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I . ! \ 'TRODl . r CTION 

The- i m p l a n t a t i o n p e r t u r b e d a n g u l a r (. . irr^lalicip. U-chni ' iu r IM1V-.' 

is w i d ' l ] v u s e d for g - f a c l o r m e a s u r e m e n t s ' ' " In t h i s m e t h o d ••••:•. i'-< 

s t a t e s a r e p o p u l a t e d b y m o a n s of h e a v y - ion r , - , u k ' .mb e x c i t a t i o n , .inr! •• • -

i m p l a n t e d i n to a i c r r o m a p r . c t i c n ; a t i ' n a ! ;>.•• in : I ' m c l u m ol (he r- .. ̂  ::••: 

m o m e n t of t h e i m p l a n t e d n u c l e i with a larp>- maRr . r l i c fit-Id i * m> ,i-=.i :• •-: 

a p e r t u r b a t i o n of t h e a n g u l a r c o r r u l i ' . i n r . b e t w e e n a - . - r a y em: : t ! ' d :r.•••.:: 

e x c i t e d s t a l e and a b a c k s c a l l et t ù p a n i c l e 

Many ex-cited s t a t e s with l i f e t i m e s in t h " n;imv^'i ,.nd r a n t v >••'• ' 

p r o d u c e d in n u c l e a r r e a c t i o n s ; and i m p l a n t e d into f e r r o m a c r i e t i t îm l • 

H e n c e in p r i n c i p l e t h e p e r t u r b e d a n g u l a r d i s t r i b u t i o n m e t h o d I M F A D "f 

d e e x c i l i n E •, - r n v s c^n b e a p p l i e d lo the o b s e r v a t i o n of h y p c r f i n e in t . : - . 

l i o n s and t h e d e t e r m i n a t i c i of n u c l e a r n-apm- ' - i : r r . onen t . i 

T h e r e h a v e b e e n v e r y few m e a s u r e m e n t s of t h i s t y p e 

p e r f o r m e d so far , a l l u s i n g l ight p a r t i c l e r e a c t i o n s . F o r h f e ' i m e -

l o n g e r than a few n a n o s e c o n d s , the m o r e p r e c i s e d i f f e r e n t i a l melhcni 

would u s u a l l y b e p r e f e r r e d . T h e F o u r i e r a n a l y s i s of the p r e c e s ' i i u n 

f r e q u e n c y o b t a i n e d in t h i s way can g ive a c o m p l e t e p i c t u r e _>l the 

d i s t r i b u t i o n of m a g n e t i c f i e l d s a c t i n g on i m p l a r t e d nuc l e i . ( Jn io r tun . i -

t.-lv the d i f f e r e n t i a l m e t h o d canno t be a p p l i - d for . ' \r;U.-d -t.-,n-« h.r . ir L-, . 

of the d e e x c i t i n g • j - r a v s . 

In the e x p e r i m e n t s r e p o r t e d h e r e t h e i n t c c r a l lN'.PAU m.-lh. 

u j e d for t h e d e t e r m i n a t i o n of h f - i n t e r ac t ion of i-ome l ight nue l e i ,t r 

A - 40 , r e c o i l - i m p l a n t e d in to i r o n by h e a v y - i o n i nduced reatMur.- . 



For the proper interpretation of experimental resul ts , the fate o: 
implanted atoms should b« known at least approximately. 

It should be stressed that most of the methods of hf-interactian mea
surements, such as ME. NO. NO/NMR. PAC. deal with the lattices which 
htive sufficient time to anneal after the implantation process . This means 
that atoms implanted in different lattice sites have the opportunity to migrate 
and to change their initial positions and surroundings. This is not the case 
for the i'MPAD method, where the observation time after implantation is 
defined by the short lifetime of the nuclear excited states of implanted nuclei. 
This can drastically change the internal magnetic effects on implanted nuclei, 

::. EXPERIMENTAL PROCEDURE 

The experiments were carried out with the heavy-ton beam of the 
Emperor tandem accelerator of the Centre de Recherches \ icléaires in 

14 16 
Strasbourg. The beams of N and O ions, of 30-35 MeV energy and 
20 nA intensity, were used to bombard Al and ?.i targets . The targets 
evaporated on 20 mg/cm iron backings were about 200 ,ug/ em thick. 

Investigated nuclear states and t!ie reactions used for their produc
tion are listed in Table I. The target backings were magnetized in a 1.3 KG 
external field. The angular distributions of the y- rays were measured for 
up and down magnetizing field directions, the y-rays being detected with a 
70 cm { or 56 cm ) Ge (Li) détecter with an energy resolution of 3 keV 
for 1 33 MeV y-rays . The detector was placed at the angles -40°, -30 , 
0 , 30 . 45 , 60°. <?0 . and S 20 in the reaction plane. The resulting spec
tra sverii normalized with the readings of a fixed detector. The y-ray inten
sities were calculated using a Gauss fit program. The experimental rota
tions of some of :he angular distribution patterns a re shown in Fife 1. 



HT. ANALYSIS O! THF. RESULTS 

The experiments; angular distributions were analys 

integral formula 

W + y b ! , COS K (fi - û Û, J 
*7- x K 

where AG = ~ arclan k W Ï ar.- angular shifts of the distribution pan 

As b coefficients were always negligible for all investigated cases in 

comparison with b , these terms were neglected in the further analysi 

The parameters obtained by least square fitting, together with 

other relevant data, are listed in Table II. In this table, the (n. f J 
ob* 

deduced from the experimental angular shifts of the \ -ray distribution.-. 

a r e compared with the «xpected values of uj f calculated from the km>'-'-ri 

g-i'actors, lifetimes, and effective field strengths. The values ji (he in

ternal fields in iron were taken from Réf. u, with the exception of the argon 

case, for which the field value was deduced from the value obtained in nickt-S 

using the ra:io of iron anr. r.ickei local magnetic rr.omtT.ts. A'.', obir-r-- i 

values ( nJ f ) are much smaller char, the expected ones. Especiallv 
obs 40 . 4 i striking is the case of K and " K, for which the iui fj , are nearly equal. a oh s ' 

while the ratio of the calculated values is 1 8 . This di£ lgr eement can be 

sxplained if it is assumed that there a r e at least two different magnetic 

fields acting on implanted nuclei. Under this assumption (H + H model; 

s [i+ (2*o r ) 2 ] «m + n-f) [i 
( t o t ) 

° b S f [l + (2<U 2 r ) 2 ) +(l-f) [ l M 2 w , T M 2 ] 

wl -e £ t J , , ^ are :he precession frequencies in the magnetic fields H and 

H , -ind f is the fr.ction of implanted atoms located in positions where atorr.s 

experience the magnetic field H . 

It is found that the experimental Vilue f^^J. cannot be reproduced 

for any f unless the intensity o'" ore of the magnetic fields is nearly zero. For 

the sake of simplifying further treatment, we assume that a "K + 0" model is 

adequate. This means that a fraction i of the nuclei feel the full internal ma-



The •:--ictioti t to: :he invesuujit ed casus were calculated in both ways. 
u.-ir.E: ih...* i-siiri's.iions < ",,i ana I h. Th._- results are shown in Fig. 3. It can b-: 
seen that thi- ub.irr-.'i'ri angular shift h give a rr.oriî precise value of f, b'it in 
St-ni râl. the vdUies iltdiic.-d in the two ways agree reasonably well. The ex
ception i~ Ar, for which the disagreement is well outside the er ror limits. 
Agreement can b'-1 achieved by assuming that the internal magnetic field 
acting in iron on argon nuclei is lower than the 1020 kG used for the evalua
tion of the results. It should be about 300 kG. The fraction f found for Ca 
in our fsnerimtnt is slightly larger than that obtained in a channeling ex
periment ( cited in Ref. 5 ). In experiments ' using light particle reactions 
it was also suggested that a large fraction of the implanted nuclei do not 
e\.periepct; the hyperfine field. Marmor et al pointed out that Strong rela
xation processes possibly due to radiacicm damage could also be respon
sible for the observed attenuation of the correlation coefficients. 

For the two potassium isotopes K and K diiferent f values were 
obtained. This wa= unexpected, as the recoil-implantation conditions were 
similar. It should be noted, however, that the higher value of f corresponds 
to the longer-lived nuclear alate. It may b-- that the location of implanted ions 

41 changes in less, th;it 11) ns, which is the lifetime of the K excited state. 
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Observ i ' r t and c a l c u l a t e d p a r j m i ' t t r s ik-s t n b i n g I h r inv <-^ri p;«t i-d hi 

(x i n " ') (x 111" ') 

- 0 . 377(10) 1020 12000 4 9b (H 7) 4 5 ( 4 ) 

2814 1 . 5 ( 3 ) -150(1'") 7 8 ( 1 8 ) 2t, I ml 2 2 . 5 ( 1 0 ) .'.2.7 1,,) 34 i " 

2543 0 . 5 7 ( 1 0 ) -150(1")) 610( l i ' i 0 ) 4 4 ( 1 4 ) 21), 1 (>,) l ' i . v ( l u ) 17 i ' 
5 . 7 * 

1291 1 . 2 9 ( 3 ) -150(19) % 10(114(1) 4 7 ( 1 4 ) 9 . 7 |5 j i l . i. IB) bt> ! ' 
7 / 2 -

b 
3330 0 . 2 8 ( 4 ) -100(9) bOO(l l lo ) 2 5 3 ( 4 8 ) 1 4 . 3 ( 1 4 ) 2 1 . 1 ( 8 ) . 5 i 
(15A+) 

f r o m R e l 6 1 

f r o m Re f 7 J 
I M P A D m e a s u r e m e n t in e x t e r n a l m a g n e t i c field 

b 

c m e a n v a l u e s d e d u c e d f r o m R e l 8 
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in to i r o n : K, 7 / 2 " , 2814 keV M a t t , K, ( ^ . T ^ . .;=.-;: i-.V 

•UMo and K. 7 ' 2 " , 1294 keV s l a t e . The- c u r v e d l i re c o r ...ul •-r 

f i ts to the e x p e r i m e n t a l p o i n t s . 

F i e . Z D e p e n j i - n c e of o b s e r v e d v a l u e ( U; 'C J vs a.- ~ . fur ci:::•-•!• <•;•.: 
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v a l u e s of the f r a c t i o n : . a s c a l c u l a t e d f r o m Eq. i Ï i. 

F i g . 3 E x p e r i m e n t a l v a l u e s of f r a c t i o n f d e d u c e d f r o m o b s e r v e d v a l u e s 

( u j t ) {black po in t s ) and f r o m o b s e r v e d b ' , c o e f f i c i e n t s of 
obs ~ 

t h e a n g u l a r d i s t r i b u t i o n s ( t r i a n g l e s ) , 
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