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ABSTRACT

By use of the generalized st:é.iing .su;n rules the vector-axial
vectar interference terms in fhe scaling li!ﬁit of the inelastic
neutrino reactions are calculated f‘rom the absorptive parts of the
single-pion photoproduction amplitudes at zero momentum transfer.
The photoproduction amplitudes are evaluated by use of the results
of multipole analysis. Wi;l:h the optimum values for the two parameters
of the generalized sce.ling aé determined in t'he previous works, we

have obtainped . F (a)) which leads to a good agreement with exper-
iment in the ratio of o N/

'x(- )[ dx(F

the value predicted in the fra.ctionally charged quark model.

. Hovever, the zeroth moment in

F YP) turns out to be smaller than a half of

This work was supported by the U, S. Atomic Energy Commission.
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1. INTRODUCTION

The extrapolation of the imelastic structure functions in the
deep inelastic scaling limit to the small Q2 region has been
attempted for the electroproduction process [1], [2], and subsequently
the partially conserved axial vector current hypofhesis (PCcAC) has
been combined with it to relate the inelastic structure functions witt
the =N total cross sections [3], [4], [5]. For instance, |
F, (0 = o0) has been predicted independently of the parameters
involved and even of specific forms of correspondence, and a good
overall fit to the lérge w region has been achieved {31.. Suppcrrted
by this successful result, the F2 (w) functions have been calculated
from the threshold to ® = co 1in terms of the total cross sections of
plon-hucleon scattering (5]. The moment /ldx(FQ;P + F2VP) has
turned out to be in a good agreement with tge recent analysis of CERN
experiment.

Encouraged with these successful‘attémpts inc,orporating tﬂe
PCAC, we will proceed‘here to explore into the vector-axial vector
interference term F3 (w). We will first show that this structure
ﬁmctibn is related through}the generalized scaling to the absorptive
Inx"bt of the ysingle-pion photorroduction amplitude in the forward
direction (t = 0). We will estimate the latter up to 500 MeV in the
incident photon energy by use of the results of multipole analysis,
and then extrapolate it to the scaling limit through the generalized
scaling sum rules of right moment. The fits thus obtained will be
compared with the predictions of the quark model as well as the
experimental results at CERN and NAL., Since the scaling function

Fj(ui')""’iﬁ most sensitively dependent on the underlying structure of
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currents, it is powerful in discriminating among wvarious models of

hadrons to have some information of F3 (w).

2. THE RETATION BETWEEN st AND THE SINGLE-PION
PHOTOPRODUCTION AMPLITUDES
We will first relate ij(v, Qe) of the vector-axial vector
interference term to the absorptive part of the photomroduction am-
plitude of a single pion at zero momentum transfer. Since the kin-.
ematical factor of the photoproduction amplitude vanishes in the
forward direction for the initial and f:f.nal nucleons with spin

averaged over, we go off the forward direction to relate them. The

vectar-axial vector interférence amplitudes are defined as

1/2 ( (
1 [EE b dgx , =, - 1) 3) >
= |5 ax & ¥ (p' | A ) v, o) [ B)
-3 A LK i ALK
= 2. ¢ P K A - —=— € g ¥ B, (2.1)
onl W T ol WM o

. -, 1/2
where E = (52 + mz)l/e, E = (p2 +m2) / s A and B are

invariant functions of v = (pk)/m, t = (p - P')2 = (q - k)2: q2,
and kE (k= p' +q-p). The nucleon mass is meant by m, and the

nucleon spins of l -fa Y and 5‘1 are averaged over. The conserva-

tion of the vector current Vv(‘j) is taken into account in (2.1). The

superscripts attached to Au and VV refer to the isospins running
over 1, 2, and 3. The isospins are suppressed in A and B. In
the forward limit k = q the right-hand side reduces to

i L 2
_;m—e € P4 A(v, Q7). . (2.2)
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The absorptive part of the single-pion photoproduction amplitude is

written as

1/2
% E__g:_' dhx eiqx ( ‘I;, ' ,j(i)(x) Vv(d)(O) l .I; )
X v
S U MoyE gH
b S P K @ C, - (2.3)

where j(i)(x) is the pion source function and € is an invariant

function of v and t (q_2=m2 and k2=0).

P
q2 =¥ in (2.1) and (2.3), ignoring the pion mass mf in (2.3) as

Let us choose

we usually do in using the PCAC. The PCAC relation leads us to

. .
2 .2 : 2 .2
A(v,t; ¢=K=0) = (;?) c(v,t; q°=k"=0) , (2.4)
where f,[ is the pion decay constant (VZ f“ = 0.97 mﬂ).

We define likewise the photon emission by the incident pion

Al

and the corresponding vector-axial vector interference term,

1/2 .
= (2 [ e 1P Yo 15
i A K = 1 R S
= - ;—m? G}J.V}\K P q A - ;;1—2' GIJVN( k q B ’ (2’5)
and
PR v X .
%LETS- ) a'x ¥ (| Vu(i)(:c) {90 13
oA A T |
= o € vae P x q C. . (2.6)

The PCAC relates them as

f
E(v,t; °=¥°=0) = ( K—") (v, t; ¢°==0) . (2.7)



-5-

Comparing (2.4) and (2.7) with the usual definition of the w3 struc-

ture function in the neutrino reactions

é—ﬂ (g)[ dux ¥ (3 [Vu(i)(x)Av(J)(O)# A“(i)(x)vv('j)(o)] E®

S - : »
- - 2m2 euw‘_K 7 q w3(v, Q7) | (2.8)

where Q,e = -q2 = -ka, we find

. ,
W3(V, 0)7 = (Tﬂ) (c(v,0,0) + ’C-(VJO)O)] s (2.9)

where the second and third arguments in C and C refer to t and

_.Qz s respectively.

According to the parton model and light-cone singularities in
the free quark model the function v Wj(v, Qe) scales in the deep

inelastic limit of Q2 - o with w = 2mv/Q2 fixed. We will assume

- in the following that this scaling rule should hold valid,

1im A ) = Fs(@) (2.10)

2 - .
Q - ™ N

2mv/QCf 1xed

3. GENERALIZED SCALING SUM RULES
It has been shown in many different approaches that FB(w)

may be expanded in the Regge asymptotic region at w » @ as ordinary

* hadronic amplitudes are. The generalized scaling was originally

stated as follows: Vv w3(v, Qz) may be extrapolsted on the average

with the variable ' = (2mv + Mz)/(Q2-+‘a2) from the deep inelastic

. region to the finite Q2 region. It is interpreted here that the

-6-

Regge asymptotic terms in « of Fj(m) are given by those in v
with Q° fixed of v Wy (v, Q°) with replacement of ® by

(emv + Mz)/(Q,2 + a.2). At © - oo, Fj(cn) is expanded as

o, (0).

Folo) B, w
3 ® - o : i

’ - (3.1)

while WB(V’ Qz) may be expanded with Q2 fixed as

(0)-1 '
wy(v, Q°) /\/Z @i | (3.2)

The generalized scaling rule relates B N to 7y i(QQ ) through

-a, (0)

(@ + &%) B, - (3.3)

71(Q2)

The parameter 8% 1in the right-hand side is, in general, dependent on
the trajectory 1. The generalized scaling su.m rules are derived with
(3.3) for the v WB(V, Q,2) functions of even a.mi odd crossing symmetry
separately, when one takes appropriate differences between vw5(v, Q2)
and Fi(cu) so as to cancel their higher asymptotic powers in v and
w. _ v

Let us construct y_W}(i)(v, Qe) of even and odd symnetry
in v. We will be interested throughout this paper only in the
strangeness conserving currents since the strangeness changing part

1s small enough. Define wj"P and w;P through



2n

_l.(g) ahe % (3 | [vH@) ) 5 W1 (o)
+ A£1)+1(2)(x) vf,l)‘i(e)(o)] [2)

_ A N k., VD,VD 2
= -5 e P T ¥ (v, Q)

- (3.4)
2m .

where (1) * 1(2) refer to the strangeness conserving weak currents

of AQ =*1 associated with the Vp and vp reactions. The linear

combinations

w3(i?v, &) = w;"(v, €)= w"R(, ) (3.5)

satisfy the crossing relations
W, &) = T o, &L 68

The generalized scaling rule as expressed in (3.3) then leads us to

a set of sum rules

4 B . Vmax.
1im aw FS(-)(w)/w - dv w5(')(v,Q2) =0
® - 1 v VO(QE)
Viax © @ o ‘ (3.7)
and
l— wma.x ) . max }
1im t dw F3(+)(UJ) + gm ) dv VW3(+)(V,Q2 )] =0
Q +a
Copax ~ P 1 VO(QQ) -
v - o
max
where

FB(i)(co) lim v Wf)(v, ), (3.9)
2
Q- o

2mv/Q2fixed
the upper limits of the integrals a)m and v are kept related

through

O = (v + W)@ +a%), | | (3.10)

‘and the lower limit vO(Qe) should be chosen to include the nucleon
pole contribution in the integral over v . The parameters a2 and
Me are to be determined from fits to experimental data in the Regge
asymptotic region. With a.2 chosen appropriately, the leading powers
are canceled in (3.7) and (3.8) ﬁeééuse of (3.3). The value of M

is then to be chosen in such a way that the nonleading powers and the

Khuri satellite terms of the leading powers left out may be maximally ‘

canceled between the first and second integrals in (3.7) and (3.8).
Since we have no experimental information whatsoever of l-‘3 (w) at
W~ o, we will later make some tﬁeoretical speculation on the values
for a.2 and M2 The investigation of v we from the deep inelastic
region to the shallow inelastic region has suggested that 32 shcruld‘
be somewhere around 0.4 GeV® (2] while M should be of the order
of 1 GeV" {1], [2]. The fit to the asymptotic behavior of vw27N
with the smoothed =N total cross sections also supports the value
of a° between 0.2 and 0.k GeV" [3]. The £1t to F,” (w) 1in the
entire range of  Dbased on the generalized scaling sum rules has

as [5]

given the optimum value of 32

a2 = 0.3 Ge&. ‘ (3.11)




_F)(w). The AE and o trajectories dominate in F

-9-

In writing the sum rules (3.7) and (3.8) we have implicitly

assumed that there should be no fixed pole of right signature in the

- complex J plane, or if any its residue should be independent of Q2.

~ The latter is the case for WQ(-)(W Qa), as is known in the Adler—

Dashen-Gell-Mann—Fubini sum rule. It is expected to be true generally
for the fixed poles associated with equal-time commutators of loecal
operators. If the Inmeters 32 and Me are common to all the
higher Regge powers, the sum rules of highér moment would 'be written
since the substitution law (3.10) would cancel nonlea&ing povers
simultaneously. If there is no wrong signature fixed pole whose

residue is dependent on Qe, the sum rules of wrong moment would hold,

U v
lim - ( f e Fj(-)(w) -2 = {»wj(")(v,Qa) =0,
Dy @ L) . Q +a 2 : .
v ~o-1 V(@) v
e | (3.12)
(Dmx me
1lim dw F3(+)(w)/w - “dv W3(+)(v, Q2) =0.
“max T ®" 1 V vo(Qa) |

These are less likely to hold valid than (3.7) and (3.8) are, since

there is no theoretical nar experimental evidence for the wrong

signature fixed poles being Q2 - independent.

4. DETERMINATION OF F;’P’ vP
We will use the sum rules (3.7) and (3.8) of right moment to
determine Fa(w). We start with postulating the functional form for
(t)(w) in the

3
1l at t =0, sowe require
large w region. Their intercepts are ~ 5 ) 80 €q

«~10-

N .
F3( @) ~ B, 2. (4.1)
: - ® Ay
o » . _
Near the threshold w =1 , Fj(_) {w) is expected to approach zero.

-+
It may be argued in the same way as for Fa(—)(a)) (61, [7] that
R _
Fj(')(a)) should vanish like (o - 1Y as @~ 1 if both of the
vector and axial vector.form factors fall off like (Q2 )'2 as

2 : ' (), ‘
Q" = w. We therefore rerametrize F5 (w) as

FB(i)(a)) o AR L y (4.2)

+
for @ £ 1. . A are going to be determined through the sum

rules of the lowest x;ight moment.

To obtain the absorptive part of the single-pion photo-
production ampiitude,we use the results of multipole analysis in the
resonance region. 'I'he»accm‘ate and model independent analysis has
been carried out by Pfeil and Schwela [8] in the region of the A
resonance (1236 MeV). The analysis has been extended by Moorhouse and
collavoratars (9], [10], [11] using dispersion relations and by Walker
[12] in a simple dynamical model up to Just above the third resonance
(1688 MeV>. ~ We use the multipole a.nglysis by these peoi)le. . The
integrals in the right-hand side of (3.7) and (3.8) are dominated by
the A resonance as well as by the nucleon pole contribution. The
relative importance of fhe second and third resonances are far smaller
in the present case than in the pion-nucleon scattering.

Wg have first integrated the right-hand side of (3.7) and
(3.8) over v up to 500 MeV using the multipoles given in [8] - [12].
Assuming that the sum rules are saturated emough at v

max - 500 MeV,

we have
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 ax , 500 MeV
a FB(')(G))/(D ~ av WB(-)(V,O) 3 (4.3)
1 ]
. 500 MeV
aw F3(+_)(a>) ot %‘i ‘ Cav v Wj(-)(v,o) :‘ (b.4)
1 . | a V) :
2., 2 ()
vhere ® = (2m x 500 GeV + W )/e°. Ws (v,0) are related

through (2.9) to the photoproduction amplitudes in the notations of

Chew, Goldberger, Low, and Nambu [13] as

Le : :
ws(t)(v,o) = <—él) {- ez:N (“p - J5(v)
N 2] R
. ) e )
[(E2 + m)(El +m)]? Py _
ol m
. }ﬂ (¢ - 1)t 6& + 1)M,(j) o+ E,(j)>
=2 -
. % @
E + m
(s8] B ool
i=)

(4.5)
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| [l [l -
| 7 e e

(-) 6/2) ] )

Eys SR N L S B (h.7)
o 773 f 3 ‘
s CCIRR G

© where up and u!i are the total magnetic moment of the proton and

the neutron, respectively . (up - p.n = 1&.71), is the pseudoscalar

&
coupling constant (giﬁ/lm = 14.5), W is the center-of-mass energy,
E,, and M,, are the electric and nﬁagnetic transitions to the =l
system in the state of orbital angular momentum ¢ and total angular
momentum J = ¢ * 3, and the superscripts (3/2) and (1/2) stand for
the total isospins. Note the difference in the normalization of (4.6)
and (L.7) from (3.5). The multipoles of Pfeil and Schwela (8] have
been substituted in the A Tresonance region by supplemenf.ing them with
the results by Moorhouse and colla’t;orators (9], [10] above 450 MevV.

Carrying out the numerical integrals we have found

r.h.s. of (u.3)' - 3,19, | (4.8)

r.h.s. of (4.k) - 5.19 GeV X (Qm/aa) .

(4.9)

The overall sign of these are not determined from the single-pion
photoproduction experiment alone although the relative sign is fixed

between (4.8) and (4.9). However we can determine the overall sign

common to (4.8) and (4.9) with recourse to a bit of theory, the PCAC

hypothesis. The Goldberger-Treiman relation
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2m 8a
£ = W , i (4.10)
K(0) > 0 ~ and g = +1.25

determines the sign of the product i’ﬂ g This fixes the sign of

N ° _
the nucleon pole term in (11-.5). The relative> sign of Im M](i/2) due
to the A resonance to that of eg y was found in the original paper
of CGLN [13] to be positive, and the subsequent multipole analyses

[8] - [12] nave been done with the convention of eg y > 0. Therefore
the sign of the continuum contribution relative to that of the nucleon
pole is known._ In fact, we should choose ‘f’t and &N to be both
positivé if we substitute the multipoles in the prevz_a.iliné convention.

With all of these cbservations the right-hand sides of (4.8) and (4.9)

tuwrn out to be negative. We will later see that this overall negative

sign is cruclally 1mpdrtant in reproducing GVN/UVN < 1 1instead of

b'the opposite. In (4.8) ;_there are two large contributions, one from

the nucleon vpble and the other from Im MS» / 2)_ due to A(1236 MeV).
However, 'the_ nué]_.eon term and the - A term largely cancel each other
leaving iaboutbjo% of the nucleon term. On the other hand (4.9) comes
aimost entirely from A since the extra factor v in the integra.ﬁd
kills the nucleon term. We therefore expect that (4.9) for F§+) is
more stable against details of the multipoles than (L4.8).

We now substitute the function Fj(w) as parametrized in (4.2)

» into the left-hand sides of (4.3) and (L.4) to determine the

t
coefficient A( ) . The parameter a2 and M2 were determined

meviously in the fits to F, (w).  They are most generally dependent

<1k=

on the quantum numbers of the» currents as well as fhe Regge poles
exchanged between the nucleon and the current. For instance, the
values for a° and ¥ determined in [2] apply to the A, trajector
which couples with the two vector currents, and those in [3] are for
the p and f trajectories which couple with the two axial wvector
currents. But, it has so far been turned out that a.2 and M2 take
the common valueé within ﬁossible errors for all the Regge poles of
ai(o) > 1/2 whether the exterﬁal lines are the vectoi- currents or
the axial wvector cur;ents. We therefore assume here as we did in [5]
that the values for a2 and M2 be dependent only on the intercepts
of Regge tra,jectories. We take over the optixﬁum values as determined

in the previous works

8° = 0.3Ge¥  and M = 1.0 GeV, (b.11)
and substitute them into the sum rules.
For v = 500 MeV we find
max
A and XS A P (4.12)

A.s we remarked before, A(f) is very stable agaihst errors ir
the multipoles while |A(_)! may decrease as the A contribution
increases. But the numbers’ giwnY(h.lZ) are fairly relimble once

| n

Voax is fixed at 500 MeV, Jjust above the A resonance tail. A large

vscurce of ambiguity probably exists in the choice of Voax and the

multipoles at higher energies. If we extend the integrals on the
right-hand sides of (3.12) and {3.13) to 1200 MeV by picking up only
the resonance contributions in the multipole analysis by Walker and

the recent result by Moorhouse and Oberlack [11] , A(+) may decrease
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as much as by a factor of 2 ~ 3 while A(-) may decrease less
significantly. This should probably ‘not be trusted since above the
secbnd resonance regio.h the single-pion photoproduction involves rather
high background contributions. We vould have to take into account the
nonresonant multipoles there. In addition, the multipoles of the
resonant amplitudes contain large errors above the second -resonances,
and the values are not considered as final yet. We would‘ rather quote
the results. in (k.12) dérived from the firmly establisheti lower energy

miltipole data.

By taking linear combinations of Fj( )(w), we obtain F (w) -

for the vp and vp reactions as

gﬁmw - -ssefa-2Y, )
7, P() = - 2.k G-y, (4.14)
where of course ;n(w) F Vp(w) ‘and F ;I_I(w) = FBVP(w) ;

3
Experiment measures directly through the ratio of the total cross

sections ‘GVN/ oY the integral

1 - .
ax x(F;"P(x) + £, "P(0)) | (4.15)
0 : '
where x = 1/0 . According to the analysis of the CERN data [1L],
MY - 038 t 0.2, (%.16)
leading to :
' 1 '] Frl
B = . ax x F;N(x)l | dx FEVN(X)
0 1o
= 0.9 ¥ o.ob (4.17)

" in the multipoles and the cutoff v

. -16-

through the formula ovN/ o . (2 - B)/(2 + B). The superscripts

VN and VN stand for the average over the proton and the neutron,

By = g (R vp L "‘) (4.18)
2,3 :
From our results in (4.12) we find
l r
vN,. ) :
ax x Fg7(x) = - 0.0 . (4.19)
0
* If we devide it with the experimenbal observed value for
f ax £, (x) 4],
vN ' '
dx F, (x) = 0.4 + o0.07, (4.20)

we obtain B = 0.82. If we choose F, (x) determined from the =xlV .

total cross sections through the same extrapolation technique (5] as

done in this paper

1
/ dax FEVN(x) - 0.51, (4.21)
A ‘

we find .
B = 0.79. o ~ (h.22)

In eithc_ef way the agreement .with the experimental value
= 0,90 ¥ 0.04 is very satisfactory. The number quoted in (4.22)

5 . .
may be affected by the values for a  and MZ as well as by errors

2
max® The value for a may be off
by 10% from 0.3 GeV2 without causing serious discrepency elsewhere.

The value for M2 may have even a larger ambiguity. The good agree-

ment with experiment in UVN o N mey be regarded as justifying a

posteriori our choice of the wvalues for a and M2
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5. COMPARISON WITH THE PREDICTIONS IN TEE QUARK MODEL
Theorists have speculated that the fractionally charged
quarks may be -ther fundamental constituents of hadrons and therefore of
‘the hadronic weak currents. A few sum rules have been derived for the

inelastic structure functions in the quark model. They are {151]

1
[ dx -@BVP(X)H;P(X)) = -6, (5.1)
o .

-and

1 o
/ ax x (7" (x) - 75"(x))

-6 [ ax(®,"Px) - F7R)
0.

>~ -0.30 ¥ 0.12.
(5.2)

The factor 6 in the’right,-.hand‘ sides of (5.1) and (5.2) is char-
acteristic of the fractionally charged quarks. We evaluate the
integrals in the left-hand sides with our function as obtained in
(4.13) and (4.14)., They turn out to be
-1 _ _
dx<F‘5vP(x) s BP) = -2k, (5.3)
o

L | o

, vp _ vp _ . "
ax x (7, P00 - 7P) 0.32 (5.5)
Notice that theé signs are in agreement with those in (5.1) and (5.2).

This .is highly nontrivial. As we emphasized before, F;p - FBVP

may be subject to some errors since it comes from the small difference

between the two large contributions. But, the agreement of (5.4) with

- the prediction of the fractionally charged quark model is still

-18-
. . ' vp vp
significant. On the other hand the sum F5 -4-,F3 is more stable
against errors in the multipoles. It 1is highly unlikely that it

changes by more than 10% once vm'u is fixed at 500 MeV. We would

draw the conclusion in the present analysis based on the generalized

.scali.ng sum rules that the zeroth-moment integ'él

: 4{ dx (F + F YP) 1s much smaller, approxims.tely by a factor of

two, than the value mredicted in the fractionally charged quark model.
But it may be worthwhile to mention thg.t the integrals of the zeroth
moment and of the first. momenf are tightly correlated to each other
once we parametrize FB(t)(w) with a single parameter A(.t) as in
(4.2). It is much desired to determine FB(m)' through the sum rules
by parametrizing it wif.h more ﬁarametéz;s. More acr_ﬁ:.rate multipoles

are needed for this purpose in the energy region above the second

resonance.

6. SUMMARY AND CONCLUSIONS
We have related through the generalized scaling rule the

absorptive part at t = O of the single-pion photoproduction amplitude

"to the scaling function Fjl(w) in the highly inelastic neutrino

reactions. The results are given in (4.13) and (L4.1k). Combmmgfit"
with thé other scaling function VF2(m)' which was calculated pre-
viously in the same technique of extrapolation from the =N total
cross sections, we can find the complete x (or w) ‘dependence of

dov’ /d.x dy , where 'y = V/E The double differential cross sections

are given as

vp, v ¢
do P p/dx dy =

mE {(1 . };_?_)F;pﬁp(x) : (y '_ 1; )x F;p,Vp(x)} ’
o | (6.1)
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vhere E 1s the incident neutrino emergy, G is the Fermi .constant,
and the Callan-Gross relation 2x Fl(x) = Fz(x) has been used. The
minus sign should be chosen far the vp reaétion and the plus sign
should be chosen far the 7p reaction iIn front .of the second term
inside of the square bracket in (6.1). The same formulae hold with

the proton p replaced with the neutron n . The functions F2v,v

were calculated in [5] as

FavP(x) = Févn(x) = 0.80(1 - ::2)1S +1.79 x%(l -x) + 6.7 x3/2(1 -x),
(6.2)
7, 2(x) = £,"(x) = 0.8001 - &) +1.08 221 - x) - 6.7 /201 - 2.
| (6.3)
Combining these with the mresent results for Fj(x)
p SN | -
F3 (x) = -.5.5 x2(1-x), o (6.4)
v -4 3
Fy P(x) = -2.4x72Q1 -x), (6.5)

we can evaluate the double differential cros§ sections 'in the entire
region of x. and Y. The cross sectiomns QGVN/dx dy and ddVN/dx dy
are p.‘).ofted in Fig 1 for the nucleus‘tar-get of N=2 .at several
different values of y . The VK cross sections show a strong ¥y
dependence, while the VN cross sections remain practically unchanged
as y varies except very near x = 0.

It is important to make sure whether or not our results violate
the positivity conditions based on unitarity, not dn a specific quark
model. The relevant one to the present results is [17], (18]

P () 5 2 F(x) (6.6)
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which hold for vp and Vvp . The positivity condition is well

. satisfied for the Vp (and therefore vn) reaction. It is almost

satisfied for the vp (Vn) reaction except above x ™ 0.9 (or

equivalently at 1 S ® $ 1.1), vhere a tiny violation shows up

- ' - . i - -
{2 ARORNE AN I] / RARORNRALC l] So1.
| (6.7)

The violation is small and certainly within the errors in the multipole

analysis and the dependence on the cutoff Viax

F, themselves are less than 3 x 107 in the region of

. Moreover F2 and

1 € @ $ 1.1. We have not imposed a positivity condition in any
form throughout ‘our investigation. We do not consider that this
vanishing tiny violation of the positivity condition is of any serious
flaw in the present approach. We therefore c;:nclude that the
extrapolation procedure combined with the PCAC hypothesis has
successfully given the scaling functions Fjv’ T;(cu) as well as Fz(m)

in the highly inelastic neutrino reactions.

T. ACKNOWLEDGMENT _
' The author is grateful to Professor R. G. Moorhouse for
helpful suggestions concerning the recent results in the multipole

analysis.




f1]

[2]
(3]
(4]
(5]
[6]
[7]
(8]

{9l

 [10]

[11]

{12]

" {13]

(14)

-21-

REFFRENCES [15]
E. D. Bloom and F. J. Gilman, Phys. Rev. Letters 25 (1970) 1140;
Phys. Rev. DU (1971) 2901. ' [16] c.
V. Rittenberg and H. R. Rubinstein, Puys. Letters 35B (1971) 50. a7l .
P. langacker and M. Suzuki, Phys. Letters 40B (1972) 561. [18] M.

P. langacker and M. Suzuki, Phys. Rev. D7 (1973) 273.

M., Suzuki, Unive_z_'sity of Califorﬁia, Berkeley.pre_print.

S. D. Drell and T-M. Yan, Phys. Rev. Letters 24 (1970), 181.
G. West, Phys. Rev. Letters 24 (1970) 1206.

W. Pfeil and D. Schwela, Nucl. Phys. BUYS (1972) 379.

Y. C. Chau, N. Dombey, and R. G. Mocrhouse, Puys. Rev. 165 (1967)
1632. '
R. G. Moorhouse and W. A. Rankin, Nucl. n,'ys. B3 (1970) 181.

R. G. Moorhouse and H. Oberlack, Phys. Letters 43B (1973) k;

R. G. Moorhouse, H. Oberlack, and A. H. Rosenfeld, University of

California, Berkeley preprint.

R. L. Walker, Phys. Rev. 182 (1969) 1729. See for a review of

the present staﬁus Springer Tracts in Modern Physics. (Springer '

Verlsag, -_Beriin,_ 197), vol. 59. v ‘

G. F. Chew, M. L. Goldberger, F. E. Low, and Y. Nambu, Phys. Rev.
106 (1957) 1345.

D. H. Perkilns, Proceedings of the Sixteenth Internmational Con-
ference on High Energy Physics, Chicago ana Batavia, Illinois
(edited by J. D. Ja.;:kson and A. Roberts, National Accelerator
laboratory, 1975), vol. 4, p. 190. See also A. Benvenuti et al.,

Phys. Rev. Letters 30 (1973) 1084,

-22-

For sumary, see for instance Ch. Llewelyn Smith, Fhys. Report
3¢ (1972) 261.

G. Callan and D. J. Gross, Phys. Rev. Letters 22 (1969) 156.
D. Lee and C. N. Yang, Pays. Rev. 126 (1962) 2239.

G. Doncel and E. de Rafael, Nuovo Cimento 4 (1971) 363.



Fig. 1:
unit of
Vfor the

coincide

FIGURE CAPTION

The double differential cross sections dUVN’VN/dx dy 1in the

GmE/n (= 1.56 E(in GeV) X 10'-38 cm?). The upper curve stapds

VN reaction and the lower onme for the VN reaction. . They

at y = 0..



-24-

909€-2€478X

X

4

0

ol 90 20 Ol
: T

90
1

Joo

20
0

80

A0 |

20
b0
90
80




LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.




TECHNICAL INFORMATION DIVISION
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720





