


I. INTRODUCTEION

During many years there cxists a widely spread opinion that
the quark model with broken colour symmetry,. of the type im
refs. 1'%/ contradicts the available experimental data. How-
ever, 1nvestigations of integer charged models, unifying the
electromagnetic and strong interactions in the framework of
gauge theories, have shown that the available extensive expe-
rimental information cannot give a unique answer to the ques—
tion - what are true charges of quarks? The most essential
argument against integer charge theory is the absence of the
resonance in € e -annibilation into muen pair through an
intermediate heavy gluon'3’. The data’?’ lead to the limita-
tion on invariant charges of the unified model g?ﬂﬂ/g%(m;flﬂnﬂ
{where g, and gjare the singlet and octet charges and p is the
gluon mass) whlch can hold at ¢ 0.3 GeV only¥. Concerning
the ancomalous magnetic moment of rauon 8 , it agrees with the

p;edictions of the integer charged model, if the condition
(|qa—————l'10_4is fulfilled (the quantity g (|g%|= %) here
ga(iqzi oy 3
ig perfectly defined, since the gluon mass is not zero). If
experiments in the future will necessitate decreasing of the
gluon mass, this will support (but not prove) the exact colour
symmetry models. The latter is caused by the fact that with
the gluon mass tending to zero, the unified models of the
type U(1)xSU(3) are splitted into QED, standard QCD and scalar
fields, The averaglng of the electric charge of quarks
over the colour in the lepton-hadron inelastic reactions made
the predictions of QCD and unified models almost indistingui-
shable (at recent level of precision). Only a considerable
breaking of the Callan—Gross relation ’® can be thought of as
an argument in favour of unified theories. In our opiniom,
the investigations of deep inelastic reactions with participa-
tion of real y-—quanta are most convincing for the elucida-
tion of the problem of colour symmetry. The processes yNoy u¥,
¥t o jets, ep-evX and € e ay+jetshave been considered in pa-
pers’10-15/., All the above reactions contain only one real pho-

% Asymptotical properties of gauge U(1)xSU(3) model and 11—
mitations from electromagnetic data were investigated in ref. 5/



ton; this allows one, as has been shown by Witten/lOCto define
the true charge of a quark even if the accuracy of measure-
ments is not high. Large virtuality of another photon is ne-
cessary for picking out the parton subprocesses. In this pa-
per we propose to use for this aim the high Py photon produc-
tion in photon beam. In Sec.? we formulate the conditions of
applicability of the parton model for the ¥N -+ )X process:
with two real photons. In Sec.3 we define the characteristics
which being measured, could be a good test for alternative
quark models. In Sec.4 a possible interpretation of the expe-
rimental datafiﬁ/in_the framework of QCD and unified model
with integer charged quarks is discussed and argued that they
are in the favour of the former model.

2. KINEMATICS OF THE PARTON MODEL
IN THE yN-yX REACTION

For elucidation of the kinematic region of the parton sub-
processes, we consider the diagrams of figs.la and b.
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Necessary conditioms to pick out the parton subprocesses are
1} a large value of the invariant mass of the final state
m2>>m%;2,3) a large virtuality of momenta xp+ky and Xp-k,
that results in the inequalities x§ >> n:% , XU x>m§ and 4)
t >>1n§ » where S,u and t are the Mandelstam variables. Upon
passing to the variables x = and y =u/8, we get limita-
tions in the following form:
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An additional condition is caused by the necessity of picking
out the final photons with large trahsverse momentum 5)k2,1>>m§
to separate the pionizatiom region in which the standard per-
turbation theory 1s not applicable. In term of the variables
X and v we get
m%
5) xy(l-—-y)>> 5

% and y are connected with kg as follows:

x(1-y)mg kz,r

]=
ys ¥5

The above conditions are givem in Fig.2, which shows that the
most constrained is the condition (5).
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3. DEEP-INELASTIC COMPTON PROCESS IN THE U(})xSU(3) MODEL

Let us investigate the yN . yX process in the framework
of the U(1)xSU(3) model of electromagnetic and strong inter—
action. A part of the Lagrangian, describing the electromagne-
tic interaction of quarks and gluons, has the form

, 2Dgh - (a) = _# 3
fim=-g1(1+ gz-} A#[E%Q; qyv qi+%QG]G]+ (3.1)
3 2
2Dg _ -
2 1 2, ot
+g3(ﬁiglx1+- -3 )% Gg(G, G, -8 GpCp ),
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where .
R aie T 6T o6 6 v g (GG -6TG ) 6t o, gY, v
Fp=ilG,, ¢ R A A i " B

p v
gy is' the singlet gauge constant and ggis the octet gauge
constant. The charges of quarks are chosen as following

@,,Q9,,6,) D-% a-Llo,)
u 1’ ®g g/ —i=1 i‘? 7 i’ e
dQ,-1,0,-1,6 4-1), Qp =Q;~Qp, Qp=Q, -Qy, Gy=Q,-0j,

8(Q, -1, G,-1, Qy-1),
(@, 95, Qy ),

which satisfies the condition E @, =2 necessary for classi~
i=1

fication of elementary particles. Con51der now the dlagram

contributing the subprocess in the unified model
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The wavy line denotes.the photon; and the dashed and solid
ones, the massive gluon and quark,correspondingly.The calcula-
tion of the diagrams a and b (Fig.3) is trivial. The Compton
scattering on vector particles within the Pati-Salam model

has been considered in refs. 1718/  however, some errors

have been commited in cumbersome calculations of the differen-
tial cross section. Hence, the final result contains the term
violating the unitarity. Moreover the presence of the term
~sm26/y under recent restrictions on the gluon mass g <
~0.3 GeV /% would have caused the cohtradiction with the ex~—-
perimental data’!®’. For this reason, we give the details of
the calcylations of the yG_-+yG" subprocess. The simplest
method of calculating the diagrams of Figg.3 is based on
picking out the contributions violating. unitarity just in the
amplitude and on proving their cancellation. To this end we

shall transform each of the amplirudes m m‘ + 0 +H to
the form
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Expressions (3.2-4) are derived by separating the terms k[ /p
and P,/ from the polarlzatlon vectors of gluons and contax_n
the terms ~1/p and 1/p? violating unitarity of the ampli-
tude, However, in the sum of matrix elements these contribu-
tions are reduced, and after simple mathematical transformations
we get
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The above cancellation.is a natural consequence of renor-

malizability of the theory.
Using the amplitude (3.5), we get for the gluon subprocesses

LA ;—(Qi——Qj *120 + B )% -y S. iy, (3.6)

The differential cross section of the reaction yN-yX  with
quark and gluon contributions has the form
a2 YIR @ E0C, 10,047, ()
= - x

de, d2 ‘2me§[1-\/1-k%/512y2] . (3.7)

1 1 1,~1 1
x(y+-5’-—)§1+§-RN(x)[10(y+?) + 4y +7)—8]l .

The quantity Rﬁ(x)' in’ (3.7) characterized the violation of
the Callan-~Gross relation and is determined from the deep
inelastic ep -scattering

R0 -Li@ ~et@ ~a )t v -0 )% LED2C @) 5 4
R | %4, (,0+q)

i

where aq ='3i EQ:q),for the integer charged model’ D= 2/3, G¥(x)
. are’ the gluori-d-istribution- functions, and q(x) , g(x) are the
quark distribution functions inside the nucleon. The experi-
ments on the isoscalar nuclear target are most desirable from
“the viewpoint of the theory. The fact is that the main uncer-
. tainty of formula (3.7) is caused by inaccuracy of the fit

" of the parton distribution functions inside the hadron. Lf

the differential cross section of the production of y —quanta
with larg? kq on ‘the isc')scalar target is normalized to the

differential cross section of the process eM L 8% {under
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the same definitions of x and y through the Mandelstam va-
riables), then the parton distribution functions will be can-
celled and for the integer charged model we have

2, Mis. g oMy g ‘ i B
a umr 4% 0 ynif '=-§—(y+-1-){1+3—0—R 10+ 1) i,
deadﬂ deEdQ 5 v 9 o v .
3.9
1+R. (% T T T Y o
+4‘(—2+y.+l-)§/ 1+ Z.(.i__d_(._)_l[1+\/1_ kz/yzfﬁ]} .
y (1-y)*® :

The transition to QCD from expression (3.9) cdn be realized
by substituting the coefficients 9/5 by 17/45 and by equat-
ing R, (x) to zero. The value of Ry(x) is known from the deep
inelastic lepton-hadron processes /19/and in the region of not
small values of x it is actually the constant (R;] =0.15 +0.2)%
Assuming the energy of the photon in the bremsstrahlung beam
€y =40 GeV, we obtain the curves for k ¢=3 GeV which are re-
presented in Fig.4. The solid line is the results ‘of calcu~
lation by (3.9) and the dashed line the QCD predictioms.
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* Yithin the unified model the value of Ry can be calculated
theoretically, the result R=0.15 being in good agreement with
experiment.



4. ANALYSIS OF THE COMPTON EFFECT ON PROTON

The experimental investigation of the deep-inelastic Comp-
ton scattering has been carried out at the Stanford Linac six
years ago and the results of measurements are published in
paper 728/ The secondary photon in the initial photon beam
21 GeV has been registered. The #»° -meson contribution has
been controlled by two photon events and subtracted while
analysing the data. However, the value of the photon trans-
verse momentum was limited by k% < (1.7 GeV)®, We shall analyse
the data with kﬁ, (1.7 GeV) though this value can be hardly
considered as large enough. A further ambiguity due to fitting
of the parton distribution functions lead to provisional and
approximate interpretation of the experimental data’!%4n the
framework of the parton model. The greatest ambiguity is caused
by fitting of the gluon distribution functions, though in the
unified theory there is additional lnformatlon concerning this

problem. The recent measurements of R =0, /G’qQ/show the exis-

tence of the prominent x dependence. Let us take the quark
distribution function similar to ref/2V .Taking into account
the relation of R Sm with the quark and gluon distribution
function (see ref.’?'y, we get a satxsfactory agreement

of the values of GT(x)+C~(x) = 23&339___ £/19/

with the data of ref!
The relevant curve is shown in fig.5. Compare the calculated
differential cross section of photon production with large ko
in the framework of the unified model and of the standard

QCD with the measurements of ref.’ 1%/,
2 Orp-yn) - =
4 2
7 unif _ af2(u) +U(X))+d(X)+d(X)1ly L1, 4.1
de , ﬁmwef[l—\/i—kg/efyzl Y

AGT (0 +C™ (x))
320X+ u @)+ d(x) + d(x) ]

[10 +4(y+-]=-)2 - 8(y+ L)]} ,
Y ¥y

2, p-yX = =
Pogtn @ (e 1/9)[16(u(m) + 50+ 40 + &) %.2)
de ,, 002 162m e [1 -/ 1~kE/ ey %] '

In fig.6 the solid line is the result obtained within the
U(1)}x SU(3) model; and the dashed line, within the QCD.
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Though the predictions of: the unified model are in better
agreement with experiment than QCD,. the limitations defined
in Sec.2 do not allow us to state that the quark charges: are
integer. More definite conclusions could be obtained on the
photon beam with the emergy 40+100 GeV and transverse momen-
tum of secondary. photons kp~3-5 GeV. In this .case, as has been
mentioned in Sec.3, the measurements .on the isoscalar target
are most desirable. The result of such an experiment might be
crucial for the elucidation of the electromagnetic charge of
quarks (the contribution of high perturbation orders is insig-
nificant if the difference is of an order of 107%29,
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