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INTRODUCTION

1/2" octet baryon EM structure

According to SU(3) group classification of hadrons, 1/2% baryon
octet consists of

p,n, N\, X+, 30 ¥~ =0 =—,

every of which is compound of 3 quarks = they naturally have
to manifest some space structure.

For the first time it was discovered for p in elastic scattering
process e~ p — e~ p almost 70 years ago in the last century,
before the quark structure of hadrons has been revealed.

Because electrons are dominantly interacting with p
electromagnetically = proton EM structure, which can be
simply extrapolated also to all members of 1/2% octet baryons.
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INTRODUCTION

1/2" octet baryon EM structure

The EM structure of every baryon from 1/2%-octet is completely
described by two independent functions FZ(t) and FB(t), the

Dirac and Pauli FFs, which are naturally obtained in a
decomposition of the baryon matrix element of the EM

current JEM(O) into a maximal number of linearly

independent covariants to be constructed from four-momenta,
~-matrices and Dirac bispinors of baryons.

< BIEM(0)1B >= ea(p))vu FY () + ﬁaw(p’ ~ P)uF(8)u(p) &)

While Dirac and Pauli FFs are suitable for a theoretical
description of the baryon EM structure, for an extraction of
experimental information on it from the measured quantities, like
cross sections and polarizations, the Sachs electric GE(t) and
magnetic G5 (t) FFs are more suitable.
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INTRODUCTION

1/2" octet baryon EM structure

Further, in a description of the EM structure of baryons it is

useful to arrange calculations in such a way, that advantage can

be taken of isospin-conservation.

As EM current has mixed transformation properties under rotation
in isospin space:

- part of it transforms as an isoscalar

- and part as a third component of an isovector.

As a consequence, every baryon matrix element of the EM
current may be expressed in terms of the matrix elements of
an isoscalar and of an isovector currents.

The sign between them depends on the value of the third
component of isospin of the concrete baryon from the 1/2+

baryon octet to be found by T3 = Q — g — g
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INTRODUCTION

1/2" octet baryon EM structure

Then the relations between baryon Sachs FFs and isoscalar
and isovector parts of the baryon Dirac and Pauli FFs are:

for " nucleons”

GE(1) :[ﬂm+ﬂm+ﬁéﬂm+%m
G(e) = [F®) + AL+ [FL(8) + Ay (2)]

@
GE(1) =[ﬂm—ﬂw+ﬁ?%m—%w ®)
Gu(e) = () — FL(0)] + [Fou(e) — Fu (1))

with normalizations
GE(0)=1; G(0) = pp; GE(0)=0; Gy(0) = pn; (4)

1 1
RO = U0 = 2 FRO) = (g ain —1i O = S tp — o — 1) (®)
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INTRODUCTION

1/2" octet baryon EM structure

for " A-hyperon”

B = A+ AW ©)
my
Gt = FN(®)+ R
with normalizations
GE(0) =0;  Gpy(0) = pin; )
FL(0) = 0;  Fpy(0) = s ®
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INTRODUCTION

1/2" octet baryon EM structure
for ” X-hyperons”

t

GE'() = [FLO+FLO1+ o [F(0) + L) ©)
Y+
Gy (©) = [FE(e) + FL (O] + [Fa() + Fi ()]
50 _ b t 5
Ge (t) = F(t)+ szs(t) (10)
50
Gh () = FL(0+FL
GE () = IFL(0) — AL+ (R0 — A0 ()
Gy () = [FL(0) — Ay (] + [Fa(t) — B3 (0)]
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INTRODUCTION

1/2" octet baryon EM structure

with normalizations

GE =1 65 (0)=ug+ GE(0)=0 G§°<o>:%mﬁ+ur) GE (O =-1 G (O =py (12)

L0 =0 FLO=1 FEO) = (ugt +pp ) FRO)= (upt —ny ) —1 (19

GE () = [Fa()+Fh(0)] o S [F5(6) + F (8)] (14)
%o

[FRa(t) + Fr (8)] + [F5(8) + F (1)]

£hy
I

G () = A0~ AL+ ;5 [R50 — F(0) (15)

Gy () = [FL(t) — Fi (] + [Fa(t) — Fa(t)]
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INTRODUCTION

1/2" octet baryon EM structure

with normalizations

GEEO(O) =0 G,\E/,O(O) =pz0 GE (0)=—1 Gy (0)=pz_ (16)

- 1 = 1 = 1 = 1
FLu@=—5 FLO) =2 Fu0) = J(nz0 + pz=— +1) Fp(0) = Z(uz0 — p=— — 1) (17)

where pg are the magnetic moments of 1/2" octet baryons.

Next we construct 9 resonance Unitary& Analytic models of the
1/2% octet baryon EM FFs, which represent an unification of the
following three fundamental features (besides other known
properties) of the baryon EM FFs
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UNITARY AND ANALYTIC MODELS OF OCTET BARYON EM !

U& A models of baryon EM structure

1. The experimental fact of creation of unstable vector-meson
resonances p,w, ¢, p',w', ¢, p” w", ¢", with photon quantum
numbers in eT e -annihilation processes into hadrons

M. Tanabashi et al. (PDG),
Phys. Rev. D98 (2018) 030001

2. Similar hypothetical analytic properties for all baryon EM
FFs

3. The asymptotic behavior of baryon EM FFs
GE(t)= GE(t) ~ t% to be proved also in the framework of QCD.
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UNITARY AND ANALYTIC MODELS OF OCTET BARYON EM !

U& A models of baryon EM structure

The most simple way to take into account creation of unstable
vector-meson resonances in et e~ — had processes is the
naive VMD model for isoscalar and isovector parts of the Dirac
and Pauli baryon FFs

v 11 v i
s N pulolLlle
FRO= e VAU (55 (18)
I=w !

/i vy
p'p

m? 2
FR( = 30 —— (L0 ()= 3 ——(foL/f) (19)

i=p M i

However, such model does not take into account not even,
normalizations and the asymptotic behaviors of FFs

1 1
B B B B
Fro(t) = Fr,(t) ~ 2 Fas(t) = F (t) ~ & (20)
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UNITARY AND ANALYTIC MODELS OF OCTET BARYON EM !

U& A models of baryon EM structure

This problem has been solved on the price of a reduction of a
number of coupling constant ratios as free parameters of the
model in the paper

S.Dubnicka, A.Z.Dubnickova, P.Weisenpacher,
Eur. Phys. J. C32 (2004) 381
where for FF to be saturated by n vector-mesons and possess

the asymptotic behavior to be determined by the power m
and n > m takes the following form

17, m?
F(t) = FR—F1T-1— (21)
j:l(mj —t)
n m 2 e m2 e (m? — m?)
n ) {Z my i j=1 "] jii,j=1\m] k)
2 2 2 2
k=m+1 * j=1 (’”k —t) j";,kj:l(mj — ) Hﬂ/,‘,jzl(’”j - m’.)

2
_ 1—7210}@39/@)

721 (]
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UNITARY AND ANALYTIC MODELS OF OCTET BARYON EM !

U& A models of baryon EM structure

and for n = m the form is found

m 2
j=1"j

F(t)=Fo— 21
(t) = Fo o — D

(22)

for both the required asymptotical behavior F(t); oo ~ 1/t™
and for t = 0 the normalization F(0) = F; are fulfilled

automatically.
So, for m = 2 and n = 6 isoscalar vector-meson resonances for FlBs

one finds
2 2
mo oy
B B
Frs(t) = Fls(o)# + (23)
(’T’w// t)(m¢,, t)
{ mi//mi/ (mi// - mi/) mi},/mi, (mi)// — mi},)
(”’fp// - t)(”’i)/ —t) (’"(21,// - ’"i,//) (’"i,/ - t)(mi},, —t) (’"i,// - mi//)
2 2
mopr oy
w9 (1)
- > (f for)+
(mzw// - t)(mi// —t) }( WIBB/ w/)
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UNITARY AND ANALYTIC MODELS OF OCTET BARYON EM !

U& A models of baryon EM structure

N mi/ mi// (mé// - mé/) mi//mé/ (mi,// - mil) _
W, =, — 0 (2, —m,) (P, — 0, 0 m, —m,)
¢/ (p// <25// w// W,I d)l W// ¢//

2
meom oy
@ (1)
(f /fyr) +
(’T’i// - t)(mi// - t)} #'881°¢
+{ mi//mi (mi// - mczu) N mimi},, (mi},, - mi)) _
(mi// - f)(mi —t) (mi// - mi},,) (m?u - t)(mi},, —t) (mzw” - mfb”)
2
mor
W L ey
w
(mi),, - t)(mi// —1) } w88
+{ mé’"i// (mi,// - m(zp) mi,u ""(21, (mi},, - "7(21,) _
(mi - t)(mi,/ —t) (mi// - mi,,) (mi,, - t)(’"f/, —t) (mi},, - mi,,)
2 2
m_r M
W' (1)
- o (fy 55/ fe)-
(mi},, - t)(mi,, - t)} 86

where instead of 6 coupling constant ratios in VMD model,
here only 4 of them appear.
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UNITARY AND ANALYTIC MODELS OF OCTET BARYON EM !

U& A models of baryon EM structure

The same is valid also for m = 2 and n = 3 isovector vector-meson
resonances in Ff

2 2
mo,,m

Fl(t) = F (0) ——2 =5 —— + (24)
! ! (mf)/, - t)(""i/ —t)
+{ mf)mi, (mz/ - mf,) n mf} m?, ("72// - m?)) _
(m% - t)(rni, —t) (mi/ - miu) ("’ t)(m n =t (mp,/ - ”’i/)
2 2
_ Mot Mp! GRAIAY
(m2,, = O)(m2, — 1) [ PBP

where instead of 3 coupling constant ratios in VMD model,
here only 1 of them appears.
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UNITARY AND ANALYTIC MODELS OF OCTET BARYON EM !

U& A models of baryon EM structure

Similarly, with m = 3 and n = 6 isoscalar vector-meson resonances
one finds for FQB;

2 2
meyymy,mo g
B B
FR(t) = FR(0) — 2 + (25)
(mw,, - t)(md),, - t)(mw, —t)
{ md,//mi)/’"i/ (mi// - mi/)(’”i/ - "’(21,/)
+ +
(mi// - t)(mi/ - t)(mi, —t) (mi// - mi//)(’”i,/ - mi,/)
mi//’"i/ mé/ (mi)// - m;/)(mi/ - ’"i/) n
(mi// - t)(mi}, - t)(mi/ —t) (mi}// - m?p”)(miﬂ - mfb”)
N mi,// m?f),, mi/ (mi// - mi/ )(mi// - 2¢/)
(2 — 002, — (2, — 0) (w2, —m2 )2, —m2,)
2 2 2
mo m¢,, m_ )
2 _ 2 2 _ (f<z>'13.'3/f<1>’)+
(mw,, f)(m¢// f)(’"w/ t)
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UNITARY AND ANALYTIC MODELS OF OCTET BARYON EM !

U& A models of baryon EM structure

+{ mi,,mi, mi) (mi,, —m? )(mi), — mi)
(2, = 02, = O, — ) (w2, —m2, )2, —m2,,)
N m2 g ml (m2) — mZ)(m2, — m?,)
(2, = O, = 02— 6) (w2, — w2, )(m2, —m2 )
mi,,mi,,mi (mi/, — mi)(mi,, — mi))
(m2,, = Om2, —)(m2, — ) (w2, —m? Y2, —m?,)

2
m? !’ md>” m.,r

_ (2)
2, —0m2,, — 0, —r)}(fwBB/f“”
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UNITARY AND ANALYTIC MODELS OF OCTET BARYON EM !

U& A models of baryon EM structure

{ mi,, ”’i,/mi, (mi)// - mi)(mi}, - ’"(215) 4
(’T’i// —t (’T’i/ - t)(""?p —t) (’T’i// - ’T’i// )(mi}, - ’"i//)
4 mi// m’ /m¢ (mz " mé)( zJ - mi)
(m%,, — t)(mi, - t)(mé —t) (m2 7 mi//)( i, mi//)
4 mi)//mi//mi (mi,// - ""(2;))("72 m(Zj})
2 2 2 _ 2 2 2y
(m t)(m t)(m t) (m m?,)(m? m? )
nZ B! 4, i W/ Y !

2 2 2
m,m md>” m.,s

(mi)// - t)(mi// - t)(mi/ -

5 }(f(f‘;B/fd))

where instead of 6 coupling constant ratios in VMD model,
here only 3 of them appear.
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UNITARY AND ANALYTIC MODELS OF OCTET BARYON EM !

U& A models of baryon EM structure

The same is valid also for m = 3 and n = 3 isovector vector-meson
resonances in F5

2 2 2

m*>,, ms, m

B B P P P

Fy(t) = sz(o)(m2 O, — 0 =
o o’ )

(26)

where instead of 3 coupling constant ratios in VMD model,
there is no free coupling constant ratio appearing as a free
parameter of the model.

Nevertheless, the latter model still suffers from the unpleasant
drawback of the naive VMD model - the o;,:(eTe™ — had) at
the mass squared values of vector-meson resonances are acquiring
infinite values.

A removal of this unpleasant drawback is carried out by the
unitarization of FZ(t), FE(t), FE(t), F2(t) FFs.



UNITARY AND ANALYTIC MODELS OF OCTET BARYON EM !

U& A models of baryon EM structure

Unitarization of FE(t), FE(t), FE(t), F8 (t) FFs is achieved by
incorporation of the correct baryon EM FF analytic
properties with the non-linear transformations

L e M) L MG )

2 2
e~ g Aty —t5) v At — 1)

O o — v T X - xR

respectively and then by subsequent inclusion of the nonzero

values of vector-meson widths into them.

In non-linear transformations (27) t5 = 9m2, t¥ = 4m?2,
t,%f, tl-ln", t,-2ns, tl-zn" are the square-root branch points, as it is
transparent from the inverse transformations
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UNITARY AND ANALYTIC MODELS OF OCTET BARYON EM !

U& A models of baryon EM structure

0

1s _4s ¢S 1s _4s 45
\/( rints o )L/2 +(‘t5‘0 /2 \/( t’”ts o )2 (ftsto )L/2
V() =i ° 0 ° (28)

tls s t—tS tls s t—ts
\/( mtg 0)1/2+( r50)1/2+ \/( m!5 0)1/2 —( tSO)l/Z

and similarly for W(t), U(t), and X(t), which map the
corresponding four-sheeted Riemann surfaces always into one

V—, W—,U—, X— plane.

Then for every iso-scalar and iso-vector baryon Dirac and Pauli FF
one obtains just one analytic and smooth function in the
domain from —oo to 400 in the forms
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UNITARY AND ANALYTIC MODELS OF OCTET BARYON EM !

U& A models of baryon EM structure

B -V g
Fls[V(t)] = (1 — > {FIS[V(O)]HUJ//(V)Hd)//(V) + (29)
N
H (C¢// - Ci,s/) (Ci)s - Cls/) (1)
¢H(V)HW/(V)W + ku(V)Hw/(V)W — Hy,rr (V)H i (V) (fw/BB/fw/) +
(15// 1" w// 4)//

(Cyor — €3 (Con = 5

7) 7)
+{H¢,,(V)H¢,(V)WC;§”) +Hw,,(V)H¢,(V)ﬁ — Hy (V) H g (V )}(f Do/ far) +

(C3r =€) (cks, - c¥)
(Cr// - Ci,s//) “ (C}ds// - C;://)

—cl) (cls, — cls)
] 12 ¢

+ Hw//(V)Ld,(V)(C{:fCIS)
w!! !

[ oy (V)L (V) —Hw//(V)H(bu(V)](F‘f};B/fw)+

(Cd)”

+|:H¢//(V)Lq5( )W

- ku(vwww)] (f;gg/f¢>}

to be dependent on 5 free physically interpretable parameters

NGNGB RGN AN (30)
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UNITARY AND ANALYTIC MODELS OF OCTET BARYON EM !

U& A models of baryon EM structure

B 1-wA\*f ¢
FrIw(n] = <1 W2> {Flv[vv(oan(W)Lp/(WH (31)
- N
(3 —c) (S —=ci)

N L LWL (W)

+ Lp,(W)Lp”(W)W o

(cr—cln
pr(W)Lp/(W)} (f,ﬁls)s/fp)}
to be dependent on 2 free physically interpretable parameters

(rBs/fo)s 61 (32)

in >
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UNITARY AND ANALYTIC MODELS OF OCTET BARYON EM !

U& A models of baryon EM structure

1 2\®
B _ B
FaslU(¥)] = (ﬁ) {F25[U(0)]Hw”(U)H¢'/(U)Hw'(U) +
N
(C2s” _ CZS )(C2s _ Cis)

H, i (U)H,_, (U)H,, (U) (C¢” _Cf;./)(C2 _ Cz’) H_ i (UYH,_ (U)H,, (U)
" ’ ’ + " ’
¢ “ ¢ (iju —-CE )¢ - cx,y “ ¢’ (cx, - iju)(Cf, - iju)

(CE — o — €5 @
+Hw//(U)H¢//(U)H¢/(U) s s s s —H //(U)H¢//(U)Hw/(U) (F¢,BB/f¢/)
(CW// - Cw/)(cd)// - Cw/)
(Czs” _ CZS)(CZS _ Czs)

{” A SN D )
+ " ’ w + " ’ w +
@ “ (CGZ:// CUZJS//)(CZSI - Cis”) “ “ (Cis” - Cj)s”)(CZS - Cj)s,,)

(C2 - szs)(cisl Cfus) (2)
+HW//(U)H¢//(U)L (v )(C2 — )(CZS o ) —H, //(U)H¢//(U)Hw/(U):| (fwBB/f“’) +
o N ol

(CZS _ CiS)(C2S _ Cis)

+ H_ i (U)H, s (U)Ly(U)
(e, = a3 (e - C2)

(Coor = CNC = €3

H¢//(U)Hw/(U)L¢(U)(CiS/ —C s”)((_'Zs CZS”)
(CE — CoNC — C3) @
+Hu//(U)H¢N(U)L¢( (C2 — C25 )(C25 — C25/) - Hw//(U)H¢//(U)Hw/(U) (fd)BB/f‘i’)

o W

TANT RATIO VALUES IN

EDICTION OF COUPLING CON
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UNITARY AND ANALYTIC MODELS OF OCTET BARYON EM !

U& A models of baryon EM structure

to be dependent on 4 free physically interpretable parameters

(g ) (D 1), (£ ).t (34)
2\ 6
B 1-X B
FRIX(8)] = (ﬁ> {FZV[X(oan(wLp/(uwpn(U>} (35)
N

to be dependent on 1 free physically interpretable parameter
t2v

mn’
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UNITARY AND ANALYTIC MODELS OF OCTET BARYON EM !

U& A models of baryon EM structure

where

_ (v = V) (Yy = V(W — 1/ Vi) (Vv — 1/V])

L(V) = (36)
(V= Vi)V = V)V = 1/V,)(V —1/V})
cts = W = V(W = V) (Vw = 1/ V)(n = 1/V7) é

T —(Ve = 1/Vi)(V, — 1/ V) o
HY(V) = (Vn = Vi)W — V") (Vv + V)W + V) 37)

(V= Vi)(V = V)V + V)V + V)

- (Vn = Vi)(W — V/")(Wn + VI) (W + v’*),I: W
—(Vi = 1/V))(V; = 1/V}")

L(W) = (Wy — W)Wy — W) (W — 1/ Wi )(Wy — 1/ W) (38)

(W = W) (W — WEYW — 1/ W )(W — 1/ W)
(Wy — W)Wy — W) (W — 1/ Wi )(Wy — 1/ W)
(Wi — 1/ Wi )(Wj — 1/ W)

"o

yk=p"pp

1v
C =
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UNITARY AND ANALYTIC MODELS OF OCTET BARYON EM !

U& A models of baryon EM structure

(Un = Ur)(Uy = U])(Un — 1/Ur)(Uy = 1/U))

L (V) = ; (39)
(U—Un)(U — Ur)(U —1/Ur)(U —1/UF)
c2s _ Un = U)(Uy = U)Wy —1/U)(Uy —1/U7) 4

T —(Ur = 1/Ur)(Ur — 1/Up) o
Hy(U) = (Un = U)(Un = U )(Un + Up)(Un + U]) (40)

(U= U)U = U) U+ U)(U + UF)

o (Un — Up)(Uy = U )(Un + U)(Un + U) IR,
—(U; = 1/U)(U; = 1/U})

Le(X) = (Xn = X)Xy — X)Xy — 1/ X)Xy — 1/X)) (a1)

(X = X ) (X = XF)X = 1/ X )(X = 1/X})

_ X = X)Xy = XO) X = 1/X) (X = 1/X()
(X = 1/X) (X — 1/X})

’

sk=p,p

2v
Cic
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UNITARY AND ANALYTIC MODELS OF OCTET BARYON EM !

U& A models of baryon EM structure

(Xn = X, )(Xn = X2 )X + X0 ) (X + X))
Hp//(X) = P P L £
(X = X )(X = X3, )X+ X, ) (X + X))

(42)

2 _ X = X)Xy = X200 ) Xy + X0 )(Wx +X75)) -
e 7(Xp// - l/Xp//)(Xp// - l/X;,,)

So, if we know numerical values of free parameters in
FEIV(e)]. FEIW () FE[U(£)]. FEX(2)), one can predict
behaviors of electric GE(t) and magnetic G5 (t) FFs of any
baryon from the 1/27" octet.
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NUMERICAL VALUES OF COUPLING CONSTANT RATIOS IN E

Numerical values of coupling constant ratios

The simplest way of a determination of the coupling constant
ratios is in the nucleon case, as there is around 530 reliable
experimental points on the nucleon EM FFs - dominant for
protons and less experimental information exists on the neutron -
in the spacelike and timelike region.

It is sufficient to adjust FE[V/(t)], FE[W(¢)], FE[U(t)], F2[X(t)]
by normalizations corresponding to nucleons and the by a
comparison of obtained expressions for

GE(t), Gp(t), GE(t), GA(t) with existing experimental data the
following values of coupling constant ratios are found.
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NUMERICAL VALUES OF COUPLING CONSTANT RATIOS IN E

Numerical values of coupling constant ratios

for nucleons (p and n):

(Ko /)
(S /%)
Gy
(/)
G
(FO /)
Gy

Wi
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(0.3747 + 0.0022)

(1.5717 £ 0.0022)

(—1.1247 + 0.0011)

(0.0418 + 0.0065)

(0.1879 + 0.0010)

(—0.2096 + 0.0067) (43)
(0.2657 =+ 0.0067)

(0.1781 + 0.0029)



NUMERICAL VALUES OF COUPLING CONSTANT RATIOS IN E

Numerical values of coupling constant ratios

There are no data on EM FFs of 1/21 octet hyperons

A, X, %0 Y= =% == only some total cross section points of
et e -annihilation into hyperon-antihyperon exist and one can not
repeat a similar to nucleons procedure in determination of the
unknown coupling constant ratios in the Unitary&Analytic hyperon
EM structure model.

Despite of this fact, we have found a method for numerical
determination of unknown free hyperon coupling constant
ratios in Unitary&Analytic hyperon EM structure models utilizing
the known nucleon coupling constant ratios (43) and the
SU(3) invariant Lagrangians of vector-meson interaction with
octet baryons

i _ _ i _ _
5 BSvuBY — BlruBEIVY + 5P 1B vuBE + BYvuBIV)Y, + (44)

Lygs = V2 V2

i sg 8.0
+$f BgvuBLw,
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Numerical values of coupling constant ratios

where baryons are represented here by the octet matrices

20 A0 +
vi'tVve 0): 0 ?
= e A I (45)
=— =0 ﬂ
- - NG
20 A0 5 =
V2 N Ve 50 A0 "
B= b —275 + ’\76 =0 s (46)
5 i 280
V6
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and the 17~ vector-meson nonet is classified into an octet matrix
and a singlet like

wg/V6+p°/V2 Pt K**
V= ( P wg/ V6 — p° /2 K*0 ) . wo (47)
K*— K*0 72w8/\/6

Decomposing the Lagrangian (44) into a sum of products of
single matrix elements one can derive relations between fi/gg and
the coupling constants fF P £3 of SU(3) invariant Lagrangian.
However, the wg, wp in Lagrangian do not represent experimentally
observed particles and therefore one has to use the so-called w — ¢
mixing form through the real w(782) and ¢(1020) vector-mesons.
There are generally 8 different mixing forms,

C. Adamuscin, E. Bartos, S. Dubnicka, A.Z. Dubnickova,
Acta Phys. Polonica B (Proc. Suppl.) 11 (2018) 519
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Numerical values of coupling constant ratios

but only four of them

1. wp = wcosl—+ ¢sinf
wg = wsinf — ¢cosh
4, wg = —wcosh— ¢sinf
wg = —wsinf+ ¢pcosb (48)
5. wg = wcosf— ¢sinf
wg = wsinf+ ¢pcosh
8. wgp = —wecosh+ ¢sind
wg = —wsinf — ¢pcosh.

are physically acceptable.
Then the relations between fygg and the coupling constants
fF, fP £5 of SU(3) invariant Lagrangian take the forms

S.Dubnicka PREDICTION OF COUPLING CONSTANT RATIO VALUES IN



NUMERICAL VALUES OF COUPLING CONSTANT RATIOS IN E

Numerical values of coupling constant ratios

for nucleons

fuw NN
foNN
fonn
fu NN
fonN
fonn
fuo NN

fonn

1
+5 07+ )

1 1
+—fScos6+ ——(3fF — fP)sino

V2 23
1 s L o F_ D
+—f"sin@ — —(3f — f ) cosB
V2 2\/5( )
1
+2(FF +£P)

2

1 1
— S cos0 — 73(3»” — fPysino

V2
1
V2

1
+E(FF+fD)

1
+ o cos +

V2

2v3

1
£ sin 6 + 7(31“’3 - fD)COSG

23

L o F D
——((3f —f7)sin6
2V3

1 1
——Fsin0+ ——3fF — FP)coso

V2
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1
8. fonn = +E(fF+fD)
1 1
S F Dy _.

f, = ——=f"cos@ — —=(3f —f")sin6
WNN 7 2\/5( )

1 s L o F_ D
f, = +—F7sinf — ——(3f — f " )cosH.
NN 73 Zﬂ( )

and similarly for hyperons.

So, if one knows numerical values of SU(3) fF, fP > coupling
constants, then one can evaluated coupling constants for all 1/27
octet baryons.

Further we demonstrate, how one can find these fF, fD, £S
coupling constants by utilizing previous relations for nucleons,
together with numerical values of fyyy/fy in (43).
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The reversed relations to the previous one are

F V3 . 1
1. f = T(fWNN sin @ — fyny cos 0) + EprN
b 3 ) 3
f = 7T(waN sin 6 — fynp cos 0) + 5 fonn
o= V2(f,nn cos 0 + fonn sin 0)
F V3 . 1
4. f = T(fwaNsmGJrf(bNNcosG)Jr 5 fonn
D V3 . 3
f = —7(—waNsm(9+f¢NNc059)+ EprN
F° = V2(—f,nncos 0 — Fyyp sin6) (50)
F V3 ) 1
5 f = 7(fw,\”\,sm@Jrfq“\,,\,cos@)Jr EprN
D V3 . 3
f = —T(waN5|n9+f¢NNc059)+ EprN
5 = V2(f,uncos0 — fyyysin )
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F V3 . 1
8. f = 7(7@,\”\, sin @ — fgnp cos 0) + 5 form
D V3 ) 3
f = —7(—&,,\”\, sin @ — fynp cos 6) + EprN
F = V2(—f,nn cos 6 + fonn sin 0)

However, before the numerical values of f\(/',\),N, i=1,2 are
determined from the nucleon coupling constant ratios (43) by
means of the values of the universal vector-meson coupling
constants fy to be extracted from lepton widths I'(V — ete™) of
the vector-mesons under consideration.

But, the latter can provide only the absolute values of the
corresponding fy/, as this is contained in the expression for lepton
width I(V — eTe™) quadratically.
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Signs of fy

C. Adamuscin, S. Dubnicka, A.Z. Dubnickova,
Acta Phys. Polonica B (Proc. Suppl.) 13 No.1 (2020) 25

1. l:i:i:f\/g:fsinO:Jrcose
fo fu fs
4. l:i:i:f\/g:Jrsin@:fcos@
fo fu fs
5. i:i:i:—\/g:—sinB:—cose (51)
fo fu fs
1 1 1
8. = :—:= =—-v/3:+sin0:+cosb
fo fu fs
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are strongly dependent on physically acceptable w — ¢ mixing
forms (48) and if we apply f, =
f, = |13.542| with signs given in (51) in couplmg constant ratios
found in a fitting procedure one gets

(1 _ () I I .
Lo flgy = —18570; £, = —26.8101; L), = —15.2307;

(1) _ e LA .
4. prN = —1.8570; f yn = 126.8101; ¢NN — +15.2307:
5. foy = —18570; £, = 268101, (), = +15.2307; (52)
8. =157, ) = 4268101 7)), = —15.2307.

Substituting them into relation for f7, fP, f> together with
0 = 38.35°, calculated by Gell-Mann-Okubo quadratic mass
formula, one finds

ff = —4.9016; £P =+1.2776; £ = —43.0979; (53)

independent on the used w — ¢ mixing form.
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Similarly are found also
£F = —7.6976; fP = —21.0036; f5 = +7.1225; (54)
and

= 51607, £2 = —16.4400; £ = -93767;  (55)

ff'=+29.9610; 2 =+45.7612; f5 = +20.0463;  (56)
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If they are substituted into the relations for f\(/'\),y and f\(/',)yy,
with i =1,2 and Y = A, ¥, =, respectively, to be derived from the
vector-meson-baryon interaction Lagrangian as a functions of these
SU(3) coupling constants, and these are divided respectively

by f, = [4.9582|, f, = |17.0620|, f, = |13.4428]

and fy = [13.6491|, £, = [47.6022, fy = |33.6598|

with signs to be dependent on the four different w — ¢-mixing
forms, one gets unknown coupling constants ratios of
vector-meson with hyperons in the hyperon Unitary&Analytic EM
structure models as follows:
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for A-hyperon

(N /£0) +1.4389
(P Fs) —1.3359
Gy —0.2253
(f(;l,)/m/f /) —0.3104
(3 /f) = —0.8554 (57)
(FN/ Fs) —0.7623
(fq(f,)/m/f;) 40.4437
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for 2 -hyperons

(Ps/f) = +10072
(W /ey = 413142
(f¢l):)z/f¢) =  —1.4301
(g /f) = 402327
(f;l,)zz /fy) = —0.1004
(A /f) = +0.2006 (58)
(s /fy) = +0.9331
(f¢,zz/f¢/) = +0.3701

S.Dubnicka PREDICTION OF COUPLING CONSTANT RATIO VALUES IN



NUMERICAL VALUES OF COUPLING CONSTANT RATIOS IN E

Numerical values of coupling constant ratios

for =-hyperons

(fp__/f ) = —0.6325
(fBo/f) = +125m
(fé)l__/f ) = —1.6254
Usf) = o142
(¢,__/f¢/) = —o0.278
(F2_/f) =  —0.6941 (59)
(F2_/f) = —0.5064
(f¢,EE/f¢) = 40.6536
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CONCLUSIONS

Conclusions

The A, X, = hyperons EM structure - as generalization of the
nucleon U&A EM structure model.

Based on the fact - analytic properties of the hyperon EM FFs,
up to the position of effective inelastic thresholds, equal with
analytic properties of the nucleon EM FFs.

Models depend on some coupling constant ratios (fygg/fy) as
free parameters, they have been found from known nucleon
coupling constant ratios and SU(3) invariant Lagrangians of
vector-meson-baryon interaction.

In their specification a principal role played the w — ¢ mixing
forms with universal vector-meson coupling constants fy .

All coupling constant ratios as free parameters of the A, X, =
EM structure models have been evaluated numerically.
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Thank you for your
attention.
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