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Outline

O Y.-S. Tsai, PRD (1971);
O H. Thacker & J.J Sakurai, PLB (1971)

® CVC hypothesis and Isospin breaking,
® Some “loose” tests of CVC in ete™ vs 7 data,

® Precision test of CVC in 27 channel and SM prediction of (g — 2) y

® Final comments



Clean hadron production in e "¢~ collisions and 7 decays

Form Factors

Chiral symmetries at low g% and g* = 0

@ Asymptotic behaviour at large g* predicted by QCD (1/g?)"

@ Rich resonance structure in the intermediate region g* ~ 1 GeV?



Clean hadron production in e "¢~ collisions and 7 decays

Form Factors
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@ Chiral symmetries at low g? and g% = 0
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@ Asymptotic behaviour at large g* predicted by QCD (1/g%)"
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@ Rich resonance structure in the intermediate region g> ~ 1 GeV?

— Precision tests of the SM, spectroscopy, extraction SM
parameters, hadron model predictions, tests of flavor symmetries, ....

Talks by Zhang, Li, Dai, Umeeda, Gonzalez-Solis, Epifanov, Guo, Bobrov, Abbas
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Vector currents: isospin properties and CVC hypothesis

e Isospin properties non-strange currents: |/, V]!“‘(x) = e Vi), 1),k=1,2,3
with Jii=! = VI VA= = VH & YK

weak

* ISOSpir.] Ssymmetry: Feynman-Gell-Mann ’58;
1) 0V, = 0, CVC hypothesis, exact relation HME/observables; Gershtein-Zeldovich, 55

2) Exact G = Ce™: parity, G| X%~) = + | XO7), G[j#7!, jA51G~! = + [j#1=1, jA5)

[sospin rotation

Independent of dynamics, for any g value!
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CVC related processes

Low-g

High-g

dIr°(r— —- X v,) S

ds - 2m3
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U, = eTe” >
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— 0
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o 77 = (w,P)r v, = ete” = (w,P)n’.
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Branching ratio B(v— = X~ v;), %
. . Hadronic CVC, World WA - CVC
© Old tests of CVC hypothesis (1080-2010) State X | 2000 | Average

> COﬂSiStency Of BR prediCtionS m~n® [24.94 + 0.23(25.31 £ 0.18]0.37 £ 0.29

¢y Isospin Breaking not required 7~37° |1.02 + 0.05 | 1.08 & 0.10 | 0.06 £ 0.11

2n 70| 3.55 £ 0.20 | 4.19 £ 0.23 | 0.64 & 0.30
dlSVE (X ;)

S = F(5)0ee(X0)(s)
wr™ | 1.73 £ 0.06 | 1.92 + 0.07 [ 0.19 = 0.09
F(s) = ° Gr|Vud 2(me—s)Q(m2+28) —70 [0.13 £ 0.020.17 + 0.02 | 0.04 £ 0.03
= Qmi 720y T T nmwmw . . : . . ‘
38

= 553 (1 — evw)|Vyg|*(mz — 5)%(m?2 + 2s)

Others | 0.37 + 0.11 ] 0.24 £+ 0.02 |-0.13 £ 0.11

Total {30.01 £ 0.33]30.99 £ 0.31|0.98 &+ 0.45

Better understanding of the CVC validity can be
expected after very high data sample experiments
at B-factories in the 7 sector as well as the future S. Eidelman, Tau Workshop 2000
improvement of the accuracy after two groups at
VEPP-2M complete their analysis. Moreover, ex-




[sospin is broken (IB): 1) m, # m and, 2) O, # O, [6”V/Yeak #* 0]
But still good symmetry, IB effects of O((m, —m,)/A) , O(a) ~ few %

IB effects are calculable, model-dependent in general (except LQCD)

—— precision comparison theory/experiment

short-distance Long-distance
Electroweak electromagnetic

~

dP(T — X~ VT S GF‘Vud‘ 2 0 SEWGEM ‘FX S
— — 25) — X))
ds 2m3 812 (miz = 8)"(m7 + 2s)o (e FSR )| FX7 (s)
Phase -space
FSR inete” Hadronic
structure

Measured!
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1.Testof CVC ine"e¢™ — nn'n~vst™ —> N n'v,

Recent cross section measurements; 77z~ spect. dominated by p(770)

Y  BaBar, nn*nn® (2008)
SND, n—7y, n—3n° (2015, 2018)
BaBar, n—vy, ISR (2018)

BaBar, n—3n° (2018)

> CMD-3, 1.1 < /s < 2.0 GeV,
)

o(e'e——nm*n) (nb)
On

JHEP 01, (2020) 112; 4| oesw oty =
» BaBar, 1.15 < \/_ < 3.5 GeV, 3 F -
PRD 97, 052007 (2018); i E
» SND, 1.22 <4/s <£2.0 GeV, E W E
PRD 91, 052013 (2015); - i o= SN
| o S S S R
5-10% uncertainty 1.2 1.4 1.6 1.8 2 2.2

BESIII, 2.0 <4/5 < 3.08 GeV, a5 (1320)z%/pn observed, PRD 108 (2023)
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events / 15MeV
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Comparison of nzz spectratvs e e

Arteaga et al, PRD 106 (2022)

® Large departure from CVC
® New physics SMEFT not a solution

(see also Cherepanov+Eidelman, Tau2010)
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Comparison of nzrz spectra tvs e e

Arteaga et al, PRD 106 (2022)

® Large departure from CVC

® New physics SMEFT not a solution

(see also Cherepanov+Eidelman, Tau2010)

Source B(t — nmnv) (%) Reference
CMD-3 (ete™) 0.168 £0.006 +0.011 JHEP 01,(2020)
BaBar (ete”)  0.163 £ 0.008 PRD 97, (2018)
SND (ete™) 0.156 + 0.004 +0.010 PRD 91, (2015)
PDG Ave. 0.139 £+ 0.007 * Belle (2009)
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2.Testof CVCinete™ —» (4n)vst™ — (4r)" v,

® ete” - 2 21, JZ'+JZ'_27TO;

Available data

DT - 27T_7T+7TOVT, 71'_37TOI/T

CVC (Pais) relations

— 4+ _0 '1 ]
dFT(ZT‘- nn ) — SEW'F(S) 5066(27‘-—'_27‘-—) —l_O-ee(ﬂ-_'_ﬂ'_Qﬂ-O)

ds
6 0 A. Pais, Ann. Phys. (1960);
dFT(Z ST ) _ SEW]:(S)%Uee(QWJFZW_) R. :I:asmarr:;et a)ll, EIS’JC 2)(1998)
S
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2.Testof CVCinete™ —» (4n)vst™ — (4r)" v,

® ete” - 2n 20, 7Z'+JZ'_27TO;

Available data

® 7 — 27z_7z+7r0v7, ﬂ_BﬂOyT

CVC (Pais) relations

dl (27~ 7+ a0 1 '
(2m 7 m) = Spw.F(s) 50'66(27'('_'_27'('_) +U€€(7T+7T_27TO)

ds
5 0 A. Pais, Ann. Phys. (1960);
dFT(Z ST ) _ SEWF(S)%Uee(2W+27T_) R. Aalesmarr:;et a)I,,sEIS’JC 2)(1998)
S

AL'$P(X ) /ds —dl'2VE (X ™) /ds
5 [AT77 (X ) /ds + dT$VE (X ) /ds]

R(X™) =

Test of CVC:

_ | _
X~ =2rntxY 737"
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N. Allen et al, PRD 114, (2026)
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Tau data:

ALEPH, Phys. Rep (20053);
M. Davier et al, EPJC (2014);
OPAL, EPJC (1999)

Refs to e+e- data in

KNT19: A. Keshavarzi et al,
PRD (2020)

Differences beyond few %
difficult to explain with IB




15 transitions 0

CVC _

|V, ;| : The most precise test of CVC at low (vanishing) q*
Hardy-Towner, PRC102, (2020)
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|V, ;| : The most precise test of CVC at low (vanishing) q*
Hardy-Towner, PRC102, (2020)

15 transitions 07 (Z£,A) - 0"(Z -1, A)e"v,, =1
CVC _ =2
- 273 1n 2
Jt — 2.5 2
GFme‘VUd‘
Ft = ft(l + 5}%)(1 +O0nNg — 50)
B 27° In 2
2G4mS3|Vyal2(1 + AY)
Test CVC = |V ,| =0.97367(32)
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3. Muon g-2 in the dispersive approach using ¢ "¢~ — hadrons

SM — 4QED | CLEW n aEVP n aELbL

v v
V NLO >NNLO

1692.78(2.42) —9.83(4) +1.24(1)] x 1071° Keshavarzi et al PRD 101, (2020)
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3. Muon g-2 in the dispersive approach using ¢ "¢~ — hadrons

SM — 4QED CLEW n QEVP n aELbL

v v
M NLO >NNLO

1692.78(2.42) —9.83(4) +1.24(1)] x 1071° Keshavarzi et al PRD 101, (2020)

LO hadronic vacuum polarization in dispersive approach

2 poo 4+ -
JAVPLO _ @ / dSK(S) oleTe” — had(+7)|]

K 32, S dra? /3s

~ 73% from 7z~ (+7) \/; < 2.0 GeV, 80% of error in HVP LO
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Tensions in data-driven predictions of a, usinge e~

a®*P =116 592 07.15(1.45) x 10~

SM ) 10 3 80
a, " [eTe”] =116 591 81.08(3.78) x 10 KNT(2020)
'.é' -
WP20" 1 —— S.1400
c -
SNDO6 1 (93.8%) — ._% 1300 F
CMD-2 | (88.6%) ) § 1200 E-
KLOE 1 (97.2%) e —— 1000:_ . OLYA SNb
- o CMD o SND20
BESIH'_S_?_Q_'%_) __________ S 900/ o CMD2 = CMD3
SND20 1 (80.3%) R — 4 KLOEO8 4+ DM
800F &+ KLOE10 + CLEO
CMD-31 (98.9%) ——— ~ o KLOE12 o BABAR
(100(7) i} 700:_ « BESIII Average
T 0 O —
T T IIIIIIIIIIIIIIIl llllllllllllllll
0.72 073 0.74 0.75 0.76 0.77 0.78 0.79 0.8 0.81

40 30 —920 ~10 0 10
1010 X (aISlI\‘I _ az\cp) V_ [GeV]

Tension in integrated data Tension In cross sectiony/s ~ m,

WP 2025: R. Aliberti et al, Phys Rep 1143 (2025) Davier et al EPJ C84 (2024)



Comparison of 77z~ cross
section measurements with
their average close to the

p(770) resonance.

M. Davier et al, EPJC 84 (2020)
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The pion form factor and CVC

16

S

s = (P, +D,)°

(p— + pO)u-

+fols) (- + po)



The pion form factor and CVC

(7~ (p=)m " (p4)]5;7(0)[0) = F;/(S)(_P— — P4+ )y

: (7™ (p= )7 (po)|V,; (0)]0) = [ (s) | (p— — po),

V2

A

S

s = (py +D,)

(p— ‘|‘p0)u- T fO(S)%(p— + Po)

® Isospin symmetry (CVC), A = m?, — mij = 0, then

OFY(s) =f . (), for any value of s, indep. dynamics!

®f (0) = F.'(0) = 1, equal weak and em charges

® Isospin breaking,

GF;/ (s) # f.(s), fors # 0, model-dependent

oF;(0) =1, f.(0)=1~0[(m,~my’]

- Behrends-Sirlin (1960);

< 107 » Ademollo-Gatto (1964)
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Pion form factors parametrizations

o BR}>(s) =
BR;>(s) =

& BRICO}P(S) —

my[1+dl,/m)]

[F7Y7 f-l—](s) —|

Gounaris-Sakurai (GS), PRL (1968)

s — fls,m,, ")) + im,I'G5(s)

2
M,

Kuhn-Santamaria (KS), Z.Phys. C (1990)

s —m3 + im I'55(s)

D
2
M,

s — m3 + im,I'5P(s)

exp[ZHM(S) + I:IKK(S)]+... Guerrero-Pich (GP), PLB (1990)
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Pion form factors parametrizations

[F;fvf—I-](S) — ]|

mpz[l + de/mp]
~ BRS’S(S) = — s Gounaris-Sakurai (GS), PRL (1968)
s — f(s,m,, 1) + im I'3>(s)

m2

BRG3(s) = 7 Kuhn-Santamaria (KS), Z.Phys. C (1990
o BRI = e (KS), Z.Phys. C (1990)
12
~ BREP(S) = 7 exp[2ﬁm(s) + ﬁKK(S)]+... Guerrero-Pich (GP), PLB (1990)

s — m3 + im,I'5P(s)

3
) p.(S) m,s 1
0 ar\"p T

Opp = «9(\/§ —2m,), ﬁ}E)(S): pion velocity in rest rho frame



Data-driven evaluation using 7~ — 7~ 7' (y) data

OJII:IVP’LO [7’(’7’(’] HVP LO —|— ACLHVP LO o 7l /( CVC, Alemany et al EPJC, 1998
2.2 B m% K -2 —1r -
AaHVP’ LO[T, ]Z'][] _ (04 m2 _ 7770 s (S) dNrmTO (1 S2) (1 | 22) RiB(s) 1
H 6|Vial*m= B, 4m?2 S Ny ods mz mz . SEW -

[sospin breaking (QED and m; — m,) corrections ~ ©Irighano etal, 2002

2

SEW SEwGEM(S)

Rip(s) _ (Bo(s)/B(9))” b o | EY ()




SD electroweak corrections: Sy,

® Marciano, Sirlin, PRL, '86, '88, ‘03
® Braaten, Li, PRD, ‘9o

® Erler, RMF, 04

® Cirigliano et al, PRL, 26

LD em corrections: Gy (5)

® Cirigliano et al PLB "o1; JHEP '02
® Flores-Baez et al, PRD, "03

® Miranda, Roig, PRD, 20

®ZX Li, A Li, et al, PRD, 25

® Colangelo et al, JHEP '26; PRL "26

Talk by Zhi-Hui Guo

FSR(s)inete™ = nn™

® J Schwinger, Particles,, Sources Book
® Drees, Hikasa, PLB, ‘9o

® Flores-Baez et al, PRD, 26

® Hoferichter et al, PRL, 23

Isospin Breaking Al ,in ;/ ($)/1.(s)

® Davier et al, EPJC, 03
® Flores-Baez et al, PRD, ‘07

® Davier et al, EPJC, '10; 12, 24
® Flores-Baez et al, PRD, 26

Beyond sQED



Status IB corrections in Aaﬂ(in 10~V units): White Paper 2025

(Phys. Rep. ’25)

Refs. [166,194] Ref. [209] Refs. [237,247] Our estimate

Phase space —7.88 —7.52 -~ —7.7(2)
SEW —12.21(15) —12.16(15) - —12.2(1.3)
Gem —1.92(90) (—1.67)1 75 - —2.0(1.4)
FSR 4.67(47) 4.62(46) 4.42(4) 4.5(3)
p-@ Mixing 4.0(4) 2.87(8) 3.79(19) 3.9(3)

AM,, 0.20(*47)(9) 1.951 120 :

AT,(AM,,) 4.09(0)(7) 3.37 -
= (wjo p-w) AT, (ny) —5.91(59)(48) —6.66(73) i,

AFp(gpfm) - - -

Total —1.62(65)(63) (—1.34)+] 12 - —1.5(4.7)

Sum

—14.9(1.9)

2.26
(—15.20)75%3

Largest uncertainties

® Largest uncertainty due to IB in pzr,

® Matching and scheme-dependence in Sgw, Gem(s),
® Non-scalar QED corrections in Ggy(s), FSR(s) & Al [z7y]

gp+7r+7t0/gp07r+7t‘ — 1| = 2“/7[

20

Exp: =1.45 x 107"

[166] Davier et al, EPJC, 24
[194] Davier et al, EPJC, ’10
[209] Castro et al, PRD, ’25
[237] Colangelo et al, JHEP, ’22
[247] Hoferichter et al, PRL, ‘23



Some recent (after WP25) developments in IB corrections

® Gy 4(5): Structure-dependent corrections, Colangelo et al, PRL 136 (2026); JHEP 02, (2026)

} +(1.8 > £0.5) x 107"
® Sty © Gpp(s): Scheme-independence, Cirigliano et al, PRL 137 (2026)

® FSR(s): Structure-dependent corrections, Flores-Baez et al, PRD 113 (2026) +10% - 1%

® [',/(s)/F_ (s): IB corrections in Al'_, Flores-Baez et al 2026; GLC-KR ; Davier et al, 2504.13789 +30% — ?%

p J
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Some recent (after WP25) developments in IB corrections
® Gy 4(5): Structure-dependent corrections, Colangelo et al, PRL 136 (2026); JHEP 02, (2026)
} +(1.8 > £0.5) x 107"
® Sty © Gpp(s): Scheme-independence, Cirigliano et al, PRL 137 (2026)

® FSR(s): Structure-dependent corrections, Flores-Baez et al, PRD 113 (2026) +10% - 1%

® [',(s)/F (s): IB corrections in AFp . Flores-Baez et al 2026; GLC-KR ; Davier et al, 2504.13789 130 % — 7%

o +1.3 MeV, PDG

® < *0.5 MeV needed

Future: BESII 10° J/y — px

Davier et al, 2504.13789

Theoretical input for Al needed!
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Beyond scalar QED in virtual corrections

® O(a) QED corrections calculated assuming point-pions (SQED)

- T
® pion structure-dependent virtual -t N,
corrections to 7~ — 7 v, = Gy, (5) E},} ! %}W
> > > U~
Colangelo et al PRL (2026); JHEP (2026) T T
® Structure-dependent corrections to o
o - atnlpt - 1t = Al f‘» :
p’(P) rk) 1 1
Flores-Baez et al, PRD (2026) k ll

z=(p7)

22



AT, =

Summary of IB in rho meson widths

AT, |

I'(p° —

(7)] + AT, (rest )

) 50—5+—2( )

1S ok

+0.690(6) + 0(1.4) — 1.104] MeV + 0.085(17) MeV

—0.33 -

Compared to

- (.02 (::1.4)] MeV

* (+0.03 = 1.3) MeV from PDG2024,

* (—=0.58 =1.01) MeV (GS), from Davier et al 2504.13789

23

OMm.,.

Mz

+ Al (rest)



FSR correctionsinee™ — 7t~

sQED vs structure-dependent corrections
® Energy-dependence of QED radcorr

0.025

I ' I ' I ' I

FSR(s) = 1 + &,(s)

2 0.02}

- -

” \’\‘\_ :
A 0.015}
- -

- -

0.01}

— = SQED [Schwinger]
- sQED [14]
e SQED+VMD [This work]

0y (s)

@ Scalar QED (sQED) corrections 0.005 - -

O Schwinger’s Book; _
O Drees-Hikasa, PLB (1990) () S S S [ S S —T—
O Flores-Baez et al, PRD (2007). ' - - - : :

(12 (GeV)

Flores-Baez et al, PRD 113(2026)

24



Summary: “Estimated” impact on AaEVP’LO[T, zr] (units 10719)
Refs. [a,b] Ref. [c 2026
PS, Sew, Gewm —22.01(91) —21.4(7%%)  —24.9(5) [d,e]
FSR +4.67(47)  +4.62(46)  +3.77(2) [f] (%)
p — W mixing +4.0(4) +2.87(8) +4.0(4)
Am, +0.20(F27)  4+1.95(F15%)  4+0.20(F27)
AT (Amy)  +4.09 +3.37 +4.09
7 (w/op—w) Al,(rry)  —5.91(59)  —6.66(73) —2.22(3) [f] (¥)
AT (Gorr) = 0.0(4.7)
Total ~1.62(65)  —1.34(1.72)  +2.1(4.7)
Aa,, VO, ] —14.9(1.9) —15.2(752)  —15.1(4.8)

[a] Davier et al, EPJ C84, 721 ( 2024),

[b] Davier et al, EPJC C66, 127( 2010)

[c] Castro et al, PRD 111, 073004 (2025)

[d] Colangelo et al PRL 136, 10(2026); JHEP 02, 181 (2026)
[e] Cirigliano et al, arXiv 2602.11253

[f] Flores-Baez et al, PRD 113, 093002 (2026)

[g] GLC+K. Raya, preliminar
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Summary: “Estimated” impact on Aa}t{VP’LO[T, zr] (units 10719)
Refs. [a,b] Ref. [c 2026
PS, Sew, Gewm —22.01(91) —21.4(7%%)  —24.9(5) [d,e]
FSR +4.67(47)  +4.62(46)  +3.77(2) [f] (%)
p — W mixing +4.0(4) +2.87(8) +4.0(4)
Am, +0.20(F27)  4+1.95(F15%)  4+0.20(F27)
AT (Amy)  +4.09 +3.37 +4.09
7 (w/op—w) Al,(rry)  —5.91(59)  —6.66(73) —2.22(3) [f] (¥)
AT (Gorr) = 0.0(4.7)
Total ~1.62(65)  —1.34(1.72)  +2.1(4.7)
Aa,, VO, ] —14.9(1.9) —15.2(752)  —15.1(4.8)

[a] Davier et al, EPJ C84, 721 ( 2024),

[b] Davier et al, EPJC C66, 127(2010)

[c] Castro et al, PRD 111, 073004 (2025)

[d] Colangelo et al PRL 136, 10(2026); JHEP 02, 181 (2026)

[e] Cirigliano et al, arXiv 2602.11253 *% Structure-dependent effects () in radcorr p — zx(y)
[f] Flores-Baez et al, PRD 113, 093002 (2026)

[9] GLC+K. Raya, preliminar *k Different results compatible within errors
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Test of CVC in the 2-pion HVP-LO contribution to muon g-2

— & a0, am] = 517.1(2.8)0,(4.8)g, X 1071
DHLMZ-23 - H——
LMR-24 - ——— CVC test @ 230
WP25 - ;
a,""Olete”, an] = (503.46 = 1.91) x 107"
510 515 520 525
1010 x @HVP. LO[r 7 o KNT(2020), wo/CMD-3

7

® Consistent determinations of a}t{VP’LO[T, nir] using T data

® Solving/understanding the tension of CVC remains a challenge

® Independent test: BR(t™ — 77 - 77 nv,) = (25.49 £ 0.09) % PDG(2026)
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2. Isospin breaking in pzr couplings

+ [0, = | (g4 — 80)/80‘ < 2a/m, compromise guess , |Al' | =300[4,| MeV < 1.4 MeV

+ = AqO"Pr, 2] = £47%x 10710 | wpP2025

4 Some model-dependence cancel in g, /g, ratio (?)
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2. Isospin breaking in pzr couplings

+ [0, = | (g4 — 80)/80‘ < 2a/m, compromise guess , |Al' | =300[4,| MeV < 1.4 MeV

+ = AqO"Pr, 2] = £47%x 10710 | wpP2025

4 Some model-dependence cancel in g, /g, ratio (?)

The gy pp strong coupling is computed via

With Khepani Raya . . . . .
Schwinger-Dyson in the impulse approximation:

p(p;,€) = n(py)r(q)

d*k
A

/ ° — th

gvpp€ - ( 1“/ (27)
X I_‘79'(7‘313', —p2)5f2 (k2)T'p(kp, —q) -

27

1 SfB (kg)EA Y Fv(kﬁv;pl)sh (k’l)




1) m, = 139.57 MeV reproduced with

® m,=m,="7.00MeV, Isospin symmetry

® m,="2m,=9.32 MeV, Isospin breaking

2) with current quark masses fixed,

® m,. =my="775.19 MeV, for £ = §, = 0.37 in BSE,

® m,. F my, forvarying ¢, ;, keep ¢ =4/&,¢, fixed

28
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N\

1) m, = 139.57 MeV reproduced with 1008

® m,=m,="7.00MeV, Isospin symmetry 1 006
® m,="2m,=9.32 MeV, Isospin breaking ;fm
g 1.004
N-Y
2) with current quark masses fixed,
1.002
O My =My = 775.19 MeV, for & = &, = 0.37 in BSE,
| | 1.000} 2
® m,. F my, forvarying ¢, ;, keep ¢ =4/&,¢, fixed
0.0 0.5 1.0 1.5
mh-m} [MeV]
Using m,, —m, = + (0.7(8) MeV PDG, one gets
9pOrtm— : 20
— 1.0024(17) | 8¢ =—0.0024(17), compared to 5g = 0(—) = 0.0000(46) WP 2025
7

9pt+ntmo %

28
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1) m, = 139.57 MeV reproduced with 1 008

® m,=m,="7.00MeV, Isospin symmetry 1 006
® m,="2m,=9.32 MeV, Isospin breaking *oggl
g 1.004
%
2) with current quark masses fixed,
1.002
® m,. =my="775.19 MeV, for £ = §, = 0.37 in BSE,
| | 1.000}
® m,. F My , for varying Cud » Keep & =4/¢,&, fixed
0.0 0.5 1.0 1.5
mh-m} [MeV]
Using m,, —m, = + (0.7(8) MeV PDG, one gets
9pOrtm— * 20
‘ — 1,()()24(17) l og = —0.0024(17), compared to 0g = 0(—) = 0.0000(46) WP 2025
[ 9o+ m+r0 % &

N— e — e — _ —— ———————

AT, = —0.33(2)(140) MeV — +0.39(51) Aaq,[AT (g, : |0.0(4.7) — —2.3(1.6)| x 107"

28
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Final comments

4 Consistent tests of CVC in 7 vs eTe™ hadron production with / GC=1t
4 More precision required in 4 weak and electromagnetic production,

4 Intriguing discrepancies in #zr channels; improvements required,

4 Recent improvements in IB corrections to CVC,

4 Channels of relevance for (g — 2) y below 2 GeV

channel (%) of QEVP,LO (%) of &LEVP,LO

T (2.6 62.3

A+ — 0

S f 9 " gz 357'1 Consistency with CVC,
7'('7_-‘-'_7'('_7;7'('0 2' q 16 A reliable data-driven
o - 3' 5 0 8 predictions

K Kg 1.9 0.6

Total 89.4 39.9
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M. Davier et al EPJ C84 (2024)

IIII‘IIIIIIIII'IIIIIIIIIlIIIl‘lIlIlIIII Illllllll

BABAR (100% of 2r below 1.8 GeV)

Combining BaBar, CMD_3 and 1 ~168 + 38 + 29

CMD-3 (98.9%) E
H—0—
_50 + 42 + 29 :

H——e—H

KLOE,,, (97.1%)
H—a———H
eX -263 +51 + 29
Aa a>M _ 4P

H H H o
KLOE ,(75:3%)

= —(123£33,, %29, +2.2,,)x 10710 |77

rest eX
P Tau (100%)

-135+34 + 29

————

0+22

Exp

BMW (lattice QCD)

a8
-105+55

IIIIIIIIIIIIIIIIllllIIII|IIII|IIII|IIIIIIIIII||_1_1_

-450 -400 -350 -300 -250 -200 -150 -100 -50 0 50

-11
au-a‘fl"p [ x10 ]




71'(12

; [FY(5)]” B2(s)
S

olete” > nin7) =

# 1967 - VEPP2
1972 - ACO(Early)
1975 - BCF
1980 - DM1
1981 - MEA

O 1984 - TOF
1979-1984 - NA0OO7
1984 - OLYA

¢ 1985-CMD

¢ 1989 - DM2
2005 - CLEO
2004 - CMD2

# 2005-SND
2004-09 - KLOE(SA)
2011 - KLOE(LA)
2009 - BABAR
2016 - BES

o 2018 - CLEO(ISR)

o 2020 -SND2k

2023 - CMD3

Measurements in
last 60 years

0.5 ¢t 1 1.5 4 2 2.5 3




WP 2025, R. Aliberti, PR (2025)

Experiment Percentage covered

ete- CHKLS DHMZ KNTW
SNDO6 93.8% 508.2(7.3)  505.3(6.7)  506.2(6.8)
CMD-2 88.6% 506.2(5.0)  508.1(3.9)  508.4(3.7)
BaBar 99.9% 512.2(3.7)  514.1(3.8)  514.4(3.8)
KLOE 97.2% 501.3(2.6)  504.5(5.2)  504.5(5.1)
BESIII 72.8% 500.8(5.2)  505.9(3.7)  502.6(3.8)
SND20 80.3% 505.5(5.9)  509.6(3.6)  508.3(4.2)
CMD-3 98.9% 524.1(1.3)  525.9(4.2)  526.0(4.1)
r DHLMZ-23+LMR-24+WP25
Belle+CLEO+ALEPH+OPAL  100% 517.2(5.8)




ete” —> wn’

, e CMD2 (VEPP—-2M)
CVC test in wxr channel (2000) C m CMD2-N (VEPP-2M)
. v SND (VEPP—2M)
O - A SND—N (VEPP—2M)
20 - I\ e DM2 (DCI)
'W&* e CLEO (CESR)
i g,‘ Ko *H
15 **;ﬁ# (Y
Tau data from CLEO, E +vﬁ£ Q - ¢
10 | . }
K Edwards et al PRD61 (2000) | * + +
o
5 | | +
- ;
. ‘ ‘
0 h S R 1 %

| | I |
1 1.2 1.4 1.6 1.8 2

2Egean » GEV

S. Eidelman, eConf C010430 (2001) MO7



QEM _ a/(%ED 1 aEW 1 a/IjVP . aELbL
(£0.2 +0.4 +£61 +9.9)x 10" Lattice WP 2025
140 ete”™ WP 2020

162 () + eTe” 2025



C\l_g 12 . | | | 1 I 1 | | 1 I 1 1 1 | I | 1 1 | I | | | | I | | | | I 1 | | | ]
= - Low s exp (Ols’) -
10 Fit to T data =
- e ALEPH -
s [ 4 cLeo o Low energy region compared
: 0 OPA g + f to fit to tau data.
6 ~below n'n A& Belle 3 f_
" threshold i A
% : o A i
4 ( E | L # : ¢ E _
| i To ot ’ :
? | T _
AT % _
2 ;.L AE‘+ | A |
int. limi \E fit limit ! :
0 //J// | | I | l/; | | | L1 1 I ] 1 | ] I | | | | I | | | |
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
s (GeV?)
. had,LLO [71'71', ,7_] (10—10)
Hixperiment om,_+ — 0.36 GeV 0.36 — 1.8 GeV
ALEPH 9.80 = 0.40 = 0.05 = 0.07 501.2+4.5+2.7+1.9
CLEO 9.65 +0.42 1+ 0.17 = 0.07 504.5 =54 +88+1.9
OPAL 11.31 £0.76 = 0.15 = 0.07 5156 9.9+6.9+1.9
Belle 9.74 + 0.28 =0.15 +0.07 503.9+1.9L£7.8+1.9
Combined 90.82+0.13+0.04 £+ 0.07 506.4+1.9 2.2+1.9




IB corrections to CVC-based prediction

VC
Z&lgc{_ 0 —
T 2 ma’m?

2
3Be|Vud‘2 [m, 0
)

dsso_. __(s)

(1) () [t
x {1 5 14 5
ms mz ) | RiB(S)

Davier et al, EPJC 66 (2010)

1|

T decays . ° . Belle
' ' 25.24+0.01+0.39

o , CLEO
" 25.44+0.12+0.42

ALEPH
= 25.49+0.10+0.09

e DELPHI
) ) 25.31+£0.20+£0.14

. J L3
' 24.62+0.35+0.50

OPAL
25.46+0.17+0.29

—e
o T average
25.42+0.10

------------------------------------------------------------------------------------------------------------------------------------------------

e'e” CVC —— CMD2 03
; ! 25.03+0.29

-~ CMD2 06
' 24.94 +0.31

o—. SND 06
' 24.90+0.36

-~ KLOE 08
' 24.64 +£0.29

+ —_—
. e'e” average
— 54782008
I 1 1 | | | 1 | I | 1 1 I 1 | | | | | | | | 1 | I | 1 1 I | | 1 |

23.5 24 24.5 25 25.5 26 26.5 27

Bt svrm) (%)

BR(z™ - n7nv) =(24.78 £0.17,,.,- £ 0.22,3) % w/KLOE

BR(z™ — 7 7%) = (24.92 £ 0.21,, -+ 0.22,) % wo/KLOE

IB corr=+0.69(22) %



Updated BR“YC(t — znv,). Castro-Miranda-Roig, PRD 111 (2025)

| I I | I 1 I I 1 I I 1 I I 1 | I ] I

rdecays . . : Belle
25.24+0.01+0.39

CLEO
25.36+0.12+0.42
ALEPH
25.47+0.10+0.09
DELPHI
25.31+0.20+0.14
L3
24.62+0.35+0.50
OPAL
25.46+0.17+0.29
e 1 PDG average
25.49+0.09

®

e'e CVC : - . CMD2 03 (0.61-0.96)
' 25.03+0.22+0.22

: - : CMD2 06 (0.37-0.52,0.6-1.38)

24.82+0.22+0.22
SND 06 (0.39-0.97)
24.8110.33+0.22
KLOE 08 (0.59-0.97)
24.47+0.22+0.22
BABAR 09 (0.3-m,)
25.15+0.18+0.22
KLOE 10 (0.32-0.92)
24.530.22+0.22
e'e” average
24.8410.14+0.22
CMD3 23 (0.32-1.2) IB from Davier et al. 09
25.68+0.18+0.22
CMD3 23 (0.32-1.2) [GS]
25.64+0.18°) 09
CMD3 23 (0.32-1.2) [KS]
25.64+0.18°) 09
CMD3 23 (0.32-1.2) [GP]
25.49+0.18+0.16
CMD3 23 (0.32-1.2) [Seed]
25.51+0.18+0.16
CMD3 23 (0.32-1.2) [Dispersive]
25.62+0.18°) )

|

®

23.5 24 24.5 25 25.5 26 26.5 27
B(t - v,rr'r(D ) (%)
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