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SOURCE TERMS FOR THE INITIAL RADIATION *+
Paul P. Whalen

Applied Theoretical Physics Division
Los Aiamos National Laboratory
Los Alamos, New Mexico 87545

I. Introduction

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

Calibration data for the Nagasaki bomb output calculation consists of
the calculated outputs of several other test nuclear devices of the
Nagasaki type ‘for which dose measurements were obtained in test
explosions., With this information, the ertire Nagasakl 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 Hiroshima bomb output calculation unnsists of
spectral measurements of the neutron and gamma-ray outputs of a replica
of the Hiroshima bomb operated as a critical assembly. The replica is
installed at the Los Alamos Critical Assembly (LACAF) and one set of
measurements has been completed. In addition to these measurements,
output calculations have been done for the Grable test device to allow
comparisons with the doses measured on the Grable explosion.

*Work performed under the auspices of the U. S. Department of Energy.
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II. Background

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

TABLE I
WARTIME USE
HIROSHIMA NAGASAKI
L.te Aug. 6, 1945 Aug. 9, 1945
Weapon Little Boy Fat Man
Yield (kT) 12 - 20 22 + 2
Height of burst (m) 580 503

The two weapons were of radically different design. The Hiroshima

bomb was a gun-assembled uranium design which was very two-dimensional
in character. The Nagasaki bomb was an implosior. assembled plutonium
design which was nearly spherical. The Nagasaki-type design was tested
in the Trinity event and used in the Cross Roads Able and Bakesr tests,
Some radiation-exposure data are avallable from these tests and from
other test firings of similar weapons. In contrast, there was no test
firing ot the Hiroshima-type weapon and there have heen no test firings
of similar weapons.

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

III. Calculatiors

The output spectra are calculated with classiflied special purpose
computer codes which follow the evolution of the explosions. The
neutron and gamma-ray transport is done by Monte Carlo techniques using
continuous energy tracking through the moving material of the weapon
with a thermal gas treatment for scattoring from heated material., The
cross sections for the calculation are continuous energy cross sections
processed from aevei~l sources including the Evaluated Nuclear Data
Files (ENDF) library,

IV. Preeg Spectra

In 1975, Dr. W. E, Preeg of Los Alamos d!d one-dimensional (spherical)
calculations of the neutron and gamma-ray output spectra of hoth the
Hiroshima and Nagasaki bomhs. The calculations were done for inclusion
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 special interest. At the reque:t of Los Alamos, the



Hiroshima 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, 1974). In addition to the output spectra, the
letter contained a com.arison of dose as a function 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

1 finite dry air and were not very accurate. The Preeg spectra are
shown in different displays in Figures 3, 4, 5, and 6. For reference a
U235 fission spectrum is shown on each Figure. Figure 3 is the usual
spectral display which shows the great differences between the three
spectra. The fission spectrum is quite hard. The Nagasaki (Fat Man)
spectrum 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 localized source of air capture gammas for a
weapon of this type. Figure 4 is the DNA standard output display which
splits the abcissa between log and linear to display the high energy
portion of the spectrum. The same three spectra are shown again in
Figure 5 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
encrgy. 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 determire 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 tu dose) of the
fission spectrum 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 and Calibration Test Spectra

The calculated (one-dimensional) neutron output spectra for the Nagasaki
bomb (Fat Man) &nd for a calibration test device are shown in Figure 7
and the data are presented in Tables II and III. 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 Teable II on the Preeg energy grid and in Table III on a
finer energy grid used by Dr. Streetman for his output. The agreement
between the 1975 and 1981 Fat Man calculations is very good.
Interestingly, the test spectrum contains feser neutrons but a higher
total neutron energy.

Sinilar 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) change in the calculated gamma-ray energy output
between the 1975 and 1981 calculations, This {s primarily due to
changes in cross sections and calculational techniques. The difference
in calculated gamma-ray energy is shown more clearly in Figure 9. The
effeot of this change in calculated output on the dose estimates is
small because the contribution of device gamma-rays to the dose 1is
small.



VI. Hiroshima and Test Output Spectra

The neutron output spectra for the Hiroshima (Little Boy) bomb 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. J. Kammerdiener 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 more high energy
resolution. In the very non-spherical Hiroshima bomb, two dimensional
effects reduce the neutron output by 16% from the spherical calculatlion;
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 £ and neutron energy
out (approximate dose) with energy above E.

The results of one-dimenslonal (1975) and two-dimensional calculations
of the gamma-ray output spectra of the Hiroshima bomb are presented in
figure 13 and Tables VIII and IX. As a note of caution, some of the low
energy gamma rays from the two-dimensional calculstion are lost when
presented on the grid in Tahle VIII. The calculated output gamma-ray
energy Is greatly reduced in the two-dimensional calculation, going from
the one-dimensior \1 value .019 to the two-dimensional value of .007 MeV
moles per kiloton.

The calculated two-dimensional neutron and gamma rav output 1is given in
Tables IX and X. The output is given in energy bins for 20 equal solid
angle bins. Units in the bodies of the tahles are moles of neutrons or
gumma rays per kiloton.

The direction cos O = -1 is toward the rose of the device; cos 0= 1 is
toward the tail. The column hcadings should le read as (X - 0.1) < cos
O < X with the first entry -1.0 < cos ©<¢ 0.9, and the last entry 0.9 <
cos ©< 1.0. The column headed total is the sum over the 20 columns in
the body of the table -1.0 < cos 9< 1.0.

The Monte Cario relative error for each entry in the tables is indicated
to the right of each entry. The 3tatistics for the neutron table are
pretty good except in the two energy bins above 10 MeV where there were
only about 6 Monte Carlo particles counted.

The neutron output in the six lower energy bins (<9 keV) has been
adjusted on the basis of the 47 output to improve the statistics -- more
accurately, the appearance of the statistics. This may be seen in the
tables by noticing that the relative errors for all of the cosine bins
in these low-energy groups are the same as the relative 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 neutrcn energy.



In the case of the Hiroshima bomb there are no dose measurements made on
tests of similar devices. The nearest ¢vent for which dose measurements
exist was the Upshot-Knothole Grable event. The Grable test device was
a gun-assembled device fired as a shell from a 280 mm canon. This shell
was much smaller and lighter than the Hiroshima bomb and the calculated
(two-dimensional) spectral ovtput of the Grable device is much ¢ {fferent
from that of the Hiroshima bomb, Figure 14.

Simply because the Hiroshima bomb 1s so massive, however, one would
expect the high energy part of the output neutrcn spectrum 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 materlal being traversed i1s a small pertubation and thermal
effects are not Important. So a measurement of the neutron output
spectrum from a s"atic Little Boy assembly should provide a good code
calilbration experiment for the high energy part of the spectrum.

In May of 1981, four objects were located in field storage at Los
Alamos. Three of these objects were identified by Mr. Harlow Russ, a
retired employee, as non-fissile components of Little Buy bombs which
had been retired from stockpile. f(he fourth object was a traininy
device wilthout the proper materials. Dr. Harold Agnew, the fcrmer
Director of the Laboratory, had wisely stored these four samples. These
components were transferred to the Los Alamos Critical Assembly
Facility. One of the bomb assemblics was mounted on a stand over the
Comet Assembly Machine, Figure 16. By means of a hydraulic ram, fissile
meterial could then be ralsed into the center of the bomb assembly until
a critical configuration was achieved. Dr. H. M. Forehand and
particularly Dr. R. Malenfant of the Critical Assembly Facllity were
primarily responsible for making this experiment possible,

M2asurements of the output neutron spectrum from this improvised
critical assembly were made at several angular positions by Dr. F,. J.
Muckenthaler of the Oak Ridge National iLaboratory and by Dr. H. A,
Robitaille and Dr. B. E. Hoffarth of the Canadian Defense Flesearch
Establishment (DREQO). A very-very preliminary comparison of the neutron
spectrum results obtained by Drs. Robitallle and Hoffarth with the
calculated spectrum is shown in Figure 17. This figurc is reproduced
exactly from a letter by Dr. Robitaille and shows the DI O measurements
(Integrated over angle) plotted on a curve taken from the Drs. Loewe and
Mendelsohn (NSE 81, 325) article. The DREO spectrum was arbitarily
normalized for plotting purposes (as were the othcr spectra in the
figure). These preliminary results are extremely encouraging with
raspect to the high energy portion of the calculated spectrum.

The measurements on the static critical assembly should, of course, be
compared with calculation3 of the static assembly; not with the
calculations of the exploding bomb. The caloulations of the statlc
assembly are underway at Los Alamos.

< .
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This first set of measurements was done inside a bullding with thick
concrete walls and floor. Because of the room return, the low energy
part of the neutron spectrum Is distorted and it was impossible to
measure the gamma-ray output spectrum. To avoid the room return
problem, the Comet Assembly Machine Is being moved out of doors zind will
be mounted on a (small) platform. In thils configuration, it is hoped to
get better measurements of the low energy portinn of the neutron
spectrum and some gamma-ray spectrum measurements. These measurements
will 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 will participate in these
measurements. A meeting to formally present the results of the
experimental measurements is tentatively scheduled in September 1983 at
Les Alamos.

VII. Other Callbration Calculations

The air transport calculations being done b other organizations are
being callbrated 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 rcactor for Operation BREN. The Army Pulse Radlatlion
Division (APRD) reactor is based on the design of the HPRR and differs
only in minor detalls.

In the course of doing air transport calculations at Los Alamos, Dr. R.
Little did a one-dimensional 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 as "Given" is the
APRD reactor neutron spectrum as published by Or. Kazi et al. and the
ratlo of the Calculated (Dr. Little) to "Given" (Dr. Kazl).

Mr. D. Kaul (Kaul 82) reports that the Los Alamos neutrnn source
spectrum Iimproves the agreement with foll measurements made 28.5 inches
from the axis of the BREN reactor when compared with the ORNL spectrum
used by Dr. Kazi. This is shown in Table XIII.
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TABLE XIII
NEUTRON SPECTRUM FROM FOIL ME/SUREMENTS

Neutron Source Fraction

Energy Range Meas. Los Alamos ORNL
(Mev)
> 2.5 .206 «204 .168
1.5 - 2.5 126 . 185 .168
.75 - 1.5 <294 <248 .238
01 - .75 «374 .363 426
01 - 1.000 1.000 1.000

VIII. Yields of Explosions

All of the output spectra reported in 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 {dentical
weapons is taken to be 22 + 2 kilotons (Malik, 1981). There wer: no
ovher test firings of weapons similar to the Hiroshima bomb so yleld
estimates must be made indirectly.

In a review of' the Hiroshima yield (Malik, 1981) Dr. J. Malik progposed

the value of 15 + 3 kilotons. In an extenslon of this work he suggests
the value of 17 + & kllotons. When funding is arranged, Dr Malik will
be directing two small programs to review the indirect evidence for the
yleld estimates.

Using calculational techniques combined with criticality measurements it
is possible to make good estimates of the maximum yleld of the Hiroshima
explosion. The yleld predicted in this fashion in 1945 was 15 kilotons
(Schiff, 1945). This program is being repeated in 1983 using our
current calculational tools and new criticality measurements at the
Critlical Assembly Facllity. One measurement has been completed. The
casting ot fissile material duplicating that in the Hiroshima bomb will
start on January 17, 1983. The criticality measurement made with these
parts will allow the upper limit yield of the Hiroshima exploslon to be
defined to +10%.



IX. Acknowledgements

The author wishes to acknowledge the following Los Alamos individuals
whose work is reported in this paper.

X-4 Nuclear Application Group

Dr. B. Rogers for one-dimensional bomb models and
Dr. R. Worlton explosion ‘:alculations
Dr. J. Kammerdliener for two-dimensional explosion

caiculations of the Hiroshima bomb

X-5 Diagnostics Physics Group

Dr. R. Streetman for the calculations of the outputs of
the explosions

X-6 Radiation Transport Group

Dr. G. Estes for air transport calculations and
: interaction with diagnostic 1lons
Dr. R. Little fco the APRD reactor ouvtput calcula-
tions
Or. P. Soran “or providing cross sections

Q-2 Detection and Verification Group

Or. M. Forehand for setting up the Little Boy critical
assembly
Dr. R. Malenfant for enthuslastic support of the criti-

cal assembly work and for providing
technical gulidance

NSP/T&V

Dr. J. Malik for sharing his encyclopedic knowledge
of measurements made on nuclear
explosions and his vast collection of
material on the Hiroshima-Nagasaki
explosions

Mr. H. Russ (retired) for locating lost drawings



-9

X. References

Estes, G. P., Little, R. C., Seamon, R. E. Soran, P.D., Air Transport
in Connection with the Hiroshima-Nagasaki Dose Reevalu tion
Effort, July 1982, LLA-9369-MS.

Kaul, D, C., Calculations of BREN and APR Experiments , performed under
DNA-001-81-C-0206, June &4, 1982, Memo to Record.

Kazi, A. H., Heimbach, C. R., Harrison, Schanzler, L. Bucholz, F. ¥.,
Measurements of the Free Field Radiatiorn Environment at the APRD
Reactor , July 1979, Test Agency Report APG-MT-5279 (Limited
Access).

Mal 'k, J., Yields of the Hiroshima and Nagasaki Explosions, September
1981, Reevaluations of Dosimetric Factors, Hiroshima and Nagasaki,
DOE Symposium Series 55.

Preeq, W. E., Neutron and Gamsa-Ray Output for Fat Man and Little Boy,
April 5, 1976, Reevaluations of Dosimetric Factors, Hiroshima and
Nagasaki, DOE Symposium Series 55.



-10-

NAGASAKI-TYPE NEUTRON SPECTRA ON PREEG ENERGY GRID

Energy Bounds
(MeV)

6.070E+00
3.680E+00
2.865E+00
2.232E+00
1.738E+00
1.353E+00
8.230E-01
5.000E-01
3.030E-01
1.840E-01
6.760E-02
2. 480E-0c¢
9.120E-03

3.350E-03,
1.235E-03

4 .540E-04
1.670E-C4
6. 140E-05
2.260E-05
8.320E-06
3.060E-06
1.130E-06
4.140E-07
0.000E+CO

7.790E+00
6.070E+00
3.680E+00
2.865E+00
2.232E+00
1.738E+00
1.353E+00
8.230E-01
5.000E-01
3.030E-01
1.840E-01
6.760E-02
2.480E-02
9.12CE-03
3.350E-03
1.235E-03
4.540E-04
1.670E- 54
6.140E-05
2.260E-05
8.320E-06
3.060E-06
1.130E-06
4.140€-07

Total Neutron (M/Kt)

TABLE II
(Moles/Kiloton)
FAT MAN
Preeg Streetman
8.8655-05 8.265E-05
1.826E-04 2.233E-04
1.466E-04 1.415E-04
2.513E-04 3.021E-04
1.973E-04 2.198E-04
1.900E-04 1.844E-04
3.939E-04 2.656E-04
2.753E-04 2.588E-04
1.313E-04 1.232E-04
1.353E-04 1.055E-04
1.640E-04 1.672E-04
8.265E-05 9.1N2E-05
8.799E-05 6.911E-05
1.053E-04 8.214E-05
1.133E-04 6.423E-04
2.806E-02 4.369E-02
1.013E-01 1.179E-01
8.799E-02 6.950E-02
4.413E-02 2.792E-02
1.400E-02 6.677E-03
3.733E-13 2.202E-03
1.586E-03 4.413E-04
1.027c-04 9.638E-05
0.000E+00 0.000E+00
0.2835 0.2734

Avg.Neutron Energy (MeV) 0.014

0.015

TEST
Spectrum

7.776E-05
3.055E-04
1.628E-04
3.579E-04
3.404E-04
2.6 14E-04
4.122E-04
4.151E-04
2.134E-04
1.780E-04
2.336E-04
1.528E-04
1.242E-04
1.341E-04
1.C63E-03
3.908E-02
8.774E-02
7.131E-02
3.333E-02
1.031E-02
2.477E-03
5.761E-04
1.022E-04
0.000E+00

0.2494

0.022
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NAGASAKI-TYPE NEUTRON SPECTRA ON EXTENDED ENERCY GRID

Energy Bounds
(Mev)

1.450E401
1.400E+01
1.350E+01
1.275E+01
1.200E+01
1.100E+01
1.000E+01
8.830E+00
7.790E+00
6.880E+00
6.070E+00
4 .730E+0C
3.680E+00
2.865E+00
2.232E+00
1.738E+00,
1.353E+00
1.060E+00
8.230E-01
6.400E-01
5.000E-01
3.030E-01
1.840E-01
6.760E-02
2.480E-02
9.120E.-03
9.350E-03
1.235E-03
4.540E-04
1.670E-04
6.140E-05
2.260C-05
8.320E-06
3.060E-06
1.130E-06
4. 140E-07
1.520E-07
1.390E-10

Total Neutrons

1.600E+01
1.450E+01
1.400E+01
1.350E+01
1.275E+01
1.200E+01
1.100F +01
1.000E-01
8.830C+00
7 .770E+00
6.880E+00
6.070E+00
4.730E+00
3.680E+00
2.865E+00
2.2321+00
1.738E+00
1.353E+00
1.060E+00
8.230E-01
6.400E-01
5.000E-01
3.030E-01
1.840E-01
6.760E-02
2.480E-02
9.120E-03
3.350E-03
1.235E-03
4 .540E-04
1.670E-04
6.740E-05
2.260E-05
8.32CE-06
3.060E-06
1.130E-06
4.140E-07
1.520E-07

Avg Neutron Energy (MeV)

TABLE III
(Moles/Kiloton)
FAT MAN
Preeg Streetman
0.000E+00 9.657F-08
0.000E+00 1.441E-07
0.000E-O-OO 3.6‘.‘8E'08
0.000E+00 4 .974E-07
0.000E+00 7.669E-07
0.000E+00 1.531E-06
0.000E+00 2.173E-906
0.000E+00 7.068E-06
0.000E+00 1.188E-05
4 ,690E-05 2.249E-05
4,175E-05 3.596E-05
7.287E-05 9.721E-05
1,098E-04 1.261E-04
1.466E-04 1.415E-04
2.513E-04 3.021E-04
1.973E-04 2.198E-04
1.900E-04 1.844E-04
2.002E-04 1.495E-04
1.938E-04 1.161E-04
1.530E-04 1.231E-04
1.223E-0% 1.347E-04
1.313E-04 1.232E-04
1.353E-04 1.055E-04
1.640E-04 1.672E-04
8.265E-05 9.102E-05
8.799E-G5 6.911E-05
1.053E-04 8.2145-05
1.133E-04 6.423E-04
2.806.-02 4.369E-02
1.013E-01 1.179E-01
8.799E-02 6.950E-02
4.413E-02 2.792E-02
1.400E-02 B8.A77E-03
3.733E-03 2. !02E-03
1.588E-03 4.313E-04
1.027E-04 9.638E-05
0.000E+00 2.072E-05
0.000E+00 4.552E-06
0.2835 0.2734
0.014 0.015

TEST
Spectrum

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.605E-06
2.776E-06
4.477C-06
1.050E-05
1.711E-05
4,127°E-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-04
1.780E-04
2.336E-04
1.528E-04
1.242F-04
1.341E-04
1.063E-03
3.906E-02
8.774E-02
7.131€-02
3.333E-02
1.031E-02
2.477E-03
5.761F-04
1.022E-04
2,41%9E-05
4.190E-06

0.2494

0.022
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NAGASAXKI-TYPE GAMMA RAY SPECTRA ON PREEG ENERGY GRID

Energy Bounds
(MeV)

9.000E+C0
8.000E+00
7 .000E+00
6.G00E+00
5.000E+00
4 .000E+00
3.000E+00
2.000E+00
1.000E+20
5.000E-01
1.000E-01

TOTAL

1.000E+01
$.000E+00
8.000t+0C
7.000E+00
6.000E+00
5.000E+00
4 .000E+00
3.000E+00
2 .000E+00
1.000E+G0O
5.000E-01

MOLES/kT

TOTAL MeV-MOLES/kT

Gamma Efficlency %

TABLE IV
(Moles/Kiloton)
Fat Man
Freeg Streetman
1.58GE-05 9.939E-07
6.079E-06 7.935E-06
1.580E-03 5.828E-05
4,253E-04 2.992E-05
7.399E-04 3.606E-04
1.166E-03 4,982€.03
3.226E-03 9.734E-03
6.059E-03 1.797€-02
1.626E-03 1.362E-02
3.326E-04 1.515E-02
1.548E-02 ¢.198E-02
4,148E-02 6.225E-02
.040 -—=

Test
Spectrum

0.000E+00
3.035t.-06
6.724E-05
1.380E-04
2.582E-0%
1.483E-03
3.327E-05
1.003E-02
1.920E-02
1.494E-02
1.566E-02

6.510E-02
8.677E-02
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NAGASAKI-TYP: GAMMA RAY SPECTRA ON EXTENDED ENERGY GRID

Energy bounds
(MeV)

9.000E+00
8.000E+00
7.000E+00
6.000E+00
5.000E+00
4.000E+00
3.000E+00
2.500E+00
2.000E+00
1.500E+00
1.000E+00
8.000E-01
6.000E-01
5.000F-01
4.000E-01

3.000E-01°

2.000E-01
1.000E-21
5.000E-02
0.000E+00

TOTAL

1.000F.+01
9.000E+00
8.000E+00
7.000E+00
6.000E+00
5 .000E+00
4 .000E+00
3. )OE+00
2.500E+00
2.000E+00
1.500E+00
1.000E+00
8.000E-01
6.000E-01
5.000E-01
4.000E-01
3.000E-01
2.000E-01
1.000E-01
5.000E-02

MOLES/kT

TOTAL.  MeV-MOLES/kT

Gamma Efficlency %

TABLE V
(Moles/Kiloton)
Fat Man
Preeg Streetman
1.580E-05 9.939E-07
6.079E-06 7.935E-06
1.5680£-03 5.828E-05
4,253E-~-04 2.992E-05
3.026E-04 7.413E-05
7.399E-04 3.606E-04
1.166E-03 4,983E-03
1.338E-03 3.245E-03
1.888E-03 6.489E-03
2.662E-03 8.615E-03
3.397E-03 9.351E-03
6.000E-04 4.440E-03
6.703E-04 5.524E-03
3.562E-04 3.656E-03
3.326E-04 3.884E-03
0.000E+00 3,724E-C3
0.000E+00 3.679E-03
0.000E+00 3.863E-03
0.000E+00 9.494F-04
0.000E+00 2.723E-05
1.548E-02 6.296E-02
& ,179E-02 8.410E-02
,040 .082

Test
Spectrum

0.000E+00
3.035E-06
6.724E-05
1.380E-04
2.562E-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
3.963E-03
3.969E-03
3.962E .03
3.749E-03
6.102E-04
0.000E+00

6.571E-02
8.833E-02

.086
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TABLE VI
LITTLE BOY

MEUTRON OUTPUT ON PREEG ENERGY GRID
(MOLES/KT)

€£.N7NE+QO
JR.E20meNQ
2, EcNe+0N’
S.e3E+00
1.72Ce+00
1, 3%2e+00
S, 230m=-01
S. 000E=-N1
2. 030e=01
1.240x~-01
€.,760-02
2.450x-02
Q. 120-03
2.2%Ng~-03
1.c2%5g-03

» Tl 0E=14
1.670e-04
é.140g-0%,
2, eh0E-03

TOTAL

CPreer’ 2
7.7904+00 1.5823g-04 G, S %e-0%
€.070x+0N 6, 0%2e-04 R.500e-04
3.680e+00 7.286g-04 3.510e-04
2,86Te+00 1,894-03 €.50e~-04
2.232e+0N 2.000e-02 1.080e-03
1.728+00 2.562g-03 1.690-03
1.3%2e+00 €. 597-03 £.210-03
R.230e-01 1.983x-02 1.812e~-02
S.000x-01 3. 072x~-02 2.8%0g-02
3.030-01 2.732e-02 2.910-02
1.840-01 4,%9%6e-02 4,350k~ 02
6.760u-02 1.9¢ég-02 1.620e-02
2.420g-02 c.9%¢x-02 2.750e-02
@, 120-03 €.613%e-03 £.2908-03
2, 2%50r=-03 S.320e-03 1,.8320e-03
1.23%-03 3.507x-03 1.110e-03
4.%40g-04 9.533%~-04 2.610e-04
1.670x-04 2.600e-04 Q, 020g-0%
€.140g-03 €.247g-05 .21 0g-0%
MOLES/KT 2. 061e~01 1.773e-01
6.40%g~-02 5,.330~-0¢2

TOTAL MEV~MDLES/ /T



NEUTRON OUTPUT ON 2D ENERGY GRID
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TABLE VII

LITTLE BOY

(MOLES/KT)

Energy (MeV) Preeg 2D
1.100x+401 €.000e+01 0.000k+00 4, 040e-06
1.000z+01 1.100+01 0.000e+00 2EOCOE-06
£.820e+400 71.000x+01 0.000e+00 7.010e-06
7.790e+00 €.830+00 0,.000g+00 2.050~-0%
€, 820+00 ?7.790+00 8.376x—-03 1.880e-0%
6, 070g+00 ¢€.€80g+00 7.4%6x-0% 4,120=0%
4,740+00 6.070+00 1.999z-04 1.200e-04
A.€802+00 4,740g+00 4, 052g-04 e.200e~-04
2.665g+00 3.6&0g+00 7.ctén-04 2,510-04
2.272u+00 2.86%5+00 1.294r=-03 €.6%50-04
1,722e+00 2.222x+00 2.000e-03 1.060x-03
1.3%2g+00 3,73Cg+00 2.5€62g~-03 1.690x-03
1.060+00 3.3%53e+00 3.52%ex-03 Q.160-03
€.230e-01 1,.060e+00 S.22ex-03 S5.190~-03
é.4N0x-01 B.23Nx-01 €.608e-03 6.080g~03
5. 00(m-01 6.400x-01 1.122x-02 1.210e-02
2. 030-01 %.000e-01 2,072e=-02 2.e%0-02
1.6€40g-01 3.030-01 £2.732x-02 2.%10g~02
€. 760x-02 1.640g-01} 4,%96x~02 4,.3%0-02
2.480g-02 6.760e-02 1.966-02 1.620e-02
©,1208-03 2.480x-02 2.9%6x-02 e.750x~-02
2.2%08-03 9,.120x-03 €.613~-C3 2.390-03
1.23%2-03 3.3%0g-03 5.320x~-03 1.830g-03
4.%40x-04 1,23%x-03 3.507x-03 1.110x=-02
1.670-04 4.540g-04 9.532z-04 J.610~(4
6.1408-0% 1,670x-04 2.200z~04 Q,020e-05
2.260=-05 6.1402-0% 6.247¢-035 2.310e-09%

TOTAL MOLES/KHT e.051g-01 1,773e-01

TOTAL MEV-MDLES/KT

6.372e-02

S.27éx-02



GAMMA-RAY OUTPUT ON PREEG ENERGY GRID
(MOLES/KT)
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TABLE VIII

LITTLE BOY

" Energy (MeV) Preeg 2D
S,000+00 1.N00g+Ng . TEER=0% C.EQ0E-(T
FLONNELO0 9. 000g+00 &e613m- 08 R IE0E-0%
T NONes0t £, Q00ge N0 £.597e-04 1.220r-04
L, 0nE+dN T 0005400 2.2%a-04 TS 0E-0%
S.ONNg+nN &, N000ge N0 1.74%e-04 €L, 150e=-0%
J,000g+00 %, OD0geQN 4.111-04 1.0%0r~04
J,000e+N0  4,000ge00 €.272e-04 1.9230g=-014
S, 00N08+00 R, O00ge 00 £.8%2u~-04 4.110x-04
T.000g+00 2, 000g+0N0 1.219~-03 7.240g-04
Toon0g=01 1, 000ge 00 . 3832=-03 1.628¢=-03
1.,0900g=-01 =, 000g-01 1. 02Ce-04 1.641g-02

TDTAL

NMOLET/HT

TOTAL HEV=IDLEE/ VT

7.042-03
1.905%e=-02

S.010g~02
él E::"dt- ':'3



TABLE 1IX
LITTLE BOY

GAMMA-RAY OQUTPUT ON 2D ENERGY GRID
(MOLES/KT)

Energy (MeV) Preeg 2D :
a4, nhEe00  1,0000) 2.70Eg~0% g.ggoﬁ-gz
8, 0NOE+00 S, GNOE+00 2.61%g~0% "’Eﬁ"n4
T 000N S, 000400 €. 597~ 04 1.§5.z:0q
£, 000g+00 7,000m+00 2.2%u~04 5":g'_nq
S NONE+ON &, 000400 1,74%g~04 6.1;ﬂe_04
J,.000g¢00 T, 0002400 4,1 1x~04 ‘.2:6‘—04
2. 000g+Q0 4,0004+00 ¢, 272x~04 1.;¢ t_g4
2. 500e+0n 3, 000x+00 . 931g~04 l.:l&m »
. NU0E+N0 H 2. SNOES00 4,921e~04 c.4?2£:04
1. %0000 2, 000g+00 4. 5785~ 04 2'7J6‘-04
1, Nfipen( 1, 000g+00 B.614x-04 4'546‘-&4 .
g NOOE-01 1,000e+00 ?.gazn—gz 3'g:n:-&4
L 00Ng=01 €, 000e~01 . ONZE=03 30
g:ﬁﬂ":-ﬂ! €. 0N0Og=~0N1 %R rR0x-04 §.4§g‘-g2
4, nHHe~03 S, 000g~01 1.028-04 M'4'cl—d4
2. 000g~01 4,000x~01 0.3??:#33 3';:3:—04
2.000x=01 2,000g~01 0, 000z 3'15n¢—ﬁa
LO00Ng=01  2,000x~01 0, 000x+00 P19 0u-

: aéo:-oz 1.000e~01 0. 000x+00 a.yxg:ﬂgg
o 000EeQ0 =, (00g=02 0. 000R*+ 00 1,66 0g- 08
TOTAL MDLER/MT 7.042g~032 B, N47e~03
TOTML MEV/=MDLES/HT 1.%1%~C2

. 0202
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LITTLE BOY TWO-DIMENSIONAL
NEUTRONS
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TABLE X (CONTINUED)

$.0000e-01

-0

2. -01 3.0000e-01

-19-

£53535835233888872 38518885
0000000000000000000000000000
358833535533333 38888885 8820s
S LR A 3 1
|‘A-.|||’3"733|a .32'.3.3000'

6385588388388 58-2NALR8 N8RS

00000000000000000000000 -1

885833033533333 3880888 «mmm .
Jogiipheseacssesistyiaetainy

3575‘7-.5‘929"1195'5

LT Rk L ey X Rogs s S L

mmmmmommmmmo uumumwswmwmo

ooooooc0000000000000010m ~000
ummm«ummmm. ﬂﬂ«ﬂmmmmmommo §
jRezgasiastazaassisiaiiciiy

9"
e s 2o -

|51.5i|’1't1331'.‘2'.‘ '25001

535555B88828858: 28R 588885

000uO00000000000000000000000

B85R33BIBBEL333I008E3888BERE

Jificelsganiaantazizezaitily
TN e N "~ YN RS Um A" NNOCO >

'33‘

2538355888 530858: 2R 85 RB88RE

oooooooooooooooooooommmLLooo

BRI
I

:!5 . 1211257
L] - . - - L] L] - L L - - - -

NG TE R NrER AN RN T AN YR OO

9.0000e-01 9.0000e-01

7.00003-G*

3353383238887 2722328888885

o«mmmmm«mmmm««mmmmmmmmmmmmmo

fEaREIIETIRALAE S ERARHARALS

5||
.2’35373'.7"'7‘

LT -Y-T-T-X-I- L

538555355355587 220707888805
000000000000000000 ©C000O0~-~000
388EEEEIBRBIIIINLBLELELT 78T
wmmmmmmuuw-1o 23LIR8828% 488

NN L]

253555555853888°72NRT087 8885

0000000000090000000000101100

m«mmwmmamm 333388ELRELRLELET

I E

5380058282888 ¢BBBBBS

mmmmmmmmmmmmmmmmmmmmmmm“mm-a
PR H R T

-he
|"5...L|.L.LLL‘1—2|.53|52'7.0033

010'

"53BocEBEBEILBE2R2NERABBBESS

0000000000000000000000L|0000

ma« 332BR03333E8ERRRERCERES

Bttt st

total

: mwmm WMWW ; mmmmmhmmuwlmm.nummm

20!113’2.! 11022140010



ABLE X (CONTINUED)

total

A

-20-

*5385585835555585288¢8

0060006000600 00000DOD

IR

:’3"22"12'.!"1.31'."7’4'

il

0.18

5¢5
(-X--

-0t O. 0|

|

LAl R T T X K

11‘223‘.'1."



=% .0000e-01

11

TABLE XI
LITTLE BOY TWO-DIMENSIONAL
GAMMA RAYS
=7.0000e-01

~8.0000e-01

~$.0000s-0t

genme -ray output Noles/ut.

-21-

m fen

00
38

2.97¢-06 0. 7%
2.720-06 ©.71
2.50e-04 0. 14
~1.19%0»- 14

.« &8

coccoo

o
Mmmwmmmm

§.409-03 0.41
4.08e-08 0.98
G.410-08 0.5¢
2.700-08 0.7
-08 1.
1.00e-03 0.

1.440-08 1.00

1.

00

<6

(¢

05

oS
1.310-0'5 0.34
1.05¢-05% 0.7
2.280-05 0.28
3.49e-0% 0. 21
2.55¢-0% 0.27
2.43e-05 0.28
2.840-08 0.7t
8.3%-0s J.41
7.72e~-08 0.4¢
7.08e-06 O.43
1.47e-068 1.00
3.95¢0-086 0.58
1.45¢-06 1.00
2.82¢-08 0.7
1.36¢-08 1.00
2.219-04 ©.13
- 1.0000e-01

ggensagnLny

01ooomooooow
serzesEsess
35335233048

[
w

Lammmm
i

T

-
L4
o
4
-
"
L]

9.

3
o
8
]
®
™~
™
.
°

°
$
g
,w

g8RRRARRRIRRR IBAT R

©000000000000600000~-0

1343444443842 34444
Mmm 224882 Mumumm 8548

<
001‘.'512!5".‘0"211

BRruR8I9R388--88888

000000000001100101000

s

.J *nN 15‘ ‘ -
* " o

. L] . 4y 00

os eO-on 30i222401001

WM

“NNATRSr AR~

0 OA00e+00
l.m'ci
3.0000e-01

=3.30008~01 ~2.00C0e-01

1

: -4,

i

8RR81RYSR9822248888:
[ - - X X X-L- XXX X-X-X-X-X-T- XX -X-X-]-]
3888088 8L88L8EELLES

Bea22ppeizeis mmmmWMm
CONPNNNMINREN~NO~ 11000

B43888520280833: 888
(- X A-1-X-X-7-7-X-7-¥-3-¥-F-3-J-X-F-R _§-¥-]
T
I E
OrNAMNNRYM =m0

BrRRLLENRsnIeEY m 88¢
oooooooooooooooovmnmo
sesssszsssRnEsnnss
nwun muuuuh1uu- u

17‘23 o®|Nw
0332—_‘:2332-.'1 11‘.‘03

$ 2 8 v 2 s

BBRARRRRSRIRATREARRE"
0~-000000000000O-000*0
M«mmwmm%mmmmm«mmmm««m
iassiRasisdodaisdiac
ONNNT="NIN R P ANTREII ™

B8EINARSERINRACBYC8S:

0100000000000001000!0

T

‘1’1‘
L I

0‘1221!24211015101011

-

totel

crNNNeNSras -



TABLE XI (CONTINUEDO

-22-

_ 88RERRRASIRILIRERRTES
© 0000000000000 0O0-000O~0O
§ grrsssrspnpnnsresnany
JRHHHH L
®  coan-ICnnnr RS d RN
o EBRGRBRIZARAAIIARARGR:
? ©000000C00O0D0O0O0O0O0O~=0
3 §fsegsrstrsnensaraany
- 850EiRR88800R80880RE0
' oconananNvArYS S Rgneney
. BBRRERLRtRNRIRITeRgge
4 000000000000000000110
8658888 LLEL8EER0REY

. seckadiicdiscnicatsts
CONNTMINNENNT~"PONOD =M

- wwvE Wl

-05

-0s

-05

e-03

-CS

-03

-05

0S5

-03
7.45e-06 0.43
§.949-03 Q.43
4.119-06 0.883
8.11e-068 0.63
4.040-06 0.58
4.25e-08 0.58
1.36¢-038 1.00
1.28e-08 1.00
3.48e-04 0. 10

'7.00008-01

B8ENRRERRRR YRS 08 888

ommmmwmmmmmmsm

FELEE Y
L X, ]

1.AANE e

sunn«n

§.0000e-01

'OGDWOI
totui

1.

-0t

8.0000e-01

8835C493R588278887888
010000000010001000010
SE5TsTaessannnganen:
derogriprekiacaiatis
evn-~nOnOND 255
mmmmhmhtithAziooaoic
8g3RRRARIRNIRIBARR 8B
O0~00000000D0O0O0OO~00OO~+~0
PEEEEEELEELRLLLRLERY
ge2as2esssessecness
A A Lt DAL T L
01‘104123110592‘02311
88578005 3RANRT8R2288
(-2-F-7-7-¥-7-7-¥-F-¥-J-F-J ¥ -¥-F.¥-L §-¥.]
CE8BEEeERBRE8228283
esfscislafisseiizies
OO rN~NB-NNOOVYTBIMRTe~0On
88RANNERLNEERR 20008
000000000000000000000
3888LLLLLLLELLELERY
HatEE I
CONNNNT MM NNNe 0N
R aRRRRRACRRORIREEYRE
1000000000?00001!0010
BEPEEonToBEnEERRERREY
§3%:g285R2R2303828882
R r NN T NS N, e RO e e N



TABLE X1 (CONTINUEDD

8RE8c8883588 82022458

oOooOoOooonooboomooo

ou«mwwm«m«ﬁ«a««mmm

total

288288880

rew >
L4 e & .
'1\‘5333‘.‘21".\'5172’

Ml

eoﬂn.-

os "’2’.537..'



T

TABLE XII

CIVEN AND CALCULATED LEAKRAGE SPECTRUM OF APRD REACTOR

Leakage Fraction

Group Emin(MeV) Emax (MeV) Given
1 16.9 19. 64
2 14,92 16.9 1.=3
3 l‘ol, 1‘092 2.-5
4 13.84 14,19 2.-3
3 12.84 13.84 6.~5
6 12.21 12.8‘ 70-5
7 11,05 12,21 2.3-4
8 10.0 11.05 4. 54
9 9.048 10.0 9.8-4
10 8.187 9. 048 1.59-3
11 7.408 8.187 2,633
12 6.376 7.408 6.19-3
13 4.965 6.376 2.059-2
14 4,724 4.965 S.47-3
13 4. 066 4.724 2,068-2
16 3.012 4,066 S.892-2
17 2.385 3.012 6.1°%=2
18 2. 307 2,383 1.058-2
19 1,827 2.307 7.637-2
20 1108 1.827 1.750-1
21 "+ 5502 1.108 2.376-1
22 «1576 « 5502 2,581-1
23 .1111 1576 2,460-2
24 5, 248-2 1111 2.483-2
25 2. ‘79-2 5. 2‘5-2 au 91-3
26 2.188-2 2.479-2 6.7-4
27 1.033-2 2,188-2 2,54-3
28 3,355-3 1.033-2 8.9-4
29 1. 234-3 3.355-3 1.6--a
30 5.829-4 1.234-3 3.-5
k)| 1.013-4 5.829-4 1.-5

Ratio of Calculated to Given Leakage
Above 3.012 MeV

3.781-7
1,.286-35
2.370-3
7.986-6

5. 849-5(14%)
6.362-5
2,354-4
Snlal-‘(SZ)
1.066-3

2. 001-3
3.258-3

70 6‘5"3
2,450-2(1%)
6.862-3
2.574-2
7.296-2
7.386-2
1.136-2
8.338-2
10903-1(032)
2.390-1
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FIGURE 2. NAGASAKI BOMB (FAT MAND



PREEG NEUTRON SPECTRA

ld ;--\....."’“'P‘-'--—-;
3 SOLID LITTLE BOY
1d - DASH FAT MAN
: -y DOT FISSION.
10
o J_..—:—L__L_,_
(1)) 10°
2 :
L 10
A
10"
2 3 ;
o) -8 1
- 10 : ,_‘;“_j’*" g
10° L]
11
10 rrimmy a
107 10° 10° 10 10° 10° 100 10 1d
ENERGY (MeV)
Los Alamos

FIGURE 3

.-L‘-



PREEG NEUTRON SPECTRA

10y
10° "*
10

10"
10"3

10
10°

1044-71ﬁ--rmq-|

Moles/kt—MeV

—
—
H
H
'
s
s
1]
H
H

H
SOLID LITTLE BOY
- DASH FAT MAN
- DOT FISSION.

3 v v La L§ L LI '

T T T T T
10°10°10°10°10°10° 10" 10 100

Los Alamos

ENERGY (MeV)

FIGURE 4

_88—



PREEG NEUTRON SPECTRA

10° E
3 SOLID LITTLE BOY
> . — T MAN
< 2 e DOT ION.
= 10
= 3 Ay
A - -
B 10
I -
= i '_
> B ———— '.
g ]
Lz 10 -;;i Y
} y w o
K ] . 3 |
o - 3!
= 10 Ve T T T T T T TR
107 10° 10° 10" 10° 10" ,

ENERGY (MeV)

FIGURE 5

-Bz_



YREEG NEUTRON SFECTRA

10 -
> - . SOLID LITTLE BOY
- - . DASH FAT MAN
& . \DOT FISSION.
= ; \
= 10 N\
A : \
& : ;
_c -
- J
= —2
- 104
N :
> : R
z -
© -
O —9 y
s 10 SN N
107 10°10°10°10°10° 10 10 100
ENERGY (MeV)
Los Alamos

FIGURE 6

—0£ -



Moles/kt—MeV

10™

Los Alamos

10710°10°10°10° 10 10™* 10

FAT MAN NEUTRON SPECTRA

ENERGY (MeV)

FIGURE 7

-[i_



FAT MAN GAMMA SPECTRA

10
3 e, P TR
i . “1_.DOT FM STREETMAN
: t _-L.
1075 |
3 =
> . : il
o = : i
= ; ; P
A 1072 i -I.:L’r
~ - s
J : =
) - -
2 -
o - | |
= 103 S
] 1
- : []
104 || Yy 7T 1701101 LR IR L l'r‘_!
10° 10" 10’ 10
L

ENERGY (MeV)

%

FIGURE 3

-z{-



FAT MAN GAMMA-RAY SPECTRA

. -

= -8

g 10

=3

N\

= -3

o 10

s

g
-

> 10

)]

=

9

; 10-6[ 1 T 1T T T1711] T T 71111 LA —
10 10™ 10 100

ENERGY (MeV)
Los Alamos

FIGURE 9

-



LITTLE BOY NEUTRON SPECTRA

10
10°
~ 10"
1))
=
J 10"
=X
>
D 10
©
:S 4
10

10 Lr1-|11q—1--1'|1'rl|-"r!-|-rrrl-—v-rruur'rrl'l'lﬂ —

10°

Los Alamos

10°°

10°

SOLID PREEG LB
DASH 2-DIM

io® 10" 19
ENERGY (MeV)

FIGURE 1)




LITTLE BOY NEUTRON SPECTRA

q

D= 4
g .
= 10";
Z E
.
A -
= 10-'-5
g G
Y -
s -
-3
L 103
> .
2 _
o
= 104

SOLID PREEG
DASH 2-DIM

10710°10°10°10°10° 10" 10

ENERGY (MeV)
Los Alamos

FIGURE 11

_gi -



LLITTLE BOY NEUTRON SPECTRA

i0 E
. ]
g B
(@5 -
5

10°%
A -
=3 i
-c -
s -
* -3
- 10 5
< .
> .
L n
z -
2 -
S 10t

Los Alamos

.-.--.....
-

SOLID PREEG
DASH R2-DIM

107 10°10°10*10°10° 10" 10

ENERGY (MeV)

FIGURE 12

_gi-



LITTLE BOY GAMMA SPECTRA

1(713
3
: SOLID PREEG LB
] K ‘-, ["| DASH 2-DIM
_1 H
~ 107= i .
] ; e
- i L.
. ' '! et
\;; — ; i A
8 103 i
O : ; i
= n i
4
10.‘ LI LR YV U RTNy] hJ v V1T 11T
10* w* 10" 10

ENERGY (MeV)
Los Alamos

_li-

FIGURE 13



LITTLE BOY NEUTRON ANGULAR DISTxIBUTION
(MOLES/KT-STERADIAN)

it AR TR

—
002

.
-
-
-
- no

________
-.“~-.- -‘-.-..'.o

|Los Alamos

Eicioe 1

. 0C



LITTLE BOY GRABLE NEUTRON SPECTRA

10
,,,,, SOLID GRABLE
10’ It W B DASH LITTLE BOY
~ 10"
(1))
=
10"
~
o
o 10" E
o i
=E <1: tr {7
10 e _’
10— LTTTﬂﬂr'TTTﬂHr‘TTTnm} ———— :“t"}.fj
10° 10°* 10° 10° 10" 10 10.0
ENERGY (MeV)
Les Alamos

FIGURE 15




LITTLE' BOY ASSEMBLY

- FISSILE MATERIAL

33—

e |
;

HYDRAULIC RAM

Comet Assembly Machine Showing Little Boy Assembly and
. Fissile Material Mounted on Hydraulic Ram.,

FIGURE 16



-41-

am ' LOEWE and MENDELSOHA

Two measut
the results supy
in Fig. 5. A ker
1 m was measw
In companison
spectrum ¢ o)
have used.'t o

1 m is obtane
2 fiss/kt from Rel
10 dREo from the LAN
scale directh w
‘ value 15 in fact
\ 8oy integral quantit
kerma at some
between calculki
credibility e
ichiban Assembly trum a5 a sour
transport i< del
trons.'* and th
spectrum it weif
Also suppot
trum v the n

10‘ '—'*"YT—T*’YT‘V

GODiva

10— T T T T Hiroshima Bec
0 1 2 ] 4 5 @ neutron transpo
tion of the pot

Neutron energy, € (MeV) obtained is dele

Fig 7 Nautron lesk 0 e, | Table V' she
0.6 Mf'\' skage euerg) specita. nornelized a Little Boy and 1

of thesc spectr
13 apparent. It
MAn snectrum

FIGURE 17. COPY OF VERY PREL.IMINARY LITTLE BOY CRITICAL
ASSEMBLY NEUTRON SPECTRUM AS RECEIVED FRUM DREO.




