e

—/

é

#.9 NEUTRON CROSS SECTIONS OF NITROGEN,
®% OXYGEN, ALUMINUM, SILICON, IRON,
DEUTERIUM, AND BERYLLIUM

4 J. H. Ray

G. Grochowski
E. S. Troubetzkoy

y

Project Scientist: E. S. Troubetzkoy

November 15, 1965
This research was sponsored by the Defense
Atomic Support Agency under Sub-
tasks 06.044 and 11.022

Distribution of this document is unlimited

,/
T ) R
Contract No.: DA-18-035-AMC-125(A) - AT L

(UNC Project 2322)
for US Army Nuclear Defense Laboratory
Edgewood Arsenal, Maryland

UNITED NUCLEA

FR = O F A | O N

L. b

UNC-5139

T ST
CTEARINGHOU
OB FEDERAL SCIENTIFIC AND F
TECHNICAL INFORMATION

~Hardcopy | Microfiche

| s 600 s/,:Lﬂ/f'lM
 RRGHIVE COPY |

o G

) Tl
e o
St ARLE

TN

R ,,‘Je ) ‘,(‘ f '
1’\‘.?;.“ >

1 |

L ) P I b {4
) RN 1

[ 1
i 'W
1 -

i {3

L S

RESEARCH AND ENGINEEFRING
CENTER




Disclaimer

Findings in this report are those of the Contractor. The US Army Nuclear Defense
Laboratory does not necessarily concur with them.

Also, these findings are not to be construed as an official Department of the Army
position unless so designated by other authorized documents.

Disposition

Destroy this report when no longer needed. Do not return to the originator.

ey A

.' ;.--Lu-._

1]



UNCLASSIFIED

AD
UNC-5139

NEUTRON CROSS SECTIONS OF NITROGEN,
OXYGEN, ALUMINUM, SILICON, IRON,
DEUTERIUM, AND BERYLLIUM

J. H. Ray
G. Grochowski
E. S. Troubetzkoy

Project Scientist: E. S. Troubetzkoy

November 15, 1965

This research was sponsored by the Defense
Atomic Support Agency under Sub-
tasks 06.044 and 11.022

Distribution of this document is unlimited

Contract No.: DA-18-035-AMC-125(A)
(UNC Project 2322)
for US Army Nuclear Defense Laboratory
Edgewood Arsenal, Maryland

UNITED NUCLEAR CORPORATION
Research and Engineering Center
Elmsford, New York

UNCLASSIFIED

; M‘*' g

%
st



R

ABSTRACT

Neutron cross-section sets have been prepared for N, O, Al, Si, Fe, D, and Be for
neutron energies from 0.037 eV to 18 MeV. The cross sections tabulated include
the total, elastic, inelastic, (n,2n), and cross sections for charged particle emis-
sion. Information is also given on the angular distribution of elastically scattered
neutrons and on the energy distribution of neutrons and,,#*;x;ays following nonelas-

tic reactions.
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INTRODUCTION

Complete sets of neutron cross-section data are presented for N, O, Al, Si, Fe,
D, and Be in the energy range from 0.037 eV to 18 MeV. The cross sections of
N, O, Al, Si, and Fe have been recompiled and present major revisions of our
earlier reports on these elements. The cross sections of D and Be are essential-

ly those which we reported earlier.

Data are given on the total cross section, onT, on the elastic cross section, oy p,
on the capture cross section, op y, and on cross sections for charged particle
emission. The inelastic cross section is broken into two parts. The part that
corresponds to discrete level excitation is labeled O, levels. The remaining
part corresponds to the emission of a continuous neutron spectrum; this part is
added to the cross section for all other neutron-producing reactions, giving a

cross section which is labeled o, ,,+ continuum. Values of op an are also given.
] ]

Level excitation cross sections are presented in a normalized form: the excita-

tion of level v is

on,n'(E) = 0n,n’(levels)(E)ay(E)

with

Vmax
) aV(E) =il
v=1
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Tables of a,, are given.

The continuous part of the inelastic spectrum is described, when applicable, by a
statistical model (B. Eisenman and F. R. Nakache, UNC-5093, p. 14ff).

The angular distribution of elastically scattered neutrons is presented in the form

of an expansion in Legendre polynomials (center-of-mass system):

L
on,n(E,0) = -@-Z':T(—E) 2 (22+1) f o(E) Py(cos 6),
2=0

where fy =1, and L is large enough (<14). Tables of f, are given.

Information is also given on y-ray spectra following absorption and following in-
elastic reactions. The neutron energy range is broken into groups. The energy
E,, given in the tables is the upper energy of the group; the spectrum quoted is
considered as constant in that group. The y-ray energy range is also broken into
groups. The spectra have been integrated over these groups. The groups are la-
beled by a single energy, E),, which is either the energy of a predominant line in

that group or the mean energy of that group.
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1. NITROGEN

1.1 NEUTRON CROSS SECTIONS

1.1.1 The Total Cross Section

Over the entire range of incident neutron energies from 0.037 eV to 18 MeV the
total cross section is the same as that given in our previous compilation, UNC-

5002! (see Table 1 and Fig. 1).

Mention should be made here of very detailed measurements made at Hanford

2 From

even though they are too recent to have been included in this compilation.
2 to 8 MeV these measurements are considered to be the best available at pres-

ent; above 8 MeV they are suspected of being too high, and below 2 MeV the shape,
but not the normalization of the data, was fixed at the time of communication (late

August 1965).

1.1.2 The Elastic-Scattering Cross Section

Throughout the entire range the elastic-scattering cross section is the difference
between the total « ross section and the sum of the cross sections for all other re-

actions (see Table 1).

1.1.3 The Radiative-Capture Cross Section

The cross section for the radiative capture (n,y) reaction is the same as in UNC-

5002! (see Table 1). It is taken to follow the 1/v law from 0.18 barn at 0.0253 eV
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to 0.08 millibarn at 0.0253 MeV. At higher energies the cross section is taken to

be zero.

1.1.4 The (n,a) Cross Section

For energies below about 8 MeV the measurements of Gabbard, Bicheel, and Bon-
ner® were used. At higher energies, the only measurement is the old one of Ran-
dolph. We used our usual French curve art work to bring the curve through Ran-

dolph’s point to 18 MeV (see Table 1).

1.1.5 The (n,d) Cross Section

Differential cross sections for the angular distribution of the deuterons from the
(n,d) reaction in nitrogen are given by Chase et al.¥ The Legendre analysis code
was used to integrate these to give total (n,d) cross sections at the appropriate
energies. As in the case of the (n,a) reaction, the only cross section measure-
ment is that of Randolph.* French curves were again used to extend the cross=-

section curve through Randolph’s point and on to 18 MeV (see Table 1).

1.1.6 The (n,2a) Cross Section

Randolph! quotes a value of 15 mb for the (n, 2¢) reaction in nitrogen at an inci-
dent neutron energy of 14 MeV. A curve was drawn through this point passing

through zero at 11.5 MeV (see Table 1).

1.1.7 The (n,p) Cruss Section

For incident neutron energies below about 1.25 MeV the values from UNC-5002
were used.! Between 1.25 and about 8 MeV we took the measurements of Gabbard,

Bichsel, and Bonner.}

There are no measurements of this cross section at higher
energies. After some agonizing, we finally made the assumption that the (n,p)
cross section should roughly parallel the (n,a) cross section and extrapolated ac-

cordingly (see Table 1).

amamanee o S e o ‘ RN T T Ty
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1.1.8 The (n,t) Cross Section

Gabbard, Bichsel, and Bonner?® have measured the cross section for neutron-initi-
ated triton emission for neutron energies below about 8 MeV. There are no meas-
urements at higher energies. Here we assumed that the cross section should rise
similarly to the (n,d) cross section but should maintain a slowly varying sum when
added to the (n,p) cross section, since competition with that reaction might be ex-

pected (see Table 1),

1.1.9 The Absorption Cross Section

The absorption cross section is equal to On,y + %n,a + %n,d + %n,2a + n,p + On,t-

A curve is given in Fig. 2.

1.1.10 The (n,2n) Cross Section

Ashby and Catron® give -10.55 MeV as the Q value for the (n,2n) reaction in N
and -10.84 MeV as the value in N, The latest supplement to BNL-325" has a
graph showing measurements by nine authors of the (n,2n) cross section in N but
gives no data on the reaction in N5, Because of the low relative abundance of N1®
and because of the similarity of the Q values in the two isotopes, we have used the

N data to describe the (n,2n) cross section in the natural element (see Table 1).

1.1.11 The Nonelastic Cross Section

At six energies from 5 MeV to 11.6 MeV Chase et al.’ have calculated the non-
elastic cross section as the difference between their measured values of the total
cross section and integrated values of their differential elastic-scattering cross
section measurements. Bauer et al.® have similarly found a value at 14 MeV.
Flerov and Talyzin® and Phillips, Davis, and Graves!’ have obtained nonelastic
cross sections by sphere transmission measurements at neutron energies between
14 and 15 MeV. For neutron energies below about 5.5 MeV we have taken the non-

elastic cross section to be the sum of the cross sections for all reactions except
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elastic scattering. For higher energies we have drawn a curve guided by the

measurements given above.

1.1.12 The Inelastic-Scattering Cross Section

For energies below about 5.5 MeV we have used values from UNC-5002.! For
higher energies we have used the difference between the nonelastic cross section
and the sum of all other nonelastic reactions. The sum of inelastic and (n,2n)

cross sections is given in Fig. 3.

1.2 ANGULAR DISTRIBUTION OF ELASTICALLY SCATTERED NEUTRONS

For neutron energies above about 3 MeV the situation is, as usual, quite compli-
cated. Bostrom et al.!! have measured differential cross sections at 10 energies
between 3 and 16 MeV, but with a large gap from 7 to 15 MeV. Chase et al.’ have
made measurements at seven energies between 5 and 11.6 MeV. Legendre coeffi-
cients have been derived from both sets of measurements, and the agreement be-
tween the two sets of coefficients is, to say the least, poor. Phillips!? has meas-
ured the angular distribution at 7 MeV, and, on analysis, his data yield the same
Legendre coefficients as those of Chase at the same energy. Analysis of the
measurements of Bauer® and those of Strizlak et al.! gives coefficients which
agree well for low values of £, but the agreement deteriorates as the order of the

expansion increases.

In drawing cui ves of fy vs energy we have used the results of Fowler and John-
son!* for energies below 2.5 MeV, and, for higher energies, we have favored the
results of Chase and of Bauer. We have also, at high energies particularly, had
to avoid the Scylla and Charybdis!® of finding, on resynthesis, either negative dif-
ferential cross sections (resulting from excessively high coefficients) or violation
of the Wick limit (which often results from excessively low coefficients). The

Legendre coefficients are listed in Table 2.

s )
-W-L -
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1.3 ENERGY DISTRIBUTION OF INELASTICALLY SCATTERED NEUTRONS

Nitrogen-14 has isolated energy levels at 2.31 MeV, 3.95 MeV, and a multitude of
closely spaced levels above 4.9 MeV. R. B. Day16 investigated the neutron energy
range from 2.56 to 4.2 MeV for the presence of a 2.3-MeV gamma ray and suc-
ceeded in detecting one only above 3.95 MeV. He quotes a cross section of 6 mb,
a value which does not disagree with the low energy data of Hall and Bonner!? who
measured the cross section for production of the 2.31-MeV gamma ray by neu-
trons with enérgy between 4.73 and 8 MeV. The observation of no gamma rays
produced by neutrons with energy below 3.95 MeV disagrees with the data of Bos-
trom et al.!% the disagreement became even worse after Bostrom corrected his
data.!® In fact, Bostrom’s data also disagree with the low energy data of Hall and
Bonner. Therefore, we have decided to follow Day in assuming that inelastic scat-
tering is negligible for neutrons below 3.95 MeV, and, furthermore, to assume
that excitation of the 2.31-MeV level is negligible for incident neutrons of any en-
ergy. An experimental check of this assumption is available only for 14-MeV neu-
trons for which Bauer® estimated that the cross section for exciting the 2.31-MeV
level is of the order of 4 mbj; this datum is, however, in disagreement with an es-

timate of about 15 mb given earlier by Bobyr et al.

For incident neutron energies less than 4.91 MeV, the inelastic scattering cross
section was assumed to be equal to the excitation of the 3.91-MeV level. For

higher energies, the inelastic scattering cross section is for the excitation of a
continuum of levels. The energy distribution of emergent neutrons is here gov-

erned by statistical theory with parameters:

E; = 10.8 MeV E{ = 16. MeV
a® - 0.63 Mev-! EY = 4.02 Mev
a® - 0.63 Mev™? E{) = 0.01 Mev
Eél) = 8.5 MeV
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1.4 ENERGY DISTRIBUTION OF GAMMA RAYS FOLLOWING NONELASTIC RE-
ACTIONS

1.4.1 Gamma Rays Following Absorption

Motz et al. % give the relative intensities of the gamma rays following thermal
neutron capture. We assume that the capture spectrum does not change as afunc-
tion of energy. We also assume that the (n,p) reaction causes no secondary gam-
ma emission. Therefore, we obtain the number of y-rays per absorption by mul-

tiplying the radiative capture spectrum by the factor:

On,y
On, 7+on:p

Luckily both the (n,p) and (n,y) cross sections follow the 1/v relation over the en-
tire range of energies for which the (n,y) reaction is of interest so that the inten-
sity factor is constant. At 0.0253 eV we have used 1.80 barn for oy, ,, and

0.08 barn for On,y- The absorption spectrum is given in Table 3.

1.4.2 Gamma Rays Following Inelastic Scattering

The spectrum of gamma rays following inelastic scattering of neutrons by nitro-
gen was calculated by statistical theory for neutron energies above 5.7 MeV. In
considering the spectrum of inelastically scattered neutrons we assumed that the
excitation of the 2.31-MeV level could be safely neglected. In considering gam-
ma-ray emission we cannot make that assumption; several higher energy levels
decay by cascades which include the 2.31-MeV level. This level was included in
the gamma-ray spectrum calculations as one for which excitation by decay of
higher levels was allowed, but for which excitation by incident neutrons was not

allowed.

For neutron energies below 5.7 MeV the gamma-ray spectrum was governed by
the decay scheme shown above. Excitation functions for the various levels were

based on the work of Hall and Bonner.!! The y-ray spectra are given in Table 4.

e e — "’ e »"m.’ — R 7‘_",‘.



1.5 REFERENCES

S S

10.
11,
12.
13.

14,
15.
16.
17.
18.
19.
20.
21.

e T R TP T W T TN T 7 TR S Y ey p——

Tralli, N. et al.: UNC-5002 (Jan. 31, 1962).
Unpublished communication by W. Biggers, Aug. 22, 1965.

Gabbard, F., Bichsel, H., and Bonner, T. W.: Nuclear Phys., 14:277
(1959/60), and F. Gabbard, private communication (1963), quoted in BNL-325,
2nd Ed., Supplement 2 (May 1964).

Randolph, M. L.: Kkadiation Research, 7:47 (1957).

Chase, L. F., Jr., et al.: AFSWC-TR-61-15 (Feb. 1961).

Ashby, V. J. and Catron, H. C.: UCRL-5419 (Feb. 10, 1959).
Stehn, vohn R. et al.: BNL-325, 2nd Ed., Supplement 2 (May 1964).

Bauer, R. W., Anderson, J. D., and Christensen, L. J.: Nuclear Phys., 47:241
(1963).

Flerov, N. N. and Talyzin, V. M.: Atomnaya Energiya, 1:155 (1956).
Phillips, D. D., Davis, R. W., and Graves, E. R.: Phys. Rev., 88:600 (1952).
Bostrom, N. A. et al.: WADC-TR-57-446 (1957).

Phillips, D. D.: Data from BNL-400, 2nd Ed. (Oct. 1962).

Strizhak, V. L., Bobyr, V. V., and Grona, L. Ya.: Soviet Phys. JETP, 14:225
(1962) translated from ZETF, 41:313 (1961).

Fowle., J. L. and Johnson, C. H.: Phys. Rev., 98:728 (1955).
Homer, ‘“The Odyssey,’”’ Book XII.

Day, R. B.: Phys. Rev., 102:767 (1956).

Hall, H. E. and Bonner, T. W.: Nuclear Phys., 14:295 (1959/60).
Bostrom, N. A. et al.: WADC-TR-58-88 (1958).

Bostrom, N. A. et al.: WADC-TR-59-31 (1959).

Bobyr, V. V. et al.: Zhurnal Exp. Teoret. Fyz, USSR, 41:24 (1961).

Motz, H. T., Carter, R. E., and Barfield, W. D. in: ‘“Pile Neutron Research
in Physics,”’ p. 225, IAEA, Vienna, 1962.




E, MeV

1,8017¢
i, 7139E
1 63035
1 5508E
1 4751-
1 ‘0326
1 33485
1 2697E
1, 2077&
1, 1488&
1 09255
1, L 0395¢
9 88825
9 40595
B 9472&
8 51085

09575
7 7009&
7,32535
6 W POBLE
6 6252:
6 30505
5 99755

5 4 635
5 01621€
4 s 9103E
4 67065
‘' 4430e
4 22635
. 1 0202E
3! (8242€
3,6376¢
3! yd608¢
3 29155
3 13135
2,978

e 83305
2, ,6948¢
2 56345
e 43845
2 31955
2 20635
2.  0987E
1, T9964¢
1 59905
1, 80645
1, 71835
1, 6349&
1, 55485

onT

1,5%01¢
1,9691¢
1,5884;
1,5987¢
1,6u0u0e
1,99%1¢
1,55934;
1.5U17E
1,4604¢
1,4298¢
1.4002¢
1,3615¢
1,3301¢
10302?5
1.292%¢
1,3198¢
1.,4627¢
1,5112¢
1, 43475
1.375yE
1.3585¢
1,4y23g
1,478yE
1.5918€
1.,6932¢
1,6337¢
1.3675¢
1,8266¢
1,7768¢
1.7087E
1,711%€
1,6881¢
1.7/2y8E
1,7¢99¢
1,7342g
1,6687¢
1,603%
1,4677g
1,48815
1,%000E
1,5062¢
1,5021¢
1, 66155
1,580%¢
1,6217¢
1,8477¢
2,4609E
2.3%29E
2.3957&
2,3688¢

vy
uu
v
Y]
'LV
Uu
v
u
vy
Y
'RV
uu
RV
'Y
ov
v
ov
IRV
oV
Gu
v
ov
Y
ou
oW
v
00
v
ou
Y
vy
ou
uv
v
v
au
Qo
ou
o
Y]
ou
v
v
Vv
v
v
uu
09
u
v

Cn,n

Y,8699FEeyl
9.8284Ec01
99,7453 «(j1
9.bb4JE-U1
9,91y2g=yl
9,9220Ewy1
9y012yg-ul
6.819‘E.U1
8,8267g~01
8,68Q0E"UL
8,424%9Exy1
8,1192E~y1
7.90U9E=01
7,7655gw1
7.8097€"y1
8,1121E~p1
9,2484gmy1
1,0192 vo
9 3573E-01
9,1884E9 1
9!89675'01
9. 7535.“1
1,0980E vy
1:2917E gy
1,9184¢ go
1,3216€ gy
1.051ge 00
1.458 E 0o
1,3946g ¢
1.229‘5 00
1,24y9E 00
1,3255¢ o

1,3676€ go
1 1S367E 00
1 35965 Vo
1'35415 00
1,3879€ o0
13 23545 00
1,2452¢ 0y
1,3547¢ gy
1, 40485 00
1, 4445; 0
1 45625 00
1.50965 00
1,5912E oo
1,7747g 00
2,2994E 09
1,9973E go
2y39y2E 00
2,31%6E 00

*Excitation of 3.91 MeV ievel oniy.

ARall | o el

TABLE 1 — N — NEUTRON CROSS SECTIO

On,n’
Levels*

On,n’
Continuum

0
0
U
0
0
0
0
0
0
0
0
0
0
U
0
0
v
0
0
0
0
0
0
0
0
0
0

8,283 Ee;3
7 730 Eeoy 3
617626643
1'75145w03

0

!
0
0
0
0
0
0
0
0
0
0
0
0
0
0
v
0
0

1 9956E-01
2205501
2 45355.01
2 65645.01
2 82915-01
2 9926E-01
2 88536-01
2 57455-01
2016045-01
1,9429E+01
1,9319E=01
1, 97455.01
2005 bEe0l
2,1881E~p1
2, 35765-01
2 54775'01
2,7690E=01
2972305001
2,5500E=01
2 6600E-01
2 7059E-01
2 2707&-01
1 5835Eep1

.79635- 4
3 45365u02
2,12%54Ewp2
8,5711E w03

COO0ODOO0O0DO0OO0O0O0O0O0O OO0 C0COOOD

On,2n

1,0899Em(2
1,0002Ew¢2
1,0146gw#02
9, aabsh.us
7,766896%03
6,0925h'u3
4,4835:0y3
2 J9‘8E903
1 14345-03
3,3235¢eq4
4 34555-05

CO 0D OO0 0000QOO00000DO0OO00D OO0 COoOOCOO0O0D0

i wd@idih LA A 28 LA LA LS A0



TONS (ALL CROSS SECTIONS IN BARNS)

On, 20

1,8999Emy%
1, aque.oz
1, 8135&-0d
1, 7451e-02
1 6303&-02
1.49s7e-u2
1,3119€w08
1 0554e-02
7 207‘&-03
9 2350&00‘

P -~ -N-X-2-2-X-F 22X EKEXI-XFIT-X-X-T-T-K-N-T-R-N_-JY_-R_E_-N_F_-N-L - -} -} —

On, o

86,0004 "~y¢
-] 7536Evu¢
6, 9947&-u¢
91250 9E"y¥
y,2610E ¢
I 0008E"01
1,075pg~ui
1.17355-01
3,9237g%y2
1,5783g7y1
$.,7187g~y1
o
' (3]
$,8375E"y1
‘ azaaEPu
{,7859E-¢!
,88936~¢i
i 4817gmyi
1,6855g=)1
i, 11:15'01
9J99E=pl

3 80355-81
1 65565001
1,9959E=1
1,42a35-01
2,4025g"p1
2053225’01

7E=yi

i 49245001
QOOZ’E'Ol
3 «9010E"01
11202€=Y1
g 19822E7"p2
O261gmd
3 3899wyl
- 684gE'ul
R 49135yl
$,9077€=yi
;,2166&-01
1'12665-01
L 793‘&-03
b,7292g=y¢
% 47755- 1

39625-02‘

000025'0a
,0767gwy2
4279€9¢1
3.60825'02
€ 0242E°pe
1,8786E%p2

On,p

€, 00ulcmud
¢ 0&14&:02
¢1059¢b|02
¢ 190%mu¢
‘11’“‘&.“2
€,29V7Emye
¢ 2945c|02
¢ 407#&.02
‘lbg‘U&'ua
¢,9103¢cwy2
13“15'02
01559‘h.u2
Vy68Y7Emy:
9 7;90&!02
06¥epkuye
0‘67‘2&|:2
;96&-02
:8&.03
YEmy2
8.¢e.ua
IOEgg2
‘llg‘bhlua
4 34!3&.0&
52092l )
4‘77o4e-32
‘00‘3hlua
D‘QQQubluz
»,9380k0y2
0153“2.02
(32299Emy2
7 8701&-02
8t 10926E0y2
4, 495g&l02
4 057 Esue
9 55 3&.02
016166:|02
‘1429‘3002
6114I7h002
! 2;!6&.01
12599l:l02
LY CITY ]

° oébéeuoz
9;”“&.02
i 6934Egy2
1 0515=-02
1122¢Uh102
¥ 8gditmype
1 9301hn02
¢ 52I4&002
614409hlua

Pl

On.d

l,5u0vgeld
1,9u8%E=yl
1,9u70E=yl
1.uc93=-nl
1-55?ﬂE'U1
1,8u3%e=ul
1l?=UbE‘U1
1‘&E54E-u1
1,5‘255-u1
1,3519g=yl
1|2Qﬁ?E'U1
1,yi8uirul
Byyb78geye
5,5231pm 12
J.uuu3t-u¢
1:5312E'u¥
1,7%42ge2
1,776%E=¢
2,5149gmé
1,4367E=y¢
3,689%Em 4

cccccCccccCccoccccecoccacccccoacccoccocccoccoccoc

2,844

On,t

4QBDUUE'02
4'844°E.U2
4,BQUYE=UE
“q?bUdE’Uz
4,6921E=y2
4,6490E=ye
4y202yE=yd
4,35135-02
9,19649g=y¢
4,09¢8Emy2
5|8582E'U2
3,6447g-2
4'3999E.02
6'12286-02
2y7027e~02
2,29y7E~y2
1.7429E'U2
1,8926E=2
2,2198E=(2
H|B41£E-U2

E=yd
1!54HSE'U2
1,22082E=¢
?.ETEQE"uJ
Sy1949E-y ¢

ococcCcocoooeCcpDDc o Gcocecoococoooc  c o ocaeo

R ey

EDC’OCDCIOIDC)O¢:C’O!:CIO(DC’GC:OIDC’OC:C’OCDC’O(DC’Ol:c’°¢=€3°IDCIO‘DC)O!:C)CGDC:Q




E, MeV

1,4790€ vy
1 40685 Uy
1 33625 oV
1, 27305 ou
1, 21095 v
1, 1515: vu
35 09565 Uy
1,04228 yy
9 9137E-ul

‘3025-01
8 97035.01
8 53285-01
8 11675-01
7 2 720B8Ew0l
7 34435.01
6, ¢9801Empy1
6 645 Eepl
6 32135-01

.01305-01
5 7197E-01
5 44 65-01

'17 E'Ul
4,923)Emp1
4 682 Expl
4 ‘5‘55, 1
4 23735001

.03065'01
3 83‘1&.01
3 1 0471Eey1
3 46925-01
S 30005-01
3,1391Emp1
2,986ycepl
2 54035-01
2 70135-01
2 570 Ewpl
2, Y444 Eeul
2 32555-01
2, 12121Eeyl
2 10425u01
2 00165-01
1 90 PEwyl
i, 01115'01
1, 72285001
1 6337E-Ul
(P SSBBE-ul
1, 40255-01
1 410%gwul
1 34175'01
gt 27°25b01

2'0748E
2,5151¢
2,8260g
1,668
1.,0498¢
1,7268¢
2,4849¢
2,2yB3E
1,5227¢
1.2002¢
1,996y
1.5957¢
1,7859¢
1,9u43¢
2.0579&
2,2929€
2,382y
1,913%
1,7968¢
2,032HE
2,2293E
2,3184¢
2.,4753¢
2,5896¢
J 3526&
5,0142&
J3,2912E
2,9194E
2,95062¢
S,0%34¢
g ludlg

1176yE
3 %6335
3030015
3,3772¢
3,4465¢
3,4983¢
3,5532¢
3 61535
3 68385
S,732yE
3, W7979E
3,8766E
3.94455
3,9962E
4.06035

01172b

4,1688¢
4,2210¢
4,290

v
0u
0u
uo
u
v
ov
v
u
v
1)
v
ou
v
ov
v
v
1L
v
ov
Qu
ou
ov
ou
Vo
v
]
uu
u
v
0y
0u
v
v
0V
ou
v
v
Y
00
ou
0u
00
v
oV
uv
00
v
0V

-0V

1,9947¢
€,2767g
2,7¢79E
1,8389E
1,5958E
1,7161E
2,4791E
2,20%9¢
1,5384€
1,2911E
1,3686F
1,9863E
1,7732¢
1,8869€
2,0292E
2,2328E
2,2y90€
1,7g7ge
1,7383¢
2,02u%E
¢,22¢%€
2,2888¢
2,3938¢
2 577£E

35025

001235
J,2894E
2.9177E
2,9545¢
40417
3.1015E
d,1744¢
9,2315¢
3,2988E
3,3756F
3,4440F
39,4967
$,5517¢
3,6168E
3,6822¢
3,73y5€¢
3 79645
3 :8754E
3'94635
3,99%4€
4,0°88E
4,1157€
4,1674¢
4,2195€
4,2887¢

o
o
Vo
vo
v
v
0o
Vo
0o

00

00
o
00
00
uo
00
00
00
00
0o
Vo
00
00
00
00
V0
00
00

0o
00
00
0o
00
00
00
00
00
00
00
0o
00
00

0o
0o
00
00
00
00

On,n’
Levels

DO OO C OO OO0 0DO0OO0DOC OO0 COODODOOOCODDOD OO OO C DD ODD D000 ODDCO

on,n’
Continuum

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

On,2n

OO0 OO0 00O C OO0 D000 O0DOOOO0COOO0OOOOD0O0DOOOODCODOLDODOOOCOODDODOOOODDOCODCOCD

TABLE 1 — N (comi

O




(CONTINUED)

On, 20

J
0
y
0
0
0
0
)
U
0
¢
0
)
0
0
0
0
0
0
0
0
0
0
0
0
0
]
v
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
)
0
0
0
0

On,a

2,8574g=2
) 9216&-04
15 583ue-u¢
481976~y d

cCCcCccccoccCccoccoccoccococcccccceccoc cCccCCocTcctccoccoccocacocccccecccceccocccccocy

On,p

V,1903e0y2
p 99¢u=-ui
719271&.02
197340y
1, J9:%=|u§
1,0137%smy
51639 3ceys
O, 387 gEwyd
1 46.4&!02
29' $cgyd
00YEmy?
V 470ét|u6
z‘£7u7kl0¢
1,827¢twy2
¢ B?;ﬁe.uz
99'9e-oa
;l u EI01
1,569 eayi
] 89’0&. e
i 2&'0&!02
v 7596blu3
¢ 9537;.02
® 1’95h102
1 2‘19b|02
¢‘38'°E|ua
1,89 EluJ
z 0;

g hlu
117 11&.03
1,70¢% 0y
116713hl03
i 55012l0
1,6807¢6wy
1‘602&&.03
115901El03
13%8ycknyd
1,57u¢e.u3
1,50y3¢ey
t ;:v9&-0
i VECERY
;lbio‘euo
1 bau‘e-u3
115;0.h003

1% ey’
1 “ T
114592&005
1493060y
iy 14 VUEmy?
3 14 voEeysd
1‘4737hl03

CCCcCccococcCcocccocCcocccocccccoccoccocccccceccrcecccctcCcCcCcCc ccccccececcCc ccc
C O O CC OO O CC OO C COOCOCOOGCOoOOOOOCCCCcOCCOCOCcCODOGCGCODoOoCCecoCC o

B o ko Lo ek g -crus reteitn, Sl e A e e

3

COO0O0DO0OO0O00O000D D00 ODOUO0000 00000000000 O0VDIOIOO 00D 0000 ODDOOO0DO




E, MeV

1,2149yg.u1
1.15‘85-01
1 098>En01
1 04 TR
9 93945-02
945472
8 9935E.U£
8 5549&-02
6 13775.02
7 74085.02
7 3633Enu£
? 00425-02
] 66265-0(
6 33765-02
6.02865.04
5 73455-02
5 4549g.02
5 18885-ua
sl 19358Eeye
4 595uE-ud
4.46615-02
4 2‘835-0&

|0‘11E'Ud
3 54405-02
3 65655.02

4782E-02
3 3085&-”2
3 147&5-08
2, 9937E-u£
2,8477Eey2
2 70385'od
e 5767E.UZ
2, 451g5~02
2 331 Enud
e 21785-02
2.10965-02
e 00675-03
:! ,P08YE=ye
i, 31535-0d
1, 727¢EQU£
1 64 OEwU?
1, 5628&-02
1'43665-u£
1,4144En0¢
1 134526 w2
1 27955-0£
1, 12171E 02
1 1578='U£
1, 110913z ~y2
1 04705-08

4,3458¢
4 39575
4 ‘469&
4,5 1%
4 57445
4,5187¢
4.53195
4,5982¢
4,6942¢
4,809
4,9948¢
5,2941¢
2,6213¢
5,528
5,4346
5.5871E
5,7873¢
5.9747¢
0,0374¢
5,9991E
5,9257¢
5.,9944¢
6.0889&
6,14906¢¢
6,1871¢
6,1527¢
601078E
6,129yE
6,2916¢
6,4783¢
6,5928E
66,6932
6,7651E
6,6294%
6,685
66,6985
6,8831¢
7.08006E
7.2749E
7.39245
7,4847

7,5774¢
7.,5832E
7.,4146¢
7.2335¢
7.2uou&
77,2939
7.24315
77,3057
7,4839¢

Ju
v
ou
oy
ou
yu
ou
v
du
W
0o
u
v

E U
E Qv

v
ov
v
v
v
v
Gu
0y
uu
v
U
oV
uu
v
o
ov
vu
v
ov
o
ov
v
v
(Y
uu

ov
v
v
ov
o
ov
ov
ou
111

4 34445
4 3942E
4 4454E
4,5000€
4,57¢9¢
4,5172¢
4.53045
94,5967
44,6928
4,8p14¢
4|9933E
©,2926¢
®,0198E
2,5193¢
5.43315
,5856E
°,785%8€
©,9734E
6,0359E
5,9976¢
5.92425
%,9928E
6'087‘5
06,1446
06,1855
0,1511E
6,10°5E
6.109E
6,2687E
60,4766
©,591yE
6,6912
06,7632
6,6274¢
6,6p066¢
6,6964E
b,&algE
7,0784€
7,2727€
7, 386%5
7,482

7 57505
7,58y8¢
7,4121E
7.23u95
7,1974¢
7,29u7E
7,243
7,3028€
7,48105

00
0o
uo
vu
Vo
uo
v
o
o
Vo
00
uo
00
00
00
0o

00
00
00
ou
v
0o
Vo
00
uo
vo
00
00
Vo
00

E 00

00
00
00
00
00
0o
00
Vo
00
00
Vo
v
00
00
Vo
uo
00
00

On,n’
Levels

0
0
0
0
0
0
v
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
J
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

On,n’

Continuum

OO O0DO0O0DODO0O0OD0O0OO0OO00D OO0 OO0 OO COODOODDCEOCOD

TABLE 1 — N (CON

On.2n

OO0 OO0 0O OO000OD0O0O0 COODCOODOO0O0CODODOO000 OO0 DCOO0O0OOODOC G0




(CONTINUED)

v
v
v
v
v
v
U
v
v
v
v
v
v
v
v
v
v
v
u
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
U
U
0
U
v
U
v

In,p

1,47yuenud
1, 4700eeed
1 ‘7u0t-u5
3 41uu=¢03
1,47u9=-u3
i 4704ceyd
¢14buoeuu3
i 4800=l03
114dluhlu3
1,9b8%ey"
1149uutlus
1,493uceyd
1149°°EI03
1,9yyyEnyd
19990 Vewy?d
b véenyd
1i5g9‘boul
115395h.ué
iy 53ydeeys
i bovée-u&
1 bﬁvkenua
1156v4hlus
1 bauéhiua
1 5969&!03
ngt.uS
lab BYEwyd
< éulae'ul
1,u9v¢e-ug
PR YLICITE
1. 7255b|ué
117503Emys
by 75!/:303
11325°B'Us
1,879%ceyd
i 92edemyd
1, 97;uteu3
‘10£u9elu3
¢y07¢ic0yd
‘112.6hl03
217058y
['d 23°bh.03
¢ 2Vuut.u3
¢13490=ru
€ 4y 7% 0y}
¢4 ofhegyd
¢ 9309:-03
¢15 “9klus
“,6 vOEmy®
¢17¢°u=cu3
¢1797u:lu3

M rtean.

B R s o T

cCc ccCcococccoccoc

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

—_—

cC CC

Pt A Rt s meurens

cCccCcocoOoOCcCcoccoocoCc ocCc

cocooocCc
ccococooocCcco OOOGCOGC‘COCOGOCOCOOOGOO

E

OOOOOOCOCOOCGCOOOOOOOCGOOQOQO

0

1 61365-0a
8 1272&-05
8 33303'05
8 9439;-05
8 76025.05
8 98205-05
39QEnu’
255.05
9 0515Ev ]
9 9266&-05
) 01755-04
1.0 ébhau‘
$ou700Eny¢
,u971Enu4
1 1248Ew ¢
1'% 19335-04
1 1825E-U‘
1.4124E'J‘
1,24931Ew(4

Uiitraibasie o L SUREEL S
it

10




e ———— g g

E, MeV

9 96515103
9 47915.03
.01695b03
8,5771ew0d
8 15805-03
7 076098009
7 332‘5-03
7’02235-03
i
1Ewg
0;04425-03
9 2 7494¢ugd
4693&-03
Ebu3
' Ewgd
’79735h 09
4770gn03
¢ §2592Ewgd
4 00919Ewgd
3, 05395-03
3 666 (1T
3 497!5-03
393474Emg3
3 1553!b03
gl Eb03
53Ev0d
z 17158Ewpd
2, BQSQEb 3
? 457‘5503
2,33755b
e 22355-“3
.11915-03
2,0419E»09
1, '9130Em03
1308205E003
9 73175-03
1 6473!-03
1, 5669Ehu3
1, 490’5-03
‘178!v03
1, 348@E-03
1, 28295.03
$.22035-03
1, 16005-03
1 1042550
110’035'03
9,99096w0 4
9 5037E~04
9 04025-04
[ 5993E-o4

onT

7,74938
7. esasa
7,9826g
8.01775
8.0371‘

00’035

8,0756¢
3.0979!
e (11045

13705
0 ;576|

1777;

19895
8,22706
8:25718
8,29¢3g
8 32615
0.3,75!
8,3947E
8,4255%¢
8,4487¢
8"7605
8,4978¢
8,5179¢
8,53828
8,5578¢
8 57755
8,59084¢
8;62495
8,04847E
8,6738g
8,6971§
8,7173¢
8, ' 7371E
8, 757‘5
8,7771¢
8.7960&
8,8156¢
8,8367g
8,8575¢
8,8772¢
8,8962g
68,9163
8,9362E
8,9%567g
8,97678
8, 99645

.01405
9.0284¢
9504665

00
00
00
Vo
00
00
00

00
00
00
0y
090
00
00
00
00
0v
00
00
v
o
0o
00
v
00
00
o
00
00
ou
00
00
o

0
00
00
ov
00
00
v
00
0v
00
00
0v
0v
00
o

Onﬂv
Levels

[~}
<
- N -N-N-X-N-F-N-E-E-R-T-R-J-R-N-N-R-J-B-J-N-¥-B-N-3-N-N_-B-2-N.¥ _-F-N_-¥ N - ¥ -¥-N-N-F - W-F-R-W-F-F-W-N-N.]

On’nr
Continuum

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

TABLE 1 — N (CO}

On,2n

- E_—R-N-Z--3-N-X_-N-N-J_-R-N-N-N_-N_-BR_-X_-N-Y-N-J_-N-N_-J-F_-¥-N_-3_-N_JY_-N_-N_-T_-¥W-X-JN-N-N_-¥_W_-¥N_-N_N_-W_-N-N-¥_§N._




N (CONTINUED)

- NN — X~ oooooooooocooooeoooooooooaooaoaqaouou-.-..._._-___

Onp

4,8079¢myd
¢ 9‘05h-u3
s 0;‘9tcu3
3 091¢E-03
611Q05E|03
0124'7h003
3 364 Enyy
J 14103E0yS
J 5°¢6t303
5 5 ;5&-03
;44200
77%¢kwy3
é 5714&!03
a1969¢e-us
‘10097t003
17&7&l03
783Ew03
Q'°blu3

2
3
: 3
6330Emyy
‘:iose:oa

i
‘
al
4
¢
Q
0
3

g
[
OO O 1§
- PG O
Srpee
+ |”
[
<«

cccoccoocoecooceaaoccccccccccccccccccccccccccccccc

On.

1.%7‘.5'0‘
1. 0‘95-0‘
1,34008004
1% §73;e-n:
]
fraddilete

i, 76215I0‘
1 bgi?s-o‘
Svot
1 "9015Ew04
1,949860¢
3 9990&-04
e u‘obe-u
2 lﬂigeuo‘
2 (1247Eeq4
2, 20925-0‘
212631504
2, 32255'04
] 35{3&-04
2 ibﬁlo.
2 dgugd
2 56‘75-0.
' °3 Tgeqé
] 69 35- ‘
: 76‘65-0‘
e, 33.7ﬁl0
3.90!'5-00
2.?521ﬁ-
3, n’?.ilu‘
3. lalui.n'
3 !l"ilni
3 (TLLITTE
¥ i?l!i' ¢
; !I'[-u‘
3 6‘3‘5'0‘
S 73‘05.0‘
3 (0201Ewq¢
3, 92615'0‘
4 0234geg4
‘.12735'0‘
¢ zalaﬁnoﬁ
‘! 19390 Reg ¢

1



E, MeV

8, 17996w04
7 7809Em0 ¢
7 4015g004
04095-04
¢ 1 0971Ew0 ¢
¢ 370’!-0‘
o,o!9|ehu4
,,76‘;5.04
H} l3lthu4
9,243 7&-0‘
R
1 i-u
4'40925-04
,27055-04
0080Em0 ¢
063;!bu4
e,
962Ee 0!
32’7E-0‘
3 00925-04
2 aoz‘ero‘
2, 7220Ebo4
2! 59015-04
2, 4637Eb

34865.04'

! 22935bu‘
2.12 0Ewo4
2,0471Ewo4
1, 9;005-0‘
1.02525-04
7368Em04
1, 65155'04
| 57095-04
1, 149435 4
s 42155-04
1 35215-04
1 2852500‘
1, 22355-04
1, 16395-04
1 1 705-04
1 0939Ewg4
| 00175-04
9 52835r05
"8°3°E.05
21 Ebug
3 2011Emg
7'8013€005
7 ¢420 5-05
05675-05

onT

9,00625
9.0789&

9409655
9,1163;

,129‘5
P,1468¢
9,46608
9:1789¢
9 19675

121635

9,22085
9 24695

P, 2639[
9.2790E
9,2967g
9 31595
9 32905
9.34695
9,3062¢

903790'

9,3978¢
9,4252g
9,45485
9.48445
9,95p62¢

9.5271&
9,5466E.
9 ’bbgt

9.9858;
9,596¢8
9.‘0825
9,6181¢
9 627!5

54455
9 66565
9.68645
9:7062¢
9,7252¢
9, 74495
9,7°766
9;76785
9,7782¢
9, 79565
9 61525
9,082826
9.84565
9,8653¢
9,8778¢
9,8878¢

9,8984¢ .

On,n

|0”.E
9,00083E
9,08%56¢
9, 10329
9.,4178¢
9 13505
9, 11839g
9 166!5
9, 10395
9420326
9,21%4¢
9, 23275
.25105
9,2645¢
9, ge:;s
9,500
9'31342
9 33095
9 3490
9 36235
9 38035
9.40755
04366
9 46555
9.&872!
9,5076¢
9,52066¢
9 5!555
9,5647E
9 !7645
9 !86 E
9.99925
9,6045E
0‘2075
9,0411E
9,6613¢
9.‘60’5
9,6988F
9,7178¢
9, 0 7299
9 0 7394¢
V,7494E
) 76575
9.,7846E
9, 7968E
9,8134E
9 183238
9,0440E
9.05315
9,8628E

00
00
00
00
00
00
00
09
00
00
00
00
00

00
00
00
00
00
00
00

00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00

On,n’
Levels

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

on,n’
Continuum

:’GNOGDCDCDCSCHDG:C'GM:CICDGNDCDCMOGDG’GDCNDGS¢5CDCN°IDCDG’CNDGDCDCDONDGDG’cna"c’:“ﬂ‘?‘l

""IME—

TABLE 1 — N (C(

On.2n

c:oc:oc:c:o::oc:oc:o¢:::o¢:o¢:cm:o¢:cn:cpccaoc:cc:o::o::oc:oc:ow:cao::c¢:cm:c



AL .

- N (CONTINUED) )
On,t
{ : P Ond ! Y
on ‘
. 44908599
. n 0 g ::56 ‘fngd
v t,ootou-o: :  4iseldinad
o 1 oata..n 2 0 ‘,7?’32-.‘
0 0 0 1iishigecs o L
o : 107 omg o it
o : " 1'1':3500 ;s isiideis
o : Rt 111191 u LR
0 0 0 glzgiol-ug 0 o HiHRY
: : " i':vaei-o 0 0 357*;.,0.
o : . i‘mgme o b e
0 0 v ;1a$i ingl : - g
° - 11 11 [ o MR
0 0 0 ;33-'7!‘"! : g -”,;g’,i..‘
0 o 0 i:’i'“f'ﬂ : t.gzlzi-,o
° : " 1,309%Gey2 : g g
0 0 v it Bingk ] it
: . o i“.g‘ilﬂa : : trésedicee
0 0 v ;14 Pgned . . "’9’1.."
° ° " s‘i 118w08 : 0 R
o o L - 0 1'33400e0e
0 0 v ;36 (11171 : 0 ’igao’..o‘
o ° T - 0 1l71008m0s
0 0 v ;l.'g;ﬁuut : 8 1iTsgetned
0 0 v 1173. feg . st
0 0 v ;:77!8§l0 0 g '.31".. :
0 0 v 1,0830Ewg2 ! g' e
0 | 0 “".}"°3 ; ,7370Gmgé
o | U ;lOig-E.og - 8 &.99.“-0‘
: , ; tobboinge 0 it
0 b 11 0 e
0 0 LS 11144 : AR
0 0 0 2:1 !%iloﬁ ’ . ghibhcos
o o i 0 11111
0 0 E é}aé‘??-og 0 g i
f1Esy : T
0 8 v g‘g, 3§|oﬂ g ¢ :g”...o’
0 0 0 ¥, 40348000 v 0 {iomrteed
0 0 A TIIT]) 0 0 $§1’°8=.°s
0 0 0 g‘;zggiloé g 0 HUTRE
0 o u z:, !“§'°: i : 1 935ngd
0 9 YR 6g§§§|0 : g 1333 it
0 0 v 33730 Ewg : ”;”;3..0’
o o o E‘7"§E.U 0 0 1136 Bhngd
0 0 v 418 LTI : : {isadeinis
o o 0 2193295.03 0 g 4437036003
o o u il §'°3 g 104090€003
0 0 v Kl 0833510, : 8 {ighgind
0 0 v 3114388008 0 {idtodgass
0 0 v 312 eI T ¢ : {1773
° : 3 iiSRQQE-oa ] 0
g g y 9p6p70kege
0




E, MeV

8,714%Ew0%
) 307osuub
0 07595- 5
77925-05
9 49735bo5
g s 2292Emg5
'k 97425-05
‘ 73IQE-U
00.5-05
‘ 25135-05
4 072550
38730€005
3 609osh05
S3Emg
53435-05
3.17175'0’
% Eb05
l 99Ewy?d
e 72995-05
; :9605- ;
708Em0
g 34935-05
2 23905-05
.12635505
2,p224gp%
1, 92375-05
1, 32905-05
;,74075-05
1,655%8Ew 5
1,973¢E
1.49035-05
1, 425 tﬁbu
1.3’5 Eb05
1,2099E0g5
2260Ew (5
111660Ewp"
1,1099Ew 05
1 0 90&-05

g E'U
8529Ewp 6
9009705'06
8,6438Ew06
8 22235-06
7 32135:06
‘393E-0°
077 E'Ob
6 73135-06
6 ‘0355396
5 10918810
’ ’9‘1c-0°

onT

9,9108¢

9. 92335

9.9473¢

097235.

|97°9i
9.,9880E
9599745
1400008
1.000086

1,00008
140000E

d.000086
l.00008

de00008

1:00008

$:0000EF
1.00006:

1400008

1400008

1,00008
i.00008
1400008
34000086

deg000E:

100003.
d.000

1-00105
1,0028E
100037l

1900478

1,00978
100008

1,0u708E
1400876
1.0U97E

140200E
1'0107E

1,0117€
1.01275

1,01378
1.0147€
1 0150E

1,017

001675
1.0177E
1,9187¢
1.0197E
1.0%00¢
1,02078

L,12847g%:

on,n

9,8794¢
9 09095
gB9E
993%E
9_93865
9.94665
9,955
9 95635
9, 95545
9.95435
9.99315
.”29
9,9%)7¢e
9,’4955
9,9482¢
9.94695
9,9456¢
9.’4425
9,9420¢
9.94135
9,9398E
9.’3035
9,9368¢
093525
9,9339¢
093935
9,94775
9,9559E
9,9638¢

9,’71‘Ej

9.’°0as
9,988
9,9964E

1;0004€ ¢

1,0011E
1,0013€
1,0018E
1,0020¢
1,00%3¢
1,0041E
I.nuilE

-un*ie

1,00°3€
1,0000€
1,p00068E
1,007%
1,0082¢
1,0082&
1,0086¢
1.7793e

00
00
00

00
00
00
00
00
00
00
0]
00
00

00
00
00

E 00

00

01
01
01
0l

0
03

01
0l
0l
0d

0l
03
y S

on,n’
Levels

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
5
0
3
g

on,n’
Continuum

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
J
0
0
0

TABLE 1 — N (CC

ooooaoocoooooooooooooooooooooooocoooooacoooooo [— X - - N

4



=

N (CONTINUED)

On,2a

Ry N Y - ¥-X-¥F-Y-X-Y-X-N-¥-N-N-2-N-N-_N_-N_X-N-R-N-JF_ N_-N-N-N-N-N_-¥_F-F_-N_-N_-W-N_-N-N-N_- NN N N7 ]
ey r-r-¥-x-x-¥-rx-xr-x-rrxr-r-xr-r-r-r-x-r-r r-x-x_ N7 Y X_-N_-K-Y_-X-Z_-T-FT-X-T-N-T-JY_-JF JK_-X_X_-Z%-%_-X-1-%_-1_°J

0
0
0
0
0
0
0
0
0
0
0
0
0
v
v
0
0
v
v
0
0
0
0
0
0
0
0
0
0
0
0
v
v
v
v
¢
v
v
0
0
v
0
0
v
0
v
0
0
v
0

3

"!?;.

|

24

i
13834EmpR
99!3&.0
;8 v6Ewy
g§59iu02
2086wy 2
Qg géioﬂ
73% E|03
199 -DEuo
oQIVEIOl
10496Ewgd
07‘28001
151 i‘e-ot
1 1 19€n0
i 16005-01
1, 19' bl01

Y
b
"
b
v
v
¢
",
y
o
3
i
i

Pl L.

cc;c:ccccccocccccccooccceccc‘eoeeoeoooeecocccccceaccc

OO0 DO ODOODOOODOCO Y-y Xx-I- ¥ - r-y-r-xx-xx-y-»¥- Y x*-ry-¥-3_-Y-¥-3-¥_-N_R_Y-F_K_JE_JX_J-J=J =} =

:5:I.-03
1 11Y {)
10 334. 0’
1 7378
3:7161 vyl
9 0 $ '.s
'] "7_!0’
Hhe
9446Enyg
R
1044309
1096008ngd
'19'1.'0,
530;".03
‘31.'5'0'
997346mgd
43025wg3
4"9.’03
%6015eyS
getos. 03
9;“.03
7"55- 3
0!3"2'03
[ ]
;;7*3.-83
)0‘97'0 3
82.9ln03
30.1'-03
20723'08

‘33.-0,
;330'-03
249Geg)
1926%03
gl"..o‘
‘ 61:g2-0:
i1 L
4;22 9§u 3
4,32786x 3

0.43735-
‘ 5‘965-03
96‘35-
,78295-03
ke

ik
5:25542.03
5 28595-03

t
:
X
|
8
A
:
;
i
}




E, MeV

5;51165-06
5‘24285.06
4 9871ge06
‘.74335-06
4.51255.06
.|292’E.u°
‘.03315.06
3,8839€w00
3.‘94’5.06
3.51‘35-06
3, 3429Ew g6
3.17995.06
3’62‘05.06
2,8773Eey0
2.737 El0§
2,6 3gEb09
2,3557Emg0
2‘2‘0.5.09
2,1318Ewg"
B
1,9207Emg
1,8340Ew0b
1,7452800
1,6601Empé
1,97946n00
1,5021Emgé
1,420088mg¢
1,3594Emgb
1,29208m00
1,2290Em06
1,1690E006
1,11R0Emo¢
1,0%808E006
340009Em0
9,5777Eng?
9,4109Ew0?
§,0682Emp7
8,2430€407
7:8415Eu07
7,4591Ew0?
7,0933Em07
0, 7493Emq7
6,42016m07
6,1070Ewy?
3,8093Emp?
5,52%8€w07
5;25635&07
5,0000Emg?
4,7561Emy7

%n,n

l1,0lu0g
1.01075
1,0113¢
1,0113¢
1,016
1.01235
1,0129¢
1,013%¢
1,014Q¢
1,0144E
1,0144¢
1,01%0€
1.01%6¢
1,010
1901668
1,0400E
1401678
1001736
1'017.!,
1,0188¢
1,0167¢
1.04898
1.01"!\
1,0194¢
1y0194¢
1,019'5'
1,0203€
:002005'

10603
10020§E
1,0207E
1.0210!
1,0213€
1,0209€
190208E
140199
1,0194¢
1,0196E
1,0498€
1,0199€
1,0201E
1y0RyaE
1.02035
1,0004€
1,0204€E
1,0204E
1,020%E
1,029%¢€
1,0&04E
11020%E

on,n’
Levels

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
J
0

Onﬂv
Continuum

(- N -X-N-X-N-N-J-FT-N-X-X-T-N-J_-N-R-1T-R-J-N-1-X-N_-N-J_-¥X-¥X_-N-N-1-N-J_-N-J_-N-¥_-¥_-N_-V_-¥X-¥.-X_-¥F-X-¥F_¥N-¥X_-X-_-¥_]

TABLE 1 — N (C(C

On,2n

(- -N-R-N-N-N-N-N-B-F_-N-X-N-F-R_N-Y-R-JX-N-I-N-F_-¥-J¥_-J-N-J-R-2-N-JX-N-JX-J_-X-§N-JN_-¥_-N-N-N_-N_-N-N_N-N-N_3_1



— N (CONTINUED)

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
)
v
0
0
v
U
v
v
v
v
v
v
v
v
v
v
v
v
0
v
v
0
0
0
0
0
0
0
v
v
v

On,p

11 219‘&-01
1125032-u1
1 20‘0&-01
% %oul
3877cm0d

1 3810&101
i ‘&‘5tl01
9 4047&-01
1, 46065-01
1 5271&-01
15606ksyd

1 50"5-01
1 6001Eu01
1 6977&lul
1 7Ju5eiui
3 77‘3&001
1 8&925001
1 09’46001
1, 9 CEITTE
ig 9 v hlua
‘ 103u”Enyd
¢ OG;Qtlul
< 1;5 Esvd
¢ 1°71&-01
¢,z¢¢ 0Engs
¢ 27U2tl01
¢ 34’9Elu&
¢y 390 Emyy
¢‘45D Engd
©,5 76E|01
gy 5 1$Emyd
4 6‘09&'01
¢ 7139&00;
¢;7 ¢bEmod
€, 089 T
€y 9223Emy}
¢19995e|ul
;1 7.3&'01
’315001
9,2 3¢9tlul
9,33108ewul
o,seu7e-oa
“‘.7h-01
31”‘0EI01
936634Engs
3 7901El01
aleSaae-ui
019‘°7E.0$
] gQ.?EIUi
lzbaxe-oa

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC ccccccc

ocoocooocoooooooocooccoc.ooooooooooocooc OO0 OO0 OO0 COCOO

B,4197€m 3
5, ¢5569g9)3
9 69’6&.03
5 JB449Em (3
, 9897&,03
6, 2968Ew(Y
6 ‘5.35- 3
6 °197E'03
'S 2 7873ge3
) 95915-03
7 13535- 3
7 31’9&-03
7,5011E003
7,69 0Ewgd
7 88 7&-03
.0553&-03
6,29090E=(3
8,49995-05
8,7150E"3
8,9337gw3
9,i6496my3
9 39382903
9, 0316&- 3
9 67545-03
1, og%’s-o:
1409020
1,0645gxq2
10091‘5'02
1,1190E»qR
1.147‘5'02
1:1764Ee02
1.2002E=p2
1,23675-02
1026.05'02

3215-02

1. 6685'02
114084602
1,4369Ewr(2
1.‘7325-02
1,210%Eng2
4,°488Ewg2
1,288pE=g2
1,6282Em2
1.669‘&.02
1071§7E'02

A GEmg@
1. 994Ew; 2

5‘505-32

14

P et Ll T em—— T



E, MeV

4,5242E0y7
4 30355-07
. 0936£n07
3! 1 894yEw0?
3 7041£bo7
3 52345907
3 35165-07
3! 1 1884Ew07
3 00326Eep?
2, 0847E-07
2 1 7440Ewq7
z ‘1025007
2 4329Ewy7
e 36155-07
2 24665.07
2.13715-07
2 0320€wy?
1 9337Ev07
L, 03965.07
1 7497E-07
1, 6643E907
1, 50335-07

i Ewg/
'43235.07
1 36575.07
$,2902Emy7
i, 23305007
1, 17255-0’
1, 11156Ew07
1 06125.07
1.00955-07
32‘5-05
415-08

. 68875.05
.’26‘95.08
7,8618Em8
7,473‘5.03
7,4137€Emy 8
‘.7667E-05
0,4367E~08
' 122iE-08
824QEUQB
9 1O401Em8
9 1 C699Ewy 8
5 01295-06
417684Ewg8
4 535;5-08
3447Ew8
4.1%‘25-08
3,9041E98
3,7437gw00

1,0047¢
1.06575
1.0°67E
1,0077¢
1.06875
1,00697¢
1,0714E
1,0734¢
1,07%4¢
1e977%
1,079%€
1.051‘&
1,0833¢
1.0854E
1.0874¢
1,0893g
100913:
1,0933¢

1,(953€ g

1.0973¢
1,099¢¢
1,1ul1e
1.1032E

11053 |

1|1U735
1,209¢¢
1,1112¢
1,1132¢

t11525
1 1173
101192E
1,1213¢
1,1233¢
1,1253€
1,1273¢
101293
1.1312¢
1,1333¢
1,1353€
1,1373¢
1.1393&
1.1419E
1,1449E
1,1486¢
1,1531€

1,1°81E

1:315

116828
% %7325

.17815

1.1832¢.

On,n

1,02y2€
1,0204E
1,0199E

1,0198E (

1.01965

.0193E

1,0197¢
1 oaule

002115
1,0217E
1.02235
1,0228¢
1,0233¢
1,0239¢
1.02‘35
1,02%6¢
1,025)E
1,0893¢
1.0256E
1'0256E
1,p259€
1002605

.02°2E

1,0263g

.02635

1,0262€

00¢°1E
1.02595
1.02?7E
1,02%5
1ep251E
1,0248E
1.02“3E
1,0238€
1,0253¢
140226E
1,0219E
1,0212E
140204E
1,0194¢
1,0184€
1,0189E
1.01795

001535

1,0196E
1.02125

1,0227€
1:0242E

.82565

1,0208E
1,028Q0¢

On,n’
Levels

0
0
0
0
0
0
0
0
0
0
g
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
n
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Continuum

SO0 O OO0 ODLDOOOOOO0OOOCOCOO CO OO D00 OO0 00D OODOOOODODOO

TABLE 1 — N ((

COO0CCCOOUO0ODOODO0OOLODOOODOO00O OOOOOQOOC’OOQOOOOOOQQQOQOQOQQOO



— N (CONTINUED)

OO0 OO0 OO VOO0 OO COODO0OOODOOOOO O > 0O 0O O0DOO0OO0COOUDOOODO

On,20

(R X -I_-X-J-N_-X-I-W_X_-N_-T_-N_Y ¥ ¥ _X NP P O O OO O OO O OO CO DO DO D CDOODDDOC

mas SRR

cccccccccccccccaccccCccecce CcCCcCccccccoccocCccocccccCcccCccccCcceccecccccce

n,p

912‘.5?.0‘
4,3640E004
91‘79?‘!0@
¢ 5878k00
4,7399&-»4
4,6830€m01
9‘99' Esud
P 0700Em0d
”;1‘!!9'0}
133yeknyl
2,40P¢Enyy
9,6095kayd
2,74b%0yd
P 8vy0enud
0y09Y%cwyl
°11?‘!E.01
b,34v0¢Emy3
915109kI01
°!°7,2El01
©,6481¢c991
790378003
791991e0yd
7,377¢eny}
/,5é9se-ui
/3729%¢80
7,9938E0y4
B,1P81kmpd
©,35vOkuyf
8y57311E004
5,7604¢En0d
Yi03y2Eeyl
v,2388E0y3
Ve47¢5eny1
’17 ?JEDUI
v,990cteyl
110830k ug
100409e yg
430794 yg
133yu2€ o
4918848 (0
134270E o
191808E g
112383E gy
1,2871E g
142787 V0
1,348k g
;13;986 Vo
1,37UKE. ¢
LIA{34E g
140898
31,4977 00

cccccccacccccccccccccccccccccccccCCCCcccccccccccccc

OOOOOOOOOOOQOOOOOQO@OOQOOOQOOOOOOOOQOQOOOOOOOOOQOQO

Iny

$,09876x02
1,93965002
2,05906w02
2'09065302
3.1‘365-03
19786008
25355000
3105802
€,3690E92

N N

3,7153geg2
3,8094Ew;2
4,00476wp2
4010.15'09
4,2100Ewg2
4,3106E02
‘092’95902
‘.537OEI02
"65285'02
4,77006%y2
‘.99!35002
%,0192Ee¢2
5.1‘31E'02
5,27238-02
5;50585-02
5,0426Eag2
3,0829gwg2
5.8268E-02
5.?7435'02
6,1255C=;2
6,2808Em(2
6.90315-02

15

i v et e adrn



£0e33900¢>
20e39c3c’s
'
20=3UgTylt
£0e366y0°¢
00s308.9T8ge
20e3pTLL¢ e
«e.uuﬂ.w,ﬁ.
p0=33Tyt02
$
20.30990%s
p0s34T31¢T
0e30g0Tlg
Oug¥ps07ga
o.u.onq.».
Ougpyt loe
m”.ucuumuu.
. TIT1 -
20a3lgg2’s
p0=909ys’ 20=39.82°%2
m“u Lezg! uu.u n..“n
[ ]
Soonlges'} Znesgosbiy
20e9g%es " g0ea%09s’g
m".“"“. mn 20s33g69 "9
m-,uu

. 20=38g00",
R AT 300302234
20e8.04)" 200302¢2%%
i Rt
[ ] [ ]
m..-‘..n.u “....n.m..

| o

gl0alig2408°Y
uolummv 't
20.80420¢¢
uo.u.a.n.»
20aigp2t'e
20eBg30s'2
20281640t '¢

HOIWBCN'.O.
20e8y21¢°2
20=3%063°2e

£0a80pp8°'t
uo...m“..u
20a3%902°¢
20=8303¢%¢
20=8200f%¢
Nol-ﬂswa.'
20e9g20p%
20e8g6s8%y
20a82408'y
20e830e8'g
20e8cT99°%¢
$0e8g2¢0°t
a-au-nm.u
bt
oBegiy
a..u“....a
$0a8%634°T
 { T TITY I
t0=08¢00¢"'s

3

0 30e9.022°8
0 303390y’
0 o%s £0e9.064°'8
£0230g0%1s  sledersile
unnu amu.» g0en0pg0ly
«a.m sZZ'¢ n“.un.hc".
«g.u«.nu.. £ .unu.o..
. .uomu... 2Ne9ep32'Y
20°3609g°g  20e3g41¢’t
«u-uc.uo.c «u.mo-ownu
20=8yy22°y  20e368ag't
20e32364°9  20en202¢!
u“uwunou.o «”aunnoo ¢
eheBog02 L  20e812gT'y
«".moacc.. «“.mn..o.s
«e.u«oo..n e .ua.cm..
20=s69c .2 IDeBep 0%
u“-ummmo.v ﬁ“onouno.u
«onuc 4.4 T |unocm.m
2 ascez e «a.musmm..
ao.w.n '3 tlesgaligey
uo.unun«.a T0e3g0c00°s
T0eg9gpe's  TOengp21t2
T0e3porgit  T0ad2p1dty
30230299°3  10e8,2q¢'2
unlnnona.u uouunnon"m
u“.-o.oc.a $0e80044°p
J0<300L0°% TOamzlec'e
au.uoono.u 10+800g4%2
1 n-aco‘.a T0e8q0q¢'2
“u."n.no.. a”.u..n..n
no..«.na.. T029498¢ 2
seS8 2 ThelgR04°2
n"nm..»».a T0a8gyy2te
uonmds n.u ﬂoluh .m.n
a..uuo.n.u «“.-. 19.¢
uo. 9892 3 .ooomm.»
3 .-o-o..- ﬂo.u.a.o.»
30985530 '3 T0eBegzé'¢
30=3¢90e°3 ~NeB, 000
. 5
SNOYLNAN QAYZELLVOS

$0e3099g't
T0s3pN104
30a3dpty?

ao.wmmou.m
T0a30yT3%¢
$0a32690'¢
$0a3p2ygle
$0a30s99' ¢
T0e32504%0
30834629 ¢
$0e32,1T¢'e
$0e33022°%¢
T0e3g2s%2
303271202
$0e3y0g0'y
T0e3pcgs6°T
M”lwnooﬁnm

=396

T0a3 umm.m
T0.300g0%2
10e3%9T¢’'2
10a3%6pp’2
T0a3Tylp’2
T0e3/%g0%2
3LECTYTAL
T0«39,00°2
T0=39966°2
$023T00T0¢
3032002
aa.mmmnn.m
$0=3662¢'c
T0edgpgsle
dolmdnﬂo-m
T0s3g20p*,,
30=39969°,
T0e327.0°%
$0e35700°¢
T0=39633°¢
t0=3%022°'¢
T0a37300°¢

g

T0e9gpp2‘s
200890014
200809, 0%
20s8,0cp'¢
20a8q0gp9°'2
20a8gTcpte
20e38g0T ‘s
20e8g1co’s
n:omnonv.u
1088,090%2
T0e3gyp2°2
uauummm«.u
t0=s3,thg’
T0e8960°T
t0e8g0y2°'t
t0e3,2Tp'
T0e80480¢°T
t0=30%a82°%:2
t0e3g920°2
T0e8,T,0°2
t0e8TyNpt2
T0s340T6%2
ﬂO.UDN'“.n
T0e322,0°¢
T0=lnges’e
10230000°,
10s83%c0°?

Th.8cT 00y
10083,21°,
T0e8gy22°%
Halﬂﬂam'w'
T0=8g8,4°%
10e9,T62%¢
t0e8g9068°%¢
u“-“a.«.”o
$03c0629°9
t10e8490L°%
T0e30100°%9
t0=8a8g24°0
T0=8g1778%

I3

3pe0g'e
30v69°'2
50¢00'2
mmoa..u
301p1'p
Igt62°¢
3200y )¢
39489, ¢
32420 ¢
mwoﬂcsv
wmou«.c
P
»
360T¢!y
mﬂuoﬂnn
32024
W»M°Mu“
68"
2ggeis
32020
wm.m.mo
gt
s
4 '
3e0tg's
326’
740y %6
320066
3g6p0°’s
0260°t
300 a"a
300253
32692%t
m-vmn.«
3200y, 3
3Tciv,3
390¢g'3
3p009°s
ETTR 4
32100’

AN ‘A

ATIVOLLSVIA JO NOLLNGIYLSIA HVINONV HOd SLNAIDILIZ0D NOISNVAXHT TUANIOTT — N — g I'19VL

16



D IODIDIDOIDIODIDODODIDIIDIODIDODOIDIDODIDIIDIDOODIODIDIDIDODIODOIOIODIIDIONNDD

DO DDO0DIDODIIOOODOIDIDDIDIDIIIDOODOOD DDIDIODIOOIDIID DOID

QOO0 DO0O0O0O000ODOO 0000000000000 O00DDO0O000OO0ODO000O

0000000000000 0000000000000 000000D00DO0O000C0O0O

(QINNILNOD) N — g I1dVL

oo CconoDoOoLoo

29000000000

0

2M=36p6g°T
2fe3,T9n"T
2h=3,0an’,
2M=3gepe’?
2f=31TTT'Y
2N=3tg6/°'T
20=3¢agh’T
2%=3a¢p¢ea*'T
2MNa31220°'T
£7=36294°%p
fledsppe Y
2N=3,TTn*Y
gl=3T0c,°%q
gheagsNne
27=3¢¢q0"1
2M=3pgNq’p
2F=A1Tpa,'e

£y

DO D DDV OOODD DDIIODDIDIDTDDIDODOID

e}

n

2N=3cgrN2’,
?ledcTc2ty
Nalm?.ﬁomov
?2fe3/029%¢
2h=3p/18%
20=3c198°t
20=32,19°T
2N=3gaNgty,
2Nedbypley
?20=3qTaTyg
T0ha34c22't
2Phe3d7gczte
?f=3,T27243°%¢
20«3¢aga’s
?N=3212p%c
rALETY-TY- AV,
TNeJpfpT'T

i3

70=3/p00e>
2ledg nTe>
2N=3¢gcT?*?
?Ne3Tepg?
?2N=39Qpp*
FUL RS SRS
?Ne3Tgilye
?Nedgypu
2N=3/06k"°
N:lu:cvu.
PN==5¢cp*
?0=3,psn°
?Ne3gocq
Vleﬂovc.
NOIU’NQJ.
20230, 42"
?Ne3gTgn’
?Ne3gs6¢"
?0=3q9/¢"*
?0e3 T34k
2Ma3fgag?
AL ETR TR
20=361Ts¢"
?N=3gp5"
TN=3gkcs®
Th=Tpppen?
»Ps3Tga""
phredntgyy’
TheAtcsy*
TNe3ygeT*
10=37T55°T
HJIMNNN:.N
VD'UODI—”WOO
2Pfag214T%¢
Phedetayys*n
2N=3T1€1T*6
ThaathcgTeY
The3pege
The3ggs4®
Thedpepc®

MDY NNNNN

At DO A IO AN ONNT I T T

4l

vd

T

IN=22609p ¢
TN=3T/p9 ¢
HnlMdvnﬂ ¢
.ﬂDIHDDn:.'
Th=Sgs02'y
Th=2cpgp'y
TN-zkz83%,
TN==Ng26°y
Th=Zpcll'¢g
.—.:-MD:".ﬂ
Thne3761TL¢
M.-IMJ%H:.O
Th=2ot2e'g
TNeZpcrve'g
TH==1¢086' ¢
TN=Soppe ¢
Th=zoNz,%,
The3/gT1'g
Th-3g2¢g's
TNezpfle’p
Th=320¢p's
.ﬂDINNﬂ.ﬂO.O
WP P YRR
nn Iqgen’t
"0 2Qlgl’t
ny gntzty
URIELPYFAR
an Zruge't
rn Zaglp®t
~rn N:ONQ.H
AUEELET-Th ¢
M oZepsg’l
"oZeuT T
LT AUER ¢
L PSR <
N Teg66°T

"N ozygelte
P Zpy02%:2
PR ZenTp'2

"N Zpkep'2

nd

17



Fe.

%

2t

-

c0%3Q972¢°
¢0=326g6°y
c"e3Np22°¢
¢N=33T4y°%¢
gfedpprs’g
cNe3p8q”°q
cN=390a¢p°g
S AAY
cfedolgh ey
cN=3zelyy
cNedzensy
cNe3p24T*p
¢Ne3dgz19'
cNe3ppc®6
PAULEVI- RS-
'SIM\:DD.H
VQIMDNAD.A
pPedegNT T
p0*3g2q1"1
pr=3zz22°T
pNedgyn2®T
pl=3ghge°T
t:lunamv.ﬂ
pNe3gran’l
pNedy69c° T
pNe3gepo°?
vpledppes°T
pledgppae*T
pNe3go1a°T
taludﬂﬂﬁoN
pladpglile?
e:cu:nmm.w
p0e32Tpg2
p0=30Top*2
pN=3psage2
pN=3AT0z,°2
p0=3g669°2
y0eAzgNNe g
pNedplqTe
pNe3p22¢'c

3

pNedgg/T'g
vf=3p66c'e
p-320y0%¢
»0=3/¢0g16
»N=34066%¢
pN=2p0g0'T
:uavcoﬂ T
o:nuo:oa L ¢
clezelz2't
ehe3grge’'t
eN=3gupg’T
eh=3a,Tp't
DlUﬂ:OV 1 S
ooonooom T
n:.uv»eo T
en=3z21gs's
o:umn:wo 1
=anonao 1
ene3agT0? .2
ﬁzouﬂnﬂﬁ 2
chezggo2e’e
efhedgypete
=-‘vsm' 2
n:--cnom 2
o:tlomﬂh 2
eM=2Tggg'2
0:' 'ﬂco-ﬂ
qo.-nnmﬁ.n
LS PR $ 3y n
ehe32/8y’s
n:.-;ooo £
phe3gege’s
0=lumﬂmo.
ch=326¢g2'y
eN=3qsLp'y
Oalehoh-'
r0e3gapa’y
ghelpz02? .S
0olmooov 3
ena3p6pl’e

AN 4

v123/26p°¢
1:|unﬁho.ﬁ
plheldnag oﬁ
ph*36Lc"

vauw;cov.v
pM*d /ety
»"=3QpTs
pP=2p9ck’y
»"=2g"12°%¢
=35l wt¢
p"=3¢cqc¢l ¢
»"=3/9¢"%q
»0=3Tpes g
pNedpfiegta
pledpneeny
pledNpaery
AR VAN
»Ne3qT 79
N LI YA
pNeITIo %
»N=ATHa5%6
pNeAgygas g
ﬂ)'ﬂﬂ&@ﬁoﬁ
0ap~ﬂnaﬂoﬁ
eNe3ghcT*T
¢Ne316T2%1
¢0=3gTq2°1
pledospe*?
ele3dpqly T
cMeafgny*T
pfedpgac
£N23gcp9°T
eN=662L°T
cNelggTg°T
eN=34TT6"T
cN=2gg0C°2
'Y CELTS 3 45
¢O0«30T22'2
gN=3a¢pp°2
eledgpept2

3

q:onvcvo.o
che3tpep’y
cN=3aslg'y
q:.UQNNQ.s
oa-uwmm n
o:--m:on 3
0=||nnmﬂ s
:nnaunm.m
ﬁ:ilbbﬁo ‘s
;-.Hahv 6
eN=31¢96'6
>NeZqup0’t
na-uqﬁoa.ﬁ
vau-onma 1
LEER FATAN
>Nazgelt2®t
u;.uunen.a
va-uavav 1
20=3qgfp°T
7= uowom L3
70e30ppg't
2he3ps2(%1
2N=ZpcTa’t
2n=34606°1
2he3ygl0'z
x:.moooﬁ.m
un.mnsﬂm 2
x:nwmann 2
2Ne3 ﬂmﬁ ]
2Ne3494g%2
20e3qg0,°%2
u:.muucm.m
20e3/4066 2
2N=32/910¢
2n=z¢qlg'e
20= mqmnc £
?0=369g9'¢
20=30,4g°'¢c
Nzomnﬂvo.
20e3pgp2’y

AN H

(CINANILNOD) N — g I'19V.L

cMedgNggt2
MCER -2 YAF |
¢cN=322¢n*2
eNe3p066°2
e0=330¢T%¢
gfMe3aglp’e
o= 0ap’e
¢0=302q9‘¢
¢cNeqnNgge
eNedyrpNy
eNe3figg2’y
cNe3Yosv'y
e0e3c2L %y
¢0e39¢p6°yp
eN=3an/sT'g
c0=3geev°’g
eN=3q¢cel’qg
¢he3aTgenlq
¢08e37/p8%0
eN=3tes9°%g
c0=3zcTn®y
cNedgpse®y
sNeaNegrey
¢cNa3ghgTeg
eNeAt9g°a
ﬁavumhssoa
eNe3gsgm’s
eNedTcca’s
208369, T
2l=3>0nTe T
2NadgogT T
2fedgcTr Y
20«30g/2°1
FALET-T I A ¢
2M=s3/z21Tp°T
20=316ap°T
20230796 T
20e3aTpo’t
20m3cc2l*T
2N=3g018°7
N:Iuoo:m;ﬂ

3

D.U.HOO' »
u:--;moo e
2N=3ace6’y
v:.uoooa.n

20°3846p°¢

20e3gyesLlg
20=39g20 .9
2N=3qs0¢" 9
2N=39299°'¢
NDIUVQOOQN
2ne3pc9p’y
vanmnots.n
u:.mnnna ]
?N=36pcg'8
v:.umnao ]

2h=3/0c9'6
v:-mvono )
TN=36990°t
a:unnmoo 4
a:.unvna 1
Tne3n,tT2't
TNe32qs2'T
TNeS/ T’
ﬂ:-lmoﬂ‘.._
ﬂ:nwnnoc 1
Th=39g6g'T
The=3/0¢9"T

:.mowuh.a
TNezTTTg'Y
Thezgele’y
ﬂ:l!OHQQ.N

:luﬂvoﬂ 2

AAEER $2 FAF
4=.unm~n 2

I0-3lppple
4:.-==nn.~

aaunnﬁcn 2
Tn=Spnpg’e
I0+2NgR6 2
The314¢0T'¢
H:l&::Oﬂ I

AN H



(0°8g3.3°S
(00830208
gu.w.oounu
10°92%00°'t
¢0e801ey it
40%8,,ngty
LTI
¢0%99209°%
FLLL IYTY38.
(0%8¢gi00's
¢0°9,%c6't
£0e9,000¢3
L0°8gppT%2
¢008¢0yy2°2
¢0e3pacete
U MITY
¢L0s8gy ngtp
20082%p4%2
farieretis
géz2v ¢
Manuo.'ﬂ.»
u“-“momnnn
10996
w:lmnoam.m
(0230068%¢
L0s8geg0¢%y
¢0e31462%
£0%89414%y
40980TcL’y
10836p688'y
20°80%¢g2t¢
10033034 ¢
*o-~m=ojm
(003003
h“.uo»ﬂ.mo
L0%3p20¢ 9
Nanuu..ams
40°3¢Tcyy
4{0%8gpc0%,
40983¢g¢2%

i

90sdg 20%
o0a3giptts
90adg0p2ts
9093zcg¢%2
9fedgely’e
90e3gole’a
o0a30, 0,2
L TIITH
90a3§,20%¢
90e3¢6LT It
90=3g4290'¢
o0e3gyTgle
90=35y69 8
90234000 ¢
m:.m«n.a.c
90ed;3262°y
90e3gatgly
00a3gcps’y
003t 86y
90°39242'¢
ALE A T
oanuncos”n
90a33360°9¢
va.mnneo.

902393g.%
90=30,40%,
90e3detyis
90m3¢129%,
o0elg222%y
90u3gepote
90230,90%4
we.moumm..
“9’0 » Uﬁ
waam”n o's
¢0e3460t's
023899313
WOJNUONN b 4
c0u3gée2’s
¢0°39ggc’

c0ed3tcap’t

AN T

o-.s...
Maounumﬂ.o
£0230g9g% s
oo.uanan.n
0mly /04
we-mouaﬂ.a
o0°%g80T'T
o0sBgg22't
9l0e8ctTe2'Y
90e8asce'T
0028y/2p't
90=3g0Nget
e0e3¢g ¢’
o0=8ygge't
o0=3y04¢'t
¢90°8gact’s
00=8g924°Y
CLLL PYE 1 As
p0=8,621°2
w"-“..»«"u
¢0= ‘
BT R
mannooaonu
90=33p¢pd
co-vcm..m
90=8g220%s
o0eBs9s3%¢
90%396¢0¢'¢
90%8g01¢%¢
90e3g069°¢
90°90008°¢
9lufigg 08,
90e8Tg92¢y
o0e84,.0¢gt,
90=2180L’y
o0e802g4°y
olang o2t
90=30g0gée
mo.unooa.n
o0aptgelly

)3

¢093894p°3
g0e30glg's
c0e3gcge’s
c0a3.0ps%%
¢0=34620°s
¢0=32026't
¢023p220%2
60230g21%2
manmnnnuj
c0a3jers!s
c0a330Ly "

c0e3§96¢°2
¢h=3862,°'2
c0%34699°2
¢0e30,10 ¢
§09341L1 g
sl

9
Ma.muuso.m
c0e3gze0ty
coe3gtez’y
walm onh.t
co"3gtesly
g0=3z2,/ey
g0=326224¢
g093¢,6y ¢
nonmuousma
¢omigclo e
¢0230.9¢%
c0%35yTL %
¢0aifeg0?,
c043902y %,
023310942
m“.mmaaun.
a234123¢

m:.u“»oa.u
c0=3¢092¢g’

phe323000s
s0aglpgols

AN I

(CINNLLNOD) N — g T19V.L

90=81/6¢0%y
o:.uunu».o
¢l0s3g600%,
¢0e8¢20p%y
o0e8,019°%,
me.um.“an.
90e3tg09'e
o".m.snm.o
0 - ;

Malummmmm“
gladgpel T
g0sgggliTe Y
c003gcet’T
glsNyc226
c0e82092°T
g0sBopce’t
g0e8,02)'t
c0s3.9689°%
LTI 18
c08Tygo't
LTI
c0s3tg20%t
¢083gt24°%
c0e30020%>
g0°3a02%'2
s0%8g202%2
s0°3¢0s0e 02
g0e8g/9p°2
c0=8Ty65'2
c0u8T.2.%2
g0e80/00°2
g0s80,T0% ¢
¢0=8cpotip
na.moannnn
c029,30¢°¢
mo.uw«o..»
TR,
E ety gi00t
Me.uusmu.¢
coelgger’y

P

'elwehod.ﬁ
p0239c01%3
pla3dge22’s
p0a330g2’t
p0=3T2¢c%t
mo.mwnucuﬁ
ple3dpeéy’t
m“.mmmnn"a
s0a32Tcolt
monmmamn.u
»0e3252¢'
p0aigglelt
$0a37,3032
p0=3§02t'2
v0uBp622 2
p09350pc°2
p0e3s0gy i
p0a3Tlggt2
p0a3gz2,%2
p0a3p29pie
p0233400%¢
pondgoetie
wonmsnunun
»023206y ¢

roasgeiss

"ojmomocgm
p0a3p022%,
»0=32509y "
p0adpeTydy
»093¢8T96"y
p0edzctalc
p0a3tcy’e
p0a3geo,’

p0=3§6g0°

p0°3g0s0%
y0°3%.69%
p0edg0y0f,
waJmaaeojs
»0534002°%;

AN ‘4

19



.v 4

ANRREL 1

mo.-.nanu
¢0%02042°2
o..u..u».u
¢0%0gle0'e
NN
.a..»..a..
¢0s90%4¢'2
¢0shgenlie
60e9.ge%%¢
HIITIT
60eBg2cgic
MU TN
40s3gy 043¢
§0004y 03¢y
698 gt¢ 1y
10 ITH N
¢0e8320,4%
60e9TgT0¢g
§0e8g278%¢
..1.nn.».a
¢0e99s20%¢
¢0s8,02ty
60oRTTyple
.e.-.ﬁs».o
¢0e83e133,
0°0ypep iy
U T
¢0a822,2%¢
60938g960'¢
60eDg2yte
e0°8g319°s
g0efc010iy
plalgzelit
e0efigetsit
sosly 3ty
goedgye2’t
e0eizsa2%s
90eBzpetit
e0e8zpep’e
poeligngls

Y

f0adsetste
f.]ﬂd'o.p»
20938,01 %y
LG 1T M
s0edgcec’

Do.dﬂ«ﬂﬂm.
me.-“o»...
002379949
00834038 ¢
00939840 44
90439198’
g0=34y02%e
g0e3ze09'e
st
8 é
M..«¢Mo“-u
£0938190°s
(0a3ggTT'T
20938241’
h..-,nnu”u
10933062 ¢
uu...«.»"“
a3g2ey
Ma.unonn.“
h..u«non"«
(0938499 3
10%046904 3
10«3pete’s
9992¢¢68t
20%382¢0°
2093%,01%2
£039992'2
L0e8gtec’2
(0e3daty 3
409988393

AN ‘4

e0efzges’'t
808,900’
00edgtgllt
TN VETTI4
90502954%2
g0nlicgotls
000866622
g0slgé,2is
soeBageg’s
g0o8c90y’2
s0°logtd’y
g0e8g 042
1L ITIR
008849c0%¢
g08e8g241°¢
o“uun“an"»
]

m...mo“m.m
gle3g460°e
.olunooo.v
g0a,40pi,
R

. d

Soangsnfel
e0=dtye2’g
e0s80pecte
908, t0%¢
90s9393T%9
.“-ws.«.“@
90e8¢4ct’y
@olno”m*-u
90e800,p%4
U T
e0silgc2'e
e0e8¢pg. 0%
eleyp2tiy
00s82345°6
so.cm.o "
Neounooo.n
4008gpTTit

iy

(CANNLLNOD) N — ¢ I'19V.L

10e80,94%
(03240052
Loadgzeols
Loadtgtie
M"u“.ﬂm»uw
he.umwom.n

0u30,60°¢
Monuom-oam
(0%3gc0g%y
ﬁnuwmcaam’
(ot
No.uwon«qn

0a3 ]
Mo.uanm“am
£0930,03%
unnmnosc.o
L093g6ps’y
ha.mnn.o.a
1093%¢gp ¢
L0°3gTye",
(0e39cez]e
L0%38099 0
solunoﬂﬁ..
L0%°34sL6%
a0e34900°s
ohadggg0ty
o0=3g2t1'sy
oQa39693%1
ola3gs22't
90a3g242't
90a3%6ge’s
90=39g2y°t
90u3t20g't
90a3%64g0t
90a3309¢'s
m”.wuncn“ﬁ
o0adgyte
a...m.n..a

AN ‘4



TABLE 3 — N - NUMBER OF y-RAYS EMITTED

PER ABSORPTION
E]:, MeV
1,667 .0051
1.884 ,0089
1,997  .0017
2,520 .0025
2,827 .0006
3.531 .0038

3.678  .0098
3.8564 .0003
4,508 .0068
5.269 .0136
5.298  .0089
5.532 .,0089
5.561  ,0047

6.321 .0077
7,298 ,0038
8.316  .0017

9,046 .0002
9.149 ,0006
10.824 ,0060



E, MeV

1,80200¢
1,7i000g
1,63000g
1,.%%000¢
1,47500g
1,40000¢
1,33000¢
1,27000¢
1,21000¢
1,45000
1,09000€
1,04000¢
9.89000g
9,41000E
8,9%000€
8,%1000€
8,10000€
7,70000g
7.33000¢
6,97000E
6,63000€
6,30000E
6,00000E
5.70000E
5,6%000€
5,00000€
3,50000¢
5,400008
5.250005
3.40000E
5.,0%000€
4,00000E
3,99000€

1,00000E=16

0.75

,0007
,0008
,0008
,0008
,0008
,0008
,0008
,0008
,0608
,0009
00009
,0009
,0009
,0009
,0009
00000
,0008
0007
,0007
,00068
10005
10003
,0001

COO0OOO0OOO0OCOCOCO O

1.25 1.75
0025 1229
0026 1233
,0026 1248
,0026 ,1267
Ju027 ,1289
0027  ,1318
0027 1352
Qu28 L1389
,0028 1434
00028 1493
,0029 11561
0029 1634
0028 1726
0027 1832
0026 1958
0025 2111
(0023 2293
,0020 , 2522
(0017 2796
0014 3136
00009 355
10003 14063
10000 .;;gg

o 5845

0 5796

0o ,5796

0 .6033

0 6833

0 L9334

0 940

0 9400

0 0

0 0

TABLE 4 — N - NUMBER OF y-RAYS EMITTEI

3.25 3.75
0807 0423
0808 0427
0209 ,0434
021y 10435
02131 044
,0812 , 0446
,0812 0451
L0811 0455
0209 ,049%
,0209 0469
,0198 L0463
0190  ,046g
,0179 0459
0167  ,0459
,0156 043y
.oi‘g 0458
,012 0461
0113 L0459
,009% (N465
,0084 403
0078 4%
,0064 20376
,0038  ,0318
0 .0334
0 ,0373
0 4037
3 ,0378
0 .030
0 00436
0 0996
0 0600
0 10600
0 0
0 0

cCocCoCcCcogccococooccoccoc

10

..'.......’........-‘
TON QOS5 ¢8 A 3 48 B 45 (B 42 1A |0 40 8 ¢4 48 A



L e

ED PER NEUTRON-PRODUCING REACTION

E.y, MeV
4,75 5.25 5.75 6.5 7.5 9.0 11,0 13.0 15.0 17.0

1229 ,0962 ,0049 1052 1469 2182 4507 0900 ,0468 015
:1231 L0968 0094 1860 1491 2102 1381 ,0797 0562 .oo’g
"1244 L0976  ,08%8 1860 1439 2012 , 4273 07018  ,02%

1265 ,0984 0864 1876

‘128g L0994  ,0869 1881 1399 1811 1073 0466  ,q0ds
113p3  ,100%  ,0873 ,1884 1363 1716 L0953 0319
‘1329 ,1015 ,087% 1885 1335 1626 ,0822 0162
‘1354 1024 0877 1889 1314 (1884 0687  ,00%%
134  ,1034 0879 1900 ,1296 (1442 0522 0004

-
[ —J
o
o
L

0

0

0 0

0 0

0 0

0 0

1419 ,1046 ,0886 1914 128, ,1316 ,0318 0 0 0
, 1463  ,1009 0892 ,1939 1258  ,11%% 0138 0 0 0
‘1510 ,1u87 L0903 1962 1216 0986 ,0032 0 0 0
1564 ,1118  ,0919 1983 1144 ,0793 0 0 0 0
1631 ,1153 L0936 1983 1075 0504 0 0 0 0
‘1708 L1194 0932 1931 L0994 027y 0 0 0 0
1797  ,1244 0933 1917  ,08%2 0104 0 0 0 0
1899 ,1286 0939  ,1873 0629 L0004 0 0 0 0
,29006 (1918 10991 s1764 , 0327 0 0 0 ] 0
2104 L1383 0938 1542 0098 0 0 0 0 0
,2219  ,1478 ,0932 , 1136 0 0 0 0 0 0
2379 ,1564 845 (634 6 0 0 0 0 0
,2532  ,1616 0650 9190 0 0 0 0 0 0
,2606 1592 0300 0 0 0 0 0 0 0
,2515 1414 0 0 0 0 0 0 0 0
2972 41205 0 0 v 0 0 0 0 0
2145 ,12% 0 0 v 0 0 0 0 0
,2145 .1292 0 0 0 0 0 0 0 0
2090 L1l 0 0 v 0 0 0 0 0
,2048  ,0%05 0 0 0 0 0 0 0 0
0007y 0 0 ¢ 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0
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2. OXYGEN

2.1 NEUTRON CROSS SECTIONS

2.1.1 The Total Cross Section

For incident neutron energies below about 3.5 MeV the data of UNC-5038! have
withstood the onslaught of the years. For higher energies we have used the data

of Fossan et al.? quoted in the latest supplement to BNL-325% (see Table 5 and
Fig. 4).

2.1.2 The Elastic-Scattering Cross Section

For energies above about 3.5 MeV the elastic-scattering cross section was calcu-

lated from

On,n = InT = 9nX

For lower energies the total and elastic-scattering cross sections were assumed

to be identical.

2.1.3 The Nonelastic Cross Section

In the energy range below 10 MeV the cross section for nonelastic reactions is

given by

OnX = On,n’ + On,




Above 10 MeV a smooth curve was drawn, guided by the data of Flerovand Talyzin4

and of Bauer et al.® Confirmation was given by the data of Chase et al.®

2.1.4 The (n,a) Cross Section

The cross section for the (n,@) reaction in oxygen has been measured by £.A. Davis
et al.” at a great many incident neutron energies between 5 and 8.8 MeV. For en-

ergies below 5 MeV the values in UNC-5038 were retained.

Until recently, the only measurement of the (n,a) cross section in oxygen at higher
energies was that of Randolph® at 14 MeV. In 1963, however, Bormann and co-
workers® published a set of values for neutron energies between 12 and 20 MeV.
We have used these and have bridged the gap between these and Davis’s data by a

smooth curve.

2.1.5 The (n,d) Cross Section

The (n,d) cross section has been measured at 14 MeV by Randolph.® The angular
distribution of neutrons from the (d,n) reaction in N has been measured by Weil
and Jones!® for several deuteron energies. We have analyzed and integrated these
distributions, and, from the resulting cross sections for the inverse reaction,

cross sections for the direct reaction have been calculated.

2.1.6 The (n,p) Cross Section

The data of DeJuren, Stooksberry, and Wallis were used. !

2.1.7 The Absorption Cross Section

The absorption cross section is equal to on’ e °n,p + 0y 4 A curve is given in
Fig. 5.
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2.1.8 The Inelastic-Scattering Cross Section

For energies below about 10 MeV we have still used the data for excitation of in-
dividual levels measured by the Rice group and quoted in BNL-325,!2 but other-
wise unpublished except in compilations.!s13-18 At higher energies the only meas-
urement found in the literature is the cloud chamber work of J. P. Conner!? in

1953. Consequently we have taken

On,n’ = 9nX - On,a = 9n,p = 9n,d

to describe the inelastic-scattering cross section for neutron energies above

10 MeV (see Table 5 and Fig. 6).

2.2 ANGULAR DISTRIBUTION OF ELASTICALLY SCATTERED NEUTRONS

Detailed measurements of the angular distribution of neutrons elastically scatter-
ed from oxygen have recently been made by Lane!® in the energy range below
about 1.7 MeV and by Sayres!® between about 3 and 4.75 MeV. Otherwise one can-
not say that the situation is much better than it was two years ago. The old gaps
and conflicting experimental results still exist. Above 5 MeV the only new meas-

urement is that of Bauer® at 14 MeV.

The work of Fowler and Cohn?® confirms Lane’s data, and that of Phillips? and of
Johnson and Fowler? confirms Sayres’ data. We have generally ignored the data
of Hunzinger and Huber?® since their data conflict with those of other workers
perhaps because of their lack of measurements at small scattering angles. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>