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Relativistic corrections to Schi8's nonrelativistic analysis of the three-body nuclei form factors are
estimated. High-energy electron scattering from these nuclei is re-examined using an impulse approximation
in which the intermediate nucleon states are taken to propagate and interact as free particles. %'e conclude
that the corrections to the form factors are small (&5%) for —q'&8 F . However, it is shown that they
assume great importance if the experiments are used to investigate the neutron charge form factor. Various
effects arising from the use of the impulse approximation axe discussed. These include considerations of
current conservation, of the static limit (q —+ 0), and of the extraction of nuclear form factors from the
impulse-approximation nuclear current.

It is the purpose of the present paper to examine in
more detail, although still not completely, these rela-
tivistic corrections. %'e Grst point out the physical
origin of the parts of the problem from which these
corrections arise:

I. INTRODUCTION

"NFORMATION on the structure of the three-body
~ ~ nuclei (H' and He' —the trions or trinucleons) and
an independent indication of the neutron charge form
factor have been obtained from recent analyses of high-
energy elastic electron-scattering experiments per-
formed at Stanford. ' Both nuclei have spin -'„and the
Rosenbluth formula' has been used in each case to
extract two form factors. All radiative corrections have
been included in the experimental analyses.

SchiP has attempted to Gt these measured form
factors by using a nonrelativistic additive electro-
magnetic nucleon current to describe the nuclear-
current operator and making various assumptions
concerning the form of the nuclear wave function.
Several attempts to improve upon his results by a more
detailed examination of the nuclear states4 ~ and through
considerations of general meson-exchange e8ects"
have been made. In all these papers it has been assumed
that relativistic effects are small ((5%), the moti-
vation for this coming from the fact that a Foldy-
Wouthuysen (F.W.) reduction" of the nucleon-current
operator yields an additional term of relative order
q'/SM, which is &5'jjo (upper limits in this paper will
always be de6ned by the present experimental upper
limit of —q'& 8 F—').'

(a) In the intermediate states, both the interacting
particle and the two "spectator" particles must be
reduced to nonrelativistic (N.R.) form;

(b) the nuclear wave function or, in momentum
space, the vertex that connects three nucleons with a
trion "the trion-3 nucleon vertex, " has, in principle, a
completely covariant form and this must be reduced to
N.R. form;

(c) the nuclear wave function, referred to in (b), is
normally described in the center-of-momentum system
(C.M.) of the nucleus, while we shall require its form
in a moving frame.

We shall consider (b) and (c) together in what
follows. In Sec. II we set up the formalism so that the
impulse approximation (I.A.) may be used in a way
that we consider the most natural here, namely, that
of using truncated sets of intermediate states. The
calculation follows in Sec. III, where a partial-inte-
gration technique, explicitly illustrated in Appendix I,
is employed to perform the integrations over the inter-
mediate nucleon momentum variables. In Appendix II
we indicate how nuclear form factors may be extracted
from the impulse-approximated T matrix while in
Appendix III we show that even in the I.A. , current
is conserved.

f Ql'ork supported in part by the U. S. Air Force through Air
Force OfBce of Scienti6c Research Contract AF 49(638)-1389.' H. Collard et et, Phys. Rev. Letters 132, (1963);Proceedings
of the 12th International Conference on High Energy Physics,
Dubna, 1964 (Moscow, 1965); Phys. Rev. 133, 85'7 (1965).' See, for example, S.D. Drell, and F.Zachariasen, E/ectromag-
netic Structure of Nucleons (Oxford University Press, New York,
1961).' L. I. Schiff, Phys. Rev. 133, 8802 (1964).

4 T. A. GriBy, Phys. Letters 11, 155 (1964); B. F. Gibson and
L. I. Schi6, Phys. Rev. 138, 826 (1965);J. S. Levinger and B.K.
Srivastava, Qkf. 137, B246 (1965).

'David A. Krueger and A. Goldberg, Phys. Rev. 135, B934
(1964)~' A. Q. Sarker, Phys. Rev. Letters 13, 375 (1964).' K. %.McVoy and L. Van Hove, Phys. Rev. 125, 1034 (196' The notation used for kinematical quantities is illustrated
Fig. 1 (see also Appendix III).M is the nucleon mass. %e use t
metric in which the scalar product of two 4-vectors u and b
given by

II. FORMALISM

As stated above, the method employed is one closely
related to the I.A. , which in turn is closely related to
the formalism of the many-body theory. Just as there
are several equivalent techniques for attacking the
latter there are several for the former, ' the choice of

u b—=a„b&=uoba —a b;

and in particular q'= (g)' —q'. The usual conventions involving
summations and indices are observed. For convenience, we put
k=c=i, so that the 6ne structure constant a in these units
becomes e', the square of the electron charge.

9 See for example, G. F. Chew and M. L. Goldberger, Phys.
Rev. Sk, 778 (1952), who use the time-&ndependent techniques of
Lippmann and Schwipger.
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any particular one depending very much upon the
nature of the problem. Since high-energy electron
scattering is more familiarly described in terms of a
time-dependent formalism' and because relativistic
effects are clearly bound up vrith the idea of covariance,
vre employ the time-dependent approach and use the
Heisenberg representation. We shaH often employ the
language of 6eld theory, although this is not necessary.

The complete Hamiltonian H will describe the free
6elds of electrons, nucleons, mesons, and photons as
well as the speci6c interactions; that is, we take
electrons interacting with the nucleon 6eld only through
intermediate photons, and nucleons with each other
only through mesons. There may also be a photon-meson
interaction. All renormalization eGects are assumed to
have been included.

Let us first consider the electromagnetic (e.m. )
interaction (the scattering) which is described by the
term

j„&"&(x„)A~(x„)dx„+ j„&"&(s.~)A~(x.,)dx.~, (I)

(tb indicates the nucleon, el the electron). The electron
current j„("'is vrell knovrn"; it is hovr we treat j„'"',
the nucleon current, that de6nes the I.A. We do knovr
that if vre include all the mesonic effects in j„("' vre
can replace it by j„~N), the current describing the
nucleus (X) as a whole„and which, from general
invariance principles, " can be vrritten in terms of the
nuclear form factors. Alternatively, if vre include only
part of the mesonic effects (only those contributing to
the diagrams in which a meson line begins and ends on
the same nucleon, or is coupled to a photon), j„'"' can
be vrritten in terms of nucleon form factors. The re-
maining meson effects, in which the meson line connects
different nucleons, give rise to the binding and may be
treated in some higher order. 9 It is this latter approach
that vre pursue.

We shall always be working to order aP in the e.m.
interaction, i.e., only one photon is exchanged between
the electron and the nucleus. Higher orders have been
discussed elsevrhere in dealing with nucleon~ and a-
particle" targets, and there is no reason to believe that
the contribution in our case exceeds these estimates.

The initial and 6nal states, describing free nuclei
and electrons, are denoted by ~C); these are eigen-
functions of the complete Hamiltonian H and are
assumed to be separable into an electron and nuclear
part.

We write the S matrix as

sb.=&abls IC.&,

where the subscript c indicates that vre focus our
attention on the "bare" nucleons making up the
nucleus.

' V. Glaser and 3.Jaksic, Nuovo Cimento 5, 297 {2957).» A. Goldberg, Nuovo Cimento 20, 1191 {2962).
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Fn. 1. The zeroth-order impulse-approximation term in elec-
tron-trinucleon scattering. The kinematical notation as used in
text t see Eqs. {4)g is explicitly illustrated.

We novr insert tvro complete sets of states which
must span the space of B. The I.A. essentially limits
this set of states to those containing no mesons; vre

call these
~
4). Hence we define the S matrix in the I.A.

Sb.'= & &C'big. &&y. lS.l4„&Q„IC'.&.

If we neglect antinucleon effects, the intermediate states
vrill contain only three nucleons.

The electron sums are straightforvrard and we obtain
the expected factor (k,+q~ j„~"'~k,). In calculating
the nucleon contribution we put the intermediate states
on the mass shell; this is equivalent to neglecting the
principal value part of the nucleon propagator. This
gives rise to a lack of energy conservation at the trion-3
nucleon vertex, normally associated with the I.A.9

In terms of diagrams, we are considering only Fig. 1
and rejecting all diagrams of the type of Fig. 2, the
so-called ladder diagrams. As to actual computation
there are evidently various methods of approach, e.g.,
one could vrrite down the diagrams initially and use
Feynman-type rules to calculate, or, as has been at-
tempted vrith the deuteron, " use dispersion-theory
techniques to describe the vertices. We choose the
direct method of evaluating each factor separately.

~ See, for example, H. F.Jones, Nuovo Cimento 26, 790 {2962).

III. CALCULATION

The matrix element (S,) „=—&P ~s, ~@„) describes
the scattering from a system of independent nucleons
and can be easily evaluated. One obtains —(we suppress
the electron factors)—

Sb. =3 + &Pbmb~y; —q, X,;y,X, ;pbXb)
ijkr

X&y;—q, X, I
j"'"'

I y, , &;&

X &p;,Xa', pg, ~y', pby~b~ Pd+s)

X&L&—p,b+(q*+pP —2y' q)'"j (4)

where
~
Pm) represents the nuclear eigenstate of H with

c.m. momentum P and internal quantum numbers nz;
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FzG. 2. Two graphs
showing typical 6rst-
order corrections to Fig.
1 arising from the
nuclear vertex. The
electron contribution
and notation are
suppressed.

are hoping to gain insight into the three-body wave
function. The only forms of this that we can construct
with any certainty are N.R. and necessarily refer to an
"equal times" nucleus. In this case one can show that
the relevant 5 function does indeed factor out.

We now assume that the above do not introduce
errors into the problem any greater than those to be
neglected (one can give plausibility arguments to lend
weight to this)." Further, we work in the laboratory
frame (defined by P, =O) since at the moment, it does
not appear that any one frame has any overwhelming
advantage or deeper physical signihcance.

Ke transform to relative coordinates defined by

Ip;, l&„; p, ,'A;; p~,hq) is a three-nucleon eigenstate of the
noninteracting Hamiltonian (H with the mesonic part
subtracted); p is a momentum and X spin-isospin
variables; p is taken to be on the mass shell:
P,o= (pP+M')'" (similarly for j and k).

This may be transformed to a coordinate-space
representation to give

dp'dp~dp.
(ijk}

X(dx, 'dx,'dx&, 'U(P&, , x,',x, ',xp')u(p, —q)u(p;)u(pg)

Xe'~'*'e '( ' )' "e—' &' ' —'e

x&p;—q, x, l
j"&"&Ip;, l;)

x~[q' —p'+(q'+ p' —2p'q)'"j

X dx;dx, dx u(p&;) u(p;) u(pa)

r;=x;—x (similarly for j, k)

and change integration variables from (x;,x,,x~) to
(x,r, p), where (r, p) have yet to be specified. The x
and x' integrations are now straightforward and we
can separate out the momentum 8 functions

b[P&,—(p;+p,.+p~)+q]b[p;+p+p& —P ].
The p~ integration then gives the expected i& (P b

—P,+q).
The relativistic spinors are replaced by their upper

("large" ) components; this is a consistent approxi-
mation so long as q' /36 M' «1 %%uo. To see this, consider
the following plausibility argument: U(P) contains
nucleon spinors whose average momentum is 3P;
the intermediate-state spinors have momentum y and,
as illustrated later, these give contributions —', q. The
lower spinor components, which we shall neglect,
therefore give rise to contributions

-
I SPI I

sql/4M'.

9f '
~pestle

X U(P. ; x; x, x&,)e—'&*'

As the maximum value of P is q, this factor becomes
q/36M'&1%, which is comparable to terms already

(5) neglected. "We now have

The notation P{;;q& implies a sum over the three
cyclic permutations of (ijk} The e.xact relativistic
nuclear wave function U(P; g;,g, ,g&,) transforms like a
spin-& spinor in "nuclear space"; its dependence on the
external coordinates of the nucleons (x;,x,,x~) is
explicitly indicated. Likewise, u(p) is a nucleon spinor
and transforms like a spin- —', spinor in nucleon space.
We use invariant normalization for both U and u.
Nucleon isospinors are represented by g. The c.m.
coordinate x is related to the x;.

Ke now attempt to make a consistent nonrelativistic
reduction of this equation. Immediately one sees the
~i%culties associated with the time-like integrations
and the subsequent extraction of energy conservation.
In this examination we limit ourselves to the assumption
that, from a proper treatment, these problems would be
resolved and that the term f'&(P&0 P,'+q') would—
factor from S~, leaving a completely time-independent
T matrix. The motivation for this approach is that we

q's '"=Z 2 dp'dp~&(P» —P.+q)

dr' dp'H'(r'p')X„X, X&g„rig&,

Xes s—q) r e PS' S e stPs+Pt'~ re'

P.,+M Za+M)
X l&p'

—q, l.l
j"'"'lp, , »

2M 2m )

X dr dye;tX;tX~tg;tg, tel, te 'P""e»&'j

Xe'»'+»& "H (r,p), (6)

~ We are essentially always neglecting binding energy terms; a
term like (p'}, the average square of the nucleon momentum in
the nucleus at rest, contributes ~(p'}/3P
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where H(r, p) is the N.R. nuclear wave function in the
nuclear c.m. system, and the x's are two-component
Pauli spinors.

The energy of one of the spectator nucleons E~ is to
be taken as a function of y; and y;; the normalization
factor for the interacting particle (E,+M)/2M is to
be taken as incorporated in the single-particle current
matrix element, now indicated by a prime. Further-
more, the Jacobian for the transformation to the (r, p)
system is taken to be one.

The y; integration is easily performed to give de-
rivatives of the h function 8(r' —r), where r is defined
by r—=rq —r;. We now complete the dednition of our
change in variables by the equation

g= —21'g
~

(the factor ——,'ensures that the Jacobian is 1).
The r' integration is trivial, while the r integration

can be reduced to a convenient form using a partial
integration as illustrated in Appendix I. If we neglect
all terms of 0(1/M4) and terms like (p')/4M', " (this
is consistent with all our previous assumptions), one
obtains

Th.' P Q dp;h(Ph —P.+q) drl 1+
(sjle} 4'

Hence we now can obtain the T matrix in a consistent
N.R. reduced form containing relativistic corrections
correct to 0(q'/Mg). Following the procedure Gourdin
has used for the deuteron, " we equate this with the
invariant form of the T matrix (—= Th, (e') written in
terms of nuclear form factors. From this equation,

gb (&) —Pb (&)

individual nuclear form factors may be deduced.
Each T matrix, Tb, (~) or Tb & ~, is of the form

2'h. "(~.+«I i"'"
I
~.)(1/q') (I'")

xh(Ph —P,+k,—kh), (10)

where (I's) represents the total nuclear current. It is
clear that we cannot simply cancel out the electron
part on each side of Eq. (9) and ssy that the nuclear
currents, written in their respective forms, may be
equated. %'e discuss this point further in Appendix II;
in the following, we shall employ the results proved
there.

The time-like components of (I's) are easiest to deal
with and we briefly indicate the steps. To 0(1/M')
one easily obtains (in the nuclear laboratory frame)

(p;—q, ) „ly( )lp;, x*)=n.tx,t F.h'

dp'H*(r, p')x, q,e 'g"&'e&'g c''
j(r (p;xq)g2

x 1- + p' (p'-q)-
4M2 4'

x(p;—q, &.Ii"'"'lp', l ')

X dp&"«"&(r,p)e"" (&)

ie (p;xq)
+~mag Xe);, (11)

This contains the nuclear effects described under (b)
and (c) in the Introduction as well as contributions
from the free propagation of the spectator nucleons.
We emphasize at this point, the role of the intermediate-
state y's. They act as momentum operators between the
initial and 6nal states and hence can be of order q. In
general, therefore, care must be taken before dropping
various orders of terms like pP/M' when compared to
terms lik.e q'/M'.

We have not yet said anything of the interacting
particle current; from general invariance principles it
can be written in terms of nucleon form factors'"
(~),g)

(p'—q, ) .I
J"'"'

I p', ) *)=~(p' —«)n'I:(F '+.&~')~"
+g(pg +rgpg')es"q. )u(p)q;, (8)

where rg is the z component of the nucleon isospin
operator, and 5 and V stand for isoscalar and isovector,
respectively. The form factors F&,2 are scalar functions
of q' only (see, however, Appendix III). This may be
reduced to two-component form by either a F.W.
reduction~ or, more simply, by direct computation.

@mag/2~ = )c~msg = ))Gmsg (13)

(p is the magnetic moment of the particle in terms of
particle magnetons, i.e. , in terms of Zeh/20K, where
Ze is the particle charge and OR its mass). Equation
(11) is now substituted into (7) and the spin-isospin
sums are performed. The y; integration gives rise to
various derivatives of h(p —p'), making the p' inte-
gration trivial. The partial integration technique used
previously in the r integration is now employed to
rearrange the form of the integrand (see Appendix I).

"See, for example, 'M. Gourdin, Nuovo pimento 28, 533 (1963).

where the isospin operator 7.3 has for convenience been
incorporated into our form factors P'.
~ch(mag) ~ +ch(mag) +&Pch(mag)

=
g (1+&$)@ch(mag) + g (1 rg)Pch(msg) (12)

(here p indicates the proton and ts the neutron). P,h is
exactly the same as Fch (or G,h) used in Refs. 1—6.P,g is related to their corresponding magnetic form
factors by
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%'e obtain

0")'= E Z d de&'( e) ""(~.'+~A")

X (1+De)ff(r e) (14)

The nuclear spin states are both taken to be "up" in
this representation. Ke can easily compare our results
with the N.R. work, by taking Dp=o. ' Note that the
V,' term is still a "relativistic" efFect, due to the
presence of the phase factor e&'~'~.

Ke may perform an exactly analogous procedure
with the three-vector current to extract the magnetic
form factor. Besides being plagued by lengthy algebra,
the manipulation here is complicated by the fact that
we must pay due regard to certain restrictions in the
choice of axes, as discussed in Appendix II. Using the
notation established there it is easy to obtain

(8)=—(1—F'/4M&)-&X, t {5' .s~/2M~) e~X.
or (17}

(8) ~ P.sN/2M~—,

~here we have chosen a representation in which the
only nonzero contributions arise when the initial and
6nal. nuclear states differ by a spin fIip. Ke now extract
(8), from (F)r. A lengthy calculation then leads to

xo.ag a
dr dyH (r,y)e&*

'

fsjk) r 2M)

where

XL(P .;+r3& ~')(1+%)
+(F"+r+"')D*Ã(r,t). (1g)

3 82
D2=-

123P 43P 8p ~

D~ is an operator defined to be D~= V—,'/3P, where

V, represents the gradient operator with respect to
the coordinate y. B(r,y) is now understood to contain
the nucleon spin-isospin variables, and. P t;;~) to
represent the sum of the contributions from each
particle, the index i occurring in the guise of y =—~3r;.

Note that, to this order, spin-dependent terms do not
contribute.

It is an easy matter to show that the time-like com-
ponents of the nuclear current, expressed in terms of
nuclear form factors, may be written as

(I"}~~)= (1—q /4M+)'~'x&tF, ),~X, . (15)

The Pauli spinors X, and Xq here refer to the nucleus.
Note that q/43f~q'/363P&1% and may be con-
sistently neglected. "

Equating (14) and (15) t see Eq. (A10)7, we obtain

p.,»= p p far d»a (», »)»» (z.»'+nF. ')

X(1+D)&(r,y). (16)

and

Da= (1/—2M') 8'/Bp, '.
The s axis, "the axis of quantization, " is chosen along
q. Note that the representations used here are arbitrary,
as may be checked by direct computation using a
difFerent choice of axes and a different spin representa-
tion.

IV. DISCUSSIOH

In order to discuss the correction terms D&, D2, and
D3 we must make a choice of wave function. Using the
notation of Ref. 3 we take, for simplicity, the Gaussian
form of the totally symmetric S state:

e=A exp/ —o"-(p'+-,'r'}7; Eq. (24) of Ref. 3.

Other states mix in with only a small probability and
our percentage correction to their contribution is not
expected to be very difFerent from corrections to the
5 state. Furthermore, other choices for the wave
function, such as the Irving form, do not seem to give
vastly differing 6ts to the data from those of the
Gaussian form, but are far less tractable. Ke feel,
therefore, that our general conclusions will not be very
sensitive to a choice in wave function.

With the stated form of the wave function one easily
calculates that terms like (1/3P) 8'/8p ' —+ -n'/3P
&1%. We have, of course, implicitly neglected terms
like this when neglecting binding efFects."This implies
that efFects due to the motion of the nucleon charge
distribution are small. It should be noted that this type
of effect is expected to be maximized in higher angular-
momentum states, although as mentioned previously,
because of the small admixtures of these states, the
extra contributions will still be very small.

Calculating D~ and D2 under the above assumptions,
one obtains

D, ~ -q'/9M' &5% and D, ~ -q~/12ilP&3%

implying that, indeed, the relativistic corrections are
small. As far as these efFects are concerned, therefore,
one may feel con6dent that the present work does not
require gross modi6cation. "

%'e can ask, of course, the inverse question to that
considered above, viz. , at what q' value do these
relativistic effects become important. In order to have
a 15% correction one would require —q' 30 F '. Note
that the terms we previously neglected and which are

q'/363P, only give 3% even at this energy.
If one wishes to obtain the neutron charge form factor

from these experiments, then the relativistic corrections
must be accurately calculated. To see how sensitive the
neutron charge form factor is to the form of the D's,
consider only the charge equation (16). By analogy

1' Note, however, that other eEects ~5% have been considered—see Refs. 4, 5, 6, and B. F. Gibson |',private communication).
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Any current in (A4) must be conserved in the sense

or q j=q'jo.

We use this in (A4) to obtain, (provided q W0),

(1/q")(e P"')(e I'&r —&j'").(I')r
= (1/q")(~ j'"&&a I'&z—&j'"& «)z. (A6)

We can always decompose (F) into two parts, one
perpendicular and one parallel to q:

P=gq+ jl xg, say. (A7)

In the laboratory frame, A is related only to F,h'~'

while 8 is related only to F,z'~& (and the spin operator
e~). Each side of (A6) has the form

(q'/q')(~)La &j'")j+'(I).EeX&j'")j. (Ag)

This implies that, with respect to the angle between q
and (j&"&), the T matrix has split up into two inde-

pendent portions, one involving only E,h(~~ and. the
other only Z...(».

Hence if we decompose Fl ..

One last point of interest is the previously precluded
case of q'=0, defining the Breit frame. In this case I'z'
depends only upon F,h( ) and Fz only upon F „( '

and there is no need to decompose the 3-current.

APPENDIX III: KINEMATICS, CURRENT
CONSERVATION, AND CORRECTIONS
TO THE NUCLEON FORM FACTORS

For the nucleus in the laboratory frame, we have
q=P, P~ w—here P,= (M~,O), Pq (E——q,

—q), and
P,'=Pq'=M+. Hence q =q'/2MN For . the nucleons
we have taken Pz=PP=P12 ——M-'and y;+y;+yq ——P, .
Note that although p,—p„=q, E;—E„&q'. In making
our N.R. reduction we have expanded E; and E; in
powers of 1/M'.

The ambiguity arising when considering current
conservation comes from the definition of q'. There is
no question that for the over-all process qo=q'/2M~,
so that the nuclear current must obey (A5) in the form

q (F&z= (q'/2M&)(I'~)z. (A11)

rr=~q+zy Xq,

we may immediately put

(A9)
In terms of the I.A. , we should have the analogous
equation: q (I )r= (q'/2MN)(l'0)r. Now, we can take
the scalar product q on the left-hand side through the
( )r brackets to operate on the individual nucleon
currents, in which case one has the relationship

a «&»= &(&'—~.)l'o)' (A12)

x here indicates the direction gX&j"~). Note that,
since (I' q)/q'=A (or n), we may use (A5) to give us

(I'o),= (ro& (A10)

and we may obtain J;h(~& directly from the zeroth
current components.

To obtain F „(~) we see that, for an unpolarized
nucleus, we may assign an arbitrary direction to q (z,
say), after which we may assign either x or y, but not
z to &8) or (g). It is in this choice of axes that the no-
spin-fIip amplitude is associated with the electric
transition, while the spin-flip amplitude is associated
with the magnetic transition.

There are clear advantages in dealing with the matrix
elements rather than with the cross section, as Krueger
and. Goldberg' have done. First, we avoid the squaring
and averaging procedure, which for (I')r might prove
an immense task. Secondly, we retain equations that
contain all polarization effects and which may be useful
for future references.

The question is, are the relationships (A11) and (A12)
consistent. Expanding out P, P.„ to OL(q'/—2M)
X (q2/3P)] one has

(2y' a—«') (2y' —2y' a+a')
E —Z„=—q"= 1——2' 4N'

Substituting this into (A12) and performing the implied
integrations, [cf. the steps in going from Eq. (7) to
Eq. (14)j, one may verify that, to within the approxi-
mations used, "current is conserved.

There is one other effect, connected. to the above, so
far neglected. Since the g~ for the over-all process is
diferent from the q' associated with the virtual process
Lcall this q"—= (q")'—q'j, we should evaluate the
nucleon form factors at q'=q" before performing the
intermediate state integrations. That the contribution
from this eBect is completely negligible may be seen
by expanding F(q") about q'=q" using a Taylor's
series.


