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A new version of a spallation reaction simulation code NUCLEUS has
been developed by incorporating the newly revised Uno & Yamada's mass
formula. The mass formula dependence of the spallation product distri-
bution has been investigated by comparing the new results with those
calculated by the original version which uses the combination of the
Cameron's mass formula and the mass table compiled by Wapstra et al.
Detailed differences between these two mass formulas are shown in the
comparisons of mass excess values. The distributions of spallation
products of a uranium target nucleus bombarded by high energy (0.38-2.9
GeV) protons have beén calculated with the new and original versions of
NUCLEUS. The calculated results show that there is no significant dis-
crepancy in the non-fission ceomponent of cumulative product yields such
as the mass distribution and the number of emitted neutrons but in the
fission component Uno & Yamada's mass formula reproduces the measured
data obtained from thin foil experiments significantly better, especially

in the neutron excess side, than the Camercn's one.
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1. Introduction

In the nuclear spallation reaction of a heavy nucleus bombarded by
high energy protons, almost all kinds of nuclides are produced due io
the vehemence of the reaction. Although most of them will decay- to
stable nuclides in a short time, it is very important in the research
of the transuranic waste transmutations that the accumulation of
nuclides with long lifetime can be estimated as acculately as possible.

In the assessmont of the feasibility of the idea of transmuting the
transuranic wastes by using spallation reactions, it is necessary to show
that the storage time of transuranic wastes can be significantly
shortened from the practical point of view. It is very interesting
and: important also from the pure nuclear physics point of view to
investigate the details of spallation reaction and the decay mechanism
of a strongly excited nucleus.

In our previous Monte Carlo calculations performed by using the
NUCLEUS code, "’ the spallation reactions of g uranium nucleus were
studied for incident proton energies of 0.38, 1, 2 and 2.9 GeV. It
has been found that in the comparisons of charge dispersion curves the
agreements are not satisfactory enough with the measurements reported
by G. Friedlander et al. '*, in particular, for the neutron excess wings

e The computational scheme employed in the NUCLEUS

code is essentially the same as that of the NMTC/JAERI code (3 except

of the curves.

that NUCLEUS simulates only the intra—nuclear cascade and the
competition between high energy fission and particle evaporations. In
both codes the binding energies of particles emitted during the reaction
are calculated with the combined use of the Cameron’s mass formula
and the mass table compiled by Wapstra et al., in the same way as in
the original NMTC code. "

On the other hand, Uno and Yamada have developed a new mass
fermula by utilizing recent experimental mass data to predict masses
of unknown nuclides far from stability with greater reliability."”

In the nuclear spallation a lot‘of nuclides, which often appear far apart
from stability, are produced. This fact suggests that the use of new
mass formula will improve the accuracy of our calculations.

A new version of NUCLIUS has been developed by incorporating the

newly revised Uno & Yamada's mass formula. The mass formula
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dependence of spallation preoduct distribution has been investigated by
using the original and new versions of NUCLEUS. In the calculations
both with the original NUCLEUS and NMTC/JAERT, some product nuclides
near the neutron or proton drip line are often lost in counting the Monte
Carlo events due to dimensional restriction in the code and the repulsion
criterion for the events outside the current nuclide chart. These
restrictions are removed In the new version of NUCLEUS to aveid the
counting loss of nuclides which are unknown as vet experimentally.
First, we briefly outline the calculational methoed of nuclear
spallation reaction and describe in more detail two mass formulas.
Secondly calculated results are shown, in comparison with experiments
when measured values are available, for mass excess values, mass
distributions, spallation product vyields and the number of emitted
particles. Finally we give a conclusion and discuss some problems to

be further investigated.
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2. Calculational method
2.1 Theoretical model of nuclear spallation reaction

A nucleus bombarded by a sufficiently energetic particle, such-as
a proton with the energy of hundreds to thousands MeV, undergoes a
complicated destruction process, 1i.e., so—called spallation. The
thecretical models used in a Monte Carlo code NUCLEUS ‘¥ for simulating
the spallation reaction are essentially the same as those in NMTC /
JAER! ©7, For the sake of clear understanding of the role of .the
nuclear mass formula in the spallation calculation, a briefl description
of the theoretical models and the computational method is given in the
following. We wuse the 1two step model which consists of the
intranuclear cascade and the subsequent. competing decay by the high
energy fission or particle evaporation.

When a high energy particle is injected into a heavy nucleus, the
intranuclear cascade of nucleons, pions and knocked—on particles are
computed as the first step of the nuclear reaction. In the present
model a nucleus is assumed to be a sphere of a degenerate Fermi gas,

(a)gives a good approximation to

in which the two body collisicn model
the collision processes during the intranuclear cascade 1n the energy
range higﬁer than about 100 MeV. The characteristics of nuclear matter
are determined by the distributions of nuclecn density, momentum and
potential energy. At  each nucleon-nucleon collision event the
relativitistic conservations in a particle’s energy and momentum are
checked and it is examined also if Pauli’'s exclusion principle admits
the scattered Fermions. Pion production cross sections are calculated
using the Isobar model. t At the instant when the intranuclear
cascade has ceasecd, the residual nucleus remains Iin the strongly excited
state of the excitation energy as high as hundreds MeV.

In the second the highly excited residual nucleus decays selecting
the path to the evaporation or the nuclear fission as the subsequent
process according to the fission probability based on the Bohr-Wheeler

8 ritted to Ilinov's

theory with the level density parameters
experimental data.‘® A semi-empirical combination of the Gaussian
and folded - Gaussian distributions is used to determine masses of
fission fragments, and their charges are selected from the Pik - Pichak

& Strutinskii distribution., (¥0G®
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The evaporation calculation is carried out for necutron, proton,
deuteron, triton, helium 3 and alpha particle emitted from an excited
residual nucleus or excited Tission fragments, using the Weisskopl model
which is based on the statistical theory for a degencrate Fermi gas.

The evaporation probability P , of a particle x with the kinetic energy

£ from the excited compound nucleus i1s given as

P, = {25 + 1) m. ¢ ocx(e) e{E), (1)
where
S, : particle x's spin, m, : particle x's mass,
Ocx : imverse reaction cross gection,
E : (excitation energy of compound nucleus) — & — @, .
Q. = particle x's binding energy ,
w({FE) : level density in a nucleus with energy E ,

where w(E) is formulated by Hurwitz and Bethe as the following

ol(EY = wg exp { 2 Ja (E — &) ) ,

where

A

a : level density parameter, = 10 in our calculation ,
& : poiring energy correction ,
A : mass number of a compound nucleus

The mass excess is defined as M{A,Z)=M-A, where M and A are
the mass and mass number, respectively, Z being the atomic number.
If we define the mass number, atomic number and mass excess of the

particle x as AEP(x), ZEP{x) and EXMASS(x), respectively, as foIlows,

AEP(1) = 1, ZEP(1) = 0, EXMASS(1) = M (1, 0 ) ,
AEP(2) = 1, ZEP(2) = 1, EXMASS(2) = M (1, 1)
AEP(3) = 2, ZEP(3) = 1, EXMASS(3) = M ¢ 2, 1)
AEP(4) = 3, ZEP(4y = 1, EXMASS(d) = M ¢ 3, 1) .,
AEP(5) = 3 ZEP(3) = 2, EXMASS(E)Y = M ( 3, 2 )
AEP(6) = 4, ZEP(8) = 2, EXMASS(6) = M ( 4, 2 )

the binding energy Q. is calculated by the following egquation,

Q. = M(A — AEP(x), Z - ZEP(x) ) + EXMASS(z) — M{A.Z) . (2)
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In the present work we adopted two different mass formulas, Cameron’s
(33111 and Uno & Yamada's 7% to examine their effects in the

Monte Carlo simulation of nuclear spallation reactions.

2.2 Camcron’s mass {ormula

In NUCLEUS and NMTC/JAERI] codes the M(A,Z) value is taken from
the Wapstra and Huizenga mass table . For nuclides not included in
the tahle, Cameron's mass formula ‘**7, fitted te the Wapstra and
Huizenga mass table, is used to calculate the binding energy of an
emitted particle. The main part of the fcllowing description in this
section is the excerpt from Ref.(11), but scme e}gpressions are changed
to be consistent with our definitions.

The Cameron’'s mass formula is written in the following symbelic
form in MeV energy units

M(A,Z) = 8.367 A — 0.783 Z + E, + E;, + E. + E,, + S{Z,N)

+ P(Z,N), (3)
where the subscripts v,s,c¢ and ex denote volume, surface, Coulomb and
Coulomb exchange energies, respectively. The first twe terms on the
right—hand side give the mass excess of the neutrons and protons in the
nucleus. S(Z,N) and P(Z.N) represent the empirical shell corrections
and pairing energies.

The volume energy term is expressed as the sum of the volume

gaturation and the volume symmetlry energies ;

A-27)¢F
Euma(lfg“(*‘_Az)

) A, (4)

where @ and B are constants to be determined, values of which are given
later in Eq.(10).

As sesn in a trapezecidal radial model of the nucleus such as shown
in Fig. 1, the nuélear radius R is defined as the distance from the

center to the point at which the nuclear density has 50 % of the central

value pg. The half skin thickness 2z 1is set to a constant,
1.5 x 107" cm. The Stanford results **7 are then fitted by the
formula

0.62025

i) X 107" em. (5)

R =1.112 A" (1

As 1t seems appropriate to take the sphere of radius R as the reference

— 5 —
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surface of nucleus, it is assumed that the surface energy is proportional

(15 peinted out that

to the area of this reference surface. Feenberg
the surface energy should also contain a symmetry energy contribution.

Therefore the surface energy is written in the form

A-27)" 5
3‘1{3( ) _ o.iggza)a A2 (6)

where y and ¢ are constants to be determined, values of which are given
also in Eq. (10).

The Coulomb energy E. was obtained for the nuclear model of Fig.

(18)

1 by well-known methods. The result is

+ +

Z(Z-1) _ 1.5849 1.2273 1.5772 ) (1)
A3 A AYB :

The Coulomb exchange energy arises from the correlation in the motion
of protons in the nucleus. Since it is a small term, it was decided
to adopt the calculation of Bethe and Bacher ‘%) for the nuclear model.

The result is

?4/3
/4

B = -0.4323 £ (1 0.57811 _ 0.14518 , 0.49597

Al yu il e i (8)

The terms S{Z,N) and P{Z,N) were determined empirically as described
in the following. Equation {3) without the shell correction and pairing

energy terms is referred to as the reference mass formula
M(A,Z)rey = 8.367 A — C.7T83 2 + E, + E; + E, + E,. . {9)

The coefficients B nd ¢ were determined by a least squares procedure in
which the properties of the actual valley of beta stability at many
points were substituted into the equation which was obtained by
differentiating Egq. (9) with respect to Z and setting the resulting
equation to zero. The remaining two constants o and y were
determined also by a least-squares fit of the reference mass formula
to experimental mass excesses. The resuling values were given as

follows
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B = — 31.4506 MeV , ¢ = 44.2355 MeV (10)
a = — 17.0354 MeV | ¥ = 25.8357 MeV
The differences between the masses calculated from Eq. (9) with the

constants given above and the 89 odd-odd masses are plotted in Fig.

2. (n Equation {(9) is considered to give a relatively good fit to the

trend of the mass over the entire mass range shown. The trend seen
in Fig. 2, however, shows quasi-pericdic deviations Increasing with
A This indicates that corrections should be made to the reference
mass formula. Following the procedure of Green and Edwards an

Cameron assumed that the shell correction and pairing energies can be

written as independent functions of the neutron and proton numbers ;
S(Z,N) = S(Z) + S(N), P{(Z ,N) = P(Z) + P(N). (11)

The functions S(Z),S(N),P{Z) and P(N) were determined in the following
way. The odd-even effect in neutron and proton binding energies was
attributed to the pairing energy. Therefore, the residual energy
differences between pairing-corrected reference masses and measured

masses were assumed to be smooth functions of the meutron and proton

numbers. The following quantities were formed from Wapstra—-Huizenga
masses ;
A = M(A,Z)meas — M{A, Z) ey . (12)

The shell correcticns were then approximately given by

S(Z,N) = 8(Z,N) — P(Z,N) , (13)

where trial quantities P(Z,N) were assumed to be the pairing energies

18) g5 the first approximation. Proton and neutron effects

of Newton
were separated by forming shell correction differences, which (for

protons) are

85(Z)y = S(Z)— S(Z-1) (14)
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- A(Z,N) — AMZ-1.N) — P(Z,N) + P(Z-1,N) . (15)

These differences were weighted inversely as the sguares of the
arrors in them, and weighted averages of those were computed over the
whole region of wvalues of N for each Z and smoothed. The average
differences 8S({N)Y were calculated similarly. These smooth differences
were summed to form S{(Z) and S{N), and the analysis was inverted to
obtain empirical values for P({Z) and P(N). These in turn were to
improve 85(Z) and 3S{N). The final step in the empirical

determinations was to form the quantities
A(Z Ny — P(Z,N) — S(Z,N) . (16)

The functions &S5(Z) and 8S{N) were adjusted in a manner that the
weighted averages of A{(Z,N) should approach =zero as closely as
possible. Final results are shown in Fig. 3 {(a) and {b). These
functions seem to be quite smecoth except for discontinuities at shell
edges. Extrapolations of the shell correction differences to higher
nuclecn numbers are shown as dashed lines in Fig. 3. These
extrapolations are based on the assumptions of a closed proton shell at

Z = 126 and a closed neutron shell at N = 184.

2.3 Unc & Yamada’s mass formula

The main part of the feollowing description in this section is also
the excerpt from Ref.(12), and some expressions are changed to be
consistent with our definitions. In Uno’ & Yamada's mass formula
(5, (12),(13). (19)

the mass formula fer the nuclide with 7 protons and N

neutrons is given as the folilowing form
Mg(Z N) = Mg {Z ,N) + Py(N) + @n{Z) — AM a1-0aa(A) (17)

Here , Mg {Z,N) is a smooth function of Z and N representing the gross

feature of the nuclear mass surface.?? The gross term corresponds to
the reference mass formula in Section 2.2. The terms Pz(N) and
&n(Z) are the proton and neutron shell terms, respectively. The

last term is a small correction for odd—odd nuclei.

The gross part Mg, (Z,N} is expressed in MeV as follows
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Mp(Z,N) = T.68023A + 0.391207 + a(A)A + b(A) [l + c(AYI*/A

+ E(Z,N)Yy — 14.33 x 107% z*3%% | (18)

where A=N+Z, I=N-Z,
al(A) = a, + a; AR 4 s ATY3 4 y A, {(19)
b(A) = b A,
c{A) = ¢; + ¢cg A+ 3 ATV 7 (1 + e ATV
The Coulomb energy E.(Z,N) is taken as that for the trapezoidal

charge distribution similar to the one shown in Fig.1

v s ar 0.864 R ) A
AR IR IR RN S R S

0.66 , 7 4/ A, (20)

where
Z
e = 5
R=rq ( (V5 + 8 )0 - (5 -4y,

The radius parameter ro is 1.13 frm and the half surface thickness 2z 1.5
fm. The last term in Eq. {18) is the binding energy of atomic

electrons. The correction term for odd—odd nuclei is, on the average,

expressed as ¥

11719.21 1321495
Ao CAY = B . 21
odd-oad(A) (A + 31.4113)° (A + 48.1170)° (b

The shell terms Pz{N) and @n(Z) are assumed to have the constant

form

Pz(N) = Pz, Qn{Z) = Qu . (22)
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The values of the gross—part parameters, a;.b;,¢; were obtained through

a procedure similar to that described in Ref. (5) as
a(A) = ~17.080 + 30.138 A™"® — 31.322 A™** + 24.192 A} | (23)
b(A) = 15.0 A™¥? |

c{A) = 35.217 - 89.811 A% + 92.940 A7¥%/(1 + 0.56912 A%
Actual values of the shell parameters, Pz and @, whose number amounts
to about 250, were determined by a new statistical me thod proposed in
Relf. (12). A brief description of the method is given below.
In determining the values of the shell parameters, only even-even
and odd-A nuclei were used, excluding odd-odd ones because of the
irregularity of their mass surfaces. The mass excesses ol these nuciei

were simply written as
M};(Z,N} = Mj;;g(Z,ZV) + Pz + QN . (24)

in the case of the constant shell form. The sum of values of the shell

parameters Pz and @ should be determined to reproduce the difference

between the experimental mass and the gross—part,
Mpesp{Z ., NY — Mg (Z,N), as accurately as possible. In order to divide
the 7"experimental shell energies”, Mg, (Z.N) — Mg A{Z.N), into the
proton and neutron shell terms as Pz + @, an iteration method was
used. First, Eq. (25) was computed with some initial guess values
for @n’'s ;

Yz(N) = Mgexp{Z.N) — Mg (Z,N) - @w, (2%)
which 1s called the “experimental” proton shell energy. Next, the

values of Pz’s were adjusted In such a way as to fit to the

"experimental” proton shell energies. (STEP 1) Using these values of
Pz s, the "experimental” neutron shell energy is cemputed as
MEexp(Z:N) - MEg(Z:JN) - Pz. {26)

Again the values of §n’'s were adjusted so as to fit to the "experimental”

neutron shell energies. (STEP I1) The values of &n’'s thus obtained
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are generally different from those used in STEP 1. These steps (1)
and {(I1) were repeated until the parameter values converge.

The "intrinsic errors” were attached to the shell terms Pz and’
®n, and dengted by oy and B, respectively, in the sense of standard
deviation. Generally these intrinsic errors are different il Z’s .or
N's are different. In addition the "extrinsic errors” coming {rom
the uncertainties in the determination of the values of the shell
parameters Pz and @y werc taken into accounts and denoted as AP and
AQNY for the proten and neutron, respectively. The error of the

"experimental” proton shell encrgy ¥z{(N) is written as
Nz(N) = ( e2(N)" + By © + (8QFH )T, (27)

where ez(N) is the error of Mg.,(Z,.N). Thus the problem was reduced
to the determination of Pz (the best value of Pz), APz*, and a; by
comparison wilh yz{N) and wz{N). Similary, @Q@wo. A@N*", and By were
determined. Finally the theoretical error for the mass formula is

experessed as

SM(Z,N) = (az * + By * + (APS)" + (8Q¥")’

+ (x AMogaoasA)Y ) Py VP (28)

1
3

In the final formula the root mean square of az is 319 keV for even
Z and is 398 keV for odd Z, and that of By is 326 keV for even N and is
341 keV for odd N. The most probable { best) values of the shell
parameters, Pz and @yp are shown in Fig. 4 {a) and (b). These figures
show marked dips at the magic numbers, 6, 14, 28, 50, 82 and 126, but
not at the magic numbers 8 and 20. The separation of the Pz plot {and
also of the @ung plot )} into two lines is simply due to the even—odd
effect. The intrinsic errors oz, By have fairly large fluctuations for
some particular values of Z and N near magic number, as shown in Fig.
5 (a) and (b). The extirinsic errors in Fig. 5 (¢} and (d) can be said
rather small for all Z and N. Some shortcomings of the formula have

(12) As for the charge

been pointed out by Unc and Yamada themselves.
symmetry of nuclear force, which should guarantee an approximate
equality of Py and @ for Z2 = N in the region of light nuclei {( Z, N

< 20 3}, the new formula does not improve the old one. The steep
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decrease of Pz with large Z and the steep increase of @y with large N

2

seen in Fig.4, indicate a shortcoming of the formula with the constant

shell term.

For the sake of our own research work a computer program for

computing the mass exXcesses by both mass formulas has been developed
by us at JAERI.
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3. Results and discussions

Analysis of the distributions of the products from the proton
spallation reaction of a nucleus gives us & significant clue -to
investigate the nuclear physical processes governing the reaction. It
is generally known that the products yielded in the nuclear spallation
reaction consist mainly of residual nuclei in the evaporation stage of
nuclear reaction, in the computer simulation of which the precision of
the mass formula is crucial in getting good results. In order to make
clear how important the mass formula is in predicting the spallation
product distribution, we have performed the calculations of the
distributions of spallation preoducts as well! as evaporated particles,
using two mass formulas, i.e., Cameron’'s and Unc & Yamada’'s, and
compared the results with measured data { reportéd in Friedlander et
al.’s paper 29y for the spallation of a uranium nucleus bombarded by
protons from 0.38 to 2.9 GeV.

We begin the presentation of our computationa! results with a
detailed numerical comparison of the two mass formulas. Next, before
proceeding to the discussions of the spallation product distribution,
we explain an important improvement of our computational code in
counting the nuclide production events. In the last section, main

results of our calculations are summarized and discussed.

3.1 Numerical comparison of the two mass formulas

The numerical values of mass excesses of nuclides calculated by
both mass formulas are plotted in Fig. 6 for isotopes of an element each
with even Z from 82 down to 30. As seen in Fig. 6 (a) for
Z = 82 ~ 88 |, these parabolic curves are in the positive side and in a
good agreement with each other, whereas for Z = 84 ~ 72 the old
Cameron's formula gives values larger than the new Uno & Yamada’'s one
in the neutron deficient side, and its discrepansy turns out to be more
than 8 MeV for a nuclide with Z = 82, A = 183. In the range from Z =
70 to Z = 52, where the mass excesses have deeply negative values as seen
in Fig. 6 (b), both curves are in better agreement than in the other
ranges. Their maximum discrepancy is only less than 3 Mev for the
neutron deficient nuclides far from the B stable line. In this case

the new formula has values larger than the old one. In the lighter mass
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range for Z=580~30, they approach to positive values again as Z decreases,
as shown in Fig. 6 (c¢). The new has larger values for almost all
isotopes than the old, and their difference becomes larger than § MeV

especially at the edge of the neutron deflicient side.

3.2 Extended region of nuclide production

The distributicn of produced nuclides on a neutron number versus
proton number plane, the (N, Z) plane, gives us the clear image of their
decay schemes. Figure 7 illustrates the region where the Monte Carlo
events corresponding to spallation fragment productions are counted.
The region between the fine lines with blacked circles is the counting
region allowed in the NMTC code and adopted also in the old versions
of NMTC/JAERI and NUCLEUS. Monte Carlo events which happen to be
outside the region are discarded as unphyvsical events. Through our
experiences in various calculations using NMTC/JAERI and NUCLEUS, we
have noticed that the number of discarded events would not be so few
as tc be allowed to be discarded only because nuclides correspending to
such events are not on the chart of nuclide, considering the real
possibility of the existence of nuclides unregistered on the chart.
With this thought in mind we have extended the (N,Z) region to eliminate
counting losses of the events. The bold lines represent the extended
region incorporated in the new version of the NUCLEUS cods. These
restricted and extended regions forming a band shape have widths of 31
and 61 nuclides in the N direction, respectively. The line with open
squares represents the domain where nuclides were produced actually in
the extended region in the spallation calculation of a uranium target
nucleus for 1 GeV incident protons. As seen from the figure, the
domain of produced nuclides extends outside the old region. The
nuclides on neutron deficient ( N > 80 ) and neutron excess extreme sides
( 75 > N > 45 )} had been lost in the old calculations. The trizngle A
denotes a stable nuclide. The line marked by c¢ross (x) representing
the boundary within which there exist nuclides listed in the current
Chart of Nuclides Y is depicted for reference. The straight lines

in the figure will be explained later.

3.3 Effects of the mass formula on the spallation product
distribution

Figure 8 shows the mass vield distributions for a uranium nucleus
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calculated by the new mass formula. The peak and the plateau seen in
the heavier mass region (A > 180} correspond to intranuclear cascade
and non—-fission evaporation products. The most remarkable feature seen

in Fig. 8 (a) is a peak around A = 210 which has not been reportied vet

ags the experimental data anywhere. The peak collapses gradually- as
the proton energy increases. The spires in the lightest mass region
correspond to evaporated ¢ , °He + t and d. A relatively flat

distribution between them 15 mainly due to the high energy f[ission.

9 calculated by the

These trends are in & good agreement with those
old mass formula. So there seems no appreciable difference between
the mass distributions of spaliation products obtained by using both mass
formulas. The numbers of emitted particles per incident proton and
nucleus are summarized in Table 1 for the .new formula with the use of
the extended region of nuclides. The yield of neutrons from a uranium
nucleus is maximum, about 17, at 2 GeV and decreases slightly over 2
GeV probably because of an increase of nuclear transparency [or incident
protons. The values obtained with the old version of the NUCLEUS code
(with the old mass formula and the restricted region) are shown in the
parentheses in the cases of 1 and 2 GeV protons. It is apparent that
both wvalues are in a pgood agreement except the numbers of emitted
protons and deuterons. For making the amount of produced nuclides
visible on the (N,Z) planc, its bird eye’'s view is depicted in Fig. §
for the proton impinging on a uranium nucleus with incident energies
of 0.38, L, 2 and 2.9 GeV. Figures 9 <{(a) ~ (d) are pictures watched
from the neutron excess side near the origin, where the [ine structures
of three typical compenents of non—fission products, fission products
and evaporated particles appear more c¢learly than in the mass
distribution shown 1in Fig. 8. Non-fission pruducts {after the
intranuclear cascade and the subsequent evaperation ) become a typical

double—peaked distribution, the cne of which locates near the position

of a target nucleus ( uranium ). The other peak collapes gradually as
the incident energy increases. Fission -product yields are smaller by
two orders than non—fissicon ones. Figures 9§ (e} ~ {(h) ., on the other

hand, present the images viewed from the neutron delicient side for
the same energies. It seems that the cliff on the neutron deficient
side becomes slightly less steep than in the images of the original casc
‘7 especially in the region of fission fragments for encrgies above |1

GeV.
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The vields of spallation products for 1 GeV protons impinging on
a uranium nucleus, calculated with the old mass formula and the
restricted counting region and accumulated over the mass number rangs
from 125 to 140, are plotted in Figs. 1¢ (a), {(b) and {(c) to compare
our simulation results with the measured data ‘*'. The lack of
smoothness in the calculated histogram shows that the number of
histories (50,000 protons) in the Monte Carle calculation 1is not
sufficiently large. The value of N/Z for a stable nuclide in this mass
range is about 1.4. Beth product distributions are in betier agroement
on the neutron deficient side than on the neutren-sxcess side ( N/Z >
1.5 ). A double—-peaked distribution at energies above 1 GeV,
corresponding to the neutron—excess and neutron—delicient nuclides, could
nct be repreduced correctly by the calculations. However, the
distributions on the side of lower N/Z values are in agreement with each
other. Discrepancy is remarkable at the nesutron-excess side ( N/Z >
1.5 ). In order to see if the discrepancy can be improved by using
the new mass formula, we performed the same calculations for three
cases of (a) the old mass formula and nuclide region, {(b) the old mass
formulae and the extended region and {c¢) the new mass formula and the
extended region. Prior to making discussions on the results shown in
Fig. 11, let usg see Fig. 7 again. Two parallel lines drawn from
the upper left side to the lower right side denote the mass number range
of 125 ~ 140 wused for getting cumulative yields. The straight lines
drawn radially from the origin have each value of N/Z written in the
figure. The minimum value of N/Z below which spallation nuclides
are scarcely produced may be considered to be 1.2. The domain
surrounded by the paralle! lines and the two radial lines with N/Z values
of 1.5 and 1.6 exists in the restricted region. Therefore, in the
present calculation the reason of variation of yields of produced nuclei
in this domain may be purely attributed to the selection of a mass
formula. The computational results with the o!ld mass formula ( Fig.
11 ¢a) and {b) )} show the lack of some nuclides with the N/Z wvalues
larger tham 1.5, The use of new formula { Fig. 11 (¢} } has just
resulted in redistributing the nuclides and produced the double—peaked
distribution. These spallation products with mass A = 125 ~ 140
abtained by using the new mass formula are plotted alse in Fig. 12
{a),{b) and (c¢) for the proton energies of 0.38, 1.0 and 2.9 GeV in order

to compare our simulation results with the measured data ‘¥, Both
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calculated and measured product distributions are in a good agreement
in the whole range of N/Z from 1.2 to 1.6 except in the case of 0.38
GeV protons. A double—-peaked distribution in the curve representing
the measured datas at energies above 1 GeV, corresponding te the
neutiron-excess and neutron-deficient peaks, has been reproduced
succeasfully by the present Monte Carloc calculalicn using the new mass
formula. Quantitatively speaking, however, there are some
discrepancies between our calculations and the measured data. The
reasons of discrepancies may be attributed to both the experimental data
processing and the computational methods. The portion of the
experimental curve beyond the peak on the neutron—excess side does not
show the measured data but is the plot of values extrapolated by using
the measured cumulative yields and the Ieft tail of the distribution is
also the extrapolation except the case of Fig. 12 (a). Ag seen in
Fig. 12 (a) it is apparent that the amount of neutrénfdeficient nuclides
becomes relatively larger systematically 1in the <calculation in
comparison with the measurement in spite of use of the new mass
formula. This fact reminds us that it may be necessary to examine
the censistency betwecen the mass and charge distribution probabilities
used in the Mente Carlo sampling of the fission fragments, because the
former has been derived semi—empirically 8) and the latter is the
theoretical one based on the statistical model of the fission. ¢®
Calculated results for heavy spallation nuclides show that a variety
of nuclei, especially many neutron—deficient nuclides, are produced.
Figure 13 shows mass product yields, calculated with the same conditions
as in the cases shown in Figs. 11 {(a), (b) and {c), for elements with
even Z from %2 down to 84, close to the uranium nucleus bombarded by a
1 GeV proton. As seen from these figures, a comparatively large
amount of neutron—delicient nuclides are produced from the intranuclear
cascade and evaporation processes. The peak for each element appears
in the neutron—delicient side far from the stable isotopes which exist
in the right tail of each distribution, except a target uranium. Due
to their short half lifetimes most of them will change to stable
nuclides in due time. As for uranium isotopes, there 1s & sharp peak
at A = 237 and it is higher by an order than other element peaks. In
Fig. 13 (a) the tail of a peak for each element is cut off in the neutron
deficient side due to the artificial limitation in counting the

corresponding Monte Carlo events. Then we find that for the case of
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{b) corresponding to the use of the old formula and the extended region,
the counting loss has just been recovered and the tail of peaks appears
in the reasonable form. By the use of th new mass formula and the
extended region, the corrected peaks have become wider than the ones in
the case of {(b), as seen in Fig. 13 (c). As pointed ocut by Bato et

al. *%)

, more unconfirmed kinds of nuclides can exist cutside the region
of nuclides listed in the current Chart of the Nuclides. It can be said,
therefore, that the appearance of nuclides outside the Chart of the
Nuclides in our calculaticns can be considered reasonable and the region

of counting the Monte Carlo events should not be restricted.
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Table 1 Particles emitted from a uranium target bombarded by protons

in NUCLEUS runs using Uno & Yamada's mass formula for the extended

nuclide region

( ) denotes the vaiue calculated by Cameron’s mass fermula for

comparison.

Energy of protons (MeV) 380 2000 2900
; ( 3.128) ( 8.750)
! Neutron 12.085  16.050  17.319  15.243
‘ (16.380) (17.279)
! Deuteron 0.1249 0.7083 0.9108 0.7723
( 0.7220) ( 0.8740)
Triton 0.0576 0.2719  0.3407  0.2956
( 0.2740) ( 0.3225)
Helium 3 0.0010  0.0258 0,0411  0.0361
( 0.0242) ( 0.0374)
Alpha 0.0732  0.2777 0.3079  0.2588
( 0.2932) ( 0.3014)
Emitted Nucleons
per Proton 13.797 22,391 25.215 22.095
(22.998) (25.088) .




JAERI-M B87-088

4. Summary

In order to make evaluations of theoretical models for the nuclear
spallaticn reacticon, a simulation code has heen modified and a new mass
formula has been used fo improve the precision in the Monte Carle
calculations, From the analyses of calculated results of distributions

of nuclear spallation products we conclude as follows

(1) The difference between the Cameron’s old and Uno &
Yamada’'s new mass formulas is due to thosc of the
methods te fit their shell energy terms to measured
data for selected nuclei and data themselves.

For nuclides with atomic numbers larger than 70,

mass excesses calculated by Cameron’s mass formula
are greater than those by Upo & Yamada's cnc, whereas
the reverse tendency is seen for ones smaller than 70.

{2) The results show that distributions of produced nuclei
have the patterns natural from a physical point of
view when the artificial restrictions are removed in
counting the nuclide production eveﬁts.

" (3) Th new mass formula can reproduce fairly well the
experimental product yield distributions, especially
in the neutron excess side.

(4) It is found that the old mass formula gives lower
estimation of the number of produced nuclei than the
new one, especially in the nuclide region far from
the B stable line.

(5) In the integral kind of data, e.g., the number of
emitted particles, there are no remarkuble
discrepancies between the results obtained with the

use of the two mass formulas.

In the present research we used only the same type of two mass
formulas, Cameron and Uno & Yamada's ones, which had been presented
twenty and six years ago respectively. It is desired that these resuits
will be compared with ones which will be calculated by using different

types of new mass formulas in the near future.
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'TABLE CALCULATED 8Y BOTH MASS FORMULAS (MEV)

VALUES BY CAMERON'S MASS FORMULA

VALUES BY UNO & YAMADA'S MASS FORMULA
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85 ~73,.61 -78.84 g6 -75.81 -76.09 87 -74.14 ~74.20 88 ~70.92 -70.70
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-71.77 =-72.15
-62.01 -61.07

CAME. usgy
~53.31 -51.04
-73.5% =72.40
-82.36 -82.28
-86.83 -86.68
~-87.61 -87.62
-85.03 -84.89

86
20
94
g8
102
106
110
114
118

-¥4
g1
g5
99
103
107
111
115
119

?1
g5
99
103
107
111
115
119
123

92

26
100
104
i08
112
114
120
124

g5
99
103
107
111
115

-51.15
-70.69
-84.14
-86.74
-84.64
-79.42
-70.87
-59.06
-45.26

CAME,
-£7.26
-48.62
-83.82
-87.52
-87.39
-83.67
-76.42
-66.34
-54.02

CAME.
-39.32
-78.86
-85.27
-£38.11
~86.83
-81.92
-74.05
-63.66
-51.91

CAME.
-55.48
-76.68
-84.82
-89.20
~89.63
~846.17
-79.77
-70.86
-60.53

CAME .,
-£0.56
~76.56
~84.83
-88.38
-288.25
-84.90

-50.64
~-70.26
-84 .29
-87.15
-84.77
-79.1%
-70.18
-58.82
-L4L 77

U ey
~Lbh L6
-&7.53
-83.42
-88.05
-87.39
-83.4%
-76.04
-66.20
-53.62

ueay
-57.77
-77.82
-85.5%
-88.15
-B&6.8%
-81.88
-74.,02
~63.48
~50.18

U ey
-53.61
-75.49
-85.04
-89.29
-89.63
-86.23
-79.%1
-70,.83
-58.%96

vey
-58.33
-76.00
-84.73
-88.37
-88.37
-84.87



116
120
124
128

¢6
100
104
108
112
11%
120
12¢
128

97
101
105
109
113
117
121
125
129
133

§¢
103
107
111
118
119
123
127
131
135

102
106
110
114
118
122
126
130
134
138

-82.57 -82.71 117
-75.55 -75.83 121
-67.21 -66.18 125
-57.24 ~53.90 129

k% i = LB
CAME . VR A
~-56.47 -353.93 @7

-74.20 ~73.37 101
-84.01 -83.81 105
-89.27 -89.11 109
-%0.59 =-%0.71 113
-88.71 -38.75 117
-83.8B9 -84,146 121
-77.18 =-?76.70 123
-68.76 -66.13 129

xxx 7 = LG
CAME. U gy A
~48.99 -44_8B9 98

-68.37 -47.52 102
=79.90 =79.64 104
-86.43 -84.61 110
-89.28 -B9.80 114
-88.90 -89.37 118
-85.59 -85.26 122
-80.44 -80.23 126
-73.16 -71.0% 130
-5%9.64 -56.08 134

CAME. uay A
-48.%9 -45.13 100
-&7.79 -6&6.77 104
-79.13 =~79.0% 108
-85.84 -B864.45 112
-89.89 -90.49 114
-%0.11 -~ -90.86 i20
~87.72 -88.40 124
~83.50 -83.01 128
=76.76 -74.86 132
~62.25 -5B.96 136

CAME. usay A
-51.86 -50.02 103
~67.23 -66.76 107
-77.70 -77.78 111
-84.43 -~83.12 115
-88.02 -88.58 119
-88.37 -89.24 123
~86.42 -84.7%9 127
~B2.06 -81.22 131
~73.38 -71.46 135
~56.77 -54.04 139

*xxx 7 = 52

-82.03
-74.62
-65.87
-55.02

CAME .
-60.92
~76.04
-84.53
-83.40
-89 .04
~86.3¢
-8C.83
-74.03
-45.22

CAME.
-54.19
-71.03
-80.87
-86.27
-88.59
-87.33
-83.3¢6
-77.87%
-70.12
-54.15

CAME.

-56.%8
-72.00
-82.653
-88.62
-91.5¢9
-91.0%
-8B8.23
-83.22
-75.66

-58.50

CAME,
-56.8¢
-71.20
-80.55
-86.83
-89.36
-B89.17
-86.59
-B1.39
-70.34
~-52.%96

JAERI-M 87-088

-82.24 118
-74.664 122
-64.1% 126
~51.18 130

U gy A
-58.69 28
~75.44 102
-84 .36 106
-88.49 110
-89.39 i14
-E5.72 118
-81.33 122
-73.10 124
-62.21 130

usay A
-51.80 9
-70.28 103
-80.8%9 107
~84.65 111
-89.11 115
-87.%94% 119
-B4.03 123
-77.21 127
~-&7 .59, 131
-50.46 135

uey A
-54 .87 101
-71.37 105
-82.35 109
-89.19 113

-92.06 117
-91.77 121
-88.54 125
~-82.2%9 129
-73.36 133
=-55.16 137

v ey A
-55.37 104
-70.89 108

-81.11 112
-87.45 116

-90.08 120
-89.91 124
~86.74 128
-80.31 132
-468.01 136

-50.1%9 140

__41A_

~79.37
-71.57
-62.53
-49.36

CAME.
-68.12
-79.63
-87.08
-90.30
-90.0¢6
~84&.60
-80.74
-73.26
-63 .49

CAME.
-61.146
-74.63
-83.58
-B8.0%9
-89.59
-87.61
-83.33
-77.13
-£8,37
-50.23

CAME .
-60.17
-74.20
-83.14
-88.20
-90.34
-89.14
-85.91
-80.47
-70.78
-52.91

CAME .,
-60.09
-73.14
-81.29
-86.81
-88.51
-87.55
-84.52
-78.98
~65.45
-47.16

- -79.58

~71.36
-60.22
-45.07

uey
-66.15
-79.1¢9
-86.83
-90.44
-90.1%9
-84.8%
-80.75
-71.4%
~60.04

uey
-59.42
-74.20
-83.51
-88.74
-90.04
-88.246
-83.58
-75.93
~65.64
46,13

v ey
-58.65
-73.70
-83.09
-88.85
~90.78
-89.9¢
-86.08
~-79.13
-68.,04
~49.32

Uy
-58.99
-72.94
-81.94
-87.33
-89.40
-88.40
-84.41
~77.62
-63.03
-44.59

119
i23
127

g9
103
107
111
115
119
123
127
131

100 |

104
108
112
118
120
124
128
132

A
102
106
110
114
118
122
126
130
134
138

105
10%
113
117
121
125
129
133
137
141

-78.60

=70 046

~60.85

CAME.
-70.18
-B0.94
-85.91
~-88.9%
-88.15
-83.%%
~77.74
-69.97
-57.81

CAME.
-64.23
-76.54
-84.22
-B87.75
~88.38§
-85.67
-80.388
=74 .30
-63.34

CaMe,
-65.13
-78.00
~-86.046

-90.60.

-91.66
-89.8%
-86.02
-79.81
-67.30
-4%9.06

CAME .
-44 .58
-76.50
~84.€0
-88.48
-§%.48
~88.19
-84.32
-78.0¢2
-62.13
-43.7%9

-78.79
~69.89
~57.94

uey
-69.05
-80.68
~86.75
-89.31
~858.15
-84 .34
-77.58
-67 .84
-54.086

U gy
-63.03
-76.37
~84.10
-88.25
-88.63
~86.32
-20.%¢9
-72.6L
-50.20

u ey
~63.84
-77.468
-86.26
-21.03
-92.14
-90.50
-85.90
-78.10
-84 .46
~-465.36

u ey
~63.75
-76.39
-84.83
-89.25
-90.45
~-88.67
-83.82
-76.24
-59.346
-41.04



A
108
109
113
117
121
125
129
133
137
141

i08
112
116
120
124
128
132
136
140
144

109
113
117
121
125
129
133
137
141
145

113
117
121
125
129
133
137
143
145
149

114
118
122
124
130

CAME,
-54.12
-68.43
-78.12
-85.15
-88.34
-88.96
-87.07
-82.79

-70.53

~53.28

S & 3

CAME,
-54.27
-67.L9
77 .45
-83.98
~87.3¢
~87.E3
~85.6%
-79.45
-64.74
-45.22

L

CAME.
-47 .84
-462.59
-74.,0%
-82.0%
-87.00
-88.66
-87.77
-82.80
-69.12
-54.72

CAME.
-52.59
~66.48
~-76.86
-83.98
~87.57
-88.26
-86.67
-74.%94
-61,86
-48.00

CAME.
-46,86
~62.20
-74.11
-82.51
~87.18

U gy
-52.46
-68.09
-78.70
-85.86
-39.24
-B9.49
-87.12
-81.69
-48.43
-51.27

U ey
-5%.08
-67.,35
-77.85
-84 .35
~87.96
-83.37
-85.546
-78.48
-63.65
-47.73

uzgy
~46.41
-62.30C
-7L.37
-82.3%
-87.47
-8%.31
-§7.88
-82.14
-68.61
-53.95%

v ay
-51.52
-646.28
-76.81
-83.94
-87.89
-88.60
-86.40
-74.73
-61.66
-47.48

uey
=44 B0
-61.12
-73.146
-81.75
-87.13

A
106
110
114
118
122
126
130
134
138
162

53

109
113
117
121
125
129
133
137
141
145

54

110
114
118
122
126
139
134
138
142
148

55

114
118
122
126
130
134
138
142
146
150

56

115
119
123
127
131

JAERT-M 87-088

CAME . v ey A
-59.086 - =57.92 107
-72.51 =~72.20 111
-81.70 -82.23 115
-87.61 -B88.19 119
-90.16 -90.88 123
-%0.15 -90.54 127
~87.36 -87.09 131
-82.07 -B0.8é6 135
~67.43 -65.28 139
-30.31 -48.24

CAME. Uuey A
-58.89 -58.04 110
-7¥1.23 -71.48 114
-80.49 -B80.93 118
-846.0%1 -84.40 122
-83.81 -8%.35 124
-88.55 -8%9.02 130
-85.82 -85.33 134
~77.01 -75.68 138
~61.70 -60.44 142
~46.05 -44.67 146

CAME. uey A
-53.17 -52.03 111
-&67.20 -467.07 115
-77.89 =-78.,Q¢% 119
~84,95 -85.24 123
-89.03 -~-89.46 127
-82.85 -90.53 131
-88.13 -8g.20 135
~-80.58 -79.88 139
-856.49 -635.%91 143
-32.19 =51.38 147

CAME. uey A
-55.47 -54.50 115
-68.37 -68.11 119
-77.95 -77.64 123
-84.14 -84,17 127
-86.88 -87.41 131
-87.01 =-87.35 135
-83.28 -82.93 139
-70.82 -70.68 143
-57.77 ~-57.27 147
-43.45 =42.73

CAME. Uusey A
-4L9.73 -47.93 118
-64.11 ~63.10 12¢
-75.26 -74.13 124
-82.73 -82.13 128
-36.48 -B5.78 132

CAME . uey
-61.87 -61.08
~73.64 -73.74
-82.13 -82.67
-87.18 ~87.46
-89.10 -89.81
-88.43 -B8.79
-23.07 -84.61
~77.86 -75.20
-62.12 -60.08

CAME. vey
~&1.39 =~60.%0
~-72.77 -73.10
-81.25 -81.80

-85.98 -B86.67:

-87.86 -88.54
-87.05 -87.38
-83.7% -83.31
-72.78 -71.3%
-56.75 ~55.4%
-41.21 =39.72

CAME. v ey
-55.40 -S55,04
~-68.71 -68.84
-78.66 -79.08
-84.98 -85.45
-88.14 -88.79
-88.34 -89.02
-B6.54 -86.31
-76.40 75,67
-61.6%9 -61,035
-47.38 -~46.55

CAME. u ey
-60.06 -359.42
-72,23 -71.98
-80.87 -80.63
~86.23 -86.30C
-88.05 -88.76
~-87.80 -87.80
-81.11 -80.79
~68.35 -68.11
-55.27 -54,82

CAME. Uu gy
-55.01 -53.48
~68.466 -—-67.58
-78.72 -77.72
-85.27 -84.83
-88.30 -88.69

A
108
112
118
120
124
128
132
136
140

111
115
i19
123
127
131
135
13¢
143

112
116
120
124
128
132
136
140
144

116
120
124
128
132
136
140
144
148

117
121
125
129
133

CAME.,
-66.65
~77.46
-85.20C
-89.22
~90.45
-89.046
~83.06
-74.99
~38.63

CAME.
~65.40
~76.32
-83.71
-87.84
~§%.10
~-37.32
~83.50
~69.73
-53.94

CAME.
-60.57
~72.95
-81.8¢4
-87.3%9
-89.84
-8¢.26
~84.472
-73.67
~59.45

CAME.
-62.27
-73.69
-81.44
-85.79
-87.19
~-846.37
-77.25
64,12
-51.Q1

CAME.
-57.18
-70.11
-79.43
-84.91
-87.58

Uuegy
-65.88
~77.72
-85.62
-89.77
-91.07
-89.31
-84.26
~73.2%9
-5&.74

v ey
-65.16
-746.73
-84,27
-8%8.453
-89.54
~-B7.48
-82.60
~6B.33
-52.55

uey
-59.%%
~73.13
-g82.17
-27.82
-%0.35
~89.68
-£6.14
-73.17
-58.65

uey
-61.82
-73.58
-81.43
-86.20
-87.81
-846.45
-77.11
-63.76
-50.47

u gy
-56.03
-49.33
-78.65
-84 .86
-87.87
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134 -88.88 -89.21 135 -83.06 -88.0°9 136 -8%.02 ~8%.0% 137 -88.02 -87.8¢
138 -88.55 -88.35 139 -85.21 -85.01 140 =-83.36 -B83.39 141 -79.%94 -79.83
142 -7B.086 -77.97 143 =-74.08 ~74.05 144 ~72.17 -71.%%9 145 -67.93 -67.73
146 -66.30 -465.96 147 -62.2L -61.8B8 148 -60.30 -59.93 149 -55.946 -55.70
150 -53.63 -53.19 151 =-49.11 -48.56

A CAME. uesgy A CAME. uey A CAME, usgy A CAME u ey
119 ~-54.83 =-53.01 120 ~57.44 -55.60 121 -61.98 -60.23 122 -£4.27 -62.58
123 =~68.33 -66.56 124 -70.02 -é8.12 125 -73.61 -71.85 126 -74L.87 -73.37
127 -78.00 =-74.61 128 -78.468 ~77.55 129 -81.30 -80.39 130 -8i.43 -B81.00
131 -83.68 -83.40 132 -83.63 -83.61 133 ~-B85.60 -B85.65 134 -85.11 -B5.38
135 -846.84 -86.85 136 -B&.19 -~B6.27 137 -87.38 -87.40 138 -86.81 =-86.7C
139 -87.38 -87.32 140 -8B4.36 -84.50 141 -82.96 -83.02 142 -7%.94 ~79.97
143 -78.22 -78.23 144 -74.80 -74.8B2 145 -72.88 -72.88 146 -469.28 -49%.15
147 -67.68 -57.48 148 ~&4.17 -43.89 149 -62.15 -62.06 150 -58.L%9 -5%.32
151 -54.19 -55.93 152 =~52.27 -~51i.77 153 ~-49.78 -48.%98 154 -£5.65 @ ~&& .53
155 -42.54 -41.46

¥kx 7 = 58

A CAME ., Uy A CAME. U ey A CAME. U ey A CAME, [ ¢
120 -49.686 -~-46.83 121 =-52.25 -49.57 122 -57.63 -54.80 123 -59.98 -57.3¢0
124 -64.58 -461.88 125 -66.40 -63.58 126 =70.54 -67.90 127 -71.85 -69.56
128 -75.45 -73.38 129 -76.20 -74.446 130 -79.31 -77.87 131 -79.42 -78.61
132 =-82.33 =-81.57 133 =-82.41 =-81.92 ,134 -B&.62 -B4&.32 135 -84.57 -84.38
1346 -86.46 -86.40 137 -86.24 -EB5.95 138 -B87.85 -87.61 139 ~g87.13 -87.0¢
140 -88.03 -88.1% 141 -85.45 -85.50 142 -84.45 -B8L.,54 143 -E1.59 =-B1.62
144 ~-820.44 -80.39 145 =77.00 -77.10 1456 -75.72 -75.67 167 -72.%4  -72.0%
148 -71.11 -70.8% 149 -67.52 -67.42 150 -44.18 ~-64.08 131 =-62.55 ~&62.4%
152 -60.84 -460.55 153 -57.06 -56.51 154 -55.11 -54.20 133 -50.91 -4%.88
156 ~48.43 -47.27

EXX 17 = 5%

A CAME. U & Y A CAME. uey A CAME. uey A CAME, uey
124 -53.22 -49.586 125 -537.95 -54.28 126 -460.33 -56.57 127 -64.532 -61.03
128 -66.29 -63.27 129 -4%9.96 =-67.23 130 -71.20 -48.88 131 -74.,29 ~-72.43
132 -75.06 -73.73 133 -78.11 =-746.83 134 =-78.43 -77.73 135 -81.07 -BO.4&6
136 -81.18 - -80.87 137 -83.51 -83.01 138 -83.51 ~-83.10 139 -EB5.17 -8L.B¢%
140 -84.77 -84.8¢6 141 -84.11 -86.13 142 -B3.%94 <~83.96 143 -83.09 -83.12
144 -80.8C -B80.72 145 -79.63 -79.62 146 -76.84 -~76.83 147 -75.58 =-75.52
148 -72.56 -72.41 149 -71.45 -71.36 150 -68.54 -648.38 151 -47.23 -47.1¢
152 -64.19 =-64.02 153 -62.63 -62.¢3 154 -5%.38 -58.67 155 -57.36 -56.48
156 =53.79 -~52.643 157 -51.38 -50.13 158 -47.29 -45.98 159 =44.26 -42.97
16¢ -39.82 -38.52

zxx 1 = 60

A CAME . Uuey A CAME. v ey A CAME. U 4 A CAME. u ey
125 -48.02 -43.41 126 -53.3C ~-48.72 127 -55.73 -51.15 128 -460.38 -56.19
129 -62.22 -358.57 130 -466.38 -63.11 131 =-67.61 -64.50 132 -71.35 -69.01
133 ~72.26 ~7Q.45 134 =~75.55 -74.10 135 -76.30 -75.13 136 -79.10 -78.42
137 -79.65 -78.96 138 -82.20 -81.64 139 -B82.25 -Bl.8B6 140 -84.23 -84.19
141 -84,27 -84.28 142 -88.02 -B5.08 143 -84.00 -84.04 144 -83.73 -83.,7¢
145 -81.42 -B1.43 146 -80.8% -80.84 147 -78.13 -78.18 148 =-77.42 -77.37
149 -74.33 -74.38 150 -73.8% -73.83 151 -71.01 -70.98 152 -70.30 -70.24
153 =67.40 -67.22 154 -464.38 -65.91 155 -63.06 -62.47 156 -61.67 -60.75
157 -38.16 ~57.02 158 -56.03 -54.98 159 ~52.11 -50.94&4 160 -49.64 ~4B.40
161 =45.11 -44.06



JAERT-M 87-088

P i = &1

A CAME. U ey A CAME. vey A CAME. uey A CAME . U e v
129 -33.24 -4B.44 130 -55.58 =51.3¢% 131 -59.72 =-56.06 132 -61.60 -58.42
133 -65.49 -62.67 134 -66.63 -64.6% 135 -70.35 -88.45 136 ~71.27 -70.03
137 -74.50 -73.44 138 -75.27 -74.52 139 -77.87 -77.34 140 -78.24 -78.09
141 -80.66 -80.54 142 -81.11 -81.18 143 -83.02 -83.09 144 -81.57 -81.5%
145 -81.28 -81.37 146 -79.61 -7%.60 147 -79.11 -79.13 148 -76.90 -7&6.97
149 -76.11 =-74.29 150 =-73.70 ~=73.79 151 -73.29 -73.36 132 -71.01 -70.9%
153 -70.43 -70.38 154 -468.08 -67.84 155 -466.98 -66.65 156 =~64.29 -63.68
157 -62.97 -62.07 158 -59.74 -58.81 159 -57.77 -56.89 160 -54.42 +53.31
161 --51.85 -50.88 162 =-47.84 -47.00 163 -45.09 -44.18 164 -40.60 - -3%9.98
165 -37.14 -346.75

A CAME. uay A CAME. Uuey A CAME. uegy A CAME. uey
130 -48.02 =-42.64 131 -50.33 =45.73 132 -55.13 -50.97 133 -57.13 -53.44
134 -61.27 -58.27 135 -62.85 ~60.40 136 -46.73 =~64.74 137 -468.08 -66.45
138 -71.54 -70.41 139 -72.35 -71.62 140 -75.27 =74.98 143 -76.09 -75.8%
142 -78.%2 -785.84 143 -79.52 =~79.%8 144 -82.00 -82.03 145 -80.53 -80.6¢
146 -B0.88 -80.95 147 -~79.24 ~-79.31 148 -79.29 -79.35 149 =-77.00 ~77.31
150 -76.90 -77.13 131 -74.51  -74.75 152 =-74.70  -74.81 153 -72.58 ~72.57
154 -72.53 -72.44 155 ~70.10 =70.02 156 -6%.63 =-69.31 157 ~67.00 <~&6.L53
138 -465.94 =65.32 159 -62.90 =-42.17 160 -61.50 =60.72 161 ~58.05 -37.25
162 ~-56.01  =-55.28 163 -532.27 =51.,51 164 -49.71 =49.14 165 <~45.49 -63.06
166 =-42.54 =42.28

LS 1 = &3

A CAME. vey A CAME. U & ¥ A CAME . u ey A CAME, uey
134 =49.97 -46.07 135 -54.53 -51.02 136 -54.27 -53.69 137 -60.58 -58.17
138 -62.16 =60.43 139 -85.84 -64.52 140, -66.8B0 ~466.26 161 -70.17 -69.75
142 -71.39 -71.1¢ 143 =~74.38 -74.27 144 ~75.55 -75.53 145 -78.00 -78.11
1Le -77.18 -77.22 1647 -77.55 -77.67 1Lg -76.47 -76.53 149 -76.L5  -76.469
130 -74.84 -75.1% 151 -74.76 =~75.09 152 -72.97 -73.21 153 -73.3C -73.3%
156 =-71.70 -71.63 155 -71.59 -71.62 156 -6%.79 -69.68 157 =~¢%.39 -£9.08
158 -67.03 -56.70 159 -646.17 -63.69 160 -63.67 -63.0CC 161 -62.18 -61.66
162 . -59.24 =~5B.66 163 -57.48 ~56.80 164 -53.94 =~5%.48 165 ~-51.65 -51.23
166 ~47.,93 -47.59 167 =45.03 -44.,92 168 -40.78 =-40.90 169 -37.29 -37.93
170 =32.42 - -33.4%

LR ) I = &4

A CAME. uey A CAME. u ey A CAME . usey A CAME. U ey
135 -44,.53 ~40.07 136 -49.25 =~45.57 137 =51.42 -48.38 138 -55.96 -53.40
139 -57.58 =~-55.7% 140 -61.40 -60.42 141 -62.99 -62.30 142 -64.76 -566.32
143 -68.14 -67.86 144 -71.69 -71.49 145 ~72.85 -72.88 146 -75.94 -75.98
147 -75.15 -75.22 148 -76.08 -76.17 149 -74.91 -75.18 15¢ -75.57 -75.83
151 -73.99 =74.41 152 =-74.51 -74.84 153 -72.86 -73.08 154 =-73.73 -73.75
1553 -72.05 -72.11 156 -72.58 -72.58 157 -70.84 ~70.74 158 -70.72 ~70.64
159 -68.55 -68.38 160 -468.23 - -467.83 181 -65.64 =65.26 162 ~64.86 -64.39
163 -62.01 -61.50 164 -60.44 ~-60.10 185 =~57.17 -56.89 166 -55.38 -55.08
167 -%1.72 -~51.56 168 -49.23 -49.33 169 —45.23 -45.43 170 -42.02 -42.8%
171 -37.56 =-38.74 .

kxx 7 = 45
‘A. CAME. U ey A CAME. U B Y A CAME, U ey A CAME. v gy
139 -48.42 -45.75 140 =-50.36 -48.68 141 -54.63 ~53.44 142 -56.672 ~55.85%

143 -6C.55 -40.00 144 -62.49 -62.06 145 -64.03 -65.82 146 -67.83 -67.73
147 -70.95 -70.95 148 -70.71 -70.70 149 -71.56 -71.78 150 -71.08 -71.27



151
155
15%
163
167
171
175

140
144
148
152
156
160
144
168
172
176

144
148
152
156
160
164
168
172
176
180

145
149
153
157
161
165
159
173
177
181

149
153
157
161
165
169
173
177
i81

-71.76 -72.06
~-71.12 -71.22
-69.26 ~69.30
64 .47 ~64.21
-56.21 -56.03
64,19 ~44.94
-28.5%46 -31.33

x XX I =

CAME. v ey
-42.58 -39.91
~56.29 -35.47
-67.90 -67.72
-49.94 -70.08
-70.54 -70.46
-69.764 -6%.73
-65.85 -465.80
-58.8B3 -58.75%
~48.20 ~-48.77
-33.47 =~346.23

XK i =

CAME, yey
-44,51 =-43.33
-58,14 -57.81
-63.81 -&3.87
-45.50 -65.48
~b66.60 -46.75
—64.72 =44.73
-59.75 -59.78
-51.55 =-351.64
-38.95 -40.91
-22.%91 -27.72

CAME. uey
-38.42 -37.07
-53.20"° -52.84%
-40.31 -40.16
~-63.16 =-63.00
-65.18 -45.48
-&64 .56 -—64.43
~60.81 -60.80
-54.02 ~53.76
-42.43 -44.11
~-28.08 -31.98

L ¥ %3 Z =

CAME. uey
43,14 -42.47
-53.72 -53.49
-58,50 -58.33
-61.76 -62.09
-62.92 -63.20
-61.11 -461.17
-54.27 -535.97
-47.08 -48.06
-34.99 -37.42

152
156
150
164
168
172

66

141
145
149
153
157
161
165
169
173

67

145
149
153
157
161
145
1469
173
177

68

146
150
154
158
1562
146
170
174

178

69

150
154
158
162
166
170
174
178
182

-70.78
-7¢.08
~67.65
-462.01
~-52.96
-40.18

CAME,
=44 .97
-58.21
-67.57
-569.0%9
-69.55
-65.04
-63.64
-55.83
4L 47

CAME.
-LB.99
-61.75
~45.22
-66.99
-67.12
-6L .49
-58.48
-49.47
-35.74

CAME.
-43.54
-57.48
-62.27
-6L,93
-66.21
-64.82
-560.0¢
-52.11
-39.66

CAME .
-46.1¢
-54.54
~58.29
~61.47
-62.09
-59.34
-53.85
~-43.54
-30.64
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~71.14 153
-70.03 157
-67.50 161
-61.77 143
-52.95 169
-41.,22 173

b &y A
-42.97 142
-57.67 146
-47.59 1590
-6%9.¢28 154
-69.642 158
-68.03 162
-83.48 14646
-55.7¢9 170
-45.16 174

uey A
-438.14 146
-61.67 150
-65.28° 154
-4646.88 158
~-67.34 162
-64.56 146
-58.63 170
-49.76 174
-38.29 178

usegy A
-42.40 147
-57.,20 151
-62.07 155
-64 .88 159
-466.52 163
-64.90 167
-60.11 171
-52.31 175
-41.92 179

[V 2§ A
-45.65 151
~54.21 155
-58.27 15¢
~61.%9¢ 143
-62.24 147
~59.53 171
-53.59 175
-45.01 179
-33.92 183

~-71.44
~7C0.66
~67 .24
-460.71
-50.72
-37.10

CAME.
-49.65
~42.39
-69.11
-70.29
-70.42
~68.15
~62.86
-53.88
-41.56

CAME.
-51.56
-62.11
-&64,93
-65.29
~65.93
-62.80
-535.97
-45.91
~31.02

CAME.
4614
~57.87
-61.89
-64,40
-65.30
-63.20
-57.71
-.8.87
~-35.38

CAME.
-50.43
-546.42
-60.23
-62.78
-62.41
-58.96
-52.27
-41.21
~-27.69

-71.4%9
-70.65
-467.07
~60.49
-50.84
-38.5%

u ey
~48.26
-61.95
-6%9.18
~70.33
-70.49
-63.0¢%
~62.65
-54.11
-42.953

u &y
-50.85
-62.05
646 .97
-46.32
-86.13
-62.70
-56.12
-46.57
-34 .40

uey
-45.24
-57.71
-61.88
-44.44
-465.43
-63.15
-57.70
—-49.24
~38.13

U ey
-50.15
~56.25
-60.27
-63.1¢
~62.63
-58.956
-52.26
-42.93
-31.84

154
158
162
164
170
174

143
147
151
155
159
163
147
171
175

147
151
155
159
163
167
171
175
179

148

‘152

156
160
164
168
172
176
i80

152
156
140
144
168
172
bl
180
184

-70.33 -70.42
-69.21 -6%.3C
-65.17 -64.96
-57.93 -537.73
-47.00 -4&47.37
-32.28 ~34._48

CAME, U ey
-51.79 -S50.80
-&4 .22 -63.98
-468.65 -468.79
~46%9.11 -69.18
-469.14 -69.246
-646.35 -646.10
-60.15 -460.01
-50.58 -50.76
-37.06 -38.%5%

CAME. uey
-55.77 -55.2¢
-63.65 -63.76
-646.05 -4646.15
-67.33 -67.51
-66.32 -66.28
-462.06 -£1.98
-54.42 -54.56
-43.32 -44.,48
-27.77 -31.73

CAME . uey
-50.90 -50.1¢
-60.03 -59.92
~63.65 -63.54
-66.00 -66.10
-65.89 —66.04
~62.86 -62.88
-56.61 -56.57
-46.42 -47.58
-32.62 -35.88

CAME. U B Y
-51.42 -51.15
-56.68 -56.55
-60.26 -60.30
-62.06 -62.46
-61.19 -61.33
-57.09 -56.98
-49.16 -49.61
~37.L3 -39.56
-23.18 -27.96



185

150
154
138
162
166
170
174
178
182
186

154
158
162
166
170
174
178
182
18¢
190

155
i5¢
143
147
171
175
17¢
183
187
191

158
162
166
170
174
178
182
186
190
194

161

-20.20 -25.82

CAME. U &y
-36.93 -36.15
-48.81 -48.42
-54.50 -54.49
-58.91 -59.,44
-61.31 -61.71
-60.51 -40.82
-56.97 -546.72
-4%.06 -49.89
-38.461 -40.30
-25.11 -2%.73

ok x i =

CAME. uzy
-38.37 ~37.85
=45.70 -45.71
-51-.35 -51.86
~55.66 -56.35
-57.01 -357.4%
-35.62 -55.,37
-49.97 -50.,17
-41.39 -42.23
-29.73 -32.70
-1&6.06 =-22.20

¥k 2 =

CAME, uey
-31.27 -31.1%9
-39.74 -40.27
~L6.66 -47.61
-52.00 -53.28
-54.69 ~55.56
-54.33 -54.55
-50.27 -50.43
~L2.93 T-43.55%
-32.58 ~~-35.0¢
-20.54 <25.5¢

CAME, u gy
-27.74 -28.14
-35.78 -37.03
-43.62 -45.39
~48.73 ~-50.31
-51.43 -52.10
-50.35 -50.54
~46.33 ~46.23
-38.55 -39.31
-28.57 -31.49
-16.59 -21.79

kxx 7 =

CAME. U ey
-24.90 -26.64

186

70

151
155
159
163
167
171
175
179
183
187

71

72

174
180
184
188
192

73

159
163
167
171
175
17¢
183
187
191
195

74

162

-15.46

CAME.
-39.93
-49.55
-54 .45
-58.89
-460.5¢4
-59.14
~-54.87
-~L5.83
-34.30
-20.44

CAME .
-£1.14
47 .97
-53.65
-57.08

-57.8%

-55.30
-48.79
~39.38
-27.40
-13.24

CAME .
~-34 .67
-42.58
~49.156
~-53.82
-35.74
-56.33
-49.57
-41.46
-30.61
-17.93

CAME.
-30.77
-38.99
~45.%96
-50.40
~52.27
-50.16
-45.25
-36.92
-26.84
-14.01

CAME .
-28.146
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-22.03

u sy A
~39.46 152
-4P.28 156
-54.55 160
-59.39 164
-60,87 168
-59.30 172
-54.46 176
-446.95 180
-36.91 184
~-26.04

U gy A
-40.82 156
-48.10 160
-54.24 164
~57.67 168
-57.91 172
-54.91 176
-49.15 180
-40.62 184
-31.07 1288
-19.9¢

usay A
-34 .64 157
-43.14 161
-50.46 1465
-55.04 167
~56.41 173
-54.52 177
-49.83 181
-42.34 185
-33.82 189
-23.69

u ey A
-31.40 140
-40Q.23 164
-47.74 1468
~51.8¢4 172
-52.63 176
~50.28 180
-45.21 184
-38.27 188
-29.97 192
-19.70 196

Uuey A
-30.11 163

__464_

CAME.,
-44 .84
-52.08
-56.95
~460,40
-61.27
-59.20
-53.42
-44,12
-31.88

CAME.
-42.52
-48.49
-53.83
-56.72
-56.70
-53.34
-46.17
-35.80
-23.08

CAME,
-36.11
-63.00
-49.60
~53.71

-52.74
-67.28
-38.01
~-26.74

CAME,
~-32.10
~39.91
—L6.4%
-50.57
-51.31
-48.81
—-42.75
-33.54
-22.98

-9.74

CAME .
-29.39

uegy
L4, 46
-51.80
-57.03
-61.03
-61.71
-59.14
~53.55
-45.29
~35.2¢4

v eEY
-42.15
-48.863
-54.65
~-57.27
-56.82
-53.07
~hé .63
=37.463
-27.78

u ey
~34.10
-43.80
~50.99
-56.77
~35.44
-52.80
47 .43
-39 .47
-30.64

[N §
-32.91
=41.44
-4B.25
-51.66
-51.75
-48.71
-42.88
=35.41
-26.91
-15.95

vaey
-31.36

A
153
157
161
165
159
173
177
i81
185

157
161
165
169
173
177
181
185
189

158
182
146
170
174
178
182
186
190

161
165
169
173
177
181
185
189
193

164

CAME,
-45.97
-52.3%
-56.8%
-5%9.95
-460.30
-57.62
-50.69
-40.66
-27.50

CAME,
~45.10
-50.9¢C
-55.60
-57.70
~57.04
-52.26
-4L& 686
~33.51
~70.53

CAME.
-38.98
~45.93
-51.38
-54.98
-55.62
-32.11
-43.96
-36.31
-24.61

CAME .
-34.84
-42.68
-L8.56
-51.90
-51.49
-48.48
-41.41
-32.02
~20.59

CAME .
-32.79

uay
-45.59
-52.23
~57.18
-60.52
-60.53
-57.30
-51,02
-42.03
-31.47

uey
-44,80
-51.24
“56.41
-58.2%
-55.80
-52.28
-45.08
-36.07
-23.786

uey
-39.24
445,87
~-53.21
-546.18
-55.84
~52.43
~46.2%
~38.32
-29.01

ey
~35.%90
L4 .40
-50.14
-52.63
-51.84
~48.22
-461.78
-34 .28
-25.15

uey
-35.02
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165 -33.98 -36.36 186 -37.25 -3%9.78 147 -38.26 -40.90 168 -41.00 =43.70
169 =-41.77 <44.33 170 44,13 ~446.,67 171 -64.,71 -46.94 172 -46.83 -48.93
173 -47.27 -48.87 174 «48.77 50,28 175 -48.63 -4L%.87 176 -4%9.60 -50.83
177 -49.01 -50.07 178 -49.64 -50.58 179 -4B.%94  -49.40 180 -49.24 -49.57
181 -48.22 -4B.11 182 -48.03 -48.04 183 -46.17 -~-4646.186 184 -45.62 -45.55
185 -43.25 -43.33 1886 -42.50 -42.64 187 -39.71 -40.29 188 -3B.42 -39.64
189 -35.50 -356.8¢9 190 -~-34.40 -36.16 191 =-31.35 -33.48 192 -29.83 -32.35
193 =-24.20 -29.&0 194 -24.30 -28.02 195 -20.63 -24.77 196 ~18.22 23,06
197 -14.30 -19.42 :

A CAME . vz y A CAME, u ey A CAME. ey A CAME., uery
163 -19.25 -21.85 164 =-20.67 -23.57 165 -24.33 -27.36 166 -26.03 -29.15
i67 -29.36 =-32.70 168 -32.77 ~34.26 149 -33.77 -37.19 170 -34.83 -33.27
ivl -37.59 -40.73 172 -38.61 -41.47 173 =~41.01 -43.56 174 -41,682 -L3.93
175 -43.45 -45.46 176 -43.44 -45.48 177 -44.,78 -~4L6.56 178 -Lb. 6L -44.22
179 -45.71 ~44_85 180 ~45.50 ~46.09 181 -~46.13 -46.38 182 -45.29 ~43,33
183 =45.35 -45.38 184 -46.82 -43.91 185 -43.60 -43.41 1846 =41.82 -41.60
187 -41.13 -41.02 188 -3B.6% -3%.07 189 -37.846 -38.53 190 -335.35 -36.18
191 -34.68 -35.5% 192 -31.81 ~-33.27 193 -30.%2 -32.25 194 -27.38 -29.69
195 -23.83 -28.42 196 -22.32 -25.55 197 -20.25 =-23.9% 198 +~16.85 -20.68

199 -14.78 -18.80 200 -11.28 -15.35 201 -8.35 -12.49
EE e 1 = Té
A CAME . u & v A CAME. U s v A CAME, Uuey A CAME. Uugy

i66 -17.11 -21.01 147 -~18.87 -22.92 163 -22.460 -26.93 169 -24.27 -28.62
170 -27.55 -31.%% 171 -29.01 -33.20 172 -32.21 =-36.10 173 -33.32 -36.%6
174 -36.0% -39.49 173 =37.03 -39.99 176 -38.99 -41.95 177 =3%.35 ~42.08
178 ~41.146 -43.60 179 -41.64 -43.38 180 ~43.00 -44.43 181 -43.12 -43.79
182 -43.93 -44.49 183 -43.3L  -43.56 184 ~43.92 -44.02 185 -42.72 -42.67
186 -42.90 -42.57 187 -41.19 -40.8%2 188 ~40.85 -40.70 189 -32.86 -38.86
190 ~-3B.44 38,73 191 =34.34 -346.48 192 -35.85 -36.2¢6 193 -33.23 -34.08
196 -32.643 -33.45 195 -29.64 -31.00C 196 -28.24 =-30.11 197 -25.08 -27.33
i98 -23.53 -26.13 199 =~20.38 -~22.97 200 -18.62 -21.46 201 -15.23 ~18.14
202 -13.,01 -15.83

xXE Z = 77
A CAME. "~ U & Y A CAME . u &y A CAME. u ey A CAME, u g Y
168 -9.27 -14.,52 169 -13.26 -18.45 170 -15.20 -~20.79 171 -18.89 -24.29

172 -20.79 -25.94 173 -24.28 -28.96 174 -253.75 -390.26 175 -28.65 ~32.91
176 -29.72 -33.84 177 -32.05 -35.9¢ 178 -32.86 -36.48 179 -33.10 -38.12
1l8¢ ~35.89 -~-38.32 181 -37.78 -39.49 182 -38.08 -~39.28 183 -39.1% -40.0C8
186 ~39.07 =-39.5é& 185 -39.79 -40.14 186 -3%.18 =-39.1¢ 187 -39.42 -39.21
188 -38.05 -37.92 189 -38.17 -37.86 190 -36.59 =36.42 191 -36.58 -346.39
192 -34.6% -34.54 193 -36.42 <=34.43 194 -32.31 -32.464 195 -31.84 -32.12
196 -29.21 ~-30.05 197 -28.16 -29.28 198 -25.52 -26.8% 199 =-24,22 -25.78
200 -21.38 =~23.00 201 -19.72 -21.59 202 ~17.04 -18.62 203 -14,.85 -~lé6.44

204 -9.89 -11.25 205 -5.98 ~7.74 206 ~0.%4 -2.54

RS 7 = 78
A CAME. usgy A CAME. Uuasgy A CAME, u ey A CAME. uey
171 -7.73 -14.2C 172 -11.86 -18.15 173 -14.04 -1%.92 174 «~17.70 -23.38

175 -19.50 -264.80 176 -22.53 -27.8¢9 177 -23.97 -28.94 178 -26.75 -31.45
179 -28.00 -32.13 180 -30.73 ~34.19 181 -31.85 -34.51 182 -33.92 -36.10
183 -34.46 -35.9% 184 -36.05 -37.23 185 -3&.12 -36.83 186 -37.43 -37.81
187 -36.88 -346.98 188 -37.47 -37.41 189 ~36.56 -36.23 190 -37.09 -36.57
191 -35.92 -35.2¢4 192 =-36.12 -35.461 193 -34.45 -33.87 194 -34.68 -34.15
195 -32.90 -32.48 196 =-32.60 -32.34 197 -30.31 -30.38 198 -2%.78 ~29.99

__4747



199
203
207

173
177
181
185
189
193
197
201
209
209

176
180
184
188
192
196
200
204
208
212

179
183
187
191
195
199
203
207
211
215

183
187
191
195
199
203
207
211
215

A

-27.39
-20.07
-3.08

* Xk Xk

CAME.

-2.54
-14.21%
-24.12
-30.53
~33.41
-33.31
-31.14
-26.12
-19.10

~3.25

T XX

CAME.,

-0.91
-13.11
-22.81
-28.76
-31.53
-31.61
~2%.42
-24 .69
-13.91

2.40

CAME.
2.2%
-10.30
-19.53
-25.31
-27.82

~28.28

-25.80
-20.8%9
-6.53
10.18

CAME.
0.79
~10.86
-18.78
-23.15
-25.34
~24.97
-22.10
~10.45
4.55

xKE

CAME,

-27.71
-20.41
-5.27

usgy
-10.24
~21.10
-28.50
-32.60
-33.83
-33.03
~-30.78
-26.40
-18.97

-3.18

U ey

-9.99
-20.27
-27.08
-30.90
~31.72
-31.32
-29.13
-24.35
-13.33

2.04

U ey
-7.51
-17.038
-23.312
-26.62
-27.88
-27.60
-25.17
-19.65

200 -26.41
204 -18.21

79

A CAME.
174 -4.90
178 -16.10
182 -25.42
186 -31.,19
190 -32.91
i94  -32.14
198 -29.36
202 -24.10
206 -14.78

210 1.77
80

A CAME .

177 -3.21

181 -15.18
185 -24.01
ig89 -29.03
193 -30.8¢C
197 -30.34
201 -27.44
265 ~22.47

209 -9.32

213 7.45
a1

A CAME.

180 -0.53

184 -12.38

188 -20.60
192 ~25.43
196 -27.14
200 -27.08
204 -24.14
208 -16.78

212 -1.87

216 15.20
82

A CAME.

184 ~3.22

188 -13.58
192 -20.84
196 =-24.57
200 ~-26.46
204 -25.1%6
208 -21.10

212 ~7.62

216 7.77
83

A CAME.
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~26.98
-18.460

u &y
-~12.45
-22.58
-29.24
-32.61
-33.05
-31.71
-29.20
~24,.10
~14.25

1.67

U gy
~11.97
-21.49
-27.50
-30.59
-30.90
-30.14
-27.34

-21.%94

-8.70
6.50

v ey
-9.53
-18.35
-23.84
-26.35
-27.03
-26.51
-23.35
-15.40
-1.33
12.84

uey
-11.79
-19.08
-23.43
-25.70
-26.42
-24.95
-20.39
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