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1 1n:trodu~tion 

An information on the·-clcctron;agnctic (EMf structure of ,r± and /(- riieson~ iu the 

. .c•time-like momentum t·rausfer region ca.u he obtained, as it is well known, from mP.asured 

cross~sect\cins: on e+ e~ .:.'.. M ~1 ( M = 1r or i<) pr~~~ss~s at the colliding e+ e- - beam 

~~peri~ents [1 ;21 . iimvtiv~r ,· by" me~~s of ~ s~ch pro~~du(e on!)' th~ absolut~ ;alue 
, •• ·'. '~ • I ~ • .- " , • • 

. of corresponding complex form"factors·(FF) at thidime-like region·, de.pendent on the 

m~~entum tr~?sfer s~·uare<l_t, is determined. Phases of ~he EM FF's of ,r± and /(, 

though they ap-~ear to be'physicai qu~ntities, can not be_ me':8ured i~ a strnightforward 

'way. 

Ori the other hand, t behaviour of the pseud~scalar mesori FF phase; fort ~~ 4mi, . 
where m_M is the pseudoscalar me~on ma.5s, is very important to_ be known from !he 

point of view of a verification of dispersion relation methods [3] and v.i.rious models of . . 

the pseudoscalar meson ~M structure, like e.g. the uni_tary_ and analyti'c VMD model 

[4] and others· [5,6]. 

We rlote, that a siti1ation with the pion EM FF is slightly different fro~1 the kaon EM_ 

FF's. As a consequence of isospin properties of the hadron E.rvI current, the pion EM 

FF ap~ears to be ess.entially isovector, whereas th~ kaon EM structure is characterized 

by means of the isovector and isoscalar FF's simultaneously as follows 
' . 

1 · ·. 1 . · . 
FK~(t) = -[F<•l(t) + p(vl(t)]; . FKo(t) = -(F<•l(t)- FM(t)]. . . (1) 

2 ·. .. . , · · . 2 · · · 

As a result, in the cas~ of pions a.knowledge of JF,r(t)j 2 _is equivalent just to a knowledge 

of the isovecto"r FF F,r(s) and by using.the eve hypoth~sis[71 o~e can predict [8,17) 
·---... • ' • ' ' : < 

_the effective mass spectrum ·behaviour of pions in r~ -+ vT1r-:-1r0. decay, in fad by a 

model independent way. 

A compl~tely differe,u situation is in the case of kaons .. The decay amplitude of 

the T- -'-> vTK- K 0 pr'ocess is specified by the isovector part of the kaon EM FF's in 

the time-like region, rr10re precisely; by the absolute value ofthe latter. However, one 

can not draw out ;;_· model-independent inforrriation 'on the ~sovector part of the kaon 

EM FF'~ only from data on the e+ e- -+. J(+J(-:- and e+ e- ·...:., 1{0 R0 reactions. Really, 

2 ... -
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taking into.account _(1 ), one can. writedown relations as follows 

. 4IFK+(t)l2 

4jFKo(t)l2 

JFC•l(t}i2 +·JF(vl(t)J 2 + 2cos«5(t)JF<•l(t)JIFM(s)I, 

JF<•l(t),12 + JFM(t)l2 - 2 c~s 6(t)JF<•l(t)IIFM(t)1, 

(2) 

where 6(t) is a relative phase of the pC•l(t) and' FM(t) as a function of the momentum 

transfer squared t . 

Therefore only in a simultaneous experimental measurement of the following three 

processes 

T-+ vTJ{-1{0; e+e--+ /{+I(- and e+e--+ K 0R0 

a complete restoration of isot.opic structure of the kaon EM FF's, i.e. a ccimplete 

determination of JFC•l(t)J\ JFM(t)J and cos6(t), is possible. 

Of course, a realization of the latter program is attainable just in the interval 

lGeV2 ~ 4mJ< ~ t ~ m; ~ ~.2GeV2, (3) 

gi.:en by ;a· kinematics of the decay ;- -+ vTJ(- K 0 process. 

We note, h~wever, that the upper bound in (3) can be in principle overcome by an 

experimental investigation of the iiee- -+ I{- K 0 process of collision~ of high-energetic 

electron antineutrinos with atomic electrons. The threshold of the latter reaction is 

remarkable'high, Ev = 2mi/me ~ ITeV. But, such antineutrinos in principle can 
' ' ' 

be produced at the corresponding proton accelerators (FERMILAB- Batavia, UNK-

Protvino) or in the cosmic rays.' At the latter case ~~e is in rieed of large target­

detectors (SUPKR-KAMIOKANDE [9] or DUMAND [10]). 

In this paper various characteristics 'of the T..!-+ vTJ{- K 0 and r- -+ vT1r-1r 0 decay 
,'" ,!, '. . \ ,) . 

processes are investigated theoretically. Particularly, by using the eve hypothesis 

a decay of polarized and unpolarized T- leptons is analyzed. Taking into account the ,, 
value BR(r--+ v~J{- K0

) = 0.29±0.12±0.03% [11) we can see that one year statistics 

of a r+r- - pair creation on c-T factories of about 106 will allow to study quantitatively 
. . 

the t- dependence of the kaon isovector FF within a reasonable precision, which seems 

to be very important in testing the unitary and analytic VMD model [4] and the QeD­

like description of EM structure of hadrons as well. 

·t -· . • ~-
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The paper is organized' as follows. In the next section ·a general structure of the 

Dalitz- distribution of T. -+ v-rM- M 0 decay is derived, particularly with regards to the 
' , ','.' . . ·: . ' 

analysis of CVC- hypothesis consequences. ht section, 3L,the same is investigated in a 
language of cos{}- distribution in the c.m. system or' hadrons produced' i~ fiMl state 

of that decay process . .Polarization effects in r- -+ v-rM- M 0 are studied _in section 

4. The unitary and analytic VMD model for kaon and pion EM FF's is presented in 

section 5. Th,e section 6 c:ontains results of o~r numericalpredictio~s. Conclusions and 

summary are given in the last section. 
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2 Dalitz-distribution for r~ -t vr·M-M 0 

We start with the followi~g matrix element of the decay r-(k1)-+ 'v-r(k2) + M·-(p1) + 
M0 (p2) process 

G . 
M := ~ii(k2),µ(l+ a-ys)u(k1)Jµ, (4) 

where W~ boson exchange mechanism \s assumed to be realized, However, .~ince ,, ', 

m;/m'fv << 1, all nonlocal effects in (4) due to the W- boson excha~ge can b_e ne­

glected. Gp means the Fermi constant of weak interactions, 1µ is a weak charged 

current responsible for w- -+ M- ,+ 'M0 transition and "a''. is a constant of axial-

vector interaction in the weak charged current of V-r -+ r transition .. We note, that the 
'' 

difference a = 1 characterizes the admixture of right currents. 

For general reasons we assume, that the constant "a" is complex one. Then T-
, ' I ' ' ' ' ' ,,, ' 

violation in the weaklepton,current of V-r-+ T transition is allowed to be realized. Of 
' ,. ' ' . "-' 

course, the latter very peculiar. violation, introduced phenomenologically, is different 

from the Kobayashi- Maskava mechanism and it does not necessitate an existence 
' . ' 

of three generations of leptons. Analyzing existing data [12) on the, lepton decays 

T- -+ v-rl-vt ( 'assuming the constant "a" to be real) one finds 

a-1 
a+ 1 < 0.37, 

which indicates that the large admixture of right currents can be present in tlie V-r -+ r 
. . ' - ~ ' ' -

transition. 
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Now, by using ( 4) one can obtain for the absolute value of the corresponding matrix 

element squared (the summation over polarization states of neutrino is carried out) the 

expression . 

r1w 

-2 G} * IMI = 2 [lµv + rµv]JµJ., 

lµv = 2(1 ,f- iai 2)(k1;k2:+ k1~k2µ ;_ !}µvk1 · k2) + 

+ 2(1 - lal2)mvm-r9µv - 4iRe afµvpuk1pk2,, 

2 .! ~ . . ---

2i(l + iai )fµvc,f3Sak213 - 4Re am-r(sµk2v + !ivk2µ - 9~vS · k2) -

2imv(l - liil2)fµvc,f3Sc,k113 + 4im;Im a(k1µSv'_: Sµkiv) 

r, ~ 

' (5) 

(6) 

(7) 

where s is a four vector of the T- lepton spin, s · k1 =0 and mv, m-r are masses of the 

neutrino and r- lepton, respectively. 

We note, that linear in the neutrino 1I1ass_ terills appear in ,tensors lµv and r µv, ,as 

one could expect, under two following conditions: 

• the right currents_ are present in the weak current of V-r -+ r transition (i.e. 

1 - iai 2 =J O); 'Y':'t 

• there is T- violation in the weak current of V-r -+ r transition (i.e. Im a=/ 0). 

One can see from the relations (5)-(7), that there are T- odd effects (in the frame­

work of the model presented here) in the r-· -2.+ v-rM- M 0 de<:ays, if the following 

conditions are fulfilled simultaneously: 

• the neutrino mass mv is different from zero; 

• the decaying r- leptons ~re polarized; 

• the hadronic tensor JµJ; cont~ins an a~tisyrnmetric part. 

However, as a consequence of the CVC hypothesis the current J0 describing the r -+ 

v-rM- M 0 decay is completely determined by only the isovector part of the pseudoscalar 

meson FF. As a consequence of the latter, the tensor JµJ; for such decays is symmetric 

one and T- odd effects should not arise there. Nevertheless, one can observe them also 

5 



in this case by verifying the.relation jRe al = lal, which requires the constant "a" to 

be pure reaL 

Further we start with a general expression for differential probability of th,: r- --> 

v,.M- M 0 decay of unpolarized r~ leptons as follows 

,· 41 IMl2 <Pk2 . cPp1 cPp2 
df = (21r) . 2m,. 6(k1 - k2 - P1 ;- P2) (21r)32Ev (21r)32E1 (21r}32E2 = 

IM 12 dEdEv IM 12 dEdk2 
. 

= ------ = ---- = 
641r3 m,. 1281r3 

IMl2 

= --m,.dxdy 
25611"3 .·. , 

m2 
T 

(8) 

where k2 = (k1 - k2 )
2 is the. effective _mass squared 9f the M- M 0 system, x = 

k2/m;; y = 2E/m,. and Eis the energy of M- meson at the r- lepton rest rf'ference 

frame. 

Then 

RS. x S. 1, 'lfji,'s_'y S. 1, ''R,;, 4m~/m; 

and mM is the mass of M- meson. 

In accordance with the eve hypothesis, as we have already mentioned, the current 

describing w- --> M- M 0 transition is determined by means of only the isovector (1=1) 

FF in the following way 

y'C°;Fft~k2)(P1-, P2)a 
1 ,., L, l 

J., (9) 

k•J ye;:;Ff,=1(k~)(m~- - m~o) ,= O; if ffiM- = mMo 

where C,,.=1 for pions and CK = 1/../2 for kaons. As it 'is well known; the eve 
hypothesis is valid with the precision of isotopic invariance of strong interactions of 

hadrons. Therefore on this level one can neglect a difference in masses of the charged 

. and neutral mesons inside of the corresponding isotopic multiplets ( 1r and 1<). 

By using (9) and (.5)-(7), one ca_n derive the following expression for ·the energy (E 

and Ev) distribution of the r- --> v,.J{-1<0 decay probability 

df = G} l ;;:
12 

CMjF£t=1(k 2 )12[(E - E0 )2 + ~(,k2 )]dk2dE, (10) 

where 

Eo= m;+k2-m2 
4 " m, 

6 

.. , 
I 
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A(k2) = (k2 - m2 ) (m; - k
2 + m~ - TTlv 1 - la12

) . 
4 M 4m; 2m, 1 + jaj2 

Just from the relation (10) it follows that energies E and Ev play a completely 

different role in r- --> v,M- M 0 decay. The E~- dependence (or k2- dependence, what 

is the same) of the decay probability is essentially determined by the k2- dep<'ndence 

of _jFl,=1(k2 )12, i.e. it has a dynami~al origin. On the other hand a dependence of 

d2f /dk 2dE on the' energy :E of M- • meson is demonstrated in' an explicit form as 

follows 

(E - Eo)2 + A(k2). . :( 11) 

The latter E- dependence is a consequence of the two following fundament.af cir­

cumstances: 

• the conservation of the weak current Jµ, k • J=O 

• the vector nature of interactions of leptonic and hadronic weak currents. 

Besides, an absence of a charged Higgs boson mechanism is very import.ant too. 

Since quantities Eo and A(k2) am known functions of k2, then ~ne can predict als~ 

E- dependence of the probability d21'/dk2dE of r- --> v,M- M0 'decay. Therefore cm~' 
. '. ' ' 

can say that the latter dependence has a kinematical origin unlike the dynamical £.,. 

dependence. 

In the mv=O limit the expressions for Eo and A(k2 ) arc simplified: 

k2 + m; 1 , -----'- = -(m, - Ev)> 0, 
4m, 2 

Eo ( I:!) 

A(k2
) 

(k2-4mi)(m;-k2
) (k2 ., 2 ). £., 

= -'----~~~-~ = - 4mM -- > Q 
16m; 8111, - ' 

' . J 

1.e. at the borders of the physical regio~ of k2 (for k2 = 4mi and k2 111; ) t.hP 

function A(k2) is equal to zero. A maximal value of A(k2). is achieved insirlc· of th<' 

physical regjon of k2 just for k2 = m;+ 4mi/2 and it takes the value as follows 

. . . {. 
m, 2 4m2 

Amax= ( 8) (1- -f-)2 = 
m, 

0.0469GcV2 

0.0235GeV2 

for T- --> v, rr-1r0 

for r---> v,f{-1{ 0 

(1:1) 
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3 cos tJ- dependence of differential probability 

An analysis of consequences of the eve hypothesis is especially simplified, if instead 

ofB- depende~ce of the differential prob?-b}lity of the r-:: -+_vTM- M0 decay (at the r­

lepton rest frame) cos iJc dependence,~£ th_at probability at the c.m .. system of M-_M 0 

syst!:m (iJ is the angle between the M- meson three mome~tum at the c.m. system of 

M- M 0 and a directi<m of the total _three momentum of ·M- M 0 at the r- lepton test 

reference frame) is investigated. 

Energies of particles under consideration at the c.m. system of M- M0 are expressed 

by the following relations 
\, ,, ,, : , .. , 

- m; - k2 - m2 + k2 - ✓k2 
Ev = 

2
,./k'i , ET = ;..Jk'i , E = 4 - mL,. (14) 

Starting from (10) one can write down the cos iJ- dependence of the differential 

probability of T- 4 'vTM'"' M 0 decay in the following form ( mv=0) 

·d2r = G2 1 + la12 k2(in2-k2)2(i- 4mL, )3/2c IFI=l(k2)'12·(l+cos2 ~ m; - k2 )dk~d- -• 
F512ir3m3 T • k2 M M . k2 _cosv. 

,;,, 'T ., (15) 

1£:rollo~s from the latter expression, that:. . : 
• the differential probability d2r /dk2d cos .,J is by a specific ( quadratic) co.s iJ- de-

pendence characterized 
k2 

Lo --~"· cos v + m2 _ p 
T 

and so, it is symmetric ac~ording to the change cost? -+ - co~ iJ; 

I' 

(16) . 

• the differentiai probability d2r/dk2dcosiJ turns out to be zero at the boundary . ' , ' 

values of k2 (k2 = 4mL, and k2 = m;); 

• a relative magnitude of cos~ iJ- contribution and the constant term in (16) is 

determined only by a .magnitude of k2, i.e. it does not need to be known the 

exact form of EM FF F!.,=1(k2). 

The angle dependence coefficient a= (m; - k2)/k2 of the differential probability 

d2r /dk2d cos iJ, defined by the general expression (15), takes values from the intervals 

8 

,i 

'l 

I 
l 
/, 

! 

as follows 

(k2 ;, m;) 0 :S: a :S: 39 

(k2 = m;) 0::; a :S: 2.2 

(k2 = 4m;), for T- -+ ·v.,.ir-ir0 ; 

(k2 = 4mJ<-), for r--+ vTK- K 0 • 

(17) 

As a result with increased values of k2 a ~moothness of the angle dependence of the 

differential probability is observed, i.e. a relative role of the angle dependence coefficient 

is enlarged. 

Now by using ~he x--variable, defined in the relation (8),'one can'rewrite th~d~~;y 

probability in the followingform 
";1 

2 ' 1 
d : r {) = ~x(l-:- x)2(1 - ~)~12(1 + 

1 
- x cos2 t?)CMIFft.=1(k2)12, '(18) 

re X COS 4 X X 

where re = G}(l + lal2)m~/384ir3 is the kital decay probability of the r- -+ vTe-iie 

process (with unpolarized particles). 

By a cos iJ integration in (18)'one gets the' expressi~n for the effective mass spectrum 

of M- M 0 -system created at the r- -+ v.,.M- M 0 decay' 

2._ dr ='!(1-+ 2x)(l - x}2(1'~ ~)312CMIFft.=1(k2)12. 
re dx 2 · x 

(19) 

In accordance with (18) the angle distribution properties of M- - mesons in'i- -+ 

vTM- M 0 decays, which do not 'depend on a concrete parametrization of F!.,=1(k2), are 

characterized by the following two functions 

3 R 
91(x) = 4x(l-x)2(1-;-)3l2 2::o; 

and (20) 

92(x) ~(1 - X )3(1 - ~)3
/

2 2:: 0. 

Both of them are turning to be zero at the borders of the physical region of k2, however, 

their maxima, which depend on.mt, are in different places ( Fig.I a,b). 

.BY means of the functions (20) one can rewrite the angular distribution of mesons 

(18) in the following form·· 

1 ,I d2r 

re dxdcosrJ 
= (g1(x) + 92(x)cos2rJ]CMIFft.=1(k2)12 =' 

l-x 
= 91(x)(l + -x-cos2t?)CMIFft.=1(k2)12. 

9, 

(21) 



From here, by an integration through x in the whole physical region of k2, one gets 

the cos 19- dependence of the differential probability df / d cos 19 of the T- -+ V 7 M- M 0 

decay 

where 

1 ·df 
f e d cos 19 = 11 + cos

2
19 . J 2, 

', 11,2 == · [191,2(x)CM1Ff,=1(k2)l2dx JR . 
are'definite numerical dime.1,1sionless numbers depending on 1Ff,=1(k2)12. 
t, •• ' , ,/ ) I , , 

(22) 

· ·· Res~ltant values of the integral; 11 and 12 have to be sensitive to .P(k2) at different 
ii:''' ,,. 11 ,,. ,: . 

regions of k2 as the maxima of the functions 91 ( x) and 92( x) do not coincide. 
·. . ;\ . . \ 

It is straightforward to see that the' integrals i 11 and 12 determine a ratio of total 

probabilities 
.: . . '' 1 
f(r- _:__. V7M- M 0 )/r. = 2(/1 + 312)- ,(23) 

. In order to fit1d, th~ .. E~ dependence of the decay probability, first the distribution 

d2r /dk2dE is transformed to the dimensio.nless variabl~s x·.and y defined in (8) 

where. 

.) ,:' 

1 d2r · 
'.. r. dxdy = 6[(y - Yo)2 + b(x)]CMIF1,=l,(k2Hi, 

. \ 
l+x 

Yo=~, 
b( ) - 1- X R. 

X - ~(I:,•-), 
X 

(24) 

Then they- distributi~n (i.e. the E- distribution) is defined by the following integr~l 

over the variable x \ 

1 df 1x+(Y) ' r dy = 6 dx[(y - Yo)2 + b(x)]CMIFI=l(k2)12 
e ~M M , 

(25) 

where 
1 c,,,; R 

X±(Y) = 2[y ± y y2 
- R]/(1 - Y + 4 ). 

In order to calculate the latter integral o~e has to know a k2-, dep~ndencc of the . 

isovector part of the M- -. meson FF. 

One can show immediately, that for arbitrary values of E (besides the threshold 

region) an integration in (25) for the T- -+ v,1r-1r0 decay contains a large p(770)­

meson contribution and therefor~ .contributions of heavi~r p- m~sons will be in the y­

distribution disguised. 
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On the other hand; for' the +-'- -+ v7 1{-K 0 <l~cay the p(770)- meson appears to be 

under the threshold and the main contribution will be from th~ radi~lly excited st~tes 

of the p(770)- meson. 

4 A decay of polarized r- leptons 

The Dalitz distribution _for ;- -+ v,M- M,0 decays ?{.polarized T~ leptons is giwn by 

the expression 

-~.r ~ a2 1 + ial2 dk2dEdr!' C IFl~l(k2')12. 1 
F 3271"4 1 

. A{ M. : M (26) 

{(E- E~)
2 + A(k

2
) - 1

2
:~a~2 [(s .· P1)~i-Eo)+ 

+ ~(~:~2
1
)(E_:_Eo+(k2 - rrp)/m,)J}, 

where ·dnM is an element of the space angle of dd,ected meson related to a nfr;/,nrt; .. 
frame given by a three-momentum p-;, and a thre~-rriomentiun s of the ·T- lepton. ,;olar-

1 ' I,' 

ization at its rest reference frame.· ,.', 

From the latter for the'corresponding decay asymn1etries one ?e~S' 

AM 

•- ♦ r 

(2i) 
2Re a ✓ E 2 - m'ft(E :._ Eo) 

l + la12 (E _ Eo)2 + A(k2) , at the correlation .?- 117,1 . 

Avr = Re a ✓E2 - m2[(E _ Eo) + (k2 _ '.'.'.1.)/i ] 
-- V V •1 nT 

} + jaj2 , ,, (E- Eo)2 + A(k2) , at the correlaticm :;: . ,i;, 

where 11M and n-;, are unit vectors along the three-momenta of AJ- and v,. 

Since the angle 11v between three-momenta of v, and AJ- varies with a ,·ariat ion E 

and k2, then instead of Av and AM it is useful to introduce the following rnmbinat i011s 

of the latter 

At = Av sin 11v, At= AM+ cos 19vAv, (21s) 

which are made dependent upon components of sto be parallel (A£) and perpcll(lirnlar 

(At) to the three-momentum of the.negative meson M-. For mv=O ms 1jv t.ak<'s t lw 
. '·,;q' ' . ',,, 

form as follows 
•. a m; - 2m,(E +Ev)+ 'l.EEv 

COS UV = ---'--:-'--,========--- • 
' , ,-,2 2 2EvyL - mM 

(29) 

11 .. • 



At the limit m,,=0 a.symmetries A,, and AM in terms of dimensionless variables x 
1'. . i'''·: . 1 

and y take the following form 

AM 

A,, 

where 

2Re a (y-yo)~ 
= l+lal2 (y-yo) 2 +b(x)' 

Rea (y-z0 )(1-x) 

l.+ ial2 (y - Yo) 2 +.b(x):, ·1 > r ~ . >. 

Zo:::: (1 ~·3x +R/4)/2 2x - y - xy 
and cos1'J,, = ~-

(l - x)y y2 - R 

(30) 

if·\' 

The asymmetry AM at the kinematical interval of_ values y is changing the sign at the 

pointy= Yo-

Both asymmetries A,, and AM; ~hich are always ,different from zero for ;- -> 

vrM- M0 decays, are P- odd (though'T~ even). The latter is caused by a P- violation in 
I • . . 

/ ) • 1 ' ~ ' ' 

lepton current of the Vr -> T,- tra'nsition. Th~refore both _asymmetries are proportional 

to Re a. 
·:'•,·, 

· The asymmetries A,, and AM.are determined only by a kinerp.atics of;-;;-, vrM-:-,M0 
,I ,:,:• "' •·• • ' ' • 

decays, i.e. by the values of x, y and R. They do not depend on FF Ff.t 1(k 2 ). • This 

is a result of a conservation of the weak-vectoracurrent of hadrons. As a result both 
'.l, ; . ' 

of these asymmetries in ;- -> vrM- M0 decays _are s~itable for a CVC~ hypothesis 

conservation verification. 

Let us investigate now {)c dependence of those asymmetries at the c.m. system 

of M- M 0 to be createa' in ;- -> vrM-M 0 decay. Components of the four-vector 

polarization Sa, ofT- lepton in the c.m. system of M-M0 are connected with three­

vector s of T- lepton polarization at the laboratory system in the following way 

SQ= 8' p""'r/mT; 
s·p""'r 

l=s+if,. (E +mr)' mT T 

'j•1, 

(31) 

where p""'r and Er are three- momentum and energy of T- lepton at the c.m. system of 

M- M0 (see Fig.2), 

Then for asymmetries At and At, which ar~ induced by the-~omponents St and St of 

T- lepton vector polarization, one can obtain the following cos 1'J- and k2- dependenc~ 

(the limit m,,=0 is considered) 

12 

} 

) 
I 

At 

At = 

2Rea Jxsin(2{))/(cos2{)+1~x) .. 
1 + ial2 1 - x · . x 
2Re a 1' + x( 2 {) __ x_)/{cos2 {) + -

1 
x). ~--- cos l+x --1+!a121 -x 

Thus, particularly, for k2 = m~ we have 

and also the relations 

At = ...: sin(2{)) 2Re a 
1 + 1a12• 

At. = ,;(1 _ 2cos2i) 2Re a 
1 + ial 2 

At.(cos{) = ±1) 

At(cos{) = 0) 

.2Re a 
= -l+lal2' 

2Rea 

= 1 + lal2 

to be valid for arbitrary values of k2. 

(32) 

(33) · 

rn4) . 

It is demonstrated in Fig.3 a,b, where {)~ dependence of a.symmetries At, At at 
,. \ I ; • , I ·'., • ,i! ; •. 

· different values of k2 is presented, that all possible values of At are from the interval 
• . . .' ,:,.,, :,_. ·!,} ') : 

bounded by the values At(4mA1-) arid At(m~). It follows from the latter that the At 
• , 1 ·, , , r,," ., , ~' · ' ., • · t 

variation for T- -+ vrI<- I<0 decay is essentially narrower than for r-_ ;:-> vr1r-'!0 one. 

The asymmetry At, investigated as a function of cos{), is changing the sign two­

times at 

cos{)0 = ± ---~x 
.. , · 1 +x ;(35) 

which depends only on k2, but it does not depend on the meson ·mass. 

, In order to find a {}- dependence of a.symmetries integrated over P, we start with 

the probability expression for polarized T- lepton decays in the following form• ·. 
; \_ ; ' :_ _'.' 1 ,, ; '. ·. ~ · , ~\Ii.ls ., ..'. I 

~x(l - x}2(1- ~)312Clt!Fk=1(k2)12 {1 +'crni2{)
1

-::- x_:;, (36) 
t ; . r ,_ X , . ;·, , 1_!1 , X i; 

_ St 2Re a sin(2{)) _ St 2Re a 1 + x (cos2 {) _ _ x_ } 
1 +-lal2 · Jx · 1 + lal2 •x: · 1 + x)_ • 

1 d2r 
---r. dxdcos{) 

From here, particularly; we see immediately that by an investigation of {}- depen­

dence of ;- ..:.:. VrM- M0 decay of pol~rized T-' leptons one can deterrrtlne not only 

longitudinal, b1.1t also transversal polarization of r- lepton. 

13 



By an integration of (36) over x- variable (i.e. overk2) one gets 

1 df , 2 2Re a [., . ( · · · , ( 2 -r -d .a= /1 + I2_cos .,J - -1 I 12 StSIIl 2.,J). Ia+ St ]4COS .,J + Is)] 
e COS"IJ , , + a · · ·· ,· 

(37) 

where 
.• J.J 

/3 = ¾ L1 

y'x(l -:i:)2(1 :-- ~)312CMIF{;=1(k
2
)12dx (38) 

1 ' 

/4 = ¾ L (1/ x~(l_-.x)2(1-, ~)
3
l

2
CMIF{;=1(k2)12dx, 

15 = -11 and 11,2 are defined by the relations (22). 

Two independent asymmetries At and At are related with integrals 11, .. , 14 only by 

: the following way 

A _ _ 2Re a · i3 sin(2.,J) . A_ 2Re a 1 - i4 cos2 .,J 
1 

- 1 + lal2 1 + i2 cos2 .,J' t - 1 + lal2 l + i2 cos2 .,J' 
(39) 

where i2 = 12/11, i3 = la//1 and i4 = /4//1. 

It i; natu~al: that' in a'. c~lculation of 'b~th asymmetries• At and At one 'i~- in need of 

the ~orre~ponding M" meson'-FF's. 

An integr~ted over cos .,J probability of the ;- , -+ v;. + ( _M- M 0 )' deca; i; det;i-'inined 

only by St corripo'rient of the T- lepton vector pol~rization 

1 df · 1(' · ').( R) 312 I 1~ 1( 2)l2[ ( · 2Re a -- = - 1 -x 1- - CM FM- k 1 + 2x + St -1 + 2.-i;)---]. 
r.dx 2 X l+lal2 

and the corresponding asymmetry t~kes the for~ as follows 

,,f'. - · 2Re a 2x -1 
At = 1 + lal2 2x + 1 · 

(40) 

( 41) 

.. ' 

It is straightforward to see that the asymrri.etJy At does not d~pend n~i fher oh the 

FF F[t1(k2 ), nor on the mass of M- meson:. 
'f.: . ~ ,· ' , ' 

The k2~ dependence ofthe asymmetry Ai is presented in Fig.4. For x=l/2, i.e. for 
f ''' ' ' '' 

k2=1.58:GeV2, At is changing the sign. 

At t_he p(770) _At(m~) =:= -0.46,and thi,s value is two .times.smaller than the maxi-
" •• , • •! • ' ,. '· ' 

mum possible value At= -0.90, which is achieved for k2 = 4m;. However, to make use 
• :, ,,•;, > ;:> , , , ' ' ' , • . I ,,,. ' 

of the lat.ter results seems to be difficult a~ there is suppressing factor (1 - R )312 = {33 

, , ,. <. . ,., X " 

in (40). 

14 
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At the threshold of!{- K 0 creation (i.e. for x::0.316) the asymmetry At= -0.225. 

Asymmetries of i -+ Vr + p decays are already effective'ly used in measuremeht of 

a polarization of T- leptons, created in the e+e- -+ z0 -+ r+r- process [13]. 

It is well known 'that analyzing potency of the T~ -+ VrP..:.. decay is increased, if 

simultaneously a polarization of p-" meson is r~gist~red (14]. 

5 Formfactors . ~f pseudoscalar mesons in unitar:y: 

and analytic vector-meson-dominance •model · 

In:order to predict the effective mass spectrum behaviour (19) of the M- M 0 system 

created at the T- -+ vrM- M0 decay and the E - dependence of the decay probability 
·,i ' 

(25) of the same process as well, we employ the unitary and analytic VMD model of 

the" pion and ka~m electromagnetic structure (4,15] the parameters of which (wit.h clear 

physical meaning) are fixed in fitting procedure of existing data, essentially on the 

e+ e- -+ MM processes. 

The starting point in a construction of the unitary and analytic model is thl' ca11011-
i ' _,, , . ,, . . ' ' 

ical VMD model expression for the EM FF's 

FM(t) = L fvMNI m~ 
fv m; - t 

(-12) 

where fvM M and' fv are 'vector-meson-meson-antimeson and universal vect01-nwso11 

coupling constants, respectively, and mv is. the vector--meson mass. 

Let to be the lowest threshold for hadron-antihadron production in clectron-p~>sitrc:II· 

annihilation and t1 the effective threshold representing contribtitions of other, SJ><'cifil'<l 
•.• 

by the unitarity condition, thresholds of hadronic productions t.o F.11 (t). As it. is clParly 

seen that equation ( 42) does riot contain any informatioq ~elated to ii'{l'sc t hn,sji'olds, 

which charac_terize, though not completely, the ~nalyt.icity of FF'~ FM(!).' On t.h<' ot lll'r 

hand, according to (42) the only singularities ofFM(t);re simpl<' poles on th!' n·al axis. 

corresponding to vector mesons, considered to be stable particles. The instability of th<' 

latter can be taken into account by including the vector-meson widt.lrn I\ transforming 

simply the denominator of (42) into the Breit-Wigner form. Ilm~·l'ver, this "ad hoc·· 

shift of the poles i11to tlie i-0111plex plane l has 110 rPlat.ionship ,,·ith 1 hi, ihreshold ,:111s i1; · 

15 



the structure of EM. FF. Moreover, such complex poles destroy the important property 
' , ' ,I • ! • .+ • 0 ' • 

of real a,~alyticity of f.F exhibit~4 by the expression for FM(t) in eq. ( 42). 

The can.onical VMD expression ( 42) can .neve~t.heless be rpodified firstly to incor-. 

porate implicitly the analytic cut structure represented by the thresholds to and· t1 • 
\ ~ , . • • . " ' . • I ' ' • ' ( 

Secondly the modification can be so carried out .that also by an incorporation of the . " .,•, : ·, . 

nonzero values of the vector-meson widths r v =fi O the real analytic property and the 

asymptotic behaviour as predicted (up to logarithmic corrections) by .. QCD are pre-
..... ,,_, i:.' ,"'. :.~\ · ... ,:>:} ,. ,.-t:\": '(~· .. ·•:· ;-,':."'_~,:·,_< ,•'>: .,-,:,• .. : :~·.-." 1~:·· ( ·. 

served. · 

With the aim of that modification one operates the change of ,vkriables 

t1 - to 
t = to-: \u - l/U)2 

in eq. ( 42), whicli"le;ds to the for~ 'as fo,Uows .. 

-c-u2r 
= 1 - U'J. . . . ·. . . , . . . : . 

'. L (UN - Uvo)(UN + Uv0 )(UN - l/Uv0 )(UN + l/~vo)fvM1ft 

(U - Uv0 )(U + Uv0 )(U - l/Uv0 )(U + l/Uv
0

) fv 
V 

PM[U(t)) 

(43) 

(44) 

where' UN is the value of u foi't=O and lfvo the value of u fo~ t = m·~, i.e.· rv;=O and 
. i , , r, 

therefore the subindex O in Uv
0

• 

· The expansion ( 44) is in a factorized form, where the overall factor (l-U2) 2 outside 

of the sum over the vector mesons completely determines the asymptofo; behaviour of 
, - '".. ' ' . \ . 

FM[U(t)] for t -> ±oo. The latter is so because t -> ±oo on the first sheet of. the . ,, . ' . ·, . ',• . 

Riemann surface corresponds to U ~ -_l, according to eq. (43). 'f.he terms under the 
'. . \ ~ ' . . 

sum determine. the analytic behaviour of FM[U(t)] and they do not contribute .to the 
l ,:I . > • ' 1, ' • 

asymptotic behaviour as for t -> oo they tun.1 to be real constants., 
• ',.,, j :'· ' ;/ '. ,/1 ·,.' . . ;, .. ··, ) . ' 

Further, provided that there are r and s vector mesons (r + s = v in the sum of . ~- . .; . . . - ') . : ' . . ' . ' 

( 44)) _with masses remaining the inequalities t < m; < t1 and m; > _ t1 to be true, . . ' ' . . ' 

respectively, then one can derive the fo)lowing relations 

U;~• = ...::.iJ;
0 

U,0 = l/U;
0

, (45f 

where stars mea;11 ~ corriplex conjugation. These relations can be used to rewrite ( 44) 

into_ the forrri which t!xhibits the reality condition F.~(t) = FM(t*) explicitly. 

16 

1 
I 

'~

, I 

,' 

i 
? 

Taking all this into account and introducing nonzero vector-meson widths rv =fi O 

by means of the replacements 
;'', 

m~-> (mv - irv/2)2 i.e. Uv0 -> Uv, (46) 

one gets finally the unitary and analytic model · 
. - ' ' 

(
· 1 u2)2 

FM[U(t)] = l = U'J. (47) 

. {L (UN - Uv)(UN - U;)(UN - 1/Uv)(UN:_ 1/U;) f,°MM. 
' r (U-:-- Uv)(U- U;)(U -1/Uv)W,: 1/U;) fr + 
'"" (UN - Uv)(lfN - u:)(UN + Uv)(UN + u:) f,MM} 

+ ~ (U - .Uv)(U.,- U;)(U + Uv)(U + U;) J. 

of the pseudoscalar meson EMF~'~, which depend on p
1
ar'am~~ers like mv, rv, fuMM/ fv 

to be determined in a comparison of ( 4 7) with exi~ting experimental iriforinati~n: . 

The application of (47) to the FF or''/l'+ (F,r-[U(t)] = -F,r+[U(t)]) leads'to the 

following form 

F,;+ 1 [U(t)] ( 
1 - U2 )'2'(U ~ U;)(U;.:..: U~) . ' 
1 - U'J. (UN - U,)(U - Up) 

r f; 

. {'~•, (UN - Ui,)(uN·._ u;)WN.::.. 1/Up)(UN ~ 1iu;)Jp;~:;+ 
"7' 1 (U- Up)(U - U;)(U -.1/Up)(U -1/U;)' Ji>,,,' 

+ •, :.,IJ, ' (UN - Uv)(UN ~ U~)(UN + Uv)(UN+.u:) fvMM}, 
_, ,, ,;, (U - Uv)(U - Uv)(U + Uv)(U + Uv) fv 

v-p ,P p 

(48) 

where the normalized term ~~;~;);~~=~;! (U2 is a zer~ and, r{ is a ~oleo~' th~ ;>o~it;~e 
• t < • - < 

real axis in the U-plane)'represents effectively [16] a very imporfant contribution from 

the left-hand cut of the second Riemann sheet, which appearsas a consequence of the 

prese~ce of the 7!'~ sc~ti:ri~g a~plitude in the pion F~ unitarit; co~di~ion. '. , 
,, '· 'i' . ' .,, ' ; 

For kaon EM FF's, as a consequence ·of particular transformation properties of 
' • ,, ·\ > ' ' • •, ' • ,· • •. , l < \ 

the kaon EM current with respect to rotations of the isotopic . spin space, one. can 

use ·expressions (,1) and (47) is applied [4,15] directly to the isoscalar Fj;>(t) and th~ 

isovector F}!>(t) parts as follows 
"i ' ' 
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I' 

' ·i 

I 

·,, 

p}_:l[V(t)J (
1 v2)2 

= ~ . (49) 
1-VN 

+ 

. ['"" (VN - V.)(VN - V.*)(VN - 1/V,)(VN - 1/V.*) f,MM 
LJ . (V.:.. V.)(V - V.•)(V - 1/V.)(V - 1/V,•) f, + 

a=w,t/, 

(VN - V¢,)(VN - v;.)(VN + V¢•)(VN + v;,) l¢•KK] 
(V - V¢,)(V - v;.)(v + V¢,)(V + v;,) /¢• 

, I 

(v) - ( 1 - u2) 2 
FK [U.(t)J - 1 - U'J. > 

['

(UN~ uiwN·:_ u;)(u;, + Up)(UN + u;) fpKK ·----~------ + . (U,- Up)(U-:- u;)(U + up)(u + u;) /P 
+ L (U;- Uv)(UN - u:)(uN + Uv)(U; + u:) fvKK] . 

_ , ,, ,,, (U - Uv)(U - U;)(U + Uv)(U + U;) fv 
t ~-f ,P ,P , ., ·. . 

(50) 

Thoug~' the pure isovector _,r+ EM FF and the isovector part of the kaon EM FF's have 

very similar struct:ire, their behaviour is different, as.it i~ pres~nted in Fig:5 a,b. 

6 Discussion of numerical results 

Assuming the k2- dependence of the Ff.t=1(k.2) for pions and kaons to be known, one 

can now predict a·behaviour of the effective mass spectrum of r>ions 

' 1 dI'(T '-+ V-r7r-7ro) ~ 1/2(1 + 2x)(l - x)2n:·- ~)3/22wi=1(k2)12 (51) 
·I' dx .·. · x " 

and a behaviour of the effective mass spectrum of kaons . 
" d l / 

~ dI'(T- ~;-rK-J<O) = 1/4(1 + 2x)(l - x)2({- ~)3/221Fi<(k2)12. (52) 

Their 'graphical presentationis in Fig.6 a,b and .Fig.7, resp~ctively. One c1;n see i~me­

diately from there' that the effective mass spectrum of pions t;k~s con~iderably large~ 

~alueii than.the effective mass spectrum of kaons, but itsp:~ak is narrowe~. Both prop­

erties· a'.i-e predestined by _the interval of values of Ff.t= 1(k2), which contributes to the 

behaviou; ·of(51) and (52). 

Further, taking into account the explicit form for .the g1_2(x) functions, gi~en by 

(20), and the isovector parts of the pion and kaon EM FF's given by (48) and (50), 
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one can calculate integrals /1,2 numerically, to be for pioris 
•, ,\ '<T' 

1; ;; 0.30217, 1; = 1.233267, (53) 
,, I : '.I 

and for kaons . ' . . 

If = 2 · 0.00352, !f = 2 ·, 0:00354. (54) 

As a result the cos 19- dependence (22) of the differential probability of th«i ):.. -> 

V-rM- M0 proc~ss is specified; Furthermore, by using (23) the ~atio of'total probabilities 

I'(T--> V-r7r-7rO)/f, ';= 1.42612 
' '.; ' ,· . . ' ' 

(55) 

and 
,.1·:· 

I'(T--> V-r/{- 1{0 )/f, = 0.00940 (56) 

are determined automatically to be c9mpared with values of other estimat;es f ,,/I', = 
, ':,,' -',';,'. i ' ,,, , ' ' 

1.32 ± 0.05 (17], r,,/I', = 1.31 ± 0.04 [18], I',r/I', = 1.21 [19] or experiment.ii mea-

surements r"/r, = lA0 ± 0.03 [20] and I'k/f, ~ 0.0161 ± 0.0068 [11]. One can·s~e 

from (55) and (56) that our estimates of r -> v,M- M 0 /I', ratios are iii an excellent 

agreement,with existing experimental values. Moreover, our pion EM ff model coi1firms 

the experimental tendency to increase the branching ratio of the T- -> v,7l"-7l"(lde,cay. 
• [ I : ) · ' ' ,,, ' ' ; . • ,·. 

Other theoretical estimates of I'( T-: -> V-r 7r-7l"0 ) /I', give smaller values. 
I : ,,; • ' • ' ,,, •· ' 

By means of the F/.,t1(k2
) presented in Fig.5a,b and the in_tegralexpr~ssic,n (25), 

the E- dependence of the decay probability of the T- -> v,1r-7!"0 and T- -> v./{- 1{0 

processes is predicted (see Fig.8). 

Finally integral_s h a~d 14_,for pic:ins and kaons, gjven by (38) and determining 

cos 19- dependence of the differential probability (37) of the decays T- -> v,M- M 0 of 

polarized T- leptons, are determined to be 

1; = 0.67060 1: = 1.83700 (57) 

and -l 

·,:. I!/, =_0.00496 !]\= 0.01060. (5~) 
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7 Conclusions 

The analysis carried out in this paper has shown, that the eve hypothesis substantially 

determines the main properties of the T- -> vTM- M0 decays, simplifies the decay 

amplitudes and gives a series of predictions, which do not depend on dynamics of the 

decay, i.e. on the behaviour of Ff.,,=1 (k2). ,, 

We have to, ,stress, that. the decays T- -> vTM- M~ can appear to. be very useful 

in, a ~olution, ,?f}he whole, set of global pr?bleµis of the physics of. T- leptons and· the 

physi~s of weak interactions of leptons with hadrons. 

One of a such problem is test' of sym~etry prop~rties of weak interactions of T­

leptons with hadrons, which has to include an investigation of the following questions: 

• the eve hypothesis; ' 

• the hypothesis of a~ absence of th~ second ~lass currents. 

Uis clear, that there are.no contributions of the second class currents into T- -> vT1r-1r0 

and r;~ -> vTI<- I<0 decays as they can not be.constructed at all.in this case. However, 

the decay T- -> vT7r-TJ is completely determined by the second class currents .. 

'•"T- invariance of the lepton current of ,;T -> T- transition (by 'means of ~~entual 

deviations from the relation iai'= IRe al, which is t~ue only in the case of the 

pure real c~nstant. a); 

• a role of possible charged Higgs bosons; 

• a locality of weak interactions of i'he lepton current 'to be responsible for Vr -> T­

trarisition with hadrons; 
'! 

• a size of radiative corrections to the processes under consideration. 

· In the first stage of an experimental investigation of the T -> vTM- M0 decays the 

main task will be a reliable determination of the isovector parts of the pion and kaon 

EM FF's at the region of time-like values of the momentum transfer squared. These 

results can substantially improve proposed models for a description of the EM structure 

of pions and kaons. 
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Fig. la 

Fig.l. The angle distribution properties of M- - mesons in T- -> vTM- M0 decays, which 

do not depend on a concrete parametrization of Ff.,,=1(k2), are characterized by 

two functions g1(x) and g2(x). Both of them are turning to be zero at the borders 

of the physical region of k2 , however, their maxima, which depend on mt, are in 

different places (for 1r-meson see (a) and for I<-meson (b)). 
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LJ:y6ttffllKOBa A.3.,·LJ:y6ttnl1Ka C., PeKano M.TI., 
11aoTonuq~cKa.si: c-rpyKTypa :meKTpoMarnuTttoro e+ e- -+ MM 

Hr- -+ vTM°.M-:- npou.ecca . 

E2-95-188 
' / 

PaccMaTpirnaeTc.si: pacna.Zl r-m:nTotta Ha JlBa nceB.llOCKansi:ptthlx Meaotta, TaK 
KaK 3TOT pacna.Zl AaeT nonttyIO umpopMau.u10 06 uaoBeKTopttou qacTu cooTBeT:­
CTByIOm;ero cpopMcpaKTOpa. Tionylletta' o6m;a.si: CTPYKTypa ·pacnpe,ZleJieHHSI 
LJ:anuTu.a, B TOM qucne u yrnoBoro pac~pe,Zleneiurn, c yqeTOM runoTe3hl ·qac­
THllttoro coxpaHeHHSI. BeKTOpttoro TOKa. Cneu.uaJibHOe BHHM~HHe 

0

y,ZleJIS1eTCSI 
~OJISlpHaau.i:ioHHbIM • 3cpcpeKTaM. BhlllHCJieHbl pa3JIHllHhle He3aBHCIIMble aCHM­
MeTpHH pacna,ZlOB IlOJIS1pH30BallHblX r~nen.TOHOB. l1cnOJih3YSI yttrnapttyIO Hatta­
JIHTHlleCKYIO BMP, MOJleJib JlJill onucattusi: 3JieKTpoMarnnTHOH CTPYKTYPhl nceB-

. - . . . 
JlOCKaJISipHbIX Me30HOB, _ npe,ZlCKa3bIBaeTCSI cneKTp Mace H 3HepreTHlleCKaSI 3aBH-
CHMOCTb BepOSITHOCTeH pacmina r~.nenTOHa. 

Pa60Ta
0

Bb1IlOJIHeHa B Jia6opaTOJ)HH TeopeTHlleCKOH Q)H3HKH HM.H.H.Eoro-
JII06oBa 0115111; · · · 

Coo6w.em1e Q6,,~,11HHe1rnoro 111icm-ryrn ll,llepHb!X HCCJie,IIOBaHHH. ~y6Ha, 1995 

" 
Du.bnickova _A:Z., b:ubnicka s.,Rekal~ M;P. . . •. E2-95-188 
IsotopicStructure of the Electromagnetic Current of e+ e~ ~ MM 

and r - ~ v'-rM° M- Process.es . 
,' -. - . 

. The r-decay into two pseudoscalar mesons: as a ·source of° a complete 
information on the isovector part of the -corresponding electromagnetic form 
factors, is investigated in detail. A general structure of the Dalitz-distributimi 
and the angular distribution, particularly with regard to the consequences of the 
conserved-vector-current (CVC) hypothesis, is derived: A special attention 
to polarization effects is .devoted and various_ independent . asymmetries 
for decays . of polarized r-leptons . are calculated .. By using the unitary 
and analytic vector:-meson-dominani (VMD) model of the pseudoscalar meson 
electromagnetic structure, the effective mass spectra _and the energy depend­
ence of the r-decay probabilities are predicted. 

.Th~ investigation has been performed at · the Bogoliubov Laboratory 
·of Theoretical Physics, JINR... . . 
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