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S u m m a r y .  - -  Lifctime mcasurcmcnts by the Doppler shift a t tenuat ion 
method for levels in the nuclei 57Fe and 57Co, populated via the reac- 
tions 55Mn(a, pny)57Fe and bSMn(a, 2nv)57Co, respectively, are reported. 
The rcl,ttive v-ray intensities and the branching ratios for levels in the 
two nuclei are also presented. In  5VFo, mean lifctime values of v = (0.20 _--' 
+ 0.09) ps and (0.26 + 0.10) ps are obtained for the levels at 1007.0 keV 
and 1356.8 keV, respectively, for which no lifetime information existed 
previously and values of v =  0.08 + 0.03, 0 ~4 +~176 and (0.16-~-0.06)ps �9 ~ --0.15 
are determined for the levels at 2355.7, 3269.1 and 6185.6 kcV, respec- 
tively, for which only the limits of lifetimes were reported earlier. For 
the 2455.2 keV level in 57Fe a lower l imit  of 2 ps is obtained for its mean 
life. In  57Co lifetimes of eight levels with J.~ < 19-/2 have been measured 
and compared with the earlier reported values. The results of lifetime 
measurements and reduced transition probabilities for both the nuclei 
are discussed and compared with the available shell model calculations. 

PACS. 23.20. - Electrom'~gnctie transitions. 

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

The  l i fe t imes  a n d  e l ec t romagne t i c  p rope r t i e s  of the  first four  exc i t ed  s ta tes  

of t he  57Fe nuc leus  have  becl l  e x t e n s i v e l y  s tud ied  ear l ie r  a n d  r epor t ed  in t he  

l i t e r a t u r e  (1). The  l i f e t ime  i n f o r m a t i o n  for the  h igher  exc i ted  s ta tes  is incon-  

c lus ive  b o t h  f rom the  e x p e r i m e n t a l  a n d  the  theo re t i ca l  p o i n t  of view. :Recent 

(*) To specd up publication, the authors of this paper have agreed to not receive the 
proofs for correction. 
(1) Nucl .  Data Sheets, 20, No. 3 (1977). 

54 



DOPPLER SHIFT ATTENUATION MEASUREMENTS ON 5VFe AND 57C0 55 

results of shell model  calculations of electromugnetie propert ies  of states above 
the  yras t  J~ --~ 7-/2 s tate  a t  1007 keV are repor ted ("-) to  be differing widely 
from the exper imental ly  kaowu properties.  Also, there  is ~ repor ted  (a) evidence 
of the  existence of a AJ--~ 2 posi t ive-par i ty  band  buil t  upon a J~ ~ 9+/2 
level at 2455 keV and extending up to 8323 keV (25+/2) level. There  is a lack 
of l ifetime iuforma~ion for the 1007 kcV level and m a n y  higher-energy levels 
including some belonging to  the posi t ive-par i ty  band for which only the  limits 
of lifetimes have been repor ted (3). Wi th  these points in view we have under-  
t aken  measurement  of l ifetimes and ~,-ray branchings in 57Fe. Concurrently,  
the lifetimes und ~'-ray branching for some levels up to  J.~ ~ (19-/2) in ~7Co 
have also been measured in this work. This has been a t t empted  in view of 
the  fact  tha t  the  previous l ifetime measurements  in 57Co were confined to low- 
spin states, except ing the  measurements  repor ted by  BENDJABALLAH et al. (4) 
and recent ly,  for the 4.81 ~ e V  17-/2 state by  KEVELOH et al. (5). The present  

results for the  ~.-ray t ransi t ion probabilit ies are compared with the available 
model  calculations. 

The present  studies have been carried out by  in-beam T-ray spectroscopy 
in the  reactions B~.-~n(x, pn~,)hVFe and 553]~ll(ac, 2n~')57Co at E ~ =  25 and 

28.6 M:eV. Besides the  l ifet ime measurements ,  the relat ive intensities of the  
T-rays observed in these reactions are also presented along with the level schemes 
of 57Fe and 57Co. 

2. - Exper imenta l  procedure.  

P r ompt  ~'-rays f rom natura l  manganese ta rge t  i r radia ted with 25 and 
28.6 ~ e V  :c-p~rticles were studied with ~ 111 cm 3 Ge(Li) detector  at  the  Va- 
riable Energy  Cyclotron Centre, Calcutta.  A na tura l  manganese target  of 
8 mg/cm 2 thickness deposited on u 300 [zg/cm 2 thick mylar  foil wa.s mouuted  
at  the centre of ~ re~etion chamber  with the mylar  foil facing the incident 
a-particle beam. The t ransmi t ted  beam through the ta rge t  w~s stopped oa 
a t an ta lum beam dump,  posit ioned about  2 metres  away from the  target ,  and 
shielded by  paraffin and lead blocks. The Ge(Li) detector ,  placed outside the 
reaction chamber  at  a distance of 18 em from the  target ,  was surrounded by  
50 cm thickness of lead to shield against  the  background radiation.  

(2) R. VENNINK, J .  KOPECKY, I ). M. EXDT and  1 ). W. 3I. GLAUDEMANS : ~rUCZ. Phys. A, 
344, 421 (1980). 
(3) A. 3[. NATIIA.~', J . W .  0L.~,;ESS, E. K. WARBURTON and J .B.  McGRORY: Phys. 
leer. C, 17, 1008 (1978). 
(4) N. BENDJABALLAll, B. DELAUNAY, J .  DELAI:~-AY and  T. NO.~IURA: Nucl. Phys. A, 
280, 228 (1977). 
(5) (~. KEVELOH, II. P. IIEL~.MEISTER, K.P .  LIEn, 5. B. 5IcGaoRY and I .P .  JOHN- 
STONE: J. Phys. G, 7, Ll17 (1981). 
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~No collimating apertures  were used in the beam line inside the  exper imenta l  
area. Instead~ a highly parallel  beam of a-particles, about  4 m m  in di~meter~ 

obta ined by  proper  ad jus tment  of the quadrupoles before the  react ion chamber ,  
was allowed to  irradiate the  target .  This procedure effectively el iminated the 
unwanted  background arising from the  use of slits or apertures.  Typical  beam 
currents  of "tbout l n A  were used. The incident  beam on the ta rge t  was 
moni tored  by  detect ing the scat tered a-particles with a silicon surface-barrier  
detector  mounted  inside the react ion chamber.  

The y- ray  spectra were studied at  90 ~ and 125 ~ with respect  to the beam 
direction, at  two beam energies. The background spectra wi thout  beam, and 
with beam on a 300 tzg/cm-" th ick mylar  foil, were measured in separate runs. 
The spectra were recorded on .ND 620 8 K channel  analyser  and periodically 
t ransferred to  magnet ic  tape for subsequent analysis. The efficiency calibration 

of the  Ge(Li) detector  was performed with s tandard  sources of 13~Ba, ~'~2Eu 
and 2~ under  identical  conditions and geometry  as during the exper iment .  

3 .  - A n a l y s i s .  

The lifetimes were determined by  the Doppler-shift  a t tenuat ion  (DSA) 
method.  The target  thickness was sufficient to stop 95 % of the recoils produced 
in the  reactions studied. The recoiling nuclei were confined within a narrow 
cone centred about  the  z-axis (beam axis). The centroid shift of the Doppler-  
broadened y-ray lines with respect to the  unshif ted ones was betermined from the  
the  y-ray spectra recorded at  ]25 ~ and 90 ~ respectively.  The lifetimes were 
ex t rac ted  from a comparison of the exper imenta l  a t tenuat ion  factors, E(~:), 

proper ly  modified in order to  take  into account  the  feeding t ime of the  pre- 
ceding y-rays,  with the  theoret ical  a t tenua t ion  factor  vs. mean life curve. The 
theoret ical  a t t enua t ion  factors were obtained following the me thod  of 
Wa r bu r ton  et al. (e), where the z-component of the ion veloci ty  (v~) is assumed 
to va r y  with t ime according to the  following analyt ical  form: 

dt \Vo/ \ r e /  ' 

where M1 is the mass o~ the moving ion and vo = c/137. The first term,  K ( v j v o )  , 

corresponds to electronic stopping and the paramete r  K e is obtained using the  
re levant  stopping power informat ion (7). The parameter  K n corresponds to  
nuclear stopping and is evaluated incorporat ing the multiple ion-aton collision 

(6) E. ]~. WARBURT01% ~, J .W.  OLNESS and A.R. ~)OLETTI: Phys. Rev., 160, 938 
(1967). 
(7) :I:J. C. NOR~'nCLZ~'~'~ and R.F .  SCnII.LZ.~G: Nq~cl. Data Tables, 7, .No. 3-4 (1970). 
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corrections following the  procedure  developed b y  ]~LAL'GRUB'D (s). These pa ram-  

eters  Ko and K= are used in calculat ing the  theoret ical  F(z) .  
Since the  react ion mechan i sm in the  present  expe r imen t  does not  permi t  

a pre-selection of the  s ta te  under  s tudy,  corrections due to popula t ion  of the  

s ta te  of in teres t  b y  cascades f rom higher s ta tes  are t a k e n  into account.  I f  

several  levels each with  mean  life r~ and direct  popula t ion  v~ ( i > 2 )  decay to 

a level wi th  mean  life v~ and  diree~ popula t ion  v~, the  observed Doppler  shift  

for the  la t te r  level depends on (") 

where v~ ~- ~ v~ ---- 1. The init ial  vclocitics and  hellce the  ~'(T) curves for all 
i 

the  levels are taken  to  be same within errors.  

We have  ex tended  this  fo rmal i sm to include also the effects of feeding b y  

y-u cascades, where a level wi th  T~ and vj feeds ano the r  level wi th  r~ and  r~, 

which finally decays to  the  s ta te  of in teres t  with T~ and ~,~. In  this case the  

observed Dopple r  shif t  depends on 

I,'(T~) --- ,,~)'(T~) -I- ~ )- ~ [T,F(T,) --  T~I"(T~)] - -  

J>i  

_ _  ___ [ T ~ ( t l . -  T 1 ) . / ~ ' ( ~ j ) -  ~ ' ~ ( ' ~ j -  T 1 ) . ~ ( T i )  "~-- 

-t- T[ ( r j - -V , ) I " (T , ) ] ,  

where the  sum of all the v's is normal ized to uni ty .  

The direct  popula t ion  v's were ob ta ined  f rom the intensi t ies  of the  re levant  

v- rays  taking into account  the  appropr i a t e  branching  ratios.  

Besides, there are feedings duc to  unknown t rans i t ions  which are not: ob- 
served exper imenta l ly  due to the i r  weak intensit ies.  This is referred to as 
(( side feeding)). The am oun t  of side feeding to  a level is ob ta ined  as the  dif- 
ference of intensi t ies between known y- t ransi t ions  f rom the level and  those 
to the level. The side feeding t ime  is not  known bu t  it  h~s also been accounted 

for in the  manner  described in ref. (4). The good agreement  of our measured  

mean  lives for some of the  low-lying s tates  of sTCo (subscct. 4"1), for which 

l i fe t ime values were known previously ,  supports  the  procedure  of analysis.  

The recoil velocit ies of 57Co and ~TFe have  been calculated following the  

me thod  outl ined in ref. (4), under  the  "tssumption t h a t  the react ions proceed 

v ia  the  fo rma t ion  of a compound  nucleus. Thc corrections to the exper imenta l  

(8) A.E .  ]~LntrGm:,~'D: Nucl. Phys., 88, 501 (1966). 
(9) R . A . I .  B~L~,, J. L LCt~):R, R.D.  GILL, B.C. ROBERTSO.',', I .S .  TOWN~R and 
II. J. ROSE: Nucl. Phys. A, 133, 337 (1969). 
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�9 '(v) values due to  the  escape of abou t  5 % of the  recoils f rom the  t a rge t  have  

been es t imated  b y  the  me thod  of ref. (~o). The spread in the  recoil ve loc i ty  

due to  the  ini t ial  spread in the  projecti le energy ( ~  200 keV) and the  t a rge t  

th ickness  are not  expected  to yield significant errors.  The recoils due to the  
emission of part icles  and y-rays  f rom the compound  or residual  nucleus are 

difficult to est im~te accurately ,  bu t  the i r  effect on the  calculated l i fet imes has  

been previously  shown to be small  (~). The effect of possible errors in the  recoil 
veloci ty  due to these factors  are nevertheless included b y  doubling the  errors  

on the  l i fe t ime values repor ted  here. 

4.  - M e a s u r e m e n t s  a n d  r e s u l t s .  

A typ ica l  y - ray  singles spec t rum with 28.6 5[eV a-part icles  on na tu ra l  

manganese  ta rge t ,  observed at  90 ~ to  the  beam direction, is shown in fig. 1. 

P rominen t  y-r~y lines identified as belonging to ~7Co and ~TFe are shown labelled 
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Fig. 1. - In-beam gamma-ray spectrum from the lmmbardlnent of natural manganese 
target with 28.6 MeV ~-particle recorded at 90 ~ with respect to the beam direction. 
Only the prominent y-ray lines belonging to STFe and 5K'o, the latter marked with 
asterisk (*), are labelled. The energies are given in keV. 

(10) E. J. IIoFF~kX, D. M. V,~x I)X'rT~R, D. G. SARA.X~ITF~S and J. I[. BARKER: Iuc l .  
Inslrum. Melhods, 109, 3 (1973). 
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Fig. 2. - Level scheme of 5~Co showing the y-ray transitions observed in the prcscut 
work. The relative y-ray intensities at 125 ~ in the reaction SSMn(a, 2ny)57Co at Ea = 
= 28.6 MeV, :u'e given in parentheses. The estimated errors in the intensities aro 
(5-: 10) % for the relative inlensit.y values in the range ( 100 -- 5) and higher for the weaker 
y-rays. The symbol (W) indicates relative intensity values < 1. The relative intensity 
of the 870.4 keV transition is estimated from the reported (~) branching ratio with 
respect t() the ]336.3 k(~V y-va T. The spins and parities of levels up to 2560.1 kcV are 
taken from ref. (t) and those for the higher levels from ref. (4). 

in the iigure. We present below some of the results obtained for these two nuclei 
in this investigation. 

4"J. 57C(). - The level scheme of 57Co indicating the level energies, T-ray 

transitions, their relative intensities and branching ratios obtained in the present 

work vi~ the reaction 5t~'[n(a, 2nT)57Co is shown in fig. 2. Three high-spilt 

states with ,1-~----15-/2, 17-/2, and 19-/2 have becIt reported by  BEND3A- 

BALLAN st al. (4) via. the reactions 4STi(nC, p2u)sTCo and 54Fe(a~ p)sTCo. The 

19-/2 state was reported to be weakly populated in the former reaction and 

not  observed in the lat ter  re:~ction. All the three levels ~rc well populated in 

the 555In(~, 2nT).STCo reaction in the present work. The results of lifetime meas- 

urements  of these levels and five other levels in s~Co "~re presented along with 

the previous results in table Ia). Typical  Doppler-broadened line shapes for 
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y - t r a n s i t i o n s  d e p o p u l a t i n g  t h e  leve ls  a t  5921..1, 2523.7 ,~nd 1 2 2 3 . 8 k e V  a re  

s h o w n  in  fig. 3a).  The  p r e s e n t  r e su l t s  a r e  in  good  a g r e e m e n t  w i t h  t h e  p r e v i o u s  

r e p o r t s  e x c e p t  in  t h e  ease  of t h e  2523.7 k e V  (13-/2)  l eve l  for  w h i c h  t h e  p r e s e n t  

r e s u l t  ag rees  w i t h  t h a t  of ref .  (*) b u t  n o t  w i t h  ref .  (1~). F o r  t h e  m e a n  l i fe  of t h e  

4817.0 k e V  (17-/2)  l eve l ,  ~ l i m i t  of v > 2 ps  is a s s i g n e d  on t h e  bas i s  of v e r y  

s m a l l  D o p p l e r  sh i f t  w i th  ) ' (~)  < 0.05 o b s e r v e d  in  t h i s  case.  

TABLE I. -- Results o] li]etime measurements o/ levels i~ 57C0 a,~d 57Fe. 

a) STCo 

J~  Level Mean life (ps) 

energy l ' rcsent  
(keV) 

Previous 

ref. (11) ref. (4) rcf. (2) 

9-/2 1223.8 0.075 i 0.035 0.075::~176 0.085 i 0.030 - -  
11--/2 1689.7 0.32 ~ 0.12 0.35 :~: 0.03 0.32 -~ 0.10 - -  

7-'/2 2311.1 0.34 --  0.14 - 0"g-~'0.075 ( ) . ~ l O  ~0.055 . . . .  
, +0 .07  13-/2 2523.7 0.12 • 0.05 0.38__om 0.16 • 0.06 - -  

�9 ~ - o . 1 5  ( ~  11/2) 2560.1 0.52 = 0.21 0 . 7 3 _ 0 . 1 3  - -  
+0.06 (15-/2) 4035.5 0.07 :L 0.03 - -  0 . 1 0 _ o . o 7  - -  

(17-/2) 4817.0 > 2 - -  1.5 +4'~ 14.3 • 0.3 
(19-/2) 5921.1 0.20 =t= 0.07 - -  0.1~+~176 - -  

b) 57Fe 

J~ Level  3[can life (ps) 

energy Present  Previous 
(keV) 

ref. (12) ref. (3) 

7-/2 1007.0 0.20 :t: 0.09 . . . .  
7-/2 1356.8 0.26 - 0.10 - -  - -  

11--/2 2355.7 0.08 :t: 0.03 ~ 0.60 < 0.2 
(9+/2)  2455.2 :> 2 . . . .  

LO.30 (13'/2) 3269.1 0.54_ oAs - -  1.5 --5 
(17+/2) 4525.2 0.27 =': 0.09 - -  0.55 .'-- 0.2 
(21+/2) 6185.6 0.16 :i: 0.06 - -  < 0.2 
(25~/2) 8324.6 < 0.2 - -  < 0.2 

4"2. 57Fe. - The  l eve l  s c h e m e  of 27Fe sh ow ing  t h e  7 - r a y  t r a n s i t i o n s  a n d  re la -  

t i v e  y - r a y  i n t e n s i t i e s  o b s e r v e d  in  t h e  p r e s e n t  work  in  t h e  r e a c t i o n  ss:-V[n(a, pny)57Fo 

a t  28.6 MeV p r o j e c t i l e  e n e r g y  a n d  a d e t e c t i o n  ang le  of 125 ~ to  t h e  b e a m  d i rec -  

t i o n ,  is g i v e n  in  fig. 4. Two r e c e n t l y  r e p o r t e d  (3) h i g h - s p i n  s t a t e s  a t  6185.6 k e V  

(21+/2) a n d  8324.6 (25+/2) a r e  o b s e r v e d  to  be  p o p u l a t e d ,  be s ide s  t h e  p r e v i o u s l y  

k n o w n  (~) l o w e r - l y i n g  s t a t e s .  Also  t h e  814.1 k e V  7 - r a y  t r a n s i t i o n  d e p o p u l a t i n g  

(11) R. DAYRAS, 3I. TOI;L)~MONDE, B. ~UJEC, ]3. IIEI:SCII, J. N. MO and I. 3[. Sz6~ltY: 
Nucl. l 'hys. A,  173, 49 (1971). 
(m) Z P. SAWA: P. hys. Set., 6, 11 (1972). 
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Fig.  3. - Typ ica l  Dopp le r -b roadcned  peaks  (dots) obscrvcd  a t  125 ~ and the  corre- 
sponding  unsh i f t cd  peaks  (crosses) at  90 ~ wi th  respec t  to t he  b e a m  di rec t ion  for a) 
834.0, 1104.1 and 1223.8 k e y  ~,-rays of 57Co, and  b) 870.6, 1256.1 and 1348.5 keV 
T-rays of 5VFe. 
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Fig. 4. - Level scheme of ~TFc. The relative intensities of the y-rays observed in the 
reaction 5~Mn(a, pnT)S~Fe at 125 ~ with respect to the beam direction and 28.6 MeV 
projectile energy are given in parentheses. The estimated errors in the intensities lie 
within (5+10)% for relative intensities in the range (1O0--10) and within (10--15)% 
for the weaker Torays excepting those labelled (W). The symbol (W) indicates relative 
intensity values <1. The J= valucs for levels up to 3134.5 keV are taken from ref. (1) 
and those for the four higher-lyil)g levels from ref. (a). 

the 3269.1 keV level, first reported in ref. (3), is observed in this work. The 

branching ratio obtained for the ] 158.1 and 1348.5 keV transit ions depopulat ing 

the 2355.7 keV level is in disagreement with the result of ref. (3) but  agrees 

with the value reported in ref. (12). Other  branching ratios are in fair agreement  

with the previously published data  (1). 

A few Doppler  broadened and the corresponding unshifted y-ray  line shapes 
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are shown in fig. 3b), and a summary  of the results of l i fet ime measurements  
of levels in 57Fc is presented  in table  Ib). The l ifet imes of the  ]356.8 and 
1007.0 keV levels were not  known previously.  The measurement  of the  mean  life 
of the  1356.8 keV level yields a value of (0.44• ps when side-feeding cor- 
rections are not  applied. We have adopted a value v----(0.26-4-0.10) ps on 
applying corrections due to  the side-feeding t ime.  The lifetime of the  1007.0 keV 
level was determined f rom the  Doppler  shift in bo th  992.4 and 870.6 keV T-rays 
de-exciting the level. In  the case of the  870.6 keV T-ray, however,  a correction 
was necessary due to the  presence of the  close-lying 870.4 keV T-ray, arising 
f rom the  de-excitation1 of t im 2560.1 kcV level in 57Co. The in tens i ty  of the  
870.4 keV v-ray is obtaitmd from the  adopted  (~) branching rat io  for this T-ray 
with respect to the  1336.3 keV y-ray which also de-excites the same level in 
57Co. F rom the observed in tens i ty  of the 1336.3 keV T-ray and the measured 
lifetime of the 2560.1 keV level of 57Co, the  contr ibut ion of the 870.4 keV y-ray 

of 57Co to the observed Doppler-broadened 870.6 kcV line is readi ly obtained. 
I t  is observed t ha t  the 870.4 keV line from 57Co const i tutes  only about  ~0% 

of the  to ta l  in tens i ty  of the  composite peak. The adopted  result  for the mean life 
of the  3007.0 keV level given in table  Ib) is the  mean  of the  l ifetime values 
obta ined f rom the  analyses of bo th  870.6 and 992.4 keV lines a t  E~ = 25.0 
and 28.6 )[eV. 

The mean lives of the 2355.7 and 6185.6 keV levels have been determined 
to be (0.08~:0.03) ps and (0.16_4=.0.06) ps, respectively.  Previously  only upper  
limits of l ifetimes were known for these two levels ( table Ib)). 

The value of (0.27~0.09) ps for the  mean life of the  4525.2 keV level in this 
work agrees within the error  limits with the  earlier repor ted  (3) value of 
(0.55:1::0.2) ps (table lb)). I t  is noticed t h a t  the  apparent  mean life of this 
level wi thout  applying the feeding t ime corrections shows closer agreement  
with the  result  of ref. (3). Also, the  significautly lower value of _.o~_o.isn ~+o.3o ps 
obta ined in the  present  work for the  mean  life of the 3269.1 keV level comp.rred 
to the  previous (3) DSA result  of v > 1.5 ps is a t t r ibu ted  to  strong feeding t ime 
effects observed for this  level. Final ly,  for the levels at 8324.6 and 2455.2 keV, 
we repor t  the limits v < 0.2 ps and v > 2 ps, on the basis of the observat iou 
of ve ry  large and ve ry  small Doppler  shifts, respectively.  

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

5"1. 57Co. - The location of the  yras t  states with 9-/2 < J-~ < 15-/2 ia 
57Co is well predicted by  shell model calculations (13,14) considering (u/t)-1 

(v p~, ]~, p:)2 configurations t rea t ing  5~qi as an iner t  core. Tile agreement  with 
exper iment  for low-spin states is however  poor. 

(la) j . B .  MCGRotr Phys. ]tev., 160, 915 (1967). 
(14) II. ]IORIE and K. OGAWA: NucI..Phys. A, 216, 407 (1973). 
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The t ransi t ion probabili t ies for the y-ray transi t ions originating from the 
yras t  states at  1223.SkeV (9-/2), 1689.7kcV (11-/2), 2523.7 keV (13-/2), 
4035.5keV (15-/2) and 5921.1keV (19/2-) determined from the, measured 
lifetimes and the y-ray branching ratios in the  present  work, tak ing  the  E2/M1 
mixing ratios f rom ref. (~.<), show enhancement  of B(E2) values by  factors 
of 2 to 30 and re ta rda t ion  of B(M1) values by  factors of 2 to 10, with respect  
to  the, Weisskopf est imate.  The exper imenta l  reduced t ransi t ion probabil i t ies 
are in good agreement  with the theoret ical  results of Steward et al. (1~) for 
transi t ions from states with J~<] .5- /2  derived from calculations based on the  
intermediate-coupling model, considering the coupling of one proton  /+,+ hole 
to the  v ibra t ing 58Iqi core, with anharmonic  features in the  vibrat ion of the core. 

The 17-/2 state  at  4817.0 keV de-excites to  the  yras t  s tates  at  4035.5 keV 
(15-/2) and 2523.7 keV (13-/2) by  y-ray emission. An upper  l imit  of the  in- 
t ens i ty  of the  17-/2 --> 15-]2 t ransi t ion,  corresponding to 15 % of the  in tens i ty  
of the  17-/2 -+ 13-]2 transi t ion,  was repor ted in ref. (4). The branching rat io  
for these t ransi t ions measured in the  present  work gives the, in tens i ty  of the 
781.8 keV y-ray  (17-/2 -+15- /2)  to be (4 .5+1 .5)% of tha t  of the  2293.5 keV 
y-ray  (17-/2 -+ 13-/2). Taking the  repor ted meanlife of (14.3_--'0.3)ps for the, 
17-/2 state  f rom recoil distance measurements  (s) and the  y-ray branching 
rat io  obtained in the present  work, we get est imates of the reduced t rans i t ion 
probabil i t ies  B(E2) and B ( M 1 ) f o r  the  17-/2 -~ 13-/2 and 17-]2 -~ ]5- /2  t rans-  
itions assuming them to be pure E2 and MI ,  respectively.  The reduced trans- 
i t ion probabili t ies thus obtained are 

and 

B(E2; 17- /2  -+ 13- /2)  ---- (0.061___0.002) W.u.  

B ( M 1 ;  17-/2 ~ 15-/2)  ---- (2.0~=0.6).10-+ W.u.  

Both  the  t ransi t ions arc strongly retarded.  These results are in good agreement  
with shell-model calculaLions of Kevcloh et aL (5), using the effective, in teract ion 
of Johns tone  and Benson (16), giving B(E2 ; 17-/2 -+ 13-/2) ---- 0.053 W.u. and 

B(MI ; 17-/2 -+ ]5- /2)  ---- 3 .9 .10- '  W.u.  

5'2. 57Fc. - Several  shell-model calculations are available for energy levels 

of 57Fe. However ,  detailed model  calculations regarding the electromagnetic  

propert ies  of the  excited states of 57Fe are not  available. CO.-~0RT et al. (~7) 
and BOLOTIN et al. (~+) discussed the  electromagnetic  propert ies  of the  low- 

(15) K.W.  STEWARD, B. CASTXL and B. P. SL'+GH: Phys. Rev. C, 4, 2131 (1971). 
(le) I . P .  JOH-~'STOX]~ and H.G. BE~so.'~: J. Phys. G, 3, L69 (1977). 
(iT) j . R .  COMFORT, P. WASlEL~WSKI, F .B.  3[ALm and W. SCHOI.Z: Nucl. Phys. A, 
160, 385 (1971). 
(18) H. i[. BOLOTIN, A.E.  STUCIIBEltY, K. AMOS and I. MORRISO~': Nucl. Phys. A, 
311, 75 (1978). 
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lying states of 57Fe. In  recent shell-model calculations, with two pro ton  holes 
in l f t  subshell and neutrons  in the 2pt , 1]+ and 2p+ subshells, VENNI~'K et al. (2) 
investigated the electromagnetic propert ies  in 57Fe, considering two different 
effective two-body interact ions,  viz. Kuo-Brown interact ion (HB) and surface- 
delta interact ion (SD). Both  interact ions fail to reproduce the exper imenta l ly  
known propert ies  of the levels above  the  yras t  J~---- 7-/2 s ta te  (1007.0 keV). 
For  states below the yras t  J "  = 7-/2 state,  the  results for Kuo-Brown inter- 
action deviate  f rom the exper imenta l  results considerably more than  for the  
surface-delta interaction.  The expe r imen ta l  results obta ined in the  present  
work on the  l ifet ime of the  yras t  J~ ---- T-/2 state at  1007.0 keV and the branching 
ratios of the y-rays from tha t  level, on comparison with the theoret ical  results 
show tha t  the theoret ical  values (2) for bo th  K B and SD interact ion deviate  
significantly from the present  exper imenta l  results. As pointed out  by  the 
authors  of ref. (2), the model space in the i r  calculations is probably  too small 
for a reliable descript ion of the higher-lying states,  and tha t  three-hole (];)-3 
admixtures  in 57Fe may  need to be considered. The discrepancy between the 
theoret ical  and the present  exper imenta l  results for the 1007.0 keV state may  
be related to the restr ict ions on the model space used in the calculations. 

Results of theoret ical  calculations on the electromagnetic  propert ies  are 
not  available for levels above the 1007.0 kcV level. However ,  an outs tanding 
feature  of the 57Fe level s t ructure  is the  appearance of a probable A J =  2 
posi t ive-par i ty  band  buil t  upon the J~ ---- 9+/2 level at  2455.2 keV; the band 
members  above the 9+/2 level being 13+/2 (3269.1 keV), 17-/2 (4525.2 keV), 
21+/2 (6185.6 keV) and 25+/2 (8324.6 keV). As pointed out by  NATIZAN et al. (3), 
there  is a remarkable  s imilari ty of the  level spacings and the B(E2) values of 
the  t ransi t ions between the members  of the  band  in 57Fe to those of the  ground- 
state band in ~eFe, suggesting the coupling of a lg;  neut ron  to a 5*Fe core. 
F rom our measured l i fet ime values for the posi t ive-par i ty  states above the 
9+/2 state  in 57Fe, assuming E2 mult ipo lar i ty  for the  in t raband  transitions,  we 
obtain the following B(E2) values for the  13+/2 -+ 9+/2, 17+/2 -+ 13+/2, 21+/2 -> 
-+ 17+/2 and 25+/2 -+ 21+/2 t ransi t ions:  B(E2; J + 2 -+ J )  ---- 1D.~ +4~ aa+s~ 

" - ~ - - 3 6  ' ~ - - 1 7  ' 

28+~s 7 and > 6.4 W.u.,  respectively.  
All these B(E2) 's  are s trongly enhanced and lend support  to  the  inter-  

pre ta t ion  of the  pos i t ive-par i ty  states as arising from the  coupling of a lg  t 
neu t ron  to a 5SFe core. 
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�9 R I A S S U N T O  (*) 

Si r iportano le misure di vi ta  media mcdiante il mctodo di attenuazione dello sposta- 
monte Doppler per livelli nei nuclei STFe e ~7Co popolati mediante le reazioni 
56Mn(a, p n y y F e  e 55Mn(~, 2ny)57Co, rispettivamente.  Si presentano anche lo intensit~ 
relative dei raggi y e i rapporti  di diramazionc nei due nuclei. Per 57Fe si ottengono 
i valori di vi ta  media di v = (0.20 • 0.09) ps e (0.26 -{- 0.10) ps per i livelli a 1007.0 key  
e 1356.8 keV, rispettivamente, per i quali non esistevano precedentemente informazioni 
sulla vi ta  media, o si determinano i valori di v = 0.08 =i= 0.03, v. " 54 +~176 e (0.16 • 0.06} ps 
per i livelli a 2355.7, 3269.1 e 6185.6 keV, rispett ivamente,  per i quali si crane stati  
r iportati  precedentemente solo i l imiti  di vi ta  media. Per il livello a 2455.2 keV nel 57Fe 
si ott iene per la sua vi ta  media un  l imite inferiore di 2 ps. Nel ~TCo le r i t e  mcdie degli 
otto livelli con J ' <  19-/2 sono state misuratc e eonfrontate con valori r iportati  prece- 
dentemente.  Si discutono i risultati  delle misure di vita media e le probabilit's di tran- 
sizione ridotte per entrambi i nuclei e si confrontano con i calcoli disponibili del modello 
a strati.  

(*) Trad~z ione  a c~ra della Redaz ione .  

Pe31OMe HC HoJIy~CHO. 


