&:
The Cockcroft Institute

of Accelerator Science and Technology

High Performance Electron Sources

B.L. Militsyn

Cockcroft Institute
ASTeC
STFC Daresbury Laboratory

Cl SAC meeting,
2 November 2009, Daresbury

!.! Daresbury Laboratory il



J,Z
The Cockcroft Institute

of Accelerator Science and Technology

Outline

A Introduction. Electron source characterisation
A Electron beam production

A Ongoing projects
collaborations

d local, national and international

A Perspective projects

A Conclusion

Qo

Daresbury Laboratory

B.L. Militsyn, High Performance electron sources, Cl SAC

meeting, 2 November 2009, Daresbury, 2l2t

ASTeC



4>

Ultimate challenges to electron

The Cockaroft Institute  SOUTLES

Beam Parameter FEL (NLS) | ERL (Cornell, Berlin)
Beam energy, MeV 1-10 1-10

Maximum bunch charge, nC 1 0.1

Bunch transverse emittance, mm - mrad | 0.5 1.0

Maximum bunch repetition rate, MHz 1 1300

Average current, mA 1 100

Peak current at FEL, kA 1 -

Bunch duration, ps 20 20
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¢> Production of electron beams
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Emission of electrons

Modulation (if required)

Acceleration

Emittance compensation (if required)
Bunch compression (if required)
Acceleration in the booster (if required)
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Cathode Buncher Booster accelerator
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¢ : Electron emission
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A Thermo cathodes
A Photocathodes
A Metal photocathodes

A 1l1- V semiconductor (GaAs) & high Q.E., low
emittance, high repetition rate, high average
current

A (MultiAlkali & fast response time, decent  Q.E., high
robustness, low emittance

A Field emission cathodes

Scionce & ochwalngy Faciies Couach B.L. Militsyn, High Performance electron sources, Cl SAC 5/97 AST@C
Daresbury Laboratory meeting, 2 November 2009, Daresbury, ( =2



: Thermionic Emitters
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Grid modulated 6mm LaB 4 emitter High voltage modulated single

crystall CeB 4 emitter

Procesdmps of the 2003 Particle Accelermior Canference

o i . FULSED HV ELECTRON GUN WITH THERMIONIC CATHODE FOR THE
FELIX/FELICE facility, Rijnhuizen, The Netherlands SOFT X.RAY FEL PROJECT AT SPRING.S
Radiation sorce ELBE, FZD, Dresden K. Togawa, H. Baba, K. Onoe. T. Shintake, $Pring-8 / RIKEN Harima Institre, Hyogo, Tapan

T. Ishizuka, Sumitomo Heavy Indusmes, Ehime, Japan
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Photoemitters. Negative Electron
Affinity GaAs photocathode

Physics of photoemission from Ultimate brightness and emittance

GaAs of the emitted electrons
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¢> Photoemitters. Driving Laser for the
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pjw] = 1 A24Q(nC| & [MHz]
h 1 [nm GE[%]
Pulse charge, nC 1
Repetition rate, MHz 1
Average current, mA 1

For a Cs,Te photocathode with QEF1% at , =266 nm

Wavelength, nm 266
Pulse shape Flat top
Maximum rise time, ps 2
Pulse length, ps 20
Laser pulse energy, nv 0.47
Average laser power, W 0.47

Photocathode sensitivity, mA/W 2.1
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: Photoemitters. Time response
The Cockcroft Institute

of Accelerator Science and Technology

. . . ug
, Data from The University of Mainz: Photocathode Vacuum
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Q.E. spectra and energy of emitted
electrons spectra of ultrafast GaAs

photocathode.
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Photoemitters. Ultrafast GaAs
photocathodes

Ie —Ihco=1.4—1.7 eV-
—ho=1.96 eV
—how =2.33¢eV
. —how=3.10eV
S 10t i
=10
é;
Z 102 |
3 , . . . ,
10°=—"200 400 600 800 1000
&, meV

Proceedings of EPACO8, Genoa, Italy MOPC073

DESIGN OF AN UPGRADE TO THE ALICE PHOTOCATHODE
ELECTRON GUN

B.L. Militsyn*. I. Burrows. R.J. Cash. B.D. Fell. L.B. Jones, J.W. McKenzie, K.J. Middleman,
STFC Daresbury Laboratory, Warrington, WA4 4AD. UK
S.N. Kosolobov, H.E. Scheibler, A.S. Terekhov, ISP, Novosibirsk, 630090, Russian Federation
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Photoemitters. Ultrafast telluride
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Zone structure of Cs  ,Te Spectrum of photoemission
from Cs2Ne
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Note on the thermal emitiance of elecirons emitted by Cesium NERGY ALV VALENSE BAND EAXIMOM (e
Telluride photo cathodes
Klaus Flottmann
DESY, Notkestr. 85, 22603 Hamburg, Germany PHYSICAL REVIEW B VOLUME 8, NUMBER 8 15 OCTOBER 1973
’ Photoemission Studies of Cesium Telluride™
R. A. Powell, W. E. Spicer, G. B. Fisher', and P. Gregory
Feb. 1997, TESI.A-FEL 97-01 B Stanford Electronics Laboratories, St i University, Stanford, California 94305

(Received 8 January 1973)
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radiant sensitvity
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