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1. Introduction

The strong coupling constant and the masses of the six geanitute the fundamental
parameters of QCD which is a strong motivation to determivagr tvalues with highest possible
precision. Precise quark masses are furthermore impontéme context of spectroscopg,meson
and Higgs boson decays and Yukawa unification in Grand Uniffexbries.

In this contribution we describe the extraction @f (Section 2) and the charm and bottom
guark masses (Section 3) from recent measurements of thlehtmronic cross section & e~
annihilation in combination with recent precision caldigas.

2. Strong coupling constant

Recently the CLEO collaboration has published a measurenfeR(s) for seven different
center-of-mass valuegs in the range between 7 GeV and 10 GeV [1]. The uncertainty atsou
to about 2% and it is thus tempting to compare these measantemvith the theoretical predictions
for R(s) given by

o(ete” — hadrons

R(S) = - , (2.2)

wheready = 4ma?/(3s). R(s) is known to ordern? including the complete mass dependence and
at orderad mass corrections up to the quartic order are available (&¢& R, 3, 4] for recent
compilations). All available corrections are included e torogranr had [4], which has been
used for the present analysis.

In a first step we evolve the seven extracted valuesxfdio a common energy scale which
we choose to be 9 GeV. We obtaﬁﬁ“)(ngeVz) = 0.160+ 0.024+ 0.024, where the first error
combines statistical and uncorrelated systematic urinéets and the second one gives the corre-
lated systematic error. The superscript “(4)” indicatest tt this point we are still working in a
version of QCD where only the four lighter quark flavours arva. The transition to five active
qguarks is achieved with the help of a proper matching wheasimg the flavour threshold. It is
implemented in convenient form in that henat i ca packageRunDec [5] which is based on
the works [6, 7]. Using the proper matching and running ofdtneng coupling from 9 GeV t¥;
we thus obtain fromal® (2GeV?)

of? (M) — 0110'8¢88 — 01207883, @22

where after the second equality sign the uncertainties baga combined in quadrature.

The central value in Eq. (2.2) differs by one standard dmnafrom the one of Ref. [1],
al? (M2)|cLeo = 0.126-£ 0.0050915, This is explained by the missing charm mass effects in the
theory predictions foR(s) and the missing matching corrections at the bottom threishdRef. [1].

It is instructive to combine the result from Eq. (2.2) witlettis values obtained in Ref. [8],
al? (52GeV?) = 0.235/2947 and af® (M2) = 0.12472911 which was based on earlier measure-
ments by BES [9], MD-1 [10] and CLEO [11]. Adding the correldtand uncorrelated errors of
the different experiments in quadrature, the final rea(ft(92Ge\?) = 0.182:2922 represents the
combined information on the strong coupling from th&smeasurements in the region below the
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bottom threshold and correspondsaf’ (M2) = 0.119"9999, Although the uncertainties are stil
slightly larger the extraction afis from the inclusice quantityR(s) becomes competitive with the
results entering the world average (see, e.g., [12, 13]).

3. Charm and Bottom quark mass

The method described in this contribution goes back to 194Ydnd was applied to next-to-
next-to-leading order (NNLO) in Ref. [8]. The NNNLO analgsincluding updated experimental
input, was presented in Ref. [15].

The basic object which enters our analysis is the photorrigatéon function defined through

(g +au0) () = 1 [ x&™(0IT ju(91}(0)0). @Y

with j,, being the electromagnetic current. The normalized totassection for hadron production
in ee~ annihilation is then given bR(s) = 12rtim [M(g? = s+i¢)]. In the following we add a
subscriptQ to indicate the contribution from the heavy qu&dk

The idea for extracting a quark mass vaingis based on moments constructed frbig. On
one hand one can compute the Taylor expansidilg(ig?) aroundg? = 0 and obtain the so-called
“theory-moments” from

(3.2)

The three-loop contribution tﬁQ(qz) up ton = 8 within QCD has been computed in Refs. [16, 17,
18] and the four-loop calculation for= 1 has been performed in Refs. [19, 20]. In the analysis of
Ref. [15] also two-loop QED corrections and non-pertusgatontributions have been considered.
The former are quite small and the latter show a visible &fiety in the case of the charm quark.

From dimensional considerations we havg ~ (///rt,h)fl" which implies a stronger depen-
dence ofmg on variations of//lrﬁh for smaller values of. Furthermore, higher values nfrequire
a careful theoretical treatment of the threshold regionthedconstruction of an effective theory.
The analysis performed in Ref. [15] is restrictechte: 1,2, 3 and 4. Note that precise mass values
can only be obtained for the three lowest moments since thegadurbative contributions become
too big already fon = 4.

One of the major advantages of the method discussed in thés fsmthat we can adopt théS
scheme for the quark mass enterl‘rhg(qz) in Eg. (3.2) and thus directly extract the corresponding
value for the mass.

In order to extract experimental moments one exploits tladyénity of Mg and arrives at the
experimental moment given by

M = / Rl (3.3)

Ro can naturally be divided into three parts: At lower energies has the narrow resonances
which are thel /¥ andW’ for charm theY(nS) (n=1,...,4) in the case of the bottom quark.
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Figure 1: m(3 GeV) (left) andm, (10 GeV) (right) forn=1,2,3 and 4. For each value ofthe results
from left to right correspond the inclusion of terms of ord€ al, aZ andag to the theory-moments.

The second part, usually called threshold region, extemtisel case of the charm quark from
3.73 GeV to about 5 GeV. In this region the cross section steovepid variation and can not be
described by perturbation theory. Measurements from th8 Bdélaboration from 2001 [9] and
2006 [21] provide excellent data f&(s) with an uncertainty of about 4%. In order to obté&p
one has to subtract the contribution from the light quarkgtvis explained in detail in Ref. [15].
Similarly, we refer to Ref. [15] for a discussion of the bottéhreshold region.

The third contribution to the experimental moment is preddy the so-called continuum
region which for the charm and bottom quark starts above €8 &d 11.24 GeV, respectively. In
both cases there is no precise experimental data avail@bl¢he other hand, perturbative QCD is
supposed to work very well in these energy regions, in paercsinceRg(s) is known to orden?
including the full quark mass dependence and to oodencluding quartic mass effects.

Equating the theoretical and experimental moments of E}) @nd (3.3), adoptingt =
3 GeV (u = 10 GeV) for the charm (bottom) quark and solving for the quadss leads to the
results which are shown in Fig. 1 in graphical form. For dethhumerical results including a ded-
icated error analysis we refer to Ref. [15]. Itis nicely séeat the results fomg further stabilize
when going from three to four loops. At the same time the uag#y is considerably reduced.
Furthermore, the preference for the first three momentsewrigi visible. Also the analysis for
n= 2 andn = 3 leads to small errors, even if we include the uncertairaynfthe yet uncalculated
four-loop contributions (cf. Ref. [15]). We emphasize tleenarkable consistency between the
three results which we consider as additional confirmatfoouo approach.

The final result for theMiS-masses reath;(3 GeV) = 0.986(13) GeV andm,(10 GeV) =
3.60925) GeV. They can be translated intg(m;) = 1.286(13) GeV andm,(my,) = 4.164(25) GeV
which currently constitute the most precise mass valuesh®theory-side further improvements
are possible by evaluating the four-loop momentsfer2 andn= 3. On the experimental side im-
provements of the electronic widths of the narrow resoraaoelR measurements in the threshold
region and slightly above would be very useful.
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