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Status of aﬁlbl from lattice QCD

» Subleading, entering at O(a%ED) = needs to be determined to O(1071)
relative precision from the Standard Model (SM).

» Recent N; = 2+ 1 lattice calculations in good agreement with the 2021 White
Paper (WP) value (mainz/cLs 21, ReC/UKQCD "23].

‘ aElbl (u,d,s)x10%T
WP 87(17)
Mainz/CLS 21 106.8(15.9)
RBC/UKQCD '23 124.7(15.2)

» Effects of the charm quark included in the 2021 WP:

‘ al}:lbl,c % 1011
quark-loop 3.1(1)
1c(1S) 0.8

» Goal: provide a first-principle determination of the charm-quark contribution to
aZlbLC from lattice QCD.
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Lattice QCD formalism for aﬂlbl

» Master formula of the Mainz x-space approach:

m
Blbl u /[;[M]llw(x,y)ll'lpuma(x ¥),

iﬁp;uu)«r = - /z zpﬁuua)\ ) ﬁumﬂ\(xv Y, Z) = Uu(x)jV(}/)jU(z)jA(O»QCD )

where jll = ZiGﬂavor Qil/_}i’}/uwi-
» The QED-kernel £ is computed semi-analytically in the continuum and infinite-volume.

[Asmussen et af '23]

» O(4)-symmetry in the continuum and infinite-volume:
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lim a1y max) aﬂlbl(IYImax):/o dlylf(ly])-

|,V‘max‘>l)0

hibl _
a, =

» For this work, considering only two Wick-contractions: fully-connected and
(242)-disconnected. The other topologies are small in the Nf =2 + 1 case.

En-Hung Chao (Columbia U) charm-quark contribution to aElbl 3/7



a}}“’l’“ from LQCD

Calculation setup

» Include six Ny = 3 ensembles with Wilson-Clover fermions at
my k., = 415 MeV and lattice spacing ranging from 0.039 to 0.099
fm.

» Charm quark at different masses introduced at partially-quenched
level to each ensemble: sea-quark effects expected at order a2(m.).

> Physical point defined by the (connected-part) n.-mass
= Extrapolate (a, m;.) — (0, mg?ys') at fixed my.
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aﬂlbl from LQCD

Connected integrand example: with a = 0.039 fm

» Fast fall-off of the integrand = negligible finite-volume effects.

» Becomes shorter range as the bare charm quark mass increases = large
discretization effects expected.
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aglbl from LQCD

Extrapolation to the physical-point
» Examples of fit ansatze scaling as m;f in the continuum:

A+ BaM2,
LH(C+ My, )2+ (D + E22M2 )2’
B+ Ca? 2
et Da® + E 7 In My,

Ne

Fit 1: au(a,M,,) =

Fit 5: au(a,M,,) = Aa+
= results dominated by the systematic error from the fit.

» The spread of the fit results is consistent with the expectation from the charm-quark loop
when m,,_ approaches its physical value.

» Quark-disconnected part: small, done at physical r from Ds-tuning (cérardin et al '19].
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Summary and conclusion

» Break-down of contributions from different Wick-contraction
topologies

‘ azlbl,c % 1011

Connected part 3.1(4)
Disconnected part | -0.30(23)
Total 2.8(5)

» Combined aﬂlbl with (u, d, s, ¢) quarks from Mainz/CLS:

ap™ =109.6(15.9) x 10~
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