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Kibble-Zurek Scaling

Adiabatic Theorem: A quantum state prepared in the eigenstate of the Hamiltonian
will remain in the instantaneous eigenstate under slow driving of the parameter
of the Hamiltonian.

Adiabatic theorem breaks driving across a quantum critical point.
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Consider the situation where the driving is not perfect:

g(t)=g,(t)+n(t) H(t)=H,(t)+n(t)V
Deterministic and Stochastic part of the Hamiltonian:
H,= JZ go O;yqt (1 go( ))Ax =_JZ(6Z61Z+1'|'0 )
il Gaussian white noise:
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The time evolution is governed by the

stochastic Schrodinger equation:
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Density Matrix averaged over realizations:

p(t)=Cpa(t)y=Clw(e))(w (e)])

The equation of motion for the noise averaged density matrix:
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—op(O)==ilH,(1),p()]+Z[p(0)] XX Budini, hys Rev A, 64, 052110
WZ

Z[p()]===-[V.[V,p(t)]]

The last term can be written in standard Lindblad form:

Zlp(0]=w (vev'=5pv'V—3V'vp)

We have solved the Master equation humerically and from there calculated the noise
averaged expectation value of the operator.

P. Nalbach, Smitha Vishveshwara, and Aashish A. Clerk, Phys Rev B 92, 014306
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Density of excitation at the end of drive is well approximated as:

" _dv
ng~rT+cT 1+zv
2
r~w 1
Estimation of optimal time: T o C ( W2) 1+



10

Verification of our prediction: '1 5 | A
n,~rt+ct " 8 v
_1 e L |
2) 1+ < Wi 0.5 1
tOPtOC(W ) _% w210~ |
4
r~w?*
2 M S - SR S SV
-16 -14 -12 -10 -8 -6

In|W 2]

We have provided a natural mechanism to explain the anti-Kibble-Zurek behavior in the
quantum critical dynamics of a thermally isolated system driven by a noisy control field.

Our results show the limits to adiabatic strategies in quantum annealing and indicate that

the optimal annealing time follows a power law as a function of the amplitude of the
noise fluctuations.
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