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/. INTRODUCTION 

The radiative pion capture by atomic nuclei 

77"" ь (A,Z) - )•• 1 (A.Z- 1) (1) 

belongs to process of the resonance type. The observed 
spectrum of у -quanta has a broad maximum smoothly 
damping with growing of excitation energy of nucleus and, 
hence with decreasing energy of / -quan tum' 1 ' . The very 
hard part of у-spectrum clearly possesses individual 
peaks. In light nuclei (except for magic ones) these mean 
the isobar analogs of Ml-resonance in the target nucleus. 
The energy region of excitation of the nuclear system 
that corresponds to a broad maximum of the spectrum 
coincides with the region of localization of states of the 
isovector giant resonance. 

A consistent theoretical study of the radiative pion 
capture by atomic nuclei has beer; performed only for 
lp-shell nuclei-/?~*•'. In these papers, main regularities of 
the process have been established at the basis of the idea 
of the dominant role of resonance excitation mechanism. 

In this paper, we investigated the radiative pion capture 
by nucleus 3 2 S , typical for the (2s-Id) shell nuclei. 
The reason for that choice is that earl ier some other 
processes have been considered (photoabsorption, electro-
excitation and |i—capture) /5-8/ which give r i se to exci
tation of different kinds of spin-isospin giant resonances. 
Good agreement with experiment has been achieved there. 

In spite of analogy between ц -capture and radiative 
pion capture, a number of specific properties of the latter 
produces new regularities. These peculiarities are due 
to the fact that the radiative pion capture proceeds mainly 
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from the high-lying orbits of a mesoatom. Because of the 
existence of orbital momentum for pion and large momen
tum transferred to nucleus, different types of resonances 
are generated in the nuclear system. These resonances 
are distributed over large energy interval and the co r re s 
ponding hard )• -quantum spectrum possesses a different 
structure than corresponding neutrino spectrum (nuclear 
excitation spectrum) in /i-capture. 

The aim of the present paper is to establish specific 
properties of radiative pion capture for nuclei of the 
(2s-Id) shell through concrete calculations. 

II. CALCULATION PROCEDURE 

1. Radiative Pion Capture 

The impulse approximation for the effective Hamilto-
nian of radiative pion capture by atomic nuclei is written 
in the form / 9 / 

H e „ = S ^( . i )e" l k r j f ( j ) .< | . n P m ( r p . (2) 

Here т_ |p-,=r.|n>, к is the momentum of y-quantum and 
Ф л (г) is the pior. wave function.The amplitude 

nrm 
f(j) describes the process on an isolated proton. This 
amplitude up to the terms linear in pion momentum, q , 
is of the form 

f U) =•- i 1 А- С • ГА ) . В(,7. • ,'Л )(k • 4) + С-Ст. -к)й\- q) + (3) 

•i iD- t^ - ( q x k ) i , 

where T\ is the polarization vector of y- quantum. We 
used the following values of form factors A>/ 

A—0.0332m"1; В - 0.0048ПГ13; С = -0.0329m~3; D=-0.0117m~3. 
If Л Л Л 

The probability of radiative pion capture from (nP) orbit 
with transition of a nucleus from state |i> to state | f> 
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is given by the following expression (M N is the nucle-
on ma; 
mass) 
on mass , М д is the mass of nucleus, m n is the pion 

/ 1 . I , / M X " ' г , ( О Т , 11 (1 + k/M ) '"* (2J i l)(2f ь- 1) 
A l 

x / d n ^ | < . T f M f i H e f f | J . M . 4 2 . (4) 

Summation runs over all projection (m, \ , N!j, M f ) . 
As a rule, the experiment measures the yield of 

у- quanta 

R „ Y - — " V ( 5 ) 

nf.\ a b s(nP) 
where Л b , (nl!) is the total probability of pion absorp
tion from (nf) orbit, and <-y is the contribution of the 
corresponding mesoatomic orbit to the total yield. 

Assuming, as usual, that the ratio Л(пС)/ Л a b s (nf ) 
does not depend on n and denoting ыр = £ш ^ , we 

rewrite expression (5) for the radiative pion capture by 
nucleus 3 a S in the following form 

Л (2p) А (3d) 

\ь.<*> Р Чь. ™ ( > 

with 

Mesoatomic parameters l n p = fi-Л a b s (nf) and ы£ in 
(6) are taken to equal 

Г 2 р = 0,79 keV/l0/, со = Q.9/ll/, 

r 3 d - 0.25 e V A o / a , d - 0 . 1 / n / 
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F u r t h e r conventional s tep is the multipole expansion 
of the Hamiltonian (2) г . The most genera l form of the 
t rans i t ion multipole ope ra to r Q k can be e x p r e s s e d by 
two t e r m s 

k<| k 1 k„ Ui| 1 L J kii i! ч ' 

The functions F (г. к . k j a n d F,(r:k) include the coefficients 
of recoupl ing of moment s , pion radial wave function 
;uid components originating from the multipole expansion 
ot tlu1 plane wave of outgoing -qunaUim. As a ru le , 
tiie second term of (7) is s m a l l e r than the f irst . The re fo re , 
in a qual i tat ive analysis it can be neglected. Then from 
exp. (7) it follows that to к ., (1 there c o r r e s p o n d s the 
opera tor ,: which coincides with the spin pa r t ol the 
i sovector opera tor ol e lec t romagnet ic M l t rans i t ion , to 
k„ 1 sp in- isospin opera tor of the dipole type with respec t 
to" angular component, and to к ., J that oi die quadrupole 
type. 

The angular par t Y ( ( " . . ' of the o p e r a t o r С, is 

formed of the angular par t ot the plane wave expansion oi 
the outgoing ; -quantum and of the angular pa r t of the 
wave function of pion on the orbit . If the pion capture 
p roceeds from orb i t s with Г - о the rank of the Besse l 
spher ica l function (from the plane wave expansion of out
going ; -quan tums) does not coincide with к., value 
There fo re , in (--.;> p r o c e s s with the s a m e rank of the 
Besse l function in the r ad ia l par t (because of the pion 
orbi ta l momentum) t h e r e appear o p e r a t o r s of a higher 
mul t ipolar i ty in the angular pa r t as compared to analogous 
o p e r a t o r s in the mult ipole expansion for the /< - c a p t u r e , 
photoabsorption and e lec t ron sca t te r ing . As a r e s u l t , in 
the p r o c e s s (.-",;) the s t a t e s with higher spin will be 
excited with l a rge intensi ty . A r a the r not iceable effect 
can be expected in heavy nuclei in which pion i s captured 
from high (f-3,4) o r b i t s . In these nuclei , the s t a t e s with 
spin T=6,7 and higher can be excited with l a r g e probabi l i ty . 
Even in light nuclei of lp - she l l this effect manifes ts 
itself in pion capture from p - o r b i t s . 
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2. Nuclear Model 

The wave functions of negative parity s tates of the 
3 2 P corresponding to excitation of the nucleus in the 
interval ltiw have been calculated by assuming that the 
shells Is, lp. l d 5 / 2 a re closed. We considered the 
states j " = 0~ , 1~ , 2~ and 3~ . The shell model basis 
for these states has been constructed allowing for the 
effect of phonon states, i.e., low-lying states of 3 2 S . The 
levels with J"- -3~ were calculated in the approximation 
of doorway states neglecting the effect of phonon excita
tions. In the considered approximation there a r e three 
types of basis states only 

' l d

5 7 2 ' ( 2 s - l d 3 / 2 ) 4 j o T < r J 8 : J - . T - 1 > . 

| i ; 1 . ( 2 s - l d 3 / 2 ) 5 J 1 T 1 . J - . T =1> . ( 8 ) 

where j r l p ^ , H y 8 : j 8 = " 7 / 8 • 1'Va • * y 8 . » i / s • 
The wave functions have been found by diagonalizing 

the Hamiltonian of residual interaction of nucleons in a 
nucleus which is taken in the form of the Serber potential 
with the Gaussian radial dependence. As the single particle 
potential, we used the harmonic oscillator with parameter 

r_--v* 1-96 Fm. A detailed scheme for con-
° ты 

struction of the basis, zero-order approximation and 
resulting wave functions can be found in paper / 5 Л 

The wave function of the 3 2 S ground state was 
taken, according to ref . / ' i a ' / , in the form (only main 
components are presented) 

4'(0+ 0) ., - v/0~496|2s 4

l / 2: . ч'иТюГ|2в* / 8 01. ldjj/ 801>. (9) 

The wave functions describing оЬы , STWJ , 3h</. exci
tations in A 32 system, were constructed in the pure 
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par t i c l e -ho le approximat ion. Of cause , this approximat ion 
is very rough. But it al lows a quali tat ive es t imat ion of the 
role of such exci tat ions. 

3. Pion Wave Function 

The pion wave function was obtained by n u m e r i c a l 
solving the Klein-Gordon equation 

\ \ 2 . | (K-v r r ' -y ' ! ! ' i ' n | . ( i ) a / (-v("о-Ф,,,^!-') (10) 

with the K i s s l i nge r -E r i c son nonlocal optical potent ia l / ] s / 

^ • V ( r ) - K ( r ) - V ^ — \ , ( П ) 
1 - i - a (0 

3 " 
where 

q(r) -, - 4 - | P l . h ( | / M r ) • P l • b j l f . ^ r i - , , 1 ) ( г ) ! . р й - В п - / ( г ) | , 

« ( i (r)--4^tp~ ч„-('(г1-|р~ 1-с 11,- п(г)-,. р(г!|*р~ а

1 С 0 , Г ( г ) 1 , 

i.(r) -- ,) n (г) • ,,(!•); p j 1 - m_'М%.; p ^ - 1 > tn_ -I 2- M N ) . 

(.12) 
The density distribution for nucleons in the nuc leus was 
descr ibed by a s y m m e t r i z e d F e r m i d is t r ibu t ion : ' , 
assuming the same for neut rons and protons , i . e . , i< (n 

The shifts and widths of 2p and 3d levels of m e s o -
atom '*~S calculated with the s tandard set of p a r a m e t e r s 
of the optical potential 1 ( ) a r e in poor a g r e e m e n t with 
exper iment : 

\E (theorl = 0.45 keV. 

\ E o (exp) :-- (0.50 +0J0) keV 

I' .(theor) - 0.10 eV, 3d 

8 

Г 2 p (theor) - 0.36 keV , 

,Г (exp) = (0.79 +0.15) keV 
И р / 

l'„,(exp) = (0.25 + 0.15) e V 



ЛЕ represents the level shift due to the strong inter
action of pion with nucleus. 

The shifts and widths of 2p and 3d levels a re mainly 
defined by parameters c 0 and C0 of the optical potential. 
When the wave function was calculated for the 2p state, 
the shifts and widths of 2p levels were fixed from experi
mental data, and the parameters c ( ) and ImC 0 were 
fitted (the influence on ЛЕ of nucleus finite dimensions 
and vacuum polarization was taken into account). The 
parameters u ( ) and IiuC „ were found to equal 

с =0.252 m"3 , ImC =0.269 m~6 . u v о я 

The other parameters of the potential were taken the same 
as in ref. /* 5 Л 

b =-0.027 m""1, Re В =• 0.053 m~4 , Im В = 0.051 m"1 , 
О П О 77 ' О Я 

Re С, = -0.14m~6 . 

This set of parameters provides for the width of 3d level 
the value is in good agreement with experiment I' =-

0.247 eV. 

III. RESULTS OF CALCULATION AND 
DISCUSSION 

1. Excitation of IIH.J States of Negative 
Parity 

The capture rates calculated by formulae (4) and (6) 
and } -quantum yields for transitions to states Jr7=0~,lT2~3" 
are given in Table 1. The Table presents also the main 
components of the wave function for each state, the 
contribution from states with spin J "•. \ - was estimated 
in the particle-hole approximation. 

The radiative pion capture by valence nucleons pro
duces the resonances in the low-energy region of nucleus 
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Table 1 
The calculated transition rates Mnf) and yield of у -
quanta in the radiative pion capture on 5 a S nucleus 
with the excitation of J , 7 ^0~r ,2~and 3~ states ( lfi., 
transitions). Only those states are given where R 2 -10- r', 

1* 
Main I X(PP) Mid) Л 1 l;o' "J E7«p)! E»r-

1* c o n f i g u r a t i o n s 10"iuJl<0"iuJ fip Rd Я Vf'-Vj [t-uvl 
id"s/2,l''(0\UK 2 ,0ti 2,55 15,5 6,6 22,3 16 ,1 ll 'J .O 

0" If'Vs.tfW/ 4,84 3.42 36,3 9,0 45,3 26,7 110,3 
lp-1%, is(J<ih 8,24 5,55 61,7 14,7 76,4 ? e , 4 106,7 

fCJ5)f,2p% 3,35 1.П 25,1 3,0 20,1 3,6 133,4 
{3<Vi)ir2p'A 4,42 1,29 33,1 3,4 36.5 6,2 130,9 

1<Г'%,1А(0%2?Я 12,32 1,37 92,4 3,6 96 ,0 11,0 126,1 

Ы~'%, ?(Г), If '/л 2,36 0,70 17,8 1,9 19,7 12,0 125,1 
ftfth.HVi 7,7b 2 ,30 58,2 6,1 64 ,3 12,5 124,6 

1" 1cC%,'iA(0'h,1l% 16,SB 4,96 127,1 13.1 140.3 12,6 ' 24 ,5 
id-'%,l''tt%,U41 

2,91 0 ,7a 21,6 2,1 23.9 12,9 ' 24 ,2 
W'ty.frOulj'A 31,08 11,99 233.1 31,5 264,6 17.5 119,5 
id Ъ, Г (2*), It % 3,69 1,67 27,6 4 ,3 31,9 23 ,5 113,6 
lfWi,)s(Vi), 3,15 0,67 23.6 1,3 25,4 25 ,3 111, Я 
1p'Wl,is<'/i)< 33,97 H . 5 4 254,7 38,3 293,0 26,6 НС,5 
ip'Vt, jsW), 2,94 1.52 22,1 4,0 26 ,1 2 7 , 5 109,6 

i'(to),,2p3/b 17,54 4 ,бе 131.5 12,3 143.8 3.9 133.2 
i'mh.Hb 29,53 4,67 221,4 12.3 233,7 4 , 1 132,9 
't'trjl),,1f?; 7,73 u ,51 57,9 1,3 59,2 9 ,3 '27 ,7 
Ы-'&,'1*<О%ЛРЪ 7,18 o,ei 53.5 2,1 55.9 10,0 127,0 
№ih,hs/j 7,S4 1,03 53,7 2,7 61,4 10,5 126,5 

2 " tJ-b,j'(o%,ff% 54,72 16,32 410,4 42,3 453,3 10,9 126,1 
ld'%J*(0%2P% 21,75 11,77 163,2 31,0 194,2 13.0 124,0 
iJ',%.j*(o%m i s ,го 2,46 136,8 6,4 143,2 16,3 120,8 

1Л''ъ.,№ььъ 35,41 4 .53 2bp,5 11,9 277,4 16 ,4 120,7 

1 1p''Vp.,)f(V2)t 31,64 2,14 236,3 5,7 242,5 24 ,3 112,8 
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Table 1 (continue) 

\Чъ\инъ 7,67 3.81 57,5 10,0 67,5 ,3,0 134,1 
]*Ши ft Ъ 9,12 3.96 C9,4 10,4 73,8 '5 ,1 1 ?r, 0 
j3(l/j)f,2p.V, 10,19 4.31 76,4 11.3 07,7 6 , 1 131.0 

3" j3(t/2)t,f1?2 15,54 4,12 116,1 10,9 127,0 9 , 4 127,0 
rf''%>. №),,<?% 12,21 3,06 91,8 8 . 1 99,9 13,2 123,9 
id''%,j"<0*)iteb2 39,41 13,43 295,5 35,4 330,9 16,5 120,6 
if'to, i5(*/2)i 20,98 1 9,22 156,9 24,3 181,? 24.5 112,6 

excitation. Main maxima in > -spectrum are due to the 
excitation of nucleons from inner 1сЦ \г and lp-shel ls . 
Because of a iarge energy distance between (2s - l d 3 / / a ), 
Id 50 and ip shells there ar ise three groups of tran
sitions. This effect is known as the configui ational splitt
ing of the giant resonance / 1 6<' -

Due to a structure of the operator of the external 
field, the transition 1 р З Й - 1 й

3 / г with spin flip appears 
to be very strong. This high-energy branch is excited 
weakly in reactions of photoabsorption, and the effect 
of configurational splitting is not as clear as in the radia
tive pion capture. A similar intensification of the transi
tion l P 3 / 2 -> W 3 ,/ a occurs also in the j< -capture /?/. 

The spin-isospin component of the external field (1) 
produces a strong excitation of the states with spin J~ = 
- 2 . 3 , these states being spreaded over the wide 
energy interval. Due to this fact and configurational 
splitting of giant resonance the у-quantum spectrum 
appears to be distributed in a rather wide energy region. 

The total yield of y-quanta with excitation of the 
above states appears to equal 0.55%. The calculated yield 
is very small as comipred to the measured value / 1 ? / : 
R e x p - (1.8+0.1)%. It means that the consideration 
only for lfir.j transitions is insufficient for the descrijb-^ 
tion of the radiative pion capture by nuclei of (2s-Id) shell. 

2. Excitation of otn.i , 2n«>, 3fi<-> States 

The contribution of transitions corresponding to ex
citations of nucleus in the energy range OTK.J, afi„., 3fu,i 
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has been estimated in the particle-hole approximation. 
The wave function of the ground state of 3 2 S was taken 
as | (2s j / 2 ) 4:00>. The mean excitation energy of relevant 
states was assumed to be 5, 30 and 40 MeV. In this 
approach, we have estimated also the contribution from 
states corresponding to ltiw excitation, already consi
dered in the framework of a many particle shell model. 
This comparison of both approaches shows that quanti
tatively results are not deviated from each other very 
much. Therefore, the one-particle approach used allows 
a qualitative estimation of the excitations above listed. 

As follows from the results of calculation given in 
Tables 2 and 3 there is a large contribution from excita
tions of the magnetic dipole Ml and spin-quadrupole 
type. The latter a re connected with the operator |<r vYu I 
and with transitions mainly through the shell (2in„ ex
citation). A large contribution of the quadtupole branch 
of excitation gives rise to a further broadening and 

Table 2a . 
The single particle estimation of the л'ni;)due to the Ob,. 
(E* -- 5 MeV) transitions. 

,Wi \nikiO - J ^ Z_M>f) 
1«Лл'/> 1^ ?: з ' 4 + 

3* 

[iolc'1 

I d 5/2 •> id 3/?. 

it •*• id 3/2 

130,1 

4,9 

62,6 .12,7 

20,7 

П . 7 255.1 i 

33.6 1 [iolc'1 

Total r a t e H 3 . 0 91 ,3 42 ,7 П . 7 288,7 

ХЫ) 
inttl 

Ic/ 5/2» iJ 3/2 
25 —- I 3/? 

21,0 

1.6 

5.7 8,6 

3 .3 

8,3 43.6 

4 .9 ХЫ) 
inttl 

Total rate 22,6 9 ,0 8 .6 8 ,3 48,5 
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Table 2b 
The single particle estimations of the л (nf) due to the 
2t)M ( E' .. 30 MeV) transitions. 

Ш) 
if 

Ci_ i Ш) 
i - г ' 3 t 4 - 5 - Ci_ i 

i J 5 /p— l f ,?d ,Js 

2$ — l},2d,ls 

55,В 169,9 E5.B 3,9 7,У 

59,0 143,1 l ; o , l 5,2 3.1 

^3,0 гЭ.С 31,3 1С,4 6,4 

332,3 ! 

346,5 ' 
1 

34,9 

To ta l r a t e 120,6 336,0 257,2 24,5 17,4 763,7 

МзЛ) 
i d s / ? iy,2d,3s 
iptis if,?p\itii/j 

2 S ~ I J , 2 d , 3 S 

12,9 26,8 25,2 10,3 12, U 

3,3 15,3 37,2 6,9 5,5 

4 ,3 3,B 9 ,3 12,8 10.5 

82 ,0 ; 

76,2 

40,7 

To ta l r a t e 25,5 4C,3 71 ' 30,0 2G.0 204,9 

smoothing of the giant resonance. The analogous situation 
appears even in the nucleus i e o where the contribution 
of afi.-i transitions amounts to about a half of the total 
yeild of ' -quanta 1 8 \ Because of a large number of peaks 
with equal intensity in the excitation spectrum distributed 
over a large energy interval, the giant resonance is 
observed as broad maximum without structure. 

As follows from the results listed in Table 3, in 
the absorption of pions from 2p orbit in ; i a S the con
tribution of states with spins J" 3~. 4~ becomes notice
able. The excitation of these states is due to the operators 
I"! y Y 3 ! 1^3.4 • In the pion capture from 3d orbit 
there are observed the states with spins j 7 7 ^" 1 ",5 + whose 
excitation is due to the operator \u •• Y 1 

The capture from d orbit of mesoatorn4 equals 10%. 
The role of capture from d orbit increases with increas
ing spin of the finite state. 
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Table 2c 
TJie single particle estimation of the л(пР) due to the 
3huj ( E * .. 40 MeV) transitions. 

К(л1) of К(л1) 
Г 2~ 3~ 4" 

X(!p) 

1S~1f,2P 
1p~if,2cl,3s 
ids/2-A 2i,3p 
2s~fb,2f,3p 

5,5 9,5 6,5 4,8 
Z2.3 42.0 29,4 21,3 
30,5 50,7 43,9 16,6 
10,2 17,7 6,2 5,3 

26,4 | 
115,5 1 
146,7 j 

39,3 ! 
1 

X(!p) 

Total rate 69,2 119,8 91,0 47,9 327,9 j 

ХЫ) 
1s~1f.2p 
ip~1>},2d,3s 
ld%~1h,2j,5p 
2s^ih,2f.3P 

0,5 2,3 4,8 5,1 
1,7 8,1 19,2 21,2 
2,4 11,2 32,4 15,3 
C,7 2,0 2,8 4,3 

12,6 ! 
50.2 j 

61.3 j 
9,9 ! 

ХЫ) 

Total rate 5,4 23,6 59,1 45,8 133,9 | 
i 
1 

Consider now excitations which correspond to the 
transitions of nucleons within the same valent shell 
((Яш excitations). They should be concentrated in the 
low-energy range of the excitation spectrum of 3 2 P . As 
in the case of lp -shell nuclei, they correspond to the 
Ml^resc-nances in 32s and resonances with spins J77 ^ 
- 2 , 3 . The excitation region of resonances corresponds 
to an energy of у-quanta of about 135 MeV. Thus, in 
this region one can expect the resonance structure to be 
observed in the у-spectrum. A large probability of 
excitation of states with J " - 2+ and 3 + is due to a 
considerable contribution of radial integrals from the 
second-rank Bessel spherical functions and by specific 
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Table 3 
The transitions rates л(иР) and corresponding yield 
of hard < -quanta summed over different final states 
with definite spin. 

NhtJ if А(2Г) ! 
HO'WJ 

,\Ы> ! X и [•• У") 
NhtJ if А(2Г) ! 

HO'WJ 
,\Ы> ! 

ftp Rd R 

, 1 1 4 3 , 0 ; D , 6 1 0 , 7 ? 0 , 5 9 1 1 , 3 2 

Obi J ;•"* 5 1 . 3 j , d 6 , 0 ; i . , 2 3 7 , С 6 
Obi J У 4:\v e,6 3 , ? 4 0 , 2 3 3 , 4 7 

4 11 ,7 в,3 0 , 9 1 0 , Г 0 1,11 

0 " l b . 7 1 3 , 3 1,24 0 , 3 6 1 ,60 
1 " 155 ,4 5 5 . 5 1 1 , 6 6 1,47 1 3 . 1 3 

<ku> 
У 

2 9 5 , 3 
115 ,4 

6 4 , 4 
4 ? . Г 

2 2 , 0 9 
е,ьб 

1 .70 
1 ,11 

2 3 , 7 9 
9 , 7 7 

4 ~ 7 1 , 0 5 2 , 2 5-,33 1 ,30 6 , 7 1 

i " 1?B,6 2 5 . 5 Э , 6 6 С, 6 В 1 0 , 34 
? + 3 3 6 , 0 4 8 , 9 2 5 , 2 t 1 ,29 : б , 1 9 

2hiJ У 2 5 7 , 2 
2 4 , 5 

7 1 , 7 
3 0 , 0 

1 9 , 3 1 
1 , 8 3 

1 ,90 
0 , 7 4 

Г 1 . 2 1 
2 , 5 2 

У 17 ,4 2 8 , 8 1 .33 0 , 7 5 2 , 0 0 

I ~ 6 9 , 1 ' 5 ,4 5 . 1 ? 0 , 1 4 5 , 3 3 

3hu) г 119 ,R 2 3 , 6 В,5)2 С, 02 9 , СО 
3hu) -i 9 1 , 0 5 5 , 1 6 , ВС 1 ,56 U, j S 

4 4 7 , 9 4 5 , S 3 , 5 9 1 .21 4,to 

1buJ 
2bu) 

2L j t ' 

2 8 8 , 7 
6 5 3 , S 
" 6 3 , 7 
3 : 7 , 5 

4 8 , 5 
гг/,6 
2 0 4 , 9 
1 1 3 , 9 

2 1 , 7 1 
4 8 , 9 5 
5 7 , 3 3 
2 4 , Й 

1 , 2 5 
6 , 0 2 
5 ,41 
3 , 5 3 

t. 2 , 9 6 
5 5 , 0 0 
• 2 , 7 4 
2 3 , 1 2 

I'Oth i 2 0 3 4 , 1 Й1А.9 1 5 2 , 6 1 1 6 , 2 1 lnu.o 
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па с, им 
£•("*>) HtV SO 

EluS)HtV*0 30 го ю 

Yield of у-quanta in the process 3 2 S(^ , y ) 3 a P * . 
The histogram is the experimental у -spectrum, shaded 
area and vertical lines, represent the calculation. 

properties of the multipole expansion of the Hamiltonian 
(2)/> q / . 

The calculated yield of ; -quanta and experimental 
d a t a ' 2 0 a re shown in the Figure. Vertical lines represent 
the contribution of states with spin i" =0", 1".ar,3~(lii<-) -
excitations), shaded areas, the contribution of states due 
to olid), Ййы , зКы excitations. As a whole, the theory 
admits the interpretation of the spectrum observed expe
rimentally. The calculated total yield of у-quanta turns 
out to be equal to about 1.69%. 

IV. CONCLUSION 

In the present paper we have considered the radiative 
capture «if - -mesnn by nucleus 3 a s in the framework 
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of the shel l model . The r e s u l t s of calculation indicate that 
in this p r o c e s s the configurational splitt ing of r e s o n a n c e 
ЛI.I is far m o r e pronounced than in the photoabsorpt ion, 

e lec t roexci ta t iou and /t - c a p t u r e . At the s a m e t ime , the 
effect of s t a t e s 2bui becomes m o r e cons iderable than 
in lp - she l l nuclei . 

F rom the superposi t ion of these two effects it is c l e a r 
that the r e sonance s t r u c t u r e of the spec t rum is s m e a r e d 
and the excitat ion spec t rum looks like a very b road 
maximum with an undistinguished s t r u c t u r e . 

A cons iderab le contribution to the yeild of , -quanta 
comes from the s ta tes with J" -3 + .3~ 4~ . Thus , in the 
radiat ive pion capture , unlike al l other p r o c e s s e s ment ion
ed above, t he r e a r e excited the s t a t e s with higher s p i n s . 
One of the r ea sons for these specific fea tures of the 
p rocess is that the capture p roceeds from the o r b i t s with 
( ч 0. 

The ana lys i s we have c a r r i e d out for the r ad ia t ive 
pion cap tu re on the typical nucleus of ( 2 s - i d ) shel l 
allows a deepe r understanding of the p r o p e r t i e s of the 
p roces s in that range of nuclei . 

In conclusion, the au thors thank Dr. M.Gmitro for nu
merous useful d i scuss ions . 

REFERENCES 

1. Baer H.W., Crowp KM, In: Proc.Int.Conf. on Photo-
nuclear Reactions. Asilomar. California, 1973, p.583. 

2. Ohtsubo H., Nishiyama T., Kavoaguchi M. Nucl.Phys., 
1974, A224, p. 164. 

3. Vergados J.D. Phys.Rev., 1975, C12, p. 1278. 
4. Dogotar G.E. et al. Contribution to the VII Int.Conf. 

on High Energy Physics and Nucl.Structure, Zurich, 
1977. 

5. Mdjling L., et al. Nucl.Phys., 1970, A143, p. 429. 
6. Bely Yu.I. et al. Nucl.Phys., 1971, A170, p. 141. 
7. Bely Yu.I. et al. Nucl.Phys., 1973, A204, p. 357. 
8. Eramzhyan R.A., Mailing L., Rizek J. Nucl.Phys., 

1975, A247, p. 411. 
9. Maguire W., Werntz С Nucl.Phys., 1973, A205, p.211. 

10. Backenstoss G. Ann.Rev.Nucl.Sci., 197G, 20, p. 467. 
11. Stearns M.B. et al. Phys.Rev., 1961, 123, p. 1472. 

17 



12. Gloudemans P.W., Wiec'ners С, Brussa^d v.J. Nucl 
Phys., 1964, 56, p. 548. 

13. Ericson M., Ericson T. Ami.Phys., 1966, 36, p. 323 
Krell M., Ericson T. Nucl.Phys., 1969, Bll, p. 521. 

14. Burov V.V. et al. JINR, E4-8029, Dubna, 1974. 
15. Dover С.В. Ann.Phys., 1973, 79, p. 441. 
16. Neudatchin V.G. Proc.Int.Conf. on Low and Interme

diate Energy Electromagnetic Interactions, vol. 3, 
p. 351, Moscow, 1967. 

17. Davies H., Muirhead H., Walds T.N. Nucl.Phys., 1966, 
78, p. 673. 

18. Eramzhyan R.A. ei al. Nucl.Phys., 1977, A290, p. 294. 
19. Dogotar G.E. ei al. JINK, E2-10509, Dubna, 1977; 

Nucl.Phys., in print. 
20. Alder et al. Contribution to the VII Int.Conf. on High 

Energy Phys. and Nucl. Structure, Zurich, 1977. 

18 

Received by Publishing Department 
on January 5, 1978. 




