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Introduction

Graph, adjacency matrix A Various tasks:
Continuous time quantum walk a Perfect state transfer
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How to understand these tasks?

m Strongly cospectral vertices
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m Spectral properties
e.g. PST: e_’ef’tE"b — e"f’E"
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How to tinker?

m Graphs are discrete points in phase space.
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m Solution: weighted graphs.

m Specifically: paths (length N). B 7,
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Properties of weighted paths

m Eigenvalues are unique & all eigenvectors have support on

first site. Comptd Q=D
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m (strongly) cospectral extremal vertices <= symmetric chain
(proof using strong cospectrality is equivalent to a proof I'll
do later)
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Properties of weighted paths

m Symmetric chain = alternating symmetry, = {"b‘bf“ﬂ'sawk-
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Inverse Eigenvalue Problem

2 €,

m Given a target set of {#,}, can construct a symmetric
weighted path with those eigenvalues.

m Interpret Alf,l as weight of paths of length k starting from and
returning to site 1.
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lterative scheme to find weights for A. All distinct spectra yield a
solution.



Simplification

If 6, occur in £6 pairs, [4— N s bU/ ﬂ/\ifs « O ey l)
E{jl _ E]{Yikl—r
and thus

AT =0 = By =0

for all k. No self-weights.



Example: Perfect State Transfer

(—j; = Jn(N-n)
e—i@,—to __ efgb(_l)r—i—l

0, (up to a multiplicative factor) should have odd integer gaps.
e.g. {—2,—-1,0,1,2}. t. =7




Example: Pretty Good Transfer

Spectrum: {—+/3,—1,0,1,v/3}.

At all times (2k + 1), the eigenvalues {—1,0,1} are ‘right’.
Monitor values cos((2k + 1)m+/3).

amplitude
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Pretty Good Transfer: Time prediction?

m Continued fractions approximations of Cov(ﬁ%>

V3=(1,1,2,1,2, 2=

m Approximate e.g. \/§ o %. Let tg = 15m.

m Amplitude ~ 0.9997. 7} Gr(§26) = %(% {_> = &(%, yé,T)
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m Add further irrational, incommensurate, frequencies. Need to
coordinate all coincidences. Takes (exponentially) longer.




Encoded Inputs and Outputs

What if | control a set of sites S;, and S,,,+ 7



Encoded Inputs and Outputs

Potential understanding: input state is orthogonal to “bad”

elgenvectors.
Test: spectrum {—4, -3, -2, —v/2,0,v2,2,3,4}.
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m 1 — N transfer, tg = 7 Wlﬁ(Gl — 45 cos(v/2m)) ~ 0.69

m use 3 sites to make state orthogonal to two eigenvectors

++/2. PST!



Summary

m Weighted paths give a continuous space in which to test
spectrum-based insights on continuous walks by solving
Inverse Eigenvalue Problem.
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m Solutions of PST arbitrarily close to uniform paths.









