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INTRODUCTION

INTRODUCTION

According to SU(3) classification of hadrons the ground state
baryons

p,n, N\, Xt ¥0 ¥~ =0 =—

are found in one 1/2" baryon octet.
The electromagnetic (EM) structure of all these particles is
completely described by two independent functions,
electric GE(t)
and magnetic G5 (t)
form factors (FFs) as functions of one variable.
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a) in the space-like region this variable is squared momentum

t = —Q?, transferred by the virtual photon, v* and the FFs
GE(t) and GE(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?’(e~B — ™ B) B a? cos?(6/2) 1
dQ ©4E2 sin*(0/2) 1+ (;—i)sinz(ﬁ/Q)
GB 2 % GB 2
et g tot) =24, [GBOPEr0/2)] (1)
4m

S. Dubnitka Prediction of A-hyperon magnetic FF and ratio | Gé(t) | /1G



INTRODUCTION

INTRODUCTION

with ov = 1/137 the fine structure constant, E the incident
electron energy and 6 scattering angle.
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b) in the time-like region this variable is total energy squared
t = W2 in the c.m. system and the FFs GE(t) and G2 (t) are
connected with experimentally measurable total cross section
of the electron-positron annihilation into baryon-antibaryon pair

4 53

s (ete - BB) = T2 6By 1+ 2B | cE(0) ) (2
with
b = |[1- T8 )

the velocity of the baryon in the e"e™ c.m. system,
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and also with corresponding experimentally measurable
differential cross section

c.m.( o4 o— 5
do (ed; —BB) _«a 5BC[| GE(t) 2 (1+cos05) + ()

—I—TB ] Gg(t) \2 sin® 05|

where
T 1

€= Bo 1- ewl(—ra/fe) ©
is the Coulomb correction factor for a point-like baryon,
assuming that the baryon is point-like above the BB production
threshold, and g is the polar angle of the baryon in the ete™

c.m. system.
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NOTE:

There are no measurements on the differential cross section
(1) of elastic scattering of electrons on hyperons, since one
can not practically prepare any target from hyperons.

A measurement of the elastic scattering of charged

> ~-hyperon on atomic electrons for small values of t is done
and the mean squared charged radius < r%,E >=0.915fm? has
been determined.
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On the other hand, just from the measured differential cross
section (1) on the elastic scattering of the unpolarized electrons on
unpolarized protons e~ p — e~ p at different energies a lot of data
on the proton EM FFs GE(t) and Gp/(t), by the so-called
Rosenbluth method, has been obtained.

For the magnetic FF Gp/(t) they are presented in Fig.1.
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Figure : Proton magnetic FF data in the space-like (¢t < 0) region
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Similar data with dipole behavior are available also for the
electric proton FF Gg(t), though dependence of the differential
cross section (1) on GE(t) in comparison with G (t) for large
values of t is suppressed.

Even the scaling law between GE(t) and G},(t) FFs in the form
GE(8)/ o = GE(2)

has been established and believed up to 2000.
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With the papers

M. K. Jones et al, Phys. Rev. Lett. 84, 1398 (2000).
O. Gayou et al, Phys. Rev. Lett. 88, 092301 (2002).
V. Punjabi et al, Phys. Rev. C 71, 055202 (2005).

a new era of a determination of data on proton EM FFs
starts, which clearly brings the light into the data obtained by the
Rosenbluth method.
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The new method consists in a simultaneous measurement of the
transverse component

h
P, = T(_z)mGEpGMP tan /2 (6)
0
and the longitudinal component
h(E. + Eo
[ Wmcﬁﬂp tan” /2 ()
0Mlp

of the recoil proton’s polarization ? in the polarized electron
scattering plane of the polarization transfer process ?p — e?.
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Then experimental points on the ratio ;1,GE(t)/Gp/(t) in the
space-like region from P; and P, are extracted by means of the

relation c P (E. + E.)
Ep t e T e

B _Ztle T =) vang)2. 8

lu’PGMp PI 2mp an / ( )

The results are seen in Fig.2.
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Figure : Data on the ratio p,GE(t)/Ghy(t) in the space-like (t < 0)
region from polarization experiments
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These data clearly demonstrate that a general belief in the
dipole behavior of the proton electric FF G2(t) in the
space-like region is no more valid !

Moreover, by the analysis of all existing data on nucleon EM
FFs in space-like and time-like regions simultaneously with the
sophistical Unitary&Analytic (U&A) model already more than 10
years ago an existence of the zero of the proton electric FF
GE(t) approximately at t, = —13 GeV? has been predicted.

C. Adamuscin, S. Dubni¢ka, A. Z. Dubnigkova, P. Weisenpacher,
Prog. Part. Nucl. Phys. 55, 228 (2005).
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A similar situation exists in the data on baryon EM FFs in the
time-like region.

There are only few experimental points on oo:(ete™ — YY),
Y =A% Y and =, and a lot of data has been obtained on
Utot(e+e_ — pﬁ)

However, it is not a simple task to draw out a separate
information on both | GE(t) | and | G;(t) | FFs from
Utot(e+e_ - pﬁ)
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Practically it has been realized by means of the following two
assumptions:

@ either it was assumed the equality | GE(t) |=| Gp/(t) |, which,
however, is exactly valid only at the threshold of a
production of pp pairs, as one can immediately see from
definitions of GE(t) and G}(t) through Dirac and Pauli FFs

@ or it was assumed the identity | GE(t) |=0 for the whole
interval of measurements and this assumption is by no means
justified.

Despite of these problesms the data on the absolute value of the

proton magnetic FF in time-like region have been obtained as they
are presented in Fig.3.
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Figure : Proton magnetic FF data in the time-like (t > 0) region
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SEPARATE DETERMINATION OF BARYON EM FFs IN
t>0

To what extent one can believe in these data on proton
magnetic FF in time-like region?

Recently new approach in a determination of the proton
magnetic FF for t > 4m’27 appeared

J. Lees et al. (BaBar Collab.), Phys. Rev. D 87, 092005 (2013).
M. Ablikim et al. (BESIII Collab.), Phys. Rev. D 91, 112004
(2015).

by a measurement of the proton polar angle 0, distribution at
the SLAC PEP-II asymmetric-energy eTe™ collider and also at the
BEPCII double-ring e™e™ collider in Beijing.
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SEPARATE DETERMINATION OF BARYON EM FFs IN
t>0

Both centers dispose an enough large integrated luminosity L
for such experiments, in order to provide model independent
values of | G/ (t) |, which can in principle prove or disprove
correctness of the values from the measured total cross sections.
The method consists in a fitting of the data on the proton
polar angle 0, distribution by

2 4m[23 p\2 2
F(cosfp) = Nporm|[1 + cos” 6, + T(R )7(1 —cos“6,)  (9)

where RP =| GE/GPy |, Nnorm = 2no” T2E[1.94 4 5.04 pRz] | Gy I?

is the overall normalization factor.
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SEPARATE DETERMINATION OF BARYON EM FFs IN
t>0

The results of the fitting are the absolute values of the magnetic
proton FF | Gp/(t) | and the ratio RP =| GE(t)/Gp (t) |, from
BaBar Collab. at t = 3.66,3.95,4.25,4.62,5.29,7.29GeV/? and
from BESIII Collab. at t = 4.98,5.76,9.39GeV/?.

Nine points not far away from the proton-antiproton threshold is
not enough to verify correctness of existing data on | Gy/(t) |
obtained by other methods. So, finally we have decided to
investigate a consistency of obtain results on

RP =| GE(t)/Ghy(t) | with all other existing nucleon FF data in
space-like and time-like region by means of the sophistical 9
resonance U&A nucleon EM structure model, respecting SU(3)
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EXPERIMENTAL STATUS ON NUCLEON EM
STRUCTURE

Present-day experimental information on the nucleon EM FFs
GE(t) Gp(t), GA(t), Giy(t) consists of 10 different sets of data
in various regions and they are graphically presented in the
following Figs.
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EXPERIMENTAL STATUS ON NUCLEON EM
STRUCTURE
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New JLab proton polarization data on the ratio 1, GE(t)/Gp(t),
which clearly demonstrate violation of the dipole behavior of
GE(t) in space-like region.
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Experimental data on proton electric and magnetic FFs in
space-like and time-like regions.
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Experimental data on neutron electric and magnetic FFs in
space-like and time-like regions.

S. Dubnitka Prediction of A-hyperon magnetic FF and ratio | Gé(t) | /1G



EXPERIMENTAL STATUS ON NUCLEON EM STRUCTURE
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Neutron polarization data on the ratio 11, GE(t)/Gp,(t).
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CONSISTENCY CHECK OF RP WITH OTHER
NUCLEON EM STRUCTURE DATA

The nucleon U&A EM structure model respects all known
theoretical properties of nucleon EM FFs, like

- assumed analyticity

- unitarity conditions

normalizations

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

- asymptotic behaviors as predicted by the quark model

- SU(3) symmetry and OZI rule violation
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CONSISTENCY CHECK OF RP WITH OTHER
NUCLEON EM STRUCTURE DATA

Consideration of the SU(3) symmetry in nucleon EM
structure model means - always complete trinity of
vector-mesons (p,w, ¢; p’,w’, ¢'; etc.) has to be taken into
account as they are presented in Review of Particle Physics

p(770),w(782), $(1020)

w'(1420), p'(1450)), ¢'(1680)

w’(1650), p”(1700), ¢”(2170).

and by a consideration of contributions of ¢ mesons also OZI rule
violation is fulfilled.

The results are presented in Fig.8, from which one see that they
are not very consistent with all other existing nucleon EM FF data.
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CONSISTENCY CHECK OF RP WITH OTHER
NUCLEON EM STRUCTURE DATA

RATIO OF ABS. VALUES OF PROTON ELECTRIC T0 MAGNETIC FF

Figure : Prediction of the absolute value of proton electric to magnetic
FFs ratio behavior in time-like region by U&A model respecting SU(3)
symmetry and OZI rule violation.
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CONSISTENCY CHECK OF RP WITH OTHER
NUCLEON EM STRUCTURE DATA

The previous Fig. shows, that the new method of the separate
experimental determination of proton EM FFs in time-like
region is in the phase of a development and several values on the
ratios RP and |Gp,(t)| obtained by BaBarColl. and by BESIIIColl.
have to be considered only as demonstration of a perspective of
the approach based on the measurement of the proton polar
angle 0, distribution.

We are convinced that such experiments will be improved in a
precision and in future they will produce correct values of R and
|Gum(t)| separately not only for protons but also for other members
of the 1/27 octet baryons, including hyperons.
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U&A MODEL OF A HYPERON EM STRUCTURE

Therefore, further we shall try to predict, by means of the
corresponding U&A model, a behavior of |Gy (t)| and R" for
the A-hyperon, which are very useful to be known at the
preparation of their experimental determination from the measured
A-hyperon polar angle 6 distribution at the ete~ — AA process.

The EM structure of the A-hyperon is completely described by
two independent functions, the electric G2(t) and magnetic
G (t) FFs, dependent on one variable, momentum transfer
squared t = —Q?2.
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U&A MODEL OF A HYPERON EM STRUCTURE

These both FFs can be decomposed only into iso-scalar parts
of the Dirac and Pauli FFs

GR(1) = FIs() + 7 FAA() (10)
my
Gia(t) = Fiv (&) + FA(®)

since the A-hyperon has no charged partner.
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U&A MODEL OF A HYPERON EM STRUCTURE

Then the U&A model of A-hyperon EM structure is obtained by a
substitution for iso-scalar parts of the Dirac and Pauli FFs one
analytic and smooth from —cc to +oo function in the forms
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U&A MODEL OF A HYPERON EM STRUCTURE

1-v2\*
FLV() = (1 V2> e
N

(G — ¢k (Cls, — ks
A Hy (VYH (V) =2 H (V) H (V) el e’
¢( ) w( )(Céf/_culzsu)—‘r w ( ) w( )(C:'}s//_céfl)
1
—Ho (V)Hyr (V)| (53 /) +
4 1s 1s 1s 1s
1-— V2 (C¢// - C¢/ Cw” - C¢/)
= ) [ Hyn (V)Hy (V)= 2 L Ho (V) Hy (V) 2
+<1_Vﬁ> VI (V)i + Hor Ve ) (i
1
—Hor (V)Hgr (V)| (FS/ fr) +

S. Dubnitka Prediction of A-hyperon magnetic FF and ratio | Gé(t) | /1G



U&A MODEL OF LAMBDA HYPERON EM STRUCTURE

U&A MODEL OF A HYPERON EM STRUCTURE

4 1s 1s

1- V2 (Cor — C°) (Cls, — )
| [Hyn(V)Lo(V) 22— + H i (V)Ly(V) =2

+<1v,3) o (VLo )(C(;f/fqﬂs,, T Hor (VLo )(C:JS,,—C(};,)

1

_ w,/(V)quu(V)}(fUEAs,z/fw)+

4 1s 1s 1s 1s

:|.7V2 (C¢//_C¢) C//7C¢)
P Hyn(V)Lp(V)————F— Ho(VLy(V)—2 2 °

+<1V§> oW gy + oL Witer —cre)

- w//(V)H¢//(V):|(fﬂS\SA)/f¢)

dependent on 5 physically interpretable parameters,
1s 1s 1s 1s s
(ES )y (BTN o), (B0, (B /), 2
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and
6
A 1- U2
FAUO = (1= ) [ (M HAO) [+ (2)
N
6 2s 2s 2s 2s
17U2 (Cd),,—Cd),)(Cw,—Cd),)
Hy (UYH,, (U)Hy4 (U
+<1U/%/> @ ( ) w( ) cb( )(Céflfcis//)(cff/*cis,/)+
(€25 - C29)(C% - C2)
H,(U)H, (U)H, (U
OO et o +
C2%, — CE)(C%, — C%)
Hoyrr (U)Hyrr (UYHy (U)o e 70
+H,, ( ) o] ( ) ¢( )(CEJS//_CL?,S/)(CQS _Cis,)

@

—Hor (UYHyrr (U)Hor (U) | (FS0 /) +
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N 1-02\°
1-U3

+H.r (U)Hyr (V)L (V)

+H (U)Hyrr (UL (U)

(€3, - CB)(CY - %)

Hyr (U)o (U) Lo (V)

(2, -~ caCs -z

w!’!

(CZ/ — C)(C% — )

2 2 2 2
(€2 = C)(C% — %)
(C2s) — C2)(C - C%)
(€% - Co)(C% - &

—Hoyr (UYH g (UYH (U) | (F3) /6 +

S. Dubnitka

wAA
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(Cr — €)% — &)
C25 _ Czs)(Czs _ C25)
w!! b w! b
+H, (UYH,,r (U) Ly (U)
Gl e
(C%, — C2)(C%, - C%)

(CZ = )<~ %)

+Hw//(U)H¢//(U)L¢(U)

—Ho (U)Hyr (UYH (U) | (£ /£)

dependent on 4 physically interpretable parameters
2 2 2
(FOIN For )y (FR ), (£ /60, 222

) %in ”
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where
Ly - (V= VoV = V) (Vo = 1/ V) (Ve = 1))
S (V= V(V = V(Y -1 V(Y -1V
cis — M= Vi) (Vi = V) (Vi = 1/Vi)(Vn =1/ V) 5

' (Ve = 1/Vi)(V, = 1/ V) ’

( (Vv = VI)(Ww = Vi) (Vn + VI)(W + V))
(V=V)(V-VI)V+V)V+ V)

_ (W= V)W = Vi) (W + Vi) (Vi + V)

(Vi =1/vi))(Vi -1/V})

H(V) =

Y l = w’? d),7w”7 ¢”
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(UN - Ur)(UN — Uﬁ)(UN — l/Ur)(UN - l/UrT)
(U-U)(U—-Ur)(U—-1/U)(U—-1/U5)
(Unv — Ur)(Un = U7)(Un — 1/Ur)(Un — 1/Uf)

2s __ _
= (U= /U, — 1/0;) e

L(U) =

(Un — U)(Un — U7')(Un + Up)(Un + Uf)
(U= UN(U—U))(U+UNU+0])
(Un — U)(Un — U7')(Un + Up)(Un + Uf)
—(U =1/U0)(U, - 1/U})
This model is defined on four-sheeted Riemann surface and
one can simply verify that it includes all required properties.

H,(U) =

2 I
CIS: ,/:W,¢,w,¢
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PREDICTIONS OF |G}(t)] AND RN IN £ > 0

In order to predict |Gpy(t)| and R(t) in time-like region, first one
has to determine numerical values of the following parameters,

1s 1s 1s 1s

Ay o (SR (S ) (FR ), (E3/65) (13)
2 2 2

Fiv o (ESN ) (£33 1£), (£SR3 /o)

if the values t,%f = 1.0442GeV? and t,-zns = 1.0460GeV? are taken
from the nucleon FF data analysis, where the results appeared
not to be very sensitive on the position of these effective inelastic
thresholds and therefore one can expect that they will not be
changed too much also in the case of the A-hyperon.
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PREDICTIONS OF |G}(t)] AND RN IN £ > 0

The numerical values of these coupling constant ratios in the
A-hyperon EM structure model can be predicted theoretically:
1) by using SU(3) invariant Lagrangian

i Do D «@
Lves = 5" BB — BImuBEI(VA)L + (14)
i Drpp « R B
+—ﬁf [B57,B5 + B2, BP1(V,)7 +

+—fSBBWBﬁ 0

V2
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PREDICTIONS OF |G}(t)] AND RN IN £ > 0

describing strong interactions of the nonet of vector-mesons
(and their excitations) with 1/2% octet baryons, where B, B and
V' are baryon, anti-baryon and vector-meson octuplet matrices
and wg is omega-meson singlet.

2) further, the results from the analysis of all existing data on
nucleon EM structure.

3) also, provided that the universal vector-meson coupling
constants fy in all considered coupling constants ratios are
known numerically.
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PREDICTIONS OF |Gy ()] AND RM IN ¢ > 0

PREDICTIONS OF |G}(t)] AND RN IN £ > 0

The SU(3) invariant Lagrangian of vector meson-baryon
interactions provides the relations

. 1 A R

fag/l/\/)\ = % cos ' + 7 sin 0/ ;P (15)
’ 1 /

f(;,li)\ = \2 sinf' ;> — 7 cos ' f;P (16)

s 1 1 .
I';E/l\/\) = \Ecosﬂﬂ‘g%— \/gsm orP (17)
1
Fe) = —sin0f° — = cosOfP 18
SAA /2 I~ 1 (18)
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PREDICTIONS OF |Gy ()] AND RM IN ¢ > 0

PREDICTIONS OF |G}(t)] AND RN IN £ > 0

S 1 . ! ]. /
f¢£'2/\/)\ = \Esmé?'fzs —\/gc059’f2D (19)
1
) — \ﬁcosﬁfzs—s—\/gsinﬁff (20)
1 1
fqﬁ(/z\f\) = \ﬁsinefzs—\/gcoseff (21)

with @ = 43.8° and ¢’ = 50.3°, following from the
Gell-Mann-Okubo quadratic mass formulae.
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PREDICTIONS OF |Gy ()] AND RM IN ¢ > 0

PREDICTIONS OF |G}(t)] AND RN IN £ > 0

Taking the values of £2, f2, 5" and P’ also £°,£P, £ and £P,
from our recent paper

C.Adamuscin, E.Bartos, S.Dubnicka, A.Z.Dubnickova:

Numerical values of the 7, fP and f° coupling constants in the
SU(3) invariant interaction Lagrangian of the vector-meson nonet
with 1/2% octet baryons

Phys. Rev. C 93 (2016) 055208.

. 1 1
one finds £\ = 6.7905; £,~) = —10.3105;

F{N) = 25.2836; £ = —16.7162 and
F29 — —1.6400; £22) = 4.9933; £22) = —12.5000.
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PREDICTIONS OF |Gy ()] AND RM IN ¢ > 0

PREDICTIONS OF |G}(t)] AND RN IN £ > 0

The numerical values of the universal vector meson coupling
constants f, = 17.0620, fy = —13.4428 are found from an
experimental PDG values on '(V — e*e™) by means of the

2 —1
relation [(V — ete™) = Cﬁ%(:—‘;) , the £, = 47.6022 is
calculated from the lepton width estimated by Donnachie and

Clegg in
A.Donnachie and A.B.Clegg, Z. Phys. C 42 (1989) 663

and fy = —33.6598 is found from the relations

f3:f2 .3 =§:1: 3 following from the quark structure of the
corresponding vector mesons and the electric charges of the
constituent quarks from which these vector mesons are

compounded.
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PREDICTIONS OF |Gy ()] AND RM IN ¢ > 0

PREDICTIONS OF |G}(t)] AND RN IN £ > 0

Then the numerical values of all unknown parameters in the
U&A A-hyperon EM structure model are

FI\ = (FURh/ fr) = 0.14265, (£ /£,1) = 0.30631, (22)
(FN)/6.) = 1.48187, (£xy) /) = 1.24351
Fiy: (Fool/ fi) = 0.04875, (£37) /1,) = 0.29266, (23)

(£33 /) = 0.93054

which provide theoretical predictions of |G((t)| and R(t) in
time-like region as they are presented in Figs.9 and 10.
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PREDICTIONS OF |Gy ()] AND RM IN ¢ > 0

PREDICTIONS OF |G}(t)] AND RN IN £ > 0

L0 gt ey

PREDICTION OF ABS. VALUE OF LABDA MAGNETIC FF

Figure : Predicted A-hyperon magnetic FF in time-like (t > 0) region

S. Dubnitka Prediction of A-hyperon magnetic FF and ratio | Gé(t) | /1G



PREDICTIONS OF |Gy ()] AND RM IN ¢ > 0

PREDICTIONS OF |G}(t)] AND RN IN £ > 0

@
°

4
°

ABS. VALUE OF LAMBDA ELECTRIC TO MAGNETIC FF RATIO
-
°
L

4
°

Figure : Predicted ratio of A-hyperon electric to magnetic FF in time-like
(t > 0) region
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CONCLUSIONS

Conclusions

o It was reminded how appearance of data on the ratio
GE /Gl in space-like region from proton polarization
experiments disproved the belief in the dipole behavior of
the proton electric FF GZ(t).

@ The new approach in separate experimental
determination of proton EM form factors |GE(t)| and
|Gyy(t)| by BaBar Collab. and BESIII Collab. in time-like

region has been shortly reviewed.
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CONCLUSIONS

Conclusions

@ In the framework of the U&A nucleon EM structure model
a consistency of the obtained data on the ratio |GE|/|G})|
by BaBar Collab. and BESIII Collab. have been tested
with all other existing nucleon EM FF data in space-like and
timelike regions.

@ The advanced A-hyperon U&A EM structure model has
been constructed and behaviors of the |Gy (t)| and the ratio
|GD|/|GYy| are predicted in time-like region, which are
planned to be determined in a measurements of the
A-hyperon polar angle 6, distribution F(cosf,) in the
ete™ — AA process.
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Thank you
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