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Holography at 30
In its first 30 years, the study of holographic dualities has had a significant impact on 
many areas of physics, including of course 

• String theory and quantum gravity 

• Strongly coupled QFTs and gauge theories 

• Black holes, the origin of the B-H entropy and the black hole interior 

but also, quite remarkably, on 

• Quantum information 

• Non-equilibrium physics 

• Quantum chaos and integrability… 

This suggests that many important lessons remain to be discovered.

[Maldacena 1997]



Holographic systems in the lab
Realizing a quantum system with a holographic gravity dual is rather challenging, as it 
involves 

• Large number of degrees of freedom 

• Strong coupling, in order to have Einstein-type weakly coupled bulk gravity 

• Precise control over interactions, to generate symmetry algebra or at least disorder 

• When it reduces to a quantum mechanical system, all-to-all connectivity 

One of the simplest systems to realize is the Sachdev-Ye-Kitaev model 
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Why cavity QED?
Optical cavities are arrangements of mirrors 
that confine light waves. 

Optical cavities in the QED regime naturally 
realize several of the ingredients listed before:
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• Large number of degrees of freedom 

• Strong coupling 

• Precise control over interactions 

• All-to-all connectivity

See also: [Danshita et al. 2016], p-adic AdS/CFT [Bentsen et al. 2019], tensor networks [Swingle’s talk], …
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}Mediated by cavity photons

Depend on number of atoms and  
tunable parameters
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Complex, Yukawa & low rank SYK models

[Marcus, Vandoren 2018] 
[Kim, Cao, Altman 2019]
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Yukawa SYK:

(complex) low rank SYK:

[Esterlis, Schmalian 2019]

[Sachdev 2015]
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Main part of the talk: how to realize this model(s) in a cQED setup?
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Cavity QED setup
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H = Hkt +Hc +Ha +Hac +Had

[Uhrich et al. 2023] 
[Baumgartner et al. 2024 & 2025]

Several ingredients:  
• Harmonic trap 
• Cavity mode 
• Li-6 atoms 
• QED interaction 
• Pump drive 
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Very shallow trap. The  ’s will be SYK sitesi
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Cavity QED setup
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H = Hkt +Hc +Ha +Hac +Had

[Uhrich et al. 2023] 
[Baumgartner et al. 2024 & 2025]

Several ingredients:  
• Harmonic trap 
• Cavity mode 
• Li-6 atoms 
• QED interaction 
• Pump drive 
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Different regimes  
can be considered: 

Single-mode

Multimode [Uhrich et al. 2023]

[Baumgartner et al.  
2024 & 2025]
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H = Hkt +Hc +Ha +Hac +Had

[Uhrich et al. 2023] 
[Baumgartner et al. 2024 & 2025]

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

Hac =
!c

2

∫
d2r

(
gc(r)ω

†
e(r)ωg(r)a+ h.c.

)

<latexit sha1_base64="WhwBYdsarpR6cDymz1GptLuMQFU=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXJVNkbHcFQVxWsA9ph5JJM9PQJDMkGaGMBf/BjQtF3Po57vwbM20FFT1w4XDOvdx7T5Bwpg1CH87S8srq2npho7i5tb2zW9rbb+s4VYS2SMxj1Q2wppxJ2jLMcNpNFMUi4LQTjM9zv3NLlWaxvDaThPoCR5KFjGBjpZu7qK+wjDgdlMqogiw8D+bErSHXknq9Vq3WoTuzECqDBZqD0nt/GJNUUGkIx1r3XJQYP8PKMMLptNhPNU0wGeOI9iyVWFDtZ7ODp/DYKkMYxsqWNHCmfp/IsNB6IgLbKbAZ6d9eLv7l9VIT1vyMySQ1VJL5ojDl0MQw/x4OmaLE8IklmChmb4VkhBUmxmZUtCF8fQr/J+1qxfUq3tVpuXFxP4+jAA7BETgBLjgDDXAJmqAFCBDgATyBZ0c5j86L8zpvXXIWER6AH3DePgGMIJFY</latexit>

|g→

<latexit sha1_base64="dTiGNmMApSMM4ayZIffekGRSRTg=">AAAB8HicdVBNS8NAEN34WetX1aOXxSJ4Kmla03orCOKxgv2QNpTNdtIu3WzC7kYoteB/8OJBEa/+HG/+GzdtBRV9MPB4b4aZeX7MmdK2/WEtLa+srq1nNrKbW9s7u7m9/aaKEkmhQSMeybZPFHAmoKGZ5tCOJZDQ59DyR+ep37oFqVgkrvU4Bi8kA8ECRok20s0ddCURAw69XN4unFVd59TBdsG2K07JTYlTKTslXDRKijxaoN7LvXf7EU1CEJpyolSnaMfamxCpGeUwzXYTBTGhIzKAjqGChKC8yezgKT42Sh8HkTQlNJ6p3ycmJFRqHPqmMyR6qH57qfiX10l0UPUmTMSJBkHni4KEYx3h9HvcZxKo5mNDCJXM3IrpkEhCtckoa0L4+hT/T5pOoegW3KtyvnZxP48jgw7RETpBRVRBNXSJ6qiBKArRA3pCz5a0Hq0X63XeumQtIjxAP2C9fQKUrpFd</latexit>

|e→
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Cavity QED setup

<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

[Uhrich et al. 2023] 
[Baumgartner et al. 2024 & 2025]

Several ingredients:  
• Harmonic trap 
• Cavity mode 
• Li-6 atoms 
• QED interaction 
• Pump drive 

<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="/amGaa6pahRdy2Onntu6h3LQN0E=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL54kgnlAsoTZ2dlkyDzWmVkhhPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlHJmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirThDaJ4kp3ImwoZ5I2LbOcdlJNsYg4bUejm5nffqLaMCUf7DilocADyRJGsHVSp6cEHeB+3C9X/Ko/B1olQU4qkKPRL3/1YkUyQaUlHBvTDfzUhhOsLSOcTku9zNAUkxEe0K6jEgtqwsn83ik6c0qMEqVdSYvm6u+JCRbGjEXkOgW2Q7PszcT/vG5mk+twwmSaWSrJYlGScWQVmj2PYqYpsXzsCCaauVsRGWKNiXURlVwIwfLLq6R1UQ1q1dr9ZaV+l8dRhBM4hXMI4ArqcAsNaAIBDs/wCm/eo/fivXsfi9aCl88cwx94nz8OEJAJ</latexit>ωd
<latexit sha1_base64="msPa0BK2Z9vKBYUcjx/Y9WlqZnE=">AAACOHicbVDLSgMxFM34rPU16tJNsAhuLDMiVXBT0IUrrWAf0Cklk7ltQ5OZMckUytDPcuNnuBM3LhRx6xeYPgTbeiDkcM65JPf4MWdKO86LtbC4tLyymlnLrm9sbm3bO7sVFSWSQplGPJI1nyjgLISyZppDLZZAhM+h6ncvh361B1KxKLzX/RgagrRD1mKUaCM17VsvEtAmzdSTAtMB9i6wp6PRdQVc/xqBceAhYT08kz+eEoJB0845eWcEPE/cCcmhCUpN+9kLIpoICDXlRKm668S6kRKpGeUwyHqJgpjQLmlD3dCQCFCNdLT4AB8aJcCtSJoTajxS/06kRCjVF75JCqI7atYbiv959US3zhspC+NEQ0jHD7USjk01wxZxwCRQzfuGECqZ+SumHSIJ1abrrCnBnV15nlRO8m4hX7g7zRVvJnVk0D46QEfIRWeoiK5RCZURRY/oFb2jD+vJerM+ra9xdMGazOyhKVjfPz1grCY=</latexit>

ωc → !cd ↑ ωc ↓ ωd
<latexit sha1_base64="Mzh883nZSqrWm4ffBukNlphRGx8=">AAACOHicbVDLSgMxFM34rPU16tJNsAhuLDMiVXBT0IUrrWAf0Cklk7ltQ5OZMckUytDPcuNnuBM3LhRx6xeYPgTbeiDkcM65JPf4MWdKO86LtbC4tLyymlnLrm9sbm3bO7sVFSWSQplGPJI1nyjgLISyZppDLZZAhM+h6ncvh361B1KxKLzX/RgagrRD1mKUaCM17VsvEtAmzdSTApMB9i6wp6PRdQVc/xqBceAhYT08kz+eEoJB0845eWcEPE/cCcmhCUpN+9kLIpoICDXlRKm668S6kRKpGeUwyHqJgpjQLmlD3dCQCFCNdLT4AB8aJcCtSJoTajxS/06kRCjVF75JCqI7atYbiv959US3zhspC+NEQ0jHD7USjk01wxZxwCRQzfuGECqZ+SumHSIJ1abrrCnBnV15nlRO8m4hX7g7zRVvJnVk0D46QEfIRWeoiK5RCZURRY/oFb2jD+vJerM+ra9xdMGazOyhKVjfPzNOrCA=</latexit>

ωa → !ad ↑ ωa ↓ ωd

<latexit sha1_base64="iavXEvWrY+KsdmYOXjy2dd8tyV0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF09SxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD71pv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7plJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jYZcIXMiIkllClubyVsRBVlxoZTsiF4yy+vktZF1atVa/eXlfpdHkcRTuAUzsGDK6jDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gCluo1+</latexit>

} Detunings
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The full picture

<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="CH+aQ77LqrPFLQ2E2dT7ad/sCYI=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiCXfBoEcSLxwxkY8ENqRbutDQdte2a0I2/AkvHjTGq3/Hm//GAntQ8CWTvLw3k5l5QcyZNq777eQ2Nre2d/K7hb39g8Oj4vFJW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcjf3O09UaRbJBzONqS/wSLKQEWys1K02B2n1qjIbFEtu2V0ArRMvIyXI0BwUv/rDiCSCSkM41rrnubHxU6wMI5zOCv1E0xiTCR7RnqUSC6r9dHHvDF1YZYjCSNmSBi3U3xMpFlpPRWA7BTZjverNxf+8XmLCWz9lMk4MlWS5KEw4MhGaP4+GTFFi+NQSTBSztyIyxgoTYyMq2BC81ZfXSbtS9mrl2v11qd7I4sjDGZzDJXhwA3VoQBNaQIDDM7zCm/PovDjvzseyNedkM6fwB87nD+9Ij0k=</latexit>

3P3/2

<latexit sha1_base64="9a9RJXS1ELrauwgROY1Yec3skUE=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4qrulVo8FPfRYwX5Au5Rsmm1Ds8maZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777aytb2xubed28rt7+weHhaPjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvp357SeqNJPiwUxi6kd4KFjICDZW6lTu+unVZXnaLxTdkjsHWiVeRoqQodEvfPUGkiQRFYZwrHXXc2Pjp1gZRjid5nuJpjEmYzykXUsFjqj20/m9U3RulQEKpbIlDJqrvydSHGk9iQLbGWEz0sveTPzP6yYmvPFTJuLEUEEWi8KEIyPR7Hk0YIoSwyeWYKKYvRWREVaYGBtR3obgLb+8SlrlklctVe8rxVo9iyMHp3AGF+DBNdSgDg1oAgEOz/AKb86j8+K8Ox+L1jUnmzmBP3A+fwDhaY9A</latexit>

4D5/2

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

ωg(r)

<latexit sha1_base64="hUZwJXy+Brm408Boi064/Ktf0no=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXkoiUj0WvIinCvYDmhA22027dDcJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b/+gYh8edVSSSULbJOGJ7IVYUc5i2tZMc9pLJcUi5LQbjm9mfveRSsWS+EFPUuoLPIxZxAjWRgrsipcqFuSeFIhOa/I8sKtO3ZkDrRK3IFUo0ArsL2+QkEzQWBOOleq7Tqr9HEvNCKfTspcpmmIyxkPaNzTGgio/nx8+RWdGGaAokaZijebq74kcC6UmIjSdAuuRWvZm4n9eP9PRtZ+zOM00jcliUZRxpBM0SwENmKRE84khmEhmbkVkhCUm2mRVNiG4yy+vks5F3W3UG/eX1eZdEUcJTuAUauDCFTThFlrQBgIZPMMrvFlP1ov1bn0sWtesYuYY/sD6/AE2hJLW</latexit>

ωe(r)

<latexit sha1_base64="7NCS98IaNxph+JkhyP8Gh+IPYXU=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXkoiUj0WvIinCvYDmhA22027dDcJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b/+gYh8edVSSSULbJOGJ7IVYUc5i2tZMc9pLJcUi5LQbjm9mfveRSsWS+EFPUuoLPIxZxAjWRgrsipcqFuSeFAhPa/I8sKtO3ZkDrRK3IFUo0ArsL2+QkEzQWBOOleq7Tqr9HEvNCKfTspcpmmIyxkPaNzTGgio/nx8+RWdGGaAokaZijebq74kcC6UmIjSdAuuRWvZm4n9eP9PRtZ+zOM00jcliUZRxpBM0SwENmKRE84khmEhmbkVkhCUm2mRVNiG4yy+vks5F3W3UG/eX1eZdEUcJTuAUauDCFTThFlrQBgIZPMMrvFlP1ov1bn0sWtesYuYY/sD6/AEwZJLS</latexit>

ωa(r)

[Uhrich et al. 2023] 
[Baumgartner et al. 2024 & 2025]
See also [Sauerwein et al. 2023]

<latexit sha1_base64="b5QOWf1I7DyohQowFgdJ+t/HOsI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjQg8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1Fip4fVLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX7vI4CnAKZ3ABHlxDDe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHfsmMwg==</latexit>

1
<latexit sha1_base64="ZxRTWIxZ8+a/0+G1FZ1YSUYAoe4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCHjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHjy3X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1UvVq1dn9Zqd/mcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD+yejPw=</latexit>

10
<latexit sha1_base64="m3JunzQ8XuU2/5moiDkMk4yKxbM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DevCYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb+d++wmV5rF8MJME/YgOJQ85o8ZKjUq/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwxp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aVXKXrVcbVyVandZHHk4g3O4BA+uoQb3UIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AYBNjMM=</latexit>

2
<latexit sha1_base64="ReMoruFovWBKpPaBZP6ZTl6CjHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRI8BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+mWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8qVe+yOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4HRjMQ=</latexit>

3
<latexit sha1_base64="Ox7aFt6RQGBFb4X9xjx0jTJALus=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rGgB48V7Ae0oWy2k3btZhN2N0IJ/QVePChe/U3e/Ddu2xy09cHA470ZZuaFqeDaeN63U9rY3NreKe+6e/sHh0cV97itk0wxbLFEJKobUo2CS2wZbgR2U4U0DgV2wsnt3O88o9I8kY9mmmIQ05HkEWfUWOnhalCpejVvAbJO/IJUoUBzUPnqDxOWxSgNE1Trnu+lJsipMpwJnLn9TGNK2YSOsGeppDHqIF8cOiPnVhmSKFG2pCEL9fdETmOtp3FoO2NqxnrVm4v/eb3MRDdBzmWaGZRsuSjKBDEJmX9NhlwhM2JqCWWK21sJG1NFmbHZuDYEf/XlddK+rPn1Wr3auCvCKMMpnMEF+HANDbiHJrSAAcILvMG78+S8Oh/LxpJTTJzAHzifPxjPi5s=</latexit>

4
<latexit sha1_base64="EFdrBWtuPzPdRLqZmdrS3Cd0T64=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRo8BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+lWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVe+yOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4TZjMY=</latexit>

5
<latexit sha1_base64="imif5B7Zqv9T+/c4Ff4WMNGeOYQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjQg8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipUe2Xym7FnYOsEi8nZchR75e+eoOYpRFKwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1VNIItZ/ND52Sc6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbIo2BG/55VXSuqx41Uq1cVWu3eVxFOAUzuACPLiGGtxDHZrAAOEZXuHNeXRenHfnY9G65uQzJ/AHzucPhl2Mxw==</latexit>

6
<latexit sha1_base64="Pe7uczDS5/k4FFY7kwW4ePqcr1A=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJB4DevCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1Mbud++wmV5pF8MNMY/ZCOJB9yRo2VGtV+seSW3QXIOvEyUoIM9X7xqzeIWBKiNExQrbueGxs/pcpwJnBW6CUaY8omdIRdSyUNUfvp4tAZubDKgAwjZUsaslB/T6Q01HoaBrYzpGasV725+J/XTczwxk+5jBODki0XDRNBTETmX5MBV8iMmFpCmeL2VsLGVFFmbDYFG4K3+vI6aV2VvUq50rgu1e6yOPJwBudwCR5UoQb3UIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AYfhjMg=</latexit>

7
<latexit sha1_base64="OS4IAuio0UVQc2dAHwUI/0KySe8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxBwDevCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1Mbud++wmV5pF8MNMY/ZCOJB9yRo2VGtV+seSW3QXIOvEyUoIM9X7xqzeIWBKiNExQrbueGxs/pcpwJnBW6CUaY8omdIRdSyUNUfvp4tAZubDKgAwjZUsaslB/T6Q01HoaBrYzpGasV725+J/XTcyw6qdcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXandZHHk4g3O4BA9uoAb3UIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AYlljMk=</latexit>

8
<latexit sha1_base64="s2U+MQGvjqItklE0dwMvK6k8yic=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL0F9OAxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6je9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3L4sjDCZzCOXhwBVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD4rpjMo=</latexit>

9 <latexit sha1_base64="EkipQRiC2mIiHbVCe7sKiIM4gGA=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI8FPXisYNpCG8pmu2mXbjZh90Uoob/BiwdFvPqDvPlv3LY5aHVgYZh5w743YSqFQdf9ckpr6xubW+Xtys7u3v5B9fCobZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknN3O/88i1EYl6wGnKg5iOlIgEo2glvz9M0AyqNbfuLkD+Eq8gNSjQGlQ/bY5lMVfIJDWm57kpBjnVKJjks0o/MzylbEJHvGepojE3Qb5YdkbOrDIkUaLtU0gW6s9ETmNjpnFoJ2OKY7PqzcX/vF6G0XWQC5VmyBVbfhRlkmBC5peTodCcoZxaQpkWdlfCxlRThrafii3BWz35L2lf1L1GvXF/WWveFnWU4QRO4Rw8uIIm3EELfGAg4Ale4NVRzrPz5rwvR0tOkTmGX3A+vgH1lI7P</latexit>. . . <latexit sha1_base64="MJUpIUafdnYROEkkupp6lwflOv8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjQg8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1Fipwfulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrd3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD06mM+g==</latexit>

i
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<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="CH+aQ77LqrPFLQ2E2dT7ad/sCYI=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiCXfBoEcSLxwxkY8ENqRbutDQdte2a0I2/AkvHjTGq3/Hm//GAntQ8CWTvLw3k5l5QcyZNq777eQ2Nre2d/K7hb39g8Oj4vFJW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcjf3O09UaRbJBzONqS/wSLKQEWys1K02B2n1qjIbFEtu2V0ArRMvIyXI0BwUv/rDiCSCSkM41rrnubHxU6wMI5zOCv1E0xiTCR7RnqUSC6r9dHHvDF1YZYjCSNmSBi3U3xMpFlpPRWA7BTZjverNxf+8XmLCWz9lMk4MlWS5KEw4MhGaP4+GTFFi+NQSTBSztyIyxgoTYyMq2BC81ZfXSbtS9mrl2v11qd7I4sjDGZzDJXhwA3VoQBNaQIDDM7zCm/PovDjvzseyNedkM6fwB87nD+9Ij0k=</latexit>

3P3/2

<latexit sha1_base64="9a9RJXS1ELrauwgROY1Yec3skUE=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4qrulVo8FPfRYwX5Au5Rsmm1Ds8maZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777aytb2xubed28rt7+weHhaPjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvp357SeqNJPiwUxi6kd4KFjICDZW6lTu+unVZXnaLxTdkjsHWiVeRoqQodEvfPUGkiQRFYZwrHXXc2Pjp1gZRjid5nuJpjEmYzykXUsFjqj20/m9U3RulQEKpbIlDJqrvydSHGk9iQLbGWEz0sveTPzP6yYmvPFTJuLEUEEWi8KEIyPR7Hk0YIoSwyeWYKKYvRWREVaYGBtR3obgLb+8SlrlklctVe8rxVo9iyMHp3AGF+DBNdSgDg1oAgEOz/AKb86j8+K8Ox+L1jUnmzmBP3A+fwDhaY9A</latexit>

4D5/2

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

ωg(r)

<latexit sha1_base64="hUZwJXy+Brm408Boi064/Ktf0no=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXkoiUj0WvIinCvYDmhA22027dDcJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b/+gYh8edVSSSULbJOGJ7IVYUc5i2tZMc9pLJcUi5LQbjm9mfveRSsWS+EFPUuoLPIxZxAjWRgrsipcqFuSeFIhOa/I8sKtO3ZkDrRK3IFUo0ArsL2+QkEzQWBOOleq7Tqr9HEvNCKfTspcpmmIyxkPaNzTGgio/nx8+RWdGGaAokaZijebq74kcC6UmIjSdAuuRWvZm4n9eP9PRtZ+zOM00jcliUZRxpBM0SwENmKRE84khmEhmbkVkhCUm2mRVNiG4yy+vks5F3W3UG/eX1eZdEUcJTuAUauDCFTThFlrQBgIZPMMrvFlP1ov1bn0sWtesYuYY/sD6/AE2hJLW</latexit>

ωe(r)

<latexit sha1_base64="7NCS98IaNxph+JkhyP8Gh+IPYXU=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXkoiUj0WvIinCvYDmhA22027dDcJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b/+gYh8edVSSSULbJOGJ7IVYUc5i2tZMc9pLJcUi5LQbjm9mfveRSsWS+EFPUuoLPIxZxAjWRgrsipcqFuSeFAhPa/I8sKtO3ZkDrRK3IFUo0ArsL2+QkEzQWBOOleq7Tqr9HEvNCKfTspcpmmIyxkPaNzTGgio/nx8+RWdGGaAokaZijebq74kcC6UmIjSdAuuRWvZm4n9eP9PRtZ+zOM00jcliUZRxpBM0SwENmKRE84khmEhmbkVkhCUm2mRVNiG4yy+vks5F3W3UG/eX1eZdEUcJTuAUauDCFTThFlrQBgIZPMMrvFlP1ov1bn0sWtesYuYY/sD6/AEwZJLS</latexit>

ωa(r)

[Uhrich et al. 2023] 
[Baumgartner et al. 2024 & 2025]
See also [Sauerwein et al. 2023]

<latexit sha1_base64="b5QOWf1I7DyohQowFgdJ+t/HOsI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjQg8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1Fip4fVLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX7vI4CnAKZ3ABHlxDDe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHfsmMwg==</latexit>

1
<latexit sha1_base64="ZxRTWIxZ8+a/0+G1FZ1YSUYAoe4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCHjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHjy3X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1UvVq1dn9Zqd/mcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD+yejPw=</latexit>

10
<latexit sha1_base64="m3JunzQ8XuU2/5moiDkMk4yKxbM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DevCYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb+d++wmV5rF8MJME/YgOJQ85o8ZKjUq/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwxp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aVXKXrVcbVyVandZHHk4g3O4BA+uoQb3UIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AYBNjMM=</latexit>

2
<latexit sha1_base64="ReMoruFovWBKpPaBZP6ZTl6CjHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRI8BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+mWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8qVe+yOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4HRjMQ=</latexit>

3
<latexit sha1_base64="Ox7aFt6RQGBFb4X9xjx0jTJALus=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rGgB48V7Ae0oWy2k3btZhN2N0IJ/QVePChe/U3e/Ddu2xy09cHA470ZZuaFqeDaeN63U9rY3NreKe+6e/sHh0cV97itk0wxbLFEJKobUo2CS2wZbgR2U4U0DgV2wsnt3O88o9I8kY9mmmIQ05HkEWfUWOnhalCpejVvAbJO/IJUoUBzUPnqDxOWxSgNE1Trnu+lJsipMpwJnLn9TGNK2YSOsGeppDHqIF8cOiPnVhmSKFG2pCEL9fdETmOtp3FoO2NqxnrVm4v/eb3MRDdBzmWaGZRsuSjKBDEJmX9NhlwhM2JqCWWK21sJG1NFmbHZuDYEf/XlddK+rPn1Wr3auCvCKMMpnMEF+HANDbiHJrSAAcILvMG78+S8Oh/LxpJTTJzAHzifPxjPi5s=</latexit>

4
<latexit sha1_base64="EFdrBWtuPzPdRLqZmdrS3Cd0T64=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRo8BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+lWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVe+yOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4TZjMY=</latexit>

5
<latexit sha1_base64="imif5B7Zqv9T+/c4Ff4WMNGeOYQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjQg8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipUe2Xym7FnYOsEi8nZchR75e+eoOYpRFKwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1VNIItZ/ND52Sc6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbIo2BG/55VXSuqx41Uq1cVWu3eVxFOAUzuACPLiGGtxDHZrAAOEZXuHNeXRenHfnY9G65uQzJ/AHzucPhl2Mxw==</latexit>

6
<latexit sha1_base64="Pe7uczDS5/k4FFY7kwW4ePqcr1A=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJB4DevCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1Mbud++wmV5pF8MNMY/ZCOJB9yRo2VGtV+seSW3QXIOvEyUoIM9X7xqzeIWBKiNExQrbueGxs/pcpwJnBW6CUaY8omdIRdSyUNUfvp4tAZubDKgAwjZUsaslB/T6Q01HoaBrYzpGasV725+J/XTczwxk+5jBODki0XDRNBTETmX5MBV8iMmFpCmeL2VsLGVFFmbDYFG4K3+vI6aV2VvUq50rgu1e6yOPJwBudwCR5UoQb3UIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AYfhjMg=</latexit>

7
<latexit sha1_base64="OS4IAuio0UVQc2dAHwUI/0KySe8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxBwDevCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1Mbud++wmV5pF8MNMY/ZCOJB9yRo2VGtV+seSW3QXIOvEyUoIM9X7xqzeIWBKiNExQrbueGxs/pcpwJnBW6CUaY8omdIRdSyUNUfvp4tAZubDKgAwjZUsaslB/T6Q01HoaBrYzpGasV725+J/XTcyw6qdcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXandZHHk4g3O4BA9uoAb3UIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AYlljMk=</latexit>

8
<latexit sha1_base64="s2U+MQGvjqItklE0dwMvK6k8yic=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL0F9OAxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6je9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3L4sjDCZzCOXhwBVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD4rpjMo=</latexit>

9 <latexit sha1_base64="EkipQRiC2mIiHbVCe7sKiIM4gGA=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI8FPXisYNpCG8pmu2mXbjZh90Uoob/BiwdFvPqDvPlv3LY5aHVgYZh5w743YSqFQdf9ckpr6xubW+Xtys7u3v5B9fCobZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknN3O/88i1EYl6wGnKg5iOlIgEo2glvz9M0AyqNbfuLkD+Eq8gNSjQGlQ/bY5lMVfIJDWm57kpBjnVKJjks0o/MzylbEJHvGepojE3Qb5YdkbOrDIkUaLtU0gW6s9ETmNjpnFoJ2OKY7PqzcX/vF6G0XWQC5VmyBVbfhRlkmBC5peTodCcoZxaQpkWdlfCxlRThrafii3BWz35L2lf1L1GvXF/WWveFnWU4QRO4Rw8uIIm3EELfGAg4Ale4NVRzrPz5rwvR0tOkTmGX3A+vgH1lI7P</latexit>. . . <latexit sha1_base64="MJUpIUafdnYROEkkupp6lwflOv8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjQg8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1Fipwfulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrd3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD06mM+g==</latexit>

i



Speckle patterns
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<latexit sha1_base64="lekke2ZhBkgSbEyhJwKHcpIFzK0=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7IrUj0WBOmxgq3FdinZ9G0bms0uSVYopf/CiwdFvPpvvPlvzLZ70NaBwDDzHpk3QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAjGN5n/8IRK81jem0mCfkSHkoecUWOlx15EzYhRQW775Ypbdecgq8TLSQVyNPvlr94gZmmE0jBBte56bmL8KVWGM4GzUi/VmFA2pkPsWipphNqfzhPPyJlVBiSMlX3SkLn6e2NKI60nUWAns4R62cvE/7xuasJrf8plkhqUbPFRmApiYpKdTwZcITNiYgllitushI2ooszYkkq2BG/55FXSvqh6tWrt7rJSb+R1FOEETuEcPLiCOjSgCS1gIOEZXuHN0c6L8+58LEYLTr5zDH/gfP4ADJCQiw==</latexit>F
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<latexit sha1_base64="lekke2ZhBkgSbEyhJwKHcpIFzK0=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7IrUj0WBOmxgq3FdinZ9G0bms0uSVYopf/CiwdFvPpvvPlvzLZ70NaBwDDzHpk3QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAjGN5n/8IRK81jem0mCfkSHkoecUWOlx15EzYhRQW775Ypbdecgq8TLSQVyNPvlr94gZmmE0jBBte56bmL8KVWGM4GzUi/VmFA2pkPsWipphNqfzhPPyJlVBiSMlX3SkLn6e2NKI60nUWAns4R62cvE/7xuasJrf8plkhqUbPFRmApiYpKdTwZcITNiYgllitushI2ooszYkkq2BG/55FXSvqh6tWrt7rJSb+R1FOEETuEcPLiCOjSgCS1gIOEZXuHN0c6L8+58LEYLTr5zDH/gfP4ADJCQiw==</latexit>F
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r = 50, ¢da = 1

Disorder in the additional blue light 
is obtained through speckle patterns 
generated via Spatial Light 
Modulator. 

Numerically, it can be implemented 
via a Fourier Transform of a 
random-phase mask. 

Red halo represents the physical 
size of the harmonic trap’s 
fundamental length.

<latexit sha1_base64="Iy9z43DT79p2I7jKkuj5i/C4GTo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh4EU8VTBtoQ1ls520SzebsLsRSulv8OJBEa/+IG/+G7dtDtr6YODx3gwz88JUcG1c99sprK1vbG4Vt0s7u3v7B+XDo6ZOMsXQZ4lIVDukGgWX6BtuBLZThTQOBbbC0e3Mbz2h0jyRj2acYhDTgeQRZ9RYyVfkhtR65Ypbdecgq8TLSQVyNHrlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzI+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5z0uUJmxNgSyhS3txI2pIoyY/Mp2RC85ZdXSfOi6tWqtYfLSv0+j6MIJ3AK5+DBFdThDhrgAwMOz/AKb450Xpx352PRWnDymWP4A+fzB4jjjeQ=</latexit>

r = 6

<latexit sha1_base64="mce8O/1JiB/Q/ZYXTNWaln0Y+VM=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVrV6EghfxVMF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jdl2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML7J/PYTVZpJ8WAmMfUjPBQsZAQbK7UUukYXbr9ccavuDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k9n107RiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvepn4n9dNTHjlp0zEiaGCzBeFCUdGoux1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2+vExaZ1WvVq3dn1fqd3kcRTiCYzgFDy6hDrfQgCYQeIRneIU3RzovzrvzMW8tOPnMIfyB8/kD9i+OHQ==</latexit>

r = 50



The full picture

<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

AC 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

[Uhrich et al. 2023] 
[Baumgartner et al. 2024 & 2025]
See also [Sauerwein et al. 2023]

<latexit sha1_base64="b5QOWf1I7DyohQowFgdJ+t/HOsI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjQg8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1Fip4fVLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX7vI4CnAKZ3ABHlxDDe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHfsmMwg==</latexit>

1
<latexit sha1_base64="ZxRTWIxZ8+a/0+G1FZ1YSUYAoe4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCHjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHjy3X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1UvVq1dn9Zqd/mcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD+yejPw=</latexit>

10
<latexit sha1_base64="m3JunzQ8XuU2/5moiDkMk4yKxbM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DevCYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb+d++wmV5rF8MJME/YgOJQ85o8ZKjUq/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwxp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aVXKXrVcbVyVandZHHk4g3O4BA+uoQb3UIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AYBNjMM=</latexit>

2
<latexit sha1_base64="ReMoruFovWBKpPaBZP6ZTl6CjHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRI8BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+mWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8qVe+yOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4HRjMQ=</latexit>

3
<latexit sha1_base64="Ox7aFt6RQGBFb4X9xjx0jTJALus=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rGgB48V7Ae0oWy2k3btZhN2N0IJ/QVePChe/U3e/Ddu2xy09cHA470ZZuaFqeDaeN63U9rY3NreKe+6e/sHh0cV97itk0wxbLFEJKobUo2CS2wZbgR2U4U0DgV2wsnt3O88o9I8kY9mmmIQ05HkEWfUWOnhalCpejVvAbJO/IJUoUBzUPnqDxOWxSgNE1Trnu+lJsipMpwJnLn9TGNK2YSOsGeppDHqIF8cOiPnVhmSKFG2pCEL9fdETmOtp3FoO2NqxnrVm4v/eb3MRDdBzmWaGZRsuSjKBDEJmX9NhlwhM2JqCWWK21sJG1NFmbHZuDYEf/XlddK+rPn1Wr3auCvCKMMpnMEF+HANDbiHJrSAAcILvMG78+S8Oh/LxpJTTJzAHzifPxjPi5s=</latexit>

4
<latexit sha1_base64="EFdrBWtuPzPdRLqZmdrS3Cd0T64=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRo8BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+lWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVe+yOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4TZjMY=</latexit>

5
<latexit sha1_base64="imif5B7Zqv9T+/c4Ff4WMNGeOYQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjQg8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipUe2Xym7FnYOsEi8nZchR75e+eoOYpRFKwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1VNIItZ/ND52Sc6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbIo2BG/55VXSuqx41Uq1cVWu3eVxFOAUzuACPLiGGtxDHZrAAOEZXuHNeXRenHfnY9G65uQzJ/AHzucPhl2Mxw==</latexit>

6
<latexit sha1_base64="Pe7uczDS5/k4FFY7kwW4ePqcr1A=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJB4DevCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1Mbud++wmV5pF8MNMY/ZCOJB9yRo2VGtV+seSW3QXIOvEyUoIM9X7xqzeIWBKiNExQrbueGxs/pcpwJnBW6CUaY8omdIRdSyUNUfvp4tAZubDKgAwjZUsaslB/T6Q01HoaBrYzpGasV725+J/XTczwxk+5jBODki0XDRNBTETmX5MBV8iMmFpCmeL2VsLGVFFmbDYFG4K3+vI6aV2VvUq50rgu1e6yOPJwBudwCR5UoQb3UIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AYfhjMg=</latexit>

7
<latexit sha1_base64="OS4IAuio0UVQc2dAHwUI/0KySe8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxBwDevCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1Mbud++wmV5pF8MNMY/ZCOJB9yRo2VGtV+seSW3QXIOvEyUoIM9X7xqzeIWBKiNExQrbueGxs/pcpwJnBW6CUaY8omdIRdSyUNUfvp4tAZubDKgAwjZUsaslB/T6Q01HoaBrYzpGasV725+J/XTcyw6qdcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXandZHHk4g3O4BA9uoAb3UIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AYlljMk=</latexit>

8
<latexit sha1_base64="s2U+MQGvjqItklE0dwMvK6k8yic=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL0F9OAxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6je9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3L4sjDCZzCOXhwBVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD4rpjMo=</latexit>

9 <latexit sha1_base64="EkipQRiC2mIiHbVCe7sKiIM4gGA=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI8FPXisYNpCG8pmu2mXbjZh90Uoob/BiwdFvPqDvPlv3LY5aHVgYZh5w743YSqFQdf9ckpr6xubW+Xtys7u3v5B9fCobZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknN3O/88i1EYl6wGnKg5iOlIgEo2glvz9M0AyqNbfuLkD+Eq8gNSjQGlQ/bY5lMVfIJDWm57kpBjnVKJjks0o/MzylbEJHvGepojE3Qb5YdkbOrDIkUaLtU0gW6s9ETmNjpnFoJ2OKY7PqzcX/vF6G0XWQC5VmyBVbfhRlkmBC5peTodCcoZxaQpkWdlfCxlRThrafii3BWz35L2lf1L1GvXF/WWveFnWU4QRO4Rw8uIIm3EELfGAg4Ale4NVRzrPz5rwvR0tOkTmGX3A+vgH1lI7P</latexit>. . . <latexit sha1_base64="MJUpIUafdnYROEkkupp6lwflOv8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjQg8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1Fipwfulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrd3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD06mM+g==</latexit>

i



<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

The full picture

<latexit sha1_base64="Jvy8Tek1F4u91oHEOFWF87/blNM=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0VwFSatxHZXcONKKtgHNLFMJpN26EwSZiZKCf0PNy4Uceu/uPNvnD4EFT1w4XDOvdx7T5BypjRCH1ZhZXVtfaO4Wdra3tndK+8fdFSSSULbJOGJ7AVYUc5i2tZMc9pLJcUi4LQbjC9mfveOSsWS+EZPUuoLPIxZxAjWRrr1EkGHeJB7UsBwOihXkI1qtYaLILJrDnLrjiF1p+FWa9Cx0RwVsERrUH73woRkgsaacKxU30Gp9nMsNSOcTktepmiKyRgPad/QGAuq/Hx+9RSeGCWEUSJNxRrO1e8TORZKTURgOgXWI/Xbm4l/ef1MR3U/Z3GaaRqTxaIo41AncBYBDJmkRPOJIZhIZm6FZIQlJtoEVTIhfH0K/yedqu24tnt9VmleLeMogiNwDE6BA85BE1yCFmgDAiR4AE/g2bq3Hq0X63XRWrCWM4fgB6y3T+5skt0=</latexit>ωd

[Uhrich et al. 2023] 
[Baumgartner et al. 2024 & 2025]
See also [Sauerwein et al. 2023]

<latexit sha1_base64="b5QOWf1I7DyohQowFgdJ+t/HOsI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjQg8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1Fip4fVLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX7vI4CnAKZ3ABHlxDDe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHfsmMwg==</latexit>

1
<latexit sha1_base64="ZxRTWIxZ8+a/0+G1FZ1YSUYAoe4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCHjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHjy3X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1UvVq1dn9Zqd/mcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD+yejPw=</latexit>

10
<latexit sha1_base64="m3JunzQ8XuU2/5moiDkMk4yKxbM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DevCYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb+d++wmV5rF8MJME/YgOJQ85o8ZKjUq/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwxp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aVXKXrVcbVyVandZHHk4g3O4BA+uoQb3UIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AYBNjMM=</latexit>

2
<latexit sha1_base64="ReMoruFovWBKpPaBZP6ZTl6CjHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRI8BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+mWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8qVe+yOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4HRjMQ=</latexit>

3
<latexit sha1_base64="Ox7aFt6RQGBFb4X9xjx0jTJALus=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rGgB48V7Ae0oWy2k3btZhN2N0IJ/QVePChe/U3e/Ddu2xy09cHA470ZZuaFqeDaeN63U9rY3NreKe+6e/sHh0cV97itk0wxbLFEJKobUo2CS2wZbgR2U4U0DgV2wsnt3O88o9I8kY9mmmIQ05HkEWfUWOnhalCpejVvAbJO/IJUoUBzUPnqDxOWxSgNE1Trnu+lJsipMpwJnLn9TGNK2YSOsGeppDHqIF8cOiPnVhmSKFG2pCEL9fdETmOtp3FoO2NqxnrVm4v/eb3MRDdBzmWaGZRsuSjKBDEJmX9NhlwhM2JqCWWK21sJG1NFmbHZuDYEf/XlddK+rPn1Wr3auCvCKMMpnMEF+HANDbiHJrSAAcILvMG78+S8Oh/LxpJTTJzAHzifPxjPi5s=</latexit>

4
<latexit sha1_base64="EFdrBWtuPzPdRLqZmdrS3Cd0T64=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRo8BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+lWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVe+yOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4TZjMY=</latexit>

5
<latexit sha1_base64="imif5B7Zqv9T+/c4Ff4WMNGeOYQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjQg8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipUe2Xym7FnYOsEi8nZchR75e+eoOYpRFKwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1VNIItZ/ND52Sc6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbIo2BG/55VXSuqx41Uq1cVWu3eVxFOAUzuACPLiGGtxDHZrAAOEZXuHNeXRenHfnY9G65uQzJ/AHzucPhl2Mxw==</latexit>

6
<latexit sha1_base64="Pe7uczDS5/k4FFY7kwW4ePqcr1A=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJB4DevCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1Mbud++wmV5pF8MNMY/ZCOJB9yRo2VGtV+seSW3QXIOvEyUoIM9X7xqzeIWBKiNExQrbueGxs/pcpwJnBW6CUaY8omdIRdSyUNUfvp4tAZubDKgAwjZUsaslB/T6Q01HoaBrYzpGasV725+J/XTczwxk+5jBODki0XDRNBTETmX5MBV8iMmFpCmeL2VsLGVFFmbDYFG4K3+vI6aV2VvUq50rgu1e6yOPJwBudwCR5UoQb3UIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AYfhjMg=</latexit>

7
<latexit sha1_base64="OS4IAuio0UVQc2dAHwUI/0KySe8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxBwDevCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1Mbud++wmV5pF8MNMY/ZCOJB9yRo2VGtV+seSW3QXIOvEyUoIM9X7xqzeIWBKiNExQrbueGxs/pcpwJnBW6CUaY8omdIRdSyUNUfvp4tAZubDKgAwjZUsaslB/T6Q01HoaBrYzpGasV725+J/XTcyw6qdcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXandZHHk4g3O4BA9uoAb3UIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AYlljMk=</latexit>

8
<latexit sha1_base64="s2U+MQGvjqItklE0dwMvK6k8yic=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL0F9OAxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6je9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3L4sjDCZzCOXhwBVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD4rpjMo=</latexit>

9 <latexit sha1_base64="EkipQRiC2mIiHbVCe7sKiIM4gGA=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI8FPXisYNpCG8pmu2mXbjZh90Uoob/BiwdFvPqDvPlv3LY5aHVgYZh5w743YSqFQdf9ckpr6xubW+Xtys7u3v5B9fCobZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknN3O/88i1EYl6wGnKg5iOlIgEo2glvz9M0AyqNbfuLkD+Eq8gNSjQGlQ/bY5lMVfIJDWm57kpBjnVKJjks0o/MzylbEJHvGepojE3Qb5YdkbOrDIkUaLtU0gW6s9ETmNjpnFoJ2OKY7PqzcX/vF6G0XWQC5VmyBVbfhRlkmBC5peTodCcoZxaQpkWdlfCxlRThrafii3BWz35L2lf1L1GvXF/WWveFnWU4QRO4Rw8uIIm3EELfGAg4Ale4NVRzrPz5rwvR0tOkTmGX3A+vgH1lI7P</latexit>. . . <latexit sha1_base64="MJUpIUafdnYROEkkupp6lwflOv8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjQg8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1Fipwfulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrd3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD06mM+g==</latexit>

i



The full picture

<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)

<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="hOU4MO3UpTYyMJP1zd5wTb2+qgQ="></latexit>

!2
d

”ad

∫
d2r

”ad

”ad(r)
ω†
g(r)ωg(r)Interaction term:

[Uhrich et al. 2023] 
[Baumgartner et al. 2024 & 2025]
See also [Sauerwein et al. 2023]



The full picture

<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

emission

<latexit sha1_base64="mHfmy1tG+y5bI/P0HdkPq8QrTe4="></latexit>

!2
d!

2
c

4”cd”2
ad

∫
d2r d2r→

”2
ad

”ad(r)”ad(r→)
ω†
g(r)ωg(r)ω

†
g(r

→)ωg(r
→)

<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

virtual

Interaction term:

[Uhrich et al. 2023] 
[Baumgartner et al. 2024 & 2025]
See also [Sauerwein et al. 2023]
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Ωd (10)

Ωc (11)

Ω0 (12)

Ωc (13)

∝ |ΩdΩc|2

|∆da|2∆cd
(14)

1

ψe (1)

ψ†
e (2)

ψg (3)

ψ†
g (4)

∆cd (5)

∆0d (6)

a (7)

γ,∆cd (8)

∆da (9)

Ωd (10)

Ωc (11)

Ω0 (12)

Ωc (13)

∝ |ΩdΩc|2

|∆da|2∆cd
(14)

1

<latexit sha1_base64="9P3O33JVwOxIVjAvtpwqcuXfJvk="></latexit>

!2
d

”ad

∫
d2r

”ad

”ad(r)
ω†
g(r)ωg(r)

Two body Four body

SYK2 like term that has to be 
compensated

<latexit sha1_base64="101orOqonjUGLdwa2HfZ5Mc3w9Y="></latexit>

He! =
!2

d!
2
c

”cd”2
ad

∑

i1,i2;k1,k2

Ji1k1Ji2k2c
†
i1
ck1c

†
i2
ck2

‘low-rank’ version of SYK

[Uhrich et al. 2023] 
[Baumgartner et al. 2024 & 2025]
See also [Sauerwein et al. 2023]



Experimental couplings
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<latexit sha1_base64="Sp6qPNwReCf0WQiLm+pFXYivbic="></latexit>

Jij =
(
2
(
1 + S(r)

))→1
ωij

<latexit sha1_base64="9doYFpg/HfJpusAlcm82/luF88U="></latexit>

Jij =
1

2

∫
d2r

ω→
i (r)ωj(r)

1 + S(r)

[Baumgartner et al. 2024 & 2025]



Fix  and scan the variance of  for 
different values of . 

Empirical ansatz:

i Jij
j

<latexit sha1_base64="GlaEFU0lyuCNvLhM7Ui+YgWelbM="></latexit>

i r = 6 r = 15

0 N0 → 20 N0 → 120
50 N50 → 31 N50 → 129
100 N100 → 46 N100 → 151
200 N200 → 86 N200 → 170

100 101 102

10°7

10°6

10°5

10°4

J2
0,j

Fit

<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="WX/S65/ojphjwD1JirEdrMDtiP8=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFEVxWsA9sh5JJM21oJjMkd4RS+hduXCji1r9x59+YaWeh1QOBwzn3knNPkEhh0HW/nMLK6tr6RnGztLW9s7tX3j9omTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7G15nffuTaiFjd4yThfkSHSoSCUbTSQy+iOGJUkpt+ueJW3TnIX+LlpAI5Gv3yZ28QszTiCpmkxnQ9N0F/SjUKJvms1EsNTygb0yHvWqpoxI0/nSeekROrDEgYa/sUkrn6c2NKI2MmUWAns4Rm2cvE/7xuiuGlPxUqSZErtvgoTCXBmGTnk4HQnKGcWEKZFjYrYSOqKUNbUsmW4C2f/Je0zqperVq7O6/Ur/I6inAEx3AKHlxAHW6hAU1goOAJXuDVMc6z8+a8L0YLTr5zCL/gfHwDCT6QhA==</latexit>

E

<latexit sha1_base64="WX/S65/ojphjwD1JirEdrMDtiP8=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFEVxWsA9sh5JJM21oJjMkd4RS+hduXCji1r9x59+YaWeh1QOBwzn3knNPkEhh0HW/nMLK6tr6RnGztLW9s7tX3j9omTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7G15nffuTaiFjd4yThfkSHSoSCUbTSQy+iOGJUkpt+ueJW3TnIX+LlpAI5Gv3yZ28QszTiCpmkxnQ9N0F/SjUKJvms1EsNTygb0yHvWqpoxI0/nSeekROrDEgYa/sUkrn6c2NKI2MmUWAns4Rm2cvE/7xuiuGlPxUqSZErtvgoTCXBmGTnk4HQnKGcWEKZFjYrYSOqKUNbUsmW4C2f/Je0zqperVq7O6/Ur/I6inAEx3AKHlxAHW6hAU1goOAJXuDVMc6z8+a8L0YLTr5zCL/gfHwDCT6QhA==</latexit>

E

100 101 102

10°6

10°5

J2
50,j

Fit

100 101 102

10°6

10°5

J2
100,j

Fit

100 101 102

10°6

10°5

10°4
J2

200,j

Fit

Number of interacting sites N

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

J2
ij → exp

(∣∣∣∣∣

↑
i↓

↑
j↑

Ne!

∣∣∣∣∣

)

[Baumgartner et al. 2025]



<latexit sha1_base64="GlaEFU0lyuCNvLhM7Ui+YgWelbM="></latexit>

i r = 6 r = 15

0 N0 → 20 N0 → 120
50 N50 → 31 N50 → 129
100 N100 → 46 N100 → 151
200 N200 → 86 N200 → 170

Number of interacting sites N

<latexit sha1_base64="wRuFMpI5fapE+hPCqseZAsf7J5s=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI8FLz1WMLXQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSMUmmGfdZIhPdDanhUijuo0DJu6nmNA4lfwwnd3P/8YlrIxL1gNOUBzEdKREJRtFKfn+YoBlUa27dXYCsE68gNSjQHlS/bI5lMVfIJDWm57kpBjnVKJjks0o/MzylbEJHvGepojE3Qb5YdkYurDIkUaLtU0gW6u9ETmNjpnFoJ2OKY7PqzcX/vF6G0W2QC5VmyBVbfhRlkmBC5peTodCcoZxaQpkWdlfCxlRThrafii3BWz15nXSu6l6j3ri/rjVbRR1lOINzuAQPbqAJLWiDDwwEPMMrvDnKeXHenY/laMkpMqfwB87nD/bIjtM=</latexit>. . . <latexit sha1_base64="wRuFMpI5fapE+hPCqseZAsf7J5s=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI8FLz1WMLXQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSMUmmGfdZIhPdDanhUijuo0DJu6nmNA4lfwwnd3P/8YlrIxL1gNOUBzEdKREJRtFKfn+YoBlUa27dXYCsE68gNSjQHlS/bI5lMVfIJDWm57kpBjnVKJjks0o/MzylbEJHvGepojE3Qb5YdkYurDIkUaLtU0gW6u9ETmNjpnFoJ2OKY7PqzcX/vF6G0W2QC5VmyBVbfhRlkmBC5peTodCcoZxaQpkWdlfCxlRThrafii3BWz15nXSu6l6j3ri/rjVbRR1lOINzuAQPbqAJLWiDDwwEPMMrvDnKeXHenY/laMkpMqfwB87nD/bIjtM=</latexit>. . .

<latexit sha1_base64="FA5b2UY6hHInO65MSF3gYd/Z818=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadkNEj0GvOQY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cfIQYtCChqKqm+6uMBVcG8/7cnIbm1vbO/ndwt7+weFR8fikqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLR7cxvPaLSPJEPZpxiENOB5BFn1Fjp3ve8XrHku94cxHPLa+THKsES9V7xs9tPWBajNExQrTu+l5pgQpXhTOC00M00ppSN6AA7lkoaow4m81On5MIqfRIlypY0ZK6uTkxorPU4Dm1nTM1Qr3sz8S+vk5noJphwmWYGJVssijJBTEJmf5M+V8iMGFtCmeL2VsKGVFFmbDqF1RD+J82y61fcyt1VqVpbxpGHMziHS/DhGqpQgzo0gMEAnuAFXh3hPDtvzvuiNecsZ07hF5yPb2MqjT8=</latexit>

100

Example:

Main takeaway: the number of SYK 
interacting sites  is not equal to the 
number of atoms  in the cavity.  

It is directly related to the speckle 
pattern. 

N
Nat

[Baumgartner et al. 2025]

<latexit sha1_base64="VQfJa+Awl9SHtUUpiBKuhIruLq8=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK2nU53BTddVrQPaIeSSTNtaCYzJBmhDP0ENy4UcesXufNvTB+Cih64cDjnXu69J0g4UxqhDyu3sbm1vZPfLeztHxweFY9POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNptcLv3tPpWKxuNOzhPoRHgsWMoK1kW6dijsslpBd92qeW4bIRnVUXhKnWvFqVejYaIkSWKM1LL4PRjFJIyo04VipvoMS7WdYakY4nRcGqaIJJlM8pn1DBY6o8rPlqXN4YZQRDGNpSmi4VL9PZDhSahYFpjPCeqJ+ewvxL6+f6tDzMyaSVFNBVovClEMdw8XfcMQkJZrPDMFEMnMrJBMsMdEmnYIJ4etT+D/pXNmOa7s3lVKjuY4jD87AObgEDqiBBmiCFmgDAsbgATyBZ4tbj9aL9bpqzVnrmVPwA9bbJ/CbjaA=</latexit>

146
<latexit sha1_base64="7NCrC1MZpKAGKdFcXQqvX9ngNww=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GjL2Nd0V3HRZxT6gHUomzbShmcyQZIQy9A/cuFDErX/kzr8xnVZQ0QMXDufcy733+DFnSiP0YeU2Nre2d/K7hb39g8Oj4vFJV0WJJLRDIh7Jvo8V5UzQjmaa034sKQ59Tnv+7Hrp9+6pVCwSd3oeUy/EE8ECRrA20m21MiqWkN1w626tDJGNGqicEadacetV6NgoQwms0R4V34fjiCQhFZpwrNTAQbH2Uiw1I5wuCsNE0RiTGZ7QgaECh1R5aXbpAl4YZQyDSJoSGmbq94kUh0rNQ990hlhP1W9vKf7lDRIduF7KRJxoKshqUZBwqCO4fBuOmaRE87khmEhmboVkiiUm2oRTMCF8fQr/J90r26nZtZtKqdlax5EHZ+AcXAIH1EETtEAbdAABAXgAT+DZmlmP1ov1umrNWeuZU/AD1tsnf4yNZA==</latexit>

54



Trotterization to densify disorder

Trotterization:

<latexit sha1_base64="rAzWmtf+qHqQ5w8775WHcVfP50M="></latexit>

H =
R∑

n=1

H
n
e! = E

∑

i1i2;k1k2

(
R∑

n=1

J
n
i1k1

J
n
i2k2

)
c
†
i1
ck1c

†
i2
ck2

<latexit sha1_base64="4uH+JxKoBaj1oLWRL9vuH3K6Xwo=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSyCq5BEbVrcFNyIC6lgH9CGMJlO2iGTBzMToYbir7hxoYhb/8Odf+P0IajogQuHc+7l3nv8lFEhTfNDKywsLi2vFFdLa+sbm1v69k5LJBnHpIkTlvCOjwRhNCZNSSUjnZQTFPmMtP3wfOK3bwkXNIlv5CglboQGMQ0oRlJJnr536eXUsyD17DMYKhJ69tjTy6Zh2jXHMqFp2DXLdqqKVE9t59iBlmFOUQZzNDz9vddPcBaRWGKGhOhaZirdHHFJMSPjUi8TJEU4RAPSVTRGERFuPr1+DA+V0odBwlXFEk7V7xM5ioQYRb7qjJAcit/eRPzL62YyqLo5jdNMkhjPFgUZgzKBkyhgn3KCJRspgjCn6laIh4gjLFVgJRXC16fwf9KyDatiVK5PyvWreRxFsA8OwBGwgAPq4AI0QBNgcAcewBN41u61R+1Fe521FrT5zC74Ae3tE29blAA=</latexit>

Ji1i2;k1k2

10°1 100 101 102

Jt

10°6

10°5

10°4

10°3

10°2

10°1

100

S
F
F

Exact

J¢t = 0.1

180 190 200
0.000

0.002

0.004

10°1 100 101

J¢t

10°4

10°3

10°2

¢
S
F
F

N = 6

N = 8

N = 10

10°2 10°1 100

J¢t

10°2

10°1

100

¢
U

T = 10/J

T = 102/J

T = 103/J

<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

[Baumgartner et al. 2024 & 2025]

[Kim et al. 2019] :                gives SYK2 to SYK4 interpolation
<latexit sha1_base64="bCtD4TYV4z6VsYRKKSm0/lvj2jA=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVC9CwYt4kCr2A7pLmU2zbWiSXZKsUJb+DS8eFPHqn/HmvzFt96CtDwYe780wMy9MONPGdb+dwsrq2vpGcbO0tb2zu1feP2jpOFWENknMY9UJQVPOJG0aZjjtJIqCCDlth6Prqd9+okqzWD6acUIDAQPJIkbAWMl/wFfYH4AQgO965YpbdWfAy8TLSQXlaPTKX34/Jqmg0hAOWnc9NzFBBsowwumk5KeaJkBGMKBdSyUIqoNsdvMEn1ilj6NY2ZIGz9TfExkIrccitJ0CzFAvelPxP6+bmugyyJhMUkMlmS+KUo5NjKcB4D5TlBg+tgSIYvZWTIaggBgbU8mG4C2+vExaZ1WvVq3dn1fqt3kcRXSEjtEp8tAFqqMb1EBNRFCCntErenNS58V5dz7mrQUnnzlEf+B8/gBYAZCh</latexit>

R = ωN

<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)

Sparser but not 
too sparse!



Cavity QED platforms

Cavity QED platforms

Cavity QED platforms

Cavity QED platforms

Cavity QED platforms
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x

L/2

0
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y

Dissipation
<latexit sha1_base64="Ji8gw9rbelRUe3ub3mGtIdnz6LY=">AAAB7XicdVDJSgNBEO2JW4xb1KOXxiB4GmYyWTwGPJhjBLNAMoSeTk/S2svQ3SOEIf/gxYMiXv0fb/6NnUVQ0QcFj/eqqKoXJYxq43kfTm5tfWNzK79d2Nnd2z8oHh51tEwVJm0smVS9CGnCqCBtQw0jvUQRxCNGutHd5dzv3hOlqRQ3ZpqQkKOxoDHFyFipM7hCnKNhseS5frkaVMvQc2tVvx7MiecHQVCBvustUAIrtIbF98FI4pQTYTBDWvd9LzFhhpShmJFZYZBqkiB8h8akb6lAnOgwW1w7g2dWGcFYKlvCwIX6fSJDXOspj2wnR2aif3tz8S+vn5r4IsyoSFJDBF4uilMGjYTz1+GIKoINm1qCsKL2VognSCFsbEAFG8LXp/B/0im7fs2tXVdKjeYqjjw4AafgHPigDhqgCVqgDTC4BQ/gCTw70nl0XpzXZWvOWc0cgx9w3j4BrHKPPg==</latexit>
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Survival fidelity  vs coherent 
fidelity  for photon loss.  

Recent activity on: how much do 
quadratic Lindblad jump operators 
affect chaotic features of SYK?

F0(t)
F(t)

[Kulkarni et al. 2021][Sá et al. 2021] 
[Kawabata et al. 2022][A.M. García-García et al. 2024] …

Photon loss

Photon scattering

<latexit sha1_base64="TSWuyP773vsPejF+e8c14qAW47Y="></latexit>

Lω =

→
ω!d!c

2(”cd ↑ iω/2)

∫
d2r

gd(r)g0(r)

”ad(r) + i#/2
ε†
g(r)εg(r)

<latexit sha1_base64="y/9VfaailzChC2S2j0Wslk+H4ns="></latexit>

L!(r) =

→
!”d gd(r)

#ad(r) + i!/2
ω†
g(r)ωg(r)

<latexit sha1_base64="Hil4p+DdxBdoHwRhzPiNWX8oTaE=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXw0xrX7uCIC4r2Ae0Q8mkmTY2k4QkI5Sh4Ce4caGIW//HnX9j+hBU9MCFwzn3cu89oWRUG8/7cFZW19Y3NjNb2e2d3b393MFhS4tEYdLEggnVCZEmjHLSNNQw0pGKoDhkpB2OL2Z++44oTQW/MRNJghgNOY0oRsZKrd4YSYn6ubzn1vxqoVaEnlsslSt+yRKvUK1VCtB3vTnyYIlGP/feGwicxIQbzJDWXd+TJkiRMhQzMs32Ek0kwmM0JF1LOYqJDtL5tVN4apUBjISyxQ2cq98nUhRrPYlD2xkjM9K/vZn4l9dNTFQNUsplYgjHi0VRwqARcPY6HFBFsGETSxBW1N4K8QgphI0NKGtD+PoU/k9aBdcvu+Xr83z98n4RRwYcgxNwBnxQAXVwBRqgCTC4BQ/gCTw7wnl0XpzXReuKs4zwCPyA8/YJPwiQBQ==</latexit>ω

[Baumgartner et al. 2024 & 2025]



Holographic systems are interesting states of matter whose exploration will deepen our 
understanding of many areas of physics.  

Realizing the SYK model is a first step towards scalable quantum simulations of more 
complicated holographic systems. 

In cQED platforms, we showed that it is possible to have 

• Tunable (large) number of interacting degrees of freedom 

• Programmable control over couplings, at least to generate disorder 

• Generate the all-to-all connectivity by cavity photons 

Summary



Many near-term goals and forthcoming challenges: 

• Upgrade the cavity with additional speckle (@ LQG-EPFL by Brantut’s group) 

• Cool down the system to reach strong coupling 

• Find observables that can be realistically measured in the lab and have a holographic 
interpretation. Some examples to explore: 
1. Correlation functions: 2pt universal, 4pt related to OTOCS 
2. SYK thermodynamics? 
3. Statistical approaches, as e.g. [Zhou et al. 2025 & 2025] ? 

• Address interplay between dissipative dynamics and quantum chaos. Is there any 
lessons to be learned from the bulk?

Future directions

[Swingle et al. 2016]
[Vermersch et al. 2019]

[García-Álvarez et al. 2016]



Thank you!



Backup slides



Low dimensional gravity
By AdSd+1/CFTd the gravitational theory is two dimensional  

Adding the dilaton , the theory is topological. On closed manifolds it is actually trivial. 
To add dynamics we need a boundary.

Φ

<latexit sha1_base64="a3Tb2iN/hyyTgGljfGXeHUe/tj4="></latexit>

I = →ωS0 →
1

16εG

∫

M
d2x

↑
g!(R+ 2)→ 1

8εG

∮

ωM
dϑ

↑
h!(K → 1)JT gravity:

n. of gravitons: 
d(d − 3)/2

<latexit sha1_base64="6B9/UT3BQv4xHus5oqXzhasHowo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh4KXHCqYttKFsNpt26e4m7G6EEvobvHhQxKs/yJv/xm2bg7Y+GHi8N8PMvDDlTBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTBHqk4QnqhdiTTmT1DfMcNpLFcUi5LQbTu7nfveJKs0S+WimKQ0EHkkWM4KNlfwI3aHrYbXm1t0F0DrxClKDAu1h9WsQJSQTVBrCsdZ9z01NkGNlGOF0VhlkmqaYTPCI9i2VWFAd5ItjZ+jCKhGKE2VLGrRQf0/kWGg9FaHtFNiM9ao3F//z+pmJb4OcyTQzVJLlojjjyCRo/jmKmKLE8KklmChmb0VkjBUmxuZTsSF4qy+vk85V3WvUGw/XtWariKMMZ3AOl+DBDTShBW3wgQCDZ3iFN0c6L86787FsLTnFzCn8gfP5A2/RjdI=</latexit>

d = 4
<latexit sha1_base64="0BUJVKtOTJAHRRFhFvG9Ky4oxlk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqheh4KXHCsYW2lA2m027dHcTdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXphypo3rfjultfWNza3ydmVnd2//oHp49KiTTBHqk4QnqhtiTTmT1DfMcNpNFcUi5LQTju9mfueJKs0S+WAmKQ0EHkoWM4KNlfwI3aLLQbXm1t050CrxClKDAu1B9asfJSQTVBrCsdY9z01NkGNlGOF0WulnmqaYjPGQ9iyVWFAd5PNjp+jMKhGKE2VLGjRXf0/kWGg9EaHtFNiM9LI3E//zepmJb4KcyTQzVJLFojjjyCRo9jmKmKLE8IklmChmb0VkhBUmxuZTsSF4yy+vkseLuteoN+6vas1WEUcZTuAUzsGDa2hCC9rgAwEGz/AKb450Xpx352PRWnKKmWP4A+fzB25NjdE=</latexit>

d = 3
<latexit sha1_base64="xU1HEC2vSC1AXZqfC6uJviqvBQ0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6kUoeOmxgmkLbSibzaZdursJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0w508Z1v52Nza3tnd3SXnn/4PDouHJy2tFJpgj1ScIT1QuxppxJ6htmOO2limIRctoNJ/dzv/tElWaJfDTTlAYCjySLGcHGSn6E7lB9WKm6NXcBtE68glShQHtY+RpECckElYZwrHXfc1MT5FgZRjidlQeZpikmEzyifUslFlQH+eLYGbq0SoTiRNmSBi3U3xM5FlpPRWg7BTZjverNxf+8fmbi2yBnMs0MlWS5KM44Mgmaf44ipigxfGoJJorZWxEZY4WJsfmUbQje6svrpFOveY1a4+G62mwVcZTgHC7gCjy4gSa0oA0+EGDwDK/w5kjnxXl3PpatG04xcwZ/4Hz+AGzJjdA=</latexit>

d = 2

2 gravitons
topological
-1 dof

Schwarzian action weighs  
boundary reparametrizations. 

It appears also in SYK 
as the action for the 

pseudo-Goldstone bosons 
for broken conformal symmetry

[Kitaev 2015] [Maldacena, Stanford 2015]



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

[Esterlis, Schmalian 2019] 
[Kim, Cao, Altman 2019]



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>
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<latexit sha1_base64="OgtbQzE8N+ULPNdhR2Yb4pOSXE4="></latexit>∥∥∥
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Converging couplings
<latexit sha1_base64="h+544lxxDYrLrEKSoKu//7Z4D78="></latexit>
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<latexit sha1_base64="ae15VNuQ2yl4U/U7zV7Q7jog8Ls="></latexit>
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<latexit sha1_base64="zTP5hkKo4Bqyogfz7TwbuHMyX4Y="></latexit>
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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 =
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R
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ω=1

Yω

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

[Esterlis, Schmalian 2019] 
[Kim, Cao, Altman 2019]

<latexit sha1_base64="bCtD4TYV4z6VsYRKKSm0/lvj2jA=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVC9CwYt4kCr2A7pLmU2zbWiSXZKsUJb+DS8eFPHqn/HmvzFt96CtDwYe780wMy9MONPGdb+dwsrq2vpGcbO0tb2zu1feP2jpOFWENknMY9UJQVPOJG0aZjjtJIqCCDlth6Prqd9+okqzWD6acUIDAQPJIkbAWMl/wFfYH4AQgO965YpbdWfAy8TLSQXlaPTKX34/Jqmg0hAOWnc9NzFBBsowwumk5KeaJkBGMKBdSyUIqoNsdvMEn1ilj6NY2ZIGz9TfExkIrccitJ0CzFAvelPxP6+bmugyyJhMUkMlmS+KUo5NjKcB4D5TlBg+tgSIYvZWTIaggBgbU8mG4C2+vExaZ1WvVq3dn1fqt3kcRXSEjtEp8tAFqqMb1EBNRFCCntErenNS58V5dz7mrQUnnzlEf+B8/gBYAZCh</latexit>

R = ωN


