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Why LaB6 Single Crystal Cathode ?

 High emission current
(Small cathode size creates low emittance beam)
(Small cathode size may be better against the back-
bombardment effect in RF guns)

 Flat surface because of single crystal
(Low intrinsic emittance)

 Long lifetime
(This is true, but heater assembly is difficult)
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High-Temperature Operation of LaB6 Single Crystal
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φ 1.78 mm

Single-Crystal LaB6 Cathode
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Development of thermionic DC gun and RF gun

To extract maximum performance of LaB6, we have developed
both DC gun and RF gun.

- DC gun -
  ✔Very low “high-voltage (~50kV)” , no grid and compact.
  ✔Low-emittance.
  ✔To replace with old thermionic gun (εn ~ 200 π mm mrad).
  ✔Smith-Parcel FEL and Teraherz FEL.

- RF gun -
  ✔Independently-tunable 2-cell gun.
  ✔Low-emittance.
  ✔Optimized for production of very short bunches (< 100 fs).
  ✔Super coherent THz ring (talk at Group-1 this afternoon).
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Schematic Diagram of  Low Emittance DC-gunSchematic Diagram of  Low Emittance DC-gun
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Bias Voltage Dependence of the Emittance
I = 300 mA
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Result of EGUN Simulation for Minimum Emittance
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Why thermionic RF Gun ?

Simple ! No buncher. No high-voltage stage

Photo cathode RF gun hae been getting popular, while thermionic one is not
well studied.

Back-bombardment effect can be reduced by introducing small size cathode
and shot macropulse operation.

There seems to be a possibility to create very short bunches less than 100 fs,
in addition to low emittance.
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Thermionic RF Gun

Courtesy S. Rimjaem, H. Wiedemann et al.,
NIM A 533 (2004) 258-269
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FDTD (Finite Difference Time Domain) Method
as a 3-D Maxwell’s equations solver
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Finite Difference EquationFinite Difference Equation
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Example : 1.5-cell RF gun (on-axis coupled)

0-mode is also excited at the beginning of power feed
Frequency separation : ~ 7 MHz (0 -π modes)
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ITC (Independently-Tubanle Cells) RF-Gun 
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Q1 = 13000,   Q2 = 12500  (SUPERFISH)
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3-D FDTD Cavity Analysis

f1 = 2856.000 (0.000051) MHz
Q1 ~ 13000

f2 = 2856.141 (0.009700) MHz
Q2 ~ 12500



Coupling is almost negligible.
< 10-6
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Beam Dynamics in Thermionic RF Gun
E1 = 25 MV/m
E2 = 50 MV/m

Δθ (cav1-cav2) = 18°

n + 0 cycles n + 0.25 cycles n + 0.5 cycles n + 0.75 cycles
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Control of Final Longitudinal Phase Space
Δθ = ψcavity-1 - ψcavity-1 
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Transverse Phase Space
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Summary of Guns with LaB6 Cathode

DC Gun:

Low “high-voltage” with short distance between wehnelt and
anode and no-grid structure does not simply produce low
emittance beam.  Require a special bias voltage to manipulate
the equi-potential line.

=> 1.4 π mm mrad

ITC-RF Gun:

Longitudinal phase space can be manipulated by adjusting
relative phase and E-field.  Hope to obtain 100 fs bunchlength.
Emittance is still lower but for low bunch charge  (< 50 pC).

=> ~ 1 π mm mrad


