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The Intense Pulsed Neutron Source (IPNS) at Argonne National Laboratory is a spallation neutron

source dedicated to materials research. Its three cryogenic methane moderators provide twelve neutron

beams to fourteen neutron scattering instruments and test facilities. The moderators at IPNS are of cryo-

genic methane (CHJ; one of liquid methane at 100 K, and two of solid methane at 30 K. These moder-

ators produce intense beams of both cold and thermal neutrons. The moderators are each of a different

physical configuration in order to tailor their performance for the instruments and facilities that operate

on the neutron beams. As part of the ongoing operation of IPNS, as well as new enhancements to the tar-

get, moderator, and reflector systems, we have performed experiments characterizing the energy and time

distribution of neutrons in the various beams. These measurements provide absolutely normalized energy

spectra using foil

time distributions

activation techniques joined with time-of-flight measurements, and energy-dependent

using a time-focused crystal analyzer.

The IPNS accelerator system delivers 14 PA of 450 MeV protons, in 100 ns pulses at 30 Hz, to a target
,.,

composed of water-cooled depleted uranium disks. The solid methane “H” moderator is 100 by 100 by
“.,+,

45 mm in size, centerline poisoned with 0.25 mg/mm2 gadolinium, &id decoupled from the graphite

reflector with 0.5 mm of cadmium. The liquid methane “F” moderator, which is viewed from both faces,

is also 100 by 100 by 45 mm in size, gadolinium poisoned 16 mm below each of the two viewed surfaces,
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Figure 3. Asymmetric beam coupling rcsuks.

The time-resoIved photoconductivity measurements shown in
Figure 4 give further support for a difference in photoinduced charge
transport in the polymerized samples vs the unpolymerized samples. For an
incident laser power of 100 mW/cm* and a spot size of 2.5 mm, the decay
time of the photoconductivity for theunpolymerized samples is 7.4s, whereas
the photoconductivity of the polymerized samples does not significantly drop
over a 30s period. Also, the photoccmductivity of the polymerized sample is
nearly twice that of the unpolymerized samples even at the peak of the
unpolymerized photocorrductive response. The unnorntake.d values for the
dark conductivity in both samples is 1.7x10’0 S cm-’. Thephotoconductivity
is 5.8x10” S cm-i for the unpolymerized sample and 1.1x10’0 S cm-’ for the
PSLC at an optical intensity of 2 W cm-z.
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Figure 4.’ The improved photoco~ctivily of the
PSLC relative to the LC is illustrated.

In order to determine whether the grating is a Wln (Rarnan-Nath)
or volume (Bragg) grating, the following well known parameter can be used:

2rrDk
Q=~

where 1 is the wavelength of the ligh~ n is the index of refraction, andD is
the thickness of the grating (D=UYCOS~, where d is tJrecelI thickness). For
Qc< 1, the grating is considered to be a plane grating, and for Q>>l, a volume
grating is created. Although the literature does not appear to specifically
designate an exact value for Q in which the thick grating regime is reached,
the most rigorous treatments indicate that Q values of 10 are required to
produce a true volume hologram. For our samples. Q=10 is achieved for
.\=2.6 ~m, when D=26 wrdcos 3tY’= 30 ym, and n=l.5. At this fringe
spacing, our samples still exhibit a small amount of beam coupling (about

f I ‘!!o),so the PSLCS can be considered to bc operative in the thick grating
regime, “I_hiscompwcs favorably to the best case scwrario for the LCS. where

beam coupling is observed for fringe spacings no smdlcr than :1=8 ym.
giving Q = 1.

Given that the samples opemtc in the nomirdly thick grating
regime, the net photore fractive gain (t_) can be calculated assuming an
exponential dependence on the thickness of the sample [2]:

,=~[1.+-l.(2--+)]-a

where a is the sample absorbance, 1, is the intensity of beam 1 in the absence
of beam 2, and 1,1 is the intensity of beam 1 with beam 2 applied. The
absorbance of the sample at 514 nm is 0.003, resulting in values for I_of only
1 cm-’. Therefore, for A = 2.5 Vm a net photorefractive gain of r = 5 cm”’
results.

The photorefractive data from the polymerized samples can be
explained in terms of a model in which the polymerized NIAC electron
acceptor functions as an electron trap site. The existence of less mobile
electron traps can explain the smaller fihge spacings at which asymmetric
two beam coupling is observed. Since Debye diffusion lengths are

m tie dropinhe bestwdue of A from 8 pm for ‘eproportional to D ,

unpolymerized samples to 2.5 ~m for the PSLCS indicates that the
polymerized NIAC electron traps have an average diffusion constant that is
approximately one order of magnitude smaller than that of monomeric
NIAC-. In this model, it is critical that the polymerization is not quantitative
so that mobile monomers of NIAC are present to carry out charge transport
between the frhrges of the optical interference pattern. At the same time, the
polymerized NIAC may pIay a role in improvingthe photoconductivity of the
PSLCS, as reported above and illustrated in Figure 4. Improvements in the
photoconductivity are due to either and increase in the quantum et%ciency of
mobile charge generation (+) or art increase in the mobility of the ions (j.L)
because ~phcc $p. If we assume that the acrytate chain on the monomeric
NIAC acceptor does not significantly after the mobility of the reduced NL4C
monomer relative to the correspondkrg N,N-dLn-octyl derivative previously
examined, [6] the quantum efficiency of charge generation must improve.
Collisions of PER* with NIAC creates PER+-NIAC ion pairs, and a fraction
of the population of these initial ion pairs form the solvent-separated ions
necessary for bulk charge transport. If the initial PER+-NIACion pair is
formed on a polymerized NIAC strand, there is a greatly increased probability
that charge hopping will occur to other NIAC molecuIes on the same polymer
strand. Thus, an additional mechanism for creating solvent separated ions is
present in the PSLCS that is not present in conventional LCS.

Conclusions
We have shown that PSLCS are capable of forming photorefkactive

gratings that operate in the thick grating regime. Polymer stabilization alters
the charge transport and trapping characteristics of LCs, resulting in longer
lived gratings, while maintaining the advantages of high orientationrd
birefringence within LCS. Furthermore, very low applied electric fields (800
V/cm) and low optical intensities (100 mW/cm2) are required to create large
photoretlactive effects in these materials. lt is expected that optimization of
the redox potentials of the chromophores within the PSLCS will continue to
improve the performance of these materials.
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