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Motivation

@ By 1911, experiments indicated that 3 decay violated the conservation of energy.

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

@ By 1911, experiments indicated that 3 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;
and 7 decays; strangeness changing decays; the quark model; heavy quarks and mixing
(CKM) matrix; and neutrino mass and mixing.
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Motivation

Motivation

@ u~ — e~ Dev, decays receive contribution from W-exchange diagrams.
@ Interaction between leptons is universal.

2 e
W \\
£ = =2 (9% (1= 15) vl [0 (1 = 15) ] + }

(W~ — € ey, W Uy — € Uey 1 Ve — € 1y, €8 — ptvedy,, )
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Motivation

@ u~ — e Uev, decays receive contribution from W-exchange diagrams.

@ Interaction between leptons is universal.

P

That’san EFT!

@ Since the momentum transfer of the process is limited by the muon mass
value, which is much smaller than My, the W-propagator shrinks to a point
becoming a point-like effective interaction.
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Motivation

@ The hadronic current doesn’t seem to be universal.
@ For n — pe~ v, decays (p — netr,).

L= \[ 157" (1 — gays) ] [Bu (1 — 5) 1] + hc,

where g4 ~ 1.27 is a strong interaction correction from QCD.
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Motivation

@ The hadronic current doesn't seem to be universal.
@ For n — pe~ v, decays (p — neti,).
@ But at quark level, the interaction is universal.

£ = =2 [ (1= 25) ] [y (1 = 35) ] + B,
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Motivation

@ The hadronic current doesn't seem to be universal.
@ For n — pe~ v, decays (p — neti,).
@ But at quark level, the interaction is universal.

L= —\G}; [69* (1 = v5) d'] [Puyu (1 — 75) 1] + hoc., J

Today (semi)leptonic charged current decays are precision probes of the SM
(Michel parameters, n/A decays, = Fy/a, S ).

Vs ™
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Formalism

Formalism
1 1 1
eff
‘Cn = ZO&EH)OI-(n),
a

“Cirigliano, Jenkins & Gonzélez-Alonso Nucl.Phys. B830 (2010) 95-115

Hypothesis:
o v&A (/\ ~ MNP)
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Formalism

1 1
L'(eff):[,SM—}-pZOé,'O,' — £5M+ﬁ2&,~0,-

?Cirigliano, Jenkins & Gonzalez-Alonso Nucl.Phys. B830 (2010) 95-115

with &; = (v2/A?)a;, which are O(1073) for A ~ 1TeV.

77
f ;i
ﬁ(;w) = Lsm + Z pOi,

i=1

“Biichmuller-Wyler '85; Grzadkowski, Iskrzynski, Misiak & Rosiek '10
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Formalism

4G, = _ ~ _
Lcc = —T; Via [(1 + [videe)lovuver Gy di + [VR]ee Lovuver GrY" dr

+ [st]ee Crver rdy + [sR]ee Crver GLdR
+ [tilee ROy ver Tro™ d] + h.c.,

“Cirigliano, Jenkins & Gonzélez-Alonso Nucl.Phys. B830 (2010) 95-115

with o = i[y#, y¥]/2.

v = vg = 5; = sg = t; = 0 gives the SM effective Lagrangian.
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Formalism

We introduce equivalent effective couplings
€LLR = VLR, € =S + SR, €p =5, —Sg and eT = |

G = _ .
Lcc=— 7’;Vud(1 + e+ €R) {€’y#(1 — 75)Vg u[’y“ —(1- 2€R)"}/“"}/5] d

+ 01— ) a(es — epy°)d + 267 Loy (1 — )y do*d} + h.c.,

with € EEI/(1+€L+6R) forI=R,S,P, T.
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Formalism

We introduce equivalent effective couplings
€LLR = VLR, € =S + SR, €p =5, —Sg and eT = |

G —~ _ o
Lcc=— 7’;Vud(1 + e+ €R) {€'y#(1 — 'y5)yg u[’y“ —(1- 2€R)"}/N"}/5] d

+ 01— ) a(es — epy°)d + 267 Loy (1 — )y do*d} + h.c.,

with € EEI/(1+€L+6R) forI=R,S,P, T.

(€L £ €g affect the overall normalization of Gg in V//A processes.)
Nuclear physics is only sensitive to (1 — 2ég)ga/gv -
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Amplitude 77 (p) = 7 (pr-)7°(pr, )V (P)

M=My+Ms+ M+t

GV,
_ GrVudVSew (1+ €1+ €r) [LH" + ésLH + 27 L, H*],

V2

(eL,r,s, T scale dependence is cancelled by that of the hadron matrix elements)
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Amplitude 77 (p) = 7 (pr-)7°(pr, )V (P)

M=My+ Ms+ Mt

GrV,
= GrVugv/Sew (1 +e+er)[L H" +ELH +2e7L, H"],

V2

where we have defined the following leptonic currents

" (1 = v u(P),
L=a(P)(1+~)u(P),
Ly = G(P")o (1 + 7°)u(P),
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Amplitude 77 (p) = 7 (pr-)7°(pr, )V (P)

M=My+ Ms+ Mt

_ Gr VgV Sew

2 (1+ e +er) L H* + EsLH + 27 L, H*],

and the hadronic matrix elements

A, o
S

H* = (%77 |dy*u|0) = Cy Q*F,(s) + Cs ( > q" Fo(s),

H = <7TO7T_|C7U|O> = Fs(s),
H!" = (n°n~ |do™” ul0) = iFr(s)(Ps Py~ — P PL),

- qo

where g" = (Py— + Ppo)*, Q* = (Pr— — Pro)* + (Ajor—/s)g", s = g° and

.2 2
Aj=m; ms.
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Amplitude 77 (p) = 7 (pr-)7°(pr, )V (P)

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

A— 0

Fs(s) = Cs (my — my)

Fo(s)
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Amplitude 77 (p) = 7 (pr-)7°(pr, )V (P)

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

A— 0

Fs(s) = Cs—(md e

Fo(s)

also we use L = L,,q* /M-, and reabsorb the Fs form factor

A o A~ o SE
7r7r_>Cs7r7r1 S

C
5T s m;(mg — m,)
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Amplitude 77 (p) = 7 (pr-)7°(pr, )V (P)

@ In Garcés, Hernandez, Lépez & Roig JHEP 1712 (2017) 027, they
considered that Fr(s) = Fr because 7= — n(/)ﬂ*VT decays are good for és
but not for €.
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Amplitude 77 (p) = 7 (pr-)7°(pr, )V (P)

@ In Garcés, Hernandez, Lépez & Roig JHEP 1712 (2017) 027, they
considered that Fr(s) = Fr because 7= — n(/)ﬂ*VT decays are good for és
but not for €.

@ Based on the fact that the @ — evey decays are good to set competitive
constraints on €7, we calculate for the very first time F+ = Fr(s) using info
from chiral symmetry and asymptotic QCD.
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Observables

Observables

Other observables at the backup slides.

Figure: A as a function of és (for ér = 0) and é7 (for é&s = 0) for 7= — 7~ 7%,
decays. Horizontal lines represent current values of A 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 Il (dotted line).
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Observables

Main Results & Discussions

A I = l (in units of 10~ 2) [ |ér| ]
-
—. 0
T Low energy 0.1
Belle [-1.9,3.1] - 102 LHC (ev) 0.3
Belle Il | [—1.4,—0.8] - 102 U [2.0,2.7] - 10— 2

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

LU is assumed
( ) LHC (e*e™) leads to 0.1 x 1072

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

@ For the best fit (x?/d.o.f. = 1.3), we get é1 = (0.514:%'2%) x 1072 which is competitive,
and |és| < 0.24 at 90% C.L.
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Observables

Decay rate

o
o

104

(n®-r) (GeV~")

1 dr

Fedys

0.4 06 0.8 1.0 12 14 16 18

Vs ©ev)

Figure: Hadronic invariant mass distribution for the SM (solid line), és = 0.9281,
€1 = 0 (dashed line) and és = 0, ér = 0.0314 (dotted line).
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Observables

f dcosedsdcose f dcosedsdcos&

fO dcosedsdc059+f dcosedsdcos&

Arg =

)

06 08 10 12 14

Vs @ev) Vs Gev)

Figure: Forward-backward asymmetry in the 7= — 7~ 7%, decay regarding SM
(solid line), (és = 0.9281, é7 = 0) (dashed line) and (és = 0, €7 = 0.0314)
(dotted line).
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Observables

0 d’r
f dcosedsdcose f dcosedsdcose

fO dcosedsdc050+f dcosedsdcos&

Afg =
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Figure: Forward-backward asymmetry in the 7= — 7~ 70, decay regarding SM
(solid line), scalar interaction (dashed line) and tensor interaction (dotted line)
with the constraints on €s and €1, respectively.
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Conclusions

Conclusions

0

@ The 7= — 7w~ 7"y, is the most likely tau decay.

@ Branching ratio and form factors for 7= — 7~ 7%, decays are known with
precision.
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Conclusions

@ The 7= — 7 7%, is the most likely tau decay.

@ Branching ratio and form factors for 7= — 7~ 7%, 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.
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Conclusions

Conclusions

@ The 7= — 7 7%, is the most likely tau decay.

@ Branching ratio and form factors for 7= — 7~ 7%, 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-Il tau analysis is lead by Mexican researchers.
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Fr(s)

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

£ = /\1<t“”f+uy> — i/\g(ﬂﬁl/uuu,j} + ...

°0. Catd, V. Mateu. JHEP (2007) 078

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

L2 [VOU)] = A7 My (Vi £5) + -+ )
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Fr(s)

We get for the tensor form factor

V21, GyFl My
Fr(s)= "5 [1+ /\2V sz_s],

In order to reduce the number of independent parameters in the model, we can
invoke large-N¢ arguments through the analysis of the correlators (VV), (TT)
and (VT). We found F}/Fy = 1/v/2, and we can rewrite Fr(s) as

Fr(s) = e {1+ My } J

F? V20N, MZ — s

where we have used the relation Gy Fy = F2.
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Dalitz Plot

0204 06 08 10 ° 02 04 06 0.8 1.0

s(rryint, s(rn)im?,

Figure: Dalitz plot distribution for 7= — 7~ 7%, decays as a function of s and t
(left) and as a function of s and cos @ (right) for SM.
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Dalitz Plot

| N
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Figure: Dalitz plot distribution for 7=~ — 7~ 7%, decays as a function of s and t
(left) and as a function of s and cos @ (right) with és = 0.9281, é7 = 0.
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Appendix

N
Ak

0204 06 08 10 " 02 04 06 08 10
S(roy/nt; s(ron)im?,

Figure: Dalitz plot distribution for 7= — 7~ 7%, decays as a function of s and t
(left) and as a function of s and cos @ (right) with és = 0, é7 = 0.0314.
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Appendix

0.01
PR A S O ittt €,3=+0.09%
R I B €.35=-0.09%
0.00 €,30=+0.27%
0.35=-0.27%
-0.01

Figure: Constraints on scalar and tensor couplings obtained from
A(1~ — 7~ 7%, ) 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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