
* 

*---  code to find NPC  

*---  in the site basis and in the mean-field basis 

* 

 

      implicit none     

 

      INTEGER L,dim 

c      PARAMETER(L=6,dim=15)       

      PARAMETER(L=15,dim=3003)   

c      PARAMETER(L=18,dim=18564)            

 

 double precision Jz 

 PARAMETER(Jz=0.5D0) 

 double precision DEF 

 PARAMETER(DEF=0.5D0) 

 INTEGER POS 

 PARAMETER(POS=7) 

      

 

cc site-BASIS: Ip=111...000... 

cc mean-field-BASIS: Hmf=eigenvectors from integrable HamXXd 

      INTEGER Ip(dim,L)      

      double precision Hmf(dim,dim),Ham(dim,dim)  

  

       

cc For the HAMILTONIAN             

      INTEGER    LWORK,LDA,INFO 

      PARAMETER  (LDA=dim,LWORK=7*dim)       

      double precision Vm(dim,dim) 

      double precision Eig(dim),WORK(LWORK)                   

 

cc For the computations           

      INTEGER i,j,k,kk 

      double precision aux,auxe 

       

cc FOR THE NAMES of OUTPUT FILES      

 character(len=1) here 

 character(len=2) sz 

 character(len=3) AZZ,imp 

 character(len=40) lnpc,lsi 

    

    

cc Use LAPACK for DIAGONALIZATION 

*     .. External Subroutines .. 

      EXTERNAL         DSYEV      

       

cc parameters          

  write(here,7) POS    

 7  format(i1)  

  write(sz,8) L   

 8  format(i2)  

   write(AZZ,9) Jz 

   write(imp,9) DEF 



 9  format(F3.1)  

  

   

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc   

cc CREATE SITE-BASIS 

      call SiteBasis(dim,L,Ip)       

 

ctest   write(*,*) 'got site-basis' 

    

    

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc   

cc CREATE XX HAMILTONIAN with a DEFECT in SITE-BASIS 

      call HamXXd(dim,L,Ip,Hmf,Jz,DEF,POS)    

 

ctest   write(*,*) 'got XX Hamiltonian with DEF' 

 

 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc        

  

cc DIAGONALIZING the XX HAMILTONIAN with DEF to obtain MEAN-FIELD BASIS 

c ****** Eig are the eigenvalues. They come in increasing order 

c ****** Each column of Hmf becomes an eigenvector 

c ****** Each eigenvector is a MEAN-FIELD BASIS vector      

c 

      CALL DSYEV('V','U',dim,Hmf,LDA,Eig,WORK,LWORK,INFO)   

 

ctest   write(*,*) 'got MEAN-FIELD basis vectors'       

 

 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc  

cc OUTPUT FILES 

   

  

 lsi='NPCsiteL'//sz//'Jz'//AZZ//'d'//imp//'onsite'//here//'.dat' 

 OPEN(unit=35, FILE=lsi,STATUS='UNKNOWN')     

  

 lnpc='NPCmfL'//sz//'Jz'//AZZ//'d'//imp//'onsite'//here//'.dat' 

 OPEN(unit=37, FILE=lnpc,STATUS='UNKNOWN')    

       

    

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc        

  

cc GENERAL HAMILTONIAN and its DIAGONALIZATION -- SITE-BASIS 

 

      call AnyHam(dim,L,Ip,Ham,Jz,DEF,POS) 

 

ctest   write(*,*) 'got total general Ham in site-basis'    

   

      

      CALL DSYEV('V','U',dim,Ham,LDA,Eig,WORK,LWORK,INFO) 

 

ctest    write(*,*) 'diagonalized general Ham: eigenvecs in site-basis'  

    

 



ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

cc NPC in SITE-basis 

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

  DO k=1,dim 

   auxe=0.0d0         

       Do kk=1,dim 

        auxe=auxe+Ham(kk,k)**4 

       Enddo  

cc energies of EFs are Eig         

       write(35,55) Eig(k),1.0d0/auxe     

  ENDDO 

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc  

 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc   

cc Writing the eigenstates in the MEAN-FIELD basis 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc  

 

   Do i=1,dim 

    Do j=1,dim 

     aux=0.0d0 

     Do k=1,dim 

      aux=aux+Ham(k,i)*Hmf(k,j) 

     Enddo 

     Vm(j,i)=aux 

    Enddo 

   Enddo 

        

ctest  write(*,*) 'finished transforming into mf-basis' 

  

 

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

cc NPC in MF-basis 

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

   DO k=1,dim 

    auxe=0.0d0         

        Do kk=1,dim 

         auxe=auxe+Vm(kk,k)**4 

        Enddo  

cc energies of EFs are Eig         

        write(37,55) Eig(k),1.0d0/auxe     

   ENDDO 

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

    

     

 

 55   format(2E17.8)   

     

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc   

cccc THE END 

c      STOP 

      END  

 

 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc       



cccccccccccccccccc SUBROUTINES SUBROUTINES SUBROUTINES ccccccccccccc 

 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

c *************** WRITING THE SITE-BASIS *************************** 

      subroutine SiteBasis(dimS,LS,IpS) 

      INTEGER dimS,LS 

      integer IpS(dimS,LS),i,j 

      integer n1,n2,n3,n4,n5,n6,ii        

 

c 

c BASIS VECTORS 

c 

   Do i=1,dimS 

    Do j=1,LS 

     IpS(i,j)=0 

    enddo 

   enddo 

 

   ii=1 

ccccccccccccccc L=6 FOR TESTS ccccccccc    

 IF(LS.eq.6) then 

            Do n2=2, LS 

               Do n1=1, n2-1 

                  IpS(ii,n1)=1 

                  IpS(ii,n2)=1 

                  ii = ii + 1 

               enddo 

            enddo 

      endif    

ccccccccccccccc L=9 FOR TESTS ccccccccc    

 IF(LS.eq.9) then 

         Do n3=3, LS 

            Do n2=2, n3-1 

               Do n1=1, n2-1 

                  IpS(ii,n1)=1 

                  IpS(ii,n2)=1 

                  IpS(ii,n3)=1 

                  ii = ii + 1 

               enddo 

            enddo 

         enddo 

      endif           

ccccccccccccccc L=12 ccccccccccccccc    

 IF(LS.eq.12) then 

             Do n4=4, LS 

               Do n3=3, n4-1 

                  Do n2=2, n3-1 

                     Do n1=1, n2-1 

                        IpS(ii,n1)=1 

                        IpS(ii,n2)=1 

                        IpS(ii,n3)=1 

                        IpS(ii,n4)=1 

                        ii = ii + 1 

                     enddo 



                  enddo 

               enddo 

             enddo 

      endif   

ccccccccccccccc L=15 ccccccccccccccc       

      IF(LS.eq.15) then  

          Do n5=5, LS 

             Do n4=4, n5-1 

               Do n3=3, n4-1 

                  Do n2=2, n3-1 

                     Do n1=1, n2-1 

                        IpS(ii,n1)=1 

                        IpS(ii,n2)=1 

                        IpS(ii,n3)=1 

                        IpS(ii,n4)=1 

                        IpS(ii,n5)=1 

                        ii = ii + 1 

                     enddo 

                  enddo 

               enddo 

             enddo 

          enddo       

      endif   

ccccccccccccccc L=18 ccccccccccccccc       

      IF(LS.eq.18) then     

       Do n6=6, LS 

          Do n5=5, n6-1 

             Do n4=4, n5-1 

               Do n3=3, n4-1 

                  Do n2=2, n3-1 

                     Do n1=1, n2-1 

                        IpS(ii,n1)=1 

                        IpS(ii,n2)=1 

                        IpS(ii,n3)=1 

                        IpS(ii,n4)=1 

                        IpS(ii,n5)=1 

                        IpS(ii,n6)=1 

                        ii = ii + 1 

                     enddo 

                  enddo 

               enddo 

             enddo 

          enddo 

       enddo           

      endif   

 

cc END of SUBROUTINE for SITE-BASIS       

       return 

      end 

 

 

 

 

 



cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

c *************** WRITING THE XXd HAMILTONIAN ************************** 

c         (XX + one defect: eigenstates are the mean-field basis)       

 

      subroutine HamXXd(dimS,LS,IpS,HH,ANI,DEFs,POSs) 

      INTEGER dimS,LS,IpS(dimS,LS),POSs 

      double precision HH(dimS,dimS),ANI,DEFs,sinal 

      INTEGER i,j,tot,bIp(LS) 

       

       

cc INITIALIZATION 

   Do i=1,dimS 

    Do j=1,dimS 

     HH(i,j)=0.0d0    

    Enddo 

   Enddo    

 

cc DIAGONAL ELEMENTS 

ccccccccc only DEFECT ccccccccccccccccccccc  

 DO i=1,dimS    

   sinal=(-1.)**(IpS(i,POSs)+1) 

       HH(i,i) = HH(i,i) + sinal*0.5*DEFs     

      ENDDO   

ccccccccccc END of DIAGONAL cccccccccccccc  

  

        

cc OFF-DIAGONAL ELEMENTS 

cccccccccccccccc NN ccccccccccccccccccccc  

      Do i = 1, dimS-1 

        Do j = i+1, dimS       

 

          tot = 0 

          Do k = 1, LS 

            bip(k) = mod(IpS(i,k) + IpS(j,k),2) 

            tot = tot + bip(k) 

          enddo 

           

          IF(tot.EQ.2) then 

            do k = 1, LS-1 

              IF(bip(k)*bip(k+1).EQ.1) then 

               HH(i,j)=HH(i,j)+0.5d0 

               HH(j,i)=HH(j,i)+0.5d0 

              endif 

            enddo                  

          ENDIF  

           

cc CLOSING Do i=1,dimS-1 and Do j=i+1,dimS           

        enddo    

      enddo   

 

cc END of SUBROUTINE that constructs the XXZ HAMILTONIAN  

      return 

      end  

       



cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

c *************** WRITING THE HAMILTONIAN **************************     

 

      subroutine AnyHam(dimS,LS,IpS,HH,ANI,DEFs,POSs) 

      INTEGER dimS,LS,IpS(dimS,LS),POSs 

      double precision HH(dimS,dimS) 

      double precision ANI,DEFs,sinal 

      INTEGER i,j,tot,bIp(LS) 

       

       

cc INITIALIZATION 

   Do i=1,dimS 

    Do j=1,dimS 

     HH(i,j)=0.0d0    

    Enddo 

   Enddo    

 

cc DIAGONAL ELEMENTS 

cccccccccccccc NN+DEF ccccccccccccccccccccc  

   DO i=1,dimS        

       Do j=1,LS-1 

        sinal=(-1.)**(IpS(i,j)+IpS(i,j+1)) 

            HH(i,i) = HH(i,i) + sinal*ANI/4. 

           enddo 

cccccccccccccccccccccccccccccccccccccccccc        

cc DEFECT 

   sinal=(-1.)**(IpS(i,POSs)+1) 

       HH(i,i) = HH(i,i) + sinal*0.5*DEFs             

cccccccccccccccccccccccccccccccccccccccccc                          

cc CLOSING i=1,dimS 

      ENDDO   

ccccccccccc END of DIAGONAL cccccccccccccc    

  

   

cc OFF-DIAGONAL ELEMENTS 

cccccccccccccccc NN ccccccccccccccccccccc  

      Do i = 1, dimS-1 

        Do j = i+1, dimS       

 

          tot = 0 

          Do k = 1, LS 

            bip(k) = mod(IpS(i,k) + IpS(j,k),2) 

            tot = tot + bip(k) 

          enddo 

           

          IF(tot.EQ.2) then 

            do k = 1, LS-1 

              IF(bip(k)*bip(k+1).EQ.1) then 

               HH(i,j)=HH(i,j)+0.5d0 

               HH(j,i)=HH(j,i)+0.5d0 

              endif 

            enddo           

          ENDIF  

cc CLOSING Do i=1,dimS-1 and Do j=i+1,dimS           



        enddo    

      enddo    

 

       

cc END of SUBROUTINE that constructs the HAMILTONIAN  

      return 

      end            

             


