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Parallel vs Collective Charging 
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Parallel charging Rabi Battery 
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Realistic models for cQED 
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Collective charging 
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Previous work focused on the speed of the process

During the charging some correlations are created
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<latexit sha1_base64="Nb2HKT9kh5zR3BdLFUKW6ApcQ34=">AAACI3icbVC7TgJREJ3FF+ILtLS5kZhYkV1joiXRxhITeSSwIbOXAW+4+/DeWRNC+A5bLfwaO2Nj4b+4IIWApzpzzkzO5ASJVpZd98vJra1vbG7ltws7u3v7B8XSYcPGqZFUl7GOTStAS1pFVGfFmlqJIQwDTc1geDP1m09krIqjex4l5Ic4iFRfSeRM8jv92KDWohMQY7dYdivuDGKVeHNShjlq3ZIDnV4s05AilhqtbXtuwv4YDSupaVLopJYSlEMcUDujEYZk/fHs64k4TS1yLBIyQmkxE+nvxRhDa0dhkG2GyA922ZuK/3ntlPtX/lhFScoUyWkQK02zICuNyuog0VOGmHH6OQkVCYkGmckogVJmYpr1sxAYhJPF2eCQeJJ15i03tEoa5xXPrXh3F+Xq9by9PBzDCZyBB5dQhVuoQR0kPMIzvMCr8+a8Ox/O5+9qzpnfHMECnO8ffAqkeg==</latexit><latexit sha1_base64="Nb2HKT9kh5zR3BdLFUKW6ApcQ34=">AAACI3icbVC7TgJREJ3FF+ILtLS5kZhYkV1joiXRxhITeSSwIbOXAW+4+/DeWRNC+A5bLfwaO2Nj4b+4IIWApzpzzkzO5ASJVpZd98vJra1vbG7ltws7u3v7B8XSYcPGqZFUl7GOTStAS1pFVGfFmlqJIQwDTc1geDP1m09krIqjex4l5Ic4iFRfSeRM8jv92KDWohMQY7dYdivuDGKVeHNShjlq3ZIDnV4s05AilhqtbXtuwv4YDSupaVLopJYSlEMcUDujEYZk/fHs64k4TS1yLBIyQmkxE+nvxRhDa0dhkG2GyA922ZuK/3ntlPtX/lhFScoUyWkQK02zICuNyuog0VOGmHH6OQkVCYkGmckogVJmYpr1sxAYhJPF2eCQeJJ15i03tEoa5xXPrXh3F+Xq9by9PBzDCZyBB5dQhVuoQR0kPMIzvMCr8+a8Ox/O5+9qzpnfHMECnO8ffAqkeg==</latexit><latexit sha1_base64="Nb2HKT9kh5zR3BdLFUKW6ApcQ34=">AAACI3icbVC7TgJREJ3FF+ILtLS5kZhYkV1joiXRxhITeSSwIbOXAW+4+/DeWRNC+A5bLfwaO2Nj4b+4IIWApzpzzkzO5ASJVpZd98vJra1vbG7ltws7u3v7B8XSYcPGqZFUl7GOTStAS1pFVGfFmlqJIQwDTc1geDP1m09krIqjex4l5Ic4iFRfSeRM8jv92KDWohMQY7dYdivuDGKVeHNShjlq3ZIDnV4s05AilhqtbXtuwv4YDSupaVLopJYSlEMcUDujEYZk/fHs64k4TS1yLBIyQmkxE+nvxRhDa0dhkG2GyA922ZuK/3ntlPtX/lhFScoUyWkQK02zICuNyuog0VOGmHH6OQkVCYkGmckogVJmYpr1sxAYhJPF2eCQeJJ15i03tEoa5xXPrXh3F+Xq9by9PBzDCZyBB5dQhVuoQR0kPMIzvMCr8+a8Ox/O5+9qzpnfHMECnO8ffAqkeg==</latexit><latexit sha1_base64="Nb2HKT9kh5zR3BdLFUKW6ApcQ34=">AAACI3icbVC7TgJREJ3FF+ILtLS5kZhYkV1joiXRxhITeSSwIbOXAW+4+/DeWRNC+A5bLfwaO2Nj4b+4IIWApzpzzkzO5ASJVpZd98vJra1vbG7ltws7u3v7B8XSYcPGqZFUl7GOTStAS1pFVGfFmlqJIQwDTc1geDP1m09krIqjex4l5Ic4iFRfSeRM8jv92KDWohMQY7dYdivuDGKVeHNShjlq3ZIDnV4s05AilhqtbXtuwv4YDSupaVLopJYSlEMcUDujEYZk/fHs64k4TS1yLBIyQmkxE+nvxRhDa0dhkG2GyA922ZuK/3ntlPtX/lhFScoUyWkQK02zICuNyuog0VOGmHH6OQkVCYkGmckogVJmYpr1sxAYhJPF2eCQeJJ15i03tEoa5xXPrXh3F+Xq9by9PBzDCZyBB5dQhVuoQR0kPMIzvMCr8+a8Ox/O5+9qzpnfHMECnO8ffAqkeg==</latexit>

G. Manzano, F. Plastina, R. Zambrini

Phys. Rev. Lett. 121, 120602 (2018)


W = tr[⇢H0]� tr[U(t⇤)⇢U†(t⇤)H0]
<latexit sha1_base64="wOS9VOzo9DNDZV6UgcRYXtW8nlA="></latexit><latexit sha1_base64="wOS9VOzo9DNDZV6UgcRYXtW8nlA="></latexit><latexit sha1_base64="wOS9VOzo9DNDZV6UgcRYXtW8nlA="></latexit><latexit sha1_base64="wOS9VOzo9DNDZV6UgcRYXtW8nlA="></latexit>

⇢ ! U(t⇤)⇢U†(t⇤)
<latexit sha1_base64="WVzNF+f3kiA/eISNIs1WFAqX7+E=">AAACOXicbVC7TsNAEFzzJrwSKGkOIiSgiGyEBCWChhIkHJDiEK0vSzjl/NDdGglFqfkaWij4Eko6RMsPYJsUBJhqdnZXszthqpVl1311Jianpmdm5+YrC4tLyyvV2mrTJpmR5MtEJ+YqREtaxeSzYk1XqSGMQk2XYf+k6F/ekbEqiS/4PqV2hL1Y3SiJnEud6kZgbpOAE+Fv8/XuTlEJ/zroYq9HppQ61brbcEuIv8QbkTqMcNapORB0E5lFFLPUaG3Lc1NuD9CwkpqGlSCzlKLsY49aOY0xItselL8MxVZmMT8nJSOUFqVIPzcGGFl7H4X5ZIR8a3/3CvG/Xivjm8P2QMVpxhTLwoiVptLISqPykEh0lSFmLC4noWIh0SAzGSVQylzM8tTGDMNoOF4b7BMP88y83wn9Jc29huc2vPP9+tHxKL05WIdN2AYPDuAITuEMfJDwAI/wBM/Oi/PmvDsf36MTzmhnDcbgfH4BGZyrsA==</latexit><latexit sha1_base64="WVzNF+f3kiA/eISNIs1WFAqX7+E=">AAACOXicbVC7TsNAEFzzJrwSKGkOIiSgiGyEBCWChhIkHJDiEK0vSzjl/NDdGglFqfkaWij4Eko6RMsPYJsUBJhqdnZXszthqpVl1311Jianpmdm5+YrC4tLyyvV2mrTJpmR5MtEJ+YqREtaxeSzYk1XqSGMQk2XYf+k6F/ekbEqiS/4PqV2hL1Y3SiJnEud6kZgbpOAE+Fv8/XuTlEJ/zroYq9HppQ61brbcEuIv8QbkTqMcNapORB0E5lFFLPUaG3Lc1NuD9CwkpqGlSCzlKLsY49aOY0xItselL8MxVZmMT8nJSOUFqVIPzcGGFl7H4X5ZIR8a3/3CvG/Xivjm8P2QMVpxhTLwoiVptLISqPykEh0lSFmLC4noWIh0SAzGSVQylzM8tTGDMNoOF4b7BMP88y83wn9Jc29huc2vPP9+tHxKL05WIdN2AYPDuAITuEMfJDwAI/wBM/Oi/PmvDsf36MTzmhnDcbgfH4BGZyrsA==</latexit><latexit sha1_base64="WVzNF+f3kiA/eISNIs1WFAqX7+E=">AAACOXicbVC7TsNAEFzzJrwSKGkOIiSgiGyEBCWChhIkHJDiEK0vSzjl/NDdGglFqfkaWij4Eko6RMsPYJsUBJhqdnZXszthqpVl1311Jianpmdm5+YrC4tLyyvV2mrTJpmR5MtEJ+YqREtaxeSzYk1XqSGMQk2XYf+k6F/ekbEqiS/4PqV2hL1Y3SiJnEud6kZgbpOAE+Fv8/XuTlEJ/zroYq9HppQ61brbcEuIv8QbkTqMcNapORB0E5lFFLPUaG3Lc1NuD9CwkpqGlSCzlKLsY49aOY0xItselL8MxVZmMT8nJSOUFqVIPzcGGFl7H4X5ZIR8a3/3CvG/Xivjm8P2QMVpxhTLwoiVptLISqPykEh0lSFmLC4noWIh0SAzGSVQylzM8tTGDMNoOF4b7BMP88y83wn9Jc29huc2vPP9+tHxKL05WIdN2AYPDuAITuEMfJDwAI/wBM/Oi/PmvDsf36MTzmhnDcbgfH4BGZyrsA==</latexit><latexit sha1_base64="WVzNF+f3kiA/eISNIs1WFAqX7+E=">AAACOXicbVC7TsNAEFzzJrwSKGkOIiSgiGyEBCWChhIkHJDiEK0vSzjl/NDdGglFqfkaWij4Eko6RMsPYJsUBJhqdnZXszthqpVl1311Jianpmdm5+YrC4tLyyvV2mrTJpmR5MtEJ+YqREtaxeSzYk1XqSGMQk2XYf+k6F/ekbEqiS/4PqV2hL1Y3SiJnEud6kZgbpOAE+Fv8/XuTlEJ/zroYq9HppQ61brbcEuIv8QbkTqMcNapORB0E5lFFLPUaG3Lc1NuD9CwkpqGlSCzlKLsY49aOY0xItselL8MxVZmMT8nJSOUFqVIPzcGGFl7H4X5ZIR8a3/3CvG/Xivjm8P2QMVpxhTLwoiVptLISqPykEh0lSFmLC4noWIh0SAzGSVQylzM8tTGDMNoOF4b7BMP88y83wn9Jc29huc2vPP9+tHxKL05WIdN2AYPDuAITuEMfJDwAI/wBM/Oi/PmvDsf36MTzmhnDcbgfH4BGZyrsA==</latexit>



After the protocol 

A B

⇢fAB = U†⇢iABU
<latexit sha1_base64="41LYV1wh1g0946/5773N4ppZ1K8="></latexit><latexit sha1_base64="41LYV1wh1g0946/5773N4ppZ1K8="></latexit><latexit sha1_base64="41LYV1wh1g0946/5773N4ppZ1K8="></latexit><latexit sha1_base64="41LYV1wh1g0946/5773N4ppZ1K8="></latexit>

⇢AB
<latexit sha1_base64="Q2GE91rOm1jmEWzuubUeOhFy6sU=">AAACI3icbVC7TsNAEFzzDO8AJc2JCIkqshESlAEayiARiJRY0fpY4JQ729ytkSIr30ELBV9Dh2go+BfskIIQppqd2dWsJkq1cuz7n97M7Nz8wmJlaXlldW19o7q5deWSzEpqyUQnth2hI61iarFiTe3UEppI03XUPyv960eyTiXxJQ9SCg3exepWSeRCCrv2PunlXWvEyemwV635dX8EMU2CManBGM3epgfdm0RmhmKWGp3rBH7KYY6WldQ0XO5mjlKUfbyjTkFjNOTCfPT1UOxlDjkRKVmhtBiJ9PsiR+PcwETFpkG+d3+9UvzP62R8exzmKk4zpliWQaw0jYKctKqog8SNssSM5eckVCwkWmQmqwRKWYhZ0c9EYGSGk7PFPnHZWfC3oWlydVAP/HpwcVhrnI7bq8AO7MI+BHAEDTiHJrRAwgM8wTO8eK/em/fuffysznjjm22YgPf1DVCWpGA=</latexit><latexit sha1_base64="Q2GE91rOm1jmEWzuubUeOhFy6sU=">AAACI3icbVC7TsNAEFzzDO8AJc2JCIkqshESlAEayiARiJRY0fpY4JQ729ytkSIr30ELBV9Dh2go+BfskIIQppqd2dWsJkq1cuz7n97M7Nz8wmJlaXlldW19o7q5deWSzEpqyUQnth2hI61iarFiTe3UEppI03XUPyv960eyTiXxJQ9SCg3exepWSeRCCrv2PunlXWvEyemwV635dX8EMU2CManBGM3epgfdm0RmhmKWGp3rBH7KYY6WldQ0XO5mjlKUfbyjTkFjNOTCfPT1UOxlDjkRKVmhtBiJ9PsiR+PcwETFpkG+d3+9UvzP62R8exzmKk4zpliWQaw0jYKctKqog8SNssSM5eckVCwkWmQmqwRKWYhZ0c9EYGSGk7PFPnHZWfC3oWlydVAP/HpwcVhrnI7bq8AO7MI+BHAEDTiHJrRAwgM8wTO8eK/em/fuffysznjjm22YgPf1DVCWpGA=</latexit><latexit sha1_base64="Q2GE91rOm1jmEWzuubUeOhFy6sU=">AAACI3icbVC7TsNAEFzzDO8AJc2JCIkqshESlAEayiARiJRY0fpY4JQ729ytkSIr30ELBV9Dh2go+BfskIIQppqd2dWsJkq1cuz7n97M7Nz8wmJlaXlldW19o7q5deWSzEpqyUQnth2hI61iarFiTe3UEppI03XUPyv960eyTiXxJQ9SCg3exepWSeRCCrv2PunlXWvEyemwV635dX8EMU2CManBGM3epgfdm0RmhmKWGp3rBH7KYY6WldQ0XO5mjlKUfbyjTkFjNOTCfPT1UOxlDjkRKVmhtBiJ9PsiR+PcwETFpkG+d3+9UvzP62R8exzmKk4zpliWQaw0jYKctKqog8SNssSM5eckVCwkWmQmqwRKWYhZ0c9EYGSGk7PFPnHZWfC3oWlydVAP/HpwcVhrnI7bq8AO7MI+BHAEDTiHJrRAwgM8wTO8eK/em/fuffysznjjm22YgPf1DVCWpGA=</latexit><latexit sha1_base64="Q2GE91rOm1jmEWzuubUeOhFy6sU=">AAACI3icbVC7TsNAEFzzDO8AJc2JCIkqshESlAEayiARiJRY0fpY4JQ729ytkSIr30ELBV9Dh2go+BfskIIQppqd2dWsJkq1cuz7n97M7Nz8wmJlaXlldW19o7q5deWSzEpqyUQnth2hI61iarFiTe3UEppI03XUPyv960eyTiXxJQ9SCg3exepWSeRCCrv2PunlXWvEyemwV635dX8EMU2CManBGM3epgfdm0RmhmKWGp3rBH7KYY6WldQ0XO5mjlKUfbyjTkFjNOTCfPT1UOxlDjkRKVmhtBiJ9PsiR+PcwETFpkG+d3+9UvzP62R8exzmKk4zpliWQaw0jYKctKqog8SNssSM5eckVCwkWmQmqwRKWYhZ0c9EYGSGk7PFPnHZWfC3oWlydVAP/HpwcVhrnI7bq8AO7MI+BHAEDTiHJrRAwgM8wTO8eK/em/fuffysznjjm22YgPf1DVCWpGA=</latexit>

remains pure



After the protocol 

A B

EB(⇢B)
<latexit sha1_base64="fY0CmVXUh/dmjZ4U8V8hoivvc8E=">AAACOXicbVA9S8RAEJ34/e2ppc3qIWhzJCJoeSiCpYKnwuU4Juuoy+0mYXciSEjtr7HVwl9iaSe2/gGT8wRPfdWbNzO8mRelWjn2/RdvZHRsfGJyanpmdm5+YbG2tHzmksxKaslEJ/YiQkdaxdRixZouUktoIk3nUe+g6p/fknUqiU/5LqWOwetYXSmJXErd2lpokG8k6vyw6OahNWK/2AztTfJdbHVrdb/h9yH+kmBA6jDAcXfJg/AykZmhmKVG59qBn3InR8tKaipmwsxRirKH19QuaYyGXCfv/1KIjcwhJyIlK5QWfZF+buRonLszUTlZXe5+9yrxv14746u9Tq7iNGOKZWXESlPfyEmrypBIXCpLzFhdTkLFQqJFZrJKoJSlmJWpDRlGphiuLfaIizKz4HdCf8nZdiPwG8HJTr25P0hvClZhHTYhgF1owhEcQwsk3MMDPMKT9+y9em/e+9foiDfYWYEheB+fF5Cs0A==</latexit><latexit sha1_base64="fY0CmVXUh/dmjZ4U8V8hoivvc8E=">AAACOXicbVA9S8RAEJ34/e2ppc3qIWhzJCJoeSiCpYKnwuU4Juuoy+0mYXciSEjtr7HVwl9iaSe2/gGT8wRPfdWbNzO8mRelWjn2/RdvZHRsfGJyanpmdm5+YbG2tHzmksxKaslEJ/YiQkdaxdRixZouUktoIk3nUe+g6p/fknUqiU/5LqWOwetYXSmJXErd2lpokG8k6vyw6OahNWK/2AztTfJdbHVrdb/h9yH+kmBA6jDAcXfJg/AykZmhmKVG59qBn3InR8tKaipmwsxRirKH19QuaYyGXCfv/1KIjcwhJyIlK5QWfZF+buRonLszUTlZXe5+9yrxv14746u9Tq7iNGOKZWXESlPfyEmrypBIXCpLzFhdTkLFQqJFZrJKoJSlmJWpDRlGphiuLfaIizKz4HdCf8nZdiPwG8HJTr25P0hvClZhHTYhgF1owhEcQwsk3MMDPMKT9+y9em/e+9foiDfYWYEheB+fF5Cs0A==</latexit><latexit sha1_base64="fY0CmVXUh/dmjZ4U8V8hoivvc8E=">AAACOXicbVA9S8RAEJ34/e2ppc3qIWhzJCJoeSiCpYKnwuU4Juuoy+0mYXciSEjtr7HVwl9iaSe2/gGT8wRPfdWbNzO8mRelWjn2/RdvZHRsfGJyanpmdm5+YbG2tHzmksxKaslEJ/YiQkdaxdRixZouUktoIk3nUe+g6p/fknUqiU/5LqWOwetYXSmJXErd2lpokG8k6vyw6OahNWK/2AztTfJdbHVrdb/h9yH+kmBA6jDAcXfJg/AykZmhmKVG59qBn3InR8tKaipmwsxRirKH19QuaYyGXCfv/1KIjcwhJyIlK5QWfZF+buRonLszUTlZXe5+9yrxv14746u9Tq7iNGOKZWXESlPfyEmrypBIXCpLzFhdTkLFQqJFZrJKoJSlmJWpDRlGphiuLfaIizKz4HdCf8nZdiPwG8HJTr25P0hvClZhHTYhgF1owhEcQwsk3MMDPMKT9+y9em/e+9foiDfYWYEheB+fF5Cs0A==</latexit><latexit sha1_base64="fY0CmVXUh/dmjZ4U8V8hoivvc8E=">AAACOXicbVA9S8RAEJ34/e2ppc3qIWhzJCJoeSiCpYKnwuU4Juuoy+0mYXciSEjtr7HVwl9iaSe2/gGT8wRPfdWbNzO8mRelWjn2/RdvZHRsfGJyanpmdm5+YbG2tHzmksxKaslEJ/YiQkdaxdRixZouUktoIk3nUe+g6p/fknUqiU/5LqWOwetYXSmJXErd2lpokG8k6vyw6OahNWK/2AztTfJdbHVrdb/h9yH+kmBA6jDAcXfJg/AykZmhmKVG59qBn3InR8tKaipmwsxRirKH19QuaYyGXCfv/1KIjcwhJyIlK5QWfZF+buRonLszUTlZXe5+9yrxv14746u9Tq7iNGOKZWXESlPfyEmrypBIXCpLzFhdTkLFQqJFZrJKoJSlmJWpDRlGphiuLfaIizKz4HdCf8nZdiPwG8HJTr25P0hvClZhHTYhgF1owhEcQwsk3MMDPMKT9+y9em/e+9foiDfYWYEheB+fF5Cs0A==</latexit>

⇢B
<latexit sha1_base64="3wITeQfqDZ/NdJLufrv7GcGu5g8=">AAACInicbVA9SwNBEJ2LX/HbaGmzGASrcCeClqKNZQQThVwIc+uYLNm9O3bnhHDkb9hq4a+xEyvBH+NdTGGir3rz3gxveFGqlWPf//QqC4tLyyvV1bX1jc2t7Z3abtslmZXUkolO7F2EjrSKqcWKNd2lltBEmm6j4WXp3z6SdSqJb3iUUtdgP1YPSiIXUhjaQdLLQ2vExbi3U/cb/gTiLwmmpA5TNHs1D8L7RGaGYpYanesEfsrdHC0rqWm8FmaOUpRD7FOnoDEact188vRYHGYOOREpWaG0mIj0+yJH49zIRMWmQR64ea8U//M6GT+cdXMVpxlTLMsgVpomQU5aVbRB4l5ZYsbycxIqFhItMpNVAqUsxKyoZyYwMuPZ2eKQuOwsmG/oL2kfNwK/EVyf1M8vpu1VYR8O4AgCOIVzuIImtEBCCk/wDC/eq/fmvXsfP6sVb3qzBzPwvr4BuI+kFQ==</latexit><latexit sha1_base64="3wITeQfqDZ/NdJLufrv7GcGu5g8=">AAACInicbVA9SwNBEJ2LX/HbaGmzGASrcCeClqKNZQQThVwIc+uYLNm9O3bnhHDkb9hq4a+xEyvBH+NdTGGir3rz3gxveFGqlWPf//QqC4tLyyvV1bX1jc2t7Z3abtslmZXUkolO7F2EjrSKqcWKNd2lltBEmm6j4WXp3z6SdSqJb3iUUtdgP1YPSiIXUhjaQdLLQ2vExbi3U/cb/gTiLwmmpA5TNHs1D8L7RGaGYpYanesEfsrdHC0rqWm8FmaOUpRD7FOnoDEact188vRYHGYOOREpWaG0mIj0+yJH49zIRMWmQR64ea8U//M6GT+cdXMVpxlTLMsgVpomQU5aVbRB4l5ZYsbycxIqFhItMpNVAqUsxKyoZyYwMuPZ2eKQuOwsmG/oL2kfNwK/EVyf1M8vpu1VYR8O4AgCOIVzuIImtEBCCk/wDC/eq/fmvXsfP6sVb3qzBzPwvr4BuI+kFQ==</latexit><latexit sha1_base64="3wITeQfqDZ/NdJLufrv7GcGu5g8=">AAACInicbVA9SwNBEJ2LX/HbaGmzGASrcCeClqKNZQQThVwIc+uYLNm9O3bnhHDkb9hq4a+xEyvBH+NdTGGir3rz3gxveFGqlWPf//QqC4tLyyvV1bX1jc2t7Z3abtslmZXUkolO7F2EjrSKqcWKNd2lltBEmm6j4WXp3z6SdSqJb3iUUtdgP1YPSiIXUhjaQdLLQ2vExbi3U/cb/gTiLwmmpA5TNHs1D8L7RGaGYpYanesEfsrdHC0rqWm8FmaOUpRD7FOnoDEact188vRYHGYOOREpWaG0mIj0+yJH49zIRMWmQR64ea8U//M6GT+cdXMVpxlTLMsgVpomQU5aVbRB4l5ZYsbycxIqFhItMpNVAqUsxKyoZyYwMuPZ2eKQuOwsmG/oL2kfNwK/EVyf1M8vpu1VYR8O4AgCOIVzuIImtEBCCk/wDC/eq/fmvXsfP6sVb3qzBzPwvr4BuI+kFQ==</latexit><latexit sha1_base64="3wITeQfqDZ/NdJLufrv7GcGu5g8=">AAACInicbVA9SwNBEJ2LX/HbaGmzGASrcCeClqKNZQQThVwIc+uYLNm9O3bnhHDkb9hq4a+xEyvBH+NdTGGir3rz3gxveFGqlWPf//QqC4tLyyvV1bX1jc2t7Z3abtslmZXUkolO7F2EjrSKqcWKNd2lltBEmm6j4WXp3z6SdSqJb3iUUtdgP1YPSiIXUhjaQdLLQ2vExbi3U/cb/gTiLwmmpA5TNHs1D8L7RGaGYpYanesEfsrdHC0rqWm8FmaOUpRD7FOnoDEact188vRYHGYOOREpWaG0mIj0+yJH49zIRMWmQR64ea8U//M6GT+cdXMVpxlTLMsgVpomQU5aVbRB4l5ZYsbycxIqFhItMpNVAqUsxKyoZyYwMuPZ2eKQuOwsmG/oL2kfNwK/EVyf1M8vpu1VYR8O4AgCOIVzuIImtEBCCk/wDC/eq/fmvXsfP6sVb3qzBzPwvr4BuI+kFQ==</latexit>

is no longer pure 
Due to correlations established with A

A B

There is energy locked in correlations 

EB(⇢B) 6= EB(⇢B)
<latexit sha1_base64="YY9clVe8Esk0V+Qze6NkWZLF4EU=">AAACV3icdVBNS+RAEK3Er1ldd2fc414aB8G9DMkiuDfFRfDogqPCZBgqbanNdHdid0WQkJ/jr9mrHvw1mowjOH7U6dV7Vbyql+ZaeY6ihyCcm19YXGp9WV75uvrte7uzduyzwknqy0xn7jRFT1pZ6rNiTae5IzSpppN0/LfRT67JeZXZI77JaWjwwqpzJZFratTeSQzypURd7lejMnFG7FWbibvMXppfiaUr8ak6anejXjQp8R7EU9CFaR2OOgEkZ5ksDFmWGr0fxFHOwxIdK6mpWk4KTznKMV7QoIYWDflhOfm0EhuFR85ETk4oLSYkvd4o0Xh/Y9J6svnLv9Ua8iNtUPD5n2GpbF4wWdkYsdI0MfLSqTpCEmfKETM2l5NQVkh0yExOCZSyJos60xnD1FSzvcMxcVVnFr9N6D04/t2Lo178b6u7uzdNrwU/YR02IYZt2IUDOIQ+SLiF/3AH98FD8Bguhq3n0TCY7vyAmQo7T8AAtdo=</latexit><latexit sha1_base64="YY9clVe8Esk0V+Qze6NkWZLF4EU=">AAACV3icdVBNS+RAEK3Er1ldd2fc414aB8G9DMkiuDfFRfDogqPCZBgqbanNdHdid0WQkJ/jr9mrHvw1mowjOH7U6dV7Vbyql+ZaeY6ihyCcm19YXGp9WV75uvrte7uzduyzwknqy0xn7jRFT1pZ6rNiTae5IzSpppN0/LfRT67JeZXZI77JaWjwwqpzJZFratTeSQzypURd7lejMnFG7FWbibvMXppfiaUr8ak6anejXjQp8R7EU9CFaR2OOgEkZ5ksDFmWGr0fxFHOwxIdK6mpWk4KTznKMV7QoIYWDflhOfm0EhuFR85ETk4oLSYkvd4o0Xh/Y9J6svnLv9Ua8iNtUPD5n2GpbF4wWdkYsdI0MfLSqTpCEmfKETM2l5NQVkh0yExOCZSyJos60xnD1FSzvcMxcVVnFr9N6D04/t2Lo178b6u7uzdNrwU/YR02IYZt2IUDOIQ+SLiF/3AH98FD8Bguhq3n0TCY7vyAmQo7T8AAtdo=</latexit><latexit sha1_base64="YY9clVe8Esk0V+Qze6NkWZLF4EU=">AAACV3icdVBNS+RAEK3Er1ldd2fc414aB8G9DMkiuDfFRfDogqPCZBgqbanNdHdid0WQkJ/jr9mrHvw1mowjOH7U6dV7Vbyql+ZaeY6ihyCcm19YXGp9WV75uvrte7uzduyzwknqy0xn7jRFT1pZ6rNiTae5IzSpppN0/LfRT67JeZXZI77JaWjwwqpzJZFratTeSQzypURd7lejMnFG7FWbibvMXppfiaUr8ak6anejXjQp8R7EU9CFaR2OOgEkZ5ksDFmWGr0fxFHOwxIdK6mpWk4KTznKMV7QoIYWDflhOfm0EhuFR85ETk4oLSYkvd4o0Xh/Y9J6svnLv9Ua8iNtUPD5n2GpbF4wWdkYsdI0MfLSqTpCEmfKETM2l5NQVkh0yExOCZSyJos60xnD1FSzvcMxcVVnFr9N6D04/t2Lo178b6u7uzdNrwU/YR02IYZt2IUDOIQ+SLiF/3AH98FD8Bguhq3n0TCY7vyAmQo7T8AAtdo=</latexit><latexit sha1_base64="YY9clVe8Esk0V+Qze6NkWZLF4EU=">AAACV3icdVBNS+RAEK3Er1ldd2fc414aB8G9DMkiuDfFRfDogqPCZBgqbanNdHdid0WQkJ/jr9mrHvw1mowjOH7U6dV7Vbyql+ZaeY6ihyCcm19YXGp9WV75uvrte7uzduyzwknqy0xn7jRFT1pZ6rNiTae5IzSpppN0/LfRT67JeZXZI77JaWjwwqpzJZFratTeSQzypURd7lejMnFG7FWbibvMXppfiaUr8ak6anejXjQp8R7EU9CFaR2OOgEkZ5ksDFmWGr0fxFHOwxIdK6mpWk4KTznKMV7QoIYWDflhOfm0EhuFR85ETk4oLSYkvd4o0Xh/Y9J6svnLv9Ua8iNtUPD5n2GpbF4wWdkYsdI0MfLSqTpCEmfKETM2l5NQVkh0yExOCZSyJos60xnD1FSzvcMxcVVnFr9N6D04/t2Lo178b6u7uzdNrwU/YR02IYZt2IUDOIQ+SLiF/3AH98FD8Bguhq3n0TCY7vyAmQo7T8AAtdo=</latexit>
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<latexit sha1_base64="+3pMVG8cmW37DIteHjHWSW5Hb8E="></latexit><latexit sha1_base64="+3pMVG8cmW37DIteHjHWSW5Hb8E="></latexit><latexit sha1_base64="+3pMVG8cmW37DIteHjHWSW5Hb8E="></latexit><latexit sha1_base64="+3pMVG8cmW37DIteHjHWSW5Hb8E="></latexit>
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<latexit sha1_base64="UzOGrKPI5ABFw7ajMOKBBjLRLGM=">AAACMHicbVBNS8NAEJ34/W3Vi+BlsQgKUhIR9CKIXjyJglWhrWWyHXXpZhN2J4KE+Gu86sFfoyfx6q8wqT1Y9Z3evjfDm31hopVj33/zhoZHRsfGJyanpmdm5+YrC4vnLk6tpLqMdWwvQ3SklaE6K9Z0mVjCKNR0EXYPS//ijqxTsTnj+4RaEd4Yda0kciG1K8vJVbZ+vJG3M5PvNTukGQu6eZy3K1W/5vcg/pKgT6rQx0l7wYNmJ5ZpRIalRucagZ9wK0PLSmrKp5qpowRlF2+oUVCDEblW1vtCLtZShxyLhKxQWvRE+rmRYeTcfRQWkxHyrfvtleJ/XiPl691WpkySMhlZBrHS1Aty0qqiGxIdZYkZy8tJKCMkWmQmqwRKWYhpUdZAYBjlg2+LXeKys+B3Q3/J+VYt8GvB6XZ1/6Df3gSswCqsQwA7sA9HcAJ1kPAAj/AEz96L9+q9ex/fo0Nef2cJBuB9fgHRv6kx</latexit><latexit sha1_base64="UzOGrKPI5ABFw7ajMOKBBjLRLGM=">AAACMHicbVBNS8NAEJ34/W3Vi+BlsQgKUhIR9CKIXjyJglWhrWWyHXXpZhN2J4KE+Gu86sFfoyfx6q8wqT1Y9Z3evjfDm31hopVj33/zhoZHRsfGJyanpmdm5+YrC4vnLk6tpLqMdWwvQ3SklaE6K9Z0mVjCKNR0EXYPS//ijqxTsTnj+4RaEd4Yda0kciG1K8vJVbZ+vJG3M5PvNTukGQu6eZy3K1W/5vcg/pKgT6rQx0l7wYNmJ5ZpRIalRucagZ9wK0PLSmrKp5qpowRlF2+oUVCDEblW1vtCLtZShxyLhKxQWvRE+rmRYeTcfRQWkxHyrfvtleJ/XiPl691WpkySMhlZBrHS1Aty0qqiGxIdZYkZy8tJKCMkWmQmqwRKWYhpUdZAYBjlg2+LXeKys+B3Q3/J+VYt8GvB6XZ1/6Df3gSswCqsQwA7sA9HcAJ1kPAAj/AEz96L9+q9ex/fo0Nef2cJBuB9fgHRv6kx</latexit><latexit sha1_base64="UzOGrKPI5ABFw7ajMOKBBjLRLGM=">AAACMHicbVBNS8NAEJ34/W3Vi+BlsQgKUhIR9CKIXjyJglWhrWWyHXXpZhN2J4KE+Gu86sFfoyfx6q8wqT1Y9Z3evjfDm31hopVj33/zhoZHRsfGJyanpmdm5+YrC4vnLk6tpLqMdWwvQ3SklaE6K9Z0mVjCKNR0EXYPS//ijqxTsTnj+4RaEd4Yda0kciG1K8vJVbZ+vJG3M5PvNTukGQu6eZy3K1W/5vcg/pKgT6rQx0l7wYNmJ5ZpRIalRucagZ9wK0PLSmrKp5qpowRlF2+oUVCDEblW1vtCLtZShxyLhKxQWvRE+rmRYeTcfRQWkxHyrfvtleJ/XiPl691WpkySMhlZBrHS1Aty0qqiGxIdZYkZy8tJKCMkWmQmqwRKWYhpUdZAYBjlg2+LXeKys+B3Q3/J+VYt8GvB6XZ1/6Df3gSswCqsQwA7sA9HcAJ1kPAAj/AEz96L9+q9ex/fo0Nef2cJBuB9fgHRv6kx</latexit><latexit sha1_base64="UzOGrKPI5ABFw7ajMOKBBjLRLGM=">AAACMHicbVBNS8NAEJ34/W3Vi+BlsQgKUhIR9CKIXjyJglWhrWWyHXXpZhN2J4KE+Gu86sFfoyfx6q8wqT1Y9Z3evjfDm31hopVj33/zhoZHRsfGJyanpmdm5+YrC4vnLk6tpLqMdWwvQ3SklaE6K9Z0mVjCKNR0EXYPS//ijqxTsTnj+4RaEd4Yda0kciG1K8vJVbZ+vJG3M5PvNTukGQu6eZy3K1W/5vcg/pKgT6rQx0l7wYNmJ5ZpRIalRucagZ9wK0PLSmrKp5qpowRlF2+oUVCDEblW1vtCLtZShxyLhKxQWvRE+rmRYeTcfRQWkxHyrfvtleJ/XiPl691WpkySMhlZBrHS1Aty0qqiGxIdZYkZy8tJKCMkWmQmqwRKWYhpUdZAYBjlg2+LXeKys+B3Q3/J+VYt8GvB6XZ1/6Df3gSswCqsQwA7sA9HcAJ1kPAAj/AEz96L9+q9ex/fo0Nef2cJBuB9fgHRv6kx</latexit>

Coherent

p(N)
n = e�NNn/n!

<latexit sha1_base64="yVFbJldYBTko6nqyRY4h0HUAGWI=">AAACMHicbVBNLwRBEK3x/W1xkbg0GwkHa0YkXCTCxWlDYpGs3U1NK3S2p2fSXSORyfg1rhz8Gk7i6leYXXuweKfX71XlVb8w0cqx7795A4NDwyOjY+MTk1PTM7OlufkzF6dWUk3GOrYXITrSylCNFWu6SCxhFGo6D9uHHf/8jqxTsTnl+4QaEd4Yda0kciG1SotJM1urruetzOR71Mw2qnm1aTbNcqtU9it+F+IvCXqkDD0ct+Y8uLyKZRqRYanRuXrgJ9zI0LKSmvKJy9RRgrKNN1QvqMGIXCPrfiEXq6lDjkVCVigtuiL93Mgwcu4+CovJCPnW/fY64n9ePeXr3UamTJIyGdkJYqWpG+SkVUU3JK6UJWbsXE5CGSHRIjNZJVDKQkyLsvoCwyjvf1tsE+dFZ8Hvhv6Ss61K4FeCk+3y/kGvvTFYghVYgwB2YB+O4BhqIOEBHuEJnr0X79V79z6+Rwe83s4C9MH7/ALPC6ia</latexit><latexit sha1_base64="yVFbJldYBTko6nqyRY4h0HUAGWI=">AAACMHicbVBNLwRBEK3x/W1xkbg0GwkHa0YkXCTCxWlDYpGs3U1NK3S2p2fSXSORyfg1rhz8Gk7i6leYXXuweKfX71XlVb8w0cqx7795A4NDwyOjY+MTk1PTM7OlufkzF6dWUk3GOrYXITrSylCNFWu6SCxhFGo6D9uHHf/8jqxTsTnl+4QaEd4Yda0kciG1SotJM1urruetzOR71Mw2qnm1aTbNcqtU9it+F+IvCXqkDD0ct+Y8uLyKZRqRYanRuXrgJ9zI0LKSmvKJy9RRgrKNN1QvqMGIXCPrfiEXq6lDjkVCVigtuiL93Mgwcu4+CovJCPnW/fY64n9ePeXr3UamTJIyGdkJYqWpG+SkVUU3JK6UJWbsXE5CGSHRIjNZJVDKQkyLsvoCwyjvf1tsE+dFZ8Hvhv6Ss61K4FeCk+3y/kGvvTFYghVYgwB2YB+O4BhqIOEBHuEJnr0X79V79z6+Rwe83s4C9MH7/ALPC6ia</latexit><latexit sha1_base64="yVFbJldYBTko6nqyRY4h0HUAGWI=">AAACMHicbVBNLwRBEK3x/W1xkbg0GwkHa0YkXCTCxWlDYpGs3U1NK3S2p2fSXSORyfg1rhz8Gk7i6leYXXuweKfX71XlVb8w0cqx7795A4NDwyOjY+MTk1PTM7OlufkzF6dWUk3GOrYXITrSylCNFWu6SCxhFGo6D9uHHf/8jqxTsTnl+4QaEd4Yda0kciG1SotJM1urruetzOR71Mw2qnm1aTbNcqtU9it+F+IvCXqkDD0ct+Y8uLyKZRqRYanRuXrgJ9zI0LKSmvKJy9RRgrKNN1QvqMGIXCPrfiEXq6lDjkVCVigtuiL93Mgwcu4+CovJCPnW/fY64n9ePeXr3UamTJIyGdkJYqWpG+SkVUU3JK6UJWbsXE5CGSHRIjNZJVDKQkyLsvoCwyjvf1tsE+dFZ8Hvhv6Ss61K4FeCk+3y/kGvvTFYghVYgwB2YB+O4BhqIOEBHuEJnr0X79V79z6+Rwe83s4C9MH7/ALPC6ia</latexit><latexit sha1_base64="yVFbJldYBTko6nqyRY4h0HUAGWI=">AAACMHicbVBNLwRBEK3x/W1xkbg0GwkHa0YkXCTCxWlDYpGs3U1NK3S2p2fSXSORyfg1rhz8Gk7i6leYXXuweKfX71XlVb8w0cqx7795A4NDwyOjY+MTk1PTM7OlufkzF6dWUk3GOrYXITrSylCNFWu6SCxhFGo6D9uHHf/8jqxTsTnl+4QaEd4Yda0kciG1SotJM1urruetzOR71Mw2qnm1aTbNcqtU9it+F+IvCXqkDD0ct+Y8uLyKZRqRYanRuXrgJ9zI0LKSmvKJy9RRgrKNN1QvqMGIXCPrfiEXq6lDjkVCVigtuiL93Mgwcu4+CovJCPnW/fY64n9ePeXr3UamTJIyGdkJYqWpG+SkVUU3JK6UJWbsXE5CGSHRIjNZJVDKQkyLsvoCwyjvf1tsE+dFZ8Hvhv6Ss61K4FeCk+3y/kGvvTFYghVYgwB2YB+O4BhqIOEBHuEJnr0X79V79z6+Rwe83s4C9MH7/ALPC6ia</latexit>

Squeezed vacuum

p(N)
2n+1 = 0

<latexit sha1_base64="lBvVEWKorrOQIkHMqesGbd79f04=">AAACKHicbVDLSgNBEOz1Gd+JHr0MBkERwm4Q9CIEvXgSBZMIMYbesdUhs7PLTK8Qlv0Tr3rwa7yJV7/ETczBqHWqruqmmgoTrRz7/oc3NT0zOzdfWlhcWl5ZXStX1lsuTq2kpox1bK9CdKSVoSYr1nSVWMIo1NQO+ydDv/1I1qnYXPIgoW6E90bdKYlcSL1yObnJds52815WN3tBfuT3ylW/5o8g/pJgTKowxnmv4sH1bSzTiAxLjc51Aj/hboaWldSUL16njhKUfbynTkENRuS62ej1XGynDjkWCVmhtBiJ9PMiw8i5QRQWmxHyg/vtDcX/vE7Kd4fdTJkkZTJyGMRK0yjISauKTkjcKkvMOPychDJCokVmskqglIWYFiVNBIZRPjlb7BPnRWfB74b+kla9Fvi14GK/2jget1eCTdiCHQjgABpwCufQBAmP8ATP8OK9em/eu/fxvTrljW82YALe5xfHr6T6</latexit><latexit sha1_base64="lBvVEWKorrOQIkHMqesGbd79f04=">AAACKHicbVDLSgNBEOz1Gd+JHr0MBkERwm4Q9CIEvXgSBZMIMYbesdUhs7PLTK8Qlv0Tr3rwa7yJV7/ETczBqHWqruqmmgoTrRz7/oc3NT0zOzdfWlhcWl5ZXStX1lsuTq2kpox1bK9CdKSVoSYr1nSVWMIo1NQO+ydDv/1I1qnYXPIgoW6E90bdKYlcSL1yObnJds52815WN3tBfuT3ylW/5o8g/pJgTKowxnmv4sH1bSzTiAxLjc51Aj/hboaWldSUL16njhKUfbynTkENRuS62ej1XGynDjkWCVmhtBiJ9PMiw8i5QRQWmxHyg/vtDcX/vE7Kd4fdTJkkZTJyGMRK0yjISauKTkjcKkvMOPychDJCokVmskqglIWYFiVNBIZRPjlb7BPnRWfB74b+kla9Fvi14GK/2jget1eCTdiCHQjgABpwCufQBAmP8ATP8OK9em/eu/fxvTrljW82YALe5xfHr6T6</latexit><latexit sha1_base64="lBvVEWKorrOQIkHMqesGbd79f04=">AAACKHicbVDLSgNBEOz1Gd+JHr0MBkERwm4Q9CIEvXgSBZMIMYbesdUhs7PLTK8Qlv0Tr3rwa7yJV7/ETczBqHWqruqmmgoTrRz7/oc3NT0zOzdfWlhcWl5ZXStX1lsuTq2kpox1bK9CdKSVoSYr1nSVWMIo1NQO+ydDv/1I1qnYXPIgoW6E90bdKYlcSL1yObnJds52815WN3tBfuT3ylW/5o8g/pJgTKowxnmv4sH1bSzTiAxLjc51Aj/hboaWldSUL16njhKUfbynTkENRuS62ej1XGynDjkWCVmhtBiJ9PMiw8i5QRQWmxHyg/vtDcX/vE7Kd4fdTJkkZTJyGMRK0yjISauKTkjcKkvMOPychDJCokVmskqglIWYFiVNBIZRPjlb7BPnRWfB74b+kla9Fvi14GK/2jget1eCTdiCHQjgABpwCufQBAmP8ATP8OK9em/eu/fxvTrljW82YALe5xfHr6T6</latexit><latexit sha1_base64="lBvVEWKorrOQIkHMqesGbd79f04=">AAACKHicbVDLSgNBEOz1Gd+JHr0MBkERwm4Q9CIEvXgSBZMIMYbesdUhs7PLTK8Qlv0Tr3rwa7yJV7/ETczBqHWqruqmmgoTrRz7/oc3NT0zOzdfWlhcWl5ZXStX1lsuTq2kpox1bK9CdKSVoSYr1nSVWMIo1NQO+ydDv/1I1qnYXPIgoW6E90bdKYlcSL1yObnJds52815WN3tBfuT3ylW/5o8g/pJgTKowxnmv4sH1bSzTiAxLjc51Aj/hboaWldSUL16njhKUfbynTkENRuS62ej1XGynDjkWCVmhtBiJ9PMiw8i5QRQWmxHyg/vtDcX/vE7Kd4fdTJkkZTJyGMRK0yjISauKTkjcKkvMOPychDJCokVmskqglIWYFiVNBIZRPjlb7BPnRWfB74b+kla9Fvi14GK/2jget1eCTdiCHQjgABpwCufQBAmP8ATP8OK9em/eu/fxvTrljW82YALe5xfHr6T6</latexit>

p(N)
2n =

1

cosh(rN )

h tanh(rN )

2

i2n 2n!
n!2

<latexit sha1_base64="otcYOI6qzaLYG5aRyIfDCPHp+F0="></latexit><latexit sha1_base64="otcYOI6qzaLYG5aRyIfDCPHp+F0="></latexit><latexit sha1_base64="otcYOI6qzaLYG5aRyIfDCPHp+F0="></latexit><latexit sha1_base64="otcYOI6qzaLYG5aRyIfDCPHp+F0="></latexit>

rN = arcsinh(
p
N)

<latexit sha1_base64="UbbtzLzSGXSicNSZvVMNx3MtfuI=">AAACM3icbVA9SwNBEJ3z+9uopc1iELQJdyJoIwRtrETBqJCEMLeOumR379ydE+S4wl9jq4U/RuzE1v/gJaYw6qvevjfDm31xqpXnMHwNRkbHxicmp6ZnZufmFxYrS8tnPsmcpIZMdOIuYvSklaUGK9Z0kTpCE2s6j7sHPf/8jpxXiT3l+5TaBq+tulISuZQ6lVXXOdrLW84IdNIre1NstPyt4/yo2OxUqmEt7EP8JdGAVGGA485SAK3LRGaGLEuN3jejMOV2jo6V1FTMtDJPKcouXlOzpBYN+Xbe/0Uh1jOPnIiUnFBa9EX6uZGj8f7exOWkQb7xv72e+J/XzPhqt50rm2ZMVvaCWGnqB3npVFkPiUvliBl7l5NQVkh0yExOCZSyFLOyr6HA2BTDb4dd4qLsLPrd0F9ytlWLwlp0sl2t7w/am4JVWIMNiGAH6nAIx9AACQ/wCE/wHLwEb8F78PE9OhIMdlZgCMHnF43vqpc=</latexit><latexit sha1_base64="UbbtzLzSGXSicNSZvVMNx3MtfuI=">AAACM3icbVA9SwNBEJ3z+9uopc1iELQJdyJoIwRtrETBqJCEMLeOumR379ydE+S4wl9jq4U/RuzE1v/gJaYw6qvevjfDm31xqpXnMHwNRkbHxicmp6ZnZufmFxYrS8tnPsmcpIZMdOIuYvSklaUGK9Z0kTpCE2s6j7sHPf/8jpxXiT3l+5TaBq+tulISuZQ6lVXXOdrLW84IdNIre1NstPyt4/yo2OxUqmEt7EP8JdGAVGGA485SAK3LRGaGLEuN3jejMOV2jo6V1FTMtDJPKcouXlOzpBYN+Xbe/0Uh1jOPnIiUnFBa9EX6uZGj8f7exOWkQb7xv72e+J/XzPhqt50rm2ZMVvaCWGnqB3npVFkPiUvliBl7l5NQVkh0yExOCZSyFLOyr6HA2BTDb4dd4qLsLPrd0F9ytlWLwlp0sl2t7w/am4JVWIMNiGAH6nAIx9AACQ/wCE/wHLwEb8F78PE9OhIMdlZgCMHnF43vqpc=</latexit><latexit sha1_base64="UbbtzLzSGXSicNSZvVMNx3MtfuI=">AAACM3icbVA9SwNBEJ3z+9uopc1iELQJdyJoIwRtrETBqJCEMLeOumR379ydE+S4wl9jq4U/RuzE1v/gJaYw6qvevjfDm31xqpXnMHwNRkbHxicmp6ZnZufmFxYrS8tnPsmcpIZMdOIuYvSklaUGK9Z0kTpCE2s6j7sHPf/8jpxXiT3l+5TaBq+tulISuZQ6lVXXOdrLW84IdNIre1NstPyt4/yo2OxUqmEt7EP8JdGAVGGA485SAK3LRGaGLEuN3jejMOV2jo6V1FTMtDJPKcouXlOzpBYN+Xbe/0Uh1jOPnIiUnFBa9EX6uZGj8f7exOWkQb7xv72e+J/XzPhqt50rm2ZMVvaCWGnqB3npVFkPiUvliBl7l5NQVkh0yExOCZSyFLOyr6HA2BTDb4dd4qLsLPrd0F9ytlWLwlp0sl2t7w/am4JVWIMNiGAH6nAIx9AACQ/wCE/wHLwEb8F78PE9OhIMdlZgCMHnF43vqpc=</latexit><latexit sha1_base64="UbbtzLzSGXSicNSZvVMNx3MtfuI=">AAACM3icbVA9SwNBEJ3z+9uopc1iELQJdyJoIwRtrETBqJCEMLeOumR379ydE+S4wl9jq4U/RuzE1v/gJaYw6qvevjfDm31xqpXnMHwNRkbHxicmp6ZnZufmFxYrS8tnPsmcpIZMdOIuYvSklaUGK9Z0kTpCE2s6j7sHPf/8jpxXiT3l+5TaBq+tulISuZQ6lVXXOdrLW84IdNIre1NstPyt4/yo2OxUqmEt7EP8JdGAVGGA485SAK3LRGaGLEuN3jejMOV2jo6V1FTMtDJPKcouXlOzpBYN+Xbe/0Uh1jOPnIiUnFBa9EX6uZGj8f7exOWkQb7xv72e+J/XzPhqt50rm2ZMVvaCWGnqB3npVFkPiUvliBl7l5NQVkh0yExOCZSyFLOyr6HA2BTDb4dd4qLsLPrd0F9ytlWLwlp0sl2t7w/am4JVWIMNiGAH6nAIx9AACQ/wCE/wHLwEb8F78PE9OhIMdlZgCMHnF43vqpc=</latexit>

hHAi = N!0
<latexit sha1_base64="/ILHkjQYP78aLaM0JWrARjNgkBo="></latexit><latexit sha1_base64="/ILHkjQYP78aLaM0JWrARjNgkBo="></latexit><latexit sha1_base64="/ILHkjQYP78aLaM0JWrARjNgkBo="></latexit><latexit sha1_base64="/ILHkjQYP78aLaM0JWrARjNgkBo="></latexit>| (0)i = |#, #, . . . , #i |�phi

<latexit sha1_base64="2UjBFjX5hpKGKprzRdH4qzONrLs=">AAACZXicbVBdSxtBFL3ZarVa29hKX3xwaBAUJOwWwb4URF98KaRgVEhCuDtezZCZ2WHmriLL/ip/ja/60L/hbpIHo56nc8/9ODMndVoFjuOHRvRhYfHj0vKnldXPa1++Nte/nYUs95K6MtOZv0gxkFaWuqxY04XzhCbVdJ6Oj+v++Q35oDJ7yneOBgavrbpSErmShs2//TFx0e8EtRPvln+m1WV2a9H77HZvnnJ4IZTTWTdSw6 LvjXCjshw2W3E7nkC8JcmMtGCGznC9AdVFmRuyLDWG0Etix4MCPSupqVzp54EcyjFeU6+iFg2FQTH5dym284CcCUdeKC0mIr3cKNCEcGfSatIgj8LrXi2+1+vlfPV7UCjrciYrayNWmiZGQXpVBUriUnlixvrlJJQVEj0yk1cCpazEvEp4zjA15XztsUqwzix5ndBbcvarncTt5N9+6/Bolt4ybMJP2IEEDuAQTqADXZBwDw/wCE+N/9FatBH9mI5GjdnOd5hDtPUMxAi8xw==</latexit><latexit sha1_base64="2UjBFjX5hpKGKprzRdH4qzONrLs=">AAACZXicbVBdSxtBFL3ZarVa29hKX3xwaBAUJOwWwb4URF98KaRgVEhCuDtezZCZ2WHmriLL/ip/ja/60L/hbpIHo56nc8/9ODMndVoFjuOHRvRhYfHj0vKnldXPa1++Nte/nYUs95K6MtOZv0gxkFaWuqxY04XzhCbVdJ6Oj+v++Q35oDJ7yneOBgavrbpSErmShs2//TFx0e8EtRPvln+m1WV2a9H77HZvnnJ4IZTTWTdSw6 LvjXCjshw2W3E7nkC8JcmMtGCGznC9AdVFmRuyLDWG0Etix4MCPSupqVzp54EcyjFeU6+iFg2FQTH5dym284CcCUdeKC0mIr3cKNCEcGfSatIgj8LrXi2+1+vlfPV7UCjrciYrayNWmiZGQXpVBUriUnlixvrlJJQVEj0yk1cCpazEvEp4zjA15XztsUqwzix5ndBbcvarncTt5N9+6/Bolt4ybMJP2IEEDuAQTqADXZBwDw/wCE+N/9FatBH9mI5GjdnOd5hDtPUMxAi8xw==</latexit><latexit sha1_base64="2UjBFjX5hpKGKprzRdH4qzONrLs=">AAACZXicbVBdSxtBFL3ZarVa29hKX3xwaBAUJOwWwb4URF98KaRgVEhCuDtezZCZ2WHmriLL/ip/ja/60L/hbpIHo56nc8/9ODMndVoFjuOHRvRhYfHj0vKnldXPa1++Nte/nYUs95K6MtOZv0gxkFaWuqxY04XzhCbVdJ6Oj+v++Q35oDJ7yneOBgavrbpSErmShs2//TFx0e8EtRPvln+m1WV2a9H77HZvnnJ4IZTTWTdSw6 LvjXCjshw2W3E7nkC8JcmMtGCGznC9AdVFmRuyLDWG0Etix4MCPSupqVzp54EcyjFeU6+iFg2FQTH5dym284CcCUdeKC0mIr3cKNCEcGfSatIgj8LrXi2+1+vlfPV7UCjrciYrayNWmiZGQXpVBUriUnlixvrlJJQVEj0yk1cCpazEvEp4zjA15XztsUqwzix5ndBbcvarncTt5N9+6/Bolt4ybMJP2IEEDuAQTqADXZBwDw/wCE+N/9FatBH9mI5GjdnOd5hDtPUMxAi8xw==</latexit><latexit sha1_base64="2UjBFjX5hpKGKprzRdH4qzONrLs=">AAACZXicbVBdSxtBFL3ZarVa29hKX3xwaBAUJOwWwb4URF98KaRgVEhCuDtezZCZ2WHmriLL/ip/ja/60L/hbpIHo56nc8/9ODMndVoFjuOHRvRhYfHj0vKnldXPa1++Nte/nYUs95K6MtOZv0gxkFaWuqxY04XzhCbVdJ6Oj+v++Q35oDJ7yneOBgavrbpSErmShs2//TFx0e8EtRPvln+m1WV2a9H77HZvnnJ4IZTTWTdSw6 LvjXCjshw2W3E7nkC8JcmMtGCGznC9AdVFmRuyLDWG0Etix4MCPSupqVzp54EcyjFeU6+iFg2FQTH5dym284CcCUdeKC0mIr3cKNCEcGfSatIgj8LrXi2+1+vlfPV7UCjrciYrayNWmiZGQXpVBUriUnlixvrlJJQVEj0yk1cCpazEvEp4zjA15XztsUqwzix5ndBbcvarncTt5N9+6/Bolt4ybMJP2IEEDuAQTqADXZBwDw/wCE+N/9FatBH9mI5GjdnOd5hDtPUMxAi8xw==</latexit>
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! 1
<latexit sha1_base64="KtGqzRQTilmWq/qqm3Gj2zL0WIs="></latexit><latexit sha1_base64="KtGqzRQTilmWq/qqm3Gj2zL0WIs="></latexit><latexit sha1_base64="KtGqzRQTilmWq/qqm3Gj2zL0WIs="></latexit><latexit sha1_base64="KtGqzRQTilmWq/qqm3Gj2zL0WIs="></latexit>

N ! 1
<latexit sha1_base64="Ff3rpICZV9d1VV9DXVpAK0SJb4A=">AAACInicbVA9SwNBEJ3z2/gVtbRZDIJVuBNBy6CNlUQwUcgFmVsnccne3rE7J4Rwf8NWC3+NnVgJ/hgvZwoTfdWb92Z4w4tSrRz7/qc3N7+wuLS8slpZW9/Y3Kpu77RdkllJLZnoxN5G6EgrQy1WrOk2tYRxpOkmGpyP/ZtHsk4l5pqHKXVj7BvVUxK5kMLLkBMRKtPjYeWuWvPrfgnxlwQTUoMJmnfbHoT3icxiMiw1OtcJ/JS7I7SspKa8EmaOUpQD7FOnoAZjct1R+XQuDjKHRXhKVigtSpF+X4wwdm4YR8VmjPzgZr2x+J/Xybh32h0pk2ZMRo6DWGkqg5y0qmiDxL2yxIzjz0koIyRaZCarBEpZiFlRz1RgFOfTs8UBcV50Fsw29Je0j+qBXw+ujmuNs0l7K7AH+3AIAZxAAy6gCS2QkMITPMOL9+q9ee/ex8/qnDe52YUpeF/fGbmjuQ==</latexit><latexit sha1_base64="Ff3rpICZV9d1VV9DXVpAK0SJb4A=">AAACInicbVA9SwNBEJ3z2/gVtbRZDIJVuBNBy6CNlUQwUcgFmVsnccne3rE7J4Rwf8NWC3+NnVgJ/hgvZwoTfdWb92Z4w4tSrRz7/qc3N7+wuLS8slpZW9/Y3Kpu77RdkllJLZnoxN5G6EgrQy1WrOk2tYRxpOkmGpyP/ZtHsk4l5pqHKXVj7BvVUxK5kMLLkBMRKtPjYeWuWvPrfgnxlwQTUoMJmnfbHoT3icxiMiw1OtcJ/JS7I7SspKa8EmaOUpQD7FOnoAZjct1R+XQuDjKHRXhKVigtSpF+X4wwdm4YR8VmjPzgZr2x+J/Xybh32h0pk2ZMRo6DWGkqg5y0qmiDxL2yxIzjz0koIyRaZCarBEpZiFlRz1RgFOfTs8UBcV50Fsw29Je0j+qBXw+ujmuNs0l7K7AH+3AIAZxAAy6gCS2QkMITPMOL9+q9ee/ex8/qnDe52YUpeF/fGbmjuQ==</latexit><latexit sha1_base64="Ff3rpICZV9d1VV9DXVpAK0SJb4A=">AAACInicbVA9SwNBEJ3z2/gVtbRZDIJVuBNBy6CNlUQwUcgFmVsnccne3rE7J4Rwf8NWC3+NnVgJ/hgvZwoTfdWb92Z4w4tSrRz7/qc3N7+wuLS8slpZW9/Y3Kpu77RdkllJLZnoxN5G6EgrQy1WrOk2tYRxpOkmGpyP/ZtHsk4l5pqHKXVj7BvVUxK5kMLLkBMRKtPjYeWuWvPrfgnxlwQTUoMJmnfbHoT3icxiMiw1OtcJ/JS7I7SspKa8EmaOUpQD7FOnoAZjct1R+XQuDjKHRXhKVigtSpF+X4wwdm4YR8VmjPzgZr2x+J/Xybh32h0pk2ZMRo6DWGkqg5y0qmiDxL2yxIzjz0koIyRaZCarBEpZiFlRz1RgFOfTs8UBcV50Fsw29Je0j+qBXw+ujmuNs0l7K7AH+3AIAZxAAy6gCS2QkMITPMOL9+q9ee/ex8/qnDe52YUpeF/fGbmjuQ==</latexit><latexit sha1_base64="Ff3rpICZV9d1VV9DXVpAK0SJb4A=">AAACInicbVA9SwNBEJ3z2/gVtbRZDIJVuBNBy6CNlUQwUcgFmVsnccne3rE7J4Rwf8NWC3+NnVgJ/hgvZwoTfdWb92Z4w4tSrRz7/qc3N7+wuLS8slpZW9/Y3Kpu77RdkllJLZnoxN5G6EgrQy1WrOk2tYRxpOkmGpyP/ZtHsk4l5pqHKXVj7BvVUxK5kMLLkBMRKtPjYeWuWvPrfgnxlwQTUoMJmnfbHoT3icxiMiw1OtcJ/JS7I7SspKa8EmaOUpQD7FOnoAZjct1R+XQuDjKHRXhKVigtSpF+X4wwdm4YR8VmjPzgZr2x+J/Xybh32h0pk2ZMRo6DWGkqg5y0qmiDxL2yxIzjz0koIyRaZCarBEpZiFlRz1RgFOfTs8UBcV50Fsw29Je0j+qBXw+ujmuNs0l7K7AH+3AIAZxAAy6gCS2QkMITPMOL9+q9ee/ex8/qnDe52YUpeF/fGbmjuQ==</latexit>

Can be proven analytically

In integrable models:

A B

EB(⌧̄)
<latexit sha1_base64="0LCnK527Eqs1DAIOKIsS16/mg90=">AAACOHicbVA9SwNBEJ3zM8avqKXNYhC0CXciaCmKYBnBqJALYW4ddcnu3bE7J8hxrb/GVgv/iZ2d2PoLvIspjPqqt+/N8GZflGrl2PdfvYnJqemZ2dpcfX5hcWm5sbJ67pLMSurIRCf2MkJHWsXUYcWaLlNLaCJNF9HgqPIv7sg6lcRnfJ9Sz+BNrK6VRC6lfkPUQ4N8K1Hnx0U/D60Rh8VWGKHNQ8as2O43mn7LH0L8JcGINGGEdn/Fg/AqkZmhmKVG57qBn3IvR8tKairqYeYoRTnAG+qWNEZDrpcPv1KIzcwhJyIlK5QWQ5F+buRonLs3UTlZ3e1+e5X4n9fN+Hq/l6s4zZhiWQWx0jQMctKqsiMSV8oSM1aXk1CxkGiRmawSKGUpZmVpY4GRKcbfFgfERdlZ8Luhv+R8pxX4reB0t3lwOGqvBuuwAVsQwB4cwAm0oQMSHuARnuDZe/HevHfv43t0whvtrMEYvM8vOEisZg==</latexit><latexit sha1_base64="0LCnK527Eqs1DAIOKIsS16/mg90=">AAACOHicbVA9SwNBEJ3zM8avqKXNYhC0CXciaCmKYBnBqJALYW4ddcnu3bE7J8hxrb/GVgv/iZ2d2PoLvIspjPqqt+/N8GZflGrl2PdfvYnJqemZ2dpcfX5hcWm5sbJ67pLMSurIRCf2MkJHWsXUYcWaLlNLaCJNF9HgqPIv7sg6lcRnfJ9Sz+BNrK6VRC6lfkPUQ4N8K1Hnx0U/D60Rh8VWGKHNQ8as2O43mn7LH0L8JcGINGGEdn/Fg/AqkZmhmKVG57qBn3IvR8tKairqYeYoRTnAG+qWNEZDrpcPv1KIzcwhJyIlK5QWQ5F+buRonLs3UTlZ3e1+e5X4n9fN+Hq/l6s4zZhiWQWx0jQMctKqsiMSV8oSM1aXk1CxkGiRmawSKGUpZmVpY4GRKcbfFgfERdlZ8Luhv+R8pxX4reB0t3lwOGqvBuuwAVsQwB4cwAm0oQMSHuARnuDZe/HevHfv43t0whvtrMEYvM8vOEisZg==</latexit><latexit sha1_base64="0LCnK527Eqs1DAIOKIsS16/mg90=">AAACOHicbVA9SwNBEJ3zM8avqKXNYhC0CXciaCmKYBnBqJALYW4ddcnu3bE7J8hxrb/GVgv/iZ2d2PoLvIspjPqqt+/N8GZflGrl2PdfvYnJqemZ2dpcfX5hcWm5sbJ67pLMSurIRCf2MkJHWsXUYcWaLlNLaCJNF9HgqPIv7sg6lcRnfJ9Sz+BNrK6VRC6lfkPUQ4N8K1Hnx0U/D60Rh8VWGKHNQ8as2O43mn7LH0L8JcGINGGEdn/Fg/AqkZmhmKVG57qBn3IvR8tKairqYeYoRTnAG+qWNEZDrpcPv1KIzcwhJyIlK5QWQ5F+buRonLs3UTlZ3e1+e5X4n9fN+Hq/l6s4zZhiWQWx0jQMctKqsiMSV8oSM1aXk1CxkGiRmawSKGUpZmVpY4GRKcbfFgfERdlZ8Luhv+R8pxX4reB0t3lwOGqvBuuwAVsQwB4cwAm0oQMSHuARnuDZe/HevHfv43t0whvtrMEYvM8vOEisZg==</latexit><latexit sha1_base64="0LCnK527Eqs1DAIOKIsS16/mg90=">AAACOHicbVA9SwNBEJ3zM8avqKXNYhC0CXciaCmKYBnBqJALYW4ddcnu3bE7J8hxrb/GVgv/iZ2d2PoLvIspjPqqt+/N8GZflGrl2PdfvYnJqemZ2dpcfX5hcWm5sbJ67pLMSurIRCf2MkJHWsXUYcWaLlNLaCJNF9HgqPIv7sg6lcRnfJ9Sz+BNrK6VRC6lfkPUQ4N8K1Hnx0U/D60Rh8VWGKHNQ8as2O43mn7LH0L8JcGINGGEdn/Fg/AqkZmhmKVG57qBn3IvR8tKairqYeYoRTnAG+qWNEZDrpcPv1KIzcwhJyIlK5QWQ5F+buRonLs3UTlZ3e1+e5X4n9fN+Hq/l6s4zZhiWQWx0jQMctKqsiMSV8oSM1aXk1CxkGiRmawSKGUpZmVpY4GRKcbfFgfERdlZ8Luhv+R8pxX4reB0t3lwOGqvBuuwAVsQwB4cwAm0oQMSHuARnuDZe/HevHfv43t0whvtrMEYvM8vOEisZg==</latexit>
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Coherent states are better!
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t⌧0

H0
<latexit sha1_base64="XdN7YEnOpmO5mBKqtkZL52K1ZDY=">AAACI3icbVC7TsNAEFzzfj9LmhMRElVkIyQoI2hSBokAUmJF68smnHJ+cLdGiix/By0UfA0doqHgX7BNChLYanZmVzOaINHKsut+OnPzC4tLyyura+sbm1vbO7t7NzZOjaS2jHVs7gK0pFVEbVas6S4xhGGg6TYYXZb67SMZq+LomscJ+SEOIzVQErmg/G6IfC9RZ8285/Z2am7drUb8Bd4E1GAyrd6uA91+LNOQIpYare14bsJ+hoaV1JSvdVNLCcoRDqlTwAhDsn5Wpc7FUWqRY5GQEUqLiqTfHxmG1o7DoLgsU9pZrST/0zopD879TEVJyhTJ0oiVpsrISqOKOkj0lSFmLJOTUJGQaJCZjBIoZUGmRT9ThkGYT+8GR8R50Zk329BfcHNS99y6d3Vaa1xM2luBAziEY/DgDBrQhBa0QcIDPMEzvDivzpvz7nz8nM45k599mBrn6xuaPKSL</latexit><latexit sha1_base64="XdN7YEnOpmO5mBKqtkZL52K1ZDY=">AAACI3icbVC7TsNAEFzzfj9LmhMRElVkIyQoI2hSBokAUmJF68smnHJ+cLdGiix/By0UfA0doqHgX7BNChLYanZmVzOaINHKsut+OnPzC4tLyyura+sbm1vbO7t7NzZOjaS2jHVs7gK0pFVEbVas6S4xhGGg6TYYXZb67SMZq+LomscJ+SEOIzVQErmg/G6IfC9RZ8285/Z2am7drUb8Bd4E1GAyrd6uA91+LNOQIpYare14bsJ+hoaV1JSvdVNLCcoRDqlTwAhDsn5Wpc7FUWqRY5GQEUqLiqTfHxmG1o7DoLgsU9pZrST/0zopD879TEVJyhTJ0oiVpsrISqOKOkj0lSFmLJOTUJGQaJCZjBIoZUGmRT9ThkGYT+8GR8R50Zk329BfcHNS99y6d3Vaa1xM2luBAziEY/DgDBrQhBa0QcIDPMEzvDivzpvz7nz8nM45k599mBrn6xuaPKSL</latexit><latexit sha1_base64="XdN7YEnOpmO5mBKqtkZL52K1ZDY=">AAACI3icbVC7TsNAEFzzfj9LmhMRElVkIyQoI2hSBokAUmJF68smnHJ+cLdGiix/By0UfA0doqHgX7BNChLYanZmVzOaINHKsut+OnPzC4tLyyura+sbm1vbO7t7NzZOjaS2jHVs7gK0pFVEbVas6S4xhGGg6TYYXZb67SMZq+LomscJ+SEOIzVQErmg/G6IfC9RZ8285/Z2am7drUb8Bd4E1GAyrd6uA91+LNOQIpYare14bsJ+hoaV1JSvdVNLCcoRDqlTwAhDsn5Wpc7FUWqRY5GQEUqLiqTfHxmG1o7DoLgsU9pZrST/0zopD879TEVJyhTJ0oiVpsrISqOKOkj0lSFmLJOTUJGQaJCZjBIoZUGmRT9ThkGYT+8GR8R50Zk329BfcHNS99y6d3Vaa1xM2luBAziEY/DgDBrQhBa0QcIDPMEzvDivzpvz7nz8nM45k599mBrn6xuaPKSL</latexit><latexit sha1_base64="XdN7YEnOpmO5mBKqtkZL52K1ZDY=">AAACI3icbVC7TsNAEFzzfj9LmhMRElVkIyQoI2hSBokAUmJF68smnHJ+cLdGiix/By0UfA0doqHgX7BNChLYanZmVzOaINHKsut+OnPzC4tLyyura+sbm1vbO7t7NzZOjaS2jHVs7gK0pFVEbVas6S4xhGGg6TYYXZb67SMZq+LomscJ+SEOIzVQErmg/G6IfC9RZ8285/Z2am7drUb8Bd4E1GAyrd6uA91+LNOQIpYare14bsJ+hoaV1JSvdVNLCcoRDqlTwAhDsn5Wpc7FUWqRY5GQEUqLiqTfHxmG1o7DoLgsU9pZrST/0zopD879TEVJyhTJ0oiVpsrISqOKOkj0lSFmLJOTUJGQaJCZjBIoZUGmRT9ThkGYT+8GR8R50Zk329BfcHNS99y6d3Vaa1xM2luBAziEY/DgDBrQhBa0QcIDPMEzvDivzpvz7nz8nM45k599mBrn6xuaPKSL</latexit>

H0
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Conclusions 

V(t)

Coherent states are “optimal” for 
work extraction

Integrable systems are 
convenient in the limit N ! 1
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Collective evolution gives  
an advantage in the power
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