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Summary. Interactions of u-  mesons with carbon nuclei were studied 
with a propane bubble chamber. The total  cross-section on carbon was 
~ound to be (383d=20) mb of which (89=L12) mb corresponded to elastic 
scattering. A detailed description of the events with re-emission of a z -  
is made. The diffraction scattering angular distribution and the total 
eros~ section obtained were described by an optical model using an 
imaginary gaussian potential, The r.m.s, radius of this potential obtained 
was 3.0,10 ~ cm, which is considerably greater than the corresponding 
radius obtained for the electric charge distribution. 

1. - Introduction. 

I n t e r a c t i o n s  of fast  p ions  wi th  nuc le i  m a y  prov ide  v a l u a b l e  i n f o r m a t i o n  

on  nuc l ea r  s t r uc tu r e  a n d  on some aspects  of p ion-nuc leon  i n t e r a c t i o n  which  

are  difficult  to  ana lyse  wi th  free pro tons .  I n  the  p re sen t  pape r  we r epo r t  

resul t s  o b t a i n e d  f rom i n t e r a c t i o n s  of ~ - -mesons  wi th  C nuc le i  in  a p r opa ne  

b u b b l e  c h a m b e r  (**). 

(*) On leave of absence fl'om Isti tuto Nazionale di Fis,iea Nucteare - Sezione di 
Bologna. 

('*) We are very grateful to tile bubble chamber group of the Columbia University 
and in particular to Prof. J. STE~NB~nG~R for allowing us to perform these measure- 
ments on films obtained at the Brookhaven Cosmotron. 
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After ~ description of the experimental results (Section 2), we discuss the 

inelastic re-emission processes ~nd finally the results on the size of the carbon 

nucleous obtained from ~n ~n~lysis of the diffraction scattering p~ttern. We 

compare our results with measurements on helium ~nd hydrogen ~t different 

energies. We observe ~ difference in the ~pp~rent r.m.s, radius of the c~rbon 

nucleus for its interactions with 7:--mesons of 915 MeV, to tha t  obtained from 

the ~n~lysis o f  electron scattering measurements.  This m~y be explained as 

~n effect of the 890 MeV 7~-+p resonance or by  means of ~ different distri- 

but ion of protons ~nd neutrons in the c~rbon nucleus. Both hypotheses ~re 

discussed in Section 4. 

2 .  - E ~ p e r i m e n t a l  p a r t .  

2"1 .  - A total  number  of 4355 events w~s found during the scanning of 

5.38 km of ~--meson trgcks in the 12 in. propane bubble chamber. The beam 

energy w~s (915 ~= 25) MeV ~s it w~s discussed in ref. (~) where further  refe- 

rences on previous works with the s~me begin c~n be found. 
The prong distribution for c~rbon intergctions was obtgined from our pro- 

p~ne d~t~ by  subtract ing the contribution expected from hydrogen. D~t~ 

from S~el~y (~) ~nd Bologn~ (3) obtained with hydrogen tgrget  gnd bubble 

chgmbers were used. T~ble I summarizes the classification of the observed 

events ~nd the estimated number  of collisions on hydrogen. 
All events were ~n~lyzed follo~dng the grgphic~l method (~) which w~s 

somewhat  modified in order to perform nearly gll computat ions on gn electronic 

computer  (*). 
For  those events in which ~ single 7:--meson emerged, we determined its 

m o m e n t u m  gnd gngle with respect to the incident p~rticle. In  order to reduce 

errors, only those events which occurred in g fiducigl region were ~ccepted; 

(1) S. BE~,GIA, L. B]~I~TOCCHI, V. BORELIA, G. BR£UTTI, L. CHERSOVANI, L. LAVA- 
T:ELLI, A. MI~TGUZZI-:RANzI, R. TOSI, P.  WALOSCHEK and V. ZOBOLI: Nuovo Cime~do, 
15, 551 (1960). 

(3) j .  C. BI~ISSON, G. DETOEF, P. FALK-VAIRAN~[, L. •AN ROSSUM, G. VALLADAS 
and L. C. L. YTJAN: Phys. I~ev. Lett., 3, 561 (1959). 

(3) V. ALLES-BORELLI, S. BERGIA, ]~. PEPEZ-FERREIRA and P. WALOSCHEK: ~Tuoyq 
Cimento, 14, 211 (1959); V. BOR]~LLI, A. MINGUZZI-RA~ZI, P.  WALOSC~EX and V. Zo- 
]~OLI: Su~o2)l. ~uovo Cimento, l l ,  447 (1959). 

(4) V. BORELLI, P.  FI~ANZINI, I. MANNELLI, A. MINGUZZI-RANzI, R. SANTANGELO, 
F. SAPORETTI, V. S]LVESTRINI, P.  WALOSCHEK and V. ZOBOLI: Nuovo Cimento, 15, 

525 (1958). 
(*) The computations were performed at the IBM 650 of ~he Centro Calcoli of the 

University of Bologna. We ~re grateful to the Centro Calcoli Group. 
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we also e x c l u d e d  t h o s e  i n d i v i d u a l  e v e n t s  c l ea r ly  i den t i f i ed  as ~ - + p  ela, s~ic 

s c a t t e r i n g s  f r o m  m e a s u r e m e n t s  M r e a d y  m a d e  b y  the  B o l o g n a  g roup  (~). 

T A B L E  [. 

_ Number of posit ive prongs 

I 0 l 2 [ 3 4 5 

(+212  u)  i I [ 

~ , '" (+926  H )  ' " ' 

~ 
1 " ( + 9  m I . . . .  

3 2 2 3 - - -  1 - -  

i . . . . . . . .  i . . . . . . . .  [ - - - - [  . . . . .  I - -  I 

Unela,ssified events 

Total  

[ 

Tota,ls 
6 

l 701 
( + 2 ] 2  H) 

3 2 266 
(-[-926 H) 

151 
( + 9  g )  

8 

3 126 L 
( + 1 1 4 7 H )  ' 

82 

4355 

2"2. J ) i i i r a c t i o n  s c a t t e r i n g .  - The  momei ' i t un i  s p e c t r u m  of even t s  in which  

on ly  a s ingle  ~ - - m e s o n  e m e r g e d  w i t h o u t  ~ny o t h e r  p rongs ,  is shown in Fie.. 1 ; 

i t  p r e sen t s  a v e r y  p r o n o u n c e d  p e a k  

a r o u n d  1000 MeV/c  p a r t i c u l a r l y  

for e v e n t s  of s c a t t e r i n g  angle  

sma l l e r  t h a n  14 °. 

This  p e a k  shou ld  c o n t a i n  dif- 

f r a c t i o n  s c a t t e r i n g  e v e n t s  on car-  

bon  t o g e t h e r  w i t h  s eve ra l  con t a -  

m i n a t i o n s  t h a t  cou ld  n o t  be  se- 

p a r a t e d  b y  our  m o m e n t m n  meas -  

u r emen t s .  

A p a r t i c u l a r  s t u d y  w~s m a d e  

on even t s  which  could  be  col l is ions 

wi th  b o u n d  nuc leons  which  we call  

q p s e u d o e l a s t i c  )>. E v e n t s  of th i s  

t y p e  were  f o u n d  inside, a c o m p a t i -  

b i l i t y  region  given b y  t h e  k ine-  

100 

Lo 

cu 

50 
e 

Events without 
positive prongs 

500 

-L 

beom 

1000 MeV/c P~- 

Fig. 1. - ~ - m o m e n t u m  spectrum of events 
with no other prongs. The curve eorrespond~ 
to the ~ - s p e c t r u m  expected from ~ produc- 

tion events on H~. 
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matics of the scattering on a moving nucleon. For  large scattering angles 

the results were compatible with the cross-sections on free nucleons, bu t  at  

smM1 angles (particularly for the 7~-~pc case) the number  of events was de- 

creasing rapidly. This effect is certainly due to the Pauli  principle which 

forbids collisions with small m o m e n t u m  transfer. 

As a result of this analysis we deduced tha t  at angles smaller than  14 ° 

very  few 7:--~ n c events should be present in our apparent ly  elastic peak and 

tha t  the possible small contaminat ion Would in every case be limited to the 

interval  9 ° --15 ° . 
Nothing can be said about  events in which the carbon remains excited 

( ( 2 0 . 3 0 )  MeV) and about  any type of (real) potential  scattering contaminat ing 

our diffraction peak. The only argument  is  a posteriori and comes from the 

optical model calculations presented in Section 3: if such contributions are 

present the remaining amount  of diffraction scattering would be incompatible 

~dth the high total  cross-section observed, at least as long as we use reasonable 

radii for the absorbing potential  (R < 5-10 -~3 era). 

The measured peak for the secondary ~--mesons of 1000 MeV/c (shown 

in Fig. 1)differs by  50 MeV/c from the incident momen tum (1050±25)MeV/c  (*). 

This difference m ay  be explained as the result of the inclusion of some inelastic 

events, bu t  we cannot exclude the possibility of systematic errors of meas- 

1.0 ~f~~15 MeV 
E 

0.5 ~ .  

0.99 cos 0 0.98 0.97 

Fig. 2. - Angular distribution for 
events classified as elastic on carbon. 
The curves represent the diffraction 
from a gaussian imaginary potentiM 
with different values of the r.m.s. 

radius. 

urement  making some contribution. 
For  different intervals of the scattering 

angle, ~zimuth plots were made in order 
to determine our scanning efficiency. A 

correction for scanning losses was calcu- 

lated and applied to the data  for 0 ~ =t=° (see 

Table II) .  For  0 ° < 0 < ~  ° the scanning 
efficiency was found to be too low and 

the corresponding contribution was inter- 

polated using the 07 value obtained from 

the optical theorem neglecting the contri- 

but ion to the scattering cross-section from 

the real par t  of the amplitude. The final 

figure for the corrected number  of elastic 

scatterings (<  14 °) was 867 events; this 

corresponds to an ~ elastic ~> scattering 

cross-section 

(r~ : (89 :[: 12) mb. 

(*) As determined by analysis of the reactions = - + p - + A ° + 0  ° observed in the 
same film by F. EISL:~R et al.: Nuovo Cimento, 7, 222 (1958). 
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T h e  e r r o r  was  o b t M n e d  a f t e r  c o n s i d e r i n g  s t a t i s t i c a l  f l u c t u a t i o n s  a n d  u n c e r -  

t a i n t i e s  on  a l l  c o r r e c t i o n s  a p p l i e d ,  p a r t i c u l a r l y  t h e  u n k n o w n  c o n t r i b u t i o n  of  

e v e n t s  of m o r e  t h a n  14 °. 

I n  T a b l e  I I  is p r e s e n t e d  t h e  a n g u l a r  d i s t r i b u t i o n  f r o m  al l  e v e n t s  w i t h  m e a s -  

u r e d  m o m e n t u m  of m o r e  t h a n  700 M e V / c .  F i g .  2 s h o w s  t h e  c o r r e s p o n d i n g  

h i s t o g r a m .  

TABnE I I .  

cos sca t te r ing  ! Real  no. 
angle  in t e rva l  of events  

Cm'reeted no. ] 
of events  ] 

. . . . .  

0.9975 -- 0.9950 I 68 
0.9950 --  0.9925 " [ 55 
0.9925 -- 0.9900 I 70 
0.9900 + 0.9875 { 39 
0.9875 -- 0.9850 t 36 t 

0.9850 --  0.9825 f 24 
0.9825 --  0.9800 , 14 
0.9800 --  0.9775 [ 13 
0.9775 --  0.9750 I 15 
0.9750 : -  0.9725 i 10 
0.9725 5- 0.9700 i 10 r 

136 
92 

109 
57 
51 
33 
20 
18 
21 
14 
14 

2"3. I n e l a s t i c  e v e n t s .  - As is s h o w n  in  T a b l e  I we  o b s e r v e d  3 1 2 6  i n t e r -  

a c t i o n s  w i t h  c a r b o n  nuc le i .  Of  t h e s e  450 w e r e  c lass i f ied  as  e l a s t i c  s c a t t e r i n g .  

T h e  r e m a i n d e r  c o r r e s p o n d  to  a c r o s s - s e c t i o n  

~,, = (294 ~ ]8)  m b .  

I n  39°/o of t h e  i n e l a s t i c  e v e n t s  a = - - m e s o n  e m e r g e s .  W e  h a v e  m e a s u r e d  

t h e  e m i s s i o n  a n g l e  a n d  m o m e n t u m  of e v e n t s  of t h i s  t y p e .  T h e  r e s u l t s  a re  

Events with two or more 
positive prongs 

500 MeV/c P=- 1000 1500 

Fig. 3 a . -  ~ - m o m e n t u m  spec t rum of 
events  wi th  two o1' more  pos i t ive  prongs.  
The  curve  corresponds to the  pion 
spec t rum expec ted  f rom ~-  produc t ion  

events  on Hz. 

50 < 

(b  

Events with one 
positive prong 

0 500 MeV/c &.lO00 

Fig.  3b. - = - m o m e n t u m  spec t rum of 
even ts  wi th  one pos i t ive  t rack,  cor rec ted  
for H2 contamina t ion .  The  curve  corre-  
sponds to the  p ion  spec t rum expec ted  

f rom =-  p roduc t ion  events  on H 2. 

150{ 
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shown in Fig. 3 and 4. The momen tum distribution was obtMned from the 
observed (~ propane ~>:speetra, after  subtract ing the contribution of two prong 
events expected from hydrogen.  The hydrogen spectra used were obtained from 
the d~ta of the Bologna group observed at  960 MeV in a hydrogen bubble 
chamber  if). For  comparison the hydrogen spectra are included in Fig. 3 in 

35O 

20C 

~ 15C 

~lOC 

5C 

n- angular distribuh'on events 
without positive prongs 

0 -1 
c o s ~  ' 

n- angular distribution events 
with one positive prong 

. 150~- rFengular d~tribudon events ] 
with two or more positive prongs 

o 
1 0 -1 cos8 

c) 

C ) ~  b) 
I 0 -1 

c(~s 0 

Fig. 4a, 4b, 4 c . -  Angular distributions 
of ~- emerging from interactions on both 

carbon and hydrogen (((propane ~). 

form of smoothed curves. The hydrogen events are all pion product ion events 
and the similarity of the hydrogen and carbon spectra suggests tha t  in carbon 
als0, these events are mainly due to pion production. In  Fig. 3b a number  
of events around 900 MeV/c are of the ((pseudoelastic >~ type  discussed in 

Section 2"2. 
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3. - Optical  m o d e l  parameters .  

The tot~l  cross-section and  the diffr~ction scat ter ing ~ngul~r distr ibution 
m~y be calculated b y  means  of ~n opticnl model.  F r o m  this point  of view 
the  carbon nucleus is quite opaque and the high absorpt ion cnn be represented 
by  an imaginary  potential .  For  light nuclei t h e  form of this potent ia l  is con- 

venient ly  ussumed to be g~,ussi~n (or similar) ~s has been shown in electron 
se~ttering exper iments  (~). We  have  tr ied to fit our exper imenta l  d~ta with 

a model in which the  nuclear  potent ia l  is assumed to h~ve a guussian form;  
we have  neglected the ve ry  sm~ll Coulomb scat ter ing contr ibution.  The an- 

(~'ular distr ibutions were obtuined in Born  approximat ion .  Since the potent ia l  
used mus t  expl~in the s t rong absorpt ion cross-section observed we assume it  
as being purely  imaginary.  This exceeds t h e  usual in terpre tn t ion  of the Born 
approx imat ion  bu t  the  formulas  obta ined here are equully v~lid as it  h~s been 
shown b y  B]~LE~=Y (~). The exper imenta l  elastic scat ter ing differentiul cross- 
section is roughly  fit ted using ~ rela t ively l~rge v~lue for t h e  nuclear r~dius. 
The inclusion of any  real '  po ten t ia l  would force us to use even higher rndii 
for the imag ina ry  par t .  This re~son induced us to assume ~s negligible the 
re~d pa r t  of the nuclear  potential .  

For n potent i~l  of the  form 

(1) U ~  Uo exp - - ~  , 

where a represents  the r.m.s, rt~dius defined by  

(._,) 

(:~) 

co 

a "~ =]'4~r'-. r ).. (~(r) dr ,  

0 

co 

1 : f 4 7 ~ r  ~. ~o(r) d r ,  

0 

(q(r) is a densi ty  distr ibution) the angular  distributiol~ caleult~ted in the Born  
t~pproximation is : 

(4) 
d~2 --  4" (~(]iU~)) 3"exp - -  , sin- ~ , (# - -  reduced ma~s). 

('~)) R. HOFSTADTER: ]~eV. l)tOd..Phys., 28, 214 (I956). 
(") S. Z. BE1,ENK¥: SOY. Phys. JETP,  3, 813 (1956). 
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For  a purely  imaginary  potential ,  the scat tering ampl i tude  is also imaginary ,  
and we can apply  the  optical  theorem for the forwards ampl i tude:  

(5) ~ 0= \4~/ 4.(~(1/a~))~" 

Consequent ly  for known ~to~, Uo m a y  be expressed as a funct ion of a and  

(ds/dY2).. There is only one free parameter .  
Fig. 2 shows ~ set of curves obta ined with  formula  (4) for different values  

of these parameters .  We es t imate  as reasonable the curve for 

a ~ 3.0.10 -~s cm 

and Us = i-365 MeV; the error mus t  take  into ~ccount the uncertaint ies  of the  
small  angle corrections, the not  par t icular ly  well fitting da ta  as well as the 

+0.30 eventua l  inelastic contaminat ion  and  m a y  be es t imated  as -o.~o" 
The high value of the imaginary  poten t ia l  is well explained b y  the  h igh  

~ - +  p cross-section near  900 l~eV. One can relate the mean  ~--nucleon cross- 

section 5 wi th  the imaginary  potent ia l  through the relat ion (7) 

1 
(6) U~m ---- 2 ~  ~ o ,  

where 9 is the densi ty  of nucleons. 9 can be es t imated  for the  central  
region of the  carbon nucleus f rom the Hofs tad te r  exper iments  as twice the  
p ro ton  charge density,  ~o ~ 0.16 nucleons/fermi 3. Wi th  g---- 35 m b  (where 

some allowance was made  for the Paul i  .principle) we find Us ~ i . 4 0 0  MeV. 
Iqatural ly  this is only a very  rough check because the central  values of bo th  
the nucleon densi ty and the potent ia l  are very  insensit ive to our exper imenta l  

measurements .  For  the carbon nucleus this is made  evident  in the Born  ap- 
proximat ion ,  where the integral  f4zcr ~ U(r)dr (which gives the  angular  distri- 

bution) is near ly  independent  of the  values of U(r) for r < 1.5 fermi. 
The r.m.s,  is, instead,  a p a r a m e t e r  be t t e r  defined b y  scat ter ing experiments .  

The radius obta ined for carbon in electron exper iments  is a = (2.40 ± 0.05). 10-13cm 

which m a y  be compared  with our value of 3.0.10 -ls cm. 

4. - Comparison with other experiments and discussion. 

There are exper iments  per formed with pions on hel ium and hydrogen f rom 
which the  r.m.s,  radii  of these nuclei can be deduced. The hel ium da ta  ob ta ined  

(7) p. MITTELSTAEDT: Zeits. Natur]or., 12a, 947 (1957). 
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by  the  Tr i e s t e  g r o u p  (s) g ive  t he  fo l lowing  r .m.s ,  r a d i i  (*): 

a = 1 .78 .10  -~3 em a t  970 MeV 

a = 1 .60 .10  - l a c m  a t  1670 M e ¥  

whi le  t he  c o r r e s p o n d i n g  r .m.s ,  r a d i u s  w i t h  e l ec t rons  is 

ao = 1 .61-10  -~3 e r a .  

The  va lue  a t  970 MeV differs  f r o m  t h e  e l e c t r o m a g n e t i c  r a d iu s ,  b u t  no t  so 

d r a s t i c a l l y  as t h e  c a r b o n  r a d i u s  a t  915 M e g .  

I f  we i n t e r p r e t  t h e  l a r g e r  r .m.s ,  r a d i i  as an  effect  of t he  p ion  c loud,  pa r -  

t i c u l a r l y  s t rong  n e a r  t h e  = - + p  r e sonances ,  we m a y  also obse rve  th i s  effect  

in  p i o n - p r o t o n  s c a t t e r i n g .  B u t  he re  t h e  i n t e r f e r e n c e  effects  e~n m a s k  com-  

p l e t e l y  t he  d i f f r ac t ion  p a t t e r n ;  t h e  r a d i i  o b t a i n e d  f r o m  t h e  e x p e r i m e n t  m u s t  

be  t a k e n  w i th  r e s e rve  (**). I n  o r d e r  to  m a k e  t h e  m o d e l  a n d  de f in i t ion  of r a d i i  

un i fo rm,  we r e a n M y s e d  t h e  p i o n - p r o t o n  d a t a  f r o m  915 (a), 1200 (% a n d  

16.4~ 

1( 

r [ - ,p  cj15 MeV 

/ a  = 0.8 fe rmi  

/.o=1.0 

0.9 0.8 02^ 0.6 0.5 0.4 
COS (9'c.m. 

a) 

:I n - , p  1300 MeV 

b) 

::I n-+p 1200 MeV 

L i~k,~a/a=0,8 ~- a = 0.6.fermJ 

O ~  
1 0.9 0.8 co~78~.0.6~,,,. 05 0./~ 

c) 

Fig. 5a, 5b, 5c. - Angular distr ibutions for ~ - + p  elastic scattering compared with 
curves for different r .m.s.-radii  of an imaginary gaussian potential .  

(s) G. "SRAUTTI, L .  CI1ERSOVANI, C. FRANZINETTI, M. SEDMAK-FURLAN a n d  R. T o s I -  

TORELLI: NUOVO Cimento, 19, 1270 (1961). 
(') The r.m.s, radius is related to the ra,dii given by  BRAUTTI et al. (s) through 

the formula R = ~/~a.  
(**) On carbon the elastic scat ter ing is reduced to a small forwards peak and 

therefore we assume tha t  resonant or potent ia l  scattering is not  important .  
(9) L. BERTANZA, R. CARRARA, A. DJaAGO, P. FRANZINI, I. MA~NELLI, G. V. SIL- 

VESTRIN1 and P. H. STOKE~: Nuovo Cimento, 19, 467 (196[). 
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1300 MeV (~o) (shown in Fig. 5), obtaining the following results: 

a = l . O  -10 - ~ c m  (*) 

a = 0.90-10 -13 cm 

a -- 0.95"10 -13 cm 

at 915 MeV 

at 1200 MeV 

at 1300 MeV. 

While at  1200 and 1300 MeV the radii are probably well defined (small 

resonance scattering), at  915 MeV it is hard to define a diffraction peak. Under 

the assumption tha t  diffraction and resonance scattering are not  interfering 

destruct ively we may  say tha t  the given radius represents a lower limit. 

New experiments may  increase our knowledge about  the nuclear radii, 

and part icularly clarify if there is an energy dependence in the resonance region. 

?•'iI proton~ neutrons " 

0 I 2 3 4 5 6 
R ffermi) 

Fig. 6. - !~adiM distribution of 

protons and neutrons in the car- 
bon nucleus which would explain 
the different carbon radius ob- 
served with pions and electrons. 

I f  this should be the case one could draw 

some conclusion about  a higher opaci ty of 

the meson cloud. Experiments  with helium 

and propane bubble chambers are particu- 

larly indicated for this purpose. 

Another  hypothesis which could explain 

the large carbon radius could be the as- 

sumption of a different distribution of neutrons 

and protons inside the nuelefls. I n  order to 
explain our experimental results, neutrons 
and protons should be dist.ributed radially 

in the manner  shown in Fig. 6. The proton 
distribution was taken equal to the electric 

charge distribution, and relation (6) was used 

to add the absorption power of protons and neutrons. 
The last hypothesis could be checked in a ~ + + c a r b o n  experiment at  

N 900 ~IeV. The high ~ + +  n cross-section should make the carbon nucleus 

appear even bigger. The r.m.s, radius expected in the proposed experi- 

ment  is ,-~ 4.10 -13 cm. 

We are very  grateful to Profs. M. ME~LI-~ ~ and G. PupPI for their conti- 

nuous encouragements and assistance. 

(') These values were obtained by trying to fit the distributions up to eos 0~ 0.5. 
Errors may be estimated flom the shown figures. 

(10) M. CHRETIEN, J. LEITNER, N. P. SAMIOS, M. SCHWARTZ and J. STEINBERGER: 
Phys. Rev., 108, 383 (1957). 
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Many helfpul discussions with Drs. G. 00STA and L. TENAGLIA clarified 

the interpretat ive aspects of the work. 
The work was carried out with financial help from the 2g.A.T.O. Research 

Grants Programme and from the Is t i tu to  NazionMe di Fisica Nucleate;  for 
their assistance we are very  grateful. 

A P P E N D I X  I 

The n-q-p elastic scattering cross section. 

During the present work an accurate t rack count was made. Events  and 
tracks were classified with identical criteria. Incidence angles and fiducial 
region were carefully controlled. This allowed us to determine the total  cross 
section for the T:-+p events previously analysed in Bologna (% The cross- 
section obtained is 

c~1 = (26.7j 1,9) rob .  

This result confirms the assumption tha t  the peak at 890 MeV in the 
= + p  total  cross section is mainly due to elastic scattering. The inelastic 
cross section is the same (inside errors) at  915 and 960 MeV while the elastic 
part  is substantially higher nt 915 MeV. 

A P P E N D I X  I I  

Another diffraction scattering analysis. 

We performed oil our carbon data  tile 
1.0 phenomcnologieal analysis proposed by ]TO 

et al. (1~) finding an optical radius 
t_ 
m 

R = (4 .6±0.3) .10 -~a era.  E 

0.5 
The curves illustrating this anMysis 

:are shown in Fig. 7. 

Fig. 7. - Diffraction scattering analysis follow- 
ing the method of ]TO et al. (1i). 

' n -+C~n-+C 915 MeV 

,~o-_/~?, o_>f  2 . ~  ~ 
~ - \ a - c o s ~ ]  - t-~-) 

R= 4.10-~3cm 

R= 5'10-13c.m - 

0.99 cos(?:,,, 0.98 0.97 

(11) D. ITO, T. KOBAYAStII, ~[. YAMAZAKI and S. MlZqA~II: Progr. Theor. Phys. ,  
18, 264 (1957). 
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The m e t h o d  of ITO et at. differs f rom the  m e t h o d  used  in  the  p r e s e n t  
work  ; i t  assumes  a di f ferent  fo rm of the  nuc l ea r  p o t e n t i a l  a n d  uses a d i f ferent  
m a t h e m a t i c a l  a p p r o x i m a t i o n .  

The r .m.s,  rad ius  for a u n i f o r m  sphere  of rad ius  R would  be 

a --~ (3 .55~-0 .23) . ]0  -13 c m .  

However ,  this  r ad ius  c a n n o t  be  compared  w i th  our  va lues  because  the  m a t h e -  
m a t i c a l  s impl i f ica t ions  i n t r o d u c e d  b y  IT0 et al. are such t h a t  the  r e l a t i on  

R--~ ~ / ~ . a  co r respond ing  to a sphere of u n i f o r m  de ns i t y  is n o t  c r rect .  

R I A S S U N T 0  

Sono state studia~e le intcrazioni dci mesord •- con nuclei di carbonio, mediante 
una camera a bolle a propano. Si b trovata una sezione d 'urto su carbonio di (383±20) mb 
di cui (89± 12) mb corrispondono a scattering elastico. Si dh una descrizione dettagliata 
degli eventi nei quali un  mesone r:- vienc riernesso. La distribuzione angolare di dif- 
frazione e la sezione d'urto totale sono state descritte con un rhodello ottico, usando 
un  potenziale immaginario di tipo gaussiano. II raggio quadratico medio di questo. 
potenziale ~ risultato 3.0.10-1~cm; questo valore ~ c0nsiderevolmente maggiore dii 
quello ottenu~o per la distribuzione della c~rica elettrica. 


