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Charm meson spectroscopy

e Charm systems are the most interesting case during the last
decade, after unexpected discoveries (BaBar and Belle):
L=0  L=1

2003: D%(2317)" — Din° and Ds(2460)*
i 1/2 1/2 1/2 1/2 3/2 3/2

2006-2007: Dz (2710)* and DZ;(2860)" og| e 2 /21/2 372 3/2 |
These states confirmed recently by LHCb.

e J=L+$ i
L=0: Doublet with (07,17): (D,D%) “
L=1: Two doublets: JP = (0+,1+): (Dg,D])  ,,|

I® (1, 2%): (Dy, DY)

Ve P- or D-wave|

Ground states: D°, D** and D* b / |
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Charm mesons at HERA

 boson-gluon fusion is a dominant
process for the charm creation in DIS;

e e
e charm contribution to the inclusive DIS
cross section is up to 30% at HERA; v c
el
e charm production sensitive to the gluon !
density of the proton; c
e possibility to test pQCD; P

e better understanding of the charm is one
of the key issues for LHC experiments;
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New charm meson results from ZEUS

excited charm meson masses, widths, angular distributions,
branching ratios and charm quark fragmentation fractions

measured for:  D9(2420),D3°(2460)
Dy (2420), D (2460)

these mesons were reconstructed in the decay channels
with D9 D** and D*
Published in Nuclear Physics B v. 866, 3, 2013

fractions of charm quarks hadronising as a particular charm
hadrons

derived for:  D* D*, D% D.* and A,
373 pb! data sample (full statistics HERA Il )

04.06.2013, Workshop on Low-x Physics V. Aushev ~ Charm mesons at HERA 4



04.06.2013, Workshop on

. V. Aushev Charm mesons at HERA
Low-x Pphysics



3-prong and 5-prong D™ decay reconstruction
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Yellow area: D* in the mass range 0.144<AM < 0.147 GeV combined with an

additional track, assumed to be mt*
—> for the excited charm meson reconstruction;
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D* and D? decay reconstruction
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D*nt and D* m~ mass spectra
ZEUS
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D*rt and D* m~ mass spectra in cosa bins
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The splitting into four bins helps
to separate DY, DE‘O. Distribution
in a, the angle between 7, and
D in D*T CMS, is predicted to
be

dr

x 1+ hcos? .
d cos v

where h is a helicity parameter.
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Results of the simultaneous fit for the yields, masses,
widths and helicity parameters of the neutral D-mesons

HERA 11 HERA I PDG
N(D? — D**r) 2732 + 285 3110 + 340
N (D0 — D*t7) 1798 + 293 870 £ 170
N(D3® — D*r) | 521 £88 (S(D*) > 3) 690 + 160
M (DY), MeV 2493.1 + 1.5494 2420.5+2.14+0.9 | 2421.3+0.6
(DY), MeV 38.8+ 5.0 7 53.2 + 7.2+33 271+ 2.7
h(DY) 7.810711% 5.9177110

M (D), MeV

2462.5 + 2.4113

2469.1 + 3.7112

2462.6 = 0.7

T'(D5), MeV

46.6 + 8.1139

43 fixed

490+ 1.4

Results are compared to earlier ZEUS results at HERA | and PDG:
Good consistency with older results and PDG.!
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Results of the simultaneous fit for the yields, masses,
widths and helicity parameters of the charged D-mesons

HERA 1I PDG
N(Df — D®x%) | 759 4183
N(Dst — D*0t) | 6344223
N(Dst — D) | 737+ 164

M(DY), MeV

2421.9 + 4.734

24234 131

(D), MeV 25 fixed 25+ 6
h(D7) 3.0 fixed
M(D3Y), MeV | 2460.6 + 4.4738 | 24644 +1.9
I'(D3T), MeV 37 fixed 37 +6

h(D;)

—1.0 fixed

Good consistency
with PDG

Only few previous results on D" (BABAR and CLEO)
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Indication of S- and D-wave mixing
ZEUS
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Fragmentation fraction measurements

N(D)
N(c)

flc — D3%) = 3.9 £ 0.9(stat.) 03 (syst.) %
fle— DY) = 2.9 £ 0.5(stat.) + 0.5(syst.) %
f(c — D) = 4.6 £ 1.8(stat.) T2 3(syst.) %

(¢ — D) = 3.2 £ 0.8(stat.) T05(syst. %\
f(e— D3") (stat ) B3 (svt.) S

First measurements!

Fragmentation fractions: f(c — D) =

For comparison:

f(c— DY) | f(c— D3°)
HerA-T | 3.54+0.470¢ | 3.8+£0.7752
Opar® [214+0.7403|524+22+1.3

ZEUS measurements of fragmentation fractions are the most precise
and supports fragmentation universality.
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Branching ratios

BDS{U—}D_FTF_ BD;+—}DOTT+
Boso peir | Borepeons
HerA-11 | 14403733 1.1+04703
HerA-1 | 2.8 £0.8702
PDG 156 +0.16 | 1.9+1.140.3

Consistent with PDG and theoretical calculations™ :

* Phys. Rev. D 86 (2012) 054024
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~ 2.3 for both ratios
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e Determined fragmentation fractions of charm hadrons with
HERA Il data(372pb), i.e. the probability of c-quark to
hadronize into particular charm meson f(c->D° D*, D.*, D™, A)

 Kinematic range: transverse momentum p(D° D*, D.*, D™, A )
and pseudorapidity n(D° D* DS, D™, A ) ;

e Significantly suppressed background using microvertex detector
(MVD);
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Combinations per 2.7 MeV

D*and D”
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Combinations per 5.0 MeV

D+ and D* spectra
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ZEUS (vp) (prel.) ZEUS (vp)
New HERA II HERA I
results stat. syst. br. | stat. syst. br.
----------- f(e - D*) | 0.232+0.006 Z550¢ Too10 | 0.222 & 0.015 X507 013
f(c— D% | 0.590+0.016 *5o07 *5org | 0.532 £ 0.022 F5017 “o 038 |
f(e— DY) | 0.089+0.005 *3.302 +0.005 | 0.075 = 0.007 Z556: “o.00
flc— AF) | 0.078+0.012 1282 +200% | 0.1504+0.023 10032 To o
f(c— D**) | 0.234 £+ 0.006 *390: 7397 | 0.203 £ 0.009 3-8 +0-00
The obtained precision is competitive with results in e+e- collisions!
H1 (DIS) |2] Combined ZEUS (DIS) |3.4]
eTe” data [5,6] HERA T
stat.&syst.  br. stat.syst.  br. stat. syst. br.
flc— D) | 0.204£0.026 Tyojy | 0.222 £0.010 Tygge || 0.217 +0.018 75075 Totio
fle— D) | 0.584+0.048 TOM8 10 544 +0.022 F5007 I 0.585 +0.019 T058 Tooi
fle— D) | 0121 £0.044 £099% 1 0.077 +0.006 709 I 0.086 £ 0.010 +8 88; tg;ggg
fle — AY) 0.076 +0.007 70035 || 0.098 +0.027 F007 0053
fle— D) ] 0.276 £0.034 0009 10.235 £ 0.007 T90% || 0.234 £ 0.011 =097 T00%0
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The fragmentation fractions of charm quarks are independent of the
production process and supports the hypothesis of universality of
heavy quark fragmentation
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Conclusions

» Charm systems are interesting in the light of recent
progress on open charm spectroscopy;

» ZEUS continues to produce new interesting results in
the field of charm meson spectroscopy in ep-collisions:

- excited charm studies: new measurements of masses,
widths, helicity, ratios of branching fractions and the fractions
of c-quarks hadronising into D, and D*, states.

- production of D% D*, D.*, D™, A, : fragmentation fractions
of charm quarks are independent of the production process;

» All results support the hypothesis that fragmentation
proceeds independently of the hard sub-process.

04.06.2013, Workshop on Low-x Physics V.Aushev ~ Charm mesons at HERA 21



