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TauZE 2273 UL
> Br(t—e ~):17.8%
Br(tz—p 7 ):17.4%
» Br(t—v+Cabbibo allowed hadrons) ~ 62%

> Bl‘(‘l‘—>v+Cabbib0 suppressed hadrons) : ~3%

O Br(t—van) ~25%, HEFRH 4T HHEK

O taufIZERRSRAERERET, NP REK
AT (m, < myp)

O ZEETHFENBRET, tanfERES
B ETHRZE(m, <2my)

AT

«  HX(exclusive): RAEFE—NMEAEYEITE

 dEZE(inclusive): & FTH T RERH B4R
BEREE RBRIRE

B, CabbiboftiFHinclusiveld FE R TEERSAH

EBEANKNFHIPTE exclusiveid &

25 modes
10.12 %

L

n2n0v,
930+0.11 %

Tr2nTv,
8.99 = 0.06 %

— 80

— 0
T V’C
25.52+0.09 %

— 60

TV,
10.83 £0.06 %

— 40

WV ve
1741 £0.04 %

— 20

e V,V,
17.83 £0.04 %

100

0.84 +0.04 %

0.700 £0.010 %

2

1.05+0.07 %

Branching fraction (%)

w02 v,
270+ 0.08 %

200+0.08 %

K 3n0y

T
T e e B
Ko nOv, \ il

Kmv,

K2n'v,
Krntmv,

3h2htnOv,
h-4nlv,_
2h~ht2n0v
3h2h*v,

Ny,



Z: T SMEJHRE 7> SCHAd T

universal coupling g
of W and fermions

V,=0.974, V,=0.224

FELE B R A v LI AE
> Br(t—e ) 1 A 07 17.8%
- T Ne VP v = 207
re=p ) 17.4%
> Br(t—v+Cabbibo N¢|Vs d|2
~ K70
allowed channels) 24+ Ne (|Vual? + |Vus|?) — ST% (62E£4)%
» Br(t—v+Cabbibo N¢ |Vu6‘2 o
2+ No (Vadl? + [Vaal?) = 370 (2.6+0.7) %

suppressed channels)

* WAHERINER: auliERERETIEE A Kincusived B, 75
TRHMBIRAFRRE LT LUER .

< Xt TFexclusiveld 2, FANQCDIEMIMBMN, HERMESERRNE !



SR AR
tau MR T LIS RATHRAL 4 13 .7
e inclusive®EZ: (FR) AR BRFRS

T — v, (ud, us)
) AFRFIERR O EASH: ag, Vi

 exclusiveZEZF: FRZRFERET RS
T__)VT(R PP,, P]P2P3, )

) > BEARRET, BRTHRE, FAENKE ..

> CPV. BTHRIEBR. .. ..



tau inclusive FRIEA>



tauf]
inclusiveZE 2

2 2

d; Via + 5 Ve : :
LN
W

1Mesons

IES01S

['(T — vy mesons)

=0 CGE{EHTFFRTED

' / /
n=trm « A, - D
T e~ Tl
V : V A ; A
S 0 8—1
IV( j\f(j

R.=R.y +RTA+RTS ~ —Z|Vial? + =2 |Vial|? + Ne|Vis |2

2 2
Cabbibo allowed Cabbibo
suppressed
. o/ 1
[R = ] o Fz(iri 7;/ i )) — QCD corrections amount to 20%!
— L RY® = LB =By _ 36370 + 0.0075 Sensitive to Ol !




17(7 —+-VT1nesons
FEXBRE Vi =y Yy Al =1/ij Vs
4, (q) =i j d*x €% (0| T[J4(x)J;(0)7]]0)

=(-g" " +q"q" ) 1P (q°) + ¢“q" T1{,(4%)

M: s g \* - |
R, = IQW/ i ( ﬂ/lrQ) [( ﬂfz) Inﬂ_[“}[.f;) + IIHH(U)(H)]
’ ' ' ! //

R (P RRBRERER DD

YiEA

> R ImII)EE R : taufinclusiveZE 22T &

> IBERHImII(s) 7E s~(0,m.2) X [A] Y KB THH B 2W RIEMINQCD, BRI HMITHE
> HgHIBEE?



S R BT (s) TR 1 R e

. FFE R / \
. T(S)TERR % TE S8 LA MU LA A AR AR , | \

.« fONE—fEIT RS —— 4

e 1 \ /
;/0 ds f(s) ImIl(s) = g = ds f(s)II(s) __

M? 2
T d" ] . o
R, = 12x / e (1 - j\;?) Kl +2 ﬂ;) TmI1D (s) +1m[‘1(‘-”(.s)]
0 T T T
—>

ds s \?2 S - 25
= O 1— 1 O+ (o) — 22 110 (4
i fﬂ—]\/]? E ( ME) [( -t QME) 11 (s) Mf?“ (8)

v Es=m 2R EFERERFHE L), FIHAERFTIEH (operator product
expansion, OPE), R XJII(s)BEA T M ERITH.



HEFRF B FF(OPE)

n(s) = > (—s )D/z . Cp

D=0.2.4.... dim O=D

> D=0, QCDIIFL (Lha NSHHEATRIT)
> D>0, QCDIEMINH 7+ (LS FEREANRT)
> T] §eHIQuark-hadron duality violation (DV) XM

R, = N .Sy (1+6, +6p)

S.., =1.0201 (3) : S =—0.0064+0.0013

Marciano-Sirlin, Braaten-Li, Erler Fitted from data (Davier et al)

_ 2 3 4 - 0 ; -
op=a,+520a;+26a,.+127a,;+... = 20% , d. = (m. )/

Baikov-Chetyrkin-Kiihn

* tau inclusive R YINBIEFREEE, HXto MKB0EUR, BT A BOnHH € o J1E .
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v,(s)

(v, +2,)(s)

3 ————
s £ T3V AL[EMPH
[ [l ]
2l _ = n°3x°, 27w n, (6n)” E
; 1 on, nrn’, (KK-bar{z))™
160 ; —— QCD prediction 1 =
i | ]\ —-—-- parton model 1 o
[ e S A T e e TR | | |_:
1] 0.5 1 1.5 2 25 3 3.5
s (Gev)
a e
r ¢ - - ALEPH ]
5 O _’; « T (VA Y, R
[ "y — QCD prediction ]
2 . " ------ parton mode! 4
[ i 1 =
15 1 ﬁlﬂ'
: 1 =
1 -
05— =
o :"I;\ 1 |:
3 35

s (Gev?)

O WO v o O o A e eIy ot A e O
o 0.5 1 1.5 2 2.5

1+ 2i) ImII™ (s) + Imu(“)(s)] = N¢ Sey (1+6; +6yp)

« REEREU(V):

L B R e
- —— QCD prediction ALEPH -

12 ‘ - Parton model N A-v["'wm":
1 :— = 1:'2750, on'mt - IG J P=1+ 1-
0.8 — j Ef(’g-ban:)' . ;{Q . A
s = REANBE N
04 - Bz o |
02 / T —
O o 1 s 2 285 3 a5 ° %%%Elﬁ(A)
s (Gev)
T . G JP=1-1+
2-: :‘ :‘ - T (VA v, Alﬂ’.g]_ I J 1 1
E .’ —— QCD pred. = parton model
ol AR RENTH A
101 3
o5 £ .
E A £l R
2T T - REEKATH:
AaE =
0

”ﬁ FEESHE AR
BIFEV. AR

(V — A) |x x non-perturbative  (m, = mg =ms =0)

(V+A) X (perturba,tive -

Ois(]\/fT)

non-perturbative
Mg P )

(HIRTTERKZL20% , I TTERAEAE 0.5% )
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vy + a4 )s(s)

>

Cabbibo/Ef& (ZFHFBNKNF) BIIEEE

S EK, SERREKX

T T T T T T T -

:_ = ° E_—)S_V‘E ALEPH—_ .;E 35
r T 1 Kn 1 ~ C
- -E<27C ] 3 ¢
g |:1i_(3n+K‘n (MC) 0 E
r D}_<47t (MC) E " E
3 1 K5n (MC) B 2
; 15
| E
- 0s b
0

OPAL —
(K) from PDG .
(Kn+Kn)~ B
Knrn+Knm)

L]+«

(Knrmm)™
naive parton model

XEER BT CARRA ST m ANV,

0.5 1 1.5 2 2.5 3
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245 . V+AﬂEKJRr
HRewvpa = Ng |Vud’25EW {1 + op +5NP}

_ ds s \? 2s
- fﬂ vz ME (1_ W) KHQM )H(OH)( )~ M?-H(O)(S)}

T T

(y 1 () ;
Perturbative contribution S Z (—s5)P/2 Z Cp " (5,1) (Op(n))

D=0,24.... dim O=D
= (]
o 1 . dﬁ - r{—.ﬁ'} Tt 3 Sii
B e = il 8o S
ATNas) = o |sj=p2 8 ( m ) (1 2”2 +2”ﬂ M2
op = Z K, A™(ag) 4 ( Ko=K; =1
n=1 4 . Ky = 1.63982
i K, known up to O (ag ) — Np =3 | I’_’—GSTIGI
r=ag(M;)/w | K} = 49.07570

Contour-improved perturbation theory (CIPT)
Using the exact solution for avg(s) given by the

as(m2)CIPT — (.339 +0.019
RG p-function equation " — oo
as(m2)FOFT = 0.319 % {0
Fixed-order perturbation theory (FOPT)
Expansion of A" (ag) in powers of ag(M?)
— a(m;) = 0.32979078

[Pich, et al., PRD'16]



Non-perturbative contributions

- —1 ds ] . S 1
ONP = 5— 1 - 1+ 2 ,
i 21t J =2 M2 ( ﬂ,fz) ( i ﬂfZ) ‘ (_S)D/fz CD('S:'.“) <OD(PL)>
|E|| ﬂlJT T T T f_):_“?j.
i N 1 3 9
[}"ﬁ":P‘CD:constant - ECQ(OQ) - Ce <Oﬁ> — — (Y (08> o

M M?

E (’.I:'S(;ﬂlir—,-)
3 i

(i

Cy (02) X {1 + “ (Tﬂ-i(.ﬂffq-) + 'NLE(A{[‘_)J & (O4> o (O!b(i‘n[fr) ) i {(f-YL‘S'/W)G;LvGMI> 1

(MuthyPu + mathqtha) ;...

(E-urwdadrﬂju:) gomme Cs <08> X <(Q’*'S/W)wacﬂy>2

> JEMIRTERREE 0.5%, IRTTRRAE20%
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H—AHIF: V-A BKR,

Nr(q) = MNvv-aa(q) = %/f:lmie@
i [ d*x e_qu<OUV(X)J¢/(O) - JA(X)JI\(O)|0> , Jv(a) = dyu(ys)u \/

FEFMERR T, QCDRITIATTRIENTE, R IEMIAEM 71 Mk !

e : 1
/ ds w(s }— ImII(s) + 2—}1{ ds w(s) TI(s)
Sth T |s|=s0

;)

2 f2w(m?) + Res|w(s)II(s), s = 0]

® Al FPH w(S) - %, 512

vy-a, )(E)

= Perurbative QCOYparton model

—_—— —_—— s

lim £T1(s) =0 o T (s) =-Zer &

8
2F? e i B o= .

¢ I(s)= —8L(p” ——In—|4+16Cs(pt") —~+---

| YPT (s—0) (s) ; 1o (1 Tr2[3 nﬂz]—i— o (1t )F“ 5

* *‘*+++

'u;h .#'f Statistical analysis: Gonzalez-Pich-Rodriguez, 1602.06112

.“. am sy C =(8.40£0.18)- 107 GeV™* O = (-3.6£0.7)- 107> GeV®

PR B s Lig=(-648£0.05)-107 . Og = (1.0 £0.4) - 107 GeV®
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BR—AM5F: FHCabbibo EAK K3 R B ELV

r +had

Rr = (r:jyi—rf::f) Rr = Rrv+ Rra+ R:s

(1) S Nc|vu |2 g RT.,V T R’T‘,A T RT._.S — NC
|m |_|V (S) f— 12?: T 7 |Vud|2 s ‘Vud|2 _ 2|VU5|2 - 2
Rexp exp exp
ViR = L8TT£0009  yih = 178420011 gryzis = 1614 +0.028

R: via R
In the SU(3)v limit v — e =0 _Revia Res > 2
. T Vlr [Vis)?
SU(3)y breaking by ms # my Vual® Vs 2
s (B L HERYEED
R
Visl = | 7——
BlEL SRr,th

|Vud|2
Br(r™ —v,i7s) = (2.908 £ 0.048)%
Br(r~ —v.ird)=(61.83+0.10)%

Vius|=0.2184£0.0018,,, +0.0011,
Br(r™ > vie ) =(17.812+0.022)%
V.t =0.97373+0.00031 R, TRERAEE S L iR
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Cabbibo anomaly: CKM%EP4&28—47T 1) K 1B A] &R
ACKM:|\/ud|2_}_|\/us|2_|_|\/ub|2- 1=-1 48(53) X 10-3

MM Vs Kias N = 2+1+1, 2021 update
0.2231+ 0.0006
Y Vs Kgs N = 2+141, PDG 2020
0.2252+ 0.0005
—eo— CKM unitarity &V _ &V,
0.2277+ 0.0013

—e— AV
0.2184 + 0.0021
—e—i T o Kv/t-Hnv
0.2229+ 0.0019
—e— T — Kv
0.2219+ 0.0017
—e—i 1 exclusive average
0.2222+ 0.0017
—e— 1 average
N _ & S 0.2207 + 0.0014
0.22 0.225 0.23
IV | HFLAV
*
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tau exclusive B EFEAD



Tau exclusive decays

L J

IMeso1ls

[Pins==t

M(t - v.H) = & oxm Gy, Y (L —v5) ur (H| (V, — A,) e LQCD]QH)

V2

Hadronic V-A currents

Chiral EFT is the low energy realization of QCD:

E'iZ(v”,a”,s,p) oo /DQD@DG# Eif d-’ll;ﬁ(ggg(ku“,s,p) - /D’H E’ifd‘imﬁEFT(’Up;ﬂ-;L;fi:P)

3 QCD |, - q '
LRCD — £ 4 Gk (v, + a,y5)q — G(s — ivsp)g

Vs 4, S, p are the external source fields .

18



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.

) 2
Ju = — | 31{— BWa (QEJ(BP(S:!)VM -+ Bp(SI)VE-x) [Kuhn, Santamaria, ZPC'90]

Wy structure function W, structure function (neutral channel)
0.02 O L L L L i
= ::-' ;,- E i ELNCEN WU T N (NN OO O O N O O A T T 1
0.015 :— VMD (charged, neutral) \ A = ; E :
0.01 :_ f;r _i 0.00086 :— _-_-
g P L - C =
0.005 [ ,-**'/ O@): neutral 0.0004 5 :
D ; L e P21 _: U . 0002 :_ P ; ’_E; O(pZ)
I B S EAT IS U A AN ST T A 24 IO v} i I O (I A O T s H
0.2 0.25 0.3 D35 0.4 0.2 0.25 03 0.35 0.4

O(p*): charged
[Colangelo, et al., PRD'96]

> Resonance chiral theory implements the constraint of chiral

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

19



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

Resonances : R== hR h', heH

pNGB and external sources : X = u,, x+, fL , h.

Operators P C;- h.c. | chiral order Operators p c =
u ut u u' 1 : =
M N B R p Vi v ~Viw | Vi
u, —u* uy uy p AL — A AZV A
X+ Ex+ ¥ Ex+ p? & g g7 S
fPWi :tf:f;u :Ffui f,uu:t P2 g
- —h* | hl, By p? P —P P P
Operators beyond minimal
Minimal RyT Lagrangian |[Ecker, et al., "89] [Cirigliano, et al., '04]:
F Lo iG Lvap =  AAV*, A=) + ...,
fov = sVl + 225Vl ) ans S Al
[Ruiz-Femenia, Pich and Portolés, '03]
£2A = FA < pr/ff[}) v 6" o
2\f EVVP — dlguupcr({vlu *Vp }v u >
— I
£25 = Cd< SU‘LLU ) T Cm( 5X+ ) 5 EVJP — A(/:,l .lLV,OJ({ Viatd fpa}v U >
Lop = idm(Px—). v

dfig;uzpo' ({vg dat s Pe }“«1}
20



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®XT = ( J(x,) - -J(0) ) QP

For example: wm vector form factor

RxT FV GV q2
Frix(a%) = 1+ ,
[ } F2 ME; . qz
(FY(qH)] 0, for ¢® — o0
This leads to

[Fre (@)™ = [Fra(@®)]¥P = FvGy = F?

21



Bll: © >P+v, SESHEER

2
F( — H ) 3 sz ‘V ‘ ]_ miz—l (]. -+ 5(H))/7 O = (—0.24 + 0.56)%
T 1 = _— 0k = (—0.15 = 0.57)%
! 167 m2 RC ’ |
%?%ﬁ'ﬁﬁ%' [Arroyo-Urena, et al., PRD'21]
['(r — Pv,| g-| 1 M3 (1—m2/M2)? 5R = (0.18 £ 0.57)%

R_,p= gl
i L'(P — pv, [q]

o ]' + ’]_7 D A — o
| 9y 2m "N p (1_”?2/”?13) ( - f) SRk =(0.97 £ 0.58)%

Predictions to T — n/K yv. [ZHG,Roig,PRD' 10]

vector currents:

axial-vector -
currents: iﬁ\/mm @—l\/vvv\/m @W\lwm AN

; 2
Lbl
£
>

E,=50 MeV E,=400MeV :
0015
IB 13.09 x 1073 1.48 % 1077 )
IB—V 0.02 < 1073 0.04 x 1073 st &
IB— A 0.34 X 1073 029x107% &
4% 0.99 X 1077 0.73 X 1073 B |
VA ~( 0.02 x 10~ [
AA 0.15 x 1077 0.14 X 1073 -
ALL 14.59 X 1073 2.70 X 1073 i

1 1 1 1 I 1 1 1 1 1 I 1 1 I 1 1 1 1 1 1 1
0.6 0.8 1.0 1.2 1.4 L6

in units of Br(I'; ... ) ~ 11% JFeen 22




B2: Tt — PP+v,

_ A Ap, . ~
(P Py| DyHu|0) = [(pQ—m)“— I;zquu Fflpz(s)-I— SD q“F(flPQ(s)

(vector FF) (scalar FF)
2 2 2
Ap,p, = mp, —Mp, , Apy = Bo(mp — my), du = (p1 +p2)ua S=4q .
e Invariant-mass distribution of P,P,
dl L GZ M3 s 2s PPy, £ |2 3AD, PPy |2
e G oo (1= o Y{ (1 ) i[04 gt |
T T
* Forward-Backward (FB) asymmetry distribution
1 d2FT—>P Pyur 0 d2F7—>P Povr PP P Pox
A B(S) _f() dCOSGfd\/gd—CtSQQ{ — f—l d cos ad\/gd—(;)sQoz _ ADUJQP1P2(8)% [F_|_l 2(5) FO o (S)}
F = ) D) 2 2 s 2
1 d°T',_, - 0 d°T, - 2\/s s PP, AL, | PP
s dcosa—d\/gdiiz + f_ldcosa—d\/gdilog g (1+ 1247) 0P, p, (5) }Fﬁ 2(5)} + 50 |y 2(5)}

a: angle between the momenta of P, and 7 in the P,P, rest frame

T — TC'TCOVT: APP’—>0 (lﬁlﬁ%ﬁ&ﬂ:ﬁ), */%EFQmEI@H%’ %ﬁFéﬁﬁi@'
T — KTCVT: APP’?EO) &T‘E%’Rlﬂ?Foﬁﬁ U\Rf’iﬁﬂﬁﬁlﬂ?ﬂm%ﬁﬁﬁﬁ'

23



Calculation of P,P, form factors [Hao, Duan, ZHG, FOP’26]

F? F? F? Fy vy, GV
LO _ py T 2 y2 L “ —(V,utuy
L 4<uuu>—|—4<><+>+12 0X V = 2f< >+\/§<Muu>
CTLOU()_ F2A1D“XD X_Fi;\2X<X> Ls = cg(Suyut) + cm{Sx+)
WR< <
S

(a) (b)
[Gao,ZHG,Oller,Zhou, JHEP23]

L4 L3 L3 0- - ,- L4
Mixing relations of n®-n-n’-a (axion) ¢, 1.0, 756, 0ller. Zhou, EPIC725]

70 1+ 211 cg(—viz + 2z12) + sg(—v13 + 213) —sg(—viz2 + 212) +co(—v13 + 213) —via + 214 70
7 vig + 221 cg(1 + z22) + sg(z23 — v23) —s9(1 + z22) + cg(z23 — v23) —va4 + 224 N8
7 v13 + 231 cg (232 + v23) + sg(1 + 233) —s5g(232 + v23) + co(1 + 233) —v34 + 234 10
a v41 + 241 co(va2 + z42) + sg(va3 + z43) —sg(vaz + z42) + co(va3 + 243) 1+ vgq + 244 a

v;i: LO terms

z;;: NLO terms (Ls, Lg, Ay, Ay) or [ (Ls, Lg )~ (C4Cms CmCm)/M3g 5 Ay Ay 24



Some explicit expressions for Form Factors

V2

*  VFF-nn FT ™ (s) = e 773 GLO+pEx()

Gy Fys+ F*(M? - s) Gy Fl s GV I{}s

G X = . ) ) ,
LO+pE (s) Mg 5 — szFp(S) Mg, — 5 — ZMp/Fp/(S) Mg,, —s— ZMp//FpN(S)

M S 1 S O';?-ﬂ- S 2q 1 2( )
Ip(s) = 967:Fz Onr(8) + 5‘7%@((5) , Dorpr(8) =Ty M2 » o3 (]\4(2> Bi TP Py (8) = %9[8 — (mp, +mp,)’]
° 9 7ol \/5/012 0
VFF-Tﬂ]/Tﬂ] /ma F+ n(s) = — 2 GLO—{—pEX(S) - \/§ (y12 - v13y§3)> ,
T \/_U
FT 7 (s) == T2 Grorpmx(s) = V2 (13 + vianfy) ) |
T a \/_U
FT %(s) = 7 & ~———=Gro+pex(s) — V2 <y14 + V12 yéi) + v13 yéﬁ?)
 SFF-mq
. 9 1 2 cp — /259
FO 77(3) \/;(09 — \/_89> I E(Al = 2A2>89 — ﬁygg(QCQ =} \/_89) =+ 4\/; 2 {
Cm (Cm — Cd)2mzr + cmed(s + m72r - m%) 2¢m(em — ¢q) (Zm% — m72r)
M2 — 5 —iMg Ly, (s) M

+ [CmdaMao7Fao7MS — Cm d)Ma67Fa67MS’] } )
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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, c;=15 MeV [ZHG,Oller, PRD’11]

Parameters for a,(980)/a,(1450)/K,*(700)//K,*(1430) are fixed to their
pole positions .



10

o
Ol
°|l<
O'IOf [Belle, PRD’08]

0.01.

05 1.0 15 20 25 30
s (GeV?)

» 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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10~

0.100-

Nia-(EXGeV™)

0.010-

[Belle, PLB°07]

— Total

- Scalar

9 >
) =]

o
=4 - =

Ni-n(EXGeV™)
5 i

e
[

X

10

0.0

— Total

- Scalar

[Belle, PLB09]

12 14 1.6 1.8

F KP: K*, K*(1410) , K*(1680)

KP .
F KP:

Kk, K*,(1430)

0.001" | Y
E (GeV)
prediction to Kn’
8.x10717
6.x 10717 Kna
3
= -17
§ 4.x10 7
—
o
2.x10717:
O— 1 4._———-1'"——_—-_—-______“—-:.—.;'_-_-_-._".
1.4 1.5 1.6

scalar dominance

— Total
--- Vector

- Scalar

1.8

BR(K- 1°)Theo = (2.0+1.0)x 106
BR(K- n°)Exp, BaBar < 2.4 x 106
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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
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163014
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1437051

+0.07
0.2020/04

< 9.9 (BaBar) [69]

[Hao, Duan, ZHG, FOP’26]

10, < 7.3 (Belle) [70]
ol g | oat | Lewgl | <4 (asan)
X

1.8

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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@J3: T — P1P2P3+ V‘L‘

(P[ Py P| (Vy — A,) eaom)|0y) =

Q.0 5 j =3 _
Rl & (!Lu-u - =57 ) LF(Q%,5,1) (p1 — p3)” + Fa(Q%, s, ) (D2 — p3)” |
§ = (p2+ps)° Q
b= (htp) +F53(Q2‘ s,1) Qu + 1Fy (QE: s, 1) Epnafy P?PSPT
T —¥ T -
Fo(Q?,5,1) = Fy(Q% 1, 8) T—> KKnv,
Bose symmetry, Axial-Vector only VﬁCtDl" all d Axia]-Vector

F; is suppressed by m,/Q; F,is suppressed by IB.

[T_ — 7r_7r_7r+r/7] [6omez Dumm, et al., PLB'10]

™
2.5e-13 T T T ™ ™ p
™ ™
e /S\e]:ElP(ly-J[‘di?ltcaluded) | ™ (9 ™ s
2e-13 — 2 —--- Set 2 (p’ not included) —
I T s e
—-% 1.5e-13 - s T
3
o
§ le-13 - a P p
7r T
Se-14 |— —
Q0 T
0 . : L R .
! oo ’ » To describe the ALEPH data, it seems good enough to

include vector and axial-vector resonances in chiral EFT.
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> Additional contributions from scalar and tensor resonances and extra axial-
vector resonance ?

[CLEO, PRD'99] [Nugent (BaBar), NPBSP'13] [Nugent, et al., PRD'13] [Sanz-Cillero, et al., JHEP'17] [Rabusov, et al., 2405.19264] ......

s s

S, T S, T

S: £)(500) £,980). f,(1370); T: f,(1270); A,: a,(1420)

e Jtis still under debate about the effects of scalar and tensor resonances.

* Measurements of the rt line shapes could be very helpful to address this
issue.

* It can be crucial to do partial-wave analyses.
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Proposal to search for massive neutrino in tau decay

U A [Kobach, Dobbs, PRD'15]
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