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Lipkin-Meshkov-Glick Model

The Lipkin-Meshkov-Glick (LMG) model was originally for testing approximation techniques 

in nuclear physics, however, we can employ it as a tool to describe QFT.

If we have an initial prepared state 

in     and we want to finish at the 

desired state    , how much would 

the excited states influence in the 

process?

We use the LMG model for testing 

the state preparation protocols.  



  

Problem

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

excited states!

Even in a two-state 
quantum system the 
problem is nontrivial 
(Landau-Zener problem)

Can we find an optimal 
protocol that maximizes 
our fidelity (probability of 
reaching our desired 
state) at finite time?



  

Metric tensor
Let us consider a closed quantum many-body system described by a Hamiltonian          

depending on time through the control parameters         . 

The metric tensor naturally appears when one defines the “distance” between nearby 

states             and                    (infinitesimal quench). 

Metric tensorInfinitesimal probability to remain 

in the m-th state.



  

Why geodesics?
Motivation: Find the optimal protocol          that maximizes the local fidelity for a fixed 

amount of time along the path. One way is minimizing the distance functional.

Minimize geodesics 

The control parameter space is endowed with a Riemannian (quantum) metric structure, 

where geodesics fulfill the condition 

 

Moreover, in the adiabatic approximation geodesics minimize the energy fluctuation.



  

Fidelity

Let us consider              the instantaneous ground-state of a time-depending Hamiltonian 

          .

If the system is initially in its groundstate we can find its evolution by solving Schrödinger 

equation:

As any state can be expressed in terms of the instantaneous eigenstates (adiabatic 

basis)                                , we have a differential equation for the transition amplitudes.

We define the fidelity as the probability to remain in the ground state at time t.

In particular, we treat the fidelity as evaluated at the end of the evolution            



  

The Hamiltonian

It exhibits QPT: a 1st order when            and a 2nd order when            



  

Effects of the energy gap
We will call                                energy gap.             

This energy gap affects directly the metric tensor



  

Effects of the energy gap

We find different minimal gap curve for 
different number of qubits, which have similar 
values for                         

When              the energy gap reaches its 
minimum values.



  

Geodesics

Let us consider two cases for finite    :

1) geodesics crossing the minimal gap curve through a wide energy gap.

2) geodesics crossing the minimal gap curve through a narrow energy gap.   



  

Geodesics



  

Comparison with linear functions.

Fidelity

Crossing though a wide energy 

gap we get better results (blue 

and yellow curves) .

UNEXPECTED RESULT!

When crossing through a narrow 

energy gap we get worse fidelity 

(with geodesics)! 



  

Instead of considering the energy fluctuations we consider the mean energy 
variance:

Energy fluctuations

In general geodesics do indeed 

provide a lower mean energy 

variance.



  

When can we say that geodesics are better?

The theory was originally explored in the adiabatic approximation, which considers that 

for sufficiently big times     ,                and higher orders or powers can be neglected. 

This is true for linear functions 

(as it has usually been studied)

When considering a geodesic path the previous assumption may (or may not) be 

correct, as crossing through a narrow energy gap causes that at the end of the 

process       is too big to be neglected unless      is enormously long. 

WARNING: STILL ONGOING STUDY



  

Thank you for your time!

Questions?  



  

Extra 1: Transition amplitude in APT
Up to second order in the APT and            we get:



  

Extra 2: Effects on paths

Final value of 

derivatives along 

a geodesical path 

for                 and   
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