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We study the lepton flavor violating_FV) H+—>W*Iflj+ and the lepton flavor conservingFC) H™*
— W (li=7,1;=pu) decays in the framework of the general two Higgs doublet model, the so-called
model Ill. We estimate the decay width of LFVFC) decay at the order of magnitude of 16—-10"° GeV
(107°-10"* GeV), for 200 Ge\s m,=<400 GeV, and intermediate values of the couplﬁgm~5 GeV
(_E ~30 GeV). We observe that experimental results for the process under consideration can give compre-

N, 77

hensive information about physics beyond the standard model and the existing free parameters.
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[. INTRODUCTION these corrections caused an enhancement at the order of
20%.
The charged Higgs boson carries a distinctive signature of The work in[11] is devoted to the decays of the charged
the Higgs sector in models beyond the standard m®id), Higgs boson, including the decays mod&s y and W™ Z,
such as the two Higgs doublet mod2HDM) and the mini-  mostly in the framework of the 2HDM and MSSM. [42],
mal extension of the standard modMSSM). Therefore, its  the analysis oH™—W"y, H* =W*Z, andH"—W"h°
discovery will be evidence of the multidoublet structure of decays was done in the context of the effective Lagrangian
the Higgs sector. In the literature, charged Higgs boson desxtension of the 2HDM. In this work the BRs were obtained
cays have been widely studied. at the order of magnitude of 18,10 %, andO(1), respec-
Charged Higgs boson production in hadron colliders wadively.
studied in[1] and more systematic calculations of production  Lepton flavor violatingLFV) interactions are interesting,
process at the CERN Large Hadron Collid&HC) have  Since they do not exist in the SM and give a strong signal
been presented if2]. At the LHC the dominant production about the new physics beyond. _SUCh decays are of great In-
channel forH* is gb—H*t. One expects more than 1000 terestdatT%re:éant antzj the e.xperlmental Iseafrch I_h':a\j é)een im-
; L= : . proved. TheH"— 7u decay is an example of a ecay
fg;gi;ﬂ;;ﬂgg; %?_quorgi?l [3f(£ EZVT’e\\//v;So? tIEe and it was studied ii13,14. In[13] a large BR, at the order

. . : of magnitude of 0.1-0.01, was estimated in the framework
Collider Detector at FermilabCDF) and DO CoIIaboraUgns of the 2HDM. In[14] its BR was obtained in the interval

have searched far ™ bosons through the p_rocep§—>tt, 0.001-0.01 for the Higgs boson mass range 100-160 GeV,
with at least one of the top quarks decaying viaH™"b. for the LFV parametek,,= 1.

They haVe eXCIUded the regionS W|th I|g+hﬁ [4] At present Our work is devoted to the ana'ysis of the LFH+
the model independent lower limit on the charged Higgs bo'—>W+|flj+ and the lepton flavor conserving.FC) H*
son mass isny+>77.4 GeV[5]. _ —W*I 1 (Ij=7,1;=p) decays in the framework of the
Charged Higgs boson decay into a tau and neutrino wageneral 2HDM, the so-called model IIl. This LFV decay oc-
analyzed ir{6] and in[7] and it was shown that the dominant curs through the chain processel,” —W*(h% A%¥)
decay modes of the charged Higgs bosontife~7"»and . w*|;I;", whereh® A° areCP even neutral Higgs bosons
H* —tb. However, the other candidate for a large branchingoeyond the SM. This decay is rich in the sense that its decay
ratio (BR) is the processi " —W'h®, and it has been exam- width depends on the masses of the new particles, namely,
ined in [8,9]. The analysis in[8] was related toH™* my =, Mpo,Muo, the leptonic Yukawa couplings, and total de-
—W™h° decay, in the framework of the 2HDM, including cay widthsT';,0,T" 0. In our analysis, we observe large val-
loop corrections, and for some reasonable choice of free pases, at the order of magnitude of 10GeV, for the decay
rameters those corrections could be as large 88% of the  width of the process, for outgoing and . leptons. This is
tree level result. 119], the chance of detecting the chargedinformative in the determination of the upper limits of the
Higgs boson of the MSSM at the Large Hadron Collider, in Yukawa couplings for LFV interactions and also in the pre-
the W"h® mode, was studied and it was concluded that thaliction of the new Higgs boson masses and the total decay
charged Higgs boson signal overcomes the background fawvidths of the new neutral Higgs bosons.
optimum tanB values between 2 and 3. [10] the above We also analyze the LFEI"—W™'I;"I;" (I;=7) decay in
decay was analyzed in the MSSM and the electroweak comodel Ill. We observe that the decay width of the process
rections were obtained. It was observed that, for low@an reaches the value 16 GeV, depending on an appropriate
choice of the free parameters. This analysis allows a predic-
tion for the leptonic constant, which is responsible for the
*Email address: eiltan@heraklit.physics.metu.edu.tr 7-7 transition.
"Email address: sundu@metu.edu.tr The paper is organized as follows. In Sec. Il, we present a
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theoretical expression for the decay width of the LFV decay Iy 1 v 1
H*—W*Il; and the LFC decayd " —W*I 17, ;=1 B .

=, in the framework of model I1I. Section IIl is devoted to 'h ‘A
discussion and our conclusions. H ' w* H* : w*

Il. THE CHARGED HIGGS H"'—»W"'Ii_lj"' DECAY IN THE

i i + o1y i
TWO HIGGS DOUBLET MODEL FIG. 1. Tree level diagrams contribute fgH ™ —W™I; IJ- ), i

=e,u,7, decay in the model Il version of 2HDM. Solid lines
In this section, we derive the expressions for the LFVrepresent leptons; dashed lines representfiglV™, ho, andAo
H* W'l 1 and LECH* =W 1 (Ii=7lj=u) de- fields.
cays in the general 2HDM, the so-called model Ill. The lep-
tonic part of the process can be regulated by the Yukawanass eigenstatds’ and A°, respectively, since no mixing

interaction in the leptonic sector occurs between tw@€ P even neutral bosond® andh® in
the tree level and the internal new scala?sandA° play the
; ; + +1-+ + +1- T+
Ly= WﬁTiL¢lEjR+§5|_iL¢2EjR+H-C-a (1) main rple in bottH™—W™I, 1, andH™—W~l;1; decays
(see Fig. 1
Now, we consider the lepton flavor changing process

wherei,j are family indices of leptond, andR denote the
chiral projectionsL(R)=1/2(1% vs5), ¢; (i=1,2), are the
two scalar doublets, anlg. andE;g are the lepton doublets
and singlets, respectively. On the other hand Hie—W"
transition is possible with the help of scalar bosons, the S
Higgs bosonH?, and theCP even (odd) new particleh®
(AY). The part of the Lagrangian that is responsible for thes
transitions is the so-called kinetic term

H*—W*II where |;,I; are different leptons flavors

e, u, 7. This process is driven by the flavor changing interac-
tion in the leptonic sector and the strength of this interaction
l\)'ls carried by the Yukawa coupIing&ﬁ , Which are the free
parameters of the model IIl version of the 2HDM. They can
Qave complex entries in general and be restricted by using
experimental measurements. Notice that, in the following,
we replacetE with gﬁ where “N” denotes the “neutral.”

) . The vertex function forHt* —W™ is connected to the
9 9 T I”1;" outgoing leptons by intermediak® andA° bosons and
D,¢) Drpi=| 0, +i=B, " +i *—W) i 1j outgoing lep y
(Dudi)"DEA=] dudi +15 Budi' +15 6 3We the matrix element squared of the process—W*I; 1" is
, - obtained as
X 3u¢._ig_BM¢A_ig¢.ZW,u
B R R 72
2) |M|2:?h({[(m|j+m|i)2—k2]|A2|2+[(m,j—m|i)2—k2]
Here ¢, and ¢, are chosen as ><||32|2}|phO|2+{[(mlj+|”ﬂ|i)2—k2]|A’2|2
_ 2_L27|R’2(2 2_
1 0 2y 1 ([ \ZH* +L(my, = my)? =K [B"%|%} [ ppol “—4my m;
‘i’l_ﬁ v+HO ix° /] ‘f’z_ﬁ Hy+iHy)’ XIM[(AA"* —BB'*)proppo] = 2(m; +m; —k?)
(€
XIM[(AA™* +BB'*)propiol) (6)
where only¢, has a vacuum expectation value,
where
() 1(0 (42)=0 @
Yol K2+ (M2 — m2)2— 2Kk2(m? . + md,)?
h= (7)
m2 ’
By considering the gauge ar@P invariant Higgs potential w
which spontaneously breaks SUfY(1) down to U(1) as
and
V(1,$2)=C1( b1 dp1—v12)%+Co by o) °+Ca (b1 1
—v212)+ by pal’+cal (P71 b1) (b3 ¢2) pszl— ®)
k?—m3+imgl'g
— (1 b2) (b5 1)1+ Ce[Re( b1 )1
+celIm( ¢y b2)1%+c7, (5 with the transfer momentum squarkd T's s the total decay
width of the S boson, forS=h°A°. In eq. (6) the factors
with constants; ,i=1,...,7,H,; andH, are obtained as the A,A’,B,B’ are functions of the Yukawa couplings
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FIG. 2. Eﬁ,m dependence of the decay width'(H*

- - LZE _
Finally, the decay widtH" is obtained in thed* boson rest —W'(7 w'+7"un7)), for real coupling & .., Ta=Tno
frame using the well known expression =0.1 GeV m;0=85 GeV and myo=90 GeV. Here the solid

(dashed, small-dashetine represents the case for the mass value

3 3 3 my+=200(300,400) GeV.
(2m)* d°p; H
dr =——|M[?&*| p- 2 pi|l] ———. (10 . .
My =1 ]i=1(2m)°2E; Here we present the various BRs of the charged Higgs boson
decays:
wherep (p;,i=1,2,3) is the four-momentum vector of the Y
H™ boson V" boson; incomind; and outgoind; leptons. BR(H* th)<1,
lll. DISCUSSION BR(H* — 7" 1)<0.1,
This section is devoted to analysis of the charged Higgs . o

decaysH™ —W* (7 u*+7"u7) andH" =W 7 7", The BR(H"—W"h")<0.01,
Yukawa couplingséy ,, (£y ,,) play the main role in the
leptonic part of the LFVH" —W*(r u"+ 7 ") [LFC BR(H™—u"»)=<0.001,
H*—W*(1_11)] process. These couplings are free param- _
eters of the model used and they should be restricted by BR(H " —¢s)<0.0001 (12

respecting the appropriate experimental measurements. The . _
upper limit of the couplingéy ,, has been predicted as have been obtained, for t#h-10 andm,-~400 GeV, in
~0.15, by using the experimental result for the anomaloushe MSSM[9]. These results are strongly sensitive to the
magnetic moment of the muon jit5]. However, the strength ch0|+ce of targ, ang increasing values of tghmake H™
of the couplinggf; .. is an open problem and waiting for new — 7 » andH g K v more domTaOnt compared to the de-
experimental results in the leptonic sector. Furthermore, th€8Y H™ —W"h". In[12], H" —W"h" was predicted at the
total decay widths oh® andA° are unknown parameters and order qfO(l) , in the context of the effective Lagrangian
we expect that they are at the same order of magnitude gixtension of the 2HDM.
I'o~0.1-1.0 GeV, wheréi® is the SM Higgs boson. Now we start to analyze the three-body dechly
Notice that the couplingsy, ,, and¢f, ., , are complexin  —W' (7 u"+7"u"). In Fig. 2, we present they ,, de-
general and in the following we use the parametrization ~ pendence of the decay width® for the decay H"

£ _ 4_GF—E 1 T T T T T T T T
&=\ \/§§N,ij! (11 osl

where GE=1.6637x 10" ° GeV ? is the Fermi constant. In % 0.6
our numerical calculations, we take,=80 GeV. o
At this stage, we would like to discuss the various charged m: 04

Higgs boson decays which are dominant and can be used in
the calculation of the BRs. The candidates for these decay 02
modes of the charged Higgs boson até —W*h® H*

0 1 ! ! | | | 1

—7"y, andH*—tb [6—9]. The total decay width of the 200 250 300 350 400 450 500 550 600 650
charged Higgs boson is approximated by mus (GeV)
Ftot(H+):F(H+—>W+ho)+F(H+—>tH)+F(H+—>T+V) FIG. 3. The my= dependence of the decay widthi(H™"
o —W' (7 u"+7"u7)) for the fixed values ofEE,y”fl GeV,
+I'(H"—cs). I p0=T}0=0.1 GeV,myo=85 GeV, andn,o=90 GeV.
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FIG. 4. T,o dependence of the decay width’(H"
—WH(r u"+ 7 u7)) for Tpo=Tpo, Eﬁvm=1 GeV, my=
=400 GeV,muo=285 GeV, andmpo=90 GeV.

—W*(r u"+77u7), for real coupling & ,,, T'ao=To
=0.1 GeV,m;0=85 GeV andn,o=90 GeV. Here the solid

(dashed, small-dashgline represents the case for the Higgs

boson massny+=200(300,400) GeVI is strongly sensi-
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FIG. 6. The my- dependence of the decay widi(H™"
—W*77") for the fixed values ofgg ., =10 GeV, T'yo=T"o
=0.1 GeV, m,,0=85 GeV, andm,o=90 GeV.

Here, we will make the same analysis for the lepton con-
serving proces$i " —W" 7~ 7", Figure 5 denotes théy ,,
dependence of the decay widih for real coupling,I" s0
=I"0=0.1 GeV, m,0=85 GeV, andm,o=90 GeV. Here
the solid(dashed, small-dashgtine represents the case for

tive to the couplingEE’w, since it is proportional to the the mass valuen,- =200(300,400) GeVT is strongly sen-
square of this coupling. Furthermore, this figure showslhat itive to the cou IingEE It,is enhanced with increasin

is enhanced with increasing values of the charged Higg§ | P N, 77 - 9
mass, as expected’ is at the order of magnitude of values of the charggzd H',%gs boson mass and it is placed in
10" GeV for my-=200 GeV and it is enhanced to the "€ interval  10°-107"GeV  for 200 Gevsmy-
value 10°5 GeV for my,- =400 GeV, even for intermediate =400 GeV, at intermediate values of the coupliffg, , . In

values oféy ,, . Figure 3 represents the,- dependence of Fig. 6, we present then,- dependence of" for &Nrr

I' for the fixed values ofEﬁﬂfl GeV, T'po=T'0
=0.1 GeV, m, =85 GeV, andmpo=90 GeV. It is ob-

served thal™ reaches large values at the order of magnitud

of 10> even for the small couplingﬁﬂfl GeV. This is

=10 GeV, I'po=T"0=0.1 GeV, mo=85 GeV, andmpo
=90 GeV. From the figure it is seen thBt reaches large

é/alues at the order of magnitude of 19 even for the small

Couplinggﬁyff 10 GeV. Determination of the upper limit

interesting in the determination of the upper limit for the for the couplingéy ., would be possible with measurement

charged Higgs boson massg,;+ and also the couplinéﬁym.

In Fig. 4 we present the total decay widtho dependence
of the decay widthl' for T'ao=Tho, &\.,,=1 GeV, my=
=400 GeV, mo=285 GeV, andm,o=90 GeV.T is sensi-
tive to I',;,o and decreases with increasihgo.

100 -
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FIG. 5. EE,T, dependence of the decay width'(H*
—W* 7~ 7%), for real couplingéy ,,, T'ao=T10=0.1 GeV, myo
=85 GeV, andmpo=90 GeV. Here the soliddashed, small-
dashed line represents the case for the mass valug-
=200(300,400) GeV.

of the process under consideration.

Figure 7 represents th&,o dependence of the decay
width T' for Tpo=T"0, &g ,.=10 GeV, my==400 GeV,
M o=385 GeV andmpo=90 GeV.T is sensitive tal'yo and
decreases with increasirgo, as in the LFV proces$l™
—-Wrr ut.

Finally, we consider the couplin&’mj complex
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FIG. 7. T,o dependence of the decay width'(H"
—W* 7 7%) for Tpo=Tyo, &5,,=10 GeV, m,==400 GeV,
m;o=85 GeV, andmo=90 GeV.
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EEII :|EE|I|ei0|i|j 13) We observe that the decay widtA(H* —W* (7 u™*
N N +7u7)) [T(HT"—=WT'7777)] is strongly sensitive to the

and study the suﬁ,, dependence of the decay width. We charged Higgs boson magg-.

+ +
observe that the decay width is not sensitive to the complex- Wwe ot)>s¢;rvg +tha\'jvihe decay vr\lnodtm((a: t_)(\aNto(tTh e,u ]
ity of the couplingzﬁvlilj. 7 7)) [T(H"—=W" (7~ 77)] is not sensitiv pos-

) ) ) sible complexity of the Yukawa coupling.
At this stage we would like to summarize our results. Therefore, the experimental and theoretical analysis of
We predict the decay width['(H® —W"(7 n these decays of the charged Higgs boson would ensure

* ii“_) . [F(H+_’¥\/+ T_jr] in  the interval  gyong hints in the determination of physics beyond the SM
107710 GeV (10 °—10" GeV), for 200 GeVemy= 414 the existing free parameters.

<400 GeV, at intermediate values of the coupliﬁﬁyw
~5 GeV (gjf,’fp 30 GeV). With the possible experimental

measurement of the processes under consideration, strong ACKNOWLEDGMENTS
clues would be obtained in the prediction of the upper limit

of the couplingéy ,,, (£y.,.) - This result is also informative  This work was supported by the Turkish Academy of Sci-
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