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Abstract. We report on determinations of the running mass for charmikguaom deep-inelastic
scattering reactions. The method provides complememéoymation on this fundamental param-
eter from hadronic processes with space-like kinematibs. dbtained values are consistent with
but systematically lower than the world average as publidhethe PDG. We also address the
consequences of the running mass scheme for heavy-quadamdistributions in global fits to
deep-inelastic scattering data.
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Quark masses are fundamental parameters of the gauge thfetbey strong interac-
tions, Quantum Chromodynamics (QCD). They are, howeveardimectly observable
due to confinement. Rather one has to compute the depend&rcess sections or
other measurable quantities on the heavy quark mass imgjudgher order radiative
corrections and renormalization — a procedure which reguine choice of a scheme
for the definition the mass parameter. There exists a vasfetghemes for heavy-quark
masses. The most popular ones are the on-shell anklSsheme. In the former the
so-called pole-mass coincides with the pole of the heavy-quark propagator aheac
order in perturbative QCD. This definition, however, hasisic theoretical limitations
with ambiguities of orde”’(Aqcp) and a strong dependence of the value of the mass
parameter on the order of perturbation theory. M@scheme is one of the so-called
short-distance masses for heavy quarks. It realizes theepbdiof a running mass(u)
depending on the scale of the hard scattering in complete analogy to the treatmint o
the running couplingrs(). As a benefit, predictions for hard scattering cross sestion
in terms of theMS mass display better convergence properties and greateripative
stability at higher orders.

Cross sections for the production of heavy-quarks in deefastic scattering (DIS)
are particularly well suited to confront the quark mass delpace of theoretical pre-
dictions in perturbative QCD with experimental measuretmenspace-like kinematics.
For the production of charm quarks in neutral (NC) or chargadent (CC) DIS there
exists precise data from the HERA collider and fixed-targgieeiments. In QCD the
DIS heavy-quark structure functioi® which parametrize the hadronic cross section
are subject to the standard factorization

Fk(X, Q27 r.nZ) = Z fl(uz) ®Ck,i (Q27 rnz7 aS(uz)) (X) ) k= 17 2737 (1)

i=0,9,9

where the perturbative coefficient functio@g; are known to next-to-leading order
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(NLO) for CC [1, 2] and approximately to next-to-next-tateng order (NNLO) for
NC [3, 4]. Q% andx are the usual DIS kinematical variables ands the heavy-quark
(pole) mass. In eq. (1) we also display all dependence on tther mon-perturbative
parameters, i.e. the parton distribution functidgn@DFs) for light quarks and gluons as
well as the strong coupling constant The running mass definition can be implemented
in eq. (1) to the respective order in perturbation theoryibypsy following the standard
procedure for changing the renormalization condition,me» m(u) see ref. [5].

The present study has two aspects: First of all we deternfiediS charm mass
me(me) from DIS in a variant of the global analysis [6] and comparth®world average
as published by the PDG. Secondly, we investigate the ingonewnts in the uncertainty
of heavy-quark PDFs in a global fit within the fixed-flavor nuienbcheme (FFNS) when
the running mass scheme is applied.

1. Running charm-quark mass

The parametric dependence of the DIS structure functigns eqg. (1) onm can
be used for a determination of the heavy-quark mass. Thatisdgpsof this proce-
dure relates directly to the corresponding uncertaintyhennheasurements &f. E.g.,
for charm production in NC DIS the nucleon structure functi® yields Amg/mg ~
0.75AF,/F,, which implies that an experimental accuracy of 8% Fertranslates into
an uncertainty of 6% for the charm-quark mass [5]. With thecimion of current DIS
data for charm production this suggests an erromgfm) of &'(few)% as the ultimate
precision in the approach based on inclusive structuretifume.

Starting from eq. (1) we have extracted & charm mass(mc) in a phenomeno-
logical study similar to [7], i.e. a global fit including fixedrget (CCFR [8], NuTeV [9])
and collider data [10, 11] in the FFNS (with = 3) as a variant of the ABKM one [6].
We have obtained [5],

me(me) = 1.26 £0.09(exp +0.11(th) GeV at NLO, (2)

to NLO and approximate NNLO in perturbation theory. The gadogxperimental un-
certainty results from the propagation of the statistical systematic errors in the data
with account of error correlations whenever available. Te®retical uncertainty is es-
timated from the variation of the renormalization and faietation scales for the choice
U2 = pe? = Q24 ke for F> with « in the rangex € [0,8]. For consistency it has been
checked that different scale choices do not deterioratstiistical quality of the fit. Be-
sides the charm masg, quoted in egs. (2) and (3) and the value of the strong coupling
constant determined tws(Mz) = 0.1135+ 0.0014 at NNLO [6], the global fit relies on
the same 22 PDF parameters as in ABKM [6]. This is particylariportant in order
to control simultaneously the sensitivity to the strangestg PDF in CC case which is
correlated withme due to the Born procesd*s — c.

At this conference, NOMAD has reported a new analysis of C&dfitarget data. The
increased precision due to the very high statistics has sshto determine the running
massmg(mc) to NLO exclusively from CC DIS leading to the (preliminargsult [12]

me(me) = 1.070-0.067(exp) =+ 0.050(th) GeV atNLO.  (4)



One has to compare the numbers in egs. (2), (3) and (4) witlvdnkel average of
the PDG [13] quoted in thMS scheme as(m) = 1.27 733 GeV, which is entirely
based on lattice computations or analyses of experimeataMith time-like kinematics
from et e -collisions, e.g. with the help of QCD sum rules. It is therefinteresting to
note that the DIS results in egs. (2), (3) and (4) for hadrpnoxesses with space-like
kinematics are consistent with but systematically lowentthe PDG value. In order
to understand at least one source of this deviation, onddinote the QCD sum rules
analyses typically assume the Bethke world average forahe\of the strong coupling
constant [14], which isag(Mz) = 0.1184+ 0.0007 and therefore significantly larger
than the ABKM result, see also [15] and references thereimedent determination
from a charmonium QCD sum rules analysis [16] quotes a dewalae mg(me) =
1.257+0.026 GeV using the world average and parametrizes sepathétiependence
of m¢(m¢) on value ofas(Mz). Using the ABKM valueas(Mz) = 0.1135 instead one
extracts from Table 15 in [16] a value of;(m;) = 1.257+0.026 GeV, i.e. a systematic
shift downwards at the level onol statistical uncertainty bringing QCD sum rule
analysis fromete-collisions in better agreement with the DIS results in €2)5.(3) and
(4). Note that the latter determinations account for thieciirelation of the dependence
onm. andas through a simultaneous fit of the parameters.

Including the PDG constraint omc(m) into the fit of ref. [5] we get the value of
me(me) = 1.18+0.06 GeV at NNLO. The recent data on the charm structure functio
F£¢ at low Q? published by the H1 collaboration [17], which were not irted into
the fit of ref. [5], are compared with the running-mass schemeglictions of ref. [5]
obtained with this value af.(mc) in fig. 1 (left). The agreement is quite good therefore
these data also prefer somewhat smaller valuec0fr:) than the PDG average.

2. Heavy quark PDFs

At asymptotically large scale® > m.,m, the genuine heavy quark contributions
in a FFNS withn; = 3 grow asas(Q?)In(Q?/m?) and can be resummed by means
of standard renormalization group methods. This procetkads to so-called heavy
quark PDFs in theories with effectively; = 4 andn; = 5 light flavors, which are
the appropriate descriptions for processes at LHC energles PDFs for charm- and
bottom-quarks im; = 4- andn; = 5-flavor schemes are generated from the light flavor
PDFs in ans = 3-flavor FFNS as convolutions with massive operator materments
(OMES), see e.g. [6]. The uncertainty on heavy-quark PDHEseiefore directly related
to the accuracy of the quark massesor my,, which appear parametrically in the OMEs.
This uncertainty can be significantly reduced through tleeafgheMS scheme, which,
of course, has to be applied also to the massive OMEs.

In our global fit [5]m¢(m) has been left a free parameter supplemented by the PDG
constraint. In this way we have generated a charm-PDF withpewable uncertainties
to the one of [6] (which has used the pole mass definitiom{gr For m, the currently
available DIS data displays no sensitivity at all and we harestrainedn,(my) directly
to its PDG value [13], i.emy(my) = 4.197018 GeV. As shown in fig. 1 (right) the
uncertainty of the resulting bottom-PDF is greatly reduc&dis improvement will
certainly have an impact on LHC phenomenology, e.g. allgvium precise predictions
for the production of single-top-quarks.
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FIGURE 1. Left: The data on the charm structure functfef¥ by the H1 collaboration [17] in compar-
ison with the running-mass scheme predictions of ref. [f§hR Theb-quark PDF uncertainties obtained
in the global fits: The dotted (red) lines denote thiéo band of relative uncertainties (in percent) and
the solid (red) line indicates the difference in the cengradiction resulting from the change of the mass
scheme and usingy(m,) = 4.19 GeV (bottom). For comparison the shaded (grey) areasepte the
uncertainties in the ABKM fit [6].
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