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Abstract: The dynamic deformation parameters fl were measured for the separated isotopes 46Ti 
and 48Ti. Use has been made of Buck's coupled channel formalism for proton scattering. We 
obtain fl = 0.28 for 46Ti and fl = 0.26 for 48Ti. 

NUCLEAR REACTIONS 48,4STi(p, p'), E = 14.5 MeV; measured c~(Ep,, 0). 
Deduced nuclear deformation, reduced transition probability B(E2), mass transport 

(B2) and restoring force (C2) parameters. Enriched targets. 

1. Introduction 

C o u l o m b  exci ta t ion has  been one of  the ma in  sources to invest igate collective effects 

and  nuclear  deformabi l i t ies  in a b r o a d  range o f  nuclei. Nevertheless ,  some incon-  

sistencies have remained  and  this is the case for  the nuclei  46Ti and 48Ti. Since the 

avai lable  da t a  have been ob ta ined  via the C o u l o m b  exci ta t ion process,  it  is advisable  

to  extract  the desired in fo rmat ion  in an independen t  way. I t  is feasible to s tudy 

s imul taneous ly  elastic and  inelast ic p ro ton  scat ter ing processes by  the in t roduc t ion  

o f  the coupled  di f ferent ia l -equat ion fo rmal i sm due to  Buck 1), which includes the 

cons idera t ion  of  charged  incident  par t ic les  and  sp in-orb i t  effects and  takes  into ac- 

count  the ro t a t iona l  and  the v ibra t iona l  models .  
Buck has carr ied  out  a s tudy over  a range of  nuclei  including 48Ti. F o r  this nucleus,  

however ,  the exper imenta l  da t a  avai lable  2) co r re spond  only to a target  of  na tura l  

Ti. I t  has been the purpose  of  this work  to s tudy separa ted  i so topes  and  to improve  

the prec is ion of  the exper imenta l  data.  The analysis  has been also extended to 46Ti. 

2. Experimental methods 

The exper iment  was pe r fo rmed  using the external  14.5 MeV p ro ton  beam 3) 

facilities of  the C o l u m b i a  Univers i ty  Pupin  91 cm cyclotron.  The angular  d is t r ibut ions  

were measured  with  a scat ter ing chamber  descr ibed elsewhere 4). Part icle  detect ion 

was made  with the use of  Si (Li-dr i f ted)  sol id-s tate  detectors.  An  ion p ro tec to r  

system was instal led to avoid  detector  damage.  Resolu t ions  of  the order  of  100 keV 
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were obtained. The energy spread of the beam was measured, and a value of 60 keV 
was obtained. 

Spectra at 40 °, 80 °, 120 °, 130 ° and 140 ° (lab angles) are shown in figs. 1 and 2. 
Detector collimators were used defining a solid angle of the order of  10 -4  and a 
semi-angle at the centre of 22'. 
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Fig .  1. S p e c t r a  a t  40  ° a n d  80 ° ( l ab  a n g l e s ) .  

Target thicknesses were measured by the gravimetric technique. The targets were 
obtained f rom Oak Ridge National Laboratory.  The 46Ti target was enriched to 
77.1 ~ ,  the remaining Ti being almost pure 48Ti. The thickness was 3.93 mg/cm 2. 
The 48Ti target was 99.4 ~ pure and 3.59 mg/cm a thick. The uniformity was better 
than 1 ~ .  Total charge collection was verified. 

Due to the good resolution of the detector and to the fact that the first excited 
levels are at 0.885 MeV for 4 6 T i  [ref. 9)] and at 0.983 MeV for 48Ti [ref. 5)], the 

runs were taken for fixed-target, normal-beam-direction angles. With this procedure 
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prac t ica l ly  the same target  a rea  was exposed  to  the beam in the whole  angular  dis- 

t r ibut ion .  A t  the beginning,  a fixed m o n i t o r  was used to check the reproduc ib i l i ty  

o f  the  pos i t ions  of  the targets.  

Stat ist ical ,  geometr ic ,  charge  col lect ion,  dead- t ime,  b a c k g r o u n d  and target  th ickness  

errors  were taken  into cons idera t ion .  
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Fig. 2. Spectra at 120 °, 130 ° and 140 ° (lab angles). Here fl denotes the target, normal-beam direction 
angle. 

Targe t  and  observa t ion  angle errors  can be es t imated to be less than  +0 .2  ° . 

Genera l ly ,  the stat ist ical  er rors  were kep t  less than  1 ~ for  the elastic cross sect ions 

and  less than  2 ~ for  the inelast ic  ones,  unless small  cross sections forced larger  

errors.  The  b a c k g r o u n d  errors  were es t imated  by  tak ing  extreme ba c kg round  sub- 

t rac t ion  curves,  averaging and tak ing  as e r ror  the devia t ion  f rom the average value.  

These errors  were significant only  for  20 ° and  25 ° angles. 

3. Results and discussion 

The compu te r  ca lcula t ions  were made  by using a code due to Buck. Perey ' s  
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parame te r s  6 )  w e r e  used for  bo th  nuclei;  rs = rD = 1.25 fm; as = 0.65 fm; aD = 0.47 

fro; Vs.o. = 8.0 MeV. F o r  the mean ing  of  the symbols ,  the reader  is referred to ref. 3). 

Af ter  several tr ials  the imaginary  potent ia l  was fixed equal  to 11 MeV. The best  

fit for  48Ti was ob ta ined  for  V s = 47.4 MeV and  fl = 0.26. This result  is coincident  

with tha t  of  Buck ~). The angu la r  d is t r ibut ions  and the theoret ical  fits are shown in 

fig. 3. A n  i m p o r t a n t  fact  to be observed is tha t  the angular  d i s t r ibu t ion  has  been fol- 
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Fig. 3. Elastic and inelastic proton scattering from 48Ti. Open circles-elastic scattering, full circles- 
inelastic scattering, triangles- results from ref. ~), full line-theoretical curve for parameters given in 

the text. 

lowed until  20 ° . The increas ing exper imenta l  difficulties for  fo rward  angles are well 

i l lus t ra ted in fig. 4, where the increasing uncer ta in ty  for  ba c kg round  sub t rac t ion  is 

also shown in two different  scales in o rder  to d isp lay  this effect. This s i tuat ion is 

reflected in larger  errors  for  the co r respond ing  cross sect ion at  20 ° and  25 ° . 

Af te r  some trials to ob ta in  the best  fit for 46Ti, the imag ina ry  poten t ia l  was fixed 

accord ing  to its k n o w n  t rend 6) and  f rom the previous  value ob ta ined  for 48Ti. 

We  used WD = 9.5 MeV. 
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Af te r  several  not  too  successful tr ials to get the best  s imul taneous  fits for  the elastic 

and  inelast ic  scat tering,  use was made  of  the fo rmula  Vs = Vo+ C ( N - Z / A )  for 

the real pa r t  of  the potent ia l .  As an indirect  test o f  the value of  the coefficient C, it  

is wor th  emphas iz ing  tha t  it  was ext rac ted  f rom the result  of  ref. 3). Wi th  the potent ia l  

dep th  V s ob ta ined  for 4STi and with the above  expression,  Vs = 46.5 MeV for 46Ti. 

Final ly ,  this value tu rned  out  to  be the best  one to get a good  fit, as is i l lustrated in 

fig. 5. The nuclear  de fo rma t ion  p a r a m e t e r  tu rned  out  to be fl = 0.28. 
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Fig. 4. Proton spectra for ~o = 20 ° and ~o = 25 ° (lab angles). On the right of the figure, two different 
scales have been used. A resolution of 1 ~ for the elastic peak is shown. 

The elastic fit can be cons idered  very good.  The inelast ic one shows the same type 

of  discrepancies  as for  48Ti in the  regions 75°-100 ° and  130°-160 °. 

These values have the advan tage  o f  being independen t  of  any  mode l  1). 
Since 14.5 MeV p ro tons  were used for  this  exper iment ,  c o m p o u n d  scat ter ing effects 

can be neglected. A t  this energy we are several MeV above  the threshold  for  the (p, n) 

react io n, which const i tutes  a preferent ia l  channel  for  c o m p o u n d  nucleus de-exci ta t ion 7). 

Wi th  the a id  o f  the pa ramete r s  jus t  de termined,  a br ie f  s tudy o f  the collective 

proper t ies  of  these nuclei  can be made.  Us ing  the expressions of  ref. 8), the results 

shown in table  1 are obta ined.  
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The results  show tha t  46Ti has a s t ronger  tendency to de fo rma t ion  than  48Ti. 

This is in agreement  with the fact  tha t  the  former  is far ther  f rom a neut ron  closed 

shell than  the latter.  
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Fig. 5. Elastic and inelastic proton scattering from 4eTi. Full circles- elastic scattering, open circles- 
inelastic scattering, full line - theoretical curve for parameters given in the text. 

TABLE 1 
Collective parameters for the nuclei 48Ti and 4STi obtained from 14.5 MeV (p, p') results 

B(E2: 0---~2) C2 Ca(irrot) 
Nucleus e~10-~Scm ~ B2/B2(irrot) (MeV) (MeV) 

4~Ti 0.0738 15 28 47 

4STi 0.0673 14 36 49 
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