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Efficient Temporal Compression of
Coherent Nanosecond Pulses in a
Compact SBS Generator-Amplifier Setup

Stephan Schiemann, Wim Ubachs and Wim Hogervorst

Abstract— A pulse compressor based on stimulated Brillouin _lA
scattering (SBS) in liquids is experimentally and theoretically
investigated. It allows for the compression of Fourier-transform
limited nanosecond pulses of several hundreds of millijoules of ) generator cell
energy with both high conversion efficiency and a high temporal beam separation
compression factor. The two-cell generator-amplifier arrange- optics
ment is of a compact design not requiring external attenuation @)
of the generator cell input energy. Pulses from an injection-
seeded, frequency-doubled Nd:YAG laser of 300-mJ energy were attenuator
compressed by a factor variable between 6 and 21 at up to _|A . 0na
75% reflectivity. Deviation from unity SBS reflectivity is predom- B I} 1 EEI
inantly determined by optical component losses. The generation 1y
of 270-ps pulses with high beam quality was achieved in liquid Al,
methanol. These powerful pulses of variable duration are difficult
to produce with common laser systems and are highly suited for (b)
the generation of high-harmonics in gases.
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|. INTRODUCTION (©)

HE' phenomenon of stlmglatgd Brillouin scattering (SBS) beam focusing
in liquid or gaseous media, discovered some 30 years ago expander lens
[1], is nowadays widely employed to realize phase-conjugating N 1 A
mirrors [2]. It can be used as well to temporally compress E%:H:ﬂju) ' | “:EI
. | N
nanosecond pulses [3]. The design of SBS-based compressors v
for the generation of subnanosecond pulses at energies ap- @
proaching the Joule level is an active field of research [4], [B]ig- 1. Various high-energy SBS compressor concepts: (a) single-cell gen-
They offer the prospect of achieving a conversion efficiency 8 tor Withllong focal-length lens, (b) two-cell generator-amplifigr setup Wi_th
. .. . .7 attenuator in front of generator cell, (c) two-cell generator-amplifier setup with
nearly unity, thus providing enhancement of peak intensity génerator cell separately pumped by a small fraction of pump pulse energy,
a pulse while maintaining its high energy. These compressarsl (d) compact SBS generator-amplifier setup, presented in this study.
also make available laser pulses in the time window 300-3000
ps, which is difficult to access by mode-locking@+switching and a compression factor of up to 21 is obtained in liquid
techniques. Brillouin-active media for input energies of several 100 mJ of
High-energy SBS compressors presented in literature oft@ible light. The setup contains only a few optical elements
do not achieve high efficiencies due to multimode radiatiaind permits easy adjustment of the pulse duration between
input [6], [7] or they involve complex optical designs of300 and 3000 ps.
combined SBS cells and laser amplifier stages [5], [4], [6].
In this paper, we present an effective and compact SBS II. THE COMPACT SBS
compressor to manipulate Fourier-transform limited pulses GENERATORAMPLIFIER SETUP. THEORY
of nanosecond duration. In the setspnultaneouslya high
conversion efficiency of 90%, only limited by reflection losses. Concept
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generator [Fig. 1(a)] is not suitable to efficiently compresStokes fieldE,) with an acoustic matter-density fiefdin the
high-energy pulses because it provides high conversion attive medium. The fields will be described as plane waves
ficiency only at low input energy [9], [10] ,[7]. At high input propagating along the axis:

energy, a poor efficiency [4] or only a weak compression

. e L -1 i(kpz—wpt)
was achieved [3]. A two-cell generator-amplifier arrangement E]’(z’t) =2 EP(Z’t)G‘ ad + c.c.
can overcome these limitations. In Figs. 1(b)—(d), different Ey(z,t) :% E(z,t)ei(Thermwst) 1 ¢,
realizations are shown, which are suitable for high-energy plzt) =1 plz,t)cikaz—wnt) 4 o @

compression [11], [6], [5], [9]. As a protection against too-
high peak intensities being launched into the generator celiith wp = w, — w; and kg = k, — k,. The polarization
either an attenuator is introduced [Fig. 1(b)] or the pumgtate of the radiation is neglected, because SBS represents a
beam is split up into a weak part, pumping the generator ceilarized scattering process [19]. The application of a one-
and a strong part passing the amplifier cell [Fig. 1(c)]. In thdimensional (1-D) model assumes that the spatial profile of the
following, we will present and discuss the scheme illustratdaser beam has a constant intensity. A two-dimensional (2-D)
in Fig. 1(d), which we will refer to as the “compact SBStalculation, which could take into account realistic nonuniform
generator-amplifier setup” (CGAS). In this arrangement, reeam profiles of pulsed sources, is impeded since it would
optical components are mounted that limit the generator cediquire excessive computational time.
input. The concept of this compressor was described beforéThe propagation of the acoustic phonon wave is modeled
[9], [8], however, without addressing its potential to achievly introducing well-established approximations. In a nonab-
subnanosecond output at high conversion efficiency. sorbing medium, phonons are created only by electrostrictive

The functional concept of the CGAS may be described asupling under adiabatic conditions, and their amplitudes are
follows: a short focal-length lens in front of the generatosmall enough to allow linearization of the equations. The
is introduced to create stimulated Brillouin radiation from thevave-equation is derived from the acoustic Euler equation,
leading edge of the pump pulse. The back-scattered beam serdsiding a simple damping term and the electrostrictive force
the amplifier located at minimum distance of the generator c€ll.9]:
The sustained interaction of pump and Stokes radiation in the ap i e k2
amplifier cell automatically controls and limits the generator- B + %FBp = EZ—BEPE: (2)
cell input energy. In addition, the SBS pulse experiences strong B
intensity amplification and a substantial temporal reshapinglitere,I's = k%1 represents the phonon relaxation rdtethe
the amplifier cell. As a result, the Stokes pulse duration drodamping parameter [19], ang the electrostrictive coupling
below the acoustic phonon lifetime in the SBS medium armbnstant. By assuming the pump laser pulse duratjpto
the CGAS approaches a reflectivity of nearly 100%. Thede large compared to the phonon lifeting, it is valid to
effects will be discussed in detail in the following section. Thapply the slowly varying amplitude approximation and to omit
concept of automatic attenuation of the generator-cell inpsiécond-order time-derivative¥ /9¢2. In addition, the spatial
energy, inherent to the CGAS, was already investigated befalerivatived/dz can be neglected for short phonon lifetimes.
[12]-[14], but these studies solely concentrated on steady-stat@he propagation of pump and Stokes waves under phase-
pump depletion and did not pursue temporal pulse shaping,matching conditions can be modeled straightforwardly [20]:
is the subject of the present study.

) . : - . ndk, JE, . wpYe

To achieve a high conversion efficiency in the compressor, — + =1 Il
it is crucial to apply nearly Fourier-transform-limited input ¢ 9t 9z dncpo
pulses. The absence of short-lived intensity spikes in the n 0L, - OE; _ . ws7e p*E, (3)
temporal domain in these pulses effectively prevents the ¢ Ot
generation of stimulated Raman scattering, a process strongih o, the average density andthe refractive index of the
competitive to SBS [15], [16], [4]. Liquids are favored oveknedium.
gases as Brillouin-active media. To achieve adequate SBS g&)mNumerical Solution of the Coupled Equationsfter
in gases and to compete against stimulated Raman scatterghhosing proper initial conditions the complex equations (2)
high gas pressures of 10-100 bar would be necessary [Jafld (3) transform to a set of equations with real variables
[18]. Apparently the need for high-pressure cells would the}_s];) = Re(Ep), E. = Im(E,), o = Re(p) and g1, go

0z L4ncp0

5

contradict a simple compressor design. representing the photon-phonon coupling constants in (3) and
(2), respectively:

B. Numerical Model _ YeWp _ ’Ye/ﬁ?a (4)

= dne 27 Yorwn
In this paragraph, a numerical model of the compact SBS Po B

generator-amplifier setup (CGAS) is introduced. It allows a The fact that pump and Stokes fields are counterpropagating

simple way to analyze the process of pulse compression in tieeds special consideration when selecting an algorithm for the

CGAS in order to ascertain its optimum operation conditionaumerical solution of the coupled equations. It is realized by
1) Coupled Equations Describing SBStimulated Brillouin transforming (3) along their characteristics, hence integrating

Scattering is a three-wave parametric mixing process coupliog a space-time gridz;, t;) of stepsizeAz = +c/n At. The

two radiation fields (the incident pump field, and the created resulting new set of equations involves only time-derivatives
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7 A characteristic problem of published values fgy is that
phonon lifetimes of SBS liquids are usually not measured
directly in the time domain but are derived from Brillouin
frequency linewidth data [22], [23]. This may give rise to
an inherent source of confusion as these measurements can
be performed either in a spontaneous or stimulated scattering
amplifier generator process [20]. In addition, experimentally determined Brillouin
cell E. F cell lineshape profiles presented in the literature vary between
a"g Lorentzian and Gaussian or even more complicated structures
Fig. 2. Dimensions of the compact SBS generator-amplifier setup. The beb], [23]. As a consequence, there exists no unique way of
diameterd,, is controlled by beam-expansion optics in front of the amplifierextracting values forrg from these data and, consequently,

'C':ntr:g ZE(Tseerfa' modelf, = Fy = 0; in the experimentf, = Fy, # 05 hlished phonon lifetime values possess a rather high uncer-
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tainty.
TABLE | The valueyg is defined for monochromatic excitation under
COMPILATION OF PARAMETERS CHARACTERIZING THE Ste"f‘dy_'Sta_te conditions [19], the_re_fore, n Our_mOdel at _pUISQd
SBS LiQuips: STEADY-STATE SBS GAIN g5 AND excitation it holds as an upper limit to determigeand g, in
AcousTiC PHONON LIFETIME T AT A, =532 nm (3) and (2) by the relation
g8 [20] g5 [22] 75 (20] 75([22] wp[20] p/po 5
10 -1 YeWp n 327
[cm/MW]  [cm/MW]  [ps] [ps] [10'%s7'] gB= ——"— = q1go— — (5)
3 r C FB
Water | 0.0048  0.0038 295 471 4664 10-* nvetpol B
Methanol | 0.0130 374 3484 107° if the approximationskz = 2k, andwp = 2nvw,c™! are
caly 0.0060 0.0038 144 151 3598  — applied. The parameter, which represents the velocity of
Acoustic phonon frequencyp at A, = 532 nm and thermal acoustic hypersound in the SBS medium, and all remaining parameters
condensatiop/po (derived numerically). All data from [20] and [22] were taken from [25]_

The parameterp, which represents the thermal phonon

and is solved to a self-consistent solution by iteration. Becau%@p“tUde’ is empirically derived in our model: simulating

pulse rise times of less than 100 ps and extreme field stren%h unfocused pump beam of high energy entering a single

variations, especially in the generator cell, have to be cons ;;Imer ;elihgﬁhls\ﬁfuﬁ; eascgssriﬁelclz?i\ljil? sz?ﬁ:auztnidlilger
ered, the value of the integration time stp was controlled such a way 9 y P

by the program, between 0.2 ps and 0.004 ps. A simulatiﬁﬁ" fit§ the experimentally observed value. The values are
took 8 h of CPU time on a PPC 604 (100 MHz). Isted in Table 1.

Focusing in the active medium is simulated by a stepwise ] . .
correction of the pump and Stokes amplitudﬁ; E’ during C. Numerical Results for Compressing High-Energy Pulses
the integration along the z-axis according to the decreasingDue to the low accuracy of several of the input parame-
beam diameter behind the lens. To initiate the conversion tets, it is not useful to simply reproduce experimental data
pump into Stokes radiation, controlled by (3), a constant levelmerically. Instead we will concentrate on using the model
of phonon amplitudes is introduced as an initial condition onto generate data which are essential to understand the CGAS
grid points inside the SBS cells. It simulates thermal phongsinciple and usually difficult to extract from the experiments.
population being the source of spontaneous Brillouin scatteriMge term conversion efficiency or reflectivity of the CGAS
[21]. defines the percentage of emitted Stokes pulse energy related

3) Input Parameters and their Accuracyn the model for to the input pump pulse energy. The term compression factor
the CGAS, we used the following experimental valubg:= defines the ratio between time durations of the primary Stokes
1mL, =03m ¥, =F =0{, =F;, ~05cmin pulse and the pump pulse.
the experiments)f = 10 cm. These parameters are defined in First a single-cell SBS generatdi{ =0, L, =1m, f =95
Fig. 2. Pump pulses for a Gaussian temporal profile of duratieam) is simulated to demonstrate its limitations at high-energy
Tp = 5.6 ns (FWHM of intensity) are considered. For a giveimput. Results are shown in Fig. 3. Water possesses a relatively
pulse energy, the electric peak field strength is derived bprge phonon lifetime and is chosen as the SBS medium
assuming a circular spatial beam profile of constant intensftyr ease of graphical presentation of the emission structures.
and of diametek/, = 6.5 mm. The parametet, defines the Above the SBS threshold, both the reflectivity and compres-
duration of the back-scattered Stokes pulse. sion factor rise with increasing input energy. At 10-mJ input,

The parametersg, 75, andwp to characterize the applieda compression factor correspondingtp~ 7p is achieved
SBS liquids water, methanol, and GClrespectively, were at 89% reflectivity. Larger energies cause complications: after
derived from data in [22] and [20], i.e., they were correctetthe primary Stokes pulse has left the cell, the remaining part of
to A, = 532 nm by means of their specific dependence aghe pump pulse—still highly energetic—generates secondary
the input wavelength [19]. The results are listed in Table Stokes emission. This secondary emission is characterized by
Preference was given tgg values from [20], because theystrong “ringing structures” caused by SBS back-conversion
agreed best with our experimental observations. of Stokes into pump radiation and vice versa [17]. It results
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Fig. 3. Numerically generated temporal intensity profiles of SBS pulses ]
emitted from a single-cell SBS generator (watgr,= 95 cm), plotted at T \ k
various input energy level®. Input parameters aré, = 0, L, = 95 cm, 0 ‘ 1‘() s
Fy, = Fy =0,d, = 6.5 mm as defined in Fig. 2 ang, = 532 nm,7, = t [ns] i

5.6 nm, andg, g2, Ts as defined in Section 1I-B3. In addition, the pulse
duration of the primary Stokes pulse and the conversion efficiency integrateid. 4. Numerically generated temporal intensity profiles of SBS pulses
over the full temporal profile are given. emitted from the compact SBS generator-amplifier setup (methginel,10

cm, d, = 6.5 mm), plotted at various input energy levefs In addition,

the pulse duration of the primary Stokes pulse and the conversion efficiency

in complex pulse trains. At low pump energy, stimulatetitegrated over the full temporal profile are given.
scattering initiated from spontaneously scattered Brillouin ra-

diation only evolves from the focal region at the far end of To analyze the compression process, i.e., the temporal

the ceII._At h'gh pump energy, th_|s region ext_ends t()V\"arl%shaping occurring in the amplifier in detail, it is useful to
the cell input window and gives rise to a leading shoulderg,o ot the Stokes pulse shape at various positions along the
in thg pulse, which fmally_cau_ses a dramatic increase of 'zﬁnplifier cell at a fixed input energy, as shown in Fig. 5. The
duration. Pulse compression in the case of such satur e emerges from the generator cell as a broad, doubly
amplification in the cell is not effective, because the Sto"%%aked structure4{ = 1 cm). On its passage through the
pulse traversing the medium faces a divergent pump beamjitier cell, the leading structure experiences strong am-
of decreasing energy density. All these effects prohibit thgification and compression, resulting in the primary Stokes
application of a single-cell SBS generator for high-enerqymse emitted from the CGASZ(= 99 cm). The trailing peak
pulse compression. _ ~is not amplified because of gain depletion by the leading peak.
In the CGAS, an uncontrolled extension of the region of | the Jiterature, there is still a discussion on the theoretical
stimulated scattering initiated from spontaneously scattergfinimum duration of an SBS pulse generated by an SBS
Brillouin radiation is prevented by the separation of thgompressor. In early studies, a limit"" > 1/wp was
medium into a focused (generator cell) and an unfocusgdrived (see [3], [17]); later, estimates such g8 ~
part (amplifier cell). Fig. 4 depicts a simulation of the CGA$ 1 5 (see [10]) or the relationr™" « /75 (see [26],
output. Methanol is chosen as the SBS medium to allow[@1]) were preferred. Our numerical model is not suited
direct Comparison of the numerical results with experimentﬁi predict ultimate limits because the second-order time-
data presented in Section IIl. Similar to the single-cell situatiaferivatives 82 /ot* were omitted [3]. For practical reasons,
starting from low input energy, both the reflectivity andve will define ausefulminimum valuer™" corresponding
compression factor increase with increasing input energy. #t the duration of the primary Stokes pulse. At very high
P = 80 mJ, a single peak of short duration is generateiput energies (see lower panel of Fig. 4), peak structures of
At the sharply rising onset of the Stokes pulse, an almasénsiderably shorter duration can be produced, but these are
complete conversion of pump into Stokes radiation takes plaegt useful since they are part of a multiple-peak structure. The
resulting in a strong amplification of this early part of the puls@honon lifetime of methanol is given by = 374 ps (Table
At the tail of the Stokes pulse, SBS back-conversion clipy An estimate for the useful minimum Stokes pulse duration
the high-intensity part, leaving behind a smoothly decreasing 77" ~ 2/3 75 follows from present calculations for the
shoulder. The back-converted pump radiation is responsible DGAS.
secondary Stokes structures which become fairly pronouncedrhe efficiency of the SBS conversion process becomes
at input energies>100 mJ. apparent by plotting the instantaneous pump pulse intensity
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Fig. 5. Numerically generated temporal intensity profiles of SBS pulses I’t}
emitted from the CGAS (methanol, input enerfly= 90 mJ), calculated at angilie griwiaky
ol el

various positionsZ in the amplifier cell. The positions are defined as distances
from the focusing lens (see Fig. 2). HenceZat= 1 cm, the Stokes pulse is

just emerged from the generator cell and enters the amplifier cell. Fig. 6. Numerically generated intensity distribution of the pump pulse=(

90 mJ) in the CGAS (methanol) dependent on position and time. The
horizontal axis of the density plot represents the position in the compressor;

. . time is evolving from the bottom to the top of the graph. High-intensity
on a space-time grid of the modeled CGAS, as shown \Biues of the pump intensity are represented in dark. The Stokes pulse

Fig. 6. The intensity of the pump pulse immediately drops aftevolution is easy to recognize also as a narrow zone of zero pump intensity
contact with the Stokes pulse due to SBS conversion, leavifffjnterPropagating with respect to the pump pulse at negative slope.
behind a zone of almost zero pump intensity. Directly behind

this zone, a negligible fraction of pump intensity reappears, Related to the notion of a useful reflectivity and minimum
being generated by SBS back-conversion of Stokes into puise duration of a compressor is the specification of its
radiation. It is clear that no external beam attenuator in frotensity reflectivity. It is defined as the increase in peak
of the generator cell is necessary for the CGAS to protectifftensity of the output pulse compared to the peak intensity
against the pump peak intensity, as longlas> 3¢, of the input pulse. The occurrence of secondary structures in
Two effects limit the application of arbitrary high inputthe output reduces the intensity reflectivity of a compressor.
energies in the CGAS: at a certain pump energy, the thresh@léferring to the results presented in Fig. 4, the CGAS is

for stimulated scattering initiated from spontaneously scattergdipable of producing an intensity reflectivity of larger 2000%.
Brillouin radiation is exceeded in the amplifier cell. It starts

acting as an “SBS mirror” and becomes opaque. A clear sign

of this activity is a broad structure preceding the primary lll. THE COMPACT SBS

Stokes pulse, as can be seen in Fig. 4Pat= 500 mJ. It GENERATOR-AMPLIFIER SETUP. EXPERIMENTS

is practical to define auseful reflectivity of the CGAS as  All experiments were performed in glass cells of inner
well to discriminate against the “SBS mirror” regime of unitydiameter 4 cm in the configuration depicted schematically in
conversion efficiency. The useful reflectivity corresponds feig. 2; the dimensional parameters are given in Section II-
the fraction of the input energy, which is back-scattered B3. The SBS-active liquids used were methanol, water, and
the primary single Stokes pulse as part of the total complétrachloromethane (CQ\ respectively, at room temperature.
emission structure. Referring to Fig. 4, the useful reflectivitiddquid cyclohexane was investigated too, but it could not be
at P = 80-, 150-, and 500-mJ input energy are 80%, 56%gliably employed because of strong Raman activity. Solid
and 23%, respectively. Surpassing the threshold for “SE®ntaminations in the SBS medium of the generator cell were
mirror” activity can be circumvented by choosing a largeminimized by filtering the liquid with membranes of 200-
pump beam diameted, in the amplifier cell to reduce the nm pore diameter. This procedure results in a substantial
pump energy density. A severe limitation at high input energiecrease of optical breakdown events in the focus region of the
is the effect of SBS back-conversion and thus the creatigenerator. The injection-seeded Nd:YAG laser source (Quanta-
of secondary structures in the CGAS output. It results Ray GCR3) with a beam diameter of 6.5 mm had an output
a drop of the useful reflectivity as well. It depends on thpower up to 350 mJ in a single longitudinal mode at 532 nm
application at which level the secondary structure intensat 10-Hz repetition rate and a pulse duration of 5.6 ns. Back-
ties are no longer acceptable over the gain in compressigattered Stokes radiation was separated from the incident laser
factor. light using a combination of a Fresnel-rhomb and a polarizing
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beam splitter. It implies the propagation of circularly polarized ’ L S S N
light in the SBS cells. Beam-expansion optics were mounted ‘

in front of the amplifier cell to control the beam diametgr |
entering the CGAS. None of the optical elements including the /T~ ‘
entrance- and exit-windows of the cells as well as the beam N~ p-isoml
separation optics were antireflection coated.

1320 ps

1390 ps 710 ps

A. CGAS Compression Factor ' P;260 I;IJ

Intensity [a.u.]

Temporal profiles of the SBS pulses were recorded in two 1030 ps

ways. In one method, we used a PIN photodiode of bandwidth
6 GHz and a digital oscilloscope of 1-GHz analogue bandwidth
and a sampling rate of 5 GS/s. The temporal resolution of this
system was checked by monitoring femtosecond pulses and
reached 450-ps minimum pulse duration at FWHM. For high- b :
resolution detection purposes, a streak camera of type Hadland t [ns] t [ns]
Imacon 500 was applied. . @ (b)
1) Pump Energy Dependencén Fig. 7, temporal Stokes . 7. Temporally resolved Stokes output from the CGAS (walgr,=

. . . Fig
pulse .pmf'les emitted .from a water-filled CGAS measuer?S mm) at various pump energi®s detected with 450-ps time resolution.
at various pump energieB are shown. Data were recordeda) Data recorded by integrating over the total spatial pump beam diameter.

either by integrating over the total spatial pump beam diameg%}zDSatﬁq:s)corded by integrating over the central part of the beam (diameter
[Fig. 7(a)] or from the central part only [Fig. 7(b)], usinga 2.5- '

mm pinhole. Both series reveal a pump energy dependency as
shown in Fig. 8. We find that the Stokes pulse duratign
reduces as the pump energy increases. Compared to the data . % O beam diam d,=9.75mm

600 ps

5 [ 70 1 2 3 5 6 7

H H H H : ® beam diam d,=9.75mm (pinhole 2.5 mm)
taken at the beam axis, the integrated intensity proﬂles shpw & boam diam d —13mm  (pinhole 2.5 mm)
nearly a factor of two larger pulse durations. This effect is
ascribed to the reduced intensity in the wings of the spatial — % 450 ps time resolution
\

profile of the Nd:YAG beam as well as to a slight drop |
in the coherence properties of the beam at increasing off:

axis distance. Consequently, the off-axis compression fac'@‘n 1500 {
reduces as well. For a beam diametgr = 9.75 mm, the ¥ I
minimum useful pulse duration is approached at approximatefy { \ \%\

260-mJ input energy. Larger energies force the amplifier ceg <
into the SBS mirror regime (cf. Section 1I-C). A bright diffuse® I \ \ \%\
spot overlapping the compact spatial Stokes beam profile At \ {\ \
the exit of the beam separation optics is then observed. A i \ N N
appropriate way of pushing this regime toward higher inpu8 1000 %\
energies is the enlargement of the beam diamégein the ' AN
amplifier. Choosing, for instance, a beam diameter of 13 mm I \} N %\

T
-
P
7
e
—»
e
e

instead of 9.75 mm permits operation without diffuse SBS AN \%

emission at a pump energy up to 300 mJ. The maximum N N

compression factor is slightly reduced by this procedure, | RN AL

probably indicating spherical aberration of the focusing lens. . Te. \I{

The choice of a focusing lens with a focal length larger than

10 cm resulted in lower compression factors. A change to %5 150 250 350

a smaller value caused frequent optical breakdown in the Pump Energy [m]]

medlum'_ . . Fig. 8. Measured duration of Stokes pulses emitted from the CGAS (water)
2) Minimum Stokes Pulse Durationfhe data presented inplotted against the pump pulse input energy at different beam diameters,

Section IlI-A1 were recorded at 450-ps time resolution. Cogetected with 450-ps time resqlution. Open circle_s represent measurements

sequently, the minimum puise durations of approximately GGYEGFIEq over e toa) spatial pump bear dameter, fled crces the

ps detected at 300-mJ input energy represent an upper limpresent results of a measurement at a larger beam diameter.

to the actual pulse durations only. It necessitates higher time

resolution to investigate minimum values fay generated by

the CGAS. This was achieved in streak camera measuremeR i

The temporal resolution of the camera including subsequdf@d to lower Stokes pulse durations.

image detection and digitizing was approximately 10 ps. InFig. 9, aline of a streak record of the Stokes pulse emitted

Methanol was chosen as the SBS liquid because of its lowfesm the CGAS at 90-mJ input energy at a beam diameter of

Eonon lifetime compared to water (cf. Table 1), which should
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Fig. 9. Streak camera image at 10-ps resolution of SBS output from the

CGAS (methanold, = 6.5 mm) at 90-mJ pump energy. Only the central 9.75
part of the beam (diameter of 2.5 mm) is exposed to the camera. Shown is ‘ ‘ J J ‘ ‘
one line of the 2-D image _d|g|t|2(_ed at S—b intensity resolution and_ at 6.5-ps 30 0 100 200 300 0 100 200 300
time steps. Due to a nonlinear intensity response of the detection system,
the half-maximum intensity level corresponds to 30% of the peak intensity,
determined experimentally with the help of a 50% attenuator. () (b)

Pump Energy [mJ] Pump Energy [mJ]

Fig. 10. Measured SBS reflectivity of the compact SBS generator-amplifier

; Fn tup plotted against pump input energy for different beam diameters: (a)
6.5 mm is shown. Only radiation from the beam center w AS water-filled and (b) CGAS tetrachloromethane-filled. The 75% reflec-

detected by using a pinhole of 2.5-mm diameter. The pul§gty level represents the maximum reflectivity of the CGAS, taking into
has a rather symmetric shape and its pulse duration is 270ap®unt reflection losses due to uncoated optics. It corresponds to 100%
FWHM, which is equivalent to a compression factor of 21ntemal SBS reflectivity.
This value agrees well with a duration of 274 psfat= 90-
mJ input energy predicted by the numerical model presented 5 mm
in section 2.3, see Fig. 4 & = 99 cm. Higher pump energies —
resulted in an increase of the detected pulse duration. From this
it follows that the profile of Fig. 9 represents an SBS reflected
pulse of minimum duration in methanol.
A comparison of the temporal Stokes pulse profiles detected a)
by the photodiode system (Fig. 7) with the streak record data
of Fig. 9 illustrates that the ringing structures in the tails of
the pulses shown in Fig. 7 have to be attributed to the slow
response characteristics of the detection system.

L4

L

B. CGAS Conversion Efficiency

The measured SBS conversion efficiency of the CGAS
is shown in Fig. 10 for various pump energies and beam ()] c)
diameters. These data are corrected for diffuse SBS radiation
emerging from the amplifier cell by introducing a diaphragm dfig- 11. Images of spatial beam profiles of (a) the pump beam at the exit

. .of the CGAS, but with the compressor replaced by an ordinary mirror, (b)
6.5-mm aperture in front of the energy detector when enterifg ccas output beam at its exit, and (c) the compressor output beam in

the SBS mirror regime. The useful reflectivity drops withhe far-field at a distance of 7 m from the exit. The images were obtained by
increasing pump energy, as shown in traces representede&i’smg photosensitive material to a single pulse of 100-mJ energy each.
open circles in Fig. 10. When the diametgy is readjusted,

a high conversion efficiency at high input energy can he cGAS Spatial Beam Profile

achieved (filled circles in Fig. 10). At low SBS gain and h ial b i f th is d
large beam expansion, high input energies are permitted while! N® ;pat_la eam quality of t € C_GAS output is emon-
obtaining optimum conversion efficiency. strated in Fig. 11. These beam profile images were obtained by

A determination of the maximum reflectivity of the CGASEXPOSINg photosensitive material to a single pulse of 100-mJ
has to take into account reflectivity losses of both pump a§#€rgy each. The gray-scale coding does not scale linearly with
Stokes beams at uncoated glass-air interfaces. As a result, 2B intensity level; high intensity levels are overemphasized.
of the internal SBS reflectivity is lost in our setup. Thus, Fig. 11(a) depicts the spatial profile of the pump beam
typical external reflectivity values of the CGAS of 65% aét the exit position of the CGAS, but with the compressor
maximum compression factor correspond to an internal SB&placed by an ordinary mirror. Fig. 11(b) was produced by
reflectivity exceeding 85%. the Stokes beam detected at the same position as Fig. 11(a),
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but emitted by the CGAS. Fig. 11(c) is a reproduction of thEGAS is advantageous, because pulses of tailored duration are
Stokes beam profile in the far-field at a distance of 7 m fronot easily produced by standard laser systems. On the other
the compressor exit. A comparison of these images shows thahd, injection-seede@-switched Nd:YAG laser systems of
the compressor output is not diverging such as the pump be&#10-ns pulse duration as the input source for the compressor
of the Nd:YAG laser. Instead, it is much more homogeneoase present in many laser laboratories. Our compact SBS
and slightly converging. This feature can be attributed to tlgenerator-amplifier setup provides a tool to compress the
phase-conjugation properties of the compressor. energetic content of such laser output and correspondingly
It should be noted that the Nd:YAG laser source appligd increase their peak intensity by more than an order of
in this study is an older Quanta Ray version modified tmagnitude. The compression of tunable laser output, for in-
produce a near Gaussian spatial beam profile and resembbtance from single-mode pulsed dye laser sources, can be
the specifications of a Quanta-Ray GCR3 laser. From a modachieved with the CGAS as well. As a challenging application
Nd:YAG laser system with a better beam profile, an additionaf such pulses, we are in the process of investigating the
improvement in the compression and reflectivity properties géneration of high harmonics in gases to set up a table-top
the CGAS may be expected. coherent and tunable soft X-ray laser system for spectroscopic
applications.
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