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Any “pure” two-particle fermionic state can be written as

where W is a complex and antisymmetric matrix (2N X 2N) 
while 2N is the number of possible modes for each particle. 

From the state           we can move to one-particle density matrix in this way

The eingenvalues of the matrix ρ are |zi|2



LinearLinear entropyentropy

We note that the linear entropy can be expressed in terms of matrix W: 

In order to calculate εL the definition and the allocation of the matrix
ρ is not required. In this sense the linear entropy is easier to calculate
than von Neumann entropy since no diagonalization of the matrix ρ is
needed



Anyway by using the trace operation we can put εL in terms of eigenvalues
of one particle density matrix

while the expression of von Neumann entropy is given by



AgainAgain aboutabout linearlinear entropyentropy

The minimum value 1/2 indicates the  unavoidable
quantum correlations related to exchange simmetry as
for the case of von Neumann entropy

NonentangledNonentangled statesstates: : εεLL== 1/21/2 EntangledEntangled statesstates: 1/2<: 1/2<εεLL≤≤11--1/(2N)1/(2N)

Additional ignorance naturally connected with
genuine entanglementεεLL > 1/2> 1/2
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Let us consider the state of  a simple two-fermion system 
with 2N degrees of freedom

where 2≤k≤N  and α is a real paramater ranging between 0 
and 1. The matrix W is a block diagonal matrix with 2x2 
blocks



The expression for the normalized von Neumann entropy is given by

The linear entropy as a function of the parameter α takes this form

where we normalized εL so that its values lie in the interval between 0 
and 1.



The comparison between linear entropy and von Neumann entropy for the state
We see that LE entropy is always greater than vNE apart from the initial and 
the final values when they coincide



Physical model in 2DPhysical model in 2D
An electron propagating in a 2D system  interacting
through a Coulomb potential with a electron  bound to
a specific site by a harmonic potential
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y

F.Buscemi,P.Bordone and A.Bertoni, PRA 73 052312 (2006)



The Hamiltonian

Initial condition

It does not contain spin terms

Minimum uncertainity
wave packetIncomingIncoming electronelectron

Ground state of the
harmonic potentialBoundBound electronelectron



AsAs a a consequenceconsequence of the scattering the state of the of the scattering the state of the 
boundbound particleparticle changeschanges. . HereHere wewe plot the time plot the time evolutionevolution
the the squaresquare modulusmodulus of of projectionprojection the the antisymmetrizedantisymmetrized
twotwo particleparticle wavefunctionwavefunction on the on the 
eingenstateseingenstates of the of the harmonicharmonic oscillatoroscillator



ħħωω=2 =2 meVmeV

Time evolution of the entanglement for different values of the incoming
electron initial energy EK. 
The stationary value of the entanglement  is higher for higher energies

TwoTwo fermionsfermions, , samesame spinspin..



ħħωω=2 =2 meVmeV

The final  value of the entanglement reaches its maximum value for EK= 20 meV

TwoTwo fermionsfermions,  ,  differentdifferent spinspin, non , non factorizedfactorized state.state.



TwoTwo fermionsfermions, , differentdifferent spinspin, , factorizedfactorized state.state.

Triplet spin state Singlet spin state

The initial value of the entanglement is 3/4. The triplet and singlet spin state 
are initially entangled

The linear entropy of triplet spin state can be obtained from the one of the 
same spin as εΞΞ = 0.5*(1+εΨΨ)



We observe that both measures increase with time but the  linear entropy is
greater than the von Neumann one. Time of entanglement formation is the same
for the two notions.

Comparison between normalized linear and von Neumann entropies



Conclusions
We have analyzed one possible entanglement measure

for two-fermion system based on  the linear entropy of 
the one particle-density matrix. It agrees with Slater
rank criterion

We evaluate the entanglement as LE in an electron-
electron scattering in a 2D  semiconductor system. Our
results confirm a dependence of the entanglement on spin
components of the state. The times of entanglement 
formation correspond to the ones obtained in the 
previous work by using the vNE. 

From a computational point of view the  evaluation of 
the entanglement in terms of LE is easier and much
faster than one performed by means of  vNE
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