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1. Introduction

The Los Alamos National Laboratory is supporting the United States
Department of Energy Working Croup for the Reassessment of A-Bomb
Dosimetry. One Los Alamos task is to provide calculations of the prompt
neutron and gamma-ray outputs of the Hiroshima and Nag~saki bombs and to
provide calibration data to support these calculations. Another Los
Alamos task is to provide estimates with uncertainties of the yields ot
the Hiroshima and Nagasaki explosions.

Calibration data for the Nagasaki boti output calculation consists of
the calculated outputs of several other test nllclear devices of the
Nagasaki type ”for which dose measurements were obtained in test
explosions, tiith this information, the er,tire N~gasaki dose
calculaticnal sequence can be repeated for the test explosions and the
validity of the results established by comparison with the test
ob::ervations.

Calibration data for the Hlroshlma bob output calculation .nnsists of
spectral measurements of the nuutron and ganvna-ray outputs of a replica
of the Hiroshima boti operated as a critical assembly. The repllca 1s
installed at the Los Alamos Critical Assembly (LACAF) and one set of
measurements has been completed. In addition to these measurements,
output calc~ll~tions have been done for the Grable test device to allow
comparisons with the doses measured on the Crable exploslon,

-bWork perfor%(d under the a~lces of the U. S. Department of Energy.

I)IS(’I,AIMKR

.,
.

, . ,- .-

‘1’hlirapINIwad proptrcdnfinnnKmInIof worknlkmn(wcdhy nt)UCIICYI)I Ihc llnltcd SIMIOI
(Iovcrrrmcnt, Nel[h.zr Ihc IInlled Slnl@s(ltivcrl)nlct)! Iu)r uny mIcnLy thcrcd, m)r rIny ,Wlhdr
omployeea, mnkan nny warrrnnly, ekprcnnor Im$ld, or 14rmunmnuoy Icgd Ikrhlllly (w rqmtml.
hllity for the mwurncy, c~miplclcrrcns,t)r unchltmw tfnny hI(t)ImmIIm, nppnrniurnlpr,rdu,,l, or
pr~ntmndldouml, or rcprcnml!rnIhaI hn URC wtmld 11111Inrtlnac prlvntrly {IWIIC4 rlrnht~ Rcrcr.
crr~v Iwrelrl III nny alm,l(lc iwnmmrdnl pr~nlut,l, ptIE.’crM,t)t mIvhw hV Irndr nnnm, trndernnrh,
mnnu(nuiuror, or olhcrwlno dImI INII nm,rnrnnrilyCim*IIIIIIC 1)1 huply IIP CmlIIIMCnmIII, rcont).
n)cmlnllorr,or rnvtwln~ hy IIW II IIIIc(I \IUIrM (hIVrr IIIIIeIII III IIIIV IIUeIWV Ihrtcd ‘1’IIc vlewn
nml uphrlonn d nuthmn crtp.cnncd hcrcln dtI md nrrcmn Illy MIMIC~Ir IrllcLI IhIW d Ihc
[lnll&l Slulcn( lt)vcrlllllcnl {lrnlly 14McIIi,y Ihrrc+d

----



-2-

11. Background

The wartime use of nuclear weapons is shown in Table 1.

T~E I

WARTNEUSE

HIROSHIMA NAGASAKI

Lute Aug. 6, 1945 Aug. 9, 1945

Weapon Little Boy Fat Man

Yield (kl) l? . 20 2?~2

Height ol’ burst (m) 580 503

The two weapons were of radfcally different design. The Hiroshima
bomb was a gun-assembled uranium design which was very two-dimenafonal
in character. The Nagasaki bomb was an imploaior~ assembled plutonhnn
design which was nearly spherical. The Nagasaki-type design was tested
in the Trinity,’event and used in the Cross Roads Able and Baker tests.
Some radiation-exposure data are available from these tests and from
other test firings of similar weapons. In contrast, there was no test
flr!ng ot the Hiroshfma-type weapon and there have been no test firings
of similar weapons.

Photographs of the Hiroshima and Nagasaki bombs are shown in Ffqures 1
and 2.

III. Calculations

Ths output spectra are calculated with classified special purpose
computer codes which follow the evolution of the exriloslons, The
neutron and gamma-ray transport, is done by Monte Carlo techniques uslog
continuous m?rgy tracking through the moving material of the weapon
with a thermal gas treatment for scattarlng from heated material, The
cross sections for the calculation are continuo~is energy cross sections
processed from sevel’1 sources lncludlng the Evaluated Nuclear Data
Files (ENDF) library,

IV. Preeg Speotra

In 1975, Dr. W. E. Preeg ofLos Alamos d!d one-dimensional (spherical)
calculations of the neutron and gamm-ray outp~~t spectra of both the
Hiroshima and Nagasaki bombs. The caloulatlons were done for lnc]uslon
in the Defense Nuclear Agency (DNA) classified Nuclear Weapons Output
Handbook as part of a larger project of providing the output spectra of
U.S. weapons of apeclal interest. At the reque:t of Los Alamos, the
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Hfroshima and Nagasaki output spectra were declassified by the U. S.
Department of Energy in 1976 and released in the form of a letter to
Dr. C. P. Knowles (Preeg, 1976). In addition to the output spectra, the
letter contained a com~arlson of dose as a t~mctlon of distance from
model calculations with the dose inferences of Dr. Hashizume et al. The
calculated dose-distance relations were from a computer model for
i~finite dry air and were not very accurate. The Preeg spectra are
s,~owtl in different displays in Figures 3, 4, 5, and 6. For reference a
U235 fissfon spectrum is shown on each Figure. Figure 3 is the usual
spectral display which shows the great differences between the three
spectra. “rhe fission spectrum !s quite hard. The Nagasaki (Fat Nan)
spectrun contains a large number of neutrons which have been moderated
to low energies by the tons of high explosive in the weapon. These low
energy neutrons provide a locallzed source of air capture gammas for a
weapon of this type. Figure 4 is the DNA standard output display whfch
splits the abcissa between log and linear to display the high energy
portion of the spectrum. The same three spectra are ~hown again in
Figure s in the form of the integral of n(E) above E. This display
allows one to determine at a giance the total number of output neutrons
and the fraction of those neutrons with energy greater than a selected
energy. Figure 6 is a similar display of the neutron energy output.
That is, the ordinate is the integral of E x n(E) above E. This display
allows one to determi~e at a glance the total output neutron energy and
the fraction of that energy above a selected energy. One can see, for
instance, that’nearly all of the neutron energy (related to dose) of the
fission spectrun and of the Nagasaki device is carried by neutrons with
energy greater than 1 MeV while only approximately one-third of the
neutron energy of the Hiroshima device is carried by neutrons with
energy greater than 1 MeV.

v. Nagasaki d Callbrathn Test Spectra

The calculated (one-dimenofonal) neutron output spectra for the Nagas&ki
bomb (Fat Man) iind for a calibration test device are shown in Flgurc 7
and the data are presented in Tables II and 111. The results of two Fat
Man calculations are presented. These are the 1975 calculation by Dr.
Preeg and a 1981 calculation by Dr. R. Streetman, The data are
presented in T~ble II on the Preeg energy grid and in Table 111 on a
finer energy grid used by Dr. Streetmun for his output. The agreement
between the ?975 and 1981 Fat Man calculation is very good.
Interestingly, the test spectrun contains fefler neutrons but a higher
total neutron energy.

Slipllar data for the gamma-ray output spectra are presented in Figure 8
and Tables IV and V. In the case of the gamma-ray output there is a
large (factor of two) ohange in the calcula’trd gamma-ray energy output
between the 1975 and 1981 calculations. This is prlmiirlly due to
changes in oross sections and calculational techniques, The difference
in calculated gamma-ray energy 1s shown more clearly in Figure 9. The
effoot of this change in calculated output on the dose estimates 1s
small because the oontrlbution of devfoe gamma-rays to the dose 1s
small.

.. . ... .. ....-. -._.. —
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VI. Hiroshima ad Test Output ~tra

The neutron output spectra for the Hiroshima (Little Boy) bonb from the
Preeg 1975 one-dimensional calculation is compared with the results from
a 1982 two-dimensional calculation in Figure 10 and Tables VI and VII.
The two-dimensional calculations were done by Dr. 2. Kannnerdlener and
Dr. R. Streetman. In Table VI the results are shown on the Preeg energy
grid and in Table VII on an energy grid with mme high energy
resolution. In the very non-spherical Hiroshha bomb, two dimensional
effects reduce the neutron output by 16% from the spherical calculation;
from .206 to .177 moles per kiloton. The neutron energy output (dose)
is reduced by 21% from .064 to .053 MeV moles per kiloton. Figures 11
and 12 compare the Little Boy one-dimensional and two-dimensional output
spectra in terms of neutrons out with energy above E and neutron energy
out (approximate dose) with energy above E.

The results of one-dimensional (1975) and two-dimensional calculations
of the gannna-ray output spectra of the Hiroshima bomb are presented in
Figure 13 and Tables ‘JIII and IX. As a note of caution, some of the low
energy gansna rays from tile two-dimensional calculation are lost when
presented on the grid in Table VIII. The calculated output gamma-ray
energy is greatly reduced in the two-dimensional calculation, going from
the one-dimensior~l value .019 to the two-dimensional value of .007 MeV
moles per kiloton.

The calculated two-dimensional neutron and gannna ray output is given In
Tables IX and X. The output is given in energy bins for 20 equal solld
angle bins. Unfts in the bodies of the tables are moles of neutrons or
giimma rays per kfloton.

The direction cos 0= -1 is toward the nose of the device; cos 0= 1 is
toward th? tail. The column hcadlngs should LW read as (X - 0.1) < cos
0< X with the first entry -1.0 < cos O< 0.9, and the last entry~.9 <
COT @ < 1.0. The column headed Total is-the sum over the 20 columns i~
the boay of the table -1.O~cos d< 1.0.-.

The Monte Cario relative error for each entry Jn the tables is indicated
to the right of each entry. The atatlstics for the neutron table are
pretty gmd except In the two energy bins above 10 MeV where there were
only about 6 Honte Carlo particles counted.

The neutron output in the six lower energy bins (<9 keV) has been
adjustd on the basis of the 4TI output to improve the statistics -- more
accurately the appearance of the statl~tlcs. This may be seen in the
tables by noticing thh$ the relative errors for all of the cosine bins
in these low-energy groups are the same as the relatlve error of the
total. These neutrons represent only three percent of the total number
of neutrons and less than 0.1 percent of the output neutr~n energy.
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In the case of the Hiroshima bomb there are no dose measurements made on
tests of similar devices. The nearest event for which dose measurements
exist was the Upshot-Knothole Crable event. The Crable test device was
a gun-assembled device fired as a shell from a 280 nsn canon. This shell
was much smaller and lighter than the Hiroshima kunb and the calculated
(two-dimensional) spectral olgtput of the Crable device is much different
from that of the Hiroshima bomb, Figure 14.

Simply because the Hiroshima bomb is so massive, however, one would
expect the high energy part of the output neutron spectrun to be
primarily determined by the transmission of neutrons from the fissioning
region to the outside of the bomb. For high energy neutrons, the motion
of the material being traversed 1s a small pertubatfon and thermal
effects are not important. So a measurement o? the neutron output
spectrum from a sfiatic Little Boy assembly should provide a good code
calibration experiment for ‘the high energy part of the spectrum,,

In Hay of 1981, four ob~eccs were located in field storage at Los
Alamos. Three of these objects were identified by Mr. Har,low Russ, a
retired employee, as non-ffssfle components of Little B~j bombs which
had been retired from stockpile. rhe fourth object was a training
device without the proper materials, Dr. Harold Agnew, the fc’rmer
Director of the Laboratory, had wisely stored these four samples. These
components wer~ transferred to the Los Alamos Critical Assembly
Facility. One of the bomb assemblies was mo~wrted on a stand over the
Cr~met Assembly Machine, Figure 16. By means of a hydraulic ram, fissile
material could then be raised into the center of the bomb assembly until
a critical configuration was achieved. Dr. H. M. Forehand and
particularly Dr. R. Halenfant of the Critical Assembly Facil[ty were
primarily responsible for making t~~ls experiment possible.

Measurements of the output neutron spectrum from this improvised
critical assembly were made at several angular positions by Dr. F. 3.
Muckenthaler of the Oak Rfdge NatlonaJ Laboratory and by Dr. H. A.
Robitallle and Dr. B. E. Noffarth of the Canadfan Defense F(esearch
Establishment (OREO). A very-very preliminary comparison of the neutron
spectrum results obtained by Drs. Robitallle and Hoffarth with the
calculated spectrum is showl~ in Figure 17. This flgurc is reproduced
exactly from a letter by Or Robitaille and shows the Df’ 9 measurements
(inte9rat8d over angle) plottd on a curve taken from the Drs. Loewe and
Mendelssohn (NSE 81, 325) article. The DREO spectrum was arbitarlly
normalized for pfitting purposes (as were the othrr spectra in the
figure). These preliminary results are extremely encouraging with
respect to the high energy portion of the calculated spectrum.

The measurements on t.hc static crltlcal assembly should, of course, be
oompared with calculations of the st~tfc assembly; not with the
caloulatlons of the axplodinq bomb. The caloulatlons of the static
assembJ,y are underway at Los Alamos.,,
-?

. . -.. . .. . .. .. . .— --. —._.. ..
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This first wt of measurements was done inside a building with th!ck
concrete walls md floor. Because of the roan return, the low energy
part of the neutron spectrum is distorted and it was impossible to
measure the gamma-ray output spectrum. To avoi+ the roan return
problem, the Comet Assembly Machine is being moved out of doors and will
be mounted on a (small) platform. In this configuration, it is hoped to
get better measurements of the low energy portion of the neutron
spectrun and some gamma-ray spectrun measurements. These measurements
w1ll occur in the spring when the weather at Los Alamos has improved.
Experimenters from the Oak Ridge National Laboratory and from the
Lawrence Livermore National Laboratory wI1l participate in these
measurements. A meeting to formally present the results of the
experimental measurements is tentatively scheduled in September 1983 at
Los Alamos.

VII . Other Calibration Calculations

The air transport calculations being done b’ other organizations are
being calibrated against measurements made using reactor sources. There
are two sets of measurements; those made in Operation BREN and those
made at the U. S. Army Aberdeen Proving Ground, Maryland. In both cases
the source reactor Is a bare Godiva-type design. The Health Physics
Research Reactor (HPRR) developed at Oak Ridge National Laboratory was
the source reactor for Operation BREN. The Army Pulse Radiation
Dlvislon (APRD) reactor is based on the design of the HPRR and differs
only in minor details.

In the course of doing air transport calculatiofis at Los Alamos, Dr. R.
Little did a ~ne-djmenslonal calculation of the neutron output spectrum
of the APRD reactor. The results of this calculation are shown in Table
XII, taken from (Estes, 82). Also listed In the table ds “Civen” is the
APRD reactor neutron spectrun as published by Or. Kazl et al. and the
ratio of the Calculated (Dr. Little) to “Civen” (Dr. Kazl).

Mr. D. Kaul (Kaul 82) reports that the Los Alamos neutron source
spectrum improves the agreement with foil measurements made 28.5 inches
from the axis of the BREN reactor when compared with the ORNL spectrum
used by Dr. Kazi. This 1s shown in Table XIII.

,, . . -.
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TMU XIII

NElmiON

Energy Range
(Mev)

> 2.5
1.5 - 2.5

.75 - 1.5

.01 - .75

.01 -

Neutron Source Fraction
Mess. Los Alamos ORNL

.206 .204 .168

.126 .185 .168

.294 .248 .238
● 374 .363 .426

I.000 1.000 1.000

VIII. Yields of Explosions

All of the output spectra reported ~n this paper have been in terms of
output per kiloton of yield (1 kiloton = 1012 calories). The yield of
the Nagasaki explosion based on measurements from tests of ldentlcal
weapons is taken to be 22 + 2 kilotons (Malik, 1981). There wer~ no
ouher test firings of weap~ns similar to the Hiroshima bob so yield
estimates nwst be made indirectly.

In a review o,f’the I{iroshfma yield (Flalik, 1981) Dr. 3. Malik proFosed
the value of 152 3 kilotons. In an extension of this work he suggests
the value of 17~4 kflotons. When funding 1s arranged, Dr Malik will
be directing two small programs to review the indirect evidence for the
yield estimates.

Using calculatlonal techniques combined wfth criticality measurements it
is possible to make good estimates of the maximum yield of the Hiroshima
explosion. The yield predicted in this fashion in 1945 was 15 kflotons
(Schlff, 1945). This program is being repeated in 1983 using our
current calculational tools and new criticality measurements at the
Critical Assembly Facility. One measurement has been completed. The
casting ut flsslle material duplicating that in the Hfroshima bomb will
start on 3anuary 17, 1983. The criticality measurement made with these
parts wtll allow the upper limit yield of the Hiroshfma exploslon to be
defined to ~lo%.

,,
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TAWX II

MAGASAKI-lWE tEIJTRW S%CTRA04 P’REECENEflCY(XID

Energy Bounds
(ml)

6.070E+O0 7.790E+O0
3.680E+O0 6.070E+O0
2.865E+O0 3.680E+O0
2.232E+O0 2.865E+O@
1.738E+O0 2.232E+O0
1.353E+O0 1.738E+O0
8.230E-01 1.353E+O0
5.000E-01 8.230E-01
3.030E-01 5.000E-01
1.840E-01 3.030E-01
6.760E-02 1.840E-01
2.480E-O. 6.760E-02
9.120E-03 2.480E-02
3.350E-03, 9.120E-03
1.235E-03- 3.350E-03
4.540E-04 1.235E-03
1.670E-04 4.540E-04
6.140E-05 1.670E-94
2.260E-05 6.140E-05
8.320E-06 2.i?60E-05
3.060E-06 8.320E-06
1.130E-06 3.060E-06
4.140E-07 1.130E-06
0.000E+CO 4.140E-07

Total Neutron (M/Kt)

(Moles/Kiloton)

FAT MN
Preeg

8.865:-05
1.826E-04
?.466E-04
2.513E-04
1.973E-04
1.900E-04
3.939E-04
2.753E-04
1.313E-04
1.353E-04
1.640E-04
13.265E-05
8.799E-05
1.053E-04
1.133E-04
2.806E-02
1.013E-01
8.799E-02
4.413E-02
1.400E-02
3.733E.93
1.586E-03
1.027E-04
0.000E+OO

0.2835

Avg.Neutron Energy (MeV) 0.014

Streetman

8.265E-05
2.233E-04
1.415E-04
3.021E-04
2.198E-(J4
1.844E-04
2.656E-04
2.58!3E-04
1.232E-04
1.055E-04
1.672E-04
90fQ2E-05
6.911E-05
8.214E-05
6.423E-04
4.369E-02
1.179E-01
6.950E-02
2.792E-02
6.677E-03
2.202E-03
4.413E-04
9.638E-05
0.000E+OO

0.2734

0.015

TEST
Spectrum

7.776E-05
3.055E-04
1.628E-04
3.579E-04
3.404E-04
2.614E-04
4.122E-04
4.151E-04
2.134E-04
1.780E-04
2.336E-04
1.528E-04
1.242E-04
lr341E-04
1.C63F-03
3.908E-02
8.774E-02
7.13’IE-02
3.333E-02
1.031E-02
2.477E-03
5.761E-04
1.022E-04
0.000E+OO

0.2494

0.022

.,. . . . -
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T~E III

MACAShKI-lYPE~llM3N .WECTRA(N EXTEN)EDENERGY~ID

Energy Bounds
(MeV)

1 .450E+01 1 .600E+01
1.400E+01 1.450E+01
1.350E+01 1.400E+01
1.275E+01 1.350E+01
1.200E+01 1.275E+01
1.IOOE+OI 1.200E+01
1.000E+O1 1.1OOF+OI
8.630E+o0 1.000ELO1
7.790E+O0 8.830E+O0
6.880E+O0 7.?30E+O0
6.070E+O0 6.880E+O0
4.730E+OC 6.070E+O0
3.660E+O0 4.730E+O0
2.865E+O0 3.680E+O0
2.232E+O0 2.B65E+O0
1.738E+O0. 2.232C+O0
1.353E+O0 1.738F+O0
1.060E+O0 10353E+O0
8.230E-01 1.060E+O0
6.400E-01 8.230E-01
5.000E-01 6.400E-01
3.030E-01 5.000E-01
1.840E-01 3.030E-01
6.760E-02 1.840E-01
2.480E-02 6.760E-02
9.120E..O3 2.480E-02
9.350E-03 9.120E-03
1.235E-03 3.350E-03
4.540E-04 1.235E-03
1.670E-04 4.540E-04
6.140E-05 1.670E-04
2.26011-05 6.140E-05
8.320E-06 2.260E-135
3.060E-06 8.32GE-06
1.130E-06 3.060E-06
4.140E-07 1.130E-06
1.520E-07 4.140E-07
1.39OE-10 1.520E-07

Total Neutrons

Avg Neutron Energy (MeV)

(Moles/Kiloton)

FAT ~
Preeg

0.000E+OO
O .000E+OO
0.000E+OO
0.000E+OO
0.000E+OO
0.000E+OO
0.000E+OO
0.000E+OO
0.000E+OO
4.690E-05
4.175E-05
7.287E-05
1+098E.04
1.466E-04
2.513E-04
1.973E-04
1.900E-04
2.002E-04
1.938E-04
1.530E-04
1.223E-04
1.313E-04
1.353E-04
1.640E-04
8.265E-05
8.799E-U5
1.053E-04
1.133E-04
2.eo6:-02
1.013E-01
8.799E-02
4.413E-02
1.400E-02
3v733E-03
1.586E-03
1.027E-04
0.000E+OO
0.000E+OO

0.2835

0.014

Streetman

9.657E-08
1.441E-07
3.648E-0!3
4.974E-07
7.669E-07
1.531E-06
2.173E-06
7.068E-06
1.188E-05
2.249E-05
3.596E-05
9.721E-95
1.261E-04
1.415E-04
3.021E-04
2.198E-04
1.844E-04
1.495E-04
1.161E-04
1.231E-04
1.347E-04
1.232E-04
1.055E-04
1.672E-OL
9.102E-O5
6.911E-05
8.2145-05
6.423E-04
4.369E-02
1.179E-01
6.950E-02
2.792E-02
9.677E-03
2.!02E-03
4.+13E-04
9.638E-05
2.072E-05
4.552E-06

0.2734

0.015

TEST
Spectrum

0.000E+OO
0.000E+OO
0.000E+OO
0.000E+OO
0.000E+OO
1.605E-06
2.776E-06
4.477[-06
1.050E-05
1.711E-05
4.12nE-05
1.431E-04
1.624E-04
1.628E-04
3.579E-04
3.404F-04
2.614E-04
2.228E-04
1.894E-04
2.268E-04
1.883E-04
2.’134E-O4
1.780E-04
2.336E-04
1.528E-04
1.24211-04
1.341E-04
1.063E-03
3.906E-02
8.774E-02
7.131E-02
3.333E-02
1.031E-02
2.477E-03
5.761E-04
1.07!2E-04
2.419E-05
4.190E-06

0.2494

0.022
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TAEKEIV

MACASAKI-TYPEGAMA RAY WECTW (M PREECENERGY(XfD
(hles/Kiloton)

Energy Rounds
(MeV)

9.000E+OO
8.000E+OO
7 .000E+OO
6. GOOE+OO
5.000E+OO
4.000E+OO
3 .000E+OO
2 .000E+OO
1.000E+30
5.000E-01
1.000E-01

1.000E+O1
S.000E+OO
8.000E@O
7.000E+OO
6.000E’00
5.000E+OO
4.000E+OO
3.000E+OO
2.000E+OO
1.000E+OO
5.000E-01

TOTAl 140LES/kT
TOTAL MeV-MOLES/kT

Camma Efflc!ency %

Fat Man
F req St.reetman

1.58CE-05
6.079E-06
1.580E-03
4.253E-04
3.026E-04
7.399E-04
1.166E-03
3.226E-03
6.059E-03
1.626E-03
3.326E-04

9.939E-07
7.935E-06
5.828E-05
2.992E-05
7.413E-05
3.606E-04
4.98?1-03
9.734E-03
1.797E-02
1.362E-62
1.515E-02

1.548E-02 6.19!3E-02
4.148E-02 h.225E-02

.040 ---

Test
Spectrum

0.000E+OO
3.035E-06
6.724E-05
1.380E-04
2.582E-04
1.483E-03
3.327E-OJ
1.003E-02
1.920E-02
1.494E-02
1.566E-02

6.510E-09
8.677E-02

---

.,
.

,.
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TNkE V

WMSAKI-TYI% _ RAY SPECTRA~ E%TEN3ED~ (SUD

Energy Bounds
(HeV)

9 .000E+OO 1.000F+OI
8.000E+OO 9.000E+OO
7.000E+OO 8.000E+OO
6.000E+OO 7.000E+OO
5.000E+OO 6.000E+OO
4.000E+OO 5.000E+OO
3.000E+OO 4.~OOE+OO
2.500E+O0 3 )OE+OO
2.000E+OO 2.500E+O0
1.500E+O0 2.000E+OO
1.000E+OO 1.500E+O0
8.000E-01 1.000E+OO
6.000E-01 8.000E-01
50000E-01 6.000E-01
4.000E-01 5.000E-01
3.000E-01’ 4aOOOE-01
2oOOOE-O? 3.000E-01
1.000E-01 2.000E-01
5.000E-02 1.000E-01
0.000E+OO 5.000E-02

TOTAL MOLES/kT
10TAL HeV-MOLES/kT

Camma Efflclency %

(%les/Kiloton)

Fat Man
Preeg

1.580E-05
6.079E-06
1.580E-03
4.253E-04
3.026E-04
7.399E-04
1.166E-03
1.338E-03
1.888E-03
2.662E-03
3.397E-03
6.000E-04
6.703E-04
3.562E-04
3.326E-04
0.000E+OO
0.000E+OO
0.000E+OO
0.000E+OO
0.000E+OO

1.548E-02
4.179E-02

S040

Streetman

9.939E-07
7.935E-06
5.828E-05
2.992E-05
7.413E-05
3.606E-04
4.993E-03
3.Z45E-03
6.489E-03
8.615E-03
9.351E-03
4.440E-t.)3
5.524E-03
3.656E-03
3.884E-03
?.724E-03
3.679E-03
3.863E-03
9.494F-04
2.723E-05

6.296E-02
8.41OE-O2

.082

Test
Spectrum

0.000E+OO
3.035E-06
6.724E-05
1.380E-04
2.56ZE-04
1.483E-03
3.327E-03
3.476E-03
6.550E-03
8.650E-03
1.055E-02
4.354E-03
6.043E-03
4.544E-03
3.983E-03
3.969E-03
3.962E03
3.749E-03
K.102E-O4
0.000E+OO

6.571E-02
8.833E-02

.086

,. .
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T/?BLE VI

LITTLE BOY

FIEUTRON OUTPUT ON PREEG ENERGY GRID
(MOLES/KT)

“’~tiditi’ ~dvy’ ”’’’ ””””-’” “pr~~R””’ “’ 2D
,. ... . . .

1.583E-04
6.(t52~-c)4
7.2WS-04
lo~94~-~3
2. OCIOE-03
2.SG2E-03
G.S97R-03
1.W33E-C12
3.073--02
2.732c-02
4m~9E.C-Q2
1.9661-02
299%C-02
6.613R-03
S.320C-Q3
3.507=-03
90533g-04
2.$00--04
6.247E-OS

.
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TABLE VII

LITTLE BOY

NEUTRON OUTPUT ON 2D ENERGY GRID

(MOLES/KT)

Enargy (!40V) Proag 2D .
1. 100R+O1
1. OCIOX+(-11
e. S20E+O0
7.79~c+~~
6.GSOE+OCI
6.070E+O0
4.74CIC+CI0
3.6SOE+O0
2.E%5E+O0
E’.2:2R+OO
1.73SC+O0
laqq~c+(l(J
1.(160E+O(I

8.230E-01
6.4oom-ol
5.000R-01
3.030R-01
l.@lfU-ol
6.760R-02
~.4$CIc-02
9. 120R-03
? %Toc-og. . . ..
1.235E-03
4.540K-04
1.670R-04
6.1408-05
2. 260R-OS

TOT*L

TDTeL MEW

e.ook+ol
1.1OOE+O1

‘1.000C+O1
8.830C+O0
7.79(lE+llo
6.680c+O0
6.070E+O0
4.740E+O0
3.6@oz+oo
20~f!5~+oo
2.22J2E+O0
1.73eE+oo
1.353E+O0
1.06CIC+OCI
8.230E-01
6.400E=01
q.000r-ol
3.(1.3(lc-ol
1.e4clc-ol
6.760=-02
z.4eom-02
9. lEOC-03
3. 350C-03
1.233c-03
4.54flm-04
i.670E-04
6. 140--0S

0.000R+OO
O.oock+oo
O.ocloa+oo
O.oocm+oo
8.376E-OS
7m454R-05
1.999m-04
4.053=-04
7.2E%R-04
1.294E-C3
E.000R-03
2.562c-03
3.35eK-03
5.E!38C-03
e.60$R-03
1.122m-oe
30073E-02
z.732c-02
4.596E-OE
1. 966E-G2
2.996E-02
6.613c-C3
3.32CIR-03
3.507R-03
90533g-04
2.eooR-04
6.247c-OS

2.061C-01
6.372E-02

4.040C-06
~.6~~E-06

7.CI1OC-O6
2.050K-05
1OS8OC-O5
4.120c-05 ‘
1.300E-04
2.2QCIE-04
3.S1OC-O4
6.G50C-04
1.06’OK-03
1.6901-03

‘3.160E-03
5. lSOC-03
G.(l@~c-(13
i.210R-02
201350E-02
2.310g-02
d.a~~s-~z
1. 620c-02
2.7scIE-OZ
20390C-03
1.e30c-03
1.11OC-O3
3.61OR-L4
9.020--05
~,~l(lr-(ts

1.773C-01
3.~7f5c-cIE

!.

.

,,. . . . -—.—.. . .
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TABLE VIII

LITTLE BOy

GAMMA-RAY OUTPUT ON PREEG ENERGY GRID

(MOLES/KT)

. .

‘Energy (HeV) Pro@R

,
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TABLE IX

LITTLE BOY

GAMMA-RAY OUTPUT ON 20 ENERGY GRID

(f140LEs/KT)

.

\

. ,-- . . .



IMDLE A

LITTLE BOY TWO-DIMENSIONAL
NEUTRONS

-Y.~-oI

1.-+ o.~5
4 .660-m 0.07
1 .%e-m 0.-
5.*U 0.02
9.s20+ 0-01
l-ha 0.01
l-~--o3 0.02
8.ZS1.-U4 o.m
2.3fw03 0.02
1-34e-53 0.03
1 m-m 0.03
6.540-04 0.-
3.5~e-w 0.05
2.42Q-W O.-
t.69e~ O.CW
9.669-W 0. to
S.--m 0.S3
3.a5e-m 0.$5
I-8*- 0.22
1.2+-05 0.23
a. 17, -W 0.34
1. ?g.e-~ 0.75
l.fm+ o.5g
O.-*W 0.00
4-32,-07 ~-m
o.~ o-w
O.we+w o-m
9.470-@ O-o1

8-70-07 0. t%
3.4@-m 0.07
1.36e-05 0,04
4. 17e-n 0.02
G. BSO-05 0.01
9.529* 0.01
1.040-03 C.03
5.364-04 0.04
1.4u@-03 0.02
8.320 -- 0.03
9.240-04 0.03
3.55e-Q4 O.m
1.7W- 0.07
t .44a-04 o-m
T. W-m 0.11
4.71** 0.13
2.m-m 0.18
1.570-05 0.22
4.264* 0.40
3.--W 0.45
3.634-= 0.36
t.37e-06 o.~

O.om- %1.m
o -am O.m
o.~ o-m
1.61e-~ 0.76
o.~ C.m
5.66e-03 0.01

-a. ~-ol

1.31a-m 0.13
5. 134-M 0.07
2.-”= 0.-
6.~-05 0.02
1.040-04 0.01
1.364-04 0.01
t.w-03 o 02
8.930-04 0.03
2.4M-03 0.02
1.420-03 3.03
I.*-m 0.02
6.070+ O.@
3.640-04 O.m
3.ooe”w O.m
1.790-04 0.07
9.52m-m o. fo
6.669-CA O. 12
3. Tze-05 o. Is
2-4ae-05 O. 19
1-570-05 0.24
0.350-= O.m
4.50e-C6 0.49
1.04a-m 0.73
2-32e-~ 0.50
3.73e-07 l.m
o.~ O.m
1.579-W o.7a
g fiqn-m n mn

D.71O-Q7 o. \s
3,7*-- 0.07
1.520-05 O.M
: .66&-cg :.OJ

I: fxm-w 0.01
1. 9gg Q3 o.~

$.420-04 o.~
1.779-03 0.02
$.030-03 0.03
1. be-03 0.03
4.43e-cM 0.05
2.210 -(M 0.07
I . MO-W 0.07
1.X-CM O.m
s.36e-w o. \3
3.36e-05 0.16
I. We-m “--42
9.4*--A 0.25
●.”=.m- 0.36
3.22--W 0.44
l.me-m 0.73
1.a6e-m 0.59
o.~ O.m
4.22e-07 1.W
9.348-03 I.m
O.me’wto o-m
7.079-03 0.01

-2-~-ol

f.35e-@ o.f5
5.2ao-tm 0.07
2.*1O-O5 0.04
6.51o-o5 0.02
9.079-04 O.of
1.400-W 0.09
t.6ie-03 0.02
9.899-M 0.03
2.540-03 0.02
f-4g3-03 0.03
1.65e-03 0.02
7.41e-* 0.04
3.6 be-04 O.~
3.?”*-W o-m
1.9ie-04 0.07
9.9 Be-05 o. to
6.2 Se-ty5 0-12
s- 170-m 0.13
2.400-05 0.19
t.%e-m o.2t
8-759:W 0.31
2. B6e-06 0.S5
Y. lln-~ 0.63
1.52--06 0.58
5.me-07 l.m
5.4*-07 l.~
O.me+oo O.m
------- -

-6. ~-01

f.wm-m 0. 1s
4.21e-m 0.07
1.69e-05 0.04
s. law-m 0.03
8.549 -- omo~
1.120-04 0.01
9.200-03 0.02
7.2aQ-04 0.03
l-me-m 0.02
1.14,-03 0.03
I .290-03 0.03
5. 14*-04 0.04
2.520-04 0 “d
2. f20-fl< 0.07
~ :.0-04 0.-
6.55e-m 0.12
4.o18-m 0.14
2.350-05 0. m
1.46,-05 0.24
S.71O-O6 0.27
6.270-06 0.36
3.44e-06 0.59
O.mwm O.w
a.43e-07 l.m
O.wwa o.-
o.~ Q.(M
O.mew 0.-
7.089-03 0.01

1.340”06 0.15
5.a4*-m 0.01
2. !--05 0.04
6.46w05 0.03
f.07a-04 0.01
1.39e-04 0.01
1.6oe-03 0.02
9.6m-04 0.03
2.63e-03 0.03
1.*-03 0.03
1.69e-03 0.02
7. S2e-04 0.04
3.640-04 0.05
3.s48-04 0.05
1.930-04 0.07
1.150-04 0.03
7.84e-05 O. 11
4.82e-m q. 13
2.59e-95 J.11
t.79e-05 0.23
f.29e-05 0.26
3.59e-06 O. S5
4.638-07 I.m
t .Ozo-m 0.73
3.52e-07 l.m
O.om+m 0.00
1.06e-06 l.~----- ---

.

t . too-cm 0. ts
4.618-M 0.07
f .054-05 0.04
s. 11’fk-m 0.02
9.34e-~ O.oj
1.220-m 0.01
1.410-03 0.02
a.35e-04 o JZ
2. Sso-:> 0.02
1 :.s-03 0.03
* . mm-m 0.03
S.72W04 0.04
2.7*+4 O.m
2.42s-04 O.W
1.538-W 0.06
7.96e-f35 0.19
s. D6e-m o. fa
3.64 --’05 0. tu
?.64e-m 0.20
t.m-m 0.26
S.*o-w 0.36
9.980-07 o.7f
7. 1*-07 0.71
9.31 O-W 0.7?

o.~ O.m
o.~ 0.00
o.~ O.m
0. 77s-03 0.01

t.33e-06 0. fs
5.220-= 0.07
2.09e-m 0.04
6.40e-m 0.02
1.me-04 0.01
t. 3ao-04 0.0?
1.59m-03 0.02
1.oze-m 0.03
2.710-03 0.0> 9
t.53e-03 0.02
1.77e-03 0.02
7.61e-04 0.04
3.954-04 O.m
3.24e-04 O.m
2 .249-W 0.01
1.07*-@ 0.09
E.@7e-05 O. 10
4.768-05 0.13
1.6%-05 0.21
2.2--05 0. Is
9.34. -Q6 O.m
I.a*-m 0.52
a. 220-07 I .c>
t.04e-06 0.72
1.07e-06 1.00
o.m~fm O.m
O.m=+fx) o-w

.
●
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TmLE x (CONTINUED)

1.2’5ea 0.15
4.91- 0.07
t.%oa 0.-
S.me+ 0.02
9.~ O.ot
l.ma 0.91
f.--o3 0.02
9. f6e-04 0.03
2.39W-03 0.02
f.m-m 0.03
1.640+3 0.02
9.4*U O.m
3.320-W O.~
2.-0-04 0.-
1.76e-04 0.07
9.43e-os 0.10
S.69e-OS 0.13
3.23e-05 0.16
1.6K~ 0.22
1.15e+s 0.26
8.43e-m 0.33
l.m-a 0.s0
6.25e-07 1.W
5.1*-07 1.W
o-~ O.m
o.~ O.m
o.~ O.m
9.7*-a3 0-0!

2.m-ol

i .*-- o. fg
5. 2@e-m 0.07
2.110-05 0.04
S.S*O- .’.02
~.070-W O.oi
1.0-04 O.ot
1.610-03 0.02
9.m-04 0.03
2.6k-03 0.02
~.520-03 0.02
1.73e-03 0.02
7.--04 0.-
4.07--04 O.m
3.439-W 0.0s
2.*-a 0.07
t.@5@-m O.m
7.220-0s 0.19
4.~2*+ O. f4
:.a20-m O.ts
1.019-05 0.26
7.03e+ 0.20
1.779* 0.66
2. B20-m O.st
2.96e* 0.=
o.~ O.w
o.~ O.m
o.~ O.m
t.ae-m 0.01

I. 1*-m 0.1s
4.55e-cK 0.07
1.820-0s 0.04

--m 0.02
23Q-~ 0.01
219+4 O.ot
m-03 0.02
Sle-w 0.03
160-03 0.02
3se-03 O.w
Sse-m 0.03
41.-04 0.04

3.06e-iu O.m
2.670-W O.-
t.saa O.w
S.--m 0.10
5.--05 0.!2
3. 16e-m O. 16
1.315 -- 0.23
s.ele-cm 0.31
2.66e-m 0.45
m.07e-07 o.7j
7.5oe-07 ~.m
6.--07 9.W
O.m- 0.=
o.me*m o-m
3.32e-07 l.=
9.18e-03 0.01

1.364-W 0.15
5.39e* 0.07
2.169-0s 0.04
6.620-0s 0.02
s-m-m O.cv
4.4*-W 0.01
1.6~-03 C.02
9.4--04 0.03
2.69e-03 O.O2
1.530-03 0.02
t.720-03 0.02
7.660-W 0.04
3.940-04 0.0s
3.29e-W O.-
2.ofQ-a 0.07
f. fa-a 0.06
S.lse-m 0.12
4.4m-m o.i3
2. S30-W 0.19
1.26e-m o.24
●.64e-m O.m
4.lm-07 t.m
1.93e-w 0.52
2. *78-- 0.90
5.l@e-07 l.a
o.~ O.w
o.~ o.m
l.m-m 0.01

B.m-ol

f.me-m O.tg
4.-* 0.07
f.64@~ O.-
5.03e-os 0.02
0.32e-OS 0.01
t.ae-w Clot
1.29-W 0.02
7.44e-W 0.03
2.06e-03 0.02
1.!30-03 0.03
l.me-m 0.03
5.69e-W 3.04
2.80e-CM 0.CB3
2.26e-a O.=
1.213e-04 0.06
6.i3e-OS O. 12
S. la-m 0.13
3.36e-W O. 16
1.26e-03 0.22
7. 13e-m 0.33
2.69e-~ 0.42
2.29e-m 0.63
I.l!e-w l.m
7.61e-07 0.71
s.3oe-07 1.W
5.06e-07 l-m
O.m+m O.m
6.i7e-02 0.01

l.m-m 0.1s
S.lm-m 0.07
2.04e-OS 0.04
6.24e-05 0.02
1.04e-04 0.01
1.3se-w O.ot
l.wie-m 0.02
9.71e-04 0.03
2. S9e-03 0.02
!.43e-03 o.~
1.7m-03 0.02
7.lle-04 0.04
3.3se-04 O.m
3.49e-04 O.m
1.97e-04 0.07
l,,28ea O.m
6.91e-~ O. If
3.63e~ 0.10
2.64.-= o.17
l.ls-m 0.24
f. f4e-OS 0.2S
2.95*-OS 0.S1
1.53e-06 0.S0
7.13e-07 ~.m
1. S5e-m 0.72
O.-m O.m
o.~ O.m
t.ose-02 9.01

~.m-ol

9.5se-07 0.1s
3.73e-m 0.07
1.49e-a 0.04
4.96e-03 0.02
7. SOe-m 0.01
9-67e-OS 0.01
f.14e-03 0.02
5.02e-04 0.04
1.73e-m 0.02
t.ole-m 0.03
1.t6e-03 0.03
d.73e-04 0.03
2.03e-04 0.07
2.06e-04 0.07
1.2 Se-04 0.06
6.49e-m 0.11
3.21o-O5 0.16
2.64e-~ O.l B
1.2!3e-05 0.25
6.90e-06 0.32
4.06e-06 0.43
7.86e-07 0.71
O.-*W O.m
4.77@ -07 i.m
4.61- 97 l.m
0.00. ,0 O.m
I. O%!-m 0.75
7.030-03 0.01

. -
.

f.26e-m 0.15
4.956-04 0.07
:.966-0s 0.04
6.06e-03 0.03
t.m-04 o.~1
1.31e-04 0.09

1.51*- o.~
9.--04 0.03
2.49e-03 o.Q2
1.496”03 Q.@3
f.65e-03 0.02
7.260-04 0.04
3.79e-04 0.05
3.--W O.m
1.67e-04 0.06
f.ose-w 0.06
8.42e-OS 0.12
3.060-0S 0.?6
2.m-m 0.17
f.439-OS 0.24
6.22e-06 0.29
3.296-W 0.57
0.?3e-07 0.71
3.31e-06 0.S4
O.cme+m O.m
o.~ O.w
o.~ O.m
f.me-m 0.01

6.35e-07 0.15
2.49e-W 0.07
9.96e-06 0.04
3.m-os 0.02
5. W6-OS 0.01
6.62e-OS 0.01
7. S*-04 0.03
3.46e-04 0.03
?.ile-m 0.03
O.me-w 0.C4
7.36e-04 O.W
2.we-a O.m
q.51e-04 0.06
1.15e-04 0.06
7.t4e-OS 0.11
4.06e-OS o.t~
1.31e-03 0.23
1.42e-OS 0.23
7.19e-06 0.33
3.29e-~ 0.41
2.05? -06 0.51
o.ooe~m o.m
0.00e*Cx3 O.CX)
o.m*m O.m
o m~m O.(Y3
O.me+oo O.m
O.mwm O.m
4 4fe-03 O.0~

.
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TABLE X <CONTINUED)

2
a

:
8
7.

total

2.3toa 0.15
S.om—m 0.07
3.81O* O.w
1.194-02 0.02
i.020-02 0.01
2.299-02 0.01
2.7S0-02 O.m
1.62** 0.01
● .zsa-oz o.a4
2.51- 0.01
2.-Q? 0.01
l.zig~ 9.01
●.m-oa 0.01
3.1s-02 O.o1
3.169-02 0.02
1.6*-02 0.02
1.c@k+2 0.02
c.g~m 0.04
3.51s+ O.m
2.--W 0.-
t.~ g.cn
4.129-05 0.34
1.2ia,-05 0.99
2. OSO-OS 0.?s
7.ote 0.31
s.~ 0.47
c.~ 0.-
1.77,-01 O.ot

.

. .

.
,



.

t .Ooo&ol
tmta 1

totol

o.~ O.m
S.m-oa 0.ss
i.sla-os u “*
i.me-os O.x
4.370-a C.se
o.~ 0.00
f.236-os 0.43
,.a7e-oa 0.4s
a.216-w 0.20
a.6oe—06 0.s6
4.4 f0-m 0.73
1.276+X 1.-
2.~ a.m
2.lz?6-m 0.71
2.57-U 0.71
:.4s0-96 1.W
o.~ 0.00
1.4*U 1.W
o.~ O.m
o.~ 0.00
1.146-04 9.19

o ~o.m
l.sso-oa 1.00
2.129-0s 0.26
z-lee-m 0.34
2.1~ 0.32
l.esQ-os 0.32
1.829-0s 0.30
2.7%$-0s 0.27
4.87** 0.16
2.5se-os 0.28
i.29e-m 0.34
1.49e-os 0.3s
● .fee-oe 9.s0
t.tsO-m 0.39
s.13e-oa 0.61
1.4*-OS 1.00
●.ne-a o.a2
7.544* 0.4s
O-we+m 0.00
i.37*-oe 1.00
2.7s9-04 0.14

TABLE XI

LITTLE BOY M3-DItQ610wL
GN4’u4RAYS

O.we+oo O.m
O.ooe+w 0.00
t.cae-os 0.36
l.sso-m 0.30
S.4*- 0.s2
1.--0s 0.34
s.366-m 0-s1
S. f3e-os 0.3s
2-370-0s 0.2s
9.249-05 0.45
S.*1*- 0.%
9.740-06 0.36
t. 270-OS 0.33
e.55e-06 0.41
t.23e* o.e4
o.~ O.m
4.*+6 0.s6
9.26e-os o.~2
2.920-06 0.71
1.3eeu 1.00
l.eeoa 0.$5

-a..~l

o.~ O.m
5.me-M 8.W
2.020-m 0.23
2.mO-m o.3t
l.r~ 0.31
i.24,-OS 0.33
2.*-05 0.29
4.396-05 0.21
g-i*.~ O.ig
1-5*-OS 0.36
8.480-06 0.45
1.769-0s 0.34
e. f70-oe 0.51
s-m-oe 0.42
2.02--06 o.7f
1.3?0-W ?.00
7.070-m 0.54
4.m4K 0.5s
4.09.-06 o-se
1.36e-06 1.00
2.810-04 0.’23

o.~ O.tm
f-eee-06 t.m
1.33e-m 0.20
2.*-C5 0.27
2.oee-tm 0.34
9.e20-oe 0.38
*.47*=OS 0.3s
l.wo-m 0.33
2.33e-os 0.2s
2.ss0-0s 0.2s
1.266* 0.45
● .164* o.4t
8.734POS 0.%3
●.sl*-oe 0.41
4.270-W 0.S5
t.4oe-oe i.oo

o.oOe+Oo c~.m
a.am-oe 0.4$
2.760-06 O.T~
4.040-06 0.s5
2.W6-04 0.14

.2 .~f

O.me+m 0.00
3.3(M-06 o.7f
3.569-0s 0.26
2.?6Q-OS 0.24
2.938+S 0.2S
2.~ 0.2s
2.936-0s 0.2s
3.334-W 0.25
3.7oe-03 0.20
2.730-0% 0.26
I.41o-OS 0.32
Q.25,+5 0.41
1.3ee-os 0.46
t.39e-os 0.3s
7.070-m 0.45
7.094-0s 0.s3
t.29e-oe t.w
8.s10-06 0.41
9.3se-os too
o.~ O.w
3.260-04 0.12

O.oha 0.00
3 43a-m 1.00
t.03Q-os o.3a
1.--0s 0.30
1.97cI-03 0.27
*.31O-OS 0.34
l.ose-os 0.07
2.240-m 0.26
3.49e-os 0.2s
2.5S6-0S 0.27
2.43e-OS@.26
2.U4~ Q.7f
8.394-C% i3.41
7.72,-06 0.4U
7.m*-oe 0.45
4.47*-OS i.m
3.sse-06 o.se
1.4s4-06 1.00
2.820-06 o.7t
1.369-05 1.00
2.210-04 o.t3

-t.a-ot

O.om+oo O.m
l.me-oe 1.00
2.669+5 0.24
3.54,-0S 0.23
3.32e-OS 0.23
2.4--0s o.2a
2.18*-OS 0.33
3.180-0s 0.22
4.** 0.19
3.0s6-0s 0.25
t.%e-OS 0.29
t.53e-OS 0.2S
?.lse-oe 0.4s
1.t7e-OS 0.36
5.2!%e-06 0.s0
5.63e-06 0.S0
2.62e-06 0.7*
9.5s6-06 0.s0
1.36e-oe 1.00
4.loe-oe 0.58
3.270-04 O.tl

-S.omoe-ol

o.Ooe+oo O.m
O.we+oo 0.00
1.869-0s 0.33
3.470-0s 0.21
2.30Q-OS 0.27
1.330-0s 0.34
2.22*-OS 0.37
2.3oe-05 0.2s
S.13m-05 0.17
t.saoa 0.33
2.69e_W 0.7~
i.4*-os 0.41
4.*-OS 0.s0
●.41O* O.sf
2.7W-06 0.79
$.440-06 t.w
1.366-06 l.m
f.ooe-os 0.26
2.87,-06 i?.71
2.720-OS 0.71
2.m6-04 0.14

-1.19s04-14

0.-00 O:w
o.~ 0.00
2.75@-OS 0.2a
3.7Se-OS 0.23
2.454-0s 0.30
2.136-0s 0.3s
2.tso-m 0.30
3.WO-W 0.22
5.44*-OS 0.17
2.5ee-m O.m
7.7oe-06 0.4s
2.83~-OS 0.26
1.16s-0s 0.43
2.39e-os 0.2C
e.07~-oe 0.45
7.929-06 0.4s
1.2se-oe 1.00
5.749-06 0.s0
o.ooe@o 0.00
o.Oow+oo 0.00
3.36e-04 0.11



TABLE XI (CONTINWDO

~.~

O.we+w
1.600-06
2.720-05
3. me-m 0.22
1.2C0-05 0.36
t.me-w 0.33
:.360-0s 0.37
2.340-05 0.27
4.519-05 o.t8
2.51W-05 0.2s
2.24,-05 0.28
9.03e~ 0.42
i.d40-m 0.39
1.620-05 0.31
4.6oe-96 0.53
1.300-06 1.00
2.790-060.71
4.260-06 0-66
O.ooe+w O.m
9.~ O.m
2.72e-04 C.tl

t.a6e-06 1.00
3.230-06 o-7t
1.639-95 0.34
3.14.-oS 0.23
2.360-05 0.28
2.160-05 0.%
1.459-03 0.37
2.829-05 0.29
●.930-OS 0.17
2.oto-os 0.31
1.750-05 P.31
1.26*-OS 0.40
4.24a-06 0.S8
,.370-06 0.41
9.470-96 0.50
1.660-06 1.W
1.320-06 I.W
7.t9e-06 0.4s
2.620-W 0-71
t.46e-06 I.m
2.770-04 C.13

-.—- et

O.we+w O.w
O.we+oo O.m
1.%,-05 0.32
3.41e-05 0.23
2.150-05 0.27
2.80e-05 0.26
2.0%-05 0.29
3.400-05 o.2t
7.we-m 0.15
2.67,-05 0.25
2.940-05 0.26
2.57e-05 0.25
7.450-06 0.4s
6.949-06 0.45
4.flw-06 0.56
6.tlo-06 0.63
4.048-06 0.56
4-250-06 0.58
1.3*-W 9.00
1.36.0-06 t.m
3.460-04 0.10

O.ooe+w O.m
o.~ O.m
2.05e-G3 0.30
2.06--05 0.29
2.530-05 0.33
2.16,-05 0.31
1.7s0-05 0.37
2.36e-OS 0.2S
3.68e-05 0.2C
3.02e-05 0.24
1.23.-05 0.33
~.82a-05 0.39
t.410-05 0.39
7.930-06 0.59
2.s80-06 0.71 “
2.63e-06 0.71
5.490-06 0.50
4.338-06 0.58
4.360-06 9.00
O.wem 0.00
2.65e-04 0.12

3.0009e-ol

O.we+w 0.00
O.we+oo 0.00
2.27,-05 0.20
2.3--05 0.30
1.S7m-~ 0.35
3.06--05 0.26
2.49,-050.27
3.050-05 0.23
4.628-05 0.17
2-6664)5 0.25
2.560-05 0.32
4,03,-06 O.sll
$.610-03 0.41
6.26e-06 0.S0
8.63e-06 0.4~
2.79--06 0.7f
O.uk+w O.w
1.290-05 0.33
1.320-06 t.W
1.400-06 *.W
3.000-040.12

o.ooe+OO O.w
O.ooe+w 0.00
1.670-05 0.31
2.620-05 0.?6
1.07V-05 0.3s
2.9*-OS 0.33
9.449-m 0.43
9.99,-05 0.31
2.76e-OS 0.24
2.3to-os 0.25
6.03e-~ 0.S1
6.65e-tM 0.s2
4.749-06 0.59
6.flOe-~ 0.4f
3.lMe-06 0.58
4.450-06 0.58
4.13.-06 0.58
4.54Q-06 0.50
1.360-m 1.W
O.uh+oo O.w
2.ooe-04 o.t4

● .unnle-ul S.wlxle-ol

O.ooe+w 0.00
O.we+w 0.00
3.9+~-05 o-25
2.R6e-03 0.31
2.34e-05 0.27
2.25w-0!5 0.30
2.290-05”0.20
2.36e-05 0.24
4.26a-~ 0.18
3.S2J0-05 0.24
f.wa-gs 0.3s
9.;60-05 0.3t
1.248-05 0.33
1.03m-03 0.4s
7.S*O-06 0.46
6.460-06 0.52
5.43e-06 0.50
1.070-0s 0.30
1.36e-m 1.00
1.360-06 t.-
3.280-04 Ott

o.me+oo 0.00
O.ooawo O.m
3.360-05 0.2S
2.33e-03 0.29
1.180-0s 0.39
1.63e-m 0.3S
1.9te-0!5 0.28
2.860-05 0.24
3.B70-W5 0.19
2.370-W 0.31
1.768-~ 0.31
t. 130-05 0.41
7.020-06 0.46
1.340-95 0.34
4.05e-m o.s@
f.3@-06 I.gg
4.130-06 0.50
5.7*46 0.50
2.800-06 0.7$
t.36e-06 1.00
2.650-04 o.t2

S.wooe-ol f .moowm

O.we+oo O.m
1.7*+6 1.00
4.43m-m 0.60
~.m-m 0.38
t.7Be-05 0.32
4.440-06 0.!38
7.660-06 0.52
2. ffe-05 0.28
3.070-05 0.2t s
t.m-os 0.36
7.46e-06 0.45
0.740-06 0.41
5.S60-06 0.50
9.300-06 0.43
2.170-m 1.W
4.31e-06 0.58
O.ooe+oo 0.00
2.B70-06 0.71
3.16e-06 1.00
1.360-06 1.00
1.59e-04 0.17

O.we+m 0.00
2.470-06 1.W
9.430-06 0.49
S.~4e-~ Q.52
1.13e-OS 0 40
6.70e-06 0.5s
I.me-m 0.48
1.30e-m 0.34
l,,60e-03 0.29
1.27e-m 0.37
1.93e-06 9.00
o.ooe+Oo O.m
4.26e-06 0.58
2.59e-06 0.71
1.s4e-m t.W
O.ooe+m O.m
O.ooewo O.w
3.030-06 0.7t
O.ooemo 0.00
1.36e-06 1.00
1.loe-04 0.20



,

TAW.E XI (CCWXNKD)

tot81

9.weo—m 9.00
?.ttm* 0.2B
4. 1** 0.07
s.me-04 0.02
3.749-040.07
3.4*+4 0.00
3.4W-04 0.06
4.W04 0.02
0.040-04 0.04
4.*-M 0.07
2.7--04 0.00
2.408-04 9.09
t.7$o-04 0.?1
1.-* 0.09
%.mwo4 Q.t3
● .130-02 3.17
S.520-03 0.18
1.22s-04 0.11
?.3ae 0.21
2.~ 0.23
3.000-02 O.w

.

●

. .
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EE!!E

:

:
s
6
7
8
9

10
11
12
13
1A
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

.
.

Smin(HeV)

16.9
14.92
14.19
13.04
12.84
12.21
11.05
10.0
9.048
8.187
7.408
6.376
4.965
4.724
4.066
3.012
2.385
2.307
1.827
li108
‘ .5502
.1576
.1111

5.248-2
2.479-2
2.188-2
1.033-2
3.355-3
1.234-3
5.829-4
1.013-4

EM!!@
19.64
16.9
14.92
14.19
13.84
12.84
12.21
11.05
10.0
9.048
8.187
7.408
6.376
4.965
4.724
4.066
3.012
2.383
2.307
1.827
1.108

● 5502
.1576
.lill

5.249-2
2.419-2
2.188-2
1.033-2
3.355-3
10234-3
5.829-4

C4wan ----------

1.-5
2.-5
2.-5
6.-5
7.-5
2.3-4
4.5-4
9.8-4
1.59-3
2.63-3
6019-3
2.059-2
5.47-3
2.068-2
5.892-2
6. IQ’:--2
1.058-2
7.637-2
1.750-1
2.376-1
2.581-1
2.460-2
2.483-2
8.91-3
6.7-4
2.54-3
8.9-4
1.6-0
3* -5
1.-5

Above 3.012 HeV

Cexculated

3.781-7
1.286-5
2.370-5
7.986-6
5. 849-5( 14%)
6.362-5
2.354-4
5. 131-4(52)
1.066-3
2.001-3
3.258-3
70645-3
2.450-2(1%)
6.862-3
2.574-2
7.296-2
7.386-2
1.136-2
8.338-2
1.9C3-1[.3Z)
2.390-1
2.144-1
1.881-2
1.753-2
4.896-3(2X)
3.066-4
8.517-4
2. 303-4( 10%)
1.504-5
7.318-7
1.203-6

1.23

C91c/Clven

1.286
1.185

● 399
.975
● 909

1.023
10140
1.088
1.258
1.239
1.235
1.190
1.254
1.245
1,238
1.194
10074
1.092
1.088
1.006

.831

.765

.706

.549

.458
.335
.259
.094
.024
.120

.5502HaV - 3.012 MeV 1007

Balov .5502 14aV .80

,. *.. ,- . . . . . . ..- .——
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