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Role of lepton flavor violating muon decay in the seesaw model and LSND
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The aim of this work is to study lepton flavor violation in a newly proposed seesaw model of neutrino mass
and to see whether it could explain the Liquid Scintillation Neutrino Detector excess. The motivation of this
seesaw model is that there is no new physics beyond the TeV scale. By studyii3g in this model, it is
shown that the upper bound on the branching ratio requires a Higgs bosommas$s new scalar doublet
with the lepton numbet =—1 needed in this model to be about 9 TeV. The predicted branching ratio for
u—ew v is too small to explain the LSND.
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I. INTRODUCTION with a right-handed neutring7]; (ii) the model having a
Higgs triplet[8]; and (iii) the model having a heavy Majo-
The problem of physics beyond the standard mé88)  rana ferimon triplet[9]. These new interactions exist at
has been studied for a considerable length of time. In the pasfigher mass scale. In the usual seesaw mechanism, in order
few years some progress has been made in understandifg have a very small mass for a left-handed neutrino, the
this new physics, among them lepton flavor violati#V)  corresponding mass for the right-handed neutrino has to be
is the most promising candidate. At present, we have rigoryery large, i.e. of order f0TeV. Recently a new seesaw
ous bounds on lepton flavor violating decay, e.g[1], model of neutrino mass is proposed with the motivation that
B(u—3e)<10"12 (1) there is no new physics beyond the Te_V sddl@]. In this _
model the smallness of mass for the right-handed neutrino
Using experimental bounds on these three-body decays tif#oes not require a very heavy right-handed neutrino. This
corresponding bounds on two body decays are calculated imechanism requiresiy~1 TeV. However, in this model, a
[2,3], new Higgs doublet; with lepton number-1 is also neces-
sary. The right-handed neutrind and Higgs doublet; can
B(Z—pe)<1.7x10"* (20 give rise to LFV processes. We identify an effective operator
in the standard model and show that the scale of new physics
A must beA=5 TeV. In Ma’s model,u— 3e can proceed
B(Il p— pe)<4x 1013 (3)  throughN and » exchange at loop level. Using the experi-
mental limit on this process, the box diagrams provide the
B(Y —ue)<2x10"° (4 most stringent limit on mass of Higgs doublet (mjy
=9 TeV). We also show by constructing an effectiZe
B(d— ue)<4x10 Y. (55 —nue vertex and its realization through the and N ex-
changes that no limit is put om,, .
At present, the best experimental limit on the branching The experimental evidence of the neutrino masses comes,

and[3]

ratio of Z— ue decay is(95% C.L) from three anomalous effects: the Liquid Scintillation Neu-
6 trino Detector(LSND) excesd 11,12, atmospheric neutrino
B(Z— pe)<1.7x10". (6) anomaly[13—15 and the solar neutrino defidit6—19.

In addition to the three neutrinos, a sterile neutrino is
eded to explain the three effects in terms of the neutrino
flavor oscillations. But still the problem is unresolvgzD].

) Y e}’B\ttempts to explain all the data in terms of the three massive
or not the neutrinos have nonzero mass. In the minimal Star}ieutrinos are excluded by the latest dga]

Sard moce o Pl leracions,neutnos are massles . namosphercanomaly and te solar neutio dft car
effective dimension five operator ' e explained in terms of neutrino flavor oscnlgtmns, but
LSND excess cannot be explained along these lines because
. of its small transition probabilityP, ., =(2.5+0.6+0.4)
ij n e
Letr= LiLijP P, (1) x1073] [22]. It either requires a sterile neutrino or some
mechanism other than neutrino flavor oscillation and LFV is
whereL;=(»;,l;), is the usual left-handed lepton doublet, one of the candidatel23]. We analyze the consquences of
O=(¢p",#° is the usual scalar Higgs doublet, andis an ~ small LFV interactions to explain LSND excess and show
effective large mass scalg]. This operator has different that the branching ratio fon* —e* v, turns out to be too
tree-level realizations(i) the canonical seesaw mechanismsmall to explain the LSND excess.

The possible source of the suppression of the bounds founr(lje
in Egs.(2)—(5) is discussed if2-5].
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. e It is assumed that the loop momenta is very high, ke.
—o so that the external momenta are neglected. After cal-
FIG. 1. Box diagrams fop— 3e. culating the loop integration Eq11l) becomegwe takem;

=m;=m)
II. LFV IN SEESAW MODEL OF NEUTRINO MASS AND '
BOUNDS ON NEW HIGGS MESON MASS 5 _
T(p—3e)= ————X > & @
A new seesaw model of neutrino mass has been proposecfﬂ_} ) (47)°X4m2 T3 §iglo (P
[10], where right handed fermion singled$; with lepton _
numberL =0 are added to the minimal SM together with a X (1= y5)v(p2)u(ps) Yo(1—y5)v(pa)}AX) (12
second scalar doubltz(", %) with lepton numbelL=—1. ) o
The fermion singlet is allowed to have Majorana mags  Wherex=(m?/'mp) and f%fo=¢&, f%f;=¢;, giving the
with the effective interactionf;;Nig(v; 7°—1;.7"). The decay width
smallness of seesaw neutrino mass (=mD/mN) can be

explained by a rather small value ofy, if mp comes from I'(u—3e)=

2

2% fifzg &EFAMX)A(X)

(n°) instead of ¢°) becausd 7°)<(¢°), and is of the or- (47)2X 4m?
der 1 TeV and as such can be observed experimentlly. As the
motivativation of the model is that there is no new physics m?
beyond the TeV scale, therefore masses of the new Higgs x—Hr (13
scalar doublet, which are necessary in this model, should not 192x 7*
be larger than a few TeV. We study this question in relation
to the experimental bounds qn—3e andZ— ue. where
First we note that an effective operator invariant under the ) )
symmetries of the standard model that can induce the decay 1—x+xIn(x*)
36| A= (14
m—o€e IS 2(X_ 1)3
1 - — This gives the branching ratio
i (o) (Leerd) ®) ’ ’

B(u—3e)= 2 > EE EE x
which is of dimension 8 and her is the standard model ® 4(4m)?| \G2) 25T T  me
Higgs doublet. On inserting the vacuum expectation value
(%) =v it would generate the four-fermion interaction X[A(X)]2. (15)

v? Assuming that all the Yukawa couplings are of the order

F(“LeR)(eLeR)' ®  unity and takingm=1 TeV the experimental bounl) is
obtained forx=1.12x 10" 2 giving m,=9 TeV.

This operator leads tg— 3e with the branching ratio _ We now consideZ— ue for which the effective operator
is
v? 2 —
Blp—3e)=| ——| . (10) Ozuel 7D L (16)
(u (4\/§GFA4) ne-pu ey

or

Inserting v=174 GeV, the branching rati¢10) gives A

=4.7 TeV. However, the above effective operator cannot be Elzﬂe;R)/”D,LeR (17

induced in Ma’s model at the tree level. In this model

—3e occurs in the one loop shown in Fig. 1. The couplingswhich are renormalizable operators of dimension 4 so that

at each vertex can be taken frdd0]. the effective coupling constants are dimensionl8ssis the
The amplitude can be written as folloW24]: covariant derivative. The effective operat@b) is induced in
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FIG. 3. Anomalous muon decay.
ka] 1* 3
/ ! or_ o OF Mz
;« r;’=8——. (22
n* 67
v 2
o P 4 N|p-i-k i i0 is qi
Z -_.___——.c\ , 1 Thus the branching ratio is given by
y p-d
\
”"'lx\ 1 1 \* m; i 2
- —__f4 =
k1, B(Z— ue) 16f 1672 mﬁ |

FIG. 2. One-loop diagrams f&— ue.

2\ 2
m
the present model by renormalizable interaction represented =2.5X 106(—;) 12 (23
by the Feynman diagrams shown in Fig. 2. Each of the above Mh

diagrams is logarithmically divergent; but this divergence . .
cancels in the sum if we note that the first diagram involvegVhere we have taken the Yukawa couplirigs1. Taking the
Z-lepton coupling in the form two extreme limitsx— 1 andx—0, 1(x) is, respectivelyz;

and 75; the branching ratio boun2) can be satisfied for

(o} 1 ) 1 g, m,=m;=500 GeV. Thus no limit is put om;,.
+0p)s——=1{—=(1— +| -2
(OvH0n)3 cosé,, 514 Sirf fu) 2) ] 2 cod,,
Ill. THE ANOMALOUS MUON DECAY AND LSND
. 92 _ _
- —(1—25|r120W)2 cosé,, (18) The standard muon decay" —e" ver, has nove which

is found at LSND. Instead of the neutrino flavor oscillation

while in the second diagranZ— 77 gauge coupling is this excess can be found through the LFV muon degay
(9,/2 cosh,)(1—2sirf4,,). In fact the two diagrams exactly —e* »v,. The anomalous muon decay —e* vy, (Where

cancel in the limitm;=0 and lepton mass-0. Using the [=e, u, or 7) can occur via th&-exchange as shown in Fig.
dimensional regularization these diagrams together give 3, where the effective Lagrangiah.e vertex can be written
as[3]
g,(1—2sirfe,,) f2 Tk0) v(1— 7)o (k)
= u - w vee 2%
2 cosb,, (477)28“ vy ys)v Letr=0zuem Y €LZ“+H.C. (24)
m% Here,gz,. is the effective coupling of the LFV vertex which
X 2 1(x) (19 s constrained from the experimental bound on the branching
h

ratio of u— 3e. The coupling through the diagram of Fig. 3

where withx=m?m? and where we have kept only the lin- contributes to thé\(u—ev»)) amplitude a term
ear term inm3/m?; 1(x) is given by

[ 3x 6x2 6x3 ] A(u—evv)= —g;’fg_z:[v_( P1) Y v(P2)U(P4) Ve
[(x)=— 2— + + Inx;. 4

36(1—X) 1-x —x)2 _y)3

. Goon X (1~ 79)0(py)] @9

In obtaining the final result we have neglected a convergenthe corresponding decay width becomes
contribution from the second diagram which is proportional

to the lepton mass. Using $#f)~1, Eq. (19) gives — [ 9246927 2 m,
I'(p—evy)= > 3
3 2 2\ 2 Mz 192
I'(Z— ue) Cr Mz 1( l) f4(mz) 12 (21
—Mue)=—=<— 5|7 —
Jzomziam - m, 2 (GF c o (26
while 92ue| 5| 19270

096005-3



M. J. ASLAM AND RIAZUDDIN

where we have used that,,=(g,/2 cosé,)3. This gives
the branching ratio

B(:Uv_’evlz)zfexch = g%,ue
= (4V2Gm}) B(Z— pe)
=(0.59B(Z— ue) (27)

where we have used E2). If we use the bound2), we
obtain

B(ﬂﬂeyljl)z—exchslo_lsl (28

which is much too small compared to the needed branchinq

ratio for u— ew, v, implied by

P, .= (2.5%0.6+0.4 X 103,

(29

Even if one uses the direct lim{®) it still remains small
=108,

PHYSICAL REVIEW D 66, 096005 (2002

2

é(Slfg)[XA(X)]2

B(pﬁev'ﬂ):(
F

642X m?
(30)

which gives the branching ratio to be10 2 for f~1 and
m,~9 TeV as previously found. This is much too small
compared to the required value2.5x 103,

IV. CONCLUSION

By studying procesg— 3e at the loop level, we have put
a bound on the mass of the new Higgs bosgnneeded in
the seesaw model of neutrino masgd®)]. Taking the
ukawa couplingd to be order 1 and the mass of the heavy
eutrino to be 1 TeV as ifil0], we found the bound om,
=9 TeV. No limit is put onmy, from the experimental bound
on Z— ue. The LSND neutrino anomaly in terms of the
decayu* —e* v, which requires the branching ratio of the
new decay to be about (:33)x 102 cannot be explained
in the present model. Lastly we wish to discuss the senstivity

Since there is nag in the standard model, one cannot of the above bound of First of all we note that atmospheric

write an operator of the forn(8) with eg replaced byvg.

anomaly requiredn,=5x10"2 eV which in Ma’s model

One can, however, write two dimension 9 operators as inmplies thatf?=5x10"? keepingm;=1 TeV. Then one ob-

[25] which would generata L =2 decayu*—e* vop; with

tains no bound om,.

a branching ratio which could explain LSND excess without

any conflict withAL=0 processes likee— 3e with a scale

of new physics at a rather low valde=360 GeV. However,
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