
where C is some coDBerYed quantUII nu•ber of 
Q. 

Q -th parton and c
111

- that of a nucleon. 

Now we can iDYert the moments and obtain hard 

scattering formula W= J'\/w ei;{E1115(q,~l'fl,WX)v 
~< [ ( Q~-<Q2>) f (X,tA2)+ ES(<t.J"jfA1-,wx)· 
~=a,~ p 

• L ~Ql>fr (x,~2) • E t{'\.J~l~ ~x)<Q2> f, (:x,t'12)} 
p=a,~ 

Pro• these formulae it is eYident that fr pla:rs 

the sa•• role as parton distribution functions 

do and the funotioDB E. describe the su.ll diS-

tance interactions. Born's. approximation of hard 

scattering formula giYes the standard quark­

parton model. In the first order in effectiYe 

coupliDg cons tarat multiplied b:r ~n{- '1.2/~2) the 

scaling is violated. This Yiolation has the fol­

lowing for• (for the sake of simpl101t:r 05 -
theor:r is considered): W(t._w)-: "V{

0
(W) w 

{ 1 + ~lq.~2) in <-'l?(t.c2)([ ~vS1 "Wo (~)/~"\.rcw~ 
- ~ SW Wa { ~) d~- i 1 + 2 r. Q2 " 

1 W 0 (W) 2. p:a,o; P 

~ s; Tt ('\J£,)d~/~l-{0(w))} 
where ~is the Born ter•. The term in( ] is 

the function of~ •onotonioall7 approachinc 

sero fro• below. When this term cancels the re­

maining term in ( ) the character of soalins 

Yiolation is changed. The situation is the same 

in Yector theor:r, i.e., the change in the cha­

racter of scaling Yiolation is due to the gluon 

contribution (when onl7 first-order correc­

tions are considered). 

Finall:r, we su.mar1me: parton distributi~n 

functions a) oan exist in renormalimable QFT; 

b) the:r do not depend on transYerse momentum, 

o) but do depend on the choice of the renor­

mal1mation point~2, d) the:r obe:r Fe7nman sum 

rules for arbitrar:r ~2 , e) and are directly 

connected ~ith light-cone expansions. 
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!!!he b&eio motiT&t1oll to st'lld:r Deep Iaelast:ID 

is to lean 

a) structure of lluQL eoll .ut 

'b) structure of the 1Ulderl~ fiel4 tbeo%'7• 

De lalldaarks here are the d1scOTer1t!s of the 

B3orkell soalia& aad of the as,.ptotioall7 

free field theories which d•1Mte our wa:r of 

th1lllc11lg 1ll the past seTeral 7ears. 

Before the pro\l .. e a) &Ad b) we1.e 

c .. pletel7 eolTHI there oaae the era of DeW 

particles and 1ll the aost reoeat tiae the 

theor:r ef deep 1Rel&etio soatte:ria& ie aot so 

auch deTolepiag Oil ita OWD. right as in conuec­

tioll with 

c) production of he&T7 particles. 

Ka:r be llot so iap:resaiTe but still TOZ7 

prea1.e1q, to m:r a1Dd, is the applicat101l ef 

the theo~to 

d) leptolloonuellear soatterillg. 

The problems a)-d) a'boTe are dealt with 

1ll three parte of the ~k: 

I) Tal.elloe q•rk appro:l;1aa.t1oll; 

II) Gluoll oorrectioae to the partoa mo4el; 

III) Appl1oat1oas ( I!Clei; Be~:r Particles). 

!!he general fraaework of the ~k is •oatl:r 

theoretical aDd is oo:a:t:illed to the statue of 

the quark-parto:n-gluoll picture of the deep 

11lelast1c scattering •) • 'rhe experiaelltal 

•) For a reTiew of this aDd ether &Jproaohes 

see Refs. /l/ • 



da,ta are pnl$ented in an Ulustrative wrqo. 

There exi~t basiclT two dtfferent pictures 

of d~ep i~lastic. One views nucleon as a collec­

tion of a larse-or even infinite~ number ot 

partons. The other starts from three valence 

quarks. 

Th~ foUDdat1on of the foraer approach lies 

1n the strons iDteraotions ph1sics. Indeed, as 

a result of a rather mUd collision at high 

energ;r the Uoident hadron goes into man.r 

particles. The other approach links ~eep 1nela,­

t1o to the hadron speotrosoop7 in the most 

atra1ghtfon&l'd wrqo. 

S:t,nce the first •asur•eut s of the total 

oro1111 sections of ~ N a,nd ~ N interactions 

121 we know tl!st adll1xture of antiquarks in 

nucleon is saall. Thus, the valence quark 

approx~tion 1a a meaningful one. 

Therefore, we will start from the model 

which considers nuCleon as a s7stem of three ~ 

tons. The momentum distribution of the part0ns 

is to be extraotecl fr011 the ~a'\a ( for a 

r,view of the aodel see, e.g., Ref. /)/ ) • 

Let me list firat aome well-known 

prediotiou of the parton Jlociel and confront 

them with the data &Tai,l.able. 

i) Quark counting rule / 4/ • According to 

the ru.le 

(l) 

where F(Q.&) is the ele ctroagne tic form 

factor and n is the number of constituents 

which is equal to ) in the case of nucleon and 

to 2 in the case of pion. In both cases the ag 

re811ent with the data is excellent, the nucleon 

fo:rm :taotor be:1ng atudied up to Q£ = jj Gev2 

( see, e.g., ~e Proceedings of the Stanford 

Conference, ''' ). 
2) Drell-Yan...West relation 16/ 

It links the nuaber of constituents to the 
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behav1o ur of the structure function at x - 1 : 
f

1
(x), FaCx) ;::j (1-ll)~r.-3 

where 

and ct and ") are the momentum transfer 

squared and the energr transfer, res~ectivelT• 

The validitT of the relation which had 

bean thought to be safe is being questioned 

now b7 experimentalists who give /7/ 

mN ~ll.P ....... ( f- x:r~·~ mN w.•" ..... ( 4- x:J" (2) 

where 

xr-= Q~/(4m.,"' .. (SGeV•); x:-=tt/(2ml'l-o .. tl61i-•V") 

( For discussion see Section 2.7). 

3) Spln l/2 constitQants. 

Smallness of the ratio of the cross 

sections of the lonsitudinallT and transverelT 

polar1Bed photons 

is expected in this cas~ ( R = oq for spin 0 

constituents). 

()) 

To this Conference the new data b7 t~e CHIO 

col~•boration are presented accorcling to 

wh~oh /B/ 

R = ~0.10:!: 0.27 (i<Q~<2"eV') 
(4) 

R = 0.02!. 0.30 t2<Q"<6GeV~ 

The importance of the aeasurement lies in the 

fact that it refers to large w ( <w::J> • so and 

40, respeotively1 so that there is no effect 

of the leading particle. 

4) SJQallness of the 8J1t1quark admixture 

The prediction ia checked ~ the neutrino 

e:.;pertmenta aXId works well at least if the 

initial energ is not too higl:l. ( l)therwise the 

new particles production makes the interpretati• 

on dubious). In particular 191 
H(•)dll ~ o.05;t0.02 (Garg~UR~le Coll.) 

H ~ ("} +<j_(lll)dx = l o. 05;t0• 05 (BPWF group /lO/ ) 

where } <}L•Jdx and ~ ~ (x) c:lx refer to 

the aomentum carried b7 partons and antiparton~ 

respeotivelT• 



5) L~ited p ... distribution of the f1~ 

had:rons. 

There are new and very interesting datafll/ 

both from neutrino reactions and eleotroprodUP­

t1on which cont1rm the prediction. ID. the fo:rm-· 

er case the data extend to a~ = 60 GeV2 ( see 

P'ig.l) and the mean TSJ.ue of p... is indepea­

dE!nt on a~ • 

<P.J.) 
(G,·'.') 

. ) 

.4 

t 
.3 

.2 

10 20 30 40 50 2 6~ 
Fig.l 'T'iw Hvera.~e value o:!' P.1. Q (GeV ) 
of the nnal ::uo.ror; in reaction v/11-?f'-h X 
ar.; a fur"c t i or, of q2• Tl.e data are from 
Ref. 11 ( J.W. Chaplllan et al. ) 

6) The ;rield of .hadroas is given b;r the 

quarks frasaeatatioD. fRactions. 

The data !lo show str1kil1g silllllari t;r of the 

final state 1n e: e:- , eN , "i> N and even 

IN interactions. The point we.s arapl;r su'bstaa­

tiated at this CoD.ferenoe by B.Roe ( B3.Sec­

tion) aad by A.~esscms ( Section B2). 

Conclusion: naive parton ~odel works well 

1n 11oat oases. 

1.2. J;1WX"...!2llve prO!l.!!SiU!:U!-.,;.L-!!.UU 

Thus far, we considered inclusive }~roces­

ses. A lot of data is accumulated on the exclu­

sive channels as well ( see, e.g., the Weber's 

and M.Duong-Van's Talks at Section B2) and 

there is a challenge to theorists to interprete 

the data. 
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One of the most str1k1ng Jlieoes of data is 

the 0onfi:rmation of the e~ple vector dom~ce 

model 1n the diffraot~ve p' -eleotroprodae~t1 ... 
on 

(6) 

UP to Ct z 2. 5 GeV2 • The data IU'e presente4 

to this Coll!erence 'tv the CBIO and DES'! 

groups. The cross seotioD. follows well the 

VMD model ( see P'ig.2). Moreover, the data 

show no shr1Akage of the ~rtual photoa, ~.e., 

if the dif~erential cross section is fitted 

to 9.2' "" eAt 
dt 

then ooefficieat A is 1nd!lpeadent oa Qt. 

( see F1g.3 1131 ). 

T:he agreeaeat with VMD seems evea mo:re 

puzzliag ~tiaoe t.he model ~s nothing to do 

with the total erose sectioa ( predicts ~ 

CJ"p(~ 
(Jp ( 0) 

1.0 

{ 
mp2. }2 

- m 2 +02 p 

~~----~----~~--~~--~~----~~ 0.0 0.5 1.0 1.5 2.0 2.5 

Fig.2 Cross sect:ion of diffre.c- o2 (GE>V2) 
tive electroproduction of J> -mesons as a 
function of Q2• Crosses are the Cornell data 
(Phys.Rev.Leu. ,31,131, (1973)) , ba,ld-fa,ced 

points a.re from Ref. 13 and open circles a.re 
from Ref. 12 The solid curve is the predic­
tion of the VDM • 



10.---------------
........ 

N > 8 
<11 

~6 
<! 
<114 
a. 
0 
(/)2 

0 

~--'[ ______ ! ___ _ 
! 

YvP-P0 P 
ltl < 0.5 GeV 2 

2.2 <W<2.8GeV 
0.0 0.5 

Fig. 3 Slope of rlo'pt as function 
of Q2 ,Ref. 13 

extra pcnrer of Oa, dcnrn). It is worth tr71Dg, 

therefore, the partoa aodel to describe the 

dat~ 

DiffraotiTe deep iaelastio scattering can 

be described as a fl~ot~tion of Tirt~al photon 

into a quark-antiquark pair with a a~bsequent 

scattering of a parton on the tarset ( for 

an anal;rsis basecl on the spaoe-tillle picture of 

the parton aodel /l4/ see Ref. /15/) • 

ODJ.;r soft partons haTe larse oro ss soot ion. 

Therefore, the soatteriag oooars oD17 if the 

partons are separated b;r a large distance and 

long-range foroes between the oelor quarks 

produoe partou froa the Taoua'llll. It follCIIfs 

fro• tho kinematical consideration alone that 

the quark separation is large 1f one of the 

partons is muoh aore energetic than tho other: 

(7) 

where <£ is some intrinsic hadronic ll&Ss •. The 

other parton penetrate tho target &laost 

without interaction•) • 

•) It would be interesting to learn the fate of 
these partona as well. !he;r haTe a sma1l cross 
section ( of the order Q-2

, '? ) but ocoup;r 
large phase spaoo, of the order Qz. • Thus, we 
could expeot a hal.o of largo p... particles, 
the corresponding cross section being a peraa­
nent fraction of the total. 
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If diffraction were large, then the 

contribution froa the soa of tho quark-antiquark 

pairs would haTe been large. In other words, 

the Talenoe quark dominance iaplios smallness 

of diffraction in deep inelastic. 

QualitatiTel;r, this means, in turn, that 
TacuUIII is unstable onl;r 1f the distance 
between the quarks is rather large. Quantitati­
Tel;r,the distance of the order < p ... )- 1 can be 
O.K. Indeed, a relation of the t;rpo 

<p:) ----"-=---- .f 0. 05 
2m 11 (s~veraL C.eV) 

(a) 

seoas to bo reasonable in this case ana is in 

accordance with tlle data ( here, faotor(p~)/2m 

is purel;r kinematical, while •sOToral GeV• 
N 

st&Dd for the quark energy at which diffraction 

is possible). 

!hus, inclusiTo diffraction in deep ine­

lastic g:1Tes a saall but a a~ -independent 

part of the total oross sootion. 

Lot us turn now to the consideration of an 

exolussiTe channel (6). !he crucial point here 

is t:ta t the two quarks oaerg:Lng fro• the 

scattering off the target ( see the discussion 

aboTo) do not look like p ... eson. Indeed, 

quarks wi th1:u the .f ,..eson share the energ;r 

on equal' roughl;r apeaking, while here we haTe 

one muoh more onorgetio parton than the other. 

The situation is fora factor-like, aDd' the 

OTorlap of the waTe flUI.ctioDS is saaJ.l. .u a 

result we get an extra factor Q-~ in the cross 

section. 

'ro s-.nso, the obso:rTed Q~ deponden ... 

oe of the cross section of reaction (6) as well 

as absence of tho Tirtual photon ~nkage 

are well understood within the parton model. 

HcWOTer, one would expect that the diffraction 

in deep inelastic is nuaerioall;r aaall. In the 

other words, jO -production is expected to 

fall off as function of x at, say, x '"" o.o5. 
This does not se• to bo confirmed b;r the 

DESY data /lJ/ • 



Let me discuss in brief another theoreti­

cal problea ar1s1Dg in tho context of the Talez.­

oe quark approxiaation. ETen if it is gr&Dted 

that nual.eon oo:uists of tlaree quarks, then 

there exists a question whether the tuarks are 

aonrelatiTistio or ultra:relatiTistio ( or sae­

thiD& in between). 

In the ul.trarelatiTistio oaae the tuark 

struck b7 the T1rtll&l photon is allaest e.-ass-

-ahell, whil.e in the no:arelatiTistio case it 

is well off-~~&as-ahell 1f x is close to 1 :1161 

(9) 

In the 1atter oase the sillplest realisation 

of the quark aodel predictions come froa the 

sraps /4-b/ represented ia !'1g.4. Ia particu­

lar, the saall.JI.ess of the cross section at X~ 1 

is duo to the propacators ( see lq. (9) ). 

JJl alte:rDatiTe pess1b11it7 of ultra:rela­

tiTistio quarks was censidered b7 Berestetat7 

..a ferent;jeT /l7/ • !he resu1t 1a that the 

fora factor is unoh.aJI.sed ( see lq. (1) ) bat 

FN(x)- (1-x) · Ftr- c.on~t 
. 2 K .. 1 , 2 x .. i (10) 

Indeed, 1n the oase of pica, e.g., the ~aYe 

Datue of t:ta.e quark waTe flmotion ia]llies 

1JI.4ependenoe on the aa&Le 1a the quark •·•· 

a7st•• :R.eexpressed in teras of the soaliDg 

Ta:riable this prediction aeaas independeace on 

x as well ( d oos-BcM ~ clx ). 

M).( I ·u 

Fig.4 Brodsky-Farrar graph for 
deep inelastic scattering (or 
for form factor). Crosses mark 
the lines with large virtual mo­
menta. 
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Since eq. (10) is in contradiction with the 
data the authors conclude that the ul trarela-

tiTistic quarks are ruled out. 

Conclusions to part I 

The parton model is healthT and explains 

a lot of data.There is room for further checks 

as well. 

But it cannot be all the truth since 

quarks in deep inelastic oarr7 about o., of 

the total moment\1111 - blalle gl.uons. 

lloreoTer, large admixture of gluons 111 

difticul t to reoo1no1le w1 th 11uoce ss of the 

quark counting rule which just a11s111e11 that 

there is nothing el.11e 1n the nucleon except 

for three quarks. 

Thua, we come to consideration of gluons 

in deep inelastic. 

II. GLUOI COBUCfiOD 

SiJI.oe the Talenoe tuark approxillation 

preTed te be suooe .. :tul let us tr7 te stiok 

te the ilea as lens as po .. i'ble. !hen eae oaa 

illa£1ne that the follniq td.IIJl,e aodel for the 

struotare t.actioa in aeep iaelaetic a&kes 

sense. 

.A) Start with noarelat1T1stic tuarks. Be 

oerrespe:a41JI.g atructve faction is F~ (11.) ,.., 

6(x-U3) aD4 has11tt1o te do with the 

obserTed o:u. Bit 

B) Gluoa exoh&qea •ear the q•rl: 

d1str1 butioa. In partioul.ar, the sr&Jhs of 

!'1g.4 preduoe a tall 1:11. the parton diatr1bat1on 

at x-1 F2.(x)......,(1-x)3 • 

!be effect ef the &J.uea exokaases between 

the quarks is solleaatioal17 represented 1a 

!'ig•'• lloreOTer, 

C) Gluon breasstrahl.uns and iuer 

ooDTersion ( see !'1g.6) aake farther ohaa&e in 

the structure function. In partielllar, 

i) Part of the quark meaentua gees into 

glu.ons; 



2) F2 (x) ia llhUted to •aller " 

3) ADtiqua%ka appear. 

Scbeaatioall.7, the o!laage is represented iA 

F1g.7 aDd, hopetu117, the net result ot gluon 

oerreotioDS to Talenoe quarks is the obserred 

Fz. (x) • 

ConoluaioD,: &luena .. ak the structure ot 

auolooa aJl4 rOTeal the structure of atroag 

~oraot1oaa. Jt 1s 1aportant, therefore, to 

oheok the roal1t7 of both stops ( gluon ox­

oh&Dgoa aJl4 br .. satrahl~ oxporiaentall7• 

2. 2. IIJ.U1a!ltal UJUA'!Bt!' U the 

JIL!!umersn 
Jaal7eia e:t the grapha of the t7pe 

ra:preaented 111. Fig.4 allows to ll&lte oortaia 

pred1ot1ona oonoerniag both deep inel .. tio 

structure fDct1one &114 :tara faotora. Let ae 

'---"'-'-;>......-----'- " '"""'----'---~-:...........a.. " 
1/3 1 l/3 1 

Fig.5 Change in tl1e structure t\wction 
as a result of gluon exchanges ( sc!tema tical) 

F:l.g.6 Examples of gluon bremsstrahlung 
and internal gluon conversion in the for­
ward Compton scattering of a virtual pttO­
ton on nucleon. 
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X 
l 

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

list aoae o:t th•• 

on as 

l) Lo~iD.C partoa h&a the 
nucl.eon:/lS/ 

9- V,) "" ( 1 - )<. ) 

9 .. (I<) 

s .. e polariaati~ 

where SJ .. ( g _) 18 tho denai t7 of quark a with 

the .... ( opposite) holicit7 as nucleon. 

2) It prediction (11) ia ooa-ined with 

SU(6) a,..etr7 :tor tho waTe :tuaotioa, then /lS/ 

vW"'" ~ 3 
~Waep "~ 7 (12) 

wll.ioh ia a r--.:t"taltl.e atop towards expenaeatal 

data aa coap.red to the prOT1eUal7 b!l1eTed 

prediot1oa of 2/J :tor the r.a.a. of lq. (12). 

J) Aa is notioo4 b7 aa11.7 people, the 

traneTeraal fo%a :taotor of auoloon ia prodio­

to4 to 4oainato oTer tho loii.S1twU.aal o:ue at 

larce a~ ' 
FN(Q'"J/FN(Qz) »1 (Q~-oo) (lJ) 

T t... 

The prediction ia 1n good acro•ont with the 

data. 

4) ~· ia shown b7 Ioffe in a ooat~~ 

ted paper /l9/ the electric- aa4 aasnet~c­

dipole fora factors in the nucleon-isobar 

traaa1tion are expected to be of the a .. o 

order at large Cll. 

c/'\ Q') ~ - c/~ <a~) < Q"- - 0<.1) (lo) 
E 

!rhia is eTen 11ora ~ntereetiag since at low Q' 

the trend is rOTeraed &114 GrM » C.E' 



5) As is noticed by Vainshtein and 

ZakharoT 1n the case of the. deuteron form 

factor the longitudinal component dominates 

at large Q1 
( i.e., in the six-quark 1111lit, 

see Section ,.1): 

(14) 

~his prediction implies Tanishing of the 

aagnetio fo~ factor and can be checked by 

stud;ring the angular distribution al.one. 

It :h worth aaking a warniug that al.l the 

predictions (11)-(14) are deriTed in the lowest 

order in the gluon coupling constant. HoweTer, 

it is reasonable to expect them to be Talid 

with so•e accuracy after the suaaation of al.l 

the orders as well. To substanciate the poiut 

let me g1Te a staple example. 

According to the parton model one has 

(15) 

If the gl11ou corrections are taken into account, 

then the power is changed but the lllllallness of 

the ration persists and 120/ : 

9~(0.') ( 1 _ x) (16) 
G'L/Vr "-' 16To~ 

where 9~( Q') is the effectiTe coupling 

constant of strong iuteraotions (9 2
"" VLn Q'). 

!herefore, all the predictions aentioned 

abcTe are worth checking experiJIIentally. 

A refined W&7 of calculating the effect 

of the gluou bremsstrahlung is proTided by the 

well-Glown technique of the m011ents from the 

structure tunotious /2l/ • The assumptiou 

that there are oDly three quarks in the initial 

state implies Tanishing of the reduced matrix 

elements from all the operators except for 

those constructed from the u- and d- quarks 

alone 1221 • ~is conditions fixes the moments 

to a large extent. 

The effect of the gluon bremsstrahlung 

still naturally depends on the effective 

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

quantum ohromodyuamics). 

An explioi t calculation 122a/ shows 
o ~(.., t>eV') 

that if " ·- ~ 1/'1 then 

""'" 1) Momentum carried by quarks goes 

down from 1 to ~ 0.55 ( in the units of the 

nucleons momentum); 

2) Momentwa carried b;r antiquarks goes 

up from 0 to "' o.o,; 
') The mean Talue of the parton' s momentum 

goes down from o.,, to ~ 0.22. 

4) The difference between proton and 

neutron structure functions is about o. 06 

( ~: (f=~<>f'_ F2e")d.><. ~ 0.06) 

All the predictions are 1n rough (lo-2~) 

agreement with the data. ~us, Fz(x) as is 

seen experimentally could arise as a result 

of the gluon bremsstrahlung. To be sure, 

however, an independent determination of the 

effectiTe coupling constant is needed. 

It ma7 turn ne oessary to include gluons 

in the initial state to illprove the ;l'it. ~e 

admixture cannot be too large, however, JlOt 

to spoil the quark counting rules. 

It is interesting that 1f the picture w1 th 

gl.uon bremsstrahlung is relevant to the data, 

then the Tariation in the lowest aoaents from 

the structure functions is Ter;r slow up to 

Tery high Q' • For example, the mcmentwa 

carried by anti quarks at a • = 1000 Gev2 

is three times as small as 1n the limit of 

a~-= /22a,45/ 

To summarize, there exist two extreme piotQ­

res of deep inelastic scattering: 

Valence quarks 

q. ---2..~-r 
'),-----
'!-----

• strong interactions 
switched off 

Deep As1J1ptopia 

g,~_r_ 
'I ).- --
~~--

• so man;r Tirtual 
lines that there is 
no dependence on the 
initial state (tar­
get •switched off•). 
New equilibriWR of 
quarks and gluons. 

We are 1n between ( closer to the left): 



Preas~tapia, when beth target and interaction 

eaaat ( erte!lds te Q~ ~ 10000 Gev-2 ) • 

The next logical step is to confront with the 

"Precliotioas :tr• the asJllptetic :treedoa with the 

"Partea aedel .ad to look Which works better. 

Let as start with the aost widol7 discus­

aed 'Preaietio.. e:t the tuant.. ohroaed;rDaaica 

ea the soal1Bc T1o1at1oaa /~b/ • 

One wo-.14 e:r:peot tll&t as a result o:t the 

sl••• u-e.aotralllU& F;_(x) slaarpeas with 

iaoreaaiq Q~ • Saeh aa e:t:teot seeas to haTe 

\eea oboerTOd both 1a eleetro'Prodaotiea /2J/ 

aJI4 1a antriao reaotieas ( :tor a .-r;r 

••• Ra:t. 124/ ). ~o thio Cea:tereliCe the data 

e:t tlt.e CBIO grea'P are preoatecl which ohow 

1a the ... 41reotioa ( see :ru.s ) ' 2'1 • 

.60 

.40 

.20 

0 0 0 .2 .4 • 6 .8 Y. 

I 
0 c:: IO 
A SLAC 

Q2 (GeV2 ) 

A 1-2 .60 
A B c D B 2-5 

c 5-8 
D 8-15 

.40 

.20 

.2 .4 .6 .8 1.0 1.0 1.0 1.0 
2 x • Q /2mN 

Fig. 8 Proton structure :function F 2 (x) 
versus Q2• The x scales o:f the subsequent 
graphs are shifted by O.J. The curves 
are the :fits F2 (x) • .2.:~=S a 1 (1-x)i • 

L-",3 

ne oaaclaaieaa se• to be: 

- aealiag Tiolatio aa are aeea, 

- ) 1=2 (x)dx. reaaiaa a ooaataat ( aoo 

:r1g.9 /2'5/) ( tul.1:tie4 te tho Ta11-

41t7 a:t the ertra.,olatiea procedure 

:traa aaal1 ( and aeasured) x te large 

X ). 
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2.'J. Implications o! the soaJ.iD& T1elatioa 

I:t the e:t:teot is seea expertaeatall7, then 

there arises a nuaber ef theoretical questions. 

!he aost urgent are: 

.2S 

CHIO 

.16 

.12 
~ 

M(Q2)"" ~ <i>< \) Wz ( v, Q;a) 
0 

.os 

.04 

1 2 4 10 20 l,O 

Q2 (GeV2 ) 

!'ig.9. The depeJideaoe oa Q.. e:t the :first 
aOIIeat M ca•; OOQated :tro• the cm;o 
data Re:t. 25 • 

1) Is ebaerTed aolll.ing Tiolatioa c•patib­

l.e w1 th quantua ohr•ocl7Daaios? 

2) Is it the aea e:t 9. q. pirs that shews 

up at aaal1 X er 1a it just oharpe-

n1ag o:t Tlll.eaoe q-.r~ts? 

3) What is tho ooatri\•tiea to the aoal.iag 

T1e1atiea :troa the pair produetioa e:t 

oharaed particles? 

No agreed an .. era to these questions exist 

at the aoaeat. 117 owa 'Prejudices are as :tollewa: 

1) Ia general., 7es, but the rise leaks 

teo :tast i:t eae judges :tra the :fitted 

CurTOS ( Fig.8) • 

2) Sharpening o:t the Taloaoe parto:ua. 

3) Pair prad•otioa e:t oharaed particles is 

negligible. 

Since the situation ia :tar :trea beiag clear 

aeae :further short co-eats can be help:tul: 

l) Sharp rise ia !=~ (ll.) with Q._ would 

encourage speoulatioaa oa the nen.-4ield-theore­

tioal patterD o:t scaling Tiolatioa: 

where R is some new intri:nsic diaeaaioa. The 

staple st •odel o:t this kind is the introduction 



o~ the parton•s ~orm ~actor b7 Drell and 

Cbanowib 1261 • nera are also soaa other 

elaborated Yarsio:aa which utilise the aodel.s o~ 

stroq interactions and relate R to the para­

•tars o~ the Rage pole fit. 1'h81e are discus­

sed b7 Lartn and R78]d.n 127/ , ADisortch, 

Garshtein and Folcmaahkin /2B/ • 

2) IDCraaaa at •all x does net necessa­

rily implies rise in the sea contribution.There 

is a coapetition between gluon breasatrahlung 

and glucn apl1 tting which 1Jha:t7en the yalenoe 

quarks and pair production which increases the 

eea. rhe balance depODds on the coupling cons.­

tant o~ strong interactions and on the input 

ass.-ptiens on the nmoleon structure. I~ the 

gl.uo:u and antiquarks are not ild.tiall7 present 

( see Seetion 2.3) then the e~~aot is aostl7 

the change in the distribution o~ the yaJ.ence 

parto:aa. b altel'JllltiYe conoJ.usion can also be 

reaehed i~ one changes the as.-.ptional28•4'1 • 

3) The relatiye ooDI:ri bution o~ charaed 

particles production to the total oroaa section 

does crow with a.~ ( as a'ica·· m~) 1291 ) 

&D4 is oonoeDI:ratad at 81&11 X 1 aa ia obser­

yed experiaental.l7. !lOWn'er 1 the eatillates 'based 

on quant'UII ohroaod;rDallics giYe too 11111all an 

e~~eot ;R'UIIerioall7 /)O/ • 1'he conclusion is 

contested b7 the geDeralised ?ector dominance 

which gi?ea aere ( see Close• a Talk at Session 

B2) • KoreoYer 1 there are saae 1DdepeDdent 

experiaental indications to the salle ·~~act ( see 

Section 3.3 o~ the present !alk)o 

_Conol1lsioll on scaling Yiolations: we are at 

the 'begiDJling o~ the sto%'7• 

Let 11s oontiDao with ooapar1J18 predictions 

o~ the ~ield theor,r aDd the parton aodelo 

In particular, the e~~ect of glueD oorreo-. 

tiona on the P.J. distribution turns out to be 

drastic at Q ~....,. oo • According to ~ield theo l'7 
/31/ 

(17) 

while in the parton aodel <p:> ~co11~t. 
Eq. (17) is a a&Di~estation of the siaple 

~act that all the intecrations onr rtrtual. 

momenta extend up to 0 2 
• Indeed, there is 

just no other pa:rameter in the quantum chro-. 

mod7Damics and at large QL the 1Dt eraotion 

bec011es onl7 logarithlllicall7 weak. On the 

other h&Dd1 the stud7 of the p~ distribution 

re?eals the rtrtual.1t7 of the putollo 
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As was alread7 aentioned in Section lol 

there 1s Do sigD of growth in < p .. ) w1 th Q t 

Up to Ql- = 60 Gev-2 o 1'hUSt there is JlO indi­

cation to the a&11!ptotio freedom so far. 

The arguaellt is not too strong, howeYer 1 

for at least two reasoJls: 

a) Froa the theoretical. point o~ view it is 

Decess&rT to use the Breit s7stem. In this frame 

Q ::. 60 Gev2 oorrespoJlds to a frapentation of 

part on with energy 4 GeV. If it deo&78t BaTt 

into three hadrons and <p,:>~ 500 lleV for 

each of them, then the longitudinal aomellt'UII 

of hadrons is not too much larger than the 

tran8"f'erse one. A.D7how1 60 Gev2 in deep inelaa-

colliSioJlSo 

Jets can hardlT be seen at this ener17 ( see 

also lhose•s Talk)• 

b) Large p... n'ents are populated aeat17 

b7 gluons ( the contribution of the quark -

antiquark pairs is relatiYel7 saall). !here~ore 

it is a good place to look ~or gl:u-ball.s. On 

the other hand, if the glue-balls are he&'Y7 and 

introduce aoae Dew mass scale m9 , then the 

whole picture can change in !&Tour of the 

oollfigurations ~hen the quarks and gluons are 

aligDed. In the other words, the collfineaent 

mechalliSIIl call be illport&Dt. 

But, aJ17hew, it seems fair to conclude that 

- the < p:) business is serious. There is 

a lack of detailed oal.culatiollS to 

eTaluate the situation better. 



It is worth aentioning that the gluon 

corrections proTide a natural mechanism :tor the 

break~ c:t: the Drell-Ian.West tTPe relations. 

Il!l.deed, at fixed (l...x) and oz tending to 

1llf1D1t7 the gluon corrections alwqs cOJDe 

:t:roa the graphs o:r: the breasstrahlung t;rpe. 

(Fig.6). In the :t:ield theoretical language 

it aeans that the b111Dear 1n the quark :f'ialds 

operators d~te &Dd theusaal technique o:t: 

the aoaents :t:roa the structure tunotions is 

applicalal.e. 

On the other haDd, 1:t: ( 1 - )() "' ;:e' Q- 2 

and we are considering :t:orm :t:aotor, then the 

graphs o:t: the t;rpe represented 1n Fig.4 are 

essential. l:f':t:eotival;r, we get a s:lx-quark 

operator here. ~he gluon corrections to these 

operators haTe never been calculated. 

One is :tree to speculate, therefere, 

that the gluon corrections to the :t:ora :t:aotcr 

are ..aller than to the structure :t:unotions. It 

is worth euphasising that :tor the relatiVistic 

q~k:s just the opposite is true and the gluon 

corrections to :t:orm :t:aotor are the largest 

( this case was considered, 1D :tact, in Re:t:s. 
fJ2/ ). 

!o suaaarise, one •aT hope to explain the 

obserTed derivations :t:roa the Drell-Yan.West 

relation b7 gluon corrections. The calculation 

o:t: the gluon correction to the :t:ora :t:actor is 

needed to verif7 this h;rpethesis. 

2.8. l£!cooieus so&ling 

As is known for quite a long t:1Jie, 

scaling is obserTed better 1n teras of' soae 

new variables. In particular the m.o011-G1laan 

variable x' 

(18) 

coincides with standard de:t:1n1tion o:t: the 

scaling variable at 'il tell41ng to 1n:t:1n1 t;r 

but aakes auch better at aoderate Ta1UeS o:f' Q• 

and x~t 
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To UDderstand the aeaning of' such a variab­

le we need a theor;r o:t: approach to scaling. 

Some efforts in this direction have been made 

recently. 

As was first noticed by Nachtmann /JJ/ 

it is possible to account f'or the kine.atical 

e:f':f'ect of' the nucleon mass within the Wilson 

operator expansion technique. Haaely, one can 

keep terms of the order rn~;Q• explicitly. 

Georgi and Politser /J4/ and Balun1 and 

Eichten 1n a contributed paper /J5/ pursued 

the idea :t:1rther and ass1111ed that the kinemati­

cal :t:aotor is the only 11lportant one as :tar as 

corrections o:t: the order a-z are concerned. 

In this approxi.ation scaling 1n variable 

\ arises /JJ-35/ 

(19) 

and at "- close to unit;r ~ coincides wit)!. 

-,..' if the expansion 1n 0.'/ -v~ is aade. 

The deriT&tion is based on the assuaptions 

that the e:t:feotive coupling constant is relative.­

ly weak at 0. .. :::: 2 Gev2 and t.hat m~ >> ~' 
where ee is sae illternal aass. Botll seem 

reasonable ( except :tor x too close to 1 where 

the latter aasuaption becomes dangerous, see 

Eq. (9) ). !hus, 1n t)le two-dillensional models 

1361 ce stands for the quarks aass, 

Although it seeas grat1:t:71ng to derive the 

preoeoious scaling 1n the field theer,r, the 

pheneaenolog1cal basis :tor it is not clear 

to me at the m011ent 1n view o:t: the data presen­

ted to this Conference. !he point is that the 

CBIO groa.p has found that the lowest moment 

:t:r011 the structure fwlction reaains constant if')( 

not x' is used as the scal.1Dg variable. ne 

higher aoments vary rather strongl7 ( see Fig.lO). 

If x is oh.a.JI&ed into x' 

moment varies with a· 
then the first 

On the other hand, the higher moments become 

Qz 1ndepe:adent :f'or, say, C.
2 = 5 Gev2 if 

calculated 1n terms of' ><' • The corresponding 



... , 
l .. ~ 

l.C 

.o 

C.HIO n=6 
n•8 

Q~(Ge1! 2 ) 

l 2 l,. l() 20' 40 

l<'ig. 10 r'i;;i.er moments from the 

proton structure function as cal­
culated by Anderson et.~l.(%5) 
The moments are normali~ed to unity 
at some arbitrary point. 

oalo'QJ.atioaa are e:r.ulp:J.i!ied u F1g.U etch 

~· bo~~owed ~oa the Blo~•s report /)7/ • 

to e~ise, the hopes •r• hi&h now that 

the le-.ding correoUons to the scali~ behaviour 

of 1;1\e orhr a·~ red\&Qe to the k1n811at;l.oal 

effect of the nuol. eon UIISo 

A~ptotio freedoa ie ver,y att~otive ~ 

prov~ea q~itative explanation to aoae 

e~erilller.Ltal c'bse:r"F«.t:1.o as. 

It ;La far fro• beiag pro~ed, however. 

III. Al'l'LICUIOHS ( BUCLEI; NEW J.IARTICLE$) 

Firat data on e 0 soattex-iA& at rather 

hieh Oa ( up to 6 Gev2 ) are presented to 

this Conference b;r tho Cbertok1 s group. I 

thi~, the~fore, that this ia a good t~e to 

reTiew some ideas on deep inelastic aoatterug 

on nuclei. 

There is an excit1q possibUit;r to obser­

ve at short distanoee 1n r~.uolei multi-quark 

atatoe. !bus, deuteroa oan be coDaidered as a 

s~quark state and so on ( see the Chertok•s 
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Fig. 11. The moments fro~ the 
struct~re function. 
Ret. 37 

-

-
-

aDd Brodsq Talks at this Coafere~e). 

I~ strong 1Dteractions ph;raica there 

existed for aoae tillle indications to the ~ua­

tertng in nuclei at short distances. The hint 

cOllies fr0111 the so called o'WIIul!Ltive effect Qd 



a•ol~ sMl,iD£ ( see l!I&L4~1 s aDd Leks1J:I.•s 

Talks at $esdoa .l6). the or:tg1J:I. ot these 

ph~••• oo1tld lie olarU1ed b;r at'd;riag deep 

1uluUo soatteriag wh1~ is a tne short 

d1st-.oe prooess. 

Ia ,.rt1QJ.u, the deuteron fr011 :ta oto:, 

1s poo41ot" )7 tho taark ooutiag rule to 

fall off aa 

(20) 

~· data t1t tho oztrayelat1e~ ~· ver;r well 

startiac tr .. Q2
- m; ( soo na.l2). 

•• 

·' 
.2 

.1 

• • Cllertok • a e;:rQup 

* )t Previous work 

lk 

X 

~·'1··· • • *+ + 

0 6 

Fie;. 12 (taken from s. Brod~ky ~d B. Chertok 
contri~uted paper A?/41). ~he beha­
vior of the deuteron form factor. 
The po1J:I.te marked with circle a;re 
from a. Arnold et al. Phye. Rev. Lett. 
221 ??6 (19?5) 1 and those with crosses 
are from J. Elias et al. Phys. Rev. 
m. 2075 U969) 

!ro llo fair, I •••t aa;r that at present 

enorcioa tho ••ual deaor1ptioa of deuteron as 

oeaaistiag of neutron + proton aa;r work too. 

Ia part1aal&1', a auooeaafUl oaloulat1on of the 

doutero:a foa factor with1n 'IIliis fruework was 

porfomod ll;r lal'llallov and Shap1ro. 
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llqroovn, Franlcfurt and Striolclaan /)S/ 

oalcu1at•d the cross section of deep 1nol~t1c 

scattering on deuteron aDd the data agree with 

the calculation ( see Fig.lJ). 

• Poucher et a I. 
(8=6~ 10~ W.>2 GeV, 02 >I GeV2) 

o Riordan et al • 
(/1=18°, 26°, 34~ W :::2GeV, Q2:::4 Gev2) 

• ScMH~ .t.J, 
(B=s·. W<- o.9 Gev.o2 :::o.a Gev2J 

10-7 
Q~--~~~~~2--~-3L.--L-~4~~w 

w'• I +W2fo2 

Fig. l'· The data on e:O inelastic scatter­
iDs (See Chertok's T~ at Section A?). 
The sol.id line is the theoretical calcula­
tion by Frailkfurt and ~t:r:'i~ (Ret. 38). 

Wllat 1a 1Jidee4 r--.rka'ble is that expor1• 

•entall;r oDl.7 •shallow• 1Jlebst1o scatter~ was 

observed. ...el;r, t~o f1Qal •ass is relativel;r 

low so that one pion oan ~7 be produced. 

••Tsl'tholeas, the data approach s-.o scal1q 

l1a1t W1t;tl 1noreasiag az. • 
I do not fool that there o:r:ists a ;real 

oontr&41ct1on between the qua~k~1ke and 

oenveut:to:aal picture ot QD · soathr1Qg at 

present ene.rs:tea, !be description could be 

dllal. 

#et •• aention al10 acae otlt.e~ related 

suggestions ocnoernins lopton~uclear soatter1ng: 

a) ~ stud;r1DS aoatteriAS off nuclei with 

atomic DlllllbO:J;' A ~· ' one oan check the ql,l&rk 

atatiatioe. Indeed, there oa.Jl be no 111ore then 



12 ~ks 1n s-state 1n the three-colour 

scheme. Therefore, the usual quark oo.-tiug 

rule bna.ks don for .A. ;:t 5 /)9/ • 

b) B7 stw:l.ng the vN (.JN) scattering 

~a the region wh~ch is kin--.ticall7 for~idden 

for &Q interaction with a free nucleon one ~ 

probe the ~ture of nucle~ forces / 40/ at 

short ~istanoes. If the oonTentioQal models 

with Teeter aesen exchanges are correct, then 

it is Dat'IU'a.l. to exnot larse iao:rease in the 

sea ooDtent. If the •core• in NN ~eraotion 

is due to the quark repUlsion, tll.en there is 

no such effect, ceuerall7 sp..ting. R~erioa.l.-

17, the 4~ferenoe between the two oases is 

about 50f / 40/ • 

3.2 • .IIPlflf IM$UW !IM" PWUas 

B7 studT~ deep 1ntlla~~t1c scattering ou 

nuc1d we ou, leera more on the t:l.ae deTelop­

meat of the parton s7st ... In particular, the 

l'arton mOd e:l, leads to the following specific 

predictions tor the st~oture function of 

soatter1Jlc:1151 

a) Shadowing is absent 1n deep inelastic 
up to M,gh w 

b) Just before the shadowing ant1shadowing 

is Predicted so t~t the expected fo~ of ~· 

ratio FeA(,.)/F eN( ll) looks as is represented 

in Pic.l4. 

Fig. 14. The expected dependence on 
~ ot the shadowing parameter. 
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The first point is eas7 to substanoiate 

since Talenoe quark dominance means ex:aotl7 

absence of aUT diffraction, &Qd shadowing is a 

pure diffraotiTe process. The second point 

is not so eas7 to ex:plain and I refer the 

reader to the original paper /l5/ for details. 

~et me mention here that the prediction is 

intiaatelT connected to the fUsion of partons 

as a result of their interaction &Qd, 1n this 

W&Tt to the l:l&tue of the POJaeranohuk sillgul.­

r1tT· 

!he ex:per:l,mental data are represented 111 

Pig.l5 ( there is a ~w measirement in oo .. io 

r&Ta at TarT high energ,r, v...., 200 GeV and 

a'- 0.1 GeV2 / 41/ ). One m&T oouo1ud• that 

£ 
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Shodowmg Parameter E vs x' 

¥•A• 

Electrons 
• Comel.l 
0 13,20 GeV (4'1! SLAC 
0 7-19 GeV (6'1( 

Muons 
x 1 GeV ! Columbia, Rochester, 

Harvard, Fermr Lob 

Photons 
A 4-16 GeV UCSB 
"' 5 GeV DESY 

Muons 
(Cosmic Rays), MPEI 

2 • E~200 GeV, Q •,1 2 
o.z 0.3 
x'• o2/(Q2+w2) 

0.4 

Gev 
0.5 

Fig, 15. Shadowing p~ameter e as a fUnc­
tion of x' as comp~led by R.E. Taylor, Ref. 
5. Cosmic ray muon point is from Ref. 41 • 



a) Expectations of the shadowing evasion 

are more than satiSfied. There is some effect 

even if Q~ is changed from 0 to 0.1 GeV2 •) • 

b) ~here is some hint on antishadowing 

but the syat~tic errors are too lar~~~ Wait 

for h:l.gher Ql. 

Further information can be extracted from 

the study of the final state in deep inelastic 

scattering on nuclei. In particular, absence of 

shadowing implies that the volUIIe term domina-

tes in the cross section. It means, in turn, 

that there is leas time available tor a 

developaeDt of :l.nternuclear cascade. As a result, 

the multiplicity :1.n electroproduction on nuclei 

is expected to be lower than that in photo­

production. 

!he effect is suggested and discussed :1.n 

detail by Nikolaev and DavideDko 142/ • It 

turns to be quite significant DUmerically 

( see Fig.l6). 

= 200 GeV 2.2 

124 
l:l 1.8 

....... 
< 

l:l 1.4 

II ---
ll:l< 1.0 

2 4 8 16 

Fig. 16. The total multiplicities in the 
electroproduction on nuclei as a function 
of Q2 • The curves marked. by .:l , '\7 , 0 , 0 
and by * are for Al/3 = 2,3,4,5 and 6 
respectively (Re:r/42/). 

•) see, however, the Wagener's Talk at 

session A7 tor a warning concerning radiative 

corrections. 
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I hope that even the -examples given above 

allow to conclude that 

deep inelastic scattering of leptons on nuclei 

can bring a lot. 

;J.J. !!!~~-N_~~X Lm_~ment) 
........ -

My next task is to estimate the cross sections 

of charmed particles production. ~t let me 

present first the data on the events of the 

type 

(2l) 

which are submitted to this CoDterenoe / 4:3/ 

(although none of the experiaaeDtal group is 

present to answer possible questions). 

The events are above the expected back-

ground from the fi- and X-clecays ( see Fig.l7). 

The cross section is estieated as 

b) 
a) 

1-'N-!JfJ-X (150GeVl 
21-' EVENTS P;u"' DISTRIBUTION 

8.8' 109 MUONS 10 f 72" Fe TARGET 

t 11 ',r(:,t i ! 
1.0 

3 
APM.ATUS f f .., 

~ z ACCEPTANCE 

~ POOR 

1-

~!jllj 
E~CJE I 

1 
~ 16' ~ 1.0 

~ "' 1r AND K EXPECTED 
1-z DECAYS > FROM--.., 
> .., I.U 1rAND K 

DECAY BIN• 
10-1 10-2 Q25GeV 

16~--L-~--~--~--~ 

01020304050 

EI-'(GeV) 

16"---:L----'--::----7:--::'-::--
0.5 1.0 1.5 2.0 

'i (GeV/cl 

Fig. 17 
a). The dimuon events with extra muon energy 
E

2 
> Et' in muon interactions. Expected num­

ber of muons from :IT- 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 :rt- and K-decays is 
shown in solid curve. (Ref. 43) 



!)(;"' i'J ->"".~"'X) 
G'( ,~~., W __, ""X) 

IC 1 (22) 

and has threshQld behaviour ( w > 1-a GeV). 

The events lie at high OL and large u,) 

<. .. 0> = 2b. 

Conclusions ( by Chen / 4)/ ): 

- sigaal for charmed production is 

obserred, 

this ~ responsible for a sizeable part 

of scali:ag violations at small x 

( see section 2.1). 

).4. Production of a charmed quark off 
a Bslit quark 

I would like to discuss now the problems 

encountered 1n a cal.oulation of the cross 

section of charmed particle production. I do 

not inteDd to compare the results obtained 

Within some specific model with experimental 

data since this problem is dealt with by some 

other rapporteurs at this Conference. 

From theoretical point of view all the 

processes of new particle production naturally 

fall into two categories. These are production 

off a light and off a heav;r quark. The exaaples 

are 

vd - f"'·c (2)) 

and 
-

vC: - d,M (24) 

respectively, where d and c are the down 

and o~ed quarks. 

The first case oan be adequately described 

within the parton model and reduces in fact to 

some kin~atios. Tbe point is that the density 

of light quarks can be extracted in an iDdepen­

dent way. The only difference ~s compared to 

the standard case is the aooount for a heavy 

quark mass. 

Thus, if the initial quark carries :z-ih. 

fraction of the nucleon momentum, then from the 

energy-momentum oonserration we get /44/ 
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(25) 

and this is a true scal.ing variable now. ( It 

can be corrected for the target mass in the 

same wq as A , see Eq. (19) /)4/ ) • 

Moreover, the heavy quark mass rn~ 

must be kept in the matrix element squared as 

well. In this way we get, e.g., for the cross 

section of reaction (23) 

d~cr G1 s l ( ~ (26) 
:- -=- -. S1n e._(zd<~>) 1- !!2•) · 
clzd~ tr s.! ' 

1'11~ .( 11 ~ J ' ~ / 7 L J 
II!, L ' () "" l , ~ ,::.. .c q, '1. 

if the interaction is of the usUal (V-A) fo~, 

d(?) is the quark density). 

In spite of the trivial.ity of the substi­

tution (25) there is an important messa~ in 

it. Na~~~ely, mz enters al.ong with Q .. , not 

the total energy. Since Q'- is only a small 

fraction of S ( in the antineutrino interac­

tion Q~-... (1/20) S ) this implies "slow" 

rescaling. In the other words, the initial. 

energy must be very large to make the threshold 

effect of heavy quark production negligible. 

Detailed numerical estilaates of the new 

particle production cross section can be found 

in Refs/44/ • 

If we turn now to quantum ohromodynamics, 

then there arise some extra log factors. To 

account for these factors one must, as usual, 

consider the moments from the structure funot­

io ns. The difference due to high quark II)S,ss 

reduces to the substitution of LnQl 1n all 

the standard expressions by Ln ( Ql,. mZ). 
We have, e.g., /)0,)4/ 

I 1 

S Fl~-H\Q~l)dg::: ~ F(d-+uJ(Q\mc,x)d" (27) 
c 

where t= (d ... ,) and are tl:Le struc-

ture functions induced by the d ... ..,. and cJ ~ c 

transitions, respectively. 



The effects dQe to the log factors 8%8 not 

large, howeTer, and one 111&3' rel.r on the simple 

parton aodel for rough estillates. 

lloreover, there is aD. additional problem 

as to how relate the •••eDt• to the orcas 

seot~ens which are aeasurable in the moat direct 

wa,r. The stap1est and rather reliable w.,l22a• 45/ 

1a ;Just to replace a• liT ita 11ea:u. value < Q' > 
depends on 

whether we deal with valence quarks or the sea). 

Therefore, there are no auch problems as 

far as theerT is oenoer:u.ed. The real probl• 

arises if the result is sensitive to the sea 

eontri'bution. !'here is no reliable aeasur•enta 

et the sea oeapeaent at s\\1':t1oientlT lezge Q a 

( i.e., in the scaling reglon). (Aa,.ptotie 

treedea glvee an additie.-1 variation of the 

sea with a~ but this 110811S to l;l.e within a 

taotor of two and deea not ~oeed .. the existing 

u:u.oerta1ntT in the experiaental nuabers). 

lleasur•ents ef sea at, sa,r, 0.2 = 5tev2, 

welll4 be verT helpf'ul in this respect. Jlowada,ra, 

eae ._. te relJ' aore ea ~twition or soae 

theorotieal 11odele. 

If tho hoa-q q~k is in the 1:u.1t1al 

state, then there is ne .aoh he~p ia \he 

parton aodel e1:noe it glves no idea on the •ass 

dopon4enee ef the quark doDBitT• Quaatua chro­

ae~os as an interaction theorT aakee auoh 

better ia this case. 

Firat of ~, it is rather clear that the 

relative contribution Of oharaed particles 

production iate the total. cross section gr~s 

with Q~ • !r:Ua can be seen from the WlCertaint;r 

principle. 

Let us ooasider eleotroproduotion of 

o)!.araed particles. It can be viewed a.tJ a 

nuctuatio:u. ef the photon into .. pair of cu.raed 

quarks with subsequent scattering of one of 

thea on the target. The t1ae of nQctuation is 

of the ardell' 
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(28) 

and ;l.s noh l!lllaller than the t1ae releT&,Jlt :to 

the usual electroproduction 

t' - V/( ~: t Q') (29) 

if Q' <<. 4 m~ • The saallneu of the tiae 

available reaul ta in the llllallneaa of the Cl:'088 

section. With growi:u.g Qz this factor dies 

a.wa;r. 

thus, even for a real Photon ( Q"' •0) 

the spaoe-t1ae picture of the o~ed p&l:'tiolea 

production ia s1111lar to that of eleotropro­

duction with a·- mt • fh;l.a allows to appl;r 

the theor, of deep i:u.elast;l.c scattering to 

oharaed ~ticlea photoproauotio:u.. 

The a'lrtsqoe of the oharaed quarks 1:n the 

initial state 1apliea that olll.7 the loop 

sraphs with o-quarks in the i:u.teftled1ate sta1;e 

aust be kept. lloreover, as far as ohaftled 

quarks are considered to be heav.r the loop 

graph reduces to •••• local operator constructed 

trqa the fields of the light qu.rks and gluona. 

!he -triX e1011enta frqa these operators are to 

be extracted froa 1;he expe~e:u.tal data on deep 

inela,tio. 

Preceediag in this w~ one gets 146/ 

(.30) 

where ;o 
aoaen:tua oa.rrilt4 b;r gluona •• is aeasured 1n 

deep iaelastio scattering at at,__ rn(: ( f z o.:;), 

eJ.l is the oroaa section of oh&J!tled partie-c. 
lea photeproduction, rn~ is the oharaed qaark 

aasa, 0(" ( rnU is the effective coupling 

const-.:u.t ot strong interaot:t.ons, ex:, : 9YLt Jr 

and 0( :: 1/1.)7. 

subst1tuting m'-=1.6 Gev,ot~crnn =- o.J 
&Jld using •%P•~ental data on the 'i' - aeson 

photoproduct~on we find that the latter contri­

bution is about l/20 from tho total photopro~ 



duction of' charm. The prediction seems quite 

reasonable. It is worth emphasizing that the 

prediction does not use as an input any informa­

tion on the oross section of the "l! N · interac­

tion which is crucial tor conTentioDal models 

of' \II - meson photoproduction. 

Other processes of' the charmed particles 

production can be treated in a s~ar way 

( It might worth aentioDing that the result 

does not reduoe to introducing aDT new scaling 

Tariable). 

- parton aodel works not bad indeed, 

- asJmptotic freedom a&T show up, 

- the OTerall pioture has not 7et settled in 

but it aar be simple ( rather small ef'f'ectiTe 

ooupling constant at (l-2) GeV2 + precocious 

scaling+ preasJ~Bptopia). 

As to the applications: 

- lepto~uclear scattering can be used to 

probe the nature of' nuclear forces and to study 

the space-time picture of the parton model, 

- if partons + quantum chroaod7naaics are 

reliable, then there are no qjor theoreti-

cal problems with describing charaed particles 

production. 
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