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Fig. 1. Constraints on the RPV couplings from Ds → ! " (left) and B+ → ! " (right). The horizontal axis represents the RPV couplings for the t -channel while the vertical axis
denotes the couplings for the s-channel diagram. The bands correspond to the 1- # allowed range for the r Ds (left) and r B+ (right) parameters, respectively.

f exp
Ds

= 257.3 ± 5.3 [MeV] , (15)

while the HPQCD collaboration has updated their evaluation of the
decay constant f Ds as [17]

f SM
Ds

= 248 ± 2.5 [MeV] . (16)

The discrepancy between Eqs. (15) and (16) is 1.6# , and we Þnd
that the constraint on the r Ds-parameter is

r Ds = 1.04 ± 0.03. (17)

For the leptonic decay B+ → ! " , the experimental data of the
branching ratio have been given by Belle and BABAR [8,9] . The
average of the data and the SM prediction given by the UTÞt col-
laboration [10] is

Br
!
B+ → ! "

"
exp = (1.73 ± 0.34) × 10−4, (18)

Br
!
B+ → ! " !

"
SM = (0.84 ± 0.11) × 10−4. (19)

The difference between (18) and (19) is 2.5# and we Þnd

r B+ = 1.44 ± 0.23. (20)

3. Numerical study

As is shown in Eq. (3), the new physics contributions to the
leptonic decay of a pseudo-scalar meson P consist of the lepton
ßavor diagonal part AP

ii and off-diagonal part AP
i j (i $= j). We study

the contributions of R-parity violating interactions to the diago-
nal part AP

ii [5] in Section 3.1, and the off-diagonal part AP
i j (i $= j)

taking account of the other decay processes in Section 3.2. In our
analysis, we assume that the RPV couplings are real. We consider
exchanges of the left-handed smuon and the right-handed sbottom
in the s- and t -channel diagrams, respectively. Recall that the op-
erator Li L j Ek in Eq. (1) is anti-symmetric for i and j . This is why
we consider the smuon instead of the stau in the s-channel dia-
gram. Throughout in our numerical analysis, the sfermion masses
are Þxed at 100 GeV, and we adopt the central values of the fol-
lowing parameters [24]

|Vcs| = 1.023 ± 0.036, |Vub| = (3.89 ± 0.44) × 10−3,

|Vcb| = (40.6 ± 1.3) × 10−3, mDs = 1968 .47 ± 0.33 MeV ,

mB+ = 5279 .17 ± 0.4 MeV, mB0 = 5279 .5 ± 0.5 MeV . (21)

3.1. Constraints on the RPV couplings from the ßavor diagonal Þnal state

In this section, we focus on the Þnal state where the lepton
pair is ßavor diagonal ( ! " ! ), i.e., we set Ai j = 0 in Eq. (3). The
experimental data of both Ds → ! " and B+ → ! " favor the posi-
tive interference between the SM W -boson exchange and the new
physics contribution as shown in Eqs. (17) and (20) . Due to the
sign of r.h.s. in the s-channel slepton exchange (12) and the t -
channel squark exchange (8), those contributions could be canceled
each other when the products of RPV couplings in both s- and t -
channel diagrams have the same sign. In Fig. 1, we show the 1- #
allowed region of the r Ds-parameter (left) and the r B+ -parameter
(right) for m#µL = m#bR

= 100 GeV. The horizontal axis represents
the RPV couplings for the t -channel diagram while the vertical
axis denotes the couplings for the s-channel diagram. The charged
Higgs boson contributions is negligibly small for Ds → ! " but siz-
able for B+ → ! " when tan $ is large. The dependence of the
charged Higgs boson contributions to the r B+ -parameter is shown
in the right side of Fig. 1 for tan $ = 50. The bands with solid line
are obtained without the charged Higgs boson contribution while
those with dashed line are obtained for mH− = 300 GeV, respec-
tively.

In each band, the inner lines denote the 1- # lower bounds
while the outers are the upper bounds. We Þnd from the Þg-
ures that the allowed region of s-channel couplings shows posi-
tive correlations with the t -channel couplings. This is because the
interference between the s- and t -channel contributions is de-
structive. For Ds → ! " ! , since the t -channel coupling is always
positive ( |%′

323 |2 � 0), not only the magnitude but also the sign of
s-channel coupling %′

222%∗
233 is strongly constrained. For %′

222%∗
233 �

0, the t -channel coupling |%′
323 |2 should be smaller than 0 .07,

and −0.02 � %′
222%∗

233 � 0 is experimentally allowed in the 1- #
level. For B+ → ! " ! , the s- and t -channel couplings with oppo-
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Fig. 1. Constraints on the RPV couplings from Ds → ! " (left) and B+ → ! " (right). The horizontal axis represents the RPV couplings for the t -channel while the vertical axis
denotes the couplings for the s-channel diagram. The bands correspond to the 1- # allowed range for the r Ds (left) and r B+ (right) parameters, respectively.
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our purpose

¥ possibilities of New physics to these processes: 

¥ Two-Higgs doublet models (THDM)

¥ Leptoquark models

¥ R-parity violating SUSY (w/ Òsingle coupling dominant hypothesisÓ)

¥ investigate possibilities of by R-parity violating SUSY-SM
beyond the single coupling hypothesis

Ahn etal (Õ10), Akeroyed etal (09), Akeroyd etal (Õ07)...

Dobrescu etal (Õ08), Benbrik etal (09), ... 

Beak etal (Õ99), Dreiner etal (Õ02), ... Bhattacharrya etal (Õ10)
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¥ B: baryon number, L: lepton number, S: spin quantum number

¥ SM particle : R-even (+1),  SUSY particle : R-odd (-1)

¥as a consequence, even number of SUSY particles should appear in  interaction vertices

- proton is stable

- lightest SUSY particle (LSP) is stable --> could be a candidate of cold dark matter

¥ R-parity violating interaction (RPV)

¥as a consequence,  there are lepton- & baryon- number violating operators

¥phenomenological interests

- neutrino mass w/o ultra-heavy Majorana neutrinos

- LSP is unstable, but gravitino could be dark matter

R-parity
¥ R-parity

Hall, Suzuki (’84)

Buchmuller etal (’07)
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2 Set up

The R-parity violating interactions with trilinear couplings are described by the following

superpotential

W/R =
1
2
λijk L i L j Ek + λ′

ijk L i Qj Dk +
1
2
λ′′

ijk Ui D j Dk, (5)

where Q and L are SU(2)L doublet quark and lepton superÞelds, respectively. The up-

and down-type singlet quark superÞelds are represented byU and D, while the lepton

singlet superÞeld isE . The generation indices are labeled byi, j and k. The SU(2)L and

SU(3)C gauge indices are suppressed. The coe! cient λijk is anti-symmetric for i and j ,

while λ′′
ijk is anti-symmetric for j and k. For a comprehensive review of theR-parity

violating supersymmetric SM, see, ref. [22]. Constraints on the RPV couplingsλijk , λ′
ijk

and λ′′
ijk from various processes have been studied in the literature [23, 24, 25, 26, 18].

Since the baryon number violating couplingλ′′
ijk induces too fast proton decay, we take

λ′′
ijk = 0 in the following. Then, the leptonic decays of Ds and B + mesons occur through

the t-channel exchange with a product of twoλ′ couplings while s-channel exchange is

given by a product of λ and λ′.

Let us brießy summarize the leptonic decay of a pseudo scalar mesonP which consists

of the up and (anti-) down-type quarks ua and ødb, where a, b are generation indices of

quarks. The decay width of P ! l i νj is given as

" (P ! l i νj ) =
1

8π
r 2

P G2
F |V ∗

uadb
|2f 2

P m2
limP

!

1 "
m2

li

m2
P

" 2

(6)

where GF , Vuadb
, mli and mP are the Fermi constant, the Cabibbo-Kobayashi-Maskawa

matrix element, the mass of a charged leptonli and the mass of a pseudo scalar meson

P, respectively. The ßavor indices of charged leptons and neutrinos are expressed byi

and j , respectively. The decay constant is denoted byf P . A parameter rP is deÞned as,

r 2
P #

#
#
#GF V ∗

uadb
+ AP

ii

#
#
#
2

G2
F

#
#
#V ∗

uadb

#
#
#
2 +

$

j ( #= i )

#
#
#AP

ij

#
#
#
2

G2
F

#
#
#V ∗

uadb

#
#
#
2 , (7)

where AP
ij represents new physics contribution. Note that, in the second term of r.h.s.

in (7), one should take a sum only for j (neutrinos), because that the neutrino ßavor

cannot be detected experimentally. If there is no new physics contribution,rP = 1.

The interaction Lagrangian of the t-channel contribution to the decay width (6) can

be obtained from the superpotential (5);

L = λ′
ijk

%
" (lcL )i (uL )j ( &dR)∗k

'
+ λ′∗

ijk

%
( &dR)k(dL )j (νc

L )i

'
+ h .c.. (8)

4

R-parity violating superpotential (trilinear int.)

we set the baryon number violating couplingλ��
ijk = 0

previous studies on RPV couplings: ...Barger etal(Ô89), 
Bhattacharyya (Õ97), Allanach etal(Õ99), Dreiner (Ô07)...

SU(3)C SU(2)L U(1)Y

Q 3 2 1/ 6
U 3∗ 1 ! 2/ 3
D 3∗ 1 1/ 3
L 1 2 ! 1/ 2
E 1 1 1

ua

db

! i

νj

�
�dR

�

k

ua

db

! i

νj

!
"! L

#

k

P(ua
ødb) ! ! i " jFeyman diagrams of decay 

set up (1)
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The R-parity violating interactions with trilinear couplings are described by the following

superpotential
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1
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λijk Li Lj Ek + λ′

ijk Li Qj Dk +
1
2
λ′′

ijk Ui Dj Dk , (5)
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and λ′′
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ijk = 0 in the following. Then, the leptonic decays of Ds and B+ mesons occur through

the t-channel exchange with a product of two λ′ couplings while s-channel exchange is
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where GF , Vua db ,ml i and mP are the Fermi constant, the Cabibbo-Kobayashi-Maskawa

matrix element, the mass of a charged lepton li and the mass of a pseudo scalar meson

P , respectively. The flavor indices of charged leptons and neutrinos are expressed by i

and j, respectively. The decay constant is denoted by fP . A parameter rP is defined as,

r2
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#
#GF V ∗

ua db
+ AP
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#
#
#
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G2
F
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ua db

#
#
#
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$
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#AP
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#
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#
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ua db

#
#
#
2 , (7)

where AP
ij represents new physics contribution. Note that, in the second term of r.h.s.

in (7), one should take a sum only for j (neutrinos), because that the neutrino flavor

cannot be detected experimentally. If there is no new physics contribution, rP = 1.

The interaction Lagrangian of the t-channel contribution to the decay width (6) can

be obtained from the superpotential (5);

L = λ′
ijk

%
−(lcL )i (uL )j ( &dR)∗k

'
+ λ′∗

ijk

%
( &dR)k(dL )j (νc

L )i

'
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4

¥The new physics contribution is parametrized by 

- second term in r.h.s. !  leptons in Þnal state are ßavor off-diagonal 

set up (2)

¥Decay rate: 
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where GF , Vua db ,ml i and mP are the Fermi constant, the Cabibbo-Kobayashi-Maskawa

matrix element, the mass of a charged lepton li and the mass of a pseudo scalar meson

P , respectively. The flavor indices of charged leptons and neutrinos are expressed by i

and j, respectively. The decay constant is denoted by fP . A parameter rP is defined as,

r2
P ≡

#
#
#GF V ∗

ua db
+ AP

ii

#
#
#
2

G2
F

#
#
#V ∗

ua db

#
#
#
2 +

$

j ( #= i )

#
#
#AP

ij

#
#
#
2

G2
F

#
#
#V ∗

ua db

#
#
#
2 , (7)

where AP
ij represents new physics contribution. Note that, in the second term of r.h.s.

in (7), one should take a sum only for j (neutrinos), because that the neutrino flavor

cannot be detected experimentally. If there is no new physics contribution, rP = 1.

The interaction Lagrangian of the t-channel contribution to the decay width (6) can

be obtained from the superpotential (5);

L = λ′
ijk

%
−(lcL )i (uL )j ( &dR)∗k

'
+ λ′∗

ijk

%
( &dR)k(dL )j (νc

L )i

'
+ h.c.. (8)

4

Using the Fierz transformation, the e! ective Lagrangian which describes thet-channel

squark exchange is given as

Lt
e! =

1
8

3!

k=1

! ′
iak ! ′∗

jbk

m2
"dRk

ø" j #µ(1 ! #5)l i ødb#µ(1 ! #5)ua. (9)

For comparison, we show the e! ective Lagrangian for the W -boson exchange

LSM
e! =

GF"
2

V ∗
ua db

ø" i #µ(1 ! #5)l i ødb#µ(1 ! #5)ua. (10)

Using the decay constantf P which is given by

#0|ødb#µ#5ua|P(q)$= if P qµ, (11)

we Þnd thet-channel squark contribution to the decay P(ua ødb) % li " j as

(AP
t )ij =

1

4
"

2

3!

k=1

! ′
iak ! ′∗

jbk

m2
"dRk

. (12)

The s-channel contribution can be calculated from the interaction Lagrangian

L = ! ijk

#
! (lR)k(" L )j ("lL )i

$
+ ! ′

ijk

#
! (dR)k(uL )j ("lL )i

$
+ h .c.. (13)

The e! ective Lagrangian is given by

Ls
e! = !

1
4

3!

k=1

! ∗
kji ! ′

kab

m2
"lLk

ø" j (1 + #5)l i ødb(1 ! #5)ua. (14)

From (11) and equations of motion for u, d quarks, we Þnd

#0|ødb#5ua|P(q)$= ! i
m2

P

mua + mdb

f P . (15)

Using (15), we obtain the s-channel contribution as

(AP
s )ij = !

1

2
"

2mli

m2
P

mua + mdb

3!

k=1

! ∗
kji ! ′

kab

m2
"lLk

. (16)

The charged Higgs contribution can be calculated from the interaction Lagrangian,

L = V ∗
ua db

%
gmdb"
2mW

tan $dbPL uaH − +
gmua"
2mW

cot $dbPRuaH −
&

+
gmli"
2mW

tan $" i PRli H + + h .c., (17)

where g denotes the SU(2)L gauge coupling constant, and tan$ & #Hu$/ #Hd$ is a ratio

of the vacuum expectation values of two Higgs doubletsHu (the weak hypercharge

Y = 1 / 2) and Hd (Y = ! 1/ 2). We obtain the charged Higgs contribution AP
s from (17)

as

AP
H = ! GF V ∗

ua db

mdb

mua + mdb

m2
P

m2
H !

'

tan2 $ !
mua

mdb

(

. (18)

Note that since leptons in the Þnal state due to the charged Higgs exchange are ßavor

diagonal, the indicesi, j are suppressed in l.h.s. of (18).

5

Using the Fierz transformation, the e! ective Lagrangian which describes the t-channel

squark exchange is given as

L t
e! =

1
8

3!

k=1

! ′
iak! ′∗

jbk

m2
"dRk

"̄ j#µ(1 ! #5)li d̄b#µ(1 ! #5)ua. (9)

For comparison, we show the e! ective Lagrangian for the W -boson exchange

L SM
e! =

GF"
2

V ∗
ua db

"̄ i#µ(1 ! #5)li d̄b#µ(1 ! #5)ua. (10)

Using the decay constant f P which is given by

#0|d̄b#µ#5ua|P(q)$= if P qµ, (11)

we find the t-channel squark contribution to the decay P(uad̄b) % li" j as

(AP
t )ij =

1
4
"

2

3!

k=1

! ′
iak! ′∗

jbk

m2
"dRk

. (12)

The s-channel contribution can be calculated from the interaction Lagrangian

L = ! ijk

#
! (lR)k(" L)j("lL)i

$
+ ! ′

ijk

#
! (dR)k(uL)j("lL)i

$
+ h.c.. (13)

The e! ective Lagrangian is given by

L s
e! = !

1
4

3!

k=1

! ∗
kji!

′
kab

m2
"lLk

"̄ j(1 + #5)li d̄b(1 ! #5)ua. (14)

From (11) and equations of motion for u, d quarks, we find

#0|d̄b#5ua|P(q)$= ! i
m2

P

mua + mdb

f P . (15)

Using (15), we obtain the s-channel contribution as

(AP
s )ij = !

1
2
"

2mli

m2
P

mua + mdb

3!

k=1

! ∗
kji!

′
kab

m2
"lLk

. (16)

The charged Higgs contribution can be calculated from the interaction Lagrangian,

L = V ∗
ua db

%
gmdb"
2mW

tan $dbPLuaH − +
gmua"
2mW

cot $dbPRuaH −
&

+
gmli"
2mW

tan $" iPRliH + + h.c., (17)

where g denotes the SU(2)L gauge coupling constant, and tan $ & #Hu$/ #Hd$ is a ratio

of the vacuum expectation values of two Higgs doublets Hu (the weak hypercharge

Y = 1/ 2) and Hd (Y = ! 1/ 2). We obtain the charged Higgs contribution AP
s from (17)

as

AP
H = ! GF V ∗

ua db

mdb

mua + mdb

m2
P

m2
H !

'

tan2 $ !
mua

mdb

(

. (18)

Note that since leptons in the final state due to the charged Higgs exchange are flavor

diagonal, the indices i, j are suppressed in l.h.s. of (18).
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set up(3) : RPV processes
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state of the leptonic decays also contribute to the other LFV pro-
cess, such as! → µ" and ! → µ# for Ds → !$ , and B+ → %+ $ø$
and B0 → &±

i &∓
j for B+ → !$ . We show that contributions of

RPV interactions to Ds → !$µ are suppressed by a few orders of
magnitude compared to the ßavor diagonal case ( !$! ) owing to
the constraints from the other LFV processes, while those for B+

can be as large as !$! .
This Letter is organized as follows. In the next section, we

brießy review the relevant RPV interactions for the leptonic de-
cays of Ds and B+ mesons. The numerical results are presented in
Section 3. Section 4 is devoted to summary and discussions.

2. Set up

The trilinear interactions with R-parity violations are described
by the following superpotential

W /R =
1

2
' i jk Li L j Ek + ' ′

i jk Li Q j Dk +
1

2
' ′′

i jk Ui D j Dk, (1)

where Q and L are SU(2)L doublet quark and lepton superÞelds,
respectively. The up- and down-type singlet quark superÞelds are
represented by U and D, while the lepton singlet superÞeld is E.
The generation indices are labeled by i , j and k. The SU(2)L and
SU(3)C gauge indices are suppressed. The dimensionless coe ! cient
' i jk is anti-symmetric for i and j , while ' ′′

i jk is anti-symmetric for

j and k. For a comprehensive review of the R-parity violating su-
persymmetric SM, see Ref. [19] . Constraints on the RPV couplings
' i jk , ' ′

i jk and ' ′′
i jk from various processes have been studied in the

literature [13,20Ð23] . Since the baryon number violating coupling
' ′′

i jk induces too fast proton decay, we take ' ′′
i jk = 0 in the follow-

ing. Then, the leptonic decays of Ds and B+ mesons occur through
the slepton exchange in the s-channel diagram with a product of
' and ' ′, and the squark exchange in the t -channel diagram with
a product of two ' ′ couplings.

Let us brießy summarize the leptonic decay of a pseudo-scalar
meson P which consists of the up- and (anti-) down-type quarks
ua and db, where a, b are generation indices of quarks. The decay
width of P → &i $j is given as

( (P → &i $j ) =
1

8%
r2

PG2
F

!
!V ∗

uadb

!
!2

f 2
Pm2

&i
mP

"
1 −

m2
&i

m2
P

# 2

(2)

where GF, Vuadb
, m&i and mP are the Fermi constant, the CabibboÐ

KobayashiÐMaskawa matrix element, the mass of a charged lepton
&i and the mass of a pseudo-scalar meson P, respectively. The ßa-
vor indices of charged leptons and neutrinos are expressed by i
and j , respectively. The decay constant is denoted by f P. A param-
eter r P is deÞned as

r2
P ≡

|GF V ∗
uadb

+ AP
ii |

2

G2
F|V ∗

uadb
|2

+
$

j( '= i)

|AP
i j |

2

G2
F|V ∗

uadb
|2

, (3)

where AP
i j represents new physics contribution. Note that, in the

second term of r.h.s. in Eq. (3), one should take a sum only for
j (neutrinos), because that the neutrino ßavor cannot be detected
experimentally. If there is no new physics contribution, r P = 1.

The interaction Lagrangian of the t -channel contribution to the
decay width (2) can be obtained from the superpotential (1);

L = ' ′
i jk

%
−

&
&c

L

'
i (uL) j ((dR)∗k

)
+ ' ′

i jk

%&
$c

L

'
i (dL) j ((dR)∗k

)
+ h.c. (4)

Using the Fierz transformation, the effective Lagrangian which de-
scribes the t -channel squark exchange is given as

L t
eff =

1

8

3$

k= 1

' ′
iak ' ′ ∗

jbk

m2
(dRk

ø$j " µ (1 − " 5)&idb" µ (1 − " 5)ua. (5)

For comparison, we show the effective Lagrangian for the W -boson
exchange

L SM
eff =

GF√
2

V ∗
uadb

ø$i " µ (1 − " 5)&idb" µ (1 − " 5)ua. (6)

Using the decay constant f P which is deÞned by

〈0|db" µ " 5ua

!
!P(q)

*
= i f Pqµ , (7)

we Þnd the t -channel squark contribution to the decay P(uadb) →
&i $j as

&
AP

t

'
i j =

1

4
√

2

3$

k= 1

' ′
iak ' ′ ∗

jbk

m2
(dRk

. (8)

The s-channel contribution can be calculated from the interac-
tion Lagrangian

L = ' i jk
%
−(&R)k($L) j ((&L)i

)
+ ' ′

i jk

%
−(dR)k(uL) j ((&L)i

)
+ h.c. (9)

The effective Lagrangian is given by

L s
eff = −1

4

3$

k= 1

' ∗
kji '

′
kab

m2
÷lLk

ø$j (1 + " 5)&idb(1 − " 5)ua. (10)

From Eq. (7) and equations of motion for u- and d-quarks, we Þnd

〈0|db" 5ua

!
!P(q)

*
= −i

m2
P

mua + mdb

f P. (11)

Using Eq. (11) , we obtain the s-channel contribution as

&
AP

s

'
i j = − 1

2
√

2m&i

m2
P

mua + mdb

3$

k= 1

' ∗
kji '

′
kab

m2
(&Lk

. (12)

The charged Higgs contribution can be calculated from the in-
teraction Lagrangian,

L = V ∗
uadb

+
gmdb√
2mW

tan ) db PLua H− +
gmua√
2mW

cot ) db PRuaH−
,

+
gm&i√
2mW

tan ) ø$i PR&i H
+ + h.c., (13)

where g denotes the SU(2)L gauge coupling constant, and tan ) ≡
〈Hu〉/ 〈Hd〉 is a ratio of the vacuum expectation values of two Higgs
doublets Hu (the weak hypercharge Y = 1/ 2) and Hd (Y = −1/ 2).
We obtain the charged Higgs contribution AP

s from Eq. (13) as

AP
H = −GF V ∗

uadb

mdb

mua + mdb

m2
P

m2
H−

"
tan2 ) − mua

mdb

#
. (14)

Since leptons in the Þnal state due to the charged Higgs ex-
change are ßavor diagonal, the indices i , j are suppressed in l.h.s.
of Eq. (14) . Note that the overall sign of the r.h.s. of Eq. (14) is op-
posite compared to the W -boson exchange (6), the charged Higgs
boson contribution destructively interferes with the W -boson con-
tribution when tan 2 ) > mua / mdb

.
Next we summarize the experimental data and constraints on

the parameter r P for P = Ds and B+ . Comparison of the experi-
mental results of leptonic decay of Ds meson is often presented in
terms of the decay constant f Ds. The world average of the experi-
mental data of Ds → !$ has been given by HFAG as [18]

��
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ua

db

! i

νj

H
−

Using the Fierz transformation, the effective Lagrangian which describes the t-channel

squark exchange is given as

L t
e! =

1
8

3!

k=1

! !
iak ! !"

jbk

m2
"dRk

"̄ j #µ(1 ! #5)l i d̄b#µ(1 ! #5)ua. (9)

For comparison, we show the effective Lagrangian for the W -boson exchange

L SM
e! =

GF"
2

V "
uadb

"̄ i #µ(1 ! #5)l i d̄b#µ(1 ! #5)ua. (10)

Using the decay constant f P which is given by

#0|d̄b#µ#5ua|P(q)$= if P qµ , (11)

we find the t-channel squark contribution to the decay P(uad̄b) % li " j as

(AP
t )ij =

1
4
"

2

3!

k=1

! !
iak ! !"

jbk

m2
"dRk

. (12)

The s-channel contribution can be calculated from the interaction Lagrangian

L = ! ijk

#
! (lR)k(" L )j ("lL )i

$
+ ! !

ijk

#
! (dR)k(uL )j ("lL )i

$
+ h.c.. (13)

The effective Lagrangian is given by

L s
e! = !

1
4

3!

k=1

! "
kji ! !

kab

m2
"lLk

"̄ j (1 + #5)l i d̄b(1 ! #5)ua. (14)

From (11) and equations of motion for u, d quarks, we find

#0|d̄b#5ua|P(q)$= ! i
m2

P

mua + mdb

f P . (15)

Using (15), we obtain the s-channel contribution as

(AP
s )ij = !

1
2
"

2mli

m2
P

mua + mdb

3!

k=1

! "
kji ! !

kab

m2
"lLk

. (16)

The charged Higgs contribution can be calculated from the interaction Lagrangian,

L = V "
uadb

%
gmdb"
2mW

tan $dbPL uaH # +
gmua"
2mW

cot $dbPRuaH #
&

+
gmli"
2mW

tan $" i PRli H + + h.c., (17)

where g denotes the SU(2)L gauge coupling constant, and tan $ & #Hu$/ #Hd$ is a ratio

of the vacuum expectation values of two Higgs doublets Hu (the weak hypercharge

Y = 1/ 2) and Hd (Y = ! 1/ 2). We obtain the charged Higgs contribution AP
s from (17)

as

AP
H = ! GF V "

uadb

mdb

mua + mdb

m2
P

m2
H !

'

tan2 $ !
mua

mdb

(

. (18)

Note that since leptons in the final state due to the charged Higgs exchange are flavor

diagonal, the indices i, j are suppressed in l.h.s. of (18).

5

set up(4) : MSSM process

2 Set up

The R-parity violating interactions with trilinear couplings are described by the following

superpotential

W /R =
1
2
λijk Li Lj Ek + λ′

ijk Li Qj Dk +
1
2
λ′′

ijk Ui Dj Dk , (5)

where Q and L are SU(2)L doublet quark and lepton superfields, respectively. The up-

and down-type singlet quark superfields are represented by U and D, while the lepton

singlet superfield is E. The generation indices are labeled by i, j and k. The SU(2)L and

SU(3)C gauge indices are suppressed. The coe! cient λijk is anti-symmetric for i and j,

while λ′′
ijk is anti-symmetric for j and k. For a comprehensive review of the R-parity

violating supersymmetric SM, see, ref. [22]. Constraints on the RPV couplings λijk , λ′
ijk

and λ′′
ijk from various processes have been studied in the literature [23, 24, 25, 26, 18].

Since the baryon number violating coupling λ′′
ijk induces too fast proton decay, we take

λ′′
ijk = 0 in the following. Then, the leptonic decays of Ds and B+ mesons occur through

the t-channel exchange with a product of two λ′ couplings while s-channel exchange is

given by a product of λ and λ′.

Let us briefly summarize the leptonic decay of a pseudo scalar meson P which consists

of the up and (anti-) down-type quarks ua and d̄b, where a, b are generation indices of

quarks. The decay width of P → li νj is given as

" (P → li νj ) =
1
8π

r2
P G2

F |V ∗
ua db

|2f2
P m2

l i mP

!

1 −
m2

l i

m2
P

" 2

(6)

where GF , Vua db ,ml i and mP are the Fermi constant, the Cabibbo-Kobayashi-Maskawa

matrix element, the mass of a charged lepton li and the mass of a pseudo scalar meson

P , respectively. The flavor indices of charged leptons and neutrinos are expressed by i

and j, respectively. The decay constant is denoted by fP . A parameter rP is defined as,

r2
P ≡

#
#
#GF V ∗

ua db
+ AP

ii

#
#
#
2

G2
F

#
#
#V ∗

ua db

#
#
#
2 +

$

j ( #= i )

#
#
#AP

ij

#
#
#
2

G2
F

#
#
#V ∗

ua db

#
#
#
2 , (7)

where AP
ij represents new physics contribution. Note that, in the second term of r.h.s.

in (7), one should take a sum only for j (neutrinos), because that the neutrino flavor

cannot be detected experimentally. If there is no new physics contribution, rP = 1.

The interaction Lagrangian of the t-channel contribution to the decay width (6) can

be obtained from the superpotential (5);

L = λ′
ijk

%
−(lcL )i (uL )j ( &dR)∗k

'
+ λ′∗

ijk

%
( &dR)k(dL )j (νc

L )i

'
+ h.c.. (8)

4

����

10



ua

db

! i

νj

�
�dR

�

k

! �
iak

! �
jbk

ua

db

! i

νj

!
"! L

#

k

! !
kab ! kji

2 Set up

The R-parity violating interactions with trilinear couplings are described by the following

superpotential

W /R =
1
2
λijk Li Lj Ek + λ′

ijk Li Qj Dk +
1
2
λ′′

ijk Ui Dj Dk , (5)

where Q and L are SU(2)L doublet quark and lepton superfields, respectively. The up-

and down-type singlet quark superfields are represented by U and D, while the lepton

singlet superfield is E. The generation indices are labeled by i, j and k. The SU(2)L and

SU(3)C gauge indices are suppressed. The coe! cient λijk is anti-symmetric for i and j,

while λ′′
ijk is anti-symmetric for j and k. For a comprehensive review of the R-parity

violating supersymmetric SM, see, ref. [22]. Constraints on the RPV couplings λijk , λ′
ijk

and λ′′
ijk from various processes have been studied in the literature [23, 24, 25, 26, 18].

Since the baryon number violating coupling λ′′
ijk induces too fast proton decay, we take

λ′′
ijk = 0 in the following. Then, the leptonic decays of Ds and B+ mesons occur through

the t-channel exchange with a product of two λ′ couplings while s-channel exchange is

given by a product of λ and λ′.

Let us briefly summarize the leptonic decay of a pseudo scalar meson P which consists

of the up and (anti-) down-type quarks ua and d̄b, where a, b are generation indices of

quarks. The decay width of P → li νj is given as

" (P → li νj ) =
1
8π

r2
P G2

F |V ∗
ua db

|2f2
P m2

l i mP

!

1 −
m2

l i

m2
P

" 2

(6)

where GF , Vua db ,ml i and mP are the Fermi constant, the Cabibbo-Kobayashi-Maskawa

matrix element, the mass of a charged lepton li and the mass of a pseudo scalar meson

P , respectively. The flavor indices of charged leptons and neutrinos are expressed by i

and j, respectively. The decay constant is denoted by fP . A parameter rP is defined as,

r2
P ≡

#
#
#GF V ∗

ua db
+ AP

ii

#
#
#
2

G2
F

#
#
#V ∗

ua db

#
#
#
2 +

$

j ( #= i )

#
#
#AP

ij

#
#
#
2

G2
F

#
#
#V ∗

ua db

#
#
#
2 , (7)

where AP
ij represents new physics contribution. Note that, in the second term of r.h.s.

in (7), one should take a sum only for j (neutrinos), because that the neutrino flavor

cannot be detected experimentally. If there is no new physics contribution, rP = 1.

The interaction Lagrangian of the t-channel contribution to the decay width (6) can

be obtained from the superpotential (5);

L = λ′
ijk

%
−(lcL )i (uL )j ( &dR)∗k

'
+ λ′∗

ijk

%
( &dR)k(dL )j (νc

L )i

'
+ h.c.. (8)

4

Using the Fierz transformation, the e! ective Lagrangian which describes thet-channel

squark exchange is given as

Lt
e! =

1
8

3!

k=1

! ′
iak ! ′∗

jbk

m2
"dRk

ø" j #µ(1 ! #5)l i ødb#µ(1 ! #5)ua. (9)

For comparison, we show the e! ective Lagrangian for the W -boson exchange

LSM
e! =

GF"
2

V ∗
ua db

ø" i #µ(1 ! #5)l i ødb#µ(1 ! #5)ua. (10)

Using the decay constantf P which is given by

#0|ødb#µ#5ua|P(q)$= if P qµ, (11)

we Þnd thet-channel squark contribution to the decay P(ua ødb) % li " j as

(AP
t )ij =

1

4
"

2

3!

k=1

! ′
iak ! ′∗

jbk

m2
"dRk

. (12)

The s-channel contribution can be calculated from the interaction Lagrangian

L = ! ijk

#
! (lR)k(" L )j ("lL )i

$
+ ! ′

ijk

#
! (dR)k(uL )j ("lL )i

$
+ h .c.. (13)

The e! ective Lagrangian is given by

Ls
e! = !

1
4

3!

k=1

! ∗
kji ! ′

kab

m2
"lLk

ø" j (1 + #5)l i ødb(1 ! #5)ua. (14)

From (11) and equations of motion for u, d quarks, we Þnd

#0|ødb#5ua|P(q)$= ! i
m2

P

mua + mdb

f P . (15)

Using (15), we obtain the s-channel contribution as

(AP
s )ij = !

1

2
"

2mli

m2
P

mua + mdb

3!

k=1

! ∗
kji ! ′

kab

m2
"lLk

. (16)

The charged Higgs contribution can be calculated from the interaction Lagrangian,

L = V ∗
ua db

%
gmdb"
2mW

tan $dbPL uaH − +
gmua"
2mW

cot $dbPRuaH −
&

+
gmli"
2mW

tan $" i PRli H + + h .c., (17)

where g denotes the SU(2)L gauge coupling constant, and tan$ & #Hu$/ #Hd$ is a ratio

of the vacuum expectation values of two Higgs doubletsHu (the weak hypercharge

Y = 1 / 2) and Hd (Y = ! 1/ 2). We obtain the charged Higgs contribution AP
s from (17)

as

AP
H = ! GF V ∗

ua db

mdb

mua + mdb

m2
P

m2
H !

'

tan2 $ !
mua

mdb

(

. (18)

Note that since leptons in the Þnal state due to the charged Higgs exchange are ßavor

diagonal, the indicesi, j are suppressed in l.h.s. of (18).

5

Using the Fierz transformation, the e! ective Lagrangian which describes the t-channel

squark exchange is given as

L t
e! =

1
8

3!

k=1

! ′
iak! ′∗

jbk

m2
"dRk

"̄ j#µ(1 ! #5)li d̄b#µ(1 ! #5)ua. (9)

For comparison, we show the e! ective Lagrangian for the W -boson exchange

L SM
e! =

GF"
2

V ∗
ua db

"̄ i#µ(1 ! #5)li d̄b#µ(1 ! #5)ua. (10)

Using the decay constant f P which is given by

#0|d̄b#µ#5ua|P(q)$= if P qµ, (11)

we find the t-channel squark contribution to the decay P(uad̄b) % li" j as

(AP
t )ij =

1
4
"

2

3!

k=1

! ′
iak! ′∗

jbk

m2
"dRk

. (12)

The s-channel contribution can be calculated from the interaction Lagrangian

L = ! ijk

#
! (lR)k(" L)j("lL)i

$
+ ! ′

ijk

#
! (dR)k(uL)j("lL)i

$
+ h.c.. (13)

The e! ective Lagrangian is given by

L s
e! = !

1
4

3!

k=1

! ∗
kji!

′
kab

m2
"lLk

"̄ j(1 + #5)li d̄b(1 ! #5)ua. (14)

From (11) and equations of motion for u, d quarks, we find

#0|d̄b#5ua|P(q)$= ! i
m2

P

mua + mdb

f P . (15)

Using (15), we obtain the s-channel contribution as

(AP
s )ij = !

1
2
"

2mli

m2
P

mua + mdb

3!

k=1

! ∗
kji!

′
kab

m2
"lLk

. (16)

The charged Higgs contribution can be calculated from the interaction Lagrangian,

L = V ∗
ua db

%
gmdb"
2mW

tan $dbPLuaH − +
gmua"
2mW

cot $dbPRuaH −
&

+
gmli"
2mW

tan $" iPRliH + + h.c., (17)

where g denotes the SU(2)L gauge coupling constant, and tan $ & #Hu$/ #Hd$ is a ratio

of the vacuum expectation values of two Higgs doublets Hu (the weak hypercharge

Y = 1/ 2) and Hd (Y = ! 1/ 2). We obtain the charged Higgs contribution AP
s from (17)

as

AP
H = ! GF V ∗

ua db

mdb

mua + mdb

m2
P

m2
H !

'

tan2 $ !
mua

mdb

(

. (18)

Note that since leptons in the final state due to the charged Higgs exchange are flavor

diagonal, the indices i, j are suppressed in l.h.s. of (18).
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state of the leptonic decays also contribute to the other LFV pro-
cess, such as! → µ" and ! → µ# for Ds → !$ , and B+ → %+ $ø$
and B0 → &±

i &∓
j for B+ → !$ . We show that contributions of

RPV interactions to Ds → !$µ are suppressed by a few orders of
magnitude compared to the ßavor diagonal case ( !$! ) owing to
the constraints from the other LFV processes, while those for B+

can be as large as !$! .
This Letter is organized as follows. In the next section, we

brießy review the relevant RPV interactions for the leptonic de-
cays of Ds and B+ mesons. The numerical results are presented in
Section 3. Section 4 is devoted to summary and discussions.

2. Set up

The trilinear interactions with R-parity violations are described
by the following superpotential

W /R =
1

2
' i jk Li L j Ek + ' ′

i jk Li Q j Dk +
1

2
' ′′

i jk Ui D j Dk, (1)

where Q and L are SU(2)L doublet quark and lepton superÞelds,
respectively. The up- and down-type singlet quark superÞelds are
represented by U and D, while the lepton singlet superÞeld is E.
The generation indices are labeled by i , j and k. The SU(2)L and
SU(3)C gauge indices are suppressed. The dimensionless coe ! cient
' i jk is anti-symmetric for i and j , while ' ′′

i jk is anti-symmetric for

j and k. For a comprehensive review of the R-parity violating su-
persymmetric SM, see Ref. [19] . Constraints on the RPV couplings
' i jk , ' ′

i jk and ' ′′
i jk from various processes have been studied in the

literature [13,20Ð23] . Since the baryon number violating coupling
' ′′

i jk induces too fast proton decay, we take ' ′′
i jk = 0 in the follow-

ing. Then, the leptonic decays of Ds and B+ mesons occur through
the slepton exchange in the s-channel diagram with a product of
' and ' ′, and the squark exchange in the t -channel diagram with
a product of two ' ′ couplings.

Let us brießy summarize the leptonic decay of a pseudo-scalar
meson P which consists of the up- and (anti-) down-type quarks
ua and db, where a, b are generation indices of quarks. The decay
width of P → &i $j is given as

( (P → &i $j ) =
1

8%
r2

PG2
F

!
!V ∗

uadb

!
!2

f 2
Pm2

&i
mP

"
1 −

m2
&i

m2
P

# 2

(2)

where GF, Vuadb
, m&i and mP are the Fermi constant, the CabibboÐ

KobayashiÐMaskawa matrix element, the mass of a charged lepton
&i and the mass of a pseudo-scalar meson P, respectively. The ßa-
vor indices of charged leptons and neutrinos are expressed by i
and j , respectively. The decay constant is denoted by f P. A param-
eter r P is deÞned as

r2
P ≡

|GF V ∗
uadb

+ AP
ii |

2

G2
F|V ∗

uadb
|2

+
$

j( '= i)

|AP
i j |

2

G2
F|V ∗

uadb
|2

, (3)

where AP
i j represents new physics contribution. Note that, in the

second term of r.h.s. in Eq. (3), one should take a sum only for
j (neutrinos), because that the neutrino ßavor cannot be detected
experimentally. If there is no new physics contribution, r P = 1.

The interaction Lagrangian of the t -channel contribution to the
decay width (2) can be obtained from the superpotential (1);

L = ' ′
i jk

%
−

&
&c

L

'
i (uL) j ((dR)∗k

)
+ ' ′

i jk

%&
$c

L

'
i (dL) j ((dR)∗k

)
+ h.c. (4)

Using the Fierz transformation, the effective Lagrangian which de-
scribes the t -channel squark exchange is given as

L t
eff =

1

8

3$

k= 1

' ′
iak ' ′ ∗

jbk

m2
(dRk

ø$j " µ (1 − " 5)&idb" µ (1 − " 5)ua. (5)

For comparison, we show the effective Lagrangian for the W -boson
exchange

L SM
eff =

GF√
2

V ∗
uadb

ø$i " µ (1 − " 5)&idb" µ (1 − " 5)ua. (6)

Using the decay constant f P which is deÞned by

〈0|db" µ " 5ua

!
!P(q)

*
= i f Pqµ , (7)

we Þnd the t -channel squark contribution to the decay P(uadb) →
&i $j as

&
AP

t

'
i j =

1

4
√

2

3$

k= 1

' ′
iak ' ′ ∗

jbk

m2
(dRk

. (8)

The s-channel contribution can be calculated from the interac-
tion Lagrangian

L = ' i jk
%
−(&R)k($L) j ((&L)i

)
+ ' ′

i jk

%
−(dR)k(uL) j ((&L)i

)
+ h.c. (9)

The effective Lagrangian is given by

L s
eff = −1

4

3$

k= 1

' ∗
kji '

′
kab

m2
÷lLk

ø$j (1 + " 5)&idb(1 − " 5)ua. (10)

From Eq. (7) and equations of motion for u- and d-quarks, we Þnd

〈0|db" 5ua

!
!P(q)

*
= −i

m2
P

mua + mdb

f P. (11)

Using Eq. (11) , we obtain the s-channel contribution as

&
AP

s

'
i j = − 1

2
√

2m&i

m2
P

mua + mdb

3$

k= 1

' ∗
kji '

′
kab

m2
(&Lk

. (12)

The charged Higgs contribution can be calculated from the in-
teraction Lagrangian,

L = V ∗
uadb

+
gmdb√
2mW

tan ) db PLua H− +
gmua√
2mW

cot ) db PRuaH−
,

+
gm&i√
2mW

tan ) ø$i PR&i H
+ + h.c., (13)

where g denotes the SU(2)L gauge coupling constant, and tan ) ≡
〈Hu〉/ 〈Hd〉 is a ratio of the vacuum expectation values of two Higgs
doublets Hu (the weak hypercharge Y = 1/ 2) and Hd (Y = −1/ 2).
We obtain the charged Higgs contribution AP

s from Eq. (13) as

AP
H = −GF V ∗

uadb

mdb

mua + mdb

m2
P

m2
H−

"
tan2 ) − mua

mdb

#
. (14)

Since leptons in the Þnal state due to the charged Higgs ex-
change are ßavor diagonal, the indices i , j are suppressed in l.h.s.
of Eq. (14) . Note that the overall sign of the r.h.s. of Eq. (14) is op-
posite compared to the W -boson exchange (6), the charged Higgs
boson contribution destructively interferes with the W -boson con-
tribution when tan 2 ) > mua / mdb

.
Next we summarize the experimental data and constraints on

the parameter r P for P = Ds and B+ . Comparison of the experi-
mental results of leptonic decay of Ds meson is often presented in
terms of the decay constant f Ds. The world average of the experi-
mental data of Ds → !$ has been given by HFAG as [18]

����
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Numerical Study (1)

Figure 1: Contribution of t-channel squark exchange to ther -parameters (7) for Ds →
! " τ (left) and B + → ! " τ (right) as functions of the RPV couplings. The squark mass is
Þxed at 100 GeV. The horizontal lines denote the 1-# constraints on rDs and rB+ given
in eqs. (20a) and (20b), respectively.

3 Numerical Study

Next we examine the RPV contributions to the leptonic decaysP → ! " τ (P = Ds or

B +) numerically. In the numerical study, we adopt the central values of the following

parameters [27]

|Vcs| = 1 .023± 0.036, |Vub| = (3 .89± 0.44)× 10−3,

mDs = 1968.47± 0.33 MeV, mB+ = 5279.17± 0.29 MeV, (19)

In the analysis, we drop the second term in r.h.s. of (7), i.e., the ßavor off-diagonal Þnal

state such as!" µ or ! " e are neglected. Since the RPV couplings responsible forP → ! " µ

or P → ! " e induce the lepton ßavor violating processes! → µ$ or ! → e$, those

couplings must be highly suppressed. Therefore we neglect the! " µ and !" e channels in

the following study, i.e., AP
ij = 0 for i #= j . Throughout out study, the squark and slepton

masses are Þxed at 100 GeV. For simplicity, in thet-channel diagram we consider the

sbottom exchange. On the other hand, the stau exchange is forbidden in thes-channel

diagram, and we consider the smuon exchange. Let us recall thats-channel amplitude

is proportional to a product of %and %′. Since the Þnal state is! " τ , the RPV coupling

%i33 requires i #= 3 due to the anti-symmetric property of %ijk for the Þrst two indices.

This is why the stau exchange is forbidden in thes-channel diagram in P → ! " τ .

6

inputs

adopt the central values as references

assumptions

AP
ij = 0¥we set for i != j (constraints from LFV)

¥t-channel: sbottom exchange

¥Þnal state: τν!

¥s-channel: smuon exchange(! k33, k �= 3)

constraints on new physics

2 Set up

The R-parity violating interactions with trilinear couplings are described by the following

superpotential

W /R =
1
2
λijk Li Lj Ek + λ′

ijk Li Qj Dk +
1
2
λ′′

ijk Ui Dj Dk , (5)

where Q and L are SU(2)L doublet quark and lepton superfields, respectively. The up-

and down-type singlet quark superfields are represented by U and D, while the lepton

singlet superfield is E. The generation indices are labeled by i, j and k. The SU(2)L and

SU(3)C gauge indices are suppressed. The coe! cient λijk is anti-symmetric for i and j,

while λ′′
ijk is anti-symmetric for j and k. For a comprehensive review of the R-parity

violating supersymmetric SM, see, ref. [22]. Constraints on the RPV couplings λijk , λ′
ijk

and λ′′
ijk from various processes have been studied in the literature [23, 24, 25, 26, 18].

Since the baryon number violating coupling λ′′
ijk induces too fast proton decay, we take

λ′′
ijk = 0 in the following. Then, the leptonic decays of Ds and B+ mesons occur through

the t-channel exchange with a product of two λ′ couplings while s-channel exchange is

given by a product of λ and λ′.

Let us briefly summarize the leptonic decay of a pseudo scalar meson P which consists

of the up and (anti-) down-type quarks ua and d̄b, where a, b are generation indices of

quarks. The decay width of P → li νj is given as

" (P → li νj ) =
1
8π

r2
P G2

F |V ∗
ua db

|2f2
P m2

l i mP

!

1 −
m2

l i

m2
P

" 2

(6)

where GF , Vua db ,ml i and mP are the Fermi constant, the Cabibbo-Kobayashi-Maskawa

matrix element, the mass of a charged lepton li and the mass of a pseudo scalar meson

P , respectively. The flavor indices of charged leptons and neutrinos are expressed by i

and j, respectively. The decay constant is denoted by fP . A parameter rP is defined as,

r2
P ≡

#
#
#GF V ∗

ua db
+ AP

ii

#
#
#
2

G2
F

#
#
#V ∗

ua db

#
#
#
2 +

$

j ( #= i )

#
#
#AP

ij

#
#
#
2

G2
F

#
#
#V ∗

ua db

#
#
#
2 , (7)

where AP
ij represents new physics contribution. Note that, in the second term of r.h.s.

in (7), one should take a sum only for j (neutrinos), because that the neutrino flavor

cannot be detected experimentally. If there is no new physics contribution, rP = 1.

The interaction Lagrangian of the t-channel contribution to the decay width (6) can

be obtained from the superpotential (5);

L = λ′
ijk

%
−(lcL )i (uL )j ( &dR)∗k

'
+ λ′∗

ijk

%
( &dR)k(dL )j (νc

L )i

'
+ h.c.. (8)

4
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Numerical Study (2)

t-channel only

s-channel only

(s+t) channels

cancellation between the s- and t-channel amplitudes!

Using the Fierz transformation, the e! ective Lagrangian which describes thet-channel

squark exchange is given as

Lt
e! =

1
8

3!

k=1

! ′
iak ! ′∗

jbk

m2
"dRk

ø" j #µ(1 ! #5)l i ødb#µ(1 ! #5)ua. (9)

For comparison, we show the e! ective Lagrangian for the W -boson exchange

LSM
e! =

GF"
2

V ∗
ua db

ø" i #µ(1 ! #5)l i ødb#µ(1 ! #5)ua. (10)

Using the decay constantf P which is given by

#0|ødb#µ#5ua|P(q)$= if P qµ, (11)

we Þnd thet-channel squark contribution to the decay P(ua ødb) % li " j as

(AP
t )ij =

1

4
"

2

3!

k=1

! ′
iak ! ′∗

jbk

m2
"dRk

. (12)

The s-channel contribution can be calculated from the interaction Lagrangian

L = ! ijk

#
! (lR)k(" L )j ("lL )i

$
+ ! ′

ijk

#
! (dR)k(uL )j ("lL )i

$
+ h .c.. (13)

The e! ective Lagrangian is given by

Ls
e! = !

1
4

3!

k=1

! ∗
kji ! ′

kab

m2
"lLk

ø" j (1 + #5)l i ødb(1 ! #5)ua. (14)

From (11) and equations of motion for u, d quarks, we Þnd

#0|ødb#5ua|P(q)$= ! i
m2

P

mua + mdb

f P . (15)

Using (15), we obtain the s-channel contribution as

(AP
s )ij = !

1

2
"

2mli

m2
P

mua + mdb

3!

k=1

! ∗
kji ! ′

kab

m2
"lLk

. (16)

The charged Higgs contribution can be calculated from the interaction Lagrangian,

L = V ∗
ua db

%
gmdb"
2mW

tan $dbPL uaH − +
gmua"
2mW

cot $dbPRuaH −
&

+
gmli"
2mW

tan $" i PRli H + + h .c., (17)

where g denotes the SU(2)L gauge coupling constant, and tan$ & #Hu$/ #Hd$ is a ratio

of the vacuum expectation values of two Higgs doubletsHu (the weak hypercharge

Y = 1 / 2) and Hd (Y = ! 1/ 2). We obtain the charged Higgs contribution AP
s from (17)

as

AP
H = ! GF V ∗

ua db

mdb

mua + mdb

m2
P

m2
H !

'

tan2 $ !
mua

mdb

(

. (18)

Note that since leptons in the Þnal state due to the charged Higgs exchange are ßavor

diagonal, the indicesi, j are suppressed in l.h.s. of (18).

5

Using the Fierz transformation, the e! ective Lagrangian which describes the t-channel

squark exchange is given as

L t
e! =

1
8

3!

k=1

! ′
iak! ′∗

jbk

m2
"dRk

"̄ j#µ(1 ! #5)li d̄b#µ(1 ! #5)ua. (9)

For comparison, we show the e! ective Lagrangian for the W -boson exchange

L SM
e! =

GF"
2

V ∗
ua db

"̄ i#µ(1 ! #5)li d̄b#µ(1 ! #5)ua. (10)

Using the decay constant f P which is given by

#0|d̄b#µ#5ua|P(q)$= if P qµ, (11)

we find the t-channel squark contribution to the decay P(uad̄b) % li" j as

(AP
t )ij =

1
4
"

2

3!

k=1

! ′
iak! ′∗

jbk

m2
"dRk

. (12)

The s-channel contribution can be calculated from the interaction Lagrangian

L = ! ijk

#
! (lR)k(" L)j("lL)i

$
+ ! ′

ijk

#
! (dR)k(uL)j("lL)i

$
+ h.c.. (13)

The e! ective Lagrangian is given by

L s
e! = !

1
4

3!

k=1

! ∗
kji!

′
kab

m2
"lLk

"̄ j(1 + #5)li d̄b(1 ! #5)ua. (14)

From (11) and equations of motion for u, d quarks, we find

#0|d̄b#5ua|P(q)$= ! i
m2

P

mua + mdb

f P . (15)

Using (15), we obtain the s-channel contribution as

(AP
s )ij = !

1
2
"

2mli

m2
P

mua + mdb

3!

k=1

! ∗
kji!

′
kab

m2
"lLk

. (16)

The charged Higgs contribution can be calculated from the interaction Lagrangian,

L = V ∗
ua db

%
gmdb"
2mW

tan $dbPLuaH − +
gmua"
2mW

cot $dbPRuaH −
&

+
gmli"
2mW

tan $" iPRliH + + h.c., (17)

where g denotes the SU(2)L gauge coupling constant, and tan $ & #Hu$/ #Hd$ is a ratio

of the vacuum expectation values of two Higgs doublets Hu (the weak hypercharge

Y = 1/ 2) and Hd (Y = ! 1/ 2). We obtain the charged Higgs contribution AP
s from (17)

as

AP
H = ! GF V ∗

ua db

mdb

mua + mdb

m2
P

m2
H !

'

tan2 $ !
mua

mdb

(

. (18)

Note that since leptons in the final state due to the charged Higgs exchange are flavor

diagonal, the indices i, j are suppressed in l.h.s. of (18).

5

[assumptions]

Figure 2: Contribution of RPV interactions to the parameter rDs as functions of the
RPV couplings. Three curves correspond to thet-channel contribution (solid), the s-
channel contribution (dotted) and the sum of s- and t-channel contributions (dashed).
For comparison of contributions from each diagram, we Þx the RPV couplings in both
t- and s-channel diagrams to be equal, i.e.,! 2 ≡ |! !

323|2 = ! !
222!

"
233. The horizontal lines

denote the 1-" bound on rDs from the experimental data.

which represents the sum ofs- and t-channel therDs parameter decreases from unity and

becomes zero (i.e.,GF Vcs + ADs
t ≈ −ADs

s ) around ! 2 ∼ 0.3. For ! 2 ∼> 0.3, the s-channel

contribution eventually dominates over the W-boson andt-channel squark contribution

(GF Vcs + ADs
t % |ADs

s |) and the rDs parameter increases with! 2, which satisÞes the

experimental constraint when ! 2 ∼ 0.65. From Fig. 2 we Þnd the relationADs
t < A Ds

s

holds and this can be understood as follows. When the RPV couplings and sparticle

masses are same in both thet-channel contribution AP
t (12) and the s-channel contri-

bution AP
s (16), the relative magnitudes of two contributions are determined by their

coefficients, 1
4
#

2
for the t-channel and 1

2
#

2
mP
ml i

mP
mUa + mD b

for the s-channel. Note that the

ratio mP
mUa + mD b

is of order unity for P = Ds or B + . On the other hand, the s-channel

contribution AP
s could be enhanced by the ratio mP

ml i
. For li = #, the ratio is mP

m!
∼ 1

for P = Ds and ∼ 3 for P = B + . Therefore, the size ofAP
s is about 2(8) times larger

than AP
t for Ds(B + ) when the RPV couplings and the sparticle masses are common.

It should be mentioned that the s-channel contribution ADs
s is considerably larger for

l = µ(e) than for l = # due to small lepton mass.

In Fig. 3, we show constraints on the RPV couplings fromDs → #$! (left) and

B + → #$! (right). The horizontal axis represents the RPV couplings for t-channel

8
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Fig. 1. Constraints on the RPV couplings from Ds → ! " (left) and B+ → ! " (right). The horizontal axis represents the RPV couplings for the t -channel while the vertical axis
denotes the couplings for the s-channel diagram. The bands correspond to the 1- # allowed range for the r Ds (left) and r B+ (right) parameters, respectively.

f exp
Ds

= 257.3 ± 5.3 [MeV] , (15)

while the HPQCD collaboration has updated their evaluation of the
decay constant f Ds as [17]

f SM
Ds

= 248 ± 2.5 [MeV] . (16)

The discrepancy between Eqs. (15) and (16) is 1.6# , and we Þnd
that the constraint on the r Ds-parameter is

r Ds = 1.04 ± 0.03. (17)

For the leptonic decay B+ → ! " , the experimental data of the
branching ratio have been given by Belle and BABAR [8,9] . The
average of the data and the SM prediction given by the UTÞt col-
laboration [10] is

Br
(
B+ → ! "

)
exp = (1.73 ± 0.34) × 10−4, (18)

Br
(
B+ → ! " !

)
SM = (0.84 ± 0.11) × 10−4. (19)

The difference between (18) and (19) is 2.5# and we Þnd

r B+ = 1.44 ± 0.23. (20)

3. Numerical study

As is shown in Eq. (3), the new physics contributions to the
leptonic decay of a pseudo-scalar meson P consist of the lepton
ßavor diagonal part AP

ii and off-diagonal part AP
i j (i $= j). We study

the contributions of R-parity violating interactions to the diago-
nal part AP

ii [5] in Section 3.1, and the off-diagonal part AP
i j (i $= j)

taking account of the other decay processes in Section 3.2. In our
analysis, we assume that the RPV couplings are real. We consider
exchanges of the left-handed smuon and the right-handed sbottom
in the s- and t -channel diagrams, respectively. Recall that the op-
erator Li L j Ek in Eq. (1) is anti-symmetric for i and j . This is why
we consider the smuon instead of the stau in the s-channel dia-
gram. Throughout in our numerical analysis, the sfermion masses
are Þxed at 100 GeV, and we adopt the central values of the fol-
lowing parameters [24]

|Vcs| = 1.023 ± 0.036, |Vub| = (3.89 ± 0.44) × 10−3,

|Vcb| = (40.6 ± 1.3) × 10−3, mDs = 1968.47 ± 0.33 MeV,

mB+ = 5279.17 ± 0.4 MeV, mB0 = 5279.5 ± 0.5 MeV. (21)

3.1. Constraints on the RPV couplings from the ßavor diagonal Þnal state

In this section, we focus on the Þnal state where the lepton
pair is ßavor diagonal ( ! " ! ), i.e., we set Ai j = 0 in Eq. (3). The
experimental data of both Ds → ! " and B+ → ! " favor the posi-
tive interference between the SM W -boson exchange and the new
physics contribution as shown in Eqs. (17) and (20) . Due to the
sign of r.h.s. in the s-channel slepton exchange (12) and the t -
channel squark exchange (8), those contributions could be canceled
each other when the products of RPV couplings in both s- and t -
channel diagrams have the same sign. In Fig. 1, we show the 1- #
allowed region of the r Ds-parameter (left) and the r B+ -parameter
(right) for mµ̃ L = mb̃R

= 100 GeV. The horizontal axis represents
the RPV couplings for the t -channel diagram while the vertical
axis denotes the couplings for the s-channel diagram. The charged
Higgs boson contributions is negligibly small for Ds → ! " but siz-
able for B+ → ! " when tan $ is large. The dependence of the
charged Higgs boson contributions to the r B+ -parameter is shown
in the right side of Fig. 1 for tan $ = 50. The bands with solid line
are obtained without the charged Higgs boson contribution while
those with dashed line are obtained for mH− = 300 GeV, respec-
tively.

In each band, the inner lines denote the 1- # lower bounds
while the outers are the upper bounds. We Þnd from the Þg-
ures that the allowed region of s-channel couplings shows posi-
tive correlations with the t -channel couplings. This is because the
interference between the s- and t -channel contributions is de-
structive. For Ds → ! " ! , since the t -channel coupling is always
positive ( |%′

323 |2 ! 0), not only the magnitude but also the sign of
s-channel coupling %′

222%∗
233 is strongly constrained. For %′

222%∗
233 "

0, the t -channel coupling |%′
323 |2 should be smaller than 0 .07,

and −0.02 # %′
222%∗

233 " 0 is experimentally allowed in the 1- #
level. For B+ → ! " ! , the s- and t -channel couplings with oppo-

s-ch.
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Fig. 1. Constraints on the RPV couplings from Ds ! τν (left) and B+ ! τν (right). The horizontal axis represents the RPV couplings for the t -channel while the vertical axis
denotes the couplings for the s-channel diagram. The bands correspond to the 1- σ allowed range for the r Ds (left) and r B+ (right) parameters, respectively.

f exp
Ds

= 257.3 ± 5.3 [MeV] , (15)

while the HPQCD collaboration has updated their evaluation of the
decay constant f Ds as [17]

f SM
Ds

= 248 ± 2.5 [MeV] . (16)

The discrepancy between Eqs. (15) and (16) is 1.6σ , and we Þnd
that the constraint on the r Ds-parameter is

r Ds = 1.04 ± 0.03. (17)

For the leptonic decay B+ ! τν , the experimental data of the
branching ratio have been given by Belle and BABAR [8,9] . The
average of the data and the SM prediction given by the UTÞt col-
laboration [10] is

Br
(
B+ ! τν

)
exp = (1.73 ± 0.34) " 10# 4, (18)

Br
(
B+ ! τντ

)
SM = (0.84 ± 0.11) " 10# 4. (19)

The difference between (18) and (19) is 2.5σ and we Þnd

r B+ = 1.44 ± 0.23. (20)

3. Numerical study

As is shown in Eq. (3), the new physics contributions to the
leptonic decay of a pseudo-scalar meson P consist of the lepton
ßavor diagonal part AP

ii and off-diagonal part AP
i j (i $= j). We study

the contributions of R-parity violating interactions to the diago-
nal part AP

ii [5] in Section 3.1, and the off-diagonal part AP
i j (i $= j)

taking account of the other decay processes in Section 3.2. In our
analysis, we assume that the RPV couplings are real. We consider
exchanges of the left-handed smuon and the right-handed sbottom
in the s- and t -channel diagrams, respectively. Recall that the op-
erator Li L j Ek in Eq. (1) is anti-symmetric for i and j . This is why
we consider the smuon instead of the stau in the s-channel dia-
gram. Throughout in our numerical analysis, the sfermion masses
are Þxed at 100 GeV, and we adopt the central values of the fol-
lowing parameters [24]

|Vcs| = 1.023 ± 0.036, |Vub| = (3.89 ± 0.44) " 10# 3,

|Vcb| = (40.6 ± 1.3) " 10# 3, mDs = 1968 .47 ± 0.33 MeV ,

mB+ = 5279 .17 ± 0.4 MeV, mB0 = 5279 .5 ± 0.5 MeV . (21)

3.1. Constraints on the RPV couplings from the ßavor diagonal Þnal state

In this section, we focus on the Þnal state where the lepton
pair is ßavor diagonal ( τντ ), i.e., we set Ai j = 0 in Eq. (3). The
experimental data of both Ds ! τν and B+ ! τν favor the posi-
tive interference between the SM W -boson exchange and the new
physics contribution as shown in Eqs. (17) and (20) . Due to the
sign of r.h.s. in the s-channel slepton exchange (12) and the t -
channel squark exchange (8), those contributions could be canceled
each other when the products of RPV couplings in both s- and t -
channel diagrams have the same sign. In Fig. 1, we show the 1- σ
allowed region of the r Ds-parameter (left) and the r B+ -parameter
(right) for mµ̃L = mb̃R

= 100 GeV. The horizontal axis represents
the RPV couplings for the t -channel diagram while the vertical
axis denotes the couplings for the s-channel diagram. The charged
Higgs boson contributions is negligibly small for Ds ! τν but siz-
able for B+ ! τν when tan β is large. The dependence of the
charged Higgs boson contributions to the r B+ -parameter is shown
in the right side of Fig. 1 for tan β = 50. The bands with solid line
are obtained without the charged Higgs boson contribution while
those with dashed line are obtained for mH# = 300 GeV, respec-
tively.

In each band, the inner lines denote the 1- σ lower bounds
while the outers are the upper bounds. We Þnd from the Þg-
ures that the allowed region of s-channel couplings shows posi-
tive correlations with the t -channel couplings. This is because the
interference between the s- and t -channel contributions is de-
structive. For Ds ! τντ , since the t -channel coupling is always
positive ( |λ%

323|2 � 0), not only the magnitude but also the sign of
s-channel coupling λ%

222λ&
233 is strongly constrained. For λ%

222λ&
233 �

0, the t -channel coupling |λ%
323 |2 should be smaller than 0 .07,

and # 0.02 � λ%
222λ&

233 � 0 is experimentally allowed in the 1- σ
level. For B+ ! τντ , the s- and t -channel couplings with oppo-

1- sigma allowed regions

Using the Fierz transformation, the e! ective Lagrangian which describes thet-channel

squark exchange is given as

Lt
e! =

1
8

3!

k=1

! ′
iak ! ′∗

jbk

m2
"dRk

ø" j #µ(1 ! #5)l i ødb#µ(1 ! #5)ua. (9)

For comparison, we show the e! ective Lagrangian for the W -boson exchange

LSM
e! =

GF"
2

V ∗
ua db

ø" i #µ(1 ! #5)l i ødb#µ(1 ! #5)ua. (10)

Using the decay constantf P which is given by

#0|ødb#µ#5ua|P(q)$= if P qµ, (11)

we Þnd thet-channel squark contribution to the decay P(ua ødb) % li " j as

(AP
t )ij =

1

4
"

2

3!

k=1

! ′
iak ! ′∗

jbk

m2
"dRk

. (12)

The s-channel contribution can be calculated from the interaction Lagrangian

L = ! ijk

#
! (lR)k(" L )j ("lL )i

$
+ ! ′

ijk

#
! (dR)k(uL )j ("lL )i

$
+ h .c.. (13)

The e! ective Lagrangian is given by

Ls
e! = !

1
4

3!

k=1

! ∗
kji ! ′

kab

m2
"lLk

ø" j (1 + #5)l i ødb(1 ! #5)ua. (14)

From (11) and equations of motion for u, d quarks, we Þnd

#0|ødb#5ua|P(q)$= ! i
m2

P

mua + mdb

f P . (15)

Using (15), we obtain the s-channel contribution as

(AP
s )ij = !

1

2
"

2mli

m2
P

mua + mdb

3!

k=1

! ∗
kji ! ′

kab

m2
"lLk

. (16)

The charged Higgs contribution can be calculated from the interaction Lagrangian,

L = V ∗
ua db

%
gmdb"
2mW

tan $dbPL uaH − +
gmua"
2mW

cot $dbPRuaH −
&

+
gmli"
2mW

tan $" i PRli H + + h .c., (17)

where g denotes the SU(2)L gauge coupling constant, and tan$ & #Hu$/ #Hd$ is a ratio

of the vacuum expectation values of two Higgs doubletsHu (the weak hypercharge

Y = 1 / 2) and Hd (Y = ! 1/ 2). We obtain the charged Higgs contribution AP
s from (17)

as

AP
H = ! GF V ∗

ua db

mdb

mua + mdb

m2
P

m2
H !

'

tan2 $ !
mua

mdb

(

. (18)

Note that since leptons in the Þnal state due to the charged Higgs exchange are ßavor

diagonal, the indicesi, j are suppressed in l.h.s. of (18).

5

Using the Fierz transformation, the e! ective Lagrangian which describes the t-channel

squark exchange is given as

L t
e! =

1
8

3!

k=1

! ′
iak! ′∗

jbk

m2
"dRk

"̄ j#µ(1 ! #5)li d̄b#µ(1 ! #5)ua. (9)

For comparison, we show the e! ective Lagrangian for the W -boson exchange

L SM
e! =

GF"
2

V ∗
ua db

"̄ i#µ(1 ! #5)li d̄b#µ(1 ! #5)ua. (10)

Using the decay constant f P which is given by

#0|d̄b#µ#5ua|P(q)$= if P qµ, (11)

we find the t-channel squark contribution to the decay P(uad̄b) % li" j as

(AP
t )ij =

1
4
"

2

3!

k=1

! ′
iak! ′∗

jbk

m2
"dRk

. (12)

The s-channel contribution can be calculated from the interaction Lagrangian

L = ! ijk

#
! (lR)k(" L)j("lL)i

$
+ ! ′

ijk

#
! (dR)k(uL)j("lL)i

$
+ h.c.. (13)

The e! ective Lagrangian is given by

L s
e! = !

1
4

3!

k=1

! ∗
kji!

′
kab

m2
"lLk

"̄ j(1 + #5)li d̄b(1 ! #5)ua. (14)

From (11) and equations of motion for u, d quarks, we find

#0|d̄b#5ua|P(q)$= ! i
m2

P

mua + mdb

f P . (15)

Using (15), we obtain the s-channel contribution as

(AP
s )ij = !

1
2
"

2mli

m2
P

mua + mdb

3!

k=1

! ∗
kji!

′
kab

m2
"lLk

. (16)

The charged Higgs contribution can be calculated from the interaction Lagrangian,

L = V ∗
ua db

%
gmdb"
2mW

tan $dbPLuaH − +
gmua"
2mW

cot $dbPRuaH −
&

+
gmli"
2mW

tan $" iPRliH + + h.c., (17)

where g denotes the SU(2)L gauge coupling constant, and tan $ & #Hu$/ #Hd$ is a ratio

of the vacuum expectation values of two Higgs doublets Hu (the weak hypercharge

Y = 1/ 2) and Hd (Y = ! 1/ 2). We obtain the charged Higgs contribution AP
s from (17)

as

AP
H = ! GF V ∗

ua db

mdb

mua + mdb

m2
P

m2
H !

'

tan2 $ !
mua

mdb

(

. (18)

Note that since leptons in the final state due to the charged Higgs exchange are flavor

diagonal, the indices i, j are suppressed in l.h.s. of (18).
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233, the t-channel coupling
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2 should be smaller than 0.12 and, then,# 0:04 &
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222!
"
233 $ 0 is experimentally allowed in the 2-" level.

ForB% ! #$#, thes- andt-channel couplings with oppo-
site signs are strongly constrained. As seen in Fig.3,
when thet-channel coupling is positive (!0

313!
0"
333 ! 0),

the negatives-channel coupling is constrained to be

# 0:0004& !0
213!

"
233 $ 0. Although the leptonic decays

of Ds andB% mesons are useful to constrain the sign of
the relevant RPV couplings, the size of the couplings
cannot be restricted because of the cancellation among
the diagrams. However, the correlations among the RPV
couplings as shown in Fig.3 may be good information to
test theR-parity violating supersymmetric-SM at the direct
search experiments such as LHC, because some RPV
couplings could be large simultaneously and it may lead
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FIG. 3 (color online). Constraints on the RPV couplings fromDs ! #$# (left) andB% ! #$# (right). The horizontal axis represents
the RPV couplings fort-channel while the vertical axis denotes the couplings fors-channel. The bands with solid line correspond to the
2-" allowed range for therDs

(left) andrB% (right) parameters, respectively. In each Þgure, the inner lines correspond to the 2-" lower
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andrB%, respectively.

FIG. 4. The charged Higgs contributions torDs
(left) andrB% (right) as functions of the charged Higgs boson massmH# . The four

curves (solid, dotted, dashed, and dot-dashed) correspond totan% & 2, 10, 30, and 50, respectively. The vertical line denotes the lower
bound onmH# > 295 GeVfrom theb ! s& decay [28].
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cannot be restricted because of the cancellation among
the diagrams. However, the correlations among the RPV
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Using the Fierz transformation, the e! ective Lagrangian which describes thet-channel

squark exchange is given as

Lt
e! =

1
8

3!

k=1

! ′
iak ! ′∗

jbk

m2
"dRk

ø" j #µ(1 ! #5)l i ødb#µ(1 ! #5)ua. (9)

For comparison, we show the e! ective Lagrangian for the W -boson exchange

LSM
e! =

GF"
2

V ∗
ua db

ø" i #µ(1 ! #5)l i ødb#µ(1 ! #5)ua. (10)

Using the decay constantf P which is given by

#0|ødb#µ#5ua|P(q)$= if P qµ, (11)

we Þnd thet-channel squark contribution to the decay P(ua ødb) % li " j as

(AP
t )ij =

1

4
"

2

3!

k=1

! ′
iak ! ′∗

jbk

m2
"dRk

. (12)

The s-channel contribution can be calculated from the interaction Lagrangian

L = ! ijk

#
! (lR)k(" L )j ("lL )i

$
+ ! ′

ijk

#
! (dR)k(uL )j ("lL )i

$
+ h .c.. (13)

The e! ective Lagrangian is given by

Ls
e! = !

1
4

3!

k=1

! ∗
kji ! ′

kab

m2
"lLk

ø" j (1 + #5)l i ødb(1 ! #5)ua. (14)

From (11) and equations of motion for u, d quarks, we Þnd

#0|ødb#5ua|P(q)$= ! i
m2

P

mua + mdb

f P . (15)

Using (15), we obtain the s-channel contribution as

(AP
s )ij = !

1

2
"

2mli

m2
P

mua + mdb

3!

k=1

! ∗
kji ! ′

kab

m2
"lLk

. (16)

The charged Higgs contribution can be calculated from the interaction Lagrangian,

L = V ∗
ua db

%
gmdb"
2mW

tan $dbPL uaH − +
gmua"
2mW

cot $dbPRuaH −
&

+
gmli"
2mW

tan $" i PRli H + + h .c., (17)

where g denotes the SU(2)L gauge coupling constant, and tan$ & #Hu$/ #Hd$ is a ratio

of the vacuum expectation values of two Higgs doubletsHu (the weak hypercharge

Y = 1 / 2) and Hd (Y = ! 1/ 2). We obtain the charged Higgs contribution AP
s from (17)

as

AP
H = ! GF V ∗

ua db

mdb

mua + mdb

m2
P

m2
H !

'

tan2 $ !
mua

mdb

(

. (18)

Note that since leptons in the Þnal state due to the charged Higgs exchange are ßavor

diagonal, the indicesi, j are suppressed in l.h.s. of (18).
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Using the Fierz transformation, the e! ective Lagrangian which describes the t-channel

squark exchange is given as
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For comparison, we show the e! ective Lagrangian for the W -boson exchange
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V ∗
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"̄ i#µ(1 ! #5)li d̄b#µ(1 ! #5)ua. (10)

Using the decay constant f P which is given by

#0|d̄b#µ#5ua|P(q)$= if P qµ, (11)

we find the t-channel squark contribution to the decay P(uad̄b) % li" j as

(AP
t )ij =

1
4
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. (12)

The s-channel contribution can be calculated from the interaction Lagrangian

L = ! ijk

#
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The e! ective Lagrangian is given by
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From (11) and equations of motion for u, d quarks, we find

#0|d̄b#5ua|P(q)$= ! i
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mua + mdb

f P . (15)

Using (15), we obtain the s-channel contribution as
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The charged Higgs contribution can be calculated from the interaction Lagrangian,

L = V ∗
ua db

%
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tan $dbPLuaH − +
gmua"
2mW

cot $dbPRuaH −
&

+
gmli"
2mW

tan $" iPRliH + + h.c., (17)

where g denotes the SU(2)L gauge coupling constant, and tan $ & #Hu$/ #Hd$ is a ratio

of the vacuum expectation values of two Higgs doublets Hu (the weak hypercharge

Y = 1/ 2) and Hd (Y = ! 1/ 2). We obtain the charged Higgs contribution AP
s from (17)

as

AP
H = ! GF V ∗

ua db

mdb

mua + mdb

m2
P

m2
H !

'
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mdb

(
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Note that since leptons in the final state due to the charged Higgs exchange are flavor

diagonal, the indices i, j are suppressed in l.h.s. of (18).
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¥ combination of opposite sign of s, t-
channel couplings is constrained 
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Using the decay constantf P which is given by

#0|ødb#µ#5ua|P(q)$= if P qµ, (11)

we Þnd thet-channel squark contribution to the decay P(ua ødb) % li " j as
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jbk
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The s-channel contribution can be calculated from the interaction Lagrangian

L = ! ijk
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The charged Higgs contribution can be calculated from the interaction Lagrangian,
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where g denotes the SU(2)L gauge coupling constant, and tan$ & #Hu$/ #Hd$ is a ratio

of the vacuum expectation values of two Higgs doubletsHu (the weak hypercharge
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Note that since leptons in the Þnal state due to the charged Higgs exchange are ßavor

diagonal, the indicesi, j are suppressed in l.h.s. of (18).
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Note that since leptons in the final state due to the charged Higgs exchange are flavor
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Using the Fierz transformation, the e! ective Lagrangian which describes thet-channel

squark exchange is given as
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For comparison, we show the e! ective Lagrangian for the W -boson exchange

LSM
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GF"
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V ∗
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ø" i #µ(1 ! #5)l i ødb#µ(1 ! #5)ua. (10)

Using the decay constantf P which is given by

#0|ødb#µ#5ua|P(q)$= if P qµ, (11)

we Þnd thet-channel squark contribution to the decay P(ua ødb) % li " j as

(AP
t )ij =
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4
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jbk
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. (12)

The s-channel contribution can be calculated from the interaction Lagrangian

L = ! ijk
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! (lR)k(" L )j ("lL )i

$
+ ! ′

ijk

#
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The e! ective Lagrangian is given by
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From (11) and equations of motion for u, d quarks, we Þnd

#0|ødb#5ua|P(q)$= ! i
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Using (15), we obtain the s-channel contribution as
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The charged Higgs contribution can be calculated from the interaction Lagrangian,
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tan $dbPL uaH − +
gmua"
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cot $dbPRuaH −
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+
gmli"
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where g denotes the SU(2)L gauge coupling constant, and tan$ & #Hu$/ #Hd$ is a ratio

of the vacuum expectation values of two Higgs doubletsHu (the weak hypercharge

Y = 1 / 2) and Hd (Y = ! 1/ 2). We obtain the charged Higgs contribution AP
s from (17)
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AP
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Note that since leptons in the Þnal state due to the charged Higgs exchange are ßavor

diagonal, the indicesi, j are suppressed in l.h.s. of (18).
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Using the Fierz transformation, the e! ective Lagrangian which describes thet-channel

squark exchange is given as

Lt
e! =

1
8

3!

k=1

! ′
iak ! ′∗

jbk

m2
"dRk

ø" j #µ(1 ! #5)l i ødb#µ(1 ! #5)ua. (9)

For comparison, we show the e! ective Lagrangian for the W -boson exchange

LSM
e! =

GF"
2

V ∗
ua db

ø" i #µ(1 ! #5)l i ødb#µ(1 ! #5)ua. (10)

Using the decay constantf P which is given by

#0|ødb#µ#5ua|P(q)$= if P qµ, (11)

we Þnd thet-channel squark contribution to the decay P(ua ødb) % li " j as

(AP
t )ij =

1

4
"

2

3!

k=1

! ′
iak ! ′∗

jbk

m2
"dRk

. (12)

The s-channel contribution can be calculated from the interaction Lagrangian

L = ! ijk

#
! (lR)k(" L )j ("lL )i

$
+ ! ′

ijk

#
! (dR)k(uL )j ("lL )i

$
+ h .c.. (13)

The e! ective Lagrangian is given by

Ls
e! = !

1
4

3!

k=1

! ∗
kji ! ′

kab

m2
"lLk

ø" j (1 + #5)l i ødb(1 ! #5)ua. (14)

From (11) and equations of motion for u, d quarks, we Þnd

#0|ødb#5ua|P(q)$= ! i
m2

P

mua + mdb

f P . (15)

Using (15), we obtain the s-channel contribution as

(AP
s )ij = !

1

2
"

2mli

m2
P

mua + mdb

3!

k=1

! ∗
kji ! ′

kab

m2
"lLk

. (16)

The charged Higgs contribution can be calculated from the interaction Lagrangian,

L = V ∗
ua db

%
gmdb"
2mW

tan $dbPL uaH − +
gmua"
2mW

cot $dbPRuaH −
&

+
gmli"
2mW

tan $" i PRli H + + h .c., (17)

where g denotes the SU(2)L gauge coupling constant, and tan$ & #Hu$/ #Hd$ is a ratio

of the vacuum expectation values of two Higgs doubletsHu (the weak hypercharge

Y = 1 / 2) and Hd (Y = ! 1/ 2). We obtain the charged Higgs contribution AP
s from (17)

as

AP
H = ! GF V ∗

ua db

mdb

mua + mdb

m2
P

m2
H !

'

tan2 $ !
mua

mdb

(

. (18)

Note that since leptons in the Þnal state due to the charged Higgs exchange are ßavor

diagonal, the indicesi, j are suppressed in l.h.s. of (18).
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squark exchange is given as
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(AP
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#
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Using (15), we obtain the s-channel contribution as
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2mli

m2
P

mua + mdb

3!

k=1

! ∗
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The charged Higgs contribution can be calculated from the interaction Lagrangian,

L = V ∗
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%
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&

+
gmli"
2mW

tan $" iPRliH + + h.c., (17)

where g denotes the SU(2)L gauge coupling constant, and tan $ & #Hu$/ #Hd$ is a ratio

of the vacuum expectation values of two Higgs doublets Hu (the weak hypercharge

Y = 1/ 2) and Hd (Y = ! 1/ 2). We obtain the charged Higgs contribution AP
s from (17)

as

AP
H = ! GF V ∗

ua db

mdb

mua + mdb

m2
P

m2
H !

'

tan2 $ !
mua

mdb

(
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Note that since leptons in the final state due to the charged Higgs exchange are flavor

diagonal, the indices i, j are suppressed in l.h.s. of (18).
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Using the Fierz transformation, the e! ective Lagrangian which describes thet-channel

squark exchange is given as

Lt
e! =

1
8

3!

k=1

! ′
iak ! ′∗

jbk

m2
"dRk

ø" j #µ(1 ! #5)l i ødb#µ(1 ! #5)ua. (9)

For comparison, we show the e! ective Lagrangian for the W -boson exchange

LSM
e! =

GF"
2

V ∗
ua db

ø" i #µ(1 ! #5)l i ødb#µ(1 ! #5)ua. (10)

Using the decay constantf P which is given by

#0|ødb#µ#5ua|P(q)$= if P qµ, (11)

we Þnd thet-channel squark contribution to the decay P(ua ødb) % li " j as

(AP
t )ij =

1

4
"

2

3!

k=1

! ′
iak ! ′∗

jbk

m2
"dRk

. (12)

The s-channel contribution can be calculated from the interaction Lagrangian

L = ! ijk

#
! (lR)k(" L )j ("lL )i

$
+ ! ′

ijk

#
! (dR)k(uL )j ("lL )i

$
+ h .c.. (13)

The e! ective Lagrangian is given by

Ls
e! = !

1
4

3!

k=1

! ∗
kji ! ′

kab

m2
"lLk

ø" j (1 + #5)l i ødb(1 ! #5)ua. (14)

From (11) and equations of motion for u, d quarks, we Þnd

#0|ødb#5ua|P(q)$= ! i
m2

P

mua + mdb

f P . (15)

Using (15), we obtain the s-channel contribution as

(AP
s )ij = !

1

2
"

2mli

m2
P

mua + mdb

3!

k=1

! ∗
kji ! ′

kab

m2
"lLk

. (16)

The charged Higgs contribution can be calculated from the interaction Lagrangian,

L = V ∗
ua db

%
gmdb"
2mW

tan $dbPL uaH − +
gmua"
2mW

cot $dbPRuaH −
&

+
gmli"
2mW

tan $" i PRli H + + h .c., (17)

where g denotes the SU(2)L gauge coupling constant, and tan$ & #Hu$/ #Hd$ is a ratio

of the vacuum expectation values of two Higgs doubletsHu (the weak hypercharge

Y = 1 / 2) and Hd (Y = ! 1/ 2). We obtain the charged Higgs contribution AP
s from (17)

as

AP
H = ! GF V ∗

ua db

mdb

mua + mdb

m2
P

m2
H !

'

tan2 $ !
mua

mdb

(

. (18)

Note that since leptons in the Þnal state due to the charged Higgs exchange are ßavor

diagonal, the indicesi, j are suppressed in l.h.s. of (18).
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we find the t-channel squark contribution to the decay P(uad̄b) % li" j as
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+
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where g denotes the SU(2)L gauge coupling constant, and tan $ & #Hu$/ #Hd$ is a ratio

of the vacuum expectation values of two Higgs doublets Hu (the weak hypercharge

Y = 1/ 2) and Hd (Y = ! 1/ 2). We obtain the charged Higgs contribution AP
s from (17)

as

AP
H = ! GF V ∗

ua db

mdb
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(
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Note that since leptons in the final state due to the charged Higgs exchange are flavor

diagonal, the indices i, j are suppressed in l.h.s. of (18).
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¥ combination of opposite sign of s, t-
channel couplings is constrained
¥ t-channel coupling is constrained by

   -> for positive t-ch coupling, 
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RPV-LFV interactions

2 Set up

The R-parity violating interactions with trilinear couplings are described by the following

superpotential

W /R =
1
2
λijk Li Lj Ek + λ′

ijk Li Qj Dk +
1
2
λ′′

ijk Ui Dj Dk , (5)

where Q and L are SU(2)L doublet quark and lepton superfields, respectively. The up-

and down-type singlet quark superfields are represented by U and D, while the lepton

singlet superfield is E. The generation indices are labeled by i, j and k. The SU(2)L and

SU(3)C gauge indices are suppressed. The coe! cient λijk is anti-symmetric for i and j,

while λ′′
ijk is anti-symmetric for j and k. For a comprehensive review of the R-parity

violating supersymmetric SM, see, ref. [22]. Constraints on the RPV couplings λijk , λ′
ijk

and λ′′
ijk from various processes have been studied in the literature [23, 24, 25, 26, 18].

Since the baryon number violating coupling λ′′
ijk induces too fast proton decay, we take

λ′′
ijk = 0 in the following. Then, the leptonic decays of Ds and B+ mesons occur through

the t-channel exchange with a product of two λ′ couplings while s-channel exchange is

given by a product of λ and λ′.

Let us briefly summarize the leptonic decay of a pseudo scalar meson P which consists

of the up and (anti-) down-type quarks ua and d̄b, where a, b are generation indices of

quarks. The decay width of P → li νj is given as

" (P → li νj ) =
1
8π

r2
P G2

F |V ∗
ua db

|2f2
P m2

l i mP

!

1 −
m2

l i

m2
P

" 2

(6)

where GF , Vua db ,ml i and mP are the Fermi constant, the Cabibbo-Kobayashi-Maskawa

matrix element, the mass of a charged lepton li and the mass of a pseudo scalar meson

P , respectively. The flavor indices of charged leptons and neutrinos are expressed by i

and j, respectively. The decay constant is denoted by fP . A parameter rP is defined as,

r2
P ≡

#
#
#GF V ∗

ua db
+ AP

ii

#
#
#
2

G2
F

#
#
#V ∗

ua db

#
#
#
2 +

$

j ( #= i )

#
#
#AP

ij

#
#
#
2

G2
F

#
#
#V ∗

ua db

#
#
#
2 , (7)

where AP
ij represents new physics contribution. Note that, in the second term of r.h.s.

in (7), one should take a sum only for j (neutrinos), because that the neutrino flavor

cannot be detected experimentally. If there is no new physics contribution, rP = 1.

The interaction Lagrangian of the t-channel contribution to the decay width (6) can

be obtained from the superpotential (5);

L = λ′
ijk

%
−(lcL )i (uL )j ( &dR)∗k

'
+ λ′∗

ijk

%
( &dR)k(dL )j (νc

L )i

'
+ h.c.. (8)

4

assumptions

¥we set (rp2)ii=1

¥Þnal state: 

¥squark/slepton masses: 
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summary

¥ leptonic decays of Ds and B^+ mesons are studied in SUSY-SM 
with RPV interactions (beyond Òsingle coupling dominance 
hypothesisÓ)

¥ both constructive and destructive interference between s- and t-
channel amplitudes are possible

¥ because of cancellation between s- and t-channels, size of RPV 
couplings cannot be restricted so that production/decay of SUSY 
particles through RPV interactions may be enhanced without 
conßicting the data of leptonic decays

¥ contributions from the ßavor off-diagonal interactions are 
discussed under constraints from LFV experiments
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bound on mH# > 295 GeV from the b ! s& decay [28].
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Using the Fierz transformation, the effective Lagrangian which describes the t-channel

squark exchange is given as

L t
e! =

1
8

3!

k=1

! !
iak ! !"

jbk

m2
"dRk

"̄ j #µ(1 ! #5)l i d̄b#µ(1 ! #5)ua. (9)

For comparison, we show the effective Lagrangian for the W -boson exchange

L SM
e! =

GF"
2

V "
uadb

"̄ i #µ(1 ! #5)l i d̄b#µ(1 ! #5)ua. (10)

Using the decay constant f P which is given by

#0|d̄b#µ#5ua|P(q)$= if P qµ , (11)

we find the t-channel squark contribution to the decay P(uad̄b) % li " j as

(AP
t )ij =

1
4
"

2

3!

k=1

! !
iak ! !"

jbk

m2
"dRk

. (12)

The s-channel contribution can be calculated from the interaction Lagrangian

L = ! ijk

#
! (lR)k(" L )j ("lL )i

$
+ ! !

ijk

#
! (dR)k(uL )j ("lL )i

$
+ h.c.. (13)

The effective Lagrangian is given by

L s
e! = !

1
4

3!

k=1

! "
kji ! !

kab

m2
"lLk

"̄ j (1 + #5)l i d̄b(1 ! #5)ua. (14)

From (11) and equations of motion for u, d quarks, we find

#0|d̄b#5ua|P(q)$= ! i
m2

P

mua + mdb

f P . (15)

Using (15), we obtain the s-channel contribution as

(AP
s )ij = !

1
2
"

2mli

m2
P

mua + mdb

3!

k=1

! "
kji ! !

kab

m2
"lLk

. (16)

The charged Higgs contribution can be calculated from the interaction Lagrangian,

L = V "
uadb

%
gmdb"
2mW

tan $dbPL uaH # +
gmua"
2mW

cot $dbPRuaH #
&

+
gmli"
2mW

tan $" i PRli H + + h.c., (17)

where g denotes the SU(2)L gauge coupling constant, and tan $ & #Hu$/ #Hd$ is a ratio

of the vacuum expectation values of two Higgs doublets Hu (the weak hypercharge

Y = 1/ 2) and Hd (Y = ! 1/ 2). We obtain the charged Higgs contribution AP
s from (17)

as

AP
H = ! GF V "

uadb

mdb

mua + mdb

m2
P

m2
H !

'

tan2 $ !
mua

mdb

(

. (18)

Note that since leptons in the final state due to the charged Higgs exchange are flavor

diagonal, the indices i, j are suppressed in l.h.s. of (18).
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to observation of several productions or decay processes
due to the RPV interactions.

In the minimal supersymmetric standard model with
RPV couplings, in addition to the contributions via squark
and slepton exchanges, the charged Higgs bosonH! also
affect the leptonic decay of a pseudoscalar meson through
the s-channel diagram. We show the charged Higgs con-
tributions torDs

andrBþ as functions of the massmH! in
Fig. 4. In each Þgure, four curves are obtained fortan! ¼
2, 10, 30, and 50. The vertical line denotes the lower bound
on the mass of charged Higgs boson from the experimental
data ofb ! s" , mH! > 295 GeV [28].2 It is easy to see
that the charged Higgs contribution toDs ! #$# is mar-
ginal (smaller than 1%) formH! > 295 GeV. On the other
hand, the contribution toBþ ! #$# could be as large as
80% for tan! ¼ 50. However, it destructively interferes
with the W-boson exchange so that the charged Higgs
contribution is disfavored from the current experimental
data ofBþ ! #$#. Thus, the charged Higgs contribution
cannot explain the deviation between the data and the SM
prediction in the leptonic decay ofBþ meson. Comparison
of constraints on the RPV couplings fromBþ ! #$# with
and without the charged Higgs exchange is shown in Fig.5.

The bands with solid and dotted lines correspond to the
1-% allowed range forrBþ with and without the charged
Higgs exchange, respectively. The contribution of charged
Higgs exchange is estimated formH! ¼ 300 GeV and
tan! ¼ 50, which is a parameter set to give the most
sizable contribution toBþ ! #$# under the experimental
constraints fromb ! s" as shown in Fig.4. The contribu-
tion of the charged Higgs boson slightly alters the allowed
region of the RPV couplings. For example, when the
s-channel RPV couplings are zero (&0

213&
$
233 ¼ 0), the

allowed range of RPV couplings with the charged Higgs
contribution shifts about factor two or three from that
without charged Higgs boson.

IV. SUMMARY

We have investigated the leptonic decays ofDs andBþ

mesons inR-parity violating supersymmetric SM. The
experimental data of leptonic decaysDs ! #$# and
Bþ ! #$# show about 2.4 and 2.5-% deviations from
the SM (lattice QCD) predictions. We found the parame-
ter space of theR-parity violating supersymmetric SM to
explain the above deviations. It was shown that the
interference between thes-channel slepton exchange
and t-channel squark exchange diagrams could be either
constructive or destructive, owing to a choice of relative
sign between the RPV couplings in two diagrams. We
also found that when the relative sign of the RPV cou-
plings between thes- and t-channels is opposite, the
allowed parameter region is strongly restricted from the
experimental data. For example, in case ofDs ! #$#,
the negatives-channel coupling&0

222&
$
233 % 0 is allowed

only when thet-channel coupling isj&0
323j

2 & 0:012. In
case ofBþ ! #$#, the RPV couplings&0

213&
$
233 < 0 in

s-channel and&0
313&

0$
333 > 0 in t-channel are constrained

to be less than10!3. The charged Higgs contribution
always destructively interferes with the SMW-boson
contribution. Taking account of constraints on the
charged Higgs mass from theb ! s" decay, we found
that the charged Higgs contribution to the parameterrDs

is marginal, while that torBþ could be sizable for large
tan! because of the enhancement of the bottom-Yukawa
coupling. We presented how the constraints on RPV
couplings are altered with and without charged Higgs
contribution inBþ ! #$#.

A distinct feature of our work from the previous studies
is that the RPV couplings related toDs ! #$# andBþ !
#$# could be sizablesimultaneouslydue to the positive
correlation between thes- andt-channel diagrams. Since
the expected sensitivity of the RPV couplings at LHC is,
e.g., 0.1Ð0.01 for&0

ijk from the single sparticle production
events with the integrated luminosity

R
dtL ¼ 30 fb!1

[22], the allowed parameter space of the RPV coupling
found in our study will be covered. So our scenario to
explain the deviation in the leptonic decays ofDs andBþ

mesons using the RPV couplings could be tested.
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FIG. 5 (color online). Constraints on the RPV couplings from
Bþ ! #$#. The bands with solid and dotted lines correspond to
the 1-%allowed range for therBþ parameter with and without the
contribution from charged Higgs exchange, respectively. The
contribution of charged Higgs boson is estimated formH! ¼
300 GeV and tan! ¼ 50.

2This constraint has been obtained on Type-II two Higgs
doublet model. Although the Higgs sector in the minimal super-
symmetric standard model has the same structure with the Type-
II two Higgs doublet model, the contributions ofH! to b ! s"
could be canceled with those from charginos. Therefore, the
constraint onmH! which we adopted here corresponds to the
decoupling limit of the chargino so that it may be conservative.
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contribution of charged Higgs boson is estimated formH! #
300 GeVandtan! # 50.

2This constraint has been obtained on Type-II two Higgs
doublet model. Although the Higgs sector in the minimal super-
symmetric standard model has the same structure with the Type-
II two Higgs doublet model, the contributions ofH! to b ! s"
could be canceled with those from charginos. Therefore, the
constraint onmH! which we adopted here corresponds to the
decoupling limit of the chargino so that it may be conservative.
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state of the leptonic decays also contribute to the other LFV pro-
cess, such asτ ! µγ and τ ! µη for Ds ! τν , and B+ ! π+νν̄
and B0 ! &±

i &"
j for B+ ! τν . We show that contributions of

RPV interactions to Ds ! τνµ are suppressed by a few orders of
magnitude compared to the ßavor diagonal case ( τντ ) owing to
the constraints from the other LFV processes, while those for B+

can be as large as τντ .
This Letter is organized as follows. In the next section, we

brießy review the relevant RPV interactions for the leptonic de-
cays of Ds and B+ mesons. The numerical results are presented in
Section 3. Section 4 is devoted to summary and discussions.

2. Set up

The trilinear interactions with R-parity violations are described
by the following superpotential

W /R = 1

2
λi jk Li L j Ek + λ#

i jk Li Q j Dk + 1

2
λ##

i jk Ui D j Dk, (1)

where Q and L are SU(2)L doublet quark and lepton superÞelds,
respectively. The up- and down-type singlet quark superÞelds are
represented by U and D, while the lepton singlet superÞeld is E.
The generation indices are labeled by i , j and k. The SU(2)L and
SU(3)C gauge indices are suppressed. The dimensionless coe ! cient
λi jk is anti-symmetric for i and j , while λ##

i jk is anti-symmetric for

j and k. For a comprehensive review of the R-parity violating su-
persymmetric SM, see Ref. [19] . Constraints on the RPV couplings
λi jk , λ#

i jk and λ##
i jk from various processes have been studied in the

literature [13,20Ð23] . Since the baryon number violating coupling
λ##

i jk induces too fast proton decay, we take λ##
i jk = 0 in the follow-

ing. Then, the leptonic decays of Ds and B+ mesons occur through
the slepton exchange in the s-channel diagram with a product of
λ and λ#, and the squark exchange in the t -channel diagram with
a product of two λ# couplings.

Let us brießy summarize the leptonic decay of a pseudo-scalar
meson P which consists of the up- and (anti-) down-type quarks
ua and db, where a, b are generation indices of quarks. The decay
width of P ! &iν j is given as

Γ (P ! &iν j ) = 1

8π
r 2

PG2
F

!
!V $

uadb

!
!2

f 2
Pm2

&i
mP

"
1 %

m2
&i

m2
P

# 2

(2)

where GF, Vuadb
, m&i and mP are the Fermi constant, the CabibboÐ

KobayashiÐMaskawa matrix element, the mass of a charged lepton
&i and the mass of a pseudo-scalar meson P, respectively. The ßa-
vor indices of charged leptons and neutrinos are expressed by i
and j , respectively. The decay constant is denoted by f P. A param-
eter r P is deÞned as

r2
P &

|GF V $
uadb

+ AP
ii |2

G2
F|V $

uadb
|2 +

$

j('=i )

|AP
i j |2

G2
F|V $

uadb
|2 , (3)

where AP
i j represents new physics contribution. Note that, in the

second term of r.h.s. in Eq. (3), one should take a sum only for
j (neutrinos), because that the neutrino ßavor cannot be detected
experimentally. If there is no new physics contribution, r P = 1.

The interaction Lagrangian of the t -channel contribution to the
decay width (2) can be obtained from the superpotential (1);

L = λ#
i jk

%
%

&
&c

L

'
i (uL) j ((dR)$

k

)
+ λ#

i jk

%&
νc

L

'
i (dL) j ((dR)$

k

)
+ h.c. (4)

Using the Fierz transformation, the effective Lagrangian which de-
scribes the t -channel squark exchange is given as

L t
eff = 1

8

3$

k=1

λ#
iakλ

# $
jbk

m2
(dRk

ν̄ jγ
µ (1 %γ5)&i dbγµ (1 %γ5)ua. (5)

For comparison, we show the effective Lagrangian for the W -boson
exchange

L SM
eff = GF(

2
V $

uadb
ν̄iγ

µ (1 %γ5)&i dbγµ (1 %γ5)ua. (6)

Using the decay constant f P which is deÞned by

)0|dbγ
µ γ5ua

!
!P(q)

*
= i f Pqµ , (7)

we Þnd the t -channel squark contribution to the decay P(uadb) !
&iν j as

&
AP

t

'
i j = 1

4
(

2

3$

k=1

λ#
iakλ

# $
jbk

m2
(dRk

. (8)

The s-channel contribution can be calculated from the interac-
tion Lagrangian

L = λi jk
%
%(&R)k(νL) j ((&L)i

)
+ λ#

i jk

%
%(dR)k(uL) j ((&L)i

)
+ h.c. (9)

The effective Lagrangian is given by

L s
eff = %

1

4

3$

k=1

λ$
kji λ

#
kab

m2
l̃Lk

ν̄ j (1 + γ5)&i db(1 %γ5)ua. (10)

From Eq. (7) and equations of motion for u- and d-quarks, we Þnd

)0|dbγ5ua

!
!P(q)

*
= %i

m2
P

mua + mdb

f P. (11)

Using Eq. (11) , we obtain the s-channel contribution as

&
AP

s

'
i j = %

1

2
(

2m&i

m2
P

mua + mdb

3$

k=1

λ$
kji λ

#
kab

m2
(&Lk

. (12)

The charged Higgs contribution can be calculated from the in-
teraction Lagrangian,

L = V $
uadb

+
gmdb(
2mW

tan βdb PLua H% + gmua(
2mW

cot βdb PRuaH%
,

+ gm&i(
2mW

tan βν̄i PR&i H
+ + h.c., (13)

where g denotes the SU(2)L gauge coupling constant, and tan β &
)Hu*/ )Hd* is a ratio of the vacuum expectation values of two Higgs
doublets Hu (the weak hypercharge Y = 1/ 2) and Hd (Y = %1/ 2).
We obtain the charged Higgs contribution AP

s from Eq. (13) as

AP
H = %GF V $

uadb

mdb

mua + mdb

m2
P

m2
H%

"
tan2 β %

mua

mdb

#
. (14)

Since leptons in the Þnal state due to the charged Higgs ex-
change are ßavor diagonal, the indices i , j are suppressed in l.h.s.
of Eq. (14) . Note that the overall sign of the r.h.s. of Eq. (14) is op-
posite compared to the W -boson exchange (6), the charged Higgs
boson contribution destructively interferes with the W -boson con-
tribution when tan 2 β > mua / mdb

.
Next we summarize the experimental data and constraints on

the parameter r P for P = Ds and B+. Comparison of the experi-
mental results of leptonic decay of Ds meson is often presented in
terms of the decay constant f Ds. The world average of the experi-
mental data of Ds ! τν has been given by HFAG as [18]
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state of the leptonic decays also contribute to the other LFV pro-
cess, such asτ ! µγ and τ ! µη for Ds ! τν , and B+ ! π+ ν øν
and B0 ! &±

i &"
j for B+ ! τν . We show that contributions of

RPV interactions to Ds ! τνµ are suppressed by a few orders of
magnitude compared to the ßavor diagonal case ( τντ ) owing to
the constraints from the other LFV processes, while those for B+

can be as large as τντ .
This Letter is organized as follows. In the next section, we

brießy review the relevant RPV interactions for the leptonic de-
cays of Ds and B+ mesons. The numerical results are presented in
Section 3. Section 4 is devoted to summary and discussions.

2. Set up

The trilinear interactions with R-parity violations are described
by the following superpotential

W /R =
1

2
λi jk Li L j Ek + λ#

i jk Li Q j Dk +
1

2
λ##

i jk Ui D j Dk, (1)

where Q and L are SU(2)L doublet quark and lepton superÞelds,
respectively. The up- and down-type singlet quark superÞelds are
represented by U and D, while the lepton singlet superÞeld is E.
The generation indices are labeled by i , j and k. The SU(2)L and
SU(3)C gauge indices are suppressed. The dimensionless coe fficient
λi jk is anti-symmetric for i and j , while λ##

i jk is anti-symmetric for

j and k. For a comprehensive review of the R-parity violating su-
persymmetric SM, see Ref. [19] . Constraints on the RPV couplings
λi jk , λ#

i jk and λ##
i jk from various processes have been studied in the

literature [13,20Ð23] . Since the baryon number violating coupling
λ##

i jk induces too fast proton decay, we take λ##
i jk = 0 in the follow-

ing. Then, the leptonic decays of Ds and B+ mesons occur through
the slepton exchange in the s-channel diagram with a product of
λ and λ#, and the squark exchange in the t -channel diagram with
a product of two λ# couplings.

Let us brießy summarize the leptonic decay of a pseudo-scalar
meson P which consists of the up- and (anti-) down-type quarks
ua and db, where a, b are generation indices of quarks. The decay
width of P ! &iν j is given as

Γ (P ! &iν j ) =
1

8π
r 2

PG2
F

!
!V $

uadb

!
!2

f 2
Pm2

&i
mP

"
1 %

m2
&i

m2
P
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(2)

where GF, Vuadb
, m&i and mP are the Fermi constant, the CabibboÐ

KobayashiÐMaskawa matrix element, the mass of a charged lepton
&i and the mass of a pseudo-scalar meson P, respectively. The ßa-
vor indices of charged leptons and neutrinos are expressed by i
and j , respectively. The decay constant is denoted by f P. A param-
eter r P is deÞned as

r2
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where AP
i j represents new physics contribution. Note that, in the

second term of r.h.s. in Eq. (3), one should take a sum only for
j (neutrinos), because that the neutrino ßavor cannot be detected
experimentally. If there is no new physics contribution, r P = 1.

The interaction Lagrangian of the t -channel contribution to the
decay width (2) can be obtained from the superpotential (1);

L = λ#
i jk

%
%

&
&c

L

'
i (uL) j ((dR)$

k

)
+ λ#

i jk

%&
νc

L

'
i (dL) j ((dR)$

k

)
+ h.c. (4)

Using the Fierz transformation, the effective Lagrangian which de-
scribes the t -channel squark exchange is given as

Lt
eff =

1

8

3$

k= 1

λ#
iakλ

# $
jbk

m2
(dRk

øν jγ
µ (1 %γ5)&i dbγµ (1 %γ5)ua. (5)

For comparison, we show the effective Lagrangian for the W -boson
exchange

LSM
eff =

GF(
2

V $
uadb

øνiγ
µ (1 %γ5)&i dbγµ (1 %γ5)ua. (6)

Using the decay constant f P which is deÞned by

)0|dbγ
µ γ5ua

!
!P(q)

*
= i f Pqµ , (7)

we Þnd the t -channel squark contribution to the decay P(uadb) !
&iν j as
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'
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1

4
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2
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. (8)

The s-channel contribution can be calculated from the interac-
tion Lagrangian

L = λi jk
%
%(&R)k(νL) j ((&L)i

)
+ λ#

i jk

%
%(dR)k(uL) j ((&L)i
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+ h.c. (9)

The effective Lagrangian is given by
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From Eq. (7) and equations of motion for u- and d-quarks, we Þnd
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!P(q)

*
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mua + mdb

f P. (11)

Using Eq. (11) , we obtain the s-channel contribution as

&
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2m&i
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P

mua + mdb
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k= 1

λ$
kji λ
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The charged Higgs contribution can be calculated from the in-
teraction Lagrangian,

L = V $
uadb

+
gmdb(
2mW

tan βdb PLua H% +
gmua(
2mW

cot βdb PRuaH%
,

+
gm&i(
2mW

tan β øνi PR&i H
+ + h.c., (13)

where g denotes the SU(2)L gauge coupling constant, and tan β &
)Hu*/ )Hd* is a ratio of the vacuum expectation values of two Higgs
doublets Hu (the weak hypercharge Y = 1/ 2) and Hd (Y = %1/ 2).
We obtain the charged Higgs contribution AP

s from Eq. (13) as

AP
H = %GF V $

uadb

mdb

mua + mdb

m2
P

m2
H%

"
tan2 β %

mua

mdb

#
. (14)

Since leptons in the Þnal state due to the charged Higgs ex-
change are ßavor diagonal, the indices i , j are suppressed in l.h.s.
of Eq. (14) . Note that the overall sign of the r.h.s. of Eq. (14) is op-
posite compared to the W -boson exchange (6), the charged Higgs
boson contribution destructively interferes with the W -boson con-
tribution when tan 2 β > mua / mdb

.
Next we summarize the experimental data and constraints on

the parameter r P for P = Ds and B+ . Comparison of the experi-
mental results of leptonic decay of Ds meson is often presented in
terms of the decay constant f Ds. The world average of the experi-
mental data of Ds ! τν has been given by HFAG as [18]
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Fig. 2. The Feynman diagram of the t -channel squark exchange in Ds ! ! " (left) and the LFV process ! ! µ# (right).

Fig. 3. The ßavor off-diagonal contributions to the r Ds -parameter as a function of RPV couplings. The vertical line denotes the experimental bound on the RPV couplings from
! ! µ# .

site signs are strongly constrained. As can be seen in Fig. 1, when
the t -channel coupling is positive ( $"

313$" #
333 ! 0), the negative s-

channel coupling is constrained to be $ 0.0004 " $"
213$#

233 # 0
when there is no charged Higgs contribution. Although the lep-
tonic decays of Ds and B+ mesons are useful to constrain the sign
of the relevant RPV couplings, the size of the couplings cannot
be restricted because of the cancellation between the s- and t -
channel diagrams. However, since several RPV couplings could be
large simultaneously, it may lead to observation of productions or
decay processes of SUSY particles due to the RPV interactions at
LHC.

3.2. Constraints on the RPV couplings from the Þnal state with lepton
ßavor violation

We have so far neglected the contributions of RPV interactions
to the ßavor off-diagonal part, AP

i j in Eq. (3). In this subsection we

examine AP
i j taking account of experimental bounds on the RPV

couplings from the other lepton ßavor violating processes. Since
the lepton ßavor off-diagonal terms in Eq. (3) are always posi-
tive, one may expect that the deviation from the SM prediction
could be explained by these terms when the ßavor diagonal con-
tribution AP

ii is negligible due to the cancellation between the s-

and t -channel diagrams. We set, therefore, AP
ii = 0 in the following

analysis.

3.2.1. Ds ! ! "
First we examine Ds ! ! " . As shown in Fig. 2, replacing

(sL, " µ ) in the t -channel diagram by (cL, µ L), we obtain the Feyn-
man diagram for the lepton ßavor violating process ! ! µ# . For
! ! µ# , the relevant RPV couplings are $"

32i $
"
22i where i denotes

the generation index of the right-handed down squark. Constraints
on $"

32i $
"
22i from ! ! µ# have been studied in Ref. [16] using the

experimental data given by Belle [25] as

Br(! ! µ#) < 4.5 %10$ 8. (22)

They found the constraint on the RPV couplings $"
32i $

"
22i < 9%10$ 2

for m!dR
= 300 GeV. Since we adopt m!dR

= 100 GeV as a reference
value in our numerical study, the constraint on the RPV coupling
can be read as

$"
32i $

"
22i < 1 %10$ 2. (23)

The bound (23) will be as small as $"
32i $

"
22i < 4 %10$ 3 for Br (! !

µ#) < 1 %10$ 8 which is expected to be achieved at future super-
B-factory with the integrated luminosity 5 ab $ 1 [26] .

We introduce a parameter %r P (P = Ds, B+ ) to estimate the
contributions of the RPV interactions as

%r P & r P $ (r P)SM
"
P = Ds, B+ #

, (24)

where (r P)SM = 1. In Fig. 3 (left), the parameter %r Ds is shown as a
function of the RPV coupling $"

32i $
"
22i . The vertical line denotes the
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Fig. 2. The Feynman diagram of the t -channel squark exchange in Ds ! τν (left) and the LFV process τ ! µγ (right).

Fig. 3. The ßavor off-diagonal contributions to the r Ds -parameter as a function of RPV couplings. The vertical line denotes the experimental bound on the RPV couplings from
τ ! µγ .

site signs are strongly constrained. As can be seen in Fig. 1, when
the t -channel coupling is positive ( λ"

313λ" #
333 ! 0), the negative s-

channel coupling is constrained to be $ 0.0004 " λ"
213λ#

233 # 0
when there is no charged Higgs contribution. Although the lep-
tonic decays of Ds and B+ mesons are useful to constrain the sign
of the relevant RPV couplings, the size of the couplings cannot
be restricted because of the cancellation between the s- and t -
channel diagrams. However, since several RPV couplings could be
large simultaneously, it may lead to observation of productions or
decay processes of SUSY particles due to the RPV interactions at
LHC.

3.2. Constraints on the RPV couplings from the Þnal state with lepton
ßavor violation

We have so far neglected the contributions of RPV interactions
to the ßavor off-diagonal part, AP

i j in Eq. (3). In this subsection we

examine AP
i j taking account of experimental bounds on the RPV

couplings from the other lepton ßavor violating processes. Since
the lepton ßavor off-diagonal terms in Eq. (3) are always posi-
tive, one may expect that the deviation from the SM prediction
could be explained by these terms when the ßavor diagonal con-
tribution AP

ii is negligible due to the cancellation between the s-

and t -channel diagrams. We set, therefore, AP
ii = 0 in the following

analysis.

3.2.1. Ds ! τν
First we examine Ds ! τν . As shown in Fig. 2, replacing

(sL,νµ) in the t -channel diagram by (cL,µL), we obtain the Feyn-
man diagram for the lepton ßavor violating process τ ! µγ . For
τ ! µγ , the relevant RPV couplings are λ"

32iλ
"
22i where i denotes

the generation index of the right-handed down squark. Constraints
on λ"

32iλ
"
22i from τ ! µγ have been studied in Ref. [16] using the

experimental data given by Belle [25] as

Br(τ ! µγ ) < 4.5 %10$ 8. (22)

They found the constraint on the RPV couplings λ"
32iλ

"
22i < 9%10$ 2

for m!dR
= 300 GeV. Since we adopt m!dR

= 100 GeV as a reference
value in our numerical study, the constraint on the RPV coupling
can be read as

λ"
32iλ

"
22i < 1 %10$ 2. (23)

The bound (23) will be as small as λ"
32iλ

"
22i < 4 %10$ 3 for Br (τ !

µγ ) < 1 %10$ 8 which is expected to be achieved at future super-
B-factory with the integrated luminosity 5 ab $ 1 [26] .

We introduce a parameter %r P (P = Ds, B+) to estimate the
contributions of the RPV interactions as

%r P & r P $ (r P)SM
"
P = Ds, B+#

, (24)

where (r P)SM = 1. In Fig. 3 (left), the parameter %r Ds is shown as a
function of the RPV coupling λ"

32iλ
"
22i . The vertical line denotes the
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