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Low Emittance Injector for SASE-FEL
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CeB4 Cathode Development



Choice of Cathode Material

X-FEL Requirements

Very Low emittance

e <lmtmmmmrad — — —

n,rms

High Beam Current at Gun

|, ~3A - - -

Long Lifetime
>10,000 hours

Thermal Emittance

e K KgT
n,rms 2 m C2
€

Small Cathode

r.<2mm
T =1000 ~ 1500°C

High Emission Density
j. ~50A/cm?

Rare-earth Hexaborides
LaBse or CeBs6

SCSS



SCSS

CeBs (Cerium Hexaboride) Single-Crystal Cathode

CeBe cathode is widely used in electron microscope !!
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Properties

| Very flat surface
(surface roughness <1 um)

Low workfunction (~2.4 eV)

Long lifetime (>10,000 hours)

Rapid recovery from contamination

Design parameter of SCSS cathode

| Thermal Emittance

r | keT
8n,rms = ) = 0.4 tmm mrad
2 \ meC

Cathode Radius r=1.5mm
T=1450 (1723 K)

Temperature

| Emission Current Density

Richardson-Dashman's Formula (Ideal Case)

J =120.4 T?exp(—¢'/ ksT) > 42 Alcm?

Boltzmann's Constant ks = 8.617 x107°(eV / K)

, E
Effective Workfunction ¢"=¢ —% eT ~2.3 (eV)
TEg
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CeBe Cathode Assembly (New Model)

Cathode Assembly Heated Cathode in Stem

Cathode Temperature
~1500 C

CeBs6 Single Crystal
3 3mm
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The gun voltage=500 kV
Temperature was measured at the graphite
sleeve by a radiation monitor.



500 kV Electron Gun
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500 kV Electron Gun

C-band klystron modulator is used
as a HV pulsed power supply.

500 kV Electron Gun
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C-band Klystron Modulator

Gun Pulse Waveform

Same model of the C-band
klystron modulator is used
for the 500 kV electron gun.
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500 kV Electron Gun Chamber
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500 keV Beam Production

SCSS

Gun Voltage (kV)

~1 ns part will cut out from the flattop by a beam deflector,

Space Charge Limit

.

Schottky Effect
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Beam Waveform
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and be used for the SCSS accelerator.
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We operate the gun in temperature limited region
to reduce emittance growth due to space charge.




Emittance Measurement



_ _ SCSS
Normalized rms Emittance

Definition X
1 2 2 2
8n,rms, _”ﬁ <X >< px >—<X px>
———
= BYJ (x-X)’ X
unit : T mm.mrad
Ix?) = [ X% (X, x")dxadx' 8
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SCSS
Emittance Measurement by Double-slits

_ Reconstruction of the phase space plot
in time domain
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Emittance Monitor
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Beamlet Spreading due to Space Charge
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CT2 Signal (normalized)
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Beamlet spreads due to not only the thermal
momentum but also the space charge force.

Opening width of the upstream slit must be
narrow enough that the space charge effect
can be neligible.
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Beamlet spread due to space charge
Is about 15% at 50 um width.
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Emittance of 500 keV Beam

Beam Profile Phase Space Profile
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Beam Energy : 500 keV Emittance (En,ms)

Peak Current :1.0A Requirement : <1t mm.mrad

Pulse Width  : 3 i
uise Wi S Experiment : 1.1t mm.mrad




SCSS
Emittance with Thermal Diffusion and Non-linear Space Charge

Anode — Collimator Phase Space Profile
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Electrons diffuse to the outside by thermal motion.

Non-linear space charge force breaks emittance.



SCSS
Summary

1) We have succeeded in producing a 500 keV, 1 A beam
from the CeBs gun.

2) Measured emittance was ~1mt mm mrad.

3) In 2004, we will install a beam deflector and a buncher
system, and measure the bunched beam emittance.



