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A Wrap-up of Evian - 2017

R. Steerenberg, with a big thanks to all speaker for their material



First of All, Thanks I!!

Excellent presentations

Well prepared and structured sessions

Very fruitful, open and lively discussions

Very good atmosphere
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Avallability & System Performance
2017 Operation & Performance
Injectors & Injection process

LHC Emittance preservation
Machine developments
Operational Scenario for 2018




Avallability & System Performance




Pre-Cycle
Fault / Downtime 2%

Availability - AFT ™

Amazing availability, which was 7% higher
than in 2016, but we spend the 7% in

operation, due to 16L2 Op;r(;l;[/ions

Stable Beams
49%,

A major “improver” was the electrical network, that caused substantial
downtime in 2016 due to Weasels or stone martens

Probably because we killed them all.... {{zsaent "\

The Gruffalg

...which gave us the Arduinoid




Injectors AFT - Strategy

Root Cause Fault Times by System - Injectors Separated

llllll

If you get a few years in a row the ‘worst’
Rl ranking in the AFT pareto chart, you have
oo = to split up your system in sub-systems...
e~ | and somebody else will be worse off
—————— than you are...

Injection Systems

Beam Instrumentation

Electrical Network

Cooling and Ventilation

cccccccccc




Machine | Machine alone | Combined
Machine | Machine alone | Combined
Injectors - AFT ‘thacz oot -

PSB 97.9 % 96.9%
PS 95.6 % 93.1 %
SPS 94.5 % 90.7 %

A big effort was made to deploy AFT in the injectors

Learned much from LHC experience, but special features required

2018 should be used to consolidate and add extra functionalities so
that it can be used to its full extend for the post-LS2 restart
An important wish list is already established

...again human resources are required to review faults and ensure
good data quality

Seen the high availability of the injectors and the
LHC it will be a challenge to beat this in 2018




System Performance

2017 was an Amazing Year, with amazing
system performance

New features have been deployed successfully
for the various systems either in view of HL-
LHC, higher reliability, increased functionality,
etc.

RF full detuning, ADT, SATURN, ...

Some problems are observed and action Is
planned to mitigate them

R2E, FGClite, Dump blocks, ...




2017 Operation & Performance




Feedback from the Experiments

Stable Beams [43.3%]
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From the machine side we pushed quite a bit to get new
features tested/operational

RF full detuning

Crossing angle changes during stable beams

ATS optics and beta* from 40 cm to 30 cm

Separation levelling (ATLAS/CMS)

8b4e and later 8b4e BCS

Experiments language course according to Jamie:
“we are not pushing for this” = polite way of saying not to do this




New optics correction approaches in 2017

From Linear optics commissioning, using flat orbits to
combined linear and non-linear optics commissioning

Changes to the strategy means 6 shifts estimated in 2018 for optics measurement
and commissioning team

Coupling measurement from BBQ of
limited use

ADT-AC dipole will overcome the normal
AC dipole limitation and allows obtaining
spectral data all around the ring

Coupling control to complete the
big-5




Beam Losses, lifetime & collimators
hierarchy
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Beam lifetime and losses are used as indicator of machine
performance

now regularly logged into the database
Increased level of losses wrt 2016 visible in both lifetime and
Integrated IR7 losses.

consequence of pushing machine performance?

..., but currently not an issue

Beam 1 is worse than Beam 2




Incoherent beam-beam effects and
lifetime optimisation

ATS Optics; B*=40 cm; Q'=15; Iyo=500 A;
€=2.5 pm; 1=1.25 10! e; X=150 prad; Min DA.

+ Yannis says: 5 sigmais ‘s
the save area for DA o320 s
= 60.315 506
« Adjust tune, chroma & y 455

60.310 4.0

octupoles 35

60.305 - . 3.0

62.300 62.305 62.310 62.315 62.320

Qx

« Assessed sensitivity to tunes, chromaticity and octupoles, with both
operational experience and simulations.

« Spot-on predictions of the crossing angle requirements in various
scenarios, including anti-levelling

« Crossing angle anti-levelling: Follow the intensity decays with
crossing angle along the iso-DA curve




16L2 observations, S|mulat|ons

- Many observations were made and '

amount of electrons necessary

Much better understanding through modelling

Data from LPC and AFT

60
Total integrated luminosity
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z % We did not so bad with 16L2, isn’t it ?
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mitigation special runs special physics
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Our understanding of the Instabllities
and mltlgatlon tools/strateqgy

When you can establish a strategy, you
generally seem to understand

On the other hand it all depends on the
“Menu surprise”

Understanding

Mitigation

Impedance reduction
« Collimator material
* Design of new elements

Bl =
GH@ST TRAW*\s

Machine control
» Online single bunch tune and coupling
correction
* Non-linear optics correction
* Online detection and analysis
— fast reaction to operational changes

ADTObsBox and logging
are vital !!!

Operational procedures
« Ramp and ATS
* 3* levelling
* Collimator mouvement in collision

Tele-squeeze in the ramp
beneficial for octupoles
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Cryogenics
- We have 160 Watt per half cell

Triplets Dynamic losses Estimated error
ITL1, ITR1 ~270 W +/- 10%
ITLS ~255 W +/- 10%

Instrumentation
fault

ITRS

We have 160 Watt per half cell

some ageing of some components are being observed and this will be looked
at in the coming years, but may cost serious money

For 2018 readiness they need 2 to 3 days during commissioning to test heat
load S1-2 without other things in parallel

We did not discuss e-cloud & heat load, as there is now a dedicated WG
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Injectors & Injection process




Impressive beam menu (flexibility)

PSB 1.4 GeV
: fm e |
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PS 2.5 GeV PS 26 GeV

25 ns spacing

]
1 I

Besides all other
now also “Pure
Batch Compression”

+ BCS 8b4e: AN RF harrﬂﬁonics
— 49 {11 21->42 -> 84
BCS not preferred o Z0.82eVs 1 . Extracted:
by experiment due Nj = 5.3 x 10" ,' l e, = 0.35 eVs
piha Ny = 1.3 x 101 pib
to non-favourable # bunches: 8 DS_ il
o j - Split factor: 4
filling scheme i SRS B - #bunches: 32
Intensity [1e1l p/b] Emittance [um] Pattern
25ns BCS (like 2017) 1.25 1.15(1.0) 1-4 (3) x 32 2 128 (96)
25ns BCS (high intensity) 1.30 1.20(1.0) 1-4 (3) x 32 = 128 (96)




Injectors: improving further
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- Constant bucket area - les space charge

- Matching monitor needed (wirescanner used)

- BGI start giving data

- SPS wirescanners too few points - BSRT needed




Jean-Paul & Louise spend time at injection

- Reasons for failed injection attempts to be looked at in
further details

«  Apply filters and exclude MDs etc. from analysis

Causes of failed attempts
others (<3%)

IQC latch B1
SPS BQM:
beam not produced IQC latch B2
in injectors
SPS BQM:

bunch intensity not ok

- including SPS SiS latches

Some room for improvement




Hardware limitations at injection

1o, Marked points for 1.3e11ppb T-ppb for different bunch lengths and 2556 bunhes
Pl i i g it == LHC Ultimate 150 ' ! ' =1.0ns
* Max achievable —1.1ns
250 W Achieved
BCMS f.2ns
BCS " =13
o 200 R G B o —14ns
2 72 - 204 bunches
O
g 150 3 batches
m
100
50

o 1‘OBrigrﬁfnessz/o (p i'smméﬁ:)rad)s';m::n 1 11 12 1.311 14 15
bunch intensity (10° p)

4 batches possible, but if we push
intensity “too much” then 3

BCS not preferred by experiments

No issue for run 2, but for run 3 we
should make calculations for more
realistic values
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SPS and LHC batch spacing optimisation
AGK and Abort Gap Protection

SPS 2 225 ns = 200 ns

LHC - 900 ns - 800 ns

Transverse feedback damps “touched” bunches
Further kicker margin being studied/exploited
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; Sf; ,  :?" From hard-coded AGK to Variable AGK >
LS g more flexibiliy, but....
4 .'“ ,Mlm"'l Never inject too long trains - ensure

P =sme:  protection




LHC Emittance preservation




Cross calibration MD between instruments (and experiments) driven by Lumi imbalance in 2016

2017 low priority since experiments were happy!

20187
Machine performance driven:
Impact of mitigating 0.5 pum blow-up in Ramp on peak lumi
Is important
(ex: reducing beta star from 30 to 22.5 cm!!)

Our understanding of the phenomenonis directiy reiated to the diagnostic performance




LHC Emittance evolution during ramp

soremsssensnres IS ZONS e 8b4e MMM 2.51 TeV

il horizontal i [}
25 . ertical ‘ E
| . L]
| ¢ L]
: : : [
T 2.0 ' : 1 E
| | L4 ']
- : : i o
E : : :
] i I
| : g E
05; ; i 1
! [
| L |
| S ——— : §
0.0 Injection Start Ramp  Start Collisions Injection Start Ramp  Start Collisions Injection Start Ramp  Start Collisions Injection Start Ramp  Start Collisions

most blow-up occurs during the ramp!
in particular for the “small” BCS type beams

H and V likewise — indications from BSRT th@l is worse than b@
2.51 TeV ramp better in this respect!

BCMS (+.3) —> 1.7 —>2

8bde (+.4) _>19 —>23 Brightness dependency?
8b4e BCS (+.7) —> 1.2 —>1.9
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Flat top - Collisions
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Machine developments




MDs, a good long an short term investment

Prioritized requested MD time
A large amount of MD found ———

operational application: 01234567 Highpriority=24days
40% in 2015 and 2016 Optics [ in calendar time

Collimation this needs 34 days

o

Instabilities

2017 to come in 2018.... e-cloud
OMC

OP

Incoherent/Emit

Very busy MD programme with Wire
LS2 ‘just’ ahead of us one

RF

MP
ABT
Special
225GeV

170% overdemand
for high priority MDs!

From 300%

[2%] awn paisanbau |ej0} jo Juadiad

Aioud
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Lol

MDs are also a valuable source of tools development for operations

Good to see that the user community pushes for Python and CO jumping in
“Resources”
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Lively discussion on how to improve MD preparation: mainly communication
New scheduling tool to become available

s There is little time for many great ideas

¥ LHC MDs promise to stay at the forefront of
accelerator physics and technology

THANKS!




Operational Scenario for 2018




_ /vob/.
Input from the experiments s,

All experiment prefer 25ns BCMS over 8b4e and
“standard” (288b)

With some form of anti-levelling and if necessary levelling to
avoid too high pile-up

Special run, although some were moved forward, still a
substantial amount for 2018

4-week heavy ion run, challenges ahead
Base line Schedule for “flexible” planning (CMS state?)

As much integrated luminosity as possible and a to be
defined target for LHCDb

ointisithat you can't
be too greedy.

Donald Trump




Recovery & Qualification

. Made easier with the decision not to fully warm up S1-2 for 16L2
Very encouraging news from the vacuum side

Cancelled warm-up of S12 will:

not change start date of beam commissioning (defined by opening of CMS vacuum
valves)

Allow additional flexibility form some of the remaining activities

but allow to complete necessary validations with reasonable planning
Limit the risk of additional non-conformities while on critical path
Updated YETS schedule to arrive soon

Nevertheless still ~ 7000 tests to be performed

Some specific powering tests are added in anticipation of LS2 activities

. 10 days of early powering has proven to be extremely important
. Avoid overlapping of ELQA, powering test and machine check out

. Issues with MCO circuit: shall we switch them off for 2018 ?
. Leaving the Arduinoid in place, as decided in LMC - confirm with EPC !




Heavy lons in 2018

- Machine configuration:
« Rapid transition from p-p to pb-pb configuration

- Make cycle as simple as possible to reduce
commissioning time, but still 3 options for R&S on
the table with different beta*

+ Injectors: Best 2015 518 bunches _~ Tn

Bunch PS Batch 100ns 100ns

SN T s AR T

Peak lumi could reach 5x design 2018 More bunches than in 2015 ~ Train
3-5x10% 100ns 100ns 100ns

‘ n\ﬂ L)) N n-n N ﬂﬁﬂ (/L1500 ) n"'“n L7150 () ) n"‘“ﬂ

Quite a few things remains to be decided, but there is still time....
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Instrumentation: What to expect next year

Impressive list of new things and/or changes:

DOROS improvements - more precise

Diamond BLMs - no big changes to be made before LS2

Head-Tail monitors - a new challenge for data storage ?

Schottky monitor about ready to be included in the Accelerator cockpit and
future ambitious plans

Coronograph - halo monitor

BSRS (Slit Scanner)

Quadrupolar pickup (using DORQOS) in view of measuring beam
size/emittance

16L2 and satellites at injection losses have shown that
“Diamonds are a girls best friend”
Accelerator physicists

Improvements eagerly awaited, but not before LS2




Operational tools from 2017 to 2018

New ideas and processes require NEW oo s o o s
tools :°

Coupling, various forms of levelling,

Very good collaboration ABP-CO-RF-OP
for tools development

Tools were and are being put in place
and analysis performance being
improved

New functionalities are being added

Quote: “Getting things done as a Team” to see how to do this best.

| would say: The team got things done!

Continuous levelling and g* levelling available after YETS
to be commissioned during intensity ramp up




Beam dynamics and levelling scenarios

Very impressive beam menu from the injectors
25ns BCMS is considered the base line
25ns BCS backup in case e-cloud would be an issue

With 2018a collimator settings, B* = 27 cm is possible
If 2017-like aperture confirmed, B* = 25 cm is within reach in 2018

Medium or Large telescope for ATS ?
Extra commissioning time needed

1.1 fb-t/day
= > : BCMS
Y BCMS 25cm

g
»

&

With assumptions !!!
and not all taken
Into account

1.1

Integrated Luminosity
[fb]
&

0.9 ™1 25e11 1.3e11 1.deld 1.3e11 1.4e11  1.3e11 1.4ell

Separation levelling, crossing angle anti-levelling and then beta*
levelling to squeeze that last drops out




Machine configuration and parameters

- The fast ramp (PPLP) will be default
- B*=25cm can be envisaged!

All levelling method can be used and
combined scenarios can also be

Parameter
Beam type
Bunch intensity

Value
BCMS
1.2-1.45x 10" p/bunch

enVISaged Max #bunches per train 144
. Tanks to the studies and tools developed Total number of bunches 2556

. . . . : : Injection tunes 27.3/129.5

- Limited commissioning time e
Injection chroma 15/15
. No or real optics modifications possible Final B* 27/25 cm
«  Nevertheless some options with “minor” i Eel MG L el
. (same polarity as in 2017)
changes considered Separation -0.55/1.4/0.55/-1

TBD (-1.5 mm or -2 mm)

Once the yearly goal reached, dedicate  cMSbump
more time to development (more MDs
and/or new configuration) ???

Separation levelling, continuous crossing angle anti-levelling and then beta* levelling to
squeeze that last drops out




Tz &TE

Start powering | LHC, TIZ. TIE Experments
Jan Feb Mar tess dosed bees, apen

g
g

Start Beam
Commissioning

Apr May June

Wk 14 15 16 17 18 18 20 21 22 13 23 25 26

Mo Easter 3 B 16 23 a0 7 14| Whitsun 31 |SSne s 28 4 11 18 25
Tu Scrubbing | 1st May =
We Recommissioning et
Th with beam Serubbing Bscension

Fr

Sa oomimissioning &
irmensity ramp up

July Aug Sep

Th Jeune G
Fr MD 3

End of run

Oct Nov Dec

5 12 18 26 3 10 17| *mas 24

-
c
g
=
I
lon setting up| &
g
L

LHC Pb- Pb lon run

=
1
8
Powering Tests
Magnet Training

Evian - 2017

Rende Steerenberg 14 December 2017




Summary Table 2018 - 2017 - 2016
| 2018 | 2017 | 2016

Phase Days Ratio [%] Days Ratio[%] Days Ratio [%]
Comm. & Intensity ramp up 28 11.4 35 16.1 28* 11.3
Scrubbing 4 1.6 7 3.3 2 0.8
25 ns Proton Physics 138 56.3 127 58.5 139 56.3
Special Physics Runs 9 3.7 18 8.3 10 4
Setting up Pb-Pb ion run 4 1.6 - - 6 2.4
Pb-Pb ion run 24 9.8 - - 23 9.3
Machine Developments (MD) 20 8.2 18 8.3 21 8.5
Technical Stops (TS1 & TS2) 13 54 8 3.7 12 5
Technical Stop Recovery 5 2 4 1.8 6 2.4

Total 245 100 217 100 247 100

Integrated luminosity [fb1] ~ 60 50.2 39.7

* Did not fully include intensity ramp up — interleaved commissioning and interleaved intensity ramp up was as of 2017




LHC integrated Lumi Counter

: Int. Luminosity

Run 1 29.2
Run 2: 2015 4.2
Run 2: 2016 39.7
Run 2: 2017 50.2
Run 2: 2018 Min. 26.7 (forecast ~60)

Target Run 2 + Run 1 150 (~180)




Principal Aims of the Workshop

Review the 2017 LHC operation, performance and
availability;

Perform a critical review of individual system performance,

Take lessons learned and identify areas of improvement;

Exam beam related issues and develop an operational
scenario for 2018, including machine developments and
studies to be completed before LS2;

Prepare input for the 2018 Chamonix LHC performance
workshop.

| think we ticked the boxes




Next steps

The aim IS now to extract an action list from

both the Evian workshop and the upcoming
Chamonix workshop

Present and converge on the actions in an

dust .

..and then...




Another next - Proceedings

- Editors:
Theodoros Argyropoulos
Georges Trad
Sylvia Dubourg

1 paper per talk, no page limit
recommended length approx. 5 pages
Use the JACoW templates

Submission deadline: 28.02.2018

Detailed instructions on indico site




Special thanks to

Hervé Martinet for the technical
Infrastructure

Sylvia Dubourg, Workshop Secretary




Many thanks to ALL,
have a safe trip back
and enjoy the well-deserved
Christmas break !!!
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