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Outline
1. Coherence in elastic scattering

2. Superradiant interactions - Coherence in inelastic processes

3. Scattering: CνB, solar and reactor neutrinos, DM

4. Absorption/Emission: QCD axion, Dark Photons

5. Dark quantum optics
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kin

<latexit sha1_base64="PS9q3MU9dUEhcnQpc/niGXpJr4s=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy40V0F+4AmhMlk0g6dZMLMjVhC/BU3LhRx64e482+ctllo64ELh3Pu5d57gpQzBbb9bVRWVtfWN6qbta3tnd09c/+gq0QmCe0QwYXsB1hRzhLaAQac9lNJcRxw2gvG11O/90ClYiK5h0lKvRgPExYxgkFLvll3A8HDfFz4LtBHyEUGhW827KY9g7VMnJI0UIm2b365oSBZTBMgHCs1cOwUvBxLYITTouZmiqaYjPGQDjRNcEyVl8+OL6xjrYRWJKSuBKyZ+nsix7FSkzjQnTGGkVr0puJ/3iCD6MrLWZJmQBMyXxRl3AJhTZOwQiYpAT7RBBPJ9K0WGWGJCei8ajoEZ/HlZdI9bToXzfO7s0brtoyjig7RETpBDrpELXSD2qiDCJqgZ/SK3own48V4Nz7mrRWjnKmjPzA+fwD4GJWq</latexit>

kout
<latexit sha1_base64="mxEwjL82AnWmOolaZubSRobPv90=">AAACGHicbVDLSgMxFM3UV62vUZduBovgxjojvjZCwY3uKtgHtGXIZNI2NJOMyR2xDPMZbvwVNy4Ucdudf2P6WGjrgcDhnHu5OSeIOdPgut9WbmFxaXklv1pYW9/Y3LK3d2paJorQKpFcqkaANeVM0Cow4LQRK4qjgNN60L8e+fVHqjST4h4GMW1HuCtYhxEMRvLt41YgeZg+ZFcT0s/8FtAnSJnIjmYkmUDm20W35I7hzBNvSopoiopvD1uhJElEBRCOtW56bgztFCtghNOs0Eo0jTHp4y5tGipwRHU7HQfLnAOjhE5HKvMEOGP190aKI60HUWAmIww9PeuNxP+8ZgKdy7bJGCdABZkc6iTcAemMWnJCpigBPjAEE8XMXx3SwwoTMF0WTAnebOR5Ujspeeels7vTYvl2Wkce7aF9dIg8dIHK6AZVUBUR9Ixe0Tv6sF6sN+vT+pqM5qzpzi76A2v4A+6QokE=</latexit>

q = kin � kout

Coherence for a small  around 

for which 

dΩ kin
q ≪ R−1

<latexit sha1_base64="pgUeGnXEOzYwxDN9MPu+zQynvhc="></latexit>

⌫̄�µ�5⌫ ! ū(kout)�
µ�5u(kin)e

�i(kin�kout)·xspin
q⌧R���! xspin � independent



-1

Wavelength smaller than object
Light scattering or Four-Fermi vertex: Coherence set by momentum transfer

<latexit sha1_base64="oyss+E1fGdWByX9qDWvfxxa2438=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy40V0F+4AmhMlk0g6dTMLMjbSE/IobF4q49Ufc+TdO2yy09cCFwzn3cu89QcqZAtv+Nipr6xubW9Xt2s7u3v6BeVjvqiSThHZIwhPZD7CinAnaAQac9lNJcRxw2gvGtzO/90SlYol4hGlKvRgPBYsYwaAl36y7QcLDfFz4LtAJ5EwUvtmwm/Yc1ipxStJAJdq++eWGCcliKoBwrNTAsVPwciyBEU6LmpspmmIyxkM60FTgmCovn99eWKdaCa0okboEWHP190SOY6WmcaA7YwwjtezNxP+8QQbRjaf/STOggiwWRRm3ILFmQVghk5QAn2qCiWT6VouMsMQEdFw1HYKz/PIq6Z43navm5cNFo3VfxlFFx+gEnSEHXaMWukNt1EEETdAzekVvRmG8GO/Gx6K1YpQzR+gPjM8fB6mVHw==</latexit>

kin

<latexit sha1_base64="PS9q3MU9dUEhcnQpc/niGXpJr4s=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy40V0F+4AmhMlk0g6dZMLMjVhC/BU3LhRx64e482+ctllo64ELh3Pu5d57gpQzBbb9bVRWVtfWN6qbta3tnd09c/+gq0QmCe0QwYXsB1hRzhLaAQac9lNJcRxw2gvG11O/90ClYiK5h0lKvRgPExYxgkFLvll3A8HDfFz4LtBHyEUGhW827KY9g7VMnJI0UIm2b365oSBZTBMgHCs1cOwUvBxLYITTouZmiqaYjPGQDjRNcEyVl8+OL6xjrYRWJKSuBKyZ+nsix7FSkzjQnTGGkVr0puJ/3iCD6MrLWZJmQBMyXxRl3AJhTZOwQiYpAT7RBBPJ9K0WGWGJCei8ajoEZ/HlZdI9bToXzfO7s0brtoyjig7RETpBDrpELXSD2qiDCJqgZ/SK3own48V4Nz7mrRWjnKmjPzA+fwD4GJWq</latexit>

kout
<latexit sha1_base64="mxEwjL82AnWmOolaZubSRobPv90=">AAACGHicbVDLSgMxFM3UV62vUZduBovgxjojvjZCwY3uKtgHtGXIZNI2NJOMyR2xDPMZbvwVNy4Ucdudf2P6WGjrgcDhnHu5OSeIOdPgut9WbmFxaXklv1pYW9/Y3LK3d2paJorQKpFcqkaANeVM0Cow4LQRK4qjgNN60L8e+fVHqjST4h4GMW1HuCtYhxEMRvLt41YgeZg+ZFcT0s/8FtAnSJnIjmYkmUDm20W35I7hzBNvSopoiopvD1uhJElEBRCOtW56bgztFCtghNOs0Eo0jTHp4y5tGipwRHU7HQfLnAOjhE5HKvMEOGP190aKI60HUWAmIww9PeuNxP+8ZgKdy7bJGCdABZkc6iTcAemMWnJCpigBPjAEE8XMXx3SwwoTMF0WTAnebOR5Ujspeeels7vTYvl2Wkce7aF9dIg8dIHK6AZVUBUR9Ixe0Tv6sF6sN+vT+pqM5qzpzi76A2v4A+6QokE=</latexit>

q = kin � kout

Coherence for a small  around 

for which 

dΩ kin
q ≪ R−1

<latexit sha1_base64="pgUeGnXEOzYwxDN9MPu+zQynvhc="></latexit>

⌫̄�µ�5⌫ ! ū(kout)�
µ�5u(kin)e

�i(kin�kout)·xspin
q⌧R���! xspin � independent

<latexit sha1_base64="A5KxuNplI9RErQi6WAoqI7LxA4U="></latexit>

� /
�
nR3

�2
✓

1

kR

◆2

⇠ n2�2R4



-1

Wavelength smaller than object
Light scattering or Four-Fermi vertex: Coherence set by momentum transfer

<latexit sha1_base64="oyss+E1fGdWByX9qDWvfxxa2438=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy40V0F+4AmhMlk0g6dTMLMjbSE/IobF4q49Ufc+TdO2yy09cCFwzn3cu89QcqZAtv+Nipr6xubW9Xt2s7u3v6BeVjvqiSThHZIwhPZD7CinAnaAQac9lNJcRxw2gvGtzO/90SlYol4hGlKvRgPBYsYwaAl36y7QcLDfFz4LtAJ5EwUvtmwm/Yc1ipxStJAJdq++eWGCcliKoBwrNTAsVPwciyBEU6LmpspmmIyxkM60FTgmCovn99eWKdaCa0okboEWHP190SOY6WmcaA7YwwjtezNxP+8QQbRjaf/STOggiwWRRm3ILFmQVghk5QAn2qCiWT6VouMsMQEdFw1HYKz/PIq6Z43navm5cNFo3VfxlFFx+gEnSEHXaMWukNt1EEETdAzekVvRmG8GO/Gx6K1YpQzR+gPjM8fB6mVHw==</latexit>

kin

<latexit sha1_base64="PS9q3MU9dUEhcnQpc/niGXpJr4s=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy40V0F+4AmhMlk0g6dZMLMjVhC/BU3LhRx64e482+ctllo64ELh3Pu5d57gpQzBbb9bVRWVtfWN6qbta3tnd09c/+gq0QmCe0QwYXsB1hRzhLaAQac9lNJcRxw2gvG11O/90ClYiK5h0lKvRgPExYxgkFLvll3A8HDfFz4LtBHyEUGhW827KY9g7VMnJI0UIm2b365oSBZTBMgHCs1cOwUvBxLYITTouZmiqaYjPGQDjRNcEyVl8+OL6xjrYRWJKSuBKyZ+nsix7FSkzjQnTGGkVr0puJ/3iCD6MrLWZJmQBMyXxRl3AJhTZOwQiYpAT7RBBPJ9K0WGWGJCei8ajoEZ/HlZdI9bToXzfO7s0brtoyjig7RETpBDrpELXSD2qiDCJqgZ/SK3own48V4Nz7mrRWjnKmjPzA+fwD4GJWq</latexit>

kout
<latexit sha1_base64="mxEwjL82AnWmOolaZubSRobPv90=">AAACGHicbVDLSgMxFM3UV62vUZduBovgxjojvjZCwY3uKtgHtGXIZNI2NJOMyR2xDPMZbvwVNy4Ucdudf2P6WGjrgcDhnHu5OSeIOdPgut9WbmFxaXklv1pYW9/Y3LK3d2paJorQKpFcqkaANeVM0Cow4LQRK4qjgNN60L8e+fVHqjST4h4GMW1HuCtYhxEMRvLt41YgeZg+ZFcT0s/8FtAnSJnIjmYkmUDm20W35I7hzBNvSopoiopvD1uhJElEBRCOtW56bgztFCtghNOs0Eo0jTHp4y5tGipwRHU7HQfLnAOjhE5HKvMEOGP190aKI60HUWAmIww9PeuNxP+8ZgKdy7bJGCdABZkc6iTcAemMWnJCpigBPjAEE8XMXx3SwwoTMF0WTAnebOR5Ujspeeels7vTYvl2Wkce7aF9dIg8dIHK6AZVUBUR9Ixe0Tv6sF6sN+vT+pqM5qzpzi76A2v4A+6QokE=</latexit>

q = kin � kout

Coherence for a small  around 

for which 

dΩ kin
q ≪ R−1

<latexit sha1_base64="pgUeGnXEOzYwxDN9MPu+zQynvhc="></latexit>

⌫̄�µ�5⌫ ! ū(kout)�
µ�5u(kin)e

�i(kin�kout)·xspin
q⌧R���! xspin � independent

<latexit sha1_base64="A5KxuNplI9RErQi6WAoqI7LxA4U="></latexit>

� /
�
nR3

�2
✓

1

kR

◆2

⇠ n2�2R4

Solid angle



-1

Wavelength smaller than object
Light scattering or Four-Fermi vertex: Coherence set by momentum transfer

<latexit sha1_base64="oyss+E1fGdWByX9qDWvfxxa2438=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy40V0F+4AmhMlk0g6dTMLMjbSE/IobF4q49Ufc+TdO2yy09cCFwzn3cu89QcqZAtv+Nipr6xubW9Xt2s7u3v6BeVjvqiSThHZIwhPZD7CinAnaAQac9lNJcRxw2gvGtzO/90SlYol4hGlKvRgPBYsYwaAl36y7QcLDfFz4LtAJ5EwUvtmwm/Yc1ipxStJAJdq++eWGCcliKoBwrNTAsVPwciyBEU6LmpspmmIyxkM60FTgmCovn99eWKdaCa0okboEWHP190SOY6WmcaA7YwwjtezNxP+8QQbRjaf/STOggiwWRRm3ILFmQVghk5QAn2qCiWT6VouMsMQEdFw1HYKz/PIq6Z43navm5cNFo3VfxlFFx+gEnSEHXaMWukNt1EEETdAzekVvRmG8GO/Gx6K1YpQzR+gPjM8fB6mVHw==</latexit>

kin

<latexit sha1_base64="PS9q3MU9dUEhcnQpc/niGXpJr4s=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy40V0F+4AmhMlk0g6dZMLMjVhC/BU3LhRx64e482+ctllo64ELh3Pu5d57gpQzBbb9bVRWVtfWN6qbta3tnd09c/+gq0QmCe0QwYXsB1hRzhLaAQac9lNJcRxw2gvG11O/90ClYiK5h0lKvRgPExYxgkFLvll3A8HDfFz4LtBHyEUGhW827KY9g7VMnJI0UIm2b365oSBZTBMgHCs1cOwUvBxLYITTouZmiqaYjPGQDjRNcEyVl8+OL6xjrYRWJKSuBKyZ+nsix7FSkzjQnTGGkVr0puJ/3iCD6MrLWZJmQBMyXxRl3AJhTZOwQiYpAT7RBBPJ9K0WGWGJCei8ajoEZ/HlZdI9bToXzfO7s0brtoyjig7RETpBDrpELXSD2qiDCJqgZ/SK3own48V4Nz7mrRWjnKmjPzA+fwD4GJWq</latexit>

kout
<latexit sha1_base64="mxEwjL82AnWmOolaZubSRobPv90=">AAACGHicbVDLSgMxFM3UV62vUZduBovgxjojvjZCwY3uKtgHtGXIZNI2NJOMyR2xDPMZbvwVNy4Ucdudf2P6WGjrgcDhnHu5OSeIOdPgut9WbmFxaXklv1pYW9/Y3LK3d2paJorQKpFcqkaANeVM0Cow4LQRK4qjgNN60L8e+fVHqjST4h4GMW1HuCtYhxEMRvLt41YgeZg+ZFcT0s/8FtAnSJnIjmYkmUDm20W35I7hzBNvSopoiopvD1uhJElEBRCOtW56bgztFCtghNOs0Eo0jTHp4y5tGipwRHU7HQfLnAOjhE5HKvMEOGP190aKI60HUWAmIww9PeuNxP+8ZgKdy7bJGCdABZkc6iTcAemMWnJCpigBPjAEE8XMXx3SwwoTMF0WTAnebOR5Ujspeeels7vTYvl2Wkce7aF9dIg8dIHK6AZVUBUR9Ixe0Tv6sF6sN+vT+pqM5qzpzi76A2v4A+6QokE=</latexit>

q = kin � kout

Coherence for a small  around 

for which 

dΩ kin
q ≪ R−1

<latexit sha1_base64="pgUeGnXEOzYwxDN9MPu+zQynvhc="></latexit>

⌫̄�µ�5⌫ ! ū(kout)�
µ�5u(kin)e

�i(kin�kout)·xspin
q⌧R���! xspin � independent

<latexit sha1_base64="A5KxuNplI9RErQi6WAoqI7LxA4U="></latexit>

� /
�
nR3

�2
✓

1

kR

◆2

⇠ n2�2R4

Solid angle

Rayleigh-Gans regime



Observable in Elastic Scattering

Macroscopic coherence

<latexit sha1_base64="LArCEONDUazjNurqTtS6OJmSqdk=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx48SRRzCLJEHo6NUmTnp6xu0cIQ/7AiwdFvPpH3vwbO8tBEx8UPN6roqpekAiujet+O7ml5ZXVtfx6YWNza3unuLtX13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8Hgauw3nlBpHst7M0zQj2hP8pAzaqx0d/PYKZbcsjsBWSTejJRghmqn+NXuxiyNUBomqNYtz02Mn1FlOBM4KrRTjQllA9rDlqWSRqj9bHLpiBxZpUvCWNmShkzU3xMZjbQeRoHtjKjp63lvLP7ntVITXvoZl0lqULLpojAVxMRk/DbpcoXMiKEllClubyWsTxVlxoZTsCF48y8vkvpJ2Tsvn92elioPszjycACHcAweXEAFrqEKNWAQwjO8wpszcF6cd+dj2ppzZjP78AfO5w+BQY1u</latexit>

Nq



Observable in Elastic Scattering

<latexit sha1_base64="pZzMqWtZhqogQ8buk1L9joU5fkM=">AAACKXicbVDLSgMxFM34tr6qLt0Ei+DGMiO+NkLBje5UrAqdWjLpnTY0MxmTO2IZ53fc+CtuFBR164+Y1i60eiBwOOdcbu4JEikMuu67MzI6Nj4xOTVdmJmdm18oLi6dG5VqDlWupNKXATMgRQxVFCjhMtHAokDCRdA56PkXN6CNUPEZdhOoR6wVi1BwhlZqFCvX+76EEO/8QMlm1skbPsItZiLON4YklWLua9Fq27ARET29yja8vFEsuWW3D/qXeANSIgMcN4rPflPxNIIYuWTG1Dw3wXrGNAouIS/4qYGE8Q5rQc3SmEVg6ln/0pyuWaVJQ6Xti5H21Z8TGYuM6UaBTUYM22bY64n/ebUUw726vTpJEWL+vShMJUVFe7XRptDAUXYtYVwL+1fK20wzjrbcgi3BGz75LznfLHs75e2TrVLlaFDHFFkhq2SdeGSXVMghOSZVwsk9eSQv5NV5cJ6cN+fjOzriDGaWyS84n199bKk6</latexit>

q = |kin � kout| ⇠ R�1
Momentum Transfer

For a 10cm sphere

Macroscopic coherence

<latexit sha1_base64="LArCEONDUazjNurqTtS6OJmSqdk=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx48SRRzCLJEHo6NUmTnp6xu0cIQ/7AiwdFvPpH3vwbO8tBEx8UPN6roqpekAiujet+O7ml5ZXVtfx6YWNza3unuLtX13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8Hgauw3nlBpHst7M0zQj2hP8pAzaqx0d/PYKZbcsjsBWSTejJRghmqn+NXuxiyNUBomqNYtz02Mn1FlOBM4KrRTjQllA9rDlqWSRqj9bHLpiBxZpUvCWNmShkzU3xMZjbQeRoHtjKjp63lvLP7ntVITXvoZl0lqULLpojAVxMRk/DbpcoXMiKEllClubyWsTxVlxoZTsCF48y8vkvpJ2Tsvn92elioPszjycACHcAweXEAFrqEKNWAQwjO8wpszcF6cd+dj2ppzZjP78AfO5w+BQY1u</latexit>

Nq

<latexit sha1_base64="fHvisLN+EWnTqO1d9uEEB3VUOZQ=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEIXgwzotFjwIveIpgFMmPo6VSSJj0L3TViGHPwV7x4UMSrv+HNv7GzHDTxQcHjvSqq6vmxFBpt+9vKLCwuLa9kV3Nr6xubW/ntnZqOEsWhyiMZqYbPNEgRQhUFSmjECljgS6j7/cuRX78HpUUU3uIgBi9g3VB0BGdopFZ+z9UioI59lx6XhtRFeMAUasNWvmAX7THoPHGmpECmqLTyX2474kkAIXLJtG46doxeyhQKLmGYcxMNMeN91oWmoSELQHvp+P4hPTRKm3YiZSpEOlZ/T6Qs0HoQ+KYzYNjTs95I/M9rJti58FIRxglCyCeLOomkGNFRGLQtFHCUA0MYV8LcSnmPKcbRRJYzITizL8+T2knRKRXPbk4L5etpHFmyTw7IEXHIOSmTK1IhVcLJI3kmr+TNerJerHfrY9KasaYzu+QPrM8f4DqVaw==</latexit>

⇠ 10�6eV



For a 10cm sphere of tungsten

Observable in Elastic Scattering

<latexit sha1_base64="pZzMqWtZhqogQ8buk1L9joU5fkM=">AAACKXicbVDLSgMxFM34tr6qLt0Ei+DGMiO+NkLBje5UrAqdWjLpnTY0MxmTO2IZ53fc+CtuFBR164+Y1i60eiBwOOdcbu4JEikMuu67MzI6Nj4xOTVdmJmdm18oLi6dG5VqDlWupNKXATMgRQxVFCjhMtHAokDCRdA56PkXN6CNUPEZdhOoR6wVi1BwhlZqFCvX+76EEO/8QMlm1skbPsItZiLON4YklWLua9Fq27ARET29yja8vFEsuWW3D/qXeANSIgMcN4rPflPxNIIYuWTG1Dw3wXrGNAouIS/4qYGE8Q5rQc3SmEVg6ln/0pyuWaVJQ6Xti5H21Z8TGYuM6UaBTUYM22bY64n/ebUUw726vTpJEWL+vShMJUVFe7XRptDAUXYtYVwL+1fK20wzjrbcgi3BGz75LznfLHs75e2TrVLlaFDHFFkhq2SdeGSXVMghOSZVwsk9eSQv5NV5cJ6cN+fjOzriDGaWyS84n199bKk6</latexit>

q = |kin � kout| ⇠ R�1
Momentum Transfer

Energy Transfer
<latexit sha1_base64="jnDca5yHFM00akcSbOiuQnrIfaE=">AAACDXicbVDJSgNBEO1xN26jHr00RsGLYSa43gJe9CBEMDGQiaGnU6NNeha7a8QwzA948Ve8eFDEq3dv/o2d5eD2oODxXhVV9fxECo2O82mNjU9MTk3PzBbm5hcWl+zllbqOU8WhxmMZq4bPNEgRQQ0FSmgkCljoS7jwu0d9/+IWlBZxdI69BFohu4pEIDhDI7XtDS9QjGc3l+U8K5/mnhYhdZ3LbHvnMPcQ7jCDet62i07JGYD+Je6IFMkI1bb94XVinoYQIZdM66brJNjKmELBJeQFL9WQMN5lV9A0NGIh6FY2+Canm0bp0CBWpiKkA/X7RMZCrXuhbzpDhtf6t9cX//OaKQYHrUxESYoQ8eGiIJUUY9qPhnaEAo6yZwjjSphbKb9mJh40ARZMCO7vl/+Sernk7pV2z3aKlZNRHDNkjayTLeKSfVIhx6RKaoSTe/JInsmL9WA9Wa/W27B1zBrNrJIfsN6/ANnQm3Y=</latexit>

q2

2M
⇠ 10�49eV

For a 10cm sphere

Macroscopic coherence

<latexit sha1_base64="LArCEONDUazjNurqTtS6OJmSqdk=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx48SRRzCLJEHo6NUmTnp6xu0cIQ/7AiwdFvPpH3vwbO8tBEx8UPN6roqpekAiujet+O7ml5ZXVtfx6YWNza3unuLtX13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8Hgauw3nlBpHst7M0zQj2hP8pAzaqx0d/PYKZbcsjsBWSTejJRghmqn+NXuxiyNUBomqNYtz02Mn1FlOBM4KrRTjQllA9rDlqWSRqj9bHLpiBxZpUvCWNmShkzU3xMZjbQeRoHtjKjp63lvLP7ntVITXvoZl0lqULLpojAVxMRk/DbpcoXMiKEllClubyWsTxVlxoZTsCF48y8vkvpJ2Tsvn92elioPszjycACHcAweXEAFrqEKNWAQwjO8wpszcF6cd+dj2ppzZjP78AfO5w+BQY1u</latexit>

Nq

<latexit sha1_base64="fHvisLN+EWnTqO1d9uEEB3VUOZQ=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEIXgwzotFjwIveIpgFMmPo6VSSJj0L3TViGHPwV7x4UMSrv+HNv7GzHDTxQcHjvSqq6vmxFBpt+9vKLCwuLa9kV3Nr6xubW/ntnZqOEsWhyiMZqYbPNEgRQhUFSmjECljgS6j7/cuRX78HpUUU3uIgBi9g3VB0BGdopFZ+z9UioI59lx6XhtRFeMAUasNWvmAX7THoPHGmpECmqLTyX2474kkAIXLJtG46doxeyhQKLmGYcxMNMeN91oWmoSELQHvp+P4hPTRKm3YiZSpEOlZ/T6Qs0HoQ+KYzYNjTs95I/M9rJti58FIRxglCyCeLOomkGNFRGLQtFHCUA0MYV8LcSnmPKcbRRJYzITizL8+T2knRKRXPbk4L5etpHFmyTw7IEXHIOSmTK1IhVcLJI3kmr+TNerJerHfrY9KasaYzu+QPrM8f4DqVaw==</latexit>

⇠ 10�6eV



For a 10cm sphere of tungsten

Observable in Elastic Scattering

<latexit sha1_base64="pZzMqWtZhqogQ8buk1L9joU5fkM=">AAACKXicbVDLSgMxFM34tr6qLt0Ei+DGMiO+NkLBje5UrAqdWjLpnTY0MxmTO2IZ53fc+CtuFBR164+Y1i60eiBwOOdcbu4JEikMuu67MzI6Nj4xOTVdmJmdm18oLi6dG5VqDlWupNKXATMgRQxVFCjhMtHAokDCRdA56PkXN6CNUPEZdhOoR6wVi1BwhlZqFCvX+76EEO/8QMlm1skbPsItZiLON4YklWLua9Fq27ARET29yja8vFEsuWW3D/qXeANSIgMcN4rPflPxNIIYuWTG1Dw3wXrGNAouIS/4qYGE8Q5rQc3SmEVg6ln/0pyuWaVJQ6Xti5H21Z8TGYuM6UaBTUYM22bY64n/ebUUw726vTpJEWL+vShMJUVFe7XRptDAUXYtYVwL+1fK20wzjrbcgi3BGz75LznfLHs75e2TrVLlaFDHFFkhq2SdeGSXVMghOSZVwsk9eSQv5NV5cJ6cN+fjOzriDGaWyS84n199bKk6</latexit>

q = |kin � kout| ⇠ R�1
Momentum Transfer

Energy Transfer
<latexit sha1_base64="jnDca5yHFM00akcSbOiuQnrIfaE=">AAACDXicbVDJSgNBEO1xN26jHr00RsGLYSa43gJe9CBEMDGQiaGnU6NNeha7a8QwzA948Ve8eFDEq3dv/o2d5eD2oODxXhVV9fxECo2O82mNjU9MTk3PzBbm5hcWl+zllbqOU8WhxmMZq4bPNEgRQQ0FSmgkCljoS7jwu0d9/+IWlBZxdI69BFohu4pEIDhDI7XtDS9QjGc3l+U8K5/mnhYhdZ3LbHvnMPcQ7jCDet62i07JGYD+Je6IFMkI1bb94XVinoYQIZdM66brJNjKmELBJeQFL9WQMN5lV9A0NGIh6FY2+Canm0bp0CBWpiKkA/X7RMZCrXuhbzpDhtf6t9cX//OaKQYHrUxESYoQ8eGiIJUUY9qPhnaEAo6yZwjjSphbKb9mJh40ARZMCO7vl/+Sernk7pV2z3aKlZNRHDNkjayTLeKSfVIhx6RKaoSTe/JInsmL9WA9Wa/W27B1zBrNrJIfsN6/ANnQm3Y=</latexit>

q2

2M
⇠ 10�49eV

For a 10cm sphere

Compare to 1 atom/  at 1K: cm3
<latexit sha1_base64="Gp4fm6xGAYAIA1Z7AQEJmaqHXXM=">AAACB3icbVDJSgNBEO2JW4xb1KMgjUGIlzAT3I4BL/EWxSyQiaGn00ma9PQM3TXBOMSTF3/FiwdFvPoL3vwbO8tBEx8UPN6roqqeFwquwba/rcTC4tLySnI1tba+sbmV3t6p6CBSlJVpIAJV84hmgktWBg6C1ULFiO8JVvV6FyO/2mdK80DewCBkDZ90JG9zSsBIzfS+xFk35Pj6Nn+E+9jV3MfOgwvsDuLi/bCZztg5eww8T5wpyaApSs30l9sKaOQzCVQQreuOHUIjJgo4FWyYciPNQkJ7pMPqhkriM92Ix38M8aFRWrgdKFMS8Fj9PRETX+uB75lOn0BXz3oj8T+vHkH7vBFzGUbAJJ0sakcCQ4BHoeAWV4yCGBhCqOLmVky7RBEKJrqUCcGZfXmeVPI55zR3cnWcKVxO40iiPXSAsshBZ6iAiqiEyoiiR/SMXtGb9WS9WO/Wx6Q1YU1ndtEfWJ8/ti+YAw==</latexit>

n(⇡R2
)v ⇠ 1 Hz

<latexit sha1_base64="3ZePM5DPRb+HmPIh13l5ZCGDg6k=">AAACAHicbVDJSgNBEO1xjXEb9eDBS2MQvBhmJC7HgBe9RTALJDH0dCpJk57F7hoxDOPBX/HiQRGvfoY3/8bOctDEBwWP96qoqudFUmh0nG9rbn5hcWk5s5JdXVvf2LS3tis6jBWHMg9lqGoe0yBFAGUUKKEWKWC+J6Hq9S+GfvUelBZhcIODCJo+6waiIzhDI7Xs3buGFj51ndvkqJA+NhAeMIFK2rJzTt4Zgc4Sd0JyZIJSy/5qtEMe+xAgl0zruutE2EyYQsElpNlGrCFivM+6UDc0YD7oZjJ6IKUHRmnTTqhMBUhH6u+JhPlaD3zPdPoMe3raG4r/efUYO+fNRARRjBDw8aJOLCmGdJgGbQsFHOXAEMaVMLdS3mOKcTSZZU0I7vTLs6RynHdP8yfXhVzxahJHhuyRfXJIXHJGiuSSlEiZcJKSZ/JK3qwn68V6tz7GrXPWZGaH/IH1+QNJJ5ZC</latexit>

q ⇠ 10�4 eV

Macroscopic coherence

<latexit sha1_base64="LArCEONDUazjNurqTtS6OJmSqdk=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx48SRRzCLJEHo6NUmTnp6xu0cIQ/7AiwdFvPpH3vwbO8tBEx8UPN6roqpekAiujet+O7ml5ZXVtfx6YWNza3unuLtX13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8Hgauw3nlBpHst7M0zQj2hP8pAzaqx0d/PYKZbcsjsBWSTejJRghmqn+NXuxiyNUBomqNYtz02Mn1FlOBM4KrRTjQllA9rDlqWSRqj9bHLpiBxZpUvCWNmShkzU3xMZjbQeRoHtjKjp63lvLP7ntVITXvoZl0lqULLpojAVxMRk/DbpcoXMiKEllClubyWsTxVlxoZTsCF48y8vkvpJ2Tsvn92elioPszjycACHcAweXEAFrqEKNWAQwjO8wpszcF6cd+dj2ppzZjP78AfO5w+BQY1u</latexit>

Nq

<latexit sha1_base64="fHvisLN+EWnTqO1d9uEEB3VUOZQ=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEIXgwzotFjwIveIpgFMmPo6VSSJj0L3TViGHPwV7x4UMSrv+HNv7GzHDTxQcHjvSqq6vmxFBpt+9vKLCwuLa9kV3Nr6xubW/ntnZqOEsWhyiMZqYbPNEgRQhUFSmjECljgS6j7/cuRX78HpUUU3uIgBi9g3VB0BGdopFZ+z9UioI59lx6XhtRFeMAUasNWvmAX7THoPHGmpECmqLTyX2474kkAIXLJtG46doxeyhQKLmGYcxMNMeN91oWmoSELQHvp+P4hPTRKm3YiZSpEOlZ/T6Qs0HoQ+KYzYNjTs95I/M9rJti58FIRxglCyCeLOomkGNFRGLQtFHCUA0MYV8LcSnmPKcbRRJYzITizL8+T2knRKRXPbk4L5etpHFmyTw7IEXHIOSmTK1IhVcLJI3kmr+TNerJerHfrY9KasaYzu+QPrM8f4DqVaw==</latexit>

⇠ 10�6eV



Need appropriate observables
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Need appropriate observables

Idea: what if we changed the internal state?

e.g: NMR splittings can be 

ESR similarly 

∼ 10−7 eV
∼ 10−4 eV

Can we get macroscopic coherence and single spin flips?

Then  and potential observableN2



Approves



Coherence in Inelastic Processes

<latexit sha1_base64="Vw2j/PLZHj+CwMiEuF38SEuLZ7M=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApuCqJeNsoBTe6q2Av0IQymUzSoZMLMydCiX0CN76KGxeKuHXtzrdx2mah1R8Gfr5zDmfO76WCK7CsL6O0sLi0vFJeraytb2xumds7bZVkkrIWTUQiux5RTPCYtYCDYN1UMhJ5gnW84eWk3rljUvEkvoVRytyIhDEPOCWgUd+sOYIFcO+kijuShwO4OHdSmfgzHBasb1atujUV/mvswlRRoWbf/HT8hGYRi4EKolTPtlJwcyKBU8HGFSdTLCV0SELW0zYmEVNuPj1njGua+DhIpH4x4Cn9OZGTSKlR5OnOiMBAzdcm8L9aL4PgzM15nGbAYjpbFGQCQ4In2WCfS0ZBjLQhVHL9V0wHRBIKOsGKDsGeP/mvaR/W7ZP68c1RtXFdxFFGe2gfHSAbnaIGukJN1EIUPaAn9IJejUfj2Xgz3metJaOY2UW/ZHx8A2svnQE=</latexit>

| i =
Y

|gi
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="we5IuJC58G+lOzHIefxn5KXgX6A=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8OIxinlIsoTZSW8yZHZ2mZkVwpI/8OJBEa/+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rG8N+ME/YgOJA85o8ZKd1dur1xxq+4M5C/xclKBHPVe+bPbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmySp+EsbIlDZmpPycyGmk9jgLbGVEz1IveVPzP66QmvPQzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl/+S5onVe+8enZ7Wqk95HEU4QAO4Rg8uIAa3EAdGsAghCd4gVdn5Dw7b877vLXg5DP78AvOxzcE6I0c</latexit>

= 0



Coherence in Inelastic Processes

<latexit sha1_base64="Vw2j/PLZHj+CwMiEuF38SEuLZ7M=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApuCqJeNsoBTe6q2Av0IQymUzSoZMLMydCiX0CN76KGxeKuHXtzrdx2mah1R8Gfr5zDmfO76WCK7CsL6O0sLi0vFJeraytb2xumds7bZVkkrIWTUQiux5RTPCYtYCDYN1UMhJ5gnW84eWk3rljUvEkvoVRytyIhDEPOCWgUd+sOYIFcO+kijuShwO4OHdSmfgzHBasb1atujUV/mvswlRRoWbf/HT8hGYRi4EKolTPtlJwcyKBU8HGFSdTLCV0SELW0zYmEVNuPj1njGua+DhIpH4x4Cn9OZGTSKlR5OnOiMBAzdcm8L9aL4PgzM15nGbAYjpbFGQCQ4In2WCfS0ZBjLQhVHL9V0wHRBIKOsGKDsGeP/mvaR/W7ZP68c1RtXFdxFFGe2gfHSAbnaIGukJN1EIUPaAn9IJejUfj2Xgz3metJaOY2UW/ZHx8A2svnQE=</latexit>

| i =
Y

|gi
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="we5IuJC58G+lOzHIefxn5KXgX6A=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8OIxinlIsoTZSW8yZHZ2mZkVwpI/8OJBEa/+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rG8N+ME/YgOJA85o8ZKd1dur1xxq+4M5C/xclKBHPVe+bPbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmySp+EsbIlDZmpPycyGmk9jgLbGVEz1IveVPzP66QmvPQzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl/+S5onVe+8enZ7Wqk95HEU4QAO4Rg8uIAa3EAdGsAghCd4gVdn5Dw7b877vLXg5DP78AvOxzcE6I0c</latexit>

= 0

In



Coherence in Inelastic Processes

<latexit sha1_base64="Vw2j/PLZHj+CwMiEuF38SEuLZ7M=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApuCqJeNsoBTe6q2Av0IQymUzSoZMLMydCiX0CN76KGxeKuHXtzrdx2mah1R8Gfr5zDmfO76WCK7CsL6O0sLi0vFJeraytb2xumds7bZVkkrIWTUQiux5RTPCYtYCDYN1UMhJ5gnW84eWk3rljUvEkvoVRytyIhDEPOCWgUd+sOYIFcO+kijuShwO4OHdSmfgzHBasb1atujUV/mvswlRRoWbf/HT8hGYRi4EKolTPtlJwcyKBU8HGFSdTLCV0SELW0zYmEVNuPj1njGua+DhIpH4x4Cn9OZGTSKlR5OnOiMBAzdcm8L9aL4PgzM15nGbAYjpbFGQCQ4In2WCfS0ZBjLQhVHL9V0wHRBIKOsGKDsGeP/mvaR/W7ZP68c1RtXFdxFFGe2gfHSAbnaIGukJN1EIUPaAn9IJejUfj2Xgz3metJaOY2UW/ZHx8A2svnQE=</latexit>

| i =
Y

|gi
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="we5IuJC58G+lOzHIefxn5KXgX6A=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8OIxinlIsoTZSW8yZHZ2mZkVwpI/8OJBEa/+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rG8N+ME/YgOJA85o8ZKd1dur1xxq+4M5C/xclKBHPVe+bPbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmySp+EsbIlDZmpPycyGmk9jgLbGVEz1IveVPzP66QmvPQzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl/+S5onVe+8enZ7Wqk95HEU4QAO4Rg8uIAa3EAdGsAghCd4gVdn5Dw7b877vLXg5DP78AvOxzcE6I0c</latexit>

= 0

In



Coherence in Inelastic Processes

<latexit sha1_base64="Vw2j/PLZHj+CwMiEuF38SEuLZ7M=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApuCqJeNsoBTe6q2Av0IQymUzSoZMLMydCiX0CN76KGxeKuHXtzrdx2mah1R8Gfr5zDmfO76WCK7CsL6O0sLi0vFJeraytb2xumds7bZVkkrIWTUQiux5RTPCYtYCDYN1UMhJ5gnW84eWk3rljUvEkvoVRytyIhDEPOCWgUd+sOYIFcO+kijuShwO4OHdSmfgzHBasb1atujUV/mvswlRRoWbf/HT8hGYRi4EKolTPtlJwcyKBU8HGFSdTLCV0SELW0zYmEVNuPj1njGua+DhIpH4x4Cn9OZGTSKlR5OnOiMBAzdcm8L9aL4PgzM15nGbAYjpbFGQCQ4In2WCfS0ZBjLQhVHL9V0wHRBIKOsGKDsGeP/mvaR/W7ZP68c1RtXFdxFFGe2gfHSAbnaIGukJN1EIUPaAn9IJejUfj2Xgz3metJaOY2UW/ZHx8A2svnQE=</latexit>

| i =
Y

|gi
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="we5IuJC58G+lOzHIefxn5KXgX6A=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8OIxinlIsoTZSW8yZHZ2mZkVwpI/8OJBEa/+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rG8N+ME/YgOJA85o8ZKd1dur1xxq+4M5C/xclKBHPVe+bPbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmySp+EsbIlDZmpPycyGmk9jgLbGVEz1IveVPzP66QmvPQzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl/+S5onVe+8enZ7Wqk95HEU4QAO4Rg8uIAa3EAdGsAghCd4gVdn5Dw7b877vLXg5DP78AvOxzcE6I0c</latexit>

= 0

In



Coherence in Inelastic Processes

<latexit sha1_base64="Vw2j/PLZHj+CwMiEuF38SEuLZ7M=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApuCqJeNsoBTe6q2Av0IQymUzSoZMLMydCiX0CN76KGxeKuHXtzrdx2mah1R8Gfr5zDmfO76WCK7CsL6O0sLi0vFJeraytb2xumds7bZVkkrIWTUQiux5RTPCYtYCDYN1UMhJ5gnW84eWk3rljUvEkvoVRytyIhDEPOCWgUd+sOYIFcO+kijuShwO4OHdSmfgzHBasb1atujUV/mvswlRRoWbf/HT8hGYRi4EKolTPtlJwcyKBU8HGFSdTLCV0SELW0zYmEVNuPj1njGua+DhIpH4x4Cn9OZGTSKlR5OnOiMBAzdcm8L9aL4PgzM15nGbAYjpbFGQCQ4In2WCfS0ZBjLQhVHL9V0wHRBIKOsGKDsGeP/mvaR/W7ZP68c1RtXFdxFFGe2gfHSAbnaIGukJN1EIUPaAn9IJejUfj2Xgz3metJaOY2UW/ZHx8A2svnQE=</latexit>

| i =
Y

|gi
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="we5IuJC58G+lOzHIefxn5KXgX6A=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8OIxinlIsoTZSW8yZHZ2mZkVwpI/8OJBEa/+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rG8N+ME/YgOJA85o8ZKd1dur1xxq+4M5C/xclKBHPVe+bPbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmySp+EsbIlDZmpPycyGmk9jgLbGVEz1IveVPzP66QmvPQzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl/+S5onVe+8enZ7Wqk95HEU4QAO4Rg8uIAa3EAdGsAghCd4gVdn5Dw7b877vLXg5DP78AvOxzcE6I0c</latexit>

= 0

<latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

| <latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+
<latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+
<latexit sha1_base64="Ch11sbyQXJJlPpGP4sU6J7VxFq4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEr2PBi8eK1hbaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLK6tr6RnmzsrW9s7tX3T941EmmGDZZIhLVDqlGwSU2DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx077pur1rzXG8Gskz8gtSgQKNX/er2E5bFKA0TVOuO76UmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qk6s0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroOcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BD8xZeXyeOZ61+6F3fntTov4ijDERzDKfhwBXW4hQY0gcEAnuEV3hzhvDjvzse8teQUM4fwB87nD1rfjVM=</latexit>...

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

|
<latexit sha1_base64="CzGkxWmibuLiYHmAAttB2YQtljo=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7Rjw4jGKWSAZQ0+nJ2nS0zN01whhyB948aCIV3/Eb/Dm39hZDpr4oODxXhVV9YJECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1T2OEu5HtK9EKBhFK909VLrFklt2pyDLxJuTEsxR6xa/Or2YpRFXyCQ1pu25CfoZ1SiY5ONCJzU8oWxI+7xtqaIRN342vXRMTqzSI2GsbSkkU/X3REYjY0ZRYDsjigOz6E3E/7x2iuGVnwmVpMgVmy0KU0kwJpO3SU9ozlCOLKFMC3srYQOqKUMbTsGG4C2+vEwalbJ3UT6/PStVg89ZHHk4gmM4BQ8uoQo3UIM6MAjhCV7g1Rk6z86b8z5rzTnzCA/hD5yPH3XKjgg=</latexit>

2

<latexit sha1_base64="fjGxiJfzCueskuRIVA72g6putvE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAg3qLYB6YXULvZDYZMjO7zMwKIeQvvHhQxKt/482/cZLsQaMFDUVVN91dUcqZNp735RSWlldW14rrpY3Nre2d8u5eUyeZIrRBEp6odoSaciZpwzDDaTtVFEXEaSsaXk391iNVmiXy3oxSGgrsSxYzgsZKD8E1CoGBZqJbrnhVbwb3L/FzUoEc9W75M+glJBNUGsJR647vpSYcozKMcDopBZmmKZIh9mnHUomC6nA8u3jiHlml58aJsiWNO1N/ToxRaD0Ske0UaAZ60ZuK/3mdzMSX4ZjJNDNUkvmiOOOuSdzp+26PKUoMH1mCRDF7q0sGqJAYG1LJhuAvvvyXNE+q/nn17O60UrvN4yjCARzCMfhwATW4gTo0gICEJ3iBV0c7z86b8z5vLTj5zD78gvPxDXiqkNM=</latexit>

� ⇠

In
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<latexit sha1_base64="Vw2j/PLZHj+CwMiEuF38SEuLZ7M=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApuCqJeNsoBTe6q2Av0IQymUzSoZMLMydCiX0CN76KGxeKuHXtzrdx2mah1R8Gfr5zDmfO76WCK7CsL6O0sLi0vFJeraytb2xumds7bZVkkrIWTUQiux5RTPCYtYCDYN1UMhJ5gnW84eWk3rljUvEkvoVRytyIhDEPOCWgUd+sOYIFcO+kijuShwO4OHdSmfgzHBasb1atujUV/mvswlRRoWbf/HT8hGYRi4EKolTPtlJwcyKBU8HGFSdTLCV0SELW0zYmEVNuPj1njGua+DhIpH4x4Cn9OZGTSKlR5OnOiMBAzdcm8L9aL4PgzM15nGbAYjpbFGQCQ4In2WCfS0ZBjLQhVHL9V0wHRBIKOsGKDsGeP/mvaR/W7ZP68c1RtXFdxFFGe2gfHSAbnaIGukJN1EIUPaAn9IJejUfj2Xgz3metJaOY2UW/ZHx8A2svnQE=</latexit>

| i =
Y

|gi
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i <latexit sha1_base64="Z7yRbp7J/IjAh1xHNkeaO2g6EmQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8OIxAfOQZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U795hMqzSN5b8Yx+iEdSN7njBor1W66xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuUhiyMPR3AMp+DBFVTgDqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP5b4jOI=</latexit>=
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="we5IuJC58G+lOzHIefxn5KXgX6A=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8OIxinlIsoTZSW8yZHZ2mZkVwpI/8OJBEa/+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rG8N+ME/YgOJA85o8ZKd1dur1xxq+4M5C/xclKBHPVe+bPbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmySp+EsbIlDZmpPycyGmk9jgLbGVEz1IveVPzP66QmvPQzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl/+S5onVe+8enZ7Wqk95HEU4QAO4Rg8uIAa3EAdGsAghCd4gVdn5Dw7b877vLXg5DP78AvOxzcE6I0c</latexit>

= 0

<latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

| <latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+
<latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+
<latexit sha1_base64="Ch11sbyQXJJlPpGP4sU6J7VxFq4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEr2PBi8eK1hbaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLK6tr6RnmzsrW9s7tX3T941EmmGDZZIhLVDqlGwSU2DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx077pur1rzXG8Gskz8gtSgQKNX/er2E5bFKA0TVOuO76UmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qk6s0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroOcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BD8xZeXyeOZ61+6F3fntTov4ijDERzDKfhwBXW4hQY0gcEAnuEV3hzhvDjvzse8teQUM4fwB87nD1rfjVM=</latexit>...

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

|
<latexit sha1_base64="CzGkxWmibuLiYHmAAttB2YQtljo=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7Rjw4jGKWSAZQ0+nJ2nS0zN01whhyB948aCIV3/Eb/Dm39hZDpr4oODxXhVV9YJECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1T2OEu5HtK9EKBhFK909VLrFklt2pyDLxJuTEsxR6xa/Or2YpRFXyCQ1pu25CfoZ1SiY5ONCJzU8oWxI+7xtqaIRN342vXRMTqzSI2GsbSkkU/X3REYjY0ZRYDsjigOz6E3E/7x2iuGVnwmVpMgVmy0KU0kwJpO3SU9ozlCOLKFMC3srYQOqKUMbTsGG4C2+vEwalbJ3UT6/PStVg89ZHHk4gmM4BQ8uoQo3UIM6MAjhCV7g1Rk6z86b8z5rzTnzCA/hD5yPH3XKjgg=</latexit>

2

<latexit sha1_base64="fjGxiJfzCueskuRIVA72g6putvE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAg3qLYB6YXULvZDYZMjO7zMwKIeQvvHhQxKt/482/cZLsQaMFDUVVN91dUcqZNp735RSWlldW14rrpY3Nre2d8u5eUyeZIrRBEp6odoSaciZpwzDDaTtVFEXEaSsaXk391iNVmiXy3oxSGgrsSxYzgsZKD8E1CoGBZqJbrnhVbwb3L/FzUoEc9W75M+glJBNUGsJR647vpSYcozKMcDopBZmmKZIh9mnHUomC6nA8u3jiHlml58aJsiWNO1N/ToxRaD0Ske0UaAZ60ZuK/3mdzMSX4ZjJNDNUkvmiOOOuSdzp+26PKUoMH1mCRDF7q0sGqJAYG1LJhuAvvvyXNE+q/nn17O60UrvN4yjCARzCMfhwATW4gTo0gICEJ3iBV0c7z86b8z5vLTj5zD78gvPxDXiqkNM=</latexit>

� ⇠

In
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<latexit sha1_base64="Vw2j/PLZHj+CwMiEuF38SEuLZ7M=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApuCqJeNsoBTe6q2Av0IQymUzSoZMLMydCiX0CN76KGxeKuHXtzrdx2mah1R8Gfr5zDmfO76WCK7CsL6O0sLi0vFJeraytb2xumds7bZVkkrIWTUQiux5RTPCYtYCDYN1UMhJ5gnW84eWk3rljUvEkvoVRytyIhDEPOCWgUd+sOYIFcO+kijuShwO4OHdSmfgzHBasb1atujUV/mvswlRRoWbf/HT8hGYRi4EKolTPtlJwcyKBU8HGFSdTLCV0SELW0zYmEVNuPj1njGua+DhIpH4x4Cn9OZGTSKlR5OnOiMBAzdcm8L9aL4PgzM15nGbAYjpbFGQCQ4In2WCfS0ZBjLQhVHL9V0wHRBIKOsGKDsGeP/mvaR/W7ZP68c1RtXFdxFFGe2gfHSAbnaIGukJN1EIUPaAn9IJejUfj2Xgz3metJaOY2UW/ZHx8A2svnQE=</latexit>

| i =
Y

|gi
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i <latexit sha1_base64="Z7yRbp7J/IjAh1xHNkeaO2g6EmQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8OIxAfOQZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U795hMqzSN5b8Yx+iEdSN7njBor1W66xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuUhiyMPR3AMp+DBFVTgDqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP5b4jOI=</latexit>=
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="we5IuJC58G+lOzHIefxn5KXgX6A=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8OIxinlIsoTZSW8yZHZ2mZkVwpI/8OJBEa/+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rG8N+ME/YgOJA85o8ZKd1dur1xxq+4M5C/xclKBHPVe+bPbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmySp+EsbIlDZmpPycyGmk9jgLbGVEz1IveVPzP66QmvPQzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl/+S5onVe+8enZ7Wqk95HEU4QAO4Rg8uIAa3EAdGsAghCd4gVdn5Dw7b877vLXg5DP78AvOxzcE6I0c</latexit>

= 0

<latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

| <latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+
<latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+
<latexit sha1_base64="Ch11sbyQXJJlPpGP4sU6J7VxFq4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEr2PBi8eK1hbaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLK6tr6RnmzsrW9s7tX3T941EmmGDZZIhLVDqlGwSU2DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx077pur1rzXG8Gskz8gtSgQKNX/er2E5bFKA0TVOuO76UmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qk6s0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroOcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BD8xZeXyeOZ61+6F3fntTov4ijDERzDKfhwBXW4hQY0gcEAnuEV3hzhvDjvzse8teQUM4fwB87nD1rfjVM=</latexit>...

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

|
<latexit sha1_base64="CzGkxWmibuLiYHmAAttB2YQtljo=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7Rjw4jGKWSAZQ0+nJ2nS0zN01whhyB948aCIV3/Eb/Dm39hZDpr4oODxXhVV9YJECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1T2OEu5HtK9EKBhFK909VLrFklt2pyDLxJuTEsxR6xa/Or2YpRFXyCQ1pu25CfoZ1SiY5ONCJzU8oWxI+7xtqaIRN342vXRMTqzSI2GsbSkkU/X3REYjY0ZRYDsjigOz6E3E/7x2iuGVnwmVpMgVmy0KU0kwJpO3SU9ozlCOLKFMC3srYQOqKUMbTsGG4C2+vEwalbJ3UT6/PStVg89ZHHk4gmM4BQ8uoQo3UIM6MAjhCV7g1Rk6z86b8z5rzTnzCA/hD5yPH3XKjgg=</latexit>

2

<latexit sha1_base64="fjGxiJfzCueskuRIVA72g6putvE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAg3qLYB6YXULvZDYZMjO7zMwKIeQvvHhQxKt/482/cZLsQaMFDUVVN91dUcqZNp735RSWlldW14rrpY3Nre2d8u5eUyeZIrRBEp6odoSaciZpwzDDaTtVFEXEaSsaXk391iNVmiXy3oxSGgrsSxYzgsZKD8E1CoGBZqJbrnhVbwb3L/FzUoEc9W75M+glJBNUGsJR647vpSYcozKMcDopBZmmKZIh9mnHUomC6nA8u3jiHlml58aJsiWNO1N/ToxRaD0Ske0UaAZ60ZuK/3mdzMSX4ZjJNDNUkvmiOOOuSdzp+26PKUoMH1mCRDF7q0sGqJAYG1LJhuAvvvyXNE+q/nn17O60UrvN4yjCARzCMfhwATW4gTo0gICEJ3iBV0c7z86b8z5vLTj5zD78gvPxDXiqkNM=</latexit>

� ⇠

In
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<latexit sha1_base64="Vw2j/PLZHj+CwMiEuF38SEuLZ7M=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApuCqJeNsoBTe6q2Av0IQymUzSoZMLMydCiX0CN76KGxeKuHXtzrdx2mah1R8Gfr5zDmfO76WCK7CsL6O0sLi0vFJeraytb2xumds7bZVkkrIWTUQiux5RTPCYtYCDYN1UMhJ5gnW84eWk3rljUvEkvoVRytyIhDEPOCWgUd+sOYIFcO+kijuShwO4OHdSmfgzHBasb1atujUV/mvswlRRoWbf/HT8hGYRi4EKolTPtlJwcyKBU8HGFSdTLCV0SELW0zYmEVNuPj1njGua+DhIpH4x4Cn9OZGTSKlR5OnOiMBAzdcm8L9aL4PgzM15nGbAYjpbFGQCQ4In2WCfS0ZBjLQhVHL9V0wHRBIKOsGKDsGeP/mvaR/W7ZP68c1RtXFdxFFGe2gfHSAbnaIGukJN1EIUPaAn9IJejUfj2Xgz3metJaOY2UW/ZHx8A2svnQE=</latexit>

| i =
Y

|gi
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i <latexit sha1_base64="Z7yRbp7J/IjAh1xHNkeaO2g6EmQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8OIxAfOQZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U795hMqzSN5b8Yx+iEdSN7njBor1W66xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuUhiyMPR3AMp+DBFVTgDqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP5b4jOI=</latexit>=
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="we5IuJC58G+lOzHIefxn5KXgX6A=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8OIxinlIsoTZSW8yZHZ2mZkVwpI/8OJBEa/+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rG8N+ME/YgOJA85o8ZKd1dur1xxq+4M5C/xclKBHPVe+bPbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmySp+EsbIlDZmpPycyGmk9jgLbGVEz1IveVPzP66QmvPQzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl/+S5onVe+8enZ7Wqk95HEU4QAO4Rg8uIAa3EAdGsAghCd4gVdn5Dw7b877vLXg5DP78AvOxzcE6I0c</latexit>

= 0

<latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

| <latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+
<latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+
<latexit sha1_base64="Ch11sbyQXJJlPpGP4sU6J7VxFq4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEr2PBi8eK1hbaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLK6tr6RnmzsrW9s7tX3T941EmmGDZZIhLVDqlGwSU2DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx077pur1rzXG8Gskz8gtSgQKNX/er2E5bFKA0TVOuO76UmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qk6s0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroOcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BD8xZeXyeOZ61+6F3fntTov4ijDERzDKfhwBXW4hQY0gcEAnuEV3hzhvDjvzse8teQUM4fwB87nD1rfjVM=</latexit>...

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

|
<latexit sha1_base64="CzGkxWmibuLiYHmAAttB2YQtljo=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7Rjw4jGKWSAZQ0+nJ2nS0zN01whhyB948aCIV3/Eb/Dm39hZDpr4oODxXhVV9YJECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1T2OEu5HtK9EKBhFK909VLrFklt2pyDLxJuTEsxR6xa/Or2YpRFXyCQ1pu25CfoZ1SiY5ONCJzU8oWxI+7xtqaIRN342vXRMTqzSI2GsbSkkU/X3REYjY0ZRYDsjigOz6E3E/7x2iuGVnwmVpMgVmy0KU0kwJpO3SU9ozlCOLKFMC3srYQOqKUMbTsGG4C2+vEwalbJ3UT6/PStVg89ZHHk4gmM4BQ8uoQo3UIM6MAjhCV7g1Rk6z86b8z5rzTnzCA/hD5yPH3XKjgg=</latexit>

2

<latexit sha1_base64="fjGxiJfzCueskuRIVA72g6putvE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAg3qLYB6YXULvZDYZMjO7zMwKIeQvvHhQxKt/482/cZLsQaMFDUVVN91dUcqZNp735RSWlldW14rrpY3Nre2d8u5eUyeZIrRBEp6odoSaciZpwzDDaTtVFEXEaSsaXk391iNVmiXy3oxSGgrsSxYzgsZKD8E1CoGBZqJbrnhVbwb3L/FzUoEc9W75M+glJBNUGsJR647vpSYcozKMcDopBZmmKZIh9mnHUomC6nA8u3jiHlml58aJsiWNO1N/ToxRaD0Ske0UaAZ60ZuK/3mdzMSX4ZjJNDNUkvmiOOOuSdzp+26PKUoMH1mCRDF7q0sGqJAYG1LJhuAvvvyXNE+q/nn17O60UrvN4yjCARzCMfhwATW4gTo0gICEJ3iBV0c7z86b8z5vLTj5zD78gvPxDXiqkNM=</latexit>

� ⇠

In
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<latexit sha1_base64="Vw2j/PLZHj+CwMiEuF38SEuLZ7M=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApuCqJeNsoBTe6q2Av0IQymUzSoZMLMydCiX0CN76KGxeKuHXtzrdx2mah1R8Gfr5zDmfO76WCK7CsL6O0sLi0vFJeraytb2xumds7bZVkkrIWTUQiux5RTPCYtYCDYN1UMhJ5gnW84eWk3rljUvEkvoVRytyIhDEPOCWgUd+sOYIFcO+kijuShwO4OHdSmfgzHBasb1atujUV/mvswlRRoWbf/HT8hGYRi4EKolTPtlJwcyKBU8HGFSdTLCV0SELW0zYmEVNuPj1njGua+DhIpH4x4Cn9OZGTSKlR5OnOiMBAzdcm8L9aL4PgzM15nGbAYjpbFGQCQ4In2WCfS0ZBjLQhVHL9V0wHRBIKOsGKDsGeP/mvaR/W7ZP68c1RtXFdxFFGe2gfHSAbnaIGukJN1EIUPaAn9IJejUfj2Xgz3metJaOY2UW/ZHx8A2svnQE=</latexit>

| i =
Y

|gi
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i <latexit sha1_base64="Z7yRbp7J/IjAh1xHNkeaO2g6EmQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8OIxAfOQZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U795hMqzSN5b8Yx+iEdSN7njBor1W66xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuUhiyMPR3AMp+DBFVTgDqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP5b4jOI=</latexit>=
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="we5IuJC58G+lOzHIefxn5KXgX6A=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8OIxinlIsoTZSW8yZHZ2mZkVwpI/8OJBEa/+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rG8N+ME/YgOJA85o8ZKd1dur1xxq+4M5C/xclKBHPVe+bPbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmySp+EsbIlDZmpPycyGmk9jgLbGVEz1IveVPzP66QmvPQzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl/+S5onVe+8enZ7Wqk95HEU4QAO4Rg8uIAa3EAdGsAghCd4gVdn5Dw7b877vLXg5DP78AvOxzcE6I0c</latexit>

= 0

<latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

| <latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+
<latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+
<latexit sha1_base64="Ch11sbyQXJJlPpGP4sU6J7VxFq4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEr2PBi8eK1hbaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLK6tr6RnmzsrW9s7tX3T941EmmGDZZIhLVDqlGwSU2DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx077pur1rzXG8Gskz8gtSgQKNX/er2E5bFKA0TVOuO76UmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qk6s0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroOcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BD8xZeXyeOZ61+6F3fntTov4ijDERzDKfhwBXW4hQY0gcEAnuEV3hzhvDjvzse8teQUM4fwB87nD1rfjVM=</latexit>...

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

|
<latexit sha1_base64="CzGkxWmibuLiYHmAAttB2YQtljo=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7Rjw4jGKWSAZQ0+nJ2nS0zN01whhyB948aCIV3/Eb/Dm39hZDpr4oODxXhVV9YJECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1T2OEu5HtK9EKBhFK909VLrFklt2pyDLxJuTEsxR6xa/Or2YpRFXyCQ1pu25CfoZ1SiY5ONCJzU8oWxI+7xtqaIRN342vXRMTqzSI2GsbSkkU/X3REYjY0ZRYDsjigOz6E3E/7x2iuGVnwmVpMgVmy0KU0kwJpO3SU9ozlCOLKFMC3srYQOqKUMbTsGG4C2+vEwalbJ3UT6/PStVg89ZHHk4gmM4BQ8uoQo3UIM6MAjhCV7g1Rk6z86b8z5rzTnzCA/hD5yPH3XKjgg=</latexit>

2

<latexit sha1_base64="fjGxiJfzCueskuRIVA72g6putvE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAg3qLYB6YXULvZDYZMjO7zMwKIeQvvHhQxKt/482/cZLsQaMFDUVVN91dUcqZNp735RSWlldW14rrpY3Nre2d8u5eUyeZIrRBEp6odoSaciZpwzDDaTtVFEXEaSsaXk391iNVmiXy3oxSGgrsSxYzgsZKD8E1CoGBZqJbrnhVbwb3L/FzUoEc9W75M+glJBNUGsJR647vpSYcozKMcDopBZmmKZIh9mnHUomC6nA8u3jiHlml58aJsiWNO1N/ToxRaD0Ske0UaAZ60ZuK/3mdzMSX4ZjJNDNUkvmiOOOuSdzp+26PKUoMH1mCRDF7q0sGqJAYG1LJhuAvvvyXNE+q/nn17O60UrvN4yjCARzCMfhwATW4gTo0gICEJ3iBV0c7z86b8z5vLTj5zD78gvPxDXiqkNM=</latexit>

� ⇠

<latexit sha1_base64="fwCJzBMDpQzdqN/eB2s5UqKEifE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGXxch4EUvEsE8IFnD7GQ2GTM7s87MCmHJP3jxoIhX/8ebf+Mk2YNGCxqKqm66u4KYM21c98vJLSwuLa/kVwtr6xubW8XtnYaWiSK0TiSXqhVgTTkTtG6Y4bQVK4qjgNNmMLyY+M1HqjST4taMYupHuC9YyAg2VmqcX6OHu0q3WHLL7hToL/EyUoIMtW7xs9OTJImoMIRjrdueGxs/xcowwum40Ek0jTEZ4j5tWypwRLWfTq8dowOr9FAolS1h0FT9OZHiSOtRFNjOCJuBnvcm4n9eOzHhmZ8yESeGCjJbFCYcGYkmr6MeU5QYPrIEE8XsrYgMsMLE2IAKNgRv/uW/pFEpeyfl45ujUvUqiyMPe7APh+DBKVThEmpQBwL38AQv8OpI59l5c95nrTknm9mFX3A+vgF7Io5z</latexit>

= Nq2

In



Coherence in Inelastic Processes

<latexit sha1_base64="Vw2j/PLZHj+CwMiEuF38SEuLZ7M=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApuCqJeNsoBTe6q2Av0IQymUzSoZMLMydCiX0CN76KGxeKuHXtzrdx2mah1R8Gfr5zDmfO76WCK7CsL6O0sLi0vFJeraytb2xumds7bZVkkrIWTUQiux5RTPCYtYCDYN1UMhJ5gnW84eWk3rljUvEkvoVRytyIhDEPOCWgUd+sOYIFcO+kijuShwO4OHdSmfgzHBasb1atujUV/mvswlRRoWbf/HT8hGYRi4EKolTPtlJwcyKBU8HGFSdTLCV0SELW0zYmEVNuPj1njGua+DhIpH4x4Cn9OZGTSKlR5OnOiMBAzdcm8L9aL4PgzM15nGbAYjpbFGQCQ4In2WCfS0ZBjLQhVHL9V0wHRBIKOsGKDsGeP/mvaR/W7ZP68c1RtXFdxFFGe2gfHSAbnaIGukJN1EIUPaAn9IJejUfj2Xgz3metJaOY2UW/ZHx8A2svnQE=</latexit>

| i =
Y

|gi

Incoherent

<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i <latexit sha1_base64="Z7yRbp7J/IjAh1xHNkeaO2g6EmQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8OIxAfOQZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U795hMqzSN5b8Yx+iEdSN7njBor1W66xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuUhiyMPR3AMp+DBFVTgDqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP5b4jOI=</latexit>=
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="we5IuJC58G+lOzHIefxn5KXgX6A=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8OIxinlIsoTZSW8yZHZ2mZkVwpI/8OJBEa/+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rG8N+ME/YgOJA85o8ZKd1dur1xxq+4M5C/xclKBHPVe+bPbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmySp+EsbIlDZmpPycyGmk9jgLbGVEz1IveVPzP66QmvPQzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl/+S5onVe+8enZ7Wqk95HEU4QAO4Rg8uIAa3EAdGsAghCd4gVdn5Dw7b877vLXg5DP78AvOxzcE6I0c</latexit>

= 0

<latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

| <latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+
<latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+
<latexit sha1_base64="Ch11sbyQXJJlPpGP4sU6J7VxFq4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEr2PBi8eK1hbaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLK6tr6RnmzsrW9s7tX3T941EmmGDZZIhLVDqlGwSU2DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx077pur1rzXG8Gskz8gtSgQKNX/er2E5bFKA0TVOuO76UmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qk6s0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroOcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BD8xZeXyeOZ61+6F3fntTov4ijDERzDKfhwBXW4hQY0gcEAnuEV3hzhvDjvzse8teQUM4fwB87nD1rfjVM=</latexit>...

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

|
<latexit sha1_base64="CzGkxWmibuLiYHmAAttB2YQtljo=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7Rjw4jGKWSAZQ0+nJ2nS0zN01whhyB948aCIV3/Eb/Dm39hZDpr4oODxXhVV9YJECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1T2OEu5HtK9EKBhFK909VLrFklt2pyDLxJuTEsxR6xa/Or2YpRFXyCQ1pu25CfoZ1SiY5ONCJzU8oWxI+7xtqaIRN342vXRMTqzSI2GsbSkkU/X3REYjY0ZRYDsjigOz6E3E/7x2iuGVnwmVpMgVmy0KU0kwJpO3SU9ozlCOLKFMC3srYQOqKUMbTsGG4C2+vEwalbJ3UT6/PStVg89ZHHk4gmM4BQ8uoQo3UIM6MAjhCV7g1Rk6z86b8z5rzTnzCA/hD5yPH3XKjgg=</latexit>

2

<latexit sha1_base64="fjGxiJfzCueskuRIVA72g6putvE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAg3qLYB6YXULvZDYZMjO7zMwKIeQvvHhQxKt/482/cZLsQaMFDUVVN91dUcqZNp735RSWlldW14rrpY3Nre2d8u5eUyeZIrRBEp6odoSaciZpwzDDaTtVFEXEaSsaXk391iNVmiXy3oxSGgrsSxYzgsZKD8E1CoGBZqJbrnhVbwb3L/FzUoEc9W75M+glJBNUGsJR647vpSYcozKMcDopBZmmKZIh9mnHUomC6nA8u3jiHlml58aJsiWNO1N/ToxRaD0Ske0UaAZ60ZuK/3mdzMSX4ZjJNDNUkvmiOOOuSdzp+26PKUoMH1mCRDF7q0sGqJAYG1LJhuAvvvyXNE+q/nn17O60UrvN4yjCARzCMfhwATW4gTo0gICEJ3iBV0c7z86b8z5vLTj5zD78gvPxDXiqkNM=</latexit>

� ⇠

<latexit sha1_base64="fwCJzBMDpQzdqN/eB2s5UqKEifE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGXxch4EUvEsE8IFnD7GQ2GTM7s87MCmHJP3jxoIhX/8ebf+Mk2YNGCxqKqm66u4KYM21c98vJLSwuLa/kVwtr6xubW8XtnYaWiSK0TiSXqhVgTTkTtG6Y4bQVK4qjgNNmMLyY+M1HqjST4taMYupHuC9YyAg2VmqcX6OHu0q3WHLL7hToL/EyUoIMtW7xs9OTJImoMIRjrdueGxs/xcowwum40Ek0jTEZ4j5tWypwRLWfTq8dowOr9FAolS1h0FT9OZHiSOtRFNjOCJuBnvcm4n9eOzHhmZ8yESeGCjJbFCYcGYkmr6MeU5QYPrIEE8XsrYgMsMLE2IAKNgRv/uW/pFEpeyfl45ujUvUqiyMPe7APh+DBKVThEmpQBwL38AQv8OpI59l5c95nrTknm9mFX3A+vgF7Io5z</latexit>

= Nq2

In
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<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="IfD4OfooBuCwNJZ7SNliz4szgCA=">AAAB83icbVDLSsNAFL3js9ZX1aWbwSK4KknxtREKbnRXwT6gCWUynbRDJ5MwMxFKyG+4caGIW3/GnX/jtM1CWw9cOJxzL/feEySCa+M432hldW19Y7O0Vd7e2d3brxwctnWcKspaNBax6gZEM8ElaxluBOsmipEoEKwTjG+nfueJKc1j+WgmCfMjMpQ85JQYK3k3XqgIzdw8q+f9StWpOTPgZeIWpAoFmv3KlzeIaRoxaaggWvdcJzF+RpThVLC87KWaJYSOyZD1LJUkYtrPZjfn+NQqAxzGypY0eKb+nshIpPUkCmxnRMxIL3pT8T+vl5rw2s+4TFLDJJ0vClOBTYynAeABV4waMbGEUMXtrZiOiE3B2JjKNgR38eVl0q7X3MvaxcN5tXFfxFGCYziBM3DhChpwB01oAYUEnuEV3lCKXtA7+pi3rqBi5gj+AH3+AMKmkYs=</latexit>

=
1

2

<latexit sha1_base64="mPH/n272RG2zpsuTUhl4g/EfLWs="></latexit>

| i =
Y 1p

2
(|gi+ |ei)
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<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="IfD4OfooBuCwNJZ7SNliz4szgCA=">AAAB83icbVDLSsNAFL3js9ZX1aWbwSK4KknxtREKbnRXwT6gCWUynbRDJ5MwMxFKyG+4caGIW3/GnX/jtM1CWw9cOJxzL/feEySCa+M432hldW19Y7O0Vd7e2d3brxwctnWcKspaNBax6gZEM8ElaxluBOsmipEoEKwTjG+nfueJKc1j+WgmCfMjMpQ85JQYK3k3XqgIzdw8q+f9StWpOTPgZeIWpAoFmv3KlzeIaRoxaaggWvdcJzF+RpThVLC87KWaJYSOyZD1LJUkYtrPZjfn+NQqAxzGypY0eKb+nshIpPUkCmxnRMxIL3pT8T+vl5rw2s+4TFLDJJ0vClOBTYynAeABV4waMbGEUMXtrZiOiE3B2JjKNgR38eVl0q7X3MvaxcN5tXFfxFGCYziBM3DhChpwB01oAYUEnuEV3lCKXtA7+pi3rqBi5gj+AH3+AMKmkYs=</latexit>

=
1

2

<latexit sha1_base64="mPH/n272RG2zpsuTUhl4g/EfLWs="></latexit>

| i =
Y 1p

2
(|gi+ |ei)



Coherence in Inelastic Processes

<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="IfD4OfooBuCwNJZ7SNliz4szgCA=">AAAB83icbVDLSsNAFL3js9ZX1aWbwSK4KknxtREKbnRXwT6gCWUynbRDJ5MwMxFKyG+4caGIW3/GnX/jtM1CWw9cOJxzL/feEySCa+M432hldW19Y7O0Vd7e2d3brxwctnWcKspaNBax6gZEM8ElaxluBOsmipEoEKwTjG+nfueJKc1j+WgmCfMjMpQ85JQYK3k3XqgIzdw8q+f9StWpOTPgZeIWpAoFmv3KlzeIaRoxaaggWvdcJzF+RpThVLC87KWaJYSOyZD1LJUkYtrPZjfn+NQqAxzGypY0eKb+nshIpPUkCmxnRMxIL3pT8T+vl5rw2s+4TFLDJJ0vClOBTYynAeABV4waMbGEUMXtrZiOiE3B2JjKNgR38eVl0q7X3MvaxcN5tXFfxFGCYziBM3DhChpwB01oAYUEnuEV3lCKXtA7+pi3rqBi5gj+AH3+AMKmkYs=</latexit>

=
1

2

<latexit sha1_base64="mPH/n272RG2zpsuTUhl4g/EfLWs="></latexit>

| i =
Y 1p

2
(|gi+ |ei)



Coherence in Inelastic Processes

<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="IfD4OfooBuCwNJZ7SNliz4szgCA=">AAAB83icbVDLSsNAFL3js9ZX1aWbwSK4KknxtREKbnRXwT6gCWUynbRDJ5MwMxFKyG+4caGIW3/GnX/jtM1CWw9cOJxzL/feEySCa+M432hldW19Y7O0Vd7e2d3brxwctnWcKspaNBax6gZEM8ElaxluBOsmipEoEKwTjG+nfueJKc1j+WgmCfMjMpQ85JQYK3k3XqgIzdw8q+f9StWpOTPgZeIWpAoFmv3KlzeIaRoxaaggWvdcJzF+RpThVLC87KWaJYSOyZD1LJUkYtrPZjfn+NQqAxzGypY0eKb+nshIpPUkCmxnRMxIL3pT8T+vl5rw2s+4TFLDJJ0vClOBTYynAeABV4waMbGEUMXtrZiOiE3B2JjKNgR38eVl0q7X3MvaxcN5tXFfxFGCYziBM3DhChpwB01oAYUEnuEV3lCKXtA7+pi3rqBi5gj+AH3+AMKmkYs=</latexit>

=
1

2

<latexit sha1_base64="mPH/n272RG2zpsuTUhl4g/EfLWs="></latexit>

| i =
Y 1p

2
(|gi+ |ei)

<latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

| <latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+ <latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+
<latexit sha1_base64="Ch11sbyQXJJlPpGP4sU6J7VxFq4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEr2PBi8eK1hbaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLK6tr6RnmzsrW9s7tX3T941EmmGDZZIhLVDqlGwSU2DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx077pur1rzXG8Gskz8gtSgQKNX/er2E5bFKA0TVOuO76UmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qk6s0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroOcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BD8xZeXyeOZ61+6F3fntTov4ijDERzDKfhwBXW4hQY0gcEAnuEV3hzhvDjvzse8teQUM4fwB87nD1rfjVM=</latexit>...

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

|
<latexit sha1_base64="CzGkxWmibuLiYHmAAttB2YQtljo=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7Rjw4jGKWSAZQ0+nJ2nS0zN01whhyB948aCIV3/Eb/Dm39hZDpr4oODxXhVV9YJECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1T2OEu5HtK9EKBhFK909VLrFklt2pyDLxJuTEsxR6xa/Or2YpRFXyCQ1pu25CfoZ1SiY5ONCJzU8oWxI+7xtqaIRN342vXRMTqzSI2GsbSkkU/X3REYjY0ZRYDsjigOz6E3E/7x2iuGVnwmVpMgVmy0KU0kwJpO3SU9ozlCOLKFMC3srYQOqKUMbTsGG4C2+vEwalbJ3UT6/PStVg89ZHHk4gmM4BQ8uoQo3UIM6MAjhCV7g1Rk6z86b8z5rzTnzCA/hD5yPH3XKjgg=</latexit>

2

<latexit sha1_base64="fjGxiJfzCueskuRIVA72g6putvE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAg3qLYB6YXULvZDYZMjO7zMwKIeQvvHhQxKt/482/cZLsQaMFDUVVN91dUcqZNp735RSWlldW14rrpY3Nre2d8u5eUyeZIrRBEp6odoSaciZpwzDDaTtVFEXEaSsaXk391iNVmiXy3oxSGgrsSxYzgsZKD8E1CoGBZqJbrnhVbwb3L/FzUoEc9W75M+glJBNUGsJR647vpSYcozKMcDopBZmmKZIh9mnHUomC6nA8u3jiHlml58aJsiWNO1N/ToxRaD0Ske0UaAZ60ZuK/3mdzMSX4ZjJNDNUkvmiOOOuSdzp+26PKUoMH1mCRDF7q0sGqJAYG1LJhuAvvvyXNE+q/nn17O60UrvN4yjCARzCMfhwATW4gTo0gICEJ3iBV0c7z86b8z5vLTj5zD78gvPxDXiqkNM=</latexit>

� ⇠
<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2

<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2

<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2
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<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i <latexit sha1_base64="dnDQlaKOGGlyUV0oPrcrjpAm5/o=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8KK3BMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDv1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2bssX9TOS5X7LI48HMExnIIHV1CBO6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCSKIzS</latexit>=
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="IfD4OfooBuCwNJZ7SNliz4szgCA=">AAAB83icbVDLSsNAFL3js9ZX1aWbwSK4KknxtREKbnRXwT6gCWUynbRDJ5MwMxFKyG+4caGIW3/GnX/jtM1CWw9cOJxzL/feEySCa+M432hldW19Y7O0Vd7e2d3brxwctnWcKspaNBax6gZEM8ElaxluBOsmipEoEKwTjG+nfueJKc1j+WgmCfMjMpQ85JQYK3k3XqgIzdw8q+f9StWpOTPgZeIWpAoFmv3KlzeIaRoxaaggWvdcJzF+RpThVLC87KWaJYSOyZD1LJUkYtrPZjfn+NQqAxzGypY0eKb+nshIpPUkCmxnRMxIL3pT8T+vl5rw2s+4TFLDJJ0vClOBTYynAeABV4waMbGEUMXtrZiOiE3B2JjKNgR38eVl0q7X3MvaxcN5tXFfxFGCYziBM3DhChpwB01oAYUEnuEV3lCKXtA7+pi3rqBi5gj+AH3+AMKmkYs=</latexit>

=
1

2

<latexit sha1_base64="mPH/n272RG2zpsuTUhl4g/EfLWs="></latexit>

| i =
Y 1p

2
(|gi+ |ei)

<latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

| <latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+ <latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+
<latexit sha1_base64="Ch11sbyQXJJlPpGP4sU6J7VxFq4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEr2PBi8eK1hbaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLK6tr6RnmzsrW9s7tX3T941EmmGDZZIhLVDqlGwSU2DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx077pur1rzXG8Gskz8gtSgQKNX/er2E5bFKA0TVOuO76UmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qk6s0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroOcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BD8xZeXyeOZ61+6F3fntTov4ijDERzDKfhwBXW4hQY0gcEAnuEV3hzhvDjvzse8teQUM4fwB87nD1rfjVM=</latexit>...

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

|
<latexit sha1_base64="CzGkxWmibuLiYHmAAttB2YQtljo=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7Rjw4jGKWSAZQ0+nJ2nS0zN01whhyB948aCIV3/Eb/Dm39hZDpr4oODxXhVV9YJECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1T2OEu5HtK9EKBhFK909VLrFklt2pyDLxJuTEsxR6xa/Or2YpRFXyCQ1pu25CfoZ1SiY5ONCJzU8oWxI+7xtqaIRN342vXRMTqzSI2GsbSkkU/X3REYjY0ZRYDsjigOz6E3E/7x2iuGVnwmVpMgVmy0KU0kwJpO3SU9ozlCOLKFMC3srYQOqKUMbTsGG4C2+vEwalbJ3UT6/PStVg89ZHHk4gmM4BQ8uoQo3UIM6MAjhCV7g1Rk6z86b8z5rzTnzCA/hD5yPH3XKjgg=</latexit>

2

<latexit sha1_base64="fjGxiJfzCueskuRIVA72g6putvE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAg3qLYB6YXULvZDYZMjO7zMwKIeQvvHhQxKt/482/cZLsQaMFDUVVN91dUcqZNp735RSWlldW14rrpY3Nre2d8u5eUyeZIrRBEp6odoSaciZpwzDDaTtVFEXEaSsaXk391iNVmiXy3oxSGgrsSxYzgsZKD8E1CoGBZqJbrnhVbwb3L/FzUoEc9W75M+glJBNUGsJR647vpSYcozKMcDopBZmmKZIh9mnHUomC6nA8u3jiHlml58aJsiWNO1N/ToxRaD0Ske0UaAZ60ZuK/3mdzMSX4ZjJNDNUkvmiOOOuSdzp+26PKUoMH1mCRDF7q0sGqJAYG1LJhuAvvvyXNE+q/nn17O60UrvN4yjCARzCMfhwATW4gTo0gICEJ3iBV0c7z86b8z5vLTj5zD78gvPxDXiqkNM=</latexit>

� ⇠
<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2

<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2

<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2



Coherence in Inelastic Processes

<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i <latexit sha1_base64="dnDQlaKOGGlyUV0oPrcrjpAm5/o=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8KK3BMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDv1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2bssX9TOS5X7LI48HMExnIIHV1CBO6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCSKIzS</latexit>=
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="IfD4OfooBuCwNJZ7SNliz4szgCA=">AAAB83icbVDLSsNAFL3js9ZX1aWbwSK4KknxtREKbnRXwT6gCWUynbRDJ5MwMxFKyG+4caGIW3/GnX/jtM1CWw9cOJxzL/feEySCa+M432hldW19Y7O0Vd7e2d3brxwctnWcKspaNBax6gZEM8ElaxluBOsmipEoEKwTjG+nfueJKc1j+WgmCfMjMpQ85JQYK3k3XqgIzdw8q+f9StWpOTPgZeIWpAoFmv3KlzeIaRoxaaggWvdcJzF+RpThVLC87KWaJYSOyZD1LJUkYtrPZjfn+NQqAxzGypY0eKb+nshIpPUkCmxnRMxIL3pT8T+vl5rw2s+4TFLDJJ0vClOBTYynAeABV4waMbGEUMXtrZiOiE3B2JjKNgR38eVl0q7X3MvaxcN5tXFfxFGCYziBM3DhChpwB01oAYUEnuEV3lCKXtA7+pi3rqBi5gj+AH3+AMKmkYs=</latexit>

=
1

2

<latexit sha1_base64="mPH/n272RG2zpsuTUhl4g/EfLWs="></latexit>

| i =
Y 1p

2
(|gi+ |ei)

<latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

| <latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+ <latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+
<latexit sha1_base64="Ch11sbyQXJJlPpGP4sU6J7VxFq4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEr2PBi8eK1hbaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLK6tr6RnmzsrW9s7tX3T941EmmGDZZIhLVDqlGwSU2DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx077pur1rzXG8Gskz8gtSgQKNX/er2E5bFKA0TVOuO76UmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qk6s0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroOcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BD8xZeXyeOZ61+6F3fntTov4ijDERzDKfhwBXW4hQY0gcEAnuEV3hzhvDjvzse8teQUM4fwB87nD1rfjVM=</latexit>...

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

|
<latexit sha1_base64="CzGkxWmibuLiYHmAAttB2YQtljo=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7Rjw4jGKWSAZQ0+nJ2nS0zN01whhyB948aCIV3/Eb/Dm39hZDpr4oODxXhVV9YJECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1T2OEu5HtK9EKBhFK909VLrFklt2pyDLxJuTEsxR6xa/Or2YpRFXyCQ1pu25CfoZ1SiY5ONCJzU8oWxI+7xtqaIRN342vXRMTqzSI2GsbSkkU/X3REYjY0ZRYDsjigOz6E3E/7x2iuGVnwmVpMgVmy0KU0kwJpO3SU9ozlCOLKFMC3srYQOqKUMbTsGG4C2+vEwalbJ3UT6/PStVg89ZHHk4gmM4BQ8uoQo3UIM6MAjhCV7g1Rk6z86b8z5rzTnzCA/hD5yPH3XKjgg=</latexit>

2

<latexit sha1_base64="fjGxiJfzCueskuRIVA72g6putvE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAg3qLYB6YXULvZDYZMjO7zMwKIeQvvHhQxKt/482/cZLsQaMFDUVVN91dUcqZNp735RSWlldW14rrpY3Nre2d8u5eUyeZIrRBEp6odoSaciZpwzDDaTtVFEXEaSsaXk391iNVmiXy3oxSGgrsSxYzgsZKD8E1CoGBZqJbrnhVbwb3L/FzUoEc9W75M+glJBNUGsJR647vpSYcozKMcDopBZmmKZIh9mnHUomC6nA8u3jiHlml58aJsiWNO1N/ToxRaD0Ske0UaAZ60ZuK/3mdzMSX4ZjJNDNUkvmiOOOuSdzp+26PKUoMH1mCRDF7q0sGqJAYG1LJhuAvvvyXNE+q/nn17O60UrvN4yjCARzCMfhwATW4gTo0gICEJ3iBV0c7z86b8z5vLTj5zD78gvPxDXiqkNM=</latexit>

� ⇠
<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2

<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2

<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2
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<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i <latexit sha1_base64="dnDQlaKOGGlyUV0oPrcrjpAm5/o=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8KK3BMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDv1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2bssX9TOS5X7LI48HMExnIIHV1CBO6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCSKIzS</latexit>=
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="IfD4OfooBuCwNJZ7SNliz4szgCA=">AAAB83icbVDLSsNAFL3js9ZX1aWbwSK4KknxtREKbnRXwT6gCWUynbRDJ5MwMxFKyG+4caGIW3/GnX/jtM1CWw9cOJxzL/feEySCa+M432hldW19Y7O0Vd7e2d3brxwctnWcKspaNBax6gZEM8ElaxluBOsmipEoEKwTjG+nfueJKc1j+WgmCfMjMpQ85JQYK3k3XqgIzdw8q+f9StWpOTPgZeIWpAoFmv3KlzeIaRoxaaggWvdcJzF+RpThVLC87KWaJYSOyZD1LJUkYtrPZjfn+NQqAxzGypY0eKb+nshIpPUkCmxnRMxIL3pT8T+vl5rw2s+4TFLDJJ0vClOBTYynAeABV4waMbGEUMXtrZiOiE3B2JjKNgR38eVl0q7X3MvaxcN5tXFfxFGCYziBM3DhChpwB01oAYUEnuEV3lCKXtA7+pi3rqBi5gj+AH3+AMKmkYs=</latexit>

=
1

2

<latexit sha1_base64="mPH/n272RG2zpsuTUhl4g/EfLWs="></latexit>

| i =
Y 1p

2
(|gi+ |ei)

<latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

| <latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+ <latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+
<latexit sha1_base64="Ch11sbyQXJJlPpGP4sU6J7VxFq4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEr2PBi8eK1hbaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLK6tr6RnmzsrW9s7tX3T941EmmGDZZIhLVDqlGwSU2DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx077pur1rzXG8Gskz8gtSgQKNX/er2E5bFKA0TVOuO76UmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qk6s0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroOcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BD8xZeXyeOZ61+6F3fntTov4ijDERzDKfhwBXW4hQY0gcEAnuEV3hzhvDjvzse8teQUM4fwB87nD1rfjVM=</latexit>...

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

|
<latexit sha1_base64="CzGkxWmibuLiYHmAAttB2YQtljo=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7Rjw4jGKWSAZQ0+nJ2nS0zN01whhyB948aCIV3/Eb/Dm39hZDpr4oODxXhVV9YJECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1T2OEu5HtK9EKBhFK909VLrFklt2pyDLxJuTEsxR6xa/Or2YpRFXyCQ1pu25CfoZ1SiY5ONCJzU8oWxI+7xtqaIRN342vXRMTqzSI2GsbSkkU/X3REYjY0ZRYDsjigOz6E3E/7x2iuGVnwmVpMgVmy0KU0kwJpO3SU9ozlCOLKFMC3srYQOqKUMbTsGG4C2+vEwalbJ3UT6/PStVg89ZHHk4gmM4BQ8uoQo3UIM6MAjhCV7g1Rk6z86b8z5rzTnzCA/hD5yPH3XKjgg=</latexit>

2

<latexit sha1_base64="fjGxiJfzCueskuRIVA72g6putvE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAg3qLYB6YXULvZDYZMjO7zMwKIeQvvHhQxKt/482/cZLsQaMFDUVVN91dUcqZNp735RSWlldW14rrpY3Nre2d8u5eUyeZIrRBEp6odoSaciZpwzDDaTtVFEXEaSsaXk391iNVmiXy3oxSGgrsSxYzgsZKD8E1CoGBZqJbrnhVbwb3L/FzUoEc9W75M+glJBNUGsJR647vpSYcozKMcDopBZmmKZIh9mnHUomC6nA8u3jiHlml58aJsiWNO1N/ToxRaD0Ske0UaAZ60ZuK/3mdzMSX4ZjJNDNUkvmiOOOuSdzp+26PKUoMH1mCRDF7q0sGqJAYG1LJhuAvvvyXNE+q/nn17O60UrvN4yjCARzCMfhwATW4gTo0gICEJ3iBV0c7z86b8z5vLTj5zD78gvPxDXiqkNM=</latexit>

� ⇠
<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2

<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2

<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2
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<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i <latexit sha1_base64="dnDQlaKOGGlyUV0oPrcrjpAm5/o=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8KK3BMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDv1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2bssX9TOS5X7LI48HMExnIIHV1CBO6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCSKIzS</latexit>=
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="IfD4OfooBuCwNJZ7SNliz4szgCA=">AAAB83icbVDLSsNAFL3js9ZX1aWbwSK4KknxtREKbnRXwT6gCWUynbRDJ5MwMxFKyG+4caGIW3/GnX/jtM1CWw9cOJxzL/feEySCa+M432hldW19Y7O0Vd7e2d3brxwctnWcKspaNBax6gZEM8ElaxluBOsmipEoEKwTjG+nfueJKc1j+WgmCfMjMpQ85JQYK3k3XqgIzdw8q+f9StWpOTPgZeIWpAoFmv3KlzeIaRoxaaggWvdcJzF+RpThVLC87KWaJYSOyZD1LJUkYtrPZjfn+NQqAxzGypY0eKb+nshIpPUkCmxnRMxIL3pT8T+vl5rw2s+4TFLDJJ0vClOBTYynAeABV4waMbGEUMXtrZiOiE3B2JjKNgR38eVl0q7X3MvaxcN5tXFfxFGCYziBM3DhChpwB01oAYUEnuEV3lCKXtA7+pi3rqBi5gj+AH3+AMKmkYs=</latexit>

=
1

2

<latexit sha1_base64="mPH/n272RG2zpsuTUhl4g/EfLWs="></latexit>

| i =
Y 1p

2
(|gi+ |ei)

<latexit sha1_base64="o4kRBgbDuWkTeLvO5pWTppTajUE=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiSlPjZCwY1upIJ9QJuWyXTSDp1MwsxEKSH/4caFIm79F3f+jdM2C209cOFwzr3ce48Xcaa0bX9buZXVtfWN/GZha3tnd6+4f9BUYSwJbZCQh7LtYUU5E7Shmea0HUmKA4/Tlje+nvqtRyoVC8WDnkTUDfBQMJ8RrI3Uu+r6EpPkrldJk2raL5bssj0DWiZORkqQod4vfnUHIYkDKjThWKmOY0faTbDUjHCaFrqxohEmYzykHUMFDqhyk9nVKToxygD5oTQlNJqpvycSHCg1CTzTGWA9UoveVPzP68Tav3QTJqJYU0Hmi/yYIx2iaQRowCQlmk8MwUQycysiI2xy0CaoggnBWXx5mTQrZee8fHZfLdVuszjycATHcAoOXEANbqAODSAg4Rle4c16sl6sd+tj3pqzsplD+APr8wcfBpJO</latexit>

=
N2

4

<latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

| <latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+ <latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+
<latexit sha1_base64="Ch11sbyQXJJlPpGP4sU6J7VxFq4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEr2PBi8eK1hbaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLK6tr6RnmzsrW9s7tX3T941EmmGDZZIhLVDqlGwSU2DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx077pur1rzXG8Gskz8gtSgQKNX/er2E5bFKA0TVOuO76UmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qk6s0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroOcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BD8xZeXyeOZ61+6F3fntTov4ijDERzDKfhwBXW4hQY0gcEAnuEV3hzhvDjvzse8teQUM4fwB87nD1rfjVM=</latexit>...

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

|
<latexit sha1_base64="CzGkxWmibuLiYHmAAttB2YQtljo=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7Rjw4jGKWSAZQ0+nJ2nS0zN01whhyB948aCIV3/Eb/Dm39hZDpr4oODxXhVV9YJECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1T2OEu5HtK9EKBhFK909VLrFklt2pyDLxJuTEsxR6xa/Or2YpRFXyCQ1pu25CfoZ1SiY5ONCJzU8oWxI+7xtqaIRN342vXRMTqzSI2GsbSkkU/X3REYjY0ZRYDsjigOz6E3E/7x2iuGVnwmVpMgVmy0KU0kwJpO3SU9ozlCOLKFMC3srYQOqKUMbTsGG4C2+vEwalbJ3UT6/PStVg89ZHHk4gmM4BQ8uoQo3UIM6MAjhCV7g1Rk6z86b8z5rzTnzCA/hD5yPH3XKjgg=</latexit>

2

<latexit sha1_base64="fjGxiJfzCueskuRIVA72g6putvE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAg3qLYB6YXULvZDYZMjO7zMwKIeQvvHhQxKt/482/cZLsQaMFDUVVN91dUcqZNp735RSWlldW14rrpY3Nre2d8u5eUyeZIrRBEp6odoSaciZpwzDDaTtVFEXEaSsaXk391iNVmiXy3oxSGgrsSxYzgsZKD8E1CoGBZqJbrnhVbwb3L/FzUoEc9W75M+glJBNUGsJR647vpSYcozKMcDopBZmmKZIh9mnHUomC6nA8u3jiHlml58aJsiWNO1N/ToxRaD0Ske0UaAZ60ZuK/3mdzMSX4ZjJNDNUkvmiOOOuSdzp+26PKUoMH1mCRDF7q0sGqJAYG1LJhuAvvvyXNE+q/nn17O60UrvN4yjCARzCMfhwATW4gTo0gICEJ3iBV0c7z86b8z5vLTj5zD78gvPxDXiqkNM=</latexit>

� ⇠
<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2

<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2

<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2



Coherence in Inelastic Processes

Coherent Excitation

<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i <latexit sha1_base64="dnDQlaKOGGlyUV0oPrcrjpAm5/o=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8KK3BMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDv1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2bssX9TOS5X7LI48HMExnIIHV1CBO6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCSKIzS</latexit>=
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="IfD4OfooBuCwNJZ7SNliz4szgCA=">AAAB83icbVDLSsNAFL3js9ZX1aWbwSK4KknxtREKbnRXwT6gCWUynbRDJ5MwMxFKyG+4caGIW3/GnX/jtM1CWw9cOJxzL/feEySCa+M432hldW19Y7O0Vd7e2d3brxwctnWcKspaNBax6gZEM8ElaxluBOsmipEoEKwTjG+nfueJKc1j+WgmCfMjMpQ85JQYK3k3XqgIzdw8q+f9StWpOTPgZeIWpAoFmv3KlzeIaRoxaaggWvdcJzF+RpThVLC87KWaJYSOyZD1LJUkYtrPZjfn+NQqAxzGypY0eKb+nshIpPUkCmxnRMxIL3pT8T+vl5rw2s+4TFLDJJ0vClOBTYynAeABV4waMbGEUMXtrZiOiE3B2JjKNgR38eVl0q7X3MvaxcN5tXFfxFGCYziBM3DhChpwB01oAYUEnuEV3lCKXtA7+pi3rqBi5gj+AH3+AMKmkYs=</latexit>

=
1

2

<latexit sha1_base64="mPH/n272RG2zpsuTUhl4g/EfLWs="></latexit>

| i =
Y 1p

2
(|gi+ |ei)

<latexit sha1_base64="o4kRBgbDuWkTeLvO5pWTppTajUE=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiSlPjZCwY1upIJ9QJuWyXTSDp1MwsxEKSH/4caFIm79F3f+jdM2C209cOFwzr3ce48Xcaa0bX9buZXVtfWN/GZha3tnd6+4f9BUYSwJbZCQh7LtYUU5E7Shmea0HUmKA4/Tlje+nvqtRyoVC8WDnkTUDfBQMJ8RrI3Uu+r6EpPkrldJk2raL5bssj0DWiZORkqQod4vfnUHIYkDKjThWKmOY0faTbDUjHCaFrqxohEmYzykHUMFDqhyk9nVKToxygD5oTQlNJqpvycSHCg1CTzTGWA9UoveVPzP68Tav3QTJqJYU0Hmi/yYIx2iaQRowCQlmk8MwUQycysiI2xy0CaoggnBWXx5mTQrZee8fHZfLdVuszjycATHcAoOXEANbqAODSAg4Rle4c16sl6sd+tj3pqzsplD+APr8wcfBpJO</latexit>

=
N2

4

<latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

| <latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+ <latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+
<latexit sha1_base64="Ch11sbyQXJJlPpGP4sU6J7VxFq4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEr2PBi8eK1hbaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLK6tr6RnmzsrW9s7tX3T941EmmGDZZIhLVDqlGwSU2DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx077pur1rzXG8Gskz8gtSgQKNX/er2E5bFKA0TVOuO76UmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qk6s0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroOcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BD8xZeXyeOZ61+6F3fntTov4ijDERzDKfhwBXW4hQY0gcEAnuEV3hzhvDjvzse8teQUM4fwB87nD1rfjVM=</latexit>...

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

|
<latexit sha1_base64="CzGkxWmibuLiYHmAAttB2YQtljo=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7Rjw4jGKWSAZQ0+nJ2nS0zN01whhyB948aCIV3/Eb/Dm39hZDpr4oODxXhVV9YJECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1T2OEu5HtK9EKBhFK909VLrFklt2pyDLxJuTEsxR6xa/Or2YpRFXyCQ1pu25CfoZ1SiY5ONCJzU8oWxI+7xtqaIRN342vXRMTqzSI2GsbSkkU/X3REYjY0ZRYDsjigOz6E3E/7x2iuGVnwmVpMgVmy0KU0kwJpO3SU9ozlCOLKFMC3srYQOqKUMbTsGG4C2+vEwalbJ3UT6/PStVg89ZHHk4gmM4BQ8uoQo3UIM6MAjhCV7g1Rk6z86b8z5rzTnzCA/hD5yPH3XKjgg=</latexit>

2

<latexit sha1_base64="fjGxiJfzCueskuRIVA72g6putvE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAg3qLYB6YXULvZDYZMjO7zMwKIeQvvHhQxKt/482/cZLsQaMFDUVVN91dUcqZNp735RSWlldW14rrpY3Nre2d8u5eUyeZIrRBEp6odoSaciZpwzDDaTtVFEXEaSsaXk391iNVmiXy3oxSGgrsSxYzgsZKD8E1CoGBZqJbrnhVbwb3L/FzUoEc9W75M+glJBNUGsJR647vpSYcozKMcDopBZmmKZIh9mnHUomC6nA8u3jiHlml58aJsiWNO1N/ToxRaD0Ske0UaAZ60ZuK/3mdzMSX4ZjJNDNUkvmiOOOuSdzp+26PKUoMH1mCRDF7q0sGqJAYG1LJhuAvvvyXNE+q/nn17O60UrvN4yjCARzCMfhwATW4gTo0gICEJ3iBV0c7z86b8z5vLTj5zD78gvPxDXiqkNM=</latexit>

� ⇠
<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2

<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2

<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2



Coherence in Inelastic Processes

<latexit sha1_base64="mPH/n272RG2zpsuTUhl4g/EfLWs="></latexit>

| i =
Y 1p

2
(|gi+ |ei)

Coherent De-excitation
<latexit sha1_base64="o4kRBgbDuWkTeLvO5pWTppTajUE=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiSlPjZCwY1upIJ9QJuWyXTSDp1MwsxEKSH/4caFIm79F3f+jdM2C209cOFwzr3ce48Xcaa0bX9buZXVtfWN/GZha3tnd6+4f9BUYSwJbZCQh7LtYUU5E7Shmea0HUmKA4/Tlje+nvqtRyoVC8WDnkTUDfBQMJ8RrI3Uu+r6EpPkrldJk2raL5bssj0DWiZORkqQod4vfnUHIYkDKjThWKmOY0faTbDUjHCaFrqxohEmYzykHUMFDqhyk9nVKToxygD5oTQlNJqpvycSHCg1CTzTGWA9UoveVPzP68Tav3QTJqJYU0Hmi/yYIx2iaQRowCQlmk8MwUQycysiI2xy0CaoggnBWXx5mTQrZee8fHZfLdVuszjycATHcAoOXEANbqAODSAg4Rle4c16sl6sd+tj3pqzsplD+APr8wcfBpJO</latexit>

=
N2

4

<latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

| <latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+ <latexit sha1_base64="uLsXVE5FV5u4Y0fAjarUZKoKc9U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6SLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSTvzThGP6QDyfucUWOl2lm3WHLL7gxkmXgZKUGGarf41elFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10duiEnFilR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/46dcxolByeaL+okgJiLTr0mPK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqjxkceThCI7hFDy4hgrcQRXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3uwjNA=</latexit>

+
<latexit sha1_base64="Ch11sbyQXJJlPpGP4sU6J7VxFq4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEr2PBi8eK1hbaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLK6tr6RnmzsrW9s7tX3T941EmmGDZZIhLVDqlGwSU2DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx077pur1rzXG8Gskz8gtSgQKNX/er2E5bFKA0TVOuO76UmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qk6s0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroOcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BD8xZeXyeOZ61+6F3fntTov4ijDERzDKfhwBXW4hQY0gcEAnuEV3hzhvDjvzse8teQUM4fwB87nD1rfjVM=</latexit>...

<latexit sha1_base64="iU9X+SuiDCIkbmuWNq7Ecq/MM9E=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV8OM+FoW3LisYB/QDiWTZtrQzGRM7hTK2N/hxoUibv0x7vw3po+Fth4IfJxzQ25OmEph0PO+nZXVtfWNzcJWcXtnd2+/dHBYNyrTjNeYkko3Q2q4FAmvoUDJm6nmNA4lb4SD20neGHJthEoecJTyIKa9RESCUbRW0JY8wqe2Fr0+up1S2XO9qcgy+HMow1zVTumr3VUsi3mCTFJjWr6XYpBTjYJJPi62M8NTyga0x1sWExpzE+TTpcfk1DpdEiltT4Jk6v6+kdPYmFEc2smYYt8sZhPzv6yVYXQT5CJJM+QJmz0UZZKgIpMGSFdozlCOLFCmhd2VsD7VlKHtqWhL8Be/vAz1c9e/ci/vL8oVVZnVUYBjOIEz8OEaKnAHVagBg0d4hld4c4bOi/PufMxGV5x5hUfwR87nDwUXkp4=</latexit>

|
<latexit sha1_base64="CzGkxWmibuLiYHmAAttB2YQtljo=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7Rjw4jGKWSAZQ0+nJ2nS0zN01whhyB948aCIV3/Eb/Dm39hZDpr4oODxXhVV9YJECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1T2OEu5HtK9EKBhFK909VLrFklt2pyDLxJuTEsxR6xa/Or2YpRFXyCQ1pu25CfoZ1SiY5ONCJzU8oWxI+7xtqaIRN342vXRMTqzSI2GsbSkkU/X3REYjY0ZRYDsjigOz6E3E/7x2iuGVnwmVpMgVmy0KU0kwJpO3SU9ozlCOLKFMC3srYQOqKUMbTsGG4C2+vEwalbJ3UT6/PStVg89ZHHk4gmM4BQ8uoQo3UIM6MAjhCV7g1Rk6z86b8z5rzTnzCA/hD5yPH3XKjgg=</latexit>

2

<latexit sha1_base64="fjGxiJfzCueskuRIVA72g6putvE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAg3qLYB6YXULvZDYZMjO7zMwKIeQvvHhQxKt/482/cZLsQaMFDUVVN91dUcqZNp735RSWlldW14rrpY3Nre2d8u5eUyeZIrRBEp6odoSaciZpwzDDaTtVFEXEaSsaXk391iNVmiXy3oxSGgrsSxYzgsZKD8E1CoGBZqJbrnhVbwb3L/FzUoEc9W75M+glJBNUGsJR647vpSYcozKMcDopBZmmKZIh9mnHUomC6nA8u3jiHlml58aJsiWNO1N/ToxRaD0Ske0UaAZ60ZuK/3mdzMSX4ZjJNDNUkvmiOOOuSdzp+26PKUoMH1mCRDF7q0sGqJAYG1LJhuAvvvyXNE+q/nn17O60UrvN4yjCARzCMfhwATW4gTo0gICEJ3iBV0c7z86b8z5vLTj5zD78gvPxDXiqkNM=</latexit>

� ⇠
<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2

<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2

<latexit sha1_base64="gB5m1ELdm59RoEcX0Xh8bOB9Jtk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaT4Whbc6K6CfUATymQ6aYdOJnHmRiwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPqi0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWRK81jewyRhfkSGkoecEjBS3654oSI0c/PM0w8Ksnqe9+2qU3NmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBUsL3upZgmhYzJkPUMliZj2s9ntOT4xygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zeimEV37GZZICk3S+KEwFhhhPg8ADrhgFMTGEUMXNrZiOiAkDTFxlE4K7+PIyaddr7kXt/O6s2rgt4iihI3SMTpGLLlED3aAmaiGKntAzekVvVm69WO/Wx7x1xSpmDtEfWJ8/m4qU2Q==</latexit>

1p
2

<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i <latexit sha1_base64="dnDQlaKOGGlyUV0oPrcrjpAm5/o=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8KK3BMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDv1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2bssX9TOS5X7LI48HMExnIIHV1CBO6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCSKIzS</latexit>=
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="v2758wXl9TRAUBZ78tZmLRb3ANo=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OngoePFYwX5AE8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1PBNbrut7Wyura+sVnaKm/v7O7tVw4OmzrJFGUNmohEtUOimeCSNZCjYO1UMRKHgrXC4d3Ub42Y0jyRjzhOWRCTvuQRpwSNFPiCRXjrK94foNOtVF3HncFeJl5BqlCg3q18+b2EZjGTSAXRuuO5KQY5UcipYJOyn2mWEjokfdYxVJKY6SCfHT2xT43Ss6NEmZJoz9TfEzmJtR7HoemMCQ70ojcV//M6GUY3Qc5lmiGTdL4oyoSNiT1NwO5xxSiKsSGEKm5utemAKELR5FQ2IXiLLy+T5rnjXTmXDxfVGi/iKMExnMAZeHANNbiHOjSAwhM8wyu8WSPrxXq3PuatK1YxcwR/YH3+AI16khg=</latexit>

h
<latexit sha1_base64="sJxetrmRqf7HESNl17SpC2HmKck=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HQNePEYwC2SG0NOpSZr0LHbXBMKY7/DiQRGvfow3/8ZOMgdNfFDweK+KqnpBKoVGx/m2VlbX1jc2S1vl7Z3dvf3KwWFTJ5ni0OCJTFQ7YBqkiKGBAiW0UwUsCiS0guHt1G+NQGmRxA84TsGPWD8WoeAMjeR7EkJ88pToD9DuVqqO7cxAl4lbkCopUO9WvrxewrMIYuSSad1xnRT9nCkUXMKk7GUaUsaHrA8dQ2MWgfbz2dETemqUHg0TZSpGOlN/T+Qs0nocBaYzYjjQi95U/M/rZBje+LmI0wwh5vNFYSYpJnSaAO0JBRzl2BDGlTC3Uj5ginE0OZVNCO7iy8ukeW67V/bl/UW1Joo4SuSYnJAz4pJrUiN3pE4ahJNH8kxeyZs1sl6sd+tj3rpiFTNH5A+szx/wOpJY</latexit>

|
<latexit sha1_base64="X9w/20+pTcPBBa8vQTeE21yOVHI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUT8OknBi8cK9gOaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAqu0XW/rZXVtfWNzdJWeXtnd2+/cnDY1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUO76Z+a8SU5ol8xHHKgpj0JY84JWikwBcswltf8f4AnW6l6jruDPYy8QpShQL1buXL7yU0i5lEKojWHc9NMciJQk4Fm5T9TLOU0CHps46hksRMB/ns6Il9apSeHSXKlER7pv6eyEms9TgOTWdMcKAXvan4n9fJMLoJci7TDJmk80VRJmxM7GkCdo8rRlGMDSFUcXOrTQdEEYomp7IJwVt8eZk0zx3vyrl8uKjWeBFHCY7hBM7Ag2uowT3UoQEUnuAZXuHNGlkv1rv1MW9dsYqZI/gD6/MHkJCSGg==</latexit>

i
<latexit sha1_base64="IfD4OfooBuCwNJZ7SNliz4szgCA=">AAAB83icbVDLSsNAFL3js9ZX1aWbwSK4KknxtREKbnRXwT6gCWUynbRDJ5MwMxFKyG+4caGIW3/GnX/jtM1CWw9cOJxzL/feEySCa+M432hldW19Y7O0Vd7e2d3brxwctnWcKspaNBax6gZEM8ElaxluBOsmipEoEKwTjG+nfueJKc1j+WgmCfMjMpQ85JQYK3k3XqgIzdw8q+f9StWpOTPgZeIWpAoFmv3KlzeIaRoxaaggWvdcJzF+RpThVLC87KWaJYSOyZD1LJUkYtrPZjfn+NQqAxzGypY0eKb+nshIpPUkCmxnRMxIL3pT8T+vl5rw2s+4TFLDJJ0vClOBTYynAeABV4waMbGEUMXtrZiOiE3B2JjKNgR38eVl0q7X3MvaxcN5tXFfxFGCYziBM3DhChpwB01oAYUEnuEV3lCKXtA7+pi3rqBi5gj+AH3+AMKmkYs=</latexit>

=
1

2



Another regime



Another regime

<latexit sha1_base64="oyss+E1fGdWByX9qDWvfxxa2438=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy40V0F+4AmhMlk0g6dTMLMjbSE/IobF4q49Ufc+TdO2yy09cCFwzn3cu89QcqZAtv+Nipr6xubW9Xt2s7u3v6BeVjvqiSThHZIwhPZD7CinAnaAQac9lNJcRxw2gvGtzO/90SlYol4hGlKvRgPBYsYwaAl36y7QcLDfFz4LtAJ5EwUvtmwm/Yc1ipxStJAJdq++eWGCcliKoBwrNTAsVPwciyBEU6LmpspmmIyxkM60FTgmCovn99eWKdaCa0okboEWHP190SOY6WmcaA7YwwjtezNxP+8QQbRjaf/STOggiwWRRm3ILFmQVghk5QAn2qCiWT6VouMsMQEdFw1HYKz/PIq6Z43navm5cNFo3VfxlFFx+gEnSEHXaMWukNt1EEETdAzekVvRmG8GO/Gx6K1YpQzR+gPjM8fB6mVHw==</latexit>

kin



Another regime

<latexit sha1_base64="oyss+E1fGdWByX9qDWvfxxa2438=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy40V0F+4AmhMlk0g6dTMLMjbSE/IobF4q49Ufc+TdO2yy09cCFwzn3cu89QcqZAtv+Nipr6xubW9Xt2s7u3v6BeVjvqiSThHZIwhPZD7CinAnaAQac9lNJcRxw2gvGtzO/90SlYol4hGlKvRgPBYsYwaAl36y7QcLDfFz4LtAJ5EwUvtmwm/Yc1ipxStJAJdq++eWGCcliKoBwrNTAsVPwciyBEU6LmpspmmIyxkM60FTgmCovn99eWKdaCa0okboEWHP190SOY6WmcaA7YwwjtezNxP+8QQbRjaf/STOggiwWRRm3ILFmQVghk5QAn2qCiWT6VouMsMQEdFw1HYKz/PIq6Z43navm5cNFo3VfxlFFx+gEnSEHXaMWukNt1EEETdAzekVvRmG8GO/Gx6K1YpQzR+gPjM8fB6mVHw==</latexit>

kin



Another regime

<latexit sha1_base64="PS9q3MU9dUEhcnQpc/niGXpJr4s=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy40V0F+4AmhMlk0g6dZMLMjVhC/BU3LhRx64e482+ctllo64ELh3Pu5d57gpQzBbb9bVRWVtfWN6qbta3tnd09c/+gq0QmCe0QwYXsB1hRzhLaAQac9lNJcRxw2gvG11O/90ClYiK5h0lKvRgPExYxgkFLvll3A8HDfFz4LtBHyEUGhW827KY9g7VMnJI0UIm2b365oSBZTBMgHCs1cOwUvBxLYITTouZmiqaYjPGQDjRNcEyVl8+OL6xjrYRWJKSuBKyZ+nsix7FSkzjQnTGGkVr0puJ/3iCD6MrLWZJmQBMyXxRl3AJhTZOwQiYpAT7RBBPJ9K0WGWGJCei8ajoEZ/HlZdI9bToXzfO7s0brtoyjig7RETpBDrpELXSD2qiDCJqgZ/SK3own48V4Nz7mrRWjnKmjPzA+fwD4GJWq</latexit>

kout

<latexit sha1_base64="oyss+E1fGdWByX9qDWvfxxa2438=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy40V0F+4AmhMlk0g6dTMLMjbSE/IobF4q49Ufc+TdO2yy09cCFwzn3cu89QcqZAtv+Nipr6xubW9Xt2s7u3v6BeVjvqiSThHZIwhPZD7CinAnaAQac9lNJcRxw2gvGtzO/90SlYol4hGlKvRgPBYsYwaAl36y7QcLDfFz4LtAJ5EwUvtmwm/Yc1ipxStJAJdq++eWGCcliKoBwrNTAsVPwciyBEU6LmpspmmIyxkM60FTgmCovn99eWKdaCa0okboEWHP190SOY6WmcaA7YwwjtezNxP+8QQbRjaf/STOggiwWRRm3ILFmQVghk5QAn2qCiWT6VouMsMQEdFw1HYKz/PIq6Z43navm5cNFo3VfxlFFx+gEnSEHXaMWukNt1EEETdAzekVvRmG8GO/Gx6K1YpQzR+gPjM8fB6mVHw==</latexit>

kin



Another regime

<latexit sha1_base64="PS9q3MU9dUEhcnQpc/niGXpJr4s=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy40V0F+4AmhMlk0g6dZMLMjVhC/BU3LhRx64e482+ctllo64ELh3Pu5d57gpQzBbb9bVRWVtfWN6qbta3tnd09c/+gq0QmCe0QwYXsB1hRzhLaAQac9lNJcRxw2gvG11O/90ClYiK5h0lKvRgPExYxgkFLvll3A8HDfFz4LtBHyEUGhW827KY9g7VMnJI0UIm2b365oSBZTBMgHCs1cOwUvBxLYITTouZmiqaYjPGQDjRNcEyVl8+OL6xjrYRWJKSuBKyZ+nsix7FSkzjQnTGGkVr0puJ/3iCD6MrLWZJmQBMyXxRl3AJhTZOwQiYpAT7RBBPJ9K0WGWGJCei8ajoEZ/HlZdI9bToXzfO7s0brtoyjig7RETpBDrpELXSD2qiDCJqgZ/SK3own48V4Nz7mrRWjnKmjPzA+fwD4GJWq</latexit>

kout
<latexit sha1_base64="mxEwjL82AnWmOolaZubSRobPv90=">AAACGHicbVDLSgMxFM3UV62vUZduBovgxjojvjZCwY3uKtgHtGXIZNI2NJOMyR2xDPMZbvwVNy4Ucdudf2P6WGjrgcDhnHu5OSeIOdPgut9WbmFxaXklv1pYW9/Y3LK3d2paJorQKpFcqkaANeVM0Cow4LQRK4qjgNN60L8e+fVHqjST4h4GMW1HuCtYhxEMRvLt41YgeZg+ZFcT0s/8FtAnSJnIjmYkmUDm20W35I7hzBNvSopoiopvD1uhJElEBRCOtW56bgztFCtghNOs0Eo0jTHp4y5tGipwRHU7HQfLnAOjhE5HKvMEOGP190aKI60HUWAmIww9PeuNxP+8ZgKdy7bJGCdABZkc6iTcAemMWnJCpigBPjAEE8XMXx3SwwoTMF0WTAnebOR5Ujspeeels7vTYvl2Wkce7aF9dIg8dIHK6AZVUBUR9Ixe0Tv6sF6sN+vT+pqM5qzpzi76A2v4A+6QokE=</latexit>

q = kin � kout

<latexit sha1_base64="oyss+E1fGdWByX9qDWvfxxa2438=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy40V0F+4AmhMlk0g6dTMLMjbSE/IobF4q49Ufc+TdO2yy09cCFwzn3cu89QcqZAtv+Nipr6xubW9Xt2s7u3v6BeVjvqiSThHZIwhPZD7CinAnaAQac9lNJcRxw2gvGtzO/90SlYol4hGlKvRgPBYsYwaAl36y7QcLDfFz4LtAJ5EwUvtmwm/Yc1ipxStJAJdq++eWGCcliKoBwrNTAsVPwciyBEU6LmpspmmIyxkM60FTgmCovn99eWKdaCa0okboEWHP190SOY6WmcaA7YwwjtezNxP+8QQbRjaf/STOggiwWRRm3ILFmQVghk5QAn2qCiWT6VouMsMQEdFw1HYKz/PIq6Z43navm5cNFo3VfxlFFx+gEnSEHXaMWukNt1EEETdAzekVvRmG8GO/Gx6K1YpQzR+gPjM8fB6mVHw==</latexit>

kin



Another regime

<latexit sha1_base64="PS9q3MU9dUEhcnQpc/niGXpJr4s=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy40V0F+4AmhMlk0g6dZMLMjVhC/BU3LhRx64e482+ctllo64ELh3Pu5d57gpQzBbb9bVRWVtfWN6qbta3tnd09c/+gq0QmCe0QwYXsB1hRzhLaAQac9lNJcRxw2gvG11O/90ClYiK5h0lKvRgPExYxgkFLvll3A8HDfFz4LtBHyEUGhW827KY9g7VMnJI0UIm2b365oSBZTBMgHCs1cOwUvBxLYITTouZmiqaYjPGQDjRNcEyVl8+OL6xjrYRWJKSuBKyZ+nsix7FSkzjQnTGGkVr0puJ/3iCD6MrLWZJmQBMyXxRl3AJhTZOwQiYpAT7RBBPJ9K0WGWGJCei8ajoEZ/HlZdI9bToXzfO7s0brtoyjig7RETpBDrpELXSD2qiDCJqgZ/SK3own48V4Nz7mrRWjnKmjPzA+fwD4GJWq</latexit>

kout
<latexit sha1_base64="mxEwjL82AnWmOolaZubSRobPv90=">AAACGHicbVDLSgMxFM3UV62vUZduBovgxjojvjZCwY3uKtgHtGXIZNI2NJOMyR2xDPMZbvwVNy4Ucdudf2P6WGjrgcDhnHu5OSeIOdPgut9WbmFxaXklv1pYW9/Y3LK3d2paJorQKpFcqkaANeVM0Cow4LQRK4qjgNN60L8e+fVHqjST4h4GMW1HuCtYhxEMRvLt41YgeZg+ZFcT0s/8FtAnSJnIjmYkmUDm20W35I7hzBNvSopoiopvD1uhJElEBRCOtW56bgztFCtghNOs0Eo0jTHp4y5tGipwRHU7HQfLnAOjhE5HKvMEOGP190aKI60HUWAmIww9PeuNxP+8ZgKdy7bJGCdABZkc6iTcAemMWnJCpigBPjAEE8XMXx3SwwoTMF0WTAnebOR5Ujspeeels7vTYvl2Wkce7aF9dIg8dIHK6AZVUBUR9Ixe0Tv6sF6sN+vT+pqM5qzpzi76A2v4A+6QokE=</latexit>

q = kin � kout

Coherence for a small  around 

for which 

dΩ kin
q ≪ R−1

<latexit sha1_base64="oyss+E1fGdWByX9qDWvfxxa2438=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy40V0F+4AmhMlk0g6dTMLMjbSE/IobF4q49Ufc+TdO2yy09cCFwzn3cu89QcqZAtv+Nipr6xubW9Xt2s7u3v6BeVjvqiSThHZIwhPZD7CinAnaAQac9lNJcRxw2gvGtzO/90SlYol4hGlKvRgPBYsYwaAl36y7QcLDfFz4LtAJ5EwUvtmwm/Yc1ipxStJAJdq++eWGCcliKoBwrNTAsVPwciyBEU6LmpspmmIyxkM60FTgmCovn99eWKdaCa0okboEWHP190SOY6WmcaA7YwwjtezNxP+8QQbRjaf/STOggiwWRRm3ILFmQVghk5QAn2qCiWT6VouMsMQEdFw1HYKz/PIq6Z43navm5cNFo3VfxlFFx+gEnSEHXaMWukNt1EEETdAzekVvRmG8GO/Gx6K1YpQzR+gPjM8fB6mVHw==</latexit>

kin



Another regime

<latexit sha1_base64="PS9q3MU9dUEhcnQpc/niGXpJr4s=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy40V0F+4AmhMlk0g6dZMLMjVhC/BU3LhRx64e482+ctllo64ELh3Pu5d57gpQzBbb9bVRWVtfWN6qbta3tnd09c/+gq0QmCe0QwYXsB1hRzhLaAQac9lNJcRxw2gvG11O/90ClYiK5h0lKvRgPExYxgkFLvll3A8HDfFz4LtBHyEUGhW827KY9g7VMnJI0UIm2b365oSBZTBMgHCs1cOwUvBxLYITTouZmiqaYjPGQDjRNcEyVl8+OL6xjrYRWJKSuBKyZ+nsix7FSkzjQnTGGkVr0puJ/3iCD6MrLWZJmQBMyXxRl3AJhTZOwQiYpAT7RBBPJ9K0WGWGJCei8ajoEZ/HlZdI9bToXzfO7s0brtoyjig7RETpBDrpELXSD2qiDCJqgZ/SK3own48V4Nz7mrRWjnKmjPzA+fwD4GJWq</latexit>

kout
<latexit sha1_base64="mxEwjL82AnWmOolaZubSRobPv90=">AAACGHicbVDLSgMxFM3UV62vUZduBovgxjojvjZCwY3uKtgHtGXIZNI2NJOMyR2xDPMZbvwVNy4Ucdudf2P6WGjrgcDhnHu5OSeIOdPgut9WbmFxaXklv1pYW9/Y3LK3d2paJorQKpFcqkaANeVM0Cow4LQRK4qjgNN60L8e+fVHqjST4h4GMW1HuCtYhxEMRvLt41YgeZg+ZFcT0s/8FtAnSJnIjmYkmUDm20W35I7hzBNvSopoiopvD1uhJElEBRCOtW56bgztFCtghNOs0Eo0jTHp4y5tGipwRHU7HQfLnAOjhE5HKvMEOGP190aKI60HUWAmIww9PeuNxP+8ZgKdy7bJGCdABZkc6iTcAemMWnJCpigBPjAEE8XMXx3SwwoTMF0WTAnebOR5Ujspeeels7vTYvl2Wkce7aF9dIg8dIHK6AZVUBUR9Ixe0Tv6sF6sN+vT+pqM5qzpzi76A2v4A+6QokE=</latexit>

q = kin � kout

Coherence for a small  around 

for which 

dΩ kin
q ≪ R−1

<latexit sha1_base64="A5KxuNplI9RErQi6WAoqI7LxA4U="></latexit>

� /
�
nR3

�2
✓

1

kR

◆2

⇠ n2�2R4

<latexit sha1_base64="oyss+E1fGdWByX9qDWvfxxa2438=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy40V0F+4AmhMlk0g6dTMLMjbSE/IobF4q49Ufc+TdO2yy09cCFwzn3cu89QcqZAtv+Nipr6xubW9Xt2s7u3v6BeVjvqiSThHZIwhPZD7CinAnaAQac9lNJcRxw2gvGtzO/90SlYol4hGlKvRgPBYsYwaAl36y7QcLDfFz4LtAJ5EwUvtmwm/Yc1ipxStJAJdq++eWGCcliKoBwrNTAsVPwciyBEU6LmpspmmIyxkM60FTgmCovn99eWKdaCa0okboEWHP190SOY6WmcaA7YwwjtezNxP+8QQbRjaf/STOggiwWRRm3ILFmQVghk5QAn2qCiWT6VouMsMQEdFw1HYKz/PIq6Z43navm5cNFo3VfxlFFx+gEnSEHXaMWukNt1EEETdAzekVvRmG8GO/Gx6K1YpQzR+gPjM8fB6mVHw==</latexit>

kin



Another regime
<latexit sha1_base64="UAmjhbmb8+IVp/HxKFa8g4DGd98="></latexit>

kout =
�
k2in ± 2m!0

�1/2



Another regime
<latexit sha1_base64="UAmjhbmb8+IVp/HxKFa8g4DGd98="></latexit>

kout =
�
k2in ± 2m!0

�1/2

<latexit sha1_base64="qH3nWThODqS8l29Ty5HW4jOzpao=">AAACBnicbVC7SgNBFJ31GeMrainCYBCs4q74KgM22kUwD8iGZXZykwzO7K4zd4MhpLLxV2wsFLH1G+z8GyePQhMPDBzOuZc754SJFAZd99uZm19YXFrOrGRX19Y3NnNb2xUTp5pDmccy1rWQGZAigjIKlFBLNDAVSqiGd5dDv9oFbUQc3WIvgYZi7Ui0BGdopSC3d++30dqK+rGCNgvco27gIzxgX0SDIJd3C+4IdJZ4E5InE5SC3JffjHmqIEIumTF1z02w0WcaBZcwyPqpgYTxO9aGuqURU2Aa/VGMAT2wSpO2Ym1fhHSk/t7oM2VMT4V2UjHsmGlvKP7n1VNsXTRsniRFiPj4UCuVFGM67IQ2hQaOsmcJ41rYv1LeYZpxtM1lbQnedORZUjkueGeF05uTfPF6UkeG7JJ9ckg8ck6K5IqUSJlw8kieySt5c56cF+fd+RiPzjmTnR3yB87nD6efmUk=</latexit>

q & !0/vin



Another regime
<latexit sha1_base64="UAmjhbmb8+IVp/HxKFa8g4DGd98="></latexit>

kout =
�
k2in ± 2m!0

�1/2

<latexit sha1_base64="qH3nWThODqS8l29Ty5HW4jOzpao=">AAACBnicbVC7SgNBFJ31GeMrainCYBCs4q74KgM22kUwD8iGZXZykwzO7K4zd4MhpLLxV2wsFLH1G+z8GyePQhMPDBzOuZc754SJFAZd99uZm19YXFrOrGRX19Y3NnNb2xUTp5pDmccy1rWQGZAigjIKlFBLNDAVSqiGd5dDv9oFbUQc3WIvgYZi7Ui0BGdopSC3d++30dqK+rGCNgvco27gIzxgX0SDIJd3C+4IdJZ4E5InE5SC3JffjHmqIEIumTF1z02w0WcaBZcwyPqpgYTxO9aGuqURU2Aa/VGMAT2wSpO2Ym1fhHSk/t7oM2VMT4V2UjHsmGlvKP7n1VNsXTRsniRFiPj4UCuVFGM67IQ2hQaOsmcJ41rYv1LeYZpxtM1lbQnedORZUjkueGeF05uTfPF6UkeG7JJ9ckg8ck6K5IqUSJlw8kieySt5c56cF+fd+RiPzjmTnR3yB87nD6efmUk=</latexit>

q & !0/vin
<latexit sha1_base64="pn83qiPbuu/G+1fxRQoh50AYBms=">AAACD3icbVC7TsMwFHV4U14FRhaLCsRUJYjXWIkFNkC0IDVV5Lg3rVU7ieybiirKH7DwKywMIMTKysbf4D4GXkeydHTOvbo+J0ylMOi6n87U9Mzs3PzCYmlpeWV1rby+0TBJpjnUeSITfRsyA1LEUEeBEm5TDUyFEm7C3unQv+mDNiKJr3GQQkuxTiwiwRlaKSjv+omCDgtcX4IxRijqR5rxvB/4CHeYi7go8qsiKFfcqjsC/Uu8CamQCS6C8offTnimIEYumTFNz02xlTONgksoSn5mIGW8xzrQtDRmCkwrH+Up6I5V2jRKtH0x0pH6fSNnypiBCu2kYtg1v72h+J/XzDA6adlMaYYQ8/GhKJMUEzosh7aFBo5yYAnjWti/Ut5ltg+0FZZsCd7vyH9JY7/qHVUPLw8qtfNJHQtki2yTPeKRY1IjZ+SC1Akn9+SRPJMX58F5cl6dt/HolDPZ2SQ/4Lx/AYO/nac=</latexit>

!0 . vin
R



Another regime
<latexit sha1_base64="UAmjhbmb8+IVp/HxKFa8g4DGd98="></latexit>

kout =
�
k2in ± 2m!0

�1/2

<latexit sha1_base64="qH3nWThODqS8l29Ty5HW4jOzpao=">AAACBnicbVC7SgNBFJ31GeMrainCYBCs4q74KgM22kUwD8iGZXZykwzO7K4zd4MhpLLxV2wsFLH1G+z8GyePQhMPDBzOuZc754SJFAZd99uZm19YXFrOrGRX19Y3NnNb2xUTp5pDmccy1rWQGZAigjIKlFBLNDAVSqiGd5dDv9oFbUQc3WIvgYZi7Ui0BGdopSC3d++30dqK+rGCNgvco27gIzxgX0SDIJd3C+4IdJZ4E5InE5SC3JffjHmqIEIumTF1z02w0WcaBZcwyPqpgYTxO9aGuqURU2Aa/VGMAT2wSpO2Ym1fhHSk/t7oM2VMT4V2UjHsmGlvKP7n1VNsXTRsniRFiPj4UCuVFGM67IQ2hQaOsmcJ41rYv1LeYZpxtM1lbQnedORZUjkueGeF05uTfPF6UkeG7JJ9ckg8ck6K5IqUSJlw8kieySt5c56cF+fd+RiPzjmTnR3yB87nD6efmUk=</latexit>

q & !0/vin
<latexit sha1_base64="pn83qiPbuu/G+1fxRQoh50AYBms=">AAACD3icbVC7TsMwFHV4U14FRhaLCsRUJYjXWIkFNkC0IDVV5Lg3rVU7ieybiirKH7DwKywMIMTKysbf4D4GXkeydHTOvbo+J0ylMOi6n87U9Mzs3PzCYmlpeWV1rby+0TBJpjnUeSITfRsyA1LEUEeBEm5TDUyFEm7C3unQv+mDNiKJr3GQQkuxTiwiwRlaKSjv+omCDgtcX4IxRijqR5rxvB/4CHeYi7go8qsiKFfcqjsC/Uu8CamQCS6C8offTnimIEYumTFNz02xlTONgksoSn5mIGW8xzrQtDRmCkwrH+Up6I5V2jRKtH0x0pH6fSNnypiBCu2kYtg1v72h+J/XzDA6adlMaYYQ8/GhKJMUEzosh7aFBo5yYAnjWti/Ut5ltg+0FZZsCd7vyH9JY7/qHVUPLw8qtfNJHQtki2yTPeKRY1IjZ+SC1Akn9+SRPJMX58F5cl6dt/HolDPZ2SQ/4Lx/AYO/nac=</latexit>

!0 . vin
R

<latexit sha1_base64="MXozeNZ39UpvAG1BTO+qOWpxQ0w=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiTia1lwo7sK1hbaUCaTSTt0MgkzN0IJ/Qg3LhRx6/e482+ctllo64GBwznnMveeIJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0J6CGS6F4CwVK3kk1p3EgeTsY3Uz99hPXRiTqAccp92M6UCISjKKV2j1poyHtV2tu3Z2BLBOvIDUo0OxXv3phwrKYK2SSGtP13BT9nGoUTPJJpZcZnlI2ogPetVTRmBs/n607ISdWCUmUaPsUkpn6eyKnsTHjOLDJmOLQLHpT8T+vm2F07edCpRlyxeYfRZkkmJDp7SQUmjOUY0so08LuStiQasrQNlSxJXiLJy+Tx7O6d1m/uD+vNe6KOspwBMdwCh5cQQNuoQktYDCCZ3iFNyd1Xpx352MeLTnFzCH8gfP5A0Igj44=</latexit>

�
<latexit sha1_base64="MXozeNZ39UpvAG1BTO+qOWpxQ0w=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiTia1lwo7sK1hbaUCaTSTt0MgkzN0IJ/Qg3LhRx6/e482+ctllo64GBwznnMveeIJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0J6CGS6F4CwVK3kk1p3EgeTsY3Uz99hPXRiTqAccp92M6UCISjKKV2j1poyHtV2tu3Z2BLBOvIDUo0OxXv3phwrKYK2SSGtP13BT9nGoUTPJJpZcZnlI2ogPetVTRmBs/n607ISdWCUmUaPsUkpn6eyKnsTHjOLDJmOLQLHpT8T+vm2F07edCpRlyxeYfRZkkmJDp7SQUmjOUY0so08LuStiQasrQNlSxJXiLJy+Tx7O6d1m/uD+vNe6KOspwBMdwCh5cQQNuoQktYDCCZ3iFNyd1Xpx352MeLTnFzCH8gfP5A0Igj44=</latexit>

�



Another regime
<latexit sha1_base64="UAmjhbmb8+IVp/HxKFa8g4DGd98="></latexit>

kout =
�
k2in ± 2m!0

�1/2

<latexit sha1_base64="qH3nWThODqS8l29Ty5HW4jOzpao=">AAACBnicbVC7SgNBFJ31GeMrainCYBCs4q74KgM22kUwD8iGZXZykwzO7K4zd4MhpLLxV2wsFLH1G+z8GyePQhMPDBzOuZc754SJFAZd99uZm19YXFrOrGRX19Y3NnNb2xUTp5pDmccy1rWQGZAigjIKlFBLNDAVSqiGd5dDv9oFbUQc3WIvgYZi7Ui0BGdopSC3d++30dqK+rGCNgvco27gIzxgX0SDIJd3C+4IdJZ4E5InE5SC3JffjHmqIEIumTF1z02w0WcaBZcwyPqpgYTxO9aGuqURU2Aa/VGMAT2wSpO2Ym1fhHSk/t7oM2VMT4V2UjHsmGlvKP7n1VNsXTRsniRFiPj4UCuVFGM67IQ2hQaOsmcJ41rYv1LeYZpxtM1lbQnedORZUjkueGeF05uTfPF6UkeG7JJ9ckg8ck6K5IqUSJlw8kieySt5c56cF+fd+RiPzjmTnR3yB87nD6efmUk=</latexit>

q & !0/vin
<latexit sha1_base64="pn83qiPbuu/G+1fxRQoh50AYBms=">AAACD3icbVC7TsMwFHV4U14FRhaLCsRUJYjXWIkFNkC0IDVV5Lg3rVU7ieybiirKH7DwKywMIMTKysbf4D4GXkeydHTOvbo+J0ylMOi6n87U9Mzs3PzCYmlpeWV1rby+0TBJpjnUeSITfRsyA1LEUEeBEm5TDUyFEm7C3unQv+mDNiKJr3GQQkuxTiwiwRlaKSjv+omCDgtcX4IxRijqR5rxvB/4CHeYi7go8qsiKFfcqjsC/Uu8CamQCS6C8offTnimIEYumTFNz02xlTONgksoSn5mIGW8xzrQtDRmCkwrH+Up6I5V2jRKtH0x0pH6fSNnypiBCu2kYtg1v72h+J/XzDA6adlMaYYQ8/GhKJMUEzosh7aFBo5yYAnjWti/Ut5ltg+0FZZsCd7vyH9JY7/qHVUPLw8qtfNJHQtki2yTPeKRY1IjZ+SC1Akn9+SRPJMX58F5cl6dt/HolDPZ2SQ/4Lx/AYO/nac=</latexit>

!0 . vin
R

<latexit sha1_base64="MXozeNZ39UpvAG1BTO+qOWpxQ0w=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiTia1lwo7sK1hbaUCaTSTt0MgkzN0IJ/Qg3LhRx6/e482+ctllo64GBwznnMveeIJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0J6CGS6F4CwVK3kk1p3EgeTsY3Uz99hPXRiTqAccp92M6UCISjKKV2j1poyHtV2tu3Z2BLBOvIDUo0OxXv3phwrKYK2SSGtP13BT9nGoUTPJJpZcZnlI2ogPetVTRmBs/n607ISdWCUmUaPsUkpn6eyKnsTHjOLDJmOLQLHpT8T+vm2F07edCpRlyxeYfRZkkmJDp7SQUmjOUY0so08LuStiQasrQNlSxJXiLJy+Tx7O6d1m/uD+vNe6KOspwBMdwCh5cQQNuoQktYDCCZ3iFNyd1Xpx352MeLTnFzCH8gfP5A0Igj44=</latexit>

�
<latexit sha1_base64="MXozeNZ39UpvAG1BTO+qOWpxQ0w=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiTia1lwo7sK1hbaUCaTSTt0MgkzN0IJ/Qg3LhRx6/e482+ctllo64GBwznnMveeIJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0J6CGS6F4CwVK3kk1p3EgeTsY3Uz99hPXRiTqAccp92M6UCISjKKV2j1poyHtV2tu3Z2BLBOvIDUo0OxXv3phwrKYK2SSGtP13BT9nGoUTPJJpZcZnlI2ogPetVTRmBs/n607ISdWCUmUaPsUkpn6eyKnsTHjOLDJmOLQLHpT8T+vm2F07edCpRlyxeYfRZkkmJDp7SQUmjOUY0so08LuStiQasrQNlSxJXiLJy+Tx7O6d1m/uD+vNe6KOspwBMdwCh5cQQNuoQktYDCCZ3iFNyd1Xpx352MeLTnFzCH8gfP5A0Igj44=</latexit>

�

These interfere destructively



Another regime
<latexit sha1_base64="UAmjhbmb8+IVp/HxKFa8g4DGd98="></latexit>

kout =
�
k2in ± 2m!0

�1/2

<latexit sha1_base64="qH3nWThODqS8l29Ty5HW4jOzpao=">AAACBnicbVC7SgNBFJ31GeMrainCYBCs4q74KgM22kUwD8iGZXZykwzO7K4zd4MhpLLxV2wsFLH1G+z8GyePQhMPDBzOuZc754SJFAZd99uZm19YXFrOrGRX19Y3NnNb2xUTp5pDmccy1rWQGZAigjIKlFBLNDAVSqiGd5dDv9oFbUQc3WIvgYZi7Ui0BGdopSC3d++30dqK+rGCNgvco27gIzxgX0SDIJd3C+4IdJZ4E5InE5SC3JffjHmqIEIumTF1z02w0WcaBZcwyPqpgYTxO9aGuqURU2Aa/VGMAT2wSpO2Ym1fhHSk/t7oM2VMT4V2UjHsmGlvKP7n1VNsXTRsniRFiPj4UCuVFGM67IQ2hQaOsmcJ41rYv1LeYZpxtM1lbQnedORZUjkueGeF05uTfPF6UkeG7JJ9ckg8ck6K5IqUSJlw8kieySt5c56cF+fd+RiPzjmTnR3yB87nD6efmUk=</latexit>

q & !0/vin
<latexit sha1_base64="pn83qiPbuu/G+1fxRQoh50AYBms=">AAACD3icbVC7TsMwFHV4U14FRhaLCsRUJYjXWIkFNkC0IDVV5Lg3rVU7ieybiirKH7DwKywMIMTKysbf4D4GXkeydHTOvbo+J0ylMOi6n87U9Mzs3PzCYmlpeWV1rby+0TBJpjnUeSITfRsyA1LEUEeBEm5TDUyFEm7C3unQv+mDNiKJr3GQQkuxTiwiwRlaKSjv+omCDgtcX4IxRijqR5rxvB/4CHeYi7go8qsiKFfcqjsC/Uu8CamQCS6C8offTnimIEYumTFNz02xlTONgksoSn5mIGW8xzrQtDRmCkwrH+Up6I5V2jRKtH0x0pH6fSNnypiBCu2kYtg1v72h+J/XzDA6adlMaYYQ8/GhKJMUEzosh7aFBo5yYAnjWti/Ut5ltg+0FZZsCd7vyH9JY7/qHVUPLw8qtfNJHQtki2yTPeKRY1IjZ+SC1Akn9+SRPJMX58F5cl6dt/HolDPZ2SQ/4Lx/AYO/nac=</latexit>

!0 . vin
R

<latexit sha1_base64="MXozeNZ39UpvAG1BTO+qOWpxQ0w=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiTia1lwo7sK1hbaUCaTSTt0MgkzN0IJ/Qg3LhRx6/e482+ctllo64GBwznnMveeIJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0J6CGS6F4CwVK3kk1p3EgeTsY3Uz99hPXRiTqAccp92M6UCISjKKV2j1poyHtV2tu3Z2BLBOvIDUo0OxXv3phwrKYK2SSGtP13BT9nGoUTPJJpZcZnlI2ogPetVTRmBs/n607ISdWCUmUaPsUkpn6eyKnsTHjOLDJmOLQLHpT8T+vm2F07edCpRlyxeYfRZkkmJDp7SQUmjOUY0so08LuStiQasrQNlSxJXiLJy+Tx7O6d1m/uD+vNe6KOspwBMdwCh5cQQNuoQktYDCCZ3iFNyd1Xpx352MeLTnFzCH8gfP5A0Igj44=</latexit>

�
<latexit sha1_base64="MXozeNZ39UpvAG1BTO+qOWpxQ0w=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiTia1lwo7sK1hbaUCaTSTt0MgkzN0IJ/Qg3LhRx6/e482+ctllo64GBwznnMveeIJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0J6CGS6F4CwVK3kk1p3EgeTsY3Uz99hPXRiTqAccp92M6UCISjKKV2j1poyHtV2tu3Z2BLBOvIDUo0OxXv3phwrKYK2SSGtP13BT9nGoUTPJJpZcZnlI2ogPetVTRmBs/n607ISdWCUmUaPsUkpn6eyKnsTHjOLDJmOLQLHpT8T+vm2F07edCpRlyxeYfRZkkmJDp7SQUmjOUY0so08LuStiQasrQNlSxJXiLJy+Tx7O6d1m/uD+vNe6KOspwBMdwCh5cQQNuoQktYDCCZ3iFNyd1Xpx352MeLTnFzCH8gfP5A0Igj44=</latexit>

�

These interfere destructively

Only this contributes



Another regime
<latexit sha1_base64="UAmjhbmb8+IVp/HxKFa8g4DGd98="></latexit>

kout =
�
k2in ± 2m!0

�1/2

<latexit sha1_base64="qH3nWThODqS8l29Ty5HW4jOzpao=">AAACBnicbVC7SgNBFJ31GeMrainCYBCs4q74KgM22kUwD8iGZXZykwzO7K4zd4MhpLLxV2wsFLH1G+z8GyePQhMPDBzOuZc754SJFAZd99uZm19YXFrOrGRX19Y3NnNb2xUTp5pDmccy1rWQGZAigjIKlFBLNDAVSqiGd5dDv9oFbUQc3WIvgYZi7Ui0BGdopSC3d++30dqK+rGCNgvco27gIzxgX0SDIJd3C+4IdJZ4E5InE5SC3JffjHmqIEIumTF1z02w0WcaBZcwyPqpgYTxO9aGuqURU2Aa/VGMAT2wSpO2Ym1fhHSk/t7oM2VMT4V2UjHsmGlvKP7n1VNsXTRsniRFiPj4UCuVFGM67IQ2hQaOsmcJ41rYv1LeYZpxtM1lbQnedORZUjkueGeF05uTfPF6UkeG7JJ9ckg8ck6K5IqUSJlw8kieySt5c56cF+fd+RiPzjmTnR3yB87nD6efmUk=</latexit>

q & !0/vin
<latexit sha1_base64="pn83qiPbuu/G+1fxRQoh50AYBms=">AAACD3icbVC7TsMwFHV4U14FRhaLCsRUJYjXWIkFNkC0IDVV5Lg3rVU7ieybiirKH7DwKywMIMTKysbf4D4GXkeydHTOvbo+J0ylMOi6n87U9Mzs3PzCYmlpeWV1rby+0TBJpjnUeSITfRsyA1LEUEeBEm5TDUyFEm7C3unQv+mDNiKJr3GQQkuxTiwiwRlaKSjv+omCDgtcX4IxRijqR5rxvB/4CHeYi7go8qsiKFfcqjsC/Uu8CamQCS6C8offTnimIEYumTFNz02xlTONgksoSn5mIGW8xzrQtDRmCkwrH+Up6I5V2jRKtH0x0pH6fSNnypiBCu2kYtg1v72h+J/XzDA6adlMaYYQ8/GhKJMUEzosh7aFBo5yYAnjWti/Ut5ltg+0FZZsCd7vyH9JY7/qHVUPLw8qtfNJHQtki2yTPeKRY1IjZ+SC1Akn9+SRPJMX58F5cl6dt/HolDPZ2SQ/4Lx/AYO/nac=</latexit>

!0 . vin
R

<latexit sha1_base64="6/cc79dGMG0GdeqwNvuDsD3UAOY="></latexit>

� ⌧ R : � / n2�6R
2

�2
⇠ n2�4R2

<latexit sha1_base64="MXozeNZ39UpvAG1BTO+qOWpxQ0w=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiTia1lwo7sK1hbaUCaTSTt0MgkzN0IJ/Qg3LhRx6/e482+ctllo64GBwznnMveeIJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0J6CGS6F4CwVK3kk1p3EgeTsY3Uz99hPXRiTqAccp92M6UCISjKKV2j1poyHtV2tu3Z2BLBOvIDUo0OxXv3phwrKYK2SSGtP13BT9nGoUTPJJpZcZnlI2ogPetVTRmBs/n607ISdWCUmUaPsUkpn6eyKnsTHjOLDJmOLQLHpT8T+vm2F07edCpRlyxeYfRZkkmJDp7SQUmjOUY0so08LuStiQasrQNlSxJXiLJy+Tx7O6d1m/uD+vNe6KOspwBMdwCh5cQQNuoQktYDCCZ3iFNyd1Xpx352MeLTnFzCH8gfP5A0Igj44=</latexit>

�
<latexit sha1_base64="MXozeNZ39UpvAG1BTO+qOWpxQ0w=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiTia1lwo7sK1hbaUCaTSTt0MgkzN0IJ/Qg3LhRx6/e482+ctllo64GBwznnMveeIJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0J6CGS6F4CwVK3kk1p3EgeTsY3Uz99hPXRiTqAccp92M6UCISjKKV2j1poyHtV2tu3Z2BLBOvIDUo0OxXv3phwrKYK2SSGtP13BT9nGoUTPJJpZcZnlI2ogPetVTRmBs/n607ISdWCUmUaPsUkpn6eyKnsTHjOLDJmOLQLHpT8T+vm2F07edCpRlyxeYfRZkkmJDp7SQUmjOUY0so08LuStiQasrQNlSxJXiLJy+Tx7O6d1m/uD+vNe6KOspwBMdwCh5cQQNuoQktYDCCZ3iFNyd1Xpx352MeLTnFzCH8gfP5A0Igj44=</latexit>

�

These interfere destructively

Only this contributes



Another regime
<latexit sha1_base64="UAmjhbmb8+IVp/HxKFa8g4DGd98="></latexit>

kout =
�
k2in ± 2m!0

�1/2

<latexit sha1_base64="qH3nWThODqS8l29Ty5HW4jOzpao=">AAACBnicbVC7SgNBFJ31GeMrainCYBCs4q74KgM22kUwD8iGZXZykwzO7K4zd4MhpLLxV2wsFLH1G+z8GyePQhMPDBzOuZc754SJFAZd99uZm19YXFrOrGRX19Y3NnNb2xUTp5pDmccy1rWQGZAigjIKlFBLNDAVSqiGd5dDv9oFbUQc3WIvgYZi7Ui0BGdopSC3d++30dqK+rGCNgvco27gIzxgX0SDIJd3C+4IdJZ4E5InE5SC3JffjHmqIEIumTF1z02w0WcaBZcwyPqpgYTxO9aGuqURU2Aa/VGMAT2wSpO2Ym1fhHSk/t7oM2VMT4V2UjHsmGlvKP7n1VNsXTRsniRFiPj4UCuVFGM67IQ2hQaOsmcJ41rYv1LeYZpxtM1lbQnedORZUjkueGeF05uTfPF6UkeG7JJ9ckg8ck6K5IqUSJlw8kieySt5c56cF+fd+RiPzjmTnR3yB87nD6efmUk=</latexit>

q & !0/vin
<latexit sha1_base64="pn83qiPbuu/G+1fxRQoh50AYBms=">AAACD3icbVC7TsMwFHV4U14FRhaLCsRUJYjXWIkFNkC0IDVV5Lg3rVU7ieybiirKH7DwKywMIMTKysbf4D4GXkeydHTOvbo+J0ylMOi6n87U9Mzs3PzCYmlpeWV1rby+0TBJpjnUeSITfRsyA1LEUEeBEm5TDUyFEm7C3unQv+mDNiKJr3GQQkuxTiwiwRlaKSjv+omCDgtcX4IxRijqR5rxvB/4CHeYi7go8qsiKFfcqjsC/Uu8CamQCS6C8offTnimIEYumTFNz02xlTONgksoSn5mIGW8xzrQtDRmCkwrH+Up6I5V2jRKtH0x0pH6fSNnypiBCu2kYtg1v72h+J/XzDA6adlMaYYQ8/GhKJMUEzosh7aFBo5yYAnjWti/Ut5ltg+0FZZsCd7vyH9JY7/qHVUPLw8qtfNJHQtki2yTPeKRY1IjZ+SC1Akn9+SRPJMX58F5cl6dt/HolDPZ2SQ/4Lx/AYO/nac=</latexit>

!0 . vin
R

<latexit sha1_base64="6/cc79dGMG0GdeqwNvuDsD3UAOY="></latexit>

� ⌧ R : � / n2�6R
2

�2
⇠ n2�4R2

Incoherent contribution:
<latexit sha1_base64="vWZjVMEjhOlAxg7iTjgBhC8MjUc=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsz4XhZcqLsq9gGdsWTSTBuaZEKSEcvQX3HjQhG3/og7/8a0nYVWD1w4nHMv994TSUa18bwvp7CwuLS8Ulwtra1vbG652+WmTlKFSQMnLFHtCGnCqCANQw0jbakI4hEjrWh4MfFbD0Rpmog7M5Ik5KgvaEwxMlbquuXgEnGOAqkSaRIobu+Pum7Fq3pTwL/Ez0kF5Kh33c+gl+CUE2EwQ1p3fE+aMEPKUMzIuBSkmkiEh6hPOpYKxIkOs+ntY7hvlR6ME2VLGDhVf05kiGs94pHt5MgM9Lw3Ef/zOqmJz8OMCpkaIvBsUZwyaL+cBAF7VBFs2MgShBW1t0I8QAphY+Mq2RD8+Zf/kuZh1T+tntwcV2rXeRxFsAv2wAHwwRmogStQBw2AwSN4Ai/g1Rk7z86b8z5rLTj5zA74BefjG4BQlCA=</latexit>

� / nR3

<latexit sha1_base64="MXozeNZ39UpvAG1BTO+qOWpxQ0w=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiTia1lwo7sK1hbaUCaTSTt0MgkzN0IJ/Qg3LhRx6/e482+ctllo64GBwznnMveeIJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0J6CGS6F4CwVK3kk1p3EgeTsY3Uz99hPXRiTqAccp92M6UCISjKKV2j1poyHtV2tu3Z2BLBOvIDUo0OxXv3phwrKYK2SSGtP13BT9nGoUTPJJpZcZnlI2ogPetVTRmBs/n607ISdWCUmUaPsUkpn6eyKnsTHjOLDJmOLQLHpT8T+vm2F07edCpRlyxeYfRZkkmJDp7SQUmjOUY0so08LuStiQasrQNlSxJXiLJy+Tx7O6d1m/uD+vNe6KOspwBMdwCh5cQQNuoQktYDCCZ3iFNyd1Xpx352MeLTnFzCH8gfP5A0Igj44=</latexit>

�
<latexit sha1_base64="MXozeNZ39UpvAG1BTO+qOWpxQ0w=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiTia1lwo7sK1hbaUCaTSTt0MgkzN0IJ/Qg3LhRx6/e482+ctllo64GBwznnMveeIJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0J6CGS6F4CwVK3kk1p3EgeTsY3Uz99hPXRiTqAccp92M6UCISjKKV2j1poyHtV2tu3Z2BLBOvIDUo0OxXv3phwrKYK2SSGtP13BT9nGoUTPJJpZcZnlI2ogPetVTRmBs/n607ISdWCUmUaPsUkpn6eyKnsTHjOLDJmOLQLHpT8T+vm2F07edCpRlyxeYfRZkkmJDp7SQUmjOUY0so08LuStiQasrQNlSxJXiLJy+Tx7O6d1m/uD+vNe6KOspwBMdwCh5cQQNuoQktYDCCZ3iFNyd1Xpx352MeLTnFzCH8gfP5A0Igj44=</latexit>

�

These interfere destructively

Only this contributes



<latexit sha1_base64="8zSqHYZJ99noznTxc6iagex0xHM=">AAACI3icbZDLSgMxFIYzXmu9VV26CRbBVZkRb7gquFB3ClYLnVIy6ZkaTDJDcqZYhnkXN76KGxeKuHHhu5jWLqx6IPDz/+ckOV+USmHR9z+8qemZ2bn50kJ5cWl5ZbWytn5tk8xwaPBEJqYZMQtSaGigQAnN1ABTkYSb6O5kmN/0wViR6CscpNBWrKdFLDhDZ3Uqx2FsGM/DU6YU64QI95i7WyVwFH0oisnECt2TQG0qdFF0KlW/5o+K/hXBWFTJuC46lbewm/BMgUYumbWtwE+xnTODgksoymFmIWX8jvWg5aRmCmw7H+1Y0G3ndGmcGHc00pH7cyJnytqBilynYnhrf2dD87+slWF81M6FTjMEzb8fijNJMaFDYLQrjIMhB04wboT7K+W3zEFDh7XsIAS/V/4rrndrwUFt/3KvWj8f4yiRTbJFdkhADkmdnJEL0iCcPJAn8kJevUfv2Xvz3r9bp7zxzAaZKO/zC8Pxptw=</latexit>
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<latexit sha1_base64="8zSqHYZJ99noznTxc6iagex0xHM=">AAACI3icbZDLSgMxFIYzXmu9VV26CRbBVZkRb7gquFB3ClYLnVIy6ZkaTDJDcqZYhnkXN76KGxeKuHHhu5jWLqx6IPDz/+ckOV+USmHR9z+8qemZ2bn50kJ5cWl5ZbWytn5tk8xwaPBEJqYZMQtSaGigQAnN1ABTkYSb6O5kmN/0wViR6CscpNBWrKdFLDhDZ3Uqx2FsGM/DU6YU64QI95i7WyVwFH0oisnECt2TQG0qdFF0KlW/5o+K/hXBWFTJuC46lbewm/BMgUYumbWtwE+xnTODgksoymFmIWX8jvWg5aRmCmw7H+1Y0G3ndGmcGHc00pH7cyJnytqBilynYnhrf2dD87+slWF81M6FTjMEzb8fijNJMaFDYLQrjIMhB04wboT7K+W3zEFDh7XsIAS/V/4rrndrwUFt/3KvWj8f4yiRTbJFdkhADkmdnJEL0iCcPJAn8kJevUfv2Xvz3r9bp7zxzAaZKO/zC8Pxptw=</latexit>
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Summary

Inelastic processes need product states for coherence

Macroscopic coherence is set by the momentum transfer

Large energy exchange per interaction

Splitting of two-level system serves as control parameter



Scattering
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The Cosmic Neutrino Background



The Cosmic Neutrino Background
Produced when  

<latexit sha1_base64="XTtTR+7MdNF/5hHKR6ODw+uiAho=">AAACEXicbVC7SgNBFJ2NrxhfUUubwSCkCrviqwzYaBfBPCAbwuzkJhkyO7vM3BXDEj/Bxl+xsVDE1s7Ov3HyKDTxwMDhnHO5c08QS2HQdb+dzNLyyupadj23sbm1vZPf3auZKNEcqjySkW4EzIAUCqooUEIj1sDCQEI9GFyO/fodaCMidYvDGFoh6ynRFZyhldr5oo8safsI95hWlRhHYeQbEVLvYaoa4JHqjNr5gltyJ6CLxJuRApmh0s5/+Z2IJyEo5JIZ0/TcGFsp0yi4hFHOTwzEjA9YD5qWKhaCaaWTi0b0yCod2o20fQrpRP09kbLQmGEY2GTIsG/mvbH4n9dMsHvRSoWKEwTFp4u6iaQY0XE9tCM0cJRDSxjXwv6V8j7TjKNtJmdL8OZPXiS145J3Vjq9OSmUr2d1ZMkBOSRF4pFzUiZXpEKqhJNH8kxeyZvz5Lw4787HNJpxZjP75A+czx+M3J7E</latexit>

⌧Universe ⇠ 1 second



The Cosmic Neutrino Background
Produced when  

<latexit sha1_base64="XTtTR+7MdNF/5hHKR6ODw+uiAho=">AAACEXicbVC7SgNBFJ2NrxhfUUubwSCkCrviqwzYaBfBPCAbwuzkJhkyO7vM3BXDEj/Bxl+xsVDE1s7Ov3HyKDTxwMDhnHO5c08QS2HQdb+dzNLyyupadj23sbm1vZPf3auZKNEcqjySkW4EzIAUCqooUEIj1sDCQEI9GFyO/fodaCMidYvDGFoh6ynRFZyhldr5oo8safsI95hWlRhHYeQbEVLvYaoa4JHqjNr5gltyJ6CLxJuRApmh0s5/+Z2IJyEo5JIZ0/TcGFsp0yi4hFHOTwzEjA9YD5qWKhaCaaWTi0b0yCod2o20fQrpRP09kbLQmGEY2GTIsG/mvbH4n9dMsHvRSoWKEwTFp4u6iaQY0XE9tCM0cJRDSxjXwv6V8j7TjKNtJmdL8OZPXiS145J3Vjq9OSmUr2d1ZMkBOSRF4pFzUiZXpEKqhJNH8kxeyZvz5Lw4787HNJpxZjP75A+czx+M3J7E</latexit>

⌧Universe ⇠ 1 second

Follows a relativistic Fermi-Dirac with temperature  
<latexit sha1_base64="n7cn3NPL7NqSuGwg8XD6TzK1rUQ=">AAACFXicbVDJSgNBEO1xN25Rj14ag+BBhxlJXG4BL4qXCCYKmRh6OpWkSc9Cd40YhvEjvPgrXjwo4lXw5t/YWQ5uDwoe71VRVc+PpdDoOJ/WxOTU9Mzs3HxuYXFpeSW/ulbTUaI4VHkkI3XlMw1ShFBFgRKuYgUs8CVc+r3jgX95A0qLKLzAfgyNgHVC0RacoZGa+R3XPirdeQi3mJ5lnhYBde0DD0UAmrrOdbpbzEYu1LJmvuDYzhD0L3HHpEDGqDTzH14r4kkAIXLJtK67ToyNlCkUXEKW8xINMeM91oG6oSEzWxvp8KuMbhmlRduRMhUiHarfJ1IWaN0PfNMZMOzq395A/M+rJ9g+bKQijBOEkI8WtRNJMaKDiGhLKOAo+4YwroS5lfIuU4yjCTJnQnB/v/yX1PZsd98unRcL5dNxHHNkg2ySbeKSA1ImJ6RCqoSTe/JInsmL9WA9Wa/W26h1whrPrJMfsN6/AMunngg=</latexit>

1.95 K ⇠ 1.7⇥ 10�4eV
<latexit sha1_base64="B3JdpcjRX1yF/QU3ptqq9FJyNa0=">AAACCXicbVDJSgNBEO1xN26jHr00BiEixhlxuwiCF71FMDGQiaGnU5M06VnorhHCMFcv/ooXD4p49Q+8+Td2loPbg4LHe1VU1fMTKTQ6zqc1MTk1PTM7N19YWFxaXrFX12o6ThWHKo9lrOo+0yBFBFUUKKGeKGChL+HG750P/Js7UFrE0TX2E2iGrBOJQHCGRmrZNCgl26eehABLcJsle9f5jusp0eni9m226+Ytu+iUnSHoX+KOSZGMUWnZH1475mkIEXLJtG64ToLNjCkUXEJe8FINCeM91oGGoRELQTez4Sc53TJKmwaxMhUhHarfJzIWat0PfdMZMuzq395A/M9rpBicNDMRJSlCxEeLglRSjOkgFtoWCjjKviGMK2FupbzLFONowiuYENzfL/8ltf2ye1Q+vDoonl2O45gjG2STlIhLjskZuSAVUiWc3JNH8kxerAfryXq13katE9Z4Zp38gPX+BW1+mPA=</latexit>

f(p) =
⇣
ep/T + 1

⌘�1



The Cosmic Neutrino Background
Produced when  

<latexit sha1_base64="XTtTR+7MdNF/5hHKR6ODw+uiAho=">AAACEXicbVC7SgNBFJ2NrxhfUUubwSCkCrviqwzYaBfBPCAbwuzkJhkyO7vM3BXDEj/Bxl+xsVDE1s7Ov3HyKDTxwMDhnHO5c08QS2HQdb+dzNLyyupadj23sbm1vZPf3auZKNEcqjySkW4EzIAUCqooUEIj1sDCQEI9GFyO/fodaCMidYvDGFoh6ynRFZyhldr5oo8safsI95hWlRhHYeQbEVLvYaoa4JHqjNr5gltyJ6CLxJuRApmh0s5/+Z2IJyEo5JIZ0/TcGFsp0yi4hFHOTwzEjA9YD5qWKhaCaaWTi0b0yCod2o20fQrpRP09kbLQmGEY2GTIsG/mvbH4n9dMsHvRSoWKEwTFp4u6iaQY0XE9tCM0cJRDSxjXwv6V8j7TjKNtJmdL8OZPXiS145J3Vjq9OSmUr2d1ZMkBOSRF4pFzUiZXpEKqhJNH8kxeyZvz5Lw4787HNJpxZjP75A+czx+M3J7E</latexit>

⌧Universe ⇠ 1 second

Follows a relativistic Fermi-Dirac with temperature  
<latexit sha1_base64="n7cn3NPL7NqSuGwg8XD6TzK1rUQ=">AAACFXicbVDJSgNBEO1xN25Rj14ag+BBhxlJXG4BL4qXCCYKmRh6OpWkSc9Cd40YhvEjvPgrXjwo4lXw5t/YWQ5uDwoe71VRVc+PpdDoOJ/WxOTU9Mzs3HxuYXFpeSW/ulbTUaI4VHkkI3XlMw1ShFBFgRKuYgUs8CVc+r3jgX95A0qLKLzAfgyNgHVC0RacoZGa+R3XPirdeQi3mJ5lnhYBde0DD0UAmrrOdbpbzEYu1LJmvuDYzhD0L3HHpEDGqDTzH14r4kkAIXLJtK67ToyNlCkUXEKW8xINMeM91oG6oSEzWxvp8KuMbhmlRduRMhUiHarfJ1IWaN0PfNMZMOzq395A/M+rJ9g+bKQijBOEkI8WtRNJMaKDiGhLKOAo+4YwroS5lfIuU4yjCTJnQnB/v/yX1PZsd98unRcL5dNxHHNkg2ySbeKSA1ImJ6RCqoSTe/JInsmL9WA9Wa/W26h1whrPrJMfsN6/AMunngg=</latexit>

1.95 K ⇠ 1.7⇥ 10�4eV
<latexit sha1_base64="B3JdpcjRX1yF/QU3ptqq9FJyNa0=">AAACCXicbVDJSgNBEO1xN26jHr00BiEixhlxuwiCF71FMDGQiaGnU5M06VnorhHCMFcv/ooXD4p49Q+8+Td2loPbg4LHe1VU1fMTKTQ6zqc1MTk1PTM7N19YWFxaXrFX12o6ThWHKo9lrOo+0yBFBFUUKKGeKGChL+HG750P/Js7UFrE0TX2E2iGrBOJQHCGRmrZNCgl26eehABLcJsle9f5jusp0eni9m226+Ytu+iUnSHoX+KOSZGMUWnZH1475mkIEXLJtG64ToLNjCkUXEJe8FINCeM91oGGoRELQTez4Sc53TJKmwaxMhUhHarfJzIWat0PfdMZMuzq395A/M9rpBicNDMRJSlCxEeLglRSjOkgFtoWCjjKviGMK2FupbzLFONowiuYENzfL/8ltf2ye1Q+vDoonl2O45gjG2STlIhLjskZuSAVUiWc3JNH8kxerAfryXq13katE9Z4Zp38gPX+BW1+mPA=</latexit>

f(p) =
⇣
ep/T + 1

⌘�1

Number density
<latexit sha1_base64="ZnPS3HnGCXX1fpyHvshHIJS9GoM=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAIntZdNdGLEPCitwjmAUkMs5PZZMjs7DLTK4Y1B3/FiwdFvPob3vwbJ4+DJhY0FFXddHf5seAaXPfbmptfWFxazqxkV9fWNzbtre2KjhJFWZlGIlI1n2gmuGRl4CBYLVaMhL5gVb93OfSr90xpHslb6MesGZKO5AGnBIzUsndlqyGTi3zeKRw1gD1ASsPB3UnLzrmOOwKeJd6E5NAEpZb91WhHNAmZBCqI1nXPjaGZEgWcCjbINhLNYkJ7pMPqhkoSMt1MR/cP8IFR2jiIlCkJeKT+nkhJqHU/9E1nSKCrp72h+J9XTyA4b6ZcxgkwSceLgkRgiPAwDNzmilEQfUMIVdzcimmXKELBRJY1IXjTL8+SyrHjFZz8zWmueD2JI4P20D46RB46Q0V0hUqojCh6RM/oFb1ZT9aL9W59jFvnrMnMDvoD6/MHxVyVWA==</latexit>

n⌫ = 55.6/cm3 per neutrino



The Cosmic Neutrino Background
Produced when  

<latexit sha1_base64="XTtTR+7MdNF/5hHKR6ODw+uiAho=">AAACEXicbVC7SgNBFJ2NrxhfUUubwSCkCrviqwzYaBfBPCAbwuzkJhkyO7vM3BXDEj/Bxl+xsVDE1s7Ov3HyKDTxwMDhnHO5c08QS2HQdb+dzNLyyupadj23sbm1vZPf3auZKNEcqjySkW4EzIAUCqooUEIj1sDCQEI9GFyO/fodaCMidYvDGFoh6ynRFZyhldr5oo8safsI95hWlRhHYeQbEVLvYaoa4JHqjNr5gltyJ6CLxJuRApmh0s5/+Z2IJyEo5JIZ0/TcGFsp0yi4hFHOTwzEjA9YD5qWKhaCaaWTi0b0yCod2o20fQrpRP09kbLQmGEY2GTIsG/mvbH4n9dMsHvRSoWKEwTFp4u6iaQY0XE9tCM0cJRDSxjXwv6V8j7TjKNtJmdL8OZPXiS145J3Vjq9OSmUr2d1ZMkBOSRF4pFzUiZXpEKqhJNH8kxeyZvz5Lw4787HNJpxZjP75A+czx+M3J7E</latexit>

⌧Universe ⇠ 1 second

Follows a relativistic Fermi-Dirac with temperature  
<latexit sha1_base64="n7cn3NPL7NqSuGwg8XD6TzK1rUQ=">AAACFXicbVDJSgNBEO1xN25Rj14ag+BBhxlJXG4BL4qXCCYKmRh6OpWkSc9Cd40YhvEjvPgrXjwo4lXw5t/YWQ5uDwoe71VRVc+PpdDoOJ/WxOTU9Mzs3HxuYXFpeSW/ulbTUaI4VHkkI3XlMw1ShFBFgRKuYgUs8CVc+r3jgX95A0qLKLzAfgyNgHVC0RacoZGa+R3XPirdeQi3mJ5lnhYBde0DD0UAmrrOdbpbzEYu1LJmvuDYzhD0L3HHpEDGqDTzH14r4kkAIXLJtK67ToyNlCkUXEKW8xINMeM91oG6oSEzWxvp8KuMbhmlRduRMhUiHarfJ1IWaN0PfNMZMOzq395A/M+rJ9g+bKQijBOEkI8WtRNJMaKDiGhLKOAo+4YwroS5lfIuU4yjCTJnQnB/v/yX1PZsd98unRcL5dNxHHNkg2ySbeKSA1ImJ6RCqoSTe/JInsmL9WA9Wa/W26h1whrPrJMfsN6/AMunngg=</latexit>

1.95 K ⇠ 1.7⇥ 10�4eV
<latexit sha1_base64="B3JdpcjRX1yF/QU3ptqq9FJyNa0=">AAACCXicbVDJSgNBEO1xN26jHr00BiEixhlxuwiCF71FMDGQiaGnU5M06VnorhHCMFcv/ooXD4p49Q+8+Td2loPbg4LHe1VU1fMTKTQ6zqc1MTk1PTM7N19YWFxaXrFX12o6ThWHKo9lrOo+0yBFBFUUKKGeKGChL+HG750P/Js7UFrE0TX2E2iGrBOJQHCGRmrZNCgl26eehABLcJsle9f5jusp0eni9m226+Ytu+iUnSHoX+KOSZGMUWnZH1475mkIEXLJtG64ToLNjCkUXEJe8FINCeM91oGGoRELQTez4Sc53TJKmwaxMhUhHarfJzIWat0PfdMZMuzq395A/M9rpBicNDMRJSlCxEeLglRSjOkgFtoWCjjKviGMK2FupbzLFONowiuYENzfL/8ltf2ye1Q+vDoonl2O45gjG2STlIhLjskZuSAVUiWc3JNH8kxerAfryXq13katE9Z4Zp38gPX+BW1+mPA=</latexit>

f(p) =
⇣
ep/T + 1

⌘�1

Wavelength
<latexit sha1_base64="0YGIQ5dxYrkMl31bArVXbsF0duY=">AAACFnicbVDLSgMxFM34tr6qLt0Ei+DGMiO+FiKCG91VsCp0Ssmkd9pgkhmSO9Iy1J9w46+4caGIW3Hn35g+Fr4OBA7n3MPNPVEqhUXf//TGxicmp6ZnZgtz8wuLS8XllUubZIZDlScyMdcRsyCFhioKlHCdGmAqknAV3Zz0/atbMFYk+gK7KdQVa2kRC87QSY3iVighxsNQukiTNUKdhUa02ngUsjQ1SYdul4O7EKGDuVK9RrHkl/0B6F8SjEiJjFBpFD/CZsIzBRq5ZNbWAj/Fes4MCi6hVwgzCynjN6wFNUc1U2Dr+eCsHt1wSpPGiXFPIx2o3xM5U9Z2VeQmFcO2/e31xf+8WobxQT0XOs0QNB8uijNJMaH9jmhTGOAou44wboT7K+VtZhhH12TBlRD8PvkvuXTF7ZV3z3dKx2ejOmbIGlknmyQg++SYnJIKqRJO7skjeSYv3oP35L16b8PRMW+UWSU/4L1/Afjmn+w=</latexit>

h�⌫i ⇡ 2.1 mm

Number density
<latexit sha1_base64="ZnPS3HnGCXX1fpyHvshHIJS9GoM=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAIntZdNdGLEPCitwjmAUkMs5PZZMjs7DLTK4Y1B3/FiwdFvPob3vwbJ4+DJhY0FFXddHf5seAaXPfbmptfWFxazqxkV9fWNzbtre2KjhJFWZlGIlI1n2gmuGRl4CBYLVaMhL5gVb93OfSr90xpHslb6MesGZKO5AGnBIzUsndlqyGTi3zeKRw1gD1ASsPB3UnLzrmOOwKeJd6E5NAEpZb91WhHNAmZBCqI1nXPjaGZEgWcCjbINhLNYkJ7pMPqhkoSMt1MR/cP8IFR2jiIlCkJeKT+nkhJqHU/9E1nSKCrp72h+J9XTyA4b6ZcxgkwSceLgkRgiPAwDNzmilEQfUMIVdzcimmXKELBRJY1IXjTL8+SyrHjFZz8zWmueD2JI4P20D46RB46Q0V0hUqojCh6RM/oFb1ZT9aL9W59jFvnrMnMDvoD6/MHxVyVWA==</latexit>

n⌫ = 55.6/cm3 per neutrino



The Cosmic Neutrino Background
Produced when  

<latexit sha1_base64="XTtTR+7MdNF/5hHKR6ODw+uiAho=">AAACEXicbVC7SgNBFJ2NrxhfUUubwSCkCrviqwzYaBfBPCAbwuzkJhkyO7vM3BXDEj/Bxl+xsVDE1s7Ov3HyKDTxwMDhnHO5c08QS2HQdb+dzNLyyupadj23sbm1vZPf3auZKNEcqjySkW4EzIAUCqooUEIj1sDCQEI9GFyO/fodaCMidYvDGFoh6ynRFZyhldr5oo8safsI95hWlRhHYeQbEVLvYaoa4JHqjNr5gltyJ6CLxJuRApmh0s5/+Z2IJyEo5JIZ0/TcGFsp0yi4hFHOTwzEjA9YD5qWKhaCaaWTi0b0yCod2o20fQrpRP09kbLQmGEY2GTIsG/mvbH4n9dMsHvRSoWKEwTFp4u6iaQY0XE9tCM0cJRDSxjXwv6V8j7TjKNtJmdL8OZPXiS145J3Vjq9OSmUr2d1ZMkBOSRF4pFzUiZXpEKqhJNH8kxeyZvz5Lw4787HNJpxZjP75A+czx+M3J7E</latexit>

⌧Universe ⇠ 1 second

Follows a relativistic Fermi-Dirac with temperature  
<latexit sha1_base64="n7cn3NPL7NqSuGwg8XD6TzK1rUQ=">AAACFXicbVDJSgNBEO1xN25Rj14ag+BBhxlJXG4BL4qXCCYKmRh6OpWkSc9Cd40YhvEjvPgrXjwo4lXw5t/YWQ5uDwoe71VRVc+PpdDoOJ/WxOTU9Mzs3HxuYXFpeSW/ulbTUaI4VHkkI3XlMw1ShFBFgRKuYgUs8CVc+r3jgX95A0qLKLzAfgyNgHVC0RacoZGa+R3XPirdeQi3mJ5lnhYBde0DD0UAmrrOdbpbzEYu1LJmvuDYzhD0L3HHpEDGqDTzH14r4kkAIXLJtK67ToyNlCkUXEKW8xINMeM91oG6oSEzWxvp8KuMbhmlRduRMhUiHarfJ1IWaN0PfNMZMOzq395A/M+rJ9g+bKQijBOEkI8WtRNJMaKDiGhLKOAo+4YwroS5lfIuU4yjCTJnQnB/v/yX1PZsd98unRcL5dNxHHNkg2ySbeKSA1ImJ6RCqoSTe/JInsmL9WA9Wa/W26h1whrPrJMfsN6/AMunngg=</latexit>

1.95 K ⇠ 1.7⇥ 10�4eV
<latexit sha1_base64="B3JdpcjRX1yF/QU3ptqq9FJyNa0=">AAACCXicbVDJSgNBEO1xN26jHr00BiEixhlxuwiCF71FMDGQiaGnU5M06VnorhHCMFcv/ooXD4p49Q+8+Td2loPbg4LHe1VU1fMTKTQ6zqc1MTk1PTM7N19YWFxaXrFX12o6ThWHKo9lrOo+0yBFBFUUKKGeKGChL+HG750P/Js7UFrE0TX2E2iGrBOJQHCGRmrZNCgl26eehABLcJsle9f5jusp0eni9m226+Ytu+iUnSHoX+KOSZGMUWnZH1475mkIEXLJtG64ToLNjCkUXEJe8FINCeM91oGGoRELQTez4Sc53TJKmwaxMhUhHarfJzIWat0PfdMZMuzq395A/M9rpBicNDMRJSlCxEeLglRSjOkgFtoWCjjKviGMK2FupbzLFONowiuYENzfL/8ltf2ye1Q+vDoonl2O45gjG2STlIhLjskZuSAVUiWc3JNH8kxerAfryXq13katE9Z4Zp38gPX+BW1+mPA=</latexit>

f(p) =
⇣
ep/T + 1

⌘�1

Wavelength
<latexit sha1_base64="0YGIQ5dxYrkMl31bArVXbsF0duY=">AAACFnicbVDLSgMxFM34tr6qLt0Ei+DGMiO+FiKCG91VsCp0Ssmkd9pgkhmSO9Iy1J9w46+4caGIW3Hn35g+Fr4OBA7n3MPNPVEqhUXf//TGxicmp6ZnZgtz8wuLS8XllUubZIZDlScyMdcRsyCFhioKlHCdGmAqknAV3Zz0/atbMFYk+gK7KdQVa2kRC87QSY3iVighxsNQukiTNUKdhUa02ngUsjQ1SYdul4O7EKGDuVK9RrHkl/0B6F8SjEiJjFBpFD/CZsIzBRq5ZNbWAj/Fes4MCi6hVwgzCynjN6wFNUc1U2Dr+eCsHt1wSpPGiXFPIx2o3xM5U9Z2VeQmFcO2/e31xf+8WobxQT0XOs0QNB8uijNJMaH9jmhTGOAou44wboT7K+VtZhhH12TBlRD8PvkvuXTF7ZV3z3dKx2ejOmbIGlknmyQg++SYnJIKqRJO7skjeSYv3oP35L16b8PRMW+UWSU/4L1/Afjmn+w=</latexit>

h�⌫i ⇡ 2.1 mm

Consists of three mass eigenstates, evolving independently

Number density
<latexit sha1_base64="ZnPS3HnGCXX1fpyHvshHIJS9GoM=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAIntZdNdGLEPCitwjmAUkMs5PZZMjs7DLTK4Y1B3/FiwdFvPob3vwbJ4+DJhY0FFXddHf5seAaXPfbmptfWFxazqxkV9fWNzbtre2KjhJFWZlGIlI1n2gmuGRl4CBYLVaMhL5gVb93OfSr90xpHslb6MesGZKO5AGnBIzUsndlqyGTi3zeKRw1gD1ASsPB3UnLzrmOOwKeJd6E5NAEpZb91WhHNAmZBCqI1nXPjaGZEgWcCjbINhLNYkJ7pMPqhkoSMt1MR/cP8IFR2jiIlCkJeKT+nkhJqHU/9E1nSKCrp72h+J9XTyA4b6ZcxgkwSceLgkRgiPAwDNzmilEQfUMIVdzcimmXKELBRJY1IXjTL8+SyrHjFZz8zWmueD2JI4P20D46RB46Q0V0hUqojCh6RM/oFb1ZT9aL9W59jFvnrMnMDvoD6/MHxVyVWA==</latexit>

n⌫ = 55.6/cm3 per neutrino



The Cosmic Neutrino Background
Produced when  

<latexit sha1_base64="XTtTR+7MdNF/5hHKR6ODw+uiAho=">AAACEXicbVC7SgNBFJ2NrxhfUUubwSCkCrviqwzYaBfBPCAbwuzkJhkyO7vM3BXDEj/Bxl+xsVDE1s7Ov3HyKDTxwMDhnHO5c08QS2HQdb+dzNLyyupadj23sbm1vZPf3auZKNEcqjySkW4EzIAUCqooUEIj1sDCQEI9GFyO/fodaCMidYvDGFoh6ynRFZyhldr5oo8safsI95hWlRhHYeQbEVLvYaoa4JHqjNr5gltyJ6CLxJuRApmh0s5/+Z2IJyEo5JIZ0/TcGFsp0yi4hFHOTwzEjA9YD5qWKhaCaaWTi0b0yCod2o20fQrpRP09kbLQmGEY2GTIsG/mvbH4n9dMsHvRSoWKEwTFp4u6iaQY0XE9tCM0cJRDSxjXwv6V8j7TjKNtJmdL8OZPXiS145J3Vjq9OSmUr2d1ZMkBOSRF4pFzUiZXpEKqhJNH8kxeyZvz5Lw4787HNJpxZjP75A+czx+M3J7E</latexit>

⌧Universe ⇠ 1 second

Follows a relativistic Fermi-Dirac with temperature  
<latexit sha1_base64="n7cn3NPL7NqSuGwg8XD6TzK1rUQ=">AAACFXicbVDJSgNBEO1xN25Rj14ag+BBhxlJXG4BL4qXCCYKmRh6OpWkSc9Cd40YhvEjvPgrXjwo4lXw5t/YWQ5uDwoe71VRVc+PpdDoOJ/WxOTU9Mzs3HxuYXFpeSW/ulbTUaI4VHkkI3XlMw1ShFBFgRKuYgUs8CVc+r3jgX95A0qLKLzAfgyNgHVC0RacoZGa+R3XPirdeQi3mJ5lnhYBde0DD0UAmrrOdbpbzEYu1LJmvuDYzhD0L3HHpEDGqDTzH14r4kkAIXLJtK67ToyNlCkUXEKW8xINMeM91oG6oSEzWxvp8KuMbhmlRduRMhUiHarfJ1IWaN0PfNMZMOzq395A/M+rJ9g+bKQijBOEkI8WtRNJMaKDiGhLKOAo+4YwroS5lfIuU4yjCTJnQnB/v/yX1PZsd98unRcL5dNxHHNkg2ySbeKSA1ImJ6RCqoSTe/JInsmL9WA9Wa/W26h1whrPrJMfsN6/AMunngg=</latexit>

1.95 K ⇠ 1.7⇥ 10�4eV
<latexit sha1_base64="B3JdpcjRX1yF/QU3ptqq9FJyNa0=">AAACCXicbVDJSgNBEO1xN26jHr00BiEixhlxuwiCF71FMDGQiaGnU5M06VnorhHCMFcv/ooXD4p49Q+8+Td2loPbg4LHe1VU1fMTKTQ6zqc1MTk1PTM7N19YWFxaXrFX12o6ThWHKo9lrOo+0yBFBFUUKKGeKGChL+HG750P/Js7UFrE0TX2E2iGrBOJQHCGRmrZNCgl26eehABLcJsle9f5jusp0eni9m226+Ytu+iUnSHoX+KOSZGMUWnZH1475mkIEXLJtG64ToLNjCkUXEJe8FINCeM91oGGoRELQTez4Sc53TJKmwaxMhUhHarfJzIWat0PfdMZMuzq395A/M9rpBicNDMRJSlCxEeLglRSjOkgFtoWCjjKviGMK2FupbzLFONowiuYENzfL/8ltf2ye1Q+vDoonl2O45gjG2STlIhLjskZuSAVUiWc3JNH8kxerAfryXq13katE9Z4Zp38gPX+BW1+mPA=</latexit>

f(p) =
⇣
ep/T + 1

⌘�1

Wavelength
<latexit sha1_base64="0YGIQ5dxYrkMl31bArVXbsF0duY=">AAACFnicbVDLSgMxFM34tr6qLt0Ei+DGMiO+FiKCG91VsCp0Ssmkd9pgkhmSO9Iy1J9w46+4caGIW3Hn35g+Fr4OBA7n3MPNPVEqhUXf//TGxicmp6ZnZgtz8wuLS8XllUubZIZDlScyMdcRsyCFhioKlHCdGmAqknAV3Zz0/atbMFYk+gK7KdQVa2kRC87QSY3iVighxsNQukiTNUKdhUa02ngUsjQ1SYdul4O7EKGDuVK9RrHkl/0B6F8SjEiJjFBpFD/CZsIzBRq5ZNbWAj/Fes4MCi6hVwgzCynjN6wFNUc1U2Dr+eCsHt1wSpPGiXFPIx2o3xM5U9Z2VeQmFcO2/e31xf+8WobxQT0XOs0QNB8uijNJMaH9jmhTGOAou44wboT7K+VtZhhH12TBlRD8PvkvuXTF7ZV3z3dKx2ejOmbIGlknmyQg++SYnJIKqRJO7skjeSYv3oP35L16b8PRMW+UWSU/4L1/Afjmn+w=</latexit>

h�⌫i ⇡ 2.1 mm

Consists of three mass eigenstates, evolving independently

Only source of non-relativistic neutrinos

Number density
<latexit sha1_base64="ZnPS3HnGCXX1fpyHvshHIJS9GoM=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAIntZdNdGLEPCitwjmAUkMs5PZZMjs7DLTK4Y1B3/FiwdFvPob3vwbJ4+DJhY0FFXddHf5seAaXPfbmptfWFxazqxkV9fWNzbtre2KjhJFWZlGIlI1n2gmuGRl4CBYLVaMhL5gVb93OfSr90xpHslb6MesGZKO5AGnBIzUsndlqyGTi3zeKRw1gD1ASsPB3UnLzrmOOwKeJd6E5NAEpZb91WhHNAmZBCqI1nXPjaGZEgWcCjbINhLNYkJ7pMPqhkoSMt1MR/cP8IFR2jiIlCkJeKT+nkhJqHU/9E1nSKCrp72h+J9XTyA4b6ZcxgkwSceLgkRgiPAwDNzmilEQfUMIVdzcimmXKELBRJY1IXjTL8+SyrHjFZz8zWmueD2JI4P20D46RB46Q0V0hUqojCh6RM/oFb1ZT9aL9W59jFvnrMnMDvoD6/MHxVyVWA==</latexit>

n⌫ = 55.6/cm3 per neutrino



CνB and spin systems

<latexit sha1_base64="SSaz8klPpb/C1gbJYH0h1BcFhU0="></latexit>

H =
GF
p
2
(gL � gR) ̄�

µ�5 ⌫̄f�µ�5⌫f

Interaction with any fermionic spin 
<latexit sha1_base64="y0MibRfdNIG94njXaol5Em+gk8M=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVv44FL3qrYG2hXUo2zbahSTYkWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8SHFmrO9/e6WV1bX1jfJmZWt7Z3evun/waJJUE9oiCU90J8KGciZpyzLLaUdpikXEaTsa3+R++4lqwxL5YCeKhgIPJYsZwTaXesqwfrXm1/0Z0DIJClKDAs1+9as3SEgqqLSEY2O6ga9smGFtGeF0WumlhipMxnhIu45KLKgJs9mtU3TilAGKE+1KWjRTf09kWBgzEZHrFNiOzKKXi/953dTG12HGpEotlWS+KE45sgnKH0cDpimxfOIIJpq5WxEZYY2JdfFUXAjB4svL5PGsHlzWL+7Pa427Io4yHMExnEIAV9CAW2hCCwiM4Ble4c0T3ov37n3MW0teMXMIf+B9/gApmo5b</latexit>

 



CνB and spin systems

<latexit sha1_base64="SSaz8klPpb/C1gbJYH0h1BcFhU0="></latexit>

H =
GF
p
2
(gL � gR) ̄�

µ�5 ⌫̄f�µ�5⌫f

Interaction with any fermionic spin 
<latexit sha1_base64="y0MibRfdNIG94njXaol5Em+gk8M=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVv44FL3qrYG2hXUo2zbahSTYkWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8SHFmrO9/e6WV1bX1jfJmZWt7Z3evun/waJJUE9oiCU90J8KGciZpyzLLaUdpikXEaTsa3+R++4lqwxL5YCeKhgIPJYsZwTaXesqwfrXm1/0Z0DIJClKDAs1+9as3SEgqqLSEY2O6ga9smGFtGeF0WumlhipMxnhIu45KLKgJs9mtU3TilAGKE+1KWjRTf09kWBgzEZHrFNiOzKKXi/953dTG12HGpEotlWS+KE45sgnKH0cDpimxfOIIJpq5WxEZYY2JdfFUXAjB4svL5PGsHlzWL+7Pa427Io4yHMExnEIAV9CAW2hCCwiM4Ble4c0T3ov37n3MW0teMXMIf+B9/gApmo5b</latexit>

 

<latexit sha1_base64="2iZeLhE+zD4jbXN+DF3+tcAoyDw="></latexit>

H ⇡ GFp
2
(gL � gR)�

(3)(x⌫ � x )�⌫ · � 



CνB and spin systems

<latexit sha1_base64="SSaz8klPpb/C1gbJYH0h1BcFhU0="></latexit>

H =
GF
p
2
(gL � gR) ̄�

µ�5 ⌫̄f�µ�5⌫f

Interaction with any fermionic spin 
<latexit sha1_base64="y0MibRfdNIG94njXaol5Em+gk8M=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVv44FL3qrYG2hXUo2zbahSTYkWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8SHFmrO9/e6WV1bX1jfJmZWt7Z3evun/waJJUE9oiCU90J8KGciZpyzLLaUdpikXEaTsa3+R++4lqwxL5YCeKhgIPJYsZwTaXesqwfrXm1/0Z0DIJClKDAs1+9as3SEgqqLSEY2O6ga9smGFtGeF0WumlhipMxnhIu45KLKgJs9mtU3TilAGKE+1KWjRTf09kWBgzEZHrFNiOzKKXi/953dTG12HGpEotlWS+KE45sgnKH0cDpimxfOIIJpq5WxEZYY2JdfFUXAjB4svL5PGsHlzWL+7Pa427Io4yHMExnEIAV9CAW2hCCwiM4Ble4c0T3ov37n3MW0teMXMIf+B9/gApmo5b</latexit>

 

PMNS matrix mixes mass eigenstates

<latexit sha1_base64="2iZeLhE+zD4jbXN+DF3+tcAoyDw="></latexit>

H ⇡ GFp
2
(gL � gR)�

(3)(x⌫ � x )�⌫ · � 



CνB and spin systems

<latexit sha1_base64="SSaz8klPpb/C1gbJYH0h1BcFhU0="></latexit>

H =
GF
p
2
(gL � gR) ̄�

µ�5 ⌫̄f�µ�5⌫f

Interaction with any fermionic spin 
<latexit sha1_base64="y0MibRfdNIG94njXaol5Em+gk8M=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVv44FL3qrYG2hXUo2zbahSTYkWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8SHFmrO9/e6WV1bX1jfJmZWt7Z3evun/waJJUE9oiCU90J8KGciZpyzLLaUdpikXEaTsa3+R++4lqwxL5YCeKhgIPJYsZwTaXesqwfrXm1/0Z0DIJClKDAs1+9as3SEgqqLSEY2O6ga9smGFtGeF0WumlhipMxnhIu45KLKgJs9mtU3TilAGKE+1KWjRTf09kWBgzEZHrFNiOzKKXi/953dTG12HGpEotlWS+KE45sgnKH0cDpimxfOIIJpq5WxEZYY2JdfFUXAjB4svL5PGsHlzWL+7Pa427Io4yHMExnEIAV9CAW2hCCwiM4Ble4c0T3ov37n3MW0teMXMIf+B9/gApmo5b</latexit>

 

PMNS matrix mixes mass eigenstates

( )( )

<latexit sha1_base64="u04Abk2iMKbAMZguu/xDK1CVajI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2glv6uynuhVa27dnYEsE68gNSjQ7FW/uv2EZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqzSJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtF1kAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT8WG4C2+vEwez+reZf3i/rzWuCviKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwB4ByOxA==</latexit>⌫i
<latexit sha1_base64="u04Abk2iMKbAMZguu/xDK1CVajI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2glv6uynuhVa27dnYEsE68gNSjQ7FW/uv2EZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqzSJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtF1kAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT8WG4C2+vEwez+reZf3i/rzWuCviKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwB4ByOxA==</latexit>⌫i

Same mass eigenstate

<latexit sha1_base64="2iZeLhE+zD4jbXN+DF3+tcAoyDw="></latexit>

H ⇡ GFp
2
(gL � gR)�

(3)(x⌫ � x )�⌫ · � 



CνB and spin systems

<latexit sha1_base64="SSaz8klPpb/C1gbJYH0h1BcFhU0="></latexit>

H =
GF
p
2
(gL � gR) ̄�

µ�5 ⌫̄f�µ�5⌫f

Interaction with any fermionic spin 
<latexit sha1_base64="y0MibRfdNIG94njXaol5Em+gk8M=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVv44FL3qrYG2hXUo2zbahSTYkWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8SHFmrO9/e6WV1bX1jfJmZWt7Z3evun/waJJUE9oiCU90J8KGciZpyzLLaUdpikXEaTsa3+R++4lqwxL5YCeKhgIPJYsZwTaXesqwfrXm1/0Z0DIJClKDAs1+9as3SEgqqLSEY2O6ga9smGFtGeF0WumlhipMxnhIu45KLKgJs9mtU3TilAGKE+1KWjRTf09kWBgzEZHrFNiOzKKXi/953dTG12HGpEotlWS+KE45sgnKH0cDpimxfOIIJpq5WxEZYY2JdfFUXAjB4svL5PGsHlzWL+7Pa427Io4yHMExnEIAV9CAW2hCCwiM4Ble4c0T3ov37n3MW0teMXMIf+B9/gApmo5b</latexit>

 

PMNS matrix mixes mass eigenstates

( )( )

<latexit sha1_base64="u04Abk2iMKbAMZguu/xDK1CVajI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2glv6uynuhVa27dnYEsE68gNSjQ7FW/uv2EZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqzSJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtF1kAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT8WG4C2+vEwez+reZf3i/rzWuCviKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwB4ByOxA==</latexit>⌫i
<latexit sha1_base64="u04Abk2iMKbAMZguu/xDK1CVajI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2glv6uynuhVa27dnYEsE68gNSjQ7FW/uv2EZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqzSJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtF1kAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT8WG4C2+vEwez+reZf3i/rzWuCviKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwB4ByOxA==</latexit>⌫i

Same mass eigenstate

<latexit sha1_base64="399wUCyKSmYf8nm6vgTOFPOsEPw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qmLbQhrLZbtu1m03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgorq2vrG8XN0tb2zu5eef+gYeJUM+6zWMa6FVLDpVDcR4GStxLNaRRK3gxHN1O/+cS1EbF6wHHCg4gOlOgLRtFKfkel3cduueJW3RnIMvFyUoEc9W75q9OLWRpxhUxSY9qem2CQUY2CST4pdVLDE8pGdMDblioacRNks2Mn5MQqPdKPtS2FZKb+nshoZMw4Cm1nRHFoFr2p+J/XTrF/HWRCJSlyxeaL+qkkGJPp56QnNGcox5ZQpoW9lbAh1ZShzadkQ/AWX14mjbOqd1m9uD+v1O7yOIpwBMdwCh5cQQ1uoQ4+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/AOGgjsU=</latexit>⌫j

( )( )

<latexit sha1_base64="u04Abk2iMKbAMZguu/xDK1CVajI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2glv6uynuhVa27dnYEsE68gNSjQ7FW/uv2EZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqzSJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtF1kAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT8WG4C2+vEwez+reZf3i/rzWuCviKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwB4ByOxA==</latexit>⌫i

Different mass eigenstate
(Allowed only on e, due to W)

<latexit sha1_base64="2iZeLhE+zD4jbXN+DF3+tcAoyDw="></latexit>

H ⇡ GFp
2
(gL � gR)�

(3)(x⌫ � x )�⌫ · � 



CνB and spin systems

<latexit sha1_base64="SSaz8klPpb/C1gbJYH0h1BcFhU0="></latexit>

H =
GF
p
2
(gL � gR) ̄�

µ�5 ⌫̄f�µ�5⌫f

Interaction with any fermionic spin 
<latexit sha1_base64="y0MibRfdNIG94njXaol5Em+gk8M=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVv44FL3qrYG2hXUo2zbahSTYkWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8SHFmrO9/e6WV1bX1jfJmZWt7Z3evun/waJJUE9oiCU90J8KGciZpyzLLaUdpikXEaTsa3+R++4lqwxL5YCeKhgIPJYsZwTaXesqwfrXm1/0Z0DIJClKDAs1+9as3SEgqqLSEY2O6ga9smGFtGeF0WumlhipMxnhIu45KLKgJs9mtU3TilAGKE+1KWjRTf09kWBgzEZHrFNiOzKKXi/953dTG12HGpEotlWS+KE45sgnKH0cDpimxfOIIJpq5WxEZYY2JdfFUXAjB4svL5PGsHlzWL+7Pa427Io4yHMExnEIAV9CAW2hCCwiM4Ble4c0T3ov37n3MW0teMXMIf+B9/gApmo5b</latexit>

 

PMNS matrix mixes mass eigenstates

( )( )

<latexit sha1_base64="u04Abk2iMKbAMZguu/xDK1CVajI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2glv6uynuhVa27dnYEsE68gNSjQ7FW/uv2EZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqzSJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtF1kAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT8WG4C2+vEwez+reZf3i/rzWuCviKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwB4ByOxA==</latexit>⌫i
<latexit sha1_base64="u04Abk2iMKbAMZguu/xDK1CVajI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2glv6uynuhVa27dnYEsE68gNSjQ7FW/uv2EZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqzSJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtF1kAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT8WG4C2+vEwez+reZf3i/rzWuCviKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwB4ByOxA==</latexit>⌫i

Same mass eigenstate

<latexit sha1_base64="399wUCyKSmYf8nm6vgTOFPOsEPw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qmLbQhrLZbtu1m03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgorq2vrG8XN0tb2zu5eef+gYeJUM+6zWMa6FVLDpVDcR4GStxLNaRRK3gxHN1O/+cS1EbF6wHHCg4gOlOgLRtFKfkel3cduueJW3RnIMvFyUoEc9W75q9OLWRpxhUxSY9qem2CQUY2CST4pdVLDE8pGdMDblioacRNks2Mn5MQqPdKPtS2FZKb+nshoZMw4Cm1nRHFoFr2p+J/XTrF/HWRCJSlyxeaL+qkkGJPp56QnNGcox5ZQpoW9lbAh1ZShzadkQ/AWX14mjbOqd1m9uD+v1O7yOIpwBMdwCh5cQQ1uoQ4+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/AOGgjsU=</latexit>⌫j

( )( )

<latexit sha1_base64="u04Abk2iMKbAMZguu/xDK1CVajI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2glv6uynuhVa27dnYEsE68gNSjQ7FW/uv2EZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqzSJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtF1kAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT8WG4C2+vEwez+reZf3i/rzWuCviKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwB4ByOxA==</latexit>⌫i

Different mass eigenstate
(Allowed only on e, due to W)NMR

<latexit sha1_base64="2iZeLhE+zD4jbXN+DF3+tcAoyDw="></latexit>

H ⇡ GFp
2
(gL � gR)�

(3)(x⌫ � x )�⌫ · � 



CνB and spin systems

<latexit sha1_base64="SSaz8klPpb/C1gbJYH0h1BcFhU0="></latexit>

H =
GF
p
2
(gL � gR) ̄�

µ�5 ⌫̄f�µ�5⌫f

Interaction with any fermionic spin 
<latexit sha1_base64="y0MibRfdNIG94njXaol5Em+gk8M=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVv44FL3qrYG2hXUo2zbahSTYkWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8SHFmrO9/e6WV1bX1jfJmZWt7Z3evun/waJJUE9oiCU90J8KGciZpyzLLaUdpikXEaTsa3+R++4lqwxL5YCeKhgIPJYsZwTaXesqwfrXm1/0Z0DIJClKDAs1+9as3SEgqqLSEY2O6ga9smGFtGeF0WumlhipMxnhIu45KLKgJs9mtU3TilAGKE+1KWjRTf09kWBgzEZHrFNiOzKKXi/953dTG12HGpEotlWS+KE45sgnKH0cDpimxfOIIJpq5WxEZYY2JdfFUXAjB4svL5PGsHlzWL+7Pa427Io4yHMExnEIAV9CAW2hCCwiM4Ble4c0T3ov37n3MW0teMXMIf+B9/gApmo5b</latexit>

 

PMNS matrix mixes mass eigenstates

( )( )

<latexit sha1_base64="u04Abk2iMKbAMZguu/xDK1CVajI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2glv6uynuhVa27dnYEsE68gNSjQ7FW/uv2EZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqzSJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtF1kAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT8WG4C2+vEwez+reZf3i/rzWuCviKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwB4ByOxA==</latexit>⌫i
<latexit sha1_base64="u04Abk2iMKbAMZguu/xDK1CVajI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2glv6uynuhVa27dnYEsE68gNSjQ7FW/uv2EZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqzSJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtF1kAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT8WG4C2+vEwez+reZf3i/rzWuCviKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwB4ByOxA==</latexit>⌫i

Same mass eigenstate

<latexit sha1_base64="399wUCyKSmYf8nm6vgTOFPOsEPw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qmLbQhrLZbtu1m03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgorq2vrG8XN0tb2zu5eef+gYeJUM+6zWMa6FVLDpVDcR4GStxLNaRRK3gxHN1O/+cS1EbF6wHHCg4gOlOgLRtFKfkel3cduueJW3RnIMvFyUoEc9W75q9OLWRpxhUxSY9qem2CQUY2CST4pdVLDE8pGdMDblioacRNks2Mn5MQqPdKPtS2FZKb+nshoZMw4Cm1nRHFoFr2p+J/XTrF/HWRCJSlyxeaL+qkkGJPp56QnNGcox5ZQpoW9lbAh1ZShzadkQ/AWX14mjbOqd1m9uD+v1O7yOIpwBMdwCh5cQQ1uoQ4+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/AOGgjsU=</latexit>⌫j

( )( )

<latexit sha1_base64="u04Abk2iMKbAMZguu/xDK1CVajI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2glv6uynuhVa27dnYEsE68gNSjQ7FW/uv2EZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqzSJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtF1kAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT8WG4C2+vEwez+reZf3i/rzWuCviKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwB4ByOxA==</latexit>⌫i

Different mass eigenstate
(Allowed only on e, due to W)NMR

ESR

<latexit sha1_base64="2iZeLhE+zD4jbXN+DF3+tcAoyDw="></latexit>

H ⇡ GFp
2
(gL � gR)�

(3)(x⌫ � x )�⌫ · � 



R=10 cm sphere

106 R=1 mm spheres

R=1 cm sphere
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ns=3×1022 cm-3

Same mass eigenstate: NMR

Optimal energy splitting:
<latexit sha1_base64="kk92c3qj7ijv8QaoMXJ/mz5shEQ=">AAACDnicbVBNS8NAEN3Ur1q/oh69BEvBU0nEr4NKwYveVKwWmhI220m7dLMJu5NCCf0FXvwrXjwo4tWzN/+N29qDVh8MPN6bYWZemAqu0XU/rcLM7Nz8QnGxtLS8srpmr2/c6iRTDOosEYlqhFSD4BLqyFFAI1VA41DAXdg7G/l3fVCaJ/IGBym0YtqRPOKMopECu+InMXRo4J74kaIs9wVEeNwPfJn5ine6eDrMr4eBXXar7hjOX+JNSJlMcBnYH347YVkMEpmgWjc9N8VWThVyJmBY8jMNKWU92oGmoZLGoFv5+J2hUzFK24kSZUqiM1Z/TuQ01noQh6YzptjV095I/M9rZhgdtXIu0wxBsu9FUSYcTJxRNk6bK2AoBoZQpri51WFdamJBk2DJhOBNv/yX3O5WvYPq/tVeuXYxiaNItsg22SEeOSQ1ck4uSZ0wck8eyTN5sR6sJ+vVevtuLViTmU3yC9b7F9YFnKg=</latexit>

!0 =
hv⌫i
R

De-excite + Excite

( )( )

<latexit sha1_base64="u04Abk2iMKbAMZguu/xDK1CVajI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2glv6uynuhVa27dnYEsE68gNSjQ7FW/uv2EZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqzSJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtF1kAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT8WG4C2+vEwez+reZf3i/rzWuCviKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwB4ByOxA==</latexit>⌫i
<latexit sha1_base64="u04Abk2iMKbAMZguu/xDK1CVajI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2glv6uynuhVa27dnYEsE68gNSjQ7FW/uv2EZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqzSJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtF1kAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT8WG4C2+vEwez+reZf3i/rzWuCviKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwB4ByOxA==</latexit>⌫i



R=10 cm sphere

106 R=1 mm spheres

R=1 cm sphere
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ns=3×1022 cm-3

Same mass eigenstate: NMR

Optimal energy splitting:
<latexit sha1_base64="kk92c3qj7ijv8QaoMXJ/mz5shEQ=">AAACDnicbVBNS8NAEN3Ur1q/oh69BEvBU0nEr4NKwYveVKwWmhI220m7dLMJu5NCCf0FXvwrXjwo4tWzN/+N29qDVh8MPN6bYWZemAqu0XU/rcLM7Nz8QnGxtLS8srpmr2/c6iRTDOosEYlqhFSD4BLqyFFAI1VA41DAXdg7G/l3fVCaJ/IGBym0YtqRPOKMopECu+InMXRo4J74kaIs9wVEeNwPfJn5ine6eDrMr4eBXXar7hjOX+JNSJlMcBnYH347YVkMEpmgWjc9N8VWThVyJmBY8jMNKWU92oGmoZLGoFv5+J2hUzFK24kSZUqiM1Z/TuQ01noQh6YzptjV095I/M9rZhgdtXIu0wxBsu9FUSYcTJxRNk6bK2AoBoZQpri51WFdamJBk2DJhOBNv/yX3O5WvYPq/tVeuXYxiaNItsg22SEeOSQ1ck4uSZ0wck8eyTN5sR6sJ+vVevtuLViTmU3yC9b7F9YFnKg=</latexit>

!0 =
hv⌫i
R

De-excite + Excite

( )( )

<latexit sha1_base64="u04Abk2iMKbAMZguu/xDK1CVajI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2glv6uynuhVa27dnYEsE68gNSjQ7FW/uv2EZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqzSJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtF1kAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT8WG4C2+vEwez+reZf3i/rzWuCviKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwB4ByOxA==</latexit>⌫i
<latexit sha1_base64="u04Abk2iMKbAMZguu/xDK1CVajI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2glv6uynuhVa27dnYEsE68gNSjQ7FW/uv2EZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqzSJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtF1kAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT8WG4C2+vEwez+reZf3i/rzWuCviKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwB4ByOxA==</latexit>⌫i

enhancement compared to
<latexit sha1_base64="ljlgspd6LrusEcOMwgr12Ik6TkY=">AAACCHicbVDLSsNAFJ34rPUVdenCYBHqpiTF17LgRldWsA9oYplMJ+3QySTM3AglZOnGX3HjQhG3foI7/8ZJ24W2HrhwOOde7r3HjzlTYNvfxsLi0vLKamGtuL6xubVt7uw2VZRIQhsk4pFs+1hRzgRtAANO27GkOPQ5bfnDy9xvPVCpWCTuYBRTL8R9wQJGMGipax64IYYBwTy9yVxOAyg79n1adTJXsv4Ajrtmya7YY1jzxJmSEpqi3jW/3F5EkpAKIBwr1XHsGLwUS2CE06zoJorGmAxxn3Y0FTikykvHj2TWkVZ6VhBJXQKssfp7IsWhUqPQ15352WrWy8X/vE4CwYWXMhEnQAWZLAoSbkFk5alYPSYpAT7SBBPJ9K0WGWCJCejsijoEZ/bledKsVpyzyuntSal2PY2jgPbRISojB52jGrpCddRABD2iZ/SK3own48V4Nz4mrQvGdGYP/YHx+QMDC5lb</latexit>
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�
<latexit sha1_base64="Vw2j/PLZHj+CwMiEuF38SEuLZ7M=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApuCqJeNsoBTe6q2Av0IQymUzSoZMLMydCiX0CN76KGxeKuHXtzrdx2mah1R8Gfr5zDmfO76WCK7CsL6O0sLi0vFJeraytb2xumds7bZVkkrIWTUQiux5RTPCYtYCDYN1UMhJ5gnW84eWk3rljUvEkvoVRytyIhDEPOCWgUd+sOYIFcO+kijuShwO4OHdSmfgzHBasb1atujUV/mvswlRRoWbf/HT8hGYRi4EKolTPtlJwcyKBU8HGFSdTLCV0SELW0zYmEVNuPj1njGua+DhIpH4x4Cn9OZGTSKlR5OnOiMBAzdcm8L9aL4PgzM15nGbAYjpbFGQCQ4In2WCfS0ZBjLQhVHL9V0wHRBIKOsGKDsGeP/mvaR/W7ZP68c1RtXFdxFFGe2gfHSAbnaIGukJN1EIUPaAn9IJejUfj2Xgz3metJaOY2UW/ZHx8A2svnQE=</latexit>
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Same mass eigenstate: NMR

R=10 cm sphere
106 R=1 mm spheres

R=1 cm sphere
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ns=3×1022 cm-3

De-excite - Excite

( )( )

<latexit sha1_base64="u04Abk2iMKbAMZguu/xDK1CVajI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2glv6uynuhVa27dnYEsE68gNSjQ7FW/uv2EZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqzSJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtF1kAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT8WG4C2+vEwez+reZf3i/rzWuCviKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwB4ByOxA==</latexit>⌫i
<latexit sha1_base64="u04Abk2iMKbAMZguu/xDK1CVajI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2glv6uynuhVa27dnYEsE68gNSjQ7FW/uv2EZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqzSJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtF1kAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT8WG4C2+vEwez+reZf3i/rzWuCviKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwB4ByOxA==</latexit>⌫i



Same mass eigenstate: NMR

R=10 cm sphere
106 R=1 mm spheres

R=1 cm sphere

10-9 10-8 10-7 10-6
10-7

10-6

10-5

10-4

0.001

0.010

Excitation energy in eV

N
et
ra
te
fo
rM
aj
or
an
a
ne
ut
rin
os
in
H
z

ns=3×1022 cm-3

De-excite - Excite

( )( )

<latexit sha1_base64="u04Abk2iMKbAMZguu/xDK1CVajI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2glv6uynuhVa27dnYEsE68gNSjQ7FW/uv2EZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqzSJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtF1kAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT8WG4C2+vEwez+reZf3i/rzWuCviKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwB4ByOxA==</latexit>⌫i
<latexit sha1_base64="u04Abk2iMKbAMZguu/xDK1CVajI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2glv6uynuhVa27dnYEsE68gNSjQ7FW/uv2EZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqzSJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtF1kAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT8WG4C2+vEwez+reZf3i/rzWuCviKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwB4ByOxA==</latexit>⌫i

Phase space difference: 
<latexit sha1_base64="bYzpQokP4D6vjw4Mls0uikkRBdA=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIdWGdKd6WBTe6q2Iv0GmHTJppQ5PMkGSEMsx7uPFV3LhQxJXgwrcxnXah1R8CH/85h5Pz+xGjStv2l5VbWFxaXsmvFtbWNza3its7TRXGEpMGDlko2z5ShFFBGppqRtqRJIj7jLT80eWk3ronUtFQ3OlxRLocDQQNKEbaWF6x6gYS4cQNORkgz06TkeeKuFc9rvIJpK6iHJYzE94e9pIjJ/WKJbtiZ4J/wZlBCcxU94ofbj/EMSdCY4aU6jh2pLsJkppiRtKCGysSITxCA9IxKBAnqptkt6XwwDh9GITSPKFh5v6cSBBXasx908mRHqr52sT8r9aJdXDRTaiIYk0Eni4KYgZ1CCdBwT6VBGs2NoCwpOavEA+RCUubOAsmBGf+5L/QrFacs8rpzUmpdj2LIw/2wD4oAwecgxq4AnXQABg8gCfwAl6tR+vZerPep605azazC37J+vwGHySg1g==</latexit> !0
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Inverted mass hierarchy
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ns=3×1022 cm-3, mν=0.1 eV and R=10 cm

Different mass eigenstate: ESR

De-excite + Excite

( )( )

<latexit sha1_base64="u04Abk2iMKbAMZguu/xDK1CVajI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2glv6uynuhVa27dnYEsE68gNSjQ7FW/uv2EZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqzSJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtF1kAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT8WG4C2+vEwez+reZf3i/rzWuCviKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwB4ByOxA==</latexit>⌫i
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Other neutrinos
Rayleigh-Gans regime for relativistic particles

Very suppressed net rates, but total rates:
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Very suppressed net rates, but total rates:
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QCD Axion
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Dark Photons

N = 1010 ∼ 10−13 gr

N = 1016 ∼ 10−7 gr



Dark Quantum Optics



Observables



Observables
Interested in system dynamics  integrate out cosmic noise<latexit sha1_base64="P3UsIYlMCBQr3LihkYGzNzAqBlo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAi94imgckS5idzCZDZmeWmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLRzdRvPTFtuJKPOE5YEJOB5BGnBK300EXVK1e8qjeDu0z8nFQgR71X/ur2FU1jJpEKYkzH9xIMMqKRU8EmpW5qWELoiAxYx1JJYmaCbHbqxD2xSt+NlLYl0Z2pvycyEhszjkPbGRMcmkVvKv7ndVKMroOMyyRFJul8UZQKF5U7/dvtc80oirElhGpub3XpkGhC0aZTsiH4iy8vk+ZZ1b+sXtyfV2p3eRxFOIJjOAUfrqAGt1CHBlAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AFkRI3o</latexit>!



Observables
Interested in system dynamics  integrate out cosmic noise<latexit sha1_base64="P3UsIYlMCBQr3LihkYGzNzAqBlo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAi94imgckS5idzCZDZmeWmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLRzdRvPTFtuJKPOE5YEJOB5BGnBK300EXVK1e8qjeDu0z8nFQgR71X/ur2FU1jJpEKYkzH9xIMMqKRU8EmpW5qWELoiAxYx1JJYmaCbHbqxD2xSt+NlLYl0Z2pvycyEhszjkPbGRMcmkVvKv7ndVKMroOMyyRFJul8UZQKF5U7/dvtc80oirElhGpub3XpkGhC0aZTsiH4iy8vk+ZZ1b+sXtyfV2p3eRxFOIJjOAUfrqAGt1CHBlAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AFkRI3o</latexit>!

<latexit sha1_base64="9xkBWejyAqN0WFqU0MGfhT+yrtk="></latexit>

⇢⌫ =
Y

{k,s}

h
(1� hnik,s) |0ik,s h0|k,s + hnik,s |1ik,s h1|k,s

i



Observables
Interested in system dynamics  integrate out cosmic noise<latexit sha1_base64="P3UsIYlMCBQr3LihkYGzNzAqBlo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAi94imgckS5idzCZDZmeWmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLRzdRvPTFtuJKPOE5YEJOB5BGnBK300EXVK1e8qjeDu0z8nFQgR71X/ur2FU1jJpEKYkzH9xIMMqKRU8EmpW5qWELoiAxYx1JJYmaCbHbqxD2xSt+NlLYl0Z2pvycyEhszjkPbGRMcmkVvKv7ndVKMroOMyyRFJul8UZQKF5U7/dvtc80oirElhGpub3XpkGhC0aZTsiH4iy8vk+ZZ1b+sXtyfV2p3eRxFOIJjOAUfrqAGt1CHBlAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AFkRI3o</latexit>!

Lindblad equation for CνB
<latexit sha1_base64="QruT71+3qYEg4Oo5K4UjRrFmymI="></latexit>

⇢̇S ' �i�!S [Jz, ⇢S ] +
��
2
LJ� [⇢S(t)] +

�+
2
LJ+ [⇢S(t)] +

�z
2
LJz [⇢S(t)].

<latexit sha1_base64="9xkBWejyAqN0WFqU0MGfhT+yrtk="></latexit>

⇢⌫ =
Y

{k,s}

h
(1� hnik,s) |0ik,s h0|k,s + hnik,s |1ik,s h1|k,s

i



Observables
Interested in system dynamics  integrate out cosmic noise<latexit sha1_base64="P3UsIYlMCBQr3LihkYGzNzAqBlo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAi94imgckS5idzCZDZmeWmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLRzdRvPTFtuJKPOE5YEJOB5BGnBK300EXVK1e8qjeDu0z8nFQgR71X/ur2FU1jJpEKYkzH9xIMMqKRU8EmpW5qWELoiAxYx1JJYmaCbHbqxD2xSt+NlLYl0Z2pvycyEhszjkPbGRMcmkVvKv7ndVKMroOMyyRFJul8UZQKF5U7/dvtc80oirElhGpub3XpkGhC0aZTsiH4iy8vk+ZZ1b+sXtyfV2p3eRxFOIJjOAUfrqAGt1CHBlAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AFkRI3o</latexit>!

Lindblad equation for CνB
<latexit sha1_base64="QruT71+3qYEg4Oo5K4UjRrFmymI="></latexit>

⇢̇S ' �i�!S [Jz, ⇢S ] +
��
2
LJ� [⇢S(t)] +

�+
2
LJ+ [⇢S(t)] +

�z
2
LJz [⇢S(t)].

Compare to Lindblad equation for thermal photons
<latexit sha1_base64="RuHTs2V85kMTO35FnQuXI4OQ1ew="></latexit>

⇢̇S ' �a
2
(n̄th + 1)LJ� [⇢S(t)] +

�a
2
n̄thLJ+ [⇢S(t)].

<latexit sha1_base64="9xkBWejyAqN0WFqU0MGfhT+yrtk="></latexit>

⇢⌫ =
Y

{k,s}

h
(1� hnik,s) |0ik,s h0|k,s + hnik,s |1ik,s h1|k,s

i



Observables
Interested in system dynamics  integrate out cosmic noise<latexit sha1_base64="P3UsIYlMCBQr3LihkYGzNzAqBlo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAi94imgckS5idzCZDZmeWmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLRzdRvPTFtuJKPOE5YEJOB5BGnBK300EXVK1e8qjeDu0z8nFQgR71X/ur2FU1jJpEKYkzH9xIMMqKRU8EmpW5qWELoiAxYx1JJYmaCbHbqxD2xSt+NlLYl0Z2pvycyEhszjkPbGRMcmkVvKv7ndVKMroOMyyRFJul8UZQKF5U7/dvtc80oirElhGpub3XpkGhC0aZTsiH4iy8vk+ZZ1b+sXtyfV2p3eRxFOIJjOAUfrqAGt1CHBlAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AFkRI3o</latexit>!

Lindblad equation for CνB
<latexit sha1_base64="QruT71+3qYEg4Oo5K4UjRrFmymI="></latexit>

⇢̇S ' �i�!S [Jz, ⇢S ] +
��
2
LJ� [⇢S(t)] +

�+
2
LJ+ [⇢S(t)] +

�z
2
LJz [⇢S(t)].

Compare to Lindblad equation for thermal photons
<latexit sha1_base64="RuHTs2V85kMTO35FnQuXI4OQ1ew="></latexit>

⇢̇S ' �a
2
(n̄th + 1)LJ� [⇢S(t)] +

�a
2
n̄thLJ+ [⇢S(t)].

Spontaneous emission  Dicke superradiance<latexit sha1_base64="P3UsIYlMCBQr3LihkYGzNzAqBlo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAi94imgckS5idzCZDZmeWmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLRzdRvPTFtuJKPOE5YEJOB5BGnBK300EXVK1e8qjeDu0z8nFQgR71X/ur2FU1jJpEKYkzH9xIMMqKRU8EmpW5qWELoiAxYx1JJYmaCbHbqxD2xSt+NlLYl0Z2pvycyEhszjkPbGRMcmkVvKv7ndVKMroOMyyRFJul8UZQKF5U7/dvtc80oirElhGpub3XpkGhC0aZTsiH4iy8vk+ZZ1b+sXtyfV2p3eRxFOIJjOAUfrqAGt1CHBlAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AFkRI3o</latexit>!

<latexit sha1_base64="9xkBWejyAqN0WFqU0MGfhT+yrtk="></latexit>

⇢⌫ =
Y

{k,s}

h
(1� hnik,s) |0ik,s h0|k,s + hnik,s |1ik,s h1|k,s

i



Observables
Interested in system dynamics  integrate out cosmic noise<latexit sha1_base64="P3UsIYlMCBQr3LihkYGzNzAqBlo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAi94imgckS5idzCZDZmeWmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLRzdRvPTFtuJKPOE5YEJOB5BGnBK300EXVK1e8qjeDu0z8nFQgR71X/ur2FU1jJpEKYkzH9xIMMqKRU8EmpW5qWELoiAxYx1JJYmaCbHbqxD2xSt+NlLYl0Z2pvycyEhszjkPbGRMcmkVvKv7ndVKMroOMyyRFJul8UZQKF5U7/dvtc80oirElhGpub3XpkGhC0aZTsiH4iy8vk+ZZ1b+sXtyfV2p3eRxFOIJjOAUfrqAGt1CHBlAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AFkRI3o</latexit>!

Lindblad equation for CνB
<latexit sha1_base64="QruT71+3qYEg4Oo5K4UjRrFmymI="></latexit>

⇢̇S ' �i�!S [Jz, ⇢S ] +
��
2
LJ� [⇢S(t)] +

�+
2
LJ+ [⇢S(t)] +

�z
2
LJz [⇢S(t)].

Compare to Lindblad equation for thermal photons
<latexit sha1_base64="RuHTs2V85kMTO35FnQuXI4OQ1ew="></latexit>

⇢̇S ' �a
2
(n̄th + 1)LJ� [⇢S(t)] +

�a
2
n̄thLJ+ [⇢S(t)].

Net rate zero!

<latexit sha1_base64="9xkBWejyAqN0WFqU0MGfhT+yrtk="></latexit>

⇢⌫ =
Y

{k,s}

h
(1� hnik,s) |0ik,s h0|k,s + hnik,s |1ik,s h1|k,s

i



Observables
Lindblad equation for CνB

<latexit sha1_base64="QruT71+3qYEg4Oo5K4UjRrFmymI="></latexit>

⇢̇S ' �i�!S [Jz, ⇢S ] +
��
2
LJ� [⇢S(t)] +

�+
2
LJ+ [⇢S(t)] +

�z
2
LJz [⇢S(t)].



Observables
Lindblad equation for CνB

<latexit sha1_base64="QruT71+3qYEg4Oo5K4UjRrFmymI="></latexit>

⇢̇S ' �i�!S [Jz, ⇢S ] +
��
2
LJ� [⇢S(t)] +

�+
2
LJ+ [⇢S(t)] +

�z
2
LJz [⇢S(t)].

For example:
<latexit sha1_base64="c9tEdNm3gWzIkfKeyJVs3DqPVPk="></latexit>D
J̇z(t)

E
⇡ �+ hJ�J+i � �� hJ+J�i



Observables
Lindblad equation for CνB

<latexit sha1_base64="QruT71+3qYEg4Oo5K4UjRrFmymI="></latexit>

⇢̇S ' �i�!S [Jz, ⇢S ] +
��
2
LJ� [⇢S(t)] +

�+
2
LJ+ [⇢S(t)] +

�z
2
LJz [⇢S(t)].

For example:

<latexit sha1_base64="nUTw1FZELVMFY8CG4prHAjFwXv8=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU01K/TgWvOhFKpi20May2W7apZtN2N0IJfQ3ePGgiFd/kDf/jds2B219MPB4b4aZeUHCmdKO820VVlbX1jeKm6Wt7Z3dPXv/oKniVBLqkZjHsh1gRTkT1NNMc9pOJMVRwGkrGF1P/dYTlYrF4kGPE+pHeCBYyAjWRvLuHqtntZ5ddirODGiZuDkpQ45Gz/7q9mOSRlRowrFSHddJtJ9hqRnhdFLqpoommIzwgHYMFTiiys9mx07QiVH6KIylKaHRTP09keFIqXEUmM4I66Fa9Kbif14n1eGVnzGRpJoKMl8UphzpGE0/R30mKdF8bAgmkplbERliiYk2+ZRMCO7iy8ukWa24F5Xz+1q5fpvHUYQjOIZTcOES6nADDfCAAINneIU3S1gv1rv1MW8tWPnMIfyB9fkDsteN/g==</latexit>

N2/4
<latexit sha1_base64="nUTw1FZELVMFY8CG4prHAjFwXv8=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU01K/TgWvOhFKpi20May2W7apZtN2N0IJfQ3ePGgiFd/kDf/jds2B219MPB4b4aZeUHCmdKO820VVlbX1jeKm6Wt7Z3dPXv/oKniVBLqkZjHsh1gRTkT1NNMc9pOJMVRwGkrGF1P/dYTlYrF4kGPE+pHeCBYyAjWRvLuHqtntZ5ddirODGiZuDkpQ45Gz/7q9mOSRlRowrFSHddJtJ9hqRnhdFLqpoommIzwgHYMFTiiys9mx07QiVH6KIylKaHRTP09keFIqXEUmM4I66Fa9Kbif14n1eGVnzGRpJoKMl8UphzpGE0/R30mKdF8bAgmkplbERliiYk2+ZRMCO7iy8ukWa24F5Xz+1q5fpvHUYQjOIZTcOES6nADDfCAAINneIU3S1gv1rv1MW8tWPnMIfyB9fkDsteN/g==</latexit>

N2/4

Net suppressed
<latexit sha1_base64="c9tEdNm3gWzIkfKeyJVs3DqPVPk="></latexit>D
J̇z(t)

E
⇡ �+ hJ�J+i � �� hJ+J�i



Observables
Lindblad equation for CνB

<latexit sha1_base64="QruT71+3qYEg4Oo5K4UjRrFmymI="></latexit>

⇢̇S ' �i�!S [Jz, ⇢S ] +
��
2
LJ� [⇢S(t)] +

�+
2
LJ+ [⇢S(t)] +

�z
2
LJz [⇢S(t)].

For example:

<latexit sha1_base64="nUTw1FZELVMFY8CG4prHAjFwXv8=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU01K/TgWvOhFKpi20May2W7apZtN2N0IJfQ3ePGgiFd/kDf/jds2B219MPB4b4aZeUHCmdKO820VVlbX1jeKm6Wt7Z3dPXv/oKniVBLqkZjHsh1gRTkT1NNMc9pOJMVRwGkrGF1P/dYTlYrF4kGPE+pHeCBYyAjWRvLuHqtntZ5ddirODGiZuDkpQ45Gz/7q9mOSRlRowrFSHddJtJ9hqRnhdFLqpoommIzwgHYMFTiiys9mx07QiVH6KIylKaHRTP09keFIqXEUmM4I66Fa9Kbif14n1eGVnzGRpJoKMl8UphzpGE0/R30mKdF8bAgmkplbERliiYk2+ZRMCO7iy8ukWa24F5Xz+1q5fpvHUYQjOIZTcOES6nADDfCAAINneIU3S1gv1rv1MW8tWPnMIfyB9fkDsteN/g==</latexit>

N2/4
<latexit sha1_base64="nUTw1FZELVMFY8CG4prHAjFwXv8=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU01K/TgWvOhFKpi20May2W7apZtN2N0IJfQ3ePGgiFd/kDf/jds2B219MPB4b4aZeUHCmdKO820VVlbX1jeKm6Wt7Z3dPXv/oKniVBLqkZjHsh1gRTkT1NNMc9pOJMVRwGkrGF1P/dYTlYrF4kGPE+pHeCBYyAjWRvLuHqtntZ5ddirODGiZuDkpQ45Gz/7q9mOSRlRowrFSHddJtJ9hqRnhdFLqpoommIzwgHYMFTiiys9mx07QiVH6KIylKaHRTP09keFIqXEUmM4I66Fa9Kbif14n1eGVnzGRpJoKMl8UphzpGE0/R30mKdF8bAgmkplbERliiYk2+ZRMCO7iy8ukWa24F5Xz+1q5fpvHUYQjOIZTcOES6nADDfCAAINneIU3S1gv1rv1MW8tWPnMIfyB9fkDsteN/g==</latexit>

N2/4

Net suppressed
<latexit sha1_base64="c9tEdNm3gWzIkfKeyJVs3DqPVPk="></latexit>D
J̇z(t)

E
⇡ �+ hJ�J+i � �� hJ+J�i



Observables
Lindblad equation for CνB

<latexit sha1_base64="QruT71+3qYEg4Oo5K4UjRrFmymI="></latexit>

⇢̇S ' �i�!S [Jz, ⇢S ] +
��
2
LJ� [⇢S(t)] +

�+
2
LJ+ [⇢S(t)] +

�z
2
LJz [⇢S(t)].

For example:

Net suppressed
<latexit sha1_base64="pxSdlQuua1mrO6jIuIpY+zHHj0Y="></latexit>

⌦
J2
z (t)

↵
=

N

4
+

N2

4
(�+ + ��)t

<latexit sha1_base64="c9tEdNm3gWzIkfKeyJVs3DqPVPk="></latexit>D
J̇z(t)

E
⇡ �+ hJ�J+i � �� hJ+J�i

Sum of rates



Observables
Lindblad equation for CνB

<latexit sha1_base64="QruT71+3qYEg4Oo5K4UjRrFmymI="></latexit>

⇢̇S ' �i�!S [Jz, ⇢S ] +
��
2
LJ� [⇢S(t)] +

�+
2
LJ+ [⇢S(t)] +

�z
2
LJz [⇢S(t)].

For example:

Net suppressed
<latexit sha1_base64="pxSdlQuua1mrO6jIuIpY+zHHj0Y="></latexit>

⌦
J2
z (t)

↵
=

N

4
+

N2

4
(�+ + ��)t

<latexit sha1_base64="c9tEdNm3gWzIkfKeyJVs3DqPVPk="></latexit>D
J̇z(t)

E
⇡ �+ hJ�J+i � �� hJ+J�i

Sum of rates



Observables
Lindblad equation for CνB

<latexit sha1_base64="QruT71+3qYEg4Oo5K4UjRrFmymI="></latexit>

⇢̇S ' �i�!S [Jz, ⇢S ] +
��
2
LJ� [⇢S(t)] +

�+
2
LJ+ [⇢S(t)] +

�z
2
LJz [⇢S(t)].

For example:

Net suppressed
<latexit sha1_base64="pxSdlQuua1mrO6jIuIpY+zHHj0Y="></latexit>

⌦
J2
z (t)

↵
=

N

4
+

N2

4
(�+ + ��)t

<latexit sha1_base64="c9tEdNm3gWzIkfKeyJVs3DqPVPk="></latexit>D
J̇z(t)

E
⇡ �+ hJ�J+i � �� hJ+J�i

Sum of rates

Can look for variance change



Observables
Lindblad equation for CνB

<latexit sha1_base64="QruT71+3qYEg4Oo5K4UjRrFmymI="></latexit>

⇢̇S ' �i�!S [Jz, ⇢S ] +
��
2
LJ� [⇢S(t)] +

�+
2
LJ+ [⇢S(t)] +

�z
2
LJz [⇢S(t)].

For example:

Net suppressed
<latexit sha1_base64="pxSdlQuua1mrO6jIuIpY+zHHj0Y="></latexit>

⌦
J2
z (t)

↵
=

N

4
+

N2

4
(�+ + ��)t

<latexit sha1_base64="c9tEdNm3gWzIkfKeyJVs3DqPVPk="></latexit>D
J̇z(t)

E
⇡ �+ hJ�J+i � �� hJ+J�i

Sum of rates

Can look for variance change

Need to overcome 
<latexit sha1_base64="Ai+huegBaOvJZPfiYpd+4etrFhw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi14kAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3Uz95hMqzSP5YMYx+iEdSN7njBor1e67xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuUuiyMPR3AMp+DBFVTgFqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP6vsjOM=</latexit>

N



<latexit sha1_base64="loMXxbTQ55RNA3YLa6QohHMzDQo="></latexit>

Cboost ⇠ 2 · 1011
✓
10 cm

R

◆3/2 ✓3 · 1022 cm3

ns

◆3/2 ✓
1000 sec

t

◆✓
103

Nshots

◆1/2

Net energy CvΒ bound
<latexit sha1_base64="DZP6W53k7TqPFBY2eSYQKgrmuF8="></latexit>

SNR =
n2�2R4|�+ � ��|tp

N



<latexit sha1_base64="loMXxbTQ55RNA3YLa6QohHMzDQo="></latexit>

Cboost ⇠ 2 · 1011
✓
10 cm

R

◆3/2 ✓3 · 1022 cm3

ns

◆3/2 ✓
1000 sec

t

◆✓
103

Nshots

◆1/2

Net energy CvΒ bound

Comparable to KATRIN (200 ton spectrometer)

<latexit sha1_base64="DZP6W53k7TqPFBY2eSYQKgrmuF8="></latexit>

SNR =
n2�2R4|�+ � ��|tp

N



States



States
Product state: 

<latexit sha1_base64="nE6vQwzU1p10G9SxAkoat35A4n0=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiTiayMUdKEupIJ9QBPCZDpph04eztwINRT8FTcuFHHrd7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtzMzOzS8sFpaKyyura+vmxmZdxamkrEZjEcumTxQTPGI14CBYM5GMhL5gDb93PvQbD0wqHkd30E+YG5JOxANOCWjJM7edCyaA4GvvEZ9hR91LyG4GnlmyytYIeJrYOSmhHFXP/HLaMU1DFgEVRKmWbSXgZkQCp4INik6qWEJoj3RYS9OIhEy52ej8Ad7TShsHsdQVAR6pvycyEirVD33dGRLoqklvKP7ntVIITt2MR0kKLKLjRUEqMMR4mAVuc8koiL4mhEqub8W0SyShoBMr6hDsyZenSf2gbB+Xj24PS5WrPI4C2kG7aB/Z6ARV0CWqohqiKEPP6BW9GU/Gi/FufIxbZ4x8Zgv9gfH5AyH1lQA=</latexit>

�Jz =
p
N



States
Product state: 

<latexit sha1_base64="nE6vQwzU1p10G9SxAkoat35A4n0=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiTiayMUdKEupIJ9QBPCZDpph04eztwINRT8FTcuFHHrd7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtzMzOzS8sFpaKyyura+vmxmZdxamkrEZjEcumTxQTPGI14CBYM5GMhL5gDb93PvQbD0wqHkd30E+YG5JOxANOCWjJM7edCyaA4GvvEZ9hR91LyG4GnlmyytYIeJrYOSmhHFXP/HLaMU1DFgEVRKmWbSXgZkQCp4INik6qWEJoj3RYS9OIhEy52ej8Ad7TShsHsdQVAR6pvycyEirVD33dGRLoqklvKP7ntVIITt2MR0kKLKLjRUEqMMR4mAVuc8koiL4mhEqub8W0SyShoBMr6hDsyZenSf2gbB+Xj24PS5WrPI4C2kG7aB/Z6ARV0CWqohqiKEPP6BW9GU/Gi/FufIxbZ4x8Zgv9gfH5AyH1lQA=</latexit>

�Jz =
p
N Easy to produce, noisy



States
Product state: 

<latexit sha1_base64="nE6vQwzU1p10G9SxAkoat35A4n0=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiTiayMUdKEupIJ9QBPCZDpph04eztwINRT8FTcuFHHrd7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtzMzOzS8sFpaKyyura+vmxmZdxamkrEZjEcumTxQTPGI14CBYM5GMhL5gDb93PvQbD0wqHkd30E+YG5JOxANOCWjJM7edCyaA4GvvEZ9hR91LyG4GnlmyytYIeJrYOSmhHFXP/HLaMU1DFgEVRKmWbSXgZkQCp4INik6qWEJoj3RYS9OIhEy52ej8Ad7TShsHsdQVAR6pvycyEirVD33dGRLoqklvKP7ntVIITt2MR0kKLKLjRUEqMMR4mAVuc8koiL4mhEqub8W0SyShoBMr6hDsyZenSf2gbB+Xj24PS5WrPI4C2kG7aB/Z6ARV0CWqohqiKEPP6BW9GU/Gi/FufIxbZ4x8Zgv9gfH5AyH1lQA=</latexit>

�Jz =
p
N

Equatorial Dicke state: 
<latexit sha1_base64="7X5YIufk0C7RenBHnD1WddCcq0s=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhECelBPEcwCyRh6OjVJk56F7h4lDvkPLx4U8eq/ePNv7CRz0OiDgsd7VVTV82LBlbbtLys3N7+wuJRfLqysrq1vFDe36ipKJMMai0Qkmx5VKHiINc21wGYskQaewIY3OB/7jXuUikfhrR7G6Aa0F3KfM6qNdNe+QKEpue48kjNid4olu2xPQP4SJyMlyFDtFD/b3YglAYaaCapUy7Fj7aZUas4EjgrtRGFM2YD2sGVoSANUbjq5ekT2jNIlfiRNhZpM1J8TKQ2UGgae6Qyo7qtZbyz+57US7Z+6KQ/jRGPIpov8RBAdkXEEpMslMi2GhlAmubmVsD6VlGkTVMGE4My+/JfUD8rOcfno5rBUucriyMMO7MI+OHACFbiEKtSAgYQneIFX68F6tt6s92lrzspmtuEXrI9vlxSRTQ==</latexit>

�Jz = 0

Easy to produce, noisy



States
Product state: 

<latexit sha1_base64="nE6vQwzU1p10G9SxAkoat35A4n0=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiTiayMUdKEupIJ9QBPCZDpph04eztwINRT8FTcuFHHrd7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtzMzOzS8sFpaKyyura+vmxmZdxamkrEZjEcumTxQTPGI14CBYM5GMhL5gDb93PvQbD0wqHkd30E+YG5JOxANOCWjJM7edCyaA4GvvEZ9hR91LyG4GnlmyytYIeJrYOSmhHFXP/HLaMU1DFgEVRKmWbSXgZkQCp4INik6qWEJoj3RYS9OIhEy52ej8Ad7TShsHsdQVAR6pvycyEirVD33dGRLoqklvKP7ntVIITt2MR0kKLKLjRUEqMMR4mAVuc8koiL4mhEqub8W0SyShoBMr6hDsyZenSf2gbB+Xj24PS5WrPI4C2kG7aB/Z6ARV0CWqohqiKEPP6BW9GU/Gi/FufIxbZ4x8Zgv9gfH5AyH1lQA=</latexit>

�Jz =
p
N

Equatorial Dicke state: 
<latexit sha1_base64="7X5YIufk0C7RenBHnD1WddCcq0s=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhECelBPEcwCyRh6OjVJk56F7h4lDvkPLx4U8eq/ePNv7CRz0OiDgsd7VVTV82LBlbbtLys3N7+wuJRfLqysrq1vFDe36ipKJMMai0Qkmx5VKHiINc21wGYskQaewIY3OB/7jXuUikfhrR7G6Aa0F3KfM6qNdNe+QKEpue48kjNid4olu2xPQP4SJyMlyFDtFD/b3YglAYaaCapUy7Fj7aZUas4EjgrtRGFM2YD2sGVoSANUbjq5ekT2jNIlfiRNhZpM1J8TKQ2UGgae6Qyo7qtZbyz+57US7Z+6KQ/jRGPIpov8RBAdkXEEpMslMi2GhlAmubmVsD6VlGkTVMGE4My+/JfUD8rOcfno5rBUucriyMMO7MI+OHACFbiEKtSAgYQneIFX68F6tt6s92lrzspmtuEXrI9vlxSRTQ==</latexit>

�Jz = 0

Easy to produce, noisy

Hard to produce



States
Product state: 

<latexit sha1_base64="nE6vQwzU1p10G9SxAkoat35A4n0=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiTiayMUdKEupIJ9QBPCZDpph04eztwINRT8FTcuFHHrd7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtzMzOzS8sFpaKyyura+vmxmZdxamkrEZjEcumTxQTPGI14CBYM5GMhL5gDb93PvQbD0wqHkd30E+YG5JOxANOCWjJM7edCyaA4GvvEZ9hR91LyG4GnlmyytYIeJrYOSmhHFXP/HLaMU1DFgEVRKmWbSXgZkQCp4INik6qWEJoj3RYS9OIhEy52ej8Ad7TShsHsdQVAR6pvycyEirVD33dGRLoqklvKP7ntVIITt2MR0kKLKLjRUEqMMR4mAVuc8koiL4mhEqub8W0SyShoBMr6hDsyZenSf2gbB+Xj24PS5WrPI4C2kG7aB/Z6ARV0CWqohqiKEPP6BW9GU/Gi/FufIxbZ4x8Zgv9gfH5AyH1lQA=</latexit>

�Jz =
p
N

Equatorial Dicke state: 
<latexit sha1_base64="7X5YIufk0C7RenBHnD1WddCcq0s=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhECelBPEcwCyRh6OjVJk56F7h4lDvkPLx4U8eq/ePNv7CRz0OiDgsd7VVTV82LBlbbtLys3N7+wuJRfLqysrq1vFDe36ipKJMMai0Qkmx5VKHiINc21wGYskQaewIY3OB/7jXuUikfhrR7G6Aa0F3KfM6qNdNe+QKEpue48kjNid4olu2xPQP4SJyMlyFDtFD/b3YglAYaaCapUy7Fj7aZUas4EjgrtRGFM2YD2sGVoSANUbjq5ekT2jNIlfiRNhZpM1J8TKQ2UGgae6Qyo7qtZbyz+57US7Z+6KQ/jRGPIpov8RBAdkXEEpMslMi2GhlAmubmVsD6VlGkTVMGE4My+/JfUD8rOcfno5rBUucriyMMO7MI+OHACFbiEKtSAgYQneIFX68F6tt6s92lrzspmtuEXrI9vlxSRTQ==</latexit>

�Jz = 0

Squeezed state: 
<latexit sha1_base64="LavvhZ7hcjAvW8ylxvIhbHMw+jQ=">AAACEnicbVDJSgNBEO1xjXEb9eilMQgKEmbE7SIE9KAeJIJZIDMMPZ1O0qRnSXeNGId8gxd/xYsHRbx68ubf2FkOmvig4PV7VXTV82PBFVjWtzE1PTM7N59ZyC4uLa+smmvrZRUlkrISjUQkqz5RTPCQlYCDYNVYMhL4glX89lnfr9wxqXgU3kI3Zm5AmiFvcEpAS56565wzAQRfeQ/4FDuqIyF17jm+7u05nYTUcf/hCIFtz8xZeWsAPEnsEcmhEYqe+eXUI5oELAQqiFI124rBTYkETgXrZZ1EsZjQNmmymqYhCZhy08FJPbytlTpuRFJXCHig/p5ISaBUN/B1Z0Cgpca9vvifV0ugceKmPIwTYCEdftRIBIYI9/PBdS4ZBdHVhFDJ9a6YtogkFHSKWR2CPX7yJCnv5+2j/OHNQa5wOYojgzbRFtpBNjpGBXSBiqiEKHpEz+gVvRlPxovxbnwMW6eM0cwG+gPj8wfWfZxa</latexit>
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Superradiant interactions: macroscopic coherence and change the 
internal state of the system

Apply for scattering-type interactions: CνB, relativistic neutrinos, sub-GeV DM
Apply for absorption/emission-type interactions: QCD axion, ALPs, Dark Photons

Need special quantum states of matter

Coherence when momentum transfer ~ inverse system size
Regulated by energy splitting  control parameter→

Can think of particles as tunable noise on the system
New observables that depend on the sum of excitation and de-excitation rates
May point to a new type of table-top and ultra-low threshold particle detectors
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Inelastic DM scattering from R=10 cm sphere with ns=3×1022 cm-3
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