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LHC Beam Operation

Operation envelope
Progress with beam in 2009

2010-2011
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LHC nominal performance
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Nominal settings

Beam energy (TeV) 7.0

Number of particles per bunch 1.15 1011

Number of bunches per beam 2808

Crossing angle (mrad) 285

Norm transverse emittance (mm rad) 3.75

Bunch length (cm) 7.55

Beta function at IP 1, 2, 5, 8 (m) 0.55,10,0.55,10

Derived parameters

Luminosity in IP 1 & 5 (cm-2 s-1) 1034

Luminosity in IP 2 & 8 (cm-2 s-1)* ~5 1032

Transverse beam size at IP 1 & 5 (mm) 16.7

Transverse beam size at IP 2 & 8 (mm) 70.9

Stored energy per beam (MJ) 362

* Luminosity in IP 2 and 8 optimized as needed
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Instantaneous luminosity

3/26/2010 K. Foraz - CERN 4

Å Nearly all the parameters are variable (and not independent)
ï Number of particles per bunch N

ï Number of bunches per beam kb

ï Relativistic factor (E/m0) g

ï Normalized emittance en
ï Beta function at the IP b*

ï Crossing angle factor F
Å Full crossing angle qc

Å Bunch length sz

Å Transverse beam size at the IP s*
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ñThus, to achieve high luminosity, all one has to do is make (lots of) high population bunches of low 
emittance to collide at high frequency at locations where the beam  optics provides as low values of 
the amplitude functions as possible.ò   PDG 2005, chapter 25

Interaction Region

Energy

Intensity
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LHC performance drivers
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Intensity

Energy 

Interconnects
Training

Machine protection

Injector chain
Electron cloud effect
Collimation
Machine protection

Optics
Aperture

Machine protection

Nominal
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450 GeV

2 kA

1.18 TeV

Energy : Evolution of target
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When

7 TeV

12 kA
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Why

2002-2007

Summer 2008

Winter 2008

Summer 2009

Autumn 2009

Design ΧΦΦ aŀƎƴŜǘǎ ŎƻƳƳƛǎǎƛƻƴƛƴƎ

DetrainingΧΦ During hardware 
Commissioning

Splices ΧΦ {ŜǇǘΦ лу ƛƴŎƛŘŜƴǘ

Stabilizers

QPS connectors 
Breakdown at operational voltage

Connector quality 

5 TeV

9 kA

3.5 TeV

6 kA

R< 1nW

R< 10mW
(after quench)
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450 GeV

Energy: the way back
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When

Operationenvelope Progress with beam in 2009 2010-2011

What

2014 ?

2013

2012

2010 ς2011

January 2010

Train magnets
{ƘƻǳƭŘ ōŜ Ŝŀǎȅ ǘƻ ƎŜǘ ǘƻ с¢Ŝ±ΧΦ
7 TeV will take time

Long shut-down:
Interconnections & completion 
of pressure relief  system

Run @ 3.5TeV

Connectors fixed
Commission nQPSsystem
Commission circuits to 6kA

3.5 TeV

6 TeV

7 TeV



Intensity: limits 2010 2011
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Fix Imax to 6 1013 protons per beam at 3.5TeV
(about 20% nominal intensity)

30MJ stored beam energy

0.2%/s assumedÅ Collimation system conceived 
as a staged system

ï First stage to allow 40% of 
nominal intensity at 7 TeV

Å Imperfectionsbring this down

Å Machine stability and 
reproducibility also play a 
role

Å Cleaning gets easier at lower 
energies
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Higher intensities
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ÅWith experience assume that we can

ïMove to tight settings

ïAchieve 0.1% loss rates

ÅThen need to install something more

üProposal exists for next phase of collimation
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*̡ and F: 2010 2011
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ÅLower energy means bigger beams
ïLess aperture margin

ïHigher ̡ *

Å> 150 bunches requires crossing angle
ïRequires more aperture

ïHigher ̡ *

ÅTargets for 3.5TeV
ï2 m no crossing angle

ï3m with crossing angle

ege=n ebs=
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*̡: Evolution
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ÅAs energy increases, lower ̡* gets easier

ÅThe squeezeis always going to be challenging
ïOptics
ïCollimator

Å²ƛǘƘ ŜȄǇŜǊƛŜƴŎŜΣ ǎƘƻǳƭŘ ōŜ ŜŀǎƛŜǊΣ ōǳǘ ǎǘƛƭƭ Χ
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LHC performance drivers at start
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Intensity

Energy 

will start simple
&modest

Interconnects
Training

Machine protection

Collimation
Injector chain
Electron cloud effect
Machine protection

Optics
Aperture

Machine protection

Nominal

Start
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will run at highest 
energy safely 

possible

will start low 
and simple

Interac. region (̡ *, F)



Early beam operation

ÅEnergy limited to 3.5 TeVby the stabilizers

Å2010

ïIntensity carefully increased to collimation limit

ï *̡ pushed as low as possible

Å2011

ïRun at established limits

Repair of Sector 34
1.18

TeV

nQPS

6kA

3.5 TeV

Isafe < I < 0.2 Inom

*̡ > 2 m

Ions

3.5 TeV

~ 0.2 Inom

*̡ ~ 2 m

Ions

2009 2010 2011

No Beam B Beam Beam
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LHC Beam Operation

Operation envelope
Progress with beam in 2009

2010-2011
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Targetswith beam 2009

Operationenvelope Progress with beam in 2009 2010-2011

Do this with SAFE BEAMS

1012 at 450 GeVҦ 2 1011 at 1.18 TeV

LIMITS
2 on 2 with 5 1010 per bunch at 1.18 TeV
4 on 4 with 2 1010 per bunch at 1.18 TeV

AIMS

450 GeVcollisions
106 events

Ramp to 1.18 TeV
Collisions at 1.18 TeV
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Milestones reached
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Date Day Achieved

Nov 20 1 Each beam circulating. Key beam instrumentation working.

Nov 23 4 First collisions at 450 GeV. First ramp (reached 560 GeV).

Nov26 7 Magnetic cycling established (reproducibility).

Nov 27 8 Energy matching done.

Nov 29 10 Rampto 1.18 TeV.

Nov 30 11 Experiment solenoids on.

Dec 04 15 Aperture measurement campaign finished. LHCband ALICE dipoles on.

Dec 05 16 Machine protection (Injection, Beam dump, Collimators) ready for safe operation with 
pilots.

Dec 06 17 First collisionswith STABLE BEAMS, 4 on 4 pilots at 450 GeV, rates around 1Hz.

Dec 08 19 Ramp colliding bunches to 1.18 TeV

Dec 11 22 Collisions with STABLE BEAMS, 4 on 4 at 450 GeV, > 1010 per bunch, rates around 10Hz.

Dec 13 24 Ramp 2 bunches per beam to 1.18 TeV. Collisions for 90mins.

Dec 14 25 Collisions with STABLE BEAMS, 16 on 16 at 450 GeV, > 1010 per bunch, rates around 50Hz.

Dec 16 27 Ramp 4on 4 to 1.18 TeV. Squeeze to 7 m. Collisions.
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Injection
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Beam2

Beam1
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Beam dump
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IR6 H Beam2, extracted IR6 H Beam2, circulating
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Collimation after beam based set up (Ralph)

3/26/2010 K. Foraz - CERN 19Efficiency: > 99.9%
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