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A crucial part of achieving JLab’s proposed electron ion
3 collider (JLEIC) design luminosity is the application of elec-
fg’ tron cooling to reduce the ion emittance. One required cool-
2ing method is Bunched Beam Cooling (BBC). This cool-
& ing process requires beam characteristics that are difficult
E to achieve. In particular, a high current magnetized elec-
% tron beam. Here we present a magnetized gridded cathode
= thermionic electron source, deigned and built by Xelera Re-
‘g search LLC as part of the DOE SBIR program, that could
£ represent the correct technology to use in achieving BBC, as
Z well as a beamline at JLab that will be used to characterize
£ the source.

INTRODUCTION

Thermionic sources operate under the effect of thermionic
emission. Applying a current that heats the cathode increases
the thermal energy of electrons to the point of overcoming
z the work function of emission from the cathode to free space.

%Grldded cathodes driven by RF sources are able to form
< bunched electrons from an otherwise continuously emitting
& cathode. One main advantage of the thermionic sources
§ are their robustness and longevity even at high current as
© opposed to sources like photoelectron guns. Photoguns are
%:3 highly flexible and offer control over the phase space of the
8 bunch, but have not been proven continuously at very high
o currents for extended periods. A thermionic gun could be
; a viable low risk plan; being a robust platform capable of
Sproducing the current required for effective BBC [1]. To
O demonstrate this, JLab has partnered with Xelera Research
ZLLC to design and build a thermionic electron gun as part
L'i of the DOE SBIR program [2].

€ Itis likely a thermionic source will be the most viable op-
‘:;) tion to achieve the high average current for the JLEIC design
f can be achieved with the appropriate bunch charge and repe-
-°§ tition rate controlled by the RF gated, gridded thermionic
= electron gun.

§ Gridding near the edge of the cathode creates gradients
8 within the E-field that suppress the thermionic emission of
Zelectrons. By modulating this field, pulsed electron bunches
_M can be generated. The mechanism of the electron “gating”

g is straightforward. Have a DC bias voltage from the grid
£ that restricts emission of electrons and drive this bias with
= an RF at which the peaks above the cut-off voltage allow for
£ electron emission [3,4]. This is illustrated in Figs. 1 and 2.
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Figure 1: Conceptual cathode, grid, anode diagram. U,:
gun voltage.
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Figure 2: Illustration relating grid voltages to current profile
of bunches.

The current emitted as a function of time is given by

I(t) =8 [Ub + Urfcos(wrf[) - UC]’ (D

where Uy, is the grid bias voltage, U,y is the peak RF voltage,
U. is the cutoff voltage, wyr is the angular frequency of the
RF signal, and g is the transconductance.

This gun was designed with the potential for magnetiza-
tion. Magnetization is achieved by immersing the cathode
in a magnetic field perpendicular to the cathode surface. By
powering a large solenoid at the gun, electrons leaving the
solenoid field are imparted with an angular momentum:

B
SE(r2). @

where 7. is the radius of the beam on the cathode, and B, is
the longitudinal magnetic field on the cathode, thus creating
a ‘magnetized beam’. This is important for JLEIC cooling
as this angular momentum cancels fringe field Lorentz force
when entering the cooling solenoid, increasing the cooling
efficiency [5]. The larger emission radius of a thermionic
gun means effective magnetization can be achieved at
smaller magnetic field strengths, but the field must be
uniform over the emitting area.
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Figure 3: Thermionic electron source design, and assembly at Xelera’s facility.

THERMIONIC GUN DESIGN

The thermionic gun geometry was designed and built by
Xelera Research LL.C, and shown in Fig. 3. Table 1 gives

the gun’s major design features.

Table 1: Thermionic Electron Source Design Features

Max. Average Current: 65 mA

Maximum gun Voltage: 125 kV

RF Frequency: 500 MHz

Cathode: CPI Y-845 R=0.4cm

Nominal bunch charges: 20 pC, 130 pC

Cathode/Anode Gap: 26 mm

Cathode Angle: 20 deg

Anode Angle: 31 deg

Thermal Emittance: ~ 4 micron at 130 pC

Magnetized Emittance: ~ 36 micron
DIAGNOSTIC BEAMLINE

In order to accurately characterize the gun and confirm it
matches the design goals, a diagnostic beamline has been
constructed with the aim of measuring the main properties
of interest. These properties include: longitudinal current
profile (Eq. 1), angular momentum (Eq. 2), normalized rms
emittance:

V2 (B2) = Gapa)s 3)

€ =
MeC
and uncorrelated emittance (€,,). Here m, is the electron
rest mass, ¢ is the speed of light, x is a position coordinate,
and py is the associated momentum to that coordinate.The
uncorrelated emittance being the resulting emittance after
correlation from magnetization between coordinates and
the corresponding orthogonal momentum is removed. The
removal of this correlation numerically is equivalent to

P; =Px— Cypx Y, “4)

where Cy, . is the linear fit of the correlation in (y, px) phase
space.
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The beamline itself is shown in Fig. 4 and consists of
three viewers for steering and measurements, the magne-
tizing solenoid, five focusing solenoids and seven steering
corrector magnets. Current can be measured at the dump
and from gun power supply. The viewers also contain a
slit and diagnostic tool termed a 1-Dimensional Pepper-Pot
(1DPP). The beamline also includes a deflecting cavity that
when used with the 1DPP allows for accurate measurement
of the longitudinal current profile.

Beamline Simulations

A large number of simulations have been performed using
General Particle Tracer (GPT) [6] at various bunch charges
and magnetizing solenoid current to have a strong under-
standing of possible behaviors we may encounter when using
this diagnostic beamline. Some of these simulation results
are shown in Figs. 5-6. These depict maximum transverse
bunch size along the length of the beamline to ensure clean
transportation and emittance values for various levels of
magnetization.

Figure 7 shows simulations of measurements, and Fig. 8
illustrates promising results demonstrating a good match be-
tween simulated measurements and predictive theory of gun
characteristics related to the previously mentioned properties
of interest.

g

Figure 4: Diagnostic beamline: (a) Gun in faraday cage,

(b) Magnetizing solenoid, (c) Viewer 1, (d) Viewer 2/1DPP,

(e) DQW Cavity, (f) Viewer 3, (g) Beam dump.
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Flgure 5: Simulations of transverse size and emittance for
%1 pC bunch charges at various magnetizations.
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Figure 6: Simulations of transverse size and emittance for
130 pC bunch charges at various magnetizations.

Specifically: (L): measurement error < 0.5%, I(z): true
© 227 ps, calculated 232 ps, error 2.16%, ¢,: true value
§36.08 um, calculated 36.24 pum, error < 0.5%, €,,: true
Evalue 4.91 um, calculated 5.03 um, error 2.5%.
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CONCLUSION

The diagnostic beamline is complete, and measurements
g will be made soon to confirm predicted behavior of the de-
zsign. Validating a reason to continue pursuing this work to
E develop a gun that will match JLIEC design parameters. In
8 simulation all possible information about the beam proper-
= ties are directly available and can therefore be compared to
= the values calculate from virtual measurement as validation
£ of these devices and techniques. All virtual measurements
= performed for the properties of interest agreed well with the-
% oretical prediction and the values directly from simulation.
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Figure 7: Example of simulated measurement as would be
seen on viewer screen.
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Figure 8: Recreated phase space from simulated measure-
ments.

y' [1/mc]

-0.02 0 0.02
y[m]

ACKNOWLEDGMENTS

Authored by Jefferson Science Associates, LLC under
U.S. DOE Contract No. DE-AC05-060R23177. The U.S.
Government retains a non-exclusive, paid-up, irrevocable,
world-wide license to publish or reproduce this manuscript
for U.S. Government purposes. Work supported by DOE
SBIR Grant No. DE-SC0015186.

MC3: Novel Particle Sources and Acceleration Techniques

T02 Electron Sources



10th Int. Particle Accelerator Conf.

ISBN: 978-3-95450-208-0

(1]

(2]

(3]

MC3: Novel Particle Sources and Acceleration Techniques

REFERENCES

S. V. Benson et al., “Development of a Bunched-Beam Elec-
tron Cooler for the Jefferson Lab Electron-Ion Collider”, in
Proc. 9th Int. Particle Accelerator Conf. (IPAC’18), Vancou-
ver, Canada, Apr.-May 2018, pp. 382-385. doi:10.18429/
JACoW-TIPAC2018-MOPMKO15

Grant No. DE-SC0015186, for a Small Business Innovation
Research project entitled “A Magnetized Electron Source for
Ion Beam Cooling” to Xelera Research LLC, Ithaca, NY USA.
www.Xxeleraresearch.com

V. Trebich, “Simulation of thermionic RF gun with a grid”, Nu-
clear Instruments and Methods in Physics Research A, vol. 345,

T02 Electron Sources

IPAC2019, Melbourne, Australia

(4]

(5]

(6]

JACoW Publishing
doi:10.18429/JACoW-IPAC2019-TUPTS093

pp. 417-420, 1994.

V. Volkov et al., “Thermionic cathode-grid assembly simula-
tion for RF guns”, in Proceedings of PAC’09, Vancouver, BC,

Canada, 2009.

A. Burov, Ya. Derbeney, S. Nagaitsev, and A. Shemakin, “Op-
tical Principles of Beam Transport for Relativistic Electron
Cooling”, PRST-AB, vol. 3, p. 094002, 2000.

S. B. van der Geer and M. J. de Loos. General Particle Tracer
User Manual, Version 3.35, Pulsar Physics, The Netherlands,
1996.

TUPTS093
2143

©=2d Content from this work may be used under the terms of the CC BY 3.0 licence (© 2019). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI

©



