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1 Summary 

This FORCE request covers all Swiss Maintenance and Operations costs for 2010 (as agreed mid-
October in the Resource Review Board RRB) and is coordinated by CHIPP (Swiss Institute for Particle 
Physics), like every year since 2006. It is a common request from all institutes active in the LHC 
detector construction and operation and summarises their contributions to the three LHC detector's 
design, construction, commissioning and operation. It explains CERN's concept of maintenance and 
operation (including funding mechanisms) and gives an overview of the costs for 2010, which 
Switzerland is supposed to cover according to the decision of the RRB. 

The Large Hadron Collider (LHC), CERN’s proton-proton collider, which will collide protons with a 
centre of mass energy of 14 TeV, was first operated on 10 September 2008 resulting in single proton 
bunches to complete a full turn of the 27 km ring in both beam-directions. During commissioning an 
incident happened in one sector of the ring, which required extensive repair and consolidation work on 
several beam magnets and other components. Additional equipment for quench protection and other 
measures against potentially damaging events have been installed and tested successfully. At 
present, the ring is cooled down to its operating temperature and the restart of the machine is 
scheduled for mid-November. The first collisions at injection energy and therefore the start of data 
taking of the detectors are expected for mid-December. High energy collisions at an initial centre of 
mass energy of 7 TeV are planned at the beginning of 2010 and collisions at up to 10 TeV from mid 
2010 onwards (Status of the LHC see section 2.2). 
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In an enormous effort over more than 15 years the world-wide particle physicist community has 
designed, developed, constructed and installed four major detectors, in order to exploit the physics at 
the TeV scale, which will shed light on the nature of electro-weak symmetry breaking and where 
supersymmetric particles or extra spatial dimensions may be discovered (Scientific goals of the LHC: 
see section 2.1). Switzerland significantly contributed to three of the four experiments (ATLAS, CMS, 
and LHCb) with contributions from the Universities of Berne, Geneva and Zurich1, as well as from 
ETHZ, EPFL and PSI. Section 2.3 of this document summarises the Swiss contributions to the three 
LHC detector’s design, construction, commissioning and operation. 

CERN in its role as the host laboratory of the LHC accelerator supports the experiments, which are 
designed to measure the reaction products at the interaction regions of LHC by taking over the cost for 
safety, radiation protection, and house-keeping (in the largest sense). All the other costs for 
maintenance and operations have to be covered by the funding agencies and institutes involved in the 
detector investments. General support items like the daily running and maintenance expenses (cooling 
system, general technical support, computing etc.) is charged to all institutes participating in a 
collaboration in proportion to the group size, whereas the costs for maintenance and operation for the 
components developed and delivered by a given institute are charged to the institute concerned. As a 
matter of fact each institute, which has contributed to sub-detectors or to other components of an 
experiment, has to provide the necessary scientific and technical manpower to operate that 
component and maintain it in good working order for the whole lifetime of the experiment of at least 10 
years. The sharing rules for each of the LHC experiments have been defined in a Memorandum of 
Understanding for Maintenance and Operation between each national funding agency and CERN. The 
details of CERN’s concept of maintenance and operation can be found in section 2.4. 

The budgets 2010 that have been approved by CERN’s Resource Review Board on 12-14 October 2009 
lead to a mandatory Swiss contribution for 2010 of 1’070’000 CHF, distributed to the three detectors 
with Swiss participation as follows: ATLAS – 242 kCHF, CMS – 590 kCHF; LHCb – 238 kCHF. The 
detail is shown in section 2.5. 

 

2 Research Plan 

2.1 Scientific goals of the LHC 

Experimental results during the past two decades have shown outstanding agreement with the 
Standard Model of electroweak and strong interactions. In particular, the combined results of the 
CERN and Fermilab proton-anti-proton colliders, of the HERA electron-proton collider and of the LEP 
electron-positron collider, have enabled comparisons of the properties of the fundamental interactions 
at the percent level within the Standard Model. The fundamental particles of the model include three 
families of pairs of quarks and leptons (u, d, e, ne), (c, s, � , n� ) and (t, b, t , nt  ), whose interactions are 
described by a quantum field theory with a gauge structure involving the mediation by gluons for 
strong interactions and by the triplet of vector bosons (W±, Z0, g) for electroweak interactions. 

Despite the convincing experimental verification, the Standard Model is incomplete. It is formally 
inconsistent without the existence of the so-called Higgs mechanism or something equivalent to 
generate the masses of the gauge bosons via spontaneous symmetry breaking. Furthermore there is 
no natural explanation for the many parameters of the Standard Model, for instance the existence of 
just three families of fundamental particles, the minimum needed to allow a matter-antimatter 
asymmetry in the weak interactions of the quarks. 

Even with a Higgs mechanism included, the Standard Model contains theoretical problems with 
instabilities of quantum fluctuations of the Higgs field. Supersymmetry is a fundamentally new kind of 
symmetry that associates each fermion with a bosonic partner and vice versa resulting in a doubling of 
the particle spectra. Supersymmetry resolves many of the limitations of the Standard Model, including 

                                                 
1 in addition, the Universities of Basel (until the retirement of Prof. Tauscher in 2004) and Lausanne (until the transfer of its 

activities to the EPFL) have been involved. 
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unification of the three gauge couplings at a single point in energy at 1016 GeV and the possibility to 
incorporate also gravity in a natural way into a general quantum field theory of fundamental 
interactions. Furthermore the lightest supersymmetric particle is a convincing candidate to explain the 
existence of the large amount of so-called dark matter in the universe, which has been first observed 
by the astrophysicists in an indirect way through its gravity interaction. 

So far no direct experimental evidence for the new supersymmetric particles has been found. The 
search for the Higgs and the supersymmetric particles represents the compelling motivation for 
constructing LHC and the two associated general-purpose detectors, ATLAS and CMS. In addition the 
specialised experiment LHCb has been designed to study b quark interactions and to provide new 
insights into the fundamental questions related to the matter-antimatter asymmetry, which enables 
indirect searches for physics beyond the Standard Model. 

 

2.2 Status of the LHC 

The LHC will collide protons at an unprecedented energy (ECM = 14 TeV) and luminosity (L = 1034 
cm�2 s�1 ). Repairs following the damage to the machine during commissioning in September 2008 are 
well advanced. CERN now expects to circulate beam in the LHC from mid-November 2009, with the 
first proton-proton collisions a few weeks later. 

The Large Hadron Collider (LHC) at CERN was expected to operate from mid 2008. The first complete 
turn of a proton bunch in the LHC machine was made on 10 September 2008. The experiments were 
fully installed at the LHC intersection regions and all parts of the detectors operative. Beam splash 
and beam halo events allowed a valuable start to beam commissioning. However, collateral damage 
from an electrical fault at the connection between two LHC superconducting magnets on 19 
September was extensive and required substantial repair and consolidation work on several magnets 
and components. Additional equipment for quench protection and other measures against potentially 
damaging events have been installed and tested successfully. At present, the ring is cooled down to 
its operating temperature and the restart of the machine is scheduled for mid-November, with first 
collisions several weeks later. The machine will operate at an initial collision energy = 7 TeV for a 
long physics and machine commissioning run from late 2009 until autumn 2010. During this period, it 
is expected that the machine energy will be gradually increased to a collision energy of = 10 TeV, 
and also to include 2-3 weeks of heavy-ion beam operation. This will be followed by an extended 
shutdown aiming to allow eventual operation at = 14 TeV. 

Data taking by the LHC experiments is planned to continue until at least 2018. A 2-stage upgrade of 
the LHC luminosity is expected once stable operation is achieved at the design luminosity and energy 
( = 14 TeV, Lpeak=1034 cm-2s-1). Following a 6-8 month shutdown (now nominally 2014) luminosities 
of ~2-3 x 1034 cm-2s-1 may be achievable. This upgrade (Phase 1) has been fully approved and work 
on the machine has started. Subject to funding on the basis of a strong physics case and after a 
second longer shutdown around 2018, luminosities of up to 1035 cm-2s-1 should be realizable. The fully 
upgraded machine is called the sLHC, and will necessitate significant detector upgrades. 

 

2.3 The Swiss contributions to the LHC experiments 

The experiments at the LHC, designed to measure the reaction products at the interaction regions of 
the LHC, consist of various components to detect and measure the particles produced by the proton 
collisions in the accelerator, to select interesting collision events, and to store and analyse the data 
taken. After enormous intellectual and technical efforts in research and development, detectors with 
optimal measurement accuracy were constructed and installed at the collision points of the 
accelerator. Presently cosmic rays and injection beam dump data are used for alignment tests and 
calibration of all these very complex systems. Many of the contributing Swiss physicists were engaged 
in this preparatory work since the beginning, more than 15 years ago. 
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The contributions of the Swiss particle physics community to three of the four experiments at LHC are 
listed in Table 1. No Swiss groups are involved in the fourth experiment (ALICE), dedicated to heavy-
ion physics. 

 
Detector No. of institutions 

involved worldwide 
Swiss institutions 
involved 

Swiss contributions to development and construction 
of detectors 

ATLAS 172 Berne and 
Geneva 
University 

Silicon strip tracking, calorimeter readout electronics, 
high-level trigger, data acquisition, event building, data 
logging, coil-casings, superconducting cable 

CMS 182 Basel2 and 
Zurich University, 
ETHZ, PSI  

Pixel detector, silicon strip detector, crystals, photo-
sensors and readout electronics for electromagnetic 
calorimeter, superconductor for the 4 Tesla solenoid, 
magnet procurement 

LHCb 51 EPFL, Zurich 
University 

Silicon strip detectors, readout boards for 
subdetectors, vertex detector readout link, trigger 

 

Table 1: The three LHC experiments with Swiss participation. The last column lists the corresponding 
sub-detector hardware contributions. In addition all Swiss institutes involved are actively participating 
in the preparation of physics data analysis. 

 

In addition, the Swiss community initiated through the Swiss Institute for Particle Physics (CHIPP) a 
computing centre of type “Tier-2”, located at the Swiss National Computing Centre CSCS in Manno. 
This Tier-2 is operating for several years and is being upgraded yearly according to an installation 
roadmap. 

On 1 October, 2009, the number of full time equivalent physicists (FTE) from Swiss institutions 
working for the collaborations amounted to 23 for ATLAS, 39 for CMS and 15 for LHCb. In addition 14 
PhD students from Swiss universities were involved in ATLAS, 20 in CMS and 12 in LHCb. From 1996 
to 2009 a total of 82 master theses and 62 doctoral theses were completed in connection with the 
development and construction of the LHC detectors. In addition, 5 PhD theses were devoted to LHC 
accelerator physics. 

                                                 
2 until 2004 
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2.3.1 Swiss contributions to the ATLAS experiment 

The following institutes are involved in ATLAS: 
- University of Berne: Prof. A. Ereditato, PD H.P. Beck 
- University of Geneva: Prof. A. Blondel, Prof. A. Clark, Prof. M. Pohl, Dr. X. Wu, Dr. L. Rosselet 

The ATLAS experiment is designed to optimally measure the energy and direction of photons, charged 
leptons and other charged particles with high precision and within a dense tracking environment, 
following proton-proton or heavy ion collisions at the centre of the experiment. It is designed to operate 
at high LHC luminosity L=1034 cm-2s-1 and to detect a range of physics signatures. 

The overall detector layout is shown in Fig 1. The construction of detector components is complete 
and the detector is now being commissioned in the ATLAS cavern. 

The pattern recognition, momentum and vertex measurement, and electron identification of charged 
tracks are achieved with a 7m length inner tracking detector: a combination of discrete semiconductor 
pixel and micro-strip elements, and an external straw tube tracker with transition radiation capability. 
The highly granular, very hermetic and radiation tolerant electromagnetic and hadronic calorimeters 
provide excellent performance to within 1 degree of the beam-line. The calorimeters are surrounded 
by a muon spectrometer, using a large high-field air-core toroid system that defines the overall size of 
the experiment. The magnet system is based on an inner thin superconducting solenoid surrounding 
the inner detector cavity and large superconducting toroids consisting of eight independent coils 
arranged outside the calorimeters. 

The Swiss groups involved in ATLAS are founding members of the collaboration and were involved in 
the design and physics evaluation of the experiment. After many years of research and development, 
prototyping and construction, the groups made major construction and commissioning contributions as 
shown in Figure 1. 

 
 

Figure 1: The ATLAS experiment at the CERN LHC. Contributions to the construction of ATLAS by Swiss 
groups are indicated. 
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They include:  

- the provision of superconducting cable for the barrel toroid magnets and the aluminium coil casings 
for these magnets;  

- a major role in the micro-electronics design and prototyping for the readout of the inner silicon 
tracking detector (SCT), the silicon module design and prototyping, the construction of 17% of the 
silicon modules and the silicon tracker mechanics;  

- a major role in the design, construction and integration of the readout drivers (RODs) for the liquid 
argon calorimeter readout; 

- a major role in the overall design and the implementation of the event transfer from the level 2 
trigger buffers to the Event Builder and Event Filter at the final level of event selection; 

- the design and implementation of the online data logging system and the data transfer towards the 
off-line reconstruction farms. 

The Berne and Geneva groups are heavily involved in the commissioning of the experiment as a 
whole and in particular the contributions noted above. In preparation for data analysis, they have also 
developed local data analysis facilities (“PC farms”) that are linked by high-speed links to CERN and 
the Swiss Tier-2 GRID installation at the Swiss Scientific Computing Centre (CSCS) in Manno. 
Powerful local analysis farms (Tier-3) have also been established in Berne and Geneva to support the 
CSCS activities. 

With the completion of construction activities, ATLAS has initiated an extensive study of how the detector 
should evolve in the coming years. This includes consolidation of the existing detector, and activities 
towards the sLHC upgrades. The Berne and Geneva technical groups are involved in these studies.  

- Because of radiation damage, the existing inner tracking detector will not survive sLHC 
luminosities. ATLAS has a tracker replacement program underway and has initiated extensive R&D 
and prototyping activities. 

- The inner pixel layer of the tracking detector will degrade in the period until ~2013, and will be 
inefficient at high luminosity beyond 2014. ATLAS has started the construction of an additional B-
layer (IBL) to be installed in 2014, between the pixel layers and the beam-pipe.  

- The unprecedented challenge of operating the ATLAS detector in a hadron collider at a luminosity 
of about 1035 cm-2s-1 imposes the need for extensive detector R&D. As noted above, a new Inner 
Tracking Detector will be needed. In addition, extensive R&D will be required to meet the 
performance requirements of the trigger and data acquisition systems. An R&D program in ATLAS 
is being established and a letter of intent for an ATLAS TDAQ Upgrade R&D Proposal is being 
prepared for submission in mid-2010. 

 

2.3.1.1 The silicon tracking detector (SCT) 

University of Geneva: Prof. A. Clark 

The Geneva group has accepted responsibilities in the SCT R&D, construction and commissioning. 
The tracking detector is technically demanding, since extreme performance of detector speed and 
signal integrity is needed in regions requiring radiation hard technology. It is now fully installed. Figure 
2 (left) shows the integration of the SCT barrel as part of the Inner Detector and Figure 2 (right) shows 
one disc of the end-caps prior to installation.  

Following commissioning of the SCT after installation, 99.3% of the 6.3 million silicon readout 
channels operate according to specification. This includes 13 modules on one end-cap disc 
associated to a cooling leak (of the 204 cooling loops on the pixel and SCT detectors, only one cooling 
loop cannot be operated). 

Following the beam accident in September 2008, ~300 million cosmic ray events were collected with 
the full detector operational (213 million with a track trigger), in the period until November 2008.  
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Figure 2 (left): Integration of the SCT barrel on the surface before installation in the ATLAS pit.  
Figure 2 (right): One disc of the SCT end-cap during integration 

 

Following the shutdown between December 2008 and June 2009 when major detector improvements 
were made, an additional ~100 million cosmic ray events were collected. This allowed extensive 
commissioning of the SCT hardware, calibration and monitoring software, and the data acquisition. An 
initial alignment of the barrel section of the SCT was possible (the orientation of the end-cap detectors 
did not allow a satisfactory cosmic ray acceptance). The performance of the SCT, as determined by 
cosmic ray and noise measurements, is summarised in Section 2.2.1.4.  

The status of remaining SCT operational concerns is noted below. 

- During the shutdown, all 6 cooling compressors were re-furbished, and a 7th spare compressor 
installed. Nevertheless, because of vibrations, cooling leaks at the compressor remain frequent, 
and piston wear requires monitoring. In the longer term, there is a concern that the pressure drops 
of the SCT cooling circuits are too large to achieve the required low temperatures. A completely 
new cooling system avoiding the compressors is now being considered.  

- In addition, special (inaccessible) large area copper-kapton heater pads on the outside of the SCT 
are required to maintain thermal neutrality between the SCT and the transition radiation detector. 
Three of the 8 barrel pads have failed this year. The long-term consequences and remedial actions 
are being considered.  

- In 2008, many opto-transmitter devices failed. They have all been replaced during the shutdown by 
new devices manufactured with very strict electrostatic discharge protection. The new devices are 
now being carefully monitored.  

With the first collision data, more precise inter-module detector timings will be possible, as well as 
high-statistics alignment and calibration for the full detector. The group continues a major operational 
and performance role.  

 

2.3.1.2 The Readout Modules (ROD) of the Liquid Arg on Calorimeter 

University of Geneva: Prof. A. Blondel, Prof. A. Clark 

The Geneva group collaborated with LAPP Annecy on the development and construction of the 
readout driver electronics (ROD) for the ATLAS Liquid Argon calorimeter. This was a technical 
challenge, since it involves high-speed data transfer and correction, and also calibration electronics 
and software to maintain an accurate energy measurement in the LAr calorimeter. The group was 
responsible for the technical coordination of the project, and for the development and construction of 
the ROD motherboard. 

A total of 228 ROD boards, plus 17 spares, were constructed and fully commissioned (see Figure 3). 
The control and monitoring of the RODs has also been fully implemented by the group. The major 
future activity involves maintenance and operational responsibilities.  
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Figure 3: One of the 245 read-out (ROD) 
drivers constructed for the LAr and 
hadronic calorimeters. 

 

2.3.1.3 Trigger, Data Acquisition, and Online Compu ting 

University of Berne: Prof. A. Ereditato, PD H.P. Beck 
University of Geneva: Prof. A. Clark, Prof. M. Pohl, Dr. X. Wu 

For many years the Berne group has played a leading role in the design, implementation and 
installation of the on-line event selection (trigger) and data acquisition system (TDAQ). H.P. Beck is a 
member of TDAQ steering group and elected chair of the TDAQ institutional board representing the 70 
institutions that are active in the TDAQ. Members of the Berne team designed, implemented, installed 
and commissioned those components of the TDAQ system that provide the movement of detector 
data in real time to the Level 2 trigger, the Event-building and from there to the Event-filter, and the 
data logging system, which handles accepted event data from the Event-filter before they can be sent 
to the Tier-0 centre for first reconstruction (Figures 4 and 5). 

 

 

 
 
 
 
 
 
 
 
 
 
 
Figure 4: The ATLAS High 
Level Trigger Farm. 
Interchangeable 
Processing Units (XPUs), 
shown on the right hand 
side, can act either as 
Level 2 or as Event Filter 
processing units, 
depending on the trigger 
menu and expected 
system load. 
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Figure 5: Number of cosmic events accepted by all three trigger levels, built in the Event Builder, recorded by 
the data logging system and shipped to the Tier-0 centre within 45 days of the first beam in 2008. 

 

More than a Peta-Byte of event data has been triggered, processed and recorded during the 
commissioning activities, demonstrating that the TDAQ system can easily handle the required 
performance figures during LHC operation. 

The Geneva group is strongly involved in the design and implementation of the Level 2 calorimeter 
trigger algorithms, including electromagnetic calorimeter cluster correction, trigger monitoring, 
integration with the pre-series, and overall coordination (X. Wu was Deputy Trigger Coordinator until 
September 2009). A second activity concerns the data preparation, algorithm timing and physics 
performance, calibration, online integration and commissioning with cosmic rays, trigger. A third 
activity concerns the design and implementation of the high-level trigger steering software to control 
the step-wise execution (for early rejection) of the trigger algorithms. 

The major construction expenses, shared between Berne and Geneva, are for the provision of 
computing CPU and ancillary infrastructure, as well as networking switches. For economic reasons, 
this has been delayed as much as possible before the first beam, and ~50% of the infrastructure is 
installed. The remainder will be installed progressively with the ramp-up of luminosity, because of 
expected cost reductions. 

The groups played an active role in technical runs to prove the performance of the trigger and data 
acquisition before and during the first LHC beams. Following the commissioning stage with the first 
collisions now expected by end of 2009, the main activity will be the development and maintenance of 
the hardware and software infrastructure and the evolution of trigger selections.  

Both groups have also contributed to the trigger event-selection strategy. 

 

2.3.1.4 ATLAS Commissioning Status 

Particles were first circulated in the Large Hadron Collider (LHC), CERN’s proton-proton collider, on 10 
September 2008. Initially, single proton bunches of 450 GeV energy from the CERN SPS were 
injected into the LHC and to make a full turn in both beam-directions. The beam was stopped by 



 M&O Request 2009 – final – 20091026 

 10 

closed collimators, before reaching ATLAS, producing a "splash" of particles. A reconstruction of the 
1st event recorded by ATLAS is shown in Figure 6. During the first week of operation, prior to the 
machine incident, these events proved valuable in the detector commissioning.  

 

 

Figure 6: The first clock-wise circulating proton beam was initially stopped by collimators preceding the 
detector, producing "splash" from the particles hitting the blocks. 

 

Commissioning of the ATLAS detector started in 2005. However, the major commissioning activity has 
been the collection of cosmic ray triggers following the LHC accident until December 2008, and since 
June 2009. As noted in Section 2.2.1.1, ~300 million cosmic ray triggers were collected and processed 
by ATLAS until December 2008. Since June 2009, ~100 million triggers have been collected, while 
waiting for beam collisions. Most of the problems encountered during the 2008 run were rectified 
during the 2009 shutdown. 

Most important, the toroidal and solenoidal superconducting magnets have been fully commissioned 
and the operation shown to be stable. The “End-Cap Toroid A” required some initial training and as a 
precaution, the nominal toroid current is set to 20400 A.  

The Inner Tracking Detector (ID) – the Pixel, Silicon micro-strip (SCT) and Transition Radiation (TRT) 
trackers – has been operated successfully with and without magnetic field. Using cosmic ray and 
random triggers, the performance of all the ID sub-detectors in 2008 was beyond expectations: 

- Pixel: 95% modules operational, 0.3-0.7 noise hits per trigger in the full detector and a hit efficiency 
of > 98% (more than 98% are now operational); 

- SCT: 99.8% (97.6%) operating modules in the barrel (end-cap) SCT, with a noise occupancy of < 
5x10-5 and a hit efficiency > 99%; 

- TRT: 98% of channels operational.  
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The effect of the 2 Tesla solenoidal magnetic field is shown in Figure 7 where the pixel cluster width is 
plotted as a function of the incident track angle. The measured Lorentz angle agrees well with the 
expected value of 224 mrad. 

Alignment is a key issue for the ID. Using cosmic and beam-splash tracks, initial ID barrel alignment 
studies show track residuals close to those expected from a “perfectly aligned” detector. Data from the 
pixel and SCT in the local x-direction (precision) are shown in Figure 8. Because of the orientation of 
incoming cosmic rays, only limited regions of the end-cap detectors can be aligned. Using data since 
the shutdown with alignment constants from the 2008 data, the track residuals are only slightly 
deteriorated. The straw resolution for the TRT barrel detector is measured to be 187 µm after 
alignment, compared to 130 µm for perfect geometry and 173 µm using the TRT detector alone.  

 

 

Figure 7: Width of pixel clusters vs. incident track azimuth for associated pixel clusters. Data are both with and 
without the solenoidal 2T field. The minimum determines the Lorentz angle and the fit result is shown. With 
magnetic field the Lorentz angle is measured to be 213.9 +/- 0.5 mrad (preliminary). 

 

   

Figure 8: Residual distribution in the local x (precision) coordinate, integrated over all hits-on-tracks in respectively 
the pixel (left) and SCT (right) barrel for the nominal geometry and the preliminary aligned geometry. The residual 
is defined as the measured hit position minus the expected hit position from the track extrapolation. The 
solenoidal magnet is on, and tracks are selected to have pT > 2 GeV as well as to traverse the inner pixel layer.  

 

The bubble chamber like performance of the TRT tracker is evident in Figure 9 (solenoid field on). 
Figure 9 also shows the performance of the transition radiation function in the TRT, as a function of 
the Lorentz g-factor (solenoid field on). Studies are ongoing. 
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Figure 9: Left: Event with tracks from cosmic particles observed in the ATLAS TRT Barrel. The solenoidal magnet 
is on. The fraction of straws giving a signal and not on a track (noise) is adjusted by the setting of the low 
threshold to be about 1%.   
Right: Turn-on of the production of transition radiation (TR) photons as a function of the Lorentz gamma factor for 
cosmic ray muons. On the y-axis the probability of a high-threshold hit (indicator for TR) is given. The data points 
are shown for both muon charges and are compared to the results obtained in the ATLAS Combined Test Beam 
in 2004 (black line). The blue line gives a fit to the results obtained with the cosmic data. 

 

To improve the cosmic ray rate through the ID, the high-level (L2) track trigger (HLT) was implemented 
during the latter part of the 1998 cosmic ray run period. Figure 10 shows a typical cosmic ray triggered 
by the HLT.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10: A typical cosmic ray muon traversing the 
inner tracking detector (field on). The event was 
selected using the high level (HLT) track trigger.  

 

The data continue to be analyzed. Using the TRT function to identify electrons, a sample of electrons 
(d-rays) produced by ionisation of cosmic ray muons has been identified. Also, by separately fitting the 
upper and lower sections of tracks traversing the ID, the momentum resolution could be measured. It 
was consistent with the expected resolution.   

Detailed calorimeter studies have allowed a verification of the timing and energy calibrations, the 
uniformity of the calorimeter response, and the performance of clustering algorithms. For the LAr 
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calorimeter less than 1% of all channels were non-operational, and most have been recovered during 
the shutdown. With channel-to-channel noise suppression, a noise threshold of ET=1 GeV is already 
attained at the level-1 trigger (to be compared with the design value of 0.5 GeV). Detailed pulse shape 
studies have allowed a good understanding of the electronics chain and cell geometry. The pedestal 
stability of the LAr calorimeter has been shown over a 5-month period to be ~1 MeV. Similar results 
have been obtained for the scintillator based hadron calorimeter. The energy and shape of 
reconstructed clusters from traversing muons agree with Monte Carlo simulations, to within 3-4% even 
at very low energy (200-300 MeV). 

The muon detectors are of 2 main types: the high precision tracking chambers (MDT and CSC) that 
provide a spatial resolution in the transverse direction of 35-40 µm, and the dedicated fast trigger 
chambers that have a spatial resolution of 5-10 mm but a time resolution of <10 nsec (TGC and RPC). 
Of the 1572 TGC chambers, only 2 were non-operational. Four others had temporary high voltage 
problems. The RPC’s were operational at the 95% level, partly due to temporary cooling and gas 
distribution problems. The MDT and CSC chambers, as well as their optical alignment systems worked 
at the >99% level. The combined ID-muon detector performance is demonstrated in Figures 11 and 12. 

 

 

Figure 11: Left: Correlation between the precision azimuthal coordinate for tracks reconstructed in the ID and for 
tracks reconstructed in the lower muon spectrometer (after traversing the ID). Both the toroidal and solenoidal 
fields are on. Right: The difference of the reconstructed azimuthal angle of the tracks for the ID and the muon 
spectrometer. 

 

 

 
 
 
 
 
 
 
 
 
 
Figure 12: The difference of the reconstructed 
momentum as measured in the ID and the muon 
spectrometer, for tracks reconstructed in both 
detectors. The difference in reconstructed momentum 
of ~3 GeV is due to the energy loss in the calorimeter, 
again as expected from Monte Carlo simulations.  
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2.3.2 Swiss contributions to the CMS experiment 

The following institutes are involved in CMS: 
- ETH Zurich: Prof. G. Dissertori, Prof. Ch. Grab, Prof. F. Pauss 
- Paul Scherrer Institute (PSI): Dr. R. Horisberger, Dr. Q. Ingram, Dr. D. Kotlinski, Dr. U. Langenegger 
- University of Zurich: Prof. C. Amsler, Prof. V. Chiochia 

CMS is designed to measure the energy and momentum of photons, electrons, muons and other 
charged particles with high precision, resulting in an excellent mass resolution for particles decaying 
into these final states. CMS consists of a powerful inner tracking system based on silicon technology 
(microstrip and pixel), a scintillating crystal calorimeter (Lead-Tungstate (PbWO4) crystals) followed by 
a sampling hadronic calorimeter made out of plastic scintillator tiles inserted between brass absorber 
plates, and a high magnetic field (3.8 Tesla) superconducting solenoid coupled with a multi-layer muon 
system. 

The Swiss groups involved in CMS are members of the CMS Collaboration since 1994 and have been 
involved in the design and physics evaluation since the early phase of CMS. After many years of 
research and development activities, prototyping and construction, all sub-detectors where Swiss 
teams have been involved (Figure 13) are installed in the CMS detector. 

 

 

Figure 13: The CMS experiment at LHC. The contributions to the construction of CMS by the different Swiss 
groups are also indicated. 

 

The CMS detector had been closed in summer 2008, in order to be ready for the first LHC beams on 
10 September 2008. In fact, first signals from beam splash events were promptly registered by the 
CMS sub-detectors and made public in no time, showing that the CMS experiment was ready and up 
to the challenge. Unfortunately, the LHC incident on 19 September 2008, stopped this successful 
start-up and CMS went back into the commissioning phase without beam. The last missing piece, the 
pre-shower detector in front of the end-caps of the electromagnetic calorimeter, was installed during 
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the 2009 winter shutdown (Figure 14). By now all components of CMS are installed and continuously 
commissioned and tested. In particular, extensive data taking campaigns have been undertaken using 
signals from cosmic rays, with all sub-systems in the read-out chain, in order to simulate normal data 
taking procedures and train the necessary operators (see section 2.3.2.3). 

 

  

Figure 14: CMS Pre-shower: installation (right) and after completion (Apr 09, left) 

 

2.3.2.1 The CMS electromagnetic calorimeter (ECAL) 

ETH Zurich: Prof. G. Dissertori (Project leader ECAL detector control system), Prof. F. Pauss 
PSI: Dr. Q. Ingram (chairperson of the ECAL Institution Board) 

CMS has chosen a high precision electromagnetic calorimeter using about 76’000 Lead-Tungstate 
(PbWO4) crystals, which cover a pseudo-rapidity range of � h�  < 3. The crystals have been produced in 
Russia and China (F. Pauss contact person).  

After the construction and integration of all 36 ECAL barrel supermodules in 2007, the integration of all 
four end-cap Dees was finished with their installation in the CMS detector at Point 5 during July and 
August 2008, in time for the first LHC beams. The quality obtained in the end-caps is excellent. After 
installation, all 14’648 channels were fully operational.  

Since then the focus has moved to the operation and detector performance monitoring. A first check of 
the ECAL barrel (EB) was done at the end of the CMS running in Nov. 2008. In February 2009 
systematic status checks of the entire ECAL detector hardware were established, the so called “good 
health checks”. Three more good health checks were done between February and June and one after 
the end of the 2009 CRAFT running, beginning of September 2009. The results show that the detector 
was stable during the first half of 2009. A few new problems were discovered after CRAFT 2009. They 
require further investigations. In total 99.3% of the channels are operational. 

Several years ago it was decided to construct one additional spare EB supermodule. It will serve in 
test beam studies and also be available as a spare part in case we would encounter major problems 
with one of the 36 installed supermodules. The electronics integration and commissioning of this 
supermodule was done in the first quarter of 2009. It is 100% operational and waiting to be calibrated 
with cosmic rays. 

 

2.3.2.2 The Barrel Pixel Detector 

PSI: Dr. R. Horisberger (CMS Pixel project manager), Dr. D. Kotlinski, Dr. U. Langenegger 
ETH Zurich: Prof. Ch. Grab 
University of Zurich: Prof. C. Amsler, Prof. V. Chiochia (CMS Tracker deputy project manager) 
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The pixel detector is the innermost tracking device of the CMS experiment. The pixel detector is 
composed of 1440 modules arranged in three barrel layers (at a radial distance of r = 4.4, 7.3 and 10.2 
cm from the beam pipe) and two endcap disks, providing three-dimensional space-point measurements. 
With a pixel size of dj  ´  dz = 100 mm ´  150 mm, a hit resolution of 10 – 20 mm is achieved. 

The pixel detector modules consist of a sensor segmented into pixels by implantation plus 16 readout 
chips (ROC) bump-bonded to the sensor. This bare module is glued onto silicon nitride base strips to 
provide mechanical strength. A high-density interconnect (HDI) flex print is glued on top of the sensor. 
The ROCs are connected via wire bonds to the HDI, which distributes the readout and control signals. 

PSI, ETH Zurich and the University of Zurich have designed the pixel sensor and the readout chip, and 
have made major contributions to other system components. These institutions are also responsible 
for the construction and commissioning of the barrel pixel detector (BPIX). 

The BPIX was constructed and tested at PSI. The barrel support tube construction and the optical fibre 
dressing were done at the University of Zurich. The Pixel detector was thoroughly tested for a last time 
at PSI, prior to its transport to CERN and its installation into CMS at Point 5. The successful detector 
installation in summer 2008 was followed by extensive commissioning and calibration activities. The 
final number of non-working channels in the BPIX is very low, 0.9%. The pixel threshold is a very 
important operational parameter and influences directly the position resolution. A low mean threshold 
of 2700 electrons was achieved. This, together with the low noise of 120 electrons, should guarantee 
a very good detector performance. 

The tracking performance of the CMS detector depends crucially on the spatial alignment of the 
tracking devices, the silicon strip and pixel detectors, as well as the precise calibration of the hit 
position. The alignment is performed using tracks that pass through the silicon and pixel detectors. 
Working with cosmic rays, iterative alignment has been possible with an accuracy of about 14 microns 
(see section 2.2.2.3). However, since cosmic rays are mostly vertical, the alignment of detectors 
parallel to the cosmic ray tracks is expected to be largely improved with collision data, only. 

Detector alignment, crucial for vertex reconstruction and b-tagging is expected to improve with time 
and luminosity. At start-up only information from survey measurements and cosmic muon tracks can 
be used to perform the detector alignment. With an integrated luminosity of 10 pb-1 the tracker can be 
aligned using hadrons and muons from the decays of low mass resonances such as J/ Y  and U. With 
100 pb-1 on tape, samples of high pT muons from Z- and W-boson decays become available, at which 
time the misalignment of the pixel tracker is expected to be below 20 microns. The tracker is finally 
aligned with an integrated luminosity of 1fb-1. 

 

2.3.2.3 CMS Commissioning Status 

The Large Hadron Collider (LHC), CERN’s proton-proton collider, started operation on September 10, 
2008. During that day, the LHC operators managed to inject, in a step-wise approach, single proton 
bunches from the Super-Proton-Synchrotron into the LHC and to complete a full turn of the 27 km ring 
in both beam directions. The beam was initially intentionally stopped by blocks around 150 meters 
before CMS at Point 5, producing debris (or a "splash") from the particles hitting the blocks, as 
illustrated in Figure 16. At 10:00 a.m. CMS (Figure 15) saw the proton beam of LHC at an injection 
energy of 450 GeV passing through the experiment for the first time ever, in the clockwise direction. 
The CMS data taking system proved to be ready and up to the challenge by producing these events 
displays right after data recording. 

All components of CMS have continuously been commissioned and tested. In particular, extensive 
data taking campaigns have been undertaken using signals from cosmic rays, with all sub-systems in 
the read-out chain, in order to simulate normal data taking procedures and train the necessary operators. 

More than one billion cosmic ray events have been recorded and analyzed in dedicated periods, both 
with the superconducting magnet off or on. The two largest datasets have been collected in the so-
called Cosmic Run At Four Tesla (CRAFT), which took place at the end of 2008 and in summer 2009. 
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Figure 15: The first 
clock-wise circulating 
proton beam was 
initially stopped by 
blocks around 150 
meters before CMS, 
producing these 
images of the debris or 
"splash" from the 
particles hitting the 
blocks. 

 

The main focus during those data taking periods was on integrating the various CMS sub-detectors 
into the overall data acquisition (DAQ) and detector control systems (DCS). Most notably, the sub-
systems have to be synchronized at the level of a few nanoseconds. In general, the commissioning 
phases allowed CMS to tune many of the operating parameters of the various sub-detectors, to 
measure the noise of readout channels and the signal response to particles. The operation of the DAQ 
system has been improved continuously, with the goal of being able to operate the whole detector 
with the lowest possible downtime and maximum efficiency, to be sustained on the longest possible 
time scales. Indeed, a very high availability of the sub-systems has been achieved already at this early 
stage of the experiment, as shown in Figure 16 (left). It is also worth noting that for nearly all sub-
detectors the fraction of operational channels is at the level of 99% or above.  

 

 
 

Figure 16: Left: Readiness of the various CMS sub-systems during CRAFT operations;  
Right: Event Display of a cosmic muon registered in CMS in 2009. 

 

Also other components of the CMS data processing chain have been tested, such as the 
reconstruction algorithms, i.e. the software used to convert the raw detector information into the 
physics quantities related to the particles crossing the detector. The Data Quality Monitoring (DQM) 
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system, which monitors and certi�es the quality of a given data set, has been deployed and improved. 
In particular, the tracking and muon reconstruction algorithms have been studied extensively, since the 
signals induced by cosmic muons are almost identical to those of muons produced during LHC 
collisions. An example of such a cosmic muon measured when crossing the CMS detector is shown in 
Figure 16 (right). 

Among other measurements, extensive analyses related to the stability of the ECAL detector 
parameters, such as noise and temperature stability as shown in Figure 17, have been performed 
during the comics’ data taking. The latter data have been obtained with the ECAL Detector Control 
System (DCS). It has been shown that an excellent stability can be reached, which is an ultimate 
requirement for exploiting the outstanding energy resolution of the calorimeter. 

 

 

 

Figure 17: Stability of the ECAL pedestal noise and the temperature during comics’ data taking. 

 

The tracking performance of the CMS detector depends crucially on the spatial alignment of the 
tracking devices, the silicon strip and pixel detectors, as well as the precise calibration of the hit 
position. The alignment is performed using tracks that pass through the silicon and pixel detectors. 
Due to the huge number of independent silicon sensors devices (about 15’000, with 6 degrees of 
freedom each) and the excellent resolution, high statistics are needed to achieve the required 
precision. Figure 18 shows the spectacular improvement on the track reconstruction that could already 
be achieved with cosmic ray tracks. 

 

 

 
 
 
 
 
 
 
 
 
 
 
Figure 18: c2-distribution for reconstructed cosmic ray 
tracks, before and after alignment without magnetic 
field (CRUZET) and with magnetic field (CRAFT). 

 

Two alignment algorithms are being used, Hit-Impact-Parameter (HIP) and Millipede: the HIP 
algorithm is an iterative method that consists in finding the positions of the sensor by minimizing the 
distance between the tracks and the positions of the hits in the silicon sensors. The tracks are re-fitted 
with the new sensor positions at every iteration. However, since cosmic rays are mostly vertical, the 



 M&O Request 2009 – final – 20091026 

 19 

alignment of detectors parallel to the cosmic ray tracks is expected to be largely improved with 
collision data, only. 

The accuracy on the alignment is about 14 microns. The Millepede algorithm is a non-iterative linear 
least squares algorithm. For the 2008 data the best alignment was obtained using HIP (good at 
detecting small movements with precision) starting from the results from Millepede (suitable for large 
movements). Figure 19 shows the distribution of the median of the residuals for the barrel pixels 
before and after alignment. The silicon strip tracker had not moved since 2008, but some of the pixel 
end-cap wheels had been removed, repaired and reinstalled. The alignment was therefore repeated 
during summer 2009. The impact parameter resolution, with the current alignment, has been 
measured by fitting cosmic muon tracks through the centre of the BPIX as two separate tracks and 
measuring their closest distance. A single track impact parameter resolution of 29 microns in the x-y 
plane and 44 microns in the z-direction has been observed, which is very close to the simulated 
values. The transverse impact parameter resolution is shown in Figure 20 as a function of transverse 
momentum pT. At low pT it is dominated by multiple scattering effects, while at high pT it is dominated 
by the position resolution and the alignment of the detector. At high pT the transverse impact 
parameter resolution is � 16mm, showing that the alignment is indeed very good. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 19: Average residuals for the barrel pixels before and 
after alignment with cosmic rays with field off (blue) and field 
on (red). 

 
 

 

 
 
 
 
 
Figure 20: Measured transverse impact 
parameter resolution from cosmic ray 
tracks passing through the centre of the 
pixel detector as a function of transverse 
momentum pT. Results are shown for the 
geometries derived from the alignment 
result with cosmic ray data (red circles), 
ideal Monte Carlo (MC) simulation (blue 
squares), and from the alignment result 
with the combined method using Monte 
Carlo (green triangles). 

 

In the 3.8 T field of CMS the electrons produced by charged particles passing through the pixel 
detector drift perpendicularly to the magnetic and electric field in the sensor (Figure 21, left). This 
leads to a non-vanishing Lorentz angle QL and hence a shift of the hit position. The correction (up to 
70 microns) is expected to decrease with time, since the bias voltage will be raised to compensate 
charge losses due to radiation damage. 
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Figure 21: Left: Lorentz angle QL. Right: measured cluster size as a function of incidence angle QL for non-
irradiated pixels. The full circles show the measurement at 3.8 T for the barrel (a) and forward (b) regions, while 
the triangles are the measurements without field and 0 T. Solid lines are a fit to the data. Only statistical errors are 
shown. 

 

Meanwhile we have determined QL from cosmic rays. The spread of the charge distribution over 
neighbouring pixels depends on the particle incident angle and is minimal when the particle crosses 
the sensor along the drift direction. Hence QL is measured by finding the minimum of the mean cluster 
size distribution, measured as a function of incidence angle. The barrel pixel detector modules are 
perpendicular to the magnetic field, while the end-cap modules are inclined by 20o relative to the 
magnetic field, leading to a much lower value QL for the forward detector. The results obtained with 
cosmic ray tracks (Figure 21, right) are then compared to a detailed simulation of the pixel sensors. 
The measured values agree well with the predicted values (e.g. QL = 24o for the barrel). Cosmic data 
without magnetic field (for which QL = 0) are used as a consistency check. Since the irradiation is not 
uniform across the detector, each module will evolve differently. The Lorentz angle will therefore be 
estimated directly from data. With collision data the amplitude of the Lorentz angle can be measured 
by comparing the observed shapes of charged clusters with the reconstructed tracks in the tracker. 
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2.3.3 Swiss contributions to the LHCb experiment 

The following institutes are involved in LHCb: 
- EPFL Lausanne: Prof. A. Bay, Prof. T. Nakada (Physics coordinator), Prof. O. Schneider 
- University of Zurich: Prof. U. Straumann (Collaboration Board Chair) 

LHCb is an experiment dedicated to B physics, which will be ready to start data taking at soon as LHC 
delivers its first collisions in 2009. The goal of this experiment is to perform systematic measurements 
of CP violation and rare b-hadron decays, with unprecedented precision and in many different decay 
channels. Several CP-violating and CP-conserving observables sensitive to New Physics will be 
measured and compared to the Standard Model predictions. This indirect search for New Physics is 
complementary to the direct searches to be performed by ATLAS and CMS. 

The expected b` b production cross section at the LHC is 500 � b, which at the nominal LHCb 
luminosity of L = 2 × 1032 cm�2  s�1  results in a production rate for b quarks that is three orders of 
magnitude larger than at present-day e+e�  colliders. Taking into account the more difficult event 
selection and reconstruction at a hadron collider, detailed studies show that LHCb will reach, on 
observables necessitating flavour-tagged B0

d decays into charged particles, a statistical error in one 
year similar to that currently obtained at the B factories with full statistics. In addition, LHCb will collect 
much larger samples of B0

s, Bc and b-baryon decays than previously achieved by any experiment. 

Since the b` b quark-pair production at the LHC is strongly peaked towards small angles with respect 
to the beam axis, the detector is laid out as a single-arm forward spectrometer, using a large dipole 
magnet. A side view of the detector – highlighting also the Swiss contributions – is shown in Figure 22. 
The Vertex Locator (VELO) will serve to reconstruct the primary interaction vertex as well as 
secondary vertices from b-hadron decays. The 4 Tm dipole magnet and the four tracking stations (TT 
and T1-T3) will permit to reconstruct the trajectories and momenta of charged particles. Two detector 
technologies are employed in the tracking system: the Silicon Tracker is a silicon micro-strip detector 
that covers the entire acceptance of the TT station and the innermost region of tracking stations T1-
T3; the Outer Tracker is a straw drift-tube detector that covers the outer regions of stations T1-T3. The 
RICH detectors (RICH1 and RICH2), the electromagnetic and hadronic calorimeter systems (SPD, PS, 
ECAL and HCAL) and the five muon stations (M1-M5) will be used for particle identification. 

During the past two years, physicists and technicians at University of Zurich and EPFL have been 
heavily involved in the detector commissioning. In addition to the cosmic rays, tracks generated during 
the beam injection tests in the LHC were used to synchronize the readout and examine the alignment 
of the LHCb detector. 

The participating Swiss groups concentrate on the development, construction, operation and data 
analysis of the LHCb Silicon Tracker (ST) and a common readout electronics system for Silicon 
Tracker and the VErtex LOcator (VELO). A picture of the LHCb cavern with the detector installed is 
shown in Figure 23. 

 

2.3.3.1 The Silicon Tracking Detectors (ST) 

EPFL: Prof. A. Bay, Prof. T. Nakada, Prof. O. Schneider 
University of Zurich: Prof. U. Straumann 

The Silicon Tracker is a large-surface (12 m2), wide-pitch (180–200 � m) silicon-strip detector that will 
be used in the online triggering and in the offline reconstruction of charged-particle trajectories in the 
LHCb magnetic dipole spectrometer. R&D on detector components for the Silicon Tracker has been 
completed in 2005. Mass production of detector elements and mechanical supports is completed as 
well and presently the detectors are installed and commissioned in the experimental hall at CERN. 

The Swiss groups are responsible for the design, construction, operation and data reconstruction of 
the LHCb Silicon Tracker, which comprises the Trigger Tracker (TT), located at the entrance of the 
dipole magnet, constructed at University of Zurich, and the Inner Tracker (IT), the inner part of the T1-
T3 stations, located at the exit of the dipole magnet (see Figure 22), constructed at EPFL in Lausanne. 
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Figure 22: Side view of the LHCb detector. The LHC pp interaction region is located in the centre of the LHCb 
Vertex Locator. 

 

  

Figure 23: Photograph of the cavern where the LHCb detector is installed. The interaction point IP and the VELO 
are hidden (on the right).  The Inner Tracker (IT) is located behind the dipole magnet. This picture has been 
taken from the location of the concrete wall behind which the TELL1 readout boards are installed. 
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In November 2008, the leadership of the LHCb Silicon Tracker project was transferred from O. 
Steinkamp to M. Needham. 

The IT consists of 12 detector boxes containing 28 or 56 silicon sensors each, arranged in four 
different planes. Four such boxes are mounted around the beam pipe for each of the three tracking 
stations T1, T2 and T3. IT boxes installation and electronic tests were completed at the end of 2008 
and the mechanical survey in June 2009, before the LHC injection tests. 

Figure 24 shows a photograph of the TT during its installation in LHCb. The detector is fully installed 
and its technical commissioning has been finished successfully 

In order to guarantee the long-term maintenance of the detector modules it is planned to set up a test-
stand at the experiment site at CERN. 

 

  

Figure 24 (left): Installation of the first TT detector module on February 1, 2008   
Figure 24 (right): view of the detector in April 2008; one half of the detector box is open and the detector 
modules can be seen. 

 

2.3.3.2 Digital optical readout link 

University of Zurich: Prof. U. Straumann 

The readout electronics of the Silicon Tracker consist of a part that is located on the detector and that 
is used to amplify and digitise the detector data, and a part that is located in the counting house where 
the data are received and pre-processed (see Section 2.3.3.3). A. Vollhardt, Zurich, is responsible for 
the development, construction and commissioning of the on-detector part. This digital optical data 
transfer system developed at University Zurich is also used by almost all other sub-detectors of LHCb.  
The system installation and commissioning at CERN has been completed in 2008. A few links show 
very rare, but observable transmission errors. The respective electrical-optical converters (VCSEL) 
have been replaced in early 2009. Presently the system works reliable at full speed without any 
transmission errors  
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2.3.3.3 LHCb off-detector TELL1 boards and the VELO  vertex detector 

EPFL: Prof. A. Bay 

The TELL1 boards, developed by the Lausanne group, are the implementation of the LHCb “off-
detector electronics”, i.e. the DAQ subsystem placed in a radiation-safe area. The TELL1 has been 
adopted by all tracking systems, calorimeters, muons, and trigger systems, i.e. all LHCb sub-detector 
systems apart from the RICHes. 

Except for the vertex detector, all the LHCb data are digitised close to the detector and transported by 
optical fibres to the TELL1 boards. In particular the TELL1 boards connected to the ST are equipped 
with optical receivers plug-in boards (O-RX) developed by Heidelberg MPI, which receive the digital 
signals from the service boxes described in the Section 2.3.3.2.  

The Lausanne group at EPFL has also developed “repeater boards” to transmit the VELO data 
through 60 m of shielded twisted-pair cable. On the TELL1 the “analogue receiver boards” contain the 
line receiver and the FADC for digitisation. Another responsibility of EPFL for the VELO subdetector is 
the low voltage system to power hybrids and repeater boards. 

Complex data processing is performed in the 5 FPGAs mounted on each TELL1 to prepare the data 
for the high-level trigger, including event and sampling clock synchronisation, pedestal and common 
mode subtraction etc. The system control is performed by a credit-card sized PC running a Linux 
kernel and connected to Ethernet. 

All the required TELL1 boards (360) have been produced, tested and installed in the pit. 

As reported last year we experienced the failure of about 30% of the boards due to a PCB production 
problem. Some boards have been repaired in our workshop by adding external wiring. Nevertheless 
we observed that such boards have a high probability to develop new faulty connections. As an 
immediate measure we produced a new batch of boards at the beginning of 2009 and replaced most 
of the 50 faulty boards. As we are short of spares and expect more cards to develop errors we have 
decided to produce of a new batch of 100 TELL1 boards. We trust this number will be sufficient for the 
duration of the LHCb operation. 

 

2.3.3.4 Commissioning Status of LHCb  

Beam-related events in the IT and TT were recorded during LHC injection tests on 5 September 2008 
and summer 2009, with the full detector powered at nominal bias voltage (see Figures 25 and 26). The 
large amount of data collected was used for synchronization and spatial alignment. The occupancy 
was 10 times larger that of normal running conditions. A high performance algorithm based on full 
pattern recognition and track fitting, followed by a Kalman Filter alignment method, provided an 
accurate alignment of the silicon sensors. A precision of 80 � m was achieved on the alignment along 
the x-axis, which is perpendicular to the silicon readout strips. 

Finally, the single-hit efficiency for working channels was measured to be 97.8%. Residual 
misalignments and known readout problems, such as excess noise, are the main reason for the small 
measured inefficiency. 

The detector is now considered to be commissioned and ready for data taking. 
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Figure 25: Event recorded in the IT during LHC injection tests on June, 2009; the reconstructed tracks correspond 
to particles produced in a beam stopper located at the end of the TI8 transfer line between the SPS and the LHC 

 

 

Figure 26: Event recorded in the VELO during LHC injection tests. In yellow the reconstructed tracks. 

 

 



 M&O Request 2009 – final – 20091026 

 26 

2.4 CERN’s concept of Maintenance and Operation 

The detectors for the LHC have been built by large experimental collaborations, who have also to take 
care of both maintenance and operation of the experiment for its whole lifetime. This responsibility 
covers the experiments as a whole, where all institutes have to contribute; in addition, each institute 
that has contributed to sub-detectors or to other components of an experiment has also to provide the 
necessary scientific and technical manpower to operate that component and maintain it in good 
working order for the entire lifetime. The LHC experiments are designed to operate for 10 years at 
least. 

The budgets needed to cover the expenses associated with the maintenance and the operation of the 
experiments are proposed annually by the collaborations and are divided into three different 
categories, as defined by the CERN management: 

·  Category A expenses are shared by the whole collaboration. Typical items under this category are 
magnet and cooling system maintenance, gas consumption, general technical support, 
maintenance of control rooms, on-line computing, communication and the collaboration secretariat. 

·  Category B expenses are shared by part of the collaboration only. The institutes that have 
participated in the design and construction of a sub-detector or of another component of the 
detector share also the specific maintenance and operation costs of this sub-detector or 
component. These include repairs and spare parts for normal operation. The manpower is mostly 
provided individually by the institutes involved in the sub-detector or component. 

·  Category C expenses are not at the charge of the collaborations. They are covered by CERN, 
acting in its role as host laboratory. Typical items in this category are safety and radio protection, 
maintenance of the access system and of the elevators, insurances, cleaning and office space. 

The sharing rules for each of the LHC experiments have been defined in a Memorandum of 
Understanding for Maintenance and Operation [1] between each national funding agency and CERN. 
The sharing of the category A between the institutes is proportional to the number of scientific staff 
holding PhD or equivalent qualifications, who are authors of the scientific publications of the 
collaboration. They are calculated annually on the basis of the previous year’s data. The sharing of 
category B costs is also laid down in the memorandum, which includes a list of sub-detectors and 
components containing the individual funding quotas for each item and for each collaboration. The 
Swiss institutes are asked to contribute to category B costs according to their sub-detector 
contributions as listed in Table 1. 

The electrical power consumption is treated by special agreements with the different countries. 
Switzerland as a member state of CERN does not need to pay for electricity consumption. 

The budgets for the maintenance and operation for category A and B are proposed by the 
collaborations on a yearly basis to the so-called Resources Review Board (RRB) [2]. It meets twice 
per year in separate meetings for each of the four LHC experiments. A special scrutiny group [3] 
checks the budgets in detail. The RRB discusses the budgets for each experiment and for each 
category biannually and endorses them in its autumn meeting (usually end of October). Once the 
budgets are approved, the institutes are obliged to pay their share; later corrections or negotiations 
about reductions are excluded. 

The RRB membership includes all funding agencies, the CERN management and the collaboration 
managements. Up to now, Switzerland is not represented in these meetings by the National Science 
Foundation3 but by a member of the CHIPP Executive Board (EB) and a physicist of the participating 
institutes of each experiment.  

 

 

                                                 
3 The SNF is invited for each meeting, but has decided to not attend the RRBs. 
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2.5 Required funding 

On 12-14 October 2009 the RRB approved the budgets 2010 for the maintenance and operation costs 
for the LHC experiments and took note of the estimates for 2011 – 2013. The estimates are made to 
the best knowledge of the collaboration managements, using the rules defined by the CERN 
management as described in Section 2.3. More details on the estimated costs and the sharing among 
the collaborating funding agencies have been documented [4] by the collaborations and presented to 
the RRB meeting. 

The total contribution for Switzerland stands at 1’070’000 Swiss Francs for the participation of the five 
Swiss research institutes active in the LHC detectors ATLAS (Berne, Geneva), CMS (Zurich, ETHZ, 
PSI), and LHCb (Zurich, EPFL). This amount is now – after the decision of the RRB – a mandatory 
contribution for Switzerland. Table 2 gives the detail of the Swiss contributions (in kCHF) to the 
categories A and B for the years 2010 to 2013. 

 
 in kCHF 2010 2011 2012 2013 Total 
       
ATLAS Total 242  285 276 278 1081 
 Cat. A: 166 204 195 204 769 

 Cat. B 76 81 81 74 312 
 Cat. B: Silicon strip tracking (SCT) 40 41 42 38 161 
 Cat. B: Inner detector (IDGEN) 26 27 28 26 107 
 Cat. B: Liq. Argon calorimeter (LAr) 10 13 11 10 44 

CMS Total 590  621 639 593 2443 
 Cat. A 305 344 362 346 1357 

 Cat. B 285 277 277 247 1086 
 Cat. B: Pixel tracking 159 159 159 129 606 
 Cat. B: El.magn. calorimeter (ECAL) 126 118 118 118 480 

LHCb Total 238  241 244 248 971 
 Cat. A 156 159 162 166 643 

 Cat. B 82 82 82 82 328 
 Cat. B: Vertex locator (VELO) 34 34 34 34 136 
 Cat. B: Silicon tracking (ST) 48 48 48 48 192 

       Sum  1070 1147 1159 1119 4530 
 

Table 2: Swiss part of the maintenance and operation expenses in kCHF for the period 2012 – 2014. The 
numbers for 2010 are based on the approved budgets 2010, whereas the 2011 to 2013 numbers are best 
estimates. Switzerland as a CERN member state is not charged on energy consumption. 
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