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Outline

* End of powering tests and of LS2

= Beam commissioning
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Powering tests

= Smooth completion of powering tests, but the training campaign of the S23 main dipoles
and quadrupoles was much longer than anticipated !

Main dipoles: ~20 training quenches were expected, but 54 were required.
Main quadrupoles: no quench to 6.8 TeV in 2021, 13 training quenches in 2022.
Linked to the two consecutive cycles to room temperature?
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Training campaign

= During the training campaign spanning
20021 and 2022, 605 primary training
guenches were recorded on the dipole
circuits to prepare the LHC for Run 3.

3 sectors trained to 7 TeV.

2 sectors (78 & 23) were ~ trained twice.

- Despite the large number of quenches
only about half of the dipoles had a
primary quench.

LHC ready for operation at 6.8 TeV
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Cryogenics control issue on RF system

= The conditioning of the RF system had just been completed
when a failure of a control card affected the cryogenic
system in point 4 on March 18™,

= During fault recovery, the premature opening of a rupture
disk led to air contamination of the RF cryogenic system.
Most of the Helium was recovered at high pressure before the incident.

= Consequences:

Half of the LHC RF system required warm up to room
temperature,

The other half could be maintained < 60K.
= Important consequences on schedule:

RF conditioning to be repeated — 2-3 weeks, .
RF conditioning is not compatible with parallel beam operation. TV At
Followed by Low Level RF control setup. Rupture disk

Safety valve

LHC status — LHCC # 150 - 01.06.2022




RF recovery and the 2" half of LHCb VELO

= During the recovery of the RF system, it became clear that the second half
of the LHCb VELO detector would not arrive in time for the startup.

= An optimized VELO+RF plan was setup:

The LHC could start beam commissioning with half of the RF system(*) at the end of
the post-Easter week. This is sufficient for beam operation at 6.8 TeV with low intensity.

The other half of the RF system(**) could be conditioned for ~ same date.
On standby, not usable for operation.

The 8 days of VELO installation could be used to complete the RF setup of the 2"d half
of the RF system.

(*): the half maintained at 60 K (**): the half brought to room T
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Stop for VELO +

New schedule: RF & VELO RF low level

Startup delayed

by 9 days LHC + exp. dosed yp yisit Stable beams  pyiti-bunch
\L i cmmsoms | May | i | um Jul
Wk 14 15 I 16 I 17 I 18 I \ 19 20 21 22 23 24 I 25 26 I
= Startup delayed by 9 days, followed *mgm | R | L. S R —
by 2 weeks of beam operation. ] O | ey, NN T
-~ ~8 day stop for VELO installation S — ’ I
and low-level RF setup.

- First stable beams at 6.8 TeV —
media event — shifted to July 5,

= Overall delay of the pp physics run by
~2.5 weeks.

52 days of beam commissioning 10 days of scrubbing _
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Beam commissioning availability

Average machine uptime 79% (VELO stop excluded).

Actual availability ~5-10% lower (programmed accesses, short unrecorded faults...).
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Beam commissioning highlights Today

In progress for 5 weeks now
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Highlights — collisions at 450 GeV
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Highlights — test collisions at 6.8 TeV on vdm cycle
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President of Slovakia

Highlights — Presidential breaks

President of the Swiss Confederation
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Main dipole training

Highlights (!I) — quenches quench just below 6.8 TeV
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The 2022 operational cycle

CRS to 1.3m (IP1/5), 2m (IP8), 10m (IP2)
Complete setup of the @6.8 TeV LHCb Xing angle
rotation test

cycle during the 50 days r
of beam commissioning Squeeze to 60 cm (IP1/IP5)

Collisions

Levelling to 30 cm (Xing angle fixed)
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Beam commissioning status — injection energy

= Machine and beam configuration is finalized (optics, orbit, tunes etc).
- Essential tools and systems ~ ready.

= Injection protection and collimation alignments for high intensity completed.
Settings will be deployed soon, to be followed by machine protection validation.

= Cryogenic system re-configuration for high beam induced heat load
tentatively scheduled for next week.

Cryogenic system is currently in energy saving configuration.

= First short train injections (12 / 72 bunches) planned for next week.
This will lead us into the scrubbing periods at injection.
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Bunch train injection
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Beam commissioning — high energy

= Setup of ramp & squeeze to B*=1.3 m (ATLAS/CMS) / 2 m (LHCb) in completed.
= Betatron and off-momentum collimation alignment completed.
~ Local optics corrections (triplet magnets) in place for f* = 30 cm.

Reduction of peak beta-beating from ~150% to ~20%.

= Non-linear optics corrections (triplet magnet field errors) and global beta-beating
corrections in progress at p* = 30 cm.
= Main commissioning items after optics corrections are completed:
Final “cleaning” of squeeze 1.3 m to 30 cm.
Setup of collisions at 60 cm.
Setup of B* levelling from 60 cm to 30 cm.
Collimation and protection device setup, machine protection validation.
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Beam commissioning - stable beams at injection

~ Requests for 4+ fills of stable beams at injection.
No crossing angles in ATLAS and CMS to anticipate beam-beam / VDM studies.

= Current setup — first 3 fills with 4 bunches / beam — with coarse collimation configuration.
Increases background in the experiments.

Switch to nominal collimation configuration possible soon — if desired.
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Beam commissioning — special cycles

= Three machine configuration are commissioned in parallel to the nominal cycle.

= The ballistics optics (triplet magnets switched off) and the 60-degrees phase
advance optics are commissioned to improve the optics corrections at the LHC.

= The setup of the de-squeeze to 19.2m (ATLAS, ALICE, CMS) and 24m (LHCDb) for
VDM luminosity calibration is well advanced:
Ramp-desqueze setup completed, some fine tuning to be done.
Optics and beta* at 6.8 TeV have been measured (no correction foreseen).
First test collisions established.
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Beam commissioning — test collisions at 6.8 TeV

 First collisions at 6.8 TeV yesterday on the VDM cycle to bootstrap collisions at low beta.
Much larger beam size (o ~ 100 um) makes collision finding much easier.
Established references for future low-beta collisions.

= Luminosity scans with large beam separation
were performed to help establish first
luminosity normalizations.

(iE/R_'\‘w/ LHC status — LHCC # 150 - 01.06.2022
NS




Schedule to first physics collisions

- Excluding scrubbing and floating MDs, Rt c.f:;:;iii?‘ng”"m'”RZ"aT::‘"E‘ R T e ul
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Aim of the intensity ramp-up:

Luminosity [103cm~2s-1]
[
o

» Validate machine configuration and optics ’ '
 ldentify issues in machine protection system ) s .
 ldentify issues related to beam intensity N ‘& ’
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Strategy for 2022:

» Firstincrease the number of bunches at 1.2x10 ppb until the machine is full, then push bunch
intensity towards 1.4x101 ppb.

 Proposal for bunch number ramp up: 3/12-75-300-600-900-1200-1800- 2400-2700
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Injector status

— Excellent progress on LIU / HL-LHC beams in the injector chain.
= Current status of nominal LHC beam in the SPS:

Bunch intensity  Transmission Hor. Emittance  Ver. Emittance

(10* ppb) (um) (um)
1.55 94% 1.6 1.3
1.80 94% 1.9 1.6

= Nominal beam performance is suitable for the startup of the 2022 LHC run.
Nominal beam @ 1.2x10% ppb clipped to 48 bunches per train - emittances of < 1.3 um.

= The BCMS beam setup has not been done, activity Is just starting.
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Conclusion

= Longer than expected sector 23 training, issue with RF cryogenics and LHCDb
VELO readiness led to a shift of the schedule of 2.5 weeks: first “official”
stable beams on July 5,

- Beam commissioning is advancing well and is on track for July 5.
So far operating with single bunches, first train operation at injection expected next week.

 First stable collisions delivered at injection for detector commissioning.
- First 6.8 TeV collisions for experiments and machine setup.

= Injector beams are in good shape for LHC operation over the summer.
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What was done in Run 2 e e
« Separation levelling in IP2/8 E corama e

« 2017 onwards: crossing angle levelling with intensity 2
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