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Thoughts On Using A Wire To Simulate

Beam Through A BPM Pickup

For the wire system to properly simulate a beam, two conditions are necessary from fundamental principles:

1) The wire system must produce magnetic fields that are the same as those of the corresponding beam so that magnetic coupling effects are equivalent, i.e. the wire current must be the same as the beam current.

2) The wire system must produce electric fields that are the same as those of the corresponding beam so that electric coupling effects are equivalent, i.e. the line charge density on the wire must be the same as that of the beam.

Meeting the magnetic equivalence condition is straightforward, i.e. the wire current must be the same as the beam current that is to be simulated.  What then is the condition to simultaneously meet the line charge equivalence requirement?   

The electric case can be considered in a completely static model where capacitance is the relevant parameter.  The capacitance of the wire in the wire-pickup system can be determined from the characteristic impedance of the transmission line formed by the wire through the pickup.  The capacitance per unit length of a transmission line with characteristic impedance Z0 is:
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where vprop is the velocity of propagation along the line.

The charge on a wire within the pickup is: 
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For a beam within the pickup the charge is
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Equating the wire charge and beam charge yields:
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Rearranging and using Ibeam = Iwire, find in the case that vprop equals vbeam:
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Thus the simultaneous electric and magnetic conditions are obtained where the wire current is equal to the simulated beam current and the wire system is terminated in its characteristic impedance!
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