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1, Spontaneous fission rates

28

25

49

2, Impurisy Linits in 49

10.5

The following impurity limits are given in parts by weipght, and are -

fissions

WA

°5 L L ORI TRTRAT e T

s8¢ Kge
fissions

fissions

86C Kgg

sec Kge

bassd oa 3000 n/sec for any one impurity in 20 Kg of 49, Strictly, it is

not the {raction of the impurity that determines its effect but the total

ASn
amount so Lhat the limits are ac{mally“proportlonal to the total mass of 49,

1i Be
3x 1077 1.5 x 1077
e Ma

1.5 x 10™° 1.3 x 10~5

c1 K
1.5 x 107 7.5 x 1074

Co Ni

3x107% 7,5 x 1072

2t 5v¢na<7 Y%

| Ky = 7.2%00"

1

B .

5.5 % 1077

g

1.4 x 1075

Ca
1.5 x 103

-—

| LuTa7 = 3,650 “angh.

>
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g
§Plocee
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C

1.2 x 10™4

2,9 x 10°°

Ti

3 x 1073

o
:
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N
Q
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N 0
- 2,2 x 10~¢
Si. P

1 I3 X 10.’4 10'"3

Cr o

7.5 x 10™° 1.5 x 1072
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\
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3o Bacl scatboring of dense eler:’mgte'. .:' H

i et . abe be S C e B —
'ﬂement Cross-section for elzstic scatbering Elastic bacl: scattoring
in backward hemlisphere in Barmys per cc
1.5 lev 5 Mev 1.6 Mov . 6 liev
Pb PL 1.63 1.06 054 035
B . 1.7 <049 :
1 \ ) B' ’ 3 DT
13 ‘Pt ’ ® 71 048 0047 90 32
. Pt oo
W W 73 047 . <046 «030 h
Au . n Y o017 49 - «046 »029
[} Te. T& 053 . 040 . 4029 3022
e A

In this table, all seattering wihich leaves the neutrons above the
{ission threoshold of 28 is called elastic, The bacl: seattering in Uranium ap-
pears o be of tho same order of mapnitude as in P4, W and Au but 1s less core

tain beonuse of a larpge fission correction,

; 4e Thermal noubron fission cross~sections

7 (25) = 600 x 10724 o at kT

7 (49) = 1200 x 107% w® at KT based on % life = 20,000 yrs.

.
T (28) = 1200 x 10724 on? at kT

¢

S¢ Number of noutrons per fission for 285

V=22

<

This is based om  fsmamafems = 129 (c190)
. T
and 2406 % 1072% o and G@=3.2 x 10724 om 2 in normel Uraniua (CP257),

G

The probable error in ¥ is at least 107.

i rnaetIBED
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6. Miscallaneous neutron 01‘08315&(}:‘:159}}‘8 (32 Barkes)
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e T

~ <
Thernal neutrons (Bnergy xT) N =2.20X00 M,
Hydropen =033 63342 L diff in Np0=2,86 cm.
Deuterium | 0o = +001 C; = 5.7
Graphite G = #0049 Q= 4.8 L 4iff (AGK)=4Bem, L(AGOT)= 60 cm,
C’ -t
RBoron 0 = 740
Henpganose g, =12.,0 .
Indium a; = 180 2¢
R
Uranium @ = 3.0 ¢ =12 il 5=
(norneal) = AR
g = 43 - £
f —E
0 = 763 LZ’E T Ze—re—
ce. s 2900 arl T
seo also CP333  CP729, H B
1
Fast noutrons see CP334  CF458. 1 e
£l =2
ESed ==

7+ Calibration of slow neutron detectors

1. Indium Toils
The standard foii at Chicapo is & x 645 cmz, 5 mils thick and weighs

2.4 gm. The standard Gd covering is 20 mils thick, If the activities A are

moasured in counts per minute at seturation on standard thin wall countors then

the thermal neutron flux nv = .102 Abh/(cm;zfao“é:) whors Ay, w (A - 1,07 Agd). Here

A3 is the activity of the foil when coverod with cadmium and A is the activity

of the uncovored foil,

8180 Qyy, = ,00143 Agg  where gip is the number of neutrons per cc orossing In
rosonanco energy per soce
2. langanose Dioxide Foils

nv = <80 (A/gm) / (0123:8.(55)5 ¢

_ e e
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8. Calibretion of fast neabron detectors

1, Iydrogen-containing gas
For neutrons traversing a chember of methane ab atrospheric pressureg (20 C.),

the following table gives the probability of a proton recoil per cm of path of the

neutron. The second line gives all recoils, the last only the recoil protons of

energy greater than 6 lleve

T'Snel‘gy (IT@V) 003 0.5 1 1.5 2 3 5
Probability of recoil 10 842 4¢3 3.5 3 2,3 1.5 = 104
Recoils over o5 llev - 0 2,2 2.3 2.2 1.9 1.35 x 10™%

The probebility of a rccoil (detection efficiency) is proporitional to the
ges pressure and to the number of hydrogen atoms per moleacule,
2. Thin paraffin
For noutrons traversing at right angles a layer which is thin compared to
tho range of the protons, 1 mg/cznz of paraffin is equivalent tc 0.89 cm of methane
al atospheric pressure (case 1), |

3e Thick paraffin

For nentrons incident normal to e paraffin slab of which the thickness

on ail.cting 3,

is lerger than tho renge of the fastest recoils, the following table gives the

informat;

total number of protons emerging from (one side of) the paraffin per incident

neutron. —_—5
| =

leutron energy 0.2 0.5 1 1.5 2 3 6 Mev =
-

sfficiency of detection 2.4 3.7 5.2 7.8 12.5 x 107% g3

E :

4, Fast Fisgion
A detector of 28, of thickness 1 mg/em®, with neutrons incident oa it at
right angles has an officiency 1.7 X 1(2:‘_6_

5¢ Induced radiocsctivity ., *

Efficionoy 10-5 +0 10-3.00 eee Soo ese See oo

APPROVED }.GB::P@BLEC Rélease  MLASSIFIED
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9, Scattering crossesections of Gdrkbng Oxégéhf fouterium

These curves are based on reliable measurerents taken by Williams with

the Van de Graaf at Minnesobe. (CF599 and CF507)

10. Secattering cross-section of Hydrogen

This eurve is a copy of that by Bolm and Richman. It is based on a

square potential hole with a square teil which fits best the measurements of

williams (CF599).

1ll. Pission cross-sections of 25, 28 and 49

The curve for <7, (25) is due to Hanson (CF618) and is considered reliable
for relativo values. Two absolute scales are given: one from the coincidence
counter colibration of Hanson (CF618) and the other from Munganese bath com-
parison with Chicago stendard @ources by Hanson (CF838) and by Heydemburg (CF636).
The two scales are glven to omphasize the present unreliability of the abso=-
lute values. Segre's points (CF403) are not included because of doubt of the
ensrgy values. These two scales introduce a distortion of the I (28) curve
since the low energy (< 2 Mev) points were measured according to the first
scalo (CF618) and high erergy points by the second (CF636). The shaps of
ourve 5o drewn seens inconsisbent with the low energy points. The ’Qf(49)
ocurve is besod on relative walues of :%?u%%g%u obtained at L. A. up Lo 1 Mev.

The curve is continued above 1 lMev by means of a high energy point by leyden-

‘= (49
burg. (CF626) . *2&?”%25} (thermal) is taken to be 2.00,
z

3330808 3. nunt AQQIFIED
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SEE:
[ 1]

320 Anpul distri - ® as . 5._..-1 ° 00 E
ngular distribution of scatte_z‘;‘ggi A’ Uranign §

ELIN PR
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The scattering from 90 %o 180 was obtained from measurements on back

scatbering at Viisconsin (CF625). That from 0 to 9¢° was obteined from
fo® . o )

measurements at Minnesota oi;[‘, cg,d(cn &) with @= 30 , 60 , 907, end from

measurements of the total cross-section. These results will bs somswhatb

changed by more accuraie evaluation of corrections.

13, Cross-sections of Uranium

The totel cross-section wes measured et !innesota (CF507). The elastic
and inelestic scatbtering cross-sections wers obbained from the preceding meas-
urenents together with « total and 'r fission. The trensport cross~section was
also obtained from the anpular distribubion ecurves and includes inelastic scatbtere
ing end fission, The usuel dofinition of inelastic cross-section (scattering to
below the fission threshold) breaks down below 1 lfev, a smooth curve wes drawn
in this repion to indicate the lack of any roal discontinuitye. These results

will also be someWhet changed by re~evaluation of the corrections.

14, The fission spoctrum

The fission spectrum is that reported by Bloch (CF525) with the more
recent energy calibrebion which reduces all energies to 3/4 of thoir valueo

The spoectrum is normalized to v = 2.2,
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15, The Carbon d~n source e eee soe

The shape of the thin target yield (crossesection) curve and of the
thick targetyield ocurve was obtninod from thin target measurements at Rice
(Phys, Rev, 68,185, 1940) and Minnesota (Phys. Rev. 60,80, 1941). Tho absolute
velue of the thick target yieid at 875 Kev was obtained from a celibratiom by

Heydenburg (CF604). This gave absolute values for both curves,

16, The D20-ice d-n source

The anguler distribution curve was mnoasured at Rice (CF350). The othsr
curves (thin and thick terget yields) were obtained from e relative thin tare
£ot curve for E;7 o6 lev at Rice (CP350), en absolube thick target curve for
Eg < «3 Mev at Chicago, and an absolute measurement for a thick target by

loydenburg (CF604) at 900 Kov.

17, Heutron yield from Li~p=-n reaction

The curve is based on measurements of Hanson with a Visconsin Ven de

Graaf renorator, It gives the yield per microcoulomb of proton current, per

ng
-555"-° of lithium target, and per unit solid angle in the forward direction.

The following conversion factors may be useds

mg ) e
1 ewege= of Li = 1.04 ~==Zz== of air equivalent
om en

=164 kv stopping power at the reaction threshold (1.8 llev)

Cross-section (for solid angle of 4 ¥v ) in barns

=285 x 10"’ % yiold given in curve.
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18. Renge-ocnerpy relations

For fast ¢ -particles and protons the curves in the article by
Livingston and Bethe in the Reviews of Modern Physics may be uscd. The curve
given here for slow X -particles is based on measurements by Holloway and
Livingston, Phys. Rev. 5¢, 18 (1938). The curve for slow protoms in air is &
re«-evalgation of the exporiments of Parkinson, Herb, Bellamy and fudson, Phys,

Reve 524 75 (1937).

The range—énergy relation for deuterons in (heavy) water was calculgrbed
by Ashkin on a purely theoretical basis. The theoretical stopping power for oxygén
which was used in these calculations was compared with the experimentel data for
sir and fourd to be in satisfactory agreement (about 3 percent difference af'ter
cerrecting for the different nnclear charge). These calculations together with

curves for the stopping power of Hy and 0y will be published in Los Alamos Report
{12 by Ashkin,
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19, Tsotopic masses and ebundencd. & $° :

This table contains the isotopic mass values which we consider most

velisblo. As can be scen from the given "probable errors’, the masses up to
neon are very much more accurstely kpown than for the heavier elements. The
lighter masses were caloulated taling inte account all of the more sccurate
data {rom mass spectrograph as well es disintesrations end attempting the
best possible. fite

Abbreviations used in the isotopic mass tables

Abundence: For steble isotopes, the abundaence is given in percent,
Radloactive elements are indicated by the particle they emit (ﬂ - or 6 +);
{30 meens that the nucleus ceptures an orbital electron but does not emit
positrons. P means instability against disintegration into heavy nuclear

particles,

llass values in parenthesis recfer to nuclei which have not yet been
produced,
The errors listed are meant to be about 3 times the probable or Twice the
"standard™ error. TFor theorctical estimates, the "orror" is usually not given.
Sources of the data gre indiceted as follows:
I= calculations by Betby J. Isaacs, Cornell University, Masbter®’s Thesis, 1942
W Vigner, Mermorandum *24, April 2, 1940,
B=Barkas, Phys. Rev. 55,601 (1939)
M=Mass spectrogravh value {usually most reliable)
D =from Disintegration Experiments involving heavy partlcles
from end point of ,‘; ~spectrun . oo prenn 5
C= calgulated value |
corr =correcbed in view of more recent eccurate determination of the mess of
e neighboring isotope from which the mass of the given isotope is ob=

teined through e dl.alvtegratlon po;;quneu,t Qr'a theoretical estimate

®ee 050 see eoe oo oo’ ./'-'///./
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Element A Abundence  Ifgsses® 3°° ':"7:, Zxyor Source
percent Jeod ::' .é. :.. ], 05
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