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1. The CMS experiment

The CMS experiment is one of the four large experiments at the CERN Large Hadron Collider
(LHC). The CMS experiment uses a right-handed coordinate system with the origin located at the
nominal interaction point (IP). The x axis is pointing to the center of the LHC ring, the y axis is
perpendicular to the LHC plane and points upwards. The z axis points in the direction along the
direction of beam 1. The transverse direction is transverse to the beam-axis while the longitudinal
direction is along the beam-axis. CMS is a multipurpose experiment described in detail in [1]. In
these proceedings we discuss in more detail the elements that are important for the online selection,
reconstruction and identification of b-hadrons. The LHC has delivered proton-proton collisions
since the fall of 2009 at increasing center-of-mass energies. From March to December 2010 LHC
has delivered ~ 47 pb~!, at a center of mass energy of /s = 7 TeV, of which ~ 43 pb~! have been
recorded by the CMS experiment. The delivered and recorded luminosity in 2010 is presented in
Fig. 1. The operational fraction of all the CMS sub-detector systems is in this run well above 98%.
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Figure 1: Integrated delivered and recorded luminosity versus time for the 2010 run.

2. Tracking and vertexing performance

The CMS tracker is composed of silicon pixel and strip detectors. The silicon-pixel detector
has 3 barrel and 2 endcap layers (on each side) and 66M readout channels in ~ 2 m? of active
material. The most inner (outer) layer is at 4.3 (10.2) cm from the nominal interaction point. The
silicon-strip detector has 10-12 layers in both the barrel and the endcap region and spans a radial
region between 20 and 116 cm. There are 9.3M readout channels in an active surface of almost
200 m?. All modules are aligned up to ~ 10 wm accuracy [2].

Tracks are built using a multiple-iteration algorithm that utilizes the hits recorded by the sil-
icon tracker [3] and are used to reconstruct primary vertices (PVs). Splitting methods have been
used to measure the PV resolution and reconstruction efficiency [4]. The left plot in Fig. 2 shows
the reconstruction efficiency as a function of the number of tracks associated to the PV. The re-
construction efficiency is almost 100% for PVs with more than two associated charged tracks. The
resolution of the reconstructed PV, as a function of the number of tracks, is shown in the middle and
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Figure 2: Left: The primary vertex reconstruction efficiency as a function of the number of associated
tracks. Middle and right: The primary vertex resolution in x and z as a function of the number of associated
tracks for different average transverse momentum p7. The Pythia8 Tunel [5] is used in the simulation.
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Figure 3: Left and middle: The measured resolution of the track transverse and longitudinal impact pa-
rameter as a function of track pr. Right: The measured longitudinal impact parameter as a function of
track-n.

right plot in Fig. 2. For a PV with more than 10 tracks of average pr > 1.2 GeV/c, the reconstructed
resolution is close to 20 um.

The impact parameter (IP) of a track with respect to the primary vertex is an important ingre-
dient for the identification of b-hadrons. The impact parameter resolution is measured by removing
tracks that belong to the PV and re-reconstructing both the removed track and the PV [4]. The
resulting measured resolution is shown in Fig. 3. The measured resolution in data agrees very well
with the simulation. The transverse (longitudinal) resolution is ~ 30 (~ 60) um for a track with
pr ~ 6 GeV/c. The longitudinal IP resolution shows a strong dependence in 1. For larger 1 the
resolution deteriorates because of the increasing passive material. At about |n| = 0.5 the longi-
tudinal IP resolution is optimal because of charge sharing in the pixel detector, given by inclined
tracks, resulting in a better hit resolution.

The efficiencies for hadron-track reconstruction are found to be consistent between data and
simulation and have an uncertainty of about 4% [6]. The relative momentum resolution is measured
using the J/vy-mass line-shape [7] and is presented in Fig. 4.

Particle identification is possible up to a momentum of roughly 1 GeV/c using the energy loss
in the silicon-strip tracker. The left plot in Fig. 5 shows the observed energy loss as a function of the
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Figure 4: Measured resolution on the track transverse momentum. The grey band shows the error on the
fitted function to the observed data.
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Figure 5: Left: The measured dE/dx distribution versus the momentum of the track. Right: The recon-
structed mass distribution using the momentum and dE/dx information of the tracks with p < 0.2 GeV/c [8].

track momentum, projected are the fitted lines of the kaon, proton and deuteron mass hypothesis.
The right plot in Fig. 5 shows the incidence of the fitted mass hypothesis for data and simulations.
Data and simulation have excellent agreement with the exception of the deuterons which are not
produced in the simulation.

3. Reconstruction of muons

The CMS muon detector consists of three sub-detectors. The Drift Tube (DT) is a 4-layer
barrel shaped gaseous detector of about 13 meters length. It consists of about 250 individual
chambers and is integrated with the magnet return yoke. The Cathode Strip Chambers (CSC)
has 468 chambers of gaseous detectors and covers the endcap region, again integrated with the
magnet return yoke. Resistive Plate Chambers (RPCs) are integrated in both the DT and CSC
detector volumes and provide excellent time resolution (~ 2 ns). The muon system is completely
redundant.
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Figure 6: Distributions of dimuon invariant mass for tag muons paired with passing (left) and failing (right)
probes. The momentum of the muons is measured only with the muon detectors.

Region Data Eff. (%) Sim Eff. (%) Data/Sim
00<|n/ <11  100.070% 100.00Y  1.0001900!
L1<|n/<16 992108 99.8%01  0.994705%
1.6<|n/<21  97.67%% 99.3%01  0.983705%
21<|n[ <24  985%)7 97.6703  1.010750:

Combined 98.870:2 99.2101  0.99610 0o

Table 1: Measured tracking efficiency values from tag-and-probe on data and simulation for different pseu-
dorapidity ranges [6].

The reconstruction of muons in the detector is based on the information from both the silicon
tracker and the muon detectors. Seeding of muon tracks is done in two directions [9]. So called
“Tracker Muons” are tracks reconstructed in the silicon tracker that are matched with reconstructed
segments in the muon detector. In the other direction, “Global Muons” are tracks reconstructed in
the muon detector which are connected to build tracks in the silicon tracker. The measurement of
the momentum of the reconstructed muon can be performed in both the silicon tracker as in the
muon detector.

The muon identification efficiency is measured with a tag-and-probe method using the J/y
resonance [6]. Figure 6 shows the dimuon mass of the tracks that pass (left) and fail (right) the test.
The identification efficiency is calculated for different pseudorapidity ranges and summarized in
Tab. 1. The identification efficiency is close to 100% and within the expectations of the simulation.

The misidentification of the “Global Muons” due to hadronic punch-through in the muon sys-
tems is determined by studying K — x*7~, A — pa~ and ¢ — KTK~ decays [9]. The resulting
misidentification probabilities are presented in Fig. 7. They are less than 2% and within the expec-
tations.

4. The muon trigger

The CMS trigger is structured in two levels. Level 1 (L1) is a programmable hardware trigger
which uses mainly the information from the muon systems and the calorimeters. The decision time
has a maximum latency of 3.2 us, and reduces the event rate to 100 kHz. The second level is the
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Figure 7: The fraction of pions (left), kaons (middle) and protons (right) that are mis-identified as global
muons as a function of momentum. The uncertainties that are indicated by error bars (data) and the grey
boxes (simulation) are statistical only.

High Level Trigger (HLT) which uses a large computing farm and reconstructs physics objects.
The computing time per event averages to about 70 ms. It reduces the event rate to between 100
and 300 Hz.

The L1 muon trigger is based on building track segments in the three muon systems (DT, CSC
and RPC). Timing information is used to match the track segments to the correct bunch crossing.
The HLT muon trigger refits the L1 segment objects using the full granularity of the detector. At
this stage a more precise momentum cut on the reconstructed muon is possible. After this, in the
regions which are of interest and compatible with the PV, hits are reconstructed from pixel seeds in
the tracker volume and full tracks are build.

During the 2010 run, CMS has used different muon trigger selections based on both single and
double muon criteria. The muon trigger selections are easily adaptable to the different luminosity
phases of the LHC start-up. A single muon trigger selection with a very low transverse momentum
cut of about 3 GeV/c, was used at the start of the 2010 run. This allowed a measurement of inclusive
beauty production in the very low momentum range [10].

The CMS experiment has recorded, in the 2010 run, more than 2M of J/¢ — uu and more
than 10k of Z — uu candidates.

5. b-Quark identification methods

At the LHC the b-hadrons are primarily produced in jets. Their relative long lifetimes, of on
average around 1.5 ps, together with the Lorentz boost result in displaced decay vertices that char-
acterizes them. CMS has developed different strategies to identify b-quarks. Inclusive b production
searches have been performed using jet algorithms using secondary vertex identification methods
[11]. Angular correlation studies of b-jets have used techniques that reconstruct the secondary ver-
tex with a high angular separation power [12]. Exclusive reconstruction methods reconstruct the
four-momentum of B-mesons [13, 14].

6. Summary

The CMS detector is in an excellent shape to perform B-physics. The detector performance
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in tracking and vertexing, as well as muon identification and reconstruction efficiencies have been
determined with data-driven methods. All measured performance quantities are well within the
expectations from the simulation. The PV reconstruction efficiency is close to 100% for PVs with
more than two associated charged tracks with a resolution close to 20 um for PVs with more
than 10 charged tracks and average pr > 1.2 GeV/c. The resolution of the impact parameter is
about 30 um (60 um) in the transverse (longitudinal) direction for a track with py 6 GeV/c. The
muon identification efficiency is close to 100% with a misidentification probability of less than
2%o for “Global Muons”. The open muon trigger in 2010 allowed for b-hadron and J/vy cross
section measurements that extended in the low momentum range. Several powerful experimental
techniques exist, and are being exploited, that are adopted to inclusive b-quark identification and
exclusive b-hadron decays.

References
[1] R. Adolphi et al., (CMS Collaboration) The CMS experiment at the CERN LHC, JINST, 3 (2008)
S08004.

[2] S. Chatrchyan et al., (CMS Collaboration) Alignment of the CMS Silicon Tracker during
Commissioning with Cosmic Rays, JINST, § (2010) T03009.

[3] W. Adam et al., Track Reconstruction in the CMS Tracker, CMS Note (2006) 2006-04.

[4] CMS Collaboration, Tracking and Primary Vertex Results in First 7 TeV Collisions, CMS Physics
Analysis Summary (2010) [TRK-10-005].

[5] T. Sjostrand,S. Mrenna and P. Skands, A Brief Introduction to PYTHIA 8.1, Comput. Phys. Commun.,
178 (2008) 852-867.

[6] CMS Collaboration, Measurement of Tracking Efficiency, CMS Physics Analysis Summary (2010)
[TRK-10-002].

[7] CMS Collaboration, Measurement of Momentum Scale and Resolution of the CMS Detector using
Low-mass Resonances and Cosmic Ray Muons, CMS Physics Analysis Summary (2010)
[TRK-10-004].

[8] V.Khachatryan et al., (CMS Collaboration) CMS Tracking Performance Results from Early LHC
Operation, Eur.Phys.J.C (2010) 1165-1192.

[9] CMS Collaboration, Performance of Muon Identification in pp Collisions at \/s = 0.7 TeV, CMS
Physics Analysis Summary (2010) [MUO-10-002].

[10] V.Khachatryan et al., (CMS Collaboration) Inclusive b-Hadron production cross section with muons
in pp collisions at \/s = 7 TeV, J . High Energy Phys. 03 (2011) 090.

[11] CMS Collaboration, Inclusive b-jet Production in pp collisions at \/s=7 TeV, CMS Physics Analysis
Summary (2010) [BPH-10-009].

[12] V.Khachatryan et al., (CMS Collaboration) Measurement of BB angular Correlations Based on
Secondary Vertex Reconstruction at /s = 7 TeV, J.High Energy Phys. 03 (2011) 136.

[13] CMS Collaboration, Measurement of the B® Production Cross Section in pp Collisions at \/s = 7 TeV,
[arxiv:1104.2892], submitted to Phys. Rev. Lett.

[14] V. Khachatryan et al., (CMS Collaboration) Measurement of the BT Production Cross Section in pp
Collisions at \/s= 7 TeV, Phys. Rev. Lett. 106 (2011) 112001



