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New Cold Source

• A new cold source 
will be replacing 
the current cold 
source

• This produces 
most of the cold 
neutrons used at 
the NCNR
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Within a couple of years, a new cold source will be replacing our current cold source which is responsible for producing the majority of neutrons user at the NCNR. The neutrons produced in the core (here) travel into the cold source (here) where they are chilled down using liquid hydrogen (?). These cold neutrons then disperse into the many guides connected to the cold source(here) which lead us into the guide hall.



Replacing NG5 and SPINS
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The guide hall contains all of the NCNRs instruments that are used in cold neutron experiments. One of the much older cold instruments, SPINS (here), and its guide(NG5) will be replaced during the construction (installation?) of the new cold source.
This summer, I worked on creating and testing different designs to replace these components. By replacing them, we hope to see at least an order of magnitude increase in neutron flux, vastly saving time and money for future user experiments along that beam line




Replacing NG5 and SPINS
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So, this is the basic lay out of a triple axis spectrometer with its guide, similar to SPINS and NG5. I am a returning SURF student, and last summer my project involved testing several different back end designs. The back end involves everything from the sample to the detector.



Replacing NG5 and SPINS

LEAF

CAMEA
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Some designs that were considered included outfitting a multiplexed triple axis spectrometer with a radial collimator and position sensitive detector, LEAF, and CAMEA – all of which increase neutron flux at the detector by at least an order of magnitude. One quality that sought after in a spectrometer is a wide collection range that I’ll refer to as A4. MACS, a beloved spectrometer here at the NCNR is capable of covering a large A4 range. However, it can only do so in 8 degree increments which can be time consuming. What makes LEAF and CAMEA special is that they provide a continuous wide A4 coverage (as you can see here). They also come with a bonus feature of sampling multiple energies. The only difference between these two instruments is that CAMEA bounces neutrons out of plane in order to reach the detector which saves space. LEAF on the other hand is much more modular due to the ability to remove and add detector banks based on how many energies are sampled. 



Primary Spectrometer
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However, this summer I focused on the primary spectrometer which includes the guide and the monochromator.



Software used

• Mcstas
• http://www.mcstas.org/

• Guide_bot_distribution
• Courtesy of Mads Bertelsen

• iFit
• NCNR Rocks Cluster
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In order to build and test several different designs, many different softwares were used. Mcstas is a neutron ray trace simulation package that ran each monte carlo and is the backbone of the process. The guide bot distribution package used mcstas to generate different guide configurations given starting parameters then used iFit to fit the data. These simulations were very resource consuming so everything was run on the NCNR Rocks cluster



NG5

• NG5 is a 41 meter long straight rectangular guide
• Neutron guides contain coatings that line the inner 

walls that allow the neutrons to bounce down the 
guide

• Coated in Ni58
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Our current guide, NG5 is a 41 m rectangular guide that is coated in Nickel 58. This coating lines the inner walls and are what allow the neutrons to bounce down the guide. Neutrons will bounce down the guide at both sharp and wide angles. However, if the angle is too sharp, the neutron will simply transmit through the guide. We can quantify this phenomena by measuring the momentum transfer.



Momentum Transfer

• The momentum 
and collision 
angle determine 
the momentum 
transfer (Q)
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The momentum transfer, known as Q, is measured by the momentum and angle of the neutron. If Q is large, due to either a sharp angle or large momentum, depending on the guide coating, the neutron may go straight through. However, if the neutron just grazes the guide, its Q will be small and the neutron has a non-zero probability of reflection.



Guide Coatings

• Increasing m-value is one way of increasing flux

Source: Swiss Neutronics
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Newer guides contain a super mirror coating which is measured in terms of m-values. The larger the m-value, the greater the acceptance is of divergent neutrons but the lower the reflectivity of those neutrons as Q gets larger. 

So, if we look at m = 6, we see that as Q gets larger, the reflectivity drops from 100% to 70% until Q is too large and the neutron’s reflectivity drops to zero. Our current guide has a coating of m=1.2 which has about a 100% reflectivity but only over a small range of Q. If we increase our m-value, we can increase our acceptance which increases the overall flux.  All of the guides that we generated used a guide coating of m=4. The relationship between a lower reflectivity as divergence increases and a straight guide with multiple neutron collisions results in a high transmission. One way to fix this is to limit the number of neutron collisions.



Ballistic Ellipse

• Use a ballistic elliptical geometry 
• Each neutron should ideally only bounce once 

down the guide
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We can do this by moving from a straight guide to a ballistic elliptical geometry where each neutron should ideally only bounce once.
After we decided on this general shape of the guide, we took a look at the constraints that we faced.
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Here we have a compilation of auto CAD drawings that lays out each section of NG5, each with their own space constraints. This drawing was reduced down this.
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Which shows the maximum height and width of each NG5 component that we can expand into.
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Some of our primary constraints when deciding on a guide design was a small rectangular feeder at the beginning of the guide that could not be altered, a very restrictive shutter about halfway down the guide, and a giant 30 ft deep concrete wall with only a . The concern with the wall is that it contains a 45 cm x 45 cm tube which stretches 30 feet
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Ballistic Ellipse
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However, because the feeder had such small dimensions, guide bot tended to keep the guides it produced on a much smaller scale than predicted. Thus, producing the guide shown here in black. I have overplotted in blue and red the height and width constraints. As it turns out, the wall (here) won’t be such an issue. Before we look at the results of our new elliptical guide, lets look at our baseline of NG5.



NG5 Baseline

2.3 meV: 1.5e8 Flux , 30% brilliance transfer
17 meV: 1.6e8 Flux , 6% brilliance transfer

2
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I used guide_bot to virtually build the current NG5 guide and run montecarlo simulations to determine the flux and brilliance transfer at  the end of the guide.
The brilliance transfer measures the amount of neutrons that enter the guide and compares it to the amount of neutrons that exit the guide. This ratio is measure from 0 to 1, where 1 represents a 100% transfer of neutrons from the beginning to the end of the guide. The energy range of neutrons we looked at was from 2.3 meV to 17 meV.
As we can see, the current guide is not performing at its best with only a 6-30% brilliance transfer.



Ballistic Ellipse

2.3 meV: 5e8 Flux , 80% brilliance transfer
17 meV: 11e8 Flux , 45% brilliance transfer
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If we look at our ellipse, we see a brilliance transfer of 45-80%. Compared to the current guide, we see a 3-7 fold increase in flux. This increase can be attributed to both the elliptical geometry as well as the guide coating of m=4. 
This result provides a good model for the final guide that has been optimized to fit all of its constraints



Monochromator  Optimization

White Beam

Single Energy
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We have optimized up to this point so far. The next component in need of optimization is the monochromator. The monochromator immediately follows the guide and is used to reflect a single energy of neutrons from a white beam to the sample. It is made up of several crystals that utilize braggs law to only allow the specified energy to continue to the sample while the rest simply pass straight through. 

There are several different parameters of the monochromator to optimize for. One is to optimize the mosaic of the monochromator.



Mosaic Optimization
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A perfect monochromator is surprisingly not the most efficient one. Because bragg peaks are so sharp, it is very rare that a neutron will hit the monochromator’s crystal planes at the exact angle necessary for bragg scattering. However, if the crystal planes are not perfectly parallel to the crystals surface, more divergent neutrons will have a chance to make it to the sample. This imperfection is measured by how unaligned these planes are and can be plotted as a bell curve. The fwhm of this curve is the mosaic of the monochromator.



Mosaic Optimization

• Historically 30 minutes 
has been used
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Historically, 30 minute monochromators have been used. However, we have found this default to not be the optimal mosaic choice. What we did was optimize a guide for a 60 minute divergence and varied the mosaic of the monochromator from 15 minutes to 120 minutes. What we found is a maximum integrated intensity over an energy range of 2.5meV to 15 meV is at about a mosaic of 60 minutes which matches the divergence of the beam while anything over 60 minutes is just saturated. This tells us that _________
Another parameter to optimize is the focusing capability at the sample position.
<fix diagram labels>
<add div vs position>




Flat Monochromator

10 cm^2
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Once the neutrons reflect off of the monochromator, they will continue to diverge and spread on their path to the sample. Here I have varied the length between the monochromator and sample,L2, for multiple different energies and plotted it against the area that neutrons were most concentrated in. As you can see, the area of the spread of neutrons grow rapidly as L2 grows resulting in a lower flux at the sample position. We want to optimize for a 1 cm^2 area at the sample position which is about a tenth the area of this box here. We somehow need to collapse this large area covered by neutrons into a 1cm^2 area. In order to do this, we will need to implement a focusing monochromator capability.



Doubly Focusing Monochromator

Source: Johns Hopkins University
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The monochromator needs to be able to focus both vertically and horizontally which looks something like this. This is accomplished by allowing the individual monochromator blades to rotate along different geometries.



Vertical Focusing

• Use Lens Maker Eqn. to 
place and rotate individual 
blades

Sample
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In order to focus the monochromator blades vertically, we can simply use the Lens Maker equation to place each blade along a calculated radius of curvature. 


Horizontal focusing uses a Rowland geometry



Horizontal Focusing

• Blade group 
lays tangent 
to Rowland 
circle
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In this geometry, we place the source image, monochromator, and Sample along a circle that we call a Rowland circle. The monochromator blade group will lay tangent to the circle as opposed to directly on it where each blade will individually be turned to its respective angle. In order to achieve this geometry, each of the 3 components must be on the circle. The monochromator and source image is fixed however in order to figure out the radius of the Rowland circle to determine where the sample should be placed, we need to know the distance between the source image and the monochromator. So, where is the source image?



Source Image
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With an elliptical guide, the neutrons should ideally all focus down onto the focal point of the ellipse, creating a source image at this point. However, this was merely an assumption that we decided to test.



Source Image

• The focal 
point of the 
elliptical 
guide is NOT 
where the 
source image 
is produced
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In order to test this, I set up multiple position sensitive detectors along the guide path, starting from 2 meters inside the guide from the guide end to 3 meters outside the guide. I then fit the data from these monitors to produce gaussians that I then pulled the fwhm from to determine the focused area of the beam at a given position. 

What I found was that the assumption we made was wrong. While the focal point of the ellipse sat at about 1.5 meters after the guide, the source image appeared to be at only .6 meters from the guide end. One explanation of this could be that the guide is not a full ellipse. The ends of the guide are chopped off, which would not produce some of those final bounces that would create a more focused area at the expected focal point. Instead, a blurring occurs and a more focused area is present closer to the guide end, where neutrons are a bit less divergent. 



Monochromator Results
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We are currently working on confirming that the intensity at the sample position really does maximize when the monochromator is at distance L1 from where the source image is located. Unfortunately, we do not have any quantitative results for the focused monochromator yet, however it is on our to do list.



Future Plans

• Compare intensities at sample position 
of flat monochromator with optimized 
focused monochromator.

• Integrate the monochromator into 
guide optimization

• Vary the m-value of the coating along 
the ellipse

• Build the best guide/spectrometer ever
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Higher m-value at the ends (where greater neutron divergences are present) and lower m-values as you approach the center (where higher reflectivity is needed)
Higher m-value at the ends and lower m-values as you approach the center 
Varying the coatings allows for a lower cost and a better flux.
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