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Lecture 14:
Current Topics I

• The objective of this lecture is to describe some of the near term 
challenges of injectors for 4th generation light sources.  
Measurements of an unexpected microbunching instability will be 
presented.  Cathode limitations and a means for improving it is 
presented.

• The student will learn about how coherent synchrotron radiation 
degrades the electron beam quality and confuses the diagnostics 
and how this is mitigated with the laser heater.  And will learn
about “structured” cathodes.

And
Unexpected Physics!

D. H. Dowell, SLAC
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Coherent Synchrotron Radiation Induced
Emittance Growth

Tail Radiation

Electron Microbunch Traveling in an Arc

CSR occurs when the bending of a relativistic electron beam allows the 
synchrotron radiation emitted by the tail of the microbunch to "catch up" 
with the head electrons.  If the arc length of the bend is long enough, this 
radiation sweeps along the entire length of the microbunch and transfers 
energy from the tail to the head.  Therefore CSR  tends to increase 
the energy of the head while lowering that of the tail.

Ref: Y.S. Derbenev et al., DESY TESLA-FEL Technical Note 95-05(1995)
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Ref: D.H. Dowell and P.G. O’Shea, “Coherent Synchrotron Radiation Induced 
Emittance Growth in a Chicane Buncher”, contribution to PAC’97.
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Boeing Chicane Buncher

Achromatic chicane composed of three n=1/2 dipoles.
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Transverse Phase Space

The initial and final transverse 
phase space distributions, with 

and without CSR, when the 
microbunch is compressed.  The 

distributions are offset for 
display only.

The correlation of divergence 
with longitudinal position at 
the exit of the chicane due to 

CSR.

Coherent Synchrotron Radiation Induced Emittance Growth
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Comparison of experiment with PARMELA and 
CSR emittance growth calculations.
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Microbunching instability first observed in simulations by
M. Borland (ANL).
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Observation of Microbunching Instability at BNL
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Possible Schemes for 
Damping the CSR Instability
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Microbunching Gain after BC1



High Brightness Electron Injectors for 
Light Sources - January 14-18 2007

Lecture 14
D.H. Dowell, S. Lidia, J.F. Schmerge

Suppression of Microbunching Instability 
with a Super Conducting Undulator

To be efficient, the undulator has to be at high energy, 4.5 GeV,
when damage is already done.
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Laser Heater
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Energy Distribution After Laser Heater
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Unexpected Physics!  Coherent OTR 
with Maximum Compression

Bunch Length MonitorsBunch Length Monitors

OTROTR
OpticalOptical
SignalSignal

300 GHz300 GHz

100 GHz100 GHz

RF Phase of L1S, relative to crest (RF Phase of L1S, relative to crest (degSdegS))

Generation of COTR in the Visible Spectrum Indicates SpikeGeneration of COTR in the Visible Spectrum Indicates Spike
& Interferes with Using OTR for Emittance Measurements. & Interferes with Using OTR for Emittance Measurements. 

OTR Images Can ProduceOTR Images Can Produce
““RingRing--LikeLike”” Shapes! Shapes! 

OTR Light increases by 10OTR Light increases by 10--100 100 
with maximum compressionwith maximum compression

200 200 pCpC, extreme compression, extreme compression
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Unexpected Physics! Coherent OTR after 
35-degree Bend, Even With No BC1

OFF
L1S & L1X ON CRESTL1S & L1X ON CREST

Evidence for Evidence for 
MicroMicro--bunching:bunching:

OTR signal peaks OTR signal peaks 
when quad is set when quad is set 
for linear for linear achromatachromat, , 
otherwise it damps otherwise it damps 
micromicro--bunchingbunching

OTR Optical SignalOTR Optical Signal

DL1 Quadrupole Strength
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••QE has been increasing due to constant QE has been increasing due to constant 
exposure to the UV laser and by actively exposure to the UV laser and by actively 
Laser Cleaning the cathode.  Laser Cleaning the cathode.  

••QE is now ~3x10QE is now ~3x10--55, 2 times lower than , 2 times lower than 
spec (6x10spec (6x10--55).  ).  

••QEQE--scans show emission is in the Space scans show emission is in the Space 
Charge Limited Regime at 1nC for a 1.3 Charge Limited Regime at 1nC for a 1.3 
mm mm diadia. laser on the cathode.. laser on the cathode.

Emission Image of 
Cathode on YAG

History of the on-line QE
An approximate indication of QE

Cathode QE and Uniformity
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J.G. Endriz, Applied Physics Letters, 25,1974 p26

Fabrication of S1-cathode over a structured substrate

Need to study:
1. Compatibility with copper or other metallic substrate
2. Vacuum requirements and long term stability:  Approach for installation in gun
3. Thermal emittance:  Theory and Expt.
4. Temporal response

1

Structured Cathodes Sensitive at Fundamental of TiS (~900nm)
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