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Absorption Spectroneter

The measured response at any absorber m can be .

_‘represented by the integral

aEmax
S, = S  M(m,E) R(E)s(E)AE
R _

"where R(E) is the relative response of the detector at-

photon energy E, o(E) is the spectral energy density,'and M

“is the tfansmiséion.of the absorber idenfified_by index m

e

at epnergy E. It is convenient to simulate the spectrum by

a_higtbgram, whichiallows-integration over'portions_of

the specitrum in-which the absorption.crossqsectioh-is

changing rapidiy.. Thus it is assumed. that the spectral

intensity and theldeteétor-response are COnstant over an

o interval Eg. If Ryoy is taken as the height of the k-th

‘ | step of the hlstOGram (uncorrected for detector response),
we then have |

(S,). = My ) (Rgox).




when. the matrix element M is given by

~Here p_ is the absorption coefficient of material m with

thickness X - As an examplé, the matrix for Eq = 50 keV

'and the indicated absorbers, obtained by log-log interpolation

from Evans's data, is displayed as Table . I,

Direct inversion of the matrix is not a practical
procedure because the problem is ”badly_posed”; the results
of direct inversion tend to have unphysical values because

the inversion procedure is oversensitive to errors in the-

data, For this reason 1nver51on ‘has been accompllshed in

an approximate way by first flttlng thexesponse p01nts to a.

_rough polynomial capable of representlng the data in ‘broad

Qutllne,: The functlon used was-

Rc.'f NE(-I -._—.e) + a(l —_e.)s' + (1 - a)(d - | )101 :
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where a is a shaﬁe parameter, ¢ is the ratio of photon to

electron energy, and the normaiizing constant N is so-chosenr_
that all the Rd's at multiples of Ed add ub to 1. 'Obvioﬁsly
many other functions could be chosen to give'this first
approximation., The high ordey -of the pplynqﬁial is intended.

to allow the function to chaﬁge rapidiy at small e's,

The firstQQpproximatibn spectrum arrived at in this

- or some othef way can be refined by a least-squares procedure.

The fit-refining process, which if carried far enough W111

. of course lead to the same unphy51ca1 and unstable results

as does the dlrect inversion of the absorption matrix,-can be

stopped at any point where such behavior begins to be seen,

'On examination of the matrix one can'get an idea of the upper

limit of any Ro which can contribute to the response §: for

example, if there are no responses beyond m=7, say, there

 can_be:very little radiation above aboﬁt 200 kev iﬁ-energy.
_In such cases, for which it is known that there is negligible

.- spectral density above a givén energy it is obviously to no

avail to manlpulate any Rcmvalues above this energy.  This

_therefore limits the number of adgustable parameters to
'somethlng below ‘the number of data p01nts and S0 should

- lead to a stable solution automatlcally : In other cases,

for- whlch 1t can be 1nferred v1sually from the data that



there is a wider spectrum, one can still get stable’

??. _ . . :

fj approximations either by limiting the number of ‘spectral
= points manipulated or by stopping the process when

- -~ convergence is no longer obtained.

?W

L - : ,

To understand the procedure involved, suppose we have

?J ‘ ' - a set of trial responses Sm, where we take Ryop to be

5f] _ B variable and the otheraron, n # k, to be fixed in relative
=) : _ - value so that-

| | Sm = MRk + A ;‘kaan"m = MiacPeox * M Qucs

L _
o S R

- f _ A Z:cn + o =1,

z ‘ _ _ n#¥k _ _

P

the normalization being such that the response through the
_ 'open section of the filter (top row of the matrix) is unity.
Now define
""" i . R . ' . S . ' . 2. S .
. - - 2 - ‘ ) . )
EZ(Sm__Sm) =2(-MmkRk?k""?"ka = Sp 3 ~
. m : ' m. . : ' ' ' o
L p S 1 a8 e . .
S ‘ the - condltlon g ——————— = 0 then gives ..
ao S 2 S e
B chk = “mk Mmk ~ ka n j Sp \Mmx mk n
B o n#¥k _

:§“h> o R B :_"1 _ '-. SR - A E;ka (Mmk - ka//gl )J




Ty

using the value of A provided by the:normalization gives

finally

-1

E: (Mmk “.ka El%n) “(#Z?cho)

U
T _ — = _
E:Mmk Mo - Q Z, L,Rncno) Epmk (Mmk " Quk/ )%y)
k m : n#k :
To summarize_the procedure: we_havé an initial approximation
RkaO’ Rn#?G(n#k)dé we then get.a-better approximation (the.;
best obtainable by varying T only) given by Ry Oy

M B #kOn4c - In evaluating Quk Wwe note that

1-Ry o

= : - Tk

Uz = Spo ~ MpkBroro, ZLR n°n0 =~ 1 = Bygokg, A = — ’
R n7k | Rroko

Where the zero subscrlpt denotes an initial value (before_

varlatlon)
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TABLE I

Spectrometer Matrix,.



