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EFFECT OF NEGATIVE ENERGY COMPONENTS IN THE TWO-NUCLEON SYSTEM
R. Arnowitt and So.Gasiorowicz

Radiation Laboratory, Department of Physics
University of California, Berkeley, California

ABSTRACT

A feature of the Levy-Klein solution of the Bethe~Salpeter equation for
the deuteron is the elimination of QL_ , ¢n_+, and @__' in terms of the #,
component of the wave function via a perturbation expansion. To investigate the
validity of this procedure, the coupled equations for thé various componenté in
the first non-adiabatic apprbximation to the A4 interaction were examined. A
set of first>order radial equations with multiplicative pqtentials (in the
region r > 1/m) was obtained, involving #,.(r) = #(1 % P ¢ (32)¢(r)°
A rigorous elimination of §, _ and ¢_+. led to equations containing ¢, and

#__. Neglecting velocity dependent terms, potentials of the type

T3

1T X(r)

M2 g
2m LT P 1 2

o+1 & T.-T, v

2 ar 12 (r)
appear, Expanding the denominator yields the usual Yukawa second order potential
‘ .2 .

plus a term proportional to gh(qvl°12) . Such an expansion however is poor

for ro 144 , & pole actually existing near r ~ °7/F* for the charge singlet
state. ‘,For the J =1 the structure of the lowest order tensor interaction is

greatly altered, Thus, the perturbation expansion appears to radically alter

the structure of the equations.
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EFFECT OF NEGATIVE ENERGY COMPONENTS IN THE TWO-NUCLEON SYSTEM

" R, Arnowitt and S. Gasiorowicz |

I, Introduction

The difficulties in obtaining solutions tc_the four-dimensional two-

nucleon eQuationl have resulted in calculations being confined to approximations

1l
'_ J. Schwinger, Proc. Natl, Acad. Sei. U.S. 37, 452, 455 (1951); E. Salpeter

‘and H, A, Bethe, Phys, Rev. 84, 1232 (1951).

vinvolving instantaneous inxeractions; and their non-adiabatic corrections, This

approach, carried out in a nnmbér'of papers by Levy2 and KleinB, led to the

M. M. Levy, Phys. Rev. 88, 72, 725 (1952), denoted hereafter by Ll and L2,
respectively. | |

“3 A, Klein, Phys.‘Revq 90, 1101 (1953).

constructlon of a series of static potentials appearing in a non;relativistic
Schrodinger type equ.a.tione A feature of the method used (from the point of
view of the Bethe-Salpeter formalism) involves an elimination of the negative
energy components of the wave function by a perturbation procedure. The nature
”of the pseudoscalar interaction and the large size of the coupling constant
enhance the importance of the negative energy states, a fact brought out in a
4

calculation for the meson-nucleon system . It was therefore felt worthwhile

R. Arnowitt and S. Dessr, Phys. Rev. 92, 1061 (1953).

to examine the validity of such an expansion.
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FPor reasons of simplicity, and because comparison with experiment was
not an object of this work, the calculations were limited to consideration of
the lowest order interaction corresponding to tﬁeexchange of one meson. In
particular, the coupled equations between the positive and negative energy
components of the wave function for the first non-adiabatic approximation were
examined., The "ﬁatential energy" parts of these equations are of the form of
integral operators. The assumption of a short range hard core allows one to
limit the investigation to the asymptotic region (r~ 4/¢), where these integral
operators may approximately be replaced by multipligative potentials, correct to

order }i/h of the leading term5° The velocity dependent terms were heglected.

2 _
The inclusion of (M/m) terms would, for consistency, require a treatment

of the second non-adiabatic approximation.

" Beyond this; no furthér'approximatiens were made., Although the negative energy
components were found to be pt/zm times smaller than the positive energy
components, the perturbation expansion of Levy.and Klein completely alters the
structure of the potentials and thus appears to be incorrect.

While this conclusion could have been arrived at in a more direct fashion,
the development of sections III and IV was included because of its more general

applicability to equations of the type considered.
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I1. Wave Egquation for the First Non-Adiabatie Approximation.

We briefly review the derivation of the first non-adiabatic approximation
to the A, interaction given by Levy and Klein. The wave equation in momentum

space, after the separation of the center of mass motion, is

The natural system of units 4 = ¢ = 1 4is being used. Also Y =P X, ¥, = B
. and XS‘ =¥, Y, Y,

[ (5 b= 30 ][ (37 -b )34, ¥ (1) = JT ) e

w)_(l (l) " PMm ), J‘{ (z)r) [5(1)l'\'1

m

P o= +o+a| energy

where

(27)

B N Y I

To obtain the first non-adiabatic approximation the following ansatz for

W (P) is inserted on the r:h.s. of equation (2.1):

)= e e (3R :H,}{(ga 1) ya}J"(a-w.-Hl (p) @3
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(J‘:).—_—. Cj’,(f:) C.;Z’(w»(ﬁ)

X, (=2 COpC ‘”( CP(F)’

» 7 As pointed out by Klein, such a definition of X Gi) gives reéulps that are
equivalent to those obtained from the Tamm-Dancoff method, which allows one

to overlook the fact that it is somewhat inconsistent.

#(p) is the equal times wave function defined by

O(p)= (2m)" [H(p) dps oW

~ and 4 (5;(01’2)) are the usual Casimir projection operators. Carrying out
the indicated integration over p; and integrating both sides with respect to

Pys one obtains the desired three dimensional equations

(PO—J—J.'QJAIZ)¢(£>.

= @ ] COE) CPp) A C ') Clp K (b p) 861
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b
where
A= T T B
and
l/\_;:a (f, Mﬂ) =L (, f e, r € - E a) | -Ya(e: - € B(Qk._ea)

4 W

) Z L &prEy |
oy W€ A (2) = € A k)

in the notation of Levysa

8 Cf. L1, equation (42). The factor #(1 + €x +€, -€x€,) has been inserted

to take account of an error in sign appear;ng in that equation.

It is convenient at this stage to return to coordinate space. Eq. (2.5)

then becomes

(P-H - H )& () = [ V(e b)) Lo
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-
where
-t 5] XU AD I ()
Vi) =-enrt fep ek e C) C2(p)
~ 4 (2.8)
Lkey!

The assuﬁxption of a short range repulsive core limits the region of interest
to values of r~l/p . Since V(r, r') is a function sharply peaked at

T, fV(ﬂg, r') ¢(£')d3r' may be replaced by

ferr Ve e d() = vy d ) ‘

where

V) = ek e CO ) ) c"’( ) o)
Cox K (k.0)

S C(29)

Furthermore the potential V(r) can formally be expanded in the usual power

series in M/m ., To order H/m of the leading term, the functions Kf;

“become’

In the expression for Kk ; in (2.10) the velocity dependent terms were
neglected, since to investigate them consistently would require consideration
of terms in the fourth order potential, It is not totally clear that they

will cancel, as they do in the work of Klein,
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-ge
Y | 12 2l A
(<|« = ws Kn = Kll = K,I—; —--KZ,“ = ——L-—;: - !
£ o , Zwﬁ 4 Ep Wy
I
K¥=z - K, = ' _ _| 2l
\ 22 an th 4‘E: )' Km -_ Kzl = O
S _ (2.10)
KEaKie o 38 . = w e
1z . : 2) Zw':. 80).( EK ) 12 = K?_l = - l’<22. - - KZ?.
_ | £ . k:12 ) l 2
= = ——— = - + ° - z b
W mEr T TIRn lcgr 0 Bx T (k*+ )

w'& - (B}_" qulm

By a straightforward but tedious calculation the potential may be recast in the

form o |
Vir)= ¢ 7T [\/, () ~ (@"# 8\, (1)

| ._(%(léﬁ_gh).t)#]_vs(nx _ (Ku.)ﬁ__l(zz

L
~
3|-
=
3~

= (P - B YR Ve Vi o) (B ™ p - B p ) Vel

~~

_ [5(\3 ﬁh) \/7 (LB ] \ (2.11)

where

Vile) = m)? [ak et F V()

Laad
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V, (£) = Byt 2m ()= Imr2E  Eg-m
4B lowg B T 32w EX qwE,
YR = =, (k) = -
(k) = _
32 Wy By 8w Ex 6wy ES
L - | ’(2.12)
Vs (k) = —2— + _ M (k). _m
R y 2 6 '/ = ——

| l o m+ 2E«
\L (R) = —— - 2
! 4wy lGw EX

. The equation (2.7) involves the sixteen component wave function #(r). The

next section is devoted to a natural rearrangement of the component equations.
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III. . Reduction of the l6~Component. Equation.

The lé-component wave function may conveniently be labeled by two
spinor indices, (eﬁch running from 1 to 4) Qxa(g), where the Greek index is
chosen to refer to particle 1, and thelLatin index to particle 2. In this
scheme f(r) may be Viewed as a 4 x 4 matrix, The left hand side of (2.11),

when in matrix form gives:

(Po - j_‘, - j-_{l )o(a,(&b Ct>p|, = (E So(f& Sal: _'IL’}{I)O(P gab "(H—L)ab 6°‘F) CPPB

f1

< a

P. 9. - (y-(m:) - (43 @V(—ﬁf)),m

| (3.1)

where "~/" denotes "transpose", and the derivatives in the last term act to the

left. Defining a new function

,_ém(” = (CP(MC") | (3.2)

. ‘ 10 |
where C is the usual unitary charge conjugation matrix , the r.h.s. of (3.1)

10 ~ ~

c¥,C'=-Y.; C=-2C

. - becomes.

KR ¢ - j‘((f) ¢ ' +» @3{ (-J’f)) C’La (3.3)
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11~
The matrix @ may be expanded in a complete set of 4 x 4 m’at.ricesll
11 ' .
Cf., for example, R. Finkelstein, Phys. Rev, 88, 555 (1952).
4 ’ _
B.(ty= ) X () 6w
s a - Ve P Vam f oLa °

T=z0 f

T~
where the P P are the sixteen Dirac matrices:

P: = ]_ 5 F'.IL = (XH“‘K") ; r‘; = (szs;-"xxl)“")

F:; = <FY0XLY3).‘.-'. Y|Xz.¥3> ) rl:. = XS'

The f index may alternately be specified by the set of numbers (sy; s,, 835 sO)
which c¢an take on values O or 1, They are defined by |

T 7 R 0 7

(3.5)

.
where Z_, S'A— = O_
F=e ) :
Manipulations similar to the ones leading to (3.3} can be carried out

for the right hand side of our equation. Inserting (3.4) in equation (2.7)
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and cancelling C on both sides one obtains after some rearrangement

CORATIE BT (e (e e

= m AT (1= )BT = T T () 0 V)

P ™ (0P V() = )T ) G B T
FOT V) (- ) s rg

4 _,ra PL' ((_'>a'\/4(r,)+(_)l+50 \Q(f))(l +(_,)‘T+5".)Y¢ \_‘;—]

. : : T
On the r°h°s°, the Py operate both on the potentials and .>\f

o

‘The equations for the ;\? (ﬁ:) may now be obtained by multiplying (3.6) by

a/
f‘F' and taking the spurs of both sides. Introducing the notation

/\. = }\Z » ad = (7,\',... ;\;> ) Qo‘ =' A‘o (307)
W) E = (AL AL)

(Ao, o A% AL = AL, T = AL

3>/‘"f;
o

>

| .one obtains the -set of eight equations -



[ PA-2pE

4—/\¥

—PRa-2pXA +2mE =

i
=5,
=
o
——
|
<
+
nY
~
+

UCRL~2/,02
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As can be seen, the equations split into two uncoupled sets (3.8a and 3.8b)

involving A, 0, E , A and [, Ao, Ml-i respectively. In the non-relativistic
1imit; the first set cbrfesponds to thé chafgé singlet atate.and the ;econd to the
charge triplet state, Each set may further be rearranged in terms of positive

arid negé.tiv‘e energy compohénts by xﬁaking use of the fact that

4N, =) )\? {(‘_(_)a-so> My (1 (-)7%)B F:‘}C (3,10)

=4 Py |
_ a T-Se o o-So o
t A ® = T AT (e )0 (e e
= 4 di)-_q: T
' wherel2
12 These definitions differ from those of Levy and Klein by terms of order v/c.

In their work Casimir operators replace our /\..

4 Ay = (178 )('*’(52) : 4 N, =(1+p, ‘)('-{3,_) (3.12)

ete.

Equations (3.10) and (3,11) imply that for the triplet state
CFH, = é—(l+f>)XLC (O; +E.;>,' 4{_='7(l—{3)¥;C (Q.‘"EL)
b = 5 (108)(A=ig )05 &, =4 i-8)(A+igA)C

(3,13)
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and for the singlet state

b, =2 (1) VLY,C (A -T)

(3.14)
=L (1 W %Y, c (/\ +0)

¢
_¢+— = 5 (1+p)(-¢ L ﬂ> 45 =z (1-8)( Lg»ﬂ)c
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IV. Angular Separation.
The angular momentum integral allows one to separate the angular

dependence of the wave function. For a system in a state J, M, one finds
2 + T+So s S ) T T
[J—L -2+ 5 (1) ((—n)'+(—l)‘+(—t)’>]/\f [ (4.1)

— LK )\P O_K -‘—|Pr (.I_(—‘Ba'-fSo +SK>

G +Ss +S3 ) \"(402)

M-L AT P = L 2T a1y (1 -(-))

where }'.* is the orbital angular momentum operator. Hence the quantities

A, T, 7\° satisfy
(F7-1)s =0 o (4.3)
( M - L}\g = O

, H satisfy

r~~

3>

and the quantities Q, €,

P

(3*-L-2) Y =20 LxV (4.k)

(M“~L?>vx -‘-""I.,V.a
(M- L)V, = CV,
(M*LEB»V'&: O
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: m m
The latter are the eguations for the vector spherical l’xa.):'rabnicsl3 'YZ? 5 )C ¢ N g L
Ao oo POy

1:5 ' .
Cf. Kemmer, Helv, Phys. Acta. 10, 47 (1937), H. Corben and J. Schwinger,

Phys, Rev, 58, 953 (1940). The notation used is that of Kemmer. Note the
m
three components of & Y|, etc, listed by him correspond to ’r) -, N=

and - V'].,. ete.

To decide upon the correct combination of these functions we make use

of the generalized parity operator

T = Pes® - | (4.5)

(which reduces to the ordinary parity operator P in the non-relativistic limit).

Since

ﬂ'¢ = 2 (_ﬁl)cr_swt ?/\: l-—,;-—c (4,6)

and since the triplet and singlet wave functions are separately eigenfunctions
of TT (with eigenvalues + 1), one finds that the most general form for the

functions is

A= um Y,



E; = Uq(v) pzc:,'.
Zl - ue(i)’t1;4
o= \/,é’t3 Y
Ao = Vilw) YN
where U,, .. U, o V.

UCRL-2402
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Us () NS;J: -

M

+ V4(’1) §:r~r\

V4 are radial functions,

(4e7)

After substitution of these functions into (3.8a,b) the angular parts

may be divided out and general radial equations obtained.

results only for the J = O (iriplet charge state) and J = 1 (singlet

charge state) casess

=0

(‘Pu“~ ZI’T])-‘F.;_* + L {/d/‘df""z/r)\?:?- = _CA.L(T:“ ’T-‘l [(\/:‘\/7'2V2>'?-m

We state the

(4.8a)

- f/m (d/dy‘ "'v' 2/?‘)('\)’* (\/(1 + \/5’ - \/4 - \/3 ))J _

(Povzm )i~ (Aerr+2fe v, = G T T [(\/‘ -V, + 2\, ) (., (t.80)

+/m ( Yar +2'/Y)(U‘4- (Ve - Vs - Vy + VB))]
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[Po + %'L T Te (V. + Vs ﬁ LA k ‘ (4.8e)

= _20 d/ar [_F++{ " (az'r'.'r?_/,.n)(\/3 + V, + \/5. 1-\/4)}

_ 'F""{l -+ ﬁ T Tz/rn)( —\/va’ Vg“ \/(,)}] :

where 'F-H- z ( v, - 'U',) and -?_- ='h (U, +V,), These linear combinations;
as may be seen from ecuations (3.14) ‘and (4,7), are the radial parts of ¢++
and f@__ respectively,

For the J = 1 case, we similarly define the quantities -Ff... = '/z (U,_-«- Uq.)
P = Ve (we-we) | Pl = A (Uyeus) , £ = n (uy - Us)
which are the appropriate radial functions for the { =0 and { = 2 states.

Writing u = -Nzu. : u" \/_ué we obtain

®—2m)fe, + ' (Yar+2/e) (20 +ul) = aTTz[f (v. V, - va) (4.9a)

_ .u./gm(d/m +2/r){(\/s— Vy + VL-VJ(?,L!Z -u )}]

(P +2m)F2 + 16 (Yar +2/ ) (2ug -u ) = 9 T+ T, [{H (V= V, +2Ve)
| | (4.9b)
+ Vam @ar +20) { (V= Ve = Vi + V3 ) (2u] + u) )} ]
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(P°-2m>{:+ + '/3 (d/a‘r - \/T) (ué _»u\/ > = %1'-“'7:2 [-F_?. (V| - V'7 —Z\/L> (ho‘?c)

amar = ) { (Ve Vo=V -V (il u) ]

(Pb"' 2m) 'F...D_ + s (d/df” '/Y)(U.:* U/ ).=%2T|‘T2['Fj (Vl" Va *?—\/2> (4.9)

+ 'fam (dlar - ‘/r){(\/ﬁ vf“v” -\GS(UJ—-W%]

[P.ov g T (v U’ = 24/ar ( P - F5)
(L.9e)

-4 (d/dr f'3/f)(¥+‘b+ - F—D—) + 2%1T"T2/m [gf‘r{(\/ﬂ Vs’)(‘fi '.)C-s->
- +,‘(V¢,+ V(£ + P—s~>} ~2 (,d/‘*," 3/ )1 (v # V)2 - £2)
F Vv (F2 ¢ 6203 ] '

[-Po - %1ﬂ°T1(V|-% \/7>] u: =2 d/d!’ (‘Ff»f t §'%) _

- (4598)

r2(Har 3VER 4 £2) - TR [ (V) (55 4 £5)

(Ve V”*)G*i ) 55) r (d/dv*3/?){<\'/3+-.Vs)~(f+?+ ()
P2 =20 ]
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V. Discussion of the J = O and J. = 1 States.

The quantity Vi, which>is related to the ‘¢4"_ and ¢,;+‘componénts in
the J = O case, may easily be eliminated from equations (4.8 a,b) with the aid
of (4L.8 c¢). One thus obtains a pair of coﬁpled differential equationﬁ for -F1_+
and f__ . Separating out,in the first equation, the quantity —!/m (dl/dr"+(7'/r)d/dr>¥#
which is the kinetic energy structure with reduced mass, one obtains

(B, -2m)f oy + oo (a0t ) Afar) £ (5.12)

— 2%+ —dz. L _ T | :
) szﬂ'mvwv,\( 2 ) TR (e Vet v v V)

2 f++
ﬁ%*’%zﬂ‘13.(vt+ V7

P [P (i, )]di'; [t ‘1__._—11"“‘(%4- Vo

£ Vst Vg)] - gf"[j .'Tz(\/,—v7‘-fz\/l> [.. + other Ferms T

(Por2m) f_ = G T -Ta(VimVy +2,) f,, + ofher terms (5.1

"The remaining terms were not expiicitly'written down as their structure is
not germane to the subsequent discussion. They consist of velocity dependent
potentials generated by the elimination of the Q;ﬁ and ¢;_+ components,

and of W/m corrections to the leading potentials.

Setting Po & 2m and neglecting H./h‘ corrections to the leading potentials,

the first two potentials on the r.h.s. of (5.1a) become (see 2.12):

3
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D2
I H4AT ) (Mem) T Ty — .
( 41 )( 2m> 2 >+ (% /STT) T T—L _Hr/r_ (5.2a)
and 4
X v . . | Fkl
BA(F T Te/am)" (Foem) (5.2b)

(Nﬂ+(%kw) "Hk/r>

(e ey e opeyr

(In obtaining (5.2a) the contact term has been dropped.) The first éptential
clearly corresponds to the usual Yukawa potential modified by the factor in the

denominator. - Upon expanding this denominator one obtains

-5 /4m) T T P (khm)' "/ [l — Vo (84T T, T, (u/zm)e"‘“/w |

‘ (5.3)
+]

‘While the second term in (5.3) is of order [/2m of the leading fourth order
potential obtained by Levy and Klein, it appears from (5.2a) that an expansion
of the denominator is poor in the region r < 1/ (for g2/, ~ 2m/r¢ ).
Thie sacond notentlal, (5.2b), corresnonds to part of the one-pair terms obtained
by Kleln, modified by a simi}ar denomlnator.factor, If one eliminates f__ by
'pertﬁrbation theory, which t§ first order would correannd to neglecting the
"other terms" of (S.ib), one obtains a two-pair term which is however of order
M/2m of the dominant two-pair potential of Klein. This potential csrresponds

to the two pair structure when both are in the field at a given time. The latter

\
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case arises in the second non-adiabatic approximation to the A 4+ interaction
(and in the crossed meson diagram (cf. L2, Fig. 1, aj, as)), the first non-
adiabatic approximation apparently not allowing "sufficient" retardation for suqh

a situation to occurlsa

15 ‘
We may remark parenthetically that the M /2m two-pair terms mentioned above

~will cancel with the M /2m correction to the dominant two-pair structure in a
perturbation scheme, as shown by Klein, To see whether this will happen in the

present approach, would require detailed calculation.

The rest of the one-pair terms come from a éimilar source.,
Turning to the J = 1 case, it is clear that the elimination of u,’
and u‘,’ in (4.9 a-d) via (4.9 e, £) will yield denominators of the structure
P+ 4T T, (Vi+ Vo) . Siwe  T,«T,= =3 the upper sien
prpduceé a singularity which occurs approximately at the zero of 2m - 3/ ( ﬁqu)e—'%

: 16
i.e., at r ~ 0.7 f/pe for /e = Zm/l’"

16 = : |
A 'similar calculation using the lowest order kernel recently derived by

Dyson, Phys. Rev. 91, 1543 (1953) in the new Tamm-Dancoff formalism does not

alter this conclusion.

Although it is not necessarily true that the above singular behavior persists
in the more rigérbus equations containiﬁg integral operator potentials (because
there the explicit elimination of the @+_ and @ _, components is not possible),

. . 1
it is certainly clear that the perturbation expansion is invalid for /% 2"’/}4 .



UCRL=~-2402
T

. I
[

If one now proceeds to eliminate all negative energy :components in a :-

perturbation fashion, one obtains the following equations, to 1oﬁest ordef_

.('Po—z‘ﬂu = -i/mYd%ar)uw o+ Ve + 2% Vwr (5.4a)
(P-2m)w == (/m) (4 - G/rﬁw’-ﬁ Ve w o+ 27 V. wr (5.4b)
where u= fofro W:J—Z‘Ff+/r_

Ve = - (@/am) (rfm) e M/
V= (@A) () (e 3/ 43/ (0t ) e:*”/f

It is interesting to observe that the tensor and central forces do not appear as
in the usual structure (e.g., L2 equation (71)). The reason for this may be
seen by returning to equation (2.9). Two of the terms appearing in the

integrand of the potential are

((/wg) Cin(t) C(:\ (fﬁ Pm :m {3(-&) Xgm Ci) o) Cfﬂ (o)
.and _ . (5.5)
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Taking the non-felativistic form of these two structures one obtains




UCRL-2402

“25m

.('/4m>z(5_"'m'£>(|+ (.%f"> (E"—), f.> (‘ . P>m)

and
(5.6)
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respectivelys The first term is the one considered by Levy and clearly yields
the usual tensor force in the ¢.+*.state. However, adding the two expressidng,

the tensor part disappears, leaving only

BNV (‘/4m)Ys(l)(l +P“>>U(Z)° F ( H’Fm)
. - (5.7)
Had one made a perturbation expansion on the second of these terms, its effect
would appear as a fourth and highér_order potential. On the other hand, from
the cancellation observed here and elsewhere in (209) one sees that.these higher

order potentials sum so as to replace Vi W by :)A; W in (5°ha) and
(Ve =2V )w vy \pwr in (5.40).
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VI. Conclusions,

The procedure utilized in the preceding sections allows one to examine
the validity of the berturbation treatment of the negative energy components.

It was hoped at the outset that the avoidance of one of the perturbation
approximations inherent in the Levy-Klein program mighf lead to a convefgent
series of potentials. This now appears to be doubtful. The pole that appears
in the potential for the deuteron seems to invalidate the ;J/h expansions which
are necessary to replace the integral operators by multiplicative potentials.
Aside from this,; the large number of M/m corrections to the leading potentials
tends ﬁo cast doubt on this method.

Perhaps a more disturbing feature is the change in the structure of the
ngual tensor interation. Here one has an example of a series of supposedly
"small" potentials, adding up SS as to modify the lowest order potential. This
phenomenon is independent of the size of the coupling constant, and hence is
characteristic of the pseudoséalar nature of the interaction‘only‘ The
possibility is thus raised that other "leading" potentials may similarly be
modified by series of terms not even considered in a perturbation scheme to a
given order.

To see whether these difficulties occur in higher order approximations,

would ofrcourse recuire detailed calculations.






