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MSc (Physics) courses started in 1965 

At present: more than 750 students ! 

(in 9 Campuses) 

 

26 PhD students 

(Central Department of Physics) 
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Physics Research in Nepal 

  

• Astrophysics and Cosmology 

• Atmospheric Physics 

• Biomedical Physics 

• Condensed Matter Physics 

• Nuclear 

• Plasma Physics 

• Seismology 

• … … …  
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• … … …               High Energy Physics ! 



 
 

ICTP - BCSPIN Summer School 1991, Nepal (Photo: Sushan Konar) 



 
 



 
 



 
 



 
 

BCSPIN Summer School 
 

improved quality 

created interests 

International collaboration 

… … … 
 

Could not be continued; unfortunately ! 
 

more than 1200 physics graduates currently 

engaged abroad (Ref.: CDP, 2016 May 19) 



 
 

ICTP CERN Experimental Physics Masterclass 2014 



 
 



 
 

ATLAS  2015 
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Kamala High School, Sindhuli 2016 



KU 2016 



 
 

President of Nepal in CERN 17 June 2017 



 
 



Recently modified courses 

Includes fundamental courses 

on Field Theory, 

Math Physics, 

Nuclear & Particle, 

Computational, etc. 



 
 

Computational Condensed Matter Physics  
 

The remarkable work was started in collaboration to 

Prof. TP Das, State University New York, Albany (SUNY, 

Albany) in 2000. Quantum computational package 

called Gaussian 98 was introduced in the Department. 

Now, there are about 10 PhD and 100 MSc students 

using the package.  



Computational Physics at CDPTU 

• Electronic  structures of  
    -molecular solids 

- alloys like PdMn, PtMn, NiMn 
- perovskite materials like KNbO3 
- Electronic structures & Magnetic properties of 2D 

materials 
- novel materials like graphene, graphene/MoS2 hetero 

structure to store energy 
 

• Classical molecular  dynamics  of 
– heavy water in water 
– inert gases in water 
– oxygen, nitrogen, carbon monoxide in water 
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Graphene, 4x4 super cell size 

MoS2, 3x3 super cell size 

Modeling Heterostructures 

Consideration of lattice mismatch 

18.006 Bohrs for MoS2 

 and 18.600 Bohrs for graphene 

May 4, 2017 
3rd National Symposium on 

Nanotechnology  
27 



May 4, 2017 
3rd National Symposium on 

Nanotechnology  

Optimized structures of MGHSs 

With different stacking and  

Configurations with MoS2  

as reference system 

Highest B.E. (1.39 eV) 

With interlayer distance 3.38 Ǻ 

Agrees to previously reported data 

Maximum change in  

dihedral angle in forming 

a MGHs is 3.70 

Buckling of 0.38 Ǻ due 

 to strain 
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Adsorption of metal atoms  

on graphene 

(a) Adsorption energies of metal atoms at 3 different sites of graphene  

 (b) Comparision of present calculations with the references       

 (c) Additional green triangles represent addition of dispersion calculations 

 to Ref B.    

Ref. A: Liu et al., Phys. Rev. B 83, 235411(2011) 

Ref. B: Valencia et al., J. Phy. Chem. 114, 14145(2010)  

 May 4, 2017 
3rd National Symposium on 

Nanotechnology  
29 



Adsorption of methane  

on Fe-doped graphene   

● Adatom in between graphene and methane enhances the adsorption energy of 

methane.  

● The adsorption energy of methane for S and TT configurations are 

comparable, however, is low for TA configuration.  

● TA configuration is either less preferable or not useful for the purpose of 

optimal adsorption energy.  

 

May 4, 2017 
3rd National Symposium on 

Nanotechnology  
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Molecular Dynamics 

 Classical MD solves Newton’s equation of 
motion for N particle system 

   

 Method for the  study of  dynamic 
properties of the system like diffusion 

coefficient,  viscosity etc. 

   

31 Michigan Technological University, MI, USA February 27, 2015 



 
 



Astrophysics  

  

Gained momentum after 2006 

 

areas of interest: 

• Orientation of galaxies in the cluster and 

superclusters 

• Interaction in the interstellar medium 

• X-ray cluster & their active galactic nuclei 

• Chirality of large scale structure 

• Modeling Dark energy 

• Photodissociation Region 





Astrophysics  

 

collaborating with: 

 

• IAU 

• Prof. Ronald Weinberger, Prof. Walter Saurer. 

Innsbruck university, Austria  

• Prof. Noam Soaker, Prof. Bruce Ballik, University of 

Washington, Seattle, USA  

• Prof. J. Okamura, Prof. Y. Kashikawa, University of 

Tokyo, Japan 

• Prof. A. Lattanzi, University of Napoli, Italy  

• Prof. W. Godlowski, Krakow Observatory, Poland  

• Prof. J. Stutzki, University of Koeln, Germany  

• Prof. S. N. Chakraborty, SNBose, India  



Atmospheric Physics  

National Resource and Environmental Research 

Laboratory (NARERL) at CDP incepted in 2008 

 

• to developed as a center of excellence for 

atmospheric resource and environmental research 

over the Himalayan region 

• innovative utilization of prevailing natural resources 

and marginal environments of the Himalayan complex 

terrain 

• conduction of academic and sponsored research in 

the area of atmospheric resource and environmental 

protection 

• … … … 



Atmospheric Physics 

 

Collaboration: 

• Alternative Energy Promotion Center Department of 

Hydrology and Meteorology 

• CTBTO, Vienna, Austria 

• PNNL, USA 

• Swedish Defense Research Institute 

• Toyohashi University of Technology, Japan 

• Hannover University, Germany 

• National Center for Atmospheric Research 

Laboratory, USA 

• National Center for Medium Range Weather 

Forecasting (NCMRWF), India 



Plasma Physics 
 

Laser-Plasma Interaction and magnetic field 

generation 

L. N. Jha and J. J. Nakarmi (CDP) 

 

Surface Modification of Polymers 

Deepak Subedi (KU) 

 

Atmospheric Discharge Plasma 

Lekha Nath Mishra (Patan) 

  

Plasma-Wall Transition Studies 

Raju Khanal (CDP) 



Laser-Plasma Interaction and 

 magnetic field generation 
  

 L. N. Jha and J. J. Nakarmi 

 Central Department of Physics 

 Tribhuvan University, Kirtipur, Kathmandu 

High Frequency Conductivity and Absorption Coefficient of 

Fully Ionized Plasma 

 

Microwave Generation of Plasmas 

 

High frequency Power Absorption by Inverse 

Bremsstrahlung in Plasma 

 

Physics of electron cyclotron resonance microwave 

discharge 
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Plasma activities at KU 
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*Recently  introduced 

P 

Plasma Physics Laboratory 

Plasma Diagnostics 
Plasma Generation Plasma 

Applications 

Electrical 

Method 

Optical 

Method 
Low Pressure 

DC Glow 

Discharge 

Atmospheric 

Pressure  

Plasma 

                

Water  

Purification 

Surface 

Modification 

Of 

Polymers 

Thin Film 

Deposition 
DBD at  

50 Hz 

Frequency 

DBD 

at High 

Frequency 

Plasma 

Medicine * 



Research  Areas in Progress 

Surface modification of polymer  by low pressure DC glow disharge.  

Generation and application of atmospheric pressure gaseous 
discharges for Surface treatment of polymer  

Ozone generation and application for  treatment of water. 

Plasma Diagnostics by Optical and Electrical methods 

Deposition and characterization of ZnO thin films  
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Plasma Physics Laboratory at KU 
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Kinetic trajectory simulation model for bounded plasmas 

 Plasma diodes 

 plasma sheaths (magnetic) 

 Particle induced emissions 

Fluid analysis of multi-component plasma sheaths 

Plasma focus device: Numerical Expt. using Lee model code 

Seeded-arc plasma experiments 

 

Ionization cross section for electron capture process 

Gamma Ray Spectrometry 



‘ITER’ - the way 
International Thermonuclear Experimental Reactor 

steady-state, high-gain fusion 

device - Under construction in 

France 
 

First plasma: Dec. 2025 
 

High gain (Q=10), 

long pulse (15 min) 

full power (~ 500 MW) 

operation: + 5 years ! 
 

Various issues not yet finalized 

(e.g., first-wall materials, 

divertor) 



Plasma Facing    

Materials 

Core plasma 

Radiation, Dilution, 

Accumulation 

First Wall 

 Erosion & Deposition, off 

normal heat loads,  

Lifetime, Tritium Retention 

Technology 

Actively cooled 

components, 

Neutron resistivity, 

low activation 

Edge plasma 

Radiation       

(power exhaust), 

instabilities 

Plasma-wall interaction: 

A key issue in fusion energy development 



Fig.  General structure of plasma-wall transition region 

Magnetic  Collisional 
Presheath   Presheath  
 

in presence of magnetic field 



S. Kuhn, 32nd INSC, Nathiagali, 
27 June 2007 
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GENERAL STRUCTURE OF THE MAGNETIZED 

PLASMA-WALL TRANSITION (PWT) 

Magnetic field oblique to the wall 

 The magnetized plasma-

wall transition is a crucial 

element in overall tokamak 

behavior. 

  Understanding it is of 

utmost importance to 

tokamak modeling and 

operation. 

 The vast majority of 

existing plasma-wall 

transition models is of an 

approximate character. 

  Better understanding 

contributes to more 

accurate simulations, 

especially via improved 

fluid boundary conditions. 

 (no par-          Bohm-            Bohm           

ticular        Chodura             con-            

   condition)     condition          dition             
 

 

 

 

CPE              MPE                 DSE              

 

                            

 BCs                                

                                
Debye              

  

 

 Scale lengths:                                                          

 

 

 
wall    

 

cucu w

i

B

i  

Dicl  ~~



The magnetized PWT, more physical view 
(Stangeby, 2000) 



The Plasma-Wall transition model 

We have developed a Kinetic Trajectory 

Simulation (KTS) model for bounded plasmas 

and used it to study plasma sheaths 



Preheath – Sheath coupling 
 

 

Our presheath-sheath transition equations then have 4 free 

parameters. Hence, we need to choose any 4 parameters (in a 

consistent manner, though). 

 

If the necessary four parameters are chosen from the presheath / 

sheath side, the corresponding sheath / presheath parameters are 

obtained by solving those equations. 



         Particle-induced electron emission (PIEE) 





Sharma & Khanal (2008);  5Schupfer et al (2006) 

Normalized floating potential 

comparison with theoretical values 



We have extended our model to include simplified 

magnetic cases. 





Adhikari, Lamichhane and Khanal (2016) 





We envisage to extended our model to include 

magnetized-sheath stability and include more 

realistic physics and boundary conditions and 

higher-dimensional geometries. 

 

Integrated (partial) Tokamak Modeling 



Plasma Focus 

A dense plasma focus (DPF) is a machine that 
produces, a short-lived hot and dense plasma 
and can cause nuclear fusion and emit x-rays. 

The PF is divided into two sections. 

Pre-pinch (axial) section. 

Radial Section where pinch starts & 

occurs. 



The Plasma Dynamics in Focus 

HV 30 mF, 15 kV 

Inverse Pinch Phase 

Axial Accelaration Phase 

Radial Phase 



Radial Compression (Pinch)  Phase of the 
Plasma Focus 







accepted by IEEE 20170618 



Production and Characterization of Seeded-Arc 

Plasma for Different Materials of the Electrodes 

Thakur, Khanal and Narayan (2016) 





We are collaborating in national as 

well as international level. 

 

Broad collaboration in establishing 

‘advanced’ computational facilities 

would be an appropriate and big step 

forward! 



wGojfb . 

Thank You. 


