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Abstract

A least-squares shape analysis program is described which is
used at the Karlsruhe Nuclear Research Center for the extraction
of resonance parameters from high-resolution capture data. The
FORTRAN program was written for light to medium-weight or near-
magic target nuclei whose cross sections are characterized on one
hand by broad s-wave levels with negligible Doppler broadening
but pronounced multi~level interference, on the other hand by
narrow p-, d- ... wave resonances with negligible multi-level
interference but pronounced Doppler broadening. Accordingly

the Reich-Moore multi-level formalism without Doppler broadening
is used for s-wave levels, and a single-level description with
Doppler broadening for p-, d- ... wave levels. Calculated
capture yields are resolution broadened. Multiple-collision
events are simulated by Monte Carlo techniques. Up to five diffe-
rent time-of-flight capture data sets can be fitted simultane-
ously for samples containing up to ten isotopes. Input and out-
put examples are given and a FORTRAN list is appended.



FANAC - Ein Multiniveau-Formanalysen-Programm zur Resonanz-
parameter-Bestimmung aus Neutroneneinfangdaten fiir leichte
und mittelschwere Kerne

Zusammenfassung

Ein nach der Methode der kleinsten Quadrate arbeitendes Form-
analysenprogramm wird beschrieben, welches am Kernforschungs-
zentrum Karlsruhe zur Bestimmung von Resonanzparametern aus
Neutroneneinfangdaten hoher Aufldsung verwendet wird. Dieses
FORTRAN-Programm wurde flir leichte bis mittelschwere oder fast-
magische Kerne geschrieben, deren keV-Querschnitte charakteri-
siert sind einerseits durch breite s-Wellen-Resonanzen mit starker
Multiniveau-Interferenz bei vernachléssigbarer Doppler-Verbrei-
terung, andererseits durch sehr schmale p-, d- ... Wellen-Reso-
nanzen mit vernachldssigbarer Multiniveau-Interferenz bei starker
Doppler-Verbreiterung. Dementsprechend dient der Reich-Moore-
Vielniveau-Formalismus ohne Doppler-Verbreiterung zur Beschrei-
bung der s-Wellen-Resonanzen, wdhrend die p-, d- ... Wellen-
Resonanzen durch Einniveau-Formeln mit Doppler-Verbreiterung be-
schrieben sind. Die gerechneten Einfangausbeuten werden auf-
l6sungsverbreitert. VielfachsttBfe werden mit Hilfe der Monte-
Carlo-Methode simuliert. An Einfangdaten von bis zu finf ver-
schiedenen Flugzeitmessungen kann gleichzeitig angepaft werden

flir Proben bestehend aus bis zu zehn verschiedenen Isotopen.

Ein- und Ausgabebeispiele sowie eine FORTRAN-Liste sind beigefligt.
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1. Main Characteristics of the Code‘

In the present report a computer program is described which was
developpéd for shape analysis of data on neutron capture by
structural materials. The program, FANAC, extracts resonance
parametexrs from high-resolution capture yields measured with
the time-of-flight method and calculates neutron capture cross
sections corrected for experimental effects such as self-
shielding, multiple scattering, instrumental resolution and
detector efficiency. It permits determination of up to 20 cross
section parameters by simultaneously fitting calculated capture
yield curves to experimental data from up to 5 time-of-flight
measurements that may differ with respect to sample thickness,
flight path or other experimental characteristics. The measured
and calculated capture yield data and the resulting cross sections
are plotted with a general-purpose plotting subroutine in use
at Karlsruhe (subroutine PLOTA, Ref. 1 ).

The methods employed are similar to those of the programs FANAL
(for shape analysis of transmission data, Ref. 2 ) and TACASI
(for single-level analysis of transmission areas, capture areas
and self-indication ratios, Ref. 4 ). The main advantage over
the area analysis code TACASI consists in the possibility to treat
many resonances simultaneously, the more reliable interpretation
of incompletely resolved multiplets and the multi-level cross
section formalism which allows a better description of multiple
scattering. FANAC fits obtained between 6 and 165 keV for various

iron and nickel isotopes are shown e.g. in Ref. 3 .

Normally one derives neutron resonance capture cross sections
from capture yield data, measured with the time-of-flight method
by detection of the prompt gamma radiation that is emitted after
each capture event. The count rate observed in a narrow flight
time interval with neutron flux ¢, after dead—-time and back-

ground correction, can be written as

Zum Druck im Juli 1978



where y, called the capture yield, is the probability that an
incoming neutron is captured, and ¢ is the detector efficiency.
The data reduction consists of stripping off ¢ and ¢ to get y
and then to extract from y the capture cross section. For thin
samples y = no. . where n is the sample thickness in atoms/b

and OY the radiative-capture cross section. The flux ¢ can be
measured with a reference sample having a sufficiently well
known yield (e.g. gold); the efficiency (or efficiency ratio in
case of a relative measurement) is determined by the detector
characteristics.

In practice one measures the resolution-broadened capture yield

y(E) = [r(E,E")y(E')dE", (2)

where r(E,E')dE' is the probability that capture events induced
by neutrons with energies E' in dE' are registered as if the
energy were E.

A further complication arises eépecially for light- and medium
weight nuclei from the fact that their scattering cross sections
are very much larger than their capture cross sections. As a
conseqguence self-shielding and multiple-scattering corrections
are quite important for practical sample thicknesses and y can-
not be taken as simply noy, but must be calculated as a more

complicatéd functional of the total and capture cross sections.

Strictly speaking, the cross sections are Doppler-broadened by
the thermal motion of the sample atoms. For light and medium-
weight nuclides, however, Doppler broadening of typical s-wave
resonances can be neglected. For the narrow p-, d- ... wave
levels, on the other hand, Doppler broadening is important.
Consequently, the FANAC program treats instrumental resolution
according to Eg. (2) but neglects Doppler broadening for s-wave
levels. It is therefore applicable only to resonance data where



the Doppler width A = vAEkKT/A is much smaller than the width
of the typical s-wave resonances. Narrow p-, d- ... wave levels

are Doppler broadened.

The s-wave cross sections are parametrized with an R-matrix
multi-level formula, whereas multi-level interference effects
are neglected for narrow (p-, d-wave)levels. The program starts
by calculating cross sections and capture yields from approxi-
mate values of the parameters. These starting values are then
improved by application of the least-squares method (cf. e.g.
Ref. 4,5 ). In order to make this method applicable the problem
is linearized by Taylor expansion with respect to the cross
section parameters and truncation after the linear terms. The
solution of the linearized problem is thus an approximation
which can be improved by iteration. The program iterates until
the number of iterations reaches a prescribed limit or until
the sum of squared deviations, xi, differs by less than a given
small fraction ¢ from that of the preceding step, Xi-1’

X2 - X2
_E__Z_k_ﬂ < e, (3)
Xk
where
= (k)
2 Ni7Yy o 2
=1 ()" (4)
i qu
UFE i-th measured capture yield,
qu: uncertainty of Ny

7). i-th calculated capture yield computed from

parameters of k-th iteration.



The parameters to which x2 is most sensitive are

- resonance energies EO;

- radiation widths PY and neutron widths I of
strongly scattering (typically s-wave) levels
with Pn >> Fy;

- the capture peak area parameter ngnry/r for

narrow (typically p-, d- or f-wave) levels with
unknown gJFn. If gJPn is known one can get gJPY'

2. Formulae

2.1 Cross sections for 1 =0

In order to explain the approximations employed in FANAC the
relevant cross section formalism is briefly reviewed in this
section.

The total and reaction cross sections for a single nuclide and
1 = 0 (s-wave interactions) can be written as

2 J
2mx 7 ) g; (1-Re UL ), (5)

J

Q
]

To

g = 77X

2 J 12
X0 n g ER l6nx—Unxl

(6)

where 2nkn is the neutron wave length in the center-of-mass
system, & . the Kronecker symbol and gy = (1/2) (23+1) /(21I+1)
the spin factor, with J and I the compound and target spin

quantum numbers, respectively. The subscripts of the collision

matrix elements Uin and Uix refer to reaction channels (n: elastic



scattering, x: arbitrary reaction). For 1 = O the spin sum
consists of only one or two terms (|I-1/2)] < J < I+1/2). Accor-
ding to R-matrix theory (Ref. 6 ) one can write

J o _ iy =1
Usor = 8 LO1-1K) 7 (1+1K) ] v@ . (7)
with
1/2.1/2
r,/er, 5
Kot = % ) Ae 3¢ ' (8)
A\ E -E
A
Ry = e e, | (9)

where a, is the R-matrix channel radius and the level sum in
Eq. (8) runs over all (») s-wave levels with spin J. The partial-
width amplitudes

1/2 _ 1/2
e © (2kcac) Y (10)

AC

are real quantities and vary with energy as kl/z, where ki =
1/%2 = 2mC(E—Ec)/ﬁ2 (m,: reduced mass, E_: reaction threshold,

1/2

Yyt energy-independent reduced width amplitude). The rAc

re
to be understood as having the sign of Ve

In practice the level sum in Eq. (8) must be restricted to a
finite number of resonances, typically those in a given energy
interval. The levels outside this interval (distant levels)

. give rise to a K-matrix component, K° say, that is smooth in-
side the interval. We assume that direct reactions are negli-
gible. In this case K° is diagonal and one can account for the
distant levels omitted in Eg. (8) by using, instead of Egs. (9)
and (10),



Q. = exp[—i(kcac—arc tan Kgc)] (1)
1/2 172  Tac
ry = (2k _a ) — (12)
(o] c C |1-iK°
cc
with
Y2
o ' e
K. =k.a_ ) (13)
cc cec g E,-E /

the prime indicating that the sum contains only terms from out-

side the interval AE (Ref. 6 ). Although the Yye and EA outside

AE are mostly unknown one can estimate Kgc by means of level-

statistical theory:

Introducing the optical-model pole strength, 8o = <ch>A/Dc

(Dc: mean level spacing), one can replace .the sum by an inte-

gration,

w© s (E') E+AE/2 s (E')
=P [fag' £—-p _ [ aE' -S—, (14)

X E,-E - E'-E E-AE/2 E'-E

Zl Y}\C

where P] indicates Canchy's principal value, whereas AE and E
are length and mid-point of the energy interval excluded from
the sum. The firgt integral is the so-called distant-level para-
meter, usually denoted by RZ, that describes the influence of
the energy variation of Sq (including the vanishing of Sa below
the ground state energy). Furthermore one can neglect the energy
variation of s _ and RZ in the interval if AE is small compared

c
to the spacing of optical-model size resonances (v 2 MeV). Then

ET'E

o o = =
ch(E) x kcacRc(E) + 2kcacsc(E) ar tanh 1577 (15)



The contribution of distant levels can thus be estimated from
the level-statistical parameters RZ and s, or, equivalently,

from the effective nuclear radius

Ré ac(1—Rc)‘ (16)

and the s-wave strength function

S = 2k a s

co cccl E-E_ ° (17)

After thus reducing the number of levels to a manageable size
one can reduce the dimensionality of the matrix K. Following
Reich and Moore (Refs. 7,8 ) one applies the Teichmann-Wigner
channel elimination prescription (Ref. 6 ) to the photon
channels and then introduces the approximation

1/2, 1/2
Ir, 2 yr, =6 T, , (18)
cey Ac Aucey Ac Au Ay

where the summation is over photon channels and FAY is the total

radiation width. This is justified by the usually large number
of radiative transitions that can de—excite the compound state
and by the fact that the Pléz are symmetrically distributed

around zero so that the cross terms in the sum tend to cancel,

in contrast to the terms with A=py. The result is the Reich-Moore

prescription
J iy =1
Usgr = 8[01-1K) 7T (1+1iK)] .0,
= a_[201-1x) " "=1] _ .0 (19)
c cc'c!



P1/2P1/2
1
Kogr = % ! 28 .Ac ' (20)
A EA—E—lPAy/z

valid inside the interval of explicitly given resonances
(E-AE/2<EA<E+AE/2) and for particle channels (c,c'¢y). All cross
sections except those for neutron capture can now be obtained
from Egqs. (5), (6), while the capture cross sections must be
calculated as

= - .2 _ J (2
9o = %o i Opo = TAL ) g;(1 i AU (21)
XE&yY J Xey

The. last equation follows from the unitarity of the collision
matrix. The Reich-Moore formalism as a genuine R matrix formalism
guarantees this unitarity: The restriction (18) for the partial
radiation widths affects neither the symmetry nor the reality

of the K-matrix. The same is true for the approximation (11),

(15) to the distant levels.

In the FANAC program s-wave cross sections are calculated
according to the Egs. (5), (6), (11), (15), (19), (20), (21).
The number of particle channels is restricted to 2 (elastic
channel plus at most one inelastic channel ), so that 1-iK is
at most a 2x2 matrix which is easily inverted.

2.2 Cross sections for 1 > 1

The cross sections for partial waves with 1>1 are described in
FANAC by

Opq = ) (oow)A + 4nx§-3 sinz(knR;- arc tan knRi), (22)

A



I‘ N
ox1 = | (;ﬁooxp)A (x=n,n',y) , (23)
where
r
o, = 4ﬂki gj—B , (24)
T
% exp[-(E—E')%ﬁz] rl /g
b= | a8 ' > (25)
- INZ 3 (E'-E_) “+r°/4
/ 4KkTE
A = ._....___—O. . (26)
A

Thus levels associated with 1>1 are treated as Doppler-broadened,

non-interfering resonances. The total cross section o contains

also the potential-scattering term for p-wave scatterfgg. Poten-
tial scattering for 1>2 and potential-resonance interference for
1>1 is neglected. The guantity kT in Eqg. (26) is the Lamb-
corrected (Ref. 9 ) sample temperature in energy units, Eo the
resonance energy and A the nuclear mass devided by the neutron

mass.

The cross sections are then

Op = Iqpg * Ipq (27)
O% = %%0 T Ix1 (x=n,n') , (28)
g = 0, = 0O_ = @ . (29)
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The cross section parameters are (for each isotope, spin and

parity)

- the potential-scattering parameters
R& and SOJ for the s-wave channel(s) (cf. Egs. (16), (17)),
R; for the p-wave (Eq. (22)),

- the resonance parameters

Exr Tanr Tanrr Tay and, if Pn.+0,the relative signs
1/2,1/2, _
sgn (T, LT, V) = sgnly, Yy )

For non-monotopic samples the isotopic cross sections must, of
course, be multiplied by the appropriate abundances (and, in
the case of o by the detection efficiencies) and summed over
all isotopes present in the sample, as explained in the next
section. |

2.4 Capture yields

The capture yield can be written as a collision series,

Y = Y, + Yq +y, toeeeen (30)

where the subscripts 0, 1, 2,... refer to the number of scattering
collisions after which capture occurs. In order to be more

specific we need

- the probability exp(-ncT) for a neutron to traverse without
interaction a layer of material of thickness n (atoms/b);

-~ the probability dn(don/dﬂ)dn that scattering into a solid-
angle element dQ occurs within an infinitesimal sample layer dn;

- the corresponding probability dnoY for capture in a layer dn.



.—ll.—

We can then write, for a sample of uniform thickness n, and

cross sections T dcn/dn, OY for the incident energy,

= T.
Yo ée dn ' oy
n -n'ec do_ n, -n'.o
yq = Je Tan® faa —2 ! ! T1dn{o 1
0 47 da@ o
n -n'c do_ n, -nlo do n, -nlo
Y, = e Tan' faa —2 ]1e 1 T1dni fd91 ni fze 2 Tzdnéo
o 47 da o 47 da1 o}
etc, (31)
where the subscripts 1,2,... refer to the number of preceding

scattering collisions. The cross sections O ? °yk’ donk/ko
depend on the neutron energy after k scattering collisions, which
in turn depends on the angles and nuclear masses involved in

all preceding collisions. Similarly the maximum material thick-
ness np that a neutron can traverse without interaction after

the k-th scattering collision depends on the spatial and angular

coordinates of all k preceding collisions.

Performing the last integration in each term Yy one finds

-nag g
y, = (1me 1) X
O
-nao g -n,o o
Y, = (1-e T) -t <(1—e ! T1) 1 >1
I 99
=-Nnag ag =N40 o) -n,0 g
y, = (1-e Ty = <(1-e ! T1) ot <(1—e 2 TZ) —12»V>2 >
i %1 92

etc. (32)

Y2
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where the brackets
-n, o
< > ka e k" Tk Iko ,
© e w0 dn'U . o 00 (33)
o TR PKCTk 47

nkc

k
9nk

denote averages over all possible scattering angles 9y and azi-
muths 1 (ko = d(cosek)d¢k) and all possible places for the k-th
collision, the frequency distributions on the right-hand side of
Eq.'(33) being properly normalized to unity. The upper limit Ny 0y
for the spatial distribution of interaction points along the
neutron trajectory is just the maximum number of mean free paths
that a neutron can traverse before the k-th collision, i.e. the
distance between the (k-1)-th collision point (or, for k=1, the
entrance point) and the sample surface. The quantities occuring
in Eq. (32) can be interpreted as "thin sample" scattering and
capture yields nyo K and nkon, corrected for beam attenuation
(self~-shielding) by the factors (1—exp(—nchk))/(nkaTk).

Since each average < oo > Kk implies three integrations as shown
by Eq. (33) the dimensionality of the integrals to be calculated
for Yi increases rapidly with k, and only the first-collision

yield is a simple function of cross sections and sample thickness.

Already the second-collision yield looks rather awkward even in
the simple case of infinite-slab geometry:

—d
-t t

: “Ndng 0, 1 1 t
Yq = (1-e ) — fdu p(u) (1- t) (34)
9 -1 t=-t! 1-e
with n°T1
t = sgn Weno g, t' = sgn u"u (35)

where p is the cosine of the scattering angle and p(u)du the
probability for u in du.

Higher-order terms in the collision expansion are increasingly

more complicated functionals of the cross sections Tpr Tpr oY.
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2.4 Monte Carlo calulation of multiple-collision yields

The Monte Carlo method is best suited to calculate multi-
dimensional integrals like those in Egs. 32. In our case

one has to simulate a sufficient number of multiple-collision
events by sampling the neutron beam profile for the entry
point and then, for successive collisions, the path length

before the collision from

p(s')ds' = ds' (O<s'<s), (36)

the c.m.s. scattering angle ec from

du
= —C - =
plug)du, 3 (-1€u =cosb <1), (37)
the azimuth ¢c from
=1
p(¢)as, = 5 do, (029 <2m) . (38)

In writing down Eq. 37 we assumed isotropic c.m.s. scattering.
In this case the simpiest sampling technique is applicable

to all three distributions: One samples a distribution p(x)dx
by generating a random number ¢ between O and 1 and solving
the equation

b
p= é p(x')dx’ (39)

for x. From the sampled c.m.s. quantities U, and ¢  one
gets the corresponding quantities in the lab system,
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Auc + 1
u = 5 s = Cos0, (40)
x/A +2Au _+1
c
b =0 (41)
and the new energy
2
A +2Auc+1
E' = E — (42)
(A+1)

Although Eqs, 40-42 are valid only for target nuclei at rest
and purely elastic scattering they are used in FANAC for
target nuclei in thermal motion and also for inelastic
collisions. Now Monte Carlo tests with the TACASI code

(Ref. 4) showed that in the absence of inelastic processes
the stationary-target approximation does not lead to
significant errors in multiple-collision capture yield
calculations even for very thick samples, except perhaps

for very light sample nuclei (see Ref. 4) . Application of
Egs. 40-42 to inelastic collisions, however, has no justi-
fication other than convenience and the fact that for light
and medium-weight nuclei inelastic scattering in the keV re-
gion is usually much less probable than elastic scattering.
The FANAC code must therefore be used with caution if both
inelastic scattering and multiple collisions are important,
i.e. if Onr 3 Gy > OY and no, 2 1.

Onece the point of collision and the angles are established
for the k=th collision one can calculate E' and find the
corresponding cross sections o, =0 ,(E'), ©

Tk - nk
oyk=0Y(E'). The sample thickness n, to the surface is ob-

=on(E') and

tained as follows:
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The polar angle 0 was introduced above as the lab scattering
angle. This implies use of a reference frame which has its
polar axis parallel to the pre-collision velocity of the neu-
tron. For the calculation of n s however,a lab reference frame
is needed in which the sample surface has a simple description.
We therefore take as the lab system a reference frame which

has its z=-axis coincident with the axis of the cylindrical disc
sample. The transformation between both reference frames can be
established as follows.

Let the neutron directions before and after the collision be
given by the unit vectors ¢ and §f. In order to calculate the
co-ordinates of & from those of ﬁ and from the scattering
angles 6 and ¢ we introduce an intermediate reference frame
which has its z-axis parallel to 5, so that

4= (0,0,1), (43)
G'= (sins cosé, sind siné, cosq). (44)

In the lab system we introduce polar co-ordinates by
writing (see Fig. 1)

g = (QX, Q. Qz) = (sinZ cosn, sing sinn, cosg) (45)

Y

Now a unit vector can be brought from the position (0,0,1)
into the position (sinf cosn, sinf sinw, cosf) by two successive
rotations (Fig. 2):

(1) rotation about the y"-axis, through an angle g,



x' cosy o sing x"
y' = 0 1 o ® y" , (46)
z! -sing 0 cosg z"

(2) rotation about the z"-axis, through an angle n,
x | cosn -sinn 0 x'
Yy = sinn cosn O & y' . (47)
z 0 0 1 z'

Combining the two transformations and expressing the polar
coordinates of 5 by its Cartesian coordinates,

we find

If Qz =

Q
cosg = » cosn = e,
2 Vi-o?
(48)
Q
sing = V1-Qz r Sinn = "X“i ’
Vi-Q,

eventually the lab coordinates of &

. _a2y=1/2 02 =1/2 '
Q % QXQZ(1 Qz) Qy(1 Qz) Qx sinBcosé
v _ _a2y-1/2 _a2y=1/2
9] ¥ = Qyﬂz(1 Qz) Qx(1 Qz) Qy sinOGsind | (49)
102 t1/2
Q'z (1 Qz) o Qz cos0

1 this expression fails and is to be replaced by

Q. sinb&os¢

Qr = sinfsine¢ | Q_. (50)
Y 4

a', cos®
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Now we can calculate N, Oy v the number of mean free paths in the
direction & between the last collision point, (xo,yo,zo), and
the sample surface. The equations of the neutron trajectory are

Q = © = o (51,52)

Let the surfaces of the cylindrical-disc sample be given by

z = Q (front face), (53)
z = n (back face), (54)
x2+y2 = r2 (cylinder surface), (55)

where all distances are expressed in units of atoms/b.
The point where the neutron trajectory intersects the cylinder
is defined by the solution of Egs. 51, 52 and 55,

b
(]

]
xo + < d

o
]
y = yo + 0 v do (56)
| ]
zZ = z° + 2 do
with a = Yb tac-b , (57)
o
a
and a = nim; , (58)
b= x, 84y 0 (59)
2 2 2 (60)

Q

L]

2]

i

b
o]

i

o)
(o]
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The quantity do is Jjust the distance to the cylinder surface.
This must be compared to the distance to the front face,

Z
4, = 2 , (61)
Q

a, = 2, (62)

if Qz>0, the smaller quantity being the distance n, (in
atoms/b) that the neutron must traverse before it can escape
from the sample:

min(d,d1) if Q, <0
n, = {do if Qz =0 , (63)

Onme can now compute the quantities
[1—exp(-nchk)]-cnk/oTk and [1-exp(—nk0Tk)]~(§k/ch

and eventually the products

k=1 o . . g A
I (1-e7%3%3) 21 (17 k) XX (64)
j=0 s e

whose average over many such simulated multiple-collisions
events constituks the Monte Carlo estimate of Yy
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2.5 Detector efficiencies

For non-monotopic samples the cross sections from which

the capture yields must be calculated are actually abundance-
weighted sums over all isotopes present in the sample,

Op = ZaioTi, o, = Zaioxi’ with the exception of the capture
cross section for which the weighting must also account for

the usual isotope dependence of the capture detector efficiency
(see e.g. Ref. 10). The required quantity is not the yield it-
self but rather the "observable yield", yeEZeri. It is ob-
tained if the cross section for detected capture, oYeEZaquiei,
is used instead of cY=Za10Yi. For nuclei with low level density
(in the light-to-medium mass range or near closed shells) cap-
ture y-ray spectra fluctuate significantly from resonance to
resonance. The efficiencies €y depend therefore on energy if
the capture detector is sensitive to these fluctuations. To

the extent that level-level interference may be neglected for
the capture cross section one can assume a different y-ray
spectrum and hence a different efficiency associated with each

resonance. The efficiency to be used at a given energy is then

€y =T (65)

where each OYA is a single-level Breit-Wigner resonance term

for the i-th isotope.
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2.6 Resolution function

The resolutlion function can usually be taken as Gaussian,

' 2
r(E,E')dE' = —— ¢~ (E-E') /W aE, (66)
W/
2 2 AL, 2 At, 2
with We = EY [e (£ + e (5 ° E] (67)

where 6L 1s the thickness of the capture sample and At the
observed half width (FWHM) of the y peak in the time~of-flight
spectrum resulting from photons produced in the accelerator
target together with each neutron pulse. This form of the re-
solution function accounts for
(1) finite burst width of the accelerator-pulsed
neutron source (At)
(2) finite channel width of the flight time analyzer (At),
(3) flight path differences due to finite sample
thickness (AL),
(4) effects of detector size such as path differences of
capture gamma rays and scintillation photons (At),
(5) electronic time jitter (At).
The constants cy = 2/3 and ¢, = (60.259 MeV1/2 ns m--1 )_m

2
guarantee the correct variance.

3. The Code

The modular structure of the FANAC code is shown in Fig. 3.

The main program is essentially a series of CALL statements

for the various subroutines, with a loop on iterations. The
iterative least-squares procedure stops when either the

maximum number of iterations specified in the input is com-
pleted or chi-squared remains essentially unclianged in successive
iterations, as explained in Sect. 1, Egs. 3,4. Then input for
another similar job can be read in.
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3.1 Subroutines

Although comments are generously used throughout the code
(see Appendix) a brief description of the various subroutines
may help to understand their functions.

CARDIN

CARDIN is called by the main program to read card input and
to print sample and time-of-flight run specifications. Spin
factors and compound spins are calculated. Then subroutine
PAROUT (see below) is called to print the cross section
parameter input. In the present version of the FANAC code
CARDIN also calls a special subroutine, ETEC, that corrects
truncation errors in channel energies caused by the data
acquisition system. If the input energies are free of such
errors one can eliminate subroutine ETEC and the associated
CALL -and-WRITE statements in CARDIN (cards 2240 to 2390).

INDEX

This subroutine provides, for each isotope and compound
spin,subscripts structuring the one-dimensional arrays con-
taining the cross section parameters and their uncertainties:

MP(I,J) is the subscript of the first of two
potential-scattering parameters (the two
are distant-level strength function and
effective nuclear radius),

MR(I,J) is the subscript of the first resonance
parameter (there are four for each reson-
ance, E_, Pn,Pn, and Py)

for the I-th isotope and the J-th compound spin.
Cross section parameters are counted;
MX is their total number,
MA is the number of those which must be adjusted.

CONIJ

This subroutine calculates certain constants for each isotope (I):



..22_

D(I) is a constant which multiplied by vE gives
the Doppler width A (see Eq. 26),

CT(I,J) and CG(I,J) give 2n%2agJ and nxzan after
division by the neutron energy (a: abundance,
gj: spin factor)

MEV

MEV converts energies and resonance widths from keV to MeV

and calculates the adjusted quantities Pl/z and Pl{z from

the input quantities Ph and Pn" taking over the signs so that
1/2 1/2

sgn Pn/ = ggn Pn y Sgn Fn{ = sgn Fn' o

CONE

This subroutine, called by the main program, calculates for
each iteration the coefficients

y y
A =y -t v (69)

uv
18, eny

Yy, u MYy
Sny  Sny

(70)

of the normal equations

I A (x _=-x (71)

v v “ov u

i
Q

for the linearized least-squares problem, where

X0y is the-.initial approximation to the
v=th adjusted parameter,

X, the improved value to be calculated,

Yy the i-th calculated capture yield

yi,u its derivative with respect to the u-th

adjusted parameter,
ny the i-th observed capture yield and
én, its uncertainty.
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The Yy and yi,u are calculated by numeric bfoadenipg of
ylelds and yield derivatives obtained from the subroutines
PRY, SEY and MUY. Strictly speaking the derivatives yi,u

are taken as those of the primary yields because of the
difficulty to get derivatives from Monte Carlo calculations.
This is tantamount to neglect of errors and uncertainties

in calculated multiple collision yields, so that
(ni—yi)/Gr}f(noi-yoi)/dni . In other words, measured yields
are reduced in each step to primary yields by subtraction of
calculated multiple-collision contributions. The resulting
primary yields are then fitted by parameter adjustment.

The required resolution function values come from the sub-

routines TGAUSS or CHISQ4. Numeric integration according

to Simpson's rule is performed by subroutine SIMP. Further-
more CONE prints a table of measured and calculated yields

(for details see Sect. 3.3 below).

PRY

PRY produces unbroadened primary capture yields (yo in Eq. 32)
and derivatives for the calling subroutine CONE. First an
equidistant energy grid is established on the basis of the
smallest resolution and Doppler width encountered. The grid

is chosen so that for each incident energy E at least five
integrand points are available between E-A and E+A for the
resolution broadening, A being the Doppler width. If the
resolution width and/or the energy interval to be analysed

is very much larger than A it may happen that the number

of grid points exceeds the available storage (201 points
within six resolution widths, a total of 2048 grid points).

In this case the Doppler width is artificially increased

until the narrow resonances are sufficiently broad to

allow an adequate description with the available number of
grid points. This leaves s-wave results unaffected but

p-wave results only to the extent that sample-thickness effects
are small. It should be realized that such an aftificial faise
in temperature tends to increase the primary yield because

the self-shielding factor (1-exp (-noT))/(noT) across a narrow
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resonance increases. On the other hand multiple-collision
yields are reduced because the sample becomes more trans-
parent in the peak region. Thus a partial compensation could
be expected even in cases where the sample is not "thin"

(no. <<1) at resonance. For narrow levels, whose width is much

smagler than the average neutron energy loss per collision
(A2+(P/2)2<<Gm/A )2), the self-shielding effect predominates,
however, and the peak area parameﬁers anry/F calculated with
artificially raised temperature are somewhat too small.

If the limitation to 2048 internal grid péints causes the
difficulties one can avoid temperature readjustment by reducing
the analysis interval, treating only one resonance at a

time in the extreme case.

The internal grid extends beyond the boundaries of the
analysis region in order to allow proper resolution
broadening and multiple-collision treatment at these boundaries.

Ater having established the internal grid PRY calculates
observable primary yields including efficiencies and their
derivatives for all grid points. The required cross sections
and cross section derivatives come from subroutine XSECT,
efficiency weighting factors (Eq.65) from subroutine EFFI
(see below).

SEY

SEY, called from CONE, calculates secondary yvields according
to Eq. 34 for all internal grid points. Since Eq. 34 is
approximate and neglects effects of lateral sample exten-
sion and higher-order collisions the results are only used
as weights for importance sampling in the Monte Carlo
subroutine MUY.

MUY

MUY simulates multiple-collision events and calculates
multiple-collision yields for all internal grid energies.
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The principle of importance sampling is applied. This means
that small c¢apture yield contributions are computed with
lower statistical accuracy (less neutron histories) than
large contributions, in order to keep costs low. One tries
to maximize . the accuracy of Zkyk with the constraint
Zka=N, where the subscript k=0,1,2,... gives the number of
completed scattering collisions, Nk is the number of simu-
lations for the k-th order capture yield Yy and N the total
number of simulations.With the plausible assumption that
the accuracy of Yi is proportional to 1//§; one gets, by
solving the extremum problem,

N (72)

k+1 | Nk T Yeeq ¢ Yy

Accordingly the initial number of histories for each grid
point is taken as

y
N, = 1 N, (73)
max y,

where No’ the maximum number of simulations per grid point,
is specified in the input and pertains to the energy point
where Y4 has its maximum (In order to get sufficient
statistics N1 is set equal to 10 if Eq. 73 gives less).

For higher-order collisions (k>1) Nk+1 can be estimated
with the geometric series approximation

Yie1 * Yp T Yi F ¥ (74)

as _ Yy
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For Yy > Yi_q One encounters difficulties since not enough
pre-collision angles, coordinates and energies are stored.
In order to avoid "splitting" /Ref. 11/ we set

N = Nk ¢y if Yy > Ye—q ° (75)

MUY starts the simulations of N1 multiple-collision events
by sampling for each one the profile of the incident beam:
The neutron density in the beam is taken as constant up to

a certain fraction (EDGE) of the sample radius, as zero
beyond. (In the present version EDGE is set equal to 0.8).
After having thus established the points of incidence MUY
samples coordinates and angles for N1 first collisions.
Scattering is taken as isotropic in the center-of-mass
system as mentioned before. The new energies (Eq. 42) and
the corresponding cross sections are found next, the latter
by linear interpolation between stored values. The new
direction cosines (Egq. 40,41,49) and the number of mean free
paths, N, 0Omnqr between the colllsionboints and the sample
surface (Eq. 56-63) are then calculated. Finally the scattered
and captured fractions of the incident neutrons can be com-
puted. Averaging the latter over all N1 first collisions one
gets the desired Monte Carlo estimate of Yqe

After establishing, on the basis of Yqr the number N1 of
second collisions to be simulated /Eq.74/ the computation
proceeds in exact analogy to second, then to third etc. colli-
sions until, after k collisions, Nk+1 drops below 0.5, or

until the 20th collision is completed.

For the relatively short flight paths used in Van-de-Graaff
measurements the times spent by neutrons inside the sample
may constitute noticeable fractions of the total registered
flight times. Therefore MUY keeps track of these time delays
and deposits calculated yields in correspondingly shifted
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energy bins, applying some additional spreading so that
the statistical fluctuations of the Monte Carlo results are
smoothed out to a certain degree.

A last point should be mentioned. For the multiple-collision
simulation the atomic weight of all sample nuclei is

taken as the same, namely as that of the first isotope in
the input. The small errors introduced in lab scattering
angles and energies (ch- Egs. 41,43) are usually tolerable
in view of the other approximations invoked. If hydrogen or
other very light nuclei contribute significantly to multiple
scattering, however, it may be necessary to take the pre-
dominant scatterer as the first isotope in the input.

For users of the TACASI code (Ref. 4) it may be pointed out
that the method adopted in MUY corresponds to the "FS-mode"
(finite sample, stationary target nuclei) in TACASI.

EFF1

Subroutine EFFI, called by PRY in case not all resonance
efficiencies are equal, provides energy-dependent effi-
ciencies according to Eq. 65.

XSECT

Subroutine XSECT, called by PRY, calculates the required

cross sections, cross section derivatives and transmission
values for a given energy. Cross sections for the pure first
isotope are also calculated for purpose of impurity correc-
tion.The formalism utilized for partial waves with 1=0 and

1>1 is described in Sects. 2.1 and 2.2 above. The inverse of
the matrix 1-iK ((cf. Eq. 19) and its derivatives are furnished
by the subroutine KMAT.

KMAT

Subroutine KMAT, called by XSECT, calculates K-matrix elements

(Eq. 20), their derivatives and the elements of (1-iK)-1.
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CHOBAN

The solution of the system of normal equations (71) for the
improved parameter vector requires inversion of the matrix
(Auv)' This is accomplished by the subroutine CHOBAN. The
method employed is that of Choleski and Banachiewicz as
described e.g. in Ref. 12. The result is the covariance

matrix (Buv)'
ADJ

The improved parameter vector is calculated in subroutine
ADJ by multiplication of the covariance matrix (Buv) in-
to the deviation vector cu (Eg. 70 ) and addition of the
resulting adjustment vector to the unadjusted parameter
vector. The uncertainties of the adjusted parameters are
calculated as

2
§x = yB X — (76)
u MU oy

where xz is the sum of squared deviations over all N
utilized data points and M the number of adjusted
parameters.

For strong multiple-collision capture the convergence could
be improved if the adjustment vector was reduced by 20-30 %
in each step. In the present FANAC version the reduction
factor (FUDGE) is set equal to 0.75 (see DATA statement).

KEV

The subroutine KEV converts energies and resonance widths
back to keV prior to printing and plotting.

YPLOT

Plots of the results are prepared by subroutine YPLOT which
calls a standard plotting subroutine PLOTA in use at the
Karlsruhe nuclear research center ( Ref. 1 ). The meaning of
the arguements of PLOTA is explained on comment cards (see
appendix) in order to facilitate replacement of PLOTA by
equivalent plotting subroutines elsewhere.
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PAROUT

At the start and after each iteration the cross section
parameters and associated information such as abundances,
atomic welgths, spin quantum numbers etc. are printed by
PAROUT as illustrated in Sect. 3.3 below.

SIMP

The subroutine SIMP performs integrations according to
Simpson's rule. It is utilized in the resolution-broadening
calculation in CONE.

VOIGT

The subroutine VOIGT is an adaptation of the subroutine
PSIXI of the group-constant programm MIGROS (Ref. 13). It
calculates the symmetric and asymmetric Doppler-broadened
line shape functions (Voigt profiles)

V(x,8) = %: 0o iﬁlexp [-(:'x1)2] : s (D)
ﬂ +x!
=1 o dx' _x=x' 2y x' '
¢ (x,B) = = [ - exp [ (8 )“) - (77")

that are needed in subroutine XSECT for the description
of narrow resonances as described in Sect. 2.2 above,

and for calculation of the associated cross section deri-
vatives. The calculation is based on the representation

2 2,,2 2
_ 2 ™ -y 1+x“+8"y
Y (x,B) = ~ /, dy e 5355 3 ¢ (78)
m (1-x“+B“y”) “+4x
- 2 2_,2 2
d)(xrB) = 2_ fo dy e Y 1+x By 3 (78")

/7 (1-x24+82y?) 244x
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where vy = (x'-x)/8. The numerical integration is performed
according to the trapezoidal rule with Ay = 0.7. Unless

2
8 < &  ana x2‘1 + 275 25 (79)
T ] BAY

which means unless Doppler broadening is very small
(420.1 T) and the energy very far from the peak, the follow-
ing correction terms are added:

2_ -n_ Y- .
§Y = 2/ exp(-x2 1 —n) COfE(e cgsc) gin551nc (80)
B B (e "“cosz)“+sin‘r
2_ =-n_
5¢ = _2/Tm exp(_x2 1'W) sifi(e ggsc)+§os£sin§ (80")
B B (e '=cost) “+sin“g
with £ = 3% , 1N = 2m_ , T = 2nx . (81)
B BAy BAYy
TGAUSS

This subroutine yields values of a truncated Gaussian dis~-
tribution, normalized to unity, for the resolution-broaden-
ing calculation. The truncation limits are at + 2:/2
standard deviations from the center.

CHISQ4

This subroutine is included in the present description to
show the use of a skew resolution function, in this case
of a xz-distribution with four degrees of freedom. It was
actually applied to certain Fe-56 data, as shown by

the call statement in subroutine CONE (the atomic weight,
56, was used as the criterion). With the information given
in the comments it is easy to change the subroutine so as
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to produce xz-distributions with other degrees of freedom,
i.e. different skewness.

RANDOM

This function calls a(pseudo-)random-number generator
(RANDU for IBM installations, for instance) and yields
random numbers between O and 1. If necessary, RANDU can
- be replaced by an equivalent random number generator.

3.2 Input description

All numeric input must be given as FORTRAN-readable
floating-point numbers. The present version of the pro-
gram uses card input. As a rule 10 card columns are re-
served for each number (the exception being the last two
items on "resonance cards", see below). Within this field
the number can be placed arbitrarily in F format, for E
format the usual rules apply. This structure permits com-
plete ommission of resonances or of data points from the
input. One can easily change the number of resonances or
data points by simply adding or removing input cards.
Isotopic or spin reassigment of a given resonance requires
nothing but repositioning of one "resonance card" in the
input deck.

All energies must be given in keV, all channel radii in
fm, all flight-time increments in ns, all lengths (flight
paths, sample dimensions) in m. If other units are pre-
ferred it is easy to change the corresponding input and
output formats by means of FORTRAN scale factors (along
with the units in the printed table headings).

Input formats are essentially the same as for the FANAL
code (Ref. 2) so that the same "isotope", "potential-
scattering"” and "resonance cards" (see below) can be used
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for both codes. This has proved very convenient for parallel
shape analysis of both capture and transmission data.

Each potential-scattering or resonance parameter is followed
by an initial "uncertainty". If this uncertainty is set
equal to zero the associated parameter is treated as
constant, otherwise the parameter is adjusted in each
iterative step.

The fact that the same input structure is used both in
FANAL und FANAC is the reason that certain parameters such
as distant-level strength functions or effective radii

can be declared as adjustable although this is not prac-
tical in capture data analysis since capture yields de-
pend on these quantities only weakly through self-shield-
ing factors and multiple-collision yields.

The card input is structured as follows.
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1st Card (Title Card)

Columns 1 - 80 Arbitrary alphameric text. This text
appears on the print-out and also on
the plots.

2nd Card (Analysis and Iteration Characteristics)

Columns 1 - 10 Lower boundary Eoin (kev),

" 11 - 20 upper boundary Emax (keV) of the range
of explicitly treated resonances, i.e.
of the range for which the extracted
parameters (including the distant-level
strength function and the effective nuclear
radius, Egs. 15-17) are valid. Note that
AE and E in Eq. 15 are calculated as
AE=E ax Emin’ E-=(Emax+Emin)/2’

" 21 - 30 Effective temperature T(K), cf.Eg. 26,
taken as the same for all isotopes.

" 31 - 40 Largest relative variation §y?/x? between
sucessive iterations (cf.Eq. 3) which is
considered as sufficient to terminate the
iterative process and to declare convergence
achieved (values of order 1 to 5 % were
found to be reasonable).

" 41 - 50 Maximum number of iterations to be

followed through.

3rd Card (Isotope Card)

The isotope which contributes most to multiple-collision capture

should come first, as its atomic mass is used to determine all

energy losses and lab angles.

Columns 1 - 10 Isotopic abundance a of the first sample
nuclide (i.e. fraction of sample atoms be-
longing to this nuclide).
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Columns 11 - 20 Atomic mass of first sample nuclide divided
by neutron mass (it is usually sufficient
to use simply the nucleon number 3).

" 21 = 30 Nuclear spin quantum number I of the first
nuclide.

" 31 - 40 Effective nuclear radius R'1 (fm) for
p-wave scattering of the first nuclide
{see Eq. 22).

4th Card (Potential-Scattering Card)

Columns 1 - 10 Effective s-wave strength function SI+1/2
of first nuclide. (SI+1/2 and R'I+1/2
determine the influence of distant levels
on s-wave scattering, see Egs. 15-17).

" 11 21 Initial uncertainty+) of SI+1/2'

" 21 - 30 Effective radius R'I+1/2(fm) of first nuclide
{see Eqg. 16) .

" 31 - 40 Initial uncertainty+) of R'I+1/2'

" 41 - 50 Threshold EI+1/2 (kev) for first inelastic
channel, first isotope, compound spin
I+1/2 (see text below Eqg. 10).

5th Card (Resonance Card)

Columns 1 - 10 Resonance energy Eo (kev), lab system,
" 11 - 20 Initial uncertainty+) of E v
" 21 - 30 Neutron width r, (kev),
" 31 = 40 Initial uncertainly+) of Eo’
" 41 = 50 Partial width for inelastic scattering
Pn, (keV) with the sign of Yo¥n! (see text
after Eq. 10),
" 51 = 60 Initial uncertainty+) of T
" 61 - 70 Radiation width PY (kev) .
" 71 - 75 Initial uncertainty+) of Ty.

nll

+)

The preceding parameter is kept constant if the uncertainty
is zero, otherwise it is adjusteéd.
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Columns 76 - 80 Detection efficiency € ('see Eq. 65 where
this quantity is denoted by Eix)' may
include gamma ray absorption, gamma
spectrum fraction above detector threshold,

intrinsic detector efficiency etc.

As a rule the smallest partial width should be varied (if

necessary), otherwise convergence may be bad.

A similar "resonance card" follows for each s-wave resonance
with spin I+1/2 belonging to the first isotope. If this isotope
has non-zero ground state spin, s-wave neutrons can excite

also resonances with spin I-1/2. For this second possible
compound spin a similar set of cards must be prepared,
consisting - of at least a "potential-scattering card" and
optionally a number of "resonance cards". If, for a given
isotope and compound spin, no "resonance cards" are en-
countered, only the potential-scattering cross section is

calculated.
So-called p-,d-,... wave levels, i.e. resonances which can
only be excited by neutrons with 1>1, 1>2,..., must be

treated as levels of additional (pseudo-) isotopes, with
vanishing s-wave scattering (SJ=R’J=O). For each occurring
spin factor 93 there must be one pseudo-isotope, with I
(ground state spin quantum number) set equal to zero and

the abundance set equal to 952 (a: true abundance). In Sect. 4
below this is illustrated for p- and d-wave levels of 56Fe+n
(gJ=1,2 and 3). For most levels with 1>1, however, spins are
unknown and only the combination gJPnFY/F can be estimated
from the capture data. One must then use average values for
97 and FY to calculate the corresponding Fn and use these
figures = as input (see the example in Sect. 4). This is quite
adequate if self-shielding and (multiple) scattering are un-
important (naT<<1) or dominated by s-wave scattering

(0T1<<oTo + Eq. 27). In this case the capture yields depend
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mainly on gJPnPY/P, i.e. on the "unshielded" resonance area.

For thick samples and relatively small s-wave cross sections,
however, it can make a difference whether a resonance with given
peak area 1s treated as narrow and high (large gJ) or as

broad and low (small gJ).

If the capture sample contains other isoﬁopes (sample impurities,
oxygen in oxides, hydrogen in adsorbed moisture. etc.) com-
pletely analogous input cards must be prepared for each nuclide:
an "isotope card" followed by a "potential-scattering card"

plus "resonance cards" (optional) for I+1/2, then for I-1/2

if I>0. Up to ten isotopes and pseudo-isotopes can be handled.

The cards specifying the cross section parameters are followed
by other cards carrying information for up to five time-of-
flight runs. For each run one needs a "sample card", a
"time-of-flight card", "capture yield data cards" and one
blank card:

Sample Card

Columns 1 = 10 Sample thicknéss n (atoms/b), i.e. total
number of sample atoms per barn.
11 - 20 ‘Sample radius r (atoms/b), see Eg. 55.

Time-of-flight Card

Columns 1 10 Flight path L (m), to mid-plane of sample.

" 11 - 20 Sample thickness AL (m), see Eq. 67.

" 21 - 30 Full width at half maximum of gamma peak,

At (ns), see Egqg. 67.

" 31 - 40 maximum number No of Monte Carlo multiple-
collision event simulations per energy point,
see Eg. 73. ‘

" 41 - 50 Time shift (ns) to correct for small
time-zero channel differences between

time-of-flight runs (can usually be left blank).
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Capture Yield Card

Columns 1 10 Energy Ei (keV)

11 = 20 Capture yield divided by sample "thickness",
ny/n (b).

21 - 30 Uncertainty qu/n (b) .

31 - 40 Energy Ei+1 (keV) .

41 - 50 Capture yield divided by sample "thickness",
ni+1/n (by.

51 - 60 Uncertainty 61k+1/n (b) .

Thus two data points including their uncertainties can be put
on each "capture yield card". Up to 512 experimental points
(total for all TOF runs) can be simultaneously fitted. It is

to be noted that energies are given explicitly, i.e. regularity
or equidistance on a time-of-flight scale is not required

(in contrast to the FANAL code, Ref. 2). Pairs of data points
not to be used for the fit can thus be taken out quite easily.

The last capture yield card from a given time-of-flight run
(which may contain a single data point) must be followed by
a blank card. Two blank cards signal the end of the whole
input.

Input for other calculations may follow, i.e. problems can
be stacked.

In addition to the card input there are a few quantities
which are specified by DATA or other statements in the program:

- the adjustment reduction factor FUDGE in subroutine ADJ
({DATA statement),

- the ratio of beam radius to sample radius, EDGE, in
subroutine MUY (DATA statement),

- the minimum number of first collisions per grid energy
in subroutine MUY (card no. 11830).

- The constants A,B,C in subroutine CHISQ4 refer to 4
degrees of freedom as explained on comment cards in
CHISQ4.
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3.3 Output description

The output consists of print-out and plots.

The print-out shows first the contents of "title", "isotope",
"potential-scattering", "resonance" and "time-of-flight" cards
and some additional derived information such as compound spins.
This is followed by tables of measured and calculated capture
cross section data (observed yields divided by sample "thickness"
y/n and capture cross sections oY). These quantities are cal-
culated for the sample composition and include detector
efficiencies.Subsequently the values of the squared-error sum

x2 and of Gauss' error adjustment factor x2/(N-M) are printed
(N: number of data prints, M: number of adjusted parameters).

For a good fit the error adjustment factor should be close to 1.

Ater that one gets a table with the adjusted and constant
parameters and their uncertainties. The latter are the square
roots of the corresponding diagonal elements of the covariance
matrix, multiplied by the error adjustment factor. The co-
variance matrix elements result from the experimental uncer-
tainties by normal error propagation (in linear approximation),
the error adjustment factor characterizes the goodness of the fit.

If the maximum number of iterative steps exceeds 1 a similar
printout (yield table plus improved parameters) is obtained

for each completed step. If the number is set equal to 1 the
cross section of the pure first isotope 1is also calculated.

In this way the code can be used to generate and plot Doppler-
broadened cross sections corrected for all experimental effects
such as sample impuritieé, instrumental resolution, detector
efficiency, self-shielding, and multiple scattering.
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For each iterative step a plot is produced which contains all
experimental points and their error bars together with the cal-
culated values in curve form. The text of the title card
appears under each plot. If only one iteration is requested a
second plot is obtained showing the Doppler-broadened capture
cross section of the pure first isotope.

For the last set of parameters neither capture yield nor X2
values are calculated, printed or plotted. If the convergence
criterion, Eq. 3, with reasonably chosen € is satisfied there
should be no significant change with respect to the preceding
step.

4. Example

Fig. 4 shows the input cards for a realistic fitting problem
which illustrates most features of FANAC:

Data from two measurements, taken with the same Fe203 sample
enriched to 99.7 % 56Fe but with slightly different resolution,
were to be analyzed between 21.6 and 41.1 keV (for experimental
details see Ref. 3, 14) . The range of explicitly treated 56Fe—
resonances with 1=0 (including a subthreshold level at -3.9 keV)
was taken as -6 to 100 keV, the effective temperature as 300 K

and the convergence threshold ( € in Eg. 3) as 3 %.

The cards for s-wave levels are followed by those for narrow
resonances with 1>1 which are represented as levels of three
fictitious isotopes with target spin zero and abundance of
0.997 = 99.7 % (for gJ=1), 2:0.997 = 1.994 (for gJ=2) and
3:0.997 = 2,991 (for gJ=3), as explained in the input des-
cription (Sect. 3.2) . Potential scattering for 1l=1 is re-
presented by an effective nuclear radius of 5.4 fm of the
first fictitious isotope.
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The only important impurity was oxygen. Its smooth cross section
is specified by a potential-scattering card without resonance
cards following. Its relative abundance is 1.5 corresponding

to the stoichiometric ratio in Fe203. This means that the
sample thickness must be given in Fe-atoms per barn. Alter-
natively one could have given the total number of all (iron

and oxygen)nuclel per barn in the sample along with relative

abundances of (2/5)~O.997-gJ for 56Fe and 3/5 for oxygen.

Sample, run and capture yield cards for the utilized two
time-of-flight runs follow.

Fig. 5-7 show the cross section parameter input and the tables
with measured and calculated yields and cross sections (in-
clusive of detector efficiencies) as they are printed by the
computer.Fig.8 shows the corresponding plots. Convergence, i.e.
less than 5 % variation of xz, was formally reached after four
iterations. The final value vx“/(M-N) = 1.288 is close enough
to unity to indicate that input data, input errors and mathe-
matical model (cross section formalism, multiple-collision
treatment, resolution function) are reasonably consistent

with each other. A slightly better x2 might be achieved with

a more exact resolution function, but no significant change in
resonance parameters is expected.

A few words on input preparation may be appropriate.

First estimates of the resonance energies were obtained directly
from the capture data by inspection. The starting value for the
radiation width of the broad s-wave resonance near 27.6 keV

was taken from the "barn book" (Ref. 15). The peak area para-
meters ngnPy/P of the ﬁarrow levels were estimated from the
data by equating the observed peak areas to the theoretical
thin-sample expression,

T
a
o8 ¢ J& - 3¢ 2mx? 9y -2t (82)
in n
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where the sum extends over the peak, SE is the spacing of the
data points near the peak, Xz is calculated at resonance and
the other symbols have the same meaning as before (a: abundance,
€: detection efficiency for the resonance). From a Bayesi&n

analysis of available values of gJP

oy ’ gJF' and gJPnPY/F for

Fe+n the radiation widths for p- agd d- wave resonances were
known to be close to 0.33 and 0.6 eV, respectively. The same
type of analysis was used to select spins and parities by
Monte Carlo sampling. The resulting 97 and FY were then used
to calculate the input values of Fn from the estimated ngnry/r.
For each observed resonance the smaller of the two partial widths
was adjusted. The efficiency factors assigned to individual
resonances were estimated from observed capture gamma ray.
spectra. They also include an estimated correction for quasi-
prompt capture of resonance-scattered neutrons in the immediate
vicinity of the sample (cf.Refs. 3,10). |

The print-out shows that the temperature was raised artifi-
cially to 6368 K in order to avoid difficulties with the
equidistant internal energy grid as explained in Sect. 3.1
(subroutine PRY). One can treat the narrow resonances se-
parately to avoid or at least reduce this automatic temperature
change. Taking for example only the data between 22.1 and 23.2
kev, i.e. analyzing only the peak near 22.75 keV, one gets a
much smaller change to only 1171 K. Nevertheless, the resulting
gJFnry/P is essentially unchanged.

A similar insensitivity exists with respect to the correct
spin factor: if all spin factors are set equal to 1 (i.e.
all narrow levels are assigned to the same fictitious isotope
with a = 0.997) the results are essentially unchanged. The

reason is the same as before: In our example s-wave scattering
56 16
of

Fe and O predominates even near the peaks of the narrow
levels. Therefore changes in gy Or in the temperature, which

otherwise would affect the peak area through the beam-attenuation
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factor (1—exp(—noT) /(an), have no great influence. In other
cases, however, where s-wave scattering does not predominate,
spin and (unless ['<<A) temperature effects may be important.

Multiple-collision contributions in this example are seen to
be of the order of few percent near the peaks of the narrow
resonances but quite substantial near the broad peak near
27.6 keV and in the valleys between resonances.

The CPU time for the whole job ( 3 iterations, 12 adjusted
parameters, a maximum of 30 Monte Carlo multiple-collision
event simulations per grid point) was 3 min !9 sec on an
IBM/370-168 computer. The memory space required was 476 k bytes.
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Figure 1.
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Neutron directions ©, Q2 (before and after collision, resp.)
and angles £, 1, ¥, ¢, and their positions relative to the
laboratory system (x,y, z) and to the system S'" (x'", y'', z''),
in which 3 has the coordinates (0, 0, 1).
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Figure 2. Two-step rotation of a vector from the position (0, 0, 1)
into the position (sinf cos?m, sin{ sinm, cos C).



—46_
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CONE CHISQ4
CHOBAN SIMP
ADJ
KEV

pext

YPLOT &= PLOTA
PAROUT

Fig. 3 FANAC program structure
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FE-56{N;GAMMA}y 0,009924 FE-ATo/By FAMAC TEST PROBLENs 1145478

EXPLICIT-RESONANCE RANGE: ~1004000 ocen 100,000 KEV

EFFECTIVE TEMPERATURE 3050 KELVIN
HAXIMUM TOLERABLE CHI*#2 CHANGE: 040500 {RELATIVE)
MAX s NUMBER OF ITERATIVE STEPS: Se

MHENT. SAMPLE SAMPLE FL IGHT SAMPLE CHANNEL FWHM MONTE TIHE SHIFTY
N0 THYCKNESS RADTUS PATH THICKNESS HWIDTH GAMMA PEAK CARLD CORRECTION
(NUCLEI/B} (NUCLEI/B} (M) M) {NS} (NS) HISTORIES (NS)
1 9e924E-03 14200E-01 2405G0 0.0070 24002 T000 30. Oal
2 94924E-03 1+200E-01 240500 0.0070 24000 54500 30, Ge0
CROSS SECTION
=z = =
ABUN~ ATOMIC TARGET P-WAVE COMP.  S-WAVE S-WAVE INE L. RESONANCE PARTIAL WIDTHS FOR DETECTe.
DANCE WETGHT SPIN RADIUS SPIN STRENGTH RADIUS THRESH,. ENERGY ELoSCATT. INEL «SCATTW CAPTURE EFFIC.
(FM} FUNCTION (FM) {KEV) (KEV) {KEV) (KEV) {KEV
JUNCERT, /UNCERT 4 JUNCERT. /UNCERTW /UNCERT » /UNCERT »
069970 5640 0.0 Ce0 05 24500604 6e100 0,0 -3.900 54200E-01 Ca0 14300E-03 0970
040 0.0 *040 040 0«0 0.0
27700 1e400E+00 0.0 1+450E-03 0.970
1.000 0.0 0.0 0+100E+0L
73.980 544005-C1 040 £ «300E-04 04,930
0.0 0.0 0.0 Cal
83,650 1,300E+00 0.0 5.000€-04 04970
040 040 040 040
0.9970 S6eu 0.0 54400 0% 0.0 0.0 0e0 : 36 0600 3.000E-03 0.0 3.300E-04 0830
0s0 040 1.000 0.0 0.0 0el00E+0Y
19940 5640 040 040 [T G0 O.b 0.0 344100 1.000E-03 0.0 3e300E-04 0.870
0.0 00 1000 G0 0«0 0e100E+0]
364300 12300E-04 00 64000E~04 0850
14000 0+100E401 Ca0 0.0
2499.0 5640 C 0 [y 045 0.0 0.0 0.0 224800 T«000£-05 0.0 64000E-04 G870
0e0 0.0 1,000 0s4100E+GL 040 040
244500 1c000E~05 040 64000E-04 0.870
1.000 0e100E+01L 0.0 a0
1.5000 640 040 5300 OuF €0 5¢3. 60524000
0.0 0.0

EFFECTIVE TEMSERATURE ¢ 8249, DEG KELVIN,
RESULTING DNPPLER WIDTH: 314133 EV AT 19.092 KEV

Fig. 5 - Beginning of FANAC print-out: content of input cards
excepting capture yields. The last two lines are a warning
that the effective temperature was raised artificially in
order to reduce the number of internal grid points (see text).




ITERATION STEP 1, TIHE-DF-FLIGHT RUN NO, 1
SAMPLE THICKNESSI 9,924E-03 NUCLET/B
ATH * 2.050E400 H

FLIGHT P,
NEUTRCH  KEASIRED CALCULATED  FROM KULT.  CALCULATED
EHERGY YIELD-0V BR -THICKNES S VALUES COLLISIONS  CROSS SECTION
tKEV) (MILLT-B ARN) (HILLI-BARNY (PERCENT)  (KILLI-BARN}
2 1237 04820 10,747 +
x 04837 10,374 s
i 04838 e
I 04857 t
x 04850 e
: 0,902 12
3 04906 *
ES 0,922 1
e 04946 rs
x 04961 ry
1 01984 re
ES 14014 *
: 14033 t
1 1,033 Iy
E3 14053 Ky
+ 107" 54 3
1 S
E3 E)
9%
B
'
Lo 0184
L1639 04575 .
x 15.628 04548 3
3 4a004 25849 10306 3
PN 40,961 1324868 3
E3 42738 474858 0,757 &
2 3,058 6516 0ot51 2
x 2ebb7 3,719 0ad53 ¢
r 2u527 4e220 04355 &
E3 2e722 54394 04382 2
T 2.890 7,852 04408 &
56 3 34072 13,416 04403
T 3908 224841 500482 &
5 3 5384 324941 457 3
29,836 2 3,700 200773 04301 ¥
K33 % 20423 3,091 0321 ¢
30667 4 2032 2,617 04345 3
A 24438 24029 0,326 &
K3 24362 1a664 04254 &
T 2410 1274 04247 &
3 24293 1152 04225 &
24209 1,093 0,236 3
1 20250 0,959 00231 &
E 1.500 0739 04233 ¢
3 s 24202 Ca54% 0422k &
E3 2,17% 04437 De246 &
3 24165 ©a313 0.1 k3
2t 2,131 0,203 0.1M3 &
L 2.3, 04194 oulaz ¥
T 20093 0,193 04155 &
L2041 0,190 0163 3
1+ 2093 04186 00162 ¥
3 2088 02183 0eds3 3
EA 2,054 #2179 0e171 &

ITERATION STER 1, TIME-IF-FLIGHT RiN NO. 2
SAMPLE THICKNESSE 9.924E-03 NUCLEI/R
FLIGHT PATH 4 2,050F400 H

NEUTRIN  MEASLRED CALCULATED  FROM WULT.  CALCULATE

3
ENERGY YIELD-DVER-THICKNESS VALUES COLLISIONS  CROSS SECTION
IKEVY (RILLY-AARM) (HILLI-PARN)} [PERCENT} THILLI-BARN)
19,069 4 1en 0,822 104240 04743 &
1 17,205 0,825 10,070 0 1T 3
1 1073 0,342 94962 0,750 &
x T.207 04858 10,102 04099 2
T Tw3e 0,922 9,936 0,859 &
1+ 64998 0,949 18,162 0,862 ¢
3 4920 944 10,362 0.856 &
T save 0,942 10,167 04879 3
Lt 6549 04930 94886 0.8°7 &
T 8,153 0,925 94729 04876 1
1 6,099 0,952 9,553 0,903 3
B 1 8,645 04057 9,063 1011 &
1 ea642 1,008 8,299 1,022 %
T buTs 05 74047 6,975 &
L 8580 1,008 Ba124 0,981 ¢
2 bk 1,020 8,718 1034 3
I beken 1.071 94083 1055 ¢
1 6,762 14122 94011 Laen
o821 1.137 9,132
T be228 :
2 b1k
v heans

_eues &
04623 3

00621 3

- 0,532 &
& 3lew 0,953 &
3 5w09 342,833 3
Ky ba851 02929 2
2080 04469 3
* 1,758 0e457 2
T Lol 04481 3
k3 1,769 04363 &
E3 o916 04389 2
s 24593 04300 &
E2 4309 14209 2
6% 5.m 20024 2
ES 36195 ¢304 &
I l.ee 04329 &
3 1a660 04303 3
L) 04295 &
T 1ees 0308 3
4 3 1665 Qo244 3
E3 1a589 04246 2
2 140 0,267 2
+ 1esln 04230 3
3 1,590 06245 &
T 1524 04227 3
14403 0,222 &
5+ Llusl 00170 &
3 LwTs 0al67 2
K2 1500 04150 ¢
21T 0.145 2
s 1519 04162 3
T lass 0,71 3
* Yos57 0el93 &
* 2

424913

14408 0,187 16,021 04160

CHI SQAREDY 141038403
ERRDR ADJUSTMENT FACTGRS 14801400
ITERATION STEP: 1

Print-out of measured and calculated apparent capture cross
sections (capture yields divided by sample thickness) and

true capture cross section for the first iterative step, i. e.
prior to parameter adjustment. The last lines show x2 and

the error adjustment factor vx2/(I-M), Eq. 76.



CROSS SECT

ION PARAMETERS:

ABUN- A
DANCE W

0.,9970

09970

19940

209910

15000

CONVERGENC

Fig., 7 -

TOMIC TARGET P-WAVE COMP. S—WAVE S—WAVE INEL« RESONANCE PARTIAL WIDTHS FOR DETECT.
EIGHT SPIN RADIUS SPIN STRENGTH RADIUS THRESH. ENERGY ELoSCATTS INEL .SCATT . CAPTURE EFFICe
(FM} FUNCTION (FM} {KEV) {KEV)} (KEV) {(KEV} {KEV)
/UNCERTo /UNCERT » /UNCERTs /UNCERT» /UNCERT » JUNCERT o
560 0.0 G0 0e5 29500E-04 6,100 00 ~3 6900 50200E-01 0C 1.300E-03 0970
0e0 0.0 0.0 0.0 0.0 000
2T.478 1.400E+Q0 00 }.224E-03 0970
00038 0.0 0.0 004 14E~04
73980 56400E-0L 0.0 6+300E~04 0,930
0.0 00 0.0 0.0
83650 1+300E+00 00 5 +000E~04 0970
0.0 Ce0 0,0 000
5660 0«0 5« 400 0.5 Go0 O.C 0.0 366641 30,000E-03 0.0 36366E-04 0830
Ce0 0.0 G008 00 00 0‘2225‘0‘}
56eC 0.0 0eC 0e5 00 00 0.0 340118 1,000E-023 0.0 3,795E~-04 0870
0.0 00 02006 Ca0 00 00238BE-04
382278 28349E-04 0.0 60000E~04 0850
0.007 0e185E-04 0.0 0.0
5660 040  GoO 0.5 Qo0 GeC 0e0 22754 6eT05E-05 000 6 -000E-04 0870
Cel 0eC 0,005 Oe461E-05 0.0 00
240488 Te365E-C6 0.0 6 .000E~04 0870
0.037 0.207E-05 0.0 0.0
1660 C o0 5300 065 0.0 53 60510988
Ce0 000
E AFTER 3 ITERATION(S)»

Print-out of final parameters after convergence has been declared. It should be noticed that for the
narrow resonances (with £ > 1, members of level sequences with zero s-wave radius) only the product
anF /T (with g absorbed in the abundance as far as input is concerned) is meaningful, not Fn or T
sepa%ately. Y
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FORTRAN IV G1
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OO0 000000000 OO0 O00O00nOO00000000000N00

ZeC MATIHN
FANAD » MAIM PROGRAM

NOTE T NON-KFK USTRS

PLOTAIX, YoMy NT o NP o Hy T aNSe MRy XMAX g XMIN $ SX o YMAX 5 YMIN, SY, ToXT, L0}

IS A STANPARD PLOTTER
WHICH MUST B: EPLACE
ELSEWHERZ  THE ARGUML

RANDU{IX, IY,RANDCM) ©
IS A RANDOM-MUMARTR GE
VARTATE VALUES UNIFOR
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FANAC SUMMARY:

VERSION H
PROGRAMMING LANGUAGE:
PURPLSE H
M ETHOD :
FORMALISM H
CURRECTIGNS H
DOCUMENTATICN H

SURSCRIPT CONVEINTIONS

I (MaX. C) LABELS
Jo(MaX . 2] vt
K (MAX = 204E8) ve
L (MAX. 4g) v
M {MAX e 2C0) vy
N (MaX o 5) ve

HOTE: #OR ®ACH SAMPLE
LOISUTeLPE WITH MiNZER

DATE = 73179 WT/21 /24

SUBRCUTINE IN USE AT KFK (KARLSRUHEZ)
D BY AN EQUIVALGENT PLOTTER PACKAGE
NTS ARE EXPLAINED IN SURRCUTINE YPLOT.

MPLOYED IM SURRDUTINE MUY

NZIRATOR (TI24 SUBROUTINE) YIELDING

MLY DISTRIRBUTED IN THT INTERVAL € eee &
BY AN EQUIVALENT TF UNAVAILABLE.

NOVEMBER 1677

FORTRAN 1V

SHAPE ANALYSIS OF NEUTRON CAPTURE NATA
SXTRACTION OF RESCONANCE PARAMETERS.
CALCULATION NF TRUE CROSS SECTION.
STMULTANEQUS LTZAST-SQUARES FIT 10
SEVERAL 55TS OF TIME-DF-FLIGHT DATA
(TAKEN EsGa WITH DIFFFRENT SAMPLFES (R
FLIGHT PATHS) o

MULT I-LEVEL R-MATRIX FORMULA WITH

I EZLASTIC AND 1 INTZLASTIC NMEUTRUN
CHANNZL PER COMPNUND SPIN AND PARITY.
CAPTURE CHANNELS ARE ELIMINATED WITH
TEICHMANN-WIGNZR REDUCTION MEZTHOD
FOLLCWING REICH AND MOORE,

DOFPLER BROADENING IS AVFLIED OMLY TO
LEVEL SEGUENCES WITH ZERO S—-WAVE RADIUS
(P=yD=seeWAVE LEVELS) AS FANAC WAS
DEVELOPPED FOR STRUCTURAL MATERTALS

FOR WHICH DOPPLER SROADENING OF S—WAVE
LEVELS IS NEGLIGIBLE.

YIZLDS INCLURE SELF-SHIELDING AND
MULTIPLE-SCATTERING CORRECTIONS.
RESOLUTIUGN BROADENING WITH GAUSSIAN

TR CRI-SOUARE DISTRIDUTION IS FUOLDED IN.
AN EFFICIENCY FACTOR CAN EF APPLIED TO
EACH RESUONANCE TO TAKE ACCCUNMT OF GAMMA
SPZCTRUM FLUCTUATIONS,.

Fe Ha FROEHNER, REPORT KFK 2145 (i573)
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FORTRAN IV GI

0051

aqQoe
0003
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0014
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0018
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0020
0021
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6023
0c24
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0026
0027
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03029
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RELEAST
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et

ot

ZeC MAIN DATE = 77179 17/21/724

ANDy TF P—yD-euweWAVE LEVELS ARE PRESENT,

T ISCTOPE WITH ZERD S-WAVE RADIUS FOR NON-S-WAVE LEIVELS .
THE LATTSR ART® TREATED WITHOUT MULTI-LEVEL OR POTENTIAL/
RECONANCE INTERFERENCE o

THIS APPROXIMATION MAY FAIL AROVT 300-400 KEV.

COMMIN

IHI9GI 9Z114221,22224CHISQ,CHIS QY

SIeIXs JaIXCLE) pKXIB) s La LXILT92) s MaMAMN SN NX fKKXSMP(LE,2),MR(1L42),
ATITLE(2C) , 2T, EPSyELL,E2,TEFF,H(L11),AG(11), SPIN(LL),RP(1L),
45002 2)9CS (11 42) X (2C0)sDLX(200)4ES(11,2)9EFF(11,2,200),

SEP(S) yLLFP(5),TC(5),TB(S) 3 ZH(S ) 4EE(E2),Y(522},DLY(5.2),
OEXN(6) ¢ XR{6 )y TMXpAL(2CG) ¢ D(10)4CT(10,2)4CGILCZ) #MLyM2,MO,

TULE s MN#ST{Z048),DLST(Z048),DST(20)+56G(2048),DLSG{2048),05G(2n0),
BSCL2048),T(2042)sYY(Z048)sDYY(2C348,20)5ZZ(212)4Z(512),0Z{20)EFC,
SF(201),RF(2C1)

COMMON /ABC/ A{2C,201+8(2G,201,C(20)

DOUBLE PRECISTION A,8

COMMON/TL1/ SGIL(:2048),0LSGT1(2047)

COMPLEX HIJGIZ11,721,222,D711,D721,D222

CHISG=Co
CALL CARDIN
CALL INDZX
CALL CONTY
IZX=21IT

00 2z IZ=1,1Z
CHISNO=CHISY
CHISQ=0.
CALL MV
CALL CONE
CALL CHORAN(MA 3A,B)

CALL ADJ(TIZyMX 2MA»KX(NX) 3CHISQX,DLX46,C)
CALL Xzv

CALL YPLOT

CALL PAROUT

VCHISQ=((CHI3ZN-CHISQU) /CHISQ)**2

DPLCHS Q=SORT(VCHIZQ)

IF (DLCHSQe LT EPSIGO TO 3

WRITE (64300012

X

FORMAT(//" AFTER'5I3,' ITERATIUN(S) NO CONVERGENCE YETL'//)
2 CONTINUE

G0 T3 1

WRIT=(6,301)12

FORMAT(//7" CONVERGINCE AFTER',I3,' ITERATION(S)e'//)

G0 TO
END

Q0Q0E9s
GO06C0
CO06 L0
LGTezC
L0C6:C
COC6 50
COC&%C
C006&0
cOCsT0
20Céect
¢on 50
CoOCTCC
000710
oonTzo
[€aloy gany
CoC74C
000750
00760
COG770
coaTes
coe7eC
LGLece
C0GCeL0
cocgze
COCBZ0
C0Cg40
eQuesc
ceesee
cco870
cQesee
[S1eJel: 2]
CO0G6900C
CGO%LC
cQogzc
000930
G0CS40
0009E0
000960
LoC976
¢ot9ac
Q009%G
C0 .CGG
¢col01i0
01026
LGi02g
G0 L0040
COLO050



FORTRAN IV Gi

0301

0oz

0003
GOu4

005
[(Rnel)
Q007
[sJale}:]
0009
00lo
OGCil
oclz
0013
0lls
0015
ocisé
0017

ocis

0¢19
020
oozl
0022
0023
0024
o025
0Cc26
ocz7
0028
0cz9
cC30

RELCASE

aooOon

s XgReNaNe]

s NeNalal

2

zeQ MA IN DATE = 73179 17/72i/2¢

SUBROUTINE CARDIMN

CARDIN RTRADS THE INPUT FROM CARDS

SOMMAON

IHI 3 GL 9213972142209 TZ,CHISQ,CHISQD,

ZI9IXe daJX (L) g KXI5) sLs LX(TT92) gMaMASMX N GNX JKKXgMP(1752) MR ,2),
ATITLECZC)y ZITHEPS,EL4E2yTEFF,H(11)4AG(11), SPIN(IL),R2 (11},

46111, 2)5CS {15y 2)aX(200) 4DLX(Z00),ES(1142),EFF(11,24200),

SFP{S) sOLFP(5),TCIS )y TB(5) 4 ZH(5) yEE(512),Y(512),0LY(522),

EXN(E) yXR{6 )y THMXpAL(10)yD(10YsCT{20,2)4C5(1042)9sMLyM24M0,

TOLZ 9TMN,ST(2C048),DLST(2048),D0ST(2C) ,5G(2043),DLSG(2048),DSG (201},
8SC(2942),T{2045),YY{2048)sDYY(Z048,20)92Z(522)52(512)4D2(20),EFC,
SF(201)sRF(201)

DIMENSION TS(5)

COMPLEX MI GT921542214222,D211,0222,DZ22

I=0
N=0
MX=0
HI=(Jcye53)
GI=({Ceyls)
READ(54100,END=999)TITLE
FORMAT(2CA4)
WRIT=Z (6, 10L)TTTLE
FORMAT(IHL//30X,2044//77)
READ(5,1C2)F 9B 2+ TEFF,EPSLZIT
FORMAT(5210e5)
WRITE (&5 202)CL,EZ, TEFF,,EPSLZTT
FORMAT(//
1 EXPLICIT-RESONAMCE RANGE: *3FBa33s? eee’sFRBs3,% KEVY/
2% EFFECTIVE TEMPTRATURE: "sFSely? KELVIN®/
3 MAXIMUM TOLERAELE CHI**+2 CHANGE: ',Ffe4s® (RELATIVE)®'/
4' MAX o NUMBER OF ITcRATIVE STEPS: *,FEO)
I=1+1
READ ISNTLPE CARD (I-TH ISCTCRE)
H{I) 2 ABUNDANCE,
AGIT) ATOMIC WEIGHT,
SPIN{I}: TARGET SPIN,
RP(I) ¢ EFFZCTIVE RADIUS FOR P-WAVE SCATTERING (FM).
READ(SS1C4IH{T ) sAGIT )y SPIN(T)4KP(T)
FORMAT(4EL10LF)
GlIsl)=el¥{letla/(2a*SFIN(I)+1la)}
G{Is2)=1e-G(I,1)
IF(SPIN(T) sEQeDe)IX(I)=1
TE{SPIN(I) «GT a0} JX(I)=2
CS{I,1)=SPIN(TI)+a5
CS(I,Z)=SPIN(I)-:5
L=C
J=32
MN=MX+2
MX=MN+ 1
RTAL POTENTIAL-SCATTERING CART (I-TH ISCTCPE, J-TH SPIM)
X{MN) ¢ S-WAVE STRENGTH FUNCTICM,
DLXIMNY e INITIAL UNCERTAINTY DF X{MN),
X(MX} ¢ SFFICTIVE RABIUS FOR S~WAVE SCATTERING (FM),

TR

CoiceQ
CaLl0id
G0.0:0

co1CsC
COLInG
SO tie
G0L170
corizo
Lo lial
CQL15C
Co:léc
tellvc
G011€0
C0.5.90
G012G0O
C0L2.i0
CGLzzh
0012320
¢ciz&o
€0 250
coizec
coiz7o
GO L2E0
¢ecizeo
acisea
CO.L3:0
001320
001320
C01340
G0 1350
0013460
Co1370
C0:380
C01360
CO0L4CO
GO14LC
CClil4z0
001420
001440
CO 1450
COi4&0
G0 :470
€0 148G
CCi4sC
cersce
G015:C
6015:0
001550
C0154C
01550
Coi56¢
C0L570
Q015820
¢01520
COr6lC
[Ny
GoZ6 20

PAGE CCCL



FOGRTRAN IV Gl RELEASE Za0 CARDIN DATE = TBL79 17/21/724

C DLX(MX) s INITIAL UNCERTAINTY OF X(MX), COLEZT
C £S{I,J): 15T INELASTIC THRZSHOLD (XEV). G01640
c NITEs PUT INITIAL UNCERTAINTY =C, FOR FIXED, [SleRX3=30]
c >0e FOR ADNJUSTED PARAMETERS. Co.660
o311 READ(5,1C05) (X(M)yDLX (M) yM=MN4MX),ES(I,J) Co 1670
cc32 1C5 FURMAT(5FE1C.5) 00260
0033 4 L=L+1 L0L6%C
0G34 MN=MX+21 G017C0
0035 MX=MN+3 CG:7iC
c REAT RESONANCF CARD CoL720
c XI{MN} ¢ RESUNANCE ENERGY (KEV), CoL7:zC
c X{MN+1): NSUTRON WIDTH (KEV), GCL740
c X{MN+2): PARTIAL WIDTH FOR INELASTIC SCATTER (KEV) coi7sc
c X{MX} ¢ RADTATION WTDTH (KEV) CoTTe0
c PLX{M) @ INITIAL UNCERTAINTY CF X{M) GOL770
c FFF(T4Jd,L)2 CAPTURE NETECTION EFFICIENCY cei7a0
0036 READ( 54 ZG6 (X MYy DLX (M) M=MN,MX) 4 EFF(I,J,L) L0170
0037 106 FORMAT(7ELQeS,2E543) 0 .820
c CHECK CARD TYFE co1el0
cc38 IF(X{MX)sNEeZe) GO TG & 001820
GC39 IF(JaLT&JX{I)) GO TO 5 Lo 1830
0040 IF{DLX(MN) oGEsle) GO TOQ 6 Colg40
0041 CoO T0 7 0G1850
c LAST CARD WAS POTENTIAL-SCATTERING CARD 00 1860
0042 5 LX(I,Jd)=L~1 c0187C
0043 MX=MX -2 G018%80
0044 J=z 501850
0C45 ES{T, JI=X(MN+2) 601940
0046 L=C C019:0
[sXel0r 4 GO T0 « ¢0:9z0
c LAST CARD WAS TSOTOPE CARD 0019320
0048 & LX(I,d)=L-1 coigac
CCa9 MX=MX =4 Go19cC
0050 I=I+7 001960
0351 H{T) =X {MN) C0.97C
0052 AG(I} =DPLX(MN]} {01980
0053 SPIN(I)}=X({MN+1) €0 19%0
0054 PP(I) =DLX{MN+1) ¢02¢Ce
CQoss GO To 2 CCZ0L0
c LAST CARD WAS SAMPLE (ARD gozczt
C XN(N}: SAMPLT THICKNESS (NUCLEI/H) 602020
C XR{N): SAMPLZ= RADIUS (NUCLEI/B) G02040
0056 7 LX(I,Jd)=L-1 Lo2escC
00587 MX=MX =4 G0 2060
0058 IX=1I Coz0o7C
6059 N=H+1 00z0¢e0
0 Cs0 XN (N =X{MN) ' L020%C
0061 XR (N} =DLX(MN ) C0z160
Oce2 KH=C (g21:ic
c RTAD SPFCIFICAT IONS OF N-TH MEASUREMENT ¢oziz
c FPIN)Y 2 FLIGHT PATH (M) L0220
c DLFP (N} : SAMPLZT THICKNESS (M) GozlsC
C TCIN) ¢ CHANNZL WIDTH (NS) G0Z.EC
C TRAN) @ FWHM OF GAMMA PEAX (NS) 0o21eC
C ZH{N) @ NUMPER OF MONTE CARLO HISTORI®S PER ENERGY cgzisce
c TS{N) : TIMEZ SHIFT (NS) TO COMPENSATE ZERO-TIME ERRORS [s{e R
0063 12 READ(S,I07IFP (M) ZDULFP{NY s TCOH) o TE(H) 3 ZH{N) »TS(N) C02:%0

0064 107 FOGRMAT(6ELC5) CQ22C0



FORTRAN IV G1

0065
0066

0067
ccs8

0069
QC70
0071
0072
0073
CCT4
0075
0C76
0077
0078
0079
0080
00381

0082
0ce3

0C84
0085
0086
o037

0c88
0G89
0090
0091
00%2
G993
0094
0095
0096
0097
aces
0099
0100
G101

G102
0103

RE LEASE
Y
C
C
c
C
08
C
c
C
C

[aNeRu el

13

16
15
14

Li3

2eC CARDIN DATE = 72179 17/721/724
KN=KH+1
KH=KN+1
REAT DATA CARD
EF(K)} : FXPERIMENTAL ENERGY (KEV)
Y{K}) : EXPERIMENTAL YIELD
DLY(K): EXPERIMEINTAL YIDLD UNCERTAINTY (%)
READ(S5,108)(ZE(K)y Y(K)4DLY(K) yK=KN 4KH)
FORMAT(6E2Ce5)
WAS THIS LAST DATA CARD?
NOTE: LAST DATA CARD IS FOLLOWED 3Y A BLANK CARD (1 FOGR EACH
MZASUREMENT)s A 2ND BLANK CARD SIGNALS END OF PROPLEM,
TNPUT FOR ANOTHER PROBLEM MAY FOLLOW.

IF(DLY(KH) eNEo0e)GC TO 8
DO 9 K=KMN,KH
IF(DLY (K ) «NEaQe)}GG TO &
KX (N} =K-Z
GO TO .0
CONTINUE
IF(KX(N) «EQeKH=-2)GU TO 11
READ( 5,109 )DUMMY
FORMAT(E1IC.5)
N=N+1
READ(54120)XN (N)2XR(N)
FORMAT(2E10.5)
KH=KX (N-1}

=ND OF INPUT?
IF(XN (N} eGTaCo )Gl TO 12
NX=N-1

CALCULATE ABSULUTE c£RROR
KH=KX {(NX)
D0 13 K=1l,KH
DLY(K)=DLY (K)}*ABS{Y(K))*.01
CONTINUE

CHECK WHZTHER ALL CAPTURE EFFICI=NCIES ARE EQUAL
LL=C
EFC=]l.
DO 14 I=1,IX
JH=JX(1)
00 15 J=1l,JH
IFILX(I45J):EQeQ)GQ TO 15
LH=LX(I,J)
DO 16 L=lyLH
LL=LL+1
TF{LL ¢EQel)EFC=EFF(1sJy L)
IF(LL oGTel cANDGEFF(IsJsL)eMNEEFCIEFC=0,

CONTINUE
CONTINUE
CONTINUE
CORRECT TRUNCATION ERRORS OF ENERGIES AND PRINT MEASURED DATA
"WRITE RUM INFORMATICN
WRITE(6,113)
FORMAT(1HC///4ZH SPECIFICATIONS 0OF UTILIZED MEASUREMENTS: /
. 4 H =s=somossssmssssoo===ssoossosssso==s====== /// 126H
L MMENTS SAMPLE SAMPLE FLIGHT SAMPLE CHANMNEL
2 FWHM MONTE TIME SHIFT . /126H
2 Nl THICKNESS RADIUS PATH THICKNESS WIDTH

€022
00zzZ0
coz2zz¢
c0z240
02250
€0226¢C
€02270
c0z28C
C0zz%0
coz3ee
CC23:0
C0232¢C
G0Z3320
$02340C
C0z2=¢
G0226C
€02270
c0238C
€02390
G024C0
C024.0
G0 z420
C0Z420
C024e4C
062450
C0z460
C0247C
CO0z480
cgz4c0
Q2536
c02510
c0z2320
G0 2530
002540
002550
C02560
002570
cgz2580
Coz5<90
C0zé60G0
G260
cg2620C
002630
062640
002650
CC 2660
Co267C
GO z6t0
{02650
coz7oc
62726
CezZ7Z0
c0z274C
L0z75C
C0z2760
002770
CCZTeC
262790

PAGE GGO3
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FORTRAN

0104
0105
0106
c1o7

0108

0109
010

Clil
0112
0113
C1il4
0115
0316

IV Gl

RELEASE Z.0 CARDIN DATE = 73179 17721724
& G AMMA PEAK CARLQ CORRECTION /1 Z6H
5 (NUCLEI/B) (NUCLEI/B) (M} (M) {NS)
& (NS) HISTORIES (NS) /)

C
C

c

[0 51 N=1,NX

WRITE (69114)Ny XNIN) 9 XR{N)yFP(M) sDLFP(N) s TC(N) #TB (M5 ZH(N) »TS(N)

S COMTINUE

214 FORMATIIZ,,iPR16.Z41PTl2e390PFl0o63F126%4y7l0e39F126%29F124CyF12.3)
WRITE CRUSS SECTIGN PARAMETERS

CALL PARQUT

IF(IX aGT210eDReNX e CT 65 2R KX(NX ) +GTeSLZYARITE(69115) IX 9NX KX (NX)

115 FORMAT(IH //' TOD MUCH
T )
> '
IF (IX «GTe 101X
IF (NX «GT. SINX
IF (KX (HX) ¢ GT «512 KX (NX)
RETURN
999 STGP
END

I

0o

NPUT:z%®y I6, * ISOTOPES,*/
'y T6y ' MEASUREMENTS,'/
t, I6y * DATA POINTS.')
1

N D

528

Co28L0
Goz81G
02620
C0z2B3C
CozB4C
Go78:0
C0z860
00z370
ce28:C

"C0ZESC

Cozsoc
G0z9 C
0029520
0O Z93C
UQ294C
G0 2950
CG2960
CQz970
CO29£C
C0z9%0
COzZCCo

PAGE GGO%



FORTR AN iV 638

ocol

Gacz
0003
0Ccs

0Co5
0Co6
ooe7
onos
Gao9
Co10
0C11
0012
0013
0014
¢cl5
0016
0Cl7
0Cls
0019
0020
co2l
co022
0G23
0024
025
€026
0027
cGozs
ooz9
0030
0031
0032
0C33
6034
oe35
0036
0e37
¢ 038
0039
G040
Co0s4s
0042

RELEASE 2.0 MAIN

(e Rl

[aNeEeloNeleNeaEaNaNeNaNal

Pt

[}

[SUIR S RN

DATE = Tel17s 17/31/724

SURRQUTINE ETEC(REE,Y sOLYsFP,TS s KL yNX)

ETEC CORRECTS NONLINEARITIES OF THE TIME-OF-FLIGHT SCALE
CAUSED BY TO2 FEW DIGITS USET FOR THEZ INPUT ENZRGIZS
3Y A LINZAR LZAST-3QUARES FIT TO THE FLIGHT TIMES.
EF: ENERGIES (KFV}, FIRST TRUNCATD, THEN CUORRECT:=D
Yz CAPTURE YIELD DATA (B)
BLY :UNCERTAINTIES (B)
FP: FLIGHT PATH
TSz TIME SHIFT CORRECTION
KX: ARRAY BOUNDARIES FOR Y AND DLY
NX: NUMBER NF TTME-GF-FLIGHT RUNS

NIMENSION EE(S12)9Y(512)4DLY(512)4FP({3)4TS(5),KX(5)
WRITE (&, 100)
CO FORMAT(IHC//' INPUT DATA TN 3E FITTED:'/
1 1
Z2* TRUNCATED CAPTURE YIELD'/
3 ENERGY ENERGY CATA Ve
4 (KEV) (KEV) (3) ')
KH=0
0N 3 N=1,NX
KN=KH+1
KH=KX (N)
CG=TSIN)/(T2:3*FP(N)*SQKT{1000,))
WRITE(6,101)
01 FORMAT(IH /)
Ali=0.
Al2=0.
L22=0e
Ci =0,
cz =,
DO 1 K=KNyKH
FR=K
ETA=La/ SQRT(EZ(K))
AL1=A1l+1.
AL2=ALZ+FK
A2 2=A224FK%**Z
CL =Cl+zTaA
C2 =CZ2+zTA*FK
i CONTINUE
DET=ALI¥A22-AL2¥ALZ
Bll= A22/DET
P1le=Al2/DET
B22= ALL/DET
X1=BL1%C1l+B1Z*CZ+CO
X2=BLZ¥C1+722%C2
NG ¢ K=KNyoKH
F=K
YK=X1+FK*X2
EU=EE(K)
2 (K) =12/ YKH*e
WRITE(6,1C21EN,EE(K) Y (X} ,DLY(K)
FORMAT{FBe3yF 243 4F 266 32H+~4F846)
CONTINUE
CONTINUE
RETUR N
END

003010

L330:0
03020
0C2040
02050
C03060
GG3C7C
C03040
0020%0
GCO310C
coziic
03120
003i:z20
02140
IC2150
C031e0
CORXIT7C
003180
¢03190
Uo032¢C
00324
uC3220
002230
002240
003250
C02260
Gg3zee
003290
G033C0
002340
003220
003330
c0334¢C
G03350
C0322&0
003270
02350
¢C32¢C
G034C0
0034:C
CO3420
L0343C
C0344C
C034Z20
GO 3460
03470
Q0340
ccz45C
$0z5C0
G0351C
GC352¢0
CO0Z5%C
0032540
C0ZzZ5%C
00Z5¢0
0B3E7C
cC3s5eQ
CO2ES0

PAGE QCOLl



FGRTRAN IV G1 RELEASE

0C0o1l

0co2

0co3

0204
[s3e{01
G Co6

0Go7
GT8

0 C09
0cCl0
0011
001z
0013
0014
0215

0Cls

6Cl7
001is
QCle
0020

co21

ocz2
oc23
0024
0025
0026
¢e27
osz8
029
0030

[a el

[sNeNe]

29

»00

01

2

02

W

103

Zetl MAIN DATE = 78179 17/31/24

o
et

SUBRJIUTINE PAROUT
PARQUT PRINTS THE CRCSS SECTION PARAMETERS

COMMON

HI oGl 92379221 42224 1Z,CHISQ,CHISQO,

2T 3 IXs S IX(2L) o KX{S oL o LX(1152) pMyMASMXyNgNXgKKXMP (11, 2)sMR(11,52),
ATITLE(Z0)4ZIT,%PS,EL,E2,TEFF,H (21}, AG(L1), SPIN({LL1),RP(11)},
4G(21,2),C5(11,2)4X(2C0),DLX(20C),ES(21,2),EFF(11,2,20C),

5FP(5) 4BLFP(Z),TC(5)+sTBI5),ZH(5) ,EE(512),Y(512),0LY({512),

EXN(6) ¢ XR(6 )9 TMXs AL L10) 4D(1C) +CT(1042),CG(10,2) ,M14M2,M0,

TOLE s=MN ST (204 E)sDLST(2042),0ST{20)+SG(2048)+DLSG(2048)+0SG(20)
BSC{2048),T(2048),YY(2048),DYY(2048B,20),ZZ(512),Z(512)4DZ(2C),EFC,
9F(201),RF(201)

COMPLEX HILGI14217922L,4222,0211,D221,0222

MH=MX
WRITE(6499)

FORMAT(IHL//* CROSS SECTION PARAMETERS:'/

N ! —===rsS=ooo=s==o===m=zs=nzx /)

WRITZ(65100)

FORMAT( I27H  ABUN- ATOMIC TARGET P-WAVE COMPes S—WAVE
i S-WAVE INEL. RESUNANCE PARTIAL WIDTHS FCR
2 DETECT. /127H DANCE WEIGHT SPIN RADIUS SPIN STRENGTH
3 RADTIUS THRESHe ENERGY ELoSCATTS INELoSCATTe CAPTURE
4 EFFICs /127H (FM) FUNCTION
5 (EM) (KEV) (KEV) (KEV) (KEV) {KEV)
6 /i27TH /UNCERT.
7 JUNCERT o /UNCERTs /UNCERT» /UNCERT & /UNCERT.
8 /)

MX=0

DG 1 I=i,IX

J=1

IF(LX(I41).EQ-0)G0 TO 2z

MN=MX+"

MX=MN+5

WRITE(E 410 LIH{TI) »AG(T) 9 SPINI(I) sRPII)sCS(IyJ )y X(MN}9X(MN+1),ES(I,J)
SaXIMN+2) 3 X (MN+3) s X {MN44) 3 X (MX) s EFF{I9Jy1) (DLX(M) gM=MN,MX)
FORMAT(FTo%9FB8elsFTelsFFe3yFB8el9iPEL2a3,0PF8e3+9FFe33F12e3,1P3E12432
LyOPF3e3/29Xy212029F843,9XyF12a3,3E12.3/)

GO TO 3

MN=MX+3

MX=MN+1

WRITE(69202)H(T)2AGIT) ySPIN(I) yRP(I},CS{Iy1)sX{MN)eX(MX )HES(I,1)
LyDLX{MN}DLX(MX) )
FORMAT(FTe43FBsLlsFTe . 9F9239FBaiy PELZe23y0PFBe33FP42/39XyTS1l2e2:+F842
/)

GO 1O 4

IF(LX(IsJd)olEel)GO TO 4

LMX=LX(I,d)

DD 5 L=2Z,LMX

MN=MX+"

MX=M+3

WRITZ (&9 Z03) (X(M) o M=MN S MX) $FFF (T9JdaL )y (DLX (M) yM=MNyMX)

FOPMAT(68X 1F 12233 1P3E126390PF842/6RXF12343E1263/)

CONTIMUE

COzZ60CC

003610
003620
C336-0
CQ264C
603650
00326¢0
00367C
C036tC
CC3650
003700
GO37L0
CO3TZG0
£o375¢C
CG374C
C637s0
002760
CO377C
CCcarac
co37<C
U0ZBGO
o628 0
C032820
003830
403840
003850
003860
G03870
603880
0032830
002900
co291n
003920
C03292¢
003940
003550
0039¢0
00397C
CC3GED
03960
c04000
C04G.0
€04Gz0
C040Z0
CC4Cal
CC4050
Co4050
Q04070
G040sC
co0409Q
c041C0
004110
204120
C04230
004140
LG4LEG
00&1é0
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FORTRAN TV 61 RELEASE 2.0 PARQUT DATE = 78179 3T/3./24
0031 4 TFIJLECeJX(I))GO TO & 04110
0032 J=z G04130
0033 IF(LX(152)E0.0IG0 TC & CG4L50
0034 MN=MX + 2 0042.C
0035 MX=MN+5 0C421¢
0036 WRITZ(65104)CSH{T2) o X(MN) g X(MN+1) 4ES{T2) ¢ X{MN+2) s X {MN+3) ,X (MN+4), 00420
IXUMX) $ZFF(I3J9 1) s (DLXIM) $M=MN,MX) 004220
0037 104 FORMAT(31X3F8,193PFELl2e2,CPFB8c35F9e2,F 12035 1P3ELZo2,00F8e3/39XE0lc 00424
13¢F3:3,9XsF1l2.342E12:3/) 004250
0038 GG TO 3 0042¢0
639 & MN=MX+1 €04270
0040 MX=MN+ L U042820
0341 WRITZE(65205)CSII92 )X {MN) 3 X(MX) sES(I52) DLX(MN),DLX{MX) 004250
0042 05 FORMAT(ZIX4FG:19 PELZe3,0PFBa39F963/39X,512e3yFEL3/) 04300
0043 1 CONTINUE 00431C
G044 MX =MH C04220
0345 IF(IZ GTOIRETURN C04336
0C46 RETWRN 004340
0047 END 0C4350



FORTRAN IV Gl

o001l

0cc2

0003

GlG4
cocs
0G06
0007
0008
oG9
Q<10
0011
oCle2
0013
0014
0Cl5
0016
0cC17

¢Cls
0C19
cczo
0021

RELZASE 2.0 MATN DATE = 78179 17/21/24
c
C
SUBROUTINE INDEX
C
c TNDEX PROVIDES, FOR EACH ISOTOPE AND COMPOUND SPINs SUESCRIPTS
c STRUCTURING THE CROSS SECTION PARAMETER ARRAYS X AND DLX.
C MBE(TyJ) s BEGIN OF POTENTIAL-SCATTERING PARAMETERS,
C MR(I,J): BEGIN OF RESONANCE PARAMETERS
C FOR THE I-TH ISGVOPE AND THE J-TH COMPOUND SPIN,
c MX: TOTAL NUMBER DF PARAMETERS,
o Ma: NUMBER OF ADJUSTED PARAMETERS.
c

~
Z

COMMON

IHI+GI 92119221 ,22291Z,CHISQ,CHISQC,

21 IXs e dX(TL) sKX(5) sL o LX(TI9Z) g MypMA $MX g NaNXSKKXyMP (1L, 2)9 MR (1) ,2),
BTITLE(20) 21T EPSyEL19E2,TEFF9yH (L1} 4AG(LL), SPIN(1IL1) 4RP(L1),
46(:152)9CS(1142)9X(200)DLX(Z200),ES(LL1,2)sEFF(11,2,200),

SFP{5) yDLFP{S5),yTC(5) 3 TB(5) s ZH(5) yEE(5.2),Y(512),0LY(5.2),

6XN6) 4 XR(6) 9y TMXyAL(10) 4D{10)sCT(1CG42)4CG(1052)9sMLsM2,M0y

TDLE S MMeST(2048)4DLST(20481350ST(20) 3SG(2043),DLSG(2048),0SG(20),
BSC(2043),T(2C4B)sYY(2048)4DYY(2048,2C),2ZZ(512),Z2(512)9s0Z(20)4EFC,
SF(Z01),RF(201)

COMPLEX HISGI,Z' 42214222,DZ11,DZ2L,DZ22

MSUM= %

GO L I=1l,IX

JH=JX (I)

DO 1 J=1l.JH

MP { Iy J)=MSUM

MR{Ty J)=MSUM+2
MSUM=MR (I, J) +4*LX{I,J)
MX=MS UM-1

MA=0

0O 2 M=14MX
IF(DLX(M)aGT 0o )MA=MA+L
CONTINUE

IF(MX «GT 200 +0ReMAGGT ¢ 20IWRITE(£,12C) MX s MA

100 FORMAT(IH//% TOO MANY PARAMETERS:®,I6,' ALL TOGETHER,®/
v

” * 516y ADJUSTED ONES.')
TF(MX 2aGT2C0IMX=200
IF (MA «GTo Z0IMA= 20
RETWPN

END

LC0&3E0

04376
004270
004390
004406
C04410
004420
004430
00 444G
L04450
004460
C0447C
004480
£04490
£0450C
C04510
C04520
0045 30
004540
C0455¢C
004560
CO45T0
604560
004560
004660
CO4610
04626
004620
£C 4640
004650
C04660
004670
CO4670
00469C
CO&TCO
C0O4720
CO4T20
047320
00474C
G0 4750
004760
0470

PAGE CuO:



FORTRAN IV G1

0cCCl

09202

0003

004
G005
0cCo6
03C07
GCo8
0009
0C10
0Cll
oc12
003
CCle
0Cis
00lée
0C17
Q018
Ccal9
0020
Qo021
00622
0023
0G24
00625
0c26
0627

KELEASE

OO0

Zell MATN DATE = 78:79

SUSROUTINE MFV
MEV CONVERTS ENERGIES FROM KEV T3 MEV

COMMDN
IHI 9GY 923292229227+ 1Z5CHISQ,,CHISQD,

II9IXp JedXULl) s KX(5) gLy XTI Ly2) 9 MyMAZMX, N gNXyKKXsMP (119 )4 MR{LL,2),

BTITLE(Z20) s ZIT+EPSy 21452 TEFFLH(1L) 4 AG(L1),SPIN(1I1) 4RP(11),
4G(17192)9CSUL152)yX(Z2C0)sDLX(Z0C)4ES{L1s2)EFF(11,2,4200),
BFP(E) yULFP{3),TC(5) s TBIS5),ZHIS ) yEE(5L.2),Y(512)9DLY(51.2),
EXN{6) $XR(6 )y TMX9AL{LC) sD(LC),CT{10,2)4CG(10492)+4M1sM2,4,M0y

TOLESSMN,ST(2042),DLST(Z048)40ST(20),5G(2045):0LSG(2048),0SG(201),
8SC(2048),T{2045),YY(2048),DYY(2048,22)92Z(512)2Z{512)4DZ(2C),EFC,

SF(201)4RF(201)
COMPLEX HIGI,Z:7,212°.,222,D2%1,0D221,02722

IF(IZ-GT.1)GD TO 1
EI=E1%¥,001

E2=E2%*,001

DO 2 T=1,IX

JH=JX (1)

D0 2 J=1,JH
ES{I,J)=ES{I,J}*.CC1
IF(LX(I4J) cEQeC}IGO TO 2
MI=MR (I,J)}

M2=MR (I, ) +4%¥LX(1,J)=4

DO 2 M=MI,MZ,4
X(M)=X{M)*0CL
X{M+1)=SIGN(SQRT(«TTLIFABS{X{M+1))) 4 X(M+1)})
X(M+2)=SIGN(SQRT{«GOI*ABS(X(M+2))) s X(M+2))
X{M+3)=X{M+3 )% ,CCL ’
CORTTNUE

KH=KX (NX}

DO 3 K=1,KH

EE(K) =o0GI*¥EE(K)
IF(IZ 4T 0Qel)RETURN
EMN=ZMN*40C1

ODLE=DLE*.Q01

RETURN

END

004760

C04TSC
Cc048iL0
00 481G
0C4&z0
Q04520
04840
CO4EEC
CO4BGu
004870
GO 4BEC
0046%0
0490
G049 8
L0420
0420
004940
C0 495G
34900
04976
0049¢0
G0 499G
t05GC0
0050 .0
o35G :C
00S5C3ac
005040
COS0E0
00 5060
C05C70
CCROEC
0035C90
G05I00
GGo511cC
(05120
005120
C05:24C
C05150
CO21¢&0
Ces517¢C
CC51%0



FORTRAN IV G1

0001

0002

0co3

alCe
0Co5
0006
0007
0008
0Co9
GCio
COl1
02
0013
0014
0Gl5

RELEASF

(2R eNe]

(SR

2aC MA IN DATE = 78179 17721724

SUBROUTINE CONIJ
CORIJ YICLDS CONSTANTS FiR THE CROSS SECTION CALCULATIUN

COMMON

IHI G 2211422142274 1Z,CHISQ,CHISQO,

2T IXy J9JIX{1L) 4 KX(5) gLaLX{1132) s MyMASMX s NgNXSKKXsMP(1152) MR (11,2)
STITLE(SO) 9 ZIT s EPSeEL2EC,TEFFoH{LL)»AG(1I1)ySPIN(II)SRP(21),
4G(1192)4,CS(1292)9X{200)4DLX(Z200),ES(115,2)yEFF(11,2,2001},

EFP{5) yDLFP(5),TC(5)y TB(5)4ZH(5) 4cE(512),Y(512),DLY(512),

EXN(6) g XR{6 )y TMX9AL (13) 4D(10),CT(1042)+CG(1042) yML4M2,M0y
TOLESEMNLST(2048),DLST(2048),0DST(2C) +SG(2043),DLSG(2048),DSG(20),
8SC(2048),T(20483),YY(2048) ,0YY(2048,20),Z72(512),2(552),DZ(20),EFC,
9F (201),RF(201)

COMPLEX HI$GI1 4212922592224 0211,0721,4DZ22

DO 1 I=i,IX
AL(I)=Lot+1le/AG(I)
CO=HITI*AL(T)*%2
D(I)=SQRT(34468*TEFF/AG(I))*.0C0OCL
JH=JX(I)

0O 2 J=l,JH
CTII,J)}=CO*G(I,4J)
CG(IyJd)=e3%CT(Lsd)
CONTINUE

CONTINUE

RETURN

END

CC51%0

G052C0
CC5z10
CC52:0
(0EZ220
C0E240
005230
CC526C
cos5270
C05250
CGzzZ50
cGs53¢0
05310
{G53:C
CO533C
005340
005320
C05360
{05370
0C533C
0053<0
C054C0
005410
G0E420
C0E430
COE440
05450
CO0E460
u0547C

PAGE GO .



FORTRAN TV G1

cIiCL

0 G2

0003
Ga04
0005
[e]elo73
0007

ocos
Gr2e
co10
0011
CCiz

oel3

0014
GCl5
¢Cle

0017
0418

0019
00620

0021
oc22

0023
GC24
0025
0026
0G27

RELEASE

[aNaNel

oo

ao

28 ( MAIN DA

=3
m
]

78179 17/31/24

SUEROUTINE CONE
CONE YIZLDS THE COEFFICIENTS NOF THE NORMAL EQUATIONS

COMMON

IHT 3GI »Z11+722422241Z,CHISQ,CHISQ0O,

2T9IXsJadX(I1) s KX(S)gLpLX{1L92) g MeMASMXgNJNX KKXsMP {11y 2)yMR({2152)
ATITLE(Z0)9ZITyEPSy 51 sE24TEFF,H(11)9AG(11),SPIN(1L),RF(11),
45(1192)4CS{L1i,2).X(2C0),DLX(Z00),ES(LL+2),EFF(11425200),

SFP(5) sCLFP(5) s TCI5) s TE(S)yZH(5) »EE(S5.2),Y(512),DLY(5%2),

6XN(6) o XR(6 1y THX9AL{LCG) 9sD(LT) 3CT(1092) +CGILT42) #MLyMZ4MO,
TOLEsEMNSSTIZ2042),DLST(2048),DST(20) s56(2045),DLSG(Z2048),05G(201},
BSC(2048),T(2C4R),YY(2048),0YY(2048,20)4,Z2(522)4Z(522),0Z(2C)4EFCy
SF({201),RF(201)

COMMON /ABC/ A(Z2042C)4B(20,23),C(20)

DOUBLE PRECISTON A,B

COMMON/SEYCO/YS(2048)

COMPLEX HI$GI,ZL1L,7224222,0211,022L,D222

DIMENSION FS(201),0YC(201,20)

INITIALIZE
DO 1 M=1,MA
C{M)=0s
DO 1 MM=L1,MA
A(MyMM)=0,
KH=C
SEGIN LOOP CF MEASUREMENTS
DO 2 N=i,NX
GEYT PRIMARY, SEZCONDARY AND MULTIPLE-COLLISION YIELDS

CALL PRY
CALL SEY
CALL MUYy

CONSTANTS FQOR? RESOLUTION WIDTH
Vi=(DLFP(N}/FP{N)} )} %2/ _ o5
V2=(TB(N)/ (6T eZ39%FP(N)) ) *%2

WRITE TABLE HEADING
WRITE(69ZIC1IITIZyNeXNIN),FP(N)

101 FORMAT(':'//' ITRRATINN STEP",13,%y TIME-OF-FLIGHT RUN NCe',I13//

1181 SAMPLE THICKNESS:,.PT1043y9H NUCLEI/B /

Z18H FLIGHT PATH SylPElGe3,2H M /)

WRITE (6,102)

FORMAT(

1' NEUTRONM MEASURED CALCULATED FROM MULT. CALC
2ULATEDY/

3' ENERGY YIELD~OVER-THICKNESS VALUES COLLISIONS CROS
45 SECTIGN'/

5t (KzV) (MILL I-BARN] (MILLI-BARN) (PERCENT) (MIL

6LI~BARN)*/)

BEGIN ENERGY LDOP
KN=H+ 1
KH=KX (M)
DO 3 KK=KN,KH
XL=(ES (KK)—EMN)}/DLEF+ e
L=XL

ces450

00545C
COS5LC
Ces5510
005520
CG55ZEC
005540
005520
COEBED
C0557G
COE5L0
005590
C056CC
C0561C
05620
03630
C05640
(05650
¢056¢0
05670
0056%0
C056%0
C057006
CO057L0
La957:C
CO0573C
CO5T740
C0B75C
c057¢0
CO5T7C
LC5TeC
CO5730
0058¢C0
CoselC
C05820
G0583:0
C0E840
CO58E0
C05860
GQ5870
CO058E0
c058¢%0
Go5960C
C059%0
<0590
CO5930
c05940
CG 5920
405960
co597C
cos5980
C059%0
0060C0
CO6CLG
CO06CZC
L06030
C06C40
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FORTRAN IV G1

caoze
0029
0 C30
0631
0032
c(C33
0034
0035

G336
Q037
0038
0C39
0040
0041
€042
0043

0044
0045

0046

0c47

0c48
0049
0050
ocst
ogs2
053
0054

0055
0056

0057
0058
0 C59

0060
0Csl
062

0063
0064
0265
0 Q66

0C6e7
0068
069
cCc70
0071

RELEASE

et

[EU

w

Zel CONE GATE = 78179 17731724

DD=XL-FLL:AT(L) -
RW=%E (KK)*SQRT(VI+V2%EZ (KK))

QD=DLE/RW

KR=3,/0D

STL =ST(L) +DD*(IT(L+1) =3T(L)} )

SGL  =3G(L) +DD¥{SG(L+1) =SG(L) )
DLSGL=DLSG{L)+DD*(NLIG(L+1)-NLSG(L))

TL =T(L) +DD#F(T(L+1) ~T(L) )

SELF-SHIZLDING EFFICT ON MzAN PATH LENGTH IN SAMPLE
DELXL={Z2a/ (XMINI*STL)=(L++TL)/{Le=TL) }*OLFP (N} /FP (N)*EE(KK)/DLE
XL=XL+DELXL
L=XtL
DD=XL~-FLOAT(L)

IF(KR+L&GT «KKX )} KR=¥KXx~L
IF(KR «GTL 10D IWRITE(A,1NCITZ ,KR

FORMAT(IH I2,17H; ITYRATION, KR =,16,'READJUSTED TQ 100* )
IF (KR ¢GT el COIKR=1CC :
PREPARE INTEGRAMDS FMLR RESCOLUTICON BROADENING
K1=101-KR
K2=10 1+KR

IF(AG({1) aNE&565)

= CAL TGAUSS(QD,RF,.¥2Z)
IF(AGII)«EQe564)

> CALL CHISQ&4(QDsRF,XT)

D0 4 K=KL,K2
LK=L+K=-1Cl
FIK) =RF{K)*(YY(LK)+IN% (YY (LK+1)=YY(LK)}))
FS(K) =RFIK)*{YS{LK)+DDF (YS(LK+1)-YS(LK)))
DO & M=1,MA
DYCUK ¢y M)=RF(K)* (LYY (LK yM)+1DX(DYY(LK+1LyM)=DYY(LK,M)})
CUNTINUE
RESCLUTION BROADFNING:

CALL SIMP(F 4K1,XKZ,Z(KK})}
CALL SIMP(FS,,KL,KZ,2%)

LS=Z5/Z(KK)
Z(KKY =Z(KK }/XN{N)
ZDEV={Y(KK)=Z (KK)} /LY (K%)

RESOLUTION BROAD:MNING 0OF DERIVATIVES:
DO 5 M=1,MA

CALL SIMP(DYC{Z,4) 41,X2,0Z(M))

DZ (M) =DZ(MI/DLY (KK)/XN{M)
COEFFICIENTS OF TH™ NUORMAL EJUATIONS
C{M)=C(M)+DZ (M)*¥ZIDEV
CO 5 MM=1,M
A(MyMM)=A{MaMM) +RZ (M) %N7 {MM)
CHISR=CHISQ+ZDEV=*
PRINT TABLE TNTRY
WRITE(69i03)EE(KK) yY(KK)9yDLY(KK)$Z(KK)},ZSy SGL,DLSGL

FORMAT(T ®y3PFT7alyT “oiy! +PFRe2yFi3e552PFi34243PF130aZy" +",F8.3)

WRITE(65104)
FORMAT("+T ,10Xa" _ 9374, ")
CONTINUE

Co&0sC
Ceelat
CC6070
co&CcEe
Q06050
C061C0
Co61t0
606120
C06.30
606140
CO6150
o7 ¥-Yn4
G0617C
Goselec
Q061790
GCce2G0
C06210
006220
Coé220
c06240
006250
CCE6Z&0
ccez2veC
006280
0062¢0
0C6e300
C06310
CG&3Z0
C0e330
CC6340
co63:eQ
G06360
C0627C
cos3ccC
006390
00 64CC
006410
06420
CC&sazC
C06440
006450
006460
C0847C
L0643C
00 &4%C
0065G0
COESLC
v0652C
006520
06540
no65EC
C0&560
CC457C
CO&5E0
006545¢C
0066C0
C06610
C0&6:0
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FORTRAN IV G1 RELEASE 2.7 CONE DATE = 78181 11/3¢/14
C END OF ENERGY LOOP 066335
Jd72 2 CONTINUE JL664]
C END OF LOOP OF MEASUREMENTS C26655
0273 RETURN 26660
U074 END JC6ETL



FORTRAN IV 51

02

Q393
0324
Co05
2026

nNoo7
£308
GG09

G319
U011
2012
2013
Q014
3I15
[316
GJ17
918

€319
GG29
2321
Gv22
0023
0024
2025
2326
3827
2028
2329

D239
0031

RELEASE

a0

OOOOO0

OO0

22

2.2 HMATN DATE = 78131 11/36/14

SUBRQUTINE PRY

PRY YIELDS THE PRIMARY YIELD, ITS DERIVATIVES AND THE
TRANSMISSION

E: NEUTRON ENERGY

K: ENERGY-GRID LAGEL

COMMGN

1H1,G61,211,221,222,1Z,CHISG,CHISGG,

2IeIXpd s IXTLL) yKKL5) s LalLX{1192) 9 MyMA,MXyNyNXKKXsMP(1142) 4MR (1142}
STITLE(22) yZIT4EPSyELyE2,TEFF,HI11),AC(LL),SPIN(LL)4RP(11),
4GELL1,2)9CSU1L1,2)X(0200),DULX(230)4ES(1L,2)4,EFF(11,2,203),
SFP{5)sDLFP{5},TC{5)+,TB{5),ZH(5),EF(512),Y(512),0LY(512),

EXNIE) yAR16) 2 TMXHAL(12)»0013)9CTIL5,2),CG(10,2),M1,M2,M0,
TOLESEMN,STL2543),DLST(2548),D5T(25),56{2348),DLSG(2048),DSG(23)
8SC{2348),T(2248),YY{2348),DYY(2748,223),72Z{512),74512)+DZ(20),EFC,
GF{2C1},RF(221)

COMMCN /ABC/ A(20,201,0022,23),C(22)

DOUBLE PRECISION A,B

CCMMCON/I1/ SGIL{2248),ULSGILL2:483)

COMPLEX HI,6I1,7114221,722,0212,0221,8222

KH=KX{H)
KN=1
IF{NeGTo1IKN=KX{N-1)+1
cNERGY GRID
EMIN=EE(KN)
EMAX=EE (KH} :
V1=(DLFP(M)/FP(N}}**2/1,5
VZ2=1{T3(N) /(65 4259%FPIN)) ) *%%2
RWL=EMIN#SQIRT(VI+VY2*EMIN)
RW =EMAX*SQRT (VI+V2*EMAX)
ET=2.%ZMAX  =XR(N}*DLFP(N)/ (XNIN)®FF(N)) -
EMN=EMIN-3*RW1
EVMX=EMAX+3,#%RW +ET
IS VALIDITY INTERVAL WIDE ENQUGH?
IWARN=g
HINT=,5% {EMX-EMN}
EBAR=.5%{ EMX+EMN])
IF(ELLLELEBAR-HINT)IGO TN 22
TwARN=1
FI=EBAR-HINT
IF{E2.GELEBAR+HINTIGO TO 23 -
IWARN=1
E2=EBAR+HINT

23 TFUIWARNLEQ.1)WRITE(6,101)EL,E2

121 FORNMATL(///

1* WARNING: VALIDITY HANGE READJUSTEL,*'/

2¢ PARAMETERS ARE NOw VALID FROM',3PF3.3,' TLT'yZPFBL3, ' KEV'/)
TAKE INTLHENAL GRID INTERVAL (DLE) AS HALF THE SMALLEST CIPPLER
dIDTH. IF YORE THAN 2748 INTERNAL GRID POINTS RESULT, CR IF
MORE THAN 151 GRID POIMTS FALL WITHIN THRICE THE LARGEST
RESCLUTION WIDTH, THE DIPPLEZIR WIDTH (I. E. THE TEMPERATURE)
MUST 38E INCREASED.

DLCE=e 5¥D{1)=5QRT(EVIN)

DLZo=DLE

W3668L

2066453
2267932
30671
155723
006733
26740
326753
206763
CO6TTL
386730
016793
06803
336812
30682
206833
306843
056855
06865
396874
296882
236895
206933
506910
366923
©2693C
206943
TL695¢
23696
GU697G
236983
39599¢
ENYSED
J5T312
297023
STTC3T
307040
357959
337367
£37070
03TIBL
337992
IGTLST
207118
sn712%
L7139
627147

27158,

s2T162
T37178
JLT182
207197
JLT252
237215
217227
3072338
U724
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FORTRAN IV G1

9332
1333
1334
1335
J036
2537
NG38
DC39
D340
0241
3042
0043

2344

Y945
3046
047

2J48

0049
J959

3051
0352

0C¢53

0354
02355
N256
0357
2958
0359
0Q60
3061
G262
9063
2564

«J65
4066
(067
3268
J369
3C70
2071
2272
2073
ICT74
SC75
2376
2377
2078

RELTASE

O

1w

2

>

wm

3

2.7 PRY DATS = 73131 11/36/14

DLE1=3.%%4/1. .,

DLE2=(EMX-TNI}/2 4%,

DLE=AMAXLIDLTZ,DLEL,NLE2)

IF(CLZ.LE.DLEQIGO TU 2

AN=CLI/CLES

TEEF=TEFF=YN¥ £2

DO 1 I=1,IX

D{I)=D(I)=*3D

DW=CO1) $SQRTLENMIN )*1034907%.

EL{ 3D=EMIN=10L3.

WRITE(Sy15ITEFF, By 21507

FARMAT (2SHUEFFECTIVE TEMPERATURE  :,F7.0,13F

1/ 25H RESULTING DOPPLER WIDTH:,F7.3, 6H

KKX={EMX-EMN) /DLE+1. '
325 IN ENERGY LOOP

E=EwN-DLE

DO 11 K=1,KKX

E=£+DLE
CALCULATE CROSS SECTICGNS AND DERIVATIVES

CALL XSECTU(E,K)

TRANSMISSICN:
T{KI=EXP(~XNIN) *ST(K))
PRINMARY YIELD:
YY{K)={1s-T{K)}*SG(K}/ST(K)
DERIVATIVES:
DN 2 M=1,MA
DYY (K, M)=YY{K)={NSG{H4)/SG(K)=DSTI{M) /ST(K})
1 XN AN} ESGIK) =T (L) *DSTIM}/ST (K}
CONTINUE
CALCULATE CRNSS SECTIGN ERRORS
V3T=).
VEG=J.
IF(IZ.2Q.1)1G0 TC 5
NJ 5 MM=],MA
N 4 ML=1,MA
VST=VSTHDST (MM) #B (MM, ML} *DST(ML)
VSG=VSG+DSG(MM)*B (MM, ML) XDSG( ML)
CONTINUE
CCNTINUE
DLST(K)=SQRT(VST)
DLSG(K)}=SQRT(VSG)
TREAT FIRST ISOTIPE SEPARATELY
V5GIl=".
IFIIZ.EQ.1)GD T 12
IH=]
IFIF{2)ecQeHIL))IH=2
JH=JX{IF)
MXL=MR(TH, JH) #4x{ X {IH,JH) -1
MAL=)
00 7 M=1,MX1
IF(DLX{M)aGTav, JHAL=MAL+]
CUNTINUE
DG ¢ 4mM=1,MaAl
D0 § ML=1,MAl
VSGTI=VSGIL+NSG (MM ) =3 (MM, ML)=DSG(ML)
CONTINUE

DEG. KELVIN,
EV AT,F9,3,4H KEV/}

J37253

LeT2172
327285
sL7297
JTT300
297313
337325
127333
227344
L2735z
LTT260
J39737¢C
£497384
D0T395
337458
207412
207423
387433
367440
SLET45L
33746%L
GLT47¢
C07480
29745%
ACTBCO
367518
05752C
075390
2375490
007552
Ui7T563
397573
237587
537593
$037604
SCT612
367624
L7633
J2T642
3uT7650
4276638
3CT67D
20768y
J0769%
SDTTDS
SIZT771)
3C772)
<7738
I TT435
w2 T75L
237768
DITTTS
G6T78%
JST798
3078035
3781)
057828

PAGE Suu2



FORTRAN IV G1

VITY
aree
¢381
J3d82
(L83

RELEASFE 2.3 PRY

CONTINUE _
DLSGILI(K)=SCRT(VSGI1)/H(L)
CONTINUE

RETULRN

END

—
Ll RN )

DATE = 78181 11/3¢€/14

i7783J%
24784C
227850
3TT8EL
227872

PAGE 3023



FORTRAN IV Gl

sdal

DJ3D2

D083
TI04
ui0s
3626

NRNNG

GO08
(w9
OC10
Goll
2812
GO13
2214
uol5s
2716

D17
n218
JJ19
BP20

Js21
5322

0923
2024
025
2326
Jc2T
5028
€g29
19332
29321

RELFASE 263 MATIN

[

OO OO OO O,

54

DATE = Tsl3l 11/36/14

SUBRIUTINE XSECT(iz,.K)

XSECT CALCULATES CRUSS SECTIONS AND DERIVATIVES.

E: NEUTRCN ENLRGY

K: ENFRGY GRID SUBSCRIPT (INTERNAL 3R MFINE" GRID)
5~WAVE CRDOSS SECTIONS APE CALCULATED WITH THE REICH-MUDKE
FURMALTSM wWITHUUT DOPPLER BXOJADENING,
HIGHER-CRLER PARTIAL-WAVE CROSS SCCTIONS ARE CALCULATED
H1TH DOPPLTR-3FCATENED SINGLE-LEVEL cXPRESSICNS WITHOUTY
RESCNANCEZ/PUTENTIAL INTERFERENCE,

COMMON
1H1,61,211,221,222,12,CHISN,CHISAO,
2T IXedydXIL1T) ¢KX(H) gLy LXTLIL 5209 MyMASMXaNGNXGKKXpMP{1142)4yMR{IL1,2Z),
BTITLE{Z2U )+ ZIT%PS, L1, E2,TEFF,H(11} ,2C{11L),SPIN(LL),RP{11),
4G(1192)sCSTLL,2), K020 20y DLXL233)+ES{ILy2),EFF (114242220,
S5FEP{5)yDLFPL5) ,TC(5),TB(5),ZH(5) 4FE(512),Y(512),CLY(512),
OXMUEY s XR(6) 3 TMXSAL L) o DILIO) $CTUL0,2)3C5(1342) 9 M1y M2, M0,
TDLEEMN, ST{2748),NDLESTI2.48) 4DST(20) »SG{ 23481 ,DLSG(2148),DS6(20),
8SC(23481,7(2°43),YY(2%43),0YY(2::48,2J),22(512),2(512),DZ(2L),EFC,
GF(231),RFE(2.1)
COMMOU/GRSR/TRLLI(Z20),0R21(25),0R22(20)
COMMON/TIL/ SGTL(2.4%),0LS611(2743)
COMPLEX HILGI,7114271,2122,02Z11,C221,0222
CUMPLEX DR11,DRZ1,LR22,U11,CULL(23),U21,0U210(2)1,EX1,4222Z

FUNCTION DEFINITIUN
ABSCUZZZY=REAL(Z22172+AIMAGIZZZ)==2

M=
ST(K)=3.

SC{xK)=3.

NG 5J TI=1,MA
3ST{IT)=C.2
DSGI(TIN=CZ.0
CONTINUE
PLAZ=1e3216/F

POTENTIAL-SCATTERING PHASE FACTCR, PREPARATICN:
ARL1={2,%E-E2-T1)/{E2-E1)
AR1=AR14j.G5
ATGH=.5%AL0G{{1.+AR1}/{1.—-AR1})
ARZ2=SYRT(1. E6XE)®ATGH
o0 1 I=s1,IX

DCPPLER WIDTH
NW=C{I)*SQRT(E)

CALCULATE POTENTIAL SCATTERING FCR P-WAVE
XK1=421G59*SORT(E) /4L (T)
XI=XK1*FP{1}

X1=X_—-ATANI{XJ)
SP=H{I)*PLC2HAL (1) ==2we ,<SIMN(X] )=k2
STIK)=ST{K)+SP
JH=JX{T)
DO 2 J=lydH
Ml=MP{T,J))+2
M2=MP(T,J)-2+4%LX{1,J)
S— 0K P-WAVE LEVEL SEZUENCE?

- TR3)

JaT8Y9y
NAEN ATV TN
527912
347925
27931
237944
437953
517960
237970
22793
137992
338237
278314
Nl832.
J38230
J2804C
328353
38263
328075
083U
2028399
308131
3C811
U812y
138132
248149
JL815¢
joslex
JCB1TY
208183
JCB81S3
Ju8233
3¢821%
Jug22¢
038237
8242
208255
0C82632
IGB27
JuB8283
90829y
908323
J48310
3(8324
208335
238349
L8353
238367
SC837G
358381
w836,
228400
15841
VI84243
J2B43uy
)L844

— L —



FORTRAN IV G1

KELEASE
C
c
C
C
c
C
c
8
9
c
11
12
12
C
7
C

260 XSECT UATE = 78181 11/3¢/14
TF{X(ML=1)eEQo.eo ANDeDLX{M1~-1)4Qs3)G0 TO 7
S-WAVE LEVELS:
XT=CT(I,J)*PLO2
XG=CG{I,J)*PLQ2

CALL KWAT(E)
CALL EFFIIEsK,EFK)

POTENTIAL-SCATTERING PHASE FACTCK:
AR3=X([M1-2)%AR2
XI1=—XK1xX{M1-1)+ATAN[AR3)
EX1=CEXP(2.%GI*XI1)

COLLISION MATRIX ELEMENTS:
Ull=EX1#{2.*711-1.)

Uzil= 2.%721

TOTAL AND CAPTURE CPOSS SeCTIDN
STIK)=ST(K)+XT*{1.-REAL{U11))
SCA=XG+{1.—ABSQ{ULL)I-ABSQ(UZ2L))
SC{K)=5C(K)+SC3
SG{K)}=SG(K)+SCIHEFK
IF(SCIK)aLTelaE-T*STIK)}ISCIK}=1E~-T*ST(K)
IF{SG{K)eLTaleE-THST(K}ISG(K)=1E-7%ST(K)

DERIVATIVES WITH RESPECT TO POTENTIAL-SCATTERING PARAMETERS
MO=M
TE(DLX(M1-2).EQaJ34)1GD TN 8
M=M+]1
ABL= AR2/(1l.+AR3%*%2
DULL({M)=2.*GI*ABL*ULl1l
IF(CLX{M1~1).EQ.D,)G0 T2 9
M=M+1
ABL=-XK1
DULI(M)=2.*GI*ABL>ULL
IFILX{I,4J)«EQeD.)G0 TO 13

DIZRIVATIVES WITH RESPECT TO RESUONANCE PAKAMETERS
DO 11 MM=M1,M2,4
DC 11 ML=1,4
MK=#M+ML-1
IFIDLX{MK)«LELDWIGO TO 11
M=™M+1

DULIIM)=GI*{Z11**¥2%DRIL{M}I+2.%711*%7Z214%DR21(¥)+Z721*%2%CR22{M)) *EX]

DU2L(M)=Z21#Z11*DRILI{M)+{(Z21%*2+Z11%Z22)*DR21L{M)+Z21%Z222%DR22 (M)
DUZ21({M)=DU21(MI*GI
CONTINUE
IF(VM.EQ.MO)CEN TC 2
ML=MO+]
N3O 12 MM=M,M
DST (MM} ==XT*REAL(DULL{MM))
DSG{MM) =—XT*REAL{DULL(MM)=CCNJG (DI }+3U21L{MM)*CONIG(UZL) I*EFK
CONTINUE
GO 70 2
P-WAVE LEVELS:
IF(LX{I,J)eEW.2)G0O TO 2
CTLI=CT(I,J)*PLQ2x2,
L=2
BEGIN RESTNANCE L0OOGP
DI 3 YM=M1,4M244
L=L+1
GN=X{MM+1)=*2

038450
C3B46T
238477
058482
958433
238530
23851%
208529
938528
00854y
348557
T5B563
L0857
188580
208593
DU86G
908617
908620
508630
058643
568650
308660
038672
$$8682
008693
5387C2
aT8TLI
ocsv2s
008733
358740
0287535
008760
008776
308783
308793
008803
0C881°0
308826
208833
03884¢
538850
508868
J0887C
338883
308897
4928937
U891y
398923
228935
DI854C
268958
078963
908973
018580
30896 )
209905
009913
329323

PAGE 0du2



FORTRAN IV G1

2089
NG81l
82
0083
0084
0085
2086
31787

JUB8

0089
€095
0991

92

£U93
0u94
50395

ol96
2097
¢cos

(£39
Q100
0101
2102
0103

ald4
9105
0106
0107
0138
J1C9
9119
111
n112
J113
Ullae
J115
0116
0117
3118
a11¢9
8122

Ul21

9122
0123

D124
0125

RELEASE 2.2 XSECT DATE = 78131 11/36/14

(]

la]

GX=X(MM+2}=%2
ST=GN+GX+X[V4+3)
AGT=ZFF(TyJsL) sX(M4+3)/GT
ML=V

TE(CLX{MM  JaNEL D, ) M=Me]
ITF{DLX(MM+1)aNELJs IM=M+1
TF(DLX{MM#2) o NE2Dia )Mz M+
IF(OLX{MM+3) e NEsDa ) M=M+1

APPROXIMATE 1/E~-WIDTH OF DOPPLER BRUADENED RESOMANCE
HW=SORT(DWk w2 +GT#%2/2,77259)

IS LEVEL FAR AWAY AND HENCE NEGLIGIBLEZ?
TF(ABS(E-XIMM)) oGT a0 ¥HWIGO T3 3
XV=2,%{E-X(M1) )} /6T
BV=2,*Dw/GT

CALL VOISGTIXV,BV4PSI,PHI}

SO=CT1*CGN/GT
STl=S{=%PSI
SG1=ST1#JGT

CROSS SECTICNS
STIKI=ST(K)+5T1
SGIK)=SC(K)+SG1L
SCIKY=SCUIK)+SCL/EFF(I,JsL)

ANY DERIVATIVES NEEDED?
TF(M.EQ.MCIGT TO 2
M=MC
Ad==4, /(GT*BV*¥2)
Al=A3={ PHI-XV*PSI)
AZ2=A7%{1s-PSI-XV*PHI)

DERTIVATIVES
IF(OLX(MM ) .EN.ue)GO TU &
M=M+]l
DST(4)=SuxAl
DSGIM)=CST{M)*QGT
IF(CLX{MM+1).EQ.24)G0 TO 5
M=M+1
OSTIM)=STH (24 %PST/GR+AZ)*¥X(MM+] )
DSG(M)=DSTAMI®QET~2. «SGLYX{MM+1 ) /GT
IF(OLX{MM$2)},.EQ.D4)1G0 TO 4
M=M+]1
DST(4)=S{HA2EX{MM+2)
DSGUM)=DST(M)#OGT~2,=SGI*X(MM+Z}/GT
IF(CLX{MM+3).EQ.J.)G0 TO 2
M=M¢] .
DST{MI=S %AZ% .5
DSG{M)=DST(M)=QCT+{STI*EFF{I,J,L)~SCL}/GT
CCNTINUE

(END 0OF FESCONANCE LOCP)
CONTINVUE

(EMDC OF SPIN LOUP)
TF(ZITelEalsa ANDLAGITIIEQLAC(L)ISGIL(KI=SCIK)/HIL)
CONTINUE

{ENC CGF ISOTOPE LCCP)
RETURN
END

359293
2062158
389223
3392375
3392473
Q39253
J€926Z
J0927%
£0928%
209292
0w09310
30931¢
JT832:8
30933¢
2089347
589358
AGS360
39371
509380
209392
£094353%
409412
009427
379433
349440
939458
379457
2L94TU
226487
DL949¢
~L1953%
2795173
9523
309530
JIi954%
29553
JG8567
309573
00958

PAGE wul3



FORTRAN IV Gl

Joul

RELEASE 2.3 HAIN DATE = 781”1 11/36/714

[eX e

AOOO0

SUBROUT INE KMAT(EZ)

KMAT CALCULATES THE ELEMENTS UF THE MATRIX RrR=2=K
AND IHVERTS THE MATRIX I—-I=K = 1-Iw=R/2,

CCFMON

1HI.GI,211,721,222,12,CHISQ,CHISEN,

2L IXs s JXULL) o KX{5 4 Lo LX{1142)y ¥eMAS MK N NKSKKXyMP{11,2),MR(11,2),
BTITLEC20) o ZIT 4EPS,EL, B2, TEFF,H{1L),2C(11),SPIN(LIL)},RP(11),
4G{11,2),C50L),2)yX(250)yDLX(230)sES(1142)4EFF(11,52920C)
SFP{S)yDLFP{5),TC(5),TE(5),ZH{5),EE{512)},Y(512),0LY(512},

EXN(E) s XR{6) ,TMX,AL{1u)Y,D01D),CT(14,2),C6(10,2)4M1,M2,M0,
TDLESEMNSSTL2043)DLSTI2048)40STH251,55(29248),0L56G{2.348),D56(2L) ,
83C(2748),TL2348),YY(2348) ,DYY(2.,48,2%)422(512)+72{512),DZ{20)4EFC,
9F(201),RFL201)

COMMCH/GOSR/DRILI20) 4 CR21(20),0R22120)

COMPLEX H1,61,211,221,222,DZ11,0221,0222
1,FE,FLyF2,EXL,EX2,UL11,U21,DU11(25) 00210270 ,8ET,RL1,R21,R22
COMPLEX OR11,0RZ1,DR22

R1l={lssds)

RZ21={Cs1s7s)

F22=(layls)
IFILX(T2J)aEQ.3)60 TU 2

(GO TO 2 IF THERE ARE NC RESCNANCES)

Mil=M
TRICLX{MLI-2)aNEsJs IM=M+]
TF(DLX{MI-1)aNEL s ) M=M+]L
DO 2 MM=M1,M2,4%
SQL=(E/ABSIX{MM)) )**,25
IFIEeLEWLizS{I,J})502=0,
IF{E.GToES{I,J))SQ2=((E-ES(I,J)I/ABS{X{MMI-ES(I,J)))%=,25
S=le/{X(MM)—E-HI=X{4M+3)}) -

WL=SQ1xX{MM+])

W2=SV2FX (MM+2)

Fl=Wl*FE

F2=W2*FE

RIT=R11+F1l%nw1
R21=RZ1+F2%K]l
R22=R22+FZ%W2
TF{DLX(MM)LEDQ.5.)G0 TO 4
AzpM+1

DRIL(M)==-F1%F1

DR2L(M) =-F2=*F1
DRZZ(M)=-F2*F2
IF(DLX{MM+1),LELQW )G TOO 5
M=M+]l

NR1I1I(M)=F12591*2,
DRZ21(M)=F2%SQ1

Dr22(M)=1.
IF{CLXIMM+2),EQ.D.)G0 TO 6
M=M4$]

DR1I1{M)="].

DRZ21(M)=SQ2*F1

DR2Z2{M) =SQ2*F2*2,

6 IF(CLXIMM+3)LELJa)G TO 3

239593

w9657
09612
236622
$J96373
379643
29652
2L8667
179677
49683
339693
2367725
9Tl
329720
09735
JNST4Y
2067535
JU9T62
SL9TTS
C367813
009793
309830
CC931l
CU982J
J79833
39347
Jug3sa
SL9360
Je87%
39888
379891
Y399 5¢
275919
309927
£,993C
oT994¢C
309953
209963
09972
006984
209993
5315043
31,012
Yloo29
16333
D1G4D
uliasg
G 1356C
BlaaTs
12082
210292
0Lo122
w10113
210127
512133
319142
218153

PAGE
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FORTRAN IV G1

2341
0542
D243
L044
3045
146
JCaT
U048
05249
0353
0051
o052

FORTRAN IV Gl

0001

2332

0003

J004
3325

0006
9007
008
L9
2019
2311
Jo12
D13
3314
7015
U216
2317
aNis
4c19
3020
2521
No22

RELEASE

3

2

RELEASE

AOOO0

2.3 KMAT DATE = 78181 11/36/14
M=+

DRIL{M)=HI*F1¥F1

DRZ1(M)=HI%F2%F1

DR2Z(M)=HI¥F2%F2

CONTINUE

M=MC
DET={1.-HI#R11)*(1.-HI®R22)—(HIFR21)=%2
Z11=(1.-HI=P22}/DET

721=0  HI+#R21)/DET

722={1.~HI%*R11)/DET

RETULRN

END

2+0 MATIN DATE = 78181 11/36/14

SUBRNUT INE EFFI(E,K,EFK)

EFFI YICLDS THE AVERAGE DETECTCR EFFICIENCY (EFK)
FOR THE I-TH ISOTOPE AND THE J-TH COMPOUND SPIN

COMMGN

1H1,G1,211,221,222,1Z,CHISGQ,CHISQO,

2Ly I Xy dpdXCLLY 9 KXUS) yLyLX{L1 925 MyMAZMXgNgNXyKKXyMP(1142)yMR(1192)
3TITLEL23) 4 ZITEPS,EL E2,TEFF,H(11),8CG{11),SFIN(LL),RP{L1),
4G(11,2),CS(11,2)9X{2733),00LX(2U0),ES(11,2)EFF(11,2,20C),
SFPL{5)3DLFP{5)yTCU5),TBI{5),ZH{5) yEE(512),Y{512),0LY(512}),

6XN(E) y XRI6), TMX, 8L {10),0(13),CT(13,2),C6(13,2),M1,M2,MT,
TOLE»SMN,ST(2448) sDLST(2043) 4DST(24),56(2248),DLSG(2348),DSG6{(2C),
B8SC(2348),T{2048),YY(2048),DYY(2748,2.)+221512)42(512)4DZ(Z23),EFC,
SF{231),RF(201)

COMPLEX HI,GI,Z211,221,222,0211,C221,LZ222

ANY RESCNANCES?
IFILX(I1+J)«FQa3)IRETURN
EFK=EFC

SAME EFFICIENCY FOR ALL RESCNANCES?
TF(EFC.NEsTa) RETURN
SUM=2,
SOM=1,
L=t
M1=MP(I,J)+2
M2=MP(T1,J)-2+4%LX(],J)
DC 1 MM=M1,M2,4
L=L+1
GN=X(MM+1)*#2*SQRT(c/ABS(X{MM)))
GX=X{MM+2)%xx2
GT=GN+GX+XIMM+3)
TH=GNRX (MM+Z) /(4= {Z-X{¥M) ) xX24CT%=x2)
SUM=SUM+TM*EFF(T,J,L0)
SOM=S0M+THM
EFK=5UM/SOM
RETLRAN
END

312160
219170
212183
12193
510203
Jlo21e
S10229)
213233
013240
J1lu25y
102632
01327s

12289

310292
213329
=1031¢C
U13032¢
G1¢332
210344
013354
213360
310373
{10383
513352
1400
J1G410
Clu422
210435
3136445
213452
010469
213473
21048¢
£13499
213532
13513
a1452)
513533
13540
C12553
313563
21857¢
J1T589
21T59¢
J10643
215613
Clus2s
J12630
31364<
J1065¢
L1u660

PAGE GC02
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FORTRAN IV

ago2
0093
3004

GCOs

Gods
3807
008
€09
D910
o001l
0312
0013
Q314
2015
ngle
AC17
$I18
1319
Q025
7321
on22
€023
224
2025
0226
w27
1028
129
2230
0331
3232

Gl RELEASE

OO

OO0 O0O0

2ei MATIN DATE = 78131 11/736/14

SUBRJUT INE VOIGT{X,B,FSI,PHI)

CALCULATICN OF SYMMETRIC VUOICT PRCFILE

X : DEVIATICN FROM RESONANCE ENERGY IN UNITS OF HALF
THE HALF WIDTH

3 : DCOPPLER WIDTH IN THE SAME UNITS

OSI : SYMMETRIC VOIGT PROFILE

PHI : ASYMMETRIC " "

YY=Y*Yy GF={2%CLY/SQRT{PI)}*EXP{-YY) GIVEN FOR DLY=u.7
Cl=DLY/SQRT(PI),C2=NLY/PI FUR DLY=0.7, C3=2%SQRT(PI)

DIMENSICN YY(8),GF(8)

DATLE YY/24991 090942419 T768%91222551T7006492%431531.36/
DATA GF/.4838G3E2,4111259E0,e96010)E-2,.310648E-3,

1 2377965E-54.172428E~T74.29522€6c-1344183711E-13/
DATA C1/.394932/,02/.222817/,03/3.544928/

XX=X%X
BB=B=B

PSI=CL/{1le+XX)

PHI=PSI

DO 1 N=1,8

YYEB=YY (N)#BB
AU={1lamXX+YYBB) %5244, %XX
Al=(lo+XX+YYBBIEGF{N) /A
A2=(Lo+XX-YYBRYEGF(N)/AD
PSI=PSI+Al

PHI=PHI +A2

PHI=PHI%X

IF(3.LE.C2) RETURN

ETA=2./(C2%8)
EXPC=(XX-1+)/B8+ETA
IF{EXPJLGT 4254 1 RETURN
X1=2.%X/B8

ZETA=X®ETA

ACOS=COS(XT)

BSTA=SINI(XI)
CCOS=EXP(-ETA)-COS(ZLTA}
DSIN=SIN{ZETA)
F=C3*EXP(~EXPG)/((CCOSH*2 ¢DSIN¥%2) %B)
PSI=PST+F=(ACOS*CCOS-ESIN#DSIN)
PHI=PHI-F*{RSIN*CCOS+ACOSHISIN}
RETLRN

£ND

L13670

L 12683
A1DHE9D
313760
L1371
710728
213730
412743
31275¢
213763
J1377:2
513783
212793
S1T8Ue
213313
vlogze
£1083¢
{13845
013852
018860
J17ere
310888
C1ly893
213932
2159149
510923
J10935
010945
J1795L2
110969
310978
515982
010993
C110%72
J11213
311223
211934
211040
L1llus9s
T11C63
L1179
5119830
11390
011192
G11112
11120

PAGE

071



FORTEAN

3332

333
004
JUD5
306

2208

D309
[esB R
o311
a312
a¢l13
0014
3915
716
Q717
acls

«Qle
0329
vi21
0322
5023
2324
2325
1326
0027
2128
2029
£030
D031
24032
ng33
5034
GU35
1336

Iv G1

RELEASE
c
o}
C
C
C
C
c
c
C

6

4

5

10

207 MATN DATE = 78181 11/2¢/14

SUBRIUTINE SEY

SEY YIELDS TiHE SECONDARY CAPTURE YIELD FOR AN INFINITE SLASB
THE TARGET HUCLEI ARE TAKCN TU BE AT REST,

CCr MO
IHT 3G +211,7214222412+CHISQ,CHISCO,

21 9 IXydp JX{LL) o KX(5) gL aLX{1192) gy MyMAJMXy Ny MX o KKXyMP{1192)sMR(11,21),

BTITLE(23) s ZIT4EPSsELsE2,TEFF,H{ 11} 4AG(11),SPIN{11),RP[L1),
4G{1192) sC3{1192)9X(200)yDLX(230),ES(1142)4EFF{11,2,2335)
5FP(5),DLFPI5),TC(3),TE(S) ,ZH{5) ,EE(512),Y(512),CLY(512),

OXNLE) s XRIG) »THUX,AL{T1T) g D12 5CT(LD42)9CGIL1I52) %1 eM2,M0,
TNLEyEMN,ST(2743),0LST(2548),0ST(2),56(2748),DLSG(2248),DSG{22),
8SCU234b),TU2142),YY(2248),DYY(2248,23),22(512),2(512),DZ{23),EFC,
SF(2Z1)yRF(2¢1)

COMMUN/SEYLO/YS(2048)
COMMON/SEYM/FS(2348),PGI2348),PNL2U48) ,FX,AA

CIMPLEX HM1,G1,211,221,222,C7Z11,C721,0222

DIMENSTICN U(5),w{5)

DATA U/ e0l3046T7265.167468317,4163252215,02832302308,,42556283/
DATA 4/a7333350672,ed7472567592109543181,21346333264.14776211/

SECCNDARY CAPTURE YIELD (INFINITE SLAB APPRCXIMATION)

AR=(lae+AG(L))**2
E=EMN-DLE
DO 1 K=1,KKX
E=E+0OLE
Si=7.
S2=1,
GX=XN{N)*ST (K)
T2=EXP{-GX)

INTEGRATION BY 1J-POINT GAUSSIAN QJUADRATURE
DN 2z J=1+2
no 2 I=1,5
XX={1la—U{I})=FLOAT(JI-1)+UILTI)=FLOAT(2-J)
ANU=XNIN)
SQ=SORTUIAGU L) ¥#2—1 ¢ #XX%%2)
EX=E* [ XX+5CQ)**2/ LA
WX=(XX+SQ)¥*2/AG{1) /ST
XL={EX-E}/DLZ+1.
L=XL
IF(L.GTL1)GC T 4
SST=STI(1)
S56=5G(1}
GJ 70 3
DIFF=AMCD(XLy1.)
SST=STUL}+DIFF*{ST(L+1)-ST(L)}
SSG=53G(L)#DIFF*(SG{L+1)}-5G(L))
Gl=WX*S5SS5G/SST
TAO=SST /XX
IF(GX=XN{N)*TAD,EQ.0a16) TO 1)
G2=(EXP (~ANL=TAC)~TZwEXP (= (ANU=XNIN I I=TAT) ) /{GX=XNINI*TAD)*G1
30007)1 73
G2=EXP(-ANU*TAD}

S1lli3e

L1114
211152
311163
L1M7
211184
G11193
112G
cll21¢
Jllzz2y
3112373
<1124v
$1125%
2112672
311274
(11282
G1129<
21130
511313
211322
C1133¢
011345
211352
51136¢C
D113743
113830
§11393
0114090
C11410
11424
311434
911440
D1145¢
{11463
C1147¢C
21148C
011499
511500
011510
£1152%
31153%
J1154¢
21155¢
211563
311570
011589
£115%2
311603
w1161
511625
011632
211643
Wwlle5(
11663
11672
»1168%C
411693

PAGT

3331



FORTRAN IV G1 FELEASE 2.2 S5EY CATE = 78181 11/36/14% PAGE JT02

L4l 77 S1=S1+GLl*dl 1) S1L702
D042 $2=82+G2*¥n (1} 11713
11343 IF{ANULE0. 24060 T 2 311725
0944 AnNU=]. Jyll73d
VI45 XX=-XX 211743
9746 GO T 8 2117572
J047 2 CONTINUE 11754

C SECCNDARY CAPTURE YIELD Ol1772
048 SNI=ST{(K)-SC{K) 311783
L4 9 F3{K)=XNIN)}=SNT  /Z2.={{1la-T2)/5X¥*S1-52) 011793
3353 1 IF{FS({K)GT4FX)FX=FS(K)} 1180
JC51 I=1802T a11813
UJ52 RETURN Ll182d
5053 END 511834



FORTRAN

9202

2033
2734
0035

o6
Q007

0908
5009

3919
0611
8912
$I13

vola
2015
2916
2017

3318
4219
9023
2021
Q022
0323
2024
3925

c{26
0227
4J28

2525
3032

Iv G1

R

£

LEAS

oo

OO0 O0

m

11

13

2e% MATN

[w]

ATE = 78181

SUSRIUTINE MUY

11/3¢/14%

MUY YIcLDS THE MILTIPLE-CCLLISICN CONTRIBUTION TGO THE

CAPTURE YIRLD. THCRMAL MOTICN OF THe TARGET NUCLEI

Is

NEGLECTEDS. THE S4MPLE IS TAKEN AS A CYLINORICAL DISK.
THE INCIDFNT Be4il IS ASSUMED COAXIAL WITH THE SAMPLE,
JF CONSTANT FLUX DEWSITY AND WITH THE RADIUS EQUAL TQ

EDGE=XR(N)} (XF{N) IS THE SAVPLE RADIUS).

COMMUN

IHI+G1,7211,721,222,12,CHISQ,CHISCY,
213 IXydy JXTLL) g KXI5 oL s LXCLL 920 s MyMAZMX, N o NX,KKXyMP(11,2),MR{11,2),
BTITLEL2C) 21T 4EPS,F1,E2,TEFF,HI11) ,2G(11),SPINILIL),FPI{LL),
4G{11y2)9CS(1142)4X(202),0LX(230)yES(11,2),EFF{11,2,200)
SFPI5)+DLFP(5),TC(5),TBI{5),2H(5),EE(512),Y(512),DLY(512),

EXNCE) s XRIE) s TMX, AL (150 ,DL10),CTI17,2),C6(1342)5M1,M2,M0,

TOLE SEMN,ST(2048),DLST(2348) ,08T{20),56(2048),DLSG(20481,3SG(2l),
8SC(2043)+T(2543)1YY(2348) 4DYY(2348,22)4y22(512)42(512},DZ122),EFC,
SE(20L),RF(2UL)

COMMCN/SEYCC/YS(21348)

COMMON/SEYM/FSU2U48) ,PG{2048),PN2.48),FX;A0

COMPLEX HILGI,»Z11,221,222,0Z11,CZ21,CZ22

DIMENSICN NC{2248)

DIMENSICN EMIS(2),WG{535) ,WNI522),U(533),V(532) yw(500),

IXMU520) s YMISA2 )y ZM (50 D)y SK{509])

DATA EDGE/W5/

JSPIN=J
CALCULATE HEEDED FUNCTIGNS
DO 11 K=1,KKX
YS{K)=C,
PG{K}=SG{K)/ST(K)}
PN(KI=1o=SC(K)/ST(K)
BEGIN ENERGY LOOP
E=EMN-OLE
DO 52 KE=1,KKX
E=E+ILE
WNI=(1e~T(KE) )EPN{KE}
INITIAL NUMBER UF HISTARIZS {IMPORTANCE SAMPLING)
NH=ZHIN}*FS{KE) /FX+,5
NHX=ZH(N)
IF(NH.GToNHX) NH=NHX
IF{NH.LT. LCINH=12
CK=2.%OLFP(L)/FPLL)*E/DLE/XNIL)
00 13 J=1,NK
EM{J)=E
WN{J)=WN3
INITIAL ODIRECTICGN;
W(Jyy=1,
ACDITIONAL PATH LENGTH
SK{J)=3.
COGRDINATES OF FIRST COLLISION
(BEAM RADIUS SMALLER THAN SAMPLE RADIUS)
XML{J)=XRIN)®SCRT{RANDOM(D) ) *EDGE
YM{J) =l
IM(J) ==AL0G (Le—WNC/PNIKE)HRANDOMID) ) /STIKE)

b4

Clls4l

411857
wllas .
11878
011887
71189)
2119307
G11912
011922
311935
211943
311950
311964
311972
J11587%
211992
012000
012013
012223
212032
312047
012050
012062
512374
J12¢C85
012399
012103
12119
212128
012134
312143
312159
d12164
312179
212183
J12193
3122735
J1221¢
412229
31223¢
012240
91225¢
212263
012272
012283
212292
512330
v12312
3l2322
C12339
5123445
212359
T1236%
d12372
212280
w123%3
212407

PAGE Jacl



FORTRAN IV G1

9031
3032

w33
D034

35

ne36
337

ug38
U39

RRI'N)

6041
942
343
3IL44
IN4S
20456
Co47
3043
2049
3354
0251

1852
4953
0954

w255
3C56
2057
0058
G059
2063
QU611
{262
UC63
L3364

B365
a66
o067
0068
(369
X279
JO71
UoT2
07373
3074
075
3076
aTTT

RELEASE
c
C
c
C
C
C
1¢
C
13
C
21
C
C
C
22
23

Zeu MUY UGATE = 78181 11/3¢€/14

FKU=YYUIKE)
SOM=3.

BEGIN CCLLISICN LCOP
DU 14 K=1,2.

YH=AH

BEGIN HISTORY LGOP
D3 15 J=14NH

COSINE CF CMS SCATTERING ANCLE
CTHC=2.*=RANCIM(N) -1,

Ju=1e +AGI L) ¥ =2+ 2.%AG( 1) #CTHC

LA3 SCATTERING ANGLE
CTH={1a +AG{1)*=CTHC) /SQRT(GQ)
STH=53QRT (1. -CTH¥>2)

NEW LAH ENERGY
EM{J)=EN{JI)FLQ/ A

NEW TOTAL CROSS SzCTION, SCATTERING AND CAPTURE PROBABILITY
XL=(EM(J)-EMN)/DLE+1.

TF{XLaGTale%I1)GO TG 16
SST=3T(1)

PPN=PN(1)

PPG=PG(1}

GC T0O 1S

L=XL

DO=XL-FLOAT{L)
SST=ST(L)+DD=(ST(L+1)-ST(L))
PPN=PN(LI+DD=(PN(L+1}-PN(L))
PPG=PG{L)+DD={PGIL+1)-PG(L))

AZIMLTH
PHI=56428313¥RANCOM(D])

CPH=COS(PHI)
SPH=SIN{PHI)

NEW DIRECTICN CLSINES
TF(W(J)#¥2.0Ta2a9%91G10 TO 21
U{J)=STH=CPH=W [ J)

V{J)=STH=SPH*W[J}

W{J}=CTr=W(J}

GC T0 22

RHO=SAPT{Ll.~WlJ)*22)
UNEW=CTHAU(J)+STHH(W{J)=U () *CPR=-V{J)*SPH)}/RHO
VIJI=CTHEV ) +STHF (V) =W (J)*CPH+UTJ)=SPH)/ RHO
WJ)=CTH*W (J) = STHxCPH*®KRHO

UCJ)I=UNEW

DISTANCE TO SAMPLE SURFACE

NC: DISTANCE T CYLINDER

DPz DISTAMNCE TO PLANE
DC=3. #XR({N)

DpP=pC

IFIW(JI o LTe e J1)0P= =IMLJ) /Wid)
TEUNTJ) aGT et 0l w1 L) 0P=(XNIN)I=ZHM{J) ) /W (J)
IF(w(J) el Ta=0e95990RW{J}eGTo+2e9359)G) T 23
Bl=U(J)*®x2+V(J)*=x2
B2=U(J)HXMY+VJI~Y4(J)
B3=XRN}&%2-XM{J)®==2-YM(J) £%2

TF(B24GEe 12 )NC=93/(E2+SERT(B2¥%2+B1*E3))
IF{B2.LTade JUC=(SORT(B2%¥2+B1%B2)-32Z)/B1
DIS=AMINL(DC,DPR)

DS=AMINL(IIS®SST,65.)

IF(DSeLTaleE-37) OS=1a.F-07

012417
cla42v
T12430
7124420
21245¢
212467
212674
12489
sl2492
212540
012519
212523
w12533
§12540
212557
212560
G125743
212589
£12595
J12690
126135
126235
312633
Cl2644
C12653
212664
212672
512684
012692
J127G3
312714
012725
912733
012743
a1275°7
212765
212773
012783
J12793
zlz8an
$1281%3
Jl282zy
012830
J1284)
0128573
J1286°2
51287¢C
£12887
71289)
01299,
12910
»12923
jl29e3:;
212944
J1295¢
{12963
3129872
312983

PAGE D372



FrRT AN

v 18
79
3a

Te3l

Iv 51

Y

(e}

w
(ka3

12

24
15

29

20t ALY TATE = 781351 11/36/14

INTzRLCTING FRACTIUN
Wl=la-gXF(-LT)
AGLI =wN ) rd TPPG
WN{JY=Wn (1) - 4T =Py

KY: SURSCRIPT CF GRIO POINT wHikz YS IS TOU e &7 0.0 TO YY
KY=Kc=INT{er {SK(J)#{ Lo #DS=DS/HI)/SSTI+.5)

SMICTHTA7 TF MAONTE CARLCO CONTHTEUTION:
NELS=1.
IFINoLTa2. s 105LS5=D3+.2887
K1=CK-DELS/TZT+%a5
IF(KL.LTa3}K1=3
WY =G {J)/ UYA*FLOAT{2¥K1+1})
K2=KY +K1
Kl=Ky-K1
TF(IK2aLlTals ReK1aGTLKKX)IGO TO 15
IF(KL,LT.1)K1=1
IF(K26TKKX)K2=KKX
N0 12 KY=K1,K2
YS{KY ) =YS{KY) +WGY

COARDINATES OF NEXT COLLISICH
S==AL0G(1le-nI=RANDIM{D))/SST
XMEJ)=XM{J)+5S*=U(T)
YMOJI=YNMIJ)+S=V(T)
MY =Zr [J)#S=w(J)
NA=SIRT XM ) #x2+YM{J) %5=2)
TF{D3J)eLELXR(MN)IGD TO 24

CORRECT P0SSIALE TRUNCATICN IRRCPS
XMUJ)=ANM{J /133455659
Y¥{JY=YVN(J) /e A
IFTZA0J) e GToXNIMNIIZM{ ) =L e9GYSSHXNIN)
SK{JI=SKI[J)+>
CONTINUE

END OF RISTORY L32P
SUM=1,
DU 29 J=1,NH
SUM=SUM+AG (J)

AVERAGE CAPTURE PROBABILITY
FK=SUM/YH
SOM=SOM+FK
NC(KE)=K+1

NEwW NUMBER OF HISTORIES
MNH=ZA4{N}#FR=w2/FKI/FX+.5
IF(NJHa LT e NF) NH=NNH
TF{INH.LTL1}GU TC 5°
FKO=FK
CCNTINUE

ZAD OF CHLLISICN LUaP
CONTINUE

END UF EMERGY LUJP
DN 2 K=1,KKX
YYIK)I=YY(K)+YS(K)
J=JEPIN
RETUAN
END

'

L1299,
L3l
ERACIXE W)
“13320
313435
SL30al
"1335,
313963
RN Y
31328,
1339
w1313.
513112
313123
212134
213143
3131572
313164
J13175
2131843
313193
<1320
313212
51322:%
213233
13242
313254
213264
11327,
113285
S1329y9
313343
213313
Jl3szzo
313333
213340
13353
J1336¢
3133713
213382
213392
513403
113413
213425
213433
113443
3134572
U13460
713473
21348)
213490
513532
2135140
o1352¢

PaiGH

e



FORTRAN IV 61

0021

DJa2
523
I 4
4325
3026
0oo7
028

FORTRAN IV Gl

0302
233
Q20304
3095
¢Ao6
£n07

Ggzs

RELEASE

[eln]

[aNuNel

RELEASE

ao

OO0

(A

[$Y)

248 MATIN DATE = 78181 11/3¢/14

FUNCTICN RANNOM{KRRR)
(PSEUDC-)RANDUM HUMBER GENERATOR.

DATA IY/227€7/

IxX=IYy

CALL RANDULIX,IY,RANDCM)
TF{RANDDM.GT. 24 JRETURN
1y=22767

GO T1 1

SND

2.0 MA TN CATE = 78181 11/36/14

SUBROUTINE CHISQ4(X,Y,.X)

CHISCN YIELLS VALUZS OF A CHI-SCUARED DISTRIBUTION WITH K

DEGREECS 0OF FREEDOM

X: INCREMENT 0OF INDEPENDENT VARIABLEZ DIVIDED BY
SYRT{2%VARIANCE)

Y: CEPENDENT VARIABLE MULTIPLIED BY INCFEMENT

K: SUBSCRIPT AT UPPER LIMIT (SUBSCRIPT AT CENTER OF GRAVITY
IS 131)

As N/2

8: SQKT(N)=X

C: EXP{-N/2}/GAMMA{N/2) %3

DIMENSICN Y{231)
A=2.

3=24%X
=.1352253%8
EXP(B)

C
[y
£=1./D

WoH

GO FPOM CENTER OF GRAVITY TCWARDS SMALLER J
XI=4-8
F=C/E
DO 1 J=1ul,K
XI=xI+B
F=F*g
Y(J)=FXT=(A-1.)

GO FRCM CENTER OF GRAVITY TUWARDS LARGER J UNTIL NISTRIBUTICN

DROPS TN ZERY
Il=4/8

=FEXIx*{A-1.)

COMPLETE BY FILLING WITH ZERDES
Il=T1+1

12=K-1"1

DO 3 I=11,12

J=121-1

Y(J)=0,

RETURN

END

715530

31354,
213559
13564
213579
213580
v1l3590
T1369)%
$12617
T13620
12633
12647

4134859

G13660
13677
213683
31369%
T13735
213716
w13725
313733
J13745
{13752
313762
13772
413788
213794
o13802
J13810
<13823
213835
C13843
~1385(
13860
~138743
313883
21389
2139002
213910
713927
213937
21394<
J13659
713963
413975
{13388y
{13992
CLl4a400
1401y
514520

PAGE w2l

PAGE 0301



FORTRAN IV Gl

G001

FORTRAN TV G1

601

9002
%303
4204
J60G5
G006
DT
Jo8
3709
a313

“E=LEASE

OO

OO0 O0

RELEASE

a0

OO

2.0 MA TN DATE = 78131 11/3¢/714

SUPRIUTINE TGAUSS(X,Y4K)

THAUSS YIZLCS VALULS OF 4 TRUNCLTFD GAUSSIAN, NORMALIZEL TO 1
IF TRUNCATED AT TwlCE THE 1/-WIRTH {K®x=2)
X: INCREMFNT OF INDEPZNDENT VARIASLE DIVICED BY 1/E-wIDTk,
2 DEPEADEMT VARIAELE TIMES INCREMENT,
K: SUBSCPIPT AT UPPER LIMIT (SUBSCRIPT AT MEDIAN IS 101)

DIMENSICH Y(271)
Y{1L{1l)=va56E342%X
Fl=£XP{~X£X)
F2=F1=F1
DY 1 I=122,,K
Y(I)=vy{I-1)*=F1
J=232-1
YiJr=v{I1}
F1=F1%F2
RETLRN
eND

]
.

MAIN CATE = 78181 11/3¢/14

SUBRUUTINE SIMP{Y,id,N,SUM)
SIMFSON'S RULE:

DIMENSICN YI(221)

SUM=C,

Kl=u+]1

K2=N-1

DO 1 K=K1,K2,2
SUM=SUM#Y{K=1)+4. %Y (K)+Y(K+1)
SuU¥M=3JM/3.

RETURA

END

3l4lov
714191
T 14250
114219
914229
314239
314242
J1425%
31426<
21427
214281
314293
2143C3

C1431C

11432T
J14333
L143430
14353
J14360
914373
214382
214399
21449¢<
J14412
vl4aa2
914430
D1444L

PAGE J321
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FORTRAN IV G1

4ol

0002

gt 3
0004
0305
2906
0a57
ouo8
¢I09

0213
U211
9012
2013
0214
09215
an16
Yol17
3018
2019
6929
6321

RELEASE 2.2 MATR DATE = 73121 11/36/14

[sleleleNeNaNel a0

(@]

SUBROUT INE CHUBAN{MX,A,B)

MATRIX IMVERSICMN BY THE "SQUARE-ROOTY" METHOC OF
CHOLZSKI AMND BAMACHIEWICZ,

4X: RANK

Az ORICIMAL MATRIX

B INVERTED MATRIX

DOUBLE PRECISICN A(204922)+8B(23420),U020,23}1,5UM
CONSTRUCT "SQUARE—-ROOT™ MATRIX U

N3 2 N=1,MX

DO 2 M=N,MX

SUM=,.

DO 1 K=1,N

IF{KeLT o NISUM=SUMFULH,KIZUIN,K)

IFINMLEGaN)UIM,NI=DSQRTIA(N, N} =SUM)

[F{MGTaMIUIMNI={ATM,N)=SUM) JUN,N}
CALCULATE INVERSE B

DC 4 NN=1l,MX

N=MX-NN+1

D3 4 MM=NM,MX

M=MX-MM+1

SUM=7j.

DQ 3 K=sMyMX

IF(KeGTaM)SUM=SUM-U[K M) xB{K,N)

IF(MoeEQ.N)SUM=SUM+1./U{M, ™M)

B{MyN)=SUM/U(M,M)

IF({M.NFLN)B(NyM)=B(M,N)

RETURN

END

114453

14470
T1448¢
214493
214500
2143512
2145273
414534
14549
214550
11456,
314572
w1458
J14592
014600
514613
214623
J14630
{14640
314653
146673
ul46TC
L1468C
014693
014760
14712
014723
0114732
214742
214754
2147632

PAGE 3wl



FORTRAN

0201

Rieley
ICI3

[EReleR A

3505
Q20C6
Q07

0028
229
$0190
Q11
49912
TI13
2014
09015
0316
0317
{218
03019
2020
no21

Iv 61

CATE = 78181

SECTIUN PARAMETERS BY

11/3¢€/14

MUTIPLICATICN OF COVARIANCE MATRIX 8 INTU DEVIATICN VECTUR

fy1PELD.3/

' ERRMIR ADJUSTMENT FACTCR:',1PE1J.3/

"2113//7)

RELEASE 243 MAIN

[

C
SUBROUTINE ADJ(IZyMXyMASK,CHISQeXsOLXs3,C)

c

c CALCULATICN 0OF IMPROVED CROSS

c

C
DIMENSICN XI282),DLX(250),C0(20)

DOUBLE PRECISICN B{23,27)
DATA FULGE/.75/

c CALCULATE GAUSS® ERKOR ADJUSTMENT FACTOR
CF=SQRT(CHISG/FLDAT(K-MA))
WRITE(6,12C)CHISQ,CF,I2Z

135 FORMAT(1IH //' CHI SQARED:
1
2 ' ITERATION STEP:
M=y

DG 2 MM=1,MX
IF(CLX{MM)aLELDWIGD TO 2
M=M+]

XM=,

DO 1 MN=1,MA
XM=XM+£B (M, MN)%C (MN)
XM=XM*FUDGE
X{MNM)=X(MM) +XM
DLX{MM)=DSQRT{B{M,M))
ILX{(MM)=DLX (MM)*CF
CCNTINUE

RETURN

END

Co

214777

714782
2147973
0148072
v1481<
314823
J1483%
314843
01485
14860
214875
0148835
014899
21499¢
Jl4912
214929
61493C
214940
214954
2149690
J1497¢
214S83
J14S9C
515240
J15213
215229
9152340
215040
21535590
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FORTRAN 1V Gl

eleieb§

G302

gn21
9322
2723
024
4925
3026
0327

RELEASE 2.0 MAIN

oo

[aEaNel

DATE = 78131 11736714

SUBRGUTINE KFV
KEV CONVERTS ENERGIES FROM MEV TC KEV

CCMVON
1H1,G6G1,211,221,222,12,CHISQ,CHISCO,

2Ty IXsd e JXLLL) o KXI5) gL g LX{1L92) p My MASMXgNgNX KKXyMP{1Ls2)yHMR(11,42),

BTITLE(2E) 2 ZIT4EPSSEL,E2,TEFF,HI11) y AGLLIL),SPINCLIL)RP{11]),
4G(11,2)5sCSL1L42) 9 XL202) 4 DLXI207),ES(11,2)4EFF{11,52,220),
5FP(5),DLFP{5),TC(5),TB(5),ZH(5),EE(512),Y(512),0LY(512},

OXN{E) 3 XR(6) y TMX4AL{12),D(19),CT(1C,2),C6(1,2),¥1,M2,M40,
TDLE,EMN,ST{2348),DLST{2,48),0ST(22),8G(2348),DLSG(2748),0SG(2L0),
BSC(2348),T(2348),YY(2248),DYY(2.48,23),221512),2(512),D2(22),EFC,
9FL2C1),RF(2{1)

COMPLEX HI,GI,Z11,221,222,0711,0221,CZ22

na 1 I=1,1IX

JH=JX(I)

DO 1 J=1,yJH

ES(I,J)=ES{I,J1=1liL.

IFILXIT,J)EQa)IGO TO 1

M1=M{I4+J)

M2=MR(I,J)+4*%LX(1,J}~4

PO 1 M=M1,M2,4

X{M)=X{M}=1.2C,
X{M+L)=X(M+ 1) FABS{X{M+1)) %120
X(M+2)=X{M+ 2} =ABS{X{M+2) ) %1035,
X{M+3)=X{M+2)%13070,

IFIDLX(M ) 46GTaJs)DLX(M  }=DLX(M )} %1000,
IF(DLX{M+1) eGTada IDLXIM+1)=DLXINM+1) #SCRT (ABS{X(M+1) )} *.221)%2500.
IF(DLXIM42) 5T 2 JDLX{Me2)=DLXIM+2)*SQRT(ABSIX(M+2} ) #,301)1*2( 3.,
TF(DLX(M43) aGT4 T, ) CLX{M+3)=DLX(M+3)%1350.
CONTINUE

KH=KX{NX)

DG 2 K=14KH

EE(K)=EE(K}*1{d0.

EMN=1020. %*EMN

DLE=1308.*DLE

RETURN

END

S15069

G150735
315583
«15092
Ul51:33
715119
«15122
J1513D
Gl5147
215159
915163
G15172
J15182
J15163
015204
Jd15210
015223
015233
915240
31525¢C
315263
215277
515289
215293
3153993
¢1531y
015323
215333
J1534¢
{15553
215362
JI15373
£15383
J1538¢2
015409
015413
215428
315430
715443
0l5454
315463
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FORTRAN IV Gl

el

DCd2

[AINRE)
204
335

2006

RELFASE 2.7

[eNe}

OO OOOO0OOOOOO000000OaOOOCO0O000OO0N0O0O000

am

MA TN LATE = 731381 11736714

SUBRIUTINE YPLOT

YPLCYT PREPARES PLCTS OF MEASURECD AND CALCULLTED CAPTURE YIELDS
ANDy FOR IZ=u,

PLOTACX Y sNyNT g NPy NHy Iy NSy NRyXMBX s XMINy SXyYMAX,YMIN,SY,TEXT,IC)

A CROSS SECTION PLOT FOR THE PURE 1ST ISCTCPE.

IS A KFK PLOT SUBROUTINE WITH THe FOLLOWING ARGUMENTS:

le X
2. Y
3. N
4e W

5. NP
5. NH=1

[V IS S St

1Ze XMAX
1le XMIN
12. 5X
13. YMAX
14. YMIN
15. SY
1. TEXT
17. 1D

COMMON

ARRAY
ARRAY

UF ABSCISSAE
JQF JIRDINATES

NUMBER OF CC-ORDINATE PAIRS
PLOT POINT SYM3CLS

CRAW
ORAY
CHOOS

LINE
LINE WITH POINT SYMBOLS
E NP-TH POINT SYMBCL (FRCM A LIST) IF NT=1 Nk

HEIGHT OF POINT SYMBOL 3.12 INe
HEIGHT OF POINT SYMBOL .16 IN.
HEIGHT 0OF POINT SYMBOL J.24 IN.

LINEAR INTERPCLATION (FOR NT=2 OR 3)
QUADRATIC v {FOR NT=2 0ORrR 3}
cuBiIcC ' {FOR NT=2 CR 3}
SPACING: EVERY NS-TH FCINT IS TO EE MARKED
(FOR NT=3)

DRAW (NTO EXISTING PLOT

BEGIN

(NHy XMAX 3y XMINySXy YMAX» YMIN,SY,TEXT NEED

SPECI

NEW PLOTy (XMAX~XMIN)/{YMAX-YMIN)

e R SN CH I N ]

Z
(@]
w v,
[ag}

FIED FOR NR=y]}

MAXIMAL ABSCISSA

MINI™
X=IMC

AL ABSCISSA
REMENT CCRRESPONLCING TC (.01 IN.

MAXIHMAL ORDINATE

MINI™M

AL ORDINATE

Y—-INCREMENT CORRESPONDING TO J.31 IN.

FIGUR

E CAPTICNy €0 ALPHAMERIC CHARACTERS

FIGURE NUMBER

IHI,GT1 4211922142224 12,CHISQyCHISCO,

219 IXydyJXTLL) o KX{5 gLy LX{I152) y MyMA»MXyNgNXyKKXyMP (1142} yMR{11,2),
STITLE(21) s Z1T4EPSyEL4E2,TEFF,H{12),AGI{11)4SPIN(11},RP(11),
4G(11y2)sCS{T142),yX0222)DLX2,00)sES(1142)4EFF(1142,223),
SFP(5)sDLFP(S),TC{S),TBI(E),ZH{5},EC({512),Y(512),0LY(512),

EYXNUEY s XRUG) s TMXZALLLD}2D{13)yCT(1392)4CG(L1042),M14M2,M0,
TOLELEMN,S5T{2248),DLST(2U48),D5T(22),56(2243),DLSG(2,48),0SG(2u),
8SCL2.48)+T(2348),YY(2048),0YY(2048925),22(512),2(512),DZ(27),EFC,

SF{271),RF(241)

COMMCN/TIL/ SGIL1(2:48),0LS611(2548)
DIMENSICN EF{2),YF(Z),EK(2548)
COMPLEX HI,GI1,711,221,222,D711,0721,C222

ENERGY RANGE NOF PLOTS (SAME FOR 1ST AND 2ND PLOT):

KH=KX(1)

>

31547¢C

131548
315495
3155040
“15514
315523
215532
315549
215553
41556¢C
J1557¢
315583
215593
{15693
215612
315623
215639
015640
015652
J1566%
J1567¢C
c1568L
15663
Q15704
015714
215723
T15739
315742
715750
J15762
L15772
215783
J15793
215833
315813
015823
315833
215840
015852
uls5867%
U1587¢
315887
J1589¢
315900
215913
a1592¢
215930
J15%4y
215954
315963
1597<
{1558y
315995
2163040
016010
£16023
716333
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FORTRAN IV G1 RELEASE 2.7 YPLCT CATE = 78181 11/36/14 PAGE 3032

97 EMIN=EE(L) CLléu4s
e EMAX=EE (KH) 016050
e39 IF(NXLEC.1)GO TO 2 C16360
61D N9 1 N=Z2,NX TL60TL
Dull KN=KX{N-1}+1 216383
Q312 KH=KX{N])} 16385
0513 EMIN=AMINLIEMIN,ZEE(KND) 21610¢
0U0l4 CMAX=AMAXL(EMAX,EE(KH)) 216114
9015 1 COMTINUE 316122
5016 2 EBZR={EVMAX-EMIN)}=1,2701 21613¢
Jel7 ILG=ALOG1lu (ERER) 16147
218 TF{EBER L Tale)ILG=11G-1 N16150
2319 DEK=12e05xILG Cl6l63
2329 EBER=EBER/DEK 216173
w21 BER=112, 516189
39322 IF{SBER.LEeSe JBER=5, 516199
5423 IF(E3ERLE«Z2e5 )BER=2.5 716200
2024 IF{E3ER.LE+1e25)3ER=1,.25 olé21s
25 BER=3ER*DEK 516222
D326 EMIN=FLCAT(INT(254<EMIN/BER))*BER/25. {1623¢
0327 EMAX=EMIN+BER 016242
ud28 SE=7.{lG5%BER 01625¢
C CAPTURE YIELD RANGE OF 1ST PLOT: 216269

329 YMAX=0. 316273
{030 KH=2 316282
D931 DO 4 N=1,NX 416292
Q32 KN=KH+1 316303
2333 KH=KX{N) 016313
2034 DO 2 KK=KN, KH 916327
D035 ITE{Y{KK}+DLY(KK)oGTL,YMAX)YMAX=Y (KK} +DLY {KK) 016339
43036 32 CONTINUE 216343
a37 4 CONTINUE 016353
ci38 YBER=YMAX%22,/25.%1,2 3516363
Q.239 ILG=ALOGLI(YBER) 16372
0343 IF(YRERLLTL1aVILG=ILG-1 £16389
0041 DEK=1J3aL*x1LG 016393
0042 YBER=YBER/DEK J164)7
043 BER=11. 316412
1544 TF{Y3ERLLEL5.5)BER=5.5 16424
V945 IFIY3FRWLEL4s4)BER=4 4 216432
D946 IF(Y3ER.LF.Z2s2)BER=Z,2 316447
9047 TF(Y3ER.LEs1s1)BER=141 216453
3048 BER=3ER*%0EK 016463
2049 YMIN=—RER®3,/22, 5316473
30859 YMAX= BER 216487
0051 SY=Ua 3G 1%BER®Z5,/22, 316493
3052 KH=1 J165245
0053 DO 8 N=1,NX J16512
3054 KN=KH+1 21652¢
0355 KH=KX{N) 3165335
C NPz NUMBEP OF POIMNTS 7O BE PLOTTEC 216540

0056 NP=KH=KN+1 216554
C PLUT CALCULATED YIELDS AS CURVE (L1ST PLCT) 16567

357 IF(N.EJ.L)CALL PLOUTA(EE vz pNPy2s09 1y 240y 2,EMAX,EMIN, SE, 316572
IYMAX, YMIN,SY,TITLE,IZ) 216585

3058 IFINeGTA1)CALL PLUTACEE(KN) yZ(KN) yNP 9253231y 340y0,EMAX,EMIN,SE, 416590
LIYMAX, YMIN,SY,TITLE,IZ) Q16600

c FLOT MEASURED POINTS (157 PLOT) J16612



FORTRAN IV Gl

0359
3069
261
362

n263
0364
365
2066
D067
2063
3369
ANTH
2071
{72

J273
0074
Q075
076
377
2978
ug79
508w
acsl
OUB2
3083
Geg4a
JC85
N8 6
Q087
0383
389
uose
5091
{092
393
94
IC95
(096
3897
LJ98
{£99
J150

2101
J142

RELEASE

[
5
8
c
C
&
7

2.3 YPLOT DATE = 78131 11/3¢&/14%
TF{N. LE« 3} NS=N-1
IF(N.EJ.2InNS=4
IF{NaGEod)INS=N+3
CALL PLOTACEZIKN) 3 YIKN) g NPy L1yNSyly 29ty g EMAXyEMINGSESZMAX,ZMIN,SZ,
l—)’;')
PLOT ERRJR BARS NF MEASURED POINTS (1ST PLOT)
DO & KK=KNyKH
EF{1)=EE(KK)
EF(2)=EE{KK)
YFO1 =Y (KK)+DLY (KK)
YFE(2)=Y (KK)=DLY{KK)
TF(YF{2)oLTYMIN)YF{2)=YMIN
CALL PLCTA(cF,YF32425 9 le 1yl iy EMAX,EMIN,SEYMAX,YMIN,SY 0y 00)
CONTINUE
CGNTINUE
IF{ZIT.CEaL1a)RETURN
PLOT CAPTURE CROSS SECTION GF PURE FIRST ISCTOPE (2ND PLOTY
CRUSS SECTIGN RANGE CF 2ND FLOT:
EK{1})=cMN
DO € K=2,KKX
EK(K}Y=cK{K-1)+DLE
CONTINUE
Ki=(EMIN-EK{1))/DLE+2.
K2={EK(KKX}-EMAX) /DLE
K2=KKX-Kz-1
IF(KlaLTs 1)Kl= 1
IF(K2. 0T KKX) K2=KKX
NP=K2-K1+1
SHMIN=2,
SMAX=2,
NN 7 K=K1,yK2
IF(SGIL(K)aGTo3MAX)SHAX=SGIL(K)
CONTINUE
SBER=SMAX*] .2
ILG=ALOGLO(SBER)
IF{SRERLLT.1.)ILG=ILG~1
DEK=13a{*=ILG
SBER=SBER/DEK
BER=12.5
IF(S3ER.LE£.25)BER=64.25
IF({SBER.LELS5. )BER=5.
IF(S3ER.LEL2.5 })BER=2.5
IF(S3ERLLE.1,25)BER=1,25
SMAX=BER%DEK
SS=2e J4 1RSMAX
CALL PLCTACEK(KL) ySGILU(KLY s NPy240, 19242929 EMAX,EMIN,SE,
ISMAX, SMIN, 5SSy TITLE,12)
RETURN
END

116622
316633
1664
L1665
J16660
T16678
216683
0166975
“16e733
Ji6T1%
516723
316733
216742
216754
T16763
16770
6167840
216792
$9168L3
#1681%
Jleszy
D1683¢
216843
Z1685¢
216860
0168752
316884
ules9ay
£16923
516919
01620
16932
116940
yl6957
316960
316970
1698y
016997
O17¢03
317419
Jl7022
017334
217343
417053
$17063
ClTUTT
U1778%
317393
S1TLG
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