EXERCISE 3:
Eigenvalues, eigenstates, and symmetries of the XXZ Hamiltonian

Cl ear [L, upspins, downspins, dim;
L= 6;

upspins =L /2;

downspi ns = L - upspi ns;

dim=1L! / (upspins! downspins!);

(*» BASIS x)

Cl ear [onebasi svector, basis];

onebasi svector = Flatten[{Tabl e[1, {k, 1, upspins}], Table[0, {k, 1, downspins}]1}];
basi s = Permnutations[onebasi svector ];

(» PARAMETERS OF THE HAM LTONI AN x)
C ear [Jxy, Jz]J;

Jxy = 1. 0;

Jz =0.4;

(» ELEMENTS OF THE HAM LTONI AN x)

d ear [HH];

(» Initialization )

Do[Do[HH[i, j1=0., {i, 1, dim1], {j, 1, dimp];

(» Diagonal elenents =)
Dol
(» Ising interaction %)
Do[lf [basis[[i, j]] =basis[[i, ] +111,
HH[i, i ] =HH[i, i]1+Jz/4., HH[i, i] =HH[i, i]1-Jz/4.7;
. 1, L-11]
, {i, 1, dimy];

(» Of -di agonal el ements %)
Cl ear [howmany, site];
Do[
Dol
(*» Initialization =)
howrany = O;
Do[site[kk] = 0, ({kk, 1, L}I;
(» Sites where states i and j differ =)
Do[|f [basis[[i, k]] # basis[[j, k]], {howrany = howrany +1, site[howrany] =k}];
o (ko 1, L)1
(» I'f only two neighbor sites differ, there is a coupling matrix el enent =)
| f [howmany == 2,
| f[site[2] - site[l] =1, {HH[i, j]1=Jdxy /2., HH[j, i1 =Jxy/2.}11;
v .0+l dimp];
, {i, 1, dim-1}71;

(» TOTAL HAM LTONI AN AND DI AGONALI ZATI ON *)

Cl ear [Hami | t oni an, Ene, Vec];

Ham | toni an = Tabl e[Tabl e[HH[i, j 1, {j, 1, dimy], {i, dim}1;
Ene = Ei genval ues[Hami | toni an];

Vec = Ei genvectors[Hanmi | toni an];

(*» El GENVALUES | N | NCREASI NG ORDER *)
Cl ear [Ener gy, Vector];
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aux = Sort [Tabl e[{Ene[[k]], k}, {k, 1, dim}1];
Energy = Sort [Ene];
Vector = Table[Vec[[aux[[k, 21111, {k, 1, dim}];

(* PARITY =)
(» First we find all pairs of equivalent site-basis vectors =)
(» Exanple: state 1100 pairs with state 0011 x)
Clear[i, j, k, pairy;
Do
Do[Cl ear [mirror];
mrror =0;
Do[mirror =mrror + Mod[basi s[[i, k]] +basis[[j, L+1-Kk]], 2];
» {k, 1, L}];
If[mrror == 0, pair[i] =]j1;
, . 1, dimp];
, {i, 1, dim1;

(» Now we find the eigenvalues of the parity operator. W

al so count how many states are even and how rmany are odd =x)
Cl ear [Neven, Nodd, parityl;

(* Neven is the nunber of states with even parity =)

(» Nodd is the nunber of states with odd parity =)

Neven = 0;
NOdd:O;
Dol
Cl ear [project];
proj ect =0;
Do[ project = project + (1/4.) (Vector [[i J1[[j1]1+Vector [[i]1]1[[pair([jl11])"2;
s {0, 1, dimp];
(» project will be very close to 1 if the parity is even =)

(» project will be very close to O if the parity is odd =*)
I f[1. -project < 0.001,

{Neven = Neven+1, parity[i] =+1}, {Nodd = Nodd +1, parity[i] = -1}];
, {i, 1, dim1;

(* ROTATION in X =*)
Cl ear [pair];
Do[
Do
Cl ear [rotx]J;
rotx = Sum[Mod[basis[[i, k]] +basis[[j, k11, 2], {k, 1, L}1;
Iflrotx =L, pair[i] =j1;
, {0, 1, dim];
{1, dimp];

(*» Now we find the eigenvalues of the rotation operator. =)
Cl ear [rotationX];

Dol
Clear [rotrot];
rotrot =0;
Do[rotrot = rotrot + (1/4.) (Mector [[i11[[j]]+Vector [[i]]l[[pair[jl11)"2;
, {0, 1, dimp];
(» rotrot will be very close to 1 if the rotationX is +1 =)

(» rotrot will be very close to O if the rotationX is -1 x)
If[l. -rotrot < 0.001, rotationX[i] =+1, rotationX[i] =-17;
, {i, 1, dimp];

(» TABLE =)
tab = Tabl e[{Energy[[i 1], parity[i], rotationX[il}, (i, 1, dim}];
Tabl eFor m[t ab, Tabl eHeadi ngs -» {None, {"Energy", "m", "R."}}, Tabl eAl ignnments -» Ri ght]
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Ener gy Il R
-2.02384 -1 -1
-1.5253 1 1
-1.07293 -1 1
-0.992344 -1 -1
-0.75914 1 1
-0. 649385 1 -1
-0.637126 1 1
-0. 349111 -1 1
-0. 216907 -1 -1
-0.137975 -1 -1
0. 0248642 1 1
0. 0521527 1 -1
0. 337462 1 1
0.410489 -1 -1
0.60198 -1 -1

0. 622043 -1 1
0.797232 1 -1
0. 852698 1 1
1.1586 -1 -1

1.50654 1 1



