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TH5 870.8-keV GAMMA RAY FROM Pt!!32

Hsiao-Hua Hsu

Los Alamos National Laboratory
Los Alamos, New Mexico, 9754S, USA

ABSTRACT

A 252
Cf neutron source and an

241
Am alpha s~urce were used

17 180
with isotonically enriched water containing 43.9% O and 43.1% ,

17
to study the (n,n’y) and (a,a’y) reactions in O and 180.

The production yields for the 870.8-keV gamma ray from
17
0 aild the

1982.2-keV gamma ray from
18
0 were measured. In addition, the average

252 17 170
cross sections over the Cf fission neutron spectrum for O(n,n’y)

and18 18O(n,n’y) O were determined.

INTRODUCTION

In the nondestructive analysis of certain radioactive materials, all

t170.8-keV line app?aring in the emitted gamma-ray spectrum has been used

to confirm the prcst”nc(~of tl)eoxide state of the maccrial based on the

fact that tile first txcited state of
17
0 is 87(.).tlkeV.

For oxide materi~ls with mt.ltiple indi~{~llous radiation ~ourccs, such

3s Pllo
2
witl] both nc’utzons and ~lphn pnrLiclcs ns decay r.ldiations, t!le

17
:“P;lcLillllmechanisms lenoing Lo rxcilal ion of L])rI () !“irRL rxritrd

~L/lLf?tilreIlot obvlollt?. on the othrr h.711d , in Lht’ naturn] ox;d~

18
m;ilrri:ll~, Ll)c ~tmolltlt. of

170
() (0.204%) in mor{) Lllall tllnl {If

(0.(J3HZ); h(!llce,
I H()

fl14’ ~nmnm-rny drcxy fr(~nlII]{>rx{’il(ldstntrti ,)1” ,

::(lcI1:~~ [Ilr 19t12.2-k(.V}:i-lnnnn r.1) from Ll)r [ir*t cxrilrd Ntntr, my alku

I)(* IISCIIII for ifli~nt;1icvli{)llpurposra.



Experiments to determine the relative contributions from

17 170 17
O(a#’y)170B and

18
O(n,n’y) , 0(n,n’y)180B 180(a+z ’y)180

in such caeee have been performed.

EXPERIMENTALPROCEDURE

Two series of measurements were carried out with a neutron source

and alpha source, respectively. In the first series of measurements, a

252
Cf neutron source (1.48 x 106 n/s) was used because the neutron

252spectrum of Cf resembles closely that of plutonium.

The neutron source was placed at the center of two contair,ers of

water. One container held 100 cm3 of natural water, the other held 100

3 17 15
cm of water unriched in the isoropcs O and O (43.9% 170 and

43.1% 180) .

A high-purity gcrmnniurn dctcclor with 11.7% efficiency and 1.9-keV

resolution at 1332 kcV was used to dt!tcct gamma ruys. ‘1’hc spectra were

241srricfi of mf:ilslirmwilts, Am so]ulitm~ wl!rc uscci

~il tllt~ prillltlry ~]i)ila i>articlc is 5.486 McV, comi)nrilhle

il,qrtic]cs from ZNj,,,,
flllcl 5.155-M(’V tllplln pilrtit!ll!fi



RESULTS AND DISCUSSION

Partial plots of obtained gamma spectra appear in Fig. 1. Th ●

dotted line is the spectrum obtained with a 252
Cf neutrcn source placed

in natural water; the asterisk line is the spectrum obtained in a similar

way using iootopically enriched water. Part (a) shows Lhe region near

the 870.8-keV line, where the difference of these two spectra represents

17
the intensity of 870.8-keV gannna ray from the O(n,n’y)170 reaction.

For the solution containers used, it was estimated that a source

neutron would travel an average distance of 1.5 cm in water before

escaping. A value of 0.42 & 0.05 mb wsa obtained for the average cross

252
section ( Cf fission neutron spectwm) for the reaction

17
0(n,n’y)170 by measuring the intensity of the emitted 870.8-keV

gamma ray.

Part (b) of Fig. 1 shows the rcgicn near the the 1982.2-ke\~ line.

In natural water, the observed 1982.2-keV line is sl~f?n to be very weak.

Tliis pe~k consists of two components, derived frum both tile
18

tl(n,n’y)180

17 17 17
iind o(n,y) O rr!ictions. Tnc O th~rmal nrutr~u capture crofi~

1
s(1c1 iuu was mc:IsIIrud by Ianu and Inblis to I>c 538 t 65 pb; th(’

17
:Ivurap, c O ritpturr crosn scc~i(}n ovrr the fis~ion nuuLrnn Hiwcrrurn is

IIIIkIIWWl, hut likrly Lo br ::m{l]lijr. From the’ t~}Ltil intvuhity (>[ Lhe



rcacticms can be identified. Figure 3 shows partial plots of gamma

241Am in natural
spectra obtained. The dotted line is the spectrum for

the asteris!: line is the spectrum acquired for
241Am in enriched

water;

water.

To alpha particles, the mixed solutions are infinitely thick

targets. Hence, frcm the observed intensities of the 870.8- and

1982.2-keV gamma rays, the production yields were found to be 1.24 t

6
9.15 per 106 alpha particles and 0.44 t 0.06 per 10 alpha

particles, respectively.

The ratio between specific isotopic (a,a’y) and (u,n)

reactions can also be found. From the observed in?cnsi,ties of the

870.8-, 1635.3-, 1982.2- and 350.7.-keV gamma-ray lines, tile

following ratios were obtai,ncd:
17 17 17 20

O(a,a’y) 0/ O(a,n) Ne =

(39 f 2)% and 180(a,a’y)
18 18

0/ 0(a,n)21Ne = (5.6 f 0.8)%.

17
The (a,n) ruflctiollcross section for o and

18
0 uns targets

for alpha l)ilrt~CIPS I]avi:lg{?n(?rgicsLctwucll 5 and 12 MeV ll,Id previously

1)~’(’nsl.lldiudby Il:]ltst’[),(IL:11.;
2

Lll[:yrcpurLcd tllfIL ;it 5 M(IV for



239
‘n ‘Cgt ‘“02

samples (with high Pu content), the 1982.2-keV

gamma ray was not observed. The reason for this, we believe, is that the

239alpha particle energy from Pu (5.155 MeV) may be too low to overcome

180 4
the Coulomb barrier of .

CONCL.USIONS

The average cross sections for the
252

Cf fission neutron spectrum

fos the following reactions have been measured:
17 17
O(n,n’y) O (0.42

t 0.05 rob),
18
0(n,n’y)~60 (2.08t 0.25 rob), and 1H(n,y)2H

(0.887 t 0.090 rob).

The (a,a’y) production yields for the 870.8-keV gamma ray of

17
9 and 1982.2-keV gamma ray of

18
0 were determined to be 1.24 *

6
0.15 per 106 alpha particles, and 0.44 t 0.06 per 10 alpha

parti~.les, respectively. The production yields can also be found in

(n,n’y) reactions: they are 622 t 10 per 106 neutruns and 3100 f

150 pcr 106 neutrons, respt’cLi\ely. The production yields for both

gamma rays urc higher for neutron inelastic scattering. However, from

[I]ckl~own alpha decay half-life al)dspontaneous fission half-life of

8
~~luLouium isotope’s, it is found that there are almost 10 times more

:I:lJ]Ia pnrt;(”]os Lilnn tlclltrons. Tllercforc, Lhc 870.tl-kcV gammn rays



In nuclear safeguards work a very strong
252

Cf source, say 109

n~s, could be placed next to a sample to enhance the intensities of

both the 870.8- and 1982.2-keV gamma rays. A search could also be made

for (a,n) reaction gamma rays for confirmation of the oxide state in

those cases where the
238

Pu and
240

Pu content is high.
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FIGURE CAPTIONS

Fig. 1. partial gamma spectra plots; the dotted line is the

252
spectrum resulting from Cf in natural water, the asterisk line

252
is the spectrum resulting from Cf in enriched water. Part (a)

the 870.8-keV region; part (b) the 1982.2-keV region.

Fig. 2.
241

Gamma spectrum from Am and enriched water in a mixed

solution.

Fig. 3. Partial gamma spectra plots; the dotted line is the

241
spectrum of Am in natural water, the asterisk line is the

2’41
speetrum of Am in enriched water. Part (a) the 870.8-keV

region; part (h) the 1982.2-keV region.
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