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GENERAL

This document summarizes the principal LHCC deliberations concerning CMS at the Committee’s
sessions in June and September 2012.

The LHCC considers that CMS has made excellent progress in all aspects of the experiment
and the Committee congratulates the CMS Collaboration on its achievements. The highlight
of the recent period has been the discovery of a new particle consistent with that of a Higgs
boson.

CONCERNS FROM THE PREVIOUS CMS RESOURCES REVIEW BOARD

No major concerns were reported to the previous CMS Resources Review Board.

STATUS OF THE EXPERIMENT

PHYSICS

The physics programme is advancing well. CMS along with ATLAS, announced on 4 July 2012 the
discovery of a new particle, whose properties are consistent with that of a Higgs Boson.

Altogether, 170 publications have appeared or have been submitted to refereed journals by CMS,
with 40 papers in preparation for submission. In addition, 70 more publications are planned for the
2011 data set. The full planning for 2012 publications is underway.

The strategic physics priorities for the proton-proton programme are analyses with discovery
potential; such analyses are highly competitive and some of them are more tractable with the current
running conditions. High priorities include Higgs: fermionic (tt and bb) and ‘bosonic’ (gg, ZZ, WW)
channels. Other high priority searches include SUSY and non-SUSY solutions to the hierarchy
problem such as 3t generation partners. Sensitivity in B—ppu is approaching the Standard Model
branching ratio with the potential for observation after decades of searching. Understanding the
Standard Model in greater detail is also a priority; however it is manpower-limited. Additionally, CMS
is an active participant in physics studies for the far future planning exercises that are underway
currently within the framework of the update of the European Strategy for Particle Physics.

The physics prospects for the 2013 pPb run include nuclear modification factors out to high pr;
charged particle rapidity distributions over a large 1 range; and quarkonia production with PbPb
equivalent statistics. During the pPb pilot run, 2.3 M events were collected in 4.5 h, with a dedicated
High Level Trigger (HLT) menu that included fully-commissioned physics object triggers such as
jets, photons, and di-leptons. Notably the pilot run included common triggers with the TOTEM T2
Telescope for minimum bias events. The LHCC congratulates TOTEM and CMS on achieving this
milestone and looks forward to the joint measurement of dN/dn out to very high 1.



OPERATIONS

The LHCC congratulates the CMS Collaboration for efficiently recording the data and adapting the
experiment to the ever-changing operating conditions in responding to the increase in pile-up. The
CMS Collaboration has collected an integrated luminosity of 13.6 tb'! of 14.4 fb! delivered for an
overall efficiency of 94%. Of the collected data, 89% has been certified as ‘golden’. As a note, the
2011 final tally is an integrated luminosity of 5.56 fb-! recorded of 6.10 fb! delivered with 5.05 fb!
certified as ‘golden’.

There were three operational issues in August 2012 that led to a loss of 0.5 tb-!. The major source of
data loss occurred during a primary cooling failure caused by a faulty temperature sensor. A
secondary problem occurred during the cold-box re-connection when a safety system correctly
initiated a magnet fast discharge. The other two episodes resulted in major incident files being
opened with the CERN-wide Technical Infrastructure Operating Committee. The first was an
inadvertent HVAC (Heating, Ventilation and Air Conditioning) stop that led to a general cooling
shutdown. The HVAC stop was caused by an unannounced follow-up intervention to correct a
different problem. This episode was similar to an August 2011 incident. The final incident was a
misguided / unintentional manual intervention in which the Uninterrupted Power Supply (UPS) for
magnet control was switched off leading to an irreversible slow ramp-down of magnet current.

The operational channel count continues to be high. The Level-1 trigger menu is tuned for the
7 x 103 cm? s'! initial luminosity without impacting key physics channels, the rate is at the 100 kHz
limit and at the start of the fills, the dead-time is 5% and dropping quickly. For the HLT, CPU time
for event processing is linear with increasing pile-up, due in part to the re-implementation of the
Particle Flow Jet Energy corrections. As expected, some trigger paths, primarily related to the missing
transverse energy, remain non-linear. A notable efficiency improvement resulted from changed
quality criteria on isolation tracks in the T trigger leading to a 60% improvement in the H — 7Tt
efficiency. The overall HLT output rate has varied, with 400 Hz of data being written for prompt
analysis, and currently around 300 Hz of data (including the inclusive trigger for vector boson fusion)
is being ‘parked’ for analysis during the Long Shutdown 1 (LS1).

COMPUTING

Computing systems are performing well. The Tier-1 CPU resources are at full utilisation. A full
reprocessing of the 2012 Monte Catlo with new code and an improved pile-up distribution is nearly
complete. A full reprocessing of the 2012 data is anticipated in order to apply the best conditions.
The 2010 and 2011 data and Monte Catlo will also be reprocessed to prepare the data for ‘archival’

usce.

UPGRADES

The planning for the year-end 2012-2013 Technical Stop and LS1 is well advanced. The work
scheduled for LS1 is essential to position CMS in a satisfactory state of preparedness for physics at
13/14 TeV centre-of-mass energies and is the foundation of the Phase-1 upgrade programme. CMS-
specific risks to detector integrity, data quality and acquisition efficiency will be eliminated or
mitigated by performing substantial consolidations for several systems and correcting all known
detector faults affecting physics performance. The common infrastructure will be modified and
extended to accommodate Phase-1 detector upgrades during LS1 and subsequently. Upgrade related
tasks slated for LS1 are: (a) muon system upgrades, including the installation of the 4t layer of the
end-cap Cathode Strip Chamber (CSC) and Resistive Plate Chamber (RPC) detectors and the YE4



shielding wall, plus the displacement of part of the barrel muon detector off-detector electronics; (b)
the first stage of Hadronic Calorimeter (HCAL) phototransducer consolidation/upgrade for the
Hadronic Outer (HO) and the Hadronic Forward (HF); (c) installation of the 45 mm outer diameter
beampipe, necessary for the subsequent Pixel Tracker upgrade; and (d) installation of optical splitters
in the Electromagnetic Calorimeter and CSC read-out to allow commissioning of the trigger upgrade
in parallel to operation. The LHCC endorses the CMS programme of work for LST1.

Technical Design Reports (TDRs) for the proposed Pixel Detector and for the electronics upgrades
of the HCAL were presented to the LHCC, providing a complete and comprehensive roadmap for
delivering the detectors. Excellent progress was demonstrated in R&D and design. The
documentation included detailed work plans, credible schedules and budget estimates and well-
motivated physics justifications and notes that front-loading of resources would alleviate potential
pressure on the schedule. The LHCC congratulates CMS on these achievements.

The Phase-1 design considerations include a peak instantaneous luminosity of 2 x 103 cm?2 s! at a
bunch spacing of 25 ns. This implies an average pile-up of 50 (100 events for 50 ns bunch spacing),
with the potential for higher luminosity at the beginning of fills with 25 ns and with the fall-back
position of 50 ns and luminosity leveling. The upgrades are divided into three main stages: LS1
projects, Phase-1 and Phase-2 upgrades, with Phase 2 beyond the scope of the current TDRs.
Longevity of detectors and performance degradation due to aging are being evaluated through Phase-
1 and Phase-2 to assess flexibility with respect to the Long Shutdown 3 (LS3) schedule in 2022.

As noted above, Phase-1 project schedules take a step-wise approach to adjust to LHC performance
and possibly decouple from the LS2 schedule. This is accomplished by performing many tasks during
LS1 to enable installation of upgrades during the year-end Technical Stops. This permits the
commissioning of new systems in parallel with ongoing operations.

The LHCC received two TDRs, one each for the Phase-1 upgrades of the Pixel Detector and the
Hadron Calorimeter. The TDRs were accompanied by a much-appreciated summary document.
Each TDR contains a complete technical description, a summary of organisation, cost and schedule
and the physics justification of the new detector. The TDRs have been vetted through extensive
CMS internal processes to review the design, cost estimates and funding considerations. The upgrade
physics studies were reviewed using standard approval procedure for physics analyses. Engineering
Design Reviews and Procurement Readiness Reviews will begin in early 2013.

A reorganisation of CMS resulted in the Physics Analysis Groups (PAG) undertaking the physics
studies for the upgrade with the results outlined in the TDRs. Key benchmark signals have been
selected to evaluate the impact on physics performance. Understanding the properties of the recently
discovered boson with a mass of 125 GeV requires measuring precisely the branching ratios in all
Higgs decay modes. Additionally, to stabilise the Higgs mass against quadratic corrections, SUSY
remains a leading candidate for a natural solution in which (light) 3t generation squarks play a special
role. Such physics processes provide a benchmark for improved lepton identification, b-tagging,
missing transverse energy resolution and particle flow in high pile-up environments. For these
studies, 35 physics samples have been generated through the production mechanisms using standard
CMS Monte Carlo for signals and some backgrounds, as well as dedicated tracking and b-tagging
studies, for both an upgraded and current detector for an average pile-up <PU>=50 and
<PU>=100.

The Pixel Detector Upgrade Sub-project is organised as part of the CMS Tracker Project with broad
involvement from 46 CMS institutions in various aspects of the upgrade. There is a detailed project
schedule and milestones included in the TDR. The cost estimate prepared based on TDR-level
design is 17,100 kKCHF.



The Pixel Detector Upgrade TDR captures the CMS programme of work and the considerable
progress that has been made in all critical areas - read-out, sensors, modules, and cooling. CMS has
an exemplary plan for staging in components during LS1, notably a pilot Forward Pixel Detector
system and installation of the COz cooling plant. This will enable CMS to gain operational experience
and will enable the Pixel Detector installation in an extended year-end Technical Stop. CMS has
made an assessment of the risks and the schedule for insertion in 2016 is realistic though tight. CMS
has added expertise in the Pixel Detector Collaboration and has formed a tighter connection between
the upgrade projects and Technical Coordination.

The upgraded Pixel Detector will have high-rate capability and significantly improved tracking
performance at high pile-up while utilising the current sensor technology and read-out architecture.
The upgrade design has four barrel layers and three end-cap disks at each end with smaller inner
radius and larger outer radius, and includes a read-out chip with expanded buffers, embedded
digitisation and high-speed data link. While maintaining current infrastructure services such as power
cables and optical fibres, the upgraded detector will have reduced mass.

Associated Higgs production, H—ZZ* and SUSY particle searches were used to evaluate
performance improvement of the upgraded Pixel Detector. The analyses are based on simple cut-
based analyses as developed for 7-8 TeV centre-of-mass energy runs with limited tuning to a four
layer configuration and no tuning for 14 TeV centre-of-mass energy. For these reasons, the improved
performance estimates are taken to be conservative. For H — ZZ* with Z(*) decaying to pu+u- and
e*e, the upgrade detector provides equivalent of a similar physics reach as current the detector with
40-50% more luminosity. For the associated Higgs production, ZH — 1I, bb, the improvement in
signal efficiency is 65%. The sensitivity of the SUSY search in a yy+MET (missing transverse energy)
depends on the rate of electrons misidentified as photons. In the upgraded detector, that rate is
estimated to be 1.25% compared to 7.0% for the existing detector. These physics studies for the
upgraded Pixel Detector strongly motivate the upgrade. The studies confirm the intuitive choices
within the constraints that lead to an optimized 4-layer design.

The HCAL Phase-1 Upgrade Sub-project is organised as part of the CMS HCAL Project with broad
involvement from CMS HCAL institutions in aspects of the upgrade. There is a detailed project

schedule with milestones included in the TDR. The cost estimate prepared based on TDR-level
design is 8,045 kCHF.

CMS proposes to replace the Hybrid Photo-Detectors (HPDs) with Silicon Photomultipliers (SiPM)
in the Hadronic Barrel (HB) and Hadronic End-cap (HE) and replace read-out electronics. For the
Forward Calorimeter (HF) upgrade, multi-anode phototubes will be installed during L.S1. The front-
end and back-end electronics to handle the larger data rates will be implemented in phases. The
upgraded detector will have improved trigger capability background rejection, higher granularity and
higher signal-to-noise ratio. The HE/HB upgrade provides longitudinal segmentation and timing
capability will be added to improved the object identification and isolation as well as to mitigate
forward radiation damage with tuned weights. These upgrades address the sensitivity of the present
detector to anomalous signals generated in photodetectors and improve the performance in high
pile-up environments which is essential for the CMS physics programme. The motivation for the
longitudinal segmentation is to preserve the performance of the particle flow algorithms in high pile-
up events. The strategy is to implement upgrades in HF first - where performance is the initial
concern - then HB and HE where longevity and performance at high pile-up are the issues. The
schedule supports the Level-1 trigger upgrade with the back-end replacement by the year-end
2015/2016 Technical Stop with the HB/HE SiPMs and new front-ends with TDCs installed during



LS2. The upgrade of the HCAL is designed so that the detector tolerates the radiation dose
anticipated through the HL-LHC operations for 3000 fb-! total luminosity.

The physics studies demonstrate a strong motivation for the upgrade. For Higgs production through
Vector Boson Fusion (VBF) and H—1r, the upgrade provides an estimated efficiency improvement
of 2.5. This estimate does not include the expected improvements in particle flow. There is also
significant reduction in the jet fake rate. The study of H—Z27—4l (also used in the Pixel Detector
studies) shows that improved HCAL noise levels allow tightening of the cut for the electron
hadronic-to-electromagnetic energy ratio by a factor of three and the isolation cuts can be
significantly tightened for both electrons and muons with no distortion of critical observables. For
the SUSY signature p+jet+MET, fake MET was significantly reduced without affecting true MET in
signal events (where MET is the missing transverse energy). In addition, the tt+jets Hr distribution is
closer to the generator-level Hr. As a note, for these studies the improvements due to the particle
flow have not yet been folded in, leading the estimated improvements to be conservative.

The HCAL electronics upgrade provides connectivity to the foreseen trigger upgrade in parallel to
the existing trigger/DAQ system. Such an approach allows installation of the future system without
affecting the running system. The LHCC recognises the benefits of this implementation approach. It
is expected that the TDR for the trigger, anticipated in March 2013, will extend the justification
beyond operational considerations.

The LHCC endorses the HCAL and Pixel Detector upgrades without reservations.



