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An experiment is 1in progress to measure the al;solute value of e:ta
of 1*33 vy & nanganese bath techuique. Tt is hoped to obtatn the
.. absolute value of n with an accuracy of 1% or better, Below is a short'l
description of the method axlen estimate of theerrors involved,
. Any suggestions to improve the e;;periment » the calculation of the

corrections or for inclusion of more corrections will be welcamed.

PR

Description of the‘Method et of the Apparetus
'Ihe apparatus consists ma.inly of a 60:in.:long collimator, one end
of which is aga.inst the Bulk Shielding Reactor, th.e other end in the
middle of a 42- in, I.D. sphere filled with a 100 gn/liter Mnsoh solution '
inwwjat_er, By meeSuring the rétio of the activation of the mengenese in
the bath when ai0233 sample is in the center of the sphere to the
manganese activation when there is no sample » & value is obtained for n.
A sketch of the experiment is attached. Engineering designs ha.ve been
printed under Q-,eoe"(° ‘ R
N , s
‘me method consists of measuring the ratios R:1 of the specific
activity of the manga.nese bath to the activity of the manganese monitor
foil f’or th.e four following situations:
l,- The sample is placed in the center of the manganese bath with
the uranium foil facing the beam. (See detail of sample on Fig. 1.)

2, The sample i3 placed in the center of the bath with the cadmium

foil facing the beam.,
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3. No_sample in the cemter of the Dath.

b. A cedmium foil 1is placed in the center of the bath, in the

semple position. - o _ o
Eta is then obtained, except for small correctioms, by the follow-
ing ratio:
R =R

(1) Tsub ca = R, - H,

Nine corrections to Eg. (1) have been comsidered, they are discussed

below,

, Correctioms .

1. Self-Multiplication

o ‘Eor each thermal neutron absorbed in uranium, 7 fission neutrons are
prcduced,nbefore those neuprons egegpe the uramium_foil they may produce

further fast fissiom, the apparent imcrease of 'n can be estimated as:

| . fast =8y, ~ -
(2) 1+ (nfast - 1) Zy 28(1l + e %) = 1.03 + .002
where
fast -1 ‘
Za o= «11 cm ~ is the macroscopic absorption cross section
of uranium for fission neutroms,
Noast = 2,76 is the number of secondary neufrons produced by

a fast fissioenm,
T = 28,14 cn”t 1s the macroscopic absorption cross section

of uranium for sub-Cd neutrens,
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3
8 = ,025 in. is the thickness of one uranium foil,
‘;Q_Eq.“(g)kthgse_neuégénS'pfoduced by fast fissions in-oneisiéé of -
the sample due to fission neutrons originsting in the other side have
been neglected, the solid angle under whiéh’oqg side:sees the other,
being small. The numerical value given for Eq. (2) and its efror'were<

computed by L. Dresner with s more refined calculation.

2., Transmission

Some fraction of the "thermal" neutron beam traverses the three
0025-in,-thick uranium foils and is subsequently absorbed in the
.020-in, cadmium foil. Those neutrons will not produce n secondaries,

The qpparént decrease of 7 can be estimated as

(3) 1-eF% - 9953 + .0005

where the symbols have the same meening as sbove; the 10% uncertainty
in the calculation of the transmissicn is based upon an estimate of the
uncertainty in the thickness of the foils, the cross sections, etc.

3. Scattering

Some thermal neutrons may be scattered out of the uranium sample
before béing gbsorbed. Most of those "scattered-out neﬁtrons" will come
from the first .025-in. foll. The apparent decrease of 7 caused by

this effect can be estimated as:

() 1-(11-1)-—-[ -Zx{Ea['Zale-f-Ez[ZE(B-X)}}dx = 9976 + .0012
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. =. h8 cm _ is the macroscopic scattering cross-section

of uranium,

]

Ee(x) is a function tabulated by Case, deHoffmann and Placzek

(p° 17 and 155, Introduction to the Theory of Neutron

Diffusion, Vol I, 1953.)

In Eq, (ll-) ‘the scattering 1s assumed isotropic. ~The 50% error sstimated
in this evaluation of the seattering correction accounts for the N

isotropic scattering assumption and the neglect of the scat‘&;ering effec'&;

for those neutrons transmitted through the first .025-in. uranium foil,

4k, Resonance A’bsbrption in MnSO,

) _Implicit in ihhis-method for meé,suring 1'] is the assumption that‘
fission netijtfzfons and .thgmal. néutrons will activate the manganese in the
manganese bath in the seme way. This is not qdite true since the ratio .
of absorptien in méngg.nese to absorption in the other constitutents of
the bath is not the seme at thermal energies and at resonsnce energies.
The apparent decrease of 7 due to this effect can be estimated as:

ACIeE)

(5) 1 - = = 9947 + .0005
8

where

-1

=% = L0221 em™" is the macroscopic thermal sbsorption cross

section of hydrogen in the manganese bath,
25 - L0002 ™! 1s the macroscopic thermal absorption cross

section of sulphur in the, manganese bath,
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I, = 1.53 @™

~ 1s the ‘macroscopic scattering cross section of
the manganese bath, .4 oo
.81 :-l_-— .08 is the ratio of the .regona.gée absorption -

o

for manganese,

W%

'10.8 b to the thermal cross section S - 13.3 b

o4k + ,005 and I.1a + ol are the same ratios for

O_S

hydrogen and sulphur respectively.

el g

5. Parasitic Absorption

~ The fraction of neutrons abseorbed in structural materials is not the
same for thermal neutrons and fissim neutrons., The fraction of tb.erma;]t"
ggut?ohs absorbed in the magnesium wall upon wbich they are impinging

can be estimated as:

' Z‘.Mg t
(6) 2 = (2.0 + .2) 1073
- L ~
where
Zﬁg = ‘.00195 -OC0L cﬁl'l is the macroscecpic absorption -cross
section of the'ma;gneeiimn wall (measured at the pile
oscillator),
't = ,030 in, is th;e-thickness of the magnesium wall,
L. = .0276 cm-l is the macroscopic absorption cross section of

the ‘manganese bath,

L = 2.577 cm, its diffusion length.

The fraction of fission neutrons absorbed in the magnesium wall

after they have slowed down to thermal energy can be estimated as:

868 g
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(7 b &f.g; = (1.7+.9) 107

Where A . - - -
& = 3 15; is the radius of the magnesium sphere,
bw & ¢ = 1.16 is the total flux per fission neutram { ez
(here calculated by formils 5.583.2 p. 103 of MP-12"
- assumipg a point fission source in the center of the
sphere. ) | )
m@hé_parasitig absqrpt;on, gince it is not the same fornfission and

thermal neutrons produces an apparent incresse of n by the amount

1~ 1.7 %107

(8) | 1-2x10"3

1,0018 3 ,0002

6. Indirect Multiplication

_ Scme fission neutrons, after slowing down in the manganese baﬁh,may-
8811l be captured in the fissionable sample and produce further
multiplication. This effect will cause an apparent increase in ﬁ

estimated as:

§9) | l+hna§¢<;~:—1->2{%<%n;l>+(n-l)-g-1-}': 1.009 * +001

where

1.5 in. is the diemeter of the sample discs,

e

D
a

h 1 in. is the length of the sample (separation between

e

front foil and back foil)

The other symbols are defined under Eq. (7.

*"Elementary Approximations in the Theory of Neutron Diffusion,! by P. R. Wallace,
.and J. LeCaine,
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7
... Since the outside faces of the semples are covered, ome with cedmium,
the other with urantun, and since they are symetrical, for each meutron
impinging upon those faces ,% 1 new fission neutrons will be prcduceci.
The ins_id._e facegw of tih'g"‘sample are welghted by a ‘solid.a.p’gle féc'yor of
the onder §f % The calculation above is very preliminary and could be
much improved. The uncertainty of 10% glven iﬁ Eq. (9) was estimated on
the basis of the internal consistency between various more sophisticated
calculations of this effect performed by A. M. Perry, P. Kasﬁen, E, Halbért,

S. Jaye and others, on a similar gecmetry.

To Fast Beakage‘ _

Because of phe finite radius of the mé.nganese bath some ‘fission'

neutrons will leak out .l This will cause an apparent reduction of q

/

estimated as:

(10) 1 - Pﬁc(n - a) - P,(R ; al)l = .992 + .002

where .
R = 21 in. is the redius of the sphere containing the manganese
. bath,

is the pfébability for a fission neutron to escape on its

g/
1

first flight path and,

P, = .the escape probability for aL ‘cellided neutron.

The estimate above is the average of various preliminary code calculations

performed by A. M. Perry, P. Kasten, E. Halbert, S. Jaye, et al.

8. - Duct Streaming

Seme fast neutrons may leak out of the mangenese bath thrdugh the

868 (08
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collimator. The apparent decrease in n due to this effect is

-V oa - o ‘
(11) l- g (ﬁ) = 29998 + .0003
. where A
D = 1,25 in. is the diameter of the collimstor,
R = 21 in. is the radius in the outside sphere,
9. - ;ggurities

8, Isot@pic Impurities

‘Neutrons absorbed in U235 and UP3* tend to reduce the apparent value -
of n. The effect can be estimated as: |
L BLpEpaR

ln =B]“»]-]-"-"""'1-'7

T]23. 23 xpe 23 23 @3 TP

The effect of other uranium isotopes is negligib;e since their

micréscopic cross sections are small compared to oi3.

b. Chemical Impurities

 Neutrons absorbed in non-fissionable material contriﬁyte"to an spparent

reduction of .1 estimated as:

A A
__§£_A_.£_;_;~ - Wt
'l'zaA 2:3‘)23‘l R
vhere '
A pA A ‘ |
W= s and ¢ 1is, in barns, the thermal absorption cross section

o) .
of element A of atomic weight A.

¥
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A

G4, for instance, bas £- = 300 b, thus 8 ppm of Gd in the U2

foil would decrease N by o1%.

PR RN

Specifications on the chemical purity of the uranium foils have

P?e&_.sﬁ?ﬁ‘? as o allow the decrease cof n due to sbsorption of neutrons
in chemical impurities to be calculated with a precision of .1f. ..
~ The corrections listed aboire have been very roughly estimated, a .

more accurate calculation is possible in most cases, Bven so theyamount

to 8 1.019 & .00k total correction. (The ervor quoted is the square rovt
of the sum of the squares of the errors.) A

“.Ehe description of the counting technique has been left out of this

zgo_j&'fe,_ vThisv item ie not found to involve gnavoidable uncertainties greater.
than those in the corrections considered ‘above.

A. M, Perry will ccmpute the rationnsub Cd./T}ZQOO m/sec” 'flfhig ratio
can probebly be calculated with a precision of .5% even considering the

A

lack of infomatioﬁ on the neutron spectrum a few inches away from a

reactor face,

Y



42-in. 10 Al SPHERE

77, Cd-LINED COLLIMATOR
Cd DIAPHRAGM NO.2, 0468-in. ID
BORATED POLYETHYLENE
6-in. 10,0.030-in.-wall ;
BULK . Mg SPHERE 0.030-in. Mg
SHIELDING ‘I / / .
REACTOR
\-Cd DIAPHRAGM NO.1, 1.835-in ID
" Mn MONITOR SAMPLE, ON 0.010-in. Mg
81in.
—t lea— ~ 30N,
5 [o] S 0 15 20 INCHES
SAMPLE =
—__ SAMP B
: — g'||u|||||m||||| '
. I
@ u®3FoiL,
o) 0.025-in. -thick, .44 -in. dig ——==| Qozo_in'_thick' 1.44-in. dia Cd
C . }.4' .4\ 233
. in: Two U222 FoiLs, 0.025-in.- thick, 1.44-in. dia.
™ ’
bl
oy

Fig.1. Experimental Arrangement for Measurement of Eta of U3,
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