
High Brightness Electron Injectors for 

Light Sources – June 14-18, 2010

• The object of this lecture is to define the concept of space charge

limited emission. This is done by deriving the Child-Langmuir law

for a DC diode and the space charge limit for the short pulse of a

photocathode gun. The differences of these two cases are

discussed.

• The space charge limit is applied to the observed operation of RF

photocathode guns.

• The connection between the space charge limit and the lowest

achievable emittance is derived and discussed.

Lecture 3:

Space Charge Limited Emission
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Electron emission is strongly affected by self-fields produced by the

electron bunch itself. Immediately at the cathode surface, the electrons

experience their own image charge which for metal cathodes produces a

field which opposes the applied electric field. The magnitude of this field

is easily estimated by considering the electron bunch as a very thin

charge sheet very close to the cathode surface. Then the space charge

field is similar to that between the plates of a capacitor as shown
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Space charge electric field:

SCL occurs when 

space charge field = applied field

Limiting surface charge density:
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Space charge limited (SCL) emission in a RF gun

Assume a Gaussian 

radial distribution on the cathode,

then the surface charge density is

See Rosenzweig et al., NIM A341(1994)379-385
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SCL occurs when
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Theory is used at LCLS to obtain QE and effective emission size

The measured bunch charge vs. laser energy fit with an analysis for 

the QE and the space charge limit.  The QE in this case was 

3.7×10-5 and the effective transverse radius is 0.34 mm rms.



SCL for Different QE’s
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The Space Charge Limited Emittance:

The Lowest Possible Emittance



Lecture 3 Summary
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Homework problem

•This lecture defines the space charge limit of electron emission 

for cathodes and describes the difference between the Child-

Langmuir law for long pulse thermionic-like emission and short 

pulse photoemission.  Formulas for the SCL for each case are 

derived.

•For the photo-emission SCL the function for the emitted charge vs 

the drive laser energy is derived for a Gaussian laser profile which 

is useful for obtaining the QE from laser-limited emission and for 

obtaining the rms of the effective (laser+QE)  emission profile.

•The perveance was related to the geometric divergence at the 

SCL and the ultimate emittance derived in terms of the SCL and 

the intrinsic cathode emittance.

../problems/ProblemPDFs/Lecture3SCLProblem.pdf

