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BeHOC ,Q. H AP• E6-89-438 
llccnep;oBaHne pacnaAa 211 Rn ➔ 211 At 
H TpexqacTWIHble KOHqmrypal.\HH B 211 At 

raMMa-raMMa yrnOBbJe KOppen.Rl.\HH A.JUI BOCeMHap;l.\aTH KacKa
AOB, Ha6J110AaeMb1X npH pacnap;e 211 Rn, 6blTIH H3MepeHbJ Ha YCTa
HOBKe C CeMbW Ge(Li)-AeTeKTOpaMH. C yqeTOM 3KCnepHMeHTa.Jib
HblX AaHHblX no BHyTpeHHeH KOHBepCHH 6bIJIH OAHO3HaqHo ycTaHOB 
neHbl CilHHbl AeCHTH ypoBHeH 211 At, a TaKJKe onpeAeneHbl napa
MeTpbJ CMeCH 5 An.fl BOCbMH I'aMMa-nepeXOAOB. B paMKaX MHoro
qacTHqHOH MOAenH o6onoqeK c cnnaMH KOHeqHoro pap;Hyca 6bIJIH 
paccqnTaHbl CBOHCTBa ypoBHeH H nepeXOAOB B 211 At. IlyTeM 
BBeAeHHH 3¢¢eKTHBHOI'O 3neKTpOMarHHTHOI'O onepaTopa yqHTbma
noCb Bnirn:HHe BH6pal.\HOHHblX Kone6aHHH OCTOBa Ha 3neKTpOMar
HHTHb1e xapaKTepHCTHKH 211 At. 

Pa60Ta Bb!IlOnHeHa B Jla6opaTOpHH Hp;epHb!X npo6neM QIIJ.[I1. 

TTpenpnHT 061,emmeHHoro UHcmTyTa R,D;epHbIX nccne.o;ouamm . .ll:y6Ha 1989 

Venos D. et al. 
The Investigation of the Decay 211Rn ➔ 211At 
and Three-Particle Configuration in 2f¼.t 

E6-89-438 

The gamma-gamma directional correlations for eighteen 
cascades observed in the 211Rn decay were measured by me
ans of a multidetector system (seven Ge(Li) detectors). 
Together with experimental data on internal conversion 
this allows a unique and model-independent assignment of 
the spin values for ten levels in 211At. Multipole mixing 
ratios for eight gamma transitions were also derived. The 
properties of 21 ¼.t were treated in the framework of the 
multi-particle shell-model using finite range forces. The 
inrluence of core collective vibrations on the electromag
netic properties is taken into account by using the effec
tive electromagnetic operators. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 

Preprint of tl!e,,Joirit Institute for Nuclear.Research. Dubna 1989 



1. INTRODUCTION 

. The isotope 2115 At12s differs by three protons from the 
double magic 208 Pb nucleus. It is a suitable object for test-
ing various theoretical models. 

The results of the experimental investigations on the ra
dioactive decay of 211Rn have been published in 11- 51 .The most 
complete available data a~e given in141 , where the decay sche
me of 211 Rn was also proposed. Spins and parities for almost 
all observed excited states of 2111 At were ascribed there too, 
but due to the lack of experimental data these assignments 
were also based on the shell model calculation (i.e. on the 
prediction of the levels of the (rrh912 ) 8 configuration) and 
on the assumption about existence of the"core excited" 212Rn 
(rrs 112 )-1 state with energy of 2479 keV in 211At:. That is why 
in the compilation161 the alternative spin level assignments 
were also given together with the previous ones. 

There was just one paper about investifation of the gamma
gamma directional correlations in 211 At16 • The authors mea
sured only 3 cascades connected with the 1363 keV transition. 
The measurement was made by means of a correlation spectrome
ter.with Ge(Li)-2Na(Tl) detectors. 

The aim of the present work was to obtain more definite 
identification of spins of the levels , as well as the va
lues of multipole mixing ratios, for y -transitions in_ 211At 
by means of the gamma-gamma directional correlation method. 

2. SOURCE PREPARATION 

The Rn isotopes were obtained by bombarding a Th target 
with a 660 MeV proton beam at the phasotron of the Laboratory 
of Nuclear Problems at Dubna. After chemical separation the 
mixture of radioactive noble gases was kept 12-14 hours for 
the short-lived Rn isotopes to decay. The ~11 Rn isotope was 
separated in the chromatography column filled with molecular 
seaves 171 • Further purification and preparation of sources 
for measurements was made in vacuum. The 211Rn cooled to the 
liquid nitrogen temperature was transported into an ampoule 
(.i 1.5 x 8.00 mm) which was hermetically sealed. 



3. APPARATUS AND DATA PROCESSING 

The measurements were made using a multidetector correla
tion system with-seven Ge(Li) detectors. The volume of each 
detector was approximately 40 cm3 and the energy resolution 
(FWIIM) was in the range of 2.5-3.2 keV for 1332 keV gamma
rays. All seven detectors were placed at equal distances along 
the circle in the middle of which there was a radiative sour
ce. In such a way correlation function measurements for ang-

. 0 0 0 
les 0 = 51. 4 , 102. 8 and 154. 3 between detectors should be 
made simultaneously. The distance between each detector and 
the source was 75 mm. Each detector was provided with a cone 
collimator and a cylindrical screen in order to reduce crys
tal-to-crystal Compton scattering. The methodical experiment 
showed that registration in one detector of Compton radiation 
originated in other detectors was negligible. For further 
details about equipment see181 • · 

The time range for registration of coincidences was set to 
180 ns. The FWlIM of the time curve for all detector pairs aqd 
for energies of gamma radiation in the range 60-1600 keV was'·
less than 15 ns. The ratio (accidental coincidence)/(true 
coincidences) was within 1-2%~ 

The experimental data were collected event-by-event on the 
magnetic tape. The data filtration was performed by the digi
tal windows, which were set before the experiment as input 
data for the control computer code operated in the intellec
tual controller KM086 191 • The digital windows were set on the 
energy axises in such manner that it was possible to include 
the gamma lines of interest and the Compton background distri
bution near the lines. In accordance with the given cascades 
a set of two dimensional windows was obtained for each detec
tor pair - see an example in fig.!. At the top of the figure 
there is a part of the decay scheme with the cascades (1,2) 
and (1,3) for which the experiment must be carried out. Dashed 
areas show the coincidence events, from which the number of 
the truth coincidences was calculated with respect to Compton 
scattered 'radiation beneath the gamma peaks and chance cot'i-1-
cidences. The coincidence events from windows marked by \_ . 
points were collected on the magnetic tape only if they were 
of accidental character. The latter don't correlate and so 
they were used for determination of the relative detector ef-
ficiency. , 

The analysis of the collected data was carried out by me
ans of computer codes published in1101 • In the latter the me
thod of calculation of'the experimental values of directional 
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correlation coefficients A22 , A44 and their errors is descri
bed too. 
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Fig.1. The scheme of a two dimensional data filtering di
gital windows for the two cascades created from the three 
gannna transitions (see text.for details). 

4. EXPERIMENTAL RESULTS 

The 211 Rn ➔ 211 At decay scheme from paper (fig.2) was 
taken as a basis for cascade selection. The coefficients A22 
and A44 , calculated as the weighted mean value from two or 
three measurements and the mixing ratio 8 derived from corre-

3 



lations are given in table 1. The results of the work 161 are 
included for comparison too. Besides possible spin combina
tions of levels in question and multipole mixing ratios of the 
y-transitions, the values of the 181 deduced from the inter
nal conversion data were also used for the analysis of the 
experimental ~ata on A22 and A44 values: We calculated 181 
values from the measured ~onversion coefficients ak 131 using 
theoretical values ak from1111 • Table 2 lists our 8 values 
averaged by the method from 1121 in the cases where it was 
possible,values of 181 from ak and multipolarities for so
me y-transitions . 

The (442-674)+(678-(685)-442) keV cascades. The 442 keV 
gamma transition coincides with both 674 and 678 keV ·lines; 
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Table 2. Multipole mixing ratios and 1111.lltipolarities of some tran
sitions in 21 1At, 

El (keV) Astnerf3/ 
/6'1 !rom 

This work 
cfl rrom trtfJJ 

169 

192 

250 

674 

678 

853 

866 

9)5 

946 

947 

1127 

136) 

a 
2 59+0.25 

• -0.21. 

0.44(44) 

;, 9.4 

0.51(12) 

0.2)(7) 

0.8)(26) 

;,4.7 
2 1+18 

• -o.8b) 
o 2+0.8 .. 

• -0.2 

> 2.5 , 

0.073+0.097 
-0.073 

Mult. 

M1+E2 

111 

E2 

141+!2 • 

E1 

M1+E2 

E2 

E2 

(111} 

(E2) 

B2 

E1 

-J.1(7) 

0.0{2) or 
1.2(4) 

-o. 6ro.oe 
-0.05 

O.Jo+0.30 
-0.25 

-0.24(6) 

24+ 00 

-12 

0.07..::cf'< 1.5 

-0.12(4} 

Kult. 

J41+E2 

KH+E2) 

E2 

M1+E2 

ll:1+M2 

111+!2 

!2+M1 

E2 

141+E2 

E2 

!2 

E1+M2 

Remarks: a) o calculated from E2+Ml(l3 t 2)%141• 

b) o is calculated on the assumption that y 947 keV has a 1111.llti
polarity E2. 

but in the second case, through the unobserved 685 keV tran
sition (fig.2). This doublet was not sufficiently resolved 
in the coincident spectra because of some instabilities of 
our spectroscopic linear chains. For measured directional 
distribution coefficients Aexp in this case it is necessary 
to take into account both tNe branching and the influence of 
the intermediate transition accordi~g to equation 11~1 : 

A exp _ 
11 -

XIyy (442-674) + Ylyy (442-678) 

Iyy(442-674) + ]j,y (422-678) (1) 

where X = Au (442-674) and Y = A1 (678)U 1 (685)A1 (442) are the 
directional distribution coefficients for the 442-674 keV and 
678-(685)-442 keV cascades, respectively; Iyy(442-674) and 
Iyy(442-678) are the coincidence intensities for the corres-

7 



ponding cascades; Ui(685) is the de-orientation factor connec
ted with the unobserved transition 685 keV. Since.the ratio 
Iyy(442-678)/Iyy(442-674) -1/100, the influence of the 442-
678 keV cascade is negligible, i.e., the A~~P and A!~P values 
in equation (1) may be completely connected with the 442-
674 keV cascade. The analysis of possible spins of the 1116 
and 674 keV levels (fig.2) with the fact that the 442 keV 
transition has a multipolarity E2'111 gives unique spin assign
ments 3/2- and 7/2- for these levels, respectively. Other pos
sible spin values contradict either the experimental value 
of A44 or the E2 multopolarity of the 442 keV gamma transi
tion. The mixing ratio 8 determined for the 674 keV transi
tion with the Ml+E2 multipolarity, is in agreement with the 
internal conversion data. · 

The 1363-442 keV cascade. This cascade is of interest as 
it gives an answer to the question about spin of the 2479 keV 
level and thus tests the assumption ·er"= 1/2+) made in 131 • 
The coefficient Ae.2 does not contradict neither 1/2+ nor 3/2+ 
spin for this level. But in the former cas~ the· multipolari
ty of the 1363 keV transition has 1.4% M2·admixture (8 =-.12) 
which is in good agreement with the ISi from the ICC data 
(table 2). In the case of spin assignment 3/2+ we obtain the 

following values for 8: 81 = 0.48(8) and 82 = 5.1:t:, both 

contracting the internal conversion data. 

The i363-250 keV and 250-866 cascades. These cascades 
solve the ambiguity of the spiri assignment for the 866 keV 
ievel: 5/2- or 7/2-. The first possibility 5/2- scarcely ta
kes place for description of the cascade 1363-250 keV because 
both mixing ratios 8 _calculated for the 250 keV transition 
(using the previously determined value of 8 for the 1363 keV 

transition): 81 = -0.22:~:~; and 82 = -2.'2:~:~ differ from 8 

deduced from a. The better result is from the second alt'er
native 7/2- atkwhich the multipolarity of the 250 keV transi
tion is of pure E2 character and the value of 8 for the 
1363 _keV transition is in very. good agreement with that dedu
ced from the 1363-442 keV correlation. For description of the 
250-866 keV cascade there remains only one possibility 
3/2(2)7/2(1,2)9/2. The deduced 8 for 866 keV transition agre
es with the ICC data. 

The 1363-169 keV cascade.The earlier established spin va
lue 3/2- of the 1116 keV state and Ml+E2 character of the 

8 

( 
,, 

I/ 

) 
1) 
\ 

i 

169 keV transition131 unambiguously imply spin value 5/2- for 
the 947 keV level. Hence, the 8 value for the 169 keV transi
tion could be calculated. The 1363-169 keV correlation was 
investigated in 161 too. As one can see from table 1, there 
is a great discrepancy in A22 values in.both measurements, 
the reasons for. w_hich ·are not clear. Obviously one should 
give preference to our result because of good agreement of 
our 6 value with that obtained from the internal conversion 
data. Both mixing ratios calculated from the A22 coefficient 
given in 161 81 ( y 169) = 0.46(2) and 8

2 
(y169) = 4.6(3) con

tradict the ICC data. It should be noted that the 81 value 
in161 is given with the minus sign which is an error. Agree
ment of our data and those from16I for remaining correlations 
is observed within two errors. 

The 250-192 keV, 136J-(250)-192 keV, 1363-••• -674 keV 
and (250-(192)-674)+(678-(685)-250) keV cascades. These cas
cades connect the 674, 866, 1116, 2479 keV states whose spins 
were already defined. The 8 mixing ratio for the 192 keV 
transition follows from the first and the second correlations. 
The third and the fourth cascades are not ,direct ones (fig.2). 
We have calculated the corresponding directional distribution 
coefficients (the influence of the low intensive 678-(685)-
250 keV cascade was neglected) using formulae in which- the 
influences of intermediate transitio~ and cascade branching 
are considered: 

1363- ••• -674: A~~c = -0.088(24) and A44 = 0.0, 

250-(192)-674: A::1c = 0.18(11) and A44 = -0.003(4). 

The calculated A22 , A44 coefficients are in good agreement 
with that measured by us. The 'A44 value for 1363- ••• -674 keV 
cascade vanishes as tqe spin of the 1116 keV state is 3/2-. 

The (6?8-1127)+(1127-674) keV cascades. From four levels 
connected by these unresolved cascades only for the 1800 keV 
level spin assignment is not established in a; unique manner.t 
In principle the measured A22 and ~4 values don't answer the! 
question what spin assignment 3/2- or 5/2- is more suitable. 
In the case of I"= 5/2-, however, the multipolarity of the 
678 keV transition must be M2, which contradicts the internal 
conversion coefficient value. Following the fact that spin of 
the 1800 keV level has the value 3/2-, we calculated for 678--
1127 keV cascade the directional correlation coefficients 
A22 = -0.127(44), A44 = 0.031(33) and the corresponding mix
ing ratios 8 (678), which is in agreement with the I Bl value 
from the internal conversion data. 9 _ 
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The 934-866.keV, 853-94? keV-and 6?8-853 keV cascades. 
The spin of levels related to these cascades were already de
termined. The first cascade gives the mixing ratio 8 for the 
866 keV transition and from other ones the mixing ratios are 
obtained for the 853 keV transition. Agreement of the8 (853) 
with the internal conversion data can be considered only 
within the double error. The two values of 8(853) obtained 
by us are close to each other (table 1) that's why our re
sults may be considered as more reasonable. 

The 946-442 keV, (416-946)+(416-••• -94?) and (946-169)+ 
+ (169-94?) keV cascades. All cascades mentioned are connec
ted with the 2063 keV state whose spin should be 1/2- or 
3/2- 151 • From the analysis of the A22 coefficients for the 
946~442 keV correlation it follows that the prescriptions 
1 17(2063) = 3/2- and L? 1,2 for the 946 keV transition are 
incompatible, i.e., a unique 1/2- spin assignment to the 
2063 keV level is implied. The range of the multipole mixing 
ratios for the 946 keV transition does not contradict the 
conversion data (table 2). The directional distribution coef
ficients for the second cascade vanish at I 17 = 1/2-. Our ex
perimental data confirm that conclusion. ·The third cascade 
gives the 8(169) value, which is in good agreement with the 
value obtained from the 1363-169 keV cascade analysis. 

The 1539-442 keV and 1539-169 keV cascades.The accuracy 
of the experimental data is not high enough to solve the prob
lem of unique spin assignment of the 2655 keV level. On the 
obvious assumption about the transition multipole structure 
L = 1,2 for the 1538 keV transition and spin assignment 3/2-
for level 2655 keV 8 may be in interval 0.35 < 8 (1538) <2.5. 
If one supposes another possibility (1/2-), then we obtain 

8(1538) = 2.0~~:~ or 0.0 < 8(1538) < 0~5 . 

The 1993, 2109 and 2129 keV 'levels •. .The intensities 
of the gamma transitions, referring to these levels are not 

. so strong that one could carry out correlation measurement 
under our experimental conditions. But nevertheless, on the 
basis of the spin assignments for the levels 2479, 947 and 
674 keV made by us and of the gamma transition multipolari
ties from 131 , it is. possible to conclude: 

As the 371(El)-116(Ml) keV cascade connects the 2479 keV 
1/2+, 2109 and 1993 keV levels, the spins of the two later 
ones maybe 112-, 3/2-and 1/2-, 3/2-, 5/2-, respectively. 
But as the most intensive transition from the 1993 keV level 
is that going to the ground state 9/2-, it is more acceptable 
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to assign it to the 5/2- spin value. Then the 2109 keV level 
must have the 3/2- spin value. . 

The 2479 keV 1/2+ level decays by the 351 keV(M2) transi
tion to the 2129 keV state, which implies its spin equal to 
5/2-. 

5. THEORETICAL ANALYSIS OF THE 211At PROPERTIES 

At present there are' several calculations concerning the 
211 At properties. In the investigations114•151 based on the 
many particle shell model and finite range interaction diffe
rent properties of nuclei having three quasiparticles above 
the magic core were considered. In papers 116•171 the diagonal 
version of thi~ model was used for the description of such 
nuclei including 211At, the necessary pairing matrix elements 
were obtained from the experiment. The spectrum of the 211At. 
states was also calculated in./lSl·where the surface delta in
teraction was used, while in119,201 the model of the three 
particle cluster including the 208Pb core phonons was used. 

We performed theoretical cal~ulations of the fil1At struc
ture considering all the available experimental information 
about this nuclei including the data on multipole mixing ra
tios 8 • As\we are mainly dealing with the 211At states with 
the energies below the threshold of the inelastic channel of 
the core nucleus 208pb (hw -= 2.61 MeV, hw5- = 3.20 MeV and 
hww = 4.08 MeV), our ana!ysis was also carried out in the 
framework of the multiparticle shell model including only 
the valence proton above the 20Bpb core. In this case the in
fluence of phonon excitations on the energies of low lying 
211At levels is taken into account by renormalization of the 
effective interaction which is defined from the fit to the 
experime~t. As to_ the radiative properties, the influence 
of the virtual core excitations on the low energy transitions 
manifests itself in renormalization of the corresponding 
single-particle transition operators. The proper parameters 
are defined from the radiative properties of nuclei of the 
11208 pt,±nucleon" type and are well known now 121•221 . The wave 
function was constructed as a superposition of the antisym
metrized three-particle jj-coupling scheme states with pro
tons filling the 82 < Z < 114 shell. The eigenvalues of subse
quent proton orbitals are well known from the experiment, see 
for example1231 . The spectrum of 211 At and its eigenvalues 
were defined from the corresponding secular equation. In our 
calculation we used experimental proton single-particle .ener
gies1241 and single-particle wave functions of the oscilla-

II 
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tor· potential with hcu 08c = 41/ A113 MeV. The residual interac- • 
tion was taken in a simple form:0 (1,2) =(V +· Vaa1a 2 ), x 
exp( -r f2 /r5) with Va ::: -0. lV, r 0 = 1. 8 fm. The _value V = 
= -30 MeV was found from the correct description of the 21/21 
level energy (with the main component I (11h9/2) 3

, s = 3)} .
The theoretical· spectrum·as well as all experimental levels 
up to the excitation energy- 2.6 MeV are given in fig.3. 
Agreement between experimental and calculated levels at low 
energies is·satisfactory. At higher energies many negative 
and positive parity states occured, most of them being not 
observed in the experiment so far. Nevertheless, the positi
ons of the known 23/2-, 25/2+ and 29/2+ levels are well re
produced by our calculation. 

In the calculations of the 211 At electromagnetic _proper
ties the influence of virtual core excitations was carried 
out by the·method mentioned above that is by using the effec
tive electromagnetic operators: 

3 
'1l(E2,µ) =e(11) I r

1
2y

2 
(0

1
¢.) 

i= 1 µ 1 

A -3 A A 2 ."2 
'1I(M1, µ) = v _a_ I {g (11) 1. + g (11) S

1 
+ g

2
(11) r

1 
[Y

2
(i) xS.] I • 

4 17 1=1 1 1 s 1 _µ 

The values ~f the effective charge, gyromagnetic ratios as 
well as the magnitude of the tensor parameter g2 were ·obtai
ned earlier in papers 121 ,221 • Namely, the following values 
were used: e(11) = l.6!el, g

1
(11) = 1.102, g

8
(11) = 3.795, · 

g 2 (11)-= 0.031 fm-2 . The results of proper calculations are 
given in table 3 where all the available expe~imental data 
on the electromagnetic properties of 21 1At are presented. 
One can see good agreement with the experiment in the values. 
of the reduced E2 probabilities and in the magnitudes~of sta
tic moments. and satisfactory agreement in the values of 
8(E2/Ml) mixing parameters. However, the detail~d analysis 
of the _structure of experimental 7/2 1 and 7/2 2 states (with 
dominant configurations I (11h 912 ) 22_, 11f7;2l and I (11h9;2)3

, s = 
= 31, respectively) and the analysis of the radiative proper
ties of these levels reveal that in our calculation the sequ
ence of these levels is inversed as compared with the experi
ment. It should be noted that other low- lying negative- parity j 
levels in 211 At up to the energy of 1416 keV also belong to 
the (rrh912 ) 3 configuration while the 3/22 ~evel mainly belong~ 
to the configuration H11h912 )22, 11f 112 1. Positive parity 13/2~,. 
25/2+ and 29/2+ levels have their main components of the typ~; .. 
I (11 h'9; 2 )

2 J, 11 i ·131J with J equal tp O, 6 and 8, respectively._;, 
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Table 3. Electromagnetic properties of 
211

At 

Quantity 

I - I-, 2 2 B(E2;21 21-17 21 .e .barn 

B(E2; 15/21-1:3/21) it 

B(E2;15/21-11/2;) " 

B(E2;3/21-5/21) " 
B(E2;3/21-7/21) " 
B(E2; 3/21-7/22) ,; 
B(E2;29/2+ -25/2+) " 

Q(9/21) e. barn 

Q(21/21) " 

Q(29/2+) " 

f' (9/2i) " 

)'- (15/2i) " 

}'- (21/21) " 

f'- (29/2+) n 

cf (712,-912:;> 

J (3/22-5/21) 

cf (7/22-712:;> 

J (3/21-5/21) 

cf (7 /22-9/21) 

" 

Experimental 
value 

0.01.)1(13)/21/ 

o. 0040( 5> /21/ 

o.0121c16>/21/ 

o. 092oc9o)/21/ 

o.0034(2) /4/ 

0.0135(14)/21/ 

0.0092(8)/21/ 

t,0.53(5) /26/ 

t,1.01 (19)/26/' 

6.82(60) /5/ 

9.66~13) /5/ 

15.50(19) /5/ 

-0.67+0.os present 
-0.05 work 

-0.24(6) " 

0.0(2) 

-3.1(7) 

24+""° 
-12 

" 
" 
" 

Theoretical 
value 

0.0219 

o. 0056 

o. 0191 

0.0839 

0.0016 

0.0129 

0.0110 

-0.25 

-0.56 

-1.15 

4.10 

6.83 

9. 54 

15.40 

-1.19 

-0.33 

0.01 

'"" -102 

a.20 

Noteworthy is poor agreement in 8(E2/Ml) for the 3/2 "i.-5/2 i" 
transition. In this case the matrix element of the Ml operator 
between the main components of these states, namely between 
l(rrh9; 2 ) 3 , s = 3; 3/Z-land {(irh 912 )3 , s = 3; 5/2-lconfigura
tions, ,turns into zero. The value of the matrix element 
<5/2111 '1I (Ml) 113/Z"i> in this case strongly depends on. the mag
nitudes and signs of small admixtures to the wave ·functions 
determined by the dimension of the basis space and the pecu".'. 
liarities of residual interaction. Thus the calculation beco
mes less reliable. 

Shell model calculations using only three quasiparticle 
orbitals fail to explain 8(M2/El) values for transitions from 
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the 1/2+(2479 keV) level. The reason for this disagreement is. 
that the 2479 keV and 2655 keV (1/2+, 3/2+) levels have ener
gies close to the energies of negative parity 208 Pb phonons. 
Thus they are not of three but rather of five-quasiparticle 
nature. These levels are populated ISi· in a first-forbidden 
8+-decay of the-ground state of 211Rn (1/2~) with the struc
ture {(77hg12 ) 4(vp 1i2r 1 l. The leading components of these le
vels correspond to the configurations I ( 77h 9; 2) 3v i 11; 2 ,_ 
(v P112 r 1l and I (77h 912 )

3vg 912 , (vp 112 )-11 (single-particle 
transformation in the ~-decay of the type rrh 9; 2 ➔ · v i 

11
; 2 or 

77h912 ➔ vg9; 2 ). Another five-quasiparticle configuration which 
may also strongly mix into the 2479 and 2655 keV states is of 
the ·1 ( rrh912 )4 (17 s112 )-1 I type (with single - particle transfor
mation in the /Jt.decay of 211Rn 11s 112 ➔ vp 

1 
) • From the pheno

menological point of view the discussed ·172~ and 3/2+ levels 
have a multiplet nature of the type l (17 h 912 ) 3 x 5 11. Their 
energies are lower as compared with the energy of 51 phonon 
due to the additional attraction of the particle-hole pairs 
lvg9;2, (vp112)-1I, {viq;2 , Cvp112 )-1 I and lrrh912, (rrs112 )-11 
with the cluster l (rr h 912 JS l . At the same time our calculations 
show the existence of 1/2+ and 3/2+ levels in the vicinity of 
2.5 MeV. These levels have the structu~e of the { (77h 912 ) 26, 
77i1s12 l and I (ir h9; 2 ) 28, 77i 1312 l types. They are not populated 
in a~+...decay and are not seen in the experiment. 

6. CONCLUSIONS 

This paper provides measurements of the directional corre
lation distribution coefficients of eighteen gamma transition 
cascades of 211 At. 

From the analysis of our A22 and A44 coefficients and of· 
the internal coversion data from11,3,41 the unique spin as
signments to ten levels have been made: 674 keV 7/2-, 866 keV 
7/2-, 947 keV 5/2 -, 1116 keV 3/2-, 1800 keV 3/2-, 1993 keV 
5/2-, 2063 KeV 1/2 -, 2109 keV 3/2 -, 2129 keV 5/2- and 2479 keV 
1/2+. It is,worth noting that our spin assignments are in ag
reement with the conclusions of131 , where for unique spin_ 
identification theoretical assumptions were used. Multipole 
mixing ratios for eight transitions are deduced. 

It is demonstrated that the experimental data on the ener
gy levels of 211At as well as the data on electromag-netic pro
perties of this nucleus can be successfully explained in the 
framework of the multiparticle shell model. 
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