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Current-algebra sum rules for the structure functions W4 and W5 which occur in neutrino
scattering because of the nonconservation of the axial-vector current are derived and used
to get information about the scaling behavior of W4 and Ws. This information together with
the light-cone analysis is used to determine the scale dimension of the chiral-symmetry-
breaking H amiltonian.

I. INTRODUCTION

The purpose of this paper is to discuss some
sum rules based on current-algebra techniques
for the structure functions W, and W, which appear
in high-energy neutrino scattering due to noncon-
servation of the axial-vector current. The sum
rules provide information about the scaling be-
havior of these structure functions. This informa-
tion is then correlated through light-cone analysis
to the scale dimension of the chiral-symmetry-
breaking term in the Hamiltonian. In this way'one
is able to get information' about the scale dimen-
sion of the chiral-symmetry-breaking Hamiltonian.

If broken scale invariance is a useful concept
and SU(3) x SU(3) is assumed to be an approximate
symmetry of strong interactions, then it is possi-
ble to write the Hamiltonian density as'

H=e =6 +~a+«,
where 6~ is both chiral- and scale-invariant and
has the scale dimension -4, X5 is chiral-invariant
(but violates scale invariance) with scale dimen-
sion lz& -4, and eu violates both chiral and scale
invariance and has the scale dimension l„& -4.
Thus

[D(0),u(0)] =il„u(0),

[D(0), 5(0}]=i l, 5(0),

where D(0) is the dilation operator. Now the di-
vergence of the axial-vector current A;& is given
by (we shall confine ourselves to the hypercharge-
conserving currents so that s„V,„=O)

& gA( z = i[F&', 8 ] = -ze[F, , u]. - (1.3)

Further one can easily see by using Eqs. (1.1), (1.3),

and (1.3) and the Jacobi identity that

[D, s „&„]= i 4s ..&,„, (1.4)

so that 8~A,. & has the same dimension l„as the ~u

.term in Eq. (1.1}. It is very desirable to measure
l„since we will then get information about the
chiral- symmetry-breaking Hamiltonian. One way
to get information about l„ is to study such pro-
cesses in which 8 qA~z is directly involved. Thus
one can get information about l„by studying in the
deep-inelastic region of neutrino scattering the
structure functions W4 and W„which are the ones
which appear in the neutrino scattering because of
the nonconservation of the axial-vector current and
are defined more precisely in the next section.
The idea is that if W, and W, scale (v-~, y =q'/mv
fixed) as

v'W, (v, q') F.(X)

v~ W, (v, q ') ~F,(y),

then p can be related to the scale dimension of the
chiral- symmetry-breaking term in Hamiltonian.
This is due to the fact that if the scaling limit ex-
ists, it can be related to the light-cone (z'-0)
analysis in configuration space. ' The light-cone
expansion can be described in terms of the scale
dimension l„. This relationship between p and l„
was studied by Fritzsch and Gell-Mann and by
Mandula et al. ' However, to get information about
p directly from experiments is not possible at pres-
ent and is unlikely in the near future. It is, there-
fore, very desirable to find information about p
from other theoretical considerations. We show
that one gets information about p and hence about
l„by studying the current-algebra sum rules for
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the structure functions W4 and W„which are de-
rived in the appendix. Our analysis shows that:

(i) if leading behavior l given in Eq. (1.5)] with
respect to v for W, and W, cancels in the linear
combination

D(v, q') =(q ) W4(v, q') —2mvq W, (v, q'}, (1.6}

so that D(v, q') has a sharper falloff than that im-
plied by noncancellation, then there are two pos-
sible values of l„, l„=-2 and -3.

(ii) If the leading behavior for W, and W, in

D(v, q') does not cancel then I„=-3.

II. SUM RULES

We define (with v =-P. q/m)

A„.=l(2 & f~&
"'*8(Pl&J'(s&, J„(o&&l»&

vp 1 vp=2gWa 2 Pp a qp Pv 2 qv +2gW3 a cpvas~aqBm q

(2.1)

x„=-', (2 &' ~fd '* e "'(DI&a, z, (*&,J„(O&&I&'&

= 2g W4 —
2 iq q + 2m W,' —2i q Pv+ ~ qv

(2.2)

A = l ( 2&f
ad z'e "'('»

l &8,J,(z».7.(O&
& I &'&

vp=2vW"' —(q')'+2vW"' q'2P q

, (2.7)

W~~", (v, q ) = W2 ~5(v, q ') +Wm~(v, q ),
a& (0)-X

vW~' (v, q ) = vW~' —m+P'(q )—
1

ag (0)-x
W' "(v q') =W" m+P'(q')—

where o., is the trajectory with natural parity and
even charge conjugation evaluated at f =0 and with

o&, (0))0.
Using Eq. (1.5) and the fact that

= 2v , D"~(q', v)—, (2.3)
vW2(v, q ) ~ Fm(X) &

we get from Eq. (2.5)

(2.4)

For fixed q', we have the following sum rule
which is derived in the Appendix.

OO

V
W,'~'&(v', q }dv'+2 —

~ W~~'&(v', q )dv'=8,
0 q

(2.5)

where 8 = (po/m)(2 w) (p I
S I p& is the operator part

of the Schwinger term defined as

(P I I:&.(*,o), &((0}l IP&

where J„=V„f2p+Ay )2p is the hypercharge-con-
serving weak hadronic current; Jz=J'„(1—25&„)
and 8„J„=BpAy ]gp The structure functions W,
satisfy the following crossing relations:

W;~(v, q') =-WP(-v, q'), i =1, 2, 3, 4

W,"~(v, q') =W5~(-v, q'}.

lim — —I"~'
y

+— —* F*"(x}dx =8.
m 0

(2.8)

The corresponding sum rule for the conserved
current is

2 1—.F"'(x)dx =8.
m

(2.9)

The comparison of Eqs. (2.8) and (2.9) suggests
that in the Bjorken scaling limit, the noneonserved
pieces W4 and W, should faQ off faster than the
conserved piece W, which scales as vW, -F,(x).
This means that the conserved part of the axial-
vector current behaves in the same manner as
the vector current in the scahng limit. One then
obtains

=-i(plslp&x
'

5'(z)+4(ply, lp&5'(z) p&1 (2.10)

(2.6)
p=1 (2.11a)
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21-Fl "(X)dX=0.
0 X

(2.11b)

2 2
W"l(v' q')dv'=8

m 0

where 8 is defined by (B„J„=B„A„,»)

(2.12)

The possibility (2.11) is excluded by considering
the following sum rule (derived in the Appendix}:

Also we note that in this limit [with F~(x)
= F~(X& —XF,(X)1

1 1 1, 1
-&&(v, q&- ~ ~F&(X) = q(1 ——.X&

—oi(X&,
v

' m X mX
(2.20)

v 1 1
~2(vl q) 4 F2 2F1 — 2 3FL(X) ~

q mq qm X

Now using the variable X and Eqs. (2.7) and (2.19),
we can express the sum rules (2.18) and (2.17) as
follows:

(pl [s„~„(so) ~o(0&11p& =i&p le(0) I
p&5'(~&

=i8—,5'(z) .
p, (2m)'

(2.13)

~ oo 2
(q) 'F,"(X&dX —— (q&' 'F"(X&dX

q ~~ m 2

1-2,F~~'(X)d}i = 28, (2.21)
2 mX'

P=2y (2.15)

which is consistent with (2.10) and excludes
(2.11a), (2.11b).

We now discuss another set of sum rules which
reinforce the previous conclusions about the
power p in Eqs. (2.10) and (2.15). In addition one
obtains sum rules involving longitudinal cross
sections in neutrino scattering. Now q = q —

q0
=q' —v, where in the rest frame of the nucleon
qo = v and we have put q =

I q I. Assuming an un-
subtracted dispersion relation in v for fixed q, we
can derive sum rules for the structure functions
W, . We get the following sum rules (sum rules
are derived in the Appendix; W, ' =W + W;~}:

oo 2
W4~'(v', q}dv'+ —~ v'W4~'~(v', q)dv'

0 0

+2 —,V~(' v', q dv'=8, 2.16

Using Eq. (1.5}, we have from Eq. (2.12), in the
scaling limit,

1 ~+2
lim 2(q'} ~'~ F,"'(q)dy =8. (2.14)

q2 ~ Qo mX

It follows from (2.14}that

(-)lim ——,t (q) F, (X)dyq~oom2

F"'~(}t,) =0,

F~'(X) = Fi'(-X&,

oi'(X& = -oP(-X&

~2) X) ~00

2) X) -2

2) X) -2 (2.23)

F~4' (X)=0 ~00

F",'(X) =(-1)'F, (-X),

F,"'(X) =(-1)"'F.(-X), » X& -2.
Note that as )(- -y, q- -q. Using Eqs. (2.23), we
can write the sum rules (2.21) and (2.22) as fol-
lows:

4 2
lim 4(q) F,' (y)dx+ —(q)' F4~' (y)d)(
q 0 m 0

2 1+4, F~~'(}i)d}t=28, '(2.24a)
0 mx'

(1 —lX&oi '(X)dX =o (2 22)
7T 2 mX

Using causality and a method similar to that used
by Stack' for the electromagnetic current we can
write

W,' '(v', q}dv'+2 V, '(v', q)dv'=0, (2.17)
40 0

where we have defined

v v 1
W2+—2W2-W, =--V

4 4 2 1 )—~(q) ' F,' '(X&dX+- "i '(X)dX =o.
q 0 m0mX ~

(2.24b)

The corresponding sum rules for the conserved
current are

(2.18)

In the scaling limit y = q '/m v is fixed, therefore
q-~ such that

2 1
4 .F&"(X&dX =28

0 mX

4 1 ( )' '(X&dX =o.
m0mX

(2.25a)

(2.25b)

v-q--mX

q -mXq.
(2.19)

The sum rule (2.25a} for neutrino-nucleon scat-
tering is the analog of the sum rule obtained by
several authors' for electron-nucleon scattering.
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The sum rule (2.25b) is a new sum rule for neu-
trino-nucleon scattering. The sum rule (2.25b)
can also be obtained by combining Adler and
Bjorken sum rules' in the scaling limit. However,
our derivation shows that the sum rule (2.25b) is
model-independent in the sense of model depen-
dence of the equal-time commutation relation ap-
pearing in the Bjorken sum rule. Comparison of
Eqs. (2.24a) and (2.25a), and of Eqs. (2.24b) and
(2.25b), does not give any better restriction on p
than given by (2.10) and (2.11a). Indeed such a
comparison of Eqs. (2.24a) and (2.25a) gives p& 1
and p = 1 if

2

+,' '(x}dx =o,
0

(2.30a}

while Eq. (2.29a) gives p = 2 and the sum rule

2

2 F,'"(X)dX =8, P =2
0

(2.30b)

i.e. , the sum rule (2.14).
(ii) If the leading behavior for W~ and W, in

D(v, q') does not in general cancel, we have from
Eqs. (1.6), (1.5), and (2.28)

D(~, q')- ~ "4(x}=m'~' 'lx'+. (x}—2xF, (x)1,
(2.31)

2

&"(x)dx =o p =1
0

(2.26a) so that p, =p —2. Then Eq. (2.29b) gives p& 1 and
p=1 if

while that of Eqs. (2.24b) and (2.25b) gives p & 1
and p=0 if

2

(x&' '(x) —&,' '(x)) dx=0, p = I
0

(2.32)
2

F.' '(x)dx =o p=o
0

(2.26b) while Eq. (2.29a} gives, on using Eq. (2.31), p =2
and the sum rule

However, the possibilities 0 & p ~1 implied by
Eqs. (2.26a) and (2.26b) are excluded by the re-
sult p =2 obtained on the basis of sum rule (2.14).

Finally we discuss sum rules which involve
D(v, q). Such sum rules (derived in the Appendix)
are

2

lx+"(x) —I","(x)1 dx =8, p = 2
0

which, on using Eq. (2.14), gives

f
2

x&."(x)dx =8, p =2.
0

(2.33a)

(2.33b)

(~)"D(~,q)- y(x),
so that Eqs. (2.27a) and (2.27b) give

4 2
q

1 (,)lim — (q) ~~ p~'(X)dX
~~m Q mX

(2.26)

2

+4 (q) ~"F,'~(X)dX =28, (2.29a)
0

4 2

lim — (q) ~' '
y '(X)dX

q ~Oem Q mX

2

+4 (q) ~"E," '(x)dx =0. (2.29b)
0

Let us now consider the two cases mentioned in
the Introduction:

(i) If the leading behavior with respect to v for
W~ and W, cancels in the linear combination D[cf.
Eqs. (1.6) and (2.28)] so that D(v, q') has a sharper
falloff than that implied by the noncancellation,
then p, &p —2. Then Eq. (2.29b) gives p& 1 and
P=l if

—„D' (v', q)dv' +—
q 'W5~'i(v', q)dv' =8,

m 0 q 0
(2.27a)

2 "1 (, , 2—,~D~ (v', q)du'+ v'—W5~ (v', q)dv'=0.
m 0 q 0

(2.27b}

We now assume that in the scaling limit

I x&"(x}—2&,"(x)1 dx =o
0

(2.34)

Now from the positivity conditions" for structure
functions

q 'W4 —2m AV, ~ 0 (2.35a)

so that for p = 2, we have from Eqs. (1.5), (2.31),

The sum rules (2.26a) for p =1, (2.26b) for p =0,
(2.30a) for p =1, and (2.33b) for p = 2 are the same
as have been obtained by Lee and Mandula' by dif-
ferent considerations. However, the possibilities
0 & p ~ 1 implied by Eqs. (2.26a), (2.26b), (2.30a),
and (2.32) are excluded by the result p =2 obtained
on the basis of sum rule (2.14) which is not con-
tained in Ref. 9. We may mention that in Ref. 9 it
has not been possible to pin down the value of p
which determines the scaling behavior of W4,
while in our case the sum rule (2.14) fixes P =2.

We note that the term 8 on the right-hand sides
of Eqs. (2.14) and (2.33a), (2.33b) is the nucleon
matrix element of the so-called v term which gives
information about chiral symmetry breaking, and
therefore the sum rules (2.14) and (2.33a), (2.33b)
can in principle give information about this term
when one will have experimental information about
wgs-

We may also note that Eqs. (2.33a) and (2.33b)
imply
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and (2.35a)

xE,"(x)—2E,"(x}- o.
Hence Eq. (2.34) implies

xF."(x}=2E,"(x}.
III. LIGHT-CONE ANALYSIS

(2.35b)

(2.36)

E„(p 'z, c„)=p '"E„(z,c„),
E„(p 'z, c„')=p '"E„(z,c„'),

where

c„=l„+ l~ —l ~+3,
c„'= l„+ l~ —l~~+2.Q) 5

(3.4)

(3.5}

t (»)'~&pl [a„&„(z),&.(0)1 lp&

=(—q'((p„, q, —,2 (V, (p *,*'(

Thus

+ (-a')(-ia, ) —,2vW, (p. z, z'). (3.1)

We now relate p and p, with l„by the light-cone
analysis. In configuration space, we can write
Eq. (2.2) as

Here l„ is the scale dimension of B„J„, lJ the scale
dimension of the current J„which we take to be
-3, and l n and l ~ are the scale dimensions oftd 4 5e", and co», respectively. The heart of the light-
cone expansions is that we can write

8,(z, 0) =+[(z'+iez, )'""—(z' —iez, )'""](d",(z, 0),
n

(3.6)

e, „(z,0) =/[(z' +iez )""—(z' —iez )' "](jj",„(z,0) .

By a Taylor expansion near z =0, we have

[a„J„(z),J, (0)]

= -a'a, 6,(z, 0) —(a'5,„+a „a„}a, „(z,0) .

(qjd(z, 0) =+ z „z„~~ ~ z „(dd("i»» "' j' p(0),

(d" (z 0) =Qz z z (d("~»»'" "jq(0)
k

(3 'f)

We write"
(3 2)

8,(z, 0) =QE„(z, c„)(d,"(z, 0),

a, x(z, 0) =QE„(z, c'„)(d,"x(z, 0),
(3.3)

where E„(z,c„) and E„(z, c„') are singular c-number
functions and the u's are operators. Using the
scale transformation z- pz, it is easy to see that
E„(z,c„) and E„(z,c„') are homogeneous functions
of z of degree c„and c„', i.e. ,

c„=l„+r = -2d,
c„'= l„+r=—-2d. (3.8)

Following Fritzsch and Gell-Mann we assume
that operators co", and cu» have dimensions l ( —J
—2, where J corresponds to the Lorentz index of
the operator (e.g. , J=0 and 1, respectively, for
(d, and (d, x). Thus we exclude operators which do
not satisfy this rule (for example, a single oper-
ator (p, with l =-1, Z=O). Therefore we have in
general l n

—--r (r) 2) and l ~= —1 —r. Hence
we have from Eqs. (3.5}

We note that

&piZz„,z„'''z„„(dd"'"'"'"""(0)lp)z(»}'~ =Zf (p z)"= zf (p z), -—
n m

&plZz„,z„, z„„~'"'"'"'"""(0}
I p) l(»)' ~ =Kg.(p z}"p.= '.f (p. z}ip,. -—

fl m ff m

Hence, we get, using Eqs. (3.1), (3.2), (3.3), (3.6), (3.8), and (3.9),

27TW (p zd5pz ) =2vf (pd5z) g . d z
1 1

z +jtzo z —iezo

Now

jV„,(q j, q')= Jd * "'jV„,(j '*, '(

(3.9}

(3.10)

and we thus obtain

-im mv ~ ~~,(q p, q') ~„„r(d)
dx xl-d e( jjd/2 six x/zf (x)4,5 (3.11)
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Hence we have finally

v W, ,(v, q ) ~ F&,(X), (3.12)

so that [cf. Eqs. (1.5) and (3.8)]

p=2 —6 =2+-,'(I„+r).
Similarly writing the relation (2.3) in configuration space, we have

(3.13)

2 (2z)'~(PI[a„Z„(z) spZp(0)] IP& =—2D(P z, z'). (3.14)

The light-cone expansion then gives
I

z(»)'~(pI[s„&„(z),s,&.(0)] lp&= a . d, —,z,.„d, (pIZz„,z„, z„„~'"'"'"' """(0&Ip&xz(»&'~
m

(z'+fez, )4& (z' izz, )-4' m' (3.15)

Thus

D(edd')= Jd'ee " ee(d e 'e'} 2 dl e' "e" 'e '"""f(x(
-im' mv '& '
r(d} 2

glvlng l„& -4+ (r —r'), (3.20)

v' "D(v, q') „~ (P(X),

where

2l„+r' = -2d, .

(3.16)

(3.17)

We have assumed that the scale dimension of ~ is
—J—r' = r' (r' & -2). Comparing with Eq. (2.28),
we have

giving r & r'.
(2) If the leading behavior for W~ and W, in

D(v, q') does not cancel so that D(v, q'} falls off as
v- ~ in the way given by Eq. (3.19), then from
Eqs. (3.16) and (3.19)

-2+d, =d

or
Pg 2 dg 2 + ltd + ~Q ~

Now using Eq. (3.12), we have

D(v, q') = [(q ) W~(v, q ) —2m v~, (v, q )]
=m'v'[x'W, (v, q') —2xW, (v, q'}]

(3.18)
I„=-4 + (r —r') . (3.21)

r = l„+6. (3.22)

Since we want l„& -4, r must be greater than r'.
If we take' r' =2, then we get from (3.21)

m'v'[X*+. (X& —2XF~(X&1.

Equation (3.19) holds if the leading behavior of

Wd, as given in Eq. (3.12) does not cancel in

D(v, q'). We now consider two cases.
(1) The leading behavior of W, , given in Eq.

(3.12) cancels in D(v, q'), so that D(v, q') falls off
faster than implied in Eq. (3.19). In this case, the
simplest possibility' is to take r = 2 so that we
have, from Eqs. (2.15) and (3.13), 1„=-2. How-

ever, if we take r=3, then l„would be -3; r~4
is not possible since then l„would be «-4.

Within this case we now discuss the implication
of the sum rule (2.29a). Since D(v, q') falls off
faster than implied in Eq. (3.19), it follows from
Eq. (2.29a) that p, & p —2. Then from (3.13) and
(3.18) one has

Substituting Eq. (3.22) in Eq. (3.13) and using Eq.
(2.15), we obtain I„=-3. If we assume that the
fractional dimensions are not admissible, then the
value l„=-3 is unique in the sense that any other
value of r' greater than 2 is not possible. For ex-
ample r' = 3 would give l„=—-', while r' & 3 w'ould

give l„» -4.
Recently Brown" has obtained the result l„= -3

using a different analysis for d, .
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APPENDIX: DERIVATION OF THE SUM RULES

Define:

1. Fixed-q' sum rules

F„„—= (2»»)' ~F„,=(2»»)' ~i
I d z e "*8(z,)(pI[J„(z),Z„(0)]Ip&

=[B,P„P„+B,(q„P„+q,P )+B,q q„+B,b .„+Ce»»»P„q»»],

F, -=(2»»)3 ~E„=(2»») ~i d'ze "'8(z )0(pI[ „sj„(z),Z„(0)]Ip&
3p- =

=i(CJ»„+C,q, ),
tOF-=(2»»)'~p=(2»»)' ~i d'ze "'8(zo)(pI[s», J», (z) 8 Z (0)]lp) ~

4

Correspondingly we can write

A„„=[bp„p,+b,(q„p„+q,p„)+b,q„q„+b,b„„+Ce„, »»p q»»],

A„=i (cp„+c,q„) .
From Eqs. (A. l) and (A.2) we have

iq„P„» =i
Jl d z e "'8(zo)(PI[8„J„(z),Z»(0)]IP&+i d z e "'5(z )(0PI[J» Z( »)0]IP&

=F;+4i(pIz» Ip&+i(pl~Ip&q»

iq, P„=i t-d'z e "'8(z, )(PI[8„J„(z),s„Z„(0)]IP&—i J3d'z e "'*b(z,

)(PI[a�„J„(z),

Z, (0)]IP&

m

p. (2z)' '

(A1)

(A2)

(A3)

(A4)

(As)

(A6)

(AV)

iq„A„, =A, ,

-iq, A, =A.

From Eqs. (A6) and (A8), we have

mvB, +q Bz =C, -+4/m,

-mvB, +q'B, +B,=C, +3,

(As}

(A9)

(A10)

where J, = Vs, +A„and (2»») (po/m)(p IZ~» Ip&
=p, /m.

Also, we have
-mvC, +q'C, =E+8,

27-mvc, +q cz =A =—2D.m'

(A12)

(A13)

Now the comparison of Eqs. (A4), (A5), and (A13)
with the corresponding Eqs. (2.1), (2.2), and (2.3)
gives

m b~ = 2gW2,

54-= 2'~,
-mvb, +q b, =c, ,

mvb, + q'b, + b,-= c, ,

where

m 1

p (2 „)s 3 = (P IHIP& .

Equations (AV) and (A9) give

(A11)

-=2rC=
2 2W3,m

2
= 2gW5,

2n mv 2r52=—W + —W2 2 5 2 2 P

p.qc, —
~ c, =2»»W„
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2p v 2mW,
b =—W +—2zW2—3 2 4 4 2

b, ~(v', q )dv' =— (A15)

and

~ OO

b, (v', q')dv' =8 . (A16)

Similarly from Eqs. (A12) and (A13} we get the
sum rule

c,"(v', q')dv' =8. (A17)

Thus, using Eqs. (A14) and the crossing relations
(2.4}, we get the sum rules

and

f W', '(v', q')dv' =2
40

(A18)

2
4 0Q oo )

W (v, q )dv +2 —2W& (v, q )dv' =8
m ~lo ~0

If we assume unsubtracted dispersion relations in

v for fixed q for the amplitudes B„B„andC,
and B„B,+ q'B„and C„we get the following sum

rules from Eqs. (A10) and (A11):

for which we can assume an unsubtracted disper-
sion relation. Similarly we can construct a modi-
fied function C,'. Hence instead of (A19) and (A20),
we get the sum rules (2.5) and (2.13).

In deriving the above sum rules we have taken
the point of view that the only fixed poles present
are those dictated by the Ward identities (A10) and

(A12) where their residues 4/m, 8, and 8 are de-
termined by the equal-time commutation relations
appearing in (A6) and (A7). As a justification of

this point of view we may mention that, as seen
above, it has given the Adler sum rule (A18). Had

there been fixed poles in addition to what is dic-
tated by the Ward identity (A10) in case of the Ad-

ler sum rule, for example, the right-hand side of
the Adler sum rule would have contained terms in

addition to 2, which is determined by the equal-
time commutation relation of currents in Eq. (A6).

2. Fixed-q sum rules

We can write Eqs. (A10)-(A13) as

—mvB (v, q)+(q —v )B (v, q)+B (v, q) =C,(v q)+8

(A22)

mvb, (v, q) -+(q' —v')b, (v, q) +b, (v, q) = c,(v, q),

-mvC, (v, q)+(q' —v')C, (v, q} =F(v, q}+Z,

OO

q'W", (v', q')dv' = tt,
m ~ p

where

w'."=w". ~ w". '.
i i i

(A19)

(A20)

(A23)
2-mvc, (v, q) +(q' —v')c, (v, q) =A(v, q} =—,D(v, q) .

Assuming unsubtracted dispersion relations in v

for B's and C's for fixed q, we get the sum rule
from Eqs. (A22):

We recognize that (A18) is the Adler sum rule. '
The assumption of unsubtracted dispersion rela-

tions may not be applicable to the amplitudes
q'B, +B, and C,. However if B,+q'B, has Regge
asymptotic behavior

-i fl'Ni
a&(0'I 1 + e

sinn@;

then it is possible to construct a modified function
B4+q'B3 such that

—i ff ai(0')

B4+ q B,' = B4+ q B~++p'(q2)v '
sin@a, j0

(A21)

b, '(v', q)dv'+ — (v'+ v)b,"(v', q)dv' =8 .
J 7T J

Using the crossing relations (2.4) and Eqs. (A14)
and (2.18) we get the sum rules (2.16) and (2.17).

Similarly from Eq. (A23) we get the sum rule

1
c,(v', q)dv'+ — (v'+ v)c, (v', q)dv' =8.

1T J 7T

Using Eqs. (A14), (2.3), and the crossing relations
(2.4), we get the sum rules (2.27a) and (2.27b).
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