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ATLAS @ LHC 
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Weight : ~ 7000 tons 

used for B and D meson 
measurements 



Измерение инклюзивного рождения D и B адронов в эксперименте ATLAS 

Inclusive D*±, D± and Ds
±  cross sections (3 notes released)  

B→D*+μ- X  cross sections (Nucl. Phys. B 864 (2012), 341) 

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 

Muons are well identified and can be used for triggering 

Important to measure production of D and B mesons 
- to evaluate and calibrate tracking performance 
- to compare production in pp and heavy ion collisions 
- to test theoretical calculations 
- to verify mc/b values and proton structure functions 
- to realistically estimate c/b contributions to backgrounds for New Physics 



D*+→D0π+→(K-π+)π+ (+c.c.) reconstruction 
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D+→K-π+π+ (+c.c.) reconstruction 

5 



Ds
+ → ϕπ+ → (K-K+)π+ (+c.c.) reconstruction 
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Visible (integrated) cross sections 
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ATLAS measurement : 

POWHEG-PYTHIA : 



D*± differential cross sections 
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Detailed study of high-pT range would be interesting 



D± differential cross sections 
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Detailed study of high-pT range would be interesting 
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FONLL predictions updated using 
http://www.lpthe.jussieu.fr/~cacciari/fonll/
fonllform.html 
modified by Matteo Cacciari on our request 

http://www.lpthe.jussieu.fr/%7Ecacciari/fonll/fonllform.html
http://www.lpthe.jussieu.fr/%7Ecacciari/fonll/fonllform.html
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FONLL predictions updated using 
http://www.lpthe.jussieu.fr/~cacciari/fonll/
fonllform.html 
modified by Matteo Cacciari on our request 

http://www.lpthe.jussieu.fr/%7Ecacciari/fonll/fonllform.html
http://www.lpthe.jussieu.fr/%7Ecacciari/fonll/fonllform.html


Charm Fragmentation Ratios 
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Extrapolation with NLO QCD: 

strangeness suppression factor: 

fraction of D(*)± mesons produced in vector state: 

agree with the LEP results (charm fragm. universality): 



Total charm cross section 
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ATLAS-CONF-2011-017 : Extrapolation with NLO QCD: 

ALICE Coll., JHEP 07 (2012) 191 

LHC measurements of the total charm 
production cross section agree 



B→D*+μ- X measurement at 7 TeV 
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← Unfolding with NLO MC 

← Decay acceptance with NLO MC and branching (PDG) 



B→D*+μ- X integrated cross section 
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dσ(Hb→D*μ X)/dpT(|η|)(D*μ ) differential cross sections 
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NLO+LL QCD predictions are below the data 
                                             consistent within large theoretical uncertainties 

Bayesian iterative unfolding (with NLO MC) from  D*µ  bins  to  Hb  bins →  



Total beauty cross section 
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Extrapolation with NLO QCD (factor 11+2.6
-1.6): 

Measurements agree within experimental uncertainties 

(Hb→D0µX) 

LHCb (Eur.Phys.J. C71 (2011) 1645), extrapolated from 2.0 < y < 4.5 
 
                               σ(pp → bb̅X) = 288 ± 4|stat ± 48|syst  µb 

ALICE (hep-ex/1205.5880), extrapolated from  pT > 1.3 GeV,|y| < 0.9 
 
                               σ(pp → bb̅X) = 244 ± 64|stat +50

-59|syst +7
-6|extrap  µb 

(Hb→J/ψX) 

(Hb→J/ψX) 

 µb 



Полученные результаты: 
• Results on inclusive D*± , D± and Ds

± production cross sections 
and B→D*+μ- X  cross sections at 7 TeV have been confronted with 
NLO+LL/NLL predictions 

• Predictions are below the data although agree within large 
theoretical uncertainties 

• Extrapolated total charm and beauty production cross sections 
     at 7 TeV agree with other measurements at LHC 

Планируемые измерения (есть задел): 
• Bc→J/ψ D(*)

(s) , Bc→μ+μ- D(*)
(s) 

• Дважды и трижды тяжёлые барионы 
• Ассоциированное рождение калибровочных бозонов и 

тяжёлых кварков 
• Рождение двух  и более пар тяжёлых кварков 
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Back-up Slides 
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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) 

NLO+LL (matched) public codes: 

Theor. Uncertainties 
are large 
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On request   : FONLL (NLO+NLL) 
                         GM-VFNS (general-mass - variable flavour number scheme) 
Expected       : MC@NLO+PYTHIA, NNLO ? 



Comparison with NLO+PS predictions 
 POWHEG-PYTHIA, POWHEG-HERWIG and MC@NLO 
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Hadronisation :  HERWIG cluster model or 
Bowler modification of Lund symmetric 
fragmentation function 

Fragmentation fractions 
set to LEP data   : 

Theoretical uncertainties : 

ATLAS-CONF-2011-017 



Comparison with FONLL and GM-VFNS predictions 
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ATL-PHYS-PUB-2011-011 

FONLL predictions from M.Cacciari et al. 
            matched NLO+NLL calculations (developed from “massive” NLO)  
            use own fragmentation function fits but 
            the same (LEP) fragmentation fractions (f(c→D), f(b→D)) 
            expected to predict larger and less uncertain x-sections w.r.t. POWHEG/MC@NLO 

GM-VFNS predictions from B.Kniehl et al. 
            developed from “massless” NLO 
            use own fragmentation function fits and own fragmentation fractions (f(c→D)) 
            only charm component (10-15% due to beauty contribution missed) 
            use y rather η (up to ~4% difference in the last η bin) 
            only scale uncertainties (dominant) 
            expected to predict … 

Ideally, FONNL and GM-VFNS predictions should be close to each other 
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FONLL predictions updated using 
http://www.lpthe.jussieu.fr/~cacciari/fonll/
fonllform.html 
modified by Matteo Cacciari on our request 

http://www.lpthe.jussieu.fr/%7Ecacciari/fonll/fonllform.html
http://www.lpthe.jussieu.fr/%7Ecacciari/fonll/fonllform.html
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FONLL predictions updated using 
http://www.lpthe.jussieu.fr/~cacciari/fonll/
fonllform.html 
modified by Matteo Cacciari on our request 

http://www.lpthe.jussieu.fr/%7Ecacciari/fonll/fonllform.html
http://www.lpthe.jussieu.fr/%7Ecacciari/fonll/fonllform.html


dσ(Hb→D*μ X)/dpT(|η|)(Hb) differential cross sections 
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NLO+LL QCD predictions are below the data 
                                             consistent within large theoretical uncertainties 

Branching (PDG) and decays acceptance correction (with NLO MC) 
                                                                                    for  Hb→D*µ decay  →  



dσ(Hb)/dpT(|η|)(Hb) differential cross sections 
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Systematic uncertainties are larger due to theoretical uncertainties 
of NLO MC used for the acceptance correction (α)  
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