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The hlgh lummosnty of planned Charm—'r factones [1] wrll open good
: opportumtles for investigations of Cabibbo suppressed 7-lepton decays.
+It-is worth mentioning that systematlc investigation of 7-lepton decays
mto ‘open strange final states has only begun [2]: Observatlon and explo-
‘ ratlon of these decays will yield information about the structure of the -
:iystrangeness—changmg part of the weak hadron current in a new kinematic, \

‘region. Here we bring a short review of our calculations of four 'r-decays :
mduced only by the vector part of the weak hadron current. We conslder o
, semﬂeptonlc 'r-decays into strange and non-strange pseudoscalar mesons
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In .our calculatlons we used the phenomenologlcal effectlve meson La— -
" grangian of the Superconductor Quark Model (QMST) [3], which stemmed
""’from the well-known 4-fermion Nambu-Jona-Lasinio theory and unlformly
i descnbes interactions of scalar, pseudoscalar, vector and ax1a.1 vector me-

‘son nonets at low energy. i

“In the 'r-lepton rest frame the dlﬂ'erentlal w1dths of the 'r-decays can .
be calculated by a standard formula fee

84(pr — Py = po - s-)1E|T|2ﬁgfgﬁf;,'(5)1_1‘,

, .‘ dI‘(r—H/.,qS ¢°);__ — (2 )5 , T om,

where = (V, 0, ) corresponds to the neutnno, neutral and charged ﬁnal -
. state mesons respectlvely B :
i The amphtudes of a]l decays can be expressed in the form

g ,T(Tr_f”%) —'Cr;_smgcy‘r(l + 75)7p7{f+(q2)p“+ f (qz)q"}

§ where D. = p— = Po, q =p- + Do and p-, Do are the momenta of the,
charged and neutral ﬁnal state ‘mesons. Note that m0 p0 and m2 = p_ e
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Fi lgure 1: Dlagrams contnbutmg to 'r-decays

For example, in the case of the 7 — v, K97~ reaction we have Po = pa-,

- po = pge. Two formfactors  £+(¢?), f-(¢?) are deterrnined by dynamics of |
strong interaction. “‘We calculated them in QMST using two weak vertlces P

depicted in ‘Fig.1 (the filled dot in Fig.1b denotes a Va—transxtlon)
. The first lepton weak vertex (Fig.1a) generates an intermediate vector

(V) strange K*(892)-meson with mass mg. = 891.83 + 0. 24MeV and/,

* width Txe = 49.8 £ 0.8MeV [4].

L The other weak vertex (Fig.1b 1b) appears in QMST due to Va-mlxmg SRR ;
: and generates. exchange with a scalar strange meson — K ‘(1340) The :

- ‘full weak Lagranglan is:

o Lw = Gpsinl,

Here x and Z Kg denote Vo-mixing and sca.lar ﬁeld renorma.hzatlon pa—

| rameters and for K3-meson are equa.l to T
K= \[g ﬂ?ﬂl = 0.27 GeV"1
z,g. =

: m=my =mg = 280 MeV and m, = 450 MeV
So for formfactors we obtain expressions:

h = b (¢ ) — 9($°8*)
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In ca.lculatlons we used g,, = 6. 15 and QMST—deterlmned quark masses LN Hi
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o Here squared masses of mtermedlate INesons are complex va.lues mv =

amgs Ty and m%., I‘K. mK., I‘K- are -

o expenmenta]ly determined values [4 ]

Hadron vertex constants g(¢+¢°) g(¢o¢+) and g, (¢o ¢+) are deter— L

. ‘,mmed in.the. model after removing ¢A-mixing and pseudosca.lar ﬁeld

i renormahzatlon The constants can be obtained from hadron Lagrangxans ,l

K'_ [9(K¢)$0. K +g(¢K)K3u¢] (11)
T ISR (12)

L:Ka—¢2 =

Lgp = KTo(KIK.

l}f’In two equations above we assume summation over 4) where qS denotes
a -physical 7t field for K = K° and physical. fields 7°, n, o for K =

""K+*. Vertex constants, are co]lected in' Table 1.".Here for pseudosca.la.r

’fﬁeld renorma.hzatlon constants Z with physma.l ‘masses of appropnate ;’
" axial-vector mesons my; = 1260, MeV MEy = 1270 MeV and mf,

";‘“1425 MeV one obtams T CREL I T
St e aigng ‘(1‘—%;"5‘1 - ;:[=‘143‘ f
R L L S A - R
s Zg= (1—-(——713"‘*"" )™ —204 | B
Zy= (\1;—;6"‘ )“1» : —270 Lol

LN

Other vertex constants are expressed through those glven above

‘.»‘
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Table 1: AH'a.dron_ vertex constants (Aseei;al;so (13))

Krr/ -

Hadrons

a0 | i = 5] |-/ - 252
| 9(¢K) : "‘QPV zx?z [ 3";:,'”1( '-1)] "gp\ﬂ/ zxzz'l[i ;sm—'m‘ (—'_—1)] o

| Wlth above formu]ae we ca]culated the tota] r (7' — U¢ #°) and dlf-‘, - i
ferentla] width dT'/dg? of decays (1)-(4). - We used- an SU(3) relatron

k gk-. = g,. The relation yields good value for Br(+ — vK*).

“The total widths (in GeV'), I'(7), branching ratios, Br, contnbutrons lﬂ L

.l from f+-proportional term, I'(f+), and f_-proportional term, I'(f_), con-

tributions from K*, I'(K*), and K3, T'(K3), intermediate states and the

: expected number of useful events, N, per year for all decays in quebtron s
are collected in Table 2. We used the input value of planned 107 7-pairs.

.~ per year and the total 7-decay width equal to 0.2+ 10~ GeV [4]. The

first two decays with ”light” final state (1),(2) have a distinct resonance

structure at g2 in the vicinity- of the K* mass. This region yields general - o

contribution to the total decay width. Accurate g¢-scanning of the reso-
“nance shape would bring a good chance for precise extraction of the mass
-and width of the intermediate strange vector meson. It is not a priori
obvious that these parameters will coincide with the K* mass and width
extracted from pure hadronic reactions. The vector strange meson K*

dommates due to a big contribution to the formfactor f,. In T-decays o
‘the weak formfa.ctor can be studied in another kmematrc regron which .',L“ :
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e drﬂ'ers from the low q ~regron of the Kxa-decay The scala.r strange meson P

"f»KO contributes only to formfa.ctor f- ‘ S
s Due to a big 7-lepton mass the f_-formfactor contnbutlon is suﬁi-}; i
' ‘Afcrently large as compared with that from Kj3-decay. In all kmematlc Bt
domains the f+-contribution dxsgurses a near-three-time lower contnbu-gu[ :

- - tion from the formfactor f_. But their destructive interference seems to -

- ‘bnng good opportunities for expenmental extraction of g>-dependence of i
= f_.nfor large momentum tra.nsferred ‘In accordance with the Ademo]lo— S
" Gatto theorem [6 [ 3, the ¢A -mixing pra,ctrca.lly doesn’t contribute to form- . o
factor fi. Unfortunately, their contribution to f-is not blg enough to,; o

- be noticeable in the decay width. o

~For exa.mple, drﬂ'erentlal wrdths dP /dg? of decay (1), contnbutlons "

‘from f4+- and f_-proportronal terms are deplcted in Fig.2. k L
. :Those "heavy” -decays into 7 and #' (3),(4) do not have a dlstmct ,
. fresonance structure due to a sufficiently great invariant mass of the final
- state, therefore the total widths are considerably smaller. But here thef ,
- role of the intermediate scalar K3-meson and the f..-proportronal term e
~ becomes’ v181ble and important. Here we neglect n — 7’ mixing. S0
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The most mterestmg case is the decay 7~ — U,K n.

- There is no significant ¢ A-transition contribution to f, but the decay’ : ’
formfactor f-is determined practically totally by the ¢A- transition- and
the f_- contribution becomes equal to fi-omes (see Fig.3 and’ Table Table 2). e

"p‘ As a result, due to the ¢A-transition, the total width is doubled.’

‘ As the deta.lled analysis’ shows; qSA-memg and’ KJ-meson destruc—('-f‘f* -
- tlvely 1nterfere, changing however f_- ¢ dependence and' the total dif- -
I ferentlal width too (see Fig.3). Study the decay shape one mlght chance Sl
" 0 obtain ¢A-m1x1ng manifestations. Another way for that is to study!
‘mthe ordma.ry Da.htz—plot ‘The mamfesta.tlons of ¢A—m1x1ng are clea,rly m f

- seen’ from comparison of two plots in Fig.4.

& The Cablbbo suppressed -lepton’ decays into a non-strange pseu-‘i Ha
S doscala.r meson a.nd a kaon were mvestlgated Our calculations ware per-' AN
-formed in the superconduct.mg quark model on the basis of U(3)- v1olated S

effective Lagra.nglan from {3]. Two-particle vertices (AqS and Vo) in the
g Lagranglan were ehmmated ‘which resulted m a new effectlve ha,dron L

Lagmng,ans (11) (12). -

“We unsed a tree—level approxrmatlon and, only for srmphc1ty, U(3)
,,.u""protected relation gx+'= g,. This value for gk~ doesn’t contradlct the
xg'expenment and can ‘be made more precise due to’ extractlon from the o

:“?,data lf it is necessa.ry o , N
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Figure 4: The role of ¢ A-mixing in decay 'T% - u.,.K"'r; f S

We suppose that taking into account U(3) v1ola.tlon in determmatlon
of the gx-. and consideration of loop contributions in our exploration of

N deca.ys in questlon as well as'a very lmporta.nt problem of background
. processes acquire real significance only. in seting up a new spec1al exper- :
" iment or in processing data obtained. 2

The most: mterestmg results are depxcted n ﬁgures 2-4 a-Ild table

g The open questlon is the role of axral—pseudoscalar and vector—scalar .
‘mixing in extension of the QMST to U(3) violated case. Expenmenta.l 2
venﬁca.tlon of these results i is very important. : B

1t is shown that the planned number of T-lnteractlons at the Cha.rm-”” »

: T factory is practically enough for detmled mvestrgstlon of all above ﬁ
o mentloned ‘decays without probably the 7= — v, K~n'- one.

Up to now the structure of the strange component of the ha.drondi

weak vector current has been studied in detail only in ordinary K-meson
~ decays. Due to smallness of the final state lepton mass only f+-formfactor : E
“can be reliably determined. For 7-decays this hrmtatlon i8 hfted and one ex

" can try to mvestlgate the f_. formfactor too. - :
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* Table 2: Calculated widths (in GeV) . . '

"1"7’;-} u,.K"n
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B rny |
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1.270 -10-¢

0.248 1077 |

P(Ko)

0.012-1071

0.006 10~

068100

2127107 |

Iy

~'7»,"\1.442“-1.0,-1*-f,

0.756 1071

11.286-107¢

CBro |

7.2:10°%

381070

0.6 20~

| N e

200

3800

600

References e

[1] J; Knkby, CERN-EP/87-210 (1987) C'r-factory proposals

s [2] Goldberg M. et al Phys Lett B 251 (1990) p 223.228

o ‘ [3 M K Volkov, Annals of Phymcs \Z 157 (1984) p 282

f
| [4] Partlcle Data Group, Phys Lett B239 (1990) P. 1
1

[5 DEbertHRemhardt ‘Nucl.Phys. B271 (1986) p188

o [6] M Ademono, R.Catto, Phys.Rev.Lett. 13 (1964) p.264 B

S Received by Publishing Department
on January 15, 1992,




