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Abstract can provide a robust optical guiding.[5]

A new method of optical guiding for the laser wakefield ac- \.N? have presgnted Fhe first direct observation of optical
uiding of high intensity laser pulses over 2 cm through

_celerat.|on using an imploding phase of a gas-flllgd fast Ca‘gfplasma channel produced by an imploding phase of fast
illary discharge has been proposed. An imploding plas : . ; ! :
. g .Z-pinch discharge in a gas-filled capillary.
column has a concave electron density profile in the radia
direction just before a stagnation phase driven by a con-
verging current sheet and shock wave. The feasibility of 2 FAST CAPILLARY DISCHARGE

optpal guiding of high mtensqy Iase_r pulses using an 'mA high current fast Z-pinch discharge generates strong az-
ploding phase of the fast capillary discharge has been ex- - . .
perimentally demonstrated over a distance of 2 cm Corrér]”nuthal magnetic field, which contracts the plasma radially

sponding to~12.5 times the Rayleigh length. A high inten-'cnl]’;/?ergt Z?]Vevgt tgr’ivvelso?h/“e‘rio':vi'?ri?]etirhozc ?Ng\r/]glz(;gg d of
sity laser pulsex 10'7 Wicn) focused on the front edge it, producing a concave electrong dgnsit rofile in the ra-
of the capillary has propagated through the center of thc%.* producing. >NSity p
ST ) ... dial direction just before the stagnation phase. The concave
column maintaining its spot size. The electron density in " . . .
profile is approximately parabolic out to a radius~ofs0
pm, after which the density falls off.

In the research of capillary discharge pumped X-ray
laser, it has been shown that stable and reproducible chan-
nel can be produced by this scheme, and this scheme can
1 INTRODUCTION be scalable to form longer and higher density channels by

. . tailoring of the implosion. [6] It was reported that a sta-
In order to increase the energy gain of electrons acceleratg% liner plasma column over the length of 12 cm could be

by the laser wake-fields, it is a critical issue to propagate oduced at an electron density of more thaf®1em-3
high intensity short laser pulse in a plasma larger than tr{;] '

vacuum Rayleigh length limited by diffraction. [1] Several
methods for extending the propagation distances of inten%ﬁ

laser pulses have been proposed: relativistic self—gwdn]gngth of~ 10 cm will be required. [1] We have started a

in a plasma [2] and guiding in preformed plasma channes[ . e :
. Study of optical wave-guiding in the density range off.0
generated by a focused laser pulse [3] or by slow discharg 013:5 cmPS as the firgt stepgfor applicatio)i] of ?he chan-

through a capillary in vacuum.[z_l] Forthe optical guiding Ofnel guided LWFA. Since the density profile in the capillary
laser pulses, the electron density profile must be symmet

Ti .
in the radial direction and have a minimum on the axisd%pends §tronglly on the dls_charge process, we have exper-

. . Imentally investigated the discharge dynamics and plasma
causing the wavefront to curve inward and the laser beam

i i ; hannel formation.
to converge. When this focusing force is strong enoug% annel formatio

to counteract the diffraction of the beam, the laser pulse
can propagate over a long distance and maintain a small3 OPTICAL GUIDING EXPERIMENT

beam spot size in a plasma. For the guiding of intense ultrer_-he typical experimental setup is shown in Fig 1. We have
short laser pulses shorter than the plasma wavelength, ituiged a capillary with an inner diameter of 1 rﬁm and a
predicted that the relativistic self-channeling is ineffectivc? pirary

in preventing diffraction, but the preformed plasma channe‘fngth of up to 2 cm which was bored at the central axis
P 9 ' P P of an alumina (A}Os) rod of 50 mm in diameter. The cap-

* Email:thosokai@hikari.tokai.jaeri.go.jp illary load was placed between two electrodes with an in-

the fully ionized channel is estimated to be 6.00'5cm—3
on the axis and 1.510'® cm~3 on the peaks with the di-
ameter of 7Qum.

For the laser wakefield acceleration (LWFA), a plasma
annel with a density in the order of ¥fOcm~3 and a
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ner diameter of 40@m which were made of molybdenum. lary with a diameter less than 4Q0n was imaged on the
The electrodes were cylindrically connected to a thyratrostreak camera. We found that the compression of the col-
(EG&G HY-5) and four ceramic capacitors of 2 nF usingumn produced a luminous region at t = 2.5 ns, which ex-
four coaxial cables. The capacitor was charged up to Zflbits good symmetry with respect to the axis. Then, the
kV (1.6 J). With this configuration, the discharge currentuminous region on the axis faded out during expansion of
which was monitored by a Rogowski coil having a peak ofhe column. Later, the second implosion driven by a larger
2.4 kA with a rise time of about 20 ns and a duration of 7@urrent produced a brighter luminous region at t = 8.5 ns.
ns (FWMH). The capillary was filled with helium, under It again maintains good symmetry with respect to the axis.
differential pumping at an initial pressure which was varin addition, as shown in Fig.2(b), it had a clear dip with a
ied from 0.5 to 5 Torr. A DC discharge circuit was used tavidth of 70 um on the axis. The column oscillated in the
form an uniformly preionized helium gas. radial direction several times while the main power pulse

was alive.
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Figure 1. Experimental setup of a fast capillary discharge 2 350 - - .
for a plasma waveguide. A typical electron density profile 2 F(b) t = 8.5ns
of the implosion phase of the fast capillary discharge in the g -
radial direction is illustrated in the circle. © 300 3
= s
The discharge dynamics was observed with a streak cam- % ¥
era (HAMAMATSU C-2830) placed on the capillary axis. 14 3

The visible light emission from the capillary was imaged 250
on the streak-camera slit through a telescope?0). To _ _ _ _ _
investigate the guiding channel formation in the capillaryfigure 2: (a) A typical streak image of the capillary dis-
a He-Ne laser beam\(= 632.8 nm ) was focused on the charge at an initial pressure of 0.9 Torr He : t = 0 corre-
front edge of the capillary to a spot size of At in diam-  sponds to the beginning of the main discharge pulse. (b)
eter by means of &# = 20 lens. The transmitted He-Ne The radial intensity profile of the plasma emission was t =
laser beam profile at the exit of the capillary was observe®5 ns.

through a band pass filteAQ = 1 nm), with the streak cam- _ _ _
era. As a further investigation, a high intensity Ti-Sapphire We have observed the brightness and the radial profile
laser pulseX = 790 nm, 90 fs;>1 x 10'7 W/cn? ) was fo-  Of the transmitted He-Ne laser beam and high intensity Ti-
cused on the front edge of the capillary to a spot size of 48apphire laser pulses through the capillary at the exit. A
pm in diameter by means of B# = 12 off-axis parabolic typical streak image of the transmitted He-Ne laser beam
mirror. The transmitted laser beam profile at the exit of thgrofile through the capillary discharge plasma can be seen
capillary was observed through a band pass filtex € 10  in Fig.3. Since the observed time window of Fig.3 almost

nm), with a CCD camera. coincided with that of Fig.2(a), the beam profile evolution
could be correlated with the discharge dynamics. As shown
4 RESULTS in Fig.3, the beam radius gradually contracted in the sec-

ond implosion phase and a brightly enhanced smaller beam
Figure.2 shows a typical streak image of the plasma emispot could be observed at the time~(t8.5 ns) when the
sion for the initial pressure of 0.9 Torr, together with thduminous profile exhibited double peaks in Fig.2. The ob-
intensity profile along the radial direction at t = 8.5 nsserved spot image size ( diameter ) was0 ym at the
The emission from only the central portion of the capil-exit of the capillary. These results suggest that the guiding
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channel was uniformly formed in the core of the column at | ~ 400um
the second implosion phase. Figure 4 shows typical CCf '
images of the transmitted high intensity Ti-sapphire Ias
pulse profile through the capillary discharge plasma at t
0 ns (a) and at t 8.5 ns (b). These show clearly that |
a high intensity laser pulse could be guided through t
channel over a distance of 2 cm corresponding-t&2.5
Zro, WhereZgo ~ 1.6 mm is the Rayleigh length of the
Ti-Sapphire laser system.

! Axis '

Figure 4: Typical CCD images of the transmitted a high
intensity Ti-Sapphire laser pulse-(1 x 107 W/cm?)
through the capillary at an initial pressure of 0.9 Torr He:
The capillary length L = 2cm. (a) t =0 ns (b}t 8.5 ns.

filled capillary discharge and experimentally investigated
the guiding channel formation in the capillary. The results
indicate that the imploding column could uniformly pro-
duce a concave electron density profile in its core over a
distance of 2 cm. The electron density in the fully ionized
channel was estimated to be 6<10'® cm~2 on the axis
and 1.5x 10'® cm™3 on the peaks with a diameter of 70
pm. The optical guiding of high intensity laser pulses (
40pm 1 x 10'7 W/cm?) was experimentally demonstrated in the

second imploding phase of the discharge.
Figure 3: A typical streak image of the transmitted He-Ne
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5 SUMMARY

In summary, we have presented the optical guiding of high
intensity laser pulse using an imploding phase of a gas-
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