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Due to time constrains: restrict to real scalar field
<latexit sha1_base64="f3ZxunsfA097jKP4I3ya12Cmip0=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXspuERVPBS8eK9ha6C4lm2bb0Gw2JNliWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvFBypo3rfjuFtfWNza3idmlnd2//oHx41NZJqghtkYQnqhNiTTkTtGWY4bQjFcVxyOljOLqd+Y9jqjRLxIOZSBrEeCBYxAg2VvJ9OWRVf0wJejrvlStuzZ0DrRIvJxXI0eyVv/x+QtKYCkM41rrrudIEGVaGEU6nJT/VVGIywgPatVTgmOogm988RWdW6aMoUbaEQXP190SGY60ncWg7Y2yGetmbif953dRE10HGhEwNFWSxKEo5MgmaBYD6TFFi+MQSTBSztyIyxAoTY2Mq2RC85ZdXSbte8y5r9fuLSuMmj6MIJ3AKVfDgChpwB01oAQEJz/AKb07qvDjvzseiteDkM8fwB87nDx+0kRE=</latexit>

�(~x)<latexit sha1_base64="7+PIXoz1DaYkVuuA93PLp3segTs=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJSnSh6uCG5cV7APaoWTSTBuayQzJHaGUfoQbF4q49Xvc+Tdm2goqeuDC4Zx7ufeeIFHSAiEf3tr6xubWdm4nv7u3f3BYODpu2zg1XLR4rGLTDZgVSmrRAglKdBMjWBQo0Qkm15nfuRfGyljfwTQRfsRGWoaSM3BSpx+kSgkYFIqkRAihlOKM0GqFOFKv18q0hmlmORTRCs1B4b0/jHkaCQ1cMWt7lCTgz5gByZWY5/upFQnjEzYSPUc1i4T1Z4tz5/jcKUMcxsaVBrxQv0/MWGTtNApcZ8RgbH97mfiX10shrPkzqZMUhObLRWGqMMQ4+x0PpREc1NQRxo10t2I+ZoZxcAnlXQhfn+L/SbtcopVS+fay2LhaxZFDp+gMXSCKqqiBblATtRBHE/SAntCzl3iP3ov3umxd81YzJ+gHvLdPxOmP2Q==</latexit>•

Spacetime: assume global hyperbolic 
<latexit sha1_base64="8wzBaEs3rCTiimg1OedHVVyx6qI=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiS1qAhCwY0boT76gCaEyXTSDp1JwsxEKKErN/6KGxeKuPUb3Pk3TtostPXAhcM593LvPX7MqFSW9W0UFhaXlleKq6W19Y3NLXN7pyWjRGDSxBGLRMdHkjAakqaiipFOLAjiPiNtf3iZ+e0HIiSNwns1ionLUT+kAcVIackz96+92oXDkRr4fno7dhTlRELnjvY58o49s2xVrAngPLFzUgY5Gp755fQinHASKsyQlF3bipWbIqEoZmRcchJJYoSHqE+6moZIb3PTyRtjeKiVHgwioStUcKL+nkgRl3LEfd2ZHSxnvUz8z+smKjhzUxrGiSIhni4KEgZVBLNMYI8KghUbaYKwoPpWiAdIIKx0ciUdgj378jxpVSv2SaV6UyvXz/M4imAPHIAjYINTUAdXoAGaAINH8AxewZvxZLwY78bHtLVg5DO74A+Mzx97X5h6</latexit>

M4 = R⇥ ⌃3
<latexit sha1_base64="VRbqaMznn7AteV90LpW29CxUMP8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUfEU8OIxgnlgdgmzk0kyZGZ2mYcQlvyFFw+KePVvvPk3TpI9aGJBQ1HVTXdXnHKmje9/e4W19Y3NreJ2aWd3b/+gfHjU0olVhDZJwhPVibGmnEnaNMxw2kkVxSLmtB2Pb2d++4kqzRL5YCYpjQQeSjZgBBsnPQ57WShsKO20V674VX8OtEqCnFQgR6NX/gr7CbGCSkM41rob+KmJMqwMI5xOS6HVNMVkjIe066jEguoom188RWdO6aNBolxJg+bq74kMC60nInadApuRXvZm4n9e15rBdZQxmVpDJVksGliOTIJm76M+U5QYPnEEE8XcrYiMsMLEuJBKLoRg+eVV0qpVg8tq7f6iUr/J4yjCCZzCOQRwBXW4gwY0gYCEZ3iFN097L96797FoLXj5zDH8gff5A/jSkRg=</latexit>gµ⌫

(global hyperbolically needed for the initial value problem be well posed)  

,<latexit sha1_base64="7+PIXoz1DaYkVuuA93PLp3segTs=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJSnSh6uCG5cV7APaoWTSTBuayQzJHaGUfoQbF4q49Xvc+Tdm2goqeuDC4Zx7ufeeIFHSAiEf3tr6xubWdm4nv7u3f3BYODpu2zg1XLR4rGLTDZgVSmrRAglKdBMjWBQo0Qkm15nfuRfGyljfwTQRfsRGWoaSM3BSpx+kSgkYFIqkRAihlOKM0GqFOFKv18q0hmlmORTRCs1B4b0/jHkaCQ1cMWt7lCTgz5gByZWY5/upFQnjEzYSPUc1i4T1Z4tz5/jcKUMcxsaVBrxQv0/MWGTtNApcZ8RgbH97mfiX10shrPkzqZMUhObLRWGqMMQ4+x0PpREc1NQRxo10t2I+ZoZxcAnlXQhfn+L/SbtcopVS+fay2LhaxZFDp+gMXSCKqqiBblATtRBHE/SAntCzl3iP3ov3umxd81YzJ+gHvLdPxOmP2Q==</latexit>•

<latexit sha1_base64="5l3TlhePq38Y+uZ3Voyuubsy5fU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqHgqePFYwX5gE8pku2mXbjZhdyOU0n/hxYMiXv033vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kirImTUSiOiFqJrhkTcONYJ1UMYxDwdrh6Hbmt5+Y0jyRD2acsiDGgeQRp2is9OhLDAX2/DjrlStu1Z2DrBIvJxXI0eiVv/x+QrOYSUMFat313NQEE1SGU8GmJT/TLEU6wgHrWioxZjqYzC+ekjOr9EmUKFvSkLn6e2KCsdbjOLSdMZqhXvZm4n9eNzPRdTDhMs0Mk3SxKMoEMQmZvU/6XDFqxNgSpIrbWwkdokJqbEglG4K3/PIqadWq3mW1dn9Rqd/kcRThBE7hHDy4gjrcQQOaQEHCM7zCm6OdF+fd+Vi0Fpx85hj+wPn8AZDNkNQ=</latexit>

rµ

<latexit sha1_base64="N3kNFXApolvNAUq8+/HB3UgQf7A=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGUfEU8OIxEfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2iVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6yDjNU=</latexit>

R

<latexit sha1_base64="FJ6dSAQ2LIEM8yO73D0on8nxiDs=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmKqLgquHFZxT6gCWUynbZDJ5MwM1FL7Ke4caGIW7/EnX/jpM1CWw8MHM65l3vmBDFnSjvOt1VYWV1b3yhulra2d3b37PJ+S0WJJLRJIh7JToAV5UzQpmaa004sKQ4DTtvB+Crz2/dUKhaJOz2JqR/ioWADRrA2Us8ue4/MYwJ5IdajIEhvpz274lSdGdAycXNSgRyNnv3l9SOShFRowrFSXdeJtZ9iqRnhdFryEkVjTMZ4SLuGChxS5aez6FN0bJQ+GkTSPKHRTP29keJQqUkYmMksoVr0MvE/r5vowYWfMhEnmgoyPzRIONIRynpAfSYp0XxiCCaSmayIjLDERJu2SqYEd/HLy6RVq7pn1drNaaV+mddRhEM4ghNw4RzqcA0NaAKBB3iGV3iznqwX6936mI8WrHznAP7A+vwBPMqT+A==</latexit>

⇠ 2 R

covariant derivative defined from
<latexit sha1_base64="VRbqaMznn7AteV90LpW29CxUMP8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUfEU8OIxgnlgdgmzk0kyZGZ2mYcQlvyFFw+KePVvvPk3TpI9aGJBQ1HVTXdXnHKmje9/e4W19Y3NreJ2aWd3b/+gfHjU0olVhDZJwhPVibGmnEnaNMxw2kkVxSLmtB2Pb2d++4kqzRL5YCYpjQQeSjZgBBsnPQ57WShsKO20V674VX8OtEqCnFQgR6NX/gr7CbGCSkM41rob+KmJMqwMI5xOS6HVNMVkjIe066jEguoom188RWdO6aNBolxJg+bq74kMC60nInadApuRXvZm4n9e15rBdZQxmVpDJVksGliOTIJm76M+U5QYPnEEE8XcrYiMsMLEuJBKLoRg+eVV0qpVg8tq7f6iUr/J4yjCCZzCOQRwBXW4gwY0gYCEZ3iFN097L96797FoLXj5zDH8gff5A/jSkRg=</latexit>gµ⌫

Ricci scalar

coupling to the curvature (minimal coupling=0, conformal coupling =1/6)

<latexit sha1_base64="7+PIXoz1DaYkVuuA93PLp3segTs=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJSnSh6uCG5cV7APaoWTSTBuayQzJHaGUfoQbF4q49Xvc+Tdm2goqeuDC4Zx7ufeeIFHSAiEf3tr6xubWdm4nv7u3f3BYODpu2zg1XLR4rGLTDZgVSmrRAglKdBMjWBQo0Qkm15nfuRfGyljfwTQRfsRGWoaSM3BSpx+kSgkYFIqkRAihlOKM0GqFOFKv18q0hmlmORTRCs1B4b0/jHkaCQ1cMWt7lCTgz5gByZWY5/upFQnjEzYSPUc1i4T1Z4tz5/jcKUMcxsaVBrxQv0/MWGTtNApcZ8RgbH97mfiX10shrPkzqZMUhObLRWGqMMQ4+x0PpREc1NQRxo10t2I+ZoZxcAnlXQhfn+L/SbtcopVS+fay2LhaxZFDp+gMXSCKqqiBblATtRBHE/SAntCzl3iP3ov3umxd81YzJ+gHvLdPxOmP2Q==</latexit>•

<latexit sha1_base64="7+PIXoz1DaYkVuuA93PLp3segTs=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJSnSh6uCG5cV7APaoWTSTBuayQzJHaGUfoQbF4q49Xvc+Tdm2goqeuDC4Zx7ufeeIFHSAiEf3tr6xubWdm4nv7u3f3BYODpu2zg1XLR4rGLTDZgVSmrRAglKdBMjWBQo0Qkm15nfuRfGyljfwTQRfsRGWoaSM3BSpx+kSgkYFIqkRAihlOKM0GqFOFKv18q0hmlmORTRCs1B4b0/jHkaCQ1cMWt7lCTgz5gByZWY5/upFQnjEzYSPUc1i4T1Z4tz5/jcKUMcxsaVBrxQv0/MWGTtNApcZ8RgbH97mfiX10shrPkzqZMUhObLRWGqMMQ4+x0PpREc1NQRxo10t2I+ZoZxcAnlXQhfn+L/SbtcopVS+fay2LhaxZFDp+gMXSCKqqiBblATtRBHE/SAntCzl3iP3ov3umxd81YzJ+gHvLdPxOmP2Q==</latexit>•
<latexit sha1_base64="7+PIXoz1DaYkVuuA93PLp3segTs=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJSnSh6uCG5cV7APaoWTSTBuayQzJHaGUfoQbF4q49Xvc+Tdm2goqeuDC4Zx7ufeeIFHSAiEf3tr6xubWdm4nv7u3f3BYODpu2zg1XLR4rGLTDZgVSmrRAglKdBMjWBQo0Qkm15nfuRfGyljfwTQRfsRGWoaSM3BSpx+kSgkYFIqkRAihlOKM0GqFOFKv18q0hmlmORTRCs1B4b0/jHkaCQ1cMWt7lCTgz5gByZWY5/upFQnjEzYSPUc1i4T1Z4tz5/jcKUMcxsaVBrxQv0/MWGTtNApcZ8RgbH97mfiX10shrPkzqZMUhObLRWGqMMQ4+x0PpREc1NQRxo10t2I+ZoZxcAnlXQhfn+L/SbtcopVS+fay2LhaxZFDp+gMXSCKqqiBblATtRBHE/SAntCzl3iP3ov3umxd81YzJ+gHvLdPxOmP2Q==</latexit>•

E.o.m.:

<latexit sha1_base64="bhhwnB5xT+sEAXhUMmdhjqCz2kE="></latexit>⇣ 1p
�g

@µ(
p
�g gµ⌫ @⌫)�m2 � ⇠R

⌘
� = 0

<latexit sha1_base64="Y/1tL67H1I4VmkTs9UZ1QF6A7KM=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahLiwzRVQEoeDGZRX7gM5YMmnahiaZMcmIZejSjb/ixoUibv0Ed/6NaTsLbT1wL4dz7iW5J4gYVdpxvq3M3PzC4lJ2Obeyura+YW9u1VQYS0yqOGShbARIEUYFqWqqGWlEkiAeMFIP+hcjv35PpKKhuNGDiPgcdQXtUIy0kVr2bsFTdzGSBB5Cflsy3Xug8PrAi3oUnkOnZeedojMGnCVuSvIgRaVlf3ntEMecCI0ZUqrpOpH2EyQ1xYwMc16sSIRwH3VJ01CBOFF+Mj5kCPeN0oadUJoSGo7V3xsJ4koNeGAmOdI9Ne2NxP+8Zqw7p35CRRRrIvDkoU7MoA7hKBXYppJgzQaGICyp+SvEPSQR1ia7nAnBnT55ltRKRfe4WLo6ypfP0jiyYAfsgQJwwQkog0tQAVWAwSN4Bq/gzXqyXqx362MymrHSnW3wB9bnD0polu4=</latexit>

(⇤�m2 � ⇠R)� = 0<latexit sha1_base64="7+PIXoz1DaYkVuuA93PLp3segTs=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJSnSh6uCG5cV7APaoWTSTBuayQzJHaGUfoQbF4q49Xvc+Tdm2goqeuDC4Zx7ufeeIFHSAiEf3tr6xubWdm4nv7u3f3BYODpu2zg1XLR4rGLTDZgVSmrRAglKdBMjWBQo0Qkm15nfuRfGyljfwTQRfsRGWoaSM3BSpx+kSgkYFIqkRAihlOKM0GqFOFKv18q0hmlmORTRCs1B4b0/jHkaCQ1cMWt7lCTgz5gByZWY5/upFQnjEzYSPUc1i4T1Z4tz5/jcKUMcxsaVBrxQv0/MWGTtNApcZ8RgbH97mfiX10shrPkzqZMUhObLRWGqMMQ4+x0PpREc1NQRxo10t2I+ZoZxcAnlXQhfn+L/SbtcopVS+fay2LhaxZFDp+gMXSCKqqiBblATtRBHE/SAntCzl3iP3ov3umxd81YzJ+gHvLdPxOmP2Q==</latexit>•

Ingredients:

Action:<latexit sha1_base64="7+PIXoz1DaYkVuuA93PLp3segTs=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJSnSh6uCG5cV7APaoWTSTBuayQzJHaGUfoQbF4q49Xvc+Tdm2goqeuDC4Zx7ufeeIFHSAiEf3tr6xubWdm4nv7u3f3BYODpu2zg1XLR4rGLTDZgVSmrRAglKdBMjWBQo0Qkm15nfuRfGyljfwTQRfsRGWoaSM3BSpx+kSgkYFIqkRAihlOKM0GqFOFKv18q0hmlmORTRCs1B4b0/jHkaCQ1cMWt7lCTgz5gByZWY5/upFQnjEzYSPUc1i4T1Z4tz5/jcKUMcxsaVBrxQv0/MWGTtNApcZ8RgbH97mfiX10shrPkzqZMUhObLRWGqMMQ4+x0PpREc1NQRxo10t2I+ZoZxcAnlXQhfn+L/SbtcopVS+fay2LhaxZFDp+gMXSCKqqiBblATtRBHE/SAntCzl3iP3ov3umxd81YzJ+gHvLdPxOmP2Q==</latexit>•
<latexit sha1_base64="B4cKC4pY94u4GPezKwH/oroYgx4="></latexit>

SKG = �1

2

Z
d4x

p
�g (rµ�rµ�+ µ2�2 + ⇠R�2)<latexit sha1_base64="77TPEeeV/oY1pugh3mU3CH7iHP4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W962qtWavUa3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB1EWM7A==</latexit>m
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<latexit sha1_base64="7+PIXoz1DaYkVuuA93PLp3segTs=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJSnSh6uCG5cV7APaoWTSTBuayQzJHaGUfoQbF4q49Xvc+Tdm2goqeuDC4Zx7ufeeIFHSAiEf3tr6xubWdm4nv7u3f3BYODpu2zg1XLR4rGLTDZgVSmrRAglKdBMjWBQo0Qkm15nfuRfGyljfwTQRfsRGWoaSM3BSpx+kSgkYFIqkRAihlOKM0GqFOFKv18q0hmlmORTRCs1B4b0/jHkaCQ1cMWt7lCTgz5gByZWY5/upFQnjEzYSPUc1i4T1Z4tz5/jcKUMcxsaVBrxQv0/MWGTtNApcZ8RgbH97mfiX10shrPkzqZMUhObLRWGqMMQ4+x0PpREc1NQRxo10t2I+ZoZxcAnlXQhfn+L/SbtcopVS+fay2LhaxZFDp+gMXSCKqqiBblATtRBHE/SAntCzl3iP3ov3umxd81YzJ+gHvLdPxOmP2Q==</latexit>•

<latexit sha1_base64="2LoVAk/MmFvUM9kPp15zyecMGbI=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUfFU8OKxgv2Adi3ZNNuGJtklyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rBztJWCDJUPGIU2Kd1FaPWU+m03654lW9OfAq8XNSgRyNfvmrN4hpKpmyVBBjur6X2CAj2nIq2LTUSw1LCB2TIes6qohkJsjm507xmVMGOIq1K2XxXP09kRFpzESGrlMSOzLL3kz8z+umNroOMq6S1DJFF4uiVGAb49nveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0alX/slq7v6jUb/I4inACp3AOPlxBHe6gAU2gMIZneIU3lKAX9I4+Fq0FlM8cwx+gzx+lvY/B</latexit>

nµ

Let 

With this:

Conjugate momentum
<latexit sha1_base64="Lys1Osy2Xwzx8RFuYBpyPlTxHnE=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2W3iIqnghePFWwtdJeSTbNtaDZZktliWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDAR3IDrfjuFtfWNza3idmlnd2//oHx41DYq1ZS1qBJKd0JimOCStYCDYJ1EMxKHgj2Go9uZ/zhm2nAlH2CSsCAmA8kjTglYqes3edUfM4qfznvliltz58CrxMtJBeVo9spffl/RNGYSqCDGdD03gSAjGjgVbFryU8MSQkdkwLqWShIzE2Tzk6f4zCp9HCltSwKeq78nMhIbM4lD2xkTGJplbyb+53VTiK6DjMskBSbpYlGUCgwKz/7Hfa4ZBTGxhFDN7a2YDokmFGxKJRuCt/zyKmnXa95lrX5/UWnc5HEU0Qk6RVXkoSvUQHeoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/JvmQfw==</latexit>

⇧(~x)

Its definition requires the introduction of  a 3+1 foliation of  spacetime in Cauchy hyper 
surfaces: <latexit sha1_base64="Xi0PE73mLpvGSPZ0Kg/T+Z0wObo=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiSlqAhCwY0boT5aC00Ik+m0HTp5MHMjlNCVG3/FjQtF3PoN7vwbJ20W2nrgwuGce7n3Hj8WXIFlfRuFhcWl5ZXiamltfWNzy9zeaakokZQ1aSQi2faJYoKHrAkcBGvHkpHAF+zeH15k/v0Dk4pH4R2MYuYGpB/yHqcEtOSZ+1de7dwJCAx8P70ZO8ADprBzy/sB8cAzy1bFmgDPEzsnZZSj4ZlfTjeiScBCoIIo1bGtGNyUSOBUsHHJSRSLCR2SPutoGhK9zU0nb4zxoVa6uBdJXSHgifp7IiWBUqPA153ZwWrWy8T/vE4CvVM35WGcAAvpdFEvERginGWCu1wyCmKkCaGS61sxHRBJKOjkSjoEe/bledKqVuzjSvW6Vq6f5XEU0R46QEfIRieoji5RAzURRY/oGb2iN+PJeDHejY9pa8HIZ3bRHxifP93jmLs=</latexit>

M4 = R⇥ ⌃t

Let        be the (time like, future oriented) unit vector field normal to the hypersurfaces 
<latexit sha1_base64="BGjlOhuchdWrXyH3LH0Eqkz40eg=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkRFU8FLx4r2g9oQ9lsN+3S3STuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGSxHxBgqUvJ1oTlUgeSsY3Uz91hPXRsTRA44T7is6iEQoGEUrtbv3YqBoD3ulsltxZyDLxMtJGXLUe6Wvbj9mqeIRMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YGlHFjZ/N7p2QU6v0SRhrWxGSmfp7IqPKmLEKbKeiODSL3lT8z+ukGF75mYiSFHnE5ovCVBKMyfR50heaM5RjSyjTwt5K2JBqytBGVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMJDzDK7w5j86L8+58zFtXnHzmCP7A+fwB+fOP6Q==</latexit>

⌃t

<latexit sha1_base64="fSgo1pzR2Zw0MD/PFsNKxd4ugxQ=">AAACDXicbZBNS8MwGMfT+TbnW9Wjl+AUBGG0Q1QEYeDF4wT3AmstaZZuYWlaklQYpV/Ai1/FiwdFvHr35rcx3Yro5gMhv/yf5+HJ8/djRqWyrC+jtLC4tLxSXq2srW9sbpnbO20ZJQKTFo5YJLo+koRRTlqKKka6sSAo9Bnp+KOrPN+5J0LSiN+qcUzcEA04DShGSkueeTD0UidMHJ5kl4MfPOZ3OWb5pZ+eWbVq1iTgPNgFVEERTc/8dPoRTkLCFWZIyp5txcpNkVAUM5JVnESSGOERGpCeRo5CIt10sk0GD7XSh0Ek9OEKTtTfHSkKpRyHvq4MkRrK2Vwu/pfrJSo4d1PK40QRjqeDgoRBFcHcGtingmDFxhoQFlT/FeIhEggrbWBFm2DPrjwP7XrNPq3Vb06qjYvCjjLYA/vgCNjgDDTANWiCFsDgATyBF/BqPBrPxpvxPi0tGUXPLvgTxsc3TuOc9g==</latexit>

hµ⌫ = gµ⌫ + nµn⌫ be the metric in        induced by 
<latexit sha1_base64="BGjlOhuchdWrXyH3LH0Eqkz40eg=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkRFU8FLx4r2g9oQ9lsN+3S3STuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGSxHxBgqUvJ1oTlUgeSsY3Uz91hPXRsTRA44T7is6iEQoGEUrtbv3YqBoD3ulsltxZyDLxMtJGXLUe6Wvbj9mqeIRMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YGlHFjZ/N7p2QU6v0SRhrWxGSmfp7IqPKmLEKbKeiODSL3lT8z+ukGF75mYiSFHnE5ovCVBKMyfR50heaM5RjSyjTwt5K2JBqytBGVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMJDzDK7w5j86L8+58zFtXnHzmCP7A+fwB+fOP6Q==</latexit>

⌃t
<latexit sha1_base64="VRbqaMznn7AteV90LpW29CxUMP8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUfEU8OIxgnlgdgmzk0kyZGZ2mYcQlvyFFw+KePVvvPk3TpI9aGJBQ1HVTXdXnHKmje9/e4W19Y3NreJ2aWd3b/+gfHjU0olVhDZJwhPVibGmnEnaNMxw2kkVxSLmtB2Pb2d++4kqzRL5YCYpjQQeSjZgBBsnPQ57WShsKO20V674VX8OtEqCnFQgR6NX/gr7CbGCSkM41rob+KmJMqwMI5xOS6HVNMVkjIe066jEguoom188RWdO6aNBolxJg+bq74kMC60nInadApuRXvZm4n9e15rBdZQxmVpDJVksGliOTIJm76M+U5QYPnEEE8XcrYiMsMLEuJBKLoRg+eVV0qpVg8tq7f6iUr/J4yjCCZzCOQRwBXW4gwY0gYCEZ3iFN097L96797FoLXj5zDH8gff5A/jSkRg=</latexit>gµ⌫

<latexit sha1_base64="VvtVNon/dMnIS1RJoMv6T4vGmSk=">AAACInicbVDLSgMxFM3UV62vUZdugkWoUMpMEV8gFNy4rGAf0NSSSdM2NJMZk0yxDPMtbvwVNy4UdSX4MaYPRFsPBA7nnMvNPV7ImdKO82mlFhaXllfSq5m19Y3NLXt7p6qCSBJaIQEPZN3DinImaEUzzWk9lBT7Hqc1r3858msDKhULxI0ehrTp465gHUawNlLLPkNllkMDSuD94QVSd1LHvQTlobiNkR8lSGCP49aE5yEKez/plp11Cs4YcJ64U5IFU5Rb9jtqByTyqdCEY6UarhPqZoylZoTTJIMiRUNM+rhLG4YK7FPVjMcnJvDAKG3YCaR5QsOx+nsixr5SQ98zSR/rnpr1RuJ/XiPSndNmzEQYaSrIZFEn4lAHcNQXbDNJieZDQzCRzPwVkh6WmGjTasaU4M6ePE+qxYJ7XCheH2VL59M60mAP7IMccMEJKIErUAYVQMADeAIv4NV6tJ6tN+tjEk1Z05ld8AfW1zeBp6Og</latexit>

⇧(~x) =
p
hnµrµ �(~x)

<latexit sha1_base64="7+PIXoz1DaYkVuuA93PLp3segTs=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJSnSh6uCG5cV7APaoWTSTBuayQzJHaGUfoQbF4q49Xvc+Tdm2goqeuDC4Zx7ufeeIFHSAiEf3tr6xubWdm4nv7u3f3BYODpu2zg1XLR4rGLTDZgVSmrRAglKdBMjWBQo0Qkm15nfuRfGyljfwTQRfsRGWoaSM3BSpx+kSgkYFIqkRAihlOKM0GqFOFKv18q0hmlmORTRCs1B4b0/jHkaCQ1cMWt7lCTgz5gByZWY5/upFQnjEzYSPUc1i4T1Z4tz5/jcKUMcxsaVBrxQv0/MWGTtNApcZ8RgbH97mfiX10shrPkzqZMUhObLRWGqMMQ4+x0PpREc1NQRxo10t2I+ZoZxcAnlXQhfn+L/SbtcopVS+fay2LhaxZFDp+gMXSCKqqiBblATtRBHE/SAntCzl3iP3ov3umxd81YzJ+gHvLdPxOmP2Q==</latexit>• Hamiltonian
<latexit sha1_base64="qh/eLXf3XsSIcapoiLssUKWdAj0="></latexit>

H =

Z

⌃t

d
3
x

⇣p
hL�⇧(~x)�(~x)

⌘

<latexit sha1_base64="7+PIXoz1DaYkVuuA93PLp3segTs=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJSnSh6uCG5cV7APaoWTSTBuayQzJHaGUfoQbF4q49Xvc+Tdm2goqeuDC4Zx7ufeeIFHSAiEf3tr6xubWdm4nv7u3f3BYODpu2zg1XLR4rGLTDZgVSmrRAglKdBMjWBQo0Qkm15nfuRfGyljfwTQRfsRGWoaSM3BSpx+kSgkYFIqkRAihlOKM0GqFOFKv18q0hmlmORTRCs1B4b0/jHkaCQ1cMWt7lCTgz5gByZWY5/upFQnjEzYSPUc1i4T1Z4tz5/jcKUMcxsaVBrxQv0/MWGTtNApcZ8RgbH97mfiX10shrPkzqZMUhObLRWGqMMQ4+x0PpREc1NQRxo10t2I+ZoZxcAnlXQhfn+L/SbtcopVS+fay2LhaxZFDp+gMXSCKqqiBblATtRBHE/SAntCzl3iP3ov3umxd81YzJ+gHvLdPxOmP2Q==</latexit>• Phase space

We need to make a choice about the type of  functions we want to use. Common choice in Minkowski 
spacetimes and in spatially-flat FLRW: Schwartz space (stable under Fourier transform). But Schwartz 
space does not generalize to to curved spacetimes.  
Common choice: smooth functions of  compact support

<latexit sha1_base64="8aGt0chI/AOn/T3atAgQ+/r5fLI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRFVDwVevFYwdZCE8tmu2mXbjZhdyKE0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmBYngGh3n2yqtrW9sbpW3Kzu7e/sH1cOjro5TRVmHxiJWvYBoJrhkHeQoWC9RjESBYA/BpDXzH56Y0jyW95glzI/ISPKQU4JG8lqPucdliNl04AyqNafuzGGvErcgNSjQHlS/vGFM04hJpIJo3XedBP2cKORUsGnFSzVLCJ2QEesbKknEtJ/Pb57aZ0YZ2mGsTEm05+rviZxEWmdRYDojgmO97M3E/7x+iuG1n3OZpMgkXSwKU2FjbM8CsIdcMYoiM4RQxc2tNh0TRSiamComBHf55VXSbdTdy3rj7qLWvCniKMMJnMI5uHAFTbiFNnSAQgLP8ApvVmq9WO/Wx6K1ZBUzx/AH1ucP+GqRnw==</latexit>

C1
0

<latexit sha1_base64="2SQulM1GmZdqvBCz0af6sItkT5g="></latexit>

� = {(f(~x), g(~x)) 2 C1
0 ⇥ C1

0 } Infinite-dimensional, real v.s.
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The classical phase space comes equipped with a symplectic structure <latexit sha1_base64="yuRnFxKyJnznPIGK3LigvJI5Xys=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6jHgxWME84BkCbOTTjJmdmaZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jUo1wwZTQul2RA0KLrFhuRXYTjTSOBLYisa3M7/1hNpwJR/sJMEwpkPJB5xR66RmV8U4pL1S2a/4c5BVEuSkDDnqvdJXt69YGqO0TFBjOoGf2DCj2nImcFrspgYTysZ0iB1HJY3RhNn82ik5d0qfDJR2JS2Zq78nMhobM4kj1xlTOzLL3kz8z+ukdnATZlwmqUXJFosGqSBWkdnrpM81MismjlCmubuVsBHVlFkXUNGFECy/vEqal5XgqlK9r5Zr1TyOApzCGVxAANdQgzuoQwMYPMIzvMKbp7wX7937WLSuefnMCfyB9/kDjumPFg==</latexit>ω

<latexit sha1_base64="+E+VRyqv1JewmScIpepbqJCNw4Q=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0XQTUmkqLgquNBlFfuAJpSb6bQdOpOEmYlQQr/Bjb/ixoUibl2582+ctFlo64GBM+fey73nBDFnSjvOt1VYWl5ZXSuulzY2t7Z37N29pooSSWiDRDyS7QAU5SykDc00p+1YUhABp61gdJXVWw9UKhaF93ocU1/AIGR9RkAbqWufeJGgA7j0rkEI8DQTVOHZB3s6wp4APQyC9G7StctOxZkCLxI3J2WUo961v7xeRBJBQ004KNVxnVj7KUjNCKeTkpcoGgMZwYB2DA3BrPbTqaUJPjJKD/cjaV6o8VT9PZGCUGosAtOZXajma5n4X62T6P6Fn7IwTjQNyWxRP+HYeM3ywT0mKdF8bAgQycytmAxBAtEmxZIJwZ23vEiapxX3rFK9rZZr1TyOIjpAh+gYuegc1dANqqMGIugRPaNX9GY9WS/Wu/Uxay1Y+cw++gPr8wfXxp2O</latexit>

ω : !→ ! ↑ R

Bi-linear, anti-symmetric and weakly degenerate bi-distribution.  

<latexit sha1_base64="lda/sKvR7Q1RVC85+jx+xpPzCTc=">AAACKHicbVDLSgMxFM34rPU16tJNsAgVpMyUom6KBTcuK9gHdEq5k2ba0GRmSDJCKf0cN/6KGxFFuvVLTNspaOsJgZNz7iX3Hj/mTGnHmVhr6xubW9uZnezu3v7BoX10XFdRIgmtkYhHsumDopyFtKaZ5rQZSwrC57ThD+6mfuOJSsWi8FEPY9oW0AtZwAhoI3XsWy8StAd5rwdCQMe9TEnxoux42JwgksA5XsjYY0GweLllp2PnnIIzA14lbkpyKEW1Y7973YgkgoaacFCq5Tqxbo9AakY4HWe9RNEYyAB6tGVoCIKq9mi26BifG6WLzUjmhhrP1N8dIxBKDYVvKgXovlr2puJ/XivRwU17xMI40TQk84+ChGMd4WlquMskJZoPDQEimZkVkz5IINpkmzUhuMsrr5J6seBeFUoPpVyllMaRQafoDOWRi65RBd2jKqohgp7RK/pAn9aL9WZ9WZN56ZqV9pygP7C+fwCADKRb</latexit>

ω(ε1, ε2) = 0 →ε2 ↑↓ ε1 = 0

<latexit sha1_base64="K4eK2tv0PEet6grj3+Lx3Bhn/DQ=">AAACE3icbZBNS8MwGMfT+TbnW9Wjl+AQNpHRylAvwsCLxwnuBdZS0izdwpK2JOlwlH0HL34VLx4U8erFm9/GbCtMN/8Q+OX/PA/J8/djRqWyrG8jt7K6tr6R3yxsbe/s7pn7B00ZJQKTBo5YJNo+koTRkDQUVYy0Y0EQ9xlp+YObSb01JELSKLxXo5i4HPVCGlCMlLY889TpIc6RZ5ecIcHwoXxdCuaXs96cy55ZtCrWVHAZ7AyKIFPdM7+cboQTTkKFGZKyY1uxclMkFMWMjAtOIkmM8AD1SEdjiDiRbjrdaQxPtNOFQST0CRWcur8nUsSlHHFfd3Kk+nKxNjH/q3USFVy5KQ3jRJEQzx4KEgZVBCcBwS4VBCs20oCwoPqvEPeRQFjpGAs6BHtx5WVonlfsi0r1rlqsVbM48uAIHIMSsMElqIFbUAcNgMEjeAav4M14Ml6Md+Nj1pozsplD8EfG5w+WsJtp</latexit>

ω1(εx) = (f1(εx), g1(εx))
<latexit sha1_base64="Z1KruISvDnijnI6qBAAR0bxf6z4=">AAACE3icbZBNS8MwGMdTX+d8q3r0EhzCJjLaMdSLMPDicYJ7gbWUNEu7sKQtSTocY9/Bi1/FiwdFvHrx5rcx2wrTzT8Efvk/z0Py/P2EUaks69tYWV1b39jMbeW3d3b39s2Dw6aMU4FJA8csFm0fScJoRBqKKkbaiSCI+4y0/P7NpN4aECFpHN2rYUJcjsKIBhQjpS3PPHNCxDnyKkVnQDB8KF0Xg/nlPJxzyTMLVtmaCi6DnUEBZKp75pfTjXHKSaQwQ1J2bCtR7ggJRTEj47yTSpIg3Ech6WiMECfSHU13GsNT7XRhEAt9IgWn7u+JEeJSDrmvOzlSPblYm5j/1TqpCq7cEY2SVJEIzx4KUgZVDCcBwS4VBCs21ICwoPqvEPeQQFjpGPM6BHtx5WVoVsr2Rbl6Vy3UqlkcOXAMTkAR2OAS1MAtqIMGwOARPINX8GY8GS/Gu/Exa10xspkj8EfG5w+bfJts</latexit>

ω2(εx) = (f2(εx), g2(εx))If and

Weakly degenerate means:

To quantize the theory, it will be useful to work with the complexities phase space: Γℂ

And the complexities symplectic product: ⟨γ1, γ2⟩ := − iω(γ*1 , γ2)

(Also known in this theory as Klein-Gordon product)
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Quantum theory
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Field and momentum “operators”: 
<latexit sha1_base64="10TzFBl8KW9Ymj1D4XgGbH5z2Ic=">AAACE3icbVDLSgMxFM3UV62vUZdugkVoRcqMFHUjFNy4rGAf0BlKJs20oZnMkGSKZeg/uPFX3LhQxK0bd/6N6XQUbT0Qcu4595Lc40WMSmVZn0ZuaXlldS2/XtjY3NreMXf3mjKMBSYNHLJQtD0kCaOcNBRVjLQjQVDgMdLyhldTvzUiQtKQ36pxRNwA9Tn1KUZKS13z2BkRDEUpve7KlyUnGtDv6gQ69Z+i3DWLVsVKAReJnZEiyFDvmh9OL8RxQLjCDEnZsa1IuQkSimJGJgUnliRCeIj6pKMpRwGRbpLuNIFHWulBPxT6cAVT9fdEggIpx4GnOwOkBnLem4r/eZ1Y+RduQnkUK8Lx7CE/ZlCFcBoQ7FFBsGJjTRAWVP8V4gESCCsdY0GHYM+vvEiapxX7rFK9qRZr1SyOPDgAh6AEbHAOauAa1EEDYHAPHsEzeDEejCfj1XibteaMbGYf/IHx/gXK3ZuL</latexit>

ωr(ωx) = (ε(ωx),!(ωx))

The next step is, following what we did in the previous lecture, construct a Fock space and a representation 
of  the abstract algebra in it. 

<latexit sha1_base64="7+PIXoz1DaYkVuuA93PLp3segTs=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJSnSh6uCG5cV7APaoWTSTBuayQzJHaGUfoQbF4q49Xvc+Tdm2goqeuDC4Zx7ufeeIFHSAiEf3tr6xubWdm4nv7u3f3BYODpu2zg1XLR4rGLTDZgVSmrRAglKdBMjWBQo0Qkm15nfuRfGyljfwTQRfsRGWoaSM3BSpx+kSgkYFIqkRAihlOKM0GqFOFKv18q0hmlmORTRCs1B4b0/jHkaCQ1cMWt7lCTgz5gByZWY5/upFQnjEzYSPUc1i4T1Z4tz5/jcKUMcxsaVBrxQv0/MWGTtNApcZ8RgbH97mfiX10shrPkzqZMUhObLRWGqMMQ4+x0PpREc1NQRxo10t2I+ZoZxcAnlXQhfn+L/SbtcopVS+fay2LhaxZFDp+gMXSCKqqiBblATtRBHE/SAntCzl3iP3ov3umxd81YzJ+gHvLdPxOmP2Q==</latexit>•

<latexit sha1_base64="eXp62Czq94tiSsV2gDXs0NIVJEc="></latexit>

[ri(ωx), rj(ωx→)] = i!ij ε(ωx→ ωx→)

<latexit sha1_base64="c7O++UcvKFESpe6IaOq80DE47K0=">AAACH3icbVDLSgNBEJyNrxhfqx69DAaDF8OuhOhFCHjxZgTzgGwMs5NOMmZ2dpmZFcOSP/Hir3jxoIh4y984eSCaWNBQVHXT3eVHnCntOCMrtbS8srqWXs9sbG5t79i7e1UVxpJChYY8lHWfKOBMQEUzzaEeSSCBz6Hm9y/Hfu0BpGKhuNWDCJoB6QrWYZRoI7XsoncdQJfcJex+eOH50GUiiQKiJXscYieHXex5+MTNYccD0f6xWnbWyTsT4EXizkgWzVBu2V9eO6RxAEJTTpRquE6kmwmRmlEOw4wXK4gI7ZMuNAwVJADVTCb/DfGRUdq4E0pTQuOJ+nsiIYFSg8A3nea+npr3xuJ/XiPWnfNmwkQUaxB0uqgTc6xDPA4Lt5kEqvnAEEIlM7di2iOSUG0izZgQ3PmXF0n1NO8W84WbQrZUmMWRRgfoEB0jF52hErpCZVRBFD2hF/SG3q1n69X6sD6nrSlrNrOP/sAafQNw9aHu</latexit>

!ij =

(
0 1
→1 0

)
Commutation relations: where<latexit sha1_base64="7+PIXoz1DaYkVuuA93PLp3segTs=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJSnSh6uCG5cV7APaoWTSTBuayQzJHaGUfoQbF4q49Xvc+Tdm2goqeuDC4Zx7ufeeIFHSAiEf3tr6xubWdm4nv7u3f3BYODpu2zg1XLR4rGLTDZgVSmrRAglKdBMjWBQo0Qkm15nfuRfGyljfwTQRfsRGWoaSM3BSpx+kSgkYFIqkRAihlOKM0GqFOFKv18q0hmlmORTRCs1B4b0/jHkaCQ1cMWt7lCTgz5gByZWY5/upFQnjEzYSPUc1i4T1Z4tz5/jcKUMcxsaVBrxQv0/MWGTtNApcZ8RgbH97mfiX10shrPkzqZMUhObLRWGqMMQ4+x0PpREc1NQRxo10t2I+ZoZxcAnlXQhfn+L/SbtcopVS+fay2LhaxZFDp+gMXSCKqqiBblATtRBHE/SAntCzl3iP3ov3umxd81YzJ+gHvLdPxOmP2Q==</latexit>•

<latexit sha1_base64="FP6p91TEjlJmLaMnE/Dlgxes5qA=">AAACAnicbVDLSgMxFM34rPU16krcBItQQcqMFHVZcOOygn1AZyiZ9LYNzWSGJFMsQ3Hjr7hxoYhbv8Kdf2PaDqKtBy6cnHMvufcEMWdKO86XtbS8srq2ntvIb25t7+zae/t1FSWSQo1GPJLNgCjgTEBNM82hGUsgYcChEQyuJ35jCFKxSNzpUQx+SHqCdRkl2kht+9CL+6zoDYHi+9Mz7FV/Hm274JScKfAicTNSQBmqbfvT60Q0CUFoyolSLdeJtZ8SqRnlMM57iYKY0AHpQctQQUJQfjo9YYxPjNLB3UiaEhpP1d8TKQmVGoWB6QyJ7qt5byL+57US3b3yUybiRIOgs4+6Ccc6wpM8cIdJoJqPDCFUMrMrpn0iCdUmtbwJwZ0/eZHUz0vuRal8Wy5UylkcOXSEjlERuegSVdANqqIaougBPaEX9Go9Ws/Wm/U+a12yspkD9AfWxzeqjpWk</latexit>

ω(εx),!(εx)Recall:                      are not well-defined operators. They need to be “smeared-out” with test functions.<latexit sha1_base64="7+PIXoz1DaYkVuuA93PLp3segTs=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJSnSh6uCG5cV7APaoWTSTBuayQzJHaGUfoQbF4q49Xvc+Tdm2goqeuDC4Zx7ufeeIFHSAiEf3tr6xubWdm4nv7u3f3BYODpu2zg1XLR4rGLTDZgVSmrRAglKdBMjWBQo0Qkm15nfuRfGyljfwTQRfsRGWoaSM3BSpx+kSgkYFIqkRAihlOKM0GqFOFKv18q0hmlmORTRCs1B4b0/jHkaCQ1cMWt7lCTgz5gByZWY5/upFQnjEzYSPUc1i4T1Z4tz5/jcKUMcxsaVBrxQv0/MWGTtNApcZ8RgbH97mfiX10shrPkzqZMUhObLRWGqMMQ4+x0PpREc1NQRxo10t2I+ZoZxcAnlXQhfn+L/SbtcopVS+fay2LhaxZFDp+gMXSCKqqiBblATtRBHE/SAntCzl3iP3ov3umxd81YzJ+gHvLdPxOmP2Q==</latexit>•

We can think of  this as an “abstract algebra”, i.e., an algebra with no Hilbert space where to act (yet).

Linear operators: <latexit sha1_base64="7+PIXoz1DaYkVuuA93PLp3segTs=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJSnSh6uCG5cV7APaoWTSTBuayQzJHaGUfoQbF4q49Xvc+Tdm2goqeuDC4Zx7ufeeIFHSAiEf3tr6xubWdm4nv7u3f3BYODpu2zg1XLR4rGLTDZgVSmrRAglKdBMjWBQo0Qkm15nfuRfGyljfwTQRfsRGWoaSM3BSpx+kSgkYFIqkRAihlOKM0GqFOFKv18q0hmlmORTRCs1B4b0/jHkaCQ1cMWt7lCTgz5gByZWY5/upFQnjEzYSPUc1i4T1Z4tz5/jcKUMcxsaVBrxQv0/MWGTtNApcZ8RgbH97mfiX10shrPkzqZMUhObLRWGqMMQ4+x0PpREc1NQRxo10t2I+ZoZxcAnlXQhfn+L/SbtcopVS+fay2LhaxZFDp+gMXSCKqqiBblATtRBHE/SAntCzl3iP3ov3umxd81YzJ+gHvLdPxOmP2Q==</latexit>•  for all γ ∈ Γℂ

Algebra of  linear operators:  [Oγ1
, O†

γ2
] = ⟨γ1, γ2⟩

<latexit sha1_base64="7+PIXoz1DaYkVuuA93PLp3segTs=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJSnSh6uCG5cV7APaoWTSTBuayQzJHaGUfoQbF4q49Xvc+Tdm2goqeuDC4Zx7ufeeIFHSAiEf3tr6xubWdm4nv7u3f3BYODpu2zg1XLR4rGLTDZgVSmrRAglKdBMjWBQo0Qkm15nfuRfGyljfwTQRfsRGWoaSM3BSpx+kSgkYFIqkRAihlOKM0GqFOFKv18q0hmlmORTRCs1B4b0/jHkaCQ1cMWt7lCTgz5gByZWY5/upFQnjEzYSPUc1i4T1Z4tz5/jcKUMcxsaVBrxQv0/MWGTtNApcZ8RgbH97mfiX10shrPkzqZMUhObLRWGqMMQ4+x0PpREc1NQRxo10t2I+ZoZxcAnlXQhfn+L/SbtcopVS+fay2LhaxZFDp+gMXSCKqqiBblATtRBHE/SAntCzl3iP3ov3umxd81YzJ+gHvLdPxOmP2Q==</latexit>•  for all γ1, γ2 ∈ Γℂ
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Key ingredient: Kähler structure 

Introduce a metric  in   satisfying the following compatibility conditions:σ Γ

2.
<latexit sha1_base64="zUyEdv7UdL5K/vHNEyaGOy62GNo=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIbiwzpagboeBGXVWwD2jHkknTNjSTGZKMUId+iRsXirj1U9z5N2baWWjrgcDhnHu5J8ePOFPacb6t3Mrq2vpGfrOwtb2zW7T39psqjCWhDRLyULZ9rChngjY005y2I0lx4HPa8sdXqd96pFKxUNzrSUS9AA8FGzCCtZF6dvH2oXJ52g2wHvl+cjPt2SWn7MyAlombkRJkqPfsr24/JHFAhSYcK9VxnUh7CZaaEU6nhW6saITJGA9px1CBA6q8ZBZ8io6N0keDUJonNJqpvzcSHCg1CXwzmSZUi14q/ud1Yj248BImolhTQeaHBjFHOkRpC6jPJCWaTwzBRDKTFZERlpho01XBlOAufnmZNCtl96xcvauWatWsjjwcwhGcgAvnUINrqEMDCMTwDK/wZj1ZL9a79TEfzVnZzgH8gfX5A9nJkos=</latexit>

J2 = →I in
<latexit sha1_base64="Dnl4pvPRfzC1vXViywu9ZDG2asI=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mkqMeCBz1WsB/QhDDZbtulu5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPz4pQzbTzv21lb39jc2i7tlHf39g8q7uFRWyeZIrRFEp6obgyaciZpyzDDaTdVFETMaSce38z8ziNVmiXywUxSGgoYSjZgBIyVIrcS3IIQEOWBZkMB08itejVvDrxK/IJUUYFm5H4F/YRkgkpDOGjd873UhDkowwin03KQaZoCGcOQ9iyVIKgO8/nhU3xmlT4eJMqWNHiu/p7IQWg9EbHtFGBGetmbif95vcwMrsOcyTQzVJLFokHGsUnwLAXcZ4oSwyeWAFHM3orJCBQQY7Mq2xD85ZdXSfui5l/W6vf1aqNexFFCJ+gUnSMfXaEGukNN1EIEZegZvaI358l5cd6dj0XrmlPMHKM/cD5/APF+kz8=</latexit>

!ω

<latexit sha1_base64="QUrm8tPwUX2H1iFEPtPET4NnT6c=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFLIkXdCAU34sYK9gFNKJPJpA6dyYSZiVBCN/6KGxeKuPUz3Pk3TtsstPXAhcM593LvPUHCqNKO820VFhaXlleKq6W19Y3NLXt7p6VEKjFpYsGE7ARIEUZj0tRUM9JJJEE8YKQdDK7GfvuRSEVFfK+HCfE56sc0ohhpI/XsvZvLE++Wkz6qeDgU+thTtM/RUc8uO1VnAjhP3JyUQY5Gz/7yQoFTTmKNGVKq6zqJ9jMkNcWMjEpeqkiC8AD1SdfQGHGi/GzywAgeGiWEkZCmYg0n6u+JDHGlhjwwnRzpBzXrjcX/vG6qows/o3GSahLj6aIoZVALOE4DhlQSrNnQEIQlNbdC/IAkwtpkVjIhuLMvz5PWadU9q9buauV6LY+jCPbBAagAF5yDOrgGDdAEGIzAM3gFb9aT9WK9Wx/T1oKVz+yCP7A+fwAnFpV1</latexit>

J = →!(·,ω)
<latexit sha1_base64="B+nALxfxsVvNFGKnOyqbEEw87CQ="></latexit>

J(ωx, ωx→) = →
∫

d3x→→ !(ωx, ωx→→)ε(ωx→→, ωx→)where More explicitly:

The symplectic eigenvalues of      are <latexit sha1_base64="SJBed/OBQ4RtR8JH1knyIdIsqks=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6redbXWrFXqtTyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzjWM6A==</latexit>

i
<latexit sha1_base64="GlauKca8aghgwOCcXkmGGk390fQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRoh4LXjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHi5Ev1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqselfV2n2tUq/lcRThBE7hHDy4hjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nDzeJjR8=</latexit>→i

The symplectic eigenvectors of     are
<latexit sha1_base64="AoUQmnuFSxl/OZoj+EPSu05f4cM=">AAAB+XicbZDLSsNAFIYnXmu9RV26GSxC3ZREirosuNFdBXuBNoTJ9KQdOpmEmUmxhL6JGxeKuPVN3Pk2TtMstPWHgY//nMM58wcJZ0o7zre1tr6xubVd2inv7u0fHNpHx20Vp5JCi8Y8lt2AKOBMQEszzaGbSCBRwKETjG/n9c4EpGKxeNTTBLyIDAULGSXaWL5t9ydAMfj31RyeLny74tScXHgV3AIqqFDTt7/6g5imEQhNOVGq5zqJ9jIiNaMcZuV+qiAhdEyG0DMoSATKy/LLZ/jcOAMcxtI8oXHu/p7ISKTUNApMZ0T0SC3X5uZ/tV6qwxsvYyJJNQi6WBSmHOsYz2PAAyaBaj41QKhk5lZMR0QSqk1YZROCu/zlVWhf1tyrWv2hXmnUizhK6BSdoSpy0TVqoDvURC1E0QQ9o1f0ZmXWi/VufSxa16xi5gT9kfX5A/9ikpA=</latexit>

ωeI(ωx)
<latexit sha1_base64="OSjXs2AP9JkxAfKRX4bbzhP8pNw=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M1iE6qIkUtRlwY3uKtgLtDFMpift0MmFmUlpCX0VNy4UceuLuPNtnKZZaOsPAx//OYdz5vdizqSyrG9jbX1jc2u7sFPc3ds/ODSPSi0ZJYJCk0Y8Eh2PSOAshKZiikMnFkACj0PbG93O6+0xCMmi8FFNY3ACMgiZzyhR2nLNUm8MFIN7/3RRyXBy7pplq2plwqtg51BGuRqu+dXrRzQJIFSUEym7thUrJyVCMcphVuwlEmJCR2QAXY0hCUA6aXb7DJ9pp4/9SOgXKpy5vydSEkg5DTzdGRA1lMu1uflfrZso/8ZJWRgnCkK6WOQnHKsIz4PAfSaAKj7VQKhg+lZMh0QQqnRcRR2CvfzlVWhdVu2rau2hVq7X8jgK6ASdogqy0TWqozvUQE1E0QQ9o1f0ZsyMF+Pd+Fi0rhn5zDH6I+PzByIQkyw=</latexit>

ωe→I(ωx)
<latexit sha1_base64="UfRSFVsWInwC3gN/Uoo+Z68FnHk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCh1ISKepFKHjRWwX7AU0pm82mXbrZhN2JWEL/ihcPinj1j3jz37htc9DWBwOP92aYmecngmtwnG+rsLa+sblV3C7t7O7tH9iH5baOU0VZi8YiVl2faCa4ZC3gIFg3UYxEvmAdf3wz8zuPTGkeyweYJKwfkaHkIacEjDSwy3fXbtWjQQy6ij0uQ5gM7IpTc+bAq8TNSQXlaA7sLy+IaRoxCVQQrXuuk0A/Iwo4FWxa8lLNEkLHZMh6hkoSMd3P5rdP8alRAhzGypQEPFd/T2Qk0noS+aYzIjDSy95M/M/rpRBe9TMukxSYpItFYSowxHgWBA64YhTExBBCFTe3YjoiilAwcZVMCO7yy6ukfV5zL2r1+3qlUc/jKKJjdILOkIsuUQPdoiZqIYqe0DN6RW/W1Hqx3q2PRWvBymeO0B9Ynz+pP5OI</latexit>

I = 1, · · · ,→and

and
<latexit sha1_base64="rPWKKnh1uyrlFk6NEpMdvPgj7QQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF/HUgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvpn5D0+oNI/lvZkk6Ed0KHnIGTVWat71yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5odOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmX5MBV8iMmFhCmeL2VsJGVFFmbDYlG4K3/PIqaV9UvctqrVmr1Gt5HEU4gVM4Bw+uoA630IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AZ85jMk=</latexit>

J

<latexit sha1_base64="rPWKKnh1uyrlFk6NEpMdvPgj7QQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF/HUgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvpn5D0+oNI/lvZkk6Ed0KHnIGTVWat71yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5odOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmX5MBV8iMmFhCmeL2VsJGVFFmbDYlG4K3/PIqaV9UvctqrVmr1Gt5HEU4gVM4Bw+uoA630IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AZ85jMk=</latexit>

J

<latexit sha1_base64="owqsyi5pVmP0BREjg7Yw8rSWno4=">AAAB73icbVA9SwNBEJ2LXzF+RS1tDoNgFe4kqIVFwMYygvmA5Ah7m7lkye7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvDDhTBvP+3YKa+sbm1vF7dLO7t7+QfnwqKXjVFFs0pjHqhMSjZxJbBpmOHYShUSEHNvh+Hbmt59QaRbLBzNJMBBkKFnEKDFW6vSYsFtQ98sVr+rN4a4SPycVyNHol796g5imAqWhnGjd9b3EBBlRhlGO01Iv1ZgQOiZD7FoqiUAdZPN7p+6ZVQZuFCtb0rhz9fdERoTWExHaTkHMSC97M/E/r5ua6DrImExSg5IuFkUpd03szp53B0whNXxiCaGK2VtdOiKKUGMjKtkQ/OWXV0nroupfVmv3tUr9Jo+jCCdwCufgwxXU4Q4a0AQKHJ7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AQ0uQHA==</latexit>=→
<latexit sha1_base64="owqsyi5pVmP0BREjg7Yw8rSWno4=">AAAB73icbVA9SwNBEJ2LXzF+RS1tDoNgFe4kqIVFwMYygvmA5Ah7m7lkye7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvDDhTBvP+3YKa+sbm1vF7dLO7t7+QfnwqKXjVFFs0pjHqhMSjZxJbBpmOHYShUSEHNvh+Hbmt59QaRbLBzNJMBBkKFnEKDFW6vSYsFtQ98sVr+rN4a4SPycVyNHol796g5imAqWhnGjd9b3EBBlRhlGO01Iv1ZgQOiZD7FoqiUAdZPN7p+6ZVQZuFCtb0rhz9fdERoTWExHaTkHMSC97M/E/r5ua6DrImExSg5IuFkUpd03szp53B0whNXxiCaGK2VtdOiKKUGMjKtkQ/OWXV0nroupfVmv3tUr9Jo+jCCdwCufgwxXU4Q4a0AQKHJ7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AQ0uQHA==</latexit>=→ with

1.     is bounded in the norm defined by<latexit sha1_base64="yuRnFxKyJnznPIGK3LigvJI5Xys=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6jHgxWME84BkCbOTTjJmdmaZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jUo1wwZTQul2RA0KLrFhuRXYTjTSOBLYisa3M7/1hNpwJR/sJMEwpkPJB5xR66RmV8U4pL1S2a/4c5BVEuSkDDnqvdJXt69YGqO0TFBjOoGf2DCj2nImcFrspgYTysZ0iB1HJY3RhNn82ik5d0qfDJR2JS2Zq78nMhobM4kj1xlTOzLL3kz8z+ukdnATZlwmqUXJFosGqSBWkdnrpM81MismjlCmubuVsBHVlFkXUNGFECy/vEqal5XgqlK9r5Zr1TyOApzCGVxAANdQgzuoQwMYPMIzvMKbp7wX7937WLSuefnMCfyB9/kDjumPFg==</latexit>ω <latexit sha1_base64="m8g1HTUPN3CUgs31VW3WzcEQfMk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKiB4DXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9w0bCTwoV/yqvwBaJ0FOKpCjOSh/9YeKpIJKSzg2phf4iQ0zrC0jnM5K/dTQBJMJHtGeoxILasJsce0MXThliGKlXUmLFurviQwLY6Yicp0C27FZ9ebif14vtfFNmDGZpJZKslwUpxxZheavoyHTlFg+dQQTzdytiIyxxsS6gEouhGD15XXSvqoG9WrtvlZp1PI4inAG53AJAVxDA+6gCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHmxePHg==</latexit>ω

This condition allows one to extend      to       (the Cauchy-completion of  .  Γ)

It also allows us to define the inverse of      : <latexit sha1_base64="yuRnFxKyJnznPIGK3LigvJI5Xys=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6jHgxWME84BkCbOTTjJmdmaZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jUo1wwZTQul2RA0KLrFhuRXYTjTSOBLYisa3M7/1hNpwJR/sJMEwpkPJB5xR66RmV8U4pL1S2a/4c5BVEuSkDDnqvdJXt69YGqO0TFBjOoGf2DCj2nImcFrspgYTysZ0iB1HJY3RhNn82ik5d0qfDJR2JS2Zq78nMhobM4kj1xlTOzLL3kz8z+ukdnATZlwmqUXJFosGqSBWkdnrpM81MismjlCmubuVsBHVlFkXUNGFECy/vEqal5XgqlK9r5Zr1TyOApzCGVxAANdQgzuoQwMYPMIzvMKbp7wX7937WLSuefnMCfyB9/kDjumPFg==</latexit>ω
<latexit sha1_base64="aoCj5kr9+YkzsiczxBngGkHqPSw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL96MYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4Zua3n6g2TMkHO0loKPBQspgRbJ3U6t0JOsT9csWv+nOgVRLkpAI5Gv3yV2+gSCqotIRjY7qBn9gww9oywum01EsNTTAZ4yHtOiqxoCbM5tdO0ZlTBihW2pW0aK7+nsiwMGYiItcpsB2ZZW8m/ud1UxtfhxmTSWqpJItFccqRVWj2OhowTYnlE0cw0czdisgIa0ysC6jkQgiWX14lrYtqcFmt3dcq9VoeRxFO4BTOIYArqMMtNKAJBB7hGV7hzVPei/fufSxaC14+cwx/4H3+AF3pjvY=</latexit>

!

<latexit sha1_base64="Dnl4pvPRfzC1vXViywu9ZDG2asI=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mkqMeCBz1WsB/QhDDZbtulu5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPz4pQzbTzv21lb39jc2i7tlHf39g8q7uFRWyeZIrRFEp6obgyaciZpyzDDaTdVFETMaSce38z8ziNVmiXywUxSGgoYSjZgBIyVIrcS3IIQEOWBZkMB08itejVvDrxK/IJUUYFm5H4F/YRkgkpDOGjd873UhDkowwin03KQaZoCGcOQ9iyVIKgO8/nhU3xmlT4eJMqWNHiu/p7IQWg9EbHtFGBGetmbif95vcwMrsOcyTQzVJLFokHGsUnwLAXcZ4oSwyeWAFHM3orJCBQQY7Mq2xD85ZdXSfui5l/W6vf1aqNexFFCJ+gUnSMfXaEGukNN1EIEZegZvaI358l5cd6dj0XrmlPMHKM/cD5/APF+kz8=</latexit>

!ω
<latexit sha1_base64="yuRnFxKyJnznPIGK3LigvJI5Xys=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6jHgxWME84BkCbOTTjJmdmaZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jUo1wwZTQul2RA0KLrFhuRXYTjTSOBLYisa3M7/1hNpwJR/sJMEwpkPJB5xR66RmV8U4pL1S2a/4c5BVEuSkDDnqvdJXt69YGqO0TFBjOoGf2DCj2nImcFrspgYTysZ0iB1HJY3RhNn82ik5d0qfDJR2JS2Zq78nMhobM4kj1xlTOzLL3kz8z+ukdnATZlwmqUXJFosGqSBWkdnrpM81MismjlCmubuVsBHVlFkXUNGFECy/vEqal5XgqlK9r5Zr1TyOApzCGVxAANdQgzuoQwMYPMIzvMKbp7wX7937WLSuefnMCfyB9/kDjumPFg==</latexit>ω

This condition is trivially satisfied when      is finite dimensional (explaining why 
we did not mention it in the previous lectures)

<latexit sha1_base64="1nA74l401wciN3hJE7Ykl2G3d8U=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BD3qMYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4Zua3n6g2TMkHO0loKPBQspgRbJ3U6t1iIXC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MbXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66IaXFZr97VKvZbHUYQTOIVzCOAK6nAHDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/VKOO8A==</latexit>

!

3. The quadratic form:
<latexit sha1_base64="5rMeClYhB7TCHqm2Ngf4Lv1czD0=">AAACInicbZDLSgMxFIYzXmu9VV26CRahipYZKV52BTcuK9gqdGo5k56OocnMmGSEUvosbnwVNy4UdSX4MKaXhbYeCHz8/zmcnD9IBNfGdb+cmdm5+YXFzFJ2eWV1bT23sVnTcaoYVlksYnUTgEbBI6wabgTeJApBBgKvg875wL9+QKV5HF2ZboINCWHE25yBsVIzd+ZrHkoo+CFICbf7ByPYO+T+AfVjieG054d4T91mLu8W3WHRafDGkCfjqjRzH34rZqnEyDABWtc9NzGNHijDmcB+1k81JsA6EGLdYgQSdaM3PLFPd63Sou1Y2RcZOlR/T/RAat2Vge2UYO70pDcQ//PqqWmfNno8SlKDERstaqeCmpgO8qItrpAZ0bUATHH7V8ruQAEzNtWsDcGbPHkaakdF77hYuizly6VxHBmyTXZIgXjkhJTJBamQKmHkkTyTV/LmPDkvzrvzOWqdccYzW+RPOd8/hnCiXw==</latexit>

ω(ε→, ε)→ iϑ(ε→, ε) ↑ 0 is positive semi-definite in       .
<latexit sha1_base64="tWUgOzEZ6zE8jB3FxLaR+EpRlP8=">AAACA3icbVBNS8NAEN3Ur1q/ot70EiyCp5JIUY+FHvRYwX5AE8Nku2mX7iZhdyOUUPDiX/HiQRGv/glv/hs3bQ7a+mDg8d4MM/OChFGpbPvbKK2srq1vlDcrW9s7u3vm/kFHxqnApI1jFoteAJIwGpG2ooqRXiII8ICRbjBu5n73gQhJ4+hOTRLicRhGNKQYlJZ888i9Bs7hPnM5qFEQZM3p1HclHXLwzapds2ewlolTkCoq0PLNL3cQ45STSGEGUvYdO1FeBkJRzMi04qaSJIDHMCR9TSPgRHrZ7IepdaqVgRXGQlekrJn6eyIDLuWEB7ozv1Quern4n9dPVXjlZTRKUkUiPF8UpsxSsZUHYg2oIFixiSaABdW3WngEArDSsVV0CM7iy8ukc15zLmr123q1US/iKKNjdILOkIMuUQPdoBZqI4we0TN6RW/Gk/FivBsf89aSUcwcoj8wPn8AiCaYEA==</latexit>

!C
ω

<latexit sha1_base64="owqsyi5pVmP0BREjg7Yw8rSWno4=">AAAB73icbVA9SwNBEJ2LXzF+RS1tDoNgFe4kqIVFwMYygvmA5Ah7m7lkye7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvDDhTBvP+3YKa+sbm1vF7dLO7t7+QfnwqKXjVFFs0pjHqhMSjZxJbBpmOHYShUSEHNvh+Hbmt59QaRbLBzNJMBBkKFnEKDFW6vSYsFtQ98sVr+rN4a4SPycVyNHol796g5imAqWhnGjd9b3EBBlRhlGO01Iv1ZgQOiZD7FoqiUAdZPN7p+6ZVQZuFCtb0rhz9fdERoTWExHaTkHMSC97M/E/r5ua6DrImExSg5IuFkUpd03szp53B0whNXxiCaGK2VtdOiKKUGMjKtkQ/OWXV0nroupfVmv3tUr9Jo+jCCdwCufgwxXU4Q4a0AQKHJ7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AQ0uQHA==</latexit>=→
The triple  defines a Kähler structure in (ω, σ, J ) Γ
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Next, we proceed as explained in the previous lectures. Namely:

These opts. define a Fock vacuum        and, acting with creation operators, the Fock space
<latexit sha1_base64="lqI1lkRg/eeVnZE1uxsQzS7VIVk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Ie0oWy2k3bpZhN2N0KJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OT2FJVDgf1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5wVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjtZ1wmqUHJFovCVBATk9n3ZMAVMiMmllCmuL2VsBFVlBmbUcmG4C2/vEpaF1Xvslq7q1XqtTyOIpzAKZyDB1dQh1toQBMYRPAMr/DmKOfFeXc+Fq0FJ585hj9wPn8As+GQUA==</latexit>

|0→
<latexit sha1_base64="ikMt/BK6hB3X9QTm2opetBkNpZM=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclUSKuiwI4rKCfUAbymQ6aYdOJmHmRiihn+HGhSJu/Rp3/o2TNgttPTBwOOde5twTJFIYdN1vZ219Y3Nru7RT3t3bPzisHB23TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFqp148ojhmV2d1sUKm6NXcOskq8glShQHNQ+eoPY5ZGXCGT1Jie5yboZ1SjYJLPyv3U8ISyCR3xnqWKRtz42TzyjJxbZUjCWNunkMzV3xsZjYyZRoGdzCOaZS8X//N6KYY3fiZUkiJXbPFRmEqCMcnvJ0OhOUM5tYQyLWxWwsZUU4a2pbItwVs+eZW0L2veVa3+UK826kUdJTiFM7gAD66hAffQhBYwiOEZXuHNQefFeXc+FqNrTrFzAn/gfP4Adp+RVw==</latexit>

F

<latexit sha1_base64="ikMt/BK6hB3X9QTm2opetBkNpZM=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclUSKuiwI4rKCfUAbymQ6aYdOJmHmRiihn+HGhSJu/Rp3/o2TNgttPTBwOOde5twTJFIYdN1vZ219Y3Nru7RT3t3bPzisHB23TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFqp148ojhmV2d1sUKm6NXcOskq8glShQHNQ+eoPY5ZGXCGT1Jie5yboZ1SjYJLPyv3U8ISyCR3xnqWKRtz42TzyjJxbZUjCWNunkMzV3xsZjYyZRoGdzCOaZS8X//N6KYY3fiZUkiJXbPFRmEqCMcnvJ0OhOUM5tYQyLWxWwsZUU4a2pbItwVs+eZW0L2veVa3+UK826kUdJTiFM7gAD66hAffQhBYwiOEZXuHNQefFeXc+FqNrTrFzAn/gfP4Adp+RVw==</latexit>

FThe following expression provides a representation of  the canonical operators in

<latexit sha1_base64="iyOQXq2iQU7fjK9qBpgDnTH5r2g="></latexit>

ωr(ωx) =

(
ε(ωx)
!(ωx)

)
= →i

→∑

I=1

ωeI(ωx) aI → ωe↑I(ωx) a
†
I

The eigenvectors of   with eigenvalue , denoted as , define annihilation operators  J i eI, I = 1,⋯, ∞ aI

Remark: There is a special family of  “operators”, such as the energy-momentum tensor, which require further  
attention  due to the appearance of  ultra-violet divergences. 

From this, we obtain the representation of  any linear operator         via:
<latexit sha1_base64="gXXFFaXDEuXFTkW4w8UVu/l1MH4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBizcr2A9sQ5lsN+3S3U3Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRS8epIrRJYh6rToiaciZp0zDDaSdRFEXIaTsc38z89hNVmsXywUwSGggcShYxgsZKj3f9rDdEIXDaL1e8qjeHu0r8nFQgR6Nf/uoNYpIKKg3hqHXX9xITZKgMI5xOS71U0wTJGIe0a6lEQXWQzS+eumdWGbhRrGxJ487V3xMZCq0nIrSdAs1IL3sz8T+vm5roOsiYTFJDJVksilLumtidve8OmKLE8IklSBSzt7pkhAqJsSGVbAj+8surpHVR9S+rtftapV7L4yjCCZzCOfhwBXW4hQY0gYCEZ3iFN0c7L86787FoLTj5zDH8gfP5A6SnkN4=</latexit>

Oω

<latexit sha1_base64="c83yaFyUshSq+OjYDNt8ySNsTqE=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAUJNxJUBshYGNnBBMDuSPMbSZxcffu2N0LhCOtjX/FxkIRW/+Bnf/GTXKFRh8MvH1vhp15YSK4Nq775czNLywuLRdWiqtr6xubpa3tpo5TxbDBYhGrVggaBY+wYbgR2EoUggwF3ob3F2P/doBK8zi6McMEAwn9iPc4A2OlToledTK/D1LC6NyPJfbhYPo88gfIqDrslMpuxZ2A/iVeTsokR71T+vS7MUslRoYJ0LrtuYkJMlCGM4Gjop9qTIDdQx/blkYgUQfZ5JIR3bdKl/ZiZSsydKL+nMhAaj2Uoe2UYO70rDcW//PaqemdBRmPktRgxKYf9VJBTUzHsdAuV8iMGFoCTHG7K2V3oIAZG17RhuDNnvyXNI8r3kmlel0t16p5HAWyS/bIAfHIKamRS1InDcLIA3kiL+TVeXSenTfnfdo65+QzO+QXnI9vl2KZlQ==</latexit>

Oω = ω(ε,ϑr)

Taking products of  these operators we obtain the representation of  any other operator. All these 
operators are well-defined in      (i.e. no ultra-violet divergences)

<latexit sha1_base64="ikMt/BK6hB3X9QTm2opetBkNpZM=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclUSKuiwI4rKCfUAbymQ6aYdOJmHmRiihn+HGhSJu/Rp3/o2TNgttPTBwOOde5twTJFIYdN1vZ219Y3Nru7RT3t3bPzisHB23TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFqp148ojhmV2d1sUKm6NXcOskq8glShQHNQ+eoPY5ZGXCGT1Jie5yboZ1SjYJLPyv3U8ISyCR3xnqWKRtz42TzyjJxbZUjCWNunkMzV3xsZjYyZRoGdzCOaZS8X//N6KYY3fiZUkiJXbPFRmEqCMcnvJ0OhOUM5tYQyLWxWwsZUU4a2pbItwVs+eZW0L2veVa3+UK826kUdJTiFM7gAD66hAffQhBYwiOEZXuHNQefFeXc+FqNrTrFzAn/gfP4Adp+RVw==</latexit>

F

= i⟨γ, r⟩
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Time evolution
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The Heisenberg time evolution of  the operators        can be easily obtained as follows. 

<latexit sha1_base64="TDZESYOe02fDzH6ulGAj+1vdgvU="></latexit>

ωr(ωx, t) =

(
ε(ωx, t)
!(ωx, t)

)
= →i

→∑

I=1

ωeI(ωx, t) aI → ωe↑I(ωx, t) a
†
I

<latexit sha1_base64="owqsyi5pVmP0BREjg7Yw8rSWno4=">AAAB73icbVA9SwNBEJ2LXzF+RS1tDoNgFe4kqIVFwMYygvmA5Ah7m7lkye7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvDDhTBvP+3YKa+sbm1vF7dLO7t7+QfnwqKXjVFFs0pjHqhMSjZxJbBpmOHYShUSEHNvh+Hbmt59QaRbLBzNJMBBkKFnEKDFW6vSYsFtQ98sVr+rN4a4SPycVyNHol796g5imAqWhnGjd9b3EBBlRhlGO01Iv1ZgQOiZD7FoqiUAdZPN7p+6ZVQZuFCtb0rhz9fdERoTWExHaTkHMSC97M/E/r5ua6DrImExSg5IuFkUpd03szp53B0whNXxiCaGK2VtdOiKKUGMjKtkQ/OWXV0nroupfVmv3tUr9Jo+jCCdwCufgwxXU4Q4a0AQKHJ7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AQ0uQHA==</latexit>=→

Remarks: once again, in field theory           and           must be understood as distributions, and                and               
as bi-distributions. 

<latexit sha1_base64="8ehx9AGKRxTRPJmOq6QrsECap3I=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHBC9k1RD2SePGIiTwSWMns0AsTZh+ZmUXJhv/w4kFjvPov3vwbB9iDgpV0UqnqTneXFwuutG1/W7m19Y3Nrfx2YWd3b/+geHjUVFEiGTZYJCLZ9qhCwUNsaK4FtmOJNPAEtrzRzcxvjVEqHoX3ehKjG9BByH3OqDbSQzce8nJ3jCx9mp6TXrFkV+w5yCpxMlKCDPVe8avbj1gSYKiZoEp1HDvWbkql5kzgtNBNFMaUjegAO4aGNEDlpvOrp+TMKH3iR9JUqMlc/T2R0kCpSeCZzoDqoVr2ZuJ/XifR/rWb8jBONIZsschPBNERmUVA+lwi02JiCGWSm1sJG1JJmTZBFUwIzvLLq6R5UXEuK9W7aqlWzeLIwwmcQhkcuIIa3EIdGsBAwjO8wpv1aL1Y79bHojVnZTPH8AfW5w/q7JIZ</latexit>

ω(εx)
<latexit sha1_base64="LSz7D0fqlQ1MdEhvHufj48anbXA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJexKUI8BLx4jmAdklzA76U2GzD6cmQ2GJd/hxYMiXv0Yb/6Nk2QPmljQUFR1093lJ4Irbdvf1tr6xubWdmGnuLu3f3BYOjpuqTiVDJssFrHs+FSh4BE2NdcCO4lEGvoC2/7odua3xygVj6MHPUnQC+kg4gFnVBvJcxu84o6RZU/TC9Irle2qPQdZJU5OypCj0St9uf2YpSFGmgmqVNexE+1lVGrOBE6LbqowoWxEB9g1NKIhKi+bHz0l50bpkyCWpiJN5urviYyGSk1C33SGVA/VsjcT//O6qQ5uvIxHSaoxYotFQSqIjsksAdLnEpkWE0Mok9zcStiQSsq0yaloQnCWX14lrcuqc1Wt3dfK9VoeRwFO4Qwq4MA11OEOGtAEBo/wDK/wZo2tF+vd+li0rln5zAn8gfX5A/EdkYc=</latexit>

!(ωx)
<latexit sha1_base64="Acl0S6UJO7O/ki43wjUEFeJDUoE=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARK0iZkaIuC25cVrAP6Awlk95pQ5OZIckUy9iFv+LGhSJu/Q13/o3pY6HVA5d7OOdecnOChDOlHefLyi0tr6yu5dcLG5tb2zv27l5DxamkUKcxj2UrIAo4i6CumebQSiQQEXBoBoPrid8cglQsju70KAFfkF7EQkaJNlLHPvAU6wlS8oZA8f3ZrJ2cduyiU3amwH+JOydFNEetY3963ZimAiJNOVGq7TqJ9jMiNaMcxgUvVZAQOiA9aBsaEQHKz6b3j/GxUbo4jKWpSOOp+nMjI0KpkQjMpCC6rxa9ifif1051eOVnLEpSDRGdPRSmHOsYT8LAXSaBaj4yhFDJzK2Y9okkVJvICiYEd/HLf0njvOxelCu3lWK1Mo8jjw7RESohF12iKrpBNVRHFD2gJ/SCXq1H69l6s95nozlrvrOPfsH6+AZSgZT3</latexit>

ω(εx, εx→)
<latexit sha1_base64="kqouTwWt1j3YwZmICSbfczoutHc=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARK0iZkaIuC25cVrAP6Awlk95pQ5OZIckUy9iFv+LGhSJu/Q13/o3pY6HVA5d7OOdecnOChDOlHefLyi0tr6yu5dcLG5tb2zv27l5DxamkUKcxj2UrIAo4i6CumebQSiQQEXBoBoPrid8cglQsju70KAFfkF7EQkaJNlLHPvBiAT1S8oZA8f3ZrJ2cduyiU3amwH+JOydFNEetY3963ZimAiJNOVGq7TqJ9jMiNaMcxgUvVZAQOiA9aBsaEQHKz6b3j/GxUbo4jKWpSOOp+nMjI0KpkQjMpCC6rxa9ifif1051eOVnLEpSDRGdPRSmHOsYT8LAXSaBaj4yhFDJzK2Y9okkVJvICiYEd/HLf0njvOxelCu3lWK1Mo8jjw7RESohF12iKrpBNVRHFD2gJ/SCXq1H69l6s95nozlrvrOPfsH6+AZF05Tv</latexit>

ω(εx, εx→)

<latexit sha1_base64="gXXFFaXDEuXFTkW4w8UVu/l1MH4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBizcr2A9sQ5lsN+3S3U3Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRS8epIrRJYh6rToiaciZp0zDDaSdRFEXIaTsc38z89hNVmsXywUwSGggcShYxgsZKj3f9rDdEIXDaL1e8qjeHu0r8nFQgR6Nf/uoNYpIKKg3hqHXX9xITZKgMI5xOS71U0wTJGIe0a6lEQXWQzS+eumdWGbhRrGxJ487V3xMZCq0nIrSdAs1IL3sz8T+vm5roOsiYTFJDJVksilLumtidve8OmKLE8IklSBSzt7pkhAqJsSGVbAj+8surpHVR9S+rtftapV7L4yjCCZzCOfhwBXW4hQY0gYCEZ3iFN0c7L86787FoLTj5zDH8gfP5A6SnkN4=</latexit>

Oω

First, define             by evolving the symplectic eigenvectors           using the classical equations of  motion 
<latexit sha1_base64="685WTQrxG1WwG0G045tP5rnPUok=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSBEkLArQT0GvHiMYB6QLGF20kmGzD6YmQ2GJX/ixYMiXv0Tb/6Nk80eNLGg6aKqm+kpPxZcacf5ttbWNza3tgs7xd29/YND++i4qaJEMmywSESy7VOFgofY0FwLbMcSaeALbPnju7nfmqBUPAof9TRGL6DDkA84o9pIPdvuTpARWc7a06W+6Nklp+JkIKvEzUkJctR79le3H7EkwFAzQZXquE6svZRKzZnAWbGbKIwpG9MhdgwNaYDKS7PLZ+TcKH0yiKSpUJNM/b2R0kCpaeCbyYDqkVr25uJ/XifRg1sv5WGcaAzZ4qFBIoiOyDwG0ucSmRZTQyiT3NxK2IhKyrQJq2hCcJe/vEqaVxX3ulJ9qJZq1TyOApzCGZTBhRuowT3UoQEMJvAMr/BmpdaL9W59LEbXrHznBP7A+vwBB2iSlQ==</latexit>

ωr(ωx, t)

<latexit sha1_base64="UsdLQCF2K+pB9E4wPZRyc40UO54=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJCSSFGXBTe6q2Av0IYwmZ60QycXZialJfRV3LhQxK0v4s63cZpmoa0/DHz85xzOmd+LOZPKsr6Nwsbm1vZOcbe0t39weGQel9sySgSFFo14JLoekcBZCC3FFIduLIAEHoeON75b1DsTEJJF4ZOaxeAEZBgyn1GitOWa5f4EKAb3oZrB9FJduGbFqlmZ8DrYOVRQrqZrfvUHEU0CCBXlRMqebcXKSYlQjHKYl/qJhJjQMRlCT2NIApBOmt0+x+faGWA/EvqFCmfu74mUBFLOAk93BkSN5GptYf5X6yXKv3VSFsaJgpAuF/kJxyrCiyDwgAmgis80ECqYvhXTERGEKh1XSYdgr355HdpXNfu6Vn+sVxr1PI4iOkVnqIpsdIMa6B41UQtRNEXP6BW9GXPjxXg3PpatBSOfOUF/ZHz+AEdSk0Q=</latexit>

ωeI(ωx, t)
<latexit sha1_base64="AoUQmnuFSxl/OZoj+EPSu05f4cM=">AAAB+XicbZDLSsNAFIYnXmu9RV26GSxC3ZREirosuNFdBXuBNoTJ9KQdOpmEmUmxhL6JGxeKuPVN3Pk2TtMstPWHgY//nMM58wcJZ0o7zre1tr6xubVd2inv7u0fHNpHx20Vp5JCi8Y8lt2AKOBMQEszzaGbSCBRwKETjG/n9c4EpGKxeNTTBLyIDAULGSXaWL5t9ydAMfj31RyeLny74tScXHgV3AIqqFDTt7/6g5imEQhNOVGq5zqJ9jIiNaMcZuV+qiAhdEyG0DMoSATKy/LLZ/jcOAMcxtI8oXHu/p7ISKTUNApMZ0T0SC3X5uZ/tV6qwxsvYyJJNQi6WBSmHOsYz2PAAyaBaj41QKhk5lZMR0QSqk1YZROCu/zlVWhf1tyrWv2hXmnUizhK6BSdoSpy0TVqoDvURC1E0QQ9o1f0ZmXWi/VufSxa16xi5gT9kfX5A/9ikpA=</latexit>

ωeI(ωx) (classical evolution)

<latexit sha1_base64="AoUQmnuFSxl/OZoj+EPSu05f4cM=">AAAB+XicbZDLSsNAFIYnXmu9RV26GSxC3ZREirosuNFdBXuBNoTJ9KQdOpmEmUmxhL6JGxeKuPVN3Pk2TtMstPWHgY//nMM58wcJZ0o7zre1tr6xubVd2inv7u0fHNpHx20Vp5JCi8Y8lt2AKOBMQEszzaGbSCBRwKETjG/n9c4EpGKxeNTTBLyIDAULGSXaWL5t9ydAMfj31RyeLny74tScXHgV3AIqqFDTt7/6g5imEQhNOVGq5zqJ9jIiNaMcZuV+qiAhdEyG0DMoSATKy/LLZ/jcOAMcxtI8oXHu/p7ISKTUNApMZ0T0SC3X5uZ/tV6qwxsvYyJJNQi6WBSmHOsYz2PAAyaBaj41QKhk5lZMR0QSqk1YZROCu/zlVWhf1tyrWv2hXmnUizhK6BSdoSpy0TVqoDvURC1E0QQ9o1f0ZmXWi/VufSxa16xi5gT9kfX5A/9ikpA=</latexit>

ωeI(ωx)

<latexit sha1_base64="4yVjcM4dqLJXmkzm0jNZ2PC8yPY="></latexit>

Oω(t) = ω(ε(ϑx),ϑr(ϑx, t)) Heisenberg linear operatorsWith this:
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Example: Massless scalar field in Minkowski spacetime
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For technical simplicity, let us consider flat spacetime “in a box”, in the sense that we replace the spatial 
slices with       topology by  a torus      (this corresponds to a box with periodic boundary conditions). 

<latexit sha1_base64="UX8Nx5auKrGO+KdvlzQWmObLs6E=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSLuiy4cVnFPqCJZTKdtEMnkzAPoYT+hhsXirj1Z9z5N07aLLT1wMDhnHu5Z06Ycqa06347K6tr6xubpa3y9s7u3n7l4LCtEiMJbZGEJ7IbYkU5E7Slmea0m0qK45DTTji+yf3OE5WKJeJBT1IaxHgoWMQI1lby/RjrURhm99PHi36l6tbcGdAy8QpShQLNfuXLHyTExFRowrFSPc9NdZBhqRnhdFr2jaIpJmM8pD1LBY6pCrJZ5ik6tcoARYm0T2g0U39vZDhWahKHdjLPqBa9XPzP6xkdXQcZE6nRVJD5ochwpBOUF4AGTFKi+cQSTCSzWREZYYmJtjWVbQne4peXSfu85l3W6nf1aqNe1FGCYziBM/DgChpwC01oAYEUnuEV3hzjvDjvzsd8dMUpdo7gD5zPH+pekZI=</latexit>

R3
<latexit sha1_base64="y5287tZGVxWgRKSAhHvHpr/fwWw=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLgxmWFvqAzlkyaaUOTzJBkhDL0N9y4UMStP+POvzHTzkJbDwQO59zLPTlhwpk2rvvtrK1vbG5tl3bKu3v7B4eVo+OOjlNFaJvEPFa9EGvKmaRtwwynvURRLEJOu+HkLve7T1RpFsuWmSY0EHgkWcQINlbyfYHNOAyz1uzxalCpujV3DrRKvIJUoUBzUPnyhzFJBZWGcKx133MTE2RYGUY4nZX9VNMEkwke0b6lEguqg2yeeYbOrTJEUazskwbN1d8bGRZaT0VoJ/OMetnLxf+8fmqi2yBjMkkNlWRxKEo5MjHKC0BDpigxfGoJJorZrIiMscLE2JrKtgRv+curpHNZ865r9Yd6tVEv6ijBKZzBBXhwAw24hya0gUACz/AKb07qvDjvzsdidM0pdk7gD5zPH+1skZQ=</latexit>

T3

The classical phase space is: <latexit sha1_base64="2SQulM1GmZdqvBCz0af6sItkT5g="></latexit>

� = {(f(~x), g(~x)) 2 C1
0 ⇥ C1

0 }

Equipped with the symplectic structure
<latexit sha1_base64="eV9Tpm1AKwOLLy0qL35wvd+69zE="></latexit>

ω(εx, εx→) =

(
0 →1
1 0

)
ϑ(εx, εx)

Where

The standard, textbook quantization in this spacetime is obtained by introducing the following metric:

is a Sobolev product of  order s, defined as: 

<latexit sha1_base64="HtxmaR1utroKjwB8KPbZpdvCv6E="></latexit>

(f, g)s →
∫

R3

d3k

(2ω)3
|εk|2sf̃(εk) g̃→(εk) .

<latexit sha1_base64="9IilC/4YNKe8HH1w4UqtPPOcGCs="></latexit>

ω(ε, ε→) = (f, g)

(
→(·, ·)↑1/2 0

0 →(·, ·)1/2

)(
f →

g→

)
= →(f, f →)↑1/2 + →(g, g→)1/2 .

<latexit sha1_base64="MbY47f1Bt00GssyGNpZbldwNgzI=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQQUoiRV0W3LisYB/QhjCZTNqhk0mYmQi19EvcuFDErZ/izr9xmmahrQfu5XDOvcydE6ScKe0439ba+sbm1nZpp7y7t39QsQ+POirJJKFtkvBE9gKsKGeCtjXTnPZSSXEccNoNxrdzv/tIpWKJeNCTlHoxHgoWMYK1kXy7UhuQMNEXeT/3lW9XnbqTA60StyBVKNDy7a9BmJAspkITjpXqu06qvSmWmhFOZ+VBpmiKyRgPad9QgWOqvGl++AydGSVEUSJNCY1y9ffGFMdKTeLATMZYj9SyNxf/8/qZjm68KRNppqkgi4eijCOdoHkKKGSSEs0nhmAimbkVkRGWmGiTVdmE4C5/eZV0LuvuVb1x36g2G0UcJTiBU6iBC9fQhDtoQRsIZPAMr/BmPVkv1rv1sRhds4qdY/gD6/MH7p+Slw==</latexit>

(·, ·)s



LQC, Non-Gaussianity and CMB anomalies

Ivan Agullo

Loops 15, Erlangen,  2015

Louisiana State University
Ivan AgulloQft in c-st

It is easy to check that the expressions for these two-point functions agree with the one obtained using 
standard textbook quantization. 

<latexit sha1_base64="vKrphd8azHahmeddSvlgyqI7Qjo="></latexit>

ω(εx, εx→) =

(
→0|{!̂(εx)!̂(εx→)}|0↑ →0|{”̂(εx)!(εx→)}|0↑
→0|{”̂(εx→)!(εx)}|0↑ →0|{”̂(εx)”̂(εx→)}|0↑

)

Note that      defines the two-point functions of  field and momentum operators as:<latexit sha1_base64="m8g1HTUPN3CUgs31VW3WzcEQfMk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKiB4DXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9w0bCTwoV/yqvwBaJ0FOKpCjOSh/9YeKpIJKSzg2phf4iQ0zrC0jnM5K/dTQBJMJHtGeoxILasJsce0MXThliGKlXUmLFurviQwLY6Yicp0C27FZ9ebif14vtfFNmDGZpJZKslwUpxxZheavoyHTlFg+dQQTzdytiIyxxsS6gEouhGD15XXSvqoG9WrtvlZp1PI4inAG53AJAVxDA+6gCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHmxePHg==</latexit>ω

The linear map:

defines a complex structure in the classical phase space 
<latexit sha1_base64="Dnl4pvPRfzC1vXViywu9ZDG2asI=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mkqMeCBz1WsB/QhDDZbtulu5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPz4pQzbTzv21lb39jc2i7tlHf39g8q7uFRWyeZIrRFEp6obgyaciZpyzDDaTdVFETMaSce38z8ziNVmiXywUxSGgoYSjZgBIyVIrcS3IIQEOWBZkMB08itejVvDrxK/IJUUYFm5H4F/YRkgkpDOGjd873UhDkowwin03KQaZoCGcOQ9iyVIKgO8/nhU3xmlT4eJMqWNHiu/p7IQWg9EbHtFGBGetmbif95vcwMrsOcyTQzVJLFokHGsUnwLAXcZ4oSwyeWAFHM3orJCBQQY7Mq2xD85ZdXSfui5l/W6vf1aqNexFFCJ+gUnSMfXaEGukNN1EIEZegZvaI358l5cd6dj0XrmlPMHKM/cD5/APF+kz8=</latexit>

!ω

<latexit sha1_base64="jxpDAWODSndOtiBxdHPtZ08MfYw=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0mkqMeCF48V7Ac0oWy2k3bpZhN3N4GS9p948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+/ikreJUUmjRmMeyGxAFnAloaaY5dBMJJAo4dILx3dzvZCAVi8WjniTgR2QoWMgo0Ubq2/bYg6eUZXjqZUDxeNq3q07NWQCvE7cgVVSg2be/vEFM0wiEppwo1XOdRPs5kZpRDrOKlypICB2TIfQMFSQC5eeLy2f4wigDHMbSlNB4of6eyEmk1CQKTGdE9EitenPxP6+X6vDWz5lIUg2CLheFKcc6xvMY8IBJoJpPDCFUMnMrpiMiCdUmrIoJwV19eZ20r2ruda3+UK826kUcZXSGztElctENaqB71EQtRFGGntErerNy68V6tz6WrSWrmDlFf2B9/gBewpN0</latexit>

k → |ωk|where

Eigenvectors of       with eigenvalue    :
<latexit sha1_base64="SJBed/OBQ4RtR8JH1knyIdIsqks=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6redbXWrFXqtTyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzjWM6A==</latexit>

i

The normalization is chosen so
<latexit sha1_base64="8kx1MoiI4fjwOQQ61ZzMNI9iC/0=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVJEyI0XdCAU3uqtgL9DWkknPtKHJzJBkCmXozo2v4saFIm59BXe+jelF0NYfAh//OYeT83sRZ0o7zpeVWlhcWl5Jr2bW1jc2t+ztnYoKY0mhTEMeyppHFHAWQFkzzaEWSSDC41D1elejerUPUrEwuNODCJqCdALmM0q0sVr2PmuEAjok1+gDxdC6uT8++cGjS7dlZ528MxaeB3cKWTRVqWV/NtohjQUEmnKiVN11It1MiNSMchhmGrGCiNAe6UDdYEAEqGYyvmOID43Txn4ozQs0Hru/JxIilBoIz3QKortqtjYy/6vVY+1fNBMWRLGGgE4W+THHOsSjUHCbSaCaDwwQKpn5K6ZdIgnVJrqMCcGdPXkeKqd59yxfuC1ki4VpHGm0hw5QDrnoHBXRNSqhMqLoAT2hF/RqPVrP1pv1PmlNWdOZXfRH1sc3UfuXoQ==</latexit>

iω(εe→I ,εeI) = 1
<latexit sha1_base64="QL7y1/6+30ACWJ7aMqKb7T8tcyc=">AAACG3icbZBNSwMxEIaz9avWr6pHL8EiVJGyK0W9FApe9FbBqtBdy2w63YZmP0iyQln6P7z4V7x4UMST4MF/Y1orqHVg4OF9Z0jm9RPBlbbtDys3Mzs3v5BfLCwtr6yuFdc3LlWcSoZNFotYXvugUPAIm5prgdeJRAh9gVd+/2TkX92iVDyOLvQgQS+EIOJdzkAbqV08aEH7bN/0TeZ2IAhQDr0ad+MQAyi7t8goGm9v/xt3a067WLIr9rjoNDgTKJFJNdrFN7cTszTESDMBSrUcO9FeBlJzJnBYcFOFCbA+BNgyGEGIysvGtw3pjlE6tBtL05GmY/XnRgahUoPQN5Mh6J76643E/7xWqrvHXsajJNUYsa+HuqmgOqajoGiHS2RaDAwAk9z8lbIeSGDaxFkwITh/T56Gy4OKc1ipnldL9eokjjzZItukTBxyROrklDRIkzByRx7IE3m27q1H68V6/RrNWZOdTfKrrPdPbzafuA==</latexit>

[aI , a
†
I ] = iω(εe→I ,εeI) = 1, since this implies:

<latexit sha1_base64="rPWKKnh1uyrlFk6NEpMdvPgj7QQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF/HUgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvpn5D0+oNI/lvZkk6Ed0KHnIGTVWat71yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5odOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmX5MBV8iMmFhCmeL2VsJGVFFmbDYlG4K3/PIqaV9UvctqrVmr1Gt5HEU4gVM4Bw+uoA630IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AZ85jMk=</latexit>

J
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The Fock vacuum defined by this construction is invariant under Lorentz transformations, and time and space 
translations. 

Time evolution:

These expressions are equivalent to the ones we learn in introductory courses on qft. 

<latexit sha1_base64="owqsyi5pVmP0BREjg7Yw8rSWno4=">AAAB73icbVA9SwNBEJ2LXzF+RS1tDoNgFe4kqIVFwMYygvmA5Ah7m7lkye7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvDDhTBvP+3YKa+sbm1vF7dLO7t7+QfnwqKXjVFFs0pjHqhMSjZxJbBpmOHYShUSEHNvh+Hbmt59QaRbLBzNJMBBkKFnEKDFW6vSYsFtQ98sVr+rN4a4SPycVyNHol796g5imAqWhnGjd9b3EBBlRhlGO01Iv1ZgQOiZD7FoqiUAdZPN7p+6ZVQZuFCtb0rhz9fdERoTWExHaTkHMSC97M/E/r5ua6DrImExSg5IuFkUpd03szp53B0whNXxiCaGK2VtdOiKKUGMjKtkQ/OWXV0nroupfVmv3tUr9Jo+jCCdwCufgwxXU4Q4a0AQKHJ7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AQ0uQHA==</latexit>=→

With this:
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<latexit sha1_base64="owqsyi5pVmP0BREjg7Yw8rSWno4=">AAAB73icbVA9SwNBEJ2LXzF+RS1tDoNgFe4kqIVFwMYygvmA5Ah7m7lkye7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvDDhTBvP+3YKa+sbm1vF7dLO7t7+QfnwqKXjVFFs0pjHqhMSjZxJbBpmOHYShUSEHNvh+Hbmt59QaRbLBzNJMBBkKFnEKDFW6vSYsFtQ98sVr+rN4a4SPycVyNHol796g5imAqWhnGjd9b3EBBlRhlGO01Iv1ZgQOiZD7FoqiUAdZPN7p+6ZVQZuFCtb0rhz9fdERoTWExHaTkHMSC97M/E/r5ua6DrImExSg5IuFkUpd03szp53B0whNXxiCaGK2VtdOiKKUGMjKtkQ/OWXV0nroupfVmv3tUr9Jo+jCCdwCufgwxXU4Q4a0AQKHJ7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AQ0uQHA==</latexit>=→

Bogoliubov Transformations

Formally identical to the discussion in previous lecture
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<latexit sha1_base64="owqsyi5pVmP0BREjg7Yw8rSWno4=">AAAB73icbVA9SwNBEJ2LXzF+RS1tDoNgFe4kqIVFwMYygvmA5Ah7m7lkye7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvDDhTBvP+3YKa+sbm1vF7dLO7t7+QfnwqKXjVFFs0pjHqhMSjZxJbBpmOHYShUSEHNvh+Hbmt59QaRbLBzNJMBBkKFnEKDFW6vSYsFtQ98sVr+rN4a4SPycVyNHol796g5imAqWhnGjd9b3EBBlRhlGO01Iv1ZgQOiZD7FoqiUAdZPN7p+6ZVQZuFCtb0rhz9fdERoTWExHaTkHMSC97M/E/r5ua6DrImExSg5IuFkUpd03szp53B0whNXxiCaGK2VtdOiKKUGMjKtkQ/OWXV0nroupfVmv3tUr9Jo+jCCdwCufgwxXU4Q4a0AQKHJ7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AQ0uQHA==</latexit>=→

Starting from 
<latexit sha1_base64="iqyFJwAsZrZ/bWwHK0+zRXbUy9w=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxCBSmJFPVY8KDHCvYDmlAm2027dDcJuxuxhP4VLx4U8eof8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3C2vrG5lZxu7Szu7d/YB+W2ypOJaEtEvNYdgNQlLOItjTTnHYTSUEEnHaC8c3M7zxSqVgcPehJQn0Bw4iFjIA2Ut8uV71bEALOsYe9WNAhnPXtilNz5sCrxM1JBeVo9u0vbxCTVNBIEw5K9Vwn0X4GUjPC6bTkpYomQMYwpD1DIxBU+dn89ik+NcoAh7E0FWk8V39PZCCUmojAdArQI7XszcT/vF6qw2s/Y1GSahqRxaIw5VjHeBYEHjBJieYTQ4BIZm7FZAQSiDZxlUwI7vLLq6R9UXMva/X7eqVRz+MoomN0gqrIRVeoge5QE7UQQU/oGb2iN2tqvVjv1seitWDlM0foD6zPH/4ckxc=</latexit>

(!, ω) , introduce two different        :
<latexit sha1_base64="/BW4gEWuXH4zB7fjJtJPx8xDbjA=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvoqexKUY8FLx4r2A9ol5JNs21okl2TrFCW/gkvHhTx6t/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJnZ7hQ0nOTb9c8areHHiV+DmpQI5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdVUQyE2Tze6f4zCkDHMXalbJ4rv6eyIg0ZiJD1ymJHZllbyb+53VTG90EGVdJapmii0VRKrCN8ex5POCaUSsmjhCqubsV0xHRhFoXUcmF4C+/vEpal1X/qlq7r1XqtTyOIpzAKVyAD9dQhztoQBMoCHiGV3hDj+gFvaOPRWsB5TPH8Afo8wfTbY/M</latexit>

ω→s
<latexit sha1_base64="efHzSrh9wHQfCEqKMN/YTXBpONk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0J6jHgxWME84BkCbOT3mTIzOw6MyuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzvzWE2rDE/VgxymGkg4Ujzmj1kntruEDSXtBr1T2K/4cZJUEOSlDjnqv9NXtJyyTqCwT1JhO4Kc2nFBtORM4LXYzgyllIzrAjqOKSjThZH7vlJw7pU/iRLtSlszV3xMTKo0Zy8h1SmqHZtmbif95nczGN+GEqzSzqNhiUZwJYhMye570uUZmxdgRyjR3txI2pJoy6yIquhCC5ZdXSfOyElxVqvfVcq2ax1GAUziDCwjgGmpwB3VoAAMBz/AKb96j9+K9ex+L1jUvnzmBP/A+fwDEfY/C</latexit>ω1

<latexit sha1_base64="xHM3Z1dPUO4B2ZypzByLo+YzJ9c=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXjxGMA9IljA7mU2GzGOdmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk7q9g0bCTyoDcoVv+ovgNZJkJMK5GgOyl/9oSKpoNISjo3pBX5iwwxrywins1I/NTTBZIJHtOeoxIKaMFvcO0MXThmiWGlX0qKF+nsiw8KYqYhcp8B2bFa9ufif10ttfBNmTCappZIsF8UpR1ah+fNoyDQllk8dwUQzdysiY6wxsS6ikgshWH15nbRr1eCqWr+vVxr1PI4inME5XEIA19CAO2hCCwhweIZXePMevRfv3ftYtha8fOYU/sD7/AHGAY/D</latexit>ω2and

Choice 1   

<latexit sha1_base64="efHzSrh9wHQfCEqKMN/YTXBpONk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0J6jHgxWME84BkCbOT3mTIzOw6MyuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzvzWE2rDE/VgxymGkg4Ujzmj1kntruEDSXtBr1T2K/4cZJUEOSlDjnqv9NXtJyyTqCwT1JhO4Kc2nFBtORM4LXYzgyllIzrAjqOKSjThZH7vlJw7pU/iRLtSlszV3xMTKo0Zy8h1SmqHZtmbif95nczGN+GEqzSzqNhiUZwJYhMye570uUZmxdgRyjR3txI2pJoy6yIquhCC5ZdXSfOyElxVqvfVcq2ax1GAUziDCwjgGmpwB3VoAAMBz/AKb96j9+K9ex+L1jUvnzmBP/A+fwDEfY/C</latexit>ω1

<latexit sha1_base64="ixgKOGqrYr5IPmxihkkgxP7jEvI=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDiJexKUI8BL3qLYB6QbMLspDcZMvtgZjYSlvyHFw+KePVfvPk3TpI9aGJBQ1HVTXeXFwuutG1/W2vrG5tb27md/O7e/sFh4ei4oaJEMqyzSESy5VGFgodY11wLbMUSaeAJbHqj25nfHKNUPAof9SRGN6CDkPucUW2kbmeMjGA3LTkX0959r1C0y/YcZJU4GSlChlqv8NXpRywJMNRMUKXajh1rN6VScyZwmu8kCmPKRnSAbUNDGqBy0/nVU3JulD7xI2kq1GSu/p5IaaDUJPBMZ0D1UC17M/E/r51o/8ZNeRgnGkO2WOQnguiIzCIgfS6RaTExhDLJza2EDamkTJug8iYEZ/nlVdK4LDtX5cpDpVitZHHk4BTOoAQOXEMV7qAGdWAg4Rle4c16sl6sd+tj0bpmZTMn8AfW5w8wSZGg</latexit>

ωe(1)I

<latexit sha1_base64="m2piXujT5SDZuybPDEvULEfnA2c=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx4EVvFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtczv/1ElWaRvDeTmPoCDyULGcHGSg/4MS1759P+bb9YcivuHGiVeBkpQYZGv/jVG0QkEVQawrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtlVhQ7afzg6fozCoDFEbKljRorv6eSLHQeiIC2ymwGellbyb+53UTE175KZNxYqgki0VhwpGJ0Ox7NGCKEsMnlmCimL0VkRFWmBibUcGG4C2/vEpaFxWvVqneVUv1ahZHHk7gFMrgwSXU4QYa0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w+/lI+w</latexit>

a(1)I

<latexit sha1_base64="gbFVNW6M7IeVh+pIwaMMQxwJr5I=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuKeqx4EVvFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtczv/1ElWaRvDeTmPoCDyULGcHGSg/4MS1Xz6f9236x5FbcOdAq8TJSggyNfvGrN4hIIqg0hGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKrGg2k/nB0/RmVUGKIyULWnQXP09kWKh9UQEtlNgM9LL3kz8z+smJrzyUybjxFBJFovChCMTodn3aMAUJYZPLMFEMXsrIiOsMDE2o4INwVt+eZW0qhXvolK7q5XqtSyOPJzAKZTBg0uoww00oAkEBDzDK7w5ynlx3p2PRWvOyWaO4Q+czx/BHI+x</latexit>

a(2)I

<latexit sha1_base64="apw/o4DA5gj7bCm6/+6M8ngQldY=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHBC9klRD2SeNEbJvJIYCGzQwMTZh+ZmcWQDf/hxYPGePVfvPk3DrAHBSvppFLVne4uLxJcadv+tjIbm1vbO9nd3N7+weFR/vikocJYMqyzUISy5VGFggdY11wLbEUSqe8JbHrj27nfnKBUPAwe9TRC16fDgA84o9pI3c4EGcFuUixfznr3vXzBLtkLkHXipKQAKWq9/FenH7LYx0AzQZVqO3ak3YRKzZnAWa4TK4woG9Mhtg0NqI/KTRZXz8iFUfpkEEpTgSYL9fdEQn2lpr5nOn2qR2rVm4v/ee1YD27chAdRrDFgy0WDWBAdknkEpM8lMi2mhlAmubmVsBGVlGkTVM6E4Ky+vE4a5ZJzVao8VArVShpHFs7gHIrgwDVU4Q5qUAcGEp7hFd6sJ+vFerc+lq0ZK505hT+wPn8AMdGRoQ==</latexit>

ωe(2)I

<latexit sha1_base64="mylwx2SgmLvA5lDrPpQtsaUmOyA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9VKSUtRjwYvHCvYD2hA220m7dLMJuxuhxv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3CxubW9k5xt7S3f3BYto+OOypOJYU2jXksewFRwJmAtmaaQy+RQKKAQzeY3Mz97gNIxWJxr6cJeBEZCRYySrSRfLv85AwkESMOflatX8x8u+LUnAXwOnFzUkE5Wr79NRjGNI1AaMqJUn3XSbSXEakZ5TArDVIFCaETMoK+oYJEoLxscfgMnxtliMNYmhIaL9TfExmJlJpGgemMiB6rVW8u/uf1Ux1eexkTSapB0OWiMOVYx3ieAh4yCVTzqSGESmZuxXRMJKHaZFUyIbirL6+TTr3mXtYad41Ks5HHUUSn6AxVkYuuUBPdohZqI4pS9Ixe0Zv1aL1Y79bHsrVg5TMn6A+szx/x4pKX</latexit>

|0→(2)
<latexit sha1_base64="+9KdYe+AM/TEYRsYiw5Uall0mbs=">AAAB+HicbVBNS8NAEJ34WetHox69BItQLyWRoh4LXjxWsB/QhrDZTtulm03Y3Qg19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YcKZ0q77ba2tb2xubRd2irt7+wcl+/CopeJUUmzSmMeyExKFnAlsaqY5dhKJJAo5tsPxzcxvP6BULBb3epKgH5GhYANGiTZSYJee3J4kYsgxyCre+TSwy27VncNZJV5OypCjEdhfvX5M0wiFppwo1fXcRPsZkZpRjtNiL1WYEDomQ+waKkiEys/mh0+dM6P0nUEsTQntzNXfExmJlJpEoemMiB6pZW8m/ud1Uz249jMmklSjoItFg5Q7OnZmKTh9JpFqPjGEUMnMrQ4dEUmoNlkVTQje8surpHVR9S6rtbtauV7L4yjACZxCBTy4gjrcQgOaQCGFZ3iFN+vRerHerY9F65qVzxzDH1ifP/BckpY=</latexit>

|0→(1)

<latexit sha1_base64="Ql33okhRSgQdvJpTC1q9ADWmlCg=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkp6rLgpssK9gHtUO6kmTY0kxmTTKEM/Q43LhRx68e4829M21lo64HA4Zx7uScnSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2M7+d+e8KU5rF8NNOE+REOJQ85RWMlvxehGVEUWX3W9/qlsltxFyDrxMtJGXI0+qWv3iCmacSkoQK17npuYvwMleFUsFmxl2qWIB3jkHUtlRgx7WeL0DNyaZUBCWNlnzRkof7eyDDSehoFdnIeUq96c/E/r5ua8M7PuExSwyRdHgpTQUxM5g2QAVeMGjG1BKniNiuhI1RIje2paEvwVr+8TlrXFe+mUn2olmvVvI4CnMMFXIEHt1CDOjSgCRSe4Ble4c2ZOC/Ou/OxHN1w8p0z+APn8wenNZH9</latexit>

H1

<latexit sha1_base64="mkSAaBMgExVdZuZazAoqEQZ9JDI=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi4LbrqsYB/QDiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpb2zu7e8X90sHh0fFJ+fSso6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvc/87owqzSL5aOYx9QUeSxYygo2V/IHAZkIwT5uLYW1YrrhVdwm0SbycVCBHa1j+GowikggqDeFY677nxsZPsTKMcLooDRJNY0ymeEz7lkosqPbTZegFurLKCIWRsk8atFR/b6RYaD0XgZ3MQup1LxP/8/qJCe/8lMk4MVSS1aEw4chEKGsAjZiixPC5JZgoZrMiMsEKE2N7KtkSvPUvb5JOrerdVOsP9UqjntdRhAu4hGvw4BYa0IQWtIHAEzzDK7w5M+fFeXc+VqMFJ985hz9wPn8AqLmR/g==</latexit>

H2

Choice 2   
<latexit sha1_base64="xHM3Z1dPUO4B2ZypzByLo+YzJ9c=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXjxGMA9IljA7mU2GzGOdmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk7q9g0bCTyoDcoVv+ovgNZJkJMK5GgOyl/9oSKpoNISjo3pBX5iwwxrywins1I/NTTBZIJHtOeoxIKaMFvcO0MXThmiWGlX0qKF+nsiw8KYqYhcp8B2bFa9ufif10ttfBNmTCappZIsF8UpR1ah+fNoyDQllk8dwUQzdysiY6wxsS6ikgshWH15nbRr1eCqWr+vVxr1PI4inME5XEIA19CAO2hCCwhweIZXePMevRfv3ftYtha8fOYU/sD7/AHGAY/D</latexit>ω2

Relation: 
(relation btw basis of  symplectic eigenvectors)

Bogoluibov coefficients

<latexit sha1_base64="bWAcYGYw+jXtMsXPFsp/YWIk6eo="></latexit>

ωe(2)I =
∑

I→

εII→ e(1)I→ + ϑII→ (e(1)I→ )→

Relation?

<latexit sha1_base64="vJJxe/p8uS9h9tDV/sn5gt6kaH0="></latexit>

=
∑

I→

ω→
II→ a

(1)
I→ + ε→

II→ a
(1)†
I→With this:

<latexit sha1_base64="xU1gx/r0JogVp7tVBUXKo5kKtpc="></latexit>

a(2)I = ω((εe(2)I )→,εr) =
∑

I→

ϑ→
II→ ω((e

(1)
I→ )→,εr) + ϖ→

II→ ω(e
(1)
I→ ,εr)
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<latexit sha1_base64="owqsyi5pVmP0BREjg7Yw8rSWno4=">AAAB73icbVA9SwNBEJ2LXzF+RS1tDoNgFe4kqIVFwMYygvmA5Ah7m7lkye7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvDDhTBvP+3YKa+sbm1vF7dLO7t7+QfnwqKXjVFFs0pjHqhMSjZxJbBpmOHYShUSEHNvh+Hbmt59QaRbLBzNJMBBkKFnEKDFW6vSYsFtQ98sVr+rN4a4SPycVyNHol796g5imAqWhnGjd9b3EBBlRhlGO01Iv1ZgQOiZD7FoqiUAdZPN7p+6ZVQZuFCtb0rhz9fdERoTWExHaTkHMSC97M/E/r5ua6DrImExSg5IuFkUpd03szp53B0whNXxiCaGK2VtdOiKKUGMjKtkQ/OWXV0nroupfVmv3tUr9Jo+jCCdwCufgwxXU4Q4a0AQKHJ7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AQ0uQHA==</latexit>=→

<latexit sha1_base64="EHZbXEG0fPt+HE/8kLZnoYoJaSs="></latexit>

a(2)I =
∑

I→

ω→
II→ a

(1)
I→ + ε→

II→ a
(1)†
I→

<latexit sha1_base64="EL3kjpwH2E9fMRQn++vWnuhdO/Q="></latexit>

|0→(1) = N exp

[
1

2
ωIJ a(2)†I a(2)†J

]
|0→(2)

<latexit sha1_base64="xZ8TYT0IGiZMtiWDbJJ2G1x6/Xs="></latexit>

ωIJ =
∑

I→

ε→
II→(ϑ↑1)I→Jwhere:

From this relation, one can show: 

The vacuum          corresponds to a squeezed state in the Fock space of  vacuum  
<latexit sha1_base64="+9KdYe+AM/TEYRsYiw5Uall0mbs=">AAAB+HicbVBNS8NAEJ34WetHox69BItQLyWRoh4LXjxWsB/QhrDZTtulm03Y3Qg19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YcKZ0q77ba2tb2xubRd2irt7+wcl+/CopeJUUmzSmMeyExKFnAlsaqY5dhKJJAo5tsPxzcxvP6BULBb3epKgH5GhYANGiTZSYJee3J4kYsgxyCre+TSwy27VncNZJV5OypCjEdhfvX5M0wiFppwo1fXcRPsZkZpRjtNiL1WYEDomQ+waKkiEys/mh0+dM6P0nUEsTQntzNXfExmJlJpEoemMiB6pZW8m/ud1Uz249jMmklSjoItFg5Q7OnZmKTh9JpFqPjGEUMnMrQ4dEUmoNlkVTQje8surpHVR9S6rtbtauV7L4yjACZxCBTy4gjrcQgOaQCGFZ3iFN+vRerHerY9F65qVzxzDH1ifP/BckpY=</latexit>

|0→(1)
<latexit sha1_base64="mylwx2SgmLvA5lDrPpQtsaUmOyA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9VKSUtRjwYvHCvYD2hA220m7dLMJuxuhxv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3CxubW9k5xt7S3f3BYto+OOypOJYU2jXksewFRwJmAtmaaQy+RQKKAQzeY3Mz97gNIxWJxr6cJeBEZCRYySrSRfLv85AwkESMOflatX8x8u+LUnAXwOnFzUkE5Wr79NRjGNI1AaMqJUn3XSbSXEakZ5TArDVIFCaETMoK+oYJEoLxscfgMnxtliMNYmhIaL9TfExmJlJpGgemMiB6rVW8u/uf1Ux1eexkTSapB0OWiMOVYx3ieAh4yCVTzqSGESmZuxXRMJKHaZFUyIbirL6+TTr3mXtYad41Ks5HHUUSn6AxVkYuuUBPdohZqI4pS9Ixe0Zv1aL1Y79bHsrVg5TMn6A+szx/x4pKX</latexit>

|0→(2)

Bogoluibov relation
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<latexit sha1_base64="7+PIXoz1DaYkVuuA93PLp3segTs=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJSnSh6uCG5cV7APaoWTSTBuayQzJHaGUfoQbF4q49Xvc+Tdm2goqeuDC4Zx7ufeeIFHSAiEf3tr6xubWdm4nv7u3f3BYODpu2zg1XLR4rGLTDZgVSmrRAglKdBMjWBQo0Qkm15nfuRfGyljfwTQRfsRGWoaSM3BSpx+kSgkYFIqkRAihlOKM0GqFOFKv18q0hmlmORTRCs1B4b0/jHkaCQ1cMWt7lCTgz5gByZWY5/upFQnjEzYSPUc1i4T1Z4tz5/jcKUMcxsaVBrxQv0/MWGTtNApcZ8RgbH97mfiX10shrPkzqZMUhObLRWGqMMQ4+x0PpREc1NQRxo10t2I+ZoZxcAnlXQhfn+L/SbtcopVS+fay2LhaxZFDp+gMXSCKqqiBblATtRBHE/SAntCzl3iP3ov3umxd81YzJ+gHvLdPxOmP2Q==</latexit>• Subtlety 

In finite dimensions, there is guaranteed that the Fock spaces built from different metrics are unitarily 
equivalent (Stone-Von Neumann Theorem). This is not true in field theory. 

In field theory, two Fock representations can be unitarily inequivalent.  
They are unitarily equivalent  if  and only if  the linear map  

<latexit sha1_base64="VlbVxGjZvc/WAIwyKr8ne38I4+c=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi2W3iIqnghfpqYL9gHZZsmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHdzO88UaVZLB/NJKG+wEPJIkawsVKnEXgXjaAWlCtu1Z0DrRIvJxXI0QzKX/1BTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nj93is6sMkBRrGxJg+bq74kMC60nIrSdApuRXvZm4n9eLzXRjZ8xmaSGSrJYFKUcmRjNfkcDpigxfGIJJorZWxEZYYWJsQmVbAje8surpF2relfV2sNlpX6bx1GEEziFc/DgGupwD01oAYExPMMrvDmJ8+K8Ox+L1oKTzxzDHzifP+47jqE=</latexit>

J1 � J2 has finite Hilbert-Schmidt norm: 

<latexit sha1_base64="ITo+ieVKoiQcv6Tun6XKdeJk3aw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxCXViSICriouBGuqrQF7QxTKaTduhkEmYmQg3FX3HjQhG3/oc7/8Zpm4W2HrhwOOde7r3HjxmVyrK+jdzS8srqWn69sLG5tb1j7u41ZZQITBo4YpFo+0gSRjlpKKoYaceCoNBnpOUPbyZ+64EISSNeV6OYuCHqcxpQjJSWPPOgLkpVzz6tes7JvXPdpTxQI88sWmVrCrhI7IwUQYaaZ351exFOQsIVZkjKjm3Fyk2RUBQzMi50E0lihIeoTzqachQS6abT68fwWCs9GERCF1dwqv6eSFEo5Sj0dWeI1EDOexPxP6+TqODSTSmPE0U4ni0KEgZVBCdRwB4VBCs20gRhQfWtEA+QQFjpwAo6BHv+5UXSdMr2edm5OytWrrI48uAQHIESsMEFqIBbUAMNgMEjeAav4M14Ml6Md+Nj1pozspl98AfG5w8n7pO9</latexit>

Tr(J1 � J2)
2 < 1

In physics language: two Fock representations are unitarily equivalent, if  and only if  one Fock-
vacuum has finitely many quanta in the other Fock space. 

One practical way of  checking this 

<latexit sha1_base64="ITo+ieVKoiQcv6Tun6XKdeJk3aw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxCXViSICriouBGuqrQF7QxTKaTduhkEmYmQg3FX3HjQhG3/oc7/8Zpm4W2HrhwOOde7r3HjxmVyrK+jdzS8srqWn69sLG5tb1j7u41ZZQITBo4YpFo+0gSRjlpKKoYaceCoNBnpOUPbyZ+64EISSNeV6OYuCHqcxpQjJSWPPOgLkpVzz6tes7JvXPdpTxQI88sWmVrCrhI7IwUQYaaZ351exFOQsIVZkjKjm3Fyk2RUBQzMi50E0lihIeoTzqachQS6abT68fwWCs9GERCF1dwqv6eSFEo5Sj0dWeI1EDOexPxP6+TqODSTSmPE0U4ni0KEgZVBCdRwB4VBCs20gRhQfWtEA+QQFjpwAo6BHv+5UXSdMr2edm5OytWrrI48uAQHIESsMEFqIBbUAMNgMEjeAav4M14Ml6Md+Nj1pozspl98AfG5w8n7pO9</latexit>

Tr(J1 � J2)
2 < 1 iff

<latexit sha1_base64="jIi8YRlDlW+nwlbWp2+hSptecWU=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAgWEnaDqIhFwEZTRTAPyMYwO5lNhszOLjN3hbBJa+Ov2FgoYusf2Pk3Th6FJh64cOace5l7jx8LrsFxvq2FxaXlldXMWnZ9Y3Nr297ZreooUZRVaCQiVfeJZoJLVgEOgtVjxUjoC1bze1cjv/bAlOaRvIN+zJoh6UgecErASC0bezoJW+nNcWmIB57PgJhHaTi4L1x6XAbQb9k5J++MgeeJOyU5NEW5ZX957YgmIZNABdG64ToxNFOigFPBhlkv0SwmtEc6rGGoJCHTzXR8yRAfGqWNg0iZkoDH6u+JlIRa90PfdIYEunrWG4n/eY0EgvNmymWcAJN08lGQCAwRHsWC21wxCqJvCKGKm10x7RJFKJjwsiYEd/bkeVIt5N3TfOH2JFe8mMaRQfvoAB0hF52hIrpGZVRBFD2iZ/SK3qwn68V6tz4mrQvWdGYP/YH1+QMtCZn9</latexit>X

I,J

|�IJ |2 < 1
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If  two Fock spaces are unitarily inequivalent, they describe different physical theories. 

This is considered by many just a “mathematical” problem, in the sense that, if  we restrict to a 
finite number of  observable —something we always do in practice— we can always find a map 
between the two formulations that is unitary. 
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If           admits a globally time-like Killing vector field      , there is a preferred  vacuum.
<latexit sha1_base64="VRbqaMznn7AteV90LpW29CxUMP8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUfEU8OIxgnlgdgmzk0kyZGZ2mYcQlvyFFw+KePVvvPk3TpI9aGJBQ1HVTXdXnHKmje9/e4W19Y3NreJ2aWd3b/+gfHjU0olVhDZJwhPVibGmnEnaNMxw2kkVxSLmtB2Pb2d++4kqzRL5YCYpjQQeSjZgBBsnPQ57WShsKO20V674VX8OtEqCnFQgR6NX/gr7CbGCSkM41rob+KmJMqwMI5xOS6HVNMVkjIe066jEguoom188RWdO6aNBolxJg+bq74kMC60nInadApuRXvZm4n9e15rBdZQxmVpDJVksGliOTIJm76M+U5QYPnEEE8XcrYiMsMLEuJBKLoRg+eVV0qpVg8tq7f6iUr/J4yjCCZzCOQRwBXW4gwY0gYCEZ3iFN097L96797FoLXj5zDH8gff5A/jSkRg=</latexit>gµ⌫

<latexit sha1_base64="XoPAl3XxPe9lLhyi/5Bebi+uGKE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqHgqePFYwX5AG8tmu2mX7iZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLkXEmyhQ8k6iOVWB5O1gfDvz209cGxFHDzhJuK/oMBKhYBSt1MbHrKfSab9ccavuHGSVeDmpQI5Gv/zVG8QsVTxCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LI6q48bP5uVNyZpUBCWNtK0IyV39PZFQZM1GB7VQUR2bZm4n/ed0Uw2s/E1GSIo/YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdKqVb3Lau3+olK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx+u+Y/H</latexit>

tµ

The Fock vacuum singled out in this way, is physically preferred because it is the ground 
state of  the (time-independent) Hamiltonian defined by  

<latexit sha1_base64="XoPAl3XxPe9lLhyi/5Bebi+uGKE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqHgqePFYwX5AG8tmu2mX7iZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLkXEmyhQ8k6iOVWB5O1gfDvz209cGxFHDzhJuK/oMBKhYBSt1MbHrKfSab9ccavuHGSVeDmpQI5Gv/zVG8QsVTxCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LI6q48bP5uVNyZpUBCWNtK0IyV39PZFQZM1GB7VQUR2bZm4n/ed0Uw2s/E1GSIo/YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdKqVb3Lau3+olK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx+u+Y/H</latexit>

tµ
<latexit sha1_base64="QRMyTa9UDeEw9TgX3u7Ck6apnkE="></latexit>
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Message: a time-like symmetry is enough to recover a preferred notion of  vacuum. A space-
like symmetry is not.  

Original reference: 
A. Ashtekar and A. Magnon. Proc. R. Soc. Lon. A 346, 1975

+
The quanta created by creation operators have a natural particle interpretation. 

(Particle = whatever a particle detector detects)

The preferred Fock representations can be constructed as follows: 

Identify the symplectic eigenvectors  with the solutions to the e.o.m. that oscillate with 
positive frequency w.r.t. to the Killing time. Work backwards and construct  from the symplectic 
eigenvectors.  

eI( ⃗x, t)
σ


