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Background: Ho,Ti,O,

» The pyrochlore Ho,Ti,O, is characterized by Ising spins along the
<111> axis on a frustrated laftice.

e In zero field there is no long-range order, instead short range
“spin-ice"” order gives rise to exotic properties, including
magnetic monopoles.

e The local anisotropy encodes and drives the underlying physics.

e This example shows how half-polarized measurements on a
powder can provide details on the local anisotropy.

— In this case, the powder data yields the same information as a
single crystal analysis.
See DOI:10.1103/PhysRevResearch.1.033100 for more details.

— The goal of this exercise is to find the site susceptibility tensor
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Details of this Ho,Ti,O, example

» Polarized neutron powder diffraction data collected on HB-2A at HFIR in a
magnetic field of 1 T at several temperatures from 1.5 K to 100 K using using A=
2.41 A.

- ~ 3 gram Ho,Ti,O, polycrystalline rod

- Counting time per temperature/field was ~3 hours

— This example will look at 20 K, 1T data with flipper on and flipper off
— Other temperatures are included to follow the change in anisotropy

 Filesincluded in example: )
MName
- Datdaofiles:
o Backup
o H0227_20K_1T_lplUS_lmanS.dat © Ho227 HB2A other_temperature_data

e Ho227 OT.dat &/ H0227 0T data
- Crystallographic Information File: Ho227_crystal_structure.cif & o227 206 17 ipius iminus

@ Ho227_crystal_structure
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Half-polarized Neutron Powder Ditfraction: HB-2A
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Ho,Ti,O, Powder Example

This example will use crysPy to determine the local site susceptibility in the following
steps:

- Step 1: Installing and running CrysPy
— Step 2: Refine unpolarized, non-magnetic Ho,Ti,O, crystal structure using CrysPy
— Step 3: Refine the polarized Ho,Ti,O, data using CrysPy

- Step 4: Interpreting the results
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Ho,Ti,O, Powder Example

This example will use CrysPy to determine the local site susceptibility in the following
steps:

— Step 1: Installing and running CrysPy
— Step 2: Refine unpolarized, non-magnetic Ho,Ti,O, crystal structure using CrysPy
— Step 3: Refine the polarized Ho,Ti,O, data using CrysPy

— Step 4: Interpreting the results
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Step 1: Installing and running CrysPYy https://sites.google.com/view/cryspy/

Main - Installation - Examples - Expressions Q

Il cryspy_editor jurii Kibalin

CrysPy can refine
polarized as well as
unpolarized data on
both powders and

Stable version (PIP)

To run "CrysPy editor” type in console: Sl ngle CWSTC”S
The stable version of CrysPy and "CrysPy Editor"can be downloaded python -m cryspy_editor
through pip (python 3 has to be installed): - N _ Neu‘l‘ron a nd X—r(]y d (]‘I'(]

python -m pip install cryspy_editor

to upgrade the library type:

Python based with GUI

python -m pip install --upgrade cryspy cryspy_editor
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https://sites.google.com/view/cryspy/

Ho,Ti,O, Powder Example

This example will use CrysPy to determine the local site susceptibility in the following
steps:

— Step 1: Installing and running CrysPy
— Step 2: Refine unpolarized, non-magnetic Ho,Ti,O, crystal structure using CrysPy
— Step 3: Refine the polarized Ho,Ti,O, data using CrysPy

— Step 4: Interpreting the results
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Step 2: Refine the unpolarized, non-magnetic crystal structure using CrysPy

% CrysPy Editor: Ho227_|CSD_structure.cif

e Inthe CrysPy_Editor
— 1. Open a new file.

— 2.you can select a .rcif
(CrysPy file) or a standard .cif
file format.

- 3. We will start with a .cif for
Ho,Ti,O, obtained from ICSD

EEE - EI 0 Mo graphs or other information for ‘global_',
Marne Date modified Type Size

9/19/2022 12:01 PM File folder

SN 2022 3:52 PM CIF File
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Step 2: Refine the unpolarized, non-magnetic crystal structure using crysPy

e Save thisin .rcif format

¢ CrysPy Editer. Ho227_|CSD_structure.cif

File Options MEMPy RhoChi  Unserted procedures
il Open Ctrl+ O
1 save Ctrl+5
_E Fenmrr. RCIF format View
Exit Ctrl+C _space_group name H-M alt "F d -3 m"
space group IT coordinate system code 2
cell - - - - - - ¥ Savefileas ...
¥ cpace_group
full_space_group_symop T <« Polar... » Powder_exa... v | B 2 Search Powder_example_Ho...
reduced_space_group_s...
space_group_wyckoff Organize - Mew folder == - (7]
(nl Mame Date modified Type Size
.
@ Powder Ho2Ti207_data 9/19/2022 12:01 PM File folder
&
|
—
|
a
al
Qv
File name: | (gl e

Sawve as type: | RCIF Files (*.rcif)

~ Hide Folders Save Cancel
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Step 2: Refine the unpolarized, non-magnetic crystal structure using crysPy

e This structure parameters are loaded into the crysPy_Editor from the cif

. Righ’r click on the 4 CrysPy Editor: Ho227_ICSD_structure.cif
name File Opticns MEMPy  RhoChi  Unsorted procedures

“crystal_252236- D s

. "
icsd”.
& crystal_252236-icsd

RCIF format View

 Renaming this will
make things easier

loop
_atom site label
_atom site type_symbol

later. space_group _atom site fract x
full_space_group_symop atom site fract v
H H reduced_space_group_symop " atom site fract z
° _ _ _ _
Call it something <pace. group,wyckoff T om it meourmacy

simple like “Phasel”

_atom site B iso or equiv
_atom site multiplicity
_atom site Wyckoff symbol
Hol Ho3+ 0.500000 0.500000 0.500000
& nputdialog .. 7 P Til Ti4+ 0.000000 0©.000000 ©.000000

0 0.373000 0.373000
Enter 'H"IE new Name L] CrysPy Editor: HOEZ?JCSD_S‘UUCtUl’E-Cif i 0.125000 0.125000

File Options MEMPy RhoChi Unsorted pr
2 m
! ’ed

Qi

atom_type
cell

16
16

o
R =
o
0 &

43

|Phase1

Ok Cancel

¥ space_group
full_space_group_symop
reduced_space_group_symop
space_group_wyckoff
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Step 2: Refine the unpolarized, non-magnetic crystal structure using crysPy

We now want to add the data and instrument parameters to refine the data.

[
4 CrysPy Editor: Ho227_ICSD_structure.cif
File Options MEMPy RhoChi  Unsorted procedures
4 Is;
: : ! Ped
* 1. Right click on
the left hand panel g P et [ ben
p atom_site
£ loop
- Add data block stom-bpe _atom_site label
cell _atom site type symbol
9 pd ¥ space_group _atom site fract x
full_space_group_symop _atom site fract y
reduced_space_group_symop _atom site fract z
space_group_wyckoff _atom site occupancy
_atom site B iso or equiv
_atom site multiplicity
_atom site Wyckoff symbol
Hol Ho3+ 0.500000 0.500000 0.500000 1.0 la d
Til Tigd+ 0.000000 0.000000 0.000000 1.0 16 c
o1 02— 0.375000 0.375000 0.375000 1.0 . 8 b
02 02— 0.328360 0.125000 0.125000 1.0 . 48 hif
Add data block ¥ crystal
Add Toop Bloc 4 diffrn
Rename S——
Methods * tof
Fix all variables
3 OAK RIDGE |z o
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Step 2: Refine the unpolarized, non-magnetic crystal structure using crysPy

« We now want to add the data and insfrument parameters to refine the data.

| 4 CrysPy Editor: Ho227_|ICSD_structure.cif

File Options MEMPy RhoChi  Unserted procedures
2
D g TR/

¥ crystal_phasel

atom_site

e Right click on “pd” it

¥ space_group

to select the

reduced_space_group_s..

subcategories. e

Add L4 setup
. Rename pd_instr_resolution

 We will add these
Methods L4 pd_background

O n e O ‘I- O Ti m e . Fix all variables pd_meas

diffrn_radiation
chi2

range

extinction
pd_instr_reflex_asymmetry
texture

exclude

pd_proc

pd_peak

refine_ls

refln

3 refln_susceptibility
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Step 2: Refine the unpolarized, non-magnetic crystal structure using crysPy

e pd-> setup

™ v ar EAdidmr - vk
i - > CULL L r L

J.Llmo

« We will first refine the zero-field
data. So set field “*0"

 The wavelength used on HB-2A

wqas 2.41 v crystal_phasel RCIF format
atom_site
. . t _sSetup wavelength 2.41
e From calibration :Eﬂm—wpe “setup field 0
measurements the 2theta v space_group _setup_offset 2theta -0.1
OffseT Of The deTeCTOI’ WAS ‘O.] full_space_group_symop _Setup_offset phi .
_setup offset gamma .
~ This should be discussed with rEd”“d-s"“e-gfug-“m“p _setup_offset_nu .
: SPICC_Jroup_Wy oo setup ratio lambda/2 .
Ins’rrumen’r TeOm v pd :setup:radiazinn neutrons
setup _setup K 0.0
_setup_cthm 0.000
_setup temperature 20.0
3, 0AK RIDGE |t oo™
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Step 2: Refine the unpolarized, non-magnetic crystal structure using crysPy

e pd-> pd_insir_resolution

« Starting profile peak shape

pCI ram e.l.ers . ¢ CrysPy Editor: Ho227_|1C5D_structure.cif
File Options MEMPy RhoChi  Unsorted procedures
« These will depend on insfrument. D s’
- Askinstrument scientist for reasonable ~ crystal_phase] RCF format | Fig: Resalution
values or calibration data atom_site 4 imste resolution U 1.00000
atom_type _pd_instr_resnlutinn_‘.? =1.00000
cell _pd_instr_resnlutinn_ﬁ 0.50000
¥ space_group _pd_instr_resnlutinn_}{ 0.20000
full_space_group_symop | | p4 instr resolution Y 0.00000
reduced_space_group_s...
space_group_wyckoff
pd_instr_resolution
setup
#OAK RIDGE | 16rcv| sonaron
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Step 2: Refine the unpolarized, non-magnetic crystal structure using crysPy

 pd-> phase

% CrysPy Editor: Ho227_ICSD_structure.cif

File Opticns  MEMPy  BhoChi Unsorted procedures

« Make sure the phase_label matches ! 6o
the crystal namellll ACF format
te lDDp_

- “phasel” atom_type

phase label
cell - -

phase scale
W space_group | . -

full_space_group_syMe 0.5 0.0
reduced_space_group_s.
 The starting value for the scale is DIV
based on a best guess. This will be e
refined. setup
#OAK RIDGE | 16rcv| sonaron




Step 2: Refine the unpolarized, non-magnetic crystal structure using crysPy

 pd-> pd_background

¢ CrysPy Editor: Ho227_|C5D_structure. cif

File Opticns MEMPy  RhoChi  Unsorted procedures

« Check the data file and put in some 3. o

reasonable background starting

™ crystal_phasel RCIF format
V O | U eS . atom_site loop
atom_type _pd_EackgIDund_ztheta
cell _pd background intensity
¥ space_group 7.0  80.0
full_space_group_symop 15.0 70.0
« NOTE: Be careful not to refine a reduced space group.s.. || 25.0 0.0
.. . space_group_wycko 35.0 5S.0
2theta position that is excluded. v pd §0.0  45.0
pd_background 70.0 44.0
pd_instr_resclution BO0.0O 40.0
phage 90.0 30.0
setup 100.0  40.0
116.0 40.0
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Step 2: Refine the unpolarized, non-magnetic crystal structure using crysPy

 pd-> pd_meas

+ CrysPy Editor: Ho227_ICSD_structure.cif

File Options MEMPy RhoChi  Unsorted procedures

e Add the data. The OT data is saved in the 3. Peo

example folder and named

“H0227 OT dOTOdOT” ¥ crystal_phasel RCIF format  Fig: $I_{plus}éand ... Fig: Unpolarized sig. ..
- - atom_site
loop
H atom_type jalsl Eeas 2theta
« Copy and paste the data over everything there cell o meas intensity plus
1 b " ¥ space_group _pd_meas_intensity_plus sigma
In The pd_meos TOb full_space_group_symop _pd_m.eas_intensity_minug
. reduced_space_group_s... _pd meas intensity minus_sigma
e NOTE: we add both p|US and minus dCITCI, even space_group_wyckoff 6.05 62.8281 8.6301 €2.8281 8.6301
. . . . . . v pd 6.15 46.291 7.4125 46.291 7.4125
ThOUgh this is OT. This makes it easier to use this pd_background €.25 48,3168 7.6396 48.3168  7.6396
i pd_instr_resolution 6.35 58.3506 8.3358 58.3506 8.3358
OT refined phose' and boclgground values for iy AP S S S D s
the actual pO'Orlzed data in STEP 3. phase 6.55 33.2016 §.2745 33.2016 6.2745
setup 6.65 40,2678 6.9059 40,2678 6.9059
€.75 35,4502 €.4796 35,4902 6.4796
6.85 46.2385 7.4041 46.2385 7.4041
6.95 42,0497 7.1077 42,0497 7.1077
7.05 37.5674 6.7473 37.5674 6.7473
7.15 37.0131 6.6477 37.0131 6.6477
7.25 46,7883 7.4921 46,7883 7.4921
7.35 53.1415 7.521%9 53.1415 7.5219
7.45 38,319 6.7739 38,319 6.7739
7.55 51.6376 7.9679 51.6376 7.9679
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Step 2: Refine the unpolarized, non-magnetic crystal structure using crysPy

pd-> diffrn_radiation

'x CrysPy Editor: Ho227_ICSD_structure.cif

) BN

e This is for the beam polarization.

v crystal_phase RCIF format
 The incident beam pOlOriZGﬂOﬂ should be atom_site _diffrn_radiation polarization 1.0
known for the specific instrument. ati’lm-we ~FAffIn_radistion sfficiency 1.9
ce
« NOTE: for cases where the sample v space_group

full_space_qgr...
reduced_spa...
space_group...

depolarizes the beam this can be refined
or even beffer experimentally determined.

« The datainstep 2 datais 0T and diffm_radiation
polarization is not being considered. So set pd_instr_resolution
to standard values shown. pd_meas

- : . phase
- We will discuss this further when looking setup

at the polarized data in Step 3
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Step 2: Refine the unpolarized, non-magnetic crystal structure using crysPy

o pd9 Chi2 % CrysPy Editor: Ho227_IC5D_structure.cif
File Options MEMPy RhoChi  Unsorted procedures
. . ?
« This allows you to flag which data . e
s refined. v crystal_phasel RCIF format
atom_site ]
— chi2_sum is minus + plus (so atom_type e e
recovers the unpolarized data) v e orou “chi2_up False
=pace_grou _chiZz down False
- chi2_diff is the difference. This will ‘::L'ﬁjfif;:e“;—rﬂ‘;” _chi2 asymmetry .
be Used Iﬂ STEP 3 Wheﬂ I’eflﬂlﬂg The space_gr_ﬂup_u:].rckﬂﬁ_
polarized data. pLg—

diffrn_radiation
pd_background
pd_instr_resclution
pd_meas

phase

setup
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Step 2: Refine the unpolarized, non-magnetic crystal structure using crysPy

 pd-> range

ﬂ CrysPy Editor Ho227_|C5D_structure, cif

« Range of data to consider
D JNES R/

¥ crystal_phasel RCIF format

atom_site
atom_type
cell

¥ space_group

_range Ztheta min 8.0
_range Ztheta max 130.0
_range phi min .
_range phi max .

full_space_group_symop _range time min .

reduced_space_group_s... range time max .

space_group_wyckoff _range gamma min .

v pd _range gamma max .
chi2 _Trange nu min .
diffrn_radiation _range nu max .

pd_background
pd_instr_resclution
pd_meas

phase

range

setup

HIGH FLUX | SPALLATION
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Step 2: Refine the unpolarized, non-magnetic crystal structure using crysPy

 pd-> exclude

¢ CrysPy Editor: Ho227_IC5D_structure.cif

File Opticns MEMPy  RhoChi  Unsorted procedures

! ’'eo

e |f there are regions of the data that you

o e * crystal_phasel RCIF format
want to exclude, this is added here. " atom sae o
atom_type T

_exclude id
_exclude Ztheta min
_exclude Ztheta max

cell
¥ =pace_group

full_space_group_symop 2 £3.9 BE.0
« NOTE: itis best to refine all the data. But e o || 3 r T
in this case we willremove the peaks Vo
from The AI Sample can difflrn;radiation

pd_background
pd_instr_reflex_asymmetry
pd_instr_resclution
pd_meas

phase

range

setup
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Step 2: Refine the unpolarized, non-magnetic crystal structure using crysPy

This is the end of the subcategories that you need to add.
| @

(w0

| P R R - ——

Hit the save button

When you run crysPy more subcategories will appear.

These contain information on the model (reflection list, goodness of fit,
etc).
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Step 2: Refine the unpolarized, non-magnetic crystal structure using crysPy

¢ CrysPy Editor: Ho227_[C5D tructure.cif

« The refinement is run using the Fle Options  MEMP{_hochi Junsored procecures
HRh Ch'” d _d n l L?E { Fietveld Refinement (autorun)
oChi"” drop-down menu =

Rietveld Refinement With Parameters

v crystal_phasel
atom_site
atom_type

Mo Refinement (autorun)

Inversed Hessian (autorun)

cell

 First run *No Refinement (autorun)” YRR o amen
to check if the initial parameters are el pace group.:
close. e

diffrn_radiation

exclude

pd_kackground
pd_instr_reflex_asyrmmetry
pd_instr_resolution
pd_meas

phase

range

setup
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Step 2: Refine the unpolarized, non-magnetic crystal structure using crysPy

« We're now ready to refine the parameters.
e To set a variable to refine put a () after it.

e For categories with lots of values you can right click and select “refine all variables”
— Do this for the background

¢ CrysPy Editor: Ho227_0T.rcif

File Options MEMPy RhoChi Unserted procedures

D BNy s

v crystal_phasel RCIF format
° atom_site loop
NOTE: There might be an error when stom_type pa. Backgzound 2theta
* ° cell :pd:background:intensity
you run the refinement. But there is a ¥ space_group 7.0 80.00
° ° full_space_group_symop 15.0 70.0()
qUICk fIX! reduced_space_group_symop 25.0 60.0()
space_group_wyckoff 35.0  55.0()
v pd_ 60.0  45.0()
chi2 70.0  44.0()
diffrn_radiation 80.0 40.0¢()
exclude 90.0 30.01()
pd_background 100.0  40.0()
pd_instr_reflex_asymmetry 110.0 40.0( ]l
pd_instr_resolution
pd_meas
phase
range
setup
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Potential bug in this version of CrysPy (March 2026)

R R R R R R R R R R R R R R e R R

Rietveld refinement by CrysPy (module RhoChi)
R R R R R R R R R R R R R R R R R R R R R R R R R R R
Derivatives are calculated numerically.
Preliminary calculations...

R R R R R R R R e e R

Calculations are completed.
R R R R R R R R R R R R R R R R R R R R R R

d |f YOU See ThiS error, Result of function is

_I_hen reopen _I_he bk rCif” ERRCR DURING PROGRAM EXECUTION
o . Traceback (most recent call last):
fl | e [s E E N EXT s I-I D E] File "C:\Users\cr9\AppData‘\lLocall\anaconda3\lib\=site-

packages\cryspy editor\cl_ thread.py”, line 127, in run
out = func(*arg)

File "C:\Users\cr9\iAppData\lLocal‘\anaconda3\lib\=site-
packages\cryspy\procedure rhochi\rhochi.py"”, line 73, in
rhochi rietveld refinement

dict_out = rhochi rietveld refinement with parameters(

File "C:\Users\cr9\AppData\lLocall\anaconda3\lib\=ite-
packages\cryspy\procedure rhochi\rhochi.py", line 95, in
rhochi rietveld refinement with parameters

chi sq, parameter name, dict in out, res =
rhochi rietveld refinement by dictionary(

File "C:\Users\cr9\AppData\LlLocall\anaconda3\lib\=site-
packages\cryspy\procedure rhochil\rhochi by dictionary.py", line 126, in
rhochi rietveld refinement by dictionary

print (f"Started chi_sq per number of points is {chi_ sg/n point:.2f}.
")

ZeroDivisionError: division by zero
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N Potential bug in this version of CrysPy (March 2026)

e If the displayed filename ends in nme ~ « “Saveas”just saves it
“.cif” then you need to open the fo the folder, so need
T fo open If.
saved .rcif file I

 Now the top left of the program
should say:

L% CrysPy Editor: Ho227_0T.rcif

File Options MEMPy Report RhoChi

D NN TS

Options MEMPy RhoChi  Unscorted procedures

her_temperature_data

« NOITE: It is offen easier to edit a known
working file when starting a nhew project,
rather than setting everything up from the ™ ;
beginning.

File name: ~ | | RCIF Files (*.rcif) w
| T E— ,




Step 2: Refine the unpolarized, non-magnetic crystal structure using crysPy

+ CrysPy Editor: Ho227_0T.rcif

File Options MEMPy RhoChi  Unsorted procedures

* Now refine more parameters to J.Lmo
Improve the model: " e SR

stom_type “cell length b 10.103421
cell “cell length_c 10.103421 ¥ CrysPy Editor: Ho227_0T.rcif

. ¥ space_grou
P leg P _cell_angle_alpha $0.000000 File Optiens MEMPy RheChi  Unsorted procedures
— e G I( :e ( :Ons G n S ull_space_group_symop “cell angle beta 90.000000 .
reduced_space_group_symop _cell _angle gamma S0.000000 u L _L =Bo
space_group_wyckoff
v pd_ “ crystal_phasel RCIF format

- Phase (scale), e

cell _phase_scale

1 1 ' space_group phase igsize
Ol |Iy refine the first number e gomomor || ™ e 0.0
. reduced_space_group_symop
space_group_wyckoff

Keep second 0.

diffrn_radiation
exclude

— pd_instr_resolution (peak

pd_instr_resolution

pd_meas
pd_peak_phasel
snape
phase
% CrysPy Editor: Ho227_0T.rcif range

refln_phasel

B k d File Options MEMPy RhoChi Unsorted procedures setup
ackgroun 27 rao

v crystal_phasel RCIF format  Fig: Resolution
atom_site

atom_type
cell

_pd _instr_resclution U 1.0()
_pd_instr_resclution V -1.0()
_pd instr resolution W 0.5()
_pd_inscr_resclution X 0.2()
_pd instr_resclution YT 0.0()

¥ =pace_group
full_space_group_symop
reduced_space_group_symop
space_group_wyckoff
¥ pd_

chi2

diffrn_radiation

exclude

pd_background

pd_instr_reflex_asymmetry

pd_instr_resclution

od meas

HIGH FLUX | SPALLATION
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Step 2: Refine the unpolarized, non-magnetic crystal structure using crysPy

%

Run the refinement

- "RhoChi” - Rietveld
Refinement (autorun)

- The right-hand side should
go vellow and show the
variables refining.

Once complete, check the
data and model pattern by
clicking on the “pd_" category.

The model and data are very
close

NOTE: The bottom panel
(difference) is zero. This is
unpolarized data and so is
correct!

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE

¥ CrysPy Editor: Ho227_0T.rcif

File Options MEMPy RhoChi

.l ’ed

¥ crystal_phasel

atom_site

atom_type

cell

¥ space_group
full_space_group_symop
reduced_space_group_symop
space_group_wyckoff
v opd

chi2

diffrn_radiation

exclude

pd_background

pd_instr_reflex_asymmetry

pd_instr_resclution

pd_meas

pd_peak_phasel

pd_proc

phase

range

refin_phasel

setup

Unsorted procedures

Fig: - Unpolarized ...

AEIPQE~B

x=77.1y=-25.1

wa%  Error %

The name atom rho_orbital_radial_ slater_coeff 4p is not found

AR AR AR A AR AR AR AR A AR A AR AR AN A R A AR AERE
Rietveld refinement by CrysPy (module RhoChi)
AR R R AR A AR AR AR A AR AR AR AR AR AR AN AR AR AERE
Derivatives are calculated numerically.

Started chi_sg per number of points is 3.37.

- Unpolarized (y?/n = 3.87) and polarized (y*/n = 0.00) signals

HNumber of fitting paramesters 10
- ("pd_', 'background intensity', (5,)) 44.00000
('pd_', 'background intensicy', (Z,)) €0.00000
- ("pd_', 'background intensity', (5,}) 40.00000
- ("pd_', 'background intensity', (7,)) 30.00000
- ("pd_', 'background intensicy', (4,)) 45.00000
- ("pd_', 'background intensity', (1,}) 70.00000
- ("pd_', 'background intensity', (&,)) 40.00000
- ("pd_', 'background intensicy', (6,)) 40.00000
- ("pd_', 'background intensity', (3,}) 55.00000
- ("pd_', 'background intensity', (0,)) 80.00000

Opcimi;acinn is done.
Optimal chi_sg per n is 3.87
Optimal parameters:

- intensity
intensity
intensity
intensity
intensity
intensity
intensity
intensity
intensity
— intensity

81.
68.
58.
57.
.85352
. 74723
.07253
72082
. 96504
37.

62227
49228
70533
11330

29275

800 4 mmm experiment
mm excluded
600 4 —— difference
—— meodel
;i 04 °r background
E=}
2
=
2004 .A
a [ . I
[ T -
g2 o
—200 +
—400
[ | I | N [ (1] [ I I |
I experiment
201 .
—— difference
—— meodel
10
E]
o
2
Z o
=z
[}
c
i
£ -104
—20

T T
40 60 80 100
26 (degrees)

T
120

AR AR R R R R R R R R R R R R R R R R R

Calculations are completed.
AR R AR AR AR AR A AR AR AR A AR AN AR AR AR AR R AERE




Step 2: Refine the unpolarized, non-magnetic crystal structure using crysPy

« The fitis very good (by eye and for Chi?).

« Now we can fix (i.e. no longer refine) the
insfrument parameters (phase, U,V,W,X,
etc) when refining the polarized data.

o |f this STEP 2 of refining unpolarized zero
field data is not done then it can be
hard to interpret the polarized difference
data.

e This becomes more important the
weaker the difference signal or the more
change to scattering with an applied
magnetic field.

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE

~ crystal_phasel

atom_site

atom_type

cell

v space_group
full_space_group_symop
reduced_space_group_symop
space_group_wyckoff
~ pd

<hiz

diffrn_radiation

exclude

pd_background

pd_instr_reflex_asymmetry

pdl_instr_resalution

pd_meas

pd_peak_phasel

pd_proc

phase

range

refin_phasel

setup

File Options MEMPy RhoChi Unsorted procedures

D Sy s

Fig: -Unpolarized ...

AEIPQ=7B

- Unpolarized (y2/n = 2.04) and polarized (y*/n = 0.00) signals

800 4 I experiment
mm excluded
—— difference
600 4 —— model
3 background
a
=
Z 4004
z
@
=
z
£ 2001 A
[ . I
L T W e
0
[ 1 (N [ N 1
20 [ experiment
—— difference
—— model
10
E]
g
2
2 o
Z
@
c
]
E -10
—20

T T
20 40 60 80 100 120
26 (degrees)

*%%  Frror ***

The name atom_rho_orbital _radial slater_coeff 4p is not fou

RAR AR AR AR AR AR R AR AT AR AR AR AR AR AR AR R AR AR AR AR RAR
Ristveld refinement by CrysPy (module RhoChi)
RAR AR AR AR AR AR AR A R AR AR AR AR AR AR AR AR AR AR AR
Derivatives ars calculated numerically.
Started chi_sq per number of points 1s 2.65.
Number of fitting parameters 21

- ('pd_', 'background intensity', (5,)) 43.77278
- ('pd_', 'background intensity', (2,)) 59.17227
- ('pd_', 'resolution parameters', (0,)) 0.94512

- ('crystal _phasel', ‘unit_cell parameters', (0,))

- ('pd_', 'background intensity', (7,)) 34.02065
- ('pd_', 'background intensity', (4,)) 44.99723
- ('pd_', 'background intensity', (l,)) 68.33648
- ('pd_', 'asymmetry parameters', (2,)) -1.40000
- ('pd_', 'resolution parameters', (3,)) 0.02628
- ('pd_', 'background intensity', (9,)) 37.77731
- ('pd_', 'asymmetry parameters', (3,)) ©.30000
- ('pd_', 'background intensity', (€,)) 39.9521%9
- ('pd_', 'background intensity', (3,)) 56.79295
- ('pd_', 'background intensity', (0,)) 81.50652
- ('pd_', 'asymmetry parameters', (0,)) 0.70000
- ('pd_', 'resolution_parameters', (1,)) -0.71507
- ('pd_', 'resolution_parameters', (2,)) 0.40144
- ('pd_', 'phase_scals', (0,)) 0.01837

- ('pd_', 'background_intensity', (8,)) 37.0304%
- ('pd_', 'resolution_parameters', (4,)) 0.06342

- ('pd_', ‘asymmetry parameters', (1,)) =-0.15000
Optimization is done.

Optimal chi_sq per n is 2.04

Cptimal parameters:

- length a 10.06424

- u 1.53248

- v -1.42533

- w 0.48896

- x -0.08648

- ¥ 0.12103

- scale 0.01893

- intensity 81.25528

- intensity 68.3269%

- intensivy 58.9132%

- intensity 56.62297

- intensity 45.54734

- intensivy 43.78727

- intensity 39.34242

- intensity 32.9390%

- intensity 37.08503

- intensity 37.6667%

- pl -0.42102

- p2 0.038%0

- p3 1.10488

- p4 -0.13655

A A R RN AR AR AR
Calculations are completed.
T T
|

10.0968

o




Ho,Ti,O, Powder Example

This example will use CrysPy to determine the local site susceptibility in the following
steps:

— Step 1: Installing and running CrysPy
— Step 2: Refine unpolarized, non-magnetic Ho,Ti,O, crystal structure using crysPy
— Step 3: Refine the polarized Ho,Ti,O, data using CrysPy

— Step 4: Interpreting the results

LLLLLLLLLLLLLLLLLL
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Step 3: Refine the polarized flipper on and flipper off data using using crysPy

« We will start with the .rcif file from S ——
STEP 2. Make sure all the refinement 5§
label “()" are removed so nothing is
refining.

— This can be done quickly by right ot Sa—

PRl * A AR AR AR RRRARRARRRRARANRARA

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

<« Polar.. »

Powder_example_Hol... /2 Search Powder_example_Ho...
Organize = MNew folder F= - o

-~

space_group_wyckoff 6.05 2 MName Date modified Type Size

C “C |<i n g O n “ CrYSTO |_p h Ose ] " O n d v pd’(hiz ;Ql @ Powder_ Ho2Ti207_data 9/20/2022 10:50 PM File folder
select "Fix all variables”. Do the o) B —

pd_background

same for “pd_", right click, select

pd_instr_resolution

“Fix all variables”

pd_peak_phasel

« Rename the file to something else. 2| N
We will call is “Ho227 1T _20K.rcif” ] .
« NOTE: If the displayed name cz | W
doesn’t change, then open the file el .
(see slide 27 for similar bug) fer | swesupe RORnCan -
A Hide Folders Concel

9.55 32.9388 4.4415 32.9388 4.4415
9.65 39.05585 4.8447 39.0585 4.8447
9.75 43.5828 5.101 43.5828 5.101
9.85 37.6219 4.7399 37.6219 4.7389 - ‘I

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE




Step 3: Refine the polarized flipper on and flipper off data using using crysPy

Powder example Ho2Ti207 Calder >

 Add the polarized data =~ *"

~ Ho227_HB2A_other_temperature_data

) Ho227 0T rif

¢ Editor: Ho227_0T.rcif

i Ho227_0T_data

‘ﬂHDZZ?_ZOKJT_Iplus_lminus File  Options MEMPy RhoChi  Unsorted procedures

« 1. Paste the data in the file i D s
"Ho227_ 20K _1T_lplus_Iminus.dat” into the . et | o 6 At o et
pd_meas category. o

cell
¥ cpace_group

i 2. YOU COn |OO|< OT The dOTO in The “Fig:” full_space_group_symop
.I.O bS reduced_space_group_sy...
space_group_wyckoff

¥ pd_

m 3

[a)]

[T AT
[ Y]

¥ CrysPy Editor: H i chi?
File Optiens MEMPy RheChi Unsorted procedures diff diat
iffrn_radiation
2 o _|
D JU ks 2 exclude 9.
v crys::‘\)_:h:: RCIF format{ll Fig: §I_{plus}$and ... g: Unpolarized sig... ) pd_background 44
atom_type A € - " « pd_instr_reflex_asymmetry 43
cell ’
~ space_group 2 r_f -
full space_group s... [pm and Iminus
reduced_space_gro... 00
space_group_wyck... T == plus e
~ pd_ .
chi2 . minus pd_proc
diffrn_radiation
exclude 200 phase
pd_background range
pd_instr_reflex_asymm...
pd_instr_resolution refin_phasel
pd_meas -
pd_peak_phasel 2 3004 setup
pd_prec E 359
phase = | =
range b 40
refin_phase1 S i | _
vt g 200 aq
aq
100 A ,
o0l
T T T . ; T
0 20 40 60 80 100 120

%OAK RI 0 taearees)

National Labuuuul_y | KEALIUK | DUUKLE




Step 3: Refine the polarized flipper on and flipper off data using using crysPy

 Add the magnetic ion

ile  Options  MEMPy  RhoChi

1 Pmo

Unsorted procedures

« 1. Right-click on “crystal_phasel” - Add->

v crystal_phasel | RCTF format Fig: &I {plus*s and ... Fin: Lnnalarized sin... B -I- '-I- -I-
atom_site Add » cell x & O OI I I_SI e_sco
stom_type Rename atom_site Ca
cell L
Delete H M
s . . 2.Putinthe H
full_space_group_symop Methods 4 peesgrene ° U In e O Ion'
duced_space_grou T GloYBE
re -space_group_sy Fix all variables + it . 3+ oy o
space.group ek stom.ste.aize = plus - The lande-g needs to be looked up. For Ho3* it is 5/4
¥ pd_ atomn site susceptibili I minus
chiz l_th 1
diffrn_radiation AL cat
exclude 400 1 atom_type scat ) )
pd_background atom_local_axes 4 Cr’:,,"SF':." Editor: HGEE-"_-IT_ELIH:JC"F
pd_fnstr_reﬂex_ésymmetry atomn_electron_configuration . . .
pd_instr_resoluticn . File Options MEMPy RhoChi  Unsorted procedures
pd_meas - atomn_site_moment
pd_peak_phasel ; 300 ~ space_group_symop_magn_operation u l ? E "‘
P:_F‘"OC E space_group_symop_magn_centering — i
phase - v
range é hd cr_l,rstal phESE1 RCIF format
refln_phasel 3 | = .
ety ’ 200 atom_site ﬁ
atom_site_scat - .
1 | == —— atom site scat label
| atorn_site_susceptibility atom site scat type symbo}
atom_type atom site scat Lande
cell atom site scat kappa
— ¥ space_group Hol Ho3+ 1.25 1.0
ST . -
lon 4 L L J o TR P full_space_group_symop
La*f 0 0 0 0 'Sa 0 0 reduced_space_group_symop 2
Ce™™ L1230 52 *Fapa ; 2.7 space_grou ckoff
Prt 2 1 5 4 34-3.6 v pace_grotip_wy
Nd* 3 32 6 92 3.4-3.7 pd_
Pt 42 6 4 i
Sm** 5 5/2 5 5/2 1.3-1.6
Eu*t 6 3 3 0 ] 3.2-3.4
Gd ™ T2 o0 T2 70487 T.0-8.0
Tht ] 3 3 [ 9.721 0.4-9.8
n.\"{_ ‘.J 52 5 15,2 10646 TLE-10.7
Ho™ 0 2 6 8 10607 10.3-10.6
Er'T 11 B T 15,2 H.0R1 A
Tm™ 12 1 A 6 7.561 T.3-T.6
OAK RIDGE HIGH FLUX | SPALLATION Yhi+ 14 /2 3 7/2 1.536 1.d-4.6
. ISOTOPE | NEUTRON L™ 14 0 0 0 0 0
National Laboratory | REACTOR | SOURCE




ile  Options  MEMPy  RhoChi

1 Pmo

v crystal_phasel
atom_site
atom_type
cell

¥ zpace_group

space_group_wyckoff
v Fld_

chi2
diffrn_radiation
exclude
pd_background
pd_instr_reflex_asymmetry
pd_instr_resolution
pd_meas
pd_peak_phasel
pd_proc
phase
range
refln_phasel
setup

full_space_group_symop
reduced_space_group_syr

| RCTF format

Add

Unsorted procedures

Rename

Delete

Methods

Fix all variables

HILSHI2ILY Aal k)

%OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE
REACTOR

400 4

300 4

200 4

100 A

Fia: &I {plus}$and ...

cell

atom_site
space_group

atom_type
atom_site_aniso 1

l atomn_site_susceptibility '

atom_site_scat

atom_type scat

atom_local_axes
atomn_electron_configuration
atom_site_moment
space_group_symop_magn_cperation

space_group_symop_magn_centering

Fin: | Innalarized =in. ..

[ plus
[ minus

m—
i X12

20 40 60 80
20 (degrees)

X11

X13

X12
X22
X23

T T
100 120

X13
X23
X33

=

Ca
Ly

Step 3: Refine the polarized flipper on and flipper off data using using crysPy

« Set-up the site susceptibility refinement for the magnetic ions

« 1. Right-click on “crystal_phasel” - Add->
atom_site_susceptibility

e 2. Putinthe Hoion.

Cqn Will allow for an anisotropic susceptibility tensor.
Cryspy will only refine symmetry allowed values. C

is isotropic (only first 3 terms)

4 CrysPy Editor: Ho227_1T_20K. rcif

File Qptions MEMPy  RhoChi

D NS Fs

Unsorted procedures

v crystal_phasel
atom_site
atom_site_susceptibility
atem_type
cell
¥ space_group
full_space_group_symop
reduced_space_group_symop
space_group_wyckoff
¥ opd
chi2
diffrn_radiation
exclude
pd_background
pd_instr_reflex_asymmetry
pd_instr_resclution
pd_meas
pd_peak_phasel

loop_

atom_site_susceptibkility label
atom_site susceptibility chi type
atom_site_susceptibkility chi_ 11

atom site

susceptibility chi 22

atom site susceptikility chi 12
atom site susceptibkility chi 13
atom site susceptikility chi 23

Hol

atom_site susceptibility_chi::i:!

Cani 0.00000 0.00000

0.00000 0.,00000 0.00000 CI.CICICICICIJ

2

L

Cal:

L

Load

Hum




Step 3: Refine the polarized flipper on and flipper off data using using crysPy

« 1Inchi2set*_chi2_diff_" to True, since we « 2. Putinthe field value used for the
want to refine the difference of spin up measurement in pd_ = setup

and spin down.

) e A value of 1 Tesla was used
— Later we can refine the sum as well.

¢ CrysPy Editor: Ho227_1T_20K.rcif

% CrysPy Editor: Ho227_1T_20K.rcif

File Options MEMPy RhoChi Unsorted procedures
File Options MEMPy RhoChi Unsorted procedures n 1 J:EO

|'?
n L . E O v crystal_phasel RCIF format

atom_site 4100
atom_site_scat 2 [ .
b T - setup field 1.0
P 3'5E1 RETF format atom,_site_susceptibility % -0.100
atom_site atom_type

%

atorn_site_scat

atom_site_susceptibility

atorm_type

cell

¥ space_group

full_space_group_symop
reduced_space_group_symop
space_group_wyckoff

lchiF'_

——le

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE

:chiz_dnwn False
_chiZ asymmetry .

reduced_space_group_symop
space_group_wyckoff
¥ pd_
chi2
diffrn_radiation
exclude
pd_background
pd_instr_reflex_asymmetry
pd_instr_resolution
pd_meas
pd_peak_phasel
pd_proc
phase
range

l setu;;

setup radiation neutrons
setup K 0.0
setup cthm 0.00000

- _setup_offset_phi .
— — cell - - " gamma
- - _setup offset ga .
chi2 diff True l 1 “ space_group _setup offset_nu .
12 up ralse full_space_group_symop _setup_ratio lambda/2 .




Step 3: Refine the polarized flipper on and flipper off data using using crysPy

« Check everything is set-up correctly by running: RhoChi - No refinement
(autorun) and look at the data against model

« The site susceptibility is zero, so the model for the difference is still a flat line.

+ CrysPy Editor: Ho227_1T_20K.rcif

File Options MEMPy RhoChi  Unserted procedures

. Ped

v crystal_phasel Fig: - Unpalarized ... #%% Error *%*
atomn_site The name atom rho o3
atorn_site_scat - N o e g | RERRAAAARREEEEAREAA

i =133.6 y=-157.
atom_site_susceptibility ﬂ e é .*. Q = li * ! Calculation:
atom_type AAAAAAAAAAAAAAAAAAA
cell . . .

2 — 2 —
v space_group - Unpolarized (x*/n = 6.76) and polarized (x*/n= 13.30) signals
full_space_group_symop .
reduced_space_group_sym... 800+ . experiment
space_group_wyckoff . m excluded
y d _I_ f- v pd_ 5 600 difference
« We're now ready to refine = o
. . e diffrn_radiation = a4 4 v . back d
the local site suscepfibility § -
pd_instr_reflex_asymmetry z 200 1 l
pd_instr_resclution £ — A A l l
pd_meas 04
pd_peak_phase! SRS V. IR W T ——"
pd_proc
phase (I | I [ | (.
range
refin_phaseT I experiment
setup 100 1 difference
5 1 k —— model
ERN , d*T Al moser
et
Z —100
A
c
2
£ —200 A
—300 +
T T T T T T
20 40 60 80 100 120
26 (degrees)
%OAK RIDGE | HicH FLux | sPALLATION o
ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE




Step 3: Refine the polarized flipper on and flipper off data using using crysPy

« Refine the local site susceptibility tensor for Ho,Ti,O,

« 1. Right-click on “atom_site_susceptibility” - Refine all variables
 The symmetry constraints in crysPy determine which matrix elements to
refine.
— Diagonal elements are constrained together
- Off-diagonal elements are constrained together

¢ CrysPy Editor: Ho227_1T_20K.rcif

File Options MEMPy RhoChi  Unsorted procedures
2
. 'eo

¥ crystal_phasel RCIF format
atom_site 1

loop
_atom site susceptibility label
atom site susceptibility chi type
atom site susceptibility chi 11
atom site susceptibility chi 22

l atom_site_susceptibility l

W

cell

¥ space_group atom _site susceptibility chi 33
full_space_group_symop atom site susceptibility chi 12
reduced_space_group_sym... atom_site susceptibility chi 13
space_group_wyckoff atom site susceptibility chi 23
¥ pd_ Hol Cani 0.0() 0.00000 0.00000 0.0() 0.00000 0.00000
chi2
Aiffrn rarliatinn

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE




Step 3: Refine the polarized flipper on and flipper off data using using crysPy

« Refine the local site susceptibility tensor for Ho,Ti,O,

¢ CrysPy Editor: Ho227_1T_20K.rcif

File Options MEMPy RhoChi  Unsorted procedures
il
M. Ped

~ crystal_phasel

RCIF format

atom_site
atom_site_scat
atom_site_susceptibility
atom_type

cell

loop_

_atom_site susceptibility label
_atom site_susceptibility chi_type
_atom site_susceptibility chi 11
_atom site_susceptibility chi 22

R R R R R R R

R R R R R R R R R R R R .
RhoChi  Unsorted procedures

Humber of variables is 2 !‘

- chi 11 1.00041 1

Vv space_group _atom _site susceptibility chi 33 - chi 12 0.23718 Fig: -Unpolarized ...
full_space_group_symop atom site susceptibility chi 12
reduced_space_group_symop _atom site susceptibility chi 13 bili “ (‘ ') "I" Q E M
space_group_wyckoff _atom site susceptibility chi 23 ty
¥ pd_ Hol Cani 1.000(21) 1.00041 1.00041 0.937(44) 0.93718 0.93718
chiz pace_group - Unpolarized (y%/n = 3.53) and polarized (¥2/n = 1.26) signals
full_space_group_symop
reduced_space_group_symop 800 - I experiment
v space_group_wyckoff m excluded
. B “chiz - 6004 —— difference
; iati 2 —— model
e The fit to the data looks very good! F
exclude s | e background
pd_background E 400 -
pd_instr_reflex_asymmetry G
d_inst lut S
e In the top panel the red peaks are the
luded Al sample hold k ] L]
exciuge sample nolaer peaks. pd_proc o et
phase i i' ]'II' -
range
refin_phase I o [ I T L I A A I
setup
150 4 I experiment
—— difference
. loo~4 —— model
=1
€ 50
> A
z A .
% 0q ———— et -t - it g
o]
£ -50
- R —— J raonpads o N B
100 1 pomsmmssnnds E— y b R Lt
T T T T T T
20 40 60 80 100 120
OAK RIDGE | HicH FLux | sPALLATION o (d
) ISOTOPE | NEUTRON 28 {degrees)
National Laboratory | REACTOR | SOURCE




Step 3: Refine the polarized flipper on and flipper off data using using crysPy

« Refine the local site susceptibility tensor for Ho,Ti,O,

¢ CrysPy Editor: Ho227_1T_20K.rcif

File Options MEMPy RhoChi Unsorted procedures * Now refine both the difference and sum by
! 'O turning “_chi2_sum” to True
¥ crystal_phasel RCIF format

atom_site

) chiZ sum True
atom_site_scat -

atom_site_susceptibility
atorm_type
cell

chiZz diff True
chiZz up False
chiZz down False
chiZ asymmetry .

Try refining further parameters to see how it influences

¥ space_group

full_space_group_symop 'I'he model‘
reduced_space_group_symop .
g resreupeel - Latfice constants, background,
chi2 . . . . H 1"
diffrn_radiation o Also fry “_diffrn_radiation_polarization
exclude

pd_background - This can be sensitive to depolarization or if the sample
e instr reflex ssvmmetry is no longer in the linear M/H regime (check the 1.5K
data as an exercise!)

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

%OAK RIDGE

National Laboratory

REACTOR | SOURCE




Ho,Ti,O, Powder Example

This example will use crsyPy to determine the local site susceptibility in the following
steps:

- Step 1: Installing and running crysPy
— Step 2: Refine unpolarized, non-magnetic Ho,Ti,O, crystal structure using crysPy
— Step 3: Refine the polarized Ho,Ti,O, data using crysPy

— Step 4: Interpreting the results

LLLLLLLLLLLLLLLLLL
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& CrysPy Editor: Ho227_1T_20K.rcif

Step 4: Interprefing the results e o e, [seo Jrocn umonearoceses
P o S e b-

v crystal_phasel RCIF format
atom_site
atom site scat ‘ 1oop_

e Inthe “"Report” drop down menu run
- Powder experiment (autorun)

o This gives the moment. This value e
should agree with bulk M/H data for FiosstssisottuitissicotssoRURNURRNRRN

Result of function is

the sample at the same field and o Sxperiman o
-I-emperg-l-ure. For polycrystalline sample at field 1.00T:

Phase Density wF mass M vF M Moment
g/fem*3 ema/g emu/cm*3 mu_B/Sion

WwF iz weight-fraction of given phase in a mixture;
mass M is mass magnetization of powder sample;

vF is volume—fraction of given phase in a mixture;
M is volume magnetization of powder sample.

» Nofe: Care should be faken if there is Hass magnetizacion of o mixtaze is 22,16 femi/eli
more than one magnetic ion fo make R
sure you are comparing the same S taze sisesmimn remeer X 0000
numbers!

The tensor is defined in Cartezian coordinate system
such as axis Z || c, axis X || a* for each phase in
[emua/ (Oe @) ].

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE




Step 4: Interpreting the results

+ CrysPy Editor: Ho227_1T_20K.rcif

File Options MEMPy RhoChi Unsorted procedures

B! ’eo

~ crystal_phasel
atom_site
atom_site_scat
atom_site_susceptibility
atem_type
cell
v space_group
full_space_group_symop
reduced_space_group_symop
space_group_wyckoff
v opd
chi2
diffrn_radiation
exclude
pd_background
pd_instr_reflex_asymmetry
pd_instr_reselution
pd_meas
pd_peak_phasel
pd_proc
phase
range
refin_phasel
setup
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Magnetization ellipsoids

For 'Hol" the susceptibility is:

Susceptibility (mu_B/T) Orientation: X along inv.a Y is [inv.a, ¢] Z along ¢

along: 0.75352 -0.64908
553 along: 031445 049534
3.44779 along: 0.57735 0.57735

Ellipsoid factor 1.02481.

Use thermal parameters U_1j to plot magn. ellispoid

U IlU 220330120 131U 23
3.9673.967 3.967 3.960 3.960 3.960

X12
X22
X23

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON
SOURCE

-0.10443
-0.80979
0.57735

X13
X23
X33

sx%  Error ix
The name atom rho_orbital_radial slater_coeff
FRARERARRR A RAR A AR AR AR AR KA KA KRR AR RERAE
Rietveld refinement by CrysPy (module RhoChi)
AR AR AR AR AR AR AR AR AR AA KA R AR RAARAAARAR
Derivatives ars calculated numerically.
Started chi_sg per number of points is 1.87.
Number of fitting parameters 14

- ('pd_', 'background intensity', (5,)) 42.1]
- ('pd_', 'background intensity', (2,)) 58.9
- ('pd_', 'background intensity', (3,)) 37.4

~ {'crystal_phasel', 'atom para_susceptibilit
{'crystal phasel', 'atom para susceptibilit

- ('pd_', 'background_intensity', (7,)) 34.0|
- ('pd_', 'background intensity', (4,)) 43.5
- ‘backgrouhd_intensity', (1,)) 7L.2
- 'beam_polarization', (0,)) 0.90000
- '‘background intensity', (8,)) 35.3
- '‘background_intensity', (6,)) 37.4
- 'background_intensity', (3,)) 55.2
- 'background intensity', (0,)) 80.0

- ('crystal_phasel', ‘unit_cell parameters’,
Optimization is done.
Optimal chi_sg per n is 1.84
Optimal parameters:

- length a 10.06488

- chi_11 1.09224

- chi 12 1.17777

- intensity 79.99233

- intensity 71.32883

- intensity 58.60604

- intensity 55.25488

- intensity 43.44757
intensity 42.08931

.45974

Q..
(G

File Edit View Objects Utilities Help

Visualization for Electronic and STructural Analysis

Click on "“crystal_phasel” to see the
Magnetization ellipsoid details.

These can be visualized using VESTA by
populating the thermal parameters.

The magnetization ellipsoids (black) are
anisotropic and drive the all-in, all-out spin ice
behavior of Ho,Ti,O,

VESTA

.00%05
.33750

k Tools  Style  Objects

xnnny
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Structural models
Show models "
[ Show dot surface Edit Da

Style

AR RRRRRERR
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Phase:

O stick

Q
'
£ O Wireframe
v

Volumetric data

[ Show sections

Show isosurfaces
Surface coloring

Style

Ho227_ICSD_CollCode252236 Magn_sus_HB2A_data_20K.vesta  Ho227_ICSD_structure.cif o
.\
ucture.cif °
- | 252236-1csD /
Phase Unit cell Structure parameters  Volumetric data  Crystal shape
Atomic displacement parameter  Anisotropic: U ~|  lIsotropic B v

Symbal... Labek: [ Hot

500000 | 2 [0.500000

U22: | 3.967000 U33:| 3.967000

13 [3.960000 | u23:[3.960000 |

Charge: 3|

Ocez|1

B:|1

U11:| 3.967000

u12:[3.960000 |

New

Smosth shading Fo. Atom Label = & ¥ B o /
Wireframe 1 Ho Hol 0.500000  0.500000  0.500000 1 1 Delete
Dot surface 2 Ti Til 0.000000  0.000000  0.000000 1 1 e
3 o 01 0.375000 0.375000 0.375000 1 1

Crystal shapes 4 [ 02 0.328360  0.125000  0.125000 1 1 i &

Show shapes
Style
Unicolor
Custom colar
Wireframe [ Import...
ok Remove duplicate stoms
Propertiss.. |
Boundary... || Orientatiof oK Cancel Apply



Step 4: Interpreting the results

DOI: 10.1103/PhysRevResearch.1.033100 « The HB-2A results can be compared to other

PHYSICAL REVIEW RESEARCH 1, 033100 (2019) single crystal and powder measurements on
Ho,Ti,O,.

» Use CrysPy to fit the 1.5K, 50K and 100K data

Local magnetic anisotropy by polarized neutron powder diffraction: and follow the symmetry orgumen’rs in the
Application of magnetically induced preferred crystallite orientation paper to reprod uce the tem pero’rure

I. A. Kibalin"? and A. Gukasov!" dependence of the SUSC@plelllTy.
'Laboratoire Léon Brillouin, CEA-CNRS, CE-Saclay, 91191 Gif-sur-Yvette, France
ZPNPI NRC “Kurchatov Institute” Orlova Rosha, Gatchina, 188300 Leningrad Region, Russia

— DOI: 10.1103/PhysRevResearch.1.033100 HB-2A polarized analysis
For the space group Fd3m, the symmetry constraints imply
that the local susceptibility tensor has only two independent 12 3 —~ 12 .
matrix elements x;; and x;; and the principal axes of Ho - o
magnetization ellipsoids are oriented along the four local E 10 - Xparallel
(111) axes. Their lengths, given by x; = xi1 + 2x12 and 9 T = Vv Xperp
X1 = X11 — X12. were determined at each temperature. The Em . ~— 8 -
thermal evolution of y; and x, obtained by 2D Rietveld = ;" < é
refinement on a polycrystalline sample is shown in Fig. 6 by % 6 4%3 0O - NN
solid symbols. Open symbols in the figure show the results of B = TN AN
a previous study performed using polarized neutron diffrac- 2 a * :_E 41 77\ Ny, £
tion on a single crystal [6]. One can see that the results of ° = N7 >;( <
Rietveld refinement are in good agreement with the single- X e , g" 2 Ny I
crystal ones and offer the same precision of the susceptibility g . i } N %
parameters. ] = 01 v 4 T
tem1poerature (K) 100 o . )
1 2
FIG. 6. Temperature dependence of the susceptibility compo- 1 0 1 O
nents y (circles) and y, (triar.lgles) for single (F)pen symbols, t?ken Tcnlp erature (K }
OAK RIDGE | e riux | seaation from Ref. [6]) and.pmfvder (s.olld.symbols) Ho,Ti; 07 at 1 T. The inset
National Laboratory :RSEOATgI'POER QSLLJJEE?N shows Ho magnetization ellipsoids at 50 K.
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