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A MEAN-FIELD LIMIT: INFINITE-RANGE ISING MAGNET
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GROUND STATE = 3 —=> CLASSICAL LIMIT

GROUND STATE = MINIMIZE CLASSICAL HAMILTONIAN ON THE SPHERE

NON-EQUILIBRIUM DYNAMICS = CLASSICAL DYNAMICS ON THE SPHERE
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STATICS (T=0): SPONTANEOUS BREA
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DYNAMICAL CRITICALITY
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WHAT ABOUT FLUCTUATIONS?

e d=0o = DYNAMICAL CRITICALITY T
UNDAMPED COLLECTIVE MOTION

- NO THERMALIZATION AT ALL!

e 1Kd<o > DYNAMICAL OR EQUILIBRIUM CRITICALITY?
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IMPACT OF FLUCTUATIONS: THE MODEL

1
1«Kd<o = IMPACT OF QUANTUM FLUCTUATIONS CONTROLLED BY a

H = —% Zafaf —g(t)Zaf — JZJ?J?H
] @ i

* ANALYTICAL APPROXIMATION SCHEME: TIME-DEPENDENT SPIN-WAVE THEORY

 MPS-TDVP NUMERICAL STUDY OF THE FULL MANY-BODY QUANTUM EVOLUTION
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RESULT: QUENCH PHASE DIAGRAM (g, = 0,
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MOTION IN THE CHAOTIC DYNAMICAL PHASE

Animation showing the
evolution of two trajectories
corresponding to two very
close parameters here
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ANALOGY: THE “COIN"" PHASE

—

SUDDEN QUENCH

‘““ RANDOMLY'' CHOSEN
STABLE STATE

Alessio Lerose - Chaotic dynamical phase induced by NEQ quantum fluctuations 13t December, 2017 1



MPS-TDVP NUMERICS: A CONFIRMATION
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TIME-DEPENDENT VACUUM AND EXCITATIONS
+ MF DYNAMICS: W) = NN N) = U (0(),6(1) [11... 1)

» WHAT DOES THE J-TERM DO? o JY cosk (US,UT) (USZ,UT)
k
—>  COUPLED EVOLUTION OF THE EXCITATIONS AND OF THE VACUUM!

* EXCITATIONS ARE QUANTUM, VACUUM IS CLASSICAL

* |DEA:
WORK IN A MOBILE REFERENCE FRAME THAT ABSORBS THE VACUUM DYNAMICS

- FIXED BACKGROUND MANY-BODY HILBERT SPACE FOR EXCITATIONS' DYNAMICS
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STEP 1 : TIME-DEPENDENT REFERENCE FRAME

A

V(t) = exp ( —ip(t) Sio) exp ( — i0(t) Sior) z,
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STEP 2 : TIME-DEPENDENT SPIN-WAVES

HOLSTEIN-PRIMAKOFF TRANSFORMATION TO CANONICAL VARIABLES:

S - \/g Ns /N s
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STEP 3 : LOW-DENSITY EXPANSION

* IMPOSE FRAME = VACUUM :

<St}gt> (t) = <S1?</Jt> (t) =0

-  EVOLUTION EQ.S FOR QUANTUM EXCITATIONS IN A FIXED MANY-BODY HILBERT SPACE

* NATURAL APPROXIMATION: LOW-DENSITY

.
e(t) = Z’“#?V<Sbkb’“>, (SE) (t) = Ns— ) (blbi) = Ns(1—€(t))
k

AS LONG AS €(t) K 1 THE TRUNCATION AT QUADRATIC ORDER IS SELF-CONSISTENT

(*‘TIME-DEPENDENT BOGOLUBOV-LIKE SCHEME'")
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SELF-CONSISTENT COUPLED EVOLUTION
OF VACUUM AND FLUCTUATIONS
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SUMMARY

I. THE DYNAMICAL PHASES ARE ROBUST TO THE IMPACT OF A SHORT-RANGE INTERACTION
2. THE CRITICAL POINT RESHAPES INTO AN EXTENDED CROSSOVER REGION

3. MACROSCOPIC CHAOS APPEARS AS A CONSEQUENCE OF QUANTUM FLUCTUATIONS
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ILLUSTRATION: ISING MAGNET IN TRANSVERSE FIELD
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