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143 Beta-Gamma Directional Correlations in the Decay of 5sCe. 
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S u m m a r y .  - -  The energy dependence of the 1100 keV ~-293 kcV y direc- 
tional correlation was measured in the decay of 143Ce with a conventional 
slow-fast scintillation assembly in the beta energy region (750-1065) keV. 
Results from the integral correlation showed that the correlation coef- 
ficient s 4 was zero within experimental errors, while those from the dif- 
ferential correlation experiment showed that  the coefficient s 2 is small 
and independent  of energy. The results presented here agree with the 
spin assignment of ,~+ to the 351 keV level in ~4aPr. The angular correla- 
tion results are also discussed on the basis of ~ approximation. 

1 .  - I n t r o d u c t i o n .  

The decay  scheme of l~Ce has b e e n  i n v e s t i g a t e d  b y  several  au thors  a n d  the  

p r o m i n e n t  ene rgy  levels of 14aPt have  been  well es tab l i shed  (1-~). The  decay  

scheme is shown in  Fig.  1. I n  p a r t i c u l a r  the  57 a nd  351 keV levels were i n -  
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Fig. 1. - Decay scheme of z4sCe. 

- -  1160  

- -  94.2 

- -  725  

- -  4 9 3  

- -  3 5 t  

- -  57 
0 

___key % k~V % 

2 300 I 1.0 [7.0] 45 [7.2] 
I 3 ] 520 ] 2.0 [7.3] 38.4 [7.1] 

J 7~ 

3/2-, 5/2- 

I /2  + , 3/2 + , 5 /2  + 

3/2 + , 5 /2  + 

5/2 + 

7/2 + 

3/2 + 

5 /2  + 
7 /2  + 

vestigated in gceater detail  (6-1~). Although there  are some inconsistencies in 
the spin assignments of the levels by  the various investigators~ the  energy- 
level s t ructure  is well established. RAO and HANS (11) measured the directional 
correlation funct ion for the (293 - -57 )keV gamma-gamma cascade and the 
in terpre ta t ion of their  da ta  was based on the assumed ground-state  spin 
for 14sPr. GRAHA~ et al. (12) in te rpre ted  the results of :RAO and HANS us ing  
the measured ground-state  spin (1.) of } for 14sPr. They have shown tha t  the 
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only spin ass ignments  consistent wi th  their  L-conversion da ta  and  the  direc- 
tional correlat ion funct ion are ei ther  3 or ~ for the 351 keV level and ~ for 
the 57 keV level. The spins ~ and  7 for the 351 keV level are  also consistent 
with the nuclear  a l ignment  da ta  of LEVI (14). La te r  g a m m a - g a m m a  direc- 
tional correlat ion measurements  (~5-~7) in 143pr confirmed the spin ass ignment  

3 + to be ei ther  ~ or ~ for the 351 keV level. GOPI~ATgAN (15) assigned the spin 
combining the  results of their  angular  correlat ion data  with the  logJt value 7.3 
of the  be ta  t rans i t ion  to the 351 keV level. On the  o ther  hand  the gamma-  
g a m m a  angular  correlat ion measuremen t s  of MANUSCO et al. (~e) and BADICA 

7 + et al. (17) indicated a spin ass ignment  ~ . CHOIYD~YRY et al. (~s) pointed  out 
tha t  the 351 keV level m a y  arise as a resul t  of the par t ia l  exci ta t ion of the 
core in which the  (dl)~ pro ton  pair  is deeoupled and exci ted f rom spin s ta te  0 

7 + to spin s ta te  2. Fu r the rmore  they  suggested tha t  ~ is the  mos t  probable  spin 
of the 351 keV level and t ha t  this level can be represented  b y  the configura- 

t ion [(dt)~ (g~)~]~. 

F rom the  resul ts  of g a m m a - g a m m a  angular  correlat ion and  L-conversion 
3÷ Y+ studies it  m a y  be noted  tha t  bo th  ~ and ~ spin values are  possible for the 

351 keV level in 14apr. Of the two values some authors  f avoured  ~+ while some 

authors f avoured  -~+. I t  can be seen t h a t  the pa r i t y  of the  351 keV level 
is ~- and the re  is a controversy  abou t  the  spin va lue  to be  chosen in be- 
tween 3 and ~. Thus the be ta  t rans i t ion  to the 351 keV level mus t  be ei ther  
a first-forbidden nonunique type  or a first-forbidden unique type  according 

3+ 7+ as the spin va lue  is ~ or ~ . A b e t a - g a m m a  direct ional  correlat ion experi- 
men t  helps in deciding whether  a be ta  t ransi t ion is f irst-forbidden nonunique 
or first-forbidden unique, since the  correlat ion pa t t e rn  for a unique transi- 

t ion can be theoret ical ly  predicted.  

The present  invest igat ion is under t aken  to decide the  spin value between 
and z for the 351 keV level f rom a measu remen t  of the  energy dependence 
of the b e t a - g a m m a  directional correlat ion for the 1100 keV ~-293 keV 7 cas- 
cade in the  decay of ~43Ce. The angular  coirelat ion results  are also discussed 
on the  basis of ~ approx imat ion  (~9-21). 
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2. - Experimental  procedure and results.  

The exper imenta l  set-up used in the  presen t  work is a convent ional  slow- 
fas t  scintillation assembly.  The exper imen ta l  a r rangement  is similar to the 
one given in ref. (2~.~s) and the exper imenta l  details and the  t r e a t m e n t  of the 
da ta  can be found in the  same references.  The g a m m a - e n e r g y  calibrat ion is 
accomplished wi th  the  s tandard  sources 137Cs, ~2Na, l~dIn and  6°Co. The be ta  
spec t rometer  is ca l ibra ted  using the conversion electron sources 137Cs and  2°7Bi. 
A ten-channel  analyser  is used in the  differential  correlat ion measurements .  
The differential correlat ion exper iment  a t  840 keV is also done on a single- 
channel analyser  to check the pe r fo rmance  of the ten-channel  analyser.  

The ~43Ce source is obta ined in the  fo rm of liquid cer ium n i t ra te  f rom the 
isotope division, B h a b h a  Atomic ]~esearch Centre, Trombay .  The source is 
p repared  b y  slowly evapora t ing  to dryness  a small drop of ~43Ce solution on 

a mylar  foil of thickness 0.6 mg/cm 2. A drop of insulin aided un i form spread- 
ing of the source. The source is centred p roper ly  so as to ensure t ha t  the var ia-  
t ion of the counting ra t e  in the movab le  g a m m a  detector  lies below ] ~o. The 
intrinsic a s y m m e t r y  of the  sys tem is measu red  b y  g a m m a - g a m m a  and beta-  
g a m m a  correlat ion exper iments  with 6°Co and found to be zero within experi- 

men ta l  errors. 
The ~43Ce source contains 5 ~o 141Ce and 0.5 % ~44Ce as impuri t ies .  As all 

the be ta  energies in bo th  14~Ce and ~44Ce are ve ry  low they  have  no influence 
in coincidence exper iments  of the presen t  kind. ~dPr, the  daughte r  nucleus 
of ~44Ce, is radioact ive,  bu t  95 % of ~44Pr decays to the ground s ta te  of ~44Nd. 
So the radiat ions f rom 14~Pr are of no consequence in the present  measurements .  

2"1. Results o] the integral correlation experiment. - The singlc, s g a m m a  spec- 
t r u m  is shown in Fig. 2. I n  the  1100 keV ~-293 keV y cascade in the  decay 
of 14sCe, the 293 keV g a m m a  pho topeak  is accepted  in a window of 4 V in 
integral  and differential  correlation measurements .  For  the  in tegral  correla- 
t ion measurements  the  be t a  part icles of energy 750 keV and above  were 
accepted in the  be t a  channel. The b e t a - g a m m a  coincidences were collected 
a t  5 angles in be tween 180 ° and 90 ° in steps of 22½ °. In  Fig. 3 the  correla- 
t ion function W~.¢(O) is p lo t ted  as N~y(0) against  cos ~ (0). ~V~v(0) is the  pooled 
counts of b e t a - g a m m a  coincidences a t  the  angle 0. These are normalized 

(22) W. V. S. RAo, V. S. RAO, D. L. SASTRY and S. JNANANANDA: Phys. Rev., 
140, B 1193 (1965). 

(2s) W. V. S. RAo, K. S. Row, D. L. SASTRY and S. JNANANANDA: Proc. Phys. 
Soc., 87, 917 (1966). 
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Fig. 2. - Singles gamma spectrum. The portion in between the arrows indicates the 
channel width used for accepting the gammas in the correlation experiment. 

counts  and correc ted  for chal ice  and background .  I n  t h e s e  m e a s u r e m e n t s  

g a m m a - g a m m a  b a c k g r o u n d  is v e r y  l o w  and ins ignif icant .  A n  appl ica t ion  of 

Rose ' s  m e t h o d  of l eas t  squares  (24) 
has y i e l d e d  t h e  corre lat ion  f u n c t i o n  

to  be  

W~v(O) = 

= 1 @ (-- O.0219±O.O096)PJcosO) + 

+ (0.002 ± 0 .0106)Pd(cos  0) . 

F r o m  this  can be  seen  that  e4 is 

zero  w i th in  e x p e r i m e n t a l  errors,  

whi le  e2 is s m a l l  in m a g n i t u d e .  T h e  
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Fig. 3. - 142Ce integral correlation results. 

s traight  l ine  in Fig .  3 represent s  a l eas t - squares  fit to  the  data .  F r o m  this  

i t  can be  c o n c l u d e d  that  the  1100 k e V  be ta  t rans i t ion  is a f irst - forbidden 
b e t a  trans i t ion .  

(24) M. E. RosE: Phys. Rev., 9i ,  610 (1953). 

3 - I I  N u o v o  C i m e n t o  B .  
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2"2. Results o] the diJJerential eorrdation experiment.  - The da t a  were col- 

lec ted  a t  e ight  b e t a  energies in  s teps of 45 keV r a ng i ng  f rom 750 keV to 

1065 keV wi th  a t e n - c h a n n e l  ana lyser .  The  pe r f o r ma nc e  of the  t e n - c h a n n e l  

ana ly se r  is checked b y  r e p e a t i n g  the  e x p e r i m e n t  wi th  a s ing le -channe l  ana lyse r  

a t  one energy,  840 keV. The resul t s  are  in  good ag reemen t .  The  coincidences  

were  recorded on ly  a t  two angles  (180 ° a n d  90°), as on ly  e~ is invo lved .  The 

an iso t rop ies  were d e t e r m i n e d  us ing  the  r e l a t ionsh ip  

Y(Wh.o.- ~(W)~oo 
A ( W )  = N(W)~oo 

where  5r(W)goo a n d  N(W)~soo were the  pooled  coincidences  a t  the  two angles,  

(these are n o r m a l i z e d  a n d  t r n e  coincidences) .  To the  observed  coincidences  

t he  decay  cor rec t ion  is app l i ed  for the  33 h half- l i fe  of a43Ce. The  d i f fe rent ia l  

co r re la t ion  coefficients were e s t i m a t e d  u s i ng  the  r e l a t ionsh ip  e~ = 2 A / ( A  +3) .  

The va lues  of the  anisot ropies ,  the  co r r e spond ing  cor re la t ion  coefficients 

a n d  the  r educed  co r re l a t ion  coefficients e ' =  e (W/p  2) (where W is the  be t a  en- 

e rgy  in  mc 2 n n i t s  a n d  p 2 =  W 2 _  1, p b e i n g  t he  e lec t ron  m o m e n t u m )  are  sum- 

mar i zed  in  Table  I.  The  cor re la t ion  coefficients are cor rec ted  for the  f ini te  

solid angle  effects of b o t h  the  de tec tors .  

TABLE I. - -  Directional correlation data o/ (1100--293)keV beta-gamma cascade in the 
decay o] 143Ce. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

Energy W 
(me ~ units) 

2.468 
2.556 
2.644 
2.734 
2.82 
2.908 
2.996 
3.084 

Anisotropy A 

- -  0.02 ~: 0.015 
--0.031 ~: 0.018 
--0.026 ~: 0.017 
--0.035 ±0.021 
--0 .050 ± 0.041 
--0 .054 ~ 0.042 
- -  0.019 ~: 0.027 
- -  0.0064 ± 0.014 

Correlation 
coefficient e 

- - 0 . 0 1 4  ~: 0.01 
- -  0.022 ± 0.013 
- - 0 . 0 1 8 ±  0.012 
--0.025 ± 0.015 
- -  0.037 ~ 0.027 
- -  0.038 ~- 0.029 
- -  0.014 ± 0.019 
- -  0.004 ± 0.01 

Reduced correlation ] 
coefficient e ' =  s(]V/p 2) i 

--0.007 ~ 0.005 
- -  0.01 :J: 0.006 
--0.008 ± 0.005 
- -  0.011 ~ 0.006 
--0.015 ± 0.011 
--0,015 -4-0.011 
- -  0.0053 ~ 0.0071 
- -  0.0015 ::t:: 0.0036 

3 .  - D i s c u s s i o n .  

3"1. Sp in  oJ the 351 kcV level. - Tile g r o u n d - s t a t e  spin  of ~43Ce has been  

m e a s u r e d  (25) to be  ] -  The  1100 keV b e t a  t r a n s i t i o n  invo lves  a nuc l e a r  spin . 
7+ change  of two u n i t s  u n d e r  the  a s s u m p t i o n  of spin ~- for the  351 keV level  

(25)  I..-~iAI,EII: Phys. Rev.. 138, B 766 (1965). 
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in  ~4aPr. I n  such a ease, this  will  be  a u n i q u e  b e t a  t r a n s i t i o n  and ,  the  magni -  

tude  and  the  b e t a  energy  dependence  of the  A2(fl) coefficient [ e =  A~(fl)A~(y)] 
m a y  be ca l cu l a t ed  w i t h o u t  a m b i g u i t y .  The  coefficient A~(fi) is calc~dated us ing  

the  r e l a t ionsh ip  (~*) 

7~1P~ 2 I i I )  & ( ~ )  - -  5 ( q  ~ + ~ p ~ )  F ~ ( 2  , 

~ is t a k e n  as u n i t y  us ing  exact  e l ec t ron  rad ia l  wave f u n c t i o n s  (27) A~(fl) is 

also ca lcu la ted  f rom the  e x p e r i m e n t a l l y  observed  cor re la t ion  coefficient. The 

e x p e r i m e n t a l  and  theore t i ca l  A2(fl) coefficients are  g iven  in  Table  I I  a nd  

TABLE II. -- A~(fl) experimental, a~d A~(fl) theoretical ]or 351 keV level vs. energy. 

I _. 

! 
i 
! 

Energy W A2(fl) 
(mc 2 units) experimental 

2.468 0.015 ~= 0.01 
2.556 0.022 ~= 0.014 
2.644 - -  0,018 ~ 0.012 
2,734 - -  0,025 ± 0,016 
2.82 - -  0.035 :=: 0,026 
2,908 - -  0.038 ± 0.03 
2.996 - -  0.015 =[= 0.02 

&(3) 
theoretical 

--0.598 
--0.616 
--0.629 
- -  0.639 
- -  0.646 
- -  0.652 
--0.654 

p lo t t ed  aga ins t  b e t a  energy  in  Fig.  4. The  e x p e r i m e n t a l  va lues  of A2(fl) 
are observed to differ d ras t ica l ly  f rom the  A~(fl) values  e s t i m a t e d  u n d e r  the  

a s s u m p t i o n  t h a t  the  spin of the  
7+  351 keV level is ~ . F u r t h e r m o r e  0 

the  e x p e r i m e n t a l  va lues  of A2(/3) 

are a lmos t  i n d e p e n d e n t  of be t a  0.2 

ene rgy  w i t h i n  the  l imi t s  of ex- 

p e r i m e n t a l  errors.  The  disagree-  ~" 0.4 

m e n t  ind ica tes  t h a t  t he  1100 keV 

b e t a  t r a n s i t i o n  c a n n o t  be  a u- 
0.6 

n i q u e  f i r s t - fo rb idden  b e t a  t r an -  

s i t ion a n d  hence  the  spin of 

the  3 5 1 k e V  level  c a n n o t  be  {. 

Thus  the  b e t a  t r a n s i t i o n  u n d e r  

cons ide ra t ion  should  be  of the  

^ 

25 A 27 2:8 219  
W(mc 2 units) 

3.0 

Fig. 4. - W vs. A2(fl): × theoretical points; 
o experimcntM points. 

(26) R. M. STEFFEN: Alpha, Beta, Gamma Ray Spectroscopy, voh 2, Edited by 
K. SIEGBAI~I~ (Amsterdam, 1965). 

(27) W. BUHRING: Xucl. Phys., 61, 110 (1965). 
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nonuaique first-forbidden type. Hence the spin of the 351 keV level must  

be ½+, ~+ or ~+. However  ½+ and ~+ spin assignments are ruled out by 
the gamma-gamma angular  correlation measurements  and conversion meas- 

3 + urements.  Hence the spin of 351 keV level must  be ~ . This spin assign- 

ment  is consistent with the log/t  value 7.3 of the 1100 keV beta  transit ion 

and also with the internal  conversion measurements  on the 351 keV gamma ray 
reported by  BASHANDI ¢t a~, (2s). In  the lines of CHOUDHUICY et aZ., the 351 keV 

level can now be represented by  the configuration [(d~)~2(g~)~-~]~. The 293 keV 
gamma transit ion from the 351 keV level to the 57 keV level in ~43pr is known 

to have an E2 enchancement  (~) over the single-particle estimate. I t  is there- 

fore not possible to completely describe the 351 keV state by  such pure con- 

figurations. I t  is possible that  this state also includes some collective ampli- 

tudes in its wave function. Work is in progress in this laboratory to under- 

s tand the collective na ture  of the 351 keV level. 

3"2. Validity o] $ approximation.  - The values of the anisotropies, correla- 

tion coefficients and the reduced correlation coefficients are all very  small. 

The correlation coefficient and the reduced correlation coefficient are plot ted 

0.1 , , , L 

~..~ 0 i ~ ~ ~ ~ { 

P H b) 
%0.1 2L5 216 2'2 218 219 

W(mc 2 units) 

3.0 

Fig. 5. - a) W ,  the beta energy in mc 2 units 
vs. the correlation coefficient, b) W vs. the 

reduced 'correlation coefficient. 

against beta-energy in Fig. 5a) 

and 5b). I t  is to be noted that  no 

resolution correction has been ap- 

plied for the finite resolution of 

the beta spectrometer  as the reso- 

lution correction is expected to 
fall within experimental  errors. 

From these Figures it can be seen 

that  the correlation coefficients 

and the reduced correlation coef- 

ficients are fairly independent  of 
the beta energy within the limits 

of the experimental  error. Fur- 

ther  the shape of the 1100 keV 

beta  group is allowed. All these facts are consistent with the S-approximation. 

The uncertainties involved in the present measurements are of the order 
of 60 % or more. Though the uncertainties are large it may  be concluded 

from the data presented in this paper tha t  there exists possibly a small nega- 

tive anisotropy in accordance with ~-approximation. 

(2s) E. BASHANDI, S. G. H.<NNA and A. ABD EL-H.~,LIEM: ,70~tr~. Phys. Soc. Japa~*. 
22, 960 (1967). 
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4. - Conclusions. 

I t  m~y  be  f ina l ly  conc luded  f rom the  p r e se n t  work t h a t  the  spin of the  

351 keV level  Jn ~'3pr is no t  7, t he  resu l t s  p r e sen t ed  here  agree wi th  the  assign- 

m e n t  of ,3, to this  level.  The 1100 keV be t~  t r a n s i t i o n  in  ~4~Ce fits in to  

}-~pproxim~t ion .  

R I A S S U N T 0  (*) 

Si ~ misurata la dipendenza dall 'cnergia della correlazione direzionale ~ di 
1100 kcV-y di 293 keV nel decadimento del ~azCe con un'apparecchiatttra a scintillazione 
lenta-rapida convenzionale nelta regione di energia dei ~ (750--1065)keV. I r i su l~ t i  
della correlazione integrale hanno mostrato che il coefficiente di correlazione e4 era zero 
entro gli errori sperimentali, mentre quelli dell'esperimento di eorrelazione differenzia]e 
hanno mostrato che il coefficiente % ~ piccolo e non dipende dall'energia. I risultati 
riportati qui concordano con l'assegnazionc dello spin ~+ ~1 livello di 351 keV nel x~aPr. 
Si discutono anche i risultati della correlazione angolare sulla base dell'approssimazione ~. 

(*) Traduz ione  a cura  del la Redaz ione .  

l£oppeaauu. ~-y nanpaaaeHnfi npu pacna~e ~ C o .  

Pe3mMe (*). - -  PI3Mepznacr, 3aBI4C~IMOCTb OY 3ReprnrI KoppeaauHi~ 1100 r3B r~-293 K3B y 
HarlpaBs~eHri~ npH paci~a~e 14~Ce c noMotUbro O~blqHOrO Me~JIeHHO-6bICTpOro CIM4H~I,t~I- 

n~Unonnoro arperara B o6nacxn n-3neprn~ (750 + 1065) K3B. Pe3yslbwawbi n3 nHTerpanbHO~ 
zoppe~auHrt nora3anH, ~TO KOOd/)~I, IUPIeHT Koppenflum~ e 4 paBert Hydro a npe~enax 3Kcrie- 

pI, IMeHTaYlbHbIX OHII4~OI(, B TO BpeMYI KaK pe3yYlbTaTBI, flOYlyqeRHbIC PI3 3KCHepI4MeHTa rio 

onpe~eaeHHto ,~rldpqbepeHIIHaabuo~ Koppen~tman, noKaaasm, ~TO Ko3cl)qbHur~ertr % Man a 
He 3aBPICHT OT 3Heprl4~l. npeJlcTaBYleHHbIe 3]/eCb pe3yY~bTaTbI cornacy~oTcn c npnnncb~- 
BaHHeM CnHHa 3+ )Xna ypoaan 351 KaB B 14~pr. TaK~e, Ha ocaoae ~ npa6nn~enna,  0 6 c y ~ a -  
tOTCfl pe3yflbTaTbI )~YI~ yFYlOBI4I~ Koppenat tnn .  

(') fIepeeec)etto pec)amlue~t. 


