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The advanced Unitary&Analytic hyperon EM structure model has been constructed and behav-
iors of the |GY,(¢)| and the ratio ||G¥(t)|/|GY,(t)| are predicted in time-like region as functions of
the total energy squared r = W2 in the c.m. system of Y¥, which are expected to be determined
in measurements of the hyperon polar angle 6y in the e™e™ — YV processes.
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Theoretical prediction of A, X, E hyperon magnetic form factors behaviors Stanislav Dubnicka

Predicted behaviors of |GY,(t)| and |GY%(¢)|/|GY,(¢)| in time-like region are valuable for ex-
perimentalists as they are already measured for A-hyperon [1] and are expected to be revealed in
measurements of the ¥ and Xi hyperon polar angle distributions F(cos 0y ) = Nyopm|[l + cos? Oy +
ﬁ(RY)Z(I —cos? Oy)] in the ete™ — YY processes, where RY = |GL(¢)|/|G4,(t)| and Nyorm =
f(Gy(0)]?). Y =L.E.

They all can be foretold by the Unitary&Analytic (U&A) nucleon electromagnetic (EM) struc-
ture model [2] formulated in the language of the iso-scalar and iso-vector parts of the Dirac and
Pauli form factors (FFs) F\,F! and F),F), respectively, provided that the f, f?, £S5 coupling
constants values in the SU(3) invariant Lagrangian of the vector-meson nonet V interaction with
1/2% baryon octet B

i _ _ _ _ _
Lyps = (/" (B yuBy — B B (V)] + fP B vuBY + By yuBE (VM) + By muBLwf } (1)

are known numerically [2, 3] and the signs of the universal vector-meson coupling constants
fps fw, fo are specified [3], to be, however, dependent on the choice of the @ — ¢ mixing con-
figuration.

The main idea consists in the fact that the U&A nucleon EM structure model is valid also for

1/2" octet hyperons. Only the coupling constant ratios in F, F )., F), are different and they

have to be, somehow, determined.

Really, the relations between the EM FFs of octet baryons and F{, F | FY FY are
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Fs(1): Giy(t) = Fiy(r) + Fag (1)

G (1) = FE(t) + —5 Fi(t): Gy (1) = F5(t) + Ex(1)

Gy ¥ (1) = [FR() £ F(0] + 4’;%[Fz§(t) EFLO): Gy ™ (1) = [F(0) £ F(0)] + [F() £ F(0)

Gy = (t)=[Ffs(t)iFfv(f)]+ﬁ[FzEs(f)inEv(t)]; Gy ™ (1) = [Fis(t) £ F (0] + [Fi () £ F5(1)]

where F; 1};, Fl’;, Fz);, Fz}; are defined on four sheeted Riemann surface in #-variable, containing some
number of well confirmed vector meson resonances, also an effective inelastic threshold and depend
on some coupling constants ratios to be free parameters of the model [2], whereby the latter are
different for different member of the 1/2" octet baryons as follows

Fllg = f[filnS7 (f(})’NN/fw’)v (fq%’NN/f(P’)v (fal)NN/fw)a (fdiNN/ﬁb)]; FlAv, = f[fizvy(f,;NN/fp)]
s = flti, (Fown/ for), (Famn / fo) (Fonn /o)l Fay = f13)]
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(

(f,
Fis = flti (Fayss/ for)s (Fysx/ for)s (Fos ) fo)s (Fpxe/ Fo)) - Fiy = flti's (fasx/ o))
B3y = £, (Fsx/ for), (fass/ fo), (Foxe/ fo)ls - Foy = fltin]
Fi; = fltats (fayzz/ o), (Fyzz/ for)s (Fozz/ fo)s (Foz=/Fo)l iy = Flta s (Foz=/1p)]
F5; = [l (foae/ o) (fazz/fo), (fozs/fo)l:  Fou = flt3)]

While unknown parameters in the U&A model of the nucleon EM structure are determined in
a fitting procedure of all existing data on the proton and neutron EM FFs in time-like and space-
like regions simultaneously, the unknown parameters in the U&A hyperon EM structure models
are determined from the previous ones by exploiting the Lagrangian (1).

However, before finding the unknown parameters of the U&A models of EM structure of
hyperons, first the coupling constants 7, f2, 5 have to be determined.

e From the Lagrangian (1), by substituting an @ — ¢ mixing configuration, one obtains the cou-
pling constants of p, @, ¢ vector-meson interactions with nucleons as functions of ff, P 5
and the ® — ¢ mixing angle which is determined from the Gell-Mann-Okubo vector-meson
quadratic mass formula.

e By a solution of such equations one obtains reversed relations, i.e. fF', f°, f5 as functions of
the coupling constants of p, ®, ¢ vector-meson interactions with nucleons.

e Calculating the universal vector-meson coupling constants fp, fw, fo from the experimental
data on vector meson lepton widths, the coupling constants of p, @, ¢ vector-meson interac-
tions with nucleons are calculated from the determined in a fitting procedure of all existing
data on the proton and neutron EM FFs coupling constants ratios (fonn/fp), (fonn/fo),
(fonn/fs) and in a such way the fF', P, 5 coupling constants values in the SU(3) invari-
ant Lagrangian (1) of the vector-meson nonet V interaction with 1/2% baryon octet B are
determined.

e The predicted behaviors of |GY,(¢)| and |G%(t)|/|GY,(t)| in time-like region are presented in
Figs.1-6.
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Fig.1: Predicted behavior of the A magnetic FF and ratio of its EM FFs in ¢ > 0 region. Dashed
lines are predictions for the proton.



Theoretical prediction of A, X, E hyperon magnetic form factors behaviors Stanislav Dubnicka

PREDICTION OF ABSOLUTE VALUE OF G'u(t)

PREDICTION OF ABS. VALUE OF RATIO Gi(t)/G™'(t)
o
s
!
.

2.0 4 El
VN
1.0 3 S~ 3
10 T T T T T T 0.0 T T T T T T
10 15 20 z5 30 35 41 10 15 20 R5 30 35 41
t (GeV?) t (GeV?)

Fig.2: Predicted behavior of the £ magnetic FF and ratio of its EM FFs in z > 0 region. Dashed
lines are predictions for the proton.
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Fig.3: Predicted behavior of the % magnetic FF and ratio of its EM FFs in ¢ > 0 region. Dashed
lines are predictions for the proton.
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Fig.4: Predicted behavior of the X~ magnetic FF and ratio of its EM FFs in ¢ > 0 region. Dashed
lines are predictions for the proton.
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Fig.5: Predicted behavior of the Z° magnetic FF and ratio of its EM FFs in ¢ > 0 region. Dashed
lines are predictions for the proton.
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Fig.6: Predicted behavior of the £~ magnetic FF and ratio of its EM FFs in t > 0 region. Dashed
lines are predictions for the proton.

Some improvements in these predictions can be achieved, if:

— description of lepton widths for the first and the second excited states of the p, ®, ¢ mesons
will be measured experimentally

— spectrum of excited meson masses contained in the Gell-Mann-Okubo quadratic mass for-
mula are measured with higher precision, (this is connected with a better determination of
the corresponding mixing angle value)

— more points of reliable values on the total cross-sections of the e"e™ — YY processes in
different energies are measured (this will allow to determine precise values of the effective
inelastic thresholds in the isoscalar and isovector parts of the corresponding Dirac and Pauli
FFs.)
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