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The observables become highly 
constrained.

CFT observables satisfy various non-
perturbative consistency conditions.   

Conformal 
Bootstrap 

Conformal Field Theories (CFTs) 
Physics of Phase Transition to Quantum Gravity

Emergence of universal features
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The most basic ingredient of a CFT is spectrum of operators. 

They are labeled by scaling dimension, spin. 

We are interested in learning whether there is any universality in 
density of operators at large scaling dimension/spin.

Conformal Field Theories (CFTs) 



Cardy formula

In 1+1 D CFT, the large energy density of states in universal, 
determined by a single number, central charge. 
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[Mukhametzhanov, SP 2020]
[Mukhametzhanov, Zhiboedov 2019]

Smeared Cardy formula

The precise version requires averaging over window of size 
and putting a lower and upper bound.
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[Mukhametzhanov, SP 2020]
[Mukhametzhanov, Zhiboedov 2019]

Smeared Cardy formula

Smeared density at large energy is universal and determined by a 
single number, central charge. 
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Today we will focus on the large spin sector.

Is there any universality in large spin?
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OPE of two operators produces operators, which in 
the large spin limit is very close to generalized free 
field theory. [Komargodski, Zhiboedov 2012]

[Fitzpatrick, Kaplan, Poland, Simmons-Duffin 2012]

[SP, Qiao, Rychkov 2022]Rigorous proof [Van Rees, 2024]

Large spin universality via correlator bootstrap

[………]
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Today we will focus on the large spin sector using partition function.

Is there any universality in large spin?
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Today we will focus on the large spin sector using partition function.

Different from Generalized free field

Is there any universality in large spin?



Plan of the talk:

• 2D CFT  (Th

• Higher D CFT (physics arguments: conjecture)  

2505.02897 [hep-th] 

2512.00158 [hep-th] 

Jiaxin Qiao       Balt C Van Rees 

Shiraz Minwalla Nathan Benjamin Harsh Anand Vipul Kumar Jyotirmoy Mukherjee Asikur Rahman 
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Results:
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Results:

Universal
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c > 1
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Results:

In higher D, this has an asymptotic expansion in inverse Temp. 
Hence Semi-Universal (related to thermal EFT/hydrodynamics)
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Results:

In microcanonical , it captures the density of states at large spin.
In 2D, in leading order, entropy at large spin is twist 
independent.
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Results:

In microcanonical , it captures the density of states at large spin.
In 2D, in leading order, entropy at large spin is twist 
independent.

In higher D
<latexit sha1_base64="t5fOED9LpJ3O+uJEg7TnDT3uXVk="></latexit>
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Ratios of spin fixed.
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Results:

In 2D, the canonical result is a consequence of modular 
invariance.

Nontriviality lies in microcanonical, especially when one aims to 
understand refined information.

In higher D, without modular invariance, deriving the canonical 
result requires much more work!!
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[….., Kusuki; Benjamin, Shao, Ooguri, Wang; SP, Qiao, Rees]

[SP, Qiao, Rees ]

[Anand, Benjamin, Kumar, Minwalla, Mukherjee, SP, Rahman]
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• Quick recap of results in 2D CFT (in microcanonical)

Plan

• Higher D results
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Quick recap of results in 2D CFT



large spin universality in unitary 2D CFT

• Max spacing for spin J operators with bounded 
twist above              goes to zero at least as fast as 

<latexit sha1_base64="wHn/3ZiWT88ISoH4qQvf+qaAPnM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRZBEGsipXosehFPFewHtLFsttN26WY37G6UEvtTvHhQxKu/xJv/xm2bg7Y+GHi8N8PMvCBiVGnX/bYyS8srq2vZ9dzG5tb2jp3frSsRSwI1IpiQzQArYJRDTVPNoBlJwGHAoBEMryZ+4wGkooLf6VEEfoj7nPYowdpIHTt/c5+ceKel4zZEijLBxx274BbdKZxF4qWkgFJUO/ZXuytIHALXhGGlWp4baT/BUlPCYJxrxwoiTIa4Dy1DOQ5B+cn09LFzaJSu0xPSFNfOVP09keBQqVEYmM4Q64Ga9ybif14r1r0LP6E8ijVwMlvUi5mjhTPJwelSCUSzkSGYSGpudcgAS0y0SStnQvDmX14k9bOiVy6Wb0uFymUaRxbtowN0hDx0jiroGlVRDRH0iJ7RK3qznqwX6936mLVmrHRmD/2B9fkDEAGTQg==</latexit>

J→1/4+ω

• Smoothened entropy formula is non-perturbatively valid.

• Large spin limt exists [No limsup or liminf ]

Central charge bigger than 1 & twist gap in the spectrum of Virasoro primaries
[SP,  J.Qiao, B. Van Rees 2025] 
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Now what do we do in higher dimension?
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Thermal effective field theory / Hydrodynamics 
[Banerjee, Bhattacharya, Bhattacharya, Jain, Minwalla, Sharma 2012]

[Bhattacharya, Lahiri, Loganayagam, Minwalla 2007]

[ Jensen, Kaminski, Kovtun, Meyer, Ritz, Arom, 2012]

Reincarnated in recent times in context  of deriving Cardy-like 
formula [Benjamin, Lee, Ooguri, Simmons-Duffin 2023]

[Benjamin, Lee, SP, Simmons-Duffin, Xu 2024]
More applications….

[Kusuki, Ooguri, SP 2025]

[Ditakyk, Khanchandani, Popov, Wang 2024]
[Kravchuk, Radcliffe, Sinha 2024]Defects…….

[Xu, Simmons-Duffin 2025]

[Kang, Lee, Ooguri 2022]

[Cuomo, He, Komargodski 2024]

[see also Shaghoulian, 2015]



Thermal effective field theory / Hydrodynamics 

We will come back to finite temperature,            later.<latexit sha1_base64="XD6IuFpDmwy+RzADDPdcXXTRyBc=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjcsK9gEzQ8mkd9rQPIYkI5TSz3DjQhG3fo07/8a0nYVWDwQO59xL7jlJxpmxvv/lldbWNza3ytuVnd29/YPq4VHHqFxTaFPFle4lxABnEtqWWQ69TAMRCYduMr6d+91H0IYp+WAnGcSCDCVLGSXWSWGkBAxJZBUO+tWaX/cXwH9JUJAaKtDqVz+jgaK5AGkpJ8aEgZ/ZeEq0ZZTDrBLlBjJCx2QIoaOSCDDxdHHyDJ85ZYBTpd2TFi/UnxtTIoyZiMRNCmJHZtWbi/95YW7T63jKZJZbkHT5UZpz7CLO8+MB00AtnzhCqGbuVkxHRBNqXUsVV0KwGvkv6VzUg0a9cX9Za94UdZTRCTpF5yhAV6iJ7lALtRFFCj2hF/TqWe/Ze/Pel6Mlr9g5Rr/gfXwDuq2Q6A==</latexit>

ω → 1

An effective field theory description to systematically capture high 
temperature physics of a CFT.
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Effective field theory: 

• Thermal EFT/ Hydrodynamics expansion
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ω → 0

• Doing a path integral on twisted   
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S1
ω → Sd→1

• We write the metric in KK form and do KK reduction.  
Write effective action in terms of background fields on  
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Sd→1

• Think of a fluid at inverse temp 
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ω

<latexit sha1_base64="4IGa3X29G8aMHLv96sPvKD+Mu1Q=">AAACHnicbVBNSwMxFMz6bf2qevQSLEI9WHZFq8eiF/GkYKvQrUs2fduGJrtL8lYoS3+JF/+KFw+KCJ7035jWHrQ6EBhm3uNlJkylMOi6n87U9Mzs3PzCYmFpeWV1rbi+0TBJpjnUeSITfRMyA1LEUEeBEm5SDUyFEq7D3unQv74DbUQSX2E/hZZinVhEgjO0UlA89BXDrlY56oFPfQkRluE23/NDQEbLZ3t+oqDDAkHPA7E78LXodHE3KJbcijsC/Uu8MSmRMS6C4rvfTnimIEYumTFNz02xlTONgksYFPzMQMp4j3WgaWnMFJhWPoo3oDtWadMo0fbFSEfqz42cKWP6KrSTwzBm0huK/3nNDKPjVi7iNEOI+fehKJMUEzrsiraFBo6ybwnjWti/Ut5lmnG0jRZsCd5k5L+ksV/xqpXq5UGpdjKuY4FskW1SJh45IjVyRi5InXByTx7JM3lxHpwn59V5+x6dcsY7m+QXnI8vW+Kh/g==</latexit>

tr
(
e→ω(H→εiJi)

)
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<latexit sha1_base64="S0oBy8h9Nzjq510UKWDK3EcktUc=">AAACCHicbVC7TsNAEDyHVwgvAyUFJyIkGiIboUAZQUMZFPIQtrHOl0tyyvmhuzVSZKWk4VdoKECIlk+g42+4BBeQMNJKo5ld7e4EieAKLOvLKCwsLi2vFFdLa+sbm1vm9k5LxamkrEljEctOQBQTPGJN4CBYJ5GMhIFg7WB4OfHb90wqHkc3MEqYF5J+xHucEtCSb+7fOm6D90PiZ91je+wCD5nCjTvbdwMGxPPNslWxpsDzxM5JGeWo++an241pGrIIqCBKObaVgJcRCZwKNi65qWIJoUPSZ46mEdH7vGz6yBgfaqWLe7HUFQGeqr8nMhIqNQoD3RkSGKhZbyL+5zkp9M69jEdJCiyiP4t6qcAQ40kquMsloyBGmhAqub4V0wGRhILOrqRDsGdfnietk4pdrVSvT8u1izyOItpDB+gI2egM1dAVqqMmougBPaEX9Go8Gs/Gm/H+01ow8pld9AfGxzfTJ5k7</latexit>

Z[!d→1 → S1
ω ]•We want to understand                                     in                     limit. 

<latexit sha1_base64="fULBTrLpyhX0RoCgWCJwCx60QY8=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ad2hpJJM21oJjMkd4RS+hduXCji1r9x59+YtrPQ1gOBwzn3kntOmEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5HtzO//cS1EYl6wHHKg5gOlIgEo2ilRz/kSH1MiNsrV9yqOwdZJV5OKpCj0St/+f2EZTFXyCQ1puu5KQYTqlEwyaclPzM8pWxEB7xrqaIxN8FkfvGUnFmlT6JE26eQzNXfGxMaGzOOQzsZUxyaZW8m/ud1M4yug4lQaYZcscVHUSaJjTiLT/pCc4ZybAllWthbCRtSTRnakkq2BG858ippXVS9WrV2f1mp3+R1FOEETuEcPLiCOtxBA5rAQMEzvMKbY5wX5935WIwWnHznGP7A+fwB6qOQcA==</latexit>

ω → 0

<latexit sha1_base64="CqgkPsjn1VwyMkk1oeW2StcdUDo=">AAACE3icbVDLSsNAFJ3UV62vqks3g0WoiiUpUt0IVTcuK9gHtEmYTCbttJMHMxOxhPyDG3/FjQtF3Lpx5984fSy09cCFwzn3cu89TsSokLr+rWUWFpeWV7KrubX1jc2t/PZOQ4Qxx6SOQxbyloMEYTQgdUklI62IE+Q7jDSdwfXIb94TLmgY3MlhREwfdQPqUYykkuz8kSus8gXs2gntp+6DRVX14TGxknIn6tG06HYkik8uD62ynS/oJX0MOE+MKSmAKWp2/qvjhjj2SSAxQ0K0DT2SZoK4pJiRNNeJBYkQHqAuaSsaIJ8IMxn/lMIDpbjQC7mqQMKx+nsiQb4QQ99RnT6SPTHrjcT/vHYsvXMzoUEUSxLgySIvZlCGcBQQdCknWLKhIghzqm6FuIc4wlLFmFMhGLMvz5NGuWRUSpXb00L1ahpHFuyBfVAEBjgDVXADaqAOMHgEz+AVvGlP2ov2rn1MWjPadGYX/IH2+QNB2Z0k</latexit>

ds2 = gijdx
idxj + e2ω(dω →A)2
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<latexit sha1_base64="S0oBy8h9Nzjq510UKWDK3EcktUc=">AAACCHicbVC7TsNAEDyHVwgvAyUFJyIkGiIboUAZQUMZFPIQtrHOl0tyyvmhuzVSZKWk4VdoKECIlk+g42+4BBeQMNJKo5ld7e4EieAKLOvLKCwsLi2vFFdLa+sbm1vm9k5LxamkrEljEctOQBQTPGJN4CBYJ5GMhIFg7WB4OfHb90wqHkc3MEqYF5J+xHucEtCSb+7fOm6D90PiZ91je+wCD5nCjTvbdwMGxPPNslWxpsDzxM5JGeWo++an241pGrIIqCBKObaVgJcRCZwKNi65qWIJoUPSZ46mEdH7vGz6yBgfaqWLe7HUFQGeqr8nMhIqNQoD3RkSGKhZbyL+5zkp9M69jEdJCiyiP4t6qcAQ40kquMsloyBGmhAqub4V0wGRhILOrqRDsGdfnietk4pdrVSvT8u1izyOItpDB+gI2egM1dAVqqMmougBPaEX9Go8Gs/Gm/H+01ow8pld9AfGxzfTJ5k7</latexit>

Z[!d→1 → S1
ω ]•We want to understand                                     in                     limit. 

<latexit sha1_base64="fULBTrLpyhX0RoCgWCJwCx60QY8=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ad2hpJJM21oJjMkd4RS+hduXCji1r9x59+YtrPQ1gOBwzn3kntOmEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5HtzO//cS1EYl6wHHKg5gOlIgEo2ilRz/kSH1MiNsrV9yqOwdZJV5OKpCj0St/+f2EZTFXyCQ1puu5KQYTqlEwyaclPzM8pWxEB7xrqaIxN8FkfvGUnFmlT6JE26eQzNXfGxMaGzOOQzsZUxyaZW8m/ud1M4yug4lQaYZcscVHUSaJjTiLT/pCc4ZybAllWthbCRtSTRnakkq2BG858ippXVS9WrV2f1mp3+R1FOEETuEcPLiCOtxBA5rAQMEzvMKbY5wX5935WIwWnHznGP7A+fwB6qOQcA==</latexit>

ω → 0

KK-reduction; thermal mass gap  <latexit sha1_base64="+vsXvhJJatgJ1KxIH1pyLvdHNec=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU01EqseiF48V7Ac0oWy2k3bpbhJ2J0Ip/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTHJo8kYnuhMyAFDE0UaCETqqBqVBCOxzdzfz2E2gjkvgRxykEig1iEQnO0Eq+b4Si3oUfArJeueJW3TnoKvFyUiE5Gr3yl99PeKYgRi6ZMV3PTTGYMI2CS5iW/MxAyviIDaBracwUmGAyv3lKz6zSp1GibcVI5+rviQlTxoxVaDsVw6FZ9mbif143w+gmmIg4zRBivlgUZZJiQmcB0L7QwFGOLWFcC3sr5UOmGUcbU8mG4C2/vEpal1WvVq09XFXqt3kcRXJCTsk58cg1qZN70iBNwklKnskreXMy58V5dz4WrQUnnzkmf+B8/gAc4ZEa</latexit>

→ 1/ω

<latexit sha1_base64="/2HywcCOZJHUTzIIGDlGyAzPprs=">AAACDHicbVC7SgNBFJ2N7/iKWtoMBsEihF0RtfTRWCqYKCbLMju5SUZnd4eZu2JY9gNs/BUbC0Vs/QA7/8bJo9DEAwOHc87lzj2hksKg6347hanpmdm5+YXi4tLyymppbb1uklRzqPFEJvo6ZAakiKGGAiVcKw0sCiVchXenff/qHrQRSXyJPQV+xDqxaAvO0EpBqXwTZE2EB8w6TClo5XmjE2TiNq/Q40BUmqorfJtyq+4AdJJ4I1ImI5wHpa9mK+FpBDFyyYxpeK5CP2MaBZeQF5upAcX4HetAw9KYRWD8bHBMTret0qLtRNsXIx2ovycyFhnTi0KbjBh2zbjXF//zGim2D/1MxCpFiPlwUTuVFBPab4a2hAaOsmcJ41rYv1LeZZpxtP0VbQne+MmTpL5b9far+xd75aOTUR3zZJNskR3ikQNyRM7IOakRTh7JM3klb86T8+K8Ox/DaMEZzWyQP3A+fwA1pJu2</latexit>

Zgapped[gij , Ai,ω]

<latexit sha1_base64="CqgkPsjn1VwyMkk1oeW2StcdUDo=">AAACE3icbVDLSsNAFJ3UV62vqks3g0WoiiUpUt0IVTcuK9gHtEmYTCbttJMHMxOxhPyDG3/FjQtF3Lpx5984fSy09cCFwzn3cu89TsSokLr+rWUWFpeWV7KrubX1jc2t/PZOQ4Qxx6SOQxbyloMEYTQgdUklI62IE+Q7jDSdwfXIb94TLmgY3MlhREwfdQPqUYykkuz8kSus8gXs2gntp+6DRVX14TGxknIn6tG06HYkik8uD62ynS/oJX0MOE+MKSmAKWp2/qvjhjj2SSAxQ0K0DT2SZoK4pJiRNNeJBYkQHqAuaSsaIJ8IMxn/lMIDpbjQC7mqQMKx+nsiQb4QQ99RnT6SPTHrjcT/vHYsvXMzoUEUSxLgySIvZlCGcBQQdCknWLKhIghzqm6FuIc4wlLFmFMhGLMvz5NGuWRUSpXb00L1ahpHFuyBfVAEBjgDVXADaqAOMHgEz+AVvGlP2ov2rn1MWjPadGYX/IH2+QNB2Z0k</latexit>

ds2 = gijdx
idxj + e2ω(dω →A)2



27

<latexit sha1_base64="S0oBy8h9Nzjq510UKWDK3EcktUc=">AAACCHicbVC7TsNAEDyHVwgvAyUFJyIkGiIboUAZQUMZFPIQtrHOl0tyyvmhuzVSZKWk4VdoKECIlk+g42+4BBeQMNJKo5ld7e4EieAKLOvLKCwsLi2vFFdLa+sbm1vm9k5LxamkrEljEctOQBQTPGJN4CBYJ5GMhIFg7WB4OfHb90wqHkc3MEqYF5J+xHucEtCSb+7fOm6D90PiZ91je+wCD5nCjTvbdwMGxPPNslWxpsDzxM5JGeWo++an241pGrIIqCBKObaVgJcRCZwKNi65qWIJoUPSZ46mEdH7vGz6yBgfaqWLe7HUFQGeqr8nMhIqNQoD3RkSGKhZbyL+5zkp9M69jEdJCiyiP4t6qcAQ40kquMsloyBGmhAqub4V0wGRhILOrqRDsGdfnietk4pdrVSvT8u1izyOItpDB+gI2egM1dAVqqMmougBPaEX9Go8Gs/Gm/H+01ow8pld9AfGxzfTJ5k7</latexit>

Z[!d→1 → S1
ω ]•We want to understand                                     in                     limit. 

<latexit sha1_base64="fULBTrLpyhX0RoCgWCJwCx60QY8=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ad2hpJJM21oJjMkd4RS+hduXCji1r9x59+YtrPQ1gOBwzn3kntOmEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5HtzO//cS1EYl6wHHKg5gOlIgEo2ilRz/kSH1MiNsrV9yqOwdZJV5OKpCj0St/+f2EZTFXyCQ1puu5KQYTqlEwyaclPzM8pWxEB7xrqaIxN8FkfvGUnFmlT6JE26eQzNXfGxMaGzOOQzsZUxyaZW8m/ud1M4yug4lQaYZcscVHUSaJjTiLT/pCc4ZybAllWthbCRtSTRnakkq2BG858ippXVS9WrV2f1mp3+R1FOEETuEcPLiCOtxBA5rAQMEzvMKbY5wX5935WIwWnHznGP7A+fwB6qOQcA==</latexit>

ω → 0

KK-reduction; thermal mass gap  <latexit sha1_base64="+vsXvhJJatgJ1KxIH1pyLvdHNec=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU01EqseiF48V7Ac0oWy2k3bpbhJ2J0Ip/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTHJo8kYnuhMyAFDE0UaCETqqBqVBCOxzdzfz2E2gjkvgRxykEig1iEQnO0Eq+b4Si3oUfArJeueJW3TnoKvFyUiE5Gr3yl99PeKYgRi6ZMV3PTTGYMI2CS5iW/MxAyviIDaBracwUmGAyv3lKz6zSp1GibcVI5+rviQlTxoxVaDsVw6FZ9mbif143w+gmmIg4zRBivlgUZZJiQmcB0L7QwFGOLWFcC3sr5UOmGUcbU8mG4C2/vEpal1WvVq09XFXqt3kcRXJCTsk58cg1qZN70iBNwklKnskreXMy58V5dz4WrQUnnzkmf+B8/gAc4ZEa</latexit>

→ 1/ω

<latexit sha1_base64="/2HywcCOZJHUTzIIGDlGyAzPprs=">AAACDHicbVC7SgNBFJ2N7/iKWtoMBsEihF0RtfTRWCqYKCbLMju5SUZnd4eZu2JY9gNs/BUbC0Vs/QA7/8bJo9DEAwOHc87lzj2hksKg6347hanpmdm5+YXi4tLyymppbb1uklRzqPFEJvo6ZAakiKGGAiVcKw0sCiVchXenff/qHrQRSXyJPQV+xDqxaAvO0EpBqXwTZE2EB8w6TClo5XmjE2TiNq/Q40BUmqorfJtyq+4AdJJ4I1ImI5wHpa9mK+FpBDFyyYxpeK5CP2MaBZeQF5upAcX4HetAw9KYRWD8bHBMTret0qLtRNsXIx2ovycyFhnTi0KbjBh2zbjXF//zGim2D/1MxCpFiPlwUTuVFBPab4a2hAaOsmcJ41rYv1LeZZpxtP0VbQne+MmTpL5b9far+xd75aOTUR3zZJNskR3ikQNyRM7IOakRTh7JM3klb86T8+K8Ox/DaMEZzWyQP3A+fwA1pJu2</latexit>

Zgapped[gij , Ai,ω]

<latexit sha1_base64="CqgkPsjn1VwyMkk1oeW2StcdUDo=">AAACE3icbVDLSsNAFJ3UV62vqks3g0WoiiUpUt0IVTcuK9gHtEmYTCbttJMHMxOxhPyDG3/FjQtF3Lpx5984fSy09cCFwzn3cu89TsSokLr+rWUWFpeWV7KrubX1jc2t/PZOQ4Qxx6SOQxbyloMEYTQgdUklI62IE+Q7jDSdwfXIb94TLmgY3MlhREwfdQPqUYykkuz8kSus8gXs2gntp+6DRVX14TGxknIn6tG06HYkik8uD62ynS/oJX0MOE+MKSmAKWp2/qvjhjj2SSAxQ0K0DT2SZoK4pJiRNNeJBYkQHqAuaSsaIJ8IMxn/lMIDpbjQC7mqQMKx+nsiQb4QQ99RnT6SPTHrjcT/vHYsvXMzoUEUSxLgySIvZlCGcBQQdCknWLKhIghzqm6FuIc4wlLFmFMhGLMvz5NGuWRUSpXb00L1ahpHFuyBfVAEBjgDVXADaqAOMHgEz+AVvGlP2ov2rn1MWjPadGYX/IH2+QNB2Z0k</latexit>

ds2 = gijdx
idxj + e2ω(dω →A)2

Weyl invariance to rescale the metric  

<latexit sha1_base64="iyDjlKIglyHDBjL3AKk8gHsRvpc="></latexit>

Zgapped[ĝij , Ai, 0] , ĝ = e→2ωg

Upto weyl anomaly pieces 
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<latexit sha1_base64="C6QMmPO9+kNrmO7ote6bCbBDmZU=">AAACD3icbVC7TsNAEDzzJrwClDQnIhAFimyEAmWAhhIkQhCOZZ3Pm+TI+aG7NSKy/Ac0/AoNBQjR0tLxN1xCCiCMtNLczK5ud4JUCo22/WlNTE5Nz8zOzZcWFpeWV8qra5c6yRSHBk9koq4CpkGKGBooUMJVqoBFgYRm0DsZ+M1bUFok8QX2U/Ai1olFW3CGRvLL29d+3kK4w7zD0hTConBbXWZehZ+Lm2KXHvli1/b8csWu2kPQceKMSIWMcOaXP1phwrMIYuSSae06dopezhQKLqEotTINKeM91gHX0JhFoL18eE9Bt4wS0naiTMVIh+rPiZxFWvejwHRGDLv6rzcQ//PcDNuHXi7iNEOI+fdH7UxSTOggHBoKBRxl3xDGlTC7Ut5linE0EZZMCM7fk8fJ5V7VqVVr5/uV+vEojjmyQTbJDnHIAamTU3JGGoSTe/JInsmL9WA9Wa/W23frhDWaWSe/YL1/AZC6nPg=</latexit>

Zgapped[ĝij , Ai, 0] <latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

•Write down all possible terms consistent with symmetry  
<latexit sha1_base64="vKoP4iNqmSlKHae99Jf6D70i+g8="></latexit>

S[ĝ, A] =

∫
dd→1x

√
ĝ
(
→f + c1R̂+ c2F

2 + · · ·
)

<latexit sha1_base64="zUAOol71DxWdCSaZb/db2Gn0cLE="></latexit>

e→S[ĝij ,Ai]+Weyl anomaly
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<latexit sha1_base64="vKoP4iNqmSlKHae99Jf6D70i+g8="></latexit>

S[ĝ, A] =

∫
dd→1x

√
ĝ
(
→f + c1R̂+ c2F

2 + · · ·
)

•In 2D only single term survives since 1D is Ricci flat and 
gauge connection is flat too.   

<latexit sha1_base64="hio0YUko7VZylPDWq7tMoLDCV/k=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgqeSFKlehKIXjxXtBzSlbLabdulmE3Y3Qgm5+Fe8eFDEqz/Dm//GbZuDtj4YeLw3w8w8P+ZMacf5tgorq2vrG8XN0tb2zu6evX/QUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/vpn67UcqFYvEg57EtBfioWABI1gbqW8f3V8hL5CYpFUvZlnq+VTjDAV9u+xUnBnQMnFzUoYcjb795Q0ikoRUaMKxUl3XiXUvxVIzwmlW8hJFY0zGeEi7hgocUtVLZw9k6NQoAxRE0pTQaKb+nkhxqNQk9E1niPVILXpT8T+vm+jgspcyESeaCjJfFCQc6QhN00ADJinRfGIIJpKZWxEZYROHNpmVTAju4svLpFWtuLVK7e68XL/O4yjCMZzAGbhwAXW4hQY0gUAGz/AKb9aT9WK9Wx/z1oKVzxzCH1ifPxIUlhk=</latexit>

S =
2ω

ε
f

•We identify f with central charge
<latexit sha1_base64="twoG7Vrc6F3FH169AhSBy/ron2k=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpUt0IRTcuK9gHNKVMppN26GQSZiZCDcFfceNCEbf+hzv/xmmbhbYeuHA4517uvcePOVPacb6twsrq2vpGcbO0tb2zu2fvH7RUlEhCmyTikez4WFHOBG1qpjntxJLi0Oe07Y9vpn77gUrFInGvJzHthXgoWMAI1kbq20fBFfICiUla9WKGSJa61axvl52KMwNaJm5OypCj0be/vEFEkpAKTThWqus6se6lWGpGOM1KXqJojMkYD2nXUIFDqnrp7PoMnRplgIJImhIazdTfEykOlZqEvukMsR6pRW8q/ud1Ex1c9lIm4kRTQeaLgoQjHaFpFGjAJCWaTwzBRDJzKyIjbLLQJrCSCcFdfHmZtKoVt1ap3Z2X69d5HEU4hhM4AxcuoA630IAmEHiEZ3iFN+vJerHerY95a8HKZw7hD6zPHzwylHY=</latexit>

f =
2ωc

12
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<latexit sha1_base64="vKoP4iNqmSlKHae99Jf6D70i+g8="></latexit>

S[ĝ, A] =

∫
dd→1x

√
ĝ
(
→f + c1R̂+ c2F

2 + · · ·
)

<latexit sha1_base64="LDLRCzxO7lNOkghuqV95k8682ns=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWMF+wFtLJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94CThfkSHSoSCUbRSuxdwpI/VfqnsVtw5yCrxclKGHI1+6as3iFkacYVMUmO6npugn1GNgkk+LfZSwxPKxnTIu5YqGnHjZ/Nzp+TcKgMSxtqWQjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMy+50MhOYM5cQSyrSwtxI2opoytAkVbQje8surpFWteLVK7f6yXL/J4yjAKZzBBXhwBXW4gwY0gcEYnuEV3pzEeXHenY9F65qTz5zAHzifP+/fj1M=</latexit>

ω2
<latexit sha1_base64="LDLRCzxO7lNOkghuqV95k8682ns=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWMF+wFtLJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94CThfkSHSoSCUbRSuxdwpI/VfqnsVtw5yCrxclKGHI1+6as3iFkacYVMUmO6npugn1GNgkk+LfZSwxPKxnTIu5YqGnHjZ/Nzp+TcKgMSxtqWQjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMy+50MhOYM5cQSyrSwtxI2opoytAkVbQje8surpFWteLVK7f6yXL/J4yjAKZzBBXhwBXW4gwY0gcEYnuEV3pzEeXHenY9F65qTz5zAHzifP+/fj1M=</latexit>

ω2

This is a systematic high temperature expansion
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What about             limit?

<latexit sha1_base64="Wz4/w/mgjbja0FCJ16/RySkRlRQ="></latexit>

log
[
tr

(
e→ω(H→εiJi)

)]
→

εi↑1

h(ω)∏
(1↑ ε2

i
)

<latexit sha1_base64="XD6IuFpDmwy+RzADDPdcXXTRyBc=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjcsK9gEzQ8mkd9rQPIYkI5TSz3DjQhG3fo07/8a0nYVWDwQO59xL7jlJxpmxvv/lldbWNza3ytuVnd29/YPq4VHHqFxTaFPFle4lxABnEtqWWQ69TAMRCYduMr6d+91H0IYp+WAnGcSCDCVLGSXWSWGkBAxJZBUO+tWaX/cXwH9JUJAaKtDqVz+jgaK5AGkpJ8aEgZ/ZeEq0ZZTDrBLlBjJCx2QIoaOSCDDxdHHyDJ85ZYBTpd2TFi/UnxtTIoyZiMRNCmJHZtWbi/95YW7T63jKZJZbkHT5UZpz7CLO8+MB00AtnzhCqGbuVkxHRBNqXUsVV0KwGvkv6VzUg0a9cX9Za94UdZTRCTpF5yhAV6iJ7lALtRFFCj2hF/TqWe/Ze/Pel6Mlr9g5Rr/gfXwDuq2Q6A==</latexit>

ω → 1



Coming back to                    the big picture idea is following: 

• Rapidly rotating fluid 

<latexit sha1_base64="cVQOkz6mpHRYAPBPfsukhEqpcoM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME84BkDbOT3mTIPJaZWSUs+Q8vHhTx6r9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqZ+q1H0IYpeW/HCYSCDCSLGSXWSQ9dJWBAegx3rcJBr1T2K/4MeJkEOSmjHPVe6avbVzQVIC3lxJhO4Cc2zIi2jHKYFLupgYTQERlAx1FJBJgwm109wadO6eNYaVfS4pn6eyIjwpixiFynIHZoFr2p+J/XSW18FWZMJqkFSeeL4pRj9+I0AtxnGqjlY0cI1czdiumQaEKtC6roQggWX14mzfNKUK1U7y7Ktes8jgI6RifoDAXoEtXQLaqjBqJIo2f0it68J+/Fe/c+5q0rXj5zhP7A+/wBljeR7g==</latexit>

ωi → 1

• Comoving temperature is high and comoving volume is large.

• Use that to deduce universality.

<latexit sha1_base64="cVQOkz6mpHRYAPBPfsukhEqpcoM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME84BkDbOT3mTIPJaZWSUs+Q8vHhTx6r9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqZ+q1H0IYpeW/HCYSCDCSLGSXWSQ9dJWBAegx3rcJBr1T2K/4MeJkEOSmjHPVe6avbVzQVIC3lxJhO4Cc2zIi2jHKYFLupgYTQERlAx1FJBJgwm109wadO6eNYaVfS4pn6eyIjwpixiFynIHZoFr2p+J/XSW18FWZMJqkFSeeL4pRj9+I0AtxnGqjlY0cI1czdiumQaEKtC6roQggWX14mzfNKUK1U7y7Ktes8jgI6RifoDAXoEtXQLaqjBqJIo2f0it68J+/Fe/c+5q0rXj5zhP7A+/wBljeR7g==</latexit>

ωi → 1



2D story revisited- intuitive arguments 

Path integral on twisted 
<latexit sha1_base64="Yq3w5CWvA9B5eUGEWNTQz+P4gzY=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIVJdFNy5cVLQPaGKYTCft0MmDmRuhxC78FTcuFHHrb7jzb5y0WWjrgQuHc+7l3nv8RHAFlvVtLCwuLa+sltbK6xubW9vmzm5LxamkrEljEcuOTxQTPGJN4CBYJ5GMhL5gbX94mfvtByYVj6M7GCXMDUk/4gGnBLTkmfu397bn+AwIdoCHTOFcuPbMilW1JsDzxC5IBRVoeOaX04tpGrIIqCBKdW0rATcjEjgVbFx2UsUSQoekz7qaRkSvcrPJ/WN8pJUeDmKpKwI8UX9PZCRUahT6ujMkMFCzXi7+53VTCM7djEdJCiyi00VBKjDEOA8D97hkFMRIE0Il17diOiCSUNCRlXUI9uzL86R1UrVr1drNaaV+UcRRQgfoEB0jG52hOrpCDdREFD2iZ/SK3own48V4Nz6mrQtGMbOH/sD4/AFp95UW</latexit>

S1
ω → S1

L

<latexit sha1_base64="605YPNFIwezDI8cIgn5mNf4JQ1I="></latexit>

ds2 = dω2 + dx2 , (ω, x) → (ω + ε, x↑ iϑε)

<latexit sha1_base64="qGlqiB3DwCKZVC+1eqdD4Mel6To="></latexit>

log tr e→ω(H→εJ) →
ε↑1

L

ω(1↑ ε2)

2ϑc

12

<latexit sha1_base64="UReB9yzs1EW2/qyFYjTkfuGxmjM=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1hEQSiJSHUjFN24rGAf0IQymd60Q2eSMDORllDwV9y4UMSt3+HOv3H6WGjrgQuHc+7l3nuChDOlHefbyi0tr6yu5dcLG5tb2zv27l5dxamkUKMxj2UzIAo4i6CmmebQTCQQEXBoBP3bsd94BKlYHD3oYQK+IN2IhYwSbaS2fTA4wdd4gM8w82IBXeIFoEnbLjolZwK8SNwZKaIZqm37y+vENBUQacqJUi3XSbSfEakZ5TAqeKmChNA+6ULL0IgIUH42OX+Ej43SwWEsTUUaT9TfExkRSg1FYDoF0T01743F/7xWqsMrP2NRkmqI6HRRmHKsYzzOAneYBKr50BBCJTO3YtojklBtEiuYENz5lxdJ/bzklkvl+4ti5WYWRx4doiN0ilx0iSroDlVRDVGUoWf0it6sJ+vFerc+pq05azazj/7A+vwBDmWUTQ==</latexit>

x→ = x+ iωε



2D story revisited- intuitive arguments 

Path integral on twisted 
<latexit sha1_base64="Yq3w5CWvA9B5eUGEWNTQz+P4gzY=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIVJdFNy5cVLQPaGKYTCft0MmDmRuhxC78FTcuFHHrb7jzb5y0WWjrgQuHc+7l3nv8RHAFlvVtLCwuLa+sltbK6xubW9vmzm5LxamkrEljEcuOTxQTPGJN4CBYJ5GMhL5gbX94mfvtByYVj6M7GCXMDUk/4gGnBLTkmfu397bn+AwIdoCHTOFcuPbMilW1JsDzxC5IBRVoeOaX04tpGrIIqCBKdW0rATcjEjgVbFx2UsUSQoekz7qaRkSvcrPJ/WN8pJUeDmKpKwI8UX9PZCRUahT6ujMkMFCzXi7+53VTCM7djEdJCiyi00VBKjDEOA8D97hkFMRIE0Il17diOiCSUNCRlXUI9uzL86R1UrVr1drNaaV+UcRRQgfoEB0jG52hOrpCDdREFD2iZ/SK3own48V4Nz6mrQtGMbOH/sD4/AFp95UW</latexit>

S1
ω → S1

L

<latexit sha1_base64="605YPNFIwezDI8cIgn5mNf4JQ1I="></latexit>

ds2 = dω2 + dx2 , (ω, x) → (ω + ε, x↑ iϑε)

<latexit sha1_base64="qGlqiB3DwCKZVC+1eqdD4Mel6To="></latexit>

log tr e→ω(H→εJ) →
ε↑1

L

ω(1↑ ε2)

2ϑc

12

<latexit sha1_base64="UReB9yzs1EW2/qyFYjTkfuGxmjM=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1hEQSiJSHUjFN24rGAf0IQymd60Q2eSMDORllDwV9y4UMSt3+HOv3H6WGjrgQuHc+7l3nuChDOlHefbyi0tr6yu5dcLG5tb2zv27l5dxamkUKMxj2UzIAo4i6CmmebQTCQQEXBoBP3bsd94BKlYHD3oYQK+IN2IhYwSbaS2fTA4wdd4gM8w82IBXeIFoEnbLjolZwK8SNwZKaIZqm37y+vENBUQacqJUi3XSbSfEakZ5TAqeKmChNA+6ULL0IgIUH42OX+Ej43SwWEsTUUaT9TfExkRSg1FYDoF0T01743F/7xWqsMrP2NRkmqI6HRRmHKsYzzOAneYBKr50BBCJTO3YtojklBtEiuYENz5lxdJ/bzklkvl+4ti5WYWRx4doiN0ilx0iSroDlVRDVGUoWf0it6sJ+vFerc+pq05azazj/7A+vwBDmWUTQ==</latexit>

x→ = x+ iωε
<latexit sha1_base64="aNGH/flFDcNkFUlASHForp3HUWU="></latexit>

ds2 = (1→ ω2)(dε → iω

1→ ω2
dx→)2 +

1

1→ ω2
dx→2 , (ε, x→) ↑ (ε + ϑ, x→)

<latexit sha1_base64="hCrvxquGxk7LoRWJ/3cXcvz1FV4="></latexit>

ω → (1↑ ε2)1/2ω , L → L
1

(1↑ ε2)1/2

<latexit sha1_base64="NYcCVFE3AmHUTj/bky2+W49n+dk=">AAACGHicbVC7SgNBFJ2Nrxhfq5Y2g0GIhXE3SLQM2lhYRDAPyK5hdnI3GTL7YGZWCMt+ho2/YmOhiG06/8bJozDRAwOHc+7lzjlezJlUlvVt5FZW19Y38puFre2d3T1z/6Apo0RQaNCIR6LtEQmchdBQTHFoxwJI4HFoecObid96AiFZFD6oUQxuQPoh8xklSktd89zxBaHpXZY6HiiSYUdFeFEr2WdOFECfPFZOs65ZtMrWFPgvseekiOaod82x04toEkCoKCdSdmwrVm5KhGKUQ1ZwEgkxoUPSh46mIQlAuuk0WIZPtNLDfiT0CxWeqr83UhJIOQo8PRkQNZDL3kT8z+skyr9yUxbGiYKQzg75Ccc6/KQl3GMCqOIjTQgVTP8V0wHRrSjdZUGXYC9H/kualbJdLVfvL4q163kdeXSEjlEJ2egS1dAtqqMGougZvaJ39GG8GG/Gp/E1G80Z851DtABj/AN5yaAH</latexit>

L

ω
→ L

ω(1↑ ε2)



3D story- intuitive arguments 

Path integral on twisted 

<latexit sha1_base64="LVhnAWBGKC3Yze6z1Jvo4I0b6kU="></latexit>

log tr e→ω(H→εJ) →
ε↑1

h(ω)

(1↑ ε2)
<latexit sha1_base64="YK/HackXb1DYjTBli2PXn6QuUxs=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZIi1WXRjctK7QOaNEymk3bo5MHMjVBD8VfcuFDErf/hzr9x2mahrQcuHM65l3vv8RPBFVjWt7Gyura+sVnYKm7v7O7tmweHLRWnkrImjUUsOz5RTPCINYGDYJ1EMhL6grX90c3Ubz8wqXgc3cM4YW5IBhEPOCWgJc88bvRsz/EZEOwAD5nCjV7FM0tW2ZoBLxM7JyWUo+6ZX04/pmnIIqCCKNW1rQTcjEjgVLBJ0UkVSwgdkQHrahoRvcjNZtdP8JlW+jiIpa4I8Ez9PZGRUKlx6OvOkMBQLXpT8T+vm0Jw5WY8SlJgEZ0vClKBIcbTKHCfS0ZBjDUhVHJ9K6ZDIgkFHVhRh2AvvrxMWpWyXS1X7y5Ktes8jgI6QafoHNnoEtXQLaqjJqLoET2jV/RmPBkvxrvxMW9dMfKZI/QHxucPD9uUWA==</latexit>

S1
ω → S2

<latexit sha1_base64="8xCR+kcbK+4NSfY0D7ANohVCw/c="></latexit>

ds2 = dω2 + dε2 + sin2 εdϑ2 , (ω,ϑ) → (ω + ϖ,ϑ↑ iϱϖ)

<latexit sha1_base64="zoRrNO+D7qrYzEUFrBveGv0iVh0=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEFoSQi1Y1QdOOygn1AE8pketMOnUzCzEQopQs3/oobF4q49SPc+TdO2iy09cDlHs65l5l7goQzpR3n21paXlldWy9sFDe3tnd27b39popTSaFBYx7LdkAUcCagoZnm0E4kkCjg0AqGN5nfegCpWCzu9SgBPyJ9wUJGiTZS1y55yYAd4yucdXyKmRdH0CdeAJp07bJTcabAi8TNSRnlqHftL68X0zQCoSknSnVcJ9H+mEjNKIdJ0UsVJIQOSR86hgoSgfLH0yMm+MgoPRzG0pTQeKr+3hiTSKlRFJjJiOiBmvcy8T+vk+rw0h8zkaQaBJ09FKYc6xhnieAek0A1HxlCqGTmr5gOiCRUm9yKJgR3/uRF0jyruNVK9e68XLvO4yigEjpEJ8hFF6iGblEdNRBFj+gZvaI368l6sd6tj9nokpXvHKA/sD5/AJlzltM=</latexit>

ω→ = ω+ iεϑ

<latexit sha1_base64="6QGD5iFdLTQmDQ4xP/n7tegpo1A="></latexit>

ds2weyl = (dω → iε sin2 ϑ

1→ ε2 sin2 ϑ
dϖ→)2 +

1

(1→ ε2 sin2 ϑ)
dϑ2 +

sin2 ϑ

(1→ ε2 sin2 ϑ)2
dϖ→2 , (ω,ϖ→) ↑ (ω + ϱ,ϖ→)

<latexit sha1_base64="ZhHhPkwwtmTaHNy2QlNVW3H17kE="></latexit>

ds2 = (1→ ω2 sin2 ε)(dϑ → iω sin2 ε

1→ ω2 sin2 ε
dϖ→)2 + dε2 +

sin2 ε

1→ ω2 sin2 ε
dϖ→2 , (ϑ,ϖ→) ↑ (ϑ + ϱ,ϖ→)

Singular region comes around the equator, set 
<latexit sha1_base64="LXkyR690eo73e+4V3pSl1pU2t9w=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqe4WqV6EohePFewHdJeSTbNtaDYbklmhLP0bXjwo4tU/481/Y9ruQVsfDDzem2FmXqgEN+C6305hbX1jc6u4XdrZ3ds/KB8etU2SaspaNBGJ7obEMMElawEHwbpKMxKHgnXC8d3M7zwxbXgiH2GiWBCToeQRpwSs5PswYkBufMUvav1yxa26c+BV4uWkgnI0++Uvf5DQNGYSqCDG9DxXQZARDZwKNi35qWGK0DEZsp6lksTMBNn85ik+s8oAR4m2JQHP1d8TGYmNmcSh7YwJjMyyNxP/83opRNdBxqVKgUm6WBSlAkOCZwHgAdeMgphYQqjm9lZMR0QTCjamkg3BW355lbRrVa9erT9cVhq3eRxFdIJO0Tny0BVqoHvURC1EkULP6BW9Oanz4rw7H4vWgpPPHKM/cD5/AFzhkUI=</latexit>

ω = ε/2



3D story- intuitive arguments 

<latexit sha1_base64="6QGD5iFdLTQmDQ4xP/n7tegpo1A="></latexit>

ds2weyl = (dω → iε sin2 ϑ

1→ ε2 sin2 ϑ
dϖ→)2 +

1

(1→ ε2 sin2 ϑ)
dϑ2 +

sin2 ϑ

(1→ ε2 sin2 ϑ)2
dϖ→2 , (ω,ϖ→) ↑ (ω + ϱ,ϖ→)

Singular region comes around the equator, set 
<latexit sha1_base64="LXkyR690eo73e+4V3pSl1pU2t9w=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqe4WqV6EohePFewHdJeSTbNtaDYbklmhLP0bXjwo4tU/481/Y9ruQVsfDDzem2FmXqgEN+C6305hbX1jc6u4XdrZ3ds/KB8etU2SaspaNBGJ7obEMMElawEHwbpKMxKHgnXC8d3M7zwxbXgiH2GiWBCToeQRpwSs5PswYkBufMUvav1yxa26c+BV4uWkgnI0++Uvf5DQNGYSqCDG9DxXQZARDZwKNi35qWGK0DEZsp6lksTMBNn85ik+s8oAR4m2JQHP1d8TGYmNmcSh7YwJjMyyNxP/83opRNdBxqVKgUm6WBSlAkOCZwHgAdeMgphYQqjm9lZMR0QTCjamkg3BW355lbRrVa9erT9cVhq3eRxFdIJO0Tny0BVqoHvURC1EkULP6BW9Oanz4rw7H4vWgpPPHKM/cD5/AFzhkUI=</latexit>

ω = ε/2

<latexit sha1_base64="T4djxKpejT5T9o7NNpm/Qd25ouU="></latexit>

ds2weyl;e! = (dω → iε

1→ ε2
dϑ→)2 +

1

(1→ ε2)2
dϑ→2

In angular direction, volume blows up, thermal EFT is applicable. 
<latexit sha1_base64="TF5BejMaJs643fKPTpe2tZI29yQ="></latexit>

log tr e→ω(H→εJ) →
ε↑1

h(ω)

(1↑ ε2)



Technically what we do is following: 

Thermal EFT/ Hydrodynamics expansion

Term by term we have 

Take the                        limit term by term
<latexit sha1_base64="cVQOkz6mpHRYAPBPfsukhEqpcoM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME84BkDbOT3mTIPJaZWSUs+Q8vHhTx6r9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqZ+q1H0IYpeW/HCYSCDCSLGSXWSQ9dJWBAegx3rcJBr1T2K/4MeJkEOSmjHPVe6avbVzQVIC3lxJhO4Cc2zIi2jHKYFLupgYTQERlAx1FJBJgwm109wadO6eNYaVfS4pn6eyIjwpixiFynIHZoFr2p+J/XSW18FWZMJqkFSeeL4pRj9+I0AtxnGqjlY0cI1czdiumQaEKtC6roQggWX14mzfNKUK1U7y7Ktes8jgI6RifoDAXoEtXQLaqjBqJIo2f0it68J+/Fe/c+5q0rXj5zhP7A+/wBljeR7g==</latexit>

ωi → 1
<latexit sha1_base64="U9HY8vXvVo1xg52PvIy/VeFDaF0="></latexit>

an → ωn

∏
(1↑ ε2

i )

<latexit sha1_base64="mHO0VDXgwirnx6EDk7rq70XH9gQ=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4AklMn0ph06mYSZG6GUfoYbF4q49Wvc+TdO2yy0emDgcM69zD0nyqQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJprDm2eylT3ImZACgVtFCihl2lgSSShG41v5373EbQRqXrASQZhwoZKxIIztJIfRIAswJS6tF+tuXV3AfqXeAWpkQKtfvUzGKQ8T0Ahl8wY33MzDKdMo+ASZpUgN5AxPmZD8C1VLAETThcnz+iZVQY0TrV9CulC/bkxZYkxkySykwnDkVn15uJ/np9jfB1OhcpyBMWXH8W5pDbjPD8dCA0c5cQSxrWwt1I+YppxtC1VbAneauS/pHNR9xr1xv1lrXlT1FEmJ+SUnBOPXJEmuSMt0iacpOSJvJBXB51n5815X46WnGLnmPyC8/ENQ6+Qmg==</latexit>

ω → 0

Resum them [needs to do it via Borel summation]

[this is involved mathematically- story for another time]

[proven in all order]



Checks:
• We check these against holography and free scalar field theory in all 

dimensions.

<latexit sha1_base64="wCV6iWK38737zU/YLJSzReIF2Ng="></latexit>

hBH(ω) =
N2

64

(
2ε

ω3

(
2ω2 + ε2

) 3
2 +

2ε4

ω3
→ 10ε2

ω
→ ω

)

<latexit sha1_base64="2aIfcRb0sX4mTcL1vRVEECC9yAs="></latexit>

hd=4
free (ω) =

ε4

180ω3
→ ε2

72ω
+

3ϑ(3)

8ε2
→ 7ω

1440
+

→∑

n=1

∑

d|n

(→1)d+1

ε2d3
e↑

2ω2n
ε

<latexit sha1_base64="Wz4/w/mgjbja0FCJ16/RySkRlRQ="></latexit>

log
[
tr

(
e→ω(H→εiJi)

)]
→

εi↑1

h(ω)∏
(1↑ ε2

i
)

Rotating blackholes in AdS



Fine Prints I:

• Non-perturbative terms do not spoil things.

Generically, we expect terms like

Hence they go away unless there is fine tuning. 

<latexit sha1_base64="lxthVTfKI7siJrB7Xtie8CUy40M="></latexit>

e
→ a

ω(1→ε2)
<latexit sha1_base64="ky2D98Em/xnt61hD5EBMLM39OIY="></latexit>

(1→ ω2)→#



Fine Prints I:

• Non-perturbative terms do not spoil things.

Generically, we expect terms like

Hence they go away unless there is fine tuning. 

<latexit sha1_base64="lxthVTfKI7siJrB7Xtie8CUy40M="></latexit>

e
→ a

ω(1→ε2)

<latexit sha1_base64="2aIfcRb0sX4mTcL1vRVEECC9yAs="></latexit>

hd=4
free (ω) =

ε4

180ω3
→ ε2

72ω
+

3ϑ(3)

8ε2
→ 7ω

1440
+

→∑

n=1

∑

d|n

(→1)d+1

ε2d3
e↑

2ω2n
ε

In free theory, there is such fine tuning, however conjecure checks out.

<latexit sha1_base64="ky2D98Em/xnt61hD5EBMLM39OIY="></latexit>

(1→ ω2)→#



Fine Prints II:

• High temperature and omega to 1 limit commutes

In 2D it is obvious if we write in terms of 

In higher D, it follows from uniformity of omega to 1 limit

<latexit sha1_base64="Yura6cV+IEHwKxF6gPrRHP9aS3U=">AAACB3icbZDLSgMxFIYz9VbH26hLQQaLUEHKjEh1IxTduHBRxV6gU0omPW1Dk8mQZIQydOfGV3HjQhG3voI738b0stDWHwIf/zmHk/OHMaNKe963lVlYXFpeya7aa+sbm1vO9k5ViUQSqBDBhKyHWAGjEVQ01QzqsQTMQwa1sH81qtceQCoqons9iKHJcTeiHUqwNlbL2beDEDRupTfHd8OLMef9IOaB4NDFRy0n5xW8sdx58KeQQ1OVW85X0BYk4RBpwrBSDd+LdTPFUlPCYGgHiYIYkz7uQsNghDmoZjq+Y+geGqftdoQ0L9Lu2P09kWKu1ICHppNj3VOztZH5X62R6M55M6VRnGiIyGRRJ2GuFu4oFLdNJRDNBgYwkdT81SU9LDHRJjrbhODPnjwP1ZOCXywUb09zpctpHFm0hw5QHvnoDJXQNSqjCiLoET2jV/RmPVkv1rv1MWnNWNOZXfRH1ucPUqiYWg==</latexit>

ωL,R = ω(1± ε)

 along with the generic argument for absence of non-perturbative term.

[related to Borel summation story]



Fine Prints III:

• In 2D, unitarity guarantees the trace is well defined when
<latexit sha1_base64="y+2PsanDs7XZbqVN0Oxf77Blk+o=">AAACCnicbVDLSgNBEJyNrxhfqx69jAYhgoRdkehBJOjFYxTzgGwIs5NOMmRmd5mZFcImZy/+ihcPinj1C7z5N04eB00saCiquunu8iPOlHacbyu1sLi0vJJezaytb2xu2ds7FRXGkkKZhjyUNZ8o4CyAsmaaQy2SQITPoer3rkd+9QGkYmFwr/sRNATpBKzNKNFGatr7niC6K0VyB8Oc54MmR5fOsYcHXiigQwYXbtPOOnlnDDxP3CnJoilKTfvLa4U0FhBoyolSddeJdCMhUjPKYZjxYgURoT3SgbqhARGgGsn4lSE+NEoLt0NpKtB4rP6eSIhQqi980zk6XM16I/E/rx7r9nkjYUEUawjoZFE75liHeJQLbjEJVPO+IYRKZm7FtEskodqklzEhuLMvz5PKSd4t5Au3p9ni1TSONNpDByiHXHSGiugGlVAZUfSIntErerOerBfr3fqYtKas6cwu+gPr8wfeBpm9</latexit>

Re(ω) > 0, |ε| < 1

• In higher D, unitarity bounds, alone are not enough. 
• In 4D ANEC [Cordova, Diab 2017] is sufficient.  Higher D ??

<latexit sha1_base64="4IGa3X29G8aMHLv96sPvKD+Mu1Q=">AAACHnicbVBNSwMxFMz6bf2qevQSLEI9WHZFq8eiF/GkYKvQrUs2fduGJrtL8lYoS3+JF/+KFw+KCJ7035jWHrQ6EBhm3uNlJkylMOi6n87U9Mzs3PzCYmFpeWV1rbi+0TBJpjnUeSITfRMyA1LEUEeBEm5SDUyFEq7D3unQv74DbUQSX2E/hZZinVhEgjO0UlA89BXDrlY56oFPfQkRluE23/NDQEbLZ3t+oqDDAkHPA7E78LXodHE3KJbcijsC/Uu8MSmRMS6C4rvfTnimIEYumTFNz02xlTONgksYFPzMQMp4j3WgaWnMFJhWPoo3oDtWadMo0fbFSEfqz42cKWP6KrSTwzBm0huK/3nNDKPjVi7iNEOI+fehKJMUEzrsiraFBo6ybwnjWti/Ut5lmnG0jRZsCd5k5L+ksV/xqpXq5UGpdjKuY4FskW1SJh45IjVyRi5InXByTx7JM3lxHpwn59V5+x6dcsY7m+QXnI8vW+Kh/g==</latexit>

tr
(
e→ω(H→εiJi)

)



• Black holes, grey galaxy and gas phase: transitions among them

In all phases, our conjecture to be true.

[Minwalla et al. ….series of papers]



OPEN questions:
• Are there more checks on our conjecture ?
• Is there an argument without resorting to high T expansion and 

resummation ?

• Can we connect back to usual lightcone bootstrap regime ? 

• In 2D,  large c Cardy formula is due to [Hartman Keller Stoica 2014]
[Dey, Qiao,  SP 2024]

Is there a large N analogue in higher D ? 

• Is there a similar story with charge, index ? 

[THANK YOU]

•  Can we make microcanonical result precise ? [very challenging!!]



  
Back up slides



46

  
Large spin result

<latexit sha1_base64="6IEFCPMXj6hqrcGCpWbRrBoFopw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqjPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD0YuM9w==</latexit>

h

<latexit sha1_base64="97BoYc7tQSYDO3hBT882Vh4LQ+U=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnX5AdTaeDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+e9kKDRnKKeWUKaFvZWwMdWUoU2oZEPwVl9eJ+2rqler1h6uK43bPI4inME5XIIHdWjAPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gCPOo+8</latexit>

h̄

<latexit sha1_base64="SB5iuELq30JZWvj8XMQr0zW19iY="></latexit>√
2

h→A
[cosh(4ω

√
A(h→A))→ cosh(4ω

√
(A→ 1)(h→A))]!(h→A)

<latexit sha1_base64="3rgCFt+/G4JGgBOpy5riJL86VHY=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUUkUQqm5cVrAPaEKZTCbt0MkkzEyEErJy46+4caGIW7/BnX/jNO1CWw9cOJxz78y9x4sZlcqyvo3C0vLK6lpxvbSxubW9Y+7utWWUCExaOGKR6HpIEkY5aSmqGOnGgqDQY6TjjW4mfueBCEkjfq/GMXFDNOA0oBgpLfXNQyd/IxXEz+DVxaUTCIRTfGpnabWW9c2yVbFywEViz0gZzNDsm1+OH+EkJFxhhqTs2Vas3BQJRTEjWclJJIkRHqEB6WnKUUikm+YrZPBYKz4MIqGLK5irvydSFEo5Dj3dGSI1lPPeRPzP6yUqOHdTyuNEEY6nHwUJgyqCk0ygTwXBio01QVhQvSvEQ6SDUDq5kg7Bnj95kbSrFbteqd/Vyo3rWRxFcACOwAmwwRlogFvQBC2AwSN4Bq/gzXgyXox342PaWjBmM/vgD4zPH15cmG0=</latexit>

A :=
c� 1

24

<latexit sha1_base64="McjcDPxr6DLf8IKs4D1ABwABoBw="></latexit>

lim
J→↑

∫
! d!↓ωJ(!↓)

1↔
2J

e4ω
↔
AJ

=

(∫

!
dh ω0(h)

)

[SP,  J.Qiao, B. Van Rees 2025] 
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Large spin result

<latexit sha1_base64="6IEFCPMXj6hqrcGCpWbRrBoFopw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqjPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD0YuM9w==</latexit>

h

<latexit sha1_base64="97BoYc7tQSYDO3hBT882Vh4LQ+U=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnX5AdTaeDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+e9kKDRnKKeWUKaFvZWwMdWUoU2oZEPwVl9eJ+2rqler1h6uK43bPI4inME5XIIHdWjAPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gCPOo+8</latexit>

h̄

<latexit sha1_base64="McjcDPxr6DLf8IKs4D1ABwABoBw="></latexit>

lim
J→↑

∫
! d!↓ωJ(!↓)

1↔
2J

e4ω
↔
AJ

=

(∫

!
dh ω0(h)

)
<latexit sha1_base64="rFdUkHvgtU8ueVeq6WNhHUKqzEQ=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUppXosevFYwX5AG8tmu2mXbjZhd6OUkP/hxYMiXv0v3vw3btMctPXBwOO9GWbmeRFnStv2t1VYW9/Y3Cpul3Z29/YPyodHHRXGktA2CXkoex5WlDNB25ppTnuRpDjwOO1605u5332kUrFQ3OtZRN0AjwXzGcHaSA8DX2KSkAsnTWr1dFiu2FU7A1olTk4qkKM1LH8NRiGJAyo04VipvmNH2k2w1IxwmpYGsaIRJlM8pn1DBQ6ocpPs6hSdGWWE/FCaEhpl6u+JBAdKzQLPdAZYT9SyNxf/8/qx9q/chIko1lSQxSI/5kiHaB4BGjFJieYzQzCRzNyKyASbILQJqmRCcJZfXiWdWtVpVBt39UrzOo+jCCdwCufgwCU04RZa0AYCEp7hFd6sJ+vFerc+Fq0FK585hj+wPn8A4YqSIA==</latexit>

c� 1

24

<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

!

RHS is non-zero

[SP,  J.Qiao, B. Van Rees 2025] 
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Large spin result

<latexit sha1_base64="6IEFCPMXj6hqrcGCpWbRrBoFopw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqjPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD0YuM9w==</latexit>

h

<latexit sha1_base64="97BoYc7tQSYDO3hBT882Vh4LQ+U=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnX5AdTaeDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+e9kKDRnKKeWUKaFvZWwMdWUoU2oZEPwVl9eJ+2rqler1h6uK43bPI4inME5XIIHdWjAPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gCPOo+8</latexit>

h̄

<latexit sha1_base64="McjcDPxr6DLf8IKs4D1ABwABoBw="></latexit>

lim
J→↑

∫
! d!↓ωJ(!↓)

1↔
2J

e4ω
↔
AJ

=

(∫

!
dh ω0(h)

)
<latexit sha1_base64="rFdUkHvgtU8ueVeq6WNhHUKqzEQ=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUppXosevFYwX5AG8tmu2mXbjZhd6OUkP/hxYMiXv0v3vw3btMctPXBwOO9GWbmeRFnStv2t1VYW9/Y3Cpul3Z29/YPyodHHRXGktA2CXkoex5WlDNB25ppTnuRpDjwOO1605u5332kUrFQ3OtZRN0AjwXzGcHaSA8DX2KSkAsnTWr1dFiu2FU7A1olTk4qkKM1LH8NRiGJAyo04VipvmNH2k2w1IxwmpYGsaIRJlM8pn1DBQ6ocpPs6hSdGWWE/FCaEhpl6u+JBAdKzQLPdAZYT9SyNxf/8/qx9q/chIko1lSQxSI/5kiHaB4BGjFJieYzQzCRzNyKyASbILQJqmRCcJZfXiWdWtVpVBt39UrzOo+jCCdwCufgwCU04RZa0AYCEp7hFd6sJ+vFerc+Fq0FK585hj+wPn8A4YqSIA==</latexit>

c� 1

24

<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

!

RHS is zero

Growth below the threshold is strictly slower.

[SP,  J.Qiao, B. Van Rees 2025] 
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Large spin result

<latexit sha1_base64="6IEFCPMXj6hqrcGCpWbRrBoFopw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqjPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD0YuM9w==</latexit>

h

<latexit sha1_base64="97BoYc7tQSYDO3hBT882Vh4LQ+U=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnX5AdTaeDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+e9kKDRnKKeWUKaFvZWwMdWUoU2oZEPwVl9eJ+2rqler1h6uK43bPI4inME5XIIHdWjAPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gCPOo+8</latexit>

h̄

• RHS is non-zero irrespective of the width of strip.

• The maximum spacing of states with a fixed spin J 
goes to 0 as J becomes large. 

<latexit sha1_base64="McjcDPxr6DLf8IKs4D1ABwABoBw="></latexit>

lim
J→↑

∫
! d!↓ωJ(!↓)

1↔
2J

e4ω
↔
AJ

=

(∫

!
dh ω0(h)

)
<latexit sha1_base64="rFdUkHvgtU8ueVeq6WNhHUKqzEQ=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUppXosevFYwX5AG8tmu2mXbjZhd6OUkP/hxYMiXv0v3vw3btMctPXBwOO9GWbmeRFnStv2t1VYW9/Y3Cpul3Z29/YPyodHHRXGktA2CXkoex5WlDNB25ppTnuRpDjwOO1605u5332kUrFQ3OtZRN0AjwXzGcHaSA8DX2KSkAsnTWr1dFiu2FU7A1olTk4qkKM1LH8NRiGJAyo04VipvmNH2k2w1IxwmpYGsaIRJlM8pn1DBQ6ocpPs6hSdGWWE/FCaEhpl6u+JBAdKzQLPdAZYT9SyNxf/8/qx9q/chIko1lSQxSI/5kiHaB4BGjFJieYzQzCRzNyKyASbILQJqmRCcJZfXiWdWtVpVBt39UrzOo+jCCdwCufgwCU04RZa0AYCEp7hFd6sJ+vFerc+Fq0FK585hj+wPn8A4YqSIA==</latexit>

c� 1

24

<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

!

[SP,  J.Qiao, B. Van Rees 2025] 
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Large spin result

<latexit sha1_base64="6IEFCPMXj6hqrcGCpWbRrBoFopw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqjPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD0YuM9w==</latexit>

h

<latexit sha1_base64="97BoYc7tQSYDO3hBT882Vh4LQ+U=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnX5AdTaeDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+e9kKDRnKKeWUKaFvZWwMdWUoU2oZEPwVl9eJ+2rqler1h6uK43bPI4inME5XIIHdWjAPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gCPOo+8</latexit>

h̄

• RHS is non-zero irrespective of the width of strip.

• The maximum spacing of states with a fixed spin J 
goes to 0 as J becomes large. 

• Entropy is universal upto order one in J

<latexit sha1_base64="McjcDPxr6DLf8IKs4D1ABwABoBw="></latexit>

lim
J→↑

∫
! d!↓ωJ(!↓)

1↔
2J

e4ω
↔
AJ

=

(∫

!
dh ω0(h)

)
<latexit sha1_base64="rFdUkHvgtU8ueVeq6WNhHUKqzEQ=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUppXosevFYwX5AG8tmu2mXbjZhd6OUkP/hxYMiXv0v3vw3btMctPXBwOO9GWbmeRFnStv2t1VYW9/Y3Cpul3Z29/YPyodHHRXGktA2CXkoex5WlDNB25ppTnuRpDjwOO1605u5332kUrFQ3OtZRN0AjwXzGcHaSA8DX2KSkAsnTWr1dFiu2FU7A1olTk4qkKM1LH8NRiGJAyo04VipvmNH2k2w1IxwmpYGsaIRJlM8pn1DBQ6ocpPs6hSdGWWE/FCaEhpl6u+JBAdKzQLPdAZYT9SyNxf/8/qx9q/chIko1lSQxSI/5kiHaB4BGjFJieYzQzCRzNyKyASbILQJqmRCcJZfXiWdWtVpVBt39UrzOo+jCCdwCufgwCU04RZa0AYCEp7hFd6sJ+vFerc+Fq0FK585hj+wPn8A4YqSIA==</latexit>

c� 1

24

<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

!
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Large spin result

<latexit sha1_base64="6IEFCPMXj6hqrcGCpWbRrBoFopw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqjPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD0YuM9w==</latexit>

h

<latexit sha1_base64="97BoYc7tQSYDO3hBT882Vh4LQ+U=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnX5AdTaeDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+e9kKDRnKKeWUKaFvZWwMdWUoU2oZEPwVl9eJ+2rqler1h6uK43bPI4inME5XIIHdWjAPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gCPOo+8</latexit>

h̄

• We smoothen things a bit and estimate the error.

<latexit sha1_base64="XjG/tahwTyj7BDvMO3GFqPxpKmg=">AAACEHicbVA9SwNBEN2L3/ErammzGCSxCXciailqITZGMCrkwrG3mSSLe3vH7pwQjvwEG/+KjYUitpZ2/hs3yRVqfDDw9r0ZduaFiRQGXffLKUxNz8zOzS8UF5eWV1ZLa+vXJk41hwaPZaxvQ2ZACgUNFCjhNtHAolDCTXh3MvRv7kEbEasr7CfQilhXiY7gDK0UlCq+UBhk/kUEXTbwads/BYmsQn3di4Pzav7cCUplt+aOQCeJl5MyyVEPSp9+O+ZpBAq5ZMY0PTfBVsY0Ci5hUPRTAwnjd6wLTUsVi8C0stFBA7ptlTbtxNqWQjpSf05kLDKmH4W2M2LYM3+9ofif10yxc9jKhEpSBMXHH3VSSTGmw3RoW2jgKPuWMK6F3ZXyHtOMo82waEPw/p48Sa53a95+bf9yr3x0nMcxTzbJFqkSjxyQI3JG6qRBOHkgT+SFvDqPzrPz5ryPWwtOPrNBfsH5+AYT45v4</latexit>∫

!
d!→ωJ(!

→)

<latexit sha1_base64="aE4BCIjkNMlY3Jb+u/gci2nakN0="></latexit>

→ 1↑
2J

e4ω
→
AJ

(∫

!
dh ω0(h)

)

Compactly supported, smooth function, support on
<latexit sha1_base64="SzoIn7X1Ej7cc5NaFKsVgZPAPQo=">AAACAHicbZDLSsNAFIYn9VbrLerChZtgEeqtJCLVZdGNywr2Am0Ik8mkHTqZhJkToYRufBU3LhRx62O4822ctlmo9YeBj/+cw5nz+wlnCmz7yygsLC4trxRXS2vrG5tb5vZOS8WpJLRJYh7Ljo8V5UzQJjDgtJNIiiOf07Y/vJnU2w9UKhaLexgl1I1wX7CQEQza8sy9ysA7PusFlAM+1XgywyPPLNtVeyprHpwcyihXwzM/e0FM0ogKIBwr1XXsBNwMS2CE03GplyqaYDLEfdrVKHBElZtNDxhbh9oJrDCW+gmwpu7PiQxHSo0iX3dGGAbqb21i/lfrphBeuRkTSQpUkNmiMOUWxNYkDStgkhLgIw2YSKb/apEBlpiAzqykQ3D+njwPrfOqU6vW7i7K9es8jiLaRweoghx0ieroFjVQExE0Rk/oBb0aj8az8Wa8z1oLRj6zi37J+PgGjbuVHw==</latexit>

(h→ → ω, h→ + ω)

<latexit sha1_base64="miFAwqT5i1BiSZOBXqFtNsuiyVY="></latexit>∫
dh→ωh→,ω(h

→)

(
εJ(J + 2h→)→ εJ,vac(J + 2h→)

)

1↑
2J

exp
(
4ϑ

↑
AJ

)
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