Argonne &

NATIONAL LABORATORY

NeXpy
A GUI TOOLBOX FOR ANALYZING

HDF5 DATA

T500K:NXdata @axes = ['DeltaE', 'Q3', 'Q2', 'Q1'); @signal = 'signal'

RAYMOND OSBORN

Neutron & X-ray Scattering Group ] ]
Materials Science Division https://nexpy.github.io/nexpy/

§ 7. Q) U.S. DEPARTMENT OF LAjrgo[lgne thionfl If_aEboratogyti)s at VV OI’k Supported by the US Department Of Energy,
' g .S. Department of Energy laboratory . . . . . . . . _
E ENERGY managed by UChicago Argonne, LLC. Ofﬁce Of SClence’ Materlals SClences and Englneerlng DlVlSlOIl. HDF Group November 16, 2022




BASIS OF NeXus Data Format

S oF N NeXus

s NeXus files are HDF5 files with the addition of some semantics.

— Simple design rules to make the files easy to navigate.

— A list of definitions that cover most experimental metadata.

= The purpose of these rules is to make them self-describing.
— It is usually possible to understand their contents without referring to any documentation.

» NeXus uses a hierarchical design similar to a file system.

— Hierarchy allows complex data to be stored in a readily accessible form.

- Important data at a high level

« Arcane detalls at a low level

» Base classes provide a glossary of terms required for most experiments.
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STATUS OF NeXus N CX s

https://www.nexusformat.org

= [he NeXus data format is now well established as an international standard for
the storage of data at neutron and synchrotron x-ray facilities.

s [t IS the official archive format at a number of facilities.

— Both spallation neutron sources (e.g., SNS/ISIS) and synchrotron sources (e.g., Diamond/ESRF).
— It is also used by the ySR and, more recently, electron microscopy communities.

» There is active participation in the NeXus International Advisory Committee by
nearly 20 facilities in Asia, Europe, and North America.

— Official NIAC meetings take place every two years with code camps nearly every year.
— Monthly online meetings (even before the pandemic) deal with maintenance issues.

» Dectris has worked with NIAC to adopt NeXus for detector storage.

e " ® U.S. DEPARTMENT OF _ Argonne Nat ional Laboratory is a
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NeXus INTERNATIONAL ADVISORY COMMITTEE

Chair: Aaron Brewster (Lawrence Berkeley Laboratory)
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DESIGN RULES OF NeXus Data Format

Design Rules

= NeXus files contain three types of object.

— Groups
_ Fields i scan_1 (NXentry) i sample (NXsample)
— Attributes I— g temperature (units="'K’)

i instrument (NXinstrument)

data (NXdata)

t Q counts
i scan 2 (NXentry) g time_of flight

ooooooooooooooooooooooooooooooooooooooo isa
of Energy laboratory 5 A O e
' EN ERGY icago Argonne, LLC. rg n n
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USING NeXus DATA IN PYTHON SHELLS
NeXus Format Python API

NeXpy uses the nexusformat package to read, manipulate, and write NeXus files.

$ pip install nexusformat
$ conda install -c conda-forge nexusformat

It has the following features:
» Lazy loading of existing NeXus files (using h5py), creating a (kind of) memory map of the entire file.

— >>> psycco = nxload(‘'pycco 120K.nxs’, ‘rw’)
>>> print (pycco[ ‘entry/sample/temperature’ ])
120.0

» Mapping of all NeXus objects (groups, fields, and attributes) into Python objects.

— >>> sample = NXsample (temperature=120.0)
>>> sample[ ‘temperature’ ] .units="'K’

= |ntuitive creation of standard-conforming NeXus structures.
— >>> data = NXdata(z, (y,x))
— >>> data.plot ()

= Normalization of data written using different conventions.

— e.g., variable-length Unicode strings vs size-1 fixed-length byte arrays

AAAAAAAAAAAAAAAAAA



ENCAPSULATING PLOTTABLE DATA

NXdata Groups data (NXdata)
= NXdata groups are a key component of HDF5 files ﬁ counts(i.j)
that could be useful to other types of data. = |
= |t encapsulates everything needed for a plot. i time_of_flight())

— I.e., the signal and axes. (cf dimension scales), weights, and errors.

g polar_angle(i)

= In NeXpy, NXdata groups can be indexed and manipulated to
generate new NXdata groups.

— e.g.,data[:,10:20], 2*datal:, 3]

» For 1D data, means, standard deviations and moments can also be calculated.
— data.mean (), data.std()

= And, of course, NXdata groups can be plotted.
— data.plot ()
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entry
000000

3
000000

sssss
¥ MDHistoWorkspace
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2 10°
1 10
g 0
T -2
.:E: 10
Q1
Q2 -1 -3
Q3 10
errors_squared
mask
num_events -2 107
sssss
» experimentO
» process -3 10°°
transform_from_orig -100 -75 -50 -25 00 25 50 75 100
transform_to_orig
visual_normalization
» 8 inelastic_400K_day2_cubicUB_hi... signal  x 2 rojections [T
> & inelastic_400K_day3_cubicUB.hi... g Y — c
> & inelastic_400K dayda_cubicUB.... X-Axis: Q1 B Y-ads Q2 B see Plot Sum  Open Panel
» @ inelastic_400K_day4b_cubicUB._...
> & inelastic_400K_day5_cubicUB_hi...
> & inelastic_500K_day5_cubicUB_hi.. Jupyter QtC le 4.7.5
upyter QtConsole
> 8 Inelastic_500K day6_cublcUB.NI... o \p '3 7 4 (default, Aug 13 2019, 15:17:50)
Type 'copyright', 'credits' or 'license' for more information
?

Restoring a scientist’s control over their own data

» NeXpy is a GUI toolbox for analyzing and visualizing data stored in HDF5 files.

= |ts original purpose was to handle neutron and x-ray scattering data stored in
the NeXus format. However, it will open any HDF5 file and many of its features
can be applied to any kind of data.

» The overarching goal is to make it easy to ‘play’ with the data.

— Easy to inspect, visualize, manipulate, and fit the data.

— Easy to compare data from multiple experiments and techniques.
— Easy to develop new algorithms and modes of analysis.
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INSTALLING NeXpy

aaaaaaaaa

= NeXpy Is a pure Python package.

= [here are multiple ways to install it.

» conda install -c conda-forge nexpy

= pip Install nexpy

= git clone https://github.com/nexpy/nexpy.git
= Dependencies:

= PyQt (PyQt5, PyQt6, PySide?2, or PySide6)

= |Python

= Matplotlib

= hSpy Ready

NeXpy v0.12.6

X y projections

£ OO + 50 8B

-

> &

Jupyter QtConsole 4.7.5

7.
Python 3.7.6 | packaged by conda-forge | (default, Mar 23 2020, 22:45:16)
tS' ] - ]

Type 'copyright', 'credi or 'license' for more information
IPython 7.16.1 -- An enhanced Interactive Python. Type '?' for help.
In [1]:

= hexusformat

AAAAAAAAAAAAAAAAAA



INSTALLING NeXpy

https://nexpy.github.io/nexpy/

= NeXpy Is a pure Python package.

= [here are multiple ways to install it.
» conda install -c conda-forge nexpy
= pip Install nexpy

= git clone https://github.com/nexpy/nexpy.git

» Dependencies:
= PyQt (PyQt5, PyQt6, PySide2, or PySide6

= |Python

= Matplotlib

= hdpy

= nexusformat

$ 21 ) U.S. DEPARTMENT OF  Argonne National Laboratory is a
E EN ERG U.S. Department of Energy laboratory
R 4 managed by UChicago Argonne, LLC.
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Python Graphical User Interface

A PyQT GUI has been created to make it easier to keep track of the loaded NeXus files and the results of any subse-
quent analysis. It is invoked from the command line by:

> nexpy

| |

Python Graphical User Interface
s NeXpy Menu Bar

s File Menu

s Data Menu

s Window Menu

s Script Menu

s Other Menus

This assumes that the Python ‘bin’ directory is in your standard shell path.

s Adding NeXus Data to the
Tree

o000 B NeXpy v0.10.8
NeXus Data A
» 8 CePd3_10meV e
v & chopper 0 mullite_300K/entry/transform
¥ entry -
analysis
> dats 75
end data Nxdata
.7 data = im32(148x750) 6
> instr @axes = polar_angle:time_of_flight 50
» mon @long_name « Neutron Counts 102
@signal = 1
> mon Bunits = counts )5
fUNL polar_angle = float32(148) -
v sam| @long_name = Polar Angle [degrees)
@units = degrees
€ time_of_flight = [ 1900. 1902. 1904. .., 3396. 3398. 3400.1).0
n  @ong_name = Time-of-Flight imicroseconds)
_ @units = microseconds
e = 43.37g 8K V E0@240Hz T H
stul[l'art“ee MgB2 PDOS 43.37g 8K 120meV EO@240Hz TO@1 201 1_2.5
title
v 8 mullite_300K
v ont -5.0
god 10!
» nxfind
v sample =15
lattice_centring k
name ;
unit_cell_group -75 =50 -25 00 25 50 715
unitcell_a oh
unitcell_alpha L
unitcell_b o m x y 2z projections  options
unitcell_beta ~ ~ —p—
unitcell ¢ 5.0 2 —_— 300.0 | * ® Log viridis B nearest E
unitcell_gamma
» transform
» A Jupyter QtConsole 4.3.0
> f2 Python 3.6.1 |Anaconda custom (x86_64)! (default, May 11 2017, 13:04:09)
» 13 Type 'copyright', 'credits' or 'license’ for more information
» f4 IPython 6.2.1 -- An enhanced Interactive Python. Type '?" for help.
» model In [1]: chopper.entry.sample.temperature=40.0
» 8 na0av205_100K In [2]: chopper.entry.sample.temperature.units="K'

In [3]: print(chopper.entry.sample.tree)
sample:NXsarple

chemical _formula = 'MgB2'

distance = 0.0

e @units = ‘m’
name = "Magnesium Diboride’

temperature = 40.0; ®units = 'K’

The illustration shows the main features of the GUI:

1) Tree Pane

This contains the tree structure of NeXus files opened in the File menu, non-NeXus files that have been imported
and converted into the NeXus format using one of the NeXus readers, and NXroot, NXentry, or NXdata groups
added from the shell. Various actions on the data can be performed by right-clicking a tree item, include plotting,
renaming, fitting and deleting the data.

2) Plot Pane
This contains plots produced by (a) the Data:Plot Data menu item, which operates on the NeXus data selected in

the tree, (b) right-clicking on NeXus data in the tree, or (c) using NeXus data Plot methods from the shell. If an

Ane . Arne - Annst L I—— [ — ] i 1 L I—— (- (] " 4

s Plotting NeXus Data
s Configuring NeXpy
s Fitting NeXus Data
s Defining a function
= Importing NeXus Data
s Existing Readers
s Defining a Reader
s NeXpy Plugins

| |

Python Interface to NeXus

| |

NeXus Tree APl Modules

| |

Show Source

| |

Go

BN} L) ®» = @ nexpy.github.io & (0] ® t m)
Forecast Maps Apple v Argonne v Neutrons v Journals v Computingv BBCwv Newswv Localv
~ | & a8 A e @ O M | € 1 @ | ) l 0 o 0 Favorites ~ BlueJeans Network | Video Collab..  Python Graphical User Interface... |+
‘ NeXpy 0.12.4 documentation » previous | next | modules | index
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ANATOMY OF NeXpy

® 00 N¥ NeXpy v0.10.8
NeXus Data o
» @ CePd3_10meV 9
v fa chopper 0 mullite 300K/entry/transform
v entry —
analysis
» data 7.5
end data:NXdata
. . data = int32(148x750) @
> INStr  maxes = polar_angle:time_of_flight 3.0
» mon @long_name = Neutron Counts
@signal = 1
> Bnor @units = counts )5
run_l polar_angle = float32(148) -

v sam| @long_name = Polar Angle [degrees)
@units = degrees
c time_of_flight = [ 1900. 1902. 1904. ..., 3396. 3398. 3400.]).0
n @long_name = Time-of-Flight [microseconds)

@units = microseconds
title = MgB2 PDOS 43.37g 8K 120meV EO@240Hz TO@120Hz

) start_ume 2.5
title
1) Tree Pane 2) Plot P
8 it 5o ) Plot Pane
» nxfind
v sample -75
lattice_centring .
name

unit_cell_group -7.5 =50 -25 00 25 5.0 7.5

unitcell_a Qh
unitcell_alpha

unitcell b e m X 'y z projections options

3:::22::::&3 50 2 7 300.0 2 # Log | viridis nearest |
unitcell_gamma
» transform

> £ Jupyter QtConsole 4.3.0

> f2 Python 3.6.1 |Anaconda custom (x86_64)| (default, May 11 2017, 13:04:09)

» 13 Type 'copyright', 'credits' or 'license' for more information e

> f4 IPython 6.2.1 -- An enhanced Interactive Python. Type '?' for help.

» model In [1]: chopper.entry.sample.temperature=40.0

» @ na04v205_100K In [2]: chopper.entry.sample.temperature.units="K'

In [3]: print(chopper.entry.sample.tree)

e rada - 3) Shell Pane

distance = 0.0

e @units = 'm"’
name = 'Magnesium Diboride'
®)\ U.-S. DEPARTMENT OF  Argonne National Laboratory is a

JENERGY G or ot shommctid lemperatwre =40.0; @units = K ArgOn ne °

NATIONAL LABORATORY




ANATOMY OF NeXpy

1) Tree Pane

4) Axis Panels
5) Status Bar
6) Tooltips

®) U-S: DEPARTMENT OF _ Argonne National Laboratory is a
e EN ERG U.S. Department of Energy laboratory
managed by UChicago Argonne, LLC.
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NeXus Data o

» @ CePd3_10meV

v @ chopper 0
v entry

analysis

» data
end data:NXdata
~ data = int32(148x750)

@units = counts
run_l polar_angle = float32(148)

@units = degrees
C time_of_flight = [ 1900. 1902.
n @long_name = Time-of-Fligh

@units = microseconds
title = MgB2 PDOS 43.3
start_ume
title
v & mullite_300K
v entry
» nxfind

unitcell_alpha
unitcell_b
unitcell_beta
unitcell_c
unitcell_gamma
» transform

@axes = polar_angle:time_of_flight @ 3.0

> instr
» mon @long_name = Neutron Counts
» mon @signal = 1

v sam| @Ilong_name = Polar Angle [degrees]

N¥ NeXpy v0.10.8

mullite_300K/entry/transform 9

1904. ..., 3396. 3398. 3400.]).0
icroseconds)

20meV EO@240Hz TO@120Hz

2.5
-5.0
-7.5
-7.5 =50 =25 0.0 2.5 5.0 7.5
Qh
e y z projections  options
502 7 300.0 C| 4 Log | viridis nearest |

f3
f4

model

» & na04v205_100K

Jupyter QtConsole 4.3.0
Python 3.6.1 |Anaconda custom (x86_64)| (default, May 11 2017, 13:04:09)
Type 'copyright', 'credits' or 'license' for more information e
IPython 6.2.1 -- An enhanced Interactive Python. Type '?' for help.
In [1]: chopper.entry.sample.temperature=40.0
In [2]: chopper.entry.sample.temperature.units="K'
In [3]: print(chopper.entry.sample.tree)
sample:NXsample

chemical_formula = "MgB2'

distance = 0.9

@units = 'm’
name = 'Magnesium Diboride'

mperature = 40.0; @units = 'K’

2) Plot Pane

3) Shell Pane

Argonne &
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[ NON ) NeXpy v0.12.6
NeXus Data
v @ cspbbr3_cncs
v entry
» T300K
» T400K
v T500K
DeltaE

10!

Q1

FEATURES OF THE NeXpy GUI

coordinate_system
v data

DeltakE
Q1
Q2
Q3
errors_squared
mask
num_events

[H,H,0]

signal
» experimentQ

= NeXus data can be directly loaded into the tree using an Open File dialog

transform_from_orig -10.0 -75 -50 -25 00 25 50 75 10.0

transform_to_orig DeltaE

L ]
or imported from other formats
y= > @ inelastic_400K_day2_cubicUB_hi... ianal ti
> @& inelastic_400K_day3_cubicUB_hi... — x vz M S
> 8 inelastic_400K_day4a_cubicUB_.... X-Axis: Q1 Y-Axis: Q2 Save Plot Sum | Open Panel

— e.g., SPEC using spec2nexus (https://spec2nexus.readthedocs.io) or - B naastc 400K dayab cubicUs_

» @ inelastic_400K_day5_cubicUB_hi...

CBF using Fabio (https://fabio.readthedocs.io). - B inlate 500K caye.cubicUB_n,  Jupvter QiConsole 4.7.5

» The GUI allows data to be viewed and manipulated: , -

IPython 7.16.1 -- An enhanced Interactive Python. Type '?' for help.
In [1]: |

Type 'copyright', 'credits' or 'license' for more information
— e.g., plotted, viewed Iin a table, created, deleted, renamed, copied, and pasted. e e

Path fentry/ftransform/v 456

3 48.9136  47.8385 46.3517 | 45.3864 45.4902 49.6699 49.2136 49.1844

= New NeXus data can be created, copied, and saved to a file. O iy | s e e pet Bl B e e el

Target File 300K/transform.nxs
402 44,3469  44.5123  43.8963 | 45.2971 | 47.5143 | 49.4869 45.361 |43.9707 | 45.4951 46.6607

r
Dtype float32 403 46.1115 | 44.6631 | 42.2794 44.6632 46.9076 | 46.9018 47.9755 | 47.7784 43.5122 45.623

= All groups and fields in the tree are accessible from the command s s o e cxoen sz e s seior s

Maximum Shape (801, 901, 901)
405 42.7163 | 45.1411 | 46.071 |45.1504 44.2198 | 44.4109 42.6754 | 45.8394 | 47.0188 48.5795
Compression gzip

line of the IPython shell, with all changes updated in the tree. B T T T~

408 40,9825  39.8702 | 38.6€

409 311527  30.2026  29.57

» Panels facilitate comparisons of data from muiltiple files. 1204205 30K/entry/masked_transform
— Projection, Limits, Scan, and Fit Panels

» Specialized functionality can be implemented using a plugin architecture.

10!

= As a bonus, NeXpy provides convenient GUI access to special Matplotlib features.
— Skewed axes

— Symmetric color plots (S— B,
Qh
- SmOOthing in 1D and 2D signal x y z options
X-Axis:  Qh Y-Axis:  Qk Save Plot Sum  Open Panel

— Reordering legends

£70 % U.S. DEPARTMENT OF  Argonne National Laboratory is a 1 3

ENERGY U, Ccrsiimsn of Eneray laboratory
managed by UChicago Argonne, LLC.
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https://spec2nexus.readthedocs.io
https://fabio.readthedocs.io

X' NeXpy v0.12.2
File Edit Data Refine View Magic Window Script Help
NeXus Data v

v @ na04v205_30K
¥ entry ororection Panel
b instrument na04v2o5 30K/entry/masked trans X/ Projection Pane
, v

—_—

» nxcombine
» nxmasked_combine
» sample
» transform
» fl
» 2
» 3
8 na04v205 40K
& na04v205 50K
& na04v205 60K
& na04v205_70K
& na04v205_80K
& na04v205_90K
& na04v205_100K
& na04v205 110K
& na04v205 120K
& na04v205_130K
& na04v205_ 140K
& na04v205_150K
& na04v205_160K
& na0d4v205_170K na04v205 30K/entry/masked transform
& na04v205 180K = —
& na04v205 190K
& na04v205 200K 14 -
& na04v205 210K
& na04v205 220K
8 na04v205_230K 12 -
& na04v205 240K
& na04v205 250K
@ na04v205 275K 10 -

= The resulting plots can be saved, |: &z,
exported, or, for 1D data, fitted. | :

— Using the ‘Imfit’ package (see later).

X-Axis |Qh v | Y-Axis | None v

AXxis Minimum Maximum Lock

Ql | 0|3 | 0

<

Qk | =N 1.6

L

0

Qh [ 15.5 |2 | 23.5

» NeXpy makes it easy to plot
arbitrary 1D and 2D projections
through multidimensional data.

| Save || Plot

. Mask || Unmask

Sum Projections Plot Lines Hide Limits

. Projection

L Reset X Close |

= 1D projections from different
data slices can be over-plotted.

VW W VW VW VYV VYV VY VYV VYV VYV VYV VYV VYV VYV VYV VvV vV vV vV vV v v Yy v

data

J masked_transform:NXdata @axes = [

16 17 18 19 20 21 22 23
Qh

X | Y | options

0 ~ 2.62 2| () e 14.54 |, || |Log V! Smooth

R U.S. DEPARTMENT OF  Argonne National Laboratory is a 1 4

EN ERGY U.S. Department of Energy laboratory
managed by UChicago Argonne, LLC.
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FIT PANEL

» NeXpy provides a GUI
interface to the least-squares
fitting package, ‘Imfit’.

= A 'Fit’ button on every 1D plot
iInvokes the Fit Panel.

» The ‘Imfit’ package has
support for a wide range of
lineshapes.

— @Gaussian, Lorentzian, DHO,
pseudo-Voigt, LogNormal,...

— It is easy to define your own.

s Fit results can be saved to a
NeXus group or file.

¥, U.S. DEPARTMENT OF

'ENERG

Argonne National Laboratory is a
U.S. Department of Energy laboratory
managed by UChicago Argonne, LLC.

NeXpy v0.12.6

mullite 300K/entry/transform

NeXus Data B
v 8 mullite_300K
¥ entry
» nxfind
» sample
v transform
Qh
Qk
ol
v
» A
» 12
» I3
» 14
» model
(@) 2] NX Fit Panel
| LorentzianModel B Add Model
Model Name Value Min
Lorentzian#1  amplitude 18,7248 +/- 0.778676
center -0.7018686 +/- 0.00127679
sigma 0.0658288 +/- 0.00243241
fwhm 0.111658
height 108.76
Lorentzian# 2  amplitude B83.8301 +/-1.47759
center -0.324736 +/- 0.00030877%
sigma 0.05797668 +/- 0.000802374
fwhm 0.115863
height 460.254
Lorentzian # 3  amplitude 83.2227 +/-1.48%96
center 0.301935 +/- 0.000318017
Remove Model Lincar# 6 B
Plot Data Plot Mode! Al =) Use Data Points  X:
Method leastsq B Restore Parameters Piot Color
it Use Poisson Errors  Fit Successful Chi*2 = 12.2917
reset (T

15

“inf

-inf

~inf
-inf
-inf

~inf

-inf
-inf
-inf

-inf

-1 to

#i77batt W

Show Fit Report

Fixed

Reset Limits

Save Fit

Close

X-Axis Qh
Axis Minimum
Ql 0.5
Qk 08
Qh -6
Save
Mask

Sum Projections

Main

S Y-Axis None
Maximum

- 05

v 12 2

- 6 O

Plot

Unmask

Plot Lines

mullite_300K/entry/transform

200 +4

400 4

300

200 -

100

o 4
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LIMITS PANEL

NeXpy v0.12.6 ) E

NeXus Data A
v & CePd3
v entry
» ARCS
» DMFT
» & chopper
v £ na04v205_30K

= [he Limits Panel allows

» masked_transform
» nxcombine
>

multiple plots to be e

» transform
> f1

synchronized automatically.  ::

50

» & na04v205_240K

— Changes to the parent plot are
immediately propagated to the .

signal X y projections options

synchronized plots. o & o e e am oo

. . . Jupyter QtConsole 4.7.5 i 0
— This includes the plotting axes P ot Lty St L et R 2 2, et 5
IPython 7.1€ @ @) NX Limits Panel 1p.
. . . In [1]: 2
and their limits, as well as other T ror: EEE 1
. " _ X-Axis  Qh Y-Axis | Qk s

pIOttIng OptlonS- Axis Minimum Maximum Lock 4
° LO dXes na04v205_30K:NXroot @HDF5_Version = '1.10.5 " :4 : 4 : ...'; @file_time = '2019-12-31T10:3: 3
g . . - ]
+ Color maps s | ——— T R .

- Aspect ratios 4 e T e

oh

Figure 3 B Copy Limits sync

signal X y projections  options

- Skew angles
- Smoothing

X-Axis: Qh s Save Plot Sum Open Panel

» 7% U.S. DEPARTMENT OF  Argonne National Laboratory is a
EN ERGY U.S. Department of Energy laboratory 1 6 Ar On ne
managed by UChicago Argonne, LLC.
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nabd e Al TS Y T e |

X' NeXpy v0.12.2
File Edit Data Refine View Magic Window Script Help
NeXus Data N

¥ @& na04v205_30K Nl A

v eniry X/ Scan Panel
y instrument na04v2o5_30K/entry/masked_transform

10° .
» masked_transform Main
» nxcombine
» nxmasked _combine X-Axis | Qh v | Y-Axis [None -
v sample
label , Scan | jentry/sample/temperature
n . lattice_centring
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SCRIPT EDITOR

= NeXpy has a built-in editor for
developing Python scripts.

» The code can be run immediately
within the IPython shell.

— For performing repetitive operations.
— For developing complex algorithms.
= The script editor can be used

to prototype new modes of
data analysis.

— e.g., 3D-APDF
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NX Script Editor

Ismo34.py aFAelshe)

def load files(data dir, prefix='fft na', suffix='K.nxs'):
data _files = [fname for fname in os.listdir(data dir)
if fname.startswith(prefix) and fname.endswith(suffix)]
Ts = []
fft tree = []
for fft file in data files:
fft name = os.path.splitext(os.path.basename(fft file))[O0]
if fft name not in nxtree:
fft root = nxtree.load(os.path.join(data dir, fft file))
else:
fft root = nxtree[fft name]
fft tree.append(fft_ root)
return fft tree
def load temperatures(data dir, cut file, prefix='fft na', suffix='K.nxs',
zero=False):
root = nxtree[cut file] = NXroot()
ffts = load files(data _dir, prefix, suffix)
for fft in ffts:
name = fft.nxname
temperature = 'T'+name[name.rfind(' ')+1:]
root[temperature] = make cuts(fft, zero=zero)
return root
def make cuts(fft, zero=False, even=True):
data = fft['entry/data']
if zero:
X cut = data[0.0,0.0,:]
else:
x cut = 0.5 * (data[z_s-z r:z s+z r,-y r:y r,:].sum((0,1)) +
data[-z s~z r:-z s+z r,-y r:y r,:].sum((0,1)))
x_cut.nxname, x cut.nxsignal, x cut.nxaxes = 'x cut', x cut.fft, [x_cut.x]
if zero:
y _cut = data[0.0,:,0.0]
else:
y cut = 0.5 * (data[z s-z r:z s+z r,:,-Xx r:x r].sum((0,2)) +
data[-z s~z r:-z s+z r,:,-X r:x r].sum((0,2)))
y_cut.nxname, y cut.nxsignal, y cut.nxaxes = 'y cut', y cut.fft, [y cut.y]
if zero:
Run Script Save Save as... Delete Close Tab
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ata Refine View Window Script Help
New Settings ‘
New Experiment NeXpy v1.0.0rc1
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EXTENDING NeXpy

Plugin Architecture

= Additional menu items can be added
to extend NeXpy functionality for
specialist applications.

= A simplified widget library allows
sophisticated GUIs to be developed
without expert knowledge of PyQt.

mullite_300K:NXr

» The screenshot shows one part of a
complete workflow for single crystal
diffuse scattering implemented as
NeXpy plugins.

& 7\ %) U.S. DEPARTMENT OF rgonne National Laboratory is a
: e ENERGY .S. Department of Energy laboratory 1 9
Rt > managed by UChicago Argonne, LLC.

>
1400

New Configuration

Choose Parameters
Calibrate Powder mullite_300K/entry/transform

New Sample NeXpy: Powder Calibration
New Scan

Make Scans

Sum Scans

Find Maximum
Find Peaks lata/export/s6bufl/GUP-55559/calibration/ceo2 f1 _00002.tif
Prepare 3D Mask .

Copy Parameters
Calculate Angles
Define Lattice
Refine Lattice
Transform Data
Manage Workflows
Manage Servers

1300

(] (] Calibrating Powder

smo_30k B 1 B Select Entry

1500
10! Import Powder Data Import Calibration Export Calibration
Calibrant Ce02
1600 Wavelength (Ang) 0.142388
Detector Distance (mm) 650.43
Beam Center - x 1229.71
' 100 Beam Center - y 1474.96
900 1000 1100 1200 1300 1400 Yaw (degrees) -0.120568
Pitch (degrees) 0.0708185
Roll (degrees) 3.95087e-08
Search Size (pixels) 10
signal X y projections options ;
— ‘ L . ‘ Select Points _ Autogenerate Rings ' Clear Points
OO 4+ & EH B 7« % % % J
: 5 5 Ringa B
Calibrate Plot Cake Restore Save
5
‘ B 3»‘ >

€

Acknowledgement

: .. pyFAl
& Fabio

S

The European Synchrotron

Argonne &

NATIONAL LABORATORY



SUMMARY
https://nexpy.github.io/nexpy/

» NeXpy provides a simple GUI and scripting interface to allow scientists to ‘play’
with their data.

= A number of features facilitate analyses that encompass multiple data files.
= A script editor allows new modes of data analysis to be prototyped.

» A plugin architecture allows the NeXpy GUI to provide a framework for any
specialized applications with minimal knowledge of PyQt.

= [here Is extensive online help.

— Installation instructions and descriptions of both the ‘nexusformat’ APl and the NeXpy GUI.
— Jupyter notebook to introduce the main concepts of the NeXus format and the Python API.
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