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A HIGH-SPIN ISOMER IN ‘lat

K. H. Maier', J. R. Leigh, F. Piinlhofer ', and RT M- Diamond

T  _ Lavrence Radiation Laboratory
' ' University of California
Berkeley, California 94720
May 1971

211At at an excitation energy of

AL usec isomer has been observed in
4.816 Mev, The multlpolarltles of the de-excitation Y-rays suggest a very
high spin.' The exc1tatlon energy., g—factor and the strongly enhanced E3

decay may be descrlbed by a hp—lh conflguratlon with 1" = 39/2".

In a recent study of several N = 126 isotones [1]an isomer of half-life

' 21 X
L.2 + 0. h Hsec was observed in ° lAt; it has the following very interesting

properties: 1) the isomer lies at an excitation energy of L4.816 Mev, 2) it
has Vefy hiéﬁ_angular momentum, I~ 39/2, 3) it decays essentially by a single
cascade sequenee of 9 Y-rays, only one branching-being observed, and U4) the
isomeric transition has E3 multipoiarity and shows eonsiderable enhaﬁcement
o&er the single—particle estimate.

2l has been populated following (heavy ion, xn) reactions using

Lo :
beams of He,v7Li and llB from the Berkeley Hilac incident on targets of 203

208

Bi,
204 - . . - .

Pb and Hg, respectively. The 5 msec Hilac beam pulse (repeated 36 times

per sec) was chopped with an electrostatic deflector system to give microsecond

* . . : .

Work performed under the auspices of the U. S. Atomic Energy Commission.

+Present address: Hahn-Meitner-Institut, Berlin.

TTOn leave'from Physikalisches Institut der Universitat, Marburg, Germany.



-2- o - UCRL-20481

beam pulses with:vafiable repeat intervals. Ge(Li) gamma~-ray spectra have
been feéorded both in-beam and in the intervals between the microsecond pulses.
Excitation funétions, both delayed'and in-beam, were obtained with the hHe b
gnd 7Li beamé}' In both éases the isomer‘yield peaked 8 to 10 MeV higher than
the pfompt céhponent, indicating the high angular mpmeﬁtﬁm of the statef
A solenoidal éﬁectrometer:with a cooled Si detector was.used to>rec;rd conversion-
electron sﬁecfré both délayed and in-beam. 'The half-life of the isomer has
been determined by recording Ge(Li) y-ray spectravobtained in four successive
timé intefvalé of L4 usec each. In-beam anguiar distributions weré pérformed
to obtain‘Azksvfbr the transitions.with a sﬁrong prompf compohent. Tﬁe g-fécﬁor
of the ﬁ Usec Stafeé’was méasured using & pulsed-beam time-differential method,
the nucleafraiignmenﬁ Béiﬁéuﬁréservea by use of:a liquid:2OhHg target. The
data-are‘summérized in §abléVi.v | |

v‘AvPDP;7 on—liné éompUter system was used to recdra all Y-y éoincidence
events assdéiéfed'with thé isomeric decay. The coincidences establiSh that
the transifiénsfform éééentially a single cascade and reveal two other isomeric
states in tﬁé decay chain with half-lives of the order of S0 nsec. These
delgys,‘along'with.measufements of the prompt to delayed intensity ratios of.i'
the Y-rays,feétablish the time ordering of the transitions. The levei scheme
shown in fig. 1 is thus established. Our data do not determine the 25 - 689 keV
sequence, but a. recen'bly published study on this same nucleus has done so [2].
In-beam, thet?OS keV line shows slight broadening and, in fact, has a contri- o
bution fromralffompt Y-ray of approximagely the same energy. Corrections for &/

this have been made in evaluating the ratios presented in columns 12 and 13

of the table. These ratios for the 203 keV and 1536 keV are equal and do not,
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'therefore, conclusively indicate their time ordering - However, the fact that

they are equal indlcates strongly that they arise from states of approximstely
equal energy and not from states 1. 5 MeV sgpart as the reverse orderlng would
suggest . The_large increase in the ratio for the lower states supports this
argument . 'Thé‘éonversion—eléctrdn data-on the 511.2 keV transition rule out
the poSsibilit&;of its beingbdux to positron annihilation.

The énguiér‘distribﬁtion and conversion-electron data establish the
multipolafitiéé indicated'in column 11 of table 1. Thus, the spins of states
upvto the 23/2f.level at 1928 keV can be assigned with confidence. In making
the spin aséigﬁments wé'have assumed that the anéular momentum of the observed
states incréésés monotonical;y with energy. This assumption is supported by
the exéitatibﬁ function daté-ahd‘thé single;cascade decay mode of the isoﬁer.
The delay a55001ated with the 713 keV transition favors the E3 assignment and

this is supported by the model - -dependent arguments presented below. The only

'tran51t10n whose multlpolarlty cannbt be assigned 1s the 1536 keV gamma-ray.

The Y-y coincidence work indicates that the half-life of the 4177 keV state

is € 10 nsec; This implies a dipole or quadrupole‘transition (magnetic or

electric), but an enhanced E3 transition cannot be ruled out. It is probable,

however, that the isomer spin is restricted to (39/2, b1/2)%.
A shell-model calculation has been performed in order to obtain

information about the structure of the observed states. The configuration

~ space included all three-particle states in the h 9/2, f 7/2, and i 13/2

orbitals outéide_the 208Pb core. A central force, with parameters determined

by Glendenning and Harada [3] for 210?0, has been used as the residual inter-

action. BSeveral diagonal two-particle matrix elements have been modified in
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order to'get:betﬁer agreement.with the experimemmjgievel scheme of 210Po [L,57.

This procedure'égn‘ﬂe{jﬁstified when the configuration mixing‘is very small

band so. has only a minor influencé on the energy. For 2llAt we get very good B
| agreement notvonly for.thg yrastVStates shown in fig. i, but'also_f§r other e &j
.experimentally knpwn states [5,6] . This is in agreemeﬁt with'similar.calculations

of refs. 2 and 6. | - S

The caiculations aécuratély reproducé all states in QllAt up to the
23/2" state'ﬁnd_sﬁggest étfonglyva change‘ih parity above this Because the only
calculated nggaﬁive parity.states with J > 23/2 lie above theV.' Thetefofe,
we assign thg.spins 25/2* and'29/2+'to the levels2at 2617 keV and 2641 keV.

This implieg‘the multipoiérifies El.and E3 fof the 689 keV and 7}3'keV transitions.
The branching ratio and.iifgtimé°sﬁpport‘théée.assignments.

The_l;5 MeV gaé abové ;hé 2641 keV level is indicated by tﬁetcalculation
and it'is‘very‘témpting_fo‘aS§ign the 4177 keV state as 33/2 . Howevér, the
maximum séin obtainable'for.a 3—proton configuration is '33/2. . The iéomeric
state, at least, has a spin greater thén this and cannot, theféforé;}be
described by g_simple 3eparticle configuration. It is easy to estimaté that
thisvis just the excitation at which high spin (J 2 31/2) 4 particle-1 holé
states may occur. Therefore, we calculated the energies of the yrast levels.
of the Ulp-lh configuration.assuming that they consist of:

a) 3 protons.with the configuration, and energy, of the:lower yrast

' levels of 2llAt, _ B _ ' *

209

b) one neutron in the four lowest single-particle states of —
207

Pb, and :J !
¢) one neutron hole in the four lowest hole states of Pbg

The diagonal matrix elements of the proton-neutron, proton-neutron hole and
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neuﬁron—neutron‘hole interactiohe have been calculated ueing information from
the experlmental level schemes of 21OBi, 208Bi»and 208.bll lhe mixing»between
the hp—lh states has been neglected as well as collectlve p~-h states. A wveak
coupling calculation showed that states based on the 3~ state of 8Pb certainly
do not belong to the yrast band. Because of the approXimations»made the
calculation of the hpflh states is considerably less accurate than the three-

particle calculation described above. However, possible candidates for the

observed statesrabove I MeV are suggested, namely:

o 3, S a1 .
("h9/2 )21/2f ’__(Vgg/g Pr/p ) 31/2

| G : k . '_-l' +
(Mg f7/2)-23/2' o egppy ) 33/2
(ﬂh 9/2 13/2)29/2 ' (Vg9/2 Py1/p ) 39/2

with calculatéd.energies as shown in fig. 1. The observed E3 transitions

39/2° ~+ 33/2+ and 29/2+ + 23/27 take place between states differing only by

a single particle, the transition in both cases being i 13/2 =+ f T7/2.

' e ' L+ i
~ Bergstrom, et al. [2] have observed the 29/2 state as a TO nsec

isomer following the 209

Bi(a,2n)2llAt‘reaction. The deduced level schemes
are identical below the 29/2+ level and the more accurate half—llves measured
in ref. 2 are-indicated in fig. 1 for the 21/2  and 29/2+ states.

| Our measured branch1ng ratio for the 29/2 state gives the reduced
trac31tlon probablllty for the T13 keV transition (Tl/2 Y) = 325 nsec),
B(E3,'713 keV):= hO?OOO * 10,000 e2 fm6. This value is eight. times larger
thaﬁ:fhe theorefical estimate for the transition between the (h 9/2)2 i 13/2

and (h 9/2)2 £ 7/2 configurations. This is in agreement with the value
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51,000 % 7000_é2 fm6 found in ref. 2 and the enhancement has been described

there in terms of admixtureé of the 3 octupole state of the 208Pb core to

these three-particle states.

From the measured half-life of the 4816 keV state we obtain -

' B(E3, U35 keV) = 83,000 * 9000 e° #n® and this is comparable to the transition

208 = 17 psec {7]), B(E3, 37) = 86,000 &2 fm6

rate for the 3 'state of Pb (T

T " 1/2
Admixtures of the 3" core-excited state to the proposed configurations,

. . : + -
similar to those of the 29/2 and 23/2 1levels [2] may be expected. The

particle-phonon coupling matrix elememt necessary to describe the enhancement

is then

(e el e 1)~ 3w
and may be_ctharedvﬁith.0;9_MeV_[2].for the 713 keV transition in this same
nucleus, andfthé theoretical estim#te bf 1.34 MeV [8]. The reason for the
difference iﬁ tﬁe two exﬁerimental valués is not understood.. ' "

"The gfféctor of the isbmeric state waé measuréd as 0.72 + 0.07. This
is in reasonable agreemént with the value 0.77 obtained for the suggésted
configﬁratibn,'includiﬁg the core coupling effects. This will bé diécussed
further in}ref;‘l. The measured properties of the stéteSvabove h‘MeV;may,
therefore, Bé-described bybthe assignedvconfigurationsAindicated in fig. 1,
with‘the inclusion of admixtures of the 3_»core exéited state. Wé feel,
therefore, that the 39/2 assignment for this isomer is probable..

Weawould.like to'fhahk Dr. N. K. Glendenning for providing:the two-

particle matrix elements used in our calculations. F. Pihlhofer acknowledges

a grant'from the Bundesministerium fur Bildung und Wissenschaft in Bonn and

K. H. Maier greatly appreciated the support of a NATO fellowship during his - stay

. at the Lawrence Radiation Laboratory.
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Table 1 a
211

Electron conversion and angular distribution coefficients for transitions in At.
1 T |
By . vy | oy | - ap | oy, | e A, Mults- Iytotal/I isomer
exp theory | -exp theory exp theory exp theory p:%;r- 34 MeV @ 41 Mev TLi
e 109 | .ook | E1 .002 | o voee ] B2 o ‘ | o
3CET-120-5 {411 | +.002 | E2 .005 ] | s0.08 | M -0.31] B2 '7‘6»*°'6__ 7'5”‘8
e b{ .08 E2 .10 2anCl o 0.626 E2 0.03 | +0.24 | E2 +0.42 5 ,
' 6.5 |E26.8 | 1.5 £2 1.9 o
96.020.5 | T#2 £2.0 M 2.1 {#0.5 | M 0.5 E2 |5.00
°11.220-5 1 415 ho.03 | E2 .022 | 20.005 |E2 .00T | | +0.03 | B2 +0.u0| M |5-320.6 | 5.720.6
: . E1 .005 : - = ' )
689.420.5 | 1919013 | g2 012 - 1 e {E1,E2[3.51 | k.22
D E3 .03 | : - |
ns.6w0.5 | 200 (moos | o B W ER-S U RS
- : ) ’ M2 .10 , o : . o
15361':1 - 33 - | | | EREEER § e S - 11.2¢0.2 [1.6020.15
T ' . ' _ 1 . o =
40 jo.9 . |M1135 | ;0.3 [M .25 | 0.06 | ML .06 _ 2 e 3
203:-T20-5 1 'y }o3 |E3.h2 | +0.06 | E3 3.2 |20.02 | E3 .95 MLo[1e20.3 4 1.320.3 g
. R —d
’ @
. . _ =~
435.150.5 | 8 |0.09 |E3.08 | 0.07 |E3.08| 0.02 | E3.02 |w0.3 [E3O-T | 1 1 -
S 77T 1 £10 p0.02 1ML .17 | £0.02 | M1 .03 }+0.006 | M1 .00T[#0.1 m-0.3 | | '
agNorma.lJ.sed to unity for h35 keV transition . b)Noxmalised to total transition intensity of 100

©’Electron intensities have been normalised to yield the theoretical L conversion coefficient for the 253 keV tran.ition
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Figure Captlon
a1,

Flg l. Experlmenta.l and calculated 1evel schemes for Ati Only the
0] | ,I O .lowest 1eve1 of each spln (I > 9/2) 1s shown in the ca.lculated scheme,
| | "_the solid lines are the 3—prot¢n sta.tes and the'dashed'li‘nes .'are )-tp-lh '
‘states The domnant conflguration of each state is 1nd1cated |
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