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As  t h e  p r o p e r t i e s  of t h e  nuc l ea r  weak  i n t e r a c t i o n  are  well  u n d e r s t o o d  (**), t h e  s t u d y  
of t h e  n o n u n i q u e  f i rs t  f o r b i d d e n  b e t a  t r a n s i t i o n s  is m o s t l y  o r i en t ed  a t  t h e  p r e s e n t  
t i m e  to  t h e  i n v e s t i g a t i o n  of t h e  nuc l ea r  s t r u c t u r e .  W i t h i n  t h i s  l ine  of t h o u g h t ,  t h e  
~-- 7-}" -+-~ b e t a  t r a n s i t i o n  f rom t h e  decay  of 14~Ce is i n v e s t i g a t e d  in  t h i s  pape r .  

The  ava i l ab le  e x p e r i m e n t a l  i n f o r m a t i o n  on  th i s  t r a n s i t i o n  is scarce,  c o n s e q u e n t l y  
no  a t t e m p t  ha s  been  m a d e  so fa r  to  e x t r a c t  t h e  nuc l ea r  m a t r i x  e lements .  I n  o rde r  to  
h a n d l e  more  a n d  a c c u r a t e  e x p e r i m e n t a l  da t a ,  f u r t h e r  m e a s u r e m e n t s  of t h e  s p e c t r u m  
s h a p e  f ac to r  a n d  b e t a - g a m m a  angu l a r - co r r e l a t i on  a n i s o t r o p y  coefficient are  p e r f o r m e d  
in  t h i s  work .  T a k i n g  i n to  a c c o u n t  t h e  va lues  of these  obse rvab les ,  t o g e t h e r  w i t h  t h e  
ones  r e p o r t e d  b y  D E u ~ s c ~  et al. (s) on t h e  b e t a - g a m m a  c i rcu la r  po la r i za t ion ,  a n d  b y  
Hol ' rES (6) on  t h e  d i s t r i b u t i o n  of e lec t rons  f rom o r i e n t e d  n u c l e i - - b e i n g  c h a r a c t e r i z e d  b y  
t h e  coefficients co a n d  N~, r e s p e c t i v e l y - - a  sea rch  for  t h e  nuc l ea r  m a t r i x  e l emen t s  was  
u n d e r t a k e n .  

(') Work done under the auspices of the Consejo Nacional de Investigaciones Cientilicas y T6enicas, 
Argentina. 
(*~ Terms induced in the weak Hamfltonian by the strong interaction (pseudoscalar and pseudotensor) 
appear as higher-order corrections. They are only relevant in allowed (1.~), 0-_~0+ (cf. ref. (s)), and 
unique first forbidden (~) beta transitions. 
(~) B. ]~MAN and D. TADI(~: Nucl. Phys., 38, 453 (1962). 
(2) D. It. WILKINSON: Phys. Lett., 31 B, 447 (1970); D. E. 2~LBURGER aIld D. H. WILKINSON: Phys. 
Left., 32 B, 190 (1970); D. H. WILKINSON and D. E. ALBURGER: Phys. Rev. LelL, 24, 1134 (1970). 
(~) F. E : R ~ O ~  and D. TxDI~: Phys. Left., 21, 680 (1966); F. KI~WO~ and D. TADI~: Phys. Rev., 
178, 1084 (1969). 
(4) B.  ~r F .  KRIV~POTI~, I). TADI~ a n d  A.  NIELSEN: Nucl. Phys., 104 4,  386 (1967);  S . M .  ABECASIS 
a n d  F.  KRYIPOTI~: Nucl. Phys., 1 5 1 A ,  641 (1970). 
(~) 5.  P .  ]:)EUTSCH, L.  GRENACS a n d  F.  LIPNIK: Journ. Phys. Rad., 22, 662 (1961). 
(e) D. D. HOPPES: Proceedings o] the V I I  International Conference on Low-Temperature Physics (Am- 
s t e r d a m ,  1961), p .  186. 
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The theoretical formalism used for the expressions of the different observables is 
described in terms of the lepton wave functions, as is mentioned in the t reatment  of 
both 0---> 0 + and unique first forbidden transitions (3.4). A complete description of 
the formulation for nonunique first forbidden beta transitions as well as the details 
of the experimental procedures will be given in a forthcoming paper (7). 

The observables such as the beta spectrum shape factor C$, anisotropy e, etc., are 
given in terms of the nuclear matrix elements defined as follows (cf. ref. (s.9)): 

(1) 

~ w  = g ~ f i t ~  �9 r ,  

~v  = - -  g~ f ~5 , 

v~  = - g~ f i r  , 

vu = - g a f a •  , 

~ Y  = - -  gr f r , 

where gv and ga are the effective vector and axial vector eoupling constants, respectively. 
The extraction of the nuclear matrix elements is based on the minimization of 

the X2-function--as expressed in ref. (s) (Chap. 10 )~by  using the MINUIT routine (*). 
The parameters taken as free are w, x, u, A and A0, where 

(2) 
fJ ~ A  = a i r = y / x ,  

(B being the nuclear radius and ~ the fine-structure constant). 
The matrix element ~ is determined by the It-value (log It== 7.0). 
As is well known, when the ~-approximation is valid (s-10), the linear combinations 

(3) V = v § ~w and /z = y _ ~(u ~- x) 

satisfy the condition Irl ~ [rl-~ ~. 
As the single-particle shell-model estimates for the nuclear matrix elements w, x 

and u are 

( 4 )  w : - -  1 . 2 5 ,  x = - -  O.  1 3 2 ,  u = - -  1 . 2 6 ,  

the values of these parameters are varied into the interval  (--10, 10). The intervals 

(7) F. KRMPOTI~, H.  E.  BOSCH, M. BEHAR, M. C. C~[BI~GGIO, G. Gid~CIA BERMUDEZ and  L. ~ZYBISZ: 
tO be  publ ished.  
(a) H . F .  SCHOPPER: Wea]r flb$e~'ac~io~ and Nuclear Beta Decay (Amsterdam,  1966). 
(*) M. 1KORITA a n d  R.  S. MOBrrA: Phys. Rev., 1t)9, 2048 (1959). 
(*) K i n d l y  p rov ided  to  u s  b y  Drs.  F. JA~ES and  M. l~oos,  f rom C E R N .  
(~J) H.  ~ ,  W E I D E ~ R :  RVV, Mod. Phys., 33, 574 (1961). 
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chosen for t he  va r i a t ion  of A and  A o are f rom 1 to  3, and  f rom 0 to  3, respec t ive ly ,  based  
upon  previous  theore t ica l  e s t ima tes  of the i r  values  (40-~). 

S ta r t ing  f rom 50 di f ferent  ini t ia l  sets  of values  for  t h e  five m e n t i o n e d  p a r a m e t e r s ,  
t he  cor responding  min in l iza t ion  p rocedures  gave  rise to  m a n y  final se ts  wh ich  fulfil 
t he  condi t ion  Z2< n =  4 (where n is t he  n u m b e r  of observables) .  Due  to  th is  fact ,  
i t  is p re fe r red  to give in te rva l s  of var ia t ion ,  as i nd i ca t ed  in Table  I, r a t h e r  t h a n  to  

7--  7 +  TABLE I. -- Nuclear matrix elements and ratios /or the ~ ~-~ transition in the decay 
o/ 141Ce. 

I~uclear m a t r i x  e lements  B o u n d e d  in te rva l s  B o u n d e d  in te rva l s  
and  ra t ios  w i t h  A----2.4 

w - - 2 . 2 0 .  0.10 - - 1 . 5 0 . - - 0 . 3 0  

x 0 . 4 2 .  1.10 0 . 6 0 .  1.00 

u 0 . 9 3 .  2.50 1 . 0 0 .  1.70 

f a  .r /R - - 0 . 8 0 . - - 0 . 1 4  ~ ~ ~ 2 0 ~ ~ 0.10 

f i r / R  0 . 2 0 .  0.46 0 . 3 1 .  0.41 

f a x r / R  0 . 5 0 .  0.77 0 . 5 3 .  0.70 

f i B i / R  0.31 0.58 0 . 4 0 .  O.54 

A 2 . 1 0 .  2.90 2.4 

Ao 0 . 9 0 .  2.30 1.00--  1.50 

V : v + ~ w  - - 2 . 4  - -  3.1 - - 0 . 9  - -  4.5 

Y ~ y - - ~ ( u + x )  (~') - - 5 . 8  - - - - 1 . 7  - - 4 . 2  . - - 2 . 1  

(a) The value of the parameter ~ was fixed to ~ = 13.2. In addition the matrix element fiBo is 
defined with an arbitrary phase, and only the relative signs between matrix elements are significant. 
The limits of variation for A and Ao were fixed between 1 and 3 and O and 3, respectively. 

quote  errors  for t he  values  of t he  pa rame te r s .  In  Table  I re ference  is also m a d e  to t he  
co r respond ing  nuclear  m a t r i x  e lements  given in fo rmula  (1) wi th  g v =  1.0 and  

ga = - -  1.19, for which  the  in terva ls  of va r ia t ion  arc smaller  t h a n  in  t he  f o r m e r  cases. 
In  th is  Table  are inc luded  finally t he  l inear combina t ions  V and  Y, defined in eq. (3). 

(11) D. L. PURSEY: Phil. Mag., 42, 1193 (1951). 
(1~) T. &m~ENS and E. FEENBERG: Phys. Rev., 86, 64 (1952). 
(is) j .  EICHLER: Zeits. Phys., 171, 463 (1962). 
(14) $. I. I~UJITA: Progr. Theor. Phys., 28, 338 (1962). 
(ts) j .  I)AMGAARD and A. WINTHER: Phys. Lett., 23, 345 (1966). 
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Theore t ica l  bands  of the  shape factor  C~ and b e t a - g a m m a  angular -cor re la t ion  coef- 
ficient ~, ca lcula ted f rom the  m a t r i x  e lements  given in Table  I, are  shown in Fig.  1 and 2, 
respect ively .  The  corresponding results  for the  coefficients w and ~71 are quo ted  in 
Table  I I .  

cs 
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Fig.  1. Fig. 2. 

Fig. 1. - Theore t ica l  der iva t ion  (shaded baud)  of the  observable  C~ as a funct ion  of energy,  fitted 
wi th  the  expe r imen ta l  results  ob ta ined  in the  present  work.  

Fig.  2. - Theore t ica l  der iva t ion  (shaded band)  of the  angu la r  correla t ion coefficient 8 as  a funct ion  
of energy,  f i t ted  wi th  the  exper imen ta l  va lues  ob ta ined  in t h e  present  work.  

TABLE I I .  - V a l u e s  /or  the coe]/ ieients  oJ a n d  2V 1 . 

Coefficients Expe r imen t a l  va lue  Ref.  Theoret ica l  values  

A free A = 2.4 

co 0.12 • 0.16 (5) 0 .10--0 .30 0 .12--0 .26 

N 1 - -  0.37 i 0.10 (6~ 0.30 --0.39 0.33 --0.37 

F u r t h e r  tr ials  were  pe r fo rmed  tak ing  the  pa rame te r  A as fixed and equal  to 2.4 
(cf. ref. (13.14)), and  again  several  m in ima  were  ob ta ined  wi th in  somewha t  smaller  
in te rva l s  t han  in the  fo rmer  case (see also Table  I). 

The  theore t ica l  bands  for the  observables  C~ and e are a lmos t  the  same as the  ones 
g iven  in Fig.  1 and  2, while the  values  for eo and hrl are shown in Table  I I .  

A more  recent  measuremen t  on b e t a - g a m m a  circular  polar iza t ion  made  by  DAI~IEL 
el al. (16) showed a different resul t  (o) = - -  0.16 • 0.05) f rom the  one repor ted  by  
DEUTSClX et al.  (5). Consequent ly ,  a fu r the r  analysis was pe r fo rmed  tak ing  into  account  
this  new va lue  for w, b u t  no a t t e m p t  to fit  the  da t a  was successful. 

As is disclosed f rom Table  I,  the  ~-approximat ion  is no t  val id  in this  case. E v e n  
though  this  s i tua t ion  holds, i t  was impossible to univoca l ly  de te rmine  the  nuclear  
m a t r i x  elements ,  which  migh t  indica te  t h a t  t he  expe r imen ta l  in fo rmat ion  is still  n o t  

sufficient. 
Compar ing  the  values  of the  paramete rs  x and y g iven by  the  expressions (4) w i th  

t he  ones r epor t ed  in Table  I,  one can conclude tha t  the  s ingle-part icle  shell model  does 
no t  account  for the  observables  corresponding to the  be t a  t rans i t ion  t r ea t ed  here.  

(le) ~ .  DANIEL, W.  COLLIN, M. MUI~ZE, S. MARGULIES, B. MARTIN, O. MEH:LING, P. SCH~DIN an d  

H .  S C H ~ T r :  NucL Phys., ] l g A ,  689 (1968). 
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Moreover, neither the shape factor nor the angular correlation results are satisfactorily 
explained within this approach (*). 

These facts wotfld force one to admit  a considerable configuration mixing for the 
states involved in the transition, which is not supported by other experiments, in par- 
ticular by the determination of the electric-quadrupole moment  and magnetic-dipole 
moment of the l~lPr ground state and magnetic-dipole moment of 141Ce ground 
state (is). 

This conflicting situation might be solved if further measurements on beta-gamma 
circular polarization and longitudinal polar izat ion--both  as a function of energy--are  
performed. Furthermore,  i t  would be desirable to have a more realistic description 
of ~a~Ce and m P r  that  would explain simultaneously the beta-decay observables and 
the static moments of these nuclei. 

The authors are very much indebted to the Staff of the Computer Center of La Plata  
University, for running the programs. 

(*) BEEKHUIS and VAN DmNE~ (17) derive4 a similar conclusion on the basis of their  m e a s u r e m e n t s  
on the  shape factor  for the  s a m e  be ta  transit ion.  
(1~) H. B E ~ u I S  and ~. J. VAN DUnCEN: NucL Phys., 108A, 382 (1968). 
(lg) 1VI. LEDERER, J. ]tOI,LANDER and I. PERL.M.AI~: Table o] Isotopes (New York, 1967). 


