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Abstract. We study the branching ratios of the lepton flavor violating processes p — ey, 7 — ey and 7 — py
by considering that the new Higgs scalars localize with Gaussian profile in the extra dimension. We see that
the BRs of the LF'V decays p — ey, 7 — ey and 7 — py are at the order of magnitude of 10712, 10716 and
10~ '2 in the considered range of the free parameters. These numerical values are slightly suppressed in the
case that the localization points of new Higgs scalars are different from the origin.

1 Introduction

Lepton flavor violating (LFV) interactions have found
great interest since they are rich from the theoretical point
of view. In the standard model (SM), these decays are al-
lowed by introducing the neutrino mixing with non-zero
neutrino masses. However, their branching ratios (BRs)
are far below the experimental limits due to the smallness
of the neutrino masses. Therefore, they are sensitive to
the physics beyond the SM. Since, theoretically, the loop
effects are necessary for the existence of LFV decays, it
would be possible to predict the free parameters of the un-
derlying theory if one studies the measurable quantities of
them.

Among the LFV processes, the radiative LEV I; — [;y
(i #7;i,j = e, u, 7) decays deserve to be analyzed, and
there are various experimental and theoretical works in the
literature. The current limits for the (BRs) of y — ey and
7 — ey decays are 1.2 x 107! [1] and 3.9 x 1077 [2], re-
spectively. A new experiment at PSI has been described
and aimed to reach a sensitivity of BR ~ 1074 for u — ey
decay [3], and at present the experiment (PSI-R-99-05 Ex-
periment) is still running in the MEG [4]. For 7 — py
decay an upper limit of BR = 9.0(6.8) x 10~8 at 90% CL
has been obtained [5] ([6]), which is an improvement by
almost one order of magnitude with respect to the previ-
ous one. From the theoretical point of view, there is an
extensive work on the radiative LFV decays in the liter-
ature [7—21]. In [7—13] these decays were analyzed in the
supersymmetric models. [14—19] and [20] were devoted to
the radiative LFV decays in the framework of the two
Higgs doublet model (2HDM) and in a model independent
way, respectively. In another work [21], they are analyzed
in the framework of the 2HDM and in the supersymmetric
model.
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In this work, we study the LF'V processes u — ey, 7 —
ey and 7 — py in the 2HDM with the inclusion of a single
extra dimension. In the 2HDM the radiative LE'V decays
are induced by the internal new neutral Higgs bosons h°
and A°, and the extension of the Higgs sector results in
enhancement in the BRs of these decays. In addition to
this, the inclusion of a single extra dimension causes one to
modify the BRs. The extra dimension scenario is based on
the string theories as a possible solution to the hierarchy
problem of the SM. The effects of extra dimensions on vari-
ous phenomena have been studied in the literature [22—64].
In the extra dimension scenarios the procedure is to pass
from higher dimensions to four dimensions by compacti-
fying each extra dimension to a circle S! with radius R,
which is the typical size of the corresponding extra dimen-
sion. This compactification leads to the appearance of new
particles, namely Kaluza—Klein (KK) modes in the the-
ory. If all the fields feel the extra dimensions, the so-called
universal extra dimensions (UED), the extra dimensional
momentum, and therefore the KK number at each ver-
tex, is conserved. If the extra dimensions are accessible to
some fields but not all in the theory, they are called non-
universal extra dimensions. In this case, the KK number
at each vertex is not conserved and tree level interaction
of KK modes with the ordinary particles can exist. If the
fermions are assumed to be located at different points in
the extra dimension with Gaussian profiles, the hierarchy
of fermion masses can be obtained from the overlaps of
fermion wave functions and such a scenario is called the
split fermion scenario [65—81].

Here, we consider that the new Higgs doublet is local-
ized in the extra dimension with a Gaussian profile, by
an unknown mechanism; however, the other particle zero
modes have uniform profile in the extra dimension. The
Higgs localization in the extra dimension has been con-
sidered in several works. The work [19] was devoted to
the branching ratios of the radiative LFV decays in the
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split fermion scenario, with the assumption that the new
Higgs doublet is restricted to the 4D brane or to a part of
the bulk in one and two extra dimensions, in the frame-
work of the 2HDM. The idea of the localization of the SM
Higgs, using the localizer field, has been studied in [82].
In [83] the new Higgs scalars were localized in the ex-
tra dimension, and the SM Higgs was considered to have
a constant profile. The localization of new Higgs scalars de-
pended strongly on the strength of the small coupling of
the localizer to the new Higgs scalar. In the present an-
alysis, we first consider that the new Higgs scalars localize
with Gaussian profiles around the origin in the extra di-
mension. Second, we assume that the localization point is
different from the origin but near to it. We see that the
BRs of the LFV decays u — ey, 7 — ey and 7 — vy are
at the order of magnitude of 107!2, 1076 and 10~'2 in
the given range of the free parameters. These numerical
values are slightly suppressed in the case that the local-
ization points of new Higgs scalars are different from the
origin.

This paper is organized as follows. In Sect. 2, we present
the lepton-lepton—new Higgs scalar vertices and the BRs
of the radiative LFV decays with the assumption that the
new Higgs doublet is localized with a Gaussian profile in
the extra dimension in the 2HDM. Section 3 is devoted to
a discussion and our conclusions.

2 The effect of Gaussian profile
of new Higgs scalars
on the radiative LFV decays in the 2HDM

The radiative LE'V [; — [;y decays are rare decays in the
sense that they exist at loop level in the SM. Since the nu-
merical values of the BRs of these decays are extremely
small in the framework of the SM, one goes to models
beyond, where the particle spectrum is extended and the
additional contributions result in an enhancement in the
numerical values of the physical parameters. Due to the ex-
tended Higgs sector, the version of the 2HDM permitting
the existence of the FCNCs at tree level, is one of the can-
didates to obtain relatively large BRs of the decays under
consideration. Furthermore, we take into account the ef-
fects of the inclusion of a single spatial extra dimension
which causes the BRs to enhance due to the fact that the
particle spectrum is further extended after the compact-
ification. Here, we consider the effects of the additional
Higgs sector with the assumption that the new Higgs scalar
zero modes are localized in the extra dimension with Gaus-
sian profiles by an unknown mechanism; on the other hand,
the zero modes of the other particles have a uniform profile
in the extra dimension. The Yukawa Lagrangian respon-
sible for the LFV interactions in a single extra dimension
reads

Ly =& liL¢2Ejr +hec., (1)

where L and R denote chiral projections L(R) =1/2(1F
v5), ¢2 is the new scalar doublet and fﬁj are the F'V com-
plex Yukawa couplings in five dimensions, where i, j are

family indices of leptons, ¢; for i = 1, 2, are the two scalar
doublets, I; and E; are lepton doublets and singlets, respec-
tively. These fields are functions of * and y, where y is the
coordinate representing the fifth dimension.

We choose the Higgs doublets ¢; and ¢ as

o5 o) ()

b2 = \}2 (H{%ﬂ;) ’ @

and their vacuum expectation values read

o=, (0) (=0, 3)

In this case, it is possible to collect the SM (new) particles
in the first (second) doublet, and H; and Hz becomes the
mass eigenstates kY and A, respectively, since no mixing
occurs between two C' P-even neutral bosons H° and h° at
tree level.

The five dimensional lepton doublets and singlets have
both chiralities and the four dimensional Lagrangian is
constructed by expanding these fields into their KK modes.
Besides, the extra dimension denoted by y is compactified
on an orbifold S? /Z5 with radius R. The KK decomposi-
tions of the lepton and the SM Higg fields read

o1(,y) = \/217r .

iz y) = ¢2l7r . {é? ()

+v2 Z {ZEZL) (z) cos(ny/R) + lgg(m) sin(ny/R)} } ,
1 {ES‘SQ @

+V2 Z {Ei(;) (x) cos(ny/R) + El(g) (x) sin(ny/R)} } , (4)

n=1

{¢§°> (@) +v2Y " ¢ (x) cos(ny/R>} :

where qﬁgo) (z), lg-i) (z) and Ei(%) (z) are the four dimensional
Higgs doublet, lepton doublets and lepton singlets respec-
tively. Here, we assume that the new Higgs scalars are
localized in the extra dimension with Gaussian profiles,

S(w,y) = AeVS(x), (5)

1

by an unknown mechanism'. The normalization con-

stant A is

1 We consider the zero mode Higgs scalars and we do not take
into account the possible KK modes of Higgs scalars, since the
mechanism for the localization is unknown and we expect that
those contributions are small due to their heavy masses.
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(2,6)1/4
/4 \/Erf (V267 R] ,

and the parameter 3 = 1/0? regulates the amount of local-
ization, where o = pR, is the Gaussian width of S(z,y) in
the extra dimension. Here the function Erf[z] is the error
function, which is defined by

Erf(z] = iy /z ot dt. (7)

The coupling of the new Higgs doublet to the leptons
brings about modified Yukawa interactions in four dimen-
sions. To obtain the lepton—lepton—Higgs interaction coup-
ling in four dimensions we need to integrate the combina-
tion f(g(%)))(a? y)S(z, y)fJ(R(L))) (z,y), appearing in the part
of the Lagrangian (1), over the fifth dimension. Using the
KK basis for lepton fields (see (4)), we get

A= (6)

/ dyf L @ v)S (@, v) fn) (2,v)

(0(n n(0
=VafiL(r) @S @) fxD) @), (8)
where the factor V,, reads
V, = Acy, , 9)

and the function A is defined in (6). Here, the fields fi(f(o)),

fir () are four dimensional left and right handed zero (n)
mode lepton fields. The function ¢, in (9) is obtained:

Erf in+267R2 ] 1 Exf |:in+267rR2:| )
N Gl e e
" 4/B7R '

(10)

Notice that the Yukawa couplings fg in four dimensions
are

i =A& (11)

where ¢£ ; are the Yukawa couplings in five dimensions (see
2
(1)
Now, we consider that the new Higgs scalars are local-
ized in the extra dimension at the point yg, yg = aR near
the origin, namely,

S(@,y) = Ane PV 5(2), (12)
with the normalization constant
Ay =
2(8)1/4
(2m) /4, [Exf [\/26(n R + yu)] + Extly/2B(rR — yu)]
(13)

2 In the following we use the dimensionful coupling Eﬁ 4j i

four dimensions, with the definition &£ i \/ 4Gr gl /ij» Where
N denotes the word “neutral”.

After integrating the combination f(o n))(a? y)S(z,y)

iL(R)
J(g((g))(x, y) over the extra dimension, the factor V,, in (8)

reads

Vn = AHCn 5 (14)

with the function Ay in (13). The function ¢, in (14) is
calculated to be

_n nYH
cn, =€ 4BR2 cog [ }

R
(Erf [in;\z’/%?ﬂ + Erf [izjggﬁ] > .
4/BrR - (15)

Similar to the previous case, we define the Yukawa cou-
plings in four dimensions by

& = Autsl; -

Now, we will present the decay widths of the LF'V pro-
cesses i — ey, T — ey and 7 — wy. These decays exist at
least at one loop level in the 2HDM, and the logarithmic
divergences appear in the calculations. These divergences
can be eliminated by using the on-shell renormalization
scheme®. The decay width I for the ; — lj~y decay reads

F(lz — lj’)/) = Cl(|141|2 + |A2|2) ;

for I;(I;) = 7; u(p or e; e). Here

X

(16)

(17)

2 3
GFaemmli
327wd

Ay (Ay) is the left (right) chiral amplitude and taking only
7 lepton for the internal line?, they read

C1 =

Al = QT487TL {6mT§N ‘rfng fl‘r< (F<Uh0) - F(UAO))
c <F(Un,h0) - F('Un,AO))>

+ mflgﬁ’;fQEﬁ,Tfl <c(2) (G(vho) + G(vAo))

2
2
+2 nz:l mz + m2 n(G(vn,hO) + G(’L}on))) } ’

3 In this scheme, the self-energy diagrams for on-shell leptons
vanish, since they can be written as > (p) = (p—my, )>_(p) (P —
my,); however, the vertex diagrams (see Fig. 1) give a non-zero
contribution. In this case, the dlvergences can be eliminated by
1ntroduc1ng a counter term V with the relation VRen VO +
V# , where VRen (VO) is the renormalized (bare) vertex and
by using the gauge invariance k* VRen = 0. Here, k" is the four
momentum vector of the outgoing photon.

4 We take into account only the internal 7 lepton contribu-
tion, smce we respect the Sher scenario [84]; results in the cou-
plings &5 .ij (i,7 = e, p) are small compared to 13 i (i=epu,T)
due to the possible proportionality of them to ‘the masses of
leptons under consideration in the vertices.
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———

Fig. 1. One loop diagrams contribute to /1 — loy decay due to
the zero mode neutral Higgs bosons RO and AY in the 2HDM,
for a single extra dimension. Here [* represents the internal KK
mode charged lepton and n =0,1,...

1 _ _
Ar=Q~ 18m2 {6m‘r££,f2‘r££,‘rfl (C(Q) (F(’Uho) - F(’UAO))

+myy éﬁ,fwéﬁ,’;ﬂ ( (Glor0) +Glua))

o~ 2 m3
+2 Z Cn m2 +m?2 <G(Un,h0) + G(vn,AO)) )
n=1 T n
(18)

m?.—i—m2 n

where v, g = > ", mp =5 and @, is the charge of 7

m

lepton. Here the vertex factor ¢p is defined in (10) and (15),
and the functions F'(w) and G(w) are

~ w(3—4w+w?+2lnw)

F(w) (—1+w)3 ’
w w — 6w? 4+ w® + 6winw
Gy 2 H3 (f1++w)4+6l ) )

3 Discussion

In the present work, we study the radiative LF'V decays
l; = ljy in the 2HDM with the addition of a single spatial
extra dimension. Here, we consider that new Higgs scalars
are localized in the extra dimension with Gaussian pro-
files by an unknown mechanism; on the other hand, the
other particles have uniform zero mode profiles in the ex-
tra dimension which is compactified onto orbifold S1/Zs.
Since these decays exist at least at one loop level, there
appear free parameters related to the model used in the
theoretical values of the physical quantities. The Yukawa
couplings &F ij» 1, J = €, u, T, are among those parameters.
We consider that the couplings EN ij» 1 J = €, p are smaller
compared to §N -i» ¥ = e, i, T, since the latter ones contain
heavy flavor. Furthermore we assume that, in four dimen-
sions, the couplings f_N ; are symmetric with respect to
the 1ndlces i and j. For the decays under consideration the
Yukawa couplings §N o EE - and fN - Play the main role.

The Yukawa coupling fN -, has been restricted by using
the experimental uncertalnty, 1079, in the measurement

of the muon anomalous magnetic moment and the upper
limit of & ., 1s predicted near 50 GeV (see [85] and refer-
ences therein) without extra dimension effects. In our nu-
merical analysis we take its magnitude around this quan-
tity. For the coupling §N e (fN - u) we choose the numerical
values as smaller (larger) compared to §N - Tespecting
the experimental measurements of the BRs of these de-
cays. For the Higgs masses we take the numerical values
myo = 100 GeV, m 40 = 200 GeV.

The compactification scale 1/ R and the Gaussian width
o of the new Higgs doublet are the additional free pa-
rameters which are chosen not to contradict with the ex-
perimental results. The direct limits from searching for
KK gauge bosons imply 1/R > 800 GeV; the precision elec-
tro weak bounds on higher dimensional operators gener-
ated by KK exchange place a far more stringent limit
1/R > 3.0 TeV [86] and, from B — ¢Kg, the lower bounds
for the scale 1/R have been obtained as 1/R > 1.0 TeV,
while from B — ¢ Kg one got 1/R > 500 GeV, and from
the upper limit of the BR, BR(B, — utpu~) < 2.6 x 1076,
the estimated limit was 1/R > 800 GeV [69]. Here, we take
the compactification scale 1/R in the range 200 GeV <
1/R <1000 GeV and choose the Gaussian width at most at
p=0.05.

Our analysis is based on the Higgs localization width
and the compactification scale dependence of the BRs of
the LFV decays. First, we consider that the new Higgs is
localized around the origin in the extra dimension. Fur-
thermore, we choose the localization point near the origin
and study its effect on the BRs. In our calculations we ob-
serve that there is a strong sensitivity of the BRs of the
LFYV decays to the localization width of the new Higgs dou-
blet in the extra dimension and that it is due to the present
5D construction °.

Figure 2 represents the BR(u — ey) with respect to
p, for different values of the Yukawa couplings &£ - and
fNJe Here the lower—upper solid (dashed) line represents
the BR for a single extra dimension without-with lep-
ton KK modes, the real couplings being fl{”;’w =50GeV,

&K e =0.1GeV (£F ;. = 0.5 GeV) and R = 0.005 GeV 1. Tt
is observed that the BR is strongly sensitive to the Gaus-
sian width of the localized neutral Higgs scalars, and it
increases with the increasing values of the width. This
enhancement is almost at the order of 10 in the range
0.005 < p < 0.05. The inclusion of lepton KK modes brings
about an additional enhancement at one order. The BR
is at the order of the magnitude of 10714 (10712) for the

5 The normalization constant A of the Gaussian function, de—
scribing the localization of the new Higgs scalar (see (5)), i
embedded into the Yukawa couphngs éw in four dlmeHSIOHS

as given in (11) and the couplings §Zj are taken fixed. On the
other hand the parameter cg appearing in the vertex factor Vp,
(see (9)) is sensitive to the localization width o and increases
with its increasing values. This picture will not be affected if
one considers the parameter c,, n > 1, since it contains an ex-
ponential suppression factor. Notice that cg reaches unity when
o — 0o and this is the case where the Higgs zero mode profile in
the extra dimension is uniform.
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Fig. 2. The BR(p — ey) with respect to p. Here the lower-
upper solid (dashed) line represents the BR for a single extra
dimension without—with lepton KK modes, the real couplings
being X ,, =50 GeV, &F ., =0.1GeV (£ ;. =0.5GeV) and
R=0.005GeV !
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Fig. 3. The BR(7 — ey) with respect to p. Here the lower—
upper solid (dashed) line represents the BR for a single extra di-
mension without-with lepton KK modes, for R = 0.005 GeV !,
the real couplings being §_§7TT =100 GeV, 5_1%‘7_,6 =0.1GeV

(EF 7 = 0.5 GeV)

intermediate values of the localization parameter p and
the coupling &F _, = 0.1GeV (£, = 0.5 GeV). A new ex-
periment at PSI has been described which aims to reach
a sensitivity of BR ~ 10714, and at present the experiment
(PSI-R-99-05 Experiment) is still running in the MEG [4].
The improvement of the numerical result of the BR would
make it possible to search for the effects of the extra dimen-
sions and the possible localization of new Higgs bosons in
the extra dimension.

In Figs.3 and 4 we present the BR(r — ey) and
BR(T — wy) with respect to p, for different values of the
Yukawa couplings. Here the lower—upper solid (dashed),
line represents the BR for a single extra dimension without—
with lepton KK modes, for R = 0.005GeV !, the real
couplings being & =100 GeV, £§ _, = 0.1 GeV (&F . =
0.5GeV) and &F . =100 GeV, gf\?’w =50 GeV (E{\?M =

\
vy 4
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Fig. 4. The BR(7 — py) with respect to p. Here the lower—
upper solid (dashed) line represents the BR for a single extra di-
mension without—with lepton KK modes, for R = 0.005 GeV !,
the real couplings being 5_1{?,77 = 100 GeV, Eﬁw = 50 GeV
(6% 7y = 80 GeV)
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Fig. 5. The BR(u — e) with respect to the compactification
scale 1/R. Here the lower-upper solid (dashed) line repre-
sents the BR for a single extra dimension without-with lepton
KK modes, the real couplings being §§7Tﬂ =50 GeV, Ef\]E,Te =
0.1 GeV (€f ;o = 0.5 GeV) and p = 0.01

80 GeV). It is observed that the BR is sensitive to the
Gaussian width of the localized neutral Higgs scalars
and there is an enhancement at the order of 10 in the
range 0.005 < p < 0.05 similar to the previous decay. The
BR is at the order of the magnitude of 10718 (1071¢)
and 10713 (107!2) for the intermediate values of the lo-
calization parameter p and the coupling f_ﬁm =0.1GeV
(€8, =0.5GeV) and &F ., =50GeV (£f ., =80 GeV).
Notice that the inclusion of lepton KK modes brings in an
additional enhancement at order one, in both decays.
Figures 5-7 are devoted to the BR(u — ev); BR(T —
ev) and BR(7 — py), with respect to the compactification
scale 1/R. Here the lower—upper solid (dashed) line rep-
resents the BR for a single extra dimension without—with
lepton KK modes, the real couplings being f_ﬁT =50 GeV,

£f .. =01GeV  (6f .. =05GeV); &F_. = 100GeV,
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Fig. 6. BR(7 — ey) with respect to the compactification
scale 1/R. Here the lower-upper solid (dashed) line repre-
sents the BR for a single extra dimension without—with lep-
ton KK modes, the real couplings being Eﬁ’” =100 GeV,

&f +e =0.1GeV (€F ;. = 0.5 GeV) and p = 0.01
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Fig. 7. BR(7 — py) with respect to the compactification
scale 1/R. Here the lower-upper solid (dashed) line repre-
sents the BR for a single extra dimension without—with lep-
ton KK modes, the real couplings being .f_ﬁTT =100 GeV,

&K+ =50 GeV (£F ,, =80 GeV) and p = 0.01

&f .. =01GeV  (6f .. =05GeV); &F . = 100GeV,
&8 -, =50GeV (¢F _, =80GeV) and p =0.01. These fig-
ures show that the enhancement of the BR with the add-
ition of lepton KK modes is not so very sensitive to the
compactification scale 1/R for its large values.

Now, we study the effects of the position of the local-
ization point of the new Higgs doublet on the BR of the
considered decays.

Figure 8 represents the BR(u — ey) with respect to
o, for different values of the Yukawa couplings EN - and
fN’Te Here the lower—upper solid (dashed) line repre-
sents the BR for a single extra dimension with lepton
KK modes, for y = 0—yg = ao, the real couplings be-
ing &F ., =50GeV, & . =0.1GeV (§F . =0.5GeV) and
R =0.005 GeV~!. This figure shows that the BR decreases
with the increasing values of «, at the order of 45% in

1000

10" x BR

100 |

1 2 3 4 5 6 7 8 9 10

Fig. 8. The BR(u — ev) with respect to a. Here the lower—
upper solid (dashed) line represents the BR for a single extra
dimension with lepton KK modes, for yH 0—yg = ao, the
real couplings being £N ru =50GeV, £N e =01GeV (£N e =
0.5 GeV) and R = 0,005 Ciev !

1000 T T T T T T T T

100

10" x BR

10 | | | | | | | |

Fig. 9. The BR(7 — e7y) with respect to a. Here the lower—
upper solid (dashed) line represents the BR for a single extra
dimension with lepton KK modes, for yH 0—yg = ao, the
real couplings being éN = 100 GeV, éN 0 =0.1GeV (§N e =
0.5 GeV) and R=0. 005 GeV !

the interval 1 < a <10, for large values of the Yukawa
coupling.

In Figs. 9 and 10 we present the BR(7 — ev); BR(7 —
py) with respect to . Here the lower—upper solid (dashed),
line represents the BR for a single extra dimension with
lepton KK modes, for yg = 0 — yi = a0, the real couplings
being &F . =100GeV, &F , =0.1GeV (£f . = 0.5 GeV);
¢E = =100 GeV 2 ru = 90GeV (¢E - =80GeV) and
R =10.005GeV ! hese figures show that the BR de-
creases with the 1ncreasmg values of a, at the order of
35%, 45% in the interval 1 < « < 10, for large values of the
Yukawa coupling.

At this stage we would like to summarize our results.

— The BR is strongly sensitive to the Gaussian width of
the localized neutral Higgs scalars and it increases with
increasing values of the width for the decays under con-
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Fig. 10. The BR(7 — py) with respect to . Here the lower—
upper solid (dashed) line represents the BR for a single ex-
tra dimension with lepton KK modes, for yg = 0—yy = ao,
the real couplings being 5_1%‘77_# =50 GeV (.fﬁ,Tﬂ =80 GeV) and
R =0.005 GeV !

sideration. This enhancement is almost at the order of
10% in the range 0.005 < p < 0.05. The inclusion of lep-
ton KK modes brings additional enhancement at one
order. The BR for u — ey (7 — ey, 7 — py) is at most
at the order of the magnitude of 10712 (10716, 10~12)
for the intermediate values of the localization parame-
ter p and the couplings taken.

The BR decreases with the increasing distance, yy =
ao, of the localization point of the new Higgs doublet
from the origin in the extra dimension. With increas-
ing values of «, there is almost 50% suppression of the
BRs of the decays under consideration in the interval
1 < a <10, for large values of the Yukawa couplings.

The improvement of the experimental results of the radia-
tive LF'V decay BRs would make it possible to search the
effects of the extra dimension and the possible localization
of the new Higgs bosons in the extra dimension.

Acknowledgements. 1 thank my father Oguz Iltan for his spiri-
tual support.

References

1.

MEGA Collaboration, M.L. Brooks et al., Phys. Rev. Lett.
83, 1521 (1999)

K. Hayasaka et al., Phys. Lett. B 613, 20 (2005)
MUEGAMMA Collaboration, D. Nicolo, Nucl. Instrum.
Methods A 503, 287 (2003)

S. Yamada, Nucl. Phys. Proc. Suppl. 144, 185 (2005)
BABAR Collaboration, J.M. Roney et al., Nucl. Phys.
Proc. Suppl. 144, 155 (2005)

BABAR Collaboration, B. Aubert et al., SLAC-PUB-
11028, BABAR-PUB-04-049, Feb. 2005, 7. pp, Phys. Rev.
Lett. 95, 041802 (2005)

R. Barbieri, L.J. Hall, Phys. Lett. B 338, 212 (1994)

R. Barbieri, L.J. Hall, A. Strumia, Nucl. Phys. B 445, 219
(1995)

R. Barbieri, L.J. Hall, A. Strumia, Nucl. Phys. B 449, 437
(1995)

10.
11.

12.
13.

14.
15.
16.

17.
18.
19.
20.

21.
22.

23.
24.
25.
26.

27.
28.

29.

30.
31.

32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43.
44.

45.

46.

47.
48.
49.
50.
51.
52.

P. Ciafaloni, A. Romanino, A. Strumia, IFUP-YH-42-95
T.V. Duong, B. Dutta, E. Keith, Phys. Lett. B 378, 128
(1996)

G. Couture et al., Eur. Phys. J. C 7, 135 (1999)

Y. Okada, K.Okumara, Y.Shimizu, Phys. Rev. D 61,
094001 (2000)

E.O. Iltan, Phys. Rev. D 64, 115005 (2001)

E.O. Iltan, Phys. Rev. D 64, 013013 (2001)

R. Diaz, R. Martinez, J.-A. Rodriguez, Phys. Rev. D 63,
095007 (2001)

E.O. Iltan, JHEP 0408, 20 (2004)

E.O. Iltan, hep-ph/0504013

E.O. Iltan, hep-ph /0509096

D. Chang, W.S. Hou, W.Y. Keung, Phys. Rev. D 48, 217
(1993)

P. Paradisi, hep-ph/0508054

N. Arkani-Hamed, S. Dimopoulos, G.R. Dvali, Phys. Rev.
D 59, 086004 (1999)

N. Arkani-Hamed, S. Dimopoulos, G.R. Dvali, Phys. Lett.
B 429, 263 (1998)

I. Antoniadis, Phys. Lett. B 246, 377 (1990)

I. Antoniadis, K. Benakli, Phys. Lett. B 326, 69 (1994)

I. Antoniadis, K. Benakli, M. Quiros, Phys. Lett. B 331,
313 (1994)

A. Pomarol, M. Quiros, Phys. Lett. B 438, 255 (1998)

I. Antoniadis, K. Benakli, M. Quiros, Phys. Lett. B 460,
176 (1999)

P. Nath, Y. Yamada, M. Yamaguchi, Phys. Lett. B 466,
100 (1999)

M. Masip, A. Pomarol, Phys. Rev. D 60, 096 005 (1999)
A. Delgado, A.Pomarol, M. Quiros, JHEP 01, 030
(2000)

T.G. Rizzo, J.D. Wells, Phys. Rev. D 61, 016 007 (2000)

P. Nath, M. Yamaguchi, Phys. Rev. D 60, 116004 (1999)
A. Muck, A. Pilaftsis, R. Ruckl, Phys. Rev. D 65, 085037
(2002)

A. Muck, A. Pilaftsis, R. Ruckl, hep-ph/0203032

C.D. Carone, Phys. Rev. D 61, 015008 (2000)

I. Antoniadis, C. Munoz, M. Quiros, Nucl. Phys B 397, 515
(1993)

T. Appelquist, H.-C. Cheng, B.A. Dobrescu, Phys. Rev. D
64, 035002 (2001)

J. Papavassiliou, A. Santamaria, Phys. Rev. D 63, 016 002

(2001)

D. Chakraverty, K. Huitu, A. Kundu, Phys. Lett. B 558,
173 (2003)

A.J. Buras, M. Spranger, A. Weiler, Nucl. Phys. B 660, 225
(2003)

K. Agashe, N.G. Deshpande, G.-H. Wu, Phys. Lett. 514,
309 (2001)

K.R. Dienes, E. Dudas, T. Gherghetta, hep-ph/9811428
Q.H. Shrihari, S. Gopalakrishna, C.P.Yuan, hep-ph/
0312339

F. Agulia, M.P. Victoria, J. Santiago, JHEP 0302, 051
(2003)

F. Agulia, M.P. Victoria, J. Santiago, Acta Phys. Pol. B 34,
5511 (2003)

E.O. Iltan, hep-ph/0401229

E.O. Iltan, JHEP 0402, 065 (2004)

E.O. Iltan, JHEP 0408, 020 (2004)

E.O. Iltan, JHEP 0404, 018 (2004)

E.O. Iltan, Mod. Phys. Lett. A 20, 1845 (2005)

E.O. Iltan, Eur. Phys. J. C 41, 233 (2005)



612 E.O. Iltan: The effect of the Gaussian profile of the new Higgs doublet on the radiative lepton flavor violating decay

53.
54.

55.
56.
57.
58.
59.

60.
61.
62.
63.
64.
65.

66.

67.

68.

C.S. Lam, hep-ph/0302227, 2003

C.A. Scrucca, M. Serona, L. Silvestrini, Nucl. Phys. B 669,
128 (2003)

M. Gozdz, W.A. Kaminsk, Phys. Rev. D 68, 057901 (2003)
C. Biggio et al., Nucl. Phys. B 677, 451 (2004)

M. Carena et al., Phys. Rev. D 68, 035010 (2003)

A.J. Buras et al., Nucl. Phys. B 678, 455 (2004)

T.G. Rizzo, JHEP 0308, 051 (2003); A.J. Buras, hep-
ph /0307202

S. Matsuda, S. Seki, hep-ph/0307361

R.N. Mohapatra, Phys. Rev. D 68, 116001 (2003)

B. Lillie, JHEP 0312, 030 (2003)

A.A. Arkhipov, hep-ph/0309327

F. Feruglia, Eur. Phys. J. C 33, 114 (2004)

E.A. Mirabelli, M. Schmaltz, Phys. Rev. D 61, 113011

(2000)

W.F. Chang, I.L. Ho, J.N. Ng, Phys. Rev. D 66, 076 004
(2002)

G.C. Branco,A. Gouvea, M.N. Rebelo, Phys. Lett. B 506,
115 (2001)

W.F. Cang, J.N. Ng, JHEP 0212, 077 (2002)

69
70
71

72.
73.
74.
75.
76.

7.
78.

79.
80.
81.

82.
83.
84.
85.
86.

. B. Lillie, J.L. Hewett, Phys. Rev. 68, 116 002 (2003)

. Y. Grossman, G. Perez, Phys. Rev. D 67, 015011 (2003)

. Y. Grossman, G. Perez, Pramana 62, 733 (2004)

E.O. Iltan, Eur. Phys. J. C 44, 411 (2005)

Y. Grossman, Int. J. Mod. Phys. A 15, 2419 (2000)

D.E. Kaplan, T.M. Tait, JHEP 0111, 051 (2001)

G. Barenboim et al., Phys. Rev. D 64, 073005 (2001)
W.F. Chang, I.L. Ho, J.N. Ng, Phys. Rev. D 66, 076004
(2002)

W. Skiba, D. Smith, Phys. Rev. D 65, 095002 (2002)

Y. Grossman, R. Harnik, G. Perez, M.D. Schwartz, Z. Su-
rujon, Phys. Rev. D 71, 056007 (2005)

P. Dey, G. Bhattacharya, Phys. Rev. D 70, 116 012 (2004)
Y. Nagatani, G. Perez, JHEP 0502, 068 (2005)

R. Harnik, G. Perez, M.D. Schwartz, Y. Shirman, JHEP
0503, 068 (2005)

Z. Surujon, Phys. Rev. D 73, 016 008 (2006)

E.O. Iltan, hep-ph/0511241

T.P. Cheng, M. Sher, Phys. Rev. D 35, 3383 (1987)

E. Iltan, H. Sundu, Acta Phys. Slov. 53, 17 (2003)

T.G. Rizzo, J.D. Wells, Phys. Rev. D 61, 016 007 (2000)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


