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LHC Status Summary
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Status of the LHC

n We are almost at the end of the long road from 
the first public ñFeasibility Study of a Large 
Hadron Collider in the LEP Tunnelò (1984) to 
colliding protons and heavy nuclei in the LHC.

n Enormous efforts made in recent years to 
minimise slippage of the schedule.

n Solutions to engineering setbacks have been 
found and implemented

n Main cryogenic line (QRL)

n Low -beta (ñtripletò) quadrupoles

n Plug - in modules for vacuum interconnects

n Installation of the colliderôs hardware is complete.

n Hardware, then beam, commissioning will soon 
be fully under way.
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1232 dipole magnets operating at 1.9K
7TeV

Å8.33T

Å11850A

Å7MJ

The most prominent of a host of technological developments.
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Schematic LHC

n 4 large 
experiments

ïALICE

ïATLAS

ïCMS

ïLHC-b

J.M. Jowett, Quark Matter 2008, Jaipur, 7 February 2008

208 82+ 208 82+

p-p collisions at 14 TeV

Pb - Pb  collisions  at 

1.15 PeV 5.5  TeV

with nominal dipole field.
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Beam Commissioning to 7 TeV

Master Schedule (published 8 Oct 2007)
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Interconnection of the continuous cryostat

Leak tests of the last sub-sectors

Inner Triplets repairs & interconnections

Global pressure test &Consolidation

Flushing

Cool-down

Warm up

Powering Tests

Global pressure test &Consolidation

Cool-down

Powering Tests

General schedule Baseline rev . 
4.0
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Current outlook

n Expect whole machine to be cold by beginning of 
June  

ï2-3 weeks behind published schedule

ïTechnically feasible but ñsuccess-orientedò, 
i.e., sensitive to any major new problem

n Then start commissioning with proton beams to 
achieve injection, RF capture, good lifetime on 
the injection plateau

ïHard to predict time necessary, should not be 
rushed é

ï75 ns bunch spacing (for LHC -b) asap

n Real luminosity will depend on ability to protect 
machine

ïmust gain experience with collimation, etc.
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Commissioning of sector 78 (no triplet)

From RT to 80K precooling with LN2. 
1200 tons of LN2 (64 trucks of 20 tons). 
Three weeks for the first sector

From 80K to 4.2K. Cooldown with 
refrigerator. Three weeks for the first 
sector. 4700 tons of material to be cooled

From 4.2K to 1.9K. Cold compressors at 
15 mbar. Four days for the first sector
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23.10.2004, 13:39 Ą first beam at end of TI 8

TI 8 beam tests

23./24.10.04  

6./7.11.04

TI 2

TI 8
TT40   

beam tests  

8.9.03

SPS LHC

IR2

IR8

TI 2 upstream part installed and 
HW commissioned by 2005.

LHC proton injection - overview

Åcombined length 5.6 km

Åover 700 magnets

Åca. 2/3 of SPS

TI 2 beam test

28./29.10.07
PMI2

28.10.2007, 12:03

Ą first beam at end of TI 2

Courtesy of V. Mertens
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BTVI26706

First shot straight down the 
line.

This BTV screen is the last in the 
part of TI2 which could be explored 
with beam on 28 October 2007. It is 
located some 70 m after the lowest 
point in TI2, and some 700 m away 
from the temporary dump, which in 
turn is placed at some 50 m from 
the end of the TI2 tunnel, to avoid 

irradiating the LHC area..

Proton beam in TI2 at 12:03:47 on 28 Oct 2007

Courtesy of V. Mertens
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34 -2 -1

The proton beam for 

10  cm s   is ready.L
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Commissioning the LHC 
with proton beams
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Luminosity

n Parameters in luminosity
ï Number of particles per bunch

ï Number of bunches per beam kb

ï Relativistic factor 

ï Normalised emittance n

ï Beta function at the IP *

ï Crossing angle factor F
n Full crossing angle c

n Bunch length z

n Transverse beam size at the IP *

2 2

*
( )

4 4
b b

c

x y n

N k f N k f
L F F

2

*
Hour glass factor:  1/ 1
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c zF

* * *

* * *

2

*
* * *

   

Equal amplitude functions:   

,     

Geometric and normalised emittance:  

1

Round beams at IP:  

(N.B. LHC uses RMS emittances.)

x y

n
x y

n
x y

J.M. Jowett, Quark Matter 2008, Jaipur, 7 February 2008 12



Nominal p -p luminosity

Nominal settings

Beam energy (TeV) 7.0

Number of particles per bunch 1.15 1011

Number of bunches per beam 2808

Crossing angle ( rad) 285

Norm transverse emittance ( m rad) 3.75

Bunch length (cm) 7.55

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

Related 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 ( m) 16.7

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

Stored energy per beam (MJ) 362

Requires Phase II collimation
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Commissioning strategy for protons

Hardware 

commissioning

Machine 

checkout

Beam 

commissioning

43 bunch 

operation

75ns 

ops
25ns (I)

Install 

Phase II 

and MKB

25ns (II)

Stage A B C

No beam Beam

D

I. Pilot physics run
Â First collisions
Â 43 bunches, no crossing angle, no squeeze, moderate intensities
Â Push performance
Â Performance limit 1032 cm-2 s-1 (event pileup)

II. 75ns operation 
Â Establish multi-bunch operation, moderate intensities
Â Relaxed machine parameters (squeeze and crossing angle)
Â Push squeeze and crossing angle 
Â Performance limit 1033 cm-2 s-1 (event pileup)

III. 25ns operation I
Â Nominal crossing angle
Â Push squeeze
Â Increase intensity to 50% nominal
Â Performance limit  2 1033 cm-2 s-1

IV. 25ns operation II
Â Push towards nominal performance *

Complexity

Beam power

Losses (~1 )

Pileup

minimised by optimising 

, ,   (squeeze)

*

b

/ɓ

N k
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Stage A p-p physics run

n Start as simple as possible

n Change 1 parameter (k b N * 1 , 5 ) at a time

n All values for 

ï nominal emittance

ï 7TeV

ï 10m * in point 2 (luminosity looks fine)

Parameters Beam levels Rates in ATLAS or CMS Rates in ALICE

kb N * 1,5

(m)

I beam

proton

Ebeam

(MJ)

Luminosity

(cm -2s-1)

Events/

crossing

Luminosity

(cm -2s-1)

Events/

crossing

1 10 10 11 1 10 10 10 -2 1.6 10 27 << 1 1.8 10 27 << 1

43 10 10 11 4.3 10 11 0.5 7.0 10 28 << 1 7.7 10 28 << 1

43 4 10 10 11 1.7 10 12 2 1.1 10 30 << 1 1.2 10 30 0.15

43 4 10 10 2 1.7 10 12 2 6.1 10 30 0.76 1.2 10 30 0.15

156 4 10 10 2 6.2 10 12 7 2.2 10 31 0.76 4.4 10 30 0.15

156 9 10 10 2 1.4 10 13 16 1.1 10 32 3.9 2.2 10 31 0.77

Events/Crossing TOT

b

L

k f

Protons/beam <1013

Stored energy/beam <10MJ

(c.f. SPS fixed target beam)

J.M. Jowett, Quark Matter 2008, Jaipur, 7 
February 2008
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Evolution through p -p stages A,B,C

Parameters Beam levels ATLAS, CMS ALICE (LHC-b)

kb N * 1,5

(m)

Ibeam

proton

Ebeam

(MJ)

Luminosity

(cm-2s-1)

Events/

crossing

Luminosity

(cm-2s-1)

Events/

crossing

43 4 1010 11 1.7 1012 2 1.1 1030 << 1 1.2 1030 0.15

43 4 1010 2 1.7 1012 2 6.1 1030 0.76 1.2 1030 0.15

156 4 1010 2 6.2 1012 7 2.2 1031 0.76 4.4 1030 0.15

156 9 1010 2 1.4 1013 16 1.1 1032 3.9 2.2 1031 0.77

936 4 1010 11 3.7 1013 42 2.4 1031 << 1 2.6 1031 0.15

936 4 1010 2 3.7 1013 42 1.3 1032 0.73 2.6 1031 0.15

936 6 1010 2 5.6 1013 63 2.9 1032 1.6 6.0 1031 0.34

936 9 1010 1 8.4 1013 94 1.2 1033 7 1.3 1032 0.76

2808 4 1010 11 1.1 1014 126 7.2 1031 << 1 7.9 1031 0.15

2808 4 1010 2 1.1 1014 126 3.8 1032 0.72 7.9 1031 0.15

2808 5 1010 1 1.4 1014 157 1.1 1033 2.1 1.2 1032 0.24

2808 5 1010 0.55 1.4 1014 157 1.9 1033 3.6 1.2 1032 0.24

All values for nominal emittance, 7 TeV, *=10 m in points 2 and 8
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Staged commissioning plan for protons

Hardware commissioning

450 GeV and 7TeV

2008 Machine 

checkout

Beam 

commissioning

450 GeV

Machine 

checkout

Beam 

commissioning

7TeV

43 bunch 

operation
Shutdown

B C

No beam Beam

Shutdown
Machine 

checkout

Beam 

Setup
75ns ops 25ns ops I Shutdown

2009

No beam Beam

A

Most 
probable 

first 
Pb-Pb 
run
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Ion Injector Chain for LHC
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LHC Ion Injector Chain

Å ECR ion source (2005)

ïProvide highest possible 
intensity of Pb 29+

Å RFQ + Linac 3 

ïAdapt to LEIR injection energy

ïstrip to Pb 54+

Å LEIR (2005)

ïAccumulate and cool Linac3 
beam

ïPrepare bunch structure for PS

Å PS (2006)

ïDefine LHC bunch structure

ïStrip to Pb 82+

Å SPS (2007)

ïDefine filling scheme of LHC

J.M. Jowett, Quark Matter 2008, Jaipur, 7 February 2008
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Ion Injector Chain ïkey facts

n Beam required for LHC is much more demanding 
than SPS fixed target ion beams

ïRequired new electron cooler ring LEIR and 
many other changes and upgrades (bulk of 
cost of I -LHC project)

n Two sets of LHC beam parameters correspond to 
different modes of operations of injectors

ïñEarly beamò: 10 times fewer bunches in LHC 
but same bunch intensity , simplifies injectors 
but provides useful initial luminosity

ïñNominal beamò: full 592 bunches in LHC, 
more complicated injector operations

n See elsewhere for full information
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150 e Ae x 200 s Linac3 output after stripping
2 Same physical emittance as protons,

LHC Pb Injector Chain: 
Key Parameters for luminosity 10 27 cm -2 s-1

1 eVs/n0.40.050.025 eVs/n
long per LHC bunch3

11.653.9200total bunch length[ns]

~10ôfill/ring~503.63.60.2-0.40.2-0.4Repetition time [s]

1.51.21.00.70.25~0.10nor. rms) [ m]2

100100 100 (or 95/5)4bunch spacing [ns]

7 1079 1071.2 1082.25 1081.15 1099 109ions/LHC bunch

4.1 1010< 4.7 1094.8 1089 1081.15 109 1)9 109ions/pulse

59252,48,324 (or 4x2)42 (1/8 of PS)bunches/ring

23350150086.7   Ą57.14.802.28Ą 1.14Output B [Tm]

82+82+54+   Ą 82+54+27+ Ą 54+27+208Pb charge state

2.76 TeV/n177 GeV/n5.9 GeV/n72.2 MeV/n4.2 MeV/n2.5 KeV/nOutput energy

LHCSPS   12PS  13,12,8LEIRLinac 3ECR Source

1 eVs/n0.40.050.025 eVs/n
long per LHC bunch3

11.653.9200total bunch length[ns]

~10ôfill/ring~503.63.60.2-0.40.2-0.4Repetition time [s]

1.51.21.00.70.25~0.10nor. rms) [ m]2

100100 100 (or 95/5)4bunch spacing [ns]

7 1079 1071.2 1082.25 1081.15 1099 109ions/LHC bunch

4.1 1010< 4.7 1094.8 1089 1081.15 109 1)9 109ions/pulse

59252,48,324 (or 4x2)42 (1/8 of PS)bunches/ring

23350150086.7   Ą57.14.802.28Ą 1.14Output B [Tm]

82+82+54+   Ą 82+54+27+ Ą 54+27+208Pb charge state

2.76 TeV/n177 GeV/n5.9 GeV/n72.2 MeV/n4.2 MeV/n2.5 KeV/nOutput energy

LHCSPS   12PS  13,12,8LEIRLinac 3ECR Source 4

2*

,1  is invariant in ramp.n x y

Stripping foil
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Injector Chain Status Summary (1)

n Source + Linac3
ïIntensity OK for Early 

Scheme
(record =  31 e A of 
Pb54+ out of the linac )

ïMore stability/reliability 
required for Nominal 
Scheme will be supplied 
by upgrade of source 
generator to 18 GHz

ïNumerous other 
improvements 
implemented or 
coming.

n LEIR

ïEarly beam 
obtained, reliable

ïReproducible
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