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Abstract: Low-lying 9/2- isomeric states have been.previously observed in the
neutron-deficient odd-mass thallium nuclei from mass 201 to l93:~~Buﬁ‘thefe has
as yet been no satisfactory explanation for the eXistencékof such states,

‘as the closest single-particle state is the orbital some k4 MeV higher

9/2

in energy. We have studied the transitions and states leading to +his isomeric

l99Tl by in-beam spectroscopic teéhniques. Among the most prominent

jlevel‘in
states observed above the isomeric level are an 11/2-, 13/2-, and possibly;

: va_iS/Q— state. Very similar levels have been found in the other light odd-
mass théllium'nuclei. Combining a pairing—energy,correction suggested by |
Blomgvist with fhe idea that the observed negative—parity‘leﬁélé formva7
rotationai band based on the 9/2—[505] Nilsson sfate in a nucleus with»oblafe

deformation seems to explain all the information presently -available on .these

 levels.

1-'WO:r'k supportéd under thé auspices of the U. S. Atomic Energy Commission. * L

.TTPresent Address: Department of Nuclear Physics, Research School of

Physical Sciences; Australian National University, Canberra, Australia.
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1. Introduction

Low-1lying 9/2- isoméric states havé been shownl’g) to exist.in the -

. odd-mass thallium-nucléi bétwéen mass number 193 and 201. vThé excitation enerqu..
of these isomersi?érieé in a Systemétic fay with mass number as can be seen =
in fig. 1. .In order tO'th£OW‘moré light on the nature of these and other

étates in thg neutronedeficient thallium nuclei we have studied the gamma faYs
follpwing prodﬁctidn of the nuclidesvih (héavyfion, xn) reactionsL In addition,

we héveiin some cases stuaied the §-decay df;the odd-mass lead isotopes into

ﬁ'tﬁé thalliums. This paper repéffs on 199T1,‘éﬁd £he results on”tﬁe éther'
nuclideé will fe presented in a latervpublicétion.'

The (heavy—iqn,an) reaction has only réfher recently been applied to‘
studiés of odd—mass final nuciei3_5), though many studies have been made df
"dbuﬁly-even ﬁuclei. In this work we‘have studied a final édd—mass nucleus
gegr a closed sheil. Such nuclei do not, in general? exhibit the rather simple
systematic features, such as rotational bands, which occur in deformed nucleil
and are a great help in'iﬁterpréfatiOn. ’Therefofe abmuch‘morefdétailed study

is required to thain'useful information on these near—closed-shell nuclei than

has often been done in the other cases.
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2. Experlmental Method

The helium beams were produced by"the Berkeley Heavy—Ion Llnear Acceler—

ator Hllac, and were magnetlcally analysed ‘and focussed with a auadrunole lens

onto the targets; The beam energles were measured by detectlng 1onsc$£§§ﬁ.£md.___n

from a thin gold foil into a diffused-junction silicon detector, and comparing the
pulse height with that obtained from the full energy beam of the Hilac

(v 10.3 MeV/AMU). The duty cycle ranged from 5 to 50%, and

" measurements were taken both during and between the beam pnlses.

 The_details of the target arrangements for the gamma-ray measnrements

6’7). Both thick and thin gold foils were used

“as targets. The gamma rays were detected in Ge(Li) counters,uwhich had areas
. of 6 cm2 and thicknesses ranging from 0.8 to l.3_cm{' The resclution’of‘these
‘detectors at 1;33 MeV varied from about 5 keV in the earlier measurements to

2 keV in the later ones.

In the Y~Y.coincidence measurements the Ge(Li) detectors were mounted

cpposite-each other af 90° to the beam direction and about 2 cm from the

.farget. A conventional fast-slow coincidence arrangement was used , and the whole
'detection and-analeis system wes interfaced to a PDP 7 conputer.' A1l the
irrelevant infornation for each coincidence event was.stored on IBM tape and was
‘sorted efterwards. Without this arrangement , coincidence measurements‘ef fhis
‘_‘type, whére many gamms rays are invclved,’would be prohibitively expensive |

in time.

In ordér to obtain information on the multipolarities of transitions,

the conversicn=-line spectra were also measured using a single-gap wedge

spectrometer: The method of detection and the field stepping device have been

- described previouSlyl).
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Approx_i_matel;y-S'mg/cm2 targets were used for the measurement of the
conversion electrons. Gamma spectra_and'convérsion*éleétron spectra vere taken
- with the same targets at the same bombarding energies and at 90° to the beamﬁ

‘direction. After the appropriate corrections'had;been made, relative converéion é

coefficients could be obtained. Absolute conversion coefficients could then
. i i . . . | ‘ : [ | . » . . -
be derived by normalising to that of a transition of known multipolarity..
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‘3. Results

 3.1. GAMMA AND ELECTRON SPECTRA

199 197, 199Ti reaction. The yield

The 'T1 was produced by the Au(hHe,2n)
of the obsefvéd.gamma—ray lines, both during and between beam pulses, was

(
i

' studied with thin targets over a range of bombarding energies from 20 to L2

MeV. ;This was done both to ensure correct isotopic assignment and because the
. t R . . .

’ . RN e s ' L L
relative variation of transition intensity with bombarding energy in He,2n

. reactions can often give useful information szbout the spin of the state from

which the transition arises.

An in-beam gamma-ray spectrum taken with a 6 ém2 X 1.3 em Ge(Li)

“detector at 90° to the_beam direction is shown in fig. 2. The out-of-beam

spectrﬁm,.shown in fig. 3,'c§ntains principally the lines from the,decéy of
l99'1‘1 iéomer. An in-bean convérsion«electron Spectrﬁm, taken at
ﬁhe same.énergy'and angle to the beam directién, is shown in fig. 4. The"
éonversion coefficients at.90° were thained Ey_normalising to the theoretical

’bdnversion coefficient (Sliv and Band8)) for the 382 kéV E3 transition from the

dec@y of l99mTl (Ref. l)). The 90° conversion coefficients, a{90°), may differ

from the normal angle-integrated conversion coefficients, a, when the gammé
‘rays are emitted from aligned states and are therefore not isotropicdlly'

~distributedvin space. The difference between the two does not usually exceed

about 20%, eVen for very anisotropic angular distributions. However it doeér
depend on thekpérticular‘multipole mixture, being different, for example, for

the same dipole to quadrupole admixtures of El, M2 or M1, E2.
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In table 1 are shown the energies, angle—integrated gamma intensities,
90° conversion data andbanguler distribution coefficiehts for the transitions

199, .

which could bevassigned.to T1. The'isotopic'asslgnmentslwere.made from
“excitation function data, which wefevin some cases confirmed by coincidence
‘measurements; the degree of confidence in the'assighment is iﬁdicated. |The
90° conversion ¢oefficients, rather than the engle—lntegrated ones, are listed,

because values for the latter depend_on definite multipolerity assignments

~ which could‘hot always be made.

"'3.2.  EXCITATION FUNCTIONS

The exc1tatlon function for the ( He,2n) reaction on gold ls expected
to have its maximum cfess.section at about 29 MeV, while the (hHe;n) and
T . _ _ ‘
The probablllty of charged—partlcle em1s51en is very small ‘for such heavy
'nuclel not very far from the B—stablllty llne, so that there is no Droblem in
.as51gn1ng the stronger gamma-ray 11nes to a glven reactlon.v But amblgu;tles are
bound to arise with the weeker lines.
The yields of various:gamma rays, relative to that for the out—of—beam
‘ isomeric trans1tlon, as functions of bombardlng energy afe shown in flg 5
For the 181Ta( He 2n) Re react10n3), which leads to s rotat1onal—type
nucleus, it was shown that the shape of such a relative excitation functlon
. was strongly and.in this case fairly uniquely related to the spin of the
sState from which the gamma ray arose. In the case ef non-rotational nucleiy

199

such as T1, there is likely to be much less regularity in level structure
than in a rotational nucleus. .Thus, the relationship between the spin of

a level and its relative excitation function may not be quite so streng. It

('He,3n) reactions'should have their maxima at about 20 and LL MeV, respectively.

<
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should, howévef, remain"a useful tool in deéiding'betwéen different spin

aséignments, and'from.fig..S one can see that there.aré'indeed wide variations |

in the relative exeitation functions.

t

3.3. COINCIDENCE MEASUREMENTS AND LEVEL. POSITIONS

The coincidence rélétionshipé of most of the priﬁcipal gaﬁmd rays‘were
established by the measuremenfs. Thé gamma, rays féund_té_bé inbcoincidence.
with the various transitions in 27Tl are givén in table 2. . ;f
The first three excited states had preViously been éstablished by |

Diamond and Stéphensl) and by Andersson g&_gl,gj, fig. 1. Present'cbincidence

"data lends further support to this prévious interpretation, which we shall -

take'tb be- correct.

- The 369 KeV gamma ray is the strongest in the spectrum, apart from‘

_the 367 keV'gémma from the first_excited state. Also it has more gamma'rays

in coincidepce with it than any other transition. The 332, .629 and T01 keV

gamma rays are the next three strongest. The sum of the energies of the 369

and 332 keV lines. are consistent with the energy of the TOl keV line, and all
three are in coincidence with the 629 keV line. These coincidence results,

' taken together with the intensities, firmly establish states at 1117.8 keV,

1450.0 keV and 2079.5 keV. The L17 keV transition is in stféng coincidence

only with the ‘332 and 369 keVllines. Since it cannot come from the decay of

- the TLO keV state, it must precede the 332 keV transition and therefore arise

from a state at 1866.6 keV. It is tempting from energy sums, to assign the -

Th8.5 keV gamma ray as arising from this state also and leading to the 1118

C keV state, though the coincidence data is not conclusive on this point. In
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fact, ﬁhe coincidence data, with its admittédly poor statistics.in this gasé,
migh£ suggesf that the.T748.5 keV fransitioﬁ terminates in the-thO;O_keV
‘: level. The state,ét 1716.6 keV is also firmly established from the coincidencé: )
data on the 598.8 keV gamma ray. Thé'363.2 kéV;tranéitidn can bevassigned'to v &
the decay of the:209748 keV state to the 1716.6 keV state, both from cqinéidence data
ahdffrom‘enérgf sgms. “Thé_stétes at 1984.8 keV and 1205{Q keV are assignedv
.on the bésis‘éf-coincidence data alone; there.afe no.supporting energy sums.
;;Rather more tentative are'ﬁhé proposed states.at 19ﬁ3.3.kév, assigned on
‘fthe basis of coinéidence data ﬁith poor statistics, ‘and ét.l39h.2 keV. - The
- latter assignment‘is based on the fact that the fairly strong 6ﬁ5 keV gammé
‘_:réy.hardiy appéérS'fo be ih coincidence with any other transition. .This coﬁld
'ﬁbe_eXblained if it led directly to the ground state or to the TL9 keV isomeric
:bétate or, rather less iikely, if it led to anothé;-isomeric state which decayed
ﬁ-»b&-means of an'gnobserved transition of low energy. We have preferréd to
..plaée the state at 1394 keV rather than at 6Ls keV for two_reasons; neither
of them Qery conclusive. There is no evidence from the systemaﬁics of fhe
'ofher'thallium‘isotopes'(see fig. 1) for any stéte, other than ﬁhe 3/2" an@’
9/2" states,.lying belpw the 5/2% state. Furthermore, if the state were at
645 keV, its spin could hardly be more than 5/2. In this case one might have
 expected it to have a relative excitation function similar to that éf ﬁhe
353 keV gamma ray, which it does not appear to have. The évidence for allﬂ' Vo

“except the two last-mentioned states seems very firm.
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h. Deduction of State Parameters

“h.1. LIFETIME CONSIDERATIONS

The single-particle lifetime for an E3 transition of Vv 350 keV
energy is of the order of a millisecond, so the'fact_that'ﬁany of the gamma
rays are seen to'be in coincidence within a resolving time of 40 ns or less

is sufficient to exclude them as being octupole .or higher multipole transitions.

' For this reason we only consider dipole and quadrupole transitions in the follow1ng

dlscu581ons

h.2 INTERPRETATION OF ANGULAR DISTRIBUTION MEASUR"MENTS

The gamma—emlttlng states formed in (heavy—lon,Xn) reactions are

) normally strongly'aligned because of the high orbital angular momentum brought. .

o into the-compound system by the incoming projectile, this angular momentum

6,10)_

being in the m = O magnetic substate The misalignment caused by the

f'spins of the projectile and target and by the subsequent emission of neutromns

‘ and  gamma fays ie usually nof gfeat and probably depends most etrongiy on the

detalled way in which the state is fed in the last stages of the gamma ray

beascade. For example, if a 51gn1f1cant number of the flnal gamma rays -

vfeeding a low spin 'state involve a non—stretehed transitien, the alignment
"may be apprec1ably less than it would be if predominantly stretched tran51t10ns
‘were involved. The experlmental data so far obtained suggest that the
bvarlatlon of allgnment from case to case is not great, though not negllglble

either ).

If we have a state of spin Ji decaying to a state of spin Jf with
o then the angular distribution

Qf the gamma rays for complete alignment (m = 1/2) is given by
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W(O,Y) = 1+ Ay (cos 0) + AP (cos 8) + - @

2
where g L : " . - o .

. - ' 2 | ¢
= — + ’ + .
Ak‘ 2 {-fk(JleLlJi) 2d_fk(Jlei2Ji) 81, (I L, L.3.) },(2)_

The coefficients fk héve been tabulated by Yamazakill).' The mixing ratio is

.given by '

(J_] ) ' ' ‘
ol S e
2 A P ' , ‘ | | _ o
If the state Ji is not completely aligned, then the angular distribution is
given_by

o wB,y) = 1+ G,(J,)ApP

o(cos 8) + G (7, )A P (cos 6) + T (4)

-where the attenuation coefficients G_k depend only on-Ji and the pOpulationu
of magnetic substates in the decaying state. The population distribution
:émongst the magnetic substates is not nofmally known, though it has been

: shown6’lo)

that a Gaussian distribution gives a rough approximétion to it.. If
one assumes & Gaussian distribution, it is easy to show that the coeffiéients
Gh? G6’ etcf,.décrease in magnitude much moré}quickly than does G2 as thé_‘ | o

distribution is broadened. For example when i1, has been reduced to 0.6, GL

2

has been reduced to 0.2 and G6 to 0.05. Thus in theée reactions the coefficients

¢
‘e

df the Legendre polynomials of order 4 tend to be small and the still higher

ones negligible.
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Since the'alignpents for a paptipular stateiare_ngﬁlanwn precisely,
Qe‘have a&opted a.nﬁmber of prqcedures in oﬁder to inter?ret tﬁé eXperimentél
angular{distr;butions{ﬁ Séme possibiliﬁiés fdr_the,spin of 8 decaying staté
 can"be’immediaie1y rejecteélbecause the experimentél values of the fz(cos»g)

. _ N .
and Ph(cos 8) coefficients are greater than»tpose which would occur even if

. E A ’ 1

the state were completely aligned. Of course one must'take account of sign as
well as of magnitude. If two or more gamma rays come from one state then all
’Of the angular distributions must be compatible with the same alignment, and

‘hence G, , for the state.  This requirementumay considerably reduce the number

k)
of possibilities and in some cases may aliow.the'Gk to be determined. A third
and somewhat'less-certain pfocedure is to use the experimentsally determined

produced in (H.I.,xn) reactions

G, ' for other nuclei (mostly even—even)/ln order to 1nterpret the angular

distributions. Such experimental G, coefficients are plotted against the‘spin

2
J. of the decaying state in fig. 6. For our purposes we have‘ﬂaken Gg to hgve
;the values indicated by the solid line,’witﬁ sfandard errors indicated by
’»f#e broken linéé., A similar procedure wasbused for Gh' Although it appears
highly'prdbable-fhat the G for the lgTAu(hHe,Zn)lgng case should fit these curves, it
'is not certaih,land therefore.assignments made on this basis can only be
-}regarded as having a géod probability of being.correcf.
| In order to simplify the discussion ofvthe.experimental angulaf dis-
ltributions, examples of theoretical angular distributions for decay from |
C§mplefely aligned states as functions of |6|(l +.|6| -1 aré shown in flg 7
: The quantlty § is the usual quadrupole to dipole amplitude mixing ratio. ‘

Although these curves refer to particular values of J, they do not vary very

much with J provided J is not very. small. Therefore for orientation purposes
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one can, for ekample take the 11/2 -+ 9/2 curve as being valid for any of the

‘J +>J -1 cases whlch we dlscuss

4,3, INTERPRETATION OF THE CONVERSION ELECTRON MEASUREMENTS
As 1ndlcated prev1ously, the 90° conversion coeff1c1ents, ak(90°)

dlffer from the true (angle—lntegrated) conver31on'coeff1c1ents, uk, because

the gamma‘rays and conversion electrons usually have different angular distributions

Angular'distribntions for conversion electrons can be expressed in
ﬁhe same form as eq. (4). However the coefficients Ak are nov given‘by the

.12 ’
expression” )

1

A bk(Ll,ﬂ) k(J L.L.J.)+ 2§ebk(Ll,L2,n)f (J.L

L J )
l+6: 71714 2

1

* 6zbk(L2’ﬂ)fk(JfL2L2J )

The particle parameters b,

and on 1ts parlty change AT, i.e., on whether the multlpoles are electrlc

or magnetlc. They also depend on the energy of the tran51tlon and the shelL
“in which the‘conver51on takes_place. Values for these parameters have been
given by Band 23_2;313).

(eq. (3)) vy

The mixing parameter de is given in terms of §

depend both on the multipolarity'of the transition

ol
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vand larger than unity. For the other cases the b
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Wﬁere the.d(L;%) are;thé.éonvérsion coeffiéients. Frpm.these equations it.
ié possible to calculate the 90° conversion cdéfficientfihfterms of’the ﬁofmal
c¢nversi§n coeffigient,xprovided fhat the transitioﬂvmulfiéolaritiésvare  f S
aséﬁﬁed. | |

CIf one restricts oneéélf to'dipolé and quadfupole édmixtures, one finds

that the maximum deviation between the ak(90°) and the uk occurs for purerEl

~transitions between states Qf.thexsame spin. In this casevdk(90°) can be

‘ffi about 50% higher than uk; this large deviation occurs because b2(El) is negative

o, are positive and the deviations

.smaller, the largest of about 30% being for mixed M1+E2,‘J'+ Jd - 1, transitions
with 6§ ~ 1. Iﬁ most cases the deviations .are appreciably less than this. Since

- the Oy for the different multipolarities differ by factors of about three, the

‘GR(QOO),are still‘a'fairly good indication of multipolarity, even if no informa—

tion on the gamma-ray angular distributions is available. If, as here, such

. information is aVailable,'then of course the appropriate corrections can be
. applied to the:ak(90°).v The K/L ratios for 90° differ littlé from the-inteéraﬁed

- K/L ratios and the corrections are less than the experimental errors in our -

case.
4.4. LEVEL SPINS.

‘L.h.1. The 1118 and 1450 keV states. The conversion coefficient of

“the 369 keV transition, which arises from the decay of the 1118 keV state,

“indicates that‘it is méinly Ml or an El + 30% M2 mixture. $ecause of the _

necessity for resolving the 367 and 369 keV peaks in both gamma and electron

spéctra, the error on the o is rather large. The K/L ratio of 6.8 * 1.5
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favours Ml, but ddeé not completely exclude thé value Qf”hf3 expected for

the B + M2 admixture. |

B Unfortunately the angular distribution.meggufementé were also made with
~detectors having éufﬁicient resolution to résolvéfaccuréﬁeiy the 367 and 369: g
keV lines. It is eés& to:cofrééf the measured.angular'distributién of the
compgsite‘line fof tha£ part of fhe 367 keV radiation which arises from the
aecaysof the.i$6me£ic.state. The intensity of‘this radiaﬁion, which is isotropic
Qwing to the iéﬁg lifetime,'can be deduced from thé outfof—beam.data‘and thé
in-beam inﬁensity of the.382vkeV line. Ho&ever, as is

.'éeén in.other data'taken with good resolution at a fixed angle, theré ié

s.alsp a:contribution tojthe intenéity of the 367’keV transition

>érisihg from diféct‘feeding'from higher stétes. Tﬁe angular distribution of
3"£his-éomponeﬁt1is'not kﬁdwn but can be fairly séfely'estimatéd. Fromvtﬁié

1’9) the transition is known to be about 30% M1 and 70% 2.

~and previous work
The transitions from_fhe first excited states of the odd thallium isotopes_

fvéfy smoothly ihienergy and in mixing ratios (see fig. l).4 The mixiné pafa-
meterlis knownvto have positive sign in the heavier isotopeslh) and it would

199

be most surprising if it did not have this sign also in T1l. Knowing the

éign and magnitude of &, and with an estimate of G, from fig. 6, we can .

2
estimate the contribution to the angular distribution of the directly
vféd 367 keV radiation. After making rather liberal allowance .for errors -

ariéing from non-statistiéalbeffects, we can conclude that_t‘he"A2 coefficient

_fbr the 369 keV transition has the value -0.7 * 0.2. ' o -
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1

The conversion coefficieht data tell us that the spin of the 1118 keV

state must be 7/2, 9/2 or 11/2. The sign and magnitude of the A2 coefficient

e#ciude the 9/2 pbssibility (the sign also excludes S/é or 13/2). It is not
possible to_decide betweéﬁ‘the 7/2 or the li/2 épins using the experimental

éé valués,.thopgh the T7/2 possibility looks the least likely of the two; either
parity is poésible.

We consider next the excitation function measurement where, however,

" again the 367 and 369 keV peaks were not resoived. It is easy to subtract

: the 367 keV component arising from the isomer, but it is not clear how one

should correct for the direct component. In order to get some idea of the

excitation funétion'fof the 369 keV line, we used the value for the ratio of

- 367 (direct) to’369, obtained from another measurement with good resolution
L S ' ; . '
i at 27.5 MeV bombarding energy, and then assumed arbitrarily that the excitation

. function for thé'367 (direct) component had the same shape as that for the

353 keV trahsition, which also arises from a state of low spin. Both the
"excitation function" deduced from this procedure, and the one for the
composite peak with only the isomer contribution subtracted, are shown in

fig. 5. The poihts for the "369 keV line" do suggest a'slight rise with

. increasing bombarding energy, indicating that the spin of the 1118 keV state is

greater than 9/2; However this evidence can only be considered as very weak,

particularly as the points for the composite peak show the opposite tendency.

The conclusion on the 1118 keV state, obtained from data on the 369 keV

gamma ray, is that the state has spin 11/2 or T/2, with the former being the

most likely.
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VThe thO kéVgstate decéyé to the'lllB‘keV,statevby means of the 332
keV transition and to the Thd keV 9/2” state by means of the 701 ke
tfansition.. Considering the TOlvkeV transition first, all spins between 5/2
and 13/2 would be éllqwed for the thQ keV st%te if this transition were
dipole ér quadrupole.’ The.valuevof{ak(905) for>the 701 KeV gamma ray is
.consiéﬁent ﬁith‘it being puré E2, E2 plus a small ;dmixtufe of M1, or El1
‘plus about 5% M2. The 13/2° and 5/27 possibilities, which would require pire
-M2; cén therefore be réjééted. The 9/2° assignment can also be rejectedA,
becéusé the observed sign of the angular distribution'cannot'be achieved for
this spin with nearly pure E2 radiation.

'Th; vélué of ak(9Q°) for the 332 keV gamma ray.is‘cbnsistent
:with'it being.neérly pure M1, or ﬁeing about 75%:El'plus 25% M2. The meaéuféd
..K/L'ratio'for'thié transition has the value 6.8 * 1, which is consiéfentvwith
~‘the theoretical‘value of 5;7 for an Mlvtransition, but not with that éf A.21
for a 75% E1 + 25% M2 transition. This conclusion, deduced fromvak(90é),.is.
'still valid when the angular distributioﬁ correction is applied,; for thg E1+M2
ié&ﬁixtureé»dk *{1.2 o (90°). We conclude therefore that the 332 keV transition
s ﬁostly-Mi:and that the 1118 and 1450 keV‘states:have the séme-pafity;_

The magnitude of the measured A, coefficient for the 332 keV gamma ray

2
exceeds ' the theoretical value for J + J transitions with complete alignment.
Wé éan therefore exclude 11/2 or 7/2, whichever is the spin of the 1118 KeV
:.level, as an assignmenﬁ for the thO keV state.

In order to try to resolve the remaining ambiguities in the spin N

-assignments of these states we appeal to the excitation function and intensity

_ data. As can be éeen from fig. 5 the intensities of the 332 and 70l'keV gamma
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rays, whichlériginaté'from‘the 1450 keV state, rise rapidly relative to that of

'1_tﬁe 382 keV gamma_fay, from the 9/2  isomeric state, as the bombarding energy

is increased. This implies stfongly that the spin Qf‘thévlhso keV state is

highéf‘than 9/2, particularly since much of the feeding of the isomeric state

comes from the 1450 keV state. This conclusion is supported by the fact that

the thkaeV étate is one of the most strongly popﬁlated-states and'yet is

700 keV higher in energy than the isomeric state. In (HI,xn) reactions it

: Would,bé most unusual if twdvstates of the same spin were separated by this

largé amount of energy, and the higher of the two ﬁere strongly populated. 
'From these considerations it seems certain that the 5/2 and>7/2 spins

L ' + ' Z
can be ruled out and that 9/2 is extremely unlikely. We regard the 13/2

,Iassignmént as being .almost certainly correct, though on this type of evidence

there must always be some small probability of error. If the 1450 keV state

v

© - is 13/2 then the 1118 keV state must be 11/2 . In the further discussion of
»cher.levels we shall assume these assignments to be correct; if. they afe-not,

then of course any conclusions based on them may also be incorrect.

h.h.2. The 1717 and 2080 keV States. The 2080 keV state decays to the

13/27 level at 1450 keV by means of the very strong 629 keV transition and to

the 1717 keV level by means of the 363 keV transition. .The;629'keV'gamma ray

is El, so that the 2080 keV level can have spins 15/2,'13/2, or ll/é with

even parity. The 13/2  possibility is ruled out by the negative sign of the

1QA' coefficient, but the other two are consistent with the angular distributidn_

2

‘result. There is no information on the angular distribution of the 363 keV

‘gamma. ray, since it is not well resolved from the stronger 367 and 369 keV -

gamma rays, though its conversion coefficient indicates that it is EIl.
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}The relative excitation function”of thé 629vkeV gamma ray rises Qith
‘bombarding eﬁérg& at least aquuiCRly as that éf the 332 kev line (see fig. 5)
which suggests thaf the spin of the 1450 kéV ;taté is at least 13/2. Moreover
the fact that fhis state is populated almost as strongly as the 11/2° state, S
which-is 962,keV,belo& it in energy, makes the 11/2+ bossibiiity unlikely.
We tﬁérefore conclude that the‘2080 keV state is almost.certainly 15/2+,
though il/2+’cann0t be riéofoﬁsly ruled out. |

| The lTi? keV state decéys by means of fhe 599.kev tréﬁsition tbAthe li/2;
| state at 1118 keV. The ak(90°) for this gamma.ray indiéétes.that”it_is -

eithef pure'EQ, E2 plus a small fraction of Mi, or El,plus'about 13% M2. . The

r

"negative sign of the A2

coefficient excludes 15/2 and T/2 as.spins for the )
’_state. For éomplete alignment and 11/2 - 11/2 gamma ray; thé négative value
of Ag‘éffgreatest magnitude is.—O.hl and occurs for neaflyvpure quadrupole
yadiation. Since predominantly dipole radiation woﬁld give‘a'positiVe-sign-
.for AE’ the E1 + M2 poasibility is definitely exdludéd if the staté'is 11/2,
And although the observed value of -0.48 + 0.08 for A2 is consistent with the
value for comp;ete alignment, it does not'agree with the value of —0.23.1 0.0k

deduced for the expected alignment. Thus 11/2 is rejected on the basis of being

inconsistent with the empirical Gk'sf

’

It is not possiblé to decide between a spinvof 13/2 or 9/2»on the basis
éf:the angular distfibutions and the ak of the 599 keY transition, nor is it
possibie to'detide between the two possible multipole mixtures. The relative
excitétion fungtioﬁ, which has poor-statistical accuracy, suggests rather . .

weakly that the spin of thé 1717 keV state is greafer than 9/2. However, the
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~13/2 assignment seems,a1most‘certain to be porrectjvéince theWEQBO:keV,state
s almost surely 15/2, which rules out the 9/2 possibility. Since the 363"
keV gamma ray'éppears.tovbé Fl, we assign'the-l7l7 keV state as 13/2—,and

the 599 keV transition as mainly E2.

L.4.3. Thévl867 kéV stéte.v This state decays to the 13/2° level at

1450 k;V by_meané of.tHe‘th keV transition. It also possibly debéys to the
y 11/2— level at 1ll8 keV via the TL9 keV trahsition. The latter decay is however

" deduced only on the basis of eﬁergy sums, since the TL9 keV line is not.éirong |
&; ghough to show'conclusively in the coinpidencg spgctrﬁm. The_sigﬁ of A2 and
the.value‘of qk(90°) for the 417 keV transition éxcludes 17/2,:13/2 and 9/2
"for the spin. The value of qk(90°) indicates that the transition,is aimost_pure
M1, or:El;ﬁlus about 30% M2. Spins of 15/2 or 11/2, with either parity;.éré
; consistent with'fhe data on the 417 keV transition. :

| " The value of ak(QOO) for the 7&9 keV transition indiéates thét it'i;’

E2 plus about’6i§o% ML, or El plﬁs aboutblo% M2. With these admixtures the

value for A_ of 0.35 * 0.16 is not consistent with spin values of

2
11/2 or 15/é*. Thﬁs, provided that

we'accept that the 417 and TL9 keV gamma rays originéte'from the same sfateg

" the ahgular distribution and conversion coefficient data allow spinsvof_lS/Z_
or 11/2+ for thié state; Of these two possibilities, the excitation function
data somewhat favours 15/2 and so does the intensity data. THis sﬁate>is
v:fairly étrongly populated‘and is 750 keV above the 1118 keV 11/2“ state.‘

‘However the 2079 keV state, which is 200 keV higher in energy and also probably

15/2, is twice as strongly populated as the 1867 keV level, 'so that this
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argument must be treated with caution. On balance it would seem that the
most likely assignment for this level is 15/2 . The 11/2 possibility cannot
be'entirely_exciuded even if the Ti8 keV transition does depopulate this =

&

state. Since this is not certain, 15/2 'and 11/2 are also possible assignments.

H.M;h. ‘The 1205 keV State. This state decays by means of the 838

\keV'gamma ray to th; 3/2+ level at 367 keV. Since thé_gamma fay is observed

to be anisotropic, Spiﬁ 1/2 is excluded But 3/2, 5/2 or 7/2; with either parity,
féfe all allowed. .There.is no information on the conversidn coefficient of -
‘this traﬁsitionﬂ_vThe excitétioﬁ,function is in aécérdance.with the above
pqssibilitiés for the spin. The fact that this level is significantly,
'thdugh'admittedlyxno£~strongly populated somewhat favours the 5/2 or 7/?.,'
aééignments in:view_of its being over 800 keV higher in energy'fhan the 367

. .
keV 3/2 state..

L.4.5. The 1985 keV State. The 535 keV gamﬁa ray, which depopulates
this ievél, leads to the 1&50'kev'13/2' level. The value of 0.010 * 0.00k%
‘ for ak(ng) is ¢ons;s£ent'with El (ak(theqr) = 0.007), but, thOugh hot'in'good
;égreement_with E2 (ak(theor) = 0.618), we-cgnnot entirely exclude this pOSSibility.
‘Since pure M2 is excluded, the 17/2" ana 9/2% possibilities are hot allowed.

. The sign of the A, coefficient eliminates 13/2° for the spin. If account is

2 ,
" taken of the expected alignment of the state, then 15/2 and 11/2, with either

&

'parity, can be rejected on the grounds that the quadrupole or dipole mixing

required to give the observed value for A wouid give too large a value for )

2
'@, (90°).  The angular distribution data is consistent with decay by pure E2

and 17/2° for the spin of the state, but only in poor agreemeht with 9/2 for
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'the.spin. Both angular distribution and conversion cdéffiéient data are in
v‘good agreement with 13/2 for the spln and decay by almost pure El radiation.

'Therefore l3/2 seems the most likely a551gnment for thls state, with 17/27

as a possible but unlikely one owing to poor agreement with"the measured

conversion coefficient.  The excitation fupction for the 535 keV line has a

‘statistical accuracy too poor to throw any further light on this. However, the

rather weak pdpulation of the 1985 keV le?el‘compared to those of the nearby

o _ A . 7 i
levels at 1867 and 2079 keV, which probably have spin 15/2,-suppor$s the 13/2
o assignmenf. If it had spin 17/2 one might expect it to have at least as much,

' ~and probably more,-population than these nearby levels.

L.h.6. The 1943 keV State. This state decays by means of the 825 keV

transition to the 11/2° state at 1118 keV. There is no information on the

vconversion coefficient, but the sign of the angular distribution excludes
15/2 or 7/2 for the spin of the state. Spins of 9/2, 11/2 or 13/2 with either
' parity are allowed. The weak population of the level would somewhat favour

the 9/2 or 11/2 possibilities.

L.4.7. The 1394 keV State. As previously mentioned there is some

uncertainty about the placing of this level, but we are assuming here that
the 645 keV gamma ray with which it decays leads to the 9/2 isomeric state.

'The sign and magnitude of the A_ coefficient excludes 13/2, 9/2 and 5/2 for

2

~ the spin of the state. The value of ak(90°) is consistent with the transition

'being about an equal admixture of ML and E2, or else El with about 20% MQ}

Taking into account the probable alignment of the state, both of these

admixtures are consistent with the angular distribution data. The spin of the
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state can therefore be T/2 or 11/2 with eithef_parity. 'The excitation
function siightly fa&qﬁrsvthe T/2 assignment but the fairly strong populatidnv
~ of the state favours 11/2; it is therefore not pbssible'to-diffefentiate

between the two possibilities. . R L - - _ ’

h:h.B.'.Summggxt The information on the states deduced in this section
is summarized in table 3. The values of A, giyenrin column four are for the
.(hyﬁotheﬁical)_completely aligned state, e.g., the observed value divided by

© the G, read from fig. 6. The proposed decay scheme is shown in fig. 8.
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L , o . . 5. Discussion

" As has been poihted outl), the iuterpretation of the 9/2— stetes at

* such low excitation energies presents a problem The simple shell model would

predlct a low-lylng ll/2~ hole state arlslng from the hll/é orbit, but the

Y2 orbit, would be expected to have

‘an exc1tatlon energy of about h MeV. No quantltatlve explanatlops of this

9/2~ state whlch could arise from the h

phenomenon have been advanced so far, though it has been suggested that the.

9/2- state might arise from a-coupling between the hll/2 hole and, either:7

two unpalred neutrons, or a collective - osc111at10n of the corel).- A
recent and‘promising suggestionls) is that the simple shell model con31derably

ovefestimates'the energy‘required to excite the odd proton to_the h9/2 state

in thallium. The main reason is that in the ground states of the odduthal;ium

nuelei very little energy can be obtained from pairing correlations, since the

'nearest unblocked level into which proton pairs can scatter is far above the
Fermi surface. (This level will in fact be the h§/2 level across the closed
‘shell of 82 protons.) However, when a proton is excited to the h9/2 erbit=thefe

 will be an unblocked level close to the Fermi surface and the pairing energy

ﬁ'will be correspondingly increased. The excitation energy to the h9/2 orbit

will therefore be reduced over the single-particle spacing by an amount

.equal to the gain in pairing energy. It was estimated empiricallle)'(By

203,

comparlng the proton binding energles in Bi and iniEOlTl and then-correcting

: fo: the  Coulomb energy) that thls type of effect mlght reduce the exc1tat10n

e 201 _
- energy of the hy . state in “ULTL from v 4.2 MeV (the 31/2— 9/2 gap) to eeout

-;1.6 MeV, and furthef suggested that interactions invelving the neutrdn_heles

might;iowef this still further to the observed energy of 0.91 MeV. This
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suggestionvseéms'valid; however,a remaining.difficuity is that similar
calculations for the 1ightef thalliums yield similar excitation energies for

. ! - ! . J‘.
their 9/2- states, while_experimentally these levels fall monotonically in

energy to less than 390 keV in 193

'_In”addition;-gur measurements on 199Tl éhow‘the.existencé, not only
of tﬁe low—lyihg Q/Qf ététe, but also of 11/2—, 13/2- and possibly 15/2¥ 
states above it. 'fhe measurements.on the odd tﬁallium nuclef befWeen mass
nﬁmber‘l9l ana 197,‘which will be published later, alsd show the systematic
éxisténce éf 11/2- and 13/2- staﬁes abéve the 9/2~ states. In each case thé‘

' spécing betweeh’ﬁhe 9/2— state and the othethWO sfafes is strikingly_éimiiar,
as shown in fig.A9; vThis.highl& systematic behaviouf éuggests stréhgly that
theSe-stétes ére ciésely related to one anothef, possibiy in some éollectivé
‘»manner.‘ It‘ﬁéuld ééem most improbable, for examplé, iflﬁhe 9/2— sfaté arose
l erm ﬁhé h

9/2 11/2

spacing between them'would remaih so constant while their excitation energies

iéVei and the 11/2- staﬁe arose from the h level; that the

~varied so much. Theiintense.E2 Crossover gamma rays between the.l3/2 and 9/2
o aﬁd:petween the‘15/2 and 11/2 states are also notablé and éupport a collecfive
.interpretation for these odd;parity states.

We' wish to point out a possible explanation for these levels whiéﬁ‘af

.-first sight looks implausible, but for which a reasonably.strong case can”bé
made,.neverfheless. lThis is that the odd-parity states afise from a rotational
‘band based on the 9/2- (505) Nilsson state. This state is derived from the 7
 -h9/é shell-model orbit, and in order for it to be a low#lying le?el, the_ K o

exéited thallium nueclei must have oblate deformation.
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" vibrators rather than rotors. The recent calculations of Tsang and Nilsson

'hdle.' However, if we put the proton in the h

eos- ~ UCRL-19527

We shall first'cohsider.the evidence which leads us to believe that

'the thallium nUclei may have‘oblate.deformation‘in the (SOS)_State. .Kumar

- C 16y . - - ' L
and Baranger ), using a pairing-plus-quadrupole model, have calculated the

potential energy of deformqtion, V(B,y) for a large range of doubly-even
: . ; .
nuclei in the rare-earth region. They find that the neutron-deficient:
. . i

mercury nuclei (Z ='80) have their potential minima for negative values of
| - : -
the deformation parameter B and for Y = 0. These nuclei would therefore have

* oblate deformation if they were indeed deformed. However, the zero-point energy.

of vibration is eétimated to be larger than the difference between the potential

energy of deformation for the oblate minimum and for the spherical shape, so

that no pérmanent deformation occurs and these nuclei are expected to bé soft -

17)

3

based on a metﬁod which'synthesizes the liQuid drop and Nilsson models,'support

 this conclusion. The odd thallium nuclei are obtained by adding one proton
" to the doubly-even mercury core. If the proton were placed in the lowest availabile
" shell-model orbit to produce the ground state, then indeed we would expect to

. get a spherical nucleus,'since we have a closed shell of protons with only 6he

9/2

situation altogether. ©Now we still have two holes in the shell, .as with the

orbit we havela different.

~mercury nuclei. This, as previously mentioned, will give an increased pairing

energy over the single-hole case and the core will tend to favour the oblate

shape. 1In addition, however, the energy of

- (& component of) the h“/g state can be lowered considerably by deformihgvthe

9

~ nucleus to either the oblate (K = 9/2) or prolate (K = 1/2) shape. Fof a given

,changé in deformation parameter, B,‘slightly_more energy 1s gained by going to
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oblate rather than prolate deformation. In table L we have tried to estimate
9/2 level in a simple-minded way. Weishow'the'

the deforming effect of the h
'deformétioh.and depths of the oblate'potential minima together with the zero-

|
point energieé’for a number df mercury nuclei és calcplated by’Kumar and o .y
Barangerl6). iﬁ ié;apparent that the 2ero—point energy exéeeds the depth of
_ the minimﬁm in gll'casesQ In qddition we give the reducinn in energy of the
9/2-[505] state in an oblate nucléus compared with a spherical nucleus, as
‘vestimated from.Nilssoﬁ’s energy diagfamlS)._ This will increase the depth of
the oblafe poténtial minimum for the bdd thalliums_iﬁ this state, énd it,cah be
‘seen that the depth is now»gfeater thén the zero-point energy fér all
'nuclei shown with mass number 199 and less. vFurthefﬁore, the trend of'enérgies
v:of this étate'cléarly indicates that its excitation energy will be lower the'
;mdre'neutroﬁédeficient the tﬁallium nucleus. On average, the lowering is
by'about the Sbserved amount. We would‘not éxpect any of the preseht
icalculatioﬁs of deformation to_ﬁe highly reliablé in this clearly father
critical region near to the closed shell,.nor would_wé expeét the estimate of
the deformation energy of the 9/2—[505] to be very precisé. Neﬁertheless, we feel
these considerations show that oblate deformation for the neutrOn—deficienﬁ
_odd thallium Auclei in -this s£ate is not only possible; but also'likelyf

An objection to the rotational interpretation of these levels might
be that their spacings. do not appear to be characteristic of a K = 9/2 rotafioﬁal
band.' However, deformed statés arising from a shgll—model étate df high spin
'are well known to have large Coriolisbmatrix elements connecting them, and
sgch mixing can produce irregular spécings in the rotational levels. . In the

present case, this irregularity can be thought of aS‘éfising principally from mixing
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with 'the K‘=.1/2'[5hl].stat¢. The decoupling parameter of this state is

'>expected frOﬂANilsson'sywave functionsl8} to have a value of aboutT+h,72“

The effect of a decoupling parameter of this hagnitgde is to lowef, from their

regular positions, the sequence of rotational states with spins 5/2, 9/2,

- 13/2,hetc., and to raiée.ﬁhose with spihs 3/2L 7/2; 11/2, etc. This band will.

ﬁ_ Coriblis ﬁix.withvthe'3/éf[§32] band, which lies below it, transmitfing to
”ﬁhis_band & iéWer 5/2 ..;..-sequence feléfive tb the 3/2 ..... sequence;- Tﬁis
“éffect will be passéd on to all of the states arising frém the hg/g'lévelé'gnd

;'heﬁce'to our 9/2-[505] state, by successive»operations of the Coriolis oberator,

which_mixes étates with AK = ¥ 1. This is just the effect which we need to

» eXplain the departures from regular spacing in the odd thallium levels. It
 is, however, necessary to show that the effect can be as large as the one " -

. seen.

The energies of the levelsAin.a rotational nucleus can be wfitten as:

) o :

A

2% ox

I

g. - ' B | _
B =B+ B L(T+1)[14B T(T+1)+ ---] + (o)TF/2y  (I¥K)E [1 * “EK‘I(I+1>+ 'f‘J

2K (I-K):

“where the first series is the usual I(I+1) expansi@n, and the second series/

gives rise to the irregular spacings mentioned above. For the 9/2- band in

199

- 77Tl this equation is a poor approximation but, if it is at ail'applicable,

A_ must be of order +1 X lO-_6 keV in order to give the observed spacings. To

9

. see if this Value‘is plausible, we can estimate that, due to mixinngith»a

K = 1/2 band, A9 is given to lowest order by:
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Ei 8

2 1 (x * 1], |k} 27

W
* where a 1is the K= 1/2 band decoupling parameter,ﬂ(K t lljilK‘> is the mean
value of the operator J+‘among the states 1nvolved and W is the,mean

excitation energy of ‘the K = 1/2, 3/2 5/2 and /2 comDonents of the h9/2

v 18
orbital relative to the 9/2 component. From the Nilsson wave functhns )

at' B = -0. l'we canvéstimate that a v +4.7,[(K * l]ji|K Y] ~ 3.9, and W v 152
 MeV. With a value of 30 keV for 1h2/0% (see velow), this leads to a predicted
. &alué for A9 of +1.h x 10“6 keV. The agreement in order of.magnitﬁde-bf this
_.vélué wifh_thé'obéervéd Value.of +1 X% 10_6 keV, éhows that the level spgcings
fére reasonable fér this interpretatfon.

rAvfurthervtest which we can'apply to this hypothgéis is to éompare the

199

" observed E2 branchlng in Tl from the 13/2 level to the 11/2 aﬁdv9/2 levels
with that predlcted by the 31mple rotational model. This model cannot strictly
be applled 31nce_the states are mixed; however, we woﬁidhndt éxﬁectflafée
'Ideviations due to the mixing. The expected value for I(332 keV)/I(?OlrkéV)

 is 0.154 and:the'experimental value of O'llt8:§6 for this quantity is in
,léatisfactory.égreement with it. If one assumes thaf the TL9 keV'gamma'ray 
'vdées come ffom the probable 15/2- state at 1866 keV, then the experimental

~ value of I(hl?)/I(7h9) of 0.09 8 é@ is also in satisfaétory agreement with 2
f-the rotational model prediction of 0.16k. | |

' We can also compare the E2/Ml.mixing rafio of the 332 keV, 13/2

to 11/2 transition with what we might expect from the rotational model. We

first estimaté the E2 transition probability. To do this a value for the

<
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quantity h”/27Y for the band is deduced by teking an average of the values

~calculated from the 13/2 - 11/2 and 11/2 - 9/2 spacings. The value of 29.5

this valueifdr'h2/22f we .can estimate the energy of the 2+ state of a corre-

vkeV'op#aihed is typical for a poor rotor; which is:gslmight be expected.  With -

sp@hding doubly-~even nucleus, whose transition probability'we can then eétimate.

N .

{ - .o .
from the statistics of Grodzinslg), irrespective of Vhether the nucleus is

rdﬁational or vibrational. From this we can.now deduce theiEQ transiﬁibﬁ.

.‘probability fbf'fhev332 keV transition. The Ml»transition probability can be
‘estimated from Nilsson's wave functionslB). From this procedufe we obtain

a Value of 5 x 10‘2 for the mixing ratio in'satiéfactofy agreement with the

2

+l6) x 10" °.

-5

. : 1
- We conclude that the pairing-energy correction suggested by Blomgvist

experimental value of (9

-;togéthgf with the hypothesis that the 9/2- level in the odd-mass thalliums is

the 9/2-[505] ‘state in a nucleus with oblate deformation, is in satisfactbfy

.agreement with the present data. In order to test this sﬁggestion'further,
7datavon thé lifetimes of the 11/2- and higher members of the proposéd band

“would be'eépecially valuable..
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Table 1
Transitions in 199T1
E (kev) T(y)" @ (90°) K/L(90°) oA, A, confi-
vdence
181.2 T ' c
202.8 ' 12 | C
236.3 7 c
300.7 8 C
3281 11 | T
C332.1 100 0.20% 0.02  6.8% 1 -0.57 % 0.02 = -0.0L% 0.0k A
8.7 6 | | o
353.2 35° 0.15% 0.02  3.h% 1 -0.10* 0.05  =0.05% 0.05 A’
0 363.2 26 0.01% 0.01 | AB
.:'366'7 292" - 0.075% 0.02. , } -0.333t 0.012 . -0 oi?t 0.012 R
369.3 186 0.17 * 0.03 - 6.8 % 1.5 ' _ A
v381-8. 133° 0.10 £ 0.01 ' -0.03 + 0.03 -0.01%+ .0.03 A
b16.6 31 0.09 % 0.015 L.0* 1.3  -0.54% 0.1 0.1 0.1 A
486.% 10 | ) BC
534.8 30 0.010+ 0.00L4 - | +0.34 + 0.1 0.1 * 0.1 A
580.3 5 | | | |
598.8 L1 0.016+ 0.003 3.5% 1 -0.48 £ 0.08 -0.0k + 0.08
629.5 104  0.004 0.001 ~0.17 * 0.05  +0.01 * 0.05
;56h5.7 50 - 0.023 0.004 6.6% 1.L -0.60% 0.08 +0.02 £ 0.08 Ca
. 701.7 97  0.008t 0.0015 ' +0.26 + 0.04 -0.04 £ 0.0k A
720.1 16° ‘ | _ +0.20 + 0.13 0.1 * 0.13 A
739.3 1k 0.025t 0.007 0.02+ 0.2 -0.2 * 0.2 B
©748.5 31 . 0.010+ 0.00k  +0.35 % 0.16  -0.25* 0.16 B
T7h.2 7 ' ' c
793:7 6 ey
805.7 C
825.5 13 -0.33 % 0.02  -0.15 % 0.2 A
838.3 - 3L +0.21 + 0.08  -0.05t 0.1 A

o

(contiﬁued)

N
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Table 1. (continued)

#Tne intensitieé'are corrected for the anguiar'distribption'where possible.

Otherwise they refer to the intensity measured at 90° to the beam direction.

b . : _ :
Thespvintensities depend on the duty cycle.

g e L —

1
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; Table 2

Coincidences in'lgng
Gamma Ray Gamma Rays in cOincide5¢ea
| 332 | 369, b7, 535, 629, (203), (746-8)
353 | ser | :
363 : 369, 598
67 353, 362, 838 |
%9 | 332, 363, M7, 535, 598, 629, (826), (746-8), (181)
382 367 .': o
17 332, 369, (181), 701
5351 . -"'332, 369, 701, (486)
599 | 363, 369
629 | 332, 369, TO1
6ve | (181), (192), (367)
o2 17, 535, 629
6-8 | (332), (369), (701)
g5 | s ‘v
| 838 - 367, (353)

a. . . . .
Parentheses indicate uncertain assignments dué to poor

sfatistical accuracy or overlapping peaks.

2



Table 3

.. State propertieé

UCRL-19527

- 2080

State .épin Transitiqn A2(m_= %J vMultipolariﬁy o S
R ' T ‘L — ; —
118 ©11/27 3697 -l.2 % 0.b ML HER 20 *0.04  -0.2570°%
akso 13727 332: '_10.951 0.17 M1 +:E2 24 *0.03 " 40.30t8jé' 
| ’}f762 | +0.43t 0.1 E2 .008 td.0015
,: 17i7. 13/2” 509 -0.80t 0.2 M1+ E2 .017 £0.0003 _gté‘:
 1867 ‘” 15/2" W17 -0.83t 0.2 Ml + E2 11 £0.02 .—0.29§O.1h
| L9 +0.54 0.26 E2 .010 *0.00k o | ‘
‘1985 13/2% }535 +0.52t 0.17  El .008 *0.003 -t(o;09i8:8;) 
15/2" : 629  ~0.26% 0.09i El .oohsto;Q015 +0.03t0.05




Table L

- _ - Energies. for oblate shapes in the Tl nuclei

-9

ﬁiﬁﬁiﬁn .‘B(Hg)a | EdefP | -{ﬁiiﬁt B Ezp+Edefi.‘ A(T1) E8(9/2-[505])? | Ezp+Edef+EB§
N : (Mev)»‘.- Energy (MeV) ’ o . SR (MeV)
112 | -0.135  -0.93  1.k2 0.9 193 -1.50 | 1l01
11k -0.128 -0.77  1.k9 0.72 195 -1.h1 - 46.69
116 20.116  -0.61 i.56' 0.95 197 -1.28 © o -0.33
18 -0.009.  -0.38  1.00 0.62 199  -1.10 ~ -0.48
120  0.080  -0.15  1.10 0.9 200 . -0.88 +0.07
122 | 0 0 1.b2 1.k2 203
12k o 0o . 252 2.5 205
aB(Hg).is the deformation at the obiaté minimum in the potential of the Hg nucleus.
bEdef is the energy of'the oblate potential minimuﬁ Qith respect;to the potential energy for 8.= 0.

CEB(9/24[505]) is the differencé’betWeen the energy of this state at'a deformation of

‘B(Hg) and that at B = O.

'dThe deformation may be stable-prdvided that E _+E ‘ +E, is < 0.
: : zp “def 8 7. _

L2$6T-Ta0n
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Fig.

the 9/27 1ével. Data are taken from Ref.

Fig.

Fig.

_ Fig.

Fig.
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A  ‘. 5 ;lfi . Figufe Captions
it Par?ial levelﬁschémes‘fbr tﬁe.ligﬁt odd—ma$S'thallium isbtopes poSsgésing .
. l) and 2)L” |
2. . Gamma-ray spectrum, takeﬁ during the beam pulses, produced by

v | .
27 MeV helium ioms on gold. - |

3, Gamma-ray $pectrum, taken between beam pulses, produced by -

27 MeV helium ions on gold

4. Conversion-electron spectrum produced by 27 MeV helium ions on goid.

5. Yields of varibus‘gémma rays, relative to that of the 382 keV>gamﬁa
ray, as é function_of bombarding énergy.' | |

6. Experimental values fof_GE‘ana Gh ploﬂted against'the s@iﬁ'J of the
decaying state, taken from Ref. 7). A few error bars are showﬁ when the’

errors .are large and only a few data exist for a given J. Errors in the

lower values of J are usually small. The continuoué’lineé indicate the’

~average values we take for G2 and Gh' The broken lines are pléced-at

~ what we have taken to be one standard deviation on either side of the avefage

“Fig.

 Fig.

lines.
7. Examples of théoretical gamma-ray angular distribution coefficients
for various ‘transitions from states completely aligned in the m = * 1/2

substate, as functions of |§[(1 + ‘61)_1; The dashed line is Ay, -
199

8. Proposed decay scheme for Tl. Uncertain levels and transitiénsvnot '

definitely placed are shown by broken lines. When more than one spih B

'assignment is given the less likely ones are placed in brackets. Intensities

..Fig.

are total transition intensities and include any component between beam pulses.

9. Systematics for the 9/27, 11/27, 13/27 and 15/27 states in the odd-

“thallium nuclei derived from (heavy-ion,xn) exﬁeriments.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, 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 informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, 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 Commission, or employee of -
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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