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8th Time in Evian

• 19 & 20 January 2010
• Hilton Hotel & Palais Lumière 

• 7 - 9 December 2010
• Hilton Hotel

• 12 – 14 December 2011
• Hotel Royal

• 17 – 20 December 2012
• Hotel Ermitage

• 2 – 4 June 2014
• Hotel Ermitage

• 15 – 17 December 2015
• Hilton Hotel 

• 13 – 15 December 2016
• Hotel Ermitage

• 12 – 14 December 2017
• Hotel Ermitage
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Evian LHC Operation workshop, 

Mike’s baby
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…and to only thing he gets..

…one bottle for every year..



While he prefers….
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Change of Physics Coordinators
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The Magic Physics Coordinators

Physics coordinator Jamie 

retires after 2 intense years

He very successfully 

accomplished his 

“peacekeeping” mission
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Christoph, who was deputy 

takes over as  physics 

coordinator

The master of filling 

schemes



New Deputy Physics Coordinator

Brian Petersen
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A quick look back at 2017
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2017,…another eventful year
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2017

Jan       Feb Mar Apr May Jun Jul Aug Sep       Oct       Nov       Dec

Apr 29th

First 2017 beam

May 23rd

First Stable Beams

June 5th

1 week scrubbing 

run and1st signs of 

losses in 16L2

Jul 20th

Orbit corrector

mitigation 16L2

Sep 21st

𝛽* 40 cm  30 cm

Jul 3rd - 7th

TS #1

April 1st

Gradual start of 

powering tests 

Sep 18th - 20th

TS #2

Aug 10th

Planned 16L2 

beam screen 

flushing

Aug 12th

16L2 beam 

induced Quench

Jun 9th

1st time 2820 

Bunches at 

450 GeV

Jun 3rd

RF full de-tuning

operational 

<100 ps p-p

Jul 19th

Stable beams 

2556 bunches

EYETS
Aug 9th

Record Peak 

Lumi: 1.74x1034

Sep 4st

Switch to 8b4e

Oct 30th

45 fb-1 reached

Oct 2nd

Switch to high

Brightness 8b4e

Nov 12th

Xenon ion fill

Dec 11th

End of 2017 run

Dec 4th



2017 Intensity ramp up with BCMS

• Smooth intensity ramp up, increasing the number of bunches

• First dumps on 16L2 losses experienced
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Up to 1741 bunches



16L2, at some point we were all puzzled…

Rende Steerenberg - CERN
US LHC Users Association Meeting  2 

November 2017, Fermilab - USA
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Even the Boss came to turn the knobs 😀



Losing and Reconditioning
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• 16L2 Beam Loss “Signatures” that result in beam dumps

• Variation of number of bunches during the “struggle” period

Attempting 2556 bunches Ramp up to 1500 bunches Running with 1500 bunches & frequent dumps



Cryo Heat Load: BCMS vs 8b4E
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8b+4e

8b4e intensity ramp upBCMS 1500 bunches 8b4e running with 1900 bunches
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Standard 25 ns 8b4e Beam
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8b4e 25 ns: PSB bunches divided by : 2  7 x 2 x 2 x 2 = 56

Each PSB bunch divided by 2 leaving 1 bucket empty at h=21

At high energy each bunch/bucket split in 4  8b4e

72 bunches

Eject 36 or
Inject 4+2 (3) bunches

h = 7 h = 21 h
=

 8
4

Eject 48 or

56 bunches
Controlled blow-ups

gtr

Double splitting at Ekin = 2.5 GeV Split in four at flat top energy

25 ns
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High brightness 
Empty buckets

• Due to the gaps in the 

25ns bunch trains the 

electron cloud production 

is largely suppressed

• Similar scheme as for 

the 25 ns standard beam

• At 2.5 GeV triple 

splitting, populating only 

two first buckets and 

leaving 3rd empty

• 8b4e = 8 bunches + 4 empty buckets



8b4e BCS Beam

• For same LHC bunch 

intensity PSB bunch 

intensity and 

transverse emittance 

is ~50% of standard 

scheme

• No longer splitting but 

batch compression by 

adding empty buckets
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8b4e 25 ns: PSB bunches only merged: 8  8 x 2 x 2 = 32

At high energy each bunch/bucket split in 4  8b4e

72 bunches

Eject 36 or
Inject 4+4 bunches

h = 9 h = 21 h
=

 8
4

Eject 24 or

48 bunches
Controlled blow-ups

gtr

Batch Compression, merging & splitting Split in four at flat top energy

25 ns
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High brightness 

Empty buckets

Batch

Compression

• 8b4e = 8 bunches + 4 empty buckets



Integrated Performance
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• ATLAS / CMS : 50 fb-1

• LHCb: 2 fb-1

• ALICE: 19 𝜇b-1

• The total integrated luminosity since the start of LHC is approaching 125 fb-1

2017
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• 2556 bunches until early August, despite 16L2 induced beam loss

• Beam screen flushing failed to mitigate 16L2 issue

• Stable operation only with ~1900 bunches of the 8b4e beam

• Despite 16L2 the LHC ran well above design peak luminosity, >2x1034 cm-2s-1, 

but no longer visible due to levelling at 1.5x1034 cm-2s-1

LHC Physics Run 2017

BCMS: Max 2556 bunches

8b4e: Max 1916 bunches

Un-levelled 8b4e



Luminosity Levelling & Anti-Levelling

• Initially we level the ATLAS & CMS luminosity down to 1.5x1034 cm-2s-1, 

using beam separation

• Once the luminosity burn-off kicks in we apply anti-levelling by reducing 

the crossing angle and increase the instantaneous luminosity

Rende Steerenberg - CERN
US LHC Users Association Meeting  2 

November 2017, Fermilab - USA
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Amazing availability and turn-around



LHC Availability & Improvements

• High machine availability, resulting in high stable beam time ratio

• The machine availability is high thanks to all the efforts made on all 
the sub-systems, by all the equipment and support groups

• Excellent functioning of machine protection

• HL-LHC methods successfully deployed in LHC, such as ATS, RF 
full detuning

• MDs were made operational scenarios

• Many enhancements made on diagnostics systems (ADTObsBox, 
diamond BLMs, etc.…) help to better understanding of Machine and 
beam (Instabilities, coupling, etc….)
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Actions From Previous 

Evian & Chamonix
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Cycle Optimisation

• Ambitious estimates to optimise cycles
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Actions from Evian & Chamonix

LMC 22 March 2017, by Mike Lamont

Did we manage ?

If not why not ? 



Time at Injection
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Actions from Evian & Chamonix

LMC 22 March 2017, by Mike Lamont

Did we manage ?

If not why not ? 

Can/should we 

further improve ?

• We spend 50% more time at Injection and came up with a 

set of potential improvements



Luminosity levelling

• We wanted to try to make crossing angle levelling a part 

of operation
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Actions from Evian & Chamonix

LMC 22 March 2017, by Mike Lamont

We managed to make 

this part of routine 

operation

Otherwise 8b4e pile-up 

would have been too 

high in ATLAS and 

CMS



Some limitations to be lifted

Chamonix summary

by F. Bordry
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Injectors
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Chamonix summary

by F. Bordry



CERN Machine Advisory Committee

Very successfully done
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We even did 30 cm

Continuing effort, not 

e-could dominated in 

2017

Chamonix summary

by F. Bordry



Planned 2017 Parameters
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BCMS: 1.74x1034

8B4e: 2.06x1034

Even down to 30 cm

2556, later ~1900

2556, later ~1900

140  120

Well beyond 50, hence 

luminosity levelling

Achieved with

8b4e  8b4e BCS

Chamonix summary

by F. Bordry



Plans for 2017
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We even did 30 cm

Reached > 2x1034 cm-2s-1

We used mainly 8b4e

Chamonix summary

by F. Bordry



Requested Performance
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Chamonix summary

by F. Bordry



Requested Performance
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Chamonix summary

by F. Bordry



The Evian 2017 Programme
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8th Evian LHC Operations Evian Workshop

12 – 14 December 2017, Hotel Ermitage - Evian
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• Chair: Rende Steerenberg

• Co-Chair: Jorg Wenninger

• Editor of Proceedings:

• Theodoros Argyropoulos

• Sylvia Dubourg

• Georges Trad

• Informatics & Infrastructure:

Hervé Martinet

• Workshop Secretary: 

Sylvia Dubourg

Programme Committee:

• Wolfgang Bartmann

• Enrico Bravin

• Massimo Giovannozzi

• Wolfgang Höfle

• Elias Métral

• Stefano Redaelli

• Rende Steerenberg

• Jorg Wenninger

• Markus Zerlauth



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.
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Sessions Talks Time
T
u

e
s
d

a
y

Introduction 1 25’ + 5’ 0h30

1. Availability & System Performance 8 135’+ 35’ 2h50

2a. 2017 Operation & Performance 5 85’ + 25’ 1h50

Guided discussion - 35’ 0h35

W
e

d
n

e
s
d

a
y

2b. 2017 Operation & Performance 3 55’ + 15’ 1h10

3. Injectors & Injection Process 5 75’ + 25’ 1h40

4. LHC Emittance Preservation 4 70’ + 20’ 1h30

5. Machine Developments 4 70’ + 20’ 1h30

Guided discussion - 45’ 0h45

T
h

u
rs

d
a
y 6. Operational Scenario for 2018 7 115’ +35’ 2h30

Guided discussion - 30’ 0h30

Wrap up 1 25’ + 5’ 0h30

Total 38 655’ + 295’ 15h50




