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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) Sec.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™) SCCHZA0) 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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Two common methods to combine
various data for ete- — hadrons
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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 5
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 B = 116 592 071.5 (14.5) X 10-1

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

to compare with: Aa, [(mn,lattice)] =a,FxP - a,SM =38 (63) X10- (reference value in WP25)



Other interesting topics on tau lepton

P A )
> Br(t—e ~):17.8%
Br(tz—p ) :174%

» Br(t—v+Cabbibo allowed hadrons) ~ 62%

> Br(T—>v+Cabbibo suppressed hadrons) : ~3%

O Br(r—van) ~25%, BEFAF X K

O taul)ZRARSRAERRET, FPRER
BLF (m, < mp)

O #ETFHFENRET, taufiBZRES
AEFHIRE(m, <2my)

VT

«  Bx(exclusive): RBEFE I REYHEIE

« EZE(inclusive): BEFFTE W RERI BT E R
EREFE—RPEIE

#iltn, CabbiboRVFHIESIEREBREASAE

FHANKIFHITE 225078

25 modes
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930+0.11 %
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— 80

— 0
T V‘C
25.52+0.09 %
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TV,
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WV ve
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eV, |
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2.00 +0.08 %



DR AR T TR

tauf) 3R O] LA A TR 2B R 2
o WHEFER. (FP) FMAHBRTFRS

T — v, (ud, us)
) AT OEESH: g, Vi

o BT FARREHRTRD
r-—v(P. PP. PPP. ..)

) AUARBEARRET, BTHES, FEMRKE, .
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A FH tau i 1% 28 2 € ar(m,)
F(T — V7 Esons)
e vy = o -
", (q)=i [d'x & (o\T g(x)J;(O)T]m)

Vv i V\‘
=(-g"'q" +4"q" ) 1,(¢*) + ¢*q" 11 (q°)
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I P R BT () BT AR 1 R i

- PIVEEHE / \
o TI(s)7ERR & IE SE3 DA ANy oAt b 75 f AT | | ‘

f(s) AR — T R 5K g 4

L g |
;/g ds f(s)ImII(s) = 3= e ds f(s)II(s) \ “ : /

Mz 5 2
T d # 5 ; — i
R = 12«;¢/ A,;Q (1 — J\zf?) [(1 + Qﬂ;) ImIT (s) + Iml[“”(s)]
0 T T T
—>

ds S 2 S - 25
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HEFRFE I (OPE)
Y (s) = Z = )D/z Z C 1) (Op(p))

D=0.2.4 ... dim O=D

> D=0, QCDHLF 57 (Lo ASHHITRIT)
> D>0, QCDIEIME D (PAEFERERENREIT)
> T]BEH)Quark-hadron duality violation (DV) X3

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

S.., =1.0201 (3) : 5. =—0.0064+0.0013

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

op =a,+5.20 a§+26 af.+127 a§+... 2 20% 3 d,. S (m. ) x

Baikov-Chetyrkin-Kiihn

c tauBHEHEBRFTHRYNBEFREEE, KXo KBEUR, KL A RO0HE o B1E.
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Mz ds g }*
. 1277] a5 (1— —) [(1 +2—) Im1 (')—I—Imﬂ(”)(s)] = N¢Spy (1+6, +6yp)
0

A2 2 2
M: JVIT M:
I L0 S ) e 2 S ) T 14— T ° TS .
: ; Vv, ALEPH | -~ — QCD prediction ALEPH - REHEBV):
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i = w3, 21:'1;"1:" eny | 1F ]
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E st —QCDprediclion 1 & % ‘
= b ] \ ------ parton model & g5 o HRIERE(A):
g " 04 - 16 JP=1-1* RENETH N n
: 02 -
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REEKN T
g REENEREES RV, A
F : ] E | T [ I | : ﬂﬁ
b EMANY, ALEPH | 25 2 VAT, ALEPH - R
: ' —— QCD prediction 2" i
e _ , 1; ------ parton model 1 - 15 :_ .
2 $
; oy > KA BARIRE
0 JFLEP !
05 F ; -
1E _:
SR BB R

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

6
t T
Clis(]\/f-,-)

1
(V+A) ox (perturbative + 76 non-perturbative)
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111680115\

V2

Vekm Uy 7Y i (1 = '75) U+ H‘ ( - A-Ju) e’ LQCDIQH>

form factors
|
| 1

(H| (Vu— Ay) eiLQCDmH) - Z (Lorentz structure)i n FAD" 8.0

dT (1 = v, H) =

P = Z LxWyx

Wy = structure functions
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T — PP+ V. [Hao, Duan, ZHG, 2507.00383]

_ /A /A ~
(P Po| Dy*u|0) = [(m —p1)H — ZQPl Q"] Fi2(s) + fuq“F(fDlPQ(S)

A1172131 — m2P2 - m%?l ) Apy = BO(mD - mu) ; qu — (pl +p2)ﬂ, s = q2.

3A%

2
FP1P2

F P (s)

+

ap, P, (S)

dl; v, GELM? S 2s
e s (- (1 2 o

}

2 2
f]_ d COS v d FT—)PI Povr . fo d COS (v d FT—>P1P2V7-
0 —1

d+/sd cos « d+/sd cos « =
AFB(S) _ 2\/_ . Vs x R FP1P2(S) FOP1P2*(S)
f]_ dcosad FT—>P1P2V7- —I— fo dCOSO{d FT—>P1P2V7- +
0 d+/sd cos a —1 d+/sd cos a
a: angle between the momenta of P, and 7 in the P,P, rest frame
T — wadv,

T — Knv,

App#0, TR ETFRE T F UL K REFARE T F IRAH TTER!

16



T — wnly.

10|
| p(770), p(1450), p(1700)
= 1

IF

0.10¢

0.01}

05 10 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 STCF would be invaluable!
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T — an0Ov, (Cabibbo allowed): second-class currents

Fan KJ=0, NEP=+1 (V-ARIFIHRAREF) ; HFI=1, NP=1 (RERM)

HEXTFTSMERHH, 1"REBRINMNFIGEIRANILE, ManfIGERANA, REXE—
INGFEIRHIIEFE (second-class current) , HIFJEER FIRFTWEN —NEIER.

APW ™ qullly ™
¢"| Ff U(s) + i ¢"Fg " (s)

[Hao, Duan, ZHG, 2507.00383]

(™ Pldy"ul0) = | (pp — px)" —

— Total 1 1'4X10_18} e — Total
1.x1071 n-n --- Vector ] 1.2x107"8 n n -= Vector
8. %1017 --- Scalar 1.x10-18 - Scalar
Sq]
% 6.x10717 E% 8.x10°
‘% % 6.x1071
4.x107Y
4.x1071°
2.x107"7 2 %10-19
0 i A
0.6 1.8 1.1 1.2 1.3 14 1.5 1.6 1.7
E (GeV)
Channel Total Vector Scalar Exp Limits
T = T nu +0.14 +0.18 +0.07 < 9.9 (BaBar) |69
| 163t 1.437018 0.2010.07 ( ) 169]
(><10 ) < 7.3 (Belle) {7OJ
T =1 1nv +0.36 +0.09 10.44
( 107;7 T 11750 0.1475 o8 1.037 76 < 40 (BaBar) [71]
X




Nig(E)GeV™h)

T — (KP) v, (Cabibbo suppressed)

oo KT 8.x1077
10 KST(- — Total n — Total Prediction to K- v’ — Total
" 6.x107"7 --- Vector
-Lg - Scalar
S 4x107
—
o
2.x107"7
0'0%.( 0.8 1.0 1.2 1.4 1(\ 1.8 ?
E (GeV) E (GeV) 4
F+KP: K*, K*(1410), eoes FOKP: K, K*0(1430), BR(K )T = (2.0£1.0)x 106
BR(K- 1°)Exp. Babar < 2.4 10-6
Prediction to Forward-Backward asymmetries [Hao, Duan, ZHG, 2507.00383]
02
0.1
0.0
g -0
E
< -02
K™
-03
~04
= L1 12 13 1.4 5 16 L7 18
E (GeV) E (GeV)

* 1 — a% K-v.: related to n- Kq with isospin-breaking corrections

* 1 — 7w Kv;: crucial for precise measurement of the R ¢

19



Predictions to axion-meson production in tau decays

o T A
specta <
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CPV studyint — - K v,

Intensive discussions on tau -> Ks pi nu

- 1“(7:+ — n*Kgﬁr)—F('r‘ — n‘KS“vT)

40 = I‘(r* - :r+ng_r)+ F('r' — E'KSGVT)
~(0.36+0.01)% (-0.36£0.23  +0.11_ )%
SM prediction BaBar

[Bigi et al., PLB'O5] [6rossman et al., JHEP'12] [Lees et al., PRD'12]

[Cirigliano et al., PRL'18] [Rendo et al., PRD'19] [Chen et al., PRD'19 JHEP'20]

* An important subject at STCF: around 3 X 10 sensitivity could be reached
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New proposal to search CPV in other t — PP’ v, channels

[Lopez Aguilar, et al., JHEP'25]

D(rt — K+ Kgi,) — D(r— — K~ Kgu,)
(T - KtKgv;)+T'(t— - K- Kgv;)

—3.83 x 1077 < AT e < —3.37 x 1073

rate ‘KK _

0.00

Forward-Backward . .

asymmetry < orol

-0.15

* Tensor current plays the decisive role in CPV of 17~ — K- Kg v,
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Charged lepton flavor violation in tau decays
90% C.L. upper limits for LFV t decays

= B ®8 &8 &8 =
i LI IIIIItI‘.D 1 IIIIHII‘;c I EI!!IIII--"J LI IIIII[IG) I IIilllTim LI
eyl ® < > =
- <
'y @ - =]
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