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The spin relaxation time T I of normal 3He is calculated for al l  temperatures T ~ 2K at 
two different pressures(P = 0 and 27 bar). The calculation is based on a recently 
developed theory of nuclear spin relaxation via dipole interaction in a Fermi l iquid 
by the present authors. Our results explain the experimental data so far available. 

In a recent experiment [ I ]  h igh ly  spin-polar ized 
l i qu id  3He was produced by rapid melting of the 
spin-polar ized so l id .  The high spin po lar iza t ion  
then decayed w i th in  a few minutes. In th is  con- 
t r i bu t i on  we want to show that the nuclear spin 
relaxation time T 1 of l iquid 3He in this experi- 
ment is determined by the purely in t r ins ic  effect 
deriving from the spin non-conserving nuclear 
dipole interaction rather than extr insic effects 
such as spin relaxation at the walls. Indeed our 
results agree very well with measurements of T 1
by other authors [2-4] where wall relaxation was 
supposed to be eliminated. 

So far there only exist semi-quantitative cal- 
culations of this T 1 for the extreme quantum lim- 
i t  and the classical l imi t :  For a degenerate 
Fermi gas Ipatova and Eliashberg [5] estimated 
i/T1 =(y2~2 n)2T2/E~ (part icle density n, Fermi 
energy EF). For the classical l im i t  there exists 
the well-known expression by Bloembergen et al. 
[6] (BPP), namely 1/T I ~ (y2~2)2n/(Dd), where D 
is the spin diffusion constant and d is defined 
as "distance of closest approach" of the atoms. 

We have recently developed a general descrip- 
tion of spin relaxation in terms of the spin den- 
s i ty  excitation spectrum of the l iquid [7], which 
contains both results as l imit ing cases. Due to 
the smallness of the dipole energy in relation to 
the characteristic energy scales of the l iquid,  
namely the Fermi energy E F, the thermal energy 
kBT and the relaxation energy Z/T, where T is a 
typical col l is ion time of atoms or quasiparticles, 
i t  is an excellent approximation to calculate the 
spin relaxation rate in lowest order in the di- 
pole coupling. The relaxation process consists 
of a homogeneous (q=O) spin f luctuation decaying 
into a pair of inhomogeneous spin fluctuations 
with equal but opposite momenta, a process which 
transforms part of the spin angular momentum into 
orbital angular momentum. This may be expressed 
by the relation [7] 

I /TI  = (y2Z2)2/(3~2Tx(O)) ( I )  
xfd3qfd~[x"(q ,~) /s inh(~/2kBT)]2 

where x(O) is the stat ic spin suscept ibi l i ty and 
x"(q,m) is the absorptive part of the dynamic, 
wavevector dependent spin suscept ibi l i ty,  both 
divided by y2~2. Eq.(1) shows that the spin dyna- 

                                                           

mics only contr ibutes for  low frequencies ( i . e .  
< kBT/~5 ) but a rb i t ra ry  wavevector q. In evalua- 

t ing ( I )  two d i f f e ren t  q regimes have to be d is-  
t inguished: 
I . )  For low q, q<qo=i/~, where z is a mean free 
path, the dynamics is governed by the d i f fus ion  
equation and x"(q,~) = x(O)Dq2~/(~2+D2q4). This 
yields a contribution to the spin relaxation rate 

(i/T1)diff = (8/3)(y21~2)2Tx(O)qof/D (2) 
Here we have determined the cutoff wavevector qo 
by requiring Dq~=I/T (m<T in the diffusion denom- 
inator), where T is related to D, as usual, by 
D=nr/(4m*×(O)) and where we have assumed a temper- 
ature dependence of the effective ~ass m*(T) = 

<P~ t > / ( 2<E> )  -- ½ [ (P~+(3mkBT)2)/(EF ~+(-~kBT) 2 ) 2  ]½ • 
While qo rather strongly depends on pressure and 
temperature, f is not as sensi t ive in that  respect 
( f  ~ l-O(O2)-O[(qo/2kF)2], for  T<<T F, where 0 = 
ZDq6/(2kBT)). In the Fermi l i qu id  regime 
( I / T l ) d i f f  is eas i ly  seen to vary l i ke  T 5. On the 
other hand, in the classical  l i m i t ,  where x(O) = 
S(S+I)n/(3T), we obtain the celebrated BPP 
formula [6] 

class= (n/5) (y2Z2)2n/(Dd(P,T) ) (3) (I/Tl)diff 
which describes the relaxation rate of many clas- 
sical l i qu ids  and which we have here essent ia l l y  
derived from f i r s t  p r inc ip le .  Note, however that 
(3) ac tua l l y  contains one s ign i f i can t  general iza- 
t ion  of the BPP formula: i t  contains a tempera- 
ture and pressure dependent length d(P,T) = 
(3~/iO)(qofclas~) - I  ~ ~, the mean free path, in-  
stead of a constant d("distance of closest appro- 
ach"[6] or ~ d i a m e t e r "  in the case of spher- 
ical  atoms, i .e .  about IX in the case of 3He) 
which the BPP formula contains. Indeed, whi le 
d(P,T) varies l i ke  T -2 in the Fermi l i qu id  regime 
i t  essent ia l l y  saturates for  T > T F. This l im i t i ng  
value of d in ~he c lassical  regime is about 1.9~ 
at P=O and I.OA at P=27 bar. Therefore we see that 
only at higher pressures (where the " l i q u i d  char- 
acter" is more pronounced than at lower pressures) 
one has d(P,T)=d, i .e .  exact ly the BPP formula, 
whi le at low pressures the charac ter is t i c  length 
involved in (3) is by about a factor  of 2 h igher . -  
I t  is important to keep in mind that due to the 
strong temperature dependence at lower tempera- 
tures of d(~T -2) and Tx(O)(~T) the application 
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of the classical  BPP formula to l i qu id  3He for  
temperatures below O.5K is incorrect  and there- 
fore i t  cannot be used to estimate T I . -  
2.) For q > qo, in the socalled co l l i s ion less  
regime, one may approximate x" by the RPA form [8] 

x"(q,w) = Im[×~(q,~+iO) - f~(q) ] -~ (4) 
where f~(q) is the spin dependent Fermi l i qu id  
in teract ion parameter (wavevector dependent!) as 
determined by Aldr ich and Pines [8] andxsc(q,m+iO) 
is a screened response funct ion ( in  the region of 

and q we are interested in the backflow term 
also present in (4) is neg l ig ib le ) .  We approximate 
Xsc(q,w) by the T=O Lindhard funct ion mul t ip l ied  
by a factor e(q) describing the reduced weight of 
single par t i c le -ho le  exc i ta t ions in favor of 
mu l t ipa i r  exc i ta t ions for  larger q-values [8] and 
by a T-dependent factor ×~c(O,~/×~°(0,O) chosen 
such as to yield the experimentally determined 
spin susceptibility ×(0). Substituting (4) into 
(I) one obtains a contribution (1/TI)pmA to the 
spin relaxation rate in the Fermi l iquid regime 

(I/TI)RPA : (~5/8)(2~y2~2n/3)2(T2/E~) (5) 
xc/[l+F~(0)] -3 

where c < 1 is a dimensionless function of pres- 
sure only (via the q-dependent Fermi l iquid par- 
ameter F~(q)); c=0.33 for P=0 and c=0.24 for P= 
27 bar. Rence we see that we recover the T21awof 
Ref. [5] (which is well understood within Landau- 
theory), but - what is more important - that the 
prefactor is enhanced by a factor (I+F~) -3, which 
is as large as 55 at P=27 bar, because-F~=-O.74. 
This enhancement is due to the spin fluctuations 
as compared to the free Fermi gas. Hence these 
spin fluctuations increase the relaxation rate 
at low temperatures much more strongly than as- 
sumed so far in the l i terature.-  

In general both types of processes, i.e. decay 
into diffusive modes and into particle-hole exci- 
tations, contribute so that the total relaxation 
rate is the sum of the two rates as discussed 
above" 1/T I = ( I / T 1 ) ~ -  + (1/TI)  . . . . .  At tempera- 
tures below0.2K the ~[~TI)Rp A always domlnates 
due to its T 2 behavior as compared to the T 5 
of (,l/Tl)diff. At higher temperatures and pres- 
sures (27 bar) the d i f fus ion  cont r ibut ion then 
smoothly takes over at T ~ O.5K and, at T=IK, is 
about 5 times larger than the RPA-contribution. 
On the other hand, at higher temperatures and zero 
pressure (I/T~)Rp A always dominates and is about 
a factor 2 larger than--~/T1)diff for O.5K~T42.5K. 

In Fig. 1 the results of a numerical evaluation 
of T I are shown for two pressures (P=O and 27 ba~. 
The diffusion constant as a function of tempera- 
ture was taken from Ref. [9] for P=0 and from 
Refs. [10,11] for P=27 bar. For the experimental 
static spin susceptibil ity we used the measure- 
ments of Beal and Hatton [2] and the Landau para- 
meters were taken from Wheatley's tables in Ref. 
[12]. Also shown are experimental data for T I by 
Beal and Hatton (BH)[2](at P=0.86 and 28.9 bar), 
Romer [3] (at saturated vapor pressure) and 
Amend et al. (AEW) [4] (at 28 bar), as well as 
those for the relaxation time of the highly spin 
polarized l iquid from Ref. [I](~FR) at about 23 

bar, although the T l of th is  experiment is cer- 
t a i n l y  affected by the high spin po la r i za t i on . -  

Considering the uncertaint ies in our approxi- 
mations of x"(q,m) the agreement between the 
experiments and our results is remarkable - 
pa r t i cu l a r l y  in the regime where the RPA-contri- 
bution dominates because there the resul ts sensi- 
t i v e l y  depend on deta i ls  of ×", i .e .  on the q- 
dependence of ~(q) and F~(q). I f  one assumes a=l 
and F~(q)=F~(O),the rates are by a factor  2-4 
larger.  Bearing in mind that the above mentioned 
experimental ists made careful e f for ts  to avoid 
wall  re laxat ion the good agreement demonstrates 
that in l i qu id  3He nuclear spin re laxat ion in-  
duced by d ipolar  in terac t ion indeed seems to be 
the r e a l i s t i c a l l y  dominant mechanism at not too 
low temperatures. 
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Fig. I: The calculated spin relaxation time T I of 
normal 3He as a function of temperature T at two 
different pressures P (see text). 
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