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At present, there is a laige amount of papers consecrated to the

. construction of various models of the pion électromagneticr{e.m.)

form Tactor ( ff ; however, little has been done for e.m. ff'*s of
kaons up to now. The mgin reason. for the latter waé, first, the
existence (unlike the pion 7 ') of a bread unphysieal region

0< t £ 4~m% unattaingble experimentally in which the domina-
ting resonances ¢ (770), w [783) and ¢ (I020) of kaon Ff 's are
spread out, and secondly, shortage of reliable and compatct experimgp—

tal information.outside the interval 0 < t < 4 mf

. S0y almost .all
extsting attempts to analyse the kaon its were restricted either
to ggneral'problems,‘like in the papexr /1 y Or to determination

2,3 of the correspondlng kaon charge radii only. Exceptlons are the

papers 74557 in which particular modifications of the VDM model
were proposed, chiefly for the description of struotures of the kaon
ff fs in the time~like regions. Whereas in the paper the method
consists in a standard extension of the zero—width VDM model to a
superposition of the Breit-Wignef forms only; in ref./s/ an energy
dependent ? -meson propagator 1s coenstructed in a more refined
way by using unitarity and .analyticity. The latter allows one to
reproduce the data without any consideration of excited states of

? sy w and ¢ mesons. However, since the radially excited sta-

tes of vector mesons have a natural explanation 6,7/

in the framework
of the gquark model of hadrons, one cannot ignore their existence.
Al]l the more, some of them are by now confirmed 8/ experimentally.

In this paper we do unitarization of the VDM model for kaon
ff's compatibly with the analyticity and reality condition. The ob—
tained explicit formulae can in principle include an arbitrary num-—
ber -of vector mesens. They also contain the effective nonresonant
background which seems to be important in the determination of cor-
rect parameters of the underlying resonances.

As the unitarized analytic VDM model has previously shown to be
powerful in the analysis of the pion /9 and nucleon / e.m. ff's
we further apply it also to determine higher vector meson resonan-
ces from the experimental information on the charge and neutral
kaon ff's which is substantially improved /11 —215

The construction of the model consists in the following . AS
a consequence of particular transformation properties of the kaon
e.m. current with respect to rotations of the isotopic spin space;
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the ££'s of the Kk’ and K

cah be split Into an isoscalar
and an isovector part -

o eh e N ,
Feld = RO -Flo , Rl =Rw-Ruy @
with the folléwing normalization conditions:
Fel@ =1 | F.l0) =0, G
— . —V 4
(0) = F(©0) = o (2b)

In agreement with. the idea of the zero-width VDM model/zzf:, ezich

of F:V in (I) is expressed in the form

Sity = S -mé (faiffs) Z my (F [ my (Foci/fy)
) = mé ( akx 5 v \ Tvek ,
FK(t_)@ Z mE _ ¢ ) t) : _ (3)
§=w,0,¢" S T v=p,00" m,
where €3 =Q% is the four-momentum transfer squared and m;

( =%V ) are masses of the considered vector mesons. The corres-—
ponding ratios of thé coupling constants are constrained by the

equations

: o q v
sZo;, ( FSM/F ) VZ?‘? iﬂFvv\'i / Fv) = Z : .(4)

The subindex zero in the ff's (3) means the model with zero-width
approximation., The summation in (3) and (4) is carried out in the
isoscalar and isovector case over the vector mesons w (783),

¥ (1020), ¥'(1680) and ¢ (179), 5'7" (1600) rebpectively which are

fixed in the last table of elementary particles . There is added
also 9 (1250) in the isovector case because serious indicacions
/9,23,24/

of its existence have appegared recently » however,
at the slightly higher mass value.

In what follows we incorporate into (3) the two-square-root
analytic branch-cut structure of FKS'V which leads to a more
realistic model of K' and K° f£f's, enabling one not only to de-
scribe the existing data but also to predict the behaviours of ff's
outside the regions where the data do exist.

It 3is well known that the lowest branch point of F,?(b) and

F':,’(t) are t:-: Sm.; and t:;:‘im:; , respectively, which

2

will be taken to be of -a qqume—root form. There are also other
square-root branch points Lm, >t} and trm‘ >ty
into F 14(1',) ff‘s, taken -to be free in a ‘obsfclcm, in order to
slmulate contributlons of ‘higher opened channels e*’fectlveldr. A5
a result, every .‘F V(1) is defined -en the four-sheeted Riemann
surface in the t-variable. Tn order to find an explicit form of

incorporated

“kaon ff's with these analytic properties, we use the traanorma—
. tlons ’ : .

}%

Y1z - , )
p=[(t-9m2)9mi] | g =t tm)f4at )

which map the four-sheeted Riemann surfaces of the t—variable.into
two-sheeted Riemann 1 and 4 -surfaces. The effective branch

points t;n and t_‘;n, are then each transformed into two points
as follows?

I3 ] 2 _ }4/&
1/ T5% RIS [ LAt LY R
Finally, by using the inverse Zhukovsky 4ransformati ons
v[i) Irmi %1&_ J:‘r{m - !‘3 7/21 ’
{'";m H‘,] ’°+{r'im~ < pjm .(:i)_
1/‘
Wlt) L%nl q‘} {‘qr‘n‘ - ]

{q,ml*ﬁ I%mi T’Z»

the two-sheeted Riemann r- and
into the y-— and W—planes. The physical -sheets of the t-variable
are then brought +to the left— hdlf of the unit disc with $=1 %o
transformed into. V = -1 and W = -1, The second sheets are mapped
onto the right half of the unit disc with t = ¥ <®
into V = +1 and W = +1, and the third and fourth sheets onto the
left and ripght half-planes outside the unit disc, respectively.
Noew relations (5) give

4= I(rfe 1)

~surfaces are transformed

transformed

= tgt1) @)

where we have put m,r=1 for simplicity. Further, if we denote
the positions of the zero-width VDM poles in the r- and g -
and ‘ivo s respectively, one can write the follo~
wing expressions for the mass of isoscalar and isovector mesons
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in (3): :

ms = 90r+1) , mi=hlglrt) (@

Substituting (8) and (9) into relations (3), we obtain

— Bk
FKSU);, = Z, '?}—_:‘T fSKE/FS)

—w. Y,
V.
Ft), = Jr—— (fuce /).
SapteT @
where the normalization poimts ¢t = O in the r-and 4§ "[)'ianeé;‘

have been denoted by Iy and Qm y réspectively. The same nor—

mallzation points expressed in the V and W planes

1!b 12
[rml - V'u]

L Vimt = P ]W‘ : (11

A - [.rinlfr‘N
Vy =t
N

["im + Iy ]

W, = [4inl *%]W‘v‘ [%i 9] )
[q:m"q«] [qm‘ }”‘

together with the positions of the zero-width VDM poles

i/ 1.

1 ["inl T g }(L‘ [r‘inr‘" l"s.’z] * ’
" 7

[r‘im + r‘50] IL* l"im - ‘r'so] -

(12).

4//., Iz
Wvo = | [. Yim q'vo Eq"’“ vc}

LQ'IM q’\lu 4/61- ‘1,.,.[ %va]”i,

)

i
lead to the following expressions for l"b, Py, V'S? and ‘LL»({;' , q}é’ .

P [4 - (:NL L

2 A . WV
= i.mET é/;\;f/b}} ¥ Cfi= q»xnl[/}'(%)i

- (L)

1= W¢

(13)

%fl’c = %nﬁt ['f

which in combination with (I0) give

S _ (1 VA ‘ \" (Vp. Vso)évl\z" aa(\/N V:o) VS
Fe fvinl, = (1 wu) ‘24? AV Vel V+ VeV - VRV + T

) fe
JF s

(14)
(W~ W W W)W = Wi o = Wos') Fui
(w W, (W o) (W - Wi (W W) o

Further we arrange (14-) into such a form that their reality
property will be exhibited explicitly. To do this we have to know
the relation of the corresponding vector meson mass vwalues to
t?m__ and t\:'m .« By a successive experience in analysing kaon e.m. £t
data we knew that

PR PR %8
M., My < Cini , Mg L i (15a)
and
2 v v
me < Vi oy mpr,Mpe> Lin {150)
Then % g ¥ x-1
vwo =" vwo } v% = v‘t’o y v‘€'0= v‘(’o
(16 )

Vfo = - V: ) w?'o: Wf'o_

and expressilons (14) can be rewritten in the form



,:-S ' ) = 4’V? & . (\’n\ :0)(\/\) ) VN—' "—1)( N_ VSO‘A‘) }:SKR
Kl\(t.lo (1__\/&) [smu,\(?(\'- V VSO)(V vsq)(v »1). Fs,
(\'N vqc v‘f)’:)( '*VY’O)(V V‘(‘O) ‘F«ékﬁ ]
(v )(v VN - vq,a)( Vo) fo

(17)

) = Tz : - ] -
) W) L (= )W = W) w - wfo w—wfc) F?
+ (WV-W c)(WN'W' *)(WN *va)(W~f\~’v§> FVK"E ]

4 V;?',Y" (\A’ Wy )( W~ v)(w W./.,)( + wv;‘) T

where the reality property is easily seen. Finally, introducing
nonzero vector meson widths IJ# 0 , [} #0 by means of the
substitution k '

! . S\ 73 \
r\Sb —_ l"s = [ ‘(,,%] ‘}\Or‘ 5= (AJ, "Fj (ty)

vl L L ae
C"vo ’ q,v:[(m\/_llqv/z‘) Lf] for v=§),§))say

one obtains the expressions

VAR . YL VAL YL
F;Lv(t)]: <4 v ) ( (H'Vs)(\'w \f‘:)(VN Vs )(VN VS ) FS«E

W L (v (Y- ) o T
+ (\’N_V(')(\/N“V{’)(VI\;PV\F')(.VNfV{:) ‘FWKK J (19)
(V- VAV VANV eV (VR Ve) fe

Fe (W] = (4?“’&7 | (v Wel g Wit W5 SV W) foog
" "‘W\T (l\/ Wf)(w W{\)(MI‘ Wf W ) ;\?

VKK }
v

Z (w~ Wo) (Wa WKW+ W) (W r WY)
veg "v\l (W' \)\\,*L\,,/)(L\, + W )

which are real analytic functions defined on the four—sheoted Rie—~
mann surface, with the poles on the unhphysical sheets. They conserve
the normalization conditions (4) of the wero-width VDM model and
possess the asymptotic behaviour compatible with the quark model
predictions for kaons

F?;V(t. ~ tﬂd ‘—» o :
k[ )] It i (20)

FaW®)] ~ t ] o £

which is ensured by the nofmélized factors-in front of thé square
brackets, or strictly speaking by the power "2" of the latter.
Formutae (19) ‘along with (I)'represent the. unitarized analytic
VDM model for the e.m. structure of kaons which will be used for the
analysis of all experimental data on charge and neutral kaan ff's
in the space-=like and time-like regions simultaneously. It depends
on the following 20 free parameters with clear physical meaning:
,matmll’”w y Fwy fmnk/fwt My ‘w) Fvnn/fva my's D'y Fvnk/rwl‘“gs §1

i'yw\/ﬁ-?\ m\. 3 If s FYKK/Fg‘ ) ms;' y lqn S-»M/f‘w . They are reduced
to 18 by the relations (4) and in the analysis of the data we o
choose m/ and Fq:k;(/§¢ to be expressed through

59&&/ 6 +?KK /F?n and {ueiffw y fexi /Fg » respectively.
Turther, there are no experimental data on kaon f£ff's in the region
of the ground state resonances § (770) and w (783) and we cannot
expect to be able to determige them in our analysis with a suffi-
cient accuracy. On the other hand, however, they rank among the
well and rather precise determined resonances 8 . Therefore, we
fix the mass and width of @ (770) and w (783) resonances at the
world averaged Value; 8 and concentrate ourselves further on the
determination of excited states of vector mesons, which are (at
least those included into (19)) expected to be found in the region
of existing data on kaon e.m. ff's. The determined values of
¢ (1020) mesons parameters (this resonance is situated just on
the border of the existing data) will be a verification of our
model to some extent because they are determined with a high accuracy
/8/ too. .

The results of the énalysis of I00' experimental points on
charge kaon ff in the space-like 11,12/ (25 data) and time-like
/13_19/ (75 data) reglons and 17 exper1menta1 points on neutral
kaon ff in the time-like region /14,20,21/ only, by means of the
unitarized analytic VOM model given by (I) and (19) are presented
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in the Table and figs.Ta,b 'afxfd, 2a,b,where also the predietions for B} v

* pehaviours off the corresponiing ff's autside the existing data are S : — T ‘
wer ) ' - 1F-(t
ghven. L Fig. la. Comparison of charge kaon 1 'k (©
A L ff with the existing data in Ny
Tabl e 50 . i
able . I the spate-like regions. -
The results of a simulfaneous fit of atl data on charge and neutrgl
kzon ff's by means af the unitarized analytic VDM model for e.m. 1

structure of kaons . : . ) B

E= 146/103

t], = 1.68,6eV" . Y, = 172 Ge¥Y
M, = 782.6 leV } £ixed at the vorlg i{nf = 770 eV |
r, =98 MeV averaged values' - Fﬁ =.153 MeV ' i ]
Foxi /by = 0.200 + 0,005 ff“‘ }fy = 0,569 4 0,012 - _ IR
My = I019.4 + 0.7 leV mg = 1314.9 * 182.8 eV ‘
P‘€= 4‘3 : 0"8 K‘J(’,V-. ‘ ' nf’ - 2_45 :t 167 LLBV ‘ "I ! I‘ 1 | l 1 ‘l 1 I 1 H ;l 1 t‘_l 1 1 1
Fukk ffe = 9.333 + 0.005 fgxc/fp = -0.032 — calculated 04 03 02 ’ o 0
: ron gk [y and Gy e "ol ' e
by using the relation (4} t(GeV
in the text.
In compatibility with the results of the analysis of the
. + — o /9,23/. s /24/

- 1pEg T mar = 21TA.4 + 39.8 MeV . ee DTN and e et TW reactions the first
me = 1659.7 f?l'z, e i‘ - M » radial excitation of (770) meson at the mass value mer =
P‘f’ = 158,3 *+ 37.5 MeV P?» = 150'1: 1 103.9 Tet ,.’ = 1315 + 183 MeV is revealed also in the ete™— KK processes.
F‘e‘ki [fg ==0.033 — caloulated . l ?he existence of the ¢' (1680) resoninie is +cor.1f1rmed frim -

from -fu;ml[ﬂu and ?wm?”te %_ oz /f " =-0,037 + 0,011 \ the simultaneous fit of the data on the e'e” — K' K and e“ e — K°K
§ § processes in agreement with the generally accepted /8 values of

by using the relation <4) in parameters within error bars.
the text. ' Unlike the ete™—> ‘JT '™ process, the contribution of the

o So'“ (2159) resonance to efe™— KK with the parameters

\ mew = 2114.4 + 39.8 Hev, i?»» = 150,1 + I03.9 MeV is favoured prior

. ] to the @“ (1600) one by the exlstlng aata on charge and neutral
One can read from the Table the following results:
kaon e.m. ff's.

By means of the unitarized analytle VDM model applied to the There is a well-known SU(3) relation (see e.g. ref./s/ )
description of the data on kaon e.m., Ff's we really reproduce the '; among the coupling conmstants ]Cw“z , 'ffKR and er of
world averaged values of ¥ (I020) meson parameters’ . The latter , the form )
is substantially raising comnfidence also in other results obtained ‘E ‘ ; 40

1 by means of the unitarized analytic VDM moded . , ' }wxi b rfkl? ~ 2 f{’TFﬂ (21)
B!
8_
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which was moticed /25/ t0 be violated by one order of mapnitude i h
under the assumption that the kaon isoscalar tharge is saturated 101
only by w and ¥ mesons., Further we show-that it is not the ' E— _g
case with the results dbtwined by means of the unitarized anailytic - E
VDI model. Really, using for the calculatien of the sniversal vector o - 4
meson -coupling constants {J;’_/Ar the relation 10 E -3
2 z . ‘ E 1
forr my _ (22) ; C ]
: = - i
Ly 3 P(V—’Ee) o 161
[ oo 3
where v 7 e'e’) for SC, Y are taken from Review of Particle ) ]
Properties /8 s we find ' e
% | 10’
- - =
_’?_ =198 + 0,09; o = 21.06 + 1.28 (23) g 3
Y 4y f ]
F‘ -
1 ) I l )| 1 1 i 1 L1 1 L 1 1 ] 1 l 1 1 J - .
Then, as a conseguence of (23), we obtain from the Table .
1 1 2 3 4 t,’GeV2-| 5
1CS?KP—\ = 3.25 + 0,13; kai = 2.84 + 0,10 (24) {f Fig.2b. The behaviour of neutral kaon ff in the time-like region
‘ and its comparison with the data obtained from e'e —>K°KE
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Further, taking into account the value

following from our previous analysis

=5.09 +0,1%
/97,

125)
.data

} ?ﬂ\’ﬁ"
on the eTe” — Xr~

we. find the SU(3) relation (21) to be -approximately satisfied.

The author is very much indebted to Dr. LiMartinovil for the

‘help in the correct numerical evaluation of the parameter values in

the
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AyGHuuxa D
ODDEAGHEHMG aucwwx COGTOAHUIA BEKTOPHMX ME3OHOB U3 AaHHEIX
NO 3TEKTPOMArHWTHHM GOPMPAKTOPAM KAOHOB C NOMOWLI
YHATEpN30BaHHOM "aHaNMTUUECKOX Moaenu MBA

£2-88-840

CpenaHa ywuTapusayua mopenn MB[l ANA M3OCKANADHWX M MSOBEKTOPHMX 4acTeil
INEKTPOMArHUTHUX GOPMOAKTOPOB KaoHa, ¢ oOveaMHEHMEM B ee paMKax aHanMTMH-
HeCcKux CBONCTB QGOPMPAKTOPOB € HEHYNEBOH WWMDHHOA BEKTOPHLIX ME3OHOB COBMEC-
THMO C YCNoBMEM .peansHOCTH. [lonyueHHan MOgEeNs NO3BOMAET aHaNM3MPOBaTh BCE
cyuecTaylume AaHHEE- NO GOPMDAKTOPAM 33PAKEHHHX M HEHTPaANLHHIX KAOHOB W onpe-
| AenuTE npucytcreue BhicuMx COCTOAHMIY BEKTOPHLIX ME30HOB B Dpouecce e e~ -

- KK. Kpome meaona ¢’ (1680), nepsoe Bo3bywneHue Mmesona p(770) o6HapymweHo
npw, 3Hauenuu MACCH Mp = 1315+183 MaB B cornacuu C peaynbTaTaMu aHannaa
peakyuu ete~ = ntn~. B oTnuume or nocnegHeii, B npoyecce ete™ = KR 3ameTHuit
BKnag AaeT He peaoHanc p*’(1600) a p “(2150).

Pa6oTta swnonHeHa B JlaBopatopuu TeopeTuueckon ¢uanku OUAU.

"Coobuierine O6beNMHEHHOr0 MHCTHTYTA ALePHBIX HCCllefoBaHuil. Hy6ua 1988

-~ *Dubni&ka S.

Determinatlion of Higher Vector Mesons from Data on Kaon
Electromagnetic Form Factors by Means of the Uritarized -
Analytic VDM Model

"£2-88-840

Unitarization of the VDM model of Isoscalar and isovector parts of kaon
electromagnetic form factors Is accomplished by incorporating analytic
properties and nonzero values of vector meson widths in compatibillity
with the reality conditlon. The resultant model enables one to carry out
a simultaneous fit of all the existing form factor data on charge and _
neutral kaons and to determine higher vector meson states in the ete” - KK
processes. In agreement with the results on the ete™ = n'*n” analysls, the
first radial excitations of P(770) meson at the mass value M 1315+
+183 MeV Is revealed besides o’ (1680) in ete” - KK. However,- unllke the _
ete™ n*n” process the contribution of the ™ (2150) resonance to ete” = KK
is favoured prior to the #*{1600) one by the experimental data.

The investigation has been perfarmed .at the Laboratory of Theoretical
Physics, JINR.
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