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Introduction 
 

T h e  g o a l  o f  e x p e r i m e n t  I S 3 8 1  i s  t h e  s t u d y  o f  i s o s p i n  i m p u r i t i e s  n e a r  t h e  N  =  Z  l i n e  by 
d e t e r m in in g  t h e  is o s p in -f o r bid d e n  F e r m i-m a t r ix  e l e m e n t  in  J π → J π  β+ t r a n s it io n s .  T h is  is  
d o n e  by p o l a r iz in g  n u c l e i w it h  t h e  l o w  t e m p e r a t u r e  n u c l e a r  o r ie n t a t io n  m e t h o d  ( N I C O L E  s e t -
u p )  a n d  t h e n  m e a s u r in g  t h e  be t a  e m is s io n  a s ym m e t r y.  F r o m  t h e  m e a s u r e d  a s ym m e t r y 
p a r a m e t e r  ( A1 )  o n e  g e t s  t h e  F e r m i/ G a m o w -T e l l e r  m ix in g  r a t io .  C o m bin in g  t h is  w it h  t h e  f t -
v a l u e  o f  t h e  t r a n s it io n  a n d  w it h  t h e  a v e r a g e  f t -v a l u e  f o r  t h e  s u p e r a l l o w e d  0+ → 0+ t r a n s it io n s  
t h e n  yie l d s  t h e  F e r m i m a t r ix  e l e m e n t .  T h is  a p p r o a c h  p r o be s  t h e  a m o u n t  o f  m ix in g  o f  t h e  
is o ba r ic  a n a l o g  s t a t e  ( w it h  is o s p in  T + 1 )  o f  t h e  d a u g h t e r  s t a t e ,  in t o  t h e  p a r e n t  s t a t e  ( is o s p in  T ) .   

T h e  a im  is  t w o f o l d .  F ir s t ,  in f o r m a t io n  o bt a in e d  f r o m  t h e s e  e x p e r im e n t s  c o n t r ibu t e s  t o  
t h e  s t u d y o f  n u c l e a r  s t r u c t u r e  n e a r  t h e  N  =  Z  l in e  a s  is o s p in  m ix in g  is  e n h a n c e d  t h e r e  d u e  t o  
a n  in c r e a s e d  o v e r l a p  be t w e e n  t h e  p r o t o n  a n d  n e u t r o n  w a v e  f u n c t io n s .  S e c o n d ,  t h e  c o m p a r is o n  
o f  t h e  m e a s u r e d  v a l u e s  f o r  t h e  F e r m i m a t r ix  e l e m e n t s  w it h  t h e o r e t ic a l  c a l c u l a t io n s  a r e  a l s o  o f  
in t e r e s t  f o r  t h e  s e t  o f  s u p e r a l l o w e d  0+ → 0+  F e r m i t r a n s it io n s  a n d  t h e  C K M -u n it a r it y p r o bl e m ,  
s in c e  a n  in d e p e n d e n t  t e s t  o f  t h e  m o d e l  u s e d  t o  c a l c u l a t e  is o s p in  im p u r it ie s  w o u l d  s t r e n g t h e n  
t h e  o f t e n  q u e s t io n e d  r e l ia bil it y o f  t h e  δc-v a l u e s  c a l c u l a t e d  f o r  t h e s e  t r a n s it io n s .  

T h e  m e t h o d o l o g y f o r  t h is  t yp e  o f  m e a s u r e m e n t s  h a d  be e n  o p t im iz e d  in  a n  e x p e r im e n t  
t o  d e t e r m in e  t h e  is o s p in  im p u r it y in  t h e  6+ → 6+ β+ d e c a y o f  5 2 M n  ( t 1/ 2  =  5 . 6 d )  in  L e u v e n ,  
w h ic h  h a s  a l s o  s e t t l e d  t h e  l o n g  s t a n d in g  c o n t r o v e r s y w it h  r e s p e c t  t o  t h e  m a g n it u d e  o f  t h e  
is o s p in  a d m ix t u r e  in  t h is  c a s e .  T h is  w a s  p u bl is h e d  in  P .  S c h u u r m a n s  e t  a l . ,  N u c l .  P h ys .  A 67 2  
( 2 000)  8 9 .  
 
 
Results 
 

I n  t h e  o r ig in a l  p r o p o s a l  t h r e e  is o t o p e s  w e r e  p r o p o s e d :  5 9 C u ,  7 1As  a n d  10 4m Ag .  B e a m  
t im e  w a s  g r a n t e d  f o r  t h e  f ir s t  t w o  is o t o p e s ,  t h a t  a r e  p r o d u c e d  w it h  t h e  s a m e  t a r g e t  f o r  
d if f e r e n t  io n  s o u r c e s .   

T h e  is o t o p e  7 1As  ( t 1/ 2  =  65 . 3  h )  w a s  c o l l e c t e d  t w ic e  a n d  t h e n  m e a s u r e d  o f f -l in e .  I n  t h e  
f ir s t  m e a s u r e m e n t  p l a n a r  H P  G e  d e t e c t o r s  ( t h ic k n e s s  3 m m )  w e r e  u s e d .  T h e  s e c o n d  
m e a s u r e m e n t  w a s  c a r r ie d  o u t  w it h  S i p -i-n  d io d e s  ( t h ic k n e s s  0. 5  m m ) .  Al l  d e t e c t o r s  w e r e  
in s t a l l e d  in s id e  t h e  4  K  r a d ia t io n  s h ie l d  o f  t h e  3 H e -4 H e  d il u t io n  r e f r ig e r a t o r  in  w h ic h  t h e  7 1As  
n u c l e i w e r e  c o o l e d  t o  m il l ik e l v in  t e m p e r a t u r e s  a n d  o r ie n t e d .  I n  t h is  w a y t h e  d e t e c t o r s  a r e  
l o o k in g  d ir e c t l y a t  t h e  r a d io a c t iv e  s o u r c e ,  w h ic h  e l im in a t e s  t h e  d is t u r bin g  e f f e c t s  f r o m  
s c a t t e r in g  in  h e a t  s h ie l d s  t h a t  w o u l d  o t h e r w is e  be  p r e s e n t  be t w e e n  t h e  s o u r c e  a n d  t h e  
d e t e c t o r s .  T h e  e x p e r im e n t a l  be t a  s p e c t r u m  r e c o r d e d  w it h  a  H P  G e  d e t e c t o r  is  s h o w n  in  F ig .  1 .  
I n  F ig .  2  t h e  m e a s u r e d  be t a  a s ym m e t r y p a r a m e t e r  A1 f o r  t h e  5 / 2 - → 5 / 2 - β+ t r a n s it io n  o f  7 1As  
is  p l o t t e d  a s  a  f u n c t io n  o f  t h e  p o s it r o n  e n e r g y.  T h e  f a c t  t h a t  o n l y a  r a t h e r  s m a l l  s l o p e  is  
o bs e r v e d  in d ic a t e s  t h a t  e f f e c t s  o f  s c a t t e r in g  ( m a in l y ba c k s c a t t e r in g  o n  t h e  d e t e c t o r s )  a n d  o f  
t h e  e x t e r n a l  m a g n e t ic  f ie l d  ( n e e d e d  t o  p o l a r iz e  t h e  7 1As  n u c l e i)  o n  t h e  be t a  p a r t ic l e s  a r e  r a t h e r  
s m a l l .  F it t in g  t h e  d a t a  yie l d e d  f o r  t h e  be t a  a s ym m e t r y p a r a m e t e r  A1 =  -0. 2 9 6( 1 0) ,  
c o r r e s p o n d in g  t o  a n  is o s p in  im p u r it y a m p l it u d e  o f  |α| =  3 . 1 ( 3 )  x  1 0-3 ( p r e l im in a r y v a l u e s ) .  A 
p u bl ic a t io n  is  be in g  p r e p a r e d  n o w .  

I n  S e p t e m be r  2 002  t h e  m e a s u r e m e n t s  w it h  5 9 C u  w e r e  c a r r ie d  o u t .  F ig u r e  3  s h o w s  t h e  
o bs e r v e d  a n is o t r o p y in  t h e  p o s it r o n  d is t r ibu t io n  a s  a  f u n c t io n  o f  t e m p e r a t u r e ,  d o w n  t o  a bo u t  
6. 5  m K .  As  t h e  n u c l e a r  m a g n e t ic  m o m e n t  o f  t h e  g r o u n d  s t a t e  o f  5 9 C u  w a s  n o t  k n o w n  it  h a d  t o  
be  d e t e r m in e d  a s  w e l l .  N M R -p r e c is io n  ( i. e .  1 0-3 p r e c is io n )  w a s  r e q u ir e d  t o  a v o id  t h a t  t h e   
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Figure 1.   B e t a  s p e c t r u m  f o r  71 A s  t a k e n  w i t h  a  3  m m  t h i c k  p l a n a r  H P  G e  d e t e c t o r .  
 
 

500 6 00 7 00 8 00
Energy, [keV]

- 0. 3 4

- 0. 3 2

- 0. 3

- 0. 2 8

- 0. 2 6

A 1

816 keV
A1=-0.296+/-0.010

 
 
Figure 2 .  T h e  b e t a  a s y m m e t r y  p a r a m e t e r  A 1 f o r  t h e  5 / 2 - → 5 / 2 - β+ t r a n s i t i o n  o f  71 A s  a s  a   

     f u n c t i o n  o f  t h e  p o s i t r o n  e n e r g y  ( e n d p o i n t  =  8 1 6  k e V ) ,  t o g e t h e r  w i t h  t h e  f i t  r e s u l t .  
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precision with which the magnetic moment – and  hence the d egree of  nu cl ear orientation - is 
k nown wou l d  l imit the precision ob tained  f or the b eta asy mmetry  parameter.  A t the b eginning  
of  the ru n the moment was f irst d etermined  with 10-2 precision b y  U .  K ö ster,  b y  measu ring 
the hy perf ine spl itting d irectl y  in the l aser ion sou rce.  T his v al u e,  the l arge ex perimental  b eta 
anisotropy  ( cf .  F ig.  3 )  and  the good  statistics then al l owed  u s to f ind  the resonance rather f ast 
when appl y ing the N M R  method  on the oriented  5 9 C u  nu cl ei in the N I C O L E  ref rigerator.  T he 
resonance cu rv e as a f u nction of  the rf -f req u ency  that was ob tained  in this N M R / O N  
ex periment is shown in F ig.  4 .  I t is to b e noted  that al thou gh the measu rement of  the magnetic 
moment of  5 9 C u  was need ed  f or anisotropy  cal ib ration pu rposes here,  this resu l t al so 
compl etes the series of  moments of  od d -C u  isotopes stu d ied  b y  the O x f ord  nu cl ear 
orientation grou p ( ex periment I S 3 58 ) .  T he anal y sis of  the 5 9 C u  d ataset is stil l  ongoing.  
 
 
Request for addition al  b eam  tim e 
 

I n ord er to compl ete this proj ect we wou l d  l ik e to carry  ou t measu rements f or three 
more isotopes,  i. e.  1 0 4 m A g,  5 7 N i and  6 9 A s.  A n ov erv iew of  the properties of  the al read y  
measu red  isotopes as wel l  as these proposed  here is giv en in T ab l e 1.  C al cu l ations of  the 
F ermi matrix  el ements f or these transitions wil l  b e perf ormed  b y  B . A .  B rown ( priv ate 
commu nication) .  
 
T ab l e 1.  M ain properties of  the isotopes and  b eta transitions of  rel ev ance to this ex periment.  
 

 
I sotop e 

 

 
T1/2 

 
Jπ 

 
E  of fin al  
state ( k eV )  

 

 
E n dp oin t 

en erg y  ( k eV )  

 
T 

 
|M F| x  1 0 3 

 
|α| x  1 0 3 

 
5 2 M n 5. 6 d  6+ 3 114  57 6 1 5. 2( 12)  2. 6( 6)  
7 1 A s 65. 3  h 5/ 2- 17 5 8 16 5/ 2 8 . 2( 4 )  

prel im.  
3 . 1( 3 )  
prel im.  

5 9 C u  8 2 s 3 / 2- 0 3 7 7 8  1/ 2 u nd er 
anal y sis 

u nd er 
anal y sis 

        
5 7 N i 3 6 h 3 / 2- 13 7 8  8 64  1/ 2 proposed  proposed  
6 9 A s 15. 4  m 5/ 2- 0 29 8 8  3 / 2 proposed  proposed  

1 0 4 m A g 3 3  m 2+ 556 27 01 5 proposed  proposed  
        

 
T he f irst isotope proposed  here,  i. e.  1 0 4 m A g,  was al read y  part of  the original  proposal .  

A  measu rement on 1 0 4 m A g is important as this isotope has T  =  5,  which is mu ch l arger than 
that of  al l  other isotopes,  thu s ex tend ing the sy stematics to l arge isospin v al u es.  1 0 4 m A g can b e 
prod u ced  ind irectl y  as d au ghter of  1 0 4 C d  with a l iq u id  S n target.  B ecau se the 1 0 4 g A g and  1 0 4 C d  
isob ars hav e a b eta end point energy  that is smal l er than that of  1 0 4 m A g,  these isotopes wil l  not 
d istu rb  the measu rement.  1 0 4 S n and  1 0 4 I n,  howev er,  hav e a l arger end point energy  and  these 
shou l d  theref ore b e av oid ed .  T in is ob v iou sl y  not rel eased  f rom a l iq u id  tin target,  whil e I n 
can b e su ppressed  b y  control l ing the l ine temperatu re.  
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Figure 3.   Beta anisotropy as a function of inverse temperature (down to about 6.5 mK) for  
      59 C u (prel iminary /  on-l ine data). 

 
 

202 204 206 208 21 0 21 2 21 4
ν [MHz]

1 . 04

1 . 08

1 . 1 2

1 . 1 6

1 . 2

1 . 24

β L/
β R

 [a
.u.

]

NMR/ON "59CuFe online" @ NICOLE/ISOLDE

 
 
Figure 4 .   N M R / O N  resonance resul t for 59 C u. 
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Since the magnetic moment of 104m A g is  not k now n w ith s u fficient p r ecis ion y et ( v al u es  of 
3 . 7 ( 2)  µN and  4 . 1 2( 25 )  µN ar e av ail ab l e in the l iter atu r e – O .  A mes ,  P hy s .  R ev .  1 23  ( 1 9 6 1 )  
1 7 9 3 )  w e w il l  hav e to meas u r e this  w ith N M R /O N ,  as  w e d id  for  59 C u .  

A n ex p er iment w ith 57 N i is  of s p ecial  inter es t as  a p r ev iou s  meas u r ement of the 
is os p in imp u r ity  in the 3 /2- → 3 /2- b eta tr ans ition of this  is otop e – u s ing the βγ cir cu l ar -
p ol ar iz ation angu l ar  cor r el ation techniq u e - ( J .  A tk ins on et al . ,  N u cl .  P hy s .  A  1 1 4  ( 1 9 6 8 )  1 4 3 )  
has  y iel d ed  a s u r p r is ingl y  l ar ge is os p in imp u r ity  amp l itu d e of  |α| =  8 . 4 ( 1 7 )  x  1 0 -3 .  A  new  
ex p er iment w ith a p u r e s amp l e,  as  can b e ob tained  at I SO L D E ,  w ou l d  al l ow  to s ettl e this  
q u es tion.  F or  57 N i a y iel d  of 6  x  1 0 4/µC  w as  meas u r ed  w ith a Z r O 2 tar get w ith hot p l as ma 
s ou r ce.  Since a s tand ar d  N b  foil  tar get is  ab ou t 6  to 8  times  thick er  than the Z r O 2 tar get a 
y iel d  of the or d er  of 4  x  1 0 5/µC  can b e ex p ected .  A nother  one to tw o or d er s  of magnitu d e in 
intens ity  cou l d  p r ob ab l y  b e gained  w ith the l as er  ion s ou r ce d u e to its  higher  efficiency  for  N i 
ioniz ation.  H ow ev er ,  al r ead y  w ith a y iel d  of ab ou t 5  x  1 0 5/µC  a s u fficientl y  s tr ong 57 N i 
s amp l e can b e col l ected  in tw o s hifts  and  then b e meas u r ed  off-l ine ( t1/ 2 =  3 6  h) .  
 F inal l y ,  w e s u gges t to meas u r e al s o the is os p in imp u r ity  in the 3 /2- → 3 /2- b eta tr ans ition 
of the is otop e 6 9 A s  w ith is os p in T  =  3 /2.  T his  meas u r ement w ou l d  p r ov id e imp or tant 
ad d itional  infor mation ab ou t the ad mix tu r e amp l itu d e in cas e of s mal l  is os p in v al u es ,  for  
w hich the ad mix tu r es  ar e ex p ected  to b e l ar ges t.  Since the magnetic moment of 6 9 A s  is  not 
k now n w ith s u fficient p r ecis ion y et w e w il l  hav e to meas u r e this  w ith N M R /O N  al s o in this  
cas e.   A l s o,  w her eas  for  57 N i and  104m A g the imp l antation q u al ity  ( i. e.  the s o-cal l ed  fr action of 
nu cl ei at s u b s titu tional  l attice s ites )  can b e ob tained  fr om the gamma-d ecay  of thes e is otop es  
thems el v es ,  this  is  not p os s ib l e for  6 9 A s .  T his  fr action can b e d eter mined ,  how ev er ,  fr om a 
meas u r ement of the gamma-r ay  anis otr op ies  in the d ecay  of 70 A s ,  d u r ing the s ame r u n and  
imp l anted  into the s ame F e foil  in w hich 6 9 A s  is  imp l anted .   6 9 A s  can b e p r od u ced  b oth fr om 
a N b  foil  or  a Z r O 2 tar get w ith a hot p l as ma ion s ou r ce.  A  d ifficu l ty  her e is  that al l  is ob ar s  ar e 
al s o in the b eam.  T he is ob ar s  6 9 G e and  6 9 Z n d o not p os e any  p r ob l em as  their  b eta end p oint 
ener gy  is  w el l  b el ow  that of 6 9 A s .  H ow ev er ,  6 9 Se has  a l ar ger  b eta end p oint ener gy  and  w il l  
thu s  contaminate the b eta s p ectr u m of 6 9 A s .  F or tu natel y  the y iel d  for  6 9 Se ( i. e.  2 x  1 0 3/µ C ,  
meas u r ed  w ith a Z r O 2 tar get at the SC )  is  ab ou t 4  or d er s  of magnitu d e s mal l er  than that of 
6 9 A s  ( 2 x  1 0 7/µC ) .  E v en if this  r atio w ou l d  b e w or s e b y  one or d er  of magnitu d e at the P SB  
w ith 1 . 4  G eV  p r otons ,  this  w il l  not affect ou r  ex p er iment at the ty p ical l y  1 %  p r ecis ion that is  
r eached  for  the b eta as y mmetr y  p ar ameter  w ith ou r  method .   
  
 
Data handling requirements 
 
W e w il l  p r ov id e ou r  ow n d ata hand l ing eq u ip ment.  
 
 
B eam time request 
 

• F or  57 N i w e as k  2 s hifts  for  the col l ection.  
 

• F or  6 9 A s  6  s hifts  ar e need ed  to meas u r e the b eta as y mmetr y  w ith good  p r ecis ion,  3  
s hifts  to d eter mine the magnetic moment of this  is otop e w ith N M R /O N ,  and  al s o 3  
s hifts  to meas u r e the gamma-r ay  anis otr op ies  of 70 A s ,  in or d er  to d eter mine the 
imp l antation q u al ity  for  A s  in the F e foil  u s ed .  
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• For 104m A g  w e  a s k  1 s h i f t  w i t h  t h e  l a s e r i on  s ou rc e  a n d  a  L a x C / g ra p h i t e  or a  U  C a rb i d e  
t a rg e t  a n d  9 s h i f t s  w i t h  a  l i q u i d  S n  t a rg e t  a n d  a  h ot  t ra n s f e r l i n e .  T h e  f i rs t  i s  t o 
d e t e rm i n e  t h e  m a g n e t i c  m om e n t  b y  i n -s ou rc e  l a s e r s p e c t ros c op y .  I f  t h e  m om e n t  i s  f i rs t  
d e t e rm i n e d  w i t h  t h i s  m e t h od  t h i s  w i l l  s i g n i f i c a n t l y  re d u c e  t h e  ot h e rw i s e  l a rg e  s e a rc h  
re g i on  f or t h i s  i s ot op e  w i t h  N M R / O N .  I n d e e d ,  t h e  f re q u e n c y  re g i on  w e  w ou l d  h a v e  t o 
s e a rc h  w i t h  N M R / O N  i s  f rom  a b ou t  6 0 0  M H z  t o 7 5 0  M H z  i f  on l y  t h e  on e  s t a n d a rd  
d e v i a t i on  e rrors  f or t h e  a b ov e  m e n t i on e d  m a g n e t i c  m om e n t s  of  3. 7 ( 2)  µN a n d  4 . 12( 25 )  
µN a re  c on s i d e re d .  T h i s  w ou l d  re q u i re  a b ou t  t h re e  t o f i v e  t i m e s  m ore  b e a m  t i m e ,  
c om p a re d  t o t h e  1 s h i f t  n e e d e d  f or t h e  l a s e r s c a n .  O n c e  t h e  f re q u e n c y  re g i on  w i l l  b e  
s i g n i f i c a n t l y  re d u c e d  b y  t h e  re s u l t  f rom  t h e  l a s e r s c a n ,  t h e  m om e n t  c a n  b e  d e t e rm i n e d  
w i t h  a b ou t  a n  ord e r of  m a g n i t u d e  b e t t e r p re c i s i on  w i t h  t h e  N M R / O N  m e t h od .  T h e  
h i g h e r p re c i s i on  i s  n e e d e d  t o a v oi d  t h a t  t h e  a c c u ra c y  w i t h  w h i c h  t h e  m a g n e t i c  m om e n t  
i s  k n ow n  w ou l d  l i m i t  t h e  f i n a l  p re c i s i on  f or t h e  b e t a  a s y m m e t ry  p a ra m e t e r 
T h e  9 s h i f t s  w i t h  t h e  l i q u i d  t i n  t a rg e t  w i l l  b e  u s e d  f or t h e  e x p e ri m e n t s  a t  N I C O L E  w i t h  
104m A g ,  i . e .  3 s h i f t s  t o d e t e rm i n e  t h e  m a g n e t i c  m om e n t  w i t h  N M R / O N  a n d  6  s h i f t s  t o 
m e a s u re  t h e  b e t a  a s y m m e t ry .   
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S h i f t s  

57 N i  5  x  10 5 N b  f oi l  h ot  p l a s m a  s ou rc e  2 
69 A s  5  x  10 6 N b  f oi l  or Z r O x i d e  h ot  p l a s m a  s ou rc e  9 
7 0 A s  5  x  10 6 N b  f oi l  or Z r O x i d e  h ot  p l a s m a  s ou rc e  3 

104m A g  5  x  10 6 L a x C / g ra p h i t e  or 
U  C a rb i d e  

l a s e r i on  s ou rc e  1 

104m A g  5  x  10 6 l i q u i d  t i n  h ot  t ra n s f e r l i n e  9 
     

 
 
 
  
 


