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Outline
 Rare charm decays

experimental results

fDs puzzle: laVce – experiment in

Ds → lνl

Are there any correla?ons between NP in
D → µ+ µ− ?

Ds → lνl and

Leptoquarks mediated tree level processes
general approach , GUT SU(5) and proton decay
•SM allowed (charged current)
•SM forbidden at tree level
FCNCs
LFV

 Summary

Rare charm decays: experimental results

Belle and
In 2008

D → Xγ

can be understood within
SM ‐long distance contribu?ons

Dilepton rare charm decays
CDF result (2008)

BR(D → µ+ µ− ) < 4.3 × 10−7

EPS (2009), Belle col. improvement!

BR(D → µ+ µ− ) < 1.4 × 10−7

Lepton ﬂavor viola?ng processes
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possibility for new physics
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Ds → lνl

disagreement between experimental and laVce result

D → lνl

laVce and experiment are in agreement

Are there any correla?ons between NP in

D → µ+ µ−

?

D → lνl and

Puzzle!

from P. Onysi, CHARM (2009)

fDs
Dobrescu and Kronfeld (2008) have suggested that charged Higgs or scalar
leptoquarks can explain the laVce‐experiment discrepancy.

LQ

( I. Doršner , S.F., J. F. Kamenik and N. Košnik ; 0906.5585 )
We consider all possible renormalizable leptoquark interac?ons with SM mager ﬁelds.

Leptoquarks

 Singlets
 Doublets
 Triplets

SU(2)L

Leptoquarks

Experimentally they have been searched directly:

DØ Collabora?on
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 leptoquarks and proton decay
?
leptoquarks in low energy physics
leptoquarks

diquarks

dangerous for proton decay
should be much above
electroweak scale.

“genuine “ leptoquark: couples to quark and lepton
If one requires that leptoquarks contribute only at tree
level , then one can talk about:

SU (3)c × SU (2)L × U (1)Y gauge groups:
(3, 3, −1/3), (3̄, 2, −7/6) and (3, 1, −1/3)
only doublet is “genuine” leptoquark
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Relevant fermion mass matrices are

mass matrices

one Higgs (only) in 5, at GUT scale
Higgs in 5

MET = MD

Higgs in 45

MET = −3MD

In this approach
both are needed

Leptoquarks
45H = (∆1 , ∆2 , ∆3 , ∆4 , ∆5 , ∆6 , ∆7 ) =
(8, 2, 1/2)⊕(6, 1, −1/3)⊕(3, 3, −1/3)⊕(3, 2, −7/6)⊕(3, 1, −1/3)⊕(3, 1, 4/3)⊕
(1, 2, 1/2)

Proton decay and triplet, doublet and singlet of LQ
triplet ∆3 = (3, 3, −1/3)

10-5-45∗H
10-10-45H

lepton‐quark pair coupling with the LQ triplet
quark‐quark coupling with the LQ triplet
doublet

no proton
decay

∆4 = (3̄, 2, −7/6)

It cannot couple to quark – quark pair even via mixing with Higgs doublet and
other Higgs states.
singlet ∆5 = (3, 1, −1/3)

10-10-45H
10-5̄-45∗ H

lepton‐quark pair coupling with the LQ triplet, if only this
term is present no proton instability
quark‐quark –LQ , absence of this contrac?on, proton stable

Contrac?on of 10, 10 and 45 can lead to proton decay, but SUSY SU(5) GUT suﬃciently
suppresses proton decay.

Fermion weak doublets
weak

f1
f2

mass – eigen basis

(Blum, Grossman, Nir and Perez 0903.2118)
CKM and PMNS matrix

K − K̄, D − D̄

3 x 3 Yukawa matrix in the weak basis
rota?ons are assigned to down‐type
quarks and neutrions
quark‐mass eigen states:

We use parameteriza?on

d! = cos θc d + sin θc s, s! = − sin θc d + cos θc s
Vus = −Vcd = sin θc = 0.225
( good approxima?on – to neglect eﬀects of the third genera?on)

If the YLQ matrix had all rows, except for the q-th one, set to zero, which
would correspond to leptoquark coupling only to uq , one would still get nonzero couplings to all three left-handed down-quarks.
an?nuetrino in a process the factor
(neutrino)
Neutrinos are not tagged in present experiment
The sum over all neutrino species gives

(equivalent to the absence of neutrino mixing!)

Triplet leptoquarks

arbitrary 3x3 matrix

−4/3

Leptoquark triplet

∆3
−1/3
∆3
2/3
∆3

Ỹ3sτ Ỹ3sµ∗ , Ỹ3dτ Ỹ3dµ∗ and
Y3uτ Y3uµ∗ =(cos θc Ỹ3dτ + sin θc Ỹ3sτ )(cos θc Ỹ3dµ∗ + sin θc Ỹ3sµ∗ )
these couplings are not independent

We consider contribu?ons to following processes:
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Ds → µνµ
Ds → τ ντ
τ → ηµ
τ → πµ
τ → Kµ
K → µνµ
K + → π + ν ν̄
KL → µ+ µ−

πµ/τ ≡ Br(τ → πν)/Br(π → µν) = 0.1092(7)
(also for K)

constraints

Y3uτ Y3uµ∗ =(cos θc Ỹ3dτ + sin θc Ỹ3sτ )(cos θc Ỹ3dµ∗ + sin θc Ỹ3sµ∗ )

In triplet LQ scenario one needs one of the measured decay widths

to reproduce
and using laVce result

(y3τ )2 sin φ cos φ(− tan θc + tan φ)/m2∆3
SM correc?on

two solu?ons

to sa?sfy

D → τ ντ and πµ,τ

one needs either:

1. leptoquarks couple only to s but not to d quark
and sizable
2. leptoquarks couple only to c but not to u quark
sizable

K + → π + ν ν̄
Br(τ → Kν)/Br(K → µν)
Br(D → µν) = 3.8(4) × 10−4

agrees with SM

If Ỹ3sτ sizable, then Ỹ3sµ ∼ 0 from τ → ηµ decay width

addi?onal constraint comes from

KL → µ+ µ−

Combining these two constraints a triplet explana?on is completely
excluded!

Kµ,τ

Our assump?on:
Leptoquark mul?plet are nearly degenerate

We require :
 all the measured constraints to be sa?sﬁed within one standard devia?on
(at 68 %C.L.)
 for the upper we use 90% C.L. limit

Combined bounds on triplet LQ parameters in two‐genera?on case.
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Doublet Leptoquarks

Δ2
_
q

−5/3

∆2

ν

In SU(5)

10 and 5 with 45∗H

We consider constraints
coming from

−2/3

∆2

10 and 10 being contracted with 45H .

Ds → lνl
D0 → µ+ µ−
KL → µ+ µ−

and LFV

τ → ηµ

the couplings of lez‐handed down and up type
quarks are misaligned
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)

The measurement of

directly constraints

For the numerical analysis we use parameteriza?on:

chosen

we vary

µ
µ
y2L
and y2R

(keep in mind that ﬁrst genera?on (

keeping ﬁxed

) is strongly constrained)

l

+

allowed region!

Combined bounds on the doublet LQ.

‐ far from being conclusive in doublet case (D decay mode is not
measured)
‐no strong experimental bound on FCNC in up sector involving tau
(doublet leptoquarks do not contribute to
)

∼
perturba?ve treatment for couplings

with present bound

m∆2 ∼ 1.4 TeV

with new improved bound
(Belle EPS, 2009)

BR(D → µ+ µ− ) < 1.4 × 10−7

Doublet

excluded!

−1/3
∆1

this terms gives modiﬁca?on in
the same term as in MSSM R parity viola?ng

we use

Ds → τ ντ

free parameters can be chosen as an overall amplitude

and two angles:

sµ
cµ
= y1µ cos ω cos φ and
Ỹ1L
= y1µ sin ω, Y1R
uµ
Y1R
= y1µ cos ω sin φ

bound from perturba?on approach:
numerical ﬁt

to above constraints constraints leads to

 exp. result for
cannot be reproduced within one standard
devia?on without viola?ng any other constraints.

 but, due to the lack of exp. informa?on on FCNC in up sector, leaves the verdict on
singlet leptoquark in
open .

Rare decay

Experimentally:
this includes contribu?ons of

resonances

SM long distance contribu?ons almost saturate this result.

S.F. and N. Kosnik (2009), S.F., N.K. and S. Prelovsek (2007)

there is much stronger bound

Present experimental bound on the
rate leads to the rate
two order of magnitude smaller than the SM result.

should focus on the low and large q 2 region

Summary:
 Scalar leptoquarks cannot explain both Ds → lν decay widths, due to
constraints coming from precision kaon, tau and D mesons.
 The triplet leptoquark is excluded from contribu?ng to any of the
widths.
 Sizable contribu?ons due to single right‐handed down squark exchange in
RPV supersymmetric models are also excluded.

Ds → µν
 The doublet contribu?on in D 0 → µ+ µ− is excluded with the new
Belle bound.

Future perspec?ve

Possible signatures of LQ
in Ds → τ ν

Br(J/ψ → τ + τ − )

at the level of 10
(probably beyond the reach of BESIII)

Br(t → cτ + τ − )

at the level of

−11

10−5

(close to the limi?ng sensi?vity of the LHC)

D − D̄ and K − K̄ oscillations
0

0

0

0

Doublet leptoquarks
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