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1 Summary

This FORCE request covers all Swiss Maintenance and Operations costs for 2012 (as agreed mid-
October in the Resource Review Board RRB) and is coordinated by CHIPP (Swiss Institute for Particle
Physics), as for each 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 detectors’
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 2012, which
Switzerland is supposed to cover according to the decision of the RRB.

Since its restart in November 2009 the Large Hadron Collider (LHC) — CERN's proton-proton collider,
which ultimately will collide protons with a centre of mass energies of 14 TeV — performs extremely
well. After a short initial data taking in the end of 2009 at a collision energy of 0.9 TeV and 2.36 TeV,
the collision energy was immediately increased to 7 TeV. By October 2011, an integrated luminosity
for ATLAS and CMS reached 5 fb™ each and for LHCb 1 fb™, well above the plan. These data are
being analysed by the LHC physicists. It is worth noting that the machine currently operates with a
number of protons per bunch above the design value, in order to compensate for the reduced
luminosity due to the 50 nsec bunch spacing. Therefore, the number of multiple proton-proton
interactions per bunch crossing is almost as high as the nominal running condition at a luminosity of
10* cm™s™ for ATLAS and CMS and almost a factor of four more for LHCb which was designed to run
at 2x10% cm™s™. Despite of this challenging running condition, all the experiments are running well
with many physics papers being published already.

Starting in the mid-nineties, the world-wide particle physicist community has designed and developed
four major detectors (as well as three smaller ones) designed to measure the reaction products at the
interaction regions of LHC. Constructed with participation of industry, they were installed at the collision
points to exploit the physics at the TeV scale. New insight into the nature of electro-weak symmetry
breaking is expected and supersymmetric particles or extra spatial dimensions may be discovered
from the direct observation of new particles and/or detecting deviations from the Standard model
predictions in CP violation and rare decays through precision measurements (Scientific goals of the
LHC: see section 2.1). Switzerland, with contributions from the Universities of Berne, Geneva and
Zurich', as well as from ETHZ, EPFL and PSI, significantly contributed to three of the four major
experiments (ATLAS, CMS, LHCb). Section 2.3 of this document summarises the Swiss contributions
to the three LHC detectors’ design and construction, and gives details regarding operation.

The ATLAS experiment is designed to optimally measure the energy and direction of photons,
charged leptons and other charged or neutral particles with high precision and within a dense tracking
environment, in proton-proton or heavy ion collisions at the centre of the experiment. It is designed to
operate at high LHC luminosity, L~10* cm™s™, and to detect a range of physics signatures. The first
proton-proton collisions were recorded in December 2009. The machine and detector performance to
date, with peak luminosities L~3.6 x 10°® cm™s™ and on average 9 interactions per bunch crossing, is
beyond design expectations. This M&O request concerns the Swiss contribution allowing the
continued optimal performance of the ATLAS detector and the exploitation of physics data. So far, 72
physics analyses and 13 performance studies have been published using collision data.

The CMS output in terms of Physics results has been absolutely impressive so far, with already more
than 100 papers published and equally large numbers of recent conference notes. The Swiss groups
in CMS have made significant contributions to this, both in terms of coordination roles as well as
actual data analysis efforts. The activities cover Standard Model measurements, searches for
Supersymmetry and searches for the Higgs boson. Among the highlights were a first limit on the
branching ratio for B¢ * °, a first measurement of B angular correlations and limits on
supersymmetric extensions of the Standard Model employing novel variables and methods.

With about 340pb™ of data collected by the summer in 2011, LHCb has already superseded
accuracies of many important measurements for flavour physics in the B-meson systems. For

! 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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instance, it has reported the most accurate CP violation measurement in Bs J/iyf decays.
Measurements on the upper limit for the branching fraction of Bg "~ decays and on the muon
forward backward asymmetry in B K° * "~ decays are also the world most precise ones. While some
of the past measurements gave tantalizing indication for deviations from the Standard Model
predictions, all the LHCb measurements are, so far, in good agreement with the Standard Model. In
addition to search for new physics, copious production of charm and b quark production at LHC allows
to study spectroscopy of charm and b-hadrons and properties of those hadrons.

CERN in its role as the host laboratory of the LHC accelerator supports the experiments 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. In
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 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 for 2012 that have been approved by CERN'’s Resource Review Board on 17-19 October
2011 lead to a mandatory Swiss contribution for 2012 of 1'020’300 CHF, distributed to the three
detectors with Swiss participation as follows: ATLAS — 269 kCHF, CMS — 495.3 kCHF; LHCb — 256
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, Z°, g for electroweak interactions. Many measurements in CP
violation and rare decays for the B meson systems, mainly from the two B factories in Japan and the
US with some contribution by CDF and DO, have shown that the flavour physics in the quark sector
could be well described by the CKM mass mixing matrix within the framewaork of the Standard Model.

Despite the convincing experimental verification, the Standard Model is still 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 and fermions, except neutrinos, 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. It should be also noted that the
gravity is not included.

Even with a Higgs mechanism included, the Standard Model contains theoretical problems with
instabilities of quantum fluctuations of the Higgs field. One of the most natural ways to mitigate this is
to introduce Supersymmetry, which is a symmetry that associates each fermion with a bosonic partner
and vice versa, resulting in a doubling of the particle spectra. Supersymmetry has several attractive
features. For example, it can make the evolution of the three gauge couplings to meet at a single point
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in energy at ~10" GeV, where the unification of all the forces might occur, and the possibility to
incorporate also gravity in a natural way into a general quantum field theory of fundamental
interactions. Furthermore the lightest neutral 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 make a precision study of b-hadron decays to
provide new insights into the fundamental questions related to the matter-antimatter asymmetry, which
enables indirect searches for physics at higher energy scales.

As this request concerns the Maintenance and Operations costs for the LHC detectors, only summary
reports are included here. Details can be found in the physics requests from the Swiss institutes active
in high energy physics as well as on the public websites from the experiments.

2.2 Status of the LHC

On 23 November 2009, the first collisions of the two oppositely circulating proton beams at the injection
energy, ECM =900 GeV, were made at the LHC. Since then, collision data at that energy corresponding
to an integrated luminosity of ~10 nb™ were collected by each experiment before the end of 2009 and
several physics publications were made based on those data. On 13 December, first collisions took place
at Ecy = 2.36 TeV for a very short period, making the LHC the highest energy collider in the world.

After a short technical stop over the Christmas to New Year, the LHC started its operation at Ecy =7 TeV
from 30 March 2010. Since then, all the experiments have been collecting data at that energy for the last
two years, while the machine performance is evolving rapidly. The 2010 data taking finished with a very
successful heavy ion run in November. Proton-proton collision data corresponding to an integrated
luminosity of ~45 pb'l were collected by each experiment.

The LHC resumed the proton run in March 2011, after a technical stop. The luminosity has been steadily
improved by increasing the number of proton per bunch, number of bunches, and decreasing b* at the
interactions points. Although the number of bunches is still half the nominal one, the LHC is now
regularly running with luminosities well above 10** cm™s™. The operational experience shows that some
parameters of the machine, such as the emittance and dynamic apertures, are much better than anti-
cipated, thus the LHC has a potential to achieve even higher luminosities than planned. Already now,
a straightforward extrapolation of the achieved machine performance to Ecyy = 14 TeV shows that a
luminosity of >10* can be obtained. For physics, what counts is the integrated luminosity. Unlike ATLAS
and CMS, the integrated luminosity for LHCb is no longer limited by the maximum peak luminosity. In
fact the LHCb experiment is running at peak luminosity twice as high than that designed for. In order to
increase the integrated luminosity, the LHC machine has introduced so called a "luminosity levelling"
scheme. The peak luminosity decreases as a function of time since the stored number of protons
diminishes as a function of time. If the required luminosity is less than the maximum peak luminosity,
one can collide slightly displaced beams to reduce the initial luminosity. Then by adjusting continuously
the distance of the displacement, the luminosity can be kept constant giving the maximum integrated
luminosity. This has been introduced as a routine operation mode at the LHCb interaction point. The
2011 data taking will again finish with a heavy ion run in November, which will be followed by a couple
of months technical stop. Already now, more than 5 fb™ of data have been collected by each ATLAS
and CMS, and 1 fb™* by LHCb. This statistics will be easily doubled by the end of 2012 data taking.

After the 2012 data taking, a longer shut down for almost two years is expected. During the shutdown,
the superconducting magnet inter-connects will be remade, helium release valves and a further
collimation system will be installed, and the SPS will be upgraded to eliminate a beam intensity
bottleneck in the injection chain. This will allow the operation of the LHC toward Ecy = 14 TeV and with
increasing luminosities well above ~5 10* cms™ for the data taking period of three years starting
from early 2015. After this, another long shutdown is envisaged for a further machine consolidation
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such as enhancing the collimation system and upgrading the beam injection chain by connecting the
Linac-4 and increasing the PS Booster energy. This will finally enable the LHC to run at the designed
energy of Ecy = 14 TeV with a luminosity of at least 10* cm?s™, for data taking over a further period
of three years starting from 2019.

Subject to funding and motivated by a strong physics case, a major upgrade of the machine is being
considered in 2022 to increase luminosities up to >5.10* cms™, with a luminosity levelling and
possible use of crab cavities in order to optimize the integrated luminosity with reliable running at this
luminosity. In addition to the accelerator R&D for such a luminosity upgrade, studies to achieve higher
energies by developing stronger dipole magnets is ongoing.

With rapidly increasing luminosities, the detectors need continuous consolidation to maintain the
optimal performance for physics. Already, ATLAS plans for the installation of a new pixel tracking layer
close to the beam pipe during the 2013 shutdown. Both ATLAS and CMS foresee a minor upgrade
during the 2018 shutdown followed by a major upgrade during the shutdown in 2022 for the fully
upgraded machine running at luminosities of 5:10** cm™s™ or above. LHCb is considering a major
upgrade in 2018 since the successful operational experience shows that such an experiment can be
performed at much higher luminosities than the original experiment. To realise such upgrades, serious
R&D plans have been made and some efforts have been started.

2.3 The Swiss Contributions to the LHC Experiments

The experiments at 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. Detectors with optimal measurement accuracy were constructed and
installed at the collision points of the accelerator. Before they were commissioned and ready for
physics data taking, alignment test and calibration of these complex systems were performed using
cosmic rays and injection beam dump data. Many of the contributing Swiss physicists were engaged
in this preparatory work since the beginning, more than 15 years ago.

The contributions of the Swiss particle physics community to three of the seven experiments at LHC
are listed in Table 1. No Swiss groups are involved in the other four experiments (ALICE, TOTEM,
LHCf, MoEDAL), dedicated to heavy-ion physics, to elastic and diffractive cross-section experiments,
to simulating cosmic rays, and to a search for magnetic monopoles, respectively.

Detector No. of institutions Swiss institutions | Swiss contributions to development and construction
involved worldwide | involved of detectors

ATLAS 175 Berne and Silicon strip tracking, calorimeter readout electronics,
Geneva high-level trigger, data acquisition, event building, data
University logging, coil-casings, superconducting cable

CMS 172 Basel® and Pixel detector, silicon strip detector, crystals, photo-
Zurich University, | sensors and readout electronics for electromagnetic
ETHZ, PSI calorimeter, superconductor for the 4 Tesla solenoid,

magnet procurement

LHCb 53 EPFL, Zurich Silicon strip detectors, readout boards for

University 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 physics data analysis.

2 until 2004
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In addition to the contribution to the experiments, 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 Lugano (initially in Manno). This Tier-2 has been operating very
successfully for several years and is being upgraded yearly according to an installation roadmap. Also
for this joint task, the Swiss particle physicists are submitting a common FORCE request to the SNF.

As far as manpower involvement is concerned, the situation on 1 October, 2011 is as follows: the
number of full time equivalent physicists (FTE) from Swiss institutions working for the collaborations
amounted to 23 for ATLAS, 33 for CMS and 24 for LHCb. In addition 20 PhD students from Swiss
universities were involved in ATLAS, 21 in CMS, 17 in LHCb, and 12 in LHC accelerator physics in
collaboration with the CERN accelerator groups.

Finally, the involvement of the students in the LHC experiments from 1996 to 2011 led to a total of 99
master theses and 82 doctoral theses completed in connection with the development and construction
of the LHC detectors as well as with the data analysis. In the field of LHC accelerator physics, 11 PhD
theses were completed up to 2011.
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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, PD M. Weber
- University of Geneva: Prof. A. Clark, Prof. G. lacobucci, Prof. M. Nessi, Prof. M. Pohl, Dr. X. Wu

The ATLAS experiment [1] is designed to optimally measure the energy and direction of photons,
charged leptons and other charged or neutral particles with high precision and within a dense tracking
environment, in proton-proton or heavy ion collisions at the centre of the experiment. It is designed to
operate at high LHC luminosity, L~10** cms™, and to detect a range of physics signatures. The
machine and detector performance to date, with peak luminosities L~2 x 10* cm™?s™ and on average 9
interactions per bunch crossing, is beyond design expectations

2.3.1.1 The Swiss Contributions to the ATLAS Constr  uction

The overall detector layout is shown in Fig 1. The construction of detector components is complete
and all detector subsystems are fully operational.

Universities of Bern and Geneva

The ATLAS Detector
Weight: 7000 tons
Dimensions: 46m x 26m x 25m

Semiconductor
Tracker Geneva

Tracker Support Structurg
Geneva

Calorimeter readout
Electronics
Geneva

TDAQ
Dataflow & High Level Triggers
Bern and Geneva

Physics and Computing
(Online & Offline)

Superconductor and Casings for Barrel Toroid Coil Bern and Geneva
Bern and Geneva

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

The pattern recognition, momentum and vertex measurement, and electron identification of charged
tracks are achieved with a 7m length Inner Tracking Detector (ID): 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 completed with an inner thin
superconducting solenoid surrounding the Inner Detector cavity.
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Both Swiss ATLAS groups are founding members of the collaboration. Following an extended period
of design and physics evaluation, detector R&D and prototyping, the groups made major construction
and commissioning contributions. Details of the construction contributions have been discussed in
previous funding requests and include:

- Superconducting cable and aluminium coil casings for the barrel toroid magnets;

- A major role in the micro-electronics design and prototyping for the readout of the inner silicon strip

tracking detector (SCT), the silicon module design and prototyping, the construction of 17% of the
silicon modules and the silicon tracker mechanics;

- The design, construction and integration of the readout drivers for the liquid argon and hadron
calorimeter readout;

- The design and 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;

- Local data analysis facilities (Tier-3) that have been developed at Bern and Geneva and are linked
by high-speed links to CERN and the Swiss Tier-2 GRID installation at the Swiss Centre for
Scientific Computing (CSCS) in Manno. Following the move towards an European Grid
Infrastructure based on National Grid Infrastructures (NGI), the required Swiss NGI organisation
has been established through CHIPP, the Swiss National Grid Association [2] and SWITCH.

The Bern and Geneva groups are strongly involved in the operation of the detector and the analysis of
collision data (Sections 2.3.1.2 and 2.3.1.3) First proton-proton collisions were collected at s = 900
GeV in December 2009, and data have been collected at s =7 TeV since March 2010.

ATLAS is engaged in an extensive study of how the detector should evolve in the coming years. This
includes consolidation of the existing detector, and activities towards the LHC luminosity and energy
upgrades foreseen in 2013-4, 2017-8 and 2022. The Bern and Geneva technical and physics groups
are involved in these studies. G. lacobucci is coordinating the physics justification of these upgrades.

- An “Insertable Pixel Layer” (IBL) between the existing pixel detector and the beam pipe is being
constructed and will be installed with a smaller radius beam pipe in the 2013-14 shutdown. A
Technical Design Report [3] and an Addendum to the Memorandum of Understanding [4] have
been accepted. The Bern and Geneva groups have major responsibilities in this project:
mechanics, the loading of pixel modules onto staves with subsequent quality assurance, the optical
readout, and the integration of the staves prior to installation. At the same time, the pixel detector
will be modified to allow maintenance access to their laser diode optical transmission packages
that are not robust.

- The complete Inner Detector will be replaced during the 2022 shutdown, in preparation for
luminosities L~ 5 x 10**cm™s™. R&D towards a new Inner Detector by the Geneva group [4] is very
encouraging and a significant participation in the construction is foreseen. 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 an ATLAS Trigger Data Acquisition
Upgrade R&D Proposal is being prepared for submission in late 2011. A Letter of Intent for the full
ATLAS upgrade is also being prepared for submission in late 2011.

2.3.1.2 The Detector Performance and Operation
The LHC machine performance has been outstanding (see section 2.2).

The ATLAS detector has operated beyond expectations, with >97% of detector channels operating
satisfactorily for all detector sub-systems, and 94.25% of collisions collected as good quality data to
disk during stable beam conditions. The emphasis is how:

- To identify operational problems that may impinge on data quality or collection efficiency, and to
address them. Initial problems relevant to the Swiss contribution included the stability of Inner
Detector cooling and the laser-diodes for the optical transmission of Pixel and SCT data. So far this
has had no impact on the data quality, and the issues will be addressed in the 2013 shutdown.
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- To optimise the detector performance, in particular the alignment of the Inner Detector and Muon
Spectrometer chambers, the energy scale of the electromagnetic and hadron calorimeters, and the
precise measurement of the recorded luminosity.

The luminosity measurement uncertainty is estimated to be +3.7% with the main contribution to the
uncertainty being the beam current measurement.

The design alignment uncertainties of +7 pm (pixel modules) and £10um (SCT modules) have been
exceeded, with measured values of +4.5 um and +£6.5 um for the pixels and SCT respectively. Fig. 2
shows the current status for the residuals of the pixel and SCT barrel detectors. Effort has
concentrated during 2011 on small systematic effects from higher-order redundancies in the alignment
method [6]. Table 2 lists the measured hit resolution using reconstructed tracks of pr > 15 GeV. Fig. 3
illustrates the ability of the ATLAS Inner Detector to reconstruct multiple vertices in high-intensity
bunch crossings.

X] 0‘3 RN R EEEE AR EEE il X'1 Q3 I L
g [ ® Autumn 2010 Alignment ATLAS Preliminary N g 100 [ @ Autumn 2010 Alignment ATLAS Preliminary ]
& 60 FwHM2.35-9 um 5 4 < L FWHM/2.35=25 um SCT barrel ]
& [ O Pythia Dijet Monte Carlo ~ © Pixel barrel 1 I O Pythia Dijet Monte Carlo arre e
7 vt J ) -
S 50 FWHM/2.35-8um & Vs =7TeV 3 ¥ 80 FwHW2.35-24um Y \s=7Tev ]
g E o Trackp >15GeV | E L ¢ ¢ Trackp >15GeV |
5 40 R 4 & ol § @ a
% r s e ] % i ® ]
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Local x residual [mm] Local x residual [mm]
Fig. 2:

Unbiased residual distribution in x, the local high precision coordinate, integrated over all hits-on-tracks in the
pixel barrel (left) and SCT barrel (right) for di-jet Monte Carlo events with perfect alignment (red) and the current
alignment with s =7 TeV collision data in 2010 (blue). Tracks are selected to have pr > 15 GeV and 6 silicon
hits to reduce the effect of multiple scattering.

Table 2:
Barrel (um End Cap (um
: (um) P (um} Measured residuals in X, the local high precision
Pixel 19 (£8) +15 {+16) coordinate, for pixel, SCT and TRT hits, compared
SCT +25 (+24} +30 (+31) with di-jeF Monte Carlo events (in brackets) using
perfect alignment. Tracks are selected to have pr >
TRT 1118 {+122) +132 {+118} 15 GeV, to reduce multiple scattering effects.

The muon spectrometer alignment is required to achieve the desired momentum resolution, and to
ensure good pattern recognition. The design alignment precisions are < £30 um in the barrel region
and < 40 um in the end cap regions. So far, precisions of £ 60-100 um have been achieved. The
single hit resolution is very close to the test beam value and ranges between 80 and 100 pm. Work is
now concentrated on inter-chamber alignments (dominated by t, calibration limitations). The relative
alignment of the Muon Spectrometer and Inner Detector is at the level of 1-2 mm, which is adequate
for most of the medium-p; physics since the matching resolution is dominated by the presence of the
calorimeter between the Muon Spectrometer and the Inner Detector. The study of very high p+ muons,
for which sub-millimetre precision is relevant, is currently starting.

The design uncertainty on the energy scale of the electromagnetic calorimeters is ~ £0.1% with an rms
cell-to-cell uncertainty on the energy scale of < +0.7%. The current measured energy scale uncertainty
is < +1% (added in quadrature) for electrons or photons in the barrel region for pr > 20 GeV. In the
end caps, the scale uncertainty is slightly worse (~ +2%). The currently quoted hadronic calorimeter
uncertainty is +3-4% for central jets of Er > 100 GeV, as measured in situ using several different
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methods [7]. To further improve the knowledge of the energy scale, it is essential to measure with
improved accuracy the detector material distribution preceding the calorimeter.

In addition to operational contributions, the Bern and Geneva groups have responsibilities in the
trigger and data acquisition development, as well as the monitoring of the trigger performance and the
Inner Detector performance.

. EXPERIMENT

Run Number: 180164, Event Number: 146351094

Date: 2011-04-24 01:43:39 CEST

Fig. 3:

Candidate Z ® nimevent with 11 reconstructed vertices. This event is typical for the 2011 environment with high
pileup. For this display the track pr threshold is 0.4 GeV and all tracks are required to have at least 2 Pixel and 7
SCT hits. The smallest separation between any two vertices is 3.2 + 0.2 mm.

2.3.1.3 The ATLAS Physics Results in 2011

To date, 72 publications involving collision data have been published, or submitted for publication to
refereed journals [8]. In addition, 13 performance papers have been published using collision data and
many other analyses have been presented at international conferences or are being reviewed for
publication.

The ATLAS physics motivation is 3-fold:

10
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- To measure Standard Model (SM) processes in a new collision energy regime, and to compare
those processes with SM predictions;

- To search for the Higgs particle, if it exists, over the full allowed mass range (115 < my < 600 GeV);
- To search for new physics Beyond the Standard Model (BSM).

It is important to note that many SM processes must be measured in detail, since they are an
irreducible background to possible signatures from Higgs or BSM processes. The Geneva and Bern
groups have played a leading role in many Standard Model analyses using collision data:

- Measurements of the properties of minimum bias events at

- A measurement of the inclusive cross-section for W- and Z-boson production [11,12], as well as a
recently completed analyses of gauge boson production in association with high-E; hadronic jets
[13];

- Measurements of the inclusive direct photon production cross-section [14] and J/Y production
cross-section [15];

- A measurement of the inclusive electron production cross-section [16] for pr > 7 GeV,;

- A study of the energy scale and resolution of the ATLAS electromagnetic calorimeter, and the
development of optimised selection criteria for electron and photon identification using the
combined Inner Detector and electromagnetic calorimeter [7];

- A measurement of the tfpair production cross-section, and production properties [17, 18],

including an on-going analysis of tt production in association with high-E hadronic jets.

Fig. 4 shows the measured ATLAS cross-sections for W and Z production, as well as di-boson
production. As already noted, many experimental signatures for new BSM physics processes include
the detection of 1 high-pr lepton in association with high-Er jet(s) and associated missing Er (E™®).

Hence the need to accurately understand the production properties of SM processes with similar
experimental signatures.
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One of the most important search programs underway at ATLAS is that of the Higgs boson. The SM
Higgs boson had already been excluded at the 95% confidence level in the range my < 115 GeV [19]
and 153 < my < 174 GeV [20], and from unitarity arguments, my should be less than ~600 GeV.

The first combined analysis, using data samples of 1-2.3 fb™ depending on the decay channel
involved, has excluded at 95% CL the mass ranges 146 < my < 232 GeV, 256 < my < 282 GeV and
296 < my < 466 GeV, as shown in Fig. 5 [21]. An excess of events of approximately 2 standard
deviations with respect to SM backgrounds is reported in the range my <146 GeV. This excess arises
mainly from the H ® WW decay search channel. By using the full 2010-11 data sample with improved
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multivariate analyses and reconstruction algorithms, as well as combining the ATLAS and CMS data,
a rapid evolution of this analysis can be expected.
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Fig. 5:

The combined upper limit
on the Standard Model
Higgs boson production
cross section divided by
the  Standard  Model
expectation as a function
of my is indicated by the
solid line. This is a 95%
CL limit using the CLs
method in the full mass
range of this analysis.
The dotted line shows the
median expected limit in
the absence of a signal
and the green and yellow
bands indicate the
corresponding 68% and
95% expected regions.

Fig. 6a and b summarize the status of searches for BSM physics using ATLAS dataat s =7 TeV, in
all cases obtained as a search for deviations from the predictions of SM processes. In nearly all cases,
the achieved limits for massive new particle production are significantly beyond those measured in
equivalent searches at s = 1.96 TeV by CDF or DO. To give 2 examples: the existence of heavy
gauge bosons (W’, Z') in the context of SM couplings is now excluded with 95% CL for m,, <2.16 TeV
and m,. <1.83 TeV [22,23]; and the scale for qqgq (qgup) contact interactions (indicative of possible

quark substructure) is measured as a deviation from the di-lepton and di-jet differential distributions as

L >6.7(4.9) TeV [24,25].
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ATLAS Searches™ - 95% CL Lower Limits (Status: SUSY 2011)
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The Geneva and Bern groups have played important or leading roles in the following search analyses:

- Inclusive SUSY searches in (multiple jet + E**) experimental signatures with or without single or
multiple lepton production;

- The search for deviations from the SM in high mass |1 final states;

- The search for massive 4th. generation quarks;

- The search for excited leptons;

- The search for deviations from SM tt production in association with jets and Er;

- A search for quantum black holes decaying into leptons

Four doctoral theses were completed in the Bern and Geneva groups in the period October 2010 —

September 2011:

- N. Venturi (Be) completed a measurement of the (W+jets) cross-section, with an important
contribution to [26];

- C. Topfel (Be) completed a comprehensive model-independent search for SUSY signatures using
early ATLAS data. The analysis has been published in refined form [27];

- A. Robichaud-Véronneau (Ge) completed a study using Monte Carlo events at s = 10 TeV of the
cross-section for J/Y production, and made a contribution to [15];

- E. Berglund (Ge) completed measurements of the W+ and Z/g* cross-sections, as well as a
measurement of the ratio of W to Z production in association with a single hadronic jet [11-13]

2.3.1.4 Planned Physics Activities in 2012

It is expected to collect an integrated luminosity of 4-5 fb™ at s = 7 TeV before the end of 2011. This
data sample is expected to be doubled during 2012, at either s =7 TeV or s =8 TeV. A priority of
ATLAS will be to identify or exclude the existence of a Higgs particle in the full range 115 < my < 600
GeV, and in the case of identification to establish whether it is consistent with a SM Higgs hypothesis
or some extension of the SM (for example SUSY).

At present, the precision measurements of my and my, at the CDF and DO experiments provide a
powerful constraint of my < 161 GeV on the Higgs mass, within the context of the SM. Because of the
large increase in cross-section at s = 7 TeV, more accurate measurements of my, and my,, should be
achievable using the 2011 data sample collected by the ATLAS detector when the systematics are
fully understood. These measurements will be important if no Higgs candidate is identified.
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As already noted, BSM searches have already excluded large new regions of parameter space for
many new BSM models. These searches will continue using the full 2010-12 data sets, and with more
sophisticated multivariate analyses. The analyses have so far been rather “inclusive” in nature, and as
model-independent as possible.

Three students from the Bern group will complete their doctoral studies using data from 2011 and
early 2012:

- A. Battaglia will complete an analysis of (0 lepton + multiple jet + missing Et) signatures to extend
the exclusion region for a range of supersymmetry models;

- V. Gallo will conclude a study of inclusive electron production from b-decays and W-decays to
improve the performance of electron measurement in ATLAS, and a study of supersymmetry
models in multi-leptonic final states;

- C. Borer will complete a search for quantum black hole events decaying exclusively into electrons.

Five students from the Geneva group will complete their doctoral studies in the period 2011-12;

- A. Abdul Alim will complete a search for excited electron decays e** ® e*g and will place limits of
the production cross-section as a function of the excited electron mass;

- C. Mora Hererra and M. Backes will complete their analyses contributing to the inclusive electron
cross-section measurement (pr > 7 GeV). C. Mora Hererra will extend that analysis to extract the

b-quark component of the cross-section. M. Backes will use low-pr electrons to extend the
supersymmetric exclusion space for certain models, in (lepton + jets + missing E7) final states;

- V. Dao will complete a study of tt production in association with jets;

- F. Bucci will complete a measurement of the inclusive prompt photon production cross-section with
a comparison to NNLO QCD models.

The on-going BSM searches, and where appropriate recent SM measurements being followed by the
Bern and Geneva groups will be extended to the full 2011-12 data set.
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2.3.2 Swiss Contribution to the CMS Experiment

The following institutes are involved in CMS:

- ETH Zurich: Prof. G. Dissertori (Deputy Physics Coordinator, Project leader ECAL detector control
system), Prof. Ch. Grab, Prof. F. Pauss, Prof. R. Wallny

- Paul Scherrer Institute (PSI): Prof. R. Horisberger (CMS Pixel project manager), Dr. Q. Ingram
(chairperson of the ECAL Institution Board), Dr. D. Kotlinski, Dr. U. Langenegger (pixel offline
software group coordinator)

- University of Zurich: Prof. C. Amsler, Prof. V. Chiochia (CMS Tracker deputy project manager, B-
Physics and Quarkonia analysis group coordinator)

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, PbWQ,), 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, construction and commissioning, all sub-detectors
where Swiss teams have been involved (Fig. 7) are fully operational. In addition to their responsibilities
w.r.t. maintenance and operation of the detector, all Swiss groups are now involved, in a leading
manner, in the Physics Analysis activities of CMS.

The CMS Detector !
Weight: 12'500 t
Diameter: 15 m
Length: 21.6 m |

Magnetic field: 4 T |

Crystal calorimeter
ETHZ, PSI

Organization of magnet
procurement
ETHZ

/i
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ETHZ

EMS CONOUCTOR

CEAN ¢ ETHZ

Pixel detector
PSI, ETHZ, UniBa, UniZh

Software & Physics |
ETHZ, PSI, UniBa, Unizh

UniBa until 2004

Fig. 7:
The CMS experiment at LHC. The contributions to the construction of CMS by the different Swiss groups are
also indicated.
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2.3.2.1 The Swiss Contributions to the CMS Construction

Electromagnetic calorimeter (ECAL): CMS has chosen a high precision electromagnetic calorimeter
using about 76’000 Lead-Tungstate (PbWOQ,) crystals, which cover a pseudo-rapidity range of h < 3.
In the end-cap region, a Preshower detector complements the crystal calorimeter. The Preshower is a
thin sampling calorimeter made of lead radiators and active planes of silicon strip modules. It is
designed to facilitate the photon/neutral pion discrimination.

Currently, 99.1%, 98.6% and 95.9% of the ECAL barrel, end-caps and Preshower are fully
operational, respectively. This remarkable achievement is also thanks to the outstanding efforts spent
during construction, by the ECAL electronics integration team under ETH leadership. Furthermore, the
continuous high-efficiency operation of ECAL in collision data-taking mode has also to be attributed to
the substantial involvement and contributions by Swiss physicists. In particular, an ETH team of three
electronics and software engineers guarantees a 24/7 support of the ECAL Detector Control System
(DCS), which has been developed by ETH scientists and technicians, in collaboration with groups
from Russia and Serbia. This DCS team also participates in all aspects of ECAL operation. Finally, all
PhD students, PostDocs and senior scientists from the ETH group contribute to covering the CMS and
ECAL shift duties at the CMS experimental site, Point 5.

Barrel pixel detector: 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 nm ~ 150 mm, a hit resolution of 10 — 20 nm is
achieved.

The pixel detector modules consist of a sensor segmented into pixels by implantation plus 16 readout
chips 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 have also been
responsible for the construction and commissioning of the barrel pixel detector.

It is worth noting that efforts have already started towards an upgrade of the pixel detector during the
2018 shutdown, with an additional fourth barrel layer and a considerably reduced material budget. The
Swiss groups plan to play again a leading role in this project. Furthermore, R&D studies are pursued
in terms of radiation hard scintillating crystals in view of possible upgrade plans of the ECAL endcaps
in the 2022 shutdown.

2.3.2.2 The Detector Performance and Operation of C MS

The performance of the CMS detector during the 2010 and 2011 data taking runs at 7 TeV collision
energy has been excellent. After an integrated luminosity of about 43 pb™ recorded in 2010, at low
pile-up conditions, in 2011 the outstanding LHC performance has allowed collecting already a much
bigger data sample. As can be seen from Fig. 8 (left), by the end of August the machine has delivered
2.6 fb™ to CMS, out of which 2.4 fb™* have been recorded. This corresponds to an excellent data taking
efficiency of about 90%. The overall average fraction of operational channels per subsystem exceeds
98.5%, which contributes to a large fraction of certified data (as good for data analyses), currently
between 80% and 90%, depending on the analysis requirements for the available detector
subcomponents. Thus, all this translates into a data sample for Physics analysis of >2 fb™ already at
the end of August 2011, and a further substantial increase in data volume can be expected before the
end of the 2011 proton-proton run. The considerable higher instantaneous LHC luminosity in 2011,
with current peak values of 2.4x10%® cm™sec™, has come at the price of a large amount of pile-up
events, i.e. simultaneous proton-proton collisions in a single bunch crossing. The reconstruction of
events with about 10 pile-up events, sometimes reaching even values close to 20 and thus to very
track multiplicities and overall occupancy values, represents a challenge to all subsystems, from the
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Trigger level to Offline and Computing. The high granularity of the CMS detector, together with the
excellent vertex resolution thanks to the Pixel detector, allows coping with this situation in a rather
satisfactory manner. Also, the deployment of the Particle Flow algorithm, which makes use of the
whole detector information in order to reconstruct as many of the particles in an event as possible,
helps considerably in maintaining the very good physics reconstruction performance even under these
severe conditions. It is worth noting that Swiss Postdocs contribute to the development and
commissioning of this Particle Flow approach, most recently in the area of photon reconstruction,
which gains more and more attention in view of the importance of the low mass Higgs search. As an
example of the very good detector performance, in Fig. 8 (right) we present recent 2011 results [1] on
the comparison of data and simulations for various b-tagging algorithms, obtained with a leading
involvement of Swiss scientists. As can be seen, the agreement is quite remarkable, even under the
more difficult 2011 data taking conditions. Again, this excellent understanding of the tagging of b-
quarks is not only relevant for many Standard Model measurements, such as Top quark studies, but
also for searches for new Physics involving heavy quarks, and in particular the recently started search
for a light Higgs decaying to a pair of b- and anti-b quark, again with leading Swiss contributions.
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The very good performance of ECAL, measured with first data, is now confirmed with the much larger
integrated luminosity. The measurements of the trigger, identification and reconstruction efficiencies
for electrons are routinely performed and the results used in several data analyses. The larger
statistics now allows looking at finer details of the distributions; the largest discrepancy observed is
only at the percent level in a variable modelling the electromagnetic shower development. Today the
crystal intercalibration precision is at the level of 0.5-3% [2], depending on the pseudo-rapidity. The
energy resolution is driven by several effects: among these are the radiation-induced transparency
changes of the Lead-Tungstate crystals and the final super-cluster calibrations (a super-cluster is a
collection of crystals with significant energy deposits). At ETH, the PhD student H. Weber is part of
the effort in analyzing the transparency calibration data, the PostDoc K. Theofilatos is CMS contact
person for the ECAL local reconstruction and the PostDoc N. Chanon, together with our senior
scientist M. Donega, developed an alternative method to calibrate the energy of the super-clusters that
is going to be the standard approach to be used for the next round of Physics analyses.

Also for the pixel system detailed studies have shown excellent performance. The charge collection,
position resolution and hit detection efficiency were measured and compared with the detector
simulations. In addition, the calibration of the Lorentz deflection of charge carriers in the CMS 4 T field
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was performed. Fig. 9 shows the measured and simulated position resolution in the pixel detector
measured. The measurement technique is based on pairs of consecutive hits along a trajectory, in the
overlap region between adjacent modules within a layer [3]. The measured resolution is below 10 m
in the transverse direction for hits with charge sharing and is in good agreement with the detailed
sensor simulation.
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At UZH the PostDoc H. Snoek is coordinator of the pixel offline software group, together with Dr. U.
Langenegger (PSI), while the doctoral students C. Favaro and M. lvova have performed the
measurements of pixel position resolution and Lorentz angle, respectively.

2.3.2.3 The CMS Physics Results in 2011

The outstanding machine performance in terms of integrated luminosity, combined with the very
efficient and high quality data collection by CMS have provided large statistics data samples, which
resulted in a very large number of publications based on both the 2010 and 2011 runs. More
concretely, at the beginning of September 2011 the CMS collaboration has produced 68 journal
publications on physics analyses with 7 TeV collision data, in addition to 98 further preliminary
(conference) results, which are published in the form of Physics Analysis Notes (PAS). If we take into
account also the publications on the detector commissioning, performance, as well as lower energy
runs, then the total number of journal publications already exceeds a value of 100, which after such a
short amount of time is purely remarkable. The rich production of results has continued throughout this
summer, in light of the most important summer conferences (EPS in Grenoble, LP in Mumbai), with 38
public results submitted to EPS and a further 24 to LP. A complete list of results can be found at
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults.

The Swiss community has contributed in a significant manner to this physics output, both in terms of
actual analysis efforts, as well as in coordination roles. Most notably, Prof. G. Dissertori is the Deputy
Physics Coordinator of CMS, Prof. V. Chiochia co-leads the B-Physics analysis group and the ETH
Postdocs F. Ronga and F. Moortgat have led the leptonic SUSY analysis sub-group. Finally, F.
Moortgat has been nominated as co-convener for the JetMET Physics Object group for the upcoming
two years. These major coordination roles are complemented by further responsibilities by other Swiss
CMS members, such as in the area of data quality monitoring.

Before summarizing the most relevant physics analyses, it is worth mentioning that the members of
the Swiss groups in CMS have continued to make substantial contributions to the development,
commissioning and deployment of Physics analysis tools. They have participated and led the efforts
towards commissioning and performance studies of the reconstruction of Physics objects, such as jets
[4], missing transverse energy (MET) [5], electrons, photons and b-tagging [1] (see also section
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2.3.2.2). Furthermore, contributions have been made to the establishment of the Particle Flow
algorithm, most recently in the area of photon reconstruction. Since the low mass Higgs search in the
di-photon channel becomes more and more relevant, the ETH group is also contributing to a detailed
understanding of electromagnetic cluster reconstruction and the follow-up of transparency changes,
due to irradiation of the Lead-Tungstate crystals. Altogether these efforts aim at obtaining the ultimate
energy resolution necessary for an early discovery in this channel.

The Swiss groups have a large portfolio of physics analyses, covering the spectrum of Standard
Model physics (tests of strong interactions, heavy flavour physics, electro-weak physics, top quark
production), searches for supersymmetry and the so important search for the Higgs boson. In terms of
Standard Model physics, the ETH group has published the first measurement of hadronic event
shapes [6] earlier this year. This measurement (cf. Fig. 10, right) serves as an important input to the
tuning of QCD models of multi-jet production. Currently another ETH analysis is approaching the final
journal publication, targeting the first LHC study of diffractive production of W and Z bosons [7]. In
terms of QCD and electro-weak studies, ETH PostDocs have also contributed to the recent
measurement of inclusive jet production [8] and to the study of Vector Bosons plus jets production [9].
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Fig.10:

Left: Differential BB production cross section as function of angular separation R (MC normalized to region R >

2.4 (shaded)), from 10;
Right: Measurement of the central transverse Thrust distribution and comparison to various QCD Monte Carlo

models, from [6].

A rather unique result in the field of heavy quark production has been obtained from a collaboration of
the ETH and UZH groups. Recently we have published the first measurement of angular correlations
of b- and anti-b quarks in hadronic events [10], see also Fig. 10, left. The uniqueness of the result lies
in the fact that for the very first time it has been possible to resolve and precisely measure very small
angular separations of the two b-quarks, thanks to a new so-called inclusive vertex finder developed
by the ETH group, which reconstructs secondary vertices independently from jets and therefore has a
large angular separation power. For example, the gluon splitting contribution, which strongly
contributes to small angular separations, can be nicely resolved in this manner. It has been found to
be particularly large and not well described by the available Monte Carlo models. The UZH and ETH
groups are currently employing this algorithm also for a new measurement of b anti-b angular
correlations in association to a Z boson, which is a relevant background to searches for new physics in
b-quark decays.

The UZH group is conducting several analyses in the field of B-Physics. The measurement of the CP
violating phase f in the decay B; J/yf is an important test of the Standard Model and is sensitive to
new physics. In 2011 the group has contributed to the measurement of the B production cross section
[11] and is currently working on the measurement of the width difference ¢ between the two decay
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CP-states. A full angular analysis with flavour tagging to extract the phase f s is also ongoing. Fig. 11
(left) shows the invariant mass distribution of the J/ ( ) (KK) system. About 500 signal candidates
were observed in the 2010 data and a few thousands are expected from the 2011 run. The collection
of sizable samples of B decays was possible thanks to a considerable work on preparing high purity
and low rate triggers. For the 2011 high luminosity run, the UZH PostDoc E. Aguilo plays a leading
role in the B-Physics trigger group.

The PSI group achieved the first publication on inclusive b-quark production at the LHC with an
analysis of muons and jets, performed with the data taken in 2010. The fraction of signal events was
extracted from a fit of the muon transverse momentum with respect to the nearest jet [12]. The result
was compared to state-of-the-art theoretical calculations. The PSI group is also studying the decay
L, J/iyL with the goal of measuring the lifetime and polarization of the L, baryon. Fig. 11(right)
displays the invariant mass of the J/y (mnL (pp) final state showing a clear L, peak. The number of
signal candidates from a fit to the data is 106 in 194 pb™. The UZH group is extending this study to the
decay S, Lp with the goal of measuring the ratio of S, to L, production cross sections.
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Fig. 11:
Left: J/ Invariant mass distribution (full circles). The solid line shows a fit to the data. The signal contribution is

represented by the dashed line. The dotted and dot-dashed lines show the background contributions from prompt
and non-prompt J/ .

Right: J/ () ( p) invariant mass distribution. The full dots represent the data while the line is a fit to the
measured points.

Searches for rare B-decays play a key role in the BSM physics program of the CMS experiment. One
of the major highlights among the 2011 CMS physics results is the first publication of the search for
the rare decays B * ~and By * " [13]. The Standard Model expectation for these branching
ratios is at the level of 3.2x10° and 1x10™, respectively. However, in such an analysis also indirect
sensitivity to new physics is obtained, in particular in the Bs channel, since for example virtual loop
contributions from supersymmetric particles can lead to considerable enhancements of the branching
ratio and thus to possible earlier observations of this decay. The analysis has been carried out by the
PSI group under the leadership of Dr. U. Langenegger, with participation of physicists from ETH, the
University of Pisa, and the University of Nebraska. A blind (and therefore unbiased) analysis of the
first 1.14 fb™ of CMS data has resulted in a small number of observed events in the relevant di-muon
invariant mass range, consistent with background plus Standard Model expectations. This resulted in
upper limits of 1.9x10°® for the B, and 4.6x10° for the By channel, both at 95% C.L. Similar results
have been obtained by the LHCb collaboration, and a combination of the results from both
experiments has led to even tighter limits [14], representing the world’s best results so far, which start
to put very stringent constraints on possible low-mass-scale extensions of the Standard Model, in
particular supersymmetry. It is worth mentioning that this analysis heavily relies on the excellent
performance of the CMS pixel detector.

Such indirect searches for new physics are strongly complemented by direct searches. Here the ETH
group is making several leading contributions in the field of searches for supersymmetry, addressing
various distinct topologies. In fact, different final state topologies are studied (all-hadronic multi-jets,
same-sign dileptons, opposite-sign dileptons coming from a Z decay), all accompanied by significant
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missing transverse energy (MET) due to the production of a weakly interacting lightest
supersymmetric particles (e.g. a neutralino, which is also a dark matter candidate). The largest
sensitivity to strongly produced squarks and gluinos is obtained via inclusive searches for multi-jet final
states together with significant MET. However, this channel also suffers from the largest Standard
Model backgrounds, such as the irreducible background from Z+jets production, where the Z decays
to neutrinos. The ETH group has established a unique CMS analysis in this channel, exploiting the
power of the so-called MT2 ‘stranverse mass’ variable in terms of QCD multi-jet background reduction.
This variable can be seen as the extension of the classical transverse mass to the case of two
invisible particles in the final state. First results giving strong limits on SUSY parameter space have
been presented for this year's summer conferences [15], see Fig. 12, right. Going to a final state with
two same-sign leptons allows reducing the Standard Model backgrounds very strongly, while still
giving interesting sensitivity to new physics. The name of the game in this case is the precise
understanding of the so-called fake rates, i.e. the rates at which for example hadronic jets with a high
electromagnetic component are mis-identified as electrons. The ETH group has prepared an internal
CMS note with a generalized method for the data-driven determination of such fake-rates and now has
a leading involvement in the SUSY search in this channel [16], which so far has not found any
indications for physics beyond the Standard Model and thus put limits on SUSY parameter space (Fig.
12, left). A publication on the full 2011 dataset is expected later this year. Finally, in the topology with
two opposite-sign leptons, consistent with coming from a Z decay, together with jets and MET, the
ETH group has established a unique purely data driven search for new physics. Indeed, this method,
called Jets-Z-Balancing (JZB), purely relies on kinematic properties of the jet system recoiling against
the Z boson, which is reconstructed from its decay to two muons or electrons. Most notably, certain
background contributions can be estimated from data using the negative tail of the JZB distribution.
The top background is estimated from opposite-flavour events, again without the need of relying on
simulations. First results [17] have been presented at the early summer conferences this year, and
again a publication is expected for later in 2011. No signal has been found so far, and currently the
search result is being interpreted in terms of so-called simplified models, in the attempt to establish
less model-dependent limits and mostly give results in terms of simple topological cascades of
massive new particles.
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Fig.12:

Excluded regions in the parameter plane of the constrained minimal supersymmetric extension of the Standard
Model, as obtained in a same-sign dilepton search (left, from[16]) and from an all-hadronic search based on the
MT2 observable (right, from [15]) .

Finally, the Swiss groups are strongly involved in the now so important search for the Higgs boson. By
focusing on several channels a large mass range can be covered. The channel with the currently
largest sensitivity in the mass range from around 140 GeV to 180 GeV is the H WW decay, where
both W bosons decay to a lepton and a neutrino. This channel has been established by an ETH
member already in the 90ies, and since several years the ETH group has made leading contributions
to the preparation for this analysis, both on the experimental and theoretical side. Indeed, with the first
1-2 fb™ of data in hand, the CMS collaboration has determined a large mass range (147-194 GeV) to
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be excluded at 95% C.L. in terms of Standard Model Higgs production cross section times branching
ratio, since no clear evidence for a signal has been found [18]. For Higgs masses between 115 and
~140 GeV the most relevant channel is the decay to two photons. In this case it is most important to
obtain the best possible resolution in the di-photon invariant mass reconstruction, in order to establish
a peak on top of the large irreducible background. Indeed, this has been a driving factor in the choice
of a high-resolution electromagnetic calorimeter based on Lead-Tungstate crystals. Members from the
ETH group are contributing to this analysis in the understanding of higher-order contributions (‘K-
factors’) to the QCD di-photon background, and more recently to improvements of the clustering
algorithms for photon reconstruction and the understanding of crystal transparency changes due to
radiation, and its impact on the energy resolution. First CMS results [19] have been presented in
summer 2011, with no clear excess observed and thus limits put on the production cross section
corresponding to 1.3 — 8 times the Standard Model expectation. Finally, the considerable expertise of
the Swiss groups in the area of b-tagging and the experience obtained by first studies of B-hadron
angular correlations (see above), have put the ETH and UZH physicists in a leading position for the
Higgs search in the b anti-b decay channel, where the Higgs is produced in association with a vector
boson. Very first CMS results have been shown at the LP conference in August [20], which give limits
on the Higgs production cross sections of 7-20 times the Standard Model prediction, in agreement with
the background-only expectations for a dataset of about 1 fb™. The combination of all CMS Higgs
searches, including also other channels, which are sensitive to larger Higgs masses, is shown in Fig.
13 and reported in Ref. [21]. As can be seen, large regions in the Higgs mass range are already
excluded, with a small excursion around the mass range of ~140 GeV. However, when taking into
account the so-called look-elsewhere-effect, the statistical significance of this deviation from the
background-only expectation is only marginal. More data in 2011 will be needed in order to shed
further light on this.
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In the field of MSSM Higgs searches the UZH group has played a relevant role in the search for the
heavy neutral Higgs decaying in * ~ lepton pairs. Algorithms for identification were updated and re-
commissioned due to the larger pile-up conditions in 2011. The group participated to this effort and
performed a measurement of the identification efficiency from data using a “tag & probe” technique.
The work led to a reduction of the systematic uncertainty associated to the final measurement from
23% to 6%. The search was recently updated with 1.6 fb™, leading to no significant variation w.r.t.
Standard Model expectations [22].In terms of excluded region of the MSSM parameter space, in the
tan versus my plane, the result extends significantly the excluded regions compared to the 2010
result and represents the most stringent result to date.
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2.3.2.4 Planned Physics activities in 2012

Extrapolating the performance of the LHC, in terms of delivered luminosity, and even assuming further
improvements, results in expectations for an accumulated data sample in the range of roughly 10-20
fb™ by the end of the 2012 run. The centre-of-mass energy for next year has not been specified so far,
and a decision can only be expected at the traditional Chamonix workshop in January 2012, once also
the results from further machine tests are in hand. While a continuation at 7 TeV is possible, it cannot
be excluded that the energy is raised, for example to 8 TeV. The latter scenario enhances the reach
for basically all new physics searches, thanks to the rising cross sections. It would also imply that
many of the already performed Standard Model measurements at 7 TeV, and the necessary
commissioning of Physics object reconstruction, would have to be repeated under these new
conditions. The pile-up situation might be equal or less severe than currently faced, since it is planned
to go to a 25 ns bunch-spacing operation and thus to lower single bunch currents, while maintaining
the high instantaneous luminosity.

The efforts of the Swiss groups will definitely focus on the already well-established searches for new
physics, mostly in the SUSY sector, and on the search for the Higgs boson. While the SUSY searches
have still some potential for discovery, it is likely that by the end of 2012 very strong exclusions of the
simplest implementations of SUSY will be obtained. Further refinements of the analysis methods and
data-driven background estimations are in the planning, with final publications in winter 2012-2013.
Also, the search for the rare Bs decay to two muons will be further pursued and the analysis improved
with multivariate techniques. The large expected data sample will put the CMS experiment in a world-
leading position.

The SM and MSSM Higgs searches will be strongly continued by all relevant Swiss groups. If the
Higgs search narrows down to a window at low Higgs masses (around 120 GeV), it will become
necessary to combine all relevant channels and even the results of both CMS and ATLAS, in order to
firmly establish a discovery in 2012. As described above, the Swiss groups are firmly involved in the
important search channels. Assuming that a signal is observed, it is planned that the efforts will also
shift to a more detailed understanding of the production cross sections and branching ratios, in order
to identify if the observed signal is compatible with the Standard Model expectations. Here a close
collaboration with the world-leading theoretical groups in the Zurich area will be most beneficial.

Finally, efforts in the measurements of Standard Model processes will continue. The ETH group is
now establishing itself as a leading actor in the top cross section determination in the lepton+jets
channel, and significant results can be expected in the coming months and year. A more detailed
study of Z plus multi-jet production is in the planning, which should become relevant for the
background estimations in many searches of new physics. Larger datasets will also allow a more
precise measurement of b-hadron angular correlations in association to Z and W bosons. In the field
of B-Physics, the UZH group will further pursue the measurement of the CP violating phase  in the
Bs J/ decay. The PSI and UZH groups will also continue the measurements of B baryons decays.
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2.3.3 Swiss Contribution to the LHCb Experiment

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

The LHCb detector shown in Fig. 14 [1] is optimised for heavy flavour physics. The goal of this
experiment [2] is to perform systematic measurements of CP violation and rare b- and c-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.

' RICH
dipole | kTT
IT  magnet

Fig. 14:

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.

2.3.3.1 Swiss Contribution to the LHCb Construction

In the hardware construction, the participating Swiss groups concentrated on the LHCb Silicon Tracker
(ST) and a common readout electronics system of the LHCb detector, with a minor contribution to the
VErtex LOcator (VELO) electronics.

The Silicon Tracker [3] is a large-surface (12 mz), wide-pitch (180-200 m) silicon-strip detector that is
used in reconstructing charged-particle trajectories in the LHCb spectrometer equipped with a dipole
magnet. The Swiss groups have been responsible for the design, construction, operation and data
reconstruction of the LHCb Silicon Tracker, which comprises a station (TT) located at the entrance of
the dipole magnet, constructed at University of Zurich, and the other three stations (IT), the inner part
of the T1-T3 tracking stations, located at the exit of the dipole magnet, constructed at EPFL. The
readout electronics of the Silicon Tracker consist of a part that is located on the detector and 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. The former part was developed and produced by the University
of Zurich and the latter by EPFL as a form of the "TELL1" board also for other subsystems described
below.
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The TELL1 boards [4], developed and produced by the EPFL group, are the implementation of the
LHCb “off-detector electronics”, i.e. a part of the DAQ subsystem placed in a radiation-safe area. The
TELL1 has been adopted by the all LHCb sub-detector systems apart from the Ring Imaging
Cherenkov Detectors. By inserting appropriate plug-in boards, which are under the responsibilities of
the subsystem groups, TELL1 can handle both analogue and digital signals transmitted by the
detector specific readout boards placed near the detectors. Except for the vertex detector, all the
LHCb data are digitised close to the detector and transported by optical fibres to the TELL1 boards.
Complex data processing is performed by the board to prepare the data for the high-level trigger,
including synchronisation, and pedestal and common mode subtraction. After installation, we
experienced the failure of about 30% of the boards due to a PCB production problem. Some boards
have been repaired in our workshop, but they have a high probability to develop new faulty
connections. As a measure, further production of 150 TELL1 boards has been done. Judging from the
operational experience gathered so far, we believe that there are enough spares now.

For the VELO, the EPFL group developed “repeater boards” to transmit the analogue signal’s data
through 60 m of shielded twisted-pair cable to the corresponding "analogue receiver boards" [5] on the
TELL1. Another responsibility of EPFL for the VELO subdetector is the low voltage system to power
hybrids and repeater boards.

The Swiss LHCb group has also made an extra contribution to the online filter farm. The running
condition of the LHC in 2010 and 2011 has been very different from that originally anticipated. Already
in 2010, the machine delivered luminosities not very far from the designed one for LHCb. In 2011 the
machine has been delivering even higher luminosities. However, this was done with a reduced number
of bunches than the nominal one resulting in a much higher number of the average proton-proton
interactions per bunch crossing than the experiment was designed for. Although the LHCb detector could
cope with those complex events, more computing power was needed in the event filter farm to maintain
the trigger efficiency for the events of interest high. With our contribution, 120 extra processing cores
were added to the farm. A similar running condition is expected for the 2012 data taking.

In addition to the hardware construction, the EPFL group made a software description of the measured B
field of the LHCb spectrometer dipole magnet, which is used to determine the momentum of the charged
particles from their trajectory measured by the tracking system. During the short 2010-2011 winter
shutdown, an additional B field measurement was made in order to verify the original measurements.
After the careful analysis, some correction was applied to the software description for improvement.

Fig. 15:
Photographs of the ST test stand being set up at CERN (left) and of the TT test box holding a 150~cm long TT
detector module (right).
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To meet the needs of the subdetectors for test facilities close to the experiment, the LHCb
collaboration has prepared space and infrastructure for a common detector test stand in the surface
building at the experiment site. The test stand infrastructure is essentially a scaled-down copy of
LHCDb, using the same hardware components and control software, adapted to the special needs of a
test stand where needed. Common hardware components and control software are provided centrally
and shared between all subdetectors participating in the test stand. Subdetector-specific hard- and
software have to be provided by each of the projects. The ST specific part of the test stand equipment
will be able to read out one IT detector box and one TT detector module with up to six front-end
hybrids. A dedicated test box that can hold a TT detector module has been constructed in the
workshop in Zirich and shipped to CERN. The ST-specific control software has been adapted to the
needs of the test stand and is ready to be commissioned. The test stand should become operational
during the LHC technical stop in winter 2011/2012. Photographs of the current status of the test stand
and of the TT test box are shown in Fig. 15.

2.3.3.2 Detector Performance and Operation

Both parts of the Silicon Tracker, the TT upstream of the LHCb spectrometer magnet and the IT
downstream of the magnet, have performed extremely well throughout the 2010 and 2011 data taking
periods. At the end of September 2011, 99.77% of the 144k TT detector channels and 98.22% of the
129k IT detector channels are fully operational. The measured signal-to-noise performance of the
detectors is very close to expectations based on previous test beam measurements and the spatial
resolution is approaching that expected from test beam measurements and detector simulation.

Reaching and maintaining this excellent performance of the detectors requires a significant and
continuous effort, both during data taking periods and during LHC shutdowns.

The technical stop of the LHC during the winter of 2010/2011 was used successfully to repair TT
detector modules with broken wire bonds. After the installation of the detector modules in LHCb, a small
fraction of the modules developed broken wire bonds in between the silicon sensors and the front-end
readout hybrids. Possible causes for these failures were investigated and a stock of replacement
readout hybrids with slightly modified wire bond geometries was produced in 2010. During the technical
stop, all affected detector modules were dismounted, repaired and successfully re-installed in LHCb.
The repaired modules perform well. No further broken bonds have so far been observed in 2011.

A significant amount of work is also required to continuously monitor the calibration and performance
of the detector and to further improve the understanding of the detector data. Special data sets are
collected for this purpose at regular intervals. Also during normal physics data taking, unprocessed
raw detector data are stored at a low rate besides the standard pre-processed and zero-suppressed
data stream. Procedures and tools have been developed to determine and monitor important
operation and performance parameters from these data. A suite of online monitoring histograms has
been put into place that permits the LHCb shift crew to quickly spot problems with the data that are
being recorded. In addition relevant hardware and environmental parameters are continuously
monitored by the detector control system to ensure the safe and efficient operation of the detector. In
case of problems, alarms are generated, appropriate automatic actions are taken to put the detectors
in a safe state and experts are alerted.

A still puzzling feature was first observed in the TT shortly before the 2010/2011 technical stop. As peak
instantaneous luminosities delivered by the LHC increased rapidly, some of the TT detector modules
started to develop unexpectedly large spurious leakage currents. The cause of these currents is still
not fully understood but the situation could be significantly improved by an intervention that was
performed on the TT detector box during a short technical stop in May 2011. During this intervention, a
thin electrically insulating Kapton foil was installed on the aluminized inner walls of the detector box
facing the detector modules. Both the number of detector modules affected by high currents and the
amplitude of the currents were greatly reduced. Additional measures that might help to further decrease
these spurious currents are being contemplated for the upcoming 2011/2012 technical stop.
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Using 2010 and 2011 data, we contributed to the software alignment of the different tracking layers of
the TT before the magnet and of the T stations (IT and OT) after the magnet, with respect to the
VELO. This is closely connected to the knowledge of the magnetic field map and the calibration of the
momentum scale [6].

A new alignment method was implemented that constrains pairs of tracks from reconstructed D° Kp*
candidates to originate from a common vertex and to have an invariant mass equal to the known value
of the D° mass. This new method slightly improves the IT alignment with respect to the previous
alignment based on J/y mn candidates [7]. The reconstructed J/ly nini mass was observed to be
unstable in the course of the 2010 data taking, with a few sudden changes of the order of the MeV/c?.
This was tracked down to misalignments of the TT detector correlated with the operating temperature
of the TT modules, which varied in steps between +5C and -15TC [7]. Using the new alignment
algorithm, several new sets of alignment constants, one for each TT temperature condition, were
provided. This introduces an important systematic effect to be taken into account in the mass
measurements described further below.

Several tracking issues are still unresolved, in particular mass measurements seem to indicate that
the momentum scale is off by 0.05%, and the alignment constants obtained with magnet-on and
magnet-off data are in poor agreement. For this reason, the magnetic field was re-measured during
the shutdown in early 2011 with Hall probes in several locations inside the spectrometer in order to
check the field map based on measurements performed in 2004 and 2005 [8].

The analysis of the new measurements indicates that the current field map should be shifted
longitudinally as well as vertically (by distances of the order of 1 cm), and that a scale correction
similar to the one inferred from mass measurements is needed.

2.3.3.3 The LHCb Physics Results in 2011
The Swiss LHCb groups are involved in several physics analyses, their results are summarized below:

Following the earlier study on the K% production based on the 2009 data at s = 0.9 TeV [9], further
investigation on the V, production was carried out by analysing the data recorded in early 2010 at s =
0.9 and 7 TeV. This is valuable for the tuning of Monte Carlo generators and understanding the
mechanism of the strangeness production. Results on the anti-L/L and anti-L /K’ production ratios as
a function of the transverse momentum, pr, and rapidity, y, show [10] that the present event
generators cannot reproduce them. In parallel, the J/y production cross section was measured as a
function of py and y, using a larger data sample collected at s=7 TeV. The results [11] are in
agreement with QCD predictions. All these production studies rely on estimates of the integrated
luminosity and a general tool to determine the absolute integrated luminosity from the dataset used for
any analysis was devised for the collaboration [12].

Using the full 2010 dataset, a clear X(3872) signal was reconstructed from the J/yp*p final states,
where the Jy was reconstructed from the decays into nimi (see Fig. 16). From this result, preliminary
values for the production rate [13] and the mass [14] were obtained. Using the same dataset,
preliminary measurements of the masses [15] and of the lifetimes [16] were made for the B”, B, BY,
B*., and L, hadrons from the fully reconstructed final states containing Jly. As an example, Fig. 17
shows the measured B’ Jlyf proper time distribution fitted with a single-exponential function. All our
mass measurements are either already the most precise ones or still statistically limited such that
further improvements are expected with more data.
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Fig. 16:

Invariant mass distribution of
Jlyp*p, where the larger peak is
y(2S) and the smaller peak is
X(3872). A region of the second
peak in expanded in the inserted
box.

Fig. 17:

Proper time distribution for the
reconstructed B’ JIyf including
the background.

Fig. 18:

Invariant mass distribution of J/y*
after all the selection cuts, with a
clear signal of B<” meson.

Jiyf decays probes a possible contribution of

30



M&O request 2012 — final — 2011-10-28

weak interaction eigenstates, and f s, the phase difference between the Bs-Bs oscillation amplitude and
Bs J/yf decay amplitude are extracted to be 0.123+0.029+0.008 ps™ and 0.31+0.18+0.07 mrad with
341 pb™ of data, respectively, where the first error is statistical and the second systematic [18]. They
are the world most precise measurements, and in very good agreement with the Standard Model
predictions as seen from Fig. 19.

Fig. 19:

The decay width difference
between the two mass eigen-
states of the Bs® meson
system, DG and the CP
violation phase, fs, measured
from the decay time dependent
decay rates in B and anti-
B into J/yf. Contour lines
indicate the three different
confidence areas. It also
demonstrates the two-fold
ambiguity in the measurement.
The black square indicates a
prediction by the Standard
Model.

The search for the very rare decay B’ Wl is one of the early key measurements for LHCb. In the
Standard Model, the branching fraction for this decay is predicted to be as low as (3.2+0.2) x 10°.
Models of New Physics, especially those with an extended Higgs sector, can significantly enhance the
branching ratio. Observing a branching fraction in excess of the Standard Model prediction would be a
clear sign of New Physics, while improving the upper limit on the branching fraction puts severe
constraints on the parameter space of New Physics scenarios. LHCb presented an upper limit of
branching ratio of B’ W to be smaller than 1.6 x 10 at 95% confidence level at the 2011 summer
conferences, which is now the world best measurement, and does not confirm the excess indicated by
the CDF shortly before.

Fig. 20:

Forward-backward
asymmetry Agrg of the muon
in B° to K** * "~ decays as
a function of the dimuon
minvariant mass g°. The
preliminary LHCb
measurement (error bars)
is compared to Standard
Model predictions (shaded
bands).

Angular distributions in the rare decay B° K*pr' give rise to several observables with good
sensitivity to possible contributions from New Physics in the b to s loop diagrams. Particularly
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promising is the forward-backward asymmetry, Arg, defined by the angle between the W flight direction
and the flight direction of the B® measured in the rest frame of the p*p system. At the summer
conferences, LHCb has presented a first measurement of Az and other observables in bins of qz, the
dimuon mass measured based on a data set of 309 pb'l collected in spring 2011. As illustrated in Fig.
20, the results are in good agreement with recent Standard Model predictions and do not confirm a
possible deviation from the Standard Model prediction at low q2 as indicated by BABAR, Belle and
CDF previously.

The layout of LHCb as a forward spectrometer opens up unique opportunities for electroweak
measurements at the large rapidity region that is not accessible at other experiments. These
measurements permit to test Standard Model predictions and provide valuable input to constrain
parton distribution functions of the proton. As a first step in this direction, LHCb has presented
measurements of the Z and W production cross sections and of cross section ratios as a function of
rapidity, using the data set of 37 pb™ collected in 2010. Combination of ATLAS and CMS results,
covering the central rapidity region, provide unique information on the proton structure function

2.3.3.4 Planned Physics Activities in 2012

By the end of 2011, LHCb expects to collect 2 fb™ of data. By the summer 2013, another 2 db™ of data
could be expected. Building on the expertise gained with the L and J/y production analyses, we plan
to develop a b-baryon physics programme, using events passing the dimuon trigger. As a first step we
aim for the most precise L, lifetime measurement, with L, J/yL decays. We will then study the
strange b-baryons, reconstructed in the X, JiyX , Xp° JlyX (1530)°, and W,” J/yW decay modes.
Such b-baryon spectroscopy was initiated at the Tevatron, but the statistics is low and several
questions remain open around the masses, lifetimes and relative production rates of these states.

Spectroscopy study of exotic charmonium-like mesons decaying to a final state with a muon pair will
be continued. Besides the study of the well-established X(3872) meson, for example, we will search
for the new and puzzling Z(4430)" charged charmonium-like state, observed by Belle [19] but not
confirmed by BaBar [20].

For the study of mixing-induced CP-violation in B% J/yf decays, several challenges need to be
addressed, including improvements in the flavour tagging performance (the most obvious being the
addition of a calibrated same-side kaon tag) and handling of time-dependent inefficiencies in the
trigger and reconstruction. We will aim to reduce the total uncertainty on f 5 by a factor of at least three,
and become smaller than twice the Standard Model expectation for f. If the central value stays the
same as currently, this will severely constrain New Physics models. In addition, we also plan to get
involved in the study of charmless B decays generated by gluonic penguin transitions, b sandb d,
where New Physics may affect the branching fractions and CP asymmetries.

For the B nini decays, the LHCb sensitivity for the branching fraction measurement is expected to
reach a value predicted by the Standard Model by the end of 2012. Similarly, the measurement of the
muon forward backward asymmetry in B® K °nmini decays will be further improved and distributions of
the other decay angles, which are sensitive to new physics will be studied.
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2.4 CERN'’s Concept of Maintenance and Operation (M& O)

The detectors for the LHC have been built by large experimental collaborations, which take also 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 has also
to provide the necessary scientific and technical manpower to operate the sub-detectors or to other
components of an experiment it has contributed 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 M&O of the experiments are proposed
annually by the collaborations. They are calculated on the basis of the expected work and work-load
and are divided into three different categories, as defined by the CERN management:

Category A expenses are shared by the whole collaboration.

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 M&O costs of this part. These include repairs and spare parts for
normal operation. The manpower is mostly provided individually by the institutes in charge.

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.

2.4.1 Main M&O items for 2012

Typical items under categories A and B are magnet and cooling system maintenance, gas
consumption and cryogenics, heavy handling and crane operations, general technical support and
maintenance, beam-pipe and vacuum, on-line computing, communication, the collaboration
secretariat, and repairs and spare parts for the sub-detectors.

2.4.1.1 ATLAS

Dominant parts of category A costs are the required technical services like detector access, gas
systems, heavy handling and crane operations, and cooling and ventilation maintenance services.
Cost drivers are the operations of the LAr and magnet systems including the repair on turbines. Core
computing infrastructure services continue as planned.

In category B, the maintenance activities continue at a nominal level, as the detector systems have
now reached full operation status. In category B, important costs arise from running the detector
modules and related electronics and control as well as from the hired technical manpower to run the
facility. The maintenance of the Forward Detectors has been shifted from category A to category B, as
a community has been formed around them.

2.4.1.2 CMS

This year's request for category A costs represents a decrease of 10% compared to the 2012
preliminary draft budget, which was achieved mainly as a result of reviewing expenditures related to
DAQ hardware replacement. The main category A costs are the detector related costs (like gas
consumption, external cryogenics and general technical support) and the on-line computing
(computers and processors, system management). In the general services, the main elements are
cooling and ventilation, heavy transport, and reviewing and engineering.

Also for category B costs, a decrease of a few percentage points compared to the draft budget has
been achieved. The largest expenses are in Front End and standard electronics as well as the hired
manpower.
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2.4.1.3 LHCb

For category A, the budget shows a flat evolution, which is planned to continue for the period 2013-2015.
Detector related costs have been reduced together with General services, while detector related line has
increased slightly. An updated spending profile in the Online Computing due to the running conditions
of LHC, to the demanding LHCb physics programme and to the policy of acquiring computing power
on “just-in-time” basis has also been set. Overall, the detector related costs, online computing and
general services remain the most costly elements to be covered, and this proportion will also not change
over the years to come. For category B one may list the expenditures for CALO and RICH the two top
elements, cost-wise, with Muons, Outer Tracker and VELO following in a close cluster on third position.

2.4.2 The sharing rules applied to the M&O costs

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
(PhD or equivalent), who are authors of the scientific publications of the collaboration. They are
calculated annually on the basis of the previous year’'s data. For 2012, the Swiss institutes’ FTE
share is as follows: ATLAS — 23 PhD (= 1.3%), CMS — 33 PhD (= 2.4%), LHCb — 24 PhD (= 6.5%).

The sharing of category B costs is also laid down in the memorandum, which includes a list of
sub-detectors and components and contains 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, i.e. silicon strip tracking, inner detector, and
liquid Argon calorimeter for ATLAS, pixel tracking and electromagnetic calorimeter for CMS, and
vertex locator and silicon tracking for LHCb.

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 Resources Review Board (RRB) [2]. It meets twice per year in
separate meetings for each of the LHC experiments. A special scrutiny group [3] checks the budgets
in detail. The RRB discusses the budgets for each experiment and for each category 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
Foundation® but by a member of the CHIPP Executive Board (EB) and a physicist of the participating
institutes of each experiment.

2.5 Required funding

On 17-19 October 2011 the RRB approved the budgets 2012 for the M&O costs for the LHC
experiments and took note of the estimates for 2013 — 2015. The estimates are made to the best
knowledge of the collaboration managements, using the rules defined by the CERN management as
described in Section 2.4. 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 1'020'300 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 3 gives the detail of the Swiss contributions (in kCHF) to the
categories A and B for the year 2012 (bold print) as well as the expected contributions for the years

® The SNF is invited for each meeting, but has decided to not attend the RRBs.
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20113 to 2015. It also includes — for comparison — the year 2011 (grey shaded). The 2012 request is
therefore 5.4% lower than estimated a year ago and 2.1% lower than the 2011 request.

| | in kCHF | 2011 | 2012 | 2013 | 2014 | 2015 |
ATLAS | Total 258 269 269 269 269
Cat. A 187 192
Cat. B 71 77
Cat. B: Silicon strip tracking (SCT) | 41 44
Cat. B: Inner detector (IDGEN) | 21 23
Cat. B: Lig. Argon calorimeter (LAr) 9 10
CMS Total 525 | 495.3 495 495 495
Cat. A 344 319.3
Cat. B 181 176.0
Cat. B: Pixel tracking | 118 115.0
Cat. B: El.magn. calorimeter (ECAL) | 63 61.0
LHCb Total 259 256 256 256 256
Cat. A 171 175
Cat. B 88 81
Cat. B: Vertex locator (VELO) | 40 40
Cat. B: Silicon tracking (ST) | 48 41
| Sum | | 1042 1020.3| 1020 | 1020 | 1020 |

Table 3:

Swiss part of the maintenance and operation expenses in KCHF for the period 2011 — 2015. The numbers for 2011
are shown for comparison and are identical to the ones listed in the last year’s request. The numbers for 2012 are
based on the approved budgets for 2012, whereas the 2013 to 2015 numbers are best estimates. Switzerland as
a CERN member state is not charged on energy consumption.
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