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Time to reach chain end
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ListPlot [time, PlotMarkers —-» {Automatic, 121}] -
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- we can reach the state in one “step' via the operator o' o

or
we can reach this in two steps in the desired direction. We set the phases in the Hamiltonian so that these destructively interfere. Now v )
the desired dynamics is realized. Note the two paths must end up being  out of phase. [‘ -
3 e
Ht[@ ] 1= » (KroneckerProduct | "

KroneckerProduct [op, om], PauliMatrix[0]] +
KroneckerProduct [
KroneckerProduct [om, op], PauliMatrix[0]] =+

Exp[Ix/ 2] KroneckerProduct |

KroneckerProduct [PauliMatrix (0], op], om] +
| Exp[-I /2] KroneckerProduct |
KroneckerProduct [PauliMatrix[0], om], op] +

KroneckerProduct [
KroneckerProduct ([op, PauliMatrix (0] ], om] +
KroneckerProduct |
KroneckerProduct [om, PauliMatrix([0]], op])

= gperator
Ut[w _, t_ ] 1m MatrixExp[-I Ht[a] t]
Ut ([ st ] 1= MatrixExp[I Ht[w] t]

The operator is peridic in time with a periodicity of tw=2/Sqrt[3]

Ut (x, 0] // N // MatrixForm B
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ListPlot [ (Table[Re[M1(t]], (t, O, 1, 0.01}], Table[Re[M2([¢t]], (t, O, 1, 0.01}],
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So yes we have the dynamics we want, a rotation of spin.
= ¢volution in 2-up manifold
P2 = KroneckerProduct | -~
KroneckerProduct [Em, Ep], Ep]; 2
p2t[t ] 1= Ue[mx, t] . P2 . UTL [, ¢] ,
ListPlot [ (Table[Re [Txr (04 . p2¢([t]]], (t, O, 1, 0.01}]., -
Table[Re [Txr [O05 . p2¢(t]]], (t, O, 1, 0.01}], Table[Re[Tr[06 . p2¢[¢t]]]), (t, O, 1, 0.01}]}., . . B
PlotStyle -+ {Red, Green, Blue}, PlotLegend — {"4t1t", "tTit", "t1i"},
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Table[Re [Tr [0S . p2¢([(t]])], (t, 0, 1, 0.01}], Table[(Re[Tr[O06 . p2¢([t]]]), (t, O, 1, 0.01}])},
PlotStyle + {Red, Green, Blue}, PlotLegend -+ {("l*1" e P “rTL"Y,
LogendPosition - {1.1, 0.4}]
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So yes we have the dynamics we want, a rotation of spin, Notice in comparison to the earlier plot that spin up and spin down move in
oposite directions as we desi

= cigenstructure
Eigenvalues [Ht [w]]

{ 3w, 3w, 3 w, v3 w, 0, 0, 0, 0}

Note, two of the eigenvalues are trivially zero since the all up and all down states do not evolve.
As expected each spin polarized circulating state corresponds to a qubit,

voact [ ] := BEigenvectors [Ht [«] ]

Conjugate [(vect[w]] [[5]] « vect[w] [[5]] // N
1 a

Add a Zeeman term to split the degeneracy

125% »

(€ ™y

Tue 10:.05 AM  dcory Q

=%

Ty
¢

ta

1

TN

N
¥

AR

»r=
-
.

a

Pirsa: 14030037

Page 36/39



- Wolfram CDF Player File Edit Window Help
P

Y Wolfram CDF Player a > (il

Chern4,cdf

) 9 D W

Note that the original Hamiltonian frequency gives the rate of moving around the ring, this is the horizontal axis and is like the momentum
axis. The Zeeman frequency (the slider) lifts the degeneracies between the 2-up and 2-down manifolds.

To open a gap at these crossings we add a term to the Hamiltonian that flips all three spins (swaps 2-up to 2-down),
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= A different gauge? U
There are multiple solutions for the phases in the Hamiltonian that result in the same cycle. They are simply related to each other,
e
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KroneckerProduct | A
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= A different gauge? U
There are multiple solutions for the phases in the Hamiltonian that result in the same cycle. They are simply related 1o each other.
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