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This talk:
• Partition function computing the quantum gravity Hilbert space 

dimension of a (D-1)-ball of space from a Lorentzian path 

integral: 

•  Simplicial formulation of the 3-dimensional computation

<latexit sha1_base64="SjE2dBMMZ39gO1tls1fSGDeTiLo=">AAACDXicdZC7SgNBFIZnvRtvUbGyGQyC1bIrGpMuIIilEhPFJIbZyVkzZPbCzFkxLAu+gc9gq7Wd2PoMlr6Jk4ugon/1zfl/mHN+L5ZCo+O8WxOTU9Mzs3PzuYXFpeWV/OpaXUeJ4lDjkYzUhcc0SBFCDQVKuIgVsMCTcO71Dgf++Q0oLaLwDPsxtAJ2HQpfcIZm1M5vXDa1CChcpdV2E+EW0041y9r5gmOXHbe8f0BHUNobQ7FMXdsZqkDGOmnnP5qdiCcBhMgl07rhOjG2UqZQcAlZrploiBnvsWtoGAxZALqVDtfP6LYfKYpdoMP392zKAq37gWcyAcOu/u0Nhn95jQT9UisVYZwghNxEjOcnkmJEBy3QjlDAUfYNMK6E2ZLyLlOMo+nqxy9xt68F11nOdPJ1OP0f6ru2W7SLp3uFytHdqJ05skm2yA5xyQGpkGNyQmqEk5Q8kEfyZN1bz9aL9TqKTljjRtfJD1lvn2OFnVU=</latexit>

Z ⇠ eSdS

Along the way: Off-shell causality violations, 
complex metrics and actions, convergence of 
vacuum fluctuations… 

Loops ‘24

How can this be reproduced from an 
oscillatory, Lorentzian integral?!

<latexit sha1_base64="K6nzaOYN8pWYrbM4qAEhJ/DbN34=">AAACE3icdVDLSsNAFJ3UV62vqks3g0VwFRLRPjZSdOPCRQX7kDaUyWTSDJ1MwsxECKFfIe70S9yJWz/AD3HvtI1gRc/q3HvO5d573JhRqSzrwygsLa+srhXXSxubW9s75d29jowSgUkbRywSPRdJwignbUUVI71YEBS6jHTd8eVU794TIWnEb1UaEydEI059ipHSrbvBtbZ66NwaliuW2bDsxlkNzkn9NCfVBrRNa4YKyNEalj8HXoSTkHCFGZKyb1uxcjIkFMWMTEqDRJIY4TEakb6mHIVEOtns4Ak88iMBVUDgrP7pzVAoZRq62hMiFcjf2rT5l9ZPlF93MsrjRBGOtUVrfsKgiuD0b+hRQbBiqSYIC6qvhDhAAmGl01nYEgeppFguvJB50o+4mpR0Tt9hwP9J58S0q2b15rTSvMgTK4IDcAiOgQ1qoAmuQAu0AQYheABP4Nl4NF6MV+Ntbi0Y+cw+WIDx/gU+/59U</latexit>

⇤ > 0



Full GR computation:

CTC

Ball

CTC singularity

This foliation forces upon us a 
chronotopology: There are Closed 
Timelike Curves (CTCs) contractible to 
points of a 0-sphere… There is a CTC 
singularity

2D example:

[Jacobson & Banihashemi ‘22]

‘Lorentzian’ path 
integral

Loops ‘24

<latexit sha1_base64="vCUC+rzXU32HEYoZ8LDXSHu+48w="></latexit>
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<latexit sha1_base64="/M9ZKPtCrmPAUU3LqfSIHGKitkQ="></latexit>

ImSEH = A/4G



Regge calculus  
setup

<latexit sha1_base64="DK0utZP9wUwdfpmgco/6JESVwns=">AAACFHicbVC5TsNAEF1zhnAFKGksIiSqyEYoUEbQUAaJHCK2ovVmHa+yh7UHkmX5LxAdfAkdoqXnQ+jZBBck4VVv5r3RzLwopURpz/tyVlbX1jc2K1vV7Z3dvf3awWFXCSMR7iBBhexHUGFKOO5ooinupxJDFlHciyY3U733iKUigt/rLMUhg2NOYoKgtq2H8TAPmAm4KYa1utfwZnCXiV+SOijRHta+g5FAhmGuEYVKDXwv1WEOpSaI4qIaGIVTiCZwjAeWcsiwCvPZxYV7Ggvp6gS7s/qvN4dMqYxF1sOgTtSiNm3+pw2Mjq/CnPDUaMyRtVgtNtTVwp0+7o6IxEjTzBKIJLFXuiiBEiJt45nbkiaZIkjNvZCPVCy4Lqo2J38xlWXSPW/4zUbz7qLeui4Tq4BjcALOgA8uQQvcgjboAAQ4eAIv4NV5dt6cd+fj17rilDNHYA7O5w/H/qAu</latexit>gµ⌫
<latexit sha1_base64="E7rQjBWVLkVLMbJu+yJft5Ql1Po=">AAACDXicbVDLTsMwEHR4lvIqcORiUSFxqhKECscKLhyLoA+pjSrHdRqrjh3ZG6Qo6icgbvAl3BBXvoEP4Y5bcqAtc5rdmdXuTpAIbsB1v5yV1bX1jc3SVnl7Z3dvv3Jw2DYq1ZS1qBJKdwNimOCStYCDYN1EMxIHgnWC8c1U7zwybbiSD5AlzI/JSPKQUwK2dS8GfFCpujV3BrxMvIJUUYHmoPLdHyqaxkwCFcSYnucm4OdEA6eCTcr91LCE0DEZsZ6lksTM+Pns1Ak+DZXGEDE8q/96cxIbk8WB9cQEIrOoTZv/ab0Uwis/5zJJgUlqLVYLU4FB4enHeMg1oyAySwjV3F6JaUQ0oWBzmduSRJnh1My9kA9NqCRMyjYnbzGVZdI+r3n1Wv3uotq4LhIroWN0gs6Qhy5RA92iJmohikboCb2gV+fZeXPenY9f64pTzByhOTifP7JdnOE=</latexit>

li

<latexit sha1_base64="n7Q5PU6BGoZ0XYPm9nvt9RPJ6qs="></latexit>
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Discretization

Loops ‘24

<latexit sha1_base64="67ReqsvvkIiPTfD76R7aMhjRG8E=">AAACCHicbZC7TsMwFIZPyq2UW4CRxaJCYqoSxG2sYGEsEi2V2qhy3NPWqnOR7VSqorwAz8AKMxti5S0YeRPckIG2/NPv8//2sT4/Flxpx/mySiura+sb5c3K1vbO7p69f9BSUSIZNlkkItn2qULBQ2xqrgW2Y4k08AU++uPbWf44Qal4FD7oaYxeQIchH3BGtRn1bDvt5o+kvkgwIzTr2VWn5uQiy8YtTBUKNXr2d7cfsSTAUDNBleq4Tqy9lErNmcCs0k0UxpSN6RA7xoY0QOWl+dKMnAwiSfQISX7+201poNQ08E0noHqkFrPZ8L+sk+jBtZfyME40hsxUTDZIBNERmQEgfS6RaTE1hjLJzS8JG1FJmTaY5rbEo6niTGUVw8RdJLBsWmc197J2cX9erd8UdMpwBMdwCi5cQR3uoAFNYDCBZ3iBV+vJerPerY/faskq7hzCnKzPHwYgmnY=</latexit>a
<latexit sha1_base64="JorEKF5fQEusNeyAYAZqXKlby30=">AAAB93icbZA7T8MwFIVvyquUV4GRxaJCYqoSxGusYGFsJfqQ2qhy3JvGqvOQ7SBFUX8BK8xsiJWfw8g/wS0ZaMuZPt9zLF8fLxFcadv+skpr6xubW+Xtys7u3v5B9fCoo+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqT+5nffUKpeBw96ixBN6TjiPucUW1GLW9Yrdl1ey6yCk4BNSjUHFa/B6OYpSFGmgmqVN+xE+3mVGrOBE4rg1RhQtmEjrFvMKIhKjefLzolZ34siQ6QzM9/szkNlcpCz2RCqgO17M2G/3n9VPu3bs6jJNUYMRMxnp8KomMy+y8ZcYlMi8wAZZKbLQkLqKRMm1YWXkmCTHGmphXTibPcwCp0LurOdf2qdVlr3BXtlOEETuEcHLiBBjxAE9rAAOEZXuDVyqw36936+I2WrOLOMSzI+vwBbXyTfQ==</latexit>

b
<latexit sha1_base64="JorEKF5fQEusNeyAYAZqXKlby30=">AAAB93icbZA7T8MwFIVvyquUV4GRxaJCYqoSxGusYGFsJfqQ2qhy3JvGqvOQ7SBFUX8BK8xsiJWfw8g/wS0ZaMuZPt9zLF8fLxFcadv+skpr6xubW+Xtys7u3v5B9fCoo+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqT+5nffUKpeBw96ixBN6TjiPucUW1GLW9Yrdl1ey6yCk4BNSjUHFa/B6OYpSFGmgmqVN+xE+3mVGrOBE4rg1RhQtmEjrFvMKIhKjefLzolZ34siQ6QzM9/szkNlcpCz2RCqgO17M2G/3n9VPu3bs6jJNUYMRMxnp8KomMy+y8ZcYlMi8wAZZKbLQkLqKRMm1YWXkmCTHGmphXTibPcwCp0LurOdf2qdVlr3BXtlOEETuEcHLiBBjxAE9rAAOEZXuDVyqw36936+I2WrOLOMSzI+vwBbXyTfQ==</latexit>

b <latexit sha1_base64="67ReqsvvkIiPTfD76R7aMhjRG8E=">AAACCHicbZC7TsMwFIZPyq2UW4CRxaJCYqoSxG2sYGEsEi2V2qhy3NPWqnOR7VSqorwAz8AKMxti5S0YeRPckIG2/NPv8//2sT4/Flxpx/mySiura+sb5c3K1vbO7p69f9BSUSIZNlkkItn2qULBQ2xqrgW2Y4k08AU++uPbWf44Qal4FD7oaYxeQIchH3BGtRn1bDvt5o+kvkgwIzTr2VWn5uQiy8YtTBUKNXr2d7cfsSTAUDNBleq4Tqy9lErNmcCs0k0UxpSN6RA7xoY0QOWl+dKMnAwiSfQISX7+201poNQ08E0noHqkFrPZ8L+sk+jBtZfyME40hsxUTDZIBNERmQEgfS6RaTE1hjLJzS8JG1FJmTaY5rbEo6niTGUVw8RdJLBsWmc197J2cX9erd8UdMpwBMdwCi5cQR3uoAFNYDCBZ3iBV+vJerPerY/faskq7hzCnKzPHwYgmnY=</latexit>a
<latexit sha1_base64="JorEKF5fQEusNeyAYAZqXKlby30=">AAAB93icbZA7T8MwFIVvyquUV4GRxaJCYqoSxGusYGFsJfqQ2qhy3JvGqvOQ7SBFUX8BK8xsiJWfw8g/wS0ZaMuZPt9zLF8fLxFcadv+skpr6xubW+Xtys7u3v5B9fCoo+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqT+5nffUKpeBw96ixBN6TjiPucUW1GLW9Yrdl1ey6yCk4BNSjUHFa/B6OYpSFGmgmqVN+xE+3mVGrOBE4rg1RhQtmEjrFvMKIhKjefLzolZ34siQ6QzM9/szkNlcpCz2RCqgO17M2G/3n9VPu3bs6jJNUYMRMxnp8KomMy+y8ZcYlMi8wAZZKbLQkLqKRMm1YWXkmCTHGmphXTibPcwCp0LurOdf2qdVlr3BXtlOEETuEcHLiBBjxAE9rAAOEZXuDVyqw36936+I2WrOLOMSzI+vwBbXyTfQ==</latexit>

b
<latexit sha1_base64="JorEKF5fQEusNeyAYAZqXKlby30=">AAAB93icbZA7T8MwFIVvyquUV4GRxaJCYqoSxGusYGFsJfqQ2qhy3JvGqvOQ7SBFUX8BK8xsiJWfw8g/wS0ZaMuZPt9zLF8fLxFcadv+skpr6xubW+Xtys7u3v5B9fCoo+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqT+5nffUKpeBw96ixBN6TjiPucUW1GLW9Yrdl1ey6yCk4BNSjUHFa/B6OYpSFGmgmqVN+xE+3mVGrOBE4rg1RhQtmEjrFvMKIhKjefLzolZ34siQ6QzM9/szkNlcpCz2RCqgO17M2G/3n9VPu3bs6jJNUYMRMxnp8KomMy+y8ZcYlMi8wAZZKbLQkLqKRMm1YWXkmCTHGmphXTibPcwCp0LurOdf2qdVlr3BXtlOEETuEcHLiBBjxAE9rAAOEZXuDVyqw36936+I2WrOLOMSzI+vwBbXyTfQ==</latexit>

b

<latexit sha1_base64="67ReqsvvkIiPTfD76R7aMhjRG8E=">AAACCHicbZC7TsMwFIZPyq2UW4CRxaJCYqoSxG2sYGEsEi2V2qhy3NPWqnOR7VSqorwAz8AKMxti5S0YeRPckIG2/NPv8//2sT4/Flxpx/mySiura+sb5c3K1vbO7p69f9BSUSIZNlkkItn2qULBQ2xqrgW2Y4k08AU++uPbWf44Qal4FD7oaYxeQIchH3BGtRn1bDvt5o+kvkgwIzTr2VWn5uQiy8YtTBUKNXr2d7cfsSTAUDNBleq4Tqy9lErNmcCs0k0UxpSN6RA7xoY0QOWl+dKMnAwiSfQISX7+201poNQ08E0noHqkFrPZ8L+sk+jBtZfyME40hsxUTDZIBNERmQEgfS6RaTE1hjLJzS8JG1FJmTaY5rbEo6niTGUVw8RdJLBsWmc197J2cX9erd8UdMpwBMdwCi5cQR3uoAFNYDCBZ3iBV+vJerPerY/faskq7hzCnKzPHwYgmnY=</latexit>a<latexit sha1_base64="JorEKF5fQEusNeyAYAZqXKlby30=">AAAB93icbZA7T8MwFIVvyquUV4GRxaJCYqoSxGusYGFsJfqQ2qhy3JvGqvOQ7SBFUX8BK8xsiJWfw8g/wS0ZaMuZPt9zLF8fLxFcadv+skpr6xubW+Xtys7u3v5B9fCoo+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqT+5nffUKpeBw96ixBN6TjiPucUW1GLW9Yrdl1ey6yCk4BNSjUHFa/B6OYpSFGmgmqVN+xE+3mVGrOBE4rg1RhQtmEjrFvMKIhKjefLzolZ34siQ6QzM9/szkNlcpCz2RCqgO17M2G/3n9VPu3bs6jJNUYMRMxnp8KomMy+y8ZcYlMi8wAZZKbLQkLqKRMm1YWXkmCTHGmphXTibPcwCp0LurOdf2qdVlr3BXtlOEETuEcHLiBBjxAE9rAAOEZXuDVyqw36936+I2WrOLOMSzI+vwBbXyTfQ==</latexit>

b
<latexit sha1_base64="JorEKF5fQEusNeyAYAZqXKlby30=">AAAB93icbZA7T8MwFIVvyquUV4GRxaJCYqoSxGusYGFsJfqQ2qhy3JvGqvOQ7SBFUX8BK8xsiJWfw8g/wS0ZaMuZPt9zLF8fLxFcadv+skpr6xubW+Xtys7u3v5B9fCoo+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqT+5nffUKpeBw96ixBN6TjiPucUW1GLW9Yrdl1ey6yCk4BNSjUHFa/B6OYpSFGmgmqVN+xE+3mVGrOBE4rg1RhQtmEjrFvMKIhKjefLzolZ34siQ6QzM9/szkNlcpCz2RCqgO17M2G/3n9VPu3bs6jJNUYMRMxnp8KomMy+y8ZcYlMi8wAZZKbLQkLqKRMm1YWXkmCTHGmphXTibPcwCp0LurOdf2qdVlr3BXtlOEETuEcHLiBBjxAE9rAAOEZXuDVyqw36936+I2WrOLOMSzI+vwBbXyTfQ==</latexit>

b
<latexit sha1_base64="67ReqsvvkIiPTfD76R7aMhjRG8E=">AAACCHicbZC7TsMwFIZPyq2UW4CRxaJCYqoSxG2sYGEsEi2V2qhy3NPWqnOR7VSqorwAz8AKMxti5S0YeRPckIG2/NPv8//2sT4/Flxpx/mySiura+sb5c3K1vbO7p69f9BSUSIZNlkkItn2qULBQ2xqrgW2Y4k08AU++uPbWf44Qal4FD7oaYxeQIchH3BGtRn1bDvt5o+kvkgwIzTr2VWn5uQiy8YtTBUKNXr2d7cfsSTAUDNBleq4Tqy9lErNmcCs0k0UxpSN6RA7xoY0QOWl+dKMnAwiSfQISX7+201poNQ08E0noHqkFrPZ8L+sk+jBtZfyME40hsxUTDZIBNERmQEgfS6RaTE1hjLJzS8JG1FJmTaY5rbEo6niTGUVw8RdJLBsWmc197J2cX9erd8UdMpwBMdwCi5cQR3uoAFNYDCBZ3iBV+vJerPerY/faskq7hzCnKzPHwYgmnY=</latexit>a<latexit sha1_base64="JorEKF5fQEusNeyAYAZqXKlby30=">AAAB93icbZA7T8MwFIVvyquUV4GRxaJCYqoSxGusYGFsJfqQ2qhy3JvGqvOQ7SBFUX8BK8xsiJWfw8g/wS0ZaMuZPt9zLF8fLxFcadv+skpr6xubW+Xtys7u3v5B9fCoo+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqT+5nffUKpeBw96ixBN6TjiPucUW1GLW9Yrdl1ey6yCk4BNSjUHFa/B6OYpSFGmgmqVN+xE+3mVGrOBE4rg1RhQtmEjrFvMKIhKjefLzolZ34siQ6QzM9/szkNlcpCz2RCqgO17M2G/3n9VPu3bs6jJNUYMRMxnp8KomMy+y8ZcYlMi8wAZZKbLQkLqKRMm1YWXkmCTHGmphXTibPcwCp0LurOdf2qdVlr3BXtlOEETuEcHLiBBjxAE9rAAOEZXuDVyqw36936+I2WrOLOMSzI+vwBbXyTfQ==</latexit>

b
<latexit sha1_base64="JorEKF5fQEusNeyAYAZqXKlby30=">AAAB93icbZA7T8MwFIVvyquUV4GRxaJCYqoSxGusYGFsJfqQ2qhy3JvGqvOQ7SBFUX8BK8xsiJWfw8g/wS0ZaMuZPt9zLF8fLxFcadv+skpr6xubW+Xtys7u3v5B9fCoo+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqT+5nffUKpeBw96ixBN6TjiPucUW1GLW9Yrdl1ey6yCk4BNSjUHFa/B6OYpSFGmgmqVN+xE+3mVGrOBE4rg1RhQtmEjrFvMKIhKjefLzolZ34siQ6QzM9/szkNlcpCz2RCqgO17M2G/3n9VPu3bs6jJNUYMRMxnp8KomMy+y8ZcYlMi8wAZZKbLQkLqKRMm1YWXkmCTHGmphXTibPcwCp0LurOdf2qdVlr3BXtlOEETuEcHLiBBjxAE9rAAOEZXuDVyqw36936+I2WrOLOMSzI+vwBbXyTfQ==</latexit>

b

<latexit sha1_base64="GcVl+fAPfFCl2cXPxu9DCkbBTZQ=">AAAB93icdVC7TgJBFJ3FF+ILtbSZSEysNrsLAnaojSUk8khgQ2aHuzBh9pGZWZMN4QtstbYztn6OpX/iLGIiRk915pwzufceL+ZMKst6N3Jr6xubW/ntws7u3v5B8fCoI6NEUGjTiEei5xEJnIXQVkxx6MUCSOBx6HrTm8zv3oOQLArvVBqDG5BxyHxGidJS62pYLFnmZb3qXDjYMi2r5pSrGXFqFaeMba1kKKElmsPix2AU0SSAUFFOpOzbVqzcGRGKUQ7zwiCREBM6JWPoaxqSAKQ7Wyw6x2d+JLCaAF68f2ZnJJAyDTydCYiayN9eJv7l9RPl190ZC+NEQUh1RHt+wrGKcHYvHjEBVPFUE0IF01tiOiGCUKVbWZkST1LJqJwXdCffh+P/Sccx7apZbVVKjetlO3l0gk7RObJRDTXQLWqiNqII0AN6RE9GajwbL8brVzRnLP8coxUYb5+gwJOh</latexit>

A

<latexit sha1_base64="YyZt/bR0akTl1wQ1FR4cYrcqlYc=">AAAB93icbZBLTwIxFIXv4Avxhbp000hMXJEZY9AlwY1LSARJYEI65Q7T0Hmk7ZhMJvwCt7p2Z9z6c1z6Tyw4CwHP6us9p+nt8RLBlbbtL6u0sbm1vVPereztHxweVY9PeipOJcMui0Us+x5VKHiEXc21wH4ikYaewEdvejf3H59QKh5HDzpL0A3pJOI+Z1SbUac1qtbsur0QWQengBoUao+q38NxzNIQI80EVWrg2Il2cyo1ZwJnlWGqMKFsSic4MBjREJWbLxadkQs/lkQHSBbnv9mchkploWcyIdWBWvXmw/+8Qar9WzfnUZJqjJiJGM9PBdExmf+XjLlEpkVmgDLJzZaEBVRSpk0rS68kQaY4U7OK6cRZbWAdeld1p1FvdK5rzVbRThnO4BwuwYEbaMI9tKELDBCe4QVercx6s96tj99oySrunMKSrM8fO26TXg==</latexit>

B

Discretization: 
<latexit sha1_base64="KwDuxTc/iuIGYiDCjYE9GEWt99U="></latexit>

gµ⌫ ! (sa, sb) ⌘ (sa, sh)

Strategy: Compute the `complex Regge’ exponent  ( )


and explore deformations of the Lorentzian contour 

<latexit sha1_base64="y+8LmtvK4qSvqBlojQjyfVWzJyQ=">AAACC3icdVDLSsNAFJ3UV62vqks3g0VwFRLRPnZFNy5bsA9oQ5lMb5qhkwczEyGEfoG40y9xJ279CD/EvdM2ghU9q3PvOZd773FjzqSyrA+jsLa+sblV3C7t7O7tH5QPj7oySgSFDo14JPoukcBZCB3FFId+LIAELoeeO72Z6717EJJF4Z1KY3ACMgmZxyhRutXujcoVy2xYduOqhpekfpmTagPbprVABeVojcqfw3FEkwBCRTmRcmBbsXIyIhSjHGalYSIhJnRKJjDQNCQBSCdbHDrDZ14ksPIBL+qf3owEUqaBqz0BUb78rc2bf2mDRHl1J2NhnCgIqbZozUs4VhGe/4vHTABVPNWEUMH0lZj6RBCqdCorW2I/lYzKlReysfSiUM1KOqfvMPD/pHth2lWz2r6sNK/zxIroBJ2ic2SjGmqiW9RCHUQRoAf0hJ6NR+PFeDXeltaCkc8coxUY71+RupxQ</latexit>

W
<latexit sha1_base64="CwyWdM1xMv+tB3EK89q9X6a9MnU="></latexit>

sh ! rhe
ı�

2D analogues of our computation



Euclidean regime

Loops ‘24

<latexit sha1_base64="9LsIsxWhuhGAgHQA5WW8uUJBc4w=">AAAB+nicbZA7T8MwFIVvyquUV4GRJaJCYqoSxGusYGEsEn1IbVQ57k1j1Uks20GKSv8CK8xsiJU/w8g/wSkZaMuZPt9zLF8fX3CmtON8WaWV1bX1jfJmZWt7Z3evun/QVkkqKbZowhPZ9YlCzmJsaaY5doVEEvkcO/74Nvc7jygVS+IHnQn0IjKKWcAo0fmoL0I2qNacujOTvQxuATUo1BxUv/vDhKYRxppyolTPdYT2JkRqRjlOK/1UoSB0TEbYMxiTCJU3me06tU+CRNo6RHt2/pudkEipLPJNJiI6VItePvzP66U6uPYmLBapxpiaiPGClNs6sfMv20MmkWqeGSBUMrOlTUMiCdWmmLlXRJgpRtW0YjpxFxtYhvZZ3b2sX9yf1xo3RTtlOIJjOAUXrqABd9CEFlAI4Rle4NV6st6sd+vjN1qyijuHMCfr8wfOtpTW</latexit>

�

<latexit sha1_base64="fDQ2KoGRMgd91qUkUpdApt/k8FE=">AAAB+XicbZA7T8MwFIVvyquUV4GRxaJCYqoSxGusYGEsgj6kNqoc96ax6jxkO0hR1J/ACjMbYuXXMPJPcEsG2nKmz/ccy9fHSwRX2ra/rNLK6tr6RnmzsrW9s7tX3T9oqziVDFssFrHselSh4BG2NNcCu4lEGnoCO974dup3nlAqHkePOkvQDeko4j5nVJvRgxwEg2rNrtszkWVwCqhBoeag+t0fxiwNMdJMUKV6jp1oN6dScyZwUumnChPKxnSEPYMRDVG5+WzVCTnxY0l0gGR2/pvNaahUFnomE1IdqEVvOvzP66Xav3ZzHiWpxoiZiPH8VBAdk+mPyZBLZFpkBiiT3GxJWEAlZdr0MvdKEmSKMzWpmE6cxQaWoX1Wdy7rF/fntcZN0U4ZjuAYTsGBK2jAHTShBQxG8Awv8Grl1pv1bn38RktWcecQ5mR9/gALOpRo</latexit>rh
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<latexit sha1_base64="o/ZuBLsosbiBKOBVK/lbWWMYWJY=">AAACAHicbVC7TsMwFL0pr1JeBUYWiwqJqUoQKowVXRiLRB+ijSrHdRqrjhPZDlIUdeEbWGFmQ6z8CSN/glMy0JYznXvPufLx8WLOlLbtL6u0tr6xuVXeruzs7u0fVA+PuipKJKEdEvFI9j2sKGeCdjTTnPZjSXHocdrzpq1c7z1SqVgk7nUaUzfEE8F8RrA2q4dhiHVAMEetUbVm1+050CpxClKDAu1R9Xs4jkgSUqEJx0oNHDvWboalZoTTWWWYKBpjMsUTOjBU4JAqN5snnqEzP5JIBxTN57/eDIdKpaFnPHk2tazly/+0QaL9azdjIk40FcRYjOYnHOkI5R9HYyYp0Tw1BBPJTEpEAiwx0aaehVfiIFWMqFnFdOIsN7BKuhd1p1Fv3F3WmjdFO2U4gVM4BweuoAm30IYOEBDwDC/waj1Zb9a79fFrLVnFzTEswPr8AdxClw8=</latexit>

C
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<latexit sha1_base64="8wWl0hJwXkh+CojhYKDRNLrEUhk=">AAACFHicbZA7TwJBFIVnfSK+UEstJhITG8muMWhJtLGwQCOPhCXk7nAXJsw+MjNrQhYaf4S/wVZrO2Nrb+k/cUAKAU915p4zr8+LBVfatr+shcWl5ZXVzFp2fWNzazu3s1tVUSIZVlgkIln3QKHgIVY01wLrsUQIPIE1r3c1ymsPKBWPwnvdj7EZQCfkPmegzaiVO3B9CSwdnLgheALcO6S1wdC9MSe0oZXL2wV7LDpvnInJk4nKrdy3245YEmComQClGo4d62YKUnMmcJh1E4UxsB50sGFsCAGqZjr+xZAe+ZGkuot0vP7bTSFQqh94phOA7qrZbDT8L2sk2r9opjyME40hMxWT+YmgOqIjGLTNJTIt+sYAk9y8krIuGCDaIJu6Je72FWdqmDVMnFkC86Z6WnCKheLtWb50OaGTIfvkkBwTh5yTErkmZVIhjDySZ/JCXq0n6816tz5+qwvWZM8emZL1+QNynZ7x</latexit>

|�rReW |
⇤

Steepest descent flow shows 
that the integral is indeed 
approximated by a Euclidean 
saddle point evaluation! So the 
continuum expectation is 
recovered!

-2 π -π 0 π 2 π

-2 π -π 0 π 2 π

<latexit sha1_base64="9LsIsxWhuhGAgHQA5WW8uUJBc4w=">AAAB+nicbZA7T8MwFIVvyquUV4GRJaJCYqoSxGusYGEsEn1IbVQ57k1j1Uks20GKSv8CK8xsiJU/w8g/wSkZaMuZPt9zLF8fX3CmtON8WaWV1bX1jfJmZWt7Z3evun/QVkkqKbZowhPZ9YlCzmJsaaY5doVEEvkcO/74Nvc7jygVS+IHnQn0IjKKWcAo0fmoL0I2qNacujOTvQxuATUo1BxUv/vDhKYRxppyolTPdYT2JkRqRjlOK/1UoSB0TEbYMxiTCJU3me06tU+CRNo6RHt2/pudkEipLPJNJiI6VItePvzP66U6uPYmLBapxpiaiPGClNs6sfMv20MmkWqeGSBUMrOlTUMiCdWmmLlXRJgpRtW0YjpxFxtYhvZZ3b2sX9yf1xo3RTtlOIJjOAUXrqABd9CEFlAI4Rle4NV6st6sd+vjN1qyijuHMCfr8wfOtpTW</latexit>

�

<latexit sha1_base64="fDQ2KoGRMgd91qUkUpdApt/k8FE=">AAAB+XicbZA7T8MwFIVvyquUV4GRxaJCYqoSxGusYGEsgj6kNqoc96ax6jxkO0hR1J/ACjMbYuXXMPJPcEsG2nKmz/ccy9fHSwRX2ra/rNLK6tr6RnmzsrW9s7tX3T9oqziVDFssFrHselSh4BG2NNcCu4lEGnoCO974dup3nlAqHkePOkvQDeko4j5nVJvRgxwEg2rNrtszkWVwCqhBoeag+t0fxiwNMdJMUKV6jp1oN6dScyZwUumnChPKxnSEPYMRDVG5+WzVCTnxY0l0gGR2/pvNaahUFnomE1IdqEVvOvzP66Xav3ZzHiWpxoiZiPH8VBAdk+mPyZBLZFpkBiiT3GxJWEAlZdr0MvdKEmSKMzWpmE6cxQaWoX1Wdy7rF/fntcZN0U4ZjuAYTsGBK2jAHTShBQxG8Awv8Grl1pv1bn38RktWcecQ5mR9/gALOpRo</latexit>rh

<latexit sha1_base64="8wWl0hJwXkh+CojhYKDRNLrEUhk=">AAACFHicbZA7TwJBFIVnfSK+UEstJhITG8muMWhJtLGwQCOPhCXk7nAXJsw+MjNrQhYaf4S/wVZrO2Nrb+k/cUAKAU915p4zr8+LBVfatr+shcWl5ZXVzFp2fWNzazu3s1tVUSIZVlgkIln3QKHgIVY01wLrsUQIPIE1r3c1ymsPKBWPwnvdj7EZQCfkPmegzaiVO3B9CSwdnLgheALcO6S1wdC9MSe0oZXL2wV7LDpvnInJk4nKrdy3245YEmComQClGo4d62YKUnMmcJh1E4UxsB50sGFsCAGqZjr+xZAe+ZGkuot0vP7bTSFQqh94phOA7qrZbDT8L2sk2r9opjyME40hMxWT+YmgOqIjGLTNJTIt+sYAk9y8krIuGCDaIJu6Je72FWdqmDVMnFkC86Z6WnCKheLtWb50OaGTIfvkkBwTh5yTErkmZVIhjDySZ/JCXq0n6816tz5+qwvWZM8emZL1+QNynZ7x</latexit>

|�rReW |
⇤

<latexit sha1_base64="o/ZuBLsosbiBKOBVK/lbWWMYWJY=">AAACAHicbVC7TsMwFL0pr1JeBUYWiwqJqUoQKowVXRiLRB+ijSrHdRqrjhPZDlIUdeEbWGFmQ6z8CSN/glMy0JYznXvPufLx8WLOlLbtL6u0tr6xuVXeruzs7u0fVA+PuipKJKEdEvFI9j2sKGeCdjTTnPZjSXHocdrzpq1c7z1SqVgk7nUaUzfEE8F8RrA2q4dhiHVAMEetUbVm1+050CpxClKDAu1R9Xs4jkgSUqEJx0oNHDvWboalZoTTWWWYKBpjMsUTOjBU4JAqN5snnqEzP5JIBxTN57/eDIdKpaFnPHk2tazly/+0QaL9azdjIk40FcRYjOYnHOkI5R9HYyYp0Tw1BBPJTEpEAiwx0aaehVfiIFWMqFnFdOIsN7BKuhd1p1Fv3F3WmjdFO2U4gVM4BweuoAm30IYOEBDwDC/waj1Zb9a79fFrLVnFzTEswPr8AdxClw8=</latexit>
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The exponential enhancement due to the causal 
irregularities makes the right Euclidean saddle 
‘accessible’… But here it would seem to backfire 

[Marolf ’22]

For the class of measures  , the fixed-
length integrals in this regime vanishes! Because the integral 
of the arc at infinity from  to  vanishes.

μh = sα
h , α < −

1
2

−π π

<latexit sha1_base64="SjE2dBMMZ39gO1tls1fSGDeTiLo=">AAACDXicdZC7SgNBFIZnvRtvUbGyGQyC1bIrGpMuIIilEhPFJIbZyVkzZPbCzFkxLAu+gc9gq7Wd2PoMlr6Jk4ugon/1zfl/mHN+L5ZCo+O8WxOTU9Mzs3PzuYXFpeWV/OpaXUeJ4lDjkYzUhcc0SBFCDQVKuIgVsMCTcO71Dgf++Q0oLaLwDPsxtAJ2HQpfcIZm1M5vXDa1CChcpdV2E+EW0041y9r5gmOXHbe8f0BHUNobQ7FMXdsZqkDGOmnnP5qdiCcBhMgl07rhOjG2UqZQcAlZrploiBnvsWtoGAxZALqVDtfP6LYfKYpdoMP392zKAq37gWcyAcOu/u0Nhn95jQT9UisVYZwghNxEjOcnkmJEBy3QjlDAUfYNMK6E2ZLyLlOMo+nqxy9xt68F11nOdPJ1OP0f6ru2W7SLp3uFytHdqJ05skm2yA5xyQGpkGNyQmqEk5Q8kEfyZN1bz9aL9TqKTljjRtfJD1lvn2OFnVU=</latexit>

Z ⇠ eSdS

<latexit sha1_base64="xgL/ZJ5UT9LJlX4VNPA4w5t6zbo="></latexit>
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<latexit sha1_base64="LWowcauRlj1Sam0lKBlptpd/x4Q=">AAACIXicdVDJSgNBEO1xjXGLiicvjUHwFGckZrkFvXjwEMEskITQ06lJmvQsdPUIYcjHiDf9Em/iTfwO73YWwYi+06t6r6iq50ZSoLbtd2tpeWV1bT21kd7c2t7Zzezt1zGMFYcaD2Womi5DkCKAmhZaQjNSwHxXQsMdXk30xj0oFGFwp0cRdHzWD4QnONOm1c0cYpe1JSCi8Klz1r4xoz3WzWTtXNl2yhdFOiOl/JwUytTJ2VNkyRzVbuaz3Qt57EOguWSILceOdCdhSgsuYZxuxwgR40PWh5ahAfMBO8n0/DE98UJF9QDotP7pTZiPOPJd4/GZHuBvbdL8S2vF2it1EhFEsYaAG4vRvFhSHdJJCrQnFHAtR4YwroS5kvIBU4xrk9XClmgwQsFx4YWkh14Y6HHa5PQdBv2f1M9zTiFXuM1nK5fzxFLkiByTU+KQIqmQa1IlNcJJQh7IE3m2Hq0X69V6m1mXrPnMAVmA9fEFYkWkng==</latexit>

sa . 1/⇤ Lorentzian regime <latexit sha1_base64="MGByPWV/QnNRfRqoSLympTeJckE=">AAACIHicdVC5TsNAEF2HK4TLHB3NigiJKtgo5OgiaCgogkQOKbGs9WadrLI+tDtGClb+BdHBl9AhSvgPejYHEkHwqjfz3mhmnhcLrsCy3o3M0vLK6lp2PbexubW9Y+7uNVWUSMoaNBKRbHtEMcFD1gAOgrVjyUjgCdbyhpcTvXXHpOJReAujmDkB6Yfc55SAbrnmgXJJtw/aEGD7tHutJ3vENfNWoWrZ1fMynpFKcU5KVWwXrCnyaI66a352exFNAhYCFUSpjm3F4KREAqeCjXPdRLGY0CHps46mIQmYctLp9WN87EcSw4Dhaf3Tm5JAqVHgaU9AYKB+a5PmX1onAb/ipDyME2Ah1Rat+YnAEOFJCLjHJaMgRpoQKrm+EtMBkYSCjmphSzwYKU7VwgtpT/lRCOOczuk7DPw/aZ4V7FKhdFPM1y7miWXRITpCJ8hGZVRDV6iOGoiie/SAntCz8Wi8GK/G28yaMeYz+2gBxscXhZSkKg==</latexit>

sa & 1/⇤

Fixed-area path integral



Conclusions
Loops ‘24

Our discrete formulation shows that:


1. Euclidean saddles dominate in the semiclassical limit (if CTC singularities are included).


2. Very large CTC singularities do not contribute at all! The enhancement of CTC 
singularities can be ‘tamed’.

We do not expect our conclusions to change for  D > 3

• Application of quantum Regge calculus to other thermodynamic situations (e.g. Black hole 
evaporation process in the real-time replica paradigm)


• Study of the contributions of causal irregularities in the EPRL spin foam model


• Comparison with no-boundary proposal essential singularity


• Exploration of off-shell fluctuation convergence criterion using Regge calculus

Outlook



Regge action analytic structure

The Lorentzian Regge action has a branch-
cut when the light cone structure is 
irregular… Which side should one 
choose? 

Loops ‘24
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<latexit sha1_base64="PkPzzcZ/e1cBI/xk8SNUaxT9sRA=">AAACDnicbVDLTsMwEHTKq5RXgSMXiwqJU5UgVDhWcOFYJPqQ2qpyXKex6jiWvUGKov4C4gZfwg1x5Rf4EO44JQfaMqfZnVnt7vhKcAOu++WU1tY3NrfK25Wd3b39g+rhUcfEiaasTWMR655PDBNcsjZwEKynNCORL1jXn97meveRacNj+QCpYsOITCQPOCWQtwYq5KNqza27c+BV4hWkhgq0RtXvwTimScQkUEGM6XuugmFGNHAq2KwySAxThE7JhPUtlSRiZpjNb53hsyDWGEKG5/Vfb0YiY9LIt56IQGiWtbz5n9ZPILgeZlyqBJik1mK1IBEYYpy/jMdcMwoitYRQze2VmIZEEwo2mIUtKkwNp2bhhWxsgljCrGJz8pZTWSWdi7rXqDfuL2vNmyKxMjpBp+gceegKNdEdaqE2oihET+gFvTrPzpvz7nz8WktOMXOMFuB8/gCGG51U</latexit>

�

<latexit sha1_base64="idVWqnxMwMazcMBgR0hDZ+1lliE=">AAACEXicbVBNT8JAEN3iF+IX6tHLRmLiibTGoCdD9OIRjVASaMh2mdIN226zuzVpGn6E8aa/xJvx6i/wh3h3wR4EfKc3895kZp6fcKa0bX9ZpZXVtfWN8mZla3tnd6+6f9BRIpUU2lRwIbs+UcBZDG3NNIduIoFEPgfXH99MdfcRpGIiftBZAl5ERjELGCXatNz+PWD3yh5Ua3bdngEvE6cgNVSgNah+94eCphHEmnKiVM+xE+3lRGpGOUwq/VRBQuiYjKBnaEwiUF4+O3eCTwIhsQ4Bz+q/3pxESmWRbzwR0aFa1KbN/7ReqoNLL2dxkmqIqbEYLUg51gJPv8ZDJoFqnhlCqGTmSkxDIgnVJpu5LUmYKUbV3Av5UAUi1pOKyclZTGWZdM7qTqPeuDuvNa+LxMroCB2jU+SgC9REt6iF2oiiMXpCL+jVerberHfr49dasoqZQzQH6/MHj/qdzQ==</latexit>
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<latexit sha1_base64="6SBSqFpAAtyp2vPIuh60kbUTk7s=">AAACEXicbVC7TsNAEDyHVwivACXNiQiJKrIRChQUETSUAZE4UmJF58s6PuXss+7OSJaVj0B08CV0iJYv4EPouQQXJGGq2Z1Z7e74CWdK2/aXVVpZXVvfKG9WtrZ3dveq+wcdJVJJoU0FF7LrEwWcxdDWTHPoJhJI5HNw/fHNVHcfQSom4gedJeBFZBSzgFGiTcvt3wN2r+xBtWbX7RnwMnEKUkMFWoPqd38oaBpBrCknSvUcO9FeTqRmlMOk0k8VJISOyQh6hsYkAuXls3Mn+CQQEusQ8Kz+681JpFQW+cYTER2qRW3a/E/rpTq49HIWJ6mGmBqL0YKUYy3w9Gs8ZBKo5pkhhEpmrsQ0JJJQbbKZ25KEmWJUzb2QD1UgYj2pmJycxVSWSees7jTqjbvzWvO6SKyMjtAxOkUOukBNdItaqI0oGqMn9IJerWfrzXq3Pn6tJauYOURzsD5/AIyqncs=</latexit> R
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The analytic 
continuation allows us 
to study Lorentzian, 
Euclidean and 
generally complex 
geometries.

[Dittrich, Asante, JPA ’21]
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<latexit sha1_base64="VVzf88Ed3IWg9Ys8vIq42d/JPbY="></latexit>
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Parallels with the real-time no-boundary proposal
Loops ‘24
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<latexit sha1_base64="o/ZuBLsosbiBKOBVK/lbWWMYWJY=">AAACAHicbVC7TsMwFL0pr1JeBUYWiwqJqUoQKowVXRiLRB+ijSrHdRqrjhPZDlIUdeEbWGFmQ6z8CSN/glMy0JYznXvPufLx8WLOlLbtL6u0tr6xuVXeruzs7u0fVA+PuipKJKEdEvFI9j2sKGeCdjTTnPZjSXHocdrzpq1c7z1SqVgk7nUaUzfEE8F8RrA2q4dhiHVAMEetUbVm1+050CpxClKDAu1R9Xs4jkgSUqEJx0oNHDvWboalZoTTWWWYKBpjMsUTOjBU4JAqN5snnqEzP5JIBxTN57/eDIdKpaFnPHk2tazly/+0QaL9azdjIk40FcRYjOYnHOkI5R9HYyYp0Tw1BBPJTEpEAiwx0aaehVfiIFWMqFnFdOIsN7BKuhd1p1Fv3F3WmjdFO2U4gVM4BweuoAm30IYOEBDwDC/waj1Zb9a79fFrLVnFzTEswPr8AdxClw8=</latexit>

C
<latexit sha1_base64="ntG31yy5F2P8dQ00C3QYUxxuIS8=">AAACCXicdVC7TgJBFJ31ifgCLW0mEhMrsksMQke0sbDAKI8EkMwOF5gw+8jMXZVs+AK/wVZrO2PrV1j6J84iJmL0VOfec27mzHFDKTTa9ru1sLi0vLKaWkuvb2xubWeyO3UdRIpDjQcyUE2XaZDChxoKlNAMFTDPldBwR6eJ3rgBpUXgX+E4hI7HBr7oC87QrLqZbFt4DIf08rqNcIfx+aSbydl526BYpAlxSrZjSLlcKhTK1JlKtp0jM1S7mY92L+CRBz5yybRuOXaInZgpFFzCJN2ONISMj9gAWob6zAPdiafRJ/SgHyiKQ6DT+ac3Zp7WY881niSh/q0ly7+0VoT9UicWfhgh+NxYjNaPJMWAJg3QnlDAUY4NYVwJk5LyIVOMo+lp7pVwONaC60nadPL9cfo/qRfyTjFfvDjKVU5m7aTIHtknh8Qhx6RCzkiV1Agnt+SBPJIn6956tl6s1y/rgjW72SVzsN4+AaJGms8=</latexit>

ıSL

<latexit sha1_base64="mkbIpKDKpU/6HFBwwEpgr7mW4SE=">AAACCnicdVC7TgMxEPTxDOEVQkljESHREN1F6Eg6BA0FBQgCkXIh8jkbYsX3kL2HOJ3yB3wDLdR0iJafoORP8IUgAYKpZndm5fH4sRQabfvNmpqemZ2bLywUF5eWV1ZLa+ULHSWKQ5NHMlItn2mQIoQmCpTQihWwwJdw6Q8Pc/3yBpQWUXiOaQydgF2Hoi84Q7Pqlso7nggYDujZlYdwi9nxqFuq2FXbwHVpTpy67RjSaNRrtQZ1xpJtV8gEJ93Su9eLeBJAiFwyrduOHWMnYwoFlzAqeomGmPEhu4a2oSELQHeycfYR3epHiuIA6Hj+7s1YoHUa+MaTJ9S/tXz5l9ZOsF/vZCKME4SQG4vR+omkGNG8AtoTCjjK1BDGlTApKR8wxTiaon68Eg9SLbgeFU0nXx+n/5OLWtVxq+7pbmX/YNJOgWyQTbJNHLJH9skROSFNwsktuScP5NG6s56sZ+vl0zplTW7WyQ9Yrx8RW5sG</latexit>

�ıSL

<latexit sha1_base64="xxWFGCaJDZdlC7HwodGWXMdC0aQ=">AAACDnicdVC7TgJBFJ31Lb5QExubicTEBrJLDEJnooWFBUZBEkAyO1xgwuwjM3eNZN1/8BtstbYztv6CpX/iLGKiRk917j3nZs4cN5RCo22/WVPTM7Nz8wuLmaXlldW17PpGXQeR4lDjgQxUw2UapPChhgIlNEIFzHMlXLrDo1S/vAalReBf4CiEtsf6vugJztCsOtmtfEt4DAf0/CpuIdxgfJp08kknm7MLtkGpRFPilG3HkEqlXCxWqDOWbDtHJqh2su+tbsAjD3zkkmnddOwQ2zFTKLiEJNOKNISMD1kfmob6zAPdjsf5E7rbCxTFAdDx/N0bM0/rkecaT5pS/9bS5V9aM8JeuR0LP4wQfG4sRutFkmJA0xpoVyjgKEeGMK6ESUn5gCnG0ZT145VwMNKC6yRjOvn6OP2f1IsFp1Qone3nDo8n7SyQbbJD9ohDDsghOSFVUiOc3JJ78kAerTvryXq2Xj6tU9bkZpP8gPX6ASfhnLQ=</latexit>

�ıSL�
<latexit sha1_base64="Dg4jUk0bzxbs+fieO0Y2DbE/O0o="></latexit>

�ıSL+

<latexit sha1_base64="7oz0OXW3MeG6RHpxcFp39us1Fj4=">AAACDXicdVC7SgNBFJ31GeMrKlY2g0EQhLAbJCadoIWFRUTzgCSG2clNMjj7YOauGJb9Br/BVms7sfUbLP0TZ2MEI3qqc+85lzlz3FAKjbb9bs3Mzs0vLGaWsssrq2vruY3Nug4ixaHGAxmopss0SOFDDQVKaIYKmOdKaLg3J6neuAWlReBf4SiEjscGvugLztCsurnttvAYDunlddxGuMP4POkeJN1c3i7YBqUSTYlTth1DKpVysVihzliy7TyZoNrNfbR7AY888JFLpnXLsUPsxEyh4BKSbDvSEDJ+wwbQMtRnHuhOPI6f0L1+oCgOgY7nn96YeVqPPNd40pT6t5Yu/9JaEfbLnVj4YYTgc2MxWj+SFAOatkB7QgFHOTKEcSVMSsqHTDGOpqupV8LhSAuuk6zp5Pvj9H9SLxacUqF0cZg/Pp20kyE7ZJfsE4cckWNyRqqkRjiJyQN5JE/WvfVsvVivX9YZa3KzRaZgvX0CtOicew==</latexit>

ıSL+
<latexit sha1_base64="pm7aAOGMuniIa7lHM4sGRBlXK1A=">AAACDXicdVC7SgNBFJ31GeMrKlY2g0GwMewGiUknaGFhEdE8IIlhdnKTDM4+mLkrhmW/wW+w1dpObP0GS//E2RjBiJ7q3HvOZc4cN5RCo22/WzOzc/MLi5ml7PLK6tp6bmOzroNIcajxQAaq6TINUvhQQ4ESmqEC5rkSGu7NSao3bkFpEfhXOAqh47GBL/qCMzSrbm67LTyGQ3p5HbcR7jA+T7oHSTeXtwu2QalEU+KUbceQSqVcLFaoM5ZsO08mqHZzH+1ewCMPfOSSad1y7BA7MVMouIQk2440hIzfsAG0DPWZB7oTj+MndK8fKIpDoOP5pzdmntYjzzWeNKX+raXLv7RWhP1yJxZ+GCH43FiM1o8kxYCmLdCeUMBRjgxhXAmTkvIhU4yj6WrqlXA40oLrJGs6+f44/Z/UiwWnVChdHOaPTyftZMgO2SX7xCFH5JickSqpEU5i8kAeyZN1bz1bL9brl3XGmtxskSlYb5+4EJx9</latexit>

ıSL�

<latexit sha1_base64="KSK5Jk46pp2y/giIX+9mzKgiYDg=">AAACAXicdVDLTgJBEJzFF+IL9ehlIjHxItklZoUbiZp4xCiPBJDMDg1MmH1kptdINpz8Bq969ma8+iUe/RMHxESM1qm6qzrdXV4khUbbfrdSC4tLyyvp1cza+sbmVnZ7p6bDWHGo8lCGquExDVIEUEWBEhqRAuZ7Eure8HSi129BaREG1ziKoO2zfiB6gjM0rebR1U0L4Q6T83Enm7PztoHr0glxirZjSKlULBRK1JlKtp0jM1Q62Y9WN+SxDwFyybRuOnaE7YQpFFzCONOKNUSMD1kfmoYGzAfdTqYnj+lBL1QUB0Cn9U9vwnytR75nPD7Dgf6tTZp/ac0Ye8V2IoIoRgi4sRitF0uKIZ18TrtCAUc5MoRxJcyVlA+YYhxNPnNbosFIC67HGZPJ9+P0f1Ir5B03714e58pns3TSZI/sk0PikBNSJhekQqqEk5A8kEfyZN1bz9aL9fplTVmzmV0yB+vtE18Hl/s=</latexit>

�SE
<latexit sha1_base64="inIeKUp1CXHsRyFwy+QqbpHvzdU=">AAACAHicdVDLTgJBEJzFF+IL9ehlIjHxRHaJQbiRqIlHjPKIgGR2aGDC7CMzvUay2Yvf4FXP3oxX/8Sjf+KAmIjROlV3Vae7yw2l0Gjb71ZqYXFpeSW9mllb39jcym7v1HUQKQ41HshANV2mQQofaihQQjNUwDxXQsMdnUz0xi0oLQL/CschdDw28EVfcIamdX1500a4w/gs6WZzdt42KBbphDgl2zGkXC4VCmXqTCXbzpEZqt3sR7sX8MgDH7lkWrccO8ROzBQKLiHJtCMNIeMjNoCWoT7zQHfi6cUJPegHiuIQ6LT+6Y2Zp/XYc43HYzjUv7VJ8y+tFWG/1ImFH0YIPjcWo/UjSTGgk8dpTyjgKMeGMK6EuZLyIVOMo4lnbks4HGvBdZIxmXw/Tv8n9ULeKeaLF0e5yuksnTTZI/vkkDjkmFTIOamSGuHEJw/kkTxZ99az9WK9fllT1mxml8zBevsE8VqXxA==</latexit>

SE

<latexit sha1_base64="67ReqsvvkIiPTfD76R7aMhjRG8E=">AAACCHicbZC7TsMwFIZPyq2UW4CRxaJCYqoSxG2sYGEsEi2V2qhy3NPWqnOR7VSqorwAz8AKMxti5S0YeRPckIG2/NPv8//2sT4/Flxpx/mySiura+sb5c3K1vbO7p69f9BSUSIZNlkkItn2qULBQ2xqrgW2Y4k08AU++uPbWf44Qal4FD7oaYxeQIchH3BGtRn1bDvt5o+kvkgwIzTr2VWn5uQiy8YtTBUKNXr2d7cfsSTAUDNBleq4Tqy9lErNmcCs0k0UxpSN6RA7xoY0QOWl+dKMnAwiSfQISX7+201poNQ08E0noHqkFrPZ8L+sk+jBtZfyME40hsxUTDZIBNERmQEgfS6RaTE1hjLJzS8JG1FJmTaY5rbEo6niTGUVw8RdJLBsWmc197J2cX9erd8UdMpwBMdwCi5cQR3uoAFNYDCBZ3iBV+vJerPerY/faskq7hzCnKzPHwYgmnY=</latexit>a
<latexit sha1_base64="JorEKF5fQEusNeyAYAZqXKlby30=">AAAB93icbZA7T8MwFIVvyquUV4GRxaJCYqoSxGusYGFsJfqQ2qhy3JvGqvOQ7SBFUX8BK8xsiJWfw8g/wS0ZaMuZPt9zLF8fLxFcadv+skpr6xubW+Xtys7u3v5B9fCoo+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqT+5nffUKpeBw96ixBN6TjiPucUW1GLW9Yrdl1ey6yCk4BNSjUHFa/B6OYpSFGmgmqVN+xE+3mVGrOBE4rg1RhQtmEjrFvMKIhKjefLzolZ34siQ6QzM9/szkNlcpCz2RCqgO17M2G/3n9VPu3bs6jJNUYMRMxnp8KomMy+y8ZcYlMi8wAZZKbLQkLqKRMm1YWXkmCTHGmphXTibPcwCp0LurOdf2qdVlr3BXtlOEETuEcHLiBBjxAE9rAAOEZXuDVyqw36936+I2WrOLOMSzI+vwBbXyTfQ==</latexit>

b
<latexit sha1_base64="JorEKF5fQEusNeyAYAZqXKlby30=">AAAB93icbZA7T8MwFIVvyquUV4GRxaJCYqoSxGusYGFsJfqQ2qhy3JvGqvOQ7SBFUX8BK8xsiJWfw8g/wS0ZaMuZPt9zLF8fLxFcadv+skpr6xubW+Xtys7u3v5B9fCoo+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqT+5nffUKpeBw96ixBN6TjiPucUW1GLW9Yrdl1ey6yCk4BNSjUHFa/B6OYpSFGmgmqVN+xE+3mVGrOBE4rg1RhQtmEjrFvMKIhKjefLzolZ34siQ6QzM9/szkNlcpCz2RCqgO17M2G/3n9VPu3bs6jJNUYMRMxnp8KomMy+y8ZcYlMi8wAZZKbLQkLqKRMm1YWXkmCTHGmphXTibPcwCp0LurOdf2qdVlr3BXtlOEETuEcHLiBBjxAE9rAAOEZXuDVyqw36936+I2WrOLOMSzI+vwBbXyTfQ==</latexit>

b <latexit sha1_base64="67ReqsvvkIiPTfD76R7aMhjRG8E=">AAACCHicbZC7TsMwFIZPyq2UW4CRxaJCYqoSxG2sYGEsEi2V2qhy3NPWqnOR7VSqorwAz8AKMxti5S0YeRPckIG2/NPv8//2sT4/Flxpx/mySiura+sb5c3K1vbO7p69f9BSUSIZNlkkItn2qULBQ2xqrgW2Y4k08AU++uPbWf44Qal4FD7oaYxeQIchH3BGtRn1bDvt5o+kvkgwIzTr2VWn5uQiy8YtTBUKNXr2d7cfsSTAUDNBleq4Tqy9lErNmcCs0k0UxpSN6RA7xoY0QOWl+dKMnAwiSfQISX7+201poNQ08E0noHqkFrPZ8L+sk+jBtZfyME40hsxUTDZIBNERmQEgfS6RaTE1hjLJzS8JG1FJmTaY5rbEo6niTGUVw8RdJLBsWmc197J2cX9erd8UdMpwBMdwCi5cQR3uoAFNYDCBZ3iBV+vJerPerY/faskq7hzCnKzPHwYgmnY=</latexit>a
<latexit sha1_base64="JorEKF5fQEusNeyAYAZqXKlby30=">AAAB93icbZA7T8MwFIVvyquUV4GRxaJCYqoSxGusYGFsJfqQ2qhy3JvGqvOQ7SBFUX8BK8xsiJWfw8g/wS0ZaMuZPt9zLF8fLxFcadv+skpr6xubW+Xtys7u3v5B9fCoo+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqT+5nffUKpeBw96ixBN6TjiPucUW1GLW9Yrdl1ey6yCk4BNSjUHFa/B6OYpSFGmgmqVN+xE+3mVGrOBE4rg1RhQtmEjrFvMKIhKjefLzolZ34siQ6QzM9/szkNlcpCz2RCqgO17M2G/3n9VPu3bs6jJNUYMRMxnp8KomMy+y8ZcYlMi8wAZZKbLQkLqKRMm1YWXkmCTHGmphXTibPcwCp0LurOdf2qdVlr3BXtlOEETuEcHLiBBjxAE9rAAOEZXuDVyqw36936+I2WrOLOMSzI+vwBbXyTfQ==</latexit>

b
<latexit sha1_base64="JorEKF5fQEusNeyAYAZqXKlby30=">AAAB93icbZA7T8MwFIVvyquUV4GRxaJCYqoSxGusYGFsJfqQ2qhy3JvGqvOQ7SBFUX8BK8xsiJWfw8g/wS0ZaMuZPt9zLF8fLxFcadv+skpr6xubW+Xtys7u3v5B9fCoo+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqT+5nffUKpeBw96ixBN6TjiPucUW1GLW9Yrdl1ey6yCk4BNSjUHFa/B6OYpSFGmgmqVN+xE+3mVGrOBE4rg1RhQtmEjrFvMKIhKjefLzolZ34siQ6QzM9/szkNlcpCz2RCqgO17M2G/3n9VPu3bs6jJNUYMRMxnp8KomMy+y8ZcYlMi8wAZZKbLQkLqKRMm1YWXkmCTHGmphXTibPcwCp0LurOdf2qdVlr3BXtlOEETuEcHLiBBjxAE9rAAOEZXuDVyqw36936+I2WrOLOMSzI+vwBbXyTfQ==</latexit>

b

<latexit sha1_base64="67ReqsvvkIiPTfD76R7aMhjRG8E=">AAACCHicbZC7TsMwFIZPyq2UW4CRxaJCYqoSxG2sYGEsEi2V2qhy3NPWqnOR7VSqorwAz8AKMxti5S0YeRPckIG2/NPv8//2sT4/Flxpx/mySiura+sb5c3K1vbO7p69f9BSUSIZNlkkItn2qULBQ2xqrgW2Y4k08AU++uPbWf44Qal4FD7oaYxeQIchH3BGtRn1bDvt5o+kvkgwIzTr2VWn5uQiy8YtTBUKNXr2d7cfsSTAUDNBleq4Tqy9lErNmcCs0k0UxpSN6RA7xoY0QOWl+dKMnAwiSfQISX7+201poNQ08E0noHqkFrPZ8L+sk+jBtZfyME40hsxUTDZIBNERmQEgfS6RaTE1hjLJzS8JG1FJmTaY5rbEo6niTGUVw8RdJLBsWmc197J2cX9erd8UdMpwBMdwCi5cQR3uoAFNYDCBZ3iBV+vJerPerY/faskq7hzCnKzPHwYgmnY=</latexit>a<latexit sha1_base64="JorEKF5fQEusNeyAYAZqXKlby30=">AAAB93icbZA7T8MwFIVvyquUV4GRxaJCYqoSxGusYGFsJfqQ2qhy3JvGqvOQ7SBFUX8BK8xsiJWfw8g/wS0ZaMuZPt9zLF8fLxFcadv+skpr6xubW+Xtys7u3v5B9fCoo+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqT+5nffUKpeBw96ixBN6TjiPucUW1GLW9Yrdl1ey6yCk4BNSjUHFa/B6OYpSFGmgmqVN+xE+3mVGrOBE4rg1RhQtmEjrFvMKIhKjefLzolZ34siQ6QzM9/szkNlcpCz2RCqgO17M2G/3n9VPu3bs6jJNUYMRMxnp8KomMy+y8ZcYlMi8wAZZKbLQkLqKRMm1YWXkmCTHGmphXTibPcwCp0LurOdf2qdVlr3BXtlOEETuEcHLiBBjxAE9rAAOEZXuDVyqw36936+I2WrOLOMSzI+vwBbXyTfQ==</latexit>

b
<latexit sha1_base64="JorEKF5fQEusNeyAYAZqXKlby30=">AAAB93icbZA7T8MwFIVvyquUV4GRxaJCYqoSxGusYGFsJfqQ2qhy3JvGqvOQ7SBFUX8BK8xsiJWfw8g/wS0ZaMuZPt9zLF8fLxFcadv+skpr6xubW+Xtys7u3v5B9fCoo+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqT+5nffUKpeBw96ixBN6TjiPucUW1GLW9Yrdl1ey6yCk4BNSjUHFa/B6OYpSFGmgmqVN+xE+3mVGrOBE4rg1RhQtmEjrFvMKIhKjefLzolZ34siQ6QzM9/szkNlcpCz2RCqgO17M2G/3n9VPu3bs6jJNUYMRMxnp8KomMy+y8ZcYlMi8wAZZKbLQkLqKRMm1YWXkmCTHGmphXTibPcwCp0LurOdf2qdVlr3BXtlOEETuEcHLiBBjxAE9rAAOEZXuDVyqw36936+I2WrOLOMSzI+vwBbXyTfQ==</latexit>

b
<latexit sha1_base64="67ReqsvvkIiPTfD76R7aMhjRG8E=">AAACCHicbZC7TsMwFIZPyq2UW4CRxaJCYqoSxG2sYGEsEi2V2qhy3NPWqnOR7VSqorwAz8AKMxti5S0YeRPckIG2/NPv8//2sT4/Flxpx/mySiura+sb5c3K1vbO7p69f9BSUSIZNlkkItn2qULBQ2xqrgW2Y4k08AU++uPbWf44Qal4FD7oaYxeQIchH3BGtRn1bDvt5o+kvkgwIzTr2VWn5uQiy8YtTBUKNXr2d7cfsSTAUDNBleq4Tqy9lErNmcCs0k0UxpSN6RA7xoY0QOWl+dKMnAwiSfQISX7+201poNQ08E0noHqkFrPZ8L+sk+jBtZfyME40hsxUTDZIBNERmQEgfS6RaTE1hjLJzS8JG1FJmTaY5rbEo6niTGUVw8RdJLBsWmc197J2cX9erd8UdMpwBMdwCi5cQR3uoAFNYDCBZ3iBV+vJerPerY/faskq7hzCnKzPHwYgmnY=</latexit>a<latexit sha1_base64="JorEKF5fQEusNeyAYAZqXKlby30=">AAAB93icbZA7T8MwFIVvyquUV4GRxaJCYqoSxGusYGFsJfqQ2qhy3JvGqvOQ7SBFUX8BK8xsiJWfw8g/wS0ZaMuZPt9zLF8fLxFcadv+skpr6xubW+Xtys7u3v5B9fCoo+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqT+5nffUKpeBw96ixBN6TjiPucUW1GLW9Yrdl1ey6yCk4BNSjUHFa/B6OYpSFGmgmqVN+xE+3mVGrOBE4rg1RhQtmEjrFvMKIhKjefLzolZ34siQ6QzM9/szkNlcpCz2RCqgO17M2G/3n9VPu3bs6jJNUYMRMxnp8KomMy+y8ZcYlMi8wAZZKbLQkLqKRMm1YWXkmCTHGmphXTibPcwCp0LurOdf2qdVlr3BXtlOEETuEcHLiBBjxAE9rAAOEZXuDVyqw36936+I2WrOLOMSzI+vwBbXyTfQ==</latexit>

b
<latexit sha1_base64="JorEKF5fQEusNeyAYAZqXKlby30=">AAAB93icbZA7T8MwFIVvyquUV4GRxaJCYqoSxGusYGFsJfqQ2qhy3JvGqvOQ7SBFUX8BK8xsiJWfw8g/wS0ZaMuZPt9zLF8fLxFcadv+skpr6xubW+Xtys7u3v5B9fCoo+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqT+5nffUKpeBw96ixBN6TjiPucUW1GLW9Yrdl1ey6yCk4BNSjUHFa/B6OYpSFGmgmqVN+xE+3mVGrOBE4rg1RhQtmEjrFvMKIhKjefLzolZ34siQ6QzM9/szkNlcpCz2RCqgO17M2G/3n9VPu3bs6jJNUYMRMxnp8KomMy+y8ZcYlMi8wAZZKbLQkLqKRMm1YWXkmCTHGmphXTibPcwCp0LurOdf2qdVlr3BXtlOEETuEcHLiBBjxAE9rAAOEZXuDVyqw36936+I2WrOLOMSzI+vwBbXyTfQ==</latexit>

b

<latexit sha1_base64="GcVl+fAPfFCl2cXPxu9DCkbBTZQ=">AAAB93icdVC7TgJBFJ3FF+ILtbSZSEysNrsLAnaojSUk8khgQ2aHuzBh9pGZWZMN4QtstbYztn6OpX/iLGIiRk915pwzufceL+ZMKst6N3Jr6xubW/ntws7u3v5B8fCoI6NEUGjTiEei5xEJnIXQVkxx6MUCSOBx6HrTm8zv3oOQLArvVBqDG5BxyHxGidJS62pYLFnmZb3qXDjYMi2r5pSrGXFqFaeMba1kKKElmsPix2AU0SSAUFFOpOzbVqzcGRGKUQ7zwiCREBM6JWPoaxqSAKQ7Wyw6x2d+JLCaAF68f2ZnJJAyDTydCYiayN9eJv7l9RPl190ZC+NEQUh1RHt+wrGKcHYvHjEBVPFUE0IF01tiOiGCUKVbWZkST1LJqJwXdCffh+P/Sccx7apZbVVKjetlO3l0gk7RObJRDTXQLWqiNqII0AN6RE9GajwbL8brVzRnLP8coxUYb5+gwJOh</latexit>

A

<latexit sha1_base64="YyZt/bR0akTl1wQ1FR4cYrcqlYc=">AAAB93icbZBLTwIxFIXv4Avxhbp000hMXJEZY9AlwY1LSARJYEI65Q7T0Hmk7ZhMJvwCt7p2Z9z6c1z6Tyw4CwHP6us9p+nt8RLBlbbtL6u0sbm1vVPereztHxweVY9PeipOJcMui0Us+x5VKHiEXc21wH4ikYaewEdvejf3H59QKh5HDzpL0A3pJOI+Z1SbUac1qtbsur0QWQengBoUao+q38NxzNIQI80EVWrg2Il2cyo1ZwJnlWGqMKFsSic4MBjREJWbLxadkQs/lkQHSBbnv9mchkploWcyIdWBWvXmw/+8Qar9WzfnUZJqjJiJGM9PBdExmf+XjLlEpkVmgDLJzZaEBVRSpk0rS68kQaY4U7OK6cRZbWAdeld1p1FvdK5rzVbRThnO4BwuwYEbaMI9tKELDBCe4QVercx6s96tj99oySrunMKSrM8fO26TXg==</latexit>

BThe fixed-length path integrals are 
similar to microsuperspace no-

boundary (NB) transition amplitudes.


In fact, the saddle point threshold 
behavior is mimicked.

<latexit sha1_base64="1WGqFCKIfds8smr1l769SJnHU9Y=">AAAB+3icdVA9TwJBEN3DL8Qv1NJmIzGxuuwZAe2INlYGjQckcCF7ywAb9j6yu2dCLvcbbLW2M7b+GEv/iQueiRh91Zt5bzIzz48FV5qQd6uwtLyyulZcL21sbm3vlHf3WipKJAOXRSKSHZ8qEDwEV3MtoBNLoIEvoO1PLmd6+x6k4lF4p6cxeAEdhXzIGdWm5fZuAV/3yxViV88N6pjYNUKIU80JqWLHJnNUUI5mv/zRG0QsCSDUTFClug6JtZdSqTkTkJV6iYKYsgkdQdfQkAagvHR+bIaPhpHEegx4Xv/0pjRQahr4xhNQPVa/tVnzL62b6OGZl/IwTjSEzFiMNkwE1hGe/YwHXALTYmoIZZKbKzEbU0mZNsksbInHU8WZykomk+/H8f+kdWI7Nbt2c1ppXOTpFNEBOkTHyEF11EBXqIlcxBBHD+gRPVmZ9Wy9WK9f1oKVz+yjBVhvnzUmlQw=</latexit>

ReN

<latexit sha1_base64="Yx8/KCfo/sps+W+N1bDzHCR65ZM=">AAAB+3icdVA9T8MwEHXKVylfBUYWiwqJKXIQbWGrYIEFFYm0ldqoclynsWonke0gVVF+AyvMbIiVH8PIP8EtQaII3vTu3jvd3fMTzpRG6N0qLS2vrK6V1ysbm1vbO9XdvY6KU0moS2Iey56PFeUsoq5mmtNeIikWPqddf3I507v3VCoWR3d6mlBP4HHEAkawNi13cC3gzbBaQ3b93KAJkd1ACDn1gqA6dGw0Rw0UaA+rH4NRTFJBI004VqrvoER7GZaaEU7zyiBVNMFkgse0b2iEBVVeNj82h0dBLKEOKZzXP70ZFkpNhW88AutQ/dZmzb+0fqqDMy9jUZJqGhFjMVqQcqhjOPsZjpikRPOpIZhIZq6EJMQSE22SWdiShFPFiMorJpPvx+H/pHNiOw27cXtaa10U6ZTBATgEx8ABTdACV6ANXEAAAw/gETxZufVsvVivX9aSVczsgwVYb58ziJUL</latexit>

ImN

Are Lorentzian saddles 
discrete avatars of the 
continuum complex 
saddles?

?

Are branch-cuts 
blown-ups of 
continuum essential 
singularity?

Enhancing side

Suppressing side

Continuum real-
time NB contours

[Feldbrugge, Lehners , Turok ’17 …]

[Diaz Dorronsoro, Hartle, et al. ’17]


