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ABSTRACT

We present an analysis of the
effects of asymptotic freedom on charged
current v and v deep inelastic scat-
tering. We consider both the GIM model
and the five-quark model with right-handed
couplings. We calculate the Q2 depen-
dence of the quark distributions as given
by asymptotic freedom, and we use these
distributions to calculate oV/ov, <y>j
as well as x and y distributions. We
study the effects of asymptotic freedom
in charm and b quark production. We
also discuss the sensitivity of our re-
sults to the shape of the gluon distri-
bution. We emphasize the importance of
comparing theory with data excluding low
Q2 wvalues (say Q2= 2 GeV2) in attempt-
ing to resolve the high y anomaly con-
troversy.
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1. - INTRODUCTION

Recently 1)-11) there has been an increased interest in the

12)

application of asymptotically free gauge theories ’13) (hereafter ASFT)

to the deep inelastic data., This increased interest is due to the obser-—

vation of scaling violations 14)’17>

in both electroproduction and charged
current neutrino (antineutrino) scattering. Since scaling violations emerge
rather naturally in the theories in question it is of great importance to
check whether these theories account for the deviations from scaling observed

in the data.

Apparently the situation is not the same in neutrino and electro-
production processes. Whereas many theorists agree that the pattern of scal-
ing violations observed in the electroproduction data is in good agreement
with ASFT predictions, there is a controversy concerning neutrino (anti -
neutrino data). On the one hand there is a fraction of physicists 2),5)
claiming that ASFT can explain so-called high y anomalies. On the other
hand many theorists attribute 3),6)57) the anomalies in question to the
manifestation of new quarks with right-handed weak couplings 18), ASFET

effects being found too small to explain the data.

This controversy stems not only from the relatively poor data,
but also from various assumptions and approximations which plague analyses

of this type.

One of the approximations used by various authors is the follow-
ing. The theory gives predictions only for the moments of suitably chosen
structure functions as Q° is varied, whereas the neutrino (antineutrino)
data are given as functions of the incoming energy E\)(E-). The "technique"
to circumvent this difficulty employed by some authors 2 )7) is to evaluate
the moments at an energy dependent effective Q2

eff
this way the energy dependence of the relevant quantities. This method,

value and to obtain din

although interesting and apparently relatively accurate can be criticized

as follows ¥ . Since this technique gives the moments at fixed finite
energy, to be consistent the integration over x from O to 1 should cor-
respond to the integration over Q2 from O to 2ME. This task is impossible
to do since the perturbative calculations on which the results of ASFT are
pased are unreliable for Q° < 0(1) GeV?, the effective coupling being too

. 2
large in this range of Q7.
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3)

Another method employed by some authors is to factorize the

x and Q2 dependence of the structure functions and take the latter depend-
ence as given by ASFT, Although this method is probably suitable for obtain-
ing upper bounds on scaling violations predicted by ASFT for total cross-
sections and <y>, 1t is unacceptable for the calculation of x distribu-
tions since one of the spectacular features of ASFT, as well as of all

renormalizable field theories, is the absence of factorization in x and QE.

We think that the only consistent method within the given appro-
ximations (neglect of higher twist contributions, higher order corrections in
the gluon coupling, etc.) is to invert the moments (which implies assuming
certain uniformity properties) and use the structure functions (parton dis-
tributions) obtained to calculate the deep inelastic scattering, keeping the
cut-off Q2 > Qs. Correspondingly, we think that field theorists should ask

their experimental friends to cut their data at some Qi, above which the
coupling is sufficiently small and that perturbative calculations make sense.
Otherwise one is forced to make assumptions about Q2 = Qg region, about which
present field theory has little to say. At Ev=:30 GeV and Q§=:2 C—eV2
this corresponds to making assumptions (outside the field theoretical frame-
work) on the behaviour of about 40% of the cross-section. This is certainly

not the best way to test field theory.

In this paper we shall proceed as follows. We shall first find
the Q2 dependence of the quark distributions as given by ASFET *). Having
Q2 dependent quark densities at hand we shall calculate (keeping the cut-off
Q2 =z 2 GeVZ) o;/&v and <Zy>c as well as various properties of x and ¥y
distributions as functions of E_ (EG)' To our knowledge, the ASFT calcul-
ations as presented in the literature so far have been limited to global quan-
tities such as <y>; and cr\-)-/cv **). The hope is that x and y distri-
butions may also be useful in distinguishing between various models once

better data are available,

We shall also make estimates of the cross-sections for charm
and bottom production within ASFT framework and compare them with simple

parton model results.

*
) Q2 dependent quark distributions have been recently discussed in
Refs. 5), 20).

*%
).A qualitative discussion of x and y distributions within ASFT has

been given in Ref. 21).
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Sdince data are usually presented without the proper cut-off din Q2
we shall also show the results of calculations in which we have made certain
assumptions about the Q2 < 2 GeV2 region. As we already stressed we do not
have confidence in such a procedure, nevertheless we show these results for

illustration and comparison with Q2 cut results.

There is still another point to be stressed. In order to obtain
Q2 dependence of parton densities within ASFT one has to make assumptions
about the distributions of quarks and gluons at a particular value of Q2
(see Section 2 for details). Although there exists a reasonable knowledge
of the distributions of valence quarks and some knowledge about the sea,
1ittle is known about the corresponding distributions for gluons. So it
is of importance to investigate how various results depend on the assumed
gluon distribution. A progress in this direction has been made in Refs. 1)
and 22) where the dependence in question has been calculated for electro-
production structure functions and Drell-Yan cross-sections, respectively.
Here we shall investigate how the assumptions on the gluon distribution

sffect the calculations of neutrino and antineutrino cross-sections,

Our paper is organized as follows. In Section 2 we recall those
formulae of ASFT which we have used to calculate the Q2 dependence of the
quark distributions. We present these formulae in a form useful for phe-
nomenological applications. In Section 3 we discuss the Q2 dependence of
the parton distributions for various choices of the gluon distribution. In
Section 4 we present the ASFT calculations of neutrino (antineutrino) cross-
sections and distributions in the framework of the GIM model and the D
quark model 22) with right-handed couplings. Finally, in Section 5 we briefly
summarize our results and comment on the effects which we have neglected in

our analysisSe



2., - BASIC FORMULAE OF ASFT

In this section we shall recall those formulae of asymptotically
free gauge theory which we have used in the phenomenological applications.

It will be convenient to work with Q2 dependent quark and gluon distri-

butions.

Following Ref. 2) we decompose parton distributions into valence,

sea and charm contributions according to
p(a, @) = py(x,@) + s(x,&)
fn,(g,.a") = "n,,,(%.a‘) + VS(X, Q.‘)
@) = PG = A(x@) = A (x, &) = 5 (G

- 2.1
p'(x, @) = P’(»,a') = C(xa@") (2.1)
and introduce a gluon distribution G(x,Q°).
We denote the moments of the quark and gluon distributions by
[}
m-|
{98 !.~[d1.'n q (x.@")
o
and | et ny2
(G(@), = |dx x 6(x89) (2.2)
[+
respectively.

Restricting considerations to isoscalar targets we are left with

the following combinations of quark distributions
V@, @) = p,(»@) + m (», @)

V(x, @) + S¢x, 04 - 3C(x,QY)

V(x, @)
V@) + 5x,@) + C(x Q)

g° (», @)

(2.3)
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Here

S, @) G 5 (x, Q%)

n

and

C(“n Qoz) = & C,Cx,aﬂ-) (2.4)

V and V transform as non-singlets (Ag and A

under the physical SU(4).

15) and qs as a singlet

The Q° dependence of V(X,Q2), s(x,0°), ¢(x,0°) =nd a(x, Q%)
*

as given in ASFT is obtained by solving the following set of equations

m
INEY, = (N(@D), exp[- Yuws], (2.5)

(C/(Q.‘)),m = ( Q/(Qﬁ)).n exp [‘ ”6:;?5] , (2.6)
Cgt@), = {a-a cgEdy, - Br {6(@3)), | exp[- ¥1s]

+ { dm {Q(QID, +Pn (G(G:;)),n} exp[- X?s]
(2.7)

and

6@, = {dn 6@ - En LqXoDY, [ exp[- ¥'s)

+§ (-stm) (G (OB, + £ €q5@DY, Jexp [~ ¥TS] (o)

*) Equations (2.7) and (2.8) can be derived from the results of Ref, 13)
by diagonalizing the renormalization group equations.
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The various quantities appearing in (2.5)-(2.8) are given in an SU(3)
*

gauge theory by

¥ow *Ban = V(Xow-¥an) + 4 A0a X0y
2 (2.9)

i+ 3

where

n
'n.(nﬂ) g ] )

«
2 §h, = 6[4 - T e LT

'n.(fn—l) () (n*2) » (2.10)
m
2% ¥va = [ ] ,
mn+, vn.(vn#l)(«n-m.) my 2
w 8 i + Q
2t 3oy = 3 [nn n (m-1)
Here =%(33-2m) with m Dbeing the number of flavours. In this paper
we take m= 4.
The o, Bn and e, are given by
m n
- KQ'R XFW
Am = n o oyn n ym o2
Bea Spew * [ 80 -Yww]
mn "
Pm = Olm, (Kw - X-Z
m
2 ¥ay (2.11)

and
(1-cm) clm

Pn

— ——— o ot o - o o o B B B G P G S e (e G G e G S G G B s B G B G SN G B B P B T ™ D e S S S T e G G (0 G G S e G O e S o e G —

*) We use the notation of Ref. 12).



Furthermore 2
M =
8 = n A
Q3
n yey (2.12)

where Qi is the reference momentum at which various parton densities will
be taken from the data. A is the parameter which gives the momentum at

which the effective gluon ccupling constant

g*(a") 2%
~ = 2.1
k5 (5%_,'2‘,,.@) M%—; ( 3)

oy (@) =

becomes large. The values 0.2 < /A < 0.5 assure 9) that ozS(Qz) is large
for Q2~o.3 GeVZ, where bound state effects are important, and is small

2
enough for Q = 2 GeV2 that perturbative calculations make sense,

In order to solve the equations (2.5)-(2.8) one has to make

assumptions about the input moments

(NS <N, , £9°(83)), amd L G(8R)), .

We shall discuss this in the subsequent section,

Since the equations (2.5)-(2.8), although sometimes in a differ-
ent form, have been already discussed in the literature 2)54),5) we shall
not list theilr properties, which will anyway be evident from the results of
Section 3. Nevertheless, for the convenience of the reader we have presented
. n n n
in Table I the values of Bn’ Qs Yis Ypa and Yy for m=4 and
n=2...5., Notice that a2=62 and '\{2=O assure energy-momentum conserva-

. . n n n. . n
tion., Also as 1n 1ncreases ozn—>1, Bn—>o, en—>o, Y';YW and V.o YAn
telling us that for higher moments (1arge n) the Q° dependence of

quark distributions decouples from that of the gluons

4%5(3"»“ v £ q,s(ot))mexp [-s Xﬁv] )

(G % L G(QNIm exp [-s 5:#] (2.14)
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In technical terms it means that as n-® (x—1) the mixing

between gluon and quark singlet operators becomes weaker and weaker,

In fact, as shown in Table 1, the mixing in question is only
strong for n=2 due to energy-momentum conservation., For n;42 it
is relatively weak and consequently the Q2 dependence of the quark dis-
tributions is not dramatically dependent on the shape of the gluon dis-

tribution, once the momentum carried by gluons at Q2= Qs has been fixed,

Having set up the whole apparatus we shall now solve the equa-
tions (2.5)-(2.8).

30 = Q2 DEPENDENCE OF THE QUARK DISTRIBUTIONS

3.1 = Input moments

In order to solve Egs. (2.5)-(2.8) we have to know the input

moments
{vees) {S(Gs)), , LC(B3)), and <G(GYH)., .

In choosing the input values of < V(Qi) >n and <:S(Q§) >n we
have been guided by the parametrizations of Barger and Phillips 23),

Our parametrizations at Q2, the value to be specified below,

are as follows.

i) Valence quarks

xV(x,B) = 3133 % (1-x) (5.1)

This parametrization gives almost as good fit to the low Q2 neutrino

and electroproduction data as that of Ref., 23), but is simpler., It is
certainly a better parametrization of the data than the form x%(1-x)3
used by many authors. The normalization factor 3 assures that

Idxv(x)= 3, a property often forgotten in the literature.



ii) Non-charmed sea

- - G 0 B o o -

K|
xS (x, &) = 083 (1-%)
' (3.2)
This is the parametrization of Ref. 23). This parametrization lead s
to a value of vwg(xNO, Q=2 GeVz)
observed in the electroproduction 16) and pp data 17). -We have checked,
however, that for Q2 2z 3.5 GeV2 this discrepancy is cured by the con-

which is slightly lower than that

tribution of the charmed sea.

iii) Charmed sea

Having no information about charmed quarks in the nucleon we assume,

following Refs. 2), 7),

% C(x,@) =0

(3.3)

The equations (2.5)-(2.8) will then develop a non-zero charmed sea
for Q°> ch).

iv) Gluons

Since the gluon distribution is unknown, we have to consider various

choices. Following Refs. 1), 22), we assume

1
“L G(x,@t) = 0.493 (l—%) (l-o-'fL) (%.4)

with m being a free parameter, which we shall vary. The factor

0.49% comes from momentum conservation.

Having all the parton densities at the reference momentum Qg we
can now calculate the input moments entering Egs. (2.5)-(2.8) and subsequently
obtain xV, xS and xC as functions of x and s. In order to find the
Q2 dependence of the distributions in question we have to specify Qs and
A, We have already fixed A to be in the range 0.2 < A < 0,5 GeV, In
our subsequent applications to deep inelastic scattering we shall use only
the value A =0.5 GeV corresponding to the maximal scaling violations for

this range of values of A, Since we shall also present the free parton
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model results it will be easy to find where approximately the curves corres-
ponding to A < 0.5 should lie., For Qi we take the value 2 GeV2. At
this value of Q2 the fits (3.1) and (3.2) are good representations of the
neutrino data and the amount of charmed sea is presumably consistent with

Eq. (3.3).

Since not everyone may agree with our assumptions about A and
Qg we present our results as functions of s rather than of Q2. We supply,
however, the reader with Table II, from which she(he) can read the corres-

ponding values of Q2 for the limiting choices of A,

3.2 = Solution of the ASPFT equations

In previous analyses 5),20) the Q2

dependence of quark densities
as given by ASFT has been given in a numerical form. We think it is useful
to have instead analytic expressions which, to a very good accuracy, repre-
sent the Q2 dependence predicted by ASFT. This can be done by choosing
certain quark distributions with a few free parameters and determining the

latter from Egs. (2.4)-(2.8).

We present here only the analytic expression for the Q2 depend-
ence of the valence quark distribution since the corresponding expressions
for the sea are very long. We hope to find more elegant expressions in the
future. The fact that the Q2 dependence of the valence quarks is simpler
than that of the sea quarks is easy to understand. The valence quarks can
change their distribution only through gluon bremsstrahlung. On the other
hand, the Q2 dependence of the sea is governed by two processes : gluon
bremsstrahlung and pair creations. The coexistence of these two processes
makes the Q2 dependence of the sea very complicated. This is also clear
from Egs. (2.7)-(2.8). The Q2 dependence of valence quarks is given for

0 < s < 1,2 to a very good approximation by

wV(x8) = % Ci=2)
B(a.(s), 1+, (s)) (3.5)

with

o, () = 0.65 - L.IK.-G-
, (8) G-s (5.6)

dy (Y= 3 + 4.8:G'S (5.7)



and

h
(33 -am)

G

Here B( , ) 4is Euler's beta function. Notice that Eq. (3.5) satisfies

the sum rule

jdvx. VC%.S) = 3
(3.8)

expressing the number of valence quarks in the nucleon., We have plotted

v(x,s) for various values of s in Pig. 1.

The Q2 evolution of the sea depends on the shape of the gluon
distribution, so we must consider various cases. We have taken mn to be
%3 and 9, the commonly believed limiting choices for the gluon distribution.
The result for S(x,s) is presented in Fig. 2. We do not present the cor-
responding distributions for C(X,s) since the production off charmed quarks
is still small at presently available energies and so we have not used +them
in our calculations of deep inelastic scattering ), C(x,s) for various

choices of gluon distribution can be found in Ref. 20).

We have checked that V(x,s) and S(x,s) as presented in Figs. 1
and 2 together with the corresponding C(x,s) distribution reproduce quite
well the pp data of Ref. 17). That they also are consistent with the data
of Ref. 16) has been shown in Ref. 5).

In order to understand the results of Section 4 it is useful +o
recall a few basic properties of the Q2 dependence of the quark distri-

butions as given by ASFT.

With increasing Q2 :

i) the momentum carried by valence quarks decreases and that carried by

the sea increases ;

ii) the average value <x> decreases for both valence and sea quark

distributions ;

*> Needless to say the charmed sea will manifest itself more visibly in
electroproduction and pp deep inelastic scattering due to higher charge
carried by charmed quarks relatively to d and A quarks.
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iii) both valence and sea quark distributions decrease at large x

iv) there is a strong (weak) increase of the sea (valence) distribution

at small Xo

The numerical estimates of i)-iii) are given in Table III. All those pro-

perties are clearly seen in Figs. 1 and 2.

4, - APPLICATION TO NEUTRINO AND ANTINEUTRINO PROCESSES

Having the Q2 dependent quark densities at hand we shall calcu-
late various cross-sections and distributions relevant for neutrino and

antineutrino processes.

4,1, - General formulae for do/dxdy

We shall restrict ourselves to two weak interaction models, the
GIM model and the five-quark model with a right-handed doublet (g)R 22).

We think it is still premature to discuss models with 8 or 10 flavours,

In calculating the charm of b quark production we shall utilize
the modified scaling variable of Ref. 24) [éee Eq. (4.52]. On the other hand,
we shall neglect target mass corrections as well as the mass corrections due
to heavy quarks inside the nucleon. There are two reasons for this. First,
it turns out 25) that target mass corrections are very small, much smaller

than ASPT effects. Secondly we do not feel 25),26)

justified in using the
generaligzed scaling variable of Ref. 24) (with target and initial heavy quark
masses included) before the importance of higher order corrections as well

as of higher twist operators has been estimated in more detail. We hope

to return to these questions in the future. On the other hand the effects

of heavy quarks in the final state cannot be neglected since they lead to
sizeable distortions of various distributions 27). The formulae for

do/dxdy for the models under discussion have appeared already at many

places in the literature 28). We recall them nevertheless for completeness.

We have, in units of GZME/n
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(dﬁE,\ = % { V(x @) cos O, + .i- 5(,“@3)(“('_3);)}

o hos v @ e g s(i.e)]eCmgy)
+ Byt 5(E,.6) 8(1-%,)

(4.1)

and

as M 2 2 2
2£5) = 2 {Ve) 0y - g 50 ( +Gmgy) |

* gc. Ye 'é' chc.&'z) 60‘§c)

+ §z= 37»{\1(51..@2) +.3-5(§B,&“)}9(l-§;) (4.2)

The first, second and third terms in Egs. (4.1) and (4.2) refer to light
quark production, charmed quark production and b

quark production, res-—
pectively.

The variables entering Eags. (4.1)-(4.2) are

) g 2
X = ame ’ E (4.3)
o
o= | =
AMEE, a - e (4.4)
a@
g" '?'MES (4.5)

. and my are the masses of the charmed and bottom guarks, respectively.
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In the numerical calculations we have used the values mc= 1.5 GeV

and my = 5 GeVe

Finally the range of variation of x and ¥y (for Qg < Q2) is,
i) for light quarks in the final state
2
Q.o Qa
$ %<4 o
IMEY © ame 2944 (4.6)
and
ii) for heavy quarks in the final state
2
G—o L3 & 2
L g |- e Mo * No (4.7)

IMEy aMEy ' Tame

4,2, - Numerical estimates

The results which follow are based on Egs. (4.1)-(4.7) and Q2
dependent distributions obtained in Section 3.2. Since we have discussed

many cases it is useful to introduce the following notations :

a) ASF(ASF) - GIM model with asymptotic freedom effects included

and with (without) cut-off at QE: 2 Gev? ;

as a) but for the b quark model ;

b) BASF(BASF)

c) FPM(FPM) as a) but without asymptotic freedom effects included, and

d) BFPM(BFPM) - as c) but for the b quark model.
Since perturbation theory is bad for low Q2 values, the calcu-—
lations without Q2 cut-off involved the assumption that all cross-sections

for Q2 < 2 GeV2 are described by the free parton model. We again emphasize

that we do not subscribe to such a procedure. Nevertheless we present such
calculations for illustration and comparison with Q2 cut results. Our re-~
sults are presented in Figs., 3-7. It is easy to understand them on the

basis of Egs. (4.1)-(4.7) and our remarks at the end of Section 3.2. There-

fore we only comment briefly on Figs. 3=7.

In Fig. 3a we have presented the ratio R= (6"/0") cut at
Q2= 2 GeV2 as a function of the incoming energy for the various cases

mentioned above. The corresponding results without the cut-off in Q2
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are shown in PFig. 3b. Figure 3%a also shows the dependence of R on the
shape of the gluon distribution, which is weak. Notice that the depend-
ence of R on E is much stronger in Fig. 3a. ASF and BASF give an
increase in R of 40% and 100%, respectively, as we vary E from 30 to

150 GeV., Thé corresponding values for ASF and BASF are 10% and 65%.
This difference is due both to the opening up of phase space [see Egs.

(4.6) and (4.7}] and the fact that the scaling part of the cross-section
has been subtracted in Fig. 3a, leaving us with the pure asymptotic freedom
effects, Notice also that whereas scaling violations lead to an enhanced
increase of R in the GIM model relative to the free parton model predic-
tions 2), they suppress slightly the corresponding increase in the b quark
model. This is easy to understand if one recalls that in V(v) scattering
b quark production occurs mainly off the valence quarks (sea) whereas

charm production is off the sea (valence quarks and sea). The suppression
of valence quarks and the increase of sea due to asymptotic freedom lead to
the effects in question. We could conclude on the basis of Fig. 3b that

ASF fails in describing the energy dependence of R, whereas the b quark
model fits it rather well. But since the calculations of Fig. 3b were based
on a doubtful assumption about the low Q2 region (outside the field theo-
retical framework) we prefer to defer a final conclusion until we have data

with a proper cut-off in Q2, which we could compare with Fig. 3a.

The above discussion and comments also apply to Fig. 4 where we
have plotted <y~=>5 as function of E for the various cases considered.
The decrease of <y>\-). with E for ASF and FPM is due to the opening
of the phase space at small y values Esee, e.8., Egs. (4.6)_(4.7B,
which cannot be compensated by asymptotic freedom effects. On the other
hand, the increase of <y> with E due to appearance of heavy quarks
with right—handed couplings is strong enough to win over the phase space
effects in question. This very different behaviour of <y>\-; for ASF
and TBASF should be very helpful in distinction between models with right-
handed and left-handed couplings.

Although <y>\-; as given by ASF decreases with E due to the
phase space effects mentioned above, the theory in question predicts an
increase of (n/GQME)(do/dy) at large values of y. This is shown in
Fig. 5. In Fig. 5a we have plotted (n/GZME)(do/dy) at E=30 GeV for
FPM and ASF for two choices of gluon distribution. The distribution as
given by ASF is flatter than that given by FPM because asymptotic free-
dom effects increase the importance of sea contributions, which have a flat

y distribution.
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The flattening out of (n/G2ME)(dG/dy) at high values of y as
given by ASFT depends only weakly on the shape of the gluon distribution.

The effect in question is obviously stronger for broader gluon distribution.

In Fig. 5b the y distribution is shown for BASF and BFPNM
for two choices of gluon distribution and compared to the results of Fig. 5a.
Only the y = 0.5 wregion has been shown since at E=30 GeV only this part

of the phase space is available for b quark production.

Figure 5c shows all the cases in question for E=150 GeV. The

distinction between various models is much clearer here than at E= 30 GeV.

In Fig. 6 we have shown the energy dependence of <x> for both
v and v processes for various cases considered., This decrease is due to
both phase space and asymptotic freedom effects. The effect of pure
asymptotic freedom can be inferred by comparing, for instance, the ASF
curve with the FPM curve. Although'we find x distributions to be a
good place to look for asymptotic freedom effects they are less useful

in distinguishing between models with left and right-handed couplings.

Pinally, in Fig. 7 we have shown the rate of charm production
in v and V¥ processes and the corresponding rate for bottom production
in V. Notice that asymptotic freedom manifests itself differently in the
three cases considered. It strongly increases charm production in v,
decreases bottom production in v and increases only slightly charm pro-
duction in v scattering. The first two cases have already been discussed
in connection with Fig. 3. The small increase of charm production in v
scattering relative to the increase in V scattering is due to the fact
that in the former process charm is produced off both valence and sea
quarks whereas in the latter process it is produced off the sea quarks only.
The decrease of the valence quark distribution with increasing E as givérl
by asymptotic freedom suppresses slightly in v scattering otherwise strong

increase of charm production due to the increased importance of sea quarks.

Another observation which can be made on the basis of Fig. 7 is
the following. If right-handed currents are indeed present in Nature with
the strength given by the b quark model, one should observe a strong
increase of dilepton events with increasing E. The discussion of dimuon

events is, however, outside the scope of this paper. We hope to come to
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this in a future publication, where we also present a detailed discussion
of heavy quark production as well as our evaluation of the Q2 dependence

of heavy quark distributions inside the nucleon.

5. - SUMMARY

In this paper we have discussed asymptotic freedom effects in
neutrino and antineutrino processes in the context of two fashionable models
of weak interactions. Some of the aspects presented here have already been

2),3),5)57),20),21)

discussed in the literature In fact our work has been

motivated by these papers. As we discussed in detail in the Introduction, we
do not always agree with the way the asymptotic freedom effects have been

compared to the data so far,

We emphasize once again th_e_ importance of the cut-off in Q2.
Although the data for <y>- and cv/o\) resemble BASF predictions
rather than those of GIM nevertheless, we think it is impossible to solwve
2)’35’5>_7) before thebproperly cut data
are compared to curves like those in Figs. 3 and 4. We have illustrated

the high y anomaly controversy
2
the effect of a cut-off in Q  on several examples (Section 4).

We have also shown that the shape of the gluon distribution does
not affect strongly neutrino and antineutrino cross-sections as well as x
and y distributions. The same conclusion has been reached by other
authors in connection with electroproduction 1) and Drell-Yan production 22)

calculationse.

In our numerical estimates (Section 4) we have concentrated on the
quantities in which asymptotic freedom and right-handed current effects are
most clearly seen. So, for instance, we have not discussed <y>\) or
(dc/dy)v where these effects are small. We leave such an analysis foxr the

future.

We end our paper by making a few comments on effects which we have

neglected in our analysis.
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The formulae (2.5)-(2.11) which we have used for the calculation
of the Q2 dependence of the parton distributions are true only up to the
leading order in the effective coupling constant, higher orders being ne-
glected. The formulae in question do not involve the higher twist contri-
butions in the Wilson expansion and target mass effects either. All these
three effects are presumably equally important and should be included to-
gether in a phenomenological analysis., Although a great deal of understand-

9),25),26) we feel it

ing of these effects has been gained over the last year
is too early to include the effects in question in our analysis., In parti-
cular not all the corrections to the moment sum rules of order EZ have
been calculated in the literature. Neither are the effects of higher twist
operators clearly understood. The belief is that these effects are mainly
important for small Q2 values and for x— 1, By making a cut-off in Q2
we eliminate many of these effects at small values of x. Since the quark
distributions are anyway small at x—1 the effects in question will pre-
sumably not change drastically our estimates of global quantities such as
cc/bv and <:y>v, They may, however, lead to visible changes in the y

and x distributions near the kinematical boundaries. It is very important

to make in the future a quantitative analysis with all these effects
included before we can decide whether asymptotic free gauge theories are

capable of describing the deep inelastic data,
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-

n @ L Y, Yan Y_ Yy
2 | 0.429 | 0.429 | 0.747 | 0.320 | 0.000 | 0.427
3 0.925 0.288 14386 1.328 0,609 0.667
4 0.980 0,170 1.852 1.832 0.817 0.837
5 0.992 0,119 2,192 2,182 0.960 0,971
TABLE I - Values of parameters o , Bn, Yis Yaao ‘YW
entering Eags. (2.5)-(2.11) for n=2,3,4,5
and m=4,
\\ S o
S 0 0.2 0.4 0.6 0.8 1.0 162
\\ -
A = 005
Q2 _ 2 3.17 5.56 11.05 25457 T1.25 249
o)
A=0.2
Q2 _ 5 2 4475 13.7 49.9 241.6 1661 17491
o
TABLE II - Values of Q2 corresponding to s=0.2, 0.4, 0,6

0.8, 1.0 and 1,2 for Q§=2 GeV2 and A =0.2 and

0.5 GeV.
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s
0 0.2 0.4 0.6 0.8 1.0 1.2
P % 42 38.5 35.4 32.5 30.0 27.4 25.1
]
E{ < x> 0.292 0.278 04265 0.253 0,241 0.230 0.219
% 8.7 10.3 11.8 13.2 14.5 15.8 17.0
<
" 0.091 0.094 0.091 0.085 0.078 0.071 0.064
% | <% 0.080 | 0.071 0.062 | 0.055 | 0.049 | 0.044
TABLE III Momentum (%) and < x> for the valence quarks and sea

distributions as functions of Q2. The upper and lower
value in the last row corresponds to XG(X,Q§)~ (1 —x)3

and xG(x,QS)N (1- x)7.

-5
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FIGURE CAPTIONS

Pigure 1
Pigure 2
Pigure 3
Pigure 4
Pigure >
Figure 6
Figure 7

Q2 dependence of the valence quark distribution as given by

asymptotic freedom. s is defined in Egs. (2.12). See

Table II for the corresponding Q2 values,

Q2 dependence of the sea distribution a) s=0.4, b) s=0.8,
for two shapes of the gluon distribution (1 -x)3 (upper solid
line) and (1 -x)9 (dashed line). The lower solid line gives

the sea at s=0.

Energy dependence of cg/cv for various cases discussed in

the text. The lines (——) and (—e+—e—) in Fig. 3a correspond
to xG(x,Qs) equal to (1 -x)3 and (1 -x)9, respectively.
The data in Fig. 3b are from Ref. 14) (circles) and Ref. 15)

(squares).

Energy dependence of <y>\-)- for various cases discussed in

the text. The data in Fig. 4b are from Ref. 14)

(rr/MGQE)(d:J/dy)G for various cases discussed in the text for
E=30 GeV [2) and b)] and E=150 GeV [c]]. The meaning of

lines (—) and (—s——) as in Pig. 3a.

<x>\) and <x>\-)- as functions of E for various cases dis-

cussed in the text.

Charm and bottom production in various models discussed in the

text.






100

0.0

0.80

0.70

060

050

040

0.30

0.20

0.10




(9)

(s')Sx

¢ 9Old

0€0

0¢€

GE

0

(D)

(s'x)Sx

7l

Sl



0.75
070
065
060
0.55
050
045
040

0.35

030
0.25

|

80
E [GeV]

120

160

FIG.3a



qe€9ld

08l

091

0%l

ocl

[A29] 3

00]}

08

0l

¢0

70

90

80

ol



0.52
050 — (Y)y . BFPM
0.48 —
046 —
044 —
042 —

040 —

038 |- ~ ASF
036 |- ~.—

034 —

o) 40 80 120 160
E [GeV]



q%9old

[A29] 3
ost 09 oL 02l OOl 08 09 0y 0z
_ _ _ T _ _ _ [ [
Wdd —.
4SSV
4sveg
nd4a—
2K

20

€0

70

SO



080

090

070

020

S 914

€00
700
S00
500
L00
800
600
0l0

Lo

Lo

080 090 0%0 020

<00

700

900

800

(0X0)

ZLlo

710

910

8L'0

0¢0

% Ap/op) IN.O /1



n/ G'ME (do/dy ),

0.45
E =150 GeV
040
BFPM
035
(3
° BASF
030 — °
,.-—-.\.\.
0.25 '\. o . X
\. Y \'\.
0.20 N ° —
’ \ ° ° FPM
0.5 H o
.\0
010 — ASE RS
005 M oe
| | | | | | l |
0 0.20 040 0.60 080
Yy

FIG.5 ¢



09l ozl 08 oY

(9)

,NN 0
7¢0
9¢0
820
0t0

€0

7€0

¢co

€c0

720

G¢0

5¢0

420

820

620

0€0

LE0

¢t0



L 9Old

[A29] 3
09l odl 08 o)/ 0 091 ocl 08 0y 0
_ _ I _ _ ! _ ! _ !
— S00 — ¢00
— OL0 — 700
— 510 — 900
80.
— 020 2 — 800
— SC0 mm — 0LO
— 0€0 — 2l0
— S€0 — 410
— 0%0 — 9L0
e (@) 1 970 (D) —{8L0
7

0S0 0¢0

Iy uIpPYd o



