
1 Derivation of the Monte Carlo version of the
marginal likelihood

Here we provide a short derivation for an approximation of the marginal like-
lihood when a sample of model predictions drawn from the prior distribution
is available. We use the following notation: E is the vector with experimental
measurements, C a prediction of a model based on a set of model parameters
p, and B the experimental covariance matrix. Without having performed the
measurements, the content of E is unknown and this quantitiy has to be re-
garded as a random variable. The prior distribution on model parameters π(p)
also induces a distribution on model predictions π(C). The joint distribution of
E and C can be expressed as

π(E,C |B) = π(E |C,B)π(C) . (1)

Being interested only in the likelihood of realizations of E, we can marginalize
over C, i.e., perform the integral

π(E |B) =

∫
π(E,C |B) dC =

∫
π(E |C,B)π(C) dC . (2)

If the experimental covariance matrix is parametrized, i.e. B(λ), a criterion is
needed to determine the parameters. The idea of MLO is to pick λ = λmax

so that π(E′ |B(λmax) is the maximum among all possible choices of λ for the
actual measurements E′.

In practice, the integral in eq. (2) is usually not analytically tractable. If we
recall the definition of the expectation of a quantity,

E[f(C)] =

∫
f(C)π(C)dC , (3)

it becomes apparent that eq. (2) can be interpreted as the expectation of the
quantity π(E |C,B) if π(C) is used as the sampling distribution. An estimate of
the theoretical expectation is then given by the well-known arithmetic average

π(E |B) ≈ 1

N

N∑
i=1

π(E |Ci, B) . (4)

Methods such as UMC-B or BMC are based on sampling from the prior dis-
tribution of the parameters. They provide us thus with a sample of model
parameters pi and also the associated model predictions Ci, which is exactly
the information we need to employ eq. (4). Using the typical assumption of
nuclear data evaluations that the likelihood is multivariate normal, i.e.,

π(E |C,B) =
1√

(2π)N |B|
exp

(
−1

2
χ2(E,C,B)

)
(5)

with
χ2(E,C,B) = (E − C)TB−1(E − C) , (6)

and inserting eq. (5) in eq. (4), we obtain the final result

π(E |B) ≈ 1√
(2π)M |B|

N∑
i=1

exp

(
−1

2
χ2(E,Ci, B)

)
. (7)
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