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Although the importance of an inelastic neutron scattering study of

the thermal excitations in liquid 3He has long been recognized, it is only

recently that preliminary experimental results have been published.1 The

absorption cross-section of the ^He nucleus is very large (~11 000 barns- :

at 4 A) and it has been assumed earlier that useful results could not be :

obtained with available neutron fluxes. The results which have now been ob- i

tained at the high-flux reactor at Grenoble1 are rather qualitative but ij

clearly show scattering in the inelastic region. Well defined excitations jj

of the kind observed in liquid **He are not seen.2 \
;•]

In the present study we have used the statistical chopper facility i

at the CP-S reactor at Argonne.3 This chopper has a duty cycle of approxi- I

mately 50 % and the gain in statistical efficiency over the conventional I

Fermi chopper is nearly proportional to the gain in the duty cycle .in the f
I

case of a strong absorber like 3He. The facility has recently been equipped |

with a dilution refrigeration system and measurements down to about 50 mK |

are now possible. The cryogenic system has only recently become fully op- |

erational and in the present experiment the sample was cooled by pumping I

on liquid **He. A temperature of .88 K was obtained in this way. Also, the . I

reactor was shut down for a period of two months immediately after the ji

completion of the sample run. No measurement was therefore made with the. \

sample cell empty. However, as the container scattering is rather small
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(see Fig. 1), this should not significantly affect the general conclusions

which are presented below.

In Fig. 1 we show examples of raw data at three different values of

the scattering angle. In order to improve the statistical quality of the

data a number of detector subgroups have been added up in Fig. 1. The neu-

tron wavelength is 4.14 A and the spread of the wave-vector transfer (Q)

is indicated in the figure. In the case of the smallest value of Q, the

statistical quality of the data is rather poor and we do not observe a peak

in the inelastic region. For the largest value of Q, however, we do see an

inelastic peak in the raw data. It is important to note that in the present

experiment the container scattering is relative small. It will therefore be

possible to make a reliable subtraction of the container scattering when

this experiment is continued in the near future. This is very important as

it will allow accurate determination of the scattering function at small

energy transfers.

In the form presented in Fig. 1, the wave-vector changes over the

time-of-f light scale. It is clearly more advantageous to study the scatter-

ing at a fixed value of the wave-vector transfer. In Fig. 2 we show se-

lected results of the Q-interpolated scattering function. The container

scattering has been subtracted assuming that it can be represented by purely

elastic scattering. The normalization is obtained by fitting to the energy-

gain side of the observed "elastic" peak. This is clearly an unsatisfac- j

tory procedure which, however, will not be necessary once the scattering -

from the empty cell has been measured. The area of the resulting S(Q,E) is

everywhere within 25 Z of the structure factor obtained by X-ray scatter-

ing.1* The fact that the scattering function contains an incoherent component

is neglected in the present discussion. He observe that, in the constant-Q

representation a distinct peak is observed even at the smallest value of

the wave-vector (Q •••* 1.0 A"1).. This is the region-were we might expect well

defined zero-sound excitations and it is tempting to assume that this is



indeed what we are observing. At larger values of the wave-vector transfer

the scattering function broadens. This is consistent with the expected de-

cay of the excitations due to particle-hole formation. There is indication

of structure in S(Q,E) but as the results are rather preliminary we will

defer further discussion until data of higher statistical accuracy are

available and for which the container scattering has been properly meas-

ured. The position of the maximum is marked by an arrow in each of the

graphs in Fig. 2. In Fig. 3 we show the energy at maximum as a function of

Q (dots). Also shown in this figure are the results obtained by Scherm et

al.1 (crosses) and the theoretical predictions of Lovesey5 and of Cowley.6

Although the present experimental data are somewhat uncertain, due to the

diffici .ties mentioned above, the results seem to indicate the need for im-

prove J theoretical prediction.

The importance of the present preliminary results is that they clearly

show that reliable scattering functions can indeed be obtained for liquid

3He and that such results will be forthcoming in the near future. It is in-

teresting to note that, if great care is taken and if special techniques are

used, such results can in fact be obtained at a reactor with rather modest

flux.
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Figure captions

Fig. 1 Raw data after approximately 3.5 days of data accumulation.

Fig. 2 S(Q,E) at constant Q after subtraction of elastic scattering from

the container as described in the text.

Fig. 3 Energy at maximum value of S(Q,E) versus Q from the present ex-

periment (dots) and from the experiment of Scherm et al (crosses).

The solid curves show the theoretical results obtained by Lovesey5

and by Cowley.6
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