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FCNC'’s in leptonic and semileptonic decays oD mesons in a general two-Higgs-doublet model
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Large long-distance standard model effects in flavor-changing neutral cRE@NC) semileptonicD de-
cays can make observable these processes in future measurements. Eventual disagreements in this sector and/or
the observation of lepton-family-violating.FV) D decays would require an explanation beyond the standard
model framework. In this paper we confront present experimental data on leptonic and semileptonic FCNC and
LFV D meson decays with a version of the two-Higgs-doublet model that allows these effects to occur at the
tree level. The stringent bounds on the parameters of the model are obtainedDfrerh’|’~ and D
—l ™1’ ~ decays. The consistency of the model requires that the branching fractiins:df “1’ ~ decays
should be below the 10 level. [S0556-282(98)06713-7

PACS numbds): 12.15.Mm, 12.60.Fr, 13.20.Fc

I. INTRODUCTION projects have been proposed with the aim of reconstructing

the order of 18 charm decays during the Fermilab Tevatron

Flavor-changing neutral current&CNC's) in leptonic  Run Il [11], which would increase the sensitivity to FCNC
and semileptonic decays of charmed mesons are higher oand LFV processes by almost three orders of magnitude with
der, very suppressed modes in the standard m@M) of  respect to present experiments. Therefore, it becomes timely
particle interactiong1—5]. The short-distance contributions to explore all possible scenarios of new physics that may

to these processes in the SM are expected to give branchirgve sizable contributions to these rare decays.

fractions at the 10'° level for D°— " u™ and 10°° for In this paper we consider the constraints imposed by

D—l ¥~ processes, while long-distance effects can enfcNC and LFVD meson decays on a general two-Higgs-
hance these predictions up to 6[4] and 10 '~10"°[5],  goublet model that allows these effects to contribute at the

respectively. Present expenmentagl upper !)'m'ti for these degee |evel[12]. The variant of the model considered here is
cays are In the range 716_10 for D—=I"1"" and  pilt in such a way that tree-level FCNC interactions of neu-
10" °—10"" for DeX’I 1"~ [6-10] (X is a pseudoscalar or 4| Higgs bosons do not spoil the good agreement between
vector meson and,|’=e,x). On the other hand, lepton- e g\ predictions and experiment for the down-quark sec-
fam[ly-V|oI§1t|ng (LFV) processes, el o are completely tor. The constraints on Yukawa interactions of the charged
f_orbldden in the SM scenario with ur!mlxed Iept_on genera-HiggS bosons of this model have been studied in previous

tions. Thus, FCNC and/or LFV leptonic and semileptobic works[13]. Here we consider the effects of Yukawa interac-

decays can serve to test the mechanisms responsible for . .
long-distance contributions or eventually would require an{)Ions of neutral Higgs bosonfsim FCNC and LFV decay®of
mesons. To be more specific, we study the effects of the

explanation beyond the SM framework. Yet anotltien- . . i Pl
likely) possibility is that nature places FCNC processes well'€Utral Higgs bosons of this model in tiz"—1"1"", D

below the SM expectations. This would force a revision of_’PIJrI’ ’ andD_—>VI*I’ decays[l?(V) stands fo_r a pseu-
the estimates of long-distance effects or, again, invoke coroscalarivectoy light meson and,l”=e or ], which will
tributions beyond the SM contributions to explain the evenProvide a rather wide set of constraints on the effective
tual destructive interference with the SM amplitudes. Yukawa couplings of the model.

Recently, the study of FCNC's in charm quark decays has
attracted a renewed interd@—11]. On the one hand, it has
been pointed out that these rare decays in models of new Il. MODEL
physics can be enhanced over the SM predictions by several
orders of magnitudg4]. On the other hand, the existing  The variant of the two-Higgs-doublet model needed in our
bounds on FCNC and LF\D decays have been improved work has been described elsewhgt8]. The general form of
recently at Fermilab E791, E771, and E687 experimEhts the Yukawa interactions that allows tree-level FCNC pro-
9] and by the CLEO CollaboratiofiL0]. In addition, some cesses is given bjl2]
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In these expressionsy is the angle that appears in the
diagonalization of the neutral scalar Higgs bosons and
tan ﬁEvzlvl .

Because of the low energy scales involved in charm me-
son decays, it becomes convenient to write out an effective
four-fermion interaction Hamiltonian to describe the tree-
level processes of our interest. The form of this Hamiltonian

Ly=QY(F®,+&F ' Bp)US+QY(GD,+ G’ @)D

+WKP,+ &K' D)%+ H.c., 1)

whereF, F', G, G’, K, and K’ are dimensionless >33
matrices, QY= (U?,D?) with U? (DY) the triplet of left-

handed up(down) quarks, and¥?=(»?,1°) has a similar
definition in terms of leptonic fields parametrizes the small Gr — _ _ _
breaking of the discrete symmetry that forbids FCNC's at the Heffz—{UAHOU -l LHOI + UAhOU- I Lh0|
tree level. The superscript 0 in fermion fields stands for weak V2
eigenstates. — .

Since we are interested in having FCNC contributions FUAA Y U-TLagysl} ©®)
only in the up-quark sector, we shall drop the term propor- i i i
tional to G’ in Eq. (1) [13]. Notice that the Yukawa interac-  ISiNg EQs.(2) and(4), the effective couplings\; andL;
tions for leptons are built to allow FCNC's in the charged C&n be written as

leptons and keep massless neutrinos. After spontaneous sym- om _
metry breaking, with (®,)T=(0p,/\2) and (®,)T Ap,= mW £F’(sin a—tan B cosae™ @), 7
=(0p,e"'*'/\2), the model contains five physical Higgs 9k,

bosons; the mass matrices for quarks and charged leptons

2m .
become Apy,= mW éF'(cosa+tan B sinae™),
h0
1 . ®
Muzﬁ(Fvl‘FfF,Uzeila ), (2) om
Ap=——"¢F'(cosB+tan B sin Be i),
O gMmyy
1 ©)
MD:_GUZ’ (3)
V2 Lo \/EM, sin «
foo my, sing
1 .
M= —=(Kv,+£&K've7'%). 4 2m -
! \/E( vateK'vy ) @ + —Y K’ (cosa—cot B sin ae'®'), (10)
gmy
For simplicity we choose to work in a basis whdvg, J2M, cos

and M, are diagonal. Notice that, unlike the case whére
=0, F andF’ (respectively,K andK') are not diagonal
matrices and can allow forunsuppressed by fermion
massesFCNC interactions in the up-quark sector.

o mp, sin B

My

£K'(sin a+cot B cosae™ @), (11)

The Yukawa interactions between mass eigenstates of gmy,
neutral Higgs scalarsHy and hg), the Higgs pseudoscalar
(A,) and fermiong U= (u,c,t) and|=(e,u,7)] are given NAYE
by (we do not write the interactions of down quarks because La,= A cot B
we are interested in FCNC's in the up segtor 0

2my . L,
1_ ~gm EK’(sin B+cot B cospBe™'*). (12
Ly=-=U{(F cosa+&F' sin a)H, ho

>

+(—F sina+ éF'cosa)hg

As already anticipated, the leptonic couplings contain a
(diagona) piece proportional to fermion massesd another
(nondiagonal piece which is not priori suppressed by fer-
mion masses and will induce FCNC interactions.

If we assume a specific ansatz for the Yukawa couplings
F’ andK’, we can use the experimental data@mlecays to

+i(F sin B—¢F'cos B)AqystU

1_—
+ —2I{(K sin a+ &K'cosa)Hg

+(K cosa— ¢K'sin a)hg
1Since we are interested im—u transitions, we do not write a
+i(K cosB—¢K'sin B)AgysH. (5) corresponding diagonal mass term in the quark couplings.
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get bounds on the remaining parameters of the model. In- TABLE I. Bounds on Yukawa couplings from FCNC and LFV
stead, in the following we choose to use the available data t& meson decays.
constrain the effective couplings given in E¢8)—(12).

Channel Expt. branching ratio Upper bound
Ill. CONSTRAINTS FROM LEPTONIC D%—ete” <1.3x10°° a®®<4,0x10°3
AND SEMILEPTONIC D DECAYS DO ut <4.2x10°° at*<2.3x1073
— D% p*e® <1.9x10°° ak®<4.9x10°3
The relevant hadronic matrix elements of the and T o . .
J— - — ee \—
uysc currents can be computed from the divergence of the D—mee _ <4.5% 10_ 7=4.2x 10_
. DOm0t <1.8x10°* oHH<8.6X 1072
c—d vector and axial vector charged currents and using DO_, 0, +oF 10-5 e 102
isospin symmetry. Thus, we obtain DO_”T pe <§(13§ 18_4 i <e§8(;<1§
—ne' e <L o <<0.
D= putu” <5.3x10 4 o**<0.38
_ . D + 7 _
(Oluysc|DO(p))=ifp , (13) D= pu*e <1.0x10* o#€<0.16
M+ My D' —mtete <6.6x10°5 0°°<2.2¢10"2
o - DY smtutu” <1.8x10°° orH<1.2x1072
(7t (p")|uc|D*(p))=2(7°(p’)|uc|D°(p)), D*—mtu et <1.1x10°* ore<2.9x10°?
DS =K utu” <5.9x10* ot*<0.15
D% plete” <1.0x10* ®%<0.35
mg —m>
:( D 77) F(I?O—wr*(qZ) DO pOut <2.3x10°4 at*<0.57
me—my D%—pou*e* <4.9x10°° at®<0.25
(19  pogete <1.8x10°* a®e<0.48
- D—wu*u <8.3x107* atr<1.14
(V(p',&*)|uc|D(p))=0, (16) D'—wu*e” <1.2x10°* a*®<0.40
Df—pTutu <5.6x1074 at*<0.39
DI —K* utu” <1.4x10°3 < 0.96

<p+<p',s*>|Uysc|D+<p>>=ﬁ<p°<p',s*>|®5c|D°<pgi,7)

. _ 1
2im o, - uc|D®=—(7°uc|D°)(cos 8p— \2 sin 6p),
=— Lq-e*AY (9?), (nluc|D%) \/§<7T luc|D)( p—2 p)
m.+m, 20
(18) (20)
whereq=p—p’ is the momentum transfer to the lepton pair {@|u¥sc/D®)=(p°|luysc|D?) (21)

ande* is the polarization four-vector of the outgoing vector
meson. In Eq.(16), V is a vector meson. Notice that the
matrix elements for th® — P andD —V transitions depend

or, using SU3) flavor symmetry,

el =/t el D+
on only one form factor at a time. This happens because only (K*Juc|Dg)=(m"|uc|D"), (22)
the relative wavesl=0 and I=1 of the P-Higgs and = . L .
V-Higgs systems contribute to these transitions, respectively. (K* " |uysc[Dg)=(p"[uysc|D ™). (23

For the D meson decay constant we take the vafge
=217 MeV which is obtained from the relatidg /f, ~0.9 )
N —20° in Egs.(20) and(21).

— 2
[14] andeS—24l MeV from[15]. The " dependences of The information on the experimental data about the

the scalar and pseudoscalar form factors appearing in Edgcne and LEVD decays is taken from the 1997 update of
(14—(18) are chosen to be monopolar: Ref. [6], which already incorporates some recent results of

Notice that we assume ideal ¢ mixing and we usedp=

Refs.[7-10].
) Fo(0) ) Ap(0) In Table | we show the upper bounds for the products of
Fo(q9)= W Ao(G%) = ﬁ (19) couplings constants that can be constrained from the experi-
9"/ Mo+ 9"/Mo- mental data considered. We have introduced in Table | a

short notation for coupling constants. First, we express the
wheremg+ andm,- are the masses of the scalar and pseuyounds from leptoni®® decays and —VI*1’~ decays in
doscalar neutrdD mesons, respectively. The normalizationsterms ofa! = AL’ Since both neutral Hiaas scalars con-
of these form factors aj>=0 are taken from the relativistic T A9 AT 99

quark model of Wirbel, Stech, and Bauds]. tribute toD—PI1"1'~ we have expressed the upper bounds
The other hadronic matrix elements needed in our calcuin terms of the quantity' 'EAﬂZL:L;Jr AﬁgL'h'(;

lation are fixed either by identifying theu content of final Despite the fact that all the upper limits on branching
state isosinglet mesons: namely, ratios are at the 10f—10° level, the different bounds on
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the effective couplings spread over two orders of magnitude. In the absence of information regarding the parameters of
From Table | we conclude that the stronger bounds on thé¢his model we will assume tag~1, mh0:130 GeV, and
a"" couplings come from purely leptond® decays, while My, =Ma, =300 GeV. From Eq(24) and the bounds oa""

the same bounds fro@—VI*1'~ decays are rather weak. : {0 -
: . ined from | ni Table )l w riv
Therefore, in the context of the present model, the IeptonlcObta ed from leptoni®” decays(see Table )l we derive

D° decays imply that branching ratios of three-body decays (EF")UC(¢K)®e<2.9x 10 3, (27
of D’s involving vector mesons should be below the 10
level. On the other hand, the best constraints on dfe (EF")U(EK")M#<1.7x 1073, (28)

couplings are obtained from tiiz— 71 *1’ = mainly because INUCY 1 1) B 3
of the phase space suppression in the decays involving the (EF7)H(EKT)*<3.6x 107" (29

meson. Finally, since th&/-Higgs system inD—VI™I’™  Therefore, one may conclude that present experimental data
decays is in d=1 relative wave, this gives a further phase on FCNC and LFVD decays only mildly constrain the
space suppression and the absolute numerical bounds on t§@ength of products of the relevant Yukawa couplings of this
a""’s become weaker than the limits on thé’s (obtained model. Since thediagona) terms proportional to fermion
from D— P transitions. masses in Eqs(10—(12) are of O(10™ %) for the D

In order to draw any information on the Yukawa cou- —Xu*u~™ modes, the approximation done to derive Egs.
plings of our interest let us make some considerations. T@24) and(25) is justified in view of the present experimental
start, let us neglect the first tefrin Egs.(10)—(12) and set  upper limits.
a’'=0. In this case we obtain the following expressions for Note that if a specific ansatz is assumed for these Yukawa
" andd’: couplings[17], then Eq.(24) can furnish the allowed region

for Mp, @s a function ofB. Let us notice, however, that Eq.

1 (§F')UC(§K')”’ 24 (25) does not provide additional constraints on the Yukawa
= : ) couplings unless, in addition, some information on the mix-
‘/EGFmio sinj cosp ing angle« is introduced by hand.
In summary, in this work we have studied the constraints
o L AT decays on a version of the two-Higgs.doublet model that
‘/EGF sin B cosp contains these effects at the tree level. The stringent bounds
on the relevant Yukawa couplings are obtained from two-
] , (25) body leptonicD® decays which are mediated by the pseudo-
scalar Higgs boson of the model. The best constraints on the
Higgs scalar interactions are obtained fr@m- 11’ ~ de-
or the relationship cays. The three-bodp decays involving vector mesons pro-
vide only very weak bounds and their measurements would
[ 1 1 ] . have to be improved by five orders of magnitude in order to
o
0

’
all

" { sirf(a— B) +co§(a—,8)

2 2
mHO mho

—+— (26)  furnish similar constraints on the model as obtained from
My, Mh, purely leptonic decays.
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