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The LHCb experiment

LHCb Experiment

Large Hadron Collider beauty & charm experiment
for CPV and rare decays measurements
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The LHCb experiment

LHCb Status

First Run in 2009 at
√

s =900 GeV
6.8±0.1 µb−1 accumulated(more details on D. Moran’s talk today)

Detector and trigger commissioning, alignment, calibration
π0, Ks, φ and Λ signals (details given on M. Schiller’s talk yesterday)

2010 Run at
√

s = 7 TeV
Very successfull start !
∼ 176 µb−1 accumulated up to last Friday
VELO fully closed (8 mm from the beam)
First K∗, Ξ, D and J/Ψ evidences
and perhaps already our first fully reconstructed B !
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Open Charm

Open Charm Production

Analysis focused on prompt charm production

high cross-section (σcc̄ ∼ 7σbb̄)
trigger optimization for charm and beauty
potentially large backgrounds
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Open Charm

Charm Physics in LHCb: many interesting topics

ß Ratios of D mesons rates in early data
“

#D̄0→K +π−

#D0→K−π+ and #D+→K−π+π+

#D−→K +π−π−

”
ß Measurement of σcc̄ and/or σcc̄/σbb̄
ß D0D̄0 mixing (evidences reported by BaBar, Belle and CDF1)
ß SM predictions for CPV asymmetries in charm are small; NP

effects enhancements can be easier detected
CPV using D0 → KK ,Kπ, ππ decays
Direct CPV in D → hhh (Dalitz Plot - search for anisotropy2

and full amplitude analysis)
ß Rare D decays (D → µ+µ−) and semileptonic decays
ß Expect to reconstruct 4× 106 prompt D∗ → D(KK )π in 100 pb−1

(BaBar reported ∼ 3× 105)3

We will soon have the world largest sample of D mesons!

1
BaBar: Phys.Rev.Lett 98(2007)211802; Belle: Phys.Rev.Lett. 98(2007)211803; CDF: Phys.Rev.Lett. 100(2008)121802

2
DOI:10.1103/PhysRevD.80.096006.

3
PRD.80.071103
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Open Charm

Triggering D mesons

ß trigger is a key ingredient

ß retuned for low luminosity (lower thresholds)

ß prompt charm yields improved by a factor 4 compared to trigger
settings optimised for B physics (εL0xHLT 1 for prompt D∗ ∼ 70%)

ß results shown here: L0 only with even lower thresholds (Rate∼ 100 Hz)
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Open Charm

D mesons reconstruction

ß selection based on flight distance, vertex quality, impact
parameter and particle ID

ß no evidence in 2009 Collisions at
√

s = 900 GeV (due to the low
statistics)

ß first signal peaks seen in 2010 Collisions at
√

s = 7000 GeV
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The Muon Identification in LHCb

Muon Identification: the basic strategy

1 Look for hits in the MS within Fields of Interest (FOI) around the
track extrapolation

2 Select muon candidate requiring a minimum number of stations
with hits within FOI

3 Build likelihood for Muon and Non-muon hypotheses
Both local and global alignment are important
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The Muon Identification in LHCb

Fields of Interest

1 Look for hits in the MS within
Fields of Interest (FOI) around the
track extrapolation

2 Select muon candidate requiring a
minimum number of stations with
hits within FOI

3 Build likelihood for Muon and
Non-muon hypotheses
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The Muon Identification in LHCb

Loosest Muon Candidate requirement

1 Look for hits in the MS within Fields of Interest (FOI) around the
track extrapolation

2 Select muon candidate requiring a minimum number of stations
with hits within FOI

3 Build likelihood for Muon and Non-muon hypotheses

p range Stations
3-6 GeV/c 2 out of M2-M4
>6 GeV/c 3 out M2-M5

minimum requirement, robust against possible innefficiencies
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The Muon Identification in LHCb

Likelihoods

1 Look for hits in the MS within Fields of Interest (FOI) around the track
extrapolation

2 Select muon candidate requiring a minimum number of stations with hits within
FOI

3 Build likelihood for Muon and Non-muon hypotheses

5.2.2 The hypothesis test

Given the distributions of the D variable discussed in the previous Section we can make
an hypothesis test by giving the probability that a given track of a given momentum p
and impinging in a given muon detector region R is a muon or a non-muon.

In general, given a variable D which distributes with a probability distribution function
(pdf), if we measure a certain value D = D0, the quantity:

P (D0) =
∫ D0

0
pdf(D)dD (5)

gives the probability that a random experiment will give us D < D0. The cumulative dis-
tribution P (D0), in case of correct and properly normalized pdf , is a uniform distribution
between 0 and 1.

In our case we have different pdf for muons and for non-muons depending on the track
momentum p and the fired muon detector region R:

pdf(D) = pdfµ,non−µ(p, R)

as shown in Figures 12-13-14.
If the pdf are correctly normalized, the integral:

Pµ,h(D0) =
∫ D0

0
pdfµ,h(p, R,D)dD (6)

gives directly the probability that a track with a given (p,R,D0) is a muon or a non-muon
(Figure 15).
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Figure 15: Hypothesis test: definition of the Pµ and Pnon−µ probabilities.

Moreover if the parametrization of the curves is correct, in the case of the correct
hypothesis the probability has a flat distribution and does not depend on the momentum.

In Figures 17-18 we show the Pµ and Pnon−µ distributions for two muons samples (from
a b-inclusive sample and from the J/Ψ → µ+µ− decay) and for two non-muons samples

19

6 Results

Once we have for a given track the probability to be a muon (Pµ) or a non-muon (Pnon−µ)
we can build a Delta Log Likelihood defined as:

DLL = log(Pµ/Pnon−µ).

The distribution of the DLL for muons and non-muons samples is shown in Figure 19.
The distributions obtained from a b-inclusive sample are overlaid with the ones obtained
from the calibration samples J/Ψ→ µµ and Λ→ pπ.
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Figure 19: Delta Log Likelihood for muons and non-muons samples.

We have seen in the previous Section that, in case of correct hypothesis, Pµ and Pnon−µ

do not depend on the momentum. However, in case of wrong hypothesis, Pµ and Pnon−µ

depend on the momentum of the track: in fact a muon is much more non-muon like if it
has low momentum, since the large multiple scattering produces larger values for D. This
is shown in Figure 20 (left) where the Pnon−µ for a muon sample is shown as a function
of p.

Since the DLL is defined as the ratio between correct and wrong hypothesis we expect a
dependence with p due to the wrong hypothesis part: this is actually observed by plotting
the DLL versus the momentum (Figure 20, right).

In Figure 21 we show the MuonID efficiency versus the misidentification rate for dif-
ferent cuts on the Pµ and DLL: we see that the DLL = log(Pµ/Pnon−µ) has a bigger
discriminant power between muons and non-muons with respect to the simpler Pµ hy-
pothesis. On the other hand, a cut in DLL modifies the original spectrum of the muons
as it cuts aways more low-momentum particles while Pµ, by construction, is uniform on
the whole spectrum.

22
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The Muon Identification in LHCb

Calibration and Monitoring using Data

Calibration of FOI and muon likelihood & monitoring of efficiency
ß probe muons in a pure sample of J/Ψ
ß two tracks in the MS acceptance making a good vertex
ß invariant mass within J/Ψ mass
ß one tag muon selected using MS information
ß one probe muon compatible with MIP in Ecal/Hcal

Calibration of non-muon likelihood & monitoring of
misidentification rate

ß protons and pions from Λ→ pπ
ß pions from Ks
ß pions and kaons from D → Kπ
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The Muon Identification in LHCb

First Look at 2009 Data

Good Data/MC agreement for the spectra

LHCb Preliminary

LHCb Preliminary
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Charmonium

Charmonium Production
ß J/Ψ production cross-section and polarization measurement

4 Color Octect Mechanism can reproduce well the cross-section and
PT spectrum measured at Tevatron

8 but predicts predominance of transverse polarization in
disagreement with CDF data4

8 higher order corrections to Color Singlet Model5 have better
agreement with data, but still room for improvements

å LHCb provides η coverage where
theoretical predictions are less
accurate and can help in the
comprehension of the underlying
production mechanism of
charmonium states

ß similar measurements with Ψ(2S), production of χc , hc

ß J/Ψ is also essential for detector and PID calibration
4

Phys.Rev.Lett.79 (1997)572,578;Phys.Rev.Lett.(2007)132001
5

Phys. Rev. Lett. 98 (2007) 252002 [arXiv:hep-ph/0703113] & JHEP 0802 (2008) 102 [arXiv:0712.2770 [hep-ph]].
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Charmonium

J/Ψ→ µ+µ− Reconstruction

ß Long tracks matching hits in the Muon System

ß 0.7GeV/c < pT < 7GeV/c

ß 3 < η < 5

ß good quality µ+µ− vertex

ß From MC studies at 14 TeV:

8 ∼11 MeV/c2 mass resolution
8 S/B∼18
8 1×109 J/Ψ after L0

(1 fb−1)
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Charmonium

Prompt and Secondary J/Ψ→ µ+µ− Separation

ß based on pseudo-propertime tz = dz
pz
×mJ/Ψ

ß prompt component: peak at 0
ß secondary component: exponential decay
ß wrong PV association: long tail (got from a different event PV)
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Charmonium

Monte Carlo example of cross-section
measurement

Ü expect ∼ 3× 106 reconstructed J/Ψ for 5 pb−1 at
√

s = 7 TeV:
Ü maximum 10% statistical error in each bin
Ü systematic uncertainties up to 25% when ignoring polarization
Ü polarization will be measured in bins of η and pT with full angular analysis

for both prompt and secondary (from b) componentsE. Polycarpo (LAPE/IF-UFRJ) Charm and Charmonium at LHCb DIS 2010 22 / 29



Charmonium

2009 Data: J/Psi hunting

Di-muon invariant mass

ß loose selection based on vertex quality, muon ID and high pT

ß no signal evidence in 2009 data (6.8± 0.1 µb−1)

LHCb
Preliminary
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Charmonium

2010 Data: J/Psi hunting

Di-muon invariant mass

J/!(µµ) mass peak - 2010 data: 
           (A. Sarti, M. Palutan, G. Lanfranchi) 
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ß selection based on vertex quality, muon ID, p and pT

ß corresponding to ∼ 160µb−1
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Charmonium

Our first B+ → J/ΨK + candidate

LHCb 2010 Preliminary
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Charmonium

Our first B+ → J/ΨK + candidate: zoom in y-x view

LHCb 2010 Preliminary
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Charmonium

Our first B+ → J/ΨK + candidate: zoom in y-z view

LHCb 2010 Preliminary
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Final Remarks

Summary and final comments

ß many interesting physics topics with open charm
ß LHCb will measure J/Ψ cross-section and polarization
ß similar studies for Ψ(2S) and measurements of other charmonium

states (χc , hc(1P),...)
ß D and J/Ψ decays also important for detector and particle ID

software calibration, MC tuning, ...
ß we have just started hard and interesting work
ß first evidences of D and J/Ψ produced at p − p collisions at√

s =7 TeV in the LHCb experiment !
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