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Doctor Wright Langhem
: P.0. Box 1663 l’w Al therity ef tl m,_’!:‘«“a-

Saente Fe, New Mexico CO?ETSKTE i ﬂ-
Dear Wright: %% L

’ Joe Nolan has gotten together & group of
CROSSROADS photographs which have been released for public
views, and these were forwarded on to you today. There-
fore, you should probably receive them even before this
letter since no problems of delivery are involved.

In golng through the safe in the main
CROSSROADS office they discovered a copy of the section
of our report desling with the neutron flux. This copy
was supposed to have been delivered to you by courier in
September and I must apologlize for such & bad foul-up.
Howewer, I am now enclosing it slong with a copy of a
graph showing the variation with distences for slow neut-
rons. The points used on this graph were carefully
selected to make sure no shielding of any sort existed
and their accurate locations on the ships were used in
computing the distances. As you will see, they agree
quite closely with the predicted equation of Hirschfelder
and Magee.
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In esnelyzing these neutron results, w have
raised a few questions. We have put them to Doctor
Dessauer and he is checking them, but I wondered if perhaps
you or some one at Los Alamos could &lso help us out. The
first point involves the question whether the Sulphur pllls
are measuring all the fast neutrons which are of physié-
logicel importance. Since the minimum energy of the
neutrons captured by the Sulphur 1is between two and three
Mev and since it is our impression that & number of the
L fast neutrons of physlological significance asre in the
energy range between 1/10 and 2 Mev, we thought our
m‘values might be considerably in error. Would it be possible
8 to obtain the energy distribution of the fast neutrons which
© actually get out of the bomb? Another point involves the
“ question of whether we are using the proper cross-sectlon

. for thgu@ﬂgﬁgggﬂgggbpills, since they may in practice be
Ch&fwmonckm ?REUr ons with energies greater than the
by &uthwority of t@'%ﬁ.ﬂc bﬂnﬂi(‘uﬂm ission, ;
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Letter to Doctor Wright langham (Cont'd)

We are also trying to celculate the absorption
of slow neutrons by steel. Do you know of any data at Los
Alemos which would help us out in this respect? Unfortu-
nately, our experimental data from the pills placed around
the various ships is not too satisfactory because of the
tremendous scattering of the slow neutrons and the conseq-
uent difficulty in measuring the thickness of the steel
shielding.

Some tirme ago we wrote to Doctor Holloway
to see if any of the data obtained by Linenberger and Ogle
could be used to obtaln neutron flux, but as yet have had
no reply. I also wondered if you had succeeded in getting
Dessauer's neutron films calibrated. The more data we can
collect the better chance we will have of coming out with
at least & reasonably accurate answer,

I hope this sudden onslaught won't completely
snow you under, but we are desperately trying to tie up
some of our loose ends before the powers that be maske their

declisions.
Sincerely yours,
Fete.
Herbert Scoville, jr
Encls:

1 greph, Top Secret, 1 page
App XIII, 8 pages, Neutron Dosage from Sulphur and
Phosphate Pills.
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: | BUBJECT: Reques$ fer information en sulphur and phosphorus mﬁ'cron capture oross~

‘uctivon-, o UNCLASSIHED " _ | M/

Buclesed 1s & olassified letter from Dr. lirbort
umu. of tho Isvy nopu'tnnt. doint crourol.da conitﬂsoo. In this

ks

: httor. o nqu"to lnrorntion roprdin; She energy dhtributicm of

. :ut tinion uutml. Be also uk- for lnfomtion regerding tho
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uutron sapture orou-uctim or nulphur lnd phoaphom.

. This information is of eonsiderable importance %o
She srossroads sommitdee in order that they may interpred data taken
at orbinr,uﬂn in tufu of the physiological significance of the
nsutrons emithed from the bombe ZThey uhg request information regarding

. your msasurements of fast neutren flux from $he Bikini tests.

: 1 san see no reason why the ecoxxittes whould not be

% given ¢his m.rution: If you will write me a letter regarding the
questions Dr. Boovuhﬁ asks, I will olear it shrough the proper ;mll
and send 1% o $he Oressroads Commistes.

’ 4 think it would bo'o.pprbprnh u;o for you to refer
_, th- u your report un-wr and %o 1A report §#616, These documents
: Mi In avallable to the crouroul Committee as I’ udorlhnd thny
. hvu uoou S the Ignhltﬂn Distriet tuu.
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FROM: - Ge Ao Lfgnenborger

- o 8 - . DATE January s1st, 1947
To: Wright Langham m ) -
| ‘ — > UNCLASSIFIED | L

o ‘ X ’
SUBJECT: Neutron results from Crossroads measursments : : \j"ﬁ/

I am returning herein your letter fror H., Scoville and will take up in order the
questions raised by him. ' Conoerning the neutrons ir the physiologically interesting re=
gion from between ca. 1/10 and 2 Mev,, reference should be made to my Crossroads Te?h-
nical Instrumentation Report--Project Ho. Vil-2 (Los Alamos reference notation i LANS-
447), &p which the number of neutrons having energies greater than 3 Mev. is given for
41 s0lid angle :as a function of distance. If this curve (taking proper account of dis=-
tance équared factors) is compared with the phosphorous activity curve sent you by Sco-
ville, I think a few qualitative considerations will indicate that the slope of the lat-
- ter curve may be considered the upper limit for the slope of the number-distance curve
for any neutrons of intermediate energies. also, the number of these neutrons will‘ggg
be less for a given distance than the number indicated by the phosphorous curve, The
reasoning briefly runs as follows. Assume for the moment no captmre by nitrogen and
oxygen in the air. The scattering mean-free-path of those neutrons for which phosphorous
is of any value as a detector (i.e., slow 4o thermal region) is sufficiently short as
to require that they be "born" of higher energy neuirons at or near the point of capture
by phosphorous; i.e., they do not emerge from the bomb with these energies. The "parents®

. of the "phosphorous neutrons™ may ther in a sense be considered as all those reutrons

which the sulphur does not see; and, were it not for capture, they would be equal in num-
ber to the purent néutrons. That the slope of the distritution curve for neutrons of any
intermediate energy will be less than that of the phosphorous curve, is basad on two con-.
siderations; (a) the usually rsliable assumption that the scattering erozs section will
decreass with increasing ensrgies; and (b) the fact that the slowing down distance in-

' creases with increasing energy. Applying (o) and (b) in reverse will serve to make plausi-

ble that at the same tire the slope of the sulphur curve will be a lower limit for the
slope of the number-distance curve for neutrons of an intermediate energy. Hers, however,
no comparison can be made concerning the sctual numbers of neutrons. In fact, it is rea-
sonable to expect that due to general degradation more neutrons emerge with energies less
than 3 Mev., than with energies greater than this. ~ ’

It is by no means a sﬁmp1§ matter to make any sort of quantitative analysis of the
energy spectrun of neutrons from the bomb; however, I am appending a memorandum by
Holloway which may shed some light on the matter. : :

- The cross section for absorption of zlow reutrons by phosphorous used by Scoville
agrees with the generally accepted value of that gquantity for thermal neutrons, and hence
known about the wariation of this cross section with energy so that I am at & loss to know
wphat to suégest:as & better value. On the other hand, the cross section for the
8 (n.p)PS reaction may be regarded as a step function rising very steeply at 5 Mev. to .
& constant value of about 0.4 barns (See Klema, los Alamos report la-515),

~As for the abhorptiOn of slow neutrons by steel, fho thermal aﬁsorption Crosg sec-

tion of Pe 4s aboui 2.5 barns; so that the capture mean-free-path or e-folding distance
comes to 2.8 cm. - - o
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SPEC TRU} OF NEUTRONS FROL EXPLOSIONS

““C\.ASS\E\EB M.G. | dolloway &

— h
— 29 January 1947 J (\4

I understand theres is some question as to whether the spectrum of

neuﬁrons is a sponth function of has peaké and holes in it. I believe some light
caﬁ be shed on thie point, but anything further is & project of some magnitude,
The fission nsutrons spectrum is a Smdoth function of energy having a maximum at
about 1.8 Mev and extending, with small ordinate, up to 11 ksv. Collisions of the
neutrons with matter after the explosion will decrease the average erergy of the
neutrons.

If there should be a strong resonance scattering or absorption in the air
atoms, tﬁen the gspectrum nesd nnt necessarily remain a smooth function. In oxygen
there are several resonances in the scattering cross-secction; at about 3.€& lev (3
barns over a hackground of 1 barn), at 0.9 Mev (§ barnc over a background of 2 barns)
and & rapidly rising cross-section towards low energies (about 6 barns at 0.4 Mev).
The vresencs of & scattering resonance which has a cross-section say twice that on
either sids of the resonance leads tn the condition that’there are fewer neutrons
existing at the energy of the resonance, since neutrons are scattered out of that
energy region twice as fast as tle y are scattered into it. Thus, one would expect
a "héle“ in the spectrum at the energy of the resonance. &owsver, one should not
expsct any sharp holes, since the resonances are fairly broad and the energy lost
per collision is not & definite fraction but depends upon the angle of collision. In
nitrogen there are absorption resonances at 1.45 Mev (0.085 barns over backgrournd of
0.01 barn), at C.7 Mev (0.12 barn nver 0,01 barn) aad at 0.55 Kev {0.06 barn over
0.005 barn. These absorption resonances are not strong enough to appreciably change
the spectrum, since only 1/10 of the neutrons see these resonances; the average

scatiering cross-section is about 10 tires greater than the resonance cross-section.
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SPECTRUL OF NEUTRONS FROX EXPLOSIONS - Page 2

29 January 1947

In conlusion, 1 see no reason for the spectrum of neutrons to be very

jrregular. The inforimation on scattering and absorpiton cross~-section was

obtained from LA-140 and LA-140A.

MGH : MK M. G. iolloway
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