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 We report an electron diffraction experiment in Bi in which a linearly polarized Eg optical phonon 

mode is detected after excitation of the material by a femtosecond laser pulse.  

Bismuth is a semimetal with rhombohedral crystal structure with two atoms in the unit cell. There 

are two types of optical phonon modes: (i) The totally symmetric A1g mode which corresponds to a 

displacement of the atoms along the trigonal (111) direction, and (ii) the doubly degenerate Eg mode 

which represents a motion in the plane perpendicular to (111). The A1g mode can be coherently excited 

both by displacive excitation (DE) and by impulsive stimulated Raman scattering (ISRS). Symmetry 

properties prevent DE of Eg modes leaving ISRS as a likely excitation mechanism. 

We performed time resolved electron diffraction experiments on femtosecond laser excited Bi 

membranes of 15 nm thickness which were grown on a NaCl crystal and detached by floating in water. 

The experimental setup is described elsewhere [1]. The fundamental laser beam (800 nm) was used for 

the excitation of the Bi films. The films had a crystalline structure with the (111) axis perpendicular to 

the surface. The electron beam passed perpendicular to the surface through the film. In this geometry 

the diffraction pattern is insensitive to atomic displacements along the (111) direction, i.e. insensitive 

to A1g phonon modes. On the other hand, the excitation of Eg modes corresponding to atomic 

displacements in the plane normal to (111) decreases the intensity of particular diffraction orders. The 

individual cycles of the Eg vibrations (duration 475 fs) could not be resolved because our time 

resolution about 700 fs was not sufficient. 

In our experiment excitation beam with a fluence of 1 mJ/cm
2
 and variable linear polarization was 

incident from the backside at an angle of 40 degrees (counter propagating electron and laser beam). 

The diffraction patterns were recorded as a function of the delay time between laser pump and electron 

probe pulse. The diffraction intensity drops within a few picoseconds to a lower level and relaxes 

within approximately 100 ps. The levels in the different diffraction spots corresponding to the same 

lattice plane distance are different. In fact, the comparison of the various diffraction orders reveals a 

distinct orientation pattern. The greatest drop (approximately 5 percent) is observed in the direction 

parallel to the laser polarization whereas a reduction of only 2 percent is observed in the perpendicular 

direction. A rotation of the laser polarization results in a rotation of the orientation pattern. 

A thermal excitation would lead to a drop in diffraction intensity independent of the laser 

polarization (Debye-Waller-effect). The anisotropy indicates the presence of a linearly polarized Eg 

mode. The excitation of a linearly polarized optical mode and its dependence on the laser polarization 

suggests that the stimulated Raman effect is the excitation mechanism. 
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