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Predictive Higgs-boson—fermion couplings can be obtained when a specific texture for the fermion mass
matrices is included in the general two-Higgs doublet model. We derive the form of these couplings in the
charged lepton sector using a Hermitian mass matrix ansatz with four-texture zeros. The presence of uncon-
strained phases in the verticégd;I; modifies the pattern of flavor-violating Higgs boson interactions. Bounds
on the model parameters are obtained from present limits on rare lepton flavor-violating processes, which could
be extended further by the search for the decayu un andu-e conversion at future experiments. The signal
from Higgs boson decay&;— ru could be searched for at the CERN Large Hadron Collider, wéife
transitions could produce a detectable signal at a fuepme collider, through the reactioe” ™ —h°
.
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I. INTRODUCTION where ®; = (1 ,,47,)" denote the Higgs doublets. The
specific choices for the Yukawa matriclsa@}2 (g=u,d) de-
After many years of the success of the standard modeine the versions of the THDM known as |, I, and IlI, which
(SM), the Higgs mechanism is still the least tested sectoripyolve the following mechanisms, that are aimed either to
and the problem of electroweak symmetry breaklBWSB)  g|iminate the otherwise unbearable FCNC problem or at least
remains almost as open as ever. However, the analysis @f keep it under control.
radiative correqtions .within the SW] points toward the . (1) Discrete symmetriesA discrete symmetry can be in-
existence of a light Higgs boson, which could be _detected iNoked to allow a given fermion typeu(or d quarks, for
the early stages of the CERN Large Hadron CollidétiC) . . , ;
; . instance to couple to a single Higgs doublet, and in such
[2]. On the other hand, the SM is often considered as an : .
effective theory, valid up to an energy scale@(TeV), and case FCN(_:s are abse_nt at the tree level. In particular, when
eventually it will be replaced by a more fundamental theory,2 _smgle uH|g%s field g|¥es (rjnasses to both types of qu_arks
which will explain, among other things, the physics behind(€ither Yi=Y1=0 or Y;=Y5=0), the resulting model is
EWSB and perhaps even the origin of flavor. Several ex/eferred as THDM-I. On the other hand, when each type of
amples of candidate theories, which range from supersyrfiuark couples to a different Higgs doubleither Y=Y
metry[3] to deconstructio4], include a Higgs sector with =0 or Y§=Y‘1’=0), the model is known as the THDM-II.
two scalar doublets, which has a rich structure and predict$his THDM-II pattern is highly motivated because it arises
interesting phenomenolodp]. The general two-Higgs dou- at the tree level in the minimal supersymmet8USY) ex-
blet model (THDM) has a potential problem with flavor tension for the SMMSSM) [5].
changing neutral curreni&CNC’s) mediated by the Higgs (2) Radiative suppressionWhen each fermion type
bosons, which arises when each quark typeafid d) is  couples to both Higgs doublets, FCNC’s could be kept under
allowed to couple to both Higgs doublets, and FCNC’s couldcontrol if there exists a hierarchy betweé{r’j'd and ngd,
be induced at large rates that may jeopardize the model. Theamely, a given set of Yukawa matrices is present at the tree
possible solutions to this problem of the THDM involve an level, but the other ones arise only as a radiative effect. This
assumption about the Yukawa structure of the model. To diseccurs for instance in the MSSM, where the type-ll THDM
cuss them it is convenient to refer to the Yukawa Lagrangianstructure is not protected by any symmetry and is trans-
which is written for the quark fields as follows: formed into a type-lll THDM(see below, through the loop
effects of sfermions and gauginos. That is, the Yukawa cou-
plings that are already present at the tree level in the MSSM
Ly=YIQ, ®1ug+ YIQ, ®oug+ YIQ @ dr+ YIQ @,dg,  (Y§,YY) receive radiative corrections, while the terms
(1) (Yg,Yi) are induced at the one-loop level.
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In particular, when the “seesaw” mechanig6i is imple-  the Higgs-boson—fermion vertices in the charged lepton sec-
mented in the MSSM to explain the observed neutrinotor. Then, in Sec. lll we study the constraints imposed on the
masse$7,8], lepton flavor violationLFV) appears naturally parameters of the model from low energy LFV processes. In
in the right-handed neutrino sector, which is then communiSec. IV we discuss predictions of the model for tau and
cated to the sleptons and from there to the charged leptortdiggs boson decays, including the capabilities of future had-
and Higgs sector. These corrections allow the neutral Higgoh andeu colliders to probe this phenomenon. Finally, Sec.
bosons to mediate LFV's, in particular it was found that theV contains our conclusions.

(Higgs-boson-mediatedau decayr— 3u [9] as well as the

(rea) Higgs boson decayd— ru [10], can enter into the Il. THE THDM-IIIl WITH FOUR-TEXTURE MASS

possible detection domain. Similar effects are known to arise MATRICES

in th? quark sector, for instané®— uu can reach branching The Yukawa Lagrangian of the THDM-III for the lepton
fractions at large tag that can be probed at run Il of the gacior is given by

Tevatron[11,12.

(3) Flavor symmetriesSuppression for FCNC'’s can also Ll\(:Yllijriq)lle+Y|2ijriq)2le- )
be achieved when a certain form of the Yukawa matrices that
reproduce the observed fermion masses and mixing angles is After spontaneous symmetry breaking the charged lepton
implemented in the model, which is then named the THDM-mass matrix is given by
[ll. This could be done either by implementing the Frogart-

Nielsen mechanism to generate the fermion mass hierarchies 1 | |

[13], or by studying a certain ansatz for the fermion mass M|:E(01Y1+02Y2)- ()
matrices[14]. The first proposal for the Higgs couplings
along these lines was posed|[it5,16; it was based on the

. ; We shall assume that both Yukawa matricdsand Y!
six-texture form of the mass matrices, namely, 0é§ 2

have the four-texture form and are Hermitian; following the

conventions of18], the lepton mass matrix is then written as
0O C 0 0 C O

M | = Cik 0 B|
0 B A

IV||: CI* B| BI
0 Bf A

Then, by assuming that each Yukawa matd, has the WhenB,— 0 one recovers the six-texture form. We also con-

same hierarchy, one find&,=m,, B=\m,ms. and C, sider the hierarchyA|>|B|,|B|,|Cy|, which is supported
~ Jm;m,. Then the Higgs-boson—fermion couplings obeyPY (e observed fermion masses in the SM.

the following pattern:Hfifj~M/mW, which is known Because of the I-!ermmcny condition, boB) andA, are
as the Cheng-Sher ansatz. This brings under control thg@l parameters, while the phasesipandB, , g ¢, can be
FCNC problem, and it has been extensively studied in thé€moved from the mass matriM, by defining M,
literature to search for flavor-violating signals in the Higgs=P'MP, whereP=diaq 1¢'®c,e'(*s*®d)], and the mass
sector[17]. matrix M, includes only the real parts ®f,. The diagonal-

In this paper we are interested in studying the flavor sym+,ation of M is then obtained by an orthogonal mat@
metry option. However, the six-texture ansatz seems disfa-uCh that the diagonal mass matrixﬁs=OTl\~/I 0
vored by current data on the Cabibbo-Kobayashi—Maskawg The Laaran ia?(Z) can be expanded in terr;]s.of the mass
mixing angles. More recently, mass matrices with a four- . ¢ tg f 9 th trah H% A% and charaed Hi
texture ansatz have been considered and are found to be Eﬁgens a ef or the neutrah A, ) and cha ge 99s
better agreement with the observed ddt8,19. It is inter- osons t1”). The interactions of the neutral Higgs bosons
esting then to investigate how the Cheng-Sher form of th&re given by
Higgs-boson—fermion couplings gets modified when one re-
places the six-texture matrices by the four-texture ansatz,! :9<ﬂ)r
This paper is aimed precisely to study this question; we want T2 imy)
to derive the form of the Higgs-boson—fermion couplings

cosa \/Esir(a—ﬂ)(mw

cospB ) g cosp m; )YZ”}IJH

and to discuss how and when the resulting predictions could + g ﬂ)r _ Sihe - \/Eco:{a—ﬁ) (m_W>y| }
be tested, both in rare tau decays and in the phenomenology 2\my/ ' cosg ™ g cosp m; | 2
of the Higgs boson§10]. Unlike previous studies, we keep <1.hO
in our analysis the effect of the complex phases, which !
modify the FCNC Higgs couplings. ig/ m\— V2 My

The organization of the paper goes as follows. In Sec. I, + §<—) li| —tanB & + —(—) YIZilesleo.
we discuss the Lagrangian for the THDM with the four- w gcosp | m
texture form for the mass matrices and present the results for (4)
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The first term, proportional t@; , corresponds to the modi- Y,=0TPY,PT0. We shall evaluat¥!, by assuming tha’,
fication of the THDM-II over the SM result, while the term has a four-texture form, namely,
proportional toY!, denotes the new contribution from the
THDM-III. Thus, the fermion—Higgs-boson couplings re- 0 C 0
spectCP invariance, despite the fact that the Yukawa matri- Y'2= C3 “|_5,2 B,
ces include complex phases; this follows because of the Her- *
. . . | | 0 Bz A2
miticity conditions imposed on botlf; and Y.
The corrections to the lepton flavor conservingC) and The matrix that diagonalizes the real mathk with the
flavor violating couplings depend on the rotated matrixfour-texture form is given by

. |AY|>[Bal,IBol,ICy.  (5)

\/ Aok a(A—\y) , \/ Nhs(A,—A) \/ Nho(A—Ng)

A(N2—=N1)(A3—Nyp) A(N2=N1)(A3—N2) A(Nz=N1)(A3—N2)

o= _77\/ NN —A) \/ No(A=N3) \/ Na(N3—A)
(A2=N1)(A3—Ny) (A2=N)(A3—Np) (N3—=A)(Nz—Np) |’

\/M(A—hz)(A—hg) _\/kz(A—M)(As—A) \/M(A—M)(A—kz)
TN AN A= Ny) AN2=N)(Az=hz)  VAz—A)(Ag—\p)

where  Me=m;= |y, m,=my=|\y|,m,=mz=|\g, 7 Bo=h,\(A—X,)(mg—A), 9
:)\2/m2.
Then the rotated fornY}, has the general form o
~ Bo=by(mz—A+N\,), (10
Y,=0TPY,PTO
?Ell ?|212 ?|213 Ar=asA. (12

vl vl vl
=| Yao1 Yoo Yooz |- (6)
! ¥ 7! Then, in order to keep the same hierarchy for the elements
231 T2z 1283 of the mass matrix, we find th& must fall within the inter-

However, the full expressions for the resulting elements/al (m3—m,)<A<mjs. Thus, we propose the following re-
have a complicated form, as can be appreciated, for instancttion for A:

by looking at the elemenf\?(*z)zz, which is displayed here:

(A=Xp) [mim;g A=my(1-B2), (12)

mz—N\, Am,

(Y2)p= 7[C3 /e +Coe10¢]

wherez=m,/m;<1 and C=g8=<1.

~ A—N\ A—\ . ~

+B, ZFA, 2 Then we introduce the matrix as follows:

m3—A; m3—A;
) ) (A—N\y)(mg—A) [ —
_[R* |cI>B_|_ —idg \/ ~ m;Mm;~
[Bze Boe ] mg—\, (le)ij:%)(ij
(7 —
- _ ymimy - avij (13
where we have taken the limit&|,m,m,>m,. The free v Xi€

parameters arg,,B,,A,,A.
To derive a better suited approximation, we shall consider

hierarchy as the full mass matrix, namely, because of the appearance of the complex phases, but also in

the form of the real partg;; =|}ij|.

Comc fmymymg ® Expanding in powers of, one finds that the elements of
272 A the matrixy have the following general expressions:
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Y= [52_(03 ei®ctce P0)]y V\Lhi|e the CEeng-Sher ansatz predicts that the LFV couplings
- _ _ (YY) 13and (¥}),3 vanish whera,=h,, in our case this is no
+[a,+by— (b3 e'®s+b,e ?8)]3, longer valid for cosbg#1. Furthermore, the LFV couplings
~ L satisfy several relations, such g&4=|Y14, which simpli-
X12=(C67'Pc=D,) fies the parameter freedom.

Finally, in order to perform our phenomenological study
we find it convenient to rewrite the Lagrangian given in Eq.

(4) in terms of they;;’s as follows:

— play+b,— (bl e'Pe+be %8)]p,

X13=(8,—b,e 1?8 /B,

~ o~ ~ . . m; | cos sin(a— ymim; | -
X22:b2ﬂ+[a2+b2_(b§el®8+bze I(DB)]Bi ;ClY:gl_l (_I) a5ij+ n(a ﬁ)< l J)Xij IIHO
2 myy,/ cosB \/Ecosﬂ My

Xa3=(boe "' P8—a,) B,

L9 _(ﬂ) sina - coga—B) ( \/mimj>}“
X33=2s. (14) 2" \my/cosp ™™ 2cosp |\ mw |7V
It is also relevant to point out the following. 0, 19— m,
(1) When the phase®g and® vanish,3=1, and one X1+ | = My tang ;;

takes the six-texture limit§,—0, i.e. b—0=5=—1), Eq.

(13) reduces to . 1 ( ,/mimj>}” 1A an
_ ij Il
(Yo)11=(2c,+a,—2b)my /v, V2cospl Mw
(Y}) 12= (co+a— 2b,) mymy /v, where, unlike in the Cheng-Sher ansagz, (i#]) are com-

plex.
(?'2)13:(b2—az)\/m1m3/v,
I1l. BOUNDS ON THE LFV HIGGS PARAMETERS

N
(Y2)25= (82— 2b2)m;, /v, Constraints on the LFV Higgs boson interaction will be

obtained by studying LFV transitions, which include the
three-body modes I(—1;ll,), radiative decays I(—l;
+ ), u-€e conversion in nuclei, and thH&FC) muon anoma-

(V) 25= (by—az) Vmmy/v,

o
(Y2)33=a;ms/v, (19 jous magnetic moment.
which correspond to the ansatz of Cheng-Sfse Eq(32)
in Ref. [15]]. A. LFV three-body decays
(2) On the other hand, when the phases and®¢ van- To evaluate the LFV leptonic couplings, we calculate the

ish, B=m,/ms, and =1, Eq.(13) reduces to decayslj— ;I\l including the contribution from the three

Higgs bosons I{°, H°, and A%). We obtain the following

oy e
(Y2)11= (b= 2¢5)my /o, expression for the branching ratio:

(?5)12:(02_52)\/”11”12/0, Br(li—>|j|kl_k)
(Yh)13= (@~ by) ymm, /v, _Sokt2 m;mgmy

3 ol3 4
(7') =b,m, /v,
e e coS(a— B)sirfa . sirf(a— B)coSa

(V2)25=(bo—ap)my /v, Mpo mpo

(Yh)s=a,ms/v. (16) cog a— B)sin(a— B)cosa sina . Sir'g

i ; ; m2om? m;
In this case one reproduces the results given in €. ho'tiHo 0

[See Eq.(24) there]

2
While the diagonal elemenig; are real, we noticEgs. L,
(14)] the appearance of phases in the off-diagonal elements, 2 codp
which are essentially unconstrained by present low energy
phenomena. As we will see next, these phases modify thethere r; denotes the lifetime of the leptdn and we have
pattern of flavor violation in the Higgs sector. For instance,assumedy,<1; this result agrees with R€f20].

(18
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10° 3

-6

Br(t-> u'u+p')< 1.9x10
a=p-n4

>3

( XQS )u. b.

10 20 30 40 50

tanf

FIG. 1. The upper boundyts)?, >* as a function of tag for
a=B—mwl4, a=B—ul3, a=B—x/2, with Br(v —u " utu’)
<1.9x 10 ®, takingmpo=115 GeV andmyo=muo=300 GeV.

In particular, for the decay —u~ u* w~ we obtain the
following expression for the branching ratio:
Br(7 —u p'u)

5 7, mym;
cog(a— B)sirfa . sirf(a— B)coSa

2
mHo

7
mho

2cos(a— B)sin(a— B)cosa sina . sir? B
mﬁomao mio
2
X23

cod B’

(19

Here 7. corresponds to the lifetime of thelepton(we have
also assumeg,,<1).

Using the experimental resulBr(r —u utu’)
<1.9x10 8, we get an upper bound op,3 [(X23)5§3’“‘] as
a function ofa and tanB. In Fig. 1 we show the value of this
bound as a function of tgf for a=B—w/4, a=B— ml3,
and a=pB— /2, taking myo=115 GeV and myo=muo
=300 GeV.

Taking xy»,3~1, tanB~30, andw/4<B—a<mwl/2, in EQ.
(20) one finds typically thaBr(7—3u)~10 8, which puts
it into the regime that will be experimentally accessiblerat

factories over the next few years. At the LHC and

SuperKEKB, limits in the range of 10 should be achiev-

able[21], allowing a deeper probe into the parameter spac

B. Radiative decays

The branching ratio ofu*—e*y at one loop level is
given by[22]

PHYSICAL REVIEW D 69, 095002 (2004

Br(u->ey)<12x10™
o=p- 4
. \ ________ «=B-n3
: \\\ ............ o= B_ /2
2 40"
y ) y i ! T T T
10 20 30 40 20

tanp

FIG. 2. The upper boundyba) !, ¢ as a function of tag for
a=B—ml4, a=B—ul3, a=B-m/2, with Br(u*—e'y)
<1.2x10 %, takingmyo=115 GeV andm,o=muo=300 GeV.

Br(u"—e"y)
Aemm,MMsm3 | cod(a—p) " m2  3|?
= o a4 a XX 2 |In+35
227% % cod B o mo 2
cof(a—B)sit(a—p)| m; 3
+2 s In— + >
mhomHo mho 2
m3 3| sinf(a—pB)| m} 2
mHO 2 mHO mHU
1] m 3l?
+— In—2+§ . (20
on on

From Eqs.(14) we havey,s= x15=|(a,—b,e '*8)| /3. We
will make use of the current experimental upper bound
Br(ut—e"y)<1.2x10 1 [23] to constrainy,s(x13) as a
function of @ and tan3. Assuming my,o=115 GeV and
myo=myo=300 GeV, we depict in Fig. 2 the value of the
upper bound ony,s [(x29%4; 7] as a function of tag,
again fora=gB—wl4, a=B— w3, anda=B— /2. A new
experiment at PSI will measure the procgss—e* y with a
sensitivity of 1 event foBr(u ™ —e"y)=10 **[24], which
would improve the upper bound ory,; by a factor
~10 34~0.18.

C. p-e conversion

The formulas of the conversion branching ratios for the
lepton flavor-violating muon-electron process in nuclei at
large tan3, in aluminum and lead targets, are approximately

given by

mym3mj tarf 5 cos 3 2
12

(21)

Br(u Al—e Al)=1.8x10"*

4.4
2v mH owcapt
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Br(uN->eN)<2x10"
Br(uN->eN)<61x10™ 1073
’ Al
3 107 4 3
%.n' -------- Pb i.n'
= o
10"
1074
1I0 ZIO 3I0 4I0 50 1I0 . 2IO . 3IO . 4I0 . 50
tanp tanp
FIG. 3. The upper boundy,)“~*" as a function of tay for FIG. 4. The same as in Fig. 3, but takily(u N—e \)
Al and Pb, with Br(u  N—e AN)<6.1x10 ¥ and assuming <2x10 Y.
Myo=300 GeV.
where the signt+ (—) is for scalar,¢°=h° (pseudoscalar,
and #°=AP% exchange$32,36—-38. From Eq.(23) is clear that
we need to increase the theoretical valueapf Hence, we
3mlmgmfJ tar’ BcosB will consider the contribution oh° to the muon ¢—2) as-
- - ~ B . 0
Br(x~Pb—e"Ph=2.5x10 20" M oenpt X12 suming x»3=1, namely, Aal) (xo3=1). We take myo
(22) =115 GeV and present in Fig. 5 the result for this contribu-

tion as a function of tap for «=B— w/4 anda=B— 7/3.

respectively, where, is the rate for muon capture in the We observe thaﬁazo( X23=1)<240x10 . On the other
nuclei [25]. The values arewc,p=0.7054x 10°s™! and hand, the contribution to the anomalous magnetic moment
Wcapi=13.45% 1 s71in the aluminum and lead nuclei, re- from two-loop double scalar-exchanging diagrams is compa-
spectively[26]. There are several planned experiments whichrable with the one from the corresponding flavor changing
are aiming at improving the bounds of the branching frac-one-loop diagram$32]. It was already shown in Ref32]
tions for relevant processes by three or four orders of magthat the two-loop double scaldpseudoscalarexchanging
nitude [27-29. In particular, the MECO experiment will diagrams give negativépositive contributions, which have
search for the coherent conversion of muons to electrons iapposite signs to those from one-loop scdlaseudoscalar

the field of a nucleus with a sensitivity of 1 event for exchanging diagrams. Hence, we can conclude that it would
5x 10'® muon captures, i.eBr(u  N—e N)<2x10 1"  be very hard to constrai,; from the muong—2 measure-
[30,31]. Takingmyo=300 GeV, we plot in Fig. 3 the value ments, or to explain such deviation from the pure Higgs sec-
of the upper bound ory;, [(Xlz)ﬁévﬂejv] as a function of tor in case the signal is confirmed.

tang for Al and Pb, for the current experimental measure-
ment Br(u  N—e A)<6.1x10" 3 [31]. In Fig. 4, we
show the same as in Fig. 3 but f@r(u N—e N)
<2x10°Y7. 10°4

D. Muon anomalous magnetic moment

Taking the average value of the measurements of the,
muon (@—2) from [33] and the recent analysis by different g
groups[ 34,35, one can conclude that 10"

=

Aa,=a%"-a>"~300+100x 10 1 (23

o

The contribution to the muog—2 of the one-loop level
flavor changing diagram is given as follows:

10™ T T T

-
(=]
n
o
8-
s
o

50
1 mim cog(a—p)[ My 3 X tanp
Aa == n———= X23
w 2 2.2 2 2 2 ho i = =
167 vm,  cosB m3 FIG. 5. Aaj, as a function of ta for a=pB— /4, a=p

(24) =— /3, with y,5=1 and assumingn,o=115 GeV.
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TABLE |. Cross section for Higgs boson production at the LHC, through gluon fu&itgia’*l and in
association wittbb quarks, @), for tang=30 (60).

My A (GeV) ol (pb) ahy (pb) ath (pb) (=opy)
150 126.4492.6 129.1(52H 200(800
200 29.5114.3 29.1(120) 100(400
300 3.6(13.5 3.15(13.9 20(80)

350 1.6(5.9 1.2(5.6) 12 (48
400 0.75(2.795 0.73(2.9 8(32

Thus, we conclude from this section that the bounds orenhancement on the Higgs boson production cross sections

the LFV parameters are given as follows: at hadron colliders, even for the heavier statfsand A°,
X12<5x10"! from "~ -e~ conversion experiments, either by gluon fusion or in the associated production of the
X13=X23<6x 10" from the radiative decay.* —e*y  Higgs boson withb quark pairs; some values are shown in

measurements. Table 1, obtained usingiiGLU [42]. Thus, even the heavy

However, one can still say that at the present time thédiggs bosons of the model could be detected through this
couplings x;; are not highly constrained; thus they could LFV mode.
induce interesting direct LFV Higgs boson signals at future For instance, fomy ,=150 GeV and tag=30 (60) the

colliders. cross section through gluon fusion at the LHC is about 126.4
(492.6 pb [42]; then withBr(H— 7u1)=102 (10 %) and
IV. PROBING THE LFV HIGGS COUPLINGS AT FUTURE an integrated luminosity of £0pb™*, the LHC can produce
COLLIDERS about 16 (10*) LFV Higgs events. In Ref[43] a series of

cuts was proposed to reconstruct the hadronic and electronic
In order to probe the LFV Higgs vertices we shall con-tay decays fronh— ru and separate the signal from the
sider both the search for the LFV Higgs boson decays apackgrounds, which are dominated by Drell-Yan tau pair and
future hadron CO||ider§the LHC mainl)), as well as the WW pair production_ According to these Studi@@], even
production of Higgs bosons in the collisions of electrons andsp-like cross sections an,=150 GeV, one could detect
muons, which was proposed some time 8@, namely, we 4t the LHC the LFV Higgs boson decays with a branching
shall evaluate the reacticgu—h%— 77. ratio of order 8<10 %, which means that our signal is
clearly detectable.
A. Search for LFV Higgs decays at hadron colliders

We shall concentrate here on the LFV Higgs boson decays B. Tests of LFV Higgs couplings atep colliders

¢i— 7, which has a very small b_ranching_;atio "‘éithi” the  Another option to search for LFV Higgs couplings, but
context of the SM with light neutrinos<10"'~10 *), S0 now involving the electron—muon—Higgs-boson couplings,
that this channel becomes an excellent window for probingyoyig be to search for the reacti@t (p,)+ x* (pp)— h°
new physics[10,40,4]. The decay width for the process — 7 (p)+ 7 (py). Assuming yss<1, the result for the
¢i— 7 (adding both final states” = and7~ ") can be s section is given by

written in terms of the decay width(H;— 77) as follows:

ole  u =71 1h

(= 7u) = (R, (Hi—77) (29 ,
_SMmemy L2 o
where —327rv4c0§‘,8X12{|Dh (s)|?cog(a— B)sirta
re Yo _SNa=p) My 26 —2 ReDpo(s)D}o(s)}cog a— B)sin(a— B)sina
g« o cosa m,

X cosa+|Dyo(s)|?sir?(a— B)cosa
Therefore, the Higgs boson branching ratio can be approxi- 9
mated asBr(¢>i—>r,u)=(Rfﬂ)2>< Br(¢;— 77). We calcu- +[Dao(s)|? sirf B}, (27)
lated the branching fraction foh—ru and find that it
reaches values of order 18in the THDM-III; for compari-
son, we notice that in the MSSM case, even for large value
of tangB, one gets onh\Br(h— ru)=10"*. , o

These values of the branching ratio enter into the domain D 4o(s)=(s— m¢0+|m¢ol“{f,t)*1 (28)

of detectability at hadron colliderdHC), provided that the
cross section for Higgs boson production is of the order ofands= (p,+ pPp) 2= (Pc+ Pa)>.
the SM one. Large values of tghare also associated with The nonobservation of at least an event in a year would
largeb quark Yukawa coupling, which in turn can produce animply that

where D 4o(s) denotes the Breit-Wigner form of the°
gropagator
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1074
= s=m, =(115GeV )’
~ —— a=B-n4
Ly - a=p-n3
2 10°S
10% 4
T T v T T
10 20 30 40 50
tanp
FIG. 6. The upper bound )it~ for s=mﬁ0

=(115 GeVY¥, with 1“{1;:0.004 GeV, as a function of tgh for
a=B—ml4, a=pB—ml3, when o(e” ut—7 7")Xluminosity
X1 yearx 1, taking£=2%x10*2cm ?s™ 1,

o(e” u"—7 ) Xluminosityx 1 yr<1, (29
which would allow us to put an upper bound g, namely,
(x12 06~ 7"(s) as a function ofx and tans. In order to ob-

. . 0
tain numerical results, we takE" =0.004 GeV for myo

0 0

=115 GeV; T'l},=0.14 GeV formyo=300 GeV; andl's,
=0.045 GeV formyo=300 GeV[44] and a luminosityL
=2x10* cm ?s ! [39]. We present our numerical results
for (x12)5h ™ 7(s=mpo) and (x15h " (S=Mfo=myo) in
Fig. 6 and Fig. 7, respectively.

We can also estimate the number of evet4—""(s) by
taking for x4, the value for the current upper bound gn,
obtained from measurements jin -e~ conversion experi-

(X )yu(8)

50
tanp

FIG. 7. The upper bound x)i¢~"" for s= mﬁ0= mio
—(300 GeV}, with TH'=0.14 GeV and I'2/=0.045 GeV,
as a function of taB for a=B—m/4, a=B—ml3, a=p— /2,
when o(e u*— 7 7")Xluminosityx1 yearc1, taking L
=2x10%2 cm2s7L,
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2500

2000

—_ _ WAL>8Al
o 112_(x1z )u.b.
= Br(uAl->eAl)<6.1x10™
5 1800 s=m=(115GeV )’
i — oa=p-n/d
-------- oa=p-n3
1000
800 T
1 T v 1 T
10 20 30 40 50
tanp

FIG. 8. Number of event®®~"" for s=mZ,=(115 GeVy,
taking x12= (x12) %'~ ®*' for Br(u~Al—e~Al)<6.1x 10~ 3 with
I'"=0.004 GeV, as a function of tg for a=pB— /4, a=p
— /3, taking£=2%x10? cm 2571,
ments, namelyy1,=( Xlz)ﬁb%e”’ as a function of tap for
Al, for the current experimental measuremet(u N
—e N)<6.1x10 *[31]. Hence, we get

Ne/,LHTT(S) — U(e7#+—> T 7'+) X |Umin05ity>< 1 yr
(30)

as a function ofa and tar3. In order to obtain numerical
results, we takd‘{‘oot=0.004 GeV formpo=115 GeV; Fg?
—0.14 GeV formyo=300 GeV; andl'2,=0.045 GeV for
muo=300 GeV  [44] and a luminosity £
=2x10*2 cm ?s ! [39]. We present our numerical results
for N®#—77(s= mﬁo) and N®*~77(s= ma0=mio) in Fig. 8

1004 WAk>eAl

X2 = (X2 Du,
Br(uAl->eAl)<6.1x10™
s=my’=m,’ = (300 GeV )’

N*"(s, x,,)

50
tanp

FIG. 9. Number of eventsN®**~™ for s=mﬁ0=mf\o
=(300 GeVY, taking xi1o=(x12)"~* for Br(u Al—e Al)
<6.1x10° 13 with TH'=0.14 GeV andI'A,=0.045 GeV, as a
function of tang for a=B8—w/4, a= B— wl3, a= B— m/2, taking
£=2x102cm 2s L,
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and Fig. 9, respectively. We obtain around 100 events peinsights in the form of the Yukawa mass matrix.

year, which is very likely detectable. On the other hand, one can also relate our results to the
SUSY-induced THDM-III, by considering the effective La-
V. CONCLUSIONS grangian for the couplings of the charged leptons to the neu-

o . ) tral Higgs fields, namely,
We have studied in this paper the lepton—Higgs-boson

couplings that arise in the THDM-III, using a Hermitian
four-texture form for the leptonic Yukawa matrix. Because of
this, although the fermion—Higgs-boson couplings are com-
plex, the CP properties ofh®,H® (even, and A° (odd) re-
main valid.

—L=L Y Iggp2+ L Y (€114 &,YTY ) rp2* +H.c.
(3D

In this language, LFV results from our inability to simulta-

We have derived bounds on the LFV parameters of th eously diagonalize Ehe terr, an.d the nonholomorphic
model, using current experimental bounds on LFV transii00P COMTectionse;Y,Y,Y, . Thus, since the charged lepton

tions. Our resulting bounds can be summarized as follows.Masses cannot be diagonalized in the same basis as their
¥12<5X 10! from " -e~ conversion experiments; Hilggs couplings, this WI.|| allow neutral nggs bosons to me-

Y13= X23<6x 1071 from the radiative decay.™—e*y diate LFV processes with rates ~proportlonaleﬁa In terms
measurements. of our previous notation we havé,=e,Y,Y,TY,. A study

However, one can say that the present bounds on the coof the values fore, resulting from general soft breaking
plings x;; still allow the possibility of studying interesting terms in the MSSM is under way.
direct LFV Higgs signals at future colliders.

In particular, the LFV couplings of the neutral Higgs
bosons can lead to new discovery signatures of the Higgs
boson itself. For instance, the branching fraction /A J.L.D.-C. and A.R. would like to thank Sistema Nacional
— 7 can be as large as 18, while Br(h—ru) is also  de InvestigadoregMexico) for financial support, and the
about 10 2. These LFV Higgs boson modes complement theHuejotzingo Seminar for inspiration. R.N.-P. acknowledges
modesB®— uu, 7—3u, 7—uy, andu—ey as probes of financial support from CONACYTMexico). This research
flavor violation in the THDM-III, which could provide key was supported in part by CONACY{Mexico).
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