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LEMS QUADRUPOLE INTERACTION MEASUREMENTS ON HIGH SP IN I SOMERS 
IN At ANO Bi NUCLE I 

G. Scheveneel s ,  R. Coussement, . P . Put and F .  Hardeman
I nsti tuut voor . Kern- en Stral i ngsfysika 

Kathol i eke Uni vers i teit Leuven , B-3030 Leuven , Bel gi um 

Our group has devel oped a very simpl e and easy method ' LEMS ' ( Level
Mi xi ng Spectroscopy ) to determi ne quadrupol e interacti ons of 1 soiiier1 c
nuc l ea r  states . It i s  an extens ion of LMR ( Level Mi xi ng Resonance ) 1 - 3 to
l arge mi sal i gnment angl es and even to polycrystal Ti ne sampl es .  1n LEMS an
i someri c state i s  produced and ori ented by nucl ear reacti on . In the i someri c
state the nucl eus h submi tted to an el ectri c quadrupol e i nteracti on by
recoi l impl antat i on into a hexagonal si ngl e crystal . An external magneti c
fi el d i s  appl i ed in  the beam di recti on and provi des an i nteracti on "ti
( fi g .  1 ) .  As a functi on of the magneti c fi el d strenght tree si tuati ons
occ u r .  I f  wH << l4Q the i ni t ia l  ori entati on is perturbed by the quadru­
pol e interacti on to a l evel dependi ng on the angl e � between c-axi s and beam
di rec ti on .  For WH >> � the nucl ear spi n  is compl etely decoupl ed from 
the quadrupol e i nteracti on and revol ves around the magneti c fi el d such that
the ini ti al al i gnment i s  preserved .  In the i ntermediate case wH .. wo tne
ori entati on is parti al ly preserved and can be cal cu l ated numeri cal ly .  Fi g .  2
and 3 show LEMS curves as a functi on of the essenti al parameter wH/Jlt.� ,
that can be determi ned from an experiment .  Si nee the magneti c moment 1 s
u sual ly very accurately known , the quadrupole i nteracti on can be deri ved .  

The features of  LEMS as  compared to exi sti ng methods , are sumnari zed i n
tab l e I . The l i fetime l i mi ts depend on the system investi gated and typi cal
numbers are gi ven . 
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Fi g . l .  Experimental set-up 

i
t

1 � 
"i 

'] 
�

I .  
I ,.', I I I z.'s s:. ,., I .I , ., z.t 

wtit.nWo 
F i g . 3 . Polycrystal LEMS curve 
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F i g . 2 .  LEMS curves for di fferent � 
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Tabl e 1 .  Features of LEMS , LMR and TOPAD 
Method t Lower l i feti me l Upper l i fetime !Accuracy l Hi gh spi n Radi ati on 

LEMS 
LMR 
TOPAO 

lOns
lOOns 
lOns 

50ms
50ms 
20µS 

b-lO'ti 
U,< 

u 

aama'e 
no probl ems 

l
i n  i ve 

very di ffi cul t very sens i ti ve
.. <1i ff1 cu l t  sensi ti ve 

Another advantage of LEMS, not c l ear from tabl e 1 ,  i s  i ts speed. 
Fi g .  4 shows an experi mental curve for the 19+ state i n  2 1 0At tnat has been
measured duri ng a typi cal run of 10 hours beam time.  Our resul ts for several
Bi  and At i somers are l i sted in tabl e 1 1 . For compl eteness ,  quadrupol e  i nte­
racti ons mea,sured by TDPAD taken from ref .  4 , are al so i ncl uded . 

Probe Spi n 

2 1 1At 29/2+
39/2-

2 1 0At u+ 
15-
19+ 

209At 2112-
29/2+ 

2o eAt 16-
201 1u 2112+ 
20 6�1 10-

201fBi 10-
20 2 1u 10-

Tabl e 1 1 .  Experimenta l resul ts 
Hal f- l i fe Exci tati on energy Host eQVzz ( LEMS )

( keV ) (MHz ) 

70ns 2641  Bi  150 ( 20 ) 5  
4 . 2µs 4816 Bi 305 ( 25 )6 

30ns 1363 Bi -
O .Sµs 2550 B i  220 ( 15 ) 7 

4 . 0µs 4028 Bi 350 ( 20 ) 8

25ns 1428 B i  -
875ns 2429 Bi  240 ( 20 ) 9 

l . Sµs 2276 Bi 270 ( 25 )** 
l82µs 2 102 T1 0 . 405 ( 20 ) 1 

880µs 1045 T1 0 . 445 ( 301 1 
1 .  30 ( 15 )  

13ms 808 T1 1 . 68 ( 15 )* l 
3µs 598+x T1 1 . 10 ( 10 ) 1 2  

0 
l 

eQVzz (TUPAO )
(MHz } 

163 ( 7 ) 

104 ( 6 )
196 ( 2 )

1 26 ( 5 )
242 ( 2 )

The magneti c moments needed to extract the quadrupol e i nteracti on from
the LEMS resul ts are taken from the references quoted next to the val ue . For
the 16- i somer i n  2 08At the magneti c rooment i s  presently unknown and the
resul t i ndi cated wi th ** is deri ved wi th a probabl e  g-factor of l. LEMS
measurements were performed at 450K except those l abel ed * , tnese where <10ne
at 4K because of thermal rel axati on probl em due to thi s l ong hal f-l i ve .  A
l arge vari ati on of the EFG i n  Tl between 4K and 480K i s  observed for the 10-
state of 20 6Bi , thh agrees wi th data for Tl Tl 1 3 •  Tne vari ati on of quadru­
pol e  moments behaves as predi cted by Andersoil"et al . 14 but detai l ed cal cu­
l ati ons sti l l  have to be performed. The abi l i ty of LEMS to measure where
other methods fai l 1 s  cl early demonstrated . 
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