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Abstract
This paper summarizes the sessions devoted to Long 

Shutdown 1 (LS1) in the LHC, injectors and experiments. 
The time frame and start date were discussed, with the
main activities from powering tests prior to warm-up up 
to physics were presented. The session finished with a 
discussion on the maximum reasonable energy.

GENERAL FRAME
Long Shutdown 1

The present start date is fixedfor the 17th November 
2012..

It would be very difficult to start earlier, considering the 
large collaboration from outside institutes, as well as 
contractors. Moreover, as stated by the experiments, some 
components will be delivered in 2013. For this reason, the 
CMS experiment will be ready for beam on 1st September 
2014.

The question of pushing the start date forward was also 
raised. Despite the impact on resources, as emphasized by 
M. Nessi, the results of physics in 2012 will drive this
decision. Two break points (end of June and end of 
August 2012) were set to review the start date of LS1 
depending on the accumulated luminosity (15 fb-1 in 
2012)

The minimum time needed from “beam off” to “beam 
on” is 20 months. It will be followed by the cold check-
out and beam commissioning, meaning that physics can 
start by the end of 2014. As such, the 2014-2015 
Christmas Break shall be cancelled and machines will be 
kept in standby mode during one week. However, the risk 
of injectors operation for 2 years was raised.

The actual draft schedule of LS1 is represented in 
Fig. 1.

Figure 1: LS1 schedule

10 Years Draft Plan

Figure 2: 10 years draft plan

LS1.5 at the end of 2016 could enable the connection of 
LINAC4 and the exchange of the CMS pixel tracker 
(ready in June 2016). The results of physics during the 
second operation period (OP2) could change this picture. 
However, it will be difficult for experiments to move the 
dates of the following shutdowns because of budgets, 
resources, and the readiness of components.
ALICE and LHCb mentioned that the actual length of 
LS2 is not long enough (1 year). More details will be 
given after the LHCC in June 2012.

PREPARATION
Approval Process

The approval process both for the machines and 
experiments is progressing well and the programmes of 
the experiments have been approved by the collaboration 
and the LHCC. The prioritization of activities is well 
under way in the LHC and injectors, where the following 
rule was defined:

Priority 0: Safety
Priority 1: Beam to 6.5-7 TeV, nominal performance;
Priority 2: Reliable operation improvement;
Priority 3: CERN approved projects;
Priority 4: non-CERN approved projects.

This will enable conflicts or overloads to be detected
and decide what is compulsory, what we can afford and
what can be postponed until LS2. Special attention must 
be paid to requests which implicate the support from other 
groups.

Resources
Indeed, human resources are a key aspect for the 

success of LS1. The effort to find the missing external 
resources will continue (20% of the resources in charge of 
the splices consolidation are missing). The re-orientation 
of internal resources will be finalized early this year.

Preparation
Preparation is crucial and should not be 

underestimated: procedure to place contracts, safety 
analysis, Engineering Change Requests and integration. 
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The detailed logistics and schedules will be prepared this 
year for the LHC, injectors, and experiments. 

MAIN WORKS IN THE INJECTORS
Two normal Christmas shutdowns are foreseen at the 

end of 2012 and 2013 to carry out the usual maintenance 
programme. In addition, this time will be taken used to 
perform consolidation and upgrades in the different 
injectors. The detailed programme will be discussed 
during the IEFC workshop in March 2012. During the 
Chamonix session two major activities were presented:

The RF upgrades and consolidation programme;
Installing the new access system in the PS and SPS 
primary and secondary areas. They will be installed
during the fourth quarter of 2012, lasting 2 to 4 
months per zone. The commissioning will last two 
months early 2014 to be ready for the injectors run 
in April 2014.

Support groups, i.e.  EN-CV, EN-EL, and TE-VSC,
also highlighted that works induced by other groups have 
to be known as soon as possible in order to check whether 
resources are available.

MAIN WORKS IN THE EXPERIMENTS
ATLAS will install the new pixel layer (Insertable 

B-Layer (IBL) detector. It will be ready for beam by 1st

August 2014.
ALICE and LHCb both need around 15 months to 

perform various upgrades, consolidation, and 
maintenance.

The CMS programme is described in the Technical 
Proposal for the Upgrade of the CMS detector through 
2020. The complete programme of all desirable activities 
would require 23.5 months, but CMS can be ready for 
beam on 1st September 2014. By concentrating on critical 
items, the total duration can be reduced to 20 months, but 
the shutdown cannot end before September 2014, because 
of critical delivery dates locking the sequence.

MAIN WORKS IN THE LHC MACHINE
Typical Sequence 

The typical sequence in each sector is the following:
1. Powering tests prior to warm-up;
2. Warm-up to room temperature, including a one 

week standby, to better localize vacuum leaks;
3. Consolidation, upgrades, and maintenance;
4. Preparation for and cool-down;
5. Powering tests.

Powering Tests Prior to Warm Up
It is essential to commission all the circuits, except the 

main ones, up to 7 TeV to detect any eventual issues and 
be able to consolidate faulty circuits. In particular, the 
following circuits will be tested: RD3.R4, RD4.R4, 
RD2.R8, and RQX.L5, as well as all the missing 600 A 
circuits and all the circuits in sector 34.

Full support by experts (QPS, EPC) during the testing 
phase is essential and nMP3 should quickly analyze
critical cases. To reduce the impact on other activities (i.e. 
ElQA), powering tests will have to be performed during 
the evening/night for the high voltage circuits.

The plan is well-defined and a strategy will be set up in 
2012 with respect to the performance needed for each 
circuit.

Consolidation of the Superconducting Circuits
Last September, an external committee reviewed:

The final design for the consolidation of the main 
13 kA interconnection splices;
The status and risk analysis of all the 
superconducting splices in the LHC;
The quality control procedures and plans;
The update of the plans for the work organization, 
quality control, resources, and schedules.

The preparation for the consolidation of the 
superconducting circuits is in good progress:

The functional specification has been edited;
A final design for shunt and insulation is available;
The qualification criteria have been found adequate;
The consolidated “shunt” design has been endorsed 
by the Review Committee;
The installation of a single shunt on the quadrupole 
circuit has been endorsed by the Review Committee 
under certain conditions.

The possible use of Copper Stabilization and 
Continuity Measurements (CSCM) to qualify the 
consolidation of the splices for 7 TeV operation and 
validate the whole bypass circuit was raised. A type test 
will be done in one sector at the end of the run (sector 34 
in January 2013). A global CSCM campaign in all the 
sectors has not been decided yet and will last about one 
month.

In addition to the splices consolidation, the list of 
special interventions has been defined: cryogenic magnets 
exchange (19), remaining DN200 installation, etc.

It has also been decided to consolidate the 13 kA 
splices inside the DFBAs, in order to avoid failure in the 
DFBA which could lead to a very long repair time. 
Important differences exist with respect to the arc splices,
which is why the specific design has to be quickly 
initiated (mock-ups are necessary to define and test 
tooling and procedures).

Around 220 people are needed, 80% of which have
been identified (not all CERN and experienced). The 
external reviewers noted that training will be challenging,
and 2012 will be a key year for preparation.

There are still some open issues: DFBA, known circuit 
non-conformities, one undulator exchange with a spare 
one, the reinforcement of spider insulation, new thermal 
shield design, etc. Decisions will be taken in 2012. These 
issues could have an impact on the (already) ambitious 
schedule.
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Radiation to Electronics (R2E) Mitigation 
Measures

The foreseen improvements to mitigate the effects of 
radiation to electronics were detailed. This will allow the 
beam dumps to be reduced from 600 to 20 due to single 
event effects.

The workload is huge and works will be performed in 
parallel in 4 points. It mainly concerns the relocation of 
equipment and shielding installation. The integration of 
equipment and schedule has been done for points 1, 5,
and 8. The study of point 7 is in progress. A decision on 
the relocation of the safe-room is to be taken in March
2012, to be ready for LS1.

Vacuum
The vacuum activities will be centred on three axes:

Safety: All the consolidation related to the Safety of 
personnel and of the accelerator will be completed;
Performances: the vacuum system will be prepared 
for 7 TeV operation with high bunch populations up 
to ultimate. The Electron Cloud will be mitigated 
whenever feasible (at reasonable cost: resources and
budgets). The sources of background to experiments 
are a priority: HOM, RF inserts, ferrite heating, etc.
Review all the vacuum devices that have RF 
impedance fingers (redesign or repair);
Reliability: the vacuum systems and instrumentation 
reliability will be increased.

An operation margin will be kept in order to give room
for additional mitigation solutions.

Cryogenics
The consolidation for nominal performance recovery of 

the cryogenic systems is well advanced. 
Measures have already been taken to improve the 

cryogenic availability (the 2012 target is 95%). Certain
long cryogenic stops were avoided thanks to 
cannibalization and operation sharing of non-used 
cryogenic plants. This will no longer be possible at 
nominal intensity. For this reason, a strategy for the spares 
of the warm compressors has been proposed (~7-8 MCHF
and manpower to be found). 

The improvement of the sectorization in between 
sectors has also been proposed and discussed. This will 
optimize the time needed for splice-diode repair, the 
interventions on Stand Alone Magnets, Cold masses, and 
magnet removal.

Quench and Machine Protection
Major upgrades can only be smoothly implemented 

during long shutdowns: re-furbished / upgraded systems 
should be able to run without major overhaul for at least 3 
to 4 years.

There is no principal change in the functionality of the 
protection required for the LHC after LS1. Some 
protection settings need to be adapted to higher energy.

Several requests for enhanced supervision & diagnostic 
capabilities by equipment owners, experts, and users will 
be implemented.

A full re-commissioning of all the protection systems 
prior to the powering tests will be needed: a complete 
electrical quality assurance for all superconducting 
circuits, testing all the QPS instrumentation cables,
quench heater circuit qualification prior to implementing
enhanced supervision, and complete individual system 
tests: interlock tests, quench heater discharge tests, etc., 
and the verification of data transmission.

It was highlighted during discussions that a hardware 
commissioning coordinator shall be nominated, as well as 
point owners.

Electricity and Cooling and Ventilation
Four different types of activities are planned for the 

electrical engineering and cooling and ventilation:
The maintenance of the infrastructure. As the 
availability of these systems will be affected, it is 
essential to know which services are needed and 
when;
The consolidation of the infrastructure. As stated by 
F. Duval, the different systems are ageing;
Operation;
A large amount of requests from equipment groups.
Based on the last shutdown only 50% of the requests 
for LS1 are currently known.

EN-CV and EN-EL involvements during LS1 are at the 
maximum of their capabilities in terms of resources. 
Priorities will be enforced and some requests will have to 
be delayed.

ENERGY AFTER LONG SHUTDOWN
The strategy proposed by E. Todesci is the following:

Push the four initial sectors to 6.5 TeV (November
2013 to March 2014);
See if estimates are valid: 50 quenches expected in 
four sectors;
Fix 6.5 TeV as LHC energy and push the other four 
sectors to this level;
If more quenches are needed, fix 6.25 TeV as the 
LHC energy and push the other four sectors there 
( 10 quenches expected in four sectors).

SUMMARY
The minimal duration for LS1 is 20 months, meaning 

the time from physics to physics will be about 2 years. 
The actual start of LS1 is set for the 17th November 2012,
which will allow the Liquid Helium emptying from the 
machine before Christmas. However, delivery dates for
certain components are on the critical path of the 
experiments, which will allow the first beams for beam 
commissioning not before September 2014. Depending on
the results of mid-2012 physics, the start date of LS1 will 
be reviewed. The actual plan for injectors is in line with 
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the LHC plan, but the risk of running injectors for two 
years has to be assessed. 

The analysis of resources is progressing well 
throughout the complex (collaborations and internal 
mobility) and is being done according to priorities. 
Certain activities have already been postponed to LS2, 
and new requests will be carefully analyzed, as well as 
open issues.
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