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Trapped ions: long-range interaction 
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Lipkin Model: infinite-range interaction 
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Lipkin Model: infinite-range interaction 

H = B ! n
z

n
! + J ! n

x! m
x

n<m
!! = 0

H = B ! n
z

n
! +

J
| n"m |"

! n
x! m

x

n<m
!

dimension = 2N

to

dimension = N
2
+1

S z = ! n
z

n
! S x = ! n

x

n
!

H = (1!! ) N
2
+S z

"

#
$

%

&
'!
4!
N

S x
2

N = number of sites 

Control parameter 

Lipkin-Meshkov-Glick 
model 

!c = 0.2

Ground state  
quantum phase transition 



Lea F. Santos,   Yeshiva University  Long-range, Trieste, 2016 

Lipkin Model: U(2) algebraic structure 
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Excited State Quantum Phase Transition 
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ESQPT: participation ratio in U(1) basis 
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Eigenstate at ESQPT localized at U(1) basis with 
mz=-N/2 
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Eigenstate at ESQPT localized at U(1) basis with 
mz=-N/2 
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Eigenstate at ESQPT localized at U(1) basis with 
mz=-N/2 
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Magnetization in z: slow dynamics 

PRA 94, 012113 (2016) 
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Magnetization in z: dip 

PRA 94, 012113 (2016) 
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Magnetization in x: bifurcation 

PRA 94, 012113 (2016) 
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QPT with parity-symmetry breaking 
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undergoes a second-order QPT where the spatial parity symmetry is broken. 
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Magnetization in x: bifurcation 
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Magnetization in x: bifurcation 
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Magnetization in x: bifurcation 
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Classical bifurcation  
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Self-trapping: depending on  
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Self-trapping: depending on energy 
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Conclusions 

Ø  Different ways to capture an ESQPT:  

(1) Structure of the Hamiltonian matrix. 
 
(2) Level of delocalization of the eigenstates. 
      
(3) Magnetization in x and z. 
 
 

(4) Dynamics. 

Ø  The dynamics of the system depends on the interplay between  
             the initial state and the final Hamiltonian. 

!!..!!!!..!!Z
!!..!""!..!!Z

Evolution of 

as done in experiments 
with ion traps. 

PRA 94, 012113 (2016) 
 

arXiv:1604.06851 (Fort. Physik) 
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ESQPT: participation ratio 
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Classical bifurcation  
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Structure of the eigenstates 
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