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DIS2013 LHCb presentations 

Tuesday: 

• “Inclusive particle production at LHCb” by D. Volyanskyy 

• “Properties and decays of Bc meson and b baryons” by Y. Xunao 

• “Studies of excited charm and beauty mesons at LHCb” 

by V. Gligorov 

• “Quarkonia and quarkonia-like spectroscopy at LHCb” 

by C. Fitzpatrick 

• “Studies of quarkonia production and polarization at LHCb” 

by M. Frosini 

 

Wednesday: 

• “Exclusive J/ψ and ψ(2S) production in pp collisions at 7 TeV” 

by R. McNulty 

• “Electroweak boson production at LHCb” by S. Tourneur 

• “The LHCb upgrade” by U. Marconi 
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Outline 

• LHCb detector & performance 

 

• Beauty and charm production: 

• Open charm production: D0, D*±, D+, Ds
+, Λc

+. 

 Nucl.Phys.B871 (2013) 1-20 

• B mesons production: B+, B0, Bs
+. 

 LHCb-PAPER-2013-004 (Preliminary) 

• σ(    ): using inclusive final states. 

 LHCb-CONF-2013-002 

• Forward-central (AFC)      production asymmetry. 

 LHCb-CONF-2013-001 

 

• Summary 

bb

bb
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LHCb detector 

VELO 

MUON system Tracking detectors 

(TT, IT, OT) 

RICH1&2 

ECAL&HCAL 

(1 + 10/√E) % 

• LHCb is a single arm forward spectrometer: 

• Unique rapidity coverage: 2.0 < η < 5.0 

• Forward      pairs production. 

• Excellent vertex and track momentum resolution: 

• σIP ~ 20 μm 

• Δp/p = 0.6% at 100 GeV/c 

• Excellent Particle Identification: 

• RICH detectors 

• MUON system 

qq
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Trigger & Performance 

• Data taking efficiency: > 90% 

• Data quality: > 99% 

• Integrated Luminosity: 

• 2010: 37 pb-1 

• 2011: 1.0 fb-1 

• 2012: 2 fb-1 

Trigger scheme 

L0 

HLT1 

HLT2 
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Motivation 

• Beauty and charm production: 
• Understanding of QCD in pp at new energy scale. 

• Background estimate for SM processes, such as Higgs production. 

• Powerful test of QCD@NLO calculations. 
 

• LHCb: 
• Unique forward rapidity coverage. 

• Measurement of cross sections down to pT = 0 
 

Previous measurements: 
• Beauty production: 

• LHCb (forward rapidity at 7 TeV, PLB694(2010)209-216, 

JHEP04(2012)93) & CMS (central at 7 TeV, JHEP03(2011)090) 

• CDF (central at 1.96 TeV, PRD71(2005)032001) 

• Charm production: 
• CDF (central at 1.96 TeV, PRL91(2003)241804) 

• Alice (central at 2.76 TeV and 7 TeV, JHEP07(2012)191 and 

JHEP01(2012)128) 

http://arxiv.org/abs/1009.2731
http://arxiv.org/abs/1009.2731
http://arxiv.org/abs/1009.2731
http://arxiv.org/abs/1202.4812
http://arxiv.org/ct?url=http://dx.doi.org/10%2E1007/JHEP03%282011%29090&v=385f7937
http://arxiv.org/abs/hep-ex/0412071
http://arxiv.org/abs/hep-ex/0307080
http://arxiv.org/abs/1205.4007v2
http://arxiv.org/abs/1111.1553v2
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Open charm production 

• Dataset: 
• L = 15 nb–1 (2010 @ 7 TeV) 

• Low pileup (~1 interaction per BX) 

• Simple trigger (at least one 

reconstructed track in the detector) 

• Unique rapidity range and low pT: 
• 0 < pT < 8 GeV (8 bins) 

• 2.0 < y < 4.5 (5 bins) 

• Selections tuned independently for 

each decay mode: 
• Track quality, IP, PID 

• Vertex quality, flight distance 

• Pointing to primary vertex 

Decay modes: 

D0 → K–π+ 

D*+ → (D0 → K–π+)π+ 

D+ → K–π+π+ 

Ds
+ → (φ → K–K+)π+ 

Λc
+ → pK–π+ 

Nucl.Phys.B871 (2013) 1-20 

• Open charm cross section is essential for sensitivity 

estimate of CPV, mixing and rare decays. 

K– 

π+ 

D0 PV 

IPπ 

IPK 

SV 
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D0 

Yields extracted in bins of pT and rapidity: 

• Simultaneous fit to mass variables and log10(IP χ2) 

• Disentangle prompt and secondary components. 

 

D0 IPχ2 

±2σ around 

mass peak 

mKπ 

background 

signal 

secondary 

component 

Open charm production: yields 
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D+ 

D*+ 

Ds
+ 

Nucl.Phys.B871 (2013) 1-20 

Λc
+ 

D+ IPχ2 

D*+ IPχ2 

mKππ 

mKπ 

mpKπ mφ(KK)π 

mKππ-mKπ 

Open charm production: yields 
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Systematic uncertainties: 

Main systematic uncertainties: 

• Tracking efficiency (3% per track) 

• Branching fractions (Λc
+) 

• MC and PID  

Open charm production: systematic unc. 
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D0 D+ 

Nucl.Phys.B871 (2013) 1-20 

• General Mass Variable Flavor Number Scheme: 
• EPJC72(2012)2082 (B. Kniehl et al.) 

• Fixed-Order Next-to-Leading-Logarithm: 
• JHEP10(2012)137 (M. Cacciari et al.) 

Open charm production: results 

)()(

)c.c.(1

d

)(d

inttot, fHBrLfH

fHN

pp

H

cci

ci

TT

ci













http://arxiv.org/abs/1202.0439
http://arxiv.org/abs/1205.6344


Ds
+ 
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Λc
+ 

• Integrated cross section (pT < 8 GeV & 2.0 < y < 4.5): 

• σ   = (1419 ± 12stat ± 116syst ± 65frag) μb 

D*+ 

Nucl.Phys.B871 (2013) 1-20 

cc

• Extrapolation to 4π (PYTHIA): 

• σ   ~ 7 mb (factor 20 larger than σ   ) cc bb

Open charm production: results 



13 

B mesons production 

B+ → J/ψK+ B0 → J/ψK*0 Bs
0 → J/ψφ 

• Dataset: L = 362 pb–1 (2011 @ 7 TeV) 

• Decay modes: 
• B+ → J/ψK+, where J/ψ → μ+μ– 

• B0 → J/ψK*0, where K*0 → K+π– 

• Bs
0 → J/ψφ, where φ → K+K– 

 

• Kinematic region: 

• 0 < pT < 40 GeV & 2.0 < y < 4.5 

Selections: 

• Track quality, PID, pT 

• Vertex quality 

• B life time 

To be submitted to JHEP (Preliminary) 

Prelim. Prelim. Prelim. 
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Integrated cross section (0 < pT < 40 GeV & 2.0 < y < 4.5): 
• σ(pp → B+ X) = (38.9 ± 0.3stat ± 2.8syst) μb 

• good agreement with prev. result: 

 σ = (41.4 ± 1.5stat ± 3.1syst) μb (JHEP04(2012)093) 

 

• σ(pp → B0 X) = (38.9 ± 0.6stat ± 3.6syst ± 4.8Br) μb 

• σ(pp → Bs
0 X) = (10.5 ± 0.2stat ± 0.8syst ± 4.8Br) μb 

B mesons production: results (preliminary) 

Main systematic uncertainties: 
• Trigger efficiency (2.4-7.9%) 

• Tracking efficiency (2.4-8.5%) 

• Branching fractions (3.3%, 12.3% and 10% for B+, B0 and Bs
+) 

• Luminosity (3.5%) 

First measurement 

at 7 TeV in forward 

region 

To be submitted to JHEP (Preliminary) 

ypXBBrLyp
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yp TT
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http://arxiv.org/abs/1202.4812
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B mesons production: results (preliminary) 

B+ 

B0 

Bs
+ 

To be submitted to JHEP (Preliminary) 

Fragmentation fractions 

are used to fix overall scale 

of FONLL: 
• f(b → B0/B+) = (33.7 ± 2.2)% 

• f(b → Bs
+) = (9.0 ± 0.9)% 

PRD85(2012)032008 

http://arxiv.org/abs/1111.2357
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     production 

LHCb-CONF-2013-002 

LHCb measured      production using inclusive b-hadron 

final states: 

• Less dependence of fragmentation fractions. 

• Larger kinematic region compared to exclusive 

reconstruction. 

• Possible to measure cc production as well. 

 

 

Dataset: 

• L = 18 pb–1 (2010 @ 7 TeV) 

Kinematic region: 

• 2.5 < η < 4.0 & pT > 5 GeV 

bb

bb
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• Seed reconstruction: 

• Two B candidates: secondary 

vertexes from 2 or 3 tracks. 

• Energy calibration from MC. 

• Angular resolution: 

• σφseed ~ 13 mrad 

• σθseed ~ 1.3 mrad 
 

• BDTG: 

• Decompose      and      using fit 

templates. 

• Input: seed pT and invariant mass, 

sum of IP significances, pT wrt seed. 
 

• Main systematic  uncertainties: 

• Luminosity (3.5%) 

• MC description (10%) 

cc bb

Seed cross-check: B0 → D–π+ 

LHCb-CONF-2013-002 

     production bb
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σ   = (7.7 ± 0.12stat ± 0.84syst) μb 
• LHCb acceptance: 79.7 ± 1.1stat ± 8.7syst  

• Prev. LHCb result (2 < η < 6): 

• 75.3 ± 5.4stat ± 13.0syst (PLB694(2010)209-216) 

LHCb-CONF-2013-002 

PowHeg: σ   = (5.3 ± 2.1) μb 
Phys. Rev. Lett. 89 (2002) 122003 

σ   = (104.6 ± 2.7stat ± 11.4syst) μb FONLL: σ   = [170, 300] μb 
Phys. Rev. Lett. 89 (2002) 122003 

• 2.5 < η < 4.0 & pT > 5 GeV: 

BDTG output 

cc

bb

• 2.5 < η < 4.0 & pT > 5 GeV: 

bb

cc

     production: results bb

http://arxiv.org/abs/1009.2731
http://arxiv.org/abs/1009.2731
http://arxiv.org/abs/1009.2731
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Forward-central      production asymmetry 

LHCb measured AFC: 

 

 

 

Dataset: L = 1.0 fb–1 (2011 @ 7 TeV) 

LHCb-CONF-2013-001 

• Forward-central production asymmetry (AFC) predicted to be 

small in SM ~ O(0.1%) 

 

• CDF and D0 measured larger than SM forward-backward 

asymmetry in    (1211.1003, PRD84(2011)112005) 

 

• Atlas & CMS measurements of AFC are consistent with SM 

(EPJC72(2012)2039, PLB717(2012)129) 

|y||y|Δy ,
NN

NN
A

bb

0Δy0Δy

0Δy0Δybb

FC 









tt

bb

http://arxiv.org/abs/1211.1003
http://arxiv.org/abs/1107.4995
http://arxiv.org/abs/1203.4211
http://arxiv.org/abs/1207.0065
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Forward-central      production asymmetry 

LHCb-CONF-2013-001 

Selections: 

• Require 2 back-to-back (Δφ > 2.5) 

b-tagged jets (anti-kT, pT > 15 GeV): 
• Tag with displaced secondary vertexes. 

 

• At least one jet flavor tagged: 
• Displaced track identified as muon. 

• Tag flavor by muon charge. 

• 10% of selected di-jet events are flavor 

tagged. 

 

• Jet energy correction: 
• Derived from MC (acceptance, noise, 

pile-up, etc). 

• Order of (20-30)% correction. 

• Resolution σE ~ (15-20)% 

 

Cross-check: 

B flavor tagging. 

bb



21 

AFC = (–0.5 ± 0.5stat ± 0.5syst) % bb

AFC(M    > 100 GeV) = (–4.3 ± 1.7stat ± 2.4syst) % 

LHCb-CONF-2013-001 

bb

Forward-central      production asymmetry 

bb

bb
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Summary 

• LHCb has unique coverage at LHC: 
• Forward rapidity. 

• Low pT. 
 

• Measured cross sections: 
• Charm: D0, D*±, D+, Ds

+, Λc
+. 

• B mesons: B+, B0, Bs
+. 

•      production. 

•      forward-central asymmetry. 

• Good agreement with theoretical predictions. 
 

• Other LHCb measurement: 
• D± production asymmetry (PLB718(2013)902-907) 

• fs/fd measurement (APhysPolB.43.1561) 

• J/ψ production (JHEP02(2013)041@2.76TeV, 

EPJC71(2011)1645@7TeV) and B production. 

• Analysis of 2012/13 (8 TeV and pA) data is ongoing: 
• Many more results are expected. Stay tuned! 

bb

bb

http://arxiv.org/abs/1210.4112
http://arxiv.org/abs/1210.4112
http://arxiv.org/abs/1210.4112
http://www.actaphys.uj.edu.pl/vol43/abs/v43p1561
http://dx.doi.org/10.1007/JHEP02(2013)041
http://arxiv.org/abs/1103.0423



