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Abstract Key words 
     The plasma holmium produced by a 1064 nm Nd:YAG                  
Q-switched laser in air was investigated. This work was done 
theoretically and experimentally.  Cowan code was used to get the 
emission spectra for different transition of the holmium target. In the 
experimental work, the plasma evolution has been studied by 
acquiring spectral images with different laser pulse energies (600, 
650,700, 750, and 800) mJ, with The repetition rates of (1 Hz and         
10 Hz). In the UV region (200-400) nm. The results indicate that, the 
emission line intensities increase with increasing of the laser pulse 
energy and repetition rate. The strongest emission spectra appeared 
when the laser pulse energy is 800 mJ and 10 Hz repetition rate at            
λ= 345.64 nm, with the maximum intensity of 77000 counts. 

Emission spectra, 
pulse energy, Nd-
YAG laser, holmium. 

 
 
Article info. 
Received: Dec. 2019 
Accepted: Jan. 2020 
Published: Mar. 2020 

  

 تأثير طاقة الليزر والتردد على  طيف انبعاث بلازما الهولميوم
 محمود شاكر محمود  و نبراس نزيه محمود

 معهد الليزر للدراسات العليا، جامعة بغداد، بغداد، العراق 

 الخلاصة 
ف�ي ) ن�انومتر 1064الط�ول الم�وجي ( ي�اك – تم  قياس الطيف المنبعث من البلازما المتولده بليزر النيديميوم      

لع�دة انتق�الات  ف�ي المحاك�ه النظري�ة) Cowan(ت�م اس�تخدام برن�امج  . تم انجاز هذا البح�ث نظري�ا وعملي�ا. الهواء
، تمت دراس�ة تط�ور البلازم�ا م�ن خ�لال الحص�ول عل�ى انبعاث�ات عمليا. الكترونية للبلازما المتولده من الهولميوم

هرت�ز  1(م�ع ت�ردادات  ملي ج�ول) 800و  600 ,650 ,700 ,750(ت مختلفة من نبضات الليزر طيفية في طاقا
تشير النتيج�ة إل�ى أن ش�دة الانبعاث�ات ت�زداد . نانومتر) 400-200(في منطقة الأشعة فوق البنفسجية ) هرتز 10و 

تك�ون طاق�ة نبض�ة اللي�زر  تظهر أفض�ل أطي�اف الانبع�اث عن�دما. هرتز 10 بزيادة طاقة النبضه الليزرية و التردد
ن�انومنر، م�ع أقص�ى ش�دة تبل�غ 64 .345 هرت�ز حي�ث يك�ون اق�وى ابع�اث طيف�ي ه�و 10مللي جول والت�ردد  800

77000. 
 

Introduction        
     The plasma produced by intense 
laser pulse can give information about 
qualitative and quantitative analyses of 
the sample [1]. The emission spectra of 
Plasma provide spectral signatures of 
many different type of materials in 
solid, liquid, and gas state [2]. The 
plasma emitted light consists of 
discrete lines, bands, and an overlying 
continuum [3]. The continuum plasma 
emission are emitted as a result of free-

free and free-bound transitions. It is 
very important to determine the 
parameter of plasma, such as electron 
temperature, and density of electron, 
which is very important to characterize 
plasma [4, 5]. Transitions between 
bound states in an atom give rise to 
discrete lines. Such lines observed in 
both absorption and emission spectra. 
These discrete lines is very important. 
to characterize the material, and have 
three main features. Wave length, 
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intensity, and shape [6, 7]. The 
parameter depend on both the structure 
of the emitting atoms, and 
environment. In this work, pure 
holmium (Z = 67) was used, Holmium 
(Ho) are lanthanides, the eleventh 
element [7], or the rare Earth group 
element. That has one stable isotope 
(165Ho). This isotope has a nuclear 
spin of I =7/2. [8, 9]. The rare earth 
Spectra, are of astrophysical interest, 
for example,  the experiment data is 
needed for quantitative evaluation of 
abundances element, because of 4f 
electron shell is unfilled [10]. The 
spectra of all rare earth elements are 
very dense and complex [11]. All this 
pectra are far from being fully 
identified [12]. In general," more than 
half of the lines that occur in a rare 
earth spectrum are neither currently 
classified nor classifiable on the basis 
of known energy levels" [13, 14]. The 
Cowan code is the most widely 
available numerical computer code for 
calculating atomic structure. This 
FORTRAN code was comprised by 

Robert D. Cowan in 1968 [15]. This 
code was originally written in 1961, 
and has been developed over a long 
period by Cowan and co-workers since 
1964 [16]. Based on Hartree-Fock 
equations, it also employs several other 
approximations such as Hartree-Fock 
with exchange in which different 
methods are used for self-interaction 
correction and another method to 
approximate the remainder of the 
Hartree-Fock exchange term [17]. 
       The main focus of this paper is to 
classify the spectral lines intensity of 
holmium target in the (200–400) nm 
spectral range at different laser pulse 
energy with different repetition rate. 
The results obtained showed that the 
emission intensity changes 
considerably with the laser energy 
used.  
 
The experimental set-up 
The experimental setup for obtaining 
the emission spectra for the plasma in 
the uv region can be shown in Fig.1. 

 

 
Fig.1: Schematic diagram of the experimental setup for laser induced plasma. 

 
     The setup consist of laser Nd:YAG 
source for plasma produced and 
vaporization of the sample. The 

1064nm beam of Nd:YAG Q-switched 
laser. Pulse width (10 ns). 1-20 Hz 
pulse repetition rate, emitting a laser 
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pulse with maximum energies 900 mJ. 
The laser are focused horizontally on 
the target of holmium surface by Bi-
convex lens with 100 mm focal length. 
Distance between the lens to the 
holmium are about 100 mm in order to 
reproducible breakdown, and to get a 
nearly spherical plasma plume. The 
plasma produced in air at atmospheric 
pressure on 1.75 mm2 surface area of 
the sample. 99.9% holmium purity 
content. The emission are collected by 
the optical fiber which was set at angle 
of about 45 degree of the target and 
diverted into a spectrometer connected 
to the laptop. According to the 
specifications of this spectrometer, the 
resolution is 0.1nm (1 angstrom).   are 
a fiber optically coupled instruments 
with selection of  measurements in the 
wavelength range (200-400) nm, has a 
high resolution to analyze the emission 
lines spectra. Different laser 
parameters have been used in this 
work. Different laser pulse energies of 
(600, 650, 700, 750, and 800) mJ are 

focused each time with different 
repetition rate of (1 Hz, and 10 Hz). 
 
Results & dicussion 
1- Holmium Emission at 1Hz repetition 
rate 
The maximum intensity of holmium 
line emission was at (  ,(nm 345.75 = ג
when the laser pulse energy is 600 mJ 
with a maximum intensity of 40000, as 
shown in Fig.2. 
     Fig.3 shows the emission spectra 
result when the laser pulse energy is 
650 mJ. The result obtained from these 
parameter shows many line emission 
spectra of holmium, and the strongest 
one is 345.75 nm with a maximum 
intensity of 59000. 
     When the laser energy was increased 
to 700 mJ, the intensity of the emission 
line is also increased, blue shift has 
been observed whereas the maximum 
intensity of emission spectra was 
(65535 at 341.43 = ג nm), as shown in 
the Fig.4. 

 

 
Fig. 2: Emission spectra of laser energy 600 mJ with 1Hz repetition rate. 
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Fig.3: Emission spectra of laser energy 650 mJ with (1Hz) repetition rate. 

 
 

 
Fig.4: Emission spectra of laser energy 700 mJ with (1Hz) repetition rate. 

 
     If the laser pulse energy is increased 
to 750 mJ, the intensity of the emission 
line is also increased, and the maximum 
intensity of emission spectra was 
(70000 at 341.54 = ג nm), as shown in 
the Fig.5. 

     As it shown in Fig.6, when the laser 
pulse energy is increased to 800 mJ, the 
maximum intensity of the emission 
spectra was (80000 at 341.54 = ג(nm)). 
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Fig.5: Emission spectra of laser energy 750 mJ with (1Hz) repetition rate. 

 

 
Fig.6: Emission spectra of laser energy 800 mJ with (1Hz) repetition rate. 

 
     Fig.7 represents all the result for 
different laser pulse energy used in this 
work and the maximum holmium line 
emission intensity was ((80000 at ג = 
341.54 nm). 
 
2- Holmium emission at 10 Hz 
repetition rate    
     When the laser pulse energy was       
600 mJ, the maximum intensity of 
holmium line emission was at                    
(λ = 345.75 nm), with the maximum 
intensity of (40000), as shown in Fig.8.   

     Fig.9 shows the emission spectra 
result when the laser pulse energy is 
650 mJ. The result obtained from these 
parameter shows many line emission 
spectra of holmium, and the strongest 
one is 345.53 nm with a maximum 
intensity of 45000. When the laser 
energy was increased to 700 mJ, the 
intensity of the emission line is also 
increased, and the maximum intensity 
of emission spectra was (51070 at             
 .nm), as shown in the Fig.10 53 .345 = ג
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Fig.7: The emission spectra of laser induced holmium plasma with different laser energies 

and (1 Hz) repetition rate. 
 

 
Fig.8: Emission spectra of laser energy 600 mJ with 10Hz repetition rate. 

 
 



Iraqi Journal of Physics, 2020                                                                        Vol.18, No.44, PP.98-108 
 

 104 

 
Fig.9: Emission spectra of laser energy 650 mJ with (10Hz ) repetition rate. 

 
 

 
Fig.10: Emission spectra of laser energy 700 mJ with 10Hz repetition rate. 

     The maximum intensity was (65000 
at 345.53 = ג nm) had been appeared 
when the laser pulse energy 750 mJ, as 
shown in Fig.11. 
     The results of Fig.12 explain 
that, when the laser pulse energy 

increased to 800 mJ, the maximum 
intensity of the holmium line 
emission spectra was (77000 at           
 .(nm 341.64 = ג
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Fig.11: Emission spectra of laser energy 750 mJ with 10Hz repetition rate. 

 

 
Fig.12: Emission spectra of laser energy 800 mJ with 10Hz repetition rate. 

 
     Fig.13 shows all the results for 
different laser energies at 10 Hz as a 
repetition rate. The laser parameters 

used in the first and second group with 
wavelength and intensity, are listed in 
Table 1 and 2. 
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Fig.13: The emission spectra of laser induced holmium plasma with different laser energies 
and (10 Hz) repetition rate. 

 
Table1: The laser parameters used in the first group at (1 Hz) repetition rate with 
wavelength and intensity. 

Energy(mJ) Wavelength(nm) intensity(counts) 

600 345.75 40000 
650 345.75 59000 
700 341.43 65535 
750 341.54 70000 
800 341.54 80000 

 
Table 2: The laser parameters used in the second group at (10 Hz) repetition rate with 
wavelength and intensity. 

Energy(mJ) Wavelength(nm) Intensity(counts) 

600 345.75 40000 
650 345.53 45000 
700 345. 53 51070 
750 345.53 65000 
800 341.64 77000 

 
     From the previous results, it can be 
seen that the intensities of the emission 
lines increase with increasing of the 
laser pulse energy and repetition rate 
[18]. The increasing of the pulse 
energy means the increase of its 
absorption by the plasma leading to 
more ablation from the target and 
finally increasing of the emission line 
intensity [19].  

     Fig.14 represents the emission 
spectra for Ho III (Tb like) ion. 
The second ionization stage of 
(Ho) theoretically computed using 
Cowan code covering wavelength 
region between 320 to 400 nm. 
From computational method it has 
been illustrated that the emission 
spectra when λ= 345.64 nm is from 
transition (4f) - 5d. 
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Fig.14: Emission spectrum of the second ionization of (Ho III). 

 
Conclusion  
     The emission spectroscopy of the 
laser-induced plasma in air was 
investigated. The spectral line 
intensities of the laser induced plasma 
emission exhibited a strong 
dependence on pulsed laser energy and 
repetition rate 
The increasing of the laser pulse 
energy to 800 mJ and 10 Hz repetition 
rate new line maximum emission 
intensity appeared at  345.64 = ג nm. 
Theoretically using Cowan code have 
been assigned as transition from (4f) 
5d. 
     From these results, it can be 
concluded that the emission intensity 
shows a marked dependence on the 
laser energy and repetition rate. Also, 
other different emissions can appear 
during this process according to 
different transition. 
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