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ABSTRACT

Ths absolute cross section of the (n,p) reaction in sulfur has

been measursd as a function of ‘ths incident meutron enmergy from lo63 to 507
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ABSOLUTE {n,p) CROSS SECTION OF SULFUR

Y of the relative sulfur (n,p) oross section as

The measurements
a function of neutron ensrgy, desoribed in connection with the fast-nsutron
measurements of the nuclear explosion, have been extended to include more neutron
energiess and the ebsolute value of the cross seotion has been measursdo For
sach calibration point, the number of neutrons pasgsing through the sulfur was
determined by counting the number of fissions ocourring in a 25 foil placeﬁ
batween the two halves of the sulfur sample. After the irradiation, the sulfur
was remelted and cast into & cylinder as described in the above report]'. and
counted on a coylindrical Geiger counter with g 7=wmil aluminum walle

.The measuremonts extended over a period of several months, and the
sensitivibty of the oounter was checked by means of a cylinder of urenium glass
fastened to an aluminum slesve whioh fitted snugly over the counter so that the
geoxratry would be kept fixed. The sonsitivity of the counter remained comstant
to 1 par ocent over ths pericd of the measurements, even though the threshold
voltage rose steadily and ths length of the platesu grew shorter as ths counter
ageds

The calibration data were worksd up as follows: We have the following

rolationship for the neutron monitor foil used:'
¥Np = 1:1(G:E,(25)1~1‘.g‘,3 + of(ae)nzs) s Where

Ng is ths number of fissions oocurring im the foil} n is the number of neutrons

per omzv passing through the foilsaf(%) and af(za) are the figsior cross seotioms

of lisotopss 2b and 26‘,respectively, .’m'cmzj N25 and N28 are the numbers of 25
and 28 atoms in ths foile
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From this relatlionahip the number of neutrone/ cmz passing through ths sulfur

for each calibration energy was oalculeted from the observed number of fissiona_

in the foile The initial aoctivity of ths sulfur sample per gram of sulfur ia countg °

psr minute was oé.lculated from the observed counting rate of the sampls ajb a known

time after the irradiation using the disimtegration constant for PO2 of 303654 x 10~ /u
From these two quantities, the value of the initial activity per gram

of sulfur per neutron per square cm was calculsted for each calibration emergy-

This quentity is proportionsl to the (n,p) cross ssction of sulfur. The original

calibration data have been recalculated using the values of of(25) at high energies

found by Taschsk end of of(zs)/of(zs) measurad by Hamnsono Additional calibration

points at nsutron ensrgies of 2.5 and 850 Mev have boen obitmined using ths

(d,,d) source in building Z- Points et 8.4, 4.6, and 6.7 Mev wsro obtained using

the long electrostztic genarator in W with the (d,d) reaction.

The energies given for tha (d,d) points cbtzined with the slectrostatio
generator refer to the aversgse neutron energy im each case, taking into account
the stopping power of the nicksl foil used to ocontain ths gas in the deuterium
target, the stopping power of the gas in the terget, and the angular variation
of neutron energy over the sulfur digkse The gtopping power of the nickel foil
wag calculated for each smnergy by Ro Fo Taachek, and his ealculations indicate
that the previocus emergy valus given in the above raeport as 4.6 Mev should be
4.3 Yavo

The absoclute value of the oross section was dstermined by counting a
thin sanple of sulfur and comparing its counting rate with that of two Rak
standards preparsd by Jo He Roberts. 2). Beoause of the fact that ths maximum energy

32

of tho/3 rays from ths P° formed from the sulfur s 1.72 Mev, while that of the

2) MW BLa-46
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RaE/ﬁ rays is 1lo16 Mev, absorption curves were tuken in each case to engble
the dafa to ba extrapolated to zero wall thickness of the Geiger oounter-

Two sets of absorption measuremsats wers made on eao% gpectrume
Complete sbsorption curves wers taken in cooperation with Go Ao Linenborger and
Ann Xahm with a Geiger counter of the Berkeley bell=jar typs with a mica window
4.28 m'g/cm2 thick by interposing aluminum sheots of known thickness botween ths
source and the counter> Ths RaE source used was a thin plane one prepared by
R. Prestwood, and the sulfur source used wae a plane one prepared in a manner
similar to the preparation of the thi.ﬁ cylindrical om;s whioh will be desoribed
be lowo

An aluminum sleeve with a wall thickness of 8.5 mils was made which
fitted snugly over the oylindrical Geiger counter used to count ths sulfur samplese.
4 hole 6/8 inch in diasmeter was meds in the sleove, and the two RaE standards
and two small thin sulfur sources wsre counted im the two positions, over the
hole and ovor the wall of ths slsevso In this manner, two poimbts on the absorption
curve forthis guometry were obtained f.or each of theﬂspectra, ons point correspendin
to a thickness of aluminum squal to the wall thickness of the counter, and the
other corresponding to the sum of ths thicknssses of the countsr wall and the slsave.

The ratio of the counting rates for these two thicknesses of aluminum
waa compared to the ratio for the same two thiocknesses as measured in the pleme
geometry case with the Berkeley countero For both ths RaE and the Pszﬂ spsctra
the ratio of the ratio obtained with the Berksley counter to that obtained with
‘ths cylindrical counter was 1.06c The absorptionr ourve obtained using the Berkeley

sounter was used in sach ocass to extrapolate the obssrved counting rates to zere

wall thickness of the Geigser counters ' l I /
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The ratio betwsen the counting rate per gram of sulfur for the geometry
used for the calibration points to tho counting‘ rate per gram of sulfur for a
thin sample was determinsd by irradiating a tubs containing powlered sulfur in
the center of ths water boiler and counting parts of the sample in each of the
geometrisss Ths sulfur was irradiated in a tube 1/4 inch in diameter and 3 7/8
inchos long, and it was found that the sctivity of the sample was not uniform
after ordinary mixing.

Tests undor the diréotion of Harold Hirsch showed the®t when ths
sulfur was growmd in s mortar and pestle and sieved through a 328~zash Tyler
screen before irradiation, and then.mixod with porcelain bells in a ball mill
for four hours after the irradiation,the counting rates of different samples
counted ir the same geomdtry agreed within the statistiocal accuracy of the counting.
Following tiﬁ.s procodure, it was possibls to obtain good chescksamong differsnt thin
and different thick samplese The thick samplesawere mede of irradiated sulfur mixed
with unirradiatad sulfur, and they were prepared in th® manner described in the repor
meittioned previously. To make sure the same activity had besn excited in the water
boiler as had been excited in tho previous measurements, ths counbing rates of
geveral sasmples wera observed for a psriocd of two weeks, and the ssme half-life as
pravicusly found was obtainedo

The thin cylind.rical sulfur samples were made as follows: a shset of
scotch tape was wrapped sticky side outward around a mendrel turned to be
accurately the same size as the Geiger counter. The tapes was lapped over about
1/8 inch in ordey to form a cylinder which would hold its shape and could be
handled easily with tweegerse The taps oylinder was woeighsd on an snalyticsl
balance, placed back on the mundrel, and coated with sulfur .by meens of a stiff

artist’s brush. The sulfur layer was rubbed vigorously with the brush |
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to insure that only the sulfur which the glue of the tape held remained on the
cylindere The cylinder was again removed and weighed$ then it was pub beck on
the mandrel and covered with a layer of scotch taps to protect the sulfur deposite
The sulfur layers made in this way appeared to bs quite uniform to ths
eyso In order to meke sure the samples were thinglaysrs of differsnt thiclness
wore mede by placing mors or less sulfur on the brush and rubbing the deposit mors
or less vigorously. Samples with thicknesses between the limits of 1.24 and 1.76
mi'.l.15«.grams/cm2 were madeo Ths counting rates/gram of sulfur of samples of different
thickness checked quite precisely. To find out if tha scotch—tape cylinders them-
selves experienced eny change in wolight during the preparation of the samples, blank
oylinders were mede, woighed, allowed to stand in the room in which the sulfur was
put on for the length of time usually required for this process, and then rewsighed.
The scotch tape was kept in a room in which the humidity is controlled, and it
was found that a nearly oonstent wsight loss ocours in the above proocesso The
effect amounts to about a one per cent corraction for the 'avera'ge \:;eight of sulfur
used in the thin samples, and the correotion was applied to all the thin samples.
The date obtained from the above measuremsnts wsre worked up as follows:
The quantity observed at sach energy was the initial sctivity per gram of sulfur
per neutron per square cm for the thick sulfur geometry usede For each calibration
irradiation the middle of the irredistion was taken as the zero tims to which ths
initial activitiss were referredo. We have the following relationship for the

sulfur for an irradiation short compared to the halfelife of the Psz}g 'S

Initial number of active atoms/, gm of sulfur = (aumber of sulfur atoma/gm of sulfur)

(aumber of neutrons/em?) {(sulfur (ap)
. - erosa seoti

APPROVED FOR PUBLI C RELEASE m




APPROVED FOR PUBLI C RELEASE

Initial number of active _ Initial disintegration rate/| gram of sulfur,
atoms/gm of sulfur A

Vs also have

where A is the disintegration comstant of the ?szﬂactivityo This gives ua the

following expression for the sulfur (ngp) cross section, os '

In:ltial disintegration rate per gram of sulfur per nsutron per on®

M(numbsyr of sulfur atoms per gram of sulfur)

From ths measurements cn the thick and thin sulfur samples, we got the

ratio which converts Activi‘cy/gram of sulfur for the thick samples to Activity/gram

of sulfur for the thin sulfur sample goomstry. This factor is %-67: From the
absorption curves we get the ratio of the coumbting rate through 0 mils of aluminuﬁ
to the counting rate through 7 mils of aluminum for the,@spsctra of ReZ and P52,
The ratio is 2016 for ReE and 1026 for P°°

Knowing the true disintegration rates of the ReE standerds and their
observed counting rates as corrected to zero wall thickness of the Geiger oounter?
we can find the ratio of the trwenumber of disintegrations per minute to the
observed number. of counts per minute in our countere FPFor the two RaE stendards
used, the ratios found were 3¢91 end 3.83. Siunce A for the PS% activity is I
3.354 x 10~5/min. and ths number of sulfur atoms/gram of sulfur is 6.023 x 1025/32006;

our exprossion for ¢ becomes

i
'

Inxtial activity per gm of sulfur per neutreon '
a psr om? (thick geometry) (4067) (1.258) (3.88) (32,08
(3-364 x 10“5)(60023 x 10%%)
or

11,».:"4-“'—_

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

£ Qg

oo

¢ = (Initial activity per gm of sulfur per neutron per cx) (3-62 x 10"17)

Fige 1 gives the cross section of the (n,p> reaction in sulfur in

baras as e function of the incident weutron energy in Meve.
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