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New perspectives on gravity

• Gravity from … 

• quantum entanglement


• quantum complexity


• chaotic dynamics


• …


• … as a “mongrel” classical / quantum hybrid?…



Gravity and order
• I want to make some connection to some themes from the previous week 

• I want to focus on a different aspect of gravity: long-range order


• Non-local (dressed) observables


• Constraints             Drastic reduction in degrees of freedom


• On compact spatial slices, constraints can be very strong

Indications of "finite features” in de Sitter spacetime?

[Shaghoulian][Chakraborty, Chakravarty, Godet, Paul, Raju]

[Anninos, Galante, Mülmann]



• This analogy is made manifest in three space-time dimensions 

• 3d gravity has no propagating d.o.f: topological field theory


• We are very comfortable with the story in Anti-de Sitter spacetime:


• Pure gravity:                                        


• Successful framework for discussing BHs and higher-spin extensions.


• holographic dictionary ~ bulk / edge correspondence (with app. BCs) 

Zgrav ' ZCS ZCS
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[Witten, ’88]
[Achucarro, Townsend; ’86]

3d gravity and Chern-Simons theory

SL(2,R)L ⇥ SL(2,R)R
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• However also a particularly useful approach for de Sitter space


• Euclidean dS3 is compact


• Pure gravity:                           


• Many (exact) techniques for these types of Chern-Simons theories


• Saddle-by-saddle: match graviton determinants at 1-loop 


• (sum over saddles: your mileage may vary….) [Maloney, Witten; ’07] 
[Castro, Lashkari, Maloney; ‘11]

In this talk:

SU(2)⇥ SU(2)
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Zgrav[M ] = ZCS[M ]ZCS[M ]
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fixed saddle fixed topology

[Carlip,92]  
[Govindarajan, Kaul, Sunneta; ’02] 
[Castro, Lashkar, Maloney, ’11] 
[Anninos, Denef, Law, Sun, ’22] 
[Hikida, Nishioka, Takayanagi, Taki; ’22] 
…



How do we incorporate matter while utilizing LRO?
• We would like QG to compute more than one number, 


• … or … How does quantum gravity alter the physics of quantum matter? 

• Metric language:  

• manifest locality, spacetime geometry explicit


• minimally couple with metric compatible 


• CS language:  

• manifest diffeo invariance; all-loop exactness


• How to couple matter while maintaining these features?

Zgrav
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Zscalar[gµ⌫ ] =

Z
[D�]e�Sscalar[�,gµ⌫ ]
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• Euclidean gravity as a low-energy effective theory 
• CS ~ EFT from integrating out matter above some mass gap


• The goal of this talk is to make this intuition exact. 

• Our proposal: 

•          = “Wilson spool”

Worldline of charged particle ~ Wilson Line

logZscalar[gµ⌫ ] =
1
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Orienting ourselves with main result

gµ⌫
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Connections       background geometry,

Representations       mass / spin of field
Contour forces winding:

NB: This is literally true for BTZ geometry.  In dS the pole structure is more interesting. 

[Ooguri, Vafa; 99]



• Tree-level checks 

• NB: exact logZ, i.e. no  large mass / geodesic approx. 

• These are non-trivial tests, however I should emphasize that the expression 
for the Wilson spool can be derived: 

• log Z as product over quasi-normal mode spectra


• organize spectra in          /            representation theory

lim
GN!0

D
Wj

E
= logZscalar[S

3]
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lim
GN!0

D
Wj

E
= logZscalar[BTZ]
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AdS dS

[Denef, Hartnoll, Sachdev; ’10]
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<latexit sha1_base64="Ca27apFu4EIDBkEBQAKtMEc4IjE=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpgi4LbrqsYFuhDWUynbRDJ5Mwj0IJ/RM3LhRx65+482+ctFlo64GBwzn3cs+cMOVMac/7dkpb2zu7e+X9ysHh0fGJe3rWVYmRhHZIwhP5FGJFORO0o5nm9CmVFMchp71wep/7vRmViiXiUc9TGsR4LFjECNZWGrruIMZ6Ekk8zZRZ1BrXQ7fq1b0l0CbxC1KFAu2h+zUYJcTEVGjCsVJ930t1kGGpGeF0URkYRVNMpnhM+5YKHFMVZMvkC3RllRGKEmmf0Gip/t7IcKzUPA7tZJ5TrXu5+J/XNzq6CzImUqOpIKtDkeFIJyivAY2YpETzuSWYSGazIjLBEhNty6rYEvz1L2+SbqPue3X/4ababBV1lOECLqEGPtxCE1rQhg4QmMEzvMKbkzkvzrvzsRotOcXOOfyB8/kDMaGTXg==</latexit><latexit sha1_base64="Ca27apFu4EIDBkEBQAKtMEc4IjE=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpgi4LbrqsYFuhDWUynbRDJ5Mwj0IJ/RM3LhRx65+482+ctFlo64GBwzn3cs+cMOVMac/7dkpb2zu7e+X9ysHh0fGJe3rWVYmRhHZIwhP5FGJFORO0o5nm9CmVFMchp71wep/7vRmViiXiUc9TGsR4LFjECNZWGrruIMZ6Ekk8zZRZ1BrXQ7fq1b0l0CbxC1KFAu2h+zUYJcTEVGjCsVJ930t1kGGpGeF0URkYRVNMpnhM+5YKHFMVZMvkC3RllRGKEmmf0Gip/t7IcKzUPA7tZJ5TrXu5+J/XNzq6CzImUqOpIKtDkeFIJyivAY2YpETzuSWYSGazIjLBEhNty6rYEvz1L2+SbqPue3X/4ababBV1lOECLqEGPtxCE1rQhg4QmMEzvMKbkzkvzrvzsRotOcXOOfyB8/kDMaGTXg==</latexit><latexit sha1_base64="Ca27apFu4EIDBkEBQAKtMEc4IjE=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpgi4LbrqsYFuhDWUynbRDJ5Mwj0IJ/RM3LhRx65+482+ctFlo64GBwzn3cs+cMOVMac/7dkpb2zu7e+X9ysHh0fGJe3rWVYmRhHZIwhP5FGJFORO0o5nm9CmVFMchp71wep/7vRmViiXiUc9TGsR4LFjECNZWGrruIMZ6Ekk8zZRZ1BrXQ7fq1b0l0CbxC1KFAu2h+zUYJcTEVGjCsVJ930t1kGGpGeF0URkYRVNMpnhM+5YKHFMVZMvkC3RllRGKEmmf0Gip/t7IcKzUPA7tZJ5TrXu5+J/XNzq6CzImUqOpIKtDkeFIJyivAY2YpETzuSWYSGazIjLBEhNty6rYEvz1L2+SbqPue3X/4ababBV1lOECLqEGPtxCE1rQhg4QmMEzvMKbkzkvzrvzsRotOcXOOfyB8/kDMaGTXg==</latexit><latexit sha1_base64="Ca27apFu4EIDBkEBQAKtMEc4IjE=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpgi4LbrqsYFuhDWUynbRDJ5Mwj0IJ/RM3LhRx65+482+ctFlo64GBwzn3cs+cMOVMac/7dkpb2zu7e+X9ysHh0fGJe3rWVYmRhHZIwhP5FGJFORO0o5nm9CmVFMchp71wep/7vRmViiXiUc9TGsR4LFjECNZWGrruIMZ6Ekk8zZRZ1BrXQ7fq1b0l0CbxC1KFAu2h+zUYJcTEVGjCsVJ930t1kGGpGeF0URkYRVNMpnhM+5YKHFMVZMvkC3RllRGKEmmf0Gip/t7IcKzUPA7tZJ5TrXu5+J/XNzq6CzImUqOpIKtDkeFIJyivAY2YpETzuSWYSGazIjLBEhNty6rYEvz1L2+SbqPue3X/4ababBV1lOECLqEGPtxCE1rQhg4QmMEzvMKbkzkvzrvzsRotOcXOOfyB8/kDMaGTXg==</latexit>



• In de Sitter: calculational control beyond tree-level 


• “exact methods” (e.g Abelianisation) reduce              to an ordinary integral.


• Can be performed in          perturbation theory and is finite at each order.


• Concrete predictions for renormalizing matter coupled to QG.
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<latexit sha1_base64="+5KjJlXUHsON02GK7vfOqvT0PJw=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRXJVEBF0W3XRZxV6gCWEyPW2HTiZhZiKU0rUbX8WNC0Xc+gTufBsnaRba+sPAz3fOYc75w4QzpR3n2yqtrK6tb5Q3K1vbO7t79v5BW8WppNCiMY9lNyQKOBPQ0kxz6CYSSBRy6ITjm6zeeQCpWCzu9SQBPyJDwQaMEm1QYB9712zocSKGHLyI6FEY4k5wl1OZ08CuOjUnF142bmGqqFAzsL+8fkzTCISmnCjVc51E+1MiNaMcZhUvVZAQOiZD6BkrSATKn+anzPCpIX08iKV5QuOc/p6YkkipSRSazmxbtVjL4H+1XqoHV/6UiSTVIOj8o0HKsY5xlgvuMwlU84kxhEpmdsV0RCSh2qRXMSG4iycvm/Z5zXVq7u1Ftd4o4iijI3SCzpCLLlEdNVATtRBFj+gZvaI368l6sd6tj3lrySpmDtEfWZ8/8OqabQ==</latexit><latexit sha1_base64="+5KjJlXUHsON02GK7vfOqvT0PJw=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRXJVEBF0W3XRZxV6gCWEyPW2HTiZhZiKU0rUbX8WNC0Xc+gTufBsnaRba+sPAz3fOYc75w4QzpR3n2yqtrK6tb5Q3K1vbO7t79v5BW8WppNCiMY9lNyQKOBPQ0kxz6CYSSBRy6ITjm6zeeQCpWCzu9SQBPyJDwQaMEm1QYB9712zocSKGHLyI6FEY4k5wl1OZ08CuOjUnF142bmGqqFAzsL+8fkzTCISmnCjVc51E+1MiNaMcZhUvVZAQOiZD6BkrSATKn+anzPCpIX08iKV5QuOc/p6YkkipSRSazmxbtVjL4H+1XqoHV/6UiSTVIOj8o0HKsY5xlgvuMwlU84kxhEpmdsV0RCSh2qRXMSG4iycvm/Z5zXVq7u1Ftd4o4iijI3SCzpCLLlEdNVATtRBFj+gZvaI368l6sd6tj3lrySpmDtEfWZ8/8OqabQ==</latexit><latexit sha1_base64="+5KjJlXUHsON02GK7vfOqvT0PJw=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRXJVEBF0W3XRZxV6gCWEyPW2HTiZhZiKU0rUbX8WNC0Xc+gTufBsnaRba+sPAz3fOYc75w4QzpR3n2yqtrK6tb5Q3K1vbO7t79v5BW8WppNCiMY9lNyQKOBPQ0kxz6CYSSBRy6ITjm6zeeQCpWCzu9SQBPyJDwQaMEm1QYB9712zocSKGHLyI6FEY4k5wl1OZ08CuOjUnF142bmGqqFAzsL+8fkzTCISmnCjVc51E+1MiNaMcZhUvVZAQOiZD6BkrSATKn+anzPCpIX08iKV5QuOc/p6YkkipSRSazmxbtVjL4H+1XqoHV/6UiSTVIOj8o0HKsY5xlgvuMwlU84kxhEpmdsV0RCSh2qRXMSG4iycvm/Z5zXVq7u1Ftd4o4iijI3SCzpCLLlEdNVATtRBFj+gZvaI368l6sd6tj3lrySpmDtEfWZ8/8OqabQ==</latexit><latexit sha1_base64="+5KjJlXUHsON02GK7vfOqvT0PJw=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRXJVEBF0W3XRZxV6gCWEyPW2HTiZhZiKU0rUbX8WNC0Xc+gTufBsnaRba+sPAz3fOYc75w4QzpR3n2yqtrK6tb5Q3K1vbO7t79v5BW8WppNCiMY9lNyQKOBPQ0kxz6CYSSBRy6ITjm6zeeQCpWCzu9SQBPyJDwQaMEm1QYB9712zocSKGHLyI6FEY4k5wl1OZ08CuOjUnF142bmGqqFAzsL+8fkzTCISmnCjVc51E+1MiNaMcZhUvVZAQOiZD6BkrSATKn+anzPCpIX08iKV5QuOc/p6YkkipSRSazmxbtVjL4H+1XqoHV/6UiSTVIOj8o0HKsY5xlgvuMwlU84kxhEpmdsV0RCSh2qRXMSG4iycvm/Z5zXVq7u1Ftd4o4iijI3SCzpCLLlEdNVATtRBFj+gZvaI368l6sd6tj3lrySpmDtEfWZ8/8OqabQ==</latexit>

GN
<latexit sha1_base64="CFfY+EMYDx2mS4WD+Fr5voFHclw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBgz1JRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnGScD+iQyVCwSha6eG2f9cvV9yqOwdZJV5OKpCj0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFllQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt+eZW0LqqeW/XuLyu1eh5HEU7gFM7BgyuoQR0a0AQGQ3iGV3hzpPPivDsfi9aCk88cwx84nz/uvY2S</latexit><latexit sha1_base64="CFfY+EMYDx2mS4WD+Fr5voFHclw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBgz1JRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnGScD+iQyVCwSha6eG2f9cvV9yqOwdZJV5OKpCj0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFllQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt+eZW0LqqeW/XuLyu1eh5HEU7gFM7BgyuoQR0a0AQGQ3iGV3hzpPPivDsfi9aCk88cwx84nz/uvY2S</latexit><latexit sha1_base64="CFfY+EMYDx2mS4WD+Fr5voFHclw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBgz1JRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnGScD+iQyVCwSha6eG2f9cvV9yqOwdZJV5OKpCj0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFllQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt+eZW0LqqeW/XuLyu1eh5HEU7gFM7BgyuoQR0a0AQGQ3iGV3hzpPPivDsfi9aCk88cwx84nz/uvY2S</latexit><latexit sha1_base64="CFfY+EMYDx2mS4WD+Fr5voFHclw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBgz1JRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnGScD+iQyVCwSha6eG2f9cvV9yqOwdZJV5OKpCj0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFllQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt+eZW0LqqeW/XuLyu1eh5HEU7gFM7BgyuoQR0a0AQGQ3iGV3hzpPPivDsfi9aCk88cwx84nz/uvY2S</latexit>

For the sake of concreteness / time, this talk will focus on construction in de Sitter 

(however framework applies just as well to AdS)



dS3 Chern-Simons gravity



dS3
Expanding spatial slices         observers inside causal horizons 

• dS Wick rotates to a sphere.       

• Isometry group: 

• Smoothness at horizon, 

t = �i⌧
<latexit sha1_base64="2JrlP1niTfAzTn88d3mZfvBZ5pc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBiyURQS9CwUuPFewHtKFstpt26WYTdydCCf0TXjwo4tW/481/47bNQVsfDDzem2FmXpBIYdB1v53C2vrG5lZxu7Szu7d/UD48apk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxnczv/3EtRGxesBJwv2IDpUIBaNopQ7eXoge0rRfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/N4pObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYY3fiZUkiJXbLEoTCXBmMyeJwOhOUM5sYQyLeythI2opgxtRCUbgrf88ippXVY9t+rdX1Vq9TyOIpzAKZyDB9dQgzo0oAkMJDzDK7w5j86L8+58LFoLTj5zDH/gfP4ArYiPvQ==</latexit><latexit sha1_base64="2JrlP1niTfAzTn88d3mZfvBZ5pc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBiyURQS9CwUuPFewHtKFstpt26WYTdydCCf0TXjwo4tW/481/47bNQVsfDDzem2FmXpBIYdB1v53C2vrG5lZxu7Szu7d/UD48apk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxnczv/3EtRGxesBJwv2IDpUIBaNopQ7eXoge0rRfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/N4pObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYY3fiZUkiJXbLEoTCXBmMyeJwOhOUM5sYQyLeythI2opgxtRCUbgrf88ippXVY9t+rdX1Vq9TyOIpzAKZyDB9dQgzo0oAkMJDzDK7w5j86L8+58LFoLTj5zDH/gfP4ArYiPvQ==</latexit><latexit sha1_base64="2JrlP1niTfAzTn88d3mZfvBZ5pc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBiyURQS9CwUuPFewHtKFstpt26WYTdydCCf0TXjwo4tW/481/47bNQVsfDDzem2FmXpBIYdB1v53C2vrG5lZxu7Szu7d/UD48apk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxnczv/3EtRGxesBJwv2IDpUIBaNopQ7eXoge0rRfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/N4pObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYY3fiZUkiJXbLEoTCXBmMyeJwOhOUM5sYQyLeythI2opgxtRCUbgrf88ippXVY9t+rdX1Vq9TyOIpzAKZyDB9dQgzo0oAkMJDzDK7w5j86L8+58LFoLTj5zDH/gfP4ArYiPvQ==</latexit><latexit sha1_base64="2JrlP1niTfAzTn88d3mZfvBZ5pc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBiyURQS9CwUuPFewHtKFstpt26WYTdydCCf0TXjwo4tW/481/47bNQVsfDDzem2FmXpBIYdB1v53C2vrG5lZxu7Szu7d/UD48apk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxnczv/3EtRGxesBJwv2IDpUIBaNopQ7eXoge0rRfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/N4pObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYY3fiZUkiJXbLEoTCXBmMyeJwOhOUM5sYQyLeythI2opgxtRCUbgrf88ippXVY9t+rdX1Vq9TyOIpzAKZyDB9dQgzo0oAkMJDzDK7w5j86L8+58LFoLTj5zDH/gfP4ArYiPvQ==</latexit>

⌧ ⇠ ⌧ + 2⇡
<latexit sha1_base64="aSgO2N9F/vkzmk0o+2rqayJD9GI=">AAAB+nicbVDLSsNAFJ3UV62vVJdugkUQhJIUQZcFN11WsA9oQplMJ+3QmUmYuVFK7Ke4caGIW7/EnX/jpM1CWw9c7uGce5k7J0w40+C631ZpY3Nre6e8W9nbPzg8sqvHXR2nitAOiXms+iHWlDNJO8CA036iKBYhp71wepv7vQeqNIvlPcwSGgg8lixiBIORhnbVB5z6mom8Xzb8hA3tmlt3F3DWiVeQGirQHtpf/igmqaASCMdaDzw3gSDDChjhdF7xU00TTKZ4TAeGSiyoDrLF6XPn3CgjJ4qVKQnOQv29kWGh9UyEZlJgmOhVLxf/8wYpRDdBxmSSApVk+VCUcgdiJ8/BGTFFCfCZIZgoZm51yAQrTMCkVTEheKtfXifdRt1z697dVa3ZKuIoo1N0hi6Qh65RE7VQG3UQQY/oGb2iN+vJerHerY/laMkqdk7QH1ifPw6Zk94=</latexit><latexit sha1_base64="aSgO2N9F/vkzmk0o+2rqayJD9GI=">AAAB+nicbVDLSsNAFJ3UV62vVJdugkUQhJIUQZcFN11WsA9oQplMJ+3QmUmYuVFK7Ke4caGIW7/EnX/jpM1CWw9c7uGce5k7J0w40+C631ZpY3Nre6e8W9nbPzg8sqvHXR2nitAOiXms+iHWlDNJO8CA036iKBYhp71wepv7vQeqNIvlPcwSGgg8lixiBIORhnbVB5z6mom8Xzb8hA3tmlt3F3DWiVeQGirQHtpf/igmqaASCMdaDzw3gSDDChjhdF7xU00TTKZ4TAeGSiyoDrLF6XPn3CgjJ4qVKQnOQv29kWGh9UyEZlJgmOhVLxf/8wYpRDdBxmSSApVk+VCUcgdiJ8/BGTFFCfCZIZgoZm51yAQrTMCkVTEheKtfXifdRt1z697dVa3ZKuIoo1N0hi6Qh65RE7VQG3UQQY/oGb2iN+vJerHerY/laMkqdk7QH1ifPw6Zk94=</latexit><latexit sha1_base64="aSgO2N9F/vkzmk0o+2rqayJD9GI=">AAAB+nicbVDLSsNAFJ3UV62vVJdugkUQhJIUQZcFN11WsA9oQplMJ+3QmUmYuVFK7Ke4caGIW7/EnX/jpM1CWw9c7uGce5k7J0w40+C631ZpY3Nre6e8W9nbPzg8sqvHXR2nitAOiXms+iHWlDNJO8CA036iKBYhp71wepv7vQeqNIvlPcwSGgg8lixiBIORhnbVB5z6mom8Xzb8hA3tmlt3F3DWiVeQGirQHtpf/igmqaASCMdaDzw3gSDDChjhdF7xU00TTKZ4TAeGSiyoDrLF6XPn3CgjJ4qVKQnOQv29kWGh9UyEZlJgmOhVLxf/8wYpRDdBxmSSApVk+VCUcgdiJ8/BGTFFCfCZIZgoZm51yAQrTMCkVTEheKtfXifdRt1z697dVa3ZKuIoo1N0hi6Qh65RE7VQG3UQQY/oGb2iN+vJerHerY/laMkqdk7QH1ifPw6Zk94=</latexit><latexit sha1_base64="aSgO2N9F/vkzmk0o+2rqayJD9GI=">AAAB+nicbVDLSsNAFJ3UV62vVJdugkUQhJIUQZcFN11WsA9oQplMJ+3QmUmYuVFK7Ke4caGIW7/EnX/jpM1CWw9c7uGce5k7J0w40+C631ZpY3Nre6e8W9nbPzg8sqvHXR2nitAOiXms+iHWlDNJO8CA036iKBYhp71wepv7vQeqNIvlPcwSGgg8lixiBIORhnbVB5z6mom8Xzb8hA3tmlt3F3DWiVeQGirQHtpf/igmqaASCMdaDzw3gSDDChjhdF7xU00TTKZ4TAeGSiyoDrLF6XPn3CgjJ4qVKQnOQv29kWGh9UyEZlJgmOhVLxf/8wYpRDdBxmSSApVk+VCUcgdiJ8/BGTFFCfCZIZgoZm51yAQrTMCkVTEheKtfXifdRt1z697dVa3ZKuIoo1N0hi6Qh65RE7VQG3UQQY/oGb2iN+vJerHerY/laMkqdk7QH1ifPw6Zk94=</latexit>

SO(4) ' SU(2)⇥ SU(2)/Z2
<latexit sha1_base64="o90CqqTUI2xqZvAiBC1WmD+fQPc=">AAACEnicbZBNT8JAEIa3+IX4VfXoZSMxgQu2hESPJF64icECkTbNdtnChu2Hu1sT0vAbvPhXvHjQGK+evPlv3EIPCk4yyZN3ZjIzrxczKqRhfGuFtfWNza3idmlnd2//QD886ooo4ZhYOGIR73tIEEZDYkkqGenHnKDAY6TnTa6yeu+BcEGj8FZOY+IEaBRSn2IkleTq1c51pVG1BQ3IPexYlXrVlorFgs/tAMmx58E7t+7qZaNmzAOugplDGeTRdvUvexjhJCChxAwJMTCNWDop4pJiRmYlOxEkRniCRmSgMERqrZPOX5rBM6UMoR9xlaGEc/X3RIoCIaaBpzqzE8VyLRP/qw0S6V86KQ3jRJIQLxb5CYMygpk/cEg5wZJNFSDMqboV4jHiCEvlYkmZYC6/vArdes00auZNo9xs5XYUwQk4BRVgggvQBC3QBhbA4BE8g1fwpj1pL9q79rFoLWj5zDH4E9rnD74wmwU=</latexit><latexit sha1_base64="o90CqqTUI2xqZvAiBC1WmD+fQPc=">AAACEnicbZBNT8JAEIa3+IX4VfXoZSMxgQu2hESPJF64icECkTbNdtnChu2Hu1sT0vAbvPhXvHjQGK+evPlv3EIPCk4yyZN3ZjIzrxczKqRhfGuFtfWNza3idmlnd2//QD886ooo4ZhYOGIR73tIEEZDYkkqGenHnKDAY6TnTa6yeu+BcEGj8FZOY+IEaBRSn2IkleTq1c51pVG1BQ3IPexYlXrVlorFgs/tAMmx58E7t+7qZaNmzAOugplDGeTRdvUvexjhJCChxAwJMTCNWDop4pJiRmYlOxEkRniCRmSgMERqrZPOX5rBM6UMoR9xlaGEc/X3RIoCIaaBpzqzE8VyLRP/qw0S6V86KQ3jRJIQLxb5CYMygpk/cEg5wZJNFSDMqboV4jHiCEvlYkmZYC6/vArdes00auZNo9xs5XYUwQk4BRVgggvQBC3QBhbA4BE8g1fwpj1pL9q79rFoLWj5zDH4E9rnD74wmwU=</latexit><latexit sha1_base64="o90CqqTUI2xqZvAiBC1WmD+fQPc=">AAACEnicbZBNT8JAEIa3+IX4VfXoZSMxgQu2hESPJF64icECkTbNdtnChu2Hu1sT0vAbvPhXvHjQGK+evPlv3EIPCk4yyZN3ZjIzrxczKqRhfGuFtfWNza3idmlnd2//QD886ooo4ZhYOGIR73tIEEZDYkkqGenHnKDAY6TnTa6yeu+BcEGj8FZOY+IEaBRSn2IkleTq1c51pVG1BQ3IPexYlXrVlorFgs/tAMmx58E7t+7qZaNmzAOugplDGeTRdvUvexjhJCChxAwJMTCNWDop4pJiRmYlOxEkRniCRmSgMERqrZPOX5rBM6UMoR9xlaGEc/X3RIoCIaaBpzqzE8VyLRP/qw0S6V86KQ3jRJIQLxb5CYMygpk/cEg5wZJNFSDMqboV4jHiCEvlYkmZYC6/vArdes00auZNo9xs5XYUwQk4BRVgggvQBC3QBhbA4BE8g1fwpj1pL9q79rFoLWj5zDH4E9rnD74wmwU=</latexit><latexit sha1_base64="o90CqqTUI2xqZvAiBC1WmD+fQPc=">AAACEnicbZBNT8JAEIa3+IX4VfXoZSMxgQu2hESPJF64icECkTbNdtnChu2Hu1sT0vAbvPhXvHjQGK+evPlv3EIPCk4yyZN3ZjIzrxczKqRhfGuFtfWNza3idmlnd2//QD886ooo4ZhYOGIR73tIEEZDYkkqGenHnKDAY6TnTa6yeu+BcEGj8FZOY+IEaBRSn2IkleTq1c51pVG1BQ3IPexYlXrVlorFgs/tAMmx58E7t+7qZaNmzAOugplDGeTRdvUvexjhJCChxAwJMTCNWDop4pJiRmYlOxEkRniCRmSgMERqrZPOX5rBM6UMoR9xlaGEc/X3RIoCIaaBpzqzE8VyLRP/qw0S6V86KQ3jRJIQLxb5CYMygpk/cEg5wZJNFSDMqboV4jHiCEvlYkmZYC6/vArdes00auZNo9xs5XYUwQk4BRVgggvQBC3QBhbA4BE8g1fwpj1pL9q79rFoLWj5zDH4E9rnD74wmwU=</latexit>

' S3
<latexit sha1_base64="3w94Mp1Os+h301J/umCzcSZmuAg=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHbVRI8kXjhilEeElcwODUyYnV1nZk3Ihr/w4kFjvPo33vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoeuo3n1BpHsk7M47RD+lA8j5n1FjpvqN5iI/k9uG8Wyy5ZXcGsky8jJQgQ61b/Or0IpaEKA0TVOu258bGT6kynAmcFDqJxpiyER1g21JJQ9R+Ort4Qk6s0iP9SNmShszU3xMpDbUeh4HtDKkZ6kVvKv7ntRPTv/JTLuPEoGTzRf1EEBOR6fukxxUyI8aWUKa4vZWwIVWUGRtSwYbgLb68TBpnZc8tezcXpUo1iyMPR3AMp+DBJVSgCjWoAwMJz/AKb452Xpx352PemnOymUP4A+fzB9yrkGM=</latexit><latexit sha1_base64="3w94Mp1Os+h301J/umCzcSZmuAg=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHbVRI8kXjhilEeElcwODUyYnV1nZk3Ihr/w4kFjvPo33vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoeuo3n1BpHsk7M47RD+lA8j5n1FjpvqN5iI/k9uG8Wyy5ZXcGsky8jJQgQ61b/Or0IpaEKA0TVOu258bGT6kynAmcFDqJxpiyER1g21JJQ9R+Ort4Qk6s0iP9SNmShszU3xMpDbUeh4HtDKkZ6kVvKv7ntRPTv/JTLuPEoGTzRf1EEBOR6fukxxUyI8aWUKa4vZWwIVWUGRtSwYbgLb68TBpnZc8tezcXpUo1iyMPR3AMp+DBJVSgCjWoAwMJz/AKb452Xpx352PemnOymUP4A+fzB9yrkGM=</latexit><latexit sha1_base64="3w94Mp1Os+h301J/umCzcSZmuAg=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHbVRI8kXjhilEeElcwODUyYnV1nZk3Ihr/w4kFjvPo33vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoeuo3n1BpHsk7M47RD+lA8j5n1FjpvqN5iI/k9uG8Wyy5ZXcGsky8jJQgQ61b/Or0IpaEKA0TVOu258bGT6kynAmcFDqJxpiyER1g21JJQ9R+Ort4Qk6s0iP9SNmShszU3xMpDbUeh4HtDKkZ6kVvKv7ntRPTv/JTLuPEoGTzRf1EEBOR6fukxxUyI8aWUKa4vZWwIVWUGRtSwYbgLb68TBpnZc8tezcXpUo1iyMPR3AMp+DBJVSgCjWoAwMJz/AKb452Xpx352PemnOymUP4A+fzB9yrkGM=</latexit><latexit sha1_base64="3w94Mp1Os+h301J/umCzcSZmuAg=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHbVRI8kXjhilEeElcwODUyYnV1nZk3Ihr/w4kFjvPo33vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoeuo3n1BpHsk7M47RD+lA8j5n1FjpvqN5iI/k9uG8Wyy5ZXcGsky8jJQgQ61b/Or0IpaEKA0TVOu258bGT6kynAmcFDqJxpiyER1g21JJQ9R+Ort4Qk6s0iP9SNmShszU3xMpDbUeh4HtDKkZ6kVvKv7ntRPTv/JTLuPEoGTzRf1EEBOR6fukxxUyI8aWUKa4vZWwIVWUGRtSwYbgLb68TBpnZc8tezcXpUo1iyMPR3AMp+DBJVSgCjWoAwMJz/AKb452Xpx352PemnOymUP4A+fzB9yrkGM=</latexit>



Chern-Simons gravity: the dictionary
⇥<latexit sha1_base64="31WJ/8W8XVpyRSjAMQ1QIt37vXQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAlxwjmAckS5idzCZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5pWZ0ZxptMS206EbVcCsWbKFDyTmo4TSLJ29H4bu63n7ixQqsHnKQ8TOhQiVgwik5q9VAk3PbLFb/qL0DWSZCTCuRo9MtfvYFmWcIVMkmt7QZ+iuGUGhRM8lmpl1meUjamQ951VFG3JJwurp2RC6cMSKyNK4Vkof6emNLE2kkSuc6E4siuenPxP6+bYXwbToVKM+SKLRfFmSSoyfx1MhCGM5QTRygzwt1K2IgaytAFVHIhBKsvr5PWVTXwq8H9daVWz+MowhmcwyUEcAM1qEMDmsDgEZ7hFd487b14797HsrXg5TOn8Afe5w+3+Y86</latexit><latexit sha1_base64="31WJ/8W8XVpyRSjAMQ1QIt37vXQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAlxwjmAckS5idzCZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5pWZ0ZxptMS206EbVcCsWbKFDyTmo4TSLJ29H4bu63n7ixQqsHnKQ8TOhQiVgwik5q9VAk3PbLFb/qL0DWSZCTCuRo9MtfvYFmWcIVMkmt7QZ+iuGUGhRM8lmpl1meUjamQ951VFG3JJwurp2RC6cMSKyNK4Vkof6emNLE2kkSuc6E4siuenPxP6+bYXwbToVKM+SKLRfFmSSoyfx1MhCGM5QTRygzwt1K2IgaytAFVHIhBKsvr5PWVTXwq8H9daVWz+MowhmcwyUEcAM1qEMDmsDgEZ7hFd487b14797HsrXg5TOn8Afe5w+3+Y86</latexit><latexit sha1_base64="31WJ/8W8XVpyRSjAMQ1QIt37vXQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAlxwjmAckS5idzCZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5pWZ0ZxptMS206EbVcCsWbKFDyTmo4TSLJ29H4bu63n7ixQqsHnKQ8TOhQiVgwik5q9VAk3PbLFb/qL0DWSZCTCuRo9MtfvYFmWcIVMkmt7QZ+iuGUGhRM8lmpl1meUjamQ951VFG3JJwurp2RC6cMSKyNK4Vkof6emNLE2kkSuc6E4siuenPxP6+bYXwbToVKM+SKLRfFmSSoyfx1MhCGM5QTRygzwt1K2IgaytAFVHIhBKsvr5PWVTXwq8H9daVWz+MowhmcwyUEcAM1qEMDmsDgEZ7hFd487b14797HsrXg5TOn8Afe5w+3+Y86</latexit><latexit sha1_base64="31WJ/8W8XVpyRSjAMQ1QIt37vXQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAlxwjmAckS5idzCZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5pWZ0ZxptMS206EbVcCsWbKFDyTmo4TSLJ29H4bu63n7ixQqsHnKQ8TOhQiVgwik5q9VAk3PbLFb/qL0DWSZCTCuRo9MtfvYFmWcIVMkmt7QZ+iuGUGhRM8lmpl1meUjamQ951VFG3JJwurp2RC6cMSKyNK4Vkof6emNLE2kkSuc6E4siuenPxP6+bYXwbToVKM+SKLRfFmSSoyfx1MhCGM5QTRygzwt1K2IgaytAFVHIhBKsvr5PWVTXwq8H9daVWz+MowhmcwyUEcAM1qEMDmsDgEZ7hFd487b14797HsrXg5TOn8Afe5w+3+Y86</latexit>

S =
kL
4⇡

Tr

Z ✓
AL ^ dAL +

2

3
A3

L

◆
+

kR
4⇡

Tr

Z ✓
AR ^ dAR +

2

3
A3

R

◆

<latexit sha1_base64="XRK6w+m52K3nR/dHrBTXl7Foj+E="></latexit><latexit sha1_base64="XRK6w+m52K3nR/dHrBTXl7Foj+E="></latexit><latexit sha1_base64="XRK6w+m52K3nR/dHrBTXl7Foj+E="></latexit><latexit sha1_base64="XRK6w+m52K3nR/dHrBTXl7Foj+E="></latexit>

SU(2)L
<latexit sha1_base64="1PAC8i1a0nX+ijIrpeqzCvNoeR8=">AAAB7nicbVA9SwNBEJ2NXzF+RS1tFoMQm3AXBC0DNiksInpJIDnC3mYvWbK3d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy9IBNfGcb5RYWNza3unuFva2z84PCofn7R1nCrKPBqLWHUDopngknmGG8G6iWIkCgTrBJPbud95YkrzWD6aacL8iIwkDzklxkqdB69avxzcDcoVp+YsgNeJm5MK5GgNyl/9YUzTiElDBdG65zqJ8TOiDKeCzUr9VLOE0AkZsZ6lkkRM+9ni3Bm+sMoQh7GyJQ1eqL8nMhJpPY0C2xkRM9ar3lz8z+ulJrzxMy6T1DBJl4vCVGAT4/nveMgVo0ZMLSFUcXsrpmOiCDU2oZINwV19eZ206zXXqbn3V5VGM4+jCGdwDlVw4Roa0IQWeEBhAs/wCm8oQS/oHX0sWwsonzmFP0CfP92kjpw=</latexit><latexit sha1_base64="1PAC8i1a0nX+ijIrpeqzCvNoeR8=">AAAB7nicbVA9SwNBEJ2NXzF+RS1tFoMQm3AXBC0DNiksInpJIDnC3mYvWbK3d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy9IBNfGcb5RYWNza3unuFva2z84PCofn7R1nCrKPBqLWHUDopngknmGG8G6iWIkCgTrBJPbud95YkrzWD6aacL8iIwkDzklxkqdB69avxzcDcoVp+YsgNeJm5MK5GgNyl/9YUzTiElDBdG65zqJ8TOiDKeCzUr9VLOE0AkZsZ6lkkRM+9ni3Bm+sMoQh7GyJQ1eqL8nMhJpPY0C2xkRM9ar3lz8z+ulJrzxMy6T1DBJl4vCVGAT4/nveMgVo0ZMLSFUcXsrpmOiCDU2oZINwV19eZ206zXXqbn3V5VGM4+jCGdwDlVw4Roa0IQWeEBhAs/wCm8oQS/oHX0sWwsonzmFP0CfP92kjpw=</latexit><latexit sha1_base64="1PAC8i1a0nX+ijIrpeqzCvNoeR8=">AAAB7nicbVA9SwNBEJ2NXzF+RS1tFoMQm3AXBC0DNiksInpJIDnC3mYvWbK3d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy9IBNfGcb5RYWNza3unuFva2z84PCofn7R1nCrKPBqLWHUDopngknmGG8G6iWIkCgTrBJPbud95YkrzWD6aacL8iIwkDzklxkqdB69avxzcDcoVp+YsgNeJm5MK5GgNyl/9YUzTiElDBdG65zqJ8TOiDKeCzUr9VLOE0AkZsZ6lkkRM+9ni3Bm+sMoQh7GyJQ1eqL8nMhJpPY0C2xkRM9ar3lz8z+ulJrzxMy6T1DBJl4vCVGAT4/nveMgVo0ZMLSFUcXsrpmOiCDU2oZINwV19eZ206zXXqbn3V5VGM4+jCGdwDlVw4Roa0IQWeEBhAs/wCm8oQS/oHX0sWwsonzmFP0CfP92kjpw=</latexit><latexit sha1_base64="1PAC8i1a0nX+ijIrpeqzCvNoeR8=">AAAB7nicbVA9SwNBEJ2NXzF+RS1tFoMQm3AXBC0DNiksInpJIDnC3mYvWbK3d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy9IBNfGcb5RYWNza3unuFva2z84PCofn7R1nCrKPBqLWHUDopngknmGG8G6iWIkCgTrBJPbud95YkrzWD6aacL8iIwkDzklxkqdB69avxzcDcoVp+YsgNeJm5MK5GgNyl/9YUzTiElDBdG65zqJ8TOiDKeCzUr9VLOE0AkZsZ6lkkRM+9ni3Bm+sMoQh7GyJQ1eqL8nMhJpPY0C2xkRM9ar3lz8z+ulJrzxMy6T1DBJl4vCVGAT4/nveMgVo0ZMLSFUcXsrpmOiCDU2oZINwV19eZ206zXXqbn3V5VGM4+jCGdwDlVw4Roa0IQWeEBhAs/wCm8oQS/oHX0sWwsonzmFP0CfP92kjpw=</latexit>

SU(2)R
<latexit sha1_base64="tDBkaBaoA1l32xRQ63lcIVQ8Hjs=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuEfRY8NJj/di20C4lm2bb0CS7JFmhLP0RXjwo4tXf481/Y9ruQVsfDDzem2FmXphwpo3rfjuFjc2t7Z3ibmlv/+DwqHx80tZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ7dzv/NElWaxfDTThAYCjySLGMHGSp0Hv1q/HNwPyhW35i6A1omXkwrkaA3KX/1hTFJBpSEca93z3MQEGVaGEU5npX6qaYLJBI9oz1KJBdVBtjh3hi6sMkRRrGxJgxbq74kMC62nIrSdApuxXvXm4n9eLzXRTZAxmaSGSrJcFKUcmRjNf0dDpigxfGoJJorZWxEZY4WJsQmVbAje6svrpF2veW7Nu7uqNJp5HEU4g3OoggfX0IAmtMAHAhN4hld4cxLnxXl3PpatBSefOYU/cD5/AOa8jqI=</latexit><latexit sha1_base64="tDBkaBaoA1l32xRQ63lcIVQ8Hjs=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuEfRY8NJj/di20C4lm2bb0CS7JFmhLP0RXjwo4tXf481/Y9ruQVsfDDzem2FmXphwpo3rfjuFjc2t7Z3ibmlv/+DwqHx80tZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ7dzv/NElWaxfDTThAYCjySLGMHGSp0Hv1q/HNwPyhW35i6A1omXkwrkaA3KX/1hTFJBpSEca93z3MQEGVaGEU5npX6qaYLJBI9oz1KJBdVBtjh3hi6sMkRRrGxJgxbq74kMC62nIrSdApuxXvXm4n9eLzXRTZAxmaSGSrJcFKUcmRjNf0dDpigxfGoJJorZWxEZY4WJsQmVbAje6svrpF2veW7Nu7uqNJp5HEU4g3OoggfX0IAmtMAHAhN4hld4cxLnxXl3PpatBSefOYU/cD5/AOa8jqI=</latexit><latexit sha1_base64="tDBkaBaoA1l32xRQ63lcIVQ8Hjs=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuEfRY8NJj/di20C4lm2bb0CS7JFmhLP0RXjwo4tXf481/Y9ruQVsfDDzem2FmXphwpo3rfjuFjc2t7Z3ibmlv/+DwqHx80tZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ7dzv/NElWaxfDTThAYCjySLGMHGSp0Hv1q/HNwPyhW35i6A1omXkwrkaA3KX/1hTFJBpSEca93z3MQEGVaGEU5npX6qaYLJBI9oz1KJBdVBtjh3hi6sMkRRrGxJgxbq74kMC62nIrSdApuxXvXm4n9eLzXRTZAxmaSGSrJcFKUcmRjNf0dDpigxfGoJJorZWxEZY4WJsQmVbAje6svrpF2veW7Nu7uqNJp5HEU4g3OoggfX0IAmtMAHAhN4hld4cxLnxXl3PpatBSefOYU/cD5/AOa8jqI=</latexit><latexit sha1_base64="tDBkaBaoA1l32xRQ63lcIVQ8Hjs=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuEfRY8NJj/di20C4lm2bb0CS7JFmhLP0RXjwo4tXf481/Y9ruQVsfDDzem2FmXphwpo3rfjuFjc2t7Z3ibmlv/+DwqHx80tZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ7dzv/NElWaxfDTThAYCjySLGMHGSp0Hv1q/HNwPyhW35i6A1omXkwrkaA3KX/1hTFJBpSEca93z3MQEGVaGEU5npX6qaYLJBI9oz1KJBdVBtjh3hi6sMkRRrGxJgxbq74kMC62nIrSdApuxXvXm4n9eLzXRTZAxmaSGSrJcFKUcmRjNf0dDpigxfGoJJorZWxEZY4WJsQmVbAje6svrpF2veW7Nu7uqNJp5HEU4g3OoggfX0IAmtMAHAhN4hld4cxLnxXl3PpatBSefOYU/cD5/AOa8jqI=</latexit>

kL = � + is
<latexit sha1_base64="HYv+5KMIV0RZSMS77jVC1zDZ2UM=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBL0IAS85eIhgHpAsYXZ2Nhky+3CmNxCWfIcXD4p49WO8+TdOkj1oYkFDUdVNd5eXSKHRtr+twtr6xuZWcbu0s7u3f1A+PGrpOFWMN1ksY9XxqOZSRLyJAiXvJIrT0JO87Y3uZn57zJUWcfSIk4S7IR1EIhCMopHcUf/+tudzifRC6H65YlftOcgqcXJSgRyNfvmr58csDXmETFKtu46doJtRhYJJPi31Us0TykZ0wLuGRjTk2s3mR0/JmVF8EsTKVIRkrv6eyGio9ST0TGdIcaiXvZn4n9dNMbhxMxElKfKILRYFqSQYk1kCxBeKM5QTQyhTwtxK2JAqytDkVDIhOMsvr5LWZdWxq87DVaVWz+Mowgmcwjk4cA01qEMDmsDgCZ7hFd6ssfVivVsfi9aClc8cwx9Ynz884JHC</latexit><latexit sha1_base64="HYv+5KMIV0RZSMS77jVC1zDZ2UM=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBL0IAS85eIhgHpAsYXZ2Nhky+3CmNxCWfIcXD4p49WO8+TdOkj1oYkFDUdVNd5eXSKHRtr+twtr6xuZWcbu0s7u3f1A+PGrpOFWMN1ksY9XxqOZSRLyJAiXvJIrT0JO87Y3uZn57zJUWcfSIk4S7IR1EIhCMopHcUf/+tudzifRC6H65YlftOcgqcXJSgRyNfvmr58csDXmETFKtu46doJtRhYJJPi31Us0TykZ0wLuGRjTk2s3mR0/JmVF8EsTKVIRkrv6eyGio9ST0TGdIcaiXvZn4n9dNMbhxMxElKfKILRYFqSQYk1kCxBeKM5QTQyhTwtxK2JAqytDkVDIhOMsvr5LWZdWxq87DVaVWz+Mowgmcwjk4cA01qEMDmsDgCZ7hFd6ssfVivVsfi9aClc8cwx9Ynz884JHC</latexit><latexit sha1_base64="HYv+5KMIV0RZSMS77jVC1zDZ2UM=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBL0IAS85eIhgHpAsYXZ2Nhky+3CmNxCWfIcXD4p49WO8+TdOkj1oYkFDUdVNd5eXSKHRtr+twtr6xuZWcbu0s7u3f1A+PGrpOFWMN1ksY9XxqOZSRLyJAiXvJIrT0JO87Y3uZn57zJUWcfSIk4S7IR1EIhCMopHcUf/+tudzifRC6H65YlftOcgqcXJSgRyNfvmr58csDXmETFKtu46doJtRhYJJPi31Us0TykZ0wLuGRjTk2s3mR0/JmVF8EsTKVIRkrv6eyGio9ST0TGdIcaiXvZn4n9dNMbhxMxElKfKILRYFqSQYk1kCxBeKM5QTQyhTwtxK2JAqytDkVDIhOMsvr5LWZdWxq87DVaVWz+Mowgmcwjk4cA01qEMDmsDgCZ7hFd6ssfVivVsfi9aClc8cwx9Ynz884JHC</latexit><latexit sha1_base64="HYv+5KMIV0RZSMS77jVC1zDZ2UM=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBL0IAS85eIhgHpAsYXZ2Nhky+3CmNxCWfIcXD4p49WO8+TdOkj1oYkFDUdVNd5eXSKHRtr+twtr6xuZWcbu0s7u3f1A+PGrpOFWMN1ksY9XxqOZSRLyJAiXvJIrT0JO87Y3uZn57zJUWcfSIk4S7IR1EIhCMopHcUf/+tudzifRC6H65YlftOcgqcXJSgRyNfvmr58csDXmETFKtu46doJtRhYJJPi31Us0TykZ0wLuGRjTk2s3mR0/JmVF8EsTKVIRkrv6eyGio9ST0TGdIcaiXvZn4n9dNMbhxMxElKfKILRYFqSQYk1kCxBeKM5QTQyhTwtxK2JAqytDkVDIhOMsvr5LWZdWxq87DVaVWz+Mowgmcwjk4cA01qEMDmsDgCZ7hFd6ssfVivVsfi9aClc8cwx9Ynz884JHC</latexit>

kR = � � is
<latexit sha1_base64="nLMel88vrZZWnLN0kqaDkJA1HZI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EgJcco5gHJEuYne1Nhsw+nJkNhCXf4cWDIl79GG/+jZNkD5pY0FBUddPd5SWCK23b31ZhbX1jc6u4XdrZ3ds/KB8etVScSoZNFotYdjyqUPAIm5prgZ1EIg09gW1vdDfz22OUisfRo54k6IZ0EPGAM6qN5I76D7c9H4WmF1z1yxW7as9BVomTkwrkaPTLXz0/ZmmIkWaCKtV17ES7GZWaM4HTUi9VmFA2ogPsGhrREJWbzY+ekjOj+CSIpalIk7n6eyKjoVKT0DOdIdVDtezNxP+8bqqDGzfjUZJqjNhiUZAKomMyS4D4XCLTYmIIZZKbWwkbUkmZNjmVTAjO8surpHVZdeyqc39VqdXzOIpwAqdwDg5cQw3q0IAmMHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnD0lAkco=</latexit><latexit sha1_base64="nLMel88vrZZWnLN0kqaDkJA1HZI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EgJcco5gHJEuYne1Nhsw+nJkNhCXf4cWDIl79GG/+jZNkD5pY0FBUddPd5SWCK23b31ZhbX1jc6u4XdrZ3ds/KB8etVScSoZNFotYdjyqUPAIm5prgZ1EIg09gW1vdDfz22OUisfRo54k6IZ0EPGAM6qN5I76D7c9H4WmF1z1yxW7as9BVomTkwrkaPTLXz0/ZmmIkWaCKtV17ES7GZWaM4HTUi9VmFA2ogPsGhrREJWbzY+ekjOj+CSIpalIk7n6eyKjoVKT0DOdIdVDtezNxP+8bqqDGzfjUZJqjNhiUZAKomMyS4D4XCLTYmIIZZKbWwkbUkmZNjmVTAjO8surpHVZdeyqc39VqdXzOIpwAqdwDg5cQw3q0IAmMHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnD0lAkco=</latexit><latexit sha1_base64="nLMel88vrZZWnLN0kqaDkJA1HZI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EgJcco5gHJEuYne1Nhsw+nJkNhCXf4cWDIl79GG/+jZNkD5pY0FBUddPd5SWCK23b31ZhbX1jc6u4XdrZ3ds/KB8etVScSoZNFotYdjyqUPAIm5prgZ1EIg09gW1vdDfz22OUisfRo54k6IZ0EPGAM6qN5I76D7c9H4WmF1z1yxW7as9BVomTkwrkaPTLXz0/ZmmIkWaCKtV17ES7GZWaM4HTUi9VmFA2ogPsGhrREJWbzY+ekjOj+CSIpalIk7n6eyKjoVKT0DOdIdVDtezNxP+8bqqDGzfjUZJqjNhiUZAKomMyS4D4XCLTYmIIZZKbWwkbUkmZNjmVTAjO8surpHVZdeyqc39VqdXzOIpwAqdwDg5cQw3q0IAmMHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnD0lAkco=</latexit><latexit sha1_base64="nLMel88vrZZWnLN0kqaDkJA1HZI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EgJcco5gHJEuYne1Nhsw+nJkNhCXf4cWDIl79GG/+jZNkD5pY0FBUddPd5SWCK23b31ZhbX1jc6u4XdrZ3ds/KB8etVScSoZNFotYdjyqUPAIm5prgZ1EIg09gW1vdDfz22OUisfRo54k6IZ0EPGAM6qN5I76D7c9H4WmF1z1yxW7as9BVomTkwrkaPTLXz0/ZmmIkWaCKtV17ES7GZWaM4HTUi9VmFA2ogPsGhrREJWbzY+ekjOj+CSIpalIk7n6eyKjoVKT0DOdIdVDtezNxP+8bqqDGzfjUZJqjNhiUZAKomMyS4D4XCLTYmIIZZKbWwkbUkmZNjmVTAjO8surpHVZdeyqc39VqdXzOIpwAqdwDg5cQw3q0IAmMHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnD0lAkco=</latexit>

� 2 Z
<latexit sha1_base64="vLEjRB/JJUhyx9K5fT0Ej+gIY+Y=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi6LLgpssK9oFNKJPJTTt0MgkzE7GE/oobF4q49Ufc+TdO2iy09cDA4Zx7uWdOkHKmtON8W5WNza3tnepubW//4PDIPq73VJJJCl2a8EQOAqKAMwFdzTSHQSqBxAGHfjC9Lfz+I0jFEnGvZyn4MRkLFjFKtJFGdt0LgWviMeHFRE+CAD+M7IbTdBbA68QtSQOV6IzsLy9MaBaD0JQTpYauk2o/J1IzymFe8zIFKaFTMoahoYLEoPx8kX2Oz40S4iiR5gmNF+rvjZzESs3iwEwWAdWqV4j/ecNMRzd+zkSaaRB0eSjKONYJLorAIZNANZ8ZQqhkJiumEyIJ1aauminBXf3yOuldNl2n6d5dNVrtso4qOkVn6AK56Bq1UBt1UBdR9ISe0St6s+bWi/VufSxHK1a5c4L+wPr8AcK+lEI=</latexit><latexit sha1_base64="vLEjRB/JJUhyx9K5fT0Ej+gIY+Y=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi6LLgpssK9oFNKJPJTTt0MgkzE7GE/oobF4q49Ufc+TdO2iy09cDA4Zx7uWdOkHKmtON8W5WNza3tnepubW//4PDIPq73VJJJCl2a8EQOAqKAMwFdzTSHQSqBxAGHfjC9Lfz+I0jFEnGvZyn4MRkLFjFKtJFGdt0LgWviMeHFRE+CAD+M7IbTdBbA68QtSQOV6IzsLy9MaBaD0JQTpYauk2o/J1IzymFe8zIFKaFTMoahoYLEoPx8kX2Oz40S4iiR5gmNF+rvjZzESs3iwEwWAdWqV4j/ecNMRzd+zkSaaRB0eSjKONYJLorAIZNANZ8ZQqhkJiumEyIJ1aauminBXf3yOuldNl2n6d5dNVrtso4qOkVn6AK56Bq1UBt1UBdR9ISe0St6s+bWi/VufSxHK1a5c4L+wPr8AcK+lEI=</latexit><latexit sha1_base64="vLEjRB/JJUhyx9K5fT0Ej+gIY+Y=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi6LLgpssK9oFNKJPJTTt0MgkzE7GE/oobF4q49Ufc+TdO2iy09cDA4Zx7uWdOkHKmtON8W5WNza3tnepubW//4PDIPq73VJJJCl2a8EQOAqKAMwFdzTSHQSqBxAGHfjC9Lfz+I0jFEnGvZyn4MRkLFjFKtJFGdt0LgWviMeHFRE+CAD+M7IbTdBbA68QtSQOV6IzsLy9MaBaD0JQTpYauk2o/J1IzymFe8zIFKaFTMoahoYLEoPx8kX2Oz40S4iiR5gmNF+rvjZzESs3iwEwWAdWqV4j/ecNMRzd+zkSaaRB0eSjKONYJLorAIZNANZ8ZQqhkJiumEyIJ1aauminBXf3yOuldNl2n6d5dNVrtso4qOkVn6AK56Bq1UBt1UBdR9ISe0St6s+bWi/VufSxHK1a5c4L+wPr8AcK+lEI=</latexit><latexit sha1_base64="vLEjRB/JJUhyx9K5fT0Ej+gIY+Y=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi6LLgpssK9oFNKJPJTTt0MgkzE7GE/oobF4q49Ufc+TdO2iy09cDA4Zx7uWdOkHKmtON8W5WNza3tnepubW//4PDIPq73VJJJCl2a8EQOAqKAMwFdzTSHQSqBxAGHfjC9Lfz+I0jFEnGvZyn4MRkLFjFKtJFGdt0LgWviMeHFRE+CAD+M7IbTdBbA68QtSQOV6IzsLy9MaBaD0JQTpYauk2o/J1IzymFe8zIFKaFTMoahoYLEoPx8kX2Oz40S4iiR5gmNF+rvjZzESs3iwEwWAdWqV4j/ecNMRzd+zkSaaRB0eSjKONYJLorAIZNANZ8ZQqhkJiumEyIJ1aauminBXf3yOuldNl2n6d5dNVrtso4qOkVn6AK56Bq1UBt1UBdR9ISe0St6s+bWi/VufSxHK1a5c4L+wPr8AcK+lEI=</latexit>

s 2 R
<latexit sha1_base64="q2EGyL+g4Gfi93Fn+21fftW83rM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCmy6r2Ad0hpKkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck8OSQTXxnW/ndLG5tb2Tnm3srd/cHhUPT7p6DhVlLVpLGLVI1gzwSVrG24E6yWK4YgI1iWTu9zvTpnSPJaPZpawIMIjyUNOsbFSoH0u/QibMSHoYVCtuXV3AbROvILUoEBrUP3yhzFNIyYNFVjrvucmJsiwMpwKNq/4qWYJphM8Yn1LJY6YDrJF6Dm6sMoQhbGyTxq0UH9vZDjSehYRO5kH1KteLv7n9VMT3gYZl0lqmKTLQ2EqkIlR3gAacsWoETNLMFXcZkV0jBWmxvZUsSV4q19eJ52ruufWvfvrWqNZ1FGGMziHS/DgBhrQhBa0gcITPMMrvDlT58V5dz6WoyWn2DmFP3A+fwBzyZHk</latexit><latexit sha1_base64="q2EGyL+g4Gfi93Fn+21fftW83rM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCmy6r2Ad0hpKkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck8OSQTXxnW/ndLG5tb2Tnm3srd/cHhUPT7p6DhVlLVpLGLVI1gzwSVrG24E6yWK4YgI1iWTu9zvTpnSPJaPZpawIMIjyUNOsbFSoH0u/QibMSHoYVCtuXV3AbROvILUoEBrUP3yhzFNIyYNFVjrvucmJsiwMpwKNq/4qWYJphM8Yn1LJY6YDrJF6Dm6sMoQhbGyTxq0UH9vZDjSehYRO5kH1KteLv7n9VMT3gYZl0lqmKTLQ2EqkIlR3gAacsWoETNLMFXcZkV0jBWmxvZUsSV4q19eJ52ruufWvfvrWqNZ1FGGMziHS/DgBhrQhBa0gcITPMMrvDlT58V5dz6WoyWn2DmFP3A+fwBzyZHk</latexit><latexit sha1_base64="q2EGyL+g4Gfi93Fn+21fftW83rM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCmy6r2Ad0hpKkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck8OSQTXxnW/ndLG5tb2Tnm3srd/cHhUPT7p6DhVlLVpLGLVI1gzwSVrG24E6yWK4YgI1iWTu9zvTpnSPJaPZpawIMIjyUNOsbFSoH0u/QibMSHoYVCtuXV3AbROvILUoEBrUP3yhzFNIyYNFVjrvucmJsiwMpwKNq/4qWYJphM8Yn1LJY6YDrJF6Dm6sMoQhbGyTxq0UH9vZDjSehYRO5kH1KteLv7n9VMT3gYZl0lqmKTLQ2EqkIlR3gAacsWoETNLMFXcZkV0jBWmxvZUsSV4q19eJ52ruufWvfvrWqNZ1FGGMziHS/DgBhrQhBa0gcITPMMrvDlT58V5dz6WoyWn2DmFP3A+fwBzyZHk</latexit><latexit sha1_base64="q2EGyL+g4Gfi93Fn+21fftW83rM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCmy6r2Ad0hpKkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck8OSQTXxnW/ndLG5tb2Tnm3srd/cHhUPT7p6DhVlLVpLGLVI1gzwSVrG24E6yWK4YgI1iWTu9zvTpnSPJaPZpawIMIjyUNOsbFSoH0u/QibMSHoYVCtuXV3AbROvILUoEBrUP3yhzFNIyYNFVjrvucmJsiwMpwKNq/4qWYJphM8Yn1LJY6YDrJF6Dm6sMoQhbGyTxq0UH9vZDjSehYRO5kH1KteLv7n9VMT3gYZl0lqmKTLQ2EqkIlR3gAacsWoETNLMFXcZkV0jBWmxvZUsSV4q19eJ52ruufWvfvrWqNZ1FGGMziHS/DgBhrQhBa0gcITPMMrvDlT58V5dz6WoyWn2DmFP3A+fwBzyZHk</latexit>

[Witten,88]

iS = � 1
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<latexit sha1_base64="WCiYpuZfLMEBhUNWyvU+2hwsIJ4="></latexit><latexit sha1_base64="WCiYpuZfLMEBhUNWyvU+2hwsIJ4="></latexit><latexit sha1_base64="WCiYpuZfLMEBhUNWyvU+2hwsIJ4="></latexit><latexit sha1_base64="WCiYpuZfLMEBhUNWyvU+2hwsIJ4="></latexit>

s =
`

4GN
<latexit sha1_base64="H3xxwDNL0Jely9xM5fTBYMv4DQ4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lE0ItQ8GBPUsF+QBPCZjtpl242YXcjhBD/ihcPinj1h3jz37htc9DWBwOP92aYmRckjEpl299GZW19Y3Orul3b2d3bPzAPj3oyTgWBLolZLAYBlsAoh66iisEgEYCjgEE/mN7M/P4jCElj/qCyBLwIjzkNKcFKS75Zl9duKDDJXWCsyC9u/bvCNxt2057DWiVOSRqoRMc3v9xRTNIIuCIMSzl07ER5ORaKEgZFzU0lJJhM8RiGmnIcgfTy+fGFdaqVkRXGQhdX1lz9PZHjSMosCnRnhNVELnsz8T9vmKrwysspT1IFnCwWhSmzVGzNkrBGVABRLNMEE0H1rRaZYJ2F0nnVdAjO8surpHfedOymc3/RaLXLOKroGJ2gM+SgS9RCbdRBXURQhp7RK3oznowX4934WLRWjHKmjv7A+PwBqbqUyA==</latexit><latexit sha1_base64="H3xxwDNL0Jely9xM5fTBYMv4DQ4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lE0ItQ8GBPUsF+QBPCZjtpl242YXcjhBD/ihcPinj1h3jz37htc9DWBwOP92aYmRckjEpl299GZW19Y3Orul3b2d3bPzAPj3oyTgWBLolZLAYBlsAoh66iisEgEYCjgEE/mN7M/P4jCElj/qCyBLwIjzkNKcFKS75Zl9duKDDJXWCsyC9u/bvCNxt2057DWiVOSRqoRMc3v9xRTNIIuCIMSzl07ER5ORaKEgZFzU0lJJhM8RiGmnIcgfTy+fGFdaqVkRXGQhdX1lz9PZHjSMosCnRnhNVELnsz8T9vmKrwysspT1IFnCwWhSmzVGzNkrBGVABRLNMEE0H1rRaZYJ2F0nnVdAjO8surpHfedOymc3/RaLXLOKroGJ2gM+SgS9RCbdRBXURQhp7RK3oznowX4934WLRWjHKmjv7A+PwBqbqUyA==</latexit><latexit sha1_base64="H3xxwDNL0Jely9xM5fTBYMv4DQ4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lE0ItQ8GBPUsF+QBPCZjtpl242YXcjhBD/ihcPinj1h3jz37htc9DWBwOP92aYmRckjEpl299GZW19Y3Orul3b2d3bPzAPj3oyTgWBLolZLAYBlsAoh66iisEgEYCjgEE/mN7M/P4jCElj/qCyBLwIjzkNKcFKS75Zl9duKDDJXWCsyC9u/bvCNxt2057DWiVOSRqoRMc3v9xRTNIIuCIMSzl07ER5ORaKEgZFzU0lJJhM8RiGmnIcgfTy+fGFdaqVkRXGQhdX1lz9PZHjSMosCnRnhNVELnsz8T9vmKrwysspT1IFnCwWhSmzVGzNkrBGVABRLNMEE0H1rRaZYJ2F0nnVdAjO8surpHfedOymc3/RaLXLOKroGJ2gM+SgS9RCbdRBXURQhp7RK3oznowX4934WLRWjHKmjv7A+PwBqbqUyA==</latexit><latexit sha1_base64="H3xxwDNL0Jely9xM5fTBYMv4DQ4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lE0ItQ8GBPUsF+QBPCZjtpl242YXcjhBD/ihcPinj1h3jz37htc9DWBwOP92aYmRckjEpl299GZW19Y3Orul3b2d3bPzAPj3oyTgWBLolZLAYBlsAoh66iisEgEYCjgEE/mN7M/P4jCElj/qCyBLwIjzkNKcFKS75Zl9duKDDJXWCsyC9u/bvCNxt2057DWiVOSRqoRMc3v9xRTNIIuCIMSzl07ER5ORaKEgZFzU0lJJhM8RiGmnIcgfTy+fGFdaqVkRXGQhdX1lz9PZHjSMosCnRnhNVELnsz8T9vmKrwysspT1IFnCwWhSmzVGzNkrBGVABRLNMEE0H1rRaZYJ2F0nnVdAjO8surpHfedOymc3/RaLXLOKroGJ2gM+SgS9RCbdRBXURQhp7RK3oznowX4934WLRWjHKmjv7A+PwBqbqUyA==</latexit>

GN ! 0
<latexit sha1_base64="DAGEyzFnkOUYFvurb0GTfE2ayo0=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquCHoseLAnqWA/oF2WbJq2odlkSWaVuvSXePGgiFd/ijf/jWm7B219MPB4b4aZeVEiuAHP+3YKa+sbm1vF7dLO7t5+2T04bBmVasqaVAmlOxExTHDJmsBBsE6iGYkjwdrR+Hrmtx+YNlzJe5gkLIjJUPIBpwSsFLrlm/C2p/lwBERr9eiFbsWrenPgVeLnpIJyNEL3q9dXNI2ZBCqIMV3fSyDIiAZOBZuWeqlhCaFjMmRdSyWJmQmy+eFTfGqVPh4obUsCnqu/JzISGzOJI9sZExiZZW8m/ud1UxhcBRmXSQpM0sWiQSowKDxLAfe5ZhTExBJCNbe3YjoimlCwWZVsCP7yy6ukdV71vap/d1Gp1fM4iugYnaAz5KNLVEN11EBNRFGKntErenOenBfn3flYtBacfOYI/YHz+QOb6ZMQ</latexit><latexit sha1_base64="DAGEyzFnkOUYFvurb0GTfE2ayo0=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquCHoseLAnqWA/oF2WbJq2odlkSWaVuvSXePGgiFd/ijf/jWm7B219MPB4b4aZeVEiuAHP+3YKa+sbm1vF7dLO7t5+2T04bBmVasqaVAmlOxExTHDJmsBBsE6iGYkjwdrR+Hrmtx+YNlzJe5gkLIjJUPIBpwSsFLrlm/C2p/lwBERr9eiFbsWrenPgVeLnpIJyNEL3q9dXNI2ZBCqIMV3fSyDIiAZOBZuWeqlhCaFjMmRdSyWJmQmy+eFTfGqVPh4obUsCnqu/JzISGzOJI9sZExiZZW8m/ud1UxhcBRmXSQpM0sWiQSowKDxLAfe5ZhTExBJCNbe3YjoimlCwWZVsCP7yy6ukdV71vap/d1Gp1fM4iugYnaAz5KNLVEN11EBNRFGKntErenOenBfn3flYtBacfOYI/YHz+QOb6ZMQ</latexit><latexit sha1_base64="DAGEyzFnkOUYFvurb0GTfE2ayo0=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquCHoseLAnqWA/oF2WbJq2odlkSWaVuvSXePGgiFd/ijf/jWm7B219MPB4b4aZeVEiuAHP+3YKa+sbm1vF7dLO7t5+2T04bBmVasqaVAmlOxExTHDJmsBBsE6iGYkjwdrR+Hrmtx+YNlzJe5gkLIjJUPIBpwSsFLrlm/C2p/lwBERr9eiFbsWrenPgVeLnpIJyNEL3q9dXNI2ZBCqIMV3fSyDIiAZOBZuWeqlhCaFjMmRdSyWJmQmy+eFTfGqVPh4obUsCnqu/JzISGzOJI9sZExiZZW8m/ud1UxhcBRmXSQpM0sWiQSowKDxLAfe5ZhTExBJCNbe3YjoimlCwWZVsCP7yy6ukdV71vap/d1Gp1fM4iugYnaAz5KNLVEN11EBNRFGKntErenOenBfn3flYtBacfOYI/YHz+QOb6ZMQ</latexit><latexit sha1_base64="DAGEyzFnkOUYFvurb0GTfE2ayo0=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquCHoseLAnqWA/oF2WbJq2odlkSWaVuvSXePGgiFd/ijf/jWm7B219MPB4b4aZeVEiuAHP+3YKa+sbm1vF7dLO7t5+2T04bBmVasqaVAmlOxExTHDJmsBBsE6iGYkjwdrR+Hrmtx+YNlzJe5gkLIjJUPIBpwSsFLrlm/C2p/lwBERr9eiFbsWrenPgVeLnpIJyNEL3q9dXNI2ZBCqIMV3fSyDIiAZOBZuWeqlhCaFjMmRdSyWJmQmy+eFTfGqVPh4obUsCnqu/JzISGzOJI9sZExiZZW8m/ud1UxhcBRmXSQpM0sWiQSowKDxLAfe5ZhTExBJCNbe3YjoimlCwWZVsCP7yy6ukdV71vap/d1Gp1fM4iugYnaAz5KNLVEN11EBNRFGKntErenOenBfn3flYtBacfOYI/YHz+QOb6ZMQ</latexit>

s ! 1
<latexit sha1_base64="deBJs8k0LLKU537gSp47VIevckc=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIoMeClx4r2A9oQ9lsN+3SzW7Ynagh9K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5YSK4Ac/7dkobm1vbO+Xdyt7+weGRe1ztGJVqytpUCaV7ITFMcMnawEGwXqIZiUPBuuH0du53H5g2XMl7yBIWxGQsecQpASsN3aoZaD6eANFaPQ64jCAbujWv7i2A14lfkBoq0Bq6X4ORomnMJFBBjOn7XgJBTjRwKtisMkgNSwidkjHrWypJzEyQL26f4XOrjHCktC0JeKH+nshJbEwWh7YzJjAxq95c/M/rpxDdBDmXSQpM0uWiKBUYFJ4HgUdcMwois4RQze2tmE6IJhRsXBUbgr/68jrpXNZ9r+7fXdUazSKOMjpFZ+gC+egaNVATtVAbUfSEntErenNmzovz7nwsW0tOMXOC/sD5/AHqxpUD</latexit><latexit sha1_base64="deBJs8k0LLKU537gSp47VIevckc=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIoMeClx4r2A9oQ9lsN+3SzW7Ynagh9K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5YSK4Ac/7dkobm1vbO+Xdyt7+weGRe1ztGJVqytpUCaV7ITFMcMnawEGwXqIZiUPBuuH0du53H5g2XMl7yBIWxGQsecQpASsN3aoZaD6eANFaPQ64jCAbujWv7i2A14lfkBoq0Bq6X4ORomnMJFBBjOn7XgJBTjRwKtisMkgNSwidkjHrWypJzEyQL26f4XOrjHCktC0JeKH+nshJbEwWh7YzJjAxq95c/M/rpxDdBDmXSQpM0uWiKBUYFJ4HgUdcMwois4RQze2tmE6IJhRsXBUbgr/68jrpXNZ9r+7fXdUazSKOMjpFZ+gC+egaNVATtVAbUfSEntErenNmzovz7nwsW0tOMXOC/sD5/AHqxpUD</latexit><latexit sha1_base64="deBJs8k0LLKU537gSp47VIevckc=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIoMeClx4r2A9oQ9lsN+3SzW7Ynagh9K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5YSK4Ac/7dkobm1vbO+Xdyt7+weGRe1ztGJVqytpUCaV7ITFMcMnawEGwXqIZiUPBuuH0du53H5g2XMl7yBIWxGQsecQpASsN3aoZaD6eANFaPQ64jCAbujWv7i2A14lfkBoq0Bq6X4ORomnMJFBBjOn7XgJBTjRwKtisMkgNSwidkjHrWypJzEyQL26f4XOrjHCktC0JeKH+nshJbEwWh7YzJjAxq95c/M/rpxDdBDmXSQpM0uWiKBUYFJ4HgUdcMwois4RQze2tmE6IJhRsXBUbgr/68jrpXNZ9r+7fXdUazSKOMjpFZ+gC+egaNVATtVAbUfSEntErenNmzovz7nwsW0tOMXOC/sD5/AHqxpUD</latexit><latexit sha1_base64="deBJs8k0LLKU537gSp47VIevckc=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIoMeClx4r2A9oQ9lsN+3SzW7Ynagh9K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5YSK4Ac/7dkobm1vbO+Xdyt7+weGRe1ztGJVqytpUCaV7ITFMcMnawEGwXqIZiUPBuuH0du53H5g2XMl7yBIWxGQsecQpASsN3aoZaD6eANFaPQ64jCAbujWv7i2A14lfkBoq0Bq6X4ORomnMJFBBjOn7XgJBTjRwKtisMkgNSwidkjHrWypJzEyQL26f4XOrjHCktC0JeKH+nshJbEwWh7YzJjAxq95c/M/rpxDdBDmXSQpM0uWiKBUYFJ4HgUdcMwois4RQze2tmE6IJhRsXBUbgr/68jrpXNZ9r+7fXdUazSKOMjpFZ+gC+egaNVATtVAbUfSEntErenNmzovz7nwsW0tOMXOC/sD5/AHqxpUD</latexit>

NB: semi-classical limit,

    =

[Witten,91]

*See [Hikida, Nishioka, 
Takayanagi, Taki; ’22] 
 for alternative limit*



• Finding an appropriate flat background           :


• e (and g) are well defined, but           may possess singularities


• Important: they also have holonomy around these points

aL/R
<latexit sha1_base64="Gvk48zsFm9+j03n0gq8R3Cyp8sU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe9E0DJgk8IiivmA5Ah7m7lkyd7esbsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWj2aSoB/RoeQhZ9RYqU372d3Fw7RfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJ67LquVXv/qpSq+dxFOEETuEcPLiGGtShAU1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MH6Q6PSw==</latexit><latexit sha1_base64="Gvk48zsFm9+j03n0gq8R3Cyp8sU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe9E0DJgk8IiivmA5Ah7m7lkyd7esbsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWj2aSoB/RoeQhZ9RYqU372d3Fw7RfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJ67LquVXv/qpSq+dxFOEETuEcPLiGGtShAU1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MH6Q6PSw==</latexit><latexit sha1_base64="Gvk48zsFm9+j03n0gq8R3Cyp8sU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe9E0DJgk8IiivmA5Ah7m7lkyd7esbsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWj2aSoB/RoeQhZ9RYqU372d3Fw7RfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJ67LquVXv/qpSq+dxFOEETuEcPLiGGtShAU1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MH6Q6PSw==</latexit><latexit sha1_base64="Gvk48zsFm9+j03n0gq8R3Cyp8sU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe9E0DJgk8IiivmA5Ah7m7lkyd7esbsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWj2aSoB/RoeQhZ9RYqU372d3Fw7RfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJ67LquVXv/qpSq+dxFOEETuEcPLiGGtShAU1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MH6Q6PSw==</latexit>

ea
<latexit sha1_base64="xlPJJHLCJyDVAY7EQ0TbZBpe834=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeClx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FjpHh/poFxxq+4CZJ14OalAjuag/NUfxiyNUBomqNY9z02Mn1FlOBM4K/VTjQllEzrCnqWSRqj9bHHqjFxYZUjCWNmShizU3xMZjbSeRoHtjKgZ61VvLv7n9VIT3vgZl0lqULLlojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsiF4qy+vk/ZV1XOr3t11pd7I4yjCGZzDJXhQgzo0oAktYDCCZ3iFN0c4L86787FsLTj5zCn8gfP5AzfHjcI=</latexit><latexit sha1_base64="xlPJJHLCJyDVAY7EQ0TbZBpe834=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeClx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FjpHh/poFxxq+4CZJ14OalAjuag/NUfxiyNUBomqNY9z02Mn1FlOBM4K/VTjQllEzrCnqWSRqj9bHHqjFxYZUjCWNmShizU3xMZjbSeRoHtjKgZ61VvLv7n9VIT3vgZl0lqULLlojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsiF4qy+vk/ZV1XOr3t11pd7I4yjCGZzDJXhQgzo0oAktYDCCZ3iFN0c4L86787FsLTj5zCn8gfP5AzfHjcI=</latexit><latexit sha1_base64="xlPJJHLCJyDVAY7EQ0TbZBpe834=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeClx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FjpHh/poFxxq+4CZJ14OalAjuag/NUfxiyNUBomqNY9z02Mn1FlOBM4K/VTjQllEzrCnqWSRqj9bHHqjFxYZUjCWNmShizU3xMZjbSeRoHtjKgZ61VvLv7n9VIT3vgZl0lqULLlojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsiF4qy+vk/ZV1XOr3t11pd7I4yjCGZzDJXhQgzo0oAktYDCCZ3iFN0c4L86787FsLTj5zCn8gfP5AzfHjcI=</latexit><latexit sha1_base64="xlPJJHLCJyDVAY7EQ0TbZBpe834=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeClx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FjpHh/poFxxq+4CZJ14OalAjuag/NUfxiyNUBomqNY9z02Mn1FlOBM4K/VTjQllEzrCnqWSRqj9bHHqjFxYZUjCWNmShizU3xMZjbSeRoHtjKgZ61VvLv7n9VIT3vgZl0lqULLlojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsiF4qy+vk/ZV1XOr3t11pd7I4yjCGZzDJXhQgzo0oAktYDCCZ3iFN0c4L86787FsLTj5zCn8gfP5AzfHjcI=</latexit>

gS
3

µ⌫ = �abe
a
µe

b
⌫

<latexit sha1_base64="mCepzAbKae17+x0uNjxZB/YuOl4=">AAACFHicbVC7SgNBFJ31bXxFLW0GgyAIYVcFbQTBJmVEE4Xsg7uTmzg4O7vMzAph2Y+w8VdsLBSxtbDzb5w8Cl8HBg7nnMude+JMcG1c99OZmp6ZnZtfWKwsLa+srlXXN9o6zRXDFktFqq5j0Ci4xJbhRuB1phCSWOBVfHs29K/uUGmeykszyDBIoC95jzMwVoqqe/2o8JPcl3kZFhfhQXnid1EYiAqISwwhsibFMI5sIqrW3Lo7Av1LvAmpkQmaUfXD76YsT1AaJkDrjudmJihAGc4ElhU/15gBu4U+diyVkKAOitFRJd2xSpf2UmWfNHSkfp8oINF6kMQ2mYC50b+9ofif18lN7zgouMxyg5KNF/VyQU1Khw3RLlfIjBhYAkxx+1fKbkABM7bHii3B+33yX9Ler3tu3Ts/rJ02JnUskC2yTXaJR47IKWmQJmkRRu7JI3kmL86D8+S8Om/j6JQzmdkkP+C8fwGt+581</latexit><latexit sha1_base64="mCepzAbKae17+x0uNjxZB/YuOl4=">AAACFHicbVC7SgNBFJ31bXxFLW0GgyAIYVcFbQTBJmVEE4Xsg7uTmzg4O7vMzAph2Y+w8VdsLBSxtbDzb5w8Cl8HBg7nnMude+JMcG1c99OZmp6ZnZtfWKwsLa+srlXXN9o6zRXDFktFqq5j0Ci4xJbhRuB1phCSWOBVfHs29K/uUGmeykszyDBIoC95jzMwVoqqe/2o8JPcl3kZFhfhQXnid1EYiAqISwwhsibFMI5sIqrW3Lo7Av1LvAmpkQmaUfXD76YsT1AaJkDrjudmJihAGc4ElhU/15gBu4U+diyVkKAOitFRJd2xSpf2UmWfNHSkfp8oINF6kMQ2mYC50b+9ofif18lN7zgouMxyg5KNF/VyQU1Khw3RLlfIjBhYAkxx+1fKbkABM7bHii3B+33yX9Ler3tu3Ts/rJ02JnUskC2yTXaJR47IKWmQJmkRRu7JI3kmL86D8+S8Om/j6JQzmdkkP+C8fwGt+581</latexit><latexit sha1_base64="mCepzAbKae17+x0uNjxZB/YuOl4=">AAACFHicbVC7SgNBFJ31bXxFLW0GgyAIYVcFbQTBJmVEE4Xsg7uTmzg4O7vMzAph2Y+w8VdsLBSxtbDzb5w8Cl8HBg7nnMude+JMcG1c99OZmp6ZnZtfWKwsLa+srlXXN9o6zRXDFktFqq5j0Ci4xJbhRuB1phCSWOBVfHs29K/uUGmeykszyDBIoC95jzMwVoqqe/2o8JPcl3kZFhfhQXnid1EYiAqISwwhsibFMI5sIqrW3Lo7Av1LvAmpkQmaUfXD76YsT1AaJkDrjudmJihAGc4ElhU/15gBu4U+diyVkKAOitFRJd2xSpf2UmWfNHSkfp8oINF6kMQ2mYC50b+9ofif18lN7zgouMxyg5KNF/VyQU1Khw3RLlfIjBhYAkxx+1fKbkABM7bHii3B+33yX9Ler3tu3Ts/rJ02JnUskC2yTXaJR47IKWmQJmkRRu7JI3kmL86D8+S8Om/j6JQzmdkkP+C8fwGt+581</latexit><latexit sha1_base64="mCepzAbKae17+x0uNjxZB/YuOl4=">AAACFHicbVC7SgNBFJ31bXxFLW0GgyAIYVcFbQTBJmVEE4Xsg7uTmzg4O7vMzAph2Y+w8VdsLBSxtbDzb5w8Cl8HBg7nnMude+JMcG1c99OZmp6ZnZtfWKwsLa+srlXXN9o6zRXDFktFqq5j0Ci4xJbhRuB1phCSWOBVfHs29K/uUGmeykszyDBIoC95jzMwVoqqe/2o8JPcl3kZFhfhQXnid1EYiAqISwwhsibFMI5sIqrW3Lo7Av1LvAmpkQmaUfXD76YsT1AaJkDrjudmJihAGc4ElhU/15gBu4U+diyVkKAOitFRJd2xSpf2UmWfNHSkfp8oINF6kMQ2mYC50b+9ofif18lN7zgouMxyg5KNF/VyQU1Khw3RLlfIjBhYAkxx+1fKbkABM7bHii3B+33yX9Ler3tu3Ts/rJ02JnUskC2yTXaJR47IKWmQJmkRRu7JI3kmL86D8+S8Om/j6JQzmdkkP+C8fwGt+581</latexit>

!
<latexit sha1_base64="HqzuaBhoMl0kh2nURgAkYvwHCKo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS48V7AekoWy2m3bpJht2J0oJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ITVcioS3UaDkvVRzGoeSd8PJ3dzvPnJthEoecJryIKajRESCUbSS39diNEaqtXoaVGtu3V2ArBOvIDUo0BpUv/pDxbKYJ8gkNcb33BSDnGoUTPJZpZ8ZnlI2oSPuW5rQmJsgX5w8IxdWGZJIaVsJkoX6eyKnsTHTOLSdMcWxWfXm4n+en2F0G+QiSTPkCVsuijJJUJH5/2QoNGcop5ZQpoW9lbAx1ZShTaliQ/BWX14nnau659a9++tao1nEUYYzOIdL8OAGGtCEFrSBgYJneIU3B50X5935WLaWnGLmFP7A+fwBxImRkw==</latexit><latexit sha1_base64="HqzuaBhoMl0kh2nURgAkYvwHCKo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS48V7AekoWy2m3bpJht2J0oJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ITVcioS3UaDkvVRzGoeSd8PJ3dzvPnJthEoecJryIKajRESCUbSS39diNEaqtXoaVGtu3V2ArBOvIDUo0BpUv/pDxbKYJ8gkNcb33BSDnGoUTPJZpZ8ZnlI2oSPuW5rQmJsgX5w8IxdWGZJIaVsJkoX6eyKnsTHTOLSdMcWxWfXm4n+en2F0G+QiSTPkCVsuijJJUJH5/2QoNGcop5ZQpoW9lbAx1ZShTaliQ/BWX14nnau659a9++tao1nEUYYzOIdL8OAGGtCEFrSBgYJneIU3B50X5935WLaWnGLmFP7A+fwBxImRkw==</latexit><latexit sha1_base64="HqzuaBhoMl0kh2nURgAkYvwHCKo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS48V7AekoWy2m3bpJht2J0oJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ITVcioS3UaDkvVRzGoeSd8PJ3dzvPnJthEoecJryIKajRESCUbSS39diNEaqtXoaVGtu3V2ArBOvIDUo0BpUv/pDxbKYJ8gkNcb33BSDnGoUTPJZpZ8ZnlI2oSPuW5rQmJsgX5w8IxdWGZJIaVsJkoX6eyKnsTHTOLSdMcWxWfXm4n+en2F0G+QiSTPkCVsuijJJUJH5/2QoNGcop5ZQpoW9lbAx1ZShTaliQ/BWX14nnau659a9++tao1nEUYYzOIdL8OAGGtCEFrSBgYJneIU3B50X5935WLaWnGLmFP7A+fwBxImRkw==</latexit><latexit sha1_base64="HqzuaBhoMl0kh2nURgAkYvwHCKo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS48V7AekoWy2m3bpJht2J0oJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ITVcioS3UaDkvVRzGoeSd8PJ3dzvPnJthEoecJryIKajRESCUbSS39diNEaqtXoaVGtu3V2ArBOvIDUo0BpUv/pDxbKYJ8gkNcb33BSDnGoUTPJZpZ8ZnlI2oSPuW5rQmJsgX5w8IxdWGZJIaVsJkoX6eyKnsTHTOLSdMcWxWfXm4n+en2F0G+QiSTPkCVsuijJJUJH5/2QoNGcop5ZQpoW9lbAx1ZShTaliQ/BWX14nnau659a9++tao1nEUYYzOIdL8OAGGtCEFrSBgYJneIU3B50X5935WLaWnGLmFP7A+fwBxImRkw==</latexit> !a

<latexit sha1_base64="Kz07JYCDo3ttXJcnbYZQwMZUByI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmME84BkDb2TSTJkZmedmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jUo1ZQ2qhNLtCA0TPGYNy61g7UQzlJFgrWh8O/NbT0wbruJ7O0lYKHEY8wGnaJ3U7irJhviAvVLZr/hzkFUS5KQMOeq90le3r2gqWWypQGM6gZ/YMENtORVsWuymhiVIxzhkHUdjlMyE2fzeKTl3Sp8MlHYVWzJXf09kKI2ZyMh1SrQjs+zNxP+8TmoHN2HG4yS1LKaLRYNUEKvI7HnS55pRKyaOINXc3UroCDVS6yIquhCC5ZdXSfOyEviV4O6qXK3lcRTgFM7gAgK4hirUoA4NoCDgGV7hzXv0Xrx372PRuublMyfwB97nDwKfj/Q=</latexit><latexit sha1_base64="Kz07JYCDo3ttXJcnbYZQwMZUByI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmME84BkDb2TSTJkZmedmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jUo1ZQ2qhNLtCA0TPGYNy61g7UQzlJFgrWh8O/NbT0wbruJ7O0lYKHEY8wGnaJ3U7irJhviAvVLZr/hzkFUS5KQMOeq90le3r2gqWWypQGM6gZ/YMENtORVsWuymhiVIxzhkHUdjlMyE2fzeKTl3Sp8MlHYVWzJXf09kKI2ZyMh1SrQjs+zNxP+8TmoHN2HG4yS1LKaLRYNUEKvI7HnS55pRKyaOINXc3UroCDVS6yIquhCC5ZdXSfOyEviV4O6qXK3lcRTgFM7gAgK4hirUoA4NoCDgGV7hzXv0Xrx372PRuublMyfwB97nDwKfj/Q=</latexit><latexit sha1_base64="Kz07JYCDo3ttXJcnbYZQwMZUByI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmME84BkDb2TSTJkZmedmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jUo1ZQ2qhNLtCA0TPGYNy61g7UQzlJFgrWh8O/NbT0wbruJ7O0lYKHEY8wGnaJ3U7irJhviAvVLZr/hzkFUS5KQMOeq90le3r2gqWWypQGM6gZ/YMENtORVsWuymhiVIxzhkHUdjlMyE2fzeKTl3Sp8MlHYVWzJXf09kKI2ZyMh1SrQjs+zNxP+8TmoHN2HG4yS1LKaLRYNUEKvI7HnS55pRKyaOINXc3UroCDVS6yIquhCC5ZdXSfOyEviV4O6qXK3lcRTgFM7gAgK4hirUoA4NoCDgGV7hzXv0Xrx372PRuublMyfwB97nDwKfj/Q=</latexit><latexit sha1_base64="Kz07JYCDo3ttXJcnbYZQwMZUByI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmME84BkDb2TSTJkZmedmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jUo1ZQ2qhNLtCA0TPGYNy61g7UQzlJFgrWh8O/NbT0wbruJ7O0lYKHEY8wGnaJ3U7irJhviAvVLZr/hzkFUS5KQMOeq90le3r2gqWWypQGM6gZ/YMENtORVsWuymhiVIxzhkHUdjlMyE2fzeKTl3Sp8MlHYVWzJXf09kKI2ZyMh1SrQjs+zNxP+8TmoHN2HG4yS1LKaLRYNUEKvI7HnS55pRKyaOINXc3UroCDVS6yIquhCC5ZdXSfOyEviV4O6qXK3lcRTgFM7gAgK4hirUoA4NoCDgGV7hzXv0Xrx372PRuublMyfwB97nDwKfj/Q=</latexit>

aL/R
<latexit sha1_base64="Gvk48zsFm9+j03n0gq8R3Cyp8sU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe9E0DJgk8IiivmA5Ah7m7lkyd7esbsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWj2aSoB/RoeQhZ9RYqU372d3Fw7RfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJ67LquVXv/qpSq+dxFOEETuEcPLiGGtShAU1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MH6Q6PSw==</latexit><latexit sha1_base64="Gvk48zsFm9+j03n0gq8R3Cyp8sU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe9E0DJgk8IiivmA5Ah7m7lkyd7esbsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWj2aSoB/RoeQhZ9RYqU372d3Fw7RfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJ67LquVXv/qpSq+dxFOEETuEcPLiGGtShAU1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MH6Q6PSw==</latexit><latexit sha1_base64="Gvk48zsFm9+j03n0gq8R3Cyp8sU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe9E0DJgk8IiivmA5Ah7m7lkyd7esbsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWj2aSoB/RoeQhZ9RYqU372d3Fw7RfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJ67LquVXv/qpSq+dxFOEETuEcPLiGGtShAU1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MH6Q6PSw==</latexit><latexit sha1_base64="Gvk48zsFm9+j03n0gq8R3Cyp8sU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe9E0DJgk8IiivmA5Ah7m7lkyd7esbsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWj2aSoB/RoeQhZ9RYqU372d3Fw7RfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJ67LquVXv/qpSq+dxFOEETuEcPLiGGtShAU1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MH6Q6PSw==</latexit>

!
<latexit sha1_base64="HqzuaBhoMl0kh2nURgAkYvwHCKo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS48V7AekoWy2m3bpJht2J0oJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ITVcioS3UaDkvVRzGoeSd8PJ3dzvPnJthEoecJryIKajRESCUbSS39diNEaqtXoaVGtu3V2ArBOvIDUo0BpUv/pDxbKYJ8gkNcb33BSDnGoUTPJZpZ8ZnlI2oSPuW5rQmJsgX5w8IxdWGZJIaVsJkoX6eyKnsTHTOLSdMcWxWfXm4n+en2F0G+QiSTPkCVsuijJJUJH5/2QoNGcop5ZQpoW9lbAx1ZShTaliQ/BWX14nnau659a9++tao1nEUYYzOIdL8OAGGtCEFrSBgYJneIU3B50X5935WLaWnGLmFP7A+fwBxImRkw==</latexit><latexit sha1_base64="HqzuaBhoMl0kh2nURgAkYvwHCKo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS48V7AekoWy2m3bpJht2J0oJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ITVcioS3UaDkvVRzGoeSd8PJ3dzvPnJthEoecJryIKajRESCUbSS39diNEaqtXoaVGtu3V2ArBOvIDUo0BpUv/pDxbKYJ8gkNcb33BSDnGoUTPJZpZ8ZnlI2oSPuW5rQmJsgX5w8IxdWGZJIaVsJkoX6eyKnsTHTOLSdMcWxWfXm4n+en2F0G+QiSTPkCVsuijJJUJH5/2QoNGcop5ZQpoW9lbAx1ZShTaliQ/BWX14nnau659a9++tao1nEUYYzOIdL8OAGGtCEFrSBgYJneIU3B50X5935WLaWnGLmFP7A+fwBxImRkw==</latexit><latexit sha1_base64="HqzuaBhoMl0kh2nURgAkYvwHCKo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS48V7AekoWy2m3bpJht2J0oJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ITVcioS3UaDkvVRzGoeSd8PJ3dzvPnJthEoecJryIKajRESCUbSS39diNEaqtXoaVGtu3V2ArBOvIDUo0BpUv/pDxbKYJ8gkNcb33BSDnGoUTPJZpZ8ZnlI2oSPuW5rQmJsgX5w8IxdWGZJIaVsJkoX6eyKnsTHTOLSdMcWxWfXm4n+en2F0G+QiSTPkCVsuijJJUJH5/2QoNGcop5ZQpoW9lbAx1ZShTaliQ/BWX14nnau659a9++tao1nEUYYzOIdL8OAGGtCEFrSBgYJneIU3B50X5935WLaWnGLmFP7A+fwBxImRkw==</latexit><latexit sha1_base64="HqzuaBhoMl0kh2nURgAkYvwHCKo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS48V7AekoWy2m3bpJht2J0oJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ITVcioS3UaDkvVRzGoeSd8PJ3dzvPnJthEoecJryIKajRESCUbSS39diNEaqtXoaVGtu3V2ArBOvIDUo0BpUv/pDxbKYJ8gkNcb33BSDnGoUTPJZpZ8ZnlI2oSPuW5rQmJsgX5w8IxdWGZJIaVsJkoX6eyKnsTHTOLSdMcWxWfXm4n+en2F0G+QiSTPkCVsuijJJUJH5/2QoNGcop5ZQpoW9lbAx1ZShTaliQ/BWX14nnau659a9++tao1nEUYYzOIdL8OAGGtCEFrSBgYJneIU3B50X5935WLaWnGLmFP7A+fwBxImRkw==</latexit>

!
<latexit sha1_base64="HqzuaBhoMl0kh2nURgAkYvwHCKo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS48V7AekoWy2m3bpJht2J0oJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ITVcioS3UaDkvVRzGoeSd8PJ3dzvPnJthEoecJryIKajRESCUbSS39diNEaqtXoaVGtu3V2ArBOvIDUo0BpUv/pDxbKYJ8gkNcb33BSDnGoUTPJZpZ8ZnlI2oSPuW5rQmJsgX5w8IxdWGZJIaVsJkoX6eyKnsTHTOLSdMcWxWfXm4n+en2F0G+QiSTPkCVsuijJJUJH5/2QoNGcop5ZQpoW9lbAx1ZShTaliQ/BWX14nnau659a9++tao1nEUYYzOIdL8OAGGtCEFrSBgYJneIU3B50X5935WLaWnGLmFP7A+fwBxImRkw==</latexit><latexit sha1_base64="HqzuaBhoMl0kh2nURgAkYvwHCKo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS48V7AekoWy2m3bpJht2J0oJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ITVcioS3UaDkvVRzGoeSd8PJ3dzvPnJthEoecJryIKajRESCUbSS39diNEaqtXoaVGtu3V2ArBOvIDUo0BpUv/pDxbKYJ8gkNcb33BSDnGoUTPJZpZ8ZnlI2oSPuW5rQmJsgX5w8IxdWGZJIaVsJkoX6eyKnsTHTOLSdMcWxWfXm4n+en2F0G+QiSTPkCVsuijJJUJH5/2QoNGcop5ZQpoW9lbAx1ZShTaliQ/BWX14nnau659a9++tao1nEUYYzOIdL8OAGGtCEFrSBgYJneIU3B50X5935WLaWnGLmFP7A+fwBxImRkw==</latexit><latexit sha1_base64="HqzuaBhoMl0kh2nURgAkYvwHCKo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS48V7AekoWy2m3bpJht2J0oJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ITVcioS3UaDkvVRzGoeSd8PJ3dzvPnJthEoecJryIKajRESCUbSS39diNEaqtXoaVGtu3V2ArBOvIDUo0BpUv/pDxbKYJ8gkNcb33BSDnGoUTPJZpZ8ZnlI2oSPuW5rQmJsgX5w8IxdWGZJIaVsJkoX6eyKnsTHTOLSdMcWxWfXm4n+en2F0G+QiSTPkCVsuijJJUJH5/2QoNGcop5ZQpoW9lbAx1ZShTaliQ/BWX14nnau659a9++tao1nEUYYzOIdL8OAGGtCEFrSBgYJneIU3B50X5935WLaWnGLmFP7A+fwBxImRkw==</latexit><latexit sha1_base64="HqzuaBhoMl0kh2nURgAkYvwHCKo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS48V7AekoWy2m3bpJht2J0oJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ITVcioS3UaDkvVRzGoeSd8PJ3dzvPnJthEoecJryIKajRESCUbSS39diNEaqtXoaVGtu3V2ArBOvIDUo0BpUv/pDxbKYJ8gkNcb33BSDnGoUTPJZpZ8ZnlI2oSPuW5rQmJsgX5w8IxdWGZJIaVsJkoX6eyKnsTHTOLSdMcWxWfXm4n+en2F0G+QiSTPkCVsuijJJUJH5/2QoNGcop5ZQpoW9lbAx1ZShTaliQ/BWX14nnau659a9++tao1nEUYYzOIdL8OAGGtCEFrSBgYJneIU3B50X5935WLaWnGLmFP7A+fwBxImRkw==</latexit>

aL/R
<latexit sha1_base64="Gvk48zsFm9+j03n0gq8R3Cyp8sU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe9E0DJgk8IiivmA5Ah7m7lkyd7esbsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWj2aSoB/RoeQhZ9RYqU372d3Fw7RfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJ67LquVXv/qpSq+dxFOEETuEcPLiGGtShAU1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MH6Q6PSw==</latexit><latexit sha1_base64="Gvk48zsFm9+j03n0gq8R3Cyp8sU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe9E0DJgk8IiivmA5Ah7m7lkyd7esbsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWj2aSoB/RoeQhZ9RYqU372d3Fw7RfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJ67LquVXv/qpSq+dxFOEETuEcPLiGGtShAU1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MH6Q6PSw==</latexit><latexit sha1_base64="Gvk48zsFm9+j03n0gq8R3Cyp8sU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe9E0DJgk8IiivmA5Ah7m7lkyd7esbsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWj2aSoB/RoeQhZ9RYqU372d3Fw7RfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJ67LquVXv/qpSq+dxFOEETuEcPLiGGtShAU1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MH6Q6PSw==</latexit><latexit sha1_base64="Gvk48zsFm9+j03n0gq8R3Cyp8sU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe9E0DJgk8IiivmA5Ah7m7lkyd7esbsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWj2aSoB/RoeQhZ9RYqU372d3Fw7RfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJ67LquVXv/qpSq+dxFOEETuEcPLiGGtShAU1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MH6Q6PSw==</latexit>

ikLSCS[aL] + ikRSCS[aR] = 2⇡s =
⇡`

2GN
= SdS

<latexit sha1_base64="R7Lk/bGocBpaslpzvIgf21AYGvc="></latexit><latexit sha1_base64="R7Lk/bGocBpaslpzvIgf21AYGvc="></latexit><latexit sha1_base64="R7Lk/bGocBpaslpzvIgf21AYGvc="></latexit><latexit sha1_base64="R7Lk/bGocBpaslpzvIgf21AYGvc="></latexit>

P exp

✓I

�
aL/R

◆
⇠ ei2⇡hL/R L3

<latexit sha1_base64="iI096N7dCfZ8FQQdkdg99zhz3fM="></latexit><latexit sha1_base64="iI096N7dCfZ8FQQdkdg99zhz3fM="></latexit><latexit sha1_base64="iI096N7dCfZ8FQQdkdg99zhz3fM="></latexit><latexit sha1_base64="iI096N7dCfZ8FQQdkdg99zhz3fM="></latexit>

AL = i (!a + ea/`)La
<latexit sha1_base64="+qeLgXX7K39TX25Sd5d21o3R0u0=">AAACD3icbVA9SwNBEN3zM8avqKXNYVAUId6JoI0QsUmRQsGokEuOuc1csmTvg905IYT8Axv/io2FIra2dv4bNzGFRh8MPN6bYWZekEqhyXE+ranpmdm5+dxCfnFpeWW1sLZ+rZNMcazxRCbqNgCNUsRYI0ESb1OFEAUSb4Lu+dC/uUOlRRJfUS/FRgTtWISCAxnJL+yc+dVT4UkMaddLImxDE/axCQceSukp0e7QXtUHv1B0Ss4I9l/ijkmRjXHhFz68VsKzCGPiErSuu05KjT4oElziIO9lGlPgXWhj3dAYItSN/uifgb1tlJYdJspUTPZI/TnRh0jrXhSYzgiooye9ofifV88oPGn0RZxmhDH/XhRm0qbEHoZjt4RCTrJnCHAlzK0274ACTibCvAnBnXz5L7k+LLlOyb08KpYr4zhybJNtsV3msmNWZhV2wWqMs3v2yJ7Zi/VgPVmv1tt365Q1ntlgv2C9fwG5iZvY</latexit><latexit sha1_base64="+qeLgXX7K39TX25Sd5d21o3R0u0=">AAACD3icbVA9SwNBEN3zM8avqKXNYVAUId6JoI0QsUmRQsGokEuOuc1csmTvg905IYT8Axv/io2FIra2dv4bNzGFRh8MPN6bYWZekEqhyXE+ranpmdm5+dxCfnFpeWW1sLZ+rZNMcazxRCbqNgCNUsRYI0ESb1OFEAUSb4Lu+dC/uUOlRRJfUS/FRgTtWISCAxnJL+yc+dVT4UkMaddLImxDE/axCQceSukp0e7QXtUHv1B0Ss4I9l/ijkmRjXHhFz68VsKzCGPiErSuu05KjT4oElziIO9lGlPgXWhj3dAYItSN/uifgb1tlJYdJspUTPZI/TnRh0jrXhSYzgiooye9ofifV88oPGn0RZxmhDH/XhRm0qbEHoZjt4RCTrJnCHAlzK0274ACTibCvAnBnXz5L7k+LLlOyb08KpYr4zhybJNtsV3msmNWZhV2wWqMs3v2yJ7Zi/VgPVmv1tt365Q1ntlgv2C9fwG5iZvY</latexit><latexit sha1_base64="+qeLgXX7K39TX25Sd5d21o3R0u0=">AAACD3icbVA9SwNBEN3zM8avqKXNYVAUId6JoI0QsUmRQsGokEuOuc1csmTvg905IYT8Axv/io2FIra2dv4bNzGFRh8MPN6bYWZekEqhyXE+ranpmdm5+dxCfnFpeWW1sLZ+rZNMcazxRCbqNgCNUsRYI0ESb1OFEAUSb4Lu+dC/uUOlRRJfUS/FRgTtWISCAxnJL+yc+dVT4UkMaddLImxDE/axCQceSukp0e7QXtUHv1B0Ss4I9l/ijkmRjXHhFz68VsKzCGPiErSuu05KjT4oElziIO9lGlPgXWhj3dAYItSN/uifgb1tlJYdJspUTPZI/TnRh0jrXhSYzgiooye9ofifV88oPGn0RZxmhDH/XhRm0qbEHoZjt4RCTrJnCHAlzK0274ACTibCvAnBnXz5L7k+LLlOyb08KpYr4zhybJNtsV3msmNWZhV2wWqMs3v2yJ7Zi/VgPVmv1tt365Q1ntlgv2C9fwG5iZvY</latexit><latexit sha1_base64="+qeLgXX7K39TX25Sd5d21o3R0u0=">AAACD3icbVA9SwNBEN3zM8avqKXNYVAUId6JoI0QsUmRQsGokEuOuc1csmTvg905IYT8Axv/io2FIra2dv4bNzGFRh8MPN6bYWZekEqhyXE+ranpmdm5+dxCfnFpeWW1sLZ+rZNMcazxRCbqNgCNUsRYI0ESb1OFEAUSb4Lu+dC/uUOlRRJfUS/FRgTtWISCAxnJL+yc+dVT4UkMaddLImxDE/axCQceSukp0e7QXtUHv1B0Ss4I9l/ijkmRjXHhFz68VsKzCGPiErSuu05KjT4oElziIO9lGlPgXWhj3dAYItSN/uifgb1tlJYdJspUTPZI/TnRh0jrXhSYzgiooye9ofifV88oPGn0RZxmhDH/XhRm0qbEHoZjt4RCTrJnCHAlzK0274ACTibCvAnBnXz5L7k+LLlOyb08KpYr4zhybJNtsV3msmNWZhV2wWqMs3v2yJ7Zi/VgPVmv1tt365Q1ntlgv2C9fwG5iZvY</latexit>

AR = i (!a � ea/`) L̄a
<latexit sha1_base64="c+N1aoNdE0phmLbLQ5NOS4zRySE=">AAACFXicbVDLSgNBEJz1GeNr1aOXxSAoaNwVQS+C4sWDBxWjQjYuvZPeZMjsg5leISz5CS/+ihcPingVvPk3TmIOvgoaiqpuurvCTApNrvthjYyOjU9MlqbK0zOzc/P2wuKlTnPFscZTmarrEDRKkWCNBEm8zhRCHEq8CjtHff/qFpUWaXJB3QwbMbQSEQkOZKTA3jgMzveFLzGiNT+NsQU3sIk3sOWjlL4SrTat+yGo4qQXQGBX3Ko7gPOXeENSYUOcBva730x5HmNCXILWdc/NqFGAIsEl9sp+rjED3oEW1g1NIEbdKAZf9ZxVozSdKFWmEnIG6veJAmKtu3FoOmOgtv7t9cX/vHpO0V6jEEmWEyb8a1GUS4dSpx+R0xQKOcmuIcCVMLc6vA0KOJkgyyYE7/fLf8nldtVzq97ZTuXgeBhHiS2zFbbGPLbLDtgxO2U1xtkde2BP7Nm6tx6tF+v1q3XEGs4ssR+w3j4B16SepQ==</latexit><latexit sha1_base64="c+N1aoNdE0phmLbLQ5NOS4zRySE=">AAACFXicbVDLSgNBEJz1GeNr1aOXxSAoaNwVQS+C4sWDBxWjQjYuvZPeZMjsg5leISz5CS/+ihcPingVvPk3TmIOvgoaiqpuurvCTApNrvthjYyOjU9MlqbK0zOzc/P2wuKlTnPFscZTmarrEDRKkWCNBEm8zhRCHEq8CjtHff/qFpUWaXJB3QwbMbQSEQkOZKTA3jgMzveFLzGiNT+NsQU3sIk3sOWjlL4SrTat+yGo4qQXQGBX3Ko7gPOXeENSYUOcBva730x5HmNCXILWdc/NqFGAIsEl9sp+rjED3oEW1g1NIEbdKAZf9ZxVozSdKFWmEnIG6veJAmKtu3FoOmOgtv7t9cX/vHpO0V6jEEmWEyb8a1GUS4dSpx+R0xQKOcmuIcCVMLc6vA0KOJkgyyYE7/fLf8nldtVzq97ZTuXgeBhHiS2zFbbGPLbLDtgxO2U1xtkde2BP7Nm6tx6tF+v1q3XEGs4ssR+w3j4B16SepQ==</latexit><latexit sha1_base64="c+N1aoNdE0phmLbLQ5NOS4zRySE=">AAACFXicbVDLSgNBEJz1GeNr1aOXxSAoaNwVQS+C4sWDBxWjQjYuvZPeZMjsg5leISz5CS/+ihcPingVvPk3TmIOvgoaiqpuurvCTApNrvthjYyOjU9MlqbK0zOzc/P2wuKlTnPFscZTmarrEDRKkWCNBEm8zhRCHEq8CjtHff/qFpUWaXJB3QwbMbQSEQkOZKTA3jgMzveFLzGiNT+NsQU3sIk3sOWjlL4SrTat+yGo4qQXQGBX3Ko7gPOXeENSYUOcBva730x5HmNCXILWdc/NqFGAIsEl9sp+rjED3oEW1g1NIEbdKAZf9ZxVozSdKFWmEnIG6veJAmKtu3FoOmOgtv7t9cX/vHpO0V6jEEmWEyb8a1GUS4dSpx+R0xQKOcmuIcCVMLc6vA0KOJkgyyYE7/fLf8nldtVzq97ZTuXgeBhHiS2zFbbGPLbLDtgxO2U1xtkde2BP7Nm6tx6tF+v1q3XEGs4ssR+w3j4B16SepQ==</latexit><latexit sha1_base64="c+N1aoNdE0phmLbLQ5NOS4zRySE=">AAACFXicbVDLSgNBEJz1GeNr1aOXxSAoaNwVQS+C4sWDBxWjQjYuvZPeZMjsg5leISz5CS/+ihcPingVvPk3TmIOvgoaiqpuurvCTApNrvthjYyOjU9MlqbK0zOzc/P2wuKlTnPFscZTmarrEDRKkWCNBEm8zhRCHEq8CjtHff/qFpUWaXJB3QwbMbQSEQkOZKTA3jgMzveFLzGiNT+NsQU3sIk3sOWjlL4SrTat+yGo4qQXQGBX3Ko7gPOXeENSYUOcBva730x5HmNCXILWdc/NqFGAIsEl9sp+rjED3oEW1g1NIEbdKAZf9ZxVozSdKFWmEnIG6veJAmKtu3FoOmOgtv7t9cX/vHpO0V6jEEmWEyb8a1GUS4dSpx+R0xQKOcmuIcCVMLc6vA0KOJkgyyYE7/fLf8nldtVzq97ZTuXgeBhHiS2zFbbGPLbLDtgxO2U1xtkde2BP7Nm6tx6tF+v1q3XEGs4ssR+w3j4B16SepQ==</latexit>

framespin-connection



the gravitational path-integral

• Modify “exact methods” for when                   and


• Abelianisation,             SUSY localization 

• Expression of            as an ordinary integral (which is easily performed) 

aL/R 6= 0
<latexit sha1_base64="LScpJ/yD4yR4f8NQxMlkKv6X66w=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhCs4p0IWgZsUlhEMR+QHGFvM0mW7O1ddvcC4cjvsLFQxNYfY+e/cZNcoYkPBh7vzTAzL4gF18Z1v5219Y3Nre3cTn53b//gsHB0XNdRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8G7mN8aoNI/kk5nE6Ie0L3mPM2qs5NNOen/5OG1LHBG3Uyi6JXcOskq8jBQhQ7VT+Gp3I5aEKA0TVOuW58bGT6kynAmc5tuJxpiyIe1jy1JJQ9R+Oj96Ss6t0iW9SNmShszV3xMpDbWehIHtDKkZ6GVvJv7ntRLTu/VTLuPEoGSLRb1EEBORWQKkyxUyIyaWUKa4vZWwAVWUGZtT3obgLb+8SupXJc8teQ/XxXIliyMHp3AGF+DBDZShAlWoAYMRPMMrvDlj58V5dz4WrWtONnMCf+B8/gDLm5F3</latexit><latexit sha1_base64="LScpJ/yD4yR4f8NQxMlkKv6X66w=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhCs4p0IWgZsUlhEMR+QHGFvM0mW7O1ddvcC4cjvsLFQxNYfY+e/cZNcoYkPBh7vzTAzL4gF18Z1v5219Y3Nre3cTn53b//gsHB0XNdRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8G7mN8aoNI/kk5nE6Ie0L3mPM2qs5NNOen/5OG1LHBG3Uyi6JXcOskq8jBQhQ7VT+Gp3I5aEKA0TVOuW58bGT6kynAmc5tuJxpiyIe1jy1JJQ9R+Oj96Ss6t0iW9SNmShszV3xMpDbWehIHtDKkZ6GVvJv7ntRLTu/VTLuPEoGSLRb1EEBORWQKkyxUyIyaWUKa4vZWwAVWUGZtT3obgLb+8SupXJc8teQ/XxXIliyMHp3AGF+DBDZShAlWoAYMRPMMrvDlj58V5dz4WrWtONnMCf+B8/gDLm5F3</latexit><latexit sha1_base64="LScpJ/yD4yR4f8NQxMlkKv6X66w=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhCs4p0IWgZsUlhEMR+QHGFvM0mW7O1ddvcC4cjvsLFQxNYfY+e/cZNcoYkPBh7vzTAzL4gF18Z1v5219Y3Nre3cTn53b//gsHB0XNdRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8G7mN8aoNI/kk5nE6Ie0L3mPM2qs5NNOen/5OG1LHBG3Uyi6JXcOskq8jBQhQ7VT+Gp3I5aEKA0TVOuW58bGT6kynAmc5tuJxpiyIe1jy1JJQ9R+Oj96Ss6t0iW9SNmShszV3xMpDbWehIHtDKkZ6GVvJv7ntRLTu/VTLuPEoGSLRb1EEBORWQKkyxUyIyaWUKa4vZWwAVWUGZtT3obgLb+8SupXJc8teQ/XxXIliyMHp3AGF+DBDZShAlWoAYMRPMMrvDlj58V5dz4WrWtONnMCf+B8/gDLm5F3</latexit><latexit sha1_base64="LScpJ/yD4yR4f8NQxMlkKv6X66w=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhCs4p0IWgZsUlhEMR+QHGFvM0mW7O1ddvcC4cjvsLFQxNYfY+e/cZNcoYkPBh7vzTAzL4gF18Z1v5219Y3Nre3cTn53b//gsHB0XNdRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8G7mN8aoNI/kk5nE6Ie0L3mPM2qs5NNOen/5OG1LHBG3Uyi6JXcOskq8jBQhQ7VT+Gp3I5aEKA0TVOuW58bGT6kynAmc5tuJxpiyIe1jy1JJQ9R+Oj96Ss6t0iW9SNmShszV3xMpDbWehIHtDKkZ6GVvJv7ntRLTu/VTLuPEoGSLRb1EEBORWQKkyxUyIyaWUKa4vZWwAVWUGZtT3obgLb+8SupXJc8teQ/XxXIliyMHp3AGF+DBDZShAlWoAYMRPMMrvDlj58V5dz4WrWtONnMCf+B8/gDLm5F3</latexit>

kL/R 2 C
<latexit sha1_base64="7eydCzlPHiDttwhnDoHOIj0Zf5w=">AAAB/HicbVDLSsNAFL3xWeur2qWbwSK4qokIuix004WLKvYBTQiT6aQdOpmEmYkQQv0VNy4UceuHuPNvnLRdaOuBgcM593LPnCDhTGnb/rbW1jc2t7ZLO+Xdvf2Dw8rRcVfFqSS0Q2Iey36AFeVM0I5mmtN+IimOAk57waRZ+L1HKhWLxYPOEupFeCRYyAjWRvIr1Ymf317cT10m3AjrcRCgpl+p2XV7BrRKnAWpwQJtv/LlDmOSRlRowrFSA8dOtJdjqRnhdFp2U0UTTCZ4RAeGChxR5eWz8FN0ZpQhCmNpntBopv7eyHGkVBYFZrIIqJa9QvzPG6Q6vPFyJpJUU0Hmh8KUIx2jogk0ZJISzTNDMJHMZEVkjCUm2vRVNiU4y19eJd3LumPXnburWqO1qKMEJ3AK5+DANTSgBW3oAIEMnuEV3qwn68V6tz7mo2vWYqcKf2B9/gAHLJRe</latexit><latexit sha1_base64="7eydCzlPHiDttwhnDoHOIj0Zf5w=">AAAB/HicbVDLSsNAFL3xWeur2qWbwSK4qokIuix004WLKvYBTQiT6aQdOpmEmYkQQv0VNy4UceuHuPNvnLRdaOuBgcM593LPnCDhTGnb/rbW1jc2t7ZLO+Xdvf2Dw8rRcVfFqSS0Q2Iey36AFeVM0I5mmtN+IimOAk57waRZ+L1HKhWLxYPOEupFeCRYyAjWRvIr1Ymf317cT10m3AjrcRCgpl+p2XV7BrRKnAWpwQJtv/LlDmOSRlRowrFSA8dOtJdjqRnhdFp2U0UTTCZ4RAeGChxR5eWz8FN0ZpQhCmNpntBopv7eyHGkVBYFZrIIqJa9QvzPG6Q6vPFyJpJUU0Hmh8KUIx2jogk0ZJISzTNDMJHMZEVkjCUm2vRVNiU4y19eJd3LumPXnburWqO1qKMEJ3AK5+DANTSgBW3oAIEMnuEV3qwn68V6tz7mo2vWYqcKf2B9/gAHLJRe</latexit><latexit sha1_base64="7eydCzlPHiDttwhnDoHOIj0Zf5w=">AAAB/HicbVDLSsNAFL3xWeur2qWbwSK4qokIuix004WLKvYBTQiT6aQdOpmEmYkQQv0VNy4UceuHuPNvnLRdaOuBgcM593LPnCDhTGnb/rbW1jc2t7ZLO+Xdvf2Dw8rRcVfFqSS0Q2Iey36AFeVM0I5mmtN+IimOAk57waRZ+L1HKhWLxYPOEupFeCRYyAjWRvIr1Ymf317cT10m3AjrcRCgpl+p2XV7BrRKnAWpwQJtv/LlDmOSRlRowrFSA8dOtJdjqRnhdFp2U0UTTCZ4RAeGChxR5eWz8FN0ZpQhCmNpntBopv7eyHGkVBYFZrIIqJa9QvzPG6Q6vPFyJpJUU0Hmh8KUIx2jogk0ZJISzTNDMJHMZEVkjCUm2vRVNiU4y19eJd3LumPXnburWqO1qKMEJ3AK5+DANTSgBW3oAIEMnuEV3qwn68V6tz7mo2vWYqcKf2B9/gAHLJRe</latexit><latexit sha1_base64="7eydCzlPHiDttwhnDoHOIj0Zf5w=">AAAB/HicbVDLSsNAFL3xWeur2qWbwSK4qokIuix004WLKvYBTQiT6aQdOpmEmYkQQv0VNy4UceuHuPNvnLRdaOuBgcM593LPnCDhTGnb/rbW1jc2t7ZLO+Xdvf2Dw8rRcVfFqSS0Q2Iey36AFeVM0I5mmtN+IimOAk57waRZ+L1HKhWLxYPOEupFeCRYyAjWRvIr1Ymf317cT10m3AjrcRCgpl+p2XV7BrRKnAWpwQJtv/LlDmOSRlRowrFSA8dOtJdjqRnhdFp2U0UTTCZ4RAeGChxR5eWz8FN0ZpQhCmNpntBopv7eyHGkVBYFZrIIqJa9QvzPG6Q6vPFyJpJUU0Hmh8KUIx2jogk0ZJISzTNDMJHMZEVkjCUm2vRVNiU4y19eJd3LumPXnburWqO1qKMEJ3AK5+DANTSgBW3oAIEMnuEV3qwn68V6tz7mo2vWYqcKf2B9/gAHLJRe</latexit>

N = 2
<latexit sha1_base64="sB/81YOKcElO+YndVCKN22ntom8=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqswUQTdCwU1XUsE+oDOUTJppQzOZkGSEMvQ33LhQxK0/486/MdPOQlsPBA7n3Ms9OaHkTBvX/XZKG5tb2zvl3cre/sHhUfX4pKuTVBHaIQlPVD/EmnImaMcww2lfKorjkNNeOL3L/d4TVZol4tHMJA1iPBYsYgQbK/l+jM2EYI7ubxvDas2tuwugdeIVpAYF2sPqlz9KSBpTYQjHWg88V5ogw8owwum84qeaSkymeEwHlgocUx1ki8xzdGGVEYoSZZ8waKH+3shwrPUsDu1knlGvern4nzdITXQTZEzI1FBBloeilCOToLwANGKKEsNnlmCimM2KyAQrTIytqWJL8Fa/vE66jbrn1r2Hq1qzVdRRhjM4h0vw4Bqa0II2dICAhGd4hTcndV6cd+djOVpyip1T+APn8wcO3JEL</latexit><latexit sha1_base64="sB/81YOKcElO+YndVCKN22ntom8=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqswUQTdCwU1XUsE+oDOUTJppQzOZkGSEMvQ33LhQxK0/486/MdPOQlsPBA7n3Ms9OaHkTBvX/XZKG5tb2zvl3cre/sHhUfX4pKuTVBHaIQlPVD/EmnImaMcww2lfKorjkNNeOL3L/d4TVZol4tHMJA1iPBYsYgQbK/l+jM2EYI7ubxvDas2tuwugdeIVpAYF2sPqlz9KSBpTYQjHWg88V5ogw8owwum84qeaSkymeEwHlgocUx1ki8xzdGGVEYoSZZ8waKH+3shwrPUsDu1knlGvern4nzdITXQTZEzI1FBBloeilCOToLwANGKKEsNnlmCimM2KyAQrTIytqWJL8Fa/vE66jbrn1r2Hq1qzVdRRhjM4h0vw4Bqa0II2dICAhGd4hTcndV6cd+djOVpyip1T+APn8wcO3JEL</latexit><latexit sha1_base64="sB/81YOKcElO+YndVCKN22ntom8=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqswUQTdCwU1XUsE+oDOUTJppQzOZkGSEMvQ33LhQxK0/486/MdPOQlsPBA7n3Ms9OaHkTBvX/XZKG5tb2zvl3cre/sHhUfX4pKuTVBHaIQlPVD/EmnImaMcww2lfKorjkNNeOL3L/d4TVZol4tHMJA1iPBYsYgQbK/l+jM2EYI7ubxvDas2tuwugdeIVpAYF2sPqlz9KSBpTYQjHWg88V5ogw8owwum84qeaSkymeEwHlgocUx1ki8xzdGGVEYoSZZ8waKH+3shwrPUsDu1knlGvern4nzdITXQTZEzI1FBBloeilCOToLwANGKKEsNnlmCimM2KyAQrTIytqWJL8Fa/vE66jbrn1r2Hq1qzVdRRhjM4h0vw4Bqa0II2dICAhGd4hTcndV6cd+djOVpyip1T+APn8wcO3JEL</latexit><latexit sha1_base64="sB/81YOKcElO+YndVCKN22ntom8=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqswUQTdCwU1XUsE+oDOUTJppQzOZkGSEMvQ33LhQxK0/486/MdPOQlsPBA7n3Ms9OaHkTBvX/XZKG5tb2zvl3cre/sHhUfX4pKuTVBHaIQlPVD/EmnImaMcww2lfKorjkNNeOL3L/d4TVZol4tHMJA1iPBYsYgQbK/l+jM2EYI7ubxvDas2tuwugdeIVpAYF2sPqlz9KSBpTYQjHWg88V5ogw8owwum84qeaSkymeEwHlgocUx1ki8xzdGGVEYoSZZ8waKH+3shwrPUsDu1knlGvern4nzdITXQTZEzI1FBBloeilCOToLwANGKKEsNnlmCimM2KyAQrTIytqWJL8Fa/vE66jbrn1r2Hq1qzVdRRhjM4h0vw4Bqa0II2dICAhGd4hTcndV6cd+djOVpyip1T+APn8wcO3JEL</latexit>

kL/R ! rL/R = kL/R + 2
<latexit sha1_base64="CehF3Ma2UE+Ik9RN16K+xIdcF4U=">AAACDXicbVA9SwNBEN2LXzF+nVraLEZBEOJdELQRAjYpLKKYD0iOY2+zSZbs7R27c0o48gds/Cs2ForY2tv5b9wkV2j0wcDjvRlm5gWx4Boc58vKLSwuLa/kVwtr6xubW/b2TkNHiaKsTiMRqVZANBNcsjpwEKwVK0bCQLBmMLyc+M07pjSP5C2MYuaFpC95j1MCRvLtg6GfXp3cjDuK9wdAlIrusZpJF5l1XPbtolNypsB/iZuRIspQ8+3PTjeiScgkUEG0brtODF5KFHAq2LjQSTSLCR2SPmsbKknItJdOvxnjQ6N0cS9SpiTgqfpzIiWh1qMwMJ0hgYGe9ybif147gd65l3IZJ8AknS3qJQJDhCfR4C5XjIIYGUKo4uZWTAdEEQomwIIJwZ1/+S9plEuuU3KvT4uVahZHHu2hfXSEXHSGKqiKaqiOKHpAT+gFvVqP1rP1Zr3PWnNWNrOLfsH6+AZ+F5ss</latexit><latexit sha1_base64="CehF3Ma2UE+Ik9RN16K+xIdcF4U=">AAACDXicbVA9SwNBEN2LXzF+nVraLEZBEOJdELQRAjYpLKKYD0iOY2+zSZbs7R27c0o48gds/Cs2ForY2tv5b9wkV2j0wcDjvRlm5gWx4Boc58vKLSwuLa/kVwtr6xubW/b2TkNHiaKsTiMRqVZANBNcsjpwEKwVK0bCQLBmMLyc+M07pjSP5C2MYuaFpC95j1MCRvLtg6GfXp3cjDuK9wdAlIrusZpJF5l1XPbtolNypsB/iZuRIspQ8+3PTjeiScgkUEG0brtODF5KFHAq2LjQSTSLCR2SPmsbKknItJdOvxnjQ6N0cS9SpiTgqfpzIiWh1qMwMJ0hgYGe9ybif147gd65l3IZJ8AknS3qJQJDhCfR4C5XjIIYGUKo4uZWTAdEEQomwIIJwZ1/+S9plEuuU3KvT4uVahZHHu2hfXSEXHSGKqiKaqiOKHpAT+gFvVqP1rP1Zr3PWnNWNrOLfsH6+AZ+F5ss</latexit><latexit sha1_base64="CehF3Ma2UE+Ik9RN16K+xIdcF4U=">AAACDXicbVA9SwNBEN2LXzF+nVraLEZBEOJdELQRAjYpLKKYD0iOY2+zSZbs7R27c0o48gds/Cs2ForY2tv5b9wkV2j0wcDjvRlm5gWx4Boc58vKLSwuLa/kVwtr6xubW/b2TkNHiaKsTiMRqVZANBNcsjpwEKwVK0bCQLBmMLyc+M07pjSP5C2MYuaFpC95j1MCRvLtg6GfXp3cjDuK9wdAlIrusZpJF5l1XPbtolNypsB/iZuRIspQ8+3PTjeiScgkUEG0brtODF5KFHAq2LjQSTSLCR2SPmsbKknItJdOvxnjQ6N0cS9SpiTgqfpzIiWh1qMwMJ0hgYGe9ybif147gd65l3IZJ8AknS3qJQJDhCfR4C5XjIIYGUKo4uZWTAdEEQomwIIJwZ1/+S9plEuuU3KvT4uVahZHHu2hfXSEXHSGKqiKaqiOKHpAT+gFvVqP1rP1Zr3PWnNWNrOLfsH6+AZ+F5ss</latexit><latexit sha1_base64="CehF3Ma2UE+Ik9RN16K+xIdcF4U=">AAACDXicbVA9SwNBEN2LXzF+nVraLEZBEOJdELQRAjYpLKKYD0iOY2+zSZbs7R27c0o48gds/Cs2ForY2tv5b9wkV2j0wcDjvRlm5gWx4Boc58vKLSwuLa/kVwtr6xubW/b2TkNHiaKsTiMRqVZANBNcsjpwEKwVK0bCQLBmMLyc+M07pjSP5C2MYuaFpC95j1MCRvLtg6GfXp3cjDuK9wdAlIrusZpJF5l1XPbtolNypsB/iZuRIspQ8+3PTjeiScgkUEG0brtODF5KFHAq2LjQSTSLCR2SPmsbKknItJdOvxnjQ6N0cS9SpiTgqfpzIiWh1qMwMJ0hgYGe9ybif147gd65l3IZJ8AknS3qJQJDhCfR4C5XjIIYGUKo4uZWTAdEEQomwIIJwZ1/+S9plEuuU3KvT4uVahZHHu2hfXSEXHSGKqiKaqiOKHpAT+gFvVqP1rP1Zr3PWnNWNrOLfsH6+AZ+F5ss</latexit>

Zgrav
<latexit sha1_base64="+z8pXvBx8fjUhuIFowQlcIIHCv4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac2IUym03boZBJmboolduGvuHGhiFt/w51/46TNQlsPDBzOuZd75oSJ4Boc59taWV1b39gsbZW3d3b39u2Dw5aOU0VZk8YiVp2QaCa4ZE3gIFgnUYxEoWDtcHST++0xU5rH8g4mCfMjMpC8zykBIwX2sRcRGFIi8H3gAXuAbKDIeBrYFafqzICXiVuQCirQCOwvrxfTNGISqCBad10nAT8jCjgVbFr2Us0SQkdkwLqGShIx7Wez/FN8ZpQe7sfKPAl4pv7eyEik9SQKzWSeVi96ufif102hf+1nXCYpMEnnh/qpwBDjvAzc44pREBNDCFXcZMV0SBShYCormxLcxS8vk9ZF1XWq7u1lpVYv6iihE3SKzpGLrlAN1VEDNRFFj+gZvaI368l6sd6tj/noilXsHKE/sD5/AHTYlmU=</latexit><latexit sha1_base64="+z8pXvBx8fjUhuIFowQlcIIHCv4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac2IUym03boZBJmboolduGvuHGhiFt/w51/46TNQlsPDBzOuZd75oSJ4Boc59taWV1b39gsbZW3d3b39u2Dw5aOU0VZk8YiVp2QaCa4ZE3gIFgnUYxEoWDtcHST++0xU5rH8g4mCfMjMpC8zykBIwX2sRcRGFIi8H3gAXuAbKDIeBrYFafqzICXiVuQCirQCOwvrxfTNGISqCBad10nAT8jCjgVbFr2Us0SQkdkwLqGShIx7Wez/FN8ZpQe7sfKPAl4pv7eyEik9SQKzWSeVi96ufif102hf+1nXCYpMEnnh/qpwBDjvAzc44pREBNDCFXcZMV0SBShYCormxLcxS8vk9ZF1XWq7u1lpVYv6iihE3SKzpGLrlAN1VEDNRFFj+gZvaI368l6sd6tj/noilXsHKE/sD5/AHTYlmU=</latexit><latexit sha1_base64="+z8pXvBx8fjUhuIFowQlcIIHCv4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac2IUym03boZBJmboolduGvuHGhiFt/w51/46TNQlsPDBzOuZd75oSJ4Boc59taWV1b39gsbZW3d3b39u2Dw5aOU0VZk8YiVp2QaCa4ZE3gIFgnUYxEoWDtcHST++0xU5rH8g4mCfMjMpC8zykBIwX2sRcRGFIi8H3gAXuAbKDIeBrYFafqzICXiVuQCirQCOwvrxfTNGISqCBad10nAT8jCjgVbFr2Us0SQkdkwLqGShIx7Wez/FN8ZpQe7sfKPAl4pv7eyEik9SQKzWSeVi96ufif102hf+1nXCYpMEnnh/qpwBDjvAzc44pREBNDCFXcZMV0SBShYCormxLcxS8vk9ZF1XWq7u1lpVYv6iihE3SKzpGLrlAN1VEDNRFFj+gZvaI368l6sd6tj/noilXsHKE/sD5/AHTYlmU=</latexit><latexit sha1_base64="+z8pXvBx8fjUhuIFowQlcIIHCv4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac2IUym03boZBJmboolduGvuHGhiFt/w51/46TNQlsPDBzOuZd75oSJ4Boc59taWV1b39gsbZW3d3b39u2Dw5aOU0VZk8YiVp2QaCa4ZE3gIFgnUYxEoWDtcHST++0xU5rH8g4mCfMjMpC8zykBIwX2sRcRGFIi8H3gAXuAbKDIeBrYFafqzICXiVuQCirQCOwvrxfTNGISqCBad10nAT8jCjgVbFr2Us0SQkdkwLqGShIx7Wez/FN8ZpQe7sfKPAl4pv7eyEik9SQKzWSeVi96ufif102hf+1nXCYpMEnnh/qpwBDjvAzc44pREBNDCFXcZMV0SBShYCormxLcxS8vk9ZF1XWq7u1lpVYv6iihE3SKzpGLrlAN1VEDNRFFj+gZvaI368l6sd6tj/noilXsHKE/sD5/AHTYlmU=</latexit>

Zgrav = ie2⇡s
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<latexit sha1_base64="c3A82vlJEPB89Eq6yE3oKNNHPHk="></latexit><latexit sha1_base64="c3A82vlJEPB89Eq6yE3oKNNHPHk="></latexit><latexit sha1_base64="c3A82vlJEPB89Eq6yE3oKNNHPHk="></latexit><latexit sha1_base64="c3A82vlJEPB89Eq6yE3oKNNHPHk="></latexit>

NB: finite renormalization of the level:[Carlip,92] [Govindarajan, Kaul, Sunneta; ’02] 
[Castro, Lashkari, Maloney; ’11]  
[Anninos, Denef, Law, Sun; ’22]

[Hikida, Nishioka, Takayanagi, Taki; ’22]…



Looping matter in



minimally coupled scalar fields
• Laplacian is quadratic Casimir of isometry group:


• So we need highest-weights,    , that are continuous or even complex!


•     -dim’l highest weight representations of                  QNM spectra of dS3           

j
<latexit sha1_base64="QG6VEW6YWonKWzucqeybVri36eA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS48t2A9oQ9lsJ+22m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ATTh4XfeUKleSwfzSxBP6IjyUPOqLFSczIoV9yquwTZJF5OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5L/VRjQtmUjrBnqaQRaj9bHjonV1YZkjBWtqQhS/X3REYjrWdRYDsjasZ63VuI/3m91IT3fsZlkhqUbLUoTAUxMVl8TYZcITNiZgllittbCRtTRZmx2ZRsCN76y5ukfVP13KrXvK3U6nkcRbiAS7gGD+6gBnVoQAsYIDzDK7w5E+fFeXc+Vq0FJ585hz9wPn8A0s+M9A==</latexit><latexit sha1_base64="QG6VEW6YWonKWzucqeybVri36eA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS48t2A9oQ9lsJ+22m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ATTh4XfeUKleSwfzSxBP6IjyUPOqLFSczIoV9yquwTZJF5OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5L/VRjQtmUjrBnqaQRaj9bHjonV1YZkjBWtqQhS/X3REYjrWdRYDsjasZ63VuI/3m91IT3fsZlkhqUbLUoTAUxMVl8TYZcITNiZgllittbCRtTRZmx2ZRsCN76y5ukfVP13KrXvK3U6nkcRbiAS7gGD+6gBnVoQAsYIDzDK7w5E+fFeXc+Vq0FJ585hz9wPn8A0s+M9A==</latexit><latexit sha1_base64="QG6VEW6YWonKWzucqeybVri36eA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS48t2A9oQ9lsJ+22m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ATTh4XfeUKleSwfzSxBP6IjyUPOqLFSczIoV9yquwTZJF5OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5L/VRjQtmUjrBnqaQRaj9bHjonV1YZkjBWtqQhS/X3REYjrWdRYDsjasZ63VuI/3m91IT3fsZlkhqUbLUoTAUxMVl8TYZcITNiZgllittbCRtTRZmx2ZRsCN76y5ukfVP13KrXvK3U6nkcRbiAS7gGD+6gBnVoQAsYIDzDK7w5E+fFeXc+Vq0FJ585hz9wPn8A0s+M9A==</latexit><latexit sha1_base64="QG6VEW6YWonKWzucqeybVri36eA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS48t2A9oQ9lsJ+22m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ATTh4XfeUKleSwfzSxBP6IjyUPOqLFSczIoV9yquwTZJF5OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5L/VRjQtmUjrBnqaQRaj9bHjonV1YZkjBWtqQhS/X3REYjrWdRYDsjasZ63VuI/3m91IT3fsZlkhqUbLUoTAUxMVl8TYZcITNiZgllittbCRtTRZmx2ZRsCN76y5ukfVP13KrXvK3U6nkcRbiAS7gGD+6gBnVoQAsYIDzDK7w5E+fFeXc+Vq0FJ585hz9wPn8A0s+M9A==</latexit>

j = �1

2

⇣
1 +

p
1�m2`2

⌘

<latexit sha1_base64="K0nbxMH/q8Gyruwu1HMGNrdFdBA=">AAACGHicbVDLSgNBEJz1bXxFPXpZDEJEjDtB0IsgeMkxgkmE7CbMTnqTMbMPZ3qFsOQzvPgrXjwo4tWbf+Mk7sFXQUNR1U13l59IodFxPqyZ2bn5hcWl5cLK6tr6RnFzq6njVHFo8FjG6tpnGqSIoIECJVwnCljoS2j5w4uJ37oDpUUcXeEoAS9k/UgEgjM0Urd4dHN26AaK8YyOs+rYlRBgmR64+lZhRg/DTtUFKTvGUaI/wP1useRUnCnsv4TmpERy1LvFd7cX8zSECLlkWrepk6CXMYWCSxgX3FRDwviQ9aFtaMRC0F42fWxs7xmlZwexMhWhPVW/T2Qs1HoU+qYzZDjQv72J+J/XTjE49TIRJSlCxL8WBam0MbYnKdk9oYCjHBnCuBLmVpsPmIkJTZYFEwL9/fJf0qxWqFOhl8el81oexxLZIbukTCg5IeekRuqkQTi5J4/kmbxYD9aT9Wq9fbXOWPnMNvkB6/0Thn2fdg==</latexit><latexit sha1_base64="K0nbxMH/q8Gyruwu1HMGNrdFdBA=">AAACGHicbVDLSgNBEJz1bXxFPXpZDEJEjDtB0IsgeMkxgkmE7CbMTnqTMbMPZ3qFsOQzvPgrXjwo4tWbf+Mk7sFXQUNR1U13l59IodFxPqyZ2bn5hcWl5cLK6tr6RnFzq6njVHFo8FjG6tpnGqSIoIECJVwnCljoS2j5w4uJ37oDpUUcXeEoAS9k/UgEgjM0Urd4dHN26AaK8YyOs+rYlRBgmR64+lZhRg/DTtUFKTvGUaI/wP1useRUnCnsv4TmpERy1LvFd7cX8zSECLlkWrepk6CXMYWCSxgX3FRDwviQ9aFtaMRC0F42fWxs7xmlZwexMhWhPVW/T2Qs1HoU+qYzZDjQv72J+J/XTjE49TIRJSlCxL8WBam0MbYnKdk9oYCjHBnCuBLmVpsPmIkJTZYFEwL9/fJf0qxWqFOhl8el81oexxLZIbukTCg5IeekRuqkQTi5J4/kmbxYD9aT9Wq9fbXOWPnMNvkB6/0Thn2fdg==</latexit><latexit sha1_base64="K0nbxMH/q8Gyruwu1HMGNrdFdBA=">AAACGHicbVDLSgNBEJz1bXxFPXpZDEJEjDtB0IsgeMkxgkmE7CbMTnqTMbMPZ3qFsOQzvPgrXjwo4tWbf+Mk7sFXQUNR1U13l59IodFxPqyZ2bn5hcWl5cLK6tr6RnFzq6njVHFo8FjG6tpnGqSIoIECJVwnCljoS2j5w4uJ37oDpUUcXeEoAS9k/UgEgjM0Urd4dHN26AaK8YyOs+rYlRBgmR64+lZhRg/DTtUFKTvGUaI/wP1useRUnCnsv4TmpERy1LvFd7cX8zSECLlkWrepk6CXMYWCSxgX3FRDwviQ9aFtaMRC0F42fWxs7xmlZwexMhWhPVW/T2Qs1HoU+qYzZDjQv72J+J/XTjE49TIRJSlCxL8WBam0MbYnKdk9oYCjHBnCuBLmVpsPmIkJTZYFEwL9/fJf0qxWqFOhl8el81oexxLZIbukTCg5IeekRuqkQTi5J4/kmbxYD9aT9Wq9fbXOWPnMNvkB6/0Thn2fdg==</latexit><latexit sha1_base64="K0nbxMH/q8Gyruwu1HMGNrdFdBA=">AAACGHicbVDLSgNBEJz1bXxFPXpZDEJEjDtB0IsgeMkxgkmE7CbMTnqTMbMPZ3qFsOQzvPgrXjwo4tWbf+Mk7sFXQUNR1U13l59IodFxPqyZ2bn5hcWl5cLK6tr6RnFzq6njVHFo8FjG6tpnGqSIoIECJVwnCljoS2j5w4uJ37oDpUUcXeEoAS9k/UgEgjM0Urd4dHN26AaK8YyOs+rYlRBgmR64+lZhRg/DTtUFKTvGUaI/wP1useRUnCnsv4TmpERy1LvFd7cX8zSECLlkWrepk6CXMYWCSxgX3FRDwviQ9aFtaMRC0F42fWxs7xmlZwexMhWhPVW/T2Qs1HoU+qYzZDjQv72J+J/XTjE49TIRJSlCxL8WBam0MbYnKdk9oYCjHBnCuBLmVpsPmIkJTZYFEwL9/fJf0qxWqFOhl8el81oexxLZIbukTCg5IeekRuqkQTi5J4/kmbxYD9aT9Wq9fbXOWPnMNvkB6/0Thn2fdg==</latexit>

j = �1

2
(1 + ⌫) ⌫ 2 (�1, 1)

<latexit sha1_base64="dIi14V3gu6xoWUF4MhLys5bglHc=">AAACEHicbZDLSsNAFIYn9VbrLerSTbCILdqSKYJuhIKbLivYCzShTKaTduxkks5MhBL6CG58FTcuFHHr0p1v47TNQlt/GPj4zzmcOb8XMSqVbX8bmZXVtfWN7GZua3tnd8/cP2jKMBaYNHDIQtH2kCSMctJQVDHSjgRBgcdIyxveTOutByIkDfmdGkfEDVCfU59ipLTVNU/vr0uOLxBO4CSpTArwzOFx0RmNYtTT5FBeKMFzWOyaebtsz2QtA0whD1LVu+aX0wtxHBCuMENSdqAdKTdBQlHMyCTnxJJECA9Rn3Q0chQQ6SazgybWiXZ6lh8K/biyZu7viQQFUo4DT3cGSA3kYm1q/lfrxMq/chPKo1gRjueL/JhZKrSm6Vg9KghWbKwBYUH1Xy08QDoepTPM6RDg4snL0KyUoV2Gtxf5ai2NIwuOwDEoAAguQRXUQB00AAaP4Bm8gjfjyXgx3o2PeWvGSGcOwR8Znz/lfZs4</latexit><latexit sha1_base64="dIi14V3gu6xoWUF4MhLys5bglHc=">AAACEHicbZDLSsNAFIYn9VbrLerSTbCILdqSKYJuhIKbLivYCzShTKaTduxkks5MhBL6CG58FTcuFHHr0p1v47TNQlt/GPj4zzmcOb8XMSqVbX8bmZXVtfWN7GZua3tnd8/cP2jKMBaYNHDIQtH2kCSMctJQVDHSjgRBgcdIyxveTOutByIkDfmdGkfEDVCfU59ipLTVNU/vr0uOLxBO4CSpTArwzOFx0RmNYtTT5FBeKMFzWOyaebtsz2QtA0whD1LVu+aX0wtxHBCuMENSdqAdKTdBQlHMyCTnxJJECA9Rn3Q0chQQ6SazgybWiXZ6lh8K/biyZu7viQQFUo4DT3cGSA3kYm1q/lfrxMq/chPKo1gRjueL/JhZKrSm6Vg9KghWbKwBYUH1Xy08QDoepTPM6RDg4snL0KyUoV2Gtxf5ai2NIwuOwDEoAAguQRXUQB00AAaP4Bm8gjfjyXgx3o2PeWvGSGcOwR8Znz/lfZs4</latexit><latexit sha1_base64="dIi14V3gu6xoWUF4MhLys5bglHc=">AAACEHicbZDLSsNAFIYn9VbrLerSTbCILdqSKYJuhIKbLivYCzShTKaTduxkks5MhBL6CG58FTcuFHHr0p1v47TNQlt/GPj4zzmcOb8XMSqVbX8bmZXVtfWN7GZua3tnd8/cP2jKMBaYNHDIQtH2kCSMctJQVDHSjgRBgcdIyxveTOutByIkDfmdGkfEDVCfU59ipLTVNU/vr0uOLxBO4CSpTArwzOFx0RmNYtTT5FBeKMFzWOyaebtsz2QtA0whD1LVu+aX0wtxHBCuMENSdqAdKTdBQlHMyCTnxJJECA9Rn3Q0chQQ6SazgybWiXZ6lh8K/biyZu7viQQFUo4DT3cGSA3kYm1q/lfrxMq/chPKo1gRjueL/JhZKrSm6Vg9KghWbKwBYUH1Xy08QDoepTPM6RDg4snL0KyUoV2Gtxf5ai2NIwuOwDEoAAguQRXUQB00AAaP4Bm8gjfjyXgx3o2PeWvGSGcOwR8Znz/lfZs4</latexit><latexit sha1_base64="dIi14V3gu6xoWUF4MhLys5bglHc=">AAACEHicbZDLSsNAFIYn9VbrLerSTbCILdqSKYJuhIKbLivYCzShTKaTduxkks5MhBL6CG58FTcuFHHr0p1v47TNQlt/GPj4zzmcOb8XMSqVbX8bmZXVtfWN7GZua3tnd8/cP2jKMBaYNHDIQtH2kCSMctJQVDHSjgRBgcdIyxveTOutByIkDfmdGkfEDVCfU59ipLTVNU/vr0uOLxBO4CSpTArwzOFx0RmNYtTT5FBeKMFzWOyaebtsz2QtA0whD1LVu+aX0wtxHBCuMENSdqAdKTdBQlHMyCTnxJJECA9Rn3Q0chQQ6SazgybWiXZ6lh8K/biyZu7viQQFUo4DT3cGSA3kYm1q/lfrxMq/chPKo1gRjueL/JhZKrSm6Vg9KghWbKwBYUH1Xy08QDoepTPM6RDg4snL0KyUoV2Gtxf5ai2NIwuOwDEoAAguQRXUQB00AAaP4Bm8gjfjyXgx3o2PeWvGSGcOwR8Znz/lfZs4</latexit>

j = �1

2
(1 + iµ) µ 2 R

<latexit sha1_base64="vWCw6ZBSQCIseZCbSrhISMNoKgc=">AAACFHicbZDLSgMxFIYz9VbrbdSlm2ARKsUyKYJuhIKbLqvYC3SGkkkzbWwmM00yQhn6EG58FTcuFHHrwp1vY3pZaOsPgY//nEPO+f2YM6Ud59vKrKyurW9kN3Nb2zu7e/b+QUNFiSS0TiIeyZaPFeVM0LpmmtNWLCkOfU6b/uB6Um8+UKlYJO70KKZeiHuCBYxgbayOXby/OnMDiUmKxml5XEBF5obJqTscJrhryGXCDbHu+z687dh5p+RMBZcBzSEP5qp17C+3G5EkpEITjpVqIyfWXoqlZoTTcc5NFI0xGeAebRsUOKTKS6dHjeGJcbowiKR5QsOp+3sixaFSo9A3nZMF1WJtYv5Xayc6uPRSJuJEU0FmHwUJhzqCk4Rgl0lKNB8ZwEQysyskfWwi0ibHnAkBLZ68DI1yCTkldHOer1TncWTBETgGBYDABaiAKqiBOiDgETyDV/BmPVkv1rv1MWvNWPOZQ/BH1ucPpwKd9w==</latexit><latexit sha1_base64="vWCw6ZBSQCIseZCbSrhISMNoKgc=">AAACFHicbZDLSgMxFIYz9VbrbdSlm2ARKsUyKYJuhIKbLqvYC3SGkkkzbWwmM00yQhn6EG58FTcuFHHrwp1vY3pZaOsPgY//nEPO+f2YM6Ud59vKrKyurW9kN3Nb2zu7e/b+QUNFiSS0TiIeyZaPFeVM0LpmmtNWLCkOfU6b/uB6Um8+UKlYJO70KKZeiHuCBYxgbayOXby/OnMDiUmKxml5XEBF5obJqTscJrhryGXCDbHu+z687dh5p+RMBZcBzSEP5qp17C+3G5EkpEITjpVqIyfWXoqlZoTTcc5NFI0xGeAebRsUOKTKS6dHjeGJcbowiKR5QsOp+3sixaFSo9A3nZMF1WJtYv5Xayc6uPRSJuJEU0FmHwUJhzqCk4Rgl0lKNB8ZwEQysyskfWwi0ibHnAkBLZ68DI1yCTkldHOer1TncWTBETgGBYDABaiAKqiBOiDgETyDV/BmPVkv1rv1MWvNWPOZQ/BH1ucPpwKd9w==</latexit><latexit sha1_base64="vWCw6ZBSQCIseZCbSrhISMNoKgc=">AAACFHicbZDLSgMxFIYz9VbrbdSlm2ARKsUyKYJuhIKbLqvYC3SGkkkzbWwmM00yQhn6EG58FTcuFHHrwp1vY3pZaOsPgY//nEPO+f2YM6Ud59vKrKyurW9kN3Nb2zu7e/b+QUNFiSS0TiIeyZaPFeVM0LpmmtNWLCkOfU6b/uB6Um8+UKlYJO70KKZeiHuCBYxgbayOXby/OnMDiUmKxml5XEBF5obJqTscJrhryGXCDbHu+z687dh5p+RMBZcBzSEP5qp17C+3G5EkpEITjpVqIyfWXoqlZoTTcc5NFI0xGeAebRsUOKTKS6dHjeGJcbowiKR5QsOp+3sixaFSo9A3nZMF1WJtYv5Xayc6uPRSJuJEU0FmHwUJhzqCk4Rgl0lKNB8ZwEQysyskfWwi0ibHnAkBLZ68DI1yCTkldHOer1TncWTBETgGBYDABaiAKqiBOiDgETyDV/BmPVkv1rv1MWvNWPOZQ/BH1ucPpwKd9w==</latexit><latexit sha1_base64="vWCw6ZBSQCIseZCbSrhISMNoKgc=">AAACFHicbZDLSgMxFIYz9VbrbdSlm2ARKsUyKYJuhIKbLqvYC3SGkkkzbWwmM00yQhn6EG58FTcuFHHrwp1vY3pZaOsPgY//nEPO+f2YM6Ud59vKrKyurW9kN3Nb2zu7e/b+QUNFiSS0TiIeyZaPFeVM0LpmmtNWLCkOfU6b/uB6Um8+UKlYJO70KKZeiHuCBYxgbayOXby/OnMDiUmKxml5XEBF5obJqTscJrhryGXCDbHu+z687dh5p+RMBZcBzSEP5qp17C+3G5EkpEITjpVqIyfWXoqlZoTTcc5NFI0xGeAebRsUOKTKS6dHjeGJcbowiKR5QsOp+3sixaFSo9A3nZMF1WJtYv5Xayc6uPRSJuJEU0FmHwUJhzqCk4Rgl0lKNB8ZwEQysyskfWwi0ibHnAkBLZ68DI1yCTkldHOer1TncWTBETgGBYDABaiAKqiBOiDgETyDV/BmPVkv1rv1MWvNWPOZQ/BH1ucPpwKd9w==</latexit>

m
2 `2 < 1

<latexit sha1_base64="BURyOX8B61YeeY15sF2JJ844nc4=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hd0g6MFDwEuOEcwDNpswO5kkQ+axzPQKYclnePGgiFe/xpt/4yTZgyYWNBRV3XR3xYngFnz/29vY3Nre2S3sFfcPDo+OSyenLatTQ1mTaqFNJyaWCa5YEzgI1kkMIzIWrB1P7ud++4kZy7V6hGnCIklGig85JeCkUPaqXSZEr3oX9Etlv+IvgNdJkJMyytHol766A01TyRRQQawNAz+BKCMGOBVsVuymliWETsiIhY4qIpmNssXJM3zplAEeauNKAV6ovycyIq2dyth1SgJju+rNxf+8MIXhbZRxlaTAFF0uGqYCg8bz//GAG0ZBTB0h1HB3K6ZjYggFl1LRhRCsvrxOWtVK4FeCh+tyrZ7HUUDn6AJdoQDdoBqqowZqIoo0ekav6M0D78V79z6WrRtePnOG/sD7/AEiJpCB</latexit><latexit sha1_base64="BURyOX8B61YeeY15sF2JJ844nc4=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hd0g6MFDwEuOEcwDNpswO5kkQ+axzPQKYclnePGgiFe/xpt/4yTZgyYWNBRV3XR3xYngFnz/29vY3Nre2S3sFfcPDo+OSyenLatTQ1mTaqFNJyaWCa5YEzgI1kkMIzIWrB1P7ud++4kZy7V6hGnCIklGig85JeCkUPaqXSZEr3oX9Etlv+IvgNdJkJMyytHol766A01TyRRQQawNAz+BKCMGOBVsVuymliWETsiIhY4qIpmNssXJM3zplAEeauNKAV6ovycyIq2dyth1SgJju+rNxf+8MIXhbZRxlaTAFF0uGqYCg8bz//GAG0ZBTB0h1HB3K6ZjYggFl1LRhRCsvrxOWtVK4FeCh+tyrZ7HUUDn6AJdoQDdoBqqowZqIoo0ekav6M0D78V79z6WrRtePnOG/sD7/AEiJpCB</latexit><latexit sha1_base64="BURyOX8B61YeeY15sF2JJ844nc4=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hd0g6MFDwEuOEcwDNpswO5kkQ+axzPQKYclnePGgiFe/xpt/4yTZgyYWNBRV3XR3xYngFnz/29vY3Nre2S3sFfcPDo+OSyenLatTQ1mTaqFNJyaWCa5YEzgI1kkMIzIWrB1P7ud++4kZy7V6hGnCIklGig85JeCkUPaqXSZEr3oX9Etlv+IvgNdJkJMyytHol766A01TyRRQQawNAz+BKCMGOBVsVuymliWETsiIhY4qIpmNssXJM3zplAEeauNKAV6ovycyIq2dyth1SgJju+rNxf+8MIXhbZRxlaTAFF0uGqYCg8bz//GAG0ZBTB0h1HB3K6ZjYggFl1LRhRCsvrxOWtVK4FeCh+tyrZ7HUUDn6AJdoQDdoBqqowZqIoo0ekav6M0D78V79z6WrRtePnOG/sD7/AEiJpCB</latexit><latexit sha1_base64="BURyOX8B61YeeY15sF2JJ844nc4=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hd0g6MFDwEuOEcwDNpswO5kkQ+axzPQKYclnePGgiFe/xpt/4yTZgyYWNBRV3XR3xYngFnz/29vY3Nre2S3sFfcPDo+OSyenLatTQ1mTaqFNJyaWCa5YEzgI1kkMIzIWrB1P7ud++4kZy7V6hGnCIklGig85JeCkUPaqXSZEr3oX9Etlv+IvgNdJkJMyytHol766A01TyRRQQawNAz+BKCMGOBVsVuymliWETsiIhY4qIpmNssXJM3zplAEeauNKAV6ovycyIq2dyth1SgJju+rNxf+8MIXhbZRxlaTAFF0uGqYCg8bz//GAG0ZBTB0h1HB3K6ZjYggFl1LRhRCsvrxOWtVK4FeCh+tyrZ7HUUDn6AJdoQDdoBqqowZqIoo0ekav6M0D78V79z6WrRtePnOG/sD7/AEiJpCB</latexit>

m2`2 > 1
<latexit sha1_base64="GWPk0UUrZ5A0amhJ3sNJePgBPI0=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hd0g6EkCXnKMYB6w2YTZySQZMo9lplcISz7DiwdFvPo13vwbJ8keNLGgoajqprsrTgS34Pvf3sbm1vbObmGvuH9weHRcOjltWZ0ayppUC206MbFMcMWawEGwTmIYkbFg7XhyP/fbT8xYrtUjTBMWSTJSfMgpASeFslftMiF61bugXyr7FX8BvE6CnJRRjka/9NUdaJpKpoAKYm0Y+AlEGTHAqWCzYje1LCF0QkYsdFQRyWyULU6e4UunDPBQG1cK8EL9PZERae1Uxq5TEhjbVW8u/ueFKQxvo4yrJAWm6HLRMBUYNJ7/jwfcMApi6gihhrtbMR0TQyi4lIouhGD15XXSqlYCvxI8XJdr9TyOAjpHF+gKBegG1VAdNVATUaTRM3pFbx54L96797Fs3fDymTP0B97nDyUwkIM=</latexit><latexit sha1_base64="GWPk0UUrZ5A0amhJ3sNJePgBPI0=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hd0g6EkCXnKMYB6w2YTZySQZMo9lplcISz7DiwdFvPo13vwbJ8keNLGgoajqprsrTgS34Pvf3sbm1vbObmGvuH9weHRcOjltWZ0ayppUC206MbFMcMWawEGwTmIYkbFg7XhyP/fbT8xYrtUjTBMWSTJSfMgpASeFslftMiF61bugXyr7FX8BvE6CnJRRjka/9NUdaJpKpoAKYm0Y+AlEGTHAqWCzYje1LCF0QkYsdFQRyWyULU6e4UunDPBQG1cK8EL9PZERae1Uxq5TEhjbVW8u/ueFKQxvo4yrJAWm6HLRMBUYNJ7/jwfcMApi6gihhrtbMR0TQyi4lIouhGD15XXSqlYCvxI8XJdr9TyOAjpHF+gKBegG1VAdNVATUaTRM3pFbx54L96797Fs3fDymTP0B97nDyUwkIM=</latexit><latexit sha1_base64="GWPk0UUrZ5A0amhJ3sNJePgBPI0=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hd0g6EkCXnKMYB6w2YTZySQZMo9lplcISz7DiwdFvPo13vwbJ8keNLGgoajqprsrTgS34Pvf3sbm1vbObmGvuH9weHRcOjltWZ0ayppUC206MbFMcMWawEGwTmIYkbFg7XhyP/fbT8xYrtUjTBMWSTJSfMgpASeFslftMiF61bugXyr7FX8BvE6CnJRRjka/9NUdaJpKpoAKYm0Y+AlEGTHAqWCzYje1LCF0QkYsdFQRyWyULU6e4UunDPBQG1cK8EL9PZERae1Uxq5TEhjbVW8u/ueFKQxvo4yrJAWm6HLRMBUYNJ7/jwfcMApi6gihhrtbMR0TQyi4lIouhGD15XXSqlYCvxI8XJdr9TyOAjpHF+gKBegG1VAdNVATUaTRM3pFbx54L96797Fs3fDymTP0B97nDyUwkIM=</latexit><latexit sha1_base64="GWPk0UUrZ5A0amhJ3sNJePgBPI0=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hd0g6EkCXnKMYB6w2YTZySQZMo9lplcISz7DiwdFvPo13vwbJ8keNLGgoajqprsrTgS34Pvf3sbm1vbObmGvuH9weHRcOjltWZ0ayppUC206MbFMcMWawEGwTmIYkbFg7XhyP/fbT8xYrtUjTBMWSTJSfMgpASeFslftMiF61bugXyr7FX8BvE6CnJRRjka/9NUdaJpKpoAKYm0Y+AlEGTHAqWCzYje1LCF0QkYsdFQRyWyULU6e4UunDPBQG1cK8EL9PZERae1Uxq5TEhjbVW8u/ueFKQxvo4yrJAWm6HLRMBUYNJ7/jwfcMApi6gihhrtbMR0TQyi4lIouhGD15XXSqlYCvxI8XJdr9TyOAjpHF+gKBegG1VAdNVATUaTRM3pFbx54L96797Fs3fDymTP0B97nDyUwkIM=</latexit>

“complimentary 
-type”

“principal-type”

1

4
r2 = c2 = �m2`2dS

4
<latexit sha1_base64="TaKne4bySbhO2v0vEdHvXo5T+Mk=">AAACH3icbVDLSsNAFJ34rPVVdekmWAQ3liQUdVMouOlS0bZC04bJ9EYHJ5MwcyOWkD9x46+4caGIuPNvnD4Wvg4MHM45lzv3hKngGh3n05qbX1hcWi6tlFfX1jc2K1vbHZ1kikGbJSJRVyHVILiENnIUcJUqoHEooBveno797h0ozRN5iaMU+jG9ljzijKKRgsqRHynKcrfI64UvaSjowGuwwGscTo144PkgxMALfIR7zIcXxTgaVKpOzZnA/kvcGamSGc6Cyoc/TFgWg0QmqNY910mxn1OFnAkoyn6mIaXsll5Dz1BJY9D9fHJfYe8bZWhHiTJPoj1Rv0/kNNZ6FIcmGVO80b+9sfif18swOunnXKYZgmTTRVEmbEzscVn2kCtgKEaGUKa4+avNbqjpBU2lZVOC+/vkv6Tj1Vyn5p7Xq83WrI4S2SV75IC45Jg0SYuckTZh5IE8kRfyaj1az9ab9T6NzlmzmR3yA9bnFyP9oxA=</latexit><latexit sha1_base64="TaKne4bySbhO2v0vEdHvXo5T+Mk=">AAACH3icbVDLSsNAFJ34rPVVdekmWAQ3liQUdVMouOlS0bZC04bJ9EYHJ5MwcyOWkD9x46+4caGIuPNvnD4Wvg4MHM45lzv3hKngGh3n05qbX1hcWi6tlFfX1jc2K1vbHZ1kikGbJSJRVyHVILiENnIUcJUqoHEooBveno797h0ozRN5iaMU+jG9ljzijKKRgsqRHynKcrfI64UvaSjowGuwwGscTo144PkgxMALfIR7zIcXxTgaVKpOzZnA/kvcGamSGc6Cyoc/TFgWg0QmqNY910mxn1OFnAkoyn6mIaXsll5Dz1BJY9D9fHJfYe8bZWhHiTJPoj1Rv0/kNNZ6FIcmGVO80b+9sfif18swOunnXKYZgmTTRVEmbEzscVn2kCtgKEaGUKa4+avNbqjpBU2lZVOC+/vkv6Tj1Vyn5p7Xq83WrI4S2SV75IC45Jg0SYuckTZh5IE8kRfyaj1az9ab9T6NzlmzmR3yA9bnFyP9oxA=</latexit><latexit sha1_base64="TaKne4bySbhO2v0vEdHvXo5T+Mk=">AAACH3icbVDLSsNAFJ34rPVVdekmWAQ3liQUdVMouOlS0bZC04bJ9EYHJ5MwcyOWkD9x46+4caGIuPNvnD4Wvg4MHM45lzv3hKngGh3n05qbX1hcWi6tlFfX1jc2K1vbHZ1kikGbJSJRVyHVILiENnIUcJUqoHEooBveno797h0ozRN5iaMU+jG9ljzijKKRgsqRHynKcrfI64UvaSjowGuwwGscTo144PkgxMALfIR7zIcXxTgaVKpOzZnA/kvcGamSGc6Cyoc/TFgWg0QmqNY910mxn1OFnAkoyn6mIaXsll5Dz1BJY9D9fHJfYe8bZWhHiTJPoj1Rv0/kNNZ6FIcmGVO80b+9sfif18swOunnXKYZgmTTRVEmbEzscVn2kCtgKEaGUKa4+avNbqjpBU2lZVOC+/vkv6Tj1Vyn5p7Xq83WrI4S2SV75IC45Jg0SYuckTZh5IE8kRfyaj1az9ab9T6NzlmzmR3yA9bnFyP9oxA=</latexit><latexit sha1_base64="TaKne4bySbhO2v0vEdHvXo5T+Mk=">AAACH3icbVDLSsNAFJ34rPVVdekmWAQ3liQUdVMouOlS0bZC04bJ9EYHJ5MwcyOWkD9x46+4caGIuPNvnD4Wvg4MHM45lzv3hKngGh3n05qbX1hcWi6tlFfX1jc2K1vbHZ1kikGbJSJRVyHVILiENnIUcJUqoHEooBveno797h0ozRN5iaMU+jG9ljzijKKRgsqRHynKcrfI64UvaSjowGuwwGscTo144PkgxMALfIR7zIcXxTgaVKpOzZnA/kvcGamSGc6Cyoc/TFgWg0QmqNY910mxn1OFnAkoyn6mIaXsll5Dz1BJY9D9fHJfYe8bZWhHiTJPoj1Rv0/kNNZ6FIcmGVO80b+9sfif18swOunnXKYZgmTTRVEmbEzscVn2kCtgKEaGUKa4+avNbqjpBU2lZVOC+/vkv6Tj1Vyn5p7Xq83WrI4S2SV75IC45Jg0SYuckTZh5IE8kRfyaj1az9ab9T6NzlmzmR3yA9bnFyP9oxA=</latexit>

su(2)
<latexit sha1_base64="Ca27apFu4EIDBkEBQAKtMEc4IjE=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpgi4LbrqsYFuhDWUynbRDJ5Mwj0IJ/RM3LhRx65+482+ctFlo64GBwzn3cs+cMOVMac/7dkpb2zu7e+X9ysHh0fGJe3rWVYmRhHZIwhP5FGJFORO0o5nm9CmVFMchp71wep/7vRmViiXiUc9TGsR4LFjECNZWGrruIMZ6Ekk8zZRZ1BrXQ7fq1b0l0CbxC1KFAu2h+zUYJcTEVGjCsVJ930t1kGGpGeF0URkYRVNMpnhM+5YKHFMVZMvkC3RllRGKEmmf0Gip/t7IcKzUPA7tZJ5TrXu5+J/XNzq6CzImUqOpIKtDkeFIJyivAY2YpETzuSWYSGazIjLBEhNty6rYEvz1L2+SbqPue3X/4ababBV1lOECLqEGPtxCE1rQhg4QmMEzvMKbkzkvzrvzsRotOcXOOfyB8/kDMaGTXg==</latexit><latexit sha1_base64="Ca27apFu4EIDBkEBQAKtMEc4IjE=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpgi4LbrqsYFuhDWUynbRDJ5Mwj0IJ/RM3LhRx65+482+ctFlo64GBwzn3cs+cMOVMac/7dkpb2zu7e+X9ysHh0fGJe3rWVYmRhHZIwhP5FGJFORO0o5nm9CmVFMchp71wep/7vRmViiXiUc9TGsR4LFjECNZWGrruIMZ6Ekk8zZRZ1BrXQ7fq1b0l0CbxC1KFAu2h+zUYJcTEVGjCsVJ930t1kGGpGeF0URkYRVNMpnhM+5YKHFMVZMvkC3RllRGKEmmf0Gip/t7IcKzUPA7tZJ5TrXu5+J/XNzq6CzImUqOpIKtDkeFIJyivAY2YpETzuSWYSGazIjLBEhNty6rYEvz1L2+SbqPue3X/4ababBV1lOECLqEGPtxCE1rQhg4QmMEzvMKbkzkvzrvzsRotOcXOOfyB8/kDMaGTXg==</latexit><latexit sha1_base64="Ca27apFu4EIDBkEBQAKtMEc4IjE=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpgi4LbrqsYFuhDWUynbRDJ5Mwj0IJ/RM3LhRx65+482+ctFlo64GBwzn3cs+cMOVMac/7dkpb2zu7e+X9ysHh0fGJe3rWVYmRhHZIwhP5FGJFORO0o5nm9CmVFMchp71wep/7vRmViiXiUc9TGsR4LFjECNZWGrruIMZ6Ekk8zZRZ1BrXQ7fq1b0l0CbxC1KFAu2h+zUYJcTEVGjCsVJ930t1kGGpGeF0URkYRVNMpnhM+5YKHFMVZMvkC3RllRGKEmmf0Gip/t7IcKzUPA7tZJ5TrXu5+J/XNzq6CzImUqOpIKtDkeFIJyivAY2YpETzuSWYSGazIjLBEhNty6rYEvz1L2+SbqPue3X/4ababBV1lOECLqEGPtxCE1rQhg4QmMEzvMKbkzkvzrvzsRotOcXOOfyB8/kDMaGTXg==</latexit><latexit sha1_base64="Ca27apFu4EIDBkEBQAKtMEc4IjE=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpgi4LbrqsYFuhDWUynbRDJ5Mwj0IJ/RM3LhRx65+482+ctFlo64GBwzn3cs+cMOVMac/7dkpb2zu7e+X9ysHh0fGJe3rWVYmRhHZIwhP5FGJFORO0o5nm9CmVFMchp71wep/7vRmViiXiUc9TGsR4LFjECNZWGrruIMZ6Ekk8zZRZ1BrXQ7fq1b0l0CbxC1KFAu2h+zUYJcTEVGjCsVJ930t1kGGpGeF0URkYRVNMpnhM+5YKHFMVZMvkC3RllRGKEmmf0Gip/t7IcKzUPA7tZJ5TrXu5+J/XNzq6CzImUqOpIKtDkeFIJyivAY2YpETzuSWYSGazIjLBEhNty6rYEvz1L2+SbqPue3X/4ababBV1lOECLqEGPtxCE1rQhg4QmMEzvMKbkzkvzrvzsRotOcXOOfyB8/kDMaGTXg==</latexit>

1
<latexit sha1_base64="G3YR+yOCVZI1Ip4i7XhIPOLB63Q=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS48V7Ae0oWy2m3btZhN2J0II/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md3O/+8S1EbF6wCzhfkTHSoSCUbRSZyBUiNmwWnPr7gJknXgFqUGB1rD6NRjFLI24QiapMX3PTdDPqUbBJJ9VBqnhCWVTOuZ9SxWNuPHzxbUzcmGVEQljbUshWai/J3IaGZNFge2MKE7MqjcX//P6KYa3fi5UkiJXbLkoTCXBmMxfJyOhOUOZWUKZFvZWwiZUU4Y2oIoNwVt9eZ10ruqeW/fur2uNZhFHGc7gHC7BgxtoQBNa0AYGj/AMr/DmxM6L8+58LFtLTjFzCn/gfP4Aw/2PQg==</latexit><latexit sha1_base64="G3YR+yOCVZI1Ip4i7XhIPOLB63Q=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS48V7Ae0oWy2m3btZhN2J0II/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md3O/+8S1EbF6wCzhfkTHSoSCUbRSZyBUiNmwWnPr7gJknXgFqUGB1rD6NRjFLI24QiapMX3PTdDPqUbBJJ9VBqnhCWVTOuZ9SxWNuPHzxbUzcmGVEQljbUshWai/J3IaGZNFge2MKE7MqjcX//P6KYa3fi5UkiJXbLkoTCXBmMxfJyOhOUOZWUKZFvZWwiZUU4Y2oIoNwVt9eZ10ruqeW/fur2uNZhFHGc7gHC7BgxtoQBNa0AYGj/AMr/DmxM6L8+58LFtLTjFzCn/gfP4Aw/2PQg==</latexit><latexit sha1_base64="G3YR+yOCVZI1Ip4i7XhIPOLB63Q=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS48V7Ae0oWy2m3btZhN2J0II/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md3O/+8S1EbF6wCzhfkTHSoSCUbRSZyBUiNmwWnPr7gJknXgFqUGB1rD6NRjFLI24QiapMX3PTdDPqUbBJJ9VBqnhCWVTOuZ9SxWNuPHzxbUzcmGVEQljbUshWai/J3IaGZNFge2MKE7MqjcX//P6KYa3fi5UkiJXbLkoTCXBmMxfJyOhOUOZWUKZFvZWwiZUU4Y2oIoNwVt9eZ10ruqeW/fur2uNZhFHGc7gHC7BgxtoQBNa0AYGj/AMr/DmxM6L8+58LFtLTjFzCn/gfP4Aw/2PQg==</latexit><latexit sha1_base64="G3YR+yOCVZI1Ip4i7XhIPOLB63Q=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS48V7Ae0oWy2m3btZhN2J0II/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md3O/+8S1EbF6wCzhfkTHSoSCUbRSZyBUiNmwWnPr7gJknXgFqUGB1rD6NRjFLI24QiapMX3PTdDPqUbBJJ9VBqnhCWVTOuZ9SxWNuPHzxbUzcmGVEQljbUshWai/J3IaGZNFge2MKE7MqjcX//P6KYa3fi5UkiJXbLkoTCXBmMxfJyOhOUOZWUKZFvZWwiZUU4Y2oIoNwVt9eZ10ruqeW/fur2uNZhFHGc7gHC7BgxtoQBNa0AYGj/AMr/DmxM6L8+58LFtLTjFzCn/gfP4Aw/2PQg==</latexit>



how do we include this matter?

• Recall EFT intuition: Wilson loops ~ worldlines of massive particles 

• Worldline QM: sum over worldlines. Include wrapping on compact directions.


• Expect collection of wrapped Wilson loops ~ logZscalar.


• However we need a more systematic construction to correctly apply to QG

[Ooguri, Vafa; ’99]



Apply QNM physics in su(2) natural language
• Let’s start with      and generalize afterward 


• Zscalar ~ a meromorphic function of mass: match to function w/ same zeros/poles


•                                                   has poles for states w/ 


• “Non-standard” reps we constructed earlier! 

• Smoothness at horizon: A weight                                 can contribute a pole 
when parallel transport around the horizon is periodic.


• DHS logic: Zscalar = product over weights of                 subject to quantization 
condition on weight x holonomy 

• Taking a log organizes this product into sum          representation trace.  

S3
<latexit sha1_base64="lDFoEoe68bEd9UmwfPVG2qEyako=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix46bFS+wFtLJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqNB6v+qWyW3HnIKvEy0kZctT7pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NbPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbQuK55b8e6vy9VaHkcBTuEMLsCDG6hCDerQBAZDeIZXeHOE8+K8Ox+L1jUnnzmBP3A+fwDWlI2C</latexit><latexit sha1_base64="lDFoEoe68bEd9UmwfPVG2qEyako=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix46bFS+wFtLJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqNB6v+qWyW3HnIKvEy0kZctT7pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NbPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbQuK55b8e6vy9VaHkcBTuEMLsCDG6hCDerQBAZDeIZXeHOE8+K8Ox+L1jUnnzmBP3A+fwDWlI2C</latexit><latexit sha1_base64="lDFoEoe68bEd9UmwfPVG2qEyako=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix46bFS+wFtLJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqNB6v+qWyW3HnIKvEy0kZctT7pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NbPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbQuK55b8e6vy9VaHkcBTuEMLsCDG6hCDerQBAZDeIZXeHOE8+K8Ox+L1jUnnzmBP3A+fwDWlI2C</latexit><latexit sha1_base64="lDFoEoe68bEd9UmwfPVG2qEyako=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix46bFS+wFtLJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqNB6v+qWyW3HnIKvEy0kZctT7pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NbPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbQuK55b8e6vy9VaHkcBTuEMLsCDG6hCDerQBAZDeIZXeHOE8+K8Ox+L1jUnnzmBP3A+fwDWlI2C</latexit>

Zscalar = det(�r2 +m2`2)�1/2
<latexit sha1_base64="STB0neHskMvf8EKiAVbUeK+QDZI=">AAACH3icbVBNS8NAEN34bf2qevQSLIIi1iSIehEELx4VrIpNWybbqS5uNmF3IpaQf+LFv+LFgyLizX/j9uPg14OBt+/NsDMvSqUw5Hmfzsjo2PjE5NR0aWZ2bn6hvLh0bpJMc6zxRCb6MgKDUiiskSCJl6lGiCOJF9HtUc+/uENtRKLOqJtiI4ZrJTqCA1mpVd69aoWE95QbDhJ0cTB4tZGK9a1QQSShGWzGzSBEKZvBRjPf8reDolWueFWvD/cv8YekwoY4aZU/wnbCsxgVcQnG1H0vpUYOmgSXWJTCzGAK/BausW6pghhNI+/fV7hrVmm7nUTbUuT21e8TOcTGdOPIdsZAN+a31xP/8+oZdfYbuVBpRqj44KNOJl1K3F5Yblto5CS7lgDXwu7q8hvQwMlGWrIh+L9P/kvOg6rvVf3Tncrh8TCOKbbCVtk689keO2TH7ITVGGcP7Im9sFfn0Xl23pz3QeuIM5xZZj/gfH4BWRKidg==</latexit><latexit sha1_base64="STB0neHskMvf8EKiAVbUeK+QDZI=">AAACH3icbVBNS8NAEN34bf2qevQSLIIi1iSIehEELx4VrIpNWybbqS5uNmF3IpaQf+LFv+LFgyLizX/j9uPg14OBt+/NsDMvSqUw5Hmfzsjo2PjE5NR0aWZ2bn6hvLh0bpJMc6zxRCb6MgKDUiiskSCJl6lGiCOJF9HtUc+/uENtRKLOqJtiI4ZrJTqCA1mpVd69aoWE95QbDhJ0cTB4tZGK9a1QQSShGWzGzSBEKZvBRjPf8reDolWueFWvD/cv8YekwoY4aZU/wnbCsxgVcQnG1H0vpUYOmgSXWJTCzGAK/BausW6pghhNI+/fV7hrVmm7nUTbUuT21e8TOcTGdOPIdsZAN+a31xP/8+oZdfYbuVBpRqj44KNOJl1K3F5Yblto5CS7lgDXwu7q8hvQwMlGWrIh+L9P/kvOg6rvVf3Tncrh8TCOKbbCVtk689keO2TH7ITVGGcP7Im9sFfn0Xl23pz3QeuIM5xZZj/gfH4BWRKidg==</latexit><latexit sha1_base64="STB0neHskMvf8EKiAVbUeK+QDZI=">AAACH3icbVBNS8NAEN34bf2qevQSLIIi1iSIehEELx4VrIpNWybbqS5uNmF3IpaQf+LFv+LFgyLizX/j9uPg14OBt+/NsDMvSqUw5Hmfzsjo2PjE5NR0aWZ2bn6hvLh0bpJMc6zxRCb6MgKDUiiskSCJl6lGiCOJF9HtUc+/uENtRKLOqJtiI4ZrJTqCA1mpVd69aoWE95QbDhJ0cTB4tZGK9a1QQSShGWzGzSBEKZvBRjPf8reDolWueFWvD/cv8YekwoY4aZU/wnbCsxgVcQnG1H0vpUYOmgSXWJTCzGAK/BausW6pghhNI+/fV7hrVmm7nUTbUuT21e8TOcTGdOPIdsZAN+a31xP/8+oZdfYbuVBpRqj44KNOJl1K3F5Yblto5CS7lgDXwu7q8hvQwMlGWrIh+L9P/kvOg6rvVf3Tncrh8TCOKbbCVtk689keO2TH7ITVGGcP7Im9sFfn0Xl23pz3QeuIM5xZZj/gfH4BWRKidg==</latexit><latexit sha1_base64="STB0neHskMvf8EKiAVbUeK+QDZI=">AAACH3icbVBNS8NAEN34bf2qevQSLIIi1iSIehEELx4VrIpNWybbqS5uNmF3IpaQf+LFv+LFgyLizX/j9uPg14OBt+/NsDMvSqUw5Hmfzsjo2PjE5NR0aWZ2bn6hvLh0bpJMc6zxRCb6MgKDUiiskSCJl6lGiCOJF9HtUc+/uENtRKLOqJtiI4ZrJTqCA1mpVd69aoWE95QbDhJ0cTB4tZGK9a1QQSShGWzGzSBEKZvBRjPf8reDolWueFWvD/cv8YekwoY4aZU/wnbCsxgVcQnG1H0vpUYOmgSXWJTCzGAK/BausW6pghhNI+/fV7hrVmm7nUTbUuT21e8TOcTGdOPIdsZAN+a31xP/8+oZdfYbuVBpRqj44KNOJl1K3F5Yblto5CS7lgDXwu7q8hvQwMlGWrIh+L9P/kvOg6rvVf3Tncrh8TCOKbbCVtk689keO2TH7ITVGGcP7Im9sFfn0Xl23pz3QeuIM5xZZj/gfH4BWRKidg==</latexit>

(�L,�R) 2 Rj ⇥Rj
<latexit sha1_base64="2h7DNTKfKJn31vDF83dtHSOjmCE=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRKkhJRNBlwU0XLmqxF2hCmEym7djJJMxMhBL6Bm58FTcuFHHr1p1v46SNoK0/DHz85xzOnN+PGZXKsr6MwtLyyupacb20sbm1vWPu7rVllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+usnrnnghJI36rxjFxQzTgtE8xUtryzOOKw3R3gLzr0x9qnjiUw6Z35ygaEpmRZ5atqjUVXAQ7hzLI1fDMTyeIcBISrjBDUvZsK1ZuioSimJFJyUkkiREeoQHpaeRIL3LT6T0TeKSdAPYjoR9XcOr+nkhRKOU49HVniNRQztcy879aL1H9SzelPE4U4Xi2qJ8wqCKYhQMDKghWbKwBYUH1XyEeIoGw0hGWdAj2/MmL0D6r2lbVvjkv1+p5HEVwAA5BBdjgAtRAHTRAC2DwAJ7AC3g1Ho1n4814n7UWjHxmH/yR8fENbLibpw==</latexit><latexit sha1_base64="2h7DNTKfKJn31vDF83dtHSOjmCE=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRKkhJRNBlwU0XLmqxF2hCmEym7djJJMxMhBL6Bm58FTcuFHHr1p1v46SNoK0/DHz85xzOnN+PGZXKsr6MwtLyyupacb20sbm1vWPu7rVllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+usnrnnghJI36rxjFxQzTgtE8xUtryzOOKw3R3gLzr0x9qnjiUw6Z35ygaEpmRZ5atqjUVXAQ7hzLI1fDMTyeIcBISrjBDUvZsK1ZuioSimJFJyUkkiREeoQHpaeRIL3LT6T0TeKSdAPYjoR9XcOr+nkhRKOU49HVniNRQztcy879aL1H9SzelPE4U4Xi2qJ8wqCKYhQMDKghWbKwBYUH1XyEeIoGw0hGWdAj2/MmL0D6r2lbVvjkv1+p5HEVwAA5BBdjgAtRAHTRAC2DwAJ7AC3g1Ho1n4814n7UWjHxmH/yR8fENbLibpw==</latexit><latexit sha1_base64="2h7DNTKfKJn31vDF83dtHSOjmCE=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRKkhJRNBlwU0XLmqxF2hCmEym7djJJMxMhBL6Bm58FTcuFHHr1p1v46SNoK0/DHz85xzOnN+PGZXKsr6MwtLyyupacb20sbm1vWPu7rVllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+usnrnnghJI36rxjFxQzTgtE8xUtryzOOKw3R3gLzr0x9qnjiUw6Z35ygaEpmRZ5atqjUVXAQ7hzLI1fDMTyeIcBISrjBDUvZsK1ZuioSimJFJyUkkiREeoQHpaeRIL3LT6T0TeKSdAPYjoR9XcOr+nkhRKOU49HVniNRQztcy879aL1H9SzelPE4U4Xi2qJ8wqCKYhQMDKghWbKwBYUH1XyEeIoGw0hGWdAj2/MmL0D6r2lbVvjkv1+p5HEVwAA5BBdjgAtRAHTRAC2DwAJ7AC3g1Ho1n4814n7UWjHxmH/yR8fENbLibpw==</latexit><latexit sha1_base64="2h7DNTKfKJn31vDF83dtHSOjmCE=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRKkhJRNBlwU0XLmqxF2hCmEym7djJJMxMhBL6Bm58FTcuFHHr1p1v46SNoK0/DHz85xzOnN+PGZXKsr6MwtLyyupacb20sbm1vWPu7rVllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+usnrnnghJI36rxjFxQzTgtE8xUtryzOOKw3R3gLzr0x9qnjiUw6Z35ygaEpmRZ5atqjUVXAQ7hzLI1fDMTyeIcBISrjBDUvZsK1ZuioSimJFJyUkkiREeoQHpaeRIL3LT6T0TeKSdAPYjoR9XcOr+nkhRKOU49HVniNRQztcy879aL1H9SzelPE4U4Xi2qJ8wqCKYhQMDKghWbKwBYUH1XyEeIoGw0hGWdAj2/MmL0D6r2lbVvjkv1+p5HEVwAA5BBdjgAtRAHTRAC2DwAJ7AC3g1Ho1n4814n7UWjHxmH/yR8fENbLibpw==</latexit>

Rj ⇥Rj
<latexit sha1_base64="KwzAAxK9NF0UIZaZKJA6M1XVeLs=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh4LXnqsYj+gDWWz3bRrN5u4OymU0N/hxYMiXv0x3vw3btsctPWFhYd3ZpjZN0ikMOi6387a+sbm1nZhp7i7t39wWDo6bpo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRrezemvMtRGxesBJwv2IDpQIBaNoLf++99hFEXFDLPVKZbfizkVWwcuhDLnqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFrspoYnlI3ogHcsKmoX+dn86Ck5t06fhLG2TyGZu78nMhoZM4kC2xlRHJrl2sz8r9ZJMbzxM6GSFLlii0VhKgnGZJYA6QvNGcqJBcq0sLcSNqSaMrQ5FW0I3vKXV6F5WfHcind3Va7W8jgKcApncAEeXEMValCHBjB4gmd4hTdn7Lw4787HonXNyWdO4I+czx9ctJHW</latexit><latexit sha1_base64="KwzAAxK9NF0UIZaZKJA6M1XVeLs=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh4LXnqsYj+gDWWz3bRrN5u4OymU0N/hxYMiXv0x3vw3btsctPWFhYd3ZpjZN0ikMOi6387a+sbm1nZhp7i7t39wWDo6bpo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRrezemvMtRGxesBJwv2IDpQIBaNoLf++99hFEXFDLPVKZbfizkVWwcuhDLnqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFrspoYnlI3ogHcsKmoX+dn86Ck5t06fhLG2TyGZu78nMhoZM4kC2xlRHJrl2sz8r9ZJMbzxM6GSFLlii0VhKgnGZJYA6QvNGcqJBcq0sLcSNqSaMrQ5FW0I3vKXV6F5WfHcind3Va7W8jgKcApncAEeXEMValCHBjB4gmd4hTdn7Lw4787HonXNyWdO4I+czx9ctJHW</latexit><latexit sha1_base64="KwzAAxK9NF0UIZaZKJA6M1XVeLs=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh4LXnqsYj+gDWWz3bRrN5u4OymU0N/hxYMiXv0x3vw3btsctPWFhYd3ZpjZN0ikMOi6387a+sbm1nZhp7i7t39wWDo6bpo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRrezemvMtRGxesBJwv2IDpQIBaNoLf++99hFEXFDLPVKZbfizkVWwcuhDLnqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFrspoYnlI3ogHcsKmoX+dn86Ck5t06fhLG2TyGZu78nMhoZM4kC2xlRHJrl2sz8r9ZJMbzxM6GSFLlii0VhKgnGZJYA6QvNGcqJBcq0sLcSNqSaMrQ5FW0I3vKXV6F5WfHcind3Va7W8jgKcApncAEeXEMValCHBjB4gmd4hTdn7Lw4787HonXNyWdO4I+czx9ctJHW</latexit><latexit sha1_base64="KwzAAxK9NF0UIZaZKJA6M1XVeLs=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh4LXnqsYj+gDWWz3bRrN5u4OymU0N/hxYMiXv0x3vw3btsctPWFhYd3ZpjZN0ikMOi6387a+sbm1nZhp7i7t39wWDo6bpo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRrezemvMtRGxesBJwv2IDpQIBaNoLf++99hFEXFDLPVKZbfizkVWwcuhDLnqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFrspoYnlI3ogHcsKmoX+dn86Ck5t06fhLG2TyGZu78nMhoZM4kC2xlRHJrl2sz8r9ZJMbzxM6GSFLlii0VhKgnGZJYA6QvNGcqJBcq0sLcSNqSaMrQ5FW0I3vKXV6F5WfHcind3Va7W8jgKcApncAEeXEMValCHBjB4gmd4hTdn7Lw4787HonXNyWdO4I+czx9ctJHW</latexit>

c2 = �m2`2

4
<latexit sha1_base64="Myv46dtepWsmDK0toxLhFhA3HmM=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIbixJKOhGKLjpsoJ9QJOGyXTSDp2ZhJmJUELc+CtuXCji1r9w5984bbPQ1gMXDufcy733hAklUtn2t1FaW9/Y3CpvV3Z29/YPzMOjjoxTgXAbxTQWvRBKTAnHbUUUxb1EYMhCirvh5Hbmdx+wkCTm92qaYJ/BEScRQVBpKTBPUODeXHqRgChjA9fDlA7cPKvngVm1a/Yc1ipxClIFBVqB+eUNY5QyzBWiUMq+YyfKz6BQBFGcV7xU4gSiCRzhvqYcMiz9bP5Bbp1rZWhFsdDFlTVXf09kkEk5ZaHuZFCN5bI3E//z+qmKrv2M8CRVmKPFoiilloqtWRzWkAiMFJ1qApEg+lYLjaFOQ+nQKjoEZ/nlVdJxa45dc+7q1UaziKMMTsEZuAAOuAIN0AQt0AYIPIJn8ArejCfjxXg3PhatJaOYOQZ/YHz+AHAblkE=</latexit><latexit sha1_base64="Myv46dtepWsmDK0toxLhFhA3HmM=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIbixJKOhGKLjpsoJ9QJOGyXTSDp2ZhJmJUELc+CtuXCji1r9w5984bbPQ1gMXDufcy733hAklUtn2t1FaW9/Y3CpvV3Z29/YPzMOjjoxTgXAbxTQWvRBKTAnHbUUUxb1EYMhCirvh5Hbmdx+wkCTm92qaYJ/BEScRQVBpKTBPUODeXHqRgChjA9fDlA7cPKvngVm1a/Yc1ipxClIFBVqB+eUNY5QyzBWiUMq+YyfKz6BQBFGcV7xU4gSiCRzhvqYcMiz9bP5Bbp1rZWhFsdDFlTVXf09kkEk5ZaHuZFCN5bI3E//z+qmKrv2M8CRVmKPFoiilloqtWRzWkAiMFJ1qApEg+lYLjaFOQ+nQKjoEZ/nlVdJxa45dc+7q1UaziKMMTsEZuAAOuAIN0AQt0AYIPIJn8ArejCfjxXg3PhatJaOYOQZ/YHz+AHAblkE=</latexit><latexit sha1_base64="Myv46dtepWsmDK0toxLhFhA3HmM=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIbixJKOhGKLjpsoJ9QJOGyXTSDp2ZhJmJUELc+CtuXCji1r9w5984bbPQ1gMXDufcy733hAklUtn2t1FaW9/Y3CpvV3Z29/YPzMOjjoxTgXAbxTQWvRBKTAnHbUUUxb1EYMhCirvh5Hbmdx+wkCTm92qaYJ/BEScRQVBpKTBPUODeXHqRgChjA9fDlA7cPKvngVm1a/Yc1ipxClIFBVqB+eUNY5QyzBWiUMq+YyfKz6BQBFGcV7xU4gSiCRzhvqYcMiz9bP5Bbp1rZWhFsdDFlTVXf09kkEk5ZaHuZFCN5bI3E//z+qmKrv2M8CRVmKPFoiilloqtWRzWkAiMFJ1qApEg+lYLjaFOQ+nQKjoEZ/nlVdJxa45dc+7q1UaziKMMTsEZuAAOuAIN0AQt0AYIPIJn8ArejCfjxXg3PhatJaOYOQZ/YHz+AHAblkE=</latexit><latexit sha1_base64="Myv46dtepWsmDK0toxLhFhA3HmM=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIbixJKOhGKLjpsoJ9QJOGyXTSDp2ZhJmJUELc+CtuXCji1r9w5984bbPQ1gMXDufcy733hAklUtn2t1FaW9/Y3CpvV3Z29/YPzMOjjoxTgXAbxTQWvRBKTAnHbUUUxb1EYMhCirvh5Hbmdx+wkCTm92qaYJ/BEScRQVBpKTBPUODeXHqRgChjA9fDlA7cPKvngVm1a/Yc1ipxClIFBVqB+eUNY5QyzBWiUMq+YyfKz6BQBFGcV7xU4gSiCRzhvqYcMiz9bP5Bbp1rZWhFsdDFlTVXf09kkEk5ZaHuZFCN5bI3E//z+qmKrv2M8CRVmKPFoiilloqtWRzWkAiMFJ1qApEg+lYLjaFOQ+nQKjoEZ/nlVdJxa45dc+7q1UaziKMMTsEZuAAOuAIN0AQt0AYIPIJn8ArejCfjxXg3PhatJaOYOQZ/YHz+AHAblkE=</latexit>

[Denef, Hartnoll, Sachdev; ’10]



thus appears the Wilson spool

• Expresses logZ as integral over gauge invariant WL operators


• One can show that it generalizes: when AL/R define a metric geometry, M3

Wj = i
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<latexit sha1_base64="08pFiUCZJcVP7AzPDNx7wpiS3PQ="></latexit><latexit sha1_base64="08pFiUCZJcVP7AzPDNx7wpiS3PQ="></latexit><latexit sha1_base64="08pFiUCZJcVP7AzPDNx7wpiS3PQ="></latexit><latexit sha1_base64="08pFiUCZJcVP7AzPDNx7wpiS3PQ="></latexit>

logZscalar[S
3] =

1

4
Wj [aL, aR]

<latexit sha1_base64="rEeK68YAQl6xFCO4xnMOK91Y9jo="></latexit><latexit sha1_base64="rEeK68YAQl6xFCO4xnMOK91Y9jo="></latexit><latexit sha1_base64="rEeK68YAQl6xFCO4xnMOK91Y9jo="></latexit><latexit sha1_base64="rEeK68YAQl6xFCO4xnMOK91Y9jo="></latexit>

logZscalar[M3] =
1

4
Wj [AL, AR]

<latexit sha1_base64="pf6MNXbFSyyE9Bm3FKIScvsLKqI="></latexit><latexit sha1_base64="pf6MNXbFSyyE9Bm3FKIScvsLKqI="></latexit><latexit sha1_base64="pf6MNXbFSyyE9Bm3FKIScvsLKqI="></latexit><latexit sha1_base64="pf6MNXbFSyyE9Bm3FKIScvsLKqI="></latexit>



Test 1: Classical dS (GN             0) 
• Wrap       integral around poles 

at             and sum residues
↵

<latexit sha1_base64="0Dv5/LcmxXa1Z8tdmRacxbsS/U4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAlxwjmAckS+idzCZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMirTlDWpEkp3IjRMcMmallvBOqlmmESCtaPx3dxvPzFtuJIPdpKyMMGh5DGnaJ3U6qFIR9gvV/yqvwBZJ0FOKpCj0S9/9QaKZgmTlgo0phv4qQ2nqC2ngs1KvcywFOkYh6zrqMSEmXC6uHZGLpwyILHSrqQlC/X3xBQTYyZJ5DoTtCOz6s3F/7xuZuPbcMplmlkm6XJRnAliFZm/TgZcM2rFxBGkmrtbCR2hRmpdQCUXQrD68jppXVUDvxrcX1dq9TyOIpzBOVxCADdQgzo0oAkUHuEZXuHNU96L9+59LFsLXj5zCn/gff4AjU+PHg==</latexit><latexit sha1_base64="0Dv5/LcmxXa1Z8tdmRacxbsS/U4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAlxwjmAckS+idzCZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMirTlDWpEkp3IjRMcMmallvBOqlmmESCtaPx3dxvPzFtuJIPdpKyMMGh5DGnaJ3U6qFIR9gvV/yqvwBZJ0FOKpCj0S9/9QaKZgmTlgo0phv4qQ2nqC2ngs1KvcywFOkYh6zrqMSEmXC6uHZGLpwyILHSrqQlC/X3xBQTYyZJ5DoTtCOz6s3F/7xuZuPbcMplmlkm6XJRnAliFZm/TgZcM2rFxBGkmrtbCR2hRmpdQCUXQrD68jppXVUDvxrcX1dq9TyOIpzBOVxCADdQgzo0oAkUHuEZXuHNU96L9+59LFsLXj5zCn/gff4AjU+PHg==</latexit><latexit sha1_base64="0Dv5/LcmxXa1Z8tdmRacxbsS/U4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAlxwjmAckS+idzCZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMirTlDWpEkp3IjRMcMmallvBOqlmmESCtaPx3dxvPzFtuJIPdpKyMMGh5DGnaJ3U6qFIR9gvV/yqvwBZJ0FOKpCj0S9/9QaKZgmTlgo0phv4qQ2nqC2ngs1KvcywFOkYh6zrqMSEmXC6uHZGLpwyILHSrqQlC/X3xBQTYyZJ5DoTtCOz6s3F/7xuZuPbcMplmlkm6XJRnAliFZm/TgZcM2rFxBGkmrtbCR2hRmpdQCUXQrD68jppXVUDvxrcX1dq9TyOIpzBOVxCADdQgzo0oAkUHuEZXuHNU96L9+59LFsLXj5zCn/gff4AjU+PHg==</latexit><latexit sha1_base64="0Dv5/LcmxXa1Z8tdmRacxbsS/U4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAlxwjmAckS+idzCZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMirTlDWpEkp3IjRMcMmallvBOqlmmESCtaPx3dxvPzFtuJIPdpKyMMGh5DGnaJ3U6qFIR9gvV/yqvwBZJ0FOKpCj0S9/9QaKZgmTlgo0phv4qQ2nqC2ngs1KvcywFOkYh6zrqMSEmXC6uHZGLpwyILHSrqQlC/X3xBQTYyZJ5DoTtCOz6s3F/7xuZuPbcMplmlkm6XJRnAliFZm/TgZcM2rFxBGkmrtbCR2hRmpdQCUXQrD68jppXVUDvxrcX1dq9TyOIpzBOVxCADdQgzo0oAkUHuEZXuHNU96L9+59LFsLXj5zCn/gff4AjU+PHg==</latexit>

±2⇡n
<latexit sha1_base64="OcSO80p8y5ySvSVz5fcsRDahu2c=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KrtF0GPBS48V7Id0l5JNs21okg1JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXK86M9f1vb2Nza3tnt7RX3j84PDqunJx2TJppQtsk5anuxdhQziRtW2Y57SlNsYg57caTu7nffaLasFQ+2KmikcAjyRJGsHXSY6hEPVQMyUGl6tf8BdA6CQpShQKtQeUrHKYkE1RawrEx/cBXNsqxtoxwOiuHmaEKkwke0b6jEgtqonxx8AxdOmWIklS7khYt1N8TORbGTEXsOgW2Y7PqzcX/vH5mk9soZ1JllkqyXJRkHNkUzb9HQ6YpsXzqCCaauVsRGWONiXUZlV0IwerL66RTrwV+Lbi/rjaaRRwlOIcLuIIAbqABTWhBGwgIeIZXePO09+K9ex/L1g2vmDmDP/A+fwA4u5AI</latexit><latexit sha1_base64="OcSO80p8y5ySvSVz5fcsRDahu2c=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KrtF0GPBS48V7Id0l5JNs21okg1JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXK86M9f1vb2Nza3tnt7RX3j84PDqunJx2TJppQtsk5anuxdhQziRtW2Y57SlNsYg57caTu7nffaLasFQ+2KmikcAjyRJGsHXSY6hEPVQMyUGl6tf8BdA6CQpShQKtQeUrHKYkE1RawrEx/cBXNsqxtoxwOiuHmaEKkwke0b6jEgtqonxx8AxdOmWIklS7khYt1N8TORbGTEXsOgW2Y7PqzcX/vH5mk9soZ1JllkqyXJRkHNkUzb9HQ6YpsXzqCCaauVsRGWONiXUZlV0IwerL66RTrwV+Lbi/rjaaRRwlOIcLuIIAbqABTWhBGwgIeIZXePO09+K9ex/L1g2vmDmDP/A+fwA4u5AI</latexit><latexit sha1_base64="OcSO80p8y5ySvSVz5fcsRDahu2c=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KrtF0GPBS48V7Id0l5JNs21okg1JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXK86M9f1vb2Nza3tnt7RX3j84PDqunJx2TJppQtsk5anuxdhQziRtW2Y57SlNsYg57caTu7nffaLasFQ+2KmikcAjyRJGsHXSY6hEPVQMyUGl6tf8BdA6CQpShQKtQeUrHKYkE1RawrEx/cBXNsqxtoxwOiuHmaEKkwke0b6jEgtqonxx8AxdOmWIklS7khYt1N8TORbGTEXsOgW2Y7PqzcX/vH5mk9soZ1JllkqyXJRkHNkUzb9HQ6YpsXzqCCaauVsRGWONiXUZlV0IwerL66RTrwV+Lbi/rjaaRRwlOIcLuIIAbqABTWhBGwgIeIZXePO09+K9ex/L1g2vmDmDP/A+fwA4u5AI</latexit><latexit sha1_base64="OcSO80p8y5ySvSVz5fcsRDahu2c=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KrtF0GPBS48V7Id0l5JNs21okg1JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXK86M9f1vb2Nza3tnt7RX3j84PDqunJx2TJppQtsk5anuxdhQziRtW2Y57SlNsYg57caTu7nffaLasFQ+2KmikcAjyRJGsHXSY6hEPVQMyUGl6tf8BdA6CQpShQKtQeUrHKYkE1RawrEx/cBXNsqxtoxwOiuHmaEKkwke0b6jEgtqonxx8AxdOmWIklS7khYt1N8TORbGTEXsOgW2Y7PqzcX/vH5mk9soZ1JllkqyXJRkHNkUzb9HQ6YpsXzqCCaauVsRGWONiXUZlV0IwerL66RTrwV+Lbi/rjaaRRwlOIcLuIIAbqABTWhBGwgIeIZXePO09+K9ex/L1g2vmDmDP/A+fwA4u5AI</latexit>
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(q � 3)!
<latexit sha1_base64="StUfjnImtdrb2f+kxe8/gQvH/tI="></latexit><latexit sha1_base64="StUfjnImtdrb2f+kxe8/gQvH/tI="></latexit><latexit sha1_base64="StUfjnImtdrb2f+kxe8/gQvH/tI="></latexit><latexit sha1_base64="StUfjnImtdrb2f+kxe8/gQvH/tI="></latexit>

µ =
p

m2`2 � 1
<latexit sha1_base64="xO0jXKOzvC+YWJqLiftBu6DwCmQ=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL8EieLEkRdCLUPDSYwX7AU1aNttpu3R3E3c3Qok9+Fe8eFDEq3/Dm//GbZuDtj4YeLw3w8y8MGZUadf9tnIrq2vrG/nNwtb2zu6evX/QUFEiCdRJxCLZCrECRgXUNdUMWrEEzEMGzXB0M/WbDyAVjcSdHscQcDwQtE8J1kbq2kc+T659dS91yjtlHxjrlM+9SdcuuiV3BmeZeBkpogy1rv3l9yKScBCaMKxU23NjHaRYakoYTAp+oiDGZIQH0DZUYA4qSGf3T5xTo/ScfiRNCe3M1N8TKeZKjXloOjnWQ7XoTcX/vHai+1dBSkWcaBBkvqifMEdHzjQMp0clEM3GhmAiqbnVIUMsMdEmsoIJwVt8eZk0yiXPLXm3F8VKNYsjj47RCTpDHrpEFVRFNVRHBD2iZ/SK3qwn68V6tz7mrTkrmzlEf2B9/gBZxpWq</latexit><latexit sha1_base64="xO0jXKOzvC+YWJqLiftBu6DwCmQ=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL8EieLEkRdCLUPDSYwX7AU1aNttpu3R3E3c3Qok9+Fe8eFDEq3/Dm//GbZuDtj4YeLw3w8y8MGZUadf9tnIrq2vrG/nNwtb2zu6evX/QUFEiCdRJxCLZCrECRgXUNdUMWrEEzEMGzXB0M/WbDyAVjcSdHscQcDwQtE8J1kbq2kc+T659dS91yjtlHxjrlM+9SdcuuiV3BmeZeBkpogy1rv3l9yKScBCaMKxU23NjHaRYakoYTAp+oiDGZIQH0DZUYA4qSGf3T5xTo/ScfiRNCe3M1N8TKeZKjXloOjnWQ7XoTcX/vHai+1dBSkWcaBBkvqifMEdHzjQMp0clEM3GhmAiqbnVIUMsMdEmsoIJwVt8eZk0yiXPLXm3F8VKNYsjj47RCTpDHrpEFVRFNVRHBD2iZ/SK3qwn68V6tz7mrTkrmzlEf2B9/gBZxpWq</latexit><latexit sha1_base64="xO0jXKOzvC+YWJqLiftBu6DwCmQ=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL8EieLEkRdCLUPDSYwX7AU1aNttpu3R3E3c3Qok9+Fe8eFDEq3/Dm//GbZuDtj4YeLw3w8y8MGZUadf9tnIrq2vrG/nNwtb2zu6evX/QUFEiCdRJxCLZCrECRgXUNdUMWrEEzEMGzXB0M/WbDyAVjcSdHscQcDwQtE8J1kbq2kc+T659dS91yjtlHxjrlM+9SdcuuiV3BmeZeBkpogy1rv3l9yKScBCaMKxU23NjHaRYakoYTAp+oiDGZIQH0DZUYA4qSGf3T5xTo/ScfiRNCe3M1N8TKeZKjXloOjnWQ7XoTcX/vHai+1dBSkWcaBBkvqifMEdHzjQMp0clEM3GhmAiqbnVIUMsMdEmsoIJwVt8eZk0yiXPLXm3F8VKNYsjj47RCTpDHrpEFVRFNVRHBD2iZ/SK3qwn68V6tz7mrTkrmzlEf2B9/gBZxpWq</latexit><latexit sha1_base64="xO0jXKOzvC+YWJqLiftBu6DwCmQ=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL8EieLEkRdCLUPDSYwX7AU1aNttpu3R3E3c3Qok9+Fe8eFDEq3/Dm//GbZuDtj4YeLw3w8y8MGZUadf9tnIrq2vrG/nNwtb2zu6evX/QUFEiCdRJxCLZCrECRgXUNdUMWrEEzEMGzXB0M/WbDyAVjcSdHscQcDwQtE8J1kbq2kc+T659dS91yjtlHxjrlM+9SdcuuiV3BmeZeBkpogy1rv3l9yKScBCaMKxU23NjHaRYakoYTAp+oiDGZIQH0DZUYA4qSGf3T5xTo/ScfiRNCe3M1N8TKeZKjXloOjnWQ7XoTcX/vHai+1dBSkWcaBBkvqifMEdHzjQMp0clEM3GhmAiqbnVIUMsMdEmsoIJwVt8eZk0yiXPLXm3F8VKNYsjj47RCTpDHrpEFVRFNVRHBD2iZ/SK3qwn68V6tz7mrTkrmzlEf2B9/gBZxpWq</latexit>

1

4
Wj [aL, aR]

<latexit sha1_base64="SVkOw7NVgPNd2hk4Uet+XWqG+58=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZRECrosuOnCRRX7gCSEyXTSjp1MwsxEKCFLN/6KGxeKuPUT3Pk3TtostHrgwuGce7n3niBhVCrL+jIqS8srq2vV9drG5tb2jrm715NxKjDp4pjFYhAgSRjlpKuoYmSQCIKigJF+MLks/P49EZLG/FZNE+JFaMRpSDFSWvLNQzcUCGd2njVzN0JqHASw7985yL86Rf6N55t1q2HNAP8SuyR1UKLjm5/uMMZpRLjCDEnp2FaivAwJRTEjec1NJUkQnqARcTTlKCLSy2aP5PBYK0MYxkIXV3Cm/pzIUCTlNAp0Z3GrXPQK8T/PSVV44WWUJ6kiHM8XhSmDKoZFKnBIBcGKTTVBWFB9K8RjpJNROruaDsFefPkv6Z01bKthXzfrrXYZRxUcgCNwAmxwDlqgDTqgCzB4AE/gBbwaj8az8Wa8z1srRjmzD37B+PgG5wGZQA==</latexit><latexit sha1_base64="SVkOw7NVgPNd2hk4Uet+XWqG+58=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZRECrosuOnCRRX7gCSEyXTSjp1MwsxEKCFLN/6KGxeKuPUT3Pk3TtostHrgwuGce7n3niBhVCrL+jIqS8srq2vV9drG5tb2jrm715NxKjDp4pjFYhAgSRjlpKuoYmSQCIKigJF+MLks/P49EZLG/FZNE+JFaMRpSDFSWvLNQzcUCGd2njVzN0JqHASw7985yL86Rf6N55t1q2HNAP8SuyR1UKLjm5/uMMZpRLjCDEnp2FaivAwJRTEjec1NJUkQnqARcTTlKCLSy2aP5PBYK0MYxkIXV3Cm/pzIUCTlNAp0Z3GrXPQK8T/PSVV44WWUJ6kiHM8XhSmDKoZFKnBIBcGKTTVBWFB9K8RjpJNROruaDsFefPkv6Z01bKthXzfrrXYZRxUcgCNwAmxwDlqgDTqgCzB4AE/gBbwaj8az8Wa8z1srRjmzD37B+PgG5wGZQA==</latexit><latexit sha1_base64="SVkOw7NVgPNd2hk4Uet+XWqG+58=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZRECrosuOnCRRX7gCSEyXTSjp1MwsxEKCFLN/6KGxeKuPUT3Pk3TtostHrgwuGce7n3niBhVCrL+jIqS8srq2vV9drG5tb2jrm715NxKjDp4pjFYhAgSRjlpKuoYmSQCIKigJF+MLks/P49EZLG/FZNE+JFaMRpSDFSWvLNQzcUCGd2njVzN0JqHASw7985yL86Rf6N55t1q2HNAP8SuyR1UKLjm5/uMMZpRLjCDEnp2FaivAwJRTEjec1NJUkQnqARcTTlKCLSy2aP5PBYK0MYxkIXV3Cm/pzIUCTlNAp0Z3GrXPQK8T/PSVV44WWUJ6kiHM8XhSmDKoZFKnBIBcGKTTVBWFB9K8RjpJNROruaDsFefPkv6Z01bKthXzfrrXYZRxUcgCNwAmxwDlqgDTqgCzB4AE/gBbwaj8az8Wa8z1srRjmzD37B+PgG5wGZQA==</latexit><latexit sha1_base64="SVkOw7NVgPNd2hk4Uet+XWqG+58=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZRECrosuOnCRRX7gCSEyXTSjp1MwsxEKCFLN/6KGxeKuPUT3Pk3TtostHrgwuGce7n3niBhVCrL+jIqS8srq2vV9drG5tb2jrm715NxKjDp4pjFYhAgSRjlpKuoYmSQCIKigJF+MLks/P49EZLG/FZNE+JFaMRpSDFSWvLNQzcUCGd2njVzN0JqHASw7985yL86Rf6N55t1q2HNAP8SuyR1UKLjm5/uMMZpRLjCDEnp2FaivAwJRTEjec1NJUkQnqARcTTlKCLSy2aP5PBYK0MYxkIXV3Cm/pzIUCTlNAp0Z3GrXPQK8T/PSVV44WWUJ6kiHM8XhSmDKoZFKnBIBcGKTTVBWFB9K8RjpJNROruaDsFefPkv6Z01bKthXzfrrXYZRxUcgCNwAmxwDlqgDTqgCzB4AE/gBbwaj8az8Wa8z1srRjmzD37B+PgG5wGZQA==</latexit>

= logZscalar[S
3]
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• Appearance of polylogarithms = sums over winding world-lines


• (tracks similar calculations of heat kernel as world-line QM) 

• This computation is completely finite: no need to minimally subtract 
divergences from log Zscalar 



quantum gravity and quantum matter
• Let us insert in gravitational path-integral


• Abelianisation: this expectation value reduces to ordinary integrals over 
representation characters


• integral can be computed in GN  perturbation theory: Finite at each order 

• e.g. we compute corrections to                  to order

D
logZscalar

E

grav
=

Z
Dgµ⌫ logZscalar[g]e

�IEH[g]

<latexit sha1_base64="RzAsvwWRa2uYXvDDOLzk8laHRhg="></latexit><latexit sha1_base64="RzAsvwWRa2uYXvDDOLzk8laHRhg="></latexit><latexit sha1_base64="RzAsvwWRa2uYXvDDOLzk8laHRhg="></latexit><latexit sha1_base64="RzAsvwWRa2uYXvDDOLzk8laHRhg="></latexit>

=
1

4

Z
DALDAR Wj [AL, AR]e

iSCS

<latexit sha1_base64="7ynpzT3bcfQ64SD24WSmQU3SVQ8="></latexit><latexit sha1_base64="7ynpzT3bcfQ64SD24WSmQU3SVQ8="></latexit><latexit sha1_base64="7ynpzT3bcfQ64SD24WSmQU3SVQ8="></latexit><latexit sha1_base64="7ynpzT3bcfQ64SD24WSmQU3SVQ8="></latexit>

logZscalar
<latexit sha1_base64="3NVKFXg1lFg0auHBuf1nkr6SqDQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuCmy4r2Ac2IUymk3boZBJmbsQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5gKrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHWSKcpaNBGJ6oZEM8ElawEHwbqpYiQOBeuEo+up37lnSvNE3sI4ZX5MBpJHnBIwUmAfeSIZ4LvAA/YAuaZEEDUJ7KpTc2bAy8QtSBUVaAb2l9dPaBYzCVQQrXuuk4KfEwWcCjapeJlmKaEjMmA9QyWJmfbz2fUTfGqUPo4SZUoCnqm/J3ISaz2OQ9MZExjqRW8q/uf1Moiu/JzLNAMm6XxRlAkMCZ5GgftcMQpibAihiptbMR0SRSiYwComBHfx5WXSPq+5Ts29uajWG0UcZXSMTtAZctElqqMGaqIWougRPaNX9GY9WS/Wu/Uxby1Zxcwh+gPr8wfbnJV/</latexit><latexit sha1_base64="3NVKFXg1lFg0auHBuf1nkr6SqDQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuCmy4r2Ac2IUymk3boZBJmbsQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5gKrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHWSKcpaNBGJ6oZEM8ElawEHwbqpYiQOBeuEo+up37lnSvNE3sI4ZX5MBpJHnBIwUmAfeSIZ4LvAA/YAuaZEEDUJ7KpTc2bAy8QtSBUVaAb2l9dPaBYzCVQQrXuuk4KfEwWcCjapeJlmKaEjMmA9QyWJmfbz2fUTfGqUPo4SZUoCnqm/J3ISaz2OQ9MZExjqRW8q/uf1Moiu/JzLNAMm6XxRlAkMCZ5GgftcMQpibAihiptbMR0SRSiYwComBHfx5WXSPq+5Ts29uajWG0UcZXSMTtAZctElqqMGaqIWougRPaNX9GY9WS/Wu/Uxby1Zxcwh+gPr8wfbnJV/</latexit><latexit sha1_base64="3NVKFXg1lFg0auHBuf1nkr6SqDQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuCmy4r2Ac2IUymk3boZBJmbsQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5gKrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHWSKcpaNBGJ6oZEM8ElawEHwbqpYiQOBeuEo+up37lnSvNE3sI4ZX5MBpJHnBIwUmAfeSIZ4LvAA/YAuaZEEDUJ7KpTc2bAy8QtSBUVaAb2l9dPaBYzCVQQrXuuk4KfEwWcCjapeJlmKaEjMmA9QyWJmfbz2fUTfGqUPo4SZUoCnqm/J3ISaz2OQ9MZExjqRW8q/uf1Moiu/JzLNAMm6XxRlAkMCZ5GgftcMQpibAihiptbMR0SRSiYwComBHfx5WXSPq+5Ts29uajWG0UcZXSMTtAZctElqqMGaqIWougRPaNX9GY9WS/Wu/Uxby1Zxcwh+gPr8wfbnJV/</latexit><latexit sha1_base64="3NVKFXg1lFg0auHBuf1nkr6SqDQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuCmy4r2Ac2IUymk3boZBJmbsQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5gKrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHWSKcpaNBGJ6oZEM8ElawEHwbqpYiQOBeuEo+up37lnSvNE3sI4ZX5MBpJHnBIwUmAfeSIZ4LvAA/YAuaZEEDUJ7KpTc2bAy8QtSBUVaAb2l9dPaBYzCVQQrXuuk4KfEwWcCjapeJlmKaEjMmA9QyWJmfbz2fUTfGqUPo4SZUoCnqm/J3ISaz2OQ9MZExjqRW8q/uf1Moiu/JzLNAMm6XxRlAkMCZ5GgftcMQpibAihiptbMR0SRSiYwComBHfx5WXSPq+5Ts29uajWG0UcZXSMTtAZctElqqMGaqIWougRPaNX9GY9WS/Wu/Uxby1Zxcwh+gPr8wfbnJV/</latexit>
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Predictive statement about how matter is renormalized in QG

µbare = µrenorm +
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• 3d QG has features of topological order            exact evaluation of PI 

• How to incorporate matter while respecting this order? 

• Result: Wilson spool captures the effective physics of log Zscalar


• DHS expression of Zscalar using modified su(2) reps of QNM spectra


• Reproduces 1-loop det as GN vanishes (three-sphere      )


• Abelianisation          finite computation of higher GN corrections             


•             predictions

Recap and outlook



• Including matter into the “Farey tail” sum over topologies 

• does the non-perturbative divergence persist? 

• Quantum corrected dS3 black holes 

• CS formalism         higher-spin extensions? 

• Interpretations in terms of edge modes / dS holography? 

• Topological bulk / edge correspondence 

• Where do our representations fit? What do they say about the 
unitarity of the dual theory?

future applications?

[Emparan, Pedraza, Svesko, Tomasevic, Visser]

[Maloney, Witten], 
[Castro, Lashkari, Maloney]

[Hikida, Nishioka, 
Takayanagi, Taki; ‘22]



Thank you for your attention.



• Normalizing EVs by           , these two agree at first non-trivial order,


• …but generically different (think quenched vs. annealed disorder)


• However former is straightforward but latter is likely hard to compute.


•                          ~ arbitrary products of Wilson loop ops


• These should be allowed to link: still need systematic, efficient method 
for evaluating EV.
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<latexit sha1_base64="Ar/8XtWFS3i1B9Ci+7tKPhKwgc0=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgxZIUQY8FD/YkFewHtGnZbCft0s0m7G6UEvo/vHhQxKv/xZv/xm2bg7Y+GHi8N8PMPD/mTGnH+bZya+sbm1v57cLO7t7+QfHwqKmiRFJs0IhHsu0ThZwJbGimObZjiST0Obb88c3Mbz2iVCwSD3oSoxeSoWABo0QbqXfbv+tVush5L72oTPvFklN25rBXiZuREmSo94tf3UFEkxCFppwo1XGdWHspkZpRjtNCN1EYEzomQ+wYKkiIykvnV0/tM6MM7CCSpoS25+rviZSESk1C33SGRI/UsjcT//M6iQ6uvZSJONEo6GJRkHBbR/YsAnvAJFLNJ4YQKpm51aYjIgnVJqiCCcFdfnmVNCtl1ym795elai2LIw8ncArn4MIVVKEGdWgABQnP8Apv1pP1Yr1bH4vWnJXNHMMfWJ8/f7mR3g==</latexit><latexit sha1_base64="Ar/8XtWFS3i1B9Ci+7tKPhKwgc0=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgxZIUQY8FD/YkFewHtGnZbCft0s0m7G6UEvo/vHhQxKv/xZv/xm2bg7Y+GHi8N8PMPD/mTGnH+bZya+sbm1v57cLO7t7+QfHwqKmiRFJs0IhHsu0ThZwJbGimObZjiST0Obb88c3Mbz2iVCwSD3oSoxeSoWABo0QbqXfbv+tVush5L72oTPvFklN25rBXiZuREmSo94tf3UFEkxCFppwo1XGdWHspkZpRjtNCN1EYEzomQ+wYKkiIykvnV0/tM6MM7CCSpoS25+rviZSESk1C33SGRI/UsjcT//M6iQ6uvZSJONEo6GJRkHBbR/YsAnvAJFLNJ4YQKpm51aYjIgnVJqiCCcFdfnmVNCtl1ym795elai2LIw8ncArn4MIVVKEGdWgABQnP8Apv1pP1Yr1bH4vWnJXNHMMfWJ8/f7mR3g==</latexit><latexit sha1_base64="Ar/8XtWFS3i1B9Ci+7tKPhKwgc0=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgxZIUQY8FD/YkFewHtGnZbCft0s0m7G6UEvo/vHhQxKv/xZv/xm2bg7Y+GHi8N8PMPD/mTGnH+bZya+sbm1v57cLO7t7+QfHwqKmiRFJs0IhHsu0ThZwJbGimObZjiST0Obb88c3Mbz2iVCwSD3oSoxeSoWABo0QbqXfbv+tVush5L72oTPvFklN25rBXiZuREmSo94tf3UFEkxCFppwo1XGdWHspkZpRjtNCN1EYEzomQ+wYKkiIykvnV0/tM6MM7CCSpoS25+rviZSESk1C33SGRI/UsjcT//M6iQ6uvZSJONEo6GJRkHBbR/YsAnvAJFLNJ4YQKpm51aYjIgnVJqiCCcFdfnmVNCtl1ym795elai2LIw8ncArn4MIVVKEGdWgABQnP8Apv1pP1Yr1bH4vWnJXNHMMfWJ8/f7mR3g==</latexit><latexit sha1_base64="Ar/8XtWFS3i1B9Ci+7tKPhKwgc0=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgxZIUQY8FD/YkFewHtGnZbCft0s0m7G6UEvo/vHhQxKv/xZv/xm2bg7Y+GHi8N8PMPD/mTGnH+bZya+sbm1v57cLO7t7+QfHwqKmiRFJs0IhHsu0ThZwJbGimObZjiST0Obb88c3Mbz2iVCwSD3oSoxeSoWABo0QbqXfbv+tVush5L72oTPvFklN25rBXiZuREmSo94tf3UFEkxCFppwo1XGdWHspkZpRjtNCN1EYEzomQ+wYKkiIykvnV0/tM6MM7CCSpoS25+rviZSESk1C33SGRI/UsjcT//M6iQ6uvZSJONEo6GJRkHBbR/YsAnvAJFLNJ4YQKpm51aYjIgnVJqiCCcFdfnmVNCtl1ym795elai2LIw8ncArn4MIVVKEGdWgABQnP8Apv1pP1Yr1bH4vWnJXNHMMfWJ8/f7mR3g==</latexit>

Zscalar = e
1
4Wj

<latexit sha1_base64="oZevOVUTt4i/zPnDRSSJtC45Dbs=">AAACE3icbVDJSgNBEO1xjXGLevTSGATxEGZE0IsgeMkxglkwE4eeTk3S2rPQXSOGYf7Bi7/ixYMiXr1482/sLAdNfFDweK+Kqnp+IoVG2/625uYXFpeWCyvF1bX1jc3S1nZDx6niUOexjFXLZxqkiKCOAiW0EgUs9CU0/buLod+8B6VFHF3hIIFOyHqRCARnaCSvdHjtuQgPmGnOJFP5GdxkbqAYz5w8O87dkGHf92nTu829Utmu2CPQWeJMSJlMUPNKX2435mkIEXLJtG47doKdjCkUXEJedFMNCeN3rAdtQyMWgu5ko59yum+ULg1iZSpCOlJ/T2Qs1HoQ+qZzeKOe9obif147xeC0k4koSREiPl4UpJJiTIcB0a5QwFEODGFcCXMr5X1mEkETY9GE4Ey/PEsaRxXHrjiXx+Xz6iSOAtkle+SAOOSEnJMqqZE64eSRPJNX8mY9WS/Wu/Uxbp2zJjM75A+szx8dRJ7s</latexit><latexit sha1_base64="oZevOVUTt4i/zPnDRSSJtC45Dbs=">AAACE3icbVDJSgNBEO1xjXGLevTSGATxEGZE0IsgeMkxglkwE4eeTk3S2rPQXSOGYf7Bi7/ixYMiXr1482/sLAdNfFDweK+Kqnp+IoVG2/625uYXFpeWCyvF1bX1jc3S1nZDx6niUOexjFXLZxqkiKCOAiW0EgUs9CU0/buLod+8B6VFHF3hIIFOyHqRCARnaCSvdHjtuQgPmGnOJFP5GdxkbqAYz5w8O87dkGHf92nTu829Utmu2CPQWeJMSJlMUPNKX2435mkIEXLJtG47doKdjCkUXEJedFMNCeN3rAdtQyMWgu5ko59yum+ULg1iZSpCOlJ/T2Qs1HoQ+qZzeKOe9obif147xeC0k4koSREiPl4UpJJiTIcB0a5QwFEODGFcCXMr5X1mEkETY9GE4Ey/PEsaRxXHrjiXx+Xz6iSOAtkle+SAOOSEnJMqqZE64eSRPJNX8mY9WS/Wu/Uxbp2zJjM75A+szx8dRJ7s</latexit><latexit sha1_base64="oZevOVUTt4i/zPnDRSSJtC45Dbs=">AAACE3icbVDJSgNBEO1xjXGLevTSGATxEGZE0IsgeMkxglkwE4eeTk3S2rPQXSOGYf7Bi7/ixYMiXr1482/sLAdNfFDweK+Kqnp+IoVG2/625uYXFpeWCyvF1bX1jc3S1nZDx6niUOexjFXLZxqkiKCOAiW0EgUs9CU0/buLod+8B6VFHF3hIIFOyHqRCARnaCSvdHjtuQgPmGnOJFP5GdxkbqAYz5w8O87dkGHf92nTu829Utmu2CPQWeJMSJlMUPNKX2435mkIEXLJtG47doKdjCkUXEJedFMNCeN3rAdtQyMWgu5ko59yum+ULg1iZSpCOlJ/T2Qs1HoQ+qZzeKOe9obif147xeC0k4koSREiPl4UpJJiTIcB0a5QwFEODGFcCXMr5X1mEkETY9GE4Ey/PEsaRxXHrjiXx+Xz6iSOAtkle+SAOOSEnJMqqZE64eSRPJNX8mY9WS/Wu/Uxbp2zJjM75A+szx8dRJ7s</latexit><latexit sha1_base64="oZevOVUTt4i/zPnDRSSJtC45Dbs=">AAACE3icbVDJSgNBEO1xjXGLevTSGATxEGZE0IsgeMkxglkwE4eeTk3S2rPQXSOGYf7Bi7/ixYMiXr1482/sLAdNfFDweK+Kqnp+IoVG2/625uYXFpeWCyvF1bX1jc3S1nZDx6niUOexjFXLZxqkiKCOAiW0EgUs9CU0/buLod+8B6VFHF3hIIFOyHqRCARnaCSvdHjtuQgPmGnOJFP5GdxkbqAYz5w8O87dkGHf92nTu829Utmu2CPQWeJMSJlMUPNKX2435mkIEXLJtG47doKdjCkUXEJedFMNCeN3rAdtQyMWgu5ko59yum+ULg1iZSpCOlJ/T2Qs1HoQ+qZzeKOe9obif147xeC0k4koSREiPl4UpJJiTIcB0a5QwFEODGFcCXMr5X1mEkETY9GE4Ey/PEsaRxXHrjiXx+Xz6iSOAtkle+SAOOSEnJMqqZE64eSRPJNX8mY9WS/Wu/Uxbp2zJjM75A+szx8dRJ7s</latexit>
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<latexit sha1_base64="SKKyEC7U3EPFqXv8ADON0+Rey1A="></latexit><latexit sha1_base64="SKKyEC7U3EPFqXv8ADON0+Rey1A="></latexit><latexit sha1_base64="SKKyEC7U3EPFqXv8ADON0+Rey1A="></latexit><latexit sha1_base64="SKKyEC7U3EPFqXv8ADON0+Rey1A="></latexit>



Edge modes & dS/CFT
• LRO : Bulk / Edge correspondence of topological phases.

Exploring dS/CFT dictionary?

[Hikida, Nishioka, 
Takayanagi, Taki; ‘21+22]

• Unitarity properties of dual?


• dS entropy as entanglement?


• Other explorations: 


• complexity, 


• local probes = Wilson lines 
anchored to stretched horizon


• …



• Spectrum of Wess-Zumino-Witten model generated by             current algebra


• Standard rep,     , of affine algebra built from rep, R, of finite algebra


• Unitarity of R is not a guarantee of unitarity of     ! 

• see e.g.  

• In this case                         gives us problems even for 


• Easy to find states 

ŝu(2)k
<latexit sha1_base64="/UZp6TGv1yc2M6oJrvON7N6saOU=">AAACAXicbVBNS8NAEN34WetX1IvgJViEeilJEfRY8NJjBfsBTQiT7aZdutmE3Y1QQrz4V7x4UMSr/8Kb/8ZNm4O2Phh4vDfDzLwgYVQq2/421tY3Nre2KzvV3b39g0Pz6Lgn41Rg0sUxi8UgAEkY5aSrqGJkkAgCUcBIP5jeFn7/gQhJY36vZgnxIhhzGlIMSku+eepOQGVuBGoSCphmMs3zevPSn/pmzW7Yc1irxClJDZXo+OaXO4pxGhGuMAMph46dKC8DoShmJK+6qSQJ4CmMyVBTDhGRXjb/ILcutDKywljo4sqaq78nMoiknEWB7ixOlcteIf7nDVMV3ngZ5UmqCMeLRWHKLBVbRRzWiAqCFZtpAlhQfauFJyAAKx1aVYfgLL+8SnrNhmM3nLurWqtdxlFBZ+gc1ZGDrlELtVEHdRFGj+gZvaI348l4Md6Nj0XrmlHOnKA/MD5/ALD1lwk=</latexit><latexit sha1_base64="/UZp6TGv1yc2M6oJrvON7N6saOU=">AAACAXicbVBNS8NAEN34WetX1IvgJViEeilJEfRY8NJjBfsBTQiT7aZdutmE3Y1QQrz4V7x4UMSr/8Kb/8ZNm4O2Phh4vDfDzLwgYVQq2/421tY3Nre2KzvV3b39g0Pz6Lgn41Rg0sUxi8UgAEkY5aSrqGJkkAgCUcBIP5jeFn7/gQhJY36vZgnxIhhzGlIMSku+eepOQGVuBGoSCphmMs3zevPSn/pmzW7Yc1irxClJDZXo+OaXO4pxGhGuMAMph46dKC8DoShmJK+6qSQJ4CmMyVBTDhGRXjb/ILcutDKywljo4sqaq78nMoiknEWB7ixOlcteIf7nDVMV3ngZ5UmqCMeLRWHKLBVbRRzWiAqCFZtpAlhQfauFJyAAKx1aVYfgLL+8SnrNhmM3nLurWqtdxlFBZ+gc1ZGDrlELtVEHdRFGj+gZvaI348l4Md6Nj0XrmlHOnKA/MD5/ALD1lwk=</latexit><latexit sha1_base64="/UZp6TGv1yc2M6oJrvON7N6saOU=">AAACAXicbVBNS8NAEN34WetX1IvgJViEeilJEfRY8NJjBfsBTQiT7aZdutmE3Y1QQrz4V7x4UMSr/8Kb/8ZNm4O2Phh4vDfDzLwgYVQq2/421tY3Nre2KzvV3b39g0Pz6Lgn41Rg0sUxi8UgAEkY5aSrqGJkkAgCUcBIP5jeFn7/gQhJY36vZgnxIhhzGlIMSku+eepOQGVuBGoSCphmMs3zevPSn/pmzW7Yc1irxClJDZXo+OaXO4pxGhGuMAMph46dKC8DoShmJK+6qSQJ4CmMyVBTDhGRXjb/ILcutDKywljo4sqaq78nMoiknEWB7ixOlcteIf7nDVMV3ngZ5UmqCMeLRWHKLBVbRRzWiAqCFZtpAlhQfauFJyAAKx1aVYfgLL+8SnrNhmM3nLurWqtdxlFBZ+gc1ZGDrlELtVEHdRFGj+gZvaI348l4Md6Nj0XrmlHOnKA/MD5/ALD1lwk=</latexit><latexit sha1_base64="/UZp6TGv1yc2M6oJrvON7N6saOU=">AAACAXicbVBNS8NAEN34WetX1IvgJViEeilJEfRY8NJjBfsBTQiT7aZdutmE3Y1QQrz4V7x4UMSr/8Kb/8ZNm4O2Phh4vDfDzLwgYVQq2/421tY3Nre2KzvV3b39g0Pz6Lgn41Rg0sUxi8UgAEkY5aSrqGJkkAgCUcBIP5jeFn7/gQhJY36vZgnxIhhzGlIMSku+eepOQGVuBGoSCphmMs3zevPSn/pmzW7Yc1irxClJDZXo+OaXO4pxGhGuMAMph46dKC8DoShmJK+6qSQJ4CmMyVBTDhGRXjb/ILcutDKywljo4sqaq78nMoiknEWB7ixOlcteIf7nDVMV3ngZ5UmqCMeLRWHKLBVbRRzWiAqCFZtpAlhQfauFJyAAKx1aVYfgLL+8SnrNhmM3nLurWqtdxlFBZ+gc1ZGDrlELtVEHdRFGj+gZvaI348l4Md6Nj0XrmlHOnKA/MD5/ALD1lwk=</latexit>
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m+n + km�m+n�

ab
<latexit sha1_base64="VZQwdrVGy3L6rIDbHZNvLXor+EY="></latexit><latexit sha1_base64="VZQwdrVGy3L6rIDbHZNvLXor+EY="></latexit><latexit sha1_base64="VZQwdrVGy3L6rIDbHZNvLXor+EY="></latexit><latexit sha1_base64="VZQwdrVGy3L6rIDbHZNvLXor+EY="></latexit>

R̂
<latexit sha1_base64="OdND1hscb/zVfLSyHXrjJBMtrnI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmMU84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1uyOK5L5XKvsVfw6ySoKclCFHvVf66vY1S2OukElqbSfwEwwzalAwyafFbmp5QtmYDnnHUUVjbsNsfu2UnDulTwbauFJI5urviYzG1k7iyHXGFEd22ZuJ/3mdFAc3YSZUkiJXbLFokEqCmsxeJ31hOEM5cYQyI9ythI2ooQxdQEUXQrD88ippXlYCvxLcXZWrtTyOApzCGVxAANdQhRrUoQEMHuEZXuHN096L9+59LFrXvHzmBP7A+/wBCS6Oxw==</latexit><latexit sha1_base64="OdND1hscb/zVfLSyHXrjJBMtrnI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmMU84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1uyOK5L5XKvsVfw6ySoKclCFHvVf66vY1S2OukElqbSfwEwwzalAwyafFbmp5QtmYDnnHUUVjbsNsfu2UnDulTwbauFJI5urviYzG1k7iyHXGFEd22ZuJ/3mdFAc3YSZUkiJXbLFokEqCmsxeJ31hOEM5cYQyI9ythI2ooQxdQEUXQrD88ippXlYCvxLcXZWrtTyOApzCGVxAANdQhRrUoQEMHuEZXuHN096L9+59LFrXvHzmBP7A+/wBCS6Oxw==</latexit><latexit sha1_base64="OdND1hscb/zVfLSyHXrjJBMtrnI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmMU84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1uyOK5L5XKvsVfw6ySoKclCFHvVf66vY1S2OukElqbSfwEwwzalAwyafFbmp5QtmYDnnHUUVjbsNsfu2UnDulTwbauFJI5urviYzG1k7iyHXGFEd22ZuJ/3mdFAc3YSZUkiJXbLFokEqCmsxeJ31hOEM5cYQyI9ythI2ooQxdQEUXQrD88ippXlYCvxLcXZWrtTyOApzCGVxAANdQhRrUoQEMHuEZXuHN096L9+59LFrXvHzmBP7A+/wBCS6Oxw==</latexit><latexit sha1_base64="OdND1hscb/zVfLSyHXrjJBMtrnI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmMU84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1uyOK5L5XKvsVfw6ySoKclCFHvVf66vY1S2OukElqbSfwEwwzalAwyafFbmp5QtmYDnnHUUVjbsNsfu2UnDulTwbauFJI5urviYzG1k7iyHXGFEd22ZuJ/3mdFAc3YSZUkiJXbLFokEqCmsxeJ31hOEM5cYQyI9ythI2ooQxdQEUXQrD88ippXlYCvxLcXZWrtTyOApzCGVxAANdQhRrUoQEMHuEZXuHN096L9+59LFrXvHzmBP7A+/wBCS6Oxw==</latexit>

R̂
<latexit sha1_base64="OdND1hscb/zVfLSyHXrjJBMtrnI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmMU84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1uyOK5L5XKvsVfw6ySoKclCFHvVf66vY1S2OukElqbSfwEwwzalAwyafFbmp5QtmYDnnHUUVjbsNsfu2UnDulTwbauFJI5urviYzG1k7iyHXGFEd22ZuJ/3mdFAc3YSZUkiJXbLFokEqCmsxeJ31hOEM5cYQyI9ythI2ooQxdQEUXQrD88ippXlYCvxLcXZWrtTyOApzCGVxAANdQhRrUoQEMHuEZXuHN096L9+59LFrXvHzmBP7A+/wBCS6Oxw==</latexit><latexit sha1_base64="OdND1hscb/zVfLSyHXrjJBMtrnI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmMU84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1uyOK5L5XKvsVfw6ySoKclCFHvVf66vY1S2OukElqbSfwEwwzalAwyafFbmp5QtmYDnnHUUVjbsNsfu2UnDulTwbauFJI5urviYzG1k7iyHXGFEd22ZuJ/3mdFAc3YSZUkiJXbLFokEqCmsxeJ31hOEM5cYQyI9ythI2ooQxdQEUXQrD88ippXlYCvxLcXZWrtTyOApzCGVxAANdQhRrUoQEMHuEZXuHN096L9+59LFrXvHzmBP7A+/wBCS6Oxw==</latexit><latexit sha1_base64="OdND1hscb/zVfLSyHXrjJBMtrnI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmMU84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1uyOK5L5XKvsVfw6ySoKclCFHvVf66vY1S2OukElqbSfwEwwzalAwyafFbmp5QtmYDnnHUUVjbsNsfu2UnDulTwbauFJI5urviYzG1k7iyHXGFEd22ZuJ/3mdFAc3YSZUkiJXbLFokEqCmsxeJ31hOEM5cYQyI9ythI2ooQxdQEUXQrD88ippXlYCvxLcXZWrtTyOApzCGVxAANdQhRrUoQEMHuEZXuHN096L9+59LFrXvHzmBP7A+/wBCS6Oxw==</latexit><latexit sha1_base64="OdND1hscb/zVfLSyHXrjJBMtrnI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmMU84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1uyOK5L5XKvsVfw6ySoKclCFHvVf66vY1S2OukElqbSfwEwwzalAwyafFbmp5QtmYDnnHUUVjbsNsfu2UnDulTwbauFJI5urviYzG1k7iyHXGFEd22ZuJ/3mdFAc3YSZUkiJXbLFokEqCmsxeJ31hOEM5cYQyI9ythI2ooQxdQEUXQrD88ippXlYCvxLcXZWrtTyOApzCGVxAANdQhRrUoQEMHuEZXuHN096L9+59LFrXvHzmBP7A+/wBCS6Oxw==</latexit>

ŝl(2,R)k
<latexit sha1_base64="Guh1jq0PRtpsO/5yYTB13yC1Wf4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqSEmKoMuCmy6r2Ac0IUymk3boZBJmJkIJ2bvxV9y4UMStP+DOv3GSZqGtBy4czrmXe+/xY0alsqxvY219Y3Nru7JT3d3bPzg0j477MkoEJj0csUgMfSQJo5z0FFWMDGNBUOgzMvBnN7k/eCBC0ojfq3lM3BBNOA0oRkpLnllzpkilTojUNBBolkqWZY3WRSH4Prw792aeWbeaVgG4SuyS1EGJrmd+OeMIJyHhCjMk5ci2YuWmSCiKGcmqTiJJjPAMTchIU45CIt20+CWDZ1oZwyASuriChfp7IkWhlPPQ1535jXLZy8X/vFGigms3pTxOFOF4sShIGFQRzIOBYyoIVmyuCcKC6lshniKBsNLxVXUI9vLLq6TfatpW0769rLc7ZRwVcApqoAFscAXaoAO6oAcweATP4BW8GU/Gi/FufCxa14xy5gT8gfH5A69qmsw=</latexit><latexit sha1_base64="Guh1jq0PRtpsO/5yYTB13yC1Wf4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqSEmKoMuCmy6r2Ac0IUymk3boZBJmJkIJ2bvxV9y4UMStP+DOv3GSZqGtBy4czrmXe+/xY0alsqxvY219Y3Nru7JT3d3bPzg0j477MkoEJj0csUgMfSQJo5z0FFWMDGNBUOgzMvBnN7k/eCBC0ojfq3lM3BBNOA0oRkpLnllzpkilTojUNBBolkqWZY3WRSH4Prw792aeWbeaVgG4SuyS1EGJrmd+OeMIJyHhCjMk5ci2YuWmSCiKGcmqTiJJjPAMTchIU45CIt20+CWDZ1oZwyASuriChfp7IkWhlPPQ1535jXLZy8X/vFGigms3pTxOFOF4sShIGFQRzIOBYyoIVmyuCcKC6lshniKBsNLxVXUI9vLLq6TfatpW0769rLc7ZRwVcApqoAFscAXaoAO6oAcweATP4BW8GU/Gi/FufCxa14xy5gT8gfH5A69qmsw=</latexit><latexit sha1_base64="Guh1jq0PRtpsO/5yYTB13yC1Wf4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqSEmKoMuCmy6r2Ac0IUymk3boZBJmJkIJ2bvxV9y4UMStP+DOv3GSZqGtBy4czrmXe+/xY0alsqxvY219Y3Nru7JT3d3bPzg0j477MkoEJj0csUgMfSQJo5z0FFWMDGNBUOgzMvBnN7k/eCBC0ojfq3lM3BBNOA0oRkpLnllzpkilTojUNBBolkqWZY3WRSH4Prw792aeWbeaVgG4SuyS1EGJrmd+OeMIJyHhCjMk5ci2YuWmSCiKGcmqTiJJjPAMTchIU45CIt20+CWDZ1oZwyASuriChfp7IkWhlPPQ1535jXLZy8X/vFGigms3pTxOFOF4sShIGFQRzIOBYyoIVmyuCcKC6lshniKBsNLxVXUI9vLLq6TfatpW0769rLc7ZRwVcApqoAFscAXaoAO6oAcweATP4BW8GU/Gi/FufCxa14xy5gT8gfH5A69qmsw=</latexit><latexit sha1_base64="Guh1jq0PRtpsO/5yYTB13yC1Wf4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqSEmKoMuCmy6r2Ac0IUymk3boZBJmJkIJ2bvxV9y4UMStP+DOv3GSZqGtBy4czrmXe+/xY0alsqxvY219Y3Nru7JT3d3bPzg0j477MkoEJj0csUgMfSQJo5z0FFWMDGNBUOgzMvBnN7k/eCBC0ojfq3lM3BBNOA0oRkpLnllzpkilTojUNBBolkqWZY3WRSH4Prw792aeWbeaVgG4SuyS1EGJrmd+OeMIJyHhCjMk5ci2YuWmSCiKGcmqTiJJjPAMTchIU45CIt20+CWDZ1oZwyASuriChfp7IkWhlPPQ1535jXLZy8X/vFGigms3pTxOFOF4sShIGFQRzIOBYyoIVmyuCcKC6lshniKBsNLxVXUI9vLLq6TfatpW0769rLc7ZRwVcApqoAFscAXaoAO6oAcweATP4BW8GU/Gi/FufCxa14xy5gT8gfH5A69qmsw=</latexit>

[Dixon, Peskin, Lykken] [Maldacena, Ooguri]

k = � ± is 2 C
<latexit sha1_base64="ud8pvkhVX+8FaZ1QV8gaLoI1K80=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQS9CoZceK9gPaELZbLbt0s0m7G6EEgpe/CtePCji1T/hzX/jps1BWx8MPN6bYWZekHCmtON8W6W19Y3NrfJ2ZWd3b//APjzqqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeYNHK/+0ClYrG419OE+hEeCTZkBGsjDeyTya0XUq6xl0SIKY8JL8J6HASoMbCrTs2ZA60StyBVKNAa2F9eGJM0okITjpXqu06i/QxLzQins4qXKppgMsEj2jdU4IgqP5v/MEPnRgnRMJamhEZz9fdEhiOlplFgOvMD1bKXi/95/VQPb/yMiSTVVJDFomHKkY5RHggKmaRE86khmEhmbkVkjCUm2sRWMSG4yy+vks5lzXVq7t1Vtd4s4ijDKZzBBbhwDXVoQgvaQOARnuEV3qwn68V6tz4WrSWrmDmGP7A+fwBfF5dY</latexit><latexit sha1_base64="ud8pvkhVX+8FaZ1QV8gaLoI1K80=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQS9CoZceK9gPaELZbLbt0s0m7G6EEgpe/CtePCji1T/hzX/jps1BWx8MPN6bYWZekHCmtON8W6W19Y3NrfJ2ZWd3b//APjzqqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeYNHK/+0ClYrG419OE+hEeCTZkBGsjDeyTya0XUq6xl0SIKY8JL8J6HASoMbCrTs2ZA60StyBVKNAa2F9eGJM0okITjpXqu06i/QxLzQins4qXKppgMsEj2jdU4IgqP5v/MEPnRgnRMJamhEZz9fdEhiOlplFgOvMD1bKXi/95/VQPb/yMiSTVVJDFomHKkY5RHggKmaRE86khmEhmbkVkjCUm2sRWMSG4yy+vks5lzXVq7t1Vtd4s4ijDKZzBBbhwDXVoQgvaQOARnuEV3qwn68V6tz4WrSWrmDmGP7A+fwBfF5dY</latexit><latexit sha1_base64="ud8pvkhVX+8FaZ1QV8gaLoI1K80=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQS9CoZceK9gPaELZbLbt0s0m7G6EEgpe/CtePCji1T/hzX/jps1BWx8MPN6bYWZekHCmtON8W6W19Y3NrfJ2ZWd3b//APjzqqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeYNHK/+0ClYrG419OE+hEeCTZkBGsjDeyTya0XUq6xl0SIKY8JL8J6HASoMbCrTs2ZA60StyBVKNAa2F9eGJM0okITjpXqu06i/QxLzQins4qXKppgMsEj2jdU4IgqP5v/MEPnRgnRMJamhEZz9fdEhiOlplFgOvMD1bKXi/95/VQPb/yMiSTVVJDFomHKkY5RHggKmaRE86khmEhmbkVkjCUm2sRWMSG4yy+vks5lzXVq7t1Vtd4s4ijDKZzBBbhwDXVoQgvaQOARnuEV3qwn68V6tz4WrSWrmDmGP7A+fwBfF5dY</latexit><latexit sha1_base64="ud8pvkhVX+8FaZ1QV8gaLoI1K80=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQS9CoZceK9gPaELZbLbt0s0m7G6EEgpe/CtePCji1T/hzX/jps1BWx8MPN6bYWZekHCmtON8W6W19Y3NrfJ2ZWd3b//APjzqqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeYNHK/+0ClYrG419OE+hEeCTZkBGsjDeyTya0XUq6xl0SIKY8JL8J6HASoMbCrTs2ZA60StyBVKNAa2F9eGJM0okITjpXqu06i/QxLzQins4qXKppgMsEj2jdU4IgqP5v/MEPnRgnRMJamhEZz9fdEhiOlplFgOvMD1bKXi/95/VQPb/yMiSTVVJDFomHKkY5RHggKmaRE86khmEhmbkVkjCUm2sRWMSG4yy+vks5lzXVq7t1Vtd4s4ijDKZzBBbhwDXVoQgvaQOARnuEV3qwn68V6tz4WrSWrmDmGP7A+fwBfF5dY</latexit>

ŝu(2)k
<latexit sha1_base64="/UZp6TGv1yc2M6oJrvON7N6saOU=">AAACAXicbVBNS8NAEN34WetX1IvgJViEeilJEfRY8NJjBfsBTQiT7aZdutmE3Y1QQrz4V7x4UMSr/8Kb/8ZNm4O2Phh4vDfDzLwgYVQq2/421tY3Nre2KzvV3b39g0Pz6Lgn41Rg0sUxi8UgAEkY5aSrqGJkkAgCUcBIP5jeFn7/gQhJY36vZgnxIhhzGlIMSku+eepOQGVuBGoSCphmMs3zevPSn/pmzW7Yc1irxClJDZXo+OaXO4pxGhGuMAMph46dKC8DoShmJK+6qSQJ4CmMyVBTDhGRXjb/ILcutDKywljo4sqaq78nMoiknEWB7ixOlcteIf7nDVMV3ngZ5UmqCMeLRWHKLBVbRRzWiAqCFZtpAlhQfauFJyAAKx1aVYfgLL+8SnrNhmM3nLurWqtdxlFBZ+gc1ZGDrlELtVEHdRFGj+gZvaI348l4Md6Nj0XrmlHOnKA/MD5/ALD1lwk=</latexit><latexit sha1_base64="/UZp6TGv1yc2M6oJrvON7N6saOU=">AAACAXicbVBNS8NAEN34WetX1IvgJViEeilJEfRY8NJjBfsBTQiT7aZdutmE3Y1QQrz4V7x4UMSr/8Kb/8ZNm4O2Phh4vDfDzLwgYVQq2/421tY3Nre2KzvV3b39g0Pz6Lgn41Rg0sUxi8UgAEkY5aSrqGJkkAgCUcBIP5jeFn7/gQhJY36vZgnxIhhzGlIMSku+eepOQGVuBGoSCphmMs3zevPSn/pmzW7Yc1irxClJDZXo+OaXO4pxGhGuMAMph46dKC8DoShmJK+6qSQJ4CmMyVBTDhGRXjb/ILcutDKywljo4sqaq78nMoiknEWB7ixOlcteIf7nDVMV3ngZ5UmqCMeLRWHKLBVbRRzWiAqCFZtpAlhQfauFJyAAKx1aVYfgLL+8SnrNhmM3nLurWqtdxlFBZ+gc1ZGDrlELtVEHdRFGj+gZvaI348l4Md6Nj0XrmlHOnKA/MD5/ALD1lwk=</latexit><latexit sha1_base64="/UZp6TGv1yc2M6oJrvON7N6saOU=">AAACAXicbVBNS8NAEN34WetX1IvgJViEeilJEfRY8NJjBfsBTQiT7aZdutmE3Y1QQrz4V7x4UMSr/8Kb/8ZNm4O2Phh4vDfDzLwgYVQq2/421tY3Nre2KzvV3b39g0Pz6Lgn41Rg0sUxi8UgAEkY5aSrqGJkkAgCUcBIP5jeFn7/gQhJY36vZgnxIhhzGlIMSku+eepOQGVuBGoSCphmMs3zevPSn/pmzW7Yc1irxClJDZXo+OaXO4pxGhGuMAMph46dKC8DoShmJK+6qSQJ4CmMyVBTDhGRXjb/ILcutDKywljo4sqaq78nMoiknEWB7ixOlcteIf7nDVMV3ngZ5UmqCMeLRWHKLBVbRRzWiAqCFZtpAlhQfauFJyAAKx1aVYfgLL+8SnrNhmM3nLurWqtdxlFBZ+gc1ZGDrlELtVEHdRFGj+gZvaI348l4Md6Nj0XrmlHOnKA/MD5/ALD1lwk=</latexit><latexit sha1_base64="/UZp6TGv1yc2M6oJrvON7N6saOU=">AAACAXicbVBNS8NAEN34WetX1IvgJViEeilJEfRY8NJjBfsBTQiT7aZdutmE3Y1QQrz4V7x4UMSr/8Kb/8ZNm4O2Phh4vDfDzLwgYVQq2/421tY3Nre2KzvV3b39g0Pz6Lgn41Rg0sUxi8UgAEkY5aSrqGJkkAgCUcBIP5jeFn7/gQhJY36vZgnxIhhzGlIMSku+eepOQGVuBGoSCphmMs3zevPSn/pmzW7Yc1irxClJDZXo+OaXO4pxGhGuMAMph46dKC8DoShmJK+6qSQJ4CmMyVBTDhGRXjb/ILcutDKywljo4sqaq78nMoiknEWB7ixOlcteIf7nDVMV3ngZ5UmqCMeLRWHKLBVbRRzWiAqCFZtpAlhQfauFJyAAKx1aVYfgLL+8SnrNhmM3nLurWqtdxlFBZ+gc1ZGDrlELtVEHdRFGj+gZvaI348l4Md6Nj0XrmlHOnKA/MD5/ALD1lwk=</latexit>

���| i
���
2
/ k

<latexit sha1_base64="t6Mr8cRUuSNRccqvwIjUeymWBgI=">AAACCnicbVC7TsMwFHV4lvIKMLIEKiSmKqmQYKxg6Vgk+pCaUDmuk1p1bMt2kKq0Mwu/wsIAQqx8ARt/g5tmgJYjWTo6515dnxMKSpR23W9rZXVtfWOztFXe3tnd27cPDtuKpxLhFuKUy24IFaaE4ZYmmuKukBgmIcWdcHQz8zsPWCrC2Z0eCxwkMGYkIghqI/XtE/+axJOJLxTxJWQxxblwX/OF5EJzZ9S3K27VzeEsE68gFVCg2be//AFHaYKZRhQq1fNcoYMMSk0QxdOynyosIBrBGPcMZTDBKsjyKFPnzCgDJ+LSPKadXP29kcFEqXESmskE6qFa9Gbif14v1dFVkBEmUo0Zmh+KUuqYiLNenAGRGGk6NgQiScxfHTSEEiJt2iubErzFyMukXat6btW7vajUG0UdJXAMTsE58MAlqIMGaIIWQOARPINX8GY9WS/Wu/UxH12xip0j8AfW5w+uoZrj</latexit><latexit sha1_base64="t6Mr8cRUuSNRccqvwIjUeymWBgI=">AAACCnicbVC7TsMwFHV4lvIKMLIEKiSmKqmQYKxg6Vgk+pCaUDmuk1p1bMt2kKq0Mwu/wsIAQqx8ARt/g5tmgJYjWTo6515dnxMKSpR23W9rZXVtfWOztFXe3tnd27cPDtuKpxLhFuKUy24IFaaE4ZYmmuKukBgmIcWdcHQz8zsPWCrC2Z0eCxwkMGYkIghqI/XtE/+axJOJLxTxJWQxxblwX/OF5EJzZ9S3K27VzeEsE68gFVCg2be//AFHaYKZRhQq1fNcoYMMSk0QxdOynyosIBrBGPcMZTDBKsjyKFPnzCgDJ+LSPKadXP29kcFEqXESmskE6qFa9Gbif14v1dFVkBEmUo0Zmh+KUuqYiLNenAGRGGk6NgQiScxfHTSEEiJt2iubErzFyMukXat6btW7vajUG0UdJXAMTsE58MAlqIMGaIIWQOARPINX8GY9WS/Wu/UxH12xip0j8AfW5w+uoZrj</latexit><latexit sha1_base64="t6Mr8cRUuSNRccqvwIjUeymWBgI=">AAACCnicbVC7TsMwFHV4lvIKMLIEKiSmKqmQYKxg6Vgk+pCaUDmuk1p1bMt2kKq0Mwu/wsIAQqx8ARt/g5tmgJYjWTo6515dnxMKSpR23W9rZXVtfWOztFXe3tnd27cPDtuKpxLhFuKUy24IFaaE4ZYmmuKukBgmIcWdcHQz8zsPWCrC2Z0eCxwkMGYkIghqI/XtE/+axJOJLxTxJWQxxblwX/OF5EJzZ9S3K27VzeEsE68gFVCg2be//AFHaYKZRhQq1fNcoYMMSk0QxdOynyosIBrBGPcMZTDBKsjyKFPnzCgDJ+LSPKadXP29kcFEqXESmskE6qFa9Gbif14v1dFVkBEmUo0Zmh+KUuqYiLNenAGRGGk6NgQiScxfHTSEEiJt2iubErzFyMukXat6btW7vajUG0UdJXAMTsE58MAlqIMGaIIWQOARPINX8GY9WS/Wu/UxH12xip0j8AfW5w+uoZrj</latexit><latexit sha1_base64="t6Mr8cRUuSNRccqvwIjUeymWBgI=">AAACCnicbVC7TsMwFHV4lvIKMLIEKiSmKqmQYKxg6Vgk+pCaUDmuk1p1bMt2kKq0Mwu/wsIAQqx8ARt/g5tmgJYjWTo6515dnxMKSpR23W9rZXVtfWOztFXe3tnd27cPDtuKpxLhFuKUy24IFaaE4ZYmmuKukBgmIcWdcHQz8zsPWCrC2Z0eCxwkMGYkIghqI/XtE/+axJOJLxTxJWQxxblwX/OF5EJzZ9S3K27VzeEsE68gFVCg2be//AFHaYKZRhQq1fNcoYMMSk0QxdOynyosIBrBGPcMZTDBKsjyKFPnzCgDJ+LSPKadXP29kcFEqXESmskE6qFa9Gbif14v1dFVkBEmUo0Zmh+KUuqYiLNenAGRGGk6NgQiScxfHTSEEiJt2iubErzFyMukXat6btW7vajUG0UdJXAMTsE58MAlqIMGaIIWQOARPINX8GY9WS/Wu/UxH12xip0j8AfW5w+uoZrj</latexit>

Fundamental non-unitarity? Perhaps need to alter inner product?

More ramblings on 3d dS / CFT


