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ABSTRACT

. 154 | |
A level scheme. for 2 Dy is proposed from study of the B-decay of l.SLLHO,

and from the "in-beam" gamma spectrum of the reaction 139La(19F;hn)15hDy. The

ground-state quasirotational’. band 1is observed up to spin lO+ in the reaction,
+ .

and up to 8 in the B-decay. It is proposed that the other levels observed in

the B-decay may be understood as a quasi B-vibrational band.

TThis work was performed under the auspices of the U. S. Atomic Energy
Commission.

*Current address: Rutgers University, New Brunswick, New Jersey.
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1. Introduction

Experiments in (HI,xn) reacfion gémma-ray spectroscopy have been per-
formed extensively in recent years by various groupsl). In addition to providing
information on the final reaction product by "in-beam" gamma-ray spectroscopy, it
should also be possible to bbtain information on the nuclei which follow the.
in-beam product.by successive B-decays. If the accelefator haé é pulsed oper-
atlon, the gamma spectra of such decays can be obtained at the same time as
the "in-beam" spectra by gating the analyzer. In this way .a useful "first
look" at the gamma-rays associated with the B-decays can be obtainedﬂ In
recent work aﬁ the Berkeley Hilac (beem-bursts of 5 msec. duration at ko
bursts per sec.) these techniques have been applied to the decays of light’
erbium and ytterbium nucleie). The analysis of the results is" not yet comple-
ted. TWEJWiSh,irhowever to draw attention to one particular decay sequence,

154 B 154

Ho = Dy, which appears to offer interesting possibilities for the

154 154

further study of levels in Dy. Originally the nucleus Dy was observed

154 154

following the successive B decay of Er, but for the present study Ho

was made directly by the reactions:

148 15&Ho g) 15uDy

Sm(llB,5n) ; and

;u8Sm(loB,hn)15uHo éa lsuDy

lo7

154

To gain further insight into the level scheme of Dy we héve'also studied

the "in-beam" spectrum by the reaction: 159La(l9F,hn)l5uDy. No level scheme

15k 3, '
has previously been proposed for ’ Dy, although Lagarde et al.B) have observed



24  "‘ S 'UCRL-179§3; .

“the B-decayvof .~ Ho and place the 2° level:at‘535 keV; Morinage and Gugelot.)_ :

have also studied the in~beam spectrum by a ( He,Un) reaction, but only the -~

2T L of transition ﬁaévaséignéd.

‘Since lsubylhés‘88 ﬁeutrdné, it would be ekpebted that the energy 1evelg';H.;'f f,j
‘wouldvbe,quite different from those of fhe heavier dysprogiu@ nuelei, Which aré‘;:zﬁ': f
_rotatiénal in;chgfacﬁei. It is well known that the transiﬁionubetwéeﬁ . f

“ ,”ivibfationalvand rotational behavior appears to oceur abruptlY»betﬁeen'88 and :
90 neutrons in this_region. . o o I | L | L S %

: : : . §

¢

| | '2; ‘Expérimental_
Tﬁe reﬁcﬁionsv(llB,Sn) and,(lQB,hn) on thSm Qére used to producé }5uHo; 
théﬁyiéld wa.s fbund'ﬁoipeak at apbroximatély 75 MéVibombarding energy for llB; 
1;aﬁd 60 MeV fbr‘;oB. The spectra'obtained were esséhtialiy identical. The B

. heavyfioh beams werevprovided by thé Hilac at Berkeley. Gamma rays were B

S e e g e S R 55 S R b 7 i

'ildetectéd in a lithium-drifted germanium counter measuring 6 sq. em. x 1.3 cm.

 The pulses were analyzed by a 2048 channel ADC and stored using a PDP 7 com-

?uter_on-line._ The target consisted of a self-supportingvfoil of separated_-

A -2 : , .
isotope and was approximately 700 pgms cm in thickness. The half life of -
- the B—decayiwas determined as 3.25 * 0.1 minutes from measurement'of:the decay -

. curves, and it was found convenient to maintain the pulsed beam of the‘Hilacvf_,  _ B

on_thé target, whilst the ADC was gated tovénalyze pulses occuring bétﬁeen.thét R
beam bursts. Gbmma-géﬁma chhCidencé experiments were élsé_peffdrmed using the €. : ‘%

: samé teghnique. The counters wereiplaéed at 90?% to tﬁe béam difeéﬁion,vahd.on ;: ';j
oﬁpositg,Sides of the target. .In one case we employed two.germanium counters;: | 'fé
howéver, tq improve'coﬁnting statistics on the high energy gamma rays; a   ' 'g

. : » . |

7
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second experiment using a NaIl (3" X 3") and a germanium counter wa;.also per-
formed. A multi-dimensional v.computer.program was used for.these experiments; -
events were stored on magnetic tapé and wére sortéd off-line. Chance coincidences
were completely negligible in both the experimehts.-

The reaction: 159La(l9F,an)l5uDy was used to study the "in-beam" spectrum

154

of Dy. The lanthanum,tafget was prepared by evaporation of natural lanthanum

onto a lead foil of 0.05 mm thickness§w. Excitation functions were performed,
and at the peak bombarding energy, 86 MeV, the aﬂisotropies of the gamma rays
were determined by measuring relative yields at 0° and 90° with respect to the

beam direction. Further details of the experimental arrangement may be found
5) ’

lshEr é) lsuHo E>19)+Dy we have also pro- .

To characterise the sequence

15k

Er by the reaction: 148Sm(120,6n)15uE

duced the nucleus r at 90 MeV.

Gamma, spectra of the activity in the target foil after bombardment were re-

' corded at intervals in order to measure decay curves. The spectrum of -y rays

154

in Dy, and the half lives observed, were quite different from those observed

Iy
when the 15 Ho was produced directly by the (HI,xn) reaction. We conclude

15k 1554

therefore that there are two levels in Ho which Pp-decay to Dy. These

. measurements are discussed in section 5. Unless otherwise stated we refer to

154

Ho in the following sections.

3. Results
154

The gamma spectrum associated with the B-decay of Ho is shown in

s

fig. 1. All the prominent lines have a half life of 3.25 minutes, within

experimental errors, with the exception of the transition at 283.1 keV. A
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typical spectrum for 5 Dy produced "in-beam" is shown in fig. 2. Transitions-

between members of the ground state quasi- rotational band are 1ndicated on the

figure. '
.In‘table i,vthe_transitions_from the B-decay were assigned to l5LLDy

- from consideration of their,half life. In cases where the line was so weak_
E it was not possihitho determine its half lifevto:better than l“v0.5 minutes;_o
,_we' havevomitted it from the table.. Transitions_fromlthe' (19F,1+n) reaction
vvwere_assigned from consideration of their excitation function. ‘Inciuded in.
' this tablebare values for the anisotropies, which we have defined as:

O 90)[[ Spin'assignments considered.reasonably certain are indicated

by A in the last column, B denotes tentative spin as51gnment.

Counting statistics in the Ge-Ge coincidence spectra were not entirely

"'satisfactory; however, analysis of this experiment showed that the tranSitionsv

of the proposed ground state band were in coinc1dence with one another. We f v

e can also say that the 407.0-keV and 346.5 keV +y rays were in c01n01dence,
_and that the 570.keV <y ray was in coincidence with the 55@.7-keV Y ray, .
but not with the h12.5-keV vy ray. ijical spectra are shown in fig. 3. The
spectrum in fig. 3a was the result of sorting events in which'the energy.of-
the gamma ray detected in the "gate counter" was not restricted. In fig. 3b,
the,2+.—a 0+ transition arises entirely from the background lying underneath
_the peakrof the 2 — 0 tramsition in the "gate counter." The yields of.
the other gamma rays have no significant contribntion from this background.'
The same remarks apply to spectrum 3¢ with regard to the h+ - 2+ transition,

' +
except in this case about 10% of the 2t L0 arises from the background.

PR TN
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information on the higher energy -y rays was provided by the Nal-CGe coip-
cidences. TFigure 4 gives the spectra in the germanium counter gated by various
peaks in Nal spectrum. The background coincidenee have been accounted for in an
approximate way'by'subtracting the coincidence'spectrum associated with an equal
window in relatively flat portions of background ajacent to the peaks. Statis-
tics on the pointe are therefore cohsiderably poorer than indicated, and rela-
~tive intensities should be regarded as a qualitative indicetion only. It is
'apparent‘hewever, that the 726.5 keV gamma, ray feeds the band at the 8+ level,
‘whereas the 1249.5 keV gamma ray feeds in at the 6" level. The 815.0 keV gamma
ray predominantly leads to the ground band at the h+_level, but several other
transitions are enhanced.

h.A The Level SCheﬁe}of l5hDyA

The ground state quasi-rotationel band is established by the "in-beam"
spectrum shown in fig. 2; the systematic spacings of the prominent lines and
their relative intensities is convinecing, in view of the considerable accumula-
tion of data on similar reactions e.g., ref.l) and the references cited therein.
Further evidence is provided by the anisotropies, which lie in the rangev0.53-

0.75 (table 1), consistent with a stretched E2 character;). Confirmation of

the ground Band up to the 8+ assignment is provided by the coincidence data.
~ This establishes a firm basis from which the position of other levels may be deduced
by consideration of the energy sums and intensiﬁy balance. Since the trgnsitions
have been measured with s fairly good precision, the probability of chance
agreements will not be high. We can then establish four additional levels
as shown in fig. 5. These proposed levels, and.their decays are confirmed by

the coincidence data described in the previous section and shown in figs.
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EZaﬁdAAW Mosf of the prominent lines are included ih fhis'scheme."Relatiye
y-ray intensities from the B-decay are iﬁdigatéd in fig. 5; the ihtensity
balance is satisfactdry if the B-decay were allowea tovfeed thé levels at ‘
12044, 1659.%, and 247k keV. This, howevérv, is not necessarily implied, |
since there could bevsuffiéient intensity in the uﬁaséigned .y rays to balance
the flow for thevlevelsvat 1659.h or 12244 keV. Héwever, it aﬁpears that.a

substantial fraction of thelﬁ-decay must feed the.2h7h-keV.level.

1554 | 154 154

5. Half Lives in the P-Decay Sequence "~ Er — Ho — Dy

The fesults of the_half life measurements are at fifst sight rather
confusing. vHowever the’difficuities can be resolved once it is reaiizedvthati ' ' ‘
v for these neutron deficien£ systems,,(ﬁI,xn).reactibns are no longer completely
dominant{ To explain the data we assumé thét charged particle reactions,

especially (HI,pxn) have a significant yield. Thus when we used the reaction:

ll'L8Sm(lEC,6n)15u}2‘.r there would be a considerable yield of l5uHo by the p5n

15k

6
reaction ). This means that part of the Dy yield would be due to direct

L _ _ T
B~-decay of 5 Ho, in addition to that arising from successive B-decay of o Br. .
The gamma spectfum of delayed activities after bombardment of the lu8Sm :

with 12C at 90 MeV showed several prominent lines, and their’decay curvés.ihdicaﬁed

| | ' 4 o

.~ a half life of 5.8 #0.3 minutes. We assign these transitions to 15 Ho popu- -

15h ' ’ '

lated by the p-decay of 2 Er in view of the close agreement between their

. : ’ 15k
half 1life and that measured for

+ + ‘4 . 15k - - L ,

4° —» 2 +transitions assigned to Dy were also present in this spectrum,

+ + : ' : \
and the decay curve for the 2 — O transition indicated that the half life

of the daughter B-decay (l5hHo) was 11.8 0.5 minutes. However, there was

Er by MacFarlane and Griffioen'). The 27, ot ana

o qpmteire
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a signlflcant discrepancy between the measured decay curve and that calculated

1.8
for the sequence A 2_?_? ;~——J? C, where A and B were initially in equilib-

rium at a constant rate of production of A. In this spectrum the relative yield

o+ + : + +
of the b — 2 <transition (to the 2 — O transition) was much smaller than
154
that measured for the decay of 15 Ho made directly by the HI reaction. Analysis
+ +
of the decay curve for the 4 — 2 +transition gave an initial half life of
3 il‘minutes, however after about 20 minutes the curve was well represented
by a half life of 11 2 minutes. At that timg,’the relative yield of the
+ + ' '
L' = 2 transition was 15% (compared to 84% in fig. 1). It is therefore
. 15k 15k L
apparent that two levels in Ho B-decay to Dy. One level (populated in
Iy ' : .
the (HI,xn) reaction to make 15 Ho) B-decays with Tl/2 = 3.25 minutes, feeding
. .15k . . + +
high spin levels in Dy with 84% relative yield of the 4 - 2 +transition

L
(fig. 5): the other level (populated in the B-decay of 15 Er) B-cecays with

T /2 = 11.8 minutes, feeding low-spin levels in l)uDy with 15% relative yield

1
of the h+ - 2+ transition. However, the behavior of both the 2+ - O+ and

u+ - 2+ decay curves can only be accounted for if we assume that ‘about 30%

of the initial activity of the 2+ - O+ transition was due to B-decay of the
3.25 minutes activity in 15LLHo level not fed by the B-decay of l5hEr, but populated
by the competing p5n reaction. The scheme is sumarized in fig. 6. "The level
with T1/2 = 11.8 minutes is almost certainly that recently observed by Hahn

8
et al. ) from its O~decay with T = 11.8 minutes. Clearly this

A 1/2 .
level has a low spin, whereas the 3.25-minute level is of a high spin; however,
which of these levels is the ground state of 15)+Ho can not be decided from the

present experiments. The results indicate that there was no detectable POp-

154

ulation of the 11.8-minute activity in Ho following the (HI,Xn) reaction.
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This is in accord with expectations, the angular momentun of the }SMHO
would be rather high. after the reactlon, so that a level of hlgh spin- should recelve ;>
more populatlon than one of low spin 1flthe levels are not too different. in energ&;
(See Sect. 6‘beldw);.
- 6. Dlscus51on '

It is of interest to consider pos51ble 1nterpretat10ns of the levels in
‘l‘l5hDy which are not part of the ground band. The branches of the 906-keV
‘level indicate thet its spin is protably Eft and we might'speeulate that the‘_di
levels 906. O, 1252.k4, and 1659.4 keV form another collectlve sequence,
posslbly of spins 2 ', 4+', and 6 . These levels would then be part of a ‘
quasi»B-band9), in analogy with the ﬁ-band Which,occurs in deformedlnuclei.
‘The transition at 1406.8 keV is probably of. a stretched E2 character as euideneed'd;f
| by its anisotropyl) (see table 1). The level.scheme below 1 MeV is verybsimilar-

150 152Gdlo),

' to those of the other 88-neutron nuclei in this region, e.g. Sm and

These nuclei have, in addition, a O+' level below 1 MeV which is_possibly the'
“vground state'of the quasi B-band. Such a level would have been very weakly
populated in thevpresent case, and its associated 7y rays could have escaped.
detection.

- The ( F ln) reaction led to very weak excitation of the proposed quasi
B-band. This is understandable, since such reactlons brlng large amounts
of angular momentum into the reoldual nucleus, and therefore the most heav1l&.
populated 1evels,should be the yrast levelsll). The fact that the |

" ground-state rotational bands are always heavily populated in (HI,xn) reactions

leading to deformed even nuclei is an illustration of this remark. It is
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possible t6 observe.strong population of other bands i.e., levels which are
not yrast levels, only if the angular momentﬁm brought in is not large,'such_

as could be achieved by using protons or alphas as the projecti}e,asee e,g.,
ref. 12). o |
The B-decay leads to é rather strong population of the gt level (16%),
which implies that the spin of the 3.25-minute level in 15LLHo is unusually
high. The preference of the pB-decay fo populate the ievel at 2LTh keV
suggests that this level may be related to the 3.2 ﬁinute-level 6f'15uH0, in whicﬁ

case it might be expected that the level would be K-hindered in its decays to

154

the collective levels. In the in-beam work on Dy we did not detect any

delayed population of the ground band, however the level at 2474k keV could
only have been weakly populated? since its decays established by the B-decay

. study were not detected.

154

I
15 Dy offers a good opportunity to

We feel that the PB-decay of
15k

Dy in some detail; rafely does P-decay populate

Ho to
study collective levels in
levels of such high angular momentum in even nuclei. We intend to study the

nature of the.additional collective levels which have been proposed_here from
the spectrum of conversion electrons in the B-decay. Through such experimenﬁs
it might be poésible to detect a O+' level. Also, it would be_important to

eétablish whether the proposed transitiohs J' > J at b3h.9, 505.2, and 570.6

keV have substational EO components. This would be expectéd if the levels J'

have characteristics of a K = 0 B-vibrational band.
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Table 1

Gamma rays assigned to

154

Dy

Decay of l52+Ho ﬁa l5hDy

391a (197,kn) By

»'Assignment.,.f ,’_, o

Transition Relative Transition Relative  Anisotropy
(Energy keV) Intensity = (Energy keV)  Intensity '
157.8 0.2 3.9 ;0.5 |
289.2 0.2 T3 0.3 | .
295.8 0.2 12.8 0.5 295.8 #0.3 7 2 -0.4 'to.15 ,
310.3 #0.25 3.0 0.3 | o
5347 0,55 100 334.7 0.25 © 100 0.53 +0.08 2t L0
346.5 0.3 125110 o - B | yt 2"
407.0 0.3 24,5 *1.0 1406.8 0.4 9 0.8 to:3 | A }H+'
412.5 0.3 . gk th 412.5 *0.3 100 5 o6 01t o
W3h.9 0.5 2.5 0.3 | : | 6" o 6"
| | , | h3§.8 toQS 29_iﬁ ~0.36 to.if
Whh.2 20.h 5.1 %0.5 L }
o S W8.0 0.5 845 2.0 % |
ﬁ71.9_to.6'  2.5 0.4 }A . | ‘ _ ‘
u77;u 0.k | 56 2 477.6 *0.h4 85 #5 | ,0.8 0.1 | . 6 ’hf
L | | u88.o.io.§ 1L te" 0.2 io;e'v ? ’

_a'[-
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Table 1 (Cont)

Decay of 1Mo P, 1D4py B9 (1% ,un) 15“1)3_( _ © Assignment
Transition _ Relative Transition Relative  Anisotropy
(Energy keV) Intensity (Eriergy keV) Intensity :
505.2 *0.k4 16.2 0.7 , | wtto oyt
503.8 *0.k 16.0 0.7 skl %0k 73 %5 0.7 *0.1 | 8" S 6
| | | 557.3 *0.4 4515 0.6 %0.15 T
570.6 0.5 10 t2 2t 5 2t
589.0 2 30 5 0.3 #0.15
616.0 *1 ée' £ 0.3 %0.15 |
637.0 t1 21t 0.8 0.5 |
726.5 #0.7 13 w2 (758" - 8
815 0.7 13 %3 (7#;éf);-;'§f‘
906 1 1'1,-5_:;;:0.5 o L ot
1249.5 o 6 (75,89 5 6"

-¢1-

¢96LT-TaN
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Figure Captions

5k B 154

Fig. 1. Gamma'spectrum of the decay Ho = Dy'observed between beam bursts

following the reaéfién lLF8Sm('-1'113,5n)154H0 at‘75‘MeV;
Fig; 2. Gammavspectrum Observed during the beam bﬁrsts iﬁ the reaétion '
13900 (19, kn) *py at 86 Mev. | | |
‘Fig. 3. Gamma-ray éoincidence spectra of the de;ay 15b'Ho E>15hDy taken with 
two Li/Ge countérs each measuring 6'éq. ems. X 1.3 cms.vb‘
| B 15k

Fig. 4. Gamma-ray coincidence spectra of the decay 15uHo - Dy taken in a

_ Li/Ge counter gated by various peaks in a 3" X 3" Nal counter. Coincidences -

"arising with the background underneath the peéks“in the NaI counter have .
been approximately subtracted out. This procedure was not exPécted to be

; accﬁrate, and the relative iptensitiés of thé trénsitions should be regardéd
as a quélitative indication only. |

| Fig. 5, . Proposed level scheme of 15LLDy from the B-decay qf fhe 3.25-minute

154

level in Ho (relative y-ray intensities in parentheses) and from the

reaction 159La(l9F,l+n)l5uDy. .
vFig. 6. Schematic representation of the B-decay sequence-l5uEr é>l5uHo §>15uDy.
The order of the levels in l5hHo is not meant to be implied. The B-decay .

branches are intended to be a general indication of the predominant B- and

y-ray feeding.

s g e e R
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

]

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the

Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access

to,

any information pursuant to his employment or contract

with the Commission, or his employment with such contractor.






