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ACP tension

The theoretical value and experimental measurement of the CP asymmetry
in the decay widht of τ → Ksπντ are given respectively by [2, 6]

Ath
CP = 3.32(6)× 10−3 (1)

Aexp
CP = −3.6(2.3)(1.1)× 10−3 (2)

this sign difference implies a 2.8σ discrepancy.
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An early approach to solve the tension

To get CPV, interference between amplitudes is needed

Aj = |Aj | e iδ
s
j e iδ

w
j (3)

ACP ∝ |A1 +A2| −
∣∣Ā1 + Ā2

∣∣
= −4 |A1| |A2| sin δs sin δw , (4)

with relative weak and strong phases given by

δs(w) = δ
s(w)
1 − δ

s(w)
2 . (5)

Relying on this simple fact, Ref. [3], considered heavy new physics effects
in the form of interactions between tensor (NP) and SM currents to
explain the anomaly. Later on, effective field theory methods challenged
this possibility.

Daniel Arturo López Aguilar, Javier Rendón, Pablo Roig (VFU)SILAFAE Nov 2024 3 / 29



Low-energy Effective Field Theory Computation

The most general Fermi-like effective Lagrangian for the
τ− → uDντ (D = d , s) decays is given by [4]

LEFT = −
G 0
FVuD√
2

(1 + ϵDL + ϵDR ){τ̄ γµ(1− γ5)ντ · ū[γµ − (1− 2ϵ̂DR )γ
µγ5]

D + τ̄(1− γ5)ντ · ū[ϵ̂DS − ϵ̂DP γ5]D + 2ϵ̂DT τ̄σµν(1− γ5)ντ · ūσµνD}
+ h.c.

(6)

with corresponding decay amplitude for the τ− → K−π0ντ decays
(equations of motion were applied)

M(τ− → K−π0ντ ) =
GFVus

2
[LµH

µ + ϵ̂∗SLH + 2ϵ̂∗TLµνH
µν ] , (7)
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Low-energy Effective Field Theory Computation

where the lepton and hadron currents are defined as

L = ū(pντ )(1 + γ5)u(pτ ) , (8)

Lµ = ū(pντ )γµ(1− γ5)u(pτ ) , (9)

Lµν = ū(pντ )σµν(1 + γ5)u(pτ ) , (10)

and

H =
〈
π0(pπ)K

−(pK )|s̄d |0
〉
=

∆Kπ

ms −mu
F0(s) , (11)

Hµ =
〈
π0(pπ)K

−(pK )|s̄γµd |0
〉

=

[
(pπ − pK )

µ +
∆Kπ

s
qµ

]
F+(s)−

∆Kπ

s
qµF0(s) , (12)

Hµν =
〈
π0(pπ)K

−(pK )|s̄σµνd |0
〉

= iFT (s)(p
µ
πp

ν
K − pµKp

ν
π) . (13)
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CP Observables, CP asymmetry rate

From the latter matrix elements it is straightforward to obtain the
CP-asymmetry rate and the Forward-Backward asymmetry [8]

Arate
CP (τ± → K±π0ντ ) =

Γ(τ+ → K+π0ν̄τ )− Γ(τ− → K−π0ντ )

Γ(τ+ → K+π0ν̄τ ) + Γ(τ− → K−π0ντ )

=
ℑm[ϵ̂T ]G

2
F |Vus |2SEW

128π3M2
τ Γ(τ → Kπ0ντ )

∫ M2
τ

(mK+mπ)2
ds

(
1− M2

τ

s

)2

λ3/2(s,m2
K ,m

2
π)× |FT (s)||F+(s)| sin[δT (s)− δ+(s)] . (14)

The constraints on δT (s)− δ+(s) (given by Watson’s theorem) and on
ℑm[ϵ̂T ] (from D − D̄ mixing and the neutron edm) preclude a natural
explanation of the BaBar asymmetry by heavy new physics [4].
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CP Observables, K0 − K̄0 mixing

The expression in the second and third lines of eq. (14) corresponds to the
new physics (NP) contribution to Arate

CP , which coincides with Arate
CP for

those modes without neutral Kaons. In the τ± → K±KSντ case, this
observable is dominated by the SM contribution, according to [3]

Arate
CP =

Arate
CP |SM + Arate

CP |NP
1 + Arate

CP |SM × Arate
CP |NP

. (15)
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CP Observables, FB asymmetry

Aτ−→K−π0ντ

FB (s) =

∫ 1

0
d2Γ(τ−→K−π0ντ )

ds d cosα d cosα−
∫ 0

−1
d2Γ(τ−→K−π0ντ )

ds d cosα d cosα∫ 1

0
d2Γ(τ−→K−π0ντ )

ds d cosα d cosα+
∫ 0

−1
d2Γ(τ−→K−π0ντ )

ds d cosα d cosα
,

(16)

The CP-FB asymmetry actually fulfills the relation

AFB(s) = 3/2 < cosα > (s) (17)

with

< cosα > (s) =

∫ 1
−1 cosα

(
d2Γ(τ−→K−π0ντ )

ds d cosα d cosα
)

∫ 1
−1

(
d2Γ(τ−→K−π0ντ )

ds d cosα d cosα
) =

N(s)

D(s)
. (18)
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CP Observables, FB asymmetry

Where, in turn

N(s) = −4

3
∆Kπλ

1/2(s,m2
K ,m

2
π)ℜe

[(
1 +

ϵ̂Ss

Mτ (ms −mu)

)
F+(s)F

∗
0 (s)

]
+

8s

3Mτ
∆Kπλ

1/2(s,m2
K ,m

2
π)ℜe

[
ϵ̂∗T

(
1 +

ϵ̂Ss

Mτ (ms −mu)

)
FT (s)F

∗
0 (s)

]
,

D(s) =
2

3
λ(s,m2

K ,m
2
π)

(
1 +

2s

M2
τ

)
|F+(s)|2 + 2∆2

Kπ

∣∣∣∣∣1 + ϵ̂Ss

Mτ (ms −mu)

∣∣∣∣∣
2

|F0(s)|2 +
8

3
λ(s,m2

K ,m
2
π)

[
s|ϵ̂T |2

(
2 +

s

M2
τ

)
|FT (s)|2

− 3s

Mτ
ℜe[ϵ̂TF+(s)F

∗
T (s)].

(19)
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CP observables, a FOM for CP-FBa

Since the FB asymmetry observable is not given by just a number, as the
rate CP asymmetry (CP-FBa), then we propose the following figure of
merit to represent the CPV signal strength

F (ϵ̂DS , ϵ̂
D
T ) =

∫ M2
τ

(m1+m2)2

∣∣∣AFB(s; ϵ̂
D
S , ϵ̂

D
T )

∣∣∣ ds . (20)

The optimal choice maximizing this quantity, shall be considered the
maximal CP-FBa.
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Form-factors input

We will use a dispersive representation for the form factors.
For the pion vector form factor we used a thrice subtracted representation
and one subtraction for the scalar and tensor ones. [15, 5, 10, 14]

F ππ
+ (s) = exp

[
α1s +

α2

2
s2 +

s3

π

∫ ∞

4m2
π

ds ′

s ′3
δ+(s

′)

s ′ − s − i0

]
, (21)

F ππ
T (s) = exp

[
s3

π

∫ ∞

4m2
π

ds ′

s ′
δT (s

′)

s ′ − s − i0

]
, (22)

F ππ
0 (s) = exp

[
s3

π

∫ ∞

4m2
π

ds ′

s ′
δ0(s

′)

s ′ − s − i0

]
. (23)
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Tensor form factor phase

As we will be seeing, Watson’s final state theorem limits our possibilities
to observe CPV induced by heavy new physics in these decays. Due to
these restrictions we (also [4, 5, 8]) estimate the phase of the tensor form
factor considering

δ+(s)− δT (s) = 2δinel+ (s) (24)

Where δinel+ (s) is given by the inelastic effects arising from the pion vector
form factor only.
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Form-factors input
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Figure: On top, pion vector form factor. At the bottom, tensor form factor
derived from the estimator described in the latter section.
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Vector and Tensor Form-factors
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Figure: On top, tensor form factor phase. At the bottom, vector form factor
phase.
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Watson’s final state theorem

Let us consider the matrix element ⟨(ππ)I ; out|J|Ω⟩, where J is some
current with the property of being time reversal invariant TJT−1 = J, then

⟨(ππ)I ; out|J|Ω⟩ = (⟨(ππ)I ; in|J|Ω⟩)∗

=
∑
n

(⟨(ππ)I ; in|n; out⟩⟨n; out|J|Ω⟩)∗

= ⟨(ππ)I ; out|(ππ)I ; in⟩ (⟨(ππ)I ; out|J|Ω⟩)∗

= e2iδI (⟨(ππ)I ; out|J|Ω⟩)∗ , (25)

Thus, in the elastic zone, the phase of the strong amplitude depends only
on the quantum numbers involved in the elastic process (ππ)I → (ππ)I ,
which coincides with the one from scattering phase shift.
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Bounds on the New Physics coefficients

The Fermi-like Lagrangian is obtained as the relevant part of the
low-energy limit of the SMEFT Lagrangian. This connection is useful to
constrain the imaginary part of the scalar and tensor Wilson coefficients
We will start with the tensor operators. In the gauge basis one has (see
[4, 8] for more details)

LSMEFT ⊃ [C
(3)
ℓequ]klmn(ℓ̄

i
LkσµνeRl)ϵ

ij(q̄jLmσ
µνuRn) + h.c.

= [C
(3)
ℓequ]klmn[(ν̄LkσµνeRl)(d̄Lmσ

µνuRn)− (ēLkσµνeRl)(ūLmσ
µνuRn)]

+h.c., (26)

where the left-handed lepton and quark SU(2)L doublets are
ℓL = (νL, eL)

T and qL = (uL, dL)
T and the corresponding singlets are eR

and uR . SU(2)L(family) indices are i , j(k , l ,m, n), respectively. In the
down mass basis,

LSMEFT ⊃ [C
(3)
ℓequ]klmn[(ν̄LkσµνeRl)(d̄Lmσ

µνuRn)

−Vam(ēLkσµνeRl)(ūLaσ
µνuRn)] + h.c. (27)
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Bounds on the Wilson coefficients

Figure: Feynman diagrams involved in the EDM and D0 − D̄0 mixing.

The tensor operator (τLσµντR)(uLσ
µνuR) contributes to the up-quark

EDM du(µ) through the left diagram, with the interaction term

LD = − i

2
du(µ)uσµνγ5uF

µν , (28)

which relates to the neutron EDM via the flavour-diagonal tensor charge
[22, 23, 24]

dn = gu
T (µ)du(µ). (29)
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Bounds on the Wilson coefficients

After a double insertion of the operator (τLσµντR)(cLσ
µνuR) into the right

diagram, one arrives at the effective Hamiltonian, in the mc = mu = 0 limit

HC=2
eff = C

′

2(c
α
L u

α
R )(c

β
Lu

β
R) + C

′

3(c
α
L u

β
R)(c

β
Lu

α
R ), (30)

where the coefficients, the off-diagonal matrix elements of the latter Hamiltonian,
and the theoretical mixing parameters of the D-meson system given respectively
by

C
′

2 =
1

2
C

′

3 = 16G 2
F

mτ

π
(VudVcd [ϵT ]3311 + (VusVcs [ϵT ]3321)

2 log
Λ

µτ
, (31)

MNP
12 =

1

MD

[
C2⟨D0|(cαL uαR )(c

β
Lu

β
R)|D̄⟩+ C3⟨D0|(cαL u

β
R)(c

α
L u

β
R)|D̄0⟩

]
, (32)

xNP12 =
2|MNP

12 |
ΓD

, ϕNP
12 = arg

(
MNP

12

Γ12

)
, (33)
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Imaginary Part bounds

The LEFT (Low-Energy EFTor Fermi-like ) and SMEFT coefficients are related at

tree level by [C 3
ℓequ]33mn = −2

√
2GFVuD ϵ̂

D∗
T .

(see [8] for further details)

If the neutron EDM 1 is mainly contributed by a single ϵ̂DT , then

du(µ) = −2
√
2GF

eMτ

π2
V 2
uDℑm[ϵ̂DT (µ)] log

Λ

µ
, (34)

which yields |ℑm[ϵ̂sT ]| ≲ 4× 10−6 and |ℑm[ϵ̂dT ]| ≲ 8× 10−5 for Λ ≳ 100
GeV and µ = 2 GeV. The constraint on D0 − D̄0 mixing will then come

from ϕ = ℑm
[
VuDVcDϵ

D
T (S)

]
.

1We recall that [8] dn = gu
T (µ)du(µ), with gu

T (2GeV) = −0.204(14) [22, 23],
|dn| < 1.8× 10−26e cm at 90% confidence level, C. L. [24].
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Imaginary Part bounds

We turn now to the scalar operators in the SMEFT , which, in the fermion
mass basis read

LSMEFT ⊃ [C
(1)
ℓequ]klmn

[
(ν̄LkeRl)

(
d̄LmuRn

)
− Vam(ēLkeRl)(ūLauRn)

]
+ [Cℓedq]klmn

[
V ∗
an (ν̄LkeRl)

(
d̄RmuLa

)
+ (ēLkeRl)

(
d̄RmdLn

)]
. (35)

LEFT and SMEFT coefficients are related by (we neglect the contribution
proportional to V ∗

ub)

−2
√
2GFV

∗
uD ϵ̂

D∗
S = [C

(1)
ℓequ]33m1 + V ∗

ud [Cℓedq]33m1 + V ∗
us [Cℓedq]33m2. (36)

In the scalar case the strongest constraints come from D0 − D̄0 mixing,
implying ℑm

[
ϵ̂DS

]
∈ [−3.1, 1.6]× 10−4 at 95% C.L as can be seen in [8].
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Real Part bounds

The real parts of the Wilson coefficients are most effectively constrained
by analyzing CP-conserving inclusive and exclusive semi-leptonic tau
decays. In the following we will consider only the results from the exclusive
study [25]

ℜe[ϵdS ] =
(
1.0+0.6

−3.4

)
× 10−1 , ℜe[ϵdT ] =

(
0.4+4.3

−4.6

)
× 10−2 , (37)

with a correlation coefficient of 0.452, and

ℜe[ϵsS ] = (0.8± 0.9)× 10−2 , ℜe[ϵsT ] = (0.5± 0.8)× 10−2 , (38)

with a negligible correlation coefficient of −0.057.

Daniel Arturo López Aguilar, Javier Rendón, Pablo Roig (VFU)SILAFAE Nov 2024 21 / 29



CP asymmetries in the π±π0 channel

In this case the SM contribution is negligible, so using, for the NP part, we
find

Arate
CP |ππ ≤ 3× 10−5 , (39)

Clearly too tiny to be observed soon
The maximal AFB |ππ is shown by a blue solid line in the figure.

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

-0.5

0.0

0.5

s (GeV)

A F
B

Figure: Maximal Aτ→ππ0ντ

FB (s) (blue solid line), corresponding to ℜe[ϵdS ] = −0.46
, ℑm[ϵdS ] = −2.7× 10−4, ℜe[ϵdT ] = −7.2× 10−2 and ℑm[ϵdT ] = 8× 10−5,
compared to the SM case (black dashed line).
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FOM for the τ → ππ0ντ channel
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0.6

Figure: 3D density plot for the FoM on the available parameter space, setting
|ℑm[ϵ̂dT ]| = 8× 10−5, for the ππ0 decay channel.
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CP asymmetries in the K±KS channel

The most interesting channel is given by the one with K±KS mesons in
the final state, whose total asymmetry rate (including K0 − K̄0 oscillation
effects in eq. 15) is given by

Arate
CP |KK = 3.8× 10−3. (40)

with a maximal NP contribution given by

Arate
CP |KK ,NP ≤ 2.3× 10−4 (41)

Noticeably, a 5% precision on the measurement of Arate
CP would already be

sensitive to the maximum allowed NP contribution in this case.
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CP asymmetries in the K±KS channel
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Figure: Maximal Aτ→KSKντ

FB (s) (blue solid line), corresponding to ℜe[ϵdS ] = −0.46
, ℑm[ϵdS ] = −2.7× 10−4, ℜe[ϵdT ] = −7.2× 10−2 and ℑm[ϵdT ] = 8× 10−5,
compared to the SM case (black dashed line).
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CP violating asymmetries in the K±KS channel

0.2

0.4

0.6

0.8

Figure: 3D density plot for the FOM described in eq. (20) on the parameter
space, fixing |ℑm[ϵ̂dT ]| = 8× 10−5, for the KKS decay channel.
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CP asymmetries in the K±π0 channel

Finally, the maximal rate for the K±π0 channel is given by

Arate
CP |Kπ ≤ 6× 10−7 , (42)

Again, a too small effect to be observed soon.
The corresponding AFB is displayed in the figure
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0.0
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F
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Figure: Maximal Aτ→Kπ0ντ

FB (s) (blue solid line), corresponding to
ℜe[ϵsS ] = 2.3× 10−2 , ℑm[ϵsS ] = −2.7× 10−4, ℜe[ϵsT ] = 1.8× 10−2 and
ℑm[ϵsT ] = 4× 10−6, compared to the SM case (black dashed line).
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FOM for the τ → Kπ0ντ channel
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Figure: 3D density plot for the FoM described in eq. (20) on the parameter space,
with |ℑm[ϵ̂dT ]| = 4× 10−6, for the decay channel with K− and π0 in the final
state.
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Conclusions

Solving the puzzle related to the anomalous BaBar measurement of Arate
CP

for the KSπ channels, whose odd result implies a deviation at the level of a
2.8 σ, can shed light on novel CP violation mechanisms. EFTs show that
heavy new physics cannot explain it unless unnatural fine-tuning is invoked.

In this work we have examined (within the same framework provided by
EFT) the rate and forward-backward asymmetries for the other two-meson
tau decay modes, focusing on the (π/K )π0 and KKS cases, being the
most promising one turns out to be the di-Kaon channel, where
measurements of Arate

CP with a 5% precision would already be sensitive to
NP contributions that are currently allowed.

We hope that our analysis motivates the Tau physics group at Belle-II to
tackle these interesting analyses that we are proposing. They will also be
attractive for the planned super-tau-charm factories. If future facilities
produce polarized taus, this will open a bunch of new CP violating
measurements exploiting this feature.
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F. J. Ynduráin, “The Pion-pion scattering amplitude. IV: Improved
analysis with once subtracted Roy-like equations up to 1100 MeV,”
Phys. Rev. D 83 (2011), 074004.

K. M. Watson, “The Effect of final state interactions on reaction
cross-sections,” Phys. Rev. 88 (1952), 1163-1171.

T. Bhattacharya, V. Cirigliano, R. Gupta, H. W. Lin and B. Yoon,
“Neutron Electric Dipole Moment and Tensor Charges from Lattice
QCD,” Phys. Rev. Lett. 115 (2015) no.21, 212002.
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