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ABSTRACT: The decays D — ,uiuu and Df — 7%y, have traditionally been used to
measure the DF meson decay constant fp,. Recent measurements at CLEO-c and the
B factories suggest a branching ratio for both decays somewhat higher than the Standard
Model prediction using fp, from unquenched lattice calculations. The charged Higgs boson
(H?*) in the Two Higgs Doublet Model (Type II) would also mediate these decays, but any
sizeable contribution from H* can only suppress the branching ratios and consequently is
now slightly disfavoured. It is shown that constraints on the parameters tan 3 and mp+
from such decays can be competitive with and complementary to analogous constraints

+

derived from the leptonic meson decays B* — 7%, and K+ — ,uiuu, especially if lattice

calculations eventually prefer fp, < 250 MeV.
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1 Introduction

In the Standard Model (SM) the purely leptonic decays of charged pseudoscalar mesons
(P* — ¢*v) proceed via annihilation in the s-channel to a W boson. The decay rates
are proportional to the lepton mass my, which arises from the chirality flip of the lepton
required to conserve angular momentum. Such decays have traditionally been used to
measure the decay constants of the pseudoscalar mesons, and thus provide an important
test of lattice Quantum Chromodynamics (QCD) calculations. The unprecedented data
samples provided by the B factories have enabled the decay B* — 7%v to be observed [1-
4] despite its relatively small branching ratio (BR) and challenging signature. The decays
D* — u*v [5, 6], DF — pFv [7-9] and DF — 7%y [7, 9-11] have been measured with
~ 10% precision at CLEO-c, and the recently commenced BES-IIT experiment will provide
improved measurements [12, 13]. Moreover, the decay D¥ — pu*v has been measured at
the B factories [14, 15] with a precision slightly less than that of CLEO-c.

These purely leptonic decays are sensitive to charged Higgs boson (H*) at the tree level
and thus provide valuable probes of such particles which are complementary to constraints
provided by loop-induced decays (e.g., b — s7v). Importantly, in supersymmetric (SUSY)
models the loop-induced decays are particularly sensitive to the sparticle spectrum and the
assumptions made for the SUSY breaking sector, and thus the purely leptonic decays offer
a more model-independent probe of parameters in the Higgs sector. The measurement of
Bt - r*p [1, 3], although in rough agreement with the SM prediction, provides impor-
tant constraints on the mass and couplings of H* from the Two Higgs Doublet Model
(Type II) [16], with some dependence on SUSY parameters [17-22] which enters at higher
orders in perturbation theory. Improved measurements of B¥ — 7% (and first observation
of B¥ — ptv) are thus certainly desirable and such decays play a prominent role in the
physics case for a high luminosity flavour factory [23-31].

The decay rates of D* — p*v and DF — p*v/7%v have traditionally been considered

as a robust test of lattice QCD calculations of the decay constants fp and fp, because



significant New Physics effects were thought to be unlikely. However, the effect of H*
on DF¥ — p*v/r* v was pointed out to be non-negligible in [16, 32, 33] and a numerical
study [34, 35] showed that the magnitude of the H* contribution can be comparable to
both the CLEO-c error and the lattice QCD error for the decay constants. SUSY particles
from models with R-parity violating interactions can also contribute to both D* — p*v
and Df — p*v/7Fv [36]. Recently, there has been growing interest in the effect of
New Physics particles on D — p*v/7Fv [37] because the current world average of the
experimental measurements of their branching ratios is somewhat higher than the SM rate
using unquenched lattice QCD calculations of fp, [38, 39]. Such a discrepancy cannot be
explained by HT of the popular Two Higgs Doublet Model (Type II) since any sizeable
contribution (which arises from a relatively large strange quark Yukawa coupling) can only
suppress the decay rate [16, 32, 34, 35]. In this paper we consider in detail the effect of
H* on Df — p*v/7%v using the program Superlso [40, 41]. It is shown that constraints
derived on the plane [tan 3, m+] can be competitive with the constraints obtained from

*y and K* — ptv. In particular, we compare the

the analogous leptonic decays BT — 7

potential of DF — p*v/r*v and K* — p*v [42-44] to probe the plane [tan 3, mj+].
The paper is organized as follows: in section 2 the theoretical formalism for the decays

DF — p*rv/r*v and K* — pFv is introduced; numerical results are contained in section

3 with conclusions in section 4.

2 Effect of H* on leptonic decays of D;t and KT

In this section we review the theoretical formalism for the effect of H* on Df — ptv,

DF — 7y and K* — p*v, and summarize the experimental situation.

2.1 The decays Df — p*v and Df — 7tu

In the SM the purely leptonic decays DF — ¢+, proceed via annihilation of the heavy
meson into W*. Singly charged Higgs bosons, which arise in any extension of the SM with
at least two SU(2) x U(1)y Higgs doublets with hypercharge Y = 1, would also contribute
to these decays [16]. The tree-level partial width is given by (where £ = e, u or 7):

G2 m2 ? 2
O(Df — () = 8—71: BomiMp, |1 - M; Ves|* 75 (2.1)
Dy

where in the Two Higgs Doublet Model (2HDM) of Type II [16, 32, 35, 37, 38]:

2
1 Mp.\? . tan?
14 D\ (g, Mstant B (2.2)
Me + M M+ 1+ ¢y tan g

Here m. and my are the masses of the charm and strange quarks respectively, mg+ is the

rs =

mass of the charged Higgs boson, Mp, is the mass of the DF meson, tan 3 = vy /v; where
v1 and vy are the vacuum expectation values of the two scalar doublets, V., is a Cabibbo-
Kobayashi-Maskawa (CKM) matrix element, my is the lepton mass and G is the Fermi
constant. In the 2HDM (Type II) each fermion receives mass from one vacuum expectation



value (vy or vg) at tree level and consequently ¢y = 0. In the 2HDM (Type III) each fermion
receives a mass from both vy and ve and the term ¢y # 0 must be included. The Yukawa
couplings of the Minimal Supersymmetric SM (MSSM) take the form of a 2HDM (Type II)
at tree level, but at higher orders the structure becomes of the type 2HDM (Type III) in
which € is a function of SUSY parameters [45-48] and |ey| can reach values of order 0.01.

The above formula eq. (2.2) was derived in [16] for ¢y = 0 and neglecting the term
me in (m, — mgtan® 3). This m. term originates from the charm quark Yukawa coupling
and increases rs (and was included in [32]) but its magnitude is numerically tiny and can
be neglected given the current experimental and theoretical errors. The term mg tan? 3,
which originates from the strange quark Yukawa coupling, can give rise to a non-negligible
suppression of r for large values of tan 3. Both [16] and [32] neglected m, when it appears
as (m.+ms) and this correction was first included in [35]. The above complete expression
for the case of ¢g = 0 is taken from [37, 38]. The ¢y correction can be non-negligible
for large tan 8 and should be included in a dedicated study of r¢ in the context of the
MSSM. The parameterization of the €y correction in eq. (2.2) is valid in MSSM models
with minimal flavour violation. We neglect to write explicitly the analogous €y correction
for the m, term since this correction does not have the tan 3 enhancement factor, and the
m, term is negligible anyway. A first quantitative study of the magnitude of rg (setting
€0 = 0) was performed in [34, 35] for the m,tan? 3 term only and it was shown that r,
could be suppressed by an amount comparable to both the CLEO-c experimental precision
and the theoretical error in the lattice calculations of fp,. Note that the magnitude of the
H? contribution depends on the ratio of quark masses mg/(m. + my), and an analogous
uncertainty is not present for the H* contribution to the decay B* — (*v.

There are various unquenched lattice calculations of fp, and the current situation
is summarized in [38] and updated in [9, 49]. The value with the smallest quoted error
is fp, = 241 £ 3 MeV [50] which employs staggered fermions. Another calculation with
staggered fermions gives fp, = 249 £ 11 MeV [49, 51]. Other calculations use different
lattice techniques and have larger errors than that of [50], although usually with a central
value less than 250 MeV (e.g., 248 + 3 + 8 MeV [52]). On the experimental side, D¥ —
%1 has been measured at CLEO-c for two decay modes of 7 [9, 11] and D — ptv
has been measured at CLEO-c [9], BELLE [14] and BABAR [15]. Taking an average
of these measurements (excluding the BABAR result which has an additional error from
normalizing to the branching ratio of D¥ — ¢%7®) results in an unexpectedly high value
of fp, =261+7MeV (derived in [9] and is dominated by the average of the three CLEO-c
measurements in [9] and [11]). A previous average gave fp, = 273 + 10 MeV [38, 39].
The sizeable difference between this world average measurement of fp, and the lattice
QCD value with smallest error (fp, = 241 +£ 3 MeV [50]) has brought attention to the
effect of New Physics particles on these decays [37]. As discussed above, H* in the 2HDM
(Model II) can only give a sizeable suppression of the branching ratio for DF — p*v, 7tv,
and not a sizeable enhancement. Candidate models which can enhance the BRs sufficiently
are R-parity violating models [36, 37, 53] or models with leptoquarks [37, 54]. We note
that the scenario of a charged Higgs boson from an unconventional 2HDM with a large
charm quark Yukawa coupling [37] (which is never possible in standard 2HDMs in which



the top and charm quark receive mass from the same vacuum expectation value) was also
available to accommodate the data for BR(DF — pu*v/r*v). However, such a H* would
enhance BR(D* — p*v) by the same amount [55] and now appears to be disfavoured by
the final CLEO-c measurement of BR(D* — p*v) and fp [6], which is in good agreement
with the lattice calculation of fp in [50].

In [56] two lattice QCD calculations [50, 51] of fp, were combined with the value
obtained from QCD spectral sum rules in order to give an average value of fp,. Moreover,
an analogous average of calculations of fp and fp_/fp were multiplied together to give an
independent evaluation of fp,. The above procedure gives the value fp, = 240+7MeV (i.e.
very similar to fp, = 241 +£3 MeV of [50]). The consequences of relaxing the assumption
of unitarity of the CKM matrix when extracting the measurement of fp, from BR(DF —
pFv/TEr) were also discussed. In the models we study in this work (2HDM and MSSM)
the CKM matrix is unitary and |Ves| ~ |V,q| with very small error. As discussed in [56],
this scenario leads to the largest discrepancy between the experimental and theoretical
values of fp,.

In order to make conclusive statements about the possibility of New Physics enhancing
D¥ — ptv/r*v it is evident that a detailed discussion of the errors for the value of fp,
evaluated in [50] is required, as well as a consensus in the lattice community concerning
the magnitude of the error. Our view is that the current situation of the world average
measurement of fp, being higher than most lattice calculations of fp_ is provocative and
certainly merits attention because more precise measurements of D¥ — ptv/rrv will be
possible at the recently commenced BES-III experiment [12]. In addition, high luminosity
flavour factories are also being discussed [23] which have the option of running at the charm
threshold [57] with data samples even larger than those anticipated at BES-III. In this work
our aim is not to explain the currently higher than expected BR(DF — v /) by in-
voking specific New Physics models. Indeed, one cannot predict the preferred values for the
lattice calculations of fp, although one expects a gradual decrease of the error. The current
discrepancy between the experimental and lattice QCD values for fp, might persist, worsen
or disappear entirely. Instead, we wish to emphasize that BR(DF — p*v /7 v) should be
considered seriously as a process which potentially offers constraints on models containing
a H* with the popular structure of the 2HDM (Type II), which includes the MSSM.

In 38, 39] the SM prediction for BR(DE — p*v, /71, ) using the lattice calculation
with smallest error (fp, = 241 + 3 MeV [50]) was compared with the experimental world
average at the time for fp, (273 = 10MeV). It was concluded that any H* contribution
is disfavoured at more than 30. Such a result shows the potentially important role of the
decays DF — p*v/t v as a probe of H*. However, it is also clear that constraints on H™*
derived from these decays are strongly dependent on the central value and error for the
lattice calculation of fp, and so should be interpreted with caution at present. In this work
we aim to quantify the constraints on the plane [tan 3, my=] from DF — ,uiyu/Tin with
various assumptions for the central value and error of the lattice QCD calculation of fp,,
and compare the constraints to those obtained from other decays which are sensitive to H*.



2.2 The decay K* — ptv

A decay which has many similarities with DF — p*v and DF — 7% is K* — p*v. This
decay can also be mediated by H* of the 2HDM (Type II) at tree level [16] with a scale
factor similar to that in eq. (2.2). In order to reduce the theoretical uncertainties from the
decay constant fg, the ratio of partial widths is usually considered:

2
D(K* — ptv,) | Vas|” fRmx <1 —m%/mi)
L(r* — pty,) Vud| f2mz \1— m?/m%
m?2 m tan? 3 2
1— K5 (1) 22 2 ) (1 4 ). 2.3
X( m%H( ms> 1+60tanﬁ> (1 dem) (23)

Here e = 0.0070 4 0.0035 is a long distance electromagnetic correction factor. As sug-
gested in [42], we study instead the quantity

Vus(Km) % V’ud(oJr - 0+)
Vus(KZ?;) Vud(ﬂ'm)

R[23 = (24)

Here V,,s(Ky;) refers to Vs as measured in leptonic decay of K + with ¢ particles in the final
state (two leptons and a number of pions), and similarly for V4. V,q(0" — 07) denotes
V.q measured from nuclear beta decay. In the SM Ryo3 = 1, while the contribution from
H¥ in the MSSM attains the simple form (which can be compared to eq. (2.2)):

2 2

m t

Reps — ‘1_ it (1_ @) _tan?f | (2.5)
mi . ms ) 1+ €ptan g

Using mgq/ms = 1/20 [39], the MSSM prediction can be directly compared to the experi-
mental value [42]
Ryas = 1.004 = 0.007. (2.6)

In the extraction of this value, the ratio fx/fr has been fixed to the value fx/fr =
1.189 4+ 0.007 obtained from lattice QCD using staggered quarks [50]. It should be noted
that the uncertainty thus obtained for Ryog is most probably overly optimistic. Indeed,
many approaches exist to determine fx/fr, and some reservations remain about staggered
fermions despite their impressive success in agreeing with the experimental values of various
“gold-plated” observables in flavour physics (e.g., contrasting opinions concerning their
theoretical viability are expressed in [58] and [59]). If, for example, the value fx/fr =
1.205 + 0.018 (obtained using the domain wall formulation [60]) is used instead, then Ryo3
provides no constraints on the plane [tan 3, mpy+] [44]. A recent analysis in [61] used
fx/fr =119 4+ 0.015 and also found very weak constraints. We therefore stress that the
constraints obtained from eq. (2.6), although certainly valuable due to their sensitivity to
H* at tree level, should serve only as an indication of the potential of K+ decays to probe
the plane [tan 3, mg+]. It is our aim to compare such constraints in this optimum scenario
for Ryp3 (i.e. using the lattice calculations of [50]) with those derived from DF — p*v/r*v.
We note that Ryog also requires lattice QCD input for the semi-leptonic kaon decay form
factor f;, while the decays D;t — pFv/7Fv rely on lattice QCD only for fp,. The direct



measurement of Vs (relevant for Rjs3) is much more precise than that for V., (relevant for
D;t — prv/rTv). However, Vi, can be taken as a well-measured parameter by assuming
a unitary CKM matrix, which is the case for the models we study.

3 Numerical analysis

*y,. and Dgt — /ﬁuu have been implemented in Su-

The branching ratios for D — 7
perlso [40, 41] following egs. (2.1) and (2.2). The €y correction for the second quark
generation has also been added to take into account the SUSY effect. This effect has been
neglected in all previous studies of BR(DF — 7%v;) and BR(DE — p*v,,).

To illustrate the constraining power of these observables, we consider the MSSM with
minimal flavour violation (MFV), and in particular the Non-Universal Higgs Mass model
(NUHM). The NUHM assumes SUSY breaking mediated by gravity and is characterized
by a set of universal parameters at the GUT scale {my, my /2, Ao, tan By, My}. The
first four parameters in this set are the same as in CMSSM (or mSUGRA), but the GUT
scale mass parameter universality is relaxed for the Higgs sector leading to two additional
parameters, u and My, which implies in particular that the charged Higgs mass can be
considered as a free parameter. This additional freedom makes this model attractive for
studying the constraints on the Higgs sector.

To investigate the NUHM parameter space we generate 50,000 random points scanning
over the ranges mgo € [50,2000] GeV, my/, € [50,2000] GeV, Ay € [-2000,2000] GeV,
€ [—2000,2000] GeV, my4 € [5,600] GeV and tan § € [1,60]. For each point we calculate
the spectrum of SUSY particle masses and couplings using SOFTSUSY 2.0.18 [62] and we
compute the branching fractions BR(D — 7%v;), BR(DF — p*v,) and BR(K* — pFv,)
using Superlso v2.4 [41]. The obtained values are then compared to the experimentally
allowed intervals while taking uncertainties in consideration.

The PDGOS8 [39] combined experimental results for the branching fractions of DF —
v and DF — pFv are:

BR(DF — 7*v) = (6.6 £0.6) x 1072, (3.1)
BR(DF — pFv) = (6.24+0.6) x 1072 . (3.2)

The final CLEO-c results using 600 pb~! have been recently released [9, 11] and give
smaller central values and errors:

BR(DF — pv) = (5.65£0.45 £0.17) x 1073, (3.3)

S

+
BR(D — 7%0) = (5.62 £0.41 +0.16) x 1072

S

For BR(DF — 7%v) the average in eq. (3.1) is from the measurements of [7, 63-65]. In
order to have an updated world average we replace the previous CLEO-c measurement
of [7] by the new measurement [9, 11] to obtain:

BR(DF — 7%0) = (5.7+£0.4) x 1072 . (3.5)



For BR(D¥ — p*v) the constraints on the plane [tan 3, m =] turn out to be weaker
than those from BR(D;IE — 7%v). Therefore for illustration and comparison we only average
over the CLEO-c [9] and BELLE [14] measurements of BR(D¥ — u*v) (as suggested
in [38, 39]) which are the only measurements without an additional error from normalizing
to the branching ratio of DF — ¢?7%. Our average is:

BR(DE — pFv) = (5.840.4) x 1073 . (3.6)

In our numerical analysis we employ the lattice calculation of the D decay constant with

smallest error [50] in order to give the SM prediction for the branching ratios:

fp. = 241 +3 MeV
BR(DE — 7%v) = (4.824+0.14) x 1072,
BR(DE — pFv) = (4.98+0.15) x 1073 .

We will comment qualitatively on the case of using a different value with a larger error.
We use the most up-to-date PDGO8 values for the quark masses [39]:

ms = 104728 MeV  m, = 1.277507 GeV . (3.10)

To take into account this uncertainty we vary the ratio mg/m,. in the interval [0.04,0.12]
with mg/m. = 0.08 being the central value.

An estimation of the total theoretical error in the decay rates (eq. 2.1) yields about 3%
relative uncertainty. The dominant theoretical error is from the lattice evaluation of fp,,
while the error from Vg is very small if CKM unitarity is assumed (which is the case in the
models which we study). The errors from SUSY and other parameters in eq. (2.1) yield less
than 1% relative uncertainty. In order to undertake a slightly conservative approach we
consider 4% relative theoretical uncertainty in our numerical analysis. Egs. (3.5) and (3.6)
lead to the following allowed intervals at 95% C.L. for BR(DF — 7%v):

4.8 x 1072 < BR(DE — 7%v) < 6.6 x 1072, (3.11)
and for BR(DF — u*v)
4.9 x 107% < BR(D — pFv) < 6.7 x 1073, (3.12)

in which both experimental and theoretical errors are included, as in the analysis of [44].

Figure 1 illustrates the obtained constraints by a projection of the six dimensional
NUHM parameter space onto the plane [tan 3, myg+]. The allowed points are displayed
in the foreground in green while the points excluded by BR(DF — 7%v) at 95% C.L are
displayed in the background in red. The results for three choices of mg/m, are presented. A
large part of the parameter plane is excluded even for the pessimistic case of mg/m. = 0.04.
The region where red and green points overlap is caused by the theoretical uncertainty
(mainly arising from fp,) and from the effect of the ¢y term which may take either sign
and depends on all six NUHM parameters.



Figure 1. Constraints on the plane [tan 3, m g+ ] from the decay DF — 7% for m,/m. = 0.04,0.08
and 0.12 from top to bottom. Red points are excluded at 95% C.L.



In figure 2 the points excluded by BR(DF — p*v) are shown in black for the same
three choices of mg/m.. The obtained constraints are less severe in this case since the
predicted SM value is closer to the central experimental value for BR(DZ — p*v) than for
BR(D — 7tv).

In order to compare our results with the constraints from K+ — p%v, we present in
figure 3 the points excluded at 95% C.L. by the Rys3 observable using the range given by
eq. (2.6) with no additional error, which is probably overly optimistic as discussed in [44]
and in section 2.2. It is clear that BR(D¥ — 7%v) is more powerful at constraining the
plane [tan 3, my+| than Ry3 even for the pessimistic case of mg/m. = 0.04 (likewise for
BR(DE — ptv) if ms/m. > 0.04). Although Ryp3 has less uncertainty from quark mass
parameters than BR(DF — p*v/7%v) (i.e., the theoretical uncertainty from mg/ms is less
than that from mg/m.) we stress that the pessimistic case of ms/m. = 0.04 already provides
competitive constraints on the plane [tan 3, my+]. The lattice techniques discussed in [66]
promise precise calculations of m. and ms/m., which would further sharpen potential
constraints from BR(DF — p*v/77v). We note that at a higher confidence level (e.g.,
99.7% C.L.) the constraints on the plane [tan 3, my=] from BR(DF — p*v/r%v) are
weaker than those from Ryo3 because the latter is measured more precisely.

As pointed out in [42], one of the virtues of Ryo3 is the fact that it can probe a region

*1 (corresponding

of plane [tan 3, my+] which cannot be probed by the decay BT — 7
to the case of the H* induced amplitude for B¥ — 7%v being similar in size to that of
the SM contribution but with opposite sign). We stress that BR(DF — 7%v) can exclude
this parameter space with greater significance than Ryo3, using the lattice calculations
of [50] for the SM prediction. Therefore both DF — 71 and DF — p*v offer constraints

*y. Moreover,

competitive with those of Rye3 and complementary to those of B* — 7
we note that the experimental prospects are more favourable for BR(DF — p*v) and
BR(DF — 7%v) than for Ry3. The recently commenced BES-IIT experiment [12] aims to
reduce the error of both BR(DF — p*v) and BR(DE — 7%v) to the level of a few percent
(i.e. two to three times smaller than the current error) while a similar improvement for the
precision of Ryo3 seems unlikely in the same time scale.

All the above numerical analysis has been performed with fp, = 241 +3 MeV, and we
now comment on the scenario of using a higher value of fp, with larger errors. Repeating
the numerical analysis with fp, = 248 £ 3 £ 8 MeV [52] results in almost no constraints
on the plane [tan 3, mpy+]|. This conclusion also applies to constraints derived from Ryo3
using calculations of fx/fr with a larger error (see section 2.2). Hence it is clear that strict
constraints on the plane [tan 3, my=] from BR(DI — 7%v,/ ,uiuu) and Ryog are strongly
dependent on input from lattice QCD. However, their tree-level sensitivity to H* makes
them potentially valuable probes of the MSSM and 2HDM (Type II), despite the above
reservations. Both BR(DF — 7%v,) and BR(DF — p*v,) could start to play a signifi-
cant role in constraining the plane [tan 3, mp+]| if future lattice calculations of fp, favour
fp. < 250MeV. Given the ongoing interest in calculating fp, in lattice QCD (summarized
in [49]) and the timely commencement of the BES-III experiment, we emphasize that these
decays should not be overlooked in phenomenological studies of H* in the MSSM and
2HDM (Type II).
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Figure 2. Constraints on the plane [tan 3, my+] from the decay D¥ — p*v for m/m. = 0.04,0.08
and 0.12 from top to bottom. Black points are excluded at 95% C.L.
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Figure 3. Constraints on the plane [tan 3,m =] from the observable Rye3 (which involves K+ —
ptv/mt — v decays). Blue points are excluded at 95% C.L.

Finally we discuss the constraints on the plane [tan 3, my+| from B physics observables.
As discussed in the introduction, one-loop induced decays such as b — sv [67] and BY —
ut T [68, 69] can give powerful constraints on the plane [tan 3, mp+] (e.g. [21, 44, 70—
72]) although with a stronger dependence on SUSY parameters than the purely leptonic
decays discussed up to now. In figure 4 we present an example of the constraints obtained
by different flavour observables (both tree-level and one-loop induced) for fixed values of
mo = myy = p = 500GeV and Ag = 0. We show the results in the plane [tan 3,ma],
where m 4 is the mass of the pseudoscalar which is very close in magnitude to mg+ for
my > 200 GeV. The regions excluded by b — sy observables are displayed in red for the
isospin asymmetry and in blue for the branching ratio [72, 73]. The region excluded by
BR(Df — 7%v) is depicted in yellow. The green area represents the region excluded by
BR(B* — 7%v), the violet region by BR(B? — ut ™), the light blue region by K+ — ptv,
and the orange area by BR(B — D7) [44], the latter also being sensitive at tree level to H*
and can provide constraints competitive with BR(BT — 7%v) [18-20, 74, 75]. To obtain
the constraints presented in this figure the input values of [41] are used. It is important
to remember that the constraints can be subject to uncertainties, in particular from decay
constants and CKM matrix elements. To obtain the constraint from BR(DF — 7%v) the
central value mg/m,. = 0.08 is used. Finally, the black region in the figure represents the
region excluded by the direct searches at colliders [39]. This figure shows that BR(DF —
7%1) can be very competitive with the other decays in the context of the NUHM.

4 Conclusions

Constraints on the parameter space of [tan 3, m+| have been derived from the effect of

+

singly charged Higgs bosons on the decays Df — uiyu and D¥ — 7%y, in the context

of the Minimal Supersymmetric Standard Model. It was shown that such constraints
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Figure 4. Regions of the plane [tan/3,m4] in the NUHM model excluded by different flavour
observables. The constraints are superimposed in the order given in the legend.

can be competitive with and complementary to those derived from other flavour physics
observables, especially if future lattice QCD calculations favour fp, < 250 MeV (which is
already suggested by the result of [50]). We emphasize that such decays will be measured
more precisely at the charm facility BES-III and hence could play an important role in
constraining the plane [tan 3, m+| in the context of supersymmetric models in the future.
The numerical analysis was performed by the publically available code SuperIso [40, 41]

+

and we encourage the inclusion of Df — p*v, and D — 7%, in other studies of flavour

physics constraints on supersymmetric models.
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