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In diffuse optical tomography, diffusion coefficient γ and absorption coefficient b
in the following diffusion equation for u(x, t) (x ∈ Ω ⊂ Rn, n = 2, 3) are determined
from boundary measurements.

∂tu−∇ · γ∇u+ bu = 0, (x, t) ∈ Ω× (0, T ),

γ∂νu+ βu = g, (x, t) ∈ ∂Ω× (0, T ),

u = 0, x ∈ Ω, t = 0,

(1)

where g(x, t) is the incident beam. In the Robin boundary condition, ∂ν = ν ·∇ with
ν(x) the outer unit vector normal to x ∈ ∂Ω. The coefficient β is determined from
the reflection of light. We assume that γ|∂Ω and β are known positive constants.

Suppose γ > 0 is a constant and only b(x) depends on x. Then it is enough to
consider the time-independent equation. Let us express b as

b(x) = b0 + δb(x), (2)

where b0 > 0 is a constant. We suppose that δb(x) is supported inside Ω, i.e.,
b|∂Ω = b0. Let u0 be the solution to (1) with b ≡ b0. Thus the solution u is given
by the Born series using δb, u0, and the Green’s function.

In this study, we regard δb(x) as a spin and reduce the inverse problem to an
optimization problem for which the ground state of a spin Hamiltonian is sought.
Then we solve this optimization problem by the simulated annealing and find the
spin configuration in the ground state. In this way δb(x) is reconstructed. One
result is shown below (Jiang, M., and Todoroki, J. Opt. Soc. Am. A 38, 1032–1040,
2021).
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