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Abstract. The T - Mv.,. decays are' H'visit{'d in lhe framework of
an effectivc weak interaction Hamiltollian with ncutrillo mixings <tud
rjghl-h<tndt~d currenls. lIierarchical allll l\obayashi.M<tshwa IH'utriIlo
mixiugs are cOllsidered in tlle evaluatioll of the ratio U = Li w( T -

M v¡)Jw( T - Al v.,.), anJ manifest left-right symmetry is asslIlIlcd in
our caJculations.

PACS: 13.35.+s¡ 14.60.Gh¡ 14.60.Jj

1. Introduction

With the advent of ncw T-Iepton factories, the decays and propcrties of this particle
will be studicd to a grcat extcnt, leading to a deep insight in the nature of thc wcak
currents involved in thesc processes. In particular, the T.\/~ dccays, where ,\1 is a
meson, are tbe simplest of the T-decays to look for massive Il('utrinos and right-
handed currents, sinn.' we are in a two-body final state process IIJ. Furthcrrnorc,
sorne of these decays have high branching ratios, allo\ ••..ing high statistics studies.¡For
instance if J\/ is a vector (pseudoscalar) particle like the p(r.), we have brallching
ratio oC about 22% (10%)]. The TM2 decays are a subset of all the exclusive dcca)'
modes of thc tallo This deca.ys ha ••..e been extensively studiCtI, within an effective
V - A thcory ami massle-s ncutrinos by sorne authors. \Ve refer the readcr to
Rer. [21for a review.

Since, up to now, there is 110 fundamental principIe requinng ncutrino zero
rnass, massive ncutrinos are to be considered in any thcory of wcak intcractiolls. In
particular rnodcls of weak interaetions with right-handcd currents IIlIIst involve a
finite ncutrino rna..<¡s.Within the framework of this class of rnodels, the T -. Al Vr
deca.ys must be considcrcd as an incohcrent sum of decay modes T -. /H vi, where
Vi denotes a neutrino mass cigcnstate of mass mi distinct from the wea.k eigenstate
vr which is a. sum of the Vi times a neulrino ma.ss-mixing matrix factor Un' 'fhe
index i runs from one to threc for a 3-generation modcl. The masses of the ncutrino
mass eigenstates are cornmonly supposcd to be in a.scending order of values, i.e.
mi < m2 < m3. This is the situation in the nondegcnerated case when VI, V2, i\nd
V3 are, respectivcly, Ve, v~, and Vr [3].
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In this paper we devote ourselves to the study of these decays, looking for effects
due to neutrino mixings alld right-handed currents. In Sect. 2 we give the amplitude
for the four Feynman diagrams and some details of the model under consideration.
In Sed. 3 we give the rcsults for the ratio R = Liw( T -+ JHlli)/W( T -+ Alllr),
with Al a pseudoscalar (7l", J<) or vector meson (p, J(.), for the Hierarchical and the
Kobayashi.ivIaskawa mixings, and for manifest lcft.right 5ymmetry. In Sect. 4 we
present our conclusions.

2. Amplitude for T -+ J/I/.

In considering neutrino mixing and right.handed currents we have four diagrams
contributing to the amplitudc for T -+ A4vr. Thcse are

(1 )

mediated by IVL,

(2)

iIIediated by \;\,R - H'L Illixillg,

(3)

rnediated by H'L - ¡FR mixing, and

(4 )

mediated by WR.
In Eqs. (1) to (4), (;IIIJ~'L(R)(O)IO) represents the hadronic matrix element oC

the left (L) or right (U) handed ClInent associaled to the IVL(R)' The parameters ry,
,..,and ). measure the rnagnitudc of the left.right mixing and right.handed currents.
The wcak eigenstates IIcutrino IIrL, IIrR are assumeJ to be superpositions of mass.
eigenstate neutrinos N) with mass mj [4]

llv,L = L UrjN]L,
J

UV,R =L VrjNjR.
J

(5 )

(6)
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An appropriate choice oC the matrices U and V leads us to the Oirac and Majorana
neutrino cases. (No mixing means Urj = Vrj = 6rj). The hadronic matrix element
is given by

and

{

1'U" "p J\~IP

(MlJfv R(O)IO) =
1~Ulhl'"(p)

(7)

(8)

where 1.U;) and 1,U;) are the decay form factors for the case where M is a
pseudoscalar meson of 4-momeutulll pi', and a vector meson of polarization four.
vector t#(p). UKM and lJk~1 are l\obayashi-Maskawa mixing matrices for the left
and right handed hadronic currcnts, respectivel)'.

Adding Eqs. (1)-(4) and substituting Eqs. (5)-(8) we ohtain for the deray am-
plitude

where

and

F, = (1 + 1\ {J.}) U",

F; = (~+'\{J.}) V",

(lO)

(ll )

3. Total decolY rolte

(12 )

To compute the total dccay rate w( T - M IIr), we proceed as usual: we sum over
final spins (or polarization) and average over the initial one, and integrate over final
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phase spa.ce. The result is

(G)' 1 {Mf}'W(T ~ MvT) = J2 L 4JrP(j) f:,

[ {

(1 +.1;)(1-.1+.1;)-4.1, }
x (lF,I' + IF;I') x (1 + 6;)(1 -: +<1;)- 46; + 2(1 _ 6 +<1,)

+ 2Re(F;Fj')vT; { !3}] (13)
where 6 = m2 / M2, EJ.= m~ / ft,f2, with m the meson mass and ft,f the í masSj p(j) is
given by

Al 1/'(P(j) = 2.\ 1,6,.1;) (14)

with .\(x,y, z) = x' + y' + z' - 2(xy + xz + yz).
[n Eqs. (13) we have absorbed the IUKMI' factor into the deeay eonstants f.

and Iv and the upper (lower) line corresponds to the pseudoscalar (vector) meson
case. The sum is over the incoherent neutrino mass eigenstates only.

For left-handed currents only and no neutrino mixings we obtain the result {5-6]

o ( G)' P {Al f }' { (1 - .1) }
w(T~MvT)= J2 411' f: 0+2)(1-6) (15 )

where P = ,¥-(I - 6).
The rate for the mode T ~ Al VT, Eq. ([3), re[ative to that for the eonventional

decay T -+ AJVT, with ml'T =0 and no cight-handed currents, is given by

R. '" L P~) [ ~ 6 [(iF,I' + IF;I') ((1 +<1,)(1-' 6+ 6,) - 46,),
+ 2 Re(F,Fj')6vT;]

roe the case when Al is a pseudoscalar meson, and

(16)

Rv '" L P~) (1 _ 6)(~+ 1/6) [(IF;I' + IFjI'),
(O +<1,)(1-:+6,)-46; +2(1-6+6,)) -6 Re(F;Fj)vT;] (17)
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FIGURE 1. Plot oC R" VS 1T13for lIierarchical mixillg (curve 11) alld Koha)'ashi-~Ia.'ikawa mixing
(K:VI).

[or the case when Al is a vector meson. \Ve procecJ lo lhe sludy of these results
as follows. Fol' manifest left-right symmetry [6] \Ve han' 11= J\', Vrj = UrJ and
f = l' = 1. Then Fj = (1 + /,')U') and F} = (/{ + ),lU,). Thc I'arameters 1\ and ),
are expressed by the gaugc coupling constant, lhe ma.sses of the gauge bosaos and
the mixing angle betwccn the light and heav}' gange bosons [7J: 1\ '" -1.44 x 10-3,
.\ = 0.4028 (Cae A-fWR = 400 CeV). In Fig. 1 \Ve plol R7( V$ m3. [oc hierarchical
mixing (H) and Kobayashi-Maskawa mixing (K~t) in the ncutrino sector. \Vc use,
ror Hierarchical mixing, the valucs of UT) given in [8]

IUI3¡' = 0.000:\, IU'31' = 0.059 alld IU"I' = 0.9.1.

For K~f mixing, \Ve use, as all cxample, soiutioll (e) frolll Bef. [9]

IU"I' = 0.1681, IU"I' = 0.0004 and IUul' = 0.8281.

Foe these values oC UT) we observe that the domin<tnt contributioll comes, as ex-
pected, from m3 001)'. In Fig. :! we do lhe salllc for IIp• \Ve Ilote for Rlr that H-mixing
is greater that KM-mixing in abollt 1% rol' lile fuI! rauge oC m3. Fol' Rp \VC note
the same behaviour up lo m:~around 90 Ge\'. Abo\'(' this 111] vé\llle K~t-ITlixillg is
grcater that H mixing by 0.1%. Er¡. (LJ) do nol incorporate radiativc correctiolls,
which depend 00 m3 and IlWSOIl struclure fUllctions. For lile T - 1rtJ dccay, with no
neutrino mixing and no right.handed currenls, in aH cffcctive V-A theory, radiative
corrections give a contribution -5.4% to -4.4% Cor O :s mVT ~ 100 (MeV) 15].
For the T _ pVr dccay lhe contribution oC lhe radiativc corrcctions is in lhe rauge
-0.77% to 0.66% Cor O:S ffir :S 80 (~lcV) [6J.Thcn, radiativc corrections in í --> 11"/.1,-

are much greater than the conlri1>utions arising froIn right-handcd currcnts. Bul for
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FIGURt: 2. Plot of Rp l'S /na for hi.'rarchical mixing (curve 11) and Kooayashi-Maskawa mixing
(KM).

T -+ pVr lhe contcribulions coming fWIIl righl- handed currenls amounl to around
:3%, for hath H and 1\i\.1 mixings. \Ve condude thal lhe r -+ PVr decay mode is a
suitable <1ne to look for right-handed currents, without taking illto account radiative
correctio~s. Eqs. (16) and (17) are illsensitive to radiativc corrections, except for
radiative corr~tions cOllling fmm diagrarns mediated by tbe heavy right-handed
weak basan, which are,}slIlall fOI".\IU" R 2: .100 Ge\'.

4. Conclusion

\Ve have ealculated the r -+ ,\l/Ir decays in tbe fralll('work of a model of weak
inl.el'actiolls with nClltrillo lIIixing and right-handed C\lIH'lIb. OUl' l'esults shows
l.bat, for lIlanifesl. Icft.right sYIIlIll('try and fOl' .l/WH = .100 (;cV, these decays are
1.6% (r¡fv) and :3.4% (rpv) gl"l'alel' Iban tlle colTesponding olle in the absence of
righl handed currents él.nd lH'utrino lIlixing. For ooth cases the experimental result
do Hot C'xclude lhe killd of colllrilJutioll studied heTe.
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Resumen. En el contexto de un hamiltoniano de interacciones débiles
efectivo con mezcla de neutrinos y corrientes derechas se revisan los
decaimientos T - MvT• En la evaluación de la razón R = Li W(T -
MV¡)/W(T _ MvT) se consideran la mezcla de neutrinos tipo jerárquica
y la tipo Kobayashi.Maskawa. Suponemos simetría manifiesta izquierda-
derecha en nuestros cálculos.


