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Chapter 5 Appendix 12a

ADJOINT ONE-DIMENSIONAL DISCRETE ORDINATES ANALYSIS
OF THE EFFECT OF SOURCE ANISOTROFY

William A. Woolson and Michael L. Gritzner
Science Applications International Corporation

The procedure used (o calculate the sullur activation invalves a one-dimensional multi-
group adjoint discrete ordinates computation. In the adjoint mode in spherical geometry,
the result of such a calculation is an estimate of the angular dependent source importance,
Ige(ryp), to a given (input) fluence-response function, Rg. Here the subscripts K and K'
refer to the energy groups in the multigroup approach; R is the detector-response function
- disintegrations per minute (dpm) of 2P per gram of sulfur per unit incident fluence at the
detector in energy group K'; and Iy (r, p) is the number of dpm of 2P per gram of sulfur for
a unit source in energy group K emitted in the direction with polar cosine g with respect (o
the source-detector axis at a distance r from the detector, The derivation of this imporance
function is available from many sources and will not be repeated here.! Note, however, a
few things about Jg(r,p): 1) it is one-dimensional in that the transport medium only de-
pends on a single spherical geometric variable, r; 2) the forward mode angular dependent
fluence, ¢y (r, ), has been replaced in the adjoint mode with a source angular dependent
importance; and 3) the azimuthal dependence of the source is irrelevant in one-dimensional
geometry for an isotropic detector response, only the total number of neutrons emitted in a
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polar direction for a given energy group is importiant.

The result of interest is the total sullur activation from all neutrons emitied in the
Hirpshima explosion. The discrete ordinates calculations provide the importance function at
a sct of discreie ordinates pg,t = 1, N, such that if S (p;) is the source in energy group
K emilted in the polar angle band &g about wy, the activation 1§ given by

N N
Alr) = > D Wilk (r, i) Sk () (1)
K=l =]

Here pois the polar angle with respect 1o the source-detector axis, and W; is the quadrature
weight for the i-th interval.

DeLecbar

Fignee [ The aegles wsed i the adioinr imporianee coupling

MNow, nole that the axis of the source (i.e., the Hiroshima bomb) 15 nol, in general,
aligned with the source-detector axis. Thus, we must transform the source description from
its natural coordinate system (the bomb axis) into the source-detector system 1o calculate
the wotal number of neutrons of energy group K emitted into the source-detector polar band
Ap;. This transform is dependent on the tilt angle of the bomb with respect to the vertical,
the height-of-burst, and the aximuthal location of the detector with respect 1o the plane of
the vertical and the bomb axis as shown in Figure 1.

Define the angles (Figure 1):

g, = tilt angle of the bomb with respect to the vertical,

a = angle between the bomb axis and the source-detector axis,

w = azimuthal angle of the location of the detector with respect o the plane of the
bomb axis and the vertical,

# = zenith angle of source-detector axis, that is, cos ¢ = (height-of-burst) = (slant
TANEE, 7).

[}
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Then we have
cos e = —sinf, siny cosw + cos cos F, (2)

Mow let 11, be the source emission solid angle defined by
iy = polar cosine with respect to the bomb axis, and
¢, = azimuthal angle defined with respect to the plane of the bomb axis and the source-
deleclor axis.

If we let D be the unit vector along the source-detector axis, the polar cosine of {1 with D
is given by

0, - D = u; (ct, pay o) = Sine - /1= p2cosg, + i, CO8x (3)

where cos o has been defined in the previous equation.
The activation at ground range r, for bomb it §;, for a location at azimuth w, and for a
height-of-burst zenith angle + is given by

N N du; [1 2
Alr, by w, ¥) = 3. > Wilg (r, #.-;,f F-'f dis, L' df, X
K=1 i=1 o i 1 J4=1

St (pa) 8[pi — (sine /1 — pZcosd, + p,cosal) (4)

where the dependence on 8, w, and 4 is implicit in angle «, and § is the Dirac delta function.
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