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Topics

• LHC IR Upgrade with Crab Cavities

• Phase Jitter & Emittance Growth Estimates

• Some Optics & Coupling Issues

• R&D Chart



Geometric Luminosity

θc Reduction Factor: L
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Dramatic Benefit in Geometric Luminosity
(Reduction Factor from RF Curvature Included, θc ∝ 1/√β )

Nominal crossing
No crossing angle

CC 400MHz
CC 800MHz

β∗ reduction more promising

Nb3Sn

Larger θc: Alleviate Long range beam-beam, Simple IR design (Sep. Quads,

NbTi) & machine tuning...



Small θc (0.3-0.6 mrad)

CCCC
IP5

IP1

Vcrab ∝
1

ωrfβ∗ {θc ∼
1√
β∗}

β∗ 25 (15) cm
Deflecting Voltage 8.31 (10.73) MV
Epeak ∼50-60 MV
Bpeak ∼ 300-500 Oe
RMS Orbit 0.35 (0.45)mm
Peak Orbit 2.4 (3.0) mm
Tune Shift {Qx, Qy} {0.5,1.2}×10−4
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Noise Tolerances
Phase jitter introduces random offset:
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Random Dip Kicks: 1
ǫ
∆ǫx

∆t
≈ fr(1−s0)

4σ∗
x

(

1+ g

2π|ξ|

)2(∆x)2

For 1% Emittance Growth/Hr, gain=0.2
Jitter Estimate Amp. Phase

Beam-Beam Dip. Kicks
Analytical ∼ 0.04% 0.01◦ (0.006◦) 0.006◦ (0.003◦)
Simulation (WS) 0.002◦ -
Simulation (SS, K. Ohmi) < 0.001◦

Feasible Today 0.01% 0.003◦



Modulated Jitter

Span 200 Hz KEK-B Span 200 kHz
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Negligible Emittance Growth
(LHC WS Simulations)

—– Measurements courtesy KEK-B



Some Optics Issues

• Horizontal orbit ∼2 mm for β∗ = 0.25 m. Collimation issues ?

• Error in βcrab & ∆φcc→ip similar to ∆Vcrab error:

∆φerr ∼ 0.25◦ ⇒ θres < 1µrad

• ∆φcc→ip to be optimized with luminosity & lifetime.

• Local β-function modification at cavity, extra degree of freedom.

• Coupling introduces vertical θc & offset (prelim estimate):

Tilt Err ∼ 1 mrad
∆Qmin ∼ 1.5 × 10−3 ⇒ θc,y ∼ 6µrad

• Impact of Sextupoles: Ph. adv. variation with amplitude (simulations
needed)



A Preliminary R&D Proposal

LHC IR Upgrade
Crab Cavities

800 (400) MHz
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R&D Notes

• Cavity and coupler design

– Finish 800 MHz design (peak fields, coupling, beam-pipe etc..)

– Impedance spectrum and HOM damping

– Lower order mode (LOM) damping

• Specifications on RF power, RF controls, & related issues

• Prototype testing:

– Q0 slope, Max Gradient (Bkick), Multipacting

– RF stability, Phase noise, Tuning, etc...

– LOM/HOMs & damping

– cost estimate & beam-testing

• Cost drivers: Coax coupler, Cavity, RF Components

– Need a robust design for LOM damping (radial loop/coax ?)

– BNL-AES SBIR (I. Ben-Zvi)

– Daresbury/Cockcroft, LBNL or KEK-B ?



Conclusions
• Dramatic benefit (×2.5) on luminosity gain with β∗

• 800 MHz (θc < 0.6 mrad) seems best option considering RF,

beam dynamics, technical & cost aspects (IR07 for details)

• Noise issues do not appear to be problem but more SS simula-

tions need benchmarking

• Longitudinal collimation ? Need to investigate any collimation

inefficiency & machine protection issues due to oscillating bunch

• Collaboration: BNL, CERN, DL/CI, KEK-B, LBNL, SLAC, Cor-

nell

• CC workshop next year (Summer 08)


