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Status of Crab Cavities

• Existing cavities

– KEK-B collider

– ANL-Tsinghua Emittance Exchange Experiment (NC)

– LOLA (LCLS at SLAC) 

– Diagnostics 

• Prototypes

– FNAL (Kaon separation and ILC) 3.9-GHz multi-cell– FNAL (Kaon separation and ILC) 3.9-GHz multi-cell

– Cockcroft Institute/DL  

– Tsinghua-LBNL cylindrical symmetric multi-cell

– ANL-JLAB-LBNL-Tsinghua for APS 

• Proposed Cavities

– LHC



Initial Motivation

Crab crossing scheme in colliders*

• Provide head on collision at IP 

• Increase the luminosity

• Beam deflection using high RF fields

* R. B. Palmer, SLAC-PUB-4707,1988; K. Oide and K. Yokoya,SLAC-PUB-4832,1989.



History of KEKB Crab Cavity*

* K. Hosoyama et. al. , ICFA Workshop at Shanghai May, 2008



Order of Modes in KEKB Crab Cavities

Cavity Design

•LOM and HOM damping

•Degeneration of TM110 modes



Base Design of KEKB Crab Cavity

Characteristics:
•Squashed Cell Shape 

•Coaxial Coupler to Extract TM010

•Large Beam Pipes for Higher Order



Beam loading on the Crab Cavity

• Transverse kick voltage: 

• Transverse shunt impedance:

• Beam-induced voltage:

∆x is the horizontal displacement of the 

beam

• Generator voltage at resonace



Beam Loading (contd)

• Loaded Q and required power

∆x is the horizontal displacement of the ∆x is the horizontal displacement of the 

beam

QL~106 is the best choice



Cavity Symmetry and Phase Stability



Installation & Commissioning of KEKB Crab Cavities



Performance of KEKB Crab Cavities

Phase stability



Applications beyond Crab Crossing

• Short pulse light source

• Beam diagnostics

• Emittance exchange



• Deflecting cavity introduces angle-time correlation into the electron bunch, “crabbing” the 

Crabbing Scheme for Light Source����

• Deflecting cavity introduces angle-time correlation into the electron bunch, “crabbing” the 

beam. Bx kicks head and tail of the bunch in opposite directions in the vertical plane.

• Electrons oscillate along the orbit.

• Bunch evolution through the lattice results in electrons and photons correlated with 

vertical momentum along the bunch length.

• Second cavity at nπ phase cancels “kick”; rest of the storage ring unaffected.

�A. Zholents, P. Heimann, M. Zolotorev, J. Byrd, NIM A 425, 385, (1999).



Deflecting Cavity for Longitudinal Phase space 

diagnostics



Emittance Exchange

� EmittanceEmittanceEmittanceEmittance Exchange (EEX)Exchange (EEX)Exchange (EEX)Exchange (EEX): Complete exchange of x-
and z-phase spaces:  (εx,εz)� (εz,εx)

� ApplicationsApplicationsApplicationsApplications

1

� ApplicationsApplicationsApplicationsApplications
� To improve performance of high-gain FEL… Reduce 
transverse emittance at the expense of longitudinal 
�To obviate electron damping ring in linear collider
Photocathode gun �flat beam transformation �EEX

�(εx, εy, εz)=(1, 1, 8)�(50,0.02, 8)�(8, 0.02,50) µm
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Extras



Applications

• Crab-wise crossing in Colliders

– KEK-B cavity

– LHC and ILC

• Short X-ray Pulse Generation

– ALS at LBNL– ALS at LBNL

– APS at ANL

– SSRF in China

• Other

– Emmitance exchange

– Temporal beam diagnostics




