where qus some conserved quantum number of
@ -th parton and CN— that of a nucleon.
Now we can invert theqnoments snd o;tazin hard
N,
soattering formula W" S.\/ dx{E (q'/ wa)‘
2 2
Z(Q <Q»f(x H+EW%@qu
¢=ad
2
 TCEE G+ E M S 09 <QD fy s}
p=G,a
From these formulae it is evident that fP plays

the same role as parton distribution funmctions
do and the funotiona.E- describe the small dis-
tance interactions. Born’s approximation of hard
soattering formula gives the standard quark-—
parton model. In the first order in ‘effective
coupling constant multiplied by [h(“lz/}dz) the
scaling i1s violated. This violation has the fol-
lewing form (for the sake of simplicity

theory is considered): W((l W)= w (u) ]
{ 4 30 I (1] W, &)/ EW g

N ARSI L

1 W, (un p=9,a
S ucg(*/a)da /sw"(wﬂ}

'here\/\ris the Born term. The term 1n[ ] 1s
the funotion ofL) monotoniocally approaching
gzero from below. When this term ocanoels the re-
paining term 1n( ) the character of soaling
violation is changed. The situation is the same
in vector theory, i.e., the change in the oha-
racter of scaling viclation is due to the gluon
contribution (when only first-order correc-
tions are considered).

Finally, we summarize: parton diatributio_n
functions a) oan exist in renormalizable QFT;
b) they do not depend on transverse momentum,
o) but do depend on the ohoice of the renor-
malisation point r\l, d) they obey Feynman sum
rules for arbitrary rAQ , 8) and are directly

connected with light-cone expansiens.
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DEEP INELASTIC SCATTERING

V.l.Zakharoev
ITEP, Moscow, USSR

Introduotion

The basic motivation to study Deep Inelasti
is to learn ) ‘

a) structure of numcl eon and

b) strueture of the underlying field theory.
The landmarks hers are the discoverids of the
Bjorken socaling and of the asymptotiocally
free field theories which dominate our way of
thinking in the past several years. N

Before the problems a) and b) were
complet ely solveds there came the era of new
particles and in the most re¢emt time the
theory ef deep imelastic soatterimg is not so
much develeping on its own right as in connec~
tion with

o) produetion of heavy particles.

Nay be not so impressive but still vexy
promising, to my mind, is the application of
the theoxyte

d) lepton~nuclear scattering.

The problems a)=d) above are dealt with
in three parts of the Talk:

I) Valenoe quark spproximation;

II) Gluon corrections to the parton model ;
III) Applioations ( Nuclei; Hesvy Particles).

The general framework of the Talk is mostly
theoretioal and is oconfined to the status of
the guark-parton—gluon picture of the deep
inelastic scattering ®) . The experimental

=) For a review of this and ether approaches
/1/

see Refs. .



data are presented in an illustrative way.
I. Yalgnce quark approximation
There exist basicly two different pictures
of deep ipelastic. One views nucleon as a colleo—
tion of 2 large-or even infinite- number of
partons. The other starts from fhree valenoe
quarks.

The foundation of the former approach lies
in the strong interaotions physics. Indeed, as
a result of a rather mild ccllision at high
energy the incident hadron goes into many
varticles. The other approach links deep lnelas-
tio to the hadron speotrosoopy in the most
straightforward way.

Since the first measurement s of the total
oross seotions of "N and N interactions
2/ we xnow that sdmixture of antiquarks in
nyoleon is small. Thus, the valence quark
approximation is a meanlngful one.

Therefore, we will start from the model

‘wh:leh oonslders nucleon as a system ¢f three par—
tons. The momentum distribution of the partons

is to be extraoted from the data ( for a

review of the model see, e.g., Ref. /3/ ) .

l.1. Experimental status of the parton model

Let me list firat some well~known
prediotions of the parton model and oonfront
them with the data available.

1) Quark counting rule /4/ .
the rule

Adcording to

F(a) ~(a)y™" (1)

where F(Q%) 1s the ele‘ctromagnetio form
factor and N 1s the number of constituents
which is equal to 3 in thé case of nucleon and
to 2 in the éa.se of pion. In both cases the ag
reement with the data 1s excellent, the nuclecn
form faotor being studied up to Q° = 33 GeV?
( see, e.g., the Prooeedings of the Stanford
Conference, /3/ )e

2) ‘D:rell-!a.n-lqst relation 78/

It links the number of comstituents to the

behaviour of the structure function at x -~ 1:
F(x), k) =3 (-x)03
where
x= Q/2m,Y
and @' and v  are the momentum transfer
squared and the energy transfer, respectively.
The validity of the relation which had
besn thought to be safe 1s being questioned

now by experimentalists who give 1/
m, WP~ (1-xD)% m M~ (-3t (@)
where
x{ = Q/(2my? +4.5GeVY; x7=Q/(2my 7+ 06Gav)
( For disoussion see Section 2.7).
3) Spin 1/2 constituents.

Smallness of the ratilo
scotions of the longitudinally and transversly

of the cross

polarized photons
— &)}

R s 0;./07 Qt— oo
is expeoted in this casq ( R=oo for spin 0
oonstituents).

To this Conferenoe the new data by the CHIO
collaboration are presented according to

whioh /&/

R=-040% 027 (1<Q%2GeV*)
4

R = 002 £Q30

H

{2<Q*<6GeV?Y

The importanoe of the measurement lies in the
fact that it refers to large w (<w>= 80 and
40, respeotively), sc that there is no effect
of the leading particls.

4) Smallness of the antiquark admixture

The prediction is cheoked in the neutrino
experiments and works well at least 1f the
initial energy is not too high ( otherwise the
new particles produotion makes the ilnterpretati~
on dubious). In partioular

/9/

SQ(l)d; { 0.0540.02 (Gargamelle Ccoll, )
S [ +q0a)dx

where §qudx  any {goodx

the momentum carried by partons and antipartons,

0.0540.05 (apWF group /2% )

refer to

respeotively.



5) Limited p, distribution of the final

hadrons.
/1x/
There are new and very ianteresting data
both from neutrine reactions and eleotroproduo—
tion which confirm the prediotion. ID the form—
Q*= 60 GeV? ( see

Fig.l) and the mean value of P.

er case the data extend to
is indepene

dent on Q% .

.2 ] | 1 | l |

10 20 30 40 502 [
Tne averace value of py Q° (GeV®)

Tig.l
of the tinal nadron in reaction YN M hX
gs a functian of QZ. The data are from
Ref.'! ( J.W. Chapman et al. )

6) The yleld of hadrons is given by the
quarks fragmentation functions.

The data do show striking similarity of the
final state in ¢'¢” , ¢N , PN  and even
NN interactions. The point was amply substan-
tiated at this Conference by B.Rce ( B3.Sec—
tion) and by A.Sessoms ( Seoticn B2),

Conclusion: naive parton medel works well

in moat oases,

1.2, Diffreotive production of o° mesogs

Thus far, we conslidered inolusive proces—
ses, A lot of data 1s accummlated on the exclu-
sive channels as well ( see, e.g., the Weber's
and M.,Duong-Van's Talks at Seotion B2) and
there 18 a challenge to theorists to interprete
the data.
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One of the most striking pleoes of data is
the confirmation of the simple vector dominance

model in the diffraciive f‘dloctroproduoti—
on

WP =fP (6)
up to Q'x 2.9 GeVZ . The data are presented

to this Conference by the CHIO and DESY
groups. The cross seotion follows well the
V™MD model ( see Fig,2). Moreover, the data
show no shrinkage of the virtual photon, 1.e.,
if the differential cross section 1s fitted

to
do At

—_— o~ e

dt
then coefficient A 1s independent om Q°
( see Pig.3 113/ y,
The agreement with VMD seems even more
puzzling sinoe the model has nothing to do
with the total oross section ( predipts an

o0l . . R A N
0.0 0.5 1.0 1.5 2.0 Z.5

2 /i~ .
Q“ (Gev©)
of JD -mesons as a
function of Q2. Crosses are the Cornell data
(Phys.Rev.Let$,,31,131,(1973)) , bald-faced

Fig.2 Cross section of diffrac-
tive electroproduction

points are from Ref.l3 and open circles are
from Ref.*? fThe solid
tion of the VDM ,

curve is the predic-



or _
Lost ]
3 [ 2 .
=6} N
<°F ty ]
4T va—’pop j
o, [ I1tI<05 Gev? |
@ [22<W<28GeV

00 05 10 Q¥@eV?
Fig.3 Slope of dGft as function
of @2 ,Rer,13

extra power of Q% "down). It is worth trying,
therofore, the parton model to desoribe the

data.

1.3. piffraction and the parton medel

Diffractive deep inelastio soattering ocan
be desoribed as a fluotuatien of virtual photon
into a quark-antiquark palr with a subsequeat
scattering of a parton on the target ( for
an analysis based on the spaoe~time pioture of
the parton medel 714/ gee met., /1%/) ,

Only soft partons have large oross section.
Thereforo, the soattering ooocurs enly if the
partons are separated by a large distance and
long-range fordes between the ooler quarks
produoce partons from the vaouuum. It follows
from the kinematioal consideration alomo that
the quark separation is large if ene of the

partons is muoh more energetioi than tho other:

Ei~>, E,~=/x ¢

where *® 18 somo intrinsio hadronic mass. The
other parton penotrate tho target almost

without int eraotion') .

%) It would be interosting to learn the fate of
these partons as well. They have a small cross
section ( of the order Q% ? ) but ecoupy
large phase spaee, of the order Q" . Thus, we
could expeot a hale of large p. particles,
the corresponding cross section beimg a perma-
nent fraction of the tetal.
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If diffraction were large, thon the
oontribution from the sea of the quark-—antiquark
pairs would have been large. In other words,
the valence quark doiim.nce implies smallness

of diffraotion in deep imelastio.

Qualitatively, this means, in turn, that
vacuur 1s unstable only if the distance
between the quarks i1s rather large. Quantitati-
vely,the distanoe of the order < p,> ' can be
0.K. 1Indoed, a relation of the type

<pi> ¢ 0.05

X
2m, (several Gev) ~

ag S (®
seoms to bo roasonable in this case and is in
accordanco with the data ( here, faoi:o:r(pf)/zmN
is purely kinematioal, while "Several GeV"
stand for the quark energy at which diffraction
is possible).

Thus, inclusive diffraotion in deop ino-
lastic gives a small but a (Q° ~independent
part of the total oress seotien.

Let us turn now to the consideration of an
exolussive ohannel (6). The crucial point here
is that the two gquarks emerging from the
scattering off the target ( see the disoussien
above) deo not leok like
quarks within the

p —meson, Indeed,

p —meson share the energy
on equal, roughly speaking, while here we have
one muoh more onorgetio parten thanm ti:e other,

The situation is form factor-like, and the
overlap of tha wave funotions is small. As a
rosult we get an extra faoter Q ° in the oross
sectlon.

To summariso, the obsorved a deponden«
oe of the oross seotion of reaction (6) as well
as absenoe of tho virtual photon shrinkage
are well understood within the parton mecdel,
However, one would expect that the diffraotion
in deep inelastic 1s numerioally small, In the
cther words, r -~production is expected to
fall off as function of x at, say, x ~ 0.05.
This does not seem to bo oonfirmed by the
DESY data /13/ .



1.4+ Hogrelativistio vs,Relativistic gwarks

Let me disouss in brief another thecreti-
oal problem arising in the context of the valen-
oe quark approximation. Even if it is granted
that nucleon comsists of three quarks, thea
there exists a question whether the quarks are
nonrelativistic or ultrarelativistic ( or some-
thing in between).

In the ultrarelativistio ocase the quark
struck by the virtual photon 1s almost en-mags—

~shell, while in the nonrelativistic case it
18 well off-mass—shell 1f x 1s close to 1:/18/

P~ 1= ©)

In tho latter ocase the simplest realization
of the quark model prediotlons oome from the
graphs /4%/ ropreunf;od in Fig.4, In partiou-
lar, the smallness of the cross section at x~1
is due to the propagators ( see Eq. (9) ).

Ah alternative pessidility of ultrarela-
tivistic quarks was considered by Berestetsky
and Terent jev 11/ ¢ The result 1s that the
form faotor is unchanged ( see Eq. (1) ) btut

F;"(x) o (1-x) - Ff{:’? const

(10)

Indeed, in the oase ¢f plomn, e.g., the S-wave

aature of the quark wave funotion implies

independence on the anglo in the quark c.m.
system. Roexpressed in terms of the scaling

variable this prediction means independence on
x as well ( doeosf,, ~dx).

AV

X X

Fig.4 Brodsky-Ferrar graph for
deep inelastic scattering (or
for form factor). Crosses mark
the lines with large virtual mo-
menta.

B73

Since eq. (10) is in contradiction with the
data the authors conolude that the ultrarela~

tivistic quarks are ruled out.

Conolusions to part I

The parton model is healthy and éxplaina’
a lot of data.There 1s room for further cﬁecks
as well. ‘ '

But 1t oannot be all the truth sinoe
quarks 1n deep lmelastio oarry about 0.5 of
the total momentum — blame gluons,

Moreover, large admixture of gluons 1s
d1fficult to recoinoile with sucoess of the
quark counting rule whioh just assumes that:
there 1s nothing else in the nuoleon exoept
for three quarks.

Thug, we come to consideration of gluons

in deep inelastio.

II. GLUON CORRECTIONS
2.1 Coeklng of pucleen in deep inelastic

Since the valenoe quark approximation
proved teo bDe sucoessful let us try te stiok
to tho idea as long as possiblo., Then one oan
imagine that the following simpleo model for the
struoture funotion in deep inelastic makes
sense,

A) Start with nonrelativistic quarks. The
osrrespending structure fwnotiom is F,(x) ~

§$(x-1/3) and has 11ttle te do with the
observed one. But

E) Gluen exchanges smear the quark
dilstridutien. In particular, the graphs of
Fig.4 produce a tail in the parton distributien
at x=1 F;(*)NH‘X)s .

The effeot ef the gluen oxomgob between
the quarks is schematlically represented in
Fig.®. Moreover,

C) Gluon dremsstrahlung and inmer
oonversion ( see Fig.6) make further ohange in
the structure funotion, In partioular,

1) Part of the quark mementum gees into

gluons;



2) F,(x) 41s shifted to smaller x ;

3) Antiquarks appear.
Schematically, the ohange is represented in
Fig.7 and, hopefully, the net result of gluon
cerreotions to valence quarks is the observed

Falx) o

Conclusien: gluens mask the structure of
nucleen and reveal the struoture of strong
int eraetions., It 1s uyortani, therefore, to
oheok the reality of both steps ( gluon ex-
changes and bremsstrahlung) experimentally.

2.2 Experimeptal copseguenges ef the
£luon exohanges

Analysis of the graphs ef the type
rapresented in Fig.4 allows to make certain
prediotions conoerning both deep inelastio
struoture functions and form faoters. Let me

i, q vHy

—

J-k s X L .'*‘4__1 "
1/3 1 1/3 1

Fig.5 Change in the structure tunction
as a result of gluon exchanges (schiematical)

i
t

FPig.6 Examples of gluon bremsstrahlung
and internal gluon conversion in the for-
ward Compton scattering of a virtual pho-
ton on nucleon,
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“'2 YW

—>

x -\l x

173 1 1/ 1

Fig. 7. Change in the structure function as a
result of gluon bremsstrahlung. (schemati-
cally).

list some cf them,

1) Lesding paxton has the same polarisati-

on as nualoon:lls/
g. )

= ~ {(4-x) when x| (11)
g.(x

where ¢ ((.) 1s tho density of guarks with
the same ( epposite) helicity as nucleon.

2) If predictien (11) is comdined with
50(6) symmetry for the wave functionm, then /18/

“
w3
QW;P el 7 (12)

which is a remarkable step towards experimeantal
data as cempared to the previeusly believed
prediation of 2/3 for the r.h.s. of Eq. (12),

3) As 13 noticed by many people, the
transversal form faoter of mucleon is predio-
ted to dominate over the longitudinal one at
large Q°

FYQ)/FY Q) »1 (Qo0) @

The predictien is 1n geod agreement with the
data.

4) As 1a shown by Ioffe in a oomtribu~
ted paper 18/ the eleotric—~ and magnetio-
dipele form faotors in the nuoleon-isobar
transition are ecxpeocted to be of the asame
arder at large (}*

G0 ~ - Ge)  (ar-e) G2

This 1s even more interesting sinoe at low (Q*
the trend is reversed and G, > Gg



5) As 1s notioed by Valnshtein and
Zakharov in the case of the deuteron form
factor the longlitudinal component dominates
at large Q® ( 1l.e., in the six—quark limit,
see Sectlon 3.1):

Fo(0Y)/ R > as
This prediction implies vanishing of the
magnetic form faotor and can be checked by
studying the angular distribution alcne,

It 1s worth making a warning that all tke
predictions (11)~(14) are derived in the lowest
order in the gluon coupling constant. However,
it is reasonable to expeet them to be wvalid
with some aocuracy after the summation of all
the orders as well. To substanclate the point
let me give a simple example.

According to the parton model one has

G._/Gr ~ 4/01 1s)

(@'~ 00)
If the gluon correctlons are taken into aocount,
then the power 1s changed but the smallness of
the ratlon persists and /20/ H

§*(Q’) (4-x) (16)

———

O/ ™ g

where 92( Q)
constant of sirong interactions (ngv 1/n @,

is the effectlve ooupling

Therefore, all the predictions mentioned
above are worth ohecking experimentally.
2,3+ Consequenoes of the gluon bremestrahlung

A refined way of calculating the effect
of the gluon bremsstrahlung 1s provided by the
well-known technigue of the moments from the
structure functions /2/ o The assumption
that there are only three quarks in the initial
state impllies vanishing of the reduced matrix
elements from all the operatcrs except for
those construoted from the u- and (- quarks

alone /ee/

« This conditions fixes the moments
to a large extent.

The effect of the gluon bremsstrahlung
still naturally depends on the effective

coupling oonstant of strong interactions ( as
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well as on the nonabelian nature of the

quantum chromodynamics),

/f22a/

An expliclt calculatlon shows

2 26 Ve
thet 12 LNV /0 then
1) Momentum carried by quarks goes

down from 1 to ~ 0,55 ( in the units of the
nucleon’s momentum);

2) Mgmentum carried by antiquarks goes
up from 0 to ~ 0,03;

3) The mean value of the parton's momentum
goes down from 0,33 to ~ 0,22,

4) The difference between proton and
neutron structure functlions 1s about 0,06
C§LCRP- 20 dx = 0.06)

A11 the predictions are in rough (10-20%)
agreement with the data. Thus, F,(x)
seen experimentally oould arise as a result

as 1s

of the gluon bremsstrahlung. To be sure,
however, an independent determination of the
effective coupling constant 1s needed.

It may turn necessary to include gluons
in the 1nltial state to ilmprove the fit, The
admixture oannot be too large, however, not
to spoll the quark eounting rules,

It 1s interesting that 1f the ploture with
gluon bremsstrahlung 1s relevant to the data,
then the variation in the lowest moments from
the structure functions is very slow up to
very high Q° . For example, the momentum
Q%= 1000 Gev?
1s three times as small as in the limit of
Q= oo /22a,45/ .

carried by antigunarks at

To summarilze, there exlst two extreme piotu-
res of deep inelastle scattering:

Valence quarks Deep Asymptopla

= strong 1nteractlcns

= 80 many virtual
switched off

lines that there is
no dependence on the
initial state (tar—
get "switched off").
New equilibrium of
quarks and gluons.

We are in between ( closer to the left):



Preasymptopia, when beth target and interaotiom
eount ( extends te Q2 10000 Gev> ) .
2¢4. Scaling violatioms
The next logical step is to confront with the

predictieons frem the asymptetic freedom with the
parten medel mmd to look which works better.

Let us start with tho_u;t widoiy discus.-
sed predletions ef the quantum chromedynamics
ea the sealing vioclations /2% |

One would expeot that as a result of the
gluen bremsstrahlmag F,(x) sharpens with
inoreasing Q° . Sueh an sffect seems tc have
been ebserved both in elsetroproductiem / 2/
and in aeutrino reactiens ( for a summary
see Rsf, /24/ ). To this Cenforence the data
of the CHIO greup are presented which show
in the mame direotion ( see Fig.8 ) /25/ .

~0 ) 0 0 42 44 .6 B x

) T - v +~—r —r T

“a o C:I0

Bl L A SLAC
.60 .60
.40 .40
.20 .20

P F U S S

2 .4 6 .8

1.0 1.0
X = Q2/2mN
Fig., 8 Proton structure function Fz(x)
versus Q2. The x scales of the subsequent
graphs are shifted by 0.3, The curves
are the fits F,(x) = ZEL=581(1-X)1 .

(=

The oconclusiens seem to be:

= gealing violations are seen,

= §F(0dx
71g.9 /2/) ( qualified te the vali-
dity of the extrapelatien procedure
from small ( and measured) x te large
X o

remains a constaat ( see

B76

of the scaling vielation

2.5, Implications
If the effeot 1is seem experimentally, then

there arises a number ef theoretical questiocns.

The most urgeat are:

«28
i CHIO
.th
e
.12 .
o8l M () = %amWZ(O,QZ)
044
{ : v st 1 T
1 2 4 10 230 40
Q2 (cev?)
Fig.9. The dependence on Q° ef the first
moment M(Q') eomputed from the CHIO
data Bef. 25.

1) Is ebserved scaling violation compatid—

le with guantum chromodynamios?

2) Is 1t the ses ef (q pairs that shews
up at small X or 1s 1t Just charpe~
ning of valence quarks?

3) What is the contridutlien to the soaling
vielatien from the pair produetion of
charmed partiocles?

No agreed answers to these gquestions exist

at the moment. My own prejudices are as follews:
1) In general, yes, dbut the rise leoks
teo fast 1if ene Judges from the fitted
curves ( Fig.8) .
2) Sharpening of the valence partons,
3) Pair production ef charmed particles is
negliglidle.
Since the situatien 1is far frem being clear
seme further shert comments can be helpful:
1) Sharp rise im F, (x) with Q° would
encourage speculations on the nen=field-theore-

tical patternm of scaling violation:
SF ~ R*a”

where R is some new intrinsic dimension. The
simplest model of this kind i1s the intreductiom



of the partcen's form factor by Drell and
Chanowitz /26/ | wmere are alse some other
elaborated versioms which utilize the models of
strong interactions and relate R to the para-
meters of the Regge pole fit., These are discus-
sed by Levin and Ryekin 727/, inisovion,
Gershtein and Folcomeshkin /28/ .

2) Increase at small x does nct necessa-
rily implies rise in the sea contribution.There
1s a competltion between gluon bremsstrahlung
and glucn splitting which sharpen the valence
quarks and pair productlon whioh lnecreases the
sea. The balance depends on the coupling cons. -
tant of strong interactions and on the input
assumptiens on the nucleon structure., If the
gluens and antlquarks are not initially preseant
( see Seetlon 2.3) then the effect is mostly
the ohange in the distribution of the valence
partons., An alternative conclusicn can also be
reached 1f one changes the a.amptions/ 28,45/ .

3) The relative comtributior of charmed
particles produoticn to the total ocross sectlon
does grow with Q° ( as QY/(Q'+mi) 72/ )
and is concentrated at small X
ved experimentally. However, the estimates based
onr quantum chromcdynamics glve too small an
effect numerioally /3%/

s as 18 obser-

+ The conolusicn is
oontested by the gensralized vector dominanos
which gives mere ( see Close’s Talk at Session
B2) . Morecver, there are some independent
experimental indioatlions to the same effect ( see
Seoticn 3.3 of the present Talk).

Conclusicn on soaling violations: we are at

the beginning of the story.

2.6. Asymptotio freedom vs.partons

Let ns continue with oomparing predlotions
of the fleld thecry and the parton model.

In particular, the effect of gluon correo-
tions on the p;, distribution turns cut to be

drastic at Q'— oo . According to field theory
/31/

<piy ~ Q7 laQ an

while in the parton model <p2> ~cocnst,

Eqe (17) is a manifestation of the simple
faot that all the integrations cver virtual
momenta extend mp to Q° . Ipdeed, there is
just no other parameter in the quantum chro-
modynamios and at large Q°
becomes only logarithmically weak., On the
other hand, the study of the p, dlstrlibution
reveals the virtuality of the parton.

As was already mentioned in Section l.l
there is no sign of growth in <p,> with Q*
Q*= 60 GeV? . Thus, there is no indi~-

the interacticn

up to
caticn to the asymptotic freedom so far.
The argument 1s not too strong, however,

for at least two reasoms:

a) From the thecretical point of view it is
necessary te use the Breilt system. In this frame
Q= 60 GeV® oorrespends to a fragmentation of
parton with energy 4 GeV, 1f 1t decays, say,

into three hadrons and <p>~ 500 MevV for
each of them, then the longitudinal mcmentum
of hadrens 1s not too much larger than the
transverse cne. Anyhow, 60 eev2 in deep 1inelas—
tic oorrespond to 4+4 GeV &'e¢  collisions.
Jets cen hardly be seen at this energy ( see
also Kheze's Talk).
b) Large p. events are populated mestly
by gluons ( the comtributior of the quark -
antiquark pairs is relatively small). Therefore
it 1s a good place to look for glue-balls. On
the other hand, 1f the glue=balls are heary and
introduce some new mass soale Mg » then the
whole picture can change 1lm favour of the
configurations when the quarks and glnons are
aligned. In the other words, the confinement
mechanism ean be important.

But, anyhew, 1t seems fair to conclude that

—~ the (Pp:> business 1s serious. There 1s
a lack of detailed calculations to
evaluate the situation better.
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2.7. Breaking of duality?
It is worth mentioning that the gluon

corrections provide a natural mechanism for the
breaking of the Drell-Yan-West type relations.
Indeed, at fixed (1-x) and Q° tending to
infinity the gluon oorreotions always come
from the graphs of the bremsstrahlung type.
(Fige6)e In the field theoretical language
1t means that the bilinear in the quark fields
operators dominate and theusual teohnique of
the moments from the struoture funotions is
applicable.
On the other hand, if

and we are considering form faotor, then the

(1-x) ~ 2*qQ?

graphs of the type represented in Fig.4 are
essential, RBffectively, we get a six-—quark
cperator here. The gluon corrections tc these
operators have never been ocalculated.

One 1s free to speoulate, therefere,
that the gluon ocorrections to the form faotor
are saaller tban to the structure functions. It
1s worth emphasiring that for the relativistie
quarks just the opposite is true and the gluon
oorreotions to form faotor are the largest
( this case was considered, in fact, in Refs.
/32/ Yo

To summarize, one may hope to explain the
observed derivations from the Drell-YTan-West
relation by gluon corrections. The caloculation
of the gluon correotion to the form factor 1is
needed to verify this hypothesis,

2.8. Precooieus soaling
As 18 known for quite a long time,

scaling 18 observed better in terms of some
new variables. In particular the Eloom—Gilman
variable x'

x'= Q¥ (2mv-m}) (18)
ooincides with standard definition of the
scaling variable at tending to infinity
but makes muoh better at mocderate values of Q*

and X ~{ .
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To understand the meaning of such a variab-
le we need a theory of approach to soaling.
Some efforts 4in this direction have been made
recently.

As was first noticed by Nachtmann 133/
it is possible to acoount for the kinematical
effect of the nuolecn mass within the Wilson
operator expansion technique. Namely, one oan
mi/Q
Georgi and Politger /34/

keep terms cf the order explicitly.
ard Baluni and
Eichten 1in a contributed paper /35/ pursued
the ldea firther and assumed that the kinemati-
oal faotor is the only important one as far as
corrections of the order Q°° are concerned.

In thls approximation scaling in variable

¥ arises /33=35/
4+ 1 Qi
and at X oclose to unity § coincides with

x' 42 the expansion in QY/°
The derivation is based on the assumptions
that the effective ooupling oconstant 1s relative~
1y weak at QF =~ 2 Gev? and that m? 5> ®*
is some internal mass. Both “u.

1s made.

where »
reasonable ( exoept for x too close to 1 where
the latter assumpticn becomes dangerous, see

Eqe (9) ) Thus, in the two-dimensional models

/36/

&x stands for the quarks mass,

Although it seems gratifying to derive the
preceocious soaling in the field theery, the
phenomenclogical basis for it 1is not clear
to me at the moment 1n view of the data presen—
ted to this Conference. The point is that the
CEIO group has found that the lowest moment
from the structure function remains constant if X
not x' 1s used as the scaling varisble. The
higher moments vary rather strongly ( see Fig.10).
If x 1s changed into x' then the first
moment varies with Q' .

On the other hand, the higher moments become
Q' = 5 gev? it
o The corresponding

-~

Q° independ ent for, say,
calculated in terms of '



w'=5

‘ ‘ ‘ 2
Mn(Qa) = J.("‘w /(w )") F2 (w’, Q )
elastic
peak
-1 5 o] 15
~ 10 T T T
reg
- o) .
TR e 0
AN
, Q
3 nes 1o M,(@D) ve @°
n=6 © .
n=g
2 2
QT (GeV®)
l i ok 3} llL 1‘994 -05 Q Il 1 -
1 2 A I 20 40 - | T
Fig, 10 pigier moments from the ‘10_3 © Ly © o0 o o o
proton structure function as cal~- N =
gulated by Anderson et.al,l25] 2 -f“ M6(Q2) ve ¢° ]
The moments &re normalized to unity QO «x
at some arbitrary point, .1 * o= total
PQ * x = elastic
1 ) 1 |
calenlations are examplified in Fig.ll which e . * n *
is borrowed from the Kloom's report /°7/ , '10 5% Lo
Q
To summarize, the hopes are high now that 0 Q¢ o o 5
the leading oorreotions to the scaling behaviour 10 | A
2 % Mo(QF) vs Q2
of the order Q reduce to the kinematical y x 8
effect of the nual eon mass. o x )
X
Songlusion to pazt II 05 L o =Total i
o) x=Elastic
Aaymptotio freadom is very attraotive and x X
provides qualitative explanation to some Q x
| X X s 1
experimental observations, 0 5 7 10 ‘ 15
It 1s far from being proved, however. 02

IIT. APPLICATIONS ( NUCLEI; NEW PARTICLES) Fig. 11. The moments from the

First data on el) scattering at rather stTucture function.

high Q* ( up to 6 GeVZ ) are presented to Bet. 37
this Conference by the Chertok's group. I
think, therefore, that this 1s a good time to
review some ideas on deep inelastic scattering
on nuelei.
3.1 Mplti-guark auelei and Brodsky Talks at this Confarence).
There 1s an exciting possibility to ohserw In strong interactions physics there
ve at short distances in nuclel multiequark existed for scme tims indications to the 9;“-
statos. Thus, deuteron can be censidered as a tering in nuolei at short distances. Th;e hdnt
six~quark state and so on ( see the Chertok's comes from the so called cumulative e#eot and
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nuclear scaling ( see Baldin's and Leksin's
Talks at Session A6), The origin of these
phenomens could be clarified by studying deep
inelastioc soattering which is a true short
distance process.

In partiocular, the deuteron from faotor
is predicted By the quark ceunting rule to
fall off as

Fola) ~ Fi(a)(a" =) (20)
The data fit the extrapelatien curve very well
starting from Q°~ m;( ses Fig.12).

2
Paeut(R™)

(1+ Qz ng)
PR(QZ/%)

o
‘ Chertok’s group

Previous work
o3

o2

.1

A
5

Q% (GeV?)

Pig. 12 (taken from S, Brodsky and B. Chertok
contributed paper A7/41). The beha-
vior of the deuteron form factor.

The polnts marked with circle are
from R. Arnold et al. Fhys. Rev. Lett.
35, 776 (1975), and those with crosses
are from J. Elias et al. Phys. Rev.
177, 2075 (1969

1 |
4

To be fair, I must say that at present
energies the usual desoription of deutercn as
ocensisting of hmtr?n + protoh may work tooc. v
In partioular, a successful oalculation éf the
dgueoron form facter within this framework was

performed by Karmanov and Shapiro,

Moreover, Frankfurt and Strickman /38/
caloulated the oross section of deep inelastio
soattering on deuteron and tﬁe data agree with
the oaloulation ( see Fig.13).

109 r
fou
1072
1073
VWzD
1074
A Poucher et al,
105 (626°10° W >2 Gev, Q2> Gev?)
O Riordan et al.
6 (6+18°, 26°, 34° W 22Gev, Q224 Gev2)
107> o Schitz etad
(6:8° W< 0.9 Gev, Q2 20.8 Gev2)
10°7 PSS IS T SN S SO SN S
0 1 2 3 4
w' = 1 +We/Q2

Pig, 13. The data on eD inelastic scatter—
ing (See Chertok's Talk at Section A7). -
The solid line is the theoretigal calcula-
tion by Prankfurt and Strikman (Ref. 38).

What 1s indesd remarkable is that experi-
mentally only "shallow® inslastic scattering was
observed. Namely, the final mass is relatively
low so that one pion oan hardly be produced.
Kevertheless, tho\datu approaéh some soaling
1imit with inocreasing Q° .

I do not feel that there exisis a real
contradicticn between the quark-like and
cenventional picture of eD  soattering at
present energles, The desoription oould be
dual. ‘

Let me mention also some other related
suggestions cencerning lepton~nuclear scattering:

a) By studying scattering off muolei with
> 5 one can cheok the quark

atomlic number A >
statistios. Indeed, there ocan be no more then



12 guarks 1n S-state in the three~colour
soheme, Therefore, the usual quark couwnting
rule breaks down for A > 5 /39/ .

b) By studying the N (VN) soattering
in the region which is kinematically forbidden
for an interaotion with a free nucleon one can

749/ at

probe the pature of nuclear foroes
short distanoes. If the oonventlonal models
with veotor meson exohanges are correoct, then
1t is natural to expeot large lncrease in the
sea oontent, If the "oore™ in NN imteraotion
i1s due to the quark repulsion, then there 1s
no such effeot, generally speaking, Numerioal-
1y, the differsnce between the two oases 1is

abhout 50% /40/ .

3.2, Huglear shagowing and partons

By studying deep inelastic socattering on
miclel we oan learn more on the time develop=
ment of the parton system. In partioular, the
parton model leads to the following speoifio
predictions for the structure function of
soa.ttqr!.ng:lls/

a) Shadowing 1s absent in deep inelastio
up to high W ,

b) Just befors the shadowing antishadowing
is predioted so tbat the expected form of the
ratio FEA(X)/F‘N(x) looks as 1s represented
in Pig.1l4,

R(x) = Aeff/A

4 i

-1/3
on X 1

X = Qz/ZmN\)

Fig, 14. The expected dependence on
x of the shadowing parameter.
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The firast point is easy to substanciate
sinoe valenoe gunark dominanoe means exaotly
ahsenoe of any diffraoction, and shadowing is a
pure diffractive process, The seoond point
is not so easy to explaln and I refer the
reader to the original paper 15/ or aetails.
Let me mentlion here that the prediotion is
intimately oonnsoted to the fusion of partons
as a result of thelr interaotion and, in this
wayy to the nature of the Pomeranchuk singula-
rity.

The experimental data are represented in
Fig.15 ( there is a new measirement in oosaioc
rays at very high energy, + ~ 200 GaV and

Q*~ 0.1 Gev2 741/ ), one may oonolude that

T T T T T

0.04 - Shadowing Parameter € vs x/ N
0.03 k 4
Q02 |-
001 -

0 |-

~-0.0l ;
-0.02 #

IIL

vy

-0.03 + -
€
-0.04 - -
Electrons
-0.05 + o Cornell -
O 13,20 Gev (4"
-0.06 - 0 7519 Gev (67 f SAC b
Muons
~0,07 - x 7GeV¥Columbiu,Rochesler, .
Horvard, Fermi Lab
-0,08 | Photons -
A 4-16 Gey UCSB
¥ 5 Gev DESY
-0.09 - Muons —
010 (Cosmic Rays), MPEI
' ® E 2200 GeV, Q°~,1 -
~0.41 L ! L 1 | __Gev

0o 0.l 0.2 0.3

s 02/(Q2+w2)

0.4 0.5

Fig. 15. Shadowing parameter £ as a funce
tlion of x' as compiled by R.E. Taylor, Ref.
5. Cosmic ray muon point is from Ref. 41 ,



a) Expeotations of the shadowing evasion
are more than satisfied. There is some effect
even 1 (Q° 1s ohanged from 0 to 0.1 GevZ ® ,

b) There is some hint on antishadowing
but the systematic errors are too large. Wait
for higher Q° .

Further information can be extracted from
the study of the final state in deep inelastic
scattering oa nuolei, In partioular, absence of
shadowing implies that the volume term domina—
tes in the oross seotion. It means, in turn,
that there 1s less time available for a
development of internuclear casoade. As a8 result,
the multiplicity in eleotroproduction on nuolel
is expected to be lower than that in photo-
produotion.

The effeoct is suggested and discussed in
detail by Nikolaev and Davidenko 742/ |, 1¢
turns to be quite significant numerically
( see Fig.16).

= 40 GeV ——. = 200 GeVA 2.2
~

z 16 e NN 7
a L - N Ny 108

~ [~ \\\\\‘—-D—:

< 14 e TU-—C- ~ o

a . —"~. 0 1.4

TV T —

n 12 \\‘~ Il PG N
;% e . 1.0

o} i AP
2 4 8 16

Fig. 16. The total multiplicities in the

electroproduction on nuclei as a function
of g° . The curves marked by 4 ,V ,0 ,0
and by  are for Al/3 = 243,4,5 and 6
respectively (Ref./"z/) .

=) See, however, the Wagener's Talk at
Session A7 for a warning conceraning radlative

oorrections,
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I hope that even the -examples given above

allow to oonclude that

deep inelastic scattering of leptons on nuclei

can bring a lot.

3.3. Events A N — mam X ( experiment)
’\ -7

My next task is to estimate the cross sections
of charmed particles prcduotlion. But let me
present first the data on the events of the
type

/uN —-*'/v“/ux,/u/tl./qx | (215

which are submitted to thls Conferenoe /43/
(although none of the experimental group 1s
present to answer possible questions).

The events are above the expeoted baok-
ground from the fi- and K-decays ( see Fig.1l7).

The oross sectlon 1s estimated as

b)
a)

2 u EVENTS 5™ DISTRIBUTION
uN—puX (150 GeV)

100 8.8%10% MUONS 10 - f
E 72" Fe TARGET » E “ R
i b ~
Loty
S
~ o { { Lok S
@ E { { E d
5 f z fameas
bl - e POOR
o [ mANDK & [ EXPECTED
2 | oDecars S [ FrRoMm
W I w T AND K
] [ DECAY BIN=
o' 1% Q.256Gev
lo-! L H L 1 1 |O' - 1 1 - 1
fo) 10 20 30 40 50 05 10 15 20
E,.(GeV) P (Gevk)
Fige. 17

a). The dimuon events with extra muon energy
E2> E/.. in muon interactions. Expected num-—
ber of muoms from J(-or K-decays in hadron
cascade is shown in solid curve (Ref. 43)
b). Transverse momentum distributions for
the extra muon in dimuon sample. The distri-
bution expected from J(-and K-decays is

shown in solid curve. (Ref. 43)



G(MmN = mmX) < 0}
S{aN—= uX }
and has threshold behaviour ( W > 7-8 GeV).
The events lie at high G* apd large W,
<> = 20,

(22)

Conclusions ( by Chen 143/ ):

- 31gngl for charmed production is
observed,
- this %b responsible for a sizeable part
of scaling violations at small X
( see Section 2.1).
3.4. Production of a charmed quark off

& TIgHt quark
I would like to discuss now the problems

encountered in a caloulation of the cross
section of oharmed particle production. I do
not intend to compare the results obtained
within some specific model with experimental
data since this problem i1s dealt with by sonme
cther rapporteurs at this Conference.

From theoretical point of view all the
proceases of new partlcle production naturally
fall into two categories., These are production
off a light and off a heary quark. The examples
are

Vd — pm7c ()

v — d_,u (24)

respectively, where d and ¢ are the down
and charmed quarks.

The firat case oan be adequately described
witﬁin the parton model and reduces in fact to
some kinematios. The point i1s that the density
of light quarks can be extracted in an indepen—
dent way. The only difference as compared to
the standard oase ie the acoount for a heavy
quark masse

Thus, if the inltial quark carries Z-th
fraotion of the nuoleon momentum, then from the

energy-momentum oonservation we get r44/
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== (Qrmi)/2mY (25)
and this is a true scaling variable now. { It
can be corrected for the target mass in the
same way as A 4 see Eq. (19) /347 ).
Moreover, the heavy quark mass m,

must be kept in the matrix element squared as
well. In this way we get, e.g., focr the cross

section of reaction (23)

d*o G's ¢. 2 _m?y. (26)
c|-;;j_§ = —j":—Sln eL(E(*(Z))(i ;-é )‘
,':fsysi ; ?—:—észs{

1f the interaction is of the usual (V-A) form,
d(z) is the quark density).

In spite of the triviality of the substi-
tution (25)
it. Namely,

there 1s an important message in
mS enters along with Q* , not
the total energy. Since Q" 1s only a small
fraction of S ( in the antineutrino interao-
tion Q~(1/20)S ) this implies "slow"
rescaling. In the other wcrds, the initial
energy must be very large to make the threshold
effect of heavy quark production negligible.

Detailed numerioal estimates of the new
particle production oross section can be found
in Refs/“l .

If we turn now to quantum ohromodynamics,
then there arise some extra log factors. To
acoount for these faotors one must, as usual,
conslder the moments from the structure funot-
ions, The difference due to high quark mass
reduces to the substitution of Ln Ql in all
the standard expressions by Ln(Q°~m(),

We have, e.gey /30y34/

{ 1

§FU~ata)de = §

[ <

F(d-»u)<al* mf‘x‘)dx (27)

:(d-au) _\da’()

where ! and are the struc—
ture functions induced by the <J>u and d—¢

transitions, respeotively.



The effects due to the log factors are not
large, however, and one may rely on the simple
parten model for rough estimates,

Moreover, there i1s an additional problem
as to how relate the moments to the oross
sectiens which are measurable in the most direct
way. The simplest and rather reliable way’ 228943
is Just to replace (° by its mean value < Q3>
(K@D = s<xy> and <x>
whether we doal with valence guarks or the sea).

depends on

Therefore, there are no much problems as
far as theery 1s oencermed. The real problem
arises if the result is sensitive to the sea
eentribution, There 13 ne reliable measurements
ef the sea ocempenent at suffiolently large Q‘
( 1.e., in the scaling region). (Asymptotie
freedom gives an additional variation of the
sea with Q° but this seems to 1lie within a
faotor of two and dees not exoeed. the existing
uncertainty in the experimental numbers).

4 Q2= 5672,
wewld be very helpful in this respeot. Nowadays,
ene has te rely more en intuition or some
theoretlieal models.

3.6 Photopreductien of ocharmed particles

If the heavy quark is in the initial
state, then there is ne muoh help in thhe
parton model since 1t gives no idea on the mass

Measurements ef sea at, say,

dependenees ef the quark density. Quantum ohro-
medynamios as an interaoction theory makes muoh
better im this oase.

First of all, it is rather clear that the
relative oontribution of ocharmed partioles
produotion inte the total oress seotlon grows
with Q° . This oan be seen from the uncertainty
principle.

Let us oomsider eleotroproduction of
oharmed particles. It can be viewed as a
fluotnation ef the photon into a palr of charmed
quarks with subsequent scattering of one of
them on the target. The time of fluctuation is
of the erder

/
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T ~v/am« Q%) (28)
and is muoh smaller than the time relevant to
the usual electroproduction )

v~ /(e QY) Nt
1¢ Q°<«4m? . The smallness of the time
available results in the smallness of the oross
section, With growing Q° this factor dies
away.

Thus, even for a real photen ( @ =0)
the space-time ploture of the oharmed partioles
produotion ia similar to that of eleotropro-
duction with Q'~m¢ ., This allows to apply
the theory of deep inelastlc scattering to
charmed particles photoproduoction.

The absence of the charmed quarks in the
initial state implies that only the leoep
graphs with ¢—quarks in the intermediate state
must be kept, Moreover, as far as ocharmed
quarks are considered to be heavy the loop
graph reduces to some local operator oonstruoted
from the fields of the light gquarks and gluons.
The matrix elements from these operators are to
be extraoted from the experimental data on deep
inelastio.

Preceeding in this way one gets /46/
T &g o 220, ccostmd)
32 % 205 P e M 00
ﬂ\rcs‘leld
where r i3 the fractien of the nuoleon's

momentum oarried by gluons as is measured in
deep 1ielant1o soattering at Q%~ m2 (P * 0.5)s

6% 18 the oross section of oharmed partio-
les photeproduction, ™M, 1s the charmed quark
mass, o (M) 1is the effeotive ooupling \
constant of strong interaotions, o, = 92/4 fr
and o = 1/137.

Substituting m 1.6 Gev,as(MI) = 0,3
and using experimental data on the Y -meson
Photoproduction we find that the latter contri-

bution 1is about 1/20 from tho total photopro~



duction of charm. The prediotion seems quite
reasonable, It 1syworth emphaéizing that the
prediotion does net use as an input any informa-
tion on the oross seotion of the WN - interac—
tion which 1is orucial for conventlonal models
of Y- meson photoproduction.

Other processes of the charmed particles
produoticn can be treated in a similar way o
( It might worth mentioning that the result
does not reduoce to introduoing any new scaling

variable).

Conolusions to the Talk

- parton model works not bad indeed,

- asymptotio freedom may show up,

= the overall pioture has not yet settled in
but it may be simple ( rather small effective
ooupling oonstant at (1-2) cev + preoccious
scaling + preasymptopia).

As to the applications:

- lepton-nuclear soattering can be used to

probe the nature of nuolear forces and to study

the spaoe=time picture of the parton model,

= 1f partons + quantum chromodynamics are
reliable, then there are no major theoreti-
cal problems with describlng charmed partioles

produotion.
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