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Covariances are important if the whole statistical properties of experimental data are to be
preserved and statistical tests are to be reliable.

If the necessary details of experimental procedure are given, it is possible to recover
information from published data to derive covariances. However, in some cases, it can be
impossible to recover the experimental details needed to determine the covariances. In these
cases, a detector can be calibrated with sources whose gamma-ray energies covariance matrix
is known then interpolating the energies so that the required secondary standards can be
calculated, along with the corresponding covariance matrix.

We discuss below how (a) to calibrate a detector system and (b) how to interpolate data taking
into account variances and covariances of the input data, the adjusted parameters, and the
interpolated data.

a) Calibration
Consider the data set (Ei,Q), i=l, 2, ...n, where the energy data E; have a covariance matrix Vo
and the independent data Q were supposed statistically independent, (cov(Q,Cj)=0 for i^j)
with variances (Vc)ij=oCi2.6ij. If a function E=ai+a.2C+a3C2 is to be fitted to the data, the
(column) vector of the adjusted parameters A is given by

A = (XtV'1X)'"1XtV-IE , (1)

where E is the (column) vector with elements Ej, and

1 C, C,2

(2)

C;
n _

is the design matrix. The covariance matrix of A is

V-A = (X'V-'Xr1 . (3)

The covariance matrix V is given approximately by

V = V0+a2
2Vc . (4)
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It is assumed that the relation E(C)=ai+«2C+a3C2 is approximately linear, a 3C«a 2 . Since Eq.
(4) needs the value a.2, and to calculate a-i we need V, the fit procedure is iterative.

If the data obey Gaussian distribution, then

r ^(E-XAyv- 'CE-XA) (5)

obeys a chi-square distribution and can be used as a quality-of-fit test.

b) Interpolation
Energies corresponding to measured values C\ calculated from the adjusted calibration
function, are given by

E'=X'A (6)

with covariance matrix

V ^ X ^ - X ^ + a ^ V c , .(7)

In this last equation V c is the covariance matrix of the data C and the matrix X' is given by
an equation analogous to eq. (2).

With this canonical procedure variances and covariances can be taken into account from the
beginning without introducing different procedures for each specific particular energy value
being sought.

Ref [1] shows some additional details that must be used in the calibration procedure for
gamma-ray spectroscopy in order to keep, in all steps, the entire covariance matrices.
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