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ABSTRACT

A behaviour of the form factors of the nucleon matrix element of the strange quark
vector current in the momentum range of the planned measurements in MIT/Bates and
CEBAF is predicted theoretically without using any of the experimental information on
the nucleon electromagnetic structure. The corresponding leading nonvanishing moments
of the nucleon vector strangeness distribution are comparable with the values obtained
by other authors in the framework of the method based on the vector meson pole fit of
the isoscalar electromagnetic form factors of the nucleon.
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It is well known that, in the framework of the naive quark model, nucleons consist of
three nonstrange valence quarks. They are considered to be in a highly relativistic state,
bound by the exchange of gluons and coupled to a quark-antiquark sea. So, the resultant
strangeness of the nucleon is zero.

However, many years ago it was pointed out [1] that, in a dispersion theory analysis
of the nucleon's isoscalar electromagnetic form factors, the 0(lO2O)-meson couples more
strongly to the nucleon than expected on the basis of the OZI rule [2-4]. The above
indicates on the fact that strange quarks play a more important role in the nucleon
structure than it is expected in the framework of te naive quark model.

Another experimental evidence for strangeness content in nucleon is now found in the
determination of the cr-term in n — N scattering, in polarized deep-inelastic lepton-nucleon
scattering experiments, in clear violations of the OZI rule in some of the pp -annihilation
processes, in elastic up scattering and in neutrino charm production.

This paper is concerned with an investigation of the strangeness content of the nucleon
by means of form factors of the nucleon matrix element of the strange quark vector current,
originally initiated by R.L. Jaffe [5] and then continued by H. Forkel with collaborators
[6-8].

In analogy to a parametrization of the nucleon matrix element

W!T°\P) = N(Pr)l%Frtf) + i^Fto(q2))N(p) (1)

of the isoscalar electromagnetic current J^=o — l/6(w7A,u + d^d) — l/3s7Ms, the mo-
mentum dependence of the nucleon matrix element of the strange quark vector current

is contained in two form factors Ff(q2), F|(q2) as follows

(2)

where q — p'~p and N are the free Dirac bi-spinors of the nucleon. The isoscalar Dirac
and Pauli electromagnetic form factors of the nucleon F(~°(q2) and F2

/=o(<72), as weu<

as the strange quark vector current Dirac and Pauli form factors F'(q2) and F£(q2) are
assumed to be analytic functions in the whole complex ?2-plane besides the cut on the
real axis from q% = 9m2 (m, is the pion mass) up to -f-oo. They are normalized
at q2 = 0

/ 0 ^ T ° ^ (3 )
where fip and //„ are the anomalous magnetic moments of the proton and neutron, re-
spectively. Similarly, as the overall strangeness charge of the nucleon is zero, then

where /J,S is the strangeness magnetic moment of the nucleon.
At very large space-like q7 the F(=0(q2) and F2

/=0(g2) govern the asymptotic behaviour

[9]

For F*(q2) and F2 (q
2) we assume weaker asymptotic conditions
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to be fulfilled.
It is often convenient to use the electric and magnetic form factors introduced by Sachs

[10]

Ga
E{q2) =

(7)

which describe the strangeness charge and current distribution, respectively.
Our further effort will be focused on an unambiguous determination of the leading

nonvanishing moments of the nucleon vector strangeness distribution values, namely the
strangeness radius r2 and the strangeness magnetic moment \xB to be defined by the
relations as follows

», = F*(0) = G'M{0), r] = 6-~FZ(q%2=0, tf)so*. = e^jGfcfoV-o- (8)

The idea consists in the following. The magnitude of the isoscalar vector meson cou-
pling constants, obtained in a comparison of the vector-meson-dominance (VMD) model
parametrization of the nucleon isoscalar and isovector form factors with existing data on
the electric and magnetic form factors of the nucleon and formerly used in a determi-
nation of a behaviour of the strangeness form factors of the nucleon, depends strongly
(see, e.g. [11-13]) on details of the fitting procedure and so, they produce contradicting
outcomes. Therefore, in order to achieve more reliable and unambiguous predictions, we
saturate the F(=0(q2) and F2

/=0(g2) always with only such number of the well established
lowest isoscalar vector mesons from [14] that the normalization conditions (3) and the
asymptotic behaviour requirements (5) lead (unlike the fit of the existing nucleon elec-
tromagnetic form factor data) to only one set of the corresponding coupling constant
values.

Ignoration of all higher vector meson contributions in the isoscalar nucleon electro-
magnetic form factors is justified from various points of view. In connection with the
planned measurements [15] in MIT/Bates and CEBAF, we are interested in a very low
momentum range of Ff(q2) and F£(q2) in the space-like region, from which all neglected
isoscalar vector mesons are far away. In addition to the latter, the magnitudes of residua
in the vector meson poles are decreasing with an increase of the vector meson masses.
This phenomenon was clearly demonstrated recently [16] in an estimation of the vector-
meson-nucleon tensor coupling constants and the obtained results are really encouraging.
Finally, the nucleon electromagnetic form factors are predominated by isovector form fac-
tors and as a consequence the abovementioned approximation for isoscalar form factors
seems to be sufficient.

So, we start with the following VMD parametrizations

<j> _ ( 2 ) . " ' <4 ' _ ( 2 )

where a$ consists of a product of the vector-meson-electromagnetic current coupling
g(V, J / = o ) and the vector-meson-nucleon coupling g(V, N).



From the requirements of the normalization (3) and the asymptotic behaviour (5) we
obtain two systems of closed algebraic equations
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Their unambiguous solutions are
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and
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respectively, or numerically (the values of vector meson masses are taken from [14])

a^ = 1.2147, a^ = -0.7147 (15)

and
off = -0.1864, a^2) = 0.1360, aj? = -0.0059. (16)

Parametrizing the form factors F*(q2) and F|(g2) in a similar manner

^ ^ + - ^ - ^ (17)
mj - q2

where bv consists of a product of the vector-meson-strange quark current coupling g(V, Js)
and the vector-meson-nucleon coupling g(V,N), then following the Jaffe's method, the
only unknown parameters in (17) and (18), b$, b§\ 0$ (i=l,2), are completely deter-
mined from the numerical values (15) and (16), the normalization (4) and the asymptotic
behaviour (6). Really, the four couplings g^{V, J) of the vector meson states

\u>) = —-7=(\uu) + |Jd))cose — \ss) sine (19)
V2
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where e = 0.053 is an angle parametrizing the deviation from the ideally mixed states, to
the currents JM = J^0, J^ and defined by the relation

{0\Jlt\V)=g(V,J)rr^€ll (20)

are related by the assumption that the quark current of the flavour r couples to the flavour
5 component of the vector meson V with a universal strength K and only for r = s, i.e.

The latter assumption was verified [5] in the case of the electromagnetic couplings of
the p, u and <$> mesons and it predicts values in excellent agreement with experimental
data.

Now, parametrizing the couplings of the ideally mixed states of the u) and (j> vector
mesons to nucleons by a strength <ft and an angle 7ft for each of Dirac and Pauli couplings

gi(uo, N) = gi cos 7ft, pi(0o, N) = gi sin 7ft, (22)

where for 77̂  = 0 the OZI limit is obtained, one gets expressions

a^ = ~ sin (90 + e) cos (rii + e) (23)

(•) 9iK to •
* v/6

and

"4> = 9*K c o s e s*n (̂ « "̂~ e ) '

where 80 is the ideal mixing angle, giving cos90 = y2 /3 and sin9O — ^ / l /3 . Substituting
the values (15) and (16) into the left-hand side of (23), one can determine the parameters
giK and 7ft as follows

31/c = 5.2934, 77! = 0.3820, (25)

g2n - -0.8503, 772 = 0.4698.

Then, as a result, the following values of bv are obtained from (24)

= -0.2543, b^ = 2.2276, (26)

= 0.0390, bf = -0.4239.

The value of b^) = —1.9733 is obtained by means of the equation

+ b[l) + 6^ = 0 (27)

following from the first normalization condition in (4).
On the other hand, the value b£) — —0.1476 is found by means of the relation

(28)



following from the second asymptotic requirement in (6).
The predicted behaviour of F'(q2) and F%(q2) (given by (17) and (18)) in the momen-

tum range of the planned measurements [15] in MIT/Bates and CEBAF is graphically
presented in Fig. 1 and Fig. 2, respectively.

The leading nonvanishing moments of the nucleon vector strangeness distribution are
determined by the expressions

b^ + b^^ -0.533fxN (29)

ml m\

following from (8), (18), (17) and (7). The obtained values for r2 and (r2)Sachs are com-
parable with values of the previous evaluations [5-8], however, the strangeness magnetic
moment ns is (in the absolute value) slightly higher than values obtained in the framework
of the method based on the vector meson pole fit of the isoscalar electromagnetic form
factors of the nucleon. But, according to the uncertainties in the existing evaluations of
this quantity (see Table II. in [7]), only the data from MIT/Bates and CEBAF can tell
us, to what extent underlying assumptions of our approach are correct.
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Figure captions

Fig. 1: A behaviour of the Dirac strange quark vector current form factor of the nucleon.

Fig. 2: A behaviour of the Pauli strange quark vector current form factor of the nucleon.
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