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   In high energy physics, the luminosity is one useful value to 

characterize the performance of a particle collider. To gain more 

available data, we need to maximize the luminosity in most collider 

experiments. With the discussions of tune shift involved the beam 

dynamics and a recently proposed “crabbed waist” scheme of beam-

beam collisions, I present some qualitative analysis to increase the 

luminosity. In addition, beam-beam tune shifts and luminosities of e+e-, 

proton-proton/proton-antiproton, and µ+µ− colliders are discussed.

Abstract
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Introduction—Luminosity

☞ Tw o m o s t i m p o r t a n t 
parameters that quantify the 
p e r f o r m a n c e o f p a r t i c l e 
colliders: 

⭐ beam energy 
⭐ luminosity 

[Image: CMS/Cern]

☞ The LHC smashes previous energy 
record: 13 TeV (updated on June 5, 2015) 
!
☞ High Luminosity LHC Project: 
increase the luminosity of the LHC by a 
factor of 10 beyond its design value by 
2020 
      [Image: news.sciencemag.org]
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Introduction—Luminosity

#: the number of particles in the 
accelerator per unit area per time, 
multiplied by a measure of the 
t a r g e t ' s i m p e n e t r a b i l i t y t o 
electromagnetic radiation

☞ A glance at the luminosity formula reveals that to raise luminosity one 
must increase the collision frequency, bunch intensity and lower the beam 
cross sectional area.
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Introduction—Beam-Beam Tune Shift

☞ Tune shift: an important concept in a circular accelerator or synchrotron.

Tune: the number of betatron oscillations (bounded oscillatory motion about 
the design trajectory corresponding to the transverse stability) per turn in a 
synchrotron.

☞ s is path length along the design 
trajectory and the quantity β(s) is 
usually referred to as the amplitude 
function. [Cartoon: lns.cornell.edu/~dugan/
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Introduction—Beam-Beam Tune Shift

☞ In a colliding beam accelerator, each time the beams cross each other, 
the particles in one beam feel the electric and magnetic forces due to the 
particles in the other beam. Since the particles in these two beams have 
opposite velocity directions, the electric and magnetic forces do not cancel 
but rather add, creating a net defocussing force. 

 For particles undergoing infinitesimal betatron oscillations in a highly 
relativistic Gaussian beam, the net force would be

The tune shift experienced by the particle would be:

is the normalized emittance.

☞ the beam-beam tune shift per collision becomes
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Introduction—the “Crabbed Waist” Scheme

☞ Two kinds of Collisions:   “head-on” and “crab-waist” collisions

☞ A recently proposed “crabbed waist” scheme of beam-beam collisions 
([arXiv: physics/0702033; arXiv:0802.2667]) can substantially increase the luminosity of a 
collider since it combines several potentially advantageous ideas.
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Introduction—the “Crabbed Waist” Scheme

[Figure: arXiv: physics/0702033]
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Electron-Positron Colliders

☞ “Head-on” Collision: beam-beam tune shift
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Electron-Positron Colliders
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Electron-Positron Colliders

LEP Beam Parameters at Three Different Energies ([Rept. Prog. Phys. 63 (2000) 939]) 

12



Electron-Positron Colliders

☞ “Crab-waist” Collision: beam-beam tune shift

[Table: arXiv: 1112.1105]
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Electron-Positron Colliders

☞ SuperKEKB in Japan

☞ Belle II will have 40x the luminosity of Belle or BaBar with only a factor of 
2.2 increase in beam currents, as compared to Belle. ([PTEP 2013 (2013) 03A011])

☞ Introducing a large crossing angle and small βy∗ lowers the beam-beam tune 

shift and hence the luminosity. But the luminosity can be restored by reducing the 
vertical size, σy, of e+e− bunches, i.e. by using nanobeams to increase the vertical 
tune shift to as high a value as the storage rings will tolerate.

14



Proton-Proton Colliders

☞ For hadron colliders it is difficult to lower the emittance to raise the tune 
shift, but the number of hadrons per bunch might be raised even if this 
requires lowering the number of bunches.
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Muon-Muon Colliders

[Table: MAP-DOC - 4318 (2011)]

✧ The µ+µ− collider is attractive because the muon is a point-like 
particle, just like the electron but 200 times heavier. 
✧ The beamstrahlung and synchrotron radiation are not important 
unless energy is extremely high. 
✧ The short lifetime of muons (around 2.2µs in the rest frame) makes a 
muon collider challenging technologically.  
✧  There are still many challenges to increase the luminosity, e.g., 
emittance reduction, targeting and neutrino radiation.

☞ It is still possible to combine design ideas of e+e− and proton-
proton/proton-antiproton colliders and take their advantages. 
☞ If the “crabbed waist” scheme allows 3x more muons per bunch, 
the luminosity increase 9x. This assumes that the muons are available.

☞! a “round beam” !
muon-muon collider
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Conclusion
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