Muon
Spectroscopy
User Meeting

Philip King

16 July 2018

Welcome!

& Science & Technology Facilities Council @ R I K E N







ISIS Pulsed Neutron and Muon Source

& Science & Technology Facilities Council



70 MeV H”

lon Linear Accelerator

Muons at ISIS
Mm -, —
Beamline e, =1
osiRiS 533 RIS 800 MeV
- Synchrotron
e POLARIS Pect RIKEN-RAL
e . dea Muen Facility

L

At

o SagpmEe Tgmat

Extracted Proton Beam

RIKEN-RAL

W Muon Facility

7 """"‘f‘ P2 sk
@

HiFi

VESUVIO  MERUN  mam GEM

Target Station 1 ,
x

ENGIN-X

e
Types of Instrument at ISIS

Extracted Proton Beam

Diffractometer

Reflectometer s ﬁ\ —

Small Angle Scattering AN

Indirect Spectrometer h ‘ %
Direct Spectrometer N

Muon Spectrometer/Instrument - oy
Chip Irradiation . W ol : \ HiFi
Imaging and Diffraction - t \}‘ orreec

OOENCRDN

- SANS2D . et + /“
o0m Science & Technology Facilities Council U’?) R I K E N
Target Station 2 I S I S O




South side muons

kicker: feeds quadrupole  separator: quadrupole  dipole quadrupole
muons to three focusing remaves focusing steering focusing
instruments magnets containment  magnets magnet magnets
particles
. e e o - dipole
{ “! ﬁ;ﬁ ! . i steering
=5 — magnet
muon
production

target

800 MeV To neutron
Proton beam target
—  ——

& Science & Technology Facilities Council @ R I K E N




North side muons — RIKEN-RAL Muon Facility

Production
Target

LHH '"I". b .Jnl. ==

|I| d .;| Y —
BDDMeV Proton Beam Line
L Pion

Injector

Laser Cabin

HI_E‘—IIZIIZI |
S|

Superconducting
Solenoid

Cryogenic
System
s Kicker

T

-
i DC Separators

Laser
to Port 2

Laser Room

Port 1

Science & Technology Facilities Council @ R l K E N



naaT

LETTERS

1000+ publications

Coexistence of static magnetism and

The Disarder-Free Nen-BCS Superconducior Call
B0 from an Antilerremagnetic Insulator
Parent State

¥asubirg T. , o al

Seence 323, 1585 (2009],

CeCE: 10.1126/schence, 1165163

Magnetic and non-magnetic phases of a quantum
spin liguid

FL Fasit | r 1. Baler', 5. Biaraliel, 1. Lancaster'_ 5. Obiry- Kywamera', © Baines”, V. Shiming”, K. Kl L Wkt
B . Rabio®

i POlymorphism control of superconductivity and
magnetism in CsyCyy close to the Mott transition

asry Y. Gasin'®, Vashir T stabayashi ", Peine faghe', Desin Ardon, Asion Pohobnd”, Pyter | Ratar”.
i o, Wit T, b st b (. T i, b Wik i, Gt B Gtavibng, Wi Tkita™
Mttt | Bpsimity’ b Kovms Primey

NOLUME B, NUMEER 14 PHYSICAL REVIEW LETTERS N SEFTEMBER N0

Evidemce for Weak Hinerant Long-Range Magwetic Correlations in Uley

A Vioanc, P Dby de Bt BCM. Oubibern,” C T Karer.? A A Moy, ML Midalii," asd & P Conelr®

Vil KX Nusmie T PHYSICAL REVIEW LETTERS 15 Frksdiey Nk

Firstdbrder Tramition in ibe Spin Dy namics of Geonetrically Frisiraied Yhy Tiz0,

1A Hoadges,! I Bowmille,! A Forpet,! A Vaouase? [ Dalmon de Réviier? 0, Andie,’ AL Ram,* K. Kndla?
©, Rimgr.” PO ML Cabdors® C. T, Kanor® PLC. King” s O, Haines®

WoLuML §5, Nuvan | FHYSICAL REVIEW LETTERS 3 RLT Moo

Eleetron Lasalieatben im s [Handered lasulating Fos

Vot Saceckak
Fsniiam Ravisvh ey “Javhator Py, * Kavkaor Sqamy d8 Moo JIATAD, Feiva

FRL N SRR 0 PHYSICAL REVIEW LETTERS 2 IR |

Correlated Trends of Coesisting Magnetbam and Supercenductivity
Im Optinaally Electron-Duped Qo pnistides

% Samna* B Caree,” B Boni! 0, Prando,"? 0, Alldi” B, Dy Bowrd, T, S8iroka ™
G, Lamwora® A Marsineli,” s M. Pusti*

NANO ;__i__r_!r_n__g

Muens Prebe Strong Hydrogen Interactions with Defective Graphene

Massro Riood™! Daniele Pentieod,” Marcoells Marrani,” Mohammed Choucar,” John A Stride,™” and
Dleg V. Varpert-

ol sy M 1

PHYSICAL REVIEW LETTERS

ik
3 PERELLARY ;w-.u

Ground State of the Easy-Axis Rire-Earth Kagsme Langsite Pryla Sy,

PRI, B, (F8 T30 4 1M

A Forkn" F Beri, It Mendeh,' K. Slariy," snd 1! Borde’

PRI, 9, GET03 PHYSICAL REVIEW LETTERS ok sy
Chiral-Like Critical Bebaior im il Antilerromagnet Cobali Glyceralate
FL Pe" B Biker,” S ). Blosdell’ T, Lasonier.” MLA. Groen. s M. Kussswons*
——_ PHYSICAL REVIEW LETTERS e A

Ly Temperature Spim DilTuslom bn s Highly ldeal 5 = I Helsenberg Antlferromagneile Chalm
Studied by Musn Spin Relaation

L. Pt 5 5. Bilwadcl,” T, Lancanier,” O Bancs,” and 5. Talagi®

AT B

A, [, R i ¢ R FHYSICAL REVIEW LETTERS

andl O Barnburd

WL 5. NUsiEER 13 PHYSICAL REVIEW LETTERS | A NG

Commsn Eacrgy Scale Tor Magnetism aml % ductivity in Underduoped Caprate:
A Muss Spin Rewnanee Imu—mnﬂl P T — u:;..lt'u,.n

Amit Ksuipel! Amd Keren,” Yaokiw Bclsicin! Arkaty Kaisboak! James 5. Lovd” asd Alex Amabe®

VoLME T, NusmEs & PHYSICAL REVIEW LETTERS 4 AT 1997

Tnvestigation of Vertex Behavior in the Oirgank Saperconiductor - BEDT-TTE 1 Uu{50% by
Using Mizan Spin Kotatis
%L Lee” F.L Powi™ 8. ). Bhimsdell? C. 5L Acpones’ P A Pamendea” K H. Chew*
E 5l Forpan® T, Saali® W, Hayes,” sl H. Keller®
PHYSICAL REVIEW LETTEES

:I-s'.l"albcu .

TR o, e | e

Imirinsic Mohility Limit for Anisotropis Electmn Transgart in Al

N Deew, F L Pr” ), Hoppben
WoF

Schale ¥ Mali Ko 5 A Mok, PIW P shaiyat T Kreoasn®
I-I'K W Kin A Mebroka | s B, Schosrms®

Vomuug 03, Hywsm 35 FHYSICAL EEVIEW LETTERS S by
Mluom Spin Belasation Seasurensents of N, Coddy 5100
A Kanbpel.' A Keven,* L Patbsgan " K B Chdin” sl P King®
L S 1T ¢ 30T PHYSICAL KEVIEW LETTEES vy

Magnetian in Gromerically Fretrated Y5 alk, wder Hydrostatic Presone Stsdicd
with Aios Spim Relaation

T Lancasior,® %, Blendcll® D, Asdroncs ™ . Lanochck " i1, Bocsali,? %8, Graalina’ K, Condor!
L Pomjabmding ** M, L. Bk, B ). Baler,' [ Prabhakarsa” W, Wayes,' sl F L Prar®
. W E TTE v
FEL ¥, S FHYSICAL REVIEW LETTERS lLIﬂ'I_-?.‘m"

Al Flisorine Entanghed States in Madeciular Magaets

T, Lacanter,* 5. 1, ibuneefh,” PR Blakion” ML Boockin,” W, Hages,! F L. P, 1, L Bason."
LM, e s 1A Silileoter®
vk el
16 SEPTEMEBIR 3o

PRI B b Ny FHYSICAL REVIEW LETTEES

Hydrogen Delect-Level Pinming in Semicondsctors: The Muoniem Equivalent
R Lichid," KW O " sl S L D™

superconductivity in SmFeAsQ,_,F, as .
revealed by muen spin rotation . o
A b G, N, P R 0 L Pt Bded®, B Lt L A" |—E— I | I-'\{::'

Coexbtenor of Magmetle Fluclsstions and Superconduciivity im the Poictide High Temperature
Superconducior SmFeAsO,_ F, Memured by Muson Spin Helutlon

A, Dvgw,' F L. Pas,” T Lancasier,” 5.1, Blendell” I J§, Baler,” BB, Lin' G, W' 5 H, Chon, |, Watanabe”
VoK M A Dok W Kim,' ML Bsale! and O Bermhvard!

PRI HOT_ 08T 01 FHYSICAL REVIEW LETTERS

Unconvemiional %lagnetian in a Niiroges-Containing Analog of Cupric Oxide

7 A Posodal! B Arion'" A Babiyiin® 2 haglett" X, Lin
AL Tohmpbell,™ and B Dvomskosaks’

h ko B beglid.t

Wopusa #, Mo 17 FHYSICAL REVIEW LETTERS 26 OcTonae. 100

Thermal Flustuatisns in the Magnetle Grousd State of the Molecular Claster M0 Acetale
Trom s K asd Proton XA K Relazation

A Lancial{an,' 2 H lasg F. Borwa!' P Camyetta,” aned [ Cufionchi®

WOLUSE 59, MUsmE 4 FHYSICAL REVIEW LETTERS NFSEFTEMBIR Nail

Abagnetic Correlations amd the Anistripic konds EfMfect im Cey_ Lag Ay

E A Gorenmpotkin,' R @sborn.” B Rasabord? T A Con ™ AP Mareni € A Scon” and PLE King®

T e T s

G v, I L e L W, I WG N, Dhsbenia”, M R’ I W ", R

Measurement of the charge and current of magnetic
monopoles in spin ice

5T el ® 5 & Gl % Calder’, B Aldun'’. D Pesbhaiursa’ & T Fasnall’

R TT rae— PHYSICAL REVIEW LETTERS i
Umiversal Scaling Belstions in Maleeular Sapercemluctions
FL Pran'* s 5., Bhusieit™
il
PR U9, Fhain i ATy FHYSICAL EREVIEW LETTERS | PECT AR )

Photoescited Muom Spin Spectroscopy: A New Method for Measuring Exces Carrier
Lifetime in Bulk Silicon

K. ¥oloyama " I, %, Load," 1, Miss,"" P, Marsheri” sd A J, Dvews
e o Flbrvicn o Asivmsmry, (e Miry Uinierossty oof lomobom, Ml Eool, fomcbons £} 45T, Dasitedd Kimgiiom
S, STFC aheeiord Applein Lisboratiory. [ickeot 0001 O United Kimpaln
Callepy o Pyl S sl Frolomding, Sk Limbereraty, {hemplie SIE, Propde ' Bl off Ol
iRecorved IT Febvaary 2017, revinl susercripl snocrvedl T Movarsbo 30T, publedind 53 November 20171

PHYSICAL REVIEW LETTERS

ok sudag
. = O 300 000 16 FEREUARY N0

{mantuna Magnetian in the Paratacamite Family: Towards an hileal Kagons Latlice

P beabels” F Ben,' WA e Vinen T 4 Ol A Marmison” . D" 1. o
L5 Lowt A Amate” sl € B

FHYSICAL REVIEW LETTERS

A s

TRL W, | 0L 3

Cancade of Bulk Magnetic Phass Tramsitis in Sa, Cold ax Studicd by Muon Spin Rotation

B Mberbele.” 13 Boses,' ), Bobwedl. 6, Collia” [ Coteon.” 8 Blachard " WL ATl | Mabhanedhis,' F. Ben.'
A Ao asd A D, Hillier®

FHYSICAL REVIEW LETTERS

T

PR b, FRRA2 A

1 pammics s Beactivity of Pesitively Charged AMuonimns in Heasvily Doped 560
aml Comparisans with Hydrogen

AL Mamsr,'* 7 Sabra, M KON, Ol 1 Fan P0G King" B Bt 1 fusg. ssd & F Coarcil”

PHYSICAL REVIEW LETTERS _1.\‘\??.1!,||_'\.|H

PHL 188, §1THR 300

Evidence For Tinve-Reversal Symmetry Breaking
in the N asymmedric Supe ducior LaXil,

AL Hillier" B Quineanitla,' and B, Cywimsli’

o

PR A0, 1T PHYSICAL REVIEW LETTERS 1) AP, )

Valenwe Bond Gl an an Foe Lattice in the Double Peroaskite Bay Yol

ML de s, O Melaaghiin,' sl LW 0. B

ik gmday
L R, 21601 R FHYSICAL REVIEW LETTERS 0 SRR

Eleciric- Field- Enhanced Neutralization of Deep Centers in Gads

N Cadadk 150 0 Gk Yo B e ¥ b

O FHYSICAL REVIEW LETTERS Sk

Muen Spin Relavation Measumemonts of Na, Cally - gHa0d

A Kasiged' A Kesen,? I Patlagan! K B Chashka, asd B King®



Three key themes of the meeting

 RIKEN-RAL Muon Facility
* SuperMuSR

e Site Calculations
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RIKEN-RAL Muon Facility

Conden:
sed Matter and Molec
ular Physics

CHRONUS spectrometer
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Site Calculations

A lot of activity in this area:

* Lancaster/Blundell/Pratt EPSRC grant

 de Renzi EU funding

e collaborative project with STFC Scientific Computing

Part of growing efforts which recognise the importance of modelling and

simulation

e Avariety of projects with STFC Scientific Computing

* Parallelisation of analysis and simulation codes for Excitations

 Ada Lovelace Centre — cross-facility centre for computational
infrastructure and methods

* ‘Data analysis as a service’ — one-stop portal for data/modelling
codes/compute resource

* Al/Machine Learning for facilities
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