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Photograph licensed according to Creative Commons BY-NC 2.0.

LHCb:
Come to where the flavour is...
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QCD factorisation theorem

σ(s, τ)/σ0(s) = fa ⊗ σ̂ab ⊗ fb

=

∫ ∫
dx1dx2

∑
a,b

fa(x1,Q) σ̂ab(x1x2τ, αs(Q)) fb(x2,Q)

Wu-Ki Tung (2009) Bjorken scaling. Scholarpedia, 4(3):7412.
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Measurements

Z0 plus jets

Jet Definition

Jet Input – Particle Flow

I Charged particles. Tracks with π± mass hypothesis.

I Reconstructed neutral resonances (K 0
S , Λ0).

I Photons and π0s as reconstructed in the ECAL.

I Neutral hadrons from HCAL.

Jet Definition and Selection

I Jets are clustered with the anti–kT algorithm (R=0.5).

I The jets are reconstructed for each primary vertex.

I Corrected pT > 10 GeV

I 2 < ηjet < 4.5

I ∆R(µ, jet) > 0.4

I Z 0 → µµ selection is the same as in the Z 0 → µµ analysis.

10



Proton Structure

Measurements

Z0 plus jets

Jet Definition

Jet Input – Particle Flow

I Charged particles. Tracks with π± mass hypothesis.

I Reconstructed neutral resonances (K 0
S , Λ0).

I Photons and π0s as reconstructed in the ECAL.

I Neutral hadrons from HCAL.

Jet Definition and Selection

I Jets are clustered with the anti–kT algorithm (R=0.5).

I The jets are reconstructed for each primary vertex.

I Corrected pT > 10 GeV

I 2 < ηjet < 4.5

I ∆R(µ, jet) > 0.4

I Z 0 → µµ selection is the same as in the Z 0 → µµ analysis.

10



Proton Structure

Measurements

Z0 plus jets

Jet Energy Correction
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I Not all energy in the jet is reconstructed.

I The energy loss is well described by simulation.

I This is corrected by comparing to “hadron level” using
simulation.

11



Proton Structure

Measurements

Z0 plus jets

Jet Energy Correction

(Z, Jet)φΔ
0 1 2 3

Ev
en

t R
at

e

0
0.05

0.1
0.15
0.2

0.25
0.3

0.35
0.4

0.45

2011 Data

 = 7 TeV Datas
Preliminary
LHCb

(Z)
T

(Jet) / p
T

p
0 0.5 1 1.5 2

Ev
en

t R
at

e

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

2011 Data

Simulation

 = 7 TeV Datas
Preliminary
LHCb

p
Next to leading Jet
T

p
Leading Jet
T

< 0.25

pZ
0

T > 10 GeV

|∆φ(Z , Leading Jet)| < 7π
8

LHCb-CONF-2012-016

I Not all energy in the jet is reconstructed.

I The energy loss is well described by simulation.

I This is corrected by comparing to “hadron level” using
simulation.

11



Proton Structure

Measurements

Z0 plus jets

Jet Energy Correction

(Z, Jet)φΔ
0 1 2 3

Ev
en

t R
at

e

0
0.05

0.1
0.15
0.2

0.25
0.3

0.35
0.4

0.45

2011 Data

 = 7 TeV Datas
Preliminary
LHCb

(Z)
T

(Jet) / p
T

p
0 0.5 1 1.5 2

Ev
en

t R
at

e

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

2011 Data

Simulation

 = 7 TeV Datas
Preliminary
LHCb

p
Next to leading Jet
T

p
Leading Jet
T

< 0.25

pZ
0

T > 10 GeV

|∆φ(Z , Leading Jet)| < 7π
8

LHCb-CONF-2012-016

I Not all energy in the jet is reconstructed.

I The energy loss is well described by simulation.

I This is corrected by comparing to “hadron level” using
simulation.

11



Proton Structure

Measurements

Z0 plus jets

Z0 → µµ plus jet background estimation

Background is estimated by comparing Z0 → µµ events with
Z0 → µµ plus jet events.
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Fit to ratio yields background enhancement compatible with zero.
Background fraction: 3.3± 0.6 h.
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Proton Structure

Measurements

Z0 plus jets

Z0 → µµ plus jet Rapidity Distribution

Results are shown as ratios to the total inclusive Z0 → µµ cross
section and compared to FEWZ+MSTW08 prediction.

LHCb preliminary σZ+jet/σZ = 0.229± 0.011

MSTW08+FEWZ σZ+jet/σZ = 0.216+0.006
−0.009 ± 0.016 (N)NLO

LHCb-CONF-2012-016
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Z0 plus jets

Z 0 + jets−pT Distribution and Jet Multiplicity
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Measurements

Electroweak Bosons and Charmed Hadrons

Outlook

I c-hadron candidates are
combined in pairs.

I A fit with the hypothesis of
two prompt c-hadrons from
the same primary vertex is
performed.

I χ2/ndof < 5 is required.

I Purity from fit to χ2

distribution.

I Efficiencies mostly from
data.
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Electroweak Bosons and Charmed Hadrons

Outlook

I Do the same with W /Z bosons

I Low statistics

I Different production processes with
unknown fractions

I Low background in Z+D0 events

I Difficult purity estimation for
W+D0 events

I The method from inclusive W
measurements can’t be used
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Conclusion

I LHCb is not only about flavour physics

I The measurements using W and Z bosons done by LHCb
help to understand the proton

I Good agreement between measurement and NNLO predictions
for the Z plus jet production

I Reconstruction of charmed hadrons can shed light about the
Strange and the Charm content in the proton
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Conclusion

Thank You for your attention
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