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Motivation

Motivation

By 1911, experiments indicated that β decay violated the conservation of energy.

In 1930 Wolfgang Pauli proposed a hypothetical weakly coupled neutral particle, dubbed
the neutrino by Enrico Fermi.

Fermi proposed a contact interaction model based on QED’s vector current interaction.

It has been modified over the years to incorporate parity violation and the V-A theory; µ
and τ decays; strangeness changing decays; the quark model; heavy quarks and mixing
(CKM) matrix; and neutrino mass and mixing.
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Motivation

Motivation

µ− → e−ν̄eνµ decays receive contribution from W -exchange diagrams.
Interaction between leptons is universal.

µ

νµ

W

e

ν̄e

e

ν̄e

That′s anEFT!

L = −GF√
2

[ēγµ (1− γ5) νe ] [ν̄µγµ (1− γ5)µ] + h.c.,

(µ− → e−ν̄eνµ, µ−ν̄µ → e−ν̄e , µ−νe → e−νµ, e+ → µ+νe ν̄µ, · · · )

Since the momentum transfer of the process is limited by the muon mass

value, which is much smaller than MW , the W -propagator shrinks to a point

becoming a point-like effective interaction.
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Motivation

Motivation

The hadronic current doesn’t seem to be universal.
For n→ pe−νe decays (p → ne+ν̄e).

But at quark level, the interaction is universal.

L = −GF√
2

[p̄γµ (1− gAγ5) n] [ν̄µγµ (1− γ5)µ] + h.c.,

where gA ∼ 1.27 is a strong interaction correction from QCD.

L = −GF√
2

[ūγµ (1− γ5) d ′] [ν̄µγµ (1− γ5)µ] + h.c .,

Today (semi)leptonic charged current decays are precision probes of the SM
(Michel parameters, n/Λ decays, π FV/A, · · · ).
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ū

d

π−

π0

Depto. de F́ısica (Cinvestav) Towards the best limit on non-standard cc XXXII RADPyC 5 / 22



Motivation

Motivation

The hadronic current doesn’t seem to be universal.

For n→ pe−νe decays (p → ne+ν̄e).

But at quark level, the interaction is universal.

L = −GF√
2

[
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Formalism

Formalism

L(eff ) = LSM +
1

Λ
L5 +

1

Λ2
L6 +

1

Λ3
L7 + · · ·

Ln =
∑

i

α
(n)
i O

(n)
i ,

a

aCirigliano, Jenkins & González-Alonso Nucl.Phys. B830 (2010) 95-115

Hypothesis:

v � Λ (Λ ∼ MNP)
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Formalism

L(eff ) = LSM +
1

Λ2

∑
i

αiOi → LSM +
1

v2

∑
i

α̂iOi

a

aCirigliano, Jenkins & González-Alonso Nucl.Phys. B830 (2010) 95-115

with α̂i = (v2/Λ2)αi , which are O(10−3) for Λ ∼ 1TeV.

L(eff )
BW = LSM +

77∑
i=1

αi

Λ2
Oi ,

a

aBüchmuller-Wyler ’85; Grzadkowski, Iskrzynski, Misiak & Rosiek ’10
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Formalism

LCC = −4GF√
2
Vud

[
(1 + [vL]``)¯̀

Lγµν`L ūLγ
µdL + [vR ]`` ¯̀

Lγµν`L ūRγ
µdR

+ [sL]`` ¯̀
Rν`L ūRdL + [sR ]`` ¯̀

Rν`L ūLdR

+ [tL]`` ¯̀
Rσµνν`L ūRσ

µνdL

]
+ h.c .,

a

aCirigliano, Jenkins & González-Alonso Nucl.Phys. B830 (2010) 95-115

with σµν ≡ i [γµ, γν ]/2.

vL = vR = sL = sR = tL = 0 gives the SM effective Lagrangian.
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Formalism

We introduce equivalent effective couplings
εL,R = vL,R , εS = sL + sR , εP = sL − sR and εT = tL

LCC =− GF√
2
Vud (1 + εL + εR )

{
¯̀γµ(1− γ5)ν` ū

[
γµ − (1− 2ε̂R )γµγ5

]
d

+ ¯̀(1− γ5)ν` ū(ε̂S − ε̂Pγ
5)d + 2ε̂T

¯̀σµν(1− γ5)ν` ūσ
µνd

}
+ h.c .,

with ε̂I ≡ εI/(1 + εL + εR) for I = R,S ,P,T .

(εL ± εR affect the overall normalization of GF in V /A processes.)
Nuclear physics is only sensitive to (1− 2ε̂R )gA/gV .
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Amplitude

Amplitude τ−(p)→ π−(pπ−)π
0(pπ0

)ντ(p
′)

M =MV +MS +MT

=
GFVud

√
SEW√

2
(1 + εL + εR ) [LµH

µ + ε̂SLH + 2ε̂TLµνH
µν ] ,

(εL,R,S,T scale dependence is cancelled by that of the hadron matrix elements)
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Amplitude

Amplitude τ−(p)→ π−(pπ−)π
0(pπ0

)ντ(p
′)

M =MV +MS +MT

=
GFVud

√
SEW√

2
(1 + εL + εR ) [LµH

µ + ε̂SLH + 2ε̂TLµνH
µν ] ,

where we have defined the following leptonic currents

Lµ = ū(P ′)γµ(1− γ5)u(P),

L = ū(P ′)(1 + γ5)u(P),

Lµν = ū(P ′)σµν(1 + γ5)u(P),
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Amplitude

Amplitude τ−(p)→ π−(pπ−)π
0(pπ0

)ντ(p
′)

M =MV +MS +MT

=
GFVud

√
SEW√

2
(1 + εL + εR ) [LµH

µ + ε̂SLH + 2ε̂TLµνH
µν ] ,

and the hadronic matrix elements

Hµ = 〈π0π−|d̄γµu|0〉 = CVQ
µF+(s) + CS

(
∆π−π0

s

)
qµF0(s),

H = 〈π0π−|d̄u|0〉 ≡ FS (s),

Hµν = 〈π0π−|d̄σµνu|0〉 = iFT (s)(Pµπ0P
ν
π− − Pµπ−P

ν
π0 ),

where qµ = (Pπ− + Pπ0 )µ, Qµ = (Pπ− − Pπ0 )µ + (∆π0π−/s)qµ, s = q2 and
∆ij = m2

i −m2
j .
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Amplitude

Amplitude τ−(p)→ π−(pπ−)π
0(pπ0

)ντ(p
′)

If we take the divergence of the vector hadronic current we find

FS (s) = CS
∆π−π0

(md −mu)
F0(s)

also we use L = Lµq
µ/Mτ , and reabsorb the FS form factor

CS
∆π−π0

s
→ CS

∆π−π0

s

[
1 +

s ε̂S

mτ (md −mu)

]

Depto. de F́ısica (Cinvestav) Towards the best limit on non-standard cc XXXII RADPyC 11 / 22



Amplitude

Amplitude τ−(p)→ π−(pπ−)π
0(pπ0

)ντ(p
′)

If we take the divergence of the vector hadronic current we find

FS (s) = CS
∆π−π0

(md −mu)
F0(s)

also we use L = Lµq
µ/Mτ , and reabsorb the FS form factor

CS
∆π−π0

s
→ CS

∆π−π0

s

[
1 +

s ε̂S

mτ (md −mu)

]

Depto. de F́ısica (Cinvestav) Towards the best limit on non-standard cc XXXII RADPyC 11 / 22



Amplitude

Amplitude τ−(p)→ π−(pπ−)π
0(pπ0

)ντ(p
′)

In Garcés, Hernández, López & Roig JHEP 1712 (2017) 027, they
considered that FT (s) = FT because τ− → η(′)π−ντ decays are good for ε̂S

but not for ε̂T .

Based on the fact that the π → eνeγ decays are good to set competitive

constraints on ε̂T , we calculate for the very first time FT = FT (s) using info

from chiral symmetry and asymptotic QCD.
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Observables

Observables

Other observables at the backup slides.

∆ ≡ Γ− Γ0

Γ0
= αε̂S + βε̂T + γε̂2

S + δε̂2
T ,
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Figure: ∆ as a function of ε̂S (for ε̂T = 0) and ε̂T (for ε̂S = 0) for τ− → π−π0ντ
decays. Horizontal lines represent current values of ∆ according to the limits on
the branching ratio obtained by Belle (dashed line), and in the hypothetical case
of this value being measured by Belle II (dotted line).
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Observables

Main Results & Discussions

∆ ε̂T

π−π0

Belle [−1.9, 3.1] · 10−2

Belle II [−1.4,−0.8] · 10−2 ∪ [2.0, 2.7] · 10−2

(LU is assumed)

(in units of 10−2) |ε̂T |

Low energy 0.1
LHC (eν) 0.3

Cirigliano, Alonso & Graesser, JHEP 1302 (2013) 046

LHC (e+e−) leads to 0.1× 10−2

We find that the different observables would allow to set competitive constraints on
tensor interactions.

For the best fit (χ2/d .o.f . = 1.3), we get ε̂T = (0.51+0.09
−0.18)× 10−2 which is competitive,

and |ε̂S | < 0.24 at 90% C.L.

Depto. de F́ısica (Cinvestav) Towards the best limit on non-standard cc XXXII RADPyC 14 / 22



Observables

Decay rate
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Figure: Hadronic invariant mass distribution for the SM (solid line), ε̂S = 0.9281,
ε̂T = 0 (dashed line) and ε̂S = 0, ε̂T = 0.0314 (dotted line).
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Observables

AFB =

∫ 1
0 d cos θ d2Γ

ds d cos θ −
∫ 0
−1 d cos θ d2Γ

ds d cos θ∫ 1
0 d cos θ d2Γ

ds d cos θ +
∫ 0
−1 d cos θ d2Γ

ds d cos θ

,
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Figure: Forward-backward asymmetry in the τ− → π−π0ντ decay regarding SM
(solid line), (ε̂S = 0.9281, ε̂T = 0) (dashed line) and (ε̂S = 0, ε̂T = 0.0314)
(dotted line).
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Figure: Forward-backward asymmetry in the τ− → π−π0ντ decay regarding SM
(solid line), scalar interaction (dashed line) and tensor interaction (dotted line)
with the constraints on ε̂S and ε̂T , respectively.
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Conclusions

Conclusions

The τ− → π−π0ντ is the most likely tau decay.

Branching ratio and form factors for τ− → π−π0ντ decays are known with
precision.

Within an EFT framework possible NP can be characterized
model-independently.

Dalitz plots are not good to differentiate between SM & BSM.

Decay spectra can distinguish between SM & BSM.

Belle-II tau analysis is lead by Mexican researchers.
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Appendix

FT (s)

There are only four operators at the leading chiral order, O(p4), that include the
tensor current:

L = Λ1〈tµν f+µν〉 − iΛ2〈tµν+ uµuν〉+ . . . ,

a

aO. Catá, V. Mateu. JHEP (2007) 078

the coupling between the vector resonance and tensor sources at O(p2) is given by

L2

[
V (1−−)

]
= FT

V MV 〈Vµν tµν+ 〉+ · · · ,

Depto. de F́ısica (Cinvestav) Towards the best limit on non-standard cc XXXII RADPyC 19 / 22



Appendix

FT (s)

We get for the tensor form factor

FT (s) =

√
2Λ2

F 2

[
1 +

GVF
T
V

Λ2

MV

M2
V − s

]
,

In order to reduce the number of independent parameters in the model, we can
invoke large-NC arguments through the analysis of the correlators 〈VV 〉, 〈TT 〉
and 〈VT 〉. We found FT

V /FV = 1/
√

2, and we can rewrite FT (s) as

FT (s) =

√
2Λ2

F 2

[
1 +

F 2

√
2Λ2

MV

M2
V − s

]
,

where we have used the relation GVFV = F 2.
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Appendix

Dalitz Plot

Figure: Dalitz plot distribution for τ− → π−π0ντ decays as a function of s and t
(left) and as a function of s and cos θ (right) for SM.
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Appendix
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Figure: Constraints on scalar and tensor couplings obtained from
∆(τ− → π−π0ντ ) values using current experimental limits on branching ratio
(solid line), and in the hypothetical case of this value being measured by Belle II.
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