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Realising holographic systems

Many body systems with a holographic gravity duals have very 
interesting properties 

• black hole physics probed by thermal states (more generally 
horizons), 

• maximal Lyapunov exponent, 

• late time RMT behavior. 

General hope to understand new features of Quantum Gravity.



Realising holographic systems

Realising them is quite difficult: 

• Some examples require dense disorder and all-to-all connectivity 
(e.g. SYK), 

• Some require Matrix Quantum Mechanics and large-  (e.g. 
BFSS), 

• Other more challenging examples (e.g.           SYM). 

This makes them interesting also for experimentalists.
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We will be interested in the Sachdev-Ye-Kitaev (SYK) model, dual 
to two-dimensional models of gravity

The Sachdev-Ye-Kitaev model

Majorana SYK

Complex SYK

[Sachdev, Ye 1993] [Kitaev 2015] [Sachdev 2015]
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Some analogue proposals

Solid state platforms 

• Majorana zero-modes at the edge between 3D TI and ordinary 
superconductor [Pikulin, Franz 2017] 

• Quantum dot coupled to topological superconducting wires 
(hosting Majorana zero modes) [Chew, Essin, Alicea 2017] 

• Graphene flakes with irregular boundaries [Chen et al. 2018]



Analog quantum simulators 

• Optical kagome lattices with strong disorder [Wei, Sedrakyan 
2021] 

• Cold atoms in optical cavities: 

‣ Lattices of atoms and molecules   [Danshita, Hanada, Tezuka 
2016] 

‣ Multimode cavity-QED (cQED)  [Uhrich et al. 2023] 

‣ Single mode cQED  [Baumgartner, PP et al. 2024]

Some analogue proposals



SYK in cQED
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Speckle pattern

[Uhrich et al. 2023] 
[Baumgartner, PP et al. 2024]



Cavity QED platforms

Cavity QED platforms

Cavity QED platforms

Cavity QED platforms

Cavity QED platforms

Cavity QED platforms

<latexit sha1_base64="+gfe8nrBWfBG8/3Kk9LEr05PFps=">AAACKnicbVDLSsNAFJ3UV62vqEs3g0UQhJKIVDdCxU1xVcE+oA1hMpm2QyeTMDMRSsj3uPFX3HShFLd+iJM2hdp6YeA87uXOPV7EqFSWNTUKG5tb2zvF3dLe/sHhkXl80pJhLDBp4pCFouMhSRjlpKmoYqQTCYICj5G2N3rM/PYrEZKG/EWNI+IEaMBpn2KktOSaD3V4D+tu0hMBHKkUXi0IzvCCoCUD4WXip65ZtirWrOA6sHNQBnk1XHPS80McB4QrzJCUXduKlJMgoShmJC31YkkihEdoQLoachQQ6SSzU1N4oRUf9kOhH1dwpi5PJCiQchx4ujNAaihXvUz8z+vGqn/nJJRHsSIczxf1YwZVCLPcoE8FwYqNNUBYUP1XiIdIIKx0uiUdgr168jpoXVfsaqX6fFOuPeVxFMEZOAeXwAa3oAbqoAGaAIM38AE+wZfxbkyMqfE9by0Y+cwp+FPGzy/C2KPn</latexit>

H = Hkt +Hc +Ha +Hac +Had

<latexit sha1_base64="7J2PNFr8f3pCshxYfEQ9hBJ9shs="></latexit>

Hac =
!c

2

∫
d2r

(
gc(r)ω

†
e(r)ωg(r)a+ h.c.

)

<latexit sha1_base64="zQwNZMrOjgVlzMO92QCivwXZXME="></latexit>

Had =!d

∫
d2r

(
gd(r) e

→iωdtω
†
e(r)ωg(r) + h.c.

)

Going to rotating frame: measuring frequencies wrt  <latexit sha1_base64="xAClI/pKmKEBtILtgDAZefJWwms=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GmZqO213BTfiqoJ9YDuUTCbThiaZIckIZehfuHGhiFv/xp1/Y/oQVPTAhcM593LvPUHCqNKO82Hl1tY3Nrfy24Wd3b39g+LhUUfFqcSkjWMWy16AFGFUkLammpFeIgniASPdYHI597v3RCoai1s9TYjP0UjQiGKkjXQ3iDkZoWEWzobFkmM7nteo1aBjV6sXZadqSKNR9yoN6NrOAiWwQmtYfB+EMU45ERozpFTfdRLtZ0hqihmZFQapIgnCEzQifUMF4kT52eLiGTwzSgijWJoSGi7U7xMZ4kpNeWA6OdJj9dubi395/VRHdT+jIkk1EXi5KEoZ1DGcvw9DKgnWbGoIwpKaWyEeI4mwNiEVTAhfn8L/Sadsu57t3VRKzetVHHlwAk7BOXBBDTTBFWiBNsBAgAfwBJ4tZT1aL9brsjVnrWaOwQ9Yb59l/pF1</latexit>ωd

[Uhrich et al. 2023] 
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ωa(r)



Speckle patterns
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<latexit sha1_base64="lekke2ZhBkgSbEyhJwKHcpIFzK0=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7IrUj0WBOmxgq3FdinZ9G0bms0uSVYopf/CiwdFvPpvvPlvzLZ70NaBwDDzHpk3QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAjGN5n/8IRK81jem0mCfkSHkoecUWOlx15EzYhRQW775Ypbdecgq8TLSQVyNPvlr94gZmmE0jBBte56bmL8KVWGM4GzUi/VmFA2pkPsWipphNqfzhPPyJlVBiSMlX3SkLn6e2NKI60nUWAns4R62cvE/7xuasJrf8plkhqUbPFRmApiYpKdTwZcITNiYgllitushI2ooszYkkq2BG/55FXSvqh6tWrt7rJSb+R1FOEETuEcPLiCOjSgCS1gIOEZXuHN0c6L8+58LEYLTr5zDH/gfP4ADJCQiw==</latexit>F



Speckle patterns
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<latexit sha1_base64="lekke2ZhBkgSbEyhJwKHcpIFzK0=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7IrUj0WBOmxgq3FdinZ9G0bms0uSVYopf/CiwdFvPpvvPlvzLZ70NaBwDDzHpk3QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAjGN5n/8IRK81jem0mCfkSHkoecUWOlx15EzYhRQW775Ypbdecgq8TLSQVyNPvlr94gZmmE0jBBte56bmL8KVWGM4GzUi/VmFA2pkPsWipphNqfzhPPyJlVBiSMlX3SkLn6e2NKI60nUWAns4R62cvE/7xuasJrf8plkhqUbPFRmApiYpKdTwZcITNiYgllitushI2ooszYkkq2BG/55FXSvqh6tWrt7rJSb+R1FOEETuEcPLiCOjSgCS1gIOEZXuHN0c6L8+58LEYLTr5zDH/gfP4ADJCQiw==</latexit>F



Energy levels

<latexit sha1_base64="ems8Qn94vRHnalav6Avc4x+0y20=">AAAB73icbVDLTgJBEOz1ifhCPXqZSEw84S4x6JHEC0eM8khgQ2aHBibMzq4zsyZkw0948aAxXv0db/6NA+xBwUo6qVR1p7sriAXXxnW/nbX1jc2t7dxOfndv/+CwcHTc1FGiGDZYJCLVDqhGwSU2DDcC27FCGgYCW8H4dua3nlBpHskHM4nRD+lQ8gFn1FipXb7vpd5ledorFN2SOwdZJV5GipCh3it8dfsRS0KUhgmqdcdzY+OnVBnOBE7z3URjTNmYDrFjqaQhaj+d3zsl51bpk0GkbElD5urviZSGWk/CwHaG1Iz0sjcT//M6iRnc+CmXcWJQssWiQSKIicjsedLnCpkRE0soU9zeStiIKsqMjShvQ/CWX14lzXLJq5Qqd1fFai2LIwencAYX4ME1VKEGdWgAAwHP8ApvzqPz4rw7H4vWNSebOYE/cD5/AO9Nj0k=</latexit>

2S1/2

<latexit sha1_base64="xkYmzinnyPfJvCg6RPYHjN8hs2g=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgapwptXZZ0EWXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwbM20FnwdCDufcy733+DFnSjvOu5VbWV1b38hvFra2d3b3ivsHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k8vM79xRqVgkbvQ0pl6IR4IFjGBtpG7lapCen5Vng2LJsWtOBvSbuPb8d0qwRHNQfOsPI5KEVGjCsVI914m1l2KpGeF0VugnisaYTPCI9gwVOKTKS+f7ztCJUYYoiKR5QqO5+rUjxaFS09A3lSHWY/XTy8S/vF6ig5qXMhEnmgqyGBQkHOkIZcejIZOUaD41BBPJzK6IjLHERJuICiaEz0vR/6Rdtt2qXb2ulOqNZRx5OIJjOAUXLqAODWhCCwhwuIdHeLJurQfr2XpZlOasZc8hfIP1+gEEcI9Y</latexit>

4D5/2

Stark shift

<latexit sha1_base64="61GipBB3bqs9AssqGvJjUS8uZpI=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXkoiUj0WvIinCvYDmhA22027dDcJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b/+gYh8edVSSSULbJOGJ7IVYUc5i2tZMc9pLJcUi5LQbjm9mfveRSsWS+EFPUuoLPIxZxAjWRgrsipcqFuSeFGg4rcnzwK46dWcOtErcglShQCuwv7xBQjJBY004VqrvOqn2cyw1I5xOy16maIrJGA9p39AYC6r8fH74FJ0ZZYCiRJqKNZqrvydyLJSaiNB0CqxHatmbif95/UxH137O4jTTNCaLRVHGkU7QLAU0YJISzSeGYCKZuRWREZaYaJNV2YTgLr+8SjoXdbdRb9xfVpt3RRwlOIFTqIELV9CEW2hBGwhk8Ayv8GY9WS/Wu/WxaF2ziplj+APr8wc5lJLY</latexit>

ωg(r)

<latexit sha1_base64="SQiYwxd2CE08cCXVEGLa1F6fBuo=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxC3QwzIrXLghtxVcE+oDMMmTTThiaZIckIdeiXuHGhiFs/xZ1/Y6at4PPA5R7OuZfcnChlVGnXfbdKK6tr6xvlzcrW9s5u1d7b76okk5h0cMIS2Y+QIowK0tFUM9JPJUE8YqQXTS4Kv3dLpKKJuNHTlAQcjQSNKUbaSKFd9VNFw9yXHKJZXZ6Eds11mm4B+Jt4zry7NbBEO7Tf/GGCM06ExgwpNfDcVAc5kppiRmYVP1MkRXiCRmRgqECcqCCfHz6Dx0YZwjiRpoSGc/XrRo64UlMemUmO9Fj99ArxL2+Q6bgZ5FSkmSYCLx6KMwZ1AosU4JBKgjWbGoKwpOZWiMdIIqxNVhUTwudP4f+ke+p4DadxfVZrXS3jKINDcATqwAPnoAUuQRt0AAYZuAeP4Mm6sx6sZ+tlMVqyljsH4Bus1w9TXJLq</latexit>

ωa(r)

<latexit sha1_base64="PvroYvlQ9YQwK0ZpBnXpWo5/Mqs=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0Wom5DUNm12BTfiqoJ9QBPCZDpph04ezEyEGvolblwo4tZPceffOH0IKnrgwuGce7n3niBlVEjT/NDW1jc2t7YLO8Xdvf2Dkn541BVJxjHp4IQlvB8gQRiNSUdSyUg/5QRFASO9YHI593t3hAuaxLdymhIvQqOYhhQjqSRfL7mpoH7u8giSWYWf+3rZNEzbdhoNaBr1+kXVrCviOE275kDLMBcogxXavv7uDhOcRSSWmCEhBpaZSi9HXFLMyKzoZoKkCE/QiAwUjVFEhJcvDp/BM6UMYZhwVbGEC/X7RI4iIaZRoDojJMfitzcX//IGmQybXk7jNJMkxstFYcagTOA8BTiknGDJpoogzKm6FeIx4ghLlVVRhfD1KfyfdKuGZRv2Ta3cul7FUQAn4BRUgAUaoAWuQBt0AAYZeABP4Fm71x61F+112bqmrWaOwQ9ob5/G4JM6</latexit>

ωe(r)
<latexit sha1_base64="P0xopIq80FLff7bm4BPSmCKxDww=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjN9TNtdwY24qmAf0A4lk2ba0ExmTDJCGfoTblwo4tbfceffmD4EFT1w4XDOvdx7jx9zpjRCH1ZmbX1jcyu7ndvZ3ds/yB8etVWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57TjTy7nfueeSsUicaunMfVCPBIsYARrI3VLzUFauijOBvkCspHr1qtViOxKpVREFUPq9ZpbrkPHRgsUwArNQf69P4xIElKhCcdK9RwUay/FUjPC6SzXTxSNMZngEe0ZKnBIlZcu7p3BM6MMYRBJU0LDhfp9IsWhUtPQN50h1mP125uLf3m9RAc1L2UiTjQVZLkoSDjUEZw/D4dMUqL51BBMJDO3QjLGEhNtIsqZEL4+hf+TdtF2XNu9KRca16s4suAEnIJz4IAqaIAr0AQtQAAHD+AJPFt31qP1Yr0uWzPWauYY/ID19gmATY+v</latexit>

3P3/2



Energy levels

<latexit sha1_base64="ems8Qn94vRHnalav6Avc4x+0y20=">AAAB73icbVDLTgJBEOz1ifhCPXqZSEw84S4x6JHEC0eM8khgQ2aHBibMzq4zsyZkw0948aAxXv0db/6NA+xBwUo6qVR1p7sriAXXxnW/nbX1jc2t7dxOfndv/+CwcHTc1FGiGDZYJCLVDqhGwSU2DDcC27FCGgYCW8H4dua3nlBpHskHM4nRD+lQ8gFn1FipXb7vpd5ledorFN2SOwdZJV5GipCh3it8dfsRS0KUhgmqdcdzY+OnVBnOBE7z3URjTNmYDrFjqaQhaj+d3zsl51bpk0GkbElD5urviZSGWk/CwHaG1Iz0sjcT//M6iRnc+CmXcWJQssWiQSKIicjsedLnCpkRE0soU9zeStiIKsqMjShvQ/CWX14lzXLJq5Qqd1fFai2LIwencAYX4ME1VKEGdWgAAwHP8ApvzqPz4rw7H4vWNSebOYE/cD5/AO9Nj0k=</latexit>

2S1/2

<latexit sha1_base64="xkYmzinnyPfJvCg6RPYHjN8hs2g=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgapwptXZZ0EWXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwbM20FnwdCDufcy733+DFnSjvOu5VbWV1b38hvFra2d3b3ivsHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k8vM79xRqVgkbvQ0pl6IR4IFjGBtpG7lapCen5Vng2LJsWtOBvSbuPb8d0qwRHNQfOsPI5KEVGjCsVI914m1l2KpGeF0VugnisaYTPCI9gwVOKTKS+f7ztCJUYYoiKR5QqO5+rUjxaFS09A3lSHWY/XTy8S/vF6ig5qXMhEnmgqyGBQkHOkIZcejIZOUaD41BBPJzK6IjLHERJuICiaEz0vR/6Rdtt2qXb2ulOqNZRx5OIJjOAUXLqAODWhCCwhwuIdHeLJurQfr2XpZlOasZc8hfIP1+gEEcI9Y</latexit>

4D5/2

<latexit sha1_base64="61GipBB3bqs9AssqGvJjUS8uZpI=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXkoiUj0WvIinCvYDmhA22027dDcJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b/+gYh8edVSSSULbJOGJ7IVYUc5i2tZMc9pLJcUi5LQbjm9mfveRSsWS+EFPUuoLPIxZxAjWRgrsipcqFuSeFGg4rcnzwK46dWcOtErcglShQCuwv7xBQjJBY004VqrvOqn2cyw1I5xOy16maIrJGA9p39AYC6r8fH74FJ0ZZYCiRJqKNZqrvydyLJSaiNB0CqxHatmbif95/UxH137O4jTTNCaLRVHGkU7QLAU0YJISzSeGYCKZuRWREZaYaJNV2YTgLr+8SjoXdbdRb9xfVpt3RRwlOIFTqIELV9CEW2hBGwhk8Ayv8GY9WS/Wu/WxaF2ziplj+APr8wc5lJLY</latexit>

ωg(r)

<latexit sha1_base64="SQiYwxd2CE08cCXVEGLa1F6fBuo=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxC3QwzIrXLghtxVcE+oDMMmTTThiaZIckIdeiXuHGhiFs/xZ1/Y6at4PPA5R7OuZfcnChlVGnXfbdKK6tr6xvlzcrW9s5u1d7b76okk5h0cMIS2Y+QIowK0tFUM9JPJUE8YqQXTS4Kv3dLpKKJuNHTlAQcjQSNKUbaSKFd9VNFw9yXHKJZXZ6Eds11mm4B+Jt4zry7NbBEO7Tf/GGCM06ExgwpNfDcVAc5kppiRmYVP1MkRXiCRmRgqECcqCCfHz6Dx0YZwjiRpoSGc/XrRo64UlMemUmO9Fj99ArxL2+Q6bgZ5FSkmSYCLx6KMwZ1AosU4JBKgjWbGoKwpOZWiMdIIqxNVhUTwudP4f+ke+p4DadxfVZrXS3jKINDcATqwAPnoAUuQRt0AAYZuAeP4Mm6sx6sZ+tlMVqyljsH4Bus1w9TXJLq</latexit>

ωa(r)

<latexit sha1_base64="PvroYvlQ9YQwK0ZpBnXpWo5/Mqs=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0Wom5DUNm12BTfiqoJ9QBPCZDpph04ezEyEGvolblwo4tZPceffOH0IKnrgwuGce7n3niBlVEjT/NDW1jc2t7YLO8Xdvf2Dkn541BVJxjHp4IQlvB8gQRiNSUdSyUg/5QRFASO9YHI593t3hAuaxLdymhIvQqOYhhQjqSRfL7mpoH7u8giSWYWf+3rZNEzbdhoNaBr1+kXVrCviOE275kDLMBcogxXavv7uDhOcRSSWmCEhBpaZSi9HXFLMyKzoZoKkCE/QiAwUjVFEhJcvDp/BM6UMYZhwVbGEC/X7RI4iIaZRoDojJMfitzcX//IGmQybXk7jNJMkxstFYcagTOA8BTiknGDJpoogzKm6FeIx4ghLlVVRhfD1KfyfdKuGZRv2Ta3cul7FUQAn4BRUgAUaoAWuQBt0AAYZeABP4Fm71x61F+112bqmrWaOwQ9ob5/G4JM6</latexit>

ωe(r)
<latexit sha1_base64="P0xopIq80FLff7bm4BPSmCKxDww=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjN9TNtdwY24qmAf0A4lk2ba0ExmTDJCGfoTblwo4tbfceffmD4EFT1w4XDOvdx7jx9zpjRCH1ZmbX1jcyu7ndvZ3ds/yB8etVWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57TjTy7nfueeSsUicaunMfVCPBIsYARrI3VLzUFauijOBvkCspHr1qtViOxKpVREFUPq9ZpbrkPHRgsUwArNQf69P4xIElKhCcdK9RwUay/FUjPC6SzXTxSNMZngEe0ZKnBIlZcu7p3BM6MMYRBJU0LDhfp9IsWhUtPQN50h1mP125uLf3m9RAc1L2UiTjQVZLkoSDjUEZw/D4dMUqL51BBMJDO3QjLGEhNtIsqZEL4+hf+TdtF2XNu9KRca16s4suAEnIJz4IAqaIAr0AQtQAAHD+AJPFt31qP1Yr0uWzPWauYY/ID19gmATY+v</latexit>

3P3/2
<latexit sha1_base64="Bo8EetlXb+0eLKjwBcfael6HvaA=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJcFXYirCvYBTQg3k0k7dCYJMxOhhn6JGxeKuPVT3Pk3Th8LbT1w4XDOvdx7T5hxprTjfFultfWNza3ydmVnd2+/ah8cdlSaS0LbJOWp7IWgKGcJbWumOe1lkoIIOe2Go+up332kUrE0edDjjPoCBgmLGQFtpMCuejeUawgKTwoM0SSwa07dmQGvEndBamiBVmB/eVFKckETTTgo1XedTPsFSM0Ip5OKlyuaARnBgPYNTUBQ5Rezwyf41CgRjlNpKtF4pv6eKEAoNRah6RSgh2rZm4r/ef1cx1d+wZIs1zQh80VxzrFO8TQFHDFJieZjQ4BIZm7FZAgSiDZZVUwI7vLLq6RzXncb9cb9Ra15t4ijjI7RCTpDLrpETXSLWqiNCMrRM3pFb9aT9WK9Wx/z1pK1mDlCf2B9/gCODZMR</latexit>

!ad

<latexit sha1_base64="n2or2q/Qe3vG0ufOjkIftSQiqWA=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuQlKkdllwI64q2Ac0sUwmk3boPMLMRCmh/+HGhSJu/Rd3/o3TNgUVPXDhcM693HtPlDKqjed9Oiura+sbm6Wt8vbO7t5+5eCwo2WmMGljyaTqRUgTRgVpG2oY6aWKIB4x0o3GlzO/e0+UplLcmklKQo6GgiYUI2Olu0ByMkSDPFAcxtNBpeq53hzQcxtLUlsQv7CqoEBrUPkIYokzToTBDGnd973UhDlShmJGpuUg0yRFeIyGpG+pQJzoMJ9fPYWnVolhIpUtYeBc/T6RI671hEe2kyMz0r+9mfiX189M0ghzKtLMEIEXi5KMQSPhLAIYU0WwYRNLEFbU3grxCCmEjQ2qbENYfgr/J52a69fd+s15tXldxFECx+AEnAEfXIAmuAIt0AYYKPAInsGL8+A8Oa/O26J1xSlmjsAPOO9fmCeSng==</latexit>ωd



Two body interaction

<latexit sha1_base64="ems8Qn94vRHnalav6Avc4x+0y20=">AAAB73icbVDLTgJBEOz1ifhCPXqZSEw84S4x6JHEC0eM8khgQ2aHBibMzq4zsyZkw0948aAxXv0db/6NA+xBwUo6qVR1p7sriAXXxnW/nbX1jc2t7dxOfndv/+CwcHTc1FGiGDZYJCLVDqhGwSU2DDcC27FCGgYCW8H4dua3nlBpHskHM4nRD+lQ8gFn1FipXb7vpd5ledorFN2SOwdZJV5GipCh3it8dfsRS0KUhgmqdcdzY+OnVBnOBE7z3URjTNmYDrFjqaQhaj+d3zsl51bpk0GkbElD5urviZSGWk/CwHaG1Iz0sjcT//M6iRnc+CmXcWJQssWiQSKIicjsedLnCpkRE0soU9zeStiIKsqMjShvQ/CWX14lzXLJq5Qqd1fFai2LIwencAYX4ME1VKEGdWgAAwHP8ApvzqPz4rw7H4vWNSebOYE/cD5/AO9Nj0k=</latexit>

2S1/2

<latexit sha1_base64="xkYmzinnyPfJvCg6RPYHjN8hs2g=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgapwptXZZ0EWXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwbM20FnwdCDufcy733+DFnSjvOu5VbWV1b38hvFra2d3b3ivsHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k8vM79xRqVgkbvQ0pl6IR4IFjGBtpG7lapCen5Vng2LJsWtOBvSbuPb8d0qwRHNQfOsPI5KEVGjCsVI914m1l2KpGeF0VugnisaYTPCI9gwVOKTKS+f7ztCJUYYoiKR5QqO5+rUjxaFS09A3lSHWY/XTy8S/vF6ig5qXMhEnmgqyGBQkHOkIZcejIZOUaD41BBPJzK6IjLHERJuICiaEz0vR/6Rdtt2qXb2ulOqNZRx5OIJjOAUXLqAODWhCCwhwuIdHeLJurQfr2XpZlOasZc8hfIP1+gEEcI9Y</latexit>

4D5/2

drive drive

<latexit sha1_base64="61GipBB3bqs9AssqGvJjUS8uZpI=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXkoiUj0WvIinCvYDmhA22027dDcJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b/+gYh8edVSSSULbJOGJ7IVYUc5i2tZMc9pLJcUi5LQbjm9mfveRSsWS+EFPUuoLPIxZxAjWRgrsipcqFuSeFGg4rcnzwK46dWcOtErcglShQCuwv7xBQjJBY004VqrvOqn2cyw1I5xOy16maIrJGA9p39AYC6r8fH74FJ0ZZYCiRJqKNZqrvydyLJSaiNB0CqxHatmbif95/UxH137O4jTTNCaLRVHGkU7QLAU0YJISzSeGYCKZuRWREZaYaJNV2YTgLr+8SjoXdbdRb9xfVpt3RRwlOIFTqIELV9CEW2hBGwhk8Ayv8GY9WS/Wu/WxaF2ziplj+APr8wc5lJLY</latexit>

ωg(r)

<latexit sha1_base64="SQiYwxd2CE08cCXVEGLa1F6fBuo=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxC3QwzIrXLghtxVcE+oDMMmTTThiaZIckIdeiXuHGhiFs/xZ1/Y6at4PPA5R7OuZfcnChlVGnXfbdKK6tr6xvlzcrW9s5u1d7b76okk5h0cMIS2Y+QIowK0tFUM9JPJUE8YqQXTS4Kv3dLpKKJuNHTlAQcjQSNKUbaSKFd9VNFw9yXHKJZXZ6Eds11mm4B+Jt4zry7NbBEO7Tf/GGCM06ExgwpNfDcVAc5kppiRmYVP1MkRXiCRmRgqECcqCCfHz6Dx0YZwjiRpoSGc/XrRo64UlMemUmO9Fj99ArxL2+Q6bgZ5FSkmSYCLx6KMwZ1AosU4JBKgjWbGoKwpOZWiMdIIqxNVhUTwudP4f+ke+p4DadxfVZrXS3jKINDcATqwAPnoAUuQRt0AAYZuAeP4Mm6sx6sZ+tlMVqyljsH4Bus1w9TXJLq</latexit>

ωa(r)
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Ji1i2;k1k2



Experimental couplings
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<latexit sha1_base64="e0ixSWEzoLgb7VLtIRpilobnfsY=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBC8GHYlRI8BLx4jmAckmzA7mSRDZmeXmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+6uIJbCoOt+O2vrG5tb27md/O7e/sFh4ei4YaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY38785iPXRkTqAScx90M6VGIgGEUrdTsoQm6I53bTy/K0Vyi6JXcOskq8jBQhQ61X+Or0I5aEXCGT1Ji258bop1SjYJJP853E8JiyMR3ytqWK2mV+Or96Ss6t0ieDSNtSSObq74mUhsZMwsB2hhRHZtmbif957QQHN34qVJwgV2yxaJBIghGZRUD6QnOGcmIJZVrYWwkbUU0Z2qDyNgRv+eVV0rgqeZVS5b5crFayOHJwCmdwAR5cQxXuoAZ1YKDhGV7hzXlyXpx352PRuuZkMyfwB87nD1VRkbs=</latexit>

→10→4

<latexit sha1_base64="biBd903hY1xr9FAXGKfs3wdrfqM=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjxiIo8EVjI7DDBhdnad6SUhG77DiweN8erHePNvHGAPClbSSaWqO91dQSyFQdf9dnIbm1vbO/ndwt7+weFR8fikaaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsY38791oRrIyL1gNOY+yEdKjEQjKKV/C6KkBviuY9pZdYrltyyuwBZJ15GSpCh3it+dfsRS0KukElqTMdzY/RTqlEwyWeFbmJ4TNmYDnnHUkXtLj9dHD0jF1bpk0GkbSkkC/X3REpDY6ZhYDtDiiOz6s3F/7xOgoMbPxUqTpArtlw0SCTBiMwTIH2hOUM5tYQyLeythI2opgxtTgUbgrf68jppXpW9arl6XynVqlkceTiDc7gED66hBndQhwYweIJneIU3Z+K8OO/Ox7I152Qzp/AHzucP5+CRhA==</latexit>

→104



Low rank SYK models



Low rank SYK models

<latexit sha1_base64="7q3sbaIMz/agq03+fjYbEF0MN7g="></latexit>

L =
1

2

N∑

j=1

ωjεωωj →
1

2

R∑

n=1

bnbn + (i)
p
2

R∑

n=1

∑

j1<···<jp

Jn
j1...jp bnωj1 . . .ωjp

<latexit sha1_base64="l2KJchGBAZmQi1bZx2P6Cg3iYJU=">AAACC3icbVBLSwMxGMz6rPW16tFLaBE8lV2R6kUoeCmeKtgHtOuSTbNt2myyJFmhLHv34l/x4kERr/4Bb/4bs20P2joQGGa+SfJNEDOqtON8Wyura+sbm4Wt4vbO7t6+fXDYUiKRmDSxYEJ2AqQIo5w0NdWMdGJJUBQw0g7G17nffiBSUcHv9CQmXoQGnIYUI20k3y71hLHzdHpzz/105Luw1xdawZEfZxm8go5vl52KMwVcJu6clMEcDd/+MjfgJCJcY4aU6rpOrL0USU0xI1mxlygSIzxGA9I1lKOIKC+d7pLBE6P0YSikOVzDqfo7kaJIqUkUmMkI6aFa9HLxP6+b6PDSSymPE004nj0UJgxqAfNiYJ9KgjWbGIKwpOavEA+RRFib+oqmBHdx5WXSOqu41Ur19rxcq8/rKIBjUAKnwAUXoAbqoAGaAINH8AxewZv1ZL1Y79bHbHTFmmeOwB9Ynz8Lrppr</latexit>

Jn
j1...jp

= 0

<latexit sha1_base64="2Ini/VtyC6p1EV4VPgEdG+1406k="></latexit>

Jn
j1...jp

Jm
k1...kp

=
(p→ 1)! J2

Np
ωnm ωj1k1 . . . ωjpkp

Already assumed that <latexit sha1_base64="y4vmwfC/WswuXK5hVNez81U8ghQ=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4WnaLVI8FL+JBqtgPaJeSTbNtaJJdk6xQlv4JLx4U8erf8ea/Mdv2YK0PBh7vzTAzL0w408bzvp2V1bX1jc3CVnF7Z3dvv3Rw2NRxqghtkJjHqh1iTTmTtGGY4bSdKIpFyGkrHF3lfuuJKs1i+WDGCQ0EHkgWMYKNldr3qKuZQLe9UtlzK14O5LnVGfFdb5GUYY56r/TV7cckFVQawrHWHd9LTJBhZRjhdFLsppommIzwgHYslVhQHWTTeyfo1Cp9FMXKljRoqv6eyLDQeixC2ymwGeq/Xi7+53VSE10GGZNJaqgks0VRypGJUf486jNFieFjSzBRzN6KyBArTIyNqGhDWHp5mTQrrl91q3fn5drNPI4CHMMJnIEPF1CDa6hDAwhweIZXeHMenRfn3fmYta4485kjWIDz+QMgi49r</latexit>

R → N
[Marcus, Vandoren 2018] 
[Kim, Cao, Altman 2019]



Relation with          supersymmetric SYK
<latexit sha1_base64="z3LPOgA3binyAp5Mg3xinJaeBDU=">AAAB9XicbVDLSgMxFL3xWeur6tJNsAiuyoxIdSMU3HQlFewD2rFk0kwbmskMSUYpQ//DjQtF3Pov7vwbM+0stPVA4HDOvdyT48eCa+M432hldW19Y7OwVdze2d3bLx0ctnSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj28yv/3IlOaRvDeTmHkhGUoecEqMlR56ITEjSgS+xdfY7ZfKTsWZAS8TNydlyNHol756g4gmIZOGCqJ113Vi46VEGU4FmxZ7iWYxoWMyZF1LJQmZ9tJZ6ik+tcoAB5GyTxo8U39vpCTUehL6djJLqRe9TPzP6yYmuPJSLuPEMEnnh4JEYBPhrAI84IpRIyaWEKq4zYrpiChCjS2qaEtwF7+8TFrnFbdaqd5dlGv1vI4CHMMJnIELl1CDOjSgCRQUPMMrvKEn9ILe0cd8dAXlO0fwB+jzB8PlkWk=</latexit>

N = 1

<latexit sha1_base64="jYA4v8JycbXb5vP5bVeH2UuUUl8=">AAACHnicbVBNS8NAEN34WetX1KOXxSJ4kJKIVg8KhV7EUwv2A5oQNttNu81mE3Y3Qgn9JV78K148KCJ40n/jtulBWx8M8/bNDLPz/IRRqSzr21haXlldWy9sFDe3tnd2zb39loxTgUkTxywWHR9JwignTUUVI51EEBT5jLT9sDaptx+IkDTm92qUEDdCfU4DipHSkmdeNOANpI5MIy+j8BoOdYRjWNOvoc7OKXQSST2ap2GeQs8sWWVrCrhI7BkpgRnqnvnp9GKcRoQrzJCUXdtKlJshoShmZFx0UkkShEPUJ11NOYqIdLPpeWN4rJUeDGKhgys4VX9PZCiSchT5ujNCaiDnaxPxv1o3VcGVm1GepIpwnC8KUgZVDCdewR4VBCs20gRhQfVfIR4ggbDSjha1Cfb8yYukdVa2K+VK47xUvZvZUQCH4AicABtcgiq4BXXQBBg8gmfwCt6MJ+PFeDc+8tYlYzZzAP7A+PoB6CygmA==</latexit>

Q = i
∑

i<j<k

Cijk ωiωjωk

<latexit sha1_base64="ecvMbgIQYzoxOc2PKvWEnPUMYUU="></latexit>

H = Q
2 = E0 +

∑

i<j<k<l

Jijkl ωiωjωkωl

<latexit sha1_base64="l/FblBKcabbvHA8JSBe4DKsiU5U=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiRFqguFQhHEVQX7gDaGyXTSTjOThJmJUEL2bvwVNy4UcesPuPNvnD4W2nrgwuGce7n3Hi9mVCrL+jZyK6tr6xv5zcLW9s7unrl/0JJRIjBp4ohFouMhSRgNSVNRxUgnFgRxj5G2F9QnfvuBCEmj8E6NY+JwNAipTzFSWnLN4pVrwUvYkwl3Uwov4EhXkMH6fVrJtDIKMtcsWWVrCrhM7DkpgTkarvnV60c44SRUmCEpu7YVKydFQlHMSFboJZLECAdoQLqahogT6aTTXzJ4rJU+9COhK1Rwqv6eSBGXcsw93cmRGspFbyL+53UT5Z87KQ3jRJEQzxb5CYMqgpNgYJ8KghUba4KwoPpWiIdIIKx0fAUdgr348jJpVcp2tVy9PS3VbuZx5MERKIITYIMzUAPXoAGaAINH8AxewZvxZLwY78bHrDVnzGcOwR8Ynz/h2pkh</latexit>

E0 =
∑

i<j<k

C2
ijk

<latexit sha1_base64="WqK8gI92PfGt7tEQmJbkDAXvyj0=">AAACGnicbVBNS8MwGE7n15xfVY9egkPw4miHTC/CYBfZaYL7gLWUNEu3bElbklQYpb/Di3/FiwdFvIkX/43Z1oNuPpC8D8/7vCTv48eMSmVZ30ZhbX1jc6u4XdrZ3ds/MA+POjJKBCZtHLFI9HwkCaMhaSuqGOnFgiDuM9L1J41Zv/tAhKRReK+mMXE5GoY0oBgpLXmm3fRSOp6wDN7AC+gEAuHUztJqBh2ZcC9FGWzom44XVRs9s2xVrDngKrFzUgY5Wp756QwinHASKsyQlH3bipWbIqEoZiQrOYkkMcITNCR9TUPEiXTT+WoZPNPKAAaR0CdUcK7+nkgRl3LKfe3kSI3kcm8m/tfrJyq4dlMaxokiIV48FCQMqgjOcoIDKghWbKoJwoLqv0I8QjoepdMs6RDs5ZVXSadasWuV2t1lud7M4yiCE3AKzoENrkAd3IIWaAMMHsEzeAVvxpPxYrwbHwtrwchnjsEfGF8/OwGgcQ==</latexit>

Jijkl = →1

2

∑

a

CaijCakl
<latexit sha1_base64="VENxmlZ0a6FneWp/BMi+cBG3NVc=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjiIiRBqhuh4Ea6qmIf0MYwmU7aoZNJmJkIJfQf3Pgrblwo4taNO//GSdOFtV4YOI97uXNPkDAqlW1/G0vLK6tr66WN8ubW9s6uubffknEqMGnimMWiEyBJGOWkqahipJMIgqKAkXYwusr99gMRksb8To0T4kVowGlIMVJa8s3TnkwjP+OXzuT+Ftb9jPoOHPma8YK5mrk5g75ZsS3XzgvaVrUAjmXPgwqYVcM3v3r9GKcR4QozJGXXsRPlZUgoihmZlHupJAnCIzQgXQ05ioj0sulNE3islT4MY6EfV3Cq/p7IUCTlOAp0Z4TUUP71cvE/r5uq8MLLKE9SRTguFoUpgyqGeUCwTwXBio01QFhQ/VeIh0ggrHSMZR3CwsmLoOVaTtWq3pxVavVZHCVwCI7ACXDAOaiBa9AATYDBI3gGr+DNeDJejHfjo2hdMmYzB2CujM8fOzWcgw==</latexit>

R∑

n=1

Jn
i1k1

Jn
i2k2compare with[Fu, Gaiotto, Maldacena, Sachdev 2016]



<latexit sha1_base64="0rUL/+u7V1XVSoMq4wWsg5+rSwA="></latexit>

D(ω1, ω2) =
1

R

∑

n

T bn(ω1)bn(ω2)

<latexit sha1_base64="AUTeQXS4qksIbxA1MMGR92gfD0I="></latexit>

G(ω1, ω2) =
1

N

∑

j

T εj(ω1)εj(ω2)

Bilocal operators

<latexit sha1_base64="JaTfUydVCTwaBLC6Yoc+wWyZ6v0="></latexit>

1 =

∫
DGD! exp

[
→ N

2
!(ω1, ω2)

(
G(ω1, ω2)→

1

N

∑

j

εj(ω1)εj(ω2)

)]

<latexit sha1_base64="mkQGZRUmzcqi0dfRUJOpbmlXzn4="></latexit>

1 =

∫
DDD! exp

[
→ R

2
!(ω1, ω2)

(
D(ω1, ω2)→

1

R

∑

n

bn(ω1)bn(ω2)

)]



Effective bilocal  actionGΣDΠ

<latexit sha1_base64="YyzC1Ns+TQLa6XbILLzeW8FJFWA="></latexit>

Z =

〈∫
DωDb e→S[ω,b]

〉

J

=

∫
DGD!DDD” e→Seff [G,!,D,”]

<latexit sha1_base64="hAVrDKXFvg01jyjAd8kgNLRCKJk="></latexit>

Se! = →N

2
Tr log

(
ωω → !(ε)

)
→ R

2
Tr log

(
→ 1→”(ε)

)
+

N

2

∫
dε1dε2 G(ε1, ε2)!(ε1, ε2)

<latexit sha1_base64="/ffVMjGrYSEj8Q4jPDqiVvIoA2I="></latexit>

+
R

2

∫
dω1dω2 D(ω1, ω2)!(ω1, ω2)→

RJ2

2p

∫
dω1dω2 D(ω1, ω2)G

p(ω1, ω2)



Schwinger-Dyson equations

...
...

2

...
...

2

<latexit sha1_base64="whpZCTS7UH8uIpGce9nDzevGWI0=">AAACGnicbVDLSsNAFJ34rPUVdelmsAjtoiURqW6Eoi66rGAf0MQymU7aoZNJmJkIJfQ73Pgrblwo4k7c+DdO2ixq64ELh3Pu5d57vIhRqSzrx1hZXVvf2Mxt5bd3dvf2zYPDlgxjgUkThywUHQ9JwignTUUVI51IEBR4jLS90U3qtx+JkDTk92ocETdAA059ipHSUs+0b4sUOmFABqgEr6BzTQdFWLZhGToNOmelRukhKduTnlmwKtYUcJnYGSmADI2e+eX0QxwHhCvMkJRd24qUmyChKGZkkndiSSKER2hAuppyFBDpJtPXJvBUK33oh0IXV3Cqzk8kKJByHHi6M0BqKBe9VPzP68bKv3QTyqNYEY5ni/yYQRXCNCfYp4JgxcaaICyovhXiIRIIK51mXodgL768TFpnFbtaqd6dF2r1LI4cOAYnoAhscAFqoA4aoAkweAIv4A28G8/Gq/FhfM5aV4xs5gj8gfH9C4xhnOY=</latexit>

D(iω) =
(
→ 1→!(iω)

)→1
<latexit sha1_base64="PvJvKBqH2iUz4fkgTRz1Yanwu34=">AAACJXicbVDLSgMxFM3UV62vUZduokVoFy0zItWFQtGFXVa0D+jUkknTaWgyMyQZoQz9GTf+ihsXFhFc+Sum7YDaeiBwOOdcbu5xQ0alsqxPI7W0vLK6ll7PbGxube+Yu3t1GUQCkxoOWCCaLpKEUZ/UFFWMNENBEHcZabiD64nfeCRC0sC/V8OQtDnyfNqjGCktdcyLmxx1Ak48lIfwEjpX1Ms5hxAWEhUWoHNHPY5+YpNM/iEu2KOOmbWK1hRwkdgJyYIE1Y45droBjjjxFWZIypZthaodI6EoZmSUcSJJQoQHyCMtTX3EiWzH0ytH8FgrXdgLhH6+glP190SMuJRD7uokR6ov572J+J/XilTvvB1TP4wU8fFsUS9iUAVwUhnsUkGwYkNNEBZU/xXiPhIIK11sRpdgz5+8SOonRbtULN2eZsuVpI40OABHIAdscAbKoAKqoAYweAIv4A2MjWfj1Xg3PmbRlJHM7IM/ML6+AYJGoak=</latexit>

G(iω) =
(
→ iω → !(iω)

)→1

<latexit sha1_base64="LPgKG1pcnFKyMPpHnX+2HgCHQ0I=">AAACInicbVDLSgMxFM34rPU16tJNsAgVtMyI+FgIBQWLq4q2Cp223EnTGkxmhiQjlKHf4sZfceNCUVeCH2OmnYVWD4QczjmX5B4/4kxpx/m0Jianpmdmc3P5+YXFpWV7ZbWuwlgSWiMhD+WND4pyFtCaZprTm0hSED6n1/7dSepf31OpWBhc6X5EmwJ6AesyAtpIbfvIu2Q9AUVPQ7yFj7HXAyEAe9v4vLWbXmetJNpxB1nACPh0xNt2wSk5Q+C/xM1IAWWotu13rxOSWNBAEw5KNVwn0s0EpGaE00HeixWNgNxBjzYMDUBQ1UyGKw7wplE6uBtKcwKNh+rPiQSEUn3hm6QAfavGvVT8z2vEunvYTFgQxZoGZPRQN+ZYhzjtC3eYpETzviFAJDN/xeQWJBBtWs2bEtzxlf+S+m7J3S/tX+wVypWsjhxaRxuoiFx0gMqogqqohgh6QE/oBb1aj9az9WZ9jKITVjazhn7B+voGnDOgBQ==</latexit>

!(ω) = ε J2 Gp→1(ω)D(ω)

<latexit sha1_base64="RfVBFv//uB8hjHW3DeTJJ671oII=">AAACEXicbZDLSsNAFIYn9VbrLerSzWARKkhJilQ3QsGFxVUFe4EmLZPppB06mYSZiVBCXsGNr+LGhSJu3bnzbZy2WWjrgYGP/z+HM+f3IkalsqxvI7eyura+kd8sbG3v7O6Z+wctGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXvj66nffiBC0pDfq0lE3AANOfUpRkpLfbPkNGjJUSg+hVfQ8QXCyW2vkiZRCp0zeNPTMLf7ZtEqW7OCy2BnUARZNfrmlzMIcRwQrjBDUnZtK1JugoSimJG04MSSRAiP0ZB0NXIUEOkms4tSeKKVAfRDoR9XcKb+nkhQIOUk8HRngNRILnpT8T+vGyv/0k0oj2JFOJ4v8mMGVQin8cABFQQrNtGAsKD6rxCPkI5F6RALOgR78eRlaFXKdrVcvTsv1upZHHlwBI5BCdjgAtRAHTRAE2DwCJ7BK3gznowX4934mLfmjGzmEPwp4/MH2tSb0w==</latexit>

!(ω) =
J2

p
Gp(ω)

<latexit sha1_base64="gZofXQoCMeEzPdNDwFux4nwIoWA=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0yKVC9CwYt4kCr2A9pYNttNu3Q3CbsbpYT+Dy8eFPHqf/Hmv3HT9mCtDwYe780wM8+POVPacb6t3NLyyupafr2wsbm1vVPc3WuoKJGE1knEI9nysaKchbSumea0FUuKhc9p0x9eZn7zkUrFovBej2LqCdwPWcAI1kZ66PSxEBhdoDt0gm66xZJjl50MyLErU+LazjwpwQy1bvGr04tIImioCcdKtV0n1l6KpWaE03GhkygaYzLEfdo2NMSCKi+dXD1GR0bpoSCSpkKNJurviRQLpUbCN50C64H662Xif1470cG5l7IwTjQNyXRRkHCkI5RFgHpMUqL5yBBMJDO3IjLAEhNtgiqYEBZeXiSNsu1W7Mrtaal6PYsjDwdwCMfgwhlU4QpqUAcCEp7hFd6sJ+vFerc+pq05azazD3OwPn8AMi2RDQ==</latexit>

ω = R/N



Solution in the conformal limit

<latexit sha1_base64="PnphaPpRSHp7xpzHQKlI+EKj8s8="></latexit>

ω =
sin2(εp!)

p cos2(ε!)

”(1→ 2p!)”(2p!)

”(1→ 2!)”(2!→ 1)

<latexit sha1_base64="HSyKsPPhqd9J6E37gv+/SFwKjbo=">AAACH3icbZBNSwMxEIazflu/qh69BIugoGVXpHoRFAXFUwVbhW4t2XRag9nsksyKZe0/8eJf8eJBEfHWf2Pa7sGvgcDD+84wmTeIpTDouj1nZHRsfGJyajo3Mzs3v5BfXKqaKNEcKjySkb4KmAEpFFRQoISrWAMLAwmXwe1R37+8A21EpC6wE0M9ZG0lWoIztFIjXzpZ95ElG3SfHlJ/k1If4R5T01bdzLDiQ58ertMtuu0fg0TWbeQLbtEdFP0LXgYFklW5kf/0mxFPQlDIJTOm5rkx1lOmUXAJ3ZyfGIgZv2VtqFlULARTTwf3demaVZq0FWn7FNKB+n0iZaExnTCwnSHDG/Pb64v/ebUEW3v1VKg4QVB8uKiVSIoR7YdFm0IDR9mxwLgW9q+U3zDNONpIczYE7/fJf6G6XfRKxdL5TuHgLItjiqyQVbJOPLJLDsgpKZMK4eSRPJNX8uY8OS/Ou/MxbB1xspll8qOc3hcB96CX</latexit>

G(ω) = A sgn(ω) |ω |→2!

<latexit sha1_base64="7QvLCjppNvV1jS2L/y7XfLoQpdY="></latexit>

D(ω) = → p |ω |2(p!→1)

4J2Ap sin2(εp!)”(1→ 2p!)”(2p!→ 1)

<latexit sha1_base64="WPiOyPwwJXoHXgJs/cgkMR364TM="></latexit>

!(ω) = → sgn(ω) |ω |→2(1→!)

4A cos2(ε”)#(1→ 2”)#(2”→ 1)

<latexit sha1_base64="1M2k/TTSvqp/7qtFYB4WtU2Aea0="></latexit>

!(ω) =
J2Ap

p
|ω |→2p!

<latexit sha1_base64="9oFJIvWiettdOGDWUCyWVsOOf1Q=">AAACA3icdZDLSsNAFIYn9VbrLepON4OlIAglKaW6EQq6EFcV7AXaECbTk3bo5MLMRCih4MZXceNCEbe+hDvfxmmbgooeGPj4/zmcc34v5kwqy/o0ckvLK6tr+fXCxubW9o65u9eSUSIoNGnEI9HxiATOQmgqpjh0YgEk8Di0vdHF1G/fgZAsCm/VOAYnIIOQ+YwSpSXXPIhx7xK4IvgkAzf1Jvgc29g1i1bZmhW2ytUFVOZgZ1YRZdVwzY9eP6JJAKGinEjZta1YOSkRilEOk0IvkRATOiID6GoMSQDSSWc3THBJK33sR0K/UOGZ+r0jJYGU40DvVgqIGsrf3lT8y+smyj9zUhbGiYKQzgf5CccqwtNAcJ8JoIqPNRAqmN4V0yERhCodW0GHsLgU/w+tStmulWs31WL9Oosjjw7RETpGNjpFdXSFGqiJKLpHj+gZvRgPxpPxarzNv+aMrGcf/Sjj/Qv0N5XW</latexit>

p!+!b = 1



Scaling dimension

10°5 10°3 10°1 101 103 105

∞

0.0

0.1

0.2

0.3

0.4

0.5

¢
√

SYK4

SYK2

<latexit sha1_base64="rqNO/2gTLLq5OqOEz1BIkoNpAm8=">AAACC3icbVDLSgNBEJyNrxhfqx69DAmCB4m7IlEQIagHTxLBPCC7hNnJJBky+2CmVwhL7l78FS8eFPHqD3jzb5xN9qCJBQ1FVTfdXV4kuALL+jZyC4tLyyv51cLa+sbmlrm901BhLCmr01CEsuURxQQPWB04CNaKJCO+J1jTG16lfvOBScXD4B5GEXN90g94j1MCWuqYRccnMKBE4Ft8gW3s4EPsnGPnmgkgqXJU6Zglq2xNgOeJnZESylDrmF9ON6SxzwKggijVtq0I3IRI4FSwccGJFYsIHZI+a2saEJ8pN5n8Msb7WuniXih1BYAn6u+JhPhKjXxPd6aXq1kvFf/z2jH0ztyEB1EMLKDTRb1YYAhxGgzucskoiJEmhEqub8V0QCShoOMr6BDs2ZfnSeO4bFfKlbuTUvUyiyOP9lARHSAbnaIqukE1VEcUPaJn9IrejCfjxXg3PqatOSOb2UV/YHz+AC8Il1Q=</latexit>

N = 1 , ! = 1/6

<latexit sha1_base64="SmSztVqNisnbQnRCVOj6/T8wAVE=">AAACAXicbVDJSgNBFOyJW4zbqBfBS2MQPA0zmu0iBPXgMYJZIBlCT6cnadKz0P1GCEO8+CtePCji1b/w5t/YWQ6aWNBQVL3i9SsvFlyBbX8bmZXVtfWN7GZua3tnd8/cP2ioKJGU1WkkItnyiGKCh6wOHARrxZKRwBOs6Q2vJ37zgUnFo/AeRjFzA9IPuc8pAS11zaPODRNA8CW2rYuiXawUSuVOLwLVNfO2ZU+Bl4kzJ3k0R61rfukcTQIWAhVEqbZjx+CmRAKngo1znUSxmNAh6bO2piEJmHLT6QVjfKqVHvYjqV8IeKr+TqQkUGoUeHoyIDBQi95E/M9rJ+BX3JSHcQIspLNFfiIwRHhSB+5xySiIkSaESq7/iumASEJBl5bTJTiLJy+TxrnllKzSXSFfvZrXkUXH6ASdIQeVURXdohqqI4oe0TN6RW/Gk/FivBsfs9GMMc8coj8wPn8As9WUgw==</latexit>

! = 0.35058467 . . .

[Fu, Gaiotto, Maldacena,  
Sachdev 2016]
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<latexit sha1_base64="bvFTjrSLi+IDCq3cgs8yhrsF1d4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWz3bRLN7thdyKUkJ/hxYMiXv013vw3btsctPpg4PHeDDPzwkRwg5735ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWRo6C9RLNSBwK1g2nt3O/+8i04Uo+4CxhQUzGkkecErRSfxBpQjM/z5J8WK15dW8B9y/xC1KDAq1h9XMwUjSNmUQqiDF930swyIhGTgXLK4PUsITQKRmzvqWSxMwE2eLk3D2zysiNlLYl0V2oPycyEhszi0PbGROcmFVvLv7n9VOMroOMyyRFJulyUZQKF5U7/98dcc0oipklhGpub3XphNgU0KZUsSH4qy//JZ2Lut+oN+4va82bIo4ynMApnIMPV9CEO2hBGygoeIIXeHXQeXbenPdla8kpZo7hF5yPb5nUkXg=</latexit>

1

p

<latexit sha1_base64="KDxBg8CUUj6mXW3tu8qqWp89eBE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVE9S8OKxgv2AJpTNdtMu3WyW3Y1QQv6GFw+KePXPePPfuG1z0NYHA4/3ZpiZF0rOtHHdb6e0sbm1vVPereztHxweVY9PujpJFaEdkvBE9UOsKWeCdgwznPalojgOOe2F07u533uiSrNEPJqZpEGMx4JFjGBjJd+PFCaZl2cNmQ+rNbfuLoDWiVeQGhRoD6tf/ighaUyFIRxrPfBcaYIMK8MIp3nFTzWVmEzxmA4sFTimOsgWN+fowiojFCXKljBoof6eyHCs9SwObWeMzUSvenPxP2+QmugmyJiQqaGCLBdFKUcmQfMA0IgpSgyfWYKJYvZWRCbYxmBsTBUbgrf68jrpNupes958uKq1bos4ynAG53AJHlxDC+6hDR0gIOEZXuHNSZ0X5935WLaWnGLmFP7A+fwBDqORtA==</latexit>

1

2p

Scaling dimension (general )p

SYKp

SYK2p



Solution at large p
<latexit sha1_base64="HXQsNUeJT0ep/0muZDC8UVDlJZs="></latexit>

G(ω) =
sgn(ω)

2

(
1 +

g(ω)

p
+ . . .

)
<latexit sha1_base64="4XLhL3WSr5hFryWWcOOtf70RimA=">AAACKHicbVDLSgMxFM3UV62vqks3wSJU1DJTpLoRC7oQVxXsAzqlZDIZG5p5kNwRytDPceOvuBFRpFu/xLQdUFsPBA7n3MPNPU4kuALTHBmZhcWl5ZXsam5tfWNzK7+901BhLCmr01CEsuUQxQQPWB04CNaKJCO+I1jT6V+N/eYjk4qHwT0MItbxyUPAPU4JaKmbv7wu2kDiQ3yBT7B9jG2XCSCpdoRtTxKaWMOkjKPh2Hd/LDcEhbv5glkyJ8DzxEpJAaWodfNvOkhjnwVABVGqbZkRdBIigVPBhjk7ViwitE8eWFvTgPhMdZLJoUN8oBUXe6HULwA8UX8nEuIrNfAdPekT6KlZbyz+57Vj8M47CQ+iGFhAp4u8WGAI8bg17HLJKIiBJoRKrv+KaY/obkB3m9MlWLMnz5NGuWRVSpW700L1Nq0ji/bQPioiC52hKrpBNVRHFD2hF/SOPoxn49X4NEbT0YyRZnbRHxhf3+JTokg=</latexit>

D(ω) = → ε(ω) +
1

2p
d(ω) + . . .

<latexit sha1_base64="YRTuoAidt/0qFdX1cYdOR7mQ8WY=">AAACInicbVDLSgMxFM34tr6qLt0Ei6AgZUak6kIouBFXClaFTi130kwbmsyMyR2hDPMtbvwVNy4UdSX4MaaPhVYPBA7n3MPNPUEihUHX/XQmJqemZ2bn5gsLi0vLK8XVtSsTp5rxGotlrG8CMFyKiNdQoOQ3ieagAsmvg+5J37++59qIOLrEXsIbCtqRCAUDtFKzeNTa9hHSHXpM/VADy3wF2GEg6Vme+eZOY+a3QSnIc+rvUn6btYeBvFksuWV3APqXeCNSIiOcN4vvfitmqeIRMgnG1D03wUYGGgWTPC/4qeEJsC60ed3SCBQ3jWxwYk63rNKiYazti5AO1J+JDJQxPRXYyf4BZtzri/959RTDw0YmoiRFHrHhojCVFGPa74u2hOYMZc8SYFrYv1LWAdsU2lYLtgRv/OS/5Gqv7FXKlYv9UvVsVMcc2SCbZJt45IBUySk5JzXCyAN5Ii/k1Xl0np0352M4OuGMMuvkF5yvb39Do7Y=</latexit>

d(ω) =
J
→
ε
eg(ω)

<latexit sha1_base64="13FJSwQ6S9osJNiTn4rhY/pfDeM=">AAACIHicbVDLSgNBEJz1GeNr1aOXwSBEkLAbJPEiBLxIThHMA7JJ6J1MkiGzD2ZmhbDkU7z4K148KKI3/RpnkxU0saChqOqmu8sNOZPKsj6NldW19Y3NzFZ2e2d3b988OGzIIBKE1knAA9FyQVLOfFpXTHHaCgUFz+W06Y6vE795T4VkgX+nJiHteDD02YARUFrqmWUnBKEY8J6jIOoWsXOOh/mEn+Er7HigRgQ4rmqHduPijzftmTmrYM2Al4mdkhxKUeuZH04/IJFHfUU4SNm2rVB14mQ54XSadSJJQyBjGNK2pj54VHbi2YNTfKqVPh4EQpev8Ez9PRGDJ+XEc3VncrFc9BLxP68dqcFlJ2Z+GCnqk/miQcSxCnCSFu4zQYniE02ACKZvxWQEAojSmWZ1CPbiy8ukUSzYpULp9iJXqaZxZNAxOkF5ZKMyqqAbVEN1RNADekIv6NV4NJ6NN+N93rpipDNH6A+Mr28mh6Eg</latexit>

ω2
ω g(ε) = J 2e2g(ω)

<latexit sha1_base64="uYuiiV6EW8YPGp2w6Y13YJVm6lA="></latexit>

eg(ω) =
ωv

εJ cos
[
εv
ϑ

(
ϑ → ϑ

2

)]
<latexit sha1_base64="m3YXzPcc+jwgQ4ewcrOaSsCxM20=">AAACHHicbVBNS8NAFNz4WetX1KOXxSJ4sSRV1KPgRXqqYG2hScvLdtMu7iZxdyOUkB/ixb/ixYMiXjwI/hu3NQdtHVgYZt7j7UyQcKa043xZc/MLi0vLpZXy6tr6xqa9tX2j4lQS2iQxj2U7AEU5i2hTM81pO5EURMBpK7i9GPuteyoVi6NrPUqoL2AQsZAR0Ebq2UeeAD0kwHEde/QuZffYCyWQzFN3UmfeAISAHNe7tTyrdbPk0M3znl1xqs4EeJa4BamgAo2e/eH1Y5IKGmnCQamO6yTaz0BqRjjNy16qaALkFga0Y2gEgio/m4TL8b5R+jiMpXmRxhP190YGQqmRCMzkOIqa9sbif14n1eGZn7EoSTWNyM+hMOVYx3jcFO4zSYnmI0OASGb+iskQTDfa9Fk2JbjTkWfJTa3qnlRPro4r5/WijhLaRXvoALnoFJ2jS9RATUTQA3pCL+jVerSerTfr/Wd0zip2dtAfWJ/fxQuh1w==</latexit>

J →
↑
ωJ2

2p→1

<latexit sha1_base64="vrNAe/OZN32aQKts0b7G8nqrGbM=">AAACIHicbVDLSsNAFJ34rPUVdelmsAh1U5IirRuh4Ea6qmAf0IQymU7aoZNJmJkUSsinuPFX3LhQRHf6NU7aLGzrgYHDOfdy5xwvYlQqy/o2Nja3tnd2C3vF/YPDo2Pz5LQjw1hg0sYhC0XPQ5IwyklbUcVILxIEBR4jXW9yl/ndKRGShvxRzSLiBmjEqU8xUloamHXHIwpBJ0BqjBGDTXgLHV8gnDgRhdM0cXAoYXlJqqZX6cAsWRVrDrhO7JyUQI7WwPxyhiGOA8IVZkjKvm1Fyk2QUBQzkhadWJII4Qkakb6mHAVEusk8YAovtTKEfij04wrO1b8bCQqknAWensyCyFUvE//z+rHyb9yE8ihWhOPFIT9mUIUwawsOqSBYsZkmCAuq/wrxGOkulO60qEuwVyOvk061YtcqtYfrUqOZ11EA5+AClIEN6qAB7kELtAEGT+AFvIF349l4NT6Mz8XohpHvnIElGD+/tiKiww==</latexit>

ωJ =
εv

cos(ωv2 )



Lyapunov exponents



Out of Time Order Correlators
<latexit sha1_base64="dAif91fJ0eAbZe+zDMb4C/h10gM="></latexit>

Fjiji(t1, t2) =
1

Z(ω)
Tr

[
e→ωH/4εj(t1)e

→ωH/4εi(0)e
→ωH/4εj(t2)e

→ωH/4εi(0)
]

<latexit sha1_base64="vEGX5xvjyt/WU8CLNR8fEPzTkmc="></latexit>

F(t1, t2) =
1

N2

∑

ij

Fjiji(t1, t2) <latexit sha1_base64="TlBnUYOMYuwAoyvi9bVD7f0wuP0=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMi0WPAS44JmAWSIfR0apI2PT1Dd48QhnyBFw+KePWTvPk3dhYhbg8KHu9VUVUvSATXxnU/nNza+sbmVn67sLO7t39QPDxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pb96g0j+WtmSToR3QoecgZNVZq8H6x5JXdOYj7i3xZJVii3i++9wYxSyOUhgmqdddzE+NnVBnOBE4LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc3V1IqOR1pMosJ0RNSP905uJf3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2RRWQ/iftC7KXqVcaVyWqrVlHHk4gVM4Bw+uoAo1qEMTGCA8wBM8O3fOo/PivC5ac85y5hi+wXn7BNZdjP8=</latexit>

i
<latexit sha1_base64="TlBnUYOMYuwAoyvi9bVD7f0wuP0=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMi0WPAS44JmAWSIfR0apI2PT1Dd48QhnyBFw+KePWTvPk3dhYhbg8KHu9VUVUvSATXxnU/nNza+sbmVn67sLO7t39QPDxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pb96g0j+WtmSToR3QoecgZNVZq8H6x5JXdOYj7i3xZJVii3i++9wYxSyOUhgmqdddzE+NnVBnOBE4LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc3V1IqOR1pMosJ0RNSP905uJf3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2RRWQ/iftC7KXqVcaVyWqrVlHHk4gVM4Bw+uoAo1qEMTGCA8wBM8O3fOo/PivC5ac85y5hi+wXn7BNZdjP8=</latexit>

i

<latexit sha1_base64="Ak7qEvsrSNrXxCLmz9rR+9Ogf0Q=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GmaKTae7gpsuW7APaIeSSTNt2kxmSDJCGfoFblwo4tZPcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5re2d3b38fuHg8Oj4pHh61lFxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuMLtd+t17KhWLxZ2eJ9SP8FiwkBGsjdSaDoslx3YQ8jwEHbtSKaOya0it5qEqgq7trFACGzSHxffBKCZpRIUmHCvVd51E+xmWmhFOF4VBqmiCyQyPad9QgSOq/Gx16AJeGWUEw1iaEhqu1O8TGY6UmkeB6Yywnqjf3lL8y+unOvT8jIkk1VSQ9aIw5VDHcPk1HDFJieZzQzCRzNwKyQRLTLTJpmBC+PoU/k86ZdtFNmrdlOqNTRx5cAEuwTVwQRXUQQM0QRsQQMEDeALP1tR6tF6s13VrztrMnIMfsN4+AWbMjWM=</latexit>

j

<latexit sha1_base64="Ak7qEvsrSNrXxCLmz9rR+9Ogf0Q=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GmaKTae7gpsuW7APaIeSSTNt2kxmSDJCGfoFblwo4tZPcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5re2d3b38fuHg8Oj4pHh61lFxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuMLtd+t17KhWLxZ2eJ9SP8FiwkBGsjdSaDoslx3YQ8jwEHbtSKaOya0it5qEqgq7trFACGzSHxffBKCZpRIUmHCvVd51E+xmWmhFOF4VBqmiCyQyPad9QgSOq/Gx16AJeGWUEw1iaEhqu1O8TGY6UmkeB6Yywnqjf3lL8y+unOvT8jIkk1VSQ9aIw5VDHcPk1HDFJieZzQzCRzNwKyQRLTLTJpmBC+PoU/k86ZdtFNmrdlOqNTRx5cAEuwTVwQRXUQQM0QRsQQMEDeALP1tR6tF6s13VrztrMnIMfsN4+AWbMjWM=</latexit>

j

Connected diagrams<latexit sha1_base64="v6C3n+xop80y9YYx3qouDprHs2U="></latexit>

F(t, t) = f0 +
f1
N

e
2ωt
ε + . . .

[Shenker, Stanford 2013] [Maldacena, Shenker, Stanford 2015]
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<latexit sha1_base64="9hCCWrJ0mH6tWfiPuErxzDKs/MY=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAgRJOzGEAWbgE3AJoJ5QLIss5NJMmT2wcxdISxpbfwVGwtFbP0DO//G2WQLTTwww+Gce7n3Hi8SXIFlfRsrq2vrG5u5rfz2zu7evnlw2FJhLClr0lCEsuMRxQQPWBM4CNaJJCO+J1jbG9+kfvuBScXD4B4mEXN8Mgz4gFMCWnJN3PMJjCgR+Nb1iuDa5xjc8rX+LlJWOXPNglWyZsDLxM5IAWVouOZXrx/S2GcBUEGU6tpWBE5CJHAq2DTfixWLCB2TIetqGhCfKSeZXTLFp1rp40Eo9QsAz9TfHQnxlZr4nq5M91aLXir+53VjGFw5CQ+iGFhA54MGscAQ4jQW3OeSURATTQiVXO+K6YhIQkGHl9ch2IsnL5NWuWRXS9W7SqFWz+LIoWN0gorIRpeohuqogZqIokf0jF7Rm/FkvBjvxse8dMXIeo7QHxifP5Gml7g=</latexit>

Kb(t1, t2; t3, t4)

Bosonic kernel

<latexit sha1_base64="/Po7VB/2Fh/lvn7ONzR1oCBu3FM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CwEuOCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5jc2t7Z38bmFv/+DwqHh80tJRohg2WSQi1QmoRsElNg03AjuxQhoGAtvB5H7ut59QaR7JBzON0Q/pSPIhZ9RYqXHXL5bcsrsAWSdeRkqQod4vfvUGEUtClIYJqnXXc2Pjp1QZzgTOCr1EY0zZhI6wa6mkIWo/XRw6IxdWGZBhpGxJQxbq74mUhlpPw8B2htSM9ao3F//zuokZ3vopl3FiULLlomEiiInI/Gsy4AqZEVNLKFPc3krYmCrKjM2mYEPwVl9eJ62rslcpVxrXpWotiyMPZ3AOl+DBDVShBnVoAgOEZ3iFN+fReXHenY9la87JZk7hD5zPH5ItjNI=</latexit>=

<latexit sha1_base64="TGHgvRacTQ7yL+aYTGrWibOXukY="></latexit>

ωJ2(p→ 1)GR(t13)GR(t24)DW (t34)G
p→2
W (t34)

<latexit sha1_base64="/Po7VB/2Fh/lvn7ONzR1oCBu3FM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CwEuOCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5jc2t7Z38bmFv/+DwqHh80tJRohg2WSQi1QmoRsElNg03AjuxQhoGAtvB5H7ut59QaR7JBzON0Q/pSPIhZ9RYqXHXL5bcsrsAWSdeRkqQod4vfvUGEUtClIYJqnXXc2Pjp1QZzgTOCr1EY0zZhI6wa6mkIWo/XRw6IxdWGZBhpGxJQxbq74mUhlpPw8B2htSM9ao3F//zuokZ3vopl3FiULLlomEiiInI/Gsy4AqZEVNLKFPc3krYmCrKjM2mYEPwVl9eJ62rslcpVxrXpWotiyMPZ3AOl+DBDVShBnVoAgOEZ3iFN+fReXHenY9la87JZk7hD5zPH5ItjNI=</latexit>=



<latexit sha1_base64="bKwDAhQkjBmEQR784csg39eWvRE="></latexit>

ωJ4

∫
dt5 dt6 GR(t15)GR(t26)DR(t53)DR(t64)G

p→1
W (t34)G

p→1
W (t56)

<latexit sha1_base64="WI3mymG6Him4MVBO2Qqz4Abf8o8=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAgRJOzGEAWbgE3AJoJ5QBKW2clsMmT2wcxdISxpbfwVGwtFbP0DO//G2WQLTTwww+Gce7n3HjcSXIFlfRsrq2vrG5u5rfz2zu7evnlw2FJhLClr0lCEsuMSxQQPWBM4CNaJJCO+K1jbHd+kfvuBScXD4B4mEev7ZBhwj1MCWnJM3PMJjCgR+NbxiuDY5xic8rX+LlJWOXPMglWyZsDLxM5IAWVoOOZXbxDS2GcBUEGU6tpWBP2ESOBUsGm+FysWETomQ9bVNCA+U/1kdskUn2plgL1Q6hcAnqm/OxLiKzXxXV2Z7q0WvVT8z+vG4F31Ex5EMbCAzgd5scAQ4jQWPOCSURATTQiVXO+K6YhIQkGHl9ch2IsnL5NWuWRXS9W7SqFWz+LIoWN0gorIRpeohuqogZqIokf0jF7Rm/FkvBjvxse8dMXIeo7QHxifP5gGl7w=</latexit>

Kf (t1, t2; t3, t4)
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Fermionic kernel

<latexit sha1_base64="/Po7VB/2Fh/lvn7ONzR1oCBu3FM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CwEuOCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5jc2t7Z38bmFv/+DwqHh80tJRohg2WSQi1QmoRsElNg03AjuxQhoGAtvB5H7ut59QaR7JBzON0Q/pSPIhZ9RYqXHXL5bcsrsAWSdeRkqQod4vfvUGEUtClIYJqnXXc2Pjp1QZzgTOCr1EY0zZhI6wa6mkIWo/XRw6IxdWGZBhpGxJQxbq74mUhlpPw8B2htSM9ao3F//zuokZ3vopl3FiULLlomEiiInI/Gsy4AqZEVNLKFPc3krYmCrKjM2mYEPwVl9eJ62rslcpVxrXpWotiyMPZ3AOl+DBDVShBnVoAgOEZ3iFN+fReXHenY9la87JZk7hD5zPH5ItjNI=</latexit>=

<latexit sha1_base64="/Po7VB/2Fh/lvn7ONzR1oCBu3FM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CwEuOCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5jc2t7Z38bmFv/+DwqHh80tJRohg2WSQi1QmoRsElNg03AjuxQhoGAtvB5H7ut59QaR7JBzON0Q/pSPIhZ9RYqXHXL5bcsrsAWSdeRkqQod4vfvUGEUtClIYJqnXXc2Pjp1QZzgTOCr1EY0zZhI6wa6mkIWo/XRw6IxdWGZBhpGxJQxbq74mUhlpPw8B2htSM9ao3F//zuokZ3vopl3FiULLlomEiiInI/Gsy4AqZEVNLKFPc3krYmCrKjM2mYEPwVl9eJ62rslcpVxrXpWotiyMPZ3AOl+DBDVShBnVoAgOEZ3iFN+fReXHenY9la87JZk7hD5zPH5ItjNI=</latexit>=



Eigenvalue equation for the kernel

<latexit sha1_base64="H/YFPNWKp+bFMRrTWPmi8bAy6wE="></latexit>

F(t1, t2) =

∫
dt3 dt4 K(t1, t2; t3, t4)F(t3, t4)

<latexit sha1_base64="z3ttj8lYvTFwVhas33mAGE/TSdw=">AAACTnicbVFdSwJBFJ21L7OvrR57GZLAKGTXxIIIhF6EXgzyA1SW2XFWB2c/mLkbiPgLe4ne+hm99FBEzaoPph6Y4XDuudw7Z9xIcAWW9W6k1tY3NrfS25md3b39A/PwqK7CWFJWo6EIZdMligkesBpwEKwZSUZ8V7CGO7hP6o1nJhUPgycYRqzjk17APU4JaMkxGW77BPqUCPyQA8e+xOAUbvV1lbDiOb6bMzjuSsvFvMVbZXHMrJW3JsDLxJ6RLJqh6phv7W5IY58FQAVRqmVbEXRGRAKngo0z7VixiNAB6bGWpgHxmeqMJnGM8ZlWutgLpT4B4Ik63zEivlJD39XOZG+1WEvEVbVWDN5NZ8SDKAYW0OkgLxYYQpxki7tcMgpiqAmhkutdMe0TSSjoH8joEOzFJy+TeiFvl/Klx2K2XJnFkUYn6BTlkI2uURlVUBXVEEUv6AN9oW/j1fg0fozfqTVlzHqO0T+k0n/bvq0u</latexit>

K(t1, t2; t3, t4) = Kb(t1, t2; t3, t4) +Kf (t1, t2; t3, t4)

Asymptotic growth:

[Kitaev 2015]



Real-time correlation functions in conformal limit



Conformal kernel eigenvalues

<latexit sha1_base64="W6laL27tcqZHS2/zT1xoLUROQF8="></latexit>

kf (h) = p
!(1→ 2”)

!(2”→ 1)

!(2p”→ 1)

!(1→ 2p”)

!(2”→ h)

!(2p”→ h)

!(2→ 2p”→ h)

!(2→ 2”→ h)

<latexit sha1_base64="zeySuAogD1A3k04UWFxRfipjiBg="></latexit>

kb(h) = (1→ p)
!(1→ 2”)

!(2”→ 1)

!(2”→ h)

!(2→ 2”→ h)

<latexit sha1_base64="PfHfMiLszn7LyoxfnQ8w5GRA8FQ="></latexit>

F(t1, t2) = e→h
ω(t1+t2)

ε coshh→2!

(
ωt12
ε

)

maximal chaos

<latexit sha1_base64="+PIqXWbJeUADACXbc//3gzon10E=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRagIJRGpboSCG8FNBXuBNoTJdNIOmVyYmQgldOOruHGhiFsfw51v46TNQqs/DHz85xzOnN9LOJPKsr6M0tLyyupaeb2ysbm1vWPu7nVknApC2yTmseh5WFLOItpWTHHaSwTFocdp1wuu83r3gQrJ4uheTRLqhHgUMZ8RrLTlmgdBbXyCrlDgejmcavBzcM2qVbdmQn/BLqAKhVqu+TkYxiQNaaQIx1L2bStRToaFYoTTaWWQSppgEuAR7WuMcEilk80OmKJj7QyRHwv9IoVm7s+JDIdSTkJPd4ZYjeViLTf/q/VT5V86GYuSVNGIzBf5KUcqRnkaaMgEJYpPNGAimP4rImMsMFE6s4oOwV48+S90zup2o964O682b4s4ynAIR1ADGy6gCTfQgjYQmMITvMCr8Wg8G2/G+7y1ZBQz+/BLxsc3L3GTnw==</latexit>

k(h) = kb(h) + kf (h)one finds

Ansatz:



Conformal kernel eigenvalues
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p = 2

<latexit sha1_base64="ufD8SconXyngkDdFK0KZt5kJMIc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahHiy7ItVjwUuPFewHtEvJptk2bDYbkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL5CcaeO6305hY3Nre6e4W9rbPzg8Kh+fdHSSKkLbJOGJ6gVYU84EbRtmOO1JRXEccNoNovu5332iSrNEPJqppH6Mx4KFjGBjpW40DKpX3uWwXHFr7gJonXg5qUCO1rD8NRglJI2pMIRjrfueK42fYWUY4XRWGqSaSkwiPKZ9SwWOqfazxbkzdGGVEQoTZUsYtFB/T2Q41noaB7YzxmaiV725+J/XT01452dMyNRQQZaLwpQjk6D572jEFCWGTy3BRDF7KyITrDAxNqGSDcFbfXmddK5rXr1Wf7ipNJp5HEU4g3Oogge30IAmtKANBCJ4hld4c6Tz4rw7H8vWgpPPnMIfOJ8/6jCOrA==</latexit>

kb(→1)
<latexit sha1_base64="eAk0vM7KCB1Oxai81xGhvGYLwWM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahHiy7ItVjwUuPFewHtEvJptk2bDYbkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL5CcaeO6305hY3Nre6e4W9rbPzg8Kh+fdHSSKkLbJOGJ6gVYU84EbRtmOO1JRXEccNoNovu5332iSrNEPJqppH6Mx4KFjGBjpW40DKtX3uWwXHFr7gJonXg5qUCO1rD8NRglJI2pMIRjrfueK42fYWUY4XRWGqSaSkwiPKZ9SwWOqfazxbkzdGGVEQoTZUsYtFB/T2Q41noaB7YzxmaiV725+J/XT01452dMyNRQQZaLwpQjk6D572jEFCWGTy3BRDF7KyITrDAxNqGSDcFbfXmddK5rXr1Wf7ipNJp5HEU4g3Oogge30IAmtKANBCJ4hld4c6Tz4rw7H8vWgpPPnMIfOJ8/8FCOsA==</latexit>

kf (→1)
<latexit sha1_base64="hjNDYG699jXJDT4islM4PwRJgS8=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahHiy7ItVjwUuPFdy20C4lm2bb0GyyJFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjuFjc2t7Z3ibmlv/+DwqHx80tYyVYT6RHKpuiHWlDNBfcMMp91EURyHnHbCyf3c7zxRpZkUj2aa0CDGI8EiRrCxkj+pXnmXg3LFrbkLoHXi5aQCOVqD8ld/KEkaU2EIx1r3PDcxQYaVYYTTWamfappgMsEj2rNU4JjqIFscO0MXVhmiSCpbwqCF+nsiw7HW0zi0nTE2Y73qzcX/vF5qorsgYyJJDRVkuShKOTISzT9HQ6YoMXxqCSaK2VsRGWOFibH5lGwI3urL66R9XfPqtfrDTaXRzOMowhmcQxU8uIUGNKEFPhBg8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwB3io3X</latexit>

k(→1)

SYK2SYK4



Kernel eigenvalues
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<latexit sha1_base64="ufD8SconXyngkDdFK0KZt5kJMIc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahHiy7ItVjwUuPFewHtEvJptk2bDYbkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL5CcaeO6305hY3Nre6e4W9rbPzg8Kh+fdHSSKkLbJOGJ6gVYU84EbRtmOO1JRXEccNoNovu5332iSrNEPJqppH6Mx4KFjGBjpW40DKpX3uWwXHFr7gJonXg5qUCO1rD8NRglJI2pMIRjrfueK42fYWUY4XRWGqSaSkwiPKZ9SwWOqfazxbkzdGGVEQoTZUsYtFB/T2Q41noaB7YzxmaiV725+J/XT01452dMyNRQQZaLwpQjk6D572jEFCWGTy3BRDF7KyITrDAxNqGSDcFbfXmddK5rXr1Wf7ipNJp5HEU4g3Oogge30IAmtKANBCJ4hld4c6Tz4rw7H8vWgpPPnMIfOJ8/6jCOrA==</latexit>

kb(→1)
<latexit sha1_base64="eAk0vM7KCB1Oxai81xGhvGYLwWM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahHiy7ItVjwUuPFewHtEvJptk2bDYbkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL5CcaeO6305hY3Nre6e4W9rbPzg8Kh+fdHSSKkLbJOGJ6gVYU84EbRtmOO1JRXEccNoNovu5332iSrNEPJqppH6Mx4KFjGBjpW40DKtX3uWwXHFr7gJonXg5qUCO1rD8NRglJI2pMIRjrfueK42fYWUY4XRWGqSaSkwiPKZ9SwWOqfazxbkzdGGVEQoTZUsYtFB/T2Q41noaB7YzxmaiV725+J/XT01452dMyNRQQZaLwpQjk6D572jEFCWGTy3BRDF7KyITrDAxNqGSDcFbfXmddK5rXr1Wf7ipNJp5HEU4g3Oogge30IAmtKANBCJ4hld4c6Tz4rw7H8vWgpPPnMIfOJ8/8FCOsA==</latexit>

kf (→1)
<latexit sha1_base64="hjNDYG699jXJDT4islM4PwRJgS8=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahHiy7ItVjwUuPFdy20C4lm2bb0GyyJFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjuFjc2t7Z3ibmlv/+DwqHx80tYyVYT6RHKpuiHWlDNBfcMMp91EURyHnHbCyf3c7zxRpZkUj2aa0CDGI8EiRrCxkj+pXnmXg3LFrbkLoHXi5aQCOVqD8ld/KEkaU2EIx1r3PDcxQYaVYYTTWamfappgMsEj2rNU4JjqIFscO0MXVhmiSCpbwqCF+nsiw7HW0zi0nTE2Y73qzcX/vF5qorsgYyJJDRVkuShKOTISzT9HQ6YoMXxqCSaK2VsRGWOFibH5lGwI3urL66R9XfPqtfrDTaXRzOMowhmcQxU8uIUGNKEFPhBg8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwB3io3X</latexit>

k(→1)

SYK8SYK16 SYK16SYK32



Large p

<latexit sha1_base64="g7mogvPOLjAh9mjxuzFW6NnEan0="></latexit>

DW (t12) =
ωv

2pε
→
ϑ

cosh→1
(ωvt12

ε

)

<latexit sha1_base64="1GjJPOSCBGevc1dYM7oaH8yANUY=">AAACBXicbVDLSgNBEJz1GeNr1aMeBoMQL2E3SPQiBDwonqKYByTLMjuZTYbMPpjpFcKSixd/xYsHRbz6D978GyfJCppY0FBUddPd5cWCK7CsL2NhcWl5ZTW3ll/f2NzaNnd2GypKJGV1GolItjyimOAhqwMHwVqxZCTwBGt6g4ux37xnUvEovINhzJyA9ELuc0pAS655cOneFsFN7fLoGJ/jDvQZkB/BNQtWyZoAzxM7IwWUoeaan51uRJOAhUAFUaptWzE4KZHAqWCjfCdRLCZ0QHqsrWlIAqacdPLFCB9ppYv9SOoKAU/U3xMpCZQaBp7uDAj01aw3Fv/z2gn4Z07KwzgBFtLpIj8RGCI8jgR3uWQUxFATQiXXt2LaJ5JQ0MHldQj27MvzpFEu2ZVS5eakUL3O4sihfXSIishGp6iKrlAN1RFFD+gJvaBX49F4Nt6M92nrgpHN7KE/MD6+AYkmlrs=</latexit>

GR(t12) = ω(t12)
<latexit sha1_base64="bA/G0ZwJjgsODD5uyPAC/XruyAI=">AAACBnicbVDLSgNBEJyNrxhfqx5FGAxCPBh2g0QvQkAP4imKeUCyLLOTSTJk9sFMrxCWnLz4K148KOLVb/Dm3zhJVtDEgoaiqpvuLi8SXIFlfRmZhcWl5ZXsam5tfWNzy9zeqaswlpTVaChC2fSIYoIHrAYcBGtGkhHfE6zhDS7GfuOeScXD4A6GEXN80gt4l1MCWnLN/Uv3tgBuYpdGR/gcH7c7TAD5UVwzbxWtCfA8sVOSRymqrvnZ7oQ09lkAVBClWrYVgZMQCZwKNsq1Y8UiQgekx1qaBsRnykkmb4zwoVY6uBtKXQHgifp7IiG+UkPf050+gb6a9cbif14rhu6Zk/AgioEFdLqoGwsMIR5ngjtcMgpiqAmhkutbMe0TSSjo5HI6BHv25XlSLxXtcrF8c5KvXKdxZNEeOkAFZKNTVEFXqIpqiKIH9IRe0KvxaDwbb8b7tDVjpDO76A+Mj2/hUpbj</latexit>

DR(t12) = →ω(t12)

<latexit sha1_base64="jztDYca9gzDZPuvUOsuES6yPsMQ="></latexit>

Gp→n
W (t12) =

ωv

2p→nεJ cosh→1
(ωvt12

ε

)

<latexit sha1_base64="L34i39osSeKPnqqcCXKeLuOqAi4="></latexit>

→ω

(
t12 +

iε

2

)
+

1

2p
d

(
t12 +

iε

2

)
<latexit sha1_base64="fUpe2hDi4SmmU5P4lGIFQ6sCBkQ=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMi0WPAi3hKwCyQDKGnU5O06ekZunuEMOQLvHhQxKuf5M2/sbMIcXtQ8Hiviqp6QSK4Nq774eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjq6nfukeleSxvzThBP6IDyUPOqLFS3e0VS17ZnYG4v8iXVYIFar3ie7cfszRCaZigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlOXJzIaaT2OAtsZUTPUP72p+JfXSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm01hOYT/SfOs7FXKlfp5qXqziCMPR3AMp+DBBVThGmrQAAYID/AEz86d8+i8OK/z1pyzmDmEb3DePgGAk4zI</latexit>

0



Ladder kernels at large p
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<latexit sha1_base64="MLKGDxizZl+ns+mkCC5Fv/iecaY="></latexit>

ωJ4

∫
dt5 dt6 dt3 dt4 GR(t15)GR(t26)DR(t53)DR(t64)G

p→1
W (t34)G

p→1
W (t56)F(t3, t4)

<latexit sha1_base64="h0w0f4Uizj6um9M8v3egl6cHHlk="></latexit>

=

∫
dt3 dt4 GR(t13)GR(t24)

ω2v2

ε2
cosh→2

(ωv t34
ε

)
F(t3, t4)



<latexit sha1_base64="D01vriJhVN3ZMfL50R/vWqhza4A="></latexit>

ωJ2 (p→ 1)

∫
dt3 dt4 GR(t13)GR(t24)

1

2p
dW (t34)G

p→2
W (t34)F(t3, t4)
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Ladder kernels at large p

<latexit sha1_base64="h0w0f4Uizj6um9M8v3egl6cHHlk="></latexit>

=

∫
dt3 dt4 GR(t13)GR(t24)

ω2v2

ε2
cosh→2

(ωv t34
ε

)
F(t3, t4)



OTOCs at large p

At large  the ladder kernel expectedly reduces to that of large  
SYK.  

The Lyapunov exponent is 

p p

<latexit sha1_base64="NwRiyCnWwv2YEYjI0/gTJzsJg4g=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KkmR6kYouBFXFewDmlAmk5t26OTBzKRQQpZu/BU3LhRx6ye482+ctllo64GBwznncuceL+FMKsv6NlZW19Y3Nktb5e2d3b198+CwLeNUUGjRmMei6xEJnEXQUkxx6CYCSOhx6Hijm6nfGYOQLI4e1CQBNySDiAWMEqWlvnnicB32Cb7GTiAIzWrYSRge55njgSJ536xYVWsGvEzsglRQgWbf/HL8mKYhRIpyImXPthLlZkQoRjnkZSeVkBA6IgPoaRqREKSbzQ7J8ZlWfBzEQr9I4Zn6eyIjoZST0NPJkKihXPSm4n9eL1XBlZuxKEkVRHS+KEg5VjGetoJ9JoAqPtGEUMH0XzEdEt2H0t2VdQn24snLpF2r2vVq/f6i0rgr6iihY3SKzpGNLlED3aImaiGKHtEzekVvxpPxYrwbH/PoilHMHKE/MD5/AKiEmSs=</latexit>

ω =
2εv

ϑ

<latexit sha1_base64="nlM1zq739KTYyv5Nu5V+UqdImwc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF/FUxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD72sX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nr90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIye5sMuEJmxMQSyhS3txI2oooyY8Mp2RC85ZdXSeui6tWqtfvLSv0uj6MIJ3AK5+DBFdThFhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwChfo14</latexit>

{
<latexit sha1_base64="9v9CL5nmx5PB42FTU3yEF/Tl1RQ=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5IUqR4LXsRTBfsBTSib7aRdutmE3Y0QQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpBwprTjfFuljc2t7Z3ybmVv/+DwyD4+6ao4lRQ6NOax7AdEAWcCOpppDv1EAokCDr1gejP3e48gFYvFg84S8CMyFixklGgjDe2qF0pC8wb2EjbLvQA0mQ3tmlN3FsDrxC1IDRVoD+0vbxTTNAKhKSdKDVwn0X5OpGaUw6zipQoSQqdkDANDBYlA+fni+Bk+N8oIh7E0JTReqL8nchIplUWB6YyInqhVby7+5w1SHV77ORNJqkHQ5aIw5VjHeJ4EHjEJVPPMEEIlM7diOiEmDW3yqpgQ3NWX10m3UXeb9eb9Za11V8RRRqfoDF0gF12hFrpFbdRBFGXoGb2iN+vJerHerY9la8kqZqroD6zPH8EDlOM=</latexit>

2ω

ε

<latexit sha1_base64="uBOdSWww3BJ6uHB+x5mAvhnGvyA=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL5JTBPOA7BJmJ7PJkNmHM72BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7/EQKjbb9bRU2Nre2d4q7pb39g8Oj8vFJW8epYrzFYhmrrk81lyLiLRQoeTdRnIa+5B1/fDf3OxOutIijR5wm3AvpMBKBYBSN5Lk+R0oaxB0OidMvV+yqvQBZJ05OKpCj2S9/uYOYpSGPkEmqdc+xE/QyqlAwyWclN9U8oWxMh7xnaERDrr1scfSMXBhlQIJYmYqQLNTfExkNtZ6GvukMKY70qjcX//N6KQa3XiaiJEUeseWiIJUEYzJPgAyE4gzl1BDKlDC3EjaiijI0OZVMCM7qy+ukfVV1atXaw3Wl3sjjKMIZnMMlOHADdbiHJrSAwRM8wyu8WRPrxXq3PpatBSufOYU/sD5/ABfWkQw=</latexit>

ωJ → 1

<latexit sha1_base64="hMlIwpL/W3C19DgjwM7CzOO8E28=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL5JTBPOA7BJmJ7PJkNmHM72BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7/EQKjbb9bRU2Nre2d4q7pb39g8Oj8vFJW8epYrzFYhmrrk81lyLiLRQoeTdRnIa+5B1/fDf3OxOutIijR5wm3AvpMBKBYBSN5Lk+R0oaxJWSOP1yxa7aC5B14uSkAjma/fKXO4hZGvIImaRa9xw7QS+jCgWTfFZyU80TysZ0yHuGRjTk2ssWR8/IhVEGJIiVqQjJQv09kdFQ62nom86Q4kivenPxP6+XYnDrZSJKUuQRWy4KUkkwJvMEyEAozlBODaFMCXMrYSOqKEOTU8mE4Ky+vE7aV1WnVq09XFfqjTyOIpzBOVyCAzdQh3toQgsYPMEzvMKbNbFerHfrY9lasPKZU/gD6/MHJxeRFg==</latexit>

ωJ → 1
<latexit sha1_base64="3iT9V0Z/sl3cFxMz5gqzatq4T5c=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclZki1WXBjXRVwT6gM5RMmmlDM5mQZIQy9DfcuFDErT/jzr8x085CWw8EDufcyz05oeRMG9f9djY2t7Z3dkt75f2Dw6PjyslpVyepIrRDEp6ofog15UzQjmGG075UFMchp71wepf7vSeqNEvEo5lJGsR4LFjECDZW8uvIj7GZEMxRa1ipujV3AbROvIJUoUB7WPnyRwlJYyoM4VjrgedKE2RYGUY4nZf9VFOJyRSP6cBSgWOqg2yReY4urTJCUaLsEwYt1N8bGY61nsWhncwT6lUvF//zBqmJboOMCZkaKsjyUJRyZBKUF4BGTFFi+MwSTBSzWRGZYIWJsTWVbQne6pfXSbde8xq1xsN1tdkq6ijBOVzAFXhwA024hzZ0gICEZ3iFNyd1Xpx352M5uuEUO2fwB87nD9zWkPc=</latexit>

2J

for

for



Summary and future directions



• Shown how the (complex) SYK model can be realised in an 
optical cavity introducing disorder through light speckle 
patterns, 

• Explored the physics of low-rank SYK models: 

‣ Interpolation SYKp           SYK2p in conformal limit, 

‣ Recovered large-  SYK, 

‣ Studied Lyapunov exponents.

p

Summary



“Experimental” future directions 

• Dissipation e.g. random Lindbladians 

• Monitoring the photons leaving the cavity 

• Large temperatures of effective model: interesting? 

• Realistic measurable quantities holographically meaningful?

Future directions 



Theoretical future directions 

• Double scaled limit?  

‣            ,             ,              with              ,             fixed. 

• Schwarzian theory? 

• Connections with physics of de Sitter? 

‣         as a clock?

Future directions 

<latexit sha1_base64="3pYAFMdGFPJ5yQBxxWBzqVk5M6Y=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZLaps2u4EZcSAX7gCaUyXTSDp1MwsxECKG/4caFIm79GXf+jdOHoKIHLhzOuZd77wkSRqWyrA+jsLa+sblV3C7t7O7tH5QPj7oyTgUmHRyzWPQDJAmjnHQUVYz0E0FQFDDSC6aXc793T4SkMb9TWUL8CI05DSlGSkveDfRUDD3KQ5UNyxXLtBzHbTSgZdbrF1WrronrNp2aC23TWqACVmgPy+/eKMZpRLjCDEk5sK1E+TkSimJGZiUvlSRBeIrGZKApRxGRfr64eQbPtDKCYSx0cQUX6veJHEVSZlGgOyOkJvK3Nxf/8gapCpt+TnmSKsLxclGYMqj/nAcAR1QQrFimCcKC6lshniCBsNIxlXQIX5/C/0m3atqO6dzWKq3rVRxFcAJOwTmwQQO0wBVogw7AIAEP4Ak8G6nxaLwYr8vWgrGaOQY/YLx9AgB1kbw=</latexit>

N → ↑
<latexit sha1_base64="2jC7F+dASu8GdAzexRnHNEtPU50=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZLaps2u4EZcVbEPaEKZTCft0MkkzEyEEPobblwo4tafceffOH0IKnrgwuGce7n3niBhVCrL+jAKa+sbm1vF7dLO7t7+QfnwqCvjVGDSwTGLRT9AkjDKSUdRxUg/EQRFASO9YHo593v3REga8zuVJcSP0JjTkGKktOTdQk/F0KM8VNmwXLFMy3HcRgNaZr1+UbXqmrhu06m50DatBSpghfaw/O6NYpxGhCvMkJQD20qUnyOhKGZkVvJSSRKEp2hMBppyFBHp54ubZ/BMKyMYxkIXV3Chfp/IUSRlFgW6M0JqIn97c/Evb5CqsOnnlCepIhwvF4Upg/rPeQBwRAXBimWaICyovhXiCRIIKx1TSYfw9Sn8n3Srpu2Yzk2t0rpexVEEJ+AUnAMbNEALXIE26AAMEvAAnsCzkRqPxovxumwtGKuZY/ADxtsnBrGRwA==</latexit>

R → ↑
<latexit sha1_base64="F87hbDXVKzeYExidpVPjrvHzHWY="></latexit>

ω → 2p2

N

<latexit sha1_base64="vNlzrGFlPwutKHvtqQ33Sx9gC4k="></latexit>

ω → R

N

<latexit sha1_base64="w2Nw4kfmK1WqzwvBUlQhL/7JDnc=">AAAB7nicdVDLSgMxFM34rPVVdekmWIS6GTK1nXZ2BTfiqoJ9QDuUTCZtQzOZIckIZehHuHGhiFu/x51/Y/oQVPTAhcM593LvPUHCmdIIfVhr6xubW9u5nfzu3v7BYeHouK3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHI19zv3VCoWizs9Tagf4ZFgQ0awNlInLPU1Ti8GhSKyket6tRpEdrV6WUZVQzyv7lY86NhogSJYoTkovPfDmKQRFZpwrFTPQYn2Myw1I5zO8v1U0QSTCR7RnqECR1T52eLcGTw3SgiHsTQlNFyo3ycyHCk1jQLTGWE9Vr+9ufiX10v1sO5nTCSppoIsFw1TDnUM57/DkElKNJ8agolk5lZIxlhiok1CeRPC16fwf9Iu245ru7eVYuNmFUcOnIIzUAIOqIEGuAZN0AIETMADeALPVmI9Wi/W67J1zVrNnIAfsN4+AT1/j5I=</latexit>

d(ω)

<latexit sha1_base64="Rc2emNj2PyQmvbmkDe6c6N+2Qpo=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQlLbtN0V3IirCvYBTSiT6aQdOpkMMxMhhP6GGxeKuPVn3Pk3Th+Cih64cDjnXu69JxSMKu04H9ba+sbm1nZhp7i7t39wWDo67qoklZh0cMIS2Q+RIoxy0tFUM9IXkqA4ZKQXTq/mfu+eSEUTfqczQYIYjTmNKEbaSL6Avk6gT3mks2Gp7NiO5zXrdejYtdplxakZ0mw2vGoTurazQBms0B6W3v1RgtOYcI0ZUmrgOkIHOZKaYkZmRT9VRCA8RWMyMJSjmKggX9w8g+dGGcEokaa4hgv1+0SOYqWyODSdMdIT9dubi395g1RHjSCnXKSacLxcFKUMmj/nAcARlQRrlhmCsKTmVognSCKsTUxFE8LXp/B/0q3Yrmd7t9Vy62YVRwGcgjNwAVxQBy1wDdqgAzAQ4AE8gWcrtR6tF+t12bpmrWZOwA9Yb581c5He</latexit>p → ↑



Thank you!



Backup slides



Converging couplings

<latexit sha1_base64="jMqd9zwPDihGyH4KbCr85o8nXbY=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqewWqV6EghfxVMF+yHYp2TTbhmaTJZkVytKf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9mfueJacOVfIBJwoKYDCWPOCVgJf8RX+Nu37NV65crbtWdA68SLycVlKPZL3/1BoqmMZNABTHG99wEgoxo4FSwaamXGpYQOiZD5lsqScxMkM1PnuIzqwxwpLQtCXiu/p7ISGzMJA5tZ0xgZJa9mfif56cQXQUZl0kKTNLFoigVGBSe/Y8HXDMKYmIJoZrbWzEdEU0o2JRKNgRv+eVV0q5VvXq1fn9RadzlcRTRCTpF58hDl6iBblETtRBFCj2jV/TmgPPivDsfi9aCk88coz9wPn8A6vyPwg==</latexit>

Y = X1X2

<latexit sha1_base64="v+4LxIgpP/iXNGXR0U8A55m8ZqI="></latexit>

P (Y ) dY =
1

ωε2
K0

(
|Y |
ε2

)
dY

<latexit sha1_base64="T3gWs5NLSaukwyxnMqgflY29wuI="></latexit>

Y =
1→
R

R∑

ω=1

Yω

<latexit sha1_base64="h+544lxxDYrLrEKSoKu//7Z4D78="></latexit>

P (Y) dY =

→
R→

ω ε2 !(R/2)

(→
R |Y|
2ε2

)R→1
2

K 1→R
2

(→
R |Y|
ε2

)
dY



Converging couplings
<latexit sha1_base64="h+544lxxDYrLrEKSoKu//7Z4D78="></latexit>

P (Y) dY =

→
R→

ω ε2 !(R/2)

(→
R |Y|
2ε2

)R→1
2

K 1→R
2

(→
R |Y|
ε2

)
dY

<latexit sha1_base64="ae15VNuQ2yl4U/U7zV7Q7jog8Ls="></latexit>

=
e→

Y2

2ω4

→
2ωε4

+
1

R

(
3

4
↑ 3Y2

2ε4
+

Y4

4ε8

)
e→

Y2

2ω4

→
2ωε4

<latexit sha1_base64="zTP5hkKo4Bqyogfz7TwbuHMyX4Y="></latexit>

+
1

R2

(
25

32
→

45Y2

8ω4
+

65Y4

16ω8
→

17Y6

24ω12
+

Y
8

32ω16

)
e→

Y2

2ω4

↑
2εω4

+O(R→3)



Bounds on trotterization error
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<latexit sha1_base64="T6JGvVXpOPTEq6mWEgIYS4XSplk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjUg8cKpi20oWy2m3bpZhN3J0Ip/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYMEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm6nffOLaiEQ94CjlQUz7SkSCUbRSq3PLJVLid0tlt+LOQJaJl5My5Kh3S1+dXsKymCtkkhrT9twUgzHVKJjkk2InMzylbEj7vG2pojE3wXh274ScWqVHokTbUkhm6u+JMY2NGcWh7YwpDsyiNxX/89oZRlfBWKg0Q67YfFGUSYIJmT5PekJzhnJkCWVa2FsJG1BNGdqIijYEb/HlZdI4r3jVSvX+oly7zuMowDGcwBl4cAk1uIM6+MBAwjO8wpvz6Lw4787HvHXFyWeO4A+czx9kC4+Q</latexit>

!U
<latexit sha1_base64="spu/C2RB1flfQsJLS3OOsgQ5X6I=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT0WheKxov2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrW9sbuW3Czu7e/sHxcOjlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6THtKYHu6/Vpv1hyy+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/ODp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvkpk3FiqCSLRWHCkYnQ7Hs0YIoSwyeWYKKYvRWREVaYGJtRwYbgLb+8SloXZa9SrtxdlmrXWRx5OIFTOAcPqlCDW2hAEwgIeIZXeHOU8+K8Ox+L1pyTzRzDHzifP0DZkBE=</latexit>

SFF
<latexit sha1_base64="KQ0olEYAD4oqgJfeBS2uCg/WOrk=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lEqseiUjxWtB/QhLLZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sH9uFRS8WppNCkMY9lJyAKOBPQ1Exz6CQSSBRwaAej25nfHoNULBZPepKAH5GBYCGjRBupZ9veHXBNcObJCD/W69OeXXYqzhx4lbg5KaMcjZ795fVjmkYgNOVEqa7rJNrPiNSMcpiWvFRBQuiIDKBrqCARKD+bXz7FZ0bp4zCWpoTGc/X3REYipSZRYDojoodq2ZuJ/3ndVIfXfsZEkmoQdLEoTDnWMZ7FgPtMAtV8YgihkplbMR0SSag2YZVMCO7yy6ukdVFxq5Xqw2W5dpPHUUQn6BSdIxddoRq6Rw3URBSN0TN6RW9WZr1Y79bHorVg5TPH6A+szx97mZLu</latexit>

!SFF
<latexit sha1_base64="iIO/IF3L219xuyOVd9vMt12tdvE=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KlmRKngpePFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sRh/eyura+sbm4Wt4vbO7t5+6eCwaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5W8t+OEBTEZSB5xSqyTmj5+yPCkVyrjCp4BLRM/J2XIUe+Vvrp9RdOYSUsFMabj48QGGdGWU8EmxW5qWELoiAxYx1FJYmaCbHbtBJ06pY8ipV1Ji2bq74mMxMaM49B1xsQOzaI3Ff/zOqmNroKMyyS1TNL5oigVyCo0fR31uWbUirEjhGrubkV0SDSh1gVUdCH4iy8vk+Z5xa9WqncX5dp1HkcBjuEEzsCHS6jBLdShARQe4Rle4c1T3ov37n3MW1e8fOYI/sD7/AHQlo6h</latexit>

100

<latexit sha1_base64="1jkS1wwE8ITXjZQ82/CBBJqTgI8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSQiVfBS8OKxgv2ANpbNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortTz3MTv3Jr1S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZuRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjtZ1wmqUHJ5ovCVBATk+nvpM8VMiPGllCmuL2VsCFVlBmbUNGG4C2+vEyaFxWvWqneX5ZrN3kcBTiGEzgDD66gBndQhwYwGMEzvMKbkzgvzrvzMW9dcfKZI/gD5/MHPOCO2Q==</latexit>

10→1

<latexit sha1_base64="yN8jdMJdiCCzzMH+6ottMwYRZTw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbJApeAl48RjAPSNYwO5kkQ2Znl5leISz5CC8eFPHq93jzb5wke9DEgoaiqpvuriCWwqDrfju5tfWNza38dmFnd2//oHh41DRRohlvsEhGuh1Qw6VQvIECJW/HmtMwkLwVjG9nfuuJayMi9YCTmPshHSoxEIyilVqe+5heVKa9Ysktu3OQVeJlpAQZ6r3iV7cfsSTkCpmkxnQ8N0Y/pRoFk3xa6CaGx5SN6ZB3LFU05MZP5+dOyZlV+mQQaVsKyVz9PZHS0JhJGNjOkOLILHsz8T+vk+Dg2k+FihPkii0WDRJJMCKz30lfaM5QTiyhTAt7K2EjqilDm1DBhuAtv7xKmpWyVy1X7y9LtZssjjycwCmcgwdXUIM7qEMDGIzhGV7hzYmdF+fd+Vi05pxs5hj+wPn8AT5ljto=</latexit>

10→2

<latexit sha1_base64="iIO/IF3L219xuyOVd9vMt12tdvE=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KlmRKngpePFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sRh/eyura+sbm4Wt4vbO7t5+6eCwaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5W8t+OEBTEZSB5xSqyTmj5+yPCkVyrjCp4BLRM/J2XIUe+Vvrp9RdOYSUsFMabj48QGGdGWU8EmxW5qWELoiAxYx1FJYmaCbHbtBJ06pY8ipV1Ji2bq74mMxMaM49B1xsQOzaI3Ff/zOqmNroKMyyS1TNL5oigVyCo0fR31uWbUirEjhGrubkV0SDSh1gVUdCH4iy8vk+Z5xa9WqncX5dp1HkcBjuEEzsCHS6jBLdShARQe4Rle4c1T3ov37n3MW1e8fOYI/sD7/AHQlo6h</latexit>

100
<latexit sha1_base64="1jkS1wwE8ITXjZQ82/CBBJqTgI8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSQiVfBS8OKxgv2ANpbNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortTz3MTv3Jr1S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZuRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjtZ1wmqUHJ5ovCVBATk+nvpM8VMiPGllCmuL2VsCFVlBmbUNGG4C2+vEyaFxWvWqneX5ZrN3kcBTiGEzgDD66gBndQhwYwGMEzvMKbkzgvzrvzMW9dcfKZI/gD5/MHPOCO2Q==</latexit>

10→1
<latexit sha1_base64="yN8jdMJdiCCzzMH+6ottMwYRZTw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbJApeAl48RjAPSNYwO5kkQ2Znl5leISz5CC8eFPHq93jzb5wke9DEgoaiqpvuriCWwqDrfju5tfWNza38dmFnd2//oHh41DRRohlvsEhGuh1Qw6VQvIECJW/HmtMwkLwVjG9nfuuJayMi9YCTmPshHSoxEIyilVqe+5heVKa9Ysktu3OQVeJlpAQZ6r3iV7cfsSTkCpmkxnQ8N0Y/pRoFk3xa6CaGx5SN6ZB3LFU05MZP5+dOyZlV+mQQaVsKyVz9PZHS0JhJGNjOkOLILHsz8T+vk+Dg2k+FihPkii0WDRJJMCKz30lfaM5QTiyhTAt7K2EjqilDm1DBhuAtv7xKmpWyVy1X7y9LtZssjjycwCmcgwdXUIM7qEMDGIzhGV7hzYmdF+fd+Vi05pxs5hj+wPn8AT5ljto=</latexit>

10→2

<latexit sha1_base64="E7Y+tkqHi5+naa9e1l26TV/xrXs=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRMFLQA/iKYJ5YLKE2UknGTI7u8z0CmHJX3jxoIhX/8abf+Mk2YMmFjQUVd10dwWxFAZd99vJrayurW/kNwtb2zu7e8X9g4aJEs2hziMZ6VbADEihoI4CJbRiDSwMJDSD0fXUbz6BNiJSDziOwQ/ZQIm+4Ayt9HhHOzcgkVHsFktu2Z2BLhMvIyWSodYtfnV6EU9CUMglM6btuTH6KdMouIRJoZMYiBkfsQG0LVUsBOOns4sn9MQqPdqPtC2FdKb+nkhZaMw4DGxnyHBoFr2p+J/XTrB/6adCxQmC4vNF/URSjOj0fdoTGjjKsSWMa2FvpXzINONoQyrYELzFl5dJ46zsVcqV+/NS9SqLI0+OyDE5JR65IFVyS2qkTjhR5Jm8kjfHOC/Ou/Mxb8052cwh+QPn8wd/I5Am</latexit>

J!t

<latexit sha1_base64="yN8jdMJdiCCzzMH+6ottMwYRZTw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbJApeAl48RjAPSNYwO5kkQ2Znl5leISz5CC8eFPHq93jzb5wke9DEgoaiqpvuriCWwqDrfju5tfWNza38dmFnd2//oHh41DRRohlvsEhGuh1Qw6VQvIECJW/HmtMwkLwVjG9nfuuJayMi9YCTmPshHSoxEIyilVqe+5heVKa9Ysktu3OQVeJlpAQZ6r3iV7cfsSTkCpmkxnQ8N0Y/pRoFk3xa6CaGx5SN6ZB3LFU05MZP5+dOyZlV+mQQaVsKyVz9PZHS0JhJGNjOkOLILHsz8T+vk+Dg2k+FihPkii0WDRJJMCKz30lfaM5QTiyhTAt7K2EjqilDm1DBhuAtv7xKmpWyVy1X7y9LtZssjjycwCmcgwdXUIM7qEMDGIzhGV7hzYmdF+fd+Vi05pxs5hj+wPn8AT5ljto=</latexit>

10→2

<latexit sha1_base64="10bxjVLGs3vn+xO0KYLB9ggamwM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgxbCrEgUvAS8eI5gHJGuYnXSSIbOzy8ysEJZ8hBcPinj1e7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HbqN59QaR7JBzOO0Q/pQPI+Z9RYqem5j+nZxaRbLLlldwayTLyMlCBDrVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3dCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp76THFTIjxpZQpri9lbAhVZQZm1DBhuAtvrxMGudlr1Ku3F+WqjdZHHk4gmM4BQ+uoAp3UIM6MBjBM7zCmxM7L8678zFvzTnZzCH8gfP5Az/qjts=</latexit>

10→3

<latexit sha1_base64="+vMZV2Uyb/sb5y7KnTf2FeBP2Fw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgxbArIQpeAl48RjAPSGKYnfQmQ2Znl5lZISz5CC8eFPHq93jzb5wke9DEgoaiqpvuLj8WXBvX/XZya+sbm1v57cLO7t7+QfHwqKmjRDFssEhEqu1TjYJLbBhuBLZjhTT0Bbb88e3Mbz2h0jySD2YSYy+kQ8kDzqixUstzH9OLyrRfLLlldw6ySryMlCBDvV/86g4iloQoDRNU647nxqaXUmU4EzgtdBONMWVjOsSOpZKGqHvp/NwpObPKgASRsiUNmau/J1Iaaj0JfdsZUjPSy95M/M/rJCa47qVcxolByRaLgkQQE5HZ72TAFTIjJpZQpri9lbARVZQZm1DBhuAtv7xKmpdlr1qu3ldKtZssjjycwCmcgwdXUIM7qEMDGIzhGV7hzYmdF+fd+Vi05pxs5hj+wPn8AUFvjtw=</latexit>

10→4

<latexit sha1_base64="1jkS1wwE8ITXjZQ82/CBBJqTgI8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSQiVfBS8OKxgv2ANpbNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortTz3MTv3Jr1S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZuRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjtZ1wmqUHJ5ovCVBATk+nvpM8VMiPGllCmuL2VsCFVlBmbUNGG4C2+vEyaFxWvWqneX5ZrN3kcBTiGEzgDD66gBndQhwYwGMEzvMKbkzgvzrvzMW9dcfKZI/gD5/MHPOCO2Q==</latexit>

10→1
<latexit sha1_base64="iIO/IF3L219xuyOVd9vMt12tdvE=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KlmRKngpePFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sRh/eyura+sbm4Wt4vbO7t5+6eCwaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5W8t+OEBTEZSB5xSqyTmj5+yPCkVyrjCp4BLRM/J2XIUe+Vvrp9RdOYSUsFMabj48QGGdGWU8EmxW5qWELoiAxYx1FJYmaCbHbtBJ06pY8ipV1Ji2bq74mMxMaM49B1xsQOzaI3Ff/zOqmNroKMyyS1TNL5oigVyCo0fR31uWbUirEjhGrubkV0SDSh1gVUdCH4iy8vk+Z5xa9WqncX5dp1HkcBjuEEzsCHS6jBLdShARQe4Rle4c1T3ov37n3MW1e8fOYI/sD7/AHQlo6h</latexit>

100
<latexit sha1_base64="r+ZgdfhnCmsTJo+rTGGynLi2tZA=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KhuRKngpePFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sb7/7a2srq1vbBa2its7u3v7pYPDplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfy3o4TFsRkIHnEKbFOamL/IcOTXqnsV/wZ0DLBOSlDjnqv9NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXZTwxJCR2TAOo5KEjMTZLNrJ+jUKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gogsBL768TJrnFVytVO8uyrXrPI4CHMMJnAGGS6jBLdShARQe4Rle4c1T3ov37n3MW1e8fOYI/sD7/AHSG46i</latexit>

101
<latexit sha1_base64="E7Y+tkqHi5+naa9e1l26TV/xrXs=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRMFLQA/iKYJ5YLKE2UknGTI7u8z0CmHJX3jxoIhX/8abf+Mk2YMmFjQUVd10dwWxFAZd99vJrayurW/kNwtb2zu7e8X9g4aJEs2hziMZ6VbADEihoI4CJbRiDSwMJDSD0fXUbz6BNiJSDziOwQ/ZQIm+4Ayt9HhHOzcgkVHsFktu2Z2BLhMvIyWSodYtfnV6EU9CUMglM6btuTH6KdMouIRJoZMYiBkfsQG0LVUsBOOns4sn9MQqPdqPtC2FdKb+nkhZaMw4DGxnyHBoFr2p+J/XTrB/6adCxQmC4vNF/URSjOj0fdoTGjjKsSWMa2FvpXzINONoQyrYELzFl5dJ46zsVcqV+/NS9SqLI0+OyDE5JR65IFVyS2qkTjhR5Jm8kjfHOC/Ou/Mxb8052cwh+QPn8wd/I5Am</latexit>

J!t
<latexit sha1_base64="U/lKwA8x9OZhmWcEqeLitr1fKMo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEquCl4EU8VbQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B60+GHi8N8PMvCCRwqDrfjmFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK9nfvuRayNi9YCThPsRHSoRCkbRSve3BPvlilt15yB/iZeTCuRo9MufvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzolJ1YZkDDWthSSufpzIqORMZMosJ0RxZFZ9mbif143xfDSz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZf/ktaZ1WvVq3dnVfqV3kcRTiCYzgFDy6gDjfQgCYwGMITvMCrI51n5815X7QWnHzmEH7B+fgGzNWNeg==</latexit>

Jt

<latexit sha1_base64="iIO/IF3L219xuyOVd9vMt12tdvE=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KlmRKngpePFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sRh/eyura+sbm4Wt4vbO7t5+6eCwaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5W8t+OEBTEZSB5xSqyTmj5+yPCkVyrjCp4BLRM/J2XIUe+Vvrp9RdOYSUsFMabj48QGGdGWU8EmxW5qWELoiAxYx1FJYmaCbHbtBJ06pY8ipV1Ji2bq74mMxMaM49B1xsQOzaI3Ff/zOqmNroKMyyS1TNL5oigVyCo0fR31uWbUirEjhGrubkV0SDSh1gVUdCH4iy8vk+Z5xa9WqncX5dp1HkcBjuEEzsCHS6jBLdShARQe4Rle4c1T3ov37n3MW1e8fOYI/sD7/AHQlo6h</latexit>

100

<latexit sha1_base64="yN8jdMJdiCCzzMH+6ottMwYRZTw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbJApeAl48RjAPSNYwO5kkQ2Znl5leISz5CC8eFPHq93jzb5wke9DEgoaiqpvuriCWwqDrfju5tfWNza38dmFnd2//oHh41DRRohlvsEhGuh1Qw6VQvIECJW/HmtMwkLwVjG9nfuuJayMi9YCTmPshHSoxEIyilVqe+5heVKa9Ysktu3OQVeJlpAQZ6r3iV7cfsSTkCpmkxnQ8N0Y/pRoFk3xa6CaGx5SN6ZB3LFU05MZP5+dOyZlV+mQQaVsKyVz9PZHS0JhJGNjOkOLILHsz8T+vk+Dg2k+FihPkii0WDRJJMCKz30lfaM5QTiyhTAt7K2EjqilDm1DBhuAtv7xKmpWyVy1X7y9LtZssjjycwCmcgwdXUIM7qEMDGIzhGV7hzYmdF+fd+Vi05pxs5hj+wPn8AT5ljto=</latexit>

10→2

<latexit sha1_base64="+vMZV2Uyb/sb5y7KnTf2FeBP2Fw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgxbArIQpeAl48RjAPSGKYnfQmQ2Znl5lZISz5CC8eFPHq93jzb5wke9DEgoaiqpvuLj8WXBvX/XZya+sbm1v57cLO7t7+QfHwqKmjRDFssEhEqu1TjYJLbBhuBLZjhTT0Bbb88e3Mbz2h0jySD2YSYy+kQ8kDzqixUstzH9OLyrRfLLlldw6ySryMlCBDvV/86g4iloQoDRNU647nxqaXUmU4EzgtdBONMWVjOsSOpZKGqHvp/NwpObPKgASRsiUNmau/J1Iaaj0JfdsZUjPSy95M/M/rJCa47qVcxolByRaLgkQQE5HZ72TAFTIjJpZQpri9lbARVZQZm1DBhuAtv7xKmpdlr1qu3ldKtZssjjycwCmcgwdXUIM7qEMDGIzhGV7hzYmdF+fd+Vi05pxs5hj+wPn8AUFvjtw=</latexit>

10→4

<latexit sha1_base64="hvET8FbsQOhn5GhuzhY3jxfeLMQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSQiVfBS8OKxgv2ANpbNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnCccD+iAyVCwShaqeW5j9l5ddIrld2KOwNZJl5OypCj3it9dfsxSyOukElqTMdzE/QzqlEwySfFbmp4QtmIDnjHUkUjbvxsdu6EnFqlT8JY21JIZurviYxGxoyjwHZGFIdm0ZuK/3mdFMNrPxMqSZErNl8UppJgTKa/k77QnKEcW0KZFvZWwoZUU4Y2oaINwVt8eZk0LypetVK9vyzXbvI4CnAMJ3AGHlxBDe6gDg1gMIJneIU3J3FenHfnY9664uQzR/AHzucPRHmO3g==</latexit>

10→6

<latexit sha1_base64="1jkS1wwE8ITXjZQ82/CBBJqTgI8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSQiVfBS8OKxgv2ANpbNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortTz3MTv3Jr1S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZuRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjtZ1wmqUHJ5ovCVBATk+nvpM8VMiPGllCmuL2VsCFVlBmbUNGG4C2+vEyaFxWvWqneX5ZrN3kcBTiGEzgDD66gBndQhwYwGMEzvMKbkzgvzrvzMW9dcfKZI/gD5/MHPOCO2Q==</latexit>

10→1
<latexit sha1_base64="iIO/IF3L219xuyOVd9vMt12tdvE=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KlmRKngpePFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sRh/eyura+sbm4Wt4vbO7t5+6eCwaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5W8t+OEBTEZSB5xSqyTmj5+yPCkVyrjCp4BLRM/J2XIUe+Vvrp9RdOYSUsFMabj48QGGdGWU8EmxW5qWELoiAxYx1FJYmaCbHbtBJ06pY8ipV1Ji2bq74mMxMaM49B1xsQOzaI3Ff/zOqmNroKMyyS1TNL5oigVyCo0fR31uWbUirEjhGrubkV0SDSh1gVUdCH4iy8vk+Z5xa9WqncX5dp1HkcBjuEEzsCHS6jBLdShARQe4Rle4c1T3ov37n3MW1e8fOYI/sD7/AHQlo6h</latexit>

100
<latexit sha1_base64="r+ZgdfhnCmsTJo+rTGGynLi2tZA=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KhuRKngpePFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sb7/7a2srq1vbBa2its7u3v7pYPDplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rSemDVfy3o4TFsRkIHnEKbFOamL/IcOTXqnsV/wZ0DLBOSlDjnqv9NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXZTwxJCR2TAOo5KEjMTZLNrJ+jUKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gogsBL768TJrnFVytVO8uyrXrPI4CHMMJnAGGS6jBLdShARQe4Rle4c1T3ov37n3MW1e8fOYI/sD7/AHSG46i</latexit>

101
<latexit sha1_base64="mp5QpVQ/gKBHb3ceIDkDJTNx6b0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUgUvBS8eK9gPaNeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJjeZ33miSjMp7s00pn6ER4KFjGBjpbbnPqS12aBccavuHGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k/n187QmVWGKJTKljBorv6eSHGk9TQKbGeEzVgve5n4n9dLTHjlp0zEiaGCLBaFCUdGoux1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEratapXr9bvLiqN6zyOIpzAKZyDB5fQgFtoQgsIPMIzvMKbI50X5935WLQWnHzmGP7A+fwB06COow==</latexit>
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<latexit sha1_base64="mt2FNd1ssnGXBVjjgACB2tWIVo0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRE8S8OIxgnlAsoTZSScZMjO7zMwKYclHePGgiFe/x5t/4yTZg0YLGoqqbrq7okRwY33/yyusrW9sbhW3Szu7e/sH5cOjlolTzbDJYhHrTkQNCq6wabkV2Ek0UhkJbEeT27nffkRteKwe7DTBUNKR4kPOqHVSO+tpSeisX674VX8B8pcEOalAjka//NkbxCyVqCwT1Jhu4Cc2zKi2nAmclXqpwYSyCR1h11FFJZowW5w7I2dOGZBhrF0pSxbqz4mMSmOmMnKdktqxWfXm4n9eN7XD6zDjKkktKrZcNEwFsTGZ/04GXCOzYuoIZZq7WwkbU02ZdQmVXAjB6st/SeuiGtSqtfvLSv0mj6MIJ3AK5xDAFdThDhrQBAYTeIIXePUS79l7896XrQUvnzmGX/A+vgExpo97</latexit>a

<latexit sha1_base64="ZUDdY0uGGBUKO82uSAiRAnuJfOs=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRE8S8OIxgnlAsoTZSScZMjO7zMwKYclHePGgiFe/x5t/4yTZg0YLGoqqbrq7okRwY33/yyusrW9sbhW3Szu7e/sH5cOjlolTzbDJYhHrTkQNCq6wabkV2Ek0UhkJbEeT27nffkRteKwe7DTBUNKR4kPOqHVSO+tpSaJZv1zxq/4C5C8JclKBHI1++bM3iFkqUVkmqDHdwE9smFFtORM4K/VSgwllEzrCrqOKSjRhtjh3Rs6cMiDDWLtSlizUnxMZlcZMZeQ6JbVjs+rNxf+8bmqH12HGVZJaVGy5aJgKYmMy/50MuEZmxdQRyjR3txI2ppoy6xIquRCC1Zf/ktZFNahVa/eXlfpNHkcRTuAUziGAK6jDHTSgCQwm8AQv8Ool3rP35r0vWwtePnMMv+B9fAMzK498</latexit>

b

<latexit sha1_base64="IHsJ2hVblOaNbhllQyVJ0YIuMzU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRE8S8OIxgnlAsoTZSScZMjO7zMwKYclHePGgiFe/x5t/4yTZg0YLGoqqbrq7okRwY33/yyusrW9sbhW3Szu7e/sH5cOjlolTzbDJYhHrTkQNCq6wabkV2Ek0UhkJbEeT27nffkRteKwe7DTBUNKR4kPOqHVSO+tpSdisX674VX8B8pcEOalAjka//NkbxCyVqCwT1Jhu4Cc2zKi2nAmclXqpwYSyCR1h11FFJZowW5w7I2dOGZBhrF0pSxbqz4mMSmOmMnKdktqxWfXm4n9eN7XD6zDjKkktKrZcNEwFsTGZ/04GXCOzYuoIZZq7WwkbU02ZdQmVXAjB6st/SeuiGtSqtfvLSv0mj6MIJ3AK5xDAFdThDhrQBAYTeIIXePUS79l7896XrQUvnzmGX/A+vgE0sI99</latexit>c

<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t
<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t
<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t

<latexit sha1_base64="Iag+jDHA0qszmrRIrolnx32aMRo="></latexit>

Ue!(T ) → e
→iHeff t =

(
R∏

ω=1

e
→iHωt/n

)n

+
t
2

2n

R∑

ω<ε

[Hω, Hε ] + . . .

<latexit sha1_base64="OgtbQzE8N+ULPNdhR2Yb4pOSXE4="></latexit>∥∥∥
∑

ω<ε

[Hω, Hε ]
∥∥∥
2
↭ 2→ 102

J
4
R

2

N2
+O(R2

/N
3)



Dynamical determination of N
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<latexit sha1_base64="mhM736KvidImTkE3esgwipujrkk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rEF+wFtKJvtpN12swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28Hkfu63n1BpHstHM03Qj+hQ8pAzaqzUGPdLZbfiLkDWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgbNiL9WYUDahQ+xaKmmE2s8Wh87IpVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGdn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNkUbgrf68jppXVe8aqXauCnXqnkcBTiHC7gCD26hBg9QhyYwQHiGV3hzxs6L8+58LFs3nHzmDP7A+fwB0PeM7Q==</latexit>

j
<latexit sha1_base64="mhM736KvidImTkE3esgwipujrkk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rEF+wFtKJvtpN12swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28Hkfu63n1BpHstHM03Qj+hQ8pAzaqzUGPdLZbfiLkDWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgbNiL9WYUDahQ+xaKmmE2s8Wh87IpVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGdn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNkUbgrf68jppXVe8aqXauCnXqnkcBTiHC7gCD26hBg9QhyYwQHiGV3hzxs6L8+58LFs3nHzmDP7A+fwB0PeM7Q==</latexit>

j

<latexit sha1_base64="HNoxa6bXMZdq5K6bM4cTAB9LpSw=">AAAB83icbVBNSwMxFHypX7V+VT16CRbBU9ktUj0WRPBYwdZCdy3ZNNuGZrNLkhXK0r/hxYMiXv0z3vw3Zts9aOtAYJh5jzeZIBFcG8f5RqW19Y3NrfJ2ZWd3b/+genjU1XGqKOvQWMSqFxDNBJesY7gRrJcoRqJAsIdgcp37D09MaR7LezNNmB+RkeQhp8RYyfMiYsaUCHzz2BhUa07dmQOvErcgNSjQHlS/vGFM04hJQwXRuu86ifEzogyngs0qXqpZQuiEjFjfUkkipv1snnmGz6wyxGGs7JMGz9XfGxmJtJ5GgZ3MM+plLxf/8/qpCa/8jMskNUzSxaEwFdjEOC8AD7li1IipJYQqbrNiOiaKUGNrqtgS3OUvr5Juo+426827i1qrWdRRhhM4hXNw4RJacAtt6ACFBJ7hFd5Qil7QO/pYjJZQsXMMf4A+fwAxc5Ec</latexit>

E2
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<latexit sha1_base64="HNoxa6bXMZdq5K6bM4cTAB9LpSw=">AAAB83icbVBNSwMxFHypX7V+VT16CRbBU9ktUj0WRPBYwdZCdy3ZNNuGZrNLkhXK0r/hxYMiXv0z3vw3Zts9aOtAYJh5jzeZIBFcG8f5RqW19Y3NrfJ2ZWd3b/+genjU1XGqKOvQWMSqFxDNBJesY7gRrJcoRqJAsIdgcp37D09MaR7LezNNmB+RkeQhp8RYyfMiYsaUCHzz2BhUa07dmQOvErcgNSjQHlS/vGFM04hJQwXRuu86ifEzogyngs0qXqpZQuiEjFjfUkkipv1snnmGz6wyxGGs7JMGz9XfGxmJtJ5GgZ3MM+plLxf/8/qpCa/8jMskNUzSxaEwFdjEOC8AD7li1IipJYQqbrNiOiaKUGNrqtgS3OUvr5Juo+426827i1qrWdRRhhM4hXNw4RJacAtt6ACFBJ7hFd5Qil7QO/pYjJZQsXMMf4A+fwAxc5Ec</latexit>
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<latexit sha1_base64="mhM736KvidImTkE3esgwipujrkk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rEF+wFtKJvtpN12swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28Hkfu63n1BpHstHM03Qj+hQ8pAzaqzUGPdLZbfiLkDWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgbNiL9WYUDahQ+xaKmmE2s8Wh87IpVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGdn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNkUbgrf68jppXVe8aqXauCnXqnkcBTiHC7gCD26hBg9QhyYwQHiGV3hzxs6L8+58LFs3nHzmDP7A+fwB0PeM7Q==</latexit>

j
<latexit sha1_base64="mhM736KvidImTkE3esgwipujrkk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rEF+wFtKJvtpN12swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28Hkfu63n1BpHstHM03Qj+hQ8pAzaqzUGPdLZbfiLkDWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgbNiL9WYUDahQ+xaKmmE2s8Wh87IpVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGdn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNkUbgrf68jppXVe8aqXauCnXqnkcBTiHC7gCD26hBg9QhyYwQHiGV3hzxs6L8+58LFs3nHzmDP7A+fwB0PeM7Q==</latexit>

j

<latexit sha1_base64="HNoxa6bXMZdq5K6bM4cTAB9LpSw=">AAAB83icbVBNSwMxFHypX7V+VT16CRbBU9ktUj0WRPBYwdZCdy3ZNNuGZrNLkhXK0r/hxYMiXv0z3vw3Zts9aOtAYJh5jzeZIBFcG8f5RqW19Y3NrfJ2ZWd3b/+genjU1XGqKOvQWMSqFxDNBJesY7gRrJcoRqJAsIdgcp37D09MaR7LezNNmB+RkeQhp8RYyfMiYsaUCHzz2BhUa07dmQOvErcgNSjQHlS/vGFM04hJQwXRuu86ifEzogyngs0qXqpZQuiEjFjfUkkipv1snnmGz6wyxGGs7JMGz9XfGxmJtJ5GgZ3MM+plLxf/8/qpCa/8jMskNUzSxaEwFdjEOC8AD7li1IipJYQqbrNiOiaKUGNrqtgS3OUvr5Juo+426827i1qrWdRRhhM4hXNw4RJacAtt6ACFBJ7hFd5Qil7QO/pYjJZQsXMMf4A+fwAxc5Ec</latexit>
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<latexit sha1_base64="HNoxa6bXMZdq5K6bM4cTAB9LpSw=">AAAB83icbVBNSwMxFHypX7V+VT16CRbBU9ktUj0WRPBYwdZCdy3ZNNuGZrNLkhXK0r/hxYMiXv0z3vw3Zts9aOtAYJh5jzeZIBFcG8f5RqW19Y3NrfJ2ZWd3b/+genjU1XGqKOvQWMSqFxDNBJesY7gRrJcoRqJAsIdgcp37D09MaR7LezNNmB+RkeQhp8RYyfMiYsaUCHzz2BhUa07dmQOvErcgNSjQHlS/vGFM04hJQwXRuu86ifEzogyngs0qXqpZQuiEjFjfUkkipv1snnmGz6wyxGGs7JMGz9XfGxmJtJ5GgZ3MM+plLxf/8/qpCa/8jMskNUzSxaEwFdjEOC8AD7li1IipJYQqbrNiOiaKUGNrqtgS3OUvr5Juo+426827i1qrWdRRhhM4hXNw4RJacAtt6ACFBJ7hFd5Qil7QO/pYjJZQsXMMf4A+fwAxc5Ec</latexit>

E2

Figure 9: Average of J
2
ij

in units of E2, fixing i = {0, 50, 100, 200} and varying j → (0, 10
3
). The

width of the speckle mask is r = 6 pixels (see Appendix D for details).

rather generous error, which is certainly commensurate with its value. Before presenting the values
obtained, it is interesting to notice that this parameter will depend on the size of the speckle mask
used to generate the speckle pattern in the cavity. In particular, a larger mask would fine-grain
more the speckle pattern (due to the inverse relation between x and k in a Fourier transform),
lowering the value of the Jij ’s and it’s dependence on the site di!erence. Thus, increasing the mask
size relative to the waist of the cavity, we expect an increase of N . This was also confirmed in
our numerical extrapolation of N . As mentioned previously, we did it for i = {0, 50, 100, 200}, for
relative mask sizes of r = 0.06 and r = 0.15, as on the left and right of Figure 9, respectively. We
found to following values:

i r = 0.06 r = 0.15

0 N ↑ 20 N ↑ 120

50 N ↑ 60 N ↑ 190

100 N ↑ 100 N ↑ 280

200 N ↑ 210 N ↑ 440

34

<latexit sha1_base64="GZ+OcOdqGZ1M4KOn+TMdOWamU7g="></latexit>

J2
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)



How many ’s?R
<latexit sha1_base64="Lx+aQo1MbDRgF4r7MLAlNo8+ukw=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIVC9CwYt4kCr2A5pYJttNu3Q3CbsboYSCf8WLB0W8+ju8+W/ctjlo64OBx3szzMwLEs6Udpxva2FxaXlltbBWXN/Y3Nq2d3YbKk4loXUS81i2AlCUs4jWNdOcthJJQQScNoPB5dhvPlKpWBzd62FCfQG9iIWMgDZSx96/wxfY64EQgG8eMg940odRxy45ZWcCPE/cnJRQjlrH/vK6MUkFjTThoFTbdRLtZyA1I5yOil6qaAJkAD3aNjQCQZWfTc4f4SOjdHEYS1ORxhP190QGQqmhCEynAN1Xs95Y/M9rpzo89zMWJammEZkuClOOdYzHWeAuk5RoPjQEiGTmVkz6IIFok1jRhODOvjxPGidlt1Ku3J6Wqtd5HAV0gA7RMXLRGaqiK1RDdURQhp7RK3qznqwX6936mLYuWPnMHvoD6/MH79KU5A==</latexit>

R = ωNω

<latexit sha1_base64="2xBJjMp9usym9W08wUwd8tLBrZI=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwEasIpgPTI4wt9lLluztHbt7QjjyL2wsFLH139j5b9wkV2j0wcDjvRlm5gWJ4Nq47pdTWFldW98obpa2tnd298r7By0dp4qyJo1FrDoBaia4ZE3DjWCdRDGMAsHawfh65rcfmdI8lvdmkjA/wqHkIadorPTQQ5GMkFwRr1+uuFV3DvKXeDmpQI5Gv/zZG8Q0jZg0VKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEiOm/Wx+8ZScWGVAwljZkobM1Z8TGUZaT6LAdkZoRnrZm4n/ed3UhJd+xmWSGibpYlGYCmJiMnufDLhi1IiJJUgVt7cSOkKF1NiQSjYEb/nlv6R1VvVq1drdeaV+m8dRhCM4hlPw4ALqcAMNaAIFCU/wAq+Odp6dN+d90Vpw8plD+AXn4xs2EZAA</latexit>

ω < 1

<latexit sha1_base64="MSzD7aQayqncWVnepmcUb6t7gqc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh4EU8VbAf2IYy2W7apZtN2N0IJfRfePGgiFf/jTf/jds2B60+GHi8N8PMvCARXBvX/XIKK6tr6xvFzdLW9s7uXnn/oKXjVFHWpLGIVSdAzQSXrGm4EayTKIZRIFg7GF/P/PYjU5rH8t5MEuZHOJQ85BSNlR56KJIRkivi9csVt+rOQf4SLycVyNHolz97g5imEZOGCtS667mJ8TNUhlPBpqVeqlmCdIxD1rVUYsS0n80vnpITqwxIGCtb0pC5+nMiw0jrSRTYzgjNSC97M/E/r5ua8NLPuExSwyRdLApTQUxMZu+TAVeMGjGxBKni9lZCR6iQGhtSyYbgLb/8l7TOql6tWrs7r9Rv8ziKcATHcAoeXEAdbqABTaAg4Qle4NXRzrPz5rwvWgtOPnMIv+B8fAM3l5AB</latexit>

ω = 1

<latexit sha1_base64="7o0ijoY+ZnMtRqFF+O3IMFFkDT4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqicpeBFPFewHtqFMtpt26WYTdjdCCf0XXjwo4tV/481/47bNQasPBh7vzTAzL0gE18Z1v5zCyura+kZxs7S1vbO7V94/aOk4VZQ1aSxi1QlQM8ElaxpuBOskimEUCNYOxtczv/3IlOaxvDeThPkRDiUPOUVjpYceimSE5Ip4/XLFrbpzkL/Ey0kFcjT65c/eIKZpxKShArXuem5i/AyV4VSwaamXapYgHeOQdS2VGDHtZ/OLp+TEKgMSxsqWNGSu/pzIMNJ6EgW2M0Iz0sveTPzP66YmvPQzLpPUMEkXi8JUEBOT2ftkwBWjRkwsQaq4vZXQESqkxoZUsiF4yy//Ja2zqler1u7OK/XbPI4iHMExnIIHF1CHG2hAEyhIeIIXeHW08+y8Oe+L1oKTzxzCLzgf3zkdkAI=</latexit>

ω > 1

+ boson condensation

Interpolation SYKp to SYK2p + no condensation

SYK2p + no condensation

Free fermions +  
no condensation

<latexit sha1_base64="nlM1zq739KTYyv5Nu5V+UqdImwc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF/FUxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD72sX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nr90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIye5sMuEJmxMQSyhS3txI2oooyY8Mp2RC85ZdXSeui6tWqtfvLSv0uj6MIJ3AK5+DBFdThFhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwChfo14</latexit>

{ <latexit sha1_base64="1AgtUWgtrpWuSzKz9SnObcJt9v8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqZ6k4EU8VegXtEvJptk2NMluk2yhLP0dXjwo4tUf481/Y9ruQVsfDDzem2FmXhBzpo3rfju5jc2t7Z38bmFv/+DwqHh80tRRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGN3P/daEKs0iWTfTmPoCDyQLGcHGSn4d3aF6L+0qgcisVyy5ZXcBtE68jJQgQ61X/Or2I5IIKg3hWOuO58bGT7EyjHA6K3QTTWNMRnhAO5ZKLKj208XRM3RhlT4KI2VLGrRQf0+kWGg9FYHtFNgM9ao3F//zOokJb/2UyTgxVJLlojDhyERongDqM0WJ4VNLMFHM3orIECtMjM2pYEPwVl9eJ82rslcpV56uS9XHLI48nME5XIIHN1CFB6hBAwiM4Rle4c2ZOC/Ou/OxbM052cwp/IHz+QNx4JFK</latexit>

T > Tc

<latexit sha1_base64="7o8GDm2PNIgJ+H24/RndGb1qZNY=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIVI8FL+KpQr+gDWGznbRLN5u4u1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUUmjRmMeyGxAFnAloaaY5dBMJJAo4dILx9czvPIBULBZNPUnAi8hQsJBRoo3k2+Um7nO4x7jpZ30ZYTr17YpTdebAq8TNSQXlaPj2V38Q0zQCoSknSvVcJ9FeRqRmlMO01E8VJISOyRB6hgoSgfKy+elTfGqUAQ5jaUpoPFd/T2QkUmoSBaYzInqklr2Z+J/XS3V45WVMJKkGQReLwpRjHeNZDnjAJFDNJ4YQKpm5FdMRkYRqk1bJhOAuv7xK2udVt1at3V1U6rd5HEV0jE7QGXLRJaqjG9RALUTRI3pGr+jNerJerHfrY9FasPKZI/QH1ucP2LuTIw==</latexit>

T → Tc
<latexit sha1_base64="0dt0r7UaXSJK/WGKbBvunEXPvCk=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1WXBjeimon1IE8JkOmmHTh7M3EhLyK+4caGIW3/EnX/jtM1CqwcuHM65l3vv8RPBFVjWl1FaWV1b3yhvVra2d3b3zP1qR8WppKxNYxHLnk8UEzxibeAgWC+RjIS+YF1/fDnzu49MKh5H9zBNmBuSYcQDTgloyTOrDrAJZHcPN7mXOTLESe6ZNatuzYH/ErsgNVSg5ZmfziCmacgioIIo1betBNyMSOBUsLzipIolhI7JkPU1jUjIlJvNb8/xsVYGOIilrgjwXP05kZFQqWno686QwEgtezPxP6+fQnDhZjxKUmARXSwKUoEhxrMg8IBLRkFMNSFUcn0rpiMiCQUdV0WHYC+//Jd0Tut2o964Pas1r4s4yugQHaETZKNz1ERXqIXaiKIJekIv6NXIjWfjzXhftJaMYuYA/YLx8Q1JTpSk</latexit>

SYKp
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