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Excitation of the Giant Resonance in the Radiative 
Pion Capture on 1 p Shell Nuclei 

The spin-dipole transitions in the(17 -,y)reaction on 
6
Li, 7Li, 

9Be , 11 B, tac and 14 N are calculated in the shell model and 
are compared with experiment. The discussion includes the gross 
structure and the quantum numbers of the resonance, relative 
branchings, prominent partial transitions and total yields. 
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1. INTRODUCTION 

Among the numerous processes occuring in the in
teraction of particles of intermediate energy with atomic 
nuclei, one can select a whole family such as photo 
reactions up to incident energies E , - 25 ... 30 MeV, 
electro-excitation at low momentum tr~nsfer, muon cap
ture, photo- and electroproduction of pions, radiative 
pion capture, etc. A common feature of these reactions 
is the formation of particle-hole states with not very 
high excitation energy which are produced due to the 
influence of the external field. The interaction between 
the particle and the hole under these conditions results 
in the formation of coherent nuclear states which show 
up as giant resonances. The structure of the external 
field acting on the nucleus appears in the specific type 
(or several types) of collective nuclear motion charac
terized by angular momentum J , parity rr and iso-
spin T. 

The appearance of the giant resonance in the photo-
and electrodisintegration of nuclei is a well known example. 
Recently a convincing experimental evidence for the 
excitation of the giant resonance in muon capture has 
been obtained. The aim of the present work is to show 
that the concept of resonance excitation also allows 
one to describe the basic features of the radiative pion 
capture process. This paper deals mainly with the spin-
dipole resonances connected with the operators 
l a x Y 

1 
1 K = 

0
• 

1 
, 2 The basic ideas of the conventio-

nal theory of radiative pion capture are briefly reviewed 
in Sec. 2. We consider only lp shell nuclei using the 
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shell model approach sketched in Sec. 3. This model 
was earlier applied to photonuclear reactions where it 
provi~y~ 

1
a good description of a large body of data 

(refs. 
5 

). In Sec. 4 we discuss the spin-dipole reso
nances in a more general context, referring also to 
analogous results on photo- and electro-excitation into 
the giant resonance region. M 1 type resonances in the 
("- , y) process have been considered in a preceding 
work /6/ 

2. BASIC IDEAS OF THE THEORY 
OF RADIA TWE PION CAPTURE 

The radiative pion capture by atomic nuclei is con
sidered in the impulse approximation. The amplitude 
of the elementary process on a proton is taken from 
ref. 171 .The pion wave function is obtained by solving the 
Klein-Gordon equation with the Kisslinger-Ericson non
local optical pion-nucleus potential (see ref. 181 ) for 
details. Mesoatomic parameters, used for calculation 
of the yield of y-quanta R) is given in Table 1. 

Table 1 

Mesoatomic parameters A nf and w y used in the present 
calculations 

~arget nucleus "J,t\ 18 [ke"lHA2P [ev] Wa Wp 
6,7Li 0.!95 0.0!5 0.4 0.6 

9Be 0.59! 0.!6 0.3 0.7 
11B !.680 0.32 0.2 0.8 
1lc 3.140 !.02 0.!5 0.85 , ... 4.480 2.! O.I 0.9 

4 

3. NUCLEAR MODEL 

The nuclear wave functions were represented by 
nonspurious bound state shell model states obtained 
by diagonalizing effective Hamiltonians in the full spaces 
of Ohw and 1 hw excitations with respect to a 4!Ie core. 
For A ~6. ground state parity wave functions were 
taken from Barker 1 9< and the opposite-parity states 
correspond tO a Rosenfeld interaction (ref./10/ ). For the 
nuclei A-7 through 14 we adopted a fixed set of s.p. 
energies and interaction matrix elements, including the 
Cohen-Kurath version (8-16)2BME /11/ for the interaction 
within the 1 p shell, and a central force of the Gillet 
type between nonequivalent nucleons. The corresponding 
strength parameters and s.p. energies are listed in 
table 1 of ref. / 12/. They are close to those used in our 
previous calculations of photo reactions and muon capture 
for A- 7, 8, 13 and 14 nuclei (see refs. 

11
-

51 
). 

4. RESULTS AND DISCUSSION 

The calculated yield of hard y quanta in the (rr-.y) 
process is presented for the target nuclei . 6 

• 7 L1 , 

IJ Be, 11 B, 13c and 14 N, togetherwithavailabledata/ 13 ·111 

For easier comparison with experimental histograms, 
theoretical branches to individual final states (vertical 
bars in the figures) were spreaded with an arbitrary 
width of ~E "" 2 MeV which takes qualitatively into ac
count experimental finite resolution and the decay width 
since most of the final levels are above the threshold 
for nucleon emission (note: histograms and smooth 
curves are in arbitrary units). 

Then we discuss the gross structure of the yield R , 
using the LS coupling scheme which provides a natural 
description of the observed patterns in terms of the con
figurational splitting of components with different spatial 
symmetry [A]. The LS scheme is further utilized for 
illustrating the systematics of dominant partial transi
tions. For the cases A=7 through 14, the structure of 
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the corresponding states involved is given in Table 3. 
for A,6 it can be seen from ref. 1101 

4.1. Gross Structure of the Resonance 

For the lightest 1 p shell nuclei one expects that the 
dipole type hole excitations 1 s • 1 p give the main part 
of the integral radiative capture rate. With increasing 
occupation of the 1 p valence shell the role of valence 
excitations 1 p-.(2s, 1d) should become more and more 
important, whereas the 1 s • 1 p excitations should be 
gradually blocked. This feature is clearly seen from 
the structure of final states in the strong partial transi
tions (Table 3). As a consequence, the excitation energy 
Ex of the main peak should decrease with increasing 
A which is indeed observed. At the upper end of the 
lp shell one expects dipole type valence excitation and 

Table 2 

Predicted stron~ partial transitions in the radiative 
pion capture on Li to negative parity levels 

-
Jf Ex( 6He) Rs R P. [ 10-4} r. ...,. , % L % 

[Mev] 
p ~otl"f' !riot 

cr 13.8 13.0 I.9 IO 50 3 

r 13.8 10.7 6.8 18 I9 5 

16.0 21 14 35 39 II 

2- II.O 24 I4 37 36 12 

21.0 IO 4.0 14 I4 4 

2!.6 14 6.6 20 20 6 

29.9 8.9 6.8 I6 15 5 

:r 21.0 15 .. I? 32 BI IO 

6 

quadrupole type excitation through two oscillator shells 
to be of comparable weight (see ref. ' 1

''' ); the latter will 
be spreaded over a much wider energy range than the 
dipole transitions and presumably contribute to the long 
tail in the histograms at lower photon energy. 

6 
L

. 6 
__ 1_. The spectrum of hard y quanta from the Li(rr-, y) 

reaction shows two well separated regions ( jig. la), 
apart from the well known Ml resonances (see ref. /6 '). 

The lower part of the intrinsic excitation spectrum (the 
high-energy end of the primary r spectrum) is mainly 
connected with promotion of a 1 p nucleon to the (2s, 1d) 
shell ! pd: 33 L J '· and also from specific excitation of 
the (1s) 4 core where the states of the intermediate 
nucleus nne have maximal spatial symmetry 

is -.1(p;3f31 22L )"; 
.J 

3 . 
p [3 1 contains L = 1, 3 . 

Here we used the conventional notation [A) 
2 

T 
1 1 

• 
28 

t-
1 

L 1 • 

The second excitation region at higher energy E (
6 H~) 

is connected with formation of states with lower sxpatial 
symmetry 

-1 '3 22 3 
: s ( p' [ 21 1 L .J )'' ; p · [ 21 I contains L ~ 1 , 2 . 

Such a structure of the giant resonance is also pre
dicted for photonuclear reactions and for muon capture 

1
1o: 

Apart from the M 1 resonance, the theoretical spect
rum at low Ex looks too empty, possibly due to an 
upward shift of the dominating peak 2-. Several strong 
branches to 2- and 1-- final states but only one to a 3- le
vel are predicted (table 2; see also sec. 4.3.). 

A similar upward shift of a strongly excited 2- level 
seems to happen in the analogous photo reaction on 

6
Li . 

The available photonuclear data on ~i (quoted in 
ref. ' 10 ! ) are however somewhat contradictory and too 
incomplete to be conclusive concerning the model. The 
photoneutron cross section obtained with monoenergetic 
photQns (Berman et al., 1975) shows a broad bump around 
E xC6Li) "' 12 MeV and ends at 32 MeV, below the region 
of predicted 1s hole excitation. Moreover, the photo-
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neutron data exhaust only a fraction of the total photo 
strength; from the predicted structure of intermediate 
states cluster emission and three-body breakup should 
compete with nucleon emission. 

One should note that the theoretical understanding of 
the giant resonance in the A=6 system is still rather 
qualitative. Both the sequence and structure of low-lying 
negative parity states in 6 Li are very sensitive to 
<tetails of the residual interaction. Knowledge of the 

Li ( e e ' ) cross section through the giant resonance 
region with an accuracy similar to that for 12c and 
1:t5 would be of great value, in order to check the model 

and to compare with the (rr- ,y) data. 
The measured ls -orbital capture distribution (fig. 1 b) 

shows the same gross structure as the R
8 

-1-Rp distribu
tion in jig. 1a, apart from poorer statistics due to 
coincidence with the pionic 2s -~ 1 s X -ray. The rela
tive ratio of the strongest partial branches R 1 s is roughly 
the same as for the quantities R s +- R ; only the single 
3- (f'lJ,.2) peak is more suppressed in P s -orbital cap
ture than the peaks 2- and 1- which follows from an
gular momentum consideration. 

7
Li. The experimental 7

Li(rr-.y) yield (jig.2)can 
alsObe interpreted in terms of configurational splitting. 
a) valence excitations !(p2 [2]L'),!l or 2s: LJ >. L '=0,2; 
b) hole excitation.r !s-1 ,(p 4[3l]L'): L.J>, L'=l.2 ,3. 
The symmetry p [4 J cannot occur because of T rx3/2. 

In contrast to the A =6 case, the yield in the low
energy region E x "' 0 ... 12 MeV is overestimated, al
though the Ml · g.s. transition (3/2-) is suppressed by 
orbital symmetry 161 . The main peak is predicted to be 
a 5/2"'" level and to correspond mainly to Pa ,2 ~ d 512 
transition but turns out to be at too low Ex by at 
least 4 MeV. The peak at Ex :;.: 15 MeV is mainly hole 
excitation (table 3). 

One should note that the specific interaction used for 
A,.7 through 14 is not OJ?timal for the A-7 case. This 
already holds for the Li g.s. which is not too well 
represented by Cohen-Kurath wave functions. Utilizing 
another set of interaction parameters proposed by Ku-
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Fig. 1. Radiative Pion capture yield on 
6
Li. The histo

grams are from SIN, ref. 113 /. Theoretical branches (ver
tical bars) are spreaded over Breit- Wigner shapes(dashed 
curves); see text. a) total yield R , b) 1 s- orbital 
capture yield R
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7u (11'-, r) 

N~1 
lJ~ 

i"JJlJ I 

I 1/2• 
I 

512. 

.... 
I 

52 
IX 

I i' 
~~ .'1\v,'· I 

\_,( 3/2·~t~!~l ~;,· 11, 
, , /~ ~n 

' / I I ' 

i Er 
3b 20 10 0 Ex ( 7He} 

Fig. 2. Radiative Pion capture yield on 
7
Li. See text 

to fig. 1. 

rath 1161 provides the re9:uired upward shift of the strong 
5/2+ peak (see refs.· 17 •181 ). Since the calculated 
(rr-. y) distribution is also sensitive to the s.p. energies 
adopted, this point requires further investigation. 

The analogous photo excitation in 7 Li is not very 
conclusive concerning the model; our calculated E 1 
strength distribution to T r "'3/2 states is consistent with 
the .p,hotoneutron curve which shows a broad bump around 
Ex( Li)"" 17 MeV but ends below the predicted group of 
hole excitations. As for 6 Li, from the structure of in
termediate states the three-body breakup should take an 
appreciable part of the total photo cross section. 

93e. The theory reproduces the ( rr -. y) data rather 
well (fig. 3), the same holds for photo reactions as will 
be discussed elsewhere. Compared with the A==6 and 7 
cases, the main peak is now at much lower Ex and con
sists of valence excitation. The configurational splitting 

12 

is still clearly present (see tabll.. J). However, only 
one level (1/2+ at Ex "'"'14 MeV) with notable (1s)-

1struc
ture carries a large ( rr-, y) yield. 

11 B. For the A= 11 case we have bad agreement with 
the measured (rr- ,y) peak position, using the central 
interaction (fig. 4). One expects some similarity to the 
A=7 case since the Ad1 g.s. contains an additional 
quartet of nucleons with orbital symmetry /4/. As for 
A =7. the theoretical yield shows strong valence exci
tations at too low Ex . The g.s. transition (1/2 ~ is al
most pure p 312-. 2 s but has negligible strength. The 
next predicted positive parity levels (5/2 + at Ex "' 
-.. 0.4 MeV and 7/2 + at "' 4 MeV) are of P312 ... d 512 

type. A quite unusual feature of the predicted dominant 
transition is the low spin value Jr==Ji (=312). However, 
since both wave functions involved contain many compo-

7/2
4 

J\
'l 

I 5/2. 
I I"!./ 

9 se (1r~t) 

3/2-

90 100 110 

I 20 - ' 
I -I 

10 0 

Fig. 3. Radiative Pion capture yield on 
to fig. 1. . 

9 3e. 

J 
.• 
·~ 
oc 

6 

14 
p 

I 

Ex (9Li) 

See text 
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nents with comparable weight, a slight change of the in
teraction parameters might cause major redistribution 
of the partial strength. For the hole excitations no con
centration of (rr- ,y) strength is obtained (see table 3). 

11 The photonuclear data on B are also badly repro-
duced using central interaction. Although the predicted 
strongest photo absorption lines correspond to J r= J 1 +1 as 
is usual for dipole transitions the calculated cross sec
tion again peaks at much lower Ex (11B) than the measured 
one. 

I 16' As was suggested by Kurath ' . the use of non-
central components in the residual interaction improves 
the description of opposite-parity levels (see also ref: 121 ) 

and of the electro-excitation data1191 for the 11B nucleus. 

I 
"l 
0 ....... 

I 
60 

118(1T-,¥) 
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r ~ ~N[ 1 

n
l I] J . ~ 

· ~ n ~ 1· ~ ll i ~~~IUV""11 

~~ ~ u u 
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20 ~ J , 
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90 100 110 

30 20 
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\
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I 11•\ 
.. , '712. + 

, ~12 1 ~ inln y- 512 

10 

120 

I :Nf. 
lnf 

Ex(11BI) 0 

Er 

? 
g 

a:: 

0.5 

Fig. 4. Radiative Pion capture yield on 11B. See text 
to fig. 1. 
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,- .... - .., 
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1 • ' r ' 1 r-.---1 1 1 I r I I 1 I r I r 1 i I 1 1 1 

20 10 0 Ex(13B) 

~ 

M 
I 

52 -a:: 

2 

Fig. 5. Calculated radiative Pion capture yield on 13
C 

See also fig. 1. 

The influence of this new set of interaction parameters 
pp the photo absorption and ( rr-, y) cross sections for 

B will be discussed elsewhere. 
~ For the A ,.13 system one expects similar gross 

structure of the cross sections as for A,.,g, by adding 
a quartet of nucleons with symmetry (4].. Our predicted 
13 C (rr -.y) yield is shown in fig. 5, no data are available 
at present. As is seen from table 3, the dominating par-
tial transitions have no (1s)- 1 components. 

13 Because of the detailed data available on C for 
photo reactions and for (ee ') over the giant resonance 
region , this nucleus is very interesting for comparing 
all reactions including the (rr- .y) one. Therefore, a mea
surement of the 13c (rr-, y) yield would provide valuable 
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information. Our calculated photo- and (ee ') cross sec
tions describe the data rather well; details will be given 
in ~ forthcoming paper. . 

__:_N_. Fig. 6 shows recent SIN data ' 13
/. together with 

our calculation. The position of the maxima and the shape 
is fairly well reproduced up to E (14

C) "' 20 MeV. No 
1s hole excitation is predicted. x 

In a similar calculation by Baer et al. 
1201 

which is 
based on the same shell model space but uses a modified 
Kuo interaction, the Berkeley data are also well reprodu
ce~!. However, the data were renormalized by subtracting 
a fitted pole model distribution which is to account for 
a direct reaction component. As compared with ref.

1201 

we get a more spreaded strength distribution, without 
making pole model fits. Also we find more prominently 
populated 3- states; the lowest one (Ex= 6.73 MeV) over-
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Fig. 6. Radiative pion capture yield on 
to fig. 1. 

Hi 

14 
N. See text 

laps with the M1 doublet 161 at 7 and 8 MeV. This 3-
level is also seen in the muon capture on 14

N 
15

•
211

. 

In the analogous photo reaction on 14
N the gross 

structure of the data is also reproduced 11 1
• although the 

experimental main peak is about 1 MeV above the cal
culated one. 

4.2. The Low-Energy Tail in theY spectra 

The calculated Y yield in the region Ex above the 
main maximum of the dipole resonance is generally too 
empty as compared with experiment. The long tail in the 
histograms is presumably due to 2h w quadrupol~ tran
sitions which lie above the intrinsic dipole excitations 
and are related to the operator [ax Y 2 ] Ka1,2 ,3 • and also 
to contributions from the direct reaction mechanism. 
This point was illustrated by a recent calculation for 

16o (ref. 1151 ), using an oscillator space up to 2hw and 
Tabakil"'. interaction. According to ref. 1151, the 2\llw tran
sition3 coniril>ute about 40% of the dipole transition 
strength ~~nJ are spreaded over a wide energy range. 

4.3. Quantum Numbers of the Resonances 

In the photonuclear reactions the transitions are of 
the electric dipole (Y1 ) type, and the main contribution 
in the region of the giant resonance is connected with 
excitation of states with Jr ,Ji +1. In the radiative pion 
capture process the external field is the axial vector, and 
the transition operator involves the nucleon spin. In the 
lp shell nuclei the main contribution in the giant reso
nance region is due to the operator 

[axY
1
(;)J _ 

o-.1-,2 

which can lead to states with J r -J i +2. Due to the statis
tical factor these transitions should be rather strong. 
However, as can be seen from figures 1 through 6, this 
feature is not realized in all cases, and this is related 
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to the structure of the target ground state. In order to 
illustrate the situation we employ the LS coupling scheme 
for the description of the nuclear states. As is known, 
in the g.s. of 1 p shell nuclei there are usually one 
of two leading components / 22 /: 

6 + 2 13 Li: 'P (1 0) - 0.97 ! p [2] S 1> ; 

7 Li: 'P(3/2-112)-0.99 \p3[3] 22p3. > 
. 2 

9 22 9 2 
Be: 'P(3/2-112)-0.90\p 5[41] P3 2 > -0.40\[41]- 0 3 2'; 

11n: w (3/2-1/2)- o.64 IP 7r 43l 22P3 2
> + o.57 ·~ [43!

21:>3 ·;;: '; 

13 c: w (1/2 _112 )-o.su 1 p9[441l 22F > -0.43 't[ 4321
24

0 1 2>; 
' 1· 2 . 

14
N: 'P (1 +0) - 0.95 l p 10 [4-~2 1 1~ 1 > -0.25\ [433] 11P

1 
>-

-0.20\[442]
13

S 1 >; (4) 

Since the final states have isospin Tr T i + 1 in the cases 
considered, the number of configurations reached by the 
operator [a>< Y 1 ] is rather limited. 

A =6: The excitation of valence nucleons predominantly 
leads to configurations Is 4,pd: 33L J . and Js ~pd:31 L , 

.J-~L 

where the orbital momentum must be equal to L ~ 1 . due 
to the selection rule i\L=1 for the operator [a:-~ Y 1 l K , 

together with the vanishing orbital momentum in the 
6 Li g.s. (see eq. (4)). The main spin-dipole stren1,th 

in the low-energy region of the intermediate nucleus Ile 
should therefore be connected with states 2- and C, i.e., 
L\J ~ L For the other low-lying configuration 

• -1 3 22 . p > 
[S ,p (3] PJ~l!2,312 . J=0,1,2 

we also have L\ J < 1 . 

18 

The second excitation region which corresponds to 
1s hole excitation with lower orbital symmetry is mainly 
described by the configurations 

Is-~ P 3 (21] 22p: 33pJ > and Is -1. P3 (21] 22 P: 31 !=' >. 
J-1 

Again, the total final spin cannot exceed the value J r =2- . 
Only one state with the configuration 

!s-1,p3( 21124P: 35pJ > 

corresponds to the quantum numbers 3-, i.e.,L\J= 2 . 
Therefore, in the 6Li (rr- , y ) process the giant resonance 
is mainly connected with states Jr ~2- as for photo 
absorption, and only one partial transition can feed 
a 3- level. .

7 
A= 7_;_An analogous situation occurs in the Li case. 

The valence nucleon excitation mainly feeds the configu
rations 

ls 4 ,(p 2[2]
31

S)d: 42o >and ls4 (p2[2] 3b)d· 42. > ' ' 3. 2,512 · ' • · L J · 
In the latter case, due to the structure of the g.s. and the 
L\L,.,1 rule,L can take the values 0, 1 and 2, and the total 
spin J r cannot exceed the value 5/2 +-. Therefore , the 
low-energy region of 7He should not have resonances 
with AJ =2. 

The hole excitations can lead to the configurations 

a) !s-1, p 4 [31]33 L 42L > . 

b) \s- 1,p 4[31]33 L: 44 L >. 
c) !s-1,p4[31]31L': 42 L, > . 

the symmetry P
4

[41 cannot occur because of T rr312. The 
Young scheme p

4 
[31) allows orbital momenta 1,2 and 3; 

because of the g.s. momentum L i "'1 and the selection 
rule L\ L = 1 both L and L ' can take the values 1 and 2. 
Hence, the configurations a) and c) again give spin J r 
only up to 5/2 +, i.e., L\ J < 1. In the configuration b) 
a total spin 7/2 + occurs for L =2 , but this state has 
poorer overlap with the g.s. than the states with lower 
L. Therefore one expects for the 7Li ( 77 - .y) reaction 
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a weak partial transition ~ J =2 to a configuration 
!s-1 • p4 [31 j33D: 44D

7
/

2 
> and several stronger reso

nances with lower total angular momentum. 
A= 9.:In the 9Be nucleus, as well as in heavier nuclei, 

the g.s-: also contains a notable component L =2 which 
will mainly provide the excitation of resonances with 
i\J =2.With increasing weight of this L .. 2 component the 
strength of the ~ J "'2 resonances should also increase. 
For 9Be one of the L\J =2 resonances is connected with 
the leading P component in the g.s. and corresponds 
to the transition 22p3 ,~ 2 -. 44 D 7 ,~ 2 . 

A=11:Since the g.s. contains two components Ld and 
2 of the comparable amplitude, no systematics of partial 
transitions can be predicted. The total strength will be 
spreaded over many groups of levels with different spins, 
and the distribution will sensitively depend on detailed 
final state structures. 

13 -A,,J3:The C(rr .y)case should be particularly men-
tioned-:-Because of the g.s. spin 1/2- the ~Jor2 resonance 
is already connected with the leading 

22
P112 component in 

the g.s. wave function 

I p9 [ 441] 22 p > ... I p 8[ 431] . d : 
42

D > ; 
112 512 

it should dominate in the excitation spectrum. 
The hole excitations 

ls-1.(p10[442)31L):42L >, 
J 

L .. 0,2 

have minor weight but can also lead to ~ J =2 final states 
via the configurations with L ... 2. 10 13 

A =14: From the leading component I P [4421 D 1 > of 
the----r4'N g. s. one can reach final levels J ~ 0- ... 3 -
through the operator [axY 1 1. with configurations 

1 (p 9[ 4411 L ' ) , d : 

and 
1 (p 9[ 432 ] L ' ) . d : 

20 

31 L 

31L 
J 

J 

. 33 
or LJ>. L' =1,3 

33 
or LJ >. L''"' 1,2. 

The hole excitations can only contribute to resonances 
with ~J:.:; 1 

l8 -1,p11[ 4431 22p: 33p >. 
J .. Q,1,2 

4.4. Total Capture Rates and Distribution 
Over Final SPins 

The calculated total ( rr- • y) yields for the nuclei 
considered (see Table 4) agree with the available ex
perimental values 1141 • without making pole model sub
tractions. Estimates of the contribution of direct exci
tation mechanism give an order of magnitude less than 
that of the resonance mechanism 1231

. The inclusion of 
2h(u final states for the 11D(rr-.y) reaction gives an 
increase of the total yield by about 40% (ref. 1 15). As
suming the same r.elative amount from quadrupole transi-: 
tions also for the other cases, one even would overesti
mate the measured total yields. For photo absorption and 
muon capture yields one usually finds similar overesti
mates. 

Table 5 shows the strength distribution to groups of 
levels with the same spin J r ; column 7 of table 3 illustra
tes the relative concentration of the strength to individual 
levels within each group J r . The qualitative behaviour 
was already discussed in the preceding section. Except 
for A =14. the relative distribution of both R 8 and RP 
over the Jr values peaks at Jr,.J1 +1. For A-14 this 
still holds for R 8 • but the dominating part RP peaks 
at J r"' J 1 + 2 due to the leading D component in the 
1~ g.s. Another anomaly for A-13 is due to the g.s. 
spin value 1/2; here the sum to Jr .. J 1 +2 is about the 
same as the J1 +1 sum,andevenlevelswith Jr '"'J 1 +4 are 
populated, as in the Aal4 case. 
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5. SUMMARY 

The calculation of radiative pion capture on 1 p shell 
nuclei presented in this paper is based upon the concept 
of resonance mechanism. The theory describes the gross 
structure of the nuclear excitation spectra; the agreement 
with dealed data demonstrates that the excitation of the 
giant resonance plays an important role in this process. 
Our general finding is that the calculated (rr- , y) yield 
distributions describe the data well in those cases where 
also the photonuclear data are well reproduced, although 
the amplitudes of the elementary processes are different. 

In the cases considered, the best agreement is obtained 
for A= 9 and 14. The configurational splitting of the reso
nances is clearly seen in the A= 6 and 7 cases, to some
what less extent also for A=9. For heavier nuclei the 
contribution from hole excitation is small and is spreaded 
out. For A -7 and 11 the calculated main peaks are at 
too low intrinsic excitation energies as compared with 
histograms. 

In all cases the calculated spectra at energies Ex 
above the main maximum are too empty, presumably 
due to the neglect of quadrupole transitions. 

The systematics of spins predicted for the resonances 
is well understood in terms of the structure of the target 
g.s. and of the selection rule for the leading term of the 
transition operator. For A= 9, 13 and 14 the strongest 
predicted partial transitions are to levels J r .. J i + 2, and 
for A"" 6,7 to levels Jr,.J t +1. The exceptional case 
A= 11 needs further investigation. The predicted strong 
partial transitions suggest experimental checking of spin 
predictions through selected coincidence experiments. 
This point will be discussed in a forthcoming paper. 
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