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basic properties of VCNs making their use appealing if they can be 
generated in significant quantities 

•The index of refraction n of neutrons approaches significant deviations from 1 only 
in the VCN range. The refracting power of a material n-1 (∼ λ2) is typically in the 
range of 10-6 for thermal neutrons, but 10-4 in the VCN range

•total angle of reflection from a surface is proportional to λ

•deflection angle in a prism is proportional to λ2

•focal length of a focusing lens is proportional to 1/λ2

•The extreme absorption of VCNs for certain isotopes (6 Mbarn for 157Gd) 
combined with the very low absorption for elements like Si, Al, and O 
(around or less than 1 barn at 20 Å) allow the design of highly precise 
optical components similar to light optics. Near-perfect null-scattering 
highly-absorbing mixtures can be made. 

Optics
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• VCNs, with their kinetic energies in the sub-meV range, are well-suited for 
exploring the dynamics of soft matter, as their typical energies of motion are in 
the same range, thereby enhancing the relative change in energy upon scattering as 
compared to using thermal or cold neutrons. 

basic properties of VCNs making their use appealing if they can be 
generated in significant quantities 

• The correlation lengths of beams scale with λ in the lateral direction and with 
λ2/Δλ in longitudinal direction, where Δλ is the λ-bandwidth of the beam. The 
longitudinal correlation length prepared in NSE instruments is proportional to λ3; 
and the lateral correlation length in SESANS is proportional to λ2

VCN workshop at ANL 2005
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• VCNs, with their kinetic energies in the sub-meV range, are well-suited for 
exploring the dynamics of soft matter, as their typical energies of motion are in the 
same range, thereby enhancing the relative change in energy upon scattering as 
compared to using thermal or cold neutrons. 

basic properties of VCNs making their use appealing if they can be 
generated in significant quantities 

• The correlations lengths of beams scale with λ in the lateral direction and with 
λ2/Δλ in longitudinal direction, where Δλ is the λ-bandwidth of the beam. The 
longitudinal correlation length prepared in NSE instruments is proportional to λ3; 
and the lateral correlation length in SESANS is proportional to λ2

• Their wavelength makes VCNs very powerful for the exploration of the 
structure of the nanometer-scaled world. Larger complexes in biology will be a 
main target for new VCN instruments à smaller	Q
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The proposed VCN source will offer excellent opportunities for developing best-in-class 
instruments for a variety of instrument types. Due to the length and energy scales probed 
by VCNs — and, consequently, the kinds of instruments that benefit most — this source 
would be ideally suited for soft-matter research and for nanoscience, beautifully 
complementing the capabilities of existing sources, which are at their best for atomic-
scale structures and the corresponding energies. 

4.1 SANS at the VCNS 
 
Traditional small-angle neutron scattering (or SANS) is a perfect candidate for a flagship 
instrument at the very cold neutron source. The length scales that it probes, 1–1000 nm 
(and beyond), correspond to the length scales that are characteristic of polymer blends, 
proteins, micelles, membrane thicknesses, grain sizes in metallic alloys, and 
nanostructures or nanomaterials. Consequently, SANS is one of the most productive and 
oversubscribed techniques at every neutron scattering user facility. The intensity of 6–25 
Å neutrons at the VCNS makes it particularly well-suited for SANS. 
 
The parameter that is measured in a SANS experiment is the intensity as a function of the 
momentum transfer 

  ⎟
⎠
⎞

⎜
⎝
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2
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λ
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where λ is the neutron wavelength and θ is the angle through which the neutron has been 
scattered. The typical SANS instrument at present is a long-baseline "pinhole camera"; in 
this type of instrument the beam is collimated by two apertures, one at the sample 
position and another with twice the diameter located at the same distance from the first as 
is the detector. This geometry simultaneously optimizes flux on sample and resolution (in 
the classical sense of ability to distinguish features at nearby values of Q) for fixed 
wavelength and total instrument length. What is usually referred to as resolution in the 
SANS community and is typically considered a measure of the quality of the instrument 
is Qmin, the minimum value of Q that is reliably accessible. For an optimized pinhole 
instrument, the radius of the beam spot at the detector is four times the radius of the 
sample aperture. Therefore, 

  
fmax

s
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rQ
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where rs is the sample aperture radius, Lf is the final flight path, and λmax is the maximum 
wavelength used. Another important parameter is the maximum value of Q that can be 
measured. This is given by 
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rQ
λ
π2

= , 

where rmax is the distance from the center of the scattering pattern to the farthest useable 
detector pixel and λmin is the minimum wavelength used. Of course, at a reactor 
instrument, λmin = λmax, since only a single wavelength is used; instruments at these 

rs sample aperture radius, Lf final flight path, λmax maximum wavelength
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rmax distance center of the scattering pattern to farthest detector pixel λmin minimum wavelength

Lf

What	about	gravity?

Generally	long	wavelength	flux	=	efficiency	limitation
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basic properties of VCNs making their use appealing if they can be 
generated in significant quantities 

•The index of refraction n of neutrons approaches significant deviations from 1 only 
in the VCN range. The refracting power of a material n-1 (∼ λ2) is typically in the 
range of 10-6 for thermal neutrons, but 10-4 in the VCN range

•total angle of reflection from a surface is proportional to λ

•deflection angle in a prism is proportional to λ2

•focal length of a focusing lens is proportional to 1/λ2

•The extreme absorption of VCNs for certain isotopes (6 Mbarn for 157Gd) 
combined with the very low absorption for elements like Si, Al, and O 
(around or less than 1 barn at 20 Å) allow the design of highly precise 
optical components similar to light optics. Near-perfect null-scattering 
highly-absorbing mixtures can be made. 

REMINDER:	Optics



Focusing SANS

Page	8

 

21 

The proposed VCN source will offer excellent opportunities for developing best-in-class 
instruments for a variety of instrument types. Due to the length and energy scales probed 
by VCNs — and, consequently, the kinds of instruments that benefit most — this source 
would be ideally suited for soft-matter research and for nanoscience, beautifully 
complementing the capabilities of existing sources, which are at their best for atomic-
scale structures and the corresponding energies. 

4.1 SANS at the VCNS 
 
Traditional small-angle neutron scattering (or SANS) is a perfect candidate for a flagship 
instrument at the very cold neutron source. The length scales that it probes, 1–1000 nm 
(and beyond), correspond to the length scales that are characteristic of polymer blends, 
proteins, micelles, membrane thicknesses, grain sizes in metallic alloys, and 
nanostructures or nanomaterials. Consequently, SANS is one of the most productive and 
oversubscribed techniques at every neutron scattering user facility. The intensity of 6–25 
Å neutrons at the VCNS makes it particularly well-suited for SANS. 
 
The parameter that is measured in a SANS experiment is the intensity as a function of the 
momentum transfer 

  ⎟
⎠
⎞

⎜
⎝
⎛=

2
sin4 θ

λ
πQ , 

where λ is the neutron wavelength and θ is the angle through which the neutron has been 
scattered. The typical SANS instrument at present is a long-baseline "pinhole camera"; in 
this type of instrument the beam is collimated by two apertures, one at the sample 
position and another with twice the diameter located at the same distance from the first as 
is the detector. This geometry simultaneously optimizes flux on sample and resolution (in 
the classical sense of ability to distinguish features at nearby values of Q) for fixed 
wavelength and total instrument length. What is usually referred to as resolution in the 
SANS community and is typically considered a measure of the quality of the instrument 
is Qmin, the minimum value of Q that is reliably accessible. For an optimized pinhole 
instrument, the radius of the beam spot at the detector is four times the radius of the 
sample aperture. Therefore, 

  
fmax

s
min L

rQ
λ
π8

= , 

where rs is the sample aperture radius, Lf is the final flight path, and λmax is the maximum 
wavelength used. Another important parameter is the maximum value of Q that can be 
measured. This is given by 

  
fmin

max
max L

rQ
λ
π2

= , 

where rmax is the distance from the center of the scattering pattern to the farthest useable 
detector pixel and λmin is the minimum wavelength used. Of course, at a reactor 
instrument, λmin = λmax, since only a single wavelength is used; instruments at these 

rs sample aperture radius, Lf final flight path, λmax maximum wavelength

 

21 

The proposed VCN source will offer excellent opportunities for developing best-in-class 
instruments for a variety of instrument types. Due to the length and energy scales probed 
by VCNs — and, consequently, the kinds of instruments that benefit most — this source 
would be ideally suited for soft-matter research and for nanoscience, beautifully 
complementing the capabilities of existing sources, which are at their best for atomic-
scale structures and the corresponding energies. 

4.1 SANS at the VCNS 
 
Traditional small-angle neutron scattering (or SANS) is a perfect candidate for a flagship 
instrument at the very cold neutron source. The length scales that it probes, 1–1000 nm 
(and beyond), correspond to the length scales that are characteristic of polymer blends, 
proteins, micelles, membrane thicknesses, grain sizes in metallic alloys, and 
nanostructures or nanomaterials. Consequently, SANS is one of the most productive and 
oversubscribed techniques at every neutron scattering user facility. The intensity of 6–25 
Å neutrons at the VCNS makes it particularly well-suited for SANS. 
 
The parameter that is measured in a SANS experiment is the intensity as a function of the 
momentum transfer 

  ⎟
⎠
⎞

⎜
⎝
⎛=

2
sin4 θ

λ
πQ , 

where λ is the neutron wavelength and θ is the angle through which the neutron has been 
scattered. The typical SANS instrument at present is a long-baseline "pinhole camera"; in 
this type of instrument the beam is collimated by two apertures, one at the sample 
position and another with twice the diameter located at the same distance from the first as 
is the detector. This geometry simultaneously optimizes flux on sample and resolution (in 
the classical sense of ability to distinguish features at nearby values of Q) for fixed 
wavelength and total instrument length. What is usually referred to as resolution in the 
SANS community and is typically considered a measure of the quality of the instrument 
is Qmin, the minimum value of Q that is reliably accessible. For an optimized pinhole 
instrument, the radius of the beam spot at the detector is four times the radius of the 
sample aperture. Therefore, 

  
fmax

s
min L

rQ
λ
π8

= , 

where rs is the sample aperture radius, Lf is the final flight path, and λmax is the maximum 
wavelength used. Another important parameter is the maximum value of Q that can be 
measured. This is given by 

  
fmin

max
max L

rQ
λ
π2

= , 

where rmax is the distance from the center of the scattering pattern to the farthest useable 
detector pixel and λmin is the minimum wavelength used. Of course, at a reactor 
instrument, λmin = λmax, since only a single wavelength is used; instruments at these 

rmax distance center of the scattering pattern to farthest detector pixel λmin minimum wavelength

Lf

What	about	gravity?

+	VCN	higher	divergence	
transported

+	More	efficient	optics
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055101-6 Strobl et al. Rev. Sci. Instrum. 82, 055101 (2011)

FIG. 6. (Color online) (Left) Wavelength band spectra utilized by BioRef at different representative frequencies of the chopper system. (Right) Fast measure-
ments at two different frequencies and hence wavelength and Q-ranges (data acquisition time of 1 s) as a test for kinetic studies focused on a limited Q-range.
The corresponding Bragg peak of the swollen DMPC multilayer is represented once more together with the reflectivity at lower Qz measured with extended
acquisition time in the inset.

the second chopper SC1 fully open. However, in this way the
resolution depends on the frequency and is not independent
of the bandwidth anymore. Due to the fact that the resolution
is wavelength dependent in the latter operation mode, the effi-
ciency is not at its maximum anymore. Nevertheless, a certain
intensity gain can be achieved especially on the short wave-
length side. Running MC and SC2 at 68.5 Hz, the resolution
varies from about 5.5% to 13% within the utilized wavelength
band from about 4 to 9.5 Å. Setting the angular resolution to
a mean value of 10%, a flux increase of about an order of
magnitude is achieved as compared to 5% resolution, and the
required measurement time for the above given Q-range de-
creases to about 0.2 h. An overview of the above mentioned
instrument parameters can be found in Table I.

Reference measurements with different experimental set-
tings have been conducted on a polished Si wafer and on a
Ni–Ti multilayer system on a glass substrate. The measure-
ments on the Ni–Ti multilayer reference sample (Fig. 7) pro-
vided on the one hand orientation concerning required mea-
surement times for different instrumental resolutions and on
the other hand they supported the sufficiency of the selected
number of angular settings for different utilized wavelength
bands, i.e., chopper frequencies (compare Fig. 6). In addition,
the Ni–Ti multilayer sample served as a standard for calibra-
tion of BioRef against other beamlines. The measurements on

the Si wafer, which were conducted with different instrumen-
tal settings prove that the instrument is capable of probing
reflectivity down to values below 10−7 even at highest resolu-
tion (Fig. 8).

IV. SIMULTANEOUS NR AND IN SITU ATR-FTIR
SPECTROSCOPY MEASUREMENTS

While neutron reflectivity probes the depth profile of a
layered interface system, ATR-FTIR provides conformational
information about the system.16 The fact that these measure-
ments can be conducted simultaneously guarantees that both
types of information are obtained under the same experimen-
tal conditions of the very same system, even if the sample is
altered during the measurements by changing the experimen-
tal conditions and/or the sample’s environment. The example
that shall be given here is related to the temperature dependent
phase behavior of supported 1,2-Dimyristoyl-sn-Glycero-3-
phosphocholine lipid layers. DMPC lipids are well known to
undergo a phase transition from their gel-like Lß’, Pβ’ state to
their liquidlike Lα state between 21.5 and 24.5 ◦C as reported
in literature.17–20 This phase transition is held to be respon-
sible for lamellae (layer) thickness variations measured by
neutron reflectivity around the phase transition temperature.

TABLE I. Overview of different operation modes of BioRef based on different chopper frequencies utilized. Nr. ang. sett. = number of angular settings; tot.
acq. = total acquisition time; res. = resolution, “no” means that no value applies or can be given for a certain setting, italic entries for 68 Hz indicate that this
frequency is not routinely used for such measurements, but is represented because it is used for fast low resolution measurements for which SC1 is stopped
(hence z0 does not apply) only.

Res. 1.4% Res. 4.2% Res. 7% Res. 14%

Chopper Wavelength λ0 Nr. ang. sett. to Q 0.4 Å−1 z0 (mm) Tot. acq. z0 (mm) Tot. acq. z0 (mm) Tot. acq. z0 Tot. acq.

90 Hz 4 Å (3.9−7.9 Å) 7.9 Å 12 80 5h 240 2 h 400 0.7 h no no
45 Hz 8 Å (3.9−11.9 Å) 15.8 Å 6 80 5h 240 2 h 400 0.7 h no no
25 Hz 14.4 Å (3.9−18.3 Å) 28.4 Å 3 80 5h 240 2 h 400 0.7 h no no
68 Hz 5.2 Å (3.9 −9.1 Å) 10.4 Å 10 80 5h 240 2 h 400 0.7 h no 0.2 h

 This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:
194.47.240.132 On: Tue, 29 Oct 2013 12:27:11
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• Gains	calculated	in	ANL	work	shop	VCN	long	pulse	vs	CN	continuous
• Excessive	resolution	at	very	long	wavelengths	not	considered

• This	and	bandwidth	require	e.g.	a	very	short	instrument	à limitations

Gains
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Very cold neutrons (VCNs, with temperatures around 
1 – 10 K or wavelengths λ around 14 – 40 Å) are not 
typically used to explore matter 

existing neutron sources: their spectral temperatures 
are either in the thermal range near 300 K or in the 
cold range near 30 K so that the phase space density 
of the Maxwellian distribution of wavelengths 
decreases as 1/λ5

VCN workshop at ANL 2005
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3.3 Moderator System 
 
The typical UCN source design employs a large warm moderator, a cold moderator (such 
as for a reactor-based cold neutron source) that operates in the range of 10-20 K, and an 
ultra-cold moderator at 0.5-5 K. Early VCNS calculations showed that heating of the 
ultra-cold moderator during the accelerator pulse would be a key (perhaps the key) 
technical consideration, because of the low heat capacity of moderator materials at low 
temperatures. The calculations tried to reduce heating in the moderator by maximizing 
the ratio of cold neutron flux to energy deposited. In order to preserve neutron flux while 
minimizing gamma heating, thick shielding of heavy metal was used. The results of 
Masuda [4], however, show that heavy water is a much better warm moderator, while the 
thickness of a gamma shield is of much less importance. 
 
Fig.s 3.2 and 3.3 show results from VCNS calculations with large thermalizing 
moderators of D2O, beryllium, and graphite. Since thermal neutron scattering kernels are 
not available for these materials at the appropriate temperatures, the calculations were 
performed assuming free-atom scattering from the ultra-cold moderators. These results 
are compared to the neutron emission from the ILL cold source [5], both on an 
instantaneous (peak) and a time-averaged basis. The VCNS source, at this level of 
comparison, looks very encouraging, with a peak long-wavelength flux ~103 times 
greater than the ILL cold source, and about 30 times the time-averaged flux at 5 Hz 
operation. 
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Fig. 3.2. Peak neutron emission from the proposed VCNS compared to the ILL cold 
source. 
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Fig. 3.3. Time-average neutron emission from the proposed VCNS (operating at 5 Hz) 
compared to the ILL cold source. 
 
The VCNS design proposed an ultra-cold thermalizing moderator composed of solid 
materials (D2, D2O, Be, graphite) in pellet form with liquid helium coolant at about 2 K 
flowing through the spaces between the pellets. For randomly packed spherical objects 
the packing fraction is about 64%; this can be increased to about 68% if the objects are 
slightly aspherical [6]. There are already indications that the heat could be removed by 
2-K He on a time-averaged basis, but the temperature rise within the pellet during the 
pulse might alter the neutron spectrum significantly. D2 and D2O are expected to be better 
moderators than graphite and beryllium because they have some component of incoherent 
scattering, while graphite and beryllium have cross sections that fall precipitously for 
energies below the lowest Bragg edge (about 5 meV in Be and 2 meV in graphite). 
However, beryllium and graphite have better thermal properties (higher heat capacities). 
As a result the optimization of flux/heat might actually favor a material such as beryllium 
that has lower thermalization but can withstand a high power level (perhaps as much as 
100 times greater than D2O). Detailed calculations are required to better quantify the 
effects. 
 
Chris Foster has developed methods to produce pellets of various materials (including 
deuterium, methane, and ammonia) at cryogenic temperatures. This process could 
perhaps be improved by not removing pebbles from the base layer, but by instead 
building up the moderator structure by series of plates, so as to make the average density 
come out to same as random-packing. The group also noted that there was a difference in 
structure between household ice and the low-density amorphous (LDA) ice that is formed 
by vapor deposition. As a result there may be anomalous specific heat behavior in LDA 
ice at low temperature as an indication of changes in the low-energy modes. 

Pulsed	
source	
gain

excessive	resolution	loss
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Fig. 3.2. Peak neutron emission from the proposed VCNS compared to the ILL cold 
source. 
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Fig. 3.3. Time-average neutron emission from the proposed VCNS (operating at 5 Hz) 
compared to the ILL cold source. 
 
The VCNS design proposed an ultra-cold thermalizing moderator composed of solid 
materials (D2, D2O, Be, graphite) in pellet form with liquid helium coolant at about 2 K 
flowing through the spaces between the pellets. For randomly packed spherical objects 
the packing fraction is about 64%; this can be increased to about 68% if the objects are 
slightly aspherical [6]. There are already indications that the heat could be removed by 
2-K He on a time-averaged basis, but the temperature rise within the pellet during the 
pulse might alter the neutron spectrum significantly. D2 and D2O are expected to be better 
moderators than graphite and beryllium because they have some component of incoherent 
scattering, while graphite and beryllium have cross sections that fall precipitously for 
energies below the lowest Bragg edge (about 5 meV in Be and 2 meV in graphite). 
However, beryllium and graphite have better thermal properties (higher heat capacities). 
As a result the optimization of flux/heat might actually favor a material such as beryllium 
that has lower thermalization but can withstand a high power level (perhaps as much as 
100 times greater than D2O). Detailed calculations are required to better quantify the 
effects. 
 
Chris Foster has developed methods to produce pellets of various materials (including 
deuterium, methane, and ammonia) at cryogenic temperatures. This process could 
perhaps be improved by not removing pebbles from the base layer, but by instead 
building up the moderator structure by series of plates, so as to make the average density 
come out to same as random-packing. The group also noted that there was a difference in 
structure between household ice and the low-density amorphous (LDA) ice that is formed 
by vapor deposition. As a result there may be anomalous specific heat behavior in LDA 
ice at low temperature as an indication of changes in the low-energy modes. 

In	contrast:	HighNESS
e.g.	nano-diamond	extraction	reflector

Cold	spectral	peak	remains
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Assuming 0.3 MW source power and an order of magnitude gain 
in VCN production efficiency at 20 Å 

 estimated gains in experimental efficiency of 

- 5 for SANS and NSE compared to present, best-in-class 
instruments at ILL. Similarly, we expect a gain of 

- 30 for quasielastic and low-energy TOF-INS. 

A source with a repetition rate in the range of 1 to 5 Hz and an 
accelerator pulse width of a few ms is well-adapted to the use of VCNs 
in a pulsed mode for many instruments. 

VCN workshop at ANL 2005

à however,	now	we	need	compare	to	ESS	1st moderator,	but	5MW
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We consider the following existing instrument types as the ones that 
can benefit most from being used at a VCN source: 

• long-baseline SANS instruments, 

• reflectometers (for both horizontal and vertical geometry), 

• high-resolution TOF instruments 

• spin-echo spectrometers 

• SESANS techniques 

The gain factors for inelastic instruments like TOF- INS and NSE scale with λ2; 

however, for elastic instruments like reflectometers and SANS instruments, 
gain factors generally are independent from λ, as long as the wavelength 
distribution follows the 1/λ5 tail of a cold spectrum. 

VCN workshop at ANL 2005

à SANS	resolution



Page	16

 

19 

For pulsed VCN sources, the following gains can be assumed for resolution and intensity: 
 

 resolution at fixed geometry Intensity at fixed resolution 
SANS λ-1 λ0 
Reflectometry λ-1 λ2 
TOF-INS λ-3 λ2 
NSE λ-3 λ2-λ4 

 
How do existing instruments benefit from going colder? 

a. Pushing flux and resolution simultaneously on SANS, NSE, TOF-INS 

i. 300 kW, ≤ 5 Hz, 5 for SANS and NSE (intensity at 20 Å at ILL, utility scales 
as same-wavelength flux) up to 30 for TOF-INS with repetition-rate 
multiplication 

ii. ILL 3× better than SNS at long wavelengths, TOF-INS at SNS benefits from 
high peak flux (SNS 23 kJ/pulse at 30 Hz)—5 gain without, 25 gain with rep 
rate multiplication in the low-resolution limit; gains 1–5 in the high resolution 
limit. 

b. Having larger dynamic range on SESAME 

The consequences for tomography or indirect-geometry INS instruments based on 
artificial crystals are not that obvious and should be studied further. 
 
We consider the following emerging techniques to be especially promising for the future 
use of VCNs: 

a.  The large-area high-resolution detectors commonly used now in X-ray 
instruments at synchrotron sources should be adapted to neutron science. Note 
that the number of photons from an absorbed neutron is about 10 – 100 times 
higher than from X-rays in the 10–100 keV range. Detectors of 1 m2 with 
resolutions in the 200 μm range are possible without the need of main in-house 
developments. The advent of CCDs with parallel readout, working already as 
prototypes, will allow near ideal detectors for the VCN instruments in mind. We 
propose to fund research which targets the development of these detectors. These 
detectors work without any windows in vacuum, thus avoiding small angle 
scattering, which is crucial for windows of high strength materials. 

b. In environments of higher γ radiation levels, scintillators coupled to 
photomultipliers can be used. By pulse shape analysis, γ- and neutron events can 
be sorted out with high efficiency. Those methods should be improved as well. 
The thin thickness of scintillators required for VCNs (typically 0.1 mm for 90% 

Other more speculative techniques that may benefit from the use of 
VCNs are correlation spectroscopy with waveguides, VCN interferometry, 
VCN tomography, and neutron microscopy. Funding should be provided to 
explore these and other possibilities. 

VCN workshop at ANL 2005
Conclusion

doubt	it



PSI 2006
Quasi/In-elastic scattering
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• This	would	also	enable	more	detailed	studies	of	VCN	optics	for	applications	in	the	
complementary	wavelength	range	below	30	Å.	This	later	is	the	target	of	VCNS:	to	
make	optimal	use	of	the	extensions	of	neutron	scattering	methods	in	the	wavelength	
range	beyond	10	Å.	The	most	important	applications	would	be:	neutron	microscopy	
(at	the	50-100	nm	scale)	of	biomolecular	systems	and	nanocomposites	with	complex	
surfaces	and	buried	structures;	holography	of	hydrogenous	minerals	and	biological	
materials;	nanoscale	self-organization	in	geometrically	frustrated	magnets;	
spectroscopic	studies	of	solar	absorption	in	photoelectrochemical	cells;	structures	of	
biological	membranes	and	devices	based	on	nanodots	and	nanotubes.	

PSI workshop 2006
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2005	“more
speculative
techniques”
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Imaging Resolution
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Neutron Imaging à microscopy

H.	Ghasemi-Tabasi et	al.	Applied	Sciences	202	(2021)	1512



Neutron Imaging
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Neutron Imaging à microscopy

Currently	only	highest	absorbing	materials	suited	for	microscopy

à VCN	significant	improvements
à In	addition	potential	neutron	microscopy	optics
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Fig. 3.3. Time-average neutron emission from the proposed VCNS (operating at 5 Hz) 
compared to the ILL cold source. 
 
The VCNS design proposed an ultra-cold thermalizing moderator composed of solid 
materials (D2, D2O, Be, graphite) in pellet form with liquid helium coolant at about 2 K 
flowing through the spaces between the pellets. For randomly packed spherical objects 
the packing fraction is about 64%; this can be increased to about 68% if the objects are 
slightly aspherical [6]. There are already indications that the heat could be removed by 
2-K He on a time-averaged basis, but the temperature rise within the pellet during the 
pulse might alter the neutron spectrum significantly. D2 and D2O are expected to be better 
moderators than graphite and beryllium because they have some component of incoherent 
scattering, while graphite and beryllium have cross sections that fall precipitously for 
energies below the lowest Bragg edge (about 5 meV in Be and 2 meV in graphite). 
However, beryllium and graphite have better thermal properties (higher heat capacities). 
As a result the optimization of flux/heat might actually favor a material such as beryllium 
that has lower thermalization but can withstand a high power level (perhaps as much as 
100 times greater than D2O). Detailed calculations are required to better quantify the 
effects. 
 
Chris Foster has developed methods to produce pellets of various materials (including 
deuterium, methane, and ammonia) at cryogenic temperatures. This process could 
perhaps be improved by not removing pebbles from the base layer, but by instead 
building up the moderator structure by series of plates, so as to make the average density 
come out to same as random-packing. The group also noted that there was a difference in 
structure between household ice and the low-density amorphous (LDA) ice that is formed 
by vapor deposition. As a result there may be anomalous specific heat behavior in LDA 
ice at low temperature as an indication of changes in the low-energy modes. 
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Wir schaffen Wissen – heute für morgen

Thank	you	for	your	
attention	J


