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High-spin states in the nucled&®T1 have been studied using the recoil decay tagging and recoil tagging
techniques. The data have enabled new structures to be identified which are believed to be based on prolate
f22, g2, and oblatehg,, configurations. In addition, the prolatg, structure has also been extended. The
systematics of the newly identified structures will be discussed.dalbdecay of'®T| has also been investi-
gated. Examination of both delayed and prompays in coincidence with the prominent 6333-keMlecay,
together with an investigation of the effects of the summing efectrons, allow assignment of transitions and
the construction of tentative low-spin decay schemes fxu and*™r.
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[. INTRODUCTION tures have been identified which are believed to be based on
the prolatef,, hg/», and the oblatg505]9/2" (hy,) orbitals.
The systematics of these states will be discussed. The present
results provide important data which will aid the interpreta-
tion of recent work on the structures of the even-e¥¥Rb
[12].

Previousa-decay studies off*T| have been performed by
chreweet al. [13] and Reviolet al. [5]. The present work
amines the effects of prompt electron summing in the
SSD t0®T| a decays. Tentative, low spin levels are sug-

Even-even nuclei in the light lead and mercury region
aroundA=<190 are known to provide excellent examples of
the shape coexistence phenomefbg]. In these nuclei, ex-
amples of prolate, oblate, and spheri¢ste Refs[1-11])
structures have been found at low excitation energy. Investi
gations of odd proton and neutron nuclei have proved invalu-
able in helping to understand which orbitals are responsiblé
for the various nuclear shapes in these even-even nuclei.

this regard, spectroscopic studies of the neutron-deficie .
g b b ested for the'’”?Au nucleus. In addition, a new branch

odd mass Tl isotopes have played an important role. Fo 179 identified. d . h ious|
example, these have revealed the presence of oblate strf@M AU was identified, decaying to the previously re-

tures resulting from the occupancy shgj, and 7hyy, orbit-  Ported first excited state iHAIr (14,19,
als as well as prolate configurations involviatpg,, i3/
and =rf,;, orbitals(e.g., see Refd2,3)).
Detailed studies of bands built on some of the above con- Il. EXPERIMENTAL DETAILS
figurations have shown that theg-Rh oblate hg/, intruder States in'€Tl were populated at the Accelerator Labora-
band minimizes its energy aroumd=108, while the prolate tory of the University of Jyvaskylda using the
intrl_,lder band, which is based on the coupling of thg, 1445m(“2Ca p2n) fusion evaporation reaction. Th&Ca
orbital o the z_p-G_h prolate Hg core, has bee_n found to de- beam was delivered by the JYFL cyclotron at energies of 195
crease in excitation energy down to the mid shell nucleug,,g 500 Mev, and was incident on a target consisting of two
°TI (N=102) [3]. This latter feature is in good agreement (95% enricheyl stacked, 50Qug cm? thick, self supporting
with recent results in the even-even Pb isotopés which  14ig, foils. y rays at the target position were detected
show that the prolate structure reaches a minimum energy %%ing the JUROSPHERE Il array which consisted of
this neutron number. In the present work, the spectroscopy Qg en TESSA-typg16], five NORDBALL [17], and 15
the odd mass nucled8’TI has been extended and new struc- £ JROGAM Phase [1gj detectors. The total ph,otopeak ef-
ficiency was~1.5% for 1.3-MeVy rays. The gas filled re-
coil ion transport unit(RITU) [19] was used to separate
*Present address: TRIUMF, 4004 Wesbrook Mall, Vancouver V6Tfusion-evaporation residues from unwanted beamlike and

2A3, Canada. fission nuclei. The fusion evaporation residues were then im-
"Present address: Department of Nuclear Physics, Australian Ngslanted into an 8& 35 mm silicon strip detector, which cov-
tional University, Canberra, ACT 0200, Australia. ered around 70% of the recoil distribution at the focal plane.

*Present address: Surface and Nuclear Division, CCLRC Dares- The silicon strip detector was also used to detect subse-
bury Laboratory, Daresbury, Warrington, Cheshire, WA4 4AD, U.K. quenta decays of the implanted recoils. Tlaedecay spec-
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TABLE |. a-particle energies and relative intensities tode- 10*
cays from the 9/2 isomer in Tl The intensity for the [
6333-keVa decay includes the peaks due to electron summing.
From Schreweet al. [13] Present work
E, (keV) Lo E, (keV) I, (keV) 2 .
S10°F E
634310 83(4) 633310) 789) 8 T
637415) 16(2) 638416) 16(4) 2
644915) 1.03) 645615) 42) £
@
‘o
trum was calibrated using knownlines in*®®Hg, 1"*Hg, and wg o, N T
17¢pt, Approximately 50% of ther particles emitted from the 6200 6300 6400 6500 6600 6700 6800 6900 7000

implanted recoils were detected with full energy, and purifi- Eneroy (keV)

cation of a-decay events was achieved by vetoing high- 5 1 |hset of the totala-decay spectrum obtained in the
energy scattered particles through the use of a Multiwire Probresent work. Ther decays of3Pb and®T| are labeled with their

portional Avalanche Counte(MWPAC) situated 110 MM  gnergy o decays associated with other nuclei are labeled according
upstream of the silicon strip detector. Surrounding the focal, their origin.

plane were three NORDBALL{17] and two TESSA-type
[16] Ge detectors giving a total efficiency of1% at
1.3 MeV.

At the focal plane recoil and-particle positions, energies
and detection times were recorded along withay energies. An a decay with an energy of 6333 keV is observed
At the target positiony-ray energies, and timing information which we believe corresponds to the strongest line previ-
were recorde(_i These data were stored on magnetic tape agﬂsly observed fot®3Tl, see Table I. The 6456-ke¥ decay
analyzed off line. has noy rays in coincidence with it and we assume this feeds

an isomeric state in’°Au which has a half life in excess of

decay curve and assuming an exponential background. This
compares with the previous half-life value of(&6) ms ob-
tained by Schrewet al. [13].

IIl. RESULTS 100 us. The large irregularly shaped bump above the
6333-keV line in thew spectrum is believed to be associated
A. a-decay studies of Tl with electron summing as can be seen by plotiingecays
Three « decays have been previously reported ¥oiT1  in coincidence with focal plang rays(Fig. 2). The process

with energies of 6343, 6378, and 6449 ke&gée Table), all of electron summing and the resultant shape of the spectrum
of which were suggested to correspond to the decay of th&1ake it hard to extract accurateenergies. Scaling the-ray

9/2" isomer[13]. The a branch of*®®Tl is relatively low and ~ coincidence spectrum and subtracting it from the tatal
has been estimated to be around 3% by Schreta. [13] spectrum tentatively shows evidence for a 6384-kefecay

and 1.5% by Revioét al. [5]. By comparing the totak yield

to that of the delayed 346.6-key ray which feeds the 9/2  10000g— L B L L A
isomer, we estimate that the branch is around 2%. From F 179
the present work, it is clear that the observedpectrum for
1837] has a very complex shape, which we attribute to the 1000}
effects of the prompt summing of conversion electrons in the £
silicon strip detecto(see Fig. 1 which were not observed in
previous studie$13].

In order to determine whick decays corresponded to the
decay of'®3Tl, a correlation was performed with the subse-
quent daughter decay 6f°Au, within a search time of one
second. Although thex-decay half life of*”°Au has been 10
measured to be 3100 mi&Q], this search time was chosen in UH

|

Subtracted
spectrum

[
4
g
é 100 E o spectrum in
F coincidence with yrays

il

|
6440 6480

order to suppress contaminants from randendecays. As
well as the previously knowm decay of'"°Au, a new, sec-
ond « line, 581Q15) keV, was observed which we attribute
to a fine structure decay froff°Au. As far as can be ascer-
tained, all thea activity associated witti*Tl in the present FIG. 2. Expanded region of the particle energy spectrum for
work has the same half life, suggesting that it originates froms3r| The spectrum in bold is the totat spectrum. The spectra
the same state. This half life was determined to bepelow are thex particle spectrum in coincidence with focal plape
53.33) ms by fitting the time difference between 29 000 rays and the total spectrum with the normalizeday coincidence
pairs of @ decays and recoils, using an exponential fit to thespectrum subtracted.

. L | L | L | L
00 6240 6280 6320 6360 6400
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TABLE Il. Energies and intensities oj rays observed in the p

N T T T ]
focal plane germanium detectors following thedecay of 83Tl 2—_ : j P
The assigned multipolarities are discussed in the text. Intensities 4 ! ! E i 3
corrected for internal conversion are deduced from the tables ol 2 H H ! I
Roselet al. [22]. or h ! : :
g% | Y =
I

E, (keV) 1, (eff. corr) | (conv corr) Multipolarity Nucleus é :g- i i i E :
L 1 1 1 4
46.32) 51(7) Y%Au 0 " i ; —
52.42) 10910 105897) (M1) %u 2 F ! ! : i B
61.93) 123335 160245) (E1) 179y N3 i i M i i -
179 [ dhclmomie 3 == o gy e 140 7

89.42 1241y 1204107 (€2 Au 80 6300 6320 6340 6360 6380 6400 6420 6440 6460

Energy (keV)

underneath the bump due to summing. This line has a similar
energy and intensity to the previously reported 6378-keV FIG. 3. a particle energy spectrum far particles in coincidence
decay in83T] [13]. yvith v rays at the focal pIane.lTh.e three panels are !qbelled accord-

Four y rays with energies of 46(3), 52.42), 61.§3), and  ing to the energy of the coun_cuden;t ray. The position of the
89.42) keV are found to be in prompt coincidence with the 6333-keV unsummedr decay is marked. The location of peaks
broad region of ther spectrum from 6320 to 6430 keV. The corresponding to the summing of conversion electrons at the focal
transition intensities and nucleus of origin are given in Tablg?/an€ With the 6333-keVr decay are marked with dashed lines.
[I. None of these transitions appear to be delayed with rePosition “a c_c_>rrespon_d_s to the summing of arelectron fr_om the
spect to thex particle and this therefore limits their multipo- 52-keV transition. Position "b” corresponds tcj tbe summing oL.an
larity to the possibilitiesE1, M1, or E2 electron from the 89-keV transition. Position “c” corresponds to the

L e . summing ofL electrons from both the 52- and 89-keV transitions.
Examiningy-y coincidences at the focal plane, tentatively

suggests that the 52- and 62-keV transitions are in prompiascade via the 6333-ke¥ decay and that the 89-keV tran-
coincidence(three coincident eventas well as the 52- and  sjtion hasE2 multipolarity, we can match the intensity of the
89-keV transitiong1 coincident event There is negligible 52 and 62-keVy rays to that of the 89-ke\f ray corrected
background in the coincidence matrix. No coincidence isfor internal conversion and, hence, estimate the total conver-
found between the 62- and 89-keV transitions. Howeversion coefficients and deduce their multipolarity. We therefore
given the level of statistics for the other coincidences disestimate a total conversion coefficient of around 10 for the
cussed above, we assume that these three transitions fornga-keV transition and assign M1 multipolarity [calcula-
coincident cascade. Whilst theray evidence is rather weak, tions give ayo(E1)=0.5, oo(M1)=8.8, ay(E2)=97 [22]].

the behavior of the summed spectrum strongly supports Similarly the 62-keV transition has a very small total con-
this suggestiorgsee Fig. 3 and discussion belpw version coefficien{<0.5) which allows it to be firmly as-

For transitions with energy below tft€ binding energy,  signed E1 multipolarity [calculations give ay,(E1)=0.3,
the principal conversion electrons dreslectrons, in particu- ao(M1)=5.5, ayo(E2) =45].

lar, L1 conversion electrons in the case\di transitions and Having established the behavior of the principal
L2 andL3 electrons foriE2 transitions. We investigated the g333 Koy, decay and the focal plane transitions which fol-

effects of summing ot electrons in the present case using,q, this decay, the origin of the 46-key ray and the 6384-
the Monte Carlo simulation codeeaNT [21]. When gating

on the 52-keV transition, the summedspectrum has the 100~ T T T T T T T T T T T 1"
expected shape for the summingloélectrons from a highly F 62
converted coincident 89-keV transition. This implies that the
89-keV transition most likely haB2 multipolarity, since if it
had E1 multipolarity the summing effects would be negli- !00F
gible and if it hadM1 multipolarity then the sum spectrum F
would have a different shape as the dominant conversioré
electrons would be from thK shell. The low yield ofK x S
rays allows theM1 assignment to be rigorously ruled out
(see Fig. 4.

Gating on the 89-keV transition shows the effect of sum- 1
ming of L electrons from the 52-keV transition. This would
imply either anM1 or E2 assignment for this transition. : H ” ”” H T
Compelling evidence for the three coincident transitions is 575" 20" 30" 40" 30" 6070~ 89 99 100110 130 130’ 140150
found in the gate on the 62-key ray at the focal plane, Energy (keV)
which shows the effects of summirigelectrons from both
the 52- and 89-keV transitions individually and sequentially, FIG. 4. Spectrum ofy rays detected in the focal plane germa-
see Fig. 3. Accepting, therefore, that the transitions form aium detectors in prompt coincidence with decays from'®Tl.
cascade, that the predominant feeding comes at the top of the transitions are labeled with their energy in keV.

89

10
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and 6456-ke\ transitions remains to be discussed. First, by _ o2 183T|
correlating the 46-keVy ray in the focal plane with its pre- -
cedinga decay, it is clear that this transition is only associ- 5354 6533
ated with ana peak with an energy of 64085) keV. We i
suggest this corresponds to the previously obsetveédcay 6458 \/
of 182T] [24]. We do not have sufficient data to draw further e
conclusions about low-lying states ¥#fAu. MVARNE Byt
Given the extensive summing of the 6333-keMdecay 89! 1179
which serves to bury the 6384-ke¥ decay, we cannot con- ~. v @) A
vincingly determine whether the latter is followed by focal ., 62! .
planey transitions. However, the energy difference between R L EEEE 52)
the two o decays is consistent within errors with 52 keV, b a
hinting that the 52-keV transition immediately follows the ;
6333-keVa decay and that the 6384-ke¥ decay is associ- 5853 || 11 5810
ated with a decay to the state fed by the 52-keV transition. \/
We assume that the strongeat decay observed, the :
6333-keV transition, connects the g/i@omer in'®Tl with a
structurally similar 9/2 state in'’°Au via a favoredx decay FIG. 5. Tentative decay scheme for taedecay of Tl into

(AL=0). Using the Rasmussen prescripti®5], the hin- 179 ang subsequently int3ir. « (double arrowsand y (single

drance factor of the other decays may be expressed relative arrowg decays are indicated with their energy in keV. Tentative
to that for the unhindered 6333-keV decay. The relative hinand y transitions are shown by dashed arrows. A possible isomeric

drance factor for the 6384-ke\ decay is 7.61.9) which  decay is shown as a dot-dash arrow. All tentative spin assignments
suggests a modest change in angular momentum foerthe are based on the assumption that the spin decreases as the excitation
decay, without underlying structural change. This might cor-energy decreases withti°Au. We note that this may not necessar-
respond to arx decay to a 7/2 state with similar structure ily be the case(Note, the order of the 89- and 62-kejtransitions
to the 9/2 state in'" Au. is not confirmed. Also the 6333- and the 5810-keMlecays are
The 6456-keVa decay from83T| is not in coincidence dashed as their termination states have tentative assignjnents.
with y rays at the focal plane, nor is there any evidence for N
prompt summing with conversion electrons from the focal62-keVEL transition, the lowest state we observe must have
plane Si detector. Since it decays from the same @&l in  Positive parity, perhap$5/27) which could arise from the
1837] as the othel decays, it cannot be feeding the ground 5/2(402] orbital at moderate prolate deformation. By com-
state in17°Au but rather a relatively long-lived isomeric parison a 5/2state in*"r has been seen by Dracouésal.
level. The relative hindrance factor for the 6456-keV decay{14] and lies 52 keV above the suggested 5¢eound state.
is 5816), based on an intensity 0f2)% found in the present However, given that ther decay from*"°Au is unhindered,
work (see Table)l The outcome of the various possibilities i-€., 5/2 to 5/, it is likely that we have not seen a low-
considered above leads to the tentativelecay scheme for energyy ray connecting th¢5/2") to the 5/2 ground state.
18311 suggested in Fig. 5. Aside from the 52-keV transition, Further work on establishing the masses and ground state
we are not able to unambiguously order the remaining transpin parities of both'3r and *"°Au is necessary to fully
sitions in the focal plane cascade. However, we have aginderstand the preseatdecay work.
signed tentative spin parities to excited states based on the Figure 5 also shows the newbranch attributed t0"°Au
arguments presented above. which is assigned on the basis of it being correlated with
We cannot establish whether thecascade following the 5Tl « decays. The energy of this new decay
« decay proceeds as far as tHeAu ground state. Neverthe- [581015) keV] is consistent with it feeding the first excited
less, to accommodate the change in parity implied by thestate(9/27) in 1"3r, see Refs[14,15. However, no evidence

Band 5
(41/2%) 3921.9
Band 2 |
640.8
Band 1 (33/27) 3312.1 312 3281.1
@117 2879.0 627.1 5813
@9~ 2685.0 @324) 2699.7 FIG. 6. The level scheme for
) 18 :
5437 °Tl, above thea-decaying 9/2
(23/27) 2333.3 519.9 Band 4 514.5 ded df h
(25/27) 2165.1 - (29/2%) 21852 /_ State, eaduce rom the current
4818 ‘ 284 i
19/2) 18515 455.1 R 438.9 3934 51838 work.
21/2) 17100 Band 3 oyt (25/2%) : 17463 AN
DI 381.0 as/27) [ i 35438 /
(ISIZ—H—M}S] 7/2) i 13290 ‘—|—3075 ’ ,,—fl::; @Y @IS s . 7
- .. / .
a1 %7 10920 s 329 0240 a3z o 1560 4 v En;z:) 21!‘;‘;-‘; 11314 A
i) E A — 2543 / 13/2 .8 97] . I
\ o) 100 gy N ) BP0z S @2) e
ey 23;) 3920 2767 346.6
N N 92 YT s250
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TABLE lll. Table of y-ray energies and intensities. The intensities are normalized to the strongest
(260.0 keV} y-ray transition in the prolaté s, band. Errors fory rays are 0.3 keV for low energies up to
0.5 keV for high energies.

Band E; Jr J¥ E, I, Mult.

1 1092 (11/7) 9/ 467.0 8.48) (M1)

1 1439 (15/7) (11/2) 346.7 6.920) (E2)

1 1852 (19/7) (15/7) 412.9 3.713 (E2)

1 2333 (23/17) (19/2) 481.8 2.210) (E2)

1 2879 (2717) (23/17) 545.7 1.69) (E2)

2 924 (9/2) 9/2” 299.0 8.48) (E2/M1)

2 1024 (13/72) (9/2) 100.0 0.42) (E2)

2 1024 (13/27) 9/27 399.0 4.020) (E2)

2 1329 17/2) (13/2) 305.0 9.823) (E2)

2 1710 (21/2) (17/12) 381.0 8.014) (E2)

2 2165 (25/7) (21/7) 455.1 5.812) (E2)

2 2685 (29/24) (25/7) 519.9 <0.2 (E2)

2 3312 (33/2) (29/2%) 627.1 <0.2 (E2)

3 901 (11/2) 9/2 276.7 8.48) (M1)

3 1155 (13/2) (11/2) 254.3 5.7118) (M1)

3 1463 (15/2) (13/7) 307.5 1.912) (M1)
4 257.2 <1
4 149.3 <1
4 172.6 <1
4 228.4 <0.2
4 228.4 <0.2

5 1132 a7/2 (13/2Y 159.8 8.48) (E2)

5 1391 (2172 a7/2) 260.0 100 (E2)

5 1746 (25/2) (21/2) 354.8 784) (E2)

5 2185 (29/2) (25/2) 438.9 21.420) (E2)

5 2700 (33/2) (29/2) 514.5 7.012) (E2)

5 3281 (3712 (33/2) 581.3 <1 (E2)

5 3922 (41124 (37/2%) 640.8 <1 (E2)
Feeds 5 1666 (1772 534.5 53)
Feeds 5 2342 (25/2) 595.0 <0.2
Feeds 5 1594 (1372 622.0 <1
Feeds 5 2265 (25/2) 518.4 <0.2

Delayed from band 5 972 (13/2Y) (9/2) 346.6 (M2)

Delayed from band 5 902 (11/2) (9/2) 277.0 (M1)

Delayed from band 5 972 (13/2) (11/7) 69.2 (E1)

for the low energy 49-keVy ray of 19Ir was seen in this The 9/2 and 13/2 levels are isomeric with lifetimes of
work. It would, nevertheless, be expected to be highly con53.3 ms and 1.4&s [3], respectively. Data were collected
verted. over a period of seven days, and a total of 1.34 million
events were sorted into a two-dimensional regei}- matrix.
18 The RADWARE analysis packagf7] was used for the con-
B. RDT analysis of*°T] struction of the level scheme, shown in Fig. 6. Table IlI
Previous work on the structure of excited states&ifl provides details of the intensities and multipolarities of the
can be found in Refg3,5]. The extended®T| level scheme, 1y rays.
deduced from the present work, is shown in Fig. 6. The Figure 7 shows the-ray spectrum in coincidence with all
energies and spins of the 172 (ground statg threea branches from the decay 8PTl. This spectrum was
3/2" (250 keV), and 9/2 (625 keV) levels have been as- produced using a correlation time of approximately three
sumed from thea-decay studies of Batcheldet al. [26]. times the half life of thea decay(150 mg. In addition, a
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= 0 1 L
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|‘L| : . 3%35 40r 300 350I 400 450|'\ 500 55(|) 600 6_50
i el 3 N . O
10F ; gzow & S E
Q
“of a0 i
0 h I T I Hl ., .|J.‘ I Ty ) . 0 . hf'-’""‘]["“ﬁ P’MWW"V”‘W
0 50 100 150 200 250 300 350 400 450 500 550 600 650 225 250 275 300 325
Energy (keV) Energy (keV)
FIG. 7. Spectra showing all transitions correlated with the FIG. 9. (a) Spectrum showing sum of gates f@ band 1,(b)
decay of'®*T| using a search time of 450 ms, which is equivalent to band 2, andc) band 3. Contaminants are marked with a “c” and are
three half lives(71,,=150 ms. discussed in the text.

reverse RDT measurement was performed producingan confirmed by the recoi-y coincidence data. It is interesting
spectrum in coincidence with the strongest promptay o note that similar feeding of thigs, structure was found in
(160 keV) from *®°TI. This spectrum showed evidence for 187 o).
threea decays as reported in Sec. Il A. Figure ga) contains a spectrum showing the sum of gates
The delayed transition from the yraigt;, band(band §  of all transitions in band 1. The 467-keV transition was ten-
has been measured to be 346.6 keV. This is Consisterltative|y seen by Muikkuet al. [3], and is confirmed in this
within errors, to the previously reported energy of 346.8 keViyork. Furthermore, a cascade of four more transitions is seen
[3]. This band has been extended up to a tentative spin gfpove this. Tentative spins and parities of states in this band
41/2. The majority of transitions within this band can be have been assigned from Systema(m be|ow The order-
observed when gating on the isomeric 346.6-keV transitionjng of these transitions is based on intensity arguments. Fig-
see Fig. 8a). The remaining transitions are clearly seenyre ga) also shows three peaks with energies 333.1, 351.8,
when viewing a spectrum containing the sum of several gategnd 435.3 keV, that are marked, c2, andc3, respectively.
in the band, see Fig(B). Four new transitiong622.0, 534.5, These are a result of contamination frofifHg and have
518.4, and 595.0 keV, see Fig. lfave been identified which peen included when gating on the 412.9-keV transition in
decay into the lower part of thigs;, band. These can most 1831 \hich is close to the 8— 6* transition of 414.0 keV in
easily be observed in the 346.6-keV delayed gate spectrun$?q.
shown in Fig. 8a). Their location in the decay scheme is  Figure gb) shows a sum of gates from transitions in band
2. Again there are contaminants, markedl, c5, and c6,
L which are most likely to be frof®*Hg and have energies of
403.3, 429.0, and 521.0 keV, respectively. They are included

150 ———
| (@)

159.8
260.0
s &

T

% e

100~ ¢ © in the spectrum when gating on the 399.0- and 519.9-keV
2 oW oo 0on transitions in*&Tl.

50 (= g 9y ; Band 3 shows three new transitions which are believed to
£ m J NN be built upon the oblate 97/2state and can be seen in Fig.
U g e e e = 9(c). Thesey rays are tentatively assigned i transitions

2501 ® * =) @ belonging to the oblathy,, band. The 11/2state of band 3

i 3 2 ;.
(o]

is also fed through the delayed emissions from the 13/2
state of band 5. The 11720 9/2 transition was measured,
from a delayedy spectrum, to be 277(8) keV which is
s0[- consistent, within error, to 276.7 keV as seen in the prompt
OW s A Selon W NP M data, and with the previous measurement by Muigkal. of
0 50 100 150 200 25%n3§0 3(5kgv‘)‘00 450 500 550 600 650 277.4 keV[3]. The 69.3-keV tranisiton, reported by Muikku
oy et al, was seen when gating on the delayed 277.4-keV tran-
FIG. 8. (a) Spectrum ofy rays in coincidence with the delayed Sition and has an energy of 6822 keV, as seen in the insert

346.6-keV decay from théyz, band. The inset shows rays ob-  Of Fig. 8a).

served at the focal plane in coincidence with the 277.0 keV transi- Next to band 3 there is a cascade of transitions which are
tion. (b) Represents a sum of 159.8-, 260.0-, 354.8-, 438.9-, 514.5Gurrently unplaced in the level scheme. Moreover, the order-
and 581.3-keV transitions in thgg, band. Contaminants from ing of the y rays within this cascade is uncertain. The tran-
182g are marked with a “c.” sitions have been added into the decay scheme based solely
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on coincidence data. There is tentative evidence thatthey ar 200—T T T T T T T T T T T T T "

in coincidence with the 276.7- and 254.3-keMays. How- 1800 G- Prolate n(f,,)' —
ever, if one looks at Fig. 7 it is not clear if these particular [ HOblaten(hg/2)1 -
transitions belong td%Tl, since they are not readily seen in - 1572 @ Prolate n(h, )’

the « tagged y-ray spectrum. The location of the 1001 17/2;-:2'7Q % H Pmlmef)/E 11/2 ]
228.4-keV doublet is shown on this spectrum. It is clear that? 1200 lefprolate o ]

these transitions are extremely weak. In addition, thef, 1000}

257.2-keV transition, if present, would be hidden under the:‘go

254.3-keV transtion of band 3. .
Angular correlation and x-ray yield measurements to de- i

termine the multipolarity of transitions were attempted in 400

this work. However, due to limited statistics unambiguous  ,pL

assignments could not be made. For bands 1 and 2 tentativ L

spin and parity assignments have been made from a compar %296 98 100 102 104 106 108 110 112 114 116 118 120 122 124

son with the heavier odd-mass Tl nuclei as published in Ref. Neutron Number

[2] (see discussion belgw FIG. 10. Comparison of the systematic behavior of states in

neutron-deficient Tl nuclei. The brackets around the Ilgtate
indicate that there is uncertainty as to the identification of this level.

I 92
g0 0

IV. DISCUSSION

this notation for ease of identification and to be consistent
with previous work.
. . . Assuming that the above configuration assignments are
<[12e]1;i<-:rigﬁtp;ﬂgfﬁqlggsb?r?gl(lﬁjﬂdi?oltzggrsnI:r?g Iirs] tggnn;:ﬂ;nobcorrecjc the new data have been u_sed to study the systema’gic
. . ’ ~“behavior of the observed states in the odd mass TI nuclei.
served to be the strongest cascade in the lighter nuclei. Fuirhg regyits are shown in Fig. 10. Additional data for this
thermore, it has been noted that the band head oie  figure were taken from Ref§2,3,5,31-3R With the above
configuration reduces in excitation energy down to Me  assymptions regarding the assignments of bands 1 and 2 the
=102 nucleus®Tl, see Fig. 4 from Ref|3]. It would clearly  new results suggest that both of the, andhe;, bands reach
be interesting to investigaf&*Tl, particularly since different a minimum in excitation energy al=104. It should be
calculations[2,28] are in conflict over where the minimum noted that in the production of Fig. 10 we have also assumed
should arise. The calculations presented in R&f.indicate  that the 1375-keV state itf°TI [2] is the 15/2 member of
that thei,3/, band head should continue to decrease beyonthe f;,, band. Figure 10 also shows the unperturbed energies
the midshell, while Reviogt al. [28] suggest there should be of the excited 0 states in Hg and Pb nuclei. These were
a rise in excitation energy &i=104. Clearly, both the cur- obtained by fitting the formuldE(l)=A[I(1+1)+BI%(1+1)?
rent and previous data Tl would appear to support the +E,(0)] to the known 4, 6%, and 8 states of energie&(l),
calculations of Lanet al. [2]. However, it will be interesting which are assumed to be unmixed members of the prolate
to investigate'®*Tl in order to confirm this conclusion, since band. It is clear that these prolate bands also have a mini-
it is possible that the up-turn in excitation energy may bemum excitation energy at aroumdi~ 103,104. These obser-
slightly delayed. The situation in the odd Tl isotopes is veryvations are consistent with thig,, and hy/, configurations
similar to that seen in the odd Au isotopg23,29. In the  being important components of the deformed multiparticle-
latter nuclei the data indicate that the position of thg, = multihole configurations in the neighboring Hg/Pb nuclei.
band head relative to the oblatg,, band head continues to This is further supported by calculatiofi34,35, which in-
decrease down tbl=98, while calculations suggest that the dicate that the prolate states in the even Hg/Pb nuclei are
minimum energy diference between the two bands shoulthased on complexpt4h and 4-6h configurations, that in-
occur atN=100[30]. volve excitations into the lovf? orbitals from thef,, hgs,
Bands 1 and 2 do not appear to be connected in any wagndi,s/, shells.
and hence are most likely decoupled structures. The state at Finally, in the present work a tentative 11/&tate is ob-
1092.0 keV in band 1 has been tentatively reported byserved decaying to the oblate,, band-head state via a
Muikku et al. [3], as the 11/2 member of thehy,, oblate  prompt 276.7-keV transition. There is, however, some doubt
band. The present work suggests that this transition mosts to whether this is the oblate 1I/&tate, since as can be
likely decays from a prolate band, since the states built aboveeen from Fig. 10 this state does not follow the expected
it have an energy spacing consistent with a cascadg2of trend. Clearly, further work with a more powerfyiray array
transitions. The observation of decoupled bands is consistemtill be required in order to clearly identify the states belong-
with prolate configurations resulting from the occupancy ofing to the oblate band as well as providing confirmation of
low-Q) orbitals. From a comparison of the present decaythe tentative assignments made above for fthe and hg,
scheme with those df°187| [2] we tentatively assign bands prolate bands.
1 and 2 to have prolat&,, and hg/, configurations, respec-
tively. We note, however, that the assignment of a specific
configuration to the aligned bands is not strictly correct, In the present work the three knowmparticle decays
since both bands will involve a mixture of orbitals. We keepfrom *83TI, and thea branching ratio have been measured

The sequence of transitions in bands 1,2 3, and 53A
show a pattern which is very similar to that seertdn'87]

V. SUMMARY
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and found to be consistent with previous studies. An examilate intruder bands in both the even mass Hg and Pb iso-
nation of prompt focal plane rays in coincidence with the topes, which, according to extrapolations, are found to occur
favored 6333-keVa emission, and the summing tfelec- atN=104 and 102, respectively.
trons has allowed us to tentatively determine the low spin
structures of-"°Au and*"9r. In addition, a newa decay of
energy 5810 keV has been seen and attributed to the fine
structure decay from’Au. The authors wish to extend their thanks to the crew at the
The high spin decay scheme 8Tl has been extended. Accelerator Laboratory at the University of Jyvéskyla for
The i3, band has been extended up to a spin of 4148  their excellent technical support. This work was supported
addition, evidence for two new decoupled rotational banddy the UK Engineering and Physical Sciences Research
has been observed. These have tentatively been assignedG@asuncil (E.P.S.R.Q, U.S. Department of Energy Grant No.
the f4;, andhg,, prolate configurations based on systematicsW-31-109-ENG38, the EU-FP6-IHP-Access to Research In-
Comparisons of excitation energies of states in these bandgastructures ProgrammeéContract No. HPRI-CT-1999-
with equivalent states if®>*7| suggests that these struc- 00044, the Academy of Finland under the Finnish Centre of
tures reach a minimum in excitation energyNat 104. This  Excellence Programme 2000-20(8roject No. 44875 and
agrees well with the minimum excitation energy of the pro-EXOTAG (Contract No. HPRI-1999-CT-5001.7
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