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Abstract- High acceleration produced because of the
dispersing of relativistic electrons from high power
laser light are considered. The inwestigations are
completed with a Nd:Glass laser framework with a
pinnacle power of 2x1018 Wem—2 in under dense
plasma. It is demonstrated that, at high forces, when the
standardized electric field approaches solidarity,
notwithstanding the ordinary nuclear music from
bound electrons there is noteworthy commitment to the
consonant range from free electrons. The trademark
marks of this are observed to be the emanation of even
request music, straight reliance on the electron
thickness, critical measure of sounds even with round
polarization and an a lot littler spatial district over
which these musicare created when contrasted with the
nuclear case. Imaging of the symphonious pillar
demonstrates that it is transmitted in a restricted cone
with a disparity of 2 to 3 degrees.

Index Terms- Electron accelerator, laser wake field,
Relativistic channel, laser hole boring, pulse rate of an
electron.

1. INTRODUCTION

In the history of mankind, at 21 century scientist
found the way that can able to accelerate the
electrons with help of protons by passing them in
plasma range. In order to get high speed electrons
make a large hadron collider (LCH) particle
accelerator with the range of 10 meters or 33 feet of
space. The total experiment setup is called by the
name that Advanced Proton Driven Plasma
Wakefield Acceleration Bxperiment (AWAKE).
Throughout the years a few endeavors were made to
recognize this process. Be that as it may, just in the
late 1990's were the principal unambiguous marks of
this procedure recognized in trials where a high force
laser pulses cooperated with under dense plasma. It
was demonstrated that the second and third consonant
transmitted from the plasma had the trademark rakish
disseminations, as anticipated by hypothesis, and
scaled directly with the number thickness, of course
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since the procedure is incoherent. Interest in this
procedure has proceeded with on the grounds that it
offers the likelihood of concentrate a portion of the
essential material science of the association of
relativistic ~ electrons  with solid fields, with
conceivable applications to forms happening in
astrophysical plasmas. Sounds created from short
heartbeat laser-driven plasmas have a few alluring
qualities. The way that they are delivered by short
pulse lasers implies they are of femtosecond span.
The spatial degree is too to a great degree little
~micron estimated! Also, it is conceivable to create
these sounds with minimal setups. The change
efficiencies of sounds from bound electrons have
been appeared to be to a great degree extensive and,
due to stage coordinating, a light emission extreme
ultraviolet (XUV)! Radiation can be gotten.

2. LASER WAKE-FIELD ACCELERATION

The basic principle behind the electron accelerator is
highly powerful laser pulses driven as electron wake
in to plasma medium; it’s just similar like "water
wake created by boat during surfing. Because of this
high concentrated electric field produced by laser
generated wake so it called as laser wake field. Due
to this wake field electrons produced with energy of
100MeV in 1mm. which means it can give high rate
of acceleration compared to other convention
accelerator and it is extremely compact. (A
Conventional radio frequency (RF) Linac accelerates
electrons with a gain of about 35 MeV in 1 m).

3. RELATIVISTIC CHANNELING

When a light beamis focused in gas, the diffraction is
limited the focal spot length. The ionized forming
plasma is formed when the intensity of laser is high
enough .In the laser electric field electrons in the
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plasma will oscillate its approaching the light speed
for light intensities exceeding about 1015 W/cm2. Its
prompts an, increment of electron by relativistic mass
and thus a decrease of refractive file of the plasma
through the whole plasma recurrence. As the

transverse profile of the laser power in the central
spot has a most extreme in the middle, the refractive
list will have a greatest here. The plasma medium
will go about as a positive focal point incited by the
laser itself as it goes through the gas

plasma box (n,./1n=0.6)

Electron Pulse

101 W/em?
Fig-1 Relativistic Electron Beam Generation

4. INSTIGATED TRANSPARENCY

Frequency of light @ spreads in plasma as per the
scattering connection ®2=w0p2/<y>+k 2c2 , which is
plotted here. It relies upon the plasma frequency
op2=4ne2ne/m and the normal <y>-factor. In thick
plasma with ® < © p , light can't spread and is
reflected from the surface. In any case, for relativistic
forces producing substantial <y> - factors, the plasma
ends up straightforward. We call this instigated

straightforwardness.
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Fig-2 Instigated Transference
5. RELATIVISTIC SELF-FOCUSING

Because of the transverse power profile of the light
bar, the relativistic impacts are most grounded on the
hub and balance the record of refraction n=(1-
(0p2/<y>)/®w 2)1/2 as needs be. An at first planar
wave front is distorted in a plasma as appeared in the
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figure. Since the stage speed vph=c/n is littler on the
pivot, the plasma demonstrations like a positive focal
point and prompts self-focusing for laser controls
past a basic dimension.
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Fig-3 Relativistic self-focusing
6. PROFILE STEEPENING

Another vital impact is the steepening of heartbeat
envelopes spreading with gathering speed vgr=cn.
The pinnacle area with high power runs quicker than
those with low force at the beat head, and this
prompts optical stun arrangement. Heartbeat shapes
with steeply rising fronts are fascinating for
concentrate high force impacts in issue.

7. THE VIRTUAL LASER PLASMA
LABORATORY

Molecule in-Cell (PIC) reproductions illuminate the
laser plasma collaboration at the central dimension of
Maxwell's conditions and the condition of movement
for  relativistic  particles  moving in  the
electromagnetic fields which are arrived at the
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midpoint of over cells. The three-dimensional PIC
code VLPL (Virtual Laser Plasma Laboratory) has
been produced by MPQ. It is balanced to parallel
computers with somewhere in the range of 100
processors and regularly handles 109 particles in 108
cells conveyed over a three-dimensional volume.
Instances of VLPL recreations are given beneath and
on the page Laser Wake Field Acceleration.

rob B = O T
c oOX 4
rotE = — l 6_
c OX
divE = Az
divEB = O
FIELD

dt my
P2
=i | by
mc
PARTICLES

N\
A\

Fig-4 109 particles in 108 grid cells
8. ELECTRON AND ION SPECTRA

The vitality spectra of the electrons demonstrate a
trademark exponential rot and the relating compelling
temperatures scale as indicated by Teff ~ 15
11/2MeV with power | in units of 1018 W/cm2. This
is in concurrence with estimated spectra. Since
electrons are removed from the channel, a spiral
electric field is made which quickens particles
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outspread way. Contingent upon laser force, multi-
MeV particle energies are found in recreation and
additionally analyze. In deuterium plasma, these
vivacious particles cause combination responses, and
the comparing 245 MeV neutrons have been
recognized tentatively.
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Fig-5 Electron and ion spectra

9. 3D-PIC SIMULATION COMPARED TO
EXPERIMENT

Self-focusing and electron beam age have been seen
in MPQ tests, utilizing gas stream targets and a 150 fs
laser beat with focused power 6 x 10 19 W/cm2 . The
deliberate electron spectra were observed to be in
brilliant concurrence with the relating 3D-PIC
reproduction. This opened the likelihood to explore
the electron speeding up system in more detail. The
electron stage space is appeared beneath on the right-
hand side as a preview after 300 fs proliferation time.
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The beat engenders from left to right. The
longitudinal E z field uncovers some self-balanced
laser Wakefield excitation close to the laser head and
Wakefield increasing speed in the y-plot, however
evidently the plasma wave breaks after a couple of
motions. By the by, solid electron quickening with y
~ 40 - 50 is unmistakable in the broken-wave district,
and the inquiry emerges what is the increasing speed
component here. Zooming the stage space in the area
7/h ~ 270 - 280, one finds that it is tweaked with the
laser time frame and shows extensive transverse
moment px, demonstrating that immediate laser
quickening happens.
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Fig-6 3D Pic simulation

10. HOW DO THE ELECTRONS GAIN ENERGY

Electrons can pick up vitality just from the electric
field, either the transverse segment principally
beginning from the laser beat or fromthe longitudinal
part for the most part starting from plasma waves. To
discover which system commands, we have decided
the aggregate longitudinal and transverse gain for
every electron and demonstrate the outcome in the
figure.  Shockingly, most electrons in this
reproduction picked up their last vitality from the
transverse laser field, and the longitudinal field had
preferably a decelerating over a quickening impact.
The deceleration can be ascribed to the negative
longitudinal part of the laser field occurring in
limited channels.

dp=eE + g vxB
d,p?=2eEep=2eEpp,+2€Ep,
Gain due to longitudinal plasma field:
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), =[2eE,pdt
Gain due to transverse laser field:

r,=[2eE padt
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Fig-7 Gaining Electrons

11. RELATIVISTIC CHANNELS AS INVERSE
FREE ELECTRON LASERS

The outcome acquired above can be comprehended
as far as an Inverse Free Electron Laser display. The
azimuthally attractive and the outspread electric field
of the self-focused channel acts like the wiggler of a
free electron laser (FEL), causing transverse motions
of relativistic electrons with beta ion recurrence wp2=
op 2/(2y) while moving along the channel hub. This
is actually the setup of a FEL. At reverberation when
the Doppler-moved laser recurrence concurs with ®f
= oL (1 - v|[/lv ph ), the electron can encounter
speeding up from the laser field over numerous laser
periods, and this clarifies the substantial transverse
moment. It is then the attractive laser field which
transforms the transverse movement into longitudinal
movement without including further vitality.

Electron

Laser

Plasma channel
Fig-8 Relativistic Channel

12. LASER HOLE BORING INTO OVER DENSE
PLASMA
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On account of over dense plasma (here ne/nc = 10),
the laser light can't infiltrate into the plasma at first,
yet the light weight begins to drill a gap into the over
dense district. This is seen in the particle thickness
plot at 330 fs and 660 fs. Matter is pushed to the side
and structures a tapered stun. Electrons are quickened
in debt area and comparing solid flows are found in
the attractive field design. At the surface of the
opening the current is coordinated outwards, while in
the inward areas of the gap it is coordinated into the
plasma. A specific fascinating component is found in
the overdense part of the plasma which has not yet
been come to by the opening drilling and into which
just the electron current can enter. Here the electron
current supposedly disintegrates into current fibers at
330 fs, however these fibers have clearly rejoined in
a solitary thick current fiber at 660 fs. Filamentation
is expected to Weibel unsteadiness.
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Fig-9 Thermal image of over dense Plasma

13. CURRENT FILAMENTATION AND
FILAMENT COALESCENCE

We have likewise examined current filamentation by
2D PIC reenactment in the plane transverse to the
current. At time opt=0, a uniform relativistic electron
current is accepted having 10% of the plasma
thickness. At first it is totally repaid by a uniform
return current. This two stream setup rapidly rots into
numerous fibers, which, in a later stage, mix and
frame a couple of thick fibers. The procedure of
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mixture is observed to be exceptionally dissipative
prompting solid peculiar ceasing of the underlying
shaft. These highlights might be significant to the
idea of quick start of combination targets.

14. CONCLUSION

Electron-positron and y-photon generation by high-
power laser pulses has been explored for a unique
target geometry, in which two pulses light a thin
thwart (10-100 nm < skin profundity) with same
force from inverse sides. A stationary arrangement is
determined portraying foil pressure between the two
pulses. Roundabout polarization is picked with the
end goal that all electrons and positrons pivot same
way in the plane of the thwart. We talk about the
laser and target parameters required so as to improve
the y-photon and combine creation rate. We discover
a y - photon power of 7 x 10 27/(sr sec) and a
positron thickness of 5 x 1022 cm - 3 when utilizing
two 330 fs, 7 x 1021 W/cm2 laser pulses.

REFERENCES

[1] Gahn, C. et al. Multi-MeV electron beam
generation by direct laser acceleration in high-
density plasma channels. Phys. Rev. Lett. 83,
47724775 (1999)

[2] Malka, V. et al. Characterization of electron
beams produced by ultrashort (30fs) Ilaser
pulses. Phys. Plasmas 8, 2605-2608 (2001)

[3] Everett, M. et al. Trapped electron acceleration
by a laser-driven relativistic plasma wave.
Nature 368, 527-529 (1994)

[4] Pukhov, A. & Meyer-ter-Vehn, J. Laser wake
field acceleration: the highly non-linear broken-
wave regime. Appl. Phys. B 74, 355-361 (2002)

[5] Andreev, N. E., Gorbunov, L. M., Kirsanov, V.
I, Pogosova, A. A. & Ramazashvili, R. R.
Resonant excitation of wakefields by a laser
pulse in a plasma. JETP Lett. 55, 571-574
(1992)

[6] Sprangle, P., Esarey, E., Krall, J. & Joyce, G.
Propagation and guiding of intense laser pulses
in plasmas. Phys. Rev. Lett. 69, 2200-2203
(1992)

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 96



