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Quantum Time Evolution

Real time evolution

How does the system evolve in time?
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Imaginary time evolution

Evolve for imaginary time 7 =1t
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Energy F = (H) Ground states

“ “ b |9 (7)) = coe P |9hg) + ...

Gibbs states
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Variational time evolution

Projection

Project the state-evolution onto parameter-evolution
[4(7)) ~ [9(6(7)))
with |¢(#)) = U(0)|@kting in the

() € R?

Parameter dynamics
g(6)0 = b(0)
Quantum geometric tensor (QGT) O(d?)

9i(0) = Re{ (9:810;0) — (0:916) (810;9) }

Evolution gradient

bi(6) = -2
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Variational time evolution

Projection

Project the state-evolution onto parameter-evolution
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Quantum geometric tensor (QGT) O(d?)
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Heisenberg model on superconducting hardware
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Understanding the QGT 1BM Quantum

What'’s the distance of the parameters?

(0) = (o(0)|H|(9))

Model-independent measure:

3.51
160 — 61113
3.0 1
. Model-aware measure:
¢ 20 F(80,61) = [{6(60)|¢(61))[”
127 For small 0fwe can expand the fidelity using the QGT
1.0 A
F (80,600 + 660) = 1 — 36" g(60)36 + O(||66][3)
0.5 1
b 20 X1 2 30 m) the QGT is a measure for model sensitivity
m) |everaged e.g. in Quantum Natural Gradients
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Avoiding the QGT

A dual formulation

g(0)6 = b(6)
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A dual formulation: DualQTE

.................................................................................................................

00©) = previous 00"
until termination, do

50T = 50%) — v L(56™)

O(t + 01) = 0(1) + 66"

IBM Quantum
Gradients
Evaluate via parameter-shift rules or linear
combination of unitaries
Vo F(0,0 + 00
VL(50) = —~% (é 90) _ s ()

Trainability
+ Evolution gradient uses local expectations

= Fidelity gradient uses global projector

=) can be initialized in Barren plateau-free setting
=) supported by numerical benchmarks
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Imaginary time evolution IBM Quantum

Heisenberg model on a periodic chain 1010 { —@— VarQITE
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Imaginary time evolution IBM Quantum

Heisenberg model on a periodic chain
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Take-home message 1BM Quantum

Duality Improved scaling Open questions
QGT and fidelity are closely DualQTE promises a reduction Efficient fidelity measurements
connected: choose the suitable in scaling .
representation for your problem! Ansatz selection
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