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PHONONS: NON-PROPAGATING MODES
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COHERENT PHONON FIELD
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LASER-INDUCED IMPULSIVE EXCITATION OF ATOMS

DISPLACEMENTS

ELECTROMAGNETIC
‘ ENERGY DENSITY
(u=ions Q=phonons) 2
U =¢E(r,7)| /8n

CHANGE IN
DIELECTRIC
RESPONSE
OLVNEININI 50U ~ 3¢, o|E(r, )| /8n=""""1
ENERGY
DENSITY
FORCE 2 ‘ 2 ‘
oC
DENSITY o ‘E (t)‘ FoeQ|E()
FIRST-ORDER SECOND-ORDER
IMPULSIVE FORCE IMPULSIVE CHANGE OF
FREQUENCY

IMPULSIVE STIMULATED RAMAN SCATTERING



ABOVE THE GAP: DISPLACIVE EXCITATION

IMAGINARY COMPONENT OF THE RAMAN TENSOR
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SQUEEZED AND OTHER CORRELATED FIELDS

Second-Order (Squeezed)

nh l\/\j\ [\[\/\ ﬂj\,\ M — zone-boundary mode combinations dominate the
i 1 W . This is supported by the fact that the difference of
AU
I I |

ATIT (10

First-Order (Coherent)
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N FIG. 1. Fourier intensity and phase spectrum of the transient

6 data at room temperature and a detection wavelength of 835 nm.

ey ) The cxui.t_cd phonon combinations are indicated in the figure.

The phase error is indicated with the error bars. The inset

;;_hnws the corresponding time-domain data (solid line) and a
fit (dashed line) with the 2 TA frequency.

—~~
n
=
c
]
P
o
@©
—
=
o]
—
@®
~
(5]
°
=
=
I=!
(S
<

Garrett, Whitaker and Merlin,
in Ultrafast Phenomena XI, Bartels, Dekorsy and Kurz,
(Springer, Berlin, 1998), p.362 Phys. Rev. Lett. 84, 2981 (2000)




Propagating Acoustic Modes





Propagating and Surface Avoiding Modes
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Low-Frequency Magnons: GaMnASs

COMTROL AND WEE OF DEFECTE IN MATERIALY RENEIF IR Xl

Making Nonmagnetic
Semiconductors Ferromagnetic

H Chno

Serniconductor devices geterally take =dvantage of the
charge of ekctmng, when=s rragnetic rmateriak are us=d for
meco ming information invobing e kctmnspin, To riake useof
both charge and spin of electmns in sermiconductors, = high
oncentration of ragnetic elements can be intmduced in
o n rreEnetic |1 sernicond icha wourenthy in e for deyvic-
ez, Loww zolubility of riemEretic mlerme its wes ovemome by
bvwrternpe retune nonequilibriurn rrolecubar bearn epiteEl
groweth, and fermriagnetic (CaMn)As was malizd Hagne-
Tortrans po I Meems U Perfents Feveakd that the Mmz e tic tran-
Siti0 N belipe Fat une can be as high =5 110 kelvin, The orgin of

ing spinels dhat hove » perkodic sy ofmgmcdewmns(ﬁg, 1;\)
(2], In these magretic ., which wer 1

iedin the lse 1960: 1 eardy 1970k, archange Toemctions Be«wmt}e
electm e mothe semiconducting bend snd the localized electmns stihe
Tisgretic e kad to ammlaerofyem]»rudmympﬁns
suchos o mdshiftof bard g when femmsgnetionn st in. Undor
tumsely, e bl stucture of swch megnetic semdconductors 3=
qmgdﬁuu\t&mndmof&ude in sddibin, fhe crestsl
amwh of thase compounds &= ronziowly dificult To obtsin aven 5
small, sirgle crystal mquizes wesde of prepsmtion snd gmwh.

MHaking Monragnetic Samiconductors Magretic
T wabilress of semicorchiton meides e obility © dope them

the fermmmEnetic interaction & diecssed. Multile r het-
emstmuctuns including msonant tunneling diodes (RTDE)
trrve mlsn zuccessfulby bee n fabricated. The rregnetic coupling
b bt ey o 1T P Pt (4 MIAS Filrre 5 ppated] by =
ranrregnetic byer indicated the critical mle of the holes in
the rregnetic coupling The ragnetic coupling in all s=mi-
conductor femorreg et o nmegnet ic lapened structums,
toget beerwith the poszibility of 2pin filhe ring in RTDw, = hovrs
the potential of the present rreteral systenn for e g
ey physics and for developing rew functio nality tovesmd
futune ekctmnics

The muase, dmg,ma,pmfdmm in the salid st Loy e
we wse odiy . Inegmied
m\lﬂsu\d}ug}rﬁaqw\cy&vwmm&o\fsmxﬂ\m weed for
snd Tve hod st sucness
wmg the c]\ngeofdwhm\s m semicorductors . Mass stomge of
ndemmstior—indipenasbl for dmaton bc]u\-obgy—is cvried
sut by megretc moording (lerd dils, megnetic tapes,
umldu}s) g spin of alactmre mﬁem mwm]s Itx
thean quite rebim] £ aak)fkoﬂ\hd»lgemdsmofmm
ba wrad 1 fiurther anhancs the pacfummance of device: . Wemyﬂm

o change their der, wnslly to p- oTEtpe. This
spymoc]\mkeﬁo]bwedmuuﬂwe mgmde:mns

1B}, sz sllows of ronmagnets samiconductor (Fig. 12 snd msgnetic
alemnants (3], By of ThiZs snd thetr heemstrurhmes hawe cantersd
moﬂ]y om.]I VI semdcondustor s\:}.ucd‘r‘emdh&,mwmde
stches thet o h

»2 hin Al:]oug].&.x phencaeron msles these DhEE: nd.stwdy easy
toprepsze m bulkdorm sz well s i thinepitseds] by e, T-VI-hased
DhEEs have beendificult £ dope to cmstp- snd re-tvpe, which rasde
the meens] less stmctive for spplisstions . The msgnetc mencton
in T-VT Db i domdnsted by the stfermrusguetic enchange
smong the Mn spins, which renults in the pommsgrets, sntifermmag
netis, or spn-gless helovior of the moemsl Tt was not posable mal
wvery recardhy to make o OI-VI DA farmmsgnetic st low temnpemhme
(2 K1)

Ferrormagnatic - Sermioonductors

Amppmac}. sompstible with fhe semiconduse = uedmpmtd.ay
i o )mke i IO 1comh

md evan, £ by mimduomg s ligh e ok

be sHe £ e e capebility of masz some and

A stthe same e, A b dy,mmy'beﬂakbn\)&cl
i politized surment dnte seniicomducers £ sortrl the spim sbte of
cemmer, which sy sllow e 0 camy oot qubit [qusrdn bit) opam-
ummqmmdﬁorqmummpmg(f) Howaver there sre good
mssnne why this has not yet hosn meshzed The ssniconducoms wsed
ﬁr&mnﬂwﬁaﬂmsﬂusﬂmn(&)uﬂgm
smanide (el do ot cordsm msgnatic ore snd s nonTsgnetic
(Fiz. 1591 andd thei magnetic g foto sr= genamlly miher small. In
omderﬁwﬁmwbeoweﬁldjﬂimmh\w hetween the two
possible alectmn spin cdentstions, foe megnetic fialds that would
Bove © e applisd sze 00 high for everyesy e, bomover, the cysnl
stochires of magnetic maemisk s wuwlly quite different from thet
of the semicondustors wed inelestmnics, which males both maemisk
iaomgotible Mﬂ\om]\oﬂ\cr

1 I TesgTet-

a1 semiconduct-

i senic: 5\5]\o6e'\m]mm holoogani

The anbeor iz with Hhe Labaatony for Hectronic Intdligerit 2 ystorns Fucsearch
Fertiute of Ekctticl Cornrmricafion Tchoku Uniwersity Katabira 211, erchi
ST, Rpn B rait chrodnicctohou.ecip

. The IV samdcsnd such sz Gaiz sz sloesdy in
s 1n s wide vemety of alsctonis squipment i the foomn of slactrnas
sppakotrnis davics, including cellusr phones (radsmwsve
mmxtus), womnpact disks (mmmdmnrhsus), a1l in Tasny other
7 b, the intmduction +f Tugnetic TEV zamisore
d\l:lms oym wp the possihaliy of\smga vamety of msgmetc
Tot presant in i IV semicoTe

d\nms i fhe opticsl snd alectmics] devices slmsdy arwbliched

AX I

Fig. 1. Three types of ssiconductons: rregreti ssrnicanducton in
which 2 periodic array of ma@'\etic e&nem i praser (B a diuted
reagretic serniconducter, =n allay beteesn nanrragnetic sernicondactor
ard rrmgrestic elerrent, and (D) = nonragretic ssrniconductor, which
contains e et ks

WAWSCRNEMEOry SCIENCE WOL 23 14 ALCUST 1955

TTCyUCTTICY (OT1Z]

951

mO

m O
o
o EDD
O_o
[ |
1 L 1 1 1 1 1

0.00

005 010 015 020 025 0.30
Magnetic Field (Tesla)

0000000Y
00000000




MAGNON SQUEEZING Spontaneous RS

[EEN
o a1 o

ATIT (10

1
(6

'
e
'
]
[

)
©
2
[=1
&
<
—
LL

-1755 (1983)

100 200 300 400
Frequency (cm™)





COHERENT POLARITONS

C |

retractive mdex

polariton frequency (THz)

Q = cq/n(Q)
Q=c (o )g
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LiTaO,: v =3.07c¢(superluminal)
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ULTRAFAST X-RAY DIFFRACTION
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Time-Resolved X Ray Diffraction from Cohereni Phonons
during a Laser-Induced Phase Transition
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Coherent control of pulsed
X-ray beams
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Synchmtrn produce continuaus ming of dazdy o
pukies. Applicition of such sources 1o the sudy of

analitic: solitions for the lasarinduced simin profile. The realt ame conssent with 3 12 pe th
slecimon-acowstic phonon coupling tire b gether wifi an instnneous cormponznt fiom the dafor
potantial intersetion. Above 3 criical heer fhience, e show that the fret step i the transiticn]
disomiersd stte i the sMcittion of larre: sywplinds coharnt stovoic reotion.

FACE munbers: 620Kz 6110~ 6 MDv, TAT4p

Facentdevabopreents in fitne-resolved wray difftacton,
wiing both syrelmtmn and laser tased soumas,
Yave lad 1o the capatility of dirsctly obsemving smactiml
phas: tmrsitors, the woticn of coreplex rolacules, and
cherical ractions, on pieosecond e seales. This has re-
sulted ina nueaker of rovel experivents, ircluding the in-
westigation of short-pulss-laser imadisionof organde filve
ard wlratast lserinduced plese Tansitors in s=mcon-
dators [1-3] In expenrents of rdaance to hokgy,
mal-fire shaties of photoiritiated reactions in reolacules
swch 2 regroglobin and photcactve yellow proten (‘PYP)
lave bean perdonved [4,5]. Revent 2xperiants
2 laser-produesd O Ka sowme bave derveomstrated xmy
diffmetion{mna coharant acoustic pilse mdared by laser
teating of Cads [5], however, whik diffraction from =x-
ranckd and compressed regiors of the crystal were ob-
sarved, vo tereporal cecillafions in the -y Intersity at
the mlavarg phovon fraquercias were moorded

In this Letter wa rport i direct obseration of wmy
diffrmetion froe laser-induced coberzet acomstic pl'nmms
at frequencizs wp 1o 01 THz, The results arm ik quan-
timtve agreement with simdations based on dyrarical
diffmetion theory, and covsistert with an interpretation
tasad on the axeiation of colemrt phoron states. More-
over, for sufficiarely high lassr fhasnces, we obsarve are-
versible, optically inducedphase rarstionwhichdevebps
oo 3 tirne seals aqual o cre-half of 2 phonon period. Wa
thoas show thiat the approach o disorder is through the -
sitation of large-arophtade, colernt latice roton.

The sxpenrental sstp is sredar to previos spen-
reatds [2, 7). A bending ragnst bearn live at the Advarced
Light Sowce syrchroton produces light inoa broad
spectnmn wp to photon erergies of ~10 keW. A 8 (1117

GOB1-BO0 700 K1) /11 1{4)$15.00

© 1999 The Arercan Fhysical Socisy

rotochmrator crystal sskots a sigll
2.4 A witha spestral bandwidth of 1
tearn & then directed coto an Inth ey
the Bragg angle for the (111) eilaction)
the paretmtion depths of the larand x
asyreeretmoally cut =0 that the diffmcts
cIystal at a gramng angle of 3° Ve we
150 fs, 1JHz, 800 1mn laser, syrchoo|
widual eketmn barches within the syme
jittar less tham Sps. The hser i i
exystal and ovedapped in both space ard
x-ry plsz. The tire-resclved xmy
following laser weitation is then reen
carera detector tmggered by a Gads|
swich [8. A OCD camen meoms
projected ceto a phosphor sermen. AL
swaraged for a pericd of about 1 win
1o G000 shor,  The remaling teropd
he carver is 3 ps; this s roovitored g
feretosscced pulss split off fo the
Tha sxfire fixns hisu:cy of the diffract=d
lasar =witaion is measared at orce, i
typival parp-probe geornetries.
Cokersyt phomore are veavifestsd =4
rals in titve-resdlved x-ray diffrcton
Fig. 1{a) shows an wyerturbed, diffn
rezmred at 40 arc = fom the Brag)
with ore for which fhe laser i incide
daing the pubz Ata fherce 20% b
thrashald of 15 2] /ere? {defined 2s the
inapenaret deorzass in the diffractad)
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Transient Strain Driven by a Dense Electron-Hole Plasma

M.F. DeCamp, " DA, Reis, " A, Cavauen,‘P.H Eucaesbam‘ R Clade,’ 3 MEﬂin,]E.M. Durn-sne,‘D A Amast
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W sressuce tansEnt stgin in Wit faserevcited de by time cesnived x-m anomalous toans -
srission. The developrent of the sdherents tain gulse & dorvisated B fpid asbipobs diffusion This
pulse eriends considesbly bmger tan the faser pesetsation depth becawe He phsmm indtall

faster than the aponstic fodes. -y diffmotion sitilations S in apfeent wit the

hserved dynarics
DOl 10106 Fh R Lare 91, 165502

Subpisaszeond lasr-induced elsowon-tole plastas in
smiconductors can poduwee lame amplitude lattice
stratn and pid loss of translational order These effects
have been studied extensively in ultrafast linear and non-
linear reflestivity experiments [1-8] and, Tore moently
in time-meclved x-ray Bragg svattering experiments
[9-15] X-ray diffraction has the alvantage that # can
provide quantitatice structuml information

Ultmfast strain propagation was recently wsed 1 ¢on-
ol the time-msalved anomalous transmission of x mys
[16] The curmnt work uses this new technique as a bulk
sansitive struetural probe 1o study the long-standing pob-
lem of propagation and cougling o the lattice of a dense
ek ctmn-bols plastha following laser excitstion.

blany previos x-my experiments [7,10,15] have been
amalyzed using the thermoelastic odel put forward by
Thomsen & «f. [17,18] in which the strin is cased by
differential themnal expansion Devistions fromm this
model are dissussed in Thomesn e #1 and have been
szen with 3-my difftacton [10,12,13,1 516]. In particu-
lar, Cavalleri et 4l [12,13] studied cobernt strain near
the melting theshald in Ge wtilizing x-ray Brags dif-
frption. They concluded then the stmin is prodused overa
egion which is thick compared o the optical penstration
depth, likely due to arcbipolar diffusion. However, their
experiment was sen sitive only 1o structural changes in the
near sumface Egion due 1o the short nIay emtnction
depth.

In the present experiments, the Laser intensity & suffi-
ciEnt to impulsively genemte a dense electma-lole
plastna at the orystal surfase, the dynamdes of ®hish am
governed by arbipolar diffusion [19] and Auger meom-
bination. The plasma couples 1o the lattice thiough the
defommarion potential Because the elsowon-tole plaoa
diffusion is w0t Liroited by the sound speed of the mate-
Hal, the stmin font inifially advances faster than the
sound spesd. The resulting acoustic pulse trvels into the
crystal bulk at the longimdinal sownd speed

165502-1 00319007 /03 /91 16165 S5 4 #2000

IACS wambas 65305, 4265Rs 6110z

In cmer 10 prote the Tesultin ¢ oobemnt asoustio puls
&= it travels deep within the bulk, we utilize the Laue
geometry whereby two linearly independent wave solu-
fioms (e and ) Popagate thimilgh the orpstal Transverss
o 1he propagation, tese meo SclUNOnS AT Standing waves
whose wavelengthe are twive the spacing of the diffrat-
ing planes. The slutions are lsheled o and @ with the
oomvention that & has itsnodes, and 2 it antinodeson the
diffracting planes In the oase that all awmns lie on
these flanes, & s mairnally ransmoitted and 2 is maxi-
mally abecrhed. Because the neo solutons intemet with
diffemnt electmn densities, they Popazate with diffamnt
velovities.

Emerging frmm fhe crystal ate two diffracted bearns:
cme in e direction of the input hearn (forward-diffroted
or 0" bears), amd the orher in the direction determined
by the vectar sum By = £, + Oy (deflected-diffracted or
H bearw). Hew & (Fy) cormsponds o the wave wectar of
the forward-diffrcted (deflected-diffmeed) beam and
&y is the meiprocal latice veetor cormsponding 1o e
diffracting flanes. These beamns am linear combinations
of cvand [ Their intensities are given by

lo=laBue 4 pEoe R, W

Iy = [cBueht - dB R, @)

where B, 5 is the fisld aroplitude inside the orystal, £, o &=
the ooreplex ave vectcr of the @ 3 sclutions (inchiding
abeorption), and a, b, ¢, 4 am deterrrined by the crystal
crientation. The two Trodes & and £ cevillate in and owtas
prass 35 thay pmpagate throush, the eryal. The wave-
lengthof the interferense, & = |k, — kgl |, is known as
the Peadellbeung length which i typically & o1 10 tens
of Tnioran.s and 15 often shiarter than the absomgtion len gth

For a crystal that s thick corepared tothe f-absorption
length, anly the o solution AuTvives and them is no -
terfemnee. This is the anamalous tRnsmission of & 7ys,

@ 2003 The £ mrerican Physical Sceiety 165302-1




PHASE TRANSITIONS AND UXD
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crpselline filwe on glass substrates, while a vamiably
delayed prote pulse provided reflectivity sapshots of e
surface iroaged onto a charge-coupled device (CCDN. The
peak purp fuence was set to 15 mal forn?, significanty
lower than the ressumd smgle-shot damage threshold
of & rlfered Figure 1 shows spatially dependent
eflectivity curves, measured aong e vertcal direction
on the individual irages. The laser pulses were spatially
filtered before interacticn with the simple, Tesulting in 2
single-wansverse-rocde, Caussian spatial pmfle.  Thos,
different positions cormesponded o differnt local excita-
fiem fhiences that wem precissly known. As imredistely
evidentin the plot, the reflectivity of the center drops rocst
rapidly tonward the equilibriura reflactivity of the metallic
phase [6], mached well within Tnnd eds of frmoseconds
At 3 time delay of about 10 ps, a lamper area exhibits
the sarce Teflectivity, as parts of the sanple that am
purcped at lower fluence switch at a skowermte. The low-
mflectivity area prgEssively enlanres, Raching a Toani-
o after approximaely Sns and slowly etumning
toward the optical propertes of the low-errperature phass
in severl tens of namoseconds.  Simdlar o what was
observed in a nurober of optical experiren s investigating
phase trnsformatioms [7], ahove a distinet threshald the
Eflectivity setiles 0 the value characteristic of the new
phase, independent of the local excitation fluence. Thos,
2 true phase change can be hypothesized, as opposed to
sircqle carmier excitation, obeersed at the eardiest tme de-
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Ferotosecond laser encitaion is an ideal ool for driving
Toaterisls into extereely hizh nonequilibhiurn states, Ex-
citation conditions comesponding to one excited electzon
per atorn can be achieved in a tire detemnined by the du-
ration of the laser pulses. Both thess swtes and al=o the
short-lived states of high pressures and terpemtimes re-
sulting foro the therroalization of e initial energy distri-
tution mpresent exciting amas of study.

Cme intemsting exarnple of this class of plencTnena
is the electonically indueed solid-to-liquid fransition
in semiconductors, or nonthemal meling [1-3]. This
process i wiggerd by interband escitaion of a denss
alectmm-hole plastoa (=107 cm~?) leading to wtrafast
discodening of the serviconductor crystal [4.5] and the
fomrnation of a hot liquid & high pressum. A coroplex
chain of phenorena follows on a picosecond tre scals,
including stong density perturbations propagating away
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frorn the molten layer, and the ablaton of macmecopic
araounts of raterial [6] at higher laser fiuences.

Unfil wcently, Wimmfast processes could be messued
only by wsing optical techniques. With the advent of ul-
trashort x-may pulses, powerfiul tools such as Hme-maolvwed
H-ray diffraction hawe becorre available, enabling roouch
desper mwestgation into the plenorena of interest here.
Sofar the power of this new enperircental tectnique has
been derronstmted in studies on lattice dynardes [7-10]
and ultrafast disordering [11] Two moent axperirental
studies have showwn fhat wltafast moeltn g occurs horooge-
neously over Inacrossopic wolurmes of rnaterial [12] and cn
a subpicosecond tme scale [13].

Her we ®Eport on a set of experiments that extend the
seope of this reseamh both in termos of the investigated
phenornena and experitnental capabilites. By measuring
farrtosecond w-ray diffracton fromn a Cre-21 heterostrue-
e underpoing witrafastroelting 4 the surface, we directly
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lays when the optical pmperties follow the spatial profik
of the pump laser. A T-ral/ered threshold was obtained
by companng the measued makinom tmansfomed area
and the purep-ft prcdile [8] evohutions
sarnpled at {hee different positions of e photopumped
spot are shown in the respective insets. Exponential fits
40 these curves indicate that for increasing purp fuence
te Mmsulaorteretal Tansiton tme decreases fromo
reore than S0 pe o about 100 fs. A sharp decease in
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High density encitation of
toecond laser pulses has led o
ena such &= fermiosecond lasey

phase wansition [1-3]. These phenomens
saproatemals are considered to be induced
citation of electrons frorn bonding into
(electronic softening), which will lead 4o 4
tordon aong the latdce potental [3,4].
Hon of electmons changes the aquilibriur
atoroes; the atoros then oszillate around 1)
Hurn positons, a mechanismn dmown a= d
tion of colemnt phonons [3]. In the past
phonons have ben acthrely studied in a
als frorn varous viewpaints [5-9] Hos
imvestigaticns of coherent phonons hawe
under high density excittion [10-14].
sity encitaion with several al ferc?, the
cohemnt lattice displacerrent could incre.
pement of the lattice constnt. In this con
plitude cohemnt phonons would play an
stouctural moodification. The purposs off
study the chamcerisic properties of the
cohernt phomons under the anbamnonic
this is based on the claszical mechanics
cates that the frequency of the anharroo]
pends on the arnplitude of the oocilladon)
The cobemnt lattce vibmtons acited
tensity conditicns in LiTala, a femoelest)
tansparent 1o the wisible and nearinfrare,
studied by Brennan and Melson [12]. Thy
overtones of the cobemnt lattice vibration
der. Hoeever, a frequency shift of the ph
1o anbamnonicity has not been obeened.
[11] have mported that in photoexcited
quency of the cohe®nt A, mode decres
increasing the purop power density. They
that the ongin of the fraquency shift iz th
ening, whereas the asyroroetdc line shapd
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SUMMARY

= ALL-OPTICAL PHONON EXPERIMENTS ARE FAIRLY WELL UNDERSTOOD (BUT

QUESTIONS REMAIN ABOUT THE GENERATING MECHANISMS: STIMULATED RAMAN vs.
OTHERS)

COHERENT EXCITATIONS:

= NEED ULTRAFAST X-RAY DATA TO GET ATOMIC DISPLACEMENTS

= IMPORTANT X-RAY EXPERIMENTS HAVE BEEN PERFOMED BUT MUCH REMAINS TO
BE DONE. NOTHING YET ON SPIN EXCITATIONS OR OTHER NON-VIBRATIONAL MODES.

ANHARMONICITY:

= POORLY UNDERSTOOD. PREVIOUS OBSERVATIONS MOST LIKELY DUE TO INDIRECT

ELECTRONIC EFFECTS. X-RAY WORK IMPORTANT TO DISTINGUISH VIBRATIONAL
FROM OTHER EFFECTS.

NON-THERMAL MELTING:

= VERY IMPORTANT BUT POORLY UNDERSTOOD. X-RAY DATA CRUTIAL. NEED
OPERATIONAL DEFINITION. POSSIBLY SERIOUS PROBLEMS WITH TIME SCALES.

TRANSIENT PHASE TRANSITIONS:
* DYNAMICAL BROKEN SYMMETRY
= DOMAIN REVERSAL



