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QUANTUM DRIVING

If we have an initial prepared state 

in     and we want to finish at the 

target state    , how much would 

the excited states influence in the 

process?

If we consider a non-adiabatic protocol (finite time) we will face the influence of the 

excited states!



  

THE TASK

The problem of optimal state preparation is then stated as follows:        

We consider a quantum system and a Hamiltonian          depending on a finite set of real 

controllable parameters                                  . We must find the optimal protocol        that 

transforms            , initial ground-state of               to the desired state             , ground-

state of                .              

As a measure of similarity between the evolved state         and the target state we 

consider the infidelity



  

INFIDELITY

Ways we can 

minimize 

the infidelity

Adiabaticity

Counter-diabatic driving

Superdiabatic

transformation

Geometry of the 

parameter space



  

QUANTUM METRIC TENSOR
A natural measure of the squared distance between two nearby quantum states  

and                      is the deviation from unity of their scalar product.

The quantum metric tensor naturally appears in this way:

Idea of geodesics as good paths



  

ARE GEODESICS AN OPTIMAL PATH?
For long time it has been claimed that geodesics should be an optimal path to minimize the 

infidelity. 

When only one parameter    depends on time and assuming that in general    is very small, it can be 

found that   

For more than one parameter, it is simply assumed that also holds 

 
Minimum for geodesics

From the adiabatic 
approximation theory

Two-level system



  

CHECKING THIS IDEA

To test this idea we consider the following Hamiltonian from the Lipkin-Meshkov-Glick 
model family:           



  

TESTING
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Use of APT: Energy variance
Considering the normalized wave function in the APT up to second order in    , then the energy 

variance is given by   

where                               

 

Replacing the last two equations into the expression for the energy variation, we get               

 

Even when                       , this term is not zero and not negligible

NEW DRIVING

Can we drive our system in a preselected path with similar properties like geodesic?      

YES!!!

The first condition guarantees the linear path, while the latest the constant “geodesic” speed*.

To compare with the linear driving we use

* Speed:                                         Geodesic speed:  



  

NEW DRIVING VS. GEODESIC



  

APT
For long enough driving time    , we can find a solution to the Schrödinger equation as a series in 

terms of orders of                                         ,                                

 

: dynamical phase

: geometric phase

depends on     .

depends on        and      .

And so on.   



  

Infidelity:                      

 

APT: RESULTS
Energy variance:

Where                    includes oscillating terms.

In a two-level system, the amplitude of this quantity can be express in terms of                     

 



  

APT: INFIDELITY

Good (qualitative) agreement



  

APT: INFIDELITY

In this figure we show the two regimes in red and yellow for linear and geodesic drivings for different 

dimensions. We also see that generally geodesics reach the asymptotic regime earlier than the 
linear driving.      



  

APT: INFIDELITY IMPROVEMENT

We can improve the infidelity in the asymptotic regime by noticing that     



  

APT: INFIDELITY IMPROVEMENT

We can improve the infidelity in the asymptotic regime by noticing that     

The term              depends on             and           . Therefore, if we consider a driving, whose 

controllable parameters fulfill the condition                                , then        

Improvement by two
orders of magnitude



  

APT: INFIDELITY IMPROVEMENT

We can keep playing this game to further decrease the infidelity...

 

To prove that, we considered polynomials                   of degree             , such that all their derivatives 

up to   -th order vanish at the beginning and the end of the driving. They are also lines on the 

parameter space.

                             

 
The result is shown in the table 

Degree pol. Order der. Slope
3 1 -4
5 2 -6
7 3 -8
9 4 -10
11 5 -12



  

APT: INFIDELITY IMPROVEMENT

linear
c.s.
geo.



  

THANK YOU FOR YOUR ATTENTION



  

APT IN A TWO-LEVEL SYSTEM

Landau-Zener model:

 

Driving conditions:

. 

.



  

APT IN A TWO-LEVEL SYSTEM

We can find the time to reach the asymptotic regime

 



  

APT IN A TWO-LEVEL SYSTEM

Asymptotic regime error:

 



  

Final observation
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