZtIbiP96ifz1c6k4w1QDm9jHpkdRyVVeWFRstE5aCGozOgiNdrhGZkXfEWCau4so64EbY120VRdVMBnMX9LebwR+Izg/qJ8cj0OrkC2yTXZJQA7JCTkjTdIijDyQR/JMXrwn79V7895HpVPeuGeD/IL3+Q0jlKa1</latexit>

Evolve with U.

Measure only E (cool thing about thermal op.). Conditional final state of S:

|�F |↵,µ,⌫i =
h⌫|U | ↵, µip
PF (⌫|↵, µ)

<latexit sha1_base64="hR5qZ+FbEU7OQVz1A7u0LV0jsu0="></latexit><latexit sha1_base64="hR5qZ+FbEU7OQVz1A7u0LV0jsu0="></latexit><latexit sha1_base64="hR5qZ+FbEU7OQVz1A7u0LV0jsu0="></latexit><latexit sha1_base64="hR5qZ+FbEU7OQVz1A7u0LV0jsu0="></latexit>

PF (⌫|↵, µ) = |h⌫|U | ↵, µi|2
<latexit sha1_base64="R0hqfvJ1CRYzPN8mfnmYcyVIpNo="></latexit><latexit sha1_base64="R0hqfvJ1CRYzPN8mfnmYcyVIpNo="></latexit><latexit sha1_base64="R0hqfvJ1CRYzPN8mfnmYcyVIpNo="></latexit><latexit sha1_base64="R0hqfvJ1CRYzPN8mfnmYcyVIpNo="></latexit>



And the final state may be decomposed as an incoherent superposition of 
the quantum trajectories: 

The path probabilities are 

PF [↵, µ, ⌫] = PF (⌫|↵, µ)p↵qµ
<latexit sha1_base64="J/eUTsTFPfPylhb+qJ3+p6CWYp4="></latexit><latexit sha1_base64="J/eUTsTFPfPylhb+qJ3+p6CWYp4="></latexit><latexit sha1_base64="J/eUTsTFPfPylhb+qJ3+p6CWYp4="></latexit><latexit sha1_base64="J/eUTsTFPfPylhb+qJ3+p6CWYp4="></latexit>

⇢0S =
X

↵,µ,⌫

P[↵, µ, ⌫]|�F |↵µ⌫ih�F |↵µ⌫ |
<latexit sha1_base64="cl5uO4keIfW93hXREy0Fi2BpoHc="></latexit><latexit sha1_base64="cl5uO4keIfW93hXREy0Fi2BpoHc="></latexit><latexit sha1_base64="cl5uO4keIfW93hXREy0Fi2BpoHc="></latexit><latexit sha1_base64="cl5uO4keIfW93hXREy0Fi2BpoHc="></latexit>

However, this is not an eigendecomposition. In general, we have

⇢0S =
X

�

p0� | 0
�ih 0

� |
<latexit sha1_base64="IhBNCqkEih6oA6ss353U/VHM5GE="></latexit><latexit sha1_base64="IhBNCqkEih6oA6ss353U/VHM5GE="></latexit><latexit sha1_base64="IhBNCqkEih6oA6ss353U/VHM5GE="></latexit><latexit sha1_base64="IhBNCqkEih6oA6ss353U/VHM5GE="></latexit>

p�|↵µ⌫ = |h 0
� |�F |↵µ⌫i|2

<latexit sha1_base64="Saext7fb92Mt3+Dy4f1hxxeiObg="></latexit><latexit sha1_base64="Saext7fb92Mt3+Dy4f1hxxeiObg="></latexit><latexit sha1_base64="Saext7fb92Mt3+Dy4f1hxxeiObg="></latexit><latexit sha1_base64="Saext7fb92Mt3+Dy4f1hxxeiObg="></latexit>

p0� =
X

↵,µ,⌫

p�|↵µ⌫PF [↵, µ, ⌫]
<latexit sha1_base64="64+d6g4GV6FO8Y93GNz0OgHnyQg="></latexit><latexit sha1_base64="64+d6g4GV6FO8Y93GNz0OgHnyQg="></latexit><latexit sha1_base64="64+d6g4GV6FO8Y93GNz0OgHnyQg="></latexit><latexit sha1_base64="64+d6g4GV6FO8Y93GNz0OgHnyQg="></latexit>

Notwithstanding, we can augment the trajectory as

= |h 0
�⌫|U | ↵µi|2

<latexit sha1_base64="XGdGguMvC1zcieVHsCj3NNGGROc="></latexit><latexit sha1_base64="XGdGguMvC1zcieVHsCj3NNGGROc="></latexit><latexit sha1_base64="XGdGguMvC1zcieVHsCj3NNGGROc="></latexit><latexit sha1_base64="XGdGguMvC1zcieVHsCj3NNGGROc="></latexit>

PF [↵, µ,�, ⌫] = p�|↵µ⌫ PF [↵, µ, ⌫] = |h 0
� |�F |↵µ⌫i|2 |h⌫|U | ↵, µi|2

<latexit sha1_base64="3v2Kkkp7Qwbw59wk7kh21tily28="></latexit><latexit sha1_base64="3v2Kkkp7Qwbw59wk7kh21tily28="></latexit><latexit sha1_base64="3v2Kkkp7Qwbw59wk7kh21tily28="></latexit><latexit sha1_base64="3v2Kkkp7Qwbw59wk7kh21tily28="></latexit>



BACKWARD PROCESS

Measure S+E in 

Evolve with 

Measure E: the final state of the system conditioned on the trajectory will be

| 0
� , ⌫i

<latexit sha1_base64="o6rv4v2CYtA6wJ3vOtVi16MgV/U=">AAACJ3icbVDLSsNAFJ3UV62vqBvBzWARXUhJRLDLghuXFewDmhAm05t26GQSZiZCifVr3LjQX3EnuvQvXDp9LGzrgYHDOffeufeEKWdKO86XVVhZXVvfKG6WtrZ3dvfs/YOmSjJJoUETnsh2SBRwJqChmebQTiWQOOTQCgc3Y7/1AFKxRNzrYQp+THqCRYwSbaTAPnr0UsUCLwRNzi6wJzJPEtHjENhlp+JMgJeJOyNlNEM9sH+8bkKzGISmnCjVcZ1U+zmRmlEOo5KXKUgJHZAedAwVJAbl55MLRvjUKF0cJdI8ofFE/duRk1ipYRyaypjovlr0xuK/XhjP/ZwLRiGShC7so6OqnzORZhoEna4TZRzrBI9Dw10mgWo+NIRQycxFmPaJGaNNtCUTlbsYzDJpXlZcp+LeXZVr1VloRXSMTtA5ctE1qqFbVEcNRNETekav6M16sd6tD+tzWlqwZj2HaA7W9y+xUaZv</latexit><latexit sha1_base64="o6rv4v2CYtA6wJ3vOtVi16MgV/U=">AAACJ3icbVDLSsNAFJ3UV62vqBvBzWARXUhJRLDLghuXFewDmhAm05t26GQSZiZCifVr3LjQX3EnuvQvXDp9LGzrgYHDOffeufeEKWdKO86XVVhZXVvfKG6WtrZ3dvfs/YOmSjJJoUETnsh2SBRwJqChmebQTiWQOOTQCgc3Y7/1AFKxRNzrYQp+THqCRYwSbaTAPnr0UsUCLwRNzi6wJzJPEtHjENhlp+JMgJeJOyNlNEM9sH+8bkKzGISmnCjVcZ1U+zmRmlEOo5KXKUgJHZAedAwVJAbl55MLRvjUKF0cJdI8ofFE/duRk1ipYRyaypjovlr0xuK/XhjP/ZwLRiGShC7so6OqnzORZhoEna4TZRzrBI9Dw10mgWo+NIRQycxFmPaJGaNNtCUTlbsYzDJpXlZcp+LeXZVr1VloRXSMTtA5ctE1qqFbVEcNRNETekav6M16sd6tD+tzWlqwZj2HaA7W9y+xUaZv</latexit><latexit sha1_base64="o6rv4v2CYtA6wJ3vOtVi16MgV/U=">AAACJ3icbVDLSsNAFJ3UV62vqBvBzWARXUhJRLDLghuXFewDmhAm05t26GQSZiZCifVr3LjQX3EnuvQvXDp9LGzrgYHDOffeufeEKWdKO86XVVhZXVvfKG6WtrZ3dvfs/YOmSjJJoUETnsh2SBRwJqChmebQTiWQOOTQCgc3Y7/1AFKxRNzrYQp+THqCRYwSbaTAPnr0UsUCLwRNzi6wJzJPEtHjENhlp+JMgJeJOyNlNEM9sH+8bkKzGISmnCjVcZ1U+zmRmlEOo5KXKUgJHZAedAwVJAbl55MLRvjUKF0cJdI8ofFE/duRk1ipYRyaypjovlr0xuK/XhjP/ZwLRiGShC7so6OqnzORZhoEna4TZRzrBI9Dw10mgWo+NIRQycxFmPaJGaNNtCUTlbsYzDJpXlZcp+LeXZVr1VloRXSMTtA5ctE1qqFbVEcNRNETekav6M16sd6tD+tzWlqwZj2HaA7W9y+xUaZv</latexit><latexit sha1_base64="o6rv4v2CYtA6wJ3vOtVi16MgV/U=">AAACJ3icbVDLSsNAFJ3UV62vqBvBzWARXUhJRLDLghuXFewDmhAm05t26GQSZiZCifVr3LjQX3EnuvQvXDp9LGzrgYHDOffeufeEKWdKO86XVVhZXVvfKG6WtrZ3dvfs/YOmSjJJoUETnsh2SBRwJqChmebQTiWQOOTQCgc3Y7/1AFKxRNzrYQp+THqCRYwSbaTAPnr0UsUCLwRNzi6wJzJPEtHjENhlp+JMgJeJOyNlNEM9sH+8bkKzGISmnCjVcZ1U+zmRmlEOo5KXKUgJHZAedAwVJAbl55MLRvjUKF0cJdI8ofFE/duRk1ipYRyaypjovlr0xuK/XhjP/ZwLRiGShC7so6OqnzORZhoEna4TZRzrBI9Dw10mgWo+NIRQycxFmPaJGaNNtCUTlbsYzDJpXlZcp+LeXZVr1VloRXSMTtA5ctE1qqFbVEcNRNETekav6M16sd6tD+tzWlqwZj2HaA7W9y+xUaZv</latexit>

U †
<latexit sha1_base64="H4VWxnTVXmKM4mkycMbo3fa/9dY=">AAACFnicbVC9TsMwGHT4LeWvwMhiUSExVQlComMlFsYikbaoDZXjfGmt2k5kO0hV1KdgYYBXYUOsrLwJI26bgbacZOl09332+cKUM21c99tZW9/Y3Nou7ZR39/YPDitHxy2dZIqCTxOeqE5INHAmwTfMcOikCogIObTD0c3Ubz+B0iyR92acQiDIQLKYUWKs9OA/9iIyGIDqV6puzZ0BrxKvIFVUoNmv/PSihGYCpKGcaN313NQEOVGGUQ6Tci/TkBI6IgPoWiqJAB3ks8ATfG6VCMeJskcaPFP/buREaD0WoZ0UxAz1sjcV//VCsfByLhmFWBG6lMfE9SBnMs0MSDqPE2ccmwRPO8IRU0ANH1tCqGL2R5gOib3G2CbLtipvuZhV0rqseW7Nu7uqNupFaSV0is7QBfLQNWqgW9REPqJIoGf0it6cF+fd+XA+56NrTrFzghbgfP0CdMmgHw==</latexit><latexit sha1_base64="H4VWxnTVXmKM4mkycMbo3fa/9dY=">AAACFnicbVC9TsMwGHT4LeWvwMhiUSExVQlComMlFsYikbaoDZXjfGmt2k5kO0hV1KdgYYBXYUOsrLwJI26bgbacZOl09332+cKUM21c99tZW9/Y3Nou7ZR39/YPDitHxy2dZIqCTxOeqE5INHAmwTfMcOikCogIObTD0c3Ubz+B0iyR92acQiDIQLKYUWKs9OA/9iIyGIDqV6puzZ0BrxKvIFVUoNmv/PSihGYCpKGcaN313NQEOVGGUQ6Tci/TkBI6IgPoWiqJAB3ks8ATfG6VCMeJskcaPFP/buREaD0WoZ0UxAz1sjcV//VCsfByLhmFWBG6lMfE9SBnMs0MSDqPE2ccmwRPO8IRU0ANH1tCqGL2R5gOib3G2CbLtipvuZhV0rqseW7Nu7uqNupFaSV0is7QBfLQNWqgW9REPqJIoGf0it6cF+fd+XA+56NrTrFzghbgfP0CdMmgHw==</latexit><latexit sha1_base64="H4VWxnTVXmKM4mkycMbo3fa/9dY=">AAACFnicbVC9TsMwGHT4LeWvwMhiUSExVQlComMlFsYikbaoDZXjfGmt2k5kO0hV1KdgYYBXYUOsrLwJI26bgbacZOl09332+cKUM21c99tZW9/Y3Nou7ZR39/YPDitHxy2dZIqCTxOeqE5INHAmwTfMcOikCogIObTD0c3Ubz+B0iyR92acQiDIQLKYUWKs9OA/9iIyGIDqV6puzZ0BrxKvIFVUoNmv/PSihGYCpKGcaN313NQEOVGGUQ6Tci/TkBI6IgPoWiqJAB3ks8ATfG6VCMeJskcaPFP/buREaD0WoZ0UxAz1sjcV//VCsfByLhmFWBG6lMfE9SBnMs0MSDqPE2ccmwRPO8IRU0ANH1tCqGL2R5gOib3G2CbLtipvuZhV0rqseW7Nu7uqNupFaSV0is7QBfLQNWqgW9REPqJIoGf0it6cF+fd+XA+56NrTrFzghbgfP0CdMmgHw==</latexit><latexit sha1_base64="H4VWxnTVXmKM4mkycMbo3fa/9dY=">AAACFnicbVC9TsMwGHT4LeWvwMhiUSExVQlComMlFsYikbaoDZXjfGmt2k5kO0hV1KdgYYBXYUOsrLwJI26bgbacZOl09332+cKUM21c99tZW9/Y3Nou7ZR39/YPDitHxy2dZIqCTxOeqE5INHAmwTfMcOikCogIObTD0c3Ubz+B0iyR92acQiDIQLKYUWKs9OA/9iIyGIDqV6puzZ0BrxKvIFVUoNmv/PSihGYCpKGcaN313NQEOVGGUQ6Tci/TkBI6IgPoWiqJAB3ks8ATfG6VCMeJskcaPFP/buREaD0WoZ0UxAz1sjcV//VCsfByLhmFWBG6lMfE9SBnMs0MSDqPE2ccmwRPO8IRU0ANH1tCqGL2R5gOib3G2CbLtipvuZhV0rqseW7Nu7uqNupFaSV0is7QBfLQNWqgW9REPqJIoGf0it6cF+fd+XA+56NrTrFzghbgfP0CdMmgHw==</latexit>

|�B|�µ⌫i =
hµ|U†| 0

� , ⌫ip
PB(µ|↵, ⌫)

<latexit sha1_base64="si2+7zoRvPnE1Qk996fUyWoMgkw="></latexit><latexit sha1_base64="si2+7zoRvPnE1Qk996fUyWoMgkw="></latexit><latexit sha1_base64="si2+7zoRvPnE1Qk996fUyWoMgkw="></latexit><latexit sha1_base64="si2+7zoRvPnE1Qk996fUyWoMgkw="></latexit>

PB(µ|�, ⌫) = |hµ|U†| 0
� , ⌫i|2

<latexit sha1_base64="lDk6bQUMAgwyYQC34X6yY2BomeA="></latexit><latexit sha1_base64="lDk6bQUMAgwyYQC34X6yY2BomeA="></latexit><latexit sha1_base64="lDk6bQUMAgwyYQC34X6yY2BomeA="></latexit><latexit sha1_base64="lDk6bQUMAgwyYQC34X6yY2BomeA="></latexit>

The probability for the backwards trajectory will then be

PB [↵, µ,�, ⌫] = p↵|�,⌫,µPB(µ|�, ⌫)p0�q⌫
<latexit sha1_base64="IuOI/7YKTDYwzNtZxDHSDt0zye4="></latexit><latexit sha1_base64="IuOI/7YKTDYwzNtZxDHSDt0zye4="></latexit><latexit sha1_base64="IuOI/7YKTDYwzNtZxDHSDt0zye4="></latexit><latexit sha1_base64="IuOI/7YKTDYwzNtZxDHSDt0zye4="></latexit>

p↵|�,⌫,µ = |h ↵|�B|�µ⌫i|2
<latexit sha1_base64="MfWKSO3ZQWwMBOp1bOTFDxfwFGI="></latexit><latexit sha1_base64="MfWKSO3ZQWwMBOp1bOTFDxfwFGI="></latexit><latexit sha1_base64="MfWKSO3ZQWwMBOp1bOTFDxfwFGI="></latexit><latexit sha1_base64="MfWKSO3ZQWwMBOp1bOTFDxfwFGI="></latexit>

G. Manzano, J. M. Horowitz, J. M. R. Parrondo, Phys Rev. X, 8, 031037 (2018).



STOCHASTIC ENTROPY PRODUCTION

The stochastic entropy production is then defined as usual:

It is constructed so that 

he��i = 1
<latexit sha1_base64="DRQMm2SImk81+gBT10vwzF4FxBk=">AAACLnicbVDLSgMxFM3UV62vUZcuDBbBjWVGBLsRCm5cVrAP6NSSSe+0oUlmSDJCGbr0a9y40F8RXIhbP8Gl6WNhWw8EDufce3PvCRPOtPG8Dye3srq2vpHfLGxt7+zuufsHdR2nikKNxjxWzZBo4ExCzTDDoZkoICLk0AgHN2O/8QhKs1jem2ECbUF6kkWMEmOljnsccCJ7HDA8ZOeBZj1BRjhQU+0a+x236JW8CfAy8WekiGaodtyfoBvTVIA0lBOtW76XmHZGlGGUw6gQpBoSQgekBy1LJRGg29nkkBE+tUoXR7GyTxo8Uf92ZERoPRShrRTE9PWiNxb/9UIx93MmGYVIEbqwj4nK7YzJJDUg6XSdKOXYxHicHe4yBdTwoSWEKmYvwrRP7BhjEy7YqPzFYJZJ/aLkeyX/7rJYKc9Cy6MjdILOkI+uUAXdoiqqIYqe0DN6RW/Oi/PufDpf09KcM+s5RHNwvn8BI1Gomg==</latexit><latexit sha1_base64="DRQMm2SImk81+gBT10vwzF4FxBk=">AAACLnicbVDLSgMxFM3UV62vUZcuDBbBjWVGBLsRCm5cVrAP6NSSSe+0oUlmSDJCGbr0a9y40F8RXIhbP8Gl6WNhWw8EDufce3PvCRPOtPG8Dye3srq2vpHfLGxt7+zuufsHdR2nikKNxjxWzZBo4ExCzTDDoZkoICLk0AgHN2O/8QhKs1jem2ECbUF6kkWMEmOljnsccCJ7HDA8ZOeBZj1BRjhQU+0a+x236JW8CfAy8WekiGaodtyfoBvTVIA0lBOtW76XmHZGlGGUw6gQpBoSQgekBy1LJRGg29nkkBE+tUoXR7GyTxo8Uf92ZERoPRShrRTE9PWiNxb/9UIx93MmGYVIEbqwj4nK7YzJJDUg6XSdKOXYxHicHe4yBdTwoSWEKmYvwrRP7BhjEy7YqPzFYJZJ/aLkeyX/7rJYKc9Cy6MjdILOkI+uUAXdoiqqIYqe0DN6RW/Oi/PufDpf09KcM+s5RHNwvn8BI1Gomg==</latexit><latexit sha1_base64="DRQMm2SImk81+gBT10vwzF4FxBk=">AAACLnicbVDLSgMxFM3UV62vUZcuDBbBjWVGBLsRCm5cVrAP6NSSSe+0oUlmSDJCGbr0a9y40F8RXIhbP8Gl6WNhWw8EDufce3PvCRPOtPG8Dye3srq2vpHfLGxt7+zuufsHdR2nikKNxjxWzZBo4ExCzTDDoZkoICLk0AgHN2O/8QhKs1jem2ECbUF6kkWMEmOljnsccCJ7HDA8ZOeBZj1BRjhQU+0a+x236JW8CfAy8WekiGaodtyfoBvTVIA0lBOtW76XmHZGlGGUw6gQpBoSQgekBy1LJRGg29nkkBE+tUoXR7GyTxo8Uf92ZERoPRShrRTE9PWiNxb/9UIx93MmGYVIEbqwj4nK7YzJJDUg6XSdKOXYxHicHe4yBdTwoSWEKmYvwrRP7BhjEy7YqPzFYJZJ/aLkeyX/7rJYKc9Cy6MjdILOkI+uUAXdoiqqIYqe0DN6RW/Oi/PufDpf09KcM+s5RHNwvn8BI1Gomg==</latexit><latexit sha1_base64="DRQMm2SImk81+gBT10vwzF4FxBk=">AAACLnicbVDLSgMxFM3UV62vUZcuDBbBjWVGBLsRCm5cVrAP6NSSSe+0oUlmSDJCGbr0a9y40F8RXIhbP8Gl6WNhWw8EDufce3PvCRPOtPG8Dye3srq2vpHfLGxt7+zuufsHdR2nikKNxjxWzZBo4ExCzTDDoZkoICLk0AgHN2O/8QhKs1jem2ECbUF6kkWMEmOljnsccCJ7HDA8ZOeBZj1BRjhQU+0a+x236JW8CfAy8WekiGaodtyfoBvTVIA0lBOtW76XmHZGlGGUw6gQpBoSQgekBy1LJRGg29nkkBE+tUoXR7GyTxo8Uf92ZERoPRShrRTE9PWiNxb/9UIx93MmGYVIEbqwj4nK7YzJJDUg6XSdKOXYxHicHe4yBdTwoSWEKmYvwrRP7BhjEy7YqPzFYJZJ/aLkeyX/7rJYKc9Cy6MjdILOkI+uUAXdoiqqIYqe0DN6RW/Oi/PufDpf09KcM+s5RHNwvn8BI1Gomg==</latexit>

h�i = ⌃ = S(⇢S ||⇢eqS )� S(⇢0S ||⇢
eq
S )

<latexit sha1_base64="3bukjvPzfqPwE2q+e7gtmfpsOyU="></latexit><latexit sha1_base64="3bukjvPzfqPwE2q+e7gtmfpsOyU="></latexit><latexit sha1_base64="3bukjvPzfqPwE2q+e7gtmfpsOyU="></latexit><latexit sha1_base64="3bukjvPzfqPwE2q+e7gtmfpsOyU="></latexit>

But, in the spirt of the previous results, we now wish to separate it as 

� = �d + ⇠
<latexit sha1_base64="MTASqpDJfRSYqVKB+rZPO/2qKAs=">AAACJnicbVDLSgMxFL3js9bXqAsXboJFEIQyI4LdCAU3LivYB3RKyaSZNjTJDElGLEO/xo0L/RV3Iu78DJem7Sxs64HA4Zx7b+49YcKZNp735aysrq1vbBa2its7u3v77sFhQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weDvxm49UaRbLBzNKaEfgvmQRI9hYqeseB5r1BUY3aEa6PXSBgifWdUte2ZsCLRM/JyXIUeu6P0EvJqmg0hCOtW77XmI6GVaGEU7HxSDVNMFkiPu0banEgupONj1gjM6s0kNRrOyTBk3Vvx0ZFlqPRGgrBTYDvehNxH+9UMz9nElGaKQwWdjHRJVOxmSSGirJbJ0o5cjEaJIZ6jFFieEjSzBRzF6EyADbMcYmW7RR+YvBLJPGZdn3yv79ValayUMrwAmcwjn4cA1VuIMa1IHAGJ7hFd6cF+fd+XA+Z6UrTt5zBHNwvn8BZuGlJQ==</latexit><latexit sha1_base64="MTASqpDJfRSYqVKB+rZPO/2qKAs=">AAACJnicbVDLSgMxFL3js9bXqAsXboJFEIQyI4LdCAU3LivYB3RKyaSZNjTJDElGLEO/xo0L/RV3Iu78DJem7Sxs64HA4Zx7b+49YcKZNp735aysrq1vbBa2its7u3v77sFhQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weDvxm49UaRbLBzNKaEfgvmQRI9hYqeseB5r1BUY3aEa6PXSBgifWdUte2ZsCLRM/JyXIUeu6P0EvJqmg0hCOtW77XmI6GVaGEU7HxSDVNMFkiPu0banEgupONj1gjM6s0kNRrOyTBk3Vvx0ZFlqPRGgrBTYDvehNxH+9UMz9nElGaKQwWdjHRJVOxmSSGirJbJ0o5cjEaJIZ6jFFieEjSzBRzF6EyADbMcYmW7RR+YvBLJPGZdn3yv79ValayUMrwAmcwjn4cA1VuIMa1IHAGJ7hFd6cF+fd+XA+Z6UrTt5zBHNwvn8BZuGlJQ==</latexit><latexit sha1_base64="MTASqpDJfRSYqVKB+rZPO/2qKAs=">AAACJnicbVDLSgMxFL3js9bXqAsXboJFEIQyI4LdCAU3LivYB3RKyaSZNjTJDElGLEO/xo0L/RV3Iu78DJem7Sxs64HA4Zx7b+49YcKZNp735aysrq1vbBa2its7u3v77sFhQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weDvxm49UaRbLBzNKaEfgvmQRI9hYqeseB5r1BUY3aEa6PXSBgifWdUte2ZsCLRM/JyXIUeu6P0EvJqmg0hCOtW77XmI6GVaGEU7HxSDVNMFkiPu0banEgupONj1gjM6s0kNRrOyTBk3Vvx0ZFlqPRGgrBTYDvehNxH+9UMz9nElGaKQwWdjHRJVOxmSSGirJbJ0o5cjEaJIZ6jFFieEjSzBRzF6EyADbMcYmW7RR+YvBLJPGZdn3yv79ValayUMrwAmcwjn4cA1VuIMa1IHAGJ7hFd6cF+fd+XA+Z6UrTt5zBHNwvn8BZuGlJQ==</latexit><latexit sha1_base64="MTASqpDJfRSYqVKB+rZPO/2qKAs=">AAACJnicbVDLSgMxFL3js9bXqAsXboJFEIQyI4LdCAU3LivYB3RKyaSZNjTJDElGLEO/xo0L/RV3Iu78DJem7Sxs64HA4Zx7b+49YcKZNp735aysrq1vbBa2its7u3v77sFhQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weDvxm49UaRbLBzNKaEfgvmQRI9hYqeseB5r1BUY3aEa6PXSBgifWdUte2ZsCLRM/JyXIUeu6P0EvJqmg0hCOtW77XmI6GVaGEU7HxSDVNMFkiPu0banEgupONj1gjM6s0kNRrOyTBk3Vvx0ZFlqPRGgrBTYDvehNxH+9UMz9nElGaKQwWdjHRJVOxmSSGirJbJ0o5cjEaJIZ6jFFieEjSzBRzF6EyADbMcYmW7RR+YvBLJPGZdn3yv79ValayUMrwAmcwjn4cA1VuIMa1IHAGJ7hFd6cF+fd+XA+Z6UrTt5zBHNwvn8BZuGlJQ==</latexit>

� = ln
PF

PB
= ln

p↵qµ
p0�q⌫

<latexit sha1_base64="ulRFzX9+wv3QcJwKvysDfDjiOgQ="></latexit><latexit sha1_base64="ulRFzX9+wv3QcJwKvysDfDjiOgQ="></latexit><latexit sha1_base64="ulRFzX9+wv3QcJwKvysDfDjiOgQ="></latexit><latexit sha1_base64="ulRFzX9+wv3QcJwKvysDfDjiOgQ="></latexit>



AUGMENTED TRAJECTORIES

P.  A. M. Dirac, “On the analogy between classical and quantum mechanics”. 
Rev.  Mod. Phys. 17, 195 (1945).

We introduce augmented trajectories 

where 
pn|↵ = |hn| ↵i|2

<latexit sha1_base64="WWG75QieJbERj4KLK+PC3EH2L+4="></latexit><latexit sha1_base64="WWG75QieJbERj4KLK+PC3EH2L+4="></latexit><latexit sha1_base64="WWG75QieJbERj4KLK+PC3EH2L+4="></latexit><latexit sha1_base64="WWG75QieJbERj4KLK+PC3EH2L+4="></latexit>

p0m|� = |hm| 0
�i|2

<latexit sha1_base64="p+XLfzmY8EH6LTipvCC+rwjZCVs="></latexit><latexit sha1_base64="p+XLfzmY8EH6LTipvCC+rwjZCVs="></latexit><latexit sha1_base64="p+XLfzmY8EH6LTipvCC+rwjZCVs="></latexit><latexit sha1_base64="p+XLfzmY8EH6LTipvCC+rwjZCVs="></latexit>

�d = ln
pnqµ
p0mq⌫

<latexit sha1_base64="1zXa75nwgCE9xRPiH/6f6weLnX0="></latexit><latexit sha1_base64="1zXa75nwgCE9xRPiH/6f6weLnX0="></latexit><latexit sha1_base64="1zXa75nwgCE9xRPiH/6f6weLnX0="></latexit><latexit sha1_base64="1zXa75nwgCE9xRPiH/6f6weLnX0="></latexit>

⇠ = ln
p↵p0m
p0�pn

<latexit sha1_base64="9JKEcEcSugprmthqgPsFirGGZ2A=">AAACO3icbVC7SgQxFM34dn2tWtoEF9FClhkRtBEEG0sFVwVnGe5k77jBJBOSjLgM+xN+jY2F/oW1ndgKlmbWLXT1QODccx+596RacOvC8CUYG5+YnJqema3NzS8sLtWXV85tXhiGLZaL3FymYFFwhS3HncBLbRBkKvAivTmq8he3aCzP1ZnraWxLuFY84wycl5L6dnzH6QGNhaJxZoCVOolB6C5QncjNfhWm6GDTh6qf1BthMxyA/iXRkDTIECdJ/TPu5KyQqBwTYO1VFGrXLsE4zgT2a3FhUQO7gWu88lSBRNsuB1f16YZXOjTLjX/K0YH6s6MEaW1Ppr5Sguva0Vwl/ptL5a+fS8UZVreP7OOy/XbJlS4cKva9TlYI6nJaGUk73CBzoucJMMP9RZR1wY9x3u6atyoaNeYvOd9pRmEzOt1tHO4PTZsha2SdbJGI7JFDckxOSIswck8eyBN5Dh6D1+AteP8uHQuGPavkF4KPLxmFriw=</latexit><latexit sha1_base64="9JKEcEcSugprmthqgPsFirGGZ2A=">AAACO3icbVC7SgQxFM34dn2tWtoEF9FClhkRtBEEG0sFVwVnGe5k77jBJBOSjLgM+xN+jY2F/oW1ndgKlmbWLXT1QODccx+596RacOvC8CUYG5+YnJqema3NzS8sLtWXV85tXhiGLZaL3FymYFFwhS3HncBLbRBkKvAivTmq8he3aCzP1ZnraWxLuFY84wycl5L6dnzH6QGNhaJxZoCVOolB6C5QncjNfhWm6GDTh6qf1BthMxyA/iXRkDTIECdJ/TPu5KyQqBwTYO1VFGrXLsE4zgT2a3FhUQO7gWu88lSBRNsuB1f16YZXOjTLjX/K0YH6s6MEaW1Ppr5Sguva0Vwl/ptL5a+fS8UZVreP7OOy/XbJlS4cKva9TlYI6nJaGUk73CBzoucJMMP9RZR1wY9x3u6atyoaNeYvOd9pRmEzOt1tHO4PTZsha2SdbJGI7JFDckxOSIswck8eyBN5Dh6D1+AteP8uHQuGPavkF4KPLxmFriw=</latexit><latexit sha1_base64="9JKEcEcSugprmthqgPsFirGGZ2A=">AAACO3icbVC7SgQxFM34dn2tWtoEF9FClhkRtBEEG0sFVwVnGe5k77jBJBOSjLgM+xN+jY2F/oW1ndgKlmbWLXT1QODccx+596RacOvC8CUYG5+YnJqema3NzS8sLtWXV85tXhiGLZaL3FymYFFwhS3HncBLbRBkKvAivTmq8he3aCzP1ZnraWxLuFY84wycl5L6dnzH6QGNhaJxZoCVOolB6C5QncjNfhWm6GDTh6qf1BthMxyA/iXRkDTIECdJ/TPu5KyQqBwTYO1VFGrXLsE4zgT2a3FhUQO7gWu88lSBRNsuB1f16YZXOjTLjX/K0YH6s6MEaW1Ppr5Sguva0Vwl/ptL5a+fS8UZVreP7OOy/XbJlS4cKva9TlYI6nJaGUk73CBzoucJMMP9RZR1wY9x3u6atyoaNeYvOd9pRmEzOt1tHO4PTZsha2SdbJGI7JFDckxOSIswck8eyBN5Dh6D1+AteP8uHQuGPavkF4KPLxmFriw=</latexit><latexit sha1_base64="9JKEcEcSugprmthqgPsFirGGZ2A=">AAACO3icbVC7SgQxFM34dn2tWtoEF9FClhkRtBEEG0sFVwVnGe5k77jBJBOSjLgM+xN+jY2F/oW1ndgKlmbWLXT1QODccx+596RacOvC8CUYG5+YnJqema3NzS8sLtWXV85tXhiGLZaL3FymYFFwhS3HncBLbRBkKvAivTmq8he3aCzP1ZnraWxLuFY84wycl5L6dnzH6QGNhaJxZoCVOolB6C5QncjNfhWm6GDTh6qf1BthMxyA/iXRkDTIECdJ/TPu5KyQqBwTYO1VFGrXLsE4zgT2a3FhUQO7gWu88lSBRNsuB1f16YZXOjTLjX/K0YH6s6MEaW1Ppr5Sguva0Vwl/ptL5a+fS8UZVreP7OOy/XbJlS4cKva9TlYI6nJaGUk73CBzoucJMMP9RZR1wY9x3u6atyoaNeYvOd9pRmEzOt1tHO4PTZsha2SdbJGI7JFDckxOSIswck8eyBN5Dh6D1+AteP8uHQuGPavkF4KPLxmFriw=</latexit>

One may then define 

P̃F [↵, n, µ,�,m, µ] = pn|↵p
0
m|�PF [↵, µ,�, ⌫]

<latexit sha1_base64="RRuGBr3gase7ejoFi2jirjwXqbI="></latexit><latexit sha1_base64="RRuGBr3gase7ejoFi2jirjwXqbI="></latexit><latexit sha1_base64="RRuGBr3gase7ejoFi2jirjwXqbI="></latexit><latexit sha1_base64="RRuGBr3gase7ejoFi2jirjwXqbI="></latexit>

J. J. Park, S. W. K, V. Vedral, arXiv 1705.01750



They give the correct averages:

h�di = ⌃d = S(p||peq)� S(p0||peq)
<latexit sha1_base64="hGz+a2V/QhqgzXGIVFMRS9li2Ow="></latexit><latexit sha1_base64="hGz+a2V/QhqgzXGIVFMRS9li2Ow="></latexit><latexit sha1_base64="hGz+a2V/QhqgzXGIVFMRS9li2Ow="></latexit><latexit sha1_base64="hGz+a2V/QhqgzXGIVFMRS9li2Ow="></latexit>

h⇠i = ⌅ = C(⇢S)� C(⇢0S)
<latexit sha1_base64="67XBPDxeBZc9odVWLt30RXiVNKI="></latexit><latexit sha1_base64="67XBPDxeBZc9odVWLt30RXiVNKI="></latexit><latexit sha1_base64="67XBPDxeBZc9odVWLt30RXiVNKI="></latexit><latexit sha1_base64="67XBPDxeBZc9odVWLt30RXiVNKI="></latexit>

But they do not individually obey fluctuation theorems.

G. Francica, J. Goold and F. Plastina, 1707.06950

he��d�⇠i = 1
<latexit sha1_base64="VwJZ2pLmgmqKqEJLpDCXIBFzaeE=">AAACNnicbVC7SgNBFJ2NrxhfUUubwSDaJOyKYBohYGMZwTwgG8Ps5G4yZGZ2mZkVw5JP8GtsLPRDbOzE1tLSyaMwiQcGDufce+feE8ScaeO6705mZXVtfSO7mdva3tndy+8f1HWUKAo1GvFINQOigTMJNcMMh2asgIiAQyMYXI/9xgMozSJ5Z4YxtAXpSRYySoyVOvlTnxPZ44DhPi36mvUE6XRxEfuPbIR9NfWusNfJF9ySOwFeJt6MFNAM1U7+x+9GNBEgDeVE65bnxqadEmUY5TDK+YmGmNAB6UHLUkkE6HY6OWiET6zSxWGk7JMGT9S/HSkRWg9FYCsFMX296I3Ff71AzP2cSkYhVIQu7GPCcjtlMk4MSDpdJ0w4NhEeZ4i7TAE1fGgJoYrZizDtEzvG2KRzNipvMZhlUj8veW7Ju70oVMqz0LLoCB2jM+ShS1RBN6iKaoiiJ/SMXtGb8+J8OJ/O17Q048x6DtEcnO9ftfSrVw==</latexit><latexit sha1_base64="VwJZ2pLmgmqKqEJLpDCXIBFzaeE=">AAACNnicbVC7SgNBFJ2NrxhfUUubwSDaJOyKYBohYGMZwTwgG8Ps5G4yZGZ2mZkVw5JP8GtsLPRDbOzE1tLSyaMwiQcGDufce+feE8ScaeO6705mZXVtfSO7mdva3tndy+8f1HWUKAo1GvFINQOigTMJNcMMh2asgIiAQyMYXI/9xgMozSJ5Z4YxtAXpSRYySoyVOvlTnxPZ44DhPi36mvUE6XRxEfuPbIR9NfWusNfJF9ySOwFeJt6MFNAM1U7+x+9GNBEgDeVE65bnxqadEmUY5TDK+YmGmNAB6UHLUkkE6HY6OWiET6zSxWGk7JMGT9S/HSkRWg9FYCsFMX296I3Ff71AzP2cSkYhVIQu7GPCcjtlMk4MSDpdJ0w4NhEeZ4i7TAE1fGgJoYrZizDtEzvG2KRzNipvMZhlUj8veW7Ju70oVMqz0LLoCB2jM+ShS1RBN6iKaoiiJ/SMXtGb8+J8OJ/O17Q048x6DtEcnO9ftfSrVw==</latexit><latexit sha1_base64="VwJZ2pLmgmqKqEJLpDCXIBFzaeE=">AAACNnicbVC7SgNBFJ2NrxhfUUubwSDaJOyKYBohYGMZwTwgG8Ps5G4yZGZ2mZkVw5JP8GtsLPRDbOzE1tLSyaMwiQcGDufce+feE8ScaeO6705mZXVtfSO7mdva3tndy+8f1HWUKAo1GvFINQOigTMJNcMMh2asgIiAQyMYXI/9xgMozSJ5Z4YxtAXpSRYySoyVOvlTnxPZ44DhPi36mvUE6XRxEfuPbIR9NfWusNfJF9ySOwFeJt6MFNAM1U7+x+9GNBEgDeVE65bnxqadEmUY5TDK+YmGmNAB6UHLUkkE6HY6OWiET6zSxWGk7JMGT9S/HSkRWg9FYCsFMX296I3Ff71AzP2cSkYhVIQu7GPCcjtlMk4MSDpdJ0w4NhEeZ4i7TAE1fGgJoYrZizDtEzvG2KRzNipvMZhlUj8veW7Ju70oVMqz0LLoCB2jM+ShS1RBN6iKaoiiJ/SMXtGb8+J8OJ/O17Q048x6DtEcnO9ftfSrVw==</latexit><latexit sha1_base64="VwJZ2pLmgmqKqEJLpDCXIBFzaeE=">AAACNnicbVC7SgNBFJ2NrxhfUUubwSDaJOyKYBohYGMZwTwgG8Ps5G4yZGZ2mZkVw5JP8GtsLPRDbOzE1tLSyaMwiQcGDufce+feE8ScaeO6705mZXVtfSO7mdva3tndy+8f1HWUKAo1GvFINQOigTMJNcMMh2asgIiAQyMYXI/9xgMozSJ5Z4YxtAXpSRYySoyVOvlTnxPZ44DhPi36mvUE6XRxEfuPbIR9NfWusNfJF9ySOwFeJt6MFNAM1U7+x+9GNBEgDeVE65bnxqadEmUY5TDK+YmGmNAB6UHLUkkE6HY6OWiET6zSxWGk7JMGT9S/HSkRWg9FYCsFMX296I3Ff71AzP2cSkYhVIQu7GPCcjtlMk4MSDpdJ0w4NhEeZ4i7TAE1fGgJoYrZizDtEzvG2KRzNipvMZhlUj8veW7Ju70oVMqz0LLoCB2jM+ShS1RBN6iKaoiiJ/SMXtGb8+J8OJ/O17Q048x6DtEcnO9ftfSrVw==</latexit>

The classical entropy production has to be corrected by the information 
gain:

This is ultimately related to the incompatibility of quantum mechanical 
bases.



NON-LOCAL CONTRIBUTIONS TO ENTROPY 
PRODUCTION

In collaboration with Rafael Chaves, Lucas Céleri, and Paul Riechers. 



Each system interacts with a local bath. 

The systems do not interact with each other. 

But they are prepared in a non-local state (only non-local contribution).

The global map is then 

⇢0SE = U(⇢S ⌦ ⇢E1 ⌦ . . .⌦ ⇢EN )U†
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U = US1,E1 ⌦ . . .⌦ USN ,EN
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The unitaries may contain work.

We define heat as the change in energy of the environments.

D. Reeb and M. W. Wolf, NJP, 16, 103011 (2014).

Qi = hH 0
Ei
i � hHEii
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We then define entropy production as:

⌃ = �SS +
X

i

�iQi = I⇢0
SE

(S : E) + S(⇢0E ||⇢E)
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We now introduce the total correlations

T (⇢S) = S(⇢S ||⇢S1 ⌦ . . .⌦ ⇢SN ) =
X

i

S(⇢Si)� S(⇢S)
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The entropy production then becomes 

⌃ =
X

i

(�SSi + �iQi)��T
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Finally, we can also write this as 

�ESi = Wi �Qi
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⌃ =
X

i

�i(Wi ��Fi)��T
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QUANTUM CONTRIBUTIONS TO Σ

We can split the total correlations into a classical term, related to the 
populations in the energy basis, plus the distributed coherence:

T (⇢S) = T (⇢(d)S ) + Cd(⇢S)
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Cd(⇢S) = C(⇢S)�
X

i

C(⇢Si)
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The entropy production then becomes:

⌃ =
X

i

(�SSi + �iQi)��Tc ��Cd
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=
X

i

�i(Wi ��FSi)��Tc ��Cd
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The positivity Σ then gives bounds on how distributed coherence affects 
the heat exchange (Landauer-style) and the amount of work that can be 
extracted.
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