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Summary 

Techniques  are  described  which  al low  the  fre- 
quency o f  a tunable, cw dye l a s e r   t o  be s t a b i l i z e d   t o  
1.5 kHz fo r   i n teg ra t i on   t imes  up t o  1O-l sec, 3 kHz 
a t  1 sec, and 300 Hz a t  300 sec. Using  these  techni- 
ques, the  laser can be tuned t o  any desired  frequency 
and t h e n   s t a b i l i z e d   w i t h  a l ong   t e rm  s tab i l i t y  
approaching  that   of  a methane-stabi l ized  laser.  

Exper iments  are  present ly  in  progress  which will 
use th i s   l ase r   t o   s tudy   sa tu ra ted   abso rp t i on   o f  
magnet ical ly  def lected  atomic beams o f  elements 
hav ing  long- l ived  exc i ted  s ta tes.   Th is   work may lead 
to  desirable  wavelength/ f requency  standards  in  the 
v i s i b l e   r e g i o n   o f   t h e  o t i c a l  spectrum. A promising 
candidate i s   t h e  'So  - $PI in te rcombina t ion   t rans i t ion  
(6573 8) of  calcium  which has a l i f e t i m e - l i m i t e d  Q 
o f  about 

The dye laser  i s  a lso  be ing used for an  accurate 
measurement o f   the  Balmer a, n = 2 t o  n = 3 t r a n s i -  
t i o n  (6563 8) i n  a beam o f  metastable  hydrogen 
atoms. This  experiment  should  allow a determinat ion 
o f   t h e  Rydberg constant  to an accuracy o f   seve ra l  
p a r t s   i n  1010. 

Dye Laser S t a b i l i z a t i o n  

Prev ious ly ,   s tab i l i zed  cw dye lase rs1* *  have 
exh ib i ted   e i ther   poor   long   te rm  s tab i l i t y  or res- 
t r i c t e d   t u n i n g   c a p a b i l i t y .  The method described  here 
prov ides  great ly  improved short  term  frequency 
s t a b i l i t y ,   v i r t u a l l y  no long  term d r i f t ,  and yet  
a l l o w s   r e t e n t i o n   o f   t h e   f u l l   t u n i n g   f l e x i b i l i t y   o f  
the  laser.  

Dye Laser 

The dye laser  uses a dye j e t ,  an a s t i g m a t i c a l l y  
compensated c a v i t y ,  and a b i r e f r i n g e n t   q u a r t z  wave- 
length  se lector   for   coarse  tun ing.  Two i n t r a c a v i t y  
e t a l o n s   r e s t r i c t   t h e   l a s e r   o s c i l l a t i o n   t o  a s i n g l e  
l o n g i t u d i n a l  mode. Proper  adjustment o f   t he  end 
m i r r o r s  on the  cav i ty   ensures  operat ion  in   the low- 
es t   o rder  (TEM,,) transverse mode.  The dye (c resy l -  
v i o l e t )  i s  pumped us ing   an   o f f -ax is  beam from a 
broadband  dye j e t   l a s e r  (X"6000 1) which, i n   t u r n ,   i s  
pumped  by the   v i s ib le   rad ia t i on   f rom an argon  ion 
laser .  The advantage of   us ing  the  in termediate 

*Cont r ibu t ion   o f   the   Nat iona l  Bureau o f  Standards - 
no t   sub jec t   to   copyr igh t .  

(broadband)  laser i s   t ha t   c resy l - v io le t   abso rbs  more 
e f f i c i e n t l y   i n   t h e   y e l l o w   t h a n   i n   t h e   b l u e  and green, 
and the   ove ra l l   e f f i c i ency  i s  thereby  increased 
(even a l low ing   fo r   the  -20% e f f i c i e n c y   i n   c o n v e r t i n g  
the  blue and green  to  yel low).  

Frequency S t a b i l i z a t i o n  Method 

Since a de ta i led   descr ip t ion   o f   the   f requency  
s t a b i l i z a t i o n  scheme has  been given  elsewhere,3 
only  the  essent ia l   features will be described  here. 

The f requency  s tab i l izat ion  system  is  shown i n  
F ig .  1 .  The v i s i b l e   o u t p u t  (wavy l i n e )   o f   t h e  
s t a b i l i z e d   l a s e r   i s  passed  through a h igh   f inesse 
Fabry-Perot (FP) servo  cav i ty .  The t ransmi t ted 
i n t e n s i t y  on the   s ide   o f   t he  FP f r i n g e   i s   m o n i t o r e d  
by a fast  photodiode. Assume, f o r  purposes o f   d i s -  
cuss ion,   that   the  length  o f   the  servo  cav i ty   remains 
constant, and a l so   t ha t   t he   i n tens i t y   o f   t he   l ase r  
beam a t   t he   ou tpu t   m i r ro r   o f   t he   l ase r  does n o t  
change.  Should the  frequency  of  the dye laser  change, 
there w i l l  be a s p a t i a l   s h i f t   o f   t h e  FP f r i n g e  and, 
consequently, a change i n   t h e   i n t e n s i t y   o f   t h e  
t ransmi t ted  l ight   through  the  servo  cav i ty ,  as 
monitored  by  the  photodiode.  This change i n   i n t e n s i t y  
can be used to   p rov ide  an e r r o r   s i g n a l   f o r  a servo 
system. A f t e r   i n i t i a l  wideband a m p l i f i c a t i o n ,   t h i s  
e r r o r   s i g n a l   i s   s p l i t   i n t o  two pa r t s .  The f i r s t  i s  
a s low  par t   wh ich   i s   app l ied  as a cor rec t ion   vo l tage 
t o  a p iezoelect r ic   t ransducer  (PZT) upon which i s  
mounted the   ou tpu t   m i r ro r   o f   the   s tab i l i zed   laser .  
This slow error   s ignal   serves to  change the  length 
o f  the   laser   cav i ty  so as t o  compensate f o r  slow 
changes in   the  laser   f requency.  The second p o r t i o n  
o f  t h e   e r r o r   s i g n a l  i s  a f a s t   p a r t   w h i c h   i s   a p p l i e d  
t o  a deuterated KDP (KD*P) c r y s t a l .   T h i s   f a s t  
correct ion  vo l tage  produces changes i n   t h e   c r y s t a l ' s  
index o f   re f rac t ion .   S ince   the  KD*P c r y s t a l   i s  
l oca ted   i ns ide   t he   cav i t y   o f   t he   s tab i l i zed  dye 
lase r ,   t he   app l i ed   co r rec t i on   vo l tage ,   i n   e f fec t ,  
changes the   op t ica l   pa th   leng th  of the   cav i ty ,  
thereby  compensating for fast   f requency  f luc tuat ions.  

Ampl i tude  f luctuat ions  o f   the  laser   output   are 
prevented from mapping into  the  f requency domain by 
using a d i f f e r e n t i a l   d e t e c t i o n  scheme (not shown) 
to   moni tor   the FP f r inge .   In   add i t ion ,   the   laser  
i s   i n t e n s i t y   s t a b i l i z e d   t o  about one p a r t   i n  l o 4  
using an external  ADP c r y s t a l  and a separate  servo 
system (ne i the r  of which  are shown i n   F i g .  1.) .  

The h igh   f inesse  servo   cav i ty  i s  constructed 
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from a s o l i d   q u a r t z  rod, 74 cm in   d iameter  and 18 cm 
in   leng th .  A small  bore in   the  center   a l lows  the 
l i g h t   t o  pass  through. The c a v i t y   i s  formed using a 
m l r r o r   a t  each  end o f   t h e  rod.  This  method o f  
cons t ruc t ion   o f   the   servo   cav i ty   reduces   leng th  
v a r i a t i o n s   a r i s i n g   f r o m   v i b r a t i o n s  and r a p i d  tempera- 
t u r e  changes, thereby   con t r ibu t ing   to   the   shor t - te rm 
f requency   s tab i l i za t ion   o f   the  dye lase r .  

To achieve good long- term  f requency  s tab i l i ty  
o f   t he   l ase r ,   t he   l eng th   o f   t he   se rvo   cav i t y   i s  
locked t o   t h e  3.39 pm ou tpu t   o f  He-Ne l o c a l   o s c i l l a t o r  
laser. The f r e q u e n c y   o f   t h e   l o c a l   o s c i l l a t o r   i s  
s t a b i l i z e d  by o f f se t   l ock ing  It t o  a metha e s t a b i l i -  
zed He-Ne laser  using  standard  techn  iques.g The 
o u t p u t   o f   t h e   l o c a l   o s c i l l a t o r   ( s m a l l   c i r c l e s   i n  
Fig. 1) i s  passed  through  the  servo  cavity  simultan- 
eous ly   w i th   t he   v i s ib le   dye   l ase r   ou tpu t .  (The 
dashed m i r ro rs   i n   F ig .  1 a r e   p a r t i a l l y   r e f l e c t i n g  
i n   t h e   v i s i b l e ,  and t r a n s m i t t i n g   i n   t h e   i n f r a r e d . )  
The 3.39 pm f r i n g e   s i g n a l   i s   d e t e c t e d  by  an IR 
photodiode, and t h e   r e s u l t a n t   e r r o r   s i g n a l   i s  
app l i ed   t o   t he   se rvo   cav i t y  PZT (cross  hatched  in 
Fig.   1) .   This scheme serves to   lock   the   leng th  of 
the  servo  cav i ty   to   the  methane-stab i l ized  laser .  

T u n a b i l i t y  

The frequency of   the  dye  laser  can be va r ied  
i n  any  one o f   t h r e e  ways. 

( 1 )  Manual t u n i n g   ( r o t a t i o n )   o f   t h e   b i r e -  
f r i n g e n t   f i l t e r   a l l o w s   t u n i n g  of the  laser  over  the 
ga in   curve   o f   the  dye.  Adjustment o f   t h e   i n t r a -  
cav i ty   e ta lons   p rov ides   f iner   tun ing .  

(2) The dye  laser and servo   cav i ty   a re  
enc losed  in  a pressurized box. By vary ing  the 
pressure,   the  servo  s tab i l ized  laser   output   can be 
tuned  over a range o f  about 28. 

(3) The length   o f   the   servo   cav i ty   can  be 
changed by   va ry ing   t he   o f f se t   l ock   o f   t he  He-Ne 
l o c a l   o s c i l l a t o r .  The l o c a l   o s c i l l a t o r   c a n  be 
tuned f 220 MHz from the   cen te r   o f   t he  He-Ne ga in  
curve .   Th is   a l lows  e lec t r i ca l   tun ing   o f   the   dye  
laser  over a range o f  2.5 GHz. 

The method  used t o   s t a b i l i z e   t h e  dye   laser   a t  a 
desired  frequency i s   t o  coarse  tune it using 
pressure  tuning.  This  can be done while  the  dye 
laser   i s   locked  to   the   servo   cav i ty ,   bu t   the   servo  
cav i ty   i s   no t   locked  to   the   methane-s tab i l i zed  
laser .  When the  laser 1s approximately  tuned  to 
the  desired  frequency,  the  servo  cavity i s  locked 
t o   t h e  He-Ne l o c a l   o s c i l l a t o r .  The dye  laser  can 
then be e l e c t r i c a l l y  tuned  over a 2.5 GHz range 
w h i l e   i n   t h e   f u l l y   l o c k e d  and s t a b i l i z e d   c o n d i t i o n .  

Power Output 

Approximately 5 W o f  A r  a l l - l i n e  TEMoo power 
+ 

produces i n  excess o f  1 W cw a t  6000 I( when 
rhodamine 6 G  i s  used in   t he  broadband  dye l ase r .  
When t h i s   r a d i a t i o n   i s  used t o  pump he s t a b i l i z e d  
laser ,  8 mW can be ob ta ined   a t  6600 B wi th   t he   l ase r  
i n   t h e   f u l l y  locked  condi t ion.   Modi f icat ions  are 
now in   p rog ress   t o   a l l ow  pumping of  the  broadband 
laser   us ing two A r +  lasers,each w i t h  > 5 W output .  

This  should  a l low a s i g n i f i c a n t   i n c r e a s e   i n  
output  power o f   t he   s tab i l i zed   l ase r   s ince  
i s  present ly   operat ing  c lose  to   threshold.  

Frequency S t a b i l i t y  

The dye laser   f requency   s tab i l i t y  was 
measured by observ ing  s ignals   in  a separate 
f inesse.  Fabrv-Perot  analvzinq  cavitv.  Thi 

the 
he l a t t e r  

h igh  
analyzing . -  

c a v i t y  was near l y   i den t i ca l   t o   t he   se rvo   cav i t y .  
The s igna l  was a m p l i f i e d   w i t h   g a i n   f l a t   t o  5 MHz and 
processed  by a voltage-to-frequency  converter and 
computing  counter.  Figure 2 i s  a p l o t   o f   t h e   r e -  
su l t i ng   A l l an   va r iance ,  U, as a funct ion  of   averaging 
time, 'c. In   ob ta in ing   t he   f requency   s tab i l i t y  
data, rhodamine 66 was used i n   t h e   s t a b i l i z e d  dye 
laser .  However, i t  i s   no t   expec ted   t ha t   t he   s tab i l i t y  
us ing   c resy l - v io le t  will be s i g n i f i c a n t l y   d i f f e r e n t .  

Curve A i n   F i g .  2 shows data  obta ined  wi th   both 
the  servo and ana lyz ing   cav i t i es   s tab i l i zed   t o   t he  
3 .39  Urn l o c a l   o s c i l l a t o r .  A t  longer  averaging 
times (T > 10 sec),  curve A i s  dropping  rap id ly  and 
shou ld   u l t imate ly   approach  the   s tab i l i t y  o 
methane-stabi l  izedHe-Ne laser  (U ̂ . 1 x 10-f3i!e  Curve 
B rewesents  data  obtained  wi thout  cavi ty  length 
s t a b i l i z a t i o n .  The dashed p o r t i o n   f o  
sec shows the  est imated  loss  o f   s tab i  
cav i t y   t empera tu re   d r i f t s  and s t r a i n  
i n   t h e   c a v i t y  PZT c r y s t a l s .  

r 
1 
i 

The  maximum in   cu rve  A near 'c = 
f rom  no ise  in   the 3.39 urn f r i n g e  amp1 
mapped i n t o   c a v i t y   l e n g t h   i n s t a b i l i t y  
f o r e .   i n t o  dve laser  freauencv  instab 

T > 0.1 
i t y  due t o  
n s t a b i l i t i e s  

sec r e s u l t s  
f i e r s   b e i n g  
and there- 

l i t v .   T h i s  ~i , 

would  be removed by   be t te r  3.39 pm frequency  dis- 
cr iminat ion.  

Curve C shows the  equivalent  f requency  noise  of  
the  servo  loop  er ror   s ignal .   Th is   represents  
the   bes t   s tab i l i t y   wh ich   cou ld  be achieved  wi th  
th i s   se rvo  system. 

Laser  Saturat ion  of   Atomic Beams 

Although  the  long  term  frequency s t a b i l i t y   o f  
the  dye  laser i s   q u i t e  good, t h e   r e s e t a b i l i t y  and 
accuracy  are  not   near ly as s a t i s f a c t o r y .   I n  
p r i n c i p l e ,   t h i s   l i m i t a t i o n  can be overcome by 
lock ing   the   dye   laser   to  a very  narrow  atomic 
t r a n s i t i o n .  A possib le  way o f   do ing   th is ,   us ing  a 
magnet ica l ly   def lected beam of  calcium atoms, i s  
discussed  below. 

Saturation  Spectroscopy  of  Calcium 

An experiment  to  observe  the 'So  - 3Pl i n t e r -  
combina t ion   t rans i t ion   in   ca lc ium under h igh  
reso lu t i on   cond i t i ons  uses  the  apparatus  depicted 
schemat ica l ly   in   F ig .  3. The p r o p e r t i e s   o f   t h i s  
t rans i t i on   wh ich  make i t  s u i t a b l e   f o r  use  as a 
possible  frequency/wavelength  standard  in  the 
v i s i b l e   r e g i o n  of the  spect rum  are  l is ted  in   Table 1. 
I n   F ig .  3, a heated  oven i s  used t o  produce a beam 
o f  Ca atoms i n   t h e  ISo ground  state. The r a d i a t i o n  
from t h e   s t a b i l i z e d  dye laser.  after  passing  through 
the  appropr ia te  iso la tors  and beam expanding  optics, 
enters  the  calcium  atomic beam apparatus where i t  
crosses  the  calcium  atomic beam at   approx imate ly  
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r i g h t  angles. A mi r ro r ,   p laced   a t   t he   f a r   s ide   o f  
the  apparatus,   ref lects  the  laser beam back onto 
i t s e l f .  Under the  proper   condi t ions,   in   the  reg ion 
where the two beams cross,  the l S 0  calcium atoms 
can be exc i ted   to   the  3P1 s ta te .  The t r a n s i t i o n  can 
be  observed by magnet ica l l y   de f lec t ing   the   exc i ted  3 P l  
atoms  and then  detecting  these same atoms using an 
o f f - a x i s   h o t   w i r e   d e t e c t o r .  The advantages o f   us ing  
calcium  are: 

40Ca i s  99.7% n a t u r a l l y  abundant. 

40Ca has zero  nuclear  spin, and the re fo re  
e x h i b i t s  no hyper f i ne   s t ruc tu re .  

The 'So ground  state i s  non-degenerate 
so tha t   the   en t i re   a tomic  beam i s   i n  a 
s ingle  ground  state.  

The 'S - 3P1 t r a n s i t i o n   o c c u r s   a t  a wave- 
lengtho(Xair = 6573 #) where t h e   s t a b i l  i- 
zed  dye laser  can de l i ve r   t he   requ i red  
power (2 5mw) . 
The 3P1 n a t u r a l   l i f e t i m e s   o f  0.39 ms i s  
s u f f i c i e n t l y   l o n g   t o  ensure,   u l t imately,  
a very  narrow  l inewidth (410 Hz) for   the 
o p t i c a l   t r a n s i t i o n .  The l i f e t i m e   i s   a l s o  
long enough t o   a l l o w  atoms in   t he  3P1 s t a t e  
t o  be magnet ical ly  def lected  before 
decaying t o   t h e  l S 0  s ta te .  

The I S o  ground s t a t e  i s  diamagnetic  only, 
and i s   t h e r e f o r e   v i r t u a l l y   u n d e f l e c t e d  
by an inhomogeneous magnet ic   f ie ld .  

The 3P1 s t a t e   i s  paramagnetic and has 
gJ = 1.5.  The very  large  magnetic moment 
which  resul ts,   permits easy d e f l e c t i o n  
o f   t h e  3P s t a t e   i n  an inhomogeneous 
magnetic  Field. 

The h o t   w i r e   d e t e c t i o n   e f f i c i e n c y 6   f o r  
ground  state  calcium atoms (us ing an 
oxygenated  tungsten  wire) i s  o f  the 
order of 1 t o  10%. 

Some o f  these  p roper t ies   ( inc lud ing   those  g iven   in  
Table l ) ,  and t h e i r  advantages f o r  a proposed f r e -  
quency s tandard   us ing   f i ne   s t ruc tu re   t rans i t i ons   i n  
a magnesium,or calcium beam, have been pointed  out  
by Strumia.' A general   d iscussion  of   the proposed 
use o f   sa tura ted   absorp t ion   fo r   the  6573 # calcium 
atomic Beam t r a n s i t i o n  has a l s o  been given by H a l l  and 
Snyder. 

Experiments  conducted so f a r  have concentrated 
on tes t ing   the   de tec t ion  system. I n  these  experi- 
ments,  metastable  calcium atoms i n   t h e  3P2, 3P1 ,  
and 3P0 s ta tes  were  produced by bombarding  the 
0.05 cm d iameter   oven  ho le  wi th   e lect rons and thus 
producing a plasma d ischarge  in   the oven hole. 
This  ethod,  which i s  due to   B r ink ,9   y ie lds  up t o  
I 5% P2 and 3P1 atoms. I n i t i a l l y ,  i t  was hoped 
tha t  3Pl ca lc ium  might   exh ib i t  a higher  hot  w i r e  
de tec t i on   e f f i c i ency   t han  l S 0  calcium,  which  would 
have obviated  the need for   magnet ic   def lect ion,   but  
the  ef fect   appears to be small ,  i f  i t  e x i s t s   a t   a l l .  
Us ing  the  f lop-out   detect ion scheme  shown in   F ig .  3, 
we have  achieved  s ignal- to-noise  detect ion  rat ios 

7 

f o r  3Pz  atoms o f  up to   50 : l   w i th  - 2~ % o f   the  a tomic 
beam i n   t h e  3P2 s ta te .  (We were n o t   a b l e   t o  assess 
the   de tec t ion  method d i r e c t l y   f o r  3P because the 
Oven i s  many decay lengths  f rom  the  aef lect ing 
magnet. We were ab le   t o  use I P  atoms,  however, 
because o f   t h e i r  much longer   l i f e t ime .  I t  i s  
expected  that   the  resul ts  for  3P1 atoms would be the 
same.) Note  that, i f  t h e   h o t   w i r e   d e t e c t i o n   e f f i -  
c i enc ies   f o r  l S 0  and 3P, ca lc ium  a re   essent ia l l y  
the same, 3P, atoms which decay a f te r   pass ing  
through  the magnet, but  before  reaching  the  hot  wire, 
will s t i l l  be detected. 

1 

The m i r r o r   i n   F i g .  3, wh ich   re f lec ts   the   laser  
beam back on to   i t se l f ,   shou ld   a l l ow  us to  perform 
saturation  spectroscopy on the  calcium beam. Since 
the  Doppler  width  of   our beam i s  -. 175 kHz, whereas 
t h e   u l t i m a t e   n a t u r a l   l i n e w i d t h   o f   t h e  'So - 3Pl 
t r a n s i t i o n  i s  - 400 Hz, the  saturated  absorpt ion 
technique i s   e s s e n t i a l   f o r   o b t a i n i n g  a narrow  l ine.  

I n   t h e   i n i t i a l  experiments  using  the  laser,  the 
l i n e w i d t h  will be determined by the   t ime-o f - f l i gh t  
(TOF) o f   t he   a tms   th rough   the   l ase r  beam ( i .e . ,  by 
the  diameter  for a c i r cu la r   c ross   sec t i on   l ase r  
beam.). Also, it i s  necessary to   prov ide  magnet ic  
sh ie ld ing   in   the   in te rac t ion   reg ion   s ince   the   t rans i -  
t i o n  will be to   t he   magne t i ca l l y   sens i t i ve  mJ = ? 1 
Zeeman sublevels   o f   the 3P1 s ta te.   Later   exper i -  
ments will induce  the  t rans i t ion  to   the mJ = 0 
Zeeman sublevel  instead,  which has the  advantage 
of   be ing  very   insensi t ive  to   magnet ic   f ie lds.  
To magne t i ca l l y   de tec t   t h i s   t rans i t i on ,  i t  wil l be 
necessary  to  induce a Am3 = f 1 RF Zeeman t r a n s i t i o n  
i n   t h e   e x c i t e d   s t a t e  subsequent t o   l a s e r   e x c i t a t i o n .  

The use o f  an atomic beam rather  than an 
a b s o r p t i o n   c e l l  has a t   l eas t  one  advantage fo r   ve ry  
h igh   reso lu t i on   work .   I n  an abso rp t i on   ce l l ,   t he  TOF 
o f   t h e  atoms across  the  laser beam must be un in te r -  
rupted i f  the   bes t   reso lu t ion   i s   to   be   rea l i zed .  
This  requires  that   the  atomic mean f ree   pa th  be 
greater  than  the  diameter  of  the  laser beam.  Be- 
cause o f   t h e   r e s u l t a n t  low  dens i ty   o f  atoms, i t  i s  
necessary t o  use a very  long  absorpt ion  ce l l   (o f  
the  order   o f  10 meters,   or   greater)  i f  the  absorp- 
t i o n   s i g n a l   i s   t o  be observable. The atomic beam 
method has the  advantage  that  the  saturation  signal 
i s  observed d i rec t l y ,   ra the r   t han  as a small change 
i n  a l a rge  background.  Consequently,  the amount o f  
absorption need no t  be large, and a r e l a t i v e l y  
short  apparatus  can be used. 

The i n i t i a l  experiments on calcium w i l l  be 
designed  to  provide a demonstrat ion  of   the  techni-  
que of   a tomic beam saturation  spectroscopy. I f  
the TOF l i n e w i d t h  and broadening due t o  magnetic 
f i e l d  inhomogeneities  can be kept  small enough, i t  
should be possible  to  observe (and eventual ly ,  
complete1  resolve)  the 23  kHz r e l a t i v i s t i c   r e c o i l  
sp l i t t i ngT0   o f   t he   ca l c ium  l i ne .  

Advantages o f  Calcium  as a Poss ib le  v/X Standard 

Based on the   p roper t ies   o f   the  'So - 3P l  Ca 
t r a n s i t i o n ,  as g iven  in   Table 1, the   u l t imate  
projected  frequency and wavelength s t a b i l i t  
laser -exc i ted   ca lc ium beam d e v i c e   i s  5 10-15.0fTEe 
main  disadvantage o f  such a device as a poss ib le  
frequency/wavelength  standard i n   t h e   v i s i b l e   r e g i o n  
o f   t h e  spectrum i s  presumably  only a temporary 
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Ch. Bode/ and J .  L.  H a l l   i n  Laser  Spectros- 

S, Plenum Press, 1974, p. 125. 
disadvantage: A t  the  present   t ime,   there  is  no way 10. 
t o  measure the  frequency  of  the Ca t r a n s i t i o n   i n  terms 
o f   t h e  CS hyperfine  frequency. The ex tens ion   o f   f re -  
quency  measurements i n to   t he  IR and v i s i b l e  continues:'  11. 
however,  and fu r ther   p rogress   in   th is   a rea  can  be 
expected i n   t h e   f u t u r e .  

Measurement of  the Rydberg  Constant 

K. M. Evenson and F. R. Petersen in   Phys ics 
o f  Quantum Elect ron ics,  Vol. 2, Laser  Appli- 
ca t ions   to   Opt ics  and  Spectroscopy,  Addison- 
Wesley. 1975. D .  367. The hiqhest  freauencv 
measured to   da te   (148 THz) 

. .  - - - _  , 
i s-descr i bed in ,  ' 
sen, and K. M. 
- 26, 510 (1975). 

D .  A. Jennings, F. R. Pete 
Evenson, Appl. Phys. L e t t .  

D .  E. Roberts and E.  N .  F0 
Rev. L e t t .  3 1 ,  1539 (1973) 

R. L.  Barger and J .  L.  Hal 
L e t t .  3, 196 (1973). 

I n   add i t i on   t o   t he   ca l c ium beam experiment, 
we are  working on  an experiment  which will deter-  
mine  the Rydberg constant   wi th  improved  accuracy. 
I n   t h i s  experiment,  a beam of   metastable H atoms 
(Z2S*) i s  generated  by  electron bombardment o f  
ground  state H atoms produced i n  an RF discharge. 
Metastable atoms i n   t h e  beam are  detected by 
apply ing an e l e c t r i c  quenching f i e l d  and observing 
t h e   r e s u l t i n g  Lyman a photons.  Laser  saturation 
o f   t h e  Balmer a t r a n s i t i o n  (X = 6563 fo r e s u l t s   i n  
a  decrease i n   t h e  observed Lyman a s igna l .  

By us ing an atomic beam rather  than  a  discharge, 
per turbat ions such as S t a r k   s h i f t s  and c o l l i s i o n a l  
e f fec ts   shou ld  be v i r t u a l l y   e l i m i n a t e d .  The l i f e -  
t ime- l im i ted   l i new id th   o f   t he  Balmer a t r a n s i t i o n   i s  
about  30 MHz- however, by s imultaneously  apply ing 
an RF f ie ld1 '   a t   the  f requency  corresponding  to   the 
32P4 - 32S4 t rans i t i on ,   t he   l i new id th   can  be 
reduced to   1  MHz.  By us ing  the  in ter ferometer  
prev ious ly   used  to  make the  wavelength measurement'3 
of  the  methane-stabi 1 ized He-Ne lase r  (X = 3.39 m ) ,  
the Balmer CL wavelength  can be  measured t o  a few 
p a r t s   i n  lolo. The resul t ing  accuracy  in   the Rydberg 
should be less  than one p a r t   i n  109. 

tson, Phys. 12. 

13. , Appl . Phys. 
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Figure 3. Schematic  diagram o f  atomic  calcium beam and detection  system. 
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