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Stimulated Raman ScatteringStimulated Raman Scattering

Many people want infrared lasersMany people want infrared lasers
One of best options: Raman shifting a One of best options: Raman shifting a 
pulsed visible (e.g. dye) laserpulsed visible (e.g. dye) laser
Widely tunable from nearWidely tunable from near--UV to midUV to mid--IRIR
Easily coupled with cavity ringEasily coupled with cavity ring--downdown

absorption sensitivity ~ 1 part in 10absorption sensitivity ~ 1 part in 1066

ideal for pulsed (supersonic expansion) ideal for pulsed (supersonic expansion) 
sourcessources



SRS: The MethodSRS: The Method

High pressure gaseous HHigh pressure gaseous H22 cell (4155 cmcell (4155 cm--11 shift)shift)
Third Stokes from dye laser Third Stokes from dye laser →→ 33––8 8 µµmm
Raman efficiency Raman efficiency ∝∝ 1/1/λλ

need need multipassmultipass cell, high input powercell, high input power

~4 meters

630-730 nm
~30 mJ



SRS: The ProblemSRS: The Problem

Need high input power into Raman cellNeed high input power into Raman cell
Shallow focus into long (~4 m) cellShallow focus into long (~4 m) cell
Focus can walk around in cell with Focus can walk around in cell with multipassesmultipasses
Need high reflectivity, high damage thresholdNeed high reflectivity, high damage threshold

new mirror used mirror



The Promise of Solid HThe Promise of Solid H22

Gain Gain ∝∝ n/n/ΓΓ
Solid: higher n, Solid: higher n, 
smaller smaller ΓΓ
Solid Raman gain is Solid Raman gain is 
1000x higher1000x higher

Katsuragawa & 
Hakuta, Opt. Lett. 25,
177 (2000)

Eliminate Eliminate multipassmultipass
cell?cell?

Momose, Weliky, & Oka
J. Mol. Spectrosc. 153, 760 (1992).

Γ = 7 MHz (0.0002 cm-1)
n = 2.7 × 1022 /cm3



First Results (Kyoto)First Results (Kyoto)

355nm
(8 mJ, unfocused
3ns, 250MHz width)

1st Stokes (416nm)

(0.4 mJ)

2nd Stokes (503nm)

(0.05 mJ)

3rd Stokes (636nm)

(0.005 mJ)

crystal
length: 10 cm
diam. :   4 mm

M. Fushitani, S. Kuma, Y. Miyamoto, H. Katsuki, T. Wakabayashi, T. Momose, & A.F. Vilesov, Opt .Lett. 28, 37, 2003



Chicago Experiments (June 02)Chicago Experiments (June 02)

Pump: broad Pump: broad 
linewidthlinewidth doubled doubled 
Nd:YAGNd:YAG
Peculiar dependence Peculiar dependence 
on focal propertieson focal properties
Poor higherPoor higher--order order 
conversion (70 conversion (70 mJmJ
pump):pump):

2nd Stokes: 100 2nd Stokes: 100 µµJJ
3rd Stokes: 0.2 3rd Stokes: 0.2 µµJJ

B. J. McCall, A. J. Huneycutt, R. J. Saykally, 
C. M. Lindsay, T. Oka, M. Fushitani, Y. Miyamoto, & T. Momose,  Appl. Phys. Lett. 82, 1350, 2003.



Liquid Liquid ParahydrogenParahydrogen

Little studied since Little studied since 
StoicheffStoicheff (1964)(1964)
High "damage High "damage 
threshold"threshold"
Free of defectsFree of defects
Better than solid,   Better than solid,   
with tight focuswith tight focus
No output with No output with 
collimated pump!collimated pump!

B. J. McCall, A. J. Huneycutt, R. J. Saykally, 
C. M. Lindsay, T. Oka, M. Fushitani, Y. Miyamoto, & T. Momose,  Appl. Phys. Lett. 82, 1350, 2003.



Alexandrite Laser (Berkeley)Alexandrite Laser (Berkeley)

Light Age, Inc. PALLight Age, Inc. PAL
LinewidthLinewidth ~60 MHz~60 MHz
Pulse length ~100 nsPulse length ~100 ns
Wavelength 758 nmWavelength 758 nm

Directly into Directly into parahydrogenparahydrogen crystal:crystal:
Collimated: 62 Collimated: 62 mJmJ →→ 1.5 1.5 mJmJ (1st)(1st)
Focused: 39 Focused: 39 mJmJ →→ 130 130 µµJ (1st), 2 J (1st), 2 µµJ (2nd)J (2nd)

Using 1st Stokes output of DUsing 1st Stokes output of D22 shifter (978 nm)shifter (978 nm)
3 3 mJmJ →→ 50 50 µµJ (1.65 J (1.65 µµm)m)
7 7 mJmJ →→ 150 150 µµJJ
14 14 mJmJ →→ 250 250 µµJJ
lots of antilots of anti--Stokes light (up to 3rd order) Stokes light (up to 3rd order) 



Alexandrite, Alexandrite, ctdctd. (Berkeley). (Berkeley)
Liquid Liquid parahydrogenparahydrogen
"Boiling" observed with 1st"Boiling" observed with 1st--Stokes outputStokes output
Bad choice of wavelengthBad choice of wavelength Mengel, Winnewisser, & Winnewisser

Can. J. Phys. 78, 317, 2000.



ProblemsProblems

Divergence of Stokes Divergence of Stokes 
output beamoutput beam
Poor transparency of Poor transparency of 
crystal, central voidcrystal, central void
Damage frequently Damage frequently 
occurs at interface occurs at interface 
with windowwith window

H2

Cu Cell 
He Cryostat

crystal growth 
(c- axis of hcp)



Future WorkFuture Work

So far, results are not So far, results are not 
very encouragingvery encouraging
Not yet competitive Not yet competitive 
with with multipassmultipass cellcell
One last idea: grow a One last idea: grow a 
transparent crystal transparent crystal 
from the liquidfrom the liquid

no void in middleno void in middle
fewer defects at fewer defects at 
interface with windowinterface with window

H2

Cu/SS Cell 
He Cryostat

crystal growth 
(c- axis of hcp)
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