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e The anomalous magnetic moment of the muon, a, = (g — 2),/2, is one of the most
precise tests of the Standard Model (SM). Among the various leading-order hadronic
vacuum polarization (LO HVP) contributions to a,, the dominant part arises from the
mm channel, accounting for nearly three quarters of the total. However, resolving the
inconsistencies among existing ete”™ — 77w~ measurements remains a highly nontrivial
challenge, requiring comprehensive reanalyses and future high-precision experiments.
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o Alternatively, the 7= — 7~ 7', decay provides an independent approach to determine
the 77 contribution to a,. This requires transforming the 77" states in 7 decays into
the corresponding 777~ states observed in e"e™ annihilation, with isospin-breaking (IB)
effects properly taken into account, including the wm form factors (F. ), kinematical
factors (81 ), final-state radiation (FSR), electroweak short-distance correction (Sgw),
and long-distance electromagnetic correction (Ggy).

We concentrate on the updated evaluation of the EM corrected function Ggy(t) in this work.
The EM corrections to the 7= — 7~ x!
from the photon loops and the real photon radiative correction

Geni(t) = 1+ Gpy(t) + Giy(t) .t = (pr + pao)” (1

v, process consist of two parts, the virtual correction

We directly take the complete 7= — 7~ 7'y, amplitude and the phase-space receipt from
Ref. [1] to calculate the full Gg&(t)
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After combining the isospin breaking effects from other sources, we acquire the full set of

isospin breaking correction function Ryp(t),
2
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one can also extract the ete™ — w7~ cross section using Eq. (4) from the experimental 77
invariant-mass distribution of 7 decay, which can be conveniently recast as
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Finally, we can evaluate the leading-order hadronic vacuum polarization (LO HVP) contri-
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bution to ay, as
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. and allowing the determination of its deviation from ex-

completing the calculation of a
periment.

We further calculate the relative shifts of a, caused by the IB corrections in the 7

The VJP and VVP Lagrangians are included to calculate the 7 — mnv,.y decay ampli-
tudes
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We further include the contributions from scalar resonances to the w — 7’7’y decay, in
addition to the vector-meson resonance exchanges considered in Ref. [1], in order to give
a more realistic determination of ds. Two solutions for the parameter d, are obtained

d, =—0.42. (6)
d, =1.01. (7)

and designate the negative solution of d4 in Eq. (6) as Sol-A and the positive one in
Fq. (7) as Sol-B.

[Mustration of different results for EM corrected function Ggy(t): Sol-A (black dashed
line, with negative value of dy), Sol-B (orange dashed line, with positive value of dy),
G2 (t) (red long-dashed line, SI term only) and the result with the full amplitude from
Ref. [2] (blue solid line, labeled as CEN).
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Under the factorization assumption, the various IB corrections can be introduced as
products of different pieces |2]

~ FSR(t) 2., (t)
Ri(t) = Gem(t) B2 o(t) F () . :

Full IB correction functions Ryp(t) with complete EM corrections Ggyy (t):
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We have revisited the computation of the muon anomalous magnetic moment a,, by using

the experimental 7 — mwmv, data to assess the leading-order hadronic vacuum polarization
from the w7 channel. The only unknown resonance coupling of the VVP type, namely dy, is
newly determined through the w — 77"y process by including both the vector and scalar
resonances. We acquire the full set of isospin breaking correction function Rp(t), which is
further exploited to calculate aZIVP’LO'” by using the experimental 7 — w7, data from Belle,
ALEPH, CLEO and OPAL. Our result agrees with the conservative estimation provided in
the muon g — 2 White Paper 2025 within the uncertainties. The resulting deviation of a,,
between the current estimation and the updated world average in Ref. [7] lies at the level of
2.7 0.

channel via the tfollowing formula
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The contributions of Ggy (t) to the relative shifts of Aay " (in units of 107'"). The
fourth column shows the results of Ref. [2], and the fifth to seventh columns present the
outcomes from Fy = v/2F and Fy = +v/3F at O(p?) , as well as those from O(p°) in
Ref. [3], in order.

Aa ¥ POr] from Gew(t)

Boins tmax) | SOFA Sol-B- CEN - MR[O(p*)]  MR[O(p?)]
4m2,1GeV?] — 7.1 —44.9 —10.6 —10.4 —15.9 —63.2416.5
4m2,2GeV?] — 6.4 —445 —9.8 —9.6 —15.2 —58.1£12.2
4m?,3GeV?] — 6.3 —44.4 —9.7 —9.5 —15.1 —67.8£17.5
4m2 m?] - 6.3 —444 —97 —95 —15.1 —64.9+13.4

T

Contributions to the relative shifts of AaEVP’LO[WW] as defined in (9) from various 1B

sources (in units of 1071 by taking different values of tya(in units of GeV?)

Aay V" Orr] from various IB sources

Parameters |t/ GeV?  Spw B,/ 57‘?_7T0 }FSTOQ/ F§;)\2 FSR
1.0 —112.7  —=74.1 76.8 42.7
SOl A 2.0 —114.6 =743 6.7 43.3
3.0 —114.7 =743 6.7 43.3
m2 1147 —74.3 767 433
1.0 —113.6  —=76.9 A 43.2
2.0 —1154  =77.1 7.0 43.8

Sol-B
3.0 —115.5  =77.1 7.0 43.8
m2  —1155 —T77.1 770 438

HVP.LO :

The IB-corrected 7 contribution to a, in units of 107'Y by using various experi-

mental 7= — 7 7y, data;

Parameters | Experiments aEVP’L()'”’Tdata
Belle 516.7 £2.14+£7.9+£2.2
ALEPH 513.3+£4.3+28+2.1
Sol-A
CLEO 516.9 £3.2 =88=L2.2
OPAL 0272198+ 06.8£2.1
Belle 5134 +£2.0£7.9x2.2
SOl ALEPH 5102 +£42+28+2.1
CLEO 513.7 £ 3.2 8.8+ 2.2
OPAL 523.0 9.0 £6.8=L 2.1

For the uncertainties in the third column, the first error is from the uncertainties of the
experimental invariant-mass spectra, the second error arises from the branchings ratios
of B, and B, and the third error comes from the IB correction function Rip. .

We set the results by taking the parameter Sol-A with dy = —0.42 as our baseline in

this work.
a O e 5167 49 1¢ 4 7.9p5 £ 2215 = 3.35y, (10)
ap POl AP 513 3 4 4 30 2.8pp & 2.11p & 3. 24y, (11)
apy POl RO 5169 4 390 4 8.9pn £ 2.2 % 3.35, (12)
agy POl OPL 597 9 4 9 8¢ & 6.8k & 2.1p & 3. Ty (13)

After performing the average of the central values in Eqgs. (10)-(13) weighted by the

experimental error bars of the invariant-mass spectra and branching ratios.

1010+ ay, POl 5160 £ 2,96 e R 2 40155y (14)
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By including the results from other hadronic channels in e*e™ annihilation from Ref. [4],

the tull LO HVP contribution to a, reads

10"+ aflVPEOkee = 702.1 £ 2.9 04 BR & 4.01548ys £ 2. L0thers - (15)

By further including the revised contributions from electromagnetic, weak and other
hadronic interactions given in WP25 [5], the deviation between the Standard Model
prediction and combined BNL+FNAL experimental result |5, 6] is

Aa, = a;® —a)" = (14.9+5.6) x 10717, (16)

leading to a 2.70 discrepancy.
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