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Developments in ultrafast lasers and pulsed electron gun have led to the development of time-
resolved electron diffraction and microscopy with temporal resolution approaching tenths of 
picoseconds (ps)1-4. The combination of ultrafast laser and reflection high-energy electron diffraction 
(RHEED), for example, provides a possibility to examine the surface dynamics at the atomic time 
and length scales. A number of publications, including in high profile journals, reported large lattice 
contraction and expansion and phase transitions in several materials on the time scale of few 
picoseconds (ps) to tens or hundreds of ps using ultrafast RHEED5-6. Repeatable processes at ps time 
scale have also been reported by ultrafast EM4. Ultrafast electron diffraction and microscopy use 
pulsed laser as pump to initiate dynamic processes in solids. Under irradiation of pulsed laser beam 
of picoseconds or less, electrons inside a solid can be heated to high temperatures for a short period 
of time (several ps). A part of hot electrons can be emitted from the surface in a similar way of 
thermionic emission 7. The emitted electrons, travel at speeds, produce transient electric fields (TEFs) 
together with the positively charged surface8. However, previous reports did not take account of 
photoemitted electrons and their electric fields, and thus ignored their effect on both the incident and 
diffracted electron beams.  

To measure TEFs, we have developed a time-resolved electron beam imaging technique based on 
the pump-probe approach. We monitor a small diameter of collimated electron pulses traveling 
above the targeted surface as a function of delay time between pump laser (800nm) and probe 
electron beam (30kV). The experimental setup used for detecting transient electrical fields has been 
described in detail elsewhere8. Figure 1a shows selected images of the electron beam recorded at 
different time delays for the laser fluence of 67.7mJ/cm2 above a silicon surface. To monitor the 
relative change we took the intensity profile of the direct electron beam along the vertical direction 
averaged over a horizontal width of the direct beam and combine the profiles for each time delay to 
form a composite image of intensity versus the time delay (horizontal axis) as shown in Figure 1b. 
The sample is at the bottom of each image. At 75 ps, the electron beam is deflected upper ward with 
a narrower beam width compared to that at 0 ps. Afterward, the electron beam moved downward 
(toward the surface) with a larger beam width. The position of electron beam is not fully recovered 
to the original position within 1 ns delay time. 

To explain the time dependence of electron beam deflection, we developed a model of the electron 
plume produced by the laser pulse and its propagation8. The model assumed that emitted electrons 
leave the sample surface and propagate at a velocity of vo. For the propagation of electrons, we 
assume a part is subjected to a de-acceleration, while the rest continues at its initial velocity. Using 
the above model, we fitted the measured time dependent electron beam deflections. The results were 
reported in ref. 8. Figure 2 shows the time dependent electron (charge) distribution ( , )z tρ  obtained 
from fitting for the laser fluence of 67.7 mJ/cm2 at several time delays. 
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In ultrafast RHEED, TEFs lead to deflection of specular and diffracted electron beams, which 
previously was explained entirely based on lattice contraction and expansion5-6. In ultrafast electron 
microscopy, TEFs from accidental laser irradiation of supporting metal grids can lead to anomalous 
beam deflection and change in image contrast. Thus, there is clearly a need for better understanding 
of TEFs in the field of ultrafast electron microscopy. The work is supported by DOE DEFG02-
01ER4592, DEFG02-91-ER45439 and DOE DEFG02-07ER46453.  
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Figure 1. (a) Temporal evolution of electron 
shadow image with the laser fluence of 67.7 
mJ/cm2. The dash line indicates the initial electron 
beam position. (b) Composite image of the vertical 
electron probe intensity profile (vertical) as a 
function of the delay (horizontal). (c) Vertical 

electron beam deflection as a function of delay time in degrees. The continuous lines are results of 
model fitting based on TEFs. 

Figure 2  Time dependent electron (charge) 
distribution ( , )z tρ  obtained from fitting for the 
laser fluence of 67.7 mJ/cm2 at several time 
delays 

Distance (mm)
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