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1. Introduction Recent history of the Fourier transform
analysis on neutron scattering

1990 1992 2014 2022
Crystalline PDF DyPDF mPDF DymPDF

—

T. Egami A. C. Hannon, B.A.Frandsen, K. lida, K. Kodama, Y. Inamura,
Mater. Tr,ans. M. Arai, etal., X.Yang,S.J.L. M. Nakamura, L.-J. Chang,
JIM 31. 163— J. Non-Cryst.  Billinge, Acta S. Shamoto
176 (1990). Solids Crystallogr. Scientific Reports 12: 20663
150, 239 Sect. A70, 3 (2022).
(1992). (2014).
IPNS, ISIS, RAL ILL J-PARC MLF
ANL UK France Japan
USA

PDF : Pair Distribution (Density) Function
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Pair Distribution Function (PDF)
C60 Fullerene,

C59N Azafullerene
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Scattering function

Atomic pair distribution function (PDF)

S. Shamoto, J. Phys. Soc. Jpn. 88, 081008 (2019).



Pair Distribution Function (PDF)

Elastic scattering by two atoms (O and M)

Sum of phase difference :(k; — k;) - r
Bragg condition (kf — k;) -7 = 2mn

Atomic pair correlation Spin pair correlation



mPDF analysis
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Dynamic Pair Density Function (DyPDF)

Fourier transform

Energy (meVY)

r{A)

Polycrystalline Ni DyPDF of Ni
Alex C. Hannon, Masatoshi Arai, Wojtek Dmowski et al. “Local
Roger N. Sinclair, Adrian C. Wright, lattice dynamics and the origin of
“A dynamic correlation function for the relaxor ferroelectric material.”
amorphous solids”, Journal of Non- Phys. Rev. Lett. 100, 137602
Crystalline Solids, 150, 239 (1992) (2021).




Lattice component of the dynamic structure factor

SLQE) . _ (ki/kp)IQ,E) — S5(Q,E) — A
(1+n(E)) Ss(Q,E)
(1+n(E))

$5(Q,E) = BQ2exp(—Q(u?)/3) ——

Alex C. Hannon, M. Arai et al., J. Non-Cryst. Solids 150, 239 (1992).

Lattice component of the dynamic pair-density function

Qmax SL(Q) E)
(1+n(E))

D, (r,E) = ;J

Qmin

- 1] w(Q) sin(Qr)dQ

Window function w(Q) = Q;gx sin (Qj;ix)
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Nature Reviews Physics (2023). (Technical review)
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Optimizing the dynamic pair distribution function method for inelastic neutron spectrometry
Kody A. Acosta, Helen C. Walker & Allyson M. Fry-Petit

Nature Reviews Physics b, 236-249 (2023). (Technical review)
https://doi.org/10.1038/s42254-023-00564-5
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2. Dynamic magnetic Pair Density Function (DymPDF)

Magnetic component of the dynamic structure factor

SM(Q» E) 1 = (ki/kf)I(Q: E) o A(Q _ Qmax)(Q + Qmax) T AO

T +n(E)) 2 Ny g?S(S + D)2 + n(ENfEQ)

Magnetic component of the dynamic pair-density function

_ 2 [omer 1 Sy(Q.E) |
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K. lida, K. Kodama, Y. Inamura, M. Nakamura, L.-J. Chang, S. Shamoto, Sci. Rep. 12: 20663 (2022). 1,




Spin-wave dispersion
(SpinW)

Energy (meV)

3.05 A

Crystal structure
Ty=59K

QA" h (r.lu.)in (h,h,6)

Powder Spin-wave
average dispersion

H. Kato, Y. Yamauchi et al., J. Phys. C: Solid State Phys. 19, 6993 (1986).
S. Toth, and B. Lake, J. Phys.: Condens. Matter 27, 166002 (2015).



Classical limit of spin dynamics

Acoustic
mode

13
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https://staff.aist.go.jp/v.zayets/spin3_68 heat.html

Nearest neighbor spins

vibrate in the same direction!
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Separation of magnon from phonon
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Data Calculation Process of DymPDF

sliced at E= 6 meV (T = 8 K)
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K. lida, K. Kodama, Y. Inamura, M. Nakamura, L.-J. Chang, S. Shamoto, Sci. Rep. 12: 20663 (2022).16



Dynamic magnetic Structure Factor to DymPDF

Dynamic magnetic Structure Factor

Energy (meV)

Fourier
transform

(DymPDF)
FeTiO; : Dy(r,E)




Observation of two spin fluctuation modes
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Simulation
(SpinW-+Utsusemi)

s ™" FOR NEUTRON SCATTERING

K. lida, K. Kodama, Y. Inamura, M. Nakamura, L.-J. Chang, S. Shamoto, Sci. Rep. 12: 20663 (2022).
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3. How to get DymPDF by ‘UtsusemV’

&3

Including relited sites ©

i : ,. / i 5
Tnstruments User Programs Operation Acress L ocal Tntormation

a Sample Shipment
Bofore You Arrive

Table of Contents

Instailations
Docurnentations

| leanre

FOR NEUTRON SCATTERING

(£ Utsusemi Portal Site

What's New

o 2025.10.6 Update Installers#,
« 2025.7.22 Update installers

“I proposal Application
Applicatio I Installations

e Proposal
e Proposal Raview Process

Infornation aboul Utsusemi Installation and download of required files is contained on the Instailation

:. Instruments Portal Site below.

o Newtron « Muon Sources o Porial for Utsusemi installalion ® (Ouler sile)
e Instruments

Tn this site, you can find installer files (the hinary installer for Windows and macQOS, the debian package
«perimantal Halls for Ubuntu Linux) and the installation mamusals.

ratory / User Fadlities

e Environment

| bocumentations

Utsusemi

https://mlfinfo.jp/groups/comp/en/utsusemi.html



Utsusemi Installation

Windows 11, MacOS, Unix (Ubuntu)

Utsusemi Installation

1.0 decumentation

Q Sasich RS

Canienix

Poral o isicond inzalton

el S 7 A k=

Portal for Utsusemi installation

R L I o Y 1)

Authors ¥ Inamers

Last Upclater Moo 17, 2025

Es s e e dinks 1o Sl andd
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Contents

Aoty roe Lhsusami instailaticn

o Debian Frciages foc ooy 2204240

a (Jther Ubumy Linus

0 Almsad wge 4
Appendic

a \ericn numbas cerhmeaboo

Utsusemi Installation

1.0 documentation

Q Search el [+l

Contents:
@y yyaO-FR—20
Portal for Utsusemi installation

Dockeric &1 A =L

nenls dee Ubeacini ratdibticn oo wariaus i

BLOT(SIK), BLTT{HPN), BLT4(AMR), BL15(SAS), BL19(ENG)

Available Windows

CPU architecture

Available Windows for instaliation

version

| ¥R,
L

©

Intel / AMD (64hit)

ARM

Documents

11 and 10

Not Available yet

e Quick Installation Guide of Litsusemi for Windaows

Download links

Type

Pownload links for Windows Bimary Installers

Python Ver Download Link

All-in-ane
Minimum (PY313)
Minimum (PY312)

Minimum (PY311)

31.13.5 inside & 2.9.291011 PY313(all-in-one)

3.13.x required & 4.9.251911 PY313(minimum)

3.12.x required & 4.8,251611 PY312 (minimm)

3.11.% required & 4.9.2%1011_PY311 (minimum)

&= Contents

Portal for (s

Change Hstory
Windows, mac0OSs
I Windows

I Avallable Beamliinas

vallable Windows

Documents

ownload hnks

Ly

1iemi installation

Detian Packages for Ubuntu

22042404
Other Ubuntu Linux

CentQOS 7

Almalinux 8 or Rockybsmux 8

Almalinux 9

Appendix

Version number conlumaton
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After installation of

‘Utsusemi.4.0.251011.PY313.x86_64.ms/’

‘Utsusemi Environment Settings’

B MainWindow

Instrument :

|BLOT:SIK[4SEASONS)
BEL1O:MNER(Moboru)
BLT1:HPN(PLAMET)
BL14:AMR[AMATERAS)
BL13:SAS(TAIKAN)

Log quiet : [~ AT

Font Size : 12~ o

Mumber of threads :

Debug mode :

DATA_DIR

C:¥FeTiO32

Browse

USR_DIR

C¥FeTiOz

Browse

WORK_DIR

C:¥FeTiO3

Browse
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Nxspe file

‘Sequence Editor’, Functions, SIK,
DAT=Cmm.LoadDataFromNxspe
ECM=DR.ToPowder
ECA=Cmm.DymPDF @G~ ...

Crm.MNormByKickers
Crm.SolidAngleCorrection

Cmm.KiKfCorrection )
Crmm.dHWCorrection

Crmm.DoMask

Cmm.DetectorEffi El\
Cmm. ToPowder

Cmm.RadialCollimatorCorrect
Crmm.VisCentOutputFileByPhi

Crm.VisContMOutputFileByPhi &
Cmm.BoseFactorCorrection
Crm.BoseFactCorrEC —~
] { Crm.DymPDF
Available data formats: ~ o
u Crm.DyPDF -
Crm.WideDymPDF

SPE, Nxspe, Dump
u |
S rI Z M a n o B I n a Make ElementContainerMatrix from nxspe.
, , @param path (String) path to folder including spefile

@param spefile (String) SPE file name (extention is .spe or 5P

@param num_of_pixels (Int) the number of pixels in a detectc
e u s @retval DAT  (ElementContainerMatrix)

- a x
~Fil ~Control
Clear - = Current Dir Start Stop Visualize
Current Dir: C¥FeTiO3
Status: Executable
Sequence Begin Time  End Time
© DAT = Cmm.LoadDataFromMxspe("./", "FeTi03_T8K_2TmeV.nxspe", 100)
© ECM = DR.ToPowder(DAT, -1.0, 4.5, 0.032)
© ECA = Cmm.DymPDF(ECM, "0.2,0,20", "0.1,12.0°, "0.0263,34.96", "0.3668,15.943", "0.6188,5.584", "-0.0119", T4.84....
Return Label : ECM Set
dat: startQ: end(Q:
DAT -1.0 45
deltal: Argument: Argument:
0.032
Argument: Argument: Argument:
Argument: Argument: Argument:
Argument: Argument: Argument:
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‘Sequence Editor’
Start

Visualize M2PlotPlus -
matrix ECM

Return Label vm2p
Execute

FOR NEUTRON BCATTERING

Functions
“ 3K

na

Visualizer

-File -Control
Lear - .J Current O Start ST Hesume Visualize
Current Dir: C¥FeTiO3
Status: txecutable
Sequence

© DAT = G LoadDatafromMxspe(*./*, *
© O = DR ToPowder(DAT, -1.0, 45, 0
@ ECA = Cnm.DymPDE(ECM,

*, 03668 15,943,

€ MainWindow

-Arguments

*-0.0119%, 50.0,

Visualizer
DetectMap

4 Dire matric HM

A G ToMPlot

AddloMPlat Argument

EmptyMPiot

M2PiotPlus Argument

DataM 2%iot

Chang
EmptyM2PlotPiys

DeatectMap2

Argument

Argument

tMap2Chang

ontht Argument

AddToVesContM
Argument

Argument

Return Labe

vmip

Execute
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‘Sequence Editor’
M2Plot+

O M2Plot- (M2PIot+]

Dynamic structure -~ -~
factor S(Q,E)

~Inteinsity

Show

JAuto Scale Range O

( Jlogscale @Smocth window 2

tmes

-X Scale

.»‘-u'.w Scale
_JLog Scale
¥ Scale

’»‘.u'.u Scale

__JLog Scale
-Skice -
Along X axis Aleng Y s Diagonal
O vvalue 000 - 0.000
Tax
Y ange
_lrebin
1D Piot Cesr

_ linversion

_ linversion

Settings

a

delta

Energy Transfer (meV)

3 4 3 G

Q1 (1/A)

Er = 2710591 ne¥
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‘Sequence Editor’

Visualize M2PlotPlus

eTIO3_TBX_Fi2TmeY_nxspe.pmt

 TBX_ - 0 X

-File -Cantro!
| |
~ Runctions Current Oir: C:¥Felio3

SIK

Return Label vm2p e ———

Nm

*, 100)

DR

Execute e

Cmm DymPOF(ECM, *0.2020°, *0.7, 1207, "0,0263 34.95°, "0 " 00119, 500, .. TuTH26 11726
I
~
=
v
Return Label ECA Set
DAT hwSiice: rRange:
ECM 02020 iy

magFFa: magFFo magffc:

00263 3456 0.3668 15.5432 051685554

maqgFFd: CF:

isKaxisit

a.0119 A0 True
Argument: Amument: Argument:
Argument: Argument: Argument

25



‘Sequence Editor’

M2Plot+

Dynamic magneti
pair density functi

DM(r!E)

5 M2Plot+ (M2Plot+) - X
Help
Key Label Unit
X axis R v R Ang
' axis EnergyTr ~~  EnergyTransfer meV
clntensit).r Intensity
?h%::n range
Open O Show D
~Inteinsity | APPly
|:JAuto Scale Range -40 - 40
((JLog scale Smooth window 3 times 1
¥ Scal
® 2uto Scale -0
[ JLog Scale (Jinversion
¥ Scal
& Auto Scale -0, 20.1
[ JLog Scale (Jinversion
-Slic
Along Xaxis  Aleng Y axis Diagonal Settings
QO Yvalue 0.000 +- 0000
To: Step:
(O ¥range 0.000 0.000 delta 0.0
(Jrebin
1D Plot Clear 2D Plot

A€ Q= 7~ @ H# O

EnergyTransfer (meV)

Run No.

005 -

04

0.6 08

Ei = None

60 80 100
Index

06 -

02 -

04 -

00 L i

-0.05 0.00

0.05
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4. How to simulate DymPDF by ‘SpinW’ and ‘Utsusem?’

DymPDF SpinW simulation (MATLAB)

Simple model magnets: S= 1, J,= -1 meV
1D chain Ferromagnet

Spiny RS H= ) J;iSiS;i =]a(5Si—1 + S$iSi+1)
pin 2

S R (.
E(k) =2],5(1 — coska)

(@ MCul

l- Js

The SpinW software package is based on the linear spin-wave theory with
the Holstein—Primakoff approximation. 27




Tutorial 1 in SpinW homepage “Spin wave
spectrum of the Heisenberg ferromagnetic
nearest-neighbor spin chain”

Convoluted spectra: Re S (W, Q). T= 00K
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S 2003 *
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https://spinw.org/tutorials/



‘Sequence Editor’, Functions, SIK,
ECA=Cmm.DymPDFFromSpinWText

‘Sequence Editor’ -
Start

Visualize M2PlotPlus
matrix ECA

Return Label vm2p
Execute

0 MainWindow - Fchainpml

EUS N UTROM SCATTHRNG

Crienud IWConection

Qo

ontOutguthileByPh

WACutputFilelyPhy

CroenBoselactCor
nFL
Crnm Dy PO FroenSpinWrext
Cmm UyPDE

Crom FexCalc

@

CrmOy

P ixelFromOxtalParam

Caliulate Dynamical PDF wilh magredic forn facloe using ou

rame (string) path and file rame of the cutput
wSlice istring) hw S&ang infor

string) outaut rrange ©

nng) magnetic form facte

e tar

of outpat Zc data TeueR, Fa

al FCA {FlementCortainerArray)

File Conerol
I"l!‘:'

‘Current Dir : \DD20264SHnW

¥Yia_Crraxda-1

Status !

Saguence

S [CA - Cinm.DymPOFFIc

i WTe (" Tcnain.

Resturn Labed FCA

flename ashice:

Fohain 01,05.150

Executable

*0.1,200%, "04220.17.684°

Resurnme

"05%46,6.005"

Range:

0.1.200

Begin Time

ond Time

0422017684

Magr

00043, -0.608

migFFed: CF:

ismasR:

True

Argument Argument:

Argument:

Arqument:




‘Sequence Editor’
M2Plot+

Dynamic magnetic = ..

pair density function”..=0
Dy(r,E) E

Range

Labied Lot
R Ang
Energyiranstes meV

Open

Intensity

Vi_ Aute Scale Range

Show 0
Apply

Log scale |~_'Ai Smooth windew 1 times

X Scale
_; Aute Scale  Range
: Log Scale
¥ Scale
_.. Aule Scafe  Range
g Scale

~Slice

() Inversion

0 - 6

| Irreersion

Along X axis Along Y akis Diagonial Settings
C) Yvalue 0000 v D000
To Step
(O Yrange 0000 0000 delta 00
) rebin
1D Plat Clear 2D Plot

21 Plot window

Fila Fdit Analza
.— £t 3
AEDI Q= FHH#E O
Run No =
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5. Summary

1990 1992
Crystalline PDF DyPDF
IPNS, ANL USA ISIS, RAL UK

DyPDF

PDFgetN _
Billinge, S. J. L. (Utsusemi)
https://www.diffp https://mlfinfo.jp/grou
y.org/products/p ps/comp/en/utsusey
dfgetx.html Q
2024 CROSS technical
development program
PDFFIT PIEI PoS
Proffen Th. and
Billinge, S. J. L.
https://www.xray.
cz/ecm-
cd/soft/xray/

general/discus/di
scus/pdffit.html

2014
mPDF

ILL France

mPDF

Billinge, S. J. L.

https://mpdf.gith

ub.io/

mPDF

Billinge, S. J. L.
https://mpdf.git
hub.io/

2022
DymPDF

J-PARC MLF Japan

DymPDF

(Utsusemi)
https://mlfinfo.jp/groups
comp/en/utsusemi.hig

2021 CROSS technical
development program

SpinW+Utsusemi
https://spinw.org/

: FOR REUTRON SCATTERING
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