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Abstract 

He have investigated the beta strength 
function up to approximately B.6 HeV for 
the system MAs(6~)"Se. Me find that it 
is not possible to satisfactorily describe 
Sg by a statistical model. From the 8 4As 
decay scheme we deduce an experimental beta 
Strength function, Additional information 
on ttie beta transition intensity is obtain
ed from the gross coincidence spectra of 
individual gamma rays. In total these data 
sugaest that the experimental beta strength 
function above 6.8 HeV is significantly 
lower than that calculated using a statis
tical model. Features in the gross coinci
dence spectra also Suggest that a signifi
cant busp appears in the experimental beta 
',tr»nath function at approximately 6.5 MeV. 

1, Introduction 

Reta-delayed neutron and oaiMia-ray 
spectroscopic studies of 8 7Br and B 5As 
>ave indicated that the statistical model 
-inej! not adequately describe the beta 
transition of these nuclei to daughter ex
cited W e Is in the energy range of 5 to 9 
Mevl^ 2'. The experimental beta strength 
of *~Kr features a broad peak centered at 
approximately 5.1 MeV which is not repro
duced by the Usual statistical assumptions, 
S, proportional to a constant or propor
tional to level density. For 9 5 A s decay, 
correlations were found between peak ener
gies in the delayed neutron spectrum and 
level energy differences in 8*Se. The 
deduced neutron emission probability to 
in-lividual levels fpi-valuesi were inter-
r. ;. : ,)•; heirisi significantly different 

'ror those calculated with a statistical 
nodel and consistent with the effect of 
resonance features in the ®^S$ beta 
strenatn function. 

These results and other studies on 
irth neutron-rich and proton-rich nuclei 
an- taken as evidence for structure in the 
P'-td strength function. Klapdor and wene 3' 
have discussed a model for beta decay 
incorporating the various particte-hole 
'•^citations in nuclei which give rise to 
«uch structure. They examine the conse
quences of their theoretical treatment in 
a ngnbut of basic science areas surh as 
stellar evolution as well as practical 
applications such is emergency cooling of 
reactors. 

The conclusion of Klapdor and Kene 
that the beta strength function is to a 
large extent controlled by structure 
effects is difficult to verify, clear 
evidence for these effects is not easily 
obtained and the main features of experi

mental results can often be reasonably well 
reproduced by simple statistical calcula
tions. Because of the importance of these 
considerations in applied areas, ve have 
undertaken a study of 8*A$ decay in an 
effort to provide additional experimental 
information on which to base the evaluation 
of statistical models versus structure 
effects in the A»9S region. 

The Qg and B n values for 5.3-s 8 * A S 
are approximately 9.78 and 8,6 MeV, re
spectively*'. Unlike many short-lived 
fission products with a high 0g value, 
" A s has a low probability for delayed 
neutron emission (P„ • 0,09 + 0,04*) '. 
Previous studies of 8 * A S decay by chemistry 
techniques have identified the most intense 
gaimna rays and established a rudimentary 
level scheme for 8*se 6'. The (t,p) reac
tion has been used to populate levels in 
8 1 S e , identifying 0 + levels at 2247 and 
2655 keV'i. In this paper we present the 
results of our experiments on "'As decay, 
and the beta strength function we deduce 
from our data. 

2. Experimental techniques 

Me have used the AUTOBATCH fast chem
istry system8' to rapidly isolate short
lived As isotopes from mixed fission pro
ducts. The volatile hydrides of As, Sb, 
Se, Sn, and Te were generated with this 
systers and passed through traps of CaSO^ 
and NaOH to remove all but the arsine, The 
arsenic was caught on a glass wool catcher 
at the detection point by decomposition 
of arsine with HCl+nx2- The sample was 
ready for counting within 2.5 s after the 
end of irradiation. The highly automated 
chemistry system enabled a total cycle 
time of 27 s to be obtained with data 
collection time being approximately half 
of the total cycle time. Over 10,000 tar
gets were irradiated, chemically separated, 
and counted during the °*As gamma-ray co
incidence and high-energy singles experi
ments , 

During the e*As high-energy gaiama-ray 
singles experiments, a spectrum was taken 
up to 8.5 WeV using a high-purity germanium 
detector calibrated with radioactive stand
ards and neutron capture gamma rays 9'. In 
addition, approximately 15 million coinci
dence events were accumulated on 8 < A s using 
two large volume Ge(U) detectors. Separ
ate singles and coincidence experiments 
were conducted on the As isotopes with 
half-lives of 13 to 30 s. In order to 
determine the ground state beta branch of 
" A s , a growth and decay experiment was 
conducted, normalizing to the 408-keV gamma 
ray of 8*Se. 

'This work was performed under the auspices of the 0. S, Department of Energy by the 
Lawrence Livermoie National Laboratory under contract No, W-7405-ENG-48, 
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3. Data and results 

3.1 Basic Decay Scheme 
On the basis of chemistry, half-life, 

and coincidence relationships we assign 
approximately 160 gamma rays to " A s decay. 
We establish 109 excited levels in 8 4 S e , 
relying heavily on the coincidence rela
tionships. Important nuclear structure 
results that can be deduced from our data 
and the systematics of Se nuclei are 
summarized in the following points: 

a I A new level which has a stronq 
ground state transition is established at 
2462 keV b> coincidence relationships. On 
the basis of systenat irs ff s 4 5 e level 
enerqies and B[f2> u:i.'« we propose that 
this levol h.i-. i" ••! .''. Consequently, the 
.'],.' •,-•; jrv.'i : .>•. ,l" of 4*, consistent 
will llii-.t- syslcmatics. 

b) The absolute intensity of a 792 
*• 5 keV gamma ray, which would depopulate 
the known 0 + level at 2247 keV, is £0.51. 

c) From the growth and decay experi
ment, the ratio of the 1455-keV gamma ray 
from a 4As decay to the 408-keV gamma ray 
from 8 4Se is 1 .Of! + 0.08. since the 408-
keV transition has an absolute intensity of 
1001, the absolute intensity of the 1455-
k»V transition is determined to be 100* by 

this method. This compares to an ahsolute 
intensity of 92 *_ 5l determined by summing 
the ground-state-ganma-ray transitions and 
assuming there is no direct ground-state 
beta feeding. He believe these results are 
indicative of no ground-state beta branch, 
in contrast to the previous estimate of Sit 

d) Of the 109 excited levels we 
establish in 8*Se, only four have observ
able ground-state transitions. 

e) As a result of points a) through 
d) above, and the assumption that the 
available single-particle states are vide,/} 
and »2p3/j or ir2fr/j, we propose that the 
5.3-s decaying state of " A s has a J value 
of 3" or 4". These nuclear structure re
sults are necessary in order to calculate 
the experimental beta strength function and 
discuss it in terms of nuclear models. 

3.2 Beta Strength Function 

The absolute beta branch to each ex
cited level is determined by the intensity 
balance at each level, assuming a normali
zation of 924 for the 1455-keV gamma ray. 
Using these results as input data, we cal
culate the beta strength function from the 
relation 

SB * I B / " 1 / 2 (II 
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Fig. 1. Plot of the beta strength function for 8 < A s versus excitation energy. This 
histogram is determined using the " S e level scheme. 
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rornarisor as a function of excitation energy of the gamma-ray intensity 
r! i st nbut ion from hiat-lyinq levels directly to the 1455-keV level determined 
fron the discrete gamma rays and by a stripping method on the 1455-keV gamma-ray 
qro<;s coincidence spectrum. 

wr.'T" I„ IP th<' absolute beta intensity per 
M"V, ' is the Fermi integral function for 
,i'lived d»ray 1 0', and lj, 2 is the half life 
->; t!:" decayinq nucieus.' The beta intens
ify i'ir MeV is determined by summinq the 
!•«.( i mti-nnitv to individual levels witHin 
;*•<• v..'.' bins. The eipenmental beta 
••'r^r-]^, function deduced from our level 
T V T ' i ̂  shiwn :n Fiq, 1. No levels are 
now pManlished above 7,4 MeV using our 
--:ncidnnc" data, thoiqh a snail number of 
larr.a rays up to approximately 7.4 MeV that 
- <•• Ir'.ona to "*As decay ire observed in 
• • •• -;na!es spectrum. Consequently, the 
iw'd mrenath function is not determined 
! v " ;r discrete aamma-r£y data above 7,4 

The experimental beta btrength func
tion deduced from the " A S decay scheme 
-an be compared to that calculated by a 
••'atistical model where the beta strength 
^inc-ion is assumed to be proportional to 
•'-,<• level density (calculated using the 
".tlbiTt and Cameron formalism!*'). The 
most siqnificant differences are that the 
exporlnontal beta transition intensity has 
an excess of about 161 near 2700 keV and a 
deficit of the same size above 6,8 MeV 
cimpared to calculated beta transition 
intensities. Over the energy range from 3 
to 6.8 MeV the experimental beta strength 
function deduced from discrete gamma rays 
fluctuates about but follows the general 
•.r»nd of the calculated strength function. 

In order to obtain additional informa
tion concerning beta feeding above 6.8 MeV, 

ue have used a peak stripping method to 
extract the relative intensities of gamma 
rays above 6.8 MeV compared to those in the 
region near 5 MeV in the 1455-keV qamma-ray 
coincidence gate. The qamma-ray response 
function Iphotopeak plus escape peaks plus 
Compton-scattered continuum) was determined 
using the 6.13-MeV gamma ray from excited 
1 6 0 , gamma rays from Cr(n,Tr) and CKn.il, 
and qamma rays from 5*Co decay. The re
sults for the qamma-ray intensity populat
ing the 1455-keV level ir. " S e determined 
by this method is shown in Fig. 2, and is 
compared ro the gamma-ray intensity obtain
ed from the discrete gamma rays. These two 
methods are in qood agreement, though the 
intensity determined by the response func
tion method shows some excess compared to 
that from the discrete gamma rays above 
7.4 MeV. 

Since a larqe part of the beta 
strength function at all energies is deter
mined by gamma rays which populate the 
1455-keV level, it is of interest to see if 
the general shape of the spectrum of gamma 
rays into this level can be reproduced by 
a statistical model. Shown in Fig. 3 is 
the shape of the beta Intensity to J * 3 
levels calculated using a statistical model 
and normalized to the average of the ex
perimentally-determined gamma-ray intensi
ties from an excitation energy of 6.5 KeV. 
Performing the normaliiation in this way 
shows that the experimental gamma-ray 
intensity above 6.8 HeV is about a factor 
of S lower than would be expected if the 
gamma-ray intensity into the 1455-keV 
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Mq. 3, Comparison of the shape of the gamma-ray intensity distribution intc the 1455-keV 
level with the shape of the beta transition intensity deduced from a statistical 
calculation for J - 3 states. 

level were distributed statistically. 
Alternatively, the shape can be fit to the 
lower intensity distribution below 6.2 MeV 
and above 7 MeV. However, this normaliza
tion results in a large localized excess 
of intensity centered near 6.5 MeV in 
excitation energy which is a factor of 
approximately four above that indicated by 
the statistical shape. The intense gamma 
rays emitted from levels near 6.5 MeV to 
the 1455-keV level manifest themselves as 
a strong discontinuity in tf.e slope of a 
semilogrithmic plot of counts versus ener
gy for the 1455-keV gamma-ray coincidence 
gat". This spectrjm also shows very few 
counts above the neutron binding energy. 

Using the slope discontinuity as an 
indicator of localized bumps in the r4mma-
ray intensity distribution and the saectrum 
shape near the end point as an indicator 
of low-intensity beta feeding above 6.0 
"eV, we can examine the coincidence gates 
of other intense discrete gamma rays. These 
gross coincidence spectra show results 
similar to, though less easily quantifiable 
than those indicated by the 1455-keV coin
cidence gate. They show in most cases a 
discontinuity at a gamma-ray energy commen
surate with an excitation energy of 6,5 
MeV. This implies that the gamma-ray in
tensity distribution to levels depopulated 
by these gamma rays are similar to that 
shown in Fiq. 2. The levels Involved range 
up to 5,1 MeV and have J" values of 2 +, 47, 
and probably other values. These quantita
tive and qualitative results from the gross 
coincidence spectra indicate that experi
mental beta strength function derived from 

discrete gamma rays underestimate the 
strength near 6.5 MeV, No evidence is 
found for sufficient additional gamma-ray 
intensity to account for all of the 16% 
beta intensity discrepancy between experi
ment and calculation above 6.8 MeV, 

He conclude from our discrete ganma-
ray data and gross coincidence spectra that 
the experimental beta strength function is 
significantly lower than that calculated by 
a statistical model in the region above 6,8 
MeV. This conclusion is consistent with 
the P value for As decay. The beta 
transition intensity to levels above 8.6 
MeV calculated from the statistical model 
is about 1«, ten times the measured P„ 
value. 

4. Discussion 

In the previous section we concluded 
that the beta strenqth function deduced 
from 8*As decay cannot be satisfactorily 
described by a statistical model calcula
tion. Attempts have been made to corre
late the structures observed in beta 
strength functions with shell model calcu
lations'2'. While these calculations have 
indicated which single particle decays are 
involved, vpi/2 + "P3/2 for example, they 
resulted in largely schematic beta strength 
functions. With the advent of large -•'hell 
model cQdesl3il4) and the use of the moment 
method!') n has been possible recently 
to accurately describe the Gamow-Teller 
strength of 2 6Mq •> 2 6All 6>. This approach 
to calculation of strength functions can 



be applied to nuclei whenever the number 
of valence particles and single-particle 
orbitals involved are within code limita
tions. It nay be possible to calculate the 
8*Se strength function using this method. 

It is sf interest to consider exten
sion of this study of "*As decay. The use 
of mass separated "'AS could improve the 
statistic? of the measurements by a factor 
of ten for the same experiment duration. 
This would be accomplished by eliminating 
the chenistry system duty cycle and other 
arsenic activities from the sample to be 
counted. The spectroscopic study of the 
decay of cvr-n-even nuclei with a high 0» 
value, such as a°Se, would be particularly 
inportant. Only 1* states should be 
stronaly populated a* high energy for the 
decay of the 0* qround state, facilitatinq 
hoth experimental studies and theoretical 
calculations by lowering the density of 
l"v«ls available to beta decay. 

K*f erences 

;. K.-L. Kratz, W, Rudolph, H. Ohm, H. 
rra-iz, ".. Zende], G, Herrmann, S. G, 
Pru"in, F. M. Nuh A. A. Shihab-Eldin, 
!'.. f-. Flauqhter, o-id W. Halverson, 
Nur!. Phys. A3_U, 335 (19791. 

S. Ct. 1'russin, Z, M. Oliveira, and 
'•.-!.. Kratz, Nucl. Phys, A321, 396 
'19-91. 

H. v. Kiapdor and C. 0. Wene, J. Phys. 
r, 6, 1061 11980). 

A. H. Kapstra and K. Bos, Atomic Data 
and Nuclear Data Tables, H , No. 3, 
m 119""71. ~~ 

n. Puds'ai", "Report for the Meeting on 
Delayed Neutron Properties, 26-30 March 
in9," IAEA, Vienna (19791. 

6. J. V. Kratz, N, Franz, N. Kaffrell, 
and G. Herrmann, Nucl. Phys. A250, 13 
(1975). 

7. J, D. Knight, C. J. Orth, H. T. Leland, 
and A, B. Tucker, Phys. Rev. C9, 1467 
(19741. ~ 

8. 0. G. Lien, P. C. Stevenson, E. A. 
Henry, P. P. Yaffe, and R. A. Meyer, 
UCRL-8»371 (1980) (in press, Nucl. 
Inst, and Methods). 

9. J. Lin, E. A. Henry, and R. A. Meyer, 
Lawrence Livermore National Laboratory 
Report No. UCRL-84536 (19BD). 

10. N. B. Gove and M. J, Martin, Nucl. 
Data Tables 10, No. 3, 206 (1971). 

11. A. Gilbert and A. G. W. Cameror., Can. 
3. Phys. 43, 1446 (1965). 

12. A. A. Shihab-Eldin, F. M. Nuh, W. 
Halverson, 5. G. Prussin, w. Rudolph, 
H. Ohm, and K.-L. Kratz, Phys. Lett. 
69B, 143 (1977). 

13. R. R. Whitehead, Nucl. Phys. A1B2, 290 
(1972). 

14. R. F. Hausman, Jr., Lawrence Livermore 
National Laboratory Report No. UCRL-
52178, 1976 (unpublished). 

15. R. R. Whitehead, Moment Methods in 
Manv-Fernion Systems. Eds,, B. J. 
Dalton, S. M. Grimes, J. D. Vary, and 
S. A. Williams, Plenum Press, 1980. 
p. 235. 

16. S. D. Bloom, C. D. Goodman, S. M. 
Grimes, and R. p. Hausman, Jr., 
Lawrence Livermore National Laboratory 
Report UCRL-85885, 1981 (submitted to 
Physics Letters). 

IMS! I VIM1R 

I his ilmuim'M *as pirparrd as an ai niunl nf Murk spoiwiivd hs an Jiii-nrs »l 
Hi, I mini Mads (.iiummrnl Vilhrt Ihr I nilfd S u m (.oninimni mil I hi 
1 niuvtih "' < alifomia nor am nf ihi-ir I'mpliistvs. m i k o am Maiiantt. ,-\-
pn-ss in imping, in assume ant li-gil liahi]ii> or mpiHisibiliN for iht- ai-
IUMIS. mmpli-li-ni-ss. nr im'Mniv, of an) information, apparatus, prndurl. m 
pimrss diuliisfd. ur ftprtM-Ms Ihit its UM- *inild not infringr pritalvl) (mro/d 
littils. Rrfi uni t hmm In am sprrifis [iimnvmial product*, pmtcw. m w i n 
b\ nadr namt. iraoVmalk. naauTacluirr. or uthn«itr, does IHI m-rnsarilt 
ciimlifuu-m imph ilHraduistmrfll.riTummtiidlliiin.nrfaiaMafiB) thf I nilrd 
Slates i,i,Hrnniml of Ihr I ai'rrsitt tit (alifiimii. 1st WHS. and opinions of 
authors i ' \pnwd hririn dn mil nfiwirils stair nr rtfleri ( h w nf ibt I nilrd 
sialic I.iiirrnmvm IhviHif. and shall mt br awd fui adit-Hising or ptodui-i rn-
dorsrmml iwrpusrs. 


