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Motivation

Semileptonic decays J 77 = v wolt e J

] ! m Pollute searches of LFV or LNV.
m Are ideal to study the dynamics of = s (D= ptp— (N 10—54)1.
the strong |ntfaract|ons in the e (=0) 2
resonance region.
m Verify radiative corrections of the

m Test the fundamental parameters of HVP entering a;, using hadronic

the SM (avs, Vis, ...). tau decays data 3. .
m To include in the MC Generator
m To probe non-standard interactions. TAUOLA 4.
1GH.T. G. L.C. and P. Roig, Eur. Phys. J. C 79, 84 (2019).
2G.L.C. and N. Quintero, Phys. Rev. D85, 076006 (2012).
3 JHEP 08, 002.; PRD 74, 071301; PRD 102, 114017 (2020).
4O. Shekhovtsova et al., Phys. Rev. D 86, 113008 (2012). Cinvestav
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Introduction

m 7~ — v;m 70 — dominant channel (7). Extract pion FF,
determine p resonance parameters, test CVC.

m 7~ — v, 7%y — hadronization of the weak current, for the
di-pion observables at the few percent level.

m 7 — v,n 7%t~ (£ =e,u) — hadronization of the weak current
in an extended kinematical domain. Sources of background, CLFV
decays of T leptons.
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The 7= — v,m 7 decay

(77 (p=)7°(po) |y ul0) = V2Fr(t)(p— — po)u  t=(p— + po)®
i
Fr(t) 7 T [Bwp(t) + Be'PBW /(1) + 'yBWp//(t)] s
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BR(r~ — 1/7—71'711'0) =
(25.49 + 0.09)% via T data®
(24.84 + 0.14 £ 0.22)% e' e via CVCT

Number of entries /O.I)S(GeV/cz)2
5
T

had,LO _
a, =

o s 1 s, 2 25 3 (693.9 +3.9+0.7) x 10" *° e*e” based®
(703.0 + 4.4) x 107 7 based®

M. Fujikawa et al. (Belle Collab.), PRD78, 072006 (2008).

P.A. Zyla et al. (PDG), Prog. Theor. Exp. Phys. 2020, 083C01 (2020).
M. Davier et al., Eur. Phys. J. C66, 127 (2010).

M. Davier et al., Eur. Phys. J. C74, 2803 (2014).
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The radiative 7= — v,7 1y decay

The matrix element has the general structure®

(Po — p=)ufi(t)

o H@7 (1= 5) (P — K+ Mr) yuur (P).

M) = eGr v:de*wk)[

+ (Vi —Auu)U(q)v”(l—%)Ur(P)} 1)

Momentum convention 77 (P) — v.(q)7~ (p)7°(po)7(k).
m First term —photon emission off the 7 lepton.

m Second term — structure-dependent, Vector and Axial-vector
components, hadronization of the weak current W~ — 7r_7r°'y.
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°V. Cirigliano, G. Ecker, and H. Neufeld, JHEP 08, 002. Cinvestav

Introduction



The radiative 7= — v,7 1y decay
The vector form factors for V,, = V;’;VO + \A/W

p—
Vi = Fe(t) =1 (P k= po), — Fi(t)auv

fir(t) — f(t)
(P~ +po) - k

+

(p— + po),, (Po — p-), -
(2

here t' = (p— + po + k)3

Ve W1 1 (p— - kgt — p’ik") + v (po - kgh¥ — ph'k”)

+

v3 (po~kpﬁ—(pf-kp6‘)pi+m (po-kp‘i—pf~kp6‘) (p— + po + k)",
(3)

+  ias(po + k) " 7 p_ s popko.

ARV = ja ehvr? (PO - P—)p ko +iaz Wueu)\papf)\POpka' + iazeh?P? kp We @
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The 7= = v,m 7% ¢~ decay

vr v T
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(a) (b) ()

Similar structure to the radiative case:

2 _
M) = %Gpv:d/“{‘k‘;‘_z,‘;'i);a(t)vu(q)v"(l—vs)(»t—k+MT)qu(P)
+ (vW—AW)L"}, 5)

Momentum convention: 7~ (P) — v+ (q)7 ™ (p— )7 (po)¢™ (pe+ )™ (Pp-)
L = (g (1 —s)ur(P)
I = u(py- )y v(pe+)
k = pe++pg-
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The 7= = v,m 7% ¢~ decay

BV, = V0 + V... as in the radiative case, but depending on (t, t’, k?).

A~

Vi = et s (K2g" — KM KY) + ve (K2t — p— - kk") p§
+ 7 (po- kk" — K*p§) pZ.

m Vector contributions to 7~ — vy w004~

0 a° a°
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s \1(— \7:‘ R
T v v T
(a) (b) (c) ()
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(e) (2) (h)
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Structure-dependent pieces

P [20,% (K¥) +20,* (¢/) + 0, * (19D, * (K*) + 0, 2 (0D, * ()]
+ zfz - [0,% () - 0% () + (¢ - ) 0% () % (+7)]

+ f2m2 (m1_m3\'+ ) a1 [(p_+k)2]’
[-27

o Lot () o ()
R L) - )55 )
2
b (= k) 052 [ ],
v . sz/\z2 ;11 {(P__'_k)z]
a1
w = DEor ()0t () - P o rnst ()
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w o [ () =0 )~k (e e 0 (¢) 2 ()

Fa® 2 > -1 2
+ f2m§1 (mal —m + 5) D51 [(p, + k) ] s

o : 2F;/ZG\/ D;l(t)D;I (kz) : FfL:D;I (t') D’jl (kz) ’
= e (¢) e ()0 () + et [+ 0

2 m2
fmal

DR (s) = mg — s — imglg (),

t' =W =(p_ +po+k)?

m To asses our model dependent error we evaluate with the two sets:

f

Fv = V2f, GV:E, Fa=f, (8)

Fv=+3f, Gy= f3, Fa=V2f. (
Cinvestav

The 7= — v~ w0074~ decay 10



Axial-Vector contributions to 7= — v 70t ¢~

m Same expression as in the real photon case
(W=P—qg=p_+po+k):

A= et (po — po) ko + iax WY e p_ypo, ks
+  iaze"P7 kW, + ias (po + k)" "7 p_xpopks,
(10)

m At O(p*) only a; and ay, from the Wess-Zumino-Witten functional

10 contribute and are the same as in the real photon case
i 2,271
a = [871’ f ] 0
—1
a» = —[4fP(f-m2)] . (11)
Ophys. Lett. B 37, 95 (1971) and Nucl. Phys. B 223, 422 (1983). Cinvestav

The 7= — v~ w0074~ decay 11



Branching Ratio and
Lepton-Pair Spectrum

Results
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Results

Contribution

(- =ete”

(- =ete

(9) for Fy, Fs & Gy

e =ptp~

0 =ptp~

(9) for Fy, Fa & Gy

1B

2.213(11) x 1075

5.961(3) x 1078

Vv

6.745(36) x 1077

9.571(48) x 1077

5.462(4) x 10~8

9.429(7) x 1078

AA

1.91(1) x 1078

1.663(1) x 107°

IB-V

—3.83(18) x 1077

-1.02(18)x 1077

1.337(4) x 1078

2.126(5)x 1078

IB-A

9.1(4.5) x 107°

2.85(3) x 107

V-A

5.2(2.1) x 1079

4.5(2.6)x 107

—1.73(3) x 10710

-1.65(5) x 10710

Total

2.245(13) x 107°

2.302(13) x 107°

1.319(2) x 1077

1.795(2) x 1077

RE
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BR & lepton-pair distributions

BR(7~ — v, nlete”) = (2.274+0.03) x 107°
BR(r™ = vym n%utu”) = (1.55+0.25)x 1077
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Conclusions

Conclusions

We computed the BR and the lepton-pair distributions of the 5-body
decays 77 — v %44 (£ = e, 1) . They are of O(a?).

SD contributions (W~ — 7~ 7%y*), calculated using RChT framework.
We get:

BR (7~ — vy n%"e) = (2.27 +0.03) x 10~°, which could be
discovered already with BaBar or Belle data, and

BR (7'_ — ll.r7r_7rou+u_) = (1.55 4 0.25) x 1077, that will challenge
the capabilities of Belle-II.

Improving background rejection for LFV or LNV searches by adding the
matrix elements derived here to the MC generator TAUOLA.

Cinvestav
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The radiative 7= — v,7 1y decay

In particular, the form factors entering the V#* tensor (SD) are
calculated using RChT framework 1! (when k2 — 0):

Fy Gy 2 -1 -1 2 -1 -1
no= [2+2mpr (t') + D, *(t) + tm2D, (1), (t/)]
P
F2 F2 t
|4 2~—1,,/ ' ~y—1/,7 A 2 2 —1 2
trra s [-1-m2D, () +¢'D, (e )]+W [mal—m.,rJrE] D" [(— + k)],
FyGyt 1 2 —1, 1/ Fg 2 1, I =1,
B v e [-D,*(®) = m3D, (1)D, (¢ )]+2f2m% [-1-m3D () — ¢ D ()]
FZ
A 2 2 —1 2
| s [ma1_m7r_p*'k]Da1 [(p*'*'k)]’
a:
F2
2 A —1 2
G fzmaleﬁ [(p— +07],
2FVGy 4. a1, Fo 1
va = ——5—Db,(1D, (f)+f2m§Dp (t'), (12)

&)

Nucl. Phys. B 321, 311 (1989); Phys. Lett. B 223, 425 (1989). Cinvestav
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Kinematics

m The unpolarized squared amplitude of a five-body decay as
7= — v, 714~ depends on eight independent variables.
In general 3n-7 2.

m Depending upon the observable we are interested in, integrate
some or all of the variables. VEGAS for Python.

m We will compute the invariant mass distribution of the lepton
pair, i.e., k? distribution.

m The kinematical domain being [4mf, (M, — 2mw)2].

&

12R. Kumar, Phys. Rev. 185, 1865 (1969). Cinvestav
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Resonance Chiral Theory

m Owning the resonances transform as nonets under U(3)v, i.e.,

R S hRAT,
m with R = %)\BR" and R stands for V or A.
m Then the resonances will come represented as 2-rank

antisymmetric tensors 13.

&)

3Nucl. Phys. B 321, 311 (1989) Cinvestav
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The lagrangian density for the resonances is given by

Le= Y [Lkin(R)+ Lint(R),
R=V,AS,P

with its corresponding terms:

1 M2
Lkin = —E(V“RWV,,R"“ — TRWRW>7
and the interaction terms at order D = 2
L — v (Fyfl” +iGy[ut, u"])),
2 2\/—( - al E vl 1))
FA v .
Eé = 2\/—<Aw/fﬂ ), 55 = ’dm<Px>»
and fr = uF"ut £ uTFE"u, v = iut (D*U) ut. @
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