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4 
We have s t u d i e d  s u p ~ r f l u i d  3 ~ e -  He rnrxtures quenched i n t o  n o n e q u i l i b r i w n ~  s t a t e s  i n s i d e  the  
m r s c i b i l t t y  gap by means o f  second sound . From the  r e s u l t s  Tor the second sound v e l o c i t y  we 
conclude t h a t  the  s u p e r f l v i d  d e n s i t y  i n  the  metastable s t a t e  i s  w e l l  d e s c r ~ b e d  by 
ex trap01 a t i o n  f rnm equi l ibs ium va lues .  The boundary nf  the rn~t .a<  t a h l ~  rpg ion,  where t 1 1 ~  l ~ a t  i o n  
processes s e t  i n  r a p i d l y ,  i s  r e f l e c t e d  i n  a sharp i n c r ~ a s e  o f  the second sound at tenuat ion.  

1 . INTRODUCTION 
3 The s u p e r f l u i d  dens i ty  / I  o f  4 ~ e  and o f  He- 

S ' ~ e  mix tures ,  be ing one o f  the e s s e n t i a l  quan- 
t i t i e s  o f  the s u p e r f l u i d  s t a t e ,  has been 5t.u- 
d i e d  i n  g r e a t d e t a i l .  I n  p a r t i c u l a r ,  the  beha- 
v i o r  near the  -1 - l i ne  and along the c o e x i s t e n c ~  
curve near the t r i c r i t i c a l  p o i n t  has been i n  
v ~ s t i g a t e d  w i t h  high accuracy ( 1 ) .  L i t t l e  i s  
known, however, about the s per l u i d  density I n  Y 4 the m i s c i b i l i t y  gap o f  He-He,  where the  
rntxttrre i s  n o t  thermodynamically s tab le ,  bu t  
where f o r  some l i m i t e d  t ime homngencous meta- 
s t a h l p  s t a t e s  a r e  access ib le  ( 2 , 3 ) .  I n  l h i s  
work we a d d r e s s  the ques t i on  how p b ~ h a v e s  i n  
t h i s  non -equ i l i b r i um state a 5  on8 approaches 
the  so-cal l ed3c loud T i ne ,  where spontaneous 
n u c l e a t i o n  o f  We-rich d r o p l e t s  se ts  i n .  

2 .  EXPERTMENTAL 
I n  order  to prepare the mixture I n  a p roper  

s t a t e  i n s i d e  the m i s c i b i l i t y  yap we used the  
pressure  quench technique w i t h  an exper imenta l  
se t -up  as described e a r l i e r  ( 2 ) .  A schemat ic  
path  I n  the phase diagram, p l o t t e d  on a r e d u c ~ d  
t-emperature sca le ,  i s  shown i n  the  i n s e r t  o f  
F l g . 1 .  The quench s t a r t s  on t h p  s u p e r f l u i d  
hranch o f  the  coexistence curve ( A ) .  and the 
rystem r e m a i n s  i n  a homogeneous, r n e t a s t a h l ~  
s t a t e  ( B I .  Upon nuc leat ion ,  wh ich  develops 
r a p i d l y  a s  the c l o  d p o i n t  i s  reached4 l o c a l  
O ~ c o m ~ o 5 i t i o n  i n t o  'He-rich dropl~ti ( C  ) i n  a  
< ~ ~ p ~ r f l ~ i d  'HP-rich background phase  ( c - )  
n r c u r s  w i t h i n  a few mi l l i seconds ,  Subs~quen t l y  
thp s y s t ~ m  " s l i d e s  down" along the c o e x i s t e n c ~  
c t ~ r v ~  u n t i l  + t h ~  pressure quench i s  terminated 
a t  polnts I3 and D . There the l a t e  s tages  o f  
decomposition, cnarsening and macroscopic phase 
s ~ p a r a t i n n  by g r a v i t y ,  a r P  a l s o  completed. The 
t y p i c a l  t i m e  scale f o r  the wh 1e decomposition 9 4 p rocess  i s  a f e w  seconds f o r  He- He. 

The qua1 l t a t i v e  behavior  o f  the spcond sound 
s i g n a l s  i s  i l l u s t r a t e d  i n  Fig.1, which shnws 
p x a m p l e s  o f  t h e  var ious  c o n d i t i n n s  (A-I ) )  
descr ibed a h o v ~ .  The p u l s ~ s  wprp generated by 
h e a t i n g  a t h i n  m e t a l  f i l m  and d e t ~ c t e d  w i t h  a 

3 h iq .  1:S~cond sound s igna l  i n  a superflvid He- 
He rnixturp a t  va r i ous  s tages  o f  t h ~  

decomposit ion process. The t races,  t a k ~ n  a t  
s u b s e q u ~ n t  i d ~ n t i c a l  quenches, r p f e r  t o  t h e  
f o l l o w i n g  cond i t i ons ,  ,3150 marked  i n  the 
schematic phase d iagram shown i n  the  inser t  
( t h p  d o t t ~ d  curve s y m b o l i z ~ s  the c loud  l i n e ) :  
n)In the hornog~neous phase on t h e  coexistence 
curve,  2 3  mK below the t r i c r i t i c a l  t e m p e r a t u r ~  
T , a t  ~ 7 8 8 0  nibar; 8 ) i n  the metastable regime 
j h s t  b t f o r c  reach ing the cloud po in t ;C )a f te r  
nuc lea t ron ,  when the system has undprgone 
decompos;tion on a l o c a l  scale;  D ) a t  the pnd o f  
the decnrnposi t ion  p r o c ~ s s ,  when the s u p e r f l u ~ d  
p h a s ~  1s hnnrog~neous again(Tt-T=35mK.p=51On1bar) 
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carbon h a l o r n ~ t e r  a t  a d i s tance  o f  0.7 mm. The 
t races  d i s p l a y  a sharp  Y i s e  about 1 mser a f t e r  
t.he a p p l i c a t i o n  o f  the  hea t  p u l s e ,  
corresponding t o  the t r a n s i t  t ime o f  second 
sound. The s t r u c t u r e  a f t e r  the l e a d i n g  pu l se  i s  
due t o  m u l t i p l e  r e f l e c t i o n s .  I t  i s  seen t h a t  
rrel 1 - de f  tried second sound s i g n a l s  are ob ta ined  
n u t  only i n  t h ~  s u p e r f l u l d  phase on the 
roex i s t ence  curve,  b u t  a l s o  r n  the metas tab le  
s t a t e  ( B )  and i n  the heterogeneous m ix tu re  (C). 

3.  RESULTS AND DlSCUSSION 
Here we concent ra te  on t h ~  metas tab le  r e g i m e  

and the onset  o f  nuc lea t i on .  Data f o r  the  
v e l o c i t y  and the a t t e n u a t i o n  o f  second sound i n  
t h i s  reg ion are shown i n  F i g  2a and 2b. The 
time a x i s  i s  r e l a t e d  to  the quench d ~ p t h ,  
a l though i n  a non l i nea r  way ( 2 ) .  I n  t h ~  m e t a -  
s t a b l e  niix ture,  which here corresponds t o  the  
t i m e  i n t e r v a l  O;tcO.lZsec, the v e l o c i t y  r ~ r n a i n s  
unchanged w i t h i n  our accuracy e f  about 1%. T h i s  
i s  t o  be compared w i t h  data i n  the v i c i n i t y ,  
but ou ts ide  the m i s c i b i l i t y  gap / 4 ) ,  which when 
~ x t r a p o l a t e d  t o  the thermodynamic p a t h  o f  our 
quench a l s o  y i e l d  a constant  value o f  
w i t h i n  1%. Thus the s u p e r f l u i d  d e n s i t y  i nvl & 
metastable m ix tu re  appears t o  f o l l o w  a r e g u l a r  
behavior  up t o  a s u p ~ r s a t u r a t i o n  hxWx=O.ES, 
the  l a r g e s t  v a l u e  re$ched under the present  
cond i t ions . (  Here d x = x  - x  i s  the w id th  o f  the 
m i s c i b i l i t y  gap and f i x  i s  the  d e v i a t i o n  from 
the e q u i l i b r i u m  concen t ra t i on  on the s u p e r f l u i d  
branch o f  the coexistence curve.)  

The arrow i n  Fig.2 ind ;ca tes  the onset o f  
nuc lea t ton ,  as  determined independent1 y f rom 
the o p t i c a l  t r a n s l n i s s i v i t y  o f  the sampTe ( 2 1 .  
A l  thor~gh some ~ l r u c t u r e  i n  v m igh t  h~ p r ~ s e n t  
near t h a t  p o i n t ,  ~t i s  obvtbusly not  l a r g e r  
than 1 so t h a t  the  v e l o c i t y  i n  the 
heterogeneous n l ix tu re  [ t>O. l2sec) i s  nea r l y  t h e  
same a s  t n  t h ~  homog~neous case. By c o n t r a s t ,  
the a t tenua t i on  o f  t h ~  second sound i s  s t r o n g l y  
a f f e c t e d  by the  n o r m a l f l u i d  d rop le t s  developing 
du r i ng  the nuc lea t i on  process, a s  seen Prom 
Fiq.Zb. 

4.  CONCLUSIONS 
The measurernellts show t h a t  t h e  s u p e r f l u i d  

d p n s i t y  i n  thp  metastable s t a t e  agrPes w i t h  a n  
e x t r a p o l a t i o n  f r o m  the  e q u i l i b r r u m  values o f  

, i n d i c a t i n g  t h a t  t h i s  o rder  parametel- i s  
iasensiti~e t o  th? m i s c i b i l i t y  g a p .  I n  
add i t i on ,  we have o b s c r v ~ d  t h a t  t h ~  a t t e n u a t i o n  
a f  the second sound increases d r a r t i r a l  1 y upon 
n r ~ c l e a t i o n ,  which  r n a k ~ r  i t  an i n t e r e s t i n g  t o o l  
t o  study t h i s  P ~ ~ C P S S .  
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F i y - 2  : a )  v e l o c i t y  a n d  b)ampl i t u d e  R = J - T O 3  o f  
second round  p u l l 6  propaqat ing through a He- 

He m ix tu re  a t  va r i ous  t i m e s  a f t e r  the s t a r t  o f  
the quench. T i s  the temperature before  t h e  
appl ; c a t i n n  O? the  h e a t  pulse.  The quench 
parampters were the same a s  i n  F i g .  1, except  
f o r  the i n i t r a l  and f i n a l  temperature en the 
coexistence curve,  which was T - T = 1 7  and 29 mK, 
r e s p e c t i v e l y .  The onset o f  nuc lea t i on  i s  markpd 
by a n  arrow. 
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