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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

➛  Quantum chaos, quantum ergodicity

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



Gravity as an ensemble average

Both of our examples have recently enjoyed spectacular new 
progress, but also generated new kinds of fascinating questions

One of the most intriguing and important ones concerns the  
role of the ensemble: 

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,…

To my mind, we can have two attitudes:



Unus pro Omnibus, Omnes pro Uno 

Here we develop a framework that allows us to understand the 
emergence of an ensemble using a universal EFT approach:

Causal Symmetry Breaking

The EFT of quantum chaos

Conceptual Technical
Explains role of ensemble 
in individual theories 

Wormholes in individual 
theories

Efficient tool 
 
Makes specific 
quantitative predictions  
(RMT, ETH, OPE)



2. The effective field theory of quantum chaos 
 
causal symmetry breaking and sigma model
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Quantum Chaos

Wigner surmise
GOE
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Wigner (GOE) Energy levels follow  
RMT law 

(on scale of a few     ) �
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Sinai Billiards

Related quantity:  
spectral form factor 

(= Fourier transform of two-
level correlation              ) 

RMT:  
(ramp-plateau)

Thouless (“ergodic”) time
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Causal Symmetry and its breaking

Let us illustrate the main idea of causal symmetry breaking

⇢(E) = G+(E)�G�(E)
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A non-zero spectral density along a finite interval (cut):

⇢(E) 6= 0 , G+(E) 6= G�(E)
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Key idea: can understand this as a spontaneous symmetry breaking

G+(E) 6= G�(E)
<latexit sha1_base64="sBZHwwV6f3t9G7r1B5hiynnWSuM=">AAACEXicbVDLSgMxFM3UV62vUZdugkWoiGVGBF0WRXRZwT6gM5ZMmrahmWRMMkIZ+gtu/BU3LhRx686df2OmnUVtPRA4nHMPN/cEEaNKO86PlVtYXFpeya8W1tY3Nrfs7Z26ErHEpIYFE7IZIEUY5aSmqWakGUmCwoCRRjC4TP3GI5GKCn6nhxHxQ9TjtEsx0kZq2yVPGDtNJ9f3R6WrwxH0OHmA0/JxKrftolN2xoDzxM1IEWSotu1vryNwHBKuMUNKtVwn0n6CpKaYkVHBixWJEB6gHmkZylFIlJ+MLxrBA6N0YFdI87iGY3U6kaBQqWEYmMkQ6b6a9VLxP68V6+65n1AexZpwPFnUjRnUAqb1wA6VBGs2NARhSc1fIe4jibA2JRZMCe7syfOkflJ2nbJ7e1qsXGR15MEe2Acl4IIzUAE3oApqAIMn8ALewLv1bL1aH9bnZDRnZZld8AfW1y/TMpxZ</latexit><latexit sha1_base64="sBZHwwV6f3t9G7r1B5hiynnWSuM=">AAACEXicbVDLSgMxFM3UV62vUZdugkWoiGVGBF0WRXRZwT6gM5ZMmrahmWRMMkIZ+gtu/BU3LhRx686df2OmnUVtPRA4nHMPN/cEEaNKO86PlVtYXFpeya8W1tY3Nrfs7Z26ErHEpIYFE7IZIEUY5aSmqWakGUmCwoCRRjC4TP3GI5GKCn6nhxHxQ9TjtEsx0kZq2yVPGDtNJ9f3R6WrwxH0OHmA0/JxKrftolN2xoDzxM1IEWSotu1vryNwHBKuMUNKtVwn0n6CpKaYkVHBixWJEB6gHmkZylFIlJ+MLxrBA6N0YFdI87iGY3U6kaBQqWEYmMkQ6b6a9VLxP68V6+65n1AexZpwPFnUjRnUAqb1wA6VBGs2NARhSc1fIe4jibA2JRZMCe7syfOkflJ2nbJ7e1qsXGR15MEe2Acl4IIzUAE3oApqAIMn8ALewLv1bL1aH9bnZDRnZZld8AfW1y/TMpxZ</latexit><latexit sha1_base64="sBZHwwV6f3t9G7r1B5hiynnWSuM=">AAACEXicbVDLSgMxFM3UV62vUZdugkWoiGVGBF0WRXRZwT6gM5ZMmrahmWRMMkIZ+gtu/BU3LhRx686df2OmnUVtPRA4nHMPN/cEEaNKO86PlVtYXFpeya8W1tY3Nrfs7Z26ErHEpIYFE7IZIEUY5aSmqWakGUmCwoCRRjC4TP3GI5GKCn6nhxHxQ9TjtEsx0kZq2yVPGDtNJ9f3R6WrwxH0OHmA0/JxKrftolN2xoDzxM1IEWSotu1vryNwHBKuMUNKtVwn0n6CpKaYkVHBixWJEB6gHmkZylFIlJ+MLxrBA6N0YFdI87iGY3U6kaBQqWEYmMkQ6b6a9VLxP68V6+65n1AexZpwPFnUjRnUAqb1wA6VBGs2NARhSc1fIe4jibA2JRZMCe7syfOkflJ2nbJ7e1qsXGR15MEe2Acl4IIzUAE3oApqAIMn8ALewLv1bL1aH9bnZDRnZZld8AfW1y/TMpxZ</latexit><latexit sha1_base64="sBZHwwV6f3t9G7r1B5hiynnWSuM=">AAACEXicbVDLSgMxFM3UV62vUZdugkWoiGVGBF0WRXRZwT6gM5ZMmrahmWRMMkIZ+gtu/BU3LhRx686df2OmnUVtPRA4nHMPN/cEEaNKO86PlVtYXFpeya8W1tY3Nrfs7Z26ErHEpIYFE7IZIEUY5aSmqWakGUmCwoCRRjC4TP3GI5GKCn6nhxHxQ9TjtEsx0kZq2yVPGDtNJ9f3R6WrwxH0OHmA0/JxKrftolN2xoDzxM1IEWSotu1vryNwHBKuMUNKtVwn0n6CpKaYkVHBixWJEB6gHmkZylFIlJ+MLxrBA6N0YFdI87iGY3U6kaBQqWEYmMkQ6b6a9VLxP68V6+65n1AexZpwPFnUjRnUAqb1wA6VBGs2NARhSc1fIe4jibA2JRZMCe7syfOkflJ2nbJ7e1qsXGR15MEe2Acl4IIzUAE3oApqAIMn8ALewLv1bL1aH9bnZDRnZZld8AfW1y/TMpxZ</latexit>

⇣
·

⌘

<latexit sha1_base64="q5MvAecouWjeaeE62baQkxk3x80=">AAACFHicbVBPS8MwHE3nvzn/VT16CQ5hIoxWBD2OefE4wW3CWkaapltYmtQkFUbZh/DiV/HiQRGvHrz5bUy3Crr5IPB47/f45feChFGlHefLKi0tr6yuldcrG5tb2zv27l5HiVRi0saCCXkbIEUY5aStqWbkNpEExQEj3WB0mfvdeyIVFfxGjxPix2jAaUQx0kbq2yeeMHaezrwmHbAa9O5SFEIPh0L/cGPI4wns21Wn7kwBF4lbkCoo0Orbn14ocBoTrjFDSvVcJ9F+hqSmmJFJxUsVSRAeoQHpGcpRTJSfTY+awCOjhDAS0jyu4VT9nchQrNQ4DsxkjPRQzXu5+J/XS3V04WeUJ6kmHM8WRSmDWsC8IRhSSbBmY0MQltT8FeIhkghr02PFlODOn7xIOqd116m712fVRrOoowwOwCGoARecgwa4Ai3QBhg8gCfwAl6tR+vZerPeZ6Mlq8jsgz+wPr4BhQOd0A==</latexit><latexit sha1_base64="q5MvAecouWjeaeE62baQkxk3x80=">AAACFHicbVBPS8MwHE3nvzn/VT16CQ5hIoxWBD2OefE4wW3CWkaapltYmtQkFUbZh/DiV/HiQRGvHrz5bUy3Crr5IPB47/f45feChFGlHefLKi0tr6yuldcrG5tb2zv27l5HiVRi0saCCXkbIEUY5aStqWbkNpEExQEj3WB0mfvdeyIVFfxGjxPix2jAaUQx0kbq2yeeMHaezrwmHbAa9O5SFEIPh0L/cGPI4wns21Wn7kwBF4lbkCoo0Orbn14ocBoTrjFDSvVcJ9F+hqSmmJFJxUsVSRAeoQHpGcpRTJSfTY+awCOjhDAS0jyu4VT9nchQrNQ4DsxkjPRQzXu5+J/XS3V04WeUJ6kmHM8WRSmDWsC8IRhSSbBmY0MQltT8FeIhkghr02PFlODOn7xIOqd116m712fVRrOoowwOwCGoARecgwa4Ai3QBhg8gCfwAl6tR+vZerPeZ6Mlq8jsgz+wPr4BhQOd0A==</latexit><latexit sha1_base64="q5MvAecouWjeaeE62baQkxk3x80=">AAACFHicbVBPS8MwHE3nvzn/VT16CQ5hIoxWBD2OefE4wW3CWkaapltYmtQkFUbZh/DiV/HiQRGvHrz5bUy3Crr5IPB47/f45feChFGlHefLKi0tr6yuldcrG5tb2zv27l5HiVRi0saCCXkbIEUY5aStqWbkNpEExQEj3WB0mfvdeyIVFfxGjxPix2jAaUQx0kbq2yeeMHaezrwmHbAa9O5SFEIPh0L/cGPI4wns21Wn7kwBF4lbkCoo0Orbn14ocBoTrjFDSvVcJ9F+hqSmmJFJxUsVSRAeoQHpGcpRTJSfTY+awCOjhDAS0jyu4VT9nchQrNQ4DsxkjPRQzXu5+J/XS3V04WeUJ6kmHM8WRSmDWsC8IRhSSbBmY0MQltT8FeIhkghr02PFlODOn7xIOqd116m712fVRrOoowwOwCGoARecgwa4Ai3QBhg8gCfwAl6tR+vZerPeZ6Mlq8jsgz+wPr4BhQOd0A==</latexit><latexit sha1_base64="q5MvAecouWjeaeE62baQkxk3x80=">AAACFHicbVBPS8MwHE3nvzn/VT16CQ5hIoxWBD2OefE4wW3CWkaapltYmtQkFUbZh/DiV/HiQRGvHrz5bUy3Crr5IPB47/f45feChFGlHefLKi0tr6yuldcrG5tb2zv27l5HiVRi0saCCXkbIEUY5aStqWbkNpEExQEj3WB0mfvdeyIVFfxGjxPix2jAaUQx0kbq2yeeMHaezrwmHbAa9O5SFEIPh0L/cGPI4wns21Wn7kwBF4lbkCoo0Orbn14ocBoTrjFDSvVcJ9F+hqSmmJFJxUsVSRAeoQHpGcpRTJSfTY+awCOjhDAS0jyu4VT9nchQrNQ4DsxkjPRQzXu5+J/XS3V04WeUJ6kmHM8WRSmDWsC8IRhSSbBmY0MQltT8FeIhkghr02PFlODOn7xIOqd116m712fVRrOoowwOwCGoARecgwa4Ai3QBhg8gCfwAl6tR+vZerPeZ6Mlq8jsgz+wPr4BhQOd0A==</latexit>

Denotes average w.r.t.
- Eigenstate ensemble (c.f. Sinai)  
- small set of parameters (’t Hooft 
coupling,SYK,…) 
- coarse graining
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The emergent ensemble
Point of departure: the generating functional of spectral resolvents

 
<latexit sha1_base64="17uENeVNbGzAf0rC1EQQVr4Zn7Q=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOplxjer9b8uj8HWSVBQWpQoNmvfvUGMUslKssENaYb+IkNM6otZwJnlV5qMKFsQkfYdVRRiSbM5rfOyJlTBmQYa1fKkrn6eyKj0pipjFynpHZslr1c/M/rpnZ4HWZcJalFxRaLhqkgNib542TANTIrpo5Qprm7lbAx1ZRZF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDMbwDK/w5knvxXv3PhatJa+YOYY/8D5/ACQ/jko=</latexit><latexit sha1_base64="17uENeVNbGzAf0rC1EQQVr4Zn7Q=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOplxjer9b8uj8HWSVBQWpQoNmvfvUGMUslKssENaYb+IkNM6otZwJnlV5qMKFsQkfYdVRRiSbM5rfOyJlTBmQYa1fKkrn6eyKj0pipjFynpHZslr1c/M/rpnZ4HWZcJalFxRaLhqkgNib542TANTIrpo5Qprm7lbAx1ZRZF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDMbwDK/w5knvxXv3PhatJa+YOYY/8D5/ACQ/jko=</latexit><latexit sha1_base64="17uENeVNbGzAf0rC1EQQVr4Zn7Q=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOplxjer9b8uj8HWSVBQWpQoNmvfvUGMUslKssENaYb+IkNM6otZwJnlV5qMKFsQkfYdVRRiSbM5rfOyJlTBmQYa1fKkrn6eyKj0pipjFynpHZslr1c/M/rpnZ4HWZcJalFxRaLhqkgNib542TANTIrpo5Qprm7lbAx1ZRZF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDMbwDK/w5knvxXv3PhatJa+YOYY/8D5/ACQ/jko=</latexit><latexit sha1_base64="17uENeVNbGzAf0rC1EQQVr4Zn7Q=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOplxjer9b8uj8HWSVBQWpQoNmvfvUGMUslKssENaYb+IkNM6otZwJnlV5qMKFsQkfYdVRRiSbM5rfOyJlTBmQYa1fKkrn6eyKj0pipjFynpHZslr1c/M/rpnZ4HWZcJalFxRaLhqkgNib542TANTIrpo5Qprm7lbAx1ZRZF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDMbwDK/w5knvxXv3PhatJa+YOYY/8D5/ACQ/jko=</latexit>

is a (2L | 2L) supervector (L                )= dim (H)
<latexit sha1_base64="FuPGUERbIiKSoR4DDVC4BQjM/14=">AAACDHicbVDLSgMxFM34rPVVdekmWIS6KTMi6EYouumygn1AZyiZNNOGJpkhuSOUoR/gxl9x40IRt36AO//GtJ2Fth4InJxzLsk9YSK4Adf9dlZW19Y3Ngtbxe2d3b390sFhy8SppqxJYxHrTkgME1yxJnAQrJNoRmQoWDsc3U799gPThsfqHsYJCyQZKB5xSsBKvVL5Gme+lrjP5QT7gkVQsQIlAtftXfPBEM5syq26M+Bl4uWkjHI0eqUvvx/TVDIFVBBjup6bQJARDZwKNin6qWEJoSMyYF1LFZHMBNlsmQk+tUofR7G2RwGeqb8nMiKNGcvQJiWBoVn0puJ/XjeF6CrIuEpSYIrOH4pSgSHG02ZsBZpREGNLCNXc/hXTIdGEgu2vaEvwFldeJq3zqudWvbuLcu0mr6OAjtEJqiAPXaIaqqMGaiKKHtEzekVvzpPz4rw7H/PoipPPHKE/cD5/AJ2fmhE=</latexit><latexit sha1_base64="FuPGUERbIiKSoR4DDVC4BQjM/14=">AAACDHicbVDLSgMxFM34rPVVdekmWIS6KTMi6EYouumygn1AZyiZNNOGJpkhuSOUoR/gxl9x40IRt36AO//GtJ2Fth4InJxzLsk9YSK4Adf9dlZW19Y3Ngtbxe2d3b390sFhy8SppqxJYxHrTkgME1yxJnAQrJNoRmQoWDsc3U799gPThsfqHsYJCyQZKB5xSsBKvVL5Gme+lrjP5QT7gkVQsQIlAtftXfPBEM5syq26M+Bl4uWkjHI0eqUvvx/TVDIFVBBjup6bQJARDZwKNin6qWEJoSMyYF1LFZHMBNlsmQk+tUofR7G2RwGeqb8nMiKNGcvQJiWBoVn0puJ/XjeF6CrIuEpSYIrOH4pSgSHG02ZsBZpREGNLCNXc/hXTIdGEgu2vaEvwFldeJq3zqudWvbuLcu0mr6OAjtEJqiAPXaIaqqMGaiKKHtEzekVvzpPz4rw7H/PoipPPHKE/cD5/AJ2fmhE=</latexit><latexit sha1_base64="FuPGUERbIiKSoR4DDVC4BQjM/14=">AAACDHicbVDLSgMxFM34rPVVdekmWIS6KTMi6EYouumygn1AZyiZNNOGJpkhuSOUoR/gxl9x40IRt36AO//GtJ2Fth4InJxzLsk9YSK4Adf9dlZW19Y3Ngtbxe2d3b390sFhy8SppqxJYxHrTkgME1yxJnAQrJNoRmQoWDsc3U799gPThsfqHsYJCyQZKB5xSsBKvVL5Gme+lrjP5QT7gkVQsQIlAtftXfPBEM5syq26M+Bl4uWkjHI0eqUvvx/TVDIFVBBjup6bQJARDZwKNin6qWEJoSMyYF1LFZHMBNlsmQk+tUofR7G2RwGeqb8nMiKNGcvQJiWBoVn0puJ/XjeF6CrIuEpSYIrOH4pSgSHG02ZsBZpREGNLCNXc/hXTIdGEgu2vaEvwFldeJq3zqudWvbuLcu0mr6OAjtEJqiAPXaIaqqMGaiKKHtEzekVvzpPz4rw7H/PoipPPHKE/cD5/AJ2fmhE=</latexit><latexit sha1_base64="FuPGUERbIiKSoR4DDVC4BQjM/14=">AAACDHicbVDLSgMxFM34rPVVdekmWIS6KTMi6EYouumygn1AZyiZNNOGJpkhuSOUoR/gxl9x40IRt36AO//GtJ2Fth4InJxzLsk9YSK4Adf9dlZW19Y3Ngtbxe2d3b390sFhy8SppqxJYxHrTkgME1yxJnAQrJNoRmQoWDsc3U799gPThsfqHsYJCyQZKB5xSsBKvVL5Gme+lrjP5QT7gkVQsQIlAtftXfPBEM5syq26M+Bl4uWkjHI0eqUvvx/TVDIFVBBjup6bQJARDZwKNin6qWEJoSMyYF1LFZHMBNlsmQk+tUofR7G2RwGeqb8nMiKNGcvQJiWBoVn0puJ/XjeF6CrIuEpSYIrOH4pSgSHG02ZsBZpREGNLCNXc/hXTIdGEgu2vaEvwFldeJq3zqudWvbuLcu0mr6OAjtEJqiAPXaIaqqMGaiKKHtEzekVvzpPz4rw7H/PoipPPHKE/cD5/AJ2fmhE=</latexit>

This has an exact U(2|2) causal symmetry, weakly explicitly 
broken by energy differences zi - zj ≠ 0

⇢(E) 6= 0 ) U(2|2) �! U(1|1)⇥ U(1|1)
<latexit sha1_base64="hYawMfc7LjMQnjHJ4FE4fukMZUk="></latexit><latexit sha1_base64="hYawMfc7LjMQnjHJ4FE4fukMZUk="></latexit><latexit sha1_base64="hYawMfc7LjMQnjHJ4FE4fukMZUk="></latexit><latexit sha1_base64="hYawMfc7LjMQnjHJ4FE4fukMZUk="></latexit>

Strong spontaneous breaking of causal symmetry by saddle point(s)  
(stabilised by L       )� 1

<latexit sha1_base64="ueCBCD0hibN4eRKVpj62cwZnE5M=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbTbp0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmVtfWNzq7pd29nd2z+oHx51TJprxn2WylR3Q2q4FIr7KFDybqY5TULJH8Px7cx/fOLaiFQ94CTjQUJjJSLBKFrJ78cx8Qb1htt05yCrxCtJA0q0B/Wv/jBlecIVMkmN6XluhkFBNQom+bTWzw3PKBvTmPcsVTThJijmx07JmVWGJEq1LYVkrv6eKGhizCQJbWdCcWSWvZn4n9fLMboOCqGyHLlii0VRLgmmZPY5GQrNGcqJJZRpYW8lbEQ1ZWjzqdkQvOWXV0nnoum5Te/+stG6KeOowgmcwjl4cAUtuIM2+MBAwDO8wpujnBfn3flYtFaccuYY/sD5/AEGIY4n</latexit><latexit sha1_base64="ueCBCD0hibN4eRKVpj62cwZnE5M=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbTbp0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmVtfWNzq7pd29nd2z+oHx51TJprxn2WylR3Q2q4FIr7KFDybqY5TULJH8Px7cx/fOLaiFQ94CTjQUJjJSLBKFrJ78cx8Qb1htt05yCrxCtJA0q0B/Wv/jBlecIVMkmN6XluhkFBNQom+bTWzw3PKBvTmPcsVTThJijmx07JmVWGJEq1LYVkrv6eKGhizCQJbWdCcWSWvZn4n9fLMboOCqGyHLlii0VRLgmmZPY5GQrNGcqJJZRpYW8lbEQ1ZWjzqdkQvOWXV0nnoum5Te/+stG6KeOowgmcwjl4cAUtuIM2+MBAwDO8wpujnBfn3flYtFaccuYY/sD5/AEGIY4n</latexit><latexit sha1_base64="ueCBCD0hibN4eRKVpj62cwZnE5M=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbTbp0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmVtfWNzq7pd29nd2z+oHx51TJprxn2WylR3Q2q4FIr7KFDybqY5TULJH8Px7cx/fOLaiFQ94CTjQUJjJSLBKFrJ78cx8Qb1htt05yCrxCtJA0q0B/Wv/jBlecIVMkmN6XluhkFBNQom+bTWzw3PKBvTmPcsVTThJijmx07JmVWGJEq1LYVkrv6eKGhizCQJbWdCcWSWvZn4n9fLMboOCqGyHLlii0VRLgmmZPY5GQrNGcqJJZRpYW8lbEQ1ZWjzqdkQvOWXV0nnoum5Te/+stG6KeOowgmcwjl4cAUtuIM2+MBAwDO8wpujnBfn3flYtFaccuYY/sD5/AEGIY4n</latexit><latexit sha1_base64="ueCBCD0hibN4eRKVpj62cwZnE5M=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbTbp0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmVtfWNzq7pd29nd2z+oHx51TJprxn2WylR3Q2q4FIr7KFDybqY5TULJH8Px7cx/fOLaiFQ94CTjQUJjJSLBKFrJ78cx8Qb1htt05yCrxCtJA0q0B/Wv/jBlecIVMkmN6XluhkFBNQom+bTWzw3PKBvTmPcsVTThJijmx07JmVWGJEq1LYVkrv6eKGhizCQJbWdCcWSWvZn4n9fLMboOCqGyHLlii0VRLgmmZPY5GQrNGcqJJZRpYW8lbEQ1ZWjzqdkQvOWXV0nnoum5Te/+stG6KeOowgmcwjl4cAUtuIM2+MBAwDO8wpujnBfn3flYtFaccuYY/sD5/AEGIY4n</latexit>

Z(4)(ẑ) =
det (z1 �H) det (z2 �H)
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⌦4) 

<latexit sha1_base64="E29QNJBBUip5pomjppeSNvmAIT0="></latexit><latexit sha1_base64="E29QNJBBUip5pomjppeSNvmAIT0="></latexit><latexit sha1_base64="E29QNJBBUip5pomjppeSNvmAIT0="></latexit><latexit sha1_base64="E29QNJBBUip5pomjppeSNvmAIT0="></latexit>

“Weyl symmetry” underz1 $ z2
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[Wegner], [Efetov]



The geometry of the ensemble

The Goldstone physics = geometry of coset  [CCWZ]
Z

dQe�S[Q;!]
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where Q 2 U(2|2)
U(1|1)⇥ U(1|1) := M(Q)
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Cf pion EFT within QCD:

quark mass m $ energy di↵erence �z = ! ⇠ e�S
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➛ Goldstones of this symmetry breaking = EFT of quantum chaos

Reproduces physical content of RMT (i.e. an ensemble!)

chiral condensate hq̄iqii $ causal condensate  ̄i i = G
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A tale of two saddles

Key point: there are two symmetry breaking saddles

M = H2 ⇥ S
2
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F

 

tf

f

“Andreev-Altshuler” saddle

“standard” saddle ISS = 0
<latexit sha1_base64="AwEuABzFVp4bjuFITTYFq+u2VpY=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoV6Eohe9VWo/oF1LNs22oUl2SbJKWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqe+q1HqjSL5L0Zx9QXeCBZyAg2Vnq47aVdJVC9PkGXyO0VS27ZnQEtEy8jJchQ6xW/uv2IJIJKQzjWuuO5sfFTrAwjnE4K3UTTGJMRHtCOpRILqv10dvUEnVilj8JI2ZIGzdTfEykWWo9FYDsFNkO96E3F/7xOYsILP2UyTgyVZL4oTDgyEZpGgPpMUWL42BJMFLO3IjLEChNjgyrYELzFl5dJ86zsuWXv7rxUvcriyMMRHMMpeFCBKtxADRpAQMEzvMKb8+S8OO/Ox7w152Qzh/AHzucPtwyRVA==</latexit><latexit sha1_base64="AwEuABzFVp4bjuFITTYFq+u2VpY=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoV6Eohe9VWo/oF1LNs22oUl2SbJKWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqe+q1HqjSL5L0Zx9QXeCBZyAg2Vnq47aVdJVC9PkGXyO0VS27ZnQEtEy8jJchQ6xW/uv2IJIJKQzjWuuO5sfFTrAwjnE4K3UTTGJMRHtCOpRILqv10dvUEnVilj8JI2ZIGzdTfEykWWo9FYDsFNkO96E3F/7xOYsILP2UyTgyVZL4oTDgyEZpGgPpMUWL42BJMFLO3IjLEChNjgyrYELzFl5dJ86zsuWXv7rxUvcriyMMRHMMpeFCBKtxADRpAQMEzvMKb8+S8OO/Ox7w152Qzh/AHzucPtwyRVA==</latexit><latexit sha1_base64="AwEuABzFVp4bjuFITTYFq+u2VpY=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoV6Eohe9VWo/oF1LNs22oUl2SbJKWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqe+q1HqjSL5L0Zx9QXeCBZyAg2Vnq47aVdJVC9PkGXyO0VS27ZnQEtEy8jJchQ6xW/uv2IJIJKQzjWuuO5sfFTrAwjnE4K3UTTGJMRHtCOpRILqv10dvUEnVilj8JI2ZIGzdTfEykWWo9FYDsFNkO96E3F/7xOYsILP2UyTgyVZL4oTDgyEZpGgPpMUWL42BJMFLO3IjLEChNjgyrYELzFl5dJ86zsuWXv7rxUvcriyMMRHMMpeFCBKtxADRpAQMEzvMKb8+S8OO/Ox7w152Qzh/AHzucPtwyRVA==</latexit><latexit sha1_base64="AwEuABzFVp4bjuFITTYFq+u2VpY=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoV6Eohe9VWo/oF1LNs22oUl2SbJKWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqe+q1HqjSL5L0Zx9QXeCBZyAg2Vnq47aVdJVC9PkGXyO0VS27ZnQEtEy8jJchQ6xW/uv2IJIJKQzjWuuO5sfFTrAwjnE4K3UTTGJMRHtCOpRILqv10dvUEnVilj8JI2ZIGzdTfEykWWo9FYDsFNkO96E3F/7xOYsILP2UyTgyVZL4oTDgyEZpGgPpMUWL42BJMFLO3IjLEChNjgyrYELzFl5dJ86zsuWXv7rxUvcriyMMRHMMpeFCBKtxADRpAQMEzvMKb8+S8OO/Ox7w152Qzh/AHzucPtwyRVA==</latexit>

IAA / eS
<latexit sha1_base64="REodG7uqz/Jhph9cUZb+HbxLoNw=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjgi5b3eiuon1AZxwyaaYNTTIhyQhl7MJfceNCEbf+hjv/xvSx0NYDFw7n3Mu998SSUW0879tZWFxaXlktrBXXNza3tt2d3YZOM4VJHacsVa0YacKoIHVDDSMtqQjiMSPNuH858psPRGmaijszkCTkqCtoQjEyVorc/esoDxSH1eoQBlKl0qSQ3N9Gbskre2PAeeJPSQlMUYvcr6CT4owTYTBDWrd9T5owR8pQzMiwGGSaSIT7qEvalgrEiQ7z8f1DeGSVDkxSZUsYOFZ/T+SIaz3gse3kyPT0rDcS//PamUnOw5wKmRki8GRRkjFonxyFATtUEWzYwBKEFbW3QtxDCmFjIyvaEPzZl+dJ46Tse2X/5rRUuZjGUQAH4BAcAx+cgQq4AjVQBxg8gmfwCt6cJ+fFeXc+Jq0LznRmD/yB8/kD35CVWg==</latexit><latexit sha1_base64="REodG7uqz/Jhph9cUZb+HbxLoNw=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjgi5b3eiuon1AZxwyaaYNTTIhyQhl7MJfceNCEbf+hjv/xvSx0NYDFw7n3Mu998SSUW0879tZWFxaXlktrBXXNza3tt2d3YZOM4VJHacsVa0YacKoIHVDDSMtqQjiMSPNuH858psPRGmaijszkCTkqCtoQjEyVorc/esoDxSH1eoQBlKl0qSQ3N9Gbskre2PAeeJPSQlMUYvcr6CT4owTYTBDWrd9T5owR8pQzMiwGGSaSIT7qEvalgrEiQ7z8f1DeGSVDkxSZUsYOFZ/T+SIaz3gse3kyPT0rDcS//PamUnOw5wKmRki8GRRkjFonxyFATtUEWzYwBKEFbW3QtxDCmFjIyvaEPzZl+dJ46Tse2X/5rRUuZjGUQAH4BAcAx+cgQq4AjVQBxg8gmfwCt6cJ+fFeXc+Jq0LznRmD/yB8/kD35CVWg==</latexit><latexit sha1_base64="REodG7uqz/Jhph9cUZb+HbxLoNw=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjgi5b3eiuon1AZxwyaaYNTTIhyQhl7MJfceNCEbf+hjv/xvSx0NYDFw7n3Mu998SSUW0879tZWFxaXlktrBXXNza3tt2d3YZOM4VJHacsVa0YacKoIHVDDSMtqQjiMSPNuH858psPRGmaijszkCTkqCtoQjEyVorc/esoDxSH1eoQBlKl0qSQ3N9Gbskre2PAeeJPSQlMUYvcr6CT4owTYTBDWrd9T5owR8pQzMiwGGSaSIT7qEvalgrEiQ7z8f1DeGSVDkxSZUsYOFZ/T+SIaz3gse3kyPT0rDcS//PamUnOw5wKmRki8GRRkjFonxyFATtUEWzYwBKEFbW3QtxDCmFjIyvaEPzZl+dJ46Tse2X/5rRUuZjGUQAH4BAcAx+cgQq4AjVQBxg8gmfwCt6cJ+fFeXc+Jq0LznRmD/yB8/kD35CVWg==</latexit><latexit sha1_base64="REodG7uqz/Jhph9cUZb+HbxLoNw=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjgi5b3eiuon1AZxwyaaYNTTIhyQhl7MJfceNCEbf+hjv/xvSx0NYDFw7n3Mu998SSUW0879tZWFxaXlktrBXXNza3tt2d3YZOM4VJHacsVa0YacKoIHVDDSMtqQjiMSPNuH858psPRGmaijszkCTkqCtoQjEyVorc/esoDxSH1eoQBlKl0qSQ3N9Gbskre2PAeeJPSQlMUYvcr6CT4owTYTBDWrd9T5owR8pQzMiwGGSaSIT7qEvalgrEiQ7z8f1DeGSVDkxSZUsYOFZ/T+SIaz3gse3kyPT0rDcS//PamUnOw5wKmRki8GRRkjFonxyFATtUEWzYwBKEFbW3QtxDCmFjIyvaEPzZl+dJ46Tse2X/5rRUuZjGUQAH4BAcAx+cgQq4AjVQBxg8gmfwCt6cJ+fFeXc+Jq0LznRmD/yB8/kD35CVWg==</latexit>

Perturbative expansion of EFT in          s�n
<latexit sha1_base64="FvlGDjHmUK2BmsBoR202LNTOKGY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGMA9I1jA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/VbT1QbpuS9HSc0FHggWcwItk5qmofsTE565Ypf9WdAyyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNJqZsammAywgPacVRiQU2Yza6doBOn9FGstCtp0Uz9PZFhYcxYRK5TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DJhRAsvrxMmufVwK8GdxeV2nUeRxGO4BhOIYBLqMEt1KEBBB7hGV7hzVPei/fufcxbC14+cwh/4H3+AI6djxo=</latexit><latexit sha1_base64="FvlGDjHmUK2BmsBoR202LNTOKGY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGMA9I1jA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/VbT1QbpuS9HSc0FHggWcwItk5qmofsTE565Ypf9WdAyyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNJqZsammAywgPacVRiQU2Yza6doBOn9FGstCtp0Uz9PZFhYcxYRK5TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DJhRAsvrxMmufVwK8GdxeV2nUeRxGO4BhOIYBLqMEt1KEBBB7hGV7hzVPei/fufcxbC14+cwh/4H3+AI6djxo=</latexit><latexit sha1_base64="FvlGDjHmUK2BmsBoR202LNTOKGY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGMA9I1jA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/VbT1QbpuS9HSc0FHggWcwItk5qmofsTE565Ypf9WdAyyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNJqZsammAywgPacVRiQU2Yza6doBOn9FGstCtp0Uz9PZFhYcxYRK5TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DJhRAsvrxMmufVwK8GdxeV2nUeRxGO4BhOIYBLqMEt1KEBBB7hGV7hzVPei/fufcxbC14+cwh/4H3+AI6djxo=</latexit><latexit sha1_base64="FvlGDjHmUK2BmsBoR202LNTOKGY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGMA9I1jA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/VbT1QbpuS9HSc0FHggWcwItk5qmofsTE565Ypf9WdAyyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNJqZsammAywgPacVRiQU2Yza6doBOn9FGstCtp0Uz9PZFhYcxYRK5TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DJhRAsvrxMmufVwK8GdxeV2nUeRxGO4BhOIYBLqMEt1KEBBB7hGV7hzVPei/fufcxbC14+cwh/4H3+AI6djxo=</latexit>

Non-perturbative expansion of microscopic theory in        
�
e�S

�n
<latexit sha1_base64="MEs9kXedg5eysltlzb7OF2G+c4M=">AAAB/nicbVBNS8NAEN3Ur1q/quLJS7AI9WBJRNBj0YvHivYDmrRstpN26WYTdidCCQX/ihcPinj1d3jz37j9OGj1wcDjvRlm5gWJ4Bod58vKLS2vrK7l1wsbm1vbO8XdvYaOU8WgzmIRq1ZANQguoY4cBbQSBTQKBDSD4fXEbz6A0jyW9zhKwI9oX/KQM4pG6hYPPAEhlqGTnd6NPcX7AzzpGL3kVJwp7L/EnZMSmaPWLX56vZilEUhkgmrddp0E/Ywq5EzAuOClGhLKhrQPbUMljUD72fT8sX1slJ4dxsqURHuq/pzIaKT1KApMZ0RxoBe9ifif104xvPQzLpMUQbLZojAVNsb2JAu7xxUwFCNDKFPc3GqzAVWUoUmsYEJwF1/+SxpnFdepuLfnperVPI48OSRHpExcckGq5IbUSJ0wkpEn8kJerUfr2Xqz3metOWs+s09+wfr4BsBKlVY=</latexit><latexit sha1_base64="MEs9kXedg5eysltlzb7OF2G+c4M=">AAAB/nicbVBNS8NAEN3Ur1q/quLJS7AI9WBJRNBj0YvHivYDmrRstpN26WYTdidCCQX/ihcPinj1d3jz37j9OGj1wcDjvRlm5gWJ4Bod58vKLS2vrK7l1wsbm1vbO8XdvYaOU8WgzmIRq1ZANQguoY4cBbQSBTQKBDSD4fXEbz6A0jyW9zhKwI9oX/KQM4pG6hYPPAEhlqGTnd6NPcX7AzzpGL3kVJwp7L/EnZMSmaPWLX56vZilEUhkgmrddp0E/Ywq5EzAuOClGhLKhrQPbUMljUD72fT8sX1slJ4dxsqURHuq/pzIaKT1KApMZ0RxoBe9ifif104xvPQzLpMUQbLZojAVNsb2JAu7xxUwFCNDKFPc3GqzAVWUoUmsYEJwF1/+SxpnFdepuLfnperVPI48OSRHpExcckGq5IbUSJ0wkpEn8kJerUfr2Xqz3metOWs+s09+wfr4BsBKlVY=</latexit><latexit sha1_base64="MEs9kXedg5eysltlzb7OF2G+c4M=">AAAB/nicbVBNS8NAEN3Ur1q/quLJS7AI9WBJRNBj0YvHivYDmrRstpN26WYTdidCCQX/ihcPinj1d3jz37j9OGj1wcDjvRlm5gWJ4Bod58vKLS2vrK7l1wsbm1vbO8XdvYaOU8WgzmIRq1ZANQguoY4cBbQSBTQKBDSD4fXEbz6A0jyW9zhKwI9oX/KQM4pG6hYPPAEhlqGTnd6NPcX7AzzpGL3kVJwp7L/EnZMSmaPWLX56vZilEUhkgmrddp0E/Ywq5EzAuOClGhLKhrQPbUMljUD72fT8sX1slJ4dxsqURHuq/pzIaKT1KApMZ0RxoBe9ifif104xvPQzLpMUQbLZojAVNsb2JAu7xxUwFCNDKFPc3GqzAVWUoUmsYEJwF1/+SxpnFdepuLfnperVPI48OSRHpExcckGq5IbUSJ0wkpEn8kJerUfr2Xqz3metOWs+s09+wfr4BsBKlVY=</latexit><latexit sha1_base64="MEs9kXedg5eysltlzb7OF2G+c4M=">AAAB/nicbVBNS8NAEN3Ur1q/quLJS7AI9WBJRNBj0YvHivYDmrRstpN26WYTdidCCQX/ihcPinj1d3jz37j9OGj1wcDjvRlm5gWJ4Bod58vKLS2vrK7l1wsbm1vbO8XdvYaOU8WgzmIRq1ZANQguoY4cBbQSBTQKBDSD4fXEbz6A0jyW9zhKwI9oX/KQM4pG6hYPPAEhlqGTnd6NPcX7AzzpGL3kVJwp7L/EnZMSmaPWLX56vZilEUhkgmrddp0E/Ywq5EzAuOClGhLKhrQPbUMljUD72fT8sX1slJ4dxsqURHuq/pzIaKT1KApMZ0RxoBe9ifif104xvPQzLpMUQbLZojAVNsb2JAu7xxUwFCNDKFPc3GqzAVWUoUmsYEJwF1/+SxpnFdepuLfnperVPI48OSRHpExcckGq5IbUSJ0wkpEn8kJerUfr2Xqz3metOWs+s09+wfr4BsBKlVY=</latexit>

Second saddle contributes e�ceS
<latexit sha1_base64="CxNcmPtEFFISKsEkj6f2ZjubQ58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGNA9MNmF20kmGzM4uM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BXUeJYlhjkYhUM6AaBZdYM9wIbMYKaRgIbASjm6nfeEKleSQfzDhGP6QDyfucUWOlR+ykZ4xg537SLZbcsjsDWSZeRkqQodotfrV7EUtClIYJqnXLc2Pjp1QZzgROCu1EY0zZiA6wZamkIWo/nV08ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/zWonpX/kpl3FiULL5on4iiInI9H3S4wqZEWNLKFPc3krYkCrKjA2pYEPwFl9eJvXzsueWvbuLUuU6iyMPR3AMp+DBJVTgFqpQAwYSnuEV3hztvDjvzse8NedkM4fwB87nD9wYkF8=</latexit><latexit sha1_base64="CxNcmPtEFFISKsEkj6f2ZjubQ58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGNA9MNmF20kmGzM4uM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BXUeJYlhjkYhUM6AaBZdYM9wIbMYKaRgIbASjm6nfeEKleSQfzDhGP6QDyfucUWOlR+ykZ4xg537SLZbcsjsDWSZeRkqQodotfrV7EUtClIYJqnXLc2Pjp1QZzgROCu1EY0zZiA6wZamkIWo/nV08ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/zWonpX/kpl3FiULL5on4iiInI9H3S4wqZEWNLKFPc3krYkCrKjA2pYEPwFl9eJvXzsueWvbuLUuU6iyMPR3AMp+DBJVTgFqpQAwYSnuEV3hztvDjvzse8NedkM4fwB87nD9wYkF8=</latexit><latexit sha1_base64="CxNcmPtEFFISKsEkj6f2ZjubQ58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGNA9MNmF20kmGzM4uM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BXUeJYlhjkYhUM6AaBZdYM9wIbMYKaRgIbASjm6nfeEKleSQfzDhGP6QDyfucUWOlR+ykZ4xg537SLZbcsjsDWSZeRkqQodotfrV7EUtClIYJqnXLc2Pjp1QZzgROCu1EY0zZiA6wZamkIWo/nV08ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/zWonpX/kpl3FiULL5on4iiInI9H3S4wqZEWNLKFPc3krYkCrKjA2pYEPwFl9eJvXzsueWvbuLUuU6iyMPR3AMp+DBJVTgFqpQAwYSnuEV3hztvDjvzse8NedkM4fwB87nD9wYkF8=</latexit><latexit sha1_base64="CxNcmPtEFFISKsEkj6f2ZjubQ58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGNA9MNmF20kmGzM4uM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BXUeJYlhjkYhUM6AaBZdYM9wIbMYKaRgIbASjm6nfeEKleSQfzDhGP6QDyfucUWOlR+ykZ4xg537SLZbcsjsDWSZeRkqQodotfrV7EUtClIYJqnXLc2Pjp1QZzgROCu1EY0zZiA6wZamkIWo/nV08ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/zWonpX/kpl3FiULL5on4iiInI9H3S4wqZEWNLKFPc3krYkCrKjA2pYEPwFl9eJvXzsueWvbuLUuU6iyMPR3AMp+DBJVTgFqpQAwYSnuEV3hztvDjvzse8NedkM4fwB87nD9wYkF8=</latexit>

Doubly non-perturbative effects in microscopic theory      
m

<latexit sha1_base64="+1er3RVvN/gQAt9j0K+jKAT7dzQ=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBtIUmlM1m0y7d7IbdjaWE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvyjjTxnW/nbX1jc2t7cpOdXdv/+CwdnTc1jJXhPpEcqm6EdaUM0F9wwyn3UxRnEacdqLR3czvPFGlmRSPZpLRMMUDwRJGsLFSEPhZLMcCKyXH/VrdbbhzoFXilaQOJVr92lcQS5KnVBjCsdY9z81MWGBlGOF0Wg1yTTNMRnhAe5YKnFIdFvObp+jcKjFKpLIlDJqrvycKnGo9SSPbmWIz1MveTPzP6+UmuQkLJrLcUEEWi5KcIyPRLAAUM0WJ4RNLMFHM3orIECtMjI2pakPwll9eJe3Lhuc2vIerevO2jKMCp3AGF+DBNTThHlrgA4EMnuEV3pzceXHenY9F65pTzpzAHzifP3umkfY=</latexit><latexit sha1_base64="+1er3RVvN/gQAt9j0K+jKAT7dzQ=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBtIUmlM1m0y7d7IbdjaWE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvyjjTxnW/nbX1jc2t7cpOdXdv/+CwdnTc1jJXhPpEcqm6EdaUM0F9wwyn3UxRnEacdqLR3czvPFGlmRSPZpLRMMUDwRJGsLFSEPhZLMcCKyXH/VrdbbhzoFXilaQOJVr92lcQS5KnVBjCsdY9z81MWGBlGOF0Wg1yTTNMRnhAe5YKnFIdFvObp+jcKjFKpLIlDJqrvycKnGo9SSPbmWIz1MveTPzP6+UmuQkLJrLcUEEWi5KcIyPRLAAUM0WJ4RNLMFHM3orIECtMjI2pakPwll9eJe3Lhuc2vIerevO2jKMCp3AGF+DBNTThHlrgA4EMnuEV3pzceXHenY9F65pTzpzAHzifP3umkfY=</latexit><latexit sha1_base64="+1er3RVvN/gQAt9j0K+jKAT7dzQ=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBtIUmlM1m0y7d7IbdjaWE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvyjjTxnW/nbX1jc2t7cpOdXdv/+CwdnTc1jJXhPpEcqm6EdaUM0F9wwyn3UxRnEacdqLR3czvPFGlmRSPZpLRMMUDwRJGsLFSEPhZLMcCKyXH/VrdbbhzoFXilaQOJVr92lcQS5KnVBjCsdY9z81MWGBlGOF0Wg1yTTNMRnhAe5YKnFIdFvObp+jcKjFKpLIlDJqrvycKnGo9SSPbmWIz1MveTPzP6+UmuQkLJrLcUEEWi5KcIyPRLAAUM0WJ4RNLMFHM3orIECtMjI2pakPwll9eJe3Lhuc2vIerevO2jKMCp3AGF+DBNTThHlrgA4EMnuEV3pzceXHenY9F65pTzpzAHzifP3umkfY=</latexit><latexit sha1_base64="+1er3RVvN/gQAt9j0K+jKAT7dzQ=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBtIUmlM1m0y7d7IbdjaWE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvyjjTxnW/nbX1jc2t7cpOdXdv/+CwdnTc1jJXhPpEcqm6EdaUM0F9wwyn3UxRnEacdqLR3czvPFGlmRSPZpLRMMUDwRJGsLFSEPhZLMcCKyXH/VrdbbhzoFXilaQOJVr92lcQS5KnVBjCsdY9z81MWGBlGOF0Wg1yTTNMRnhAe5YKnFIdFvObp+jcKjFKpLIlDJqrvycKnGo9SSPbmWIz1MveTPzP6+UmuQkLJrLcUEEWi5KcIyPRLAAUM0WJ4RNLMFHM3orIECtMjI2pakPwll9eJe3Lhuc2vIerevO2jKMCp3AGF+DBNTThHlrgA4EMnuEV3pzceXHenY9F65pTzpzAHzifP3umkfY=</latexit>

m
<latexit sha1_base64="+1er3RVvN/gQAt9j0K+jKAT7dzQ=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBtIUmlM1m0y7d7IbdjaWE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvyjjTxnW/nbX1jc2t7cpOdXdv/+CwdnTc1jJXhPpEcqm6EdaUM0F9wwyn3UxRnEacdqLR3czvPFGlmRSPZpLRMMUDwRJGsLFSEPhZLMcCKyXH/VrdbbhzoFXilaQOJVr92lcQS5KnVBjCsdY9z81MWGBlGOF0Wg1yTTNMRnhAe5YKnFIdFvObp+jcKjFKpLIlDJqrvycKnGo9SSPbmWIz1MveTPzP6+UmuQkLJrLcUEEWi5KcIyPRLAAUM0WJ4RNLMFHM3orIECtMjI2pakPwll9eJe3Lhuc2vIerevO2jKMCp3AGF+DBNTThHlrgA4EMnuEV3pzceXHenY9F65pTzpzAHzifP3umkfY=</latexit><latexit sha1_base64="+1er3RVvN/gQAt9j0K+jKAT7dzQ=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBtIUmlM1m0y7d7IbdjaWE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvyjjTxnW/nbX1jc2t7cpOdXdv/+CwdnTc1jJXhPpEcqm6EdaUM0F9wwyn3UxRnEacdqLR3czvPFGlmRSPZpLRMMUDwRJGsLFSEPhZLMcCKyXH/VrdbbhzoFXilaQOJVr92lcQS5KnVBjCsdY9z81MWGBlGOF0Wg1yTTNMRnhAe5YKnFIdFvObp+jcKjFKpLIlDJqrvycKnGo9SSPbmWIz1MveTPzP6+UmuQkLJrLcUEEWi5KcIyPRLAAUM0WJ4RNLMFHM3orIECtMjI2pakPwll9eJe3Lhuc2vIerevO2jKMCp3AGF+DBNTThHlrgA4EMnuEV3pzceXHenY9F65pTzpzAHzifP3umkfY=</latexit><latexit sha1_base64="+1er3RVvN/gQAt9j0K+jKAT7dzQ=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBtIUmlM1m0y7d7IbdjaWE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvyjjTxnW/nbX1jc2t7cpOdXdv/+CwdnTc1jJXhPpEcqm6EdaUM0F9wwyn3UxRnEacdqLR3czvPFGlmRSPZpLRMMUDwRJGsLFSEPhZLMcCKyXH/VrdbbhzoFXilaQOJVr92lcQS5KnVBjCsdY9z81MWGBlGOF0Wg1yTTNMRnhAe5YKnFIdFvObp+jcKjFKpLIlDJqrvycKnGo9SSPbmWIz1MveTPzP6+UmuQkLJrLcUEEWi5KcIyPRLAAUM0WJ4RNLMFHM3orIECtMjI2pakPwll9eJe3Lhuc2vIerevO2jKMCp3AGF+DBNTThHlrgA4EMnuEV3pzceXHenY9F65pTzpzAHzifP3umkfY=</latexit><latexit sha1_base64="+1er3RVvN/gQAt9j0K+jKAT7dzQ=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBtIUmlM1m0y7d7IbdjaWE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvyjjTxnW/nbX1jc2t7cpOdXdv/+CwdnTc1jJXhPpEcqm6EdaUM0F9wwyn3UxRnEacdqLR3czvPFGlmRSPZpLRMMUDwRJGsLFSEPhZLMcCKyXH/VrdbbhzoFXilaQOJVr92lcQS5KnVBjCsdY9z81MWGBlGOF0Wg1yTTNMRnhAe5YKnFIdFvObp+jcKjFKpLIlDJqrvycKnGo9SSPbmWIz1MveTPzP6+UmuQkLJrLcUEEWi5KcIyPRLAAUM0WJ4RNLMFHM3orIECtMjI2pakPwll9eJe3Lhuc2vIerevO2jKMCp3AGF+DBNTThHlrgA4EMnuEV3pzceXHenY9F65pTzpzAHzifP3umkfY=</latexit>

⇣
s :=

!
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⌘

<latexit sha1_base64="lLigPOOWoojZRGT+VxuVQeSQHmY=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQRGEoB48RjAPyIYwO+lNhsw+mOkVwpKf8OKvePGgiFfBm3/jJNmDJhY0FFXddHd5sRQabfvbWlhcWl5Zza3l1zc2t7YLO7t1HSWKQ41HMlJNj2mQIoQaCpTQjBWwwJPQ8AbXY7/xAEqLKLzHYQztgPVC4QvO0EidwrErwccS1fTikrq+Yjx1owB6bJS6saDuDUhkI1eJXh+POoWiXbYnoPPEyUiRZKh2Cl9uN+JJACFyybRuOXaM7ZQpFFzCKO8mGmLGB6wHLUNDFoBup5OvRvTQKF3qR8pUiHSi/p5IWaD1MPBMZ8Cwr2e9sfif10rQP2+nIowThJBPF/mJpBjRcUS0KxRwlENDGFfC3Ep5n5lo0ASZNyE4sy/Pk/pJ2bHLzt1psXKVxZEj++SAlIhDzkiF3JIqqRFOHskzeSVv1pP1Yr1bH9PWBSub2SN/YH3+AHhPnmc=</latexit><latexit sha1_base64="lLigPOOWoojZRGT+VxuVQeSQHmY=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQRGEoB48RjAPyIYwO+lNhsw+mOkVwpKf8OKvePGgiFfBm3/jJNmDJhY0FFXddHd5sRQabfvbWlhcWl5Zza3l1zc2t7YLO7t1HSWKQ41HMlJNj2mQIoQaCpTQjBWwwJPQ8AbXY7/xAEqLKLzHYQztgPVC4QvO0EidwrErwccS1fTikrq+Yjx1owB6bJS6saDuDUhkI1eJXh+POoWiXbYnoPPEyUiRZKh2Cl9uN+JJACFyybRuOXaM7ZQpFFzCKO8mGmLGB6wHLUNDFoBup5OvRvTQKF3qR8pUiHSi/p5IWaD1MPBMZ8Cwr2e9sfif10rQP2+nIowThJBPF/mJpBjRcUS0KxRwlENDGFfC3Ep5n5lo0ASZNyE4sy/Pk/pJ2bHLzt1psXKVxZEj++SAlIhDzkiF3JIqqRFOHskzeSVv1pP1Yr1bH9PWBSub2SN/YH3+AHhPnmc=</latexit><latexit sha1_base64="lLigPOOWoojZRGT+VxuVQeSQHmY=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQRGEoB48RjAPyIYwO+lNhsw+mOkVwpKf8OKvePGgiFfBm3/jJNmDJhY0FFXddHd5sRQabfvbWlhcWl5Zza3l1zc2t7YLO7t1HSWKQ41HMlJNj2mQIoQaCpTQjBWwwJPQ8AbXY7/xAEqLKLzHYQztgPVC4QvO0EidwrErwccS1fTikrq+Yjx1owB6bJS6saDuDUhkI1eJXh+POoWiXbYnoPPEyUiRZKh2Cl9uN+JJACFyybRuOXaM7ZQpFFzCKO8mGmLGB6wHLUNDFoBup5OvRvTQKF3qR8pUiHSi/p5IWaD1MPBMZ8Cwr2e9sfif10rQP2+nIowThJBPF/mJpBjRcUS0KxRwlENDGFfC3Ep5n5lo0ASZNyE4sy/Pk/pJ2bHLzt1psXKVxZEj++SAlIhDzkiF3JIqqRFOHskzeSVv1pP1Yr1bH9PWBSub2SN/YH3+AHhPnmc=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Hd+spa+MUrIYv4kTWn6+6j+seSM=">AAACCnicbZDLSgMxFIbPeK31Vt26CRahgpQZN4ogCLpwWcHWQqeUTHqmDWYuJGeEMsxLuPFV3LhQxAdw59uYXhZa/SHw8/8JJ+cLUiUNue6Xs7C4tLyyWlorr29sbm1XdjZaJsm0wKZIVKLbATeoZIxNkqSwnWrkUaDwLri/HPd3D6iNTOJbGqXYjfgglqEUnGzUqxz5CkOqMcPOzpkfai5yP4lwwIvcTyXzr1ARL3wtB0M67FWqbt2diP013sxUYaZGr/Lp9xORRRiTUNyYjuem1M25JikUFmU/M5hycc8H2LE25hGabj7ZqmAHNumzMNH2xMQm6c8XOY+MGUWBvRlxGpr5bhz+13UyCk+7uYzTjDAW00FhphglbIyI9aVGQWpkDRda2r8yMeQWDVmQZQvBm1/5r2kd1z237t24UII92IcaeHACF3ANDWiCgEd4hld4c56cF+d9imvBmXHbhV9yPr4BrBec5w==</latexit><latexit sha1_base64="Hd+spa+MUrIYv4kTWn6+6j+seSM=">AAACCnicbZDLSgMxFIbPeK31Vt26CRahgpQZN4ogCLpwWcHWQqeUTHqmDWYuJGeEMsxLuPFV3LhQxAdw59uYXhZa/SHw8/8JJ+cLUiUNue6Xs7C4tLyyWlorr29sbm1XdjZaJsm0wKZIVKLbATeoZIxNkqSwnWrkUaDwLri/HPd3D6iNTOJbGqXYjfgglqEUnGzUqxz5CkOqMcPOzpkfai5yP4lwwIvcTyXzr1ARL3wtB0M67FWqbt2diP013sxUYaZGr/Lp9xORRRiTUNyYjuem1M25JikUFmU/M5hycc8H2LE25hGabj7ZqmAHNumzMNH2xMQm6c8XOY+MGUWBvRlxGpr5bhz+13UyCk+7uYzTjDAW00FhphglbIyI9aVGQWpkDRda2r8yMeQWDVmQZQvBm1/5r2kd1z237t24UII92IcaeHACF3ANDWiCgEd4hld4c56cF+d9imvBmXHbhV9yPr4BrBec5w==</latexit><latexit sha1_base64="nrfbonDu4KmlMeqDWgUjdi3J2p0=">AAACFXicbVDJSgNBEO2JW4xb1KOXxiBEkDDjRRGEoB48RjALZELo6dRMmvQsdNcIYchPePFXvHhQxKvgzb+xsxw08UHB470qqup5iRQabfvbyi0tr6yu5dcLG5tb2zvF3b2GjlPFoc5jGauWxzRIEUEdBUpoJQpY6EloeoPrsd98AKVFHN3jMIFOyIJI+IIzNFK3eOJK8LFMNb24pK6vGM/cOISAjTI3EdS9AYls5CoR9PG4WyzZFXsCukicGSmRGWrd4pfbi3kaQoRcMq3bjp1gJ2MKBZcwKriphoTxAQugbWjEQtCdbPLViB4ZpUf9WJmKkE7U3xMZC7Uehp7pDBn29bw3Fv/z2in6551MREmKEPHpIj+VFGM6joj2hAKOcmgI40qYWynvMxMNmiALJgRn/uVF0jitOHbFubNL1atZHHlyQA5JmTjkjFTJLamROuHkkTyTV/JmPVkv1rv1MW3NWbOZffIH1ucPdw+eYw==</latexit><latexit sha1_base64="lLigPOOWoojZRGT+VxuVQeSQHmY=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQRGEoB48RjAPyIYwO+lNhsw+mOkVwpKf8OKvePGgiFfBm3/jJNmDJhY0FFXddHd5sRQabfvbWlhcWl5Zza3l1zc2t7YLO7t1HSWKQ41HMlJNj2mQIoQaCpTQjBWwwJPQ8AbXY7/xAEqLKLzHYQztgPVC4QvO0EidwrErwccS1fTikrq+Yjx1owB6bJS6saDuDUhkI1eJXh+POoWiXbYnoPPEyUiRZKh2Cl9uN+JJACFyybRuOXaM7ZQpFFzCKO8mGmLGB6wHLUNDFoBup5OvRvTQKF3qR8pUiHSi/p5IWaD1MPBMZ8Cwr2e9sfif10rQP2+nIowThJBPF/mJpBjRcUS0KxRwlENDGFfC3Ep5n5lo0ASZNyE4sy/Pk/pJ2bHLzt1psXKVxZEj++SAlIhDzkiF3JIqqRFOHskzeSVv1pP1Yr1bH9PWBSub2SN/YH3+AHhPnmc=</latexit><latexit sha1_base64="lLigPOOWoojZRGT+VxuVQeSQHmY=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQRGEoB48RjAPyIYwO+lNhsw+mOkVwpKf8OKvePGgiFfBm3/jJNmDJhY0FFXddHd5sRQabfvbWlhcWl5Zza3l1zc2t7YLO7t1HSWKQ41HMlJNj2mQIoQaCpTQjBWwwJPQ8AbXY7/xAEqLKLzHYQztgPVC4QvO0EidwrErwccS1fTikrq+Yjx1owB6bJS6saDuDUhkI1eJXh+POoWiXbYnoPPEyUiRZKh2Cl9uN+JJACFyybRuOXaM7ZQpFFzCKO8mGmLGB6wHLUNDFoBup5OvRvTQKF3qR8pUiHSi/p5IWaD1MPBMZ8Cwr2e9sfif10rQP2+nIowThJBPF/mJpBjRcUS0KxRwlENDGFfC3Ep5n5lo0ASZNyE4sy/Pk/pJ2bHLzt1psXKVxZEj++SAlIhDzkiF3JIqqRFOHskzeSVv1pP1Yr1bH9PWBSub2SN/YH3+AHhPnmc=</latexit><latexit sha1_base64="lLigPOOWoojZRGT+VxuVQeSQHmY=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQRGEoB48RjAPyIYwO+lNhsw+mOkVwpKf8OKvePGgiFfBm3/jJNmDJhY0FFXddHd5sRQabfvbWlhcWl5Zza3l1zc2t7YLO7t1HSWKQ41HMlJNj2mQIoQaCpTQjBWwwJPQ8AbXY7/xAEqLKLzHYQztgPVC4QvO0EidwrErwccS1fTikrq+Yjx1owB6bJS6saDuDUhkI1eJXh+POoWiXbYnoPPEyUiRZKh2Cl9uN+JJACFyybRuOXaM7ZQpFFzCKO8mGmLGB6wHLUNDFoBup5OvRvTQKF3qR8pUiHSi/p5IWaD1MPBMZ8Cwr2e9sfif10rQP2+nIowThJBPF/mJpBjRcUS0KxRwlENDGFfC3Ep5n5lo0ASZNyE4sy/Pk/pJ2bHLzt1psXKVxZEj++SAlIhDzkiF3JIqqRFOHskzeSVv1pP1Yr1bH9PWBSub2SN/YH3+AHhPnmc=</latexit><latexit sha1_base64="lLigPOOWoojZRGT+VxuVQeSQHmY=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQRGEoB48RjAPyIYwO+lNhsw+mOkVwpKf8OKvePGgiFfBm3/jJNmDJhY0FFXddHd5sRQabfvbWlhcWl5Zza3l1zc2t7YLO7t1HSWKQ41HMlJNj2mQIoQaCpTQjBWwwJPQ8AbXY7/xAEqLKLzHYQztgPVC4QvO0EidwrErwccS1fTikrq+Yjx1owB6bJS6saDuDUhkI1eJXh+POoWiXbYnoPPEyUiRZKh2Cl9uN+JJACFyybRuOXaM7ZQpFFzCKO8mGmLGB6wHLUNDFoBup5OvRvTQKF3qR8pUiHSi/p5IWaD1MPBMZ8Cwr2e9sfif10rQP2+nIowThJBPF/mJpBjRcUS0KxRwlENDGFfC3Ep5n5lo0ASZNyE4sy/Pk/pJ2bHLzt1psXKVxZEj++SAlIhDzkiF3JIqqRFOHskzeSVv1pP1Yr1bH9PWBSub2SN/YH3+AHhPnmc=</latexit><latexit sha1_base64="lLigPOOWoojZRGT+VxuVQeSQHmY=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQRGEoB48RjAPyIYwO+lNhsw+mOkVwpKf8OKvePGgiFfBm3/jJNmDJhY0FFXddHd5sRQabfvbWlhcWl5Zza3l1zc2t7YLO7t1HSWKQ41HMlJNj2mQIoQaCpTQjBWwwJPQ8AbXY7/xAEqLKLzHYQztgPVC4QvO0EidwrErwccS1fTikrq+Yjx1owB6bJS6saDuDUhkI1eJXh+POoWiXbYnoPPEyUiRZKh2Cl9uN+JJACFyybRuOXaM7ZQpFFzCKO8mGmLGB6wHLUNDFoBup5OvRvTQKF3qR8pUiHSi/p5IWaD1MPBMZ8Cwr2e9sfif10rQP2+nIowThJBPF/mJpBjRcUS0KxRwlENDGFfC3Ep5n5lo0ASZNyE4sy/Pk/pJ2bHLzt1psXKVxZEj++SAlIhDzkiF3JIqqRFOHskzeSVv1pP1Yr1bH9PWBSub2SN/YH3+AHhPnmc=</latexit><latexit sha1_base64="lLigPOOWoojZRGT+VxuVQeSQHmY=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQRGEoB48RjAPyIYwO+lNhsw+mOkVwpKf8OKvePGgiFfBm3/jJNmDJhY0FFXddHd5sRQabfvbWlhcWl5Zza3l1zc2t7YLO7t1HSWKQ41HMlJNj2mQIoQaCpTQjBWwwJPQ8AbXY7/xAEqLKLzHYQztgPVC4QvO0EidwrErwccS1fTikrq+Yjx1owB6bJS6saDuDUhkI1eJXh+POoWiXbYnoPPEyUiRZKh2Cl9uN+JJACFyybRuOXaM7ZQpFFzCKO8mGmLGB6wHLUNDFoBup5OvRvTQKF3qR8pUiHSi/p5IWaD1MPBMZ8Cwr2e9sfif10rQP2+nIowThJBPF/mJpBjRcUS0KxRwlENDGFfC3Ep5n5lo0ASZNyE4sy/Pk/pJ2bHLzt1psXKVxZEj++SAlIhDzkiF3JIqqRFOHskzeSVv1pP1Yr1bH9PWBSub2SN/YH3+AHhPnmc=</latexit>

“Weyl symmetry”

logkit

1 t
il I
y l

l ll l
l l 7
tint 4Th TH e logt



EFT expansion ↔ topological expansion

Perturbation theory in “pions” gives fat-graph expansion

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="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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“standard” saddle

“Andreev-Altshuler” saddle

[A. Altland, JS]

Each topology predicts coefficient of leading singular term  
(e.g. as computed from JT)
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Spectral correlations: the leading singularity

Recall:                  is generator of spectral resolvent, R(E), correlationsZ(4) (ẑ)
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(2.22)

where the marked (red) points are the insertions of the projectors, which appear on the bound-

aries of the cylindrical surface, as indicated. (Readers interested in a more microscopically

resolved interpretation of the above correspondence are invited to read Appendix A.) By view-

ing the matrix contractions as defining a Riemann surface via their ribbon graph, one quickly

convinces oneself that the Wick contraction as shown gives rise to an annulus (or cylinder)

type contribution. These are associated with Euclidean wormhole type geometries in the

bulk [4, 26–28], as we will demonstrate directly in Section 4 below. In this way our formal-

ism automatically produces connected correlations between di↵erent determinants, preventing

their expectation values from factorizing. The two Wick contractions give one factor of s�1

each, resulting in a total contribution ⇠ s
�2. Fourier transformed into the time domain, this

gives precisely the linear in time behavior characteristic of the ramp. It has often been pointed

out (see e.g. [29]) that the ramp physics is intrinsically non-perturbative, which is seen from

our perspective from the fact that s�2 ⇠ e
�2S. The sigma-model approach transforms such –

in principle –non-perturbative contributions into a simpler perturbative expansion (around the

standard saddle).

However, as should be clear from the relation Q = e
W
⌧3e

�W this is but the leading order

contribution in the expansion, and we now move on to higher-order examples. The next simplest

diagram comes from including in the action the term proportional to str(BB̃)2 in the expansion

of Q, which gives us a contribution
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(2.23)

To avoid clutter, we have not shown the Wick contraction which, however, is reflected in the

16

weight Eq. (2.21) can be represented as

⇠=<latexit sha1_base64="CTarJdz05MZd8bMTxeHUL9044P0=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubTbJkb/fYnRPCkd9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxqWZ0ZxkOmpTbtmFouheIhCpS8nRpOk1jyx3h8O/Mfn7ixQqsHnKQ8SuhQiYFgFJ0UdplWw1615tf9OcgqCQpSgwLNXvWr29csS7hCJqm1ncBPMcqpQcEkn1a6meUpZWM65B1HFU24jfL5sVNy5pQ+GWjjSiGZq78ncppYO0li15lQHNllbyb+53UyHFxHuVBphlyxxaJBJglqMvuc9IXhDOXEEcqMcLcSNqKGMnT5VFwIwfLLq6R1UQ/8enB/WWvcFHGU4QRO4RwCuIIG3EETQmAg4Ble4c1T3ov37n0sWkteMXMMf+B9/gDUk46v</latexit><latexit sha1_base64="CTarJdz05MZd8bMTxeHUL9044P0=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubTbJkb/fYnRPCkd9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxqWZ0ZxkOmpTbtmFouheIhCpS8nRpOk1jyx3h8O/Mfn7ixQqsHnKQ8SuhQiYFgFJ0UdplWw1615tf9OcgqCQpSgwLNXvWr29csS7hCJqm1ncBPMcqpQcEkn1a6meUpZWM65B1HFU24jfL5sVNy5pQ+GWjjSiGZq78ncppYO0li15lQHNllbyb+53UyHFxHuVBphlyxxaJBJglqMvuc9IXhDOXEEcqMcLcSNqKGMnT5VFwIwfLLq6R1UQ/8enB/WWvcFHGU4QRO4RwCuIIG3EETQmAg4Ble4c1T3ov37n0sWkteMXMMf+B9/gDUk46v</latexit><latexit sha1_base64="CTarJdz05MZd8bMTxeHUL9044P0=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubTbJkb/fYnRPCkd9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxqWZ0ZxkOmpTbtmFouheIhCpS8nRpOk1jyx3h8O/Mfn7ixQqsHnKQ8SuhQiYFgFJ0UdplWw1615tf9OcgqCQpSgwLNXvWr29csS7hCJqm1ncBPMcqpQcEkn1a6meUpZWM65B1HFU24jfL5sVNy5pQ+GWjjSiGZq78ncppYO0li15lQHNllbyb+53UyHFxHuVBphlyxxaJBJglqMvuc9IXhDOXEEcqMcLcSNqKGMnT5VFwIwfLLq6R1UQ/8enB/WWvcFHGU4QRO4RwCuIIG3EETQmAg4Ble4c1T3ov37n0sWkteMXMMf+B9/gDUk46v</latexit><latexit sha1_base64="CTarJdz05MZd8bMTxeHUL9044P0=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubTbJkb/fYnRPCkd9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxqWZ0ZxkOmpTbtmFouheIhCpS8nRpOk1jyx3h8O/Mfn7ixQqsHnKQ8SuhQiYFgFJ0UdplWw1615tf9OcgqCQpSgwLNXvWr29csS7hCJqm1ncBPMcqpQcEkn1a6meUpZWM65B1HFU24jfL5sVNy5pQ+GWjjSiGZq78ncppYO0li15lQHNllbyb+53UyHFxHuVBphlyxxaJBJglqMvuc9IXhDOXEEcqMcLcSNqKGMnT5VFwIwfLLq6R1UQ/8enB/WWvcFHGU4QRO4RwCuIIG3EETQmAg4Ble4c1T3ov37n0sWkteMXMMf+B9/gDUk46v</latexit> ⇠<latexit sha1_base64="kc5c6gsEtZKPcNR7LcXBcFcl9w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOpZ7jsV2t+3Z+DrJKgIDUo0OxXv3qDmKUSlWWCGtMN/MSGGdWWM4GzSi81mFA2oSPsOqqoRBNm81tn5MwpAzKMtStlyVz9PZFRacxURq5TUjs2y14u/ud1Uzu8DjOuktSiYotFw1QQG5P8cTLgGpkVU0co09zdStiYasqsi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/H6+ORw==</latexit><latexit sha1_base64="kc5c6gsEtZKPcNR7LcXBcFcl9w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOpZ7jsV2t+3Z+DrJKgIDUo0OxXv3qDmKUSlWWCGtMN/MSGGdWWM4GzSi81mFA2oSPsOqqoRBNm81tn5MwpAzKMtStlyVz9PZFRacxURq5TUjs2y14u/ud1Uzu8DjOuktSiYotFw1QQG5P8cTLgGpkVU0co09zdStiYasqsi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/H6+ORw==</latexit><latexit sha1_base64="kc5c6gsEtZKPcNR7LcXBcFcl9w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOpZ7jsV2t+3Z+DrJKgIDUo0OxXv3qDmKUSlWWCGtMN/MSGGdWWM4GzSi81mFA2oSPsOqqoRBNm81tn5MwpAzKMtStlyVz9PZFRacxURq5TUjs2y14u/ud1Uzu8DjOuktSiYotFw1QQG5P8cTLgGpkVU0co09zdStiYasqsi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/H6+ORw==</latexit><latexit sha1_base64="kc5c6gsEtZKPcNR7LcXBcFcl9w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOpZ7jsV2t+3Z+DrJKgIDUo0OxXv3qDmKUSlWWCGtMN/MSGGdWWM4GzSi81mFA2oSPsOqqoRBNm81tn5MwpAzKMtStlyVz9PZFRacxURq5TUjs2y14u/ud1Uzu8DjOuktSiYotFw1QQG5P8cTLgGpkVU0co09zdStiYasqsi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/H6+ORw==</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>

D
str(BB̃P

f)str(B̃BP
f)
E

<latexit sha1_base64="PHRriE0NA9w701R8WointzFQPFM="></latexit><latexit sha1_base64="PHRriE0NA9w701R8WointzFQPFM="></latexit><latexit sha1_base64="PHRriE0NA9w701R8WointzFQPFM="></latexit><latexit sha1_base64="PHRriE0NA9w701R8WointzFQPFM="></latexit>

(2.22)

where the marked (red) points are the insertions of the projectors, which appear on the bound-

aries of the cylindrical surface, as indicated. (Readers interested in a more microscopically

resolved interpretation of the above correspondence are invited to read Appendix A.) By view-

ing the matrix contractions as defining a Riemann surface via their ribbon graph, one quickly

convinces oneself that the Wick contraction as shown gives rise to an annulus (or cylinder)

type contribution. These are associated with Euclidean wormhole type geometries in the

bulk [4, 26–28], as we will demonstrate directly in Section 4 below. In this way our formal-

ism automatically produces connected correlations between di↵erent determinants, preventing

their expectation values from factorizing. The two Wick contractions give one factor of s�1

each, resulting in a total contribution ⇠ s
�2. Fourier transformed into the time domain, this

gives precisely the linear in time behavior characteristic of the ramp. It has often been pointed

out (see e.g. [29]) that the ramp physics is intrinsically non-perturbative, which is seen from

our perspective from the fact that s�2 ⇠ e
�2S. The sigma-model approach transforms such –

in principle –non-perturbative contributions into a simpler perturbative expansion (around the

standard saddle).

However, as should be clear from the relation Q = e
W
⌧3e

�W this is but the leading order

contribution in the expansion, and we now move on to higher-order examples. The next simplest

diagram comes from including in the action the term proportional to str(BB̃)2 in the expansion

of Q, which gives us a contribution
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To avoid clutter, we have not shown the Wick contraction which, however, is reflected in the

16
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2s2
<latexit sha1_base64="VIQjJ/5ky9WQMDWpsfcnReuhvoQ=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyUpgh6LXjxWsLXQxrLZbtqlm03Y3RTKkn/ixYMiXv0n3vw3btsctPXBwOO9GWbmhSlnSnvet1NaW9/Y3CpvV3Z29/YP3MOjtkoySWiLJDyRnRArypmgLc00p51UUhyHnD6G49uZ/zihUrFEPOhpSoMYDwWLGMHaSn3XvUC9SGJi/NzU1VM977tVr+bNgVaJX5AqFGj23a/eICFZTIUmHCvV9b1UBwZLzQineaWXKZpiMsZD2rVU4JiqwMwvz9GZVQYoSqQtodFc/T1hcKzUNA5tZ4z1SC17M/E/r5vp6DowTKSZpoIsFkUZRzpBsxjQgElKNJ9agolk9lZERtgGoW1YFRuCv/zyKmnXa75X8+8vq42bIo4ynMApnIMPV9CAO2hCCwhM4Ble4c0xzovz7nwsWktOMXMMf+B8/gB5gZLm</latexit><latexit sha1_base64="VIQjJ/5ky9WQMDWpsfcnReuhvoQ=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyUpgh6LXjxWsLXQxrLZbtqlm03Y3RTKkn/ixYMiXv0n3vw3btsctPXBwOO9GWbmhSlnSnvet1NaW9/Y3CpvV3Z29/YP3MOjtkoySWiLJDyRnRArypmgLc00p51UUhyHnD6G49uZ/zihUrFEPOhpSoMYDwWLGMHaSn3XvUC9SGJi/NzU1VM977tVr+bNgVaJX5AqFGj23a/eICFZTIUmHCvV9b1UBwZLzQineaWXKZpiMsZD2rVU4JiqwMwvz9GZVQYoSqQtodFc/T1hcKzUNA5tZ4z1SC17M/E/r5vp6DowTKSZpoIsFkUZRzpBsxjQgElKNJ9agolk9lZERtgGoW1YFRuCv/zyKmnXa75X8+8vq42bIo4ynMApnIMPV9CAO2hCCwhM4Ble4c0xzovz7nwsWktOMXMMf+B8/gB5gZLm</latexit><latexit sha1_base64="VIQjJ/5ky9WQMDWpsfcnReuhvoQ=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyUpgh6LXjxWsLXQxrLZbtqlm03Y3RTKkn/ixYMiXv0n3vw3btsctPXBwOO9GWbmhSlnSnvet1NaW9/Y3CpvV3Z29/YP3MOjtkoySWiLJDyRnRArypmgLc00p51UUhyHnD6G49uZ/zihUrFEPOhpSoMYDwWLGMHaSn3XvUC9SGJi/NzU1VM977tVr+bNgVaJX5AqFGj23a/eICFZTIUmHCvV9b1UBwZLzQineaWXKZpiMsZD2rVU4JiqwMwvz9GZVQYoSqQtodFc/T1hcKzUNA5tZ4z1SC17M/E/r5vp6DowTKSZpoIsFkUZRzpBsxjQgElKNJ9agolk9lZERtgGoW1YFRuCv/zyKmnXa75X8+8vq42bIo4ynMApnIMPV9CAO2hCCwhM4Ble4c0xzovz7nwsWktOMXMMf+B8/gB5gZLm</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="mAF3xVYFUqlHd3cFo8m//I7hpQ8=">AAAB7nicbZBLSwMxFIXv1FetVUe3boJFcGOZ6cYuBTcuK9gHtGPJpJk2NJMZkjuFMsw/ceNCEX+OO/+N6WOhrQcCh3MS7s0XplIY9Lxvp7Szu7d/UD6sHFWPT07ds2rHJJlmvM0SmeheSA2XQvE2CpS8l2pO41Dybji9X/TdGddGJOoJ5ykPYjpWIhKMoo2GrntDBpGmLPeLvGGeG8XQrXl1bymybfy1qcFaraH7NRglLIu5QiapMX3fSzHIqUbBJC8qg8zwlLIpHfO+tYrG3AT5cvOCXNlkRKJE26OQLNPfL3IaGzOPQ3szpjgxm90i/K/rZxg1g1yoNEOu2GpQlEmCCVlgICOhOUM5t4YyLeyuhE2oBYEWVsVC8De/vG06jbrv1f1HD8pwAZdwDT7cwh08QAvawGAGL/AG707uvDofK1wlZ83tHP7I+fwBJtuRgg==</latexit><latexit sha1_base64="mAF3xVYFUqlHd3cFo8m//I7hpQ8=">AAAB7nicbZBLSwMxFIXv1FetVUe3boJFcGOZ6cYuBTcuK9gHtGPJpJk2NJMZkjuFMsw/ceNCEX+OO/+N6WOhrQcCh3MS7s0XplIY9Lxvp7Szu7d/UD6sHFWPT07ds2rHJJlmvM0SmeheSA2XQvE2CpS8l2pO41Dybji9X/TdGddGJOoJ5ykPYjpWIhKMoo2GrntDBpGmLPeLvGGeG8XQrXl1bymybfy1qcFaraH7NRglLIu5QiapMX3fSzHIqUbBJC8qg8zwlLIpHfO+tYrG3AT5cvOCXNlkRKJE26OQLNPfL3IaGzOPQ3szpjgxm90i/K/rZxg1g1yoNEOu2GpQlEmCCVlgICOhOUM5t4YyLeyuhE2oBYEWVsVC8De/vG06jbrv1f1HD8pwAZdwDT7cwh08QAvawGAGL/AG707uvDofK1wlZ83tHP7I+fwBJtuRgg==</latexit><latexit sha1_base64="7tDH9YNTzdxxDBXYc1vmbK0EC8w=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyXpRY9FLx4r2A9oY9lsN+3SzW7Y3RRKyD/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwoQzbTzv2yltbG5t75R3K3v7B4dH7vFJW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaSec3M39zpQqzaR4NLOEBjEeCRYxgo2VBq57hfqRwiTz86yun+r5wK16NW8BtE78glShQHPgfvWHkqQxFYZwrHXP9xITZFgZRjjNK/1U0wSTCR7RnqUCx1QH2eLyHF1YZYgiqWwJgxbq74kMx1rP4tB2xtiM9ao3F//zeqmJboKMiSQ1VJDloijlyEg0jwENmaLE8JklmChmb0VkjG0QxoZVsSH4qy+vk3a95ns1/8GrNm6LOMpwBudwCT5cQwPuoQktIDCFZ3iFNydzXpx352PZWnKKmVP4A+fzB3hBkuI=</latexit><latexit sha1_base64="VIQjJ/5ky9WQMDWpsfcnReuhvoQ=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyUpgh6LXjxWsLXQxrLZbtqlm03Y3RTKkn/ixYMiXv0n3vw3btsctPXBwOO9GWbmhSlnSnvet1NaW9/Y3CpvV3Z29/YP3MOjtkoySWiLJDyRnRArypmgLc00p51UUhyHnD6G49uZ/zihUrFEPOhpSoMYDwWLGMHaSn3XvUC9SGJi/NzU1VM977tVr+bNgVaJX5AqFGj23a/eICFZTIUmHCvV9b1UBwZLzQineaWXKZpiMsZD2rVU4JiqwMwvz9GZVQYoSqQtodFc/T1hcKzUNA5tZ4z1SC17M/E/r5vp6DowTKSZpoIsFkUZRzpBsxjQgElKNJ9agolk9lZERtgGoW1YFRuCv/zyKmnXa75X8+8vq42bIo4ynMApnIMPV9CAO2hCCwhM4Ble4c0xzovz7nwsWktOMXMMf+B8/gB5gZLm</latexit><latexit sha1_base64="VIQjJ/5ky9WQMDWpsfcnReuhvoQ=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyUpgh6LXjxWsLXQxrLZbtqlm03Y3RTKkn/ixYMiXv0n3vw3btsctPXBwOO9GWbmhSlnSnvet1NaW9/Y3CpvV3Z29/YP3MOjtkoySWiLJDyRnRArypmgLc00p51UUhyHnD6G49uZ/zihUrFEPOhpSoMYDwWLGMHaSn3XvUC9SGJi/NzU1VM977tVr+bNgVaJX5AqFGj23a/eICFZTIUmHCvV9b1UBwZLzQineaWXKZpiMsZD2rVU4JiqwMwvz9GZVQYoSqQtodFc/T1hcKzUNA5tZ4z1SC17M/E/r5vp6DowTKSZpoIsFkUZRzpBsxjQgElKNJ9agolk9lZERtgGoW1YFRuCv/zyKmnXa75X8+8vq42bIo4ynMApnIMPV9CAO2hCCwhM4Ble4c0xzovz7nwsWktOMXMMf+B8/gB5gZLm</latexit><latexit sha1_base64="VIQjJ/5ky9WQMDWpsfcnReuhvoQ=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyUpgh6LXjxWsLXQxrLZbtqlm03Y3RTKkn/ixYMiXv0n3vw3btsctPXBwOO9GWbmhSlnSnvet1NaW9/Y3CpvV3Z29/YP3MOjtkoySWiLJDyRnRArypmgLc00p51UUhyHnD6G49uZ/zihUrFEPOhpSoMYDwWLGMHaSn3XvUC9SGJi/NzU1VM977tVr+bNgVaJX5AqFGj23a/eICFZTIUmHCvV9b1UBwZLzQineaWXKZpiMsZD2rVU4JiqwMwvz9GZVQYoSqQtodFc/T1hcKzUNA5tZ4z1SC17M/E/r5vp6DowTKSZpoIsFkUZRzpBsxjQgElKNJ9agolk9lZERtgGoW1YFRuCv/zyKmnXa75X8+8vq42bIo4ynMApnIMPV9CAO2hCCwhM4Ble4c0xzovz7nwsWktOMXMMf+B8/gB5gZLm</latexit><latexit sha1_base64="VIQjJ/5ky9WQMDWpsfcnReuhvoQ=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyUpgh6LXjxWsLXQxrLZbtqlm03Y3RTKkn/ixYMiXv0n3vw3btsctPXBwOO9GWbmhSlnSnvet1NaW9/Y3CpvV3Z29/YP3MOjtkoySWiLJDyRnRArypmgLc00p51UUhyHnD6G49uZ/zihUrFEPOhpSoMYDwWLGMHaSn3XvUC9SGJi/NzU1VM977tVr+bNgVaJX5AqFGj23a/eICFZTIUmHCvV9b1UBwZLzQineaWXKZpiMsZD2rVU4JiqwMwvz9GZVQYoSqQtodFc/T1hcKzUNA5tZ4z1SC17M/E/r5vp6DowTKSZpoIsFkUZRzpBsxjQgElKNJ9agolk9lZERtgGoW1YFRuCv/zyKmnXa75X8+8vq42bIo4ynMApnIMPV9CAO2hCCwhM4Ble4c0xzovz7nwsWktOMXMMf+B8/gB5gZLm</latexit><latexit sha1_base64="VIQjJ/5ky9WQMDWpsfcnReuhvoQ=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyUpgh6LXjxWsLXQxrLZbtqlm03Y3RTKkn/ixYMiXv0n3vw3btsctPXBwOO9GWbmhSlnSnvet1NaW9/Y3CpvV3Z29/YP3MOjtkoySWiLJDyRnRArypmgLc00p51UUhyHnD6G49uZ/zihUrFEPOhpSoMYDwWLGMHaSn3XvUC9SGJi/NzU1VM977tVr+bNgVaJX5AqFGj23a/eICFZTIUmHCvV9b1UBwZLzQineaWXKZpiMsZD2rVU4JiqwMwvz9GZVQYoSqQtodFc/T1hcKzUNA5tZ4z1SC17M/E/r5vp6DowTKSZpoIsFkUZRzpBsxjQgElKNJ9agolk9lZERtgGoW1YFRuCv/zyKmnXa75X8+8vq42bIo4ynMApnIMPV9CAO2hCCwhM4Ble4c0xzovz7nwsWktOMXMMf+B8/gB5gZLm</latexit><latexit sha1_base64="VIQjJ/5ky9WQMDWpsfcnReuhvoQ=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyUpgh6LXjxWsLXQxrLZbtqlm03Y3RTKkn/ixYMiXv0n3vw3btsctPXBwOO9GWbmhSlnSnvet1NaW9/Y3CpvV3Z29/YP3MOjtkoySWiLJDyRnRArypmgLc00p51UUhyHnD6G49uZ/zihUrFEPOhpSoMYDwWLGMHaSn3XvUC9SGJi/NzU1VM977tVr+bNgVaJX5AqFGj23a/eICFZTIUmHCvV9b1UBwZLzQineaWXKZpiMsZD2rVU4JiqwMwvz9GZVQYoSqQtodFc/T1hcKzUNA5tZ4z1SC17M/E/r5vp6DowTKSZpoIsFkUZRzpBsxjQgElKNJ9agolk9lZERtgGoW1YFRuCv/zyKmnXa75X8+8vq42bIo4ynMApnIMPV9CAO2hCCwhM4Ble4c0xzovz7nwsWktOMXMMf+B8/gB5gZLm</latexit>

B, B̃
<latexit sha1_base64="RylFyP49eqd9i4KDkj+AJq2Ezbg=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMdSLx4r2A9IQ9lsNu3SzSbsToRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJPCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bdJcM95iqUx1N6SGS6F4CwVK3s00p0koeScc3c38zhPXRqTqEccZDxI6UCIWjKKV/MYl6aGQESeNfqXq1tw5yCrxClKFAs1+5asXpSxPuEImqTG+52YYTKhGwSSflnu54RllIzrgvqWKJtwEk/nJU3JulYjEqbalkMzV3xMTmhgzTkLbmVAcmmVvJv7n+TnGt8FEqCxHrthiUZxLgimZ/U8ioTlDObaEMi3srYQNqaYMbUplG4K3/PIqaV/VPLfmPVxX640ijhKcwhlcgAc3UId7aEILGKTwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AMyckEY=</latexit><latexit sha1_base64="RylFyP49eqd9i4KDkj+AJq2Ezbg=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMdSLx4r2A9IQ9lsNu3SzSbsToRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJPCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bdJcM95iqUx1N6SGS6F4CwVK3s00p0koeScc3c38zhPXRqTqEccZDxI6UCIWjKKV/MYl6aGQESeNfqXq1tw5yCrxClKFAs1+5asXpSxPuEImqTG+52YYTKhGwSSflnu54RllIzrgvqWKJtwEk/nJU3JulYjEqbalkMzV3xMTmhgzTkLbmVAcmmVvJv7n+TnGt8FEqCxHrthiUZxLgimZ/U8ioTlDObaEMi3srYQNqaYMbUplG4K3/PIqaV/VPLfmPVxX640ijhKcwhlcgAc3UId7aEILGKTwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AMyckEY=</latexit><latexit sha1_base64="RylFyP49eqd9i4KDkj+AJq2Ezbg=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMdSLx4r2A9IQ9lsNu3SzSbsToRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJPCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bdJcM95iqUx1N6SGS6F4CwVK3s00p0koeScc3c38zhPXRqTqEccZDxI6UCIWjKKV/MYl6aGQESeNfqXq1tw5yCrxClKFAs1+5asXpSxPuEImqTG+52YYTKhGwSSflnu54RllIzrgvqWKJtwEk/nJU3JulYjEqbalkMzV3xMTmhgzTkLbmVAcmmVvJv7n+TnGt8FEqCxHrthiUZxLgimZ/U8ioTlDObaEMi3srYQNqaYMbUplG4K3/PIqaV/VPLfmPVxX640ijhKcwhlcgAc3UId7aEILGKTwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AMyckEY=</latexit><latexit sha1_base64="RylFyP49eqd9i4KDkj+AJq2Ezbg=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMdSLx4r2A9IQ9lsNu3SzSbsToRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJPCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bdJcM95iqUx1N6SGS6F4CwVK3s00p0koeScc3c38zhPXRqTqEccZDxI6UCIWjKKV/MYl6aGQESeNfqXq1tw5yCrxClKFAs1+5asXpSxPuEImqTG+52YYTKhGwSSflnu54RllIzrgvqWKJtwEk/nJU3JulYjEqbalkMzV3xMTmhgzTkLbmVAcmmVvJv7n+TnGt8FEqCxHrthiUZxLgimZ/U8ioTlDObaEMi3srYQNqaYMbUplG4K3/PIqaV/VPLfmPVxX640ijhKcwhlcgAc3UId7aEILGKTwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AMyckEY=</latexit>

Are causal pions around the north pole (SS) with 
propagator

 

F

BB̃ = s�1
<latexit sha1_base64="lQZYV8ZJjjrgIArjLCAWO+uPFD0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwYklE0ItQ6sVjBfsBbSybzaRdutmE3Y1YQv6KFw+KePWPePPfuG1z0NYHA4/3ZpiZ5yecKe0439bK6tr6xmZpq7y9s7u3bx9U2ipOJYUWjXksuz5RwJmAlmaaQzeRQCKfQ8cf30z9ziNIxWJxrycJeBEZChYySrSRBnal0deMB4Ab+Bqrh+zMzQd21ak5M+Bl4hakigo0B/ZXP4hpGoHQlBOleq6TaC8jUjPKIS/3UwUJoWMyhJ6hgkSgvGx2e45PjBLgMJamhMYz9fdERiKlJpFvOiOiR2rRm4r/eb1Uh1dexkSSahB0vihMOdYxngaBAyaBaj4xhFDJzK2YjogkVJu4yiYEd/HlZdI+r7lOzb27qNYbRRwldISO0Sly0SWqo1vURC1E0RN6Rq/ozcqtF+vd+pi3rljFzCH6A+vzB/b7kxU=</latexit><latexit sha1_base64="lQZYV8ZJjjrgIArjLCAWO+uPFD0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwYklE0ItQ6sVjBfsBbSybzaRdutmE3Y1YQv6KFw+KePWPePPfuG1z0NYHA4/3ZpiZ5yecKe0439bK6tr6xmZpq7y9s7u3bx9U2ipOJYUWjXksuz5RwJmAlmaaQzeRQCKfQ8cf30z9ziNIxWJxrycJeBEZChYySrSRBnal0deMB4Ab+Bqrh+zMzQd21ak5M+Bl4hakigo0B/ZXP4hpGoHQlBOleq6TaC8jUjPKIS/3UwUJoWMyhJ6hgkSgvGx2e45PjBLgMJamhMYz9fdERiKlJpFvOiOiR2rRm4r/eb1Uh1dexkSSahB0vihMOdYxngaBAyaBaj4xhFDJzK2YjogkVJu4yiYEd/HlZdI+r7lOzb27qNYbRRwldISO0Sly0SWqo1vURC1E0RN6Rq/ozcqtF+vd+pi3rljFzCH6A+vzB/b7kxU=</latexit><latexit sha1_base64="lQZYV8ZJjjrgIArjLCAWO+uPFD0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwYklE0ItQ6sVjBfsBbSybzaRdutmE3Y1YQv6KFw+KePWPePPfuG1z0NYHA4/3ZpiZ5yecKe0439bK6tr6xmZpq7y9s7u3bx9U2ipOJYUWjXksuz5RwJmAlmaaQzeRQCKfQ8cf30z9ziNIxWJxrycJeBEZChYySrSRBnal0deMB4Ab+Bqrh+zMzQd21ak5M+Bl4hakigo0B/ZXP4hpGoHQlBOleq6TaC8jUjPKIS/3UwUJoWMyhJ6hgkSgvGx2e45PjBLgMJamhMYz9fdERiKlJpFvOiOiR2rRm4r/eb1Uh1dexkSSahB0vihMOdYxngaBAyaBaj4xhFDJzK2YjogkVJu4yiYEd/HlZdI+r7lOzb27qNYbRRwldISO0Sly0SWqo1vURC1E0RN6Rq/ozcqtF+vd+pi3rljFzCH6A+vzB/b7kxU=</latexit><latexit sha1_base64="lQZYV8ZJjjrgIArjLCAWO+uPFD0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwYklE0ItQ6sVjBfsBbSybzaRdutmE3Y1YQv6KFw+KePWPePPfuG1z0NYHA4/3ZpiZ5yecKe0439bK6tr6xmZpq7y9s7u3bx9U2ipOJYUWjXksuz5RwJmAlmaaQzeRQCKfQ8cf30z9ziNIxWJxrycJeBEZChYySrSRBnal0deMB4Ab+Bqrh+zMzQd21ak5M+Bl4hakigo0B/ZXP4hpGoHQlBOleq6TaC8jUjPKIS/3UwUJoWMyhJ6hgkSgvGx2e45PjBLgMJamhMYz9fdERiKlJpFvOiOiR2rRm4r/eb1Uh1dexkSSahB0vihMOdYxngaBAyaBaj4xhFDJzK2YjogkVJu4yiYEd/HlZdI+r7lOzb27qNYbRRwldISO0Sly0SWqo1vURC1E0RN6Rq/ozcqtF+vd+pi3rljFzCH6A+vzB/b7kxU=</latexit>

In real time this gives the linear ramp K(t) =
<latexit sha1_base64="XR7e196gfIsyUx+nl2BJbmOswBc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0ItQ9CJ4qWA/oA1ls920SzebsDsRSuiP8OJBEa/+Hm/+G7dtDtr6YODx3gwz84JECoOu++2srK6tb2wWtorbO7t7+6WDw6aJU814g8Uy1u2AGi6F4g0UKHk70ZxGgeStYHQ79VtPXBsRq0ccJ9yP6ECJUDCKVmrdV/CMXJNeqexW3RnIMvFyUoYc9V7pq9uPWRpxhUxSYzqem6CfUY2CST4pdlPDE8pGdMA7lioaceNns3Mn5NQqfRLG2pZCMlN/T2Q0MmYcBbYzojg0i95U/M/rpBhe+ZlQSYpcsfmiMJUEYzL9nfSF5gzl2BLKtLC3EjakmjK0CRVtCN7iy8ukeV713Kr3cFGu3eRxFOAYTqACHlxCDe6gDg1gMIJneIU3J3FenHfnY9664uQzR/AHzucPbQKOTQ==</latexit><latexit sha1_base64="XR7e196gfIsyUx+nl2BJbmOswBc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0ItQ9CJ4qWA/oA1ls920SzebsDsRSuiP8OJBEa/+Hm/+G7dtDtr6YODx3gwz84JECoOu++2srK6tb2wWtorbO7t7+6WDw6aJU814g8Uy1u2AGi6F4g0UKHk70ZxGgeStYHQ79VtPXBsRq0ccJ9yP6ECJUDCKVmrdV/CMXJNeqexW3RnIMvFyUoYc9V7pq9uPWRpxhUxSYzqem6CfUY2CST4pdlPDE8pGdMA7lioaceNns3Mn5NQqfRLG2pZCMlN/T2Q0MmYcBbYzojg0i95U/M/rpBhe+ZlQSYpcsfmiMJUEYzL9nfSF5gzl2BLKtLC3EjakmjK0CRVtCN7iy8ukeV713Kr3cFGu3eRxFOAYTqACHlxCDe6gDg1gMIJneIU3J3FenHfnY9664uQzR/AHzucPbQKOTQ==</latexit><latexit sha1_base64="XR7e196gfIsyUx+nl2BJbmOswBc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0ItQ9CJ4qWA/oA1ls920SzebsDsRSuiP8OJBEa/+Hm/+G7dtDtr6YODx3gwz84JECoOu++2srK6tb2wWtorbO7t7+6WDw6aJU814g8Uy1u2AGi6F4g0UKHk70ZxGgeStYHQ79VtPXBsRq0ccJ9yP6ECJUDCKVmrdV/CMXJNeqexW3RnIMvFyUoYc9V7pq9uPWRpxhUxSYzqem6CfUY2CST4pdlPDE8pGdMA7lioaceNns3Mn5NQqfRLG2pZCMlN/T2Q0MmYcBbYzojg0i95U/M/rpBhe+ZlQSYpcsfmiMJUEYzL9nfSF5gzl2BLKtLC3EjakmjK0CRVtCN7iy8ukeV713Kr3cFGu3eRxFOAYTqACHlxCDe6gDg1gMIJneIU3J3FenHfnY9664uQzR/AHzucPbQKOTQ==</latexit><latexit sha1_base64="XR7e196gfIsyUx+nl2BJbmOswBc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0ItQ9CJ4qWA/oA1ls920SzebsDsRSuiP8OJBEa/+Hm/+G7dtDtr6YODx3gwz84JECoOu++2srK6tb2wWtorbO7t7+6WDw6aJU814g8Uy1u2AGi6F4g0UKHk70ZxGgeStYHQ79VtPXBsRq0ccJ9yP6ECJUDCKVmrdV/CMXJNeqexW3RnIMvFyUoYc9V7pq9uPWRpxhUxSYzqem6CfUY2CST4pdlPDE8pGdMA7lioaceNns3Mn5NQqfRLG2pZCMlN/T2Q0MmYcBbYzojg0i95U/M/rpBhe+ZlQSYpcsfmiMJUEYzL9nfSF5gzl2BLKtLC3EjakmjK0CRVtCN7iy8ukeV713Kr3cFGu3eRxFOAYTqACHlxCDe6gDg1gMIJneIU3J3FenHfnY9664uQzR/AHzucPbQKOTQ==</latexit>
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I i E
I V

I l
l 7

th th n e's t

⌧
<latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit>

2⌧
<latexit sha1_base64="7UhOwb/p9KQKJDtxJe6Nlrgu2XA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3+gjzQbVmlt3FyDrxCtIDQq0BtWv/jBhWcwVMkmN6XluikFONQom+azSzwxPKZvQEe9ZqmjMTZAvjp2RC6sMSZRoWwrJQv09kdPYmGkc2s6Y4tisenPxP6+XYXQT5EKlGXLFlouiTBJMyPxzMhSaM5RTSyjTwt5K2JhqytDmU7EheKsvr5N2o+65de/hqta8LeIowxmcwyV4cA1NuIcW+MBAwDO8wpujnBfn3flYtpacYuYU/sD5/AGSp46E</latexit><latexit sha1_base64="7UhOwb/p9KQKJDtxJe6Nlrgu2XA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3+gjzQbVmlt3FyDrxCtIDQq0BtWv/jBhWcwVMkmN6XluikFONQom+azSzwxPKZvQEe9ZqmjMTZAvjp2RC6sMSZRoWwrJQv09kdPYmGkc2s6Y4tisenPxP6+XYXQT5EKlGXLFlouiTBJMyPxzMhSaM5RTSyjTwt5K2JhqytDmU7EheKsvr5N2o+65de/hqta8LeIowxmcwyV4cA1NuIcW+MBAwDO8wpujnBfn3flYtpacYuYU/sD5/AGSp46E</latexit><latexit sha1_base64="7UhOwb/p9KQKJDtxJe6Nlrgu2XA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3+gjzQbVmlt3FyDrxCtIDQq0BtWv/jBhWcwVMkmN6XluikFONQom+azSzwxPKZvQEe9ZqmjMTZAvjp2RC6sMSZRoWwrJQv09kdPYmGkc2s6Y4tisenPxP6+XYXQT5EKlGXLFlouiTBJMyPxzMhSaM5RTSyjTwt5K2JhqytDmU7EheKsvr5N2o+65de/hqta8LeIowxmcwyV4cA1NuIcW+MBAwDO8wpujnBfn3flYtpacYuYU/sD5/AGSp46E</latexit><latexit sha1_base64="7UhOwb/p9KQKJDtxJe6Nlrgu2XA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3+gjzQbVmlt3FyDrxCtIDQq0BtWv/jBhWcwVMkmN6XluikFONQom+azSzwxPKZvQEe9ZqmjMTZAvjp2RC6sMSZRoWwrJQv09kdPYmGkc2s6Y4tisenPxP6+XYXQT5EKlGXLFlouiTBJMyPxzMhSaM5RTSyjTwt5K2JhqytDmU7EheKsvr5N2o+65de/hqta8LeIowxmcwyV4cA1NuIcW+MBAwDO8wpujnBfn3flYtpacYuYU/sD5/AGSp46E</latexit>

unitary

orthogonal

⇢(E)⇢(E0)
<latexit sha1_base64="x5eMUtaneWCZ+OkZT0ty7MuBBKM=">AAACBHicbVDLSgMxFL3js9bXqMtugkVsN2VGBF0WRXBZwT6gM5RMmrahmcmQZIQydOHGX3HjQhG3foQ7/8ZMOwttPRByOOceknuCmDOlHefbWlldW9/YLGwVt3d29/btg8OWEokktEkEF7ITYEU5i2hTM81pJ5YUhwGn7WB8nfntByoVE9G9nsTUD/EwYgNGsDZSzy55wthZOvXkSFRuqmh+n1anPbvs1JwZ0DJxc1KGHI2e/eX1BUlCGmnCsVJd14m1n2KpGeF0WvQSRWNMxnhIu4ZGOKTKT2dLTNGJUfpoIKQ5kUYz9XcixaFSkzAwkyHWI7XoZeJ/XjfRg0s/ZVGcaBqR+UODhCMtUNYI6jNJieYTQzCRzPwVkRGWmGjTW9GU4C6uvExaZzXXqbl35+X6VV5HAUpwDBVw4QLqcAsNaAKBR3iGV3iznqwX6936mI+uWHnmCP7A+vwBSBOXLg==</latexit><latexit sha1_base64="x5eMUtaneWCZ+OkZT0ty7MuBBKM=">AAACBHicbVDLSgMxFL3js9bXqMtugkVsN2VGBF0WRXBZwT6gM5RMmrahmcmQZIQydOHGX3HjQhG3foQ7/8ZMOwttPRByOOceknuCmDOlHefbWlldW9/YLGwVt3d29/btg8OWEokktEkEF7ITYEU5i2hTM81pJ5YUhwGn7WB8nfntByoVE9G9nsTUD/EwYgNGsDZSzy55wthZOvXkSFRuqmh+n1anPbvs1JwZ0DJxc1KGHI2e/eX1BUlCGmnCsVJd14m1n2KpGeF0WvQSRWNMxnhIu4ZGOKTKT2dLTNGJUfpoIKQ5kUYz9XcixaFSkzAwkyHWI7XoZeJ/XjfRg0s/ZVGcaBqR+UODhCMtUNYI6jNJieYTQzCRzPwVkRGWmGjTW9GU4C6uvExaZzXXqbl35+X6VV5HAUpwDBVw4QLqcAsNaAKBR3iGV3iznqwX6936mI+uWHnmCP7A+vwBSBOXLg==</latexit><latexit sha1_base64="x5eMUtaneWCZ+OkZT0ty7MuBBKM=">AAACBHicbVDLSgMxFL3js9bXqMtugkVsN2VGBF0WRXBZwT6gM5RMmrahmcmQZIQydOHGX3HjQhG3foQ7/8ZMOwttPRByOOceknuCmDOlHefbWlldW9/YLGwVt3d29/btg8OWEokktEkEF7ITYEU5i2hTM81pJ5YUhwGn7WB8nfntByoVE9G9nsTUD/EwYgNGsDZSzy55wthZOvXkSFRuqmh+n1anPbvs1JwZ0DJxc1KGHI2e/eX1BUlCGmnCsVJd14m1n2KpGeF0WvQSRWNMxnhIu4ZGOKTKT2dLTNGJUfpoIKQ5kUYz9XcixaFSkzAwkyHWI7XoZeJ/XjfRg0s/ZVGcaBqR+UODhCMtUNYI6jNJieYTQzCRzPwVkRGWmGjTW9GU4C6uvExaZzXXqbl35+X6VV5HAUpwDBVw4QLqcAsNaAKBR3iGV3iznqwX6936mI+uWHnmCP7A+vwBSBOXLg==</latexit><latexit sha1_base64="x5eMUtaneWCZ+OkZT0ty7MuBBKM=">AAACBHicbVDLSgMxFL3js9bXqMtugkVsN2VGBF0WRXBZwT6gM5RMmrahmcmQZIQydOHGX3HjQhG3foQ7/8ZMOwttPRByOOceknuCmDOlHefbWlldW9/YLGwVt3d29/btg8OWEokktEkEF7ITYEU5i2hTM81pJ5YUhwGn7WB8nfntByoVE9G9nsTUD/EwYgNGsDZSzy55wthZOvXkSFRuqmh+n1anPbvs1JwZ0DJxc1KGHI2e/eX1BUlCGmnCsVJd14m1n2KpGeF0WvQSRWNMxnhIu4ZGOKTKT2dLTNGJUfpoIKQ5kUYz9XcixaFSkzAwkyHWI7XoZeJ/XjfRg0s/ZVGcaBqR+UODhCMtUNYI6jNJieYTQzCRzPwVkRGWmGjTW9GU4C6uvExaZzXXqbl35+X6VV5HAUpwDBVw4QLqcAsNaAKBR3iGV3iznqwX6936mI+uWHnmCP7A+vwBSBOXLg==</latexit>



Spectral correlations: bulk manifestations

weight Eq. (2.21) can be represented as
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(2.22)

where the marked (red) points are the insertions of the projectors, which appear on the bound-

aries of the cylindrical surface, as indicated. (Readers interested in a more microscopically

resolved interpretation of the above correspondence are invited to read Appendix A.) By view-

ing the matrix contractions as defining a Riemann surface via their ribbon graph, one quickly

convinces oneself that the Wick contraction as shown gives rise to an annulus (or cylinder)

type contribution. These are associated with Euclidean wormhole type geometries in the

bulk [4, 26–28], as we will demonstrate directly in Section 4 below. In this way our formal-

ism automatically produces connected correlations between di↵erent determinants, preventing

their expectation values from factorizing. The two Wick contractions give one factor of s�1

each, resulting in a total contribution ⇠ s
�2. Fourier transformed into the time domain, this

gives precisely the linear in time behavior characteristic of the ramp. It has often been pointed

out (see e.g. [29]) that the ramp physics is intrinsically non-perturbative, which is seen from

our perspective from the fact that s�2 ⇠ e
�2S. The sigma-model approach transforms such –

in principle –non-perturbative contributions into a simpler perturbative expansion (around the

standard saddle).

However, as should be clear from the relation Q = e
W
⌧3e

�W this is but the leading order

contribution in the expansion, and we now move on to higher-order examples. The next simplest

diagram comes from including in the action the term proportional to str(BB̃)2 in the expansion

of Q, which gives us a contribution
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To avoid clutter, we have not shown the Wick contraction which, however, is reflected in the
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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(↵).
28

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”
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Explicitly, in this case one has
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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)
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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(�+)
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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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JT double trumpet
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3D torus wormhole
[Cotler, Jensen (’20)]

[Martinec (’03)]

[SSS (’19)]
⇠ � 1

2s2
+ reg
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⇠ � 1

2s2
+ reg

<latexit sha1_base64="2gsSEk6/whxc9Ni6GUFvCbcPzdQ=">AAACCXicbVBNS8NAEN34WetX1KOXxSIIYkmKoMeiF48V7Ac0sWy2k3bpbhJ2N0IJuXrxr3jxoIhX/4E3/43bNgdtfTDweG+GmXlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4i6CpmebQSSQQEXBoB6Prid9+AKlYHN3pcQK+IIOIhYwSbaSejT3FBD7zQklo5uZZTd3XcnyKM08KLGGQ9+yKU3WmwIvELUgFFWj07C+vH9NUQKQpJ0p1XSfRfkakZpRDXvZSBQmhIzKArqEREaD8bPpJjo+N0sdhLE1FGk/V3xMZEUqNRWA6BdFDNe9NxP+8bqrDSz9jUZJqiOhsUZhyrGM8iQX3mQSq+dgQQiUzt2I6JCYUbcIrmxDc+ZcXSatWdZ2qe3teqV8VcZTQITpCJ8hFF6iOblADNRFFj+gZvaI368l6sd6tj1nrklXMHKA/sD5/ANsumSc=</latexit><latexit sha1_base64="2gsSEk6/whxc9Ni6GUFvCbcPzdQ=">AAACCXicbVBNS8NAEN34WetX1KOXxSIIYkmKoMeiF48V7Ac0sWy2k3bpbhJ2N0IJuXrxr3jxoIhX/4E3/43bNgdtfTDweG+GmXlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4i6CpmebQSSQQEXBoB6Prid9+AKlYHN3pcQK+IIOIhYwSbaSejT3FBD7zQklo5uZZTd3XcnyKM08KLGGQ9+yKU3WmwIvELUgFFWj07C+vH9NUQKQpJ0p1XSfRfkakZpRDXvZSBQmhIzKArqEREaD8bPpJjo+N0sdhLE1FGk/V3xMZEUqNRWA6BdFDNe9NxP+8bqrDSz9jUZJqiOhsUZhyrGM8iQX3mQSq+dgQQiUzt2I6JCYUbcIrmxDc+ZcXSatWdZ2qe3teqV8VcZTQITpCJ8hFF6iOblADNRFFj+gZvaI368l6sd6tj1nrklXMHKA/sD5/ANsumSc=</latexit><latexit sha1_base64="2gsSEk6/whxc9Ni6GUFvCbcPzdQ=">AAACCXicbVBNS8NAEN34WetX1KOXxSIIYkmKoMeiF48V7Ac0sWy2k3bpbhJ2N0IJuXrxr3jxoIhX/4E3/43bNgdtfTDweG+GmXlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4i6CpmebQSSQQEXBoB6Prid9+AKlYHN3pcQK+IIOIhYwSbaSejT3FBD7zQklo5uZZTd3XcnyKM08KLGGQ9+yKU3WmwIvELUgFFWj07C+vH9NUQKQpJ0p1XSfRfkakZpRDXvZSBQmhIzKArqEREaD8bPpJjo+N0sdhLE1FGk/V3xMZEUqNRWA6BdFDNe9NxP+8bqrDSz9jUZJqiOhsUZhyrGM8iQX3mQSq+dgQQiUzt2I6JCYUbcIrmxDc+ZcXSatWdZ2qe3teqV8VcZTQITpCJ8hFF6iOblADNRFFj+gZvaI368l6sd6tj1nrklXMHKA/sD5/ANsumSc=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="JjovgpO3b3+DSyforn9ihgomj1c=">AAAB/nicbZBLSwMxFIXv+Ky16ujWTbAIglhmutGl4MZlBfuATi2Z9E4bmswMSUYow2zd+FfcuFDEn+HOf2P6WGjrgcDhnISb+4Wp4Np43reztr6xubVd2invVvb2D9zDSksnmWLYZIlIVCekGgWPsWm4EdhJFVIZCmyH45tp335EpXkS35tJij1JhzGPOKPGRn2XBJpLchFEirLcL/K6fqgX5JzkgZJE4bDou1Wv5s1EVo2/MFVYqNF3v4JBwjKJsWGCat31vdT0cqoMZwKLcpBpTCkb0yF2rY2pRN3LZ5sU5NQmAxIlyp7YkFn6+0VOpdYTGdqbkpqRXu6m4X9dNzPRVS/ncZoZjNl8UJQJYhIyxUIGXCEzYmINZYrbvxI2ohaKsfDKFoK/vPKqadVrvlfz7zwowTGcwBn4cAnXcAsNaAKDJ3iBN3h3np1X52OOa81ZcDuCP3I+fwBGnZez</latexit><latexit sha1_base64="JjovgpO3b3+DSyforn9ihgomj1c=">AAAB/nicbZBLSwMxFIXv+Ky16ujWTbAIglhmutGl4MZlBfuATi2Z9E4bmswMSUYow2zd+FfcuFDEn+HOf2P6WGjrgcDhnISb+4Wp4Np43reztr6xubVd2invVvb2D9zDSksnmWLYZIlIVCekGgWPsWm4EdhJFVIZCmyH45tp335EpXkS35tJij1JhzGPOKPGRn2XBJpLchFEirLcL/K6fqgX5JzkgZJE4bDou1Wv5s1EVo2/MFVYqNF3v4JBwjKJsWGCat31vdT0cqoMZwKLcpBpTCkb0yF2rY2pRN3LZ5sU5NQmAxIlyp7YkFn6+0VOpdYTGdqbkpqRXu6m4X9dNzPRVS/ncZoZjNl8UJQJYhIyxUIGXCEzYmINZYrbvxI2ohaKsfDKFoK/vPKqadVrvlfz7zwowTGcwBn4cAnXcAsNaAKDJ3iBN3h3np1X52OOa81ZcDuCP3I+fwBGnZez</latexit><latexit sha1_base64="gY6527CHRL/KSDMFhEn6wSdxAjE=">AAACCXicbVBNS8NAEN3Ur1q/oh69LBZBEEvSix6LXjxWsB/QxLLZTtqlu0nY3Qgl5OrFv+LFgyJe/Qfe/Ddu2xy09cHA470ZZuYFCWdKO863VVpZXVvfKG9WtrZ3dvfs/YO2ilNJoUVjHstuQBRwFkFLM82hm0ggIuDQCcbXU7/zAFKxOLrTkwR8QYYRCxkl2kh9G3uKCXzuhZLQzM2zurqv5/gMZ54UWMIw79tVp+bMgJeJW5AqKtDs21/eIKapgEhTTpTquU6i/YxIzSiHvOKlChJCx2QIPUMjIkD52eyTHJ8YZYDDWJqKNJ6pvycyIpSaiMB0CqJHatGbiv95vVSHl37GoiTVENH5ojDlWMd4GgseMAlU84khhEpmbsV0REwo2oRXMSG4iy8vk3a95jo199apNq6KOMroCB2jU+SiC9RAN6iJWoiiR/SMXtGb9WS9WO/Wx7y1ZBUzh+gPrM8f2e6ZIw==</latexit><latexit sha1_base64="2gsSEk6/whxc9Ni6GUFvCbcPzdQ=">AAACCXicbVBNS8NAEN34WetX1KOXxSIIYkmKoMeiF48V7Ac0sWy2k3bpbhJ2N0IJuXrxr3jxoIhX/4E3/43bNgdtfTDweG+GmXlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4i6CpmebQSSQQEXBoB6Prid9+AKlYHN3pcQK+IIOIhYwSbaSejT3FBD7zQklo5uZZTd3XcnyKM08KLGGQ9+yKU3WmwIvELUgFFWj07C+vH9NUQKQpJ0p1XSfRfkakZpRDXvZSBQmhIzKArqEREaD8bPpJjo+N0sdhLE1FGk/V3xMZEUqNRWA6BdFDNe9NxP+8bqrDSz9jUZJqiOhsUZhyrGM8iQX3mQSq+dgQQiUzt2I6JCYUbcIrmxDc+ZcXSatWdZ2qe3teqV8VcZTQITpCJ8hFF6iOblADNRFFj+gZvaI368l6sd6tj1nrklXMHKA/sD5/ANsumSc=</latexit><latexit sha1_base64="2gsSEk6/whxc9Ni6GUFvCbcPzdQ=">AAACCXicbVBNS8NAEN34WetX1KOXxSIIYkmKoMeiF48V7Ac0sWy2k3bpbhJ2N0IJuXrxr3jxoIhX/4E3/43bNgdtfTDweG+GmXlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4i6CpmebQSSQQEXBoB6Prid9+AKlYHN3pcQK+IIOIhYwSbaSejT3FBD7zQklo5uZZTd3XcnyKM08KLGGQ9+yKU3WmwIvELUgFFWj07C+vH9NUQKQpJ0p1XSfRfkakZpRDXvZSBQmhIzKArqEREaD8bPpJjo+N0sdhLE1FGk/V3xMZEUqNRWA6BdFDNe9NxP+8bqrDSz9jUZJqiOhsUZhyrGM8iQX3mQSq+dgQQiUzt2I6JCYUbcIrmxDc+ZcXSatWdZ2qe3teqV8VcZTQITpCJ8hFF6iOblADNRFFj+gZvaI368l6sd6tj1nrklXMHKA/sD5/ANsumSc=</latexit><latexit sha1_base64="2gsSEk6/whxc9Ni6GUFvCbcPzdQ=">AAACCXicbVBNS8NAEN34WetX1KOXxSIIYkmKoMeiF48V7Ac0sWy2k3bpbhJ2N0IJuXrxr3jxoIhX/4E3/43bNgdtfTDweG+GmXlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4i6CpmebQSSQQEXBoB6Prid9+AKlYHN3pcQK+IIOIhYwSbaSejT3FBD7zQklo5uZZTd3XcnyKM08KLGGQ9+yKU3WmwIvELUgFFWj07C+vH9NUQKQpJ0p1XSfRfkakZpRDXvZSBQmhIzKArqEREaD8bPpJjo+N0sdhLE1FGk/V3xMZEUqNRWA6BdFDNe9NxP+8bqrDSz9jUZJqiOhsUZhyrGM8iQX3mQSq+dgQQiUzt2I6JCYUbcIrmxDc+ZcXSatWdZ2qe3teqV8VcZTQITpCJ8hFF6iOblADNRFFj+gZvaI368l6sd6tj1nrklXMHKA/sD5/ANsumSc=</latexit><latexit sha1_base64="2gsSEk6/whxc9Ni6GUFvCbcPzdQ=">AAACCXicbVBNS8NAEN34WetX1KOXxSIIYkmKoMeiF48V7Ac0sWy2k3bpbhJ2N0IJuXrxr3jxoIhX/4E3/43bNgdtfTDweG+GmXlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4i6CpmebQSSQQEXBoB6Prid9+AKlYHN3pcQK+IIOIhYwSbaSejT3FBD7zQklo5uZZTd3XcnyKM08KLGGQ9+yKU3WmwIvELUgFFWj07C+vH9NUQKQpJ0p1XSfRfkakZpRDXvZSBQmhIzKArqEREaD8bPpJjo+N0sdhLE1FGk/V3xMZEUqNRWA6BdFDNe9NxP+8bqrDSz9jUZJqiOhsUZhyrGM8iQX3mQSq+dgQQiUzt2I6JCYUbcIrmxDc+ZcXSatWdZ2qe3teqV8VcZTQITpCJ8hFF6iOblADNRFFj+gZvaI368l6sd6tj1nrklXMHKA/sD5/ANsumSc=</latexit><latexit sha1_base64="2gsSEk6/whxc9Ni6GUFvCbcPzdQ=">AAACCXicbVBNS8NAEN34WetX1KOXxSIIYkmKoMeiF48V7Ac0sWy2k3bpbhJ2N0IJuXrxr3jxoIhX/4E3/43bNgdtfTDweG+GmXlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4i6CpmebQSSQQEXBoB6Prid9+AKlYHN3pcQK+IIOIhYwSbaSejT3FBD7zQklo5uZZTd3XcnyKM08KLGGQ9+yKU3WmwIvELUgFFWj07C+vH9NUQKQpJ0p1XSfRfkakZpRDXvZSBQmhIzKArqEREaD8bPpJjo+N0sdhLE1FGk/V3xMZEUqNRWA6BdFDNe9NxP+8bqrDSz9jUZJqiOhsUZhyrGM8iQX3mQSq+dgQQiUzt2I6JCYUbcIrmxDc+ZcXSatWdZ2qe3teqV8VcZTQITpCJ8hFF6iOblADNRFFj+gZvaI368l6sd6tj1nrklXMHKA/sD5/ANsumSc=</latexit><latexit sha1_base64="2gsSEk6/whxc9Ni6GUFvCbcPzdQ=">AAACCXicbVBNS8NAEN34WetX1KOXxSIIYkmKoMeiF48V7Ac0sWy2k3bpbhJ2N0IJuXrxr3jxoIhX/4E3/43bNgdtfTDweG+GmXlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4i6CpmebQSSQQEXBoB6Prid9+AKlYHN3pcQK+IIOIhYwSbaSejT3FBD7zQklo5uZZTd3XcnyKM08KLGGQ9+yKU3WmwIvELUgFFWj07C+vH9NUQKQpJ0p1XSfRfkakZpRDXvZSBQmhIzKArqEREaD8bPpJjo+N0sdhLE1FGk/V3xMZEUqNRWA6BdFDNe9NxP+8bqrDSz9jUZJqiOhsUZhyrGM8iQX3mQSq+dgQQiUzt2I6JCYUbcIrmxDc+ZcXSatWdZ2qe3teqV8VcZTQITpCJ8hFF6iOblADNRFFj+gZvaI368l6sd6tj1nrklXMHKA/sD5/ANsumSc=</latexit>

Leading EFT diagram is dual to bulk wormhole



Interlude: some implications of bulk wormholes

Example: global charge and ETH

Oq
<latexit sha1_base64="VLI2HiB5PueoYe4/TXkXvHhD0Uo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizcr2A9sQ9lsN+3SzSbuToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMrqd+64lrI2J1j+OE+xEdKBEKRtFKD1mXUUluJ73HXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7OLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvqZUEmKXLH5ojCVBGMyfZ/0heYM5dgSyrSwtxI2pJoytCGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQB0awEDBM7zCm2OcF+fd+Zi3Fpx85hD+wPn8AUGqkKE=</latexit><latexit sha1_base64="VLI2HiB5PueoYe4/TXkXvHhD0Uo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizcr2A9sQ9lsN+3SzSbuToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMrqd+64lrI2J1j+OE+xEdKBEKRtFKD1mXUUluJ73HXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7OLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvqZUEmKXLH5ojCVBGMyfZ/0heYM5dgSyrSwtxI2pJoytCGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQB0awEDBM7zCm2OcF+fd+Zi3Fpx85hD+wPn8AUGqkKE=</latexit><latexit sha1_base64="VLI2HiB5PueoYe4/TXkXvHhD0Uo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizcr2A9sQ9lsN+3SzSbuToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMrqd+64lrI2J1j+OE+xEdKBEKRtFKD1mXUUluJ73HXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7OLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvqZUEmKXLH5ojCVBGMyfZ/0heYM5dgSyrSwtxI2pJoytCGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQB0awEDBM7zCm2OcF+fd+Zi3Fpx85hD+wPn8AUGqkKE=</latexit><latexit sha1_base64="VLI2HiB5PueoYe4/TXkXvHhD0Uo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizcr2A9sQ9lsN+3SzSbuToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMrqd+64lrI2J1j+OE+xEdKBEKRtFKD1mXUUluJ73HXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7OLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvqZUEmKXLH5ojCVBGMyfZ/0heYM5dgSyrSwtxI2pJoytCGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQB0awEDBM7zCm2OcF+fd+Zi3Fpx85hD+wPn8AUGqkKE=</latexit>
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<latexit sha1_base64="u0YgNV5zPtCUCTkYLjZsbqwlvHw=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBjSURQZdFN+6sYB/QxDCZTNKhk4czE6GEgL/ixoUibv0Od/6N08dCWw9cOJxzL/fe42ecSWVZ38bC4tLyymplrbq+sbm1be7stmWaC0JbJOWp6PpYUs4S2lJMcdrNBMWxz2nHH1yN/M4jFZKlyZ0aZtSNcZSwkBGstOSZ+4VDMEc35b0T4CiiwitOHkrPrFl1aww0T+wpqcEUTc/8coKU5DFNFOFYyp5tZcotsFCMcFpWnVzSDJMBjmhP0wTHVLrF+PwSHWklQGEqdCUKjdXfEwWOpRzGvu6MserLWW8k/uf1chVeuAVLslzRhEwWhTlHKkWjLFDABCWKDzXBRDB9KyJ9LDBROrGqDsGefXmetE/rtlW3b89qjctpHBU4gEM4BhvOoQHX0IQWECjgGV7hzXgyXox342PSumBMZ/bgD4zPHw5clYk=</latexit><latexit sha1_base64="u0YgNV5zPtCUCTkYLjZsbqwlvHw=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBjSURQZdFN+6sYB/QxDCZTNKhk4czE6GEgL/ixoUibv0Od/6N08dCWw9cOJxzL/fe42ecSWVZ38bC4tLyymplrbq+sbm1be7stmWaC0JbJOWp6PpYUs4S2lJMcdrNBMWxz2nHH1yN/M4jFZKlyZ0aZtSNcZSwkBGstOSZ+4VDMEc35b0T4CiiwitOHkrPrFl1aww0T+wpqcEUTc/8coKU5DFNFOFYyp5tZcotsFCMcFpWnVzSDJMBjmhP0wTHVLrF+PwSHWklQGEqdCUKjdXfEwWOpRzGvu6MserLWW8k/uf1chVeuAVLslzRhEwWhTlHKkWjLFDABCWKDzXBRDB9KyJ9LDBROrGqDsGefXmetE/rtlW3b89qjctpHBU4gEM4BhvOoQHX0IQWECjgGV7hzXgyXox342PSumBMZ/bgD4zPHw5clYk=</latexit><latexit sha1_base64="u0YgNV5zPtCUCTkYLjZsbqwlvHw=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBjSURQZdFN+6sYB/QxDCZTNKhk4czE6GEgL/ixoUibv0Od/6N08dCWw9cOJxzL/fe42ecSWVZ38bC4tLyymplrbq+sbm1be7stmWaC0JbJOWp6PpYUs4S2lJMcdrNBMWxz2nHH1yN/M4jFZKlyZ0aZtSNcZSwkBGstOSZ+4VDMEc35b0T4CiiwitOHkrPrFl1aww0T+wpqcEUTc/8coKU5DFNFOFYyp5tZcotsFCMcFpWnVzSDJMBjmhP0wTHVLrF+PwSHWklQGEqdCUKjdXfEwWOpRzGvu6MserLWW8k/uf1chVeuAVLslzRhEwWhTlHKkWjLFDABCWKDzXBRDB9KyJ9LDBROrGqDsGefXmetE/rtlW3b89qjctpHBU4gEM4BhvOoQHX0IQWECjgGV7hzXgyXox342PSumBMZ/bgD4zPHw5clYk=</latexit><latexit sha1_base64="u0YgNV5zPtCUCTkYLjZsbqwlvHw=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBjSURQZdFN+6sYB/QxDCZTNKhk4czE6GEgL/ixoUibv0Od/6N08dCWw9cOJxzL/fe42ecSWVZ38bC4tLyymplrbq+sbm1be7stmWaC0JbJOWp6PpYUs4S2lJMcdrNBMWxz2nHH1yN/M4jFZKlyZ0aZtSNcZSwkBGstOSZ+4VDMEc35b0T4CiiwitOHkrPrFl1aww0T+wpqcEUTc/8coKU5DFNFOFYyp5tZcotsFCMcFpWnVzSDJMBjmhP0wTHVLrF+PwSHWklQGEqdCUKjdXfEwWOpRzGvu6MserLWW8k/uf1chVeuAVLslzRhEwWhTlHKkWjLFDABCWKDzXBRDB9KyJ9LDBROrGqDsGefXmetE/rtlW3b89qjctpHBU4gEM4BhvOoQHX0IQWECjgGV7hzXgyXox342PSumBMZ/bgD4zPHw5clYk=</latexit>

[Belin, de Boer, Nayak, JS]

Non-vanishing correlation function → non-vanishing variance of hOqi
<latexit sha1_base64="zizIaPFobzgTmZZaBoHzKx0Ng2o=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyURQY9FL96sYD+gCWWznbZLN5u4uxFKyMWLf8WLB0W8+h+8+W/cpjlo64OBx3szzMwLYs6Udpxvq7S0vLK6Vl6vbGxube/Yu3stFSWSQpNGPJKdgCjgTEBTM82hE0sgYcChHYyvpn77AaRikbjTkxj8kAwFGzBKtJF69qHHiRhywKlHCcc3WS+9z7Anc7FnV52akwMvErcgVVSg0bO/vH5EkxCEppwo1XWdWPspkZpRDlnFSxTEhI7JELqGChKC8tP8iwwfG6WPB5E0JTTO1d8TKQmVmoSB6QyJHql5byr+53UTPbjwUybiRIOgs0WDhGMd4WkkuM8kUM0nhhAqmbkV0xGRhGoTXMWE4M6/vEhapzXXqbm3Z9X6ZRFHGR2gI3SCXHSO6ugaNVATUfSIntErerOerBfr3fqYtZasYmYf/YH1+QM4pphi</latexit><latexit sha1_base64="zizIaPFobzgTmZZaBoHzKx0Ng2o=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyURQY9FL96sYD+gCWWznbZLN5u4uxFKyMWLf8WLB0W8+h+8+W/cpjlo64OBx3szzMwLYs6Udpxvq7S0vLK6Vl6vbGxube/Yu3stFSWSQpNGPJKdgCjgTEBTM82hE0sgYcChHYyvpn77AaRikbjTkxj8kAwFGzBKtJF69qHHiRhywKlHCcc3WS+9z7Anc7FnV52akwMvErcgVVSg0bO/vH5EkxCEppwo1XWdWPspkZpRDlnFSxTEhI7JELqGChKC8tP8iwwfG6WPB5E0JTTO1d8TKQmVmoSB6QyJHql5byr+53UTPbjwUybiRIOgs0WDhGMd4WkkuM8kUM0nhhAqmbkV0xGRhGoTXMWE4M6/vEhapzXXqbm3Z9X6ZRFHGR2gI3SCXHSO6ugaNVATUfSIntErerOerBfr3fqYtZasYmYf/YH1+QM4pphi</latexit><latexit sha1_base64="zizIaPFobzgTmZZaBoHzKx0Ng2o=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyURQY9FL96sYD+gCWWznbZLN5u4uxFKyMWLf8WLB0W8+h+8+W/cpjlo64OBx3szzMwLYs6Udpxvq7S0vLK6Vl6vbGxube/Yu3stFSWSQpNGPJKdgCjgTEBTM82hE0sgYcChHYyvpn77AaRikbjTkxj8kAwFGzBKtJF69qHHiRhywKlHCcc3WS+9z7Anc7FnV52akwMvErcgVVSg0bO/vH5EkxCEppwo1XWdWPspkZpRDlnFSxTEhI7JELqGChKC8tP8iwwfG6WPB5E0JTTO1d8TKQmVmoSB6QyJHql5byr+53UTPbjwUybiRIOgs0WDhGMd4WkkuM8kUM0nhhAqmbkV0xGRhGoTXMWE4M6/vEhapzXXqbm3Z9X6ZRFHGR2gI3SCXHSO6ugaNVATUfSIntErerOerBfr3fqYtZasYmYf/YH1+QM4pphi</latexit><latexit sha1_base64="zizIaPFobzgTmZZaBoHzKx0Ng2o=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyURQY9FL96sYD+gCWWznbZLN5u4uxFKyMWLf8WLB0W8+h+8+W/cpjlo64OBx3szzMwLYs6Udpxvq7S0vLK6Vl6vbGxube/Yu3stFSWSQpNGPJKdgCjgTEBTM82hE0sgYcChHYyvpn77AaRikbjTkxj8kAwFGzBKtJF69qHHiRhywKlHCcc3WS+9z7Anc7FnV52akwMvErcgVVSg0bO/vH5EkxCEppwo1XWdWPspkZpRDlnFSxTEhI7JELqGChKC8tP8iwwfG6WPB5E0JTTO1d8TKQmVmoSB6QyJHql5byr+53UTPbjwUybiRIOgs0WDhGMd4WkkuM8kUM0nhhAqmbkV0xGRhGoTXMWE4M6/vEhapzXXqbm3Z9X6ZRFHGR2gI3SCXHSO6ugaNVATUfSIntErerOerBfr3fqYtZasYmYf/YH1+QM4pphi</latexit>

Bulk symmetry is gauged: wormhole correlation = 0
Bulk symmetry is global: wormhole correlation ≠ 0

Absence of bulk global symmetries [Belin, de Boer, Nayak, JS; Harlow, Ooguri]

“genus-two 
wormhole” (more later)

hOqi ⌘ 0
<latexit sha1_base64="YWdXEoxeQE41n5cY4uRlV8q2+zA=">AAACDnicbVDLSsNAFJ3UV62vqks3g6XgqiQi6LLoxp0V7AOaECbTm3boZJLOTAol5Avc+CtuXCji1rU7/8bpY6GtBy4czrmXe+8JEs6Utu1vq7C2vrG5Vdwu7ezu7R+UD49aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxjeTP32GKRisXjQkwS8iPQFCxkl2kh+uepyIvoccOZSwvFd7mejHLtyLrowStkY2365YtfsGfAqcRakghZo+OUvtxfTNAKhKSdKdR070V5GpGaUQ15yUwUJoUPSh66hgkSgvGz2To6rRunhMJamhMYz9fdERiKlJlFgOiOiB2rZm4r/ed1Uh1dexkSSahB0vihMOdYxnmaDe0wC1XxiCKGSmVsxHRBJqDYJlkwIzvLLq6R1XnPsmnN/UalfL+IoohN0is6Qgy5RHd2iBmoiih7RM3pFb9aT9WK9Wx/z1oK1mDlGf2B9/gBw6puy</latexit><latexit sha1_base64="YWdXEoxeQE41n5cY4uRlV8q2+zA=">AAACDnicbVDLSsNAFJ3UV62vqks3g6XgqiQi6LLoxp0V7AOaECbTm3boZJLOTAol5Avc+CtuXCji1rU7/8bpY6GtBy4czrmXe+8JEs6Utu1vq7C2vrG5Vdwu7ezu7R+UD49aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxjeTP32GKRisXjQkwS8iPQFCxkl2kh+uepyIvoccOZSwvFd7mejHLtyLrowStkY2365YtfsGfAqcRakghZo+OUvtxfTNAKhKSdKdR070V5GpGaUQ15yUwUJoUPSh66hgkSgvGz2To6rRunhMJamhMYz9fdERiKlJlFgOiOiB2rZm4r/ed1Uh1dexkSSahB0vihMOdYxnmaDe0wC1XxiCKGSmVsxHRBJqDYJlkwIzvLLq6R1XnPsmnN/UalfL+IoohN0is6Qgy5RHd2iBmoiih7RM3pFb9aT9WK9Wx/z1oK1mDlGf2B9/gBw6puy</latexit><latexit sha1_base64="YWdXEoxeQE41n5cY4uRlV8q2+zA=">AAACDnicbVDLSsNAFJ3UV62vqks3g6XgqiQi6LLoxp0V7AOaECbTm3boZJLOTAol5Avc+CtuXCji1rU7/8bpY6GtBy4czrmXe+8JEs6Utu1vq7C2vrG5Vdwu7ezu7R+UD49aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxjeTP32GKRisXjQkwS8iPQFCxkl2kh+uepyIvoccOZSwvFd7mejHLtyLrowStkY2365YtfsGfAqcRakghZo+OUvtxfTNAKhKSdKdR070V5GpGaUQ15yUwUJoUPSh66hgkSgvGz2To6rRunhMJamhMYz9fdERiKlJlFgOiOiB2rZm4r/ed1Uh1dexkSSahB0vihMOdYxnmaDe0wC1XxiCKGSmVsxHRBJqDYJlkwIzvLLq6R1XnPsmnN/UalfL+IoohN0is6Qgy5RHd2iBmoiih7RM3pFb9aT9WK9Wx/z1oK1mDlGf2B9/gBw6puy</latexit><latexit sha1_base64="YWdXEoxeQE41n5cY4uRlV8q2+zA=">AAACDnicbVDLSsNAFJ3UV62vqks3g6XgqiQi6LLoxp0V7AOaECbTm3boZJLOTAol5Avc+CtuXCji1rU7/8bpY6GtBy4czrmXe+8JEs6Utu1vq7C2vrG5Vdwu7ezu7R+UD49aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxjeTP32GKRisXjQkwS8iPQFCxkl2kh+uepyIvoccOZSwvFd7mejHLtyLrowStkY2365YtfsGfAqcRakghZo+OUvtxfTNAKhKSdKdR070V5GpGaUQ15yUwUJoUPSh66hgkSgvGz2To6rRunhMJamhMYz9fdERiKlJlFgOiOiB2rZm4r/ed1Uh1dexkSSahB0vihMOdYxnmaDe0wC1XxiCKGSmVsxHRBJqDYJlkwIzvLLq6R1XnPsmnN/UalfL+IoohN0is6Qgy5RHd2iBmoiih7RM3pFb9aT9WK9Wx/z1oK1mDlGf2B9/gBw6puy</latexit>



Microscopic origins: SYK
SYK: a rare example where we can explicitly derive the chaos 
EFT (via random coupling average)

Generically have massive contributions in addition to Goldstones

S�
SYK = Shom. + Smassive

<latexit sha1_base64="v2kqoH2+veAtshVGi2FvCqL8OTM=">AAACHHicbVBNS8MwGE7n15xfVY9egkMQhNKqoBdh6EXwMpn7kLWWNMu2sKQtSToYpT/Ei3/FiwdFvHgQ/DdmWwWdPhB43ud53yTvE8SMSmXbn0Zhbn5hcam4XFpZXVvfMDe3GjJKBCZ1HLFItAIkCaMhqSuqGGnFgiAeMNIMBhdjvzkkQtIovFGjmHgc9ULapRgpLfnmUe3OlbTHkZ+6gsPa7VUGz2BtWvUjbmXw4LvkSEo6JJlvlm3LngD+JU5OyiBH1Tff3U6EE05ChZm+pO3YsfJSJBTFjGQlN5EkRniAeqStaYg4kV46WS6De1rpwG4k9AkVnKg/J1LEpRzxQHdypPpy1huL/3ntRHVPvZSGcaJIiKcPdRMGVQTHScEOFQQrNtIEYUH1XyHuI4Gw0nmWdAjO7Mp/SePQcmzLuT4uV87zOIpgB+yCfeCAE1ABl6AK6gCDe/AInsGL8WA8Ga/G27S1YOQz2+AXjI8vKy2gzA==</latexit><latexit sha1_base64="v2kqoH2+veAtshVGi2FvCqL8OTM=">AAACHHicbVBNS8MwGE7n15xfVY9egkMQhNKqoBdh6EXwMpn7kLWWNMu2sKQtSToYpT/Ei3/FiwdFvHgQ/DdmWwWdPhB43ud53yTvE8SMSmXbn0Zhbn5hcam4XFpZXVvfMDe3GjJKBCZ1HLFItAIkCaMhqSuqGGnFgiAeMNIMBhdjvzkkQtIovFGjmHgc9ULapRgpLfnmUe3OlbTHkZ+6gsPa7VUGz2BtWvUjbmXw4LvkSEo6JJlvlm3LngD+JU5OyiBH1Tff3U6EE05ChZm+pO3YsfJSJBTFjGQlN5EkRniAeqStaYg4kV46WS6De1rpwG4k9AkVnKg/J1LEpRzxQHdypPpy1huL/3ntRHVPvZSGcaJIiKcPdRMGVQTHScEOFQQrNtIEYUH1XyHuI4Gw0nmWdAjO7Mp/SePQcmzLuT4uV87zOIpgB+yCfeCAE1ABl6AK6gCDe/AInsGL8WA8Ga/G27S1YOQz2+AXjI8vKy2gzA==</latexit><latexit sha1_base64="v2kqoH2+veAtshVGi2FvCqL8OTM=">AAACHHicbVBNS8MwGE7n15xfVY9egkMQhNKqoBdh6EXwMpn7kLWWNMu2sKQtSToYpT/Ei3/FiwdFvHgQ/DdmWwWdPhB43ud53yTvE8SMSmXbn0Zhbn5hcam4XFpZXVvfMDe3GjJKBCZ1HLFItAIkCaMhqSuqGGnFgiAeMNIMBhdjvzkkQtIovFGjmHgc9ULapRgpLfnmUe3OlbTHkZ+6gsPa7VUGz2BtWvUjbmXw4LvkSEo6JJlvlm3LngD+JU5OyiBH1Tff3U6EE05ChZm+pO3YsfJSJBTFjGQlN5EkRniAeqStaYg4kV46WS6De1rpwG4k9AkVnKg/J1LEpRzxQHdypPpy1huL/3ntRHVPvZSGcaJIiKcPdRMGVQTHScEOFQQrNtIEYUH1XyHuI4Gw0nmWdAjO7Mp/SePQcmzLuT4uV87zOIpgB+yCfeCAE1ABl6AK6gCDe/AInsGL8WA8Ga/G27S1YOQz2+AXjI8vKy2gzA==</latexit><latexit sha1_base64="v2kqoH2+veAtshVGi2FvCqL8OTM=">AAACHHicbVBNS8MwGE7n15xfVY9egkMQhNKqoBdh6EXwMpn7kLWWNMu2sKQtSToYpT/Ei3/FiwdFvHgQ/DdmWwWdPhB43ud53yTvE8SMSmXbn0Zhbn5hcam4XFpZXVvfMDe3GjJKBCZ1HLFItAIkCaMhqSuqGGnFgiAeMNIMBhdjvzkkQtIovFGjmHgc9ULapRgpLfnmUe3OlbTHkZ+6gsPa7VUGz2BtWvUjbmXw4LvkSEo6JJlvlm3LngD+JU5OyiBH1Tff3U6EE05ChZm+pO3YsfJSJBTFjGQlN5EkRniAeqStaYg4kV46WS6De1rpwG4k9AkVnKg/J1LEpRzxQHdypPpy1huL/3ntRHVPvZSGcaJIiKcPdRMGVQTHScEOFQQrNtIEYUH1XyHuI4Gw0nmWdAjO7Mp/SePQcmzLuT4uV87zOIpgB+yCfeCAE1ABl6AK6gCDe/AInsGL8WA8Ga/G27S1YOQz2+AXjI8vKy2gzA==</latexit>

R(2)(!)
<latexit sha1_base64="eewwpKyaVPs/m0ft2L9bJmdjF1c=">AAAB+HicbVBNTwIxEJ3FL8QPVj16aSQmcCG7xESPRC8e0QiYwEq6pUBDt920XRPc8Eu8eNAYr/4Ub/4bC+xBwZdM8vLeTGbmhTFn2njet5NbW9/Y3MpvF3Z29/aL7sFhS8tEEdokkkt1H2JNORO0aZjh9D5WFEchp+1wfDXz249UaSbFnZnENIjwULABI9hYqecWbx/Scq0yLXdlRIe40nNLXtWbA60SPyMlyNDouV/dviRJRIUhHGvd8b3YBClWhhFOp4VuommMyRgPacdSgSOqg3R++BSdWqWPBlLZEgbN1d8TKY60nkSh7YywGellbyb+53USM7gIUibixFBBFosGCUdGolkKqM8UJYZPLMFEMXsrIiOsMDE2q4INwV9+eZW0alXfq/o3Z6X6ZRZHHo7hBMrgwznU4Roa0AQCCTzDK7w5T86L8+58LFpzTjZzBH/gfP4ANF6SIg==</latexit><latexit sha1_base64="eewwpKyaVPs/m0ft2L9bJmdjF1c=">AAAB+HicbVBNTwIxEJ3FL8QPVj16aSQmcCG7xESPRC8e0QiYwEq6pUBDt920XRPc8Eu8eNAYr/4Ub/4bC+xBwZdM8vLeTGbmhTFn2njet5NbW9/Y3MpvF3Z29/aL7sFhS8tEEdokkkt1H2JNORO0aZjh9D5WFEchp+1wfDXz249UaSbFnZnENIjwULABI9hYqecWbx/Scq0yLXdlRIe40nNLXtWbA60SPyMlyNDouV/dviRJRIUhHGvd8b3YBClWhhFOp4VuommMyRgPacdSgSOqg3R++BSdWqWPBlLZEgbN1d8TKY60nkSh7YywGellbyb+53USM7gIUibixFBBFosGCUdGolkKqM8UJYZPLMFEMXsrIiOsMDE2q4INwV9+eZW0alXfq/o3Z6X6ZRZHHo7hBMrgwznU4Roa0AQCCTzDK7w5T86L8+58LFpzTjZzBH/gfP4ANF6SIg==</latexit><latexit sha1_base64="eewwpKyaVPs/m0ft2L9bJmdjF1c=">AAAB+HicbVBNTwIxEJ3FL8QPVj16aSQmcCG7xESPRC8e0QiYwEq6pUBDt920XRPc8Eu8eNAYr/4Ub/4bC+xBwZdM8vLeTGbmhTFn2njet5NbW9/Y3MpvF3Z29/aL7sFhS8tEEdokkkt1H2JNORO0aZjh9D5WFEchp+1wfDXz249UaSbFnZnENIjwULABI9hYqecWbx/Scq0yLXdlRIe40nNLXtWbA60SPyMlyNDouV/dviRJRIUhHGvd8b3YBClWhhFOp4VuommMyRgPacdSgSOqg3R++BSdWqWPBlLZEgbN1d8TKY60nkSh7YywGellbyb+53USM7gIUibixFBBFosGCUdGolkKqM8UJYZPLMFEMXsrIiOsMDE2q4INwV9+eZW0alXfq/o3Z6X6ZRZHHo7hBMrgwznU4Roa0AQCCTzDK7w5T86L8+58LFpzTjZzBH/gfP4ANF6SIg==</latexit><latexit sha1_base64="eewwpKyaVPs/m0ft2L9bJmdjF1c=">AAAB+HicbVBNTwIxEJ3FL8QPVj16aSQmcCG7xESPRC8e0QiYwEq6pUBDt920XRPc8Eu8eNAYr/4Ub/4bC+xBwZdM8vLeTGbmhTFn2njet5NbW9/Y3MpvF3Z29/aL7sFhS8tEEdokkkt1H2JNORO0aZjh9D5WFEchp+1wfDXz249UaSbFnZnENIjwULABI9hYqecWbx/Scq0yLXdlRIe40nNLXtWbA60SPyMlyNDouV/dviRJRIUhHGvd8b3YBClWhhFOp4VuommMyRgPacdSgSOqg3R++BSdWqWPBlLZEgbN1d8TKY60nkSh7YywGellbyb+53USM7gIUibixFBBFosGCUdGolkKqM8UJYZPLMFEMXsrIiOsMDE2q4INwV9+eZW0alXfq/o3Z6X6ZRZHHo7hBMrgwznU4Roa0AQCCTzDK7w5T86L8+58LFpzTjZzBH/gfP4ANF6SIg==</latexit>

R(2)
O

(!)
<latexit sha1_base64="tnTy3asZ/pFNqArsCuavUARF+zw=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxCuylJEXRZdOPOKvYBTQyT6aQdOjMJMxOhhLrxV9y4UMStf+HOv3HaZqGtBy4czrmXe+8JE0aVdpxva2l5ZXVtvbBR3Nza3tm19/ZbKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYfDy4nffiBS0Vjc6VFCfI76gkYUI22kwD68DTIPIwavx/dZuVYZl72Ykz6qBHbJqTpTwEXi5qQEcjQC+8vrxTjlRGjMkFJd10m0nyGpKWZkXPRSRRKEh6hPuoYKxInys+kHY3hilB6MYmlKaDhVf09kiCs14qHp5EgP1Lw3Ef/zuqmOzv2MiiTVRODZoihlUMdwEgfsUUmwZiNDEJbU3ArxAEmEtQmtaEJw519eJK1a1XWq7s1pqX6Rx1EAR+AYlIELzkAdXIEGaAIMHsEzeAVv1pP1Yr1bH7PWJSufOQB/YH3+AMqAlc4=</latexit><latexit sha1_base64="tnTy3asZ/pFNqArsCuavUARF+zw=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxCuylJEXRZdOPOKvYBTQyT6aQdOjMJMxOhhLrxV9y4UMStf+HOv3HaZqGtBy4czrmXe+8JE0aVdpxva2l5ZXVtvbBR3Nza3tm19/ZbKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYfDy4nffiBS0Vjc6VFCfI76gkYUI22kwD68DTIPIwavx/dZuVYZl72Ykz6qBHbJqTpTwEXi5qQEcjQC+8vrxTjlRGjMkFJd10m0nyGpKWZkXPRSRRKEh6hPuoYKxInys+kHY3hilB6MYmlKaDhVf09kiCs14qHp5EgP1Lw3Ef/zuqmOzv2MiiTVRODZoihlUMdwEgfsUUmwZiNDEJbU3ArxAEmEtQmtaEJw519eJK1a1XWq7s1pqX6Rx1EAR+AYlIELzkAdXIEGaAIMHsEzeAVv1pP1Yr1bH7PWJSufOQB/YH3+AMqAlc4=</latexit><latexit sha1_base64="tnTy3asZ/pFNqArsCuavUARF+zw=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxCuylJEXRZdOPOKvYBTQyT6aQdOjMJMxOhhLrxV9y4UMStf+HOv3HaZqGtBy4czrmXe+8JE0aVdpxva2l5ZXVtvbBR3Nza3tm19/ZbKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYfDy4nffiBS0Vjc6VFCfI76gkYUI22kwD68DTIPIwavx/dZuVYZl72Ykz6qBHbJqTpTwEXi5qQEcjQC+8vrxTjlRGjMkFJd10m0nyGpKWZkXPRSRRKEh6hPuoYKxInys+kHY3hilB6MYmlKaDhVf09kiCs14qHp5EgP1Lw3Ef/zuqmOzv2MiiTVRODZoihlUMdwEgfsUUmwZiNDEJbU3ArxAEmEtQmtaEJw519eJK1a1XWq7s1pqX6Rx1EAR+AYlIELzkAdXIEGaAIMHsEzeAVv1pP1Yr1bH7PWJSufOQB/YH3+AMqAlc4=</latexit><latexit sha1_base64="tnTy3asZ/pFNqArsCuavUARF+zw=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxCuylJEXRZdOPOKvYBTQyT6aQdOjMJMxOhhLrxV9y4UMStf+HOv3HaZqGtBy4czrmXe+8JE0aVdpxva2l5ZXVtvbBR3Nza3tm19/ZbKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYfDy4nffiBS0Vjc6VFCfI76gkYUI22kwD68DTIPIwavx/dZuVYZl72Ykz6qBHbJqTpTwEXi5qQEcjQC+8vrxTjlRGjMkFJd10m0nyGpKWZkXPRSRRKEh6hPuoYKxInys+kHY3hilB6MYmlKaDhVf09kiCs14qHp5EgP1Lw3Ef/zuqmOzv2MiiTVRODZoihlUMdwEgfsUUmwZiNDEJbU3ArxAEmEtQmtaEJw519eJK1a1XWq7s1pqX6Rx1EAR+AYlIELzkAdXIEGaAIMHsEzeAVv1pP1Yr1bH7PWJSufOQB/YH3+AMqAlc4=</latexit>
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=<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="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="oz4Bv9dOQfBOepiWx8XBjGDeWrs=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQjCG5ctmAf0A4lk95pYzOZIbkjlNJf4MaFIv4td/4b08dCWw8EPs5JyL0nypS05PvfXmFre2d3r7hfOigfHh1XTsotm+ZGYFOkKjWdiFtUUmOTJCnsZAZ5EilsR+P7ed5+RmNlqh9pkmGY8KGWsRScnNW47Veqfs1fiG1CsIIqrFTvV756g1TkCWoSilvbDfyMwik3JIXCWamXW8y4GPMhdh1qnqANp4tBZ+zCOQMWp8YdTWzh/n4x5Ym1kyRyNxNOI7uezc3/sm5O8U04lTrLCbVYfhTnilHK5luzgTQoSE0ccGGkm5WJETdckOum5EoI1lfehNZVLfBrQcOHIpzBOVxCANdwBw9QhyYIQHiBN3j3nrxX72NZV8Fb9XYKf+R9/gB6sItu</latexit><latexit sha1_base64="oz4Bv9dOQfBOepiWx8XBjGDeWrs=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQjCG5ctmAf0A4lk95pYzOZIbkjlNJf4MaFIv4td/4b08dCWw8EPs5JyL0nypS05PvfXmFre2d3r7hfOigfHh1XTsotm+ZGYFOkKjWdiFtUUmOTJCnsZAZ5EilsR+P7ed5+RmNlqh9pkmGY8KGWsRScnNW47Veqfs1fiG1CsIIqrFTvV756g1TkCWoSilvbDfyMwik3JIXCWamXW8y4GPMhdh1qnqANp4tBZ+zCOQMWp8YdTWzh/n4x5Ym1kyRyNxNOI7uezc3/sm5O8U04lTrLCbVYfhTnilHK5luzgTQoSE0ccGGkm5WJETdckOum5EoI1lfehNZVLfBrQcOHIpzBOVxCANdwBw9QhyYIQHiBN3j3nrxX72NZV8Fb9XYKf+R9/gB6sItu</latexit><latexit sha1_base64="ZzCpYyLj9bHX7Nht8DFETVMdd9o=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTCMEbSwTMB+QHGFvM5es2ds7dveEcOQX2FgoYutPsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZv7nSdUmsfywUwT9CM6kjzkjBorNW8G5YpbdRcg68TLSQVyNAblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LJU0Qu1ni0Nn5MIqQxLGypY0ZKH+nshopPU0CmxnRM1Yr3pz8T+vl5qw5mdcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616TbdSv83jKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPi42MvQ==</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="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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<latexit sha1_base64="V9pVRyp2R8PhI9MNYZ9+7w2+Mtw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovQbkpSBF0W3bgRaukLmhgm00k7dCYJMxOhhODGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r3HjxmVyrK+jZXVtfWNzcJWcXtnd2/fPDjsyCgRmLRxxCLR85EkjIakrahipBcLgrjPSNcfX0/97gMRkkZhS01i4nI0DGlAMVJa8szj5n1arlUyL3UEh83bVlZ2Ik6GqOKZJatqzQCXiZ2TEsjR8MwvZxDhhJNQYYak7NtWrNwUCUUxI1nRSSSJER6jIelrGiJOpJvOXsjgmVYGMIiErlDBmfp7IkVcygn3dSdHaiQXvan4n9dPVHDppjSME0VCPF8UJAyqCE7zgAMqCFZsognCgupbIR4hgbDSqRV1CPbiy8ukU6vaVtW+Oy/Vr/I4CuAEnIIysMEFqIMb0ABtgMEjeAav4M14Ml6Md+Nj3rpi5DNH4A+Mzx9yJZYr</latexit><latexit sha1_base64="V9pVRyp2R8PhI9MNYZ9+7w2+Mtw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovQbkpSBF0W3bgRaukLmhgm00k7dCYJMxOhhODGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r3HjxmVyrK+jZXVtfWNzcJWcXtnd2/fPDjsyCgRmLRxxCLR85EkjIakrahipBcLgrjPSNcfX0/97gMRkkZhS01i4nI0DGlAMVJa8szj5n1arlUyL3UEh83bVlZ2Ik6GqOKZJatqzQCXiZ2TEsjR8MwvZxDhhJNQYYak7NtWrNwUCUUxI1nRSSSJER6jIelrGiJOpJvOXsjgmVYGMIiErlDBmfp7IkVcygn3dSdHaiQXvan4n9dPVHDppjSME0VCPF8UJAyqCE7zgAMqCFZsognCgupbIR4hgbDSqRV1CPbiy8ukU6vaVtW+Oy/Vr/I4CuAEnIIysMEFqIMb0ABtgMEjeAav4M14Ml6Md+Nj3rpi5DNH4A+Mzx9yJZYr</latexit><latexit sha1_base64="V9pVRyp2R8PhI9MNYZ9+7w2+Mtw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovQbkpSBF0W3bgRaukLmhgm00k7dCYJMxOhhODGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r3HjxmVyrK+jZXVtfWNzcJWcXtnd2/fPDjsyCgRmLRxxCLR85EkjIakrahipBcLgrjPSNcfX0/97gMRkkZhS01i4nI0DGlAMVJa8szj5n1arlUyL3UEh83bVlZ2Ik6GqOKZJatqzQCXiZ2TEsjR8MwvZxDhhJNQYYak7NtWrNwUCUUxI1nRSSSJER6jIelrGiJOpJvOXsjgmVYGMIiErlDBmfp7IkVcygn3dSdHaiQXvan4n9dPVHDppjSME0VCPF8UJAyqCE7zgAMqCFZsognCgupbIR4hgbDSqRV1CPbiy8ukU6vaVtW+Oy/Vr/I4CuAEnIIysMEFqIMb0ABtgMEjeAav4M14Ml6Md+Nj3rpi5DNH4A+Mzx9yJZYr</latexit><latexit sha1_base64="V9pVRyp2R8PhI9MNYZ9+7w2+Mtw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovQbkpSBF0W3bgRaukLmhgm00k7dCYJMxOhhODGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r3HjxmVyrK+jZXVtfWNzcJWcXtnd2/fPDjsyCgRmLRxxCLR85EkjIakrahipBcLgrjPSNcfX0/97gMRkkZhS01i4nI0DGlAMVJa8szj5n1arlUyL3UEh83bVlZ2Ik6GqOKZJatqzQCXiZ2TEsjR8MwvZxDhhJNQYYak7NtWrNwUCUUxI1nRSSSJER6jIelrGiJOpJvOXsjgmVYGMIiErlDBmfp7IkVcygn3dSdHaiQXvan4n9dPVHDppjSME0VCPF8UJAyqCE7zgAMqCFZsognCgupbIR4hgbDSqRV1CPbiy8ukU6vaVtW+Oy/Vr/I4CuAEnIIysMEFqIMb0ABtgMEjeAav4M14Ml6Md+Nj3rpi5DNH4A+Mzx9yJZYr</latexit>

R(2)
O,RMT(!)

<latexit sha1_base64="iqsw/D67rkt+b3jb/87Qox/IZLI=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRakJIUQZdFN27EWvqCJobJdNoOnUnCzEQoIV/gxl9x40IRt67d+TdO2yy09cCFwzn3cu89fsSoVJb1baysrq1vbOa28ts7u3v75sFhW4axwKSFQxaKro8kYTQgLUUVI91IEMR9Rjr++Grqdx6IkDQMmmoSEZejYUAHFCOlJc8sNu6TUrWcekniYMTgbXoKE0dw2LhppmnJCTkZorJnFqyKNQNcJnZGCiBD3TO/nH6IY04ChRmSsmdbkXITJBTFjKR5J5YkQniMhqSnaYA4kW4yeyeFRa304SAUugIFZ+rviQRxKSfc150cqZFc9Kbif14vVoMLN6FBFCsS4PmiQcygCuE0G9ingmDFJpogLKi+FeIREggrnWBeh2AvvrxM2tWKbVXsu7NC7TKLIweOwQkoARucgxq4BnXQAhg8gmfwCt6MJ+PFeDc+5q0rRjZzBP7A+PwBE1Wa2g==</latexit><latexit sha1_base64="iqsw/D67rkt+b3jb/87Qox/IZLI=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRakJIUQZdFN27EWvqCJobJdNoOnUnCzEQoIV/gxl9x40IRt67d+TdO2yy09cCFwzn3cu89fsSoVJb1baysrq1vbOa28ts7u3v75sFhW4axwKSFQxaKro8kYTQgLUUVI91IEMR9Rjr++Grqdx6IkDQMmmoSEZejYUAHFCOlJc8sNu6TUrWcekniYMTgbXoKE0dw2LhppmnJCTkZorJnFqyKNQNcJnZGCiBD3TO/nH6IY04ChRmSsmdbkXITJBTFjKR5J5YkQniMhqSnaYA4kW4yeyeFRa304SAUugIFZ+rviQRxKSfc150cqZFc9Kbif14vVoMLN6FBFCsS4PmiQcygCuE0G9ingmDFJpogLKi+FeIREggrnWBeh2AvvrxM2tWKbVXsu7NC7TKLIweOwQkoARucgxq4BnXQAhg8gmfwCt6MJ+PFeDc+5q0rRjZzBP7A+PwBE1Wa2g==</latexit><latexit sha1_base64="iqsw/D67rkt+b3jb/87Qox/IZLI=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRakJIUQZdFN27EWvqCJobJdNoOnUnCzEQoIV/gxl9x40IRt67d+TdO2yy09cCFwzn3cu89fsSoVJb1baysrq1vbOa28ts7u3v75sFhW4axwKSFQxaKro8kYTQgLUUVI91IEMR9Rjr++Grqdx6IkDQMmmoSEZejYUAHFCOlJc8sNu6TUrWcekniYMTgbXoKE0dw2LhppmnJCTkZorJnFqyKNQNcJnZGCiBD3TO/nH6IY04ChRmSsmdbkXITJBTFjKR5J5YkQniMhqSnaYA4kW4yeyeFRa304SAUugIFZ+rviQRxKSfc150cqZFc9Kbif14vVoMLN6FBFCsS4PmiQcygCuE0G9ingmDFJpogLKi+FeIREggrnWBeh2AvvrxM2tWKbVXsu7NC7TKLIweOwQkoARucgxq4BnXQAhg8gmfwCt6MJ+PFeDc+5q0rRjZzBP7A+PwBE1Wa2g==</latexit><latexit sha1_base64="iqsw/D67rkt+b3jb/87Qox/IZLI=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRakJIUQZdFN27EWvqCJobJdNoOnUnCzEQoIV/gxl9x40IRt67d+TdO2yy09cCFwzn3cu89fsSoVJb1baysrq1vbOa28ts7u3v75sFhW4axwKSFQxaKro8kYTQgLUUVI91IEMR9Rjr++Grqdx6IkDQMmmoSEZejYUAHFCOlJc8sNu6TUrWcekniYMTgbXoKE0dw2LhppmnJCTkZorJnFqyKNQNcJnZGCiBD3TO/nH6IY04ChRmSsmdbkXITJBTFjKR5J5YkQniMhqSnaYA4kW4yeyeFRa304SAUugIFZ+rviQRxKSfc150cqZFc9Kbif14vVoMLN6FBFCsS4PmiQcygCuE0G9ingmDFJpogLKi+FeIREggrnWBeh2AvvrxM2tWKbVXsu7NC7TKLIweOwQkoARucgxq4BnXQAhg8gmfwCt6MJ+PFeDc+5q0rRjZzBP7A+PwBE1Wa2g==</latexit>
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<latexit sha1_base64="Y0G0YrkZXopxN0uwL7JOHtT+uWk="></latexit><latexit sha1_base64="Y0G0YrkZXopxN0uwL7JOHtT+uWk="></latexit><latexit sha1_base64="Y0G0YrkZXopxN0uwL7JOHtT+uWk="></latexit><latexit sha1_base64="Y0G0YrkZXopxN0uwL7JOHtT+uWk="></latexit>
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RMT dominates if ! ⇠ �N2 ⇠ N3/2e�N
<latexit sha1_base64="J2UvnF0KT1iGsmaaYpQfwrLmFsQ=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoYdyNgpZBLaxCBPOA7CbMTm6SITO7y8ysEJZ8g42/YmOhiK2VnX/jJNlCowcunDnnXube40ecKW3bX1ZmYXFpeSW7mltb39jcym/v1FUYSwo1GvJQNn2igLMAapppDs1IAhE+h4Y/vJr4jXuQioXBnR5F4AnSD1iPUaKN1MkfuaGAPsGuYgK718A1wZV2afautJPTk9IY2slxZdzJF+yiPQX+S5yUFFCKaif/6XZDGgsINOVEqZZjR9pLiNSMchjn3FhBROiQ9KFlaEAEKC+ZnjTGB0bp4l4oTQUaT9WfEwkRSo2EbzoF0QM1703E/7xWrHsXXsKCKNYQ0NlHvZhjHeJJPrjLJFDNR4YQKpnZFdMBkYRqk2LOhODMn/yX1EtFxy46t2eF8mUaRxbtoX10iBx0jsroBlVRDVH0gJ7QC3q1Hq1n6816n7VmrHRmF/2C9fENmbOcJg==</latexit><latexit sha1_base64="J2UvnF0KT1iGsmaaYpQfwrLmFsQ=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoYdyNgpZBLaxCBPOA7CbMTm6SITO7y8ysEJZ8g42/YmOhiK2VnX/jJNlCowcunDnnXube40ecKW3bX1ZmYXFpeSW7mltb39jcym/v1FUYSwo1GvJQNn2igLMAapppDs1IAhE+h4Y/vJr4jXuQioXBnR5F4AnSD1iPUaKN1MkfuaGAPsGuYgK718A1wZV2afautJPTk9IY2slxZdzJF+yiPQX+S5yUFFCKaif/6XZDGgsINOVEqZZjR9pLiNSMchjn3FhBROiQ9KFlaEAEKC+ZnjTGB0bp4l4oTQUaT9WfEwkRSo2EbzoF0QM1703E/7xWrHsXXsKCKNYQ0NlHvZhjHeJJPrjLJFDNR4YQKpnZFdMBkYRqk2LOhODMn/yX1EtFxy46t2eF8mUaRxbtoX10iBx0jsroBlVRDVH0gJ7QC3q1Hq1n6816n7VmrHRmF/2C9fENmbOcJg==</latexit><latexit sha1_base64="J2UvnF0KT1iGsmaaYpQfwrLmFsQ=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoYdyNgpZBLaxCBPOA7CbMTm6SITO7y8ysEJZ8g42/YmOhiK2VnX/jJNlCowcunDnnXube40ecKW3bX1ZmYXFpeSW7mltb39jcym/v1FUYSwo1GvJQNn2igLMAapppDs1IAhE+h4Y/vJr4jXuQioXBnR5F4AnSD1iPUaKN1MkfuaGAPsGuYgK718A1wZV2afautJPTk9IY2slxZdzJF+yiPQX+S5yUFFCKaif/6XZDGgsINOVEqZZjR9pLiNSMchjn3FhBROiQ9KFlaEAEKC+ZnjTGB0bp4l4oTQUaT9WfEwkRSo2EbzoF0QM1703E/7xWrHsXXsKCKNYQ0NlHvZhjHeJJPrjLJFDNR4YQKpnZFdMBkYRqk2LOhODMn/yX1EtFxy46t2eF8mUaRxbtoX10iBx0jsroBlVRDVH0gJ7QC3q1Hq1n6816n7VmrHRmF/2C9fENmbOcJg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="PL7No+SgVZfjelae+0kXOp4eDIY=">AAACB3icbZDLSgMxGIX/8Vpr1erWTbAIurDO1IUuBV24KhXsBTptyaR/29BkZkgyQhn6DG58FTcuFPEN3Pk2ppeFth4InJyTkPxfEAuujet+Oyura+sbm5mt7HZuZ3cvv5+r6ShRDKssEpFqBFSj4CFWDTcCG7FCKgOB9WB4M+nrj6g0j8IHM4qxJWk/5D3OqLFRJ3/qRxL7lPiaS+LfojCUlNul2b7cTi/OS2Nsp2flcSdfcIvuVGTZeHNTgLkqnfyX341YIjE0TFCtm54bm1ZKleFM4DjrJxpjyoa0j01rQypRt9LpSGNybJMu6UXKrtCQafr7Rkql1iMZ2JOSmoFe7Cbhf10zMb2rVsrDODEYstlDvUQQE5EJH9LlCpkRI2soU9z+lbABVZQZSzFrIXiLIy+bWqnouUXv3oUMHMIRnIAHl3ANd1CBKjB4ghd4g3fn2Xl1Pma4Vpw5twP4I+fzB+W8mqk=</latexit><latexit sha1_base64="PL7No+SgVZfjelae+0kXOp4eDIY=">AAACB3icbZDLSgMxGIX/8Vpr1erWTbAIurDO1IUuBV24KhXsBTptyaR/29BkZkgyQhn6DG58FTcuFPEN3Pk2ppeFth4InJyTkPxfEAuujet+Oyura+sbm5mt7HZuZ3cvv5+r6ShRDKssEpFqBFSj4CFWDTcCG7FCKgOB9WB4M+nrj6g0j8IHM4qxJWk/5D3OqLFRJ3/qRxL7lPiaS+LfojCUlNul2b7cTi/OS2Nsp2flcSdfcIvuVGTZeHNTgLkqnfyX341YIjE0TFCtm54bm1ZKleFM4DjrJxpjyoa0j01rQypRt9LpSGNybJMu6UXKrtCQafr7Rkql1iMZ2JOSmoFe7Cbhf10zMb2rVsrDODEYstlDvUQQE5EJH9LlCpkRI2soU9z+lbABVZQZSzFrIXiLIy+bWqnouUXv3oUMHMIRnIAHl3ANd1CBKjB4ghd4g3fn2Xl1Pma4Vpw5twP4I+fzB+W8mqk=</latexit><latexit sha1_base64="8PmB1rC3qRhobpuEzJ0TSlDVUzk=">AAACEnicbVC7TgJBFJ3FF+ILtbSZSEy0EHex0JKohRXBRB4Ju5DZ4QITZnY3M7MmZMM32PgrNhYaY2tl5984wBYKnuQmZ865N3Pv8SPOlLbtbyuztLyyupZdz21sbm3v5Hf36iqMJYUaDXkomz5RwFkANc00h2YkgQifQ8MfXk/8xgNIxcLgXo8i8ATpB6zHKNFG6uRP3FBAn2BXMYHdG+Ca4Eq7NHtX2sn5WWkM7eS0Mu7kC3bRngIvEiclBZSi2sl/ud2QxgICTTlRquXYkfYSIjWjHMY5N1YQETokfWgZGhABykumJ43xkVG6uBdKU4HGU/X3REKEUiPhm05B9EDNexPxP68V696ll7AgijUEdPZRL+ZYh3iSD+4yCVTzkSGESmZ2xXRAJKHapJgzITjzJy+Seqno2EXnzi6Ur9I4sugAHaJj5KALVEa3qIpqiKJH9Ixe0Zv1ZL1Y79bHrDVjpTP76A+szx+Yc5wi</latexit><latexit sha1_base64="J2UvnF0KT1iGsmaaYpQfwrLmFsQ=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoYdyNgpZBLaxCBPOA7CbMTm6SITO7y8ysEJZ8g42/YmOhiK2VnX/jJNlCowcunDnnXube40ecKW3bX1ZmYXFpeSW7mltb39jcym/v1FUYSwo1GvJQNn2igLMAapppDs1IAhE+h4Y/vJr4jXuQioXBnR5F4AnSD1iPUaKN1MkfuaGAPsGuYgK718A1wZV2afautJPTk9IY2slxZdzJF+yiPQX+S5yUFFCKaif/6XZDGgsINOVEqZZjR9pLiNSMchjn3FhBROiQ9KFlaEAEKC+ZnjTGB0bp4l4oTQUaT9WfEwkRSo2EbzoF0QM1703E/7xWrHsXXsKCKNYQ0NlHvZhjHeJJPrjLJFDNR4YQKpnZFdMBkYRqk2LOhODMn/yX1EtFxy46t2eF8mUaRxbtoX10iBx0jsroBlVRDVH0gJ7QC3q1Hq1n6816n7VmrHRmF/2C9fENmbOcJg==</latexit><latexit sha1_base64="J2UvnF0KT1iGsmaaYpQfwrLmFsQ=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoYdyNgpZBLaxCBPOA7CbMTm6SITO7y8ysEJZ8g42/YmOhiK2VnX/jJNlCowcunDnnXube40ecKW3bX1ZmYXFpeSW7mltb39jcym/v1FUYSwo1GvJQNn2igLMAapppDs1IAhE+h4Y/vJr4jXuQioXBnR5F4AnSD1iPUaKN1MkfuaGAPsGuYgK718A1wZV2afautJPTk9IY2slxZdzJF+yiPQX+S5yUFFCKaif/6XZDGgsINOVEqZZjR9pLiNSMchjn3FhBROiQ9KFlaEAEKC+ZnjTGB0bp4l4oTQUaT9WfEwkRSo2EbzoF0QM1703E/7xWrHsXXsKCKNYQ0NlHvZhjHeJJPrjLJFDNR4YQKpnZFdMBkYRqk2LOhODMn/yX1EtFxy46t2eF8mUaRxbtoX10iBx0jsroBlVRDVH0gJ7QC3q1Hq1n6816n7VmrHRmF/2C9fENmbOcJg==</latexit><latexit sha1_base64="J2UvnF0KT1iGsmaaYpQfwrLmFsQ=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoYdyNgpZBLaxCBPOA7CbMTm6SITO7y8ysEJZ8g42/YmOhiK2VnX/jJNlCowcunDnnXube40ecKW3bX1ZmYXFpeSW7mltb39jcym/v1FUYSwo1GvJQNn2igLMAapppDs1IAhE+h4Y/vJr4jXuQioXBnR5F4AnSD1iPUaKN1MkfuaGAPsGuYgK718A1wZV2afautJPTk9IY2slxZdzJF+yiPQX+S5yUFFCKaif/6XZDGgsINOVEqZZjR9pLiNSMchjn3FhBROiQ9KFlaEAEKC+ZnjTGB0bp4l4oTQUaT9WfEwkRSo2EbzoF0QM1703E/7xWrHsXXsKCKNYQ0NlHvZhjHeJJPrjLJFDNR4YQKpnZFdMBkYRqk2LOhODMn/yX1EtFxy46t2eF8mUaRxbtoX10iBx0jsroBlVRDVH0gJ7QC3q1Hq1n6816n7VmrHRmF/2C9fENmbOcJg==</latexit><latexit sha1_base64="J2UvnF0KT1iGsmaaYpQfwrLmFsQ=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoYdyNgpZBLaxCBPOA7CbMTm6SITO7y8ysEJZ8g42/YmOhiK2VnX/jJNlCowcunDnnXube40ecKW3bX1ZmYXFpeSW7mltb39jcym/v1FUYSwo1GvJQNn2igLMAapppDs1IAhE+h4Y/vJr4jXuQioXBnR5F4AnSD1iPUaKN1MkfuaGAPsGuYgK718A1wZV2afautJPTk9IY2slxZdzJF+yiPQX+S5yUFFCKaif/6XZDGgsINOVEqZZjR9pLiNSMchjn3FhBROiQ9KFlaEAEKC+ZnjTGB0bp4l4oTQUaT9WfEwkRSo2EbzoF0QM1703E/7xWrHsXXsKCKNYQ0NlHvZhjHeJJPrjLJFDNR4YQKpnZFdMBkYRqk2LOhODMn/yX1EtFxy46t2eF8mUaRxbtoX10iBx0jsroBlVRDVH0gJ7QC3q1Hq1n6816n7VmrHRmF/2C9fENmbOcJg==</latexit><latexit sha1_base64="J2UvnF0KT1iGsmaaYpQfwrLmFsQ=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoYdyNgpZBLaxCBPOA7CbMTm6SITO7y8ysEJZ8g42/YmOhiK2VnX/jJNlCowcunDnnXube40ecKW3bX1ZmYXFpeSW7mltb39jcym/v1FUYSwo1GvJQNn2igLMAapppDs1IAhE+h4Y/vJr4jXuQioXBnR5F4AnSD1iPUaKN1MkfuaGAPsGuYgK718A1wZV2afautJPTk9IY2slxZdzJF+yiPQX+S5yUFFCKaif/6XZDGgsINOVEqZZjR9pLiNSMchjn3FhBROiQ9KFlaEAEKC+ZnjTGB0bp4l4oTQUaT9WfEwkRSo2EbzoF0QM1703E/7xWrHsXXsKCKNYQ0NlHvZhjHeJJPrjLJFDNR4YQKpnZFdMBkYRqk2LOhODMn/yX1EtFxy46t2eF8mUaRxbtoX10iBx0jsroBlVRDVH0gJ7QC3q1Hq1n6816n7VmrHRmF/2C9fENmbOcJg==</latexit><latexit sha1_base64="J2UvnF0KT1iGsmaaYpQfwrLmFsQ=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoYdyNgpZBLaxCBPOA7CbMTm6SITO7y8ysEJZ8g42/YmOhiK2VnX/jJNlCowcunDnnXube40ecKW3bX1ZmYXFpeSW7mltb39jcym/v1FUYSwo1GvJQNn2igLMAapppDs1IAhE+h4Y/vJr4jXuQioXBnR5F4AnSD1iPUaKN1MkfuaGAPsGuYgK718A1wZV2afautJPTk9IY2slxZdzJF+yiPQX+S5yUFFCKaif/6XZDGgsINOVEqZZjR9pLiNSMchjn3FhBROiQ9KFlaEAEKC+ZnjTGB0bp4l4oTQUaT9WfEwkRSo2EbzoF0QM1703E/7xWrHsXXsKCKNYQ0NlHvZhjHeJJPrjLJFDNR4YQKpnZFdMBkYRqk2LOhODMn/yX1EtFxy46t2eF8mUaRxbtoX10iBx0jsroBlVRDVH0gJ7QC3q1Hq1n6816n7VmrHRmF/2C9fENmbOcJg==</latexit>

(q=4 SYK)

RMT physics Early-time corrections
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SYK Thouless physics

This results in a Thouless time

Intersection time: tint. ⇠ logN
<latexit sha1_base64="KecnWv/cXJiSlSBgPnGWte6ZegI=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgWB13ImgZtLGSCCYGciHsbTbJkv04dueEcMTGv2JjoYit/8LOf+MmuUITHww83pthZl6cCG4hCL69wtLyyupacb20sbm1vVPe3WtYnRrK6lQLbZoxsUxwxerAQbBmYhiRsWD38fBq4t8/MGO5VncwSlhbkr7iPU4JOKlTPoBOFhmJuQJ/jCPLJY6E7uObTrkS+MEUeJGEOamgHLVO+SvqappKpoAKYm0rDBJoZ8QAp4KNS1FqWULokPRZy1FFJLPtbPrBGB87pYt72rhSgKfq74mMSGtHMnadksDAznsT8T+vlULvop1xlaTAFJ0t6qUCg8aTOHCXG0ZBjBwh1HB3K6YDYggFF1rJhRDOv7xIGqd+GPjh7VmlepnHUUSH6AidoBCdoyq6RjVURxQ9omf0it68J+/Fe/c+Zq0FL5/ZR3/gff4AXkCWKw==</latexit><latexit sha1_base64="KecnWv/cXJiSlSBgPnGWte6ZegI=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgWB13ImgZtLGSCCYGciHsbTbJkv04dueEcMTGv2JjoYit/8LOf+MmuUITHww83pthZl6cCG4hCL69wtLyyupacb20sbm1vVPe3WtYnRrK6lQLbZoxsUxwxerAQbBmYhiRsWD38fBq4t8/MGO5VncwSlhbkr7iPU4JOKlTPoBOFhmJuQJ/jCPLJY6E7uObTrkS+MEUeJGEOamgHLVO+SvqappKpoAKYm0rDBJoZ8QAp4KNS1FqWULokPRZy1FFJLPtbPrBGB87pYt72rhSgKfq74mMSGtHMnadksDAznsT8T+vlULvop1xlaTAFJ0t6qUCg8aTOHCXG0ZBjBwh1HB3K6YDYggFF1rJhRDOv7xIGqd+GPjh7VmlepnHUUSH6AidoBCdoyq6RjVURxQ9omf0it68J+/Fe/c+Zq0FL5/ZR3/gff4AXkCWKw==</latexit><latexit sha1_base64="KecnWv/cXJiSlSBgPnGWte6ZegI=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgWB13ImgZtLGSCCYGciHsbTbJkv04dueEcMTGv2JjoYit/8LOf+MmuUITHww83pthZl6cCG4hCL69wtLyyupacb20sbm1vVPe3WtYnRrK6lQLbZoxsUxwxerAQbBmYhiRsWD38fBq4t8/MGO5VncwSlhbkr7iPU4JOKlTPoBOFhmJuQJ/jCPLJY6E7uObTrkS+MEUeJGEOamgHLVO+SvqappKpoAKYm0rDBJoZ8QAp4KNS1FqWULokPRZy1FFJLPtbPrBGB87pYt72rhSgKfq74mMSGtHMnadksDAznsT8T+vlULvop1xlaTAFJ0t6qUCg8aTOHCXG0ZBjBwh1HB3K6YDYggFF1rJhRDOv7xIGqd+GPjh7VmlepnHUUSH6AidoBCdoyq6RjVURxQ9omf0it68J+/Fe/c+Zq0FL5/ZR3/gff4AXkCWKw==</latexit><latexit sha1_base64="KecnWv/cXJiSlSBgPnGWte6ZegI=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgWB13ImgZtLGSCCYGciHsbTbJkv04dueEcMTGv2JjoYit/8LOf+MmuUITHww83pthZl6cCG4hCL69wtLyyupacb20sbm1vVPe3WtYnRrK6lQLbZoxsUxwxerAQbBmYhiRsWD38fBq4t8/MGO5VncwSlhbkr7iPU4JOKlTPoBOFhmJuQJ/jCPLJY6E7uObTrkS+MEUeJGEOamgHLVO+SvqappKpoAKYm0rDBJoZ8QAp4KNS1FqWULokPRZy1FFJLPtbPrBGB87pYt72rhSgKfq74mMSGtHMnadksDAznsT8T+vlULvop1xlaTAFJ0t6qUCg8aTOHCXG0ZBjBwh1HB3K6YDYggFF1rJhRDOv7xIGqd+GPjh7VmlepnHUUSH6AidoBCdoyq6RjVURxQ9omf0it68J+/Fe/c+Zq0FL5/ZR3/gff4AXkCWKw==</latexit>

tTh ⇠ N1/2 logN
<latexit sha1_base64="24HPBFhkYJcdaI1rei6PU4ZoY7M=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgqs4UQZdFN65Khb6gMw6ZNNOGJpkhyQhl6M6Nv+LGhSJu/QV3/o1pOwttPXDh5Jx7yb0nTBhV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glHN1O/80CkorFo6nFCfI4GgkYUI22kwD7WQeZJDpvDCfQU5bB+n7nnVfNg8QDWA7vsVJwZ4DJxc1IGORqB/eX1Y5xyIjRmSKme6yTaz5DUFDMyKXmpIgnCIzQgPUMF4kT52eyOCTw1Sh9GsTQlNJypvycyxJUa89B0cqSHatGbiv95vVRHV35GRZJqIvD8oyhlUMdwGgrsU0mwZmNDEJbU7ArxEEmEtYmuZEJwF09eJu1qxXUq7t1FuXadx1EER+AEnAEXXIIauAUN0AIYPIJn8ArerCfrxXq3PuatBSufOQR/YH3+AN2emAA=</latexit><latexit sha1_base64="24HPBFhkYJcdaI1rei6PU4ZoY7M=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgqs4UQZdFN65Khb6gMw6ZNNOGJpkhyQhl6M6Nv+LGhSJu/QV3/o1pOwttPXDh5Jx7yb0nTBhV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glHN1O/80CkorFo6nFCfI4GgkYUI22kwD7WQeZJDpvDCfQU5bB+n7nnVfNg8QDWA7vsVJwZ4DJxc1IGORqB/eX1Y5xyIjRmSKme6yTaz5DUFDMyKXmpIgnCIzQgPUMF4kT52eyOCTw1Sh9GsTQlNJypvycyxJUa89B0cqSHatGbiv95vVRHV35GRZJqIvD8oyhlUMdwGgrsU0mwZmNDEJbU7ArxEEmEtYmuZEJwF09eJu1qxXUq7t1FuXadx1EER+AEnAEXXIIauAUN0AIYPIJn8ArerCfrxXq3PuatBSufOQR/YH3+AN2emAA=</latexit><latexit sha1_base64="24HPBFhkYJcdaI1rei6PU4ZoY7M=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgqs4UQZdFN65Khb6gMw6ZNNOGJpkhyQhl6M6Nv+LGhSJu/QV3/o1pOwttPXDh5Jx7yb0nTBhV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glHN1O/80CkorFo6nFCfI4GgkYUI22kwD7WQeZJDpvDCfQU5bB+n7nnVfNg8QDWA7vsVJwZ4DJxc1IGORqB/eX1Y5xyIjRmSKme6yTaz5DUFDMyKXmpIgnCIzQgPUMF4kT52eyOCTw1Sh9GsTQlNJypvycyxJUa89B0cqSHatGbiv95vVRHV35GRZJqIvD8oyhlUMdwGgrsU0mwZmNDEJbU7ArxEEmEtYmuZEJwF09eJu1qxXUq7t1FuXadx1EER+AEnAEXXIIauAUN0AIYPIJn8ArerCfrxXq3PuatBSufOQR/YH3+AN2emAA=</latexit><latexit sha1_base64="24HPBFhkYJcdaI1rei6PU4ZoY7M=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgqs4UQZdFN65Khb6gMw6ZNNOGJpkhyQhl6M6Nv+LGhSJu/QV3/o1pOwttPXDh5Jx7yb0nTBhV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glHN1O/80CkorFo6nFCfI4GgkYUI22kwD7WQeZJDpvDCfQU5bB+n7nnVfNg8QDWA7vsVJwZ4DJxc1IGORqB/eX1Y5xyIjRmSKme6yTaz5DUFDMyKXmpIgnCIzQgPUMF4kT52eyOCTw1Sh9GsTQlNJypvycyxJUa89B0cqSHatGbiv95vVRHV35GRZJqIvD8oyhlUMdwGgrsU0mwZmNDEJbU7ArxEEmEtYmuZEJwF09eJu1qxXUq7t1FuXadx1EER+AEnAEXXIIauAUN0AIYPIJn8ArerCfrxXq3PuatBSufOQR/YH3+AN2emAA=</latexit>



SYK Thouless physics

This results in a Thouless time tTh ⇠ N�3/2eN
<latexit sha1_base64="fq4ODv0L6+/gTlgCQ0EulbWRt6M=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBjTWpgi6LblyVCn1Bk4bJdNIOnUnCzEQoIRs3/oobF4q49R/c+TdO2yy0euDC4Zx7ufceP2ZUKsv6MgpLyyura8X10sbm1vaOubvXllEiMGnhiEWi6yNJGA1JS1HFSDcWBHGfkY4/vpn6nXsiJI3CpprExOVoGNKAYqS05JmHyksdwWFzlEFHUg7r/fT0/KyaQdKve2bZqlgzwL/EzkkZ5Gh45qcziHDCSagwQ1L2bCtWboqEopiRrOQkksQIj9GQ9DQNESfSTWdfZPBYKwMYREJXqOBM/TmRIi7lhPu6kyM1koveVPzP6yUquHJTGsaJIiGeLwoSBlUEp5HAARUEKzbRBGFB9a0Qj5BAWOngSjoEe/Hlv6RdrdhWxb67KNeu8ziK4AAcgRNgg0tQA7egAVoAgwfwBF7Aq/FoPBtvxvu8tWDkM/vgF4yPb0lplyA=</latexit><latexit sha1_base64="fq4ODv0L6+/gTlgCQ0EulbWRt6M=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBjTWpgi6LblyVCn1Bk4bJdNIOnUnCzEQoIRs3/oobF4q49R/c+TdO2yy0euDC4Zx7ufceP2ZUKsv6MgpLyyura8X10sbm1vaOubvXllEiMGnhiEWi6yNJGA1JS1HFSDcWBHGfkY4/vpn6nXsiJI3CpprExOVoGNKAYqS05JmHyksdwWFzlEFHUg7r/fT0/KyaQdKve2bZqlgzwL/EzkkZ5Gh45qcziHDCSagwQ1L2bCtWboqEopiRrOQkksQIj9GQ9DQNESfSTWdfZPBYKwMYREJXqOBM/TmRIi7lhPu6kyM1koveVPzP6yUquHJTGsaJIiGeLwoSBlUEp5HAARUEKzbRBGFB9a0Qj5BAWOngSjoEe/Hlv6RdrdhWxb67KNeu8ziK4AAcgRNgg0tQA7egAVoAgwfwBF7Aq/FoPBtvxvu8tWDkM/vgF4yPb0lplyA=</latexit><latexit sha1_base64="fq4ODv0L6+/gTlgCQ0EulbWRt6M=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBjTWpgi6LblyVCn1Bk4bJdNIOnUnCzEQoIRs3/oobF4q49R/c+TdO2yy0euDC4Zx7ufceP2ZUKsv6MgpLyyura8X10sbm1vaOubvXllEiMGnhiEWi6yNJGA1JS1HFSDcWBHGfkY4/vpn6nXsiJI3CpprExOVoGNKAYqS05JmHyksdwWFzlEFHUg7r/fT0/KyaQdKve2bZqlgzwL/EzkkZ5Gh45qcziHDCSagwQ1L2bCtWboqEopiRrOQkksQIj9GQ9DQNESfSTWdfZPBYKwMYREJXqOBM/TmRIi7lhPu6kyM1koveVPzP6yUquHJTGsaJIiGeLwoSBlUEp5HAARUEKzbRBGFB9a0Qj5BAWOngSjoEe/Hlv6RdrdhWxb67KNeu8ziK4AAcgRNgg0tQA7egAVoAgwfwBF7Aq/FoPBtvxvu8tWDkM/vgF4yPb0lplyA=</latexit><latexit sha1_base64="fq4ODv0L6+/gTlgCQ0EulbWRt6M=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBjTWpgi6LblyVCn1Bk4bJdNIOnUnCzEQoIRs3/oobF4q49R/c+TdO2yy0euDC4Zx7ufceP2ZUKsv6MgpLyyura8X10sbm1vaOubvXllEiMGnhiEWi6yNJGA1JS1HFSDcWBHGfkY4/vpn6nXsiJI3CpprExOVoGNKAYqS05JmHyksdwWFzlEFHUg7r/fT0/KyaQdKve2bZqlgzwL/EzkkZ5Gh45qcziHDCSagwQ1L2bCtWboqEopiRrOQkksQIj9GQ9DQNESfSTWdfZPBYKwMYREJXqOBM/TmRIi7lhPu6kyM1koveVPzP6yUquHJTGsaJIiGeLwoSBlUEp5HAARUEKzbRBGFB9a0Qj5BAWOngSjoEe/Hlv6RdrdhWxb67KNeu8ziK4AAcgRNgg0tQA7egAVoAgwfwBF7Aq/FoPBtvxvu8tWDkM/vgF4yPb0lplyA=</latexit>

Intersection time: tint. ⇠ logN
<latexit sha1_base64="KecnWv/cXJiSlSBgPnGWte6ZegI=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgWB13ImgZtLGSCCYGciHsbTbJkv04dueEcMTGv2JjoYit/8LOf+MmuUITHww83pthZl6cCG4hCL69wtLyyupacb20sbm1vVPe3WtYnRrK6lQLbZoxsUxwxerAQbBmYhiRsWD38fBq4t8/MGO5VncwSlhbkr7iPU4JOKlTPoBOFhmJuQJ/jCPLJY6E7uObTrkS+MEUeJGEOamgHLVO+SvqappKpoAKYm0rDBJoZ8QAp4KNS1FqWULokPRZy1FFJLPtbPrBGB87pYt72rhSgKfq74mMSGtHMnadksDAznsT8T+vlULvop1xlaTAFJ0t6qUCg8aTOHCXG0ZBjBwh1HB3K6YDYggFF1rJhRDOv7xIGqd+GPjh7VmlepnHUUSH6AidoBCdoyq6RjVURxQ9omf0it68J+/Fe/c+Zq0FL5/ZR3/gff4AXkCWKw==</latexit><latexit sha1_base64="KecnWv/cXJiSlSBgPnGWte6ZegI=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgWB13ImgZtLGSCCYGciHsbTbJkv04dueEcMTGv2JjoYit/8LOf+MmuUITHww83pthZl6cCG4hCL69wtLyyupacb20sbm1vVPe3WtYnRrK6lQLbZoxsUxwxerAQbBmYhiRsWD38fBq4t8/MGO5VncwSlhbkr7iPU4JOKlTPoBOFhmJuQJ/jCPLJY6E7uObTrkS+MEUeJGEOamgHLVO+SvqappKpoAKYm0rDBJoZ8QAp4KNS1FqWULokPRZy1FFJLPtbPrBGB87pYt72rhSgKfq74mMSGtHMnadksDAznsT8T+vlULvop1xlaTAFJ0t6qUCg8aTOHCXG0ZBjBwh1HB3K6YDYggFF1rJhRDOv7xIGqd+GPjh7VmlepnHUUSH6AidoBCdoyq6RjVURxQ9omf0it68J+/Fe/c+Zq0FL5/ZR3/gff4AXkCWKw==</latexit><latexit sha1_base64="KecnWv/cXJiSlSBgPnGWte6ZegI=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgWB13ImgZtLGSCCYGciHsbTbJkv04dueEcMTGv2JjoYit/8LOf+MmuUITHww83pthZl6cCG4hCL69wtLyyupacb20sbm1vVPe3WtYnRrK6lQLbZoxsUxwxerAQbBmYhiRsWD38fBq4t8/MGO5VncwSlhbkr7iPU4JOKlTPoBOFhmJuQJ/jCPLJY6E7uObTrkS+MEUeJGEOamgHLVO+SvqappKpoAKYm0rDBJoZ8QAp4KNS1FqWULokPRZy1FFJLPtbPrBGB87pYt72rhSgKfq74mMSGtHMnadksDAznsT8T+vlULvop1xlaTAFJ0t6qUCg8aTOHCXG0ZBjBwh1HB3K6YDYggFF1rJhRDOv7xIGqd+GPjh7VmlepnHUUSH6AidoBCdoyq6RjVURxQ9omf0it68J+/Fe/c+Zq0FL5/ZR3/gff4AXkCWKw==</latexit><latexit sha1_base64="KecnWv/cXJiSlSBgPnGWte6ZegI=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgWB13ImgZtLGSCCYGciHsbTbJkv04dueEcMTGv2JjoYit/8LOf+MmuUITHww83pthZl6cCG4hCL69wtLyyupacb20sbm1vVPe3WtYnRrK6lQLbZoxsUxwxerAQbBmYhiRsWD38fBq4t8/MGO5VncwSlhbkr7iPU4JOKlTPoBOFhmJuQJ/jCPLJY6E7uObTrkS+MEUeJGEOamgHLVO+SvqappKpoAKYm0rDBJoZ8QAp4KNS1FqWULokPRZy1FFJLPtbPrBGB87pYt72rhSgKfq74mMSGtHMnadksDAznsT8T+vlULvop1xlaTAFJ0t6qUCg8aTOHCXG0ZBjBwh1HB3K6YDYggFF1rJhRDOv7xIGqd+GPjh7VmlepnHUUSH6AidoBCdoyq6RjVURxQ9omf0it68J+/Fe/c+Zq0FL5/ZR3/gff4AXkCWKw==</latexit>
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Wave function statistics

Another class of observables of interest are matrix elements

Oij = h i|O| ji
<latexit sha1_base64="W7b2BXyf1033UR9a+mLu/IXKoyc=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7EYounFnBfuAJoTJdNJOO5mEmYlQYn7Fjb/ixoUi3Yk/4zSNoK0HBg7nnMude/yYUaks69MorayurW+UNytb2zu7e+b+QVtGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/vh65nceiJA04vdqEhM3RANOA4qR0pJn1lMHIwZvMy+lowxeOgzxASPQiSX1KHyEP76muTZyRJ7wzKpVs3LAZWIXpAoKND1z6vQjnISEK8yQlD3bipWbIqEoZiSrOIkkMcJjNCA9TTkKiXTT/MIMnmilD4NI6McVzNXfEykKpZyEvk6GSA3lojcT//N6iQrqbkp5nCjC8XxRkDCoIjirC/apIFixiSYIC6r/CvEQCYSVLrWiS7AXT14m7bOabdXsu/Nq46qoowyOwDE4BTa4AA1wA5qgBTB4Ai/gDbwbz8ar8WFM59GSUcwcgj8wvr4B+8ejZQ==</latexit><latexit sha1_base64="W7b2BXyf1033UR9a+mLu/IXKoyc=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7EYounFnBfuAJoTJdNJOO5mEmYlQYn7Fjb/ixoUi3Yk/4zSNoK0HBg7nnMude/yYUaks69MorayurW+UNytb2zu7e+b+QVtGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/vh65nceiJA04vdqEhM3RANOA4qR0pJn1lMHIwZvMy+lowxeOgzxASPQiSX1KHyEP76muTZyRJ7wzKpVs3LAZWIXpAoKND1z6vQjnISEK8yQlD3bipWbIqEoZiSrOIkkMcJjNCA9TTkKiXTT/MIMnmilD4NI6McVzNXfEykKpZyEvk6GSA3lojcT//N6iQrqbkp5nCjC8XxRkDCoIjirC/apIFixiSYIC6r/CvEQCYSVLrWiS7AXT14m7bOabdXsu/Nq46qoowyOwDE4BTa4AA1wA5qgBTB4Ai/gDbwbz8ar8WFM59GSUcwcgj8wvr4B+8ejZQ==</latexit><latexit sha1_base64="W7b2BXyf1033UR9a+mLu/IXKoyc=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7EYounFnBfuAJoTJdNJOO5mEmYlQYn7Fjb/ixoUi3Yk/4zSNoK0HBg7nnMude/yYUaks69MorayurW+UNytb2zu7e+b+QVtGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/vh65nceiJA04vdqEhM3RANOA4qR0pJn1lMHIwZvMy+lowxeOgzxASPQiSX1KHyEP76muTZyRJ7wzKpVs3LAZWIXpAoKND1z6vQjnISEK8yQlD3bipWbIqEoZiSrOIkkMcJjNCA9TTkKiXTT/MIMnmilD4NI6McVzNXfEykKpZyEvk6GSA3lojcT//N6iQrqbkp5nCjC8XxRkDCoIjirC/apIFixiSYIC6r/CvEQCYSVLrWiS7AXT14m7bOabdXsu/Nq46qoowyOwDE4BTa4AA1wA5qgBTB4Ai/gDbwbz8ar8WFM59GSUcwcgj8wvr4B+8ejZQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="JNbU7BLvUIbY6eaAtc6z6ZRHUPc=">AAACFnicbZBPS8MwGMbfzn9zTp1evQSH4Gm0XtxFELx4c4L7A2spaZZu2dK0JKkwar+KF7+KFw+K7Oa3Mesm6OYDgR/P84bkfYKEM6Vt+8sqbWxube+Udyt71f2Dw9pRtaPiVBLaJjGPZS/AinImaFszzWkvkRRHAafdYHIzz7uPVCoWiwc9TagX4aFgISNYG8uvNTOXYI7ucj9j4xxduRyLIafITRTzGXpCP7nBwhu7spjwa3W7YRdC6+AsoQ5LtfzazB3EJI2o0IRjpfqOnWgvw1IzwmlecVNFE0wmeEj7BgWOqPKyYsMcnRlngMJYmiM0KtzfNzIcKTWNAjMZYT1Sq9nc/C/rpzpsehkTSaqpIIuHwpQjHaN5XWjAJCWaTw1gIpn5KyIjLDHRptSKKcFZXXkdOhcNx2449zaU4QRO4RwcuIRruIUWtIHAM7zCO3xYL9ab9bmoq2QtezuGP7Jm3/rNodk=</latexit><latexit sha1_base64="JNbU7BLvUIbY6eaAtc6z6ZRHUPc=">AAACFnicbZBPS8MwGMbfzn9zTp1evQSH4Gm0XtxFELx4c4L7A2spaZZu2dK0JKkwar+KF7+KFw+K7Oa3Mesm6OYDgR/P84bkfYKEM6Vt+8sqbWxube+Udyt71f2Dw9pRtaPiVBLaJjGPZS/AinImaFszzWkvkRRHAafdYHIzz7uPVCoWiwc9TagX4aFgISNYG8uvNTOXYI7ucj9j4xxduRyLIafITRTzGXpCP7nBwhu7spjwa3W7YRdC6+AsoQ5LtfzazB3EJI2o0IRjpfqOnWgvw1IzwmlecVNFE0wmeEj7BgWOqPKyYsMcnRlngMJYmiM0KtzfNzIcKTWNAjMZYT1Sq9nc/C/rpzpsehkTSaqpIIuHwpQjHaN5XWjAJCWaTw1gIpn5KyIjLDHRptSKKcFZXXkdOhcNx2449zaU4QRO4RwcuIRruIUWtIHAM7zCO3xYL9ab9bmoq2QtezuGP7Jm3/rNodk=</latexit><latexit sha1_base64="ssYUXeGfPjrhjp2VFhbFlW1V1QQ=">AAACIXicbVDLSsNAFL3xWeur6tLNYBFclcSN3QhFN+6sYB/QhDCZTtppJ5MwMxFK7K+48VfcuFCkO/FnnKYVtPXAwOGcc7lzT5BwprRtf1orq2vrG5uFreL2zu7efungsKniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHg99VsPVCoWi3s9SqgX4Z5gISNYG8kvVTOXYI5ux37GBmN06XIsepwiN1HMZ+gR/fiG5trAlXnCL5Xtip0DLRNnTsowR90vTdxuTNKICk04Vqrj2In2Miw1I5yOi26qaILJEPdox1CBI6q8LL9wjE6N0kVhLM0TGuXq74kMR0qNosAkI6z7atGbiv95nVSHVS9jIkk1FWS2KEw50jGa1oW6TFKi+cgQTCQzf0WkjyUm2pRaNCU4iycvk+Z5xbErzp1drl3N6yjAMZzAGThwATW4gTo0gMATvMAbvFvP1qv1YU1m0RVrPnMEf2B9fQP6h6Nh</latexit><latexit sha1_base64="W7b2BXyf1033UR9a+mLu/IXKoyc=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7EYounFnBfuAJoTJdNJOO5mEmYlQYn7Fjb/ixoUi3Yk/4zSNoK0HBg7nnMude/yYUaks69MorayurW+UNytb2zu7e+b+QVtGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/vh65nceiJA04vdqEhM3RANOA4qR0pJn1lMHIwZvMy+lowxeOgzxASPQiSX1KHyEP76muTZyRJ7wzKpVs3LAZWIXpAoKND1z6vQjnISEK8yQlD3bipWbIqEoZiSrOIkkMcJjNCA9TTkKiXTT/MIMnmilD4NI6McVzNXfEykKpZyEvk6GSA3lojcT//N6iQrqbkp5nCjC8XxRkDCoIjirC/apIFixiSYIC6r/CvEQCYSVLrWiS7AXT14m7bOabdXsu/Nq46qoowyOwDE4BTa4AA1wA5qgBTB4Ai/gDbwbz8ar8WFM59GSUcwcgj8wvr4B+8ejZQ==</latexit><latexit sha1_base64="W7b2BXyf1033UR9a+mLu/IXKoyc=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7EYounFnBfuAJoTJdNJOO5mEmYlQYn7Fjb/ixoUi3Yk/4zSNoK0HBg7nnMude/yYUaks69MorayurW+UNytb2zu7e+b+QVtGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/vh65nceiJA04vdqEhM3RANOA4qR0pJn1lMHIwZvMy+lowxeOgzxASPQiSX1KHyEP76muTZyRJ7wzKpVs3LAZWIXpAoKND1z6vQjnISEK8yQlD3bipWbIqEoZiSrOIkkMcJjNCA9TTkKiXTT/MIMnmilD4NI6McVzNXfEykKpZyEvk6GSA3lojcT//N6iQrqbkp5nCjC8XxRkDCoIjirC/apIFixiSYIC6r/CvEQCYSVLrWiS7AXT14m7bOabdXsu/Nq46qoowyOwDE4BTa4AA1wA5qgBTB4Ai/gDbwbz8ar8WFM59GSUcwcgj8wvr4B+8ejZQ==</latexit><latexit sha1_base64="W7b2BXyf1033UR9a+mLu/IXKoyc=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7EYounFnBfuAJoTJdNJOO5mEmYlQYn7Fjb/ixoUi3Yk/4zSNoK0HBg7nnMude/yYUaks69MorayurW+UNytb2zu7e+b+QVtGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/vh65nceiJA04vdqEhM3RANOA4qR0pJn1lMHIwZvMy+lowxeOgzxASPQiSX1KHyEP76muTZyRJ7wzKpVs3LAZWIXpAoKND1z6vQjnISEK8yQlD3bipWbIqEoZiSrOIkkMcJjNCA9TTkKiXTT/MIMnmilD4NI6McVzNXfEykKpZyEvk6GSA3lojcT//N6iQrqbkp5nCjC8XxRkDCoIjirC/apIFixiSYIC6r/CvEQCYSVLrWiS7AXT14m7bOabdXsu/Nq46qoowyOwDE4BTa4AA1wA5qgBTB4Ai/gDbwbz8ar8WFM59GSUcwcgj8wvr4B+8ejZQ==</latexit><latexit sha1_base64="W7b2BXyf1033UR9a+mLu/IXKoyc=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7EYounFnBfuAJoTJdNJOO5mEmYlQYn7Fjb/ixoUi3Yk/4zSNoK0HBg7nnMude/yYUaks69MorayurW+UNytb2zu7e+b+QVtGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/vh65nceiJA04vdqEhM3RANOA4qR0pJn1lMHIwZvMy+lowxeOgzxASPQiSX1KHyEP76muTZyRJ7wzKpVs3LAZWIXpAoKND1z6vQjnISEK8yQlD3bipWbIqEoZiSrOIkkMcJjNCA9TTkKiXTT/MIMnmilD4NI6McVzNXfEykKpZyEvk6GSA3lojcT//N6iQrqbkp5nCjC8XxRkDCoIjirC/apIFixiSYIC6r/CvEQCYSVLrWiS7AXT14m7bOabdXsu/Nq46qoowyOwDE4BTa4AA1wA5qgBTB4Ai/gDbwbz8ar8WFM59GSUcwcgj8wvr4B+8ejZQ==</latexit><latexit sha1_base64="W7b2BXyf1033UR9a+mLu/IXKoyc=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7EYounFnBfuAJoTJdNJOO5mEmYlQYn7Fjb/ixoUi3Yk/4zSNoK0HBg7nnMude/yYUaks69MorayurW+UNytb2zu7e+b+QVtGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/vh65nceiJA04vdqEhM3RANOA4qR0pJn1lMHIwZvMy+lowxeOgzxASPQiSX1KHyEP76muTZyRJ7wzKpVs3LAZWIXpAoKND1z6vQjnISEK8yQlD3bipWbIqEoZiSrOIkkMcJjNCA9TTkKiXTT/MIMnmilD4NI6McVzNXfEykKpZyEvk6GSA3lojcT//N6iQrqbkp5nCjC8XxRkDCoIjirC/apIFixiSYIC6r/CvEQCYSVLrWiS7AXT14m7bOabdXsu/Nq46qoowyOwDE4BTa4AA1wA5qgBTB4Ai/gDbwbz8ar8WFM59GSUcwcgj8wvr4B+8ejZQ==</latexit><latexit sha1_base64="W7b2BXyf1033UR9a+mLu/IXKoyc=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7EYounFnBfuAJoTJdNJOO5mEmYlQYn7Fjb/ixoUi3Yk/4zSNoK0HBg7nnMude/yYUaks69MorayurW+UNytb2zu7e+b+QVtGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/vh65nceiJA04vdqEhM3RANOA4qR0pJn1lMHIwZvMy+lowxeOgzxASPQiSX1KHyEP76muTZyRJ7wzKpVs3LAZWIXpAoKND1z6vQjnISEK8yQlD3bipWbIqEoZiSrOIkkMcJjNCA9TTkKiXTT/MIMnmilD4NI6McVzNXfEykKpZyEvk6GSA3lojcT//N6iQrqbkp5nCjC8XxRkDCoIjirC/apIFixiSYIC6r/CvEQCYSVLrWiS7AXT14m7bOabdXsu/Nq46qoowyOwDE4BTa4AA1wA5qgBTB4Ai/gDbwbz8ar8WFM59GSUcwcgj8wvr4B+8ejZQ==</latexit>

The EFT implies not only Ei statistics but also that of the associated  
These induce  Oij correlations

| ii
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RO(!) =
X

i,j

|h i|O| ji|
2 � (Ei � Ej � !)
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Computable by adding sources to the EFT, again governed by causal 
symmetry

“operator resolvent”



Universal operator correlations

An analysis that parallels that of spectral correlations results in

RO(s) = �(s)
⇥
trOO

†
� trO trO†

⇤

�

✓
1�

sin2 s

s2

◆
trOO

†
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“operator sine kernel” (OSK) [Altland, Nayak, JS, Vielma (’20)]

“tr” =
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th th n e's t

- canonical ensemble 
 
- any micro canonical window 
 
- eigenstate projector



Operator ramp-plateau

Fourier transforming into the time domain we get

hO(t)O†(0)i =
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Recall ETH ansatz for operator statistics

h i|O| ji = O(E) + f(Ei, Ej)e
�S(E)/2Rij
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OSK gives a universal contribution to f(Ei, Ej)

→ Invites comparison of our EFT to ETH correlations as wormholes
[Pollack, Rozali, Sully, Wakeham (’20)]

[Saad  (’19)]
[Blommaert,Mertens, Turiaci, Verlinde]



OPE correlations

In a CFT we have the OPE coefficients

hOiOjOki = h i|Oj | ki = Cijk
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Thus, wave-function statistics ⇒ Cijk randomness

Such an OPE randomness conjecture is implied in gravity [Belin, de Boer (’20)]

The motivation comes from the genus-two wormhole

Zg=2 =
X

i,j,k
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3
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[Zg=2⇥g=2]gravity 6= [Zg=2]
2
gravity
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[see also: Cardy, Maloney, Maxfield (’17),…]



Genus-two non-factorization

Non-factorisation on the gravity side: genus-2 wormhole:

3D gravity solution:

ds2 = `2AdS

�
d⌧2 + cosh2 ⌧d⌃2

g=2

�
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This causes non-factorisation of the bulk answer

⇠ 1 + cgrave
�3S
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If OPE coefficients are random, this comes from a variance
���C⇤

ijkClmn

���
2
6= 0
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Universal OPE statistics

We can make this precise using wave-function statistics [Belin, de Boer, Nayak, JS]

We build chaos EFT with sources for                     . This computesO 2 H
⌦3
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O = C⇤
ijkClmn (| ii| ji| ki) (h l|h m|h n|)
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TrOTrO† = @2
hZ(4) (ẑ, h)
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h=0
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Using our well-established sigma-model expansion we find indeed

TrOTrO†

TrOTrO†
= 1 + cEFTe

�3S
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I.e. a non-zero variance as required by the gravity “prediction”



Summary: chaos EFT

• Causal symmetry breaking ⟹ EFT of quantum chaos

Ensemble av. from  
chaotic dynamics

Powerful calculational 
framework

• Fully non-perturbative framework allows to control ramp and 
plateau analytically

• Simple geometric principle: coset-space sigma model; allowed 
cosets classified by Cartan (= Altland Zirnbauer)

Showcased applications to: SYK, eigenvalue statistics, wave 
function statistics; many more?



Some open issues

• What is the bulk picture of causal symmetry and its breaking?

Some level of understanding in minimal strings [Altland, Sonner (’20)] 
and in JT gravity [Saad, Shenker, Stanford (’19)]

106 € question: what is the AA saddle in higher-dimensional bulk 
spacetimes?

• Fat-graph expansion of chaos EFT works in higher-dimensional 
boundary theories. How to capture leading singular diagrams in 
the bulk?

• Can we add erratic fluctuations in a controlled way, i.e. is there 
some degree of universality to these?



thank you very much 
for your attention 


