


E6 - 4658

R.Broda, A.ZHrynkiewicz, J.Styczen,
M .Szawlowski, Z.Szeglowski, W.Walus

" STUDIES IN THE DECAY
OF 29-MIN Blsr

OUaUL

SUBJIMOTEKA

oY




1. Introductlon

»

’I‘here was a very scarce experlmental mformatlon on the decay
of ' sr and on levels of $'Rb when this investigation was star-
ted. The evidence of the *lgr isotope with its g,rouncf state half-
life of 29 min and the evidence of the metastable and ground-states
of “'Rp nucleus with their half-life of 30 min and 4.7 h and spins.
9/_2+ and .3/27 suitably, ‘were the only ones contained in literature/1/.

The growing interest of theoretical physicists in the region
of Br , Kr , Rb- and Sr nuclei encourages to experimental stu-
dies on the isotopes- of these elements, The recently published '
work of Scholz ‘and Malik/ 2/ contains their calculation in this region
of nuclei. In particular these authors have computed spectrum of

! Rb in function of deformation which is assumed in their model,

The purpose of this article 15 to present the first experimental

results of our investigation of the excited states of *1'Rb in the

decay of Blsr . ,

The gamma ray single spectra and y-y -coincidence studies
‘made 1t“ p0551b1e to construct the complex decay scheme.

The low-energy levels fed by pOSltr‘Ol’l decay were determmed

by means of a tripple: coincidence experiment,



"2, Experiment =
2.1. Source preparation =

o1 , ,
The St activity for y -ray spectroscopic studies was pro-

duced by bombarding a copper target with 100 MeV *2 Ne (in " some
cases with ' Ne ) jons in the 300-cm cyclotron of the ‘Laboratory
of Nuclee.r Reactions of the JINR in Dubna, USSR, ’I‘he.targ,et was
c}issolved in concentrated nitric acid and strontium carrier was ad-
ded. F‘r"em the solution the .copper have been prepared in the dis-
soluble form of .an ammoniacal complex and strontium carbonate wes
precipitated by means of saturated solution of natrium carbonate,

The strontium carbonate was then carefully washed and was scaren-
ged with Fe(OH), . This procedure has been verified by the previ-
ous studies on the strontium isotopee/3’4/. The radiochemically pure

sources were obtained 15-20 min after stopping the- - irradiation.
-2.,2, Apparatus

Single spectra were studied with a high resolution gerrﬁanium—-
detector spectrometer. The 13 cm> Ge(Li) detector of coaxial type
had the energy resolutlon of 4  KeV for fairly high counting rates.

The y-Yy coincidence studles were carried out with the  Ge(Li)
detector and a 5,1 x 5,1 ¢m NaJ(TI) scintillation counter, :In some
cases two germanium detectors were used: 13 cm3 and 4.5 cm®
Ge(Li) ., The resolving-time of the coincidence’ circuit was set at
10Q nsec/5/, The spectra were recorded on' the 1024-KA-4020 Al12

CFK Rosendorf multichannel pulse-height analyser,

3., Experimental reslults
3.1. Single spectra

The typical gamma single spectrum is shown in Fig.1. From
the studies on single spectra, taking into account the. criteria of
the bdecay with the approximately 29 min half-life and the conserv-
ins of the relative intensities, about 60 transitions -were “idéntified
as. belonging to the decay  Sra 1 Rb ; )
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The proofs that the observed 7 ~rays really belong to the
decay of the *!Sr are the: follows: . s V e

a) the chemical procedure of the source preparatlon, .

b) for all strongest trarlsltlons the decay was followed and ag-
rees with the approxlmately 29 mm half-llfe, _

c) in the reaction used to produce the 8 g act1v1ty also the .
act1v1t1es of the neighbouring strontium 1sotopes were produced, i.e,
in the sources from the reaction with ** Ne ions the well known (from
the studv of Etherton et al. 16/ and from our studles/3 4 Yy -rays
belongmg to the decays of the éz Sr~ and 83 St were observed, and
sources produced in reaction with ” Ne ions contained the activity
of the® S known from our studies on the decay of: this isotope/ 7/;

d) the growing-in ° Rb (_ Ty, = 4.7 h) activity, as the .pro-
duct of the '@ Sr decay, was observed (known from. studies . of
Scholz and Bakhru/8/ and also from our studies/7A.

“. The energies of the observed y't-transitions ‘and (their; rela-
tive intensities ‘are listed in Table -1, \

The deviations of. the ‘energies of the callbratlon transmons
from the quadratic fit. were never greater than +0.2 keV. ..The ‘energy
determination was also controlled with known/ 4,6, 7,8/ -transmons
of - **8r ,and 8'Rb . The energles of the low-intensity phdtons
were determmed ‘using the streong transitions in SLsr  as: standards..
The gamma-ray intensities, relative to the complex peak .of 142,3;
147 8' 153.4 keV transitions were calculated usmg photo—eff1c1ency
curves experimentally determined for the detector “sueh” “normali-
satlon ‘we  chose because of the lack of any other transition .in lsr’
decav strone. enough,. which would not be disturbed by tl&e tranSLhons
from the impurities exlstlng in the sources. Many of the .Sl' -y -transi-
tions are very close. in energy to the gammas of the ®'Rb - and **Sr
decays ]ust complicating ‘the analysls and. especially the 1ntens1ty
determinations, Table 1 also contains several weak transitions (as-
SIgned with index "c") .which were seen. only in the coincidence
‘Espectra..fSome of the ‘high energy transitions ‘are not seen.in l.:‘ig.l,

R ‘however, -their existence was found in the single spectra of high



'éner;_:,y' ;'eg_ion. The single specfﬁxni taken thh a 25 cm source to,
detector distance was a check for summing effects and demonstra- -
ted for example, that the 301.1 .keV transition really exists in the
*18r decay. The amount of the Bt - decays was obtamed from the
relatlve mtensxty of the 511 keV photons This was. measured with
a source placed in the vessel uvith aluminium walls 0.5 cm thick-to
assure the full anmhllatlon of the posxtrons. The tails of the 511keV

8-
~‘photons from the Rb and Sr decays were carefully substracted
3 2 Coincidence studxes ‘

In'order to obtain information necessary to construct essential
‘frame of the decay scheme of the: 8 8r , Some coincidence expe-
riments were  performed, For the purpose of picking -out gamma tran-
. sitions’ which are in a strong coincidence with others, the so-called
" any y~y coinéidence" iexperiment was made, in which the 5,1x5.1cm
NaJ(T1) scintillation counter served as a gate detector ‘and spectrum
of the 13 cm3 Ge(Li) detector was displayed on the 1024-channel .
analyser, Simultaneously two of such experiments were done, with
two different gate settings:' E> 120 keV and'E > 550 keV. The

coincidence spectra are shown in E‘ig.Z.‘v’I‘he energies and relative

' intensities  of the 7y -rays observed in these spectra are listed in

- Table I, These intensities are given relative to the /intensity of the
443,0 keV' transition\ ‘in coincidence spectrum with the gate E>120keV.'_
."The énhancement of some of the low energy transitions ' séen .

- in part A of the Table II, is caused by coincidences with 511 keV -
annihilation photons. As it will' “be clear later, these enhanced tran-
sitions” are :going from the .levels which are strongly fed in the po-
sitron’decay. = ‘Whereas, the diminished ‘relative intensity of the 909keV
gamm ray suggests that this is the crossover transition going

-fromthe level, which ie weakly fed. by the 'positron decay or by
transitions: going' from n{gher levels. In the coincidence spectrufn
taken with the " E>.550. keV gate the enhancement of the 153'and 188keV
‘transxtxons is''seen, There. also appeared ‘the 517 keV gamma ray
which wag" covered by the strong 511 keV line!in the single spectra,
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“The ceincidence spectra with  four ene‘rgy regions " selected frcm ,
. the. spectrum of the NaJ(Tl) gate detector, 1e. w1th .175-210, 220—270 ;
: 550-630 ~and 650-750 keV energy regions were recorded usmg ex-—
perlmental arrangement 51m11ar to that of the "any Y-y comc1dence"'
Additionally, in order to clarify the positions in the decay scheme of /
the two strongest transitions, 148 and . 153 KkeV, the Ge(L1)— Ge(Ll)
coincidence exper1ment was performed, As the gate detector we used
4.5 cm3 Ge(l.l) and ' the energy selection set_at 148 and 153 keV
separately prov1ded together with fast c01nc1dences a gate for a

spectrum from 13 cm3 Ge(li) recorded on the 512 chanvel analyser.

- The summary of this coincidence experlments 1s presented’ in. TablelllL

The’ blg amount of Y -rays and their’ close energy spacings makes
the interpretation of the ‘coincidence data difficult. It ‘was ‘not- possible
to separate’ the coincidences with =y -rays which  energy enters the
gate interval from the coincidences with ‘a~compton ‘background. and
therefore in Table: Ill there are listed all 7y —rays which- appear in
coincidence spectrum with-a given energy region,-

In order to identify: the states populated by -positron decay and
to determme,'~ approximately, their ‘feeding in this decay, a tripple co-
incidence experiment was 'periormed. The  source was fplaced above
the 13 cm® Ge(Li) ' detector and between two 5.1x5.1 cm  NaJ(TI)
scintillation counters set at an angle  of 180°. The both" NaJ(Tl) v
counters, acceptihg,the 511 keV annihilation photons, providedv‘.the'
coincidence gate., "The statistic accumulated: in this experimef’lt_'was’
not sufficient enough for .quantitative determination of the Bt decay
" feeding the levels deexcitated by gamma rays: with energles higher
than 443 keV, However, the exxstence of 'the* 511 keV peak in coin-

cidence spectra with two hlgh energy reglons certlflcates this feed-
ing. : o '

The B .decay populatlon of the low energy levels was es~ '
“timated approx1mately neglectmg the B"" branching to the higher ener-
gy levels and to the. ground’ state of 81-Rb o ‘




3.3. The proposed decay scheme

A‘decéy scheme, consistent with our data, which includes
almost ‘all strongest transitions and many of the’ weak ones is shown )
in F‘ig,.3.v The decay scheme was constructed on the basis of both
the comc1dence studies and energy sums, takmg into account rela-
tive 1ntens1t1es of the transitions, The Bt decay to high energy
levels and the high energy transitions which were not placed in the
decay scheme, supgest the poss1b111ty of the existence of levels
laying still higher in energy, but the data were not suff1c1ent to estab-
11sh them,

A Evidence for the 153.4, 188.3, '301.2 and 443.5 keV states

; The ‘quantitative. analysis of the Ge(Li)— Ge(Li) coincidence
spectra showed that the 142,3, 147.8 and 153.4 keV photons are
almost:in full coiricider'lce‘with each other,’ The sum of their ener—
gies fits very well with the energy of 443,5 keV transition which was
placed as the crossover .transition from the 443,5 keV level, ‘

The placement of a state at 153.4 keV was dlctated by the
fact that the 153.,4 keV transition is:the strongest one and ' coin-

cides strongly with high energy transitions than the 147.8 kevitrah-

" sition. At this moment the.placement of a state at 301.2 keV is quite o

natural' and is confirmed. also by the existence of the crqssover. tran-
sition to the ground state, A state at 188,3 keV: with the strong
transition to. the ground state was placed onh ‘the basis df:_ ‘

‘1, The relative intensity of the 188 keV gamma-ray.

2, Strong. coincidences with high energy transitions.

3. The lack of the coincidence with 153.4. keV photon.

4, Thé observed coincidences with a .255,0 and 112.9 keV.
transitions which connect this state with a 443.,5 and 301.2 keV
states, respectively, .

The placement of the 153 3, 188.3, 30L2-and 443,5 keV states ‘
is also supported by the trlpple comc1dence spectrum in which main-"
ly the transitions of 142,3, 147, 8, 153.4, 1883 255. 0, 3OL2 and
443,5 keV are seen,



) The quantltatlve ana1y51s ‘together with the assumptlons men-
tloned in the previous section give the populatlon of the states in the
positron decay about 20% of this decay .is:going to the  188.3 keV
level, 45, 4% to the 301 keV. level and 34 6% to the 443, 5 keV level,
the 153.4 keV ‘level being not fed.

B. Evidence for the other states

The 574 6 'keV-state is ‘placed taking into account the coinci-
dences of the 153,4. keV photon with the 421.2 keV photon, the com—
"~ cidences of the. 1883 keV photon with the 386,0 keV photon “and the
adequate energy sums, which fit very well with the energy of the
574.5 keV transition, This transition was put as the crossover from
this state to the ground state. A weak 132 keV peak was seen in
some coincidence spectra, just suggesting the connection of the
574,6 state with the 443.,5 keV state, The relative- intensities of the
transitions depopulating the 574.5 keV state are not balanced by the
intensities of the weak transitions going to thiS'state;" Therefore this .
state must be populated in an immediate! decayc and probably in the
BT decay., The existence of the level at- 909,3 keV is strongly con-
firmed’ by coincidences  of the 7‘21.3 keV transition. with the 188,3keV
transition and of the 607.‘9 keV transition with 147.8 and 153.4 keV
transitions. ‘Here, also the intensity balance peints' out. a quite strong
feeding of the 909.3 keV level by higher y -transitions and by
betas. All other states were placed in the decay scheme mainly
on the basis of .énergy sums, but in agreerﬁent with the coincidence
data, There are the states 206.4, 812,0, 820,0, 851.0, 865,5, 1129,
11343.5,1382,1511 and ‘1553.0 keV. The transitions which are not
placed in ‘the decay scheme are assignhed by the index "u" in
- Table 1.

4, Conclusion

It is seen from the data obtamed in this study that for the - full

8 .
dlsentanglmg of the levels in \l Rb- , fed by the Blsr decay some
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: Aaddltlonal expemments are necessar'y to be performed. " The place-
ment of some excited: states should be tested: by Ge(Ll)—Ge(Ln)
coincidence experiments. The determination- of the full decay energy,
and. the measurement of  the mterval conversion coefficients of the-
str'ont5 transitions . would provide spm and parity ass1gnements of the
excited states. Some measurements of the y-y angular correlat1ons
may also be md1spensab1e for determmmg the spins. These stud1es
are now going on and before the ‘more complete informafion is gathe-
red, the compamson with a theory is postponed o

The authors wish to thank Professor Flerov 'G. N, for enablmg‘

them to work in his Laborator'_y o.nd for his mterst in this work
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Table 1. i

Energies and relative intensities of y -rays from the decay ol“&.

f .

ﬁnergy . Relative pho-! Energy Relative pho-— Energy Relative
keV ton intensity keV ton intensity keV photon inte-
. nsity
- 9841 0.1 sm.o . 162.8 1067+ 0.2
112.940.5 0.1 o 5T+ - 1080.7+I.0 0.4
i 63 75 3 - 523.640.3 I.2 | III0.0s1.0 6.3
142.310.3 5.8 o 532s1 - II37s1 0.3
IA7.840.3  43.2 100 545.240.5 0.2 II9T.241.0- 0.4
153:420.3  51.2 - - 549.230.5 046 II94.I1+1.0 0.4
172.080.5 0.  560.21.0 0.2 - I210.841.0 0.5
W=177.640.5 0.1 '574.650.3 8.7 12531 0.4
188434043 . 29.3 ‘u 586,241 0.3  I323.5+1.0 ‘,-
206.440.3  0.26 .- o 60IsI - . Dasl -
218.420.3 0.2 607.9+0.3 T4 CDeII 0
237.541.0 0.1 o 6231 - I39%I 0.8
245.440.3 1.1 632.1+0.3 . 0.1 o T46I+1 -
| 255.040:3 2.4 644705 05 wIsoesl . -
S 289.74043 0.5 664.310.5 . = Tomsmr -
" 301.240.3 2.8 701.5+1.0 2.0 wmIsTesr -
u 32T 0 . T12.150.5 I.8 “u 1600+ 2 -
191 0.2 T T72I.350.3°C 4l o
- 3864040.5 2.8 . 16912'- L 0e2
387.760.5 ° 2.8 1 809.0+1.0 0.4
uh12.640.5 0.2 8I9.2+1 0.1
421024003 2.1 077 85I.620.5 ¢ 0.8
443.540.3  24.2 - 8962 . .. 0.3 - .. L
462.8+0.3 0.7 909.310.3 4.0
465.6+0.3  T.2 - 922.950.3 0.6
A77.0s1.0 0.4 938.620.3 3.8 N
0 486.850.5 2.0 978.540.5 0.5 '
U 496.541.0 0.3 o 104342 -

/ A 10% error-in relative intensities is estimated,

- +Index "c" assignes lines: seen . .in coincidence-spectra only.
Index "u" assignes transitions which are not. placed in decay

scheme, R P ‘ : |



Table II "

‘ ' ' T 8
Energies and relative Intensities of y -rays from the decay of st
observed in “any y-Y coincidence" experiments,

o A. Gated E - I20 keV ’ " . B, Gated B 550 keV

-
- Energy Relative Bnergy = Relative. -~ Energy -+ Relative

keV. vintegsity keV A 1ntensit;_ . keV 1gt§nsity
98 R A 523.6  I.8. 423 0.8

m2.9 046 574.6 7.5 147.8 2.16
2.3 20.0 607.9 2.7 I53.4 663
147.8 99.0 622 0.6 ~ 188.3 1.70
I53.4 107.0 631 0.6,  2I8.4 0.08
188.3 34.5 - 6587 2.5 . 245,4 0.7
206.4 0.4 664.3 1.8 " 386.0 0.37"
218.4 0.6 . 701.6 23 M35 0.69
237.5 0.7 712.1 1.6 462.8 0.16
245.4 1.7 721.3 6.0 - 465.6 0.1I
255.0 4.5 ez 14 4770 q;zi,
301.2 2.1 909.3 . 2.0 . 486.8 0.17
386.0 6.0 938.6 , - 4.3 - 5I7.0°  0.I9

38747 6.0 978.5 I.I 5236 0.8
421.2 3.4 . 9746 \‘ 0.31
443.5 24.2% 7 '

462.8 1.6

46546 2.5

477.0 1.8 :

486.8 .6 - )

% Adjusted to-equal relative intensity of the 443.5 keVi;‘)hoAtor')‘ in singles: o
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2

Table TIL

Coincidence summary

Gate interval d/ in gate in keV coincidence 'w:l.t.h J/ in keV
in keV . ’
'175-210 172,177,188,206,218, 113,131,142,148,153,255,386,443,511,

601,608,623,632,664,721,909,923

220-270 218,237,245,255,290, I31,142,148,153,188,218,237,255,443,
‘ B 51I,601,608,909 :
550~630 523,545,549,560,574,586, 142,148,153,188,245,301,523,555

608,623,632,644,658,664

650~750 644,659,664,701,712,721, II3,142,148,153,188,255,463,486,518, -
769 574,608,712,769
I47.8  147.8, 142.3 131,142,148,153,301,608

I53.4 : 15344 142, 148, 421,608, 658
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Fig.1. Gamma-ray single spectrum of Sr  taken with a 13 cm

detector,

Ge(Li)
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coincidence" épectra recorded with the 13 cm3

Fig.2, "Any y-y

and 5,1 x 5.1 cm: NaJ(TI).
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