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8 High-precision CP-violation Physics at LHCb

R. Bernet, A. Buchler, N. Chiapolini, V. Hangartner, C. Salzmann, S. Steiner, O. Steinkamp, U. Strau-
mann, J. van Tilburg, A. Vollhardt, D. Volyanskyy, A. Wenger

in collaboration with: The silicon tracking group of LHCb: University of Lausanne; Max Planck
Institute, Heidelberg, Germany; University of Santfiago de Compostela, Spain; and Ukrainian
Academy of Sciences, Kiev, Ukraine.

The full LHCb collaboration consists of 49 institutes from Brazil, China, France, Germany, Ire-
land, Italy, Netherlands, Poland, Romania, Russia, Spain, Switzerland, Ukraine, U.K., and U.S.A.

(LHCb)

LHCb (1; 2) is a dedicated B-physics exper-
iment that is currently being set up at the
new 14 TeV proton-proton collider LHC at
CERN. The installation of the detector is almost
completed and its commissioning is in good
progress. The experiment is expected to see
the first proton-proton collisions from the LHC
in summer 2008.

The main goal of LHCb is to perform preci-
sion measurements of CP violating processes
in the B meson systems and to search for rare
B decays. These measurements provide a
powerful tool to search for signs of physics be-
yond the Standard Model. They are comple-
mentary to the direct searches at the high en-
ergy frontier that will also be performed at the
LHC. Since CP violating asymmetries are gen-
erated through processes that involve internal
loops of virtual particles, they are very sen-
sitive to conftributions from the new particles
that are predicted in most extentions of the
Standard Model.

Figure. 8.1 shows a vertical cross section
through the LHCb detector. One of the cru-
cial tasks in LHCb is the efficient and pre-
cise reconstruction of the trajectories and mo-
menta of the charged particles that are gen-
erated in the decays of the B mesons. The
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Figure 8.1:
Vertical cross section through the LHCb detector.

tracking system consists of a silicon-microstrip
vertex detector (VELO) and four planar frack-
ing stations: TT (Tracker Turicensis*) upstream
of the LHCb dipole magnet and T1-T3 down-
sfream of the magnet. The TT has an ac-
tive area that is 160 cm wide and 130 cm
high and is covered by four layers of silicon
micro-strip detectors. In the much larger sto-
tions T1-T3 two detector tfechnologies are em-
ployed: A 120 cm wide and 40 cm high re-
gion in the centre of the stations is covered
with silicon micro-strip detectors (Inner Tracker,

4Initially, TT stood for “Trigger Tracker” since this was the only tracking station that was used in the trigger. The
name was changed after a revision of the LHCD trigger philosophy, which resulted in all tracking stations being used in the

trigger.
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IT), whereas the outer part of these stations is
covered by straw drift-tube detectors. Other
components of the LHCb detector are two
ring-imaging cherenkov detectors (RICHT and
RICH?2), calorimeters (SPD,PS ECALHCAL) and
muon chambers (M 1-M5).

8.1 The Ziirich Group in LHCb

Our group has a leading réle in the design,
construction and operation of the LHCb Sili-
con Tracker, which comprises the Tracker Turi-
censis (2; 4) and the Inner Tracker (3).

The Tracker Turicensis was entirely developed,
designed and constructed in Zarich. In ad-
dition, we have been responsible for the de-
sign specifications, the procurement and the
quality control of the silicon sensors and for the
design and production of the opftical digital
readout link for both TT and IT. A large frac-
tion of our efforts in 2007 was spent on the in-
stallation and commissioning of the TT detec-
tor and the readout electronics in the exper-
iment. These efforts also included the devel-
opment of the slow-control software for the TT.

In addition to these contributions o the de-
tector, we completed a simulation study in
preparation for physics analyses, we contin-
ued our participation in the production of the
large samples of simulated data that are nec-
essary for these studies, and we further im-
proved the geometry description of the TT in
the LHCb simulation software.

8.2 Tracker Turicensis

The TT station (see Fig. 8.2) contains 128 de-
tector modules that are arranged in four de-
tection layers. All modules are housed in a
common light-tight and electrically and ther-
mally insulating detector box. During opero-
tion, an ambient temperature of around 0°C
will have to be maintained in the detector vol-
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Figure 8.2: Photograph of the TT station viewed
through the LHCb dipole magnet. One half of the
detector box is open and the modules can be seen.

ume to mitigate the effects of radiation dam-
age. In order to avoid condensation on the
cold surfaces, the detector volume is contin-
uously flushed with a steady flow of nitrogen
gas. To facilitate access for the installation
and maintenance of detector modules, the
box is constructed from two halves that can
be retracted horizontally from the LHC beam

pipe.

After extensive mechanical and thermal test-
ing in Zarich, the detector box, without mod-
ules, had been shipped to CERN and installed
in the experiment at the end of 2006. Through-
out 2007, various tests were then performed
on the still empty detector box, o commission
the cooling system, to demonstrate that the
design temperature can be reached every-
where in the detector volume, and to deter-
mine the flow of nitrogen necessary to avoid
condensation. Automatic safeguards were
implemented to protect the sensitive detector
modules against potential failures of the cool-
ing system or the nitfrogen supplies.

Several geometrical surveys were performed
to determine the precise positioning of the
detector box in the experiment, both with-
out and with the LHCb dipole magnet being
switched on. Without magnetic field, the po-
sition of the box was found to agree with its
nominal position within the measurement pre-
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Figure 8.3: A. Biichler (left) and J. van Tilburg (right)
during the installation of detector modules.

cision of +£100 um. However, a shift by several
hundreds of micro-meters was found when
the magnet was switched on, despite the fact
that the detector is built from non-magnetic
materials. This effect will be investigated fur-
ther. Photogrammetric measurements were
performed to determine and adjust the posi-
tions of the so-called balconies, on which the
detector modules are mounted inside the de-
tector volume. The results of these surveys are
now being implemented in the soffware de-
scription of the detector geometry (see be-
low).

The production and quality assurance of the
TT detector modules was completed end of
March 2007. Out of the 150 modules that were
started, only two had to be rejected because
of excessive leakage currents. All other mod-
ules are of detector-grade quality, such that
we now have 20 spare modules of good qual-
ity on top of the 128 modules that are needed
to fully equip the detector. The detailed results
of the quality assurance tests were used to
determine which modules to install at which
position in the detector and which modules
to keep as spares. Typically, the best mod-
ules were installed close to the LHC beam
pipe, where partficle densities are highest and
where an excellent detector performance is
most important for the physics goals of the ex-
periment.
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The modules were installed in several batches.
After each installation campaign, bias-
voltage tests and readout tests were per-
formed. This permitted to identify and solve
potential problems before the next batch of
modules was installed. A few photographs
from the module installation are shown in
Fig. 8.3. By the end of April 2008, all detector
modules were installed and more than 94%
of the readout channels were fully debugged
and operational.

8.3 Readout electronics

TT detector modules have either two or three
readout sectors with 512 readout strips each.
In total, the TT has more than 143°000 read-
out channels, to which 130°000 readout chan-
nels from the Inner Tracker have to be added.
The analog signals from the detectors are
transmitted via short copper cables to cus-
tom made electronics crates that are located
at a few meters from the detectors. Here,
the signals are digitised, multiplexed and pre-
pared for optical transmission to the LHCb
electronics barrack. The digitizer boards on
which the processing of the signals takes
place were produced in industry and then
tested in Zarich. Two problems were identified
on these boards, which made it necessary
to go through a repair cycle at the assem-
bly company. The first problem concerned
the ADC chip, which had a much higher in-
put bandwidth than was quoted in the data
sheets, leading to an excessive sensitivity 1o
high-frequency noise. This problem could be
fixed by adding a simple first-order low-pass
filter at the input of each ADC. The second
problem was that a significant fraction of the
VCSEL diodes was damaged during the as-
sembly of the boards. All effected VCSELs
were replaced. The digitizer boards were fi-
nally installed in the experiment in the second
half of 2007.
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8.4 Slow-control software

A general software framework for the slow-
control of the detectors is provided by the
LHCb collaboration. However, the compo-
nents of this framework have to be adapted
to the specific needs of the individual de-
tectors. For example, so-called data points
have to be built, which provide the interfaces
to specific hardware components, user inter-
faces have to be defined, and a detector hi-
erarchy has to be set up. The latter defines the
interactions between different detector com-
ponents and makes it possible to address and
control different subsections of the detector.
An important aspect of the slow-control is the
handling of errors and alarms. The implemen-
tation of this software for TT is progressing well.

8.5 Physics studies

A detailed software description of the detec-
tor geometry is required for the generation of
simulated data as well as for data reconstruc-
tion. The geometry description of the TT has
been completely revised over the last months
to provide an additional level of detail to the
description of the active detector elements
and to make the code more flexible and eas-
ier fo maintain. For example, the new detec-
tor description makes it possible to correct for
a possible mis-alignment of individual silicon
sensors, whereas in the old description de-
tector modules, consisting of several sensors,
could only be aligned as a whole.

We continued to conftribute to the generation
of the large samples of simulated data that
are required for physics studies. Using com-
puter resources in Zurich and at the CSCS in
Manno, about 2.75 Million events were gen-
erated. We also participated in the develop-
ment and maintenance of the GRID software
that is used to steer the world-wide data gen-
eration and analysis effort.
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A Monte-Carlo simulation study of the de-
cay mode B? — J/vyn' was continued, and
completed in summer 2007 (6). The fime-
dependent measurement of the CP asymme-
try in this decay can be used to determine
the phase of BYBY, oscillations (i.e. the CKM
angle x). Since this phase is predicted to be
very small in the Standard Model, it provides a
sensitive probe for contributions from physics
beyond the Standard Model (7). The simula-
tion study consisted of an optimisation of the
event selection criteria, followed by an esti-
mation of the sensitivity of the experiment to
the underlying physics parameters. Selection
cuts were optimised using a multi-variate grid
search on large samples of signal and back-
ground events. The results of this study were
used to simulate a large number of oy exper-
iments o estimate the expected sensitivity to
the CKM angle x. A sensitivity of 0.04 rad was
found for one nominal year of data taking.
The physics studies will be extended to other
inferesting decay channels, for example the
rare decay BY — utu~.
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