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ABSTRACT

Contrary to naive scaling, vector meson=-protoh total cross sections
are not proportional, at high collision energies, to the geometrical si-
zes of the vector mesens concerned. The Ansatz (m2+M2)o‘V =const, where M
is the proton mass, is found to be sufficient to produce cross section
ratios

» - - . 5 — . . [ 24 .

ggp R owp : (@m : qu = 7.1 ¢+ 7.1 5.5 ¢ 1
in agreement with experiment, if this were all one wanted. Actually the
constant in this modified scaling law can be fixed by using the general -
ised vector meson dominance model to relate 64y, to the virtual Compton
cross section G,p(v,Qz) and hence to the deep inelastic scafttering data.
Consequently, ¢__ can be determined in absolute value. There are import-
ant consistency gonditions which this scheme has to and does effectively
satisfy.

L.- INTRODUCTION

Given the proton-proton total cross section Upp’ the quark model al~
lows one to estimate the absolute value of the rho meson-proton cross sec

tion ¢ as follows

ep

R (1)



This estimate is quite good; it is esseritially a quark-counting rule. The
vector meson dominance model too offers some arguments on how to estimate

vector meson-proton cross sections. It postulates scaling, that is

AO
%p = 2 (2
P m
where Ag is a constant and my the vector meson mass. For v = .¢;0, P one

gets from eq.(2) the ratios

: g = 1.8 ¢ 1.7 ¢ 1 . (3)
ng '%Dp 0¢p

These too compare impresively well with the experimental ratios(l)

: o S =2 2 : 1-1.25 . (4)
%p * %wp ° “pp :

llowever, if this scaling law is extended to apply also to the P-meson

one finds

6 ] : t g = 16.2 : 15.6 @ 9.2 ¢ 1 5
op oD dwp awp (%)

which do no longer agree with the experinmental ratios(l)

(4] i) HE ¢ SR
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op wp @p GWD (6)

lig.{?) thus predicts too small a value for the Y-p cross section Tayp *

Some time ago, Gunion and Soper(z) calculated corrections to the naive
scaling law in eq.(2) and found improvements in the cross section ratios
in the direction of agreement with experiment. In their calculation they
combined simple vector meson dominance (VMD) pheniomenology with guantum
chromodynamics (QCD) applied directly to hadron-hadron scattering.

We shall present in this paper a different VMD model which improves on
eq.(?) and exploits asymptotic QCD predictions in the well studied sector
of lepton-hadron scattering. Unlike in the simple VMD model (viz. eq.(2))
which predicts only cross section ratios, the present model is able to
predict the absolute values of the vector mescn-proton cross sections. We
define this model and discuss its predictions in Sect. 2. Section 3 conclu

des the paper with some comments.



Eau'dvp FROM DEEP INELASTIC SCATTERING. DATA

Let us start by recslling the definition of the proton structure flnc-
tion, Fg(X,Q2>, in terms of the virtual Compton crosgs section, dyp(x,Qa),
off the proton, that is(s)
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where x = QZ/EMM, M the proton nass and ¥ the enérgy of the virtual photon
in the proton rest frame. For Q2~%<ﬁ one gets from eq.(7), in leading or-

der (alternatively in the quark parton model)(s)
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where qi is the charge of the quark of flavour i and N. is the total num-

£
ber of flavours. Equation (8) is all that we shall need of the QCD predic
tion for ayp(x,Qg) in what follows. Note that eq.(8) is a theoretical pre
diction of the quark parton model. Experimentally the value of the integral

(3)

over FZ(X,QZ) is about a factor 2 smaller than given by eq.(8) .
Next consider the andependent cross section ayp(QE) defined by the

following x-average

1
Q- 2 N ' . 2
— o, (2) = é ax F,(x,Q°) . (9)

In terms of 0, (x,0%) ed.(9) reads

g
2 2 1 1% 2
ui,yp(Q ) = Q / dx 5= “yp(‘X’Q) . (10)
0 Q +4M x
Clearly, from eq.(10),
(%) # o, (x=0,0°) (11)
[} g X= .
P 7P ’
The generalized vector meson domiriance model (GVMD)(4) has a formula
for
. (Q%) (x=0,Q°) (12)
] ¢ o= K= . 2
fyp 0)’p s Q .
It reads
i %) = 3% (@D, (13.a)
P i ¥p
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where the i-th sum runs over flavours while the n-th stm ruhsg over an in-
finite number of vector mesons, Vi, of mass myy made up of the quark-an
tiquark pair of flavour i. For fixed Qg, the x%x=0 limit in d?p(X,QE) corre
sponds to the infinite energy 1imit (w-» 0 ) in the cross section

GV p('v,mzi). The vector meson-proton cross section in this 1imit has
been written simply as GV p(m2 ) in eq.(13.b). emni/fni is the coupling
of V _ to the photon. One makes progress with eq.(13.b) by eliminating
thlsn;oupllng in favour of the imaginary part of the photon vacuum pola=-

risation amplitude m(s), through the definitions

mIl(s) = 2 Im Hi(s) , (14.a)
R i "
pog eEmni 2
imIl, (s) = ;w 3 = §(s-m_,) . (14.p)
i > ni
n=0 fni

2
Eq.(14.b) gives, upon locally integratiuy about s=m_. >

2

2 Amni

2 2 m_, A+
e mni 1 p Nl 2

f2 B E/ Am2‘ =] Im” (\S) . (15)
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Amni is a small but undetermined mass squared interval about s=m . For

12
the purpose of this paper it will not be necesgsgary to fix Amni' In fact
substituting from eq.(15) into eg.(18.b) and recalling the definition of
the Riemann integral one finds
0 Im]q () '
5 (%) - ,/ ds ———— s 6, (5) (16)
TP

We have replaced dv psmnx) by @, és) in the continuum limit (mni“* s).

We shall now explicitly asgume that o és) is given, not by eq.(2),

but by the closely related scaling law

o (8) = _ ST

with the constant A independent of flavour. For the vector megon=proton

cross section ratios, the Ansatz (17) yields



5. [ S T o, = 7.1 : 7.1 ¢ 5.5 : 1 (18)
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in fairly good agreement with the experimental ratios in eq.(6).
We riow want to determine the constant A. To this end substitute from
eq.(17) into eq.(16) and obtain
) ; 2 2.~
I, (-Q7)-IL, (-M7)
A 2 2 2 1
~=— 0" IL(-q") + m° —= : (19)
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where the photon vacuum polarization amplitude Eﬁpg) is given by the di-
spetrsion integral

Im Il(s)
e (20)

2
i 2.
I (o) = B / ds
0 s(s=p )
2 i 2 2

and H{(p ) = dJl‘T'i(p )/dp

The leadirig large p? behaviour of‘TTi(pz) is known in the quark parton
modei(s)

2 2
5 e qi p2
I, (p°) ———s = == in(- B=) . (21)
47 4AM

2
p > 00
Mi is the quark mass:.

Hence from egs.(19) and (21)
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On the other hand from eds.(8) and (9) the large Q2 behaviour of Gyp(Qz)
ig gi k 2
ig given by , (s qi)
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6 (0°) 5 4 o (24)
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According to eq.(11), ‘Y (Qz) # g (Q ). For fixed Q2 F (x Q2), or e-

quivalently pr(x Q ), ig a decr@a51ng function of x, with 1ts maximum va
lue at x=0 and a (kinematical) zero at x=1. From eq.(10) this means that

(Q Y& @ (Q ) Let us assume for simplicity that

?
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with B> 1 a constant independent of Qz, From egs.(10) and (25) one geté(*)
2 2
1 F_(x,Q7) 1 o, (%,Q7)

% =‘/ ax —= > = d/ dx (1-x) “iE“——‘g- . (26)
0 F2(0,Q ) 0 oyp(o,Q )

Now substitute eqgs.(23) and (24) into eq.(25) in the limit Q&mydo. One gets
in this way

3
An B
Ne

A = (27)

To determine the constant B we note that at Q2=O the simple VMD model

for G (QE) is roughly in agreement with experiment as the numbers here

TP _
below show'®’
o (Q2:O)| ¥ (99.9 £ 1.6) pb , (28.a)
“yp expt
° ‘ . 11 4ma ~ o=
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Y
The factor 11/9 takes into account the @;®, and @ contributions. Moreover
p) ~ . >
we have used f@/4n 2 2.5, ng = 2/86pp % 26,7 mb, and 1/f§:1/ﬂ; H 1/@; =
. ¢ PR, . -~ ~
1+ 1/9 ¢ 2/9; %p O p 2qu,

Thus if one combines eds.{(17), (18), (25) and (28) one finds

11 47a A o A 2
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o A . 2 M
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In the last step in ed.(29) we have used eq.(21). Eg.(29) fixes B
2 2
£ m 2
! ¢ ” 2 M ~
B = E% Jlg (1+ —g) ¥ aj ln(**g) 2 6.7 (30)
)1 M i=u,d,s 4Mi
2
where we have taken MU = Md = 5 MeV, Ms = 2Mu = 10 MeV and fw/dﬂ 2.5,
Substituting from eqs.(30) and (27) into eq.(17) and setting Np=6, we
get, as a check of consistency of this approach,
3
4B 1 ~ .
op ~ Nf Ay = 31 mb (31)

mQ+M

(%) To ggt eq.(26) we have, for simplicity, neglected AM2%° with respect
to Q<.



pa 26.7 mb obtairnable from the guark model (ecf. ey.(1)).

Thus with the Ansatz in ed.(17), vector mesohi~protori total cross sections

|2 p: i1 i 5 = ZD / B
as agdinst %H)_jS g

can be determined in absolute value by usihg the generalied vector meson
dominance model to relate them to deep inelastic scattering data. These da
ta are needed for both.Q2=0, in order to fix the cohstant B (see egs.(28)
and (29)) and asymptotically for Q2—¢cn to fix the ratio A/B. Simple VMD
phenomenology is important for the former get of data while leading QCD be
haviour is relevant to the latter. The gerneralised vector meson doéminarice
model has the virtue of unifying these two bahaviours (Q2=O and QZ_v<b) and

interpolatihg smoothly between then.

3,~ COMMENTS AND CONCLUSIONS

Concerning the results of the last section a few comments are in order:

1) The large @p-p and YP-p cross sections obtained from egs.(17), (27) and
(30) indicéate extremely large contributions of sea quarks within the proton.
This fact contradicts naive expectations arid arguments based on the Zweig
rule. For y=-p and V=p scattering, where duark-arntiquark pairs are involved,
couplings to valence quarks, in the protofi, do not exhaust all the possihi
lities for the interaction. Sea quarks within the proton actually offer ma
ny more possibilities which can lead to the observed large @-p and YY-p
cross sections. Nature seems to Have actually tdken advantage of these pos
sibilities.
ii) In evaluating the constant A, it was sufficient to khow the values of
qyp(Qz) at QZ:O and sz»aﬁ only. The GVMD interpolates between these limits.
To see this interpolation explicitly as a function of Q2 let us approximate
Im?ﬁﬂs) in eq.(16) by the quark model asymptctic expression

aq

In [T () = == @(s-4u3) . (32)

From eqs.(19), (20} ard (25) one gets

, 477 aq° e > M2+ am”
01 (Q%) = et b Qe LMLy (33)
P2 N 2 .2 2 2 2 2 2 2
O S Q% +am

For simplicity we have put B=N, and shall commerit briefly on this posi
tion below. U;p (QZ), as giver by eq.(33); is plotted against Q2 in Fig.1
for i=u,d,s;c,b. We use Mu:Md=5 MeV, MS=2Mu:10 MeV§{ Mp=4.2 GeV. The plot of



2
o p(Q ), that is the sum over i=u,d,s,c,b, is also shown.
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FTG. 1 - The total yp cross section 0@ p(Q2) (full curve) as a
function of Q?, and its various flavour contributions {(dashed
curves) .

Note from eqs.(7) and (26) that

N
g £ 2 2 .
¥,(0,07) = —= "0, (Q) (34)
’ 47

2 . 2 .
igs an increasing function of @ . It vanishes at @ =0 and tends asymptoti-
cally to

. 2 2

¥,(0,Q") === 3 q; - (35)

2
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This behaviour of FQ(O,QR) is consistent with experiment also in orders of

7 . . . . .
mngnitude< ). [t is a pattern of violation of scaling common to many mo-

dels,

1i1)The value of the constant B ¥ 6,2 is remarkably close to the value of
waG. Thig value is in fact quite stable, for we get practically the same
2
number for B if, instead of the symmetry relations 1/f§ : 1/ﬂ£ : l/f; =
1 : 1/9 : 2/9 we used directly the experimental values f§/4ﬂ ¥ 2.5;
2 N SR - ‘ ) = 2. 2 )
f/47® = 18.3; f¢/4n ~ 13.3. We stress however that B—oyp(Q )/Gyp(Q )y, in=-



2 . . .
dependent of @ , is an approximation. From egq.(26), its immediate conse-

quence is that Fg(x,Qg) may be factorized as
) 2 2
Pg(K»Q ) = FE(O,Q ) £(x) (36)

or equivalently

6. (x,9°) = ¢ (0,0°) £(x) (361)
P P
where the function f(x) satisfies
1
. B . 1y = . ' _ 1
£(0) = 1 3 £(1) = 0 ; / ax £(x) = ¢ . (37)

6]

The function f‘(:v{):(il__x)B_1 satisfies these conditions but it is obvious-
ly not the only one.

It is suggestive in the present model to identify the constant B with
Nf, The numerical coincidence, B - Nf = 6, helps of course. So does the
fact, noted under (i) above, that contrary to the intimations of the Zweig
rule, y-p and V-p scattering seem to sample the quark sea within the pro-
ton. In fact, if one defines fi(X) = f(x) as the prowability to find a dq
palr of flavour 1 and energy fraction x in the proton, then the integral
in eq.(38) becomes

N

£ 1 N

= [ ax £,(x) = ~§ (38)
i=1 0

and is<unity for B:Nf.
In summary we conclude that:
a) Vector meson-proton total cross sections are not exactly proportional
2
to the geometrical sizes of the vector mesons concerned, that is mvov #

p
# Ay, with AO independent of flavour. The slightly modified scaling law

2 . , .
(mi+M )Ovp = const, where M is the mass of the proton, gives cross section
. with experiment . .
ratios in agnzementpfor V = Q,w,w,ﬁ& By using the generalized vector meson

2
dominance model to relate o, to pr(v’Q ), in the limit v-s» 00 , it is pos

p
sible to determine the constant in the modified scaling law. Vector meson-

proton total cross sections can thus be predicted in absolute value. The

scheme which emerges is consistent.

b) The GVMD provides a smooth interpolation for the cross section d?p(Qg)

between Q2=O, where simple VMD gives good results, and Q2~a-w, where QCD

— 1/0h.

holds and simple VMD gives too small a cross section (UYP(QZ)VMD‘



This interpolation is displayed as a function of Q2 in Figidl. There is
strong similarity between the contributions of @,w, @ and‘w fanilies to
pr(Q2) in this figure and their corresponding contributions to GY?(QZ)

obtained in the same model(s).
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