
Livingston plot
Equivalent beam energy 
in laboratory frame

Lepton colliders

Hadron colliders

Limited by RF power
and accel. E-fields

Limited by 
bending B-fields
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… the unknown divinity …
The (only?) important acc. parameter for particle physicists?

• Luminosität

• Integrierte Luminosität:

e+-e-, p-p Collider:

• Luminosity

• Integrated Luminosity:
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Luminosity

1 35 -2 -11ab /year 3 10 cm s   L



Luminosity Optimization
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(LHC IR)



 Sufficient beam separation
 Small crossing angle
 Long bunch separation
 …

Crab-Cavities:

Beam Crossing
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Baseline : adopt both cavity types and exploit their natural RF topology

Cavities

Double Quarter Wave (DQW) cavity  –
Vertical – to be used in Point 1 (ATLAS)

RF Dipole (RFD) cavity  –
Horizontal – to be used in Point 5 (CMS)



Full 3D treatment:

Beam Crossing

Gaussian
distribution functions:
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Piwinski Angle
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“Piwinski
Angle”

Example LHC @ 7TeV:  =285rad, x ≈17m, s ≈7.5cm  →  S =0.84



Offset and Crossing Angle
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Hourglass Effect:

Short Bunches!

Beam Broadening:

s ≈ *

“Beta Squeeze”
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Particle Detector

IP
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Hourglass Effect
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Beam-Beam Parameters:

Additional Focusing
or Defocusing in the
Interaction Region

~∙r ~ r / 2

Beam-Beam Effects ↔

Sets limit on emittance in head-on collisions!
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Storage Rings

Important Relations: 

a) Luminosity b) Beam-Beam Parameters

→ Rewrite Luminosity Formula (y > x)
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Lorentz factor Beam current
Beam‐beam parameter

Aspect ratio at IP
Vertical beta function at IP

*
y s 

Hourglass effect:



Beam-Beam Parameters
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Circular Colliders: x,y < 0.05 typ.

Linear Colliders: x =0.54, y =1.44 (ILC)

But:
Time structure of linear / circular colliders are different:

ILC: nb = 1312
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Comparison FCC-ee (@Higgs) ↔ ILC:

• SR:

• LC:

113000 1.5 1 29m3 093 Abeam rev bI qf Nqn      
105 1312 μ1 10 A1 1b a be pm reI qf Nqn   



Lumi-Goal: 5(8)x1035 s-1∙cm-2

SUPER-KEKB with head-on collision:

• Circumference: 3016 m
• Number of bunches: 2500
• Collision frequency: 10 kHz
• Beam currents: 9.4 / 4.1 A

→ x∙y ≈ 10-6 cm2, and with real emittance values y ≈ 3 mm

Example (e+-e- Storage Ring)
SUPER-KEKB



Nano-Beam Scheme
present KEKB

SuperB
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5mm

1m

100m

(w/o crab)L

Hourglass condition: 
βy* ≥ L = x/

Half crossing
angle: 

1m

5mm
100m



KEKB Design KEKB Achieved
: with crab SuperKEKB

Energy (GeV) (LER/HER) 3.5/8.0 3.5/8.0 4.0/7.0

Crossing angle (mrad) 22 0 (crab) 83

βy* (mm) 10/10 5.9/5.9  0.27/0.41

εx (nm) 18/18 18/24 3.2/2.4

σy(μm) 1.9 0.94  0.059

ξy 0.052 0.129/0.090  0.09/0.09

σz (mm) 4 ~ 6 6/5

Ibeam (A) 2.6/1.1 1.64/1.19 3.6/2.62

Number of bunches 5000 1584 2503

Luminosity
(1034 cm‐2 s‐1) 1 2.11  80

SuperKEKB Parameters as of Feb.15, 2010

Improves with increase of beam energies ‐ if you can store enough beam current!!!



Linear Colliders
y > 1:



Linear Colliders
y > 1:



Enhancement and Disruption

( ILC: Dy ≈ 20 → fbeam << z )



Linear Collider

Important Relations: 

a) Luminosity b) RF to beam power efficiency

→ Rewrite Luminosity Formula
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Beam‐beam effects:
• beamstrahlung
• disruption

Choice of linac technology:
• efficiency
• available power

Strong final focus:
• Optical abberations
• Stability issues and tolerances

ILC: nb = 1312

20ms 157ns

CLIC: nb = 312





D. Schulte 9th International School for Linear Colliders 23

Linear

CepC (2 IPs)

Circular,
adding four 
experiments

Modified from original version:
http://arxiv.org/pdf/1308.6176v3.pdf

F. Gianotti

Circular vs. Linear Collider

Circular
Colliders

Linear
Colliders



Beamstrahlung

Particles are deflected in magnetic field of colliding bunch:

Peak field:

Classical treatment of synchrotron radiation:

 particles with high energy loss will be lost

 short beam life time
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Beamstrahlung

Most important parameter:

  max
5 , 2.4
6

e c r
av av

s x y

Nr  
  

     


2
3

c

E


 


Some Numbers:

• average and maximum value:

• # photons per electron:

• average energy loss:

Leads to pair production: 
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incoherent pairs
coherent pairs ( 1 TeV)
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Beamstrahlung  L
RMS energy loss for weak beamstrahlung:

 use flat beams (x >> y) but keep x + y large to reduce BS
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a) Luminosity b) Vertical rms beam size 

(small!)eam-Beam Parameters

→ Again Rewrite Luminosity Formula (BS ≈ few %)
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hourglass:
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damping
rings!



Luminosity: Beamstrahlung Limit

Circular   ↔   Linear
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