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Abstract 2 LWFA EXPERIMENTS

_ . , 2.1 Laser Wakefield Acceleration Test Facility
The laser wakefield acceleration (LWFA) experiments has

been conducted by the use of 2 TW, 90 fs laser pulsé¥e have constructed the test facility for the LWFA experi-
synchronized with an electron beam injected from a 1ments, consisting of a’llaser system and an electron beam
MeV RF linac. Preliminary experiments demonstrated thijector[8]. The Ti:sapphire Tlaser system produces out-
energy gain more than 200 MeV attributed to ionizationPut pulses compressed by a grating compressor to 90 fs
induced self-modulation and self-guiding of intense ultrawith an energy greater than 200 mJ at the repetition rate of
short laser pulses in plasmas. Measurements of the plasifaHz. We used the 2856 MHz RF linac as an electron in-
density oscillation and laser-plasma interactions suppd@ctor to produce a 17 MeV single bunch beam with a 10 ps
the enhanced acceleration. We are also developing an REVHM pulse duration containing 1 nC at the repetition
photo-injector producing low emittance beams, a capillarjate of 10 Hz.

plasma wave guide generating long stable wakefields and aThe setup for LWFA experiments is shown in Fig. 1. Fo-

energy measurement system with emulsion technique. cusing optics and magnets were installed in the acceleration
chamber filled with He gas. Laser pulses were focused by a

/10 off-axis parabolic (OAP) mirror with a focal length of
480 mm. The measured focal spot radius wag:8 An
electron beam from the injector is brought to a focus with
1 INTRODUCTION the FWHM beam size of 0.8 mm through a triple focusing
magnet and a permanent magnet quadrupole (PMQ) triplet.
The beamline and the acceleration chamber were separated
The present high energy accelerators are based on the RFFa 50,m thick titanium window. An electron pulse was
acceleration, in which the accelerating field is limited to apsynchronized to laser pulses within the rms jitter of 3.7 ps

proximately 100 MV/m due to electrical breakdown. Thepy a phase locked control of a mode-locked oscillaton.
laser-plasma accelerators have been conceived to be the

next-generation particle accelerators, promising ultra-high LaserPulse 17 MeV Electron Beam

X . ) . 2TW, 90 fs PMQ Doublet
field particle acceleration[1]. It has been experimentally T

demonstrated that the laser wakefield acceleration (LWFA) —= nteraction

has great potential to produce ultra high field gradients of ﬁ Point

plasma waves[2]-[5]. Recently a wakefield of the order of - "

10 GV/min a plasma has been directly observed by the use

of a compact terawatt laser system so callédaBers[6, 7].

H OAPMirror \PMQTripIet

In a homogeneous plasma, however, diffraction of the f10
laser propagation limits the Iaser-plasma_\ interaction di_s- Gasfilled Chamber = Bending MaOnet o i Array
tance to the extent of the vacuum Rayleigh length. This 50cm o Magnet B=2.6kG (32ch)

deducts the advantage of ultrahigh gradient acceleration

from laser-driven accelerators. It would be of importancgjgyre 1: Schematic of the experimental setup for the laser
for practical application of the laser wakefield acceleratoy,gkefield acceleration.

concept to generate a high energy gain as well as high gra-

dient acceleration. Therefore it is essential for laser wake-

field acceleration to achleve a long interaction of an mtensg2 Experiments

ultrashort laser pulse with an underdense plasma. We made

an attempt to demonstrate laser wakefield acceleration Byre energy of accelerated electrons was measured with the
intense ultrashort laser pulses propagating in a plasnmagnetic spectrometer consisting of a dipole magnet and
This paper reports the results of LWFA experiments andn array of 32 scintillation detectors. Injected electrons un-
developements of an RF photo-injector, a plasma guidirdergoing no acceleration were swept out of the detectors
and a energy measurent system with emulsion. by the spectrometer magnet. Fine adjustments of overlap-
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ping two spots of laser and electron beams was carried oatie electrons to higher energy than expected from the linear
within 50 um. Two sets of pulse height data from the scinfluid plasma theory.
tillator array were taken with pump laser pulses and with-

out them as a background. The pulse height was averaged 025 w
over 500 to 1000 shots to reduce fluctuations. A net pulse_ He 2 Torr
height proportional to the number of electrons was obtaine®
by subtracting the data without the pump pulses from the> ) I T

data with them. 3 ¢
In the acceleration experiments the gas pressure of HE S 3 ¢ /?
1
T

was scanned from 0 Torr to 300 Torr. Figure 2 shows en=

ergy gain spectra of electrons accelerated at the laser pe@k o35 t

power of 0.9 TW and 1.8 TW. The maximum energy gain@ F f T }
3

up to 300 MeV was obtained from these data. There was ng
acceleration of injected electrons at 4.3 mTorr. When the
electron pulse preceded the pump laser pulse, no accelera- 049 ) n 1 e 3 T4
tion was observed. Accelerated electrons visibly appeared Time (ps)

as the electron pulse was delayed. We have investigated

the self-trapping of plasma electrons without the electropjg re 3: Measurement of the plasma density oscillation
beam !njection, but could not observe any electron accelgs citag by a 1 TW pump power in a He gas of 2 Torr. The
ated higher than 1 MeV. solid curve shows a fit of the plasma wave with oscillation
period of 360 fs.
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. . Figure 4: Thomson scattering image of the 1.8 TW pump
Figure 2: Energy gain spectra of accelerated electrons f{sar in He gas plasma at 20 Torr.

a) 3.4 Torr, P=0.9 TW, b) 20 Torr, P=0.9 TW, c) 2 Torr,

P=1.8 TW, and d) 20 Torr, P=1.8 TW.

In order to make confirmation of wakefield excitation by 3 LWFADEVELOPEMENTS
an ultrashort laser pulse in an underd_ense plasma, we meas  RE photoinjector
sured the plasma wave oscillation with the frequency do-

main interferometer[3]. Figure 3 shows the electron plasm&n RF photoinjector generating the low emittance and
wave measured at 2 Torr for the pump peak power of 1 TVéhort bunch beam was installed as an electron source
The plasma electron density is deduced todtex 10  for LWFA to increase acceleration efficiencies. It
cm~3 from the measured period of the density oscillationwas developed by an international collaboration between
while the electron density i$.4 x 10'7 cm=2 for a fully ~ BNL(Brookhaven National Laboratory), KEK and SHI
ionized plasma at 2 Torr. The measured density perturbéSumitomo Heavy Industries, Ltd.) for the heavy duty op-
tion was(dn/n.) ~ 15% corresponding to the longitudi- eration (50Hz). The system is consisted on a 1.6 cell RF
nal wakefield of~ 2 GeV/m. This measured amplitude isgun with the Cu cathode , a solenoidal magnet for the emit-
in good agreement with the accelerating wakefield of 2.tance compensation and the diagnostic system with a beam
GeV/m theoretically expected for 1 TW. profiler and a Faraday-cup.

As shown in Figure 4, we found several irregular bright A prototype laser illuminating a photocathode is a laser
spots in the Thomson scattering image of the 1.8 TW punmgliode pumped Nd:YLF regenerative amplifier to stable the
laser in He gas plasma at 20 Torr. It indicates that strorgystem and make the laser system compact. The laser pulse
self-focusing of the laser occurs in plasma, which woul@nergy is about 200joule for the 4th-harmonics (263nm)
relate to the generation of ultra-high wakefield that acceleat the maximum with 100Hz repetition rate. The pulse
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width of the 4th harmonics is about 20ps FWHM by thehe compressed column has a internal structure due to fast
measurement with a femto second streak camera. imploding plasma sheet and shock wave [10]. We expect
As experimental results, the relation between the maxhat the laser pulse can be guided in the compressed core
imum electron charge and laser pulse energy is shown with concave electron density profiles.
in Fig. 5. Quantum efficeincy is to be about 5x0at the Since density profiles in the core plasma strongly de-
range of less than 1 nC. The normalized emittance verspend on discharge dynamics, as a first step of the study,
the current of the solenoid magnet was measured for abaue started out to investigate the discharge dynamics exper-
200pC electron bunch charge (in Fig. 6). imentally. Experiment were conducted using polyethylene
capillaries of 1 mm inner diameter with length of 20 mm
e L N 7 which was filled with 1 Torr helium gas. The discharge was
/ driven by current of up to 2.5kA. The discharge dynam-
S S R R ] ics was observed with a streak camera (HAMAMATSU C-
i QX105 e ® 2830) from the capillary axis direction. Results were indi-
i ) / cate that concave luminous profiles were observed on the
I A e 7 axis of the capillary at second implosion phase.

Charge (nC)

osh 1 O N N 1 3.3 Energy measurement system with emulsion

T In order to measure the energy spectrum of the accelerated
N R A B electerons, we are preparing to apply the emulsion tech-
0 =0 100 150 200 niques. It is important to distingish the accelerated elec-
Energy (1) , :

trons by laser acceleration and other background noises for
example the electrons scattered in the vacuum chamber or
bremsstrahlung x-ray from the beam dump. Each energy of
the electrons bent by a dipole magnet can be obtained from

Figure 5: Emitted Charge vs. Laser Energy (263nm)

9 the position of the track in the emulsion. The angle infor-
= | mations help us to distingish the tracks of the accelerated
g 10} e -30deg . electrons and the background noises.
£ [a = ode . In the energy measurement system recentry constructed,
E 8 - Z: """""" ] the 15 MeV electrons from the linac are bent by the first
O S S S m S ] dipole magnet by 60 degrees at the curvature radius of 15
§ I - cm, and then go into a beam dump. The magnet field pre-
'5 4L " A ] vents the electron without acceleration from going into the
E ° v % emulsion film. After the first dipole magnet, we install a
227 . : ] chamber for installing the recutangular emulsion of a 40
0 R N e x 20 mn¥. Because the position and angle resolution of the
75 80 85 90 95 100 emulsion is about Lm and 3 mrad, energy measurements
Solenoid [A] with a good resolution are expected in the next LWFA ex-
periments.
Figure 6: Horizontal emittance vs. Current of solenoid coll
Linac RF phase was changed within 50 degree. 4 REFERENCES
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