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• Each cavity delivers 2MV
• Accelerating field of  5 MV/m @ 400 MHz
• Cavities operate @ 4.5 K

• Every proton passing through the RF cavities is affected for

2 · 8 MV = 16 MV

so it receives an extra energy of  16 MV.

• Since every proton goes around 11245 laps per second the total energy 
received per second is:

(16 MeV/lap) · (11245 laps/s) = 1.8 · 105 MeV/s  ≡ 0.18 TeV/s

• From SPS every proton enters LHC with 0.45 TeV, so the amount of  energy that cavities 
has to provide is

7 – 0.45 = 6.55 TeV

• The length of  time required to accelerate the beam to full energy is

6.55 / 0.18 = 36.4 s 

• The right results is about 20 minutes, this is due to the fact the proton is not fully affected 
by the total voltage of  the cavity. It is also important to keep bunches compact to 
increase the chance of  collision.

• The RF frequency must always be an integer multiple of  the revolution frequency
νRF = K · νrev
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RF cavity for LEP
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19 Sept 2008
LHC incident



19



20



Studies for
Future
colliders

Geneva

LHC (27 km)

FCC (80-100 km)

CLIC
(40

-60
 km

)





Use of transverse polarization
Precise determination of the LEP beam energy      (10-5 relative accuracy, ~ 1 MeV)
Precise measurement of the Z mass and width

Small changes of energy accurately measured
(energy change from 1mm circumference change)

LEP energy affected by:

Tides, water levels, …

Very Unexpected Problems: Moon
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Noise on the Beam Energy

First time we measured many weeks before the 
signal was noise free
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Very Unexpected Problem

AND now the fast train.........
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TGV induces current in LEP vacuum chamber

First time we measured many weeks before the signal was noise 
free; Train workers were on strike that week!!!
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Some really unexpected events

QL10.L1Single Turn 
Stopper positrons

Could not get the beam to circulate more than 15 turns even with large bumps 
all around the ring. Use single turn orbit system and normalised the 
measurement.
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Zoom in on Quadrupole

Heineken beer bottle
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10 metres to the right

Second beer bottle

Unsociable sabotage: both bottles were empty!!
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1996: Heineken Beam Stopper

UK advertising at the time:
Heineken; the beer that gets to places no other beer can!


