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<< Notation~

outerFun := TensorProduct

Notation[ X_n,n < x_[[m_]1[[n_]] ]

Notation[ |x_> <y_| =

If [StringMatchQ[ToString[FullForm[sites[[y_]]]], "*CirclePlus*"] == True,
Outer[outerFun, sites[[x_]], Distribute[Conjugate[sites[[y_]]], CirclePlus]],

Outer[outerFun, sites[[x_]], Conjugate[sites[[y_]111]]

Notation = PauliMatrix[1] ]

[~
Notation [ oY = PauliMatrix[2] ]
Notation [ o® = PauliMatrix[3] ]

sites

Notation[ Z expr_ = Sum[expr_, {m, 1, Length[sites]}, {n, 1, Length[sites]}] ]

Let’s verify the symbolics are correctly done by setting up some simple setup.

Outer Product of Ket and Bra
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Most importantis | m){(n | , where sites is an array holding values related to Spin, the integers m and n
index the Hilbert space vectors, the Outer product is linear map:
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Somehow indicating a measure of projection for subspace spanned by |¢).

Simple binary vectors to test the code. //MatrixForm prints Tensors in matrix format:

sites = {{1, 0}, {0, 1}};
|1> <2]| //MatrixForm

oo
00
|2> <1]| // MatrixForm
1o
10
|1> <1] //MatrixForm
oo
00
|2> <2| //MatrixForm

[0 7]

For Pauli matrices:



sites = {o%, o¥};
o* // MatrixForm

oY // MatrixForm
01
10

oy
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Notice same Bra-Ket notation, though the algebra changed, works! the operators are properly abstract-
ed in the Mathematica code, note that the MatrixForm is printing Tensors, in books and websites they

print these as 4x4 matrices:

| )" |

|1> <2]| // MatrixForm
(O 0) ( 0 i
00 -1 0

o) fodl

| o) (o™ |

|2> <1] // MatrixForm
(0 0) (0 -1
00 -1 0

el Lo

| ) (o |

|1> <1]| // MatrixForm
00 01
00 10

2ol foo

| 0)(o” |

| 2> <2 | // MatrixForm
00 0 1
00 -1 0

o) Lol
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S

| suspect the physics papers use + the Tensor summation instead of & which | understand the algebra.
So | took Zoltan’s computations and tried to duplicate this equations (1-3) and if | use the & then |
understand what happens, if | use + no idea what is happening!

Remark 1: @ has no meaning, called CirclePlus, it is an abstract sum operator. However we could
program it to be any specific summation.

sites = {oc*® 0¥, oc*@®O07};
| 1> <1] // MatrixForm

({{{{0, 0}, {0, 0}}, {{O, 1}, {1, 0}}}, {{{O, 1}, {1, O}}, {{O, O}, {0, 0}}}}®
{{{{o, 0}, {0, 0}}, {{0, i}, {-1, 0}}}, {{{0, 1}, {-1, O}}, {{0, 0}, {0, O}}}})@®

({{{{0, 0}, {0, 03}, {{O, -1}, {-i, 0}}}, {{{0, 2}, {1, O}}, {{O, O}, {0, 0}}}}®
{{{{o, 03, {0, 03}, {{0, 1}, {-1,0}}}, {{{O, -1}, {1, 0}}, {{0, O}, {0, O}}}})

Which the latter is in matrix form:
(EQ 2)
00 01 (00)(01) (00)(0—1'1) 00 0 1
(0 0) (1 o) 00 -1 0 00 -i 0 (o o) (—1 o)
0 1) (0 0 0 i 00y | 0 i 00y |®] /0 -1 00
(1 0) (0 0) [—i 0) (0 0) (1‘1 OJ (0 0) (1 0) (00)
Or rewrite in terms of the original basis:

(EQ 3)
| NI |+ TN | + ] )" | + | ') (0" |

Hcow

The expression verbatim from the paper, actually runs in Mathematica, with ‘sites’ could contain any
array of information about Spin:

(EQ 4)

sites

HCQW = Z (Fame*®= (|m> <n|)+ Jymet® (|n> <m]|))
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-5.87167-1.234321 3.45776 -3.25534 1 6.24979 +1.959771 -12.1137-7.99699 1
( 6.24979 +1.95977 1 5.87167+l.234321'1) (ll.6187+20.9295j'1 -6.24979-1.95977 1
3.45776 -3.255341 -2.7125-6.032761 5.87167 +1.234321 -3.45776 +3.25534 1
(—12.1137—7.996991'1 —3.45776+3.25534J'L) [—6.24979—1.95977]1 -5.87167 -1.23432 1

Subscripts produce numbers which for now are picked from a random list, but could program any
function of course :

61,2
0.981214
Js,2

’

CODE

sites = Table[PauliMatrix [RandomInteger[{1, 3}]], {i, 1, 5}1;
6 = Table[RandomReal[{O0, 2 +Pi}], {i, 1, 5}, {j, 1, 5}1;
J = Table [RandomInteger[{1, 3}], {i, 1, 5}, {3, 1, 5}1;



