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Motivation to do this study

I There is a 2.8 σ discrepancy between the τ+ → π+Ks ν̄� rate
asymmetry measured by BaBar
(A�;exp

CP = −3.6(2.3)(1.1)× 10�3) 2 and the one coming from
the expected value due to K 0 − K̄ 0 mixing
(A�;SM

CP = 3.6(1)× 10�3) 3, where

A�CP =
Γ(τ+ → π+KS ν̄� )− Γ(τ� → π�KSν� )

Γ(τ+ → π+KS ν̄� ) + Γ(τ� → π�KSν� )

I The Ksπ
� spectrum, particularly the first few Belle data

points cannot be explained within the SM.

2J. P. Lees et al. [BaBar Collaboration], Phys. Rev. D 85, 031102 (2012)
Erratum: [Phys. Rev. D 85, 099904 (2012)].

3I. I. Bigi and A. I. Sanda, Phys. Lett. B 625, 47 (2005).
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τ− → KSπ
−ντ spectrum

Figure: Distribution of τ� → KSπ
�ν� events measured by Belle4

5

4Belle Collaboration, Phys. Lett. B 654 (2007) 65.
5A. Pich, Prog. Part. Nucl. Phys. 75, 41 (2014)
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Motivation to do this study

I See if the bounds of NP coming from the e�ective couplings
are competitive with the bounds coming from Kaon and
Hyperon decays6.

6M. Gonz�alez-Alonso and J. Martin Camalich, JHEP1612, 052 (2016).
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E�ective theory analysis of� � ! � � �us

The e�ective lagrangian density constructed with dimension six
operators and invariant under theSU(2)L 
 U(1) group has the
following form,

L (e� ) = L SM +
1
� 2

X

i

� i Oi

5/36



E�ective theory analysis of� � ! � � �us

We can explicitly construct the low-scale O(1GeV) e�ective
lagrangian for semi-leptonic transitions as follows:

L cc = �
GF Vusp

2
(1 + � L + � R)

�
h
��  � (1 �  5)� � � �u[ � � (1 � 2�̂ R) �  5]s

+ �� (1 �  5)� � � �u[�̂ s � �̂ p 5]s

+ 2 �̂ T �� � �� (1 �  5)� � � �u� �� s
i

+ h:c ;

where ^� i = � i =(1 + � L + � R) for i = R; S; P; T .
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Amplitude
Due to the parity of pseudoscalar mesons, only the vector, scalar
and tensor currents give a non-zero contribution to the decay
amplitude7

M = M V + M S + M T

=
GF Vus

p
SEWp

2
(1 + � L + � R)

� [L� H � + �̂ SLH + 2 �̂ T L�� H �� ] ;

where the leptonic currents have the following structure,

L� = �u(p
0
) � (1 �  5)u(p) ;

L = �u(p
0
)(1 +  5)u(p) ;

L�� = �u(p
0
)� �� (1 +  5)u(p) ;

7E. A. Garc�es, M. Hern�andez Villanueva, G. L�opez Castro and P. Roig,
JHEP 1712, 027 (2017).
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Amplitude

The Hadronic matrix elements for� � ! �K 0� � � � are given as
follows,

H � = h� � �K 0j �s � uj0i = Q� F+ (s) +
� K �

s
q� F0(s) ;

H = h� � �K 0j �suj0i = Fs(s) ;

H �� = h� � �K 0j �s� �� uj0i = iFT (s)(p�
K p�

� � p�
� p�

K ) ;

whereq� = ( p� + pK ) � , Q� = ( pK � p� ) � � � K �
s q� , s = q2, and

� ij = m2
i � m2

j .
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Amplitude

Similarly for the� � ! K � � 0� � decay we have,p
2FK � � 0

0;+ ;T (s) = F �K 0� �

0;+ ;T (s).
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Simpli�cations in the leptonic part

The vector and the scalar currents are related through the Dirac
equation in the following way,

L =
L� q�

M�
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Simpli�cations in the Hadronic part

Similarly one can �nd a relation between the scalar and the vector
hadronic matrix elements by taking the four-divergence of the
vector matrix element,

Fs(s) =
� K �

ms � mu
F0(s)
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Total simpli�cation

We conclude that the scalar and vector contributions can be
treated jointly by doing the convenient replacement:

� K �

s
!

� K �

s

�
1 +

s�̂ s

M� (ms � mu)

�
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Squared amplitude

The unpolarized spin-averaged squared amplitude is given by:

�jMj 2 =
G2

F jVusj2SEW

2
(1 + � L + � R)2

� (M0+ + MT + + MT 0 + M00 + M++ + MTT )
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Vector and Scalar Form Factors

Here we bene�t from previous works for the VFF and SFF cases.
The VFF is taken from ref.8 and the SFF is taken from ref.9.

8D. R. Boito, R. Escribano and M. Jamin, Eur. Phys. J. C59, 821 (2009).
9M. Jamin, J. A. Oller and A. Pich, Phys. Rev. D74, 074009 (2006).
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Tensor Form Factor

For the TFF we obtain its normalization at zero momentum
transfer using� PT with tensor sources10 and Lattice data11 and
its energy dependence using a dispersion relation12.

ih� � �K 0j
� L

� �t ��
j0i =

� 2

F2

�
p�

K p�
0 � p�

0 p�
K

�
:

FT (s)
FT (0)

= exp

"
s
�

Z scut

s� K

ds
0 � T (s

0
)

s0(s0 � s � i � )

#

;

wheres� K = ( m �K 0 + m� � )2.

10O. Cata and V. Mateu, JHEP0709, 078 (2007).
11I. Baum, V. Lubicz, G. Martinelli, L. Ori�ci and S. Simula, Phys. Rev. D

84, 074503 (2011).
12J. A. Miranda and P. Roig, JHEP1811, 038 (2018).
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Tensor Form Factor

Figure: Modulus and phase,jFT (s)j (left) and � T (s) = � + (s) (right), of
the tensor form factor,FT (s). On the left plot, the dotted line
corresponds toscut = 9 GeV2, the dashed one toscut = 4 GeV2, and the
solid one toscut = M 2

� .
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Dalitz Plots

Figure: Dalitz plot distributionjMj 2
00 in the SM: Di�erential decay

distribution for � � ! KS� � � � in the (s; t ) variables (left), and in the
(s; cos� ) variables (right)
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