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Ground State

real eigenvalues = energies

ground state = the lowest
energy
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Evolution With A Hamiltonian

The Schrodinger equation
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Evolution With A Time Dependent
Hamiltonian

The Schrédinger equation

E J(t) = —iH() 0(0)
Instantaneous eigenstates
H(#) [n(£)) = En(t) [n(£))
(n(t)[m(t)) = Omn

Evolution

[n(t)) # e [n(0))






goal:

stay in the ground state
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Probability Of Error

The adiabatic regime
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Adiabatic Computation

Hj has a ground state which is easy to prepare
H; has an interesting ground state

HO* *Hl
19(0))— —[g(1))

Complexity [Farhi, E. et al., (2000)]
Universal [Aharonov, D. et al.,(2004)]
Quantum simulation, state preparation



The Adiabatic Theorem

The error is small when

1
T>

min 77 4(8)
for bounded ||H|| and its derivatives




The Adiabatic Theorem

LetH : [0,1] — CN*N be a Hamiltonian that is differentiable three times and has a minimum eigenvalue gap
between any two non-degenerate eigenvectors of Yy —> 0 . 1 we take |g(s)) to be a non-degenerate
instantancous eigenstate of H(s) and 21 € 0(YminT?), then the error in the

adiabatic approximation, (1 — |g(1)) (g(1)|) U(1,0) |g(0)),

is
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each instantaneous eigenstate is chosen such that (71(s)|n(s)) = 0 for every s € [0, 1] and every n.

where &, = fol En(Xx)dXT, vg,n = Eg(s) — En(s), Ay = u J—L HJ—) and the phase of

[Cheung, Hoyer, Wiebe (2011)]



probability of getting an excited state
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Error minimization methods

L local adiabatic
3 evolution gets fast

L of dips

L minimizes
r the adiabatic error
| |

to the adiabatic regime ¥
1t

make use

+

boundary cancellation.
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Coherently Controlled Adiabatic Evolution
Ui H(fi(s)) = fils)Hr + (1 — fi(s))Ho

V) k) = Uk |4 [k)

measurement and post-selection allow us to implement a
wider class of operations

[I. Hen, (2014)], [P. Zanardi and M. Rasetti, (1999)]



Linear Combinations

Ua
0) 1R, (20) J

Us
l

RI(26)

|4) |0) = |¥) (cos @ |0) +sinf 1))
— cos B [¢) [0) + sin Uy [¢) 1)
— cos OUg 1) |0) + sinfU4 [¢) |1)
— (cos® OUj + sin® U, [¢) |0)
+sinfcosf (Uy — Up) |¥) 1) .

[Wiebe, N. and Childs, A.M., 2012.]

e apply Uy, Up in parallel



Success Probability

Us: H(f(5))
Us : H(g(s)

f(s)Hr + (1 = f(s))Ho
8(s)H1 + (1 - g(s))Ho

o) ———— UafUp ———

0) 1Ry (26) J—LRL(%)-ﬁ

N

Success probability= 1 — ||(U4 — Up) [¢) |
Ground states must pick similar phases

U —s et N Eo(s)dsT
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One excited state

H(f(s)) = f(s)H1 + (1 = f(s))Ho
H(g(s)) = g(s)H1 + (1 - g(s))Ho

e f, g generate evolutions with opposite errors

e derivatives of the Hamiltonians at the end must be
opposite
e freedom for the initial boundary

Vo) T Yen() T
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probability of getting an excited state

One excited state
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e gets fast to the adiabatic regime
e favorable error scaling in the AR
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More transitions

1. Linear combinations from more evolutions

e 3levels and 4 evolutions
e equations for higher dimensional system



More transitions

1. Linear combinations from more evolutions

e 3levels and 4 evolutions
e equations for higher dimensional system

2. Exploit symmetry



Symmetric evolutions
Hjy and H; have the same spectrum
H(0.5—5)=H'(0.5+5s)
fo)l_ =-f0)|_
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Symmetric evolutions

0 = cos 92

<TZ(0) ‘g(0)>5if0 Wg,n(f)dﬁT] ’n (1))
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xcited state

probability of getting an e
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xcited state

probability of getting an e
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Thanks for your attention!



