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MD hours on the Schedule, Run2

MDs overview for 2015,2016,2017,2018
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m 2018 has indeed been a record year of
573 hours = 24 days. Least MD time in 2015: 16 days

m Turnaround and fault time - Efficiency confirmed at 75 %, up from 70 %.

m Availability from Improved over the years:
72 % in 2015 - 90 % 2018
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Highlights and Focus Points

m 2015 Highlights
Ramp & squeeze commissioning
Beta* = 40 cm commissioning
Beta*-levelling demonstrated
Crystal channelling at 6.5 TeV
Longitudinal bunch flattening operational
8b4e appeared in the LHC
Instability thresholds tracked
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2016 Highlights

m DOROS BPMS used for transverse coupling correction
m Single bunch instabilities — thorough studies, it is getting clearer
m Crossing angle scan - already used in physics 2016
m RF full detuning
m Experiments pile-up of about 160
m Clear impact on lifetime of non-linear IR corrections
m ATS telescope with beta* down to 10 cm for probes, tested mechanics
Half-detuning, flat bottom
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2017 Highlights

Many collimator tests, low impedance collimator, wire collimator, ....Xe
Crossing angle anti-levelling

IR non-linear corrections used in operations

Ballistic optics for BPM calibration

ATS flat optics started, use of ‘stronger ATS round’ optics

eCloud studies, 8b4e saving operation with 16L2

Diamonds and UFOs, Quench heaters and orbit

Q4 quench tests — TCDQ vs. TCT retraction, bunched asynchronous dump

Collimator jaw (active

part in MoGR)

Mo
= +10 mm~
0 mm -

TiN

.
<10 mm -

Width of Schottky sidebands varies with chromaticity
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From Chamonix 2018 Presentation

2018 High Priority MDs

m Understand e-cloud & heat-load and prove 8b4e as back-up for HL; [.]
investigate / prepare doublets

m Define LHC Run 3 optics including operational modes
beta* levelling confirmed in operation, MDs if necessary

m Fully demonstrate HL-LHC optics and operational modes
Round and flat ATS, linear and non-linear optics corrections

m  Quantify luminosity gain from BBLR wire collimators

m Prepare for LIU bunch intensities
Instabilities transverse and longitudinal, octupole strength and beam-beam

m Finalise demonstration of crystal ion collimation
m Emittance preservation, understand blow-up

m Understand beam loss dynamics and distribution causing magnet
guenches including asynchronous dumps

r
L%
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From Chamonix 2018:
Understand e-cloud & heat-load, 8b4e as back-up
Prepare LIU bunch intensities \/

Y

m 5 MDs in 2018 on this topic
m 8b4e checked against models, OK

m Heat load measurements with different bunch lengths - decreases with
increasing bunch length: dominated by dipoles

m Large telescope ATS with high bunch intensities

= Most important: flattening = Intensity scan 12b trains @ 450 GeV,

Comp(BJnent from beam screen impedance is subtracted
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From Chamonix 2018:
Operational modes, beta* levelling, ...
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m OP seems to be able to do anything they want with beta* and levelling

m |tis technically possible to use B* levelling = SQUEEZE with beam
colliding

m Machine protection aspects ...
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From Chamonix 2018:
Fully demonstrate HL-LHC optics and operational modes

m Round ATS optics: operationally proven
Combined Ramp and Double Squeeze, Tele-index of 3 end of ramp

Intensity ramp-up with 2 x 733 bunches, L = 3.6e33 cm-2s-1 with beta* 65 cm,
120 urad, Test with 1.6e11 p+/b bunch intensities — losses end of ramp

Negative octupoles, lifetimes 50 — 100 h; several stability studies,
Octupole Polarity swap in collision!
TCDQ levelling principle tested successfully

m Flat ATS optics
Round beam configuration Flat beam configuration

COIIiSionS Of trains, 60 COIIiding bunChesj (V—crossing in ATLAS, H-cressing in CMS)  (H-crossing in ATLAS, V—crossing in CMS)
negative Octupoles, crossing bump rotation ’

instability to be solved (HB2)

Optics corrections OK for safe
operation, but significantly poorer performance
than for round optics after extra iterations.

Evian 2019, 1/2/2019 Machine Development, Jan Uythoven 10



From Chamonix 2018:
Quantify luminosity gain from BBLR wire collimators

m Many BBLR MDs: 36 hours in 2018
m  Operation with trains

Very clear effect of the compensation even with
trains and reduced crossing. Gain of ~10 urad
with wires on.

MD 3263 - 29th of October 2018 - FILL 7386
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From Chamonix 2018:
Finalise demonstration of crystal ion collimation

Crystal/Absorber BLM signal ratio
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LHC Collimation
4 Project

Channeling was well kept for the whole duration of the squeeze

Conclusions

Full program of crystal collimation tests with ions completed
«  Complete characterization of all crystal devices with Pb ion beams

+ Loss map campaign with different settings to be compared with standard
collimation and previous measurements

«  Crystals kept in during squeeze
+  Test with sustained losses on all four planes at the same time
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From Chamonix 2018:

Emittance preservation, understand blow-up

‘Stable Islands’
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- Aot of investment by different teams on understanding beam
stability / blow-up
50 Hz studies, beam life time optimisation at injection, stable islands, ...
- No full conclusions on emittance preservation throughout the cycle —
need good line of attack
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From Chamonix 2018: \/

Understand beam loss dynamics and distribution causing
magnet quenches including asynchronous dumps

impact parameter 0.5 mm -
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m Finally no quench tests
m Beam losses could not be studied with limited bunch intensities

m  Asynchronous beam dump test with bunched beam at flat top

Q8/Q9 behavior now understood: Quench of MB.A8 leads to secondary quenches of Q8
and Q9 due to electro-magnetic coupling. The MB.B8 is then quenched due to heat
propagation.

MB.A/Q4: Analysis indicates that quench behavior Beam 1 is consistent with quench
limits and simulated beam impact parameter. Beam 2 behavior to be further analysed.

Q5 quenches under investigation, longitudinal variations quench limits and losses
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From Chamonix 2018

Killed, but rather

Special MD Request 2018 late. Priorities.
Done
m Injection tests at 225 GeV
m ATS with full telescope and > 1000 bunches / 3 )\ LASER photon
= Physics beyond colliders INu: )
T Done: ‘\Uzi%%@ﬁﬁﬁw
Beam Lifetime Gamma Factory
i | Lifetimes (fitted):
s PGh Intensity == - 2%  Injection: ~10h

FT: ~40h

This exceeded the
expectations
extrapolated from
SPS MD results.

208pp81+ .\

T -

\ 4%
Loss map
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MDs per category [hours]
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Mumber of hours and occurrences

Beam Ins__.

MDs on schedule for 2015,2016,2017,2018

Total number of hours: 1514
Total number of slots: 272
Total number of requests: 205
Total number of MD notes: 121

2015, 2016, 2017, 2018

Collective Collimation Electron Injection  Luminosity Machine  Operation Optics ATS
instabilities cloud and beam and protection
dump lifetime
Number of hours @ Number of slots Number of requests Number of MD notes

Optics Radio
corrections Frequency

m Collimation wins — lots of new hardware in prep for HL
m Followed by collective instabilities, lumi and lifetime, ...
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Memory Is short (selective): 2018

MDs on schedule for 2018

Total number of hours: 469
Total number of slots: 85
Total number of requests: 60
Total number of MD notes: 4
90

80
70

60

40

30

Mumber of hours and occurrences

20

10 I
0 - I I [ I [ | [ | I

Beam Ins... Collective Collimation Electron Injection Luminosity Machine  Operation Optics ATS  Optics
instabilities cloud and beam and protection
dump lifetime

Number of hours @ Number of slots Number of requests Number of MD notes

m  ATS optics first
m Collimation followed by electron cloud and collective instabilities
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Deadline end of
MD Notes April 2019!

MD notes/request [%]
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How “Operational” are MDs

MDs on schedule for 2015,2016,2017,2018

Total number of development slots: 95
Total number of operational slots: 177
50

45
40
35
30

25

20

15 I
1

I IIIII

Beam Ins... Collective Collimation Electron Injection  Luminosity Machine  Operation Optics ATS  Optics Radio
instabilities cloud and beam and protection corrections Frequency
dump lifetime

Number of hours and occurrences

o

w

Number of development slots @ Number of operational slots

m  Quite subjective, but most of MDs are related directly to what we are
doing, or will be doing soon, with the machines. See this Evian agenda

m |tis adirect investment in the machine performance of the future, little
‘pure research’

m Keep people interested and involved
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# MDs done / # MDs requested

100
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B0
70

#MDs done

#MDs requested

=60% |
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0
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N Requested D H Took Place =19

2018

m More than half the MD requests result in an MD taking place

m Criteria
Priority to ‘Focus Points’

O

O O o o o

Usefulness understood

LSWG to check on this,

readiness

Distribution between topics and groups

LMC to check on this

rMPP to check on machine safety
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End of Fill MDs or Floating MDs

Are hard to schedule
Are hard to include in the approval round, rMPP
Can be very machine time efficient

2016 saw an increase of the use of EoF — floating MDs
15 EoF MDs successfully done, with procedures
W= TestSeparationStability.doc

m 2017 and 2018 this went down again Iy ————

Vetoed by management towards end of T HighPileupTestFill-Procedures.pdf
2018 to increase operational machine efficiency® MP-XingAngle-Scans-IR15.docx

W= EOF249_ACSCavityVoltagePhaseModulat...

m Mixed bag 8- MD-end_of fill--TCT_closure.doc
W= MD1291_Halo-Scraping-Diffusion_v2.doc
Wiz MD1279 Bunch flattening v2.doc
U= MD1224-VACUUM-BKGD-TEST-v2.docx
W= MD1291_Halo-Scraping-Diffusion_v1.doc
i MD1483 procedure.|RNL.EoF.pdf
U= MD1224-VACUUM-BKGD-TEST-v1.docx

fWi- MD1280 single bunch longitudinal stabili...

W= MD1228_EOF_SingleBunchlnstability.doc
Wiz MD1213_OPscan.doc
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Machine Protection

m  No machine damage occurred during MDs
m Not aware of near misses either

m Detailed procedures for all MDs, not a discussion point anymore

m MPP meetings have cancelled or significantly changed only few MD
requests; constructive discussions

Most non-realistic MDs are cancelled during the first LSWG
meeting

Sometimes heavy — ion collimator coating MD
Cancelled one MPE MD

m Who is responsible during the MD that procedures are followed ?
First: MD requestor

Final: The EIC — should call rMPP in case of important deviations. Has
been very rare
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Typical Organisation Flow (example MDA4)

J—34d
J—26d
J—-14d
J-11d
J-10d
J-8d
J-6d
J-5d
J

1

10. J+7d
11. J+35d
12. J+180d :

© o N o g A W b E

Evian 2019, 1/2/2019

. Deadline for MD request

. LSWG presentations of requests few rejections
. Procedures written > New: Notice FOM

: LMC ‘listing’ and approval

. MD schedule draft published

. FOM (asking for J — 14d)

. IMPP meeting and approval

: MD schedule final

. Start of MD block

. LMC Dbrief presentation of results 2
. LSWG presentation of results

MD Note !
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T Accelerator Schedule
Management

Schedules

LHC requests

Provide search oriteria

MD Planning =
Basic @ "Assigned slots” like %2018%]

Controls Changes
v Request -~ Title w

Reports &' 4944 Measuring local coupling at the IPs

4 4824 Vacuum bump in IR7

4 4746 BFPP Quench Limit 2018

& 4510 Beam lifetime optimization at Injection

(4 4506 Aperture measurements with AC dipole

' 4505 Forced 3-D oscillations for fast optics and chromatic...

4 4243 022 optics in TI2

& 4203 Heat load measurements with high bunch intensity __.

[ 4168 Crystal Collimation Tests with Pb lon Beams

Bartek Urbaniec,
Chris Roderick

2:00 - 1500 - BCM: Mo Cryo: Low
MD4143 Noise studies with new ADT pickup
electronics

15:00 - Ramp down

16:00 - 22:00 JGEESY BoM: No
MD3270 Round ATS optics with large tele-
index

m Loads of clever options to search and display

m Introduced new flags on the schedule for the
experiments and cryogenics

Evian 2019, 1/2/2019
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cerN)Y Accelerator Schedule

\
2\ Management

m Started 2015 with OP tool: MD Coordination Web
Great start
Still lots of manual work in the background
Procedures on public dfs
m 2018: Launch of new Accelerator Schedule Management
One single reference for rIMPP and Operation
rMPP comments also within the tool (not visible for others)
Aim to define beams for injectors 2> FOM
Link to machine schedules — AFT — ...
Used for statistics reporting
m Plans for 2021
Procedures will be in a form to be filled in

This form will be the only place for definition of beams & filling schemes
Link to injectors
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Input from other bodies

m In 2018 there was more input from other bodies / committees than

before
HL-LHC Technical Coordination Committee, Group leaders, Project
Leaders, Directorate

LMC - formalised

m This affected the MD programming concerning 225 GeV injection
tests, several collimator MDs, proton quench tests

m OK — however information to MD coordination as early as possible

Use LMC as forum to present MD strategies / priorities before
presenting MD schedules for specific MD blocks to collect input

Evian 2019, 1/2/2019 Machine Development, Jan Uythoven
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Comments from ‘Operations’

LHC OP seems to be rather happy
Procedures well maintained in folder in CCC (Markus, Matteo, ...)

OP contact person not functional but for a large part covered by Matteo; MD
participants have become specialist. Changes required / also operators ?

Recovery and settings clean up after MD can still be improved - procedures
The injectors have more comments — reacted on emalill

Injectors have been very busy and LHC MDs are an additional charge

No provision on injector schedule for LHC MDs

m ‘LHC MD beam setup time’ in SPS and other machines on the schedules?

Injectors: Definition of beams for LHC MDs

Not updated on MD request after procedures finished

Earlier to FOM if possible (2 weeks with final programme is tough)

For Run3 the procedures will be a form with beam types & filling scheme

Overlap of LHC MDs with injector MDs or fixed target users — scheduling
and priority of LHC towards other machines

Preparation meeting outside FOM with parties involved...
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Conclusions

m The MDs over Run2 were a big success

Goals mainly achieved, huge amount of useful and interesting results
Nothing broken
ASM helped a lot \/
« MD organisation has become quite professional » (MA)
m To be done
Finish MD notes of Run2: April 2019
Determine Run3 strategy - MD-day 2019 (September)
m To improve — sort out
Injectors: prepare beams (ASM), schedule, filling schemes, MEET
OP contact for MDs
End-of-fill MDs — to be continued?
Input from other bodies as early as possible via LMC
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m Spares
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