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e Derivation of meson-baryon-antibaryon coupling constants
o Signs of the universal vector meson coupling constants
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@ prediction of hyperon form factors A, Z+, Zo, > =, =
o full omega — phi mixing
@ correct sign in the ratios of vector meson coupling currents

@ is there only one set of coupling constants for baryons?
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Vector mesons — spin 1

particle  quarks

K*0 sd
K*t us
n S=0 —

P du

o ud -

S=1 > wo %(uu + dd)

2y

Q=-1 Q=0 Q=+1 P %(uu — dd)
P =1 ) 0} ss
K*™ sU
KO ds
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Wwg, Wo states

= %(uu +dd —2s3), wg= %(uu +dd + s5) — singlet
Jews + J5p° pt K" .
octet: V = P \/léw - %po KO | = qbqa—gdchqc
K*f K*O _\/Agw8
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Wwg, Wo states

= \Lf(uu +dd —2s3), wp= %(uﬂ+da+s§)—singlet
\/igws‘i‘ %po p+ K*+ .
octet: V = P \/iéw - \%po K" = ﬁbqa—§5chqc
K*™ K*0 —Zewg

Gell-Mann-Okubo: m? = ag+ a;S + a (/(/ +1)— %52)

m? o+ m> 0
K* K* 2\ 2
—5 = mp) = (933 MeV)

= wg, wg do not correspond to known physical states p(770), ¢(1020)
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Sakurai's w — ¢ mixing

m, m38/2>

, ith (ws, tates: M =
(¢, w) express with (wg, wq) states <m§8/2 mio

orthogonal matrices (preserving distance):

—-p q p q 2 2
1 ( q p) 2 (—q p) P q

2
diagonal matrix: (md’ 02> = RTI\/IR, (¢> =R <w8>
0 m w wWo

2
w8

inverse relation for M = [p2m§) + qzmi =m
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Sakurai's w — ¢ mixing

m, m38/2>

, ith (ws, tates: M =
(¢, w) express with (wg, wq) states <m§8/2 mio

orthogonal matrices (preserving distance):

—-p q p q 2 2
1 ( q p) 2 (—q p) P q

2
diagonal matrix: (md’ 02> = RTI\/IR, (¢> =R <w8>
0 m w wWo

2
w8

inverse relation for M = [p2m§) + qzmi =m

p = +0.6290, g = £0.7775 < 6 ~ 39° — eight mixing versions
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w — ¢ mixing versions

1.

EB (IP SAS, Slovakia)

w= 0.629wg+ 0.778wy
¢ = —0.778 wg + 0.629 wg
w = —0.629wg 4+ 0.778 wy
¢ = —0.778 wg — 0.629 w
w= 0.629wg — 0.778wq
¢ = 0.778wg +0.629w,
w = —0.629wg — 0.778 wy

¢ = 0.778wg — 0.629wy
w= 0.629wg+ 0.778wq
¢ = 0.778wg — 0.629wy

w=—0.629wg + 0.778 wq
¢ = 0.778wg+ 0.629wy
w= 0.629wg —0.778wq
¢ = —0.778 wg — 0.629 wy
w = —0.629wg — 0.778 wq
¢ = —0.778 wg + 0.629 wy,

£, f” and f coupling constants

w= sinfwg+ cosfwy
¢ = —cosfwg +sinfwy
w = —sinfwg + cos f wq
¢ = —cosBwg —sinfw
w= sinfBwg — cosfwy
¢ = cosfwg+sinfuwy

w = —sinfwg — cosf wy

¢ = cosfwg—sinfwy
w = sinfwg+ cosfw
¢ = cosOwg—sinfwy

w = —sinfwg + cosf w

¢ = cosOwg+sinfwy
w= sinfwg — cosfwy
¢ = —cosfwg —sinfwy
w = —sinfBwg — cosf w
¢ = —cosfwg +sinfwy

8.6.2018
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Interaction of baryons and mesons

SU(3) lagrangian for vertex meson—baryon—antibaryon:

i

_ FlBoy B° _ E
Lvea = 5" |B57.BY — BYv.B3] (V)1 +

+ —= 1" [B),B5 + B3v.BY] (V)1 +

\/5 a
i _s=
+ Ef BEWNBEwo# ;
baryon, antibaryon, vector meson matrices
1 <0 1 +
ﬁz —t 76/\ 1 Z0 1 i =
B = E_ _TEZ_O-I_ 76/\ r; s B, V

= = —2ZA

) ) ”
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Nucleon and hyperon coupling constants

calculating and inserting w—¢ mixing leads to

w: o+ |37 = FP)pp + (37 — F)Tn—

—3(E" == =) P (2% -

§_E_) fD} sin 64
+V6[pp +n+ T8+ T 4+ T2 P cosh
!
foun = 3[F + 7]
fuNN = \/lifscose + ﬁg(?’fl: — P)sing

foNN = —%fssine—i— ﬁg(&‘l__ - fD)cose
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Relations of nucleon and hyperon coupling constants

s fonns fonn = £ 2 F = fonn, fomns fomn J

fs = _\/E(waN cosf — f¢NN sin 9)
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Values of ratios of coupling constants

How to get the numerical values of coupling constants?

@ Unitary & Analytic model — provides only ratios of coupling
constants by fitting procedure of all experimental data

e e 1)
N 93747, NN _ g 5717, 2NN 41047
f, o fy
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Proton form factors with U&A model

103? 108 T T T T T T
& 102 4 W ] b
[ 3 [ 4 4
%) E G 1074
T 104 = ] 1
= 3 w 4 B
@ 1 % 10§ E
T g bl ]
=z B = ] ]
2 1071 S 19
@] 3 o) B 1
T ] £ ] ]
o 102 g o 40t g 3
T8 3 w 3 E
] 3 o 3 ]
w 10° g w q
3 3 31024 %
> 1044 s ]
1] 3 @
s} ] 3 o E
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Theoretical behavior of proton electric and magnetic form factors. Ej
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Neutron form factors with U&A model

L

Lol ol

ABS. VALUE OF NEUTRON MAGNETIC FF

ABS. VALUE OF NEUTRON ELECTRIC FF
S
vl vl vl vl el v vvnnl vl s

102 =3
10° 3
\ i
|
105 v e 104 T T
-5 0 5 10 15 -15 -10 -5 0 5 10 15
t GeV? t GeV?

Theoretical behavior of neutron electric and magnetic form factors.
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Values of ratios of coupling constants

How to get the numerical values of coupling constants?

@ Unitary & Analytic model — provides only ratios of coupling
constants by fitting procedure of all experimental data

A1) e 1)
NN 03747, <N _q5717, NN 11047
f, f f

Q@ We need also values f,, f,,

<h
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Universal constants of vector mesons

The lepton width I'(V — e+e7) coupling constant  value
2 £, | 17.058

r=2ml A 13.542

3 Anm £, | 4.956

o w, 9, p masses and widths — PDG [Patrignani et al., 2016]
o p', p” widths from et e~ decay widths [Donnachie and Clegg, 1989]

_1 _1
M ete = 9|_p'—>e+e_7 rw"—)e+e_ 9rp"—>e+e_
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Universal constants of vector mesons

The lepton width I'(V — e+e7) coupling constant  value
2 £, | 17.058

r=2ml A 13.542

3 Anm £, | 4.956

o w, 9, p masses and widths — PDG [Patrignani et al., 2016]
o p', p” widths from et e~ decay widths [Donnachie and Clegg, 1989]

-1 -1
rw/—>e+e_ - 9|_p'—>e+e_7 rw"—)e+e_ 9rp"—>e+e_
@ What we can say about the signs of coupling constants?
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Hadronic electromagnetic current

EM current in the quark form: JE = %Ufy — %a d— %§7Ms

hoo1 - 1, ~ 1
J, = E(Ufyuu —dvy,d)+ g(u%u +dy,d) - §5fyus
S S
P w w
I 33 T¢Jf

[y &l"'

w _ — 1 -
Jy = —=(Uyu+dyd), J= ﬁ(u’yuu —dv,d)

V2
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Hadronic electromagnetic current

EM current in the quark form: JE = %Ufy — %H d— %§'yus

h 1 . 1 — 1
J, = E(Ufyuu —dvy,d)+ g(u%u +dy,d) - §5fyus
S S
1 4P w W
_Ju T¢Jf

J =58, S = Z5(0 +dy,d), S %

= (Uy,u + dy,d — 257,5)/v6, Ji° = (uy,u + dv,d +57,5)/V3

J8
1. S,=+1,S,=+1  J/N2+J/(3V2)—J. /3 )
=
8. S,=-1,S,=+1  J/V2—J5/(3V2)—J. /3
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Ratings of meson constants

m2
P

@ EM current as meson fields: JL] = TF PuT T Y
p w
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Ratings of meson constants

EM ¢ felds: 1 M mégf)
o B = _— _ — —_— _
current as meson fields: J,, 7, Py . W, o
111 1 1 1
@ comparison of coefficient 5 3v3 3 with =, ~, 7 (up to
P w
unknown constant) =

1. V34 %:—\/g V3 +sinf : —cosb
1 1 1 |4 V3 \/>:+\/g V3 :—sinf: 4 cosf
fo, fo fg 5 ﬁ:—i—f:—n/% V3 :+sinf: +cosb

8 ﬁ:—\/g:—\/g V3: —sinf : —cosf
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Numerical values

@ Unitary & Analytic model — provides only ratios of coupling
constants by fitting procedure of all experimental data

D) e 1)
NN 0.3747, NN 15717, NN 91047
fo o fo
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Numerical values

@ Unitary & Analytic model — provides only ratios of coupling
constants by fitting procedure of all experimental data

2 & &
PNN wNN _
> fp = 0.3747, > f = 1.5717, > 7 1.1247
@ absolute values f,, f,,, fy — from lepton widths
@ signs and ratios f,, f,,, fy — from currents
(1) 1) (1)
fONN fONN foNN N f(liI)N f(:ll\l)N f(kl)N
f, f fy PNN? G
but they depend on w—¢ mixing!
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S

Numerical values of fF, fD, f

Fl\in = +1.8570, £\ = +26.8101, £\ = +15.2307

8. fly=+18570, £\ =-268101, £\ = +15.2307

8.

relations for 7, 2, £° ~ f(fonns fonns funn)

combine to 1 result: i =5.2774, 2= _15634, f° = 43.0274 J
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S

Numerical values of fF, fD, f

Fl\in = +1.8570, £\ = +26.8101, £\ = +15.2307

8. fly=+18570, £\ =-268101, £\ = +15.2307

8.

relations for ", £, £~ F(£,uns Fonns fuonn)

combine to 1 result: i =5.2774, 2= _15634, f° = 43.0274 J

similarly £, £°, £ and higher £, £ £, & &7, £
El
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Hyperon EM form factors

prNawaN7fq5NN = fF7fD7 fs = ﬂ)HH?waHafqﬁHH J

We need them:

@ to calculate the unknown vector-meson coupling constants for
hyperons

@ to construct U&A model of hyperons

@ to calculate quantities describing EM structure of hyperons, e. g.,
charge mean squared radius
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Conclusions

o We revisited w—¢ mixing configurations satisfying
Gell-Mann-Okubo quadratic mass formula and quark representation
of wg, wy mesons

@ We have specified the signs of universal vector meson coupling
constants f,, f,, fy

o We have derived and evaluated the ', f°, f° coupling constants in
SU(3) invariant lagrangian

@ Their values do not depend on the configuration of w—¢ mixing

@ Universal vector-meson coupling constants f,'s play an essential role
in a prediction of 1/2+ octet hyperon electromagnetic form factor

behaviors.
SAV
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physical w — ¢ mixing versions

ideal mixing angle 8 = 35.3°

1. w= sinfwg+ cosfuwy w:+%(uﬂ+da)
¢ = —cosBwg + sinfwy ¢ = +s5

4. w = —sinfwg— cosfw w:—%(uﬂ—i—da)
¢ = cosOwg—sinfwg ¢ = —ss

5. w= sinfwg+cosfuw w:+%(uﬁ+da)
¢ = cosOBwg—sinfwg ¢ = —ss

8. w=—sinfwg— coshwy w:—%(uﬂ—i—da)
¢ = —cosfwg +sinfwy ¢ = +s5

X w=-—sinfwg+cosfwy, w 3
¢ = —cosBwg —sinfw ¢:—§(uﬁ+da
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Decays of w and ¢ mesons

+
Q|

v u
w — T r®  89.20% T du
0 ut—dd
— 705 8.40% Q \/§dd
0 uti—dd
— ntr 1.53% p \/Edd
¢ — KTK™  48.90% Kt s
- KOKS  34.20% i; U
— pr4nn 15.32% L V2
KO ds+sd
> V2
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