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Report: 

We report the results from HAXPES experimant at the spanish beamline (spline) BM25. 

Three Carbon film sampels of 19.2, 34.4 and 74.7 nm were diposeted onto a one sided 

polished copper substrat. Three photon energies of 17, 18, and 19 keV were used to generate 

photoelectrons from the Cu (1s) shell. Data was aquaierd for the three phton energies at each 

carbon film. The spectra emitted from the pure cooper substrate and from the 19.2, 34.4 and 

74.7 nm carbon over-layer is depicted in Fig 1 for the photon energies of 19, 18 and 17 keV. 

Each spectrum was first normalized according to the storage ring electron current during the 

measurement, the Tougaard algorithm ‎[1] was used for background correction and finally the 

intensity of each spectrum was normalized to one. 

 

(a) (b) (c)

 

Figure 1: Measured spectra of the cooper substrate (sample 1), the 19.2 nm carbon over-layer 

(sample 2), the 34.4 nm Carbon over-layer (sample 3) and the 74.7 nm carbon over-layer (sample 4). 

The peak observed at the right side of the spectra is originated from the cooper (1s) contribution. The 

photon energy is 19, 18 and 17 keV in figures (a), (b) and (c), respectively. 



 

As the electrons projection length is extended from zero to 74.7 nm, a buildup of electrons 

that have experienced multiple energy losses is observed. The electrons average energy, 

measured as a function of carbon over-layer thickens using the wide energy spectrum shown 

in Fig 1, is plotted in Fig 2 for photons energy of 17, 18 and 19 keV. A linear fit calculated 

for each photon energy and shown in Fig. 2, demonstrates the proportionality of the electron 

inelastic interaction characteristics. This proportionality arises from the electron inelastic 

interaction characteristics. As an impending electron interacts with the field of the material 

electrons, the approaching electron energy loss probability is almost independent of its initial 

energy‎[2]. 
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Figure 2: The average electron spectrum energy measured for the 19 keV (asterisks), the 18 keV 

(circles) and the 17 keV (pluses) photon energy. The equation written above each data series 

represents a linear fit (shown by the gray line). The thick lines are calculated for each data series 

using the model described in ref ‎[3]. 

 

The thick line plotted on top of each set of measurements in Fig. 2, is the calculated results 

for the three different energies, using pure cupper as the reference energy according to our 

calculations published in ref. ‎[3]. The small discrepancy between the measurements and the 

model results observed for the thicker samples are caused from the difference between the 

projection length and the electron path length. While the sample thickness represents the 

projection length, the electron path length is elongated due to elastic interactions. This effect 

intensifies as the photon energy decrease from 19 to 17 keV. 
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