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Thermal Cold

Presenter
Presentation Notes
I worked at the NCNR this summer which is home to a neutron source which is used to study the structures of various materials. The NCNR is somewhat unique in that it is one of 2 major neutron user facilities in the US. What this means is that scientists from all over the world apply for time to use the neutron source to study their samples – all for free!! There are two classes of neutron experiments – ones that use thermal neutrons and ones that use cold neutrons. The thermal neutron experiments take place here and most of the cold neutron experiments take place here.



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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Presentation Notes
(context of where this is) Within a couple of years, a new cold source will be replacing our current cold source which is responsible for producing the majority of cold neutrons used at the NCNR. The neutrons produced in the core (here) travel into the cold source (here) where they are cooled down. 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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Presentation Notes
The guide hall is that large building I mentioned a couple of slides ago that contains all of the cold neutron experiments. This hall is filled with neutron guides that lead to different neutron instruments. While the cold source is being replaced, all these experiments will be temporarily be put on hold. During this time, several of the guides and instruments will be replaced and upgraded to ensure that they are providing its users with a better, more efficient experience at the NCNR. This summer I specifically worked on optimizing the new guide design that will be replacing NG5. 



Software used

• Mcstas
• http://www.mcstas.org/

• Guide_bot_distribution
• Courtesy of Mads Bertelsen

• iFit
• NCNR Rocks Cluster
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Presentation Notes
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

http://www.mcstas.org/


1st Generation Guide: NG5

• Neutron guides contain coatings that line the inner 
walls that allow the neutrons to bounce down the 
guide

• NG5 is a 41 meter long straight rectangular guide
• Coated in Ni58

Presenter
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So what exactly is a neutron guide? Exactly what it sounds like. It’s a long tube that guides neutrons from the neutron source to a neutron instrument where an experiment is being conducted. This is achieved by placing a special coating on the inner walls of the tube, allowing the neutrons to freely bounce down to their destination. (if critical angle is reached, neutrons transmits. Div accept is an important idea in neut guide tech) Our current guide is about (ask dan)50years old and at the time, was the the cutting edge of neutron transport technology. It is a 41 meter long straight rectangular guide that is coated in Nickle 58. Using mcstas, I simulated a replica of our guide to see where its performance lies.



NG5 Baseline

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

2
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This top plot shows the neutron flux at the end of the guide versus wavelength of the neutrons. In our cold neutron experiments, we are primarily interested in sampling neutrons ranging from 2.3 meV to 17 meV,(top plot just abs units, more useful to look at bottom). if we take a look at the lower plot, we measure the total brilliance transfer of this range of neutrons. We see only a 30% brilliance transfer of 2.3 mev neutrons. What this means is that only 30% of the neutrons that enter the guide from the neutron source actually make it to the end of the guide. So we are losing 70% of our neutrons during this transport. Brilliance transfer is a term that will come up again. For 17 mev it is even worse, only 6% of the neutrons make it to the  end of the guide. The black curve represent an ideal guide with no degradation. The red curve represents a guide that has been degraded over time, which we can show is a substantial loss which has been seen in guides over time with guides using nickel 58. So now we can take a look at some second generation guides



2nd Generation Guides
• Fairly recent
• Supermirror coatings
• Ballistic elliptical shape

Presenter
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2nd gen guides have been in the process of development for the past few years so they are rrelatively new. One of the main differences in these next gen guides is that these guides feature supermirror coatings instead of nickle 58 coatings. These super mirror coatings come in different grades, denoted by the letter m. In general, the larger the m value, the larger the neutron divergence acceptance is but also the more expensive the guide is. This larger neutron divergence acceptance leads to much higher brilliance transfers.  On this plot we can see how the divergence acceptances change as m values go up. This q value scales with divergence acceptance. For reference, nickel 58 is m=1 (as inc m, can inc neut accept but less reflec, how to solve? [make more concise])



Ballistic Ellipse

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

down the guide



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



Improvements to 2nd Generation 
Guides

• Things to look forward to:
• Perfect sample masking
• A focused beam
• No fast neutrons



Sample Masking

• With larger beam 
intensities, we can 
look at smaller 
sample sizes

• Previously sample 
sizes were ok with 
current masking 
techniques

• Mask can only be 
placed at the edge of 
sample 
environment, 
allowing beam to 
widen again by the 
time it reaches the 
sample

Presenter
Presentation Notes
As we lok at smaller sdamples, ability to mask sample beomc s much more diffultc. Fo rex look at 1mm sample, even with optimized mask, we still get huge background. Issue with pressure sample which reuires small samp and produces large backgorund.  How to get rid of backgorund?



• Place a slit at 
monochromator 
focal point & 
focus beam via 
Selene Tip

• Can include a slit 
that provides 
exact selection of 
divergence

• Breaks line of 
sight so fast 
neutrons do not 
hit sample

Selene Tip

Presenter
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While slit was before as close as possible to sample, we now place far and focus at that point can bring beam to sample size to reimage the beam at sample pos using Two half elliptical mirrors. 2nd bounce to coma correct
Guide includes neutrons we want as well as stuff we don’t want – fast, gammas, etc, need to break line of sight to remove things we don’t want to reduce background
One thing you notice is not same intensity – how much intensity loss? How useful will tip be? Only trul;y useful with high brill trans



Selene Tip
• Over 1 order of magnitude 

reduction in flux at the 
sample position for a 5mm 
sample

• First attempt (ever) at 
optimizing this type of 
instrument configuration
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What we’re looking at here is a 5mm by 5mm divergence monitor placed at the sample position. This means that only neutrons tat would interact with a 5mm sample that have a maximum divergence of 3 degrees is collected. This top figure shows the divergence of neutrons collected using the selene tip after the elliptical guide. The bottom plot shows the divergence of neutrons collected without the selene tip after the elliptical guide. While we can see that the neutrons from the selene tip have a max divergence of about 1 degree, the total integrated intensity of neutrons collected at the sample position is reduced by over an order of magnitude when compared to not using a selene tip. This significant reduction in flux continues to worsen with even smaller sample sizes. For these reasons, we decided to scrap this project and switch gears a little bit.



Double Ellipse with Kink

• Considered on 
the BIFROST 
spectrometer 
at ESS.

• Breaks line of 
sight

Presenter
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Wee have guide we are happy with but now even more novel designs that hav ebeen considered but not yet implemtend so we wanted to explore these next next gen guides. For example this was considered of bifrost



Double Ellipse with Kink

• 20cm x 30cm Sample
• Increase in neutron 

flux (~1.2x more 
neutrons)

• ~8.5x more neutrons 
than NG5
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Double Ellipse with Kink

• All fast neutrons 
are eliminated at 
the sample 
position
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Future Work

• Perform a careful study of energy resolution & the 
beam profile at the sample position of the double 
ellipse with a kink

• Inhomogeneous phase space typical for a bended guide

• Put in an order for guide parts ASAP since ESS will 
be buying up all of the guides very soon!

Presenter
Presentation Notes
Previous studies have shown kinked provides substantial 
Curved causes neutron bounces to increase so essentially completely counteracts ballistaic guide recution in bounces so is used primarily with straight guides
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Monte Carlo

• Many systems cannot be perfectly modeled
• Monte Carlo randomly samples a distribution 

function to determine the probability of a neutron 
reflecting or transmitting



Momentum Transfer

• The momentum 
and collision 
angle determine 
the momentum 
transfer (Q)
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