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-Abstract

The scﬁemes of the low-lying high-spin states in mercury isotopes with
A = 195, 197,vand 199 have been studied by Y-ray spectroscopy following (a,xn)
reactions on separéted_platinum targets. Two bands have_been excited in each
Hg nucleus, one with positive parity based on the isomebric_il3/2 state and
one, probably with negative parity, starting at spin 21/2. The positive-parity
states are interpréted within the rotation-aligned coupling scheme as
decoupled bands, ﬁhis implies oblate deformation in these three Hg isotopes.

The negative-parity states are discussed as a decoupled i13/2 neutron state

coupled to the 57, 77, 97, +« - « states, recently discovered in even-even

mercury isotopes.
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1. Introduction

The occurrence of a low=-1lying 13/2+ levei in odd-A mercury isotopes
is well known, ehd these states have been‘identifiedfee tﬁe unique-parity
113/2 neutron-hole states., This iqterpretation seemsv?eesonable at first
because the Niisson diagram shows that the = 13/2 substate!is - for
prolate deformation - upsloping and lies close to the Fermi surface at
_ reesoﬁably smell deformations (8 & 0.15). But in recent measurements a
trend from prolate to oblate deformation has been discevered in Os and Pt
_nueleil). Also in l?ng and some odd-Au isotopeS'evidehee for oblate
deformation. has been foundg-?f. Assuming that this trehd_continges into the
Hg nuclei, the existence of a low-lying 13/2+ state is ﬁo longer easy to
understand in the usual strong-coupling scheme; the 2. =.13/2 state lies-
quite far below the Fermi.surface for oblate defofmation,4 In this case it
is the Q = 1/2 state which comes close to the Fermi surfeee, and this is
the situation‘in which a new coupling scheme has receﬁtly;been predicted
to be valid: the rotation-aligned coupling scheme5'6); f In this
coupling echeme enlodd particle moving in a high-j orbifal with a small
projection € on the symmetry axis of the nucleus is - due to the Coriolis
force acting'on it - decoupled from the nuclear symmetry axis and aligned
along the nuclear‘rotation axis, The excited states buiit in the two
couéling schemes are very different; whereas the energies of the states in
.the strong-coupling scheme are in the simplest appreximetien proportional to
I(I+1l) with a spin sequence of I, I+1, I+2, and so on,-ene expects in the
rotation-aligned scheme so-called decoupled bands, with etates having spins"

I=3j, j+2, j+4, **° separated by energies equal to the'2f > ot, 4t > 2t
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6t > 4+, «+ee transition energies in the adjacent even-even core nuclei. (For

the states with spin I+l, I+3, I+5, +++, the odd particle is not fully alighed,

and one expects these states at higher excitation energies.) These very
different spectra make it easy to distinguish which of'the coupling schemes
applies in a particular case.

In the présent paper we report on the discovery of decoupled bands
built on the 13/2% stgte-in the odd-A mercury isotopes with A = 195, 197,
and 199, by means of in-beam Y-ray spectroscopy. This implies oblate defor-
‘mation for these three Hg isotopes, because only then are the low £ orbits
of the il3/2 subshell close to the Fermi surface so thaﬁ.the rotation-aligned
coupling scheme should apply.* Moreover, we find statés'ih these three

nuclei which appear to consist of a decoupled i neutron coupled to the

13/2

57, 77, 9, e+« states previously known in the even-even Hg nuclei8).

* .
Preliminary results have been published in. an earlier publication7).
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2. Experimental Techniques =

The mercury nuclei with A = 195, 197 and 199'haVe:been studied using
Y-ray spectroscopy following (0,xn) reactions on self—sﬁpporting enriched
platinum targets of approximately 5 mg/cm2 thickness. Two Pt targets have

been used with relative abundances of 60% 198Pt, 30% 19§Pt, 10% 195Pt, and

Vi

194 195 196

60t 19%¢, 308 1%%pt, 10% 1°%pt. Excitation functions fo;rthe (a,3n) and
(¢,4n) feaétioné have been studied at seven differ;nt:energies between

34 and 50 MeV, with o beams provided by the 88" cyclotroni@f the Lawrenée
Berkeley Laboratory. The time structure of the cyclotfon séam (pulse width
v 10 nsec, disténCe between beam pulses "V 150 nsec) was used to accumulate
in~-beam and off?béam spectra in order ﬁo determine isomeric transitions

and short-lived activitiesg). The anisotropies of the Y-?ay angular
distributions have been measured at 45° and 90° in the reaction plane.
Cdnventional'fast—slow coincidence techniques were usetho_fecord Y=Y
coincidences 5etween a planar and a coaxial Ge(Li)'deteCtof) both located at
90° with respect to the incident beam. In the coinbidence‘funs the beam

energy was 37 MeV in the bombardment of the Pt target with the heavier mass

composition and 40 MeV in the bombardment of the lighter one. The relative

efficiencies of the Ge(Li) detectors were determined with 177mLu and lsszu

sources,
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3. Experimental Results

In the (o, 3n) andv(a,4n) feactions leading to thé‘Hg isotopes with (
A = 195, 197, and 199 well established band structures arebheavily populated.
Up to'five Y traﬁsitions have been observed in a cascade:and theif 45°/90°
intensity ratio is fully consistent with stretched E2 multipoiarity. We
have evidence that this band structure is based on the i3/2+ isomeric states
in each Hg nucleﬁ#. This évidence conéists of a compariSoﬂ.of the production
of the 13/2% state with the yield.of the lowest transiﬁién in the excited
band. It has beeﬁ determined that in lggHg and in 197Hg tﬁis transition
accounts for aboﬁt one-half of the productibn of the 13/2+ isomeric state.
Almost all the,strdnger Y-lines which were identified (from excitation
functions) as transitions in the odd-a Hg»nuclei are in prompt (within a
few nsec) coincidencerwith this transition;_ The.decay scﬁgmes for the high-
spin states.have been determined mainly from thé Y=Y coibéidence measurements,
From the anisotropies of the Y ray transitions, méasured'a£;45° and 90°'in
the reaction piane, and with the.assumption that A, = O (fér most of the

A 4
cases this only introduces a small error) approximate A2 coefficients for
the angular distxibutions weré defived. Since thé decéYiof all the tranéitions
assiéned to the three oda—A isotopes is faster than a fe&vnénoseconds, 7 é
we assume that theif multipolarity is either electric qﬁ;drupole or magnetic .
or electric dipole. Positive A2 coefficients around 0,4_Qére assigned. .
to stretched (i + I-2) E2 or non-stretched (I + I) Ml oi ﬁl transitions.

Unfortunatély, the accuracy of our data does not allow us to distinguish

between these types of multipolarities; however, in some cases the spin of a
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level could be assigned unambiguously from its branched decay to other known
levels. Some»of the Yy rays show a very sﬂarp 90°—peaked angular distribution
(A2 < —0.5). Wiﬁh the restriction ﬁo £ =1 and 2, they can only be produced

by miied‘quadrupole/dipole transitions éf the type Iii + I with a mixing fatio
§ = (I|M(L2) |11 ) A 1|M(Ll)|1%1 ) =~ 1. sSince M2/El transitions with this
mixiﬁg fatio seem to us very unlikely, we aséign them as:E2/M1 transitions.

If will be shown in Sec. 4 that in the rotatioﬁ—aligned mddél, one predicts

va negativé (positive) value.for the EZ/Ml mixing ratio fof the decay of a class
“of states of the type I+41 > I (I-1 > I) in these Hg ngclei. Furthermore, we
‘used the genéral rules that - as is typical iﬁ (HI,xn).feactiéns - the population
of the states decreases and the spin of the levels generally increasés as one
goes up in excitaﬁion energy in a nucleus; and also, thét the population of the
highfspin states increases relative to that of the 1owfspih states as the
,_bomba;ding energy is increased. From these arguments, Yirays with sharp
90°-peaked angular distributions are assigned as I+l - I:transitions of mixed
E2/M1 multipolarity.

. In the following, we present the arguments whidh led us tp the decay
schemes of the.low—lying high—spin states in the three nuclei, 195'1?7';?9H .
. The relative intensities and approximate A2 coefficients for the transiﬁions
assigned,to thesé nuclei are given in Tables 1, 3 and.4,.réspectively. Although
we are dealing with odd»nuclei‘near thé closed proton and neutron shells, the
spgctra of the odd—A Hg nuclei are relatively simple aﬁd remarkably similar ﬁo

those of the_adjacent even-even Hg nuclei. We observe a positive-parity band

based on the 13/2+ state connected with stretched E2 transitions, and a
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presumably negatiVe—parity band starting at 21/2” which decays into the
positive—parity band around spin 21/2+. Because of this simplicity, we will
not discuss the decay of each individual level; the décéf.schemes follow quite
straightforwardly from the coincidence data. Figure 1 displays two ‘Y-spectra

194, (19 a
v 5)Pt bombarded with o particles of 35 MeV and

(196) ,198

recorded at 90° from
-45 MeV. Figure 2 is a similar spectrum from Pt at 34 MeV o energy

and 90°, with the insert showing the_highef Y-energies at.45°. It can be seen .i
that some of the lines (741.5 keV and 945.3 keV) are élmost absent at 45°, 1In

. e . . 199 . : . . . :
fig. 3 we show some coincidence spectra on Hg in order to give an impression - |

of their quality.-

3.1. 195Hg

As we have discussed above, the observed band strﬁcture Qery likely
feeds the l3/2+'is§meric state. The low Y ray energies:make the determination
of the intensity balance of the 1")/2+ > 13/2+ tran#itién versus the production | :
of the 13/2+ activity difficult in this case, so this conclusion has been .
drawn by analégy to 197Hg and'lggHg where these intensity balances could be
deﬁermined. Froﬁ‘the coincidence measurement, a cascade'of five y-rays,

371.2 kev, 611.6 keV, 710.1 kev, 544.7 kev, and 278.4 keV (listed in the order
of decreasing relative intensity), is wéll established;iiThe Az coefficients

of these transitions are around +0.45 * 0.10, ;hich is tyéical for stretched

E2 transitions and, in the excitation function studies, the relative populatioh 
of the higher excited states increases at higher bombarding energies relative .
to the populationvof the lower excited states, indicating that the spin

increases up the cascade. These arguments lead to a b&hd with the following
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states: 17/2+ at 547.3 kevV, 21/2+ at 1158.9 keV, 25/2+ at 1869.0 kev, 29/2+
at 2413.7 keV and 33/2+ at 2692.1 kev. The coincidencé‘measuremehts show

another cascade of three y-rays, 586.,2 keV, 125,7 keV, 301.1 keV (listed in

_the order of decreasing intensity), which enters the previously described

 band at the 21/2% state. This leads to levels at 1744.8 kev, 1870.5 keV and

2171.6 keV., The 1744.8 keV level branches off via a 283.4 keV transition to
a state at 1461,1 keV, which decays with a 913.8 keV Y ray to the 17/2" level
at 547.3 kevV., The 913.8 keV Y ray is one of the sharp_9Q°—peaked transitions

of mixed E2/M1 multipolarity of the type I+l > I (see Sec. 4). This identifies

. the 1ével at 1461.1 keV as a 19/2% state. The assignment’of spin 21/2 for

the level at 1744.8 keV is the only possibility which is consistent with the
anisotropies measured for the Y rays of its decay to the‘19/2+ state at |
1461.1 keV and to the 21/2+ state at 1158.9 keV. They#wo Y rays of 1?5.7 kev
and. 301.,1 keV which are in cascade with each other and which feed the level

at 1744.8 keV have anisotropies characteristic for‘stretched quadrupole

. multipolarity. This implies a spin of 25/2 for the leVeL at 1870.5 keV and

29/2 for the level at 2171.6 keV, Unfortunately, we cannot prove unambiguously
the parities of these three states; however, intensity balances of the 283.4

keV line versus the 913.8 keV line favors an El assignment for the 283.4 keV

transition. Table 2 lists the intensities (corrected for angular. distribution

and relative to the 17/2+ > 13/2+ transition, which has been set equal to 100)
for the two lines at various bombarding energies from Ea'= 34 MeV up to
Eu = 50 MeV. At the lower a energies) the 283.4 keV line is clearly the

weaker transition, placing the 913.8 keV line lower in the decay scheme. But
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at the high o energies the intensity of the 283.4 keV line approaches that of"
the 913.8 keV line. The conversion coefficients for a 283 keV transition
are 0.44 for M1, 0.12 for E2 and 0.03 for El multipolarity. Therefore, pure

M1 multipolarity seems unlikely because this would make'the total transition

intensity of the 283.4 keV line stronger than that of the following 913.8 keV

line at the high bombarding energies. An E2 multipolariéy (implying positive
parity for the 21/2 state) also seems to us unlikely bécaﬁse of the absence of
a transition to the 17/2+ state at 547.3 keV. From theSe‘arg;ments we believe
that a parity.change is involved in the 283.4 kev and[586.2 keV transitions,
which implies negative parity for the states at 1744.3 keVr(Zl/Z), 1850.5 kev
(25/2) ‘and 2171.6 keV (29/2). We identify these levels és‘states based on an
i13/2 neqtron coupled to the negative-parity 5—, 7-, andf9f states, which have
been observed in the even-even Hg nucleis). This poipt will be discussed in
more detail in sec. 4. The 19/2+ state is, we believe, ;n unfavored state of
the positive-périty band, which has been shifted up in energy because it is
less favored by the Coriolis interaction. Two Y-rays of 121.4 keV and 214.8
kév which belong - accoraing to the excitatioh function méasurements and the
coincidence e#periments - to 195Hg could not be assigﬁed;r They seem to feed

somewhere into the negative-parity states. Figure 4 shows the decay scheme

of the states diSéussed above.

X ' . 9 . 196 .
Our information on 1 7Hg comes from the (a,3n) data on Pt, which
was 30% abundant in the target with the heavier isotopic composition. Conse-
. quently, only the stronger y-transitions could be assigned. Again we have a

relatively simple structure of two Sands, and at Ea = 37 MeV the intensity
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of the lowesf transition in the band is found to be ~ 0;5‘of the total‘activity
6f the il3/2 state (1:1/2 = 23,8 h). Therefore, we co@dlg&e that the observed
cascadés terminate at the l3/2f state. The coincidence qéta show one cascade
of three Y transitions, 354.1 kev, 621.0 keV, and'763;1 keV, leading to 1evéls
at 653.1 keV, 1274.1 keV and 2037.2 keV. The other sequence of y-rays, 408.2
kev, 15077 keVv ana 328.6 keV, enters the férmer band at tﬁe 1274.1 keV level,
indicating states at 1682.3 keV, 1833.0 keV and 2161.6 keV. Although the
intensity of thé 408.2 keV line is somewhat obscured ih\£h¢ singles spettra

9 o
! 8Pt‘(4O7.2vkeV), the level

by the ihelastic excitation of the 2% state in
ordering could bé determined rather unambiguously from a careful study of the
intensities of‘the lines in the excitation function meaéurements and in the
coincidencé spectra. |

The 354.1 kev, 621.0 keV and 763.1 keV y-rays ﬁévevanisotropies
cﬁéfacteristic for stfetched quadrupole transitionms, sd we conclude ﬁhat they
deexcite statgs of the positive-parity band.with spin 17/2+ at 653.1 keV,
21/2* at 1274.1 keV and 25/2" at 2037.2 keV. These assighments also seem to
. 'us reasonable from the relative éopulation of the states in the (a,kn)
féaction and ffom the excitation function studies, Tb‘the levels at_1682.3
keV, 1833.0 keV and 2161.6 keV we tentatively assign spins of 21/2°, 25/2”
and 29/2-‘by analogy ﬁo similar levels in 195Hg. The Qbséfved anisotropiés

of the y rays deexciting these states are fully consistent with these

assignments., The positive A

2 coefficient of the 408.2 keV line (the

21/2— > 21/2+ transition) could, of course, also be interpreted as another
stretched E2 transition. This would lead to a second positive parity band
starting with spin 25/2+ which seems to us unlikely. The_proposed scheme

can be seen in fig, 5.
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Fifteén Y transitions could be assigned to a féthér complex structure
of two bands based on ﬁhe il322 state in 199Hg. In th%s‘ggse, the intensity
of the lowest transition in.the band accounts (for thé'(d,3n) reaction at
E, = 37 MeV) fo? Q.6 of the formation of the isomeric 13/2" state (t) 5 = 42.6
min), From the coincidence data, the level scheme pfesénped in fig. 6 has
been'determinéd,' The anisotropies and.excitatioﬁ functiéﬁs of the 291.4 keV,
533.5 keV and 749.9 keV lines led to the conclusion that - they depoéulate tﬁe
states of a positive-parity band with a 17/2+ state at 532.9 keV, a 21/2+ state
at 1357.4 keV and a 25/2+ state ét 2107.3 keV, Three Y'réys (741.5 kev,
945.2 keV, and 1;26.6 keV) have sharp 90°-peaked angular distributions which
we interpret as mixed E2/Ml transitions of the type (IilJ; I). The 741.5 keV
line does not show any other line coincident with it, so we place it directly
feediﬁg thé isomeric l3/2+ state, depopulating a 15/2+_state af 1274.0 kev,
The 945.2 keV y ray feeds the 17/2+ level at 832.9 keV, and the 1126.6 keV
line goes to the _21/2+ level at 1357.4 keV, leading to a 19/2+ state at 1778.1
keV and a 23/2+’statevat 2484,0 keV, We interpret them aé the unfavored positive-
parity states which are not lowered in energy so much by'ﬁhe strong Coriolis
interaction. 'In'addition, we founa sig more states which’we interpret as a
negative-parity band étarting at spin 21/2-. ?his bandAaeéays into the positive-
parity band through four‘transitions. The anisotfopies.and excitation functions
of the various y-rays are fully consistent with these assiénments; however,

other assignments may also be possible, so our interpretation of this

negative-parity band is tentative.
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4, Discussion

195,19
rd 7'199Hg to consist

We founa the spectra‘of the high-spin states §f
of two bands, é ﬁositive-parity one starting with spin‘i3/2 and a (probably)
negative-parity one starfing with spiﬁ 21/2. Figure 7 displays ail évailable
data on the 2+, 4+.and 6+ states for even-even mercury ﬁuélei and the l3/2+;
17/2+ and 21/2f states in the odd-a mercury isotopes (éolid bars) and the 5_,
7, and 9 stétes together with the 21/2(—), 25/2(—) aﬁd 29/2(—) states
(broken bars) in the even-even and odd-A nuclei. (The spectra of the odd-A
nuclei have been shifted so that the 13/2+ states match up with the 0+ states
in the évén—even Hg nuclei.) A striking regularity is apparent in the 2+,
4+, and 6+ states and the corresponding-i3/2+, 17/2+ and.21/2+ states through
a range of 14 neutron numbers. Clearly, decoupled ban&é'éfe occurring in
the odd-A Hg nuclei with spin sequences i3/2, 17/2 and él)Z‘and energies very
similar to the core energies in the even-even Hg isotope#p:vln the context
of tbe rotation-alignment modél thisvimplies oblateldefprmation for these
nuclei, since‘fdr B < 0 the low Q states.of the i13/2 éubshell are close to
the Fermi surfade. For prolate deformation, one would expect a normal
rotational band'based on ﬁhe l3/2+'state, with the usual spiq sequence and
energies approxihaﬁely proportional to I(I+l). At the neuﬁfon—rich siae in
fig. 7 the decoupled states become gradually, but systematically, lower in
energy than the cérresponding core states. This behavior is not yet fully
understood; it may be a shell effect (200Hg also has a 2 state lower than
the other Hg isotopes). At the extreme neutron—deficient;éide, the quasi-~ .

rotationai ground band collapses rather suddenly due to'thg onset of strong

' . 7 . - +
deformatlonlo); however, 18 Hg still seems to have a decoupled 21/2 state.
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Another interesting feature in these odd-A mercufy isotopes is that
some states can be identified as the unfavored states'bfﬂthe decoupled band
+ ) . . .

(the 19/2 state in 195Hg and the (15/2+), 19/2+ and 23/2+ states in 199Hg).

For these states, the odd particle moving in the i orbit is not fully

13/2
aligned (o = 11/2 instead of a = 13/2, where o is the préjection of j on
I). The core rotating in higher spin states then yields, in a simplified
. ‘ . + + | ; .
picture, the spins of 15/2 , 19/2 and‘23/2+.> The large energy spacings
' + + + + \ + ' +
between the 15/2 and 17/2 , 19/2 and 21/2 , and 23/2 and 25/2 states

indicates the inadequacy of considering these levels as weak-coupling multiplets.

To a good approximafion the wave functions of the aligned‘states can be written:

WL b den .
Q : ’
where j 1is the spin of the pa;ticlé, Q its projectioﬁ_gn the symmetry axis
and 0 its projection on the rotation axis of the nuclgus; :Each stéte with
fixed value of o is written as é sum over all § Values_Qith the amplitudes
given by the fun;tion dig(g°-, These amplitudes ;re liéﬁed for the o = 13/2
and o = 11/2 stéées in Table 5. 1In eq. (1) xa represehts_the intrinsic
Nilsson wave funcﬁion of the particle and¢¢7;Q describgs:tﬁe rotation of the
entire system. )
In the following, we want to derive a simple rulé for the mixing
ratio for E2/M] transitions from a state |I*l, o = 11/2') éo a state
I; a = 13/2 ),-e;g. for tranéitions from the incompletely aligned states to
the fully aligned states. The former ones are always #éised in energy so

these transitions should occur rather commonly. The E2 matrix element is

proportional to
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(zle2lTs1) ™ g Z (1£1 2 2 0|1 Q) 'dg:_l'é(g-). dgh(g-) . @
Q B _

The nén-diagonal matrix elements can be neglected, begagse_tﬁeylhave only
single-particle strength, whereas the diagonal matrixféiements have the full
collecﬁive strength., The sign of this matrix element'ié.determined by the
'signs of Q, and the Clebsch-Gordan coefficients. As discussed above, we have
oblate deformatiop in tﬁe odd mercury isotopes resultiné'in a negative Q,. All
the Clebsch-Gordah'coefficients are negative for the i+1'; I case and positive
for the I-1 +>I case, | ‘. |

In evaluating the Ml matrix element, we follow the procedure given in

ref, ll)i

3 53 I . on . '

(;IlMllIIﬂ) ~ Z dj-l,Q(Z) dj’g,(z) [(.111 1028 QII_Q) GM1 (Q')
Q,0 - - -

(3)

+ O™ (a1 000z 20 @ -an]
with

GML(DR') = (gg-gg)GMS (BR') + (gp-gg)GMLIBAY)

For a neutron (hole) state, one uses g, ~ 0.6 g (free) = -2.3; g, ® 2/A = 0.4
and gy = 0; the matrix elements GMS and GML are listed in ref. ll). In this
~case one has to sum over all values of {' = @ and Q' = Qtl. For both kinds of

transitions (I+l1 ~ I and 1I-1 + I) eq. (3) gives negative Ml matrix elements,
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These results seem to be valid iather generally and qﬁite»independently of
the spin 3j of_the particle, since the Clebsch—GordahHéoefficients, the
amplitudes of the wave functions, and the M1 matrix eiements all change only
gradually with changés in the value of j. Together_W#th the sign of the E2
matrix element, this yieids positive § for the I-1 +:i'5ﬁdbnegative § for the
I+l > I fransition, resulting in a negative Aé coefficiengjin both cases.

' For an odd proton (thé g-factors change their sign) 25 §folate deformation
Qo > 0) £he opposite sign for the mixing ratios and Azlvalues is predicted,
whereas for an odd proton and prolate deformation the same rules should
apply.

The discovery of a (probably) negative—parity_baﬁd'with spin 21/2°,
25/2- and 29/2_ states throws some light on the 5_, 7f,'9-, »++ bands fouﬁd
in the even-even Hg isotopes, in the nearby Pb and Pt isotopes, and also near
the closed N = 82 sheel. Clearly, the systematic occurrence and the enhanced
transition probabilities (= 30 S.p.u.) indicate some collective character
for these étates. On the other hand, the occasional vefy close spacings
(5 to 7 in thé case of the Hg nuclei) can be explained as a single-particle

12,13

effect as has been discussed for the'Pb isotopes ).. These states probably

have mainly tw0fneutron configurations, (1.13/2 8 p3/2), (1.13/2 8 p1/2)
- 3 Ly ) - . 0 h
13/2 B8 f5/2) where the nucleon-nucleon interaction attractive in the

singlet even state - brings those states lowest for which the overlap of the

and (i

spatial wave functions of the two particles is maximal, These are the states
with natural parity: 5 and 7 for (:L13/2 8 P3/2)? 7 for (113/2 ® 91/2)7

and 9, 7, and 5 for (i The collectivity of the bands

13/2 8 f5/2)'

6riginates from two effects: 1) strong mixing of the states belonging to
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multiplets, énd 2) coupling of these two-particle states to the I = 0%, 2+, gt eee
core states.-'The-assumption that the negative-parity béhds are built mainly

on two-neutroﬁ~(hole) states with one neutron decoupied‘kd = 13/2) in the

113/2 orbit,‘gets'strong support from the Qccurrgnce éf?;imilar states

(21727, 25/2', 29/2 ) in the odd-A nuclei. The coupliﬁg of an & = 13/2 neutron
hole with theVS-; 7" and 9 states would naively result in 23/2-, 27/2_ and
31/2_ states, but since the Pauli principle fo;bids twé particles in the same

o = 13/2 orbit, one particle can only be partially aiighed (o = 11/2), leading
to the observed spins of 21727, 25/2° and 29/2°. 1If pheiil3/2 neutron hole

were not involved in the negative parity 5-, 7° and 9#;_j‘° states, then one

would expect to see spin sequences of 23/2_, 27/2_ andh31/2-.
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5. Conclusion

In-beam Y ray spectroscopy following (o,xn) reections_on Pt isotopes
has provided evidence for decoupled bands in odd-A mercnry isotopes. Some '
of the unfavored states (q = 11/2) also seem to be seen; and their excitation
energies foliow qualitatively the predictions of the ;oteﬁion-aligned coupling
_scheme. This provides additional evidence that this new:coupling'scheme may
be a useful description for the low-lying high-spin scates_in these nuclei,
and the large differences in energy between members of tne multiplets show
that weak-coupling schemes are invalid here. These resnlts also indicate

oblate deformation: for the mercury isotopes as has been found in nearby Pt-,

Au-, and Tl-isotopes. It appears that the'strongly deformed (prolate) rare-earth '

region and thevspherical lead region are connected by a tiansitiona1 region with
oblate deformation. ”

The observation of a probably negative-parity band in the odd-A mercury
nuclei, starting at spin 21/2, strongly suggests that the excitation of a |

(decoupled) i neutron hole plays a major role in the 5‘, 7,9 ,e-

13/2

bands recently discovered in thé even-even mercury isotopes.

Acknowledgments
We would like to thank Dr. M. Redlich for valueble discussions. D.P.
gratefully appreciates a grant from the University of Munich which made his
stay at the Lawrence Berkeley Laboratory possible. J.G.Esppreciates scpport
from a NATO fellowship. We also thank the crew of the 88“~cyclotron for

providing the o beams.



8.

10.

11.

12,

13.

14,

-17- B ' LBL-2349

References

J. E. Glenn, R. J. Pryor, and J. X. Saladin, Phys. Rev. 188 (1969) 1905
J. O. Newteh, S. D. Cirilov, F., S. Stephens, anavR.eM. Diamond, Nucl.
Phys. élég (1970) 593 |

K. Nakai,»Phys. Letters 34B (1971) 269

F. S. Stephens, R. M. Diamond, D. Benson, Jr., ana'M. R. Maier, Phys.
Rev. C7 (1973) 2163 |

Je. R. Leigh, K. Nakai, K. H. Maier, F. Pﬁhlhofef,iF;IS. Stephens, and
R. M. Diamond, Nucl. Phys. A213 (1973) 1

F. S. Stephens, Rev. Mod. Phys., in press

D. Proetel, D. Benson, M. R. Maief, R. M. Diamond,eand F. S..Stephens,e
Proceedings of the International Conference on Nueiear Physics, Munich
(1973), ed. J deBoer and H. J. Mang, p. 194

R. F. Petry; R. A, Naumann, and J. S. Evans, Phyée #ev; 174 (1968) 1441
A more detailed description of the experimental detéils ean be feuhd in;

J. Gizon, A, Gizon, M, R, Maier, R. M. Diamond and F. S. Stephens,
submitted to Nucl. Phys.

D. Proetel, R. M. Diamond, P. Kienle, J. R. Leigh, K. H. Maier, and

F. 8. Stephens, Phys, Rev, Letters 31 (1973) 896; N; Rud, D. Ward,

H. R. Andrews, R. L. Graham, and J. S. Geiger, Phys. Rev, Letters 31 (1973)

1421; and D. Proetel, R. M., Diamond, and F. S. Stephens, Phys. Letters

48B (1974) 102,

"E. Browne and F. R. Femenia, Nucl. Data Tables 10’(1971) 81

'M. Pautrat, G. Albouy, J. C. David, J. M. Lagrange, N. Poffé, C. Roulet,

" H. Sergolle, Je Vanhorenbeeck and H. Abou- Lella, Nucl Phys. A201 (1973)

M. Redlich, private communication.

W. F. Davidson, private communication.

449,



195

Table 1, Informatidn on Y-Transitions Assigned to Hg.
EY . IY A2 Mult, Ex(i) I(i) Ex(f) I(f) Remarks
(keV) at 47 MeV (keV) (keV)
121.4 4 0.12%0.10 o ca)
125.? - 6 0.50+0,10 E2 1870.5 25/2(’) 1744.8 121/2(')
214.8 6 0.35%0.15 a)
278.4 18 0.45%0.15 E2 2692.1 3372 2413.7 29/2%
283.4 6.5 -0.15%0.10 (E1) 1744.8 21724 1461.1 19/2%
301.1 16 0.450.10 E2 2171.6 29/2(‘) 1870.5 25/2(’)
371.2 100 0.41%0.06 E2 547.3 17/2% 176.1 13727
544,7 <30 0.3 %0,2 E2 2413.7 20/2% 1869.0 25/2% - b)
586.2 32 0.43%0.10 (E1) 1744.8 2172 1158.9 21/2+
611.6 78 0.47%0.10 E2 1158.9 212" 547.3 17/2F
710.1 30 0 0.43%0.15  E2 1869.0 325/2+‘ 1153.9 1'21/2*:
913.8 8.5 ~1:05£0.20 E2/m1 1461.1 19/2° 54703 1772t
a)

Not assigned.

b)

. 194
Also in

Hg.

_ST—

6vEZ-Ta1T
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Table 2. The Y Intensities of the 283.4:keV
and 913.8 keV Lines at Various o Energies.a
E, = 34 35 . 40 a5 a7 50  MeV
I, (283.4 kev) 3.1 5.8 6.2 8.1 6.5 7.9%0.8
IY (913.8 keV) 7.3 10.9 9.8 9.9 8.5 8.5%1.0

a)

to I = 100,

17/2+ > 13/2+

The intensities are corrected for their angular distribution and are relative




Table 3. Information on y-Transitions Assigned to

197

Hg.

E 1 A Mult, E (i) I(i) E (f) I(f) Remarks

Y Sy 2 X X -
(kev) at 34 MeV (keV) (keV)
150.7 8 _ 0.37%0,10 E2 1833.0 (25/27) 1682, 3 (21/27)
328.6 9 0.40%0. 10 E2 . 2161.6 (29/27) 1833,0 (25/27)
354,1 100 0.37%0.05 E2 653.1 17/2% 299,0 13/2%
408.2 <50 0.20%0.10 (E1) 1682.3 (21/27) 1274.1 21/2* a)
621.0 42 0.46%0.15 B2 1274.1 212t 653.1 1772+
763.1 7 0.30%0.20 E2 2037,2 25/2% 1274.1 21/2%

1

2 a1s0 8t (2 > oh). S

6veec-191



Not assigned.

Table 4. Information on Y-Transitions Assigned to 99Hg.
EY IY A, Mult. Ex(i) I(i) Ex(f) I(£f) Remarks
(keV)  at 37 Mev
141.6 <2 0.21%0.10 2629.5 (27/27) 2487.9 (25/27) a)
155.6 2 2487.9 (25/2*)‘ 2331.9 1121/2—)
204.1 1 2629.5 (27/27) 2425.4 (23/27)
278.1 9 0.41%0.10 E2 2766.0 (29/27) 2487.9 (25/27)
291.4 100 0.40+0.05 E2 832.9 17/2% 532.5 13/2%
380.6 20 0.51%0.15 (E1) 2487.9 (25/27) 2107.3 25/2%
438.7 6 0.2 *0.2 (E2) 3068.2 (31/27) 2629.5 (27/27)
522,2 < 22 ~0,04%0. 20 2629.5 (27/27) 2107.3 25/2% a)
533.5 77 0.49%0.08 E2 1357.4 212" 832.9 17/72%. ,
741.5 5 -1.23%0.20 E2/M1 - (1274.0 15/2%) 532.5 132" ?
749.9 38 0.46%0.15 E2 2107.3 252" 1357.4 2172
945,2 3 -1.03%0.20 E2/M1 1778.1 19/2% 832.9 17/2%
974.5 10 0.32%0.15 (E1) 2331.9 (21/27) 1357.4 21/2%

1002.0 3 0.12%0.15 b)
 1005.0° 3 0.33%0.15. | - | b) .
©1068.0 8 ~0.49%0.15 (E1) 2425.4 (23/27) 1357.4 21/2%

 1126.6 2.5 -0.77+0.20 E2/M1 2484.0 2372% 1357.4 21/2"
a)Also-in 198Hg.

b)

6vpeZ-191
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Table 5. Wave Functions for an o = 13/2 and o = 11/2 State as Expanded in 2.

a /2 372 5/2 7/2 o2 11/2 13/2 o

1172 | 0.179  0.466 0.579  0.513 0.344. 0.172 0.056 |
13/2 | 0.647 0.561 0.418 0.246 0.138 0.056 0.016
. | | i
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Figure Captions

Fig. 1. Gamma-ray spectra from the bombardment of a ta;get with 60% 194Pt, 30%

195 196

Pt and 10% Pt with o particles at (a) 35 MeV gnd (b) 45 MeV incident

energy. The spectra have been recorded with a planar Ge(Li) detector at
90° with respect to the beam. Almost all the strdnger Y lines could be

assigned to Hg isotopes with A = 194, 195, and 196. -

Fig. 2. Gamma-ray spectra from the bombardment of a target with 60% 1 8Pt, 30%

9 , . oo .
19651 and 10% 1%%pt with a particles at 34 MeV. Detection angle was 90°

for the full spectrum and 45° for the insert which only shows the higher
Y. energies. -Note that some of the lines (741.5 keV and 945.2 keV) almost

coefficient close tob—l.O.
X .

Fig. 3. Example of Y=Y coincidence spectra taken with a planar and a coaxial

. . s . 9 R :
Ge (Li) detector for various transitions in 1 9Hg. Figure 3a shows coax

vanish at 45°, they have an A,

spectra for several gates in the planar detector and fig. 3b showé planar
spectra with the gateé set in the coaxial detectér;;

Fig. 4., Decay scheme for the low-lying high-spin statéé in.lgng._

Fig. 5. Decay scheme for the low-lying high-spin states in l97Hg.

Fig. é. Decay scheme for the low=lying high-spin sta#éé in,lggHg.

Fig. 7. Level systematics for the'low—lying high-spin étates in Hg isotépes

. - S .
with A = 184 through A = 200, Plotted are the 0+;v2 , 4, and-6+ quasi-

‘ o . + ot + +
rotational states in the even-even and the 13/2°, 17/2 , 21/2 ', and 25/2
decoupled states in the odd-A nuclei (solid bars) és'well as the 5, 7,

and 9f and 21/2_,’25/2— and 29/2 negative-parity states (dotted lines)

in the even-even and odd-A nuclei, respectively. The,épectra of the odd-A
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: . : . : +
isotopes have been shifted in energy so that their isomeric 13/2 states
match up with the ground states in the even-even Hg;isotopes. The numbers

refer to the transition energies between the positivefparity states. The

191,192,193 14

data on Hg are from ref.

), the onesydn l87Hg are our own

preliminary results.,
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