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Fig. 2 Validation for the self-consistent characteristic of the Fig. 3 Velocity dispersion ws different accelerating
solution to Poisson’s equation in case of unequal-potential space potential for an electron pulse system with a zero initial velocity
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Fig. 4 Impact of external electric field strength on Fig.5 TImpact of external electric field strength on velocity
charge density distribution in the vicinity of photocathode dispersion of electron pulse in the vicinity of photocathode
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Fig. 6 Configuration of electron lens Fig. 7 Variation of spatial charge density distribution with time
in streak image tubes for an electron pulse moving along the external electric field
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Statistical-dynamic analysis of space-charge effects in streak cameras

WANG Chao', KANG Yi-fan®, TANG Tian-tong'
(1. Key Laboratory of Electronic Physics and Device of Ministry of Educations,
Xi’an Jiaotong University, Xi’an 710049, China;
2. School of Science, Air Force Engineering University, Xi’an 710051, China)

Abstract: Based on Boltzmann distribution law which is the derived distribution characteristic of electrons by potential ener-
gy in a conservative field from Boltzmann integrally differential equation in equilibrium state, the distribution functions of volume
charge density and the velocity of electron pulse system in the externally supported unequal-potential space are achieved from the
perspective of statistical physics by solving Poisson’s equation. And the qualitative analysis of the dynamic variation characteris-
tics of the two parametric distributions indicates that a higher external potential will restrain the unwelcome space charge effects
which cause electron pulse broadening and energy spread. The physical mechanism of the optimization effect of higher electric field
in the vicinity of the photocathode on the temporal resolution is proved to be the enhanced concentration of electrons in a streak
camera, and it is not the well-recognized reduction of photoelectron energy spread. What’s more, an inferential conclusion is also
available that limiting the extent of the regions where the photoelectron pulse moves along the electric field will greatly improve the
functional performance of streak cameras.

Key words: High-speed image-converter camera; Space charge effects; Boltzmann integrally differential equation;

Poisson’s equation; Time-resolved



