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ABSTRACT

The brenmsstrahl ung created by 150-Mev el ectrons inpinging on
a tantalum radiator was used to study photonuclear reactions on
sanples containing Be, C wNa, 0 and Ge. For Ge fifteen
radi oi sotopes, ranging in half life between 2.6 mn and 271 days,
and in mass between' 65 and 75, were obtained in sufficient anount
to determne their yields quantltatlveh%.u3|ng'known decay gamma-
rays. Special equipnent is described which was devel oped to
create the brensstrahlunP using a beamsharing node, while
mnimzing the neutron flux on the sanple. Relative production
rates were determned. These were analyzed to provide absolute
average cross sections for production of three reactions:

<o> for =sci(y,n)2<clisem = 4.7 nb;
56 nb; and

<o> for 7°Ge(y,n)*°Ge

<g> for 7sge(y,n)”sce = 53 nb,

where the (y,n) values are averages over the giant resonances of

the stable target isotopes.




1.0 | NTRODUCTI ON

As part of a nowterm nated ro?ram at the Cak R dge
El ectron Linear Accelerator (ORELA) fTacility to neasure and
report® phot on- production cross sections for neutron interactions
with elements for applications to technology and scientific
an experiment® was initiated to study photonuclear

disciFIines,
effects also using the ORELA In a beamsharing node.

Earl i er measurements™-* using the ORELA i{n a dedi cat ?d beam node
and Ta fre . 4)

for photonuclear reactions on Ni (ref. 3) .
verified that non-exclusive (i.e., no chemcal separations)
ganmma-ray-spectra from the irradiated sanple 'could be analyzed to
ort])ttaln |eId.|nf8.rrrta.t|on for radionuclides created during the
pnoton Deam Irraaiation. The first measurenents using the new
system (which is discussed in the next section) were ?or %I, and
results, both experinental and calculational, were presented by

Winstorf, et ai.® |n this re ort, results of %jrgéar
measurenments on sanples of Be, NaCl, Na.CO,, an are presented

and di scussed.

- 2.0 EXPERI MENTAL DETAILS

The experinment consisted of irradiating samples in a photon
beam created by 150-mMev electrons inpinging upon a Ta radiator.
After a preset irradiation period the sanples were renoved to a

| ow- background counting area, and.ga rays emanating from .
radi oi sotopes created during tﬁe |9rgH|Bat| n were det cteg usi ng
a well-calibrated photon detection system based'on a 45-cm®
intrinsic Ge detector. dSpectra were.fo.btai ned so. as not onlg to
identify peaks corresponding to specific transition, but also the
effective half-life of the decay of a given transition, thus
enhancing the identification of a specific ganma ray wth the

decay of a given radionuclide.

A schematic of the Photon Activation Systemis given in
Figuré I.  Two pulses/second of { electron beam are
diverted by a pul sed magnet. The diverted beam strikes a Ta. foil
radi at or %rodum ng a spectrum of photons from very |ow energies
to nore than one hundred Mev; however, ¢pe Ej mnant interactions
of this Photon beam with the Sanple are in RE grant resonance
region of about 15 to 30 Mev.=-€ The ter apsorbs neutrons made
by "the brensstrahlung photon in the tadrator Torl and Surrounding
regions. In addition, \?h.m?]gnetic field perpendi 8u| ar to the beam
pa%h removes el ectrons which’ pass through the radrator Into the
wat er .

Two spectra obtained during this study are shown in Fi(?. 2.
The upper spectrum shows radionuclide decay followng irradiation

of a sanple of Sodium Chloride, and the [ower spectrum shows
simlar spectrumobtained followng Irradration of a sample of

Sodi um Car bonat e.
]
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SODIUM CHLORIDE
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The spectral data were reduced using TPASS,” a gamma-ray

spectrum anal ysi s and isotope identification conmputer code. " The
photon-peak vyields, after a table |ook-up process to |dent|fY t he
responsi bl e radioi sotopes, were analyzed to deduce the overall
yields of the radioisotopes. These, ~then, were nodified by the
Irradiation tine vis-a-vis the radioisotope half life to provide
the production rate, R for each radioisotope created by the
sgeC|f|c irradiation. As there was no beam nmonitor in ‘place for
these experinments, the tabulated R values are relative. However,
one can deduce interesting results from these relative val ues.

2.A. Sodium ' Chloride

A sample of -1.5 gm of wNaci (made up of three small packages
of ordinary saltg was irradiated for 30 mnutes. |nitial spectra
were dom nated by the decay of =*ci*=e=; 3 spectrum for a coaling
time of 900 sec 1s presentéd in the earlier report of Winstorf,
et al.® The spectrum obtained after 20.8 hours of cooling tine
is given in the upper part of Figure 1. Deduced isotope
production rates are presented in Table 1.

Table 1. Relative |sotope Production Rates
f or Photonucl ear Reactions with NacCi

Radi o- Half-Life Production Rate
| sot ooe (atomsg/gec)
2ecy= 37:2mn 1.05E3®

3a(] +som 32.0 min 1.19E5

zop1 6.6 mn 9.532

24Na= 15.0 hrs 4,2733

22Na 2.6 yrs 2.56E5

18 1.8 hrs 1.3E4

= This 1sotope Is due to thernal-neutron

capt ure. .
= Read as 1.05 x 1203 (i.e., 1030)

10



2.B. Sodium Carbonate

A sanple of -6 gmof Na.co, powder contained in a plastic
bottle was irradiated for 30 mnutes. The spectrum obtained
after about 44 hours of cooling time is given in the lower part
of Figure 1. In addition to peaks associated with decay of *2Na
and **Na, and several background peaks, there is a peak at 478
kev due to decay of "Be. 1In addition, for short cooling tines,
the anni hilation radiation peak at 511 kev is ver%/. | ar ge, much
larger than the same peak for equivalent cooling tines in the
‘spectra fromthe Nacl sanple; analysis of its decay verifies a
conponent having a half life of about 20 mnutes. " This conponent
i s assigned to the decay of **c. Deduced isotope production
rates are presented in Table 2; one caveat is that the anount of
carbon in the plastic bottle was not determ ned.

Table 2. Relative Isotope Production Rates
for Photonuclear Reactions wth
Sodi um Car bonat e

Radio- Hal f-Life Production Rate
Isotope (atoms/sec)
22Na 2.6 yrs 5.9E5

22C 20.4 mn 1.4436

7Be 53.3 days 8.634

2.c. Berylliuvm

The Beryllium sanple was a machined dis-k, 0.6 mm thick by
about 7.8 cmdiam However, the col]imtion shown in Figure I,
Bermtted only the central portion of the disk to be illum nated
py the photon beam  The anmpunt illunminated was -2.8 gm. The
irradiation period was 15 mnutes. The sanple initially
registered 50 mR; however, the radiation was due to inpurities in
the Be sanple. No determination was made of the amount of
impurities; however, Ahrens, et al.® reported 0.448%inpurities
in their Be sanple, ‘an ampunt probably sinmlar to the amount in

he present sanple., The final gamma-tay spectrum had a cooling

t
time of 3.08 da¥s and a counting period of 0.69 days and is shown
inthe report of Winstorf, et aI.®= The deduced "Be production -
rate was 1.3x10° atoms/sec.

11



2.D.  Germani um

- The 11.2-gm high-purity Germani umsanple was irradiated
twice, the first time for 16 mnutes, and the second time for
five days. Most of the'isotope production rates were obtained
from anal ysis of the first set of spectra. Figure 3 shows two
portions of one spectrum the upper part exhibits the Iomfene[ﬂ¥
portion and the |lower part exhibits the high-energy portion. e
second irradiation was analyzed for the Ion?er-llyed | sot opes,
primarily €2ge and €szn. A spectrum taken follow ng the second
Irradiation is shown in the report of Winstorf, et ai.® The
deduced isotope production rates are collected In Table 3.

Table 3. Relative Isotoge Production Rates

Radio- Hal f-Life Production Rate
Isotope (atoms/sec)
77Ge= 11.3 hr 2.9E2
75Ge 1.38 hr 6.4E5
$°Ge 1.63 d 1. 7536
cege 270.8 d 2.435
€7Ge 19.0 mn 5.633
€SGe 2.26 hr 2.0E3
74Ga 8.1 mn 6.45E3
72@a 4. 87 hr 4 .4E5
72Ga 14.1 hr 1.2435
7°Ga 21.1 mn 2.0E5
- ®8@a 1.13 hr 1.4E5
€7Ga 3.26 d 7.1E4
““Ga 9.5 hr 1.3E4
“SGa X5.2 mn 1.06E3
S4Ga 2.63 mn 3.0E2
727n 46.5 hr 8. 832
73Zpteom 3.97 hr 6.0E2
€9gzpisom 13.8 hr 6.633
$57n 243.8 d 4. 2534

= This 1sotope I1s due to thermal-neutron

capture.

12



Figure 3.
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3.0 wHAaT CAN BE GLEANED FROM THE DATA?

From Tables 1 and 3 evidently some thermal neutrons are not
absorbed by the water, but instead interact with the sanple
creating radionuclides that can be produced only by neutron
interest, then, is the ratio of n(y), the nunber of

capture, :
"high-enerﬁy" phot ons (having energies > approximately 10 Mev),
ton{n), the nunber of thermal neutrons inpi ntgl nP on the sanple.
Fromthe results in Table 1, we can infer as fol [ows:

25¢6E3 = 22Ny _ O'(y! niy)

4.27%3 24Na c{n) n {n)

Using an average value of 9.5 mb for a(y) from Bernman's
conprlation* and 530 nmb for a(n) fromthe Table of Isotopes®

results in deducing the desired ratio:

n(y) / n(n)= 3350.

From the results for the two O isotopes, the average
phot oneutron cross section for 2=¢i1(y,n)3=ci1*=>= can be deduced:

1 JQES _ 34Ql_is°m - E(, E) n(,) 02(35)
1.05E3 38 c(n,vy) n(n) %(37)
g{v,n) 3350 75.8
433 mb 1 24 .2

where the neutron capture cross section for *7ci and isotopic
abundances for the stable Cl isotopes were taken from Tabl e of

| sotopes.? Finally, one deduces:
o{y,n) popul ati ng the 2=2ci*=se= - 4. 7 mb.

. The data presented in Table 3 for Germanium may be
mani pul ated in simlar fashion to obtain several "average"

phot oneutron' cross sections.*® The results are:

0[7°Ge(y,n)75Ge] =~ 53 nb,

a value conparable to an estimated average photoneutron cross
section for ”As of ~ 50 mb from Berman's compilation.= Al SO:

¢[7°Ge(y,n) *>Ge] ~ 56 mb;

alnost the same as the ”sge determnation, although the ssgg
yield may include a small amount fromthe 72ge(y,3n) reaction..

14



4.0 CONCLUSI ONS AND RECOMVENDATI ONS

_ Phot onucl ear reactions have the potential to create proton-
rich radioisotopes not easily available using other reactions.
The present results, along wth the earlier reports®-+ nentioned

in the Introduction, indicate the breadth of radioisotopes which
can be created. The present system uses only a snfall,tfrgctl?n of
Imted, a

the total 150-Mev electron beam energy available,

least in part, by the heating of the air-cooled tantalum
radiator. The present system also lacks a photon beam nonitor,
so the measurenents are relative. Nevertheless, abs Iutecross—
section values were determned by conparison wth vveP - known
g(n,y) Cross sections when a capture cross section was

unequi vocal ly determned and could be used as the nonitor.

Q her possible avenues of research using the photonuclear
effect are available and should be explored. = The present
_measurements My be useful as a guide for further studies.
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