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In the first part of the talk measurements were presented baridlZEUS of the charm frag-
mentation intd* mesons at HERA, investigating the charm fragmentationtfancSince these
results were already presented at the EPS-HEP 2009 conégréme reader is referred to the
corresponding proceedingﬂ [1]. In the remainder of thiklarive will focus completely on the
second part of the talk, presenting a new ZEUS measurerﬂ]anf [Re production of the ex-
cited charm mesonB; (2420° andD3(2460° in epcollisions. The masses, widths and helicity
parameters of these resonances were determined and cahnyg#rgrevious measurements and
theoretical expectations. The results can also be compétiedew high precision measurements
[E] by BABAR, which were presented at this conference. A gagdeement between the ZEUS
and BABAR results is observed.
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1. Introduction

The large charm production cross section and the well establisheddystete charm mesons
D andD* allow a search for excited charm meson statesprollisions at HERA. In a previous
analysis of the production of such stats [4], the orbitally excited s@4€é3420° with JP =
1* and D3(2460° with J® = 2* were studied in the decay modeB;(2420° — D**rF and
D5(2460° — D** 17, D*mt. The width of theD9 (53.2+7.2(stat) "33(syst) MeV) was above
the world average value 204-1.7 MeV [B]. In addition, a study of the helicity angular distribution
of theD1(2420° was consistent with some S-wave admixture in the d&@%&y> D** 77, contrary
to theoretical predictiond][6] and to previous experimental resBltwlich yielded a pure D-wave
decay in this channel.

In this paper we repeat the analysis with an independent data sample ef mgggrated
luminosity. The new analysis is performed with the upgraded ZEUS detechichvincluded a
Micro-Vertex Detector (MVD). The analysis was performed using datartdkom 2003 to 2007,
when HERA collided electrons or positrons at2GeV with protons at 920 GeV. The data cor-
respond to an integrated luminosity of 373 Pb To maximise the statistics, events with both
photoproduction (PHP) and deep-inelastic scattering were used in thysiand&vents produced
in the PHP regime contributed 7080% of the selected charm meson samples.

2. Resaults

D** mesons were identified via the decay mdte — D — (K~ )1, whererg is a
low-momentum ("soft") pion due to the small mass differerfid, betweerD** andD°. The cor-
responding antiparticle decays were also meastiedleanD** signal of 66804+ 448 events is
seen (not shown here) in td distribution and alD** candidates with A44< AM < 0.147 GeV
were used for the subsequent excited charm mesons analysis.

D* mesons were reconstructed from the deBay— K~ "™ with looser kinematic cuts
than in the previous analysi§] [4] due to the cleaner measurement with the WhéDdecay-length
significance, defined &= 1/0j, was used to reject combinatorial background, where the decay
lengthl is the distance in the transverse plane between the production point el \aatex of
theD* meson andyj is the uncertainty of this distance. A cldaf signal of 53902+ 446 events
is seen (not shown here) in t(K~ 7t 177) distribution for events with significanc®> 3 and all
suchD?* candidates with B5 < M(Krtm) < 1.89 GeV were used for the subsequent excited charm
mesons analysis.

The D1(2420° and D;(2460° mesons were reconstructed in the decay mbderr—. For
each excited charm meson candidate, the "extended" mass diffe®ME, = M (K g, —
M(Kmrg), was calculated wherg, is the extra pion combined with tHe*. Fig.1 (upper plot)
shows the invariant masd (D*" 1) = AM®+ M(Djhg), WhereM(Djhg) is the nominalD**
mass|[[p]. A clear signal of the combin&j /D3’ mesons is seen. The histogram is the distribution
for wrong-charge combinatiord (D** 7).

The D§(2460)0 — DT decay mode was reconstructed by calculating the "extended" mass
differenceAM®! = M (K rtrtrg ) — M (K 7m). Fig. 1 (lower plot) shows the invariant maég¢D " 7z,) =

IHereafter, charge conjugation is implied.
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Figure 1: The mass distributions (dot¥)(D** 1) (upper plot) andv(D*g,) (lower plot). The histograms
are the corresponding distributions for wrong-charge cioiaifons. The solid curves are the result of a
simultaneous fit thg and D;O (upper plot) and t(DEO (lower plot) plus background (dashed curves). Con-
tributions from the wide state3;(2430° andD};(2400° are shown as shaded bands.

AM®+ M(Djpg), WhereM(Dppg) is the nominalD™ mass [[B], for events with significance
S> 3. A clearD3? signal is seen. The histogram is the distribution for wrong-charge cortitisa
M(D=m).

To distinguish betweeB?/D3° — D** 77, the D andD3? helicity angular distributions were
used. These can be parametrisedbigdcosa ~ 1+hcos a, wherea is the angle between the
™, andTs momenta in th®** rest frame and h is the helicity parameter, predicfgd [6] to be h=3 for
D and h=-1 forD3°. To extract theD? andD;? masses, widths and yields, a simultaneous fit was
performed on théVi(D* rg,) distribution (Fig.1 lower plot) and thil(D** 1g,) distributions in four
helicity bins (not shown here). Each resonance was fitted to a relativistia\2 Breit-Wigner
function [4]. Yields of the three signals, i andD;° masses and thB width and helicity,

h, were free parameters of the fit. Tlﬁlﬂgo width was fixed to the PDG value of 43 MeV] [5]
andh(D3?) was fixed to the theoretical predictidr [6]D;°) = —1. A separate fit to thé1(D* 1z,
distribution of Fig.1 (lower plot) with a single resonance and free width yietde@:°) consistent
with the PDG value. Contributions from the wide stafg¢s3{2430° andDj(2400° were added,
respectively, to thé/(D** 1) andM (D' 1) fit with shapes described as relativistic S-wave Breit-
Wigner functions. Their masses and widths were set to the PDG vadluesd3hair yields were
taken, respectively, as 1.0 and 1.7 times the narrow sﬁﬁmdD;‘J [A]. Systematic uncertainties
of the measured values were estimated from variations of the selection traegks, background
parametrisation, bin width of the fitted distributions and yields of the wide states.
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The results of the simultaneous fit (masses, widths and helicity paramegyan in Tab.
1 and Fig. 1 (solid curves). THe width, (D) = 43.4+ 6.2(stat) *[3,(syst) MeV, is above the
PDG value [b] of 204+ 1.7 MeV, consistent with the previous ZEUS res(]t [4]. TD helicity
parameterh(D9) = 3.5 5(stat ) T39(syst), is consistent with the pure D-wave prediction of h=3.
The presented measurements can also be compared to new high presisits{$¢by BABAR,
which were presented at this conference. Among other parameterfABAiasured th‘f width
to bel (D?) = 31.4+0.5(stat ) = 1.3(syst) MeV, which is also higher than the above-quoted PDG
value. This result agrees well with the o[dl [4] and new preliminary ZEUS8Ites

3. Conclusions

The full HERA data taken from 2003 to 2007 with an integrated luminosity 373 plas
used to study the production of the excited charm meg&ari2420° andD3(2460°. Nice signals
are seen in botD** ¥ andD* r* decay modes. The measu@§l andD;’ masses are in good
agreement with the PDG values. The measuD%Width is above the PDG value, consistent with
a previous ZEUS measurement of an independent event sample. Thereuﬁ@helicity
parameter allows for some S-wave mixing in its decaté rt7. The result is also consistent
with a pure D-wave hypothesis. The ZEUS measurements agree well witbddethigh
precision BABAR resultg[]3].
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HERA | HERA I PDG
M(D?) MeV | 24205+2.14+0.9 | 24222+1.7" 32 | 24223+1.3
(DY) MeV | 532+72'35 | 434+627[), | 204+17

h(D9) 59737710 35770 58
M(D:%) MeV | 24691+3.7713 | 24650+3.3735 | 24611+ 16
[ (D3%) MeV 43 fixed 43 fixed 43+4
h(D3) —1 fixed —1 fixed

Table 1: Results of the simultaneous fit for the masbBsWidths () and helicity parameters
(h) of the D? and D;O mesons. The first errors are statistical and the second errors deensyics.
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