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The partial transitions at the radiative pion capture
on light nuclei are studied within the shell model with
intermediate coupling.

There are calculated the probabilities of capture from
s - and p-states of a mescatom and the total yield of

y ~quanta. The obtained results are compared with expe-
rimental data.
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I. Introduction

Presently the process of the radiative
pion capture on atomic nucleil

7" +(AZ) >y +(AZ-D) (1)

is more completely studied experimentally
for 1p-shell nuclei (%Li-10). The interest
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 (my) 1is 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 partial transitions to the
low-lying states of daugther nuclei. Such
transitions are rather fully investigated



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.

I1. Basic JIdeas of the Theory
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
J/mn has the form/V
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where 77 = ——° | €y and k are the po-

V2
larization vector and the momentum of the
outgoing y—%uangum, respectively; A=

= -33.2.10 7 B = b.8-10 % w3}
C = -32,9.10-3 m>3 and D =11.7.1073% p=3,

w 7
The probability of the radiative pion
capture by an atomic nucleus with the exci-

tation of level with spin J; is the follow-
ing /1/
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¢H&J;) is the pion wave function with the
principal quantum number 1, orbital momentum
f and its projection m ; m_and M, are the
masses of a pion and a nucleon, respectively.

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

IVEATE-V ) g, ) = 22D, (5)

with the Kisslinger—Ericsoh nonlocal optical
potential
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where
=y - -> m77 mTI
r)=p () @©;p =1+ ——; =1+ ;
p(r) Pt +p, p +MN Y My
¢ - 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 pp(ﬁ
and neutron pn(ﬁ distributions were as-
sumed to be the same.

In the lightest nuclei 61&, "Li anda ’Be
the shifts and widths of 1ls-levels calculated
with empirically found parameters of the op-
tical potential /%

‘b ==0.8m " ,b.=-0.08m~! , ImB_=0.04m~*, ReB.=0,
0 i 1 i 0 i 0

(1)
¢, =022m~ 3 ¢.=018m" % ImC,-0.08m~*, ReC,=0
0o 7’ 1 7T o~ o 0 ’

considerably disagree with the experimental
ones /¥, One fails to remove the discrepancy
between theory and experiment by varying the
diffuseness parameters T and mean—s%uare
nuclear radius of the nucleus <r2> 7

The shifts and widths of s-levels of a
mesoatom are mainly connected with the values
bgs by ImBgand ReBg, the shifts and
widths of p-,d - and other levels with the
values cgqg, ¢y, INCy and ReC, 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
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suppression and increase depends on the
shifts AE. The degree of conformity between
AE heor and AE,,, 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
wvave functions of »-mesons in lgs-states, the
shifts and widths of levels are fixed and
taken to be equal to experimental ones: AE =
= AE oxp '=TI'",,, .” The parameters ReB, and
b, have been taken to be equal to ReBg=0
and b; = -0.08 m}l according to (7), and

the parameters b, and InB, have been chosen
individually for each nucleus. (The effects

of finite size of nuclei and of vacuum pola-
rization on the value AF are taken into
account ). The so-~obtained values of the para-

meters b, and ImB, and the corresponding
values of the quantities * AE | =E_ _(2p- 1s) -
-E¢x_ ¢ @p- 1s) and Few (1s) are represented

in table 1.

The necessity of renormalization of the
constant by 1is due to two reasons:

a) the value of by depends on the Fermi
nucleon momentum in the nucleus Pp. For the
lightest nuclei Py noticeably changes from
nucleus to nucleus. For instance, according
to experimental data/@ﬂ for the nucleus 6Lj
Pr = (169+5) MeV/c and for !2C Py =
= (221%5) MeV/c,

* Eexp (2p - 18) is the experimental (2p-1s)
transition energy in the mesic atoms , Ex_(2p- 1s)
is the corresponding one calculated with the
point Coulomb potential.



Table 1
Optical potential parameters
v,
Tucleus [ ~4 Ef: ,73 A Im B, T r» ¢
(kev] |ixevy | [™57] | [mg3] | [4m] |[4m]
‘ .
L 0,302 0,195 -0,0220 0,0534 2,21 2,536
4 0,524 | 0,195 ~0,0233 | 0,0473 | 2,41 | 2,44
I8¢ 1,613 {0,591 -0,0253 | 0,0427 | 2,34 | 2,s2
8 3,117 | 1,59 -0,0278 | 0,0515 | 2.42 | 2,45
8 3,879 | 1,79 -0,0288 | 0,0556 | 2,10 | 2,42
2c 6,144 | 3,14 -0,0288 | 0,0509 | 2,06 | 2,496
4
v 11,735 | 4,34 -0,0292 | 0,0381 | 1,85 | 2,48
“ 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.

. T?§$Q§Lﬁﬂ§o account these effects results
in that-the parameter ReB in the optical
potential!differs from zerof 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 and in
the other ReBy #0) using the same fixed va-
lues of the shift AE;, and width ' s
differ only slightly. In the present paper
for calculating the pion wave functions of
1s -state we have used the set of parame-
ters in which ReBg=0.Here b = -0.08 m ;1,
and the individually chosen values of the
quantities b, and ImB, are presented in
table 1.

For nuclei of the lp-shell, except 1°0
there are no experimental ddta on the shifts
of 2 -levels. In '°0 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/ AE2P= (L.1+
+ 2.3) eV and TQP = (11+ 6 ) eV. Accordin
to other experimental datal, =(12+L) ev/®
and I'pp= (L.7+0.8) ev/%. The calculation
with the standard set of parameters of the
optical potential (7) results in the follow-
ing values of the quantities AE, and Al'p;:

AEzpkmU = 10.3 eV and I, (opt) = L.2 eV.
From empirically found dependence AE?P and
sz on the nuclear charge/10/ follows that
AE, f(emp) = 6.5 eV and I, (emp)= 5.2 eV.

able 2 presents the values of the widths
of 2p -levels obtained from experimental

data and by calculation. The quantities
Iapmmp)are obtained by the empirical formula
from paper/“V 3 Iy (opt); are calculated with
the parameters bop and ImBy given in tab-
le 1 ; the parameters cg5, c;, ImMCy and ReCy
have been chosen from the set (7). The quan-
tity szQmﬂz was calculated with the
numerical values of the parameters cg» ReCy
and ImCqy obtained from theory /1Y taking
account of their dependence on Py .

The theoretical values of the widths of
% -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 160 it
appeared to be equal to AE,(opt),= 8.5 eV).
In the present paper the probabilities of
the radiative capture from 2p-state have
been calculated with the pion wave functions

9



Table 2 respectively, and s and wp are the relative
. I probabilities of absorption of pions from
Experimental and theoretical values of the s - and P -orbits (w_+w _=1). These values
quantities sz are rather poorly know%, and not for all
nuclei. In the last case we have extrapolat-
ed them from the known values in the neigh-

Nucleus | /7, /exe) [ev)] ,;,/,,{/'[,,,J /l-ﬂ/'fﬁa["’j lzolemp) [eV] bouring nuclei. The values of Ay and
; _ wp adopted in the calculation* are given
4 |0,015%0,00478/ 0,007 0,010 0,019 in th? ?ables together with the calculatgd
Y 0’016%'007/5/ 0,010 0,013 0,020 quantities Ay and R . Th? values R (?btaln—
. 78/ ed by other authors are given according to
B¢ m0ﬁ4hou/ 0,070 0,079 0,103 the mesoatomic characteristics which are
0,16 * 0,03/%/ presented in the tables. The absence of
“a 0,27 * 0,04/ 0,269 0,363 2,385 rflakes it difficult t(? a great.extent to
1.02 % 0.29/% interprete the experimental yield of hard
0 1 ' 7"h,25/87 0,881 0,895 1,02 Y —quanta.
W + /9/
2,2 = 0.3 239 2,33 2,46 III. Transitions to Low-Lying Nuclear
« |87 T o0 ] States
0 |12 + 4 /% -] 555 5,11 5,26
1 s 6719 In order to describe the initial and final

states of nuclei, we have used the shell
model with intermediate coupling. The ground
obtained using the last set of parameters state an? levels of normal parity (of tpe‘
of the optical potential. same parity as the ground state of the 1ni-
tial nucleus) have been described by the
wave functions calculated with the Cohen-

In the 1lp-shell nuclei the pions are

captured from s- and p-orbits. Therefore K th t 12/ ipn th ;
the calculated yield R of hard y-quanta is ura parameters in e ns;s1on
the sum of two terms: R = R_+R_ . where (8—1622BME. For the g cleus Li ?he Barker
s P ) functions were used . To describe the
R - As . R Azp - states of anomalous parity (opposite to
S_-Alsws’ P A, @ps parity of the ground state), the wave func-
P
A ) *The values of Ay and wop wused in the

1s and A, are the total probabilities

. N present paper are almost the same as those
of absorption of pions from 1sg and Z2p-orbdbits,

found in experiments/&gﬂ

10 11



tions were obtained on the basis of the
approach presented in paper/ly. 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 p-capture and gB-decay.Thus,in
the radiative pion capture from s-orbits
the states of the magnetic dipole resonan-
ce/15-17/ in the nuclear system will be
excited more intensively. For the capture’
from p-orbits the operator o plays the
basic role too. Therefore, before discussing
the partial transitions in (7,y) —-process,
let us analyze the results of electromagne-
tiec M1 and f-transitions 71218/ and
the transitions in the muon-capture by

Ip -shell nuclei/19/. The corresponding re-
sults are given in tables 3 and bL.

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 0 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

12

Table 3

The probabilities of M - and B-transitions 1n the nuclei of

I -

given 1in brackets,

The energies,

are calculated ones
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Table L
Capture rates of muons by nuclei of lp-shell
following data from paper/19/ in units sec”

Process 7;— km=1,2; Experiment k =-1,4
(3/2"n 74 54
(3/27)2 60 50

A
(2"n| 63 57
(572701 47 33
(2*) {1,86°103 2,23*10°

Wa/sy- 99 ’ ’

V) B,

Ay e (2*)2  |6,55+103 6,80° 10>
(vl ™8 | (1Y)1 11,5°103 | (6,3%0,3)+103/20/ 6°102
" . (/270|133 , ' 158

’CO".”/"B _ 3 3

(3/27)116,81°10 5,30° 10
3
- (@ (0£3)-10
Wiy e 22 2,22 10% 2,16+ 10%
“Biv) "8d (172711]1,07+ 103 | €1,00%0,10)* 107 =1/ 114,022 107

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 p-capture rates. Really, the
main components of the wave function of the
ground state of nucleil L1 Be, B and
Bc are 0.99|p% [312%P> ; 090|p5[41] 22p> 40, 40|p5[41]220>;
0.64[p” [43] 22P>+0.57|p” (4312"D> ana 0.89|p° [441) 22P>,
respectlvely/ /.There are no components

with the mentioned Young schemes in the
daughter nuclei. An analogous situation
appears for the nucleus 12C. In this case
the role of small components of the nuclear
wave function and of correction terms in the

14
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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 p -
capture calculated at the optimal value of
the intermediate coupling patameter/d/'whlch
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 (m,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 4 that on the whole the theory describes
the transitions with AT =1 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 [o xY;l,_¢1,3- This operator is
also respon51ble for the axial-vector exci-
tation branch in the case of pu-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.

15
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a) 6Lﬂniy)6}b. The transition probabi-
lities to the ground state of the nucleus
®Me and to the level J"; 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-
lues of A, and especially of Ag,. Partly this
is due to the fact that the wave function
of the ground state of the nucleus °Li
somewhat differs in different papers.

b)12C#~y) 128, The theory on the whole
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
°Li there is some discrepancy between theo-
retical values presented by different au-
thors. -

c) l%ﬂniy)loBe. Using the Cohen-Kurath
type wave functions one fails to describe
in detail the experimentally observed dist-
ribution of Ml-intensities. The excitation
?yectrum in low-lying states of the nucleus

Be 1is dominated by the transitions to the
states J”=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 hard y-quanta up to the
excitation energy of the 108, nucleus,E* =
= 9MeV, appears to be equal to R iLeor
0.241%. The experimental value of the
quantity R with excitation of levels 0B
up to 9 MeV including the levels of negative
parity is R (E*¥ < 9 MeV) = 0.223%.

exp
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d) “N@~,y)'Cc. 1In the nucleus '*C there
are seven bound states. The levels J7= 2%,
and J7 ; E=37; 6.72 MeV are excited most
intensively. The shell model state|1522ﬂl>
is distributed over two levels J7T 3, E=2";
7.01 MeV and 2% ; 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 4N 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 1is almost equally
distributed between these two levels J7 =27
Among the bound states of the nucleus 14C
there is one level of negative parity J7=3".
The main components of the wave function of
this level have the form Hp1/2Jd5/2>. Due
to the fact that the single-particle matrix
element of the transition lp-1lds/y is very
large, the state J73; 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 J7 =3~ which
may also split as the neighbouring level
J7=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 Ay and wp. Thus, at present

this problem is unsolved. The level J7
E=3", 6.72 MeV should be noticeably excit-
ed in the case of muon capture by the

nucleus MN. Its excitation probability is
8 times less than the total excitation pro-
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bability of two levels J”" = 2% with energy
7.02 MeV and 8.32 MeV. In the (7,y) pro-
cess this ratio is somewhat less: if the i2ble 9 L.
capture proceeds from s-orbit then the ratio The probabilities of the partial transitions
of probabilities is equal to four, and Ay and Ay and the yield R of ha7rd Y-
from p-orbit it is equal to about 1.5. quanta in the process A@ ",y )B.. Li : T'y =
= 0.195 KeV,0; = 0.4; T’y = 0.016 eV,w,=0.6;
Be : I'j,= 0.591 KeV, o = 0.3; I'y, = 0.16eV,
Transitions in 0dd-A Nuclei wy, =0.7; !B : Tg= 1.680 KeV, g =0.2;
[y,=0.32 eV, wg= 0.8; “C:I'yy = 3.140 KeV,
The values of level energies of odd-A w, = 0.15; Py =1.02 eV, @ = 0.85
nuclei presented in table 9 are theoretical
and therefore they are given in brackets. A 8 £*8)| & Avss /\zp Ry | R | ®
They may somewhat differ from the experi- I, 1=, flf; T=3/ | [Mev] [Mev] 1073 W10 L1077 | [207) | 107
mental values. The calculated values of 2 N 7 ~ P 611,30 |2.67 |3.98
capture rates are presented in table 9. « (3/27) He 3/2 |0 126,6 10,096 0,10 '3 ' 9
"Litz=) 7 7 1/2 (1,2) |125,4 lo,179 |o,068 | 2,42 |1,68 |a,10
a) Li(7y) "He. The system He_has no 2= (3,3 |123.4 lo.012 0,014 |0.16 [0.34 |o.50
bound states. The resonances in this 7system 572~ |(3.8) | 123,50,032 0,020 {0,43 |0,50 0,93
are analogs of states of the nucleus ‘Li
with isospin T=3/2. It follows from the cal- 9Be (3/27) ¥, 3/27 |o 123,9 (0,371 (0,308 | 1,24 |0,89 [2,12
culation that the resonances with guantum 1/2" 12,7 |120,4 |0,018 0,047 | 0,06 |0,14 |0,20
numbers J7 ; E =3/27; 0O and J7 3 E=1/2" ; 5/2: (3,7) {120,3 {0,291 |o,200 |0,97 |0,57 {1,55
1.24 MeV should be excited more intensively. ;;;_ ::';; ::3': g'ig: 2'?2; ?’2: g’g; :';i
i i ’ ’ ’ ’ ’ ’ ’
©) "Belr ,y)°Li. In the nucleus  °Li 172* {(5,3) |118,7 [0,396 0,213 | 1,32 0,61 |1,94
a group of states both of positive and ne-
gative parity should be excited with almost 1p(3/27) Mpe 1/2* |o 126,7 J0,319 10,219 | 0425 } 0436 ]o,61
the same intensity. Note that the theory /27 0,3 |12644 {1,609 1,185 (IJ";?’ z'gz 3,21
predicts the appearance of levels of anoma- S/Zi (0,4) ﬁ:'g ;'iig i';;g 1.66 2’56 :’gg
lous (positiv?) parity ‘?eginning from 5 MeV 3;; :i:;; 123:3 |0:332 0:298 0:26 0:49 0.75
and they are in the region of Ml-resonance. 7/2* | (a,1) |122,6 1,468 |3,009 | 1,15 ]4,95 |6,10
11 - 11 s/2- | (4,2) {122,5 10,536 |1,271 |0442}|2,09 |2,51I
c) "B,y !Be. The ground state of the s/2* | (a,3) {12248 |1,277 {2,085 | 1,00 |3,83 |4,43
nucleus MBe is the level of anomalous pa- 1/2* | (5,3) |121,4 0,677 1,368 |0,53 | 2,25 |2,78
rity. In the nucleus !Be the levels of this
nature, as it follows from the calculations, e (1727 |13y 372” |o 125,0 |10,56 | 14,54 | 3,32 | 7,97 | 11,29
are located rather densely, and they have s/2* 1(3,6) [121,5 | 1,54 | 4,60 | 0,48 | 2,52 | 3,01
almost the same excitation intensity as the 2t | (s5,5) [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) BCw,» BB.In the nucleus 3B two le-
vels, the ground state and 47 ; 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 1is
almost finished/ﬂv and this will enable us
to compare them with the calculated results.

IV. Conclusion

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 quantities (I'yp and op ) on which the
yield depends 1s 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 (ay),
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 (my). All
available information will enable us to
solve the problem of partial transitions in
the process (m,7y) 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.

References

1. W.Maguire, C.Werntz. Nucl.Phys., A205,
211 (1973).

2. V.V.Burov, Yu.N.Eldyshev, V.K.Lukyanov,
Yu.S.Pol. JINR, E4L-8029, Dubna, 197kL.

3. G.Backenstoss. Ann.Rev.Nucl.Seci., 20,

LéT (1970).

4. G.Backenstoss et al. Nucl.Phys., B66,
125 (1973).

5. E.J.Moniz et al. Phys.Rev.Lett., 26,
Lhs (1971).

6. L.Tauscher, W.Schreider. Zeit. fur
Phys., 271, 409 (1974).

7. T. Von Egidy, H.P.Povel. Nucl.Phys.,
A232, 511 (197k).

8. W.Sapp et al. Phys.Rev., C5, 690(1972).
S.Beresin et al. Phys.Rev., A2, 1630
(1970).

9. H.Koch et al. Phys.Lett., 28B, 279
(1969)3 29B, 1k0o (1969).

10. I.T.Cheon, T. Von Egidy. Nucl.Phys.,
A234, 409 (197hk).
I.T.Cheon. Lett. Nuoveo Cim., 11, 1
(197h).

11. C.B.Dover. Ann. of Phys., 79, L41(1973).

12. S.Cohen, D.Kurath. Nucl.Phys., 73, 1
(1969).

13. F.C.Barker. Nucl.Phys., 83, 418 (1968).

14, H.U.Jager, H.R.Kissener, R.A.Eramzhyan.
Nucl.Phys., A171, 16 (1971).

25



15.

16.

17.
18.

19.

20.
21.
22.
23.
ok,

25.

26.
27.

28.

29

26

H.W.Baer et al. Phys.Rev., Cl2, 921
(1975).

H.W.Baer, K.M.Crowe in Proc. Int.Conf.
on Photonuclear Reactions, Asilomar,
California, 1973, p. 583.

J.D.Vergados. Phys.Rev., Cl2, 1278
(1975).

F.Ajzenberg-Selove. Nucl.Phys., Al52,

1 (1970); A227 1 (197k); A2k8, 1(1975);
L.W.Fagg. Revs-Modern. Phys., 47, 683
(1975).

A.P.Bukhvostov, A.M.Chatrchjan, G.E.Do~
gotar et al. JINR Preprint, E4L-5985,
Dubna, 19T71.

Yu.G.Budyashov et al. Zh.Exsp. teor.
Fiz, 58, 1211 (1970).

J.P.Deutsch et al. Phys.Lett., 28B, 178
(1968).

A.N.Boyarkina. Izv.Akad.Nauk SSSR. Sec-
tion Phys., 28, 337 (196L4).

H.W.Baer et al. Phys.Rev., C8, 2029
(1973).

F.Roig, P.Pascual. Nucl.Phys., B66, 183
(1973).

V.V.Karapetyan, G.Ya.Korenman and
V.P.Popov. Problems of Atomic Energy
and Technology, section High Energy
Physics and Atomic Nuclei v. 2(4) Kharkov
1973.

J.D.Vergados. Nucl.Phys., A220, 256
(1974).

E.A.Eramzhyan, R.A.Sakaev. Communications
JINR, P2-9610, Dubna, 1976.

J.S.Alder et al. Int. Topical Conf. on
Meson-Nuclear Physics. Contributed Pa-
pers, Carnegie-Mellon University, USA,

1976, p.QOh.

.H.Ohtsubo et al.Nucl.Phys.,A224,164(19T7kL).

Received by Publishing Department
on October 25, 1976.



