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The effect of the duration of laser pulses on the spectral-temporal

characteristics of laser plasma in femtosecond laser-induced breakdown
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The effect of the duration of laser pulses of 40 and 650 fs with an energy of 1.1mJ at a wavelength of 800

nm on the spectral-temporal characteristics of plasma during femtosecond laser-induced breakdown spectroscopy

of human hair has been studied. The time dependences of the radiation line intensities of Ca I 422.6 nm, C I

193.1 nm, C I 247.8 nm, Ca II 396.8 nm, Mg II 279.5 nm, Zn II 206.2 nm and the continuous plasma spectrum in

the range from 0 to 1 µs are obtained
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Further development of personalized medicine is one

of the key current strategic goals. According to the

estimates of experts from the World Health Organization,

25−33% of reportable diseases are attributable to adverse

environmental factors [1]. Human hair is a fine biomarker

for health assessment and monitoring of environmental risks

that is done by determining the elemental composition and

may complement traditional diagnostics techniques [2–4]
(specifically, in estimating trace concentrations of elements

and persistent organic pollutants [5,6] and identifying os-

teoporosis [7]). Human hair grows at a rate of ∼ 1 cm

per month. Microelements are introduced into hair in

the process of growth and characterize the microelemental

composition of blood plasma at the time of formation [8,9].
This allows one to perform a retrospective analysis and

provides an advantage over blood or urine tests, which yield

a microelemental pattern that is relevant only to the moment

of sampling.

Laser-induced breakdown spectroscopy (LIBS) is often

applied at present in the analysis of biological objects [10].
Although it has a number of advantages, a relatively

low sensitivity is one of its disadvantages that cannot be

overlooked. The technique of temporal signal selection is

used to enhance the LIBS sensitivity. Time delay td of

spectrum recording relative to a laser pulse and exposure

time tg are important parameters of this procedure [10].
Although nanosecond laser pulses are used in most LIBS

applications [10,11], recent studies have demonstrated that

femtosecond pulses provide such advantages as minimiza-

tion of thermal bulk damage to biological samples, iden-

tification of the molecular composition of biomaterials,

minimization of the influence of atmospheric nitrogen and

oxygen lines, and lowering of detection thresholds [12–14].

In the present study, the temporal evolution of intensity

of a continuous plasma spectrum and emission lines of ele-

ments in laser plasma, which is generated on the surface of

a single degreased human hair fiber by femtosecond pulses,

is examined in order to determine the optimum parameters

of temporal signal selection. Plasma was generated on the

hair surface by focusing laser pulses with a duration of

40 and 650 fs, a center wavelength of 800 nm, an energy

of 1.1mJ, and a repetition rate of 100Hz (Spitfire Pro

40F laser, Spectra-Physics) by a lens with a focal distance

of 50mm at a distance of 0.1mm from the exit aperture

of the sample transfer unit. The plasma emission was

collected at an angle of 90◦ to the laser beam by an LA4380

(Thorlabs) quartz lens and was fed to the entrance slit of

a spectrograph via a CVH100-COL (Thorlabs) collimator

along a P600-2-SR (Ocean Optics) light guide. The rate of

hair sample transfer to the focusing region was 0.008mm/s;

given that the hair growth rate is 1 cm per month, this

allows one to monitor changes in the hair composition with

a resolution of ∼ 6 h. Emission spectra were recorded by

an ICCD camera (PicoStar HR, Lavision) coupled with a

spectrograph (SpectraPro 2500i, Prinston Instruments) that

had a grating with 1200 lines/mm. Figure 1 shows example

spectra of plasma, which was generated by 40-fs-long pulses

on the hair surface, recorded with a delay of 20, 40, and

60 ns (lines C I 193.1 nm, Zn II 202.5 nm, Zn II 206.2 nm,

and Zn I 213.8 nm [15]). Figure 2 presents the temporal

dependences of the sum of intensities of emission lines C I

193.1 nm, C I 247.8 nm, Zn II 206.2 nm, Mg II 279.5 nm,

Ca II 396.8 nm, and Ca I 422.6 nm and the continuous

spectrum (peak height) and the intensity of the continuous

spectrum of plasma (height of the approximated continuous

spectrum at the emission line wavelength) generated on

the surface of human hair under excitation with 40- and
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Figure 1. Plasma spectra in the 190−215 nm wavelength range.
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Figure 2. Dependences of the sum of intensities of emission lines and the continuous spectrum below them (solid curves) and the

intensity of the continuous spectrum (dashed curves) on detection delay td at a laser pulse duration of 40 and 650 fs.
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650-fs-long laser pulses. The exposure time for a single

laser pulse was tg = 50 ns for Ca lines and tg = 20 ns for

Mg, Zn, and C lines. The overall recording time in a

single ICCD-camera measurement was 4 s (thus, signal was

integrated over 400 laser pulses at a repetition rate of

100Hz). Averaging at each point in Fig. 2 was performed

over seven measurements carried out under continuous hair

sample transfer at a rate of 0.008mm/s. The presented

dependences reveal that the intensities of Mg, Zn, and C

emission lines remain low within 20 ns of exposure to a laser

pulse; in contrast, the intensity of the continuous spectrum

is high.

These lines reach their maximum intensity at a delay

of td = 40 ns, while the continuous spectrum becomes

considerably less intense at this point (the sole exception

here is line C I 247.8 nm at a pulse duration of 650 fs,

which has td = 50 ns). The emission lines of atoms and

single-charged ions of calcium persist for a time that is

an order of magnitude longer (∼ 1µs). These lines reach

their maximum intensity at td ∼ 100 ns, and a substantial

reduction in the intensity of the continuous spectrum is

observed at td ∼ 100−110 ns. Notably, the intensity of

line Ca II 396.8 nm remains higher than the intensity of

the continuous plasma spectrum throughout the entire time

interval.

Thus, the obtained experimental data on temporal dy-

namics of emission spectra excited on the hair surface

by femtosecond (40 and 650 fs) pulses demonstrated that

the optimum time delay of signal recording relative to a

laser pulse is ∼ 40 ns in most cases of detection of the

widest possible range of chemical elements. The results of

examination may be refined by setting a time delay differing

from td = 40 ns for specific elements (e.g., td = 50 ns for

line C I 247.8 nm or td = 100 ns for lines Ca I 422.6 nm and

Ca II 396.8 nm). If measurements are performed without

temporal selection of emission lines Ca I 422.6 nm, Ca

II 396.8 nm, and C I 247.8 nm, it is advantageous to use

shorter laser pulses, since the intensity of the continuous

plasma spectrum is lower in this case.
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