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ERRATA

TO:» A1l rec1p1ents of UCRL- 20588

'FROM Technical Informatlon DlVlSth-"

Subject;»»UCRL*QOSBS, "Correlation Between-Backward Stimulated Raman
' . Pulse and Moving Focus in Liquids", M. M. T. Loy
and Y. R. Shen, May 1971

Please,makevthe following correction on subject_repeft:

Paée T, add the follow1ng flgure 1
Fig. 3; Osc1lloscope traces of the 1nput laser pulses (leff traces
lC-nsec/dlv.) and the corresponding filament and hackward Raman_
puleesv(right-traces‘A2-nsec/diV') Both the filament pulsee
(the lead ones) and the Raman pulses have ‘pulse duratlons less
fthan 0.1 nsec. From the tlme separation between_the two pulses,
Vﬁe ean deduce the'spatialvseparation_d (see hhe fextﬁ;‘ The.input
l peak pqwer was below'the'self—focueing thheshold in (a) and above
. the eelf—focusing threshold in (b)’and (¢) for the same cell length
~Itvie seen in (b) -anad (c) that the pulse separatlon 1ncreases as

. the. 1nput power 1ncreases

Page 10, add Figure 3. ‘t',‘ o ' o ) " ﬂ.::‘ ‘ “}7/EZ//7{
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FIGURE CAPTIONS

fig.‘l; U curve descfibing‘the'position of the focal spot as a func-
B tion of time.resultihg from self-foousing of a Q—switehed laser
hpuise. The wavefront of thenhackward Ramanvpuise originates
vfrom the p01nt A and propagates along the dot- dashed llne with
llght veloc1ty c/n. The distance d is the spatlal'separatlon:
between the backward Raman‘pulse and the "filament"vpulSe at the
» timefphen the iatter leaves the’eell.
'Fig..gfh Pulse_éeparatdon d as a‘function of peak'power of inpdt laser
pulse for four different cell lengths. The solid curves are .
‘ohtained from the eXperimentally:determined U ourvesvusing the

moving focus model. The discrete data pointsvare'obtained from.

direct time correlation measurements without.referrihg to any model.

Fig; 3. Oscilloscope traces of the input laser pulses (left traces;
10 nsec/div.) and'the cofresponding filaﬁent and backward Raman
pulses (riéht traces; 2 nsec/div.). Both the filament pulees
(the lead ones) ahd the'Raman pﬁlses have pulse durations less
thaﬁ~o.l nsec.' From the time separation between the twovpulses
wevcan deduce the spatlal separation d (see the text) The input

peak power was below the self focus1ng threshold in (a)'and above

b‘the self- focu51ng threshold in (b) andv(c) for the same cell length.

7

It is seen in (b) and (c) that the pulse separation increases as

~the input power increases.

\\
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Correlation Between Backward Stimulated Raman Pulse and
) Moving Fqcus in Liquids
‘M. M. T. Loy and Y. R. Shen
Department of Phy31cs, Unlver81ty of Callfornla
- and :

Inorganic Materials Research Division,

Lawrence Radiation Laboratory,
Berkeley, Callfornla 94720

ABSTRACT

Wé'have studied’the.correlatién between béckwafd sfimu-
lated ‘Raman pulse and small-scale "fllament" 1nduced by Q—
sw1tched 1aser pulse in Kerr liquids. We:shqw that the

"£ilament" is the result of a moving focus and that the

backward Raman pulse is 1n1t1ated by the mov1ng focus 1n—fA

's1de the llquld cell.
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In Stndyiné stinulated'Raman sCattering in’Kerr iiquids with a‘
>Q—switched laser, Maier et al.1 have demonstrated that.the backward
Raman radlatlon often appears as an intense ultrashort pulse They
'fassume the Raman radiation is 1n1t1ated from the "filement" at the
end of the cell and show that the ultrashort Raman pulse results from
continuous amplification of.the leading edge of the pulse through
interaction with the incomingvfresh laser beam.l Recently, we have
proved2 that, with Q-switched pﬁlses, the so—called'"filament"3 is
simply‘the resuit of'a moving focus hl We have also been able to.
correlate both forward and backward Raman pulses with the mov1ng focal

spot 255

In this letter we show, from results of time correlation
meaSurements that the backward Raman pulse can often be initiated from
.the moving focus well" 1n51de the cell The experlmental results agree
quantitatively with predictions from the mov1ng focus model and
therefore can also be taken as a dlrect conflrmatlon of the moving
focus model. |

To " 1llustrate the correlation between backward Raman radiation
and the mov1ng focus, we show, in Fig. 1, the U curve describing the
.position of the focal spet inside the cell as a function of time.??6
This.U curve is obtained from the equation for the self-focusing

7

distance

1/2

2,(t) = k/[P/2( —zm/e) -22/2] W

where P(t) is the power of the input laser pulse, and X and-Pér are
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parameterSgdetermined hw the'hean eharaeteristiesfandvlidnid properties.7
The extremely‘high laserfintensity in the focal region initiates stimu- v
lated Raman scattering readily. Consequently, we would expect to see
:Raman radiationvcontinuously initiated from the'mowing focal spot.
However, for the backward Raman radiation, it is.clear from Figf'l that
the leading edge is initiated from the'region,arOund'A where the_sloée d
of the'curve is ;c/h. This leadingledge'of;the Raman pulse propagating'
backward along the dot dashed line 1ntercepts the 1ncom1ng fresh laser
beam before the laser beam is self—focused Then at the expense of the
laser beam, it gets ampllfled 1nto an.lntense ultrashort pulse, as has
been observed.l On the other hand, the hlghly depleted laser beam is

‘no longer strong enough'to'selfsfoeus. As a result, the foeal spot
moving on'the lover branch of the U curve gets terminated not too far
‘away from the point A.

We now consider the upper branch of the U curVe_(abowefA). Here,
self;focusing is not affected in any significant way by stimulated
scatterlng s1nce the self-focused beam is not 1ntercepted by the
backward Raman radlatlon._ In .a sufficiently long cell -the focal spot
actually appears mov1ng forward towards the end of the cell with
T a veloclty faster than light veloclty 2 If we arrange the detector to
collect only llght emitted from the focal spot appearing within the
'_last 1 cm of the cell, we shOuld expect to‘see a pulse shorter than
0.1 nsec. As seen from Fig. 1, at the t1me when this short pulse Just ,
leaves the end of the cell %, it is at a dlstance d apart from the

backward Raman'pulse.
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Thus. using the‘moulng focus model- we can flnd d from a glven U
curve for a given cell length. The U curve is constructed from Eq. (1),
where the quantities P(t), P . end K can all be obtained experimentally.2
In our experiments, we used a single-mode ruby laser with g beam dlameter
of 300 Um, a pulse width of 8 nsec, and max1ﬁum peak power of about
200 kW. Self-foeusing of the beam in Kerr liquids consistently led to

1/2

a single "filament." We measured K/PCr
1/2

| usiné the method of Wang,8
and found in‘toluene K/P é.8 cm. We then monltored the input -
laser pulse by.an ITT FhOlB fast detector in eonnection-with a Tektronix
519 oscilloScope. The calibrated osc1lloscope trace ylelded the func-_
-tion P(t)/P P whlch in turn.glves the correspondlng U curve. We were
» thus able to flnd the value d as a functlon of the peak power of the
'1nput laser pulse at a given cell length. The results are. glven by the
solid curves in Fig. 2 for four dlfferent cell lengths

-On the other hand, we‘can measure 'd-directly without referring\tov
any model. This was done by recerding simultaneéusly the ﬁfilament"
pulse (from the focal spot at the end of the cell) and the backward
Raman pulse on the 519 osc1lloscope and measuring the time separatlon
At between’ the two pulses. From the ﬂnown optlcal paths of the two
pulses, we can eas1ly obtain d from the measured At. For each shot we
also monltored 31multaneously the 1nput pulse on another.519 0501lloscope.
The results are shown in Flg 2 as discrete data po1nts. They agree
very well with the sol1d.curves.. B

The good quantitative agreement hetween"the measured d ahdvthat :
calculated froh the U curve using the movihg feeus hodel leads to the

following conclusions. First, the backward Raman pulse is indeed
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'ihitiatéd'froﬁ;fhé?point A (Fig. 1) inside tﬁe’ééli;:ﬁnléss the cell
length is 1¢ss than z,e In'ﬁhe latter»case; the‘puisé ié initigted at
the end of thé cell and aécordingly, d is zerof; Second, the'"filamént"
ié in fact the result of moving'focal spot, at leastvfor the case

of Q-switched pulses. Third, the focal—spot movement is qulte ac-
curately descrlbed by Eq. (1). 1In partlcular, since the experlment

1nvolves the upper branch of the U curve, 1t shows that the focal spot

can 1ndeed move forward with a veloczty faster than 11ght veloc1ty.
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. "We notlce that in Ref 1 the laser pulse had ‘a- pulse duratlon

of 15 nsec,va beam diameter of 2mm, and a peak power of 1 Mwatts.

Then, in a 30 cm CS cell the focal spot should first appear at

2

the end of the cell and. move backward ‘and the correspondlng

'backward Raman pulse should actually.orlglnate at the end of the

ceil as the authorsfcorrectlyvassumed.
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FIGURE CAPTIONS

'Fig; 1. U curve descrlblng the position of the focal spot as a func-
| tion of time resultlng from self-focu31ng of a Q—sw1tched laser
pulse. . The wavefront of the backward Raman pulse origlnates
from the point A and propagates along the dot«dashed 11ne w1th
light velocity c/n. The dlstance d is the spetial separatlon
between the backward Raman pulse and the "fllament" pulse at the
tlme when the latter leaves the cell |
_Fig.‘2.v Pulse separation d‘as a function ofupeak power of input leeer

pulse-for fdur different cell 1engths; The eolid curuee are
‘obtained from the experlmentally determlned U curves using the
mov1ng focus model. The dlscrete data p01nts are obtained from

direct time correletlon.measurements without referring to any

model.
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