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Current status on muon g-2

[2505.21476, White Paper 25]

Contribution Section Equation Value x10!!  References
Experiment (E989, E821) Eq. (9.5) 116592071.5(14.5) Refs. [5-8, 10-13]
HVP LO (lattice) See.3.6:1 Eq;: (3.37) 7132(61)  Refs. [14-30]
HVPLO (efe”,7) SEE, 2 Table 5 Estimates not provided at this point
HVP NLO (e*e™) SCCHZA Eq. (2.47) -99.6(1.3) Refs. [31, 32]
HVP NNLO (e*e™) Sec. 2.9 Eq. (2.48) 12.4(1) Ref. [33]
HLbL (phenomenology) Sec.5.10  Eqg. (5.69) 103.3(8.8)  Refs. [34-57]
Hadron HLbL NLO (phenomenology) Sec.5.10  Eq. (5.70) 2.6(6) Ref. [58]
HLbL (lattice) Sec. 6.2.8 Eq. (6.34) 122.5(9.0)  Refs. [59-63]
HLbL (phenomenology + lattice) Sec. 9 Eq. (9.2) 112.6(9.6) Refs. [34-57, 59-63]
QED Sec. 7.5 Eq. (7.27) 116584718.8(2) Refs. [64-70]
EW Sec. 8 Eq. (8.12) 154.4(4) Refs. [51, 71-73]
HVP LO (lattice) + HVP N(N)LO (e*e”)  Sec.9 Eq. (9.1) 7045(61) Refs. [14-33]
HLDbL (phenomenology + lattice + NLO)  Sec. 9 Eq. (9.3) 115.5(9.9) Refs. [34-63]
Total SM Value Sec. 9 Eq. (9.4) 116592 033(62) Refs. [14-73]
Difference: Aa, = a,” — a}™ Sec. 9 Eq. (9.6) 38(63)
Error budget of a,5M: 61(HVP-Lat), 10(HLbL), 0.4(EW), 0.2(QED)
HVP:
LO NNLO HLbL
( dominated by

ete-> hadrons
below 1 GeV)

WP20:

~7000(~40)

A&&&&

-99.6(1.3)

nn: (>70%) (>60%)
nnn, KK, ...

12.4(1)

115.5(9.9)

Greatly improved since WP20
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Current status on muon g-2

[2505.21476, White Paper 25]
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Alternative way to address HVP from nn

/ Known kernel function
1 tmax P

(enhanced contribution

HVP,LO _
au — 4—3 dtK( ) €_|_e —shadrons (t) from energy below 1GeV )
T 4M2
0 O
Oete——mtn— = Bﬂ'Jrﬂ' ‘F( |

FO @[

dt 38473 m2 m2

T

d0(r27)  G% |Vial® m2Spw <1 _ i)2 (1 + E) By o

— 00— - Isospin limit
Tl 0 0o~ Q0 [1=1, I,=-1] ©cy= Oy
4. e . + — — _ — (0) __ _
ee—-nm 0 () [=1,1=0] Conserved vector current
(CVC)
50 Ky(t) Brir—  dl(m2q) Kolt) = ™ sty — GELVual 2 <1 t )2 (1+2 ! >
_+_ _ + = o = 5, I = 3 - —2 _2
ete =TT KF (t) SEW Bw—wo dt 3t 384m ms ms

» Isospin breaking (IB) effects become CRUCIAL at the sub-percent level.
» Full control of all the IB terms is yet to be reached.
Results on the estimation of a, based on the tau data in WP2S5 are based on:

[Davier, et al., (DHLMZ), EPJC’24] [Lopez Castro, et al., (LMR) PRD’25]



Isospin breaking corrections to «,

— 0) 1y |*

p - [Fott i) () oty - TSRO e P
ete-—ntn— Kl"(t) dt SEW 1B GEM(t) 57,‘::,-_71-0 F(_) t 2
Exp tau data (photon inclusive) 0 ( )|

1 tmaz K (t) dF(TQTr[ ]) Rip (t)
HVP,LO _ o g _
Aa# 13 Am% dtK(t) [ F(t) 7 ] X ( S 1)

» Final-state radiation (FSR) corrections to w*m-
> Ba=2qcm(t)A @ Kkinematical factor caused by the 7+ - i mass difference [important near thresh.]
> Raito of form factors: (O)( )/ (O)( ) [carrying the largest uncertainty]

(0)( )lete »mm]: My, Iy, p-0 mixing

OO ->vam]: M,, T,

Not only depend on AM,, =M,,_- Mo, AT',)=I';_- I, p’-® mixing , but also on the FF parameterization.
[2505.21476, WP25] Aaf}vp‘ YOz, 7] (in units of 10710)

AM, 0.20(*27)(9) 1957138
AL(AM)  409(0)(7) 337 e A
1;_ (Wo p-w) AT, (try)  —5.91(59)(48) ~6.66(73) (DHLMZ) (LMR)
AT, (8prr) - -
Total  —1.62(65)(63)  (~1.34)"!7
(DHLMZ) (LMR)

»  Gpgy(?): long-distance radiative corrections to T— v a'n-



» Gpgum(?9): long-distance EM corrections to T— v, -

dU(Tany) _ GE |V, d|” m3Sew 4m? t\? 9 2
= = 1—— ) (1= =) (1+ =) |FC)
dt 38473 ( ; ) ( mz) ( + - ) | ar (t)| Gem(t)

T

Gip(t) ~ virtual photon + real photon

virtual photon (loops)

[Cirigliano, et al.,PLB’01]

real photon
(radiative decay,
hadronic modeling
needed) N o N o N o

s T

» Gy is infrared finite: cancellation between photon loop and bremsstrahlung of the real photon.
» Experimental measurement of T — zwmyv, is absent: theoretical estimation needed.

. [Cirigliano et al, JHEP‘02]: Minimal Resonance Chiral Theory interactions

. [Flores-Baez et al., PRD‘06]: VMD with anomalous vector interactions

a;[27r] =((5173+£1.94+22+1.9)x 1071 [Davier et al., EPJC'24]
. [Miranda, Roig., PRD20]: extended RChT with many free parameters

a’,[27] = (519.6+2.8[exp] 5 [IB) x 10710 (0@



Muon g-2 based on the T— v, aimr data

DHLMZ-23 4 H @

17— v, data (Belle, ALEPH, CLEO, OPAL) LMR-24 1 b =

_|_ WP25 ; : * : | ‘
Isospin breaking factors (|Davier, et al., (DHLMZ), 55 p 5 p
EPJC’24][Lopez Castro, et al., (LMR) PRD’25]) 100 x qHVP. LOfrr, 7] '

a, ¥ Olnm, 7] = 517.2(2.8)exp(5. D X 10717

Adding other contributions to HVP-LO (nrn, KK, 7y ...) from WP20

alI:IVP, LOl(zer, 7) + WP20] = 704.5(6.2) x 1071

Caveat in WP25: “The above offset from WP20 is not updated in this work, we instead focus on the major tensions in
the 2x channel. ... ... As described in Secs. 2.2.6 and 2.6.2, tensions between the Belle-11 3w data and previous
measurements are now visible, other tensions are present in the K+ K— channel and in the comparison of the BESIII

inclusive R-ratio measurement with pQCD. ... ... ”

» To futher take HLbL, HVP-N(N)LO, EW, QED from WP25, one would obtain
auSM [(mm,T)+WP25] = 116 591 946 (63) X10-1

a,Bx = 116 592 071.5 (14.5) X101

) Aa, [(nm,7)] =, - 2,5M = 126 (65) X101 (1.96)

to compare with: Aa, [(mn,lattice)] =a,FxP - a,SM =38 (63) X10-! (reference value in WP25)
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43> LU
> 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
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FLAHEE 8 [] B

wemagsag  Lcc = — S W] (Vup 0y D + iy 1) + h.c.
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* SMEFT — LEFT ([cCirigliano et al, '10] [Y.Liao et al., '21] [J.H.Yu et al., '21][F.Z.Chen et al, '22] ...
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Lo === | (1+eL) Byu(1=8)ve- " (1=35) D+ eR By (1=0)ve- T (14+95) D

_ . . 1. s
+4(1—"5)ve-u [EE* — egth;,] D+ A—IEQ‘?WJWU —5)vg-uot” (1—5)D| +h.c.,

&x parameterize various new physics at high energy scale

11



Z: T SMEJHRE 7> SCHAd T

universal coupling g 7

of W and fermions >
W
V,=0.974, V,=0.224
R i i
7 Brieme ) . 07 17.8%
— 2+ No (|Vaal? + [Vas|?) ~ 20 /{
prirow ) 17.4%
T 2
> Br(t—v+Cabbibo N¢ Vu2d| o~ 57% 624
allowed channels) 2+ NC (|V’“d‘ T |Vu8| )
. NClvus‘z
> Br(t—v+Cabbibo 2+ Ng ([Viual? + [Vius %) ~ 3% (2.6+0.7) %

suppressed channels)

< XNTHRERFRERE, FHANQCDIEMMAHMN, HERMEERRNZ!

‘i. 1':4 T 8 ;.b
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SR AR
tau MR T LIS RATHRAL 4 13 .7
e inclusive®EZ: (FR) AR BRFRS

T — v, (ud, us)

) WK AR REESH: a5, Vi, -

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

) > BEARRET, BRTHRE, FAENKE ..

> CPV. BTHRIEBR. .. ..
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di Vs =+ 51 Ve : :

e IMesons

tauff]
inclusiveZE 2%

HIESONS

['(r1 — v,y mesons)

A=0 CERERFFEHRFE)

, ’ 1
I'(7— — v, mesons
I'(t— = e Vevs) Vv vV A A
Y ‘

S=0 S=1

. L ; . d NC 3 N &
g 2 C 2 2
RT — RT,V + RT,A + RT,S = 9 VTu-d.‘ + 9 ‘Vud‘ + NC|VHS‘
pov = 2l V) g pns 40,0081 QCD corrections
[R ~ N ] L(r= = vre D) °
r = IN@ iR -E, amount to 20%!
= = 3.6370 £ 0.0075




17(7 —+-VT1nesons
PR R Bk R 4 "=¢WMWE g::WW Vs ¥i
4, (q) =i j d*x €% (0| T[J4(x)J;(0)7]]0)

=(—g‘“"q +q’”q"’ I, (¢*) + ¢*q" T1",(q")

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?

15



S R BT (s) TR 1 R e

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

f(s) AAE—FEHT R 3L g 4

L o |
;/g ds f(s)ImII(s) = a = e ds f(s)II(s) \/

M2 . 2
T d # 5 ; —_— s
R, = 12x / e (1 - j\zf?) Kl 13 ﬂ;) ImI1M (s) +1mu(‘-”(.s)]
0 T T T
—>

ds S 2 S - 25
— Gmi I 149 O+ (g) — == 11(0) (4
i fﬂ—M? 0E ( ME) K + Mg) (s) Ve (s)

v 1E|sl=m 2B B E L, FIHERRIREIF (operator product expansion, OPE),
AR TI(s)BEAT AT SE I B TH O
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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

- taulBERERTHYRBIERFER, KXo KB, F A AR E o B1E.
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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 .
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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 [TF T o[ TP T[T R [ T TAA R
= ::-' ;,- 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 % 0.0006 = =
- & L - - =
0.005 = ,-*'/ O(*): neutral 0.0004 = :
o F e = 0.0002 =
0.005 | \ i 5 T vmp
I B S EAT IS U A AN ST T A O R IR v} [ Al I =S
0.2 0.25 0.3 \Lo.a-j 0.4 0.2 0.25 0.3 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.

20



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}
21



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?

22



Bll: © >P+v, SESHEER

D m H Orr = (—0.24 + 0.56)%
F(r — HVT) = ‘ u ‘ 1— —’; (1 I 5,(?(_-)) drx = (—0.15 £ 0.57)%
1677 m=
%?%ﬁ'ﬁﬁ%' [Arroyo-Urena, et al., PRD'21]
O(r—= Prefy])  |g-| 1 M3 (1—m2/M2) SRy = (0.18 + 0.57)%
]_)T Ip = — P ], + )]_ - o - %
g L'(P — pv, [q] | 9, 2 m ‘mp (1 — mz/mp) ( e ) e

Predictions to T — /K yv [ZHG,ROIQ.PRD'lol

vector currents: M @\/\/\l\m M\l\wm
®\M
axial-vector x 7
4 7 g B! T a ¥ a e ¥
currents: HANN,

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

— M 4 U—‘
in units of Br(I'; ., ) ~ 11% i, 23




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'
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Calculation of P,P, form factors [Hao, Duan, ZHG, 2507.00383]

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 25



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
[

0.0-

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

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

— Total

- Scalar

[Belle, PLB09]

12 14 1.6 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

Frn KJ=0, WHEP=+1 (V- ARIFIRARE) ; FHJ=1, NP=-1 (RER)

EHEXFSME#H, 1-RERMNMAIGFERANIE, ManMIGERANR, RAXE I
IRGFEHRHILFE (second-class current) , FEILTEERIFIRFWER) —NERBR

Phy

_ Ap, _ A )
- P d P
(w~ Pldyul0) = | (pp — pe) — =22q" | FE P(s) + =gt By (s)
1.2x 10719,
— Total 1L4x10718 ’ — Total
1.x 1076 Tﬂ] --- Vector 1.2x10718 nrl === Vector
8 x10-17" --- Scalar 1.><10*18j - Scalar
<3
—Eb 6.x10717- . T sx10 ]
S vector dominance 5 G109 scalar dominance
4.x107"7
4.%x1071
2.><10‘”j 2 %10-19"
06 08 o 12 14 . 16 1.8 0- S .—-’1‘12. 13 14 1516 LLLLL 1.7 1{8
E (GeV) E (GeV)
Channel Total Vector Scalar Exp Limits
T — T nu +0.14 +0.18 +0.07 < 9.9 (BaBar) |69
577 " 1.637514 1.43%5 51 0.2020 04 ( ) 169
(x10?) < 7.3 (Belle) [70]
— -7
T 7;}7;7 Yrol 117tpss 0.1470 59 1.0315:15 < 40 (BaBar) [71]
X

[Hao, Duan, ZHG, 2507.00383] 30



Predictions to Forward-Backward asymmetries
Apuarp(s) R [P (s) B2 (s)

2 I 2
2/5 (14 25) 2, (s) [FPP2(s)|” + Su | EPP2(s)
3 M?2 PPy + 21/s 0
0.2 0.2r
04
0.1
02 0.0
0.0 |
0.0
& g -o! 85
2 02 é 2
7 < -02 E .,
Ksn™ K™ K™n
~0.4 o8 o
~0.6 o
086 0.8 10 2 1.4 16 g 03 L1 12 13 14 i3 ¥ ¥ 7% BRVE 1.50 1.55 1.60 1.65 170 175
E (GeV) E (GeV) E (GeV)
0.6
0.6
0.4 ~ .
T b T
02 ~ 02
S S
= &
& ~ 00
- 0.0 <
02 -0.2
-04
-0.4
| | | | ~0.6 | |
0.6 0.8 1.0 1.2 1.4 1.6 1.8 1.1 12 1.3 1.4 1.5 1.6 1.7 1.8
E (GeV) E (GeV)

» Measurement on Agg can determine the curcial inputs for CPV
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Predictions to axion-meson production in tau decays

Spectra

dT ro/dEX £,2(GeV?)

BRs

10714

10716

10718

10—20 L

05

1077}
1078,

10*9L [
0.0 0.2

.
~~

1.0
E (GeV)

0.4
M, (GeV)

Ta

0.6

vector dominance ar
— m,=0 GeV /” — m,=0 GeV
-=- m,=0.1 GeV y/ -=- m,=0.1 GeV ]
& 1076 i
== m,=0.3 GeV > - m,=0.3 GeV
(0]
o
N%
< 0-17
é 0
3 i -
~
IN]
-
\\\\\\\ < 1078/
"""" I‘ J 10—19 E - i ; I i 9 ; “:': |
1.5 0.6 0.8 1.0 1.2 1.4 1.6 1.8
E (GeV)
5.x107°
< Ka
o 1.x10
< |
<:§ 5.x107°
X
~ B
=
fe g
N
£ 1.x107
5.x1077
0.8 10 0.0 0.2 0.4 0.6 0.8 1.0
M, (GeV)
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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 existence of scalar and tensor resonances.

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

* Possible to have partial-wave analyses ?
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Proposal to search for massive neutrino in tau decay

U A [Kobach, Dobbs, PRD'15]
- I '
l — =
i S s e dUyo (™ = vh™) (1-|U ‘l)dr(r — vh™)
081 i dmydE, s dm,dE;, |,
L m, = 1 GeV
- 0.6 i dl'(t7 = vh™
ﬁ: 06: + ‘Urdr‘z ( ]
r dnlhd‘Eh n, =y
0.4 I =
02 ki
0: ! Loy | ! ! IE: & % Tt 5
0 02 04 06 08 1 S I | ) . .
my/m, lﬂ-l = \ : E‘?«‘ 5
) E ‘\‘1‘\\“:\;”3‘_“; : :‘I *:Hl.‘lll et al. E
10 g e B e ®_ .3
TS §
- ]ﬂ-3 = e H"“‘I':“ e o =
Strong interaction of the nnn X e 1N -
[dominated by a,(1260)] system will 10 R N3
greatly affect the final results! 0k i
g \ E
P \ ]
10 § = conservative q _g
7 H="optimistic ]
]n 2 T T III””_[ 1 1 IIIIII| | | 1 1 1111
10 10 1

m, [GeV]

S
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» Charged lepton flavor violation in tau decays
90% C.L. upper limits for LFV t decays

AAAH A EoE QCEOEOEQF O OED
=

3 = & = = 5 [Belle-II, '22]
i LI IIIIItl“D 1 Illiflllcc I EIHIIII--“J LI IIIIIIIG) I Ilillﬂ]m LI
e vy ® -« . =
- <
Wy @ - ]
e TEO I ™ b= - | 0 . e
Lo e b 16, . * Not only statistic but also systematic
onE "a ' " " g uncertainties are importantint — [y
28 T}) = @ b -
e K. - @ - o
u‘_KS — ® - - m
EE—o =
gi— LE . -. @] * Clean backgroud makest — [1/’]”
23 — L] g - 2]
ok ] s - one of the best channels to search for
g.% C g ™ = = LFYV signals.
”é' [0] » ° . - - : =
o ® ) “ ] . .
T . 4 * T — |+ hadrons provides a different
ete & - 5 o
o] . - B laboratory to probe different LFV
E E - ..' ,;: :' - origins, comparing with the pure
mEl 8 E % . _ leptonic processes.
T K. - ° - =
ﬂ:’:K_ — ® ] =
K+ 2‘ : .. < " ] "
K: K @ < = .y
- ® -« |
GReE T -, '3
P‘(S”KS = -3 . - =] F
) E+ 2' — & « =
e K ] < ]
WK - ® « =
ek e « . * CLEO
A E—" = 1 - v BaBar
A » « > | + Belle
RAF  » [ = | © LHCb
— 1 ilIIIIlI 1 1 1iilil 1 II!]IJII L1 IIIII[I 1 1 Iil[ul L1 o Be"e II
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ISES

TauZZ R MR T ERAL T — R RS
v HEESYEFIET R
Ve 2T EEE(epton universality), (8-2),5 oer oee
v’ SRAH EAE AR SR I
RIEHEAR S E o, BTICRS, PENKRE, BRET,
v AIRERIET BB R
B TFERIEBIRN(LFVY), CPV, ... ...

A !
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