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f Linear Collider Development

• R&D works on future LC started at the end of 70-s. (VLEPP-1978). 
•

• Different approaches to LC: 
TBA, CLIC, -Two beam schemes
TESLA, - SC
SBLC, JLC-S, - S-band
JLC-C, JLC-X, NLC, - C,X-band
VLEPP, - single bunch
etc… - wake-field, plasma, laser, W-band 

The main differences are:    RF power production,  SC or “warm” AS

• Wide Frequency range:
L-band -1.3 GHz, TESLA
K-band -30 GHz, CLIC, W-band -90 GHz.

• Not all of these LC projects survived - TBA, S-Band LCs, VLEPP,…

At Last LC’02 were  presented :  NLC/JLC, TESLA, CLIC, JLC-C
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f Beam-beam effects and Luminosity
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•Strong Magnetic field in IP    B ∂>105 T (for round beams)

There are two strong-field beam-beam effects:

1. Beamstrahlung (energy losses/spread, background) flat beams 

- horizontal

- vertical
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f Luminosity (2)

• Luminosity

• LC requirements:
Energy c.m. E0 =    0.5 TeV   1 TeV  3-5 TeV
Luminosity L ≥ 1034 cm-2 s-1 ...  1034 cm-2 s-1

Energy spread δE  ≈ few % ... 20-30 %
Vertical emittance εεny ny ≈ (3-5)10-8 m*rad
AC Power Ptot =100-200 MW

Efficiency (Pbeam /Ptot) η ≈ 10-30 %
Enhancement parameter HD ≈ 1.5-2
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f Beam dynamics in IP

• 2. Disruption and Luminosity Enhancement.

Disruption parameter: Dy>> Dx

• For small and intermediate D ≤ 10 pinch-effect ( H>1 )
(Maximum enhancement HD  = 2.4 for flat beams)

• For large  D>>10 Kick instability (Luminosity Losses H<1)

• Disruption angles  
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f Beam parameters at IP

Energy = 0.5 TeV /  1TeV

TESLA0.5/0.8     NLC/JLC        CLIC
Lumonosity *1034 3.4 /5.8 2.0/3.4 1.7 /2.7
Energy loss (%) 3.2 /4.3 5.4 /10.2 3.8 /11.2
Frequency GHz 1.3 11.4 30
Rep. Rate (Hz) 5 120 200
Bunches in train 2820 192 154
N/bunch,  1010 2 0.75 0.4
εny/εny,  10-8m 1000/3   360/3.5       200/2  (130/2)
σny/σny nm 553/5                545/2.7  208/1.9
σz, um 300 110             35
Enhamncement, H 2.1 1.43 1.4
Gradient, MV/m 23.4/35 48.5/55 150
RF to beam ef.,% 54 38              24.4
AC power,  MW 97 / 139 / 100 /150
Total Length,  km 33 6.3 /12.8 5 /10



April 9, 2002 Nikolay Solyak,  LC comparison 7

f Vertical emittance

• Are vertical emittance goals  realistic ? 
(0.01-0.002 mm*mrad)

• Can we receive small emittance in Damping 
Ring?

• How to prevent emittance growth in Main 
Linac, Beam Delivery System, Final Focus?
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f KEK ATF, Single buch emittance
N.Toge, KEK, LC’02
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f KEK/ATF, Multibunch emittance

NLC

CLIC

N.Toge, KEK, LC’02
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f TESLA Damping Ring
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f NLC Layout
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f NLC/JLC project 
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f NLC RF Distribution System
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f Short-range Wakes and BNS damping

Autophasing condition

Energy spread = 0.8%,   Klystron phase = –14°, 
Energy spread for autophasing

Longitudinal short range wake-fields in structure
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f Long range wake-fields
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f Multi-bunch Wake Suppression 
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f Alignment tolerances
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f Main Linac Emittance Budget
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f Ground motion and stabilization
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f TESLA Layout
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f TESLA RF Distribution System

(10MW, 1.5ms, 5Hz, 65%)
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f TESLA wake-fields

• Longitudinal wake is small (induced energy spread <10-3, can be minimize to 
3·10-4 by running at the optimal RF phase +5°)  

• More serious 2.5% energy spread at injection energy (chromatic effects)
• Transverse wake ∝ 1/a3 no BNS damping necessary,  only 2.5% emittance

growth due to wake-field  &  7% - due to 0.5mm cavity misalignment. 
Multi-bunch (long range) wake-fields

• Longitudinal wake is almost negligible due to natural frequency spread 
longitudinal HOM. Bunch-to-bunch energy spread  after feed-back suppression 
(Lorentz force) < 5·10-4.

• Transverse wakes should be detuned and dumped to suppress BBU instability.   
Natural HOM frequency spread due to fabrication errors helps. For damping  
needs Q< 105. In TTF found dipole mode 2.58 GHz with high Q> 106 (need 
redesign HOM coupler). 

• Fast intra-train orbit correction system can remove BBU effects.
• Jitter due to ground motion has to be corrected by fast intra-beam correction. 

Slow drift (diffusive ground motion) re-alignment once/month.

Single-bunch (short range) wake-fields
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f TESLA HOM dumping (HOM couplers)
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f HOM with High Q
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f CLIC Layout
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f CLIC Damping structure 

Photo shows 15 GHz model tested in 
ASSET. Excellent agreement between 
theory and experiment.

LC’02, Ian Wilson
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f Emittance Blow-Up
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f Summary

• All LCs require beams with extremely low vertical emittances
(1-2) •10-8 m*rad. (For TESLA probably more difficult ?)

• Wake fields (and tolerances) for TESLA seems less  problem 
than for NLC, CLIC (except HOM high Q ?) 

• Luminosity for TESLA distributed in time.

• TESLA has high charge in train (collimation system, 
dump,…)


