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Report:
Please note that the current  experiment is  a continuationand repitition of  HS-2231 during
which we have experienced technical problems with the instrument.

The  scientific  aim  of  these  measurements  is  the  test  of  the  extraordinary  properties  of
collective vibrations in the amorphous ice structures. In addition to the well reported spectra
of low-density (LDA: ~31 molec./nm3) and high-density amorphous (HDA: ~39 molec./nm3)
structures [1,2], we have studied the inelastic response of a very high-density (vHDA: ~41
molec./nm3)  amorphous   ice  modification.  Recently,  vHDA  as  well  as  LDA  has  been
identified  as  the  only  homogeneous  amorphous  ice  structures  [3,4],  making  them highly
interesting for testing concepts introduced to explain the strong attenuation of sound waves in
amorphous materials [5].

The inelastic beamline ID16 has been utilized for this purpose in a Si(111111) mode giving an
energy resolution of 1.5 meV with an incoming energy of 21.7 keV. The energy–momentum
phase space has been sampled in constant Q mode between 1.25 ≤ Q ≤ 16.25nm

-1
 with dQ =

0.75 nm
-1
 and 20  ≤ E  ≤ 40 meV with dE= 0.25 meV. In addition, we have measured the

crystalline modification ice VI as a reference with dQ = 0.75 nm
-1
  at 2.0 ≤ Q ≤ 15.5nm

-1
. 

Throughout the entire sampled phase space the collective excitations in vHDA proved to be
well defined. At lowest Q – numbers as it  is indicated in Fig. 1 the acoustic longitudinal
branch does not show any extraordinary broadening as observed in standard glass formers [5].
This behavior is reminiscent of the features found in LDA and interpreted as the consequence
of the unusually low entropy of this structure and hence it’s homogeneity.



 When following the acoustic mode to higher momentum transfers, detailed features become
detectable  in  the  line  shape  of  the  spectra,  which  are  equally  observed  in  crystalline
counterparts [4]. As for the crystalline structures, detailed phonon selection rules depending
on symmetry arguments are responsible for their complex inelastic response. It is therefore
tempting to assume that the microscopic structure of vHDA is determined by well defined
symmetry arguments on a local scale, as it has been deduced for LDA.

Fig.  1  Selected  spectra  of  vHDA
taken at  the indicated Q-numbers.
Please note the well defined, sharp
dispersive  mode  indicating  a  long
life time of the acoustic longitudinal
mode, marking the vHDA structure
as highly homogeneous.
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