
ABSTRACT

We present simulations and experimental progress toward the 

development of  a high-current electron source with the potential to 

deliver high charge electron bunches at GHz-level repetition rates. To 

achieve these goals electrons are generated through field-emission and 

the cathode is immersed in a conduction-cooled superconducting 650-

MHz RF cavity. The field-emitters consist of  microscopic silicon 

pyramids and have a typical enhancement factor of  about 500. To trigger 

field-emission, the peak field inside the RF cavity of  about 6 MV/m is 

further enhanced by placing the field-emitters on the top of  a 

superconducting Nb rod inserted in the RF cavity. So far, we cannot 

control the duration of  the electron bunches which is of  the order of  RF 

period. Also, the present cryocooler power of  about 2~W limits the 

beam current to microamp level.
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• Support for cathode (array of  field-emitters).

• Places the cathode in a high field region.

• Enhances fields at the tip (typically by a factor of  ≈ 3)

EM fields when Nb rod inserted

Thermal analysis

Superfish with corrections for surface 

resistance Rs calculation

Lrod=220 mm Lrod=240 mm

Field-emission cathode

Conclusions:

• Construction of  a superconducting field-emission electron source cooled through thermal conduction is underway at 

Fermilab.

• A 650 MHZ niobium RF cavity is cooled by conduction to operate in superconducting regime.

• The cryo-cooler (Cryomech PT420) typically operates at power load of  2 W and temperature 4.2 K. Most of  the power 

load (1.6 W) is used to cool the RF cavity.

• The input power is generated by a solid state amplifier with central frequency of  650 MHz and bandwidth of  10 MHz. The 

input power is limited to 5W. So far, this is the main constrain for the beam current which has to be at microamp level.

• A superconducting rod inserted in the RF cavity is used as a cathode holder.

• The cathode consists of  a field emission array with enhancement factor of  about 500.

• We anticipate that beam current is at microamp level, kinetic energy about 30 keV and repetition rate 650 MHz.

• Main limitations: low RF power supply (5 W) and relatively low cryo-cooler power (2W) @ T = 4.2 K


