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°rojects

°Implement Neutron Tomography system
* Software controls
* Automated data collection

*Continue design work on Compton Imaging Detector
* Geant4 Simulations
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This summer I had two main goals. Implement a neutron tomography system and continue design work on a Compton imaging detector system.





NGB
30m SANS

BT2

NIOFa

REFL

30m SANS


Presenter
Presentation Notes
This is the layout of NCNR’s neutron beams. The reactor is here and BT2 is dedicated to Neutron Tomography. My goal was to setup an relatively inexpensive Neutron tomography system at PGAA on the NGD beamline to enhance the measurement capability of the PGAA station. PGAA is for compositional analysis and I’ll explain more later.


What is neutron tomography?
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Neutron Tomography is a process that allows us to image the structure of an object without taking it apart or damaging it.

Neutron tomography is similar to Computer axial tomography, also know as a CAT scan. In a CAT scan , you take multiple 2D xray pictures while rotating the xray around the patient from which you can create a 3D model of the patient. 

Neutron tomography is the same principle. Instead of rotating the reactor , we rotate the sample instead. Neutrons are not visible light so the neutrons that come off the sample hit a scintillator which captures the neutrons and converts it to visible light that our camera can detect. 



Task: Integrate hardware and software

INnto one system

CCD Camera from Rotary Stage from Thorlabs XYZ translational stages from physik
Oxford Instruments instrumente (PI)
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So this is the hardware I was given for neutron tomography. We got a high-performance CCD camera from oxford instruments, a rotary stage from Thorlabs and this xyz translational stage from PI. 

Neutron tomography takes a long time to do. To get a good 3D model we took over 1500 pictures. If that was done manually by a person using the separate softwares, it would have taken at least two days. With the automated system I made, you can just run it overnight.


Solution: LabVIEW
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The solution I used was labview. It is a graphical programming language for instrument control. I took a 3 hour labview workshop offered by nist so I was pretty confident I wouldn’t break any of the hardware from the last slide.

The interface on the left is one I modified to provide some sort of automation for the PI xyz stage. The right interface I made for automated neutron tomography. 

Now the biggest problem I encountered was documentation and support. I spent at two weeks trying to figure out how to interface the xyz stage and camera with labview. The little documentation they had was useless and their support kept giving me the wrong files and information and it was just a mess.


Pl LabVIEW Example
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So here is the example code that PI provided. I really could not make sense of how it worked so the best I could do was keep the software controls separate from the main neutron tomography program and add some features for automation.
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So here is some example labview code for the Thorlabs stage. As a new labview user, I really appreciated thorlab’s documentation and labview support. It’s so simple and easy to use and they even provided a step by step document on how to use it. 

This one just gives this manual control interface. To automate you just add these three blocks in the config you want and you’re good to go. 

As an end user, having good support from vendors definitely adds efficiency to instrumental development.



What to perform tomography on?

» S8 Disposable Vape
e 2"d most popular on market

Rechargeable
Battery
Atomizer

Micotine

Violtage Control
Heating Coil

LT Vaporizing Chamber



Presenter
Presentation Notes
After setting up the neutron tomography system, as a test object we decided to image a disposable vape. It’s structure is mostly symmetric and vapes are a public health concern so maybe our results would help those studying the problem.



Beam Tube 2 (BT2)

A ) 4

*Closer to reactor = more collimated beam
*Has top tier Neutron & Xray Tomography

*Special Thanks to Jacob LaManna

Sample
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So we did tomography at BT2 and here is the setup. [Explain]

BT2 is a state of the art neutron and x-ray tomography setup. BT2 has a well collimated beam which is optimized for imaging.

Then Jacob LaManna did neutron and xray tomography with their setup on our sample to show what the best achievable images should look like. So I’d like to thank him for that and letting us their beamline.


Neutron Guide D (NGD) Tomography Setup
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So NGD is my group’s beamline so this is where I implemented the neutron tomography setup. [Explain setup] 

Our beam is not optimized for imaging and the sample is placed far from the scintillator so our images are going to be much blurrier than at BT2.



Tomography Images

Our camera BT2 Camera
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We are still processing the data from our neutron tomography setup but Jacob LaManna was kind enough to process the data from their setup for us. These are the models we constructed. The vape wasn’t exactly perpendicular so the image plane is at a slight angle which is why the bottom portion looks weird. 

We took apart a vape identical to the one we imaged to validate the data.

So this is a 23 micron slice of the vape. 

 [Explain what each picture is]


https://doi.org/10.1063/1.4989642

3D Renders







Reconstruction Video
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This video shows the slices from the top to the bottom of the vape. Since it is a 3D model and the imaging plane is at an angle, I stopped it a couple times to adjust the side view to the center of the vape.





Projects

°Implement Neutron Tomography system
e Software controls
e Automated data collection

*Continue design work on Compton Imaging Detector
* Geant4 Simulations
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As I said earlier, neutron tomography gives us the structural information of an object. Compton imaging ,however, is a process that will give us both the material and structural composition of an object.



Prompt Gamma Activation Analysis (PGAA)

. «| |+
radiative -
,- capture e
—— ; — transmitted
— neutron 1054
e— — beam
104
S ®
neutron =
hai (: gamma- S 103 J
rays
’ 102
L
gamma-
it I R O T il
T T T T T T T T T T T T T T T T T T T T T T T T T T T d
o 2000 4000 8000 2000 10000

Energy (keV)

Hope to find sources of some metals: Aluminum, Arsenic,
Cadmium, Chromium, Copper, Iron, Manganese, Nickel, Lead,
Antimony, Tin, Titanium, Uranium, Tungsten, Zinc
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Prompt Gamma Activation Analysis is the first part of Compton imaging. When neutrons hit an object, there is a probability for each element that it will capture the neutron and emit gamma rays of certain energies. Using a gamma detector, we can see what the energy levels are of the gamma rays coming from the sample and thus are able to know what elements are in the sample. 

Here in the graph, the blue is the prompt energies. These are recorded when the beam is on. Now you can see these peaks and those correspond to certain elements. The green is from after the beam is off. Certain elements continue to emit gamma rays after the beam is off which are called decay gamma rays. They are obscured by the prompt signals. Once we analyze the data we hope to find sources of some metals which have been found by other studies in the vape juice.



Compton Imaging

Fig. 1 Principle of Compton
imaging with a two-stage
pixelated detector. The
Compton cones are generated
based on the energy and
location of the scattered gamma
rays to determine the origin of
the emission
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Compton imaging is an extension of prompt gamma activation analysis. Instead of one whole detector, we use two pixelated detectors. The Compton scattering formula allows us to calculate the origin point of a gamma ray which gives us both the material and structural composition of the sample.
We are hoping to use Neutron tomography data to aid reconstruction from Compton imaging much more easily.



Geantd

Particle Simulation software developed by CERN

Expanding on work by Ben Riley (SURF 2017) and Nathaniel Kaneshige (SURF 2018)
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Output

/vis/viewer/set/viewpointThetaPhi 240 -20

#

# Re-establish aute refreshing and verbosity:
/vis/viewer/set/autoRefresh true

/vis/viewer/refresh

/vis/verbose warnings

Visualization verbosity changed to warnings (3)

#

# For file-based drivers, use this to create an empty detector view:
#/vis/viewer/flush

F AN examplieB1l
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Geant4 is a particle simulation software made by CERN, they are also the ones that made the large hadron collider. 

We want to guide the design of the Compton imaging detector system by using simulations.

Using Geant4 we can simulate Compton scattering and with the data recorded, we can change parameters such as the pixel size and detector spacing until we can get the imaging characteristics that we want.

Most of my work for this was actually making geant4 work again. The previous students had created the simulation model but the linux and geant4 installations were broken. So I spent a long time fixing linux and reinstalling geant4 but most importantly ; documenting what I did. I don’t want next year’s surf student emailing me for help like I did to Nate.

So anyways, this is the geant4 interface. You got the two detector planes here. This is the setup after running a simulation of a 1000 particles. For simplicity we had a point source of gamma rays which are the blue lines. 


Status of projects

"Automated Neutron Tomography Controls: Complete

"Gamma Ray Compton Imaging Geant4: Fixed and ready to simulate

*To do:
»3D Model Reconstruction Process for Neutron Tomography

» Optimize Geant4 Simulation Model for detector design
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Center for High Resolution Neutron Scattering
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