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1, Spontaneous fission rates

fissions
-i— r W WD 2k ¢4 WP AR L O WD AP LS W B

28 507 — oV 500 Kgo

Pissions

+

25 10,5 X 3.8 B3 RE:

49 < 40 fissions

sec Kge

2, Impurity Linits in 49

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

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

not the frection of the impurity that determines its effect but the toial

ASn
amount so that the limits are ac{mally“proportn.onal to the total mess of 49,

Co Ni

3x107% 7,5 x 1072

1i Be B c N 0

3x 1077 1.5x1077 5.5 x 1077 1.2 x 10~ - 2,2 x 104
Tle e g Al Si P

1.5 % 10™° 1.3 x 105 1.4 x 1075 2,8 x 10D 1.3 = 10~4 10~3

cl K Ca T Cr o

1.5 %107 7,5 x10% 1.5 x 10" 3 x 1073 7.5 x 107° 1.5 x 1072
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| LuTa7 = 3,650 “angh.
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3. Back scattoring of dense eleflents FC

° ¢ o
[ L ]
2 ese B 208 " d

- - A ¢ ey o --.w----——--—.———.-‘u
'*.uement Cross-section for elastic scattering Elastic bacl: scattoring
in backward hemlsphere in Barmys per cc
1.5 lev 5 Mev 1.6 Mov . 5 lev
Pb P 1.63 1.06 064 «035
T . 1.7 049 :
Bi s :
13 ‘Pt ® 71 048 0047 9032
Pt
W W 73 47 . «046 «030 |
Au n Y o017 049 . «046 #029
[} Te. T& 053 . 040 4029 3022
e A

In this table, all seattering wih:ich leaves the neutrons above the
{ission threoshold of 28 is called elastic, The bacl zeattering in Uranium ap-
pears Lo be of tho same order of magnitude as in Pt, W and Au but is less cer-

tain beonuse of a larpge fission correction,

4+ Thermal neuntron fission cross~sections

7 (25) = 600 x 1024 o at kT

~+3

o (49) = 1200 x 107%% ® at KT based on % life = 20,000 yrs.
- (23) = 1200 x 10™%% on? ot kT

-+

5. MNumber of noutruns per fission for 285

V=22

4o VL -

——— . ..
Ue = O,\

and ri:' 24,6 x 10~24 am? and C=3.2 x 1024 ¢n 2

This is based on 1,29 (c190)

in normal Uraniun (CP257),

The probable error in ¥ is at least 10%.
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6. liscellaneous noutron cross-ssécﬁl.ggs Qe Barkes) - —~
: <
Thernmal neutrons (Bnergy XkT) N =221x/0 """‘/m,c
Hydrogen o =633 G, =42 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’ ]
RBoron 0: = T40
Henpganose g, =120 .
Indiun a; = 160 g¢
W E 2
Uranium @ = 3.0 ¢ =12 ik 5=
(norneal) = AR
g = 43 ~ZE 73
f =1 Fi=—d
0 = 763 LZ’E mTZ e
ch. Ga= 2900 —tpELs
seo also CP333  CP729, H B
CoE £ B3
Fast noutrons sce CP334  CF458. 1 B
ZW- =2
'é S e =S

7+ Calibration of slow neutron detectors

1. Indiunm Poils
The standard foii at Chicapo is & x 6456 cmz, 5 mils thick and weighs
244 gm. The standard Gd covering is 20 mils thick., If the actlvities A are

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

the thermal neutron flux nv = ,102 Abh/(cm‘??.go“g) Wh'éra.,’A_";h.s'v( 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,

8l80 Qyy, = ,00143 Agg where gip is the number of neutrons per cc orossing In
rosonanco energy per sece
2. langanose Dioxide Foils

av = +80 (A/gn) / (omd.s88): °
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8, Calibrstion of fast neabron detectors

1, Iydrogen-containing gas
For neutrons traversing a chamber of methane at atmospheric prassure (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 o6 lleve
002 05 1 1.5 2 3 5

Energy (Mev)
3 2,3 1.5 = 1074

Probability of recoil 10 Be2 4o 2.5

Recoils over 5 liev - 0 2.2 2.3 2.2 1.9 1,35 x 10~%

The probebility of a rccoil (detection efficiency) is proportional to the
gas pressure and to the number of hydrogen atoms per molecule.

2+ Thin paraffin
For noubrons traversing et ripht angles & layer which is thin conpared to

tho range of the protons, 1 mg/cznz of paraffin is equivalent tc 0.89 cm of methane

alt atmospheric pressure (case 1),

3e Thick paraffin
For nentrons incident normal to e paraffin slab of which the thickness

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

information a1l cling e

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

neutron.

ul

This document\

leutron enérg;,' 0.2 0.5 1 1.5 2 3 6 Mev

“fficiency of detection 2.4 3.7 5.2 7.8 12.5x 10™%

4, Fast Fission

A detector of 28, of thickness 1 m(;/emz, with neutrons incident on it at

right angles has an efficiency 1.7 X 1(3:‘_6_

5¢ Induced radiocsctivity O

Efficionay 1072 o 10°5%. i
S5 %
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9, Scattering crossesections of Gdrkbng 0x§gaﬁ? fouterium

These curves are based on reliable measurements taken by Williams with

the Van de Grasf at Minnesota. (CF599 and CF507)

10. Scattering cross-section of Hydrogen

This curve is a copy of that by Bolm and Richman. It is based on a
square potsntliel hole with a square teil which fits best the measurements of

williams (CF599).

11, Fission cross-sections of 25, 28 and 49

The curve for <~ (25) is due to Hanson (CF618) and is considered roliable
for relative values. Two absolute scales are given: one from the coincidence
counter calibration of Hanson (CF618) and the other from Munpganese bath com-
parison with Chicago standard Sources by Hanson (CF638) and by Heydenburg (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
energy valuese 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 energy points by the second (CF636). The shaps of
ocurve so drawn seems inconsistent with the low energy points. The *Qf(49)
ocurve is besod on relative walues of 7%%»%%§%~ obtained at L. A. up to 1 Mev.
The curve is continued above 1 lMev by means of & high energy point by leyden-

o

49
burg. (CF626) . ”25?”%25} (thermal) is taken to be 2.00.
:
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12, Angular distribution of sce.‘ate_z:i:_;}?‘é_:_-i_‘;:L Eﬂi’g}l m 3

The scattering {rom 90 %o 180" was obtained from measurements on back

seattering ot Visconsin (CF625). That from O +to 907 was obbtained 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 somewhat

changed by more eccuraie evaluation of corrections.

13, Cross-sections of Uranium

The totel cross-section wes measured at !innesota (CFB07). The elastic
and inelestic scatbtering cross-sections wers obtained from the preceding meas-
urenents together with « total and 'r fission. The trensport cross~section was
also obtained from the anpular distribubion curves and includes inelastic scabtere
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 4o indicate the lack of any roal discontinuity. 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 calibretion which reduces all energies to 3/4 of thoir value,

The spoctrum is normalized to v = 2.2,
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15, The Carbon d-n source *°

The shape of the thin target yield (crosse-section) curve and of the
thick targotyield ourve was obtoined from thin target measuraments at Riece
(Phys. Rev. 58,185, 1940) and Minncsota (Phys. Rev, 60,80, 1941)., Tho absolute
velue of the thick target yieid at 875 Kev was obtained from a celibration by

Heydenburg (CF604)e. 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
got curve for E3® .5 llev at Rice (CF350), en absolute thick target curve for
Eg < .3 Mev at Chicago, and an absolute measurement for a thick target by

Hleydenburg (CF604) at 900 Yeov,

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

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

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

nge
-Eﬁﬂ’"—" of lithium target, and per unit solid angle in the forward dircetion.

The following conversion factors mey be used:

mg ) e
1 ewege= of Li = 1.04 ~===z=- of air equivelent
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-onerpy relations

For fast o =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. 54, 18 (1938). The curve for slow protons in air is a

re~evaluation of the exporiments of Parkinson, Hefb, Bellamy and fudson, Phys.
Rave 52g 75 {1937).

The range-énergy relation for deuterons in (hesvy) water was calculated

by Ashkin on a purely theoretical basis. The theoretical stopping power for oxygen

which was used in these calculations was compared with the experimentel data for

aiyr and fourd to be in satisfactory agreement (about 3 percent difference after

carrecting for the different nnclear charge). These calculations together with

curves for the stopping power of Hp snd Oy will be published in Los Alamos Report
'/;’12 by Ashkin,
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19, Tsotopic masses and ebundencde § 3+ 3 ¢ 33
o . o:. : o:o :0. LA

This teble contains the i.sotOpic 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 accurately known than for the heavier elements. The
lighter masses were caloulated talking inte account all of the more sccurate
deta f{rom wmass spectrograph as wall es disinbtogrations snd attempting the
best possible fite

Abbreviations used in the isotopic meass table:

Abundence: For sbeble isotopes, the abundance is given in percent,
Radloactive elements are indicated by the particle they emit (ﬂ - or 6 +);3
{30 meens that the nucleus ceptures an orbital electron but dces not emit
positrons. P means instability against disintegration into heavy nuclear

particles,

llass values in parenthesis rcfer 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. For theorctical estimates, the “orror" is usually not given.

Sources of the data gre indiceted as follows:

I= calculations by Betby J. Isaacs, Cornell University, Master®s Thesis, 1942

W Vigner, Memorandum 24, April 2, 1940,

B=Barkas, Phys. Rev. 55,601 (1939)

M=Mass spectrograph value {usually most reliable)

D =from Disintegration Experiments involving heavy pafticles

from end point of ;‘i‘nspectnm S

cr sy P e

C= calgulated value

corr =correctod in view of more recent accurate detormination of the mass of

e neighboring isotope from which the mass of the given isotope is oOb=

teined through e disintegratidn heggurdnogb gria theoretical estimate
.oo .:. :oo o:o :oo :o. //://
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Abundance ti&'as:- :. E‘c;:rcr_'
percent ©oe x 109
e v 1,00893 3
99.98 1.002123 0.6

202 2.,014708 1.1
[ 3.01702 34
10™8 3.01700 4
100 4.00390 3
P 65,0137 35

L - 8.0209 50
P (5.,0136) (60)
749 6.01697 5
92,1 7.01822 6
(3= 8,02502 7
24 6,0219 {100)
e 7.01916 7
p 8.00785 7
100 9.01503 6
3= 10.01677 8
P (11.0277) -

P 9,01620 7
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Element A
Sc 45
Ti 46
Ti 47
Ti 48
Ti 49
Ti 50
Ti 51
v 51
Cr 51
Cr 62
Cr 53
In 55
Fe 54
Fe 56
Fe 57
Fe 68
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