
The no-boundary proposal: 
alive and well

Oliver Janssen (NYU,CCPP), 05/06/18 @ PASCOS2018

Based on 1705.05340, 1804.01102 and ongoing work with 
Juan Diaz, Jonathan Halliwell, Jim Hartle, Thomas Hertog & 
Yannick Vreys



Pam Jeffries & Mario Livio, STScI.

?



Pam Jeffries & Mario Livio, STScI.

Quantum cosmology

theory of initial conditions for cosmology

Wave function of the universe  

Hartle & Hawking’s proposal for    : “ground state of quantum gravity” 
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Recently in the news

• The mathematical and physical foundations underlying the no-boundary 
proposal have been claimed ill-defined, in a series of four papers  
(Feldbrugge, Lehners & Turok, 1703.02076, 1705.00192, 
1708.05104 and 1805.01609) 

• One claims to have introduced a “new element of rigor”, Picard-Lefschetz 
theory, that would put the theory on firmer mathematical footing. One 
also insists on a purely Lorentzian formulation of the theory 

• Using this, one claims that any implementation of the no-boundary idea 
via a semiclassical path integral leads to unsuppressed fluctuations 
around isotropic backgrounds, concluding that the idea in this form 
should be discarded



If the three-geometry is closed (this talk), the four-geometries are 
compact and have as only boundary the three-manifold on which the 
argument of the wave function lives

Sum over (all Euclidean) four-geometries g which have a boundary 
on which the induced three-geometry is the argument of the wave 
function, with I the Euclidean gravitational action

Proposal for    (Hartle & Hawking ’83) 



Proposal for    (Hartle & Hawking ’83) 
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⌃
<latexit sha1_base64="lPIKjzudPYSYU2zsqOCpkudQaUE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdJNAsoTZySQZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KE86M9f1vr7Cyura+UdwsbW3v7O6V9w8aRqWa0JAornQrxoZyJmlomeW0lWiKRcxpMx7dTP3mE9WGKflgxwmNBB5I1mcEWyc1OvdsIHC3XPGr/gxomQQ5qUCOerf81ekpkgoqLeHYmHbgJzbKsLaMcDopdVJDE0xGeEDbjkosqImy2bUTdOKUHuor7UpaNFN/T2RYGDMWsesU2A7NojcV//Paqe1fRhmTSWqpJPNF/ZQjq9D0ddRjmhLLx45gopm7FZEh1phYF1DJhRAsvrxMwrPqVTW4O6/UrvM0inAEx3AKAVxADW6hDiEQeIRneIU3T3kv3rv3MW8tePnMIfyB9/kD19yO1w==</latexit><latexit sha1_base64="lPIKjzudPYSYU2zsqOCpkudQaUE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdJNAsoTZySQZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KE86M9f1vr7Cyura+UdwsbW3v7O6V9w8aRqWa0JAornQrxoZyJmlomeW0lWiKRcxpMx7dTP3mE9WGKflgxwmNBB5I1mcEWyc1OvdsIHC3XPGr/gxomQQ5qUCOerf81ekpkgoqLeHYmHbgJzbKsLaMcDopdVJDE0xGeEDbjkosqImy2bUTdOKUHuor7UpaNFN/T2RYGDMWsesU2A7NojcV//Paqe1fRhmTSWqpJPNF/ZQjq9D0ddRjmhLLx45gopm7FZEh1phYF1DJhRAsvrxMwrPqVTW4O6/UrvM0inAEx3AKAVxADW6hDiEQeIRneIU3T3kv3rv3MW8tePnMIfyB9/kD19yO1w==</latexit><latexit sha1_base64="lPIKjzudPYSYU2zsqOCpkudQaUE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdJNAsoTZySQZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KE86M9f1vr7Cyura+UdwsbW3v7O6V9w8aRqWa0JAornQrxoZyJmlomeW0lWiKRcxpMx7dTP3mE9WGKflgxwmNBB5I1mcEWyc1OvdsIHC3XPGr/gxomQQ5qUCOerf81ekpkgoqLeHYmHbgJzbKsLaMcDopdVJDE0xGeEDbjkosqImy2bUTdOKUHuor7UpaNFN/T2RYGDMWsesU2A7NojcV//Paqe1fRhmTSWqpJPNF/ZQjq9D0ddRjmhLLx45gopm7FZEh1phYF1DJhRAsvrxMwrPqVTW4O6/UrvM0inAEx3AKAVxADW6hDiEQeIRneIU3T3kv3rv3MW8tePnMIfyB9/kD19yO1w==</latexit><latexit sha1_base64="lPIKjzudPYSYU2zsqOCpkudQaUE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdJNAsoTZySQZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KE86M9f1vr7Cyura+UdwsbW3v7O6V9w8aRqWa0JAornQrxoZyJmlomeW0lWiKRcxpMx7dTP3mE9WGKflgxwmNBB5I1mcEWyc1OvdsIHC3XPGr/gxomQQ5qUCOerf81ekpkgoqLeHYmHbgJzbKsLaMcDopdVJDE0xGeEDbjkosqImy2bUTdOKUHuor7UpaNFN/T2RYGDMWsesU2A7NojcV//Paqe1fRhmTSWqpJPNF/ZQjq9D0ddRjmhLLx45gopm7FZEh1phYF1DJhRAsvrxMwrPqVTW4O6/UrvM0inAEx3AKAVxADW6hDiEQeIRneIU3T3kv3rv3MW8tePnMIfyB9/kD19yO1w==</latexit><latexit sha1_base64="lPIKjzudPYSYU2zsqOCpkudQaUE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdJNAsoTZySQZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KE86M9f1vr7Cyura+UdwsbW3v7O6V9w8aRqWa0JAornQrxoZyJmlomeW0lWiKRcxpMx7dTP3mE9WGKflgxwmNBB5I1mcEWyc1OvdsIHC3XPGr/gxomQQ5qUCOerf81ekpkgoqLeHYmHbgJzbKsLaMcDopdVJDE0xGeEDbjkosqImy2bUTdOKUHuor7UpaNFN/T2RYGDMWsesU2A7NojcV//Paqe1fRhmTSWqpJPNF/ZQjq9D0ddRjmhLLx45gopm7FZEh1phYF1DJhRAsvrxMwrPqVTW4O6/UrvM0inAEx3AKAVxADW6hDiEQeIRneIU3T3kv3rv3MW8tePnMIfyB9/kD19yO1w==</latexit>

gµ⌫
<latexit sha1_base64="Nb4VCvL4ZTTfUrPwvuwnfnnD/sk="></latexit><latexit sha1_base64="Nb4VCvL4ZTTfUrPwvuwnfnnD/sk="></latexit><latexit sha1_base64="Nb4VCvL4ZTTfUrPwvuwnfnnD/sk="></latexit><latexit sha1_base64="Nb4VCvL4ZTTfUrPwvuwnfnnD/sk="></latexit><latexit sha1_base64="Nb4VCvL4ZTTfUrPwvuwnfnnD/sk="></latexit>

M
<latexit sha1_base64="4MeeZiU3gbJQ99+kUOwNl2tSrfQ="></latexit><latexit sha1_base64="4MeeZiU3gbJQ99+kUOwNl2tSrfQ="></latexit><latexit sha1_base64="4MeeZiU3gbJQ99+kUOwNl2tSrfQ="></latexit><latexit sha1_base64="4MeeZiU3gbJQ99+kUOwNl2tSrfQ="></latexit><latexit sha1_base64="4MeeZiU3gbJQ99+kUOwNl2tSrfQ="></latexit>
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<latexit sha1_base64="dfwYeZIsOhzrT1UE43zrIOt9CIw="></latexit><latexit sha1_base64="dfwYeZIsOhzrT1UE43zrIOt9CIw="></latexit><latexit sha1_base64="dfwYeZIsOhzrT1UE43zrIOt9CIw="></latexit><latexit sha1_base64="dfwYeZIsOhzrT1UE43zrIOt9CIw="></latexit><latexit sha1_base64="dfwYeZIsOhzrT1UE43zrIOt9CIw="></latexit>

integration is along a 
complex contour that 
ensures convergence, 
amongst other 
requirements

�
<latexit sha1_base64="W6V4dRkc7zE1BPFfnZ2iKMKjMlM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk9nskHksM7NCWAJ+gRcPinj1h7z5N84mOWhiQUNR1U13V5RyZqzvf3ultfWNza3ydmVnd2//oHp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E45vC7zxSbZiSD3aS0lDgkWQxI9gWUj9N2KBa8+v+DGiVBAtSgwWag+pXf6hIJqi0hGNjeoGf2jDH2jLC6bTSzwxNMRnjEe05KrGgJsxnt07RmVOGKFbalbRopv6eyLEwZiIi1ymwTcyyV4j/eb3MxtdhzmSaWSrJfFGccWQVKh5HQ6YpsXziCCaauVsRSbDGxLp4Ki6EYPnlVdK+qAd+Pbi/rDXunuZxlOEETuEcAriCBtxCE1pAIIFneIU3T3gv3rv3MW8teYsIj+EPvM8fPD2OyA==</latexit><latexit sha1_base64="W6V4dRkc7zE1BPFfnZ2iKMKjMlM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk9nskHksM7NCWAJ+gRcPinj1h7z5N84mOWhiQUNR1U13V5RyZqzvf3ultfWNza3ydmVnd2//oHp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E45vC7zxSbZiSD3aS0lDgkWQxI9gWUj9N2KBa8+v+DGiVBAtSgwWag+pXf6hIJqi0hGNjeoGf2jDH2jLC6bTSzwxNMRnjEe05KrGgJsxnt07RmVOGKFbalbRopv6eyLEwZiIi1ymwTcyyV4j/eb3MxtdhzmSaWSrJfFGccWQVKh5HQ6YpsXziCCaauVsRSbDGxLp4Ki6EYPnlVdK+qAd+Pbi/rDXunuZxlOEETuEcAriCBtxCE1pAIIFneIU3T3gv3rv3MW8teYsIj+EPvM8fPD2OyA==</latexit><latexit sha1_base64="W6V4dRkc7zE1BPFfnZ2iKMKjMlM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk9nskHksM7NCWAJ+gRcPinj1h7z5N84mOWhiQUNR1U13V5RyZqzvf3ultfWNza3ydmVnd2//oHp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E45vC7zxSbZiSD3aS0lDgkWQxI9gWUj9N2KBa8+v+DGiVBAtSgwWag+pXf6hIJqi0hGNjeoGf2jDH2jLC6bTSzwxNMRnjEe05KrGgJsxnt07RmVOGKFbalbRopv6eyLEwZiIi1ymwTcyyV4j/eb3MxtdhzmSaWSrJfFGccWQVKh5HQ6YpsXziCCaauVsRSbDGxLp4Ki6EYPnlVdK+qAd+Pbi/rDXunuZxlOEETuEcAriCBtxCE1pAIIFneIU3T3gv3rv3MW8teYsIj+EPvM8fPD2OyA==</latexit><latexit sha1_base64="W6V4dRkc7zE1BPFfnZ2iKMKjMlM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk9nskHksM7NCWAJ+gRcPinj1h7z5N84mOWhiQUNR1U13V5RyZqzvf3ultfWNza3ydmVnd2//oHp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E45vC7zxSbZiSD3aS0lDgkWQxI9gWUj9N2KBa8+v+DGiVBAtSgwWag+pXf6hIJqi0hGNjeoGf2jDH2jLC6bTSzwxNMRnjEe05KrGgJsxnt07RmVOGKFbalbRopv6eyLEwZiIi1ymwTcyyV4j/eb3MxtdhzmSaWSrJfFGccWQVKh5HQ6YpsXziCCaauVsRSbDGxLp4Ki6EYPnlVdK+qAd+Pbi/rDXunuZxlOEETuEcAriCBtxCE1pAIIFneIU3T3gv3rv3MW8teYsIj+EPvM8fPD2OyA==</latexit><latexit sha1_base64="W6V4dRkc7zE1BPFfnZ2iKMKjMlM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk9nskHksM7NCWAJ+gRcPinj1h7z5N84mOWhiQUNR1U13V5RyZqzvf3ultfWNza3ydmVnd2//oHp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E45vC7zxSbZiSD3aS0lDgkWQxI9gWUj9N2KBa8+v+DGiVBAtSgwWag+pXf6hIJqi0hGNjeoGf2jDH2jLC6bTSzwxNMRnjEe05KrGgJsxnt07RmVOGKFbalbRopv6eyLEwZiIi1ymwTcyyV4j/eb3MxtdhzmSaWSrJfFGccWQVKh5HQ6YpsXziCCaauVsRSbDGxLp4Ki6EYPnlVdK+qAd+Pbi/rDXunuZxlOEETuEcAriCBtxCE1pAIIFneIU3T3gv3rv3MW8teYsIj+EPvM8fPD2OyA==</latexit>

�
<latexit sha1_base64="szJN/Fxv5TTFdC133EH16raRRUg=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk9nskHksM7NCWAJ+gRcPinj1h7z5N84mOWhiQUNR1U13V5RyZqzvf3ultfWNza3ydmVnd2//oHp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E45vC7zxSbZiSD3aS0lDgkWQxI9gWUp8kbFCt+XV/BrRKggWpwQLNQfWrP1QkE1RawrExvcBPbZhjbRnhdFrpZ4ammIzxiPYclVhQE+azW6fozClDFCvtSlo0U39P5FgYMxGR6xTYJmbZK8T/vF5m4+swZzLNLJVkvijOOLIKFY+jIdOUWD5xBBPN3K2IJFhjYl08FRdCsPzyKmlf1AO/Htxf1hp3T/M4ynACp3AOAVxBA26hCS0gkMAzvMKbJ7wX7937mLeWvEWEx/AH3ucPKG+Ouw==</latexit><latexit sha1_base64="szJN/Fxv5TTFdC133EH16raRRUg=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk9nskHksM7NCWAJ+gRcPinj1h7z5N84mOWhiQUNR1U13V5RyZqzvf3ultfWNza3ydmVnd2//oHp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E45vC7zxSbZiSD3aS0lDgkWQxI9gWUp8kbFCt+XV/BrRKggWpwQLNQfWrP1QkE1RawrExvcBPbZhjbRnhdFrpZ4ammIzxiPYclVhQE+azW6fozClDFCvtSlo0U39P5FgYMxGR6xTYJmbZK8T/vF5m4+swZzLNLJVkvijOOLIKFY+jIdOUWD5xBBPN3K2IJFhjYl08FRdCsPzyKmlf1AO/Htxf1hp3T/M4ynACp3AOAVxBA26hCS0gkMAzvMKbJ7wX7937mLeWvEWEx/AH3ucPKG+Ouw==</latexit><latexit sha1_base64="szJN/Fxv5TTFdC133EH16raRRUg=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk9nskHksM7NCWAJ+gRcPinj1h7z5N84mOWhiQUNR1U13V5RyZqzvf3ultfWNza3ydmVnd2//oHp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E45vC7zxSbZiSD3aS0lDgkWQxI9gWUp8kbFCt+XV/BrRKggWpwQLNQfWrP1QkE1RawrExvcBPbZhjbRnhdFrpZ4ammIzxiPYclVhQE+azW6fozClDFCvtSlo0U39P5FgYMxGR6xTYJmbZK8T/vF5m4+swZzLNLJVkvijOOLIKFY+jIdOUWD5xBBPN3K2IJFhjYl08FRdCsPzyKmlf1AO/Htxf1hp3T/M4ynACp3AOAVxBA26hCS0gkMAzvMKbJ7wX7937mLeWvEWEx/AH3ucPKG+Ouw==</latexit><latexit sha1_base64="szJN/Fxv5TTFdC133EH16raRRUg=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk9nskHksM7NCWAJ+gRcPinj1h7z5N84mOWhiQUNR1U13V5RyZqzvf3ultfWNza3ydmVnd2//oHp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E45vC7zxSbZiSD3aS0lDgkWQxI9gWUp8kbFCt+XV/BrRKggWpwQLNQfWrP1QkE1RawrExvcBPbZhjbRnhdFrpZ4ammIzxiPYclVhQE+azW6fozClDFCvtSlo0U39P5FgYMxGR6xTYJmbZK8T/vF5m4+swZzLNLJVkvijOOLIKFY+jIdOUWD5xBBPN3K2IJFhjYl08FRdCsPzyKmlf1AO/Htxf1hp3T/M4ynACp3AOAVxBA26hCS0gkMAzvMKbJ7wX7937mLeWvEWEx/AH3ucPKG+Ouw==</latexit><latexit sha1_base64="szJN/Fxv5TTFdC133EH16raRRUg=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk9nskHksM7NCWAJ+gRcPinj1h7z5N84mOWhiQUNR1U13V5RyZqzvf3ultfWNza3ydmVnd2//oHp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E45vC7zxSbZiSD3aS0lDgkWQxI9gWUp8kbFCt+XV/BrRKggWpwQLNQfWrP1QkE1RawrExvcBPbZhjbRnhdFrpZ4ammIzxiPYclVhQE+azW6fozClDFCvtSlo0U39P5FgYMxGR6xTYJmbZK8T/vF5m4+swZzLNLJVkvijOOLIKFY+jIdOUWD5xBBPN3K2IJFhjYl08FRdCsPzyKmlf1AO/Htxf1hp3T/M4ynACp3AOAVxBA26hCS0gkMAzvMKbJ7wX7937mLeWvEWEx/AH3ucPKG+Ouw==</latexit>



Proposal for    (Hartle & Hawking ’83) 

hij
<latexit sha1_base64="vqYOE900q8YmpS10oPhxsPrzaOo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rmLbQhrLZbtptN7thdyOU0P/gxYOKV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRS8tUEeoTyaXqhFhTzgT1DTOcdhJFcRxy2g4nd3O//USVZlI8mmlCgxgPBYsYwcZKrVE/Y+NZv1pz624OtEq8gtSgQLNf/eoNJEljKgzhWOuu5yYmyLAyjHA6q/RSTRNMJnhIu5YKHFMdZPm1M3RmlQGKpLIlDMrV3xMZjrWexqHtjLEZ6WVvLv7ndVMTXQcZE0lqqCCLRVHKkZFo/joaMEWJ4VNLMFHM3orICCtMjA2oYkPwll9eJf5F/abuPVzWGrdFGmU4gVM4Bw+uoAH30AQfCIzhGV7hzZHOi/PufCxaS04xcwx/4Hz+AEDdjxw=</latexit><latexit sha1_base64="vqYOE900q8YmpS10oPhxsPrzaOo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rmLbQhrLZbtptN7thdyOU0P/gxYOKV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRS8tUEeoTyaXqhFhTzgT1DTOcdhJFcRxy2g4nd3O//USVZlI8mmlCgxgPBYsYwcZKrVE/Y+NZv1pz624OtEq8gtSgQLNf/eoNJEljKgzhWOuu5yYmyLAyjHA6q/RSTRNMJnhIu5YKHFMdZPm1M3RmlQGKpLIlDMrV3xMZjrWexqHtjLEZ6WVvLv7ndVMTXQcZE0lqqCCLRVHKkZFo/joaMEWJ4VNLMFHM3orICCtMjA2oYkPwll9eJf5F/abuPVzWGrdFGmU4gVM4Bw+uoAH30AQfCIzhGV7hzZHOi/PufCxaS04xcwx/4Hz+AEDdjxw=</latexit><latexit sha1_base64="vqYOE900q8YmpS10oPhxsPrzaOo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rmLbQhrLZbtptN7thdyOU0P/gxYOKV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRS8tUEeoTyaXqhFhTzgT1DTOcdhJFcRxy2g4nd3O//USVZlI8mmlCgxgPBYsYwcZKrVE/Y+NZv1pz624OtEq8gtSgQLNf/eoNJEljKgzhWOuu5yYmyLAyjHA6q/RSTRNMJnhIu5YKHFMdZPm1M3RmlQGKpLIlDMrV3xMZjrWexqHtjLEZ6WVvLv7ndVMTXQcZE0lqqCCLRVHKkZFo/joaMEWJ4VNLMFHM3orICCtMjA2oYkPwll9eJf5F/abuPVzWGrdFGmU4gVM4Bw+uoAH30AQfCIzhGV7hzZHOi/PufCxaS04xcwx/4Hz+AEDdjxw=</latexit><latexit sha1_base64="vqYOE900q8YmpS10oPhxsPrzaOo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rmLbQhrLZbtptN7thdyOU0P/gxYOKV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRS8tUEeoTyaXqhFhTzgT1DTOcdhJFcRxy2g4nd3O//USVZlI8mmlCgxgPBYsYwcZKrVE/Y+NZv1pz624OtEq8gtSgQLNf/eoNJEljKgzhWOuu5yYmyLAyjHA6q/RSTRNMJnhIu5YKHFMdZPm1M3RmlQGKpLIlDMrV3xMZjrWexqHtjLEZ6WVvLv7ndVMTXQcZE0lqqCCLRVHKkZFo/joaMEWJ4VNLMFHM3orICCtMjA2oYkPwll9eJf5F/abuPVzWGrdFGmU4gVM4Bw+uoAH30AQfCIzhGV7hzZHOi/PufCxaS04xcwx/4Hz+AEDdjxw=</latexit><latexit sha1_base64="vqYOE900q8YmpS10oPhxsPrzaOo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rmLbQhrLZbtptN7thdyOU0P/gxYOKV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRS8tUEeoTyaXqhFhTzgT1DTOcdhJFcRxy2g4nd3O//USVZlI8mmlCgxgPBYsYwcZKrVE/Y+NZv1pz624OtEq8gtSgQLNf/eoNJEljKgzhWOuu5yYmyLAyjHA6q/RSTRNMJnhIu5YKHFMdZPm1M3RmlQGKpLIlDMrV3xMZjrWexqHtjLEZ6WVvLv7ndVMTXQcZE0lqqCCLRVHKkZFo/joaMEWJ4VNLMFHM3orICCtMjA2oYkPwll9eJf5F/abuPVzWGrdFGmU4gVM4Bw+uoAH30AQfCIzhGV7hzZHOi/PufCxaS04xcwx/4Hz+AEDdjxw=</latexit>

⌃
<latexit sha1_base64="lPIKjzudPYSYU2zsqOCpkudQaUE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdJNAsoTZySQZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KE86M9f1vr7Cyura+UdwsbW3v7O6V9w8aRqWa0JAornQrxoZyJmlomeW0lWiKRcxpMx7dTP3mE9WGKflgxwmNBB5I1mcEWyc1OvdsIHC3XPGr/gxomQQ5qUCOerf81ekpkgoqLeHYmHbgJzbKsLaMcDopdVJDE0xGeEDbjkosqImy2bUTdOKUHuor7UpaNFN/T2RYGDMWsesU2A7NojcV//Paqe1fRhmTSWqpJPNF/ZQjq9D0ddRjmhLLx45gopm7FZEh1phYF1DJhRAsvrxMwrPqVTW4O6/UrvM0inAEx3AKAVxADW6hDiEQeIRneIU3T3kv3rv3MW8tePnMIfyB9/kD19yO1w==</latexit><latexit sha1_base64="lPIKjzudPYSYU2zsqOCpkudQaUE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdJNAsoTZySQZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KE86M9f1vr7Cyura+UdwsbW3v7O6V9w8aRqWa0JAornQrxoZyJmlomeW0lWiKRcxpMx7dTP3mE9WGKflgxwmNBB5I1mcEWyc1OvdsIHC3XPGr/gxomQQ5qUCOerf81ekpkgoqLeHYmHbgJzbKsLaMcDopdVJDE0xGeEDbjkosqImy2bUTdOKUHuor7UpaNFN/T2RYGDMWsesU2A7NojcV//Paqe1fRhmTSWqpJPNF/ZQjq9D0ddRjmhLLx45gopm7FZEh1phYF1DJhRAsvrxMwrPqVTW4O6/UrvM0inAEx3AKAVxADW6hDiEQeIRneIU3T3kv3rv3MW8tePnMIfyB9/kD19yO1w==</latexit><latexit sha1_base64="lPIKjzudPYSYU2zsqOCpkudQaUE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdJNAsoTZySQZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KE86M9f1vr7Cyura+UdwsbW3v7O6V9w8aRqWa0JAornQrxoZyJmlomeW0lWiKRcxpMx7dTP3mE9WGKflgxwmNBB5I1mcEWyc1OvdsIHC3XPGr/gxomQQ5qUCOerf81ekpkgoqLeHYmHbgJzbKsLaMcDopdVJDE0xGeEDbjkosqImy2bUTdOKUHuor7UpaNFN/T2RYGDMWsesU2A7NojcV//Paqe1fRhmTSWqpJPNF/ZQjq9D0ddRjmhLLx45gopm7FZEh1phYF1DJhRAsvrxMwrPqVTW4O6/UrvM0inAEx3AKAVxADW6hDiEQeIRneIU3T3kv3rv3MW8tePnMIfyB9/kD19yO1w==</latexit><latexit sha1_base64="lPIKjzudPYSYU2zsqOCpkudQaUE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdJNAsoTZySQZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KE86M9f1vr7Cyura+UdwsbW3v7O6V9w8aRqWa0JAornQrxoZyJmlomeW0lWiKRcxpMx7dTP3mE9WGKflgxwmNBB5I1mcEWyc1OvdsIHC3XPGr/gxomQQ5qUCOerf81ekpkgoqLeHYmHbgJzbKsLaMcDopdVJDE0xGeEDbjkosqImy2bUTdOKUHuor7UpaNFN/T2RYGDMWsesU2A7NojcV//Paqe1fRhmTSWqpJPNF/ZQjq9D0ddRjmhLLx45gopm7FZEh1phYF1DJhRAsvrxMwrPqVTW4O6/UrvM0inAEx3AKAVxADW6hDiEQeIRneIU3T3kv3rv3MW8tePnMIfyB9/kD19yO1w==</latexit><latexit sha1_base64="lPIKjzudPYSYU2zsqOCpkudQaUE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdJNAsoTZySQZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KE86M9f1vr7Cyura+UdwsbW3v7O6V9w8aRqWa0JAornQrxoZyJmlomeW0lWiKRcxpMx7dTP3mE9WGKflgxwmNBB5I1mcEWyc1OvdsIHC3XPGr/gxomQQ5qUCOerf81ekpkgoqLeHYmHbgJzbKsLaMcDopdVJDE0xGeEDbjkosqImy2bUTdOKUHuor7UpaNFN/T2RYGDMWsesU2A7NojcV//Paqe1fRhmTSWqpJPNF/ZQjq9D0ddRjmhLLx45gopm7FZEh1phYF1DJhRAsvrxMwrPqVTW4O6/UrvM0inAEx3AKAVxADW6hDiEQeIRneIU3T3kv3rv3MW8tePnMIfyB9/kD19yO1w==</latexit>

gµ⌫
<latexit sha1_base64="Nb4VCvL4ZTTfUrPwvuwnfnnD/sk="></latexit><latexit sha1_base64="Nb4VCvL4ZTTfUrPwvuwnfnnD/sk="></latexit><latexit sha1_base64="Nb4VCvL4ZTTfUrPwvuwnfnnD/sk="></latexit><latexit sha1_base64="Nb4VCvL4ZTTfUrPwvuwnfnnD/sk="></latexit><latexit sha1_base64="Nb4VCvL4ZTTfUrPwvuwnfnnD/sk="></latexit>

M
<latexit sha1_base64="4MeeZiU3gbJQ99+kUOwNl2tSrfQ="></latexit><latexit sha1_base64="4MeeZiU3gbJQ99+kUOwNl2tSrfQ="></latexit><latexit sha1_base64="4MeeZiU3gbJQ99+kUOwNl2tSrfQ="></latexit><latexit sha1_base64="4MeeZiU3gbJQ99+kUOwNl2tSrfQ="></latexit><latexit sha1_base64="4MeeZiU3gbJQ99+kUOwNl2tSrfQ="></latexit>

integration is along a 
complex contour that 
ensures convergence, 
amongst other 
requirements

�
<latexit sha1_base64="W6V4dRkc7zE1BPFfnZ2iKMKjMlM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk9nskHksM7NCWAJ+gRcPinj1h7z5N84mOWhiQUNR1U13V5RyZqzvf3ultfWNza3ydmVnd2//oHp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E45vC7zxSbZiSD3aS0lDgkWQxI9gWUj9N2KBa8+v+DGiVBAtSgwWag+pXf6hIJqi0hGNjeoGf2jDH2jLC6bTSzwxNMRnjEe05KrGgJsxnt07RmVOGKFbalbRopv6eyLEwZiIi1ymwTcyyV4j/eb3MxtdhzmSaWSrJfFGccWQVKh5HQ6YpsXziCCaauVsRSbDGxLp4Ki6EYPnlVdK+qAd+Pbi/rDXunuZxlOEETuEcAriCBtxCE1pAIIFneIU3T3gv3rv3MW8teYsIj+EPvM8fPD2OyA==</latexit><latexit sha1_base64="W6V4dRkc7zE1BPFfnZ2iKMKjMlM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk9nskHksM7NCWAJ+gRcPinj1h7z5N84mOWhiQUNR1U13V5RyZqzvf3ultfWNza3ydmVnd2//oHp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E45vC7zxSbZiSD3aS0lDgkWQxI9gWUj9N2KBa8+v+DGiVBAtSgwWag+pXf6hIJqi0hGNjeoGf2jDH2jLC6bTSzwxNMRnjEe05KrGgJsxnt07RmVOGKFbalbRopv6eyLEwZiIi1ymwTcyyV4j/eb3MxtdhzmSaWSrJfFGccWQVKh5HQ6YpsXziCCaauVsRSbDGxLp4Ki6EYPnlVdK+qAd+Pbi/rDXunuZxlOEETuEcAriCBtxCE1pAIIFneIU3T3gv3rv3MW8teYsIj+EPvM8fPD2OyA==</latexit><latexit sha1_base64="W6V4dRkc7zE1BPFfnZ2iKMKjMlM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk9nskHksM7NCWAJ+gRcPinj1h7z5N84mOWhiQUNR1U13V5RyZqzvf3ultfWNza3ydmVnd2//oHp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E45vC7zxSbZiSD3aS0lDgkWQxI9gWUj9N2KBa8+v+DGiVBAtSgwWag+pXf6hIJqi0hGNjeoGf2jDH2jLC6bTSzwxNMRnjEe05KrGgJsxnt07RmVOGKFbalbRopv6eyLEwZiIi1ymwTcyyV4j/eb3MxtdhzmSaWSrJfFGccWQVKh5HQ6YpsXziCCaauVsRSbDGxLp4Ki6EYPnlVdK+qAd+Pbi/rDXunuZxlOEETuEcAriCBtxCE1pAIIFneIU3T3gv3rv3MW8teYsIj+EPvM8fPD2OyA==</latexit><latexit sha1_base64="W6V4dRkc7zE1BPFfnZ2iKMKjMlM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk9nskHksM7NCWAJ+gRcPinj1h7z5N84mOWhiQUNR1U13V5RyZqzvf3ultfWNza3ydmVnd2//oHp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E45vC7zxSbZiSD3aS0lDgkWQxI9gWUj9N2KBa8+v+DGiVBAtSgwWag+pXf6hIJqi0hGNjeoGf2jDH2jLC6bTSzwxNMRnjEe05KrGgJsxnt07RmVOGKFbalbRopv6eyLEwZiIi1ymwTcyyV4j/eb3MxtdhzmSaWSrJfFGccWQVKh5HQ6YpsXziCCaauVsRSbDGxLp4Ki6EYPnlVdK+qAd+Pbi/rDXunuZxlOEETuEcAriCBtxCE1pAIIFneIU3T3gv3rv3MW8teYsIj+EPvM8fPD2OyA==</latexit><latexit sha1_base64="W6V4dRkc7zE1BPFfnZ2iKMKjMlM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk9nskHksM7NCWAJ+gRcPinj1h7z5N84mOWhiQUNR1U13V5RyZqzvf3ultfWNza3ydmVnd2//oHp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E45vC7zxSbZiSD3aS0lDgkWQxI9gWUj9N2KBa8+v+DGiVBAtSgwWag+pXf6hIJqi0hGNjeoGf2jDH2jLC6bTSzwxNMRnjEe05KrGgJsxnt07RmVOGKFbalbRopv6eyLEwZiIi1ymwTcyyV4j/eb3MxtdhzmSaWSrJfFGccWQVKh5HQ6YpsXziCCaauVsRSbDGxLp4Ki6EYPnlVdK+qAd+Pbi/rDXunuZxlOEETuEcAriCBtxCE1pAIIFneIU3T3gv3rv3MW8teYsIj+EPvM8fPD2OyA==</latexit>

�
<latexit sha1_base64="szJN/Fxv5TTFdC133EH16raRRUg=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk9nskHksM7NCWAJ+gRcPinj1h7z5N84mOWhiQUNR1U13V5RyZqzvf3ultfWNza3ydmVnd2//oHp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E45vC7zxSbZiSD3aS0lDgkWQxI9gWUp8kbFCt+XV/BrRKggWpwQLNQfWrP1QkE1RawrExvcBPbZhjbRnhdFrpZ4ammIzxiPYclVhQE+azW6fozClDFCvtSlo0U39P5FgYMxGR6xTYJmbZK8T/vF5m4+swZzLNLJVkvijOOLIKFY+jIdOUWD5xBBPN3K2IJFhjYl08FRdCsPzyKmlf1AO/Htxf1hp3T/M4ynACp3AOAVxBA26hCS0gkMAzvMKbJ7wX7937mLeWvEWEx/AH3ucPKG+Ouw==</latexit><latexit sha1_base64="szJN/Fxv5TTFdC133EH16raRRUg=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk9nskHksM7NCWAJ+gRcPinj1h7z5N84mOWhiQUNR1U13V5RyZqzvf3ultfWNza3ydmVnd2//oHp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E45vC7zxSbZiSD3aS0lDgkWQxI9gWUp8kbFCt+XV/BrRKggWpwQLNQfWrP1QkE1RawrExvcBPbZhjbRnhdFrpZ4ammIzxiPYclVhQE+azW6fozClDFCvtSlo0U39P5FgYMxGR6xTYJmbZK8T/vF5m4+swZzLNLJVkvijOOLIKFY+jIdOUWD5xBBPN3K2IJFhjYl08FRdCsPzyKmlf1AO/Htxf1hp3T/M4ynACp3AOAVxBA26hCS0gkMAzvMKbJ7wX7937mLeWvEWEx/AH3ucPKG+Ouw==</latexit><latexit sha1_base64="szJN/Fxv5TTFdC133EH16raRRUg=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk9nskHksM7NCWAJ+gRcPinj1h7z5N84mOWhiQUNR1U13V5RyZqzvf3ultfWNza3ydmVnd2//oHp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E45vC7zxSbZiSD3aS0lDgkWQxI9gWUp8kbFCt+XV/BrRKggWpwQLNQfWrP1QkE1RawrExvcBPbZhjbRnhdFrpZ4ammIzxiPYclVhQE+azW6fozClDFCvtSlo0U39P5FgYMxGR6xTYJmbZK8T/vF5m4+swZzLNLJVkvijOOLIKFY+jIdOUWD5xBBPN3K2IJFhjYl08FRdCsPzyKmlf1AO/Htxf1hp3T/M4ynACp3AOAVxBA26hCS0gkMAzvMKbJ7wX7937mLeWvEWEx/AH3ucPKG+Ouw==</latexit><latexit sha1_base64="szJN/Fxv5TTFdC133EH16raRRUg=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk9nskHksM7NCWAJ+gRcPinj1h7z5N84mOWhiQUNR1U13V5RyZqzvf3ultfWNza3ydmVnd2//oHp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E45vC7zxSbZiSD3aS0lDgkWQxI9gWUp8kbFCt+XV/BrRKggWpwQLNQfWrP1QkE1RawrExvcBPbZhjbRnhdFrpZ4ammIzxiPYclVhQE+azW6fozClDFCvtSlo0U39P5FgYMxGR6xTYJmbZK8T/vF5m4+swZzLNLJVkvijOOLIKFY+jIdOUWD5xBBPN3K2IJFhjYl08FRdCsPzyKmlf1AO/Htxf1hp3T/M4ynACp3AOAVxBA26hCS0gkMAzvMKbJ7wX7937mLeWvEWEx/AH3ucPKG+Ouw==</latexit><latexit sha1_base64="szJN/Fxv5TTFdC133EH16raRRUg=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk9nskHksM7NCWAJ+gRcPinj1h7z5N84mOWhiQUNR1U13V5RyZqzvf3ultfWNza3ydmVnd2//oHp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E45vC7zxSbZiSD3aS0lDgkWQxI9gWUp8kbFCt+XV/BrRKggWpwQLNQfWrP1QkE1RawrExvcBPbZhjbRnhdFrpZ4ammIzxiPYclVhQE+azW6fozClDFCvtSlo0U39P5FgYMxGR6xTYJmbZK8T/vF5m4+swZzLNLJVkvijOOLIKFY+jIdOUWD5xBBPN3K2IJFhjYl08FRdCsPzyKmlf1AO/Htxf1hp3T/M4ynACp3AOAVxBA26hCS0gkMAzvMKbJ7wX7937mLeWvEWEx/AH3ucPKG+Ouw==</latexit>
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<latexit sha1_base64="p4U7HisqZb2U8WFT40P+PRerZ1Y="></latexit><latexit sha1_base64="p4U7HisqZb2U8WFT40P+PRerZ1Y="></latexit><latexit sha1_base64="p4U7HisqZb2U8WFT40P+PRerZ1Y="></latexit><latexit sha1_base64="p4U7HisqZb2U8WFT40P+PRerZ1Y="></latexit><latexit sha1_base64="p4U7HisqZb2U8WFT40P+PRerZ1Y="></latexit>



Proposal for    (Hartle & Hawking ’83) 

Quantum gravity?

but cf. 1111.6090, “Holographic no-boundary measure” 
         1711.10037, “Higher Spin de Sitter Hilbert Space”

 HH [hij ,�]⌃ ⇠
X

M

Z

C
Dgµ⌫D� eiS[gµ⌫ ,�;M]/~

<latexit sha1_base64="p4U7HisqZb2U8WFT40P+PRerZ1Y="></latexit><latexit sha1_base64="p4U7HisqZb2U8WFT40P+PRerZ1Y="></latexit><latexit sha1_base64="p4U7HisqZb2U8WFT40P+PRerZ1Y="></latexit><latexit sha1_base64="p4U7HisqZb2U8WFT40P+PRerZ1Y="></latexit><latexit sha1_base64="p4U7HisqZb2U8WFT40P+PRerZ1Y="></latexit>

(Halliwell & Hartle ’91)



Some principles:

1. Integral should converge 
2.    should satisfy constraints implementing diff. invariance 
(Wheeler-DeWitt eq.) 

3. Classical spacetime on familiar scales should be implied when 
the universe is large 

4. Reproduction of QFT for matter when spacetime is approx. 
classical, i.e. matter fluctuations on a fixed (curved) background 
should be stable

 
<latexit sha1_base64="HrVjpzvbaEAGp2mDdthxB4qGkog=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoF6k4MVjBdcW2qVk02wbmmSXJCuUpX/BiwcVr/4ib/4bs+0etPpg4PHeDDPzolRwYz3vC1VWVtfWN6qbta3tnd29+v7Bg0kyTVlAE5HobkQME1yxwHIrWDfVjMhIsE40uSn8ziPThifq3k5TFkoyUjzmlNhC6rcNH9QbXtObA/8lfkkaUKI9qH/2hwnNJFOWCmJMz/dSG+ZEW04Fm9X6mWEpoRMyYj1HFZHMhPn81hk+ccoQx4l2pSyeqz8nciKNmcrIdUpix2bZK8T/vF5m48sw5yrNLFN0sSjOBLYJLh7HQ64ZtWLqCKGau1sxHRNNqHXx1FwI/vLLf0lw1rxq+nfnjdZ1mUYVjuAYTsGHC2jBLbQhAApjeIIXeEUSPaM39L5oraBy5hB+AX18A1+Pjfo=</latexit><latexit sha1_base64="HrVjpzvbaEAGp2mDdthxB4qGkog=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoF6k4MVjBdcW2qVk02wbmmSXJCuUpX/BiwcVr/4ib/4bs+0etPpg4PHeDDPzolRwYz3vC1VWVtfWN6qbta3tnd29+v7Bg0kyTVlAE5HobkQME1yxwHIrWDfVjMhIsE40uSn8ziPThifq3k5TFkoyUjzmlNhC6rcNH9QbXtObA/8lfkkaUKI9qH/2hwnNJFOWCmJMz/dSG+ZEW04Fm9X6mWEpoRMyYj1HFZHMhPn81hk+ccoQx4l2pSyeqz8nciKNmcrIdUpix2bZK8T/vF5m48sw5yrNLFN0sSjOBLYJLh7HQ64ZtWLqCKGau1sxHRNNqHXx1FwI/vLLf0lw1rxq+nfnjdZ1mUYVjuAYTsGHC2jBLbQhAApjeIIXeEUSPaM39L5oraBy5hB+AX18A1+Pjfo=</latexit><latexit sha1_base64="HrVjpzvbaEAGp2mDdthxB4qGkog=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoF6k4MVjBdcW2qVk02wbmmSXJCuUpX/BiwcVr/4ib/4bs+0etPpg4PHeDDPzolRwYz3vC1VWVtfWN6qbta3tnd29+v7Bg0kyTVlAE5HobkQME1yxwHIrWDfVjMhIsE40uSn8ziPThifq3k5TFkoyUjzmlNhC6rcNH9QbXtObA/8lfkkaUKI9qH/2hwnNJFOWCmJMz/dSG+ZEW04Fm9X6mWEpoRMyYj1HFZHMhPn81hk+ccoQx4l2pSyeqz8nciKNmcrIdUpix2bZK8T/vF5m48sw5yrNLFN0sSjOBLYJLh7HQ64ZtWLqCKGau1sxHRNNqHXx1FwI/vLLf0lw1rxq+nfnjdZ1mUYVjuAYTsGHC2jBLbQhAApjeIIXeEUSPaM39L5oraBy5hB+AX18A1+Pjfo=</latexit><latexit sha1_base64="HrVjpzvbaEAGp2mDdthxB4qGkog=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoF6k4MVjBdcW2qVk02wbmmSXJCuUpX/BiwcVr/4ib/4bs+0etPpg4PHeDDPzolRwYz3vC1VWVtfWN6qbta3tnd29+v7Bg0kyTVlAE5HobkQME1yxwHIrWDfVjMhIsE40uSn8ziPThifq3k5TFkoyUjzmlNhC6rcNH9QbXtObA/8lfkkaUKI9qH/2hwnNJFOWCmJMz/dSG+ZEW04Fm9X6mWEpoRMyYj1HFZHMhPn81hk+ccoQx4l2pSyeqz8nciKNmcrIdUpix2bZK8T/vF5m48sw5yrNLFN0sSjOBLYJLh7HQ64ZtWLqCKGau1sxHRNNqHXx1FwI/vLLf0lw1rxq+nfnjdZ1mUYVjuAYTsGHC2jBLbQhAApjeIIXeEUSPaM39L5oraBy5hB+AX18A1+Pjfo=</latexit><latexit sha1_base64="HrVjpzvbaEAGp2mDdthxB4qGkog=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoF6k4MVjBdcW2qVk02wbmmSXJCuUpX/BiwcVr/4ib/4bs+0etPpg4PHeDDPzolRwYz3vC1VWVtfWN6qbta3tnd29+v7Bg0kyTVlAE5HobkQME1yxwHIrWDfVjMhIsE40uSn8ziPThifq3k5TFkoyUjzmlNhC6rcNH9QbXtObA/8lfkkaUKI9qH/2hwnNJFOWCmJMz/dSG+ZEW04Fm9X6mWEpoRMyYj1HFZHMhPn81hk+ccoQx4l2pSyeqz8nciKNmcrIdUpix2bZK8T/vF5m48sw5yrNLFN0sSjOBLYJLh7HQ64ZtWLqCKGau1sxHRNNqHXx1FwI/vLLf0lw1rxq+nfnjdZ1mUYVjuAYTsGHC2jBLbQhAApjeIIXeEUSPaM39L5oraBy5hB+AX18A1+Pjfo=</latexit>

Proposal for    (Hartle & Hawking ’83) 
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Some principles:

1. Integral should converge 
2.    should satisfy constraints implementing diff. invariance 
(Wheeler-DeWitt eq.) 

3. Classical spacetime on familiar scales should be implied when 
the universe is large 

4. Reproduction of QFT for matter when spacetime is approx. 
classical, i.e. matter fluctuations on a fixed (curved) background 
should be stable
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Proposal for    (Hartle & Hawking ’83) 

Feldbrugge et al. don’t satisfy these points 
because of insistence on Lorentzian contour
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Minisuperspace quantum cosmology: 
the general programme

Path integral over all physical dof. in GR too difficult technically. 
The best we have been able to do is “truncate” the theory down 
to a small number of fields of a single variable: minisuperspaces

Typically only time reparametrization invariance and isotropic fields 
are kept. Manifold decomposed into 3+1, and we consider metric 
Anzätze / action
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Classical reparametrization invariance leads to constraint H = 0
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Classical reparametrization invariance leads to constraint H = 0
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In quantum theory: physical state          annihilated by the operator 
version of the constraint
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In position space:

(Wheeler-DeWitt eq.)
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<latexit sha1_base64="onfW/cE7/qVKawnT70J9T29DaTk=">AAACDnicbVDLSgNBEJyNrxhfqx69DAYlQgi7Iqh4CfEiCBLBmEASQ+9kNhky+3BmVgjL/oEXf8WLBxWvnr35N84mOWhiQUNR1U13lxNyJpVlfRuZufmFxaXscm5ldW19w9zcupVBJAitkYAHouGApJz5tKaY4rQRCgqew2ndGZynfv2BCskC/0YNQ9r2oOczlxFQWuqY+5eFlgeq7woYxPfJXQt42Ifi1dlIJcDjSlK0Djpm3ipZI+BZYk9IHk1Q7ZhfrW5AIo/6inCQsmlboWrHIBQjnCa5ViRpCGQAPdrU1AePynY8+ifBe1rpYjcQunyFR+rviRg8KYeeozvTK+W0l4r/ec1IuSftmPlhpKhPxovciGMV4DQc3GWCEsWHmgARTN+KSR8EEKUjzOkQ7OmXZ0ntsHRasq+P8uXKJI0s2kG7qIBsdIzK6AJVUQ0R9Iie0St6M56MF+Pd+Bi3ZozJzDb6A+PzB5FSm+s=</latexit><latexit sha1_base64="onfW/cE7/qVKawnT70J9T29DaTk=">AAACDnicbVDLSgNBEJyNrxhfqx69DAYlQgi7Iqh4CfEiCBLBmEASQ+9kNhky+3BmVgjL/oEXf8WLBxWvnr35N84mOWhiQUNR1U13lxNyJpVlfRuZufmFxaXscm5ldW19w9zcupVBJAitkYAHouGApJz5tKaY4rQRCgqew2ndGZynfv2BCskC/0YNQ9r2oOczlxFQWuqY+5eFlgeq7woYxPfJXQt42Ifi1dlIJcDjSlK0Djpm3ipZI+BZYk9IHk1Q7ZhfrW5AIo/6inCQsmlboWrHIBQjnCa5ViRpCGQAPdrU1AePynY8+ifBe1rpYjcQunyFR+rviRg8KYeeozvTK+W0l4r/ec1IuSftmPlhpKhPxovciGMV4DQc3GWCEsWHmgARTN+KSR8EEKUjzOkQ7OmXZ0ntsHRasq+P8uXKJI0s2kG7qIBsdIzK6AJVUQ0R9Iie0St6M56MF+Pd+Bi3ZozJzDb6A+PzB5FSm+s=</latexit><latexit sha1_base64="onfW/cE7/qVKawnT70J9T29DaTk=">AAACDnicbVDLSgNBEJyNrxhfqx69DAYlQgi7Iqh4CfEiCBLBmEASQ+9kNhky+3BmVgjL/oEXf8WLBxWvnr35N84mOWhiQUNR1U13lxNyJpVlfRuZufmFxaXscm5ldW19w9zcupVBJAitkYAHouGApJz5tKaY4rQRCgqew2ndGZynfv2BCskC/0YNQ9r2oOczlxFQWuqY+5eFlgeq7woYxPfJXQt42Ifi1dlIJcDjSlK0Djpm3ipZI+BZYk9IHk1Q7ZhfrW5AIo/6inCQsmlboWrHIBQjnCa5ViRpCGQAPdrU1AePynY8+ifBe1rpYjcQunyFR+rviRg8KYeeozvTK+W0l4r/ec1IuSftmPlhpKhPxovciGMV4DQc3GWCEsWHmgARTN+KSR8EEKUjzOkQ7OmXZ0ntsHRasq+P8uXKJI0s2kG7qIBsdIzK6AJVUQ0R9Iie0St6M56MF+Pd+Bi3ZozJzDb6A+PzB5FSm+s=</latexit><latexit sha1_base64="onfW/cE7/qVKawnT70J9T29DaTk=">AAACDnicbVDLSgNBEJyNrxhfqx69DAYlQgi7Iqh4CfEiCBLBmEASQ+9kNhky+3BmVgjL/oEXf8WLBxWvnr35N84mOWhiQUNR1U13lxNyJpVlfRuZufmFxaXscm5ldW19w9zcupVBJAitkYAHouGApJz5tKaY4rQRCgqew2ndGZynfv2BCskC/0YNQ9r2oOczlxFQWuqY+5eFlgeq7woYxPfJXQt42Ifi1dlIJcDjSlK0Djpm3ipZI+BZYk9IHk1Q7ZhfrW5AIo/6inCQsmlboWrHIBQjnCa5ViRpCGQAPdrU1AePynY8+ifBe1rpYjcQunyFR+rviRg8KYeeozvTK+W0l4r/ec1IuSftmPlhpKhPxovciGMV4DQc3GWCEsWHmgARTN+KSR8EEKUjzOkQ7OmXZ0ntsHRasq+P8uXKJI0s2kG7qIBsdIzK6AJVUQ0R9Iie0St6M56MF+Pd+Bi3ZozJzDb6A+PzB5FSm+s=</latexit><latexit sha1_base64="onfW/cE7/qVKawnT70J9T29DaTk=">AAACDnicbVDLSgNBEJyNrxhfqx69DAYlQgi7Iqh4CfEiCBLBmEASQ+9kNhky+3BmVgjL/oEXf8WLBxWvnr35N84mOWhiQUNR1U13lxNyJpVlfRuZufmFxaXscm5ldW19w9zcupVBJAitkYAHouGApJz5tKaY4rQRCgqew2ndGZynfv2BCskC/0YNQ9r2oOczlxFQWuqY+5eFlgeq7woYxPfJXQt42Ifi1dlIJcDjSlK0Djpm3ipZI+BZYk9IHk1Q7ZhfrW5AIo/6inCQsmlboWrHIBQjnCa5ViRpCGQAPdrU1AePynY8+ifBe1rpYjcQunyFR+rviRg8KYeeozvTK+W0l4r/ec1IuSftmPlhpKhPxovciGMV4DQc3GWCEsWHmgARTN+KSR8EEKUjzOkQ7OmXZ0ntsHRasq+P8uXKJI0s2kG7qIBsdIzK6AJVUQ0R9Iie0St6M56MF+Pd+Bi3ZozJzDb6A+PzB5FSm+s=</latexit>

propagator

HK = i~ @NK
<latexit sha1_base64="znWNmy/HoLViWjpFFU8IAFuBm3Q=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovgQkoigroQim4KBalgbKEJYTKdtEMnkzAzEUroyo2/4saFilv/wZ1/46TNQlsPXDicc+/MvSdIGJXKsr6N0sLi0vJKebWytr6xuWVu79zLOBWYODhmsegESBJGOXEUVYx0EkFQFDDSDobXud9+IELSmN+pUUK8CPU5DSlGSku+ud+ATXgJKXQHARLQPYZugoSiiPk3sOmbVatmTQDniV2QKijQ8s0vtxfjNCJcYYak7NpWorwsfxEzMq64qSQJwkPUJ11NOYqI9LLJGWN4qJUeDGOhiys4UX9PZCiSchQFujNCaiBnvVz8z+umKjz3MsqTVBGOpx+FKYMqhnkmsEcFwYqNNEFYUL0rxAMkEFY6uYoOwZ49eZ44J7WLmn17Wq1fFWmUwR44AEfABmegDhqgBRyAwSN4Bq/gzXgyXox342PaWjKKmV3wB8bnD/rxlnw=</latexit><latexit sha1_base64="znWNmy/HoLViWjpFFU8IAFuBm3Q=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovgQkoigroQim4KBalgbKEJYTKdtEMnkzAzEUroyo2/4saFilv/wZ1/46TNQlsPXDicc+/MvSdIGJXKsr6N0sLi0vJKebWytr6xuWVu79zLOBWYODhmsegESBJGOXEUVYx0EkFQFDDSDobXud9+IELSmN+pUUK8CPU5DSlGSku+ud+ATXgJKXQHARLQPYZugoSiiPk3sOmbVatmTQDniV2QKijQ8s0vtxfjNCJcYYak7NpWorwsfxEzMq64qSQJwkPUJ11NOYqI9LLJGWN4qJUeDGOhiys4UX9PZCiSchQFujNCaiBnvVz8z+umKjz3MsqTVBGOpx+FKYMqhnkmsEcFwYqNNEFYUL0rxAMkEFY6uYoOwZ49eZ44J7WLmn17Wq1fFWmUwR44AEfABmegDhqgBRyAwSN4Bq/gzXgyXox342PaWjKKmV3wB8bnD/rxlnw=</latexit><latexit sha1_base64="znWNmy/HoLViWjpFFU8IAFuBm3Q=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovgQkoigroQim4KBalgbKEJYTKdtEMnkzAzEUroyo2/4saFilv/wZ1/46TNQlsPXDicc+/MvSdIGJXKsr6N0sLi0vJKebWytr6xuWVu79zLOBWYODhmsegESBJGOXEUVYx0EkFQFDDSDobXud9+IELSmN+pUUK8CPU5DSlGSku+ud+ATXgJKXQHARLQPYZugoSiiPk3sOmbVatmTQDniV2QKijQ8s0vtxfjNCJcYYak7NpWorwsfxEzMq64qSQJwkPUJ11NOYqI9LLJGWN4qJUeDGOhiys4UX9PZCiSchQFujNCaiBnvVz8z+umKjz3MsqTVBGOpx+FKYMqhnkmsEcFwYqNNEFYUL0rxAMkEFY6uYoOwZ49eZ44J7WLmn17Wq1fFWmUwR44AEfABmegDhqgBRyAwSN4Bq/gzXgyXox342PaWjKKmV3wB8bnD/rxlnw=</latexit><latexit sha1_base64="znWNmy/HoLViWjpFFU8IAFuBm3Q=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovgQkoigroQim4KBalgbKEJYTKdtEMnkzAzEUroyo2/4saFilv/wZ1/46TNQlsPXDicc+/MvSdIGJXKsr6N0sLi0vJKebWytr6xuWVu79zLOBWYODhmsegESBJGOXEUVYx0EkFQFDDSDobXud9+IELSmN+pUUK8CPU5DSlGSku+ud+ATXgJKXQHARLQPYZugoSiiPk3sOmbVatmTQDniV2QKijQ8s0vtxfjNCJcYYak7NpWorwsfxEzMq64qSQJwkPUJ11NOYqI9LLJGWN4qJUeDGOhiys4UX9PZCiSchQFujNCaiBnvVz8z+umKjz3MsqTVBGOpx+FKYMqhnkmsEcFwYqNNEFYUL0rxAMkEFY6uYoOwZ49eZ44J7WLmn17Wq1fFWmUwR44AEfABmegDhqgBRyAwSN4Bq/gzXgyXox342PaWjKKmV3wB8bnD/rxlnw=</latexit><latexit sha1_base64="znWNmy/HoLViWjpFFU8IAFuBm3Q=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovgQkoigroQim4KBalgbKEJYTKdtEMnkzAzEUroyo2/4saFilv/wZ1/46TNQlsPXDicc+/MvSdIGJXKsr6N0sLi0vJKebWytr6xuWVu79zLOBWYODhmsegESBJGOXEUVYx0EkFQFDDSDobXud9+IELSmN+pUUK8CPU5DSlGSku+ud+ATXgJKXQHARLQPYZugoSiiPk3sOmbVatmTQDniV2QKijQ8s0vtxfjNCJcYYak7NpWorwsfxEzMq64qSQJwkPUJ11NOYqI9LLJGWN4qJUeDGOhiys4UX9PZCiSchQFujNCaiBnvVz8z+umKjz3MsqTVBGOpx+FKYMqhnkmsEcFwYqNNEFYUL0rxAMkEFY6uYoOwZ49eZ44J7WLmn17Wq1fFWmUwR44AEfABmegDhqgBRyAwSN4Bq/gzXgyXox342PaWjKKmV3wB8bnD/rxlnw=</latexit>

Schrödinger equation:

With suitable contour    , 
      solves the WDW equation

C
<latexit sha1_base64="YHkZVOty1Gg2I20q8ot2yrp/rJo=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irgnor9uKxgmsL26Vk02wbmk2WJCuUpT/DiwcVr/4bb/4bs+0etHUgMMy8R+ZNlHKmjet+O5W19Y3Nrep2bWd3b/+gfnj0qGWmCPWJ5FL1IqwpZ4L6hhlOe6miOIk47UaTduF3n6jSTIoHM01pmOCRYDEj2Fgp6CfYjAnmeXs2qDfcpjsHWiVeSRpQojOof/WHkmQJFYZwrHXguakJc6wMI5zOav1M0xSTCR7RwFKBE6rDfB55hs6sMkSxVPYJg+bq740cJ1pPk8hOFhH1sleI/3lBZuLrMGcizQwVZPFRnHFkJCruR0OmKDF8agkmitmsiIyxwsTYlmq2BG/55FXiXzRvmt79ZaN1W7ZRhRM4hXPw4ApacAcd8IGAhGd4hTfHOC/Ou/OxGK045c4x/IHz+QPdrJEt</latexit><latexit sha1_base64="YHkZVOty1Gg2I20q8ot2yrp/rJo=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irgnor9uKxgmsL26Vk02wbmk2WJCuUpT/DiwcVr/4bb/4bs+0etHUgMMy8R+ZNlHKmjet+O5W19Y3Nrep2bWd3b/+gfnj0qGWmCPWJ5FL1IqwpZ4L6hhlOe6miOIk47UaTduF3n6jSTIoHM01pmOCRYDEj2Fgp6CfYjAnmeXs2qDfcpjsHWiVeSRpQojOof/WHkmQJFYZwrHXguakJc6wMI5zOav1M0xSTCR7RwFKBE6rDfB55hs6sMkSxVPYJg+bq740cJ1pPk8hOFhH1sleI/3lBZuLrMGcizQwVZPFRnHFkJCruR0OmKDF8agkmitmsiIyxwsTYlmq2BG/55FXiXzRvmt79ZaN1W7ZRhRM4hXPw4ApacAcd8IGAhGd4hTfHOC/Ou/OxGK045c4x/IHz+QPdrJEt</latexit><latexit sha1_base64="YHkZVOty1Gg2I20q8ot2yrp/rJo=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irgnor9uKxgmsL26Vk02wbmk2WJCuUpT/DiwcVr/4bb/4bs+0etHUgMMy8R+ZNlHKmjet+O5W19Y3Nrep2bWd3b/+gfnj0qGWmCPWJ5FL1IqwpZ4L6hhlOe6miOIk47UaTduF3n6jSTIoHM01pmOCRYDEj2Fgp6CfYjAnmeXs2qDfcpjsHWiVeSRpQojOof/WHkmQJFYZwrHXguakJc6wMI5zOav1M0xSTCR7RwFKBE6rDfB55hs6sMkSxVPYJg+bq740cJ1pPk8hOFhH1sleI/3lBZuLrMGcizQwVZPFRnHFkJCruR0OmKDF8agkmitmsiIyxwsTYlmq2BG/55FXiXzRvmt79ZaN1W7ZRhRM4hXPw4ApacAcd8IGAhGd4hTfHOC/Ou/OxGK045c4x/IHz+QPdrJEt</latexit><latexit sha1_base64="YHkZVOty1Gg2I20q8ot2yrp/rJo=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irgnor9uKxgmsL26Vk02wbmk2WJCuUpT/DiwcVr/4bb/4bs+0etHUgMMy8R+ZNlHKmjet+O5W19Y3Nrep2bWd3b/+gfnj0qGWmCPWJ5FL1IqwpZ4L6hhlOe6miOIk47UaTduF3n6jSTIoHM01pmOCRYDEj2Fgp6CfYjAnmeXs2qDfcpjsHWiVeSRpQojOof/WHkmQJFYZwrHXguakJc6wMI5zOav1M0xSTCR7RwFKBE6rDfB55hs6sMkSxVPYJg+bq740cJ1pPk8hOFhH1sleI/3lBZuLrMGcizQwVZPFRnHFkJCruR0OmKDF8agkmitmsiIyxwsTYlmq2BG/55FXiXzRvmt79ZaN1W7ZRhRM4hXPw4ApacAcd8IGAhGd4hTfHOC/Ou/OxGK045c4x/IHz+QPdrJEt</latexit><latexit sha1_base64="YHkZVOty1Gg2I20q8ot2yrp/rJo=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irgnor9uKxgmsL26Vk02wbmk2WJCuUpT/DiwcVr/4bb/4bs+0etHUgMMy8R+ZNlHKmjet+O5W19Y3Nrep2bWd3b/+gfnj0qGWmCPWJ5FL1IqwpZ4L6hhlOe6miOIk47UaTduF3n6jSTIoHM01pmOCRYDEj2Fgp6CfYjAnmeXs2qDfcpjsHWiVeSRpQojOof/WHkmQJFYZwrHXguakJc6wMI5zOav1M0xSTCR7RwFKBE6rDfB55hs6sMkSxVPYJg+bq740cJ1pPk8hOFhH1sleI/3lBZuLrMGcizQwVZPFRnHFkJCruR0OmKDF8agkmitmsiIyxwsTYlmq2BG/55FXiXzRvmt79ZaN1W7ZRhRM4hXPw4ApacAcd8IGAhGd4hTfHOC/Ou/OxGK045c4x/IHz+QPdrJEt</latexit>

 
<latexit sha1_base64="WlPFyIJWOBOmBEhTIIek2WAzjsQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kftvwQb3hNb058F/il6QBJdqD+md/mNBMMmWpIMb0fC+1YU605VSwWa2fGZYSOiEj1nNUEclMmM9vneETpwxxnGhXyuK5+nMiJ9KYqYxcpyR2bJa9QvzP62U2vgxzrtLMMkUXi+JMYJvg4nE85JpRK6aOEKq5uxXTMdGEWhdPzYXgL7/8lwRnzaumf3feaF2XaVThCI7hFHy4gBbcQhsCoDCGJ3iBVyTRM3pD74vWCipnDuEX0Mc3YMON/g==</latexit><latexit sha1_base64="WlPFyIJWOBOmBEhTIIek2WAzjsQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kftvwQb3hNb058F/il6QBJdqD+md/mNBMMmWpIMb0fC+1YU605VSwWa2fGZYSOiEj1nNUEclMmM9vneETpwxxnGhXyuK5+nMiJ9KYqYxcpyR2bJa9QvzP62U2vgxzrtLMMkUXi+JMYJvg4nE85JpRK6aOEKq5uxXTMdGEWhdPzYXgL7/8lwRnzaumf3feaF2XaVThCI7hFHy4gBbcQhsCoDCGJ3iBVyTRM3pD74vWCipnDuEX0Mc3YMON/g==</latexit><latexit sha1_base64="WlPFyIJWOBOmBEhTIIek2WAzjsQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kftvwQb3hNb058F/il6QBJdqD+md/mNBMMmWpIMb0fC+1YU605VSwWa2fGZYSOiEj1nNUEclMmM9vneETpwxxnGhXyuK5+nMiJ9KYqYxcpyR2bJa9QvzP62U2vgxzrtLMMkUXi+JMYJvg4nE85JpRK6aOEKq5uxXTMdGEWhdPzYXgL7/8lwRnzaumf3feaF2XaVThCI7hFHy4gBbcQhsCoDCGJ3iBVyTRM3pD74vWCipnDuEX0Mc3YMON/g==</latexit><latexit sha1_base64="WlPFyIJWOBOmBEhTIIek2WAzjsQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kftvwQb3hNb058F/il6QBJdqD+md/mNBMMmWpIMb0fC+1YU605VSwWa2fGZYSOiEj1nNUEclMmM9vneETpwxxnGhXyuK5+nMiJ9KYqYxcpyR2bJa9QvzP62U2vgxzrtLMMkUXi+JMYJvg4nE85JpRK6aOEKq5uxXTMdGEWhdPzYXgL7/8lwRnzaumf3feaF2XaVThCI7hFHy4gBbcQhsCoDCGJ3iBVyTRM3pD74vWCipnDuEX0Mc3YMON/g==</latexit><latexit sha1_base64="WlPFyIJWOBOmBEhTIIek2WAzjsQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kftvwQb3hNb058F/il6QBJdqD+md/mNBMMmWpIMb0fC+1YU605VSwWa2fGZYSOiEj1nNUEclMmM9vneETpwxxnGhXyuK5+nMiJ9KYqYxcpyR2bJa9QvzP62U2vgxzrtLMMkUXi+JMYJvg4nE85JpRK6aOEKq5uxXTMdGEWhdPzYXgL7/8lwRnzaumf3feaF2XaVThCI7hFHy4gBbcQhsCoDCGJ3iBVyTRM3pD74vWCipnDuEX0Mc3YMON/g==</latexit>

H = 0
<latexit sha1_base64="nK/SqZ05PKEHV5D54Foc1vhLVdo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0UuPFYwttqFsttN26WYTdjdCCf0XXjyoePXnePPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3U795hMqzWN5b8YJBhEdSN7njBorPdZJp6E5uSZut1xxq+4MZJl4OalAjka3/NXpxSyNUBomqNZtz01MkFFlOBM4KXVSjQllIzrAtqWSRqiDbHbxhJxYpUf6sbIlDZmpvycyGmk9jkLbGVEz1IveVPzPa6emfxlkXCapQcnmi/qpICYm0/dJjytkRowtoUxxeythQ6ooMzakkg3BW3x5mfhn1auqd3deqd3kaRThCI7hFDy4gBrUoQE+MJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AOvWj08=</latexit><latexit sha1_base64="nK/SqZ05PKEHV5D54Foc1vhLVdo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0UuPFYwttqFsttN26WYTdjdCCf0XXjyoePXnePPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3U795hMqzWN5b8YJBhEdSN7njBorPdZJp6E5uSZut1xxq+4MZJl4OalAjka3/NXpxSyNUBomqNZtz01MkFFlOBM4KXVSjQllIzrAtqWSRqiDbHbxhJxYpUf6sbIlDZmpvycyGmk9jkLbGVEz1IveVPzPa6emfxlkXCapQcnmi/qpICYm0/dJjytkRowtoUxxeythQ6ooMzakkg3BW3x5mfhn1auqd3deqd3kaRThCI7hFDy4gBrUoQE+MJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AOvWj08=</latexit><latexit sha1_base64="nK/SqZ05PKEHV5D54Foc1vhLVdo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0UuPFYwttqFsttN26WYTdjdCCf0XXjyoePXnePPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3U795hMqzWN5b8YJBhEdSN7njBorPdZJp6E5uSZut1xxq+4MZJl4OalAjka3/NXpxSyNUBomqNZtz01MkFFlOBM4KXVSjQllIzrAtqWSRqiDbHbxhJxYpUf6sbIlDZmpvycyGmk9jkLbGVEz1IveVPzPa6emfxlkXCapQcnmi/qpICYm0/dJjytkRowtoUxxeythQ6ooMzakkg3BW3x5mfhn1auqd3deqd3kaRThCI7hFDy4gBrUoQE+MJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AOvWj08=</latexit><latexit sha1_base64="nK/SqZ05PKEHV5D54Foc1vhLVdo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0UuPFYwttqFsttN26WYTdjdCCf0XXjyoePXnePPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3U795hMqzWN5b8YJBhEdSN7njBorPdZJp6E5uSZut1xxq+4MZJl4OalAjka3/NXpxSyNUBomqNZtz01MkFFlOBM4KXVSjQllIzrAtqWSRqiDbHbxhJxYpUf6sbIlDZmpvycyGmk9jkLbGVEz1IveVPzPa6emfxlkXCapQcnmi/qpICYm0/dJjytkRowtoUxxeythQ6ooMzakkg3BW3x5mfhn1auqd3deqd3kaRThCI7hFDy4gBrUoQE+MJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AOvWj08=</latexit><latexit sha1_base64="nK/SqZ05PKEHV5D54Foc1vhLVdo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0UuPFYwttqFsttN26WYTdjdCCf0XXjyoePXnePPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3U795hMqzWN5b8YJBhEdSN7njBorPdZJp6E5uSZut1xxq+4MZJl4OalAjka3/NXpxSyNUBomqNZtz01MkFFlOBM4KXVSjQllIzrAtqWSRqiDbHbxhJxYpUf6sbIlDZmpvycyGmk9jkLbGVEz1IveVPzPa6emfxlkXCapQcnmi/qpICYm0/dJjytkRowtoUxxeythQ6ooMzakkg3BW3x5mfhn1auqd3deqd3kaRThCI7hFDy4gBrUoQE+MJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AOvWj08=</latexit>

B
<latexit sha1_base64="9yS46ZJ2v59MzugIyFBx/G+sBTA="></latexit><latexit sha1_base64="9yS46ZJ2v59MzugIyFBx/G+sBTA="></latexit><latexit sha1_base64="9yS46ZJ2v59MzugIyFBx/G+sBTA="></latexit><latexit sha1_base64="9yS46ZJ2v59MzugIyFBx/G+sBTA="></latexit><latexit sha1_base64="9yS46ZJ2v59MzugIyFBx/G+sBTA="></latexit>

q↵
<latexit sha1_base64="hRoixWFEqkant0ol5D3SHJvczqE="></latexit><latexit sha1_base64="hRoixWFEqkant0ol5D3SHJvczqE="></latexit><latexit sha1_base64="hRoixWFEqkant0ol5D3SHJvczqE="></latexit><latexit sha1_base64="hRoixWFEqkant0ol5D3SHJvczqE="></latexit><latexit sha1_base64="hRoixWFEqkant0ol5D3SHJvczqE="></latexit>

⌧ = 1
<latexit sha1_base64="fZlA1jTL7c0944E/Fcp+pnE3N7k="></latexit><latexit sha1_base64="fZlA1jTL7c0944E/Fcp+pnE3N7k="></latexit><latexit sha1_base64="fZlA1jTL7c0944E/Fcp+pnE3N7k="></latexit><latexit sha1_base64="fZlA1jTL7c0944E/Fcp+pnE3N7k="></latexit><latexit sha1_base64="fZlA1jTL7c0944E/Fcp+pnE3N7k="></latexit>

⌧ = 0
<latexit sha1_base64="z1R/TXy5fJ+t3TlMUN3N4fHsqSw="></latexit><latexit sha1_base64="z1R/TXy5fJ+t3TlMUN3N4fHsqSw="></latexit><latexit sha1_base64="z1R/TXy5fJ+t3TlMUN3N4fHsqSw="></latexit><latexit sha1_base64="z1R/TXy5fJ+t3TlMUN3N4fHsqSw="></latexit><latexit sha1_base64="z1R/TXy5fJ+t3TlMUN3N4fHsqSw="></latexit>

N
<latexit sha1_base64="fpKPykkKfi8SQNN/I4aJ4U+InTU="></latexit><latexit sha1_base64="fpKPykkKfi8SQNN/I4aJ4U+InTU="></latexit><latexit sha1_base64="fpKPykkKfi8SQNN/I4aJ4U+InTU="></latexit><latexit sha1_base64="fpKPykkKfi8SQNN/I4aJ4U+InTU="></latexit><latexit sha1_base64="fpKPykkKfi8SQNN/I4aJ4U+InTU="></latexit>

M, C
<latexit sha1_base64="UJELcGcnEXV4t2StXDWF04Iziio="></latexit><latexit sha1_base64="UJELcGcnEXV4t2StXDWF04Iziio="></latexit><latexit sha1_base64="UJELcGcnEXV4t2StXDWF04Iziio="></latexit><latexit sha1_base64="UJELcGcnEXV4t2StXDWF04Iziio="></latexit><latexit sha1_base64="UJELcGcnEXV4t2StXDWF04Iziio="></latexit>

Minisuperspace quantum cosmology: 
the general programme



 (q↵) =
X

M

Z

C
dN

q↵(1)=q↵Z

B
Dq↵ D⇧↵ eiS[q,⇧;N ]/~

<latexit sha1_base64="pFx9cDWq2xZACkb/XSfxlReCtDA="></latexit><latexit sha1_base64="pFx9cDWq2xZACkb/XSfxlReCtDA="></latexit><latexit sha1_base64="pFx9cDWq2xZACkb/XSfxlReCtDA="></latexit><latexit sha1_base64="pFx9cDWq2xZACkb/XSfxlReCtDA="></latexit><latexit sha1_base64="pFx9cDWq2xZACkb/XSfxlReCtDA="></latexit>

K(q↵, N ;B, 0)
<latexit sha1_base64="onfW/cE7/qVKawnT70J9T29DaTk=">AAACDnicbVDLSgNBEJyNrxhfqx69DAYlQgi7Iqh4CfEiCBLBmEASQ+9kNhky+3BmVgjL/oEXf8WLBxWvnr35N84mOWhiQUNR1U13lxNyJpVlfRuZufmFxaXscm5ldW19w9zcupVBJAitkYAHouGApJz5tKaY4rQRCgqew2ndGZynfv2BCskC/0YNQ9r2oOczlxFQWuqY+5eFlgeq7woYxPfJXQt42Ifi1dlIJcDjSlK0Djpm3ipZI+BZYk9IHk1Q7ZhfrW5AIo/6inCQsmlboWrHIBQjnCa5ViRpCGQAPdrU1AePynY8+ifBe1rpYjcQunyFR+rviRg8KYeeozvTK+W0l4r/ec1IuSftmPlhpKhPxovciGMV4DQc3GWCEsWHmgARTN+KSR8EEKUjzOkQ7OmXZ0ntsHRasq+P8uXKJI0s2kG7qIBsdIzK6AJVUQ0R9Iie0St6M56MF+Pd+Bi3ZozJzDb6A+PzB5FSm+s=</latexit><latexit sha1_base64="onfW/cE7/qVKawnT70J9T29DaTk=">AAACDnicbVDLSgNBEJyNrxhfqx69DAYlQgi7Iqh4CfEiCBLBmEASQ+9kNhky+3BmVgjL/oEXf8WLBxWvnr35N84mOWhiQUNR1U13lxNyJpVlfRuZufmFxaXscm5ldW19w9zcupVBJAitkYAHouGApJz5tKaY4rQRCgqew2ndGZynfv2BCskC/0YNQ9r2oOczlxFQWuqY+5eFlgeq7woYxPfJXQt42Ifi1dlIJcDjSlK0Djpm3ipZI+BZYk9IHk1Q7ZhfrW5AIo/6inCQsmlboWrHIBQjnCa5ViRpCGQAPdrU1AePynY8+ifBe1rpYjcQunyFR+rviRg8KYeeozvTK+W0l4r/ec1IuSftmPlhpKhPxovciGMV4DQc3GWCEsWHmgARTN+KSR8EEKUjzOkQ7OmXZ0ntsHRasq+P8uXKJI0s2kG7qIBsdIzK6AJVUQ0R9Iie0St6M56MF+Pd+Bi3ZozJzDb6A+PzB5FSm+s=</latexit><latexit sha1_base64="onfW/cE7/qVKawnT70J9T29DaTk=">AAACDnicbVDLSgNBEJyNrxhfqx69DAYlQgi7Iqh4CfEiCBLBmEASQ+9kNhky+3BmVgjL/oEXf8WLBxWvnr35N84mOWhiQUNR1U13lxNyJpVlfRuZufmFxaXscm5ldW19w9zcupVBJAitkYAHouGApJz5tKaY4rQRCgqew2ndGZynfv2BCskC/0YNQ9r2oOczlxFQWuqY+5eFlgeq7woYxPfJXQt42Ifi1dlIJcDjSlK0Djpm3ipZI+BZYk9IHk1Q7ZhfrW5AIo/6inCQsmlboWrHIBQjnCa5ViRpCGQAPdrU1AePynY8+ifBe1rpYjcQunyFR+rviRg8KYeeozvTK+W0l4r/ec1IuSftmPlhpKhPxovciGMV4DQc3GWCEsWHmgARTN+KSR8EEKUjzOkQ7OmXZ0ntsHRasq+P8uXKJI0s2kG7qIBsdIzK6AJVUQ0R9Iie0St6M56MF+Pd+Bi3ZozJzDb6A+PzB5FSm+s=</latexit><latexit sha1_base64="onfW/cE7/qVKawnT70J9T29DaTk=">AAACDnicbVDLSgNBEJyNrxhfqx69DAYlQgi7Iqh4CfEiCBLBmEASQ+9kNhky+3BmVgjL/oEXf8WLBxWvnr35N84mOWhiQUNR1U13lxNyJpVlfRuZufmFxaXscm5ldW19w9zcupVBJAitkYAHouGApJz5tKaY4rQRCgqew2ndGZynfv2BCskC/0YNQ9r2oOczlxFQWuqY+5eFlgeq7woYxPfJXQt42Ifi1dlIJcDjSlK0Djpm3ipZI+BZYk9IHk1Q7ZhfrW5AIo/6inCQsmlboWrHIBQjnCa5ViRpCGQAPdrU1AePynY8+ifBe1rpYjcQunyFR+rviRg8KYeeozvTK+W0l4r/ec1IuSftmPlhpKhPxovciGMV4DQc3GWCEsWHmgARTN+KSR8EEKUjzOkQ7OmXZ0ntsHRasq+P8uXKJI0s2kG7qIBsdIzK6AJVUQ0R9Iie0St6M56MF+Pd+Bi3ZozJzDb6A+PzB5FSm+s=</latexit><latexit sha1_base64="onfW/cE7/qVKawnT70J9T29DaTk=">AAACDnicbVDLSgNBEJyNrxhfqx69DAYlQgi7Iqh4CfEiCBLBmEASQ+9kNhky+3BmVgjL/oEXf8WLBxWvnr35N84mOWhiQUNR1U13lxNyJpVlfRuZufmFxaXscm5ldW19w9zcupVBJAitkYAHouGApJz5tKaY4rQRCgqew2ndGZynfv2BCskC/0YNQ9r2oOczlxFQWuqY+5eFlgeq7woYxPfJXQt42Ifi1dlIJcDjSlK0Djpm3ipZI+BZYk9IHk1Q7ZhfrW5AIo/6inCQsmlboWrHIBQjnCa5ViRpCGQAPdrU1AePynY8+ifBe1rpYjcQunyFR+rviRg8KYeeozvTK+W0l4r/ec1IuSftmPlhpKhPxovciGMV4DQc3GWCEsWHmgARTN+KSR8EEKUjzOkQ7OmXZ0ntsHRasq+P8uXKJI0s2kG7qIBsdIzK6AJVUQ0R9Iie0St6M56MF+Pd+Bi3ZozJzDb6A+PzB5FSm+s=</latexit>

propagator

HK = i~ @NK
<latexit sha1_base64="znWNmy/HoLViWjpFFU8IAFuBm3Q=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovgQkoigroQim4KBalgbKEJYTKdtEMnkzAzEUroyo2/4saFilv/wZ1/46TNQlsPXDicc+/MvSdIGJXKsr6N0sLi0vJKebWytr6xuWVu79zLOBWYODhmsegESBJGOXEUVYx0EkFQFDDSDobXud9+IELSmN+pUUK8CPU5DSlGSku+ud+ATXgJKXQHARLQPYZugoSiiPk3sOmbVatmTQDniV2QKijQ8s0vtxfjNCJcYYak7NpWorwsfxEzMq64qSQJwkPUJ11NOYqI9LLJGWN4qJUeDGOhiys4UX9PZCiSchQFujNCaiBnvVz8z+umKjz3MsqTVBGOpx+FKYMqhnkmsEcFwYqNNEFYUL0rxAMkEFY6uYoOwZ49eZ44J7WLmn17Wq1fFWmUwR44AEfABmegDhqgBRyAwSN4Bq/gzXgyXox342PaWjKKmV3wB8bnD/rxlnw=</latexit><latexit sha1_base64="znWNmy/HoLViWjpFFU8IAFuBm3Q=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovgQkoigroQim4KBalgbKEJYTKdtEMnkzAzEUroyo2/4saFilv/wZ1/46TNQlsPXDicc+/MvSdIGJXKsr6N0sLi0vJKebWytr6xuWVu79zLOBWYODhmsegESBJGOXEUVYx0EkFQFDDSDobXud9+IELSmN+pUUK8CPU5DSlGSku+ud+ATXgJKXQHARLQPYZugoSiiPk3sOmbVatmTQDniV2QKijQ8s0vtxfjNCJcYYak7NpWorwsfxEzMq64qSQJwkPUJ11NOYqI9LLJGWN4qJUeDGOhiys4UX9PZCiSchQFujNCaiBnvVz8z+umKjz3MsqTVBGOpx+FKYMqhnkmsEcFwYqNNEFYUL0rxAMkEFY6uYoOwZ49eZ44J7WLmn17Wq1fFWmUwR44AEfABmegDhqgBRyAwSN4Bq/gzXgyXox342PaWjKKmV3wB8bnD/rxlnw=</latexit><latexit sha1_base64="znWNmy/HoLViWjpFFU8IAFuBm3Q=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovgQkoigroQim4KBalgbKEJYTKdtEMnkzAzEUroyo2/4saFilv/wZ1/46TNQlsPXDicc+/MvSdIGJXKsr6N0sLi0vJKebWytr6xuWVu79zLOBWYODhmsegESBJGOXEUVYx0EkFQFDDSDobXud9+IELSmN+pUUK8CPU5DSlGSku+ud+ATXgJKXQHARLQPYZugoSiiPk3sOmbVatmTQDniV2QKijQ8s0vtxfjNCJcYYak7NpWorwsfxEzMq64qSQJwkPUJ11NOYqI9LLJGWN4qJUeDGOhiys4UX9PZCiSchQFujNCaiBnvVz8z+umKjz3MsqTVBGOpx+FKYMqhnkmsEcFwYqNNEFYUL0rxAMkEFY6uYoOwZ49eZ44J7WLmn17Wq1fFWmUwR44AEfABmegDhqgBRyAwSN4Bq/gzXgyXox342PaWjKKmV3wB8bnD/rxlnw=</latexit><latexit sha1_base64="znWNmy/HoLViWjpFFU8IAFuBm3Q=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovgQkoigroQim4KBalgbKEJYTKdtEMnkzAzEUroyo2/4saFilv/wZ1/46TNQlsPXDicc+/MvSdIGJXKsr6N0sLi0vJKebWytr6xuWVu79zLOBWYODhmsegESBJGOXEUVYx0EkFQFDDSDobXud9+IELSmN+pUUK8CPU5DSlGSku+ud+ATXgJKXQHARLQPYZugoSiiPk3sOmbVatmTQDniV2QKijQ8s0vtxfjNCJcYYak7NpWorwsfxEzMq64qSQJwkPUJ11NOYqI9LLJGWN4qJUeDGOhiys4UX9PZCiSchQFujNCaiBnvVz8z+umKjz3MsqTVBGOpx+FKYMqhnkmsEcFwYqNNEFYUL0rxAMkEFY6uYoOwZ49eZ44J7WLmn17Wq1fFWmUwR44AEfABmegDhqgBRyAwSN4Bq/gzXgyXox342PaWjKKmV3wB8bnD/rxlnw=</latexit><latexit sha1_base64="znWNmy/HoLViWjpFFU8IAFuBm3Q=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovgQkoigroQim4KBalgbKEJYTKdtEMnkzAzEUroyo2/4saFilv/wZ1/46TNQlsPXDicc+/MvSdIGJXKsr6N0sLi0vJKebWytr6xuWVu79zLOBWYODhmsegESBJGOXEUVYx0EkFQFDDSDobXud9+IELSmN+pUUK8CPU5DSlGSku+ud+ATXgJKXQHARLQPYZugoSiiPk3sOmbVatmTQDniV2QKijQ8s0vtxfjNCJcYYak7NpWorwsfxEzMq64qSQJwkPUJ11NOYqI9LLJGWN4qJUeDGOhiys4UX9PZCiSchQFujNCaiBnvVz8z+umKjz3MsqTVBGOpx+FKYMqhnkmsEcFwYqNNEFYUL0rxAMkEFY6uYoOwZ49eZ44J7WLmn17Wq1fFWmUwR44AEfABmegDhqgBRyAwSN4Bq/gzXgyXox342PaWjKKmV3wB8bnD/rxlnw=</latexit>

Schrödinger equation:

With suitable contour    , 
      solves the WDW equation

C
<latexit sha1_base64="YHkZVOty1Gg2I20q8ot2yrp/rJo=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irgnor9uKxgmsL26Vk02wbmk2WJCuUpT/DiwcVr/4bb/4bs+0etHUgMMy8R+ZNlHKmjet+O5W19Y3Nrep2bWd3b/+gfnj0qGWmCPWJ5FL1IqwpZ4L6hhlOe6miOIk47UaTduF3n6jSTIoHM01pmOCRYDEj2Fgp6CfYjAnmeXs2qDfcpjsHWiVeSRpQojOof/WHkmQJFYZwrHXguakJc6wMI5zOav1M0xSTCR7RwFKBE6rDfB55hs6sMkSxVPYJg+bq740cJ1pPk8hOFhH1sleI/3lBZuLrMGcizQwVZPFRnHFkJCruR0OmKDF8agkmitmsiIyxwsTYlmq2BG/55FXiXzRvmt79ZaN1W7ZRhRM4hXPw4ApacAcd8IGAhGd4hTfHOC/Ou/OxGK045c4x/IHz+QPdrJEt</latexit><latexit sha1_base64="YHkZVOty1Gg2I20q8ot2yrp/rJo=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irgnor9uKxgmsL26Vk02wbmk2WJCuUpT/DiwcVr/4bb/4bs+0etHUgMMy8R+ZNlHKmjet+O5W19Y3Nrep2bWd3b/+gfnj0qGWmCPWJ5FL1IqwpZ4L6hhlOe6miOIk47UaTduF3n6jSTIoHM01pmOCRYDEj2Fgp6CfYjAnmeXs2qDfcpjsHWiVeSRpQojOof/WHkmQJFYZwrHXguakJc6wMI5zOav1M0xSTCR7RwFKBE6rDfB55hs6sMkSxVPYJg+bq740cJ1pPk8hOFhH1sleI/3lBZuLrMGcizQwVZPFRnHFkJCruR0OmKDF8agkmitmsiIyxwsTYlmq2BG/55FXiXzRvmt79ZaN1W7ZRhRM4hXPw4ApacAcd8IGAhGd4hTfHOC/Ou/OxGK045c4x/IHz+QPdrJEt</latexit><latexit sha1_base64="YHkZVOty1Gg2I20q8ot2yrp/rJo=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irgnor9uKxgmsL26Vk02wbmk2WJCuUpT/DiwcVr/4bb/4bs+0etHUgMMy8R+ZNlHKmjet+O5W19Y3Nrep2bWd3b/+gfnj0qGWmCPWJ5FL1IqwpZ4L6hhlOe6miOIk47UaTduF3n6jSTIoHM01pmOCRYDEj2Fgp6CfYjAnmeXs2qDfcpjsHWiVeSRpQojOof/WHkmQJFYZwrHXguakJc6wMI5zOav1M0xSTCR7RwFKBE6rDfB55hs6sMkSxVPYJg+bq740cJ1pPk8hOFhH1sleI/3lBZuLrMGcizQwVZPFRnHFkJCruR0OmKDF8agkmitmsiIyxwsTYlmq2BG/55FXiXzRvmt79ZaN1W7ZRhRM4hXPw4ApacAcd8IGAhGd4hTfHOC/Ou/OxGK045c4x/IHz+QPdrJEt</latexit><latexit sha1_base64="YHkZVOty1Gg2I20q8ot2yrp/rJo=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irgnor9uKxgmsL26Vk02wbmk2WJCuUpT/DiwcVr/4bb/4bs+0etHUgMMy8R+ZNlHKmjet+O5W19Y3Nrep2bWd3b/+gfnj0qGWmCPWJ5FL1IqwpZ4L6hhlOe6miOIk47UaTduF3n6jSTIoHM01pmOCRYDEj2Fgp6CfYjAnmeXs2qDfcpjsHWiVeSRpQojOof/WHkmQJFYZwrHXguakJc6wMI5zOav1M0xSTCR7RwFKBE6rDfB55hs6sMkSxVPYJg+bq740cJ1pPk8hOFhH1sleI/3lBZuLrMGcizQwVZPFRnHFkJCruR0OmKDF8agkmitmsiIyxwsTYlmq2BG/55FXiXzRvmt79ZaN1W7ZRhRM4hXPw4ApacAcd8IGAhGd4hTfHOC/Ou/OxGK045c4x/IHz+QPdrJEt</latexit><latexit sha1_base64="YHkZVOty1Gg2I20q8ot2yrp/rJo=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irgnor9uKxgmsL26Vk02wbmk2WJCuUpT/DiwcVr/4bb/4bs+0etHUgMMy8R+ZNlHKmjet+O5W19Y3Nrep2bWd3b/+gfnj0qGWmCPWJ5FL1IqwpZ4L6hhlOe6miOIk47UaTduF3n6jSTIoHM01pmOCRYDEj2Fgp6CfYjAnmeXs2qDfcpjsHWiVeSRpQojOof/WHkmQJFYZwrHXguakJc6wMI5zOav1M0xSTCR7RwFKBE6rDfB55hs6sMkSxVPYJg+bq740cJ1pPk8hOFhH1sleI/3lBZuLrMGcizQwVZPFRnHFkJCruR0OmKDF8agkmitmsiIyxwsTYlmq2BG/55FXiXzRvmt79ZaN1W7ZRhRM4hXPw4ApacAcd8IGAhGd4hTfHOC/Ou/OxGK045c4x/IHz+QPdrJEt</latexit>

 
<latexit sha1_base64="WlPFyIJWOBOmBEhTIIek2WAzjsQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kftvwQb3hNb058F/il6QBJdqD+md/mNBMMmWpIMb0fC+1YU605VSwWa2fGZYSOiEj1nNUEclMmM9vneETpwxxnGhXyuK5+nMiJ9KYqYxcpyR2bJa9QvzP62U2vgxzrtLMMkUXi+JMYJvg4nE85JpRK6aOEKq5uxXTMdGEWhdPzYXgL7/8lwRnzaumf3feaF2XaVThCI7hFHy4gBbcQhsCoDCGJ3iBVyTRM3pD74vWCipnDuEX0Mc3YMON/g==</latexit><latexit sha1_base64="WlPFyIJWOBOmBEhTIIek2WAzjsQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kftvwQb3hNb058F/il6QBJdqD+md/mNBMMmWpIMb0fC+1YU605VSwWa2fGZYSOiEj1nNUEclMmM9vneETpwxxnGhXyuK5+nMiJ9KYqYxcpyR2bJa9QvzP62U2vgxzrtLMMkUXi+JMYJvg4nE85JpRK6aOEKq5uxXTMdGEWhdPzYXgL7/8lwRnzaumf3feaF2XaVThCI7hFHy4gBbcQhsCoDCGJ3iBVyTRM3pD74vWCipnDuEX0Mc3YMON/g==</latexit><latexit sha1_base64="WlPFyIJWOBOmBEhTIIek2WAzjsQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kftvwQb3hNb058F/il6QBJdqD+md/mNBMMmWpIMb0fC+1YU605VSwWa2fGZYSOiEj1nNUEclMmM9vneETpwxxnGhXyuK5+nMiJ9KYqYxcpyR2bJa9QvzP62U2vgxzrtLMMkUXi+JMYJvg4nE85JpRK6aOEKq5uxXTMdGEWhdPzYXgL7/8lwRnzaumf3feaF2XaVThCI7hFHy4gBbcQhsCoDCGJ3iBVyTRM3pD74vWCipnDuEX0Mc3YMON/g==</latexit><latexit sha1_base64="WlPFyIJWOBOmBEhTIIek2WAzjsQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kftvwQb3hNb058F/il6QBJdqD+md/mNBMMmWpIMb0fC+1YU605VSwWa2fGZYSOiEj1nNUEclMmM9vneETpwxxnGhXyuK5+nMiJ9KYqYxcpyR2bJa9QvzP62U2vgxzrtLMMkUXi+JMYJvg4nE85JpRK6aOEKq5uxXTMdGEWhdPzYXgL7/8lwRnzaumf3feaF2XaVThCI7hFHy4gBbcQhsCoDCGJ3iBVyTRM3pD74vWCipnDuEX0Mc3YMON/g==</latexit><latexit sha1_base64="WlPFyIJWOBOmBEhTIIek2WAzjsQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kftvwQb3hNb058F/il6QBJdqD+md/mNBMMmWpIMb0fC+1YU605VSwWa2fGZYSOiEj1nNUEclMmM9vneETpwxxnGhXyuK5+nMiJ9KYqYxcpyR2bJa9QvzP62U2vgxzrtLMMkUXi+JMYJvg4nE85JpRK6aOEKq5uxXTMdGEWhdPzYXgL7/8lwRnzaumf3feaF2XaVThCI7hFHy4gBbcQhsCoDCGJ3iBVyTRM3pD74vWCipnDuEX0Mc3YMON/g==</latexit>

H = 0
<latexit sha1_base64="nK/SqZ05PKEHV5D54Foc1vhLVdo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0UuPFYwttqFsttN26WYTdjdCCf0XXjyoePXnePPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3U795hMqzWN5b8YJBhEdSN7njBorPdZJp6E5uSZut1xxq+4MZJl4OalAjka3/NXpxSyNUBomqNZtz01MkFFlOBM4KXVSjQllIzrAtqWSRqiDbHbxhJxYpUf6sbIlDZmpvycyGmk9jkLbGVEz1IveVPzPa6emfxlkXCapQcnmi/qpICYm0/dJjytkRowtoUxxeythQ6ooMzakkg3BW3x5mfhn1auqd3deqd3kaRThCI7hFDy4gBrUoQE+MJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AOvWj08=</latexit><latexit sha1_base64="nK/SqZ05PKEHV5D54Foc1vhLVdo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0UuPFYwttqFsttN26WYTdjdCCf0XXjyoePXnePPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3U795hMqzWN5b8YJBhEdSN7njBorPdZJp6E5uSZut1xxq+4MZJl4OalAjka3/NXpxSyNUBomqNZtz01MkFFlOBM4KXVSjQllIzrAtqWSRqiDbHbxhJxYpUf6sbIlDZmpvycyGmk9jkLbGVEz1IveVPzPa6emfxlkXCapQcnmi/qpICYm0/dJjytkRowtoUxxeythQ6ooMzakkg3BW3x5mfhn1auqd3deqd3kaRThCI7hFDy4gBrUoQE+MJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AOvWj08=</latexit><latexit sha1_base64="nK/SqZ05PKEHV5D54Foc1vhLVdo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0UuPFYwttqFsttN26WYTdjdCCf0XXjyoePXnePPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3U795hMqzWN5b8YJBhEdSN7njBorPdZJp6E5uSZut1xxq+4MZJl4OalAjka3/NXpxSyNUBomqNZtz01MkFFlOBM4KXVSjQllIzrAtqWSRqiDbHbxhJxYpUf6sbIlDZmpvycyGmk9jkLbGVEz1IveVPzPa6emfxlkXCapQcnmi/qpICYm0/dJjytkRowtoUxxeythQ6ooMzakkg3BW3x5mfhn1auqd3deqd3kaRThCI7hFDy4gBrUoQE+MJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AOvWj08=</latexit><latexit sha1_base64="nK/SqZ05PKEHV5D54Foc1vhLVdo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0UuPFYwttqFsttN26WYTdjdCCf0XXjyoePXnePPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3U795hMqzWN5b8YJBhEdSN7njBorPdZJp6E5uSZut1xxq+4MZJl4OalAjka3/NXpxSyNUBomqNZtz01MkFFlOBM4KXVSjQllIzrAtqWSRqiDbHbxhJxYpUf6sbIlDZmpvycyGmk9jkLbGVEz1IveVPzPa6emfxlkXCapQcnmi/qpICYm0/dJjytkRowtoUxxeythQ6ooMzakkg3BW3x5mfhn1auqd3deqd3kaRThCI7hFDy4gBrUoQE+MJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AOvWj08=</latexit><latexit sha1_base64="nK/SqZ05PKEHV5D54Foc1vhLVdo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0UuPFYwttqFsttN26WYTdjdCCf0XXjyoePXnePPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3U795hMqzWN5b8YJBhEdSN7njBorPdZJp6E5uSZut1xxq+4MZJl4OalAjka3/NXpxSyNUBomqNZtz01MkFFlOBM4KXVSjQllIzrAtqWSRqiDbHbxhJxYpUf6sbIlDZmpvycyGmk9jkLbGVEz1IveVPzPa6emfxlkXCapQcnmi/qpICYm0/dJjytkRowtoUxxeythQ6ooMzakkg3BW3x5mfhn1auqd3deqd3kaRThCI7hFDy4gBrUoQE+MJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AOvWj08=</latexit>

B
<latexit sha1_base64="9yS46ZJ2v59MzugIyFBx/G+sBTA="></latexit><latexit sha1_base64="9yS46ZJ2v59MzugIyFBx/G+sBTA="></latexit><latexit sha1_base64="9yS46ZJ2v59MzugIyFBx/G+sBTA="></latexit><latexit sha1_base64="9yS46ZJ2v59MzugIyFBx/G+sBTA="></latexit><latexit sha1_base64="9yS46ZJ2v59MzugIyFBx/G+sBTA="></latexit>

q↵
<latexit sha1_base64="hRoixWFEqkant0ol5D3SHJvczqE="></latexit><latexit sha1_base64="hRoixWFEqkant0ol5D3SHJvczqE="></latexit><latexit sha1_base64="hRoixWFEqkant0ol5D3SHJvczqE="></latexit><latexit sha1_base64="hRoixWFEqkant0ol5D3SHJvczqE="></latexit><latexit sha1_base64="hRoixWFEqkant0ol5D3SHJvczqE="></latexit>

⌧ = 1
<latexit sha1_base64="fZlA1jTL7c0944E/Fcp+pnE3N7k="></latexit><latexit sha1_base64="fZlA1jTL7c0944E/Fcp+pnE3N7k="></latexit><latexit sha1_base64="fZlA1jTL7c0944E/Fcp+pnE3N7k="></latexit><latexit sha1_base64="fZlA1jTL7c0944E/Fcp+pnE3N7k="></latexit><latexit sha1_base64="fZlA1jTL7c0944E/Fcp+pnE3N7k="></latexit>

⌧ = 0
<latexit sha1_base64="z1R/TXy5fJ+t3TlMUN3N4fHsqSw="></latexit><latexit sha1_base64="z1R/TXy5fJ+t3TlMUN3N4fHsqSw="></latexit><latexit sha1_base64="z1R/TXy5fJ+t3TlMUN3N4fHsqSw="></latexit><latexit sha1_base64="z1R/TXy5fJ+t3TlMUN3N4fHsqSw="></latexit><latexit sha1_base64="z1R/TXy5fJ+t3TlMUN3N4fHsqSw="></latexit>

N
<latexit sha1_base64="fpKPykkKfi8SQNN/I4aJ4U+InTU="></latexit><latexit sha1_base64="fpKPykkKfi8SQNN/I4aJ4U+InTU="></latexit><latexit sha1_base64="fpKPykkKfi8SQNN/I4aJ4U+InTU="></latexit><latexit sha1_base64="fpKPykkKfi8SQNN/I4aJ4U+InTU="></latexit><latexit sha1_base64="fpKPykkKfi8SQNN/I4aJ4U+InTU="></latexit>

M, C
<latexit sha1_base64="UJELcGcnEXV4t2StXDWF04Iziio="></latexit><latexit sha1_base64="UJELcGcnEXV4t2StXDWF04Iziio="></latexit><latexit sha1_base64="UJELcGcnEXV4t2StXDWF04Iziio="></latexit><latexit sha1_base64="UJELcGcnEXV4t2StXDWF04Iziio="></latexit><latexit sha1_base64="UJELcGcnEXV4t2StXDWF04Iziio="></latexit>

H / �
<latexit sha1_base64="T7r437TTaV5qUrDDmm8uBSyCmlI="></latexit><latexit sha1_base64="T7r437TTaV5qUrDDmm8uBSyCmlI="></latexit><latexit sha1_base64="T7r437TTaV5qUrDDmm8uBSyCmlI="></latexit><latexit sha1_base64="T7r437TTaV5qUrDDmm8uBSyCmlI="></latexit><latexit sha1_base64="T7r437TTaV5qUrDDmm8uBSyCmlI="></latexit>

Feldbrugge et al.:

Minisuperspace quantum cosmology: 
the general programme



 HH(q
↵) =

X

M

Z

C
dN

q↵(1)=q↵Z

B
Dq↵ D⇧↵ eiS[q,⇧;N ]/~

<latexit sha1_base64="dslUagy8zJrVGAw/CgAJJMCHhvQ="></latexit><latexit sha1_base64="dslUagy8zJrVGAw/CgAJJMCHhvQ="></latexit><latexit sha1_base64="dslUagy8zJrVGAw/CgAJJMCHhvQ="></latexit><latexit sha1_base64="dslUagy8zJrVGAw/CgAJJMCHhvQ="></latexit><latexit sha1_base64="dslUagy8zJrVGAw/CgAJJMCHhvQ="></latexit>

The no-boundary proposal in 
minisuperspace models



 HH(q
↵) =

X

M

Z

C
dN

q↵(1)=q↵Z

B
Dq↵ D⇧↵ eiS[q,⇧;N ]/~

<latexit sha1_base64="dslUagy8zJrVGAw/CgAJJMCHhvQ="></latexit><latexit sha1_base64="dslUagy8zJrVGAw/CgAJJMCHhvQ="></latexit><latexit sha1_base64="dslUagy8zJrVGAw/CgAJJMCHhvQ="></latexit><latexit sha1_base64="dslUagy8zJrVGAw/CgAJJMCHhvQ="></latexit><latexit sha1_base64="dslUagy8zJrVGAw/CgAJJMCHhvQ="></latexit>

Manifolds are those which admit solutions to the Einstein equation, 
in the MSS Ansatz, that are everywhere regular (at least, classically)

The no-boundary proposal in 
minisuperspace models



 HH(q
↵) =

X

M

Z

C
dN

q↵(1)=q↵Z

B
Dq↵ D⇧↵ eiS[q,⇧;N ]/~

<latexit sha1_base64="dslUagy8zJrVGAw/CgAJJMCHhvQ="></latexit><latexit sha1_base64="dslUagy8zJrVGAw/CgAJJMCHhvQ="></latexit><latexit sha1_base64="dslUagy8zJrVGAw/CgAJJMCHhvQ="></latexit><latexit sha1_base64="dslUagy8zJrVGAw/CgAJJMCHhvQ="></latexit><latexit sha1_base64="dslUagy8zJrVGAw/CgAJJMCHhvQ="></latexit>

Three-volume should go to zero, in a regular way (at least, classically)

q↵
<latexit sha1_base64="LQoKNRRiBH3zYaHHplo3R46B418=">AAAB+3icbVBNS8NAFNz4WetXtEcvi0XwVBIRtLeCF48VjC20sbxsN+3SzSbuboQQ6l/x4kHFq3/Em//GTZuDtg4sDDPv8WYnSDhT2nG+rZXVtfWNzcpWdXtnd2/fPji8U3EqCfVIzGPZDUBRzgT1NNOcdhNJIQo47QSTq8LvPFKpWCxudZZQP4KRYCEjoI00sGv9CPQ4lDDJH6b3feDJGAZ23Wk4M+Bl4pakjkq0B/ZXfxiTNKJCEw5K9Vwn0X4OUjPC6bTaTxVNgExgRHuGCoio8vNZ+Ck+McoQh7E0T2g8U39v5BAplUWBmSyiqkWvEP/zeqkOL/2ciSTVVJD5oTDlWMe4aAIPmaRE88wQIJKZrJiMQQLRpq+qKcFd/PIy8c4azYZ7c15vNcs2KugIHaNT5KIL1ELXqI08RFCGntErerOerBfr3fqYj65Y5U4N/YH1+QPI/ZUH</latexit><latexit sha1_base64="LQoKNRRiBH3zYaHHplo3R46B418=">AAAB+3icbVBNS8NAFNz4WetXtEcvi0XwVBIRtLeCF48VjC20sbxsN+3SzSbuboQQ6l/x4kHFq3/Em//GTZuDtg4sDDPv8WYnSDhT2nG+rZXVtfWNzcpWdXtnd2/fPji8U3EqCfVIzGPZDUBRzgT1NNOcdhNJIQo47QSTq8LvPFKpWCxudZZQP4KRYCEjoI00sGv9CPQ4lDDJH6b3feDJGAZ23Wk4M+Bl4pakjkq0B/ZXfxiTNKJCEw5K9Vwn0X4OUjPC6bTaTxVNgExgRHuGCoio8vNZ+Ck+McoQh7E0T2g8U39v5BAplUWBmSyiqkWvEP/zeqkOL/2ciSTVVJD5oTDlWMe4aAIPmaRE88wQIJKZrJiMQQLRpq+qKcFd/PIy8c4azYZ7c15vNcs2KugIHaNT5KIL1ELXqI08RFCGntErerOerBfr3fqYj65Y5U4N/YH1+QPI/ZUH</latexit><latexit sha1_base64="LQoKNRRiBH3zYaHHplo3R46B418=">AAAB+3icbVBNS8NAFNz4WetXtEcvi0XwVBIRtLeCF48VjC20sbxsN+3SzSbuboQQ6l/x4kHFq3/Em//GTZuDtg4sDDPv8WYnSDhT2nG+rZXVtfWNzcpWdXtnd2/fPji8U3EqCfVIzGPZDUBRzgT1NNOcdhNJIQo47QSTq8LvPFKpWCxudZZQP4KRYCEjoI00sGv9CPQ4lDDJH6b3feDJGAZ23Wk4M+Bl4pakjkq0B/ZXfxiTNKJCEw5K9Vwn0X4OUjPC6bTaTxVNgExgRHuGCoio8vNZ+Ck+McoQh7E0T2g8U39v5BAplUWBmSyiqkWvEP/zeqkOL/2ciSTVVJD5oTDlWMe4aAIPmaRE88wQIJKZrJiMQQLRpq+qKcFd/PIy8c4azYZ7c15vNcs2KugIHaNT5KIL1ELXqI08RFCGntErerOerBfr3fqYj65Y5U4N/YH1+QPI/ZUH</latexit><latexit sha1_base64="LQoKNRRiBH3zYaHHplo3R46B418=">AAAB+3icbVBNS8NAFNz4WetXtEcvi0XwVBIRtLeCF48VjC20sbxsN+3SzSbuboQQ6l/x4kHFq3/Em//GTZuDtg4sDDPv8WYnSDhT2nG+rZXVtfWNzcpWdXtnd2/fPji8U3EqCfVIzGPZDUBRzgT1NNOcdhNJIQo47QSTq8LvPFKpWCxudZZQP4KRYCEjoI00sGv9CPQ4lDDJH6b3feDJGAZ23Wk4M+Bl4pakjkq0B/ZXfxiTNKJCEw5K9Vwn0X4OUjPC6bTaTxVNgExgRHuGCoio8vNZ+Ck+McoQh7E0T2g8U39v5BAplUWBmSyiqkWvEP/zeqkOL/2ciSTVVJD5oTDlWMe4aAIPmaRE88wQIJKZrJiMQQLRpq+qKcFd/PIy8c4azYZ7c15vNcs2KugIHaNT5KIL1ELXqI08RFCGntErerOerBfr3fqYj65Y5U4N/YH1+QPI/ZUH</latexit><latexit sha1_base64="LQoKNRRiBH3zYaHHplo3R46B418=">AAAB+3icbVBNS8NAFNz4WetXtEcvi0XwVBIRtLeCF48VjC20sbxsN+3SzSbuboQQ6l/x4kHFq3/Em//GTZuDtg4sDDPv8WYnSDhT2nG+rZXVtfWNzcpWdXtnd2/fPji8U3EqCfVIzGPZDUBRzgT1NNOcdhNJIQo47QSTq8LvPFKpWCxudZZQP4KRYCEjoI00sGv9CPQ4lDDJH6b3feDJGAZ23Wk4M+Bl4pakjkq0B/ZXfxiTNKJCEw5K9Vwn0X4OUjPC6bTaTxVNgExgRHuGCoio8vNZ+Ck+McoQh7E0T2g8U39v5BAplUWBmSyiqkWvEP/zeqkOL/2ciSTVVJD5oTDlWMe4aAIPmaRE88wQIJKZrJiMQQLRpq+qKcFd/PIy8c4azYZ7c15vNcs2KugIHaNT5KIL1ELXqI08RFCGntErerOerBfr3fqYj65Y5U4N/YH1+QPI/ZUH</latexit>

q↵(0),⇧↵(0)
<latexit sha1_base64="aw2HDctw7+lluOzzrywEnqiUSwc=">AAACAnicbVDLSsNAFJ3UV62vqDvdDBahgpREBO2u4MZlBWMLTQw300k7dPJwZiKUUnDjr7hxoeLWr3Dn3zhtg2jrgQtnzrmXufcEKWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z0bmWSCUIckPBGtACTlLKaOYorTViooRAGnzaB/Mfab91RIlsTXapBSL4JuzEJGQGnJN/fubl3gaQ8q1tExdhvM/3n6ZtmqWhPgeWLnpIxyNHzz0+0kJItorAgHKdu2lSpvCEIxwumo5GaSpkD60KVtTWOIqPSGkxtG+FArHRwmQles8ET9PTGESMpBFOjOCFRPznpj8T+vnanw3BuyOM0Ujcn0ozDjWCV4HAjuMEGJ4gNNgAimd8WkBwKI0rGVdAj27MnzxDmp1qr21Wm5XsvTKKJ9dIAqyEZnqI4uUQM5iKAH9IRe0KvxaDwbb8b7tLVg5DO76A+Mj2+4wpXP</latexit><latexit sha1_base64="aw2HDctw7+lluOzzrywEnqiUSwc=">AAACAnicbVDLSsNAFJ3UV62vqDvdDBahgpREBO2u4MZlBWMLTQw300k7dPJwZiKUUnDjr7hxoeLWr3Dn3zhtg2jrgQtnzrmXufcEKWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z0bmWSCUIckPBGtACTlLKaOYorTViooRAGnzaB/Mfab91RIlsTXapBSL4JuzEJGQGnJN/fubl3gaQ8q1tExdhvM/3n6ZtmqWhPgeWLnpIxyNHzz0+0kJItorAgHKdu2lSpvCEIxwumo5GaSpkD60KVtTWOIqPSGkxtG+FArHRwmQles8ET9PTGESMpBFOjOCFRPznpj8T+vnanw3BuyOM0Ujcn0ozDjWCV4HAjuMEGJ4gNNgAimd8WkBwKI0rGVdAj27MnzxDmp1qr21Wm5XsvTKKJ9dIAqyEZnqI4uUQM5iKAH9IRe0KvxaDwbb8b7tLVg5DO76A+Mj2+4wpXP</latexit><latexit sha1_base64="aw2HDctw7+lluOzzrywEnqiUSwc=">AAACAnicbVDLSsNAFJ3UV62vqDvdDBahgpREBO2u4MZlBWMLTQw300k7dPJwZiKUUnDjr7hxoeLWr3Dn3zhtg2jrgQtnzrmXufcEKWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z0bmWSCUIckPBGtACTlLKaOYorTViooRAGnzaB/Mfab91RIlsTXapBSL4JuzEJGQGnJN/fubl3gaQ8q1tExdhvM/3n6ZtmqWhPgeWLnpIxyNHzz0+0kJItorAgHKdu2lSpvCEIxwumo5GaSpkD60KVtTWOIqPSGkxtG+FArHRwmQles8ET9PTGESMpBFOjOCFRPznpj8T+vnanw3BuyOM0Ujcn0ozDjWCV4HAjuMEGJ4gNNgAimd8WkBwKI0rGVdAj27MnzxDmp1qr21Wm5XsvTKKJ9dIAqyEZnqI4uUQM5iKAH9IRe0KvxaDwbb8b7tLVg5DO76A+Mj2+4wpXP</latexit><latexit sha1_base64="aw2HDctw7+lluOzzrywEnqiUSwc=">AAACAnicbVDLSsNAFJ3UV62vqDvdDBahgpREBO2u4MZlBWMLTQw300k7dPJwZiKUUnDjr7hxoeLWr3Dn3zhtg2jrgQtnzrmXufcEKWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z0bmWSCUIckPBGtACTlLKaOYorTViooRAGnzaB/Mfab91RIlsTXapBSL4JuzEJGQGnJN/fubl3gaQ8q1tExdhvM/3n6ZtmqWhPgeWLnpIxyNHzz0+0kJItorAgHKdu2lSpvCEIxwumo5GaSpkD60KVtTWOIqPSGkxtG+FArHRwmQles8ET9PTGESMpBFOjOCFRPznpj8T+vnanw3BuyOM0Ujcn0ozDjWCV4HAjuMEGJ4gNNgAimd8WkBwKI0rGVdAj27MnzxDmp1qr21Wm5XsvTKKJ9dIAqyEZnqI4uUQM5iKAH9IRe0KvxaDwbb8b7tLVg5DO76A+Mj2+4wpXP</latexit><latexit sha1_base64="aw2HDctw7+lluOzzrywEnqiUSwc=">AAACAnicbVDLSsNAFJ3UV62vqDvdDBahgpREBO2u4MZlBWMLTQw300k7dPJwZiKUUnDjr7hxoeLWr3Dn3zhtg2jrgQtnzrmXufcEKWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z0bmWSCUIckPBGtACTlLKaOYorTViooRAGnzaB/Mfab91RIlsTXapBSL4JuzEJGQGnJN/fubl3gaQ8q1tExdhvM/3n6ZtmqWhPgeWLnpIxyNHzz0+0kJItorAgHKdu2lSpvCEIxwumo5GaSpkD60KVtTWOIqPSGkxtG+FArHRwmQles8ET9PTGESMpBFOjOCFRPznpj8T+vnanw3BuyOM0Ujcn0ozDjWCV4HAjuMEGJ4gNNgAimd8WkBwKI0rGVdAj27MnzxDmp1qr21Wm5XsvTKKJ9dIAqyEZnqI4uUQM5iKAH9IRe0KvxaDwbb8b7tLVg5DO76A+Mj2+4wpXP</latexit>

choose this consistent 
with QM

⌧ = 0
<latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="CYNZBryUyfmkuWybmk0cWlPOKrY="></latexit><latexit sha1_base64="1YDPk5nsCBY2Y8fD/BYTeb7z2c4="></latexit><latexit sha1_base64="1YDPk5nsCBY2Y8fD/BYTeb7z2c4="></latexit><latexit sha1_base64="0NN9HrHy/557hQTEDCVtNuM9bFg="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="CYNZBryUyfmkuWybmk0cWlPOKrY="></latexit><latexit sha1_base64="1YDPk5nsCBY2Y8fD/BYTeb7z2c4="></latexit><latexit sha1_base64="1YDPk5nsCBY2Y8fD/BYTeb7z2c4="></latexit><latexit sha1_base64="0NN9HrHy/557hQTEDCVtNuM9bFg="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="CYNZBryUyfmkuWybmk0cWlPOKrY="></latexit><latexit sha1_base64="1YDPk5nsCBY2Y8fD/BYTeb7z2c4="></latexit><latexit sha1_base64="1YDPk5nsCBY2Y8fD/BYTeb7z2c4="></latexit><latexit sha1_base64="0NN9HrHy/557hQTEDCVtNuM9bFg="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="CYNZBryUyfmkuWybmk0cWlPOKrY="></latexit><latexit sha1_base64="1YDPk5nsCBY2Y8fD/BYTeb7z2c4="></latexit><latexit sha1_base64="1YDPk5nsCBY2Y8fD/BYTeb7z2c4="></latexit><latexit sha1_base64="0NN9HrHy/557hQTEDCVtNuM9bFg="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="CYNZBryUyfmkuWybmk0cWlPOKrY="></latexit><latexit sha1_base64="1YDPk5nsCBY2Y8fD/BYTeb7z2c4="></latexit><latexit sha1_base64="1YDPk5nsCBY2Y8fD/BYTeb7z2c4="></latexit><latexit sha1_base64="0NN9HrHy/557hQTEDCVtNuM9bFg="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit>

⌧ = 1
<latexit sha1_base64="2YdOXRIiRqMUlpeeFvCf9VKjbIY="></latexit><latexit sha1_base64="2YdOXRIiRqMUlpeeFvCf9VKjbIY="></latexit><latexit sha1_base64="2YdOXRIiRqMUlpeeFvCf9VKjbIY="></latexit><latexit sha1_base64="2YdOXRIiRqMUlpeeFvCf9VKjbIY="></latexit><latexit sha1_base64="2YdOXRIiRqMUlpeeFvCf9VKjbIY="></latexit>

Manifolds are those which admit solutions to the Einstein equation, 
in the MSS Ansatz, that are everywhere regular (at least, classically)

The no-boundary proposal in 
minisuperspace models
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<latexit sha1_base64="dslUagy8zJrVGAw/CgAJJMCHhvQ="></latexit><latexit sha1_base64="dslUagy8zJrVGAw/CgAJJMCHhvQ="></latexit><latexit sha1_base64="dslUagy8zJrVGAw/CgAJJMCHhvQ="></latexit><latexit sha1_base64="dslUagy8zJrVGAw/CgAJJMCHhvQ="></latexit><latexit sha1_base64="dslUagy8zJrVGAw/CgAJJMCHhvQ="></latexit>

Three-volume should go to zero, in a regular way (at least, classically)

q↵
<latexit sha1_base64="LQoKNRRiBH3zYaHHplo3R46B418=">AAAB+3icbVBNS8NAFNz4WetXtEcvi0XwVBIRtLeCF48VjC20sbxsN+3SzSbuboQQ6l/x4kHFq3/Em//GTZuDtg4sDDPv8WYnSDhT2nG+rZXVtfWNzcpWdXtnd2/fPji8U3EqCfVIzGPZDUBRzgT1NNOcdhNJIQo47QSTq8LvPFKpWCxudZZQP4KRYCEjoI00sGv9CPQ4lDDJH6b3feDJGAZ23Wk4M+Bl4pakjkq0B/ZXfxiTNKJCEw5K9Vwn0X4OUjPC6bTaTxVNgExgRHuGCoio8vNZ+Ck+McoQh7E0T2g8U39v5BAplUWBmSyiqkWvEP/zeqkOL/2ciSTVVJD5oTDlWMe4aAIPmaRE88wQIJKZrJiMQQLRpq+qKcFd/PIy8c4azYZ7c15vNcs2KugIHaNT5KIL1ELXqI08RFCGntErerOerBfr3fqYj65Y5U4N/YH1+QPI/ZUH</latexit><latexit sha1_base64="LQoKNRRiBH3zYaHHplo3R46B418=">AAAB+3icbVBNS8NAFNz4WetXtEcvi0XwVBIRtLeCF48VjC20sbxsN+3SzSbuboQQ6l/x4kHFq3/Em//GTZuDtg4sDDPv8WYnSDhT2nG+rZXVtfWNzcpWdXtnd2/fPji8U3EqCfVIzGPZDUBRzgT1NNOcdhNJIQo47QSTq8LvPFKpWCxudZZQP4KRYCEjoI00sGv9CPQ4lDDJH6b3feDJGAZ23Wk4M+Bl4pakjkq0B/ZXfxiTNKJCEw5K9Vwn0X4OUjPC6bTaTxVNgExgRHuGCoio8vNZ+Ck+McoQh7E0T2g8U39v5BAplUWBmSyiqkWvEP/zeqkOL/2ciSTVVJD5oTDlWMe4aAIPmaRE88wQIJKZrJiMQQLRpq+qKcFd/PIy8c4azYZ7c15vNcs2KugIHaNT5KIL1ELXqI08RFCGntErerOerBfr3fqYj65Y5U4N/YH1+QPI/ZUH</latexit><latexit sha1_base64="LQoKNRRiBH3zYaHHplo3R46B418=">AAAB+3icbVBNS8NAFNz4WetXtEcvi0XwVBIRtLeCF48VjC20sbxsN+3SzSbuboQQ6l/x4kHFq3/Em//GTZuDtg4sDDPv8WYnSDhT2nG+rZXVtfWNzcpWdXtnd2/fPji8U3EqCfVIzGPZDUBRzgT1NNOcdhNJIQo47QSTq8LvPFKpWCxudZZQP4KRYCEjoI00sGv9CPQ4lDDJH6b3feDJGAZ23Wk4M+Bl4pakjkq0B/ZXfxiTNKJCEw5K9Vwn0X4OUjPC6bTaTxVNgExgRHuGCoio8vNZ+Ck+McoQh7E0T2g8U39v5BAplUWBmSyiqkWvEP/zeqkOL/2ciSTVVJD5oTDlWMe4aAIPmaRE88wQIJKZrJiMQQLRpq+qKcFd/PIy8c4azYZ7c15vNcs2KugIHaNT5KIL1ELXqI08RFCGntErerOerBfr3fqYj65Y5U4N/YH1+QPI/ZUH</latexit><latexit sha1_base64="LQoKNRRiBH3zYaHHplo3R46B418=">AAAB+3icbVBNS8NAFNz4WetXtEcvi0XwVBIRtLeCF48VjC20sbxsN+3SzSbuboQQ6l/x4kHFq3/Em//GTZuDtg4sDDPv8WYnSDhT2nG+rZXVtfWNzcpWdXtnd2/fPji8U3EqCfVIzGPZDUBRzgT1NNOcdhNJIQo47QSTq8LvPFKpWCxudZZQP4KRYCEjoI00sGv9CPQ4lDDJH6b3feDJGAZ23Wk4M+Bl4pakjkq0B/ZXfxiTNKJCEw5K9Vwn0X4OUjPC6bTaTxVNgExgRHuGCoio8vNZ+Ck+McoQh7E0T2g8U39v5BAplUWBmSyiqkWvEP/zeqkOL/2ciSTVVJD5oTDlWMe4aAIPmaRE88wQIJKZrJiMQQLRpq+qKcFd/PIy8c4azYZ7c15vNcs2KugIHaNT5KIL1ELXqI08RFCGntErerOerBfr3fqYj65Y5U4N/YH1+QPI/ZUH</latexit><latexit sha1_base64="LQoKNRRiBH3zYaHHplo3R46B418=">AAAB+3icbVBNS8NAFNz4WetXtEcvi0XwVBIRtLeCF48VjC20sbxsN+3SzSbuboQQ6l/x4kHFq3/Em//GTZuDtg4sDDPv8WYnSDhT2nG+rZXVtfWNzcpWdXtnd2/fPji8U3EqCfVIzGPZDUBRzgT1NNOcdhNJIQo47QSTq8LvPFKpWCxudZZQP4KRYCEjoI00sGv9CPQ4lDDJH6b3feDJGAZ23Wk4M+Bl4pakjkq0B/ZXfxiTNKJCEw5K9Vwn0X4OUjPC6bTaTxVNgExgRHuGCoio8vNZ+Ck+McoQh7E0T2g8U39v5BAplUWBmSyiqkWvEP/zeqkOL/2ciSTVVJD5oTDlWMe4aAIPmaRE88wQIJKZrJiMQQLRpq+qKcFd/PIy8c4azYZ7c15vNcs2KugIHaNT5KIL1ELXqI08RFCGntErerOerBfr3fqYj65Y5U4N/YH1+QPI/ZUH</latexit>

q↵(0),⇧↵(0)
<latexit sha1_base64="aw2HDctw7+lluOzzrywEnqiUSwc=">AAACAnicbVDLSsNAFJ3UV62vqDvdDBahgpREBO2u4MZlBWMLTQw300k7dPJwZiKUUnDjr7hxoeLWr3Dn3zhtg2jrgQtnzrmXufcEKWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z0bmWSCUIckPBGtACTlLKaOYorTViooRAGnzaB/Mfab91RIlsTXapBSL4JuzEJGQGnJN/fubl3gaQ8q1tExdhvM/3n6ZtmqWhPgeWLnpIxyNHzz0+0kJItorAgHKdu2lSpvCEIxwumo5GaSpkD60KVtTWOIqPSGkxtG+FArHRwmQles8ET9PTGESMpBFOjOCFRPznpj8T+vnanw3BuyOM0Ujcn0ozDjWCV4HAjuMEGJ4gNNgAimd8WkBwKI0rGVdAj27MnzxDmp1qr21Wm5XsvTKKJ9dIAqyEZnqI4uUQM5iKAH9IRe0KvxaDwbb8b7tLVg5DO76A+Mj2+4wpXP</latexit><latexit sha1_base64="aw2HDctw7+lluOzzrywEnqiUSwc=">AAACAnicbVDLSsNAFJ3UV62vqDvdDBahgpREBO2u4MZlBWMLTQw300k7dPJwZiKUUnDjr7hxoeLWr3Dn3zhtg2jrgQtnzrmXufcEKWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z0bmWSCUIckPBGtACTlLKaOYorTViooRAGnzaB/Mfab91RIlsTXapBSL4JuzEJGQGnJN/fubl3gaQ8q1tExdhvM/3n6ZtmqWhPgeWLnpIxyNHzz0+0kJItorAgHKdu2lSpvCEIxwumo5GaSpkD60KVtTWOIqPSGkxtG+FArHRwmQles8ET9PTGESMpBFOjOCFRPznpj8T+vnanw3BuyOM0Ujcn0ozDjWCV4HAjuMEGJ4gNNgAimd8WkBwKI0rGVdAj27MnzxDmp1qr21Wm5XsvTKKJ9dIAqyEZnqI4uUQM5iKAH9IRe0KvxaDwbb8b7tLVg5DO76A+Mj2+4wpXP</latexit><latexit sha1_base64="aw2HDctw7+lluOzzrywEnqiUSwc=">AAACAnicbVDLSsNAFJ3UV62vqDvdDBahgpREBO2u4MZlBWMLTQw300k7dPJwZiKUUnDjr7hxoeLWr3Dn3zhtg2jrgQtnzrmXufcEKWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z0bmWSCUIckPBGtACTlLKaOYorTViooRAGnzaB/Mfab91RIlsTXapBSL4JuzEJGQGnJN/fubl3gaQ8q1tExdhvM/3n6ZtmqWhPgeWLnpIxyNHzz0+0kJItorAgHKdu2lSpvCEIxwumo5GaSpkD60KVtTWOIqPSGkxtG+FArHRwmQles8ET9PTGESMpBFOjOCFRPznpj8T+vnanw3BuyOM0Ujcn0ozDjWCV4HAjuMEGJ4gNNgAimd8WkBwKI0rGVdAj27MnzxDmp1qr21Wm5XsvTKKJ9dIAqyEZnqI4uUQM5iKAH9IRe0KvxaDwbb8b7tLVg5DO76A+Mj2+4wpXP</latexit><latexit sha1_base64="aw2HDctw7+lluOzzrywEnqiUSwc=">AAACAnicbVDLSsNAFJ3UV62vqDvdDBahgpREBO2u4MZlBWMLTQw300k7dPJwZiKUUnDjr7hxoeLWr3Dn3zhtg2jrgQtnzrmXufcEKWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z0bmWSCUIckPBGtACTlLKaOYorTViooRAGnzaB/Mfab91RIlsTXapBSL4JuzEJGQGnJN/fubl3gaQ8q1tExdhvM/3n6ZtmqWhPgeWLnpIxyNHzz0+0kJItorAgHKdu2lSpvCEIxwumo5GaSpkD60KVtTWOIqPSGkxtG+FArHRwmQles8ET9PTGESMpBFOjOCFRPznpj8T+vnanw3BuyOM0Ujcn0ozDjWCV4HAjuMEGJ4gNNgAimd8WkBwKI0rGVdAj27MnzxDmp1qr21Wm5XsvTKKJ9dIAqyEZnqI4uUQM5iKAH9IRe0KvxaDwbb8b7tLVg5DO76A+Mj2+4wpXP</latexit><latexit sha1_base64="aw2HDctw7+lluOzzrywEnqiUSwc=">AAACAnicbVDLSsNAFJ3UV62vqDvdDBahgpREBO2u4MZlBWMLTQw300k7dPJwZiKUUnDjr7hxoeLWr3Dn3zhtg2jrgQtnzrmXufcEKWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z0bmWSCUIckPBGtACTlLKaOYorTViooRAGnzaB/Mfab91RIlsTXapBSL4JuzEJGQGnJN/fubl3gaQ8q1tExdhvM/3n6ZtmqWhPgeWLnpIxyNHzz0+0kJItorAgHKdu2lSpvCEIxwumo5GaSpkD60KVtTWOIqPSGkxtG+FArHRwmQles8ET9PTGESMpBFOjOCFRPznpj8T+vnanw3BuyOM0Ujcn0ozDjWCV4HAjuMEGJ4gNNgAimd8WkBwKI0rGVdAj27MnzxDmp1qr21Wm5XsvTKKJ9dIAqyEZnqI4uUQM5iKAH9IRe0KvxaDwbb8b7tLVg5DO76A+Mj2+4wpXP</latexit>

choose this consistent 
with QM

⌧ = 0
<latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="CYNZBryUyfmkuWybmk0cWlPOKrY="></latexit><latexit sha1_base64="1YDPk5nsCBY2Y8fD/BYTeb7z2c4="></latexit><latexit sha1_base64="1YDPk5nsCBY2Y8fD/BYTeb7z2c4="></latexit><latexit sha1_base64="0NN9HrHy/557hQTEDCVtNuM9bFg="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="CYNZBryUyfmkuWybmk0cWlPOKrY="></latexit><latexit sha1_base64="1YDPk5nsCBY2Y8fD/BYTeb7z2c4="></latexit><latexit sha1_base64="1YDPk5nsCBY2Y8fD/BYTeb7z2c4="></latexit><latexit sha1_base64="0NN9HrHy/557hQTEDCVtNuM9bFg="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="CYNZBryUyfmkuWybmk0cWlPOKrY="></latexit><latexit sha1_base64="1YDPk5nsCBY2Y8fD/BYTeb7z2c4="></latexit><latexit sha1_base64="1YDPk5nsCBY2Y8fD/BYTeb7z2c4="></latexit><latexit sha1_base64="0NN9HrHy/557hQTEDCVtNuM9bFg="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="CYNZBryUyfmkuWybmk0cWlPOKrY="></latexit><latexit sha1_base64="1YDPk5nsCBY2Y8fD/BYTeb7z2c4="></latexit><latexit sha1_base64="1YDPk5nsCBY2Y8fD/BYTeb7z2c4="></latexit><latexit sha1_base64="0NN9HrHy/557hQTEDCVtNuM9bFg="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="CYNZBryUyfmkuWybmk0cWlPOKrY="></latexit><latexit sha1_base64="1YDPk5nsCBY2Y8fD/BYTeb7z2c4="></latexit><latexit sha1_base64="1YDPk5nsCBY2Y8fD/BYTeb7z2c4="></latexit><latexit sha1_base64="0NN9HrHy/557hQTEDCVtNuM9bFg="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit><latexit sha1_base64="C0OhPoQ4HBnXBAnXbnGAE5PZyAI="></latexit>

⌧ = 1
<latexit sha1_base64="2YdOXRIiRqMUlpeeFvCf9VKjbIY="></latexit><latexit sha1_base64="2YdOXRIiRqMUlpeeFvCf9VKjbIY="></latexit><latexit sha1_base64="2YdOXRIiRqMUlpeeFvCf9VKjbIY="></latexit><latexit sha1_base64="2YdOXRIiRqMUlpeeFvCf9VKjbIY="></latexit><latexit sha1_base64="2YdOXRIiRqMUlpeeFvCf9VKjbIY="></latexit>

Manifolds are those which admit solutions to the Einstein equation, 
in the MSS Ansatz, that are everywhere regular (at least, classically)

The no-boundary proposal in 
minisuperspace models



in an anisotropic minisuperspace
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<latexit sha1_base64="uorPbhnL0WYwXTQAd0CGOHOQKV0="></latexit><latexit sha1_base64="uorPbhnL0WYwXTQAd0CGOHOQKV0="></latexit><latexit sha1_base64="uorPbhnL0WYwXTQAd0CGOHOQKV0="></latexit><latexit sha1_base64="uorPbhnL0WYwXTQAd0CGOHOQKV0="></latexit><latexit sha1_base64="uorPbhnL0WYwXTQAd0CGOHOQKV0="></latexit>

 HH
<latexit sha1_base64="3xUg+rbbcbGRlnXjT9tv2E4yDJM=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiuCozIuiyIEiXFewDOrVk0kwbmskMyR21DAV/hhsXirj1v7jz35g+Ftp6IPBxzg25OUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5N8uY910bE6hZHCe9EtK9EKBhFa935NSO6PvJHzKrVcbdYcsvuVGQZvDmUYK5at/jl92KWRlwhk9SYtucm2MmoRsEkHxf81PCEsiHt87ZFRSNuOtl06zE5sU6PhLG2RyGZur9vZDQyZhQFdjKiODCL2cT8L2unGF52MqGSFLlis4fCVBKMyaQC0hOaM5QjC5RpYXclbEA1ZWiLKtgSvMUvL0PjrOy5Ze/mvFS5fprVkYcjOIZT8OACKlCFGtSBgYZneIU358F5cd6dj9lozplXeAh/5Hz+AMo8kxo=</latexit><latexit sha1_base64="3xUg+rbbcbGRlnXjT9tv2E4yDJM=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiuCozIuiyIEiXFewDOrVk0kwbmskMyR21DAV/hhsXirj1v7jz35g+Ftp6IPBxzg25OUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5N8uY910bE6hZHCe9EtK9EKBhFa935NSO6PvJHzKrVcbdYcsvuVGQZvDmUYK5at/jl92KWRlwhk9SYtucm2MmoRsEkHxf81PCEsiHt87ZFRSNuOtl06zE5sU6PhLG2RyGZur9vZDQyZhQFdjKiODCL2cT8L2unGF52MqGSFLlis4fCVBKMyaQC0hOaM5QjC5RpYXclbEA1ZWiLKtgSvMUvL0PjrOy5Ze/mvFS5fprVkYcjOIZT8OACKlCFGtSBgYZneIU358F5cd6dj9lozplXeAh/5Hz+AMo8kxo=</latexit><latexit sha1_base64="3xUg+rbbcbGRlnXjT9tv2E4yDJM=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiuCozIuiyIEiXFewDOrVk0kwbmskMyR21DAV/hhsXirj1v7jz35g+Ftp6IPBxzg25OUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5N8uY910bE6hZHCe9EtK9EKBhFa935NSO6PvJHzKrVcbdYcsvuVGQZvDmUYK5at/jl92KWRlwhk9SYtucm2MmoRsEkHxf81PCEsiHt87ZFRSNuOtl06zE5sU6PhLG2RyGZur9vZDQyZhQFdjKiODCL2cT8L2unGF52MqGSFLlis4fCVBKMyaQC0hOaM5QjC5RpYXclbEA1ZWiLKtgSvMUvL0PjrOy5Ze/mvFS5fprVkYcjOIZT8OACKlCFGtSBgYZneIU358F5cd6dj9lozplXeAh/5Hz+AMo8kxo=</latexit><latexit sha1_base64="3xUg+rbbcbGRlnXjT9tv2E4yDJM=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiuCozIuiyIEiXFewDOrVk0kwbmskMyR21DAV/hhsXirj1v7jz35g+Ftp6IPBxzg25OUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5N8uY910bE6hZHCe9EtK9EKBhFa935NSO6PvJHzKrVcbdYcsvuVGQZvDmUYK5at/jl92KWRlwhk9SYtucm2MmoRsEkHxf81PCEsiHt87ZFRSNuOtl06zE5sU6PhLG2RyGZur9vZDQyZhQFdjKiODCL2cT8L2unGF52MqGSFLlis4fCVBKMyaQC0hOaM5QjC5RpYXclbEA1ZWiLKtgSvMUvL0PjrOy5Ze/mvFS5fprVkYcjOIZT8OACKlCFGtSBgYZneIU358F5cd6dj9lozplXeAh/5Hz+AMo8kxo=</latexit><latexit sha1_base64="3xUg+rbbcbGRlnXjT9tv2E4yDJM=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiuCozIuiyIEiXFewDOrVk0kwbmskMyR21DAV/hhsXirj1v7jz35g+Ftp6IPBxzg25OUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5N8uY910bE6hZHCe9EtK9EKBhFa935NSO6PvJHzKrVcbdYcsvuVGQZvDmUYK5at/jl92KWRlwhk9SYtucm2MmoRsEkHxf81PCEsiHt87ZFRSNuOtl06zE5sU6PhLG2RyGZur9vZDQyZhQFdjKiODCL2cT8L2unGF52MqGSFLlis4fCVBKMyaQC0hOaM5QjC5RpYXclbEA1ZWiLKtgSvMUvL0PjrOy5Ze/mvFS5fprVkYcjOIZT8OACKlCFGtSBgYZneIU358F5cd6dj9lozplXeAh/5Hz+AMo8kxo=</latexit>

We studied a two-dimensional, anisotropic minisuperspace model (Bianchi 
type IX cosmology)

This is a non-linear completion of the model studied by Feldbrugge et al.

 HH(p, q) =
X

M

Z

C
dN

(p,q)(1)=(p,q)Z

B
DpDqD⇧pD⇧q eiS[p,q,⇧p,⇧q ;N ]/~

<latexit sha1_base64="3tYyK7/lJQi8xQLPmZ/eseHJXUc="></latexit><latexit sha1_base64="3tYyK7/lJQi8xQLPmZ/eseHJXUc="></latexit><latexit sha1_base64="3tYyK7/lJQi8xQLPmZ/eseHJXUc="></latexit><latexit sha1_base64="3tYyK7/lJQi8xQLPmZ/eseHJXUc="></latexit><latexit sha1_base64="3tYyK7/lJQi8xQLPmZ/eseHJXUc="></latexit>

four-ball

closed contour around origin

p(0) = 0, ⇧q(0) = �i
<latexit sha1_base64="Mwzlc7XKx/TjgtSBmy379T5r6Z0="></latexit><latexit sha1_base64="Mwzlc7XKx/TjgtSBmy379T5r6Z0="></latexit><latexit sha1_base64="Mwzlc7XKx/TjgtSBmy379T5r6Z0="></latexit><latexit sha1_base64="Mwzlc7XKx/TjgtSBmy379T5r6Z0="></latexit><latexit sha1_base64="Mwzlc7XKx/TjgtSBmy379T5r6Z0="></latexit>



Instantons: (part of) Taub-NUT-de Sitter with complex NUT parameter

in an anisotropic minisuperspace HH
<latexit sha1_base64="3xUg+rbbcbGRlnXjT9tv2E4yDJM=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiuCozIuiyIEiXFewDOrVk0kwbmskMyR21DAV/hhsXirj1v7jz35g+Ftp6IPBxzg25OUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5N8uY910bE6hZHCe9EtK9EKBhFa935NSO6PvJHzKrVcbdYcsvuVGQZvDmUYK5at/jl92KWRlwhk9SYtucm2MmoRsEkHxf81PCEsiHt87ZFRSNuOtl06zE5sU6PhLG2RyGZur9vZDQyZhQFdjKiODCL2cT8L2unGF52MqGSFLlis4fCVBKMyaQC0hOaM5QjC5RpYXclbEA1ZWiLKtgSvMUvL0PjrOy5Ze/mvFS5fprVkYcjOIZT8OACKlCFGtSBgYZneIU358F5cd6dj9lozplXeAh/5Hz+AMo8kxo=</latexit><latexit sha1_base64="3xUg+rbbcbGRlnXjT9tv2E4yDJM=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiuCozIuiyIEiXFewDOrVk0kwbmskMyR21DAV/hhsXirj1v7jz35g+Ftp6IPBxzg25OUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5N8uY910bE6hZHCe9EtK9EKBhFa935NSO6PvJHzKrVcbdYcsvuVGQZvDmUYK5at/jl92KWRlwhk9SYtucm2MmoRsEkHxf81PCEsiHt87ZFRSNuOtl06zE5sU6PhLG2RyGZur9vZDQyZhQFdjKiODCL2cT8L2unGF52MqGSFLlis4fCVBKMyaQC0hOaM5QjC5RpYXclbEA1ZWiLKtgSvMUvL0PjrOy5Ze/mvFS5fprVkYcjOIZT8OACKlCFGtSBgYZneIU358F5cd6dj9lozplXeAh/5Hz+AMo8kxo=</latexit><latexit sha1_base64="3xUg+rbbcbGRlnXjT9tv2E4yDJM=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiuCozIuiyIEiXFewDOrVk0kwbmskMyR21DAV/hhsXirj1v7jz35g+Ftp6IPBxzg25OUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5N8uY910bE6hZHCe9EtK9EKBhFa935NSO6PvJHzKrVcbdYcsvuVGQZvDmUYK5at/jl92KWRlwhk9SYtucm2MmoRsEkHxf81PCEsiHt87ZFRSNuOtl06zE5sU6PhLG2RyGZur9vZDQyZhQFdjKiODCL2cT8L2unGF52MqGSFLlis4fCVBKMyaQC0hOaM5QjC5RpYXclbEA1ZWiLKtgSvMUvL0PjrOy5Ze/mvFS5fprVkYcjOIZT8OACKlCFGtSBgYZneIU358F5cd6dj9lozplXeAh/5Hz+AMo8kxo=</latexit><latexit sha1_base64="3xUg+rbbcbGRlnXjT9tv2E4yDJM=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiuCozIuiyIEiXFewDOrVk0kwbmskMyR21DAV/hhsXirj1v7jz35g+Ftp6IPBxzg25OUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5N8uY910bE6hZHCe9EtK9EKBhFa935NSO6PvJHzKrVcbdYcsvuVGQZvDmUYK5at/jl92KWRlwhk9SYtucm2MmoRsEkHxf81PCEsiHt87ZFRSNuOtl06zE5sU6PhLG2RyGZur9vZDQyZhQFdjKiODCL2cT8L2unGF52MqGSFLlis4fCVBKMyaQC0hOaM5QjC5RpYXclbEA1ZWiLKtgSvMUvL0PjrOy5Ze/mvFS5fprVkYcjOIZT8OACKlCFGtSBgYZneIU358F5cd6dj9lozplXeAh/5Hz+AMo8kxo=</latexit><latexit sha1_base64="3xUg+rbbcbGRlnXjT9tv2E4yDJM=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiuCozIuiyIEiXFewDOrVk0kwbmskMyR21DAV/hhsXirj1v7jz35g+Ftp6IPBxzg25OUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5N8uY910bE6hZHCe9EtK9EKBhFa935NSO6PvJHzKrVcbdYcsvuVGQZvDmUYK5at/jl92KWRlwhk9SYtucm2MmoRsEkHxf81PCEsiHt87ZFRSNuOtl06zE5sU6PhLG2RyGZur9vZDQyZhQFdjKiODCL2cT8L2unGF52MqGSFLlis4fCVBKMyaQC0hOaM5QjC5RpYXclbEA1ZWiLKtgSvMUvL0PjrOy5Ze/mvFS5fprVkYcjOIZT8OACKlCFGtSBgYZneIU358F5cd6dj9lozplXeAh/5Hz+AMo8kxo=</latexit>

 HH(p, q) =

I
dN

(p,q)(1)=(p,q)Z

(p,⇧q)(0)=(0,�i)

DpDqD⇧pD⇧q eiS[p,q,⇧p,⇧q ;N ]/~

<latexit sha1_base64="/pEnF/Zmurq/oCRmr5c6TRTdQzA="></latexit><latexit sha1_base64="/pEnF/Zmurq/oCRmr5c6TRTdQzA="></latexit><latexit sha1_base64="/pEnF/Zmurq/oCRmr5c6TRTdQzA="></latexit><latexit sha1_base64="/pEnF/Zmurq/oCRmr5c6TRTdQzA="></latexit><latexit sha1_base64="/pEnF/Zmurq/oCRmr5c6TRTdQzA="></latexit>

p = 4
�
⌧2 � L2

�

q =
16L2�

⌧2 � L2
<latexit sha1_base64="m1OXaXKIL1SUFXSnHi6LXIqlYrs="></latexit><latexit sha1_base64="m1OXaXKIL1SUFXSnHi6LXIqlYrs="></latexit><latexit sha1_base64="m1OXaXKIL1SUFXSnHi6LXIqlYrs="></latexit><latexit sha1_base64="m1OXaXKIL1SUFXSnHi6LXIqlYrs="></latexit><latexit sha1_base64="m1OXaXKIL1SUFXSnHi6LXIqlYrs="></latexit>

� = (⌧ � L)2 � ⇤

3
(⌧ + 3L)(⌧ � L)3

L =
iNs

4
<latexit sha1_base64="RCgaffcyBbrOXF7ljDV1IDR0aK8="></latexit><latexit sha1_base64="RCgaffcyBbrOXF7ljDV1IDR0aK8="></latexit><latexit sha1_base64="RCgaffcyBbrOXF7ljDV1IDR0aK8="></latexit><latexit sha1_base64="RCgaffcyBbrOXF7ljDV1IDR0aK8="></latexit><latexit sha1_base64="RCgaffcyBbrOXF7ljDV1IDR0aK8="></latexit>



Fluctuations around isotropy are suppressed in the no-boundary state

 HH(p, q) =

I
dN

(p,q)(1)=(p,q)Z

(p,⇧q)(0)=(0,�i)

DpDqD⇧pD⇧q eiS[p,q,⇧p,⇧q ;N ]/~

<latexit sha1_base64="/pEnF/Zmurq/oCRmr5c6TRTdQzA="></latexit><latexit sha1_base64="/pEnF/Zmurq/oCRmr5c6TRTdQzA="></latexit><latexit sha1_base64="/pEnF/Zmurq/oCRmr5c6TRTdQzA="></latexit><latexit sha1_base64="/pEnF/Zmurq/oCRmr5c6TRTdQzA="></latexit><latexit sha1_base64="/pEnF/Zmurq/oCRmr5c6TRTdQzA="></latexit>

squashing parameter
↵ = p/q� 1

<latexit sha1_base64="VdDQYLz9b9uiNvxwTGUbxP40PoE="></latexit><latexit sha1_base64="VdDQYLz9b9uiNvxwTGUbxP40PoE="></latexit><latexit sha1_base64="VdDQYLz9b9uiNvxwTGUbxP40PoE="></latexit><latexit sha1_base64="VdDQYLz9b9uiNvxwTGUbxP40PoE="></latexit><latexit sha1_base64="VdDQYLz9b9uiNvxwTGUbxP40PoE="></latexit>
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Re(iS̄/~)
<latexit sha1_base64="ypr83UbcsYzIlisZvqMZ3zMzQNg="></latexit><latexit sha1_base64="ypr83UbcsYzIlisZvqMZ3zMzQNg="></latexit><latexit sha1_base64="ypr83UbcsYzIlisZvqMZ3zMzQNg="></latexit><latexit sha1_base64="ypr83UbcsYzIlisZvqMZ3zMzQNg="></latexit><latexit sha1_base64="ypr83UbcsYzIlisZvqMZ3zMzQNg="></latexit>

in an anisotropic minisuperspace HH
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Comments and conclusions
- When implementing the NBP in detail in toy models of quantum 

gravity we are faced with ambiguities, such as the choice of contour 
for PI and QM boundary conditions. These are constrained by 
mathematical and physical requirements. In simple models there is 
a unique semiclassical no-boundary wave function 

- We did not mention Picard-Lefschetz theory 

- We calculated the/a no-boundary wave function in an anisotropic 
minisuperspace and saw that fluctuations are suppressed. The 
calculation of Feldbrugge et al. is plagued by the breakdown of 
perturbation theory 

- The no-boundary proposal is alive and well
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- The no-boundary proposal is alive and well
Thank you!





Feldbrugge et al.: what went wrong?
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•Expand S to quadratic order in        and attempt to evaluate PI semicl.

(idem massless scalar)
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•Expand S to quadratic order in        and attempt to evaluate PI semicl.

(idem massless scalar)
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(p,q)(1)=(p,q)Z

(p,⇧q)(0)=(0,�i)

DpDqD⇧pD⇧q eiS[p,q,⇧p,⇧q ;N ]/~

<latexit sha1_base64="/pEnF/Zmurq/oCRmr5c6TRTdQzA="></latexit><latexit sha1_base64="/pEnF/Zmurq/oCRmr5c6TRTdQzA="></latexit><latexit sha1_base64="/pEnF/Zmurq/oCRmr5c6TRTdQzA="></latexit><latexit sha1_base64="/pEnF/Zmurq/oCRmr5c6TRTdQzA="></latexit><latexit sha1_base64="/pEnF/Zmurq/oCRmr5c6TRTdQzA="></latexit>



3. Classical spacetime on familiar scales should be implied when 
the universe is large

Interpretation of    
<latexit sha1_base64="goIq5+TM8sLN8StOt6fFtjUtBIk=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAIB4jmAckS5idTJIhM7PLTK8QloBf4MWDIl79IW/+jbNJDppY0FBUddPdFSVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+Cb3W4/cWBHrB5wkPFR0qMVAMIq51K1b0StX/Ko/A1klwYJUYIF6r/zV7ccsVVwjk9TaTuAnGGbUoGCST0vd1PKEsjEd8o6jmipuw2x265ScOaVPBrFxpZHM1N8TGVXWTlTkOhXFkV32cvE/r5Pi4DrMhE5S5JrNFw1SSTAm+eOkLwxnKCeOUGaEu5WwETWUoYun5EIIll9eJc2LauBXg/vLSu32aR5HEU7gFM4hgCuowR3UoQEMRvAMr/DmKe/Fe/c+5q0FbxHhMfyB9/kDGrOOrg==</latexit><latexit sha1_base64="goIq5+TM8sLN8StOt6fFtjUtBIk=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAIB4jmAckS5idTJIhM7PLTK8QloBf4MWDIl79IW/+jbNJDppY0FBUddPdFSVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+Cb3W4/cWBHrB5wkPFR0qMVAMIq51K1b0StX/Ko/A1klwYJUYIF6r/zV7ccsVVwjk9TaTuAnGGbUoGCST0vd1PKEsjEd8o6jmipuw2x265ScOaVPBrFxpZHM1N8TGVXWTlTkOhXFkV32cvE/r5Pi4DrMhE5S5JrNFw1SSTAm+eOkLwxnKCeOUGaEu5WwETWUoYun5EIIll9eJc2LauBXg/vLSu32aR5HEU7gFM4hgCuowR3UoQEMRvAMr/DmKe/Fe/c+5q0FbxHhMfyB9/kDGrOOrg==</latexit><latexit sha1_base64="goIq5+TM8sLN8StOt6fFtjUtBIk=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAIB4jmAckS5idTJIhM7PLTK8QloBf4MWDIl79IW/+jbNJDppY0FBUddPdFSVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+Cb3W4/cWBHrB5wkPFR0qMVAMIq51K1b0StX/Ko/A1klwYJUYIF6r/zV7ccsVVwjk9TaTuAnGGbUoGCST0vd1PKEsjEd8o6jmipuw2x265ScOaVPBrFxpZHM1N8TGVXWTlTkOhXFkV32cvE/r5Pi4DrMhE5S5JrNFw1SSTAm+eOkLwxnKCeOUGaEu5WwETWUoYun5EIIll9eJc2LauBXg/vLSu32aR5HEU7gFM4hgCuowR3UoQEMRvAMr/DmKe/Fe/c+5q0FbxHhMfyB9/kDGrOOrg==</latexit><latexit sha1_base64="goIq5+TM8sLN8StOt6fFtjUtBIk=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAIB4jmAckS5idTJIhM7PLTK8QloBf4MWDIl79IW/+jbNJDppY0FBUddPdFSVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+Cb3W4/cWBHrB5wkPFR0qMVAMIq51K1b0StX/Ko/A1klwYJUYIF6r/zV7ccsVVwjk9TaTuAnGGbUoGCST0vd1PKEsjEd8o6jmipuw2x265ScOaVPBrFxpZHM1N8TGVXWTlTkOhXFkV32cvE/r5Pi4DrMhE5S5JrNFw1SSTAm+eOkLwxnKCeOUGaEu5WwETWUoYun5EIIll9eJc2LauBXg/vLSu32aR5HEU7gFM4hgCuowR3UoQEMRvAMr/DmKe/Fe/c+5q0FbxHhMfyB9/kDGrOOrg==</latexit><latexit sha1_base64="goIq5+TM8sLN8StOt6fFtjUtBIk=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAIB4jmAckS5idTJIhM7PLTK8QloBf4MWDIl79IW/+jbNJDppY0FBUddPdFSVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+Cb3W4/cWBHrB5wkPFR0qMVAMIq51K1b0StX/Ko/A1klwYJUYIF6r/zV7ccsVVwjk9TaTuAnGGbUoGCST0vd1PKEsjEd8o6jmipuw2x265ScOaVPBrFxpZHM1N8TGVXWTlTkOhXFkV32cvE/r5Pi4DrMhE5S5JrNFw1SSTAm+eOkLwxnKCeOUGaEu5WwETWUoYun5EIIll9eJc2LauBXg/vLSu32aR5HEU7gFM4hgCuowR3UoQEMRvAMr/DmKe/Fe/c+5q0FbxHhMfyB9/kDGrOOrg==</latexit>

satisfies the Lorentzian HJ eq., and if                       so doesS
<latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit><latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit><latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit><latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit><latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit>

|rSI| ⌧ |rSR|
<latexit sha1_base64="7ZQ8YzjQNwNk1hj/lzAj62MzF8I=">AAACGHicbVDLSsNAFJ34rPUVdelmsAiuaiKCrqTgRnf10Qc0oUymk3boZBJmbsQS+xlu/BU3LhRx251/47TNQlsPXDiccy/33hMkgmtwnG9rYXFpeWW1sFZc39jc2rZ3dus6ThVlNRqLWDUDopngktWAg2DNRDESBYI1gv7l2G88MKV5LO9hkDA/Il3JQ04JGKltHz9hT5JAEHzX9oA9QnY9xEYTAs85t8Zp2yWn7EyA54mbkxLKUW3bI68T0zRiEqggWrdcJwE/Iwo4FWxY9FLNEkL7pMtahkoSMe1nk8eG+NAoHRzGypQEPFF/T2Qk0noQBaYzItDTs95Y/M9rpRCe+xmXSQpM0umiMBUYYjxOCXe4YhTEwBBCFTe3YtojilAwWRZNCO7sy/OkflJ2nbJ7c1qqXORxFNA+OkBHyEVnqIKuUBXVEEXP6BW9ow/rxXqzPq2vaeuClc/soT+wRj+qpZ+G</latexit><latexit sha1_base64="7ZQ8YzjQNwNk1hj/lzAj62MzF8I=">AAACGHicbVDLSsNAFJ34rPUVdelmsAiuaiKCrqTgRnf10Qc0oUymk3boZBJmbsQS+xlu/BU3LhRx251/47TNQlsPXDiccy/33hMkgmtwnG9rYXFpeWW1sFZc39jc2rZ3dus6ThVlNRqLWDUDopngktWAg2DNRDESBYI1gv7l2G88MKV5LO9hkDA/Il3JQ04JGKltHz9hT5JAEHzX9oA9QnY9xEYTAs85t8Zp2yWn7EyA54mbkxLKUW3bI68T0zRiEqggWrdcJwE/Iwo4FWxY9FLNEkL7pMtahkoSMe1nk8eG+NAoHRzGypQEPFF/T2Qk0noQBaYzItDTs95Y/M9rpRCe+xmXSQpM0umiMBUYYjxOCXe4YhTEwBBCFTe3YtojilAwWRZNCO7sy/OkflJ2nbJ7c1qqXORxFNA+OkBHyEVnqIKuUBXVEEXP6BW9ow/rxXqzPq2vaeuClc/soT+wRj+qpZ+G</latexit><latexit sha1_base64="7ZQ8YzjQNwNk1hj/lzAj62MzF8I=">AAACGHicbVDLSsNAFJ34rPUVdelmsAiuaiKCrqTgRnf10Qc0oUymk3boZBJmbsQS+xlu/BU3LhRx251/47TNQlsPXDiccy/33hMkgmtwnG9rYXFpeWW1sFZc39jc2rZ3dus6ThVlNRqLWDUDopngktWAg2DNRDESBYI1gv7l2G88MKV5LO9hkDA/Il3JQ04JGKltHz9hT5JAEHzX9oA9QnY9xEYTAs85t8Zp2yWn7EyA54mbkxLKUW3bI68T0zRiEqggWrdcJwE/Iwo4FWxY9FLNEkL7pMtahkoSMe1nk8eG+NAoHRzGypQEPFF/T2Qk0noQBaYzItDTs95Y/M9rpRCe+xmXSQpM0umiMBUYYjxOCXe4YhTEwBBCFTe3YtojilAwWRZNCO7sy/OkflJ2nbJ7c1qqXORxFNA+OkBHyEVnqIKuUBXVEEXP6BW9ow/rxXqzPq2vaeuClc/soT+wRj+qpZ+G</latexit><latexit sha1_base64="7ZQ8YzjQNwNk1hj/lzAj62MzF8I=">AAACGHicbVDLSsNAFJ34rPUVdelmsAiuaiKCrqTgRnf10Qc0oUymk3boZBJmbsQS+xlu/BU3LhRx251/47TNQlsPXDiccy/33hMkgmtwnG9rYXFpeWW1sFZc39jc2rZ3dus6ThVlNRqLWDUDopngktWAg2DNRDESBYI1gv7l2G88MKV5LO9hkDA/Il3JQ04JGKltHz9hT5JAEHzX9oA9QnY9xEYTAs85t8Zp2yWn7EyA54mbkxLKUW3bI68T0zRiEqggWrdcJwE/Iwo4FWxY9FLNEkL7pMtahkoSMe1nk8eG+NAoHRzGypQEPFF/T2Qk0noQBaYzItDTs95Y/M9rpRCe+xmXSQpM0umiMBUYYjxOCXe4YhTEwBBCFTe3YtojilAwWRZNCO7sy/OkflJ2nbJ7c1qqXORxFNA+OkBHyEVnqIKuUBXVEEXP6BW9ow/rxXqzPq2vaeuClc/soT+wRj+qpZ+G</latexit><latexit sha1_base64="7ZQ8YzjQNwNk1hj/lzAj62MzF8I=">AAACGHicbVDLSsNAFJ34rPUVdelmsAiuaiKCrqTgRnf10Qc0oUymk3boZBJmbsQS+xlu/BU3LhRx251/47TNQlsPXDiccy/33hMkgmtwnG9rYXFpeWW1sFZc39jc2rZ3dus6ThVlNRqLWDUDopngktWAg2DNRDESBYI1gv7l2G88MKV5LO9hkDA/Il3JQ04JGKltHz9hT5JAEHzX9oA9QnY9xEYTAs85t8Zp2yWn7EyA54mbkxLKUW3bI68T0zRiEqggWrdcJwE/Iwo4FWxY9FLNEkL7pMtahkoSMe1nk8eG+NAoHRzGypQEPFF/T2Qk0noQBaYzItDTs95Y/M9rpRCe+xmXSQpM0umiMBUYYjxOCXe4YhTEwBBCFTe3YtojilAwWRZNCO7sy/OkflJ2nbJ7c1qqXORxFNA+OkBHyEVnqIKuUBXVEEXP6BW9ow/rxXqzPq2vaeuClc/soT+wRj+qpZ+G</latexit>

SR
<latexit sha1_base64="/gAtXC7PHgYJXb3qPEIbjtD1cU0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CQBLx7jIw9MljA76U2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8Sp5lDnsYx1K2AGpFBQR4ESWokGFgUSmsHwauI3H0EbEat7HCXgR6yvRCg4Qys93HU7CE+Y3Y67pbJbcaegi8TLSZnkqHVLX51ezNMIFHLJjGl7boJ+xjQKLmFc7KQGEsaHrA9tSxWLwPjZ9OIxPbZKj4axtqWQTtXfExmLjBlFge2MGA7MvDcR//PaKYYXfiZUkiIoPlsUppJiTCfv057QwFGOLGFcC3sr5QOmGUcbUtGG4M2/vEgapxXPrXg3Z+XqZR5HgRySI3JCPHJOquSa1EidcKLIM3klb45xXpx352PWuuTkMwfkD5zPH8lqkPc=</latexit><latexit sha1_base64="/gAtXC7PHgYJXb3qPEIbjtD1cU0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CQBLx7jIw9MljA76U2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8Sp5lDnsYx1K2AGpFBQR4ESWokGFgUSmsHwauI3H0EbEat7HCXgR6yvRCg4Qys93HU7CE+Y3Y67pbJbcaegi8TLSZnkqHVLX51ezNMIFHLJjGl7boJ+xjQKLmFc7KQGEsaHrA9tSxWLwPjZ9OIxPbZKj4axtqWQTtXfExmLjBlFge2MGA7MvDcR//PaKYYXfiZUkiIoPlsUppJiTCfv057QwFGOLGFcC3sr5QOmGUcbUtGG4M2/vEgapxXPrXg3Z+XqZR5HgRySI3JCPHJOquSa1EidcKLIM3klb45xXpx352PWuuTkMwfkD5zPH8lqkPc=</latexit><latexit sha1_base64="/gAtXC7PHgYJXb3qPEIbjtD1cU0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CQBLx7jIw9MljA76U2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8Sp5lDnsYx1K2AGpFBQR4ESWokGFgUSmsHwauI3H0EbEat7HCXgR6yvRCg4Qys93HU7CE+Y3Y67pbJbcaegi8TLSZnkqHVLX51ezNMIFHLJjGl7boJ+xjQKLmFc7KQGEsaHrA9tSxWLwPjZ9OIxPbZKj4axtqWQTtXfExmLjBlFge2MGA7MvDcR//PaKYYXfiZUkiIoPlsUppJiTCfv057QwFGOLGFcC3sr5QOmGUcbUtGG4M2/vEgapxXPrXg3Z+XqZR5HgRySI3JCPHJOquSa1EidcKLIM3klb45xXpx352PWuuTkMwfkD5zPH8lqkPc=</latexit><latexit sha1_base64="/gAtXC7PHgYJXb3qPEIbjtD1cU0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CQBLx7jIw9MljA76U2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8Sp5lDnsYx1K2AGpFBQR4ESWokGFgUSmsHwauI3H0EbEat7HCXgR6yvRCg4Qys93HU7CE+Y3Y67pbJbcaegi8TLSZnkqHVLX51ezNMIFHLJjGl7boJ+xjQKLmFc7KQGEsaHrA9tSxWLwPjZ9OIxPbZKj4axtqWQTtXfExmLjBlFge2MGA7MvDcR//PaKYYXfiZUkiIoPlsUppJiTCfv057QwFGOLGFcC3sr5QOmGUcbUtGG4M2/vEgapxXPrXg3Z+XqZR5HgRySI3JCPHJOquSa1EidcKLIM3klb45xXpx352PWuuTkMwfkD5zPH8lqkPc=</latexit><latexit sha1_base64="/gAtXC7PHgYJXb3qPEIbjtD1cU0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CQBLx7jIw9MljA76U2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8Sp5lDnsYx1K2AGpFBQR4ESWokGFgUSmsHwauI3H0EbEat7HCXgR6yvRCg4Qys93HU7CE+Y3Y67pbJbcaegi8TLSZnkqHVLX51ezNMIFHLJjGl7boJ+xjQKLmFc7KQGEsaHrA9tSxWLwPjZ9OIxPbZKj4axtqWQTtXfExmLjBlFge2MGA7MvDcR//PaKYYXfiZUkiIoPlsUppJiTCfv057QwFGOLGFcC3sr5QOmGUcbUtGG4M2/vEgapxXPrXg3Z+XqZR5HgRySI3JCPHJOquSa1EidcKLIM3klb45xXpx352PWuuTkMwfkD5zPH8lqkPc=</latexit>

LHJ: rSI ? rSR
<latexit sha1_base64="ziOP6W8W1dpYsWOuVCDHBm/U2jY=">AAACIXicbZDLSgMxFIYz3q23qks3wSK4KjMiWFxIwU0VF96qhU4pmfRUQzOZITkjlmH6KG58FTcuFHEnvozpZaGtPwR+vnMOJ+cPYikMuu6XMzU9Mzs3v7CYW1peWV3Lr2/cmCjRHKo8kpGuBcyAFAqqKFBCLdbAwkDCbdA57tdvH0AbEalr7MbQCNmdEm3BGVrUzJd8hEdMzyqnhxnt9aivWCAZvWoO+UlG/Rh0PM4vs2a+4Bbdgeik8UamQEY6b+Y//VbEkxAUcsmMqXtujI2UaRRcQpbzEwMx4x12B3VrFQvBNNLBhRndsaRF25G2TyEd0N8TKQuN6YaB7QwZ3pvxWh/+V6sn2C41UqHiBEHx4aJ2IilGtB8XbQkNHGXXGsa1sH+l/J5pxtGGmrMheOMnT5qbvaLnFr2L/UL5aBTHAtki22SXeOSAlEmFnJMq4eSJvJA38u48O6/Oh/M5bJ1yRjOb5I+c7x+J0KO8</latexit><latexit sha1_base64="ziOP6W8W1dpYsWOuVCDHBm/U2jY=">AAACIXicbZDLSgMxFIYz3q23qks3wSK4KjMiWFxIwU0VF96qhU4pmfRUQzOZITkjlmH6KG58FTcuFHEnvozpZaGtPwR+vnMOJ+cPYikMuu6XMzU9Mzs3v7CYW1peWV3Lr2/cmCjRHKo8kpGuBcyAFAqqKFBCLdbAwkDCbdA57tdvH0AbEalr7MbQCNmdEm3BGVrUzJd8hEdMzyqnhxnt9aivWCAZvWoO+UlG/Rh0PM4vs2a+4Bbdgeik8UamQEY6b+Y//VbEkxAUcsmMqXtujI2UaRRcQpbzEwMx4x12B3VrFQvBNNLBhRndsaRF25G2TyEd0N8TKQuN6YaB7QwZ3pvxWh/+V6sn2C41UqHiBEHx4aJ2IilGtB8XbQkNHGXXGsa1sH+l/J5pxtGGmrMheOMnT5qbvaLnFr2L/UL5aBTHAtki22SXeOSAlEmFnJMq4eSJvJA38u48O6/Oh/M5bJ1yRjOb5I+c7x+J0KO8</latexit><latexit sha1_base64="ziOP6W8W1dpYsWOuVCDHBm/U2jY=">AAACIXicbZDLSgMxFIYz3q23qks3wSK4KjMiWFxIwU0VF96qhU4pmfRUQzOZITkjlmH6KG58FTcuFHEnvozpZaGtPwR+vnMOJ+cPYikMuu6XMzU9Mzs3v7CYW1peWV3Lr2/cmCjRHKo8kpGuBcyAFAqqKFBCLdbAwkDCbdA57tdvH0AbEalr7MbQCNmdEm3BGVrUzJd8hEdMzyqnhxnt9aivWCAZvWoO+UlG/Rh0PM4vs2a+4Bbdgeik8UamQEY6b+Y//VbEkxAUcsmMqXtujI2UaRRcQpbzEwMx4x12B3VrFQvBNNLBhRndsaRF25G2TyEd0N8TKQuN6YaB7QwZ3pvxWh/+V6sn2C41UqHiBEHx4aJ2IilGtB8XbQkNHGXXGsa1sH+l/J5pxtGGmrMheOMnT5qbvaLnFr2L/UL5aBTHAtki22SXeOSAlEmFnJMq4eSJvJA38u48O6/Oh/M5bJ1yRjOb5I+c7x+J0KO8</latexit><latexit sha1_base64="ziOP6W8W1dpYsWOuVCDHBm/U2jY=">AAACIXicbZDLSgMxFIYz3q23qks3wSK4KjMiWFxIwU0VF96qhU4pmfRUQzOZITkjlmH6KG58FTcuFHEnvozpZaGtPwR+vnMOJ+cPYikMuu6XMzU9Mzs3v7CYW1peWV3Lr2/cmCjRHKo8kpGuBcyAFAqqKFBCLdbAwkDCbdA57tdvH0AbEalr7MbQCNmdEm3BGVrUzJd8hEdMzyqnhxnt9aivWCAZvWoO+UlG/Rh0PM4vs2a+4Bbdgeik8UamQEY6b+Y//VbEkxAUcsmMqXtujI2UaRRcQpbzEwMx4x12B3VrFQvBNNLBhRndsaRF25G2TyEd0N8TKQuN6YaB7QwZ3pvxWh/+V6sn2C41UqHiBEHx4aJ2IilGtB8XbQkNHGXXGsa1sH+l/J5pxtGGmrMheOMnT5qbvaLnFr2L/UL5aBTHAtki22SXeOSAlEmFnJMq4eSJvJA38u48O6/Oh/M5bJ1yRjOb5I+c7x+J0KO8</latexit><latexit sha1_base64="ziOP6W8W1dpYsWOuVCDHBm/U2jY=">AAACIXicbZDLSgMxFIYz3q23qks3wSK4KjMiWFxIwU0VF96qhU4pmfRUQzOZITkjlmH6KG58FTcuFHEnvozpZaGtPwR+vnMOJ+cPYikMuu6XMzU9Mzs3v7CYW1peWV3Lr2/cmCjRHKo8kpGuBcyAFAqqKFBCLdbAwkDCbdA57tdvH0AbEalr7MbQCNmdEm3BGVrUzJd8hEdMzyqnhxnt9aivWCAZvWoO+UlG/Rh0PM4vs2a+4Bbdgeik8UamQEY6b+Y//VbEkxAUcsmMqXtujI2UaRRcQpbzEwMx4x12B3VrFQvBNNLBhRndsaRF25G2TyEd0N8TKQuN6YaB7QwZ3pvxWh/+V6sn2C41UqHiBEHx4aJ2IilGtB8XbQkNHGXXGsa1sH+l/J5pxtGGmrMheOMnT5qbvaLnFr2L/UL5aBTHAtki22SXeOSAlEmFnJMq4eSJvJA38u48O6/Oh/M5bJ1yRjOb5I+c7x+J0KO8</latexit>

To leading order in    , we can assign a “probability”~
<latexit sha1_base64="/aF0BsNE7PPrGpFuOc7Avxk4DzY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePFYwbSFNpTNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0sbm1vVPereztHxweVY9P2jrJFEOfJSJR3ZBqFFyib7gR2E0V0jgU2Aknd3O/84RK80Q+mmmKQUxHkkecUWMlvz8OqRpUa27dXYCsE68gNSjQGlS/+sOEZTFKwwTVuue5qQlyqgxnAmeVfqYxpWxCR9izVNIYdZAvjp2RC6sMSZQoW9KQhfp7Iqex1tM4tJ0xNWO96s3F/7xeZqKbIOcyzQxKtlwUZYKYhMw/J0OukBkxtYQyxe2thI2poszYfCo2BG/15XXSvqp7bt17uK41b4s4ynAG53AJHjSgCffQAh8YcHiGV3hzpPPivDsfy9aSU8ycwh84nz/EH46h</latexit><latexit sha1_base64="/aF0BsNE7PPrGpFuOc7Avxk4DzY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePFYwbSFNpTNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0sbm1vVPereztHxweVY9P2jrJFEOfJSJR3ZBqFFyib7gR2E0V0jgU2Aknd3O/84RK80Q+mmmKQUxHkkecUWMlvz8OqRpUa27dXYCsE68gNSjQGlS/+sOEZTFKwwTVuue5qQlyqgxnAmeVfqYxpWxCR9izVNIYdZAvjp2RC6sMSZQoW9KQhfp7Iqex1tM4tJ0xNWO96s3F/7xeZqKbIOcyzQxKtlwUZYKYhMw/J0OukBkxtYQyxe2thI2poszYfCo2BG/15XXSvqp7bt17uK41b4s4ynAG53AJHjSgCffQAh8YcHiGV3hzpPPivDsfy9aSU8ycwh84nz/EH46h</latexit><latexit sha1_base64="/aF0BsNE7PPrGpFuOc7Avxk4DzY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePFYwbSFNpTNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0sbm1vVPereztHxweVY9P2jrJFEOfJSJR3ZBqFFyib7gR2E0V0jgU2Aknd3O/84RK80Q+mmmKQUxHkkecUWMlvz8OqRpUa27dXYCsE68gNSjQGlS/+sOEZTFKwwTVuue5qQlyqgxnAmeVfqYxpWxCR9izVNIYdZAvjp2RC6sMSZQoW9KQhfp7Iqex1tM4tJ0xNWO96s3F/7xeZqKbIOcyzQxKtlwUZYKYhMw/J0OukBkxtYQyxe2thI2poszYfCo2BG/15XXSvqp7bt17uK41b4s4ynAG53AJHjSgCffQAh8YcHiGV3hzpPPivDsfy9aSU8ycwh84nz/EH46h</latexit><latexit sha1_base64="/aF0BsNE7PPrGpFuOc7Avxk4DzY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePFYwbSFNpTNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0sbm1vVPereztHxweVY9P2jrJFEOfJSJR3ZBqFFyib7gR2E0V0jgU2Aknd3O/84RK80Q+mmmKQUxHkkecUWMlvz8OqRpUa27dXYCsE68gNSjQGlS/+sOEZTFKwwTVuue5qQlyqgxnAmeVfqYxpWxCR9izVNIYdZAvjp2RC6sMSZQoW9KQhfp7Iqex1tM4tJ0xNWO96s3F/7xeZqKbIOcyzQxKtlwUZYKYhMw/J0OukBkxtYQyxe2thI2poszYfCo2BG/15XXSvqp7bt17uK41b4s4ynAG53AJHjSgCffQAh8YcHiGV3hzpPPivDsfy9aSU8ycwh84nz/EH46h</latexit><latexit sha1_base64="/aF0BsNE7PPrGpFuOc7Avxk4DzY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePFYwbSFNpTNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0sbm1vVPereztHxweVY9P2jrJFEOfJSJR3ZBqFFyib7gR2E0V0jgU2Aknd3O/84RK80Q+mmmKQUxHkkecUWMlvz8OqRpUa27dXYCsE68gNSjQGlS/+sOEZTFKwwTVuue5qQlyqgxnAmeVfqYxpWxCR9izVNIYdZAvjp2RC6sMSZQoW9KQhfp7Iqex1tM4tJ0xNWO96s3F/7xeZqKbIOcyzQxKtlwUZYKYhMw/J0OukBkxtYQyxe2thI2poszYfCo2BG/15XXSvqp7bt17uK41b4s4ynAG53AJHjSgCffQAh8YcHiGV3hzpPPivDsfy9aSU8ycwh84nz/EH46h</latexit>

exp (�2SI/~)
<latexit sha1_base64="2XSbyTiECtT6CjjRUL5dYlRnBBc=">AAACEHicbVDJSgNBEO1xjXGLevTSGEQ9GGeCoCcJeNFbRLNAJoSeTk3SpGehu0YShnyCF3/FiwdFvHr05t/YWQ5qfFDweK+KqnpeLIVG2/6y5uYXFpeWMyvZ1bX1jc3c1nZVR4niUOGRjFTdYxqkCKGCAiXUYwUs8CTUvN7lyK/dg9IiCu9wEEMzYJ1Q+IIzNFIrd+BCP6auBB8P6XGR3rZchD6m18MTt+sxRV0lOl08auXydsEeg84SZ0ryZIpyK/fptiOeBBAil0zrhmPH2EyZQsElDLNuoiFmvMc60DA0ZAHoZjp+aEj3jdKmfqRMhUjH6s+JlAVaDwLPdAYMu/qvNxL/8xoJ+ufNVIRxghDyySI/kRQjOkqHtoUCjnJgCONKmFsp7zLFOJoMsyYE5+/Ls6RaLDh2wbk5zZcupnFkyC7ZI4fEIWekRK5ImVQIJw/kibyQV+vRerberPdJ65w1ndkhv2B9fAO/m5vD</latexit><latexit sha1_base64="2XSbyTiECtT6CjjRUL5dYlRnBBc=">AAACEHicbVDJSgNBEO1xjXGLevTSGEQ9GGeCoCcJeNFbRLNAJoSeTk3SpGehu0YShnyCF3/FiwdFvHr05t/YWQ5qfFDweK+KqnpeLIVG2/6y5uYXFpeWMyvZ1bX1jc3c1nZVR4niUOGRjFTdYxqkCKGCAiXUYwUs8CTUvN7lyK/dg9IiCu9wEEMzYJ1Q+IIzNFIrd+BCP6auBB8P6XGR3rZchD6m18MTt+sxRV0lOl08auXydsEeg84SZ0ryZIpyK/fptiOeBBAil0zrhmPH2EyZQsElDLNuoiFmvMc60DA0ZAHoZjp+aEj3jdKmfqRMhUjH6s+JlAVaDwLPdAYMu/qvNxL/8xoJ+ufNVIRxghDyySI/kRQjOkqHtoUCjnJgCONKmFsp7zLFOJoMsyYE5+/Ls6RaLDh2wbk5zZcupnFkyC7ZI4fEIWekRK5ImVQIJw/kibyQV+vRerberPdJ65w1ndkhv2B9fAO/m5vD</latexit><latexit sha1_base64="2XSbyTiECtT6CjjRUL5dYlRnBBc=">AAACEHicbVDJSgNBEO1xjXGLevTSGEQ9GGeCoCcJeNFbRLNAJoSeTk3SpGehu0YShnyCF3/FiwdFvHr05t/YWQ5qfFDweK+KqnpeLIVG2/6y5uYXFpeWMyvZ1bX1jc3c1nZVR4niUOGRjFTdYxqkCKGCAiXUYwUs8CTUvN7lyK/dg9IiCu9wEEMzYJ1Q+IIzNFIrd+BCP6auBB8P6XGR3rZchD6m18MTt+sxRV0lOl08auXydsEeg84SZ0ryZIpyK/fptiOeBBAil0zrhmPH2EyZQsElDLNuoiFmvMc60DA0ZAHoZjp+aEj3jdKmfqRMhUjH6s+JlAVaDwLPdAYMu/qvNxL/8xoJ+ufNVIRxghDyySI/kRQjOkqHtoUCjnJgCONKmFsp7zLFOJoMsyYE5+/Ls6RaLDh2wbk5zZcupnFkyC7ZI4fEIWekRK5ImVQIJw/kibyQV+vRerberPdJ65w1ndkhv2B9fAO/m5vD</latexit><latexit sha1_base64="2XSbyTiECtT6CjjRUL5dYlRnBBc=">AAACEHicbVDJSgNBEO1xjXGLevTSGEQ9GGeCoCcJeNFbRLNAJoSeTk3SpGehu0YShnyCF3/FiwdFvHr05t/YWQ5qfFDweK+KqnpeLIVG2/6y5uYXFpeWMyvZ1bX1jc3c1nZVR4niUOGRjFTdYxqkCKGCAiXUYwUs8CTUvN7lyK/dg9IiCu9wEEMzYJ1Q+IIzNFIrd+BCP6auBB8P6XGR3rZchD6m18MTt+sxRV0lOl08auXydsEeg84SZ0ryZIpyK/fptiOeBBAil0zrhmPH2EyZQsElDLNuoiFmvMc60DA0ZAHoZjp+aEj3jdKmfqRMhUjH6s+JlAVaDwLPdAYMu/qvNxL/8xoJ+ufNVIRxghDyySI/kRQjOkqHtoUCjnJgCONKmFsp7zLFOJoMsyYE5+/Ls6RaLDh2wbk5zZcupnFkyC7ZI4fEIWekRK5ImVQIJw/kibyQV+vRerberPdJ65w1ndkhv2B9fAO/m5vD</latexit><latexit sha1_base64="2XSbyTiECtT6CjjRUL5dYlRnBBc=">AAACEHicbVDJSgNBEO1xjXGLevTSGEQ9GGeCoCcJeNFbRLNAJoSeTk3SpGehu0YShnyCF3/FiwdFvHr05t/YWQ5qfFDweK+KqnpeLIVG2/6y5uYXFpeWMyvZ1bX1jc3c1nZVR4niUOGRjFTdYxqkCKGCAiXUYwUs8CTUvN7lyK/dg9IiCu9wEEMzYJ1Q+IIzNFIrd+BCP6auBB8P6XGR3rZchD6m18MTt+sxRV0lOl08auXydsEeg84SZ0ryZIpyK/fptiOeBBAil0zrhmPH2EyZQsElDLNuoiFmvMc60DA0ZAHoZjp+aEj3jdKmfqRMhUjH6s+JlAVaDwLPdAYMu/qvNxL/8xoJ+ufNVIRxghDyySI/kRQjOkqHtoUCjnJgCONKmFsp7zLFOJoMsyYE5+/Ls6RaLDh2wbk5zZcupnFkyC7ZI4fEIWekRK5ImVQIJw/kibyQV+vRerberPdJ65w1ndkhv2B9fAO/m5vD</latexit>

to the integral curves of SR
<latexit sha1_base64="/gAtXC7PHgYJXb3qPEIbjtD1cU0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CQBLx7jIw9MljA76U2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8Sp5lDnsYx1K2AGpFBQR4ESWokGFgUSmsHwauI3H0EbEat7HCXgR6yvRCg4Qys93HU7CE+Y3Y67pbJbcaegi8TLSZnkqHVLX51ezNMIFHLJjGl7boJ+xjQKLmFc7KQGEsaHrA9tSxWLwPjZ9OIxPbZKj4axtqWQTtXfExmLjBlFge2MGA7MvDcR//PaKYYXfiZUkiIoPlsUppJiTCfv057QwFGOLGFcC3sr5QOmGUcbUtGG4M2/vEgapxXPrXg3Z+XqZR5HgRySI3JCPHJOquSa1EidcKLIM3klb45xXpx352PWuuTkMwfkD5zPH8lqkPc=</latexit><latexit sha1_base64="/gAtXC7PHgYJXb3qPEIbjtD1cU0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CQBLx7jIw9MljA76U2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8Sp5lDnsYx1K2AGpFBQR4ESWokGFgUSmsHwauI3H0EbEat7HCXgR6yvRCg4Qys93HU7CE+Y3Y67pbJbcaegi8TLSZnkqHVLX51ezNMIFHLJjGl7boJ+xjQKLmFc7KQGEsaHrA9tSxWLwPjZ9OIxPbZKj4axtqWQTtXfExmLjBlFge2MGA7MvDcR//PaKYYXfiZUkiIoPlsUppJiTCfv057QwFGOLGFcC3sr5QOmGUcbUtGG4M2/vEgapxXPrXg3Z+XqZR5HgRySI3JCPHJOquSa1EidcKLIM3klb45xXpx352PWuuTkMwfkD5zPH8lqkPc=</latexit><latexit sha1_base64="/gAtXC7PHgYJXb3qPEIbjtD1cU0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CQBLx7jIw9MljA76U2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8Sp5lDnsYx1K2AGpFBQR4ESWokGFgUSmsHwauI3H0EbEat7HCXgR6yvRCg4Qys93HU7CE+Y3Y67pbJbcaegi8TLSZnkqHVLX51ezNMIFHLJjGl7boJ+xjQKLmFc7KQGEsaHrA9tSxWLwPjZ9OIxPbZKj4axtqWQTtXfExmLjBlFge2MGA7MvDcR//PaKYYXfiZUkiIoPlsUppJiTCfv057QwFGOLGFcC3sr5QOmGUcbUtGG4M2/vEgapxXPrXg3Z+XqZR5HgRySI3JCPHJOquSa1EidcKLIM3klb45xXpx352PWuuTkMwfkD5zPH8lqkPc=</latexit><latexit sha1_base64="/gAtXC7PHgYJXb3qPEIbjtD1cU0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CQBLx7jIw9MljA76U2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8Sp5lDnsYx1K2AGpFBQR4ESWokGFgUSmsHwauI3H0EbEat7HCXgR6yvRCg4Qys93HU7CE+Y3Y67pbJbcaegi8TLSZnkqHVLX51ezNMIFHLJjGl7boJ+xjQKLmFc7KQGEsaHrA9tSxWLwPjZ9OIxPbZKj4axtqWQTtXfExmLjBlFge2MGA7MvDcR//PaKYYXfiZUkiIoPlsUppJiTCfv057QwFGOLGFcC3sr5QOmGUcbUtGG4M2/vEgapxXPrXg3Z+XqZR5HgRySI3JCPHJOquSa1EidcKLIM3klb45xXpx352PWuuTkMwfkD5zPH8lqkPc=</latexit><latexit sha1_base64="/gAtXC7PHgYJXb3qPEIbjtD1cU0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CQBLx7jIw9MljA76U2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8Sp5lDnsYx1K2AGpFBQR4ESWokGFgUSmsHwauI3H0EbEat7HCXgR6yvRCg4Qys93HU7CE+Y3Y67pbJbcaegi8TLSZnkqHVLX51ezNMIFHLJjGl7boJ+xjQKLmFc7KQGEsaHrA9tSxWLwPjZ9OIxPbZKj4axtqWQTtXfExmLjBlFge2MGA7MvDcR//PaKYYXfiZUkiIoPlsUppJiTCfv057QwFGOLGFcC3sr5QOmGUcbUtGG4M2/vEgapxXPrXg3Z+XqZR5HgRySI3JCPHJOquSa1EidcKLIM3klb45xXpx352PWuuTkMwfkD5zPH8lqkPc=</latexit>
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<latexit sha1_base64="ceAKic1nw+vCKyooKrk1n11Bj0s="></latexit><latexit sha1_base64="ceAKic1nw+vCKyooKrk1n11Bj0s="></latexit><latexit sha1_base64="ceAKic1nw+vCKyooKrk1n11Bj0s="></latexit><latexit sha1_base64="ceAKic1nw+vCKyooKrk1n11Bj0s="></latexit><latexit sha1_base64="ceAKic1nw+vCKyooKrk1n11Bj0s="></latexit>




