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Recent experimental progresses regarding broadband laser-plasma instabilities (LPIs) show that a 0.6% laser band-
width can reduce backscatters of the stimulated Brillouin scattering (SBS) and the stimulated Raman scattering (SRS) at
normal incidence [Phys. Rev. Lett. 132 035102 (2024)]. In this paper, we present a further discussion of the spectral
distributions of the scatters developed by broadband LPIs, in addition to a brief validation of the effectiveness of bandwidth
on LPIs mitigation at oblique incidence. SBS backscatter has a small redshift in the broadband case contrary to the blueshift
with narrowband laser, which may be explained by the self-cross beam energy transfer between the various frequency com-
ponents within the bandwidth. SRS backscatter spectrum presents a peak at a longer wavelength in the broadband case
compared to the short one in the narrowband case, which is possibly attributed to the mitigation effect of bandwidth on
filaments at underdense plasmas. The three-halves harmonic emission (3w/2) has a one-peak spectral distribution under
the broadband condition, which is different from the two-peak distribution under the narrowband condition, and may be
related to the spectral mixing of different frequency components within the bandwidth if the main sources of the two are
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both two-plasmon decays.
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1. Introduction

In direct-drive inertial confinement fusion (DDICF), the
laser directly heats the outer ablative layer, creating an in-
ward ablative pressure that drives fuel compression and even-
tually a thermonuclear reaction.!':?) Under ideal conditions,
the thermonuclear reaction will achieve self-sustaining burn
by a-heating. The ablation pressure and the implosion veloc-
ity determine the implosion performance, which depends on
the effective deposition of laser energy into the target capsule
and the maintenance of the compressibility of the fuel. How-
ever, ablation creates a low-density plasma corona that excites
a variety of laser-plasma instabilities (LPIs), potentially re-
ducing implosion performance.’! LPIs, on the one hand, re-
duce energy deposition by scattering light, and on the other
hand generate hot electrons to preheat cold fuel, reducing com-
pressibility and seriously hindering the goal of high-gain igni-
tion. LPI in direct drive mainly includes three single-beam
instabilities,[*! namely, stimulated Raman scattering (SRS),
stimulated Brillouin scattering (SBS), and two-plasmon decay
(TPD), as well as multi-beam instabilities,®! such as cross-
beam energy transfer (CBET). Among them, SRS and TPD
produce hot electrons!®! pointing to low-temperature fuel,
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which will preheat it and therefore increase entropy. SBS and
CBET produce intense scatters, resulting in considerable en-
ergy loss and seriously affecting the deposition of energy."!
Therefore, how to effectively suppress LPIs is an important
problem for DDICF.

LPI suppression can be achieved based on the controls of
both laser and plasma, in which using a broadband laser to
suppress LPIs is a hot spot in DDICF research.-1¢ Early the-
oretical studies have suggested that LPI could be effectively
suppressed when the laser bandwidth is much larger than its
growth rate. For example, Lul'3! found that the bandwidth
could significantly increase the threshold of absolute SRS and
TPD. More detailed studies revealed the principles of LPI sup-
pression by laser bandwidth, including detuning the interac-
tion between waves (such as CBET),[!!] incoherently driving
many small instabilities to replace a single strong one (such as
TPD),!"5! and inducing time-incoherently interrupted excita-
tion of plasma waves. In recent years, great progress has been

U7-191 and many broad-

14,20-24

made in broadband laser techniques,
band laser schemes have been proposed,! 1 but most of
them are established on the basis of large bandwidth. Due to

the technical and engineering limitations of existing laser fa-
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cilities, they can hardly meet the requirement on such a level
of bandwidth, so the schemes mostly stay in the theoretical
and simulation stages.

Based on a more practical bandwidth level, Follett et
al.'>) recently conducted a numerical study on the absolute
instability threshold of SRS and TPD with broadband laser.
Their calculations showed that the absolute instability thresh-
old can be significantly increased when the relative bandwidth
is ~ 1%, and an approximate threshold formula under such
broadband conditions is proposed. Follett et al.?! further
developed the broadband LPI theory, suggesting that a 1.6%
bandwidth can adequately suppress SRS backscattering at the
ignition scale. Liu et al.!*’! used particle-in-cell simulation
to study the evolution of SRS backscatter driven by multi-
frequency (multi-color) laser, and found that the increase of
laser incoherence to 0.5% would cause SRS backscatter to en-
ter a nonlinear evolution stage, resulting in intermittent bursts.
They further predicted that SRS backscattering will be greatly
suppressed if the bandwidth reaches more than 2.5%. In short,
many theoretical studies have shown that laser bandwidth of
less than 1% also has significant impacts on LPIs, but the idea
was not confirmed by any experiment for years due to the lack
of appropriate laser conditions.

Recent experimental progress has been made at the

(281 which provides one green laser beam

Kunwu laser facility,
with a bandwidth as large as 0.6%. Measurements of the scat-
ters induced by LPIs showed that a 0.6%-bandwidth can mit-
igate LPIs to a certain extent at normal incidence, especially
for the SBS backscattering. [*°! In this paper, we present further
discussion on the spectral distributions (shapes) of the scatters
developed by broadband LPIs, in addition to a brief validation
of the effectiveness of bandwidth on LPIs mitigation at oblique
incidence. This paper is organized as follows. Section 2 de-
scribes the design and the main parameters of the experiments.
Section 3 introduces the experimental results and discusses the
reasons for the changes in scatters under broadband conditions
in terms of spectral distribution. The conclusion and perspec-
tives are drawn in Section 4.

2. Experimental setup

Figure 1(a) shows the setup of the experiments, which
were carried out at the Kunwu broadband laser facility.!1%28]
3.2-ns, 0.53-um (A) laser pulses applied with a continuous
phase plate (CPP) irradiate planar targets within a spot size
of about 180 pm normally and obliquely (30°). The lasers
are polarized in the direction perpendicular to the diagnostic
plane (i.e., the view plane of Fig. 1(a)). For oblique incidence,
the targets are rotated in the diagnostic plane, so the incident
lasers are S-polarized. Two laser bandwidths are included
in the experiments, namely, narrowband and broadband, and
their typical spectra are shown in Fig. 1(b). The narrowband
laser is the second harmonic of a conventional neodymium

glass laser, whose bandwidth is extremely small so that it
can be roughly treated as monochromatic. The fundamental
broadband laser is an amplified superluminescent pulse in a
neodymium glass amplifier, which is then converted to a sec-
ond harmonic resulting in a green broadband laser with 3.2 nm
bandwidth (full width at half maximum).3%3!1 The broadband
spectrum roughly fits a Lorentzian function, so its coherence
time satisfies T.A®w ~ 2, where Aw is the bandwidth in angular
frequency.!>! The f-number (fy) of the laser beam is 4.2. Tar-
gets are 30-um-thick plastic (CH) and 15-pm-thick titanium
(Ti) bilayer planar targets, in which CH is the layer irradiated
by the laser beam.

Spectral diagnostics of the experiments cover SBS and
SRS backscatters and the three-halves harmonic emission
(3w/2) scatters at various angles from 90° to 170°, where 0°
refers to the laser incidence. 3@/2 scatters are collected by
fiber probes inside the target chamber, while the backscatters
are concentrated to a diffuser at laser backward outside the
chamber before they are collected by fibers. The spectrometer
for 3@ /2 has a 0.1-nm resolution, and that for the backscatters
covers both the SBS and SRS bands with a 1.7-nm resolution.
The calculation of scattering energy based on calibration using
a standard light source has an uncertainty of about +£20%.
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Fig. 1. Experimental conditions. (a) Schematic diagram of the experimental
setup. (b) Narrowband and broadband laser spectra at 350400 J energies.
The center wavelength of the narrowband laser is 526.1 nm, and that of the
broadband laser is 529.3 nm. The relative bandwidth (Aw/a@y, where @y
refers to the center angular frequency of the laser) of the broadband laser is
about 0.6%. The energy proportion within each wavelength range (sub-band)
of the broadband laser is shown in the upper right corner.
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3. Results and discussion

A comparison between normal and oblique incidences at
~ 230 J incident energy corresponding to an average intensity
of ~ 2.8 x 10" W/cm? is presented in Table 1 and Fig. 2. Fig-
ure 2(a) shows the degree of reduction of scatters’ intensities
by introduction of the 0.6% bandwidth at normal and oblique
incidences. It is seen that the reduction percentage of 3@ /2
and SBS scatters are not much changed while that of SRS is

significantly reduced at oblique incidence, compared to those
at normal incidence. Figure 2(b) shows the degree of changes
in the scatters’ intensities from normal incidence to oblique
(30°) incidence, respectively, under narrowband and broad-
band conditions. It is seen that 3@/2 and SRS scatters are
enhanced while SBS scatters are weakened under both con-
ditions, but the degree of changes is higher in the broadband

case.

Table 1. The results of shots with ~ 230 J energies at normal and oblique incidences.

Laser type Incidence type Laser energy (J) 3w/2 intensity“) (a.u.) SBS energyb) J) SRS energyb) (m])
Narrowband normal 220 1.7£0.3 6.9+1.4 21+4
Narrowband oblique 241 4.440.7 3.4+0.7 4349

Broadband normal 226 0.4+0.1 3.0+0.6 5+1

Broadband oblique 234 1.440.2 0.8+0.2 34+7

3)Total intensity of the scatters at different angles, b) backscatter energy within the full aperture of optics.
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Fig. 2. Comparison of narrowband and broadband LPI-scatters at nor-
mal and oblique incidences with laser energy of ~ 230 J based on
Table 1. Note the intensities of scatters being compared (S) are nor-
malized to their corresponding incident laser energies to make them
directly comparable. (a) The subscripts “Narrow” and “Broad” refer
to the results obtained with narrowband and broadband lasers, respec-

There may be other possible explanations for the above results,
but, most importantly, Table 1 and Fig. 2 confirm that the re-
duction of LPI-scatters by introduction of bandwidth persists
within a certain range of incident angles, making broadband
lasers applicable to the drive schemes that are not spherically
symmetric (e.g., double-cone ignition).

tively. (b) The subscripts “Oblique” and “Normal” refer to the results

obtained at oblique and normal incidences, respectively.

Here we propose qualitative interpretations for the above
observations. The reflectivity of SRS is higher with oblique
incidence, which may be attributed to the fact that oblique in-
cidence corresponds to lower laser absorption (as laser reflects
at lower densities) and therefore lower temperature, which is
in favor of the growth of SRS and TPD. For SBS, the re-
flected light previously included in the scatters no longer goes
the backward path, resulting in a certain degree of reduction.
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Fig. 3. Comparison of narrowband and broadband spectral distributions
at normal incidence with laser energies of 350400 J. (a) SBS backscat-
ters. (b) SRS backscatters.

The reasons for the reduction of SBS and SRS backscat-
terings are thoroughly discussed in our previous work,>’]
where SBS is directly mitigated by the bandwidth via the
suppression of growth while SRS is indirectly affected by
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the bandwidth via the mitigation of filamentation. Here, we
present discussions on the differences in spectral distributions
of the backscatters under monochromatic and broadband con-
ditions. Figures 3(a) and 3(b) respectively show the spectra of
SBS and SRS backscatters at 350—400 J at normal incidence,
corresponding to average intensities of ~ 4.6 x 10'* W/cm?.
Comparing the two spectra in Fig. 3(a), the narrowband
SBS spectrum has a blueshift of about 2 nm relative to the
laser center wavelength of 526.1 nm, and the strong region
is in the range of 523-525 nm. In the broadband case, the
strong region is 528-532 nm, indicating a small redshift to
the center wavelength of 529.3 nm. According to the general
theory of SBS backscattering,?! the signal consists of three
parts, namely, SBS scatters stimulated in the high-density re-
gion near the critical density (n¢r), SBS scatters stimulated in
the low-density region, and reflected laser. They attach differ-
ent Doppler shifts due to the motion of plasma, so the mea-
sured wavelengths change relative to their original values. In
general, the central wavelength of the low-density SBS is the
smallest, then the reflected laser, and the largest is that of the

[2(1 = e /ner) (1= cos )] (/) cos B — (1 = Apump / Aseea)

high-density SBS. In the narrowband case, the measured spec-
trum is the superposition of the three, in which the spectral
width reflects the wavelength difference from the low-density
SBS to the high-density SBS with different Doppler frequency
shifts, and the overall blueshift may imply that SBS mainly de-
velops at underdense regions. In the broadband case, the small
redshift may be explained by the self-cross beam energy trans-
fer (self-CBET) between the various frequency components
within the bandwidth, which was also observed in previous
simulations. 3%

In the experimental configuration, the short-wavelength
component of the incident light acts as the pump of CBET and
the long-wavelength component of the backward light acts as
the seed. The spatial rate of CBET energy gain is proportional
to the resonance function R(n) = vZ[n| /[ (n?— 1)2 +v2n?]
accounting for how closely the driven wave satisfies the disper-
sion relation,3*! which maximizes at |17| ~ 1. Here v, ~ 0.2 is
the dimensionless amplitude damping rate for the ion acoustic
wave for the CH plasma,®*! and 1) is calculated by the follow-
ing formula:

n~9.7x 10

where 7. is the local electron density; u is the local flow ve-
locity; ¢ is the speed of light in vacuum; Apump and Ageeq are,
respectively, the wavelengths of the pump and the seed; T¢ xev
and T} yev are, respectively, the electron and ion temperatures
in keV; Z ~ 3.5 and A ~ 6.5 are, respectively, the average
ionization and the atomic number of CH plasma; o ~ 180°
is the angle between the wavevectors of the pump and the
seed; and B ~ 180° is the angle between the wavevector of
the ion acoustic wave and the flow velocity. A radiation hy-
drodynamics simulation using FLASH code3>-3¢! with a flux-
limiter of 0.06 is performed to estimate the plasma conditions
at 4.6 x 10'* W/cm?, which could better fit the situation of
CH plasmas at such intensity. 3’38 The results give a density
scalelength of ~ 170 wm, an electron temperature of ~ 1 keV,
and an ion temperature of ~ 0.5 keV for the averages at un-
derdense plasmas. The scalelength is close to the spot size
(180 um), indicating that the free expansion of plasma into
vacuum is limited by the small spot size, which makes the re-
sults relatively insensitive to the value of flux-limiter within a
reasonable range. Take ne ~ n¢/2 and u/c ~ 0.0003 for ex-
ample, one obtains Apump/Aseed ~ 0.9992. For the Ayump at the
center wavelength of the incident laser (529.3 nm), the corre-
sponding amplified Ageeq is ~ 529.7 nm, which is close to the
small redshift observed in Fig. 3(a) under the broadband con-
dition. Although the above calculation is rough due to the lack
of precise diagnostics of plasma conditions, they still reveal
the possibility of the self-CBET phenomenon.

[2(1 = ne/ner) (1 —cos @)]'/? [(ZTe gev + 3T ev) /A]'/?

) ey

\
In Fig. 3(b), the strongest peak of the SRS backscatter un-

der the monochromatic condition is within the range of 720—
860 nm, corresponding to the electron density from 0.07n,
to 0.15n.. Outside this range, the intensity is much lower,
which is similar to the typical SRS backscatter spectral char-
acteristics of an ultraviolet laser.°! In the broadband case, the
scattering region density is significantly expanded — the red-
shift edge is close to 0.25x., and there is no obvious short
cutoff usually believed to be related to the Landau damping.
As mentioned earlier, SRS under the broadband condition is
believed to be reduced by the mitigation of filamentation by
the introduction of bandwidth. Then, the spectral distribution
could be modified for the same reason. The threshold for fila-
mentation instability induced by the ponderomotive force and
thermal effects is estimated as(*°]

Iy (ne/ncr) > 4~4Te7keV/ [H (f#lu)z] ) 2

where [14 is the laser intensity in 10 W/ecm?, lﬂ is the laser
wavelength in microns, and H ~ 2 is a factor to account for
thermal effects. Substituting T; kev ~ 1, 14 ~ 4.6, and A, ~
0.53 into the inequality, we get ne /ne; > 0.1, which means that
the filament could start to form at ~ n¢/10. The peak wave-
length of the measured SRS spectrum in the monochromatic
case is ~ 770 nm, which roughly corresponds to ~ ng/10.
Thus, filamentation in the monochromatic case enhances lo-
calized light intensity at underdense plasma and makes SRS
spectrum present peaks at short wavelengths.
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In addition to the SBS and SRS spectra, the characteris-
tics of 3w/2 spectra are also worth discussing. Here, 3®w/2
is measured to gain insight into the behavior of TPD, which
is a result of Thomson up-scattering of the incident laser light
off TPD-produced plasmons.*!! The redshift peak of the mea-
sured 3 /2 spectra may also be produced by absolute SRS in
addition to TPD, which probably does not make much prac-
tical difference because in both cases the instability saturates
into Langmuir turbulence that spans the n¢/4 region.

6
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Fig. 4. Spectral distributions of 3®/2 at normal incidence with laser
energies of 350—400 J. (a) Obtained with the narrowband laser. (b) Ob-
tained with the broadband laser.

Figure 4 shows the variation of the 3®/2 spectra at scat-
tering angles (0) of 90°~170° . Under the narrowband condi-
tion, the spectrum at each angle in Fig. 4(a) shows a two-peak
distribution around 249 /3 (~ 350.7 nm, here Ay refers to the
center wavelength of laser), in which the redshift peak’s inten-
sity is higher and its frequency shift is larger than those of the
blueshift peak. The two-peak distribution can be intuitively
explained by the nature of TPD — two electron plasma waves
(EPWs) generated by TPD have a small frequency difference,
so the scattered light generated by them after coupling incident
light waves will certainly have a small wavelength difference.
The peak intensities and frequency shifts at these angles are
different — the larger the scattering angle, the smaller the fre-
quency shift, and the strongest scattering is at ~ 120°, which
is similar to those measured with ultraviolet lasers.[**] Theo-
retically, Thomson up-scattering of a laser at normal incidence
onto a density gradient off the red-shifted EPW from TPD is
expected to occur at @ = 111°,1*31 which is roughly consistent

with the measurements. Based on the matching conditions for
TPD and the Thomson up-scattering, one has

AAR /Ao = Ty ey (2.94 —3.20c0s0) x 1073, (3)

where AR is the wavelength difference between the redshift
peak and 240/3. It is seen that the magnitude of the wave-
length difference is related to the plasma temperature and
the scattering angle, so the wavelength differences measured
at those angles are various, which is consistent with the ex-
perimental results. For Ag ~ 353.7 nm at 125°, one gets
T. ~ 1.2 keV at ~ n /4, which is a bit higher than the aver-
age temperature over the underdense plasmas obtained by the
simulation. The reason for this is possibly that the measured
AR is slightly modified by the Doppler effect induced by the
plasma motion.

Under the broadband condition, the spectra have a one-
peak distribution, as shown in Fig. 4(b). The center wave-
length of the peak is about 535 nm, so the redshift is ~ 2 nm
relative to 2A9/3 (~ 352.9 nm, note the center wavelengths
of narrowband and broadband lasers are different), and the
change of the center wavelength is not obvious over angles.
One simple speculation could be that absolute SRS dominates
the production of 3w/2 under the broadband condition, which
is different from the TPD dominance under the monochro-
matic condition. This speculation can be checked by the fol-
lowing calculation of thresholds of absolute SRS and TPD un-

der broadband conditions: 2>

Laasrs ~ 1.2 x 10°L, "2, (Aw/wp)'?, @)

Tarep ~ 4.1 < 10T L2 (Ao jan) 2, (5)

when the bandwidth fits a Lorentzian function. Here I14 asRrS
and /14 1pp are the threshold intensities in 10'* W/cm?, respec-
tively, for absolute SRS and TPD, and L, is the density scale-
length in microns. Substituting A®w/wy ~ 0.6%, Ly, ~ 170,
Texev = 1, and A, ~ 0.53 into the above formulas, we get
L4 2sRs = I14,TPD ~ 2.4, which corresponds to an incident laser
energy of about 200 J. Considering the laser absorption in the
underdense region and the localized intense speckles within
the laser spot induced by CPP, the threshold energy could
be more or less. For instance, a three times more intense
speckle could reduce the threshold energy to a level below
100 J, which is consistent with our measurements that 3@ /2
existed at ~ 100 J in both the monochromatic and the broad-
band cases.[?”) The most intense speckle could be about five
times more intense than the average intensity, but the number
of speckles at such intensity is usually very small, and speckles
at two to three times the average intensity should be more com-
mon. Anyhow, the 0.6% bandwidth itself is not large enough
to make the threshold for either absolute SRS or TPD higher
than the laser intensity, so the observed reduction of 30/2 is
more likely to be attributed to the mitigation of laser filaments,
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similar to the reason for the reduction of SRS. Since the effect
of filamentation mitigation should be similar for both abso-
lute SRS and TPD as they develop at the same plasma region
(ner/4), the speculation of different sources of 3w/2 under the
two bandwidths is unlikely.

Here we propose another speculation on the reason for
the one-peak distribution of 3w/2 under the broadband con-
dition — spectral mixing of different frequency components
within the bandwidth, which is on the assumption that the
main sources of 3@/2 under the conditions of the two band-
widths are TPD. In Fig. 5(a), an example of spectral mixing
is given by dividing the laser bandwidth into nine sub-bands
at a wavelength interval of 1 nm, and the energies of the sub-
bands are given in Fig. 1(b). Since the laser energy of any
sub-band is low, we assume the 3®/2 spectrum of each sub-
band is similar to the shape of that in a ~ 100 J narrowband
case (minimal energy shot in the experiments), and the reason
why 3@/2 could still be produced at such low energy could
be attributed to the intense laser speckles, as discussed earlier.
The center wavelength of 3@ /2 stimulated by each sub-band
is determined by the center of the laser spectrum of the sub-
band relative to the center wavelength of the narrowband laser.
The intensity of 3e/2 stimulated by each sub-band is assumed
to change linearly according to the ratio of its laser energy to
the ~ 100 J narrowband energy with an additional 80% re-
duction accounted for the reduction in integrated intensity in
the broadband cases. Since the broadband laser consists of
those sub-bands, its 3@ /2 spectrum is then artificially treated
as the linear superposition of 3@/2 spectra produced by those
sub-bands, giving a one-peak spectrum (black-dashed curve)
that looks similar in intensity and shape to the measured 3@ /2
spectrum produced by the broadband light itself (black-solid
curve).
should also be related to the energy, it is reasonable that the

Since the wavelength shift between the two peaks

calculated spectrum is not exactly the same as the measured
one.

In the above treatment, we only (for simplicity) divide
the laser that stimulates the EPWs into sub-bands but the light
coupled with the EPWs remains whole, which should not be
the case because both the light waves are the incident laser. If
the light waves in the two processes (namely, EPW production
and coupling) are both divided into sub-bands, then it will give
a squared number of sub-spectra to be added up, which is too
many to be presented as a simple example. Nevertheless, one
can intuitively imagine that in this case the added spectrum
would have a smoother and wider profile compared to the pre-
sented one. It should be noted that the treatment of sub-bands
is only an attempt to visually reproduce the one-peak 3@ /2
distribution in the broadband case from the two-peak distribu-
tions in the monochromatic cases, so the results may not reflect
the actual physical mechanism because one may argue that the
various frequency bands are not likely to act independently in
practice given that the unstable region broadens dramatically

in the nonlinear turbulent stage, in which case the sub-band
treatment of the coupling process may still be valid but that of
the EPW production is not.

In addition to the spectral shape, the angular distribution
of 30/2 in the broadband case is also different from that in
the narrowband case. In Fig. 5(b), the angular distributions
of 3w/2 in the two cases are compared, which shows that the
broadband is more concentrated at the small scattering angle
than the narrow band. If we treat a scattering range of 90°—
120° as side-scattering, the ratio of 3@ /2 side-scattering to the
total intensity is ~ 57% in the broadband case, which is higher
than that in the narrowband case (~ 47%). Since the EPW
corresponding to side-scattering is also side-propagating, the
probability of preheating by the hot electrons produced by a
side-propagating EPW should be lower than that produced by
a forward-propagating EPW, so a larger proportion of side-
scattering induced by the bandwidth may be not that harmful
to the preheating control.
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Fig. 5. Analyses of the spectral distributions of 3w/2. (a) Subband
treatment of 3w/2 in the broadband case. (b) 3w/2 angular distribu-
tions in the narrowband and broadband cases.

4. Conclusion and perspectives

Experimental results regarding the spectral characteristics
of LPIs with broadband laser are reported and discussed. First,
the reduction of LPI-scatters by introduction of bandwidth was
observed to persist within a certain range of incident angles.
In addition to the reduction of intensities, the spectral distri-
butions of the scatters were also changed under the broadband
condition with respect to the narrowband case. SBS backscat-
ter has a small redshift in the broadband case contrary to the
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blueshift with narrowband laser, which may be explained by
the self-cross beam energy transfer between the various fre-
quency components within the bandwidth. SRS backscatter
spectrum presents a peak at a longer wavelength in the broad-
band case compared to the short one in the narrowband case,
which is possibly attributed to the mitigation effect of band-
width on filaments at underdense plasmas. 3®/2 has a one-
peak distribution in the spectrum under the broadband con-
dition, which is different from the two-peak distribution under
the narrowband condition, and the reason may be related to the
spectral mixing of different frequency components within the
bandwidth if the sources of the two are both TPD. Since the
spectral characteristics of scatters are closely related to the ac-
tual physical processes during the laser—plasma interactions,
the reported spectra could be informative to the understand-
ing of broadband LPIs, as well as the benchmark of simula-
tion codes used to evaluate the effects of laser bandwidth in
DDICF.
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