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Abstract

An overview of a plasma-based advanced accelera-
tion study at Korea Electrotechnology Research Institute !
(KERY) is presented. In order to get a high acceleration High density 1+ L 51 Low density
gradient(> 1 GeV/m), the laser wake field acceleration I
(LWFA) has been studied at KERI. In the research of the e
LWFA at KERI, the sharp density transition LWFA project n'
and the self-modulated laser wake field acceleration (SM-
LWFA) project are under way. For the sharp density tran-
sition LWFA, trapping and acceleration of electrons in a
background plasma by using a sharp downward density
transition is described with simulation results. For the SM-

LWFA, the experimental plan with the parameter study ig=igure 1: Density profile of an inhomogeneous plasma, in
presented and experiment results of the gas jet charactesihich L, is the scale length of the density transition re-

zation are described as a preliminary study. gion andL, is much smaller than the plasma wavelength
Ap In the sharp density transition laser wake field accelera-
1 INTRODUCTION tion project.

LWFAs have been high-lightened since they can be used
to accelerate charged particles to a relativistic high energylectrons, which are generated by various mechanisms such
over a short distance [1]. As a terra-watt laser pulse passas a transverse wake breaking, longitudinal wave breaking,
through a plasma, a wake field is generated behind the lasetc., can be trapped by the wake field.
pulse and the laser wake field produces extremely strong |n the laser wake field research at KERI, we are going to
electric field. The maximum electric field of the laser wakenvestigate the new self-injection mechanism that was re-
field is on the order of 100 GV/m when a plasma densityenuy proposed by Sukt al. According to the proposed
of ng = 10'® em= is used. This electric field is three or- injection method, some background plasma electrons can
ders of magnitude stronger than that of conventional radipe trapped and accelerated by the wake field when the
frequency (RF) accelerators. Thus LWFAs are intensivelyake field passes through a sharp downward density tran-
studied around the world. sition. In addition to this study, the SM-LWFA experiment

At KERI we started a research program for LWFA injs scheduled to be performed at KERI. In this paper, a brief
2002. The major goal of the research is to investigate thgverview of the LWFA projects at KERI is pesented.
possibility of a table-top high-energy electron accelerator.
In most plasma-based acceleration experiments, an exter-
nal injection system is used for beam injection. Hence, a 2 LASER WAKEFIELD
relatively big injector is required and it is hard to make the ACCELERATION STUDIES
entire accelerator system to a table-top size that may be . . .
important in future accelerator applications. In addition to2-1 Laser V\b'ke Field Acceleration with a Den-
the big size problem, there is a difficulty of phase matching Sity Transition

between the laser wake filed and the injected beam in the : . .
S S e In the previous inhomogeneous density plasma LWFA
external injection system. This difficulty comes from the

fact that the laser wake field wavelength is so short in ngelf-mjecuon methods, the plasma electrons are randomly

FAs. Hence, the phase matching is problematic due to timt(raapped into the wake field and it leads a large energy
o C S spread of the electron beam. Furthermore, the acceler-
jittering of the laser pulse and injected beam.

As an alternative choiceglf — trapping of electrons in ated electrons collide with plasma electrons remaining in

N the wake field and this scattering effect increases the beam
a plasma can be used for injection [2]. In the plasma, there . .
e emittance. To overcome these problem of the previous self-

are plenty of electrons and it is known that some hot plasma. " T :
Injection methods, a new self-injection scheme is proposed

* chbkim@postech.ac.kr recently [3]. In this injection scheme, plasma electrons are
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Transition

«sbourdary Table 1: Parameters for the self-modulated laser wake field
' acceleration experiment
o X Laser powelP, 2TW
WA o Laser pulse width; 700 fs
Laser wavelength, 1.053um
Plasma wavelengtk, 10.5pm
Plasma densityt. 1 x 10" cm—3

Figure 2: PIC simulation result of electron self-trapping at
the sharp density transition. In this simulation, the transi-
tion lengthL, = 0 and the plasma density ratid /n!! =
4/3. Trapped electrons are shown in the circle.

Maximum elecric fieIdE: ~ 300 GeV/m
Expected beam energy  ~ 10 MeV

characterizations of the terra-watt laser are finished. The

i experimental plan is presented in the next section.
fully ejected from the laser or electron beam path due to

the laser ponderomotive force or space charge force a .
a nonlinear wake field is generated. When the wake fiel 2 Se_lf'MOdu_lated Laser Wake Field Acceler-
passes through a sharp downward density transition with ~ ation Studies

Ls; < Ap, some plasma electrons are locally and trans- as mentioned above, we have the SM-LWFA project in
versely trapped into a wake field . This is due to the suddegygition to the sharp downward density transition project.
increase of the plasma wavelengthacross the transition, gyperience and equipments obtained from this experiment
and the injection occurs locally in the phase space. As a Iy pe valuable for the next experiment. The experimental
sult, this internal injection scheme can lead to a rather Sm%%tup of the SM-LWFA is very similar to the sharp density
energy spread, which is important for beam applications. yransition LWFA and an experimental setup can be used for
The sharp density transition LWFA has been studied nuwo projects with a minimum modification. Most equip-
merically with the OSIRIS code that is a fully relativistic ments of the experimental setups, which include the terra-
and electromagnetic 2-D PIC (particle-in-cell) code [4]. Awatt laser system, the electron extraction beamline, and the
simulation result forZ; = 0 is shown in Fig. 2, where diagnostic system for the electron beam, etc., are common.
the density ration! /n!! is 4/3. As shown in the fig- The only difference is the plasma generation part. In the
ure, the wake wave is generated behind the laser pulsewnward density transition LWFA experiment, two rela-
and an electron-free ion cavity is produced. When thevely low density plasmas with a sharp density transition
wake wave passes through the downward density transire needed. On the other hand, a homogeneous density
tion, some plasma electrons are transversely injected inflasma is used for the SM-LWFA.
the acceleration phase of the wake field as shown in the |n the SM-LWFA, a rather long singlé< 1 ps) ultra
figure. As time goes on, the electrons are separated cleatjyh intensity(> 10'® W /cm?) laser pulse is used to pro-
from the background plasma electrons. In the beginninguce a train of laser wake field. In this case, the laser pulse
the trapped electrons have low energies, but they are aig-much longer than,, so that the laser pulse is split into
celerated rapidly to a relativistic energy by the ultrastrongnany laser pulses due to the Raman scattering instability.
wake field. As the energy increases, the space charge effgtiese laser pulse train excites the laser wake field reso-
is reduced so that the electron beam size decreases gragntly. If the laser poweP; is somewhat larger than the
ally. The simulation shows that the trapped electrons cagitical powerP,, the so-called relativistic self-focusing oc-
gain an energy of about 10 MeV. The ultimate energy oturs and this helps the laser beam propagate over a long
the electrons is limited by diffraction of the drive laser indistance. This phenomenon happens if the following con-
this case as the laser beam size increasegbyver a dis-  dition is met : P, > P. ~ 17(\,/\) GW, where); is
tance of the Rayleigh range. the laser wavelength. These condition is fulfilled with the
This kind of trapping and acceleration mechanism igaser power of 1 TW for the plasma density of the order of
scheduled to be verified experimentally at KERI. For thisl0'® cm~2 [2]. In this high density regime, the laser pulse
experiment, we are going to use a terra-watt Nd:glass lasendergoes the self-modulation instability which causes the
system and a plasma in the rangewpf~ 10' cm™=3. The pulse to break up axially into multiple pulses at the plasma
accelerated electrons will be diagnosed to yield the beaperiod and these multiple pulses excite a large amplitude
energy, energy spread, emittance, beam size, charge, at@ke field resonantly. This large amplitude causes longi-
For these measurements various diagnostic techniques andinal and transverse wave breakings. As a result, some
tools will be developed. Before this experiment is perplasma electrons are injected into the acceleration phase of
formed, a SM-LWFA experiment will be conducted first. the wake field and they are accelerated to a high energy.
Now preparations for the SM-LWFA experiment are un- Planned parameters for the SM-LWFA experiment are
der way and the experiment is scheduled for next year aftdéisted in Table 1. The laser power is 2 TW and the laser
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Figure 4: Neutral gas density from gas jet. (a) is the fringe
pattern ofN, gas. The gas pressure is 50 bar and the back-
ground pressure 59 x 10! Torr. The diameter of nozzle

Figure 3: Schematic diagram of the experimental setug 530 pm. (b) is C"’_‘I!f]u"”ged ien&ﬂ&z@lg (g:Ssgtaiat%hthe
planned for the self-modulated laser wake field acceler ac :ng %r_ess;_re. . € density profiie 1 ussl

tor. The direction of the gas flow is perpendicular to thd102Z1€ radius direction.

paper.

Phosphor screen

radius direction and exponentially decay to the direction of

. L the gas flow.
pulse width is given by 700 fs. To produce the self-

modulated laser wake filed, the plasma wavelength is de-
cided to be 10.5:m which is 1 / 20 of laser pulse width, 3 SUMMARY
and the plasma density is determined talbe 10'? cm 3 Since 2001, the LWFA has been studied at KERI. The
from the plasma wavelength. Under these conditions, maxnain goal of this research is to investigate the possibility
imum electric field of the wake field is calculated to 300of a plasma-based table-top high energy accelerator. For
GeV/m and the expected energy of the electron beam tgis goal, the sharp density transition LWFA will be tested
about 10 MeV. experimentally. Before the experiment, extensive PIC sim-
Fig. 3 is the schematic diagram of the experimental setuglations have been performed. The simulation results show
planned for the SM-LWFA. A 2 TW, 700 fs laser pulse isthat a significant amount of plasma electrons can be trapped
produced from a Nd:Glass laser by the chirped pulse ampland accelerated to over 10 MeV by the wake field. In ad-
fication method. The laser pulse is focused on the plasnition, the SM-LWFA project is under way. Experimental
which is made by the laser ionization of the neutral gasetups for these two projects have lots of common features
ejected from the gas jet and produces high energy eleand can be used for both of them with minimum mod-
trons by the self-modulated laser wake field. The accelfications. These two LWFAs are based on self-trapping
erated electron beam is bent when it pass through a bengkechanisms by the wave-breaking and their results will be
ing magnet and separated from the laser pulse. Finally tigwmplementary to each other for the analysis of the self-
electron beam hits the phosphor screen and parameterstefpping mechanisms. For the SM-LWFA, the parameter
electron beams such as the beam size, the emittance, anddy was achieved for the experiment and the gas jet char-
the energy can be measured. In the same time, small pefeterization was performed for laser-produced plasma gen-
tion of the laser is split by the beam splitter and put intcerations. Based on the basic laser-plasma interaction ex-
a Mach-Zehnder interferometer for the diagnostics of thgerience, the SM-LWFA experiment and the sharp density
laser produced plasma. transition LWFA experiment will be conducted in the near
As a preliminary study, neutral gas densities is meguture.
sured for the laser produced plasma generatiin. gas
are ejected from a gas jet with various gas pressure and the 4 REFERENCES
fringe pattern of each pressure is obtained with a Mach-
Zehnder interferometer. Measurement results are shoWH T-Tajimaand J. M. Dawson, Phys. Rev. Le8, 267 (1979).
in Fig. 4. Fig. 4 (a) is the fringe pattern df, gas. [2] K. Nakajimaet al., Phys. Rev. Leti74, 4428 (1995).
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5.9 x 10! Torr. Diameter of the nozzle is 5Qfn and the
nozzle has a cylindrical symmetry. With these fringe pat£4] R. G. Hemkeret al., Phys. Rev. 557, 5920 (1998).

tern images, the density profiles Bf, gas are calculated [5] A Behjatetal., J. Phys. D: Appl. Phys0, 2872 (1997).
with Abel inversion [5]. The calculated neutral gas den-

sity is 1.7 x 10'8cm ™2 at the center of the nozzle surface

when the gas pressure is 50 bar. As shown in Fig. 4 (b),

the neutral gas density has a Gaussian profile to the nozzle
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