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The LHC: a proton proton collider

Primary physics targets
• Origin of mass
• Nature of Dark Matter
• Understanding space time
• Matter versus antimatter
• Primordial plasma

The LHC will determine the Future course of High Energy Physics
First beam in the LHC on 10/09/08!!!

7 TeV + 7 TeV
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1984: cms energy   10-18 TeV
Luminosity    1031-1033cm-2s-1

1987: cms energy   16 TeV
Luminosity    1033-1034cm-2s-1

Final: cms energy   14 TeV
Luminosity    1033-1034cm-2s-1

The LHC: 22 Years Already!
1984
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Recent High Energy Colliders

• Limits on circular machines 
– Proton colliders:  Dipole magnet strength  →superconducting magnets
– Electron colliders: Synchrotron radiation/RF power
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LuminosityEnergy (√s)BeamsYearMachine

Luminosity = number of events/cross section/sec

Highest energies can be reached with proton colliders
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LHC Physics Program

• Discover or exclude the Higgs in the mass region up to 1 TeV.  
Measure Higgs properties

• Discover Supersymmetric particles (if exist) up to 2-3 TeV
• Discover Extra Space Dimensions, if these are on the TeV scale, and 

black holes?
• Search other new phenomena (e.g. strong EWSB,  new gauge bosons,

Little Higgs model, Split Supersymmetry)
• Study CP violation in the B sector,B physics, new physics in B- decays
• Precision measurements of mtop, mW, anomalous couplings…
• Heavy ion collisions and search for quark gluon plasma
• QCD and diffractive (forward) physics in a new regime
• …
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Physics at the LHC: pp @ 14 TeV

j1
j2

b-jet
t

W

Higgs!

Supersymmetry?

Extra Dimensions?
Black Holes???

Precision 
measurements
e.g top!

QGP?
unitarity triangle!

The LHC will be the new collider energy frontier
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Requirements for a New Collider

14 TeV collider

L ~ 1034 cm-2 s-1

Example: Higgs particle production



8

Detectors are essentially completed

Now gearing up for first collisions…

CMS

ATLAS

ALICE
LHCb

+TOTEM, LHCf, MOEDAL
Atlas & CMS construction started 9 years  ago
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The Large Hadron Collider  LHC
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The LHC Machine and ExperimentsThe LHC Machine and Experiments

pp collisions at 14 TeV

25 ns bunch spacing ⇒ 2808 
bunches  with 1011 p/bunch

First years luminosity
~2.1033cm-2s-1 ⇒ 20 fb-1/year
Design luminosity:
1034cm-2s-1 ⇒100 fb-1/year

Stored energy/beam: 362 MJ

The LHC will be a very    
challenging machine

LHCf

totem

(MOEDAL)

Luminosity = number of events/cross section/sec

LHC has 8 sectors
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The Accelerator Scheme

Linac

Booster

PS

SPS

LHC
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LHC Parameters
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LHC Parameters
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Magnets for the LHC (part of them)

twin8MBRC

Twin Aperture Separation
dipole in IR(188mm). 
D2

twin2MBRB

Twin aperture separation
dipole in IR (194mm). 
D4

single376MCBVArc dipole corrector

single376MCBHArc dipole corrector

twin36MQTLI
Insertion region long trim

quads

single2464MCS

Sextupole corrector (b3) 
in MBA & MBB (spool 
piece corrector)

single1232MCDDecapole spool pieces

single1232MCOOctupole spool pieces

twin160MQTTuning trim quad

single64MSSArc skew sext

twin32MQSSkew quad

twin168MOLattice Octupoles

single688MSLattice sextupoles

twin392MQLattice quadrupoles

twin1232MBDipole

ApertureNo. of Magnets

About 9000 magnets of which  
1232 are the cryodipoles
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The Cryodipole Magnets
•Superconducting (1.9 K) dipoles producing a field of 8.4 T –

current 11,700A ⇒ 2-in-1  magnet design
• Cost: ~ 0.5 million CHF each. Need 1232 of them
• Stored magnetic energy up to 1.29 GJ per sector. 
• Total stored energy in magnets = 11GJ
• One dipole weighs around 34 tonnes
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Superfluid Helium



18

LHC is more than just dipoles…
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Straight Sections

The sections that deliver the beam to the experiment 
are straight and use room temperature magnets
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Energy in the beam
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Planned Schedule (early summer 08)
First Beam circulating on 10/9/08
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Some Issues Before Starting…
• Some magnets, while being tested before installation to the 7 

TeV corresponding current, now seem to quench before (ie
they turn from superconducting to normal state).

• Getting all magnets to work safely @ 7 TeV will be some work 
and was planned for the coming 08-09 winter shutdown

Start in 2008
was planned
with 10 TeV

The LHC sectors
were all 
commissioned 
to 5.5. TeV
before first
beam

That is, all but 
one..
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Beam Injection on 9/10 August
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Beam Injection on 9/10 August
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Checking the machine before D-Day
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Checking the Machine before D-Day
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Checking the Machine before D-Day
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Beam injection on 23/24 August
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September 10th 2008
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10/9/08

Start 9:30
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September 10th 2008

LHC startup!
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Beam goes around the full LHC
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Beam Halo and Splashes in CMS
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Beam Halo and Splashes in ATLAS



37

ALICE and LHCb
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For the History Records

> 300 Journalist
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Circulating Beam
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Circulating Beam

Beam captured and stored 
for ~ 30 minutes

Progress was very rapid 
and swift

Hopes were to have first 
collisions in ~ a week
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But then…

Slides from H. Weninger
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Black 19th of September 
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Splices: quadrupole-dipole interconnect
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Cryostat Pedestal 

R. Aymar
PECFA
28/11/08
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Damaged Quadrupole-Dipole Connection

R. Aymar
PECFA
28/11/08
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Displacement in mm
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Machine Status 
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Can it happen again?
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Summary of the Startup
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????Schedule in 2009 ????
Next Steps foreseen in 2008

Unclear how the schedule will look 
like in 2009…
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News from December 5th
• Geneva, 5 December 2008. CERN* today confirmed that the Large 

Hadron Collider (LHC) will restart in 2009..The top priority for 
CERN today is to provide collision data for the experiments as 
soon as reasonably possible," said CERN Director General Robert 
Aymar. "This will be in the summer of 2009”. 

• Detailed studies of the malfunction have allowed the LHC's
engineers to identify means of preventing a similar incident from 
reoccurring in the future, and to design new protection systems for 
the machine. 

• A total of 53 magnet units have to be removed from the tunnel for 
cleaning or repair,of these, 28 have already been brought to the
surface and the first two replacement units have been installed in 
the tunnel. The current schedule foresees the final magnet being 
reinstalled by the end of March 2009, with the LHC being cold and 
ready for powering tests by the end of June 2009."We have a lot of 
work to do over the coming months," said LHC project Leader Lyn 
Evans, "but we now have the roadmap, the time and the 
competence necessary to be ready for physics by summer.
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Summary

• The LHC has been completed in 2008.
– Intial commissioning has started 

• Start-of of the LHC on 10/9 was really good
– Beam circulating for 30 minutes within days.

• However on 19/9 an unfortunate incident happened
– An electrical resistive zone built up and led to an electric arc in the 

cryogenics part in one of the 8 arcs of the LHC 
– This created a rupture in the helium enclosure of the magnets

• This created considerable damage that needs to be repaired
– The winter shutdown started earlier than planned

• As of 5/12 a new schedule has been announced 
– LHC back and starting physics program in 2009 after the shutdown
– Multi-TeV collisions fall 2009?
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Backup
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The LHC startup…

• Great startup on 10/9!    (>300 journalists)
• …Serious problem on 19/9   (> 2 months to fix)
• So, a bit more patience will be required. 
• But LHC will come on strongly in 2009

Eg German press:
Teilchenbeschleuniger ist schon kaputt

Breaking news: Tuesday 22/9 evening
“No more beam untill spring 2003”
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Write-up
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Expected luminosity in 2008 @ 10 TeV
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Expectation for 2009
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