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PHYSICS OF PLASMAS 24. 043104 (2017)

Laser second harmonic generation in a magnetoplasma assisted
by an electrostatic wave

Yachna Tyagi,' Deepak Tripathi,l '') and Keshav Walia2
I Department oJ'phvsit's, AtAS, Atrtity IJniv'ersitv Noida, UP 20l303,lndia
2 

D e 1ta rtme ttt of p lt,- sit's, D AV {l nit' e r s ity, .t ala ndha r I 440 I 2, I ndi a

(Received l1 October 20161. accepted 20 March 2017: published online 5 April 2017)

A ltrser producecl plasma, and an electrostatic wave, helps to generate a strong harmonic radiation.

The electrostatic wave assists k rnatching and contributes to non-linear coupling. In the case of the

Bemstein wave assistecl second harmonic, the trequency of the second harmonic is shifled frorn the

laser second harmonic by electron cyclotrou frequency. The lower hybrid wave (LHW) assisted

second hannonic has frequency slightly shified from the laser second harmonic. The upper hybrid

wave (UHW) assisted second hannonic has frequency shifted by an amount rr.r that lies between

max(o;,.,ror) and roi7s. At ao:0.1 and n,,,,i;ln3:0.1, the normalized amplitude value the of elec-

trostatic wave assistecl second harmonic is quite high near the upper hybrid resonance. The efl-ect

crf increasing rt,,f rtto increases the max value of norrnalized arnplitude. Publishecl b1' AIP

P ubli shin g. firttp: //dx.doi.org/1 0. 1 063/ 1 .49"/ 967 3]

I. INTRODUCTION

Laser second hannonic generation in plasmas provides

vuluable information about the linear mode conversion of a
laser into a plasma wave or a self-generated magnetic field,

and hence it is a subiect of much interest. The efficiency of-

hannonic energy conversion, however, is low unless the mis-
match in the wave number of the secotrd hannonic'l'z'iu1d
two-times the wave number of the laser 'f is minimized.

Applications of a density rippler't o, u magnetic wiggler are

u*Lng the schemes suggested for phase matching.3'o In most

laser interactions with hornogeneous plasrnas, odd harrnonics

are generated.s-8 However, second harmonics have been

observed in the presence of clensity gradients,e-la and they

have also been related to filamentation.ls'16

Strong self-generated magnetic fields have been

observed in laser-produced plasrnas.lT'lri The existence of a

self-generated magnetic field in a laser-produced plasma

allows a variety of collective modes of space charge oscilla-

tions, e.g., Bernstein modes, lower hybrid ntodes, and upper

hybrid modes. These modes may be driven pararnetrically

unstable by the laser and may play an important role itr laser

energy absorption and heat transport. Tripathi ancl Sharmal')

have examined the three wave parametric decay instability
of laser radiation into lower hybrid and upper hybrid modes,

ion acoustic and upper hybrid modes, and fast ion and

plasma waves, in a uniform magnetoplasrna. Sharmtr2(' has

srudied the resonant clecay instability of plasma waves into

electron Bemstein waves.

Jha et al.2t have reported that an itttense laser pulse inter-

acts with a homogerleous plasrna ernbedded in a transverse

magnetic field, with the transverse current densiry oscillating

with trequency twice that of the laser field. Krushelnick

et al.?2 have observed a second hannonic shifted by the

plasma frequency, giving informaticln about the stirnulated

")Electronic rnail : deepakkrt@ grnail.corn

1 A7 O-664X/2O1 7 124 (4) lO43 1 04/7/$30.00

Raman scattering. Parasher and Paniley2't h"ue proposecl a

scheme of etficiency enhancement of a second hamronic by

introducing a clensity ripple into the interactive region.

In this paper, we examine the seconcl harmonic genera-

tion of a laser in the presence of elecrrostatic waves. The

physics of the process is as tollows: A high intensity laser of
i."qu.n.y co6 and wave number k"6 is rnoving into the

plasma, in which a self-generated magnetic field 8., is pre-

sent in the 2 clirection. The laser exerts a (2roi1,2t6) pondero-

motive torce on electrons to induce an oscillatory velocity

v2r,,o2t:o.This oscillatory velocity of electrons in the presence

of ihe density variation of electrostatic waves produces tr

non-linear current density at (2o11* ca,,Zi{) + f), which

gives rise to the electrostatic wave frequency shifted radia-

tion field.
In Section II, we analyze the linear response of the

pump wave in a magnetized plasma in the Presence of elec-

trostatic waves. In Section III. we analyze the phase mtrtch-

ing conclition for the second harmonic. In Sec. IV' we study

the resonant electrostatic wave fiequency shifiecl second har-

monic generation of a laser. In Sec. V, we discuss and sum-

mtrrize the results.

II. LINEAR RESPONSE TO THE PUMP

Consicler a plasrna of equilibrium electron density rr$

and electron temperature Iu immersed in a static magnetic

field Bri. In the second harmonic generation in a plasma in

the presence of the electrostatic waves, a pump electromag-

netic wave interacts with an electrostatic wave. Consider the

propagation of a high intensity laser of frequenc) tr,ls through

the plasma along the.? axis as an extraordinary rnode, wifh

E u : (v - i eX'SAo4- 
i(,rr/-'trrx)

where

. jr iu*Eu
OO

(t)

*ffiffspffiffi, 
043104_1 s&\**,t\q,:: \t-*,
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Original research article

Self-focusing of elliptical laser beam in cold quantum plasma

Keshav Walia'"', Deepak Tripathii''
a Department of Physics, DAV University Jalandhar, India
b Department of Physics, AIAS, Amity university Noida, India

ARTICLE INFO ABSTRACT

In the present communication, self-focusing of elliptical beam in cold quantum plasma is in-

vestigated. WKB and paraxial theory approach are employed to set up second order differential

equations for beam widths of semi major and semi minor axes of elliptical beam. Further, 4th

order Runge-Kutta method is employed for solving these differential equations numerically.

These beam width parameters are plotted with normalized distance for various parameters such

as laser tleam intensity, plasma density and beam radius. Results of present analysis are compared

with the case of classical relativistic plasma'

PACS:

52.38.Hb
52.35.Mw
52.38.Dx

Keywords:

Elliptical laser beam

Cold quantum plasma

Plasma density
Classical relativistic plasma

1. Introduction

The self-focusing phenomenon was discovered by Askar'yan in 1962 [i]. Self-focusing phenomenon is attracting the interest of

many researchers due to its several applications such as X-ray lasers, Iaser induced fusion, charged particle acceleration etc [2-'t,::l-

Significant contribution was given by Hora and Siegrist in relativistic self-focusing [1i],1 il. Many researchers have explored this

phenomenon theoretically as well as experimentally in different media such as plasmas, clusters, liquids etc. Whenever interaction of

lasers with plasma takes place, then various nonlinearities such as relativistic l1'):), thermal []l?l and ponderomotive [1'4] are

introduced. These nonlinearities results in variation in the medium's refractive index, which produces self-focusing of beam.

In laser-plasma interaction process, unique place is occupied by self-focusing, as it highly affects other nonlinear phenomena

11i1.^2.'i). These days, the interaction of lasers with quantum plasmas is hot topic of research due to various applications of quantum

plasma systems l:,::t:i....:::',;l.In case of quantum plasmas, the density of particles is very high and temperature is low. Researcher's

interest in field of quantum plasmas is also due to their important applications in several other fields such as astrophysical en-

vironments, cosmological environments, quantum dots, nano technology and fusion science etc l'.1:;*|tii7. In case of quantum plasmas,

statistical distribution used is Fermi dirac, whereas Maxwell Boltzman statistical distribution is used in classical plasmas' Moreover,

wigner,s formalism is used instead of vlasov equation in case of quantum plasmas l'.l|ti).In classical plasmas, we generally treat all

particles as point like due to their small De-broglie wavelength. In case of quantum plasmas, De-broglie wavelength linked with

particles is almost same as inter-particle distance lt+t.1l.ln laser-plasma interaction process, most of research work is performed by

iesearche.s with cylindrical gaussian profiles 141 ,1'.,11. Since beam produced by many laser systems have elliptical cross-section. So it

is most important to study this realistic situation. So, present work's motivation is to investigate non-linear interaction of laser beam

with quantum plasma.
In Section Z, second order differential equations governing the evolution of spot size of laser beam have been set up by making use

of Wentzal-Kramers-Brillouin(WKB) and paraxial ray approximations. The computational results are shown in Section i7. Conclusion

* Corresponding author.
E-mail addr e s s : k<,rsh.t r.,v ;; l. i i.t ii $ () ;';r it a i1.. <t;r in (K' Wal i a ).

it lt trs s :,/ i <l,ai . *r :; i j A. 1 * 1. {> i j. t jie<;:}tt L Q. I 4 .t} $ I
Received 17 February 2019; Accepted 16 April 2019

00S0-4026/ @ 2019 Elsevier GmbH. AII rights reserved.
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Original research article

Stimulated Raman scattering of high power beam in thermal

quantum plasma

Keshav Walia",'', Yachna Tyagil,, Deepak Tripathil'', A.M. Alshehri'', Nafis Ahmad"

^ " Department of Physics, DAV IJniversity Jalandhar, India
b Department of Physics, AIAS, Amity lJniversity Noidq lndia

" Department of Physics, College of Science, King Khalid llniversity, P.O. Box: 9004, Abha, 61413, Saudi Arabia

ARTICLE INFO ABSTRACT

Stimulated Raman Scattering (SRS) of high power beam in thermal quantum plasma (TQP) is in-

vestigated in present communicaLion. There is an interaction of pump beam with electron plasma wave

(EpW), which results in generation of back-scaltered beam. Due to intense laser beam, oscillatoty

velocity associated wlth electrons becomes equivalent to velocity of light on account of intense laser

beam. This results in modification of background density profile of plasma in a direction normal to axis

of pump beam. There is increase in effective mass of electrons on account of relativistic nonlinearity,

which in turn affects the incident beam, EPW and scattered beam. 2"d order differential equations for

the beam widths of input beam, EPW and scattered beam and also expression for back-reflectivity have

been set up by using \,VKB and paraxial approximations. Effects of variation in laser parameters and

plasma pa,rameters on the beam widths of various beams involved and SRS back-refleciivity are

analyzed. Observations made from the analysis show that SRS back reflectivity is greatly affected by

seif-focusing.

Keywords:

Gaussian beam

Self-focusing
Thermal quantum Plasma
Electron plasma wave

Reflectivity

L. Introduction

The interaction of ultra intense laser beams with plasmas is hot topic of research for experimental as well as theoretical re-

searchers due to its applicability to laser induced fusion, charged particle acceleration, ionospheric modification and new radiation

sources lr*ljl.In laser-plasma interaction process, crucial role is played by the various instabilities such as sRS, sBS, filamentation

and self-focusing. These instabilities ,"rrlt, in great reduction in laser-plasma coupling efficiency. Moreover, highly energetic

electrons can get produced on account of these instabilities. The fusion fuel can be preheated by these electrons, and results in

reduction in compression rate. Intensity distribution of beam also get modified on account of these instabilities' In fact, laser beam

energy propagation over large distances through plasmas is mainly governed by SRS process. Since, most of applications relating with

laser-matter interaction depend on amount of energy of laser beam transmitted through plasmas li{.r*i:1l.so, sRS process becomes an

important research field for theoretical as well as experimental researchers ['1 {:*il7'
In Stimulated Raman scattering, there is decay of incident light wave in to scattered wave and electron plasma wave(EPW)'

Further, there is production of highly energetic electrons on account of EPW. The target core can be preheated by these electrons'

Extent of wasted energy is depicted by scattered wave. Raman reflectivity is an important parameter to get information regarding

extent of useful and wasted energy is laser-plasma interaction process. Most of research work on scattering instabilities had been done

in past by making use of plane waves. However, self-focusin! phenomenon becomes important when pump beam intensity is kept

. Corresponding author.
E-mail addresses: k*sharu:,t'i:liat$(7)gtttail..<:*i':r (K. Watia), <1r:+t;t;sk*rr'dtglnai't:cin (D' Tripathi)'

ittt ytt'.,; ,i tltit .t:r;;.'.,' 1 i,} .1 {53 * i.;.t'tic;t.,!.',i"i i:i . i i:.i i ittt
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Original research article

Impact of self-focused high power beam on second harmonic

generation in collisional plasmas

Vinit Kakkar'', Keshav Walia ''", Deepak Tripathi

" Department of Physics, AIAS, Amily tJniversity Noida, lnilia
b Department of Physics, DAV lJniversity Jalandlur, lndia

w,
Cl|*{rk i<3r

uFCates :

ARTICLE INFO ABSTRACT

In present communication, impact of self-focused high power beam on 2nd harmonic generation

is explored in collisional plasmas. Non-uniform irradiance associated with Gaussian beam results

in non-uniform heating of plasma electrons thereby causing focusing of main beam' There is

production of strong density gradients in a direction perpendicular to input beam. The density

iradients so created results in excitation of electron plasma wave (EPW) at input wave frequency'

The main beam interacts with EPW leading to generation of second harmonics. With the help of

WKB approximation and paraxial theory, 2nd order differential equation controlling the growth

of main beam spot size is derived. Impact of laser and plasma parameters on focusing behavior of

main beam and yield of second harmonics is explored through numerical simulations'

Keywords:

Self-focusing
Non-uniform heating

Electron plasma wave

Second harmonic Yield

1. Introduction

Interaction of lasers having high power with plasmas is attracting the awareness of several theoretical and experimental research

groups as a result of its direct relevancy to wide ,urrg. of applicationiincluding laser induced fusion, acceleration of charged particles,

X-ray lasers, generation of higher harmonics i i rrl. The propagation of intense lasers through plasmas up to long distances is highly

preferable for success of these applications. Moreover, interaction of lasers with plasma medium results in emergence of several

nonlinear phenomena including self-phase modulation, self-focusing, two plasmon decay [i' ' : i ] . In order to have complete awareness

of interaction of lasers with plasma, analytical and numerical investigation of some of these nonlinear phenomena is highly advan-

tageous. Among various nonlinear phenomena mentioned above, distinctive place is engaged by phenomenon of self-focusing' The

phenomenon of self-focusing was discovered by AskaryaninL962 [ i..]. This phenomenon is attracting the delight of numerous re-

searchers as a result of its relation with several newly discovered processes. The phenomenon of self-focusing comes out due to

nonlinear reaction of medium to intense field of EM beam. The dielectric properties associated with medium changes due to interaction

with intense EM beam. In this way, medium begins acting like a convex lens. In case of collisional nonlinearity, there is ohmic heating

of plasma electrons as a result of non-uniform intensity distribution of EM beam, thereby causing variation in dielectric properties of

medium.
Most important nonlinear process in laser-plasma interaction is higher harmonics generation of EM radiations' Researchers are

actively involved in investigating harmonic generation, since laser beam transit across plasmas is completely governed by this phe-

nomenon. The generation of harmonics helps in getting details of important parameters connected with plasmas such as electrical

* Corresponding author.
E-mait addresses: ks:si:av."^.,;.liia${:(ii.lF,::r,ril"<:+i:i (K. Walia), cir:epxir}ri:i.ifr'g;:tail.c*:tt" (D' Tripathi)'

:iiiirli..'..'rli:i.,:,1:t.'-l'.:.i,.;.j.li.'-i.li:,':".":lii.lil li:l:'ii":'!l
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Original research article

Effect of pulse enhancement on beat wave THz generation in a
ripple density magnetized Plasma

Vinit Kakkar'', Keshav Waliai" , Yachna Tyagi "', Khushboo Sharma"',

Deepak Tripathi "'
a Deparfrnent of Physics, AIAS, Amity lJniversi$r Noida, UP 201303, lndia
b Department of physics, DAV lJniversity, Jalandhar, Punjab, lndia

' Department of Physics, RBA Govemment Degree College, Gajraula, Amrohq 'tJP 244235, lndia

ABSTRACT

Generation of terahertz pulse by the method of nonlinear mixing of two lasers in a plasma which is magnetized and have ripple density is studied

permitting the effect of pulse enhancement. Due to nonlinear ponderomotive force, coupling of electron flow with density ripples occurs which leads

to production of nonlinear current. Terahertz radiation are resonantly driven by this nonlinear current at beat frequency' Since here magnetic field is

transverse to propagation of laser so we have transverse component of current density, while density ripples are responsible for phase matching'

Thus, enhancement of pulse occurs due to the mismatch in group velocity of laser pulses and terahertz radiation, which further results in saturation

of amplitude of terahertz waves.

L. Introduction

Terahertz range in spectrum of EM waves has been widely used in many fields. These waves are electromagnetic waves with its

frequency lying between the range 0.1 terahertz to 10 terahertz and have tremendous applications in various fields on the basis of its

properties. In such a short time these waves have also invaded this new field of application, i.e., advanced imaging methods ' I iir,.
-Over 

these years, a lot of research work is also going on to enhance the methods to modulate and generate these radiations. Mostly, the

sources of these radiations are accelerator based i i i ',' i. Such type of accelerator-based sources produces THz waves by making use of

short electron bunches which are ultra-relativistic through various methods, i.e., coherent synchrotron radiation i I i.i i or undulator

radiation iitli or free electron laser i.liii. presently, there are many methods to generate terahertz radiations, but the most preferred

one is the method in which femtosecond laser pulses undergo optical rectification. More exploration is going on with optical recti-

fication with various nonlinear materials. Up to now, we are able to get the terahertz pulses with a bandwidth of frequency ranging

from 0.L THz to 3 THz and with energy approximately equal to l-0 micro joules. Sheng et al. ; t .: i investigated the generation of

terahefiz waves through linear mode conversion of wave in plasma driven by laser wake field, where plasma either has transverse

magnetic field or density gradient. In this method, very intense extraordinary mode laser pulses propagate via magnetized plasma'

Here, the external magnetic field applied is static and its direction is at right angle with that of propagation of laser as well as its

polarization. Further, in EM wave lying in the frequency range of terahertz wave is generated. while generation of THz radiation via

intense interaction of short pulse laser and plasma, we encounter a major issue of phase matching. If the frequencies of two laser pulses

irr€ cD1 and co2, then sum of their wave vectors is given by (cor * az)/c; the wave vector of the terahertz wave generated by beating of

lasers is given by ((cor * .z)' - ,f;)'/2 /c,where the plasma frequency is represented by c,ro. This phase matching of the resultant wave

* Corresponding authors.
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Abstract In the present paper, effect of self-focusing of
gaussian laser beam on second harmonic generation in

relativistic plasma is investigated. An expression for den-

sity perturbation associated with plasma wave has been

derived, which acts as a source for second harmonic gen-

eration. Moment theory approach has been used to set up

wave equation for the laser beam. Effect of the intensity of
the laser beam and plasma density on the harmonic yield is
studied in detail. It is predicted from the analysis that

harmonic yield increases due to increase in the plasma

density and intensity of the laser beam.

Keywords Self-focusing . Relativistic plasma '

Plasma wave . Second harmonic generation

Introduction

An efficient coupling of a high power laser beam with
plasma is a topic of current research in many areas such as

laser induced fusion and charged particle acceleration fl ,2,
3, 4, 51. Due to availability of lasers capable of delivering
high power(1018 - 102r W/cm2), its interaction with
plasma becomes a most interesting and important non-

linear problem. At such intensities, the response of plasma

free electrons is fully relativistic and highly non-linear. In
the laser plasma coupling process, when a high power laser

K. Walia (X)
Department of Physics, DAV University, Jalandhar, India
e-mail : keshavwalia86 @ gmail.com

A. Singh
Department of Physics, National Institute of Technology,
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beam interacts with the plasma, various parametric insta-

bilities such as self-focusing, filamentation, harmonic
generation, SRS, SBS, etc. take place. Due to this, the

energy of high power laser beam is not efficiently coupled

with plasma16,7,8,9, l0l. Therefore, the study of these

non-linear phenomenon at high power laser flux is being

studied theoretically and experimentally.
Relativistic self-focusing is caused by the relativistic

increase in mass of electrons, whenever they are traveling

at speed approaching the speed of light, which modifies the

effective dielectric constant of plasma and hence affects the

self-focusing of beam. Relativistic self-focusing of the

laser beams has been studied in detail both theoretically as

well as experimentally [1], 12, 13, 14, l-5]. Generation of
harmonic radiation is an important subject of laser plasma

interaction and attracts great attention due to its wide range

of applications. Harmonic generation in intense laser

plasma interaction has been studied extensively both

experimentally and theoretically [ 1 6, I 7, I 8, 19, 20]. Most

of the theories of harmonic generation are based on the

assumption of a uniform laser beam. This is almost con-

trary to experimental situations, where laser beams of finite

size, having non-uniform intensity distribution along their

wavefront are used. Such beams may modify the back-

ground plasma density distribution and suffer strong self-

focusing. Also, for a given power of beam, the average of
square of electric vector in the wavefront is found to much

higher for non-uniform irradiance distribution than that for
uniform irradiance distribution; so, the magnitude of the

generated harmonics is higher in the case of non-uniform

irradiance. This provides a strong motivation for the study

of the second harmonic yield by taking self-focusing in to
account.

The propagation of intense laser beams in underdense

nlasmalffiftffi wave which in turn interacts with
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Second harmonic generation of laser beam

under collective influence of
relativistic-ponderomotive nonlinearities
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in quantum plasma

ARTICLE INFO ABSTRACT

Second harmonic generation (SHG) of laser beam in quantum plasma under collective influence

of relativistic-ponderomotive nonlinearities is explored. Combined influence of relativistic-

ponderomotive forces (RP force) causes variation in mass of electrons and background density

of electrons thereby producing self-focusing of input beam. Well known paraxial theory is utilized

for deriving basic self-focusing equation of input beam. There is creation of density gradients

inside plasma under influence of RP force, which results in generation of high frequency electron

plasma wave (EpW). Nonlinear coupling between input beam and EPW produces SHG' Numerical

simulations are executed in order to have understanding of impact of laser and plasma parametelrs

on beam width of input beam and yield of SHG. Impact of inclusion of ponderomotive nonlinr:-

arify and quantum effects on beam width of input beam and yield of SHG is also explored.

Keyworils:
Self-focusing
RP force
Second harmonic yield
Electron plasma wave

Quantum effects

PACS:

52.38.Hb
52.35.Mw
52.38.Dx

1. Introduction

Laser-plasma coupling is immense research topic amongst various research groups worldwide as a result of its significance in

various applications including inertial confinement fusion(ICF), super-continuum generation, X-ray lasers, acceleration of chargerd

particles [i i::]. Exploration of laser-plasma interaction physics at intensities exceeding 1o1eWf cm2 has been made possible try

advancement in chirped pulse amplification technique (CPA). The behavior of plasma electrons becomes highly nonlinear ar:Ld

completely relativistic at such limit. Nonlinear laser-plasma interaction results in creation of various parametric instabilities includirrg

scattering instabilities, self-focusing, two plasmon decay, harmonic generation [1i . r i ]. Therefore, for in-depth knowledge of physics r:f

laser-plasma interaction, investigation of some of these instabilities are desirable.

Self-focusing phenomenon was reported for the first time by Askaryan in 1962[.i."r]. This phenomenon is gaining interest amongst

several research groups worldwide on account of its connection with many other nonlinear phenomena. Self-focusing phenomenon

arises as a result of nonlinear response of material medium, whenever medium is subjected to electromagnetic (EM) beam' Ther;e

phenomenon further results in change in dielectric properties linked with the medium. In collisionless plasma, ponderomotive forr:e

causes displacement of electrons to off-axial region thereby causing redistribution of carriers. In laser produced plasmas, the phe-

nomenon of harmonic generation is an important nonlinear process. Due to harmonic generation, there is a strong influence on

* Corresponding author.
E-mail ail&esses: 1rq,5]13qr.';.liiag{i{*)f,.nraii^r:r:*i (K. Walia), ;lx'vi.rld*x's(fi,':tl3l.i'*r:'iir (A' Singh)'
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ARTICLE INFO ABSTRACT

The present communication explores the second harmonic generation (SHG) of intense Laguerre-

Gaussian beam (L-G beam) in relativistic plasma having an exponential density transition- The

carrier redistribution is observed on account of relativistic nonlinearity in presence of intense L-G

beam. This results in establishment of transverse intensity Sradients thereby generating electron

plasma wave (EPW) at the frequency of pump wave. Further, there is an interaction of pump

beam with EPW resulting in production of second harmonics. The approach of method of mo-

ments is utilized for deriving 2nd order differential equation for beam waist of beam and yield of

SHG. It is predicted from the results that a vital role is played by exponential density ramp and

different L-G beam modes in enhancing focusing ability of beam and yield of SHG.

Keywords:

Self-focusing
Laguerre-Gaussian beam

Electron plasna wave

Second harmonic generation

Density ramp/transition

1. Introduction

The laser-plasma interaction is a vast research topic amongst theoretical/experimental research groups due to their relevance in

large applications such as inertial confinement fusion (ICF), medical imaging, X-ray lasers, particle acceleration etc. r 1 ilr. Innu-

merable phenomena including self-focusing, filamentation, scattering instabilities and many more are originated as a result of

interaction of intense lasers with plasma medium it .,1i ;.In ICF, the relativistic effects are induced by intense lasers with intensity

range lgra - 16zo Wf cml. At such range, laser-plasma interaction causes quiver speed of electrons equivalent to light's speed

thereby causing variation in plasma dielectric properties. The plasma medium simply behaves as convex lens thereby leading to

focusing of beam.
The harmonic generation plays a vital role in laser-plasma interaction. In fact, there is a vigorous impact on transition of laser

through plasma medium due to harmonic generation. The power of beam gets penetrated through overdense region on account of

generation of harmonics. One can easily gather information regarding various parameters such as electrical conductivity, opacity,

expansion velocity etc. through harmonic generation i ,j:.r .,, i i. Since pulse duration for harmonic radiations is very small, so they play

crucial role in ultrafast spectroscopy i .:i, :i,r i. SHG has large applications in second harmonic imaging microscopy due to productivity

of low wavelength radiation. The production of harmonics in plasmas can be done through several ways including EPW excitation,

resonant absorption and photon acceleration i iil .,,'t .. However, the most well known method of generating harmonics is through EPW

excitation. In this method, there is an excitation of EPW at main beam frequency which in turn interacts with main beam thereby

producing second harmonics. sHG phenomenon has already been explored by several theoretical/experimental research groups

* Corresponding author.
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Keywords:
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Cosh-Gaussian beam

Pump beam

Electron plasma wave

Density fluctuations

ARTICLE INFO ABSTRACT

Second harmonic generation (SHG) of Cosh-Gaussian beam in unmagnetized plasma is investi-

gated in present communication. The relativistic-ponderomotive force (RP force) is jointly taken

in pr.r.nt investigation. The combined action of RP force produces electron redistribution

theieby producing density fluctuations in plasma in transverse direction. Electron plasma wave

(Epw) isgenerated at pump beam's frequency on account of these density fluctuations. The pump

beam couples with EpW resulting in generation of 2nd harmonics. The nonlinear differential

equation associated with pump beam and second harmonic yields (SHY) are obtained by

employing wKB and paraxial theory approximations. The overall impact of established laser

plasma parameters and RP force on pump beam's focusing abilify and SHY is also explored'

1,. Introduction

The researchers have given significant attentiveness to ultra-intense laser plasma interaction due to their connection with diverse

applications including laser driven fusion, super continuum generation and plasma based accelerators i i i'ii' In order to accomplish

success in above mentioned applications, much deeper beam transition through plasmas is extremely preferable' The beam transition

through plasmas causes origination to abundant nonlinear phenomena including scatterinS instabilities, compton scattering, higher

harmonic generation and self-focusing ; i, .i: i l. Much attentiveness is given by researchers to self-focusing phenomena due to its direct

connectivity with abundant applications including charged species acceleration, X-ray lasers and laser driven fusion' Several other

phenomena are directly influenced on account of self-focusing. self-focusing causes change in plasma dielectric function' The beam's

lateral dimensions get reduced on account of self-focusing. Main causes behind self-focusing are either ponderomotive force or increase

in relativistic electron mass i ,i.,l ;:r:;i.

Higher harmonic generation (HHG) occupies a distinctive place in laser produced plasmas. The extensive research work has already

been carried out on iHc uy leading theoretical/experimental research groups due to its connection with innumerable applications

i,ir: ::..ri. HHG in laser produced plasmas can be produced through several ways including producing transverse density gradients,

photon acceleration, and electron plasma wave (Epw) excitation f .iti 'r1 
.,: i. However, EPW excitation is commonly used technique for

SHG. In this technique, Epw is excited at main beam frequency. There is further coupling of main beam with EPW to give SHG' In fact'

the beam transition through plasmas is significantly affected by sHG. There is transit of beam power in overdense portion thereby

giving useful information on parameters including local electron concentration, density gradients and expansion velocity i r:l i 'i i' sHG

* Corresponding author.
E-mail addressa: lr*:sltar:rru;.liilr86(f)3lrlaii.E:r.lrn (K. Walia), ;lrv;:tt*llx'rit+'ltiti'ar:'i* (A' Singh)'
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ABSTRACT

This paper presents the optical guicling of a laser beam in plasma by using a preforrned plaslna channel. The density ramp in plasrna density

clue to the plasrna pressure has also been consirJerecl. The effect of pondeiornotive force has been taken into account which originates due to

the intensiiy graclient present in the laser bearn. This force procluces a plasma gradielt by expelling plasma electrons from a high-field to a

low-field ,.gi-rrr, lrro'ri.ling hsavy ions rernain immobile. Plasma oscillations result from a gradient in plasrna density that excites an

electron plasrna wave. The equation governing the plasma wave excitation has been tbund by using linear perturbation theory. An in-phase

mixi,g of a, inci6ent laser blam with this pl'asma wave generates its second harmonics. Laguerre-Gaussian laser profile has been used for

harrnonic production. Moment theory has been used to ottuin a differential equation for beam waist, which has been solved numerically by

Runge-Kuita's fourth-order method. The effect of diff'erent modes of Laguerie-Gaussian profile, beam intensity, plasma density, channel

depth, and slope of density rarnp has been explored'
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I. INTRODUCTION

An interest in the study of a laser beam traveling through a

non-linear medium is increasing day by day with the inverttion
of ultraintense lasers. The laser peak powers achieved from kilo-

watt to terawatt and time duration of ferntoseconds in laser

pulses have also been obtained with the help of chirped pulse

anplification (CPA).' " The propagation of such lasers in the

plasma medium leads to several interesting pheuotnena such as

self-focusing, filarnentation, two-plasrnon decay, plasrna acceler-

ation, and terahertz generation. These phenotnena are useful in a

wide range of appiications strch .t lrrttt-tonic generation,"'i
plasrna-based partiple accelerators,:'" inertial confinement

fusion,: " and rnany filore. Most of these applications require the

propagation of laser into plasma medium over long distances'

However, because of the cliffracting nature of laser with increas-

ing clistance, the laser beam starts diffracting ancl can only travel

rlf to t.u"tal Rayleigh distance (Rs) in plasrna. Because of such

diffraction, the laser will not be able to transfer its energy

effectually to the whole plasrna. Many scientific studies have been

made earlier to overcome the defocusing of laser in a plasma

mediurn. Otrt of optical guiding is an effective tool to guicle the laser

bearn in the plasma mediurn. In this, a prefonned chanrleled plasma

has been used to guicle the laser beam in plasma medium. In addition

to that, sorne selflacting phenomena such as self-focusing"' and self'-

trapping have also been studiecl to guide the laser in plasma to travel

up to many Rayleigh lengths' Plasma channeling is used nore than

conventional optical fibers because a breakdown occurs for high inten-

sities in optical fibers. To make the theoretical calculations much hne

and more trustworthy, non-uniform plasma has been taken with some

transitions in the density as it is expelled from inside to outside wirh

plasma pressr11e. From the literature it has been observed that some of

lhe authors have ued different kinds of density transitions sucl a9

exponential delsity trarrsition, ' tangeptial density tratrsition,' '

sinmoiclal clensity transitign,rt etc. Durfee and Milchbergio used a

two-1-rulse technique in their experiment and guided laser (intensities

103 l0l1 Wr/cm2) o\rer a distance of rnore than 20Rru. Ehrlich''

Phys' Plasmas 29, 092107 Qa22); doi: 1 0 1 063/5'0 1 03924
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The purpose of this study is to explore the second harmonic generation (SHG) of a high power

Cosh-Gaussian beam in cold collisionless plasma. The ponderomotive force causes cal'rier

redistribution from high field to low field region in presence of a Cosh-Gaussian beam thereby

producing density gradients in the transverse direction. The density gradients so produced the

results in electron plasma wave (EPW) generation at the frequency of the input beam. The EPW

interacts with the input beam resulting in the production of 2nd harmonics. WKB and paraxial

approximations are employed for obtaining the 2nd order differential equation describing the

behavior of the beam's spot size against normalized distance. The impact of well-established

laser-plasma parameters on the behavior of the beam's spot size and SHG yield are also

analyzed. The focusing behavior of the beam and SHG yield is enhanced with an increase in the

density of plasma, the radius of the beam and the decentred parameter, and with a decrease in the

intensity of the beam. The results of the current problem are really helpful for complete

information of laser-plasma interaction physics.

^ Keywords: second harmonic generation, cold collisionless plasma, ponderomotive force,

electron plasma wave, Cosh-Gaussian beam

(Some figures may appear in colour only in the online journal)
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1. lntroduction

Several theoretical and experimental research groups are inter-

ested in exploring laser-plasma interaction physics as a result of
its connection with a variety of applications including laser-dri-

ven fusion, plasma-based accelerators and higher harmonic

generation [-,\]. One can achieve success in the above-men-

tioned applications through much deeper transition of laser beam

inside plasma and acquiring minimum spot size so that maximum

energy from the laser beam to the system could be transferred.

Several nonlinear phenomena such as harmonic generation,

scattering instabilities, self-focusing etc are produced on intense

laser interaction with plasma p-211. Researchers are exploring

these instabilities theoretically as well as experimentally for

* Author to whom any correspondence should be addressed.
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detailed information of intense laser interaction with plasma

L?2-211. Amongst these nonlinear phenomena, the phenomenon

of self-focusing occupies a distinctive place. This phenomenon

was first time discovered by Askaryan in 1962 [28]. The self-

focusing phenomenon is receiving major attention of many

researchers on account of its direct relevance to other nonlinear

phenomena. This phenomenon arises on account of a change in

the plasma's overall dielectric function' The overall plasma's

dielectric function can change as a result of three main

mechanisms namely relativistic effects, collisions and ponder-

omotive force.

The most important research area in the laser-plasma

interaction process is the production of harmonics. In fact,

plasma is the most promising medium for the production of
harmonics. It results in the conversion of the laser beam

nrndffifftu* inro several harmonics. Harmonic
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potymer: catalytic activity towards Suzuki-Miyaura
cross-cou pting reactionsJ-

Ahmad Husain,,,',.*u Pooja Rani,b Kutdeep Kaur Nar,u Amit Pratap Singh, c

Rakesh Kumar,d K. K. Bhasinb and Girijesh Kumar .'*b

Herein, we report the synthesis and crystal structure determination of a new Cu(rr) coordination potymer

(CP) with the formuta ICu(L-tryp](azpgtal1zOXNOs)1.. (CPl), which exhibits an unusuaI tryptophan

coordination mode with copper(rr) yla carboxylate monodentate binding as weltas chetation vla Nrr,,.',uo and

Ocarbonyr groups. CPl was prepared using the tigand L-tryptophan (L-tryp) and the co-tigand 4,4'-

azopyridine bzpy), adapting the mixed-tigand approach and a solvothermal protocot. Singte crystal X-ray

structural anatysis reveated that in CP1, Cu(rr) sites show a distorted octahedral geometry, wherein the

tlgand L-tryp is coordinated through the carboxylate and amine groups, whereas the co-tigand azpy is

coordinated to Cu(rr) ions through the Npy,ioyr dtom and thus maintains a distorted octahedrat geometry

around the Cu(1) ions. Ff-lR and EPR spectra were atso recorded to corroborate the structura[ anatysis.

Finatly, CPl was emptoyed as a heterogeneous catatyst for the Suzuki cross-coupting reaction and afforded

-98% yietd under normalreaction conditions.

lntfOdUCtiOn in dir:ecting the topology and dimensionaliry of the resulting

CPs.z'-'t' Besides, atnino acids are well known for their uon-

The clesigl and synthesis of arnino acid-based coordination classical interactious, such as hydrogen bonds, a-n stacking

polymers (Cps) is undertaken by inorganic chernists because of aromatic rings, cation-n interactions, and charge transfer,

of the structural diversity of these polymers and their variety which play crucial roles in the. detertniuation of resultant

of applications in the areas of catalysis,'-'' gas sorption and structures ancl their functions.2T In this regard, tryptophan

separation,s-8 sensing,e-l3 drug cleliverS proton (t.yp), an a-amino acid having one amiuo group, one indolic

conductivity,",tt *ugnetism,r6-18 etc.re'zo Amino aciels are group and one carboxylic group, is a versatile ligand in

knowl to form a five-membered ring with metal ions through coordination chetnistry due to the electron donor capability

N,O-chelation that arises frorn the amine and carboxylate of its amino acid groups, whereas the presence of

moieties.zl-23 Thus, the structural design can be rationalized N-heterocyclic moieties reitrforces the non-classical

by selectilg rnetal ions and organic tethers to obuin desired interactions, thus providing another advantage over other

one-, two- a1d three-ciirirension al CPs.2a'25 In addition, the contemporary classical ligands." on the other hand, the

eareful choice of the organic co-ligand plays an important role . employ,rnent of co{igand 14,4'-azopyridine (azpy)] along with
the tryp ligand can be useful to extend supramolecular

alchitectures and tune the metal iou coordinatiou

E-mail: ahmad.husain@outlookcom, ahntctcl10620@d.awmiversity.org 1eactiOns has beetl widely explOred.32-3t In additiol, reports
b Department af Clrcruistry & Centre.fbr Aduan.ced Stu.dies in Chetnistty, Panjab are av.ilable wherein rnetal-(amino acid) complexes (metal =
Uniuersity Chandigarh, Chandigarh, India. E-mail: gkumar@pu.ac.in, pd and Ni) have been used as catalysts for organic
gir ij c s hc he m @ gm a i l. c o n r

, Department of Apptied sciences, National rnstitute of Technology, Ncut Dellt.i- transformation reactions, particularly the Suzuki-Miyaura

1t0040, rndia cross-couplitrg reactiou.36 However, Cu(u)-amino acid
d Department of Chemistry, MCM DAV College, Kangra-176001, Ilimachal Pradesh, ComplexeS have drawl IeSS attenti6n from the scieltifiC
htdia cornmunity towards their utilization as catalysts for the

H|]"#H':?'i:T;i':T,ili:JfiI",,'ff":,';1'H':#i*'$:ffi,1'ffJ;ll abovementioned catarvric transrormarion,3T':'8 artrrough the

inl;*",rr;*:;x:'l;l;,xml*T;"'*;*prric 
aa'la r""cr51ffiffii::::'il*""::'*::i:'ffi:ffi1j":1'5:Ij::

BggiSfraf ?- crvstEnscomm'2o21'23'7855-7864 | 78ssThis journal is O The Royal Society of Chemislry 2O2l
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A hydrogel based on dialdehyde carboxymethyl cellulose-gelatin
and its utilization as a bio adsorbent
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Abstract. In the prcsent study, the dialdehyde carboxymethyl cellulose (DCMC) was crosslinked cova-

lently to gelatin via the Schiff base reaction to form a three-dimensional hydrogel (DCMC-cI-G). The

crosslinking degree ofDCMC and gelatin was estimated to be 50.31 + 2.65, The maximum swelling capacity

of the hydrogei in aqueous medium was around 74 g/g at pH 10.0 and 37 "C with equilibrium swelling

attained in three houri and the compressive strength of the hydrogel was found to be 55 + 0.76 kPa at 60%

shain. The biodegadation studies confirmed 82.679o degradation of the hy&ogel sample within a period of

twelve wgeks. Further, the hydrogel was evaluated as a bio adsorbent for the removal of hazardous dyes,

namely Riodamine B (RhB) and Methyl Violet (MV) from water due to its decent swelling capacity and good

mechanical strength. The maximum percentage of RhB and MV removed from the respective dye solutions

using DCMC-CI-G hydrogel was 96.57o afi gOEa at pH 6.0, respectively. Both dyes followed Langmuir

adsorption isotherm, which considers monolayer adsorption of adsoftate over adsorbent, with a pseudo-

second-order kinetic model.

Keywords. Eco-friendly; biodegradation; cross-linked; dye removal; natural polysaccharides.

1. Introduction

Water pollution by various industrial effluents such as

dyes, heavy metal ions, and other organic contami-

nants such as pesticides, drugs, etc., has increased

leaving an intimidating remark on the environment.r

Out of these effluents, the waste from the dye industry

contributes enormously to the water quality and thus

makes it unfit for drinking. The world is suffering from
severe scarcity of water and thus protecting drinking
water is the need of the hour. Therefore, the scientific
and general community should contribute immensely

to protecting it. There are many techniques such as

membrane filtration, coagulation, ozone treatme.rt,

photocatalytic degradation, ion exchange, biological
treatment, etc., which are employed to remove dyes

from wastewater. Out of all these methods, adsorption

is an easy, practical, and cost-effective method.2 Thus

the synthesis of materials with high adsorbing quality

is essential to efflciently adsorb dyes from water.

Hydrogels are hydrophilic in nature with three-di-

mensional structures which can retain water in it,

showing its good absorbing capacity. Polymeric
hydrogels of natural polysaccharides, such as starch,

gelatin, chitosan, sodium alginate, gums, polypeptides,

agar, etc., and carboxymethyl cellulose (CMC) have

been receiving considerable attention due to their

promising wide range of applications in the fields of
biomedical, pharmacy, nanotechnology, electrochem-

ical capacitor, water and soil treatment, etc.'' Many

hazardous dyes, namely, Rhodamine B (RhB), Methyl

orange (MO), and Methyl violet (MV), are released

.;,::,:::;::;:;#:"tury 
materiat: rhe ontine version of this articte&,f;I,8gffrff 07/stz03e'0te-t700-z) contains suppte-

mentary.material, which is available to authorized users.
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Apparent lnolar volunte
Apparent molar isentropic compression

Ionic liquid

ABSTRACT

To stucly the molecular interactions between the ternary mixtures containing 1-heptyl-3-methyl imidazolium

teilafluoroborate ICTmimlIBFa] as a common solvent with l-glutamic acid and l-aspartic acid respectively, densi-

ties ancl speed of sound have been rneasured at three different temperatures viz. f : 288.151(,298.15 I( and

308.151(under0.1 MPaPressure.Thedensityandspeedofsounddatahavebeenfurtherutilizedtocalculateap-
parent rnolar volnrne ancl apparent molar isentropic cotnpt'ession. From the apparent tnolar voltture and appar-

ent molar isentropic compressiou, both ploperties at infinite dilution i.e. 41, and I{s have also been computed. To

c|aw the conclusion from the volumetric and acbustic clata, limiting apparent molar expansion S, as welt as hy-

clration numbers, nH have been studied. lt is quite worthwhile to srudy all of these derived or calculated param-

eters to perceive the solvation behavior, mixing aspects and various types of interactions born in the ternary

solntions of (amino acicl * [CTmimlIBFa] * water) due to change in structure.
A 2020 Elsevier B.V. All rights reserved.

"l.Introduction

One of the crucial component of all the living systems is protein. The

most prominent strLrctural feature of all tl-re proteins is that they are

lorrg chains of amino acid residr-res joined together through peptide

bonds. Proteins perform divergent biological functiot.ts of life ranging

frorn DNA replication, catalysis, formatiott of cell skelelaI system, ho-
meostasis, transport of oxygen, cell signaling, regulation olgene expres-

sion, transcription as well as storage functiou [ 1*3 ]. The interactions of
water witl-r the functional groLlps of proteins play importanl factor irt

determining the conformational stability of proteins. The sttrdy of the

solvent eflect on the properties of model compounds such as atniuo
acicl is quite helpful in understanding water-pl'otein interactions itr so-

lutions. Moreover, physico-chemical and themrodyuatlic investigations
of ionic liquid with amino acid is of much significance in order to under-
stand the nature and the extent of the patterns of interaction in
solutions ancl their variations wilh tentperature ancl composition. So,

with view of biological importance of anrino acids and pro[eins, we
have tried to generate a novel stLldy on liquid mixtures with non-
essential amino acids. Two non-essential acidic-polar aurino acids viz.
l-glr.rtamic acid and l-aspamic acid containing a carboxylic acid side are

* Corresponding author.
E-mail addresses: rekhagaba@gnrail.com, rekha10043@davuniversity.org (R. Gaba).

https://doi.org/1 0. I 0 1 6ij.molliq.2O2O.1'l 497 1

0'167-7322/A 2020 Elsevier B.V. All rigltts t'eserved.

utilized in the present work. Both of fhe chosen amino acids can release

a proton and acquire a negative charge at the pH ofbody fluids due to
presence of an additional carboxyl group. In the body glutamic acid

lurns into glutamate. Glulamate is produced by rerinal ganglion cells

[4]. Glutamate as an excitatory neurotransmitter in central nerves sys-

tem, is a leading intercessor of sensory information, motor coordination,

cognitive functions and emotions, including memory formation
and memory retrieval [5]. Glutamic acid is also vital oxidative fuel for
the intestine and immune cells [6,7]. Aspartic acid is chiral and exists

in two enantiomeric forms, l-asparate and d-asparate. L-asparate is

proteinogenic and multifunctional amino acid like glutamate. Beyond

biological importance, I-aspar[ic acid is also used as an effective crystal
rnodifier for preparation of short colutnnar hemihydrates IB] and as ar-t

electrochemical micro sensof for sirnultaneous detection of copper

and lead [9].
The other component chosen for study is 1-heptyl-3-merhyl

imidazolium tetrafluoraborate ICzmim][BFa] which is an ionic Iiquid.
We can obserue an explosion of curiosity in ionic liquids since last

decades. These thermally stable molten salts have gained so much

attention due to their wide applicability like bio-catalytic activity, enzy-

matic activity, geomerric and in strucfural features of protein nrolecules

[10-I5]. We can also find a lot of research papers published on utility of
room temperature ionic liquids [16-23]. Like arnino acids, thermody-

#,ffg$ffi;Hc-chemical 
properties of ionic liquids in solutions are
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Nanotechnology-assisted treatment of pharmaceuticals contaminated water
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nssrnncr
The presence of pharmaceutical compounds in wastewater due to an increase in industrialization and
urbanization is,a serious health concern. The demand for diverse types of pharmaceutical compounds
is expected to grow as there is continuous improvement in the global human health standards.
Discharge of domestic pharmaceutical personal care products and hospital waste has aggravated the
burden on wastewater management. Further, the pharmaceutical water is toxic not only to the
aquatic organism but also to terrestrial animals coming in contact directly or indirectly. The pharma-
ceutical wastes can be removed by adsorption and/or degradation approach. Nanoparticles (NPs),

such as 2D layers materials, metal-organic frameworks (MOFs), and carbonaceous nanomaterials are
proven to be more efficient for adsorption and/or degradation of pharmaceutical waste. ln addition,
inclusion of NPs to form various composites leads to improvement in the waste treatment efficacy to
a greater extent. Overall, carbonaceous nanocomposites have advantage in the form of being
produced from renewable resources and the nanocomposite material is biodegradable either com-
pletely or to a great extent. A comprehensive literature survey on the recent advancement of
pharmaceutical wastewater is the focus of the present article.
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Graphical representation showing water contamination and its treatment by nanotechnology
assisted approach to obtnin treated water.
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