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Introduction & Motivation
D-mesons are produced in c and b fragmentation
c and b quark production are hard processes (mQ >> ΛQCD)
Theoretical calculations available till NLO+NLL level
Still large theoretical uncertainties (scales, multiple interactions)

Reconstruction of D-mesons already feasible with first ATLAS data due to
- large cross-section values
- clean D-meson signatures
- precise ATLAS tracking and vertexing

Important to measure production of D-mesons
- to evaluate and calibrate tracking performance
- to compare production in pp and heavy ion collisions
- to test theoretical calculations
- to verify mc value and proton structure functions
- to realistically estimate charm contribution to backgrounds and trigger rates
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D(*)-mesons reconstruction at 7 TeV
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To tune actual cut values realistic MC has been used

For D-meson reconstruction: 1.1 nb-1

(March-July, minimum-bias triggers after prescale)

No dE/dx particle identification (not effective for high-pT tracks)
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NLO predictions to confront with data
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Used : MC@NLO, POWHEG-HERWIG, POWHEG-PYTHIA  (NLO+PS MC, public codes)

To be involved   : FONLL (NLO+NLL), GM-VFNS (variable flavour number)
Expected            : MC@NLO+PYTHIA, NNLO ?

Is it the same “NLO” in all predictions ?

The above difference  is due to differences in the scale choice
Total x-sections with fixed scale (mQ) agree within 1%



Hadronisation and theoretical uncertainties

20

Hadronisation :  HERWIG cluster model or 
Bowler modification of Lund symmetric 
fragmentation function

Fragmentation fractions 
set to LEP data   :

Theoretical uncertainties :



Fragmentation Fractions

[23] L.Gladilin, Charm Hadron Production Fractions, hep-ex/9912064



Charm Hadron Production Fractions

Only LEP measurements used for  current averaging because CLEO and ARGUS results 
are rather old and close to threshold



f(b→D±) Fragmentation Fractions
OPAL with new branching ratios
ALEPH with new branching ratios
ALEPH with new branching ratios

PDG 2010:

branching ratio not updated 

old branching ratio uncertainty

misinterpretation



Visible cross sections
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Differential cross sections
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Extrapolated cross sections
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Charm fragmentation ratios
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Summary & Plans

• Clean D*±, D± and Ds
± signals reconstructed

• Performance ATLAS-CONF note released for Physics@LHC
and reported in many conferences (by author in ICHEP 2010, 
IHEP-LHC 2010, LHC Physics day on HQ)

• New ATLAS-CONF note on D(*) production cross sections is 
ready and under review by the ATLAS editorial board and B-
physics group

Plans:
• release the new ATLAS-CONF note for winter conferences
• try to extend the measurement to high-pT range using lowest 

L1Calo triggers – another note and, then, combined journal 
paper

• use D(*) reconstruction methodic for W+c measurement
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Back-up Slides
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The ATLAS detector
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21/06/10

Length: ~46 m 
Radius: ~12 m 
Weight: ~7 Ktons

3-level trigger reducing 
the rate from 40 MHz 
to ~200 Hz

Inner Detector
(|η|<2.5, B=2T): 
Si Pixels, Si strips, 
Transition Radiation 
Tracker (straws).
Precise tracking and 
vertexing, e/π 
separation.
pt resolution: 
σ/pt ~ 3.8x10-4 pt

(GeV)± 0.015

Muon 
Spectrometer 
(|η|<2.7) : air-

core toroids 
(average 0.5T) 
with gas-based 
muon chambers. 
Muon trigger and 
measurement 
with momentum 
resolution < 10% 
up to E(μ) ~1 TeV

EM calorimeter: Pb-LAr 
Accordion. e/γ trigger, 
identification and 
measurement.
E-resolution: σ/E ~10%/√E 

HAD calorimetry (|η|<5): Fe/scintillator 

Tiles (central), Cu/W-LAr (fwd). Trigger and 
measurement of jets and missing ET.
E-resolution: σ/E ~ 50%/√E ± 0.03 



Tracking with ATLAS Inner Detector
Pixel Detector:

3 barrel layers, 2 x 3 end-cap discs

σrϕ ~ 10 μm, σz ~ 115 μm

Silicon Strip Detector (SCT)

4 barrel layers, 2 x 9 end-cap discs

σrϕ ~ 17 μm, σz ~ 580 μm

Transition Radiation Tracker(TRT)

73 barrel straw layers, 2x160 end-cap 
radial straw discs

σrϕ ~ 130 μm

In this analysis:
tracks with at least 1 hit in Pixel and 4 hits 
in SCT and pT>250 MeV and |η|<2.5
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Minimum-Bias Trigger

At least one hit above threshold in the Minimum-Bias Trigger Scintillators
at each end of the detector

Efficiency is ~100% for events with at least 2 tracks passing beam-spot region

MBTS trigger allow us to measure D-mesons production cross-sections 
without uncertainty originating from trigger efficiency
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The trigger is heavily prescaled with luminosity increase

MinBias Trigger Scintillator at z=±3.56 m
on LAr cryostat; 2 rings with 8 sector in azimuth
2.09<|η|<2.82, 2.82<|η|<3.84



Luminosity and Data Taking

All ID components operational > 97%

For D-meson reconstruction: 1.4 nb-1

(March-May, minimum-bias trigger after prescale)
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Resonance reconstruction with secondary and tertiary vertexes

35Fitted masses and widths agree with MC and PDG mass values

SXY > 0.4 cm S > 3 cm

SXY > 0.4 cm SXY > 0.6 cm

(2D distance) (3D distance)



Predictions and expected cross sections
Monte Carlo with LO matrix elements and LL parton showering (PYTHIA)

- flavor creation (gg → QQ̄ , qq ̄ → QQ̄)
- flavor excitation (gQ → gQ, qQ → qQ)
- gluon splitting (gg → QQ̄)

PYTHIA with ATLAS Geant4 simulation (arXiv:1005.4568)
- detector level comparisons
- efficiencies and corrections

NLO+PS codes:

Theor. Uncertainties
are large
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D*+→D0π+→(K-π+)π+ (+c.c.) reconstruction
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D+→K-π+π+ (+c.c.) reconstruction
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Ds
+ → ϕπ+ → (K-K+)π+ (+c.c.) reconstruction
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