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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
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» Isospin breaking (IB) effects become CRUCIAL at the sub-percent level.
>  Full control 0#2111 the IB terms is yet to be reached.



% Key problem: isospin breaking (IB) effects
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> FSR: final-state radition

> Brin ! Brno: Kinematics, significant deviation from unity near threshold

> (O)( ), (_)( ) : vector form factors of w*m- and mx?

» Ggy: long distance radiative correctionto 7- — madv._



Definition of the EM corrected function Gy, [Cirigliano et al., JHEP'02]
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Gyv(t) ~ virtual photon + real photon
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(hadrnonic modeling needed!)

» Gpy is infrared finite: cancellation between photon loop and bremsstrahlung of
the real photon.

» Experimental measurement of T — mayv, is absent: theoretical estimation
needed.

» Rich dynamics involving light-flavor hadrons:

(1) w vector form factor (2) pC-)—ny, 0=y  (3) a,0)— pm, my



Overview of tau decays
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> Br(t—e ~):17.8%
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Resonance chiral theory & T — anyv, decay
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4 — Fermion QCD

Chiral EFT is the low energy realization of QCD:
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Minimal RChT contributions to t — anyv,
[Cirigliano et al., JHEP'02]
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» Other extentions by including anomalous vertices, such as the

pon types, and even-parity vertices of the a,pm, are also studied.
[Flores-Tlalpa, et al., PRD'05] [Miranda, Roig, PRD'20]

» Dedicated study of the isospin-breaing effect is considered to

calibrate the tau data in the estimation of muon g-2.
[Cirigliano,et al.,JHEP'O2][Flores-Baez,et al.,PRD'06][Davier,et al.,EPJC'10][Miranda,Roig,PRD'20]



Contributions from VVP and VJP operators in RChT
[Ruiz-Femenia, Pich, Portoles, JHEP'O3]
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High energy contraints to the resonance couplings
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Other constraints from scattering and form factors
Fo=F;, Fy=vV2F,, Gy=F/V2.

Or
Fa=V2F,, Fy=V3F, Gy=F:/V3
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On-shell approxiamtion to the Jon vertex and additional input from the
o — n'ad decay width
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Condition for the cancellation of UV F.=2G
divergences of the loop functions: \4 Vv

This gives preference to: Fao=F, Fy= \/§Fﬂ, Gy = Fﬂ/\/ﬁ

—0.42 £ 0.07, (Sol-A)
1.01 £0.07. (Sol-B)

FE)S:TFOWO’Y — (58 + 10) X 10_4 MeV ﬂ d4
d4

Important: we are left with a parameter free
theoretical amplitude for the T — amyv. process !
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Phenomenological discussions

< Inputs of the pion vector form factors
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< Differential decay widths as a function of photon energies
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> When the photon energy cutoff is around 300 MeV, the absolute branching ratio
is predicted to be around 10-.

» T — nnyv, has good chance to be well measured with reasonable photon energy
cuts, probably @ Belle-1I, STCF, CEPC, ... ...



<+ Invariant-mass distributions of the nn, n-y and #n’y systems
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“* T — ntwyv. : A new place to look for T-odd asymmetry

A typical T-odd kinematical variable:

—

rest frame 7
EE Buppell 0 €00 ——— b-(Cxd)mg/sq
of particle a

a, b, c, d: either momentum or spin

/7

** When focusing on the situation with four momenta

rest frame  _, & — N_.—N
2 - (P3 X pg) M1 Ae === _WithN_/ dr
of particle 1 P (p P ) . N, +N_ * £20

(o

§ = €uvpol| PaDPY

* Early proposals to search T-odd triple-product asym in K, , i.e. K — wylv,

[Braguta et al., PRD'02 '03] [Muller et al., EPJC'06][Rudenko, PRD'11] ......
Strong interactions are suppressed for the T-odd asymmetry in K3, : A~ 10+
* Enhancementin T — 7IWYV:  [chen, buan, ZHG , THEP'22]

Hadronic interactions are not suppressed !

T — nnyv,: good place to probe T-odd triple-product asymmety
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Predicitons of the T-odd asymmetry distributions with respect to &
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* The magnitudes of A; for T — mayv, are around 10-2, that is roughly two orders
larger than those in Kj;,. It has the good chance to be measured in Belle-1I and super
tau-charm facilities.
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< Impact on the muon g-2 [Li,Li,Hao, Duan, ZHG, 2510.04172]
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(Non-radiative two-pion tau decay)
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* Infraed divergences cancelled by the virtual and real corrections
* In practice, a tiny value of the photon mass is kept in numerical calculations
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Results for Gpy,

Minimal RChT
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<+ Impact on the muon g-2

Relative shifts to AgHVP.LO _ 1 /tm‘” dt K (1) [Ka(t) dFTWW['y]] y (RIB(t) B 1)
1

isospin symmetric case: H AT e
™

Shifts caused by Ggy, for different parameter inputs (in units of 10-11):

AaEVP’LO (7] from Gem(t)

tmin, tmaz) Sol-A  Sol-B CEN  MR[O(p*)]  MR[O(p%)]
4m2,1GeV?] | =71 —449 -10.6 -104 -159 —63.2+16.5

:4m3r,2GeV2f - 64 —-445 -98 -96 —152 —b8.1+12.2
4m2,3GeV?] | —6.3 —444 -97 -95 —151 —67.8+17.5

4mZ, m2] - 63 —444 -97 -95 —151 —64.9+134
[Cirigliano et al., JHEP'02] [Miranda, Roig, PRD'20]

» The shift of a, caused by Gy reaches the current Exp uncertainty: 14.5X10-1! !



<+ Impact on the muon g-2

Evaluation of e*e- — 'z cross section by using tau data with IB corrections
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<+ Impact on the muon g-2 from tau data

» To combine the 7w (evaluted from tau data) and others from WP20
(i, KK, my, ... ... ), we have the full result for the LO HVP

10"0 - g} VPEOlrdsta = 702.1 £ 295,00 BR £ 4.01B15ys £ 2-10thers

» To further combine the contributions from QED, EW, hadronic light-by-
light from WP25 and compare with the newest world average of muon g-2,
we have

Aa,=aS® — ) = (14.94+5.6) x 1070 (270
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