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. where my is the pseudeacatar meson mass. xs vefy xmpoﬂ.ani to be known vfrom : h;e‘r
pomt of view af &vertﬁcatm of daspefsmn relatm metkods 13] and mxous mudeta of-
the poeudosulu menon EM stmcime, hkc c.g the ummy md malytrc VMI) _
[4}a.ndothmi56] S , Wl :
We siote, th&t a sltnahon mﬂ; the plon EM FFis ahg}tﬂy dzﬁereﬂt fmni ﬁm%&mn EM ’
- FF's. Asa conaeqnence of isospin propcrh@ of the hadron EM wmnt. the pion EM
'FF a.ppem to be easenhally mevect.or, whe:eas the kmn EM stractur is
by means of the isovector and isoscalar FF's: s;multwemxsiy as ﬁoﬁm

Fie(t) = -{F"‘(t) + qu;], Fm(t) = »tf‘"m _F“’(t
As a result, in the case o{ pions a knowledge of fF..(E)l’ is eqmvaien-t ,mst toa
“of the isovector FF F.(s) and by using the CVC hypothes&s [‘T} oae can pm@(l '
the eﬁ'ectwe mass spectrum behavxour of pions in 7~ — v,r"':r° dec;y, in fu:i“ by

‘model mdepeadent. way.
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taking into account (1), one can write down relations as follows

I

[FO@) + [FO()[? + 2cos 6(2)| FE(2) || FO)(s)), ()
[FO@) + [FE) ~ 2cos S FOOIIF(2)),

4 (O
4| Fio(1)|?

where 6(t) is a relative phase of the F(*)(t) and F(*)(t) as a function of the momentum
transfer squared .
Therefore only in a simultaneous experimental measurement of the following three
processes
T2 v, K K% ete” - K¥K~ and ete” — K°K°
a complete restoration of isotopic structure of the kaon EM FF’s, i.e. a complete
determination of [FC)(t)|, |[F()(t)| and cos §(t), is possible.

Of course, a realization of the latter program is attainable just in the interval
1GeV? ~ dm¥k <t <m? ~ 3.2GeV?, (3)

given by a kinematics of the decay 7~ — v, K~ K° process.

We note, however, that the upper bound in (3) can be in principle overcome by an
experimental investigation of the 7.~ — K~ K process of collisions of high-energetic
electron antineutrinos with atomic electrons. The threshold of the latter reaction is
remarkable high, E, = 2m%/m. = 1TeV. 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 one is in need of large target-
detectors (SUPER-KAMIOKANDE [9] or DUMAND [10]).

In this paper various characteristics of the 7= — v, K~ K® and 7= — v, 7~ 7° decay
processes are investigated theoretically. Particularly, by using the CVC hypothesis
a decay of polarized and unpolarized 7- leptons is analyzed. Taking into account the
value BR(7~ — v, K~ K®) = 0.29+0.12+0.03% [11] we can see that one year statistics
of a 7t7 - pair creation on c-r factories of about 10€ 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 QCD-

like description of EM structure of hadrons as well.
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The paper is organized as follows. In the next section a general structure of the
Dalitz- distribution of 7 — v, M~ MP° decay is derived, particularly with regards to the
analysis of CVC- hypothesis consequences. In section 3 the same is investigated in a
language of cosd- distribution in the c.m. system of hadrons produced in final state
of that decay process. Polarization effects in 7= — v, M~M?° are studied in section
4. The unitary and analytic VMD model for kaon and pion EM FF’s is presented in
section 5. The section 6 contains results of our numerical predictiohs. Conclusions and

summary are given in the last section.

2 Dalitz-distribution for v~ — v, M~ M?°

We start with the following matrix element of the decay v~ (k) - ve(ke) + M~ (p1) +
M?(p,) process '

M= %ﬁ(h)%(l + ays)u(k1)J,, (4)

where W- boson exchange mechanism is assumed to be realized. However, since
m2/m%, << 1, all nionlocal effects in (4) due to the W- boson exchange can be ne-
glected. Gp means the Fermi constant of weak interactions, J, is a weak charged
current responsible for W~ — M~ + M? transition and “a” is a constant of axial-
vector interaction in the weak charged current of v, — 7 transition.. We note, that the
difference ¢ = 1 characterizes the admixture of right currents.

For general reasons we assume, that the constant ”a” is complex one. Then T-
violation in the weak lepton current of v, — 7 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 de;:ays
7~ — v.I" v, ( assuming the constant "a” to be real) one finds ‘

S—i—i— < 0.37,

which indicates that the large admixture of right currents can be present in the v, — 7

transition.

(A3



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
— .
|M|2 = TFMW + r,,,,]J#Jp ' (5)
by = 201+ |a®)(kruka + krkay — guky - k2) + (6)
+ 201 = |a|)m,megu — 4iRe a0k pkas
r = 2(1 + |a]*)€massakas — ARe am (suka + Sukay — Guu's - ko) — (7

— 2im,(1 = |a|))epapsakis + 4im, Im a(ky,s, — 8uk1y)

where s is a four vector of the - lepton spin, s k;=0 and m,, m, are masses of the
neutrino and 7- lepton, respectively.
We note, that linear in the neutrino mass terms appear in tensors €, and r,,, as

one could expect, under two following conditions:

o the right currents are present in the weak current of v, — = transition (i.e.

1—[al? # 0);
e there is T- violation in the weak current of v, — 7 transition (i.e. Jm 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 7= — v, M~ MP° decays, if the following

conditions are fulfilled simultaneously:
e the neutrino mass m, is different from zero;
e the decaying 7- leptons are polarized;
o the hadronic tensor J,J contains an antisymmetric part.

’However, as a consequence of the CVC hypothesis the current J,, describing the 7 —
v, M~ MP decay is completely determined by only the isovector part of the pseudoscalar
meson FF. As a consequence of the latter, the tensor J,J; for such decays is symmetric

one and T- odd effects should not arise there. Nevertheless, one can observe them also
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in this case by verifying the relation |Re a| = |a|, which requires the constant "a” to
be pure real.

Further we start with a general expression for differential probability of the r= —
v, M~ M?® decay of unpolarized 7- leptons as follows

lM! _ ) d3k2 d3p1 dap'; - (8)
TP T PG Y89, (21)%2E, (21)32E;
| dEdE,, M) dEdk?

ar = (2n) 5(101

6473 m, 12873 m2
M2
= 2‘56113'”*‘1”‘1”'

where k? = (ky — k3)? is the effective mass squared of the M~ MP° system, z =
kz /m2; y=2E/m, and E is the energy of M~ meson at the 7- lepton rest reference
frame. '
Then '
R<z<1, VE<y<1, R=4mi/m?

and mps is the mass of M- meson.
In accordance with the CVC hypothesis, as we have already mentioned, the current
describing W~ — M~ MP transition is determined by means of only the isovector (I=1)

FF in the following way

Jo = VCuEy'(KF)(p1 ~ p2)a (9)
k-J = JCuFIEFY R (mE,m —mipe) = 0; if mpy- = mape

il

where Cr=1 for pions and Cx = 1/+/2 for kaons. As it is well known, the CVC
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 (7 and K).

By using (9) and (5)-{7), one can derive the following expression for the encrgy (E
and E,) distribution of the 7~ — v, K~ K° decay probablhty

1+]af?

2
dl' = Gy s

CulFi (F)PI(E — Bo)? + A(K)|d*dE, (10)

where
m? + k% — m?

Ey =
° im,



k? m2=—k*4+m?2 m, | —|af
2y B 2 e v
a0 = (5 mM)( im? 2mr1+1a|2)'

Just from the relation (10) it follows that energies £ and E, play a completely
different role in 7= — v, M~ M° decay. The E,- dependence (or k%- dependence, what
is the same) of the decay probability is essentially determined by the k2- dependence
of |FI=1(k?)|?, i.e. it has a dynamical origin. On the other hand a dependence of
d*T' /dk*dE on the energy E of M~- meson is demonstrated in an explicit form as
follows

(E — Eo)" + A(K?). an

The latter E- dependence is a consequence of the two following fundamental cir-

cumstances:

e the conservation of the weak current J,, k-J=0

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

Besides, an absence of a charged Higgs boson mechanism is very important tou.

Since quantities E and A(k?) are known functions of k2, then one can predict also -
E- dependence of the probability d°T'/dk*dE of 7= — v, M~ M® decay. Therefore one
can say that the latter dependence has a kinematical origin unlike the dynamical £, -
dependence.

In the m,=0 limit the expressions for E, and A(k?) are simplified:

KB4+m? 1
¥ = I == - dep s 2
Eo e Q(mr E,)>0 o)
y _ (BRoaml)mi k) o, K
A(KY) = 16m? = (k 1m/u)smr 20,

i.e. at the borders of the physical region of k% (for ¥? = 4m%, and k? = m? ) the
function A(k?) is equal to zero. A maximal value of A(k?) is achicved inside of the

physical region of k? just for k2 = m? + 4m%,/2 and it takes the valuc as follows
0.0469GeV? for 17—y

)= (13)
0.0235GeV? for 7 = K~ K"

m,
Amaz = (?)2(1

2
“4mM
2
m?
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3 cosY¥- dependence of differential probability

An analysis of consequences of the CVC hypothesis is especially simplified, if instead
of E- dependence of the differential probability of the 7~ — v, M~ M? decay (at the 7-
lepton rest frame) cos ¥- dependence of that probability at the c.m. system of M~ M 0
system (¥ is the angle between the M~ meson three momentum at the c.m. system of
M~M?® and a direction of the total three momentum of M~ M?° at the 7- lepton rest

reference frame) is investigated.
Energies of particles under consideration at the c.m. system of M~ M® are expressed

by the following relations

— m-k ~ m+ik - [
E,,': 2m,E7= 2\/-[;-2—, E= —:1—~mM (14)

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

probability of 7= — v, M~ M?° decay in the following form (m,=0)

2 1+]af?
F51273m3

m2 — k?
k

2
kﬁ(mz-ki’)ﬁ(1—?—’%M)?’NCM|F,{,=I(H)V(1+COSZ19 .

Ir=G
(15)

It follows from the latter expression, that:.

e the differential probability d?I'/dk*dcos¥ is by a specific (quadratic) cosd- de-

pendence characterized
k2

C08219 + m (16) .

and so, it is symmetric according to the change cosd — — cos¥;

o the differential probability d®I'/dk?*d cos ¥ turns out to be zero at the boundary

values of k? (k? = 4m3, and k* = m?);

T

e a relative magnitude of cos?¥- contribution and the constant term in (16) is
determined only by a magnitude of k%, i.e. it does not need to be known the

exact form of EM FF F{ (k?).

The angle dependence coefficient a= (m? — k?)/k? of the differential probability
d?T'/dk?d cos 9, defined by the general expression (15), takes values from the intervals

)dlczdcos 7.



as follows

(F*=m3)0<a<39 ‘ (k? = 4m?), for 7~ — v~ 7", (m

(K=m?)0<a<22 (K¥=4m%), for 7~ — v, K~ K°.

As a result with increased values of k? a smoothness of the angle dependence of the
differential probability is observed, i.e. a relativerole of the angle dependence coefficient
is enlarged.

Now by using the z- variable, defined in the relation (8), one can rewrite the decay
probability in the following form

T3 ey -

1 4T R
I.dzdcos¥d 4

1- =
PP+ o )CuIFR R, (18) -
where T'. = G%(1 + |a|?)m3 /3847 is the total decay probability of the 7= — v,e” 7,
process (with unpolarized particles).
By a cos ¥ integration in (18) one gets the expression for the effective mass spectrum
of M~ M?° system created at the 7= — v, M~ M° decay

14dl' 1 R _ )
T3 = (20— )" = 2P Cul B (k). (19)

In accordance with (18) the angle distribution properties of M- mesons in 7~ —
v, M~ M° decays, which do not depend on a concrete parametrization of Fi1(k?), are

characterized by the following two functions

(@) = Jz(-2ra-Zprso
and (20)
@) = du-opa-Eprso

Both of them are turning to be zero at the borders of the physical region of k%, however,
their maxima, which depend on m%,, are in different places ( Fig.1 a,b).

By means of the functions (20) one can rewrite the angular distribution of mesons
(18) in the following form

1 4T

T —— 2 I=1072\12 _
I'. dzd cos ¥ [91(2) + g2(=) cos® F]Cu| Fpr~ (k)]

l1—z

1)1+~ cos? ) Cul i (). (21)

T




From here, by an integration through = in the whole physical region of k%, one gets
the cos - dependence of the differential probability d'/d cos ¥ of the 7= — v, M~ M°

decay
dr

1
T,dcosd

= I + cos*d - I, (22)

where

1
L= /R 012(2)Cutl FI= (R)Pd

are definite numerical dimensionless numbers depending on |F, =)
Resultant values of the integrals I; and I, have to be sensitive to F(k?) at different
regions of k% as the maxima of the functions g;(z) and gz(z) do not coincide.
It is straightforward to see that the integrals Iy and'Ig determine a ratio of total
probabilities
D™ = v M~ M)/Te = 2(1s + 3 15). (23)

In order to find the E- dependence of the decay probability, first the distribution
d&®T'/dk*dE is transformed to the dimensionless variables z and y defined in (8)

1 4T 5
T dzay = 0l - Y0)? + b(2)|Cul FiT (K?)]?, (24)
where
Yo = 9 ’ b(.’t) = 2 (1 —_ _Z—)_

Then the y- distribution (i.e. the E- distribution) is defined by the following integral
over the variable z
1dl =+ 2 I=1/72yj2
=5 =8 dz((y — yo)* + b(z)ICml| Fps (k%)% (25)
Fc dy z-{y,

where

2a(y) = 3lv % VI B/ -y + )

In order to calculate the latter integral one has to know a k- depéndence 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 7= — v,7~7° decay contains a large p(770)-
meson contribution and therefore contributions of heavier p- mesons will be in the y-

distribution disguised.

10



On the other hand, for the 7= — v, K~ K® decay the p(770)- meson appears to be
under the threshold and the main contribution will be from the radially excited states

of the p(770)- meson.

4 A decay of pblarized 7- leptons

The Dalitz distribution for 7~ — v, M~ M® decays of polarized 7- leptons is given by

the expression

S |af? CTTIN =17 .24)2 9
dl' = Gy 39,0 d*dEdQy Cr | Fi7 (Y] - (26)
2Re a
2N ») 2 A 2 ket . A :
{(L Eo)* + A(K?%) T laiz[(s p)(E — Eo)+ .

m2
b3 kE = Bo+ (= SRy

where 'dfys is an element of the space angle of detected meson related to a reference
frame given by a three-momentum p, and a three-momentum § of the 7- lepton polar-
ization at its rest reference frame.
From the latter for the corresponding decay asymmetries one gets
Ay = 2Re a \/E? —m3,(E — Eo)
1+ a]? (E— Eo)*+ A(k?)

A _ Rea /E?—m?[(E — Ep) + (k* — Z2t)/m,]
" 1+ |af? (E — Eo)* + A(K?)

, at the correlation §-njy (27)

, at the correlation -1,

where njs and 1, are unit vectors along the three-iotnenta of M~ and v,.

Since the angle ¥, between three-momenta of v, and M~ varies with a variation F
and k%, then instead of A, and Ay it is useful to introduce the following combinations
of the latter

A, = A,sind,, Ay = Ay +cosd, A, (28)

which are made dependent upon components of 5 to be parallel (A,) and perpendicular
(A¢) to the three-momentum of the negative meson M~. For m,=0 cos ¥, takes the

form as follows
m2 — 2m,(E + E,) + 2L,
2E,\/E* —m3, '

cos?d, = (29)

11
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At the limit m,=0 asymmetries A, and Ay in terms of dimensionless variables z

and y take the following form

_ 2Rea (y—yo)yy* - R
AM = TR (5= vo)t + b(2) (30
Rea (y— 2)(1—2z)
1+ |al? (y — yo)? + b(z)’

A, =

where
2r —y —zy

eV

The asymmetry Ay at the kinematical interval of values y is changing the sign at the

2= (1 =-3z+ R/4)/2 and cosd, =

point ¥y = yo.

Both asymmetries A, and A, which are always different from zero for ¥~ —
v, M~ MP° decays, are P- odd (though T- even). The latter is caused by a P- violation in
lepton current of the v, — 7~ transition. Therefore both asymmetries are proportional
to Re a.

The asymmetries A, and Ay are determined only by a kinematics of ¥~ — v, M~ M°
decays, i.e. by the values of z, y and R. They do not depend on FF Fi='(k?*). This
is a result of a conservation of the weak-vector-current of hadrons. As a result both
of these asymmetries in 7~ — v, M~ M° dec&ys are suitable for a CVC- hypothesis
conservation verification.

Let us investigate now - dependence of those asymmetries at the c.m. system
of M~ M° to be created in ¥~ — v, M~ M° decay. Components of the four-vector
polarization s, of 7- lepton in the c.m.. system of M~ M?° are connected with three-
vector § of 7- lepton polarization at the laboratory system in the following way
5 b

mT(E‘: + m,,.) ’

S0 =35 prfmy; ’év‘:é'—%p"v; (31)
where ;;'v; and ZZ‘: are three- momentum and energy of 7- lepton at the c.m. system of
M~ MP° (see Fig.2).

Then for asymmetries A; and Ag, which are induced by the components s; and s; of
7- lepton vector polarization, one can obtain the following cos ¥- and k% dependence

(the limit m,=0 is considered)

12



2Re a /zsin(29) 2 z
A, T+l 1-=z /(cos 0+1—x) (32)
2Rea 14z, , z 2 z
A, —1+|a|21_x(cos 9 1_*_x)/(cos '9+1—a:)'
Thus, particularly, for k* = m2 we have
. 2Re a .
A = — 3111(219)——1 Pl (33)
2Re a
_ - 290\
Ay = (1-2cos 19)1 T TaF
and also the relations
2Re a
Acosd = +1) = “TH e (34)
2Re a
Agcosd =0) = T ]a]

to be valid for arbitrary values of k2.

It is demonstrated in Fig.3 a,b, where J- dependence of asymmetries A, A, at
different values of k? is presented, that all possible values of A, are from the interval
bounded by the values A;(4ml,) and A,(m?2). It follows from the latter that the A,
variation for 7~ — v, K~ K° decay is essentially narrower than for 7= — v, 7~ one.

The asymmetry Ay, investigated as a function of cos¥, is changing the sign two-

/ z
Ccos 1.90 =+ H—z (35)

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

times at

In order to find a ¥- dependence of asymmetries integrated over k2, we start with
the probability expression for polarized 7- lepton decays in the following form

1 d°T
T'. dzdcos?

221 -2y - LyrowiF o {1 +cos? 912 (36)

s 2Re a si1’1(219)__s 2Re a 1+z(c08219_ z )
1+ a)? Vz ‘T+faf =z 1+z*[°

From here, particularly, we see immediately that by an investigation of J- depen-

dence of ¥~ — v, M~ M? decay of polarized 7- leptons one can determine not only

longitudinal, but also transversal polarization of r- lepton.

13




By an integration of (36) over z- varia.ble (i.e. over k?) one gets

%:2%-11+12c03 J— ‘ P[sﬁm(?ﬂ) Is+ se(Iycos? 9 + I5)]  (37)
where
_3f 2 B3 I=17,2y12
Io= 3 [ VR -2 - DO F () P (38)
R

1
I = Z/R(Hz)u—x)?(l )3/20 |For (k)" dz,

Is = —I, and I are defined by the relations (22).
Two independent asymmetries A; and A, are related with integrals Iy, .., I; only by

the following way

T 2Re a 1i3sin(2d) 2Rea 1 —i4cos?d
t=—

1+ a2l +125cos2 9’

T =
1+ |aff1+izcos29’

(39)

where i, = I/ 11, i3 = I/I; and i, = I/ I;.

Tt is natural that in a calculation of both asymmetries A; and Ay one is in need of
the corresponding M- meson-FF’s.

An intégra.ted over cos J probability of the 7= — v, + (M~ M?°) deciy is determined

only by s; component of the r- lepton vector polarization

1dl' 1

R -
L= 5(1—:)(1«—)3/20 M| FIFHED) (1 + 22 + so(— 1+27)7

2Re
1+ |af?

21 (0)

and the corresponding asymmetry takes the form as follows

—~ 2Re a 2z —1

A= T Pz T (41)

It is straightforward to see that the asymmetry Ay does not depend neithér on the
FF FI='(k?), nor on the mass of M- meson.

The k2- dependence of the asymmetry ANI is presented in Fig.4. For z:i /2, i.e. for
k?=1.58 GeV2, A, is changing the sign.

At the p(770) E(mﬁ) = -0.46 and this value is two times smaller than the maxi-
mum possible value Z;i -0.90, which is achieved for k% = 4m?. However, to make use
of the latter results seems to be difficult as there is suppressing factor (1 — -—)3/ 2=

in (40).

14



At the threshold of K~ K® creation (i.e. for z=0.316) the asymmetry Ag= 0.225.

Asymmetries of ¥ — v, + p decays are already effectively used in measurement of
a polarization of - leptons, created in the ete™ — Z° — r+7~ process [13].

It is well known that analyzing potency of the 7~ — u,p"' decay is increased, if

simultaneously a polarization of p~- meson is registered {14].

5 Formfactors of pseudoscalar mesons in unitary
and analytic vector-meson-dominance model

In order to predict the effective mass spectrum behaviour (19) of the M~ M? system
created at the 7= — v, M~ MO decay and the E - dependence of the decay probability
{25) of the same process as well, we employ the unitary and analytic VMD 1nodel of
the pion and kaon electromagnetic structure [4,15] the parameters of which (with clear
physical meaning) are fixed in fitting procedure of existing data, essentially on the
ete™ — MM processes.

The starting point in a construction of the unitary and analytic model is the canon-
ical VMD model expression for the EM FF’s

L om?

Fu(t)= L’%&E{T (12)
where f,up and f, are vector-meson-meson-antimeson and universal vector-meson
coupling constants, respectively, and m, is the vector-meson mass.

Let g be the lowest threshold for hadron-antihadron production in olectron—p'osil ron
annihilation and ¢; the effective threshold representing contributions of other, specified
by the unitarity condition, thresholds of hadronic productions to Fa{t). As it is clearly
seen that equation (42) does not contain any information related to these thresholds,
which characterize, though not completely, the analyticity of FI7s Far(1). On the other
hand, according to (42) the only singularities of Fas() are simple poles on the rcal axis.
corresponding to vector mesons, considered to be stable particles. The instability of the
latter can be taken into account by including the vector-meson widths ', transforming
simply the denominator of (42) into the Breit-Wigner form. lowever, this “ad hoc”

shift of the poles into the complex plane ¢ has no relationship with the threshold euts in

15
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the structure of EM FF. Moreover, such complex poles destroy_ the important property
of real analyticity of FF exhibited by the expression for Fa(t) in eq. (42).

‘ The canonical VMD expression (42) can névertheless be modified firstly to incor-
porate implicitly the analytic cut structure represented by the thresholds tq and ¢;.
Secondly the modification can be so carried out thatv also by an incorporation of the
nonzero values of the vector-meson widths I, # 0 the real analytic property and the
asymptotic behaviour as predicted (up to logarithmic gorrectioqs) by QCD are pre-
served. ’ ‘ o ' ‘

With the aim of that modification one operates the change of variables

t—t,
t=tg—4——""r
o 4(U SYHE (43)
in eq. (42), which leads to the form as follows
1-0%\? '
FulU(t)] = (m) L : (44)

5 (UN = U )(Un + U (U~ = 1/ U )(UN +1/Usy) formia

(U= U (U + U )(U = 1JU J(U + 1/Uy)  f,
where Uy is the value of U for t=0 and U, the value of U for t = m?, i.e. I',=0 and
therefore the subindex 0 in U,,. ‘ ‘

The expansion (44) is in a factorized form, where the overall factor (1 —U?)? outside
of the sum over the vector mesons completely determines the asymptotic behaviour of
FylU(t)) for t — +oo. The latter is so because t — +oo on the first sheet of the
Riemann surface corresponds to U — —1, according to eq. (43). The terms under the
sum determine the analytic behaviour of Fy[U(t)] and they do not contribute to the
asyrhptotic behaviour as for ¢ — oo they turn to be real constants.

Further, provided that there are r and s vector mesons (r + s = v in the sum of
{44)) with masses remaining the inequalities ¢ < m? < t; and m? > t; to be true,

respectively, then one can derive the following relations
Uy = Uy, Uy =1/U},, (45)

where stars mean a complex conjugation. These relations can be used to rewrite (44)

into the form which exhibits the reality condition Fg;(t) = Fp(¢*) explicitly.
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Taking all this into account and introducing nonzero vector-meson widths I, # 0

by means of the replacements
m? = (m, —i[,/2)? ie U, — U, (46)
one gets finally the unitary and analytic model
1-U2\* '
FylUQt)] = (T*:E?;) : ‘ (47)

2 (Un = U)(Un = US)(Un = 1/U)(Un — 1/US) frmm
(U-U)U-U5)U -1/U)U -1/U3)  fr

.S (Un = U,)(Un = U)(Un + U,)(Un + U?) f,m;,}

+

U-U)U-UU+U)U+T;)

of the pseudoscalar meson EM FF’s, which depend on parameters like m,, Iy, forsaz/fo

to be determined in a comparison of (47) with existing experimental information.

The application of (47) to the FF of nt (Fr-[U(t)] = —Fr+[U(t)]) leads to the
following form
aI=1 _ 1_U2)2(U_Uz)(UN“Up). o a 7
wewo) = () G =03 “®

. Z (UN - UP)(UN - U:)(UN - 1/UP)(UN - I/U;) fpwrr +
(U=U)U-U; U -1/U)U =1/U;)  f,

(Un = Uo)(Un = U2)(Un + U)(Un + UZ) f.,w}

* U-U)JU-U)U+U0)U+T3)  f

u=p! ptp'

where the normalized term %‘—Y—{}f%—:gﬁ% (U, is a zero and U, is a pole on the positive
real axis in the U-plane) represents effectively [16] a very important contribution from
the left-hand cut of the second Riemann sheet, which appears as a consequence of the
presence of the 7 scattering amplitude in the pion FF unitarity condition.

For kaon EM FF’s, as a consequence of particular transformation properties of
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 F{)(t) and the

isovector FI((” )(t) parts as follows

1




—v\?
rover = (F37) - (#9)

Z (Wn = Vo) (W = V) (VN = 1/ V) (VN = 1/ V) famm
' V-Vo)V=V)V-1VIV-1V)) |

(Vi = Vi) (Vi = V) (Vv + Vg ) (W + V) f,,.me]
V=V V-V V+ VeV + V) fe

a=w P

e = (1) - (50)
. [(UN ~Uy(Un = U)(Un + U )(Un + U;) foxi
(U - Up)(U - U;)(U + UP)(U + U;) fp

(Un = U)(Un = US)(UN + U)(Un + U7) fukk
U -U)U-UYU+UNU+Up) fo |

+

v=p',p",p"
Though the pure isovector 7+ EM FF and the isovector part of the kaon EM FF’s have

very similar structure, their behaviour is different, as it is presented in Fig.5 a.b.

6 Discussion of numerical results

Assuming the k%- dependence of the Fi;*!(k?) for pions and kaons to be known, one
can now predict a behaviour of the effective mass spectrum of pions
1dT(7 = v, 7°) 2 R 3/20) pil=1, 12712
B Pe——— 1/2(1 4+ 2z)(1 — z)*(1 - ;) 21F; = (k%)) (51)
and a behaviour of the effective mass spectrum of kaons

1dI(r~ — v, K" K°)
T dz

= 1/4(1+ 22)(1 - 2)'(1 - PR R (52)

Their graphical presentation is in Fig.6 a,b and Fig.7, respectively. One can see¢ imme-
diately from there that the effective mass spectrum of pions takes considerably larger
values than the effective mass spectrum of kaons, but its peak is narrower. Both prop-
erties are predestined by the interval of values of Fj;!(k?), which contributes to the
behaviour of (51) and (52).

Further, taking into account the explicit form for the gy 2(z) functions, given 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 I, ; numerically, to be for pions
I7 = 030217, I = 1.233267, (53)

and for kaons

1X =2.0.00352, IX =2.0.00354. (54)

As a result the cosd- dependence (22) of the differential probability of the 77 —

v M~ MP® process is specified. Furthermore, by using (23) the ratio of total probabilities
(7™ = vy~ 7% /T, = 1.42612 (55)

and

I(r~ — v, K~ K°)/T, = 0.00940 ‘ (56)

are determined automatically to be compared with values of other estimates I',/I', =
1.32 £ 0.05 [17], ['/T. = 1.31 + 0.04 [18], ',/Te = 1.21 [19] or experimental mea-
surements I', /T = 1.40 £ 0.03 [20] and Tk /T, = 0.0161 £ 0.0068 [11]. One can see
from (55) and (56) that our estimates of I' — v, M~ M°/T, ratios are in an excellent
agreement with existing experimental values. Moreover, our pion EM ff model confirms
the experimental tendency to increase the branching ratio of the 7= — v, 77" decay.
Other theoretical estimates of ['(r~ — v, 7~ 7%) /T, give smaller values.

By means of the Fi!(k?) presented in Fig.5a,b and the integral expression (23),
the [2- dependence of the decay probability of the 7= — v,777% and 7= — v. K~ K©
processes is predicted (see Fig.8).

Finally integrals I; and I; for pions and kaons, given by (38) and determining
cos ¥- dependence of the differential probability (37) of the decays 7= — v, M~ MY of

polarized - leptons, are determined to be
I7 = 0.67060 I7 = 1.83700 (57

and

I¥ =0.00496 I} = 0.01060. (38)
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7 Conclusions

The analysis carried out in this paper has shown, that the CVC hypothesis substantially
determines the main properties of the 7= — v, M~ M?° 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 Fi!(k?).

We have to stress, that the decays 7= — v, M~ MP° can appear to be very useful
in a solution of the whole set of global problems of the physics of 7- leptons and the
physics of weak interactions of leptons with hadrons.

One of a such problem is test of symmetry properties of weak interactions of 7-

leptons with hadrons, which has to include an investigation of the following questions:
e the CVC hypothesis;

e the hypothesis of an absence of the second class currents.

It is clear, that there are no contributions of the second class currents into 7~ — v, 7~ 7°

and 7= — v, K~ K° decays as they can not be constructed at all in this case. However,

the decay 7= — v,7~7 is completely determined by the second class currents.

e T- invariance of the lepton current of v, — 7~ transition (by means of eventual
deviations from the relation |a] = |Re a|, which is true only in the case of the

pure real constant a};
e a role of possible charged Higgs bosons;

e a locality of weak interactions of the lepton current to be responsible for v, — 7~

transition with hadrons;
e a size of radiative corrections to the processes under consideration.
4

In the first stage of an experimental investigation of the 7 — v, M~ M? 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.1. The angle distribution properties of M~- mesons in 7~ — v, M~ M° decays, which
do not depend on a concrete parametrization of Fiz!(k?), are characterized by
two functions g;(z) and gz(z). Both of them are turning to be zero at the borders
of the physical region of k%, however, their maxima, which depend on m%,, are in

different places (for w-meson see (a) and for K-meson (b)).
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Fig.2. Three-momenta of particles under consideration at the c.m. system of M~ M °
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Pmmpmmn mmr~nenma Hanasa nceanocxwpnnx uesona, Tak
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craylomero  opmdaxtopa. l'iwxytxesa ofmas CTPyXTypa pacnpeneneHns
HanwTua, § TOM UHCAC H YIIOBOTO DACTIPENEACHNS, C YUCTOM MMIOTEIH YAC-
TMUHOTO COXDAHEHMS BCKTOPHOTO TOKAa. CneLMANbHOS BHHMAHHE YAE/NSETCH .
ROASPUSAIMONELIM SPexTaM. BuMUCACHH PasMuHBIE HE3ABHCHMME ACHM-
METPHN PACTIANOB OISPHIOBIHHKIX T-IENTOHOB. Hcnons3ys yRUTAPHYIO M AHA-
mmmecxyn BMJI Monens Ast ONMCAHMS 71EKTPOMATHHTHON CTPYKTYPH NCEB-
[X ME3OHOB, ITPEACKA3LBACTCH cnemp MAacC ¥ SHepreTRuecKkas 3aBu-

5 ,cnm'b  BEPOSTHOCTEH Pacnana r-JenToxa.

PaGora sunonuena B J'Iaﬁopam;mn TEOPETHYECKON qmanxa um.H.H. -Boro-

J ‘moﬁozaOiéslH

Coeﬁmeuue Oﬁuenunemm MHCTHTY T2 RAEPHBIX MCCICAOBAMHMI, }Iy&xa 1995

o | Dabniékova AZ, Dubméki S., Rekalo M.P. E2-95-188
!smme Stracture of the Electromagnetic Current of ete” » MM
aadt - :J;M"M— Processes

VThc,r—decay into two pscudoscalar 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-distribution
| andthe 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-lcptons are calculated. By using the unitary
and analytic vector-meson-dominant (VMD) model of the pseudoscalar meson

electromagnetic structure, the effective mass spectra and the energy depcnd-
%nceof thef-éecay pmbabxhﬂcs are predxcted, o

»
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