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A one- dlmensional integra[ representation for isovector kaon -
form factor is constructed within the dispersion theory in terms of the
pion form factor and the backward #K- scattering amplitude. The
normatization - condition for isovéctor kaon forii factor dt zeto
momentum transfer gives a sum rule for the nk-scattering amplitude,
with the use of which difference betweéen the s-wave #K -scattering
lengths ih triplet and singlet isospin statesis estimated to be ay??- ay!”
= 0.22 ! where p is the pion mass. fn agreement with the vector-meson-
dominance model, deviations of the isovector kaon form tactor fromi
half of the pion forr factor ate fouiid to be sriall,
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B Themmtdswuymgthem kmmdnmmm
factors [i4]mmnmbpmmofpiummmbmtm o
Acamhbofﬂudmbdnmpnmofmehadmnfumfacmmm
and imermediate energies [5-7] and having corrett QCD asymptotic
. behavior. The&swmﬂwycfsumgmbaswmm“
. upitarity, Crossing symmetry, and analyticity i known to be useful in
. . analyzing ‘the scattering amplitudes and the form factors. i this' way,
mmmmmmm{ﬂbymmm
- form factordata. -
T h%mmm&ﬂeyﬁmﬁmkmm,
. factor in ‘the dispersion “theory. ‘A part this work, connected with
pmpmaofmmnformfacw rests .essentially on the Frazer-
AFMGM&S&M(FFGS)M{BQ],M*&SWWV -
'mwwawmmmmwmm; Tt B
mmmmmammmmzsama ’
mmmmﬁmmmmmwuzﬂ
unitarity condition turns out: to be ‘propartional 1o the ‘imaginary part of
the pion form factor. The dispersion refation for the kaon form factor .~ .
thwmmmmmmmmdmm
mwmem:x«mﬂmemW
'WW!MMNW*WW.
'WQWWMWMMMmmW
mmmmﬁmmmmm
mmmsmmmwumm
WMMMMFFGSMaO(wmmmu.
< 1P Ge¥2. Our results -make sense in this region. mmwu
- kaow form factor is in agreement with the quark counting fules. T

' The paper is orgeanized as follows. in Sect. I we review basic
- properties of the rK-scattering amplitude, including a .backward
dispersion relation used in computations of the kaon form factor, and
discuss briefly the FFGS model for the pion form factor. in Sect. #l, the
unitarity relation for the -kaon form factor is derived and a simple
~ estimate of the kaon form factor, based on the assumption that ratio
between the wK-scattéring amplitude and the pion form factor. -
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represents a slowly variable function, is given. This assumption is .
equivalent in fact to the p-meson dominance .in the xK-scattering
- amplitude. In this approximation, the isovector kaon form factor
caincides with the pion form factor. This result is exact in the SU(3)
limit and also in the no-width fimit of the p-meson. In ‘Sect, IV a one-
-dmensxonal mtegral representatlon for the kaon form factor in terms\
of the pion form factor and the backward zK-scattering amplitude of the
- s-channel is derived and a sum rule for the amplitude following from
" the narmahzat:on condmon for the kaon form factor is constructed. in
~ Sect. -V the sum- rule is saturated by lowest partial amphtudes to.
est;mate difference  between the s-wave xK- scattering lengths in
triplet and singlet isotopic channels. The result is in agreement with .-
the experimental data and predictions of the effective chiral- theory:
The kaon form tfactar is evaluated in the same way and found to be close -
numencally to- half of the pion farm: factor. In SecL VI we. dascuss the
results, - - : , o s

il. THE xK-SCATTER}NG AMPUTUDE AND THE FFGS MODEL
FOR PlON FORM FACTOR

. The umtanty relanon expresses the amagmary part of the kaon
isovector. form factor- through the nK- scattering amplitude and the- pion
farm factor. Thevana'iyti’calfpsropemes, of the amp’iitude and a dispersion
relation which we. use in this work are discussed:in ref.[1Q] on the
basis aof - the -Mandeistam double representation. The -problem -of
isovector -kaon :form:factor has many features in common and can be
useful - in studying -isovector nucleon form factors [11,12}.:The
dtstmcmn is:due to spin of the nucleons and . absence of the pole Bom-
terms. .

The :rK- scattenng amphtude is defmed by

i(2m)8(gp + kg + kx)S(‘bkzmkl), B
Z,;Z J‘dxzdx‘dyqdy,c iy kg gy - dm)’l(u ,pz)(uyz,mi)(un,m)(u“,ml) @
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v ‘where z.mdzhﬂememnmmauatmcommsofmmmwkm o

T prepagaxofs x,4x) and ¢,¢x) the pion and kaon: fdds The wnponeﬂts of
the field a),,(x)ane ‘entified mthx mesoasby

Thetsospm operator transformsthe pvmnzvefmcuonnsm,x --iei,-kxt..

‘There are twe “invariant amplitudes in terms of which the

isospin content. of the processes can be expfessed These. ampktudes s

. 'ms.u.uand Bos.ou, are deﬁned hy

’ S(szkz]’lpk))ﬂhu“ ispuﬁ(‘su‘)* isk‘-i'th(s,u,x) L {2.3)

'Wbel‘Esa(p,+k)2l=(pl+m)2u (p,*kz)z 3ﬂdt mPauhmatnees :
© . Crossing- symmetry and physical equivalence ‘of the channels
- connected by permutations g, <—> -y, i <-->j implies that A(sut) = A(us.y)

~ and Bisud) = - Busa. The amplitudes A and B correspond to superpositions
-of states with ‘definite total isospins. The decomposmon in thes~,n-.

'bandt-chame\smhedmemmefmm

i=1/2.32 1= 3230

3= 3 ap= 3 Aﬂ’l’l Alpl; - ‘,‘(2")..

whété P, are pmje‘ction operators with definite isotopic spin. The

:mphwdesmhefmmdtobe A*th -2B.A%;=A+B, A"m‘Af

.B A";,,=A B. A.,-AN(: Al =28

We use in me next section a backward dlspersnon relation fer.’

ﬂ{aut):a(\‘”)

e wtuch is regu!ar at s=u and Sysametric underthe subsmumn s<>u -

: - The momentum squared in the Center-of-mass frame. of the s-
channel, v = ats 2 7¥i4s), where Xi>am*p?) = (s - {m + 4K - (m - @), is reated
as argument of the amplitude. The s channel scattering ‘angle is defined
by vusb, = 1 - 2wikts.n?p?) . Analytical properties of the.function Blsuyas-a

v 2.5

function o! the variable. v at fixed scattemg angle o, are determined by




3 amtytical pwpemu af the amp&mde B(s u,t} mth respect o the. |
variable s, which follow - turn frony the: Mandeistam’ double

. representation. In case of the backward scattering [10], the function -

Bev.cos®, =-1)is. ana&ytk:ai in the comﬁex v-p!ane wtth wao- cum (om- uz)
-and (0,+ee). ,

We shail use the Fﬁ:er-Fulco-GounmSakufav mdel of the
pmn form factor [8, 9] where -

D = a + bt + KXOMD, « and b are cnefﬁcxems ﬁxed b}L ﬁttmg the p-
_ 'mesonrmssmdwdth andh(x)lsgzvenby

3 -t V -t+V '» 7
= @n
““" o’ r‘“ {“ R

~ Notice that lmD(t +i0) == k(tr‘f(umln so that -

";‘}ﬂtf—nnﬁ;mﬂ)mm e es

lil. UNITARITY EUM!NAT!ON OF THE LEFT CUT AND
RELAT!DNTOTHE VMDD MODEL :

The nsoscahr and isovector kaon form factors FS ,,(x) ars deﬁned :
by : :

QB +k 3 +k K - ), (B i+ FlL #0059 =

. 3.y,
-1 g - . - L ] . *
ot 010 brongy el 0>
The kaon chéfge operator has the form €ap = By + By /2. The form
factars are normalized by F_ () = 1/2. '
The unitarity relation for two-kaon state <l = <k,,a; k,f; out
gives:

<f o‘ul o> - <f in QU= ="iz(~2?)“ﬁ(9‘r’* P, )Sflq: in l),,(q)l{t):- S (Y

e e e o e i e e




! ./"TmmmmmmWMngat

lmFxll)a-w-——i- 1@*}@» = “ o "(3"3)%3-

: ’wc-«n.,_ o
TR A, A,azaaoufﬁmm,r,m e ':'.(3._4:”_" e
tncasecftbebackmvdxx-scaﬁenngmseacme,: Li=-dv,
T AKAY) = - (e dma) - N, mdﬁu.u.uaa(s\u)l(«(v» mthewcmy ofvz-; .

T weaegiecthyh@mmaimmuzs.s nndgat

'h.m—-;‘},ﬂ&v IS REE - L SEa

w,@ e "‘1’ Bv. I)F,(t) o el Tt (16)( |

Themnﬁev 1m=,(vm feguiarontheleftmt(m -pi). smewemglect, 2
v;,‘wmmmmmmmmmmmmmm
2 B nozems mthecomplexvphne sowemmiteforp(vom,(v)\am‘

&Ma s0-1 b, J‘*"!maw e {3,7,

- F0) 1 v'(v' v) Fu@')

mmmammmmmmmmofeqs(z‘a)m. -
" (38)becomes - ‘

.- l) ""'lmﬁ(v -” dv ——). E | (3.3)
F,((}) O vv-v) F.(v)

DQU)

lmF,((v)= lmr,wx

- The amplitude at zero Toomentum is -expressible in terms of the s-wave
scattemg lengths ' : .

.- lh’“';;“)(ao +A") o Qay:




: ";rhphyscalregmofthes.dmmet thevzluetmu(o f)hasthefomx

imB(V- l)=}jf:;,Zs2!+!x)ewn (5, (v» sin’ (5 (vm v (3.m;f.
v ..

A suggesmn that ‘the ratio ﬁw rm-',.w) represems 3 slowiy \

. variable function is equwa!eut ‘18 .3: hypotheSls of the p-mason
- dominance in the w=K~scattering amprmm ‘since the- pion. form factor is
- detemdbymep«monm.httnsapwnxmtmwget o

lmF.gv)zClmF.(v) " ey
. .Thegemraisnhmontnstlmfom
th):CF'&A)*C|+Clt+C3L PO e § 12)..

The asymptotic hebavm of tha pion: ancf kaon form factors are -
._';adentocal.sb(‘, C,s =t Usmgmrmalxmoncmdmont u" \veget

: ln the vector—meson’dnmname rmdel thts fesutt is exact (w to

' uncertainties connected with unknown value of the pKK farm factor). it

' satisfies. also the SULY), symmetry; despite: the- unitarity conditions  far .
- -mmmmnmmmmm o :

| :v. ouemsmma. mrzsmr. nsmsssmnnou Aua,.;'

mmmmmmmmgmweq(u)mﬁ '

be used to reconstruct the kaon form factor through: the dispersion |
‘_relat!on Thednspersnnmegzatcanbee\eahatede:phaﬁytogwe ' 5
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"‘potsxbuhty. namely’ thutﬁemngn! term is.dominant: 35 ¢ ed. o
'_Jthescattemg lengths. To. gwummmm uéj,:‘ ’
L evaluate imaginary part of the: scatrering: amm wte deltas
o Gmmtm -approximation: ln&unaz&w vr,;. mw; mh& :
*ahmheduyrmmmaofuw:“' 2

‘*Tbe Mdumm&emymm&knmwﬂm”
. - polinom to the right side of tiis equation; as in eq.(3.13). The kaeo form:
© faetor; howewver, swmwmmmmmmx
‘mmmmmm so such 2 polinom shoukt be setequal to.zero.

-Substituting Fyt) = (1 - vm, 2yt in-eq.{4.T) wﬂadmﬂumgw

" term does not. depend on the v. Thmeﬁue €q:(3.13) is exact in the'ng-

width limit af the p-mesm md correemas to. eq.(3 131 m of afder

ighy Gﬁ{3 7.

v-plane, it becames. possible to wﬂuz&mmtegrﬂ%asz
resuit- ot whith. we get m one-dimensional int!gtai rpies 8

ThwmmnthammmmmMa«

“3“(5“" "'-lr-"” w: By ey

- l"xdemmemthepmhm fmm&mmb&ammu):‘,f_-

T&Wommnmdmummwmuf

o “assumption that the- St temy io- 8.(4.2) determined: by the s-wave sK-

} fengths. is domisant. ummmxmmm,

‘ : :a:,(:.; t,ﬂ’.m e
Fé”**’:@"——m‘—%: | Toae e 43y -

: Thekmfmmfacwmthemﬂmﬁmqhasmmaﬁya]

. two-gimensional spectral representation; the. first integral comes: from-
;thechspersaon refation far the- kaon form factor, uh!iathesemdm
" comes froin. the. dispersion re&atmfochmﬁtude' sugh
USiﬂg €q.¢3.3) and analyticat properties of trnmtegrand n tbecomptex
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 ‘the ‘same . approximation voly phase shift ‘generited by strange Ky* -
’ ‘memfbvamm ~in2,12v)) < Kivs Y Biv - v, ). we obtain. te=-Augm-

T

033 Gev, F,.ur.;sogs mmw ummmm)ma.a -

| : unccvw:ham&ﬁp m%)

We satutate the zm:gmafy part nf ‘the: backwaﬂi scmrmg

_-zmpﬁzudebthestpartnlwms;:uwkhxsnspm*lﬂﬂ’lﬁmtd!ulv_ :
_with. mpnuwﬁnet-lpanmmem:soml:m:smm‘
'-canbemgmed Yhemﬁmwlmshmuﬂmmuum »
aemwmuyhymmm»mmat-w '
~amh+mm;m$t-->~‘mi-ipmdmmmhm‘
O 4 mmwmdhy ‘the Breft-Wigner amplitude “with. the: Ky*meson
: mmmdepenﬁem -width: with ‘$imiting - behavior. 0(&3)ask——>om'-

AWK & > oo, accordiug:o‘theeﬂ!ctwcmpe

mmwmmsmm;sfo&m

;' us»:zs;m, g )¢(~031+(Hxnﬂ.22+ oy s

mmmﬂmu%mrmdmmwm

0,120, 0,2), ¢1,42). The contribution 'of the: K,‘mmhw
_with good ‘precision in ‘the delta function. approximation, The:smitarity -

-condition - mmmmmmeWMsmamv

" - energies -only; SO taking into. account . mmmmwisw- .
-;accuacywwzpmh We can check, however, mmmcyofm_
' . sum rule by -estimating contributions from more massive resonantes
coupled to the mK-channel.. The resonances. in partial -waves (1) = {0,12),
(L1212, 42,120 (3,42). 44, U2) with muasses, Tespectively, 143 1.37, 1.68,

143, 1.77.2.05.GeV contribute O the sum fule as - 0.85+ (.01 + 0.04 - 0.64 + 0.62
.00l = - 003 The ‘resonance (1,1/2) with-mass 1.37-GeV has very sma!l K-
branchmg ratio, so its contribution is smaller then contributions of

more massive resonances. 'The general tendency’ is that the - -
contributions decrease ‘with increasing the mass. We conclude that the -

ot A i e S

It e

-~



o !ow emrgs ammfmm . rm!e md? M ww=
T'.dustrcyedh;mdnsmaﬂﬁg&mrgyeﬂmﬂskvmm-'
‘élz uz (022:!:0.02}9. e s v 5] (12) ..
Themﬂenorrﬂusmmmmacyetmm k‘dons mot
take-into account; mem,mmmmm%mu«w
- pion: fosme factor, high-energy. contributions: to. the unitarity -condition;
-znﬁ!wghe:parthfwavas(l-*?vi )mmbmmkwmﬁm :
: . amplitude: The .chiral thecry i tree: approximation: gives & close -
9 - mmn»[ffyl_ ag¥2 - 3612 = 0.2kt The - estimates: {17} based ow the- -
-+ wicroscopic ‘quark-gluon low: energy dynamics: of pseudoscalar mesons -
Giveug*? - a4yl = (033 - 060 ' The estimate (5.2) is. mguadw
with the expesimentat data [ 18] a2 - 2= (0:14-037pt. - -
: n ot F Thekmfmmfacmewuatedmmgmeq.wt)ndwmm U
N ~ Fig. T (curve C). The distinction’ from the: naive: estimates-(A,B) is ‘not -

SHETNE U

A

‘electromagnetic form factors exist in the timelike région [2] and; fgx -
the charged kaon form factor, in narrow. spacelike region at 1=0[3L tn
the- timelike- region; the kaon form factors are-dominated: by. their
isdscalar components, since: in the. resonance region. typical values. of
the form factors,” due to” the vector-meson-dominance madel, are F(t) =
O(m/T) where m and T are the vector meson masses and-widths. In-case
of .the p-meson  {isovector. cantribution) F,(m,?} = 10, whereas. for
Jisoscatar form factor-the small o-meson width implies: Fi(m 3 =~ 100-
The experimental data on the pion (isovector) form factor [1] and the
‘charged “kaon- form factor [2] confirm these estimates. The: isoscalar
dominance ‘of kaon form factors poses difficuities in' extracting
experimental information about isovector kaon form factor in the
timekike region even if reiative phases of isovector and isoscalar kaon
! form factors are known. In the spacelike region, the vector meson
. * widths ‘are not so important and one can expect F (1) = F,(1). Following

: this assumption, we cnmpare our results with the: expemnentat data [31
in Fig. 2. The agreement is rather good.

R

Vi, concx.uum‘s REMARKS

very. significant.  The experimental. data for -the - K+ and. xo«,-'
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“Me cmnmcaed a mdmsm&a! mtegm tepresenmm for

. isovector-kaon form factor in terms of the pion form factor and the
- ‘backwart #K- scattering amplitude 3nd derived, using the normalization
- condition at zerp momentum transfer, 3 sum rule for the stattering

~ - amplitude. The :estimate of the scattering {engths a,™ - 3,12 ~0.22 1 is in
 agreement ‘with ‘the experimental data. The represenmbn (4. 1)
»-mmmm@mmm

Themcmkmfmmfacwmﬂysm:mwmmﬁ

. ofttmwnfmmfzctw The accurate calculations turn out to be close
© 10 -estimate Fyri) = F,(mobumdassmnmmmnhetmmwx-

- scattering amplitude and the pion form factor ‘is a constent. This
hm%ummmmmmmmﬁ-mmmf

amphum nﬁwymﬁmd.mmrmmﬁnmm:ﬂ

" the jowest: partial waves nearly cancel each other, 'so the right side of
-20.(4.1) is ‘determined mainly by the scattering lengths. This is a reason

-acgording to -which ‘the rror in estimate of the scattering lengths is
- rather Mmmyof Felation Fy 1) = F (/2 according 10-eq.{4.1)
.15 {XTim), ‘Deviations -of the kaon form factor {4.1) from half of the.pion

form factor are smalier then xmmmmmmmmm'

"-Waﬂl<@
o mkmeMM{mc;mswmas m-’

= ‘in CoOmparison with 'the pion form factor. msmmm '

3 stnmmﬂ&smmm and guarks inside of kaons are @t
‘smaller average distances (form factors of ‘pointlike particles do not
‘depend -on momentum transfer). The numerical distinction, however,

- does not exceed Dhe-two percents in the spacelike region, and is beyond

_accuracy of our approach, The second curve B in Fig.1 satisfies in fact
that requirement. it was pbtained assuming dominance of the integral
term. in the integral representation. . We have found, howewver, by doing

- accurate estimates, that it is not the case.
The one-dimensional integral representation somplmes “analysis

of the kaon form factor behavior. In particular, it becomes apparent

that asymptotics of the kaon form factor is determined by and the same

as asymptotics of the pion form factor, In the region W < 1 GeV? the
~kaon form factor behavior is in agreement with the guark counting -

rules.
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The integral representation (4.1) is based:on the FFGS model for
the pion form factor. It is clear, however, that specific feature of the.
model we used is eq.(3.3) only, so our results can be extended to any

* other model where similar equation exists.
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form ‘factor “and pion form factor: - A - according 'to
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dominance of three iowest partial - ampﬂmdesmﬂle
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. RATIO BETWEEN ABSOLUTE VALUES :
OF THE CHARGED KAON AND PION FORM FACTORS

thl:u“**
N I I

t(Gev?)

. Fig. 2. Ratio between charged kaor and pion form
_ factors assuming that isovector and isoscalar kaon
form factors are ‘equal at small «. The curve shown
here is the same as the curve C in Fig. 1. The
" experimental data are from ref. [3]. ‘
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