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The evacuated wall-coated sealed cell coupled with diode laser 
o p t i c a l  p u m p i n g  o f f e r s  a n u m b e r  of attractive potential 
advantages for use in Rb or Cs atomic frequency standards. An 
investigation of systematic effects is required t o  explore 
possible limitations of the technique. We report on the use of 
diode laser optical pumping of 87Rb in an evacuated wall-coated 
sealed cell. Experimental resul ts/discussion to be presented 
include the signal strength and line broadening of the 0 - 0 
hyperfine resonance as a function of light intensity for the D l  
optical transitions (F - >  F') = ( 2  -) 1') and ( 2  -) 2') : shift 
of the 0 - 0 hyperfin? f r e q u e n c y  a s  a f u n c t i o n  o f  l a s e r  
intensity and de-tuning from optical resonance : and diode laser 
frequency stabilization techniques. 

INTRODU (IT ION 

Previously we have observed 87Rb and 133Cs Am = 0, + 1 hyperfine transitions 
i n  an evacuated wall-coated sealed cell (EWSC) of 200cc volume using 
conventional Rb or Cs rf-excited plasma lamps. [l-31 The use of diode lasers 
in optical pumping has been reported by other researchers for both Cs and Rb 
using gas cell or atomic beam apparatus.14-91 High efficiency optical 
pumping w i t h  diode lasers has been studied theoretically for the EWSC. (101 
In this paper, we report on the use of diode lasers in hyperfine pumping a n  
evacuated wall-coated sealed cell of - 30cc volume. The frequency of the 
ground state hyperfine transition (F,mF) = (2.0) <- )  (1.0) was monitored 
permitting a determination of a number of parameters useful in criticizing 
such wall-coated cells coupled w i t h  diode laser signal acquisition as a 
candidate for use in atomic frequency standards. 

APPARATUS 

T h e  basic apparatus is shown in Fig. 1. It consists of a diode laser, 
objective lens, attenuator, evacuated wall-coated cell inside a thermal 
enclosure, and a photodetector which monitors transmitted light intensity. A 
Rb side-arm on the cell was maintained at a temperature below that of the 
enclosure to control the Rb density in the cell. The diode laser is tuned to 
one of the four resolved D l  (F ( - >  F ' )  optical hyperfine transitions at 
794.7 nm. Figure 2 shows the optical transitions available. We report here 
only o n  simple Dumping w i t h  either the ( 2  < - )  2 ' )  o r  the ( 2  (-) 1') 
optical transition using linearly polarized light propagated along the 
direction of the applied magnetic f'eld. 
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Light intensity was monitored by measuring the photocurrent resulting from 
light transmitted through the cell. The conversion factor between current 
and power is - 640pAfmw (or 1.67pwfpA) at 795 nm for unit quantum efficiency 
at the detector. Typical photocurrents used are 1 0  pA which implies < l i  pw. 
The estima4ed intensity incident on the cell for a 10pA detected current is - 100pw/cm . 

Instead of an inhomogeneous lineshape characteristic of the gas cell, the 
homogeneous lineshap3 which results from us6 of an EWSC is one of its ctief 
advantages. Thus even though light intensity does not uni f ormly illuminate 
the EWSC, all atoms interact in the same way with the light due to the 
averaging which a given atom performs in bouncing against the cell walls. 
Indeed, it is this averaging wbich generates the homogeneous Lorentzian 
lineshape. 

RESULTS 

T h e  EWSC w a s  maintained at 40'~ while the Rb side-arm was kept at - 22'~. 
With the Rb density attained under these conditions and using 1 0  pA on the 
(2 <-> 1') transitioq2, the fractional absorption of light with no microwave 
power was - 7.5 x 1 0  . This was determined by a rapid sweep of the laser 
through the optical resonance - optical pumping effects were present to some 
degree. The fractional 0-0 sigfal under a high saturation condition by 
microwave power was 1.5 x 1 0  . This is taken as evidence of good optical 
pumpingfdetection efficiency even at the low light levels used. T\e long T 1  
relaxation time available in wall-coated cells implies relatively low light 
intensity will produce significant level popalation differences. 

The optical hyperfine pumping light which establishes popalation differences 
between the F = 2 and 1 levels in the ground electronic state and which 
p r o v i d e s  t h e  means for detecting the 0-0 hyperfine transition in the 
presence of a resonant microwave field also causes a broadening of the 0-0 
resonance. T h e  intrinsic linewidth attainad in this cell at - 1.5 pA light 
intensity was - 20 Hz. The following increases in the 0-0 width due to light 
intensity were determined: 

(2 (-> 2') =) - 4 HzIpA 
2 - 1 => - 2 HzIpA . 

The 0-0 signal amplitude vs. light intensity is shown in Fig. 3. The Hitachi 
laser w a s  used in this case. The microwave power was kept at an arbitrary 
but constant level und was weakly saturating. The klystron signal source was 
locked to the 0-0 resonance. Note the relatively low light intensities used. 
T h e  data for the ( 2  ( - >  2') and 2 - 1 '  transitions were t a k e n  
individually. Both sets of data are plotted on Fig. 3 for convenience. 

Two parameters are used for the light-induced frequency shift.[lll T h e  
p a r a m e t e r  a!I) gives the shift of the 0-0 frequency per unit optical 
inte~siiy when the optical frequency is tuned to resonance. 

a(1) = a ~ ~ - ~ / a I  
Thus the 0-0 frequency shift 6r0 - caused by the resonant light intensity I 
is given by 



A n o t h e r  p a r a m e t e r  $ d e s c r i b e s  t h e  s h i f t  of t h e  0-0 f r e q u e n c y  when t h e  
o p t i c a l  r a d i a t i o n  i b  de-tuned from resonanoe. 

$ ( I )  = a~ - l a w o p t .  
The frequency s h i f t  due t o  t h i s  e f f e c t  ?or a  small  de-tuning i s  

Bv = $ x A v  . 
A d i s c r i m i n a t o r - l i k e  frequency %?ft  of t h e 0 8 t ~  t r a n s i t i o n  i s  p roduced  f o r  
l a r g e r  de-tuning of the  o p t i c a l  resonance. 

I n  F i g .  4 a r e  shown the  r e s u l t s  of the  measurement of the  0-0 frequency vs. 
l i g h t  i n t e n s i t y  f o r  both  Hi tach i  and M i t s u b i s h i  l a s e r s .  The s l o p e  of  t h i s  
d a t a  g i v e s  t h e  l i g h t  s h i f t  parameter a ( 1 ) .  Here the  k l y s t r o n  was locked t o  
t h e  0-0 r e s o n a n c e  and t h e  l a s e r  was l o c k e d  t o  t h e  o p t i c a l  a b s o r p t  i o n  
resonance i n  the EWSC i t s e l f .  Using on-resonance ( 2  <-) 1 ' )  l i g h t  a t  - 10 pA 
i n t e n s i t y ,  a  0-0 sh i f t -g f  - - 4.5 Hz was found. Thus a  f r a c t i o n a l  i n t q p t y  
s t a b i l i t y  of 1 .5  x 1 0  w i l l  produce a  0-0 f r a c t i o n a l  s h i f t  of 1 x 10  a t  
6.8 GHz ender c o n d i t i o n s  u s e d .  The H i t a c h i  l a s e r  l i n e w i d t h  was - 30 MHz 
whereas  t h e  M i t  s u b i s h i  l a s e r  l inewid th  was - 100 MHz. Both of these  widths 
were determined f o r  free-running l a s e r s  ( n o t  locked t o  an atomic resonance) .  
I n  s p i t e  of  t h e  f a c t o r  of t h r e e  d i f f e r e n c e  i n  l inewid ths ,  bo th  l a s e r s  have 
almost i d e n t i c a l  a  c o e f f i c i e n t s ,  a s  s e e n  from F i g .  4 .  Because  t h e  l a s e r s  
w e r e  l o c k e d  t o  t h e  a t o m i c  a b s o r p t i o n ,  n a r r o w i n g  of t h e  s p e c t r a l  w i d t h  
o c c u r s .  We have no t  y e t  measured t h e  l a s e r  l i n e w i d t h s  i n  t h e  l o c k e d  
cond i t ion .  

Measurements on the  second l i g h t - s h i f t  parameter j3 were more d i f f i c u l t .  I n  
t h i s  c a s e  n e i t h e r  t h e  l a s e r  n o r  t h e  k l y s t r o n  was l o c k e d  t o  t h e  0-0 
t r a n s i t i o n .  The l a s e r  was detuned from o p t i c a l  resonance t y p i c a l l y  by - 150  
MHz. T h i s  i s  s m a l l  compared t o  t h e  o p t i c a l  D o p p l e r  w i d t b  and t h e r e f o r e  
impl ies  remaining i n  the l i n e a r  region of the  d i s c r i m i n a t o r  shaped 0-0 s h i f t  
c u r v e .  F i g u r e  5  s h o w s  r e s u l t s  f o r  t h e  ( 2  < - >  2 ' )  and ( 2  < - >  1 ' )  
t r a n s i t i o n s  where $ i s  found a t  a  g i v e n  l i g h t  i n t e n s i t y  by d i v i d i n g  t h e  
o b s e r v e d  0-0 f r e q u e n c y  s h i f t  by t h e  l a s e r  detuning from o p t i c a l  resonance. 
The $ -coef f i c i en t  has  a l s o  been repor ted  f o r  Rb gas c e l l  dev ices . [5 ,71  Table  
I compares d a t a  obta ined from the  ind ica ted  sources .  

Table I. Comparison of $ - c o e f f i c i e n t  f o r  gas  c e l l s  and the  EWSC. 
- - . . . - -. - 

I 
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Using t h i s  d a t a  a  comparison between the  gas  cell and the  EWSC i s  d i f f i c u l t  
s i n c e  d i f f e r e n t  c o n d i t i o n s  were  used  i n  e a c h  c a s e .  N e v e r t h e l e s s ,  a  $ 
n o r m a l i z e d  t o  u n i t  i n t e n s i t y  i s  c a l c u l a t e d  i n 2 t h e  l a s t  column. I n  t h i s  
T a b l e ,  o u r  t r a n s m i t t e d  i n t e n s i t y  of - 8jpwlcm ( a s  i n f e r r e d  by - 10pA 
pho tocur ren t )  was taken t o  imply - lOOpw/cm i n t e n s i t y  inc iden t  on the  g l a s s  
c e l l .  

DIODE LASER STABILIZATION 

A d e s c r i p t i o n  has  been given by Lewis  and Feldman[Sl  on t h e  u s e  of d i o d e  
l a s e r s  i n  atomic frequency s t andards .  They repor ted  long-term lockin8 of the  



l a s e r  t o  an atomic absorp t ion  l i n e .  O t h e r  r e s e a r c h e r s  have a l s o  r e p o r t e d  
locking diode lasers . [12,131 For the  i n i t i a l  de te rmina t ions  r e p o r t e d  i n  t h i s  
paper of va r ious  parameters c h a r a c t e r i z i n g  the  0-0 h y p e r f i n e  t r a n s i t i o n  i n  
t h e  EWSC, i t  was convenient  t o  s t a b i l i z e  the  diode l a s e r  t o  the  Rb o p t i c a l  
a b s o r p t i o n  of i n t e r e s t .  Methods u s e f u l  f o r  t h i s  p u r p o s e  a r e  p r e s e n t e d  
b r i e f l y .  

Two diode l a s e r  s t a b i l i z a t i o n  schemes have been implemented. F o r  ab-.. + u s  
s i m p l i c i t y ,  t h e  f i r s t  scheme u s e s  t h e  normal D o p p l e r  broadenut. +$t. . % I  
absorp t ion  i n  the  EWSC i t s e l f .  ( A  s e p a r a t e  non-wall-coated c e l l  ;=u ld  h a . <  
been  u s e d . )  The o t h e r  epheae  u s e s  D o p p l e r  f r e e  s a t u r a t e d  a b s o r p t i o c  i n  t. 

s e p a r a t e  c e l l .  Both of these  methods r e q u i r e  t h a t  t h e  l a s e r  b e  f r e q u e n c y  
modula ted  i n  o r d e r  t o  i n t e r x o g a  t e  t h e  o p t i c a l  l i n e  cen to r .  [ l41  Long-term 
d r i f t  i s  tuned out  by a  temperature se rvo  and short- term noise  i s  removed by 
feedback t o  the  l a s e r  c u r r e n t .  

The b l o c k  d iagram f o r  the  b a s i c  scheme t o  observe s a t u r a t e d  absorp t ion[ l51  
is  shown i n  Fig .  6.  To suppress  the  non s r t u r a t i o n  f e a t u r e s ,  t h e  s a t u r a t i n g  
beam c a n  be  chopped.  T h i s  s e l e c t i v e l y  m o d u l a t e s  t h e  s a t u r a t i o n  e f f e c t .  
Subsequent lock-in d e t e c t i o n  produces the  sub-Doppler f e a t u r e s  shown i n  Fig .  
7 c .  A l s o  shown i s  t h e  normal Doppler broadened absorp t ion  s i g n a t u r e  (F ig .  
7 a )  and t h e  a b s o r p t i o n - s a t u r a t i o n  s i g n a t u r e  w i t h o u t  s u p p r e  s s i o n  o f  
background  (F ig .  7 b ) .  A l l  of these  tnaces  a r e  shown us ing wide-band ( 5  kHz) 
s i g n a l  recovery channels .  E i t h e r  the  7b o r  7c s i g n a t u r e  can be used t o  l o c k  
t h e  l a s e r .  W i t h  t h e  $ - c o e f f i c i e n t  measured  f o r  t h e  2  -) 1' o p t i c a l  
t r a n s i t i o n  a t  1 0  pA i n t e n s i t y ,  a  s i g n a l - t o - n o i s e  r a t i o  of - 145 would be 
requ i red  t o  s f 2 b i l i z e  the  l a s e r  so t h a t  the  0-0 frequency would be s t a b l e  t o  
1 p a r t  i n  10- . Adequate SIN appears  t o  be p resen t .  

F i g u r e  8 a  shows t h e  b l o c k  diagram of the  system used i n  acqu i r ing  most of 
the  d a t a  presented i n  t h i s  r e p o r t .  Both  t h e  l a s e r  and t h e  k l y s t r o n  were  
l o c k e d  t o  the  Rb atoms. Figure  8b shows the  s a t u r a t e d  absorp t ion  l a s e r  lock 
diagram. 

CONCLUSIONS 

Several  parameters have been determined r e l a t i n g  t o  the  p o t e n t i a l  f o r  use of 
t h e  e v a c u a t e d  w a l l - c o a t e d  s e a l e d  c e l l  c o u p l e d  w i t h  d i o d e  l a s e r  s i g n a l  
a c q u i s i t i o n  i n  an atomic frequency s t andard .  T h i s  work may b e  r e g a r d e d  a s  
p r e l i m i n a r y  -- measurements need t o  be repeated,  r e f i n e d ,  and expanded. The 
e n c o u r a g i n g  r e s u l t s  on t h e  3 0 c c  c e l l  p r o v i d e  e x c e l l e n t  m o t i v a t i o n  f o r  
continued resea rch .  

Work s u p p o r t e d  i n  p a r t  by Frequency and Time Systems, Inc .  and by the  Duke 
Univers i ty  Research Council .  
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Figure 1. Schematic of basic optical  punping apparatus llsed with the EWSC. 
The thermal enclosure wa:; operated a t  40C while the Rb was maintained a t  22C. 

Figure 2 .  Rb D l  0ptici.i transit ions available.  The ( F  - F') = ( 2  - 2 ' )  
acd ( 2  - 1;) transitions were used for t h i s  work. 
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Figure 3. The 0-0 hyper f ine  s i g n a l  vs .  l i g h t  i n t e n s i t y  at  a weakly 
s a t u r a t i n g  microwave power. 

Hitsubishi: t => 2 -> 2' 
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Figure 4. The 0-0 frequency vs .  l i g h t  i n t e n s i t y  as a func t ion  of o p t i c a l  
t r a n s i t i o n  and type of l a s e r  used. The s l o p e  of t h i s  d a t a  g ives  t h e  l i g h t  
s h i f t  p a r a m e t e r a ( 1 ) .  This  d a t a  was taken w i t h  t h e  laser locked t o  t h e  Xb 
o p t i c a l  absorp t ion  and t h e  k l y s t r o n  locked to t h e  0-0 hyper f ine  t r a n s i t i o n .  
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Figure 5.  Light s h i f t  parameter P = v , ' y t .  as a funct ion o f  l i g h t  i n t e n s i t y .  
Data used o p t i c a l  detulling ofNlSOMHz, small  r e l a t i v e  t o  the  o p t i c a l  Doppler 
width. 
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Figure 6 .  Block diagram f o r  observation of saturated absorption fea tures .  



Figure 7a. Normal Doppler broadsr,~; a'usurption. 
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Figure 7b. Absorption-saturation signal. 

Figure 7c. Saturatioa feature observed with 5kHz bandwidth. 
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Figure 8a. Block diagram of system used t o  lock both laser and klystron to 
Rb. 

At tenuator EWSU 20tector 

Stab. 

i C 

Figure 8:. Block diagram showing saturated absorption laser lock. 



QUESTIONS AND ANSWERS 

J A C Q U E S  V A N I E R ,  NATIONAL RESEARCH COUNCIL:  Y o l l r  n l p h a  
c o e f f i c i e n t ,  c c u l d  i t  b e  d u e  t o  d i s t o r t i o n  o f  t h e  s p e c t r u m  cf  t h e  
l a se r  d i o d e ?  

M R .  ROBINSON: I w o u l d  h a v e  t o  g o  b a c k  t o  W i l l  H a p p e r  who h a s  
w o r k e d  o u t  t h e  t h e o r y  f o r  l i g h t  s h i f t s .  He h a s  w o r k e d  o u t  a  
t h e o r y  u s i n g  o p e r a t o r  f o r m a l i s m  w h i c h  is  a n  eas i e r  t h i n g  t o  g r a b  
h o l d  o f ,  a n d  t h e y  a r e  r e l a t i v e l y  c o m p l i c a t e d .  T h e  t h i n g  t h a t  
H a p p e r  a c t u a l l y  w o r k e d  o u t  w a s  f o r  l i g h t  t h a t  w a s  v e r y  b r o a d  
c o m p a r e d  t o  t h e  h y p e r f i n e  s e p a r a t i o n ,  a n d  h e r e  we h a v e  e x a c t l y  
t h e  o p p o s i t e  c a s e .  We h a v e  l i g h t  t h a t ' s  n a r r o w  c o m p a r e d  t o  t h e  
h y p e r f i n e  s e p a r a t i o n .  T h e  t h e o r y  i s  r i g h t .  T h e r e  i s  n o  q u e s t i o n  
t h a t  t h e  t h e o r y  i s  g o i n g  t o  w o r k  i f  y o u  a c t u a l l y  t r y  a n d  
c a l c u l a t e  i t ,  I t h i n k .  

T h e r e  a r e  s e v e r a l  d i f f e r e n t  e f f e c t s  t h a t  s h i f t  t h e  t h i n g .  
One is a s e c o n d  o r d e r  S t a r k  e f f e c t .  You a c t u a l l y  h a v e  a p p l i e d  a n  
A C  f i e l d  t o  t h i s  g r o u n d ,  a n d  y o u  a r e  a c t u a l l y  t i c k l i n g  l e v e l s  u p  
a n d  d o w n ,  a n d  you see t h e n  t h e  a v e r a g e  r e s u l t  o f  t h a t .  T h a t ' s  o n e  
o f  t h e  w a y s  y o u  c a n  g e t  a  l i g h t  s h i f t .  T h e r e  a r e  v i r t u a l  
t r a n s i t i o n s ,  t h e r e  a r e  t e n s o r  s h i f t s ,  t h e r e  a r e  a l l  s o r t s  o f  
s h i f t s  t h a t  c o m e  i n .  U s u a l l y  t h e  t e n s o r  s h i f t s  h a v e  b e e n  
n e g l e c t e d ,  b u t  a p p a r e n t l y  i n  t h i s  c a s e  t h e y  may n o t  b e  a b l e  t o  
b e .  

T h e  p o i n t  i s  t h a t  y o u  c a n  g e t  a r o u n d  t h e n 1  i f  y o u  n e e d  t o  b y  
u s i n g  p u l s e d  l i g h t ,  b u t  t h e y  c e r t a i n l y  a r e  i n  a l l  o f  t h e s e  o t h e r  
s y s t e m s .  T h e  g a s  c e l l  h a s  t h e s e  t h i n g s  i n  t h e r e .  I t ' s  j u s t  t h a t  
you d o n ' t  see t h e m .  They  a r e  m a s k e d  by o t h e r  t h i n g s .  

I t  j u s t  e x p l o r e s  a n  e x p l i c i t  p a r a m e t e r  t h a t  n e e d s  t o  b e  
l o o k e d  a t  i n  a n  e v a c u a t e d  w a l l - c o a t e d  c e l l .  

CARROLL ALLEY, UNIVERSITY OF MARYLAND: D i d  I h e a r  y o u  s a y  a  
t w e n t y  H e r t z  l i n e w i d t h ?  

M R .  ROBINSON: Yes. 

M R .  ALLEY: T h a t ' s  f o r  6835? 

M R .  ROBINSON: T h a t ' s  f o r  t h e  6835 l i n e .  You h e a r d  r i g h t .  

M R .  ALLCY: T h a t  s o u n d e d  v e r y  g o o d .  

M R .  h3BINSON: T h i s  s t u f f  w o r k s .  

IF?. ALLEY: Oh y e s ,  we know. What w a l l  c o a t i n g  were you u s i n g ?  

M R .  ROBINSON: T h i s  i s  s t i l l  t h e  s a m e  o l d  w a l l - c o a t i n g ,  
T e t r a c o n t a n e ,  a n d  I d o n ' t  h a v e  a n y  i d e a  t h a t  t h a t  i s  t h e  b e s t  
w a l l - c o a t i n g .  I t ' s  j u s t  t h a t  we a r e  m o v i n g  r e l a t i v e l y  s l o w l y ,  
d o i n g  c i i e  t h i n g  a t  a  t i m e ,  a n d  we h a d  g o t t e n  t h a t  t o  w o r k  b e f o r e ,  
s o  t l i a t l s  w h a t  we t r i e d  a g e i n .  

S o  t h i s  i s  t h e  f i r s t  o n e  -- we h a d  a  200 c u b i c  c e n t i m e t e r  
c e l l  t h a t ' s  a b o u t  f i f t e e n  y e a r s  o l d  t h a t  i s  s e a l e d  o f f .  T h e s e  
c e l l s  a r e  a b s o l u t e l y  s e a l e d .  T h e r e  i s  n o  vacuum s y s t e m  a s s o c i a t e d  



w i t h  t h e m .  You c a n  c a r r y  t h e m  a r o u n d  i n  y o u r  f i n g e r s .  T h a t ' s  t h e  
c e l l  t h a t  we h a v e  t a l k e d  a b o u t  h e r e .  

Sc t h e y  a p p a r e n t l y  h a v e  l o n g e v i t y .  T h e r e  a r e  a l o t  o f  
.. q u e s t i o n s  -- H a r r y  P e t e r s  a s k e d  o n e  t o d a y  a b o u t  w h a t  h a p p e n s  i n  

. I t h e  t i m e  h i s t o r y  o f  t h e s e  t h i n g s .  We d o n ' t  k n o w  t h a t  y e t .  We 
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h a v e n ' t  g o t t e n  t h e r e  y e t .  T h a t ' s  s t i l l  t o  come, c l e a r l y .  B u t  

- ,  e v e r y t h i n g  we d o  seems t o  b e  v e r y  a t t r a c t i v e  s o  f a r  i n  g e t t i n g  
t h e  s y s t e m  t o  w o r k .  

t M R .  ALLEY: I w i l l  g i v e  y o u  a t h i r t y  y e a r  o l d  c e l l  a n d  see  i f  i t  
w i l i  w o r k .  

b. 4 
M R .  ROBINSON: I s h o u l d  s a y  t h a t  C a r r o l  A l l e y  t r i e d  p u m p i n g  w i t h  

. .  lasers,  d i o d e  l a se r s ,  a n d  w h a t  we h a v e  d o n e  here i s  c e r t a i n l y  n o t  
u n i q u e .  T h e r e  a r e  s e v e r a l  J a p a n e s e  a u t h o r s  t h a t  h a v e  l o c k e d  
l a s e r s  t o  s a t u r a t e d  a b s o r p t i o n  t h i n g s .  I k n o w  p e o p l e  a t  N .  B. S. 
h a v e  d o n e  t h a t .  L y n d o n  L o u i s  h a s  d o n e  t h a t ,  we a r e  j u s t  f o l l o w i n g  
i n  t h e  t r a c k .  

I t h i n k  t h a t  we m a y  h a v e  s o m e  r e a l l y  g o r g e o u s  c u r v e s .  I am 
- ,  n o t  s u r e  t h a t  a n y b o d y  e l s e  h a s  a n y t h i n g  c o m p a r a b l e  t o  t h i s  s o r t  

o f  b e a u t i f u l  s a t u r a t e d  a b s o r p t i o n  c u r v e .  I h a v e n ' t  s e e n  i t  - 
2 a n y w a y .  B u t  t h e  s t u f f  j u s t  w o r k s .  I t ' s  j u s t  g o r g e o u s .  

M R  AUDOIN: T h e r e  i s  a t h i r d  r e s o n a n t  f e a t u r e  o n  y o u r  c u r v e .  I s  
t h a t  a  l e v e l  c r o s s i n g ?  

M R .  ROBINSON: T h e  t h i r d  r e s o n a n t  f e a t u r e ?  O h ,  i n  t h e  s a t u r a t e d  
a b s o r p t i o n  c u r v e .  T h a t ' s  c a l l e d  a c r o s s - o v e r  r e s o n a n c e ,  a n d  i t ' s  
n o t h i n g  p a r t i c u l a r l y  u n u s u a l .  I w o u l d  l i k e  t o  e x p l a i n  t h a t  t o  
you.  T h e  s a t u r a t e d  f e a t u r e ,  o r  c u r v e s  a r e  o n l y  f o r  c e r t a i n  a t o m s .  
S i n c e  t h e  t w o  b e a m s  a r e  s h o t  t h r o u g h  i n  o p p o s i t e  d i r e c t i o n s ,  t h e  
o n l y  a t o m s  t h e y  b o t h  t a l k  t o  a r c  t h o s e  w h i c h  a r e  m o v i n g  
p e r p e n d i c u l a r  t o  b o t h  b e a m s .  I n  o t h e r  w o r d s ,  t h e  n o r . - d o p p l e r  
s h i f t e d  t h i n g .  T h a t ' s  t h e  r e a s o n  y o u  g e t  t h e  m a i n  s a t u r a + . e d  
a b s o r p t i o n  f e a t u r e ,  w h i c h  d o e s n ' t  h a v e  a n y  D o p p l e r  w i d t h  t o  s p e a k  
o f .  

T h e  o t h e r  r e s o n a n c e  o c c u r s  w h e n  two o p p o s i t e  c u r v e s  c r o s s  
o v e r ,  a n d  t h o s e  t a i l s  c a n  b e  made  t o  d o  t h e  s a m e  t h i n g .  T h a t ' s  a n  
a r t i f a c t ,  i t ' s  n o t  r e a l l y  a r e s o n a n c e .  Y o u  d o n ' t  w a n t  t o  l o c k  o n  
t h a t ,  y o u  w a n t  t o  l o c k  o n  t h e  t w o  c e n t r a l  o n e s .  




