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I. Introduction 

Presently the process of the radiative 
pion capture on atomic nuclei 

"- + (A,Z) ... y + (A,Z-1> ( 1) 

1s more completely studied experimentally 
for lp- she 11 n u c 1 e i ( 6 Li - 16 0) . The in t ere s t 
in this process is due to two factors. 
First, investigating the transitions to defi­
nite discrete nuclear states, one can obtain 
information about the structure of the tran­
sition amplitude and thus verify the main 
hypothesis used for its construction. Second, 
a common feature of the process (TT,y) is the 
appearance of a wide maximum in the measured 
spectrum of hard y-quanta located in the 
range of collective state excitation of the 
nuclear system. The study of the structure of 
giant resonance in the radiative pion 
capture allows the investigation of specific 
features of the collective states of atomic 
nuclei. 

To discuss the problem of the radiative 
pion capture we should rather begin with the 
consideration of pariial transitions to the 
low-lying states of daugther nuclei. Such 
transitions are rather fully investigated 
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experimantally, and this enables us to compare 
the experimental values with those calculated 
within various representations both of the 
nuclear structure and of the process amplitu­
de. In this way one can verify the validity 
of the approaches used and the reliability 
of the obtained results. The clarification 
of these problems will permit one to pass 
to the description of excitations in the 
region of the giant resonance more reliably. 

II. Basic Ideas of the Theo~ 
of Radiative Pion Capture 

The radiative pion capture by atomic nuc­
lei is usually considered within the impulse 
approximation. The process amplitude on pro­
ton taking account of the terms of the order 
q/mrr has the form II/ 

r- -+ 4 -+ -+ -+ 4 -+ -+ _,. -+ -+ -+ ....... 
f= yZ il A (a. f ,.\ )+B(a. £,.\)(k ·q )+ C(a ·kH£ A ·qhiD£ A· (qx k )I, 

( 2) 

---v2 
larization vector and the momentum of the 

are the po-where T 

T X - lT y 
-> 
fA 

... 
and k 

outgoing y-quantum, respectively; A= 
-3 -I 4 B -3 -3 = -33.2·10 m , B = . ·10 mrr ; 

C = -32.9.10-~ m; 3 and D =11.7·10-3 m;3 • 

The probability of the radiative pion 
capture by an atomic nucleus with the exci­
tation of level with spin Jf is the follow­
ing /I/ 

4 

. ' 

(l+m /M )2 
A _ rr N k 1 

nf - ( (-) • ~ 1 'In 2 
1 + k/MN) mrr (2J.+1H2f + l)J"""' <JfMfl,niJ.M.>I ciD_,, 

1 1 1 k 

( 3) 

where 

A ->-> 
-I -ikr -> ->-> m = I, i f e ¢ (r). 0 (r- r . ) 

j=I nfm J 
( 4) 

¢ 0 fm(;) is the pion wave function with the 
principal quantum number n, orbital momentum 
f and its projection m; m and MN are the 

. rr . 
masses of a p1on and a nucleon, respect1vely. 

The pion wave function has been obtained 
by solving the Klein-Gordon equation 

2 2 2 .... .... .... 
IV +[<E-V ) -p. H¢ 6(r) = 2p.V<r>¢ 6(r) 

c nt nt 
( 5 ) 

with the Kisslinger-Ericson nonlocal optical 
potential 

-> .... -> 
2p. V(r) = q (q) - V 

... 
ao<r) 

1 .... 
1- -.;a 0 (r) 3 

... 
+ 0 (-!.) 

A' v 

.... ... ... ... 2 .... 
q(r)=-4rrlpib0 p(r)+pibi[p

0
(r)-pp(r)] +p

2
B

0
p (r)l, (6) 

-> -I -> -I .... -> I 2-> 
a 0 (r) =-4rrlpi c

0
p(r)+pi ci[p 0 (r)-pP(r)]+p~ C

0
p (r>l, 
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where 

.... .... .... 

p (r) = p (r) + p (r) ; p 
n p 

m17 m17 

1+--;p =1+--
MN 2MN 

~ - specifies the polarization of the nuclear 
matter: in the calculations this value was 
taken to be equal to unity. 

The density distribution of nucleons in a 
nucleus was described using the symmetrized 
Fermi-distribution/2/, The proton p (r .... ) 

d ( -+) • • • p an neutron p r d~str~but~ons were as-
n 

sumed to be the same. 
I 1 . . 6 L' 7 L. d 9 B n the ~ghtest nucle~ I, I an · e 

the shifts and widths of 1s-levels calculated 
with empirically found parameters of the op­
tical potential /3/ 

· b =-O.mm-1 ,b =-0.08m- 1 -4 
0 17 1 17 

, Im E
0

=0.04m 
17 

, Re B
0 

= 0, 

( 7) 
-3 c

0 
= 0.22m 

17 
, 

- 3 c 1 =0.18m
17 

, 
-4 ImC 0 =0.08m 

17 
, ReC0 =0, 

considerably disagree with the experimental 
ones / 4/. One fails to remove the discrepancy 
between theory and experiment by varying the 
diffuseness parameters T and mean-sauare 
nuclear radius of the nucleus <r 2> • 

The shifts and widths of s-levels of a 
mesoatom are mainly connected with the values 
b o , b 1 , lm B o and Re B o, the s hi f t s and 
widths of p-, d- and other levels with the 
values c 0 , c 1 , ImC 0 and ReC 0 . The optical 
potential suppresses the wave functions of 
s -states in the nuclear region and, on the 
contrary, it increases the wave functions 
of p-, d- and other states. The amount of 

6 

suppression and increase depends on the 
shifts ~E. The degree of conformity between 
~Etheor and ~Eexp allows one to judge how 
well the mesoatomic state is described and 
how well the behaviour of the pion wave 
function in the inner nuclear region is re­
produced. 

In the present paper when calculating the 
wave functions of 11-mesons in Is-states, the 
shifts and widths of levels are fixed and 
taken to be equal to experimental ones: ~E = 
= ~E exp , 1 = 1 exp .' The parameters Re Eo and 
b 1 have b e en t a ken to b e e qua 1 t o Re E 0 = 0 
and br = -0.08 m-;;.1 according to (7), and 
the parameters b 0 and lmE 0 have been chosen 
individually for each nucleus. (The effects 
of finite size of nuclei and of vacuum pola­
rization on the value ~E are taken into 
account). The so-obtained values of th~ para­
meters b 0 and ImB 0 and the corresponding 
values of the quantities* ~E 1 =E (2p-+ 1s)-

s exp 
- EK-G (2p-+ ls) and 1 exp (ls) are represented 
in table 1. 

The necessity of renormalization of the 
constant bo is due to two reasons: 

a) the value of b0 depends on the Fermi 
nucleon momentum in the nucleus PF. For the 
lightest nuclei PF noticeably changes from 
nucleus to nucleus. For instance, according 
to experimental data /5/, for the nucleus 6Li 
.PF = (169±5) MeV/c and for 12 C PF= 
= (221±5) MeV/c; 

* Eexp (2p .... ls) is the experimental (2p .... ls) 
transition energy in the mesic atoms, EK_c<2p .... ls) 
is the corresponding one calculated with the 
point Coulomb potential. 
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Table 1 

Optical potential parameters 

:!ucleus -~£,-;1 r;, 1:, lmB, T ''.z <"'l> 
{Ke.V] [Kev} [-rn.--1) [m~~-3] [ /'111] [lm] 

':~ .. 0,302 o, 195 -0,0220 0,0534 2,21 2, 536 

~ :li 0,524 0,195 ..0,0233 0,0473 2,41 2,44 
,8~ 1,613 0,591 -0,0253 0,0427 2, 34 2,42 

.,68 3,117 1 '59 -0,0278 0,0515 2.-t~ 2,45 

"'13 3,879 1, 79 ..0,0288 0,0556 2,10 2,42 
"'lc 6,144 3,14 -0,0288 0,0509 2,06 2,496 

""N 11,735 4,34 ..0,0292 0,0381 1,85 2,48 
#(, 

0 18,21 7,64 -0,0275 0,0461 2, 14 2,71 

b) in the optical potential there are no 
terms of the order 1/A. 

' 

I 
I 

Taking i~~o account these effects results I' "'?I \:2':. C.J~.-t'_.. 
in t-ha>t--.t-h-e parameter ReB 0 in the optical 
potential 1differs from zero~ More thoroughly 
these questions were investigated in pa­
per/6/.The solution of equation (5) with two 
different sets of parameters of the optical 
potential (in one of which ReB 0 =0 and in 
the other ReB 0 ,f 0) using the same fixed V9.-· 

lues of the shift 1'\Eis and width r Is 
differ only slightly. In the present paper 
for calculating the pion wave functions of 
Is -state we have used the set of parame­
ters in which ReB 0 =0.Here b = -0.08 m ;I, 
and the individually chosen values of the 
quantities b 0 and ImB 0 are presented in 
table 1. 
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For n u c 1 e i of the lp -she 11 , ex c e p t I6 0 
there are no experimental data on the shifts 
of 2p-levels. In I6 o the shift and width 
of the 2p -level which are specified only 
by the strong interaction of the pion with 
the nucleus are equal to/7/ t1E 2p= (4.1:!: 
:!: 2.3) eV and r 2P = (11:!: 6 ) eV. Accordinf 
to other experimental data l.,2P = (12:!:4) eV /B 
and rzp= (4.'7:!:0.8) ev/9

/. The calculation 
with the standard set of parameters of the 
optical potential ('7) results in the follow­
i n g v a 1 u e s o f the qua n t i t i e s 1'\E Zp and 1'\r Zp : 
t1E 2 (opt) =10.3eVand r 2 <opt)=4.2eV. 

p • • p 
From emp1r1cally found dependence t1E 2 and 
r 2p on the nuclear charge /IO/ follow~ that 
t1E 2 (emp) = 6.5 eV andf~ (emp)= 5.2 eV. 

~ p • 
Table 2 presents the values of the w1dths 

of ~ -levels obtained from experimental 
data and by calculation. The quantities 
r2 (emp)are obtained by the empirical formula 
f/om paper /I O/ ; r 2 (opt) I are calculated with 
the parameters b0 P and ImB 0 given in iab­
le 1 ; the parameters c 0 , c I, ImC 0 and ReCo 
have been chosen from the set ('7). The quan­
tity r 2P<opt> 2 was calculated with the 
numerical values of the parameters c 0 , ReC 0 
and ImC o obtained from theory /II/ taking 
account of their dependence on PF . 

The theoretical values of the widths of 
2p -levels, obtained using the last set of 
parameters, better agree with the experi­
mental data. This set of parameters results 
in a somewhat smaller value of the shift 
of 2p-levels than the others (for I6 o it 
appeared to be equal to t1E2(opt) 2 = 8.5 eV). 
In the present paper the pfobabilities of 
the radiative capture from 2p-state have 
been calculated with the pion wave functions 
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Table 2 

Experimental and theoretical values of the 
quantities r2p 

Nucleus fl,.(1rp) [~V) fi,.f~i), {I Vj ~,.r,--1~£~~ t;,.k-1') [~ V] 

6!J,· o,o15!o,ooi81 0,007 0,010 0,019 
~jl,· o,o16!o,oo7/B/ 0,010 0,013 0,020 

o,053!o,o1J/B/ 18e 0,070 0,079 0,103 
0,16 :!: 0,03/9/ 

lOB 0,32 :!: 0,06191 0,256 0,289 0,359 
us 0,27 :!: 0,04191 0,289 0,363 O,J8J 

-tac 1,02:!: 0,29/9/ 
0,895 1,02 1,25/8/ 0,881 

2,6 :!: 0,9181 

'tv 2,.2 :!: o,l91 2,28 2,JJ 2,46 

:!: o,8191 -
4,7 

"o 12 :!: 
4 /8/ . 5,5 5,11 5,26 

11 :!: 
6 /10/ 

obtained using the last set of parameters 
of the optical potential. 

In the lp~shell nuclei the pions ar.~ 
captured from s-and p-orbits. Therefore 
the calculated yield R of hard y-quanta is 

I 

the S'..l.m of two terms: R = R 
8 

+ R P , where 

A. Is 
R = --w ; . s A s 

Is 

>..2 
R =--pw · 

P A P' 
2p 

Als and A 2P are the total probabilities 
of absorption of pions from ls and 2p-orbi ts, 
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.. 

... 

respectively, and w 5 and wp are the relative 
probabilities of absorption of pions from 
s - and p -orbit s (w + w = 1 ) . The s e values 

s p 
are rather poorly known, and not for all 
nuclei. In the last case we have extrapolat­
ed them from the known values in the neigh-
bouring nuclei. The values of AJ and 
we adopted in the calculation* are given 
in the tables together with the calculated 
quanti ties Anf and R . The values R obtain­
ed by other authors are given according to 
the mesoatomic characteristics which are 
presented in the tables. The absence of 
reliable data on the quantities Ant and w f 
makes it difficult to a great extent to 
interprete the experimental yield of hard 
y -quanta. 

III. Transitions to Low-Lying Nuclear 
States 

In order to describe the initial and final 
states of nuclei, we have used the shell 
model with intermediate coupling. The ground 
state and levels of normal parity (of the 
same parity as the ground state of the ini­
tial nucleus) have been described by the 
wave functions calculated with the Cohen­
Kurath parameters/!~ in the version 
(8-l6)2BME. For the n?cleus 6 U the Barker 
functions were used/13

• To describe the 
states of anomalous parity (opposite to 
parity of the ground state), the wave func-

*The values of Ant and 
present paper are almost 
found in experiments /?r-9/. 

Wf used in the 
the same as those 
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tions were obtained on the basis of the 
approach presented in paper 1141. Spurious 
states caused by the motion of the c.m.s. 
are completely extracted. 

In the inner region of a nucleus the 
gradient of the wave function of the pion 
in the s-state is negligible. Therefore, in 
absorption from this state the main cont­
ribution to the matrix element is given by 
the first term of the amplitude (2). It 
follows that in the case of radiative pion 
capture from s-orbit with excitation of 
states of normal parity the transition 
operator will be analogous to the spin part 
of the operator of Ml-transition or to the 
operator of the allowed transition in the 

·processes of ~-capture and ~-decay.Thus,in 

the radiative pion capture from s-orbits 
the states of the magnetic dipole resonan­
cel15-171 in the nuclear system will be 
excited more intensively. For the capture· 

• -> 
from p-orblts the operator a plays the 
basic role too. Therefore, before discussing 
t he part i a 1 trans i t i on s in (rr, y) -pro c e s s , 
let us analyze the results of electromagne-
t i c M 1 and f3 -transit ions I 12, IS I and 
the transitions in the muon-capture by 
lp - s he 11 n u c 1 e i 11 9 1. The c orr e s pond i n g r e -
sults are given in tables 3 and ~· 

It should be noted that in odd-A nuclei 
the main component of the wave function of 
the nuclear ground state (to which there 
corresponds the maximal space symmetry) 
does not contribute to the transitions 
caused by the operator ,; due to the selec­
tion rule according to the Young scheme. 
Therefore the transitions in odd-A nuclei 
which are connected with this operator will 
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Table 4 
Capture rates of muons by nuclei oflp-shell 
following data from paper/~/ in units sec-1 

Process 'YJ k•-1,2; Exper111ent k .. -1,4 

(J/2-)1 74 54 

'ScVo--; iJ)9.1f,· 
(J/2-}2 60 50 

( 1/2-) 1 63 57 

( 5/2-) 1 47 33 

''6{1"-; iJ) ~~~ 
(2+)t 1,86•10) 2,23"103 

(2+}2 6,55•103 6,80"103 

"'lc(j-;vrJ.a (1+)1 7.5'103 (6.3!o.3}•103/20/ 6"103 

"Jc~;,)..,38 
( 1/2-) 1 133 158 

( 3/2-) 1 6.81"103 5.30"103 

~~v.~~ ~c 
( 2+) 1 . (lo !3}·10 3 

(2+)2 
2.22"104 2.16"104 

""B{II;~J ~ (1/2-)1 1.07"103 
(1.oo!o.10)"10;ffZ1l 1.02"10) 

be suppressed to some extent. Most strongly 
suppressed are the transitions in the nucleus 
9Be which is clearly seen from the calcu-
lation of the ~-capture rates. Really, the 
main components of the wave function of the 

. 7L. 9 B II B ground state of nucle1. 1, e, and 
13 c are 0.99Jp3[3]22P>; 0.90Jp5 [41]22p>+0 .. .f>Jp5[41] 22D> 
0.64Jp7 [43] 22P>+0.57Jp 7 L43] 22D> and 0.89Jp 9 [441] 22P>, 
respectivelyi22~There are no components 
with the mentioned Young schemes in the 
daughter nuclei. An analogous situation 
appears for the nucleus 12 C. In this case 
the role of small components of the nuclear 
wave function and of correction terms in the 
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I 

~ 
~ 

process amplitude increases. Small compo­
nents and, consequently, the transition 
characteristics determined by them usually 
depend rather strongly on the model parame­
ters. Table 4 presents the rates of ~­
capture calculated at the optimal value of 
the intermediate coupling patameterl~/ which 
is equal to k = -1.2, and at somewhat 
large value ( k = -1.4). In the nucleus 9 Be, 
such a change of the parameter may change 
the capture rate by 30%. As it is impossible 
to fix strictly the model parameters, some 
uncertainty remains in the characteristics 
of such transitions. An analogous situation 
may occur for the process (rr, y) and one should 
take into account this fact when interpreting 
experimental data. 

It follows from the experimental data and 
calculation results presented in tables 3 
and ~ that on the whole the theory describes 
the transitions with ~T =l in lp-shell 
nuclei. Therefore the use of the same wave 
functions for describing the radiative pion 
capture is quite natural. 

The transitions to the levels of anomalous 
parity are mainly connected with the operator 
of the type [a x Y 11 k = 0 I 2 . This operator is 
also responsible for th~'axial-vector exci­
tation branch in the case of ~-capture. 

Transitions in Even Nuclei 

The calculated probabilities of the radia­
tive pion capture and yields of hard y-quan­
ta are presented in tables 5-8. 
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a) 6 Li(77-,y) 6 He. The transition probabi-
lities to the ground state of the nucleus 
6

He and to the level J 77 ; E =2+; 1.8 MeV 
were calculated in many papers. The results 
of calculations of yields R performed by 
various groups agree on the whole with each 
other and with experimental data. There is 
some discrepancy between the calculated va­
lue s o f A 1 s and e s p e c i a 11 y o f A 2P • Par t 1 y t h i s 
is due to the fact that the wave function 
of the ground state of the nucleus 6 Li 
somewhat differs in different papers. 

b ) 12 C (77 -; y ) I 2 B . The t he or y on t he who l e 
correctly explains the relation between the 
transition intensities to individual low­
lying states and the absolute values of the 
quantities R. However, as for the nucleus 

6
Li there is some discrepancy between theo­

retical values presented by different au­
thors. 

10 - 10 . 
c ) B (" , y ) Be . U s 1. n g t he Co hen- K u r at h 

type wave functions one fails to describe 
in detail the experimentally observed dist­
ribution of Ml-intensities. The excitation 
s~ectrum in low-lying states of the nucleus 
1 

Be is dominated by the transitions to the 
states J 77 = 2+. The total excitation inten­
sity of these states depends weakly on its 
distribution over the levels. Without consi­
dering the excitations of negative parity 
levels, the yield of hardy-quanta up to the 

• . lOB E* exc1.tat1.on ehergy of the e, nucleus, = 
= 9 MeV , a p p ear s to b e e qua 1 t o R th eo r = 
= 0.241%. The experimental value of the 
quantity R with excitation of levels 10 B 
up to 9 MeV including the levels of negative 
Parity is R ( E* < 9 MeV) = 0.223%. exp -

20 

d) 14 N(77-,y) 14 C. In the nucleus 14 c there 
are seven bound states. The levels J 77= 2+, 
and J 77 ; E =3-; 6.72 MeV are excited most 
intensively. The shell model state llp-2 2+;1> 
is distributed over two levels J 77 ; E =2 +; 
7.01 MeV and z+; 8.31 MeV with almost the 
same weight. This distribution is due to a 
large contribution of excitations of the 
type two particle - two holes (2p- 2h). The 
wave function of the 14 N ground state con­
tains a very small admixture of such exci-
tations and, consequantly, (2p- 2h) -compo-
nents do not contribute to the transition. 
Therefore, the value of R calculated with­
in the configuration lp- 2 is almost equally 
distributed between these two levels J 77 =2~ 
Among the bound states of the nucleus l4C 
there is one level of negative parity J 77 =3-. 
The main components of the wave function of 
this level have the form llp 1; 2 , ld 5; 2 >. Due 
to the fact that the single-particle matrix 
element of the transition lp-> ld 5; 2 is very 
large, the state J 77 ; E= 3- ; 6.72 MeV should 
be excited very strongly. The calculated 
value of the yield of hard y-quanta to the 
bound states is twice higher than that ob­
served experimentally. A reason of the excess 
may be connected with the level J 77 =3- which 
may also split as the neighbouring level 
J 77 =2+, and its intensity is distributed over 
several states. On the other hand it may be 
due to a poor knowledge of mesoatomic cha­
racteristics Ant and Wf· Thus, at present 
this problem is unsolved. The level J 77 ; 
E =a- ; 6.72 MeV should be noticeably excit­
ed in the case of muon capture by the 
nucleus 14N. Its excitation probability is 
8 times less than the total excitation pro-

21 



bability of two levels J 77 ~ 2+ with energy 
7. 02 MeV and 8. 32 MeV. In the ( rr, y) pro­
cess this ratio is somewhat less: if the 
capture proceeds from s-orbit then the ratio 
of probabilities is equal to four, and 
from p-orbit it is equal to about 1.5. 

Transitions in Odd-A Nuclei 

The values of level energies of odd-A 
nuclei presented in table 9 are theoretical 
and therefore they are given in brackets. 
They may somewhat differ from the experi­
mental values. The calculated values of 
capture rates are presented in table 9. 

a) 7
Li(rr-:y) 7 He. The system 7 He has no 

bound states. The resonances in this system 
are analogs of states of the nucleus 7Li 
with isospin T=3/2. It follows from the cal­
culation that the resonances with quantum 
numbers J 77

; E=3/2-; 0 and J 77 
; E=l/2- ; 

1.24 MeV should be excited more intensively. 
b) 9 Be(rr ,y) 9 Li. In the nucleus 9 Li 

a group of states both of positive and ne­
gative parity should be excited with almost 
the same intensity. Note that the theory 
predicts the appearance of levels of anoma­
lous (positive) parity beginning from 5 MeV 
and they are in the region of Ml-resonance. 

c) 11B (rr-, y) ll Be. The ground state of the 
nucleus 1 ~e is the level of anomalous pa­
rity. In the nucleus llBe the levels of this 
nature, as it follows from the calculations, 
are located rather densely, and they have 
almost the same excitation intensity as the 

22 

Table 9 

The probabilities of the partial transitions 
A ls and A 2P and the yield R of hard y­
quanta in the process A(rr-,y )B .• 7 Li : r 1 s = 
= 0.195 KeV,wl = 0.4; r2p = 0.016 eV,wp=0.6; 
9 Be : r 18 = 0.591 KeV, ws= 0.3; r2p= 0.16eV, 
w2 =0.7; 11B: rls= 1.680 KeV, Ws =0.2; 

p u 
r2p=0.32 eV, w2p= 0.8; C: rls = 3.140 KeV, 
ws = 0.15; r 2p= 1.02 eV, w P = 0.8) 

.4 B £•(8) Ey 1¥-j 11.~,,. ~~ R,. R 
-:~r; T="h. -:tf; T: .i/.z. [fVIcV} [MeV} lr.,,.,"Uc -1 r_.,,,__-~ [1,-, b,-"1 [.,,-".) 

"~-.X,· (J/2 ... ) 7He 3/2- 0 126,6 0,096 0,108 1,30 2,67 3,98 
1/2- {1,2) 125,4 0,179 0,068 2,42 1,68 4,10 
3/2- (3,3) 123,4 0,012 0,014 0,16 0,34 0,50 
5/2- (3,4) 123,5 0,032 0,020 0,43 0,50 0,93 

9Be (J/2-) '~.· 3/2- 0 123,9 0,371 0,308 1,24 0,89 2,12 
1/2- 2,7 120,4 0,018 0,047 0,06 o, 14 0,20 
5/2- (J, 7) 120,3 0,291 0,200 0,97 0,57 1,55 
3/2+ {4,6) 119,4 0,295 0,281 0,99 0,81 1,7~ 

3/2- (4,9) 119,1 0,374 0,102 1,25 0,29 1,54 
1/2+ (5,3) 118,7 0,396 0,213 1,32 0,61 1,94 

11B(3/2-) 11Be 1/2+ 0 126,? 0,319 0,219 0,25 0,36 0,6! 
1/2- 0,3 126,4 1,609 1,185 1,26 1,95 3,21 
5/2+ (0,4) 126,3 1,238 2,438 0,97 4,01 4,98 
3/2- ( 2.1) 124,5 12,II9 1,556 1,66 2,56 4,22 
3/2+ (3,4) 123,3 0,332 0,298 0,26 0,49 0,75 
7/2+ (4,1) ~22,6 1!,468 3,009 1 915 4,95 6,10 
5/2- (4,2) !22,5 0,536 1,271 0,42 2,09 2,51 
5/2+ (4,3) 122,4 1,277 2,085 1,00 3,43 4,43 
1/2+ {5,3) 121,4 0,677 1,368 0,53 2,25 2,78 

13c (1/2-) 13B 3/2- 0 125,0 10,56 14,54 3,32 7,97 11,2~ 

5/2+ (3,6) 121,5 1,54 4,60 0,48 2,52 3,01 
3/2+ (5,5) 119,6 5,27 16,1 1,66 8,85 10,5 

-- ---
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levels of normal parity forming the Ml -re-
sonance. 

d) 13C(rr ,y) 13B. In the nucleus 13 B two le­
vels, the ground state and J"; E=3/2+; 
5.5 MeV are expected to be excited with the 
same intensity. 

Presently the analysis of experimental 
data on transitions in odd-A nuclei is 
almost finished/2S/ and this will enable us 
to compare them with the calculated results. 

IV. Cone lus ion 

From the comparison of the calculated 
yields of y -quanta with excitation of indi­
vidual states of the final nucleus with 
those observed experimentally it is seen 
that the theory describes rather well this 
characteristics. Presently it is difficult 
to obtain better agreement since a number 
of quanti ties ( r nf and we ) on which the 
yield depends is not uniquely determined. 
Thus, one should first determine these meso­
atomic data with more accuracy. 

To obtain reliable information on the 
partial transitions in the process (rr,y), 
it is important to investigate the electron 
scattering process and to analyze the mag­
netic form factors at momentum transfer 
which is realized in the process (rr,y). All 
available information will enable us to 
solve the problem of partial transitions in 
the process (rr,y) in order to get informa­
tion both on the structure of the transition 
amplitude and on the structure of those 
states which are excited more intensively 
in these processes. Presently we can only 
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state that there is no sharp discrepancy 
between theory and experiment in describing 
the yield of hard y-quanta with the excita­
tion of low-lying states of daughter nuclei. 
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