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IonIon--channel guiding conceptchannel guiding concept

An ionAn ion--channel can be produced inside the FEL channel can be produced inside the FEL 
structure by ionizing a neutral gas either by structure by ionizing a neutral gas either by 
using the electron beam itself or a high power using the electron beam itself or a high power 
laser pulse.laser pulse.

The electrons of the ionized gas are expelled The electrons of the ionized gas are expelled 
from the beam value either by selffrom the beam value either by self--field of the field of the 
electrons or ponderomotive force of the laser electrons or ponderomotive force of the laser 
pulse and remains a channel of heavy ions.pulse and remains a channel of heavy ions.
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IonIon--channel guiding benefitschannel guiding benefits

�� Ions neutralize the spaceIons neutralize the space--charge of electrons and charge of electrons and 
reduce the electron beam divergence.reduce the electron beam divergence.

�� It permits beam currents higher than vacuum limit.It permits beam currents higher than vacuum limit.

�� It is a less expensive alternative to other guiding It is a less expensive alternative to other guiding 
methods.methods.

�� It helps the radiation guiding.It helps the radiation guiding.



DetrimentsDetriments

�� Beam head erosionBeam head erosion

�� IonIon--hose instabilityhose instability

�� IonIon--channel collapsechannel collapse



Physical configurationPhysical configuration

�� Helical WigglerHelical Wiggler

�� IonIon--cannel electrostatic fieldcannel electrostatic field

�� Radiation fieldRadiation field

�� Electron beamElectron beam
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Equations of motion in the wiggler Equations of motion in the wiggler 
frameframe
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Field equationsField equations

�� Maxwell equations in Maxwell equations in Coulomb gaugeCoulomb gauge
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Numerical analysisNumerical analysis

The first example is corresponding to a 1.2GeV electron The first example is corresponding to a 1.2GeV electron 
beam, abeam, aww=4 and without ion=4 and without ion--channelchannel

((Fermi@ElettraFermi@Elettraat 100 nm)at 100 nm)

There is 4N+7 first order differential equations which There is 4N+7 first order differential equations which 
must to be solve self consistentlymust to be solve self consistently
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The output power versus axial position The output power versus axial position 
without ionwithout ion--channelchannel



IonIon--channel affects the ordinary FEL parameter. An channel affects the ordinary FEL parameter. An 
effective FEL parameter could be defined as:effective FEL parameter could be defined as:

The output wavelength has its ordinary formulaThe output wavelength has its ordinary formula
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Consequently, ionConsequently, ion--channel acts as a tuning channel acts as a tuning 
parameter for the standard parameter for the standard FELsFELs..

It can be used in two different schemes:It can be used in two different schemes:

1.1. Changing the output wavelength for a fixed Changing the output wavelength for a fixed 
FEL structureFEL structure

2.2. Getting to the same output wavelength with Getting to the same output wavelength with 
different structuresdifferent structures



Output power for a FEL with Output power for a FEL with aaww=1.27=1.27,, ionion--channel density channel density 
nnii=1.4n=1.4nb b and and λλ=100nm (K=4)=100nm (K=4)



Output power for a FEL withOutput power for a FEL with,, aaww=4 =4 ionion--channel density channel density 
nnii=5.1n=5.1nb b and and λλ=50nm (=50nm (K=2.74K=2.74))



Bunching parameter for different ionBunching parameter for different ion--channel densitieschannel densities



ConclusionConclusion

In addition to this evident fact that ion-channel guiding 
allows higher electron currents and less divergence;

�� The ionThe ion--channel affects the ordinary FEL parameter channel affects the ordinary FEL parameter 
in a way which can be used as a tuning parameter to in a way which can be used as a tuning parameter to 
control the output characteristics of the FEL.control the output characteristics of the FEL.

�� It is possible to reduce the saturation length for a It is possible to reduce the saturation length for a 
fixed wavelength by reducing the ordinary FEL fixed wavelength by reducing the ordinary FEL 
parameter and compensating it by an appropriate parameter and compensating it by an appropriate 
value of ionvalue of ion--channel.channel.
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