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INTRODUCTION

INTRODUCTION

According to SU(3) classification of hadrons all 1/2% hyperons are
members of the 1/2" baryon octet

p,n, A\, X+, ¥0 ¥~ =0 =—

The electromagnetic (EM) structure of every of these particles is
completely described by corresponding

electric Gg(t)

and magnetic Gy(t)

form factors (FFs), where t = —Q? is squared momentum
transferred by the virtual photon ~*.
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INTRODUCTION

INTRODUCTION

The FFs Gg(t) and Gp(t) are directly connected:

.
with experimentally measurable differential cross-section of
the elastic scattering of unpolarized electrons on unpolarized

baryons e B—e™ B by the relation
do®b(e"B — e B)  a? cos*(6/2) 1
dQ 4E2 sin*(0/2) 1+ (%)sin2(9/z)
GR(t) ~ 3% G (1)
<[ M o Gh(ar(0/2)] (1)
1-— am 4mB
B

where ao = 1/137 is the fine structure constant, E is the incident
electron energy and 6 is scattering angle
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INTRODUCTION

INTRODUCTION

la.
the specific measurement is the elastic scattering of the

hyperon on atomic electrons, by means of which the radius of
the hyperon (i.e. X~ -hyperon) can be in principle determined.
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INTRODUCTION

INTRODUCTION

1.

with experimentally measurable total cross-section of
electron-positron annihilation into baryon-antibaryon
ete” — BB by the relation

47ra ,BB

o5 (et e — BB) = "2 P8 Gu() P+ 7B | Ge(r) P (2)

where g =1/1 — 4m3

S. Dubnicka EM STRUCTURE MODEL OF HYPERONS WITH GROUD ST/




INTRODUCTION

INTRODUCTION

1.

with experimentally measurable total cross-section of
antibaryon-baryon annihilation into electron-positron pair
BB — ete™ by the relation

()12+2'"BrGE( ) )
3)

lopavd (BB—>e e )=

2T
— | Gup
3pe.m V't :

where pc.m. is the antibaryon momentum in the c.m. system
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INTRODUCTION

V.
with experimentally measurable transverse component

2)\/7(1+ 7)Ge(t)Gpm(t)tan(6/2) (4)

and Iongltudmal component

h(E + E") )
P = \/ (1+7)Giy(t)tan*(6/2) (5)

lomp
of the recoil baryon’s polarization in the electron scattering
plane of the polarization transfer process € B e

where h is the electron beam helicity, /y |s the unpolarized

cross-section excluding oyt and 7 = W'
B
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INTRODUCTION

INTRODUCTION

By measuring P; and P; simultaneously one can obtain
experimental information on the ratio

1B =5 oy tan(0/2). (6)
M

NOTE:
Due to the problem with hyperon targets - the measurements
I., Hl. and IV. for HYPERONS are excluded!

The most data on electric and magnetic FFs, by means of the
above mentioned experimentally measurable quantities, exist for
the proton, and to some extent also for the neutron to be
obtained by light nuclei targets.
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INTRODUCTION

Experimental status on protons and neutrons

Present- day experimental information on the nucleon EM FFs
GE(t) Gpy(t), GA(t), Gpy(t) consists of 10 different sets of data
in various regions - they are graphically presented in the following
Figs.
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INTRODUCTION

Experimental status on protons and neutrons
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New JLab proton polarization data on the ratio 1, GE(t)/ Gl (1),
which clearly demonstrate violation of the dipole behavior of
GE(t) in space-like region.
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INTRODUCTION

Experimental status on protons and neutrons
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Experimental data on proton electric and magnetic FFs in
space-like and time-like regions.
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INTRODUCTION

Experimental status on protons and neutrons
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Experimental data on neutron electric and magnetic FFs in
space-like and time-like regions.
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INTRODUCTION

Experimental status on protons and neutrons
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Neutron polarization data on the ratio 1, GE(t)/Gpy(t).
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF 1/2 OCTET BARYON EM
STRUCTURE

In a construction of the U&A MODEL OF 1/2* OCTET BARYON
EM STRUCTURE we shall apply the U&A approach, which
already appeared to be very powerful in a description of the
EM structure of the complete nonet of psedoscalar mesons
o, 70 T, K, KO, KO KT n, 0/

S.Dubnicka and A.Z.Dubnickova: Eur. Phys. J. Web of
Conference 37 (2012) 01003

and to some extent also in a description of the EM structure of
vector meson nonet

p—’p07p—i-7 K*_, K*O, R*O’ K*+7w7¢

C.Adamuscin, S.Dubnicka and A.Z.Dubnickova: contribution to

MESON'14 Conference



U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF 1/2 OCTET BARYON EM
STRUCTURE

The model respects all known theoretical properties of the
baryon EM FFs, like

assumed analyticity

unitarity conditions

normalizations

- experimental fact of a creation of vector-meson resonances in
etTe -annihilation processes into hadrons - to every vector
meson under consideration correspond a complex conjugate
pair of poles placed always on un-physical sheets

- and asymtotic behaviors
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF 1/2 OCTET BARYON EM
STRUCTURE

Electric and magnetic FFs, Ge(t) and Gy (t), - very suitable for
extraction of experimental data from the measured physical
quantities.

However, for construction of various baryon EM structure models
the flavor-independent iso-scalar and iso-vector parts of the
Dirac and Pauli FFs to be defined by a parametrization of the
baryon EM current

< B|JM| B >=a(p) (o FP() + i FR(0)}u(p)  (7)
B

are more suitable.
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF 1/2 OCTET BARYON EM
STRUCTURE

Both sets of FFs are related

GE(t) = [F{L(t) + FIV(O] + g [F2U(2) + AV (1))
Giy(8) = [FE(0) + FL(0)] + [F3(2) + FAL(0)
GE(t) = [F{i(t) = FIV(D] + 75 [F2a(t) — FA(2)]
Ga(£) = [F{3(e) = FL(6)] + [F2(e) = FA(®)]
Gl{-_\(t) = Fls(t) F25(t)

Gy (1) = Fiy(1) + Fzs( )

GEZ()_Fls(t)+ F2s()

GE (1) = FE(1) + FE(1)
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF 1/2 OCTET BARYON EM
STRUCTURE

GE T (1) = [FE(0) £ FL(0] + g5 [FR(1) = FE (1)
- (0) = [FR() £ FR(e)] + [F2s( ) = F3u(2)]

) = [FR(t) £ FL (O] + 35 4,,, 7 [F5(t) + F5,(t)]
Gy~ (1) =[FR(t) £ FL(0)] + [F5(t) £ F5(1)].
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF 1/2 OCTET BARYON EM
STRUCTURE

whereby experimental fact of a creation of vector-meson
resonances in et e~ — had is taken into account:

e in saturation of F;5(t), F55(t) by iso-scalar vector mesons

e in saturation of F5(t), F;5(t) by iso-vector vector meson
resonances

in the corresponding zero width approximation of VMD
parametrizations.
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF 1/2 OCTET BARYON EM
STRUCTURE

Consideration of the SU(3) symmetry in EM structure model
means - always complete trinity of vector-mesons
(p,w,d; p',w',¢'; etc.) has to be taken into account !

The Review of Particle Physics

J.Beringer et al (Particle Data Group), Phys. Rev. D86 (2012)
010001.

provides just 3 complete trinities of such vector-meson
resonances

p(770),w(782), ¢(1020)

w’'(1420), p'(1450)), ¢'(1680)

w’(1650), p”(1700), ¢"”(2170).

then also OZI rule violation is fulfilled.
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF NUCLEON EM STRUCTURE

Then starting point of a construction of the U&A model is
9-resonance (3 iso-vectors and 6 iso-scalars) VMD model

m2 m?
O = 3 (o CEDN
+{ : mim% (m% — mi,) mamiz, (m2 — m%,) B
(m¢ - t)(mw/ —t) (m¢ —m2) (m2 — t)(mw/ —t) (mZ — m¢)
m2 m?
= =g | /)
+{ mémi, (mi5 - mi,) mf,md), (m? — mé ) B
(w2 =02, =0 (2 —m2) * (w8 — ), = 8) (w2 — m2)

m2,m?

= =g | )+
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF NUCLEON EM STRUCTURE

n mimi// (mi - mw//) my,m:,, (mf, - mw//) _
(2, —0) (m2—m2) | (m& — O(m2, 1) (m& —m2)
2 2
My My )
T 00 D) }(fw”/v/v/ o)+
N mémi,, (mé — mi,,) N mami,, (m2 — mé,,) ~
(m2 —t)(m2,, — &) (m3—m2) © (md —6)(m2,, — &) (md —m?)

m?2,m?>

,m }(f;})NN [farr).
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF NUCLEON EM STRUCTURE

2,2
F(e) == i +
v
2(m2 —t)(m?, —t)
P P
+ mi/ m[2J// (mi/ - mi// + m%mi// ( /23 - mi/l) _
(mi, — t)(mf)// —t) (mi, — m32) (m2 — (mi// —t) (m2 — mf),)
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF NUCLEON EM STRUCTURE

2 2 2
FAE) = S0 40 =) o
+{ mémi,mi/ (m é—mq&,)(mw, —m¢,)
(m3, = )(m2, — )(m3, — ) (m3 — mZ)(mZ, — m)
mi,mw,m¢, (mi - m¢,)(mw, - m¢,)

+(m§, — t)(m? 2 — t)(m2, —t) (m3 — m(zb)(mz, — mfb)

m2 m¢m¢, (m? — mi,)(mi ¢,)
T =0 — o, — 0 (md —m ) —m2,)

2 12 m?2
m,my,m

(m2 - t)(m2 - f;(mi, — ) }( Fioan/ for) +
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF NUCLEON EM STRUCTURE

+{ mimi,mi,, (mi —m?,)(m2, —m?,)
(m3 —t)(mZ, — t)(m2,, — t) (m% —m2)(m}, —mZ)
n mimi/mi,, (m? — mi,,)(mi, - mi,,) N
(m2, — t)(mi, - t)(mi.// —t) (m2 - mi)(mi, - mé)
N mﬁ,m?ﬁmz},, (m2 — mi/,)(ms5 — mf)/,)
(m2, — t)(mi - t)(mi,, —t) (m2 - mi,)(mi - mi,)
m2 m2m?,
T(m - t)(:vfb . tL)d(mf), ) }(f‘g’)"’“’/f“") -
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF NUCLEON EM STRUCTURE

+{ mﬁ’mi,mi,, (mi — m;,,)(mi, — mi,,)
(m3 = t)(m2, — t)(m3,, —t) (m% — mZ)(m2, —m2)
m? m m¢,, (m2 — mé/,)(mi, - mi,,)
T - t)(m2, —t)(m?%,, —t) (mZ — m3)(m2, —m?)
mim¢m¢,, (m2 — mé},,)(ms5 — mi,,)

T = 0(m - t)(m2,, —6) (m2 —m2,)(m2, —m2,)

m2 m2 m2

w ¢ w’
S (m2 = ) (m? —t)(m2, —t) }( ¢”NN/f¢“)
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF NUCLEON EM STRUCTURE

1
F(t) = E(HP —pn—1)

to be automatically normalized and governing the asymptotic
behaviors as predicted by the quark model of hadrons.

By the non-linear transformations
B a(tls—t5) v .

=6+ mvi—vor =%+ mwi-wor
_ 4(tz—t5) Y 4(e2r—ty)

t= 86+ mod-uEpr: =6 T EXE-XoEr:

4(tlv—1)

n

and a subsequent inclusion of the nonzero values of
vector-meson widths, for every iso-scalar and iso-vector Dirac
and Pauli FF, one obtains just one analytic and smooth from
—o0 to +oo function in the form
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF NUCLEON EM STRUCTURE

—v2\*
FUIV()] = (1_ §2> SL(VILs(V) +
N

1— V2 4 ( Ccls _ ¢ ls) (C Cls)

+<1VA2,> Ly(V)L,, /(V)m—i-LW(V)L /(V)ﬁ

—Lo(V)Lg(V) | (Fhn /) +

1-v2)\* (Ck—ck) (ck—ck)
+<1_V/%/> L¢(V)H¢/(V)ﬁ Lw(V)HW(V)m -

Lw(vm(w] (Foh/ o)+
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF NUCLEON EM STRUCTURE

(- ¢k, (s - )

+Lw(V)ku(V)m -

Lé(V)Hw”(V)M

1-v2\*
N 1-V32
+

1-V3

L«;(W%(W} (F0) /o) +

(k- ) ck - i)

Lo(VHy (V)——m0>r— —
(cr—cpy "W e e

Lo(V)Hgr (V)

—Lw(V)L¢(V)] (FS /o)
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF NUCLEON EM STRUCTURE

4
FNW(o)] = (1 = W2> {1LP(W>L,J/(W)+

—wz) |2
(cky —ci) (G —<cu)
+ Lﬂ/(W)HP”(W)W + Lp(W)Hp“(W)m B
p P P P

Lp<W)Lp/<W)} (fp(},)NN/f,J//)}
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF NUCLEON EM STRUCTURE

N 1-02\'1
FslUM] = | =5 | 5(ke 10 = DLo(U)Le(U)Ler (U) +
N

1—u2\® (C3 - CoNC - C
+<1 — U/2v> Lo (UYL (UYHg ( )( 2s Co%s)(cf,s/ — C%) +

(CF - Cx)(CcE - Cx
+LW(U)Lw/(U)H¢/(U)( qubs)(cis/ — Cés) +

(C —CaNCyE - Cx
FLo(U)Lo(UDHy (U) g —eECr-cn)

—Lu(U)Ls(U) Lo (U) | (£, /NN/f¢/)

S. Dubnicka EM STRUCTURE MODEL OF HYPERONS WITH GROUD ST/



U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF NUCLEON EM STRUCTURE

6
1— U2 (Cis - C2SH)(C25/ - Czs//)
| | Le(U)Ly (U)H i (U - < 2
+(1U/2v> {¢( Mo (U)Hyi ( )(C;Sfcgs)(cﬁfcgs)

(€ — Co(Cs = &)
(C - Cx)(Cx - )
(€& — CcB(CE - C2)

(G -aCr-cz)

+L, (V)L (U)H,(U)

+Ls(U)Ly(U)H, (V)

~Lu(U)Ly(U) Loy (U) [ (£ o) +
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF NUCLEON EM STRUCTURE

6 2s 2s 2s 2s
1- 02 (€5 — Cn)(C5 — C5v)
—_— Ly(U)L,,r(U)Hy (U
+<1Uﬁ/> ¢( )w( ) ¢( )(Cfffof)(C‘is,fCES)+
(G - CBCs - CB)
Lo (U) Ly, (UYHy (U w
+ ( ) ( ) ¢ ( ) (CE)S_ C;s)(c‘is, _ Cd2>s) +
(C& = CE(CE — Co)

—L(U)Ls (V)L (U) | (£ i/ Fsrr)
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF NUCLEON EM STRUCTURE

2\ 6
FRIX(1)] = (1 . > {1(up — pn — l)LP(U)Lp’(U)Hp”(U)}

1-X3 2
where
L(V) = (Wn = V)(Vn = V) (W — 1/ V) (Vv — 1/ V)
' (V= V)V = V)V =1/ Vo)V =1/Vp)
et _ (= V)V = VAW =1V = 1/VE) |

—(Ve — 1/ VO(Ve —1/Vy)
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF NUCLEON EM STRUCTURE

(W = V) (W — V") (Vn + VI)(Wn + V)

H((V) = " >
(V= V)V = V)V + V)V + V)
1o _ (M= V)W = V)W + VDWW + Vi)
“ = —(Vi— (Vi - 1) =ehete

L(W) = (Wn — W) (Wy — WH)(Wy — 1/ Wi )(Wy — 1/ W)
) (W = W) (W = W) (W — 1/ W) (W — /W)
clv — (Wi — Wi ) (Wy — W) (Wi — 1/ Wi )(Wy — 1/ W) k=p o

k = 9 - b

(Wi — 1/ Wi ) (Wi — 1/ W)
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF NUCLEON EM STRUCTURE

(Wiy = Wy )(Wiy = W3, ) (Wi + W) (Wi + W)

Hon (W) = 4 o
(W— Wp//)(W— Wp,,)(W-i- Wp//)(W-i- Wp,,)
cl (W = Wy )(Wy = W2, ) (Wi + W )(Wiy + WS,))
? _(Wp” - l/Wp”)(Wp” - l/W:N) '
L(U) = (Un = Ur)(Un = U} )(Un = 1/Ur)(Uy = 1/UF)
T (U=U)(U-Un)(U-1U) U -1/0r)
c2s (Un = Ur)(Un = U )(Un — 1/Ur)(Uy — 1/UF) = w b,
T —(Ur = 1/U:)(Ur — 1/Uf) T
Hi(U) = (Un = U)(Uy — U )(Un + U))(Un + Uf)

(U—U/)(U—U/*)(U—i- U/)(U+Ul*) ’
(Un = U)(Uy — UF)(Un + U))(Un + Uf)
—(U = 1/U)(U - 1/Uy)

C[Zs — 7/ — ¢/,wu¢//
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF NUCLEON EM STRUCTURE

(Xn — X)) (Xn — X)X — 1/ X ) (X — 1/X[)

) = XX X)X — 1/X0(X — 1/
v _ (Xn — X )(Xn — X ) (X — 1/ X ) (X — 1/X;) k= oo
: —(Xe — 1/X0)(Xe — 1/X;) e
H X) — (XN — Xp//)(XN — X;,,)(XN + Xp//)(XN + X;,,)
0= XXX - X5 )X+ X ) (X + X%,)
o (X = X)Xy = X)Xy + Xy ) (W + X))
2 =

~(Xpr = 1/ X)Xy — 1/X5,)
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U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF NUCLEON EM STRUCTURE

This advanced model is defined on four-sheeted Riemann
surface and one can simply verify that it includes all required
properties like

- experimental fact of a creation of unstable vector-meson
resonances in e e~ annihilation processes into hadrons

- the analytic properties of FFs

- the reality conditions

- unitarity conditions of FFs

normalizations of FFs

- asymptotic behaviors of FFs as predicted by quark model of
hadrons

By its comparison with present-day nucleon EM FFs data in
space-like and time-like regions simultaneously(see Figs.)

S. Dubnicka EM STRUCTURE MODEL OF HYPERONS WITH GROUD ST/



U&A MODEL OF 1/2+ OCTET BARYON EM STRUCTURE RE

U&A MODEL OF NUCLEON EM STRUCTURE

RATIO OF PROTON ELECTRIC TO MAGNETIC FF

L I R
8 2102 13 15 18 20
Q°GeV’

Prediction of proton electric to magnetic FFs ratio behavior by
U&A model respecting SU(3) symmetry and OZI rule violation
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10 g

ABS. VALUE OF PROTON ELECTRIC FF

T T T T T T
-35-30-25-20-15-10 -5 0 5 10 15 20
t GeV®

Prediction of proton electric FF behavior by U&A model
respecting SU(3) symmetry and OZI rule violation
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10 '

ABS. VALUE OF PROTON MAGNETIC FF

T T T T T T
-35-30-25-20-15-10 -5 0 5 10 15 20
t GeV®

Prediction of proton magnetic FF behavior by U&A model
respecting SU(3) symmetry and OZI rule violation
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10 * ST e

ABS. VALUE OF NEUTRON ELECTRIC FF

T T T T T
-35-30-25-20-15-10 -5 0 5 10 15 20
t GeV®

Prediction of neutron electric FF behavior by U&A model
respecting SU(3) symmetry and OZI rule violation
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10 g

ABS. VALUE OF NEUTRON MAGNETIC FF

T T T T T T
-35-30-25-20-15-10 -5 0 5 10 15 20
t GeV®

Prediction of neutron magnetic FF behavior by U&A model
respecting SU(3) symmetry and OZI rule violation
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Prediction of neutron electric to magnetic FFs ratio behavior
by U&A model respecting SU(3) symmetry and OZI rule violation
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one determines all free parameters of the model

(FCa £, (s i)y (E o), (£ o)
(FSm/ )
FI o (£ ) (B o), (F o/ Fi)

0

NOTE: One does not see here coupling constants ratios
1 1 1 1 2
(Faw/ ). (F (;N’N/f¢) (,fN)N/m (f ‘,N)N/f )o (ES/ ). (Ein /)
2
(F N ), (ESh T 65)s (ES s/ £). (£ e/ 7). which by
demanding in constructed model correct norms and the asymptotic
behaviors of FFs have been expressed through special
combinations of vector meson masses.
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Similarly to nucleons, one can construct also the advanced U&A
model of hyperon EM FFs to be completely described by the
Sachs electric GJ(t) and magnetic GJ(t) FFs.

v\ Cls _ Cls Cls _ cls
FAIV(1)] = (1 - ZAz) [LAV)LW'(V)M + LW(V)LM(V)W -

—Lw(V)L¢(V)} (FD ) +

cle—ck)
(= k)

1—Vv2 4 1s _ le)
+<1 — VA2> [L"’(V)HW(V)M + Luw(V)Hy (V)

—Lo(V)Ls(V) [ (FSAn/ for)+
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(- ¢, (s - )

+Lw(V)ku(V)W -

L¢(V)Hwn(v)m

4
(1=
1— V2

Lw<V)L¢<V)} (F0) A/ furr) +

(cx - c3) cr - c3)

+ Lu(V)Hyn (V)2 —
(Cr—c) T - )

Ls(V)Hg (V)

—Lw<V)L¢(V)] (FS I/ for)
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1- 02\’
Fslu(t)] = <1 - u2> AL (U)Lg(U) Ly (U) +
(C3 — Co(Ch — C55
(C3F — )2 - ¢2)
(CZ - CONCE - C3)
(
(
(

1-02\° oy
+<1—va> Ly(U) Loy (U)Hyr (U) ﬁ

+LW(U)LW/(U)H¢/(U)

C& — C)(C% — CP)
C2 — CE)(Cx - 3

+Lw(U)L¢(U)H¢ ( ) C25 — C2s/)(c(§s _ C25/) —

—Lo(U)Lg (UYL (U) | (FN 0/ )+
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(C3e — C2)(C% — C%)
(C - ) —c2)
(€2 — C2)(C% — C%)
(C =) - ¢2)
(2 — C2,)(C — &)

+LW(U)L¢(U)HWH(U) (C25 — CZS/)(C;S — CQSI) _

1-02\°
+<1U§) Ls(U)Lyyr (UYHyn (U)

+Lw(U)Lw/(U)Hw//(U)

~Lu(U)Lg(U)Loyr (U) [ (£ 0/ ) +
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(C3 — C&)(CE — &)
(C% - C;f,)(ij - ij/) N
(Cr — )T — )
(CF - — i)
(€& - (- &)

Lg(U) Ly (U)Hgrr (U)

(1w °
1-U?

+ Lo (U) Loy (UYHgr (V)

+Lu(U)Lg(U)Hyr (U)

~Lo(U)Lg (UYL (U) | (£ i)
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(Cls Cls (C Cls )

- 1-v2\* B
Fls[v(t)] = 71 — \/2 L¢(V)Lw/(V)m + Lw(v) /(V)m
T ¢

Lw(V)L¢(V)](f(,zz/f )+

( 1s 1s (Cls Cls

1—Vv2 @’
+<1_\/§> [L¢(V)H¢’(V)(Cls_cls) + Lw(V)Hd%(V)W -

_LW(V)L¢(V)} (FShe /far)+
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1-v2\*
+<1—v§> {Ld,(v) (V)

(1_\/2)4
+
1— V2

Ls(V)Hyr (V)
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(C—Ck) (Ck— k)
m + Lo(V)H, //(v)w_
7LW(V)L¢,(V) ( //z):/f //)+

(C ¢//) 57 ¢//)

[GECON (V’”W(V)W
~Lo(V)Lo(V) [ (FS ey /)
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4
FE[W(t)] = <1‘W2> {LP(W)L,J/(WH

1-— w2
(cky —ci) (G —<cu)
+ Lﬂ/(W)Hp//(W)W + Lp(W)Hp”(W)m -
p P P P

Lp(W)Lp/(W)} (f,f},)zz/fp//)}
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1- U2
1- U2

FEIU(D)] = ( ) Sl i Lo (U)L (V)L (U) +

(CF - -¢5
(€3 — C)(Cs - C&)
(€5 — e - <)
(
(
(

Ls(U) Loy (U)Hy (U) ‘;’

+Lw(U)Lw/(U)H¢/(U) CQS _ C;S)(CE}S/ _ Cés)

C2 — CE)(Cx - 3

+Lw(U)L¢(U)H¢ ( ) C25 — C2s/)(c(§s _ C25/) —

—Lo(U)Lg(U) L (U) | (£ /i )+
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1— U2 6 (C2s ijs//)(c?s _ ijs”)
+<1U%> {L‘t(U)L“’(U)H‘””( "t cnes
Lo (UYL (UM () & = CENEG = €51

+ w( ) w’( ) w”( ) (C2s_ )(Cf)s_c2s) +
( C2s C2s,, )(Cés Cf}s” )

+Lw(U)L¢(U)Hw”(U) (CL%S — C2s)(C£s Cf)S/) -

7LW(U)L¢(U)Lw’(U) ( //zz/fw”)
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(- c;f,)(c2s )
(e —cz)
(CZS C25 )(C25, _ Cc?j’)
(Czs _ C2s)(C25 _ C2s) +
(CZ — C2)(CF — C3)
(C - CE)(CxF-C%)

Lo(U)Lor (U)Hyrr (U)

(1-v °
1- U2

+Lo(U) Ly (U)Hyrr (V)

+Lw(U)Ly(U)Hyr (V)

~Lo(U)L (UL (U) | (FD 5 /)

S. Dubnicka EM STRUCTURE MODEL OF HYPERONS WITH GROUD ST/



U&A MODEL OF HYPERON EM FFs RESPECTING SU(3) SYM

HYPERONS EM STRUCTURE MODEL

. 1-x2\°[1
Fay [X(t)] = 1-x2 §(M>:+ —py— —2)Lp(U)L, (U)H i (U)
b5
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FEIV ()] = (1_ 4 ) S LaV)Lo(v) +

vz2) 2
1-v2\* (¢ - &) ) (€& -¢%)
+<1Vz2> Ly(V)L, '(V)m‘FLw(V)Lu'(V)m—

—Lo(V)Le(W) [ (F0Le /) +
1-v2\* (Ck—ck) (Ck—ck)
+<1_Vz2> L¢(V)H¢/(V)ﬁ Lw(V)HW(V)m _

LW(V)L¢(V)] (FSLo /) +
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4 1s 1s
1— V2 (C¢ C’s, (C(,IJS _ Cls/,)
222 ) LV H (V)2 (V) Hyn (V) — )
<1 VE2> ¢( ) w ( ) (qu; — C[}]s) ( ) ( ) (CLAIJS — Cdl)s)

Lw<V)L¢(V)} (FO) e/ ) +

Cls _ Cls Cls _ Cls

//) w //)
L¢(V)H¢”(V)(C§f—7cd;'s) + Lw(V)Hdw(V)ﬁ -

—Lw(V)L¢(V)} Gy
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4
FE[W(t)] = (1‘W2> {1LP(W)L,J/(W)+

1— w2 2
(cky —ci) (G —<cu)
+ Lﬂ/(W)HP”(W)W + Lp(W)Hp“(W)m B
p P P P

Lp(W)Lp/(W)} (FOe )}
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= 1-02\°1
FxlU(t)] = -2 5(#50 + p=— + DL (V)L (U) L, (U) +

1-02\° (C3° — Co)(CZ — C)
+<1_UI2\I> L¢(U)Lw’(U)H¢’(U)(Cq§s _ C25)(C2§ _ CES)
( _ C2s)(C2s _ Cq2;
+LW(U) ’(U)H¢’(U) (CQS — Czs)(c25 _ C;S)
(€2 — C29)(C2 — C2)

+Lw(U)L¢(U)H¢/(U)(C3}s _ C2s)( 5) _ Cf}s/) -

7LUJ(U)L¢(U) w’(U) (¢/——/f¢’)+
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ERAY (G~ e~ i)
+<1 U%> [Ld,(U)LW/(U)Hw//(U) CF—caer ey
)

(CZ —C%,)(C% - C2%))
(Czs _ C2s)(C25 _ Cés)
(CZ —C&,)(C¥ - %)

+Lw(U)L¢(U) ”(U) (C2s — C2s/)(Cq255 _ C25,) -

+LW(U)LW/(U)HW//(U) +

L (U)Lg(U)Loyr (U) | (FE) 2/ ) +

S. Dubnicka EM STRUCTURE MODEL OF HYPERONS WITH GROUD ST/



U&A MODEL OF HYPERON EM FFs RESPECTING SU(3) SYM

HYPERONS EM STRUCTURE MODEL

(C3 — C3r(C% - CB)
(CF* = c2)(C2 - &)
(CBe = C2)(C2 = C)
(C& = C)(CZ - &)
(€& - G - &)

(C-CH)(CF-C%)

Lo(U)L (U)Hyr (U)

+Lo(U) Loy (UYHgir (V)

+Lu(U)Ly(U)Hyrr (U)

—Lo(U)Lg(U) Lo (U) | (£ /)
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1- X2
1— X2

6
FEIX(0)] = ( ) {iwzo —z- - 1)Lp(U)L,,/(U)Hp~(U>}
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But this hyperon EM structure model contains the
vector-meson-hyperon coupling constant ratios

1 1 1 1
oo ()0, (FS /) (ESoh o), (Fh i)
1
Fh,oo (Fh/ )
2 2 2
Fh o (Fo /) () o), (ES b )
Fh 0

as free parameters. Again coupling constants (fof,lg,/fw), (f(é,l,,)’/qu),
1 1 2 2 2 2

(E )+ (B £, (£ )5 (B £3), (£ ). (5060

(fp(,i)h/fp/), (fp(,?zh/fpu), are absent among these free parameters,

because they have been expressed through vector meson

masses.
S. Dubnitka EM STRUCTURE MODEL OF HYPERONS WITH GROUD ST/



U&A MODEL OF HYPERON EM FFs RESPECTING SU(3) SYM

HYPERONS EM STRUCTURE MODEL

These free parameters, in principle, could be determined by a
comparison of the model with some data on the hyperon EM
FFs, like in the case of nucleons.

However, there are no such data, except two experiments with
elastic scattering of = hyperons on atomic electrons for very
small momentum transfer squared values in the space-like region
giving just the value of the corresponding charge mean
square radius of the X~ hyperon and few experimental points
on the total cross section of electron-positron annihilation
into HYPERON-ANTIHYPERON pairs.
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Nevertheless also in such case one finds the solution.

Unknown parameters of the hyperon EM structure model
can be predicted theoretically:

@ by using SU(3) invariant vector-meson-baryon Lagrangian
@ results from the analysis of nucleons

@ provided that the universal vector-meson coupling
constants fy in all considered coupling constants ratios
are known numerically.
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The SU(3) invariant Lagrangian of vector meson-baryon
interactions

i RO R a
Tr(Lyes) = —5F"1B57:B) — Bl BEI(VL)L +
i Drpp a R B
\/if [877MBB +877M87](VM)Z¢+

—fsBﬂ Y BIW

V2

provides the relations
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1
fplNzlv = E(fl,Dz + fll,:Z)
1,2 1 1 .
f(l)}\lN = ﬁcosef]f2 - 27\/§Sln9(3ﬂ’7:2 - f]_[’)z)
1 1
fon = —=sindf% + ——cosf(3f, — £5)

2V3

where the left hand side is known, if we take numerical values
of the nucleon coupling constant ratios from nucleon EM FF
data analysis and the universal vector meson coupling
constants f,, f,, f; from data on I'(V — e*e™) to be

2 —1
determined by the relation T'(V — ete™) = O‘zg"/(:—‘;r) :
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The solution of the last system of algebraic equations according to
fLDz, ffz, ffz with numerical values of fplNN, fl ,’VN and f(;NN,
enables to predict all following vector-meson-hyperon
coupling constants
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1,2 1 1 .
fan = ﬁcosefl‘?z + \ﬁsmeﬂ%
1,2 1 . 1
forn = ﬁsmeffz — ﬁcosef&
12 _ F
pr: - _f1,2
A2 = LcosorS, — sinor?
s ﬁcos T — ﬁsm 12
1 1
1,2
iy = ﬂsmefl , + \/§c059f1£’)2
1,
prE = *(f1D2 - f1F2)
1,2 1
flz = ﬁcos@fl 2t \/§5’”9(3f1 )
1 1
fie = —=sindf, — —=cosO(3f, + f°
== \/5 1,2 2\/§ ( 1,2 1,2)
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where 6 = 39.83° is the mixing angle to be determined by the
Gell-Mann-Okubo quadratic mass formula

4m,2<* - m?

m3cos®0 + m3sin®f = 3 £

S. Dubnicka EM STRUCTURE MODEL OF HYPERONS WITH GROUD ST/



U&A MODEL OF HYPERON EM FFs RESPECTING SU(3) SYM

HYPERONS EM STRUCTURE MODEL

Finally, dividing the determined vector-meson-hyperon coupling
constants by the corresponding universal vector-meson coupling
constants f,, f,, fs, one finds searched vector-meson-hyperon
coupling constant ratios.

Similarly one can proceed in a determination of the first excited
and the second excited vector-meson-hyperon coupling
constants ratios.

Here big problem appeared. There are no data on ['(V — eTe™)
for w'(1420), p’(1450)), ¢’(1680) and

w"(1650), p"(1700), $"(2170), in order to determine f,, £, f; and
f// f// fd/)/

p :

v T
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In order to avoid this problem to some extent, we have constructed
the U&A model with explicit coupling constants ratios

(FG2 1£), (F42 1£5), (£G4 /£,), where we know numerical values

Of fpv fwv fd) and ( }hi)/fw/) ( ¢/1h/27)/f¢,) Where one can f|nd fl, f(;
by exploiting some model considerations.

The results are in progress.

As a first approximation, we have calculated at least 1/2" octet
baryon mean square charge radii in the framework of the hyperon
EM structure U&A model to be compared with xPT predictions
and existing experimental determinations (see Table).

S. Dubnicka EM STRUCTURE MODEL OF HYPERONS WITH GROUD ST/



U&A MODEL OF HYPERON EM FFs RESPECTING SU(3) SYM

HYPERONS EM STRUCTURE MODEL

baryon U&A model YPT Exp.

p 0.727 0.717 0.769
n -.205 -113  -.116
A -.068 -.112
rt 1.090 0.602
¥ 0 -.093 -.031
Y- 0.536 0.673 0.915
=0 -.221 0.133

= 0.876 0.495
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Conclusions

e All existing data on the proton and neutron electric and
magnetic FFs, GE(t), Gyy(t) and GE(t), Gy(t), have been
reviewed.

@ The advanced U&A nucleon EM structure model, which
successfully describes all today's experimental data in
space-like and time-like regions simultaneously, was
elaborated.

@ The results of the U&A nucleon EM structure model
with a combination of SU(3) symmetry have been used for
a construction of the U&A EM structure model of the
1/2" octet hyperons.

@ By means of the latter the charge mean square radii of
1/2" octet hyperons have been calculated and compared
with xPT predictions.
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