[bookmark: the-fermilab-electron-lens-test-stand]The Fermilab electron-lens test stand
[bookmark: _GoBack]The Fermilab electron-lens test stand is a laboratory located in the lower linac gallery. Originally developed as a test bench for the Tevatron electron lenses, it has also been used to study high-perveance electron guns, hollow electron beams, and trapped plasma columns.
For the present project, the laboratory provides the necessary equipment to test the new McMillan electron guns for IOTA: vacuum and high-voltage compatibility, cathode heating, current yield vs. voltage (perveance), current-density profiles, and the time structure of the current pulse.
[bookmark: main-apparatus]Main apparatus
The main experimental apparatus consists of a pulsed electron gun, a straight 3-m beam line equipped with pickup electrodes, and a water-cooled collector. The vacuum chamber is surrounded by 3 solenoids instrumented with magnetic correctors (see figure).
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Panoramic photograph and schematic layout of the Fermilab electron-lens test stand: pulsed electron gun (1); straight beam line (5); water-cooled collector (2); gun solenoid (4, left), main solenoid (3); collector solenoid (4, right). End-plates (6) are used to shape the axial magnetic field. The device is supported and aligned on a girder (8).
The electron guns can be operated up to 10 kV. They typically deliver from a few milliamps to a few amperes of current. Electron guns that share a common mounting flange can be easily swapped.
The high-voltage modulator can generate repetition rates up to 10 kHz, with pulse rise times of the order of 100 ns and a wide range of pulse widths (typically, a few microseconds). For IOTA, this implies flexibility in operations, from a continuous electron beam to a beam that can be turned on in less than a revolution time and act on the circulating electron or proton beam for the desired number of turns.
The gun, main, and collector solenoids can be controlled independently. They generate axial fields up to 0.4 T, to compress or expand the electron beam inside the main solenoid or to redistribute its power on the collector surface.
Magnetic correctors are used to align and steer the electron beam. The total electron beam current is measured at the collector. The current density and its time structure are measured by detecting the current through a pinhole, drilled on the collector axis, as the position of the electron beam is scanned by varying the steerer settings.
The figure shows an example of an electron gun used in the Tevatron to achieve Gaussian beam profiles for beam-beam compensation.
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Example of electron gun profile measurements for the Tevatron 0.4-inch Gaussian gun: side view of the gun (top left); copper anode and tungsten dispenser cathode with spherical surface (top right); measured current density profile from pinhole scan (bottom left); horizontal projection of the measured profile (bottom right).
As part of the present project, the required accuracy of the McMillan profile and its measurement can be addressed by building upon established techniques.
[bookmark: other-equipment-and-utilities]Other equipment and utilities
The laboratory has an area of about 100 m2, including experimental apparatus, power supplies, control racks, work areas, cabinets, and computer desks.
Electrical power is provided by separate feeds, for a total of 360 kW. Most of the power is used by the solenoid power supplies. In steady state and at maximum magnetic field, the water-cooled solenoids dissipate about 210 kW.
A 18-MOhm low-conductivity-water circuit provides cooling for the power supplies, solenoids, and collector. The supply and return pressures are 120 psi and 40 psi, respectively. The water flow is approximately 60 gal/min.
The beam line is pumped with diaphragm and turbomolecular pumps down to 10-6 mbar. Beyond that, valves are closed and the volume is pumped exclusively with ion pumps (about 120 l/s). Typical vacuum pressures are between 10-8 mbar and 10-7 mbar when the cathodes are at the operating temperature of 1400 K. Bottled nitrogen gas is available for purging the vacuum chamber at atmosferic pressure during electron gun replacement.
The computer network, instrumentation, and diagnostics are connected to the Accelerator Division controls system.
image1.png




image2.png




