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CMenmMpaHHe TsAenNbix HellTpanbHbLIX NGNTOHOB M pacnaiz g - Je

BeposrHocTs pacnana - 3e Beiuncnena B SU, xU | kanubporouHoil

TEOpPHH CO CMelldBaHHeM [eNTOHOB B MPeAno/loxeHUH CylleCTBOBaAHHSA TsxenbiX

HeliTpaNbHbIX JeNTOHOB W IpaBhbiX TOKOB. [lokasaHo, 4TO B2pPOATHOCTL pac=-
nagna u»3e Toro xe mopsaka, 4TO M D2POATHOCTb pacnaga p-ey B 3ITOH
TEOPHH M MpH Maccax TsDKelLIX JenTOHOB Mopsaidka HecKodbkux [9B moxer
6biTh GMU3KOI K COOTBETCTBYWLIEll 3KCNepumeHTaNbHOli BepXHeil rpaHule.

.. PaGora BhinonHeHa B Jla6oparopuu Teopertuyeckoit ¢uanxu OHHAH.
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Heavy Neutral Lepton Mixing and u - 3¢ Decay

- The u=3e- decay rate is evaluated within the frame-
work of SUpxU; gauge theory with heavy neutral leptons,
lepton mixing and right-handed currents. In the model
considered the p~3e branching ratio is of the same

order of magnitude as the g ~ey one and may well be close

to its present experimental upper bound.

The investigation has béén_performed at the
Laboratory of Theoretical Physics, JINR.
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Recently, we have pointed out’! that the
p-> ey decay can occur with a branching
ratio close to the present experimental
upper bound if there exist heavy leptons in
nature and lepton mixing takes place in the
weak interaction Hamiltonian ('a similar
conclusion has also been drawn in ref. /2-%),
Other mechanisms for thepu-e¢y decay which
lead to the same result are also possible/5/
The detection of the yu- ey decay would imply
that the p-»3e decay should exist. For
a given p-cy decay rate the predicted value
of the p-3e decay probability is very sen-
sitive to the mechanism assumed for the
poey decay. For example, in the models
With mixing of doubly charged or charged
heavy leptons/%ethe p - 3¢ decay rate may
be greater by an order of magnitude than
the p-> ey one; in the case considered in
ref. ” the p-cy decay is induced by a coup-
ling of the muon and electron to a Higgs
scalar and the y -3¢ decay rate in this
scheme is «/z times smaller than the p ey
decay rate. So, just both the g -ey andp-3e
decay rates can be used to distinguish
between different mechanisms that might
cause the muon number nonconservation.

In the present note we shall evaluate
the p-3e decay rate in SU,x U, gauge theory
with leptons assigned to the doublets /1.2.4/;
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Here
v =v.cos0+v. sinf, N =N_cosf0 +N sin6”,
e 1 2 ‘ e 1 2 :
——1 Si N - s , (2)
v, = v1$n6+-V20056, N#~-lem6 +N2amQ,

N; and N, are heavy neutral leptons with
masses M; and M, , vy and vy are two neutrinos
with finite masses and 6 and 6" are mixing
angles *. In this scheme the ratio of the
ey decay rate to the p -ev v
one is given by the expression/1.9/:
: 2 2 '
> MS-M;7 2 .
B(p-e y)= Ploey) %’“ %—(a-—z—-é——'—)COSZO ‘sin?0’, (3)
Tuer, v,) My

where M,, is the mass of charged intermediate

boson (M, >37.3 GeV) **. For the values of

the parameter v|Ma—M7|sin0’cosg’ of an order
of a few GeV, B(u-ey)1s comparable with the -
existing experimental upper bound 77/
(BexP(y»ey)< 2. 2)(10"'8) .

The diagrams giving the main contribu- -
tion to the p -3e decay amplitude in the

»+ Hooft-Feynman gauge are shown in Fig. 1

*gome features of this model (including

its quark sector constructed on the basis of

quark-lepton symmetry) are considered in
ref.

** Expression (3) is obtained under the
assumption M2 <«<M?2 (i=12) which will be
used also in our further calculations.
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Fig. 1. Leading contribution diagrams for the p-3e decay.



(s* is an unph sical Higgs scalar % ). Let
y g8

MY represent the contribution of the
diagrams with virtual photon, M), the con-
tribution of the diagrams with virtual Z° -
boson and M), that of the box diagrams with
two virtual W -bosons. Using the results of
ref./? we get:

2 2

Gy) —
M Y =1 Ga __Sin@’cosO’M2'M|

27+/2

u(k, )I‘p (p—k, )x
prhmk)y u(k)-—“__
where p , k; , ky ;, kg are the momenta of the

muon, two electrons and positron, respecti-
vely, and -

: | (4)

- ] m N . 2 -
p @=(ry )Xzf o 9,0 y,0" —dq ). (5)

(m, 1is the muon mass) .
The evaluation of the effective yeZ

vertex is analogous to the evaluation of the

effective AnZ vertex in the Weinberg-Sa-
lam model with GIM mechanism carried out in
detail in ref./19/.1t leads to the follow1ng
expression for the M term:

2 . 9 2 M2 .
M™ 2 -G sin0 cos0 (M fo— _M%ln % _3(M2_M2))x
2 1
x L—l(kl)yp(l-—.ys)u(p)'ﬁ(kz)yp (1-2sin®0, ) u(~k ), (8)

9« being the Weinberg angle.
The terms proportional to the masses
and momenta of the real particles can be

iy ™

neglected when evaluatlng the M™ term.
Our result for M™ is:
M(W)=i Gz sinfcos@’u(k )y (I-y_)u(p)uk )y ((5+3y_)x
772 1 P 5 2 P }’5
2 2
2 Mw 2 Mw 2 .9
X(M2 gnm— - len F—M2»+Ml)+(l_y5 ) %
2 1
MiME M}
x(M cos 29 M Sm 2071 cos 20 -_-1 2_ ——l-))u(—k?),(7)
M —M M2 :
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Taking into account the relation 7 -

_ a 1
" 2M%Z sin6,,

amplltude

we get for the pu-3e decay

2 2

Ga M2"Ml
R 2
2m\/2 Mw

M(u-3e)=i sin()'coso*i(ﬁ(kl),_l'ilu y

opa(p—kl )a(1+y5 )
(p=k)2?

w(pYB(k,)y u(ck )=k = k) ¢

+1 G(kl)yp (l—y5 )u(P)ﬁ(kz)yp (ﬂ+by5 )u(—k3 }—

- (8)
where
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a=(1+ 32 22 : -2+ {1+
| 4sin0 M;-M2 4Sm26
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_ The ratio of the p-3e decay rate to
the p-e & v one is given by the following

e

expression:
2 2
. L2 My-M ‘

B(#_,3e)= F(F' 3e) - .a 2( 2 . 1 ) Sinze,cos20,x

: Duoer v ) 167 'Mw

A

m ' :

x[(fn—L _ggy-(3&4n+(a+b)2+xa-bF], (11)

‘ “w_ M)
where the term with factor (= - T is due

e

to the contribution of the expre551on in the
round brackets in (8), the term with factor
((a+b)2+2(a~b)2) is due to the contribution
of the expression in the square brackets in

(8) and that with factor —(3a-b), respectlvely,_

to the interference of these two expres-
sions (m, 1is the electron mass). Leav1ng
only the 1ead1ng logarithmic terms in the
case M2>>M ~we have:

3 9 ’2 2 2

a . 2 2 2 w

> - g (-=1¢

B(p-3e) i 772sm 0’ cos 6 (M2 n Mg)x
w

4sin46w +4 sin20w+3
sin¥ 0
w

Some values of the quantities B(g-»3e) and
F(#43e)/F(#+ey) for varlous values of the
mass M, in the case M >>hl and forhl..60 GeV

dn20wzih® and 6 =n/4 (max1ma1 mixing)
are presented in the table:

»

Table

Values of the quantities B(p-3e) and
F(#43EV]“(#»ey) for different values of
the mass M in the case M >>M2 and for

0’ =Z—(sm20w=—3— Mw=60 GeV).

8 b
M,(GeV) B(po3e) F(p>3€)/T(p-ey)
2 "1.5x10-10 2.2
3 - 5.8x10710 1.7
4 1.2x107° 1.1
The existing experimental upper bound for
the p-»3e branching ratio is/!V/
B®*P (p3e)<19.107 . (12) -

So we see that for the heavy neutral
lepton masses of an order of a few GeV the
p > 3e decay rate may well be close to
its experimental upper limit. The p-ey
and p~»3e decay rates are of the same




order of magnitude in the model we consider.
Our results indicate that the p-3e decay
should be investigated even with an accuracy
several times better than the existing one.
We would 1like to conclude with the fol-
lowing remark. We assume that the fermions
of the theory acquire mass by gauge-inva-
riant bare mass terms and couplings to
Higgs triplet and doublet whose neutral mem-
bers have nonzero vacuum expectation values.
Thus terms like v, N , and 7 are
absent 'in the interaction ﬁ%mlltonlan In
ref. '2/it was suggested that only Higgs
doublets are present in the theory. In that
case the abovementioned terms appear ine-
vitably leading to a mixing between neut-
rinos and heavy leptons in the left-handed
doublets of eq. (1). The p »ey ' decay rate
in this theory is 25 times larger than the
one of eq. (3)''?/. We estimate the p - 3e
decay rate to be in this scheme by an order
of magnitude smaller than the p-¢y decay
rate for a reasonable range of heavy neut-
ral lepton masses (M, <M ).

The author 1is deeply grateful to D.Yu.Bar-
din, S.M.Bilenky, G.V.Micelmacher and
B.M.Pontecorvo for useful discussions.
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