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Can several harmonic TM0N0 modes  

be simultaneously superimposed?



Yes, the cavities shape tunes the 

TMONO modes to be Harmonic
 



There are many harmonic 
geometries!
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Wideband Antenna



Beam Monitor



Beam Monitor Evaluation in 

CEBAF’s injector

Beam Monitor



The detected waveform is the superposition of the 

cavity modes excited by the beam.  The beam can 

be described in the same format; the compact 

trigonometric form of their Fourier series 

𝐹(𝑣𝑑𝑒𝑡𝑒𝑐𝑡𝑒𝑑 𝑡) = 𝑎𝑇𝑀010
cos 𝑤0𝑡 + 𝜃010 +

𝑎𝑇𝑀020
cos 2𝑤0𝑡 + 𝜃020 …

+𝑎𝑇𝑀0𝑛0
cos 𝑛𝑤0𝑡 + 𝜃0𝑛0 .

𝐹(𝑖𝑏𝑒𝑎𝑚 (𝑡)) = a1 cos (wot + 𝜃1) + a2 cos (2wot + 𝜃2)… 

+ an cos (nwot +𝜃𝑛).



Harmonic Cavity Transfer Function



The ratio of these two series is the harmonic cavities 

transfer function. Once determined, the cavities transfer 

function can be used to un-distort subsequent data

independent of new bunch shapes.



Bunch Width Measurement



Measurement of Two Interleaved 

499 MHz beams.



CNC Lathe and Vacuum Chuck





Slitting Saw on CNC 

Mill with 26” rotary 



Brazing in Argon Gas



Final Testing and Packaging



Phase II Beam Monitors 



Active Applications



Harmonic Arbitrary Waveform 

Generator (HAWG)



HAWG Graphical User Interface



Sixteen Channel HAWG and 

Power Amplifiers



Fractionally Interleaved Kicking



High Power Waveguide Coupling.



CNC Lathe/Mill hybrid can now machine 

harmonic cavities up to 8 ft. in diameter.



Thank you for supporting the SBIR 

Program

• Better harmonic cavities with greater 
bandwidth will equip CEBAF with high 
resolution beam monitors.

• Upcoming kicking and bunch shaping 
experiments will evaluate fractionally 
interleaved kicking,  and a bunch shaping 
photogun.

• Electrodynamic has won the International 
Beam Instrumentation Conference’s  (IBIC) 
2016 Faraday Cup award.


