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22 presentations
Reporting new results from
• TeVatron, HERA, LEP, B-factories, ν

Challenging QCD with measurements of
• Charmonium
• Open charm, beauty and truth
production in pp, pN, νN, ep, γp, γγ, ee collisions

My apologies for any injustice !!



DIS'03 April 27, 2003 Felix Sefkow   Heavy Flavour Summary (experimental) 3

Charmonium:

“The simplest case to relate the theory 
of quarks and gluons to the world of 
hadrons…”



DIS'03 April 27, 2003 Felix Sefkow   Heavy Flavour Summary (experimental) 4



DIS'03 April 27, 2003 Felix Sefkow   Heavy Flavour Summary (experimental) 5

NLO

inelasticity
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Confirms last year’s H1 results

New:
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New testing grounds:

• γγ collisions at LEP2
• pN: HERA-B A dependence
• e+e- continuum @ 10 GeV:

– J/Psi cc, J/Psi (cc) pp: 
• Tevatron low pT
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NRQCD talks to A dep
via J/psi, χ_c,.. ratios
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101 fb-1  preliminary

…and many more new results, J/psi cc / J/psi X = 82 +- 15 +- 14 %
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Charmonium summary

• Rapidly expanding basis of experimental 
data from different production 
environments

• Test universality of NRQCD’s non-
perturbative MEs

• Revisit Tevatron data for LDMEs
– Including low pT range

• Need NLO to complete the picture
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Open charm, beauty, and truth

• Heavy quark – heavy hadron transition

• Production cross sections “everywhere”, 
and parton dynamics
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Model tests: 
χ2/d.o.f probabilities
(for LL PS MC !)
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Average

Hagar Landsman (OPAL)
Gluon splitting to bbbar
and b fragmentation

Theory (resummed)
%

new
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new

new

Now normalized to sum
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Fragmentation/Hadronization:
• Above all: Well constrained by 

experiment
• Fragmentation spectra in e+e- well 

reproduced by theory (incl. HO)
• HERA measurements support 

universality of fragmentation function 
and fractions 

• … the basis for QCD tests with 
“observable” quarks 
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γγ -> cc, bb

new !

Charm also not so well… 



DIS'03 April 27, 2003 Felix Sefkow   Heavy Flavour Summary (experimental) 20

brandnew @ DIS’03
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new
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“terribly precise” 
(as the theorist says it)

Sensitivity to c in γ hampered
“NLL” = massless NLO
“NLO”= massive NLO
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Charm production with neutrinos
Giovanni De Lellis (CHORUS Coll.)

s(
D

0)
/s

(C
C)

Eν (GeV)

CHORUS

E531
Phys. Lett. B 527 (2002) 173

MC: D and Ds
Data

Data

Br (Br (ΛΛccàà 3prong) = 24 3prong) = 24 ±± 7 7 ±± 4%4%
ss ((ΛΛcc) / ) / ss (CC)= 1.54 (CC)= 1.54 ±± 0.35 0.35 ±± 0.18%0.18%

Measurement of Measurement of ΛΛcc productionproduction
Phys. Phys. LettLett. B 555 (2003) 156. B 555 (2003) 156

Only part of stat’s
Include in s(x) pdf fit

ss (D(D0 0 )/)/ss (CC) =(CC) =
1.99 1.99 ±± 0.13 0.13 ±± 0.17 %0.17 %
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ep -> ccX
first in DIS
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b production in DIS

V.ChiochiaV.Chiochia, Production of beauty quarks in , Production of beauty quarks in 
deep inelastic scattering at HERAdeep inelastic scattering at HERA C.GerlichC.Gerlich, Beauty production, H1 results, Beauty production, H1 results
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Some remarks…
… on the “HERA-b” summary plot:
• All results use leptons and jets (or D*) but 

are quoted differently: lepton, lepton-jet, 
lepton-jet-jet, jet-jet, and have different 
model dependence due to extrapolations

• One should minimize the model dependence, 
e.g. B meson, or b-tagged jet Xsections, and 
reduce the variety

• Above all: finish analysis! 
(H1 results are based on 10 pb-1 only…)
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HERA-B: pN -> bb

M. Braeuer, bb cross sections measured with the HERA-B detector

30x more statistics on tape 
-> will be systematics limited (J/psi BR and total Xsect)
-> can measure pT and xF dependence
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Alexander Khanov, Recent B Physics Results from 

Felix Sefkow   Heavy Flavour Summary (experimental)

B jet cross section (3)

• Step 3: Unfold jet energy resolution (unsmearing)

• Measured cross section 
consistent with Run I 
results (2-3 times higher 
than predictions)
• Dominant error due to 
jet energy scale 
corrections
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CDF σσtttt: lepton + jets cross section: lepton + jets cross section

µ

Jet1

Jet2Lego view Jet3

Jet4

σσtttt = 5.3 = 5.3 ±± 1.91.9statstat ±± 0.80.8syssys ±± 0.30.3lum lum pbpb

Run 2Run 1 +30%
Yu.Gotra, Heavy Flavour
Results from CDF Run II
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Charm, bottom, and truth 
summary

• Measurements in many environments, 
some new or back on stage 

• Develop perturbative QCD strategies
• Theory error bands are not too 

conservative: most c and b results leave 
room for NNLO

• HERA initial states provide specific 
handles on parton dynamics,  e.g. charm, 
beauty still to come (HERA 2)



Thank you very muchThank you very much

…… to all participants for lively to all participants for lively 
contributions and support!contributions and support!

All mistakes are mine. All mistakes are mine. 



Backup slides
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f.l.  =  1010 µm
θkink = 420 mrad
Pt > 330MeV/c

D0 f.l. = 340 µm

Associated charm production in CC and NC

Phys. Phys. LettLett B 539 (2002) 188, CHORUS Coll.B 539 (2002) 188, CHORUS Coll.

V2(2) @pl 22 V2(2) @pl 22 
fl= 976.6fl= 976.6µµmm
∆θ∆θ =203.4 =203.4 mramradd

ppl22l22ppl23l23

V2(1) @V2(1) @pl 23pl 23
fl= 62.8fl= 62.8µµmm
∆θ∆θ =96.3 =96.3 mradmrad

First observation
in CC 

One of several candidates in NC

pl30pl30 pl29pl29

Cross-section measurement
for both processes in progress

In progress also: D*, anti-ν-induced charm and QE Λc cross-section

Diffractive Ds* production (Phys. Lett. B 435 (1998) 458)
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ep -> ccX
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