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1. Introduction

The SM contains only one scalar isospin doublet, the Higgs doublet. After@heak sym-
metry breaking, this gives masses to up quarks, down quarks ancedhamons. The charged
component of this doublet becomes the longitudinal component dMt@son and the neutral
CP-odd component becomes the longitudinal component o th@eson. Thus we have only one
physical neutral Higgs particle. In a 2HDM [3] we introduce a secondybligoublet and obtain
four additional physical Higgs patrticles (in the case of a CP conserviggstpotential): the neu-
tral CP-even Higgsd, a neutral CP-odd Higgé and the two charged Higgsés™. The most
general Lagrangian for the Yukawa interactions (which corresptmtise 2HDM of type Ill) in
the physical basis with diagonal quark mass matrices is given by
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wheresiqj parametrizes the non-holomorphic corrections which couple up (dowarksjuo the
down (up) type Higgs doubl&t In the MSSM at tree-levetﬂ = 0, which also corresponds to
the 2HDM of type Il, and flavour changing neutral Higgs couplings dseat. However, at the
loop-level, the non-holomorphic coupling% are generated [4].

In these proceedings we consider two different aspects of the 2HDiypeflll. In the next
section we focus on tauoni decays in this model and in Sec. 3 we discuss the matching of the
MSSM on the 2HDM of type Il at NLO irs.

2. Tauonic B decaysin the2HDM of typelll

TauonicB-meson decays are an excellent probe of new physics: they test legon dini-
versality satisfied in the Standard Model (SM) and are sensitive to neticlparwhich couple
proportionally to the mass of the involved particles (e.g. Higgs bosons) dihe teeavyr lepton
involved. Recently, the BABAR collaboration performed an analysis of ¢éingleptonicB decays
B — Dtv andB — D*tv using the full available data set [5]. They find for the ratios

#(DY) = #(B—D™1v)/%(B— DMiv), (2.1)

the following results:
% (D) = 0.440+0.058+ 0.042, (2.2)
%(D*) = 0.33240.024+0.018. (2.3)

IHere the expression “non-holomorphic" already implicitly refers to theSMSvhere non-holomorphic couplings
involving the complex conjugate of a Higgs field are forbidden.
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Figure 1: Feynman diagram with a charged Higgs contributingtes Tv andB — D™*)tv. The dot
represents the flavor-violating interaction containing #HDM of type Ill parameterss; and &5, which
affectB — v andB — D*)Tv, respectively.

Here the first error is statistical and the second one is systematic. Comfg@msgmeasurements
to the SM predictions

Zsm(D) = 0.297+0.017, (2.4)
Zsw(D*) = 0.252+0.003, (2.5)

we see that there is a discrepancy of @.bor Z(2) and 2.70 for Z(2*) and combining them
gives a 34 ¢ deviation from the SM [5]. This evidence for new physic8imeson decays to taus
is further supported by the measuremenBoef> Tv

BB — Tv] = (1.15+£0.23) x 10 . (2.6)

which disagrees with the SM prediction byob usingV,, from a global fit of the CKM matrix [6].
A natural possibility to explain these enhancements compared to the SM predsaioharged

scalar particle which couples proportionally to the masses of the fermionseavim the interac-

tion: a charged Higgs boson. A charged Higgs affé&cts tv [7], B— Dtv andB — D*tv [8].

In a 2HDM of type Il (with MSSM like Higgs potential) the only free additionalr@meters
are tar3 = vy /vy (the ratio of the two vacuum expectation values) and the charged Higgsmyass
(the heavy CP even Higgs masio and the CP odd Higgs mass, can be expressed in terms of
the charged Higgs mass and differ only by electroweak correction8)isleetup the charged Higgs
contribution toB — tv interferes necessarily destructively with the SM [7]. Thus, an entmect
of (% — tv] is only possible if the absolute value of the charged Higgs contribution is bigge
than two times the SM oRe Furthermore, a 2HDM of type Il cannot explai(2) and % (2*)
simultaneously [5].

In the 2HDM of type 11l we have much more free parameteﬂs) (vhich can affect the tauonic
B decays. First, note that all flavor-changing elemerﬁtare stringently constrained from FCNC
processes in the down sector because of tree-level neutral Highareye Thus, they cannot
have any significant impact on the decays we are interested in, andotfeeved are left witrrg3.

2Another possibility to explaifB — TV is the introduction of a right-handétl-coupling [9].
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Figure 2: Left: Allowed regions in the complexs,-plane from%(2) (blue) andZ(Z*) (yellow) for
tanB = 50 andmy = 500 GeV. Middle: Allowed regions in the compleX;-plane fromB — tv. Right:
Allowed regions in the tafi—¢§; plane fromB — tv for real values ofe§; andmy = 400 GeV (green),
my = 800 GeV (orange). The scaling of the allowed regiongigrwith tan andmy is the same as fay).
&5, andeg; are given at the matching scatg;.

Concerning the elemen$} we see that onlyy; (5,) significantly effectsB — 1v (#(Z) and
Z (7)) without any CKM suppression. Furthermore, since flavor-changipddeup (or charm)
transitions are not measured with sufficient accuracy, we can onlyraomtghese elements from
charged Higgs-induced FCNCs in the down sector. However, since icethésan up (charm) quark
always propagates inside the loop, the contribution is suppressed byalierakawa couplings of
the up-down-Higgs (charm-strange-Higgs) vertex involved in the spoeding diagrams. Thus,
the constraints from FCNC processes are weak, &g can be sizable. Of course, the lower
bounds on the charged Higgs mass for a 2HDM of type Il fiom sy of 380 GeV [10] must still
be respected by our model (unleg§ generates a destructively interfering contribution), and also
the results from direct searches at the LHCH®r A° — 171~ [11] are principle unchanged (§;
is not too large).

Indeed, it turns out that by usireg, ;; we can explainZ(2*) and%(Z) simultaneously. In
Fig. 2 we see the allowed region in the compégxplane, which gives the correct values 8 2)
andZ(2*) within the 1o uncertainties for tafi = 50 andMy = 500 GeV. SimilarlyB — tv can
be explained by using;.

3. Effective Higgs Verticesin the M SSM

In this section we discuss the matching of the MSSM on the 2HDM consideringutteava
sector but neglecting loop-corrections to the Higgs potential. At tree-lkweMSSM is a 2HDM
of type Il but at the loop-level, the Peccei Quinn symmetry of the Yukawtosés broken by terms
proportional to the higgsino mass parametgor non-holomorphi@’ terms).

In the MSSM there is a one-to-one correspondence between Higgs-quark couplings and
chirality changing quark self-energies (in the decoupling fjniThe Higgs-quark-quark coupling
can be obtained by dividing the expression for the self-energy by thefvthe corresponding
Higgs field.

3The non-decoupling corrections are found to be very small [12].
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Let us denote the contribution of the quark self-energy with squarkglanbs to the operator
0 Pra; byC?iLR. It is important to note that this Wilson coefficient is lineatf#tR, the off-diagonal
element of the squark mass matrix connecting left-handed and right-handadks. For down
squarks we have
AR = —vgAl —vuuy? s, (3.1)

where the ternvdAﬂ- originates from a coupling til % while the termv,uY% stems from a coupling
to HY (and similarly for up-squarks). Thus we denote the piecé?ghR involving the A-term by
CdLR and the piece containinguY® by C/{'R. We now define

~dLR ~/dLR SULR S/ULR
~g  Chia g i ,  Chia 20 G (3.2)
Efi = ; Efi = ; Efi = ; Efi = ——>

Vd Vu Vu Vd

where the parametel%?i (E’f?) correspond to (non-)holomorphic Higgs-quark couplings. With
these conventions, the couplin.gﬂ]sof the 2HDM in Eq. (1.1) can be related to MSSM parameters

2gLR 2gLR  AqLR AgLR
0 £/ Cy £/ <C13 Ch G >
22 33

2 Mg, Mg, Mg,

R AqLR LR
e = Ef — é;qzcri: 0 é;‘gcr;z . (33)
R4LR équR RALR Q4LR ?
S (e TR B S I e 0
Mg, Mgy Mg, Mg, fi

In the matching of the MSSM on the 2HDM one can as a by product also detethairyukawa
couplings of the MSSM superpotential which is important for the study ofavekcoupling uni-
fication in supersymmetric GUTs. Due to this importance of the chirality changilfigesergies
we calculated them (and thus aé@"R) at the two loop-level in Ref. [2]. The result is a reduction
of the matching scale dependence (see right plot of Fig. 3) while at the thamethe one-loop
contributions are enhanced by a relative effect of 9% (see left pl&igpf3). For a numerical
analysis also the LO chargino and neutralino contributions should be inchydesing the results
of Ref. [13].

Concerning the tauoniB-decays discussed in the last section, the size of the quartties
that can be generated via loops in the MSSM is too small to give a sizablé effec /
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