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Abstract Reduction of data from raw numbers (counts per channel) to physi-
cally meaningful quantities (such as cross sections) is in itself a complicated proce-
dure. Propagation of experimental uncertainties through that reduction process
has sometimes been perceived as even more difficult, if not impossible. At the Oak
Ridge Electron Linear Accelerator, a computer code ALEX1 has been developed to
assist in the propagation process. The purpose of ALEX is to carefully and
correctly propagate all experimental uncertainties through the entire reduction pro-
cedure, yielding the complete covariance matrix for the reduced data, while requir-
ing little additional input from the experimentalist beyond that which is needed for
the data reduction itself. The theoretical method used in ALEX is described, with
emphasis on transmission measurements. Application to the natural iron2 and nat-
ural nickel3 measurements of D. C. Larson is shown.

INTRODUCTION

For any experiment, it is necessary to reduce raw data (counts per channel) to physically
meaningful quantities (cross sections, transmissions). In the reduction process, one wishes
to use all available experimental information, but spend a minimum of time and effort
communicating this information (i.e., programming the computer). Desired output
includes, in addition to the reduced data, a meaningful uncertainty for each data point
and the complete covariance matrix for the entire data set

The computer code ALEX1 was developed to fill this need: ALEX is a black-box code
into which the experimentalist can feed all the information he already has (raw data,
deadtime corrections, backgrounds, etc.) and from which he can learn the uncertainties on
the corrected data and the correlations among data points. The code handles the interme-
diate steps, determining necessary derivatives and propagating uncertainties to produce
the final result. Moreover, the code produces, stores, and displays results in an efficient
manner, without requiring the entire resources of the computer. In this paper we dtal
with the specific case of a sample-in, sample-out measurement from which transmissions
and cross sections are extracted.
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METHOD USED IN ALEX

The method used in ALEX is as follows: from user-supplied input, ALEX generates the
five functions ft,,,, where

fin ~ fl/"" normalization for time-channel i
fe»4/» background counts for sample-in
02t~di~ deadtime correction for sample-in
04i *" A ~ deadtime correction for sample-out
fin ~ tit" background counts for sample-out (1)

In addition, ALEX generates SfiHl/dPk the derivatives of the ft,, with respect to any
parameter Pk, where {Pk\ represents the data-reduction parameters.

If ct (C,) represents sample-in (-out) counts, ALEX calculates the transmission

dtc, — b, (2)

and the partial derivatives of the transmission with respect to the parameters Pk,

Pk "" *f dfa6Pk *f, dfa dPk '

Expressions for the partial derivations dr^dfi^, are found directly from Eq. (2) using (1);
the partial derivatives Bfi^f9Pk are found from user-supplied input. Partial derivatives of
Tt with respect to ct and C, are also found from Eq. (2).

To obtain the uncertainty on data point t (and the covariance between points i and j),
consider a small increment irt on the transmission r{. This increment can be expressed in
terms of increments in c,, Ch and Pk as

The expectation value of the product fnfijf is then the covariance matrix element
between data points i and j :

which has been simplified using the Poisson statistics of the raw counts. In this expres-
sion, by is the Kronecker delta function and <8Pk8Pk> represents the covariance matrix
for the parameters. Note that (A/**)2 — <SPkSPk> is the square of the uncertainty on
parameter Pk. and (AT,)2 — <bTt&rt> is the square of the uncertainty on transmission
77.

Next, results are rebinned as needed, yielding the transmission for bin I
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imaxV)

T,~N, 2

and partial derivatives thereof

Here A, is the width of channel i, and the normalization N, is given by

The quantity T, of Eq. (6) is the desired reduced data. The statistical contribution to
the uncertainty on 7/ is the sum, in quadrature, of the sample-in and the sample-out con-
tributions, where the sample-in statistical uncertainty is given by

TVS-\ •** (9)

and similarly for sample-out The oovariance matrix C,j for the reduced data is the sum
of statistical plus systematic contributions:

Finally, conversions from transmission to cross section are made via

ff/«--ln77
n

where it is sample thickness. Derivatives of c are found by taking derivatives of Eq. (11).

EXAMPLE: NATURAL IRON

A ttraight-forward application of these, techniques is provided by the natural iron meas-
urement of D. C. Larson'-2, for which the five functions ft^ of Eq. (1) have the form

Pit Jn/m Pi/mtt U[

021 "" dt PJI — G (|2)
03I~ g

where m (A/) represents the monitor counts for sample-in (-out), dl(Dl) the deadtime
correction factor for sample-in (-out), and g (G) the constant background for sample-in
(•out). In addition, n represents the sample thickness. Because the deadtime correction is
assumed to be exact for this measurement, these are the only parameters Pt- Values and
uncertainties are given by



N. M. LARSON

Pi - n - 0.42960 ± 0.2% P4- g - 2.7422 ± 5.0%
Pi" m - 877039. ± 0.5% Pj - G - 2.5557 ± 5.0%
Pi- M - 7060770. ± 0.5% 0 3 )

The output generated by ALEX for this iron measurement is summarized in the table
below. Because g and G are added directly to the counts </,c, and D,Q (which ire
larger), the contributions to the uncertainties due to g and G are small, and have there-
fore been omitted from the table. Contributions due to m and M are constant, equal to
0.012 in both cases, and are also omitted from the table. Note that, because bin sizes are
so large, the dominant contributors to the overall uncertainties are not the statistical
errors (A<r)'" and (Ao-)01" but rather are the systematic errors due to the monitor counts.

Table. Cross sections and contributions to uncertainties for iron

Energy

range (McV)

2.0- 2.4
2.4- 3.0
3.0- 4.5
4.5- 8.0
8.0-11.0

11.0-25.0
25.0-50.0
50.0-79.8

EXAMPLE:

©•

3.147
3.424
3.531
3.586
3.121
2.379
2.402
2.343

Aff

.023

.022

.019

.018

.018

.017

.017

.020

(A*)'"

.012

.011

.006

.003

.003

.001

.002

.008

NATURAL NICKEL

(Ao-)""

.007

.006

.003

.002

.002

.001

.002

.005

6<r .
—An
Sn
.006
.007
.007
.007
.006
.005
.005
.005

correlation, times 100

100
65 100
74 77 100
77 81 92 100
77 80 91 97 100
78 81 92 97 98 100
77 80 91 96 97 98 100
69 71 81 86 86 87 86 100

The natural nickel measurement of D. C. Larson et al3 is a far more complicated example
of the techniques available in ALEX. For this measc-<en":nt, the correct background
description requires twenty-six parameters. One additiw*- > irameter (tr2) is needed to
describe the variation in the magnitude of the flux intt •» ity from one burst to the next
(producing an adjustment in the deadtime correction factor as described in the appendix
to the nickel report3). These plus the sample thickness (n) and the sample-in and -out
monitor counts (m and Af) give a total of thirty parameters, many of which have non-zero
correlations. Uncertainty propagation via ALEX shows that the four parameters n, m,
Af, and a2 provide the largest contributions to the total uncertainty, exceeding even the
statistical contributions for large energy bins. For details, see Ref. 3.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
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