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Setup & notation

t

e strong version: w(t) = ‘n()t )> at all times non-local

* weak version: I/Jini=‘n()to)> and I/Jﬁn=‘n(7LT)> local

solve for the counter-diabatic term, H,(t)

Y, =|”(Lo)> Y4 = ‘n(Lr)>
fast

compression




Strong (non-local) shortcuts - transitionless quantum driving

M Demirplak & SA Rice, J Phys Chem 107, 9937 (2003)
MV Berry, J Phys A 42, 365303 (2009)
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V(q,A)

Classical adiabatic theorem

2

1 degree of freedom H, = ;; +V(q,2)
m
=10 =1
adiabatic energy shell

(1) Strong shortcuts: construct a counter-diabatic term
H,(q,p,t) such that trajectories cling to the adiabatic energy shell
when evolvingunder H=H,+ H, .

(2) Quantize.




Solving for the classical counter-diabatic term H,(q,p,t,):
C.l., Phys Rev A 88, 040101(R) (2013)

1. Necessary & sufficient condition for H,:
{H,.H,}=A(VH,-(VH,))= A(q.p.1,)

2. Solution of this equation: P A

H,(b.t,) - H, (a.t,) = [ dr A(q(0), p(0).1,)

3. Convention: <H1> =0



Example #1: particle in box (piston), A=L
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The wavefunction  y(q,1) = \/ESIH(T)GXP(_£.[0 dt'E, (1 ))

t

is an exact solution of the time-dependent Schrodinger equation,
\under the Hamiltonian H(t)=H,+H,, for arbitrary L(t). .




Example #2: tilted piston, A=L
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Tilted Piston

|W(a,t) |2 without CD term

|P(q,t) |2 with CD term
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Weak (local) shortcuts to adiabaticity

S. Masuda & K. Nakamura, Phys Rev A 78, 062108 (2008)

Fast-forward
S. Masuda & K. Nakamura, Proc Roy Soc A 466, 1135 (2010)

Previous goal: find H,(q,p,t) such that trajectories cling to the adiabatic
energy shell at all times. This can be solved, but H, is generally non-local.

New goal: find H,(q,p,t) such that trajectories begin and end on the adiabatic
energy shell. This can be solved with a local term: H,(q,p,t) = V,(q,t) .




Construction of V,(q,t)  (given H,, A,)

* vertical lines at q,(A) , g,(A) ... qy.4(A) divide the adiabatic energy shell
into N strips of equal phase space volume (N -> oo)

* a(q,t) = acceleration field describing the motion of these lines under A,

* F,(g,t) = ma(q,t) = force field

{ E(q,r>=—f’a—2<q,r> ]
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Double well , t=0.1

H(q,p,t) = Hyla,p;A) + V4 (a,t)

Next step: simulate quantal evolution under the Hamiltonian

A h* 9
G e (AR )




Summary:

* (lassical shortcuts are interesting

* (lassical shortcuts are useful

e Solutions exist for both strong and weak
classical shortcuts

strong - H,(q,p,t) non-local
weak - V,(q,t) local



Quantal-classical correspondence

[Ifll,lflo]=ih)L(VI:IO—diag(VI—AIO)) <n‘lfll‘n>=0

{H,.H,}=A(VH,-(VH,)) (H)=0



