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R-ratio from LQCD
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R-ratio from LQCD

<4 inverse problem, ill-posed, prior information

ey Tem o needed for unique solution
Cy(1) = (JS™0) JEM(0) ) = [dpr<w>e

Bayesian reconstruction (BR) algorithm

1272 Y. Burnier and A. Rothkopf, PRL 111, 182003 (2013)
R, (w) = 0,
(@) 2 pr(w) PID|p. 1]
Plp|D, m] = PID | m] daPla|D,m]

<4 finite-volume effects in the resonance region

pLS (w, A) = Jda)’cS’ (w, @) p; (@)

> p(w) = lim lm pLS (w, A)
A—0 L->o0

M. T. Hansen et al., Phys. Rev. D 96, 094513 (2017)

pr (@) = ZAné (a), a)n)
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R-ratio from LQCD
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Numerical setup

Label L/T Mpi (MeV) a(fm) L (fm) 4 Overlap fermions on RBC/UKQCD domain
wall gauge ensembles at the physical point
48l 48/96 139 0. 11406 5 47 with different lattice spacings and volumes

Gen Wang et al., Phys. Rev. D 107, 034513 (2023)

641 64/128 139 0.08365 5.35

04/64 139 0.1940 4 656 <4 High-precision current-current correlation
functions for both u/d and s

32/64 139 0.1940 6.208

48/96 139 0.1940 9.312



Results without smearing
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Prior dependence




Smearing
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Uncertainty due to prior
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Continuum extrapolation
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Volume dependence
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R ratio with all systematic uncertainties
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HVP from solving inverse problem

2 poo K 2
a/fIVP[LO] — (Zﬁ”) [ ds s(j) R(s) C, (1) = deR (@) lz)ﬂze_wt
2K(w)R(w) w’e™"

T(w) = Cy(H) = | doT(@w)N(w, 1)
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Visualization of 7(w)




Prior dependence
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Volume dependence
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Continuum extrapolation
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Continuum extrapolation
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a5 = 677(5) x 10710

aS* 5 = 685(5) x 10710
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Summary & Take-home

4 We employ the BR method to tackle inverse problems on the lattice with sophisticated error
analysis

4 The R-ratio is reconstructed. With proper smearing, the lattice results match the (smeared)
experimental data well

4 A promising alternative way for calculating a VP is provided, including discussion on
g

I
systematic uncertainties

4 New way to study the finite-volume correction and real-time dynamics

Thank you for your attention
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Bayesian Reconstruction

Plp|D, a,m] « e2®
4 Hyper parameter a is integrated over

0 =aS—L-y(L—-N,)

4 Maximum search is In the entire parameter
space(0(10%))

[, rlo) p(w) \
s=Y |1 o 1og<m(a)))_Aa)

f),

4 High precision architecture (e.g.,512-bit
PID|p,1]

Plp|D, m] = Jdap[a | D, m] floating point number).
P[D | m]
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