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Abstract

Re-starting the LHC after the YETS 2017/18 initially
included the revalidation of Sector 12 after its intended
warm up and the repetition of powering and machine
checkout tests as a function of the modifications applied
to the relevant systems. This contribution will recall the
main activities, the implied risks and resulting
revalidation needs as well as the resulting planning to
allow for an efficient restart of the LHC with beam in
2018 for its last year of physics operation in Run 2.

INTRODUCTION

Operation of the LHC in 2017 was limited by the
suspected presence of frozen atmospheric gas in cell
16L2, generating local beam losses as well as instabilities
leading to more than 60 beam dumps throughout the
operational year. To remove this limitation for the last
year of physics operation in Run 2, a thermal cycle to
room temperature (as already performed for the
replacement of the dipole magnet 31L2 during the
EYETS 2016/17) was integrated into the planning of the
YETS 2017/18. This comes on top of a considerable
number of (regular) maintenance and upgrade activities,
putting sector 12 on the critical path for the start of the
machine checkout and subsequent beam commissioning,
foreseen for the 28" of March, respectively the 2" of
April 2018. Following the confirmed presence (and
successful removal of the expected quantity) of
atmospheric gas in 16L2 during the initial warm-up of
sector 12 to 80K, the decision was taken to stop the
warm-up at this point in order to limit the mechanical and
electrical risks implied by a full thermal cycle.

YETS SCHEDULE

According to the baseline schedule V3 (see Figure 3)
[1], the YETS 2017/18 for the LHC was planned to last
for a total of 15 weeks. The YETS started on the 4™ of
December 2017 (a week in advance to allow for an early
opening of CMS to extract samples of the failing DC-DC
converters) and finishing with a 5-day long machine-
checkout on the 1% of April 2018. This period includes 11
weeks for YETS activities (interleaved by the 2-week
long Christmas closure), ~3.5 weeks for powering tests
and the aforementioned machine checkout period.
Powering tests are planned to start on Saturday 3" of
March, at first outside normal working hours. A week
later, on March 9™ the machine will be fully handed back
to operations, allowing for continuous phase 2 powering
tests to be conducted in all sectors of the machine. The
opening of the vacuum valves in all LHC experiments is
due by the 26" of March, which will also mark the
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earliest date where beams can be injected back into the
LHC.

Warm-up of sector 12 and investigations in
16L.2

The Evian workshop took place in the 2" week of the
YETS, and sector 12 had just reached 80K on the
weekend preceding the workshop. The 2 vacuum sectors
were already being pumped and a gas analysis was being
conducted to confirm the presence of atmospheric gas in
the interconnection of cell 16L2 [1].
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Figure 1 : Results from gas analysis in cell 16L2
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Figure 2 : Pressure evolution at different interconnects
along S12 during the warm-up, indicating an
unexpectedly higher pressure (~50x) in S12 than during
the previous warm-up.

As can be seen in Figure 1 and Figure 2, the gas
analysis [2] clearly confirmed the presence of constituents
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Figure 3 : Baseline schedule V3 at the time of the Evian Workshop

of atmospheric air. In addition, the pressure measured
along several pickups in S12 indicates a pressure ~50
higher than during the previous warm-up of S12 during
the EYETS 2016/17, indicating the presence of additional
gas quantities inside the two beam vacuum chambers.

From the pumping process, the quantity of air
previously trapped inside the cold volume could be
estimated to around 10.5cm® per beamline, which
amounts to around 71 of air at 1 bar and room
temperature. The quantity of water vapour amounts to
around 0.1g per beam line, which is in line with the
measured air volume. While this provides conclusive
proof of the presence of air inside the vacuum system, the
total quantity is clearly at the lower end of previous
estimations. As continued pumping during the following
days did not lead to the extraction of additional gas
quantities, CERNs management decided on the 13" of
December 2017 to discontinue the warm-up to room
temperature to minimize the inevitable mechanical and
electrical risks of a full thermal-cycle. The sector was
then prepared for re-cool down to 20K during the last
week before the Christmas closure. The fact that the
magnets in sector 12 finally never exceeded 80K will as
well limit the activities required in terms of electrical
quality assurance (at warm and cold) as well as powering
tests to achieve the full re-qualification of the sector
during the hardware commissioning period.

The shortened warm-up of sector 12 will also relax
many scheduling constraints, allowing advancing some of
the activities planned for AFP, wire collimators, survey
and HL-LHC cable rerouting to be done already in the
weeks of January and February.

Magnet circuits — main activities and powering
tests

The YETS activities also include a number of
interventions and upgrades of the magnet powering
system, which will require additional powering tests to be
foreseen during the subsequent hardware commissioning
campaign. The following changes are planned by the 3
main systems:

Quench Protection System

o Primarily preventive maintenance activities and few
type tests during powering test (PROJOINT, di/dt
Sensors)

o Interlock tests for all circuits with quench detection
equipment (with the primary focus on the main
circuits). This task includes the mapping of the QPS
interlock loop cabling (as LS2 preparation)

o \erification of device parameters, especially for
IPQs and 600A circuits

e Deployment of next generation remote reset units in
a few underground areas + positioning of additional
spares

Energy Extraction systems

e Preventive maintenance of 600A and 13kA EE
systems

e Pin replacement campaign to mitigate events on the
breaker control module (BCM) of RQD.A12

e Inspection of 30 600A systems with increased
number of closing failures observed

o Installation of new measurement + fast power abort
boards in all 32 13kA energy extraction systems



(requiring a full functional validation at OA, then
cycles and energy extractions at 760A, 6kA and
nominal current)

Power converters

e Replacement of % thyristor bridge on RB.A12
(following the water leak in 2017), requiring a short
circuit test to be foreseen before the commissioning
period and a heat run of several hours after
completion of powering tests

o Installation of two new 600A converters in point 1
for LRBB

o Installation of a new FIPMaster in all gateways
(addressing issue of gateways disconnections)

In absence of a full thermal cycle in sector 12 the
powering test program will be — apart from specific
revalidations  required for the  aforementioned
modifications - identical to the recommissioning after the
EYETS 2016/17. This will imply the repetition of all
interlock tests as well as at least one current cycle to
nominal current, amounting to a total of more than 7000
tests that will have to be executed and analysed during the
4 week long hardware commissioning period. Despite
sector 12 being removed from the critical path the
schedule remains tight, and a timely completion of all
individual system tests (IST) as well as an early start of
powering tests in at least one sector will be extremely
important for the successful completion of the test
program in the allocated time frame.

This is especially true as in addition to the standard
recommissioning program, a series of specific powering
tests and ELQA investigations will be performed [3] in
order to

e understand / localise shorts and/or performance
degradation in the corrector circuits (primarily spool-
piece correctors)

o reduce the probability of fast secondary quenches in
the main dipoles (in anticipation of future training
campaigns)

e understand / localise circuit parts with high
resistances (as input for LS2 consolidation).

These special tests include attempts to localise the short
circuits that have developed in the spool piece corrector
circuits RCS.A78B2, RCO.A78B1, RCO.A78B2 and
most recently in RCO.A45B1. If the precise location of
the shorts can be identified, this may allow for a better
understanding and a later mitigation of the mechanism
leading to the observed non-conformities in these circuit
families.

Additional tests and modifications will be applied to
further reduce the likelihood of fast secondary quenches,
by assessing the voltage pick-up by the quench protection
system due to the commutation of the current into the
bypass diode and by changing the delay of the energy
extraction system in the RB and RQ circuits (to assure a

reliable  triggering of the so-called
mechanism).

First results of investigations that were done at the

beginning of the YETS are already available as follows:

e The short which was observed at the end of the
operational year 2017 in RCO.A45B1 could not be
reproduced (only a few 100kOhms were occasionally
visible during the ELQA tests, with the frank short
last observed in early November).

o 2 heater induced quenches were performed in S45 at
a 10KA plateau to study the voltage pickups by the
quench protection system. The detailed analysis is
still ongoing.

e The location of increased resistance in the corrector
circuit ROD.A56B1 has been identified, and the
segment in question will be bypassed in LS2.

e None of the 12 RCBXH/V circuits (which showed
signs of detraining during the recommissioning in
2016/17) showed any visible degradation after
having been cycled many times during the 2017
operational year and after having seen quite a bit of
radiation. Final conclusions will be made after the
powering test in March 2018, it seems however
likely that powering to nominal currents will be
possible again for operation in 2018.

Machine Checkout

This final commissioning phase is used to affirm the
readiness of the LHC to inject and accelerate low
intensity beams and aims at revalidating all machine
protection and interlock systems (without beam), verify
the functionality of the control system, validate beam
instrumentation, drive all systems in a synchronized way
through the standard operational sequence and ultimately
declare all systems operational for beam operation.

In the past the efficiency of testing in this phase has
been constrained by the necessity to close the Beam
Permit Loops of the LHC Beam interlock system for a
large fraction of the scheduled tests, which excludes any
parallel activities or completion of tests in the powering
system or non-maskable BIS clients.

A mitigation has been made available since the last
EYETS with the introduction of a Local Beam Permit
Loop in IR6, allowing increasing the flexibility of testing
during the YETS and machine check-out phases. This
local loop allows to complete the test programs for the
LBDS, BIS and the LHC sequencer in parallel to other
activities, amongst others a local and remote reliability
run for the LBDS system which will last in 2017/2018 for
2, respectively 3 weeks in parallel to the YETS activities.

‘sun-glass’

SUMMARY AND OUTLOOK

Despite a relatively short duration of the 2017/18
YETS, numerous smaller modifications and consolidation
activities are planned that require similar re-
commissioning and validation efforts as after the EYETS
2016/17. A timely completion of all IST tests and the
possibility of early powering tests in some areas of the



machine are key in maintaining the tight planning. In
view of the increasing number of non-conformities in
spool piece circuits of the main sectors one could consider
not to operate the octupole circuits in 2018.

The discontinued warm-up of S12 will not change the
start date of beam commissioning (which is defined by
the opening of CMS vacuum valves), but will limit the
risk of creating additional non-conformities in the sector
while on critical path for the start of beam
commissioning.

The additional flexibility in terms of planning will also
be beneficial for the remaining activities in this sector, the
details of which will become available in a new version of
the schedule to be releases soon.
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