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The 15.11 MeV energy level in x2C was excited by bremsstrahlung.  The seattered photons  
were detected with a total  ? absorption NaI(TI)apoetrometer  set at  135 ~ to the  bremsstrahlung 
beato. The following level parameterswere obtained: ~r ~ = (17.9 :~ 0.6) barn , / ' to t  = (69 • 4) eV 
and ain t--~ (1.86 • 0.12) mb MeV. The branching ratio to the first excited state and the 
ground state is F?l//'?o = (3.6 + 1.0)%. 

Introduction 

Scat te red  photons  from the  15.11 MeV energy level in =C have been 
studied using high energy bremss t rah lung  (end poin t  energy  108 MeV). A h h o u g h  
subsequent  f luoreseenee exper iments  were per fo rmed  [1 - -6 ] ,  considerable 
unee r t a in ty  r ema ined  about  the level  parameters .  

The f i rs t  T = 1,1 + ene rgy leve l  in 12C at  15.11 MeV is of par t icu lar  
interest  beeause ir is an isobarie analogous s ta te  of several  low-lying states in the 
neighbouring odd-odd nuelei. Sea t te red  photons  are easily observed sinee 
the in tegra ted  sea t te r ing  eross seetion is r a the r  large (1.86 mb MeV), the  level 
is nar row (69 eu and s i tua ted  in an energy region which is free of  o ther  scat ter-  
ing processes. I t  is, therefore ,  desirable to have  available ah aceurate  determina-  
t ion of  the  pa ramete r s  of  this  level  for  cal ibrat ion purposes.  

This level disintegrates to the  0 + ground s ta te  of  12C and to the first  
2 + s ta te  a t  4.43 MeV. ALMQUIST et  al. [7] measured  a branching ra t io  of  
f'yl//"r0 = 3%.  Ah ~-dis integrat ion to the  0+-ground s ta te  of  SBe is s t rongly 
m o m e n t u m  and pa r i t y  forbidden and ~-particle emission to the 2 + s ta te  a t  
2.9 MeV of  SBe does no t  oecur  i f  the  15.11 MeV level is a pure  T = 1 state.  
REISMA~ et al. [8] repor ted  t h a t  the  F~ width  of  t h a t  s ta te  amounts  to  2 %  
of  the to ta l  wid th  /"tot" Because the  exper imenta l  errors described in this 
paper  are of  the  same order,  this cont r ibu t ion  can be neglected,  and 

/"~o,: r~ +/"~ ~/"~:/"y0 +/". .  

* The exper iment  was performed s t  the  300 MeV electron linear aceelerator at  Mainz. 
** On leave from the Fachhochscliule Dor tmund,  Dortmund,  Germany. 
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The level parameters ~o and/"tot were determined through a resonant absorp- 
tion experiment. This experiment consists of two independent measurements: 

in the first -- the production experiment -- the yield of scattered photons 
from a target of thickness T is measured; 

in the second -- the self-absorption experiment -- an absorber is plaeed 
into the incident beato to attenuate the 15 MeV photons. 

Experimental arrangement 

The experiment was performed using the bremsstrahlung beato from 
the 300 MeV electron linear accelerator at Mainz. 

The expe¡ set-up is shown below: 

~L- L i ~ r  scotter!ng 

l acceterator target 

The bremsstrahlung beam is produced by electron bombardment of a 0.1 mm 
thick tantalum target. A narrow beato of 2.4 mrad is defined by conical lead 
eollimators. At the scattering target, situated 12.5 m from the bremsstrahlung 
target, the beato was 5 cm in diameter. A sweep magnet and vaeuum pipe 
maintain an electronfree beato up to the target. As target a 2 cm thick 
(3.31 g/cm 2) disc of reactor graphite was used. 

For the "self-absorption" experiment, a 7 cm thick (11.6 g/cm 2) graphite 
absorber was placed in the primary beam. The absorber and scatterer thick- 
nesses were measured along the direction of the photon beato, thus eliminating 
cosine factors from the formulae given below. 

The scattered photons ate detected at 135 ~ and analysed in a total  
?-absorption NaI(T1) spectrometer (9" diameter • 15.5" length). The detector 
was placed 1.20 na from the scatterer. The resolution of the speetrometer for 
15 MeV was 5.5O/o . The number of scattered photons N(T) was obtained by 
summation over the peak shown in Fig. 1. AH runs were monitored in terms 
of the eharge collected from a calibrated thiek aluminium ionization chamber 
of the NBS type P2--4 [9]. A detailed description of the bremsstrahlung 
beato produetion, the total  ?-absorption speetrometer, the eleetronics and 
the neutron background subtraction is given elsewhere [10--13]. 
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Fig.  I .  The pulse-height distribution produced in the NaI(TI)  crystal 
at 135 ~ to the bremsstrahlung beato 

P r o c e d u r e  a n d  r e s u h s  

N(T) 
C 

F o r a  target of thickness T the yield of photons seattered by a single 
level is given: 

/~(T) fr N(T) = C" I,(T) = C" S(T) = C" es ~*(E, T) dE, (I) 

a*(E, T) = ~s (I -- e-"r(~.(m+b~,(m)). 
nT (c;a(E) + b~;e(E)) 

- -  yield of scattered photons; 
includes scattering and solid angle, dipole-distribution of the 
scattered photons, detector effieieney, number of ineident 
15 MeV photons, and absorbers in the scattered bcam; 
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T -- t a rge t  thickness;  
S(T)  --  t a rge t  self-absorpt ion factor ;  
Is(T) --  measured integral  scat ter ing eross section; 
Is(T) - integral  seat ter ing eross seetion; 

as(E ) = (ra(E) I"Y - - r e s o n a n t  seat ter ing eross seetion; 
Fto~ 

(ra(E) -- resonant  absorpt ion eross seetion; 
(re(E) -- absorpt ion eross section due to  pair  p rodue t ion  and Compton 

scat ter ing;  
b --  mean  p a t h  of photons  in the  ta rge t .  

I t  is assumed t h a t  the  bremss t rahlung spee t rum is eons tant  in the  energy 
in te rva l  where (rs and (ra are not  zero and, therefore ,  the n u m b er  of  ineident  
15 MeV photons  eould be plaeed before the  integral .  I t  is elear t h a t  for sueh 
a na r row level pho ton  selfabsorpt ion oeeurs and the number  o f  sea t te red  
photons  is no more propor t iona l  to the t a rge t  thiekness.  

Here  we obta ined  

Ie(T = 3.31 mg/cm 2) = (1 .16•  mb MeV.  

Wi th  an absorber  of thickness A in the ineident  b eam  the  a t t en u a t ed  sea t te red  
yield is 

N(T ,  A) = C 1 S~es tr*(E, T) e -'~ d E .  (2) 

N(T ,  LI) -- yield of  sea t te red  photons  wi th  absorber  of thiekness A in 
the  ineident  beam. 

In  the  produet ion  e x p e r i m e n t a  water  absorber  was placed in the  ineident  
bea to  of equivalent  thiekness to  the graphi te  absorber.  

This absorber  modifies the bremss t rah lung  spee t rum in the  same way  
as does the  graphŸ absorber ,  exeept  for the  ff l ter  effeet at  15 MeV. 

Therefore  C is ident ieal  with C 1. 
F r o m  these two independen t  measurements  the  rat io  V was experi-  

men ta l l y  de termined 

N(T)  
V -  N(T ,  A--) - -  3.75 q- 0 .1 .  (3) 

0 and I-Iowever, V can be also de termined  by  numeriea l  caleulat ion wi th  (ra 
/"tot as variables:  

V ~- - -  .fres a* (E) dE (4) 
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For  the  ca lcula t ion of (4) the  nuclear  absorp t ion  cross sect ion ora(E) is given 
b y  folding a Gauss ian  d is t r ibut ion  for  t h e r m a l  mot ions  of  the  sea t te red  nuclei 
wi th  the  B r e i t - - W i g n e r  one-level fo rmula :  

_ _ • • f  exp [ - - ( x  - -y )2 /4 t ]  d y ,  
%(E)  = ~ 2 1 _~_ y2 

E - - E o  t = 
where x = 2 F ' 

Oro _ p e a k  absorp t iou  cross section at  the  resonance  energy;  

E0 - -  the  resonanee energy;  
E - -  the  ac tua l  energy;  
F - -  the  full level wid th  a t  ha l f  m a x i m u m ;  

- -  the  " D o p p l e r  w i d t h " .  

For  pho tons  of  ene rgy  E incident  on a nucleus of  mass  M,  the  Dopple r  w id th  
m a y  be given b y  

[ 2 k T '  ]1/2 
~=E[Mc~ j , 

where k - -  the  B o l t z m a n n  cons tan t ;  
c - -  the  ve loe i ty  of  l ight;  
T ' - - t h e  effect ive t e m p e r a t u r e  which t akes  in to  account  the  

v ib ra t i on  of  the  sca t t e re r  a toms  due to  theŸ binding in a 
chemical  la t t ice.  

A s a  lower level for  ~ SCrrMIDT [4] sugges ted  31.6 eV (for ca rbon  gas a t  r o o m  
t e m p e r a t u r e )  a n d a s  ah uppe r  level 40 eV (for d i a m a n t  crystals) .  In  our ca lcula-  
t ion a va lue  of  33 eV was used. 

Calculat ions for  var ious  values  of  t = (~/Ftot) 2 and  Oro were carr ied out  
on a c o m p u t e r  a t  the  Univers i ty  of  Mainz. 

The  bes t  f i t  wi th  the  expe r imen ta l  da t a  was ob ta ined  for  the  va lues  

/ ' to t = ( 6 9 •  e V ,  

0 = (17 .9 •  b. Or a 

The ob ta ined  d a t a  are summar i zed  in the  following Table  toge the r  wi th  the  
resul ts  of  o ther  au thors .  

The  i n t e g r a t e d  cross section Is was ob ta ined  f rom these  values  to  be:  

~r  Y~ 0 Is -~ a s ( E ) d E  = - ~ a ~ F 7  = (1.86-4-0.12) mb.  MeV. 
es 
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Table I 

Pexameters of the 15.11 MeV level 

l~~~�91 

F U L L E R  [ I ]  

Gx~wm [2] 

BUSSXERE [3] 

Scrmm Dl* 
Gvvv~N [51" 
KI~H~E [61" 
present wozk 

Is [mb. Me'V] 

1.90• 
2.33• 
2.45• 
1.82+0.12 

1.79 
1.8!0.2 

1.86!0.12 

a-* ba~n 

22.2+2.2 
29.7-4-1.1 

32 
32 

32 
32 

17.9-4-0.6 

rtot [oVl 

79~16 
64+10 
60+8 
45• 

35.5 
39+__5 
69__+4 

O 

/ ' tot  

1 

0.62• 
0 

1 

0.9+0.3 
0.48• 

7" j.,s "Mey % 
/~tot 

7 
5+__4 

11+5 

3.6+1.0 

D i s c u s s i o n  

0 the  value  ob ta ined  f rom The  authors  marked  b y  an aster isk used f o r a  a 
pe r tu rba t ion  t heo ry  for  a single leve1 formula  6Ÿ -~- 32b. In  this  case the  
level wid th  is no ]onger a free pa ramete r ,  ir follows direet]y f rom formula  (1). 

The  influence of the  fo]]owing sys temat ic  errors on the  ra t io  V should 
be considered:  

- -  af ter  b remss t rah lung  beato reduet ion  b y  a fac tor  of 4 the  ra t io  does 
not  change. This  means  t h a t  errors due to  de tec tor  dead- t ime  ate 
negHgible; 
the  bremss t ra ldung  spee t rum was modif ied  b y  a 1.3 cm th ick  lead 
absorber,  and no change in the  ra t io  was observed.  I t  follows t h a t  
the  15.11 MeV level is not  popu la ted  b y  inelastie s e a t t e ¡  f rom 
levels above the  giant  resonance;  

- -  the  15.11 MeV level could be reaehed  b y  the  13C(7 , n)~C * reaet ion.  
The isotopie a b u n d a n t e  of 13C is abou t  1%, bu t  the  (7, n) cross 
section is r a the r  high [14]. 

I f  a]l ~C nue]ei popula te  the  15.11 MeV state ,  the  ra t io  would ehange 
0 is smaUer t h a n  6~t~ z, o 6~t~ z. This is ex t remely  unlikely.  B u t  i f  a a so t h a t  Ca 

the  ex t rapola t ion  made  in the  per turba t ion  t h e o r y  is not  val id for  this  level. 
I t  is also possible t h a t  there  ate two ]evels v e r y  close to  eaeh o ther  and the  
level broadening eould be explained.  The resolut ion of  our appara tus  was no t  
enough to  cheek this possibil i ty.  In  Fig. 1 a t  10.68 MeV the  small peak  repre-  
sents the  t rans i t ion f rom the  15.11 MeV level in to  the  2 + level a t  4.43 MeV. 
The  ob ta ined  branching  ra t io  Fvl/Fv0 ~ (3.6~1)~/o is in good agreement  
wi th  repor ted  da ta  [7]. 

We gratefully acknowledge the discussions with Prof. ZIEOLV.R as weH as the financial 
support given by the Bundesministerium fª Wissenschaft und Forschung. 
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