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ABSTRACT

The b ic nrimeiple invoived is the disintegreticn of deuterium
by bigh ep<r.y oomma photons Lo produce fast neutrone, which are

mederated by sn optimm thicknese of paraffin to echisve the best

balance betvser mederation and cepture. The moderated neutrona are

detected by « |7 countar.
The Jocotor 43 made of two concentric polyethylene bottles
with 8 2 wm. gop Jilled with T 0. The outer bottle has s dismeter

of 12.h ez, ns vottie is Tilled with paraff™n and = 1.8 cm,

hole dArilliasd o Jincetes a PF  counter.

The half.i vz of ¥a®Y 97 ¢a%? Mn™®, 45", and fisslon

products Irom the P.EH.C. fusl elements heve been measursd.

5perat&{ by tke Unlversity of Puerto Rico for the Atomic Energy

Commiasion.




IRTRODUCTICY

The results of other workers!®:%,%,4,5,8) . o neutrons produced
in the phote disintegration of deuterium, indicate the possibllity of
studying some nnclide mrevertics, 2sing bhose neutrons. For this 1t
1s of interest to deveiop 2 aimple y nzulron convertion device.,

Two types of ‘ntaraction conbtribuie to the cross gection of the
D{y,n}p resetion: phcteelectric and photon magnetic interactions. In
both cases the incident y ray interscts with only the proton. Fig. 1
shows the cines scetion for the disintegration of D by electric
dipole shzorption. The maxinum cross section of 2.25 mh. occurs
at B = 4.LE mev.

Moncepergetic v rays produce a monoenergetic group of neutrons.

It can be shown thet theeergy E, {in mev) of the emitted neutrons

from a deuterium target s approximately egquel to:

3

Eﬁ = l/g[fﬂy - Et]. ............ S h e e . (l)

where, B, = is the threshcld energy (in mev) for the (y,n) reaction
and E7 it the photon enwgy up to 10 nev,

Since for the D {y,n} H reection, %, = 2.23 mev., a rough
estimate of the plotoneuiron energy in terms of the energy of the
y rays emitted from various radicisotopes can be obtained from eq. (1).
Although most cf yields from D {~,n} p have been obtained(*ﬁ) these

will change with the geometry and distance of the source from the

detector.
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EXPERIMENTAL

A. DESIGN OF THRESHOLD DETECTOR: Since neutrons coming from
the photodisintegration of D have energies of the order of & fraction
of an mev., it ig necessgary to thermalize them prior to their de-
tection with a BFB counter,

An experiment was performed to estimate the optimum thickness
of paraffin required for maximum number of neutrons detected. Fig. 2
shows a diasgram of the experimental set up. Fig., 3 shows the ex-
perimental results and it wes concluded that a meximm count rate
was obtained with a peraffin thickness of sbout 7 em. Using s
paraffin thickness of 5.5 cm. a good balance between moderation and
capture was achieved.

Fig. 4 shows the details of construction of the threshold de-
tector. It is made of two concentric Polyethylene hottles with a
2 mm. gap filled with QEO. The outer bottle has a diameter of 12.4 cm.
The inner bottle is filled with paraffin and a 1.8 cm. hole drilled
at the center to locate a BF; counter.

B. IRRADIATIONS: The ¥-reay emltting isotopes were metivated
in the PRNC reactor operested at the power level of IMW. and at m
flux of 2 x 10"%n cn™®sec™? Fither the swimming pool or the
pneumatic system facilities were used. The sctivities obteined
were up to 0.5 C.

C. MATERIALS: The irradiated materials wers analytical or
reagent grade Na,HCOB, Mn powder, Ca0, S, Aaos, 8¢ and UOE(N03)2.6H20.
D. COUNTING PROCEIURES: Depending upon the - source, each

experiment was performed as follows:
1. Determination of the background in the absence of
the source.

2. Determination of any ionizetion in the BF3 counter

due to the y radiation. It was noticed that at 150v.
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above the plateau, y-rays affected the BFS
counter.

5. A syster similar to the threshold detactor,
Lbut without DBO was pleced nsar the source.
If the source was not fission products, the
count rate due to photodisintegration in
paraffin was negligidble.
If the gmme source was the fission products
s walting time was reguired for the decay of
all delayed neutrons.

RESULTS AND DISCUSSION

Significant response of the detector to » rays, indicates that
such photons are shove the threshold of 2.23 mev. In such a case,
the detector cen be used to measured accurately half-lives of
individual or mixtures of » emitters. Furthermore, this technigue
permits the investigation of new high energy »~ rays.

a) Na®* snd Mn®%®: The decay rate of these radionuclides

was measured together. Both sources were placed in such
a wey thet each radionuclide contributed to about the
same count rate.

Fig. (5) shows the decay curve resolved into its components.
The helf-lives meesured, 15 hr. for Na=* and 2.58 hr. for Mn>®
agreed with those measured by standsrd procedures(7).

b} Ca*®: This 1sotope was choosen to confirm the existence

of 1ts high energy » roy recently reported(sz Fig. (6) shows the

7. D. Struminger, J. M. Hollender and G. T. Seaborg. Rev. of Mod.
Phys., 30, 585 (1958)
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decay curve. The half-life of 8.8 min. measur=sd, agreed with that

obtained by stendsrd vrocedures.

s - 5 o
o) AS‘X: Three v rays over 2.235 mev. are veporied for As

78{8)
The time of irradiation was ' hr, and the wzmount 1.5 g. The

3 g ; e ] #ide f
count rate wes followed for 72 br. Fig. 17 shows the decay curve;

the helf-life measused was 29.8 hr.. vwhich sareed wish zhat reported
for Jia."
d} §°7: A singile experiment vas performed irradieting cuwlphur.

. 26
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Since The cross sectlon and lsotonie concentretion of O are

very low, the count rate altter 5% min. irrediaticon was also low.

Fig. {B) shows the decasy curve. The half-1ife of 5.1 min. measured,

A . £ i
agreed with other reported dets’>®/
& .

B

e} 5™ : Seversl irradiations were pertormed, using up 10 g.
of natural Se. No evidence was found of the existence of the y ray
0 {(11)
of 2.29 mev "

FISSION PROLUCTS DECAY

Three experiments were performed to study the fission products
decay rate:
i. With the reactor shut down, a survey was msade
with the devector in the pool t¢ find a position
vhere the background wes about 100 o/min., then
& fuel element from the resctor was placed at

about 2 ft. from the detsctor. Fig. 9 shows the Zross
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activity and the four components resolved from the curve. The
helf-lives of lheses components were 5b ar., .k ar., 1.5 or.,
and 27 min.
2. One gram of uranyl nitrate was irradisted for 1
min. Measurenents vere made 2 min., alter
irradiation so that the deecay o ire delayed

neutrons would be negligibie with resp

B
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the longer lif's photoneutrons. #ig. Y0 chows the

gross activity snd the thres components resolved from the curve.
The half-lives of these components wers 27.% min., 7.3 min, and
2.25 min. This experiment confirmed the existence of a 27 min.
ectivity and showed another activity muer shovter than .25 min.
The shorter ones were difficult to resolve tecause of the presence
of delayed neutrons.

To assign a nuclide to each measured hair-life, the following
characteristics of fission products were considered:

1. Eelf-lives taken from the references(7’12} were

aompared.

12. W. Seelmann - Eggebert etsl. - Nuklidkerte mit Erlauterungen
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. The radioisotopes with - Tays over 2.2% Mev
were choosgen.
3. In some ceses, comprehensive data of the
charseteristics of the radicisotope is not
yet available. 1In such ceses those nuelides
with totel dlsintegration energy over 2.23 Mayl %)
wire choosen.
4. The figsion yield of “he isoitope, was also taken
irto acaouni(lz}
T /2 5 1.3 min: No nuclide with this half-life was reported.
However, Fb°° and Xr®® with T 1/2 = 2. and 2.8 nin., and y rays

~

A
over Z.23% Mev are known(IEJ.

It can be essumed that these nuclides
are nmeasured together with other of shorter half-lives, It ghould he
kert in mind, that this half-1ife was difficult to resclve, due %o
the delayed neutrons sctivity.

T 1/2 = 7.3 min: Tt agrees with that reported for %3Sr and
Pnl®2. Bowever, for these lsotopes, ¥ rays over 2.23 Mev are
unknown. On the other hand, the totel disintegration energy of these
are 5.23 Mzv and 4.15 Mev.

T 1/2 = 27.5 min: This cen attridbuted <o a mixture of Cgl®®
(32 wmin.} end ¥Y®* (20 min.).

T 1/2 = 16 hr.: Alsoc to a mixture of Kr®’ and Lal*?,

b,k hr.: This agreed with those reported for Ru*®S
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and Sb*°7. However, they have no y reys over 2.23 Mev. reported.
T 1/2 = 54 hr.: The only radioisotope with high ¥ ray over
2.23 Mev., snd with helf-life in the neighborhood of 54 hr., is

La**®, with T 1/2 = 4O hr. The 54 hr. meesured half-life, can be

13. A, G. Cameron, A revised semi-empirical Atomic Mmss formula-

CRP 6350 {1938).




explained for this isotope, only on the basis of an equilibrium
with Ba**® in the fission chein. In such & case, however, the La**®
activity obtained in figslon would he 5 times grster than that for
“oBa, which is not easy to sccept. Therefore, this half-life
should be attributed to a new fisslon product, with y over 2.23 Mev.
or &an equilibrium with a daughter of these charmcteristics.
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Fig. 1 Photo-electric cross section of the deuteron.
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Fig. ¢ Fuel elements decsy curve.
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Fig. 10 Decay of the 1 min. exposure of U0 (NO ) 6K 0.- Curve 1:
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total activity; II: extrapolated activity of T 1/2 = 27.7
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