


t.lntroduction

The strange A-hyperon 1eg a cnafge neutral . particle
which according to the SU(3) symmetry classification belongs
to the same octuplet. 11ke nucleons, - and . 2- hyperons. Ite
anomalous magnetic moment 1is nonz ero,and takes;the value

Hp= = 0.613 = 0.004 [uN] | (1.

in the nuclear magneton units My .Coneequently the A- particle
can in principle interact with electronG in elastic scattering
experiments. However, oving to the fact that 1t decays 1n
2.631x107 %sec. (mainly into a nucleon and a plon) one cannot
practically provide the A- hyperon target for experiments of
that type and there are no data on the cross section of tihe
process e"A» e A till now, from which one could -extract
the information on the electromagnetic (e.m.)  sStructure of
A 1n the space-like region. Similarly to nucleons, the latter
1s completely described by two independent scalar functlons of
the photon momentum transfer squared 1t < O, which can be
chosen 1n the form of the Dlrac FA(t) and Paull (t) form
tactors (ff's) or of the more practical electric (t) and
magnetic G (t) ones. The only difference from nucleons is
_that owing to the zero value of 1sospln of the A-hyperon
there 1s no splitting of the Dirac-and Paull Iff's into the
rombinations of 1soscalar and isovector parts, but P (1) and
F (t).are Just 1dentified with the corresponding isoscalar
f1's. » ‘
~ The e.m. structure of A in the time-like reglon can be
measured for t > 4 mﬁ in the annlhilation process ete” - A AL
The differential - and total  cross - sections of 1the latter,
expresved through the electric and magnetic ff's, are

d gt-m a? 4ms
'-—5 (e*e”™» AR) = _Z; B [—4—A |GA| sinzﬁ + ]G | (1 + cos?®) | (2)
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- cross  section,
constraint-free ff's to arise from the coupling of many vector

'théoretically. We, however, employ 1t ac a

oe’e™» A R) = —EEE B [ —h- |GA|“ + |G |2 (3)
respectively, where t 1° the total c.m. energy squared, £ and
m, are the velocity and mass of a preduced lambda or antilamb-
da hyperon and ¢ 1s the angle of A(A) relative to et (&) beam.

It 1s not easy task tc 1dentify the produced neutral
lambda-antilambda palrs among other particles created 1n the
fingl state of the electron-positron annihilation® process.
Nevertheless, all technical problems connected with the latter
have been overcome recently and just one experimental polnt on
the e*e™ A A cross section

0.060
0.100 + o - [nbl

olete™ A R) = at t = 5.693 Gev®  (4)
has been obtained (1] by the DM2 group at ORSAY for the first
time. It exceeds a theoretically predicted [2 value of the

assuming the t-dependence of *  the

mesons ‘1n the form of a product of poles.

In this paper we do not try to predict the value (4)
scale to determine
a true behaviour of the predicted e'e™= A A cross section
and then from the latter to reproduce the electric and
magnetic ff's both in the time-li1ke and 1n the space-like
region.

In the next section we construct the modified VMD model of

- the e.m. structure of the A-hyperon wlth correct analytic

propertles and the asymptotic behavlour predicted by the quark
model for baryon ff's. Section 3 1s devoted, first, to the
evolutlon of the resonance couplings to A from known couplings
tc nucleons by utllizing the SU(3)  symmetry - and the
normalization conditions for Dirac and Paull ff's, and then to
the prediction of the A-hypercn electric and magnetic ff's

behaviour. Here alss the electric . and magnetic mean.

square radil of the A-particle are evaluated numerically.
Conclusions and summary are given 1n section 4.
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2. A modified VMD model for the electromagnetic structure - of
A-hyperon. ’
The eleciric and magnetic ff'° of the A- hype“on in (2) and

(3) are defined through Dirac Ff(t) &nd Fauli  Fl(t) .rrrs,

obtained [{3].hy the most general deoompouition of %he matrix

element of ‘the A-hyperon e.m. current into a maximal number of
linearly independent covariante constructed from momenta and
cpin parameters, by means of the ralations

1
FA(t) = F?(t) + Fg(t)
R N AmA (5)
Gu(t) = F(b) f Po(1) . o

BothvsetS'oI £f's are normalized as follows

FA(O)

~A
G(0)

it
<

(6)
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since, as a consequence of the zero value .of the A-hyperon
1sospin, contributing is only the 1soscalar part F?(t) and
Fg(t), according to the ldea of.the standard VMD medel ..[41,

each F1A2(t) in (5) 1s expresSed»in the form

q(r(l) ‘)
X m< -/ .
s'“sh s
Pl = ) ——

: m. - t

S
. 5=, ¢, q)' .
- L 7.
Z(I(Z) sy
’ ) - m: a’
A ~ s'"sAR "“s
FE( 1) o - /- 2 t ’
mg -
8=, 0, ¢

-where the summation 1s carried out Jjust through the well

established 1soscalar vector mesons. The J/O and ' (3685) have



not been included as they are rather mnarrow resonances and
they are found to be far above the AR threshold. The subindex
zero in the ff's F1 2(t) means the zero width of the
consldered vector meson resonances. The ratios of the coupling
constants 1in (7) are constralned by the equations

(1)
Y (gpg /tg) = 0 -
. 8=0,0,¢' :

(8)

(2)
}Z (Topg /Ig) = Wy
s5=w, ¢, ' '
+ following from the normalization conditions (6).

The unitarization of the VMD model (7) 1s carried out by
incorporation of the two-cut-approximation of the analytic
structure of Dirac and Paull A-hyperon ff's. This structure 1s
generated by two branch points, t, and t; , which correspond
to-the lowest normal or anomalous [51 threshold and to an
effective threshold (to be left as a free _parameter of the
constructed model) simulating the contributions of other
virtual processes, respectively.

Por the pure 1soscalar ff' s FA(t) and FA(t) the lowest
normal threshold 1s. at t = 9m? ot where the is the plon

mass. However, there 1is a triangle Feynman diagram of the e.m.

vertex of the A-hyperon presented in Fig.1a, which could 1in
principle generate the anomalous threshold below Qmi and
therefore one has to determine 1ts position explicitly.

Fig.1b

g

From the duel diagram [6]1 given in Fig.1b one finds

. 2 2, .2 Y.2
- 4 s {1 _ [TA__[_‘“P_*_'I‘K_]] } e
< Mply=

or numerically =
= 48.839 nf . ‘ (10)

The latter value reveals that the lowest anomalous threshold
0of the A-hyperon ff 1s above the lowest normal threshold at
9n2. As a result,the first branch point t, of Ft), ana Ph(t)
is then 1ncorporated 1nto Egs.(7) by the transrormation :

4 [tin— t, ]

t=t, - — G

[Tf“]z

that 1s transparent from the inverse transformation

1/2 N 172 1/2 t/2 172 1/2

. ,
(G060 - (G G- )
w(t)=1 1/2 1/2 1/2 1/2 172 172012)

G R ) B R R o R

‘which maps the whole t—plane into the left-half of the wunit

disc. For more details of this transformation see ref.[7].
It we, further, denote the zero-width ~ VMD poles,
corresponding to the considered resonances m,¢,¢'{1n the

W-plane by Wsoand the normalization point t=0 by WN, one can
write for the mass squared Of resonances the relation
2 _ 4 (tinh t )
mg =1, - (13)
(1/m 2
: o so” Wso
and also the identity.
0=1t_ - A (g o) .
.0 ~ 2 (14)
(1/wN WN) '
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Now, substituting the transformation (11), together with (13)
and (14) 1nto (7) one gets
2 ' (1)

1= (W ) (W) (W= 1/W ) (Wt /W ) [ ) g
FA(t) "[ ]E: (W=w__) (W )(w-1/w o) (Wri/W_ ) sl &
s (152)
‘ . ‘ o) (W +1/W_ .) (2
A _w W) (Moo (W1 W) (1 /W) (500 g
F2lbo= (W )(w+w o) (W=17W )(w+1/w o) 1.
° (15b)

To exhiblt the reality of (1 %a,b) on the real axiu ‘for
t <t explicitly, we arrange them by uslng properties of VMD
pole positions: o In the w plane, following directly from

(12). Let us uuppos e.g., that

2 2 2,y : (16)
< g < ?in and ) m¢}, m¢. ; ﬁin ’ :
then ’ . 1
&« — o— L r
Woos ~ Wi and wo = (W_ ) , s=0,0 (1n

respectively. As a-result, eqs.(15a,b) take the form

i

. '22 * 1)
- - WO /W ) (W= 1/W ) >
Pty = T Vo) My ol w1 Mo " Tuo) fmAA/i’m]+
1 0 2 (W-Ww. ) (W-W, )(W~1/W ) (W-1, wwo)

N

' (1 o

- W

g _ifu_ﬂsolifN_ﬂg liﬁN%ﬂ o%%gxi_)q’ [ AK/f ]] (18a)
o (YV— a0) (W W50 (}w+; s0’ " g0 _

z ; (@) .
- W /W)
ety - 102 [OM=R0) (T w@o)(wu /W) Wy wol_ [ e ]
_wz (W= ) (W-W, 5 (W= 1/W, ) (W=17%,

_ _w* w* (2) 7 )
5 N ﬂN_WSO )(_wN,lvéo_)ﬂNﬂSOﬂN:_SO)_ [fsM fB ‘ ( 1 BD)
( w-wso) ( W—WSO) ( W+WSO‘) ( W+WSO)

from which the reality for t't where w(t) 1= real, 1=
already transparent. We note, however, that the 1nequalities
(16) Should not be true ones and thelir precise form will be
anly Known upon determining the value of‘tin numericaly in the
next section. ‘

In expressions (15a,b), as well 1in (18a,b), the vector
mesons are still considered to be (see subindex zero in the
corresponding ff's) Stable particles. However, by 1introducing
nonzero values of widths Fs# 0 (s=w,0,¢') they can be defineq
ag complex poles tsz(ms— 1P5/2) on unphysical sheets of the
four-sheeted Rlemann surface in conformity with all required
quallities of the constructed unitarized VMD model The latter
1s ensured in (13a,b) by a simple change ‘

: LREN 19
which. leads to the shift of poles from the real axle to the
complex region of the corresponding unphysical cheets.

Now we would like to draw attention to the factorization
property of the used transformation (11), which makes possible
to accomodate the asymptotic behaviour of the A-hyperon e.m
ft's 1In conformity with the quark model prediction for
baryons. Really, the transformation (11) splits the resultant
expressions (18a,b) (see also (15a, b)) into a product of: two
factors. The first one.

[ 1 - w JE : o0

1 - wg -
determing the asymptotic behaviour of the VMD model (7), i does
not depend on the type of a contributing vector meson to the
A-hyperon e.m. ff's and so 1t 1s the same for all _consldered
vector mesons. The second factor consists of a sum ot pole
terms;and describes the nontrivial behaviour of ff's in the
resonance reglon. Since for t - + o 1t approaches a real
constant, 1t does not contribute to the asyptotic behaviour of
rf's.

The particular form = t“] toto of the asymptotic
behaviour ot the zero-width VMD model 1s in the factor (20)



ensured by the power "2" above the round brackets. So, the
change of the latter to any other even positive number leads -
to the change of the power asymptotlc behaviour of consldered
e.m. ff's, hOwever, without a vlolation of any quallty of the
constructed unitarized VMD model.

In conformity with the quark model prediction [8]1 for
baryon ff's the power "2" in (18a) will be changed to the
power "4" and 1n (18b) to the power "6". Taking 1nto account:
these’ changes of the powers 1n (18a,b) and introducing nonzero
values of vector meson widths by the replacement (19) one gets
the modified VMD model ‘

=W O (R W) (W= /W (w1 (201
FA<t>=[ij“][“<W—w-77w—w@7zw TR {I“““’f“]+ :

: (1) ,
(Wy=W_) (W -w* ) (Wy +w ) (W +w*)
— N a8’ " N g’ " N _ s |If /T
¥ %:¢' (W )(w—wg)(w+w )(w+w') [ shR s]] (21a)

A 1-w2 (W= W) (W= W) (W =1/W, ) (W= 1/W) f(Z)/r
B (1)= —_—(W_WHTTW_W Y (W- T7W')?irﬁ/w') U= ot el +

(2)
(WyW_) (W w*)(w W) (W +W)
N 8/ N g ' N s’ s’ /T (21b)
+ }; (W-W )(W—WZ)(W+W )(w+w¥7 ‘[ sAR ]] -

for the A-hyperon e.m. ff's with correct analytic properties
the asymptotic behaviour predpvtinpd by the quark model Ior
baryon The latter 1s utiilzed for a prediction of the G (t)
and gh w® ff's behaviour both in the time- like and in the
space—like reglon. However, 1t 1c a uubJect of the next
section.

~

3. The behaviour of the electric and magnetlic form factors of
the A-hyperon.

The model for a calculation of Gg(t) and Gﬁ(t) 1s obtalned
by substituting (21a,b) into the relations (5). It depends on
the Iollowing 13 physical parameters t, , m_, T, f{1}/1,

AA (s=w;¢$,¢'), which are reduced to. 11 linearly
independent parameters by the constraints (8) on the coupling
ratios following from the normalizatlon conditions.(6). As'can
be seen from subsequent 1t is extremely useful to express
Just 2$!)5/t,. and r(‘p, AR/ Lq thTovgh Other coupling ratios by
the re ations (8) as follows

1/ L= = TAN T r“)
WAR AR/
o AR "o~ onn’ o (22)
£(2)

To an/ ¢=“A“fé)12\7)&/f - Tonn/t

¢AK ¢ .-
Then one can predict the behaviour of Gg(t) and Gﬁ(t)‘as soon
as 11 remalning parameters are known numerlcally.

The masses and the widths of all three resonances are
taken from the Review of Particle Properties [91.

The resonance couplings ISAK (s=w,$) to the A-hyperon are
estimated from the resonance couplings to nucleons, determined
in a new nucleon ff analysis [10] by an 1mproved model 1n
comparison with the model presented 1in [71, wutllizing the
SU(3) symmetry.

Really, from the SU(3) invariant Lagranglan for the
vector—meson—baryon—antibaryon vertex

IF[ Bﬁ"uBr B Br"uBﬁ ] [ ]Z *

L

VBB ~ V2
1 poa o B4 3T ‘
vz to| BpiyBp + By | [V Ja (29)
1 a f

O
vz s Bg¥yBy @)



with a conslderation of the ideal w - ¢ mixing
¢°= g cos® - w sind

w’= ¢831nﬁ + w,cosd, -

where B,B and V are {111 baryon, antibaryon and vector-meson
octuplet matrices, m? 1s the omega-meson singlet. f_, f_ and f_
are the corresponding coupling constants ang & = SE.SODis the
mixing angle, one can obtain - (besldes other relations) the
following expressions for couplings of p-, w-, ¢~ mesons to

nucleons

1
Toni = e ( T, +1,)
1 ) 2
waﬁ = —E— cost IS - s sind ¢ BfF_'fD ) (24)
r ! !
- — g . .
gni T 5 S8 g+ o cosd ( 3fp 1)

and to the A-hyperon

! [/ C
TR = ~E— cosy I + S sind
' o5)
t 1 <
OAR = > sind IS - 3 cost ID *

Now, calculating the values of the universal vector—méson
coupling constants

—
1]

0 4,987
f(.d = 16.268 ) (26)
f, = 13. ;

o 13.178

10

by the relation

»

2 2
T My , 3 C@n
4% 3 TI(v-ete) -

where P(V»e+e'i' ie ‘taken from the ' Review of Particle

“Properties {91, one finds from the results on the nucleon ff

analysie [10] the couplings to nucleons as follows

(1) _ (2)

fDNﬁ = 1.875 ” prN = 6.361

f(1l = 6.803 f(Ez = -T7.155 (28)

Lonk 0.0 : *WNN : e
(N ‘ T (2) v

f¢Nﬁ = 2.254 : f¢Nﬁ = 12.797. .

Substituting the latter vaiues 1into (24), by ‘means of the
solution of the corresponding three linear algebraic equations -
according to £, ID and IF, the numerical values

() o : (2) ,
f, = 8291 t, = 7.657
(1 : (2)
t, = 4.016 | t, = -0.T17 S (29)
(1 _ (2) :
t, = -0.266 fp = 13.439

are found, which (together with the value of the mixing, angle
# = 35.3%°) through the relations (25) glve

(1) . . (2)
foaq = 6-680 TR = 4081

(1 (2) (30)
tonk = 0-T12 fonk = 3-607 .

Dividing the values in (30) by the corresponding. universal
vector-meson coupling constants (26), finally the coupling
ratios of the modified VMD model for A-hyperon e.m. ff's are
‘obtalned '

11



(1 (2) )
Toan’ T = 0.41? Tonr/ Ty = 0-251

£,0/1, = 0.054 " f o
¢M/ q) . » f¢M/f¢) = 0.:;74 -

. 1 (2) ‘
S O 1 1 1 / te >
The value f f¢ Aﬁ/f¢ and f¢ AR r¢ » calculated by the

relations (22) and the values (31): are as follows

f(1) /f 0.465 ‘e by 138 32
¢|M ¢'—_-,‘-_ ¢M/ '—_1 (\3(.)

In this manner, finally, we are left only with one unknown
parameter, t, , of the’mbdifieq VMD model for a description of
the . e.m.structure of the A-hyperon. This effective
threshold, common for both, Dirac and Paull ff's, 1is
determined from the fit of the existing [1] ORSAY DM2
experimental point on the ete™- AR cross section at '

t = 5.693 GeVZ, As a result, the following optimal value

t, = 1.462 + 0.020 GeV® (33)
1s found. The corresponding behaviour of the total cross
section (3) with (33) and the valupc of other parameters . of
the model given by (31) and (32) 1t presented-in Fig 2.

The predicted behaviour of the electric gh (t) and the
magnetic G (t) A-hyperon ff's both 1n the = space- 11ke and 1n
the time—like region are presented in Figs.3a,b and Figs.4a,b
_respectively. : o

The electric and magnetic mean square radii defined by the
relations

a ¢Myy
< 1‘2 v = b E I
E A dt . 1t=0
o (34)
A
SETLL LN,
ST TM A dt t=0
12
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are found to be
< rg >y = 0.021 F° and < S v, = - 0.135 F2. (35)

50, unlike the neutron, the charge reutral A-hyperon has the
positive electric mean square radius, though in the magnetic
mean square radius both particles are coinciding in sign.

4, Conclusions and summary

The unitarized analytic VMD model -with correct analytic
properties and the asymptotic behaviour compatible with the
quark model predictlons, which has been shown to be successful
in a description of the pion [i“l kaon 131 and nucleon (7,101
e.m. ff's, 1s 1n thls paper applied to the prediction of th°
behaviour of electric and magnetic A-hyperon ff's. :

The crucial point of the procedure is a determinatlon of
the numerical values of the free parameters tin, Y
f( f(AA/f 0of the model, however, with a clear physical
meaning There are three independent sources used to determine
these - parameters. First, the masses and wldths of all
consldered resonances are fixed at the world averaged values,
glven by [91. Second, the resonance couplings to the A-hyperon
are evaluated from the known [101 couplings to nucleons by
utilizing the SU(3) symmetry and normalization conditions for
Dirac = and Paull ff's. Third, the optimal value of the

effective inelastic threshold 1s.determined from the fit -of

the only existing ORSAY DM2 experimental point on the ete AR,
cross section. S0, the existing ORSAY DM2 point was used as a
scale to reach a true behaviour of o(e‘e™-AR) up to t=10 Gev?
(see Flg.2), which seems to-be interesting in connection with.
the FENICE experiment at Frascatl, where simultaneously with
neutron ff's the experimental measurement of A-hyperon e.m.
fr's is expected to be realized too. : -
In conclusion we would like to note that a simplified

14

m_, r, "

assumption was introduced that the effective 1nelastic

threshold of the Dirac ff 1s required in our model to be equal -
to the value of the effective inelastic threshold of the Paull
tf. Though 1t was shown 1in the nucleon- ff's case to be almost
true (101, there 1s no deeper reacon for them to ‘be equal.
However, without this simplification of the model and also
without the neglect ~of the J/¢ and ¢'(3685) particle
contributions at present any realistic prediction could not

be possible for the A-hyperon e.m. If's behaviour.

The autorc aretvery much indebted to Prof.R.Baldini-
Ferroli for calling their attention to the problem of
A-hyperon e.m.ff's 1n connection with the FENICE experiment.
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