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Hadronic tau decays: a unique feature for tau lepton
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Ve @, S, p are the external source fields .



Chiral symmetry is RELEVANT to tau decays

Example: 7— v tam transition amplitudes in the low energy region
VMD models do not automatically respect chiral symmetry.
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Wy structure function W, structure function (neutral channel)
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[Colangelo, et al., PRD'96]

> Resonance chiral theory implements the constraint of chiral

symmetry from the very beginning in the construction of the Lagrangians.




Resonance chiral theory (RyT)
Chiral group: G = SU(3), x SU(3)r, H=SUQ3)v, u(¢) = G/H

Resonances : R-== hR h', heH

pNGB and external sources : X = u,, x+, f£ , hu

Operators P C h.c. | chiral order Operators P C h.c.
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Minimal RxT Lagrangian [Ecker, et al., "89] Operators beyond minimal
[Cirigliano, et al., '04]:
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Los = ca(Suuut) +cm(Sx+), Lwp = digupe({V*, VPV U7) + ...,
D C e o
Lop = idn(Px_). L = e (VI IV a)

d45;uzpo'<{vgvﬁps Vpﬁ}“a} 4



QCD dynamics in RyT
@ Low energy QCD: implemented from the construction of Ry T

@ Intermediate energy: explicit resonance states

@ High energy information: to match the same physical objects

in RxT and QCD, ( J(x,) - -J(0) Y’ = ( J(x,) - -J(0) )REP.
For example: w7 vector form factor
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This leads to
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Quick glance at axion/axion-like particle (ALP)
. 1 v pv
Lqocp = zq: q(il) — mgy)q — ZGWG“ + 98—GWG

>
>

Strong CP problem: 0 <10-19, constrained by neutron EDM.

Peccei-Quinn mechanism: 0 promoted as a dynamical field, i.e., axion,
corresponding to a pseudo-Nambu-Goldstone boson from the spontaneous

breaking of the U(1)py Symmetry (peccei, Quinn,PRL'77] [Weinberg,PRL'78] [Wilzeck,PRL'78]

Axion: intensively and broadly studied in particle physics

Model-independent axion interaction:

a Qg i
I gG es , inevitably introducing the axion-hadron interactions !

Axion-like particle (ALP): non-vanishing bare mass m,
1 | 2 a o y
5 L ai0Fa. — §ma,0a T 87?' G GH

Previous studies of ALP in tau decays focused on the axion-lepton interacion.
Model-independent ALP interaction has not been studied in the

contex of tau decays. Our work fills this gap. ]



Uniﬁed Study Of T — P1P2 (P+axi0n) v‘r [Hao, Duan, ZHG, 2507.00383,

to appear in FOP]

. Ap,p Apu , 5
<P1P2‘D’Y'MU|O> — [(pz _ pl)ﬂ _ %q# Ff1P2 (S) + p q“FéDlPQ (S)
(D=d or s) (vector FF) (scalar FF)

Ap,p, = mp, —mp, , Apy = Bo(mp —my), ¢ = (p1 + p2) s s = q°.

e Invariant-mass distribution of P,P,
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* Forward-Backward (FB) asymmetry distribution
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a: angle between the momenta of P, and 7 in the P,P, rest frame

T — v, : App—0 (Isospin breaking term), scalar F, negligible, vector F, dominant!

t — Knav,: App:#0, both scalar Fyand vector F, are relevant!



Calculation of PP, / P a form factors

Generic effective axion Lagrangian for light-flavor quarks

xion — {2 1 v 1 ! 2 a? 4 9 v
oep = q(ilp — My)q — ZGWGM + 5(‘9“@8"& — 5MMa,0d + ES_WGWGM

(1) Remove the aG  term via the quark axial transformation: ¢ — eim%%q

(2) Alternatively, one can also explicitly keep the «G~ term and match it to Chiral EFT
Reminiscent: QCD U(1), anomaly that is caused by topological charge density

w(r) = asG ., G" /(8T) , is responsible for the massive singlet 1,.

Axion could be similarly included as the 1, mass via the U(3) ¢PT:
/L0 F? F? F?

2v2
ﬁ’fo + ﬁ"/s + ﬁf/o at K+
2 /2P . e =1r0 4 dpg+ Lng K0
U=u"=c"F ? X = 2B(S—|—Zp)’ X+ :uTquj:uxTu K- " %O] v s+ J5o

Uy, = iuTDMUuT , D,U=0,U—-1i(v,+a,)U +iU(v, —ay,) X = log (detU) — ;4
* Q,is not needed in U(3) %PT.
* 0 expansion scheme: 6 ~ O(p?) ~ O(m,) ~ O(1/N,); My? ~ O(1/N,).

* Axion interactions enter via the axion-meson mixing terms at LO. 8



Calculation of PP, / P a form factors

Relevant Resonance Chiral Lagrangians
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* Mixing relations of n’-n-n’-a (axion) at NLO {Gao A Jé,ZS]
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> Scalar form factor (P P5|(mp—my)Du|0)

2 /
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» Finiteness of the above expression at s = 0 requires

APhy

Fj:_(nm’,a) (0) = X Fg_(nm’aa) (0)

(n,m',a)m

v Non-trivial confirmation is verified in chiral EFT!
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Some explicit expressions for Form Factors
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SFF-nn/nn’/na
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Fits to experimental spectra and BRs

Gy Fy(GeV?) x 10° 10.2675:01 G', Fl,(GeV?) x 10° | 0.6415:05
Gl FlL(GeV?) x 10 —0.941008 M,(GeV) 0.77381 00003
M, (GeV) 1.40910001 Ty (GeV) 0.33810 013
M1 (GeV) 1.84215-012 T (GeV) 0.26810:02
¢ (GeV) 0.053005% Mpc+(GeV) 0.895610-0002
T+ (GeV) 0.0477+0:0005 M e (GeV) 1.33970: 000
Brgn x 10° 3.9870-0¢ By x 10 1.3&" 004
x?/d.o.f 271.5/(182 — 14) = 1.61
CmCd + €l Cly = FTQ cn=27 MeV, ¢;=15 MeV [ZHG,Oller, PRD’11]

Parameters for a,(980)/a,(1450)/K,*(700)//K,*(1430) are fixed to their
pole positions .
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» Crucial inputs to address muon g-2

» Most precise spectra is from Belle;
but most precise BR is from ALEPH: 25.47(13)%

» Coherent precise measurements of both spectra and BR from one Exp would be invaluable!
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Predictions to t — nmOv, (Cabibbo allowed): second-class currents

Processes driven by second-class currents are suppressed by isospin breaking:

AT y/dE

(™ Pldy"ul0) = | (pp — px)" —

APTF

1.2x107'6,
1.x107'6
8.x10717-
6.x1077-
4.x107"7

2.x10-”5

¢“| FT P(s) +

Phy

du

" F§ P (s)

— Total 1.4x 10718 0 — Total
n“ --- Vector 1.2x10718 Tn] --- Vector
- Scalar 1.><10*18j - Scalar
Iy
2 gx107
. f~d 1.
vector dominance 1
o 6.x107°
4.x107%
2.x10719"
08 10 1.2 1416 1.8 U 2 3 4 15 e 17
E (GeV) E (GeV)
Channel Total Vector Scalar Exp Limits

T — T NVr

0.14
163014

0.18
1437051

+0.07
0.2020/04

< 9.9 (BaBar) [69]

[Hao, Duan, ZHG, 2507.00383, to appear in FOP]

X107 < 7.3 (Belle) [70]
— (_)17;_7;7/% 1174030 0.14+0:09 1.037044 < 40 (BaBar) [71]
X

18

scalar dominance
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Predictions to Forward-Backward asymmetries
Apuarp(s) R [P (s) B2 (s)
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» Measurement on Agg can determine the curcial inputs for CPV
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Predictions to ALP-meson production in tau decays

Spectra
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» Hadronic resonances enhance the decay widths involving ALPs by around one
order of magnitudes, with respect to the results from leading-order %PT.
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Summary

Two-boson tau decays are interesting in many aspects:

° T — VTTtOTC' [crucial inputs for muon g-2 |;

° T — VT(Kn,Kn, Kq’)' [V, strange hadron resonances, possible CPV |;
« Second-class currents: T— v n/n’;

* Forward-Backward asymmetries in the T decays;

* Significant enhancement of axion production with hadronic
resonances is observed in T— v_a K-/n-.

Thanks very much for your listening !
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