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tantamount to the irreducibility of the direct-product
multiplet, which was to have been proven.

CONCLUSION

A study of the physically apparent transformation
properties of the single-particle states has led us to two
conclusions about the structure of a group that includes
both internal and Poincaré symmetries. It has first been
shown that only a group with an infinite number of
generators can have single-particle multiplets with
several different masses. Even if one is willing to accept
such a group, it is not possible to construct a physically
satisfactory theory. The second theorem shows that no
two-particle states are reducible This implies, for
example, that in octet-octet scattering the familiar

4 A special case of the second theorem has been previously
discussed. See N. M. Kroll, Phys. Letters 20, 531 (1966).
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formula 8X8=1+8+8-+10+104-27 would no longer
be valid and only a single scattering amplitude would
be required to describe all 64 reactions. The present
results are to be contrasted with previous theorems of a
similar character.5¢ The earlier results are obtained by
making assumptions about the structure of the Lie
algebra of the combined Poincaré and internal groups.
These results are confined to groups with a finite number
of generators. By treating the states and their trans-
formation properties rather than the operators, we have
shown that only groups with an infinity of generators
can have an intrinsic mass formula but that these
groups are subject to very serious objection.”

5W. D. McGlinn, Phys. Rev. Letters 12, 467 (1964).

8 F. Coester, M. Hamermesh, and W. D. McGlinn, Phys. Rev.
135, B451 (1964).

7 An example of this type of group has been proposed recently
by J. Forméanek, Nuovo Cimento 415 741 (1966).
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An integral representation for the renormalization function, Z3(s) =Ar(s)/Ar’(s), and hence for the
composite eigenvalue conditions Z3()=0, lim,.,,, sZ3(s) =0 as well, is derived. The representation allows
for the possible emergence onto the physical sheet of Castillejo-Dalitz-Dyson (CDD) poles, as the coupling
strength increases, by satisfying the requirements of analytic continuation in that parameter. The com-
posite conditions are obtained in a relativistic scalar model (in the elastic approximation) and in a one-pole
nonrelativistic model; in confirmation of a surmise due to Ida, these conditions are found manifestly inde-
pendent of the position of the CDD poles. Applications of the representation to some limit problems in the
theory of noncomposite particles, to the Zachariasen model, and to a multichannel generalization of that
model are made. The extension of the representation to the nucleon is the basis for a brief numerical an-
alysis of Zy(w) and related quantities in the one-branch approximation.

I. INTRODUCTION

IN a succession of papers!™ dealing with the Green’s-
function approach to some problems in the theory of

is a Herglotz function. It follows that Z3(s) can be ex-
pressed as

g 1 s—ut [ o(s)g%ds’
strong interactions, Ida? has been able to show, by Za(s)=1+ /
paying special attention to propagator zeros, the 1 e | D) | 25— p2)2(s"— s—ie)
equivalence of that approach to the ordinary N/D
method.* Central to his demonstration is the observa- s—u?
tion that the renormalization function, defined by +Z”: Cns —,’ (2)

= Ap 1
Zo(5)=2r()/AF'(S), M where the sum on the right-hand side of Eq. (2) repre-

* Research supported in part by the National Science Founda-
tion and by the Rutgers Research Council.

1 M. Ida, Phys. Rev. 135, B499 (1964); 136, B1767 (1964).

2 M. Ida, Progr. Theoret. Phys. (Kyoto) 34, 92 (1965). We wish
to thank Dr. Ida for a report of this work prior to publication.

3 M. Ida, Progr. Theoret. Phys. (Kyoto) 34, 990 (1965);
35, 692 (1966).

4 G. F. Chew and S. Mandelstam, Phys. Rev. 119, 467 (1960);
G. F. Chew, in Dispersion Relations, edited by G. R. Screaton
(Interscience Publishers, Inc., New York, 1961), p. 167.

5 Qur discussion is limited to the relativistic scalar model con-

sents the Castillejo-Dalitz-Dyson (CDD) terms®; the
sa’s are the zeros of the meson propagator Ag'(s). It
is assumed that the propagator Ap'(s) satisfies the

sidered by Ida (Ref. 2): S-wave scattering (in the elastic approxi-
mation) of a scalar baryon (M) and antibaryon with a (scalar)
one-meson (u) intermediate state. For simplicity, we have taken
over the notation of Ref. 2 wherever possible.

6 L. Castillejo, R. H. Dalitz, and F. J. Dyson, Phys. Rev. 101,
453 (1956).



151

Lehmann representation in its unsubtracted form

iAp'(S)=
ul—s
O p(s")g%ds’
+—/ N (3)
m J aarr | Za(s")D(s") | 25" —u?)*(s'— s—1ie)
or in its once-subtracted form
1AF (s)= +d
ur—s
s—u? [ p(s)g%ds’
| / —. @
m Jaarr | Zs(s)D(s) [ H(s" =) H(s" — s —de)

At about the same time, Jin and MacDowell” provided a
dynamical basis for the appearance on the physical
sheet of propagator zeros (as well as for vertex poles) by
assuming the possibility of analytically continuing the
propagator (as well as related quantities) as a function
of the coupling constant. To summarize what in their
discussion,” is relevant to our present considerations:
Jin and MacDowell take for their starting point the
Lehmann representation of (2) with the coupling, say
g%, sufficiently weak so that there are no physical propa-
gator zeros, i.e., no CDD poles in Z3(s). As the coupling
is increased, a pole of Z3(s) on the second sheet moves
around the threshold s=4M?2, onto the real axis of the
physical sheet, below threshold and above the physical
pole (of Ap’), u2, pushing the contour of integration
(say C) ahead of it.8 The pole of Z3(s) then moves from
the right to the left of u? as g? passes its critical value.”
Thus one now finds an additional term in the expression
for Z(s), on returning to the “original” Lehmann form,?
which is just the CDD pole term.®

Now Ida!? has shown very simply how to determine
the constants ¢, at these poles s, in Z3(s). Because of the
division of the scattering amplitude T'(s) into its one-
meson reducible term? and one-meson irreducible term,?

U(s)=N(s)/D(s),

6s) g ()

T (=) Z)DE))E D)

)

poles in Z3(s) become necessary for the removal of the
unwanted poles in U(s), which are, in turn, produced by
zeros of D(s) [vertex poles! of the proper vertex
I'(s)=g/D(s)]. Thus we must have

¢
(50— 122D (52)N(sn)
7Y.S. Jin and S. W. MacDowell, Phys. Rev. 137, B688 (1965).
8 See Fig. 1in Ref. 7.

? A return to the original (undeformed) contour running from
4M? to oo is implied.

(6)

Cn="—
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Adopting Ida’s “principle of minimal singularity,”? one
finds that when Z3(«)=0,

1_1 /"‘" p(s)ds
g mJ e (s—p)?|D(s)|?

1
— s (7
z": (s,,——/,cz)zf@’(s,,)i)?(sn) @

also, if the propagator requires one subtraction as in
Eq. (4), one has in addition

0_~1f"° p(s)ds
7 J anre (s—pu?) | D(s) |2
1

-2 .8
n (Sn—ﬂz)g/(sn)m(sn) ®)

An apparent problem, noted by Ida,? remains. In the
case of a single pole, say #=1, we see that Eqgs. (7) and
(8) 19 involve s; as a “free” parameter. Since s; is in a
sense a “hidden variable” in the theory, it would be
desirable to show explicitly that Eqs. (7) and (8) are, in
fact, independent of it. [Our expectation of such a
possibility stems from the equivalence of (7) and (8)
to their analogs in the N/D method, Egs. (3.10) and
(3.12) of Ref. 2.] It is our purpose in this note to pre-
sent an alternative integral representation for Zs(s),
suggested by the result (6), which is, indeed, independent
of s;. We will see that the arguments of Jin and
MacDowell” are more easily illustrated by means of it.
Moreover, this representation yields considerable ana-
lytic simplicity in calculations based on the Green’s-
function approach. In Sec. IT we derive the integral
representation and discuss in terms of it the problem of
analytic continuation in coupling strength; the accom-
panying derivation of the composite eigenvalue condi-
tions is also treated in some detail. In Sec. III we apply
the representation to a soluble nonrelativistic model
which was earlier scrutinized by Ida.? In Sec. IV applica-
tions are made to some limit problems in the theory of
noncomposite particles, to the Zachariasen model, and
to a multichannel generalization of that model. The ex-
tension of the representation to the nucleon and a
brief numerical analysis of Zy(w) and related quantities
in a “one-branch” approximation are given in Sec. V.

II. INTEGRAL REPRESENTATION OF Z;(s)

We assume the coupling g2 too weak to produce a
zero of D(s) on the real axis of the physical sheet below

! In the composite case, these are residue and mass equations,
respectively.
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Fic. 1. The complex s plane showing the contour v
in the weak-coupling situation.

threshold; then

Zs(s)=1+

s—u? [ p(s))gds’
©)
7 [mz D) | 25" — u2)*(s'— s —1e)

. s—,u2/‘°° g%ds’ 1
—14
T r e (5= )5 — s—ie) 2N(s")

x[ : ] (10)
D(s'+140) D(s'—10)

since,
1 1
D(s+10) D(s—10)

20
R — 10)N 0). (11
S TR, (D
Hence
s—u? g¥ds’
3\§)= 1 'r ) 12
Zs) 2mi /7(s’—u2)2(s’—-s-ie)%(s’)@(s’) (12)

where the contour v is illustrated in Fig. 1. The problem
of analytic continuation in g?is then solved by requiring
that v be “pushed” ahead of any pole, say si(g?), as
the pole moves along the real axis below threshold
with increasing g% The situation that obtains when

ne am2 v
e L N e
{o s
]
(@) !
Fi16. 2. The com-
plex s plane showing
in (a) the contour y
for g2< (gz)critica,l and
in (b) the equivalent
contour which ex-
poses the contribu-
tion of the propaga-
tor zero, 51 to Zs(s).
Fl h 4ml
o " [P ]
U
§,
(b)
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§*<gaitical, that is to say, when the pole emerges onto
the physical sheet, is illustrated in Fig. 2. We see that
the contribution from the CDD pole of Z(s) [or zero of
D(s)] is —g{(s1—u?) (51— 5)N(s)D’(s1)}%. Of course,
it is possible to ignore the deformation of v necessary
when zeros of D(s) appear on the physical sheet by
simply “excluding” them from consideration when the
contour vy is closed. M Thus, if we write

/ - (13)
¥ <, ignoring possibility of zeros in Q)
so that
s—u? gids’
Zy(s)=14+— / : , (14)
2mi Sy (5= u?)(s"—s—ieN(")D(s')

with the composite eigenvalue conditions given by

1 g%ds’
2mi 5 ("= u)MN()D(s")
and
/" ds’ 0
=0, 16
v ("—=u)N()D(s") 19

then Eqs. (14), (15), and (16) are manifestly independent
of the possible zeros su of D(s). [Note that y naturally ex-
cludes pseudoresonances.] On closing the contour v in
the usual way, we find the useful results!?

Zi)=1——" / gw‘
21 )y, (5" )’ — s— i) R(s)D(s")
L !
=)L REDE) moe)@w)}
¢g2‘)?’(u2) 8D ()

I U ’ (17)
Ny N
1 2ds’
Z3=0=1+ / 84
2mi J 3y, (8" — )2 N(s")D(s")
ENW W) g2 (u?)
+ - , (18)
{NW)}2 N
and
1 ds 1
- ' (19)

1 =0,
2wt S oy, (s—w)R(DEs) ~ N(w?)

1 The assumption that the contour cax be closed (that is, that
the contribution from the infinite circular arc vansihes) may it-
self be a useful, albeit weak, constraint on the asymptotic be-
havior of 9(s) and D(s). Thus, for example, from Eq. (32) we
conclude that if ®D(s)~Ins asymptotically (Table I of Ref. 2),
then M (s)~constant asymptotically is consistent with the re.
quired asymptotic behavior of |sR()D(s)].

12 We suppose for simplicity that 9t(s) has no isolated zeros. The
contour vz runs from s=-— along the upper side of the left-
hand cut to the branch point s=sz, thence back to s=— « along
the lower side.
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where we have used?

D=1, (20)

which follows from?
—u / p(s)N(s")ds’
7 Janr (5 —p) (s’ —s—1ie) '

If one utilizes Eq. (18) to simplify Eq. (17), without
necessarily taking Z3;=0, one finds

D(s)=1—- 1)

Zy(s)=Zs+

Asoso wwsi)
(s=uPLN(HD() NW)D W)
1 g%ds’

- (22)
211 J 3y, (8= )N )D() (8" —5—1c)
with the resulting asymptotic behavior for Zs(s),?
Zy(s) > [NEDEN I, (23)

for particles of intermediate? and composite types. {In
the case of the pseudoscalar model of Ref. 2, where
p(s)=s(1—4M2/s5)'/2, this behavior is given by
Z(s) = [No()Do() I}
{Note that since
(1/28)[N(s+10)—N(s—130) J=ImT(s)D(s) ,

on the left-hand cut, one also has the further
simplification

1 ds’ /SL ds’ ImT(s")

S — —_— (4
201 ) POREDE) oy PR ey
where P(s) is a real polynomial in s.}

The eigenvalue condition (18) may be carried some-
what further. For example, parametrically differentiat-
ing the condition (19) with respect to the eigenvalue u?
one finds

d 1 1 ds
2N 2mi Sy (s— 2y N)DE)
1
— —[NED() T 25
poed B dﬂ[ ODEOT (25)
thus'?
_ / RO i
g* ™) (s"—u?
~+contribution from the left-hand cut. (26)

13 We have used the result,

® p()N(s)ds
ot (=)

D)=~
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Without further simplification of (26), we note its
close resemblance to the corresponding condition in
S-matrix theory!4; expression (26) may have some
utility in the case of small binding energy.!

In the case that the numerator function, (s), is
approximated by a sum of poles, as, for example, in a
Baldzs-type representation of the left-hand cut, the
utility of the representation under consideration is im-
mediate; the eigenvalue conditions (15) and (16) then
reduce to algebraic equations.

III. A SOLUBLE NONRELATIVISTIC MODEL

We consider here briefly the soluble nonrelativistic
model used by Ida? to illustrate the s; independence of
Egs. (7) and (8), but now from the standpoint of our
Egs. (15) and (16). The model is defined by?

ImT(s)= —amd(s+K.2), a>0 27)
with s= k2. One has for 9(s),
N(s) =N+ aD(—K.?)/(s+K.?), (28)
with
D(s)=1—-N,(Kp+ik)
a[1+N(Ko—K5) ]
1-(o/2K)[(K~K5)/ (KA K5)]
(K p+ik) (29)

(Ka+KB)(Ka_7:k) ’
after making use of
14N (K.—Kp)

D(—Kad)= . (30
( ) 1_(a/ZKa)[(Ka_KB)/(Ka+KB)] ( )

Then
gz
Z3=0= 1—
(Kp*— K@) N (—K)D(—Ko?)
2V} ( — 2 4 K 2
=g§R( KB) @( B%) 31)
{%(—KB2)}2 ‘ﬁ( Ks) '

where the second term on the right-hand side of (31)
stems from the zero in N(s) at s=—Ko*=—[N K.?
+aD(—K2)]/N,. Similarly the “mass” equation (19)
yields

1 1

= } . (32)
N(—Kp) Ep2—KAHNW(—KHD(—K?

It is useful to parametrize the functions ¢ and D in
terms of the zero k=K of D(s); then as Ida has

14 M. Nauenberg, Phys. Rev. 124, 2011 (1961).
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shown,? the correct Ki-independent results

Ka""KB
e
Ka_KB
a—2K,
K=K a( ) , (34)
a+2K,

may be conveniently obtained by carefully taking the
limit Ky — K,. Itis interesting to note that contrary to
an assertion of Ida,!® we can still use the nonrelativistic
version of Eq. (6) to determine ¢;, although in the
limiting process the propagator zero at s=—K,? coin-
cides with the pole in T'(s) at s=—K,? when K;=K..
Ida gives’the expression appropriate to this situation'®:

g
N &e—EH)D (~KDar
N(=KH)}———, (35
+N( ) KD (35)
where, for K1=K,,
N(s)=—(K.—Kp)*, (36)
D(s)=(Ko+ik)/(Ka—KB). 37

Instead, let us focus our attention on the nonrelativis-
tic version of (6),Y

2
T (KIZ—KBZ)sz’f—Kﬁ)%( e
we see that the difficulty appears to be with
limg, .k N(—K12). Observe that since
NE)=N(0)+aD(—KA)/(s+K.),  (39)
we may eliminate (), writing,
=T K+ aD— K —— o) (4
(+EKA)(EP—KdP)
For K;=~K,, we approximate O(—K,?) by
D(—K )= (K2— KD (—K1?); (41)

15 See the closing remarks of the Appendix to Ref. 2.

16 We surmise Eq. (35) was obtained by comparing 7'(s) in the
neighborhood of s= — K,? with its equivalent form,

U(s)=T(s)——T(s),

(s+K584)Zs(s)
in the same neighborhood; thus, taking expressions (36) and (37)
for N(s) and D(s), respectively, we have

T2

s+Kq?
~ gz 1 m("Kuz)

K —KD)C:(KH5){D'(—KH}? ' (Ka*+5)D (=K

17 Note that 0(s), ©(s) are the parametrized functions (in terms
of Kl).
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then,

+K4?
sz(—Kﬁ)zﬁ)}(s)—a@’(——Kl?)(S < 2) (42)

s+Kq

S+K12
gsﬁ(s)—a@’(—Kaz)( ) . (43)
s+ K ?
Holding s fixed, we take the limit K; — K, on the right-
hand side of (43) [(s) is now independent of s]; it
follows that
lm R(—K)=R(—K )~ (—K2),
where on the right-hand side of (44), M(—K,?) is given
by (36). Thus,

(44)

g2
(K=K 52D (— K )[N(—K D) —aD (=KD
(45)

c1=—

which is, of course, identical with expression (35).

I1V. DIVERS APPLICATIONS

In this section we sketch briefly three elementary
applications of the representation (12) which serve to
illustrate the ease with which results earlier derived by
more cumbersome manipulations may now be recovered.
As a first example,® we show how the transition from
intermediate [Z3()=0] to composite [Z3(«)=0 and
lim, ., $Z3(s)=0] particle type may be observed in the
scalar theory without explicit reference to the scattering
amplitude 7'(s).? One substitutes the representation?®:'®

11 (@) / ds’

D) D) 2mi oy (=)D —s—ie)
1 Is—,u2/"° ds’p(s")U*(s")
= ™

Dw) 7 Jae (" —u)D() (5" —s—ie)

- 1 / 1 ) (46)
T@’(ﬂcz)\ﬂcz‘ﬂz uel—s

18 The representation for [(s)]™! results from the alteration

(in the sense of an analytic continuation) in the usual Cauchy
representation of the vertex function,

T'(s)=T[DW)/D()]

_ s—u? T'(s")ds’
_P0+ 2mi -[Yelnstio (S’—,uz)(s’—s—ie)
_ s—pt [* ImT(s')ds’
=Tt T ﬁMﬁ (" —u2) (s’ —s—1¢)’

to allow for the emergence of a zero of (s) at s=u,? onto the
physical sheet.

19 Note that
Hmuz»ucz D) =0 and Hmnz—-u¢2 [SD (S):I_l= [(S_/‘ﬂz)@,(ﬂﬁ)]—l»
so that lim,2,,2 T'(s)=0 for s5#u2, whereas lim,2,,2 I'(u?) =T..
{Incidentally, we note from (46) that if [© ()] is finite then
limu2,,.2 [D(0)] is also.} Clearly, for s, u?~pu.? the vertex
function T'(s) =Tc(u2—puc2)/(s—uc?). This singular behavior has
led to a continuing misapprehension in the literature. For example,
Broido and Taylor remark [M. Broido and J. G. Taylor, Phys.
Rev. 147,993 (1966)] that “the . . . vertex function I'(E) vanishes
except at the bound-state energy B, when it takes a finite value.
Evidently such a function cannot be treated in a consistent
fashion without vanishing effectively everywhere.”
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into the representation for Zs,

1 TD?)]ds
Zy=0=1——n [ ——— =
2mi )y (s—uB)®N(5)D(s)

[Dw)]?

=1+4T,?
(et = u) N D (ue?)
+terms which vanish as u?2— w2, (47)
and recovers the relation?
im  Zy=14+T2 (ue)/N(uH)=0.  (48)

u - ud

Similarly, one finds that Zy=lim,z.,,:D2)/D(«x)=0
together with Z3=0 ensure that

lim {lim sZ3(s)}=0.

u—pc 80
On the other hand, if Z;70, then the pole term in
[DE)T Y [s—udD (ueH)T! furnishes the only non-
vanishing contribution to Z(s) in the limit u?— g2,
and in the neighborhood s~ u?~pu.?, one finds?

Z4(s) =14 (Zo— 1><:_” ) . (49)
-~

The solution of Zachariasen’s model?® is too well
known to warrant more than brief mention here. We ob-
serve merely that in the absence of a left-hand cut, one

has
N(s)=N(o)=N, (50)

where \ is the four-point coupling, so that the repre-
sentation [Eq. (47)] yields

gLOW) I 1 1
Zy(s)=Zs+
S YR @WJ
) =Z{Zs—Ns—u2—(g¥/N ]I (s,u®)}  (51)
with
Zy=1—gI(u%u?)=D(u?), (52)
1 = o(s")ds’
I(s.u®)=— , 5
(5) W/;M’ ("= ud) (s’ —s—1ie) (59
and D) .
A u2)T?
T(s)= |- g2 5
) D(s) g[@(s):l Z3(s)(u—s) 54
AM-g%/ (u—ys) (55)

" Zi N (N T (sps?)

It is no more difficult to obtain a closed form for
Z4(s) in the case of the generalization of the above model
to n two-particle channels.®?! Thus we are able to

20 F, Zachariasen, Phys. Rev. 121, 1851 (1961).
% Such a closed form is lacking in the lengthy considerations
of the latter of Refs. 3.
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transform

s—u? 2 ds'TH(s)e(s)T(s’)  s—u?
Zy(s)=1+ }-C , (56
) T [th (s"—ud)(s'—s—1ie) pl—s (6)
where
N I =2 ()D)g 57)
wit
Im®(s)=—N(s)o(s) (58)
and
) L (s)te()T(s)=Img™DT(W)HRTC(s)  (59)
into
s—u? ! ds’
3(s)=1
Zis)=1+ 21 [, (8" —u2)2(s'—s—1ie)
XgTDT(W)RTIL(s’), (60)
and finally, to obtain
Zy(8)=Zs+(1/(s—u?))g™D" (u?)
XRLr(s)—Twy], (61)
with
Zy=1—g"DT(WHRT{[(d/ds)[ D" detD]] (o=t
=D (w)[(d/ds) detD(s)J(omun}
X[1/detD@)IDW)g, (62)
where
N=2x. (63)

V. PROPERTIES OF THE NUCLEON
RENORMALIZATION FUNCTION

In this section the integral representation for the re-
normalization function is extended to the nucleon and is
the basis for a brief numerical analysis of Zy(w) and re-
lated quantities. The usefulness of the representation is
readily apparent in the facility with which such an
analysis may be carried out.?? To make life simpler, we
confine ourselves to a “one-branch’ approximation to
the pion-nucleon vertex function.?® Thus we take

I(w)=gD'(w), (64)
with @)V @)
pr (W w
W)=g—— >
Mg o w2mtu (69

and by steps similar to those of Sec. 2 arrive at an
approximate expression for Zy(w),

e
9 /’ dw'3g*(u/m)?
y 167(w' —m)*N (') D(w') (' —w—ic)

22 This subject was studied rather closely by Ida in the second
of Refs. 1; we use his notation wherever possible.

28 This is rather like the approximation made in an S-matrix
study of the nucleon as a bound state by L. A. P. Bal4zs, Phys.
Rev. 128, 1935 (1962).

24 We have dropped the contribution from negative-energy states
which Ida (Ref. 1) estimates as about 109, of the contribution to
Zy from pion-nucleon intermediate states.

(66)
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with
ZN= ZN( o] )
1/ dw'3g2(u/m)*
=1—— / a . (67)
2wt J 4 16w (w’—m)2N (w')D(w’)
Then, in the approximation!
1 2 16 f*
N(w)=- +— D(w1) (68)

3w—m 9 w—m

with f2= (u/m)%(g%/16x), f**=3%/2, D(w1)~1.56, and
w;=0.68m, we find

1 3
Z =1_3 2 if ) 69
AL P e R

where wy is the zero of the numerator function N (w) at

14-0.68/8D(wy)
14+1/8D(w)

0.97m . (70)

It is easy to satisfy the requirement Zy=0 even in this
crude approximation, as one finds that Zy=0 implies
that

D(wo)=1.125[141/8D(w)) T'=>~1.04.  (71)
Since! ReD(m-+2.1u)~0 and D(m)=1, a linear fit to
ReD(w) would yield

wo— (m~+-2.1u)

D(wo)= ~
(o) m— (m+2.1)

1.1, (72)

which is reasonably consistent with some curvature.?
After some formal manipulation of exact relations! one
finds that

dm=m—mo=lim Zy Y w—m)[Zy(w)—Zn], (73)

26 What is most surprising is the relative lack of dependence on
2 of this result.
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and, in the “one-branch” approximation,

w
om©® =lim —

W Doy
/' dw'3g*(u/m)?
v 167 (w'—m) N (w")D(w’) (w'—w—1ie)
w
=lim 13 2
w>e (w—m)N(w)D(w)
+ terms which are asymptotically

constant{ , (74)
so that m© diverges like limy,..,(w/Inw).26 Recently
Fried and Truong?” proposed to determine the sign of
the proton-neutron mass difference through considera-
tions based on the relation?

Z]\f'1

m—mo= —
™

X / Gl —m)r4 )= (obm)r_@)];  (75)
m+p

however, their assumption that the vertex functions
|Ty| are damped out beyond a few nucleon masses
would appear to make the nucleonic self-mass finite,
otherwise their “more accurate” expression? (which in-
cludes “implicit e2 variation of Zy") for Am= dm,— émn
contains a divergent integral, I(m), and is not well de-
fined. Furthermore, the limit Zy — 01is not a ‘“‘bootstrap
limit” as they say but merely takes an “elementary”
nucleon to one of “intermediate” type.? Finally, we
wish to remark that if one takes the nucleon to be an
“intermediate” particle, then it would be natural to
consider simply the difference in eigenvalue conditions,
Zy@®—Zy™=0, as providing the necessary relation
between Am=m,—m, and input discontinuities such as
the one-photon exchange graph,® for a given f2.

26 Inclusion of the contribution from the negative-energy state
reduces this divergence to a logarithmic one.

2 H, M. Fried and T. N. Truong, Phys. Rev. Letters 16, 559
(1%86 %.ﬁs is readily seen to be equivalent to our expression (73).

29 Equation (15) in Ref. 26.

9 R, Dashen and S. C. Frautschi, Phys. Rev. 135, B1190
(1964).



