
Julian Sonner  

 
 
 

Collège de France 
Paris 3 June 2022
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process, from energy injection to complete thermalization. The Cardy-Calabrese calculations

were in rational CFT, where individual modes can appear thermal but true thermalization does

not occur. Our setup is a strongly coupled non-rational theory with c > 1, and such 2d CFTs

truly thermalize, much like higher dimensional quantum field theories (see [31] for a discussion

in the context of entanglement). We give explicit formulae for various two-point functions dur-

ing the collapse, but our methods also allow for the calculation of higher-point functions. It

would be interesting, therefore, to apply them to the study of quantum chaos along the lines

of [57–59], but far from equilibrium.

2 The Collapse State
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Figure 2.1: A shell made up of individual null dust particles collapses to form a BTZ black hole.
We have labelled the particles by their dual operator insertion on the boundary in anticipation of our
CFT construction in this paper.

2.1 Motivation from the gravity side

We will construct a collapsing shell state |Vi in CFT by inserting a large number of local

primary operators. To motivate this construction, we begin by reviewing the well known gravity

calculation. The simplest model for black hole formation is the null collapse of a shell of
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Introduction

Quantum mechanical unitarity and gravitational physics 
have long had a fraught relationship. Examples:

• Black hole information problem (e.g. the Page curve) 

• Long-time behaviour of observables (e.g. 2-pt functions)

[Bekenstein, Hawking,…]

Strategy: study quantum thermalisation at 
all relevant timescales (e.g. AdS/CFT)

➛  Thermalisation, quantum chaos, quantum ergodicity

Such paradoxes arise when attempting to interpret black holes 
as thermodynamic entities

[Anous, Hartman, Rovai, JS] [Eberlein, Kasper, Sachdev, Steinberg], […]
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<latexit sha1_base64="qdcWt7NC+q2GPyaanz7isGmYoG0=">AAAB/3icbVDLSgNBEOz1GeNrVfDiZTAIXgy7Iugx6MVjRPOA7BpmJ7PJkJnZZWZWCGsO/ooXD4p49Te8+TdOHgdNLGgoqrrp7opSzrTxvG9nYXFpeWW1sFZc39jc2nZ3dus6yRShNZLwRDUjrClnktYMM5w2U0WxiDhtRP2rkd94oEqzRN6ZQUpDgbuSxYxgY6W2ux9oJlDQi7C6z0/8IQp40kW3bbfklb0x0Dzxp6QEU1Tb7lfQSUgmqDSEY61bvpeaMMfKMMLpsBhkmqaY9HGXtiyVWFAd5uP7h+jIKh0UJ8qWNGis/p7IsdB6ICLbKbDp6VlvJP7ntTITX4Q5k2lmqCSTRXHGkUnQKAzUYYoSwweWYKKYvRWRHlaYGBtZ0Ybgz748T+qnZd8r+zdnpcrlNI4CHMAhHIMP51CBa6hCDQg8wjO8wpvz5Lw4787HpHXBmc7swR84nz+YmZUq</latexit><latexit sha1_base64="qdcWt7NC+q2GPyaanz7isGmYoG0=">AAAB/3icbVDLSgNBEOz1GeNrVfDiZTAIXgy7Iugx6MVjRPOA7BpmJ7PJkJnZZWZWCGsO/ooXD4p49Te8+TdOHgdNLGgoqrrp7opSzrTxvG9nYXFpeWW1sFZc39jc2nZ3dus6yRShNZLwRDUjrClnktYMM5w2U0WxiDhtRP2rkd94oEqzRN6ZQUpDgbuSxYxgY6W2ux9oJlDQi7C6z0/8IQp40kW3bbfklb0x0Dzxp6QEU1Tb7lfQSUgmqDSEY61bvpeaMMfKMMLpsBhkmqaY9HGXtiyVWFAd5uP7h+jIKh0UJ8qWNGis/p7IsdB6ICLbKbDp6VlvJP7ntTITX4Q5k2lmqCSTRXHGkUnQKAzUYYoSwweWYKKYvRWRHlaYGBtZ0Ybgz748T+qnZd8r+zdnpcrlNI4CHMAhHIMP51CBa6hCDQg8wjO8wpvz5Lw4787HpHXBmc7swR84nz+YmZUq</latexit><latexit sha1_base64="qdcWt7NC+q2GPyaanz7isGmYoG0=">AAAB/3icbVDLSgNBEOz1GeNrVfDiZTAIXgy7Iugx6MVjRPOA7BpmJ7PJkJnZZWZWCGsO/ooXD4p49Te8+TdOHgdNLGgoqrrp7opSzrTxvG9nYXFpeWW1sFZc39jc2nZ3dus6yRShNZLwRDUjrClnktYMM5w2U0WxiDhtRP2rkd94oEqzRN6ZQUpDgbuSxYxgY6W2ux9oJlDQi7C6z0/8IQp40kW3bbfklb0x0Dzxp6QEU1Tb7lfQSUgmqDSEY61bvpeaMMfKMMLpsBhkmqaY9HGXtiyVWFAd5uP7h+jIKh0UJ8qWNGis/p7IsdB6ICLbKbDp6VlvJP7ntTITX4Q5k2lmqCSTRXHGkUnQKAzUYYoSwweWYKKYvRWRHlaYGBtZ0Ybgz748T+qnZd8r+zdnpcrlNI4CHMAhHIMP51CBa6hCDQg8wjO8wpvz5Lw4787HpHXBmc7swR84nz+YmZUq</latexit><latexit sha1_base64="qdcWt7NC+q2GPyaanz7isGmYoG0=">AAAB/3icbVDLSgNBEOz1GeNrVfDiZTAIXgy7Iugx6MVjRPOA7BpmJ7PJkJnZZWZWCGsO/ooXD4p49Te8+TdOHgdNLGgoqrrp7opSzrTxvG9nYXFpeWW1sFZc39jc2nZ3dus6yRShNZLwRDUjrClnktYMM5w2U0WxiDhtRP2rkd94oEqzRN6ZQUpDgbuSxYxgY6W2ux9oJlDQi7C6z0/8IQp40kW3bbfklb0x0Dzxp6QEU1Tb7lfQSUgmqDSEY61bvpeaMMfKMMLpsBhkmqaY9HGXtiyVWFAd5uP7h+jIKh0UJ8qWNGis/p7IsdB6ICLbKbDp6VlvJP7ntTITX4Q5k2lmqCSTRXHGkUnQKAzUYYoSwweWYKKYvRWRHlaYGBtZ0Ybgz748T+qnZd8r+zdnpcrlNI4CHMAhHIMP51CBa6hCDQg8wjO8wpvz5Lw4787HpHXBmc7swR84nz+YmZUq</latexit>

⇠ N1/2 logN
<latexit sha1_base64="1OrMcHm7wVw6UJpN3As5ezM8j7c=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiZF0GXRjatSwT6giWUynbZD5xFmJmIJ+RU3LhRx64+482+ctllo64ELh3Pu5d57ophRbTzv2ymsrW9sbhW3Szu7e/sH7mG5rWWiMGlhyaTqRkgTRgVpGWoY6caKIB4x0okmNzO/80iUplLcm2lMQo5Ggg4pRsZKfbccaMph4yH1z2tZwOQINvpuxat6c8BV4uekAnI0++5XMJA44UQYzJDWPd+LTZgiZShmJCsFiSYxwhM0Ij1LBeJEh+n89gyeWmUAh1LZEgbO1d8TKeJaT3lkOzkyY73szcT/vF5ihldhSkWcGCLwYtEwYdBIOAsCDqgi2LCpJQgram+FeIwUwsbGVbIh+Msvr5J2rep7Vf/uolK/zuMogmNwAs6ADy5BHdyCJmgBDJ7AM3gFb07mvDjvzseiteDkM0fgD5zPH3Ssk2Y=</latexit><latexit sha1_base64="1OrMcHm7wVw6UJpN3As5ezM8j7c=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiZF0GXRjatSwT6giWUynbZD5xFmJmIJ+RU3LhRx64+482+ctllo64ELh3Pu5d57ophRbTzv2ymsrW9sbhW3Szu7e/sH7mG5rWWiMGlhyaTqRkgTRgVpGWoY6caKIB4x0okmNzO/80iUplLcm2lMQo5Ggg4pRsZKfbccaMph4yH1z2tZwOQINvpuxat6c8BV4uekAnI0++5XMJA44UQYzJDWPd+LTZgiZShmJCsFiSYxwhM0Ij1LBeJEh+n89gyeWmUAh1LZEgbO1d8TKeJaT3lkOzkyY73szcT/vF5ihldhSkWcGCLwYtEwYdBIOAsCDqgi2LCpJQgram+FeIwUwsbGVbIh+Msvr5J2rep7Vf/uolK/zuMogmNwAs6ADy5BHdyCJmgBDJ7AM3gFb07mvDjvzseiteDkM0fgD5zPH3Ssk2Y=</latexit><latexit sha1_base64="1OrMcHm7wVw6UJpN3As5ezM8j7c=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiZF0GXRjatSwT6giWUynbZD5xFmJmIJ+RU3LhRx64+482+ctllo64ELh3Pu5d57ophRbTzv2ymsrW9sbhW3Szu7e/sH7mG5rWWiMGlhyaTqRkgTRgVpGWoY6caKIB4x0okmNzO/80iUplLcm2lMQo5Ggg4pRsZKfbccaMph4yH1z2tZwOQINvpuxat6c8BV4uekAnI0++5XMJA44UQYzJDWPd+LTZgiZShmJCsFiSYxwhM0Ij1LBeJEh+n89gyeWmUAh1LZEgbO1d8TKeJaT3lkOzkyY73szcT/vF5ihldhSkWcGCLwYtEwYdBIOAsCDqgi2LCpJQgram+FeIwUwsbGVbIh+Msvr5J2rep7Vf/uolK/zuMogmNwAs6ADy5BHdyCJmgBDJ7AM3gFb07mvDjvzseiteDkM0fgD5zPH3Ssk2Y=</latexit><latexit sha1_base64="1OrMcHm7wVw6UJpN3As5ezM8j7c=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiZF0GXRjatSwT6giWUynbZD5xFmJmIJ+RU3LhRx64+482+ctllo64ELh3Pu5d57ophRbTzv2ymsrW9sbhW3Szu7e/sH7mG5rWWiMGlhyaTqRkgTRgVpGWoY6caKIB4x0okmNzO/80iUplLcm2lMQo5Ggg4pRsZKfbccaMph4yH1z2tZwOQINvpuxat6c8BV4uekAnI0++5XMJA44UQYzJDWPd+LTZgiZShmJCsFiSYxwhM0Ij1LBeJEh+n89gyeWmUAh1LZEgbO1d8TKeJaT3lkOzkyY73szcT/vF5ihldhSkWcGCLwYtEwYdBIOAsCDqgi2LCpJQgram+FeIwUwsbGVbIh+Msvr5J2rep7Vf/uolK/zuMogmNwAs6ADy5BHdyCJmgBDJ7AM3gFb07mvDjvzseiteDkM0fgD5zPH3Ssk2Y=</latexit>

Heisenberg 
⇠ ��1 ⇠ eS

<latexit sha1_base64="uroToGWIkTvjXyBfY+cS4AOGjvI=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCF0sigh6LevBY0X5Ak5bNdtou3WzC7kYooXjxr3jxoIhXf4U3/43bNAdtfTDweG+GmXlBzJnSjvNtLSwuLa+sFtaK6xubW9v2zm5dRYmkUKMRj2QzIAo4E1DTTHNoxhJIGHBoBMOrid94AKlYJO71KAY/JH3BeowSbaSOve8pFmLvGrgm7fTEHeNMgPZdxy45ZScDniduTkooR7Vjf3ndiCYhCE05UarlOrH2UyI1oxzGRS9REBM6JH1oGSpICMpPsxfG+MgoXdyLpCmhcab+nkhJqNQoDExnSPRAzXoT8T+vlejehZ8yEScaBJ0u6iUc6whP8sBdJoFqPjKEUMnMrZgOiCRUm9SKJgR39uV5Uj8tu07ZvT0rVS7zOAroAB2iY+Sic1RBN6iKaoiiR/SMXtGb9WS9WO/Wx7R1wcpn9tAfWJ8/xpGWXw==</latexit><latexit sha1_base64="uroToGWIkTvjXyBfY+cS4AOGjvI=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCF0sigh6LevBY0X5Ak5bNdtou3WzC7kYooXjxr3jxoIhXf4U3/43bNAdtfTDweG+GmXlBzJnSjvNtLSwuLa+sFtaK6xubW9v2zm5dRYmkUKMRj2QzIAo4E1DTTHNoxhJIGHBoBMOrid94AKlYJO71KAY/JH3BeowSbaSOve8pFmLvGrgm7fTEHeNMgPZdxy45ZScDniduTkooR7Vjf3ndiCYhCE05UarlOrH2UyI1oxzGRS9REBM6JH1oGSpICMpPsxfG+MgoXdyLpCmhcab+nkhJqNQoDExnSPRAzXoT8T+vlejehZ8yEScaBJ0u6iUc6whP8sBdJoFqPjKEUMnMrZgOiCRUm9SKJgR39uV5Uj8tu07ZvT0rVS7zOAroAB2iY+Sic1RBN6iKaoiiR/SMXtGb9WS9WO/Wx7R1wcpn9tAfWJ8/xpGWXw==</latexit><latexit sha1_base64="uroToGWIkTvjXyBfY+cS4AOGjvI=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCF0sigh6LevBY0X5Ak5bNdtou3WzC7kYooXjxr3jxoIhXf4U3/43bNAdtfTDweG+GmXlBzJnSjvNtLSwuLa+sFtaK6xubW9v2zm5dRYmkUKMRj2QzIAo4E1DTTHNoxhJIGHBoBMOrid94AKlYJO71KAY/JH3BeowSbaSOve8pFmLvGrgm7fTEHeNMgPZdxy45ZScDniduTkooR7Vjf3ndiCYhCE05UarlOrH2UyI1oxzGRS9REBM6JH1oGSpICMpPsxfG+MgoXdyLpCmhcab+nkhJqNQoDExnSPRAzXoT8T+vlejehZ8yEScaBJ0u6iUc6whP8sBdJoFqPjKEUMnMrZgOiCRUm9SKJgR39uV5Uj8tu07ZvT0rVS7zOAroAB2iY+Sic1RBN6iKaoiiR/SMXtGb9WS9WO/Wx7R1wcpn9tAfWJ8/xpGWXw==</latexit><latexit sha1_base64="uroToGWIkTvjXyBfY+cS4AOGjvI=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCF0sigh6LevBY0X5Ak5bNdtou3WzC7kYooXjxr3jxoIhXf4U3/43bNAdtfTDweG+GmXlBzJnSjvNtLSwuLa+sFtaK6xubW9v2zm5dRYmkUKMRj2QzIAo4E1DTTHNoxhJIGHBoBMOrid94AKlYJO71KAY/JH3BeowSbaSOve8pFmLvGrgm7fTEHeNMgPZdxy45ZScDniduTkooR7Vjf3ndiCYhCE05UarlOrH2UyI1oxzGRS9REBM6JH1oGSpICMpPsxfG+MgoXdyLpCmhcab+nkhJqNQoDExnSPRAzXoT8T+vlejehZ8yEScaBJ0u6iUc6whP8sBdJoFqPjKEUMnMrZgOiCRUm9SKJgR39uV5Uj8tu07ZvT0rVS7zOAroAB2iY+Sic1RBN6iKaoiiR/SMXtGb9WS9WO/Wx7R1wcpn9tAfWJ8/xpGWXw==</latexit>

[Larkin, Ovchinnikov; Kitaev; Shenker, Stanford,….]

Bdy 1

Bdy 2

Here the first factor comes from the n explicit factors of ↵ in (127), and the second factor
comes from the fact that Vg,n involves an integral over 3g+ n� 3 pairs of internal variables,
each carrying a factor of ↵ form the form (67). The final factor comes from the ↵ dependence
of the n factors of (126). Since the total ↵ dependence is of the form ↵� 3

2�, we can set ↵ to
one by a shift of S0 by 3

2 log(↵).
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3.4.1 Example: Z0,2

Although it is a somewhat special case from the perspective of the above formulas, it is
interesting to work out the formula for Z0,2 explicitly. This corresponds to the case where
the two asymptotic boundaries are connected by a “double trumpet”

(133)

Explicitly, in this case one has

Z0,2(�1, �2) =

Z 1

0

bdb

 
�1/2

(2⇡)1/2�1/2
1

e�
�
2

b2

�1

! 
�1/2

(2⇡)1/2�1/2
2

e�
�
2

b2

�2

!
(134)

=

p
�1�2

2⇡(�1 + �2)
. (135)

If we continue �1 ! �1 + it and �2 ! �2 � it, and take t � �, we get the linearly growing
“ramp” contribution to the spectral form factor

Z0,2(� + it, � � it) !
1

2⇡

t

�1 + �2
. (136)

The coefficient here agrees with the prediction of random matrix theory, but more is actually
true. The whole function (135) agrees with random matrix theory. To see this, we compute
the contribution to the correlator of resolvents (assuming E1, E2 < 0)

R0,2(E1, E2) =

Z 1

0

d�1d�2

p
�1�2

2⇡(�1 + �2)
e�1E1+�2E2 (137)

=
1

4(�E1)1/2(�E2)1/2 [(�E1)1/2 + (�E2)1/2]
2 , (138)

which agrees with the universal answer (47) for double-scaled matrix integrals.
This expression can be continued to positive energy either through the upper half plane

to E+i✏ or through the lower half plane to E�i✏. The difference between these continuations
gives the density of states (14), and one finds (using an obvious notation)

h⇢(E1)⇢(E2)i0 =
R(++) +R(��)�R(+�)�R(�+)

(�2⇡i)2
=

�1

(2⇡)2
E1 + E2

E1/2
1 E1/2

2 (E1 � E2)2
(139)

28Note that although the above calculation does not apply to the special cases (g, n) = (0, 1) or (0, 2), it
is separately also true for those cases that the ↵ dependence is ↵

� 3
2�.
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[Saad, Shenker, Stanford; Mertens, Turiaci; Altland, Bagrets, Nayak, JS; Stanford, Witten…]

eie
S

<latexit sha1_base64="SzGJG4y8XzK/AU2HGZC5Ak7hlso=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjRfkibls120i7dbMLuRiihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC6mfrNJ1Sax/LBjBP0IzqQPOSMGis9YjfjBLv3k16p7FbcGcgy8XJShhy1Xumr049ZGqE0TFCt256bGD+jynAmcFLspBoTykZ0gG1LJY1Q+9ns4Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z2unJrzyMy6T1KBk80VhKoiJyfR70ucKmRFjSyhT3N5K2JAqyozNqGhD8BZfXiaN84rnVry7i3L1Oo+jAMdwAmfgwSVU4RZqUAcGETzDK7w5ynlx3p2PeeuKk88cwR84nz952pAu</latexit><latexit sha1_base64="SzGJG4y8XzK/AU2HGZC5Ak7hlso=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjRfkibls120i7dbMLuRiihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC6mfrNJ1Sax/LBjBP0IzqQPOSMGis9YjfjBLv3k16p7FbcGcgy8XJShhy1Xumr049ZGqE0TFCt256bGD+jynAmcFLspBoTykZ0gG1LJY1Q+9ns4Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z2unJrzyMy6T1KBk80VhKoiJyfR70ucKmRFjSyhT3N5K2JAqyozNqGhD8BZfXiaN84rnVry7i3L1Oo+jAMdwAmfgwSVU4RZqUAcGETzDK7w5ynlx3p2PeeuKk88cwR84nz952pAu</latexit><latexit sha1_base64="SzGJG4y8XzK/AU2HGZC5Ak7hlso=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjRfkibls120i7dbMLuRiihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC6mfrNJ1Sax/LBjBP0IzqQPOSMGis9YjfjBLv3k16p7FbcGcgy8XJShhy1Xumr049ZGqE0TFCt256bGD+jynAmcFLspBoTykZ0gG1LJY1Q+9ns4Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z2unJrzyMy6T1KBk80VhKoiJyfR70ucKmRFjSyhT3N5K2JAqyozNqGhD8BZfXiaN84rnVry7i3L1Oo+jAMdwAmfgwSVU4RZqUAcGETzDK7w5ynlx3p2PeeuKk88cwR84nz952pAu</latexit><latexit sha1_base64="SzGJG4y8XzK/AU2HGZC5Ak7hlso=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjRfkibls120i7dbMLuRiihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC6mfrNJ1Sax/LBjBP0IzqQPOSMGis9YjfjBLv3k16p7FbcGcgy8XJShhy1Xumr049ZGqE0TFCt256bGD+jynAmcFLspBoTykZ0gG1LJY1Q+9ns4Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z2unJrzyMy6T1KBk80VhKoiJyfR70ucKmRFjSyhT3N5K2JAqyozNqGhD8BZfXiaN84rnVry7i3L1Oo+jAMdwAmfgwSVU4RZqUAcGETzDK7w5ynlx3p2PeeuKk88cwR84nz952pAu</latexit>

⇣

<latexit sha1_base64="doigCH6ZSGZogpxh3OAj7DzjdqA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoOQU9gVQY8hXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9xtsxKuDcsWv+QugdRLkpAI5moPyV3+oSCqotIRjY3qBn9gww9oywums1E8NTTCZ4BHtOSqxoCbMFtfO0IVThihW2pW0aKH+nsiwMGYqItcpsB2bVW8u/uf1UhvfhBmTSWqpJMtFccqRVWj+OhoyTYnlU0cw0czdisgYa0ysC6jkQghWX14n7cta4NeC+6tKvZHHUYQzOIcqBHANdbiDJrSAwCM8wyu8ecp78d69j2VrwctnTuEPvM8f+V+OuA==</latexit><latexit sha1_base64="doigCH6ZSGZogpxh3OAj7DzjdqA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoOQU9gVQY8hXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9xtsxKuDcsWv+QugdRLkpAI5moPyV3+oSCqotIRjY3qBn9gww9oywums1E8NTTCZ4BHtOSqxoCbMFtfO0IVThihW2pW0aKH+nsiwMGYqItcpsB2bVW8u/uf1UhvfhBmTSWqpJMtFccqRVWj+OhoyTYnlU0cw0czdisgYa0ysC6jkQghWX14n7cta4NeC+6tKvZHHUYQzOIcqBHANdbiDJrSAwCM8wyu8ecp78d69j2VrwctnTuEPvM8f+V+OuA==</latexit><latexit sha1_base64="doigCH6ZSGZogpxh3OAj7DzjdqA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoOQU9gVQY8hXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9xtsxKuDcsWv+QugdRLkpAI5moPyV3+oSCqotIRjY3qBn9gww9oywums1E8NTTCZ4BHtOSqxoCbMFtfO0IVThihW2pW0aKH+nsiwMGYqItcpsB2bVW8u/uf1UhvfhBmTSWqpJMtFccqRVWj+OhoyTYnlU0cw0czdisgYa0ysC6jkQghWX14n7cta4NeC+6tKvZHHUYQzOIcqBHANdbiDJrSAwCM8wyu8ecp78d69j2VrwctnTuEPvM8f+V+OuA==</latexit><latexit sha1_base64="doigCH6ZSGZogpxh3OAj7DzjdqA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoOQU9gVQY8hXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9xtsxKuDcsWv+QugdRLkpAI5moPyV3+oSCqotIRjY3qBn9gww9oywums1E8NTTCZ4BHtOSqxoCbMFtfO0IVThihW2pW0aKH+nsiwMGYqItcpsB2bVW8u/uf1UhvfhBmTSWqpJMtFccqRVWj+OhoyTYnlU0cw0czdisgYa0ysC6jkQghWX14n7cta4NeC+6tKvZHHUYQzOIcqBHANdbiDJrSAwCM8wyu8ecp78d69j2VrwctnTuEPvM8f+V+OuA==</latexit>
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Gravity shocks 

topology

genus - ∞ 

Here the first factor comes from the n explicit factors of ↵ in (127), and the second factor
comes from the fact that Vg,n involves an integral over 3g+ n� 3 pairs of internal variables,
each carrying a factor of ↵ form the form (67). The final factor comes from the ↵ dependence
of the n factors of (126). Since the total ↵ dependence is of the form ↵� 3

2�, we can set ↵ to
one by a shift of S0 by 3

2 log(↵).
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3.4.1 Example: Z0,2

Although it is a somewhat special case from the perspective of the above formulas, it is
interesting to work out the formula for Z0,2 explicitly. This corresponds to the case where
the two asymptotic boundaries are connected by a “double trumpet”

(133)

Explicitly, in this case one has

Z0,2(�1, �2) =

Z 1

0

bdb

 
�1/2

(2⇡)1/2�1/2
1

e�
�
2

b2

�1

! 
�1/2

(2⇡)1/2�1/2
2

e�
�
2

b2

�2

!
(134)

=

p
�1�2

2⇡(�1 + �2)
. (135)

If we continue �1 ! �1 + it and �2 ! �2 � it, and take t � �, we get the linearly growing
“ramp” contribution to the spectral form factor

Z0,2(� + it, � � it) !
1

2⇡

t

�1 + �2
. (136)

The coefficient here agrees with the prediction of random matrix theory, but more is actually
true. The whole function (135) agrees with random matrix theory. To see this, we compute
the contribution to the correlator of resolvents (assuming E1, E2 < 0)

R0,2(E1, E2) =

Z 1

0

d�1d�2

p
�1�2

2⇡(�1 + �2)
e�1E1+�2E2 (137)

=
1

4(�E1)1/2(�E2)1/2 [(�E1)1/2 + (�E2)1/2]
2 , (138)

which agrees with the universal answer (47) for double-scaled matrix integrals.
This expression can be continued to positive energy either through the upper half plane

to E+i✏ or through the lower half plane to E�i✏. The difference between these continuations
gives the density of states (14), and one finds (using an obvious notation)

h⇢(E1)⇢(E2)i0 =
R(++) +R(��)�R(+�)�R(�+)

(�2⇡i)2
=

�1

(2⇡)2
E1 + E2

E1/2
1 E1/2

2 (E1 � E2)2
(139)

28Note that although the above calculation does not apply to the special cases (g, n) = (0, 1) or (0, 2), it
is separately also true for those cases that the ↵ dependence is ↵

� 3
2�.
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<latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit><latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit><latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit><latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit>

Wt
<latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit><latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit><latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit><latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit> V

<latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit>

V
<latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="sUG5qrSQx7xGRxzjkHy31xbCSZQ=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q9keVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fn4GLhw==</latexit><latexit sha1_base64="sUG5qrSQx7xGRxzjkHy31xbCSZQ=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q9keVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fn4GLhw==</latexit><latexit sha1_base64="bK4AoZpVsNJfGdmb/OozznVIG0w=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa7UG15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QOxcYzW</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit>
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Figure 1: Application of our main result (1.4) to the butterfly e↵ect (‘scrambling’) in heavy states, i.e.
an out-of-time-order “HHLLLL” correlation function. As indicated in purple, the e↵ect of the heavy
insertions can be interpreted as dressing the propagator, s�1, of the leading mode, the “scramblon” [26],
exchanged between the light operators on the second sheet by the exponential factor s�1 = e�i↵t. In
the ergodic phase, ↵ = i|↵|, this leads to maximal scrambling, while in the non-ergodic phase, ↵ = |↵|,
this results in an oscillatory OTOC. The bulk interpretation of the scramblon picture is a single
graviton exchange in the heavy background. Full details of the calculation summarized here can be
found in section 4 below.

to obtain (1.4), relying on 1/c scalings of the Virasoro generators when computing blocks of the

form HHLL. . .L, whereas we prove this statement using the monodromy method. An important open

problem is to determine the timescale at which the identity block domination breaks down in a given

correlation function, in any given CFT. A natural candidate in sparse large-c theories is the scrambling

time t⇤ itself.

A scrambling phase transition

As we have already remarked, the thermality result (1.4) is valid only for heavy enough states, specif-

ically above the microcanonical BTZ threshold. For such states the system behaves e↵ectively ergod-

ically, the holographic interpretation being that these pure states act as if there were a bulk horizon

causing the exponential Lyapunov behavior. However, below threshold this is not the case, and thus

one might naturally expect the exponential Lyapunov growth to be absent. Below we show that indeed

this is the case, and the scrambling four-point function transitions to an oscillatory behavior. We have

just used our bulk intuition for this transition, which makes it very natural, but it is important to

emphasize that it is very non-trivial from the boundary theory point of view: we have uncovered a

sharp transition in chaotic behavior that signals that the many-body system under consideration goes

from an ergodic phase to a non-ergodic phase. In the discussion section we comment further on our

findings, and comment on its relation to other non-ergodic phases violating ETH, such as many-body

localized (MBL) systems.

At finite temperature, decaying OTOCs arise due to the exchange of a reparametrization mode

or ‘scramblon’ in the Regge correlator (see e.g. [22–25]). As depicted in figure 1, our results imply

that a similar scramblon is responsible for the decay or oscillation of OTO correlators in eigenstates,

depending on whether the eigenstate is above or below the BTZ threshold.

Holographic bulk reconstruction and black holes

Statements of the kind (1.4) are intimately related to a number of recent developments surrounding the

holographic understanding of black holes and their microstates and attempts to address the firewall

paradox raised in [27]. For example the authors of [28] point out that if statements of the type (1.4) &

4

scramblon

papillon



Spectral Quantum Chaos

Wigner surmise
GOE

t.FI

haEoissE
A

ii

I
1

Wigner (GOE) Energy levels follow  
RMT law 

(on scale of a few                   ) 
eg Sinai Billiards

Related quantity:  
spectral form factor 

(= Fourier transform of two-
level correlation              ) 

RMT:  
(ramp-plateau)

Thouless (“ergodic”) time
KH

i

l l
l 7

th th t

R2(!)
<latexit sha1_base64="aTCMOxr2iQdTGfQIednuKuUab6Q=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEYxcTAZgmzk9lkyDyWmVkhhHyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnHJmrO9/e4W19Y3NreJ2aWd3b/+gfHjUNirThLaI4kp3YmwoZ5K2LLOcdlJNsYg5fYxHNzP/8Ylqw5R8sOOURgIPJEsYwdZJ4X2vXu0qQQf4vFeu+DV/DrRKgpxUIEezV/7q9hXJBJWWcGxMGPipjSZYW0Y4nZa6maEpJiM8oKGjEgtqosn85Ck6c0ofJUq7khbN1d8TEyyMGYvYdQpsh2bZm4n/eWFmk6towmSaWSrJYlGScWQVmv2P+kxTYvnYEUw0c7ciMsQaE+tSKrkQguWXV0m7Xgv8WnB3UWlc53EU4QROoQoBXEIDbqEJLSCg4Ble4c2z3ov37n0sWgtePnMMf+B9/gAngJCB</latexit><latexit sha1_base64="aTCMOxr2iQdTGfQIednuKuUab6Q=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEYxcTAZgmzk9lkyDyWmVkhhHyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnHJmrO9/e4W19Y3NreJ2aWd3b/+gfHjUNirThLaI4kp3YmwoZ5K2LLOcdlJNsYg5fYxHNzP/8Ylqw5R8sOOURgIPJEsYwdZJ4X2vXu0qQQf4vFeu+DV/DrRKgpxUIEezV/7q9hXJBJWWcGxMGPipjSZYW0Y4nZa6maEpJiM8oKGjEgtqosn85Ck6c0ofJUq7khbN1d8TEyyMGYvYdQpsh2bZm4n/eWFmk6towmSaWSrJYlGScWQVmv2P+kxTYvnYEUw0c7ciMsQaE+tSKrkQguWXV0m7Xgv8WnB3UWlc53EU4QROoQoBXEIDbqEJLSCg4Ble4c2z3ov37n0sWgtePnMMf+B9/gAngJCB</latexit><latexit sha1_base64="aTCMOxr2iQdTGfQIednuKuUab6Q=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEYxcTAZgmzk9lkyDyWmVkhhHyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnHJmrO9/e4W19Y3NreJ2aWd3b/+gfHjUNirThLaI4kp3YmwoZ5K2LLOcdlJNsYg5fYxHNzP/8Ylqw5R8sOOURgIPJEsYwdZJ4X2vXu0qQQf4vFeu+DV/DrRKgpxUIEezV/7q9hXJBJWWcGxMGPipjSZYW0Y4nZa6maEpJiM8oKGjEgtqosn85Ck6c0ofJUq7khbN1d8TEyyMGYvYdQpsh2bZm4n/eWFmk6towmSaWSrJYlGScWQVmv2P+kxTYvnYEUw0c7ciMsQaE+tSKrkQguWXV0m7Xgv8WnB3UWlc53EU4QROoQoBXEIDbqEJLSCg4Ble4c2z3ov37n0sWgtePnMMf+B9/gAngJCB</latexit><latexit sha1_base64="aTCMOxr2iQdTGfQIednuKuUab6Q=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEYxcTAZgmzk9lkyDyWmVkhhHyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnHJmrO9/e4W19Y3NreJ2aWd3b/+gfHjUNirThLaI4kp3YmwoZ5K2LLOcdlJNsYg5fYxHNzP/8Ylqw5R8sOOURgIPJEsYwdZJ4X2vXu0qQQf4vFeu+DV/DrRKgpxUIEezV/7q9hXJBJWWcGxMGPipjSZYW0Y4nZa6maEpJiM8oKGjEgtqosn85Ck6c0ofJUq7khbN1d8TEyyMGYvYdQpsh2bZm4n/eWFmk6towmSaWSrJYlGScWQVmv2P+kxTYvnYEUw0c7ciMsQaE+tSKrkQguWXV0m7Xgv8WnB3UWlc53EU4QROoQoBXEIDbqEJLSCg4Ble4c2z3ov37n0sWgtePnMMf+B9/gAngJCB</latexit>

I
i

I I
f

t th t St

� = e�S
<latexit sha1_base64="bI8SDafZHEUB+DCp/zc9inRJ4xQ=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4MeyKoBchqAePEc0DkjXMTnqTIbMPZmYDYcmfePGgiFf/xJt/4yTZgyYWNBRV3XR3+YngSjvOt7W0vLK6tl7YKG5ube/s2nv7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMf3Ez8xhCl4nH0qEcJeiHtRTzgjGojdWy7fYtCU0KuCD5lpw/jjl1yys4UZJG4OSlBjmrH/mp3Y5aGGGkmqFIt10m0l1GpORM4LrZThQllA9rDlqERDVF52fTyMTk2SpcEsTQVaTJVf09kNFRqFPqmM6S6r+a9ifif10p1cOllPEpSjRGbLQpSQXRMJjGQLpfItBgZQpnk5lbC+lRSpk1YRROCO//yIqmflV2n7N6flyrXeRwFOIQjOAEXLqACd1CFGjAYwjO8wpuVWS/Wu/Uxa12y8pkD+APr8we6lpJp</latexit><latexit sha1_base64="bI8SDafZHEUB+DCp/zc9inRJ4xQ=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4MeyKoBchqAePEc0DkjXMTnqTIbMPZmYDYcmfePGgiFf/xJt/4yTZgyYWNBRV3XR3+YngSjvOt7W0vLK6tl7YKG5ube/s2nv7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMf3Ez8xhCl4nH0qEcJeiHtRTzgjGojdWy7fYtCU0KuCD5lpw/jjl1yys4UZJG4OSlBjmrH/mp3Y5aGGGkmqFIt10m0l1GpORM4LrZThQllA9rDlqERDVF52fTyMTk2SpcEsTQVaTJVf09kNFRqFPqmM6S6r+a9ifif10p1cOllPEpSjRGbLQpSQXRMJjGQLpfItBgZQpnk5lbC+lRSpk1YRROCO//yIqmflV2n7N6flyrXeRwFOIQjOAEXLqACd1CFGjAYwjO8wpuVWS/Wu/Uxa12y8pkD+APr8we6lpJp</latexit><latexit sha1_base64="bI8SDafZHEUB+DCp/zc9inRJ4xQ=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4MeyKoBchqAePEc0DkjXMTnqTIbMPZmYDYcmfePGgiFf/xJt/4yTZgyYWNBRV3XR3+YngSjvOt7W0vLK6tl7YKG5ube/s2nv7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMf3Ez8xhCl4nH0qEcJeiHtRTzgjGojdWy7fYtCU0KuCD5lpw/jjl1yys4UZJG4OSlBjmrH/mp3Y5aGGGkmqFIt10m0l1GpORM4LrZThQllA9rDlqERDVF52fTyMTk2SpcEsTQVaTJVf09kNFRqFPqmM6S6r+a9ifif10p1cOllPEpSjRGbLQpSQXRMJjGQLpfItBgZQpnk5lbC+lRSpk1YRROCO//yIqmflV2n7N6flyrXeRwFOIQjOAEXLqACd1CFGjAYwjO8wpuVWS/Wu/Uxa12y8pkD+APr8we6lpJp</latexit><latexit sha1_base64="bI8SDafZHEUB+DCp/zc9inRJ4xQ=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4MeyKoBchqAePEc0DkjXMTnqTIbMPZmYDYcmfePGgiFf/xJt/4yTZgyYWNBRV3XR3+YngSjvOt7W0vLK6tl7YKG5ube/s2nv7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMf3Ez8xhCl4nH0qEcJeiHtRTzgjGojdWy7fYtCU0KuCD5lpw/jjl1yys4UZJG4OSlBjmrH/mp3Y5aGGGkmqFIt10m0l1GpORM4LrZThQllA9rDlqERDVF52fTyMTk2SpcEsTQVaTJVf09kNFRqFPqmM6S6r+a9ifif10p1cOllPEpSjRGbLQpSQXRMJjGQLpfItBgZQpnk5lbC+lRSpk1YRROCO//yIqmflV2n7N6flyrXeRwFOIQjOAEXLqACd1CFGjAYwjO8wpuVWS/Wu/Uxa12y8pkD+APr8we6lpJp</latexit>

(Doubly) non-perturbative spectroscopy
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We can calculate semiclassically (including 1-loop dets):

Late-time behaviour at odds with basic unitarity!

Don’t trust anybody over 30! 
(e.g. Hawking’s 1974 calculation)
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Couplings             are drawn from a Gaussian random 
distribution with zero mean and

random (quenched) disorder model with all-to-all couplings

Model is dual to a bulk theory that includes a gravity sector (‘the Schwarzian’)
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[Sachdev, Ye; Parcollet, Georges, Kitaev.]



SYK lessons for gravity

SYK satisfies ETH for one realisation (as well as ensemble averaged)

“One for all, all for one”

At band edge: ⇢(E) = es0 sinh
⇣
2⇡

p
E
⌘
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“Schwarzian density”

This coincides with that of of 2D “JT gravity”  ➛ extends to full 
holographic duality 

[JS, Nayak, Vielma]

SYK spectral form-factor known numerically & analytically [Cotler et al.; 
Altland, Bagrets, JS, et al.]
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Figure 4: Spectral form factor as a function of scaled time ⌧ (left) and of physical time t (right). Discussion, see text.

Only for frequencies ! . !erg will universal spectral statistics be observed. Note that !erg is
much smaller than the lowest relaxation gap. As an aside, we mention that the spectral two-point
function must satisfy the sum rule

R
!R2(!) = 0 (the integral over fluctuations in the density of

states around its mean equals zero.) While this rule appears to be violated by the near frequency-
independent background of the generic modes, we note that Eq. (8) holds only for frequencies
! ⌧ �D much smaller than the band width. As shown later, modifications e↵ectively restoring
the sum rule take place at larger frequencies.

In order to compare the above prediction with earlier numerical work, we consider the num-
ber variance around some value E in the bulk of the spectrum,

⌃2(✏) = ��2

E+✏/2Z

E�✏/2

d✏1d✏2R2(✏1 � ✏2) = 2��2

✏Z

0

d!(✏ � !)R2(!) '
1
⇡2 ln

 
2⇡✏
�

!
+

4⇡✏2

�2N4 . (10)

Here, the first term is derived by integration of the RMT-contribution to the spectral two point
function over energy. The second term is obtained from the massive mode contribution, noting
that for the exponential majority of them the dispersion (! compared to ✏(k)) is negligibly weak.
The result is in semi-quantitative agreement with the numerical data shown in Ref. [14]: The
deviations from the RMT limit show a convex upturn as a function of energy, and they are
stronger for smaller N. An eyesight inspection of the data suggests that the deviations of the
N = 22 fluctuations exceed those of N = 34 by a factor of about 7. This is not far o↵ the above
result which would predict a ratio 344/224

' 5.7.
For a more structured comparison we now turn to the discussion of the spectral form factor.

The straightforward Fourier transform of the two-point function leads to

K(⌧) = KRMT(⌧) + ⌧
X

k,0,even

✓
N

k

◆
e
�⌧ 2⇡✏(k)

� , ⌧ > 0. (11)

Here, KRMT(⌧) = ⌧⇥(1�⌧)+⇥(⌧�1) is the RMT form factor obtained by Fourier transformation
of the non-perturbative zero mode contribution R2,RMT. The sum represents the contribution of
non-ergodic modes. It is multiplied by a factor ⌧ safeguarding the limit K(⌧ ! 0) ! 0 required
by unitarity (i.e. by the sum rule

R
d!R2(!) = 0 describing the constancy of the total number of

levels.) However, we emphasize that the result (11) is based on an e↵ective low energy theory
which looses validity for energies ! ⇠ D� of the order of the band width, corresponding to

8

Figure 4.1: Spectral form factor at half filling ⌫ = 1
2 for varying number of realizations and two

di↵erent temperatures at N = 14. In both cases we see the characteristic decay followed by linear
ramp and plateau behavior. Left panel: � = 1. One sees several partial revivals in the decaying
region with a power-law envelope. Right panel: � = 10. The red markers show points we used
for a fit in the slope region, where we find a decay of / t�4.53..., which is consistent with the value
reported in [45].

also see the characteristic ramp and plateau behavior [44,46] at late times which, once more,

looks qualitatively like RMT. The di↵erence between RMT and the SYK model is to be

found in the precise timescales of dip and plateau times [44]. For completeness and ease of

comparison we discuss the RMT spectral form factor in some detail in appendix B.

4.2 The two-point function

Let us now turn to the study of correlation functions of non-extensive operators. Here

we work with the two-site hopping operator hij whose one-point functions are studied in

Appendix A. The operator is defined as follows: pick two arbitrary sites i and j and write

O = hij = c
†
i
cj + c

†
j
ci . (4.2)

We have also verified that analogous results hold for the connected and full correlation

functions of the on-site number operator ni.
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[Haque et al.]



(2d) gravity & topology
Can we find the gravity description of this behaviour?

In the next section, we will show that the SD equation (2.46) is equivalent to the topo-

logical recursion relation for JT gravity. The recursion relation is supplemented with initial

input, given by the free one- and two-point functions (2.23) derived in the previous section:

hJ (z)ic
0

= !(z) , hJ (z)J (w)ic
0

= B(z, w) . (2.47)

We will show that these input data also agree with those of JT gravity, namely the disk and

annulus contributions.

3 Connection to JT gravity

The observables in the KS theory that are relevant for JT gravity are defined as the inverse

Laplace transform of J :

Z(�) ⌘
1

2⇡i

Z
c+i1

c�i1
dz J (z) e�z

2
. (3.1)

The integration contour is along the interval (�i1, i1) which is shifted slightly to the right

by a small parameter c > 0 to avoid possible poles of J at the imaginary axis1. From the

gravity perspective the observables in (3.1) should be thought of as creating an asymptotic

boundary in spacetime (or string world-sheet) of renormalized length �. In this section, we

will argue that the spacetime wormhole contributions to the JT gravity path integral will be

given by connected correlation functions of these observables in the KS theory:

Z
c
JT(�1, . . . , �n) = hZ(�1) · · · Z(�n)icKS . (3.2)

These correlation functions can be expanded in the coupling constant � of the KS theory by

matching � = e�S0 . The full genus expansion of the JT partition function now follows from

the perturbative expansion of the KS path integral. In analogy with string field theory, each

term in this expansion corresponds to a world-sheet with a fixed topology.

3.1 Lightning review of the JT path integral

To be somewhat self-contained, let us quickly review the gravitational path integral for JT

gravity [7]. Consider Euclidean JT gravity whose action on a surface M is:

SJT[g, �] = �S0 �(M) �
1

2

Z

M

d2x
p

g �(R + 2) �

Z

@M

du
p

�uu �(K � 1) . (3.3)

We choose Dirichlet-Dirichlet (DD) boundary conditions, where we fix both the metric g and

the dilaton � near the boundary:

g@M =
1

✏2
, �@M =

�r

✏
, (3.4)

1In the case that J is regular at the origin, it need not be the Laplace transform of some function. The

definition (3.1) should then be understood in a distributional sense.
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(2D JT gravity)

This has a topological expansion [Saad, Shenker, Stanford; Mirzakhani; Eynard, Orantin]

+
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e�S0
<latexit sha1_base64="ACYJ8m1WeXdQoq137aX9rxe/3Jc=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWNF+wFtLJvtpF262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbT6g0j+W9GSXoR7QvecgZNVZq4UN2etd1x91S2a24U5BF4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4LjYSTUmlA1pH9uWShqh9rPpvWNybJUeCWNlSxoyVX9PZDTSehQFtjOiZqDnvYn4n9dOTXjpZ1wmqUHJZovCVBATk8nzpMcVMiNGllCmuL2VsAFVlBkbUdGG4M2/vEgaZxXPrXi35+XqVR5HAQ7hCE7Agwuowg3UoA4MBDzDK7w5j86L8+58zFqXnHzmAP7A+fwBdyuPlA==</latexit><latexit sha1_base64="ACYJ8m1WeXdQoq137aX9rxe/3Jc=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWNF+wFtLJvtpF262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbT6g0j+W9GSXoR7QvecgZNVZq4UN2etd1x91S2a24U5BF4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4LjYSTUmlA1pH9uWShqh9rPpvWNybJUeCWNlSxoyVX9PZDTSehQFtjOiZqDnvYn4n9dOTXjpZ1wmqUHJZovCVBATk8nzpMcVMiNGllCmuL2VsAFVlBkbUdGG4M2/vEgaZxXPrXi35+XqVR5HAQ7hCE7Agwuowg3UoA4MBDzDK7w5j86L8+58zFqXnHzmAP7A+fwBdyuPlA==</latexit><latexit sha1_base64="ACYJ8m1WeXdQoq137aX9rxe/3Jc=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWNF+wFtLJvtpF262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbT6g0j+W9GSXoR7QvecgZNVZq4UN2etd1x91S2a24U5BF4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4LjYSTUmlA1pH9uWShqh9rPpvWNybJUeCWNlSxoyVX9PZDTSehQFtjOiZqDnvYn4n9dOTXjpZ1wmqUHJZovCVBATk8nzpMcVMiNGllCmuL2VsAFVlBkbUdGG4M2/vEgaZxXPrXi35+XqVR5HAQ7hCE7Agwuowg3UoA4MBDzDK7w5j86L8+58zFqXnHzmAP7A+fwBdyuPlA==</latexit><latexit sha1_base64="ACYJ8m1WeXdQoq137aX9rxe/3Jc=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWNF+wFtLJvtpF262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbT6g0j+W9GSXoR7QvecgZNVZq4UN2etd1x91S2a24U5BF4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4LjYSTUmlA1pH9uWShqh9rPpvWNybJUeCWNlSxoyVX9PZDTSehQFtjOiZqDnvYn4n9dOTXjpZ1wmqUHJZovCVBATk8nzpMcVMiNGllCmuL2VsAFVlBkbUdGG4M2/vEgaZxXPrXi35+XqVR5HAQ7hCE7Agwuowg3UoA4MBDzDK7w5j86L8+58zFqXnHzmAP7A+fwBdyuPlA==</latexit>

+ · · ·
<latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit>Z(�)

���
JT

=
<latexit sha1_base64="DP+ffAD73iqsnTtAHJTNus6MmQU=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbsqMCLoRSt2Iqwp9YWcYMmmmDU0yQ5IRylhw46+4caGIW3/CnX9j+lho64ELh3Pu5d57woRRpR3n28otLa+sruXXCxubW9s79u5eU8WpxKSBYxbLdogUYVSQhqaakXYiCeIhI61wcDX2W/dEKhqLuh4mxOeoJ2hEMdJGCuyDu5IXEo1OvCrtyYcg8ySHN/URvISBXXTKzgRwkbgzUgQz1AL7y+vGOOVEaMyQUh3XSbSfIakpZmRU8FJFEoQHqEc6hgrEifKzyQ8jeGyULoxiaUpoOFF/T2SIKzXkoenkSPfVvDcW//M6qY4u/IyKJNVE4OmiKGVQx3AcCOxSSbBmQ0MQltTcCnEfSYS1ia1gQnDnX14kzdOy65Td27NipTqLIw8OwREoARecgwq4BjXQABg8gmfwCt6sJ+vFerc+pq05azazD/7A+vwBDqSWew==</latexit><latexit sha1_base64="DP+ffAD73iqsnTtAHJTNus6MmQU=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbsqMCLoRSt2Iqwp9YWcYMmmmDU0yQ5IRylhw46+4caGIW3/CnX9j+lho64ELh3Pu5d57woRRpR3n28otLa+sruXXCxubW9s79u5eU8WpxKSBYxbLdogUYVSQhqaakXYiCeIhI61wcDX2W/dEKhqLuh4mxOeoJ2hEMdJGCuyDu5IXEo1OvCrtyYcg8ySHN/URvISBXXTKzgRwkbgzUgQz1AL7y+vGOOVEaMyQUh3XSbSfIakpZmRU8FJFEoQHqEc6hgrEifKzyQ8jeGyULoxiaUpoOFF/T2SIKzXkoenkSPfVvDcW//M6qY4u/IyKJNVE4OmiKGVQx3AcCOxSSbBmQ0MQltTcCnEfSYS1ia1gQnDnX14kzdOy65Td27NipTqLIw8OwREoARecgwq4BjXQABg8gmfwCt6sJ+vFerc+pq05azazD/7A+vwBDqSWew==</latexit><latexit sha1_base64="DP+ffAD73iqsnTtAHJTNus6MmQU=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbsqMCLoRSt2Iqwp9YWcYMmmmDU0yQ5IRylhw46+4caGIW3/CnX9j+lho64ELh3Pu5d57woRRpR3n28otLa+sruXXCxubW9s79u5eU8WpxKSBYxbLdogUYVSQhqaakXYiCeIhI61wcDX2W/dEKhqLuh4mxOeoJ2hEMdJGCuyDu5IXEo1OvCrtyYcg8ySHN/URvISBXXTKzgRwkbgzUgQz1AL7y+vGOOVEaMyQUh3XSbSfIakpZmRU8FJFEoQHqEc6hgrEifKzyQ8jeGyULoxiaUpoOFF/T2SIKzXkoenkSPfVvDcW//M6qY4u/IyKJNVE4OmiKGVQx3AcCOxSSbBmQ0MQltTcCnEfSYS1ia1gQnDnX14kzdOy65Td27NipTqLIw8OwREoARecgwq4BjXQABg8gmfwCt6sJ+vFerc+pq05azazD/7A+vwBDqSWew==</latexit><latexit sha1_base64="DP+ffAD73iqsnTtAHJTNus6MmQU=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbsqMCLoRSt2Iqwp9YWcYMmmmDU0yQ5IRylhw46+4caGIW3/CnX9j+lho64ELh3Pu5d57woRRpR3n28otLa+sruXXCxubW9s79u5eU8WpxKSBYxbLdogUYVSQhqaakXYiCeIhI61wcDX2W/dEKhqLuh4mxOeoJ2hEMdJGCuyDu5IXEo1OvCrtyYcg8ySHN/URvISBXXTKzgRwkbgzUgQz1AL7y+vGOOVEaMyQUh3XSbSfIakpZmRU8FJFEoQHqEc6hgrEifKzyQ8jeGyULoxiaUpoOFF/T2SIKzXkoenkSPfVvDcW//M6qY4u/IyKJNVE4OmiKGVQx3AcCOxSSbBmQ0MQltTcCnEfSYS1ia1gQnDnX14kzdOy65Td27NipTqLIw8OwREoARecgwq4BjXQABg8gmfwCt6sJ+vFerc+pq05azazD/7A+vwBDqSWew==</latexit>

And, more profoundly, for 

Here the first factor comes from the n explicit factors of ↵ in (127), and the second factor
comes from the fact that Vg,n involves an integral over 3g+ n� 3 pairs of internal variables,
each carrying a factor of ↵ form the form (67). The final factor comes from the ↵ dependence
of the n factors of (126). Since the total ↵ dependence is of the form ↵� 3

2�, we can set ↵ to
one by a shift of S0 by 3

2 log(↵).
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3.4.1 Example: Z0,2

Although it is a somewhat special case from the perspective of the above formulas, it is
interesting to work out the formula for Z0,2 explicitly. This corresponds to the case where
the two asymptotic boundaries are connected by a “double trumpet”

(133)

Explicitly, in this case one has

Z0,2(�1, �2) =

Z 1

0

bdb

 
�1/2

(2⇡)1/2�1/2
1

e�
�
2

b2

�1

! 
�1/2

(2⇡)1/2�1/2
2

e�
�
2

b2

�2

!
(134)

=

p
�1�2

2⇡(�1 + �2)
. (135)

If we continue �1 ! �1 + it and �2 ! �2 � it, and take t � �, we get the linearly growing
“ramp” contribution to the spectral form factor

Z0,2(� + it, � � it) !
1

2⇡

t

�1 + �2
. (136)

The coefficient here agrees with the prediction of random matrix theory, but more is actually
true. The whole function (135) agrees with random matrix theory. To see this, we compute
the contribution to the correlator of resolvents (assuming E1, E2 < 0)

R0,2(E1, E2) =

Z 1

0

d�1d�2

p
�1�2

2⇡(�1 + �2)
e�1E1+�2E2 (137)

=
1

4(�E1)1/2(�E2)1/2 [(�E1)1/2 + (�E2)1/2]
2 , (138)

which agrees with the universal answer (47) for double-scaled matrix integrals.
This expression can be continued to positive energy either through the upper half plane

to E+i✏ or through the lower half plane to E�i✏. The difference between these continuations
gives the density of states (14), and one finds (using an obvious notation)

h⇢(E1)⇢(E2)i0 =
R(++) +R(��)�R(+�)�R(�+)

(�2⇡i)2
=

�1

(2⇡)2
E1 + E2

E1/2
1 E1/2

2 (E1 � E2)2
(139)

28Note that although the above calculation does not apply to the special cases (g, n) = (0, 1) or (0, 2), it
is separately also true for those cases that the ↵ dependence is ↵

� 3
2�.
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+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

e�S0
<latexit sha1_base64="ACYJ8m1WeXdQoq137aX9rxe/3Jc=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWNF+wFtLJvtpF262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbT6g0j+W9GSXoR7QvecgZNVZq4UN2etd1x91S2a24U5BF4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4LjYSTUmlA1pH9uWShqh9rPpvWNybJUeCWNlSxoyVX9PZDTSehQFtjOiZqDnvYn4n9dOTXjpZ1wmqUHJZovCVBATk8nzpMcVMiNGllCmuL2VsAFVlBkbUdGG4M2/vEgaZxXPrXi35+XqVR5HAQ7hCE7Agwuowg3UoA4MBDzDK7w5j86L8+58zFqXnHzmAP7A+fwBdyuPlA==</latexit><latexit sha1_base64="ACYJ8m1WeXdQoq137aX9rxe/3Jc=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWNF+wFtLJvtpF262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbT6g0j+W9GSXoR7QvecgZNVZq4UN2etd1x91S2a24U5BF4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4LjYSTUmlA1pH9uWShqh9rPpvWNybJUeCWNlSxoyVX9PZDTSehQFtjOiZqDnvYn4n9dOTXjpZ1wmqUHJZovCVBATk8nzpMcVMiNGllCmuL2VsAFVlBkbUdGG4M2/vEgaZxXPrXi35+XqVR5HAQ7hCE7Agwuowg3UoA4MBDzDK7w5j86L8+58zFqXnHzmAP7A+fwBdyuPlA==</latexit><latexit sha1_base64="ACYJ8m1WeXdQoq137aX9rxe/3Jc=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWNF+wFtLJvtpF262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbT6g0j+W9GSXoR7QvecgZNVZq4UN2etd1x91S2a24U5BF4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4LjYSTUmlA1pH9uWShqh9rPpvWNybJUeCWNlSxoyVX9PZDTSehQFtjOiZqDnvYn4n9dOTXjpZ1wmqUHJZovCVBATk8nzpMcVMiNGllCmuL2VsAFVlBkbUdGG4M2/vEgaZxXPrXi35+XqVR5HAQ7hCE7Agwuowg3UoA4MBDzDK7w5j86L8+58zFqXnHzmAP7A+fwBdyuPlA==</latexit><latexit sha1_base64="ACYJ8m1WeXdQoq137aX9rxe/3Jc=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWNF+wFtLJvtpF262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbT6g0j+W9GSXoR7QvecgZNVZq4UN2etd1x91S2a24U5BF4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4LjYSTUmlA1pH9uWShqh9rPpvWNybJUeCWNlSxoyVX9PZDTSehQFtjOiZqDnvYn4n9dOTXjpZ1wmqUHJZovCVBATk8nzpMcVMiNGllCmuL2VsAFVlBkbUdGG4M2/vEgaZxXPrXi35+XqVR5HAQ7hCE7Agwuowg3UoA4MBDzDK7w5j86L8+58zFqXnHzmAP7A+fwBdyuPlA==</latexit>

⇥
<latexit sha1_base64="EKJy6rjXhiAKrBUXGSg3J2VqHFQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uygSbnvlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qqhbEk7m107JmVP6JNbGlUIyV39PTGhi7TiJXGdCcWiXvZn4n9fJML4OJ0KlGXLFFoviTBLUZPY66QvDGcqxI5QZ4W4lbEgNZegCKrkQguWXV0nzohr41eD+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Q+8zx+2K480</latexit><latexit sha1_base64="EKJy6rjXhiAKrBUXGSg3J2VqHFQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uygSbnvlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qqhbEk7m107JmVP6JNbGlUIyV39PTGhi7TiJXGdCcWiXvZn4n9fJML4OJ0KlGXLFFoviTBLUZPY66QvDGcqxI5QZ4W4lbEgNZegCKrkQguWXV0nzohr41eD+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Q+8zx+2K480</latexit><latexit sha1_base64="EKJy6rjXhiAKrBUXGSg3J2VqHFQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uygSbnvlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qqhbEk7m107JmVP6JNbGlUIyV39PTGhi7TiJXGdCcWiXvZn4n9fJML4OJ0KlGXLFFoviTBLUZPY66QvDGcqxI5QZ4W4lbEgNZegCKrkQguWXV0nzohr41eD+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Q+8zx+2K480</latexit><latexit sha1_base64="EKJy6rjXhiAKrBUXGSg3J2VqHFQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uygSbnvlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qqhbEk7m107JmVP6JNbGlUIyV39PTGhi7TiJXGdCcWiXvZn4n9fJML4OJ0KlGXLFFoviTBLUZPY66QvDGcqxI5QZ4W4lbEgNZegCKrkQguWXV0nzohr41eD+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Q+8zx+2K480</latexit>

+ · · ·
<latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit>

�
<latexit sha1_base64="taZBFi5OBsn6Y4FVjlMN6XSUVV0=">AAAB7HicdVDLSgNBEJz1GeMr6tHLYBA8LbNJdOMt6MVjBPOAZAmzk9lkyOzsMtMrhJBv8OJBEa9+kDf/xslDUNGChqKqm+6uMJXCACEfzsrq2vrGZm4rv72zu7dfODhsmiTTjDdYIhPdDqnhUijeAAGSt1PNaRxK3gpH1zO/dc+1EYm6g3HKg5gOlIgEo2ClRjfkQHuFInH9sueXLjFxyUW14ldmpFz1zgn2XDJHES1R7xXeu/2EZTFXwCQ1puORFIIJ1SCY5NN8NzM8pWxEB7xjqaIxN8FkfuwUn1qlj6NE21KA5+r3iQmNjRnHoe2MKQzNb28m/uV1MoiqwUSoNAOu2GJRlEkMCZ59jvtCcwZybAllWthbMRtSTRnYfPI2hK9P8f+kWXI94nq3lWLtahlHDh2jE3SGPOSjGrpBddRADAn0gJ7Qs6OcR+fFeV20rjjLmSP0A87bJzDNju8=</latexit><latexit sha1_base64="taZBFi5OBsn6Y4FVjlMN6XSUVV0=">AAAB7HicdVDLSgNBEJz1GeMr6tHLYBA8LbNJdOMt6MVjBPOAZAmzk9lkyOzsMtMrhJBv8OJBEa9+kDf/xslDUNGChqKqm+6uMJXCACEfzsrq2vrGZm4rv72zu7dfODhsmiTTjDdYIhPdDqnhUijeAAGSt1PNaRxK3gpH1zO/dc+1EYm6g3HKg5gOlIgEo2ClRjfkQHuFInH9sueXLjFxyUW14ldmpFz1zgn2XDJHES1R7xXeu/2EZTFXwCQ1puORFIIJ1SCY5NN8NzM8pWxEB7xjqaIxN8FkfuwUn1qlj6NE21KA5+r3iQmNjRnHoe2MKQzNb28m/uV1MoiqwUSoNAOu2GJRlEkMCZ59jvtCcwZybAllWthbMRtSTRnYfPI2hK9P8f+kWXI94nq3lWLtahlHDh2jE3SGPOSjGrpBddRADAn0gJ7Qs6OcR+fFeV20rjjLmSP0A87bJzDNju8=</latexit><latexit sha1_base64="taZBFi5OBsn6Y4FVjlMN6XSUVV0=">AAAB7HicdVDLSgNBEJz1GeMr6tHLYBA8LbNJdOMt6MVjBPOAZAmzk9lkyOzsMtMrhJBv8OJBEa9+kDf/xslDUNGChqKqm+6uMJXCACEfzsrq2vrGZm4rv72zu7dfODhsmiTTjDdYIhPdDqnhUijeAAGSt1PNaRxK3gpH1zO/dc+1EYm6g3HKg5gOlIgEo2ClRjfkQHuFInH9sueXLjFxyUW14ldmpFz1zgn2XDJHES1R7xXeu/2EZTFXwCQ1puORFIIJ1SCY5NN8NzM8pWxEB7xjqaIxN8FkfuwUn1qlj6NE21KA5+r3iQmNjRnHoe2MKQzNb28m/uV1MoiqwUSoNAOu2GJRlEkMCZ59jvtCcwZybAllWthbMRtSTRnYfPI2hK9P8f+kWXI94nq3lWLtahlHDh2jE3SGPOSjGrpBddRADAn0gJ7Qs6OcR+fFeV20rjjLmSP0A87bJzDNju8=</latexit><latexit sha1_base64="taZBFi5OBsn6Y4FVjlMN6XSUVV0=">AAAB7HicdVDLSgNBEJz1GeMr6tHLYBA8LbNJdOMt6MVjBPOAZAmzk9lkyOzsMtMrhJBv8OJBEa9+kDf/xslDUNGChqKqm+6uMJXCACEfzsrq2vrGZm4rv72zu7dfODhsmiTTjDdYIhPdDqnhUijeAAGSt1PNaRxK3gpH1zO/dc+1EYm6g3HKg5gOlIgEo2ClRjfkQHuFInH9sueXLjFxyUW14ldmpFz1zgn2XDJHES1R7xXeu/2EZTFXwCQ1puORFIIJ1SCY5NN8NzM8pWxEB7xjqaIxN8FkfuwUn1qlj6NE21KA5+r3iQmNjRnHoe2MKQzNb28m/uV1MoiqwUSoNAOu2GJRlEkMCZ59jvtCcwZybAllWthbMRtSTRnYfPI2hK9P8f+kWXI94nq3lWLtahlHDh2jE3SGPOSjGrpBddRADAn0gJ7Qs6OcR+fFeV20rjjLmSP0A87bJzDNju8=</latexit>

�
<latexit sha1_base64="taZBFi5OBsn6Y4FVjlMN6XSUVV0=">AAAB7HicdVDLSgNBEJz1GeMr6tHLYBA8LbNJdOMt6MVjBPOAZAmzk9lkyOzsMtMrhJBv8OJBEa9+kDf/xslDUNGChqKqm+6uMJXCACEfzsrq2vrGZm4rv72zu7dfODhsmiTTjDdYIhPdDqnhUijeAAGSt1PNaRxK3gpH1zO/dc+1EYm6g3HKg5gOlIgEo2ClRjfkQHuFInH9sueXLjFxyUW14ldmpFz1zgn2XDJHES1R7xXeu/2EZTFXwCQ1puORFIIJ1SCY5NN8NzM8pWxEB7xjqaIxN8FkfuwUn1qlj6NE21KA5+r3iQmNjRnHoe2MKQzNb28m/uV1MoiqwUSoNAOu2GJRlEkMCZ59jvtCcwZybAllWthbMRtSTRnYfPI2hK9P8f+kWXI94nq3lWLtahlHDh2jE3SGPOSjGrpBddRADAn0gJ7Qs6OcR+fFeV20rjjLmSP0A87bJzDNju8=</latexit><latexit sha1_base64="taZBFi5OBsn6Y4FVjlMN6XSUVV0=">AAAB7HicdVDLSgNBEJz1GeMr6tHLYBA8LbNJdOMt6MVjBPOAZAmzk9lkyOzsMtMrhJBv8OJBEa9+kDf/xslDUNGChqKqm+6uMJXCACEfzsrq2vrGZm4rv72zu7dfODhsmiTTjDdYIhPdDqnhUijeAAGSt1PNaRxK3gpH1zO/dc+1EYm6g3HKg5gOlIgEo2ClRjfkQHuFInH9sueXLjFxyUW14ldmpFz1zgn2XDJHES1R7xXeu/2EZTFXwCQ1puORFIIJ1SCY5NN8NzM8pWxEB7xjqaIxN8FkfuwUn1qlj6NE21KA5+r3iQmNjRnHoe2MKQzNb28m/uV1MoiqwUSoNAOu2GJRlEkMCZ59jvtCcwZybAllWthbMRtSTRnYfPI2hK9P8f+kWXI94nq3lWLtahlHDh2jE3SGPOSjGrpBddRADAn0gJ7Qs6OcR+fFeV20rjjLmSP0A87bJzDNju8=</latexit><latexit sha1_base64="taZBFi5OBsn6Y4FVjlMN6XSUVV0=">AAAB7HicdVDLSgNBEJz1GeMr6tHLYBA8LbNJdOMt6MVjBPOAZAmzk9lkyOzsMtMrhJBv8OJBEa9+kDf/xslDUNGChqKqm+6uMJXCACEfzsrq2vrGZm4rv72zu7dfODhsmiTTjDdYIhPdDqnhUijeAAGSt1PNaRxK3gpH1zO/dc+1EYm6g3HKg5gOlIgEo2ClRjfkQHuFInH9sueXLjFxyUW14ldmpFz1zgn2XDJHES1R7xXeu/2EZTFXwCQ1puORFIIJ1SCY5NN8NzM8pWxEB7xjqaIxN8FkfuwUn1qlj6NE21KA5+r3iQmNjRnHoe2MKQzNb28m/uV1MoiqwUSoNAOu2GJRlEkMCZ59jvtCcwZybAllWthbMRtSTRnYfPI2hK9P8f+kWXI94nq3lWLtahlHDh2jE3SGPOSjGrpBddRADAn0gJ7Qs6OcR+fFeV20rjjLmSP0A87bJzDNju8=</latexit><latexit sha1_base64="taZBFi5OBsn6Y4FVjlMN6XSUVV0=">AAAB7HicdVDLSgNBEJz1GeMr6tHLYBA8LbNJdOMt6MVjBPOAZAmzk9lkyOzsMtMrhJBv8OJBEa9+kDf/xslDUNGChqKqm+6uMJXCACEfzsrq2vrGZm4rv72zu7dfODhsmiTTjDdYIhPdDqnhUijeAAGSt1PNaRxK3gpH1zO/dc+1EYm6g3HKg5gOlIgEo2ClRjfkQHuFInH9sueXLjFxyUW14ldmpFz1zgn2XDJHES1R7xXeu/2EZTFXwCQ1puORFIIJ1SCY5NN8NzM8pWxEB7xjqaIxN8FkfuwUn1qlj6NE21KA5+r3iQmNjRnHoe2MKQzNb28m/uV1MoiqwUSoNAOu2GJRlEkMCZ59jvtCcwZybAllWthbMRtSTRnYfPI2hK9P8f+kWXI94nq3lWLtahlHDh2jE3SGPOSjGrpBddRADAn0gJ7Qs6OcR+fFeV20rjjLmSP0A87bJzDNju8=</latexit>

�1
<latexit sha1_base64="sz+rGnTZkGITDSjf2hU9QK1EfAM=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ9JWp+6KblxWsA9oh5JJM21oJjMkGaEM/Qg3LhRx6/e482/MtBVU9MCFwzn3cu89QSK4Ngh9OCura+sbm4Wt4vbO7t5+6eCwreNUUdaisYhVNyCaCS5Zy3AjWDdRjESBYJ1gcp37nXumNI/lnZkmzI/ISPKQU2Ks1OkHzJABHpTKyPWq2KtcQuSii3rNq+WkWsfnCGIXzVEGSzQHpff+MKZpxKShgmjdwygxfkaU4VSwWbGfapYQOiEj1rNUkohpP5ufO4OnVhnCMFa2pIFz9ftERiKtp1FgOyNixvq3l4t/eb3UhHU/4zJJDZN0sShMBTQxzH+HQ64YNWJqCaGK21shHRNFqLEJFW0IX5/C/0m74mLk4ttauXG1jKMAjsEJOAMYeKABbkATtAAFE/AAnsCzkziPzovzumhdcZYzR+AHnLdPWUWPkw==</latexit><latexit sha1_base64="sz+rGnTZkGITDSjf2hU9QK1EfAM=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ9JWp+6KblxWsA9oh5JJM21oJjMkGaEM/Qg3LhRx6/e482/MtBVU9MCFwzn3cu89QSK4Ngh9OCura+sbm4Wt4vbO7t5+6eCwreNUUdaisYhVNyCaCS5Zy3AjWDdRjESBYJ1gcp37nXumNI/lnZkmzI/ISPKQU2Ks1OkHzJABHpTKyPWq2KtcQuSii3rNq+WkWsfnCGIXzVEGSzQHpff+MKZpxKShgmjdwygxfkaU4VSwWbGfapYQOiEj1rNUkohpP5ufO4OnVhnCMFa2pIFz9ftERiKtp1FgOyNixvq3l4t/eb3UhHU/4zJJDZN0sShMBTQxzH+HQ64YNWJqCaGK21shHRNFqLEJFW0IX5/C/0m74mLk4ttauXG1jKMAjsEJOAMYeKABbkATtAAFE/AAnsCzkziPzovzumhdcZYzR+AHnLdPWUWPkw==</latexit><latexit sha1_base64="sz+rGnTZkGITDSjf2hU9QK1EfAM=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ9JWp+6KblxWsA9oh5JJM21oJjMkGaEM/Qg3LhRx6/e482/MtBVU9MCFwzn3cu89QSK4Ngh9OCura+sbm4Wt4vbO7t5+6eCwreNUUdaisYhVNyCaCS5Zy3AjWDdRjESBYJ1gcp37nXumNI/lnZkmzI/ISPKQU2Ks1OkHzJABHpTKyPWq2KtcQuSii3rNq+WkWsfnCGIXzVEGSzQHpff+MKZpxKShgmjdwygxfkaU4VSwWbGfapYQOiEj1rNUkohpP5ufO4OnVhnCMFa2pIFz9ftERiKtp1FgOyNixvq3l4t/eb3UhHU/4zJJDZN0sShMBTQxzH+HQ64YNWJqCaGK21shHRNFqLEJFW0IX5/C/0m74mLk4ttauXG1jKMAjsEJOAMYeKABbkATtAAFE/AAnsCzkziPzovzumhdcZYzR+AHnLdPWUWPkw==</latexit><latexit sha1_base64="sz+rGnTZkGITDSjf2hU9QK1EfAM=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ9JWp+6KblxWsA9oh5JJM21oJjMkGaEM/Qg3LhRx6/e482/MtBVU9MCFwzn3cu89QSK4Ngh9OCura+sbm4Wt4vbO7t5+6eCwreNUUdaisYhVNyCaCS5Zy3AjWDdRjESBYJ1gcp37nXumNI/lnZkmzI/ISPKQU2Ks1OkHzJABHpTKyPWq2KtcQuSii3rNq+WkWsfnCGIXzVEGSzQHpff+MKZpxKShgmjdwygxfkaU4VSwWbGfapYQOiEj1rNUkohpP5ufO4OnVhnCMFa2pIFz9ftERiKtp1FgOyNixvq3l4t/eb3UhHU/4zJJDZN0sShMBTQxzH+HQ64YNWJqCaGK21shHRNFqLEJFW0IX5/C/0m74mLk4ttauXG1jKMAjsEJOAMYeKABbkATtAAFE/AAnsCzkziPzovzumhdcZYzR+AHnLdPWUWPkw==</latexit> �1
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Wormholes, ensembles & (non-)factorisation

Inverse Laplace of connected contribution gives ramp:

Here the first factor comes from the n explicit factors of ↵ in (127), and the second factor
comes from the fact that Vg,n involves an integral over 3g+ n� 3 pairs of internal variables,
each carrying a factor of ↵ form the form (67). The final factor comes from the ↵ dependence
of the n factors of (126). Since the total ↵ dependence is of the form ↵� 3

2�, we can set ↵ to
one by a shift of S0 by 3

2 log(↵).
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3.4.1 Example: Z0,2

Although it is a somewhat special case from the perspective of the above formulas, it is
interesting to work out the formula for Z0,2 explicitly. This corresponds to the case where
the two asymptotic boundaries are connected by a “double trumpet”

(133)

Explicitly, in this case one has

Z0,2(�1, �2) =

Z 1
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(134)

=

p
�1�2

2⇡(�1 + �2)
. (135)

If we continue �1 ! �1 + it and �2 ! �2 � it, and take t � �, we get the linearly growing
“ramp” contribution to the spectral form factor

Z0,2(� + it, � � it) !
1

2⇡

t

�1 + �2
. (136)

The coefficient here agrees with the prediction of random matrix theory, but more is actually
true. The whole function (135) agrees with random matrix theory. To see this, we compute
the contribution to the correlator of resolvents (assuming E1, E2 < 0)

R0,2(E1, E2) =

Z 1

0

d�1d�2

p
�1�2

2⇡(�1 + �2)
e�1E1+�2E2 (137)

=
1

4(�E1)1/2(�E2)1/2 [(�E1)1/2 + (�E2)1/2]
2 , (138)

which agrees with the universal answer (47) for double-scaled matrix integrals.
This expression can be continued to positive energy either through the upper half plane

to E+i✏ or through the lower half plane to E�i✏. The difference between these continuations
gives the density of states (14), and one finds (using an obvious notation)

h⇢(E1)⇢(E2)i0 =
R(++) +R(��)�R(+�)�R(�+)

(�2⇡i)2
=

�1

(2⇡)2
E1 + E2

E1/2
1 E1/2

2 (E1 � E2)2
(139)

28Note that although the above calculation does not apply to the special cases (g, n) = (0, 1) or (0, 2), it
is separately also true for those cases that the ↵ dependence is ↵

� 3
2�.
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<latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit><latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit><latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit><latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit>

e��1E1��2E2d�1,2 = � �2

2⇡2(E1 � E2)2
+ reg.

<latexit sha1_base64="vAOoFOPvG9vaTFTg8F3WeMdHNAU="></latexit><latexit sha1_base64="vAOoFOPvG9vaTFTg8F3WeMdHNAU="></latexit><latexit sha1_base64="vAOoFOPvG9vaTFTg8F3WeMdHNAU="></latexit><latexit sha1_base64="vAOoFOPvG9vaTFTg8F3WeMdHNAU="></latexit>

Gravity contains contributions (wormholes) that strongly suggest an 
average over an ensemble of quantum systems

1. The ensemble is fundamental: bulk theory ≅ boundary ensemble 

2. The ensemble is emergent:disorder models, quantum chaos,…

NB:

�1
<latexit sha1_base64="sz+rGnTZkGITDSjf2hU9QK1EfAM=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ9JWp+6KblxWsA9oh5JJM21oJjMkGaEM/Qg3LhRx6/e482/MtBVU9MCFwzn3cu89QSK4Ngh9OCura+sbm4Wt4vbO7t5+6eCwreNUUdaisYhVNyCaCS5Zy3AjWDdRjESBYJ1gcp37nXumNI/lnZkmzI/ISPKQU2Ks1OkHzJABHpTKyPWq2KtcQuSii3rNq+WkWsfnCGIXzVEGSzQHpff+MKZpxKShgmjdwygxfkaU4VSwWbGfapYQOiEj1rNUkohpP5ufO4OnVhnCMFa2pIFz9ftERiKtp1FgOyNixvq3l4t/eb3UhHU/4zJJDZN0sShMBTQxzH+HQ64YNWJqCaGK21shHRNFqLEJFW0IX5/C/0m74mLk4ttauXG1jKMAjsEJOAMYeKABbkATtAAFE/AAnsCzkziPzovzumhdcZYzR+AHnLdPWUWPkw==</latexit><latexit sha1_base64="sz+rGnTZkGITDSjf2hU9QK1EfAM=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ9JWp+6KblxWsA9oh5JJM21oJjMkGaEM/Qg3LhRx6/e482/MtBVU9MCFwzn3cu89QSK4Ngh9OCura+sbm4Wt4vbO7t5+6eCwreNUUdaisYhVNyCaCS5Zy3AjWDdRjESBYJ1gcp37nXumNI/lnZkmzI/ISPKQU2Ks1OkHzJABHpTKyPWq2KtcQuSii3rNq+WkWsfnCGIXzVEGSzQHpff+MKZpxKShgmjdwygxfkaU4VSwWbGfapYQOiEj1rNUkohpP5ufO4OnVhnCMFa2pIFz9ftERiKtp1FgOyNixvq3l4t/eb3UhHU/4zJJDZN0sShMBTQxzH+HQ64YNWJqCaGK21shHRNFqLEJFW0IX5/C/0m74mLk4ttauXG1jKMAjsEJOAMYeKABbkATtAAFE/AAnsCzkziPzovzumhdcZYzR+AHnLdPWUWPkw==</latexit><latexit sha1_base64="sz+rGnTZkGITDSjf2hU9QK1EfAM=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ9JWp+6KblxWsA9oh5JJM21oJjMkGaEM/Qg3LhRx6/e482/MtBVU9MCFwzn3cu89QSK4Ngh9OCura+sbm4Wt4vbO7t5+6eCwreNUUdaisYhVNyCaCS5Zy3AjWDdRjESBYJ1gcp37nXumNI/lnZkmzI/ISPKQU2Ks1OkHzJABHpTKyPWq2KtcQuSii3rNq+WkWsfnCGIXzVEGSzQHpff+MKZpxKShgmjdwygxfkaU4VSwWbGfapYQOiEj1rNUkohpP5ufO4OnVhnCMFa2pIFz9ftERiKtp1FgOyNixvq3l4t/eb3UhHU/4zJJDZN0sShMBTQxzH+HQ64YNWJqCaGK21shHRNFqLEJFW0IX5/C/0m74mLk4ttauXG1jKMAjsEJOAMYeKABbkATtAAFE/AAnsCzkziPzovzumhdcZYzR+AHnLdPWUWPkw==</latexit><latexit sha1_base64="sz+rGnTZkGITDSjf2hU9QK1EfAM=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ9JWp+6KblxWsA9oh5JJM21oJjMkGaEM/Qg3LhRx6/e482/MtBVU9MCFwzn3cu89QSK4Ngh9OCura+sbm4Wt4vbO7t5+6eCwreNUUdaisYhVNyCaCS5Zy3AjWDdRjESBYJ1gcp37nXumNI/lnZkmzI/ISPKQU2Ks1OkHzJABHpTKyPWq2KtcQuSii3rNq+WkWsfnCGIXzVEGSzQHpff+MKZpxKShgmjdwygxfkaU4VSwWbGfapYQOiEj1rNUkohpP5ufO4OnVhnCMFa2pIFz9ftERiKtp1FgOyNixvq3l4t/eb3UhHU/4zJJDZN0sShMBTQxzH+HQ64YNWJqCaGK21shHRNFqLEJFW0IX5/C/0m74mLk4ttauXG1jKMAjsEJOAMYeKABbkATtAAFE/AAnsCzkziPzovzumhdcZYzR+AHnLdPWUWPkw==</latexit>

�2
<latexit sha1_base64="db9jPpA6CT4hshtJSdLZRSWRQVM=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8LbMbQ3IMevEYwTwgWcLsZDYZMju7zMwKYclHePGgiFe/x5t/4+QhqGhBQ1HVTXdXmAquDcYfztr6xubWdmGnuLu3f3BYOjpu6yRTlLVoIhLVDYlmgkvWMtwI1k0VI3EoWCecXM/9zj1TmifyzkxTFsRkJHnEKTFW6vRDZsjAH5TK2MWVmu9jhN0Krvu4akkNV6uWeC5eoAwrNAel9/4woVnMpKGCaN3zcGqCnCjDqWCzYj/TLCV0QkasZ6kkMdNBvjh3hs6tMkRRomxJgxbq94mcxFpP49B2xsSM9W9vLv7l9TIT1YOcyzQzTNLloigTyCRo/jsacsWoEVNLCFXc3oromChCjU2oaEP4+hT9T9q+62HXu70sN65WcRTgFM7gAjyoQQNuoAktoDCBB3iCZyd1Hp0X53XZuuasZk7gB5y3TzvHj38=</latexit><latexit sha1_base64="db9jPpA6CT4hshtJSdLZRSWRQVM=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8LbMbQ3IMevEYwTwgWcLsZDYZMju7zMwKYclHePGgiFe/x5t/4+QhqGhBQ1HVTXdXmAquDcYfztr6xubWdmGnuLu3f3BYOjpu6yRTlLVoIhLVDYlmgkvWMtwI1k0VI3EoWCecXM/9zj1TmifyzkxTFsRkJHnEKTFW6vRDZsjAH5TK2MWVmu9jhN0Krvu4akkNV6uWeC5eoAwrNAel9/4woVnMpKGCaN3zcGqCnCjDqWCzYj/TLCV0QkasZ6kkMdNBvjh3hs6tMkRRomxJgxbq94mcxFpP49B2xsSM9W9vLv7l9TIT1YOcyzQzTNLloigTyCRo/jsacsWoEVNLCFXc3oromChCjU2oaEP4+hT9T9q+62HXu70sN65WcRTgFM7gAjyoQQNuoAktoDCBB3iCZyd1Hp0X53XZuuasZk7gB5y3TzvHj38=</latexit><latexit sha1_base64="db9jPpA6CT4hshtJSdLZRSWRQVM=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8LbMbQ3IMevEYwTwgWcLsZDYZMju7zMwKYclHePGgiFe/x5t/4+QhqGhBQ1HVTXdXmAquDcYfztr6xubWdmGnuLu3f3BYOjpu6yRTlLVoIhLVDYlmgkvWMtwI1k0VI3EoWCecXM/9zj1TmifyzkxTFsRkJHnEKTFW6vRDZsjAH5TK2MWVmu9jhN0Krvu4akkNV6uWeC5eoAwrNAel9/4woVnMpKGCaN3zcGqCnCjDqWCzYj/TLCV0QkasZ6kkMdNBvjh3hs6tMkRRomxJgxbq94mcxFpP49B2xsSM9W9vLv7l9TIT1YOcyzQzTNLloigTyCRo/jsacsWoEVNLCFXc3oromChCjU2oaEP4+hT9T9q+62HXu70sN65WcRTgFM7gAjyoQQNuoAktoDCBB3iCZyd1Hp0X53XZuuasZk7gB5y3TzvHj38=</latexit><latexit sha1_base64="db9jPpA6CT4hshtJSdLZRSWRQVM=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8LbMbQ3IMevEYwTwgWcLsZDYZMju7zMwKYclHePGgiFe/x5t/4+QhqGhBQ1HVTXdXmAquDcYfztr6xubWdmGnuLu3f3BYOjpu6yRTlLVoIhLVDYlmgkvWMtwI1k0VI3EoWCecXM/9zj1TmifyzkxTFsRkJHnEKTFW6vRDZsjAH5TK2MWVmu9jhN0Krvu4akkNV6uWeC5eoAwrNAel9/4woVnMpKGCaN3zcGqCnCjDqWCzYj/TLCV0QkasZ6kkMdNBvjh3hs6tMkRRomxJgxbq94mcxFpP49B2xsSM9W9vLv7l9TIT1YOcyzQzTNLloigTyCRo/jsacsWoEVNLCFXc3oromChCjU2oaEP4+hT9T9q+62HXu70sN65WcRTgFM7gAjyoQQNuoAktoDCBB3iCZyd1Hp0X53XZuuasZk7gB5y3TzvHj38=</latexit>

Z(�1)Z(�2)
���
conn.

JT
, h⇢(E1)⇢(E2)iconn

<latexit sha1_base64="KeZV9iGOtrRMahPoePIttoXh06g="></latexit><latexit sha1_base64="KeZV9iGOtrRMahPoePIttoXh06g="></latexit><latexit sha1_base64="KeZV9iGOtrRMahPoePIttoXh06g="></latexit><latexit sha1_base64="KeZV9iGOtrRMahPoePIttoXh06g="></latexit>



Chaos universality as EFT

Z
dQe�S[Q;!]

<latexit sha1_base64="aY/6myJCGWGIHfgnK/sOmKVaXVA=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgQksigoKbohuXLdoHJLFMJjft0MmDmYlQQhdu/BU3LhRx60e482+cPhbaeuDC4Zx7ufceP+VMKsv6NgpLyyura8X10sbm1vaOubvXkkkmKDRpwhPR8YkEzmJoKqY4dFIBJPI5tP3B9dhvP4CQLInv1DAFLyK9mIWMEqWlrll2Waxw0MDuMYb7/OTWaVy6SQQ94o26ZsWqWhPgRWLPSAXNUO+aX26Q0CyCWFFOpHRsK1VeToRilMOo5GYSUkIHpAeOpjGJQHr55IkRPtRKgMNE6NInTdTfEzmJpBxGvu6MiOrLeW8s/uc5mQovvJzFaaYgptNFYcaxSvA4ERwwAVTxoSaECqZvxbRPBKFK51bSIdjzLy+S1mnVtqp246xSu5rFUURldICOkI3OUQ3doDpqIooe0TN6RW/Gk/FivBsf09aCMZvZR39gfP4AvqSW4Q==</latexit><latexit sha1_base64="aY/6myJCGWGIHfgnK/sOmKVaXVA=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgQksigoKbohuXLdoHJLFMJjft0MmDmYlQQhdu/BU3LhRx60e482+cPhbaeuDC4Zx7ufceP+VMKsv6NgpLyyura8X10sbm1vaOubvXkkkmKDRpwhPR8YkEzmJoKqY4dFIBJPI5tP3B9dhvP4CQLInv1DAFLyK9mIWMEqWlrll2Waxw0MDuMYb7/OTWaVy6SQQ94o26ZsWqWhPgRWLPSAXNUO+aX26Q0CyCWFFOpHRsK1VeToRilMOo5GYSUkIHpAeOpjGJQHr55IkRPtRKgMNE6NInTdTfEzmJpBxGvu6MiOrLeW8s/uc5mQovvJzFaaYgptNFYcaxSvA4ERwwAVTxoSaECqZvxbRPBKFK51bSIdjzLy+S1mnVtqp246xSu5rFUURldICOkI3OUQ3doDpqIooe0TN6RW/Gk/FivBsf09aCMZvZR39gfP4AvqSW4Q==</latexit><latexit sha1_base64="aY/6myJCGWGIHfgnK/sOmKVaXVA=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgQksigoKbohuXLdoHJLFMJjft0MmDmYlQQhdu/BU3LhRx60e482+cPhbaeuDC4Zx7ufceP+VMKsv6NgpLyyura8X10sbm1vaOubvXkkkmKDRpwhPR8YkEzmJoKqY4dFIBJPI5tP3B9dhvP4CQLInv1DAFLyK9mIWMEqWlrll2Waxw0MDuMYb7/OTWaVy6SQQ94o26ZsWqWhPgRWLPSAXNUO+aX26Q0CyCWFFOpHRsK1VeToRilMOo5GYSUkIHpAeOpjGJQHr55IkRPtRKgMNE6NInTdTfEzmJpBxGvu6MiOrLeW8s/uc5mQovvJzFaaYgptNFYcaxSvA4ERwwAVTxoSaECqZvxbRPBKFK51bSIdjzLy+S1mnVtqp246xSu5rFUURldICOkI3OUQ3doDpqIooe0TN6RW/Gk/FivBsf09aCMZvZR39gfP4AvqSW4Q==</latexit><latexit sha1_base64="aY/6myJCGWGIHfgnK/sOmKVaXVA=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgQksigoKbohuXLdoHJLFMJjft0MmDmYlQQhdu/BU3LhRx60e482+cPhbaeuDC4Zx7ufceP+VMKsv6NgpLyyura8X10sbm1vaOubvXkkkmKDRpwhPR8YkEzmJoKqY4dFIBJPI5tP3B9dhvP4CQLInv1DAFLyK9mIWMEqWlrll2Waxw0MDuMYb7/OTWaVy6SQQ94o26ZsWqWhPgRWLPSAXNUO+aX26Q0CyCWFFOpHRsK1VeToRilMOo5GYSUkIHpAeOpjGJQHr55IkRPtRKgMNE6NInTdTfEzmJpBxGvu6MiOrLeW8s/uc5mQovvJzFaaYgptNFYcaxSvA4ERwwAVTxoSaECqZvxbRPBKFK51bSIdjzLy+S1mnVtqp246xSu5rFUURldICOkI3OUQ3doDpqIooe0TN6RW/Gk/FivBsf09aCMZvZR39gfP4AvqSW4Q==</latexit>

where

➛ Goldstones of this symmetry breaking = EFT of quantum chaos
Reproduces physical content of RMT (i.e. an ensemble!)

Q 2 G/H := M(Q)
<latexit sha1_base64="MrWudyVeAa/XEtnx6H25n16NLS0=">AAACAXicbVDLSgNBEOyNrxhfq14EL4NBiJe4K4IiCEEP5iIkYB6QXcLsZJIMmZ1dZmaFsMSLv+LFgyJe/Qtv/o2Tx0GjBQ1FVTfdXUHMmdKO82VlFhaXlleyq7m19Y3NLXt7p66iRBJaIxGPZDPAinImaE0zzWkzlhSHAaeNYHA99hv3VCoWiTs9jKkf4p5gXUawNlLb3qsijwl0c1xGF5co9Qjm6HZUqB617bxTdCZAf4k7I3mYodK2P71ORJKQCk04VqrlOrH2Uyw1I5yOcl6iaIzJAPdoy1CBQ6r8dPLBCB0apYO6kTQlNJqoPydSHCo1DAPTGWLdV/PeWPzPayW6e+6nTMSJpoJMF3UTjnSExnGgDpOUaD40BBPJzK2I9LHERJvQciYEd/7lv6R+UnSdols9zZeuZnFkYR8OoAAunEEJylCBGhB4gCd4gVfr0Xq23qz3aWvGms3swi9YH9+W2JRn</latexit><latexit sha1_base64="MrWudyVeAa/XEtnx6H25n16NLS0=">AAACAXicbVDLSgNBEOyNrxhfq14EL4NBiJe4K4IiCEEP5iIkYB6QXcLsZJIMmZ1dZmaFsMSLv+LFgyJe/Qtv/o2Tx0GjBQ1FVTfdXUHMmdKO82VlFhaXlleyq7m19Y3NLXt7p66iRBJaIxGPZDPAinImaE0zzWkzlhSHAaeNYHA99hv3VCoWiTs9jKkf4p5gXUawNlLb3qsijwl0c1xGF5co9Qjm6HZUqB617bxTdCZAf4k7I3mYodK2P71ORJKQCk04VqrlOrH2Uyw1I5yOcl6iaIzJAPdoy1CBQ6r8dPLBCB0apYO6kTQlNJqoPydSHCo1DAPTGWLdV/PeWPzPayW6e+6nTMSJpoJMF3UTjnSExnGgDpOUaD40BBPJzK2I9LHERJvQciYEd/7lv6R+UnSdols9zZeuZnFkYR8OoAAunEEJylCBGhB4gCd4gVfr0Xq23qz3aWvGms3swi9YH9+W2JRn</latexit><latexit sha1_base64="MrWudyVeAa/XEtnx6H25n16NLS0=">AAACAXicbVDLSgNBEOyNrxhfq14EL4NBiJe4K4IiCEEP5iIkYB6QXcLsZJIMmZ1dZmaFsMSLv+LFgyJe/Qtv/o2Tx0GjBQ1FVTfdXUHMmdKO82VlFhaXlleyq7m19Y3NLXt7p66iRBJaIxGPZDPAinImaE0zzWkzlhSHAaeNYHA99hv3VCoWiTs9jKkf4p5gXUawNlLb3qsijwl0c1xGF5co9Qjm6HZUqB617bxTdCZAf4k7I3mYodK2P71ORJKQCk04VqrlOrH2Uyw1I5yOcl6iaIzJAPdoy1CBQ6r8dPLBCB0apYO6kTQlNJqoPydSHCo1DAPTGWLdV/PeWPzPayW6e+6nTMSJpoJMF3UTjnSExnGgDpOUaD40BBPJzK2I9LHERJvQciYEd/7lv6R+UnSdols9zZeuZnFkYR8OoAAunEEJylCBGhB4gCd4gVfr0Xq23qz3aWvGms3swi9YH9+W2JRn</latexit><latexit sha1_base64="MrWudyVeAa/XEtnx6H25n16NLS0=">AAACAXicbVDLSgNBEOyNrxhfq14EL4NBiJe4K4IiCEEP5iIkYB6QXcLsZJIMmZ1dZmaFsMSLv+LFgyJe/Qtv/o2Tx0GjBQ1FVTfdXUHMmdKO82VlFhaXlleyq7m19Y3NLXt7p66iRBJaIxGPZDPAinImaE0zzWkzlhSHAaeNYHA99hv3VCoWiTs9jKkf4p5gXUawNlLb3qsijwl0c1xGF5co9Qjm6HZUqB617bxTdCZAf4k7I3mYodK2P71ORJKQCk04VqrlOrH2Uyw1I5yOcl6iaIzJAPdoy1CBQ6r8dPLBCB0apYO6kTQlNJqoPydSHCo1DAPTGWLdV/PeWPzPayW6e+6nTMSJpoJMF3UTjnSExnGgDpOUaD40BBPJzK2I9LHERJvQciYEd/7lv6R+UnSdols9zZeuZnFkYR8OoAAunEEJylCBGhB4gCd4gVfr0Xq23qz3aWvGms3swi9YH9+W2JRn</latexit>

is one of ten (cf. [Altland, Zirnbauer]) Riemannian symmetric superspacesM(Q)
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Generating function of  spectral correlations:

This has an exact U(2|2) causal symmetry, broken spontaneously to

U(2|2) �! U(1|1)⇥ U(1|1)
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topological expansion of chaos EFT

“Flavor-matrix theory” with topological expansion around two saddles:

have more to say about this in Section 4.

2.6.1 Non-perturbative structure: second saddle and symmetry restoration

A major advantage of the EFT approach is that it provides access to the long time asymptotics

of spectral correlations: for s . 1, corresponding to energies ! < � or times t > tH , the above

perturbative expansion breaks down. Instead, the spectral correlation functions now probe the

full Goldstone mode manifold. One may thus interpret the exploration of the full manifold in

terms of the restoration of the causal symmetry. This symmetry restoration is natural from our

earlier intuitive picture of the breaking of this symmetry: the symmetry breaking was reflected

by the replacement of a discrete pole structure by a continuous cut at the level of the mean-field

theory. However, once we probe finer structures ! . �, the theory is capable of reproducing

the fact that the spectra of individual systems are discrete, and must therefore undo the e↵ects

of the symmetry breaking. It does so by allowing the Goldstone modes to explore the full coset

space (see Fig. 1 for an illustration.)

Technically, the Goldstone mode matrix integrals Eq. (2.18) are simple enough to be doable

in closed form for all symmetry classes [29]. However, for the present purposes it is not necessary

to delve into the technicalities of these computations, a stationary phase analysis extended for

the presence of the Altshuler-Andreev saddle, QAA, defined in the beginning of the section

su�ces for the present purposes. Referring the Reader to section 3 for the technical fine print,

a repetition of the perturbative expansion, now around QAA gives rise to the full structure

e
s�0
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s
�2

<latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit> s
�4

<latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

+ · · ·
<latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit>

⌘

<latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit>

+e
2is

<latexit sha1_base64="QMAGNdhntndTStkRWD3xXKVj2XY=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmKoMeiF48V7Ie0sWy2k3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgkfYMNwIbCcKqQwEtoLRzdRvPaHSPI7uzThBX9JBxEPOqLHSwznBx6zK9aRXKrsVdwayTLyclCFHvVf66vZjlkqMDBNU647nJsbPqDKcCZwUu6nGhLIRHWDH0ohK1H42O3hCTq3SJ2GsbEWGzNTfExmVWo9lYDslNUO96E3F/7xOasIrP+NRkhqM2HxRmApiYjL9nvS5QmbE2BLKFLe3EjakijJjMyraELzFl5dJs1rx3Ip3d1GuXedxFOAYTuAMPLiEGtxCHRrAQMIzvMKbo5wX5935mLeuOPnMEfyB8/kDDI6P6A==</latexit><latexit sha1_base64="QMAGNdhntndTStkRWD3xXKVj2XY=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmKoMeiF48V7Ie0sWy2k3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgkfYMNwIbCcKqQwEtoLRzdRvPaHSPI7uzThBX9JBxEPOqLHSwznBx6zK9aRXKrsVdwayTLyclCFHvVf66vZjlkqMDBNU647nJsbPqDKcCZwUu6nGhLIRHWDH0ohK1H42O3hCTq3SJ2GsbEWGzNTfExmVWo9lYDslNUO96E3F/7xOasIrP+NRkhqM2HxRmApiYjL9nvS5QmbE2BLKFLe3EjakijJjMyraELzFl5dJs1rx3Ip3d1GuXedxFOAYTuAMPLiEGtxCHRrAQMIzvMKbo5wX5935mLeuOPnMEfyB8/kDDI6P6A==</latexit><latexit sha1_base64="QMAGNdhntndTStkRWD3xXKVj2XY=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmKoMeiF48V7Ie0sWy2k3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgkfYMNwIbCcKqQwEtoLRzdRvPaHSPI7uzThBX9JBxEPOqLHSwznBx6zK9aRXKrsVdwayTLyclCFHvVf66vZjlkqMDBNU647nJsbPqDKcCZwUu6nGhLIRHWDH0ohK1H42O3hCTq3SJ2GsbEWGzNTfExmVWo9lYDslNUO96E3F/7xOasIrP+NRkhqM2HxRmApiYjL9nvS5QmbE2BLKFLe3EjakijJjMyraELzFl5dJs1rx3Ip3d1GuXedxFOAYTuAMPLiEGtxCHRrAQMIzvMKbo5wX5935mLeuOPnMEfyB8/kDDI6P6A==</latexit><latexit sha1_base64="QMAGNdhntndTStkRWD3xXKVj2XY=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmKoMeiF48V7Ie0sWy2k3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgkfYMNwIbCcKqQwEtoLRzdRvPaHSPI7uzThBX9JBxEPOqLHSwznBx6zK9aRXKrsVdwayTLyclCFHvVf66vZjlkqMDBNU647nJsbPqDKcCZwUu6nGhLIRHWDH0ohK1H42O3hCTq3SJ2GsbEWGzNTfExmVWo9lYDslNUO96E3F/7xOasIrP+NRkhqM2HxRmApiYjL9nvS5QmbE2BLKFLe3EjakijJjMyraELzFl5dJs1rx3Ip3d1GuXedxFOAYTuAMPLiEGtxCHRrAQMIzvMKbo5wX5935mLeuOPnMEfyB8/kDDI6P6A==</latexit>

 

<latexit sha1_base64="LVLgpzMhViNsEEYcAczGLaPQ+Sc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9FjqxWMF+wFtKJvtJF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+SjmaboxzSSPOSMGit1B00eRaI2rFTdursAWSdeQapQoDWsfA1GCctilIYJqnXfc1Pj51QZzgTOyoNMY0rZhEbYt1TSGLWfL86dkUurjEiYKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmbCWz/nMs0MSrZcFGaCmITMfycjrpAZMbWEMsXtrYSNqaLM2ITKNgRv9eV10rmqe27de7iuNppFHCU4hwuogQc30IB7aEEbGEzgGV7hzUmdF+fd+Vi2bjjFzBn8gfP5A7y0jyk=</latexit><latexit sha1_base64="LVLgpzMhViNsEEYcAczGLaPQ+Sc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9FjqxWMF+wFtKJvtJF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+SjmaboxzSSPOSMGit1B00eRaI2rFTdursAWSdeQapQoDWsfA1GCctilIYJqnXfc1Pj51QZzgTOyoNMY0rZhEbYt1TSGLWfL86dkUurjEiYKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmbCWz/nMs0MSrZcFGaCmITMfycjrpAZMbWEMsXtrYSNqaLM2ITKNgRv9eV10rmqe27de7iuNppFHCU4hwuogQc30IB7aEEbGEzgGV7hzUmdF+fd+Vi2bjjFzBn8gfP5A7y0jyk=</latexit><latexit sha1_base64="LVLgpzMhViNsEEYcAczGLaPQ+Sc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9FjqxWMF+wFtKJvtJF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+SjmaboxzSSPOSMGit1B00eRaI2rFTdursAWSdeQapQoDWsfA1GCctilIYJqnXfc1Pj51QZzgTOyoNMY0rZhEbYt1TSGLWfL86dkUurjEiYKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmbCWz/nMs0MSrZcFGaCmITMfycjrpAZMbWEMsXtrYSNqaLM2ITKNgRv9eV10rmqe27de7iuNppFHCU4hwuogQc30IB7aEEbGEzgGV7hzUmdF+fd+Vi2bjjFzBn8gfP5A7y0jyk=</latexit><latexit sha1_base64="LVLgpzMhViNsEEYcAczGLaPQ+Sc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9FjqxWMF+wFtKJvtJF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+SjmaboxzSSPOSMGit1B00eRaI2rFTdursAWSdeQapQoDWsfA1GCctilIYJqnXfc1Pj51QZzgTOyoNMY0rZhEbYt1TSGLWfL86dkUurjEiYKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmbCWz/nMs0MSrZcFGaCmITMfycjrpAZMbWEMsXtrYSNqaLM2ITKNgRv9eV10rmqe27de7iuNppFHCU4hwuogQc30IB7aEEbGEzgGV7hzUmdF+fd+Vi2bjjFzBn8gfP5A7y0jyk=</latexit>

s
�2

<latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit> s
�4

<latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

+ · · ·
<latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit>

⌘

<latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit>

R2(s)
<latexit sha1_base64="B3orzKklR3qqkusz5/2Pb2CTIyk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFK7Yd+jVTMRb9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdKqVT236t1flus3eRwFOIUzqIAHV1CHO2hAExiM4Rle4c1JnBfn3flYtK45+cwJ/IHz+QPFSo6H</latexit><latexit sha1_base64="B3orzKklR3qqkusz5/2Pb2CTIyk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFK7Yd+jVTMRb9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdKqVT236t1flus3eRwFOIUzqIAHV1CHO2hAExiM4Rle4c1JnBfn3flYtK45+cwJ/IHz+QPFSo6H</latexit><latexit sha1_base64="B3orzKklR3qqkusz5/2Pb2CTIyk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFK7Yd+jVTMRb9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdKqVT236t1flus3eRwFOIUzqIAHV1CHO2hAExiM4Rle4c1JnBfn3flYtK45+cwJ/IHz+QPFSo6H</latexit><latexit sha1_base64="B3orzKklR3qqkusz5/2Pb2CTIyk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFK7Yd+jVTMRb9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdKqVT236t1flus3eRwFOIUzqIAHV1CHO2hAExiM4Rle4c1JnBfn3flYtK45+cwJ/IHz+QPFSo6H</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>

,
<latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="GDaHouAIskb81F0H3KecBRbw0uU=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuJAy40aXghuXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fh+nref0ViZ6keaZBgmfKhlLAUnZzWu+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBtOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVdC/xa0PChCGdwDpcQwA3cwQPUoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP2Gni10=</latexit><latexit sha1_base64="GDaHouAIskb81F0H3KecBRbw0uU=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuJAy40aXghuXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fh+nref0ViZ6keaZBgmfKhlLAUnZzWu+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBtOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVdC/xa0PChCGdwDpcQwA3cwQPUoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP2Gni10=</latexit><latexit sha1_base64="ux9R/4tUNNLKpLuJLBsSCOMAofg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgIeHOJpZBG8sEzAckR9jbzCVr9vaO3T0hHPkFNhaK2PqT7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7euq51a9plup3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDccmMrA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit>
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, (2.25)

where for simplicity we included orientable diagrams/surfaces only. In the semiclassically exact

unitary class, the expansion truncates after the first contributions, and we obtain the spectral

two point function as

R2(s) = �Re
1

2s2
(1 � e

�2is) = �sin2
s

s2
. (2.26)

As the above graphical representation suggests (see also Figure 1 for a description in terms

of the target space geometry of the sigma model), the perturbative expansions around the

two saddle points di↵er quantitatively, however they are organised in terms of topologically

equivalent surfaces, which we indicate by the primes after each contribution around the AA
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This results in the famous sine kernel

have more to say about this in Section 4.

2.6.1 Non-perturbative structure: second saddle and symmetry restoration

A major advantage of the EFT approach is that it provides access to the long time asymptotics

of spectral correlations: for s . 1, corresponding to energies ! < � or times t > tH , the above

perturbative expansion breaks down. Instead, the spectral correlation functions now probe the

full Goldstone mode manifold. One may thus interpret the exploration of the full manifold in

terms of the restoration of the causal symmetry. This symmetry restoration is natural from our

earlier intuitive picture of the breaking of this symmetry: the symmetry breaking was reflected

by the replacement of a discrete pole structure by a continuous cut at the level of the mean-field

theory. However, once we probe finer structures ! . �, the theory is capable of reproducing

the fact that the spectra of individual systems are discrete, and must therefore undo the e↵ects

of the symmetry breaking. It does so by allowing the Goldstone modes to explore the full coset

space (see Fig. 1 for an illustration.)

Technically, the Goldstone mode matrix integrals Eq. (2.18) are simple enough to be doable

in closed form for all symmetry classes [29]. However, for the present purposes it is not necessary

to delve into the technicalities of these computations, a stationary phase analysis extended for

the presence of the Altshuler-Andreev saddle, QAA, defined in the beginning of the section

su�ces for the present purposes. Referring the Reader to section 3 for the technical fine print,

a repetition of the perturbative expansion, now around QAA gives rise to the full structure

e
s�0
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<latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

+ · · ·
<latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit>

⌘

<latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit>

+e
2is

<latexit sha1_base64="QMAGNdhntndTStkRWD3xXKVj2XY=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmKoMeiF48V7Ie0sWy2k3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgkfYMNwIbCcKqQwEtoLRzdRvPaHSPI7uzThBX9JBxEPOqLHSwznBx6zK9aRXKrsVdwayTLyclCFHvVf66vZjlkqMDBNU647nJsbPqDKcCZwUu6nGhLIRHWDH0ohK1H42O3hCTq3SJ2GsbEWGzNTfExmVWo9lYDslNUO96E3F/7xOasIrP+NRkhqM2HxRmApiYjL9nvS5QmbE2BLKFLe3EjakijJjMyraELzFl5dJs1rx3Ip3d1GuXedxFOAYTuAMPLiEGtxCHRrAQMIzvMKbo5wX5935mLeuOPnMEfyB8/kDDI6P6A==</latexit><latexit sha1_base64="QMAGNdhntndTStkRWD3xXKVj2XY=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmKoMeiF48V7Ie0sWy2k3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgkfYMNwIbCcKqQwEtoLRzdRvPaHSPI7uzThBX9JBxEPOqLHSwznBx6zK9aRXKrsVdwayTLyclCFHvVf66vZjlkqMDBNU647nJsbPqDKcCZwUu6nGhLIRHWDH0ohK1H42O3hCTq3SJ2GsbEWGzNTfExmVWo9lYDslNUO96E3F/7xOasIrP+NRkhqM2HxRmApiYjL9nvS5QmbE2BLKFLe3EjakijJjMyraELzFl5dJs1rx3Ip3d1GuXedxFOAYTuAMPLiEGtxCHRrAQMIzvMKbo5wX5935mLeuOPnMEfyB8/kDDI6P6A==</latexit><latexit sha1_base64="QMAGNdhntndTStkRWD3xXKVj2XY=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmKoMeiF48V7Ie0sWy2k3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgkfYMNwIbCcKqQwEtoLRzdRvPaHSPI7uzThBX9JBxEPOqLHSwznBx6zK9aRXKrsVdwayTLyclCFHvVf66vZjlkqMDBNU647nJsbPqDKcCZwUu6nGhLIRHWDH0ohK1H42O3hCTq3SJ2GsbEWGzNTfExmVWo9lYDslNUO96E3F/7xOasIrP+NRkhqM2HxRmApiYjL9nvS5QmbE2BLKFLe3EjakijJjMyraELzFl5dJs1rx3Ip3d1GuXedxFOAYTuAMPLiEGtxCHRrAQMIzvMKbo5wX5935mLeuOPnMEfyB8/kDDI6P6A==</latexit><latexit sha1_base64="QMAGNdhntndTStkRWD3xXKVj2XY=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmKoMeiF48V7Ie0sWy2k3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgkfYMNwIbCcKqQwEtoLRzdRvPaHSPI7uzThBX9JBxEPOqLHSwznBx6zK9aRXKrsVdwayTLyclCFHvVf66vZjlkqMDBNU647nJsbPqDKcCZwUu6nGhLIRHWDH0ohK1H42O3hCTq3SJ2GsbEWGzNTfExmVWo9lYDslNUO96E3F/7xOasIrP+NRkhqM2HxRmApiYjL9nvS5QmbE2BLKFLe3EjakijJjMyraELzFl5dJs1rx3Ip3d1GuXedxFOAYTuAMPLiEGtxCHRrAQMIzvMKbo5wX5935mLeuOPnMEfyB8/kDDI6P6A==</latexit>

 

<latexit sha1_base64="LVLgpzMhViNsEEYcAczGLaPQ+Sc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9FjqxWMF+wFtKJvtJF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+SjmaboxzSSPOSMGit1B00eRaI2rFTdursAWSdeQapQoDWsfA1GCctilIYJqnXfc1Pj51QZzgTOyoNMY0rZhEbYt1TSGLWfL86dkUurjEiYKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmbCWz/nMs0MSrZcFGaCmITMfycjrpAZMbWEMsXtrYSNqaLM2ITKNgRv9eV10rmqe27de7iuNppFHCU4hwuogQc30IB7aEEbGEzgGV7hzUmdF+fd+Vi2bjjFzBn8gfP5A7y0jyk=</latexit><latexit sha1_base64="LVLgpzMhViNsEEYcAczGLaPQ+Sc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9FjqxWMF+wFtKJvtJF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+SjmaboxzSSPOSMGit1B00eRaI2rFTdursAWSdeQapQoDWsfA1GCctilIYJqnXfc1Pj51QZzgTOyoNMY0rZhEbYt1TSGLWfL86dkUurjEiYKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmbCWz/nMs0MSrZcFGaCmITMfycjrpAZMbWEMsXtrYSNqaLM2ITKNgRv9eV10rmqe27de7iuNppFHCU4hwuogQc30IB7aEEbGEzgGV7hzUmdF+fd+Vi2bjjFzBn8gfP5A7y0jyk=</latexit><latexit sha1_base64="LVLgpzMhViNsEEYcAczGLaPQ+Sc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9FjqxWMF+wFtKJvtJF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+SjmaboxzSSPOSMGit1B00eRaI2rFTdursAWSdeQapQoDWsfA1GCctilIYJqnXfc1Pj51QZzgTOyoNMY0rZhEbYt1TSGLWfL86dkUurjEiYKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmbCWz/nMs0MSrZcFGaCmITMfycjrpAZMbWEMsXtrYSNqaLM2ITKNgRv9eV10rmqe27de7iuNppFHCU4hwuogQc30IB7aEEbGEzgGV7hzUmdF+fd+Vi2bjjFzBn8gfP5A7y0jyk=</latexit><latexit sha1_base64="LVLgpzMhViNsEEYcAczGLaPQ+Sc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9FjqxWMF+wFtKJvtJF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+SjmaboxzSSPOSMGit1B00eRaI2rFTdursAWSdeQapQoDWsfA1GCctilIYJqnXfc1Pj51QZzgTOyoNMY0rZhEbYt1TSGLWfL86dkUurjEiYKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmbCWz/nMs0MSrZcFGaCmITMfycjrpAZMbWEMsXtrYSNqaLM2ITKNgRv9eV10rmqe27de7iuNppFHCU4hwuogQc30IB7aEEbGEzgGV7hzUmdF+fd+Vi2bjjFzBn8gfP5A7y0jyk=</latexit>

s
�2

<latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit> s
�4

<latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

+ · · ·
<latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit>

⌘

<latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit>

R2(s)
<latexit sha1_base64="B3orzKklR3qqkusz5/2Pb2CTIyk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFK7Yd+jVTMRb9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdKqVT236t1flus3eRwFOIUzqIAHV1CHO2hAExiM4Rle4c1JnBfn3flYtK45+cwJ/IHz+QPFSo6H</latexit><latexit sha1_base64="B3orzKklR3qqkusz5/2Pb2CTIyk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFK7Yd+jVTMRb9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdKqVT236t1flus3eRwFOIUzqIAHV1CHO2hAExiM4Rle4c1JnBfn3flYtK45+cwJ/IHz+QPFSo6H</latexit><latexit sha1_base64="B3orzKklR3qqkusz5/2Pb2CTIyk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFK7Yd+jVTMRb9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdKqVT236t1flus3eRwFOIUzqIAHV1CHO2hAExiM4Rle4c1JnBfn3flYtK45+cwJ/IHz+QPFSo6H</latexit><latexit sha1_base64="B3orzKklR3qqkusz5/2Pb2CTIyk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFK7Yd+jVTMRb9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdKqVT236t1flus3eRwFOIUzqIAHV1CHO2hAExiM4Rle4c1JnBfn3flYtK45+cwJ/IHz+QPFSo6H</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>

,
<latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="GDaHouAIskb81F0H3KecBRbw0uU=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuJAy40aXghuXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fh+nref0ViZ6keaZBgmfKhlLAUnZzWu+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBtOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVdC/xa0PChCGdwDpcQwA3cwQPUoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP2Gni10=</latexit><latexit sha1_base64="GDaHouAIskb81F0H3KecBRbw0uU=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuJAy40aXghuXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fh+nref0ViZ6keaZBgmfKhlLAUnZzWu+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBtOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVdC/xa0PChCGdwDpcQwA3cwQPUoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP2Gni10=</latexit><latexit sha1_base64="ux9R/4tUNNLKpLuJLBsSCOMAofg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgIeHOJpZBG8sEzAckR9jbzCVr9vaO3T0hHPkFNhaK2PqT7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7euq51a9plup3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDccmMrA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit>

,
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, (2.25)

where for simplicity we included orientable diagrams/surfaces only. In the semiclassically exact

unitary class, the expansion truncates after the first contributions, and we obtain the spectral

two point function as

R2(s) = �Re
1

2s2
(1 � e

�2is) = �sin2
s

s2
. (2.26)

As the above graphical representation suggests (see also Figure 1 for a description in terms

of the target space geometry of the sigma model), the perturbative expansions around the

two saddle points di↵er quantitatively, however they are organised in terms of topologically

equivalent surfaces, which we indicate by the primes after each contribution around the AA
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“standard” saddle

“Andreev-Altshuler” saddle

[Altland, JS]

s =
E1 � E2

⇡�
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Figure 1: The generic late-time behavior described by the e↵ective theory of quantum chaos.
The top line shows the ramp and plateau behavior of a simple observable – the spectral form
factor K(⌧) – and the bottom line shows how the di↵erent qualitative regimes are obtained in
the sigma model. The ramp behavior is initially well described by small perturbative corrections
around the standard saddle (the north pole of the sphere in the sigma model geometry H2⇥S

2).
In this phase causal symmetry is spontaneously broken. Around the Heisenberg time ⌧ = 1,
one must also include the non-perturbative contributions of the second saddle, as described in
(2.25). At very late times the system explores the full Goldstone manifold H2 ⇥ S

2 and the
causal symmetry is restored.

duals to bulk theories [3, 4, 32], indicating that the symmetry breaking mechanism central to

the present approach, too, has manifestations in the bulk. Before addressing this perspective

in section 4, the two main goals of this section are 1) to explain in technical detail some of

the steps in treating the Q-matrix theory and 2) to establish a set of examples in which the

EFT of quantum chaos can be derived explicitly in order to gain some more intuition about its

structure. In doing so we show in generality how to go from the L⇥L ‘color-matrix’ description

of the model to the graded flavor representation, where the rank of the matrix is O(1). (As

we are solely mapping a high dimensional matrix integral to a single low dimensional one, the

terminology ‘field theory’ may be a misnomer in the present setting. However, in view of the

fact that the flavor integrals discussed here approximate higher dimensional field theories in

the ergodic limit we keep using it.)

3.1 Invariant matrix models

An (invariant) matrix model is defined by a an ensemble of L⇥L random matrix Hamiltonians

H = {Hµ⌫} governed by a probability distribution P (H)dH = exp(�V (H))dH, where V (H) =

V (U †
HU) is a unitarily invariant scalar function, and dH a flat measure (possibly constrained

to subsets of the hermitian matrices in cases where H carries symmetries besides hermiticity).

Assuming that V (H) = tr(F (H)) is expressed via the trace of a matrix function, we note the

20

I. ramp: 
standard saddle

II. plateau: 
Andreev-Altshuler 

III. Very late: full 
𝜎-model manifold 
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symmetry
restoration

What is the (coherent) bulk picture of all this?

The chaotic wormhole calculus
have more to say about this in Section 4.

2.6.1 Non-perturbative structure: second saddle and symmetry restoration

A major advantage of the EFT approach is that it provides access to the long time asymptotics

of spectral correlations: for s . 1, corresponding to energies ! < � or times t > tH , the above

perturbative expansion breaks down. Instead, the spectral correlation functions now probe the

full Goldstone mode manifold. One may thus interpret the exploration of the full manifold in

terms of the restoration of the causal symmetry. This symmetry restoration is natural from our

earlier intuitive picture of the breaking of this symmetry: the symmetry breaking was reflected

by the replacement of a discrete pole structure by a continuous cut at the level of the mean-field

theory. However, once we probe finer structures ! . �, the theory is capable of reproducing

the fact that the spectra of individual systems are discrete, and must therefore undo the e↵ects

of the symmetry breaking. It does so by allowing the Goldstone modes to explore the full coset

space (see Fig. 1 for an illustration.)

Technically, the Goldstone mode matrix integrals Eq. (2.18) are simple enough to be doable

in closed form for all symmetry classes [30]. However, for the present purposes it is not necessary

to delve into the technicalities of these computations, a stationary phase analysis extended for

the presence of the Altshuler-Andreev saddle, QAA, defined in the beginning of the section

su�ces for the present purposes. Referring the Reader to section 3 for the technical fine print,

a repetition of the perturbative expansion, now around QAA gives rise to the full structure

e
s�0
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<latexit sha1_base64="LVLgpzMhViNsEEYcAczGLaPQ+Sc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9FjqxWMF+wFtKJvtJF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+SjmaboxzSSPOSMGit1B00eRaI2rFTdursAWSdeQapQoDWsfA1GCctilIYJqnXfc1Pj51QZzgTOyoNMY0rZhEbYt1TSGLWfL86dkUurjEiYKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmbCWz/nMs0MSrZcFGaCmITMfycjrpAZMbWEMsXtrYSNqaLM2ITKNgRv9eV10rmqe27de7iuNppFHCU4hwuogQc30IB7aEEbGEzgGV7hzUmdF+fd+Vi2bjjFzBn8gfP5A7y0jyk=</latexit><latexit sha1_base64="LVLgpzMhViNsEEYcAczGLaPQ+Sc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9FjqxWMF+wFtKJvtJF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+SjmaboxzSSPOSMGit1B00eRaI2rFTdursAWSdeQapQoDWsfA1GCctilIYJqnXfc1Pj51QZzgTOyoNMY0rZhEbYt1TSGLWfL86dkUurjEiYKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmbCWz/nMs0MSrZcFGaCmITMfycjrpAZMbWEMsXtrYSNqaLM2ITKNgRv9eV10rmqe27de7iuNppFHCU4hwuogQc30IB7aEEbGEzgGV7hzUmdF+fd+Vi2bjjFzBn8gfP5A7y0jyk=</latexit><latexit sha1_base64="LVLgpzMhViNsEEYcAczGLaPQ+Sc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9FjqxWMF+wFtKJvtJF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+SjmaboxzSSPOSMGit1B00eRaI2rFTdursAWSdeQapQoDWsfA1GCctilIYJqnXfc1Pj51QZzgTOyoNMY0rZhEbYt1TSGLWfL86dkUurjEiYKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmbCWz/nMs0MSrZcFGaCmITMfycjrpAZMbWEMsXtrYSNqaLM2ITKNgRv9eV10rmqe27de7iuNppFHCU4hwuogQc30IB7aEEbGEzgGV7hzUmdF+fd+Vi2bjjFzBn8gfP5A7y0jyk=</latexit><latexit sha1_base64="LVLgpzMhViNsEEYcAczGLaPQ+Sc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9FjqxWMF+wFtKJvtJF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+SjmaboxzSSPOSMGit1B00eRaI2rFTdursAWSdeQapQoDWsfA1GCctilIYJqnXfc1Pj51QZzgTOyoNMY0rZhEbYt1TSGLWfL86dkUurjEiYKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmbCWz/nMs0MSrZcFGaCmITMfycjrpAZMbWEMsXtrYSNqaLM2ITKNgRv9eV10rmqe27de7iuNppFHCU4hwuogQc30IB7aEEbGEzgGV7hzUmdF+fd+Vi2bjjFzBn8gfP5A7y0jyk=</latexit>

s
�2

<latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit> s
�4

<latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

+ · · ·
<latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit>

⌘

<latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit>

+e
2is

<latexit sha1_base64="QMAGNdhntndTStkRWD3xXKVj2XY=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmKoMeiF48V7Ie0sWy2k3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgkfYMNwIbCcKqQwEtoLRzdRvPaHSPI7uzThBX9JBxEPOqLHSwznBx6zK9aRXKrsVdwayTLyclCFHvVf66vZjlkqMDBNU647nJsbPqDKcCZwUu6nGhLIRHWDH0ohK1H42O3hCTq3SJ2GsbEWGzNTfExmVWo9lYDslNUO96E3F/7xOasIrP+NRkhqM2HxRmApiYjL9nvS5QmbE2BLKFLe3EjakijJjMyraELzFl5dJs1rx3Ip3d1GuXedxFOAYTuAMPLiEGtxCHRrAQMIzvMKbo5wX5935mLeuOPnMEfyB8/kDDI6P6A==</latexit><latexit sha1_base64="QMAGNdhntndTStkRWD3xXKVj2XY=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmKoMeiF48V7Ie0sWy2k3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgkfYMNwIbCcKqQwEtoLRzdRvPaHSPI7uzThBX9JBxEPOqLHSwznBx6zK9aRXKrsVdwayTLyclCFHvVf66vZjlkqMDBNU647nJsbPqDKcCZwUu6nGhLIRHWDH0ohK1H42O3hCTq3SJ2GsbEWGzNTfExmVWo9lYDslNUO96E3F/7xOasIrP+NRkhqM2HxRmApiYjL9nvS5QmbE2BLKFLe3EjakijJjMyraELzFl5dJs1rx3Ip3d1GuXedxFOAYTuAMPLiEGtxCHRrAQMIzvMKbo5wX5935mLeuOPnMEfyB8/kDDI6P6A==</latexit><latexit sha1_base64="QMAGNdhntndTStkRWD3xXKVj2XY=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmKoMeiF48V7Ie0sWy2k3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgkfYMNwIbCcKqQwEtoLRzdRvPaHSPI7uzThBX9JBxEPOqLHSwznBx6zK9aRXKrsVdwayTLyclCFHvVf66vZjlkqMDBNU647nJsbPqDKcCZwUu6nGhLIRHWDH0ohK1H42O3hCTq3SJ2GsbEWGzNTfExmVWo9lYDslNUO96E3F/7xOasIrP+NRkhqM2HxRmApiYjL9nvS5QmbE2BLKFLe3EjakijJjMyraELzFl5dJs1rx3Ip3d1GuXedxFOAYTuAMPLiEGtxCHRrAQMIzvMKbo5wX5935mLeuOPnMEfyB8/kDDI6P6A==</latexit><latexit sha1_base64="QMAGNdhntndTStkRWD3xXKVj2XY=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmKoMeiF48V7Ie0sWy2k3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgkfYMNwIbCcKqQwEtoLRzdRvPaHSPI7uzThBX9JBxEPOqLHSwznBx6zK9aRXKrsVdwayTLyclCFHvVf66vZjlkqMDBNU647nJsbPqDKcCZwUu6nGhLIRHWDH0ohK1H42O3hCTq3SJ2GsbEWGzNTfExmVWo9lYDslNUO96E3F/7xOasIrP+NRkhqM2HxRmApiYjL9nvS5QmbE2BLKFLe3EjakijJjMyraELzFl5dJs1rx3Ip3d1GuXedxFOAYTuAMPLiEGtxCHRrAQMIzvMKbo5wX5935mLeuOPnMEfyB8/kDDI6P6A==</latexit>

 

<latexit sha1_base64="LVLgpzMhViNsEEYcAczGLaPQ+Sc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9FjqxWMF+wFtKJvtJF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+SjmaboxzSSPOSMGit1B00eRaI2rFTdursAWSdeQapQoDWsfA1GCctilIYJqnXfc1Pj51QZzgTOyoNMY0rZhEbYt1TSGLWfL86dkUurjEiYKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmbCWz/nMs0MSrZcFGaCmITMfycjrpAZMbWEMsXtrYSNqaLM2ITKNgRv9eV10rmqe27de7iuNppFHCU4hwuogQc30IB7aEEbGEzgGV7hzUmdF+fd+Vi2bjjFzBn8gfP5A7y0jyk=</latexit><latexit sha1_base64="LVLgpzMhViNsEEYcAczGLaPQ+Sc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9FjqxWMF+wFtKJvtJF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+SjmaboxzSSPOSMGit1B00eRaI2rFTdursAWSdeQapQoDWsfA1GCctilIYJqnXfc1Pj51QZzgTOyoNMY0rZhEbYt1TSGLWfL86dkUurjEiYKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmbCWz/nMs0MSrZcFGaCmITMfycjrpAZMbWEMsXtrYSNqaLM2ITKNgRv9eV10rmqe27de7iuNppFHCU4hwuogQc30IB7aEEbGEzgGV7hzUmdF+fd+Vi2bjjFzBn8gfP5A7y0jyk=</latexit><latexit sha1_base64="LVLgpzMhViNsEEYcAczGLaPQ+Sc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9FjqxWMF+wFtKJvtJF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+SjmaboxzSSPOSMGit1B00eRaI2rFTdursAWSdeQapQoDWsfA1GCctilIYJqnXfc1Pj51QZzgTOyoNMY0rZhEbYt1TSGLWfL86dkUurjEiYKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmbCWz/nMs0MSrZcFGaCmITMfycjrpAZMbWEMsXtrYSNqaLM2ITKNgRv9eV10rmqe27de7iuNppFHCU4hwuogQc30IB7aEEbGEzgGV7hzUmdF+fd+Vi2bjjFzBn8gfP5A7y0jyk=</latexit><latexit sha1_base64="LVLgpzMhViNsEEYcAczGLaPQ+Sc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9FjqxWMF+wFtKJvtJF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+SjmaboxzSSPOSMGit1B00eRaI2rFTdursAWSdeQapQoDWsfA1GCctilIYJqnXfc1Pj51QZzgTOyoNMY0rZhEbYt1TSGLWfL86dkUurjEiYKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmbCWz/nMs0MSrZcFGaCmITMfycjrpAZMbWEMsXtrYSNqaLM2ITKNgRv9eV10rmqe27de7iuNppFHCU4hwuogQc30IB7aEEbGEzgGV7hzUmdF+fd+Vi2bjjFzBn8gfP5A7y0jyk=</latexit>

s
�2

<latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit> s
�4

<latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

+ · · ·
<latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit>

⌘

<latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit>

R2(s)
<latexit sha1_base64="B3orzKklR3qqkusz5/2Pb2CTIyk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFK7Yd+jVTMRb9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdKqVT236t1flus3eRwFOIUzqIAHV1CHO2hAExiM4Rle4c1JnBfn3flYtK45+cwJ/IHz+QPFSo6H</latexit><latexit sha1_base64="B3orzKklR3qqkusz5/2Pb2CTIyk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFK7Yd+jVTMRb9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdKqVT236t1flus3eRwFOIUzqIAHV1CHO2hAExiM4Rle4c1JnBfn3flYtK45+cwJ/IHz+QPFSo6H</latexit><latexit sha1_base64="B3orzKklR3qqkusz5/2Pb2CTIyk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFK7Yd+jVTMRb9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdKqVT236t1flus3eRwFOIUzqIAHV1CHO2hAExiM4Rle4c1JnBfn3flYtK45+cwJ/IHz+QPFSo6H</latexit><latexit sha1_base64="B3orzKklR3qqkusz5/2Pb2CTIyk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFK7Yd+jVTMRb9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdKqVT236t1flus3eRwFOIUzqIAHV1CHO2hAExiM4Rle4c1JnBfn3flYtK45+cwJ/IHz+QPFSo6H</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>

,
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, (2.25)

where for simplicity we included orientable diagrams/surfaces only. In the semiclassically exact

unitary class, the expansion truncates after the first contributions, and we obtain the spectral

two point function as

R2(s) = �Re
1

2s2
(1 � e

�2is) = �sin2
s

s2
. (2.26)

As the above graphical representation suggests (see also Figure 1 for a description in terms

of the target space geometry of the sigma model), the perturbative expansions around the

two saddle points di↵er quantitatively, however they are organised in terms of topologically

equivalent surfaces, which we indicate by the primes after each contribution around the AA
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A
m
ajor

advantage
of the

E
FT

approach
is
that

it
provides

access
to
the

long
tim

e
asym

ptotics

of spectral correlations:
for

s .
1, corresponding

to
energies

!
<
�
or
tim

es
t
>
t
H , the

above

perturbative
expansion

breaks
dow

n.
Instead, the

spectral correlation
functions

now
probe

the

full G
oldstone

m
ode

m
anifold.

O
ne

m
ay

thus
interpret

the
exploration

of the
full m

anifold
in

term
s
of the

restoration
of the

causal sym
m
etry.

T
his

sym
m
etry

restoration
is
natural from

our

earlier
intuitive

picture
of the

breaking
of this

sym
m
etry:

the
sym

m
etry

b
rea

k
in
g
w
as
reflected

by
the

replacem
ent of a

discrete
pole

structure
by

a
continuous

cut at the
level of the

m
ean-field

theory.
H
ow
ever, once

w
e
probe

finer
structures

!
.
�
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reproducing

the
fact

that
the

spectra
of individual system

s
are

discrete, and
m
ust

therefore
undo

the
e↵ects

of the
sym

m
etry

breaking.
It
does

so
by

allow
ing

the
G
oldstone

m
odes

to
explore

the
full coset

space
(see

Fig. 1
for

an
illustration.)

Technically, the
G
oldstone

m
ode

m
atrix

integrals
E
q. (2.18)

are
sim

ple
enough

to
be

doable

in
closed

form
for all sym

m
etry

classes [30].
H
ow
ever, for the

present purposes it is not necessary

to
delve

into
the

technicalities
of these

com
putations, a

stationary
phase

analysis
extended

for

the
presence

of
the

A
ltshuler-A

ndreev
saddle,

Q
A
A ,

defined
in

the
beginning

of
the

section

su�
ces

for
the

present
purposes.

R
eferring
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R
eader

to
section

3
for

the
technical fine

print,

a
repetition

of the
perturbative

expansion, now
around

Q
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to
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full structure
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s �
2

<latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit>

s �
4

<latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

+
· · ·

<latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit>

⌘
<latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit>

+
e 2is

<latexit sha1_base64="QMAGNdhntndTStkRWD3xXKVj2XY=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmKoMeiF48V7Ie0sWy2k3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgkfYMNwIbCcKqQwEtoLRzdRvPaHSPI7uzThBX9JBxEPOqLHSwznBx6zK9aRXKrsVdwayTLyclCFHvVf66vZjlkqMDBNU647nJsbPqDKcCZwUu6nGhLIRHWDH0ohK1H42O3hCTq3SJ2GsbEWGzNTfExmVWo9lYDslNUO96E3F/7xOasIrP+NRkhqM2HxRmApiYjL9nvS5QmbE2BLKFLe3EjakijJjMyraELzFl5dJs1rx3Ip3d1GuXedxFOAYTuAMPLiEGtxCHRrAQMIzvMKbo5wX5935mLeuOPnMEfyB8/kDDI6P6A==</latexit><latexit sha1_base64="QMAGNdhntndTStkRWD3xXKVj2XY=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmKoMeiF48V7Ie0sWy2k3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgkfYMNwIbCcKqQwEtoLRzdRvPaHSPI7uzThBX9JBxEPOqLHSwznBx6zK9aRXKrsVdwayTLyclCFHvVf66vZjlkqMDBNU647nJsbPqDKcCZwUu6nGhLIRHWDH0ohK1H42O3hCTq3SJ2GsbEWGzNTfExmVWo9lYDslNUO96E3F/7xOasIrP+NRkhqM2HxRmApiYjL9nvS5QmbE2BLKFLe3EjakijJjMyraELzFl5dJs1rx3Ip3d1GuXedxFOAYTuAMPLiEGtxCHRrAQMIzvMKbo5wX5935mLeuOPnMEfyB8/kDDI6P6A==</latexit><latexit sha1_base64="QMAGNdhntndTStkRWD3xXKVj2XY=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmKoMeiF48V7Ie0sWy2k3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgkfYMNwIbCcKqQwEtoLRzdRvPaHSPI7uzThBX9JBxEPOqLHSwznBx6zK9aRXKrsVdwayTLyclCFHvVf66vZjlkqMDBNU647nJsbPqDKcCZwUu6nGhLIRHWDH0ohK1H42O3hCTq3SJ2GsbEWGzNTfExmVWo9lYDslNUO96E3F/7xOasIrP+NRkhqM2HxRmApiYjL9nvS5QmbE2BLKFLe3EjakijJjMyraELzFl5dJs1rx3Ip3d1GuXedxFOAYTuAMPLiEGtxCHRrAQMIzvMKbo5wX5935mLeuOPnMEfyB8/kDDI6P6A==</latexit><latexit sha1_base64="QMAGNdhntndTStkRWD3xXKVj2XY=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmKoMeiF48V7Ie0sWy2k3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgkfYMNwIbCcKqQwEtoLRzdRvPaHSPI7uzThBX9JBxEPOqLHSwznBx6zK9aRXKrsVdwayTLyclCFHvVf66vZjlkqMDBNU647nJsbPqDKcCZwUu6nGhLIRHWDH0ohK1H42O3hCTq3SJ2GsbEWGzNTfExmVWo9lYDslNUO96E3F/7xOasIrP+NRkhqM2HxRmApiYjL9nvS5QmbE2BLKFLe3EjakijJjMyraELzFl5dJs1rx3Ip3d1GuXedxFOAYTuAMPLiEGtxCHRrAQMIzvMKbo5wX5935mLeuOPnMEfyB8/kDDI6P6A==</latexit>

 

<latexit sha1_base64="LVLgpzMhViNsEEYcAczGLaPQ+Sc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9FjqxWMF+wFtKJvtJF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+SjmaboxzSSPOSMGit1B00eRaI2rFTdursAWSdeQapQoDWsfA1GCctilIYJqnXfc1Pj51QZzgTOyoNMY0rZhEbYt1TSGLWfL86dkUurjEiYKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmbCWz/nMs0MSrZcFGaCmITMfycjrpAZMbWEMsXtrYSNqaLM2ITKNgRv9eV10rmqe27de7iuNppFHCU4hwuogQc30IB7aEEbGEzgGV7hzUmdF+fd+Vi2bjjFzBn8gfP5A7y0jyk=</latexit><latexit sha1_base64="LVLgpzMhViNsEEYcAczGLaPQ+Sc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9FjqxWMF+wFtKJvtJF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+SjmaboxzSSPOSMGit1B00eRaI2rFTdursAWSdeQapQoDWsfA1GCctilIYJqnXfc1Pj51QZzgTOyoNMY0rZhEbYt1TSGLWfL86dkUurjEiYKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmbCWz/nMs0MSrZcFGaCmITMfycjrpAZMbWEMsXtrYSNqaLM2ITKNgRv9eV10rmqe27de7iuNppFHCU4hwuogQc30IB7aEEbGEzgGV7hzUmdF+fd+Vi2bjjFzBn8gfP5A7y0jyk=</latexit><latexit sha1_base64="LVLgpzMhViNsEEYcAczGLaPQ+Sc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9FjqxWMF+wFtKJvtJF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+SjmaboxzSSPOSMGit1B00eRaI2rFTdursAWSdeQapQoDWsfA1GCctilIYJqnXfc1Pj51QZzgTOyoNMY0rZhEbYt1TSGLWfL86dkUurjEiYKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmbCWz/nMs0MSrZcFGaCmITMfycjrpAZMbWEMsXtrYSNqaLM2ITKNgRv9eV10rmqe27de7iuNppFHCU4hwuogQc30IB7aEEbGEzgGV7hzUmdF+fd+Vi2bjjFzBn8gfP5A7y0jyk=</latexit><latexit sha1_base64="LVLgpzMhViNsEEYcAczGLaPQ+Sc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9FjqxWMF+wFtKJvtJF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7T6g0T+SjmaboxzSSPOSMGit1B00eRaI2rFTdursAWSdeQapQoDWsfA1GCctilIYJqnXfc1Pj51QZzgTOyoNMY0rZhEbYt1TSGLWfL86dkUurjEiYKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmbCWz/nMs0MSrZcFGaCmITMfycjrpAZMbWEMsXtrYSNqaLM2ITKNgRv9eV10rmqe27de7iuNppFHCU4hwuogQc30IB7aEEbGEzgGV7hzUmdF+fd+Vi2bjjFzBn8gfP5A7y0jyk=</latexit>

s �
2

<latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit><latexit sha1_base64="7I5UWb+0iX95tFegw7vfYIQ/3K4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCXv7ThhQUwGkkecEuukpnnIzs4nvXLFq3oz4GXi56QCOeq98le3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8EnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI/uLLy6R5XvW9qn93Uald53EU4QiO4RR8uIQa3EIdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfPzNxjt4=</latexit>

s �
4

<latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit><latexit sha1_base64="wF6pf9c0Tg7PmKYITILqNsZcbX4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc1zUN2Xp30SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNC8qgV8J7qrl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ATZ7juA=</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

+
· · ·

<latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit>

⌘
<latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit><latexit sha1_base64="yRpxS7KKnQf3vnSQCvdxMxgI0fo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIugl7Irgh5LvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrV6dD/VFv1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVn2v6t9fVWr1PI4inMApnIMP11CDO2hAEyg8wjO8whtS6AW9o49FawHlM8fwB+jzBwQQjr8=</latexit>

R
2 (s)

<latexit sha1_base64="B3orzKklR3qqkusz5/2Pb2CTIyk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFK7Yd+jVTMRb9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdKqVT236t1flus3eRwFOIUzqIAHV1CHO2hAExiM4Rle4c1JnBfn3flYtK45+cwJ/IHz+QPFSo6H</latexit><latexit sha1_base64="B3orzKklR3qqkusz5/2Pb2CTIyk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFK7Yd+jVTMRb9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdKqVT236t1flus3eRwFOIUzqIAHV1CHO2hAExiM4Rle4c1JnBfn3flYtK45+cwJ/IHz+QPFSo6H</latexit><latexit sha1_base64="B3orzKklR3qqkusz5/2Pb2CTIyk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFK7Yd+jVTMRb9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdKqVT236t1flus3eRwFOIUzqIAHV1CHO2hAExiM4Rle4c1JnBfn3flYtK45+cwJ/IHz+QPFSo6H</latexit><latexit sha1_base64="B3orzKklR3qqkusz5/2Pb2CTIyk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFK7Yd+jVTMRb9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdKqVT236t1flus3eRwFOIUzqIAHV1CHO2hAExiM4Rle4c1JnBfn3flYtK45+cwJ/IHz+QPFSo6H</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>

,
<latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="GDaHouAIskb81F0H3KecBRbw0uU=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuJAy40aXghuXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fh+nref0ViZ6keaZBgmfKhlLAUnZzWu+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBtOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVdC/xa0PChCGdwDpcQwA3cwQPUoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP2Gni10=</latexit><latexit sha1_base64="GDaHouAIskb81F0H3KecBRbw0uU=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuJAy40aXghuXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fh+nref0ViZ6keaZBgmfKhlLAUnZzWu+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBtOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVdC/xa0PChCGdwDpcQwA3cwQPUoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP2Gni10=</latexit><latexit sha1_base64="ux9R/4tUNNLKpLuJLBsSCOMAofg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgIeHOJpZBG8sEzAckR9jbzCVr9vaO3T0hHPkFNhaK2PqT7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7euq51a9plup3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDccmMrA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit>
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<latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="GDaHouAIskb81F0H3KecBRbw0uU=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuJAy40aXghuXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fh+nref0ViZ6keaZBgmfKhlLAUnZzWu+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBtOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVdC/xa0PChCGdwDpcQwA3cwQPUoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP2Gni10=</latexit><latexit sha1_base64="GDaHouAIskb81F0H3KecBRbw0uU=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuJAy40aXghuXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fh+nref0ViZ6keaZBgmfKhlLAUnZzWu+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBtOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVdC/xa0PChCGdwDpcQwA3cwQPUoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP2Gni10=</latexit><latexit sha1_base64="ux9R/4tUNNLKpLuJLBsSCOMAofg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgIeHOJpZBG8sEzAckR9jbzCVr9vaO3T0hHPkFNhaK2PqT7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7euq51a9plup3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDccmMrA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit>
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<latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit><latexit sha1_base64="U/V2znasgIyQLCO0xOel6aC9zeo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsLXQhrLZbNqlm2zcnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkorq2vrG+XNytb2zu5edf+gbVSmGW8xJZXuBNRwKRLeQoGSd1LNaRxI/hCMbqb+wxPXRqjkHscp92M6SEQkGEUrdc5Ij4UKTb9ac+vuDGSZeAWpQYFmv/rVCxXLYp4gk9SYruem6OdUo2CSTyq9zPCUshEd8K6lCY258fPZvRNyYpWQRErbSpDM1N8TOY2NGceB7YwpDs2iNxX/87oZRld+LpI0Q56w+aIokwQVmT5PQqE5Qzm2hDIt7K2EDammDG1EFRuCt/jyMmmf1z237t1d1BrXRRxlOIJjOAUPLqEBt9CEFjCQ8Ayv8OY8Oi/Ou/Mxby05xcwh/IHz+QNr3Y+O</latexit>



Universe Field Theory for JT

The structure we need:                  of multi JT-universe configurations / 
correlations

[NB: the chaos EFT is such a universe field theory]

Zbulk[J ]
<latexit sha1_base64="RFyol65cQg3w5fCEremvFusHbpQ=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyURQZdFN+Kqgn1gEstkOmmHziRhZiKUmIW/4saFIm79DXf+jdPHQlsPXDiccy/33hOmnCntON/WwuLS8spqaa28vrG5tW3v7DZVkklCGyThiWyHWFHOYtrQTHPaTiXFIuS0FQ4uR37rgUrFkvhWD1MaCNyLWcQI1kbq2Pu5TzBHd8V97kuBwowPCu866NgVp+qMgeaJOyUVmKLesb/8bkIyQWNNOFbKc51UBzmWmhFOi7KfKZpiMsA96hkaY0FVkI/vL9CRUbooSqSpWKOx+nsix0KpoQhNp8C6r2a9kfif52U6Og9yFqeZpjGZLIoyjnSCRmGgLpOUaD40BBPJzK2I9LHERJvIyiYEd/bledI8qbpO1b05rdQupnGU4AAO4RhcOIMaXEEdGkDgEZ7hFd6sJ+vFerc+Jq0L1nRmD/7A+vwBuleV5g==</latexit><latexit sha1_base64="RFyol65cQg3w5fCEremvFusHbpQ=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyURQZdFN+Kqgn1gEstkOmmHziRhZiKUmIW/4saFIm79DXf+jdPHQlsPXDiccy/33hOmnCntON/WwuLS8spqaa28vrG5tW3v7DZVkklCGyThiWyHWFHOYtrQTHPaTiXFIuS0FQ4uR37rgUrFkvhWD1MaCNyLWcQI1kbq2Pu5TzBHd8V97kuBwowPCu866NgVp+qMgeaJOyUVmKLesb/8bkIyQWNNOFbKc51UBzmWmhFOi7KfKZpiMsA96hkaY0FVkI/vL9CRUbooSqSpWKOx+nsix0KpoQhNp8C6r2a9kfif52U6Og9yFqeZpjGZLIoyjnSCRmGgLpOUaD40BBPJzK2I9LHERJvIyiYEd/bledI8qbpO1b05rdQupnGU4AAO4RhcOIMaXEEdGkDgEZ7hFd6sJ+vFerc+Jq0L1nRmD/7A+vwBuleV5g==</latexit><latexit sha1_base64="RFyol65cQg3w5fCEremvFusHbpQ=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyURQZdFN+Kqgn1gEstkOmmHziRhZiKUmIW/4saFIm79DXf+jdPHQlsPXDiccy/33hOmnCntON/WwuLS8spqaa28vrG5tW3v7DZVkklCGyThiWyHWFHOYtrQTHPaTiXFIuS0FQ4uR37rgUrFkvhWD1MaCNyLWcQI1kbq2Pu5TzBHd8V97kuBwowPCu866NgVp+qMgeaJOyUVmKLesb/8bkIyQWNNOFbKc51UBzmWmhFOi7KfKZpiMsA96hkaY0FVkI/vL9CRUbooSqSpWKOx+nsix0KpoQhNp8C6r2a9kfif52U6Og9yFqeZpjGZLIoyjnSCRmGgLpOUaD40BBPJzK2I9LHERJvIyiYEd/bledI8qbpO1b05rdQupnGU4AAO4RhcOIMaXEEdGkDgEZ7hFd6sJ+vFerc+Jq0L1nRmD/7A+vwBuleV5g==</latexit><latexit sha1_base64="RFyol65cQg3w5fCEremvFusHbpQ=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyURQZdFN+Kqgn1gEstkOmmHziRhZiKUmIW/4saFIm79DXf+jdPHQlsPXDiccy/33hOmnCntON/WwuLS8spqaa28vrG5tW3v7DZVkklCGyThiWyHWFHOYtrQTHPaTiXFIuS0FQ4uR37rgUrFkvhWD1MaCNyLWcQI1kbq2Pu5TzBHd8V97kuBwowPCu866NgVp+qMgeaJOyUVmKLesb/8bkIyQWNNOFbKc51UBzmWmhFOi7KfKZpiMsA96hkaY0FVkI/vL9CRUbooSqSpWKOx+nsix0KpoQhNp8C6r2a9kfif52U6Og9yFqeZpjGZLIoyjnSCRmGgLpOUaD40BBPJzK2I9LHERJvIyiYEd/bledI8qbpO1b05rdQupnGU4AAO4RhcOIMaXEEdGkDgEZ7hFd6sJ+vFerc+Jq0L1nRmD/7A+vwBuleV5g==</latexit>

�(n) logZbulk[J ]

�J1 · · · �Jn
=

<latexit sha1_base64="49bzh6bp2eXE9T0MplfPWJ3fvz4="></latexit><latexit sha1_base64="49bzh6bp2eXE9T0MplfPWJ3fvz4="></latexit><latexit sha1_base64="49bzh6bp2eXE9T0MplfPWJ3fvz4="></latexit><latexit sha1_base64="49bzh6bp2eXE9T0MplfPWJ3fvz4="></latexit>

Write 2D JT gravity as the world sheet theory of a string and construct its 
string-field theory description [Post, vd Heijden, E.Verlinde; …]

Fixed-energy boundary conditions on JT universe = topological D-brane

E1
<latexit sha1_base64="Bi34J8SYWq1KLtBcT2QBNyIgAIM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiCB4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1iJOE+xEdKhEKRtFKD7d9r1+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gC9741t</latexit><latexit sha1_base64="Bi34J8SYWq1KLtBcT2QBNyIgAIM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiCB4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1iJOE+xEdKhEKRtFKD7d9r1+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gC9741t</latexit><latexit sha1_base64="Bi34J8SYWq1KLtBcT2QBNyIgAIM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiCB4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1iJOE+xEdKhEKRtFKD7d9r1+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gC9741t</latexit><latexit sha1_base64="Bi34J8SYWq1KLtBcT2QBNyIgAIM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiCB4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1iJOE+xEdKhEKRtFKD7d9r1+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gC9741t</latexit>

E2
<latexit sha1_base64="HOcG5SYhygUQuJCCCey8ctdv9Hg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiCB4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJaPZpKgH9Gh5CFn1Fjp4bZf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVT236t1fVOrXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AG/c41u</latexit><latexit sha1_base64="HOcG5SYhygUQuJCCCey8ctdv9Hg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiCB4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJaPZpKgH9Gh5CFn1Fjp4bZf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVT236t1fVOrXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AG/c41u</latexit><latexit sha1_base64="HOcG5SYhygUQuJCCCey8ctdv9Hg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiCB4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJaPZpKgH9Gh5CFn1Fjp4bZf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVT236t1fVOrXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AG/c41u</latexit><latexit sha1_base64="HOcG5SYhygUQuJCCCey8ctdv9Hg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiCB4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJaPZpKgH9Gh5CFn1Fjp4bZf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVT236t1fVOrXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AG/c41u</latexit>

En
<latexit sha1_base64="jZOzkqUlJ1OEmkW3JcAU1EU9Xzs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiCB4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJaPZpKgH9Gh5CFn1Fjp4bYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAaco2q</latexit><latexit sha1_base64="jZOzkqUlJ1OEmkW3JcAU1EU9Xzs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiCB4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJaPZpKgH9Gh5CFn1Fjp4bYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAaco2q</latexit><latexit sha1_base64="jZOzkqUlJ1OEmkW3JcAU1EU9Xzs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiCB4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJaPZpKgH9Gh5CFn1Fjp4bYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAaco2q</latexit><latexit sha1_base64="jZOzkqUlJ1OEmkW3JcAU1EU9Xzs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiCB4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJaPZpKgH9Gh5CFn1Fjp4bYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAaco2q</latexit>

E3
<latexit sha1_base64="VxTYfOToKBazKW23ss0RsF6C88g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNs775UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3pu1bu/qNSu8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPA941v</latexit><latexit sha1_base64="VxTYfOToKBazKW23ss0RsF6C88g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNs775UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3pu1bu/qNSu8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPA941v</latexit><latexit sha1_base64="VxTYfOToKBazKW23ss0RsF6C88g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNs775UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3pu1bu/qNSu8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPA941v</latexit><latexit sha1_base64="VxTYfOToKBazKW23ss0RsF6C88g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNs775UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3pu1bu/qNSu8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPA941v</latexit>

Fixed-energy boundary  
= (universal) D-brane



Quantum Chaos ⇔ quantum gravity
Spectral determinants become (universe-) D-branes

 = e
�(x) ⌘ det(x�H)

<latexit sha1_base64="FGmf/73amL/1DFzp0dVkiU4JgcA=">AAACDHicbVDLSgMxFM3UV62vqks3wSK0C8uMCLoRim66rGAf0BlLJnPbhmYeJpnSMvQD3Pgrblwo4tYPcOffmLaz0NYDgcM553JzjxtxJpVpfhuZldW19Y3sZm5re2d3L79/0JBhLCjUachD0XKJBM4CqCumOLQiAcR3OTTdwc3Ubw5BSBYGd2ocgeOTXsC6jBKlpU6+YEeS4SsM94ld67PiqDTBNjzEbIhtD1RxdFot6ZRZNmfAy8RKSQGlqHXyX7YX0tiHQFFOpGxbZqSchAjFKIdJzo4lRIQOSA/amgbEB+kks2Mm+EQrHu6GQr9A4Zn6eyIhvpRj39VJn6i+XPSm4n9eO1bdSydhQRQrCOh8UTfmWIV42gz2mACq+FgTQgXTf8W0TwShSveX0yVYiycvk8ZZ2TLL1u15oXKd1pFFR+gYFZGFLlAFVVEN1RFFj+gZvaI348l4Md6Nj3k0Y6Qzh+gPjM8fNhSZzA==</latexit><latexit sha1_base64="FGmf/73amL/1DFzp0dVkiU4JgcA=">AAACDHicbVDLSgMxFM3UV62vqks3wSK0C8uMCLoRim66rGAf0BlLJnPbhmYeJpnSMvQD3Pgrblwo4tYPcOffmLaz0NYDgcM553JzjxtxJpVpfhuZldW19Y3sZm5re2d3L79/0JBhLCjUachD0XKJBM4CqCumOLQiAcR3OTTdwc3Ubw5BSBYGd2ocgeOTXsC6jBKlpU6+YEeS4SsM94ld67PiqDTBNjzEbIhtD1RxdFot6ZRZNmfAy8RKSQGlqHXyX7YX0tiHQFFOpGxbZqSchAjFKIdJzo4lRIQOSA/amgbEB+kks2Mm+EQrHu6GQr9A4Zn6eyIhvpRj39VJn6i+XPSm4n9eO1bdSydhQRQrCOh8UTfmWIV42gz2mACq+FgTQgXTf8W0TwShSveX0yVYiycvk8ZZ2TLL1u15oXKd1pFFR+gYFZGFLlAFVVEN1RFFj+gZvaI348l4Md6Nj3k0Y6Qzh+gPjM8fNhSZzA==</latexit><latexit sha1_base64="FGmf/73amL/1DFzp0dVkiU4JgcA=">AAACDHicbVDLSgMxFM3UV62vqks3wSK0C8uMCLoRim66rGAf0BlLJnPbhmYeJpnSMvQD3Pgrblwo4tYPcOffmLaz0NYDgcM553JzjxtxJpVpfhuZldW19Y3sZm5re2d3L79/0JBhLCjUachD0XKJBM4CqCumOLQiAcR3OTTdwc3Ubw5BSBYGd2ocgeOTXsC6jBKlpU6+YEeS4SsM94ld67PiqDTBNjzEbIhtD1RxdFot6ZRZNmfAy8RKSQGlqHXyX7YX0tiHQFFOpGxbZqSchAjFKIdJzo4lRIQOSA/amgbEB+kks2Mm+EQrHu6GQr9A4Zn6eyIhvpRj39VJn6i+XPSm4n9eO1bdSydhQRQrCOh8UTfmWIV42gz2mACq+FgTQgXTf8W0TwShSveX0yVYiycvk8ZZ2TLL1u15oXKd1pFFR+gYFZGFLlAFVVEN1RFFj+gZvaI348l4Md6Nj3k0Y6Qzh+gPjM8fNhSZzA==</latexit><latexit sha1_base64="FGmf/73amL/1DFzp0dVkiU4JgcA=">AAACDHicbVDLSgMxFM3UV62vqks3wSK0C8uMCLoRim66rGAf0BlLJnPbhmYeJpnSMvQD3Pgrblwo4tYPcOffmLaz0NYDgcM553JzjxtxJpVpfhuZldW19Y3sZm5re2d3L79/0JBhLCjUachD0XKJBM4CqCumOLQiAcR3OTTdwc3Ubw5BSBYGd2ocgeOTXsC6jBKlpU6+YEeS4SsM94ld67PiqDTBNjzEbIhtD1RxdFot6ZRZNmfAy8RKSQGlqHXyX7YX0tiHQFFOpGxbZqSchAjFKIdJzo4lRIQOSA/amgbEB+kks2Mm+EQrHu6GQr9A4Zn6eyIhvpRj39VJn6i+XPSm4n9eO1bdSydhQRQrCOh8UTfmWIV42gz2mACq+FgTQgXTf8W0TwShSveX0yVYiycvk8ZZ2TLL1u15oXKd1pFFR+gYFZGFLlAFVVEN1RFFj+gZvaI348l4Md6Nj3k0Y6Qzh+gPjM8fNhSZzA==</latexit>

 
† = e

��(x) ⌘ det(x�H)�1
<latexit sha1_base64="j+a2fwSc5s8lJxtHN81qG6+e/18=">AAACGnicbVDJSgNBEO2JW4zbqEcvjUFIDgkzIuhFCHrJMYJZIJOEnp5K0qRnsbsnJAz5Di/+ihcPingTL/6NneWgiQ8KHu9VUVXPjTiTyrK+jdTa+sbmVno7s7O7t39gHh7VZBgLClUa8lA0XCKBswCqiikOjUgA8V0OdXdwO/XrQxCShcG9GkfQ8kkvYF1GidJSx7SdSLK245FeDwS+xtBOCk6lz3Kj/AQ78BCzIXY8ULlRoZzXnj3pmFmraM2AV4m9IFm0QKVjfjpeSGMfAkU5kbJpW5FqJUQoRjlMMk4sISJ0QHrQ1DQgPshWMnttgs+04uFuKHQFCs/U3xMJ8aUc+67u9Inqy2VvKv7nNWPVvWolLIhiBQGdL+rGHKsQT3PCHhNAFR9rQqhg+lZM+0QQqnSaGR2CvfzyKqmdF22raN9dZEs3izjS6ASdohyy0SUqoTKqoCqi6BE9o1f0ZjwZL8a78TFvTRmLmWP0B8bXD6/Qn10=</latexit><latexit sha1_base64="j+a2fwSc5s8lJxtHN81qG6+e/18=">AAACGnicbVDJSgNBEO2JW4zbqEcvjUFIDgkzIuhFCHrJMYJZIJOEnp5K0qRnsbsnJAz5Di/+ihcPingTL/6NneWgiQ8KHu9VUVXPjTiTyrK+jdTa+sbmVno7s7O7t39gHh7VZBgLClUa8lA0XCKBswCqiikOjUgA8V0OdXdwO/XrQxCShcG9GkfQ8kkvYF1GidJSx7SdSLK245FeDwS+xtBOCk6lz3Kj/AQ78BCzIXY8ULlRoZzXnj3pmFmraM2AV4m9IFm0QKVjfjpeSGMfAkU5kbJpW5FqJUQoRjlMMk4sISJ0QHrQ1DQgPshWMnttgs+04uFuKHQFCs/U3xMJ8aUc+67u9Inqy2VvKv7nNWPVvWolLIhiBQGdL+rGHKsQT3PCHhNAFR9rQqhg+lZM+0QQqnSaGR2CvfzyKqmdF22raN9dZEs3izjS6ASdohyy0SUqoTKqoCqi6BE9o1f0ZjwZL8a78TFvTRmLmWP0B8bXD6/Qn10=</latexit><latexit sha1_base64="j+a2fwSc5s8lJxtHN81qG6+e/18=">AAACGnicbVDJSgNBEO2JW4zbqEcvjUFIDgkzIuhFCHrJMYJZIJOEnp5K0qRnsbsnJAz5Di/+ihcPingTL/6NneWgiQ8KHu9VUVXPjTiTyrK+jdTa+sbmVno7s7O7t39gHh7VZBgLClUa8lA0XCKBswCqiikOjUgA8V0OdXdwO/XrQxCShcG9GkfQ8kkvYF1GidJSx7SdSLK245FeDwS+xtBOCk6lz3Kj/AQ78BCzIXY8ULlRoZzXnj3pmFmraM2AV4m9IFm0QKVjfjpeSGMfAkU5kbJpW5FqJUQoRjlMMk4sISJ0QHrQ1DQgPshWMnttgs+04uFuKHQFCs/U3xMJ8aUc+67u9Inqy2VvKv7nNWPVvWolLIhiBQGdL+rGHKsQT3PCHhNAFR9rQqhg+lZM+0QQqnSaGR2CvfzyKqmdF22raN9dZEs3izjS6ASdohyy0SUqoTKqoCqi6BE9o1f0ZjwZL8a78TFvTRmLmWP0B8bXD6/Qn10=</latexit><latexit sha1_base64="j+a2fwSc5s8lJxtHN81qG6+e/18=">AAACGnicbVDJSgNBEO2JW4zbqEcvjUFIDgkzIuhFCHrJMYJZIJOEnp5K0qRnsbsnJAz5Di/+ihcPingTL/6NneWgiQ8KHu9VUVXPjTiTyrK+jdTa+sbmVno7s7O7t39gHh7VZBgLClUa8lA0XCKBswCqiikOjUgA8V0OdXdwO/XrQxCShcG9GkfQ8kkvYF1GidJSx7SdSLK245FeDwS+xtBOCk6lz3Kj/AQ78BCzIXY8ULlRoZzXnj3pmFmraM2AV4m9IFm0QKVjfjpeSGMfAkU5kbJpW5FqJUQoRjlMMk4sISJ0QHrQ1DQgPshWMnttgs+04uFuKHQFCs/U3xMJ8aUc+67u9Inqy2VvKv7nNWPVvWolLIhiBQGdL+rGHKsQT3PCHhNAFR9rQqhg+lZM+0QQqnSaGR2CvfzyKqmdF22raN9dZEs3izjS6ASdohyy0SUqoTKqoCqi6BE9o1f0ZjwZL8a78TFvTRmLmWP0B8bXD6/Qn10=</latexit>

Determinant correlators are equivalent to flavour-matrix theory of chaos

[Altland, Post, JS, vd Heijden, E.Verlinde]

is strengthened by the observation in Ref. [49] that the Fourier transform maps the Virasoro

constraints for correlation functions of vertex operators to the open topological recursion of

Ref. [50,51]. Moreover, we will see in the next section that the y-variable naturally arises as an

eigenvalue in the flavor matrix theory.

3.3 fMT representation of the brane correlator

Having introduced the vertex operators  (x),  †(x) and their transformation properties under

symplectomorphisms, we can go on to study correlation functions of brane/anti-brane pairs

in the KS theory. These are the analogs of determinant/inverse determinant insertions in a

random (color) matrix theory, so we expect to reduce their correlation function to a suitable

flavor matrix integral whose dimension is set by the number of vertex operator insertions.

Indeed, we will show that the correlation function of n brane and n anti-brane operators in the

KS universe field theory can be rewritten as a GL(n|n) flavor matrix integral of the form

D�
e
�(x1)e

��(x1) · · · e�(xn)e
��(xn)

 E

KS
=

ˆ
(n|n)

dA e
�e

S0�(A)+e
S0strXA

. (3.30)

To demonstrate this, let us invert the Fourier transforms in Eq. (3.26):

 (x) =

ˆ
C

dyp
�
e
+xy/� b (y) ,  

†(x) =

ˆ
C0

dyp
�
e
�xy/�c †(y) . (3.31)

Applying this transformation to the correlation function of n brane and n anti-brane operators

gives

D
 (x1) 

†(x1) · · · (xn) 
†(xn)

E

KS

= (eS0)n
ˆ

dY e
e
S0strXY

D
b (y1)c †(y1) · · · b (yn)c †(yn)

E

KS
.

(3.32)

Here we have collected the exponentials into a supertrace over graded diagonal matrices X =

diag(x1, . . . , xn| x1, . . . , xn) and Y = diag(y1, . . . , yn| y1, . . . , yn). Next, we use Wick’s theorem to

write the operator product of the vertex operators e�(yi) and e
��(yi) as a single normal-ordered

exponential of chiral bosons. As before, we define normal ordering {· · · } by subtracting all

singular terms coming from the OPE of the chiral boson b�(y)b�(y0) ⇠ log(y � y
0) + reg. After

doing all the Wick contractions, this procedure gives rise to a super-Vandermonde determinant

S�(Y ) ⌘
Q

j<i
(yi � yj)

Q
l<k

(yk � yl)Q
i,k
(yi � yk)

. (3.33)

Here we transformed the current operator to J (x)dx = J (z)dz.
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Universe correlations show causal symmetry breaking semi-classically  
➛ gravity explanation of ramp

Universe correlations show causal symmetry restoration at the exact 
quantum level ➛ gravity explanation of plateau

 [see also; Seiberg et. al, Gaiotto et al., Mertens et al.]



Doubly non-perturbative AdS/CFT

A chaotic version of open (CS) / closed (KS) duality

Hints at a deep connection between chaos and (2D) gravity!

color Hilbert space, while a labels the flavor Hilbert space. The flavor indices have a (n|n)
grading so that  a contains both fermionic and bosonic components, indicating the presence of

both branes and anti-branes. See the left panel of Fig. 4 for an overview of the relevant D-brane

configuration.

Figure 4: Left: The setup of a stack of L color branes and n flavor (anti-)branes. The open
string degrees of freedom that stretch between the two types of branes can be described by a
field  a

µ
in the bi-fundamental representation of U(L) ⌦ U(n|n). Right: After taking L ! 1

the color branes dissolve into a flux for the holomorphic three-form, which is represented by
a branch cut (dashed line) in the x-plane. The closed string description is that of JT gravity
on the world-sheet. The flavor branes (blue) in the closed string background, on which JT
universes with fixed energy boundaries can end, correspond to probes for the color degrees of
freedom.

The idea is now to start from the expression in Eq. (4.1) involving the open string stretching

 a

µ
between the color and flavor branes, and integrate out the color degrees of freedom. We will

highlight some of the important features of this computation, while a detailed account of the

color-flavor map for a Gaussian potential is relegated to Appendix B. As was shown in Section

4.2, the theory associated to the compact branes is a Hermitian matrix integral with potential

trV (H). Therefore, this step involves taking the average with respect to h. . .iH . This e↵ectively
introduces bound states of open strings (which are the equivalent of ‘mesons’ in QCD):

⇧ab =  a

µ
 

b

µ
, (4.23)

where the color index is summed over, so that they are indeed color singlets. To be precise, the

terms involving the color matrix H are replaced by a potential term strV (⇧) for the  -fields.

One can now integrate in a graded matrix A
ab that couples to ⇧ab through strA⇧ =  (A⌦1c) 

and e↵ectively replaces the potential by strV (A). In the target space geometry, the field A
ab

describes open strings stretching between two flavor branes (as indicated in Fig. 4). The integral

over  -fields leaves a determinant operator Sdet(X ⌦ 1c + A ⌦ 1c)L, which realizes the color-
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The two EFT saddles are represented by topologically different D-
branes (-contours). Compare to baryon in holographic QCD.

[Altland, Post, JS, vd Heijden, E.Verlinde]
[Aganagic, Dijkgraaf, Klemm, Mariño, Vafa]



Summary: statistical  approach to gravity

Quantum chaos is a powerful spectral microscope
“One for all, all for one”

Topological expansion of ergodic SYK ➛ wormhole calculus

Full bulk picture of ramp-plateau: JT ➛ Kodaira Spencer

Fluctuations: bulk gravity as moment generating gadget?

[~ Coleman; Giddings, Strominger; Marolf, Maxfield]

Chaos & ensembles in higher-dimensional (holographic) CFT?

For example, chains & arrays of SYK dots?

Late-time unitarization ➛ saddles of chaos EFT

SYK at band edge  ➛ JT gravity duality



BULK

Thank you !

FICTION


