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Motivation

Improve understanding of high temperature phases in higher spin gravity.

Assess status of black holes in such theories purely from a boundary perspective. Which properties of their 
weakly coupled gravitational ancestors do higher spin theories retain?



Theories dual to bulk higher spin theories undergo large N phase transitions on      .

In boundary matrix models, believed to involve black holes. Similar to Hawking-Page, transition at                  
[Sundborg 1999]

For vector models, interpretation unclear. Transition at                                 , thermodynamically stable large 
AdS black hole seemingly absent [Shenker&Yin 2011]. No explicit candidate solutions known for              .

But studies for flat boundary reveal black hole like properties. [Jevicki&Yoon 2016] 



Teaser
Correlation functions as simplest probe of emergent geometry in free large N singlet models reveal 
emergent localized structure with various black hole like properties at high temperatures.

The way:

- Introduction to free singlet models, Higher Spin / CFT and their phase transitions

- The singlet constraint and correlation functions

- Emergence of (A) localized structure at high T which (B) implies exponential decay of autocorrelations and 
(C) sustains evanescent modes



Singlet sector of free scalar theories with U(N)/O(N) symmetry group

Low energy spectrum very different from semiclassical gravity. Infinite tower of conserved primary singlet 
currents of the form

Bulk coupling constant:                                 ,              theory dependent.

Single trace spectrum depends on the U(N)/O(N) representation:

Higher spin currents

Fundamental

Adjoint

Only conserved currents 
and scalar 

Conserved currents and scalar             , but also 
infinite number of multilinears

Dual to Vasiliev’s higher spin 
theories

Klebanov&Polyakov 2002

Free              at              dual to 
tensionless strings on AdS

Sundborg 1999, Witten 1999

(e.g. stress tensor at spin 2)

Higher Spin / CFT



Phase transitions in free large N CFTs

Due to relations amongst products of singlet operators.

At sufficiently low temperatures, number of singlets involved in typical states dominating the ensemble is 
relatively small. Partition sum well described by gas of independent singlets.

At high temperatures, more singlet operators contribute than there are degrees of freedom. Relations 
become important. Partition sum approaches that of theory without singlet condition.



Enforcing the singlet constraint

Introduce                                        for all U(N) charges into all thermal expectation values. Constraining matrix  
.

In thermal field theory, acts as additional Lagrange multiplier field in path integral. Time-component of 
non-dynamical gauge field, gauge holonomy.

Free scalars can be integrated out. All correlation functions then involve effective action for eigenvalues of 
constraining matrix.



Gauge redundancy unavoidable. Gauge fixing implies Fadeev-Popov determinant giving repulsive 
contribution to effective action. 

[Aharony et al, 2003]

Coupling to scalars provides attractive contributions.

Effective action 

Eigenvalues

Repulsive Attractive



Thermal dynamics

For                : Eigenvalue distribution           or Fourier cos transform

Normalized and positive ,                      

Effective action: Fundamental

Adjoint



Phase transition

Attractive contributions grow with T. Can overcome repulsion. Eigenvalues bunch up.

With adjoint scalars transition follows Hagedorn like growth for the partition sum and happens at                   . 
First order transition.

[Sundborg 2000, Aharony et al. 2003] 

With only fundamental scalars . Third order.
[Gross&Witten 1980, Shenker&Yin 2011]



Saddles
FUNDAMENTAL SCALARS ADJOINT SCALARS

Hagedorn



Emergence of geometry

For low lying states, interpretation in terms of AdS-space with a few particles by construction (structure 
fixed by conformal invariance)

But what do typical (highly) excited states correspond to?

In ordinary AdS/CFT, compelling case for black holes. However, the bulk theory is very different from a 
weakly coupled gravitational theory.

Probe using thermal two point function of lightest scalar singlet Tr�2
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Propagator in free singlet models

Euclidean propagator gives rise to all correlation functions of interest by analytic continuation (free theory)

E.g. vector model: 

Analytic continuation, Fourier transformation and Wick contraction yield singlet-singlet correlator

GAB
lM (n) =
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A - Equal time correlators

⌦
Tr |�2(0,y)|Tr |�2(0)|

↵
⇠
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- integration projects
on diagonal terms in
sum,               const

�
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Angle at which deviations appear of order 1 in adjoint theories. AdS-sized object. In vector models, 
, implying size parametrically larger than

Concrete form of correlators suggests deviations from Euclidean geometry with noncontractible imaginary
time circle visible at superthermal distances.  Consistent with expectation value of Polyakov loop. 
“Deconfinement”.

In adjoint case may be related to gluing of string bit propagators.                          
[Gopakumar 2003/04, Furuuchi 2006]

In fundamental case interpretation more subtle, but since analytic form the same, conclusion should carry 
over.

On the other hand, key differences in the way the phase transition is approached. In vector model        
receives           - contributions for low    even for 
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B – time dependent autocorrelator

Periodic, since free theory on sphere of radius             .

Investigate decay behavior for               .

At low temperatures,                , picks out diagonal part of square
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Implies dimensional dependence
of high T correlators
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At high temperatures, behavior depends on number of boundary dimensions (cf. Huygen’s principle).

Even boundary dimensions: Poisson summation

Higher dimensional correlator obtained by differentiation w.r.t. t

d=4: 

Can for             be approximately resummed
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For

Finite volume contribution

-> Exponential decay stops at                      , remains approximately constant

Holds even for spatially smeared operators and more complicated single traces.
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Exponential decay
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This exponential decay is not due to dissipation of individual momentum modes (conserved), which in fact
decay as power laws [Hartnoll, Kumar, 2005].

Instead due to intricate interference pattern which emerges beyond the critical temperature.

For free singlet models, this is however the only way to retain this feature of theories with weakly coupled
gravitational duals.



Odd boundary dimensions: No exponential decay.

Instead, in high temperature limit, summation over Matsubara frequencies yields Q-Polygamma functions
that give rise to effective dimensional reduction

Logarithmic in d=3. Power law tails in higher dimensions.

Note the support of the retarded propagator inside the light cone.
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C - Evanescent modes…
Evanescent modes with imaginary      only supported in bulk spacetimes with nontrivial spatial structure (cf. 
Suvrat’s talk).

Leave exponentially suppressed imprint in spectral density as the imaginary part of retarded Green’s 
function in Fourier space for                  ,  

[Son&Starinets 2002, Rey&Rosenhaus 2014]
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… in higher spin gravity

Argued to be present in planar limit by invoking breaking of                                                   in Keldysh action 
by thermal effects.

[Jevicki&Yoon, 2016]

Could be expected from                             free energy
[cf e.g. Papadodimas&Raju 2012]
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<latexit sha1_base64="GS/NUxJSzqbPxjCo/7oAIq4695g=">AAACAHicbVDLSgNBEJyNrxhfUQ8evAwGIYKEXRH0GPSg3qKYByQhzE46yZCZ3WWmVwxLLv6KFw+KePUzvPk3Th4HTSxoKKq66e7yIykMuu63k1pYXFpeSa9m1tY3Nrey2zsVE8aaQ5mHMtQ1nxmQIoAyCpRQizQw5Uuo+v3LkV99AG1EGNzjIIKmYt1AdARnaKVWdq+B8IjJjRrSq9Zdvn/cCBV02VErm3ML7hh0nnhTkiNTlFrZr0Y75LGCALlkxtQ9N8JmwjQKLmGYacQGIsb7rAt1SwOmwDST8QNDemiVNu2E2laAdKz+nkiYMmagfNupGPbMrDcS//PqMXbOm4kIohgh4JNFnVhSDOkoDdoWGjjKgSWMa2FvpbzHNONoM8vYELzZl+dJ5aTguQXv9jRXvJjGkSb75IDkiUfOSJFckxIpE06G5Jm8kjfnyXlx3p2PSWvKmc7skj9wPn8ApRaVxQ==</latexit><latexit sha1_base64="GS/NUxJSzqbPxjCo/7oAIq4695g=">AAACAHicbVDLSgNBEJyNrxhfUQ8evAwGIYKEXRH0GPSg3qKYByQhzE46yZCZ3WWmVwxLLv6KFw+KePUzvPk3Th4HTSxoKKq66e7yIykMuu63k1pYXFpeSa9m1tY3Nrey2zsVE8aaQ5mHMtQ1nxmQIoAyCpRQizQw5Uuo+v3LkV99AG1EGNzjIIKmYt1AdARnaKVWdq+B8IjJjRrSq9Zdvn/cCBV02VErm3ML7hh0nnhTkiNTlFrZr0Y75LGCALlkxtQ9N8JmwjQKLmGYacQGIsb7rAt1SwOmwDST8QNDemiVNu2E2laAdKz+nkiYMmagfNupGPbMrDcS//PqMXbOm4kIohgh4JNFnVhSDOkoDdoWGjjKgSWMa2FvpbzHNONoM8vYELzZl+dJ5aTguQXv9jRXvJjGkSb75IDkiUfOSJFckxIpE06G5Jm8kjfnyXlx3p2PSWvKmc7skj9wPn8ApRaVxQ==</latexit><latexit sha1_base64="GS/NUxJSzqbPxjCo/7oAIq4695g=">AAACAHicbVDLSgNBEJyNrxhfUQ8evAwGIYKEXRH0GPSg3qKYByQhzE46yZCZ3WWmVwxLLv6KFw+KePUzvPk3Th4HTSxoKKq66e7yIykMuu63k1pYXFpeSa9m1tY3Nrey2zsVE8aaQ5mHMtQ1nxmQIoAyCpRQizQw5Uuo+v3LkV99AG1EGNzjIIKmYt1AdARnaKVWdq+B8IjJjRrSq9Zdvn/cCBV02VErm3ML7hh0nnhTkiNTlFrZr0Y75LGCALlkxtQ9N8JmwjQKLmGYacQGIsb7rAt1SwOmwDST8QNDemiVNu2E2laAdKz+nkiYMmagfNupGPbMrDcS//PqMXbOm4kIohgh4JNFnVhSDOkoDdoWGjjKgSWMa2FvpbzHNONoM8vYELzZl+dJ5aTguQXv9jRXvJjGkSb75IDkiUfOSJFckxIpE06G5Jm8kjfnyXlx3p2PSWvKmc7skj9wPn8ApRaVxQ==</latexit><latexit sha1_base64="GS/NUxJSzqbPxjCo/7oAIq4695g=">AAACAHicbVDLSgNBEJyNrxhfUQ8evAwGIYKEXRH0GPSg3qKYByQhzE46yZCZ3WWmVwxLLv6KFw+KePUzvPk3Th4HTSxoKKq66e7yIykMuu63k1pYXFpeSa9m1tY3Nrey2zsVE8aaQ5mHMtQ1nxmQIoAyCpRQizQw5Uuo+v3LkV99AG1EGNzjIIKmYt1AdARnaKVWdq+B8IjJjRrSq9Zdvn/cCBV02VErm3ML7hh0nnhTkiNTlFrZr0Y75LGCALlkxtQ9N8JmwjQKLmGYacQGIsb7rAt1SwOmwDST8QNDemiVNu2E2laAdKz+nkiYMmagfNupGPbMrDcS//PqMXbOm4kIohgh4JNFnVhSDOkoDdoWGjjKgSWMa2FvpbzHNONoM8vYELzZl+dJ5aTguQXv9jRXvJjGkSb75IDkiUfOSJFckxIpE06G5Jm8kjfnyXlx3p2PSWvKmc7skj9wPn8ApRaVxQ==</latexit>

Time integration gives rise to various -functions that kill non-thermal contributions in far off-shell regime 
and imply support for         only for             . Bose distribution gives Boltzmann suppression.

�
<latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit>

GT
<latexit sha1_base64="wUkj9PyYw/h9SJxstNKCJ1WHn4w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r9gvaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j2XDTBL0IzqUPOSMGis93vUb/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teg+XldpNHkcRTuAUzsGDK6jBPdShCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwD2B42S</latexit><latexit sha1_base64="wUkj9PyYw/h9SJxstNKCJ1WHn4w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r9gvaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j2XDTBL0IzqUPOSMGis93vUb/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teg+XldpNHkcRTuAUzsGDK6jBPdShCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwD2B42S</latexit><latexit sha1_base64="wUkj9PyYw/h9SJxstNKCJ1WHn4w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r9gvaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j2XDTBL0IzqUPOSMGis93vUb/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teg+XldpNHkcRTuAUzsGDK6jBPdShCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwD2B42S</latexit><latexit sha1_base64="wUkj9PyYw/h9SJxstNKCJ1WHn4w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r9gvaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j2XDTBL0IzqUPOSMGis93vUb/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teg+XldpNHkcRTuAUzsGDK6jBPdShCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwD2B42S</latexit>

p � 1
<latexit sha1_base64="dLMTCfeB+WZ1AANGaCeH2LuQkjM=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJZDNkdnaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KtBQWff/bW1vf2NzaLu2Ud/f2Dw4rR8ctm2aG8SZLZWo6EbVcCsWbKFDyjjacJpHk7Wh8N/PbT9xYkapHnGgeJjRWYigYRSe1NenFMQn6lapf8+cgqyQoSBUKNPqVr94gZVnCFTJJre0GvsYwpwYFk3xa7mWWa8rGNOZdRxVNuA3z+blTcu6UARmmxpVCMld/T+Q0sXaSRK4zoTiyy95M/M/rZji8CXOhdIZcscWiYSYJpmT2OxkIwxnKiSOUGeFuJWxEDWXoEiq7EILll1dJ67IW+LXg4apavy3iKMEpnMEFBHANdbiHBjSBwRie4RXePO29eO/ex6J1zStmTuAPvM8fLYqOyw==</latexit><latexit sha1_base64="dLMTCfeB+WZ1AANGaCeH2LuQkjM=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJZDNkdnaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KtBQWff/bW1vf2NzaLu2Ud/f2Dw4rR8ctm2aG8SZLZWo6EbVcCsWbKFDyjjacJpHk7Wh8N/PbT9xYkapHnGgeJjRWYigYRSe1NenFMQn6lapf8+cgqyQoSBUKNPqVr94gZVnCFTJJre0GvsYwpwYFk3xa7mWWa8rGNOZdRxVNuA3z+blTcu6UARmmxpVCMld/T+Q0sXaSRK4zoTiyy95M/M/rZji8CXOhdIZcscWiYSYJpmT2OxkIwxnKiSOUGeFuJWxEDWXoEiq7EILll1dJ67IW+LXg4apavy3iKMEpnMEFBHANdbiHBjSBwRie4RXePO29eO/ex6J1zStmTuAPvM8fLYqOyw==</latexit><latexit sha1_base64="dLMTCfeB+WZ1AANGaCeH2LuQkjM=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJZDNkdnaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KtBQWff/bW1vf2NzaLu2Ud/f2Dw4rR8ctm2aG8SZLZWo6EbVcCsWbKFDyjjacJpHk7Wh8N/PbT9xYkapHnGgeJjRWYigYRSe1NenFMQn6lapf8+cgqyQoSBUKNPqVr94gZVnCFTJJre0GvsYwpwYFk3xa7mWWa8rGNOZdRxVNuA3z+blTcu6UARmmxpVCMld/T+Q0sXaSRK4zoTiyy95M/M/rZji8CXOhdIZcscWiYSYJpmT2OxkIwxnKiSOUGeFuJWxEDWXoEiq7EILll1dJ67IW+LXg4apavy3iKMEpnMEFBHANdbiHBjSBwRie4RXePO29eO/ex6J1zStmTuAPvM8fLYqOyw==</latexit><latexit sha1_base64="dLMTCfeB+WZ1AANGaCeH2LuQkjM=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJZDNkdnaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KtBQWff/bW1vf2NzaLu2Ud/f2Dw4rR8ctm2aG8SZLZWo6EbVcCsWbKFDyjjacJpHk7Wh8N/PbT9xYkapHnGgeJjRWYigYRSe1NenFMQn6lapf8+cgqyQoSBUKNPqVr94gZVnCFTJJre0GvsYwpwYFk3xa7mWWa8rGNOZdRxVNuA3z+blTcu6UARmmxpVCMld/T+Q0sXaSRK4zoTiyy95M/M/rZji8CXOhdIZcscWiYSYJpmT2OxkIwxnKiSOUGeFuJWxEDWXoEiq7EILll1dJ67IW+LXg4apavy3iKMEpnMEFBHANdbiHBjSBwRie4RXePO29eO/ex6J1zStmTuAPvM8fLYqOyw==</latexit>
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<latexit sha1_base64="IFdiy8CP8wnukNyFrDYOZ0bdbSg="></latexit><latexit sha1_base64="IFdiy8CP8wnukNyFrDYOZ0bdbSg="></latexit><latexit sha1_base64="IFdiy8CP8wnukNyFrDYOZ0bdbSg="></latexit><latexit sha1_base64="IFdiy8CP8wnukNyFrDYOZ0bdbSg="></latexit>

Final result to lowest order in 

Expected contribution from evanescent modes

Directly linked to phase transition
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k
<latexit sha1_base64="ReAs0EsCfIkRtPkSHPKkgDyp/1U=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbSbt0Nxt2N4US8k+8eFDEq//Em//GbZuDtj4YeLw3w8y8KOVMG8/7diobm1vbO9Xd2t7+weGRe3zS0TJTFNpUcql6EdHAWQJtwwyHXqqAiIhDN5rcz/3uFJRmMnkysxRCQUYJixklxkoD1w1iRWgeSAEjUuSTYuDWvYa3AF4nfknqqERr4H4FQ0kzAYmhnGjd973UhDlRhlEORS3INKSETsgI+pYmRIAO88XlBb6wyhDHUtlKDF6ovydyIrSeich2CmLGetWbi/95/czEt2HOkjQzkNDlojjj2Eg8jwEPmQJq+MwSQhWzt2I6JjYKY8Oq2RD81ZfXSeeq4XsN//G63rwr46iiM3SOLpGPblATPaAWaiOKpugZvaI3J3denHfnY9laccqZU/QHzucPMseUAw==</latexit><latexit sha1_base64="ReAs0EsCfIkRtPkSHPKkgDyp/1U=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbSbt0Nxt2N4US8k+8eFDEq//Em//GbZuDtj4YeLw3w8y8KOVMG8/7diobm1vbO9Xd2t7+weGRe3zS0TJTFNpUcql6EdHAWQJtwwyHXqqAiIhDN5rcz/3uFJRmMnkysxRCQUYJixklxkoD1w1iRWgeSAEjUuSTYuDWvYa3AF4nfknqqERr4H4FQ0kzAYmhnGjd973UhDlRhlEORS3INKSETsgI+pYmRIAO88XlBb6wyhDHUtlKDF6ovydyIrSeich2CmLGetWbi/95/czEt2HOkjQzkNDlojjj2Eg8jwEPmQJq+MwSQhWzt2I6JjYKY8Oq2RD81ZfXSeeq4XsN//G63rwr46iiM3SOLpGPblATPaAWaiOKpugZvaI3J3denHfnY9laccqZU/QHzucPMseUAw==</latexit><latexit sha1_base64="ReAs0EsCfIkRtPkSHPKkgDyp/1U=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbSbt0Nxt2N4US8k+8eFDEq//Em//GbZuDtj4YeLw3w8y8KOVMG8/7diobm1vbO9Xd2t7+weGRe3zS0TJTFNpUcql6EdHAWQJtwwyHXqqAiIhDN5rcz/3uFJRmMnkysxRCQUYJixklxkoD1w1iRWgeSAEjUuSTYuDWvYa3AF4nfknqqERr4H4FQ0kzAYmhnGjd973UhDlRhlEORS3INKSETsgI+pYmRIAO88XlBb6wyhDHUtlKDF6ovydyIrSeich2CmLGetWbi/95/czEt2HOkjQzkNDlojjj2Eg8jwEPmQJq+MwSQhWzt2I6JjYKY8Oq2RD81ZfXSeeq4XsN//G63rwr46iiM3SOLpGPblATPaAWaiOKpugZvaI3J3denHfnY9laccqZU/QHzucPMseUAw==</latexit><latexit sha1_base64="ReAs0EsCfIkRtPkSHPKkgDyp/1U=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbSbt0Nxt2N4US8k+8eFDEq//Em//GbZuDtj4YeLw3w8y8KOVMG8/7diobm1vbO9Xd2t7+weGRe3zS0TJTFNpUcql6EdHAWQJtwwyHXqqAiIhDN5rcz/3uFJRmMnkysxRCQUYJixklxkoD1w1iRWgeSAEjUuSTYuDWvYa3AF4nfknqqERr4H4FQ0kzAYmhnGjd973UhDlRhlEORS3INKSETsgI+pYmRIAO88XlBb6wyhDHUtlKDF6ovydyIrSeich2CmLGetWbi/95/czEt2HOkjQzkNDlojjj2Eg8jwEPmQJq+MwSQhWzt2I6JjYKY8Oq2RD81ZfXSeeq4XsN//G63rwr46iiM3SOLpGPblATPaAWaiOKpugZvaI3J3denHfnY9laccqZU/QHzucPMseUAw==</latexit>



Further observations

Interestingly, there is quite a large temperature range (infinite for d=3) with sensitivity to the central region 
of the eigenvalue distribution

Manifests itself at large angles / long times. Finite volume effect.

Since central region of distribution approximately constant, correlators return to a renormalized thermal
AdS form.
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Conclusions
Thermal two-point functions in singlet sector of free U(N) models controlled by eigenvalue distribution.

Thermal AdS at low temperatures, significant deviations at high temperatures. Surprising number of black 
hole features retained even for higher spin theories.

- Spatial structure suggests link to emergent geometry without noncontractible thermal circle.

- Evanescent modes appear beyond the transition.
- In even boundary dimensions, correlations decay exponentially

Key differences between matrix and vector models arise in the way the phase transition is approached.

What about odd dimensional behavior? Implications for BH in 3+1D Vasiliev theory?

Understand central region. Possible appearance in theories with nonvanishing ‘t Hooft coupling?


