


1. INTRODUCTION -

About ten years ago J.D.Bjorken and E.A.Paschos /1’ have
proposed to use the processes with real y-quanta to deter-—-
. mine electric charges of the partons. Without discussing the: .
applicability of the parton model to these processes they
have: stressed, however, the main difficulty of the experimen-.
tal study of yN.yX reaction—discrimination of photons' from
Compton scattering and from #° -decay. Investlgatlons of the
‘unified models ’2:3+4/ with integer charges of quarks / dis-
covered the property of the colour suppression in reactions-
with deeply virtual photons which cause negligible difference
between QCD and the theory with broken colour symmetry. All-
the difference is due to the contribution of - the longitudinal
polarization of gluons, produced by the Higgs mechanism. Des-
pite the natural interpretation of the value R = UL/07% for the
deep inelastic eN- eX ~process in the unified model the
manifestation of the colour effects in the ete™y'u~ process
- and in the muon anomalous magnetic moment' is now an urgent
* problem. The contradiction of" exper1menta1 data to the inte-
ger—charge theory was noted in’ paper/ . Moreover, the mixing
of gauge fields corresponding to off d1agona1 generators - of '
the SU(2) and SU(3). groups of"the Pati-Salam model. leads to:
a considerable yield of the colour states in' the vN -»uX =~
‘reaction. ~All these arguments cause the necessity to assume
a colour-states ‘suppressing mechanism’% . In the integer—charge
model’4’” for the charged current process the colour-states
yield was eliminated..Then the absence of the contrad1ct10n
with the experlment was demonstrated also for: the ete st~
reaction and the muon anomalous ma%netlc moment. if the current
masses of. gluons my = 0.330.4 GeV is the current mass
of a gluon directly interacting with a lepton), and the runn-
ing coupling constant of the strong interaction sat1sf1es in-
equality as(O) >102.Note, that the runnlng constant ag’ is
def1n1te even if the transferred momentum is very small due
to -the nonzero gluon mass mpg, when the energy scale parameter
‘~A<UnB In the reg10nlq2l<<n1% we have no theoretical restric-
tions on the value of a,, because “perturbation theory cannot-
be applied here. The study of processes with real 'y -quanta
for checking the colour symmetry breaking seems to be one of
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the most actual now. Since the photon in the unified theory’
is a mixture of colour singlet and octet fields and the octet
component ‘is not suppressed by the interferences with gluon,
“one may hope that the colour effects will be revealed comple-
tely in photon—nucleon reactions. Such investigations were -
“carried out /10°1% jp the framework of QCD and the parton
model. The necessary condition of studying of the photon-nuc-
leon processes -is the separation‘of the photon-parton pro-
cesses from .the vector dominance contribution. .In the: vector
dominance ‘model the photon is connected with the parton sub-—
‘process through a superposition of: the vector mesons. This
leads ‘to the nece531ty of introducing unknown. meéson structure
-functions’ 14/, . However, in some kinematic region the contribu-
“tion in which thé photon directly:.takes part in the parton :
subprocess will dominate.:This contribution can be calculated
by the inhomogeneous equations of Altarelli-Parisi’/!%/ in the
lowest order of the-. perturbatioﬁ theory..without any additio—
nal assumptlons. ‘There are. the :jet ‘processes and ptp” pair -
productlon with 1arge kp.Indeed, yy»pp - jet + jet reaction
is hardly possible,a con31derab1e part of Hadrons must go out
in the direction of :initial photons’/18/ In comnection with
this the experimental discovery.of two-jet processes ‘would: be
an important ‘confirmation of the simple parton model.
Unfortunately,- any exper1menta1 information:about deep in-

elastic photon-nucleon‘reactions is- ab'sent at the: present time,

exce?t for yN=yX process that has been studied:in Stan-

" ford’17/, The "theoretical 1nvest1gat10n of the photon photopro-—
ductlon was madein/718/ " in the framework of: the integer -
charge theory. It.was shown:that the most interesting.is the
region of high k% of the secondary photon.-.The comparison with

- experiment shows that the integer—charge model better agrees

~with the data than the standard QCD. Unfortunately, the pho-

. ton beam energy and k% of the secondary photons are not:large
_enough for making an Unamblguous choice between alternatlve

~-theories. From the-point of view of the result of /7 the gro-

‘undlessness of the assertions’/1%:20/ that 7°>yy decay contra-
dicts the integer charged model is. eSpecially clear, .because
the vector meson dominance plays the main role in this pro-.
cess so that the effect of colour symmetry breaking can be.
suppressed’/21/

- The -first deta11ed 1nvest1gat10n of the yN-.p m X rocess
'for large mass of. ‘ptp” - pairs was made by R.L. Jaffe’®® in the
naive parton model. A short discussion of the low invariant :
‘mass pair.production is presented in/?¥ Here we consider in-
detail the effects of the. broken colour symmetry in the pro-
cess»yN £tg~X in the theory/

o9

" In See.2 we con81der the process w1th a low 1nvarlant mass,
of the pair ete~ .Sectlon '3 is devoted to the investigation
of photoproductlon of a large mass. Crucial characteristics -
for definition of quark charges are given for both cases. "

In Sec.4 we study the role of Higgs bosons in the above

- mentioned reactlon, and show that their contribution to. the .
" cross’ section is small. That is why the results obtalned have . -

a mode1—1ndependent character. .

2. QUARK—GLUON SUBPROCESSES IN THE yN-oe*‘e“X REACTION -
WITH THE LIGHT LEPTON PAIR

Let us outline for completeness the main properties of the
model that we have used. Un1f1cat10n of strong, weak, and
electromagnetic interactions is realized here by mixing gauge
fields corresponding to the d1agona1 generators of SU(2) and
SU(3). All gluons become massive within the H1ggs mechanism,
As a consequence of unifying interactions, one. of the gluons
B, interacts with leptons directly. For the qq@ and qg reac-
tions this leads to the effective averaging .of the electric
charge over the colour when the v1rtual momentum |q21x>m§.~
The quark charges are defined by matrlces.

lbu » Q

[ sz G
d Q-1 Q-1 Q-1
s Q-1 Qy-1 Q-1
© N9 9 Q3 /'

where Q.>Q Qsand EQ =2. Charges of gluons are un1que1y de-
fined by “the quark Eharges. )

Because of -isotropy of the vacuum shift the masses of gluons
satisfy the condition Mp>Mgs=m (where mcl_s the mass of
the second neutral gluon). For | q®|<<m? w effects of weak in-
teractions are negligible and one obtainsthe. U(1)xSU(3) mo-
del of electromagnetic and strong interactions. The Lagrangian
can be extracted from papers’/?/,Let us turn now to , the pro-
cess yN-f*f*X with a small invariant mass of the e‘eTpair:
W, <<mB‘0 3 .GeV. For this case the condition for the kinema-
tic region, in which photons (real and virtual) are involved
into parton subprocess, is the same as for the real photon
photoproduction’/18/, 1t is k%> (1 GeV) 2 .Quark subprocesses -
contain diagrams of two types: the Compton scattering (fig.la)
and ‘the Bethe-Heitler process (fig.1b). In this case the co-
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F1g. . The diagrams of’parton subprocess. The broken
Tine in-brackets means the similar dlagram w1th the -
B-gluon instead of the photon. LR .

lour averagmg effect due Fo ‘virtual B—gluon productlon is
‘absent and in both electromagnetlc vertices. wje deal with the
true electrlc charge of a, parton. The d1fferent1a1 cross sec-—
tion for the Compton type dlagrams takes the form:
8 2Aq T g B ulu'2+(xu'1+n1)(xu2+n2)
o= e = = o =

T £ 'S"t:w 2.8 .- ., x20y

2.1)
3
+0(——)z (qa(x)+q (x))—"—pgT—
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The 1nterference terms in flgs la .and, b lead to the expressmn.
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k, k’ are the 4-momentum of initial and final partons, ky is
the initial photon momentum, p,p” are the 1epton momenta,
¢ , W,w are energies of photon- and leptons
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Direct 1epton—g1uon interactions that appear as a result of
spontaneous symmetry breaklng lead to additional gluon sub-

_processes represented 'in fig.2. The contribution ‘of the indi-

vidual diagrams there violates the unitariry of the amplitude,
however,. all the '"dangerous" terms- cancel out in the sum. The




method of cancellation of the nonun1tar1ty terms in the U-—gauge
was exposed in paper. /7/ “The Compton and B—H amp11tudes have the -

form’
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(k) is the polarlzat1on vector of gluon, e,k 1) the polariza-
t1on vector of photon, j,, the lepton current. Using amplltudes
(2.4), (2.5) for d1fferent1a1 cross section we get :
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Now we should find those characteristics of the process
which can discriminate the colour singlet photon from the
singlet-octet mixture. For this aim we need quantities which
have a little contribution both from the:B-H amplitude and
from the interference term. The B-H for low-mass lepton palrs

is suppressed by the factor I« 1. -
m

Using the symmetry of the corresponding émp11tudes one can .
prove the absence’of the interference term if one takes either
uy=uy, 7,=7, (which are the momenta of ‘the leptons),or in-

tegrates the cross sect1on over lepton momenta. Quas1symmetr1c

cross sections written 1n the invariant form are g1ven in Ap-
pendix A. Transition to QCD is realized by the change Qi-.2/3
and the contribution of’gluon diagrams in this_case.is zero.

Figure 3 g1ves the predlctlon of the e*e 'pair photoproduct1on

on proton in the symmetrical case for the initial photon ener—
gy e= 60 GeV and the transversel momentum of - the pair k2

=10 GeV The follow1ng parton dlstrlbut1on functlon is here
used / :
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Fig.3.. a) The Compton scattering diagram contribu~
tion.The solid :and.broken curves correspond to the
quark partons and’ gluon partons, respectively. The ¢
is the angle between lepton momenta in the lab. frame.
b) The contribution of the B-G diagrams.
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Inaccuracy in fitting the distribution functions. leads. to
significant errors in our prediction. One can considerably
improve this situation using the isoscalar target and normali-
zation to the differential cross section of eM;, »eX ~ re-
action. Then the quark distribution functions are cancelled
outyslmllar toh';m/ and one obtalns :
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characterlzes the.breaking of the Callan—Gross relatlon and
can be con51dered as-a constant- for not -too small x:- ‘Experimen-—
tally R =.0;2*. So; as is' seen-from fig.4, the prediction
of the integer charge model for this case 1s more than ten

times as large as that of QCD.. =~ . .. T

T
.

3 yN “p ,,L —X REACTION WITH HEAVY-MASS QF LEPTON PAIR

In this case a 51gn1f1cant contrlbutlon toptp” .pair produc—
tion comes from the B-gluon decay. Therefore, the effect of

the colour symmetry breaklng for photoproductlon of the "hea-
' lepton pair will be not so visible

0’ as compared to the previous case. In-
o terference between amplitudes with

“; i & the v1rtual Yy and :B-gluon’ leads“to the
%” ! dynamical averaglng of the charge in
[=3)
S, g
N e SR R T <A B

u 5 RS P . :

v o

< 7/ ~ Fig.4. The differential cross section
[ / of the 11ght—mass lepton pair produc-
= 4 tion; is the’ predlctlon of
g / . the 1nteger—charge theory, i= = =-=_the -
o e S

X : , predlctlon of the QCD »
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* As was noted’7?, a nonzero value of R has natural interpre-
tation, moreover, the funct1onal -behaviour of the R(x).distribu-
tion agrees with that of the’ parton. Note, that in this case
the contribution of charged gluons -is significant. '



one of the vertlces. So, expressxons (2 3 ) for \’12>>m2 take .
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Expenmentally, however, this-case is not easy for measure- ‘

ment, -thus. providing more reliable information. Besides, .un-

_ certainty due to hadronization of the photon is considerably
smaller and the parton model calculations become more reliable. .
In the limit W2>>m? the dlfferentxal cross- sectlons for Comp- -}
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15. ..a) The contnbutlons of parton subprocess for the hea- -
vy mass lepton pair ptoduction. is’ the contribution of
the Compton scattering for quark partons,-#'--- the B-H pro-
cess for quark partons,—.—--—- and e: @-- @ is: the"“same for the
gluon partors. b) The comparison of dlfferent contrlbutxons in
the integer-charge theory and QCD. = cand === .are the =
Compton and :B-H subprocess contrlbutlons ‘for the: 1nteger

charge, =i=.o.. and e-..e.... ‘are’ the same for QCD.:c): The pré-
dictions for the Heavy-mass lepton pair- productlon, +—15
the 1nteger charge theory, - =-'="1isg the QCD
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where both quark and gluon subprocesses are taken into ac-
count. Intérference terms for parton subprocesses are removed
just as in Sec.2. As for the-B -H. diagrams their contribu-
tion now is comparable with the Compton one which causes a
further complication for the interpretation of experimental
measurements. To estimate the experimental error due to asym-—
metrical contributions to differential cross sections (both
for. B-H.and Compton diagrams and their interference term),
let us write down the quasi—symmetrical cross sections (see
Appendix A). Figs.5,6 show the pred1ct10n for photoproductlon
on.the proton and 1soscalar targets. . .

Experimental data for the cross section of yN »y p—X
process are known in the: -following kinematic region: the ener-
gy photon beam ¢ =10%11,7 GeV, invariance mass of the lep-
ton pair : : ST v

4m <w® <1'cev2

the varlable © takes from 2 GeV2 to 5 GeV ,the variable u1+u2
“takes from 104 GeV2 to 14 GeV2,
".The magnitude" of the total cross sectlon obtalned exceeds

the. pred1ct10n of QCD and ‘the naive parton model with integer
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+Fig. 6' a). The ratio r(y) / for an iso-
T dEdQ .. dEdQ | ) T
'scalar nuc1e1 target for light-mass’ 1epton pair; ———— the_
1nteger—charge theory, - - - the QCD. b) The:same as in
Fig.6a but .for heavy mass lepton, pair. - -~ - the contrlbu—
tion- of . B-H .subprocess.in the integer-charge theory, —.-.2
the same of Compton subprocess, .the sum of the both

contributions, e.--e...e the prediction of the QCD.

.512

charged . quarks. One may hope that w1th1n the 1nteger charge »
model the agreement of theoretical estlmatlons with experimen-
tal data will be considerably better due to the contribution -
of charged gluons. Unfortunately, the measured invariant mass -
W is comparable with'the current mass of .the' B-fgluon. This
fact prevents the application qf_the”partod,model.«_

-

4. ROLE OF HIGGS PARTICLES .IN yN REACTIONS_ i :

The gauge invariance of the unified model Lagrangian necés—
sitates the introduction of supplementary degrees of freedom
associated with scalar fields. The scalar sector gives rise.
to some theoretical difficulties. Its’ 'source ‘is in the: zero
charged behaviour of self-interaction constants of H1ggs.,
fields’2:5/ Moreover, the assumptlon that. current masses of
Higgs bosons are large /3,38/ 2nd their contribution in the ex-
perimentally accessible region is negligibly small is unaccep-
table in the electrostrong-interaction model. The matter is
that the scalar fields are _necessary for the S -matrix unita-
rity, i.e., in the case mH >>u13 cross sections of all proces-
ses will grow with energy.Actually,consider, for example, the
process ete”- 3g (fig 7). 1If mp>my(fig.7¢), then'diagrams,,
f1g 7a,b lead to increase of the cross sectlon, while there
is no energy for productlon of H1ggs bosons. Experlmentally,
this increase of the cross section is not observed and there-
fore, m pimp: Hence, we must assume that confinement (even
though temporary) of scalar fields takes place, and investi-
gations of its p0351b1e role in deep inelastic. scatter1ng are:
necessary. So, apriori one cannot claim that Higgs part1c1es
carry a small part of the hadron momentum and hence one.can
not consider partons on equal ‘status with' quarks and gluons.

" Considering the scalar fields in the electrostrong model
we shall use . the nggs sector that is the 3+3+3 representa-
tion of SU(3) group : .

- ,/
V N
= N \ )

R N

Fig.7. The Higgs boson subprocess’(spiral line).
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Usmg the exper1menta1 data ]
fF(")(x) dx= 0.18+0.01; fF(n)(x)dx 0.12+0.01,

0 7 .
= .:Gz ' ucz
oV 3oV = s-—(u+u+d+'d)=--—s(0475+005)
¢ ¢ 2z 27

where F +F, are the structure functions of the proton and
neutron, respect1ve1y, and adding the calculation of 74/ by
scalar partons, one can obtain that scalar particles trans-
fer a small part of the nucleon momentum (=0.02). Therefore, for
the process under investigation the contribution of scalar
partons is negligible. However, they will contribute to the
~ channels with production of scalar particles..
The part of Lagrangian is
e .
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v 6 'sing cos ¢ g : i
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e T RRCRLRUT DGR
+@y=Q, X$ 3oy, g3y,
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Forvthe prOces‘s yN-£'27X diagramsvof fig4 8 have to be ‘taken

into account The d1fferent1a1 cross sections for the low-mass
pair are
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The contr1but1on of the 1nterference term for a11 W2 has the
form: .+ -

o, - - o o (hé“ék«:l aj)(zek—o )’ )cc @
x»{—n1[2su2 1+u1(2x'su2—'2xu u, ~u, 7, “2 +sw2)] o ! ."(4 4)

Xu 4

“n (xu-w2>[x" ey *”1*““2W5>—qt+xs<m i ‘W?)l ("1 +"2) Y _‘1)_

U, 2w 2w

a5



One can see from (4.2)-(4.4) that parts of Compton and inter-
ference terms are suppressed by the factor W2/m2<<1 as com-

pared with quark and gluon subprocesses, i. e., nggs bosons
decouple from the photon. =

In the case when scalar fields form a triplet, the1r con—
tribution is even smaller, however, the masses of glven gluon
fields remain zeros.in this case.

Consider now the large-mass ptp~-pair photoproductlon.
The cross sections in this case are

Q- 225 1y Q-9 ¥ (26 -0, -Q,)* (@ T(®) +67®) x
81472 . stW2 a 174]?4

u,(xu, +7, = W2)+u2(xu +171--W2)—xus+w2 . d3p d3p” , (4.5)

]

s(xu-—W ) . T 2w 2w’
3
doBH_ 22 {—[su +u, (u -u )]x +--—{su +u (u -u, )]x -
n2 St3 M ,2 17
- = [uz(sfu1)+u1(s—u2)]x ] o™ o
172, ‘

1 : it . -
=3Ti:(- Ej#ézek—ei-QJ)E)[c ®+C~ ®] +

’

- —Q—Q %
(2:#(29 -Q,-9 NE B(x)+ 2(,?, Q—Q X2Q, NCx).

38D4 a

It is clear from (4.5) (4:6) that the contribution to the cross

section from Higgs bosons 1s 1n81gn1f1cant because of small

coefficients (~37). A great arbitraries in the choice of sca--

lar sector will make difficult the experimental study of this.

. question. One needs either an idea which allows one to fix the

scalar sector or a method for generating masses of vector
fields w1thout using add1t10na1 scalar f1e1ds.

5. CONCLUSION

-Effects caused by the colour of- the photon have been clear-
ly. dlsplayed in'the photo-nucleon reactions. Theoretlcally,
the ‘most interesting are measurements of the yield of lepton
,palrs in the two cases:
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a) et e~ - productlon w1th the 1nvar1ant mass w +-<<m The

‘ d1fferent1a1 cross section exceeds the predlctlog of -QCD by .

more than ‘ten t1mes. Here the role of gluons is h1gh1y essen—
tidal. However," 1nequa11t1es ‘which select the reg1on of parton'
subprocess 1mp1y strong requlrements on the k1nemat1ca1 re-’
gion “of experlment. ’

b) ptp= - production with the invariant’ mass W2 >>mB.The
differential cross, section exceeds results of . QCD by more. than
three times. .The essentlal defect here is the largé- Bethe-
Heitler background in the vertices of which the averaglng over
colour takes place.

In fact, the results ‘have a model-lndependentksense because
contributions from nggs bosons in all processes are negllglb-
le. The last result is tightly connected with the fact that
scalar partons carry .a .small part of the nucleon momentum.

In conclusion we would like to emphasize that:the: experi-
mental verification of the colour symmetry seems to be one of
the urgent problems of high energy physics of today, just as
the discovery of thé intermediate' vector bosons of the électro-
weak interaction. The preferance of the experlmental check is
that the technical parameters of the: photon beams ex1st1ng _
now at SPS CERN and Fermilab seem qulte sultable for thls aim,

Lot
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APPENDIX A ‘ o B
g »on P Y
Let us write down the qua31symmetr1c cross section of a re-
action with the 11ght 1epton pa1r (nz n1-+A u2_u +8 -é— 77—<<1)
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‘Quantities § and A are defined by experimental conditions.
The contributions of the 1nterference term is suppressed by
factor é—- A — ThlS is_.clear from expre551ons (2 3), (2. 8) -
but. exaeE formuIas are too cumbersome ‘and therefore are not
written‘here: ,

“The qua51symmetr1ca1 cross sectlon of photoproductlon of
heavy mass.muons takes the form

do®= ———3-—{2A [(x2(8%+ 2u?) —n1(2xu +1;1))(1— 4y,
r2stW 2
8% ‘ : '
—  _(x®(2u2-5%) —WA2xu, +79,)) - ACu, +7.)] x ,
2X1]1 —w2 1 - . 1 1 ) 71 1 ’ (A.Z)
(g,(9+,(x)

X +L}Q; # 2 2
( Q) [(2xu 1(xu1+171--W )-w (21;1—W ) -
xs(2xu1—W2) 3 1#] i N

ag(x2u 1(2ug=8)=WhH '

—.xzul's + xsW2)(1 - é-) +A (u, x-W2) +

2xu1—w‘2
(o+(x) +G (x)) a3p adp’
xs(2xu -W2) 2w 2w’ ’
doBHo 2 (1= 2’ 2B J a2 2 o, W) +

1
11'281)1 (2q1—w2)3 ) 2171W

+s(xu, +n, ~WE) - —‘1"’-1—(1- -%T)x((xs-W?)($e2u1)+2u1(?xu1—w2)>(g.3)

+35 (4xu, + x5 -W?) +Axs - lnf-é-wz(4ul;»s)] @, +q,(®) +

1 8 2 (o am W) WDy
+6—l§j(Ql—QJ) [ x(2u, +8)(2xu +7, -W*") n,@n ~W )(1‘ o )

- - A (exs(exu, +q,~WP) - 230, (4xu, +47 ~WP) 4
Tt T :

+(23 ~A)(s ~du, )x+ 1_(2,,'1-w2)2 +35 (my=20,) +A @7 ~WZ)] x

dp dp
2w'7

x(G (x) +'G (®)}
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. : L ; . ,»,”
Because of ‘the: sma11 contr1but10n from nggs bosons, we do
not write correspondlng cross, sectlon 1n the qua51-symmetr1- B

ca1 form.
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