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The dynamics of a two-electron system in a strong laser pulse is described by the time-dependent extended

Hartree-Fock ~TDEHF! scheme. Ionization yields for a one-dimensional helium model are calculated and

compared with results of exact calculations ~full correlation! and time-dependent Hartree-Fock calculations ~no

correlation!. The knee structure in the double-ionization curve appears also for the TDEHF calculations, but the

yields are more than an order of magnitude too low. The total ionization probability agrees well with the exact

results, and much improved results for the single-ionization yields are obtained. Due to the reduced dimensionality

of the model, the TDEHF ground state consists of a left and right orbital. While one of the orbitals

easily transforms into a continuum state, the other remains localized and screens the nucleus. In this manner,

even the one-dimensional orbitals can be considered to be ‘‘inner’’ and ‘‘outer’’ orbitals.

DOI: 10.1103/PhysRevA.64.023405 PACS number~s!: 32.80.Rm

 The reference abstract shows  that a one-dimensional helium model is useful when  considering the dynamics of a two electron system under a strong laser pulse.In the above model the two electrons occupy two different orbitals.
We propose here a one dimensional model  with two identical orbitals, leaving aside momentarily the interaction with a laser pulse. 
Let:
H   =   ∑ i ( -(1/2) d2 /dxi 2  -Z/xi )   = 1/ │x1 –x2│        (1)

 The one electron equation is

(  -(1/2) d2 /dx 2  -Z/x    + Vee(x)  ) Ψ( x) = ε Ψ( x)        (2) 
We make  two approximations regarding the potentials.

Number one : Assume there is an infinite wall at x=0

then      V(x) = - z/x       for x ≥ 0     and V(x) = ∞  for   x ≤ 0.

This implies that the boundary condition at origin are  Ψ( x) =0 and  

(dΨ /dx)x=0 = constant , which we chose equal to 1.

In a previous note we showed that wave functions of the form  

   Ψ( x)  = 2 α 3/2 x exp( - α x)                                      (3) 

yield for hydrogenic atoms  ,the hydrogenic energy spectra 

        E = -  (1/2)(Z/n)2                                                       (4)
Number two: In the one electron equation ( eq.2) we take Vee(x) to be
 vee(x) = 1.*alfa*( exp(-2.*alfa*x)*(-1.-1./(alfa*x) ) + 1./(alfa*x))   (5).
Such approximation is justified by 

 writing    Φa (x1 )   =    ∫ Ψ( x2 )2  d x2 / abs(x1 – x2)

                               ≈ (1/ x1 ) ∫ Ψ( x2 )2 d x2    integrated  for 0 ≤ x2 ≤ x1     
and         Φb(x1 )  =  ∫ Ψ( x2 )2  d x2 / abs(x1 – x2)
                             ≈  ∫ (  Ψ( x2 )2 / x2  ) d x2   for  x1 ≤ x2 ≤ ∞   .

Using (3) in Φa (x1 )   and  Φb (x1 )  gives  eq(5).
We select   α = Z-5/16. 
Reults: The orbital energy is -.89 the same as in HF treatment while the repulsive coulomb energy is 0.50 , much lower than in  the 3 dim case  where it is approximately 1.05.

The total energy = 2 ε - .505 = -2.29   . 
       orbital energy ,          coulombic repulsion ,  total energy

e, aj,et =  -0.894285679    0.505096316      -2.29366779
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FORTRAN CODE

c one dim helium part 3   13 abril 2006

c    psivar(x) = 2.*alfa**(3./2.)* x *exp( - alfa* x)

      dimension psi(0:10000)

      psivar(x) = 2.*alfa**(3./2.)*x*exp(-alfa* x)

      vee(x) = 1.*alfa*( exp(-2.*alfa*x)*(-1.-1./(alfa*x) ) +

     $ 1./(alfa*x))

      g(x,i)=-2.*(e + z/x - vee(x))*psi(i)

      z=2.

      alfa=z-5./16.

      e=-.90

      ef=-.5

      ie=70

      iplot=1

      de= (ef-e)/float(ie)

      nstep=2500

      do 20 j=1,1

      xf=2.5*abs(z/e)

      dx=xf/float(nstep)

      psi(0)=0.

      psi(1)= dx+psi(0)

      do 10 i=2,nstep

      x=dx*float(i)

      psi(i)=2.*psi(i-1)-psi(i-2) + dx**2*g(x-dx,i-1)

c      print*,'vee(i)=',vee(i)

10    continue

      print 100, e ,psi(nstep)

      e=e+de

20    continue

100   format(2x,'e, psifinal=',2(4x,e11.4))

      if(iplot.eq.1)then

      print*,'  '

      call plot(psi,dx,nstep)

      print*,'  '

      call ajrep(alfa,psi,nstep,dx,aj)

      print*,'e, aj,et=', e, aj, 2.*e-aj

      endif

      stop

      end

      subroutine plot(psi,dx,nstep)

      dimension psi(0:10000)

      kp=int(float(nstep)/60.)

      do 10 i=0,nstep,kp

      x=dx*float(i)

      print 100 , x, psi(i)

10    continue

100   format(2x,'x, psi=', 2(4x,e11.4))

      return

      end

      subroutine  ajrep(alfa,psi,nstep,dx,aj)

      dimension psi(0:10000)

      psivar(x) = 2.*alfa**(3./2.)*x*exp(-alfa* x)

      vee(x) = 1.*alfa*( exp(-2.*alfa*x)*(-1.-1./(alfa*x) )+

     $ 1./(alfa*x))

      sum=0.

      anorm=0.

      do 20 i=1,nstep

      anorm=anorm+ psi(i)**2+psi(i-1)**2

20    continue

      anorm=anorm*dx/2.

      anorm=1./sqrt(anorm)

      do 30 i=0,nstep

      psi(i)=psi(i)*anorm

30    continue

      sum=0.

      do 10 i=1,nstep

      x=dx*float(i)

c      sum= sum + vee(x)*psi(i)**2 + vee(x-dx)*psi(i-1)**2

      sum= sum + psi(i)**4 + psi(i-1)**4

10    continue

      sum=sum*dx/2.

      aj=sum

      return

      end

Ground state wave function 1D 





helium  e=-.89
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