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Isomeric Cross-Section Ratios for Reactions Producing 
the Isomeric Pairs 69Zn and 69Zn m, 7~Zn and 71Znm. 

1~. DE_~HCHELIS~ a~[. GUIDETTI, :E. MIRALDI a n d  C. OLDANO 

I s t i t u t o  d i  J~'isioa Spe~' imentale  del  t )o l i tecnico - Tor ino  

(ricevuto il 26 Marzo 1968) 

S u m m a r y .  - -  Absolute cross-sections and isomeric cross-section rat ios were 
measured for the following reactions in which the 69Zn and 69Zn'*, ~lZn 
and wZn*~ isomeric pairs are produced:  69Ga(n, p), riGa(n, p), ~eGe(n, a) and 
:4Ge(n, a). These exper imental  values are interpreted in terms of the spin 
dependence of the nuclear level density. Isomeric ratios were compared 
with calculations based on different nuclear models. Calculations with 
a shifted Fermi gas model require a momen~ of inert ia  smaller than  
the rigid body;  in general a reasonable fit is obtained with independent-  
pairing and superconductor models. 

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

During t h e  l a s t  few yea r s ,  t h e  e x p e r i m e n t a l  a n d  t h e o r e t i c a l  a spe c t s  of nu-  

cle~tr react ions  in  wh ich  i somers  a re  p r o d u c e d  b e c a m e  of c o n s i d e r a b l e  i n t e r e s t .  

In fact, i n f o r m a t i o n  a b o u t  t h e  sp in  d e p e n d e n c e  of the" n u c l e a r  l eve l  d e n s i t y  

and the nuc lea r  m o m e n t  of i n e r t i a  cast be  o b t a i n e d  f r o m  i somer i c  c ross - sec t ion  

r~tios. 

I:[UIZENGA a n d  ~V~ANDE~'BOSCIX (2) h a v e  shown  t h a t ,  in  c o m p o u n d  n u c l e a r  

reactions, the  r e l a t i v e  c ross - sec t ion  for  t he  f o r m a t i o n  of a r e s i d u a l  nuc leus  in  

its ~ 'ound s t a t e  a n d  an  i somer i c  s t a t e  m a y  b e  u sed  to  d e d u c e  i n f o r m a t i o n  a b o u t  

the d is t r ibut ion  of a n g u l a r  m o m e n t u m  of t h e  e x c i t e d  s ta tes .  

In  this work,  a b s o l u t e  c ross - sec t ions  a n d  i somer i c  r a t i o s  am/a~ (where  a .  

and a~ are the  c ross -sec t ions  for  t he  p r o d u c t i o n  of t h e  h i g h - s p i n  a n d  low-sp in  

(1) j .  R. HUIZENGA and R. VANDENBOSCH: P h y s .  t~ev., 120, 1305 (1960); R. VA~c- 
D~.XB0SCg and J. R. HuIz~xGA: P h y s .  l~ev., 120, 1313 (1960). 
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isomers of the residual  nucleus), for the  isomeric paiz's egZn and 69Zn~, 71Zn 
and 7~Zn~ were de termined f rom the reactions 69Ga(n, p), :~Ga(n, p), 72Ge(n, ~) 

and  *4Ge(n, ~) respect ively.  
Previous  results of cross-section ratios for these isomeric pairs  f rom the 

reactions (n, p) and (n, :¢) were repor ted  b y  LEYxovstc~ (~). 
5~ore recent ly  a de te rmina t ion  for ¢gGa(n, p) and 72Ge(n, ¢¢) react ions was 

made  by  KOLA.~, STROHAL and C1NDRO (3). Unfor tunate ly ,  thei r  work  seems 
to be based on the in te rpre ta t ion  of unreliable exper imenta l  results. Indeed 
the  3.9 h 7~Zn~, was masked  b y  the other isomers, though cer ta inly present  
in the  decay of chemical ly  separa ted  zinc. 

More recent ly  Woo]), CooK, GOODGANIE and FI~K (4) have  repor ted  a care- 
ful de te rmina t ion  of the cross-section for the  metas tab le  ° s ta tes  only in 69Zn~ 
and 7~Zn~ obta ined f rom Ge(n, g) reactions. 

I n  the present  paper ,  we repor t  some new exper imenta l  results. These 
results have  been compared  with previous resul ts  and  with theoret ical  pre- 

dictions f rom various nuclear models.  

2. - Exper imenta l  procedure.  

Samples of the  t a rge t  mater ia ls  ei ther  in the  fo rm of the  elements  G~ 
and Ge or simple compounds  Ga203 and Ga(~TO3)3 were i r radia ted with 
(14.5 ~= 0.2) 5feV neutrons.  The spread in the neu t ron  energy a t  the  ta rge t  is 
actual ly  =L 0.15 ) I eV  for abou t  70% of the neutrons.  

The incident neut ron  flux is determined b y  moni tor ing  the outgoing 
~-particles wi th  a solid-state detector  placed a t  90 ° wi th  respect  to the deuteron 

beam.  
Metal  foils were used as targets  whenever  possible. I f  foils were unavailable 

uni form layers in powdered form were used. The ta rge t  thicknesses were gen- 

erally of the order of ( 1 0 0 - 2 0 0 ) m g / c m  2. 
After  irradiat ion,  each ta rge t  underwent  chemical  separat ion to remove 

undesirable activit ies.  
The gal l ium targe ts  were dissolved in hot  tiC1 solution containing standard- 

ized Zn carrier;  Ga(Ott)3 was ex t rac ted  b y  adding NH~ and then  filtering. 
The solution containing ~gZn and 69Znm, 7~Zn and :~Zn and  66Cu was examined 

(2) V. N. L:EVKOVSKII: ~urn. ~ksp. Teor. JFiz., 31, 360 (1956); Soy. Phys. JETP, 
4, 291 (1957); ~urn. l~ksp. Teor. Fiz., 33, 1520 (1957); Soy. Phys. JETP,  6, 1174 (1958). 

(3) Z. KOLAR, P. S~O~AL and N. C~NDRO: Journ. Inorg. 2~ucl. Chem., 27, 2471 
(1965). 

(4) R. E. WOOD, W. S. COOK, J. R. GOODGAME and R. W. FINK: Phys. Rev., 154, 
1108 (1967). 
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with s liquid Geiger counter.  I n  ~ second set of exper iments  ZnS was precipi- 
tated by  adding th ioace tamide  and filtering onto a filter pape r  disk and then  ex- 
a.mined by  mean~ of an end-window counter  ( ~ 1.2 mg/cm2). 

In  a set of exper iments  per formed to measure  the 2.45 rain wZn aetivity~ 
the Gs(NO~)3 t a rge t  was dissolved in hot  5 ~{ ~TaOtt basic solution to which 
Zn and KCN carriers had  been added. The C]S- ions have  been added to com- 
plex Cu; ZnS was prec ip i ta ted  wi th  H~S onto a Bfichuer and abundan t ly  
~¥ashed. 

The ge rman ium oxide targets  were dissolved in hot  aqu~ regia to which 
Zn and G~ were previously  added. B y  adding Ntt~, gal l ium was prec ip i ta ted  
from basic solation as Ga (OHh .  After  precipi ta t ion,  th ioace tamide  was added, 
and, since GeC1 is volatile,  a final prec ip i ta te  of whi te  ZnS was obtained.  I n  
~nother set of g~llium irradiations,  the  13.8 h metas tab le  s ta te  ~Zn ~ cross- 
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section was determined b y  absolute p-counting, wi thout  previous chemical  
separation. The metas tab le - s ta te  ac t iv i ty  was used to obta in  the  69Zn and 
71Znm cross-sections. 

A 7.6 c m x  7.6 cm ZqaI(T1) crysta l  scinti l lator coupled with a 512-channel 
pulse-height analyser  was used for g a m m a  counting. 
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The photopeak efficiencies used in the calculation of the absolute disinte- 

gration rates were from ref. (5). Samples were counted in a shielded box to 
reduce background radiation. 

Decay curves were analysed by  least-squares methods;  corrections for self- 

absorption (6) were made. 
The v~rious measurements were compared to the measurements on the 

~VAl(n, ~)~4Na reaction whose cross-section value is (114 4 -6 ) rob .  

The half-lives and level schemes were from ~uelear  Da ta  Sheets (7). 
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Fig. 2. - Decay curve of Zn measured by ~-counting. The components are assigned to 
be due to 13.8 h 69Zn~, 3.9 h 71Zn~ and 55 rain ~gZn. There is evidence of ~he 5.2 rain 66Cu 

component. 

F rom the ~gZn and 69Znm decay scheme, the 13.9 h 69Znm is observed to dec'(y 

exclusively by isomeric transit ion to the 55 min ~--emitt ing 69ZI1 ground state, 
therefore the entire decay sequence can be followed by observing the ~--decay 

with the ~ counter. 
The conversio~ electrons from t h e  13.9 h isomeric transit ion (~r ~ 0.06, 

ref. (s)) were detected by  the end-window Geiger counter. I n  the computations,  

(5) C. E. C]¢OUT~AMEL: Applied ~[-Ray Spectrometry (London, 1960). 
(8) C. OLDANO and A. PASQUARnLLI: Nucl. Instr., 36, 192 (1965). 
(7) K. WAY, et al.: Nuclear Data Sheets (National Academy of Sciences, National 

Research CoLmcil, 1963). 
(s) F. D]~MICI~LIS and C. 0LDA~O: Nuovo Cimento, 51 B, 341 (1967). 
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we have assumed that  the  Geiger counter has the  same efficiency for the con- 
version electrons as for ~-rays hav ing  the  same  average energy (9). 

Tlle decuy scheme  of 7~Zn and  7~Zn" is s h o w n  in Fig.  1. 
Figure 2 shows the ~-decay curve of the  ~gZn and ::Zn isomeric  pair. The 

curve was  znulysed  by  ~ least-squares m e t h o d  assuming  half- l ives of 13.9 h, 
3.9 h and 55 rain, respect ively .  
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Fig. 3. - Gamma-ray spectrum from a zinc simple. The curves correspond to the spectra 
observed 2.5 h and 7.7 h after the end of the irradiation. The 0.44 MeV gamma-ray 
is assigned to be due to 13.8 h GgZn% the other gamma-rays are assigned to be due 

to 3.8 h 71Za~. 

The g a m m a - r a y  pulse-height  spectrum for a typ ica l  sample  is shown in 
Fig. 3. The in tens i ty  of the  photopeaks  was observed several  different t imes  
after irradiation for each sample.  

(9) B. P. BAY~URST and R. J. Pn~STWOOD: Nucleonics, 17, 82 (1959). 
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3 .  - R e s u l t s .  

The experimental  results are repor ted in Table I. The absolute cross-sec- 
tions are accurate to about  15 Yo; the errors for  the isomeric ratios are less 
than  20 %. 

TABLE I. -- Experimental  isomeric cross-section. 

Reaction 

i ~Ga(n,  p)sgZa 

~Ga(n, p)7~Zn'~ 

7~Ga(n, p)7~Zn 

:~Ge(n, a)69Zn TM 

: 7~Ge(n, ot)69Zn 

UGe(n, ~)71Zn~ 

~aGe(n, a)7~Zn 

Half-life 

13.9 h 

55 rain 

3.9 h 

2.45 rain 

13.9 h 

55 rain 

3.9 h 

2.45 min 

L I ~ V K O V -  

'~Spin SKII (~) 

2 
0.5 

0.66 
½- 

1 
½- 

0.33 

KOLAR 
et al. (a) 

(~m [ O'q 

0.95~0.2 

0.79~=0,2 

W O O D  

et al. (4) a~[au 
a,~ (rob) 

1.2:J:0.2 

I 
I > 2 . 5  

Present  work 

r 

i (mb) 

- - 1 2 ~ - 4  

r r 
i 

1761_ 0 76 i - - i -  , 
I 1.2~0.21 

3 .32!0 .33 ,  

1 7 ~ 4  I 

< 4  ~ 

' 7~Zn,~/6gZd~. 
0.36~0.0S! 

Our absolute cross-section for 69Zn~ does not  agree with the value of 
(42 ~ 3 ) m b  a.t 15 MeV repor ted by  BOR)~A~ (lo). This discrepancy m~$ be 
accounted for by  the presence of 14.22 h v~Ga f rom the ~lGa(n, 7)7~Ga reaction 
in  Bormann~s  work .  

The present  69Zn rat io f rom the  (n, p) reaction is in disagreement with tha t  of 
Levkovskii .  Since this author  repor ted only the rat io and not  the individua~l 
isomeric cross-sections, the reason for the disagreement is not  easily found. The 
present  69Zn ratio from the  (n, a) react ion is consistent with those repor ted  by  
KOLAI~ et al. a n d  b y  L E V K O V S ~ .  

Moreover, the  7~Zn~ asZn~ r~tio f rom Ge(n, a) is in good agreement  with 
Wood's  results. 

Final ly  we repor t  only a m~ximum value of the  ~Zn cross-section from the 

(10) M. B O R ~ A ~ :  Zei~s, Phys . ,  166, 477 (1962). 
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(n, p) react ion and consequently only a m i n i m u m  v~lue for the  isomeric ratio. 
The present  rat io,  however,  is in d isagreement  wi th  the exper imenta l  value of 
Levkovskii. 

4 . -  Statistical model calculations. 

In  the present  exper iments  we have  used the  me thod  of Huizeng~ ~nd 
Vandenbosch to a.nalyse the two isomeric pairs. We shall describe calculations 
bused on the  predictions of v~rious theoret ical  models.  These models  and 
their applicat ion to isomeric rat io  calculations have  been thoroughly  discussed 
previously (~.~1.~). 

The form for the nuclear level densi ty  expression used in the present  work is 

[--  J ( J  + 1)] 
(l) @(J) = @(O)(2J -~- 1 ) e x p [  2~  i , 

where @(J) is the densi ty  of levels of spin J .  The densi ty of levels of spin zero, 
@(0), contains most  of the exci ta t ion energy dependence of the  nuclear level 
density. The spin cut-off p a r a m e t e r  a characterizes the  angular  m o m e n t u m  
distribution of levels and  is defined by  

(2) a 2 =- gt (m: } ,  

where t is the t he rm odynam i c  t empera tu re ,  g the  single-particle level densi ty  
and ,(m -~} the mean-square  value of the  magnet ic  q u a n t u m  number  of individ- 
u~d nucleons (~s). The pa rame te r  g can be expressed in te rms  of the level 

density p a r a m e t e r  a by  

For a simple Fe rmi  gas (11) 

J t  
(4) ~ = ct  = V "  

(11) T. ERICSOn: _NucL Phys., 6, 62 (1958); D. W. LANG and K. J. LE COUT]~UR: 
lYud. Phys., 14, 21 (1959). 

(12) A. BOER, B. R. MOTTELSON and D. PINES: Phys. Rev., 110, 936 (1958); D .W.  
LANG: _~'~ecl. Phys., 42, 353 (1963); H. K. VONACH, R. VAND]~NBOSCH and J. R. HUI- 
ZE~GA: 5Tucl. Phys., 60, 70 (1964); R. VA~DENBOSCH, L. HASKIN and J. C. NORMAN: 
Phys. Rev., 137, B 1134 (1965). 

(la) T. D. ~]~WTON: Can. Journ. Phys., 34, 804 (1956); T. ERICSON: Adv. Phys., 
9, 425 (1960). 
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The quan t i ty  c/g 2 can be in terpre ted  as a m o m e n t  of inertia.  I t  is sometimes 
convenient  to compare  ~¢ with  the r igid-body m o m e n t  of inert ia ~ given by 

(5) J ~ =  § M R ~ A  , 

where M is a nucleon mass,  A the  mass number  and R the nuclear  radius. 
A value of the radius p a r a m e t e r  of r0 ~ 1.2 f m  was t aken  in the  present  
calculations. The relat ionship between the nucleur t empera tu re  T and the 

exci ta t ion energy U is approx ima t ive ly  given by  

(6) U ~ a T  2 -  4T  . 

Calculations of the expected isomeric cross-section ratios have  been carried 
out using the formal ism described previously  (~). 

The first step of calculation is the de te rmina t ion  of the angular  m o m e n t u m  
distr ibution of the  compound nucleus produced in the react ion 

~+~ Jo+s 2 J  + 1 
(7) a(Jo, E) 7g~ z Z T~(E) 

, l~  ~1 (2s + 1)(21 + 1 ) 

where J~ is the angular  m o m e n t u m  of the  compound nucleus formed by  cap- 
tur ing the incoming projecti le of energy E and spin s b y  the  t a rge t  nucleus of 

spin I .  
The transmission coefficients for the incoming neutrons  were calculated 

using the usual  formulae.  
The nex t  step is the  calculation of the angu la r -momen tum distr ibution in 

the residual  nucleus following part icle  emission. The probabi l i ty  t ha t  the  ini- 
t ial  compound nucleus of spin Jo will become a residual nucleus of spin J~ by 

emission of a part icle  is given by  

J1~-8' JeT8 

(8) p ( J ,  lj~ oc O(J,) Z ~, T'~,(E) , 
• ~=I-'F"I ~':lJ~-sl 

where s' is the intrinsic spin of the  emi t ted  part icle,  T'z(E) is the transmission 
coefficient for an alpha-par t ic le  or pro ton  with  angular  m o m e n t u m  l' and 

energy E~ and 

(9) ~(J,) < (2J,. + 1) exp [- -  (J~ + ½)~12a ~] . 

I t  has been assumed tha t  the  part icles car ry  off an average  energy;  the 
Coulomb barr ier  energy is a reasonable approx imat ion  for the  average  energy 
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of the emi t t ed  charged par t ic les .  The  e~lcula t ions  of F e s h b a c h  et al. (~4) have  

been used for the  charged  par t ic les .  
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Fig. 4. - Distribution of angular momentum at several stages of the calculation for 
the 69Ga,(n, p) 69Zn-69Zn ~ reaction using the spin cut-off parameter a = 2. a) the cross- 
section of the compound nucleus, b) the distribution following the emission of the proton 

and c) the distribution obtained after the emission of one dipole gamma-ray. 

(1~) H. FESHBACH, i~/[. M. SHAPIRO and V. F. WEISSKOPF: Atomic Energy Commission 
Report NYO-3077 (1953) unpublished. 
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The  sp in  d i s t r i b u t i o n  in  t h e  r e s i d u a l  nuc le i  fo l lowing  p a r t i c l e  emiss ion  when  

o n l y  ~ s ing le -p~r t i e l e  t y p e  of a v e r a g e  e n e r g y  n e e d  be  c o n s i d e r e d  in  o r d e r  to  

d e t e r m i n e  t h e  d i s t r i b u t i o n  l e a d i n g  to  t h e  i somer i c  r a t i o  is  

(~0) P(j~) = Z P(jo)p(j,)~o, 
Jc 

where /)(J,:) ---- ~(J~, E) ~(J¢, E) is the probability of spin J~ in the total 
JJc=O 

spin distribution of the compound nuclei. 
After the last particle is emitted, the final stage of de-excitation takes place 

b y  emiss ion  of one y - r a y  or  u ca scade  of g a m m a - r a y s .  T h e  n u m b e r  v a n d  ene rgy  

s p e c t r u m  of t he  g a m m a - r a y s  e m i t t e d  h a v e  been  d i scussed  in  p r e v i o u s  works  (~). 

G a m m a - r a y  ca scade  cut-off  e n e r g y  l i m i t s  of 1 a n d  2 MeV were  used .  I s o m e r i c  

r a t i o s  were  c a l c u l a t e d  f r o m  t h e  d i s t r i b u t i o n s  j u s t  p r e c e d i n g  t h e  f ina l  g a m m a  

emiss ion .  

The  ca l cu l a t i ons  of i somer i c  r a t i o s  d i scussed  in  th i s  r e p o r t  were  c a r r i e d  ou t  

w i t h  an  I B M  7040 us ing  n p r o g r a m  w r i t t e n  b y  HAF~E~,  HUIZENGA a n d  VA~- 

I)E~nOSC~ (,5). F i g u r e  4 shows t h e  d i s t r i b u t i o n  in  a n g u l a r  m o m e n t u m  a t  sev-  

e ra l  s tages  of c a l cu l a t i ons  for  t h e  ~Ga(n ,  p)69Zn r e a c t i o n  us ing  t h e  sp in  cut-off  

p a r a m e t e r  a---- 2. 

P 
Reaction [ 

i 
i 

I 
69Ga(n, p)69Zn* 1 

71Ga(n, p)71Zn 

72Gc(n, a)~gZn 

7aGe(n, a)71Zn 

T.~]~L]~ ]I .  - Calculated isomeric ratios. 

v ~ O  ~ ,~1  ~ 2  

i 
2 0.835 ] 
3 2.191 • 

0.013 1 
2 
3 

1.375 1.052 
2.498 2.332 

0.138 0.0358 
1.434 1.092 
2.551 2.377 

0.744 0.627 
1.85I 1.793 

0.038 0.013 
0.748 0.630 
1.866 1.804 

0.862 
2.229 

0.546 
1.762 

0.0081 
0.549 
1.753 

v ~ 3  

0.688 
2.071 

0.0080 
0.706 
2.104 

0.491 
1.699 

0.0068 
0.492 
1.708 

T 

v ~ 4  

0.582 
1.972 

0.0069 
0.600 
1.999 

0.452 
1.662 

0.0066 
0.453 
1.669 

(15) W. L. HAFNER jr. ,  J.  R. HU][ZENGA and R. VANDE~BOSC~: Argonne National  
Laboratory,  Report  ANL 6662, unpublished. 
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Curve a) shows the  dis tr ibut ion in angular  m o m e n t u m  of the  compound 
nucleus prior  to the  pro ton  emission, curve b) the dis tr ibut ion following the  
proton emission and curve c) the  distr ibution obta ined  af ter  the  emission of 
one dipole gamma- ray .  The final popula t ion  is then  determined b y  dividing 
this distribution a t  J ~ -  ½(Ira -k I~) --~ ~, where I~  and  I~ are the  angular  mo- 
menta of the  metas tab le  and  ground state,  respectively• 

States wi th  J ~  are assumed to popula te  the  higher-spin isomer 
(I,,,~ ~) and s tates  wi th  J ~  ~ to popula te  the  lower-spin isomer ( I ~ :  1). 
Half-states wi th  J ~ - ~  are p resumed to decay to each isomer. 

The isomeric ratios calculated in this way  are repor ted  in Table I I .  They  
m~y be compared  with  the available exper imenta l  isomeric ratios repor ted  in 
T~b]e I.  

The best  agreement  with exper iments  was obtained b y  set t ing a ~  2 and 
v----1 for the  ~9Ga(n, p)69Zn-~gZn~ react ion and  (r----~-~2.5 for the  7~Ge(n, ~). 
• 6~Zn-~9Zn~ reaction.  

Analyses of isomeric cross-section ratios for the react ions in which the  iso- 
meric p~h' 7~Zn and 7~Zn*'~ is fo rmed  indicated a value for ¢ of approx ima te ly  

1.5, according to the da ta  of Levkovski i ;  a value for ~ of app rox ima te ly  3 is 
obt,~ined tak ing  into account  the  present  result  for the Ga(n, p) reaction.  

5 . -  Discussion. 

The calculated isomeric ratios for the  shifted Fe rmi  gas (16), the  inde- 
pendent-pairing (~) and the superconductor  (22) models for various values of 
the level densi ty pa rame te r  a are compared  with  the  exper imenta l  data .  By  
m~king appropr ia te  p a r a m e t e r  choices, i t  is possible to obta in  agreement  wi th  
the exper imenta l  results. I n  the  present  calculations, a was t r ea ted  as adjus table  
parameter. 

Pairing energies 26 -~ 3.16 for GPZn and 25 z 3.0~ for 7~Zn have  been t aken  
from the work of NEMIROVSKY and ADA~CHUK (27). 

5'1. Isomeric yields /rom the 69Ga(n, p)69Zne°-Zn~ reaction. - The calculated 

isomeric rat ios for the  shifted Fe rmi  gas, independent  pair ing and super- 
conductor models  for the value of a--~ ~A, a :  ~A and a--~¼A are com- 
pared with exper imenta l  data.  

The level densi ty p a r a m e t e r  value needed in the F e r m i  gas model  to fit 

(16) K. J. LE COUTEUR and D. W. LANO: Nucl. Phys., 13, 32 (1959). 
(17) p. E. NE~IROVSKY and Yr.  V. AD~Me~VK: Nucl. Phys., 39, 551 (1962). 
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experimental data  is too large for the Fernli gas. I f  one assumes a value of 
the level density parameter  a = {A, which is the more accepted value (~2) in 
agreement with temperature  measurements,  a reduction of the rigid-body 

moment  of inertia is required to fit the experimental  isomeric ratios. F rom the 

~ =  2 and a--~-~-A, one estimates ~¢/J,~--0.28 ~= 0.03. This corresponds to a 
moment  of inertia which is appreciably less than  the rigid-body value. The 
error on the J / J ~  ratio is deduced from the experimental  one on the isomeric 

cross-section ratio. 
On the other  hand, a reduction of the moment  of inertia was necessary for 

agreement with experimental  results on several other isomeric pairs (is). 

A reduction factor  of J / J ~ = 0 . 3 5  was observed(19) in neighbouring 
69C.u-69CU~" 

Comparison of the experimental  data  with the prediction of the independent- 
pairing model was made for t he  various level density parameters  a. I t  is known 

tha t  this model gives moments  of inertia which are considerably less than the 
rigid-body values. 

However  with the accepted a-value given by a = ~A, a smaller reduc- 

tion of the moment  of inerti~ is needed. To reproduce the experimental  nuclear 
temperature  using a rigid-body moment  of inertia., a value of a larger than  that  

given by a -~  {A is required. 
Calculations based on the superconductor model were performed for the 

above values of the level density parameter  a. Among al l the  calculations per- 
formed on the 69Ga(n, p)~gZn-6~Zn', the superconductor model with a----- ¼A using 

a rigid-body moment  of inertia gives ~ reasonable fit to the experimental  data. 
The superconductor model requires usually large a-values to fit the experimen- 
tal  nuclear temperature  (12). 

For  a = ~A, ~ moment  of inertia smaller than  the rigid-body nmment is 
needed in the calculations. 

5"2. Isomeric yield ]rom the 71Ga(n, p)71Zn-7~Zn~ reaction. - The experimental 

data of Levkovskii  (2) are compared with results calculated with the various 

models. For  ~ value of the level density parameter  a-~ '~A ,  the shifted 
Fermi  gas model gives too large a moment  of inertia.. Wi th  this assump- 

tion, a ratio J / ~ r =  ~ 0.31 is indicated. 
The superconductor model would fit the experimental  data  for a = ¼A 

with a rigid-body moment  of inertia. 
On thecont ra ry ,  accepted a value a~--3 for the spin cut-off parameter,  

for a value of the level density a ~-- ~-A and a reduction factor of S/J~---- 0.65, 

(18) j .  H. CARV]~R, G. E. COOT]~ and T. R. SHERWOOD: ~uol. Phys., 37, 449 (1962). 
(19) j .  H. CAlCV~I¢ and G. A. JONES: Nucl..Phys., 19, 184 (1960). 
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~ good agreement  be tween F e r m i  gas theory  and our exper imen ta l  d a t a  was 

obtained. 

A reasonable fit can also be ob ta ined  for the superconductor  model  wi th  

_ !  A a - - s  • Thus our exper imen ta l  resul t  seems to be somewhere be tween the 

predictions of the var ious  models.  

5"3. lsomeric  yield from the 74Ge(n, ~)~oZn reaction. - The nuclear  level 

density pa rame te r  a has been computed  using the re la t ionship  a ~ ~ -A .  This 

choi(.e is in agreement  wi th  several  authors  (.-o). Fo r  a ~ x!6A, a value  in 

agreement wi th  the  nuclear  temI)eruttl 're, a reduct ion  of the  r ig id-body  momen t  

of inert ia of J / ~ - - ~  0.53 ± 0.04 is needed ill the  shif ted F e r m i  gas model.  

The independen t -pa i r ing  model  calculat ions based  on a. r ig id -body  mo- 

ment of iner t ia  and  va lue  a - - - - ~ A  give a good fit to expe r imen ta l  results.  

A - 'cod fit is also obt,~incd wi th  the  superconductor  model  for a - - - -~A 

usint~" the r ig id-body moment  of iner t ia .  

5"4. Isomeric yield from the 74Ge(n, z¢)71Zn reaction. - The exper imen ta l  d a t a  

are those of Levkovski i .  

The calcula ted isomeric ra t ios  for the  shif ted F e r m i  gas model  for the  values 

of a = ~o-A and a ~ - ~ A  were compared  wi th  the  exper imen ta l  da ta .  F o r  

a=-~6A, a moment  of ine r t i a  smal ler  t han  the  r ig id -body  m o m e n t  is needed 

in the caluclations.  A reduc t ion  of J / J~- -~  ~ 0.37 is indica ted .  

Calculations based  on the  superconductor  model  were per formed  for 

a =  ~!6A and a ~ ~A. A reasonable  fit wi th  the superconductor  model  re- 

quires a level dens i ty  pa r ame te r  a which is too large. On the other  hand,  an 

a-v,tlue larger t han  ~A is difficult to just i fy .  In  view of this  uncer ta in ty ,  no 

definite conclusion can be drawn from this react ion.  

The calculations were per formed on the F I A T  IBM 7040 computer .  The 

authors are indeb ted  to the Staff of the Computer  Center and  to Dr. C. D'Ul~so 

and Dr. B. GA]~uT~I for assistance with  the  computer  calculations.  The authors  

~ish to express thei r  thanks  to  Ing.  1q. PlCCI~I~I for the  chemical  separat ions .  

(2o) D, G. GARDNER ~nd Y. W. Yu: Nucl. Phys., 60, 49 (1964); D. L. ALLEN: Nucl. 
Phys., 24, 274 (1961); 1. DOSTROWSKY, Z. FRAENKEL and G. FRIEDLANDER: Phys. 
//ev., 116, 683 (1959). 
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R I A S S U N T 0  

Sono s t a t i  m i s u r a t i  s ia  i r a p p o r t i  delle sezioni  effieaei di  i somer i  s ia  le sezioni efficaei 
assolu te  pe r  le s eguen t i  r eaz ion i  nuc lea r i :  eaGa(n, p), : lGa(n ,  p), ~2Ge(n, a), 74Ge(n, a), 
in  cui vengono  p r o d o t t i  gli  isome'ri  eaZn e 6aZn'~, 71Zn e 71Zn m. I r i s u l t a t i  sono staff  
ana l i zza t i  u s a n d o  i ealeoli '  s ta f i s t ic i  di  H u i z e n g a  e V a n d e n b o s c h  e e o n f r o n t a t i  con i 
caleoli  b a s a t i  sui va r i  mode l l i  nue lear i .  I n  genera le  l ' aeeordo  t r a  t eo r i a  e d a t i  speri- 
m e n t a l i  b soddis faeente .  Nel  model lo  del  gas  d i  F e r m i  l ' aeeordo  si h a  solo con  u n a  ridu- 
z ione del m o m e n t o  d ' i ne r z i a  r i s p e t t o  al  va lo re  r e l a t ivo  al  corpo r igido.  

OTH0meHH~I tl30MepHqeet~tlX nonepeqHhlX eeqeHHfi 

~ i 9  peaKuH~ pO~K~eHil~l H3OMepHqeClCHX nap eeZn, ~9Zn'~ s 7xZn, ~ Z n  TM. 

Pe3mMe (*). - -  Bblnn n3MepeHbi a6coamrHble  nonepe~ tb l e  ce~enn~ a OT~omenna 
H30Mepu~ecrnx ceqermR ~ I ~  c~e~iyrottmx peak't~n~, B ~OTOpblx pox~IarOTCa naoMepnqec~me 
napbi  6aZn a * 9Zn~, r lZn n 71Zn~: ~aG~(n,p), 7XG~(n,p), nGe(n ,  ~) rt ~4Ge(n, ~). 3 r ~  aKcnepH- 
MenTa.rlbn/~Ie Be:]rt~rmbi rmTeprlpeTnpyIoTCa B TepMi4aax CIIrIHOBO~ 3aBHCrlMOCTrI rLrlOTHO- 
CTH ~21epHblx y p o B H e ~ .  ]/]3OMepH~IeCKHe OTHOILIeHH~ CpRBI-H4Ba~IHCb C BbIqI'IC2"IeHH~MH, OCH0- 

Ba3FIH/~IMM Ha paBYlHqHbIX a~epribix Mo~eslaX. l b I ~ c a e r m a  c noMombro Mo~le~ln (I~epMH- 
ra3~ Tpe6yvoT MOMeRTa ~HepI~nrf MeHbLUero, iteM MOMeHT TBep~oFo Tena; BOO6L~e, pa3y- 
MHaa/IO~FOHKa nonyqaeTc~ c Mo~e~aM~ He3aBHCHMOFO cnapnaa rm~ ri cBepxIlpOBO~HMOCTn. 

(') llepese3eno peOat~ueft. 


