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A well-known and useful  technique in the study 
of c rys t a l s  is  the m e a s u r e m e n t  of one-phonon 
coherent  peaks in the sca t te red  neut ron  spec t ra  
f rom single  c rys t a l s  [1] *% For  this  case ,  the 
c ros s  sect ion is  propor t ional  to 5(~j(u) - e), 
where  ti~ is  the momentum t r ans f e r  to the neu-  
t ron ,  E is  the neut ron  energy loss  and Ej(x) is  
energy  of a phonon with wave vector  equal to x 
in the j ,th branch.  If the ta rge t  is  a po lyc rys ta l -  
l ine ma t e r i a l ,  these peaks a re  genera l ly  
smea red  out and a re  indis t inguishable  f rom the 
spect rum due to incoherent  sca t ter ing .  

However,  as we shal l  show, there  axe cer ta in  
m a t e r i a l s ,  p r inc ipa l ly  high po lymers ,  for which 
one-phonon,  coherent  peaks wil l  appear  in the 
neut ron  spec t rum from po lycrys ta l l ine  ma te r i a l s .  
The one-phonon,  coherent  neut ron  c ro s s  section 
f rom a po lycrys ta l l ine  m a t e r i a l  is :  
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and a s i s  the coherent  sca t te r ing  length for the 
s ' t h  atom within the unit  ce l l ,  r s is  the vector  

* Work supported in part by the United States Atomic 
Energy Commission and in part by the National 
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** We will restrict  our attention to downscattering 
(~> 0) experiments. The upscattering (E< 0) case 
is essentially the same. 

locat ing the s ' t h  atom within the unit  cel l ,  d l ,  
d 2 and d 3 a re  the b rava i s  lat t ice vec to r s ,  ejS is  
the phonon polar iza t ion  vector ,  exp(-2Wss, ) is  
the Debye-Wal le r  fac tor ,  the r a re  the r e c i p r o -  
cal  lat t ice vec to rs ,  ~k and ~k '  a re  the in i t ia l  and 
f inal  neut ron  momenta ,  and pj(q)d3q is  the num-  
ber  of phonons with wave vec tors  in d3q at q in 
the j ' t h  mode. 

Examining eq. (1), we can see that usual ly  
d2(x/d~dE is  a smoothly vary ing  function of 
and E. 

However,  some m a t e r i a l s  are  highly an iso-  
t rop ic ,  such that the phonon densi ty pj(q) can be 
r ep resen ted  by 

pj(q) =fj(q) 5(Qq - ~o), (2) 

where ~o  is  a pa r t i cu l a r  d i rec t ion in a single 
c rys ta l  of the ma te r i a l .  

Before explor ing the consequences  of eq. (2), 
we should d i scuss  i ts  applicabil i ty.  In pa r t i cu l a r ,  
we wil l  cons ider  highly c rys ta l l ine  po lymer ic  
chains.  For  such m a t e r i a l s ,  eq. (2) should hold 
pa r t i cu l a r ly  well. In fact ,  it has been shown [2] ¢ 
that ,  for  the optical  modes ,  the n o r m a l  v ib ra -  
t ions  oi these  molecu les  can be computed as -  
suming  the individual  molecules  a re  isolated 
(for which eq. (2) holds exactly). It i s  poss ib le  
that eq. (2) can be shown to hold for  other types 
of m a t e r i a l s ,  but none axe known to us.  

Using eq. (2) in eq. (1), we have 

d~dE j r 

t It should be noted here that for eq. (1) to hold the 
crystal must be large in three dimensions. Thus, 
intermolecular forces must be present. Such forces 
are usually present, for example the polyethylene 
crystal is three dimensional [ 3]. However, the inter- 
molecular forces are generally so much weaker 
than the intramolecular forces that they can be ne- 
glected for the high energy modes. 

t t  Note that F(g, qff~ is a function only of.~ and q. 
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where 

I q o ~ o  - 2~I = K 

and J is the Jacobian. 
q2dqd_~T_ 

J 
d3(qo~o-  2yr) 

Eq. (3) indeed p red ic t s  one-phonon peaks in 
the sca t te red  neut ron  spec t rum of high po lymers .  
However,  these  m a t e r i a l s  usua l ly  have a large 
number  of hydrogen a toms ,  and these peaks wil l  
be r a the r  difficult  to observe  due to the la rge  in -  
coherent  background. (E.g.,  the hydrogen c ro s s  
sect ion i s  only about 5% coherent . )  Thus ,  to ob- 
se rve  these peaks ,  the exper imenta l  s t a t i s t i cs  

mus t  be ex t remely  good. The fact that the loca-  
t ions  of the peaks as a function of E should va ry  
cont inuously as a function of K, and converse ly ,  
should help grea t ly  in ver i fy ing  the i r  exis tence.  
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The spin lat t ice re laxa t ion  of many i ron  group 
ma te r i a l s  has been found to depend on the pa ra -  
magnet ic  concent ra t ion  (e.g. Gill [1]). Van 
Vleck ' s  [2] suggested explanat ion of these ef- 
fects  in t e r m s  of c ros s  re laxa t ion  to fast  re lax ing  
cen t res ,  such as ion pa i r s ,  has been shown by 
El l iot  and Gill [3] to lead to an inve r se  square  
concent ra t ion  dependence when c ros s  re laxa t ion  
is the bott leneck p rocess  r a the r  than the r e l axa -  
tion of the ion pa i r s .  Under these condit ions 
t empera tu re - independen t  re laxa t ion  may also be 
observed when only low-lying energy levels  of 
the "pair  sy s t em"  are  involved. Relaxat ion pheno- 
mena  cons is ten t  with this theory have been ob- 
se rved  in the Cr 3+ spinel  sys tem (MgA1204). 

Using the pulsed sa tu ra t ion  technique at 9.2 
Gc/s ,  the re laxa t ion  of the (+½ --  -½) t r ans i t ion  
was inves t iga ted  with the magnet ic  field along a 
t r igonal  [111] axis. Due to the large zero field 
spl i t t ing p a r a m e t e r  2D of +55.5 Gc / s  (Atsarkin 
[4]) this is the only observable  t rans i t ion .  

According to the single ion theory of Mattuck 
and St randberg  [5] and the r e su l t s  of Emel ' yanova  

* Now at Department of Applied Physics, University 
of Durham. 
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Fig. 1. Plot of cross relaxation time against chromium 
concentration. & directly observed relaxation times. 

relaxation times deduced from fig. 2. 


