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of the diffusion b a r r i e r .  It should be noted that 
the t e r m s  dependent on t ime a r e  omitted in eq. 
(1) as they a re  not essen t ia l  for the re laxat ion 
process .  

The Hamil tonian (1) is  s i m i l a r  to the Hami l to-  
nian used in ref.  3 for the der ivat ion of the spin 
diffusion equations.  Following this  work one can 
have the following equation for the inve r se  t e m -  
pe ra tu re  of nuclei :  

a~I ~I-~e 1 C(0) 
~t - D(0)A/3I Te , D(O) = A(0)D, r-e = r 6  

C(0) : 4 (yeT i )2  S(S+l)sin 2 0 
l+(rwi )2 

where r is  the cor re la t ion  t ime of the magnitude 
S z, r is  the dis tance f rom the nuc lea r  spin to a 
magnet ic  ion. D(O) and D a re  the diffusion coef-  
f ic ients  when sa tura t ion  is  taken into account and 
when it  i s  not taken into account respect ive ly .  
The diffusion b a r r i e r  is  not taken into account 
in the given express ions .  I ts  express ion  in the 
double rota t ing sys tem i s  easy to obtain follow- 
ing ref.  4 (5(0) = Icos 0/A(0)I~ .5), where 5 is  the 
diffusion b a r r i e r  qhen the sa tura t ion  is  not taken 
into account).  If b(O) >> 5(0) (b(O)=O.68[C(O)/D(O)]¼ 

[4]), then the diffusion b a r r i e r  is  not essen t ia l  
and we obtain for the uniaue re laxat ion  t ime: 
Tn(0) = R3/[D3C(O)[A3(O)I ]3. When3b(0) << 5 (0) 
we obtain Tn(0) = (R 5) 3icOs 0/A(0) i I /C(0) .  The 
re su l t s  obtained show that nea r  the "magic" an -  
gle 00, de te rmined  by the condition A(0 o) = 0 
the re laxat ion t ime i nc r ea se s .  That is  quite c lear ,  
because when 0 --* 0 o in one case D(O) dec reases  
and in the other case 5(0) i nc r e a se s  and that 
makes  ~elax~tion more  difficult.  When 
(~-0)~)~ <<t0)~ we obtain: a) when b(0) >> 5(0) 
Tn(0) ~ o)1 ~ ifT0) I >> 1 and Tn(0) does not depend 
on o)1, if ~0)I << 1; b) when b(O) << 5(0) 
Tn(0) ~ 0)14 if 0)i T >> I and Tn(0) ~ o)i~ if 
0)i T << 1. In conlusion we shall  note that the p re -  
sented r e su l t s  a re  very  d i f ferent  f rom the r e -  
sult  T n ~ 0)12 which is  obtained for the mean r e -  
taxation t ime. 
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Observation on the ground state sublevels of an atom of light shifts much larger than the width of the levels 
is reported. The lifting of the Zeeman degeneracy in zero magnetic field by a light beam leads to a change 
in the Zeeman energy level diagram. 

The quantum theory of the optical  pumping 
cycle [1] p red ic t s  that the atomic sublevels  of the 
ground state  a re  broadened and shifted by the in -  
t e rac t ion  with an inc ident  light beam,  the shift 
(broadening) being due to the non resonan t  ( r e so -  
nant) wavelengths.  These  effects have been ob-  
served on 199Hg [2]. We have recen t ly  cons ide r -  
ably improved the exper imenta l  method: we ob-  
se rved  light shifts  about twenty t imes  l a rge r  than 

the linewidth [3]. This  makes poss ib le  the study 
of the lifting of a Zeeman degeneracy of an atom 
in zero  magnet ic  field by a non resonan t  light 
beam. 

The c i r cu la r ly  polar ized (non resonant)  light 
beam B 1 which produces  the light shift ,  propagates  
a l o n g  the Oz di rec t ion .  In the ground s ta te  6'S o 
of 199Hg (nuclear  spin I = ½) which has two sub-  
levels ,  the effective Hamil tonian which desc r ibes  
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Fig. 1. L a r m o r  p recess ion  of the 199Hg nuclear  spins 
in the ficti t ious magnetic field, H s,  associated to the 
l ight  beam B1, detected on the absorpt ion of the B 2 

light. 

t h e  e f f e c t  of B 1 i s  a two b y  two H e r m i t i a n  m a t r i x  
w h i c h  can  a l w a y s  be  e x p a n d e d  in  P a u l i  m a t r i c e s .  
So, t he  e f fec t  of B1 i s  e q u i v a l e n t  to t h e  o n e  of a 
( f i c t i t i ous )  m a g n e t i c  f i e ld ,  H s ,  p r o p o r t i o n a l  to 
t h e  B1 l i gh t  i n t e n s i t y  and  p a r a l l e l  to Oz ( t h i s  can  
e a s i l y  be  s h o w n  t h r o u g h  s y m m e t r y  c o n s i d e r a -  
t i ons ) .  F ig .  1 s h o w s  t he  L a r m o r  p r e c e s s i o n  of 
the nuclear spins in this fictitious field. The ex- 
periment is performed in the following way: 
first, B 1 is off; in zero magnetic field, the nu- 
clear spins are oriented in the Ox direction by a 
pumping light beam B 2 which propagates along 
the Ox direction and which is choosen in such a 
way that it does not produce an ly light shift. Then, B 1 
is suddenly introduced. The nuclear spins start 
to precess around H s, and this produces the ob- 
served modulation of the absorption of the B 2 
light. As the splitting produced by B I is larger 
than the width of the levels, several oscillations 
occur during the relaxation time. 

By the techniques described in ref. 3, we have 
also measured the energy splitting between the 
two sublevels of the ground state under the action 
of the light beam BI, for different values of the 
static magnetic field H 0 parallel either to Oz or 
to Oy. The Hamiltontan is ~ = y (llsIz+HOIu), Y, 

Fig. 2. Zeeman d iagram of the ground s ta te  of 199Hg 
per turbed  by a non resonant  l ight beam,  B 1. Points:  
Exper imental  data (+ : B 1 and H 0 para l le l ,  e : B 1 and 
H 0 perpendicular) .  Full l ines:  theore t ica l  curves .  

Dashed l ines:  normal  Zeeman effeet. 

g y r o m a g n e t i c  r a t i o ;  u = z o r  y. T h e  o b s e r v e d  
e n e r g y  d i a g r a m  i s  s h o w n  in f ig .  2 and  i s  in  e x -  
c e l l e n t  a g r e e m e n t  wi th  t he  t h e o r e t i c a l  p r e d i c -  
t i o n s  ( shown by  t h e  fu l l  c u r v e s ) .  If HI? i s  p a r a l l e l  
to  Oz, t h e  d i a g r a m  looks  l ike  a t r a n s l a t e d  Z e e -  
m a n  d i a g r a m :  the  two a t o m i c  s u b l e v e l s  s t i l l  
c r o s s  each  o t h e r ,  bu t  fo r  a non  zero magnelic 
field value HI? ; - H  s.  If H ~ l l e l  to  Oy, t he  
e i g e n v a l u e s  of ~ a r e  + ~ VH~ + H i :  t he  two l e v -  
e l s  now anticross. For H 0 << H s, the splitting is 
essentially due to the light beam B I, the orien- 
tation of which determines the eigenstates of ~]( 
(eigenstates of Iz). If H 0 >> Hs, the structure of 
the energy diagram is determined by H 0 and the 
eigenstates of ~ are those of Iy. This situation 
might be compared to what is found in a Back- 
Goudsmit diagram, the light shift playing the 
role of a hyperfine structure. 

We are studying similar effects on 201Hg 
(I = ~-) where the action of the light beam is not 
equivalent anymore to the one of a fictitious mag- 
netic field. 
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