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Non-interacting limit � = 0
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Weakly nonlinear regime  
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Anharmonic oscillator  

0 < � ⌧ 1

<latexit sha1_base64="XnwfuArOD2w7EpRFoYBmGL1rpZM=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkpWEGw4MZlBfuAzlAymUwbmsmMSaZQhn6HGxcWcevHuBD8B8FfMH0stPVA4HDOudyb4yecKW3bn9bK6tr6xmZuK7+9s7u3Xzg4bKg4lYTWScxj2fKxopwJWtdMc9pKJMWRz2nT799M/OaASsVica+HCfUi3BUsZARrI3n2lctNOMAu506nULRL9hRomThzUrz+qnyXP8Z+rVN4d4OYpBEVmnCsVNuxE+1lWGpGOB3l3VTRBJM+7tK2oQJHVHnZ9OgROjVKgMJYmic0mqq/JzIcKTWMfJOMsO6pRW8i/ue1Ux1WvIyJJNVUkNmiMOVIx2jSAAqYpETzoSGYSGZuRaSHJSba9JQ3JTiLX14mjfOSUy5d3tnFahlmyMExnMAZOHABVbiFGtSBwAM8wjOMrYH1ZL1Yr7PoijWfOYI/sN5+AM3hleM=</latexit>

x(t) = x0(t) + �x1(t) + · · ·

<latexit sha1_base64="H94vwlzwKW8Q22q0ANGWfTvm1eo=">AAACCnicbVDLSgMxFM3UV62v8bFzEy1CRSgzUlAXQsGNywr2Ae0wZDKZNjTzILkjLaVrN/6KGxeKuPUL3Pk3ptMutPVAyMm593Bzj5cIrsCyvo3c0vLK6lp+vbCxubW9Y+7uNVScSsrqNBaxbHlEMcEjVgcOgrUSyUjoCdb0+jeTevOBScXj6B6GCXNC0o14wCkBLbnm0aAEp9cD19LXWUdoo0/wwLWzJ/VjUK5ZtMpWBrxI7BkpVg+CDDXX/Or4MU1DFgEVRKm2bSXgjIgETgUbFzqpYgmhfdJlbU0jEjLljLJVxvhEKz4OYqlPBDhTfztGJFRqGHq6MyTQU/O1ifhfrZ1CcOmMeJSkwCI6HRSkAkOMJ7lgn0tGQQw1IVRy/VdMe0QSCjq9gg7Bnl95kTTOy3alfHWn06igKfLoEB2jErLRBaqiW1RDdUTRI3pGr+jNeDJejHfjY9qaM2aeffQHxucP4QabZg==</latexit>

V (x) =
!2

2
x2 +

�

4
x4

<latexit sha1_base64="rmLAfA48e3eE2Mzt3mS+g/Gv1b0="></latexit>
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<latexit sha1_base64="04qTsdXLtvIcGJr2rfnX0NDEQ4c="></latexit>

p = i

r
!

2
(�ae�i!t + āei!t)
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3 + 6ā2a2 + 4e2i!t

ā
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Maximally rotating waves in AdS4
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[BC, Evnin, Luyten]



Maximally rotating waves in AdS4

Ansatz                                       respected by evolution à solutions with periodic

Where do they come from?

Holographic implications?
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1X

m=0

n+mX

k=0

Cnmk,n+m�k ↵̄m ↵k ↵n+m�k
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[BC, Evnin, Luyten]



Gross-Pitaevskii from AdS
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[BC, Evnin, Luyten]



Similar solutions

[BC, Evnin, Luyten]

↵n = (b+ na)pn
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• Cubic Szegö equation

• Conformal flow

• Landau level truncations of GP (e.g. LLL)

• Maximally rotating waves in AdS (and on S3)

• Angular momentum truncations of GP

• Classes of cubic and quintic resonant systems

• Schrodinger-Newton-Hooke system

[Bizoń, BC, Evnin, Hunik, Luyten, Maliborski]

[Biasi, Bizoń, BC, Evnin]

[Biasi, Bizoń, BC, Evnin]

[Biasi, Bizoń, Evnin]

[Bizoń, Evnin, Ficek]

[Gérard, Grellier]



LLL vortex precession

[Biasi, Bizoń, BC, Evnin] 

• Fast oscillations with

• Slow modulation with
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Maximally rotating waves in AdS4

Conserved charges:
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[BC, Evnin, Luyten]

[Biasi, Bizoń, Evnin]



Breathing modes

[BC, De Clerck, Evnin, Khetrapal] [Evnin]

Conserved charges like Z appear in all these systems.

Breathing mode of original Hamiltonian à conserved charge of resonant Hamiltonian

[Biasi, Bizoń, Evnin]

Z =
1X

m=0

p
(m+ 1)(m+�) ↵̄m↵m+1

<latexit sha1_base64="5fUhFEih4zGLfxgp6tblMcjdGYQ="></latexit>



Quantum energy shifts

[Evnin] 

• Quantum resonant systems, study level spacings.

• QM perturbation theory: Hamiltonian à resonant Hamiltonian

• Conserved charges à rich algebraic structure. 

• Level spacing statistics à no integrability.

• Ladders in quantum level splittings explain LLL periodic energy returns

[Evnin, Piensuk] 

[BC, De Clerck, Evnin, Khetrapal]

[De Clerck, Evnin] E0 +
g

4
E1 +O(g2)
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[BC, De Clerck, Evnin, Khetrapal]



Holography

• Generalized Free Fields, Fock space

• Energy shifts in AdS à energy shifts of CFT on sphere à anomalous dimensions

• anomalous dimensions: large class of operators with arbitrarily many particles 

• Explicit quantum states reproduce classical solutions with periodic energy transfer

• Energy shifts more complicated than in LLL case (two incommensurate ladders). 
Reflects state-dependent frequency of classical energy returns.

• Expect generalization to maximally rotating sectors of gravitational systems

[BC, De Clerck, Evnin]

O(�)
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Conclusions

• in AdS: maximally rotating solutions with slow periodic 
modulation (period              )  of fast oscillations

• Studied using averaging/resonant Hamiltonian

• QM counterpart:             energy shifts   

• Rich algebraic structure originating from AdS isometries

• Patterns in              anomalous dimensions of classes of
operators with arbitrarily many particles 

• Explicit coherent-like quantum states that reproduce classical solutions

��4
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