
Υ:.... - • ·: - . -

Xaser 
Spectroscopy VI 

Proceedings of the Sixth International Conference, 
Interlaken, Switzerland, 
June 27-July 1,1983 

Editors 
H.1f Weber and W Lüthy 

With 258 Figures 

Springer-Verlag Ά 
Berlin Heidelberg New York Tokyo 1983 



Contents 

Port 7 P h o t o n s i n S p e c t r o s c o p y 

I s F i e l d Q u a n t i z a t i o n E s s e n t i a l f o r D i s c u s s i n g Atoms i n Laser Beams? 
By C. C o h e n - T a n n o u d j i 2 

T u r b u l e n c e and 1/f S p e c t r a i n Quantum O p t i c s 

By F.T. A r e c c h i ( W i t h 2 F i g u r e s ) 8 

" T u r b u l e n c e " (Chaos) i n a L a s e r . By C O . Weiss ( W i t h 3 F igures. ) 12 

P h y s i c a l A p p l i c a t i o n s o f Photon Momentum 
By S. S t e n h o l m 14 

D e f l e c t i o n o f a Sodium A t o m i c Beam by L i g h t P r e s s u r e E x e r t e d by 
A b s o r p t i o n f r o m a M u l t i p l e Laser Beam. By W. Yuzhu, Z. R u f a n g , 
Z. Z h i y a o , C. Waiquan, and N. Guoquan 20 

Part 2 S p e c t r o s c o p y o f E l e m e n t a r y Sys tems 

A T e s t o f E l e c t r o w e a k U n i f i c a t i o n : O b s e r v a t i o n o f P a r i t y V i o l a t i o n i n 
Cesium. By M.A. B o u c h i a t , J . Guena, L. H u n t e r , and L. P o t t i e r 
( W i t h 2 F i g u r e s ) 22 

Measurement o f t h e P o s i t r o n i u m 1 3 S 1 - ^ 2 3 S 1 Two-Photon T r a n s i t i o n 
By S. Chu, A . P . M i l l s , J r . , and J . L . H a l l ( W i t h 4 F i g u r e s ) 28 

U l t r a v i o l e t - I n f r a r e d Double-Resonance Laser S p e c t r o s c o p y i n 3 He and 
4 H e Rydberg S t a t e s 
By L.A. B l o o m f i e l d , H. G e r h a r d t , and T.W. Hansen 34 

E x p e r i m e n t a l I n v e s t i g a t i o n s o f t h e P h o t o i o n i z a t i o n S p e c t r a o f L i t h i u m 
Atoms P e r t u r b e d by an I n t e n s e M a g n e t i c F i e l d . By P. C a c c i a n i , 
S. L i b e r m a n , J . P i n a r d , and C. Thomas 38 

P r e c i s i o n Lamb S h i f t Measurement i n H e l i u m - L i k e L i + w i t h an Automated 
M i c h e l son I n t e r f e r o m e t e r . By J . K o w a l s k i , R. Neumann, S. N o e h t e , 
R. S c h w a r z w a l d , Η . S u h r , and G. zu P u t l i t z ( W i t h 2 F i g u r e s ) 40 

Lamb S h i f t Measurement i n H y d r o g e n i c Phosphorus 
By P. P e l l e g r i n , Y. El M a s r i , L. P a l f f y , and R. P r i e e l s 
( W i t h 1 F i g u r e ) 43 



Part 3 C o h e r e n t Processes 

Photon Echoes w i t h Angled Beams. By R. Beach, B. B r o d y , and 
S.R. Hartmann ( W i t h 4 F i g u r e s ) 48 

S t i m u l a t e d Photon Echoes i n Y t t e r b i u m Vapour. By F. de Rougemont, 
J . - C . K e l l e r , and J . - L . Le Gou'et ( W i t h 2 F i g u r e s ) 53 

S u p e r r a d i a n c e and S u b r a d i a n c e . By A. C r u b e l l i e r , S. L i b e r m a n , 
D. P a v o l i n i , and P. P i l l e t ( W i t h 2 F i g u r e s ) 56 

Quantum Beats i n t h e Forward S c a t t e r i n g o f Resonance R a d i a t i o n 
By T. D o h n a l i k , M. S t a n k i e w i c z , and J . Z a k r z e w s k i 58 

Part 4 Nove l S p e c t r o s c o p y 

Raman H e t e r o d y n e D e t e c t i o n o f NMR. By J . M l y n e k , N.C. Wong, 
R.G. DeVoe, E.S. K i n t z e r , and R.G. Brewer ( W i t h 3 F i g u r e s ) 60 

I o n i z a t i o n D e t e c t e d Raman S p e c t r o s c o p y . By P. E s h e r i c k and 
A. Owyoung ( W i t h 1 F i g u r e ) 66 

V e l o c i t y - M o d u l a t e d I n f r a r e d Laser S p e c t r o s c o p y o f M o l e c u l a r I o n s 
By C S . Gudeman, M.H. Begemann, J . P f a f f , E. S c h ä f e r , and 
R.J. S a y k a l l y ( W i t h 3 F i g u r e s ) 69 

Laser S p e c t r o s c o p y o f M o l e c u l a r Ions i n Plasmas 
By R. Walkup, R.W. D r e y f u s , and Ph. A v o u r i s ( W i t h 1 F i g u r e ) 7 2 

S i n g l e E i g e n s t a t e P o l y a t o m i c M o l e c u l e V i b r a t i o n a l S p e c t r o s c o p y a t 
1-4 eV. By H.L. D a i , E. Abramson, R.W. F i e l d , D. I m r e , J . L . K i n s e y , 
C L . K o r p a , D.E. R e i s n e r , and P.H. Vaccaro ( W i t h 2 F i g u r e s ) 74 

I m a g i n g L a s e r - I n d u c e d F l u o r e s c e n c e T e c h n i q u e s f o r Combust ion D i a g n o s t i c 
By M. A l d e n , H. Edner , P. G r a f s t r ö m , Η . L u n d b e r g , and S. Svanberg 
( W i t h 2 F i g u r e s ) 78 

Laser M a g n e t i c Resonance S p e c t r o s c o p y o f Atoms 
By K.M. Evenson and M. I n g u s c i o ( W i t h 1 F i g u r e ) 80 

R o t a t i o n a l S p e c t r o s c o p y o f M o l e c u l a r Ions by Laser M a g n e t i c Resonance 
By K.G. L u b i c , D. Ray, and R.J. S a y k a l l y ( W i t h 2 F i g u r e s ) 8 2 

O p t i c a l l y - I n d u c e d S p i n P o l a r i z a t i o n s i n T r a n s i t i o n M e t a l Complexes 
and A r o m a t i c Hydrocarbons a t Room T e m p e r a t u r e 
By Y. Takagi ( W i t h 1 F i g u r e ) 85 

E l e c t r o n S p e c t r o m e t r y Study o f I o n i z a t i o n i n a L a s e r - E x c i t e d A t o m i c 
Vapor. By J . M . B i z a u , B. C a r r e , P. Dhez, D.L. E d e r e r , P. G e r a r d , 
J . C K e l l e r , P. Koch, J . L . Le Gouet , J . L . P i c q u e , F. R o u s s e l , 
G. S p i e s s , and F. W u i l l e u m i e r ( W i t h 1 F i g u r e ) 89 

Resonant M u l t i p h o t o n O p t o g a l v a n i c S p e c t r o s c o p y o f R a d i c a l s i n Flames 
By J . E . M . G o l d s m i t h ( W i t h 2 F i g u r e s ) 91 

VIII 



Optoga1 v a n i c Double Resonance S p e c t r o s c o p y o f A t o m i c and M o l e c u l a r 
D i s c h a r g e s . By K. M i y a z a k i , Η . S c h e i n g r a b e r , and C R . V i d a l 
( W i t h 2 F i g u r e s ) 93 

L e v e l - C r o s s i n g O p t o g a l v a n i c S p e c t r o s c o p y . By P. H a n n a f o r d , D.S. Gough, 
and G.W. S e r i e s ( W i t h 2 F i g u r e s ) 95 

Part 5 H i g h S e l e c t i v i t y S p e c t r o s c o p y 

A Pulsed Laser I o n i z a t i o n Source f o r an U l t r a s e n s i t i v e Noble Gas Mass 
S p e c t r o m e t e r . By B.E. Lehmann, G.S. H u r s t , C H . Chen, S.D. Kramer, 
M.G. Payne, and R.D. W i l l i s 100 

S i n g l e M o l e c u l e D e t e c t i o n U s i n g CVL-Pumped Dye L a s e r s 
By G. D e l a c r e t a z , J . P . W o l f , L. W ö s t e , Μ. B r o y e r , J . C h e v a l l e y r e , 
and S. M a r t i n ( W i t h 1 F i g u r e ) 101 

On the Way t o t h e Laser H i g h l y - S e l e c t i v e D e t e c t i o n o f Very Rare 
I s o t o p e s A g a i n s t t h e Background o f Abundant I s o t o p e s 
By V . l . B a l y k i n , Yu.A. K u d r i a v t s e v , V.S. L e t o k h o v , A.A. Makarov, 
and V.G. M i n o g i n 103 

Part 6 H i g h R e s o l u t i o n S p e c t r o s c o p y 

L o n g i t u d i n a l Ramsey F r i n g e S p e c t r o s c o p y i n an A t o m i c Beam 
By J . J . S n y d e r , J . Helmcke, M. G l ä s e r , and D. Z e v g o l i s 
( W i t h 4 F i g u r e s ) 108 

H o l e b u r n i n g and C o h e r e n t T r a n s i e n t S p e c t r o s c o p y o f C a F 2 : P r 3 + 

By R.M. M a c f a r l a n e and R.M. Shelby ( W i t h 3 F i g u r e s ) 113 

High P r e c i s i o n Measurements o f Atomic Level S p l i t t i n g s by Means o f 
P e r i o d i c Pumping w i t h P icosecond L i g h t Pulses 
By H. Harde and H. B u r g g r a f ( W i t h 2 F i g u r e s ) 117 

High R e s o l u t i o n C o r r e l a t i o n S p e c t r o s c o p y U s i n g Broad-Band Lasers 
By G . I . Bekov and A.V. Masalov ( W i t h 1 F i g u r e ) 120 

H i g h - S e n s i t i v i t y D o p p l e r - F r e e S p e c t r o s c o p y v i a Four-Wave M i x i n g 
By R.K. R a j , E. K ö s t e r , Q.F. Gao, G. Camy, D. B l o c h , and 
M. Ducloy ( W i t h 6 F i g u r e s ) 122 

H i g h - R e s o l u t i o n , Fast-Beam/Laser I n t e r a c t i o n s : S a t u r a t e d A b s o r p t i o n , 
Two-Photon A b s o r p t i o n , and r f - L a s e r Double Resonances 
By N. B j e r r e , M. K a i v o l a , U. N i e l s e n , 0 . P o u l s e n , P. T h o r s e n , 
and N . I . W i n s t r u p ( W i t h 3 F i g u r e s ) 128 

S e l e c t i o n o f M o t i o n l e s s Atoms w i t h O p t i c a l Pumping 
By M. P i n a r d and L. J u l i e n ( W i t h 1 F i g u r e ) 131 

Q u a n t i t a t i v e A n a l y s i s o f N o n - L i n e a r Hanle E f f e c t : S u b n a t u r a l S p e c t r o ­
scopy o f t h e 3 P o > i,2 C a l c i u m M e t a s t a b l e T r i p l e t Produced i n a H o l ­
low Cathode D i s c h a r g e . By B. B a r b i e r i , N. B e v e r i n i , G. B i o n d u c c i , 
M. G a l l i , M. I n g u s c i o , and F. S t r u m i a ( W i t h 2 F i g u r e s ) 133 

IX 



S u b n a t u r a l L i n e w i d t h E f f e c t s i n P o l a r i z a t i o n S p e c t r o s c o p y 
By W. G a w l i k , J . K o w a l s k i , F. T r ä g e r , and Μ. V o l l m e r 
( W i t h 2 F i g u r e s ) 136 

S t a t e - D e p e n d e n t H y p e r f i n e C o u p l i n g o f HF S t u d i e d w i t h a F r e q u e n c y -
C o n t r o l l e d C o l o r - C e n t e r Laser S p e c t r o m e t e r . By Ch. B r e a n t , T. B a e r , 
D. N e s b i t t , and J . L . H a l l ( W i t h 6 F i g u r e s ) 138 

D o p p l e r - f r e e Two-Photon E l e c t r o n i c S p e c t r a o f Large M o l e c u l e s w i t h 
R e s o l u t i o n Near t h e N a t u r a l L i n e w i d t h . By E. R i e d l e , Η . S t e p p , 
and H.J . Neusser ( W i t h 2 F i g u r e s ) 144 

Near UV High R e s o l u t i o n M o l e c u l a r S p e c t r o s c o p y t h e R o v i b r o n i c S p e c t r a 
o f Large O r g a n i c M o l e c u l e s and T h e i r van d e r Waals Complexes 
By W.L. Meerts and W.A. Majewski ( W i t h 2 F i g u r e s ) 147 

The H i g h R e s o l u t i o n I n f r a r e d S p e c t r o s c o p y o f C y c l o p r o p a n e V9+V10 
C o m b i n a t i o n Band P e r t u r b e d by Fermi Resonance. By Z. Q i n g s h i , 
S. Z h i y e , S. H u i h u a , L. H u i f a n g , Z. Baoshu, H. R u n l a n , and 
Z. Cunhao ( W i t h 2 F i g u r e s ) 150 

D o p p l e r - f r e e O p t o a c o u s t i c S p e c t r o s c o p y Ammonia 
By P. M i n g u z z i , M. T o n e l l i , A. C a r r o z z i , S. P r o f e t i , and 
A. Di L i e t o ( W i t h 2 F i g u r e s ) 152 

I n f r a r e d A b s o r p t i o n S p e c t r o s c o p y o f S u p e r c o o l e d M o l e c u l a r J e t U s i n g 
a T u n a b l e Diode L a s e r . By H. Kuze, Y. M i z u g a i , H. J o n e s , and 
M. Takami ( W i t h 3 F i g u r e s ) 154 

H i g h R e s o l u t i o n Laser S p e c t r o s c o p y on SH i n a M o l e c u l a r Beam 
By W. Ubachs, J . J . Ter M e u l e n , and A. Dymanus ( W i t h 2 F i g u r e s ) . . . 157 

D i r e c t O p t i c a l D e t e c t i o n o f Ramsey F r i n g e s i n a S u p e r s o n i c Beam o f SF 6 

By Ch. Salomon, S. A v r i l l i e r , A. Van L e r b e r g h e , and C h . J . Borde 
( W i t h 1 F i g u r e ) 159 

Part 7 C o o l i n g a n d T r a p p i n g 

L a s e r C o o l i n g o f Free N e u t r a l Atoms i n an A t o m i c Beam 
By W.D. P h i l l i p s , J .V . P r o d a n , and H.J. M e t c a l f ( W i t h 4 F i g u r e s ) . 162 

P r e c i s i o n Measurements o f Laser Cooled 9 B e + I o n s 
By J . J . B o l l i n g e r , D.J. W i n e l a n d , W.M. I t a n o , and J . S . W e l l s 
( W i t h 2 F i g u r e s ) 168 

E x p e r i m e n t a l D e t e r m i n a t i o n o f t h e Energy o f Ions S t o r e d i n a Q u a d r u p o l e 
T r a p f r o m T h e i r Microwave D o p p l e r S p e c t r u m . By M. J a r d i n o , 
F. P l u m e l l e , and M. D e s a i n t f u s c i e n ( W i t h 1 F i g u r e ) 173 

U l t r a v i o l e t Laser I n d u c e d F l u o r e s c e n c e S p e c t r o s c o p y o f M o l e c u l a r I o n s 
i n a R a d i o f r e q u e n c y I o n T r a p . By J . P f a f f , C. M a r t n e r , N. Rosenbaum, 
A. O'Keefe, and R.J. S a y k a l l y ( W i t h 1 F i g u r e ) 175 

X 



Part 8 C o l l i s i o n s a n d T h e r m a l E f f e c t s on S p e c t r o s c o p y 

C o l l i s i o n - I n d u c e d P o p u l a t i o n G r a t i n g s and Zeeman Coherences i n t h e 3 2 S 
Ground S t a t e o f Sodium 
By L .J . R o t h b e r g and N. Bloembergen ( W i t h 2 F i g u r e s ) 178 

Role o f C o l l i s i o n s i n Second Harmonic G e n e r a t i o n i n A l k a l i Vapors 
By S. D i n e v , A. Guzman de G a r c i a , P. M e y s t r e , R. Salomaa, and 
H. W a l t h e r ( W i t h 2 F i g u r e s ) 183 

H e a t i n g o f Atoms by Col 1 i s i o n a l l y A s s i s t e d R a d i a t i v e E x c i t a t i o n 
By E. G i a c o b i n o , M. T a w i l , 0 . R e d i , R. V e t t e r , H.H. S t r o k e , 
and P.R. Berman 187 

F i n e S t r u c t u r e C o l l i s i o n s Between S e l e c t i v e l y E x c i t e d Rubidium Atoms 
i n I n t e r m e d i a t e D - S t a t e s . By H.A. S c h u e s s l e r , J.W. P a r k e r , 
R.H. H i l l , J r . , T. M e i e r , and B.G. Z o l l a r s 189 

Quantum D i f f r a c t i v e V e l o c i t y Changing C o l l i s i o n s o f Two Level O p t i c a l 
R a d i a t o r s . By J . E . Thomas, R.A. F o r b e r , L.A. S p i n e l 1 i , and 
M.S. F e l d ( W i t h 1 F i g u r e ) 191 

Time Resolved Study o f S u p e r e l a s t i c C o l l i s i o n s i n Laser E x c i t e d 
S t r o n t i u m Vapor. By C. B r e c h i g n a c and Ph. Cahuzac ( W i t h 1 F i g u r e ) . 195 

Time Dependence and I n t e n s i t y C o r r e l a t i o n s i n t h e Resonance F l u o r e s ­
cence T r i p l e t o f P e r t u r b e d Atoms. By G. N i e n h u i s 197 

Picosecond R e s o l u t i o n o f t h e Dynamical Inhomogeneous F l u o r e s c e n c e 
o f Large Compounds, R e l a t e d t o C o n f o r m a t i o n a l Changes and B a t h 
E f f e c t s . By C. R u l l i e r e , A. Declemy, and Ph. K o t t i s 
( W i t h 2 F i g u r e s ) 199 

Picosecond S t u d i e s o f M o l e c u l a r Dynamics i n S o l u t i o n 
By K.P. G h i g g i n o 202 

F o r m a t i o n o f Potass ium U l t r a f i n e P a r t i c l e s i n a L a s e r - P r o d u c e d S u p e r ­
s a t u r a t e d R e g i o n . By M. A l l e g r i n i , P. B i c c h i , D. D a t t r i n o , and 
L. Moi 203 

Part 9 A t o m i c S p e c t r o s c o p y 

Recent P r o g r e s s i n Laser S p e c t r o s c o p y on U n s t a b l e N u c l i d e s 
By R. N e u g a r t , E.W. O t t e n , K. Wendt, C. E k s t r ö m , S.A. Ahmad, 
and W. Klempt ( W i t h 3 F i g u r e s ) 206 

C o l l i n e a r Laser S p e c t r o s c o p y o f F u s i o n Produced I n d i u m I s o t o p e s 
By G. Ulm, J . Eberz , G. Huber, D. K a p l a n , H. Lochmann, R. K i r c h n e r , 
0. K l e p p e r , T .U. K ü h l , P.O. L a r s s o n , D. Marx, E. R o e c k l , and 
D. S c h a r d t ( W i t h 2 F i g u r e s ) 211 

D e t e r m i n a t i o n o f t h e I s o t o p e S h i f t o f N e u t r o n - D e f i c i e n t Gold I s o t o p e s 
By G. B o l l e n , Η . - J . K l u g e , Η . K r e m m l i n g , Η . S c h a a f , J . S t r e i b , and 
Κ. W a l l m e r o t h 214 

XI 



Laser S p e c t r o s c o p y on Group I I I Atoms 
By C. B e l f r a g e , P. G r a f s t r ö m , J . Z h a n - K u i , G. J ö n s s o n , C. L e v i n s o n , 
H. L u n d b e r g , S. S v a n b e r g , and C G . W a h l s t r ö m ( W i t h 4 F i g u r e s ) 216 

Part W R y d b e r g - S t a t e S p e c t r o s c o p y 

P l a n e t a r y Atoms. By R.R. Freeman, R.M. J o b s o n , J . B o k o r , and 
W.E. Cooke ( W i t h 2 F i g u r e s ) 220 

Resonant M u l t i p h o t o n I o n i z a t i o n v i a Rydberg S t a t e s - A n g u l a r D i s t r i ­
b u t i o n s o f P h o t o e l e c t r o n s . By G. L e u c h s , E. M a t t h i a s , D.S. E l l i o t t , 
S . J . S m i t h , and P. Z o l l e r ( W i t h 1 F i g u r e ) 224 

Laser S p e c t r o s c o p y o f Rydberg A u t o i o n i z a t i o n S t a t e s o f R a r e - E a r t h 
Element Tm. By E. V i d o l o v a - A n g e l o v a , D. A n g e l o v , G . I . Bekov, 
V. Fedoseev, and L.N. Ivanov 227 

O b s e r v a t i o n o f Energy Level S h i f t s o f Rydberg Atoms Due t o Thermal 
F i e l d s . By L. H o l l b e r g and J . L . H a l l ( W i t h 2 F i g u r e s ) 229 

L a s e r s p e c t r o s c o p y a t P r i n c i p a l Quantum Numbers η > 1 0 0 : H y p e r f i n e -
I n d u c e d η - M i x i n g . By R. Beigang and A. Timmermann ( W i t h 1 F i g u r e ) . 233 

P r e c i s e D e t e r m i n a t i o n o f S i n g l e t - T r i p l e t M i x i n g i n ^snd Rydberg 
S t a t e s o f C a l c i u m . By R. Beigang and A. Timmermann ( W i t h 1 F i g u r e ) 235 

R a d i a t i v e P r o p e r t i e s o f Rydberg Atoms i n Resonant C a v i t i e s 
By J . M . Raimond, P. Goy, M. G r o s s , C. F a b r e , and S. Haroche 
( W i t h 2 F i g u r e s ) 237 

The A t o m i c Rydberg Spectrum i n Crossed E l e c t r i c and M a g n e t i c F i e l d s : 
E x p e r i m e n t a l Ev idence o f a New Q u a n t i z a t i o n Law 
By F. P e n e n t , D. D e l a n d e , F. B i r a b e n , C. C h a r d o n n e t , and J . C . Gay 242 

Low F i e l d L i n e a r S t a r k E f f e c t o f High L y i n g Quasi H y d r o g e n i c Rydberg 
S t a t e s . By C. C h a r d o n n e t , F. P e n e n t , D. D e l a n d e , F. B i r a b e n , and 
J . C . Gay ( W i t h 2 F i g u r e s ) 243 

D e c o u p l i n g Between E l e c t r o n i c and N u c l e a r M o t i o n i n S u p e r e x c i t e d Rydberg 
S t a t e s o f N a 2 . By S. M a r t i n , J . C h e v a l l e y r e , H.Chr. B o r d a s , 
S. V a l i g n a t , M. B r o y e r , B. Cabaud, and A. Hoareau ( W i t h 4 F i g u r e s ) 245 

Laser Double Resonance S p e c t r o s c o p y o f M o l e c u l a r Rydberg S t a t e s 
By W. D e m t r ö d e r , D. E i s e ! , B. H e m m e r l i n g , S.B. Rai 
( W i t h 4 F i g u r e s ) • 250 

Part 7 7 M o l e c u l a r S p e c t r o s c o p y 

Crossed M o l e c u l a r Beam and Laser S p e c t r o s c o p y o f t h e T r i p l e t S t a t e 
b 3 n u o f N a 2 . By F. S h i m i z u , K. S h i m i z u , and H. Takuma 
( W i t h 2 F i g u r e s ) 254 

XII 



Laser S p e c t r o s c o p y o f H g 2 M o l e c u l e s 
By J . B . A t k i n s o n , R. N i e f e r , and L. Krause ( W i t h 1 F i g u r e ) 257 

P h o t o a c o u s t i c Laser S p e c t r o s c o p y o f High V i b r a t i o n a l Overtones o f t h e 
S i - Η L o c a l Mode i n S i l a n e s . By R.A. B e r n h e i m , F.W. Lampe, 
J . F . O'Keefe, and J .R. Qualey I I I 259 

Laser S t a r k S p e c t r o s c o p y o f Carbon D i o x i d e i n a M o l e c u l a r Beam 
By B . J . O r r , Τ . Ε . Gough, and G. S c o l e s ( W i t h 1 F i g u r e ) 260 

The V i s i b l e Spectrum o f J e t - C o o l e d CC1F2N0 
By N.P. E r n s t i n g ( W i t h 2 F i g u r e s ) 262 

Part 12 T r a n s i e n t S p e c t r o s c o p y 

Laser I n d u c e d F l u o r e s c e n c e f r o m a M o l e c u l e i n t h e Process o f F a l l i n g 
A p a r t . By H.-J . F o t h , J . C . P o l a n y i , and H.H. T e l l e ( W i t h 1 F i g u r e ) 266 

I n f r a r e d Laser S p e c t r o s c o p y and V i b r a t i o n a l P r e d i s s o c i a t i o n o f van d e r 
Waals C l u s t e r s o f U n s a t u r a t e d Hydrocarbons 
By R.E. M i l l e r , G. F i s c h e r , and R.O. W a t t s ( W i t h 2 F i g u r e s ) 269 

I n f r a r e d V i b r a t i o n a l P r e d i s s o c i a t i o n S p e c t r o s c o p y o f van d e r Waals 
C l u s t e r s . By J . - M . Z e l l w e g e r , J . - M . P h i l i p p o z , P. M e l i n o n , 
R. M o n o t , and H. van den Bergh ( W i t h 2 F i g u r e s ) 271 

V i b r a t i o n a l and R o t a t i o n a l Level Dependence o f t h e Decay o f P r o p y n a l 
i n a S u p e r s o n i c Free J e t . By H. S t a f a s t , H. B i t t o , and J .R. Huber 
( W i t h 2 F i g u r e s ) 273 

Two Photon S p e c t r o s c o p y and K i n e t i c s o f Xe Dimers 
By D. Haaks and M. Swertz ( W i t h 3 F i g u r e s ) 276 

A b s o r p t i o n R a d i o l y s i s o f S h o r t L i v e d E x c i t e d S p e c i e s U s i n g a Long 
Pulse Dye L a s e r . By K. Ueda, S. Kanada, Μ. K i t a g a w a , and 
H. Takuma ( W i t h 2 F i g u r e s ) 278 

Novel Method o f T r a n s i e n t S p e c t r o s c o p y i n Laser C a v i t y 
By T. S h i m i z u , M. K a j i t a , T. Kuga, H. Kuze, and F. Matsushima 
( W i t h 2 F i g u r e s ) 280 

T r a n s i e n t s i n a F a r - I n f r a r e d Laser 
By M. L e f e b v r e , P. B o o t z , D. D a n g o i s s e , and P. G l o r i e u x 
( W i t h 2 F i g u r e s ) 282 

Part 13 S u r f a c e S p e c t r o s c o p y 

S u r f a c e Enhancement on Large M e t a l S p h e r e s : Dynamic D e p o l a r i z a t i o n 
By M. M e i e r and A. Wokaun ( W i t h 2 F i g u r e s ) 286 

Recent S t u d i e s on Second-Harmonic G e n e r a t i o n as a S u r f a c e Probe 
By H.W.K. Tom, T .F. H e i n z , P. Ye, and Y.R. Shen ( W i t h 1 F i g u r e ) . . . 289 

XIII 



S t a t e S e l e c t i v e Study o f V i b r a t i o n a l l y E x c i t e d NO S c a t t e r i n g f r o m 
S u r f a c e s . By M.M.T. Loy and H. Z a c h a r i a s ( W i t h 1 F i g u r e ) 292 

I n f r a r e d Laser S t i m u l a t e d M o l e c u l a r I n t e r a c t i o n w i t h S o l i d S u r f a c e s 
By T . J . Chuang ( W i t h 4 F i g u r e s ) 295 

S u r f a c e P h o t o a c o u s t i c Wave S p e c t r o s c o p y o f Adsorbed M o l e c u l e s 
By S . R . J . B r u e c k , T .F . D e u t s c h , and D.E. Oates ( W i t h 2 F i g u r e s ) . . 298 

S u r f a c e V i b r a t i o n a l S t u d i e s by I n f r a r e d L a s e r P h o t o a c o u s t i c S p e c t r o ­
scopy. By H. C o u f a l , T . J . Chuang, and F. T r ä g e r 301 

The E f f e c t o f Oxygen on t h e S p u t t e r i n g o f M e t a s t a b l e Atoms and Ions 
f r o m Ba M e t a l . By D. G r i s c h k o w s k y , M.L. Yu, and A.C. B a l a n t 
( W i t h 5 F i g u r e s ) 304 

L a s e r S p e c t r o s c o p y on a L i q u i d S u r f a c e 
By G. M i k s c h , K. B a i e r , D. S c h ä f f l e r , and H.G. Weber 
( W i t h 2 F i g u r e s ) 307 

Part 74 N L - S p e c t r o s c o p y 

Breakdown o f t h e I m p a c t A p p r o x i m a t i o n i n t h e P r e s s u r e - I n d u c e d Hanle 
Resonance i n Degenerate Four-Wave M i x i n g 
By W. Lange, R. S c h o l z , A. G i e r u l s k i , and J . Mlynek ( W i t h 2 F i g u r e s ) 310 

H y b r i d Four-Wave M i x i n g i n L i q u i d P y r i d i n e 
By G. Chu, G. Zheng, L. D i a n - y o u , H. L u a n , Z. A i Zhen, and 
J .R. Lombardi 313 

S p e c t r a l N a r r o w i n g and R e l a t e d E f f e c t s o f C o l l i s i o n Dynamics i n 
Resonant Degenerate Four-Wave M i x i n g . By J . F . Lam, D.G. S t e e l , 
and R.A. McFar lane ( W i t h 4 F i g u r e s ) 315 

P u l s e S h o r t e n i n g i n S a t u r a t e d Phase C o n j u g a t i o n 
By G. G r y n b e r g , B. K l e i n m a n n , Μ. P i n a r d , and F. T r e h i n 318 

T r a n s i e n t s i n O p t i c a l B i s t a b i l i t y Near t h e C r i t i c a l P o i n t 
By S. C r i b i e r , E. G i a c o b i n o , and G. Grynberg 319 

Chaos i n L i q u i d C r y s t a l H y b r i d O p t i c a l B i s t a b l e D e v i c e s 
By Z. Hong-Jun, D. J i a n - H u a , W. Peng-Ye, and J . Chao-Ding 322 

Part 15 Raman a n d CARS 

H i g h - R e p e t i t i o n - R a t e Raman G e n e r a t i o n o f I n f r a r e d R a d i a t i o n 
By N.A. K u r n i t , D.E. W a t k i n s , G.W. Y o r k , and J . L . C a r l s t e n 324 

High R e s o l u t i o n cw CARS S p e c t r o s c o p y i n a S u p e r s o n i c E x p a n s i o n 
By E.K. G u s t a f s o n and R.L. Byer ( W i t h 3 F i g u r e s ) 326 

High R e s o l u t i o n Coherent Raman S p e c t r o s c o p y f o r S u p e r s o n i c Flow 
Measurements. By S.A. Lee, G.C. H e r r i n g , and C.Y. She 
( W i t h 1 F i g u r e ) 330 

XIV 



CARS S t u d y o f V i b r a t i o n a l l y E x c i t e d H 2 Formed i n Formaldehyde P h o t o ­
l y s i s . By M. P e a l a t , D. D e b a r r e , J . J . M a r i e , J . P . E . T a r a n , 
A, T r a m e r , and C.B. Moore ( W i t h 2 F i g u r e s ) 332 

H i g h R e s o l u t i o n CARS S p e c t r o s c o p y o f Gases i n t h e C a v i t y o f a cw 
Argon I o n Ring L a s e r . By H. F r u n d e r , D. I l l i g , Η . F i n s t e r h ö l z l , 
Α . Beckmann, H.W. S c h r ö t t e r , Β . L a v o r e l , and G. Roussel 
( W i t h 2 F i g u r e s ) 334 

D i r e c t CARS O b s e r v a t i o n o f I R - E x c i t e d V i b r a t i o n a l S t a t e s o f S u l f u r 
H e x a f l u o r i d e . By S.S. A l i m p i e v , B.O. Z i k r i n , L. H o l z , 
S.M. N i k i f o r o v , V.V. S m i r n o v , B.G. S a r t a k o v , V . l . F a b e l i n s k i i , 
and A . L . S h t a r k o v ( W i t h 1 F i g u r e ) 336 

CARS S t u d y o f t h e v 2 - B a n d o f L i q u i d Benzene 
By G. Marowsky, P. A n l i k e r , Q. M u n i r , H.P. Weber, and 
R. Vehrenkamp ( W i t h 2 F i g u r e s ) 338 

CARS-Spectra o f Free R a d i c a l s and R e a c t i o n - P r o d u c t s i n L a s e r - P h o t o ­
l y s i s E x p e r i m e n t s . By Th. D r e i e r , J . W o l f r u m , and G. Marowsky . . . . 340 

Part 16 D o u b l e Resonance a n d M u l t i p h o t o n P rocesses 

L a s e r - M i c r o w a v e P o l a r i z a t i o n S p e c t r o s c o p y o f R a d i c a l s 
By W.E. E r n s t ( W i t h 2 F i g u r e s ) 342 

U l t r a v i o l e t - M i c r o w a v e Double Resonance S p e c t r o s c o p y on OH 
By J . J . Ter M e u l e n , W. Ubachs, and A. Dymanus ( W i t h 2 F i g u r e s ) . . . 345 

Laser-RF Double Resonance i n M o l e c u l a r C r y s t a l s 
By K.P. D i n s e , U. H a r k e , and G. W ä c k e r l e 347 

Diode I n f r a r e d Laser Double Resonance S p e c t r o s c o p y o f CDF3 

By D. H a r r a d i n e , L. Laux, M. Dubs, and J . I . S t e i n f e l d 
( W i t h 1 F i g u r e ) 349 

R e o r i e n t a t i o n o f M o l e c u l e s S t u d i e d by L a s e r - D o u b l e Resonance S p e c t r o s ­
copy i n a M o l e c u l a r Beam. By T. S h i m i z u , Y. Honguh, and 
F. Matsushima ( W i t h 2 F i g u r e s ) 351 

The M a r r i a g e o f M u l t i p h o t o n E x c i t a t i o n S p e c t r o s c o p y and O p t i c a l 
Harmonic G e n e r a t i o n , By J . J . Wynne and D.J. Jackson ( W i t h 1 F i g u r e ) 353 

M u l t i p h o t o n Processes w i t h a Resonant I n t e r m e d i a t e T r a n s i t i o n 
By C.C. Wang, J .V. James, and J . - F . X ia ( W i t h 2 F i g u r e s ) 356 

I n f r a r e d M u l t i p l e - P h o t o n A b s o r p t i o n o f S F 6 and CF 3 Br i n a V a r i a b l e 
T e m p e r a t u r e M o l e c u l a r Beam 
By M. Zen, D. B a s s i , A. B o s c h e t t i , and M. S c o t o n i ( W i t h 4 F i g u r e s ) 359 

Dynamics o f M u l t i p h o t o n E x c i t a t i o n o f CF 3 Br S t u d i e d i n S u p e r s o n i c 
M o l e c u l a r Beam by Means o f One o r Two L a s e r F r e q u e n c i e s 
By E. B o r s e l l a , R. F a n t o n i , and A. G i a r d i n i - G u i d o n i ( W i t h 3 F i g u r e s ) 362 

Two-Color M u l t i p h o t o n I o n i z a t i o n S t u d i e s 
By J . C . M i l l e r and R.N. Compton ( W i t h 3 F i g u r e s ) 364 

XV 



M o l e c u l a r M u l t i p h o t o n - I o n i s a t i o n - R e s o n a n c e - S p e c t r o s c o p y o f NO 
By K. M ü l l e r - D e t h l e f s and R. Frey ( W i t h 2 F i g u r e s ) 367 

Col 1 i s i o n l e s s M u l t i q u a n t u m I o n i z a t i o n o f A t o m i c S p e c i e s w i t h 
193 nm R a d i a t i o n . By T .S. Luk, H. Pummer, K. B o y e r , M. S h a h i d i , 
H. Egger , and C.K. Rhodes ( W i t h 2 F i g u r e s ) 369 

A S t u d y on t h e P h o t o - D i s s o c i a t i o n o f P r o t e i n M o l e c u l e s Under Laser 
A c t i o n and t h e T w o - P h o t o n - L a s e r - I n d u c e d F l u o r e s c e n c e o f B i o m o l e c u l e s 
By L. Songhao, H. L i n g k a i , L. Qun, Z. Zheng, C Junwen, J . S h o u p i n g , 
L. S h a o h u i , C. L i q u n , Y. Kangcheng, and H. T i a n q e n ( W i t h 3 F i g u r e s ) 372 

Part 17 X U V - V U V G e n e r a t i o n 

L a s e r T e c h n i q u e s f o r Extreme U l t r a v i o l e t S p e c t r o s c o p y 
By S.E. H a r r i s , J . F . Young, R.G. C a r o , R.W. F a l c o n e , D.E. H o l m g r e n , 
D.J . W a l k e r , J . C . Wang, J . E . R o t h e n b e r g , and J .R. W i l l i s o n 
( W i t h 5 F i g u r e s ) 376 

G e n e r a t i o n o f 35 nm C o h e r e n t R a d i a t i o n 
By J . B o k o r , P.H. Bucksbaum, and R.R. Freeman ( W i t h 3 F i g u r e s ) . . . 382 

S t i m u l a t e d Extreme U l t r a v i o l e t E m i s s i o n a t 93 nm i n K r y p t o n 
By T. S r i n i v a s a n , H. Egger , T . S . L u k , H. Pummer, and C.K. Rhodes . 385 

G e n e r a t i o n o f C o h e r e n t T u n a b l e VUV R a d i a t i o n 
By R. H i l b i g , G. H i l b e r , A. Timmermann, and R. W a l l e n s t e i n 
( W i t h 3 F i g u r e s ) 387 

Two-Photon R e s o n a n t , Four-Wave M i x i n g i n Xenon-Argon Gas M i x t u r e s 
By S.D. Kramer, C H . Chen, M.G. Payne, G.S. H u r s t , B.E. Lehmann, 
and R.D. W i l l i s ( W i t h 4 F i g u r e s ) 392 

G e n e r a t i o n o f T u n a b l e VUV R a d i a t i o n and H i g h e r Order N o n l i n e a r O p t i c a l 
P r o c e s s e s i n A t o m i c and M o l e c u l a r Gases 
By J . L u k a s i k , F. V a l l e e , and F. de Rougemont ( W i t h 1 F i g u r e ) . . . . 396 

P u l s e d S u p e r s o n i c J e t s i n VUV and XUV G e n e r a t i o n 
By A . H . Kung, C T . R e t t n e r , E.E. M a r i n e r o , and R.N. Zare 
( W i t h 2 F i g u r e s ) 399 

S t i m u l a t e d Vacuum U l t r a v i o l e t E m i s s i o n F o l l o w i n g Two-Photon E x c i t a t i o n 
o f H 2 . By H. Egger , T . S . L u k , H. Pummer, T. S r i n i v a s a n , and 
C.K. Rhodes 403 

New D i r e c t i o n s i n A n t i - S t o k e s Raman Lasers 
By J . C W h i t e , D. Henderson, T.A. M i l l e r , and M. Heaven 
( W i t h 5 F i g u r e s ) 407 

Part18 New L a s e r S o u r c e s a n d D e t e c t o r s 

Sum Frequency G e n e r a t i o n o f Narrowband cw 194 nm R a d i a t i o n i n 
P o t a s s i u m P e n t a b o r a t e 
By H. Hemmati, J . C . B e r g q u i s t , and W.M. I t a n o ( W i t h 2 F i g u r e s ) . . . 414 

XVI 



G e n e r a t i o n o f cw R a d i a t i o n Near 243 nm by Sum Frequency M i x i n g , 
S a t u r a t i o n S p e c t r o s c o p y o f t h e 6 p 3 P 0 - 9 s 3 S 1 T r a n s i t i o n i n 
M e r c u r y a t 2 4 6 . 5 nm 
By B. C o u i l l a u d , L.A. B l o o m f i e l d , E.A. H i l d u m , and T.W. Hansen 
( W i t h 1 F i g u r e ) 416 

A n g l e - M a t c h e d D o u b l i n g i n L i I 0 3 » I n t r a c a v i t y t o a Ring Dye Laser 
By T . F . J o h n s t o n , J r . and T . J . J o h n s t o n ( W i t h 1 F i g u r e ) 417 

New Developments i n O p t i c a l l y Pumped Dimer L a s e r s and A n t i - S t o k e s 
Raman Laser I n v e s t i g a t i o n s i n Atomic T l 
By B. W e l l e g e h a u s e n , K. L u d e w i g t , W. L ü h s , Η . W e l l i n g , 
A. T o p o u z k h a n i a n , and J . d ' I n c a n ( W i t h 4 F i g u r e s ) 419 

A 10-THz Scan Range Dye L a s e r , w i t h 0.5-MHz R e s o l u t i o n and I n t e g r a l 
Wavelength Readout 
By G.H. W i l l i a m s , J . L . H o b a r t , and T . F . J o h n s t o n , J r . 
( W i t h 1 F i g u r e ) 422 

CW S y n c h r o n o u s l y Pumped IR Dye L a s e r s . New Dyes f o r Laser A c t i o n 
up t o 1.8 μίτι 
By A. S e i l m e i e r , H.J. P o l l a n d , Τ . E l s a e s s e r , W. K a i s e r , Μ. K u s s l e r , 
N.J. Marx, Β . Sens, and Κ . Η . Drexhage ( W i t h 4 F i g u r e s ) 424 

Y t t r i u m - E r b i u m - A l u m i n u m G a r n e t C r y s t a l Laser 
By A.M. P r o k h o r o v ( W i t h 1 F i g u r e ) 427 

Lamb D i p S p e c t r o s c o p y Using Tunable Laser S i d e b a n d s 
By G. M a g e r l , J . Μ . F r y e , W.A. K r e i n e r , and T. Oka ( W i t h 2 F i g u r e s ) 430 

D e m o n s t r a t i o n o f Broadband S c h o t t k y B a r r i e r M i x e r s f o r V i s i b l e L a s e r 
L i g h t and A p p l i c a t i o n t o H i g h - R e s o l u t i o n S p e c t r o s c o p y 
By H.-U. D a n i e l , B. M a u r e r , Μ. S t e i n e r , Η . W a l t h e r , and 
J .C. B e r g q u i s t ( W i t h 2 F i g u r e s ) 432 

New P o i n t - C o n t a c t Diodes f o r Laser S p e c t r o s c o p y 
By K.J. Siemsen and H.D. R i c c i u s 435 

R e c t i f i c a t i o n and Harmonic G e n e r a t i o n w i t h MIM Diodes i n t h e M i d -
I n f r a r e d . By H.H. K l i n g e n b e r g 437 

Index of Contributors 439 

XVII 



Doppler-free Two-Photon Electronic Spectra of Large Molecules 
with Resolution Near the Natural Linewidth 

E. R i e d l e , Η. S t e p p , a n d H . J . N e u s s e r 

I n s t i t u t f u r P h y s i k a l i s c h e Chemie, T e c h n i s c h e U n i v e r s i t ä t M ü n c h e n , 
L i c h t e n b e r g s t r a ß e 4 , D-8046 G a r c h i n g , F e d . Rep. o f Germany 

The method of t w o - p h o t o n spectroscopy w i t h counterpropagat ing l i gh t beams was 
pred ic ted by Vasi lenko et a l . / I / to y ie ld e x t r e m e l y resolved D o p p l e r - f r e e e l e c t r o ­
nic s p e c t r a . This was exper imenta l l y rea l i zed fo r Na atoms as soon as dye lasers 
o f s u f f i c i e n t resolut ion were avai lable / 2 / . For large p o l y a t o m i c molecules this 
exper iment was fo r the f i r s t t i m e pe r fo rmed successful ly by our group f o r the 
pro to type molecule benzene (C^H J / 3 / using a cw dye laser and an A r ion laser 
provid ing the t w o photons of neany equal w a v e l e n g t h . The reso lut ion of 80 MHz 
was s u f f i c i e n t to resolve most of the r o t a t i o n a l lines norma l l y hidden beneath 
the Doppler broadening . Subsequently we were able to use a pulsed laser system 
of near ly F o u r i e r - t r a n s f o r m - l i m i t e d bandwidth f o r these exper iments prov id ing 
a large increase in sens i t i v i t y / 4 / . Now we are able to record the t w o - p h o t o n 
spectra w i t h a single high power cw r ing dye laser . The observed l i n e w i d t h of 
as low as 10 MHz ( ins t rumenta l l y l i m i t e d ) enables us to resolve a l l r o t a t i o n a l 
t r ans i t i ons . 

In recent exper iments we s t a r t e d t o invest igate the col l is ionless l i n e w i d t h of single 
r o t a t i o n a l lines w i t h i n the e lec t ron ic spect rum of the po l ya tomic molecule benzene. 
The l i n e w i d t h measured under c o l l i s i o n - f r e e condi t ions is expected t o y ie ld precise 
i n f o r m a t i o n about the t i m e constant of i n t r a m o l e c u l a r r e l a x a t i o n processes w i t h i n 
the m o l e c u l e . 

In order to improve the s i g n a l - t o - n o i s e r a t i o in our exper iments at low pressures 
and to increase the accuracy of the l i n e w i d t h measurements these D o p p l e r - f r e e 
t w o - p h o t o n exper iments have been pe r fo rmed in an e x t e r n a l c o n c e n t r i c c a v i t y 
as shown in F i g . 1 . The signal enhancement made possible by an exte rna l c a v i t y 
has been demonstrated previously f o r the measurement of t w o - p h o t o n Ramsey f r i n ­
ges / 5 / and pressure-broadening and - s h i f t s in rub id ium / 6 / . W i th a p i e z o - m o u n t e d 
spher ical end m i r r o r of 99% r e f l e c t i v i t y and a spher ical f r o n t m i r r o r ( r=100mm) 
of 70% r e f l e c t i v i t y we measured a finesse of about 8 . To lock the exte rna l c a v i t y 
to the varying laser f requency , the m i r r o r separat ion is s l ighty m o d u l a t e d . The 
resu l t ing ampl i tude modulat ion of the t r a n s m i t t e d l i gh t is fed in to a phase-sens i ­
t i ve s e r v o - l o o p . With the e x t e r n a l c a v i t y the signal o f the D o p p l e r - f r e e t w o - p h o t o n 
absorpt ion is larger by about one order of magnitude as compared to the standard 
s e t - u p . Now we are able to measure single r o t a t i o n a l l ines in the benzene t w o - p h o ­
ton spect rum at pressures as low as 0 . 1 t o r r . 

In order to obtain i n f o r m a t i o n about the nature of the in t ramo lecu la r re laxa t ion 
process i t is i m p o r t a n t t o invest igate tha t process as a f u n c t i o n of excess energy 
w i t h i n the S, s t a t e . P a r t i c u l a r l y f o r the p ro to type organic molecu le benzene 
i t has been found f r o m l i f e t i m e and quantum y ie ld measurements t h a t the ra te 
fo r i n t ramo lecu la r r e l a x a t i o n increases d ras t ica l l y w i t h the excess energy o f the 
e x c i t e d v ib ra t ion 111. In add i t ion our recent D o p p l e r - f r e e t w o - p h o t o n spectra 
/ & / i nd icate tha t there is also a strong dependence of the radiat ion less process 
on the r o t a t i o n a l s tate w i t h i n a g iven v i b ra t i ona l s t a t e . To invest igate the 
in f luence of v i b r a t i o n a l excess energy , the same r o t a t i o n a l t r a n s i t i o n has been 
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F i g . l E x p e r i m e n t a l s e t - u p fo r recording D o p p l e r - f r e e r o t a t i o n a l l y resolved 
t w o - p h o t o n spectra of C^H^. For signal enhancement an ex te rna l c o n c e n t r i c 
c a v i t y is used 

measured fo r t w o v ibron ic bands of the same s y m m e t r y , however , of d i f f e r e n t 
excess energies . The resul t is shown in F i g . 2 . A t the b o t t o m par t of the Q -b ranch 
(Δ3=ΰ, Δ K=0) of the 14 π 1 n v ib ron ic band of benzene is shown under high 
reso lut ion as measured w i t n the s e t - u p of F i g . l . Every l ine in the spectrum 
corresponds to a single r o t a t i o n a l t r ans i t i on wh ich has been assigned by s y m m e t r i c 
r o t o r c a l c u l a t i o n . For demonst ra t ion the K - s t r u c t u r e of the J=10 sub-branchy is 
marked in th is s p e c t r u m . A p a r t i c u l a r r o t a t i o n a l l ine (J=10, K=0) o f the 14 ^ 
1 g t rans i t i on is shown on an extended f requency -sca le (x lO) when recorded under 
the low pressure of 0 . 1 t o r r where co l l i s iona l broadening does not con t r i bu te 

-31 -29 ~m Δν [GHz] -24 

F i g . 2 Par t of the D o p p l e r - f r e e t w o - p h o t o n spect rum of the 14 g l v ib ron ic 
band in C^H^ . The lineshape of a p a r t i c u l a r r o t a t i o n a l transi?ion J=10, 
K=0 is shown on an extended scale fo r t w o d i f f e r e n t v ib ra t iona l excess 
energies 
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to the l i n e w i d t h . The measured l i n e w i d t h of 10 MHz is main ly given by the spectra l 
resolut ion of our s e t - u p (the laser l i n e w i d t h and t r a n s i t - t i m e broadening) , so 
that the col l is ionless l i n e w i d t h is expected to be far below 10 MHz fo r this excess 
energy (2492 c m ) . 

For compar ison , above th is l i n e , the l inesj iap^ of the same r o t a t i o n a l t r a n s i t i o n 
J=10, K=Q^ is shown as recorded in the 14 ηΐ ρ v ib ron ic band (excess energy of 
3412 c m " , sample-pressure of 1 . 1 t o r r ) . Even a f t e r c o r r e c t i o n fo r the residual 
pressure broadening, the col l is ionless l i n e w i d t h is found to be broader by at least 
a f a c t o r of t h r e e . The der ived value of 30 MHz is f a r g reater than the ins t rumenta l 
resolut ion so tha t i t represents the c o l l i s i o n - f r e e l i n e w i d t h of th is r o t a t i o n a l t r a n s i t i o n . 

In another series of exper iments the l i n e w i d t h has been measured as a f u n c t i o n 
o f ^the> r o t a t i o n a l quantum number J fo r K=0 lines of the same v ib ron ic band 
14 p i n at constant v ib ra t iona l excess energy . We found a t h r e e - f o l d increase 
o f tne l i n e w i d t h f r o m J=2 (26MHz) t o J=14 (74 MHz ) po int ing to a strong dependen­
ce of radiat ionless processes on the r o t a t i o n of the po l ya tomic mo lecu les . 

In conc lus ion , we have previously shown tha t ro ta t i ons play an i m p o r t a n t ro le 
in i n t ramo lecu la r r e l a x a t i o n processes of p o l y a t o m i c mo lecu les . E l i m i n a t i o n of 
the Doppler broadening is essential f o r these m o l e c u l e s , t o resolve single r o t a t i o n a l 
t rans i t i ons . To be able to study the in f luence of ro ta t ions in a q u a n t i t a t i v e w a y , 
it is essential t o increase the exper imenta l reso lu t ion to the point where the 
col l is ionless l i n e w i d t h of single r o t a t i o n a l t rans i t ions can be measured . This has 
been done fo r the f i r s t t i m e f o r a po l ya tomic m o l e c u l e , benzene (C^H^) . Strongly 
d i f f e r i n g l inewidths were observed w i t h i n one v ib ron ic band. This c lea r l y d e m o n s t r a ­
tes the impor tance of D o p p l e r - f r e e high reso lut ion t w o - p h o t o n spectroscopy f o r 
the spectroscopy and exact study o f the dynamic behaviour of mo lecu les . 
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