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Motivations
If the Higgs mass is below 130 GeV, an e+e- ring collider may have merits as a 
Higgs factory:

Based on existing technologies which have been proven for 40 years by a 
number of colliders.
The machine will be simple enough, and the operation will be easy and 
straightforward. The design luminosity will be quickly achieved, for instance 
after 6 months commissioning.
Cheaper construction / operation costs than linear machines.

 

Figure 1 Higgs boson cross section in e+e- annihilation [6] 

Ring properties 
We assume the same arc optics as for the LHeC, which provides a horizontal emittance significantly 
smaller than for LEP, at equal beam energy, and whose optical structure is compatible with the 
present LHC machine, allowing co-existence with the LHC. We take the LHeC design as a convenient 
reference to estimate the achievable peak luminosity of LEP3. Parameters are compared in Table 1.  

Table 1: Parameters of LEP, the LHeC ring design, and LEP3 - a new electron-positron collider in the 
LHC tunnel, extrapolated from the LHeC design.  

 LEP [8] [9] LHeC ring design [7] LEP3 
Eb beam energy 104.5 GeV 60 GeV 120 GeV 
beam current 4 mA (4 bunches) 10 mA (2808 bunches) 7.2 mA (6 bunches) 
total #e- / beam 2.3e12? 5.6e13 4.0e12 
horizontal emittance 48 nm 5 nm 20 nm 
vertical emittance 0.25 nm 2.5 nm 0.1 nm 
ρb dipole bending radius 3096 m 2620 m  2620 m 
partition number Jε 1.1 1.5 1.5 
momentum compaction 1.85x10-4 8.1x10-5 8.1x10-5 
SR power 11 MW 44 MW 50 MW 
βx,y* 1.5, 0.05 m 0.18, 0.10 m 0.2, 0.005 m 
rms IP beam size 270, 3.5 micron 30, 16 micron 63, 0.7 micron 
total RF voltage 3641 MV 500 MV 9090 MV 
beam-beam tune shift (/IP) 0.025, 0.065 N/A 0.063, 0.14 
synchrotron frequency 1.6 kHz 0.65 kHz 2.25 kHz 
average acc.field 7.5 MV/m 11.9 MV/m 11.9 MV/m 
effective RF length 485 m 42 m 764 m 
RF frequency 352 MHz 721 MHz 721 MHz 
rms energy spread 0.22% 0.116% 0.232% 
rms bunch length 1.19 cm 0.688 cm 0.40 cm 
peak luminosity 1.25x1032 cm-2s-1 N/A 1.2x1034 cm-2s-1 
number of IPs 4 1 2 
beam lifetime 5.9 h N/A 13 minutes 
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Beam Energy

Circumference

Beam Current
/ beam

Bunches / beam

β* x / y

Emittances x / y

Bunch length

Beam-beam 
parameters

Radiation loss
/ turn

RF Voltage

RF frequency

Total SR Power

Luminosity / IP

32 8 / 3.5 105 120 120 120 120 GeV

3 3 27 27 53 40 60 km

7 1400
/ 1700 4 7.2 14.4 8.6 8.6 mA

2 1600 4 3 60 12 18

2000 / 40 1200 / 6 1500 / 65 150 / 1.2 200 / 2 80 / 2.5 80 / 2.5 mm

18 / 0.1 48 / 0.25 20 / 0.15 5 / 0.05 23.3 / 0.09 24.6 / 0.09 nm

10 6 3 3 1.5 3 3 mm

0.02
0.025

0.05
0.09

0.025
0.065

0.126
0.13

0.1
0.1

0.05
0.156

0.045
0.155

300 4 / 2 2750 6900 3470 3420 2150 MV

400 10 / 5 3640 9000 4600 5000 3300 MV

508 509 352 1300 1300 1300 1300 MHz

4.2 5.6 / 3.4 22 100 100 59 37 MW

0.04 21 0.13 13 16 10 10 /nb/s

Parameters Example



Injection / top up
Just follow the LEP3’s scheme (Figure).

Use a 10 GeV injector instead of SPS in our case.

A key parameter is the energy loss per turn: Eloss  [GeV] =  88.5 10-6 (Eb[GeV])4/ ρb[m].  The bending 
radius for the LHeC is smaller than for LEP, which translates into a higher energy loss than if scaled 
from LEP. We keep the ratio of RF voltage to energy loss per turn the same as for LEP (to get the 
same quantum lifetime); for the moment, we do not take into account the change in partition 
number, which might slightly change the RF voltage for the LEP3 Higgs factory.  

The horizontal emittance varies with the third power of energy. We simply scale it from the 60-GeV 
LHeC value. The vertical emittance depends on the quality of vertical dispersion and coupling 
correction. We assume the vertical to horizontal emittance ratio to be as small as for LEP. An 
ultimate limit on the vertical emittance is set by the opening angle effect (emission angle of the SR 
photons) [10][11], which is εy ≥(4.4x10-11 T-1) βy B/γ. 

The bunch length scales linearly with the momentum spread and with the momentum compaction 
factor and with the inverse synchrotron frequency. The bunch length is smaller than for LEP due to 
the smaller momentum compaction factor and the larger RF voltage. 

Similar to the LHeC, the total RF wall plug power is taken to be limited to 100 MW. The wall-to-beam 
energy conversion efficiency is assumed to be 50%. The energy loss per turn then determines the 
maximum beam current. At 120 GeV beam energy it is 5 mA or 2.9x1012 particles per beam. 
Additional power will be needed for the cryoplants and for the injector/accelerator rings. 

The lifetime of colliding beams at LEP was determined by radiative Bhahba scattering with a cross 
section of 0.215 barn [12]. It matches the directly measured lifetime [8]. At top energy in LEP2, the 
lifetime was dominated by the loss of particles in collisions. For a luminosity of 1.25x1034cm-2s-1, we 
find a lifetime of 13 minutes – LEP3 would be “burning” the beams to produce physics very 
efficiently.  In addition to the collider ring operating at constant energy, a second ring (or a 
recirculating linear accelerator) could be used to ‘top-up’ the collider continuously, as it is done in 
synchrotron light sources. This would provide an average luminosity very close to the peak 
luminosity. A possible sketch is presented in Figure 2. 

 

Figure 2 Possible two ring sketch for LEP3: a first ring (accelerator ring)  accelerates electrons and 
positrons up to operating energy (120 eV) and injects them at a few minutes interval into the low 
emittance collider ring in which the high luminosity 1034/cm2/s  interaction points are situated.   
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Costs (very very rough)
SuperTRISTAN

40
SuperTRISTAN

60

Tunnel

RF

Magnet

Beam pipe

Synchrotron

Others

Detector

CF

Total construction

power cost
/ year

1600 2400 0.04 / m

450 300 5 / MW

50 60 0.04 / magnet

80 120 0.002 / m

150 200 ?

100 100 ?

60 60 1 IP?

100 100 ?

2590 3340

84 60 4,000h
15 yen / kWh


