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respectively. (It must be emphasized that if experi-
mentally P, turns out to have a great deal more struc-
ture than is present in our choices, then the qualitative
conclusions that we arrive at need have no bearing. )
Equation (3) yields —1.6(r (E'r')Ant (+0.4, where
the lower and higher limits are reached as the scattering
length goes to zero and infinity, respectively. With this
choice we are limited to positive scattering lengths
since for the convergence of our integrals p„has to be
Rnite and positive at high energy. " We utilized the
additional freedom of Eq. (4) to Qt the various I=O
scattering lengths which have been proposed so far" "
and at the same time yield r(Et') thnt(=1. 5.' For
negative scattering lengths the numerical search yields
the following conclusions: (a) We can obtain r(Et')hrrt
= —1.5 for a scattering length ao= —0.8 p,

—'. The result
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is sensitive to the high-energy behavior of P„'70% of
the mass difference comes from center-of-mass pion
momenta above 1.3 Bev/c. (b) It is impossible to obtain
a possible mass difference for negative scattering
lengths. For positive scattering lengths, however, the
conclusions are: (a) We can obtain a negative mass
difference which is again sensitive to the high-energy
behavior, 50—

90%%u~ of the mass difference comes from
center-of-mass pion momenta above 1.3 Bev/c. (b) A
positive mass difference can be obtained for ao= 2.81 p '
but not for as= 1.96 tt '; in this case 99% of the mass
difference comes from pion momenta less than 0.5
Bev/c. Both choices for @„support the following
qualitative conclusion that negative and small positive
scattering lengths will give a negative Am and a positive
large scattering length can yield positive mass differ-
ence if p, is in the range of 0.5—1.8 for very large
momenta (values appreciably less than this will give
a negative mass difference).

All numerical work was performed on the IBM 650
at the Computation Center of the Pennsylvania State
University.
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In the strong-coupling method of the meson theory two different pictures have been used. One picture
exhibits the isobaric nature of the meson-nucleon interaction by expressing the Hamiltonian in terms of
the integrals of motion of the total system. It may be called the rotation picture. In the other picture the
isobaric dependency comes out by splitting the total system into a free Geld system and a compound nucleon
system, such that the interaction between them vanishes for infinite j.It may be called the splitting picture.
These two pictures are compared with each other. The difference between them with regard to the scheme
of the strong-coupling approximation method, especially with regard to the calculations of isobaric energy
corrections and resonance scattering, is investigated.

1. INTRODUCTION

'HE strong-coupling approximation method of the
meson theory, introduced a long time ago by

Wentzel, ' Oppenheimer and Schwinger, ' and Pauli and
Dancoff, ' has recently been extended to a somewhat
higher degree of completeness. In course of these
investigations two pictures have been introduced to
carry through this line of approximation,

One of these two pictures has already been introduced
by Wentzel' and has lately been extended by Serber
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and Dancoff, 4 Miyazima, Tati, and Tomonaga, '
Kaufman, ' Pais and Serber, ' Nickle and Serber, ' and
Chun. ' The main characteristic of this picture is to
express the Hamiltonian by the operators of the
important total integrals of motion of the system, such
as the total isospin operator in the charged and the
symmetric scalar fixed source theories and the total
isospin and angular momentum operator together in

' R. Serber and S. M. Dancoii, Phys. Rev. 63, 143 (1943).
5 T. Miyazima, T. Tati, and S. Tomonaga, Progr. Theoret.

Phys. 3, 26 (1948).
A. ¹ Kaufman, Phys. Rev. 92, 468 (1953).
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the symmetric pseudoscalar case. This can be done by
relating all operators of the system to coordinate
systems rotating together with the meson-cloud of the
nucleon in both isospin space and ordinary space.
So we call this picture the rotation picture.

The other picture has already been introduced by
Pauli and Dancoff' and Wentzel" and lately extended

by the author. " " Its main characteristic is that the
total system becomes split into two partial systems,
the compound-nucleon system and the free-meson
system, with separate dynamical variables and separate
integrals of motion. The compound-nucleon system
consists of the bare nucleon and the meson cloud. This
splitting is carried through in such a way to fulfill the

requirement that the interaction between the two
partial systems shall vanish for infinite g. This picture
may be called the splitting picture. The aim of this
paper is to show the relations between these two
pictures and to compare the two kinds of approximation
which can be obtained from them for the isobaric
energy corrections and the meson-nucleon scattering.

2. RELATION BETWEEN THE TWO PICTURES

a. Starting Point

formulations given in these papers are most suitable
to see the relations between the two pictures of the
strong-coupling theory. The direction of (2) in the
isospin space is then the direction of the self-field vector.

b. Rotating Picture

The procedure of the rotation picture is to introduce
a new coordinate system in the isospin-space of which
the 1 axis has the direction of (2), and to relate all
operators to that new coordinate system. Then the
integrated-over-Nk part of the new meson field operator
components is the amount of (2) or the canonical
conjugate of this amount, and is in the 1 direction.
But there is still an integrated-over-N~ part of the
canonical conjugate field operator which is in the 2
direction. This is just the part containing the total field

isospin operator as the operator which produce that
rotation of the total field given by the angle y between
the 1 and 1 axes of the old and new systems. This
part must be separated in order to bring out the
dependence of the total Hamiltonian on the total
isospin operator. But this separation has the conse-
quence that the field operators in the 2 direction
fulfill the commutation relations

We explain this relation first by means of the charged
scalar fixed source theory, which is the case most
completely treated until now. The Hamiltonian is

z Z (Ppk Ppk+e qpk qpk)dk

i/psk)qsk~]=8(k k )
f
'

fgk/'dk

+—Q rp)~n(k)qpkdk, (1)
2m'

where q, k and P,k are the Fourier transforms of the
canonical total meson field operators with the momen-
tum vector k, energy e= (k'+s')&, and isospin space
vector index p (p = 1, 2), r, is the isospin vector operator
of the bare nucleon, and t)(k) the Fourier transform of
the source function.

Then the isospin space direction of the operator

and no longer fulfill the canonical commutation rela-
tions, which remain valid in the 1 direction only.
The new field operators do no longer contain any

p dependence; this has been removed by means of
the rotation and the last separation. Therefore all the
quantities composing the Hamiltonian measured in the
rotating coordinate system commute with the isospin
operator of the total system, which for this reason. can
be replaced by the quantum numbers of the total
isospin or charge. All details of this procedure can be
seen in the paper of Pais and Serber. ~ We can collect
the single steps of their procedure into the formula

Nkqpk)fk (2)
qpk=Z ~p'pqp'k)

P

plays the role of a starting point of the method. An
important part of the transformations of Pais and
Serb er was initially carried through without any
specification of the c-number function Nq. But in this
paper we want to restrict ourselves to the case that N~

shall be the shape-function of the meson cloud as it
has been introduced in II and (A), (B)) (C) s" "; the
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"H. Jahn, preprint 1959, Nuclear Physics 26, 333 (1961),cited
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'2 H. Iahn, Zeitschrift f. Phys. 156, 633 (1959), cited as (8).
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(",(I-~—:)&

Ppk Q Sp) pPp'k+Sk

~Nkqtkdk

cos (p sin (p i
S)o' p

& —sing cosy)

is the orthogonal transformation leading from the fixed
to the rotating coordinate system, s&„being the direction
of (2), and where I is the total isospin operator, rs the
3-component of the bare nucleon isospin operator and
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Z the isospin operator formed by the q, k, which is
called by Xickle and Serber the free-field isospin
operator. The total Hamiltonian is then expressed by
the new operators according to (3) and (4).

A main requirement of the strong-coupling theory is
mostly considered to be that it diagonalizes the coupling
term of the original Hamiltonian. This has been done
in (II) by means of the unitary transformation

5=exp 2ir2 tan '~ It(k)g2kdk v(k)gikdk ~, (5), ( t

Qkp2kIEk=
~

Qkg2kdk=O. (7)

Finally, the terms of the resultant Hamiltonian
containing no g, k and P, k operators are collected as
the static part of the Hamiltonian. By minimizing this
static part, Nickle and Serber' get a determination of
u~ with a result of which the lowest order approximation
iil 1/g IS

g v(k)Qg=-
27l

In the remaining lfpk, P,k-dependent part of the
Hamiltonian the quadratic or bilinear terms of order
g' are collected together as a free-field part of the
Hamiltonian which is diagonalized by introducing
creation and destruction operators:

/1k (2&) (IIlk+IIIk ) j plk 2~
~

(IIIk 111k))
&2)

r
/2k= (2&O) '(Dkko &2ko+&—kkoII 2ko)dko;

(&ol
P2k 2

~ ~
(&kkoII2ko

dekko

&2ko)dkq
&2)

with

which rotates the bare nucleon isospin to the direction
of the vector J'2(k)qpkdk in the coupling term, and
affects also the p, k operators.

Then the next step in (I) and (II) is to introduce the
translation

/1k ~ /1k+Uk

which doesn't acct either the other field operators or
the operators I and 2 because of

fulfilling the relation

~ Rk'Vkk dk=O,

in agreement with (7). So the Hamiltonian can finally
be written in the form

H = H, „,

„+HI�„,

+H', (12)

I2 j~ +1 g2

+Stat +—(rl+2) r

2U 2u

1 2 t k2t ~(k)]2
dk; V= ~[Uk/2dk, (13)

Hfree= P (&pko*&pko)dkO.
, J

(14)

c. Splitting Picture

In the splitting picture we remain in the fixed
coordinate system of the isospin space. Then the angle
p is no longer related to the total system. But by
giving the direction of the self-field vector (2), p has
instead the meaning of a dynamical variable of the
compound nucleon, the partial system composed by
the bare nucleon and the surrounding self-field. The
full expression by the original meson field variables of
the total system (1) is according to (2) and (4) given by

$1 =, @kg kdk
I &I i

Nkq kdk I ) (15)
( (t.

J (p &J )
Instead of the total isospin operator I the canonical
conjugate to p is then, of course, the compound-nucleon
isospin operator V which has to be the introduced by

The terms of H' can be seen in detail in (I) and (II).
In these papers also the case of an I-dependent

cloud function is treated, which can be seen by replacing
in (8) the k' of e' by k"=k' —(I' ri)/V'. This r—epresents
the full result obtained in (II) by minimizing H„,„,
showing the spreading out of the cloud function for
decreasing g by means of isobaric excitation. This I
dependency then also appears in e», which already
can be seen by (II). But nevertheless these two func-
tions remain c-number functions because I as the total
isospin commutes in this rotating picture with all
quantities in the Hamiltonian.

I(k)iok.
dekko= &(k—kO)+

6 —60 Wzo!

L~(k))'....= —.(k) dk,
~ C'(C' —e2'Wie)

(10)
In (16),

J= V'+Ir.

P=,~ ( — )dko
z 0

(17)
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apko P $ppoapoko.
PO

(18)

By introducing (16), (17), and (18) into the formulas
(3), (9), and (10) we get

I
qpk qpk +Qk$1p i

is formed by the creation and destruction operators
Gp k Cp k measured in the fixed isospin space system,
and related to the Gpk cpk of the rotating picture in
(9) according to

the a,k, LEq. (18)$ of the rotating picture do not
commute with 1 because they contain the sp p But
instead, it can be seen by (18) that the apk, are invari-
ants in regard to the isospin space, so that they com-
mute with the total isospin according to (16), as is
required by the rotating picture. By means of (23) and
(24) the inversion of (19), (20) can also be derived,
which gives"

f'pot* t

apoko
~ ~ g dekko, ppoqpkdk+&(2&0)(2) p&

($2p(v'+P I' ,'r—3))——
Ppk Ppk +'ak

g $ipp Qkqp~k~dk

(19)
(CO) '

XP (i kko, ppo Ppk)dk
~ ~

Nko$1po. (25)
p& (2J

with

q,k'=p (2~0) '(dekko, o a oko+i —kko, oa k.*)dk, ;
pp 4

(
I'. ("l '

Ppk Z &
~ ~

(dekko, p poapoko &—kkoppo ap, oko)dko&
po& E2)

and

m(k)vol.
dekko, ppo ~(k ko)bppo+ $2p$2poy

6 —
Ep Wzo!

Then by means of (25), (21), (17), (16), and (15), 1
can be expressed completely by the original field
operators.

So by means of the substitution (19), (20), and (21)
we have split the total system into two systems: the

20) compound nucleon system with the operators $, „V',
and ~, and the free-field system with the operators
cp k amd u„k,*. Especially the total isospin of the
system has been split exactly according to (16) by
means of the substitution (19)—(21).

After introducing the substitution (19), (20), and a
similar ~ rotation"" to that given by (5), the Hamil-

(21) tonian of the splitting picture has the form

$p, , ',q„']=&(k'-k)S, ,—
Nk'Nk

$2p $2p. (22)

where I' is the isospin operator formed by q, k' and p pk'

of which it can be shown that I'=Z. Instead of (2a)
we then have

H =H'+H'~+H' (26)

2V

V' —v'r 3+,' g'-
+ (ri+2) ~

ri= (sb~) ~ (27)
2c

H'~= Q, (ap.k.*ap.k.)dko,
ppd

(28)

~k ko, p pogkko, ppo*dko=&(k' k)&p p—
PQ 6

+k'Nk
$2p~$2p) (23)

dekko', ppo' dekko, ppodk ~(ko ko)~po'poq
p 0

as has been shown in detail in (A). Contrary to this,

In order to have Gppko Gppkp and sp p & ~ as
operators of two independent systems the up k cp
have to commute with the s, „9",~. This is fulfilled
and all the commutation relations of the operators in
(19) and (20) are valid if vkk, „,fulfills the relations

and the most important terms of H' can be seen in
(A), (B), and (C). In these papers the results (8) and
(21) for ak and vkk, , pp, are obtained by the sole require-
ment that the terms of the strong-coupling perturbation
series shall vanish for infinite g. This replaces the three
requirements in the rotating picture, namely minimizing
the static part, diagonalizing the coupling term, and
introducing and using the normal modes. But the
spreading out of the cloud function treated in (I) and
(II), as remarked after Eq. (14), cannot yet be treated
in the splitting picture because Nk, being then
dependent, would no longer be a c-number function as
in (I) and (II). For this purpose a more extended
transformation than (19) and (20) would be introduced—which has not yet been done. Therefore, we compare
here the two pictures only for the case without taking
account of the spreading out of the cloud function.
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g (
2a 4 ——,'J 2V

XO(I',koi, pi . ko, p ) (29)

the 72 term giving only 1/g' corrections and the zero-
point energy being omitted. The orthogonal system of
these eigenstates O~(I', koi, pi. . ko„,p„) with the total
isospin I', containing e mesons with wave numbers
koi ' 'ko and isospin polarizations pl p„, can be
constructed by means of the production and destruction
operators a»,*, a», introduced by (9). Since these
operators up~, *, apk, commute with the total isospin
operator I, they don't change the total isospin quantum
number I' if they act on 0'(I', koi,pi ko,pn). So if
the meson charge is increased or decreased by applying
tl+ko (1/v2) (trike &2112ko ) on 8 (I ykolipl

' ' konypn) y

the compound nucleon charge is decreased or increased
automatically. But this cannot be seen explicitly in the
zero-order approximation of the rotation picture be-
cause meson charge and compound nucleon charge
are not good quantum numbers there. To investi-
gate this question in the rotation picture the 6rst
order eigenvalue corrections have to be considered.
In this connection the most important term of the H'
expression of Pais and Serber and Nickle and Serber is

II0'= —2IZ02/2 V, (30)

which also is of order 1/g' as well as the I" term of the
zero-order eigenvalue (29). Zo is the part of Z belonging
only to the 5(k—ko) part of okk, (10),

go If (30')

Taking into account the first-order eigenvalue correc-
tions of (30), we obtain the expectation value between
the zero-order eigenstates:

(I rkolqpl' ' ' konipn
~
Hetat+H free+Ho

~

I rkoiiPl' ' ' konqpn)

g' ( I+ +2 - (31)
2a (—21) 2V

The main difference between (31) and (30) is that the
expectation value (Zo), being the meson charge, has
been subtracted from I' so that I' is replaced by the
compound nucleon charge

2'= I'—(Zo). (32)

3. ISOBARIC ENERGY CORRECTIONS

a. Rotation Picture

In the rotation picture the zero-order approximation
eigenstates of the problem are the eigenstates of
Hetat+Hi„, according to (12)—(14). The zero-order
approximation eigenvalues to order 1/g' in the coupling
constant are given by

(Hetat+Hfree) O(I qkoiipl ' ' ' konypn)

and

II, 1'= (g/42r)qxy2, (33)

8 2'= —L(I'—-')/V'j ttkqikdk, (34)

where
1 te 1 t'

x=— 0(k)qikdk; y= — ~(k)q2kdk;
qd q

q= I (k)dk.

(35)

By inserting these terms into the second-order pertur-
bation correction expression,

Nickle and Serber' obtained, besides the I'-independent
contributions coming from (33), only the I'-dependent
1/g' contribution

g (I"——,') t. ski(k) 1
(Y2) ~' dk= (I"—-')(3"), (3&)

42r V' i 0' 2 V

which is mixed by (33) and (34). According to (36),
this is a correction to the meson vacuum state with the
one-meson state as intermediate state. Because of the
commutativity of the production and destruction
operators api, *, c7pk of the rotation picture with the total
isospin operator I, the transition from the meson
vacuum to the intermediate one-meson state in (36)
does not change the isobaric total isospin quantum
number I' of the zero-order states so that only the
energy e of the produced meson but no isobaric energy
difference appears in the denominator of (36).

It can furthermore be shown that (30) does not give
any contribution to the 1/g' isobaric energy correction.
Formally, this contribution could only come from the

It is characteristic for the rotation picture that the
dependence of the eigenvalues on the compound nucleon
isospin or on the free meson charge initially appears in
the 6rst-order perturbation approximation, not in the
zero-order approximation. For meson vacuum states
jOI') the first-order contribution of (30), and so the
difference between (29) and (31), vanishes because of
(Zo)=0. But if mesons are present, so that (Zo)WO,
then (30) plays an important role as can be seen by
the calculation of Pais and Serber of scattering including
the thresholds for isobaric excitation.

To see the contributions of (30) to the higher order
isobaric energy corrections, we begin with the 1/g'
corrections which are composed, according to Nickle
and Serber' Lsee (43)—(46) in their paper], of the terms



TKO P I CTU RES OI STRONG —COUP I. I NG METHOD

third-order perturbation theoretical expression,

I
I

&o,I'l&.-i'Ik, ~,I'&&I',k,i IIIo'IkÃ, I'&&I',k', u'III.-i'I o,I'&

p, pI J 66
(38)

&1lz I1&=0. (39)

to which, besi:des (30), only (33) contributes. But the
matrix elements of (33) occurring in (38) can only
lead to intermediate states in (38) with p= 1 having a
resultant meson charge equal to zero: also

Therefore (38) does not give any I'-dependent 1/g'
contribution.

But to higher order than 1/g' in the reciprocal
coupling constant, Eq. (30) gives I'-dependent contri-
butions from higher order perturbation theoretical
expressions; e.g. , to 1/go, from

because then

is the essential contribution. and (39) does not occur.
This is also the case for all even-order perturbation
theoretical expressions, which are of the type of (40).
If summed they give a geometrical series in powers of
Io/V', which is the total contribution of (30) to the
isobaric energy correction. The meaning of this result
will be seen in the following by considering the splitting
picture. 9 =I—I~, Lsee (30')j. (42)

perturbation theoretical contributions of (30) of the
rotation picture are included in the zero-order approxi-
mation of the splitting picture. The reason for that is
that the corresponding parts of (30) are no longer
contained in the interaction part B' of the splitting
picture Lsee (26)) but are instead included. in the
zero-order compound-nucleon part II"

I
see (22)] of

the splitting picture by means of the subtraction (19)
according to

b. Splitting Picture

In the splitting picture the zero-order-approximation
eigenstates of the problem are the eigenstates of
II"+IIP~ according to (26)—(28). The zero-order
approximation eigenvalues to 1/g' are given by

(II"+II'~)O(2,koi, poi ko, po )

g' (
I+ +p .

2a 4 —-', ) 2U

)(, O(T,kpi, ppi' 'kp, pp„). (41)

(41) differs from (29) by having the compound-nucleon
isospin quantum number T' instead of total isospin
quantum number I', and the n mesons with wave
numbers koan' ' 'kp and isospin polarization ppi ' pp„
are created and destroyed by the creation and destruc-
tion operators apoi, p appgp instead by apgp api„Lsee
(18)$.Since, contrary to the a,&,*,a,z„ the a„i„*,a„p,
commute with the compound-nucleon isospin operator
V, instead with the total isospin operator I, they do
not change the compound-nucleon isospin quantum
number T' but instead the total isospin quantum
number I' if acting on the eigenstates of (41). This
shows the independence of the free-meson system and
the compound-nucleon system in the splitting picture.

Now the eigenvalues in (41) are identical with the
right-hand side of (31).That means that the first-order

with

Br r = (I" T")/2V. —

To compare (43) with the results of the rotating picture,
we expand

&r r (&r r)'
~ ~ ~

~p —~l r &p E-pCp

(45)

This has the following consequence for the calculations
of the isobaric energy corrections:

ln the expressions (35) one has to consider in the
splitting picture, instead of the a,k, , a,g„ the right-
hand side of (18). Then the change of the compound-
nucleon isospin quantum number T', necessary for
total isospin conservation, is done by the compound-
nucleon operators s, , Therefore, in the second order
perturbation theoretical expression for the isobaric
energy corrections formed in the representation relative
to zero-order eigenstates (41) of the splitting picture,
we have a change in T' between the meson vacuum
state and the one-meson intermediate state. But
according to (41) this has the consequence that,
contrary to (36), isobaric energy differences must
appear in the perturbation-theoretical denominators
of the splitting picture so that, instead of (36), we have

~ I&0,I'III'lk„p„P&l

d'or

———Q
~

~ dkp, (43)
POr+ 6p Bl'T'
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Then if the expansion (45) is introduced into (43),
the first term gives the I'-dependent 1/g' contributions
(36) and (37). From the second term the 1/g' contri-
bution is identical with (3g), of which the I -dependent
part had vanished because of (39). In the splitting
picture, this vanishing of the I'-dependent 1/g' part of
the second term can be shown by considering the
summation over T' which reduces to

&~ (I'I»" IT')(T"—I")(T'I»"II')
=

I (I [sip. II+1)I'(2I+1)
+ I (Ifsi„[I 1) I'(——2I+1). (46)

Here we have used

Z'=I'W&,

which follows as a property of the matrix elements of
s~„which are

sip 1 r 2(e'+e-')
(I' T') = l — e"r' ""dq

fsi, 2m & —,'(e'~ —e '~)

Iir', T'+1+IiI', T' 1—
(4g)

2 ~r, r+i —~l, r —i

So the (I'fsi,
f
T') are independent of I' and T'. For

this reason the I'-dependent contributions to (46),
which are linear in I', cancel, so that the vanishing of
the I'-dependent 1/g' term of the second term of (45)
is proved. This corresponds to (39).

The third term of the expansion (45) gives the same
contribution as (40). Its I" dependency to order 1/g'
follows in the splitting picture from the fact that in
the sum over T', which now reduces to

obtained":

t.
[ (O,I' I

II~
I
k o,p 0, T')

f

'
dk, , (50)

po, &' ~ (1+os i) (eo—Mri —zQ)

6p —My~
—M 6p —t~

Br ~+Aez" Ae~-

6p 6N

(Br,+d,er —Ae, )'

~p —~x

~ I ~

)

in which the denominator surely will have a zero
within the space of the integration.

From this it seems necessary to conclude that only
the splitting picture and not the rotating picture can
be used for such damping calculations to give the
resonance width. For T=-,' the denominator of (50)
has a zero for e= e~, the integral (50) then has to be
carried through according to

Cp=COyi —ZQ 6p —COp~

+zest'5 (ep
—Mr i),

where" a& is a certain coe%cient and co& is given by

Br;+her De;—

1+ar

with the energy e& of the outgoing meson B&; see (44)
and Aez —Ae; is a certain isobaric energy correction. '4

Now by considering (50) it is obvious that 1/(eo —&o&

iu), —which corresponds to 1/(eo —Bq r ) of (43),
cannot be expanded as in (46) because the expansion
corresponding to (46) would be

Er (I'I».
l
T')(T" I")'(T'l»—.II')
=

I
(I'I »II'+1) I'(4I"+4I'+1) where the principal-value integral gives a resonance

energy correction and the imaginary 8-function part+ I
(I'lsi. [I'—1) I'(4I"—4I'+1) (49) gjves the resonance width ~

a I"dependency remains.
In this way it is evident that the perturbation series

of the rotation picture produced by the interaction
term (30) as shown from (33) to (40) can be considered
as consisting of expansions like (45) introduced into
(43). But in the splitting picture these contributions
are obtained in an unexpanded form like (43), which
is also valid for By ~ of the order of magnitude of ep,

when the expansion is no longer valid. This would be
important for resonance-scattering damping calcu-
lations where, for the resonance energy correction and
the resonance width, the following expression has been
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"uz, A~z —Ae, are given in (A)."The detailed derivation and a numerical calculation are given
in (A).


