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ABSTRACT. The ¢ — uy decay induced through loop processes is calculated in the framework
of the minimal supersymmetric standard model (MSSM). We compare the ¢ = uy and b — sy
processes and we find that the MSSM can enhance the standard model branching ratio ¢ — wuy
by 7 to 10 orders of magnitude.

RESUMEN. El decaimiento ¢ — uy inducido a un lazo es calculado en el marco del modelo estandar
supersimétrico minimo. Comparamos los proceso ¢ — uy y b — sv y encoutramos que el MSSM
puede ensanchar la fraccién del decaimiento de ¢ = uvy del modelo estdndar entre 7 y 10 érdenes
de magnitud.

PACS: 13.40.H; 11.30.P

1. INTRODUCTION

The standard model, based on the SU(3)c ® SU(2);, ® U(1)y gauge group [1], is up to
now the most experimentally supported theory of the strong and electroweak interactions.
However, signals of new physics in future experiments could clear up the view of physics
beyond the standard model. One of this alternatives is LEP II which could explore
supersymmetry in its minimal version, search for SUSY-particles like fermions, charginos
and neutralinos, and explore the Higgs sector. A salient feature of the standard model
(SM) is that flavour changing neutral currents (FCNC) are forbidden at the tree level,
although they can occur at the one loop level. These transitions are of the form ¢; —
g; + N, where N is a neutral state such as v or Il, and ¢; is the quark with flavour i [2].
Their rather small decay rates have received much theoretical attention recently [3,4],
mainly because they serve not only as precision tests of the SM but also as a window to
look for possible new physics.

2. THE DECAY ¢ — uy IN THE MSSM

In the present paper, we shall concentrate on the ¢ — wy inclusive decay which corre-
sponds to a FCNC process at one loop. This decay would manifest itself through the
D — p+ v decay. A new competitive source of D-mesons, like the proposed tau-charm
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factory could be sensitive to the rare D-decays and would allow us to test other sectors
of the SM [5]. We start by discussing the dominant FCNC contributions in the frame-
work of the minimal supersymmetric standard model (MSSM), and their effects on the
inclusive ¢ = uvy decay rate. Then, we shall compare this rate with the similar transition
b — s7y to obtain the branching ratio of the ¢ — uvy decay in the MSSM.

Bigi, Gabbiani and Masiero [6] have calculated the branching ratio for the ¢ — uy
decay in a non-minimal supersymmetric standard model. They have examined an exten-
sion of the MSSM that includes two additional Higgs doublets. The Higgs doublets are
chosen so that the source of FCNC is proportional to m; instead of my, thus enhancing
the branching ratio for ¢ — uvy.

In the SM, the ¢ — w7 transition is dominated by one-loop contributions with the
exchange of a virtual W boson. In Ref. 5 the branching ratio for ¢ — uy decay was
estimated in the context of the SM and the tiny value BR(c — wy) ~ 10~'° was found.
In the MSSM there are new sources of FCNC which are due to the supersymmetrization
of the loops (there are new contributions from squarks and from the partners of the gauge
bosons) [4].

The inclusive width for ¢ = u + v decay can be written as

m
16

5
Dle - uy) = TSP, (1)
where Fft is the form factor coming from the FCNC-loop calculation and is associated
with the second range tensor of the current proportional to o,,¢"¢;. Duncan [7] pointed
out that the most relevant contribution coming from SUSY models is due to the gluino,
because it involves the strong coupling constant. Recently, Bertolini and Vissani [8] have
pointed that chargino contribution is more important than gluino contribution in the
case of b — sy decay. Nevertheless, in the ¢ — uy decay, the gluino contribution is more
important than the chargino contribution, because in b — s7v the top squark is running '
in the loop and its coupling with chargino-bottom is enlarged by the top quark mass.
On the other hand, in ¢ — wy it is the bottom squark that is running, and m; appears
in the coupling instead of m;. Thus, we can assume that the gluino contribution gives us
the order of magnitude of the branching ratio for ¢ — uy in the MSSM. The neutralino
contribution is neglected [4].

For the case of the squark mass matrix it is convenient to notice that the corresponding
mass eigenstates are obtained in mixed form from the left and right sectors. We are
considering the unmixed case where § = 0 [9]. After calculation of the loops is done, the
gluino contribution is

Fit = 2¢%¢e,C(R) {Z L5 THE(Ci — Car + Cas — Cha)
K

ma st
+—LDFRDT(Cn — cu)} : (2)
Me

where C(R) = %, Cij(—p,q,mg, mg,mg) are the Veltmam-Passarino functions [10] and
gs 1s the strong coupling constant. In Eq. (2) we have adopted the notation of the first
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paper in the Ref. 4. The integrals Ci(—p, q, mg, mg, mg) are evaluated with g = 0 for
the photon on-mass-shell, and the external fermion masses approximated to zero. In this
approximation, we get for the gluino contribution

2 1 [*ku ¢ ku .
Ff=—§as\/§C(R) [ Ui - fm A f?] : (3)

where f) and f; are defined by

1
12(rig — 1)? [

fa = 12(1hg — 1)® [=1 + 1h2 — 21hg In(rhy)] | (4)

fi= 1 — 6brivg + 32 + 2 — 6102 In(rh,)]

with hy = mZ/m-
The charglno contribution to the ¢ — u<y process (in the notation of the first paper
in the Ref. 4), is given by

x ]- =7ku *jku jke
P}z2 I e — = [(G Jk == H jk )(GJ"«'C HJDkR)(f:.’I +€df4) k)
2 ‘J’de
- (G — HEE HINE(fs + eafo)| (5)
c

and the functions f; are now given by

1 " n a

fa= m(Smx + mi - ﬁmi + 2 + b7y 10g('mx)) )
X
1 ~ 2 -3 2 3

fa = Ty (B + 2ty — 6my + 1 - 6 log(ry))
X
1

fs = S __._ 1)3( — 4y 1 4+ 3 + 2log(rhy))
1 . . .

fo = gy (x — 1 = Ty log(imy)) (%)

X

where m, = mi/mi—. In the approach established by Bertolini and Vissani [8], the
chargino contribution is reduced to

2 1

QQG ic grein T s ’ 7
Fy\ @m® Sm?ﬁ[ #Rg(mx)]scfm il

where the function g(r, ) is defined as

il
= (107hy — 12005 + 2h + 20y (3 + 171y ) In(riny ) - (8)

Q(Thx) = "m
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Finally, the neutralino contribution is given by
) 5 i ; ;
Ffime = 2g% [mc(VGES + Hiflw) (GUs, + Hit) (Cni — O + O — Cia)
+mge (VG + Hylle) (V26K — HiE (C1 - Co)| - (9)

The above functions are similar to the functions presented in appendix B of the first paper
in Ref. 4. This is due to the similarity between the b — sy and ¢ — wuy processes; the only
difference is in their couplings, which are proportional to the CKM matrix parameters
and the quarks involved in the loops. The branching ratio for the process b — s is [4]

I'(b — sy)BR(b — cev)

BR(b— sv) = N ; (10)
where
Gim?
T(b— cev) = To—rp(me/my) | Koel” , (11)

and the phase-space factor p(m? /m?) ~ 0.447, K, is the CKM matrix entry, and BR(b —
cev) = 0.11 [11]. Similarly, the ¢ = w7y decay can be written as

I'(c = uy)BR(D® —» K~ etv)

I'(c — sev) ' i13)

BR(c = uy) =

where the branching ratio of the process D* — K~ etr =~ 0.033 is proportional to the
branching ratio associated to ¢ — sev [11]. The width of the semileptonic decay ¢ — sev
is given by
2 e O
(e - sev) = S p(m2 /m?) Keol? (13)
with p(m?/m?) =~ 0.48 and K, = 1.

We can compare the branching ratios of b — sy and ¢ — wy because they are
analogous processes, and we can use the experimental value obtained by CLEO [12]
for b — sv to estimate the order of magnitude of ¢ — wy in the MSSM. We can see
that the f; function has the same form as the function defined in Eq. (B.2) of the first
paper in Ref. 4, and we observe that this function depends on the free parameters of the

MSSM, like the squark and gluino masses. Therefore, the ratio between BR(c — uv)
and BR(b — s7v) can be written as

BR(c = uwy) 4BR(D — Kev)p(m?/m?)as(m?)

BR(b — s7v) BR(b — cev)p(m?2 /m2)a,(mi)

2
2 mZ-KcsKsufl (mg/m%)

m Ky Ky fi(m? /m?)

K be
KCS
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FIGURE 1. The branching ratio BR(c — uvy) from Eq. (14) versus the gluino mass for two values
of (mj,meg): (300,100) GeV (solid line), (500,200) GeV (dashed).

Some remarks about this ratio are in order: first, we have used Eq. (1) for the width
['(c = uy) and Eq. (43) of the first paper in Ref 4 for the b — sy decay; second, we can
drop the functions f; (m%/m%) and fi(m / °) when we calculate their ratio, because
they depend on free parameters like mg ancf mg; which can be of the same order of
magnitude. This approximate degeneracy is predicted by supergravity models [13] and is
required by K° — K9 phenomenology [14]. This requirement is not very stringent for the
third-generation of squarks because there is an small mixing. Implications of this fact
have been discussed in the literature [15]. Finally, we observe that in the b — sy decay
we focus our attention upon the bottom squark, whereas in the ¢ — uy decay we focus
on the charm squark.

If we take the experimental value for the branching ratio of the decay b — sy =
10~* [12] and fl(mg/m%)/fl (mg/mg) ~ 1, we obtain the value

BR(c — uy) ~ 6.74 x 107° . (15)

In Fig. 1 we display the branching ratio ¢ — uy from Eq. (14) versus the gluino mass
with a,(m?2) = 0.33, as(m?) = 0.27 for two different values of (m;, mz): (300, 100) GeV
and (500, 200) GeV.

In Fig. 2 we display the gluino contribution given by Eq. (12) and the results obtained
from the loop calculations, [Eq. (3)]. We have plotted the branching ratio ¢ — uy versus
the squark mass and we have considered different values (100, 200 and 400 GeV) for the
gluino mass. We note that in this range of parameters the branching ratio varies from
10~% to 10~7, which are the same orders of magnitude obtained in Eq. (15). In Fig. 3, we
display the chargino contribution given by Eq. (7), where we have used tan 3 = 20 and
chargino masses of 100, 200 and 400 GeV. The orders of magnitude of this contribution
vary from 1078 to 107!!. Also, we have considered the neutralino contribution in Fig. 4,
where we have used the input parameters M = M’ = 50, o = 30, tan3 = 1 and
sin? 6, = 0.23, mz = 91.187 GeV from Ref. 11. We note that neutralino contribution
could be neglected in the framework of the MSSM.
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BR( c ->u + 7)
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F1GURE 2. The gluino contribution to the branching ratio BR(¢ — uy) as a function of gluino
mass for three values of squark mass, 100 GeV (solid line), 200 GeV (dashed) and 400 GeV
(dot-dashed).

=~ [PPRS
; wr -7 o s 2
10 i 4
A 10 r e
A .
o 107" r'/ 1
G ¥
51 -
m 10| 1
tang =20
13
107 1
10‘11 h L |
200 300 400 500

SQUARK MASS (GeV)

F1GURE 3. The chargino contribution to the branching ratio BR(c¢ — uvy) as a function of squark
mass for three values of chargino mass, 100 GeV (solid line), 200 GeV (dashed) an d 400 GeV
(dot-dashed).

We conclude that the branching ratio for ¢ — wuy calculated in the MSSM gets
enhanced by 7 to 10 orders of magnitude with respect to the SM calculations. We want
to point out that the g; — g;v decays were worked out under the assumption that these
decays are dominated by short distance penguin diagrams; this assumption is true for
B physics but is not conclusive for the decay ¢ — w<y, where the long distance effects
are expected to dominate. We have estimated only the short distance contributions for
¢ — wy which as we mentioned before are of the order of 107% in the MSSM. The long
distance contributions were calculated in Ref. 16, where they have obtained a value larger
than ours. However, we want to stress the similarity between ¢ — wy and b — sv in
the MSSM. Obviously, we have to take into account that up until now the parameter
space for the squark mass @; — ij and its hierarchy, has not been covered completely,
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FIGURE 4. The neutralino contribution to the branching ratio BR(¢ — uv) as a function of
squark mass for three values of neutralino mass 50 GeV (solid line), 40 GeV (dashed) and 30

GeV (dot dashed).

even though D — X + v decays could be a good test for QCD corrections.
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