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ABSTRACT

neutrine data provides additional support to the proposition that the

functional forms of F;N(X) and F;N(_
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This letter is motivated by two factors: recent measurements of
the total cross sections of neutrinos and antineutrinos by the Gargamelle
collabo:r'at'1on1 and an interest in formulating theoretical predictions in
terms of guantities independent of the explicit form of the neutrino
specturm. The results of recent experiments1 indicate that very simple
relations may exist between the structure functions describing deep
inelastic scattering. This in turn allows the formulation of precise
theoretical consequences in terms of quantities which are independent
of the neutrino spectrum. Some of the predictions discussed in this

f

letter have already been described in the literature. Our aim is to
pursue these ideas further and point out that the CERN data imply

stringent bounds for the experiments at NAL.

Bounds for the mean muon energy. One of the main physical quantities

to be measured in the reaction

VanN = W+ X (1)
is the mean energy of the muon, We remark that within the framework
of the scaling hypothesis <E“>, <Q2> and other related guantities are

bounded. For instance

0.50 £ < E*‘/E% < 0.75 (2)
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This result may be obtained readily by following the same line of reason-
ing as that used in Ref, 4 in order to bound o VioV. Assuming the scaling
of all three structure functions, the total cross section can be represented

in the form:

i 4

2 _ (3)
TI=0E | &) R () O YR

where in the standard notation

v A
j = 'E‘" p) X= Q d.\ncl (L) = S (R) ':«——-—-----——-—q_R
MY 0+ Cp 220G T T +2 0

where GL’ o R’

left-handed, right-handed and scalar current, respectively, It also

o are the cross sections for the absorption of a

follows that (L) and {(R) are functions of the variable x only, The same
argument can be repeated for the mean muon energy, where after

integration over x and y one obtains-
j Ex JQ‘M 4
<Ew/ > = dody o
E7y i
T o, )

The symbol < > stands for the mean values of the quantities. The mean

values of the cross section ratios are bounded by

OF>LL, 0RO ok
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As a result we find the limits5 of Eq. (2.

We mention two results6’ 7 obtained earlier., Volkov and
Folomeshkin7 calculated <EH/E> assuming scaling and some particular
relations between the structure functions. A result close to <EIM/E> =
1/2 was obtained, Bjorken derived an expression for a muon inelasticity
relevant to cosmic ray experiments. Furthermore, the bounds obtained
depend explicitly on the initial neutrino spectrum, so than any coincidence
is just incidental. The form of the spectrum used in the paper is

relevant to experiments with cosmic ray neutrinos but not for experiments

on accelerators.

Bounds for the square of the four momentum transfer. It was mentioned

first by Myatt and P'er'kins3 that <Q2> should be proporticnal to ZME
in the scaling region, Existing experimental evidence does not
contradict this prediction. We obtain here limits on the coefficient

of proportionality. Following the steps of our previous discussion one

easily obtains
1

<_§._>._ Lxg(x)c\x j*%’<’~>'f€ LR>

ZME Y gon(x)olx -'-Lzﬂb—%(i_ —%<R>

Unfortunately little can be said about the ratio of integrals over x

(7)

using scaling alone. Thus we come to the following 1imit
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> éi— 8)

v,y

2
Og( <
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where the subscript v or v indicates neutrino and antineutrinc reactions

Il

respectively, Equation (7} however, is useful for determining the
integral ijz(x)dx which provides an independent test of the parton
model, to be discussed later on, It is needless to emphasize that the
main virtue of the bounds (2) and (8) lies in the fact that they are

independent of the neutrino spectrum. It is sufficient to know the energy

of the muon and final hadrons.

Bounds and the recent CERN data.

Existing experimerital data obtained at CERN do not contradict the
hypothesis that scaling is already observed. As mentioned by numerous
authors this is a rather surprising fact since the values of v and QZ
are not in fact large. Thus, the apparent confirmation of scaling could
be just an effect of small statistics, Bounds obtained in the preceeding
sections can be checked using all the statistics available., TFor example,
if one assumes that the total cross section rises linearly for E > 2 GeV,
the ratio o‘j/crv is known with good accuracy

a v
= 0.377 %+ 0,035 )
N

It is close to the lowest bound allowed by scaling., In view of this result

it is reasonable to consider the previous bounds in the case when the ratio
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of the cross sections is close to 1/3

v
_q;.___:#:_L_( ) (10)
v -3 \ive ) ek

For € = 0 it follows that <L.> =1 and <R> = 0. Knowledge of ¢ alone
is not sufficient to determine the deviations of <L.> from one or <R>

from zero. It provides however the constraint8 equation

<°'“/oa> +*/ <¢s/o’,_ =Yg e+ 0 (9 oo

which leads to the following inequalities:

iz (12)

<
WV —
2 < B !
3 = *\/E v < 2,33
Gy € 2+ 2 e »
2
9 A9 4<Q/2ME>@2 < 2
TR & </2ME S - (15)

These inequalities are very restrictive, considering the small value of €

(~ .4132 + .023% ). Relation (14) seems particularly useful, since for
identical neutrino and antineutrino beams it can be tested by measuring only
the energies of p+ and . 's. In case that the agreement of Eq. (22)

with the bounds for the ratio ¢ /o' is just fortuitous due to small
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statistics or the inclusion of isobar production, ? then one would
expect violations of bounds (12} - (15).

The same constraint equation also bounds the ratio in Eg. (7)

i i i
L cra<-&
_I__ﬁ_e 3 3<> :'..-?.<R> < _é__ (16)

4 4 1 ~
2D - =<R
so that for all practical 'purposes* it is sufficient to assume <R> =0

and <L> =1, which gives a ratio of 4/2, Equation (7) now leads to

\

A (17)
S"\:(X)Jx~2 T SFx
~ - ) X == .
o = <.2ME> o2t d Al
where we appeal to the recent CERN result
(18)

S Fo(dx = c.43*0.07
and an older evalua‘cion3 of

< Q2 > ~ -1; ) (19)

IME 9

We compare the value in Eq. (17) with the prediction of two standard

hypotheses: (1) the parton (light-cone) prediction WZ(V) = W_{A)

2

(2) the isoscalar contribution to sz + an is ~ 10%. The SLAC-MIT data

for elec‘fropr‘oductioni 0 yield:

j\ (20)
ox FQ(x) (l)( ~ 0. \9%

The agreement between Eq. (17) and (20) is remarkable. The same

comparisonz in terms of the fF {x)dx also established remarkahle

2

4
Strictly speaking the quantity € occuring in (16) could be slightly

smaller than that in Eq. (10},
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agreement. The present test is, of course, independent and provides
additional support to the proposition that the functional forms of

F;N(x) and FvN (x) are very similar.

2

Intermediate boson and heavy lepton effects. There are two effects which

will modify the bounds discussed: the presence of either a W-boson or of

a heavy lepton. In the case of a W-boson we make the substitution

: G'z |
C‘:Z > ) S= Z2ME +N\'?'
s
( L+ %)
and proceed as before by setting <R>

= 0and <L> =1, Figure {1) shows
<Ep/ E> as a function of s/M \2;! . In calculating the integrals we again
appeal to the electroproduction data by following the two as|sumptions
stated aftér Eq. (19). We notice in the figure that the deviations from

a straight line become noticeable for s/M i ~1-2,

The presence of a heavy lepton produces just the opposite effect,

The process now proceeds through the steps
Vie > 474
> o+ Y
In such a reaction ¢ * carries, inthe mean, half of the neutrino energy.
In the subsequent decay f carries only a fraction of £ *'s energy so

that <EH/E> should be lower than 1/2.
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FIGURE CAPTION

The mean energy of the muon in the presence of an intermediate

2
vector boson as a function of S/Mw.
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