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• This lecture describes electron beam dynamics in the absence of

space charge forces. It begins by showing the bunch in a

photocathode gun is pancake-like, justifying the SCL formulas given

in the previous lecture.

• Longitudinal beam cooling longitudinally and conservation of

longitudinal emittance are demonstrated.

• The emittance due to RF field of the gun is presented.

• The formula for the “Schottky scan”, commonly used to establish the

laser launch phase, is derived w/o space charge.

Lecture 4:

Beam Dynamics w/o Space Charge



Formation Length of the Bunch at the Cathode
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Longitudinal Beam Cooling During Acceleration

Beam cooling during acceleration_cropped.pdf
Beam cooling during acceleration_cropped.pdf


Longitudinal Cooling (cont’d)



RF emittance in Photocathode Guns

Mechanisms of Emittance Growth, Lecture 8
High Brightness Electron Injectors for 

Light Sources – June 14-18, 2010

Lecture 4 RF emittance.docx
../2010USPAS_Lecture 8 Examples of Emittance Growth/EmittanceGrowth/Lecture8_EmittanceGrowth_v2.pdf


High Brightness Electron Injectors for 

Light Sources – June 14-18, 2010

For a high field gun operating at 100 MV/m the defocusing

at the gun exit is quite strong:
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cathode

RF defocusing lens, frf

solenoid focusing lens, fsol

(as a thin lens)
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The Schottky Scan
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Derivation of Schottky Scan Function

In Lecture 2 we derived the following formula for the QE of a metal
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where the effective work function is

Putting this into the QE formula gives,
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Fit of the Schottky Function to LCLS Data

Find: eVW 83.4 02.1

High Brightness Electron Injectors for 

Light Sources – June 14-18, 2010 Fit to LCLS data by Dao Xiang


