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The hadronic LO contribution: ttme-like method
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The hadronic NLO VP contribution

. O(ar’) contributions containing HVP insertion
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Krause '96; Keshevarzi, Nomura, Teubner 2019; WP20
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The hadronic NNLO VP contribution

« O(a*) contributions containing HVP insertion
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Space-like method: LO HVP contribution
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Space-like method: NLO HVP contribution

a2

(4a) __
a ) —

S

3

.
J THh(t)ImK(4)(t/m2)

F®WU) = R,(u) + R,(u)In(—u)

+Ry(w)In(1 + u) + Ry(u)In(1 — u)
+Rs(u) |4 Liy(u) + 2 Liy(—u)
+In(—w)ln ((1 — w)*(1 + u))]

E. Balzani, Fifth Plenary Workshop of the Muon g-2 Theory Initiative

2 ey
o = “—J —2KW(s/m*)ImII, (s)
e

0
K® from Barbieri Remiddi 1975

ImK®(z + ie) = 70(—2)FP(1/y(z))

- 23u® — 37w’ + 124u* — 86u> — 57u® + 99u + 78

R, = ,
=120t 1)
o 1207 — 11u” — 78u® + 210 + 4u’ — 15u° + 13u + 6
e D) u 2 :
(u+ D(—u’ + Tu* + 8u + 6)
R3 —_ .
12142
= e SR
L 12142 :
5 0 S
) p7 6 2 :
Uu
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Space-like method: NLLO hadronic vacuum polarization contribution
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Chakraborty at al. (arXiv: 1806.08190) provided an approximated
expression for the space-like kernel function. They added a O(10%) ==
uncertainty to their final result.
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This uncertainty can be eliminated using our
exact formula k™ (x).
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Space-like method: NLLO hadronic vacuum polarization contribution
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» The LO integrand has a peak at x ~ 0.914
« The NLO integrand has an integrable logarithmic singularity at x — 1
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Space-like method: NNLO HVP contribution
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Space-like method: NNLO HVP contribution
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Space-like method: NNLO HVP contribution
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Space-like method: NNLO HVP contribution
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Space-like method: NNLO hadronic vacuum polarization contribution

We start from the time-like asymptotic expansions:
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Two steps:

1. Computed the approximated time-like kernel K°?)(s/m?, s'/m?)

2. Matched the LO of the approximated time-like kernels K°“?(s/m?, s'/m?), with those of a series expansion of a two

dimensional generating integral representation
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Space-like method: NNLO hadronic vacuum polarization contribution
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Conclusions

» We provide simple analytic expressions to calculate the HVP contributions to the muon g — 2 in the
space-like region up to NNLO.

» These results will allow to extend MUonE’s original proposal to determine the LO contribution to algH )

to NNLO. They can also be employed in lattice QCD computations.

*An existing approximation for the NLO kernel induced large uncertainties. These can be eliminated using
our exact expression D(x).

+ For NNLO a combination of exact and approximated one- and two-dimensional kernels is provided. The
uncertainty due to the kernel approximations is estimated to be less than O(10712).

+ Calculation of higher-order HVP corrections require a precise treatment of the QED radiative corrections
to the HVP function. MUonE will naturally include their leading effects in the space-like approach.

» These results allow to compare time-like and space-like calculations of algH P) at NNLO accuracy.
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Thank you for your attention!
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