Questions/clarifications for the CMS UK experiment

1. Vacuum: Concerning the vacuum problems seen in the 2010 and 2011 runs, please report  on any initial findings of improvements or otherwise from the 2012 LHC beam commissioning runs

A: The figure below was taken from the CMS General Weekly meeting report of 4 April, and the results seem to confirm a good quality vacuum.
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2. Tracker: FED boards where some parts are not replaceable.  What, if any, actions are being taken to ensure continuing long-term operations are not affected by future failures?

A: The main action we can take is only careful monitoring of the status of the boards, which naturally follows closely the DAQ activity we are responsible for. Up to now the reliability of the boards (over about five years) has been excellent. Only small repairable problems have been encountered and none with the optical receivers. We did aim to procure a generous margin of spares and, although this was limited by cost, we have 60 fully equipped spare FEDs, compared to 440 needed for full Tracker operation, ie almost 15%.

3. Tracker: Please quantify the rate of Tracker Single Event Errors found in the APV25s, and any trend observed with time or luminosity.

A: We are not able to calculate a precise rate of occurrence although we began to see evidence consistent with SEUs during 2011, and there appeared to be an increase correlated with luminosity. We are continuing to study the observation but we believe it is roughly consistent with estimates made and published in 2002, which was 100-200 SEUs per hour, depending on radial distance, at full LHC energy and luminosity. 

One reason that the number is hard to establish accurately is that, because of the effect of beam-gas interactions on the pixel detector and subsequent frequent resynchronisation of CMS systems, soft resets which rewrite registers on the APV25 chips are issued during a run at irregular intervals. However, an APV pipeline address error flag is only read out and recorded following a L1 physics trigger so we cannot be sure how many errors have actually occurred. At the time of the system design, re-synchronisation during a run was not expected to take place. In any case, it mitigates the impact of SEUs, so is actually beneficial.

4. ECAL: Please clarify what is meant by “cover for possible dismounting” in the ECAL section, in terms of risk, possible components to be replaced, time, and likely personnel and equipment cost. Does this refer to mitigation of the anomalous, large hadron-induced signals, or to loss of crystal transparency other effect(s) - to be specified.

A: “Dismounting” refers to any possible future “catastrophic” incident to EE, eg wiping out a significant percentage of one of the 4 endcap Dees.  Prior Risk Analysis would have to satisfy both ECAL and CMS management.  Would primarily involve Bell/Cockerill/Hill/Petyt from the UK and take O(1) SY of UK effort in planning, execution and recommissioning.  Not in any way related to anomalous signals or loss of crystal transparency.

5. ECAL: How do the anomalous signals in the ECAL barrel scale in 2009-2010 scale with luminosity and time? Might they require additional work and/or hardware intervention? If so, at what time and on what scale? Might further UK effort/equipment cost be required?

A: The rate of anomalous signals in the ECAL barrel is proportional to the collision rate of the proton beams.  It corresponds to one anomalous signal per 370 minimum bias collision events at a centre of mass energy of 7 TeV. The scaling of the rate with centre of mass energy is directly proportional to the number of charged tracks (dN/deta) per event. These signals are efficiently rejected (>99% efficiency) by cuts applied both in the online trigger and offline event reconstruction. These cuts are expected to be efficient up to L=1034 cm-2s-1 and beyond, with a minimal effect on triggering performance and offline electron/photon reconstruction.

The software used to ameliorate this effect will require development and effort from current UK personnel.  Hardware interventions to solve this problem are extremely unlikely at the level of the ECAL detector. These signals are only an issue in the barrel detector and therefore any hardware intervention would not be a UK responsibility. Possible intervention in trigger electronics is a possibility, but once more not a UK responsibility.

6. ECAL: What fraction of the ECAL channels are masked and/or show anomalous activity? Are these numbers stable?

A:  At the end of 2011 data-taking, 0.8% of barrel channels and 1.3% of endcap channels were inoperable. In addition 0.16% of barrel and 0.38% of endcap channels were classed as problematic (generally higher values of electronic noise) but were operable. Considering the inoperable channels, the energy of collision products can be reconstructed from trigger information in 70% of the cases in the barrel and in 13% of the cases in the endcaps. These numbers were stable throughout the 2011 data-taking period.

7. ECAL future (3.2.2): Please report on any current loss of capability caused by reduced crystal transparency and provide a forward projection of the scope of future effects. Indicate the potential timescale, and scope in terms of personnel and costs, of any EE interventions that might be required. Would additional UK personnel be required at CERN?

A: There is no evidence of performance degradation in either the barrel or endcaps from the 2011 LHC data. Crystal transparency losses of up to 20-30% due to radiation-induced electromagnetic damage in the inner region of the endcaps are corrected using the light monitoring system with no measurable degradation in the resolution performance of the detector.

Permanent light loss due to crystal colour centres induced by hadron damage is not expected to be significant in 2012. Simulations studies and laboratory measurements predict that it will become an important contribution in the endcaps (for |eta|>2) for integrated luminosities of 100-500 fb-1  (towards the end of the LHC running period, ~2020) and the dominant contribution for luminosities of 3000 fb-1  (HiLHC running period, beyond 2022). 
Performance estimates at this higher luminosity indicate that, even though the light yield at |eta|=2.2 will be reduced by a factor of 20, the constant term of the energy resolution may be as low as 2%. The overall resolution at 3000 fb-1  will be then be dominated by the noise term, due to the light yield loss.

It is possible that a fraction of the hadron damage may be recoverable through thermal annealing and optical bleaching of the crystals, with the chance of improving the resolution performance in the HiLHC period. 

Optical and thermal bleaching are presently studied, small-scale, in a test-beam.  Any on-detector intervention to implement these is unlikely to happen before LS2 (~2018).  Either would need extensive preparation.  For the UK contribution, this should largely be covered from the envisaged PPD staff, plus the requested 0.5FTE/year of RAL TD effort, plus the envisaged central ECAL and CMS M&O B expenditure.  This is unlikely to increase the UK M&O B contribution. 
8. ECAL future (3.2.2) On page 21, would the 0.5 SY Engineering TD effort requested for the ECAL be part of the M&O B reduction for VPT test systems at Brunel?   If not, could this be negotiated?  If so, would the M&O B cost go up if the ECAL TD effort is not granted?

A: We believe there is some misunderstanding here.

9. GCT: please report on the status of the replaced optical links. 

A: They were successfully commissioned in February and are operating in the experiment.

10. Computing: what risks are associated with having an operations team only 65% of the expected minimum? 

A: We are vulnerable to the loss of individual staff members, including natural turnover of a few PhD students, for any reason. So far we have coped and been able to recruit people of similar calibre as replacements. The UK has a good record of delivery of services, both for analysis and Monte Carlo samples. However, the lack of margin does give rise to sleepless nights.

11. Physics: p7 what is meant by “top mass and mass difference”? Does the latter refer to the top vs anti-top mass difference? 

A: Yes.

12. Data “long-term-parking”: which types of triggers and/or streams might fall in this category? Are existing streams/triggers unaffected by this change? How does this modification extend the possible physics programme in 2013-2015?

A: The following information is taken from a recent presentation given to the LHCC by Oliver Buchmüller (Imperial). Existing triggers should be unaffected. 

Three, in part rather complex, activities in the areas of B Physics, SUSY and Higgs have been studied in detail to establish the  physics case and feasibility of data parking/scouting in CMS:

SUSY: compressed spectra (w/wo 3rd generation squarks) ~ 50 Hz
VBF Higgs inclusive: Higgs properties & decay modes: ~100 Hz
B-Physics: precision measurements & searches  ~ 75 Hz

Additional data parking projects are currently under study (e.g. lowering single lepton trigger thresholds to record more W/Z/Top decays). In total we expected data parking proposals worth ~500 Hz, which will be categorized in short- and long-term parking.  We will prioritize them and ramp up data-parking over time during the 2012 run.

By 2013 CMS will have recorded and processed enough data to address the most important questions of the initial physics program; i.e. the search for New Physics at the 1-TeV scale and establishment or exclusion of a SM-like Higgs boson.

These additional data will provide the opportunity of a much-extended CMS physics program in the two-year long shutdown (and before) ranging from precision SM measurements to possible discoveries.

13. Physics effort (2.1.4):   Given their significant request for academic time, it is surprising that Brunel do not have any RG or Other support.  Has such support been previously sought from PPGP or elsewhere?

A: Yes, RG support was sought from the PPGP and given in the past. The last cycle was a particularly tough one, although Brunel have made noteworthy contributions to CMS, eg in the VPT work, computing provision and, recently, physics, particularly via students. We think the details of the request and its history should be explored directly with Brunel as their grant request is scrutinised.

14. Please provide one or more tables where M&O project commitments and Physics effort are broken down by financial year, and with separate entries for:
* Academic effort
* Core effort
* Responsive effort
* New CG effort

A:  We will provide this information as soon as possible. Easter, and vacations, makes this difficult.

15. Please provide a brief description of the experiments' management structure, including typical responsibilities and size of group managed at each level (and organograms if appropriate), and an indication for each CMS role in appendix 1 of what level it is. This is requested just for experimental responsibilities, not for roles within the UK organisation.

[bookmark: _GoBack]A: several organograms are attached to this document. In a collaboration of ~3000 people, it is difficult to give hard answers about the size of groups managed. For example the Tracker has ~500 authors, different physics areas are populated according to current popularity (the largest fraction of physics papers was in Exotics up to now, which represents a large number of small efforts), while the Higgs groups are fewer, etc. Hopefully the organograms give some insight into the organisation and PPGP members involved in CMS or ATLAS can provide supplementary comments.

A version of the table of CMS responsibilities is appended giving a rough indication of the level of responsibility. It should be noted that the designations L1-3 do not always correspond to official CMS levels.
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