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Ultra intense laser interaction with solids is crucially modified by the presence of the plasma layer
created by the prepulse associated with the peak intensity pulse. Here interferometric measurements
of the preplasma created by a 40 TW, 600 fs Nd-glass laser are reported. Density profile and its
target dependence are measured and the predicted scale length dependence on target atomic number
is confirmed. ©2004 American Institute of Physic§DOI: 10.1063/1.1760774

I. INTRODUCTION ing the coupling, triggering plasma instabilities and altering

The interaction of very intense, ultrashort laser pU|Se£]e intended features of the experiment and its interpretation.

with matter is a very exciting contemporary area of researc ecent experiments have claimed that preplasma also de-

that not only addresses many basic physics issues but alggnds on the target material rather dramatically—plastic tar-

: o 19
offers potential applications in fast ignition of inertial con- gets show preplasma at intensities as low as\een?. ™ It

finement fusiort-4 novel x-ray, gamma ray;® and charged is therefore very essential to characterize the preplasma care-

particle sourcei%-13 and so on. The state of the art peak fylly and establish its dependence on target and laser condi-

intensities today are pegged af10v/cr?, * which are five t|_ons. The correct interpretation of these experiments is pos-
sible only with the knowledge of the preplasma. It is,

orders of magnitude larger than the atomic unit of intensity.h tound that . i ted in the lit
The direct application of such light intensities to ordinary owever, found that many expenments reported in the frtera-
fure merely mention or allude to the preplasma, without

matter is, however, complicated by the fact that the pulse 2 L : :
specifying its characteristics. In fact, there is a relatively

are not really ultrashort but have significant prepufSéghe | b ¢ detailed . |
higher the main peak intensity, the higher is the prepulsesrgtS number of detalled reports on preplasma measure-

level. These prepulses arise either in the form of independerﬁ1

laser pulses or as pedestals of the main laser pulse. They. The Gekko MOQUIe I.I(GM”) Nd'g"'?‘ss Iqser at the In_—
typically occur a few picoseconds/nanoseconds before thy |tute_of Laser E.ng|neer|ng, Osaka Unlver§|ty, a typical high
main, subpicosecond pulse and effectively increase the pulégtens'ty laser, is used for mgr}y.exp_enme_n.ts on laser-
duration at high light intensities. For example, with a peak Ofproguced p'aS”?aS at relat|y|st|c .|ntenS|t|e$ab0\./e

107 W/en?, and a reasonably good main pulse to prepulsem1 chmz.): Its high peak power is obtained by the chirped
contrast of 16, we still have 16° W/cn? in the picosecond pulse amplificatior(CPA) technique, which is known to pro-
prepulse of a femtosecond main pulse. This is too large aﬂuc_e _puls_es with pT?p”'SeS glue to amplified quntaneous
intensity for normal matter to survive unionized and leads toomission in the ampllfler_s and mcom_plete compression of the
the formation of a preplasm@.|t is now well established PUISGS' It is very essential to establish th_e role of preplasma
that the preplasma has a crucial role to play in the absorptioW the.se expenments. so that a cor-rect interpretation of the
of the main laser pulse and can also aid the formation O?xperlmental results is made.. In this paper, we characterlz_e
plasma instabilities, and so on. For instance, the process 6tpe pr.eplasma produc_:ed by this laser using an interferometric
resonance absorptiofRA) is not very efficient for very technique. We establish the scale length of the electron den-

short, clear(prepulse freplaser pulses, as it needs an opti- sity profile and .its dependence on the main peak intensity
riprep ? P P and target atomic number. These results should be useful for

mum plasma scale length. Many experiments at lower inten-, ilar studi £] duced pl tth hiah int
sities create an intentional preplasma to aid RA and increasd'har studies ot faser-produced plasmas at these high inten-

the resultant hot electron generation and x-ray emis€ioh, S'Ues:

On the other hand, absorption mechanisms like vacuum heaf- EXPERIMENT
ing are rendered ineffective at long plasma scale lengths an%,
therefore, preplasma could reduce such coupling. In very™
high intensity experiments, however, the strong preplasma The GMII laser produces 600 fs, 1.0%3n laser pulses
created could affect the physics very significantly by changat a low repetition rate. The maximum pulse energy is 20 J

The laser system
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giving a peak power of nearly 40 TW and an intensity of

108 Wicn?. A portion of the laser pulse is extracted to mea-

sure the prepulse level. It is monitored by a Positive- probe beam
Intrinsic-Negative(PIN) diode coupled to an oscilloscope for
every shot. The cut-off frequency of the PIN diode
(Hamamatsu, G3476-01s 2 GHz and its dynamic range is
about 18. Appropriate, calibrated neutral density filters were
used to attenuate high energy levels to below the saturation
limit of the PIN diode. Two prepulses, which precede the plasma
high intensity main pulse byl) 700 ps and?2) 6.5 ns, re-
spectively, can be detected. The uncertainty in the sampling
rate is 200 ps. The prepulses originate in the regenerative
amplifier of the laser system and can be assumed to have the
same chirp levels. They are, therefore expected to have the
same duration as the main pulse after compression. The efitherefore, the difference of length between the paths in
ergies of the prepulses are known from the output voltage ofacuum and in plasma is

the PIN diode using a calibration value. Prepulsghas an

FIG. 1. Cylindrically symmetric plasma.

energy that is %X 102 that of the main pulse, while prepulse LX) 1o(x) = — 1 fro Ne(r)r . 5
(2) has 104 times the main pulse energy. The effect of 0 neJx r2—x?

prepulse(2) can be neglected because it is only 3% as ener- _

getic as prepulsél). Prior to prepulsél), 700 ps before the 1he phase shift becomes

main pulse, the intensity of amplified spontaneous emission 21 [ro ng(r)r

(ASE) is less than 10® times smaller than main pulse, H(X)=— — ° (6)
which is the detection limit? The intensity of prepulsél) Ae Jx Jré—x?

focused on the target surface is about®M¥/cn? and it

. . . The above equation is a form of the Abel transfgrive®
generates the preplasma by the interaction with the target.

Thus, electron density is obtained by applying Abel inver-

sion, like
B. Interferometry nu(r)= Ang (rodé(x) 1 & @
. . . el 2 r dx x2—r? '
Interferometry is a standard technique for measuring 77

perienced by a probe beam as it traverses the plasma. Therferogram by using fast Fourier transform technicffes.
phase shift is caused by the variation of the refractive indeXyinge pattern of interferogram can be described as

in the plasma as a function of density. It is well known that
the refractive index of the plasma is a function of the g(x,y)=a(x,y)+b(x,y)cod 27 fox+ ¢(x,y)], 8

electron density and is given by wheref(x,y) is phase shifta(x,y) andb(x,y) are unwanted

Ne irradiance variations, anty, is the spatial-carrier frequency.
pn=1\1- PR (1)  This equation can be rewritten as
C

wheren, is the electron density am, is critical density. If g(x.y)=a(xy) +c(xy)expi2mtox)
ne<n., the above equation can be approximated as +e*(x,y)exp — 2if ox) 9
_q- e with
u=1 T 2
We assume that there is negligible absorption and refrac-  €(%,¥)= zb(x,y)exri ¢(x,y)], (10)

tion of the probe light in the plasma, and that the plasma has

cylindrical symmetry with the axis of the direction perpen- where* denotes a complex conjugate. Equati@6) is Fou-
dicular to target surface. Figure 1 shows the coordinate framéer transformed with respect toand becomes

in the plasma. The optical path length of the light propagat-

ing in the plasmd(x) becomes G(f,y)=A(f,y)+C(f—1fq,y) +C*(f+1y,y), (11
ro n(r)r where the capital letters denote the Fourier spectrafaad
(x)= f ——dr. (3)  the spatial frequency in the direction. Because the spatial
X NPEeX variations ofa(x,y), b(x,y), and f(x,y) are slow enough
Heren(r) is the electron density. Optical path length of the compared with f,, C(f—fy,y) can be extractedC(f
light in vacuum,ly(x), is —fo,Y) is moved byf, in parallel to the frequency axis to
obtain C(f,y). ThenC(f,y) is inverse Fourier transformed
lo(X)=2rg—x%. (4 to obtainc(x,y). So we can calculate the phase shift,
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FIG. 2. Experimental setufiop view). Prepulse(1) intensity[W/cm®]

FIG. 4. Variation of plasma scale length with prepuld¢ intensity. The
intensity of ASE is weaker than main pulse by a factor of 40

%[C(X,y)]} 12

¢(x,y)=arcta+ Cxy)]

dimensional electron density distribution is obtained by ana-
lyzing this image. The spatial resolution of the interferogram

Therefore we can obtain the electron density substituting® °.9 pm.

#(x,y) for Eq. (7).
C. Interferometry setup

Ill. RESULTS AND DISCUSSIONS

The two-dimensional electron density profile in the low-

The experimental setup is shown in Fig. 2. Planar targetaensity region of about 130101~ 5.0x 10¥/cn® can be ob-
of 20 um thickness were used. This thickness is much largefzined from the interferogram. We extracted a one-

than the skin depth for laser light. The targets were made Ofyimensional electron density profile in the perpendicular
three materials, Au, Al and deuterated carb@D). The

direction to the target in order to examine target material

prepulse is focused on the target surface by an F/3.8 off-axigependence of the plasma expansion and deduced the scale
parabola mirror, and the preplasma is generated. The Wavgsngih of the plasma from that. Here, to obtain the scale

length of the prepulse is 1.052m (1w), and the pulse dura- e the electron density profile is fitted by an exponential

ti°”5 is 600 fs, and the laser intensity is of the order offnction, and the following definition of scale length is
10" W/cn?. We have used a shearing interferom@&teo

measure electron density profile of the plasma. A separate
probe beam passes the preplasma parallel to the target sur-
face 50 ps before the main laser pulse hits the target surface.
The wavelength of the probe light is 0.52Mm (2w), and the

gﬁ:isre qugat'?ga ﬁg p(f@:-gg ér:rigfgﬁsg;:n;. IS ;b_?ﬁ.rsv?d_by the experiment and intensity of the prepulse is shown in Fig.
g up v '9. 'S 119 4. The atomic number of CD was defined as the mean value

ure depicts the data obtained for the Al target and the tWOE)f atomic number of carbon and deuterium. It is evident from

this figure that there is no change in the scale length, even if
the prepulse intensity changes by a factor of 2. The scale
lengths for CD, Al, and Au are 5@m, 40 um, and 20um
respectively. It can be seen that the scale length shortens as
the target atomic number increases. In Fig. 5 the typical elec-
tron density profile of plasmas in the case of CD and Au
targets is shown. Evidently, CD plasma has a larger scale
length than the Au plasma.

Let us now consider isothermal expansion of an ideal
plasma. Assuming self-similarity, the speed at which the
plasma expands is given by

. [zT._ [zT. 1)
s M Am,’

P
whereZ is the ion charge stat@, is an electron temperature,
M is a mass of the ion is mass number, ana, is a mass

FIG. 3. An interferogram in the case of Al target. A prepulse comes from theo_f a proto_n.Te tends to be low in th_e case of targets with
left-hand side. high atomic number due to the large ionization energy. As far

1 -1

= (13

dng
dx

The relationship between the scale length obtained from
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plasma expansion model, in which plasma expands at con-

e B
1 'l stant speeds. Hence we can explain the plasma expansion
;.E ) J with this simple model.
L
% ] IV. CONCLUSION
§ ] In summary, the scale length of the plasma created by
s ; ] the prepulse is measured in three different materials with
5 ] quite different atomic numbers. We confirmed that the
ﬁ ! . plasma with the scale length of 20—%0n is generated at
] intensities of 18 W/cnm?. We demonstrate that the scale
0 PR AP length of the plasma shortens with the increase of the atomic
-250 -200 -150 -100 -50 0 number as expected.
Distance from target surface[um]
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