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ABSTRACT

A compurison of the 25 fission cross-section to thet of boron for
neubtrons of cnergios ranging from thermal to a few kilovelts was made by com-
pering the counting rates from a 25 and a boron film when shiclded by variocus
amounta of boron absorber. An increase in ozéo /E by a taotor of 3,3 is
focund to oceur in the reglon of 2 to 200 ev.

& comparison of gp and azé for neutrons vith onsrgies from 0.15
to 1.5 Mev gives a fairly good pioture of op Iin this energy renge. A
rosonences in GB'M/g is found at about 0.25 Mev. The maximum value of this

quantity is from 2 to 3 times that at tharmal values.
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A COMPARISON OF BORON AND 26 FISSION CROS5-SECTIONS FOR NEUTRONS

OF ENERGIES FROM THERMAL TO 3 MEV

INTRODUGCTION

Hoesurements on the neutron capture cross~section of boren have
been mede by R.F. Bacher, G.P. Baker, and B.D. ticDaniel {C=25) using ths
modulated buam mothod. Their momsurements were carried up to approximasely
50 ev and it was found that the boron absorption cross-section obeyed the Vv
law up to that energy. Their results gave a value of 708 barns for the ab~
norplion crossesection for thermal necutrons (0.025 ev). MNeasurements made
at Chicago oconfirm this value for the thermal oross-section.

Measurements of the 25 fission cross~section for thermnl neutrons
heve also beoen made at Chicago which gave a value of 645 barns (CP-1088).
lo extensive measurcments have been made on the behavior of Cag 88 2 func-
tion of energy in the low energy region. Measurements of the 25 fission
aroca~section have been made in more detail for neutrons of enorgies from
0.15 to 1.9 Mev by the Wisconsin.group. {See A.0Q. Henson (F-618, or L A
Hondtook 1A=1l) The values at high enorgies indicate a value which is
approximately 12 times that which would be obtained by extrapolating the
therpgl cross-section o these energies on the assumption that the /v law

is velid throurhout the entirc onergy runge.
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Tha only previous measurement of the borom cross-section for high

anerpy neutrons is one mado by N.P. Heydenburg and R.C. Meyer ((F-605). They
found a value for 0.6 Mev neutrons which was ebout twice that eapected from
the 1/v law.

In the absence of any further exparimental evidence i% wans felt that
the boron cross=section would obey the /v law quite accurately for ncutrons
of enwiies up to several kev. Since there was such a large break in ths
behavior of the 25 fission cross-section in tho region between ihermal noutrons
and 0.1 Mev noutr&ns. it was sugprosted by B. Teller that a good deal of
inforsmtion could be obtained by comparing the counting rates from a 25 and
a boron film when shislded by suiteble amounts of boron. For such sn experi-
ment i% is desirable to have a source of neutrons which would give an appro-
ximately constant counting rate por unit logarithmic emergy interval in tho
region from thermal eonergies to soveral kilovol%s. It was fouand, however,
that tne salculation of tha expected spoctrum from such a source was very
sensitive to the amount of sloving-down material used as well an to the
initial energy spectrum of the neutrons from the source. However, taking the
¢iJierences in the oounting rutes when the amount of boron absovrter is
increased the effect of tho uncertainty in the neutron spectrum is reduced.
The details of this experiment as carried out will be disoussed under a
separate hedding.

Another oxparincns desirmned to give informetion about the boron
crosses8ociion was the comparison of the boron and 25 eross-~sectlons in the

rozion where thne 25 cross-section has besen svudied. This experiment reguired
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only a direct comparison of the counting rates in the boron and 25 chambers
when placed in the same flux of high enorgy noutrons. The main embiguity in
this gxperiment is tho uncertainty in the absolute values of the 25 cross~

section.

TELLER EXPERIMENT

Exporimontal Arrangemont

The experimental arrangerent for detormining the ratio an/bzé
at low cnergles is ghown in Fig. la. In outline the method is to plsos a
boron of~particle detector and a 25 fission dotestor in tho same neutrom flux,
changs the minimum enorgy of the neutrons striking the detectors by placing
suitablo amounts of boron cerbide around tho,detectors and observe the
counting rates in the two detectors as a funetion of the absorber thickness.

Noutrons wore obtained from a thick lithium target bombarded by
1.93 Mov protons from the ahort cleotrostatic generator in W. This meant
that the maximum encrgy of tho neutrons emitted at 0° was about 170 kov and
of those emitbted et 90° about 256 kev. The average energy including neutrons
enitted at 21l engles from a thick target was computed to be about 5 kev.
The Farpet was surrounded by a paraffin sphere having a radius of 3.5 om, or
elternatively by a carbon sphere having a radius of 12 cm.

The dstector samples consisted of thin £ilms of boron and 25 om
platinun foils. The 25 foils had a donsity of less than 40 micrograms of 25
per ows, and the boron film had a considerably lower density so there could

te no Appraoiablo shialding due to absorption of neutrons in the foils. Thess
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foils were mounted on opposite sides of the common high voltago electrode in
the double ionization ohember as shown in Fig. 1b. This eleotrode was made
of aluminum (center portiom L/Sz fuch thick) to be certain that there was no
absorption and hence no difference in the neutron fiux on the two sidses. To
incraase the intensity s second 25 foil was placed on the opposite electrode
of the 25 chambsr. lhe chamwbers were opsrated with air at atmospheric
pressure and with a collecting voltage of about 1000 volts por cm. The double
cligmbar wag surrounded by a large shield cen filled with boron carbide, as
gkown in Figs la. The energy«iimiting ubsorbers, mado of brass piliboxes
£illod with boron carbide (Bs¢), wero fitted into the open end of the can.
To minimize orrors due to scuttering,; the absorbers were placed so that their
centers were at a cOnstant~dis%anco from the ionization ohambers. With the

excepiion of ene run, 2 cadmium sheet wes 1left in when B4 C absorbors were

added. A table giving the data on the absorbers used is found hslow.

TABLE I. TABLE OF ABSORBLRS.

wo. z, : Transmitted, Ep
gma(omz Approxe Min. Energy

1 0.26 145 ov

2 Q.49 6.0 ov

3 1.00 25  ev

¢ 2.00 100. ov

& 4.00 400 ov

Ths onorgy limit given in the last column is the energy at which the absorber
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trengmits 1/e of the neutrons. This cnergy is approximately Ez = 2s5{2 volts,
ie £ 18 in gn/om®. |

The counting retes (B and F) in the boroa apd the 25 chamber wero
obaerved simultaneously as e function of absorbsr thieknsss. ‘he flux was
aonitored by a bhoroa cﬁrbide lined chamber placed ocutside ns slown in Fig. lo.
Runs were taeken with the pareffin sphere with the detectors at 0° and at 8GO,
and with @ graphite shpere at 90°. 1Ike last run with pareffin and the detect-
ors at 80° was most osrefully done. (See Pig. 4.) In this run sufficiently
nany counts were observed so that statistical errors were reduced to about 2

percent.

Result

The results of aeveral runs are given in Table Il. Ths second and
third groups of oolwrrs show the ratics of horon counts (B) and 25 counte (F)
to tho monitor count (M) for oach absorber indicated in ths first column.
Since different monitors were used for the different runs, numerical compari~
sons botween th> B and F data from differsnt rmns are not jossible. Two runs
made at 80° are included to give an indication of tho consistercy of the data.

Ihe third group of columns shows the boron to 25 fiscion ratio as
& function of absorber thickuoss. As more of the slower nautrons are cut cut
by snccssﬁive additions of sbsorber, the B/F ratic is seen to fall, showing
that the 25 fission does not follow the /v law as is expested of btoron.
Instead, the faster neutrons shov therselves to bs relatively rore efficient
in causing 25 fisslon. A somewhat more quantitative descripticn of this

trend is shown by the last group of columns. Thess give the rstios of the
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changes in boron and 25 counts caused by successive additions of absorber.

Tlma is plltained the offect of neulrons oo anergetio to bo stopped by one

.'*but atopﬂtd by thb nexs ﬂd.ckar out.

e
W

men,trm mnmbu eneorgjisstitoh is an aumo of the tmnion limits a8 - .

given in the Table of Absorbers (I), ono can assign B/F values to various
neutron energies. Results of suoh an assignment of enorgy values aro shown
in Figs. § and 43 +the latter figure is based on the run regarded as ihs mosi
reliable. Recalling 09;-1/v, one geos from the graphs that 635.-1{ inoreacs:
by a factor'3 or so betwesen neutron onergies of some 2 to 200 ev. Of course,
this is only a small part of the expesoted rise by a fastor 12 which presumably
should take place before energios in ihe neighborheod of several hwndresd

kilovolis -are rco.chod.

g
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iy
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PABLE 1, e
2un ber R/ P i /s IRIEN
e e e ——— e e ALESG
1 Par. Hr. [Carbon {| Par. Pay, |Carbon || Par. Par. {Carbon Par. 80 P M
i 80° Q° 900 800 00 20° o ° > o Rer s 2rboc
FL 80 0 ) 9_0 _ Gd No C¢2 o 50%
tlﬁﬂ@ 12992 48-7 4063 ﬂr 6006 22-9 3096 2913 2;15 1:17
129.2 “ 60.6 2.4
i 2.83 2033 1.9
—T 228
cd Onz.y 19&9 8.)50 3019 1308 5.63 3.0 1(‘-55 1:52 -996
21l.3 13.3 1,60
]} 2.28
i1 14.7 2046 10.5 2,75 1.4) <895
5(.52 2.66 1(‘70
2.86
T :
Ca + {1 104 4.70 2,24 8.75 4,20 2.54 1.48 1.12 830 i
11.C .70 1.13
2,82
#2 - 9.20 8.55 1.08
] 2.30 2,03 1046
e . g . —_
5 ;

3ASv313d O 1Ndnd d04 d3aNodddv
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: A{B/E)
I A r/i ¢
Abgarber B/it /1 B/F¥ NCD:
{ —
,i Par. Par Cerbon § Par. Par. |[Carbon || Fer. Faro |Cerben rer. BQ¥ Faro Ksrbon
80° 0° 20° 80° o° 909 80° 0° ao® Gd No Ca 0o aq®
Cd+ ff2 7.75 | 3.58 1.86 || 7.62 | 3.58 | 2,38 1,01 .940 780
7,65 . Jr?.ss ’ .962 ' ' 1,34
2 Cd + 41 + fiz 2.44 2.88 +855
U .
3 -
m .
O 43 5056 6.26 590
-
9 | 1055 2,60  .79¢
; I |
z 2
o Cad -+ 43 | 5.14 | 2.18 1.42 {| 5,94 | 2,78 1.02 +870 o782 07580
& 4,57 5020 87
m
7 | T 5
o , —] —_—
Cd+f2+ 48 T 1,39 1.92 727 »
—— - 28 ~
j 1.G7 08D .58
ﬂ .88
] - - — I
¢
Cdf/‘:Q jﬂ 2.60 1,26 1,01 5655 1.72 1,40 0730 +725 <730 ; ! .
1 T f . ! e
i z.e8 5.28 I o83 ! i :
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T+BLE 11 {cont'd)

£.

Al sorbar Frit
:’;;. {T‘a::—.h : Pér. Carbon i Far. - VCarbon '1L Paro 5-:;;:’2;0;;
80° £a° 0° 8a® 90° cd 80°
s 1.56 2,15 725
I [ ) 72 | ““;
Cd + /5 1.52 2.06 1.03 T4 oesi
Ca+i4+is . 536 1‘
e .8
Cd+ jl+f5 «55 .20 70 270 i
|
8.5 zm/cm? 2,78 4.60 66 ﬂr

dASV3T3d O I'dNd €04 d3aNodddv
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Anal_xais of Results

Perhaps the results obtainec from the rough analysis so far
preaeuﬁd iro 0.11 that one &hould oxpect from this relatively simple experi-
nment. ,-nowm, e somewhat more detailed anslysis may help to*‘oircumvant
some of the ‘eritisisms which might be mnde. It is obvious that each point in
Figs. § and 4 répresents a result;ant «f a wide group of neutron energies.
Horoover the emergy limits of the group depend on the intonsity with ¥hich
thosne energies are ;epreaented in tho noutron speotrum employed. One oan nope
to remove some of the ambiguity through some knowledge of the distribution
in energy of the neutrons.

One may first attompt to corpute the spectrum to be expected under
the conditions of the experiment. A&4s o matter of fact, such a computation waes
carried out in order to decide what exocrinental conditions to use. It ic
streaightforward to show thnt the number of noutrons in the enerzy range dEj,

rom o thick target of Li bomtarded oy j:rotons is proportional to:

{Ez d( (.,Q)

IdE, = dEn) Y (0,8) "

. Jo,

Ep is the protor onorgy in the remotizr, Ej being its threshold wvalue

(1.86 MV) and Es the bombardrient energys posssssed by all protons before their
slowing in the lithium target. Y iz th2 yield curve of the Li (p,n) reactiom.
It was agsumed to be the product of uwm» factors; one dopending on proton
energy only and given in the ., A Handbook; the other depending only on 6,

the angle of neutron emission in the c2nter-of-mass system. Curves for the

latter faotor given in s ropor!. by Boradict end Hanson (CP-617) led to

t
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T ~ 1 = 3.77 cos® + £.61 cos?9

for the ungle depandence. The last fector in the insegrand is found easily
from the consideration of energy and pcmentum conservation in the remctionm,
which gives

En ~ (26/52) E, + (1.42 uV)

(7/32) Bp /1 - {1.86 EV/Ep)

cosg =

Wumerical integration let to the spectrum shown as I in Pig. 9 for the

azadrons from o thick L1 target and with Ep = 1.93 MV.

In orcer to obtain & greater proportion of the very slow neutrons
whose ¢ffect war to bo explored in the experiment, the source was surrcunded
by a paraffin sphere. The spectrum resulting from this can be calculated with
“ue wmel procedure based on Forni's rlowing-down equetion znd the assumpiion
P o o0lint source ;a.t the cente:r of the paraffin. This procedure cannot bo
mxneetad to be completely trusiworthy for the small amount of paraffin  in~
velved in this experiment. Thy result is shown in Fie. S. It reprosents the
aseiyity A in ;1 1/v deteator vhich weuld be caused by the neutrons in a unit
Aogerithaule energy range, i.e.. jAdS?/E would be the totnl ectivity.

Ar & check on the compuied gpeotrum one can see whether it leads to

tue experimentally fourd boron absorption curve (Fig. 2).

ithen
=
(—'max

B = s A e Ve (a8/%)
. .

l
e,
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was computed it was found to give an absorption curve not quite as steop &s
the exporimental one. Evidently, the actual noutron sprpotrum has a greater

proportion of absorbable slow noutrons. By approximating the above oxpression

for B with
: 2642
Y A dE/E
]
one geas that
A X ..’L .?.?.
2 af

so theu in this approximation the "activity“ spectrum can bs obtained from

the boroa sbsorption ,ourve by differentiation. This not very eccurate pro-~
cedure vielded the curve shown in Fig. 9. It supports the criticism of the
first computed spectrum in that it gives greater weight to the more absorbable,
intormoGiate~energy neutrons. The excess of very slow noutrons in the first
spootrun are presumably entirely stopped in the fi:st layers of boron absorber
and so contribute nothing to the variaticn of tho absorption curve at greater
thicknesses, The new spoactrum, .L'aa/aib was found to lead to apn absorption
curve more noarly in agreement witih the oxporiment than 4id the fifst spectrume.
However, using this new spectrum for further analysis represents no essential
improvoment on our first procodure which yiolded Figs. 3 and 4. Tho assump-
tions remain tho seme: That there is a one-~to-one co;respondence between
noutron energy and boron thickness as given by E > 2582, Thus the inquiry
into the spectra has so far netted no more than some additional support, for

considoring the first procsdurs i'airly sensible.
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There renains another.procaduro, independent of tho assumptions
invelved in tho relation E eszsﬁz, which may be tried. One can divide the
energy range into ¢ few intervals over each of which the "activity" A4 is
assumed to be constant. The value of the constant in each intorwal can be
treated as an unknown to be evaluated by éomputing the conscquent absorption
curve end fitting it to the experimontal one. If By and Bp aro the
energies delimiting the interval and Aj5 is the constant "activity" due to
neutrons within it, then its contribution to the boron counts through

L m/omz of absorber is given :
14 &

rEp

_ SUE o TSN st
312 A.]_z. (] d.../E = ZAlz‘jELQjF“T'.z-) + Bi GJ}?{-)]

By

(:‘4 Ay2 log (EZ./EO) for R = )

Such contributions from esch interval are to be sdded to obtain the total
boron counts B at a given .@o

The calculation was first carried out for three intervels. Tho
limits of the intervals and the relative values of A in each, which resulted

from fitting to the absorption ourve of the 80° data, are given here:

interveals LA
0.4 (Cd linit) %o 25 volts 4.75
25 volts to 400 volis 3082
400 volts to 10 ksv 0.673
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The vélues of A are plotted as a histogrem in Fig. 9. One can
hops to make the histogram spproach a continuous curve by inoreasing the
aumbar of intervals. One finds, however, that the values of A are
extrogely sensitive to varistions in the absorption curve and that the sensi-
tlvity mounts enormously with the number of intervals. For example, when a
four interval snalyesis was tried on the basis of the exporimental absorption
ourve, 8 negative A valuo was obtained in one of the intervals. This
could be romedied by first correcting tho experimental curve on the basis of
the three~interval analysis; no corroction greator then tho 1-2 porcent
staivistical fluotuations had to be made. Then the four interval onalysis

procaeded smoothly with ths results:

Interval A
0.4 to 10 volts 4.93
10 to 63 volts ; 3.61
65 %o 400 volts 2.66
400 to 1.6 x 10% volts 0.78

¥his in mlso plotted in Fig. 9 and shows gratifying agreement with the thres-
interval analysis. Both indicate that the spectra derived in the preceding
peragraphe were not very far wrong. The “doctpring" which was ueeded to make
the Cour-interval enalysis give sonsible results indicatos that the date were
inocapable of yislding more than is ob%ained with the three-~interval analysis,
The interval analysis can b2 used to determine the variation of
G25- ¥V in the following vway. One applies the above procedure to the values of

FV& as a function of { inetead of B/M, the absorption ag detscted in B.
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Then in place of A one obtains (czs/bs)A and thus Oag Ve The throe-~

interval analysis thus gave:

Intervals o257/ (925 ¥ )i hernal
0.4 to 25 volts 0,57
26 to 400 volta 3.3
400 to 10% volts 3.0

In qualitative agrecment with Figa. 3 and 4, this shows that dzé»v rises by
about a faoctor 3 over the thermal value in the neighborhocd of 25~100 volts,
staying about conatont to some 10 kv. There is some indication of o decroass
in czéev bolow the thermal walue between the ¢d limit and 25 volts.

It should bo mentioned that there may be some error intreduced in
the above work due to the fact that a small part of the counts observed in the
boron chamber ware due to nitrogen. This poasibiliﬁy was checked at the con~
clusion of this exporiment and it was found that thoe background count at the
biases used with the boron film removed was approximately 1/6 of the boron
counting rate. A run on this badkground with and without cadmiuvm showed that
this background count was reduced in the same ratio as in the run with the
boron sample in. Further checks on this point wore prevented by a Gerious

breskdown of the eleotrostatic genorator, but it could not change the magni-

tude of the breck by more than about & percant.“'ﬂ,_f“__
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COMPARISON OF op¢ AND op FOR RIGH ENERGY WEUTRONS

Experimental Arrangemont

This exporiment was carried out using the long electrostatie
generator in W. Tho souréo of noutrons was again €the Li(p,n) raaction. The
lithium verget used had a thickness suoh as to reducoe the energy of the
protons by 60 kev. YThe average ensrgy of the neutrons was taken as that
torrespending to a proton enorgy 30 kov less than the maximum. All detector
ohambers used ﬁith high energy neutrons were placod as closs to the target as
convenient (3-6 inches) and were covéred with oaﬁmium &0 as to minimize the
offoat of soattersd nevbrons.

The expariment, in its simplest form, again consists of comparing
the counting rates of the fissions in the 25 chamber and of the o -particles
in a boron chamber. A direot comparison of the cross-sections by simply com-
paring the counting retes in a comparisen chamﬁer such as u§ed in the Teller
axperiment will not, howevor, give a correct result where the energy of the
neutrons ig comparable to ths Q value of tho reactibn (2.8 ¥sv). Ths
corrections to be spplied to tho counting rates from thick and thin btoron
fiims were considered and it was found that the corroctions would bs very
largg oven for neutrons having enorgies arcund 0.5 Mcv where the differonce
in the counting rale would bo of the order of 50 porcent depending on whether
the ol~particles sountod came out of tho foil toward or awsy from the sourée

of noutrons. These corrections sreo complicated by the fact that they depend

on the bias of tho recording instrument, and by the fpct that two Q values

e .

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

R
=

-
e o

-19. = T

mst be considered, one corresponding to leaving the Li nucleus in an
excited state, and that counts arising from the li recoil muaet also be cone-
sidered. <There is a simplification if really thin filme are used in that the
avorage of the ocunting rates taken with the film turned toward and away from
tho source glves the correot value. The duta taken in this exporimont with
the thin £ilms were evaluated in this way. Tho use of such a chamber (Fig.
1b) has the advantage that the ratio of the counting ratos observed at high
enorgies can be compared to that at thormal enorgies (neutrons absorbed by ¢d)
by simply placing the chamber in the center of a large block of paraffin. In
this way the change in the ratio of cross-seetions from thermel energies to
the highor enorgioes can be measured directly. The ratios measured in this way
are shovn by the triengular points in Eig. 6. IU wac unprofitable to use this
mothod with neutrons having an energy greater than 0.4 Mov since the back-
ground in the chamber became important and could not be corrected for with any
certainty.

To get tho variation in the ratio of 68/62 5 et higher onergies a
gae chomber filled with BF3 and a 25 fission obamber were usede The use of a
gos chamber is particularly advantageouu in that either the & =particle or
the Li recoil from the B(n,cf)Li renction will almost always have its complete
range in tho chambtor and henée insure a minimum pulse of about one Mev (the .
minimum energy of the Li reooil). With this chambor one could set the bias
2% & point corresponding to about 1 Mev pulses and be cortain that all the
B(n,®) reactions wire counted and that therse would be no confusion dua to
proton recoils or other reactions ocourring in the chambsr walls which have a

low Q value. It was found that it was necessary to use a collecting voltage
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of about 4000 volts on a chambsr such as is shown in Pig. 5 filled with 60

cm BFz in order to get a good plateau in the numbers vs bias ourves. The
datn token with this chamber is shown on Fig. 6 by X's. 1In this end the
following run the boron ¢hamber and the fission chombor were placed at an
angle of 305 to the forward direction. Tho data from this run seemed reliable
up to above 1 Mev but at this point there was no longer a roliable platesu.

A socond gos chamber was then constructed in nn ettempt to use higher preasures
anté higher collecting fields and so incrosse the length of the plateau. This
chzmber is the 6ne shown in Pig. 5 and it made possible the use of collecting
voltages of more than 6000 volts when the chambor was f£illed with 15 cm BF3
and. 60 1bs {gauge) of spectroscopically pure argon. Much of the designing
and testing of these cﬁambers was done by J. M. Blair. 1This chamber when
exposed to slow noutrons gave a satisfactory plateau up to a bias point cor-
responding to 1.5 kev pulses in the chamber. The results obtmined with this
chambar are shown as plus signs in Pig. 6. For this run complete bias curves
were obtained with and without BFz in tho chambef for each point, PFor the
highest enorgy point the background count emounted to about 30 perceont at a
bias corresponding to 1 Msv pulses. FHowever, by subtrecting the background
count satisfactory plateaus were obtained for all points. The origin of the
background count is not clsar but is prosumably from the brass walls of the
chembor. It might be pointed out that this lost run should have detected any
appféciable amoun: of the Blo(n,p) reaction which from the mass velues should
have & Q value of about 0.2 Mov. Its absence is in agroement with expecta-

tions that it would be only about one percent as probable as the (n&) reaction.
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An independent comparison of boron and 25 cross-sections, which

doos not depond on tha thormal oalibration, was made with 0.58 Mev noutrons
ty £illing the boron chamber with an accurately measured amount of BFz and
comparing its geomotry with the source and its counting rate to that of the
fiasion sample which wns used in the wmeasuremants of tho Z5 cross-section mado
at Wisconsin (¥ XV1Ii-B~6, see A. O. Rﬁnson CF~618). This measuroment geve
a value of 1.27 barns as indicated in Fig. 7. This may ba compared to the
value of 1.7 barns for 23. ‘tha boron value would be reduced to ebout 0.9 barns
if the menganesa flux measuroments are assumed t0 be corroct (see LA Handbook,.
1a-11).

It might be worth pointing out that thero was no ovidonce of any
decrease in the prossure of the BPz in the ¢humber over a period of 24 hours.
The reason for this is that the chamber contained no orgenic materials. It

was made with porcelain insulators and was seoalod by lead gaskets.

Results of High Enorgy Comparison

The obsaerved ratics of GH/Egé are shown as a function of energy
in Fig. 6. These ratios are‘normaliaeé to a value of 6.0 for the;mal encrgies
which is based on the valuos 02;; = 645 and S5 % 708 and OBJ-O_= 3840.
Relative values obtained with tho gas chambors arc normalized at a value of
1.43 at 0.29 MNov.

Using the values of the ratios from tho cﬁrve in Fix. 6 end the
values of tho 25 c¢ross-section givon in the curve given in the L& Handbook

{LA~11) we £ind tho values for the BIC cross-scction given in Fige 7. The

oroken linoe is based on an extrepolation of the measurement of neoutron flux

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

~22w~

The OB°V/§-curve (Fig. 8) ie interasting in that it shows clearly
the resonance in the boron cross~section at about 0.25 Mev. An attempt was
nade to fit a resonance curve to the presont date and hence got values for the
boron cross=section in the region from 1 to 150 KV. But this attempt did not
lead to any reliable conclusions.

The high value obtained for o at 1.68 Nev cannot ks regarded too
seriocusly but it may indicate another resonance in the boron cross~seotion at
a eomewhat higher enorgy. Further measurements in this region ere baing

planned for the near future.
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APPENDIX
EXTRMSION OF THE COPPARISOM Or THE RBORON AND 25 CROSS-SECTIONS FCR MEUTRONS

OF ENERGIES UP TO 3,0 XEV.

Measurements of the relative cross-sections of boron and 25 have been
made with neutrons having energies up to 3.0 lev. The higher energy neutrons
from the D-D source were made availsble for this purpose by the cooperation of
Manley's group (P=3).

For this work the boron trifluoride chamber (Fig. 5) was lined with
5 mil gold foil. Ménlcy's group hed previously found thet gold was effective
in reducing the background count due to fast neutron reactions in the chamber
walls. The chamber was filled to a pressure of 21 lbs. (gauge) of BF3 vhich
gave a very high sensitivity and would mske any remaining background relatively
small. A very satisfactory plateau in the number of counts vs bias curve was
obtained with thermal neutrons with a collecting voltage of 8000 volts. The
plateaus obtained with high energy neutrons appeared approximately at the bisses
where they viere expected but were not nearly as well defined. This was due to
the fact that the chamber was more microphonic than it had been in the experi-
zents reported sbove and the effective noise level was quite high when it was
tiaken into the generator rooms. Also with the high energy neutrons the diredt
boron recoils raise the minimum bias at which a plateau could be observed. The
plateaus, however, were sufficiently distinct to define the number of boron
disintegrations to better than 10 percent. Probable statistical errors were in
every measurement less than 3 percent so that the biggest wn:ertainty is in the
interpretetion of the bies curve.

The fission detector used contained two foils, each carrying a deposit

of about 1 milligram of material which contained about 72 percent of 25.

~

.y
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Gorrections were made for the number of counts duc to 28. The correction used
at the 1.55 Mev point wgs 6 percent while the corrections at the higher energy
points were all taken as 10 percent.

Measurements with the detector described above were taken at five
_heutron energies. Points at 1.08, 1.55, and 2.0 Hev were tsken using neutrons
from the Li (p,n) reaction supplied by the long electrostatic generator in W.
The counting rates were taken with the boron and 25 chambers in the forward
direction at distances of 5 and 2.5 inches from the target respectively. Both
detectors were cadmium shielded. The same distances were used when the detectors
were moved to the D-D source. Measurements at 2.5 and the 3.0 Mev were made by
taking observations at 90° and 30° to the dirsction of the 200 Kev deuteron
bzam incident on 2 thick heavy ice targst.

The resulté of the comparisons are shown in Figure 10. The value
of the ratio of the counting rates at 1,08 Mev was used to normalize the ratios

to that obtained previously (Fig. 6). It dan be seen from Figure 10 thet the

ratio O-B/‘rés has a very broad maximum at about 2.0 lev but this could hardly
bs called a simple resonance, Ths extension of the O‘B curve was not made since
the 25 cross-gection is not known accurately in this region. The ratio plot
gives the appearance of O3 on the usual agssumption that 0‘25 remains constant
(1.6 parns) in this region. I£ waa also not considered worthwhile to extend
the chQiT curve since this guantity has no direct interprstation at these

high energies,
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