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A cold neutron storage device and a neutron resonator 
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Two backreflecting perfect crystal plates have been used as a storage device for highly monochromatic (6.27 A) 

neutrons. We have been able to deduce a lower limit for the mean reflectivity of the silicon crystal as 0.9978. Topologically 
the setup used resembles a Fabry-Perot interferometer and therefore the relationship with a true resonator system is 

discussed. 

The new storage system for cold neutrons, of which 
some results have already been reported [l, 21, con- 
sists of a monolithic perfect silicon crystal with vertical 
plates at each end and a total reflecting neutron guide 
tube in between. These crystal plates, 1.07m apart 
from each other, reflect the trapped neutrons back and 
forth and the neutron guide tube reduces lateral los- 
ses. The direction of the neutron guide is adjustable 
horizontally and vertically. In order to enter into and 
to release neutrons from the region between the two 
perfect crystal plates, a magnetic pulse with a field 
strength B (-1.3T) is applied to each crystal plate. 
The magnetic field shifts the wave vector k of the 
neutrons by Zeeman splitting (see e.g. ref. [3]) and 
therefore it suppresses the Bragg reflection. The re- 
quired neutrons are then transmitted by the silicon 
plate. A sketch of the experimental setup is shown in 
fig. 1. The storage device (for technical details see 
refs. [2, 41) was installed at the end of the curved 
neutron guide supplying the IRIS spectrometer of the 
ISIS pulsed neutron source at the Rutherford Ap- 
pleton Laboratory. 

So far measurements with storage periods of 20.2, 
30.4, 40.5, 60.7, 74.2, 161.9 and 263.1 ms, correspond- 
ing to 6, 9, 12, 18, 22, 48 and 78 back and forth 
reflections have been accomplished. For the 6, 48 and 
78 back and forth reflections 7 runs each have been 

completed; for the other storage times 5 separate runs 
were recorded. Each run consisted of -1000 magneti- 
cally stored neutron pulses. Figure ‘2 shows the ac- 
cumulated time of flight spectrum of neutrons which 
have been released after 6 back and forth reflections 
(all 7 runs added are equivalent to -7000 stored 
neutron pulses). The curve fitted to the data is a 
logarithmic normal distribution. The shape of the peak 
in fig. 2 essentially originates from the moderation 
process inside the 25 K H-moderator that illuminates 
the IRIS beam line. The normalized counting rates for 
all the measured storage periods are displayed in fig. 3 
(bars). Most of the losses originate from the gaps 
between the neutron guide and the silicon plates 
(33 mm each side). 

An application of this storage method is the mea- 
surement of the mean reflectivity of a perfect crystal in 
its totally reflecting region (Darwin plateau). By 
evaluation of the measured data (fig. 3) the lower 
limit of the mean reflectivity has been set at 0.9978. 
Optimizing the design of the storage system for this 
special purpose, a gain in sensitivity of 10 to 100 could 
be achieved and therefore a real measurement of the 
mean reflectivity of the silicon crystal seems to be 
feasible. 

If an absolutely perfect arrangement of the crystal 
plates is assumed, which seems to be feasible for a 
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Fig. 1. Setup at IRIS beam line. 
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