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The 25 fission cross section Kev/e~1 Mev, © 250 Kev/o 1 Mev

and €600 XKev / o~1 Mev have been determined by use of the Ba" activity in a

Li target bombarded with protons, These measurements show that the cross section

at 30 Kev is sbout 30% lower than the value found in the old long-counter
measursments (La«lso)'o Absocluts values of 6250 Kev ° G‘SOO Kev and o1 Nev

have been determined by Mn bath measurements of the flux from the Li (pn) reace

?
tion ard verify the valuss found by the Be -activity method,
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PART T - FISSION CROSS SECTION RATIOS BY THE

Be7 METHOD
INTRODUCTION
Long-counterl) extrapolation of the 25 fissjon cross section from
1 Mev to low emergies combined with measurementss’ G (Bl/oz{28) and

o;Li/U%(25) makes the shapes of the a;(B) resonance at 100 Kev and the
o (Li) resomance at 260 Kev difficult t0 understand theorstically and thus
throws doubt on the low-energy fission cross section, For this reason special
emphasis has bsen rlsced On measuring the ratio 0,(29 Kelv)/o’t.(l Mav)
accurately and independently of the long counter. The method used in this
experiment was to monitor the totzl flux of neutrons firom the Li? (p,,n)Be"
reaction by the 41l1-day yectivity of the Be"a The reacticn goes as follows:
. 7 .

Li 4 p—> n4Ba ;

Be! 2% 1174 0" about 90% of the time

Be 24 Li'?::-ek about 10% of the time

Livl} Li":f-hv; 480 Eev ‘ray
Thus if the brapching ratio at Ba’ remaineg independent of the proton energy, the
Y activity of the Li target determines the total number of neutrons emitted
during a given bombardment. It should be possible to make an absclute determi-
nation of the branching ratic and number of {°s, and thus the total nsutron
yield, by counting (ray and k ¢apture x-ray coincidences. Another way to

find the abgsolute neutron yield would bs to make e spectrochemical analysis for

1) 1a-150 giﬂ =
: —

2) 1Ibid,
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the 4l-dey Be'7 produced in a thick Li target given u long proton bombardment.
One can estimate that a target of sbout 6 mg/cm8 (thick for 2,3-Nev protoms) Li
bombarded at 30 /a.a on the short electrostetic generator for 10 hours with 2.3-Mev
protons would give about 3 x 10"8 en BeV, whieh should be rather accurately

{C 5%) measurable, especially since the Xactivity élloms a pertiazl chemical
separation to be made with good knowledge of the fraction of Be" left in the
extracted sample, The( ray activity in standard conditions combined with the
chemical Be' determination would give the ( 's/peutron and this number woﬁld

then apply to all thicknesses of targst, since thin targets are used for fission
measurements, Using the Xactivity/neutron the complete total=yield curve for
the 1i {p,n) reéction conld be determined ébsolutelyo

3)

Since Koontz's neasurements had acourately determined the absolute
25 fission cross section at 1 Mev it was decided that the most immediately
useful measurements would be cross section rutios at sevsral different energles

to the l-Mev value using the B97 ectivity as a monitor only,.

METHOD

The experimental yprocedure was as follows: For a given Li target the
fissions in a 25 foil per /,(,emﬂomb of protons were determinsd for forward neutrons
of some energy; the netd/nray activity for this particular bombardment then gave
elther the ¥'*s/fission or Jf's/ peoul. Since the X'-ray ectivity is proporticnal to
the totgl neutron flux it was then necessary t© make an angular distriﬁution
measurement, during which the X's%_coul were frequently determined to0 make sure
there was no deterioration or other'change in the target. From the angular distri-

bution the fraction f of all neutrons going through the fission foil in the

g

UNCLASSIFIED

APPROVED FOR PUBLI C RELEASE

3) Li-128




APPROVED FOR PUBLI C RELEASE

-5« —_—

_
forward direction was found, The same procedure at 1 Mev then gives IiE

(E ) _) ‘?1 Mev
(1 Mev) l Mev 3En

where (F/¥)p ave the tissions/ectivity at the energy En andleEn is the frac=
n .

tion of all the neutrons going through the foil, as found from the angular dis-

tribution.

Special emphasis was placed on determining 65(29 Kev)/O%(l Mev) since
at low energy the most deviation from the long-counier data was expected. |
A 29-Kev measurement was eSpecially adaptable to.this method because the momen=-
tum relations in the Li(p,n) reaction just at threshold cause the neutrons to
come out in a very narrow cone in the forward direction; if now either the
energy is controlled well enough to kéep a fission foil exactly im the whole
cone, or if a very uniform foil is used and the cone always confined inside its
area, then no angular distribution measurements need be made, since all the
neutrons pass either through the whole foil, or all pass through a portion of it
which is of known thickness, The second method was followed since it is much
sasier to prepare a uniform fission foil than to hold the proton energy constant
to the degree resquirad,

Fig, 1 shows the two meil‘,hods used t0 measure the(activityo A thin-walled '
Geiger counter of the Chicago type was mounted in a'l—inch-thick cylindrical
lead shield and suspended from a trolley so it could be rolled on and off the
target tube, which entered the Pb shield through a 1-3,4-inch hole, Two
standard counting pbsitions were used depending on whether the lerge rotating or
small, fixed Mn-bath turget was in place., The aintensity after passing through

10 mils of target backing material {tantalum) was large in most cases but several

runs could be mede on a single target before the activity w 8 Lthat————=
___,___..——-—-—-‘
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entirely fresh 1i had to be evaperst@&?‘fﬂf%ﬁﬁ%%;%ﬁgés where low activities were
expected, as in all the 29-Kev data, even the 1la backipng wes raplaced for each
run since for these thin Li targets the Be7 coenter of gravity energy is suffi-
cient to cause 1t to stick to the Ta.

The following checks were made {0 assure that other reactions were not
confusing the 387 activiiy measurements;

1) the tantalum backing was boembarded at several energies above apd

below the Li(p,n) threshold;

2} a Li target on Ta was bombarded with protons of energy just below the

Li{p,n) threshold;

3) blocks of metallic Li and Ta were given strong neutron irradiations

at several energies including thermals;
in none of these experiments were any ectivities observed of apprac}able
intensity. It was, however, found that for those irrsdiations mzde in the Mn bath
(see below) several inches of the target tube also had t0 be made‘of tantalum
since the iron and aluminum previously ussd became appreciably active in these
strong slow-neutron fluxes. The activity of a strongly exposed target was
followsed for zbout 80 days and no long~period activity other than the 41-day
was observed..

The observations made at neutron energies other than 29 Kev were as
follows: The fissions from thin and uniformly deposited 25 foils were observed
in the forward direction, a half angle of llo béing subtended at the target
by foil RFTL anmd 11 %35 by foil PXP3484, The net Efactivity was messured immed-

iately after the exposure, several on-off readings belng taken t0 asssure accurate

placement of the target, checks on short-lived activities, and on background; all
readings were stenderdlized %0 a vranluc-glass-count. Ko “For the angular distribution,

Y—
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tissions/ peoul with the same or other foils m$¥§=&0%;;;fneﬁ;§t“7E?Ious angles on
both sides of the target, the net activity pmr/&coul being observed several
times; direct proportionality betﬁeen yaotivity and proton current showed thst
there was no arpreciable change in the target while the measurements were made.,
lhe angular distributions as observed hed to be corrected st large angles for

the change in 25 cross section. This correction is very small for the 1 Mev
data but asrprecisble for the lowest ensrgies and w11l be discussed in detsil
balow,

For the 29-Kev date; the proton energy was set very close to the Li{p,n)
threshold and the fission chamber put as close to the target zs poseible, sbout
1/4 inch; small fluctuations in proton energy would then cause bursts of neutrons
to rass tbrough the fission foll, but the fluctuations were pever allowed to
becoms large enough for the nsutron cons to go outside the foil. This latter
effeot was checked on ths 1long slectrostatic generator, where the energy control
is leust steady, by rutting the fission chamber at about 45° from the center
line; no agprecisble number of fissions were'obsarvedo long exposures were
necessary at this energy because the totzl number of nentrons, and therefore the
X’activities ars small compared to the high-energy data,

The first measurements of 0}(29 Kbv)/0§{l ¥ev) gave 8 value for the
29-Kev oross section sbout 25% lower than the long-counter extrapolation; it
was decided to make Mn~bath comparisons with Bev activity for the same exposures
to be sure no unknown effect was causing the difference, The Mr~bath method of
determining neutron fluxes is essentiaslly identical to the Be7 and in addition
the bath can be calibrated by a known neutron source. The thresheld tickling
mathod of determining o}(zs), however, is not appliceble to the beth sinee there

i1s no method of measuring fissions, the bath surround ing

bR AT -t mX posure »
i “""‘""““‘T" . rt———
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Ratios of Be’ to Mn sctivities were determined for 29=-Kev, 250-Ké?:‘BUU=K5v;—4——-——~

and l-¥ev neutrons in the forward direction; these rstios were constant within
the limits of error in the experimwent and showed that both methods measured the

saeme quantity, l.e., total number of neutrons smitted,

RESULTS

Table I shows the ratio of Bev activity to Mn<baith activity for the same
exposure at a number of different energies, It will be seen that there is~ 6%
mean deviation in &ll fthe ratios; this, however, arises wmainly from « group of
measu;aments which showed 8 definlite drift in time, independent of energy; thus
the l~-Mov data on target 8 gives a larger ratlo than that on target 2 indicating
that the 250-Kbv.data of target 6 1s also high. The 6% mean error is not normalized
to the drift indicated, The Bev activities could not be accurately determined
since only short exposures could be maede with the Mn bath on the target; when
successive exprosures were made on the same target the previous actlivity became
backeground for the following one also increasing counting srror. The error of
6045 is within the stetistical counting error of my individual exposure,

a4t this time comparisons were also mede oOf the target activity pe;/ucoulomb
of protons with Mn bath on (i.e. in slow~neutron flux) to bath off at forward
neutron energies of 250, 600 and 1000 Kev, It was found that the average of all
runs {about 10) gave a 6% higher activity Fer Mcoul for bath on then bath off;
this was assumed t0 be the long~lived activity in Te and since it was go smell for
a very large slow flux it was not comsidered at all important 19 the usual procedure
of finding the activity, i.e., with mpo siowiug-down material present at all.,

Table 11 shows .the results for five separate rumns to determine

%9 Kbv/ci Moy ° The conditions, which were widely different in many cases, are

listod, Using 1.33 berns for the 1 Mev cross section, Gé&J_Kev§%f§9:£§gE:::::::::::

e

- m——

=
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= 9 -
where the error indicated 1s the mesn deviatiorn in the 5 runs, ‘l’hemﬁn_\\g

error may be around 5% since the measurements also involve the l-Mev apgular
distribvution, Thess data were taken carsfully with respect to getting good
countlng statistics on the small 29=Kev activity, Fig, £ shows thé growth of
activity with exposure for both £9 Kev and 1 Mev in Run No., 1.

The cross section of 2,30 barns is only 7i% of the LA-150 value of
3.24 barns; this latter value has a probable error of approximately 10%.

In order to obtain the 29-Kev cross section the l-¥ev angular distribu-
tion must be known, ss outlined aboveo, In Table 1I1 are shown the angular
distribution data taken with a fission foil which subtended a half angle of
11035' at the target., The observations consist of fissions per microcoulomb of
rrotons at the angles listed; at esch ubgle the peutron energy is given and goss
doxn to 345 Kev at 180°, The 180°-values are from an extrspolatlon of the data
in c¢ircular ccordinates, which is quite good. For each of these energies the
erosa section according to 1A-~150 is used to determine (E_/;_c.) = Y, the true
angular distribution, The change in cross section with energy 1s emall in this
energy region and probably quite accurately krown; in any case the yield at
large angles is affected most and heres the number of peutrons is only a small frec-
tion of the total, In Column seven are listed some early data tsken at a closerx
distance and normelized to those in column six at zero degreas, It has been
fgund4) that the angular distribution from the Li(p,n) reaction can be fairly
well reprssented by

1° {6'E)= A +B cos 6%C cos® ¢

where ¥' is the yleld in the canter of gravity system and &' the center of gravity

4) CF-638 —_—
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gystem and ©' the center of gravi6§;ung167fk;—B;—anﬁ-e-are functions of the

proton epergy. 1n column eight are listed the vglues of Y in the laboratory
system obtalned by determining A, B and C from the cenger of graviiy angles
0%, 60° and 150°; the fit to the observations is quite good, By intograting
Y' gin @' over the zngle subtended by the detector one finds the fraction of all
neutrons passing through tﬁe Toil at 00, since the total yield on this basis is
2a+(2/3)C. This fraction is given in the table together with the fraction
Jetermined by a plavimeter integration of Y sin 6 from the actual observations,
in all casaes the planimoter integrations were used to determine the cross sec-
tion ratios, Fig, 3 shows the angular distribuiion Y snd Y sin ¢ for
& (ave)= 1000 Kev at 0%

Tables IV and V, respectively, list the angular distribution date for
600 Kev and 250 Kev forward neutron energy, similarly to that for 1 mévo In the
600~Kev data it will be secen that in addition to = correction using the 1A4-150
Tission cross section, an assumed cross section is also used; this latter o
beging to fell appreciebly below S 4150 at about 380 Kev chossn since this is
gbout the minimur neutron energy for ED:: 1GC0 Kev forward., Since, however, the
migimum neutron energy is still 160 Kev at 180° in thié case the total yield end
therefore the fraction in the forward direction is not appreciably affected,
Thus 2,77% go into the 11° half angle assuming LA~150 and 2.70% assuming oTo
The £it obtained from Y= 1,021+ 0,796 cOs 64 0.1125 cos® &' is quite good znd
gives 2,81% in 11° half angle, Different fission folls were used in these data,
T0 compare angulsr distributions multiply the l-Mev yields by 8.63 and therefore
also 4, B and G, '

Table V contains still s .third cross section 055 assumed for correcting

the observations with the fission detector, Oé hegins to deviate from ¢ of

e e

e ——— R D E O DU T RE] EAQE _

1la~130 at about 160 Kev chosen sinci this 1s the minimum energy for
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En(ave)z 600 Kev forward, and passes througk the 387 cross gection earlier obe-
tained for 241 Fev., The fit from T'z 0.3179 - 0,0684 cos 8' - 0,0205 cos® @'

o]
is not very good, but gives 1.62» in the 11 half angle using the o7 correction,

1l
Planimeter integration gives 1.90% assuming ©7,ysq, 1,68% assuming 01 and 1.64%
assuming 05’ Figso 4 and 5 show Y and Y sin @ for 600 Kev and 250 Kev for those

values of ot

Table VI 1lists the 600-Koev apd 200-Kev fission and activity data; these data
were not determined with the accuracy of the £28.1- and 1000-Kev data since the
29,1~Kev croas secticn obtained by the Be7 method already indicated that there
would be an ambiguity in the angular distribution determiretions, esrecially at
250 Keov where the buackward neutrons have an energy as low as 23 Kev,

In Teble VI1 are given the values of the cross section as determined from
the ratio to 1000 Kev and the fractiion Bof neutrons falling into the 110 half
wngle zccording to the various assumptions as to0 the variation of o with angle.
=t 600 Kev either choice of cross section variation gives about the same cgalc
with perhaps a slightly better fit if o of 1A-150 clesr doan t0 23 Kev is much the
worst of the three, deviating by more than 20% from the 25C-Kev value given in
Lia=150, 1he choice of G or CE give aprroximately the same angwere with 05
perhaps slightly better., although these data do not at all serve to determine
the £50-Kev fission cross section accurately, they indicate that an assumed cross
section falling below o-of La=150 from about 160 Kev on and passing through the
Be’ valus of 2,30 burns at 29,4 XKev gives a much better value at 250 Kev than the
o~ of LA-150 curve, Thus the 250-Kev data here obtained serves mainly to cor-
roborate the 29.l-Kev data without establishing the trend of the fission cross

section closely., Unfortunutely, only the shape and not the gbsolute value of

eross section ie important in the engular distribution, _Fig. 6 shows o~ of LA-1850

pRSUR——
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and the two assumed cross sections o

-
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values of the fission cross section obtained in this experiment, The 29.1-Kev
value is shown with the mean deviation of 5 different runs, The 250-Kev data have
a mean deviation of 5% in F/yfrom 3 short runs, amd the 600-Kev data, 2,57 in
F/G/frem two runs; however, because of the ambiguity in engular distribution and
the fairly large statistical error im counting the target activity these

points are plotted with a 10% error,

T - £ »
It is believed that the value of 059.1/°I600 and thus here

o~

29.1 Kev

determined is quite good and the expected error much smaller than the difference
G

between the Be value of G5y and tre L4-150 value, There are three effects,

which if importsnt, would make the observed fission count at 29 Kev tco high and

thus make the determined O even too high; these effects are, 1) the extreme

29,01
obliquity of some of th2 neutrons striking the foil when the foll is about
1/4" from the target; 2) the presence of a very slow group of neutrons slightly
above the Li(p,n) threshold; ami 3) the presence of a slow~nsuiron roor background.
In addition, sny loss of target material would decrease the activity amnd thus also
give too high a value t¢ ¥, 'y ; this was checked several times in any one run by
plotting activity egsinst proton current and found linear in all but one ease, The
one effact at 29,1 Kev which could make the cross section seriously low is that
in the threshold *“tickel the energy fluctuations above threshold could be large
enough to throw the sdges of the neutron cone ocutside of the fission foil; this
was checked br placing a detecior at 450 to the target and operating as im
taking the Z9-Kev data, It was found that under ususzl operating conditlons very
few nsutrons got ocutsids of 450 énd thls was not considered important since
the foil ususlly subtended a balf angle of about 609

Recent measurementss) with a long counter ad justed Tor deviatioms fiom

5) Bailey - in progress. g:Mﬁ
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fletness indicate that To Koy given above is essgm&éwfﬁzt
the energy dependence of oo lies somewhere between ci t0 05 in Fig. 6. Exper-
imentss)

using an Sb-Be source also indicate that the low value at 30 Kev is
correct,

The effeciive energy of the neutrops 1n a threshold tickle should actually
be between 30 and 35 Kev for a 1/v detector depending on how high above

threshold the energy fluctustions go but & obteined here has been plotted at

30 Kev,

6) Seagorndollar end Hanson - Monthly Report of R Division, September, 1945,

s

|
"\’u
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@ 14 o
Target E (0° Be' activity Mn-bath Activity  Be' Activity
n {counts/20 min) {(counts/min) Mn Activity
2 29 Kev 241 34,98 6091
2 1 Mev 590 82,7 ?7.14
3 30 Kev 262 37,0 ) 7.09
(counter banged)
3 1 Mev 257 34,6 9446
4 250 Kev 50 .4 5,97 844
6 250 Kev 228 26,7 8.55
6 250 Eov 296 36 o7 8,07
8 1000 Kev 264 3303 7.94
8 1000 Eev 250 32,4 7,74
9 600 Kev 341 47.4 7019

Simple Ave = 7.65+ 6.4%

APPROVED FOR PUBLI C RELEASE



%20 Kev/ ci Mevy

TaBlE 11,

Net {#, v c-
fup No, Foil Condition B, Fissions Activity Fissions/y G 6)29 Fev 29 Kev 059 -~
/ 1 Mev %1 Mev
1 PXP3484 Long Tank 30 Kev 25,664 83.35 313
2.77% of 1=5/8y Target
neuts pass counted at ine
through at side edge of 1 Nev 6,009 00,0847 500’75 61.8 1,691 2,25 005
1 Mev Pb shield, 0,2778 §s/pmoul
P Good rums. Ps/pconl from curve
i) from curve T
@2 " " 30 Kev 36,758 152,35 240
= Poor <29 Kev
O run, lost some 1 Mev 2,020 572 3,94 68,1 1.88 2,91 021
T of targot
3 " Shors Tank 30 Kev 47,428 189,2 257
29 Kev
e Long Tenk 3,776 880 .3 4,29 58,7 1062 2016 014
& 1 Mev
- 1-5/8" target
O Good runs
e RFT 1 Long Tank, 30 Kev 74,130 185:9 591
— 2.50% of 1 em target ‘
EE nsuts pass counted atb 1 Mev 7,865 934 8043 7062 10'755 2,34 .04
o through at 1/8% from
1 Nev Golger counter )
5 " n 30 Kev 9U,88% 15655 579
69,6 1,74 238 .02
ni 1 ¥ev ?9885 1187 8,33 “

Average= 2,302 ,07 from weighted average by number {[f

29=Kev fissions,

Y59.4 Kev {18~150) = 3,24 barns

- 15 -
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TABLE IIT :

Anguliar Distribution for E = 2,670 Mev, forward neutron energy 1.0 Mev, target thickness 40 Kev.

_ Data taken with fission foll PXP344A4 at 3" subtending 11 éb’ balf angle at targeto
O from LA=150 used %0 correct high-angle yislds.

®rn 6eg  EnlRov) (Ffpe) ave ‘14150 (EOL_“&) g ¥ (—é‘f} agn (g-{.-&)calc’
®32
0° 0° 1000 0,2778 £ 0,0035 1 33 C,2082 0.2082 | [0.2083)
12° - 990 0,2727 £ 0,045 1,33 0,2047 -
22-1/2° 960 0025574 0,045 . 1,33 0,1920 0,188
45° 810 ‘00186 * 0,005 1,34 0,1387 0,131
67-1,/2° 725 0,1192%0,003 1.36. 00879 0.0891
90° 590 0.0725% 0,005 139 0,0522 0,0502
135° 405 0,0398 + 0,002 1048 0,0268 -
(180° extrapolated 345 (0.032) (1.57) . (0,0213) - 0,0207

from polar plot)
Data of the following angles were tsken from a curve of the above 10 make a convenient £it with Y* A B cos@’ |

The cbservations at 6, g =:0%,.60° and 120° were used to determine A, B, and C; and are in brackets
24° 30° 0,1895 0,1504 -

) : T
49 60° 0,1290 " [0.1290)
75-1/2° 90° 0,0733 ‘ 0,0718
105-1/2°  120° 040391 [0.0391)
140-1/2°  150° 0.0257 | 10,0253

= 2 12309 9 U
This £it gives Y(6' )= 0,06512+0.0489 ¢0s6°40.02345 cos“e* ; T’ s1n0'd6' /2A42/3C =2.70% 4
~ O Planimeter Integration gives 2,50%
- 18 =

ASV3a134 O 1'1dNd d04 d3NOHddV



dASV3a 134 O 1'19Nd d04 d3aNodddv

TABLE IV

Angular Distribution for Ep(max).: 2,330, En {mex)= 625 Xev, En(ave): 605 Kev for 40-Xev target,
Data tmken with fission foils E9B and ESC, 3" from target.

f % 2 2
“lv % eV P ave T o 0 ("LMF/ C\) (e ) (1:-"//,0 ) :
Kev 50 Cassn assm fcalce
0° 0° 605 £ 7 4,38% 0,18 1040 1040 50124 3,124 3,385
gs°  30° 570215 4033 0,02 1040 1041 3,09 3,07 [3.070]
47°  60°  492%20 3.10£ 0,04 1041 1042 2,20 2,18 2,015
72-1/2°20° 383+ 40 1,74£0.07 1.52 1048 1,143 10174 [1.174]
102°  120° 268 £32 0.837£0,017 1,70 1.52 00492 0,651 0.554
138° 1s0° 188216 0,872%0,0 1,90 1.61 0,196 0,251  {0.231]
180° 180°  (160% 3) {0.310) 2,00 1,66 0,155 0.1868 00155
from polar plot
' 0
The fit to the above data at©%230°, 90° ard 150° gives 145
g{ T ain &9 ao°
Y= 1,021 +0.796 cos 8°+ 0,1125 cos® 8 from which*O 5 = 0,0281
2 A 3 C

or 2.81% in 11° half angls for the assumed ci
nimeter integration of distribution gives -
2,70% 1n 11° for assumed cross section,

and  2,77% 1in 11° for LA150 cross section,

o 17 =
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TABLE V

Angular Distribution for Ep(max)r- 2,002 Mev, En(max): 259 Kev, En{ave)z 249 Kev for 23-Kev target.
Data taken both with fission foils E9B and E5C and with PXP3444 at 3" from tavget.

. ( F F o (F4 F
® jab ¢ cg En‘KeV) {F/I“c)ave CLa150 /% ! ("L,_':‘;-;f:) 2 ( :;) ( (/;:!8) calc
1
0° 0° 249 % 5 0,839 £ 0,011 1,728 0,488 1,53 0,548 1.72 0,488 fo.548)
19-1/2° 30° 235% 13 0.861 * 0,011 1,77 0,487 1.54 0,559 1.77 0,487 0,551
40° 60° 19222 0,845 £ 0,014  1.89 0,447 1,60 5,528 1,89 0,447 0,538
61-1/2° 90° 136425 0,791 % 0,004 2,09 0,378 1,69 00468 2,02 0,39 {0,468}
gp® - 120° 77 £15 0,521 £ 0,011 2,88 0,202 1,89 0,275 2,15 0.242 00312
O .
123 150° 37 %6 0.301 % 0,005 3,03 0,0992  2:24 001343 2,26 00133 [0.134]
180° 180° 22.5 0,21 3,42 0,0614 2,50 0,0841 2,34 0,0899 0,086
from polar plot )
Tne £it to T/pc at &9=0°, 90% ana 150° gives
! Or o
< 16955
o Y gin &% 46° o
Y= 0.3179 - 0.0684 cos 6! = 0,0205 cos® @ from which <O = 1.62% in 11 half angle,
2 Mg. ¢

Planimeter integration gives following

1.90% assuming o7, ;

1.68% assuming 0}
il

1.64% assuming o
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600-Kov meutrons forward

Figgion and Activity Data

Run # Activity= ¥ Fissions F/b) (P/g) ave
counts/20 min
1 381 4200 11,00
10,70£2,5%

2 520 5450 10,48
250=Kev peutrons forward

1 368 2378 6,63

2 370 2410 6.52 635 & 407%

3 778 4590 5,90
1000-Kev
several runs 8,38 8,38

o (F/g) g Blooo Kev
En = n x B X 1,33 barns
En
/81000 Keov

-
-
= e
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TABLE VII

E_{Kev) F o used t0 correct G o

n il g ;
(g )ave angular distribution B La150 cale --95—1(:—
14150

1000 8,38 T 150 2.50% 1,33 -
600 10.70 94150 2.77% ~ 1,53 1,10
4 1039 '

o 2,70% 1,57 1,13
250 6,35 O 4150 1.90% 1,33 0774
o7 1,68% 1,72 1.50 0,874
o 1064% 1.54 0,895

3ASVYATIH O 179Nd ¥O4 dIN0dddY
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) TP Geiger counter
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~ Method |
Methods used for counting fargetachivity AN
it
N 4 N |
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____—_:i%}/// § T R4
Fixed farget tube 77777 ' §
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Lucite sleeve : \
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Method for confining foYal neufron flux of 29-Kev enerqy fo fission foil
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PART II - FISSION CROSS SECTIONSC IV AHE MANANASR=BLIN METHOD

I, INTRODUCTION

Il

|

?)

A measurement of the 55 fission cross section by Benadict and Hansom
using the manganese bath method for determining the néutron flux gave values some-
what 10ﬁer than those obtained using the coincidence proportional counter method,
Since other measurements made subsequently tepded t0 fall in between these values, it
was decided to repeat the measurement with the mangapese bath in order te get as

many checks as possible, particularly on the l-Mev c¢ross section,

1lc THE MANGsNESE-BATH TECHNIQUE

The manganese bath provides a method for comparing neuiron source strengths.
The neutron source in guestion is placed at the center of a tank céntaining a water
sclution of a manganess salt, - usually'Mnsoéo The peutrons emitted by the source
are slowed down by the hydrogen in the water and are captured in part by the man-
ganese, the resction being,

Mnss-q- v -—)Mnss., {1)

Since manganese consists entirely of the 1sotopé 55 there are no competing reace
tions to confuse matters. The Mn > is redicactive end decays with a half-life of
2,59 bourg, emitting both beta and gamma rays. For a given irradlation time and
solution conceniravicn the number of activated atoms, as determined by Gelger coun-
ting in a standard geometry, is proportional to the neutron source strength,

The technigue of counting the activated manganese usually used heretofore
consisted of precipitating the manganese out of a sample of the solution as Mn°2n4

drying, and packing in a standard getmetry aroumdi a thin-wall Geiger counter, This

method had the advantege that it concentrated the manganese, but it had-the following
—_——
. E ]

APPROVED FOR PUBLI C RELEASE

Sk




APPROVED FOR PUBLI C RELEASE

~ 28

e ——

disedvantuges which m=de it impracticael for use in a long series of runs: (1) it

was extremely mesgy and time-consuming; 1t took sbout 4 hours to perform the precipi-
tation and drylng procedures and during this time the activity decreased; (2) it re-
guired the addition of Mnso4 after each run t0 replace that preéipitated out; this
rgguired accurate welghing of Mnso4 with known water of hydration_in order t0 avoid
chunging the manganese concentration in the solution,

In view of these dissdvantages it was decided to try lmmersing the Geiger
counter directly in a sample of the irradiated solution, Preliminary estimates
indicated that a sufficlient counting rate.could be obtained in this manner and later
expsrience ghowed it té be quite adequate for the sxperiments 1n which we were inter-
ested, Using a l-gram radium-beryllium source (8988x106 neutrons/sec) with a
12-hour sxposure, aend with a manganese concentration of about 200 grams of
Mn804°4520 per liter, the counting rate was 32.1 scale-of=64 counts/minute, Fig. 7
shows the Geiger-counter arrangement used., "AY is a stapdard lezd counter shield
turned up on end sc the counter "B" points downward} wC" is s lucite container for
the menganese solution samples to be counted, This was filled t0 a standard height
50 that when the counter was immersed the liquid covered the sensitive portion of
the counter., In this way the counting geometi y was accurately reproducible. This
system proved t0 be so much more convenient ai'i reliasble than the 014 precipitetion
method that it became practical to make numerous rums, Reproducibility of around

1% to 2% was eusily obtained on Ra-Be source runs.

Tank
Figo, 8 shows the dimensions of the tank wused to contain the manganese
solution, In determining tank size a compromise has t0 be made between neutron

leukage apd counting rate., The larger the tank the fewer will be the neutrons which

get out without being captured, but the activated magﬁr&@zﬁmﬁed through
s
s
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a larger volume so the resulting Gelger ccunti‘
For a tank of this slze ths leakage of Ra-Be neutroné has been calculated

to be 4.3% (CF-638), The leakage of Li(p,n) neutrons has been sssumed %c be zero,

gince the primary energy is sc much lower than the Ra-Be neutron energy. The

leakage of Ra-Be neutrons will cause the value obtained for the cross section to be

too low {see equations 16 anmd 18 of appendix) so the computed values must be increased

by 4.3%.

Stirring

After each irradiatioh, the solution has to be thoroughly stirred to distri~
bute the activity uniformly throughout the volume. It was found that sbout 5 minutes
stirring with a hand stirrer consistipng of a 6" diameter dise fastened on the end of

a rod was adeocouate,

Sgmpling

Before each irradiation of the bath a sample was removed 10 give the backe
ground due to rrevious irradiastions urd pickup from the electrostatic generators,
This semple was saved and counted -just aftor the active sample, After counting, the
samples were returned to the tank so the volume ant conceptration of the solution

remains constant,

(o]
Use of S 5

A% the suggestion of Segre, the solution was saturated with 802 to reduce the
likelinood of a preferential precipitation of the actlvated menganese from ths

solution, Consistent results were obteined without the SO20 however, s0 1t was

Y ——

probably unnecsssary. ?‘g

“l‘..
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¥n Concentration e D
by

The approximate concentration of mangenesze used was 200 grams of MnSo4°4H 0

2

per liter, which is approximately 1/5 the saturation value of room temperature. A
rough calculation shows that with this concentration about 50% of the neutrons are

captured by menganese,

Lithium Target

Fig, 9 shows the lithium target assembly used to prcoduce the neutrons, The
tubes were made of dural %o avoild slow-peutron absorbing materials. As indicated,
&n elsctron barrier arrangement was used to prevent secondary electrons from either
oentering or leevipg the cur containing the iithium target, This was necessary in
order that an accurate measure of the quantity Of proton charge striking the target
be obtained since this waes used as an intermediate monitor between.runs in which
the bath was activated and runs in which fissions were counted. Care was taken to
limit the rrotomn beam to a value such that the target did not get hot ehough to
ovapOrate the lithium, It was found that if the current was limited to about 2 miero~
amperes no aprreciable changé of neutron yield occurred during our runs,

The lithium target was evapOrated in an suxiliary system, transferred to the
long tank target tube in an atmosphere of argon, and then evacuated gquickly so that

no gppreciable oxlidation could occurs.

MEASUREMENT OF THE 25 FISSION CROSS SECTION

The method of measuring the 25 fission cross section with the manganese .
bath was as follows: (1) the bath was calibrated with a redium-beryllium source of
known yield; (2) the bath was irradlated with the Li{p,n) source; from 1 and 2 the

number of neutrons emiti¥ed per microcoulomb of rrotons striking the 1ithium target

—

was computed; (3) fissions per WW'WW—R%S%M, in & separate rum, from

PO,
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a 25 foil of known mass end area situated iEEE§E§§§§§§§§§§§§§§§5529ometry with respect
to the Li{p,n) source; and (4) the angular distribution of the neutrons from the
Li{p,n) source was measured,

The fraction (#) of the total number of peutrons emitted by the Li{p,n) re-
action that traversed the foil was determined from 4, and the known geometry of the
25 foil., Knowing the number of neutrons passing through the foil per microcoulomdb of
protons, the number of fissions per microcoulomb, the number of 25 stoms in the foil,
and the area of the foil, the cross ssction for fission is given by (see Eg. 18,

appendix)

icad 2
- fissions/ue wr

25 = {2)

AQ Nog

absolute fission cross sections were obtained at neutroan energies of 250 ¥ev, 600 Rev
and 1 Mevo' More care was taken in determining the l-Mev valus since it is used as

a standard and a considerabls smount of effort has been made to determine it accurately.
The angular dlistribution measurements from which the fraction of nsutrons passing
through the foil {ﬂ) was determlned were made by Taschek and are given in

Part I Table V1I, of this report. Table VIII gives @ summary of the data used in
computing the cross sections and Table IX gives the cross section values for the

various values of betao. The value of 1,33 x 10™2% cm® obtained for 1 Mev sfter

making the 4,3% correction for leakage of Ra-Be neutrons from the tank checks the value

obtained by KoomtzS! .

APPENDIX

I, MANGANESE sCTIVITY VS. JRRADIATION TIME

Iet R represent the number of activated mangsnese atoms produced per secord

in the bath by neutron capture, let N represent the number of activated atoms present

at any time 4, and letAbe the half life of upsso Since NAis the rate of decay of

8) Lael?8 i/! =

m——"
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¥n"" it is clear that the following relation applies: %‘—/’_’%
st v
dN/atz R - NRLo (1)
The solution of this differsntial egustion is,
NA=R(L = e=7\t)= kA, {2)

where A is the Observed menganese activity amd k 1s a proportionality facif,or do-
rending upon the countlng geometry, It is clear that R, the rate of formation of
activated «toms, dependis upon the number of manganese atoms present, the capture
croga section of manganese, and the neutrom flux,

Since the half-1ife of ¥n°° is 2,59 hours,

A= 0,693 - 1 {3)
2,59 x 60 T 224.2
Therefore,
kA:'Nmzz-gg-:é- = R(1 = e-t/224,,2) (4)

or the number of activated atoms present as a function of irradiation time is,

N=224,2 R(1 = o~ t/RR4:2y (5)

1I. COMEARISON OF Li{p,n) AND Ra-Be SOURCES

From (4) we can write for the sxposure of a Ra-Ba source in the bath,
‘ _ o =t1/224,2
“Ra-Be < kr"‘)‘Ra»Be»(l ® ) (6)

where Qq._po is the number of neutrons per minute emitted by the sCurce, ¢, is the
duration of the exposure in minutes, Ap, g, is the observed Geiger counting rate, and
k is a different constant taking into sccount the prorortionality between source

strength and activation rats,

For a Li{p,n) exposure, let Q‘Li(p n) be the number of neutrons emitted from
]

the Li target per microcoulomb Of protons, Since the Ra-Be source—&trength is. givem
L T

_—

TT———
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as the number of neutrons per minute, in order to compare the two,

———

ELi(poni —

multiplied by the number of microcoulombs per minate, i

08oy

°L

i{p,n) X no. of microcoulombs per minute = no. of neutrons per winute (?)
1)
Thus,

“14(p,n)~ k"‘Li(m,n) (a/tg) (1 - o~t2/22402)

(8}

where g¢=microcoulombs of protons, and tz the exposure time in minutes. Taking the
ratio of 6 to 8 we have,

-t, /224,2
- (1 = 1
iﬁ;(B& - iQRa-Be s gty x e ) )
or A : ]
- i 0 t - o} /2&02
Ut(p,m)® %pgope — te2) = goe s )
“Ra-Be

(1 - o-tg/224o2) (10)

Normally the exrosure time for the Li(p,n) sourcs is quite short compared to that for

the Ra-Be source, We see that (10) becomes indeterminate as ts?0 but evaluation
of the indeterminate part gives,

224,2
" =q, *L1(p,n) -
Li{p,n) a=-Be

(1 - o=t1/204.2,

(11)
ARaaBe Q

It is clear that ALi(p 1) and Hp..Be 8T8 the activities as measured by m Geiger counter
bJ

with standard geometry at the time exposure is stopped (or at equal times thereafter).

In my case the measured asctivities were slways exirapolated back to zero time, i.e.,
the time exposure was stopped,

111, CALIBRATION OF BATH

In calibrating the bath with a Ra=Be source it is convenient o use the

some arbitrary timeo

saturation activity or activity for imfinite exposurs time rather than the activity for

For a given manganese concentration and source Strépeih =
APPROVED FOR PUBLI C RELEASE
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number is obtained by the calibratilEwhiok-re—ipdoporasns Of oxposurs time,

From (6)

“Ra-He (ty)= kpa-Be (1 - o~1/224:2) _ (12)

For saturation exposure, i.e., 1>

“Ra-Be(saturation)™ KR pn-po (13)

Taking the ratic of (12) ard (13),

) <
l <o
“{sat)
or R
(ty)
“(sat) = 1 (15)
1 - a~t1/224.2
Substituting (15) in (11), we get,
. - 224.2 neutrons
= Li n
“L1(p,m)™ “Ra-Bo {p,n) x (16)
“Ra-Be (sat) q nicrocoulomb

V. FORMUIA FOR CROSS SECTION

lst /sdenote the fraction of the total number of neutrons produced by the
Li(p,n) reaction, which passes through the 25 foil, Then @ x Q’Li(p n) will be the
]
nuuber of neukrons per microcoulomb traversing the 25 foii, If N:?,b‘ and Oés are
respectively the number of 25 atoms and the fission crosas section then the total cross
section is l\l;ascz;.,"5 and the ratio of NpzOpe 1O the area of the foil (7rr‘°') will give the

probabilify of a given neutron producing a fission, Hence

no, of fissions . A x Nogo
o oF Ticcosouionte " AWi(p,n) * 222 (17)
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- 35 =
whence, 2 . %—//
o (®/a) 7= em®

25 =
B% 1 (p,n) Vo5

where F/q is the number of fissions per mierocoulomb of protons,

APPROVED FOR PUBLI C RELEASE

(18)




TABLE VIIX

Summary of Data

e %&I J 119Nd d04 d3aNodddv

Neutron Energy Current Integral Manganese Fission - Mo Activity Fissions Remarks
{Microcoulombs) Activity Counts per pcoulo per pcoulo
counts/6l/min
250 Kevw 3938 2607 000678
250 Kev 5308 _ 3607 0000692
250 Kev Ls3i, 3208 0.00723 Discard-short
tank on.
250 Kev 6186 1980 00322
250 Kev 6637 2430 00363
Av 0.00685 0s342
600 Kev 2501 Loy 0,01895
600 Kev 2)..)1‘4 }4209 000177
600 Kev 3260 L2io 1.33
600 Kev 39165 sL50 1.39
Av ~ 0.010% 1.36
1 Mev 2339 3303 0001425 |
2285 324 0.0142 \
2651 %607 0001385
1163 3618 0.87
5573 4765 ; 0083 /
Av 0001).{1 085 - 1
40
Re-Be Saturation activity = 32.1 dounts/éh /m:mo i‘”

Re-Be Source Noo 43,1000 calibration = 8.88 x 106 neutrons/ses

Foil Specifications:

Nass of 25 = lok3 + 0-03 mg.

Diameter = 3 om

e 36 o
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Neutron
Energy

250 Kev

280 Kev

280 ZXev

600 Kev

1000 Kev

Mn activity
par peoul{av)

0,00685

0,0183

000142

Fissions
peryeoul (av)

00342

1:.36

0085

TABLIE fIx

Uross Sections

Keutirons per
f~coul

2,55 x 107

l?
6.82x10

5025x101

-37 -

A

(Table VII P4I)
|

1.90%

1.68%

1.64%

2:77%

2.70

2050

G correcteqd
(ond for leakage
1,26x10 " Fon®  1.43x10°2% cm®
154510774 1.62x10"24
1.58x10"2% 1.66x10"2%
1.39x10°24 1.46x10 2%
@y '2)4
Lolioso 2l 1049%10
1027x10°2h 1035::10"2h

p
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Manganese solution level

e X

Re~entrant tube for \’\T‘hiu 137 o

Fig. 8
MANGANESE BATH TANK
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Re-entrant Dural Tube in Bath #ank.(Fiq.l)
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