


1 Introduction

PN

,An ml'ormatlon on the electxonngnotxc (l' M) structure of 7r

».—"txme—llke momentum transfer rcgron can be obtamed as |t is well known,’ frorrl mr’a.sured -

- cross- sectlons on’ e+ = MM (M =7 or 1&) processes at the collldmg ete- beam

experrments [1 2]

e of correspondmg complex lorm lactors (l< F)at the- t1me like region; dependent on the.

e momentum transl'er squared t,is determ)ned Phases of the EM I‘l‘ s of 7r and K,

However, by means of a such procedure only the absolute value ’

and K- meson& in the

f"though they appear to be’ phy51cal quantltxes can not be measured in astra)ghtlorward <

o way.

On the other hand t behavxour of the pseudoscalar meson FF phases for ¢ " 4mM,

where myy is the pseudoscalar meson ma.ss, is very lmportant to be known from the

“point of view of a vcrlﬁcatlon of dxspersxon relatlon methods [3] and varxous rnodcls of .

.

”Athe pseudoscalar meson EM structure hke c.g the unltary and analytlc VMD model' '

‘[4]andothers[56] “ R ST S
: "We tiote, that a sltuatlon w1tll tlle plon LM F F' is shglltly drll'erent from the kuon l‘,M

" FF’s. As a consequence o[ 1sosp1n propertnes of the hadron EM current the pion EM

FF appears to be essentlally lsovector whereas the kaon EM structure is chara< tenzed -

by means of the 1s0vector and 1soscalar l‘F’s 51multane0usly as follows o

'unuo=4ﬂW0+ﬂ%n mefewm( F@@Lf}~R0

Asa result in the case of p10ns a knowledge of IF ( )l2 is equ1valent Just to a knnwlcdge ’

of the 1s0vector FF I (s) and by usmg the CVC hypothesns [7] one can predlct [8 17]. -

_the eﬂ'ectne mass spectrum beha.vxour of pxons m Eor

model 1ndependent way.

A completely drlTererlt sxtuat1on is in tho case ol' kaons

the T u,K KO

the tlme-llke region, more preC|sely, by tlle absolute value of the latter ‘However, one

= u,7r %ro decay, in fact by a

The decay amphtude of
process ‘s bpec1hed by the 1sovector part of the kaon EM l'F s in:

can not draw oul & model mdependent 1nforn1at10n on the lsovector part of the kaon " -

EM FF’s only from data on the e+e ry I&*K and e+e = K°K° react10ns l{eally,

EEEE
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taking into_account (1), one can write down relations as follows ..

RGP = FOOF + IFOOF 208 SOIFIOIFO)], (@)
PP = IFOWP + IFOQF - 2cos SOIFIOIFYOL

where 6(t) is a relative phase of the F(’)(t) and' F(*)(t) as a function of the momentum

transfer squared t. Lo s
Therefore only in a simultaneous experimental measurement of the followiné three

processes

ete” = KtK~

T — v. K~ K°; and ete” — K°K?°

a complete restoration of isotopic structure of the Kaon' EM FF's, i.€.'

determination of IF(’)(t)I |FO)(t)} and cos 6(t), is pos51ble

‘a’ cumplete B

of course, a realization of the latter program is attamable Just in the mterval
1GeV? ~ 4m} < t.< m? A 3.2GeV?, (3)

given by a kinematics ofkthe decay 7~ — V,-‘I{_I{O ‘procetss v

We note however, that the upper bound in (3) can be in pr1nc1ple overcome by an
experlmental 1nvest1gat10n of the v.e~ — K~ K° process of colhsxons of hlgh-energetlc
electron antmeutrmos with atomic electrons. The threshold of the latter reactlon is
remarkable‘high E, =‘42m§(/me 1TeV. But, such antineutrinos in prmclple can
be produced at the correspondmg proton accelerators (FERMILAB Batav1a UNK-
Protv1no) 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 characterlstlcs of the 7= = u,.K K° and TT = uem —x0 decay
processes are mvestlgated theoretlcally Partlcularly, by usmg the CcvC hypothes1s
a decay of polarlzed and unpolarlzed T- leptons is analyzed Ta.kmg into account the
value BR(~ = v; K~ K°) = 0.290+0.12:£0. 03% [11] we can see that one year statistics
of a 777 pair creation on c-7 factories of about 10° will allow to study quantitatively
the ¢- dependence of the kaon isovector FF within a reasonable precision, which seems
to be very lmportant in testing the un1tary and analytic VMD model [4] and the QCD-

like description of EM structure of hadrons as well.
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The paper is orga.ni'zed‘“ as follows. In the next section'a general structure of the
’ .Dahtz- d1str1but10n of 7o u,.M M° deca.y is derived, pa.rtlcula.rly with regards to the
analys1s of CVC- hypothe51s consequences In sectlon 3 the same is mvestlga.ted in a
la.ngua.ge of cos9- distribution in the c.m.  system of ha.drons produced in final state

of that decay process. Polarization effects in-7™ — v, M~ M“ are studled in section

4. The unitary and a.na.lytlc VMD model for ka.on and plOIl EM FF’s is presented in"

sectlon 5. The section 6. conta.lns results of our}numerlca.l,predlctlons. Conclusmns and

summary are given in the last section.
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2 Dahtz—dlstrlbutlon for To.— l/TM MY

We start with the followmg Ina.trlx element of the deca.y T’ (kl) — V.,-(kz) + M ( )+
M°(p2) process A T )
| M r:"gfﬁ(kzm(ls+ 1) (@

where w- boson excha.nge mecha.nlsm is assumed to be rea.hzed Howevel, since
2/mW << 1, all nionlocal effects in () due to the W- boson excha.nge can be ne-

‘ glected Gp ‘means the Ferm1 consta.nt of wea.k interactions, J, is a weak charged
current respon51ble for W' — M - + ‘MO transition and ”a” is a consta.nt of a.xib.l-
vector interaction in the weak cha.rged current of v, — T tra.nsltlon We note, that the

difference a = 1 cha.ra.cterlzes the a.dmlxture of right currents

For genera.l reasons we assume, tha.t the consta.nt "a” is complex one. 'Ihen T-

v101a.t10n in the weak' lepton current of Vp —> T tra.n51tlon is a.llowed to be rea.h/ed Of

course, the latter very pecuha.r v1olat10n 1ntroduced phenomenologlca.lly, is different
from the Koba.ya.shl‘ Ma.ska.va. mecha.nlsm a.nd 1t does not nece551ta.te an ex 1stence

of three genera.tlons of leptons Analyzmg ex1st1ng da.ta. [12] on the lepton decays

T > Vfl w ( a.ssumlng the consta.nt "a” to be real) one finds
a—1
0.37, -
ad1 =

whlch 1nd1cates tha.t the la.rge admlxture of rlght currents can be present 1n the u,. =T

transmon

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 ‘ : , | )
o o ‘
[M? = —2-‘“1[6,,., truluds L)
,ey.ll = 2(1 ;l‘ Ialz)(kl‘;k2v+ kl;‘,kz“ l—jg'#llkl . kz) + e Wt (6)
+ 2(1 - [a*)m,m g — 4iRe‘ae“.,,,',,’k1’Pk‘2‘, o
rw = 2i(1 +]a/)emapsakes — 4Re am (s, ko + ;\;;ku _ g,,.,s k) — )

2im;(1 — |d|2)e,,;,agsakw + 4im, Im a(kl,,s.;f—' sukiy):

where s is a four vector of the T- lepton spm s- kl-O and m,, m, are masses of the
neutrino and 7- lepton, respectlvely
We note, that linear in the neutrino mass, terms appear in tensors £, a.nd Thyy .88

one could expect, under two followmg condltlons

e the right currents are present in the weak current of v, — 7 transition (i.e.

; l—lalz#()); . s » ’ C

o there is T- violation in the weak current of v, — T transition (i.e; Ima # 0‘). B

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 ~M?° decays, if the following

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

lHowever, as a consequence of the CVC hypothesis the current J, describing the 7 —
vy M~ M° 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



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 express1on for dlﬂerentlal probability of the 7= —

v, M~ M?° decay of unpolarized 7- leptons as follows

_ M, &k, &Py Pp
ar = (o)’ / gm0 = b2 = - ”2)(27r)32E @rP2E: ry2F: ®)
_ |[M|*dEdE, |A4PdEdH
T 6473 m, 12873 m? -
P '
= lssla'"fézdy /

where k* = (ki — k;)? is the effective mass squared ’(.)f»tlle M~M° system, z =
Ioz/mﬁ; y = 2E/m, and E is the energy of M~ meson at the 7- lepton rest reference
frame. - o B Y

Then }

R<z <1, \/1_Z$y5 1,R= 4m3, /m?

and mps is the mass of M- meson. - AR .

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 ’= V FM PZ) L e L (9)
kJ = \/ kzl mM-—mMo)—O lf Mpr—~ = Mpgo

where Cr;=1 for pions and C’K = 1//2 for kaons. As it is well known; the Cve
hypothesis is valid with the precision of isotopic invariance of strong interactions of
hadrons. Therefore on this level one can ‘noglect a diﬂelence in masses of the charged
_and neutral mesons inside of the corresponding isotopic multiplets (x and K. A

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

1+|a ‘
dl' = G% . IZI C |F" (kz)l [(E — Ep)? +A(k2)]dk2dE, s (10)

where : ‘
2 2 2

By =.
0 4m,

o k? m2~k2+m? mi, 1—|af?
LAY (Y e S N VA
AK) = (4 mM) ( 4m? 2m. 1+ a2/’
Just from the relation (10) it follows that energies E and E, play a conipletely

different role in 7= — v, M~ MP° 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?I'/dk?dE on the energy 'E of M~- meson is demonstrated in’ an explicit form as
follows e ' )

T (B = Bo)? + A(K). : i
The latter E- dependence is a consequence of the two followiné fundamental cir-
cumstances: . 7

o the conservation of the weak curfont Ju, k-J=0

e the vector nature of interactions of leptonic and hadronic weak currents. .
Be51des an absence of a charged nggs boson mechanism is very nnportant too.

Since quantltles Eo and A(kz) are known functions of k2, then one can predict dlbO
E dependence of the probability d?T'/dk*dE of 7= — v, M~ M?’ decay Tl)ereforc one
can say that the latter dependence has a kmematlcal origin unlike the d) narmcal
dependence.

In the m,=0 limit the expressions for Eo and A(k?) arc'simplified:

K+m?2 1 .
= T == —F 4
Fo Tt = 5me = £) >0, _ )
' (K = d4m2)(m? — k) -~ , ° L.,
A(kz) = 16m2 = (IC 1mlﬂ) = Y

i.e. at the borders of the physlcal reglon of k2 (for k2 = 41nM and 1\2 = 1712 ) the
function A(k?) is equal to zero. A maximal value of A(kz) is acln(wed inside of the

physical region of k? just for k% =m2+ 4m?,/2 and it takes the value as follows

S ‘ ‘| 0.0469GeV? Jor 7~ Svrmx®
My ‘4m? : . - .
Amaz::(?) ( M)2 (l'l)
0.0235GeV? CJor T 5 u KTKC
7



3 cosVY- dependence of differential probability

‘An analysis of consequencee of the,C\‘/C 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 fraﬁe) cos ¥- dependence of thya.tr probability at the c.m. system of M~M°
system (¥ is the angle between the-M~ meson three rnomentum at the c.m. system of
M~M?° and a direction of the total three momentum of M~M? at the 7- lepton Yest
reference frame) is investigated.

Energies of parficles under consideration at the c.m. system of M~ M° are expressed
by the fellowing yelationg ’

— mi-k ~ mi+k: ~ [k
E,="r"C B =TT By =
2Vk? Wk 4

Starting from (10) one can wrxte down the cosﬂ dependence of the differential

— m?u. (14)

probability of 7=%'v, M= M? decay in the following form (m,=0) -

)dkzd cos 19
(15)

g 1t lal k’( ~k?)?(1- 4kM)3/20 o (k’)| (1-cos 19——~—

g2
Adr GF512 3m

Vi

Tt follcvw;s frorn the latter expression, that:.
. the differential probability d?T'/dk?d cos ¥ is by a specific (quadratic) cos 9- de-
pendence characterized : , e
k2

2 _ 12
m?—k

cos?d +
and so, it is symmetric according to the change cos ¥ — — cos¥;
e the differentiei probability d*T'/dk?d cos ¥ turns out to be zero at the boundary
values of k? (k? = 4m2, and k? = ml);

¢ a relative magnitude of cos29- contribution and the constant termin (16) is
determined only by a magnitude of k?, i.e. it does not need to be known the

exact form of EM FF Fi=(k?).

The a.n:gle dependence coefficient a= (m? — kz)/kzdof the differential probability
d?’T'/dk*d cos ¥, defined by the general expression (15), takes values from the intervals

(16) .

as follows
(K =4m?), for T o par® (17)
(k* = 4mk), for 7~ = v, K~ K°. ’

As a result with increased values of k? a s.moothness of the angle dependence: of the
differential probability is observed, i.e. arelativerole of the angle dependence coefficient
is enlarged. ' o
Now by usmg the z- varlable, deﬁned in the relation (8) one can rewrlte the decay
probablllty in the followmg form ‘ ’
i d2F
I, dzdcos?

Trol iR

—Z cosﬂa)cM|FI{,=!(k?)|2, 'as) .

= Sa- - B

where T, = G%(1 + |a|*)m? /38473 is the total decay probablllty of the 7= — v,e" 1/,3
process (with unpolarized particles). ‘
By a cos ¥ integration in (18)'one gets the expressxon for the effective mass spectrum

of M~MP system'created-at the 7~ — v, M~ M° decay’ *

1 dI‘ ]
LA L an - - B rpap, (19)

In accordance with (18) the angle distribution properties of M~- mesons inr- —
v: M~ M?® decays, which do not ‘depend on a concrete parametrization of F{F'(k?), are

characterized by the following two functions . .

.3 R
B () = Zz(l—z)z(l";)mZO; »
- and , AT (20)

o) = S-zp0-Tpr s

Both of them are turning to be zero at the borders of the physical region of k2, however,
their maxima,-which depend on,m?2,, are in different nlaces ( Fig.1 a,b).:
By means of the functions (20) one can rewrite the angular distribution of mesons

(18) in the following form ...

- Jlr 5 ; 2 . I=1/7.2\12 _ !
Tedzdcosd [gl(fﬂt)’+gz(a:)c‘os 19]C:M|FM (k )= N .
1-
= q(z)(1+ % cos? ﬂ)CMIFI{fl(k’)ﬁ. (1)
9 -



From here, by an integration through z in the whole physical region of k?, one gets
the cos9- dependence of the differential probability dI'/d cos ¥ of the 7= — v. M~ M°

‘deca.y ) . :

1 .dT R :

e e = . 22

T Tesd L +co§ J- I, (22)

where t .1 ’ . .
“ha= [ 0@ Cul i () Pz

a.re deﬁnlte numerlca.l dimensionless numbers dependlng on |Fy =1 (k2)|2

Resulta.nt va.lues of the 1nfegro.le I; o.nd L have to be sensmve to F (k%) at dlfferent
regions of k* as the maxima of the functions g(z) and gg( ) do not colnc1de
"It is straightforward to see tqha."t the‘inte;ralsill ‘and Ig-determlne a ratio of total
probabilities ( e | | o ~
S g Tey Y)Y =2l +30). @
... In order to find the E- ,d‘ependence of the decay probabilit}",‘ﬁrst”the distribution
déI’/ dkédE is transformed to the dimensionless variables z and y defined in (8)

. d‘f;y oy - o+ KOl L, (21)
JENTRE SR e 1_“;?, , b(z)=,11z(1 g).‘
Then the y- distribution (i.e. the E- distribution) is defined by the following integral
ove'r the va;ria.ble T T ‘ _
T =0 aally =+ WUl Y, (29)
wherev ( o ) o

) = Sl VA R/ -+

In order to calculate the latter integral one has. to know a k’-‘dependence of the .

isovector:part of the M ‘—.‘meson FF.

One can show immediately, that for arbitrary values of F (besides the threshold
region) an 1ntegra.tlon in (2 ) for the - — v a0 deca.y contains a large p(770)-
meson contribution and therefore contrlbutlons of heavier o mesons will be in the y-

distribution disguised. . . 1

10

|
|
|
|
)
|

On the other hand, for the 7= = u,[& - K° decay the p(770) meson appears to be
under the threshold and the main contribution will be from the radlally excited states

of the p(770)- meson.

Y
¢ .

4 A decay of polarized T—tieptons

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

the expression

(*2”'“' e dl,anchr 'k )|2- | (26)
2R |
(B~ E0)+A(k2) ﬁ—%[(s P(E = Eo)+

¥

i

'+,%(57k2)(13 Eo+(k ";“)_/,:’"f)]}u

where 'dQys is an element of the space angle of d(‘tcctod meson related to a rc f(‘r( n((
frame given by a three-momentum P, and a three momeutum of the 7- lepton polal—

Py 1

ization at its rest refercnce frame.’ ©

- From the latter for the:corresponding decay as'ymmet.ries';one gets”

A 2Re a /ET—mi(E - E)
YT T4l (E - B + A(F)

- __Rea JEL-mI[(E - Eo)+ (kK — 2 iy =2)/m,]

S Itle (B - B + AR

Ay TR N

, at the correlation §-njy . L (27)

vr

, al the correlation 7.1,
AN

where njs and 12}, are unit vectors along the three-momenta of M~ and v,.
Since the angle ¥, between three-inomenta of v, and M~ varies with a variation &
and k2, then instead of 4, and Ay it is useful to introduce the following combinations

N

of the latter

A, A Slll!9,,, A( AM+C0819 A,,, o (28)

Wthh are madc dependcnt upon components of §'to be parallel (A¢) and perpendicular
(A:) to the three-inomentum of the negative meson M. For m,=0 cos ¥, takes the

form as follows ‘ . RS
m? —2m,(F + E)+21E,

: = — o - (29)
2E,\/E* — mfu

cosd, =

11 -




CAt the hmlt m.,-O asymmetrres A and Ap i in terms of dxmenSIOnless var1ables T

and Yy take the followmg form

2Rea (y—yo)Vy*— R
Ay = , 30
M S TR (5= sef +50) 30
A = Rea (y—z)(l—1)
Do LblaP @y —wol +b(2)] re s

where
2z —y—7zy

(1-2)y/¥*-R

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

6= (3 R and cos, =

tTE

point y = yo. S T 22 LRI I

Both' asymmetries A, and AM",‘ Which are: always different from zero for 7~ —

M~ M? decays, are P- odd (though T- even) The latter is caused by a P- violation in
lepton current of the v, =7~ transrtron Therefore both asymmetrres are proportronal
to Rea B T P TSRS N Sy

The asymmetrles A, and Ay are determined only by a kinematics of 77— v, M M 0
decays, i.e. by the values of z, y and R. They do not depend on FF F, 'I=1(k?). This
is a result of a conseryation of the weak-vector-current of hadrons. -As a result both
of these asymmetries in 7~ — v, M~ M° decay‘slare snrtable for, a CVC: hypothesis
conservation verification, = "7 oo B C

Let us 1nvest1gate now 19 dependence of those asymmetries at the c.m. system
of M~M?® to be created in 7= — 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

s

50 =8 -prfm,; §=5+p————, e (31
mT(ET+mT) ( )

where 1;"; and E: are three- momentum and energy of T- lepton at the c.m. system of
M~M° (see Fig.2): -~ =’ N ' o ‘

Then for asymmetries' A; and Ay, which are induced by the'components s¢ and sg of
7- lepton vector polarization, one can obtain the following cos 9- and kz-ndependence

(the limit m, =0 is considered)

12

RV

i

o ‘2Re a \/z_sin(219)>"“ NP L .
At - —1+|a|2 l1—2z /(COS 'l.9+1—z) . (32)
T 2Rea 14z, , z C . ‘
A = 1+|a|21-—1(cos 9 I)/(cos 0+1—z)'

Thus, particularly, for k* = m? we have

. 2Re a '
A = —srn(2l9)1 A | (33)
EARE . ' i -2Re @
R — (1= 92 cos2
Ar. =5(1—2cos 19)1 yp
and also the relations i :
o .2Re a \ : _
Acos? = £1) =~ B D)
2Re a :
: Ar(cosd =0) = THaf

to be valid for arbitrary values of k2. "

It is demonstrated in Fig.3 a,b, where 19- dependence of asymmetrres A, Al at

‘dlfferent values of lc2 is presented that all possible values of A are from the interval

boun‘ded by the values Ag(4m}y) and Ag(m 7). ‘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 Ae, 1nvest1gated as a function of cosd, is changmg the sign two-

N

‘times at ;

.z .
1+z: L BRI

cosdo =+ - (39)

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

In order to find a J- dependence of asymmetries integrated over k%, we start with

the probability expression for polarized 7- lepton decays in the follow'ing form ‘

-1 dr _ 3/2 =1/71.2\{2 S e
T ddesd :‘1(1—1) (1——) ;CMI (K o5t i(36)
B Y Y 9Reg sin(24) 2Re a 1+:r - o
T vz TP = oo +zd

' From h'ere, particularly, vs}e see immediately ‘th:at by an investigation of‘f’ depen-
dence of ‘}'-' — v, M~ M° decay of polarrzed - leptons one can determme not only

[

longltudlnal but also transversal polarization of 7- lepton

13



By an integration of (36) over z- variable (i.e. over_‘kz-)_ one gets

1 _dr ar —I1+Izcos 19 [stsm(219) 13‘+Sl(140052”+15)l (37)
T.dcosd ||2 R .
where G ey
3 ! 2 R 3 I=1(7.2y|2 V
I = ﬁ(1 —-a:) (17,*) Cm|Fp" (k) dz (38)
I, = Z / (1+z)(1-—z) (1——)3/2(1M|Fl~ (K*)*dz,

;

. Is = —I, and I3 are defined by the relations (22).

Two independent a.symmetrres A and Ay are related with integrals I, .., I4 only by
‘thé following way P S R
— 2Rea z3srn(219) =i 2Rea 1—i4cos®d
Ar=— - i A= T )
: 1+af?1+izc0s?d

39
1+ a2l +%5cos?d’ (39)

where 22 12/11, i3 = 13/11 and i4 = 14/11

It is natural'that'in a calculation of ‘both a.symmetrres A, and A, one is in need of

the correspondrng M - meson-FFs.
‘An 1ntegra.ted overcos ¥ probabrllty of the 7~'= v; (M M °) decay is determmed

only by s, component of the 7- lepton vector polarlzatron '

2Rea
1+1af

‘ ri% = %(1 -—.z)(l - 5)3/2CM|F’- (k2)| 1+2z +s,( 1+2;) ] .-(40)

and the corresponding asymmetry takes the form as follows

L ~ 2Rea2z-1
A T T jaP2r + 1

()

It is stralghtforwa.rd to'see that the asymmetry Al does’ not depend nerther on the
FF FIFY(k%), nor on the mass of M- meson . ,;_

The lc2 dependence of the a.symmetry Al is presented in F]g 4. For z=1 / 2, i.e. for
k2=1.58; GeV2 A is cha.ngrng the sign. ‘

At the p(770) Am 2) =-0.46 and this value is two times smaller than the maxi-
mum possrble va.lue At— -0. 90 Wthh is a.chreved for k= 4m2 However, to make use

of the latter results seems to be drﬂicult as there is suppressmg fa.ctor (1— —)3/2 Jild

in (40).
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‘At the threshold of K~ K° creation (i.e. for z=0. 316) the asymmetry A¢= -0.225.

Asymmetries of T — v, +p decays are already effectlvely used in measureinent of

*tre process [13].

a polarization of 7- leptons, creatéd in the ete™ — 29 — 7
It is well known that analyzing potency of the 7~ — U p~ decay is lncreased 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~ M° decay and the E - dependence of tlle decay probablhty
(25) of the same process as well, we employ the umtary and analytlc VMD model of
thepron and kaon electromagnetic structure [4,15] the para.meters of which (with clear
physical meaning) are ﬁ)_(ed in ﬁtting procedure -of exisr‘ting‘ 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 - ;'
_ Z fomm m; . s (42)

» mi—t

where foprr and’ f, arevector-meson- meson- antrmeson and umversal vector-nie sor

coupling constants, respectlvely, and m, is the vector -meson mass.

" Let to be the lowest threshold for hadron-antihadron productron in olcctlou posmon‘!
annihilation and ¢, the effective threshold representmg contributions of othcr, spouﬁ(‘d
by the unitarity condition, thresholds of hadronic productrons to Fw( ) Asitis Cl(‘dlly |
seen that equation (42) does not contain any mformatlon related to tllose thr( sllolds
which characterize, though not completely, the ana.lytruty of I‘I"s rM(i) On the oth('r
hand, according to (42) the only singularities of F () are snnpl( poles on the real axis.
oorrespondlng to vector mesons, considered Lo be stable partlc]es The instability of the
latter can be taken into account by including the vector-meson widths I', transforming
simply the denominator of (42) into the Breit-Wigner form. However, this "ad hoc™

shift of the poles into the complex plane ¢ has no relationship with the l?lll‘(;sll()l(] &ng i
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the structure of EM FF. Moreover, such complex poles destroy the important property
of real analyti‘city of FF exhibited by the expression for Fj(t) in eq. (42).

The canonical VMD expression (42) can.nevertheless be modified firstly. to incor-.

porate irnplicitly the analytic cut structure represented by the thresholds £y and ¢.

Secondly the modification can be so carried out that also by an incorporation of the.

nonzero values of the vector-meson widths Ty # 0 the real analytic property and the

a.symptotlc behav10ur as predlcted (up to logarlthmlc correctlons) by QCD are pre-.

LB CORERFD

served

With ‘the aim of that modification one operates the change\' ofwariables © -

. i tl_to
J) CLodmot E (U—l/U)2

in‘vé/q (42), wh1ch leads to the form as follows

i

aow - ()

5 U VU 4 U )Un = 1/ ) s + 1) o
. (U =U,)U + U (U = 1/U U + 1/Uvo')"5 5

v

where Uy is the value of U fori'qtc—*(l and U the value of U for t = ", i.e. F 0 a.nd

therefore the subindex 0 in U,,.

»'The expansion (44) is in a 'factorivzed form, Where the overall factor (1—U?)? outside

of the sum over the vector mesons completely determlnes the asymptotlc behav1our of ,

FM[U t)] for t —» :l:oo The latter is'so because t — +oo.on the first sheet of  the
Rlemann surface corresponds to U - =1 accordlng to eq. (43).. The terms under the
sum determlne the analyt1c behav10ur of FM[U(t)] and they do not contribute to the
asymptotlc behav1our as for t - they turn to be real constants. ‘

Further, prov1ded that there are.rT a.nd s vector mesons (r + s = v in the sum of
(44)) with masses remalnlng the 1nequallt1es t < m <t and m? > t; to be true,

respectlvely, then one can der1ve the follow1ng relatlons

. . I Y
TR I

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

into the form which exhibits the reality condition Fjy(t) = Fa(t*) explicitly.
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U= Uy, U, -y, o (s)

Taking all this into account and introducing nonzero vector-meson widths I, # 0
by means of the replacements ‘ ' 2

~t
Sy

S mz'—r(m,,”l-: 2I‘,,/2)2 l.e. U,,uA—rU‘.,,": (46)
one gets finally the unita.ry a.nd ana.lytic mode‘li‘ - :
Topr\? S |
Fult®) = (=) R o
. Z (Uy = Uu)(Uy = Us)(Un = /U U= 1/V5) fowst |,
(U-T )(U UU = 1/U)U=1/U3)  f

' (U = Uo)(Us = U)Un 4 U} (U + U2 frem
t Z - U)U U+ UNU+T

of the pseudoscala.r meson EM FF s, which depend on pa.ra.meters like m,,, Ty, fl,MM/ f,,
to be détermined‘in a comparison of (47) with ex1st1ng ‘experimental information’” *
The application of (47) to the FF of n+ (F,- [U(t)] =2 w [U@)]) ‘Jeads fo the

follow1ng form

I=1 102 ”.?S(Uf_~ U;)(U T U;) i
FEU®I (1—U2) (UN U)(U U,) : (48)
Z (UN = Up)(Un'= U3)Un = 1/U,)(Un = 1/U')fm N
o U= U)U = U U =10, )U =TTy f, o
+ Z (UNx—. Uu)(UN - U;)(UN + UV)(UN"FUJ) form
i (U =U)U-Un)(U+U)U +'U;) [

where the normalized term EZN;UZ%)U(ZI;—_Z% (U is a zero and U isa pole on the 1)os1t1ve

real axis in the U-plane)’ represents effectively [16] a very 1mportant contr1but10n from
the left-hand cut of the second Rlema.nn sheet, which appears as a consequence of the
presence of the T scatterlng a.mphtude in the plon FF umta.rlty condltlon i

For kaon EM FF 5, a5 a consequence of pa.rtrcula.r tra.nsforma.tlon propertles of_
the kaon EM current w1th respect to rota.tlons of the 1sotop1c spin _space, one can

use expressrons ( ) and (47) is applied [4,15] directly to the isoscalar F 2 0) and the

1sovector F, (")(t) parts as follows

a7



Ve = (*—l - KN) ' B | (49)
(Vv = Vo)W = V)V — 1/ V) (W = 1/V]) faoum +
|2 V=V)V-VaV-1V)V-1V:) |

(Vw — V) (Vv = V) (Vv + V) (Vv + V) f¢'k‘f(:|
(V - V¢')(V — ;,)(V + V¢:)(V + V;,) _f¢l

s=w,é

i

’.F;‘(”)»[U(t)l;: ( g:) . y .‘ - | | (50)

[(UN Uy(Un'= U2)(Un + Un)Un +U2) Forer

(U U, )(U UnU+U, )(U + U;) j,,

(Un = U)(Uy = Uz)(Un + U)(Un +U;) fuk
(U-UU-UU+LIU+T) Lo

+

;' u_pl pu pm
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 F{7*'(k?) for pions and kaons to be known, one
can now predict a’behaviour of the effective mass speetrum of pions

i, 1dD(r > vemw0)
T sodzoo
and a behav1our of the effectrve mass spectrum of kaons

IR INI . Yoo

1 dI‘(T - l/,-]( K°)

R — 1401 +22)(1 ~ 201 ~Bpmpane o)

Vi

Their graphrcal presentatlon is in Fig.6 a,b and Frg 7, respectlvely One can see 1mme-
diately from there that the effectrve mass spectrum of prons takes con31derablv larger
values than ‘the effective 1 mass spectrum of kaons but its peak is narrower. Both prop-
erties are predestlned by the interval of values of F I=1 (kz) whrch contrrbutes to the
behaviouf of (51) ‘and (52). v

Further, taking into account the explicit form for the gl_gtz) functions, given by

(20), and the isovector parts of the pion and kaon EM FF’s given by (48) and (50),

18
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one can calculate integrals I 2 numerically, to be for pions
Ir=o030217, Ip=1233267, (53)
oy C o RS a aTh
a,ndfOI‘ ‘kaons_,_ T [EEE R SR

IF=2.000352, If=2.000354. . 1., . (54

“.As a result the cos9- dependence (22) of the diffefential 'probability of the'7~ —
v, M~ M?P procéss is specified: Furthermore, by using (23) the ratio of total probablhtles

. sy oG S
4 IEPEPEES SRR ¢l

F(Tf—bl/,.ﬂ' 7r)/F -—142612 e (55)

ottt oo IR RS T S LI A EY A0

and °

(™ 5> v, K"K%/T.=0.00940 . . ... “r , (56)

are determined automa.tlca.lly to be compared w1th values of other estlmates f /I
1.32 £0.05 17}, T /F, = 131 :l: 004 (18], I'»/T. = 1.21 [19] or experlmental mea-
surements I',/T; = 1:40 £ 0.03 [20] and T'4/T = 0.0161 £ 0.0068 " [11). One can'see
from (55) and (56) that our estimates of T <+ v, M~ M°/T, ratios’ are in an excellent
agreement-with existing experimental values. Moreover; our pion EM ff model éoilhrnls
the experlmenta.l tendency to increase the branchlng ra.tlo of the 77— v, 777" decay.
Other theoretlcal‘estlmates of F(T S UemT )/F give smaller values L
- By means of the 1(k2) presented in Fig.5a, b and the integral -expression (25),
the I- dependence of the decay probability of the 7= — uT7r m®and 77 — v. K~ R°
processes is predicted (see Fig.8). s '

. Finally integrals I3 and I4 for pions and k‘aons,‘g‘lven by (38) and determining
cos 19; depe'ndence of the differential probability (37)‘of the decays 7~ > v, M M° of

polarized 7- leptons, -are determined to be
I7 = 0.67060 I7 = 1.83700 (57)

and o

e o 1;‘ =.0.00496 1"“”0 01060. -, . : O (58)
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7 Conclusions

The analysis carried out in this paper has shown, tho.t. the CVC hypothesis substantially
determines the main properties of the 7= — ve M~ M° decays, stmpliﬁes the decay
amplitudes and gives a series of predictions, which do not depend on dynamics of the
decay, i.e. on the behaviour of F{F}(k?).; v

We have to,stress, tha.t the decays T~ — v, M~ M? can appear ‘to.be very useful
in a solution, of the whole set of global problems of the physics of 7- leptons and the

| phys1cs of weak 1nteract10ns of leptons w1th ha.drons
" 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:
" o the CVC hypothe'sis;"" R

o the hypothesis of an absence of the second class cuirents. |

It is clear, that there are no contributions of the second class currents into 7= — v, 7~ 70
and 77 — v, K~ K° decays as'they can not be, constructed at all in this case. However,

the deoa.y T — y?;w‘rj is completely determined by the second class currents.. -. :

3 O invariance of the lepton current of 1/,. -7 transntlon (by means of eventual
deviations from the relation |a] |Re a[ wh1ch is true only in the case of the

pure real coristant ‘a);
¢ a role of possible charged Higgs bosons;

¢ a locality of weak mteractlons of the lepton current to be respon51ble for vy — T

transmon with hadrons

[ARTEN

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

‘In the first stage of an experimentol investigatiorr of the 7 — V,—M_MO 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. 1a

Fig.l. The ongle distribution properties of M~- mesons in 7~ — v, M~ M° decays, which

do not depend on a concrete parametrization of F 71(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 7-meson see (a) and for K-meson (b)).
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Fig.5.

isovrector pion elm. form factor

isovector kaon elm. form factor

The pure isovector 7+ EM FF (a) and the isovector part of the kaon EM FF (b).
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Paccmarprmaercsr pacnan T-1€nToHa Ha 18a ncesnocxamrpnmx ME30HA, TaK
KaK 9TOT pacnan Aaer NOJHY 0 nudopManmo 06 naonexropnon YACTH COOTBET-
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- _Isotoplc Structure of the Electromagnet1c Current of e eT > MM

andt ->vTM°M Processes }'} PR R L

The T- decay 1nto two pseudoscalar mesons, as ‘a source of a complete

: 1nformat10n on the isovector: part of the _corresponding electromagnetrc form
factors, is mvest1gated in detail. A general structure of the Dalitz-distribution

and the angular d1str1but1on partlcularly w1th regard tothe consequences of thei
conserved- vector-current (CVO) hypothes1s, is derived. A special attention
10 polarlzatlon effects "'is devoted and various . independent . asymmetries

| for decays of polanzed T- leptons are calculated . By using" the unitary
'and analytic vector-meson dominant (VMD) model of the pseudoscalar meson

electromagnet1c structure, the effective mass spectra. and the energy depend-‘
ence of the T- decay probab111t1es are pred1cted i
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