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Imaging is a Growing Part of the ORNL
Neuiron Sciences Program

High Flux Isotope Reactor (HFIR)
Intense steady-state neutron flux
and a high-brightness cold neutron source

Spallation Neutron Source (SNS)
World’s most powerful accelerator-based neutron source

VENUS is under construction (start of
commissioning in July 2024)

Dedicated Imaging Instrument (MARS)
Steadily improving capabilities
Expanded support
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The Neutron Imaging Team
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HFIR imaging has a broad scientific portfolio
Soft Matter and Materials for Materials
Polymers, 3% infrastructure, 3% degradation,
: 3%
Composites, 3%
Materials science - Biomass and
General, 17% Biofuels, 3%

Porous media, 6%

Nuclear
materials, 6%

Medical
applications, 6%

Industrial
applications , 6%

Energy materials ,
1%

Phase A
Life

Fluids , 9% ' science
, 9% Earth and

transformations/kin
etics, 11%

environmental
science, 6%
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Ouvutline

« Imaging at the High Flux Isotope Reactor MARS beamline: 7 ™
— Principle of neutron radiography and computed fomography at a
continuous source
- The CG-1D imaging beamline
- Examples

|
upnxn A

e Imaging at the Spallation Neutron Source:
— Principle of neutron radiography at a pulsed source
- Examples
— The VENUS construction project _

PUISSOH

ubar

e Software tools for imaging }
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Ovutline

» Imaging at the High Flux Isotope Reactor MARS beamline: 7
— Principle of neuiron radiography and computed tomography at a
continuous source
— The CG-1D imaging beamline
— Examples

|
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e Imaging at the Spallation Neutron Source:
— Principle of neutron radiography at a pulsed source
- Examples
— The VENUS construction project _

PUISSOH

ubar

e Software tools for imaging ]-
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What is Neutron Imaging?

e Similar to X-ray Imaging, Neufron Imaging is a non-destructive
technique that can spatially resolve the structure of a sample

Source Object Detector

%OAK RIDGE | fosseno (Figure source: aven.amritalearning.com,. (2013). Shadows and Pin Hole Camera.)
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Neutrons interact uniquely with matter (cont’d)

X-rays 1photo electron
Neutron
MAA%-A absorption -
A=\ - v ™
 Non-desiructive

e

* High penetration

 Sensitive to light
elements (H, Li,
I e’rc.)

D,O

. Isotoplc contrast

=) \ dDS0TPLoTI

IPTS-26032, Y. Zhang, 2022

i / scattering

I
5 mm

A. Tengattini, et al. Geomechanics for Energy and the Environment 27 (2021)
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https://www.psi.ch/en/niag/what-is-neutron-imaging

Transmitted neutrons recorded as image

Continuous neutron beom
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From raw image to normalized image

Lambert-Beer Law

Transmission | | Sample thickness

Normalized Image \ i \
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Example: visualize live root system
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Wicking exp. with yarn

Chi-CAT (NaAc) yarn

N Y. Yuan,Y. Zhang, H. Bilheux, and S. Salmon. “Biocatalytic yarn for peroxide decomposition with con-
NEUTRON

-*(OAK RIDGE NGoRcE trolled liguid transport,” Advanced Materials Interfaces, 2021, DOI: 10.1002/admi.202002104
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Measures the composition gradient in graded
superalloy
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Measures molten salt densities at MSR operating
temperatures

\--l-\.:.i_*__;,_ (b) .
(b) "B —

g [ /1©
[ )
=L = - . |
) Lkl ——== A B C D
i == )
T o r a_N___
A
— - SS
A Al ',,. = .\ , liner R A " "
. I E |
San s Sealed
quartz NMR g
I tube z
v
! | vy
f i Sample “
BN V—Y &8— /
spacer

<« 63.6 MM —>

%OAK RIDGE | gratLaton Moon J., Andrews H.B., Agca C., Bilheux J., Braatz A.D., McAlister A., McFarlane J., McMurray J.W., Robb K.R., Zhang Y., Industrial &
National Laboratory | SOURCE Engineering Chemistry Research, 61, 17665-17673 (2022)




Li distribution Is heterogenous and faster C-rates lead
to more non-uniformity after lithiation

Slow Fast Slow Fast

6.8 mm |
~3.6 mm |

V2 05 disk

Separator
Li-Al alloy foil

Lithiation Delithiation
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Measures soot distribution in Acidic Gas Reduction
device

(Soot-m3/Cat-m?3)
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Recently improved spatial resolution for finer details

Gap between
lines = 100 um

Gap beiwéen
lines = 20 um
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IPTS-27734, Y. Zhang, 2022

500 um

oo FOV
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CT scan Spatial

Large FOV 80 x 80 mm?2 >7 hours 75-100 um

High-res 50 x 50 mm? 270 hours 20-25 pm



Implementation of NGl 1o probe smaller length scale

Neutron Grating Interferome

tfry (nGl)

i

, Source |
r
gratings

nGl setup at the upstream

o Spatial resolution stay unchanged

nGl setup at the dbwnstréam

o But sensitive to much smaller length
scales (~40 nm — 2.2 um) selectively

+

Spatial
resolution
of nm or um

Sensitive
to nm or um

size feature
IPTS-26647

pSi (1-5 pm) in
30 wt.%

nSi (<50 nm) in
30 wt.%

Y. Zhang, 2022
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wave

Neutron as
particle
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¥ Selected to
i be sensitive of
~1.5um

(Battery electrodes, courtesy of Fudong Han)



Neutron Imaging Capabilities at Steady-State (HFIR)
Sources

 Radiography

Tomography

Grating Interferomeftry

Polarized Neutron Imaging

Monochromatic Imaging

(Sample credit: George Williams)

Type of T fud . . Highest spatial Typical acquisition time . .
detector Field-of-view (FOV) Pixel size (um) resolution (um) 7 R TeEE Maximum speed @16 bit
m 50 X 49 mm? 7.63

High-speed 88 x 88 mm? 43 ~100 — 74 image/second

20-25 360 s 1 image/second

Balanced 88 x 88 mm? 16 ~50 30-90s 1 image/second




Ovutline

« Imaging at the High Flux Isotope Reactor MARS beamline: 7
— Principle of neutron radiography and computed fomography at a
continuous source
- The CG-1D imaging beamline
- Examples

|
upnxn A

 Imaging at the Spallation Neutron Source:
— Principle of neuiron radiography at a pulsed source
— Examples
— The VENUS construction project _

PUISSOH
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e Software tools for imaging ]-
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Imaging at a pulsed source (SNS)

Energy-dependent

Detector radiographs
Hg Neutron pulse \ l |

Torge’r .
= Ol(b oD (D < lip
Proton v
pulse Modero’ror

Incident Transmitted
TO L o T I(X, Vs t)
Courtesy of Y. Zhang, ORNL l

I(x, y, A)

I(A)=1,(A)e " M" =0 (D=~ 1657, )
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Higher energy neutrons can also be used for imaging (neutron:s
of energies higher than 1 eV): Resonance Imaging

1
2.8cm — Co
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1
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Hf
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Neutron attenuation
o
i E

g . ......102
Energy (eV)

Zhang Y., Myhre K.G., Bilheux H.Z,, Tremsin A.S., Johnson J.A., Bilheux J., Miskowiec
A., Hunt R.D., Santodonato L., Molaison J.J., "Neutron Resonance Radiography

and Application to Nuclear Fuel Materials", Transactions of the American Nuclear
Society, (2018).
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http://answinter.org/wp-content/2018/data/pdfs/287-26287.pdf
http://answinter.org/wp-content/2018/data/pdfs/287-26287.pdf

Resonance imaging: preparing your experiment

Overall
... thickness
through beam

e Soil surveys, contaminants in soil, etc.: neutrons
— transmission through 0.01 mm thickness of "Co (between 1 and 5 A) = 99.5%
— transmission through 1 mm thickness of "9Zn (between 1 and 5 A) =96.4%

v

v

Simulated resonance for elements of interest(*)
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Resonance imaging: preparing your experiment (cont'c

¢« Hg contamination in soill

— Assumptions: 0.1 mm Hg (13.6 g/cm3) + 12.5 mm SiC (with 1.5 g/cm?3)
e Transmission (1 and 5 A) = 66.4 %

1_

05- i Resonance peaks plofted
with:
g ' INEUIT (I knew it")

Attenu
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Using epithermal neutrons (energy > 1 eV), resonance
Imaging can map the isotopic content in advanced
nuclear fuel materials in 3D

» Distribution of elements drive the performance of the novel advanced
nuclear fuel materials

—— Exp
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> Quantitative analysis is being developed using in-house open source
Python package (ResofFit)
Myhre K.G., Zhang Y., Bilheux H.Z., Johnson J.A,, Bilheux J., Miskowiec A., Hunt R.D.,

SPALLATION "Nondestructive Tomographic Mapping of Uranium and Gadolinium Using Energy-Resolved
SOURCE Neutron Imaging", Transactions of the American Nuclear Society, (2018).
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http://answinter.org/wp-content/2018/data/pdfs/264-26727.pdf
http://answinter.org/wp-content/2018/data/pdfs/264-26727.pdf

Bragg edge imaging: how does it work?e

- Different Bragg edges ](ﬂ,) — ]0 (ﬁ)e_/‘(’”x
e i s § measure different phases
and lattice spacings, dyy.

_ PN 4
pA) =0 (D)=

The height of Bragg edge
provides the amount of a
specific phase.

Neutron
Transmission

Barton J.P, Bilheux H.Z., Bossi R,,
Herwig K.W., Santodonato L.,
Taylor M., "Chapter 12: Neutron
Radiography for Nondestructive
Testing", Nondestructive Testing
Handbook, Fourth Edition: Volume
3, Radiographic Testing

(RT) (2019).

>

3D printed Neutron Wavelength A
Inconel 718 ARAO d| ogroph | The position of the Bragg
% OAK RIDGE | e < > af HEIR edge, An = 2 dnw, is @ measure
National Laboratory | SOURCE 1 cm L Of the Stra[n in the Samp|e



https://www.asnt.org/Store/ProductDetail?productKey=78f4798c-cfb2-44df-92dc-1c0e97b106ca
https://www.asnt.org/Store/ProductDetail?productKey=78f4798c-cfb2-44df-92dc-1c0e97b106ca
https://www.asnt.org/Store/ProductDetail?productKey=78f4798c-cfb2-44df-92dc-1c0e97b106ca

Principle of Bragg edge Transmission

v Utilizes thermal and cold neutrons (approximately between 1 and 10 A)
v Obeys Bragg's Law An = 2dy SIN B, simplifies: Apy = 2d4y

March-Dollase Sabine’s primary

model extinction model  p,: volume of unit cell
YK 2dpg>A Emmnpmmmmmepemssmmsssnssnaes Fi«: Structure factor including Debye-
OBragg (A) = 2V Z |Fhkl| dhkl P( (/1)) Ehkl(/1 Fhkl) Waller factor
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The perfect case study: powders

e - 0 0.50
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Song G, Lin J.Y,, Bilheux J,, Xie Q, Santodonato L., Molaison J.J,, Skorpenske H.D., dos Santos A.M., Tulk C.A., An K., Stoica A.D., Kirka M.M., Dehoff
%OAK RIDGE | sautation R.R., Tremsin A.S., Bunn J.R,, Sochalski-Kolbus L.M., Bilheux H.Z., "Characterization of Crystallographic Structures Using Bragg-Edge Neutron

NEUT!
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http://dx.doi.org/10.3390/jimaging3040065
http://dx.doi.org/10.3390/jimaging3040065

Fig. 8. Strain distribution (1n microstrain) at the (111) Bragg edge measured at room temperature along the sample thickness direction X. SNAP beamline. The image
integration time was about 2 h at SNAP. i, value 1z taken from the annealed sample #1-8 (average across the entire sample). The legend indicates the strain values in

mucrostrain.
y y/
Berk€1 y spumjwmonsy!\tllé "'PHHE
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Engineered Materials: Monitoring residual strain relaxation and |
preferred grain orientation of additively manufactured Inconel
625 by in-situ neutron imaging (10 min measurements)
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< . | &
1000 6 a
= Simulation #1-6 =.
500 8 Experiment = >
0 § PID 1, GED=2.32 PID 1, GED=2.32
)
500 Modeled and experimental results.

500

AM Inconel 625 strain evolution as a function of 00t

temperatfure f).s _ Bﬁrke]‘ey

300

200

StdDev of strain (microsrtain)
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L 330C & @
03 | _ g [ 0 100 200 300 400 500
0.25 : : / "‘ Time (min)
2 2.5 3 3.5 4 45 "' ".PHHE Fig. 16. Variation of the standard deviation of the reconstructed strain as a function
Neutron wavelength (A) of image integration time. Three different sizes of the area used for pixel grouping are

used for strain reconstruction, as indicated by the legend (in mm?).

OAK RIDGE | paszanon Tremsin et al, Additive Manufacturing, 2021. . .
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Autonomous Hyperspeciral
Neuiron CT Experiment
at ORNL

.....
.....

Up to factor 5 improvement in time

> Optimization of the scan based on the unique
sample geometry

> Ability to provide real-fime reconstructed data

'\“\Aufonomous using advanced iterative reconstruction
Decision methods

EAT
Al Quality
$ OAK RIDGE| 1 Evaluation

Sample Adaptive
Scanning Angles
(active learninq)




Bragg edge imaging:
20 x 20 cm?, spatial resolution ~ 100

Cave time resolution is 5 ps.
shielding

Resonance imaging:
4 x 4 cm?2, spatial resolution ~ 150 um, time
resolution is 150 ns.

: ™ < Beam stop
Front-end opfics i D oy
buried in shielding ' & VENUS wall of signatures
Cave door
e Py
s
\\\
Radiological
Materials Area
% 0AK RIDGE (RMA)
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February 2020 to now
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Ovutline

« Imaging at the High Flux Isotope Reactor MARS beamline: 7
— Principle of neutron radiography and computed fomography at a
continuous source
- The CG-1D imaging beamline
- Examples

|
upnxn A

e Imaging at the Spallation Neutron Source:
— Principle of neutron radiography at a pulsed source
- Examples
— The VENUS construction project _

PUISSOH
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« Software tools for imaging
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Simple tasks that could be showstoppers because of thé’i-
amount of files

« Renaming thousand of files (keep/don’t keep part of the initial
file name) T

HBEEE
s (o]

5
5|5]6]6]7]7|8]8

. . . 9 |9 [10]1o[11]11[12]12] e[

) Blnnlﬂg plxels 9 [9 [1o[10[11[1[12[r2 BRI
13[13[14[14[15]15]16] 16
13[13[14[14[15]15]16] 16

« Combining images (tiff, fits) 2 by 2, 3 by 3, etc. using different
algorithms

Input folder ey
image001 0004 | image00o.tif
uuuuuuuuuuu

image001 0038 | - image003H 05y

g i - " image000.tf

image001_100.f image100.tf :::::nm i

‘ image002 )_000.tf image002. it
j=z002 ot imageo0s . _image003

...........................
aaaaaaaaaaaaaaaaaa

_ image0u2.tf
image002_100.tif image003.tif
uuuuuuuuuuuuuu

aaaaaaaaaaaaaaa

oooooooooooooooooooooo

[ ] [ ] ¢
- f image000, tif
‘ . image001 it
image050, )_100.4f | image002. if
image003. tif
image100.1f

image100.1f

Imagine yourself as a
user who does not
program, how would
you do those<

e Extract evenly spaced files
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More complicated tasks
e Create a list of file name vs time stamp

 Display and export images with metadata/time stamp

e Display the change of a given metadata over time on top of
Images

« Gamma filtering optimization tool

e Profiles

— Linear
— Radial

e Calibrate tfransmission
« Normalization
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Advanced tasks

Bragg Edge

SPALLATION NEUTRON SOURCE
PRESENT
BRAGG EDGE NEUTRON RADIOGRAPHY

INCONEL 718 MADE BY ADDITIVE MANUFACTURING

OAK RIDGE NATIONAL LABORATORY

) 3 = PN,
1(A) = Io(A)e P #h=o DTk,

White-beam (or reactor-based) neutron 0.5 j
radiograph: S 045 (420) F
sums over all neutron wavelengths 7
£ 0.4 \ . 20 g
= oaraph | § 035 1 311)
One radiograg” = o3 (4do)
ik - 025
tyorA;  torA, torA, 14 w 19 24 29
ra /avelength (Angstroms)

—
tem N‘
o0s,
"RVlogads o7
'S

Soh,

Position of the edge gives the d-
spacing of <hkl> or
displacement gives the strain

Wavelength-dependent (or TOF) neutron radiographs
(Discrete neutron wavelengths)

Images and Metadata
Extrapolation Matcher

Bimed fletimeand temperature
i bin#0 | | [bia#1 | | |bin#2 bin#3 bin¢4 || bin#§ | bini6
1400
1200)

5 0

High Temperature Grain Growth
Characterization of FeCrAl alloys by Time of

OAK RIDGE NATIONAL LABORATORY'S
MANUFACTURING DEMONSTRATION FACILITY (MDF)
AND

Dryepondt et al.

\Flighf Neutron Radiography. Sebastien j

Panoramic Stitching

Impact of plant roots and mycorrhizal

Cylindrical Geometry Correction

Inhomogenous Sample

fungal hyphae on soil water retention
parameters. Ed Perfect et al.

Characterization of different
stages of hydrogen loss in
biomass under pyrolysis by
radiography and
fomography. Frederik Ossler
et al.

200 400

Warter-intake Profile Calculator

Eagle Ford shale
(1.25cm diameter)
under acoustic excitation
with an acoustic array
(frequencies from 100 to 50,000Hz)

Duration: 37 minutes

Research Team

Richard Hale
Jean-Christophe Bilheux
Bruce Patton
Joanna McFarlane
Ayyoub Momen
Paris Cornwell
Hassina Bilheux
Steve Oliver

The CG-1D beamline at the High Flux
Isotope Reactor of Oak Ridge National Laboratory

(mm)

osition

Water Intake Position (mm) vs Time Stamp (ms)

time stamp (ms)

Acoustic facturing in shale samples. Richard Hale et al.




Solution: Jupyter notebooks

File Edit

IPIyl: Notebook spectrogram Last checkpoint: a fow seconds ago (autosavea)

B+ x @ B 4+ ¢ > B C cCode

View Insert Cell Kemel Help

| Cell Toolbar: None Fi

Simple spectral analysis

An lllustration of the Discrete Fourler Transform using

g, to reveal the frequency content of a sound signal.
N-1 .
g
Xk:ZzneT k=0,...,N-1
n=0

We begin by loading a datafile using SciPy's audio file support:

IPython (Python 3) v

#0

In [1]: from scipy.io import wavfile

rate, x = wavfile.read('test_mono.wav')

And we can easlly view Its spectral structure using matplotiib's bulltin specgram routine:
In [2]: %matplotlib inline

from matplotlib import pyplot as plt

fig, (ax1, ax2) = plt.subplots(l, 2, figsize=(12, 4))
axl.plot(x); axl.set_title('Raw audio signal')
ax2.specgram(x); ax2.set_title('Spectrogram');

Raw audio signal Spectrogram
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ules

_ Rule 1 Click inside a cell and SHIFT + ENTER to execute it.

), /
A 4

Rule 2 Re-executing a cell will reset it (any input will b,e"flost)

 Rule 3 Wait for busy cell signal to go away before executing
- another cell

In (#): fr | Python3 @ * In (1): £x
fr.

fx
Busy =

| Python3 O

Busy

e

s Fu L

S WY,
N2 ! £y 0
ST SRR/
e




Simple tasks footheopnbdddoaiswstoppers

« Renaming thousand of files (keeping or not part of the initial file
name)

[T=]T¢
s o]

5|5(6(6]7]7]8]8
5(5(6]6]7]7]8]8

o . o 9 9 [1o[1o[11]1[12]12] o [ [

[ Blnnlng plxels 9 |9 [10]10[11[1[12[12 BORE
13[13[14[14]15[15[ 1616
13[13[14]14]15]15]16]16

« Combining images (tiff, fits) 2 by 2, 3 by 3, etc. using different
algorithms

[ —
nnnnnnnnnnnnnnnnnnnnnnnnn
aaaaaaaaaaa

. . image001_001.tf
image001 1_003.4if image003 it oo
‘ image001_100 1 image100.tf :ngjﬁﬁfﬂ:
imege0l2 0008 |y it
aaaaaaaaaaaaaaaaa

uuuuuuuuuuuuuu
aaaaaaaaaaaaaa

_ image002.tf
image002_100.tif image003.tif
uuuuuuuuuuuuuu

[ ] [ ]
image003, 3 001.6f image00.8i
Y - -
. f | image000, tif

uuuuuuuuuuu
image050_100.tf image002if
|||||||||||

Imaging yourself as @
user who does not
program, how would
you do those®e

e Extract evenly spaced files

% OAK RIDGE | e

National Laboratory | SOURCE




Pranl_in.

Extract evenly spaced files

Simple tasks for the notebooks

« Renaming thousand of files (keeping or not part of the initial file
name)

[T=]T¢
s o]

5|5(6(6]7]7]8]8
5(5(6]6]7]7]8]8

o . o 9 9 [1o[1o[11]1[12]12] o [ [

[ Blnnlng plxels 9 |9 [10]10[11[1[12[12 BORE
13[13[14[14]15[15[ 1616
13[13[14]14]15]15]16]16

« Combining images (tiff, fits) 2 by 2, 3 by 3, etc. using different
algorithms

« Combining folders

« Dealing images

« Extract evenly spaced files

% OAK RIDGE gyt

al Labor:




Pranl_in.

Extract evenly spaced files

Simple tasks for the notebooks

Extract from list of files every n spaced files

% OAK RIDGE |t

ional Laboratory | SOURCE




Extract evenly spaced files

Simple tasks for the notebooks

C {d @ localhost a 2 8y » = @ ¥ 0O Wl ¢

a7

i Apps (& Swartz 6th Grade.. ¢ GoogleMaps @ Gmail @ Google Contacts [j§ Google Calendar ES5 Under Investigation ES Aviation

e = X +
_ Jupyter extract_evenly_spaced_files Last Checkpoint: 02/05/2020 (unsaved changes) A Logout

{} & neutronimaging.pages.ornl.gov, w & B B » — Fa® ¢ @ .

ii Apps [& Swartz6thGrade.. & GoogleMaps @ Gmall @ Google Contacts [ Google Calendar B3 Under investigation [ Aviation [ FREQUENT [E) Hello, J.C. Accoun » B3 Other Bookmarks

File Edit View Insert Cell Kernel Widgets Help | Python3 ©

B |+ [ @ B 4 % MNRn B C » | Code ¢ =

n Imaging > Ti s > Extract Evenly Spaced.

EXTRACT EVENLY SPACED FILES

Notebook name: extract_evenly_spaced_files.ipynb

e,
Noteé‘ook ules

§ Rule 1 Click inside a cell and SHIFT + ENTER to execute it.

Description

| Rule 2 Re-executing a cell will reset it (any input will be lost)

[ 4 |
Rule 3 Wait for busy cell signal to go away before executing J This notebook allows you to copy into a new folder (extract) 1 every n files from the source folder. You will need to provide
| another cell A the skipping factor n in the notebook. You will also have the option to rename those files, as they are copied, in order to
|
)’ keep a linear increasing index starting at index O.
\

onnect to our comp
Example:

:“f‘”, pu HH,.*L”.“ Py o \‘

let’s pretend you selected a folder (/Users//35/my_data/) containing the following 21 images

mage_001fits >

image_002fits
mage_003 fits
mage_004 fits
image_005 fits 1Y
image_006fits
image_007fits
image_008fits
mage_009fits
image_010fits
mage_O11fits
image_012 fits
mage_013fits
mage_014fits
mage_015 fits
image_016 fits
image_017fits
image_018fits
image_019/fits
image_020/fits
image_021fits

Input

N

Select Your IPTS

In [ ]: from _ code.extract_evenly spaced_files import ExtractEvenlySpacedFiles as EESF
from __code import system
system.System.select_working_dir(
from __code.__all import custom_style
custom_style.style()

Select Folder with Images to Extract

In [ ]: o_extract = EESF(working_dir=system.System.get_working_dir())
o_extract.select_folder |

Extraction Method to Use

In [ ): o_extract.how_to_extract()

Renamed files ?

This will replace the last part of the name (file counter digit)

for example:

and you decided to extract 1 every 5 files in the Desktop.

e e gkl crate e ol e cal e dsars e ek o gt e na s dlosand il contbe follouing files

% OAK RIDGE | e
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Advanced tasks

Bragg Edge

OAK RIDGE NATIONAL LABORATORY'S
MANUFACTURING DEMONSTRATION FACILITY (MDF)

AND
SPALLATION NEUTRON SOURCE
PRESENT
BRAGG EDGE NEUTRON RADIOGRAPHY

INCONEL 718 MADE BY ADDITIVE MANUFACTURING

OAK RIDGE NATIONAL LABORATORY

1) =T, (Re P mn=o i

White-beam (or reactor-based) neutron 0.5
radiograph: S 045 |(420) i
sums over all neutron wavelengths @
- \1 (220) ¥
h | 5 038 i (311) il
o OL‘PM = o (adoy
025

14 9 24 29

t‘ orh;  torh,
t.or A, Wavelength (Angstroms)

radlog nds Of Ei-

Wavelength-dependent (or TOF) neutron radldgra'
(Discrete neutron wavelengths)

Position of the edge gives the d-
spacing of <hkl> or

u

Images and Metadata
Extrapolation Matcher

Bimed fltmeand temperature
i bin#0| [bia#) | |bin# bin#3 bing4 || bin#§ | bin#6l

i

High Temperature Grain Growth
Characterization of FeCrAl alloys by Time of

Flight Neutron Radiography. Sebastien
Dryepondt et al.

\

Panoramic Stitching

Impact of plant roots and mycorrhizal

Cylindrical Geometry Correction

displc‘:cemen’t”gives the strain
phs . .
Credit: H. Bilheux

fungal hyphae on soil water retention
parameters. Ed Perfect et al.

\

Inhomogenous Sample

"'lt
o
grate
q
N
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= = Tra
- . th '“l
Sample Ug}t]tid Sig
arn nal

Warter-intake Profile Calculator

Reqistration

Characterization of different
stages of hydrogen loss in
biomass under pyrolysis by
radiography and

fomography. Frederik Ossler

Qo/. /

Eagle Ford shale
(1.25cm diameter)
under acoustic excitation
with an acoustic array
(frequencies from 100 to 50,000Hz)

Duration: 37 minutes

Research Team

Richard Hale
Jean-Christophe Bilheux
Bruce Patton
Joanna McFarlane
Ayyoub Momen
Paris Cornwell
Hassina Bilheux
Steve Oliver

The CG-1D beamline at the High Flux
Isotope Reactor of Oak Ridge National Laboratory

(mm)

Position

Water Intake Position (mm) vs Time Stamp (ms)

time stamp (ms)

Acoustic facturing in shale samples. Richard Hale et al.




Panoramic Stitching

Advanced tasks
Bragg Edge
\
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https://github.com/ornlneutronimaging/CylindricalGeometryCorrection

Registration

Courtesy of Charles Finney and Frederik Ossler.
$OAK RIDGE [

National Laboratory | SOURCE




Registration

' Jupyter registration Last Checkpoint: Last Wednesday at 1203 PM (autosaved) & o

Fle Edt View Inset Cel  Kemel  Widgsts  Hep

B 4 X Q0B 44+ PRn B C M Code v =2

Do not know how. to run this notebook? Click ME! |

' s

| Rule 1 Click Inside a cell and SHIFT + ENTER to exec -j .

| Rule 2 Re-executing a cell will reset it (any input will be lost)

another cell ’

et (B0 o w1 ()t B3 ©
oo o

sy Busy

I Rule 4 Exécute the cells Top to Bottom

Select your IPTS

In [ ): import warnings
warnings.filtervarnings(’ignore’)

from _code.registration.file_selection ismport FileSelection
from _ code.registration.registration import RegistrationUi

from _code import system
systes.System.select working dir(notebook='registration')
from _code._all import custom_style
custom_style.style()

Python Import

: tgui gt

5

Select Images to Process

B

: o_selection = FileSelect. g_diresystes.Syst t_working_dir())
o_selection.select_data()

Launch Registration Ul

In [ ]: o_registration = RegistrationUi(data_dicto_selection.data_dict[ sample’'])
o_registration.show()

% OAK RIDGE | e
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How to access all those tools?

« Go to analysis.sns.gov

« Select Applications > Analysis-Imaging

PROS

« Nothing to install

« You always get the |latest up-to-date
version of the software

« No need to move the data (fast
access)

« Availability of many other tools
(Matlab, IDL, Imageld, ...)

_y(,OAK RIDGE

National Laboratory

SPALLATION ’ That was easy.

SOURCE




Neutron imaging x

® NewTsd
y 2 neutronimaging.oml.gov

C (0 & analysis.sns. ¢ A AL T e
£ Other Bockmarks

¥ Google Maps # Thintinc

- A G ) Neutron Imaging

ThinLinc
Oak Ridge National Laboratory

Before your Arrival  Capabilities # Tutorials » @ Gallery @ Publications @ FAQ @ Contacts

Home
Welcome to the ORNL Neutron Imaging Website!

This site is designed to help you with the preparation of your experiment and subsequent data
processing and analysis. If you are not familiar with neutron imaging and may be interested in
youtube.com  ORNL Time OitLab CI5 collaborating with us, visit the publications page to review the science we do.

For industrial applications. please contact Hassina Bilheux or Yuxuan Zhang
i

Oniobimagl.  Andorvslec..  Add shartct O T

nd that yc ss your experiment with the instrument team as soon as you receive

approval of your beam

Main features

« Prepare your arrival: Everything you will need to do before coming to our laboratory. »
ilities: list of imaging instruments available.
to: short tutorials such as how to access your data, connect to the computers, etc.
« Frequently Asked Questions and links: Answers to the most frequent questions we got from
our users.

We would like to nk the cont

website, and always welcome your comments to improve it (contact Jean Bilheux)

tion from the research community to the implementation of this

Virtual Tours of the HFIR and SNS Facilities

View HFIR Virtual Tour

View SNS Virtual Tour

L?Natiolhu apUTatory [ SUURCE




Experiment planning tools: iINEUIT (iINEUtron Imaging Toolbox)

€ 5> C 0 @ neuitomlgov o % B o B » O ° AVOilOble -I-Ools:

3* Dropbox i NIT @ Google Dashboard ~ 3*® Launch Session CG1D Monitor » | [} Other bookmarks

iNEUtron |maging Toolbox

Introduction Neutron R
Here we present a toolbox to provide interactive and user-friendly applications that can be used for Neutron Imaging related eutron kesonance

calculations.

— SelectaTool v

Neutron Transmission

Composition Converter

etc., using Dash framework.

Time-of-flight Plotter
Detailed functionality description is available inside each application.

Disclaimer Bragg-edge Simu@

The energy dependent cross-section data used are from National Nuclear Data Center, a published online database. Evaluated
Nuclear Data File, ENDF/B-VIIL.O and ENDF/B-VII.1 are currently supported. More evaluated database will be added in the future. GOlden Angles

Please note that the energy dependent cross-section of hydrogen in ENDF/B database is for a free H atom. When interacting with
slow neutrons in the cold range, the cross-section of a bonded H could be underestimated when using this tool. In a recent
update to support /magingReso (v1.7.4), some experimentally measured cross-sections (ref1 and ref2) of a bonded H are now
available.

Cite this work

1.Yuxuan Zhang, Jean Bilheux, Hassina Bilheux and Jiao Lin, (2019) "An interactive web-based tool to guide the preparation of P N | d -I- b -I- d
neutron imaging_experiments at oak ridge national laboratory", Journal of Physics Communications, 3(10), 103003. U C e O r O O O S e S U p p O r e
2.Yuxuan Zhang and Jean Bilheux, (2017), "ImagingReso: A Tool for Neutron Resonance Imaging", Journal of Open Source Software,

2(19), 407. - ENDF/B_V”I.O (BNL)

Contact us

— ENDF/B-VII.1 (BNL)

Jean Bilheux -- bilheuxjm@ornl.gov
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NEUtron Imaging Toollbox (NEUIT)

INEUton Jmoge Tootox [ sooctaol- |

Home
Cold neutron transmission Bragg Edge Simulator
More about this tool
eutron resonance Globalprametrs:
Temperature (K): Source-todetector (m): Delay (s):
293 19.855 0
Min (A Max. (A Step (A
Energy range: 0005
1 Input elements
1e-05eV 0.0001 0.001eV 001eV 01eV 1eV  10eV 100eV 1000eV 10000eV 100000 1000000 R Stucture 12 Stucture 43 Stucture Stucture 5
Energy (eV) Wavelength (A) Speed (m/s) Time-of-flight (us) Neutron classificatit Drag & Drop or Select il (cifor previously exported tructure rom this page)
1 0.286 13832.93 1189.1914 Epithermal
Atom a b ©
100 0.0286 138329.29 118.9191 Epithermal
Mexture
Energy step: Source-to-detector (optional): —
h k 1 r beta (rad)
0.01 (eV) v 16.45 (m) ) Grain size (mm)
0.001
NOTE: Pick a suitable energy step base on NOTE: Please ignore the above input field if NOT » o o
the energy range selected. interested in display of time-of-flight (TOF). = | faszse | sease |
alpha (") beta () gamma ()
|90 | 90 | 90 |
Sample info B
+
l Submit I
Chemical formula Thickness (mm) Density (g/cm?)
Ag ‘ 1
a
SPALLATION °
¥, 0AK RIDGE | et Resonance Bragg edge simulator
National Laboratory | SOURCE



https://neuit.ornl.gov/

Thank you

The portion of this research
used resources at the SNS
and HFIR, DOE Office of
Science User Facilities
operated by the Oak
Ridge National Laboratory.

Welcome to the ORNL Neutron Imaging Website!
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