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v" High quality superconducting

crystal & film synthesis;
La,,Sr,CuO,, SMOFeAs, LiFeOHFeSe, ...
Focusing on FeSe-related systems!

v" High precision transport and
magnetic properties
characterization;

PPMS, MPMS, MFM, ...
To find good & right question!
v’ Spectroscopic studies.

KSR, IR, XS, Neutron, PES, ...
To find proper solution!
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BFRBTURAREF R =+ MHE

Main Cyclotron

Injection Energy 72 MeV
Extraction Energy 590 MeV
Extraction Momentum 1.2 Gev/c
Energy spread (FWHM) ca.0.2%
Beam Emittance ca. 2 pimm
Beam Current 2.2 mADC
Accelerator Frequency 50.63 MHz
Time Between Pulses 19.75 ns
Bunch Width ca.0.3 ns
Extraction Losses ca.0.03 % p+n—->p+p+n
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ERARRFE T R E 7 A

. & A8 2L-F & (High energy muon beams)

Homogeneous implantation in big and thick samples;

2. & Z-F £ (Surface muon beams)

Almost 100% muon spin polarization (good for uSR)

3. &3 Ak &+-F & (Low energy muon beams)

Nanometer size tunability of implantation depth; (good for film sample uSR)
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Beamline layout (PSI)
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Proton Accelerator Complex Neutron Spallation
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USR &AL A AR

Courtesy of Jess H. Brewer

Muon
energy averaged

Local Magnetic

Field
-
Lo 1 e Spin-polarized

muon beam

Backward
positron
detector

Muon
detector

m = ~208 m, .
s=1/2 , . kel
WL = ’TpBlocal 7 By - most energetically e*
v decay life time = 2.19714 ps;
v" Spin=1/2, pure magnetic
v' Positrons emit preferentially in the direction of muon spin p,,;
v Very sensitive to weak internal field (B;,. ~ 0.1 Oe or ~ 0.001 ug) or TRSB signal;
v' Use different detector sets can resolve the filed direction;
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Electronic clock

A

Spin-polarized
muon beam

Backward

positron

detector 4
1
I
I
1
1

Muon
detector

Forward
positron
detector

Schematic of a zero field (ZF) pSR setup.
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Sample

Schematic of a transverse field (TF) pSR sefup.
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Homogeneous: :.
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Muon Spin Polarisation
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Amplitude a = Magnetic volume fraction
Frequency w= Local field, size of magnetic moments
Damping A, o = inhomogeneity ofiagnetic regionsy & 7%, 42 18
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URu,SI,

Neutron scattering:
F. Bourdarot et al., condmat/0312206
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Muon Spin Rotation:
A. Amato et al., J. Phys.: Condens. Matter 16 (2004) S4403

1.2 v
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Phase separation in magnetic and non magnetic volumes

Only the combination of neutron and muon data allows the correct
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Normal state

Vortex state

@) @
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Beete—~

B Flux line lattice
Meissner state

P (B)

min ~

min

T

B Surface image by Scanning Tunnel Microscopy
b . . . . NbSe,, 1T, J.\SK
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1000 T
@ oo, YBa,Cu,O _ T,
; . 2 \\ La SrXCuO -
| « 25K 100k L T
. YBa,Cu,0, .. 5K AR €8 ‘ o T,
= 8K < . ag@w i
o' 0101 10K = 46, C0 1 AF —
© 15K o T .?fi = IF ‘ | ]
& A .\- Tq
26K = bT, s
(c'g ; , l AF J- ol 555 57 o1 N, SC+SG| 0.04 :Jns 042 016
(a) 50 K 0.00 0.04 0.08 0.12 0.16 0.00 0.04 0.08 0.12 0.16
0.00 : 0.00 ) ) ) holes/CuO, layer holes/Cu0, layer
0.0 05 "o 2 4 6 8
Time (us) Time (us)
Sonier J E et al 2001 Science 292 1692 Niedermayer Ch et al 1998 Phys. Rev. Lett. 80 3843
Miller R I et al 2006 Phys. Rev. B 73 144509 Sanna S, Allodi G, Concas G, Hillier A D and De Renzi R
Sonier J E et al 2007 Phys. Rev. B 76 064522 2004 Phys. Rev. Lett. 93 207001
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4R AL

Low energy u* beam and set-up for LE-uSR (LEM)

- UHV system, 10*° mbar

- some parts LN, cooled - N m
i K '8

elec

trostatnc mirror

I

MCP detector
Polarized Low Energy Muon S;P‘“'l;"““"
(ExB)

Beam
Energy: 0.5-30 keV T
AE, At: 400 eV, 5ns = it

Einzel lens
Depth: 1-300nm (LN, cooled) ~_ |

Polarization ~100 %

Beam Spot: 12 mm (FWHM)

Sample environment:

B=0-03TL,0-0.03T |
sample surface
T=25-320K

at sample:

] =

Start detector
(10 nm C-foil)

Conical lens

up to ~ 4500 p*/s
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Superconductor 5™
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R = S 0 ‘ S 20mm)

Depth z [nm] ] @ ﬁﬁi%ﬁ //{F(Xﬁ;

-> Magnetic field profile B(z) over nm scale
-> Characteristic lengths of the sc A, £
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Normalized Stopping Profile [%/nm]
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ZFHENBREZRSARL TR AREZE K

BT EFPRBIRYERR: single crystal, polycrystal, thin film,
liquid, ...

S EYIESEESIRIUEINE: Temperature (> 20 mK), H-
field (< 9.5 T), Pressure (< 2.8 GPa), current, strain, Photon
pumping...

Sensitive to Magnetism (~ 0.001 pg), Superonductivity, and
phase separation (in both macroscopic & microscopic
level)...

KEBRISBETRARZFEN, ErEENRTREIEER
RIABGEHE, AEXMNTAZHRESHRMS S HAAILITE
HEBRD (<2)
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72 my A 1
B ngh E ) AE,‘]'# = g 82 ” i
ot GR7023 = Muonic X-ray 0 :

GL0520

drey n? 1?
o
s Z my €2
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v
z=115mm \ z i R ¢
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sample surface
z=115mm

Radius about 207 times smaIIer

High E
EGC 35-200-R P
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2 FAR RN

2022/4/16

Contents
Sample Cu Sn Pb
#2 Japanese coin florescence X-ray 71.77 14.45 7.79
J-PARC 777 =16 125 £ 15 98 = 15
PSI 79.7 = 0.1 100 = 0.1 103 = 0.1
#3 Japanese coin florescence X-ray 73.64 12.18 14.17
J-PARC 69.0 = 19 99 = 13 211 = 26
PSI 732 =01 7.7 £ 01 191 = 0.1
Chinese mirror florescence X-ray 73.16 21.49 535
RAL-RIKEN 71.8 = 1.5 221 = 20 61 = 038
PSI 721 = 0.1 234 + 05 45 + 0.1
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500 T T T T \ T T T w
| uMg-L, 56 keV HC-K, 75 keV HAI-L, 89 keV scientific reports
% Si-L, 76 keV 7
- 400+ KAl L“f() keV il i p Explore our content v Journal information v
- uFe-M, 92 keV
()
;_‘ 300+ nature > scientific reports > articles > article
&
<>
= 200 Article | Open Access | Published: 13 November 2017
§ Non-destructive elemental analysis of a
S Murchison in glass tube carbonaceous chondrite with direct current Muon
] beam at MuSIC
glass tube only
Q v K. Terada &, A. Sato, K. Ninomiya, Y. Kawashima, K. Shimomura, G. Yoshida, Y. Kawai, T. Osawa & S.
50 60 70 80 90 100  Tachibana

Energy (keV)

Scientific Reports 7, Article number: 15478 (2017) | Cite this article

EE%*E%‘JAszﬁ‘%Z?l—j‘(E) tﬁtﬂénfcxﬁxzﬁg I\}L(E) 728 Accesses | 6 Citations | 58 Altmetric | Metrics
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Current Muon Centers

1. BATEREEZZNEFRUARSFH R PSR %“}’ﬁ:ﬂ‘%ié’] g AN b T o

2. ¥ B RJ-Packe £ EISISH R IL T RRFER Fhik Fo95TR, B RGZN ZHR
Ak &, 12t 59 B, TRIEBEREFEFEITNERIRTE. mAHTH
TFTABRRTEXR, ZRERHFERRTRY T220ERLT;

3. ¥ EPSIFahn s XK TRIUMFN] Z K THERGR F g BS TR, L PPSIHiEL:
b"uff""“ T i F 69 RRIR AL R AT E R LR FH . \iy% 1R EER BT, T AR

NEFHNGHRE , NRHRXRE TEFESGHR s #it) , EEEFLS

a, ﬂﬁ R LB FRETRATEY 23 M KBRANRA , A fl $542
T EE AR 1 AFE] T KA ik
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BF LS AL T RMmER T EZHHK

PSI (590 MeV, 2000 uA, RF-50MHz)
Triumf (500 MeV, <200 yA, RF-23MHz)
MuSIC (392 MeV, 1 uA, RF?)

Table 1: Comparison of Surface Muon Facilities and Mu2e

Facility Max. (surface) p rate (Hz) Type Comments

PSI [14] 9 x 10% CW

TRIUMF [15] 2 x 108 CwW

MuSIC at Osaka [16] 108 CW

J-PARC [17] 6 x 107 pulsed

ISIS [17] 6 x 10° pulsed

HIMB at PSI [13] 1019 CW  (design goal)

Mu2e at Fermilab 10t pulsed  Not surface muons: p, =~ 40 MeV /¢
Mu2e with PIP-II 10*2 pulsed Not surface muons: p, ~ 40MeV/c

SNOWMASS21-RF0-AF0-007.pdf
2022/4/16 20225 5L F R omik fost FRAR LN A 35, AriE 38



The world’s most intense continuous muon beam

v

Graphite

dP/P = 10%, >99% polarized

o E ST ek b F I A
(Target-MTarget-E)

Thermal load ~ 70 kW @ 2.4 mA

2022/4/16

PSI High Intensity Proton Accelerator experimental areas
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dP/P = 10%, >99% polarized

590 MeV @ 140 pA

Target-1: Graphite 10 (mm) edge
cooled

DI

O
arem
10000 ™
o
o

D o0.2mA &RE %A
@ AHRIsHFA AR AR B

@ ‘I’Xéi -?‘ —:‘/é/fb Beamline Beam Characteristics Flux BeamSpot MORE
p(MeV/c) Ap/p Spin Rotation Polarisation 10s™ (h x w) cm? y/n
M15 et 29.5 2-10% 18-90° -98 2 1.2x16 n
M9A pt 295 2-10% 18-90 98% 2 15 %15 y
M9B et <70 1 0 ~90% + 10 =10 n
pt 70 1% 0-90° 70-90% 2-5 V7 %t n
- 30-80 " not measured ~90% 1.4 10 =10 n
M20 C/D pt 295 1-8% 10 - 90° >08% 06 0.5 x11 y

lower momenta possible at cost of lower rate. "estimated
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Graphite Target

Graphite Target w
392 MeV,1u(~400W @1 pnA), 60 MeV/c
3.5 T superconducting coil, rate: 108 u/s

/p LT
/‘ / Tk -
1Wx2, ' \1\/0 ¢ e
Y AN . 2
[

TWx2 )
NS B
1.5Wx2 + 1W .
SUS radiation shield | et %&@ ' V%%\, - Transport Solenoid -
\: > ‘ \ o \\\\ 2.0T with 0.04T dipole field Pion capture solenoid

SN\, " o8 2 | Max. Bsol: 3.5 T
|

O \“‘.a A IProton beam Iine|
:‘\\ \\\\\\\\\\\\\ 4£'{ —t S | | b d
g

‘E:x = = — I ——— pr— T pr—T
TN et (] p @

GM cryocooler

Beam Dump

T Graphite target

Pion Capture Solenoid
m

3.5T
Iron yoke
>
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ANNEA NN

SR performance (MuSIC)

MuSIC in 2017: upgrades of the beamline for intense muon beam with 1.1 pA
proton beam and start of uSR and new scientific programs

D. Tomono', M. Fukuda', K. Hatanaka', W. Higemoto®, M. Ieiri*, S. Kanda®, Y. Kawashima', M.K. Kubo®,
Y. Kuno?, Y. Matsuda?, T. Matsuzaki®, M. Minakawa?, Y. Miyake?, K. Miyamoto®, Y. Mori”, S. Morinobu,

Y. Morita!, T. Motoishi?, Y. Nakamura?, Y. Nakazawa®?, P.H. Nguyen?, M. Niikura®, K. Ninomiya’, R.
Nishikawa?, K. Okinaka?, S. Ohta?, T.Y. Saito®, A. Sato®, S. Seo'’, K. Shimomura®!, K. Takahisa', A.
FU" asym metry IS IOW Taniguchi’, Y. Ueno'", Y. Weichao?, M.L. Wong?, and D. Yagi'’

. (MuSIC Collaboration)
Poor performance for uSR experiment (as

compared with GPS, it has ~8x worse data >

quality !) ©

400 MeV and 1 pA £ A " ‘s

B A2 3o R A F I & 5 AL 49 muon > \ A { \ ! i
HENIHERE © | "% 4 1 #iN iBLE
Neutron heating on the SC cable is 1W — 4% g_ \ ' \ f \ | .

F 4 AAUT AR08 8 2 7 Z st R OYRLR IR

0 1000 2000 3000 4000 5000 6000 7000 8000
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ISIS Bk ¢ /& muon target

The target consists of a carbon target set at
45° andis 20 mm thick to the proton beam.
muon target takes approximately 5% of the

. |
proton beam n

PHILOSOPHICAL Muons at ISIS I
TRANSACTIONS A

A.D. Hillier!, J. S. Lord', K. Ishida® and C. Rogers' ll .
rsta.royalsocietypublishing.org |

1ISIS Pulsed Neutron and Muon Source, STFC Rutherford Appleton

Laboratory, Didcot 0X110QX, UK

f ZRIKEN Nishina Center, RIKEN, Wako, Saitama, Japan
Review Sheck o ADH, 0000-0002-2391-8581; JSL, 0000-0001-8315-482X e i
Cite this article: Hillier AD, Lord JS, Ishida K, For the last 30 years, muon experiments at ISIS
Rogers C. 2019 Muons at ISIS. Phil. Trans. R. pulsed neutron and muon facility at the Rutherford ‘ J
Soc. A377- 20180064, AP{P‘“}’"‘ Laboratory, Qxfordshxrc have becn.n_'laklvn'g = ]
http/d.doi.org/101098/rsta 2018.0064 a significant contribution to a number of scientific
AR : T fields. The muon facilities at ISIS consist of eight 1
experimental areas. The European Commission Muon C a rbo n ta rg et1 1 O mm th IC k

Accepted: 18 October 2018 facility consists of three experimental areas with a Ta ke S 2 L 3 0/0 Of th e D roto n be am

fixed momentum (28MeV 1) The RIKEN-RAL.
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ISIS /& F=CSNS R & - b 41

/&= 1. CSNS BifHiniRABtdFREEH. SOkeV 3 MeV
] H-IS RFQ S0MeV
T EEBIEE 1eV-150 MeV « £ Y il (T | g N | T wm
g oo g 8
i 3 2 1 13 = t R4MHz 324MH:z
P AR AL 16 GeV, 1.6x10° (ppp) 8 P
. i ‘\‘ '0,'
PR ES AR |25Hz - & e .,
~ -
B -
T ) T * nfem?/puls 4 — $
PFREEE chigmye |0 wem e (0m) o
7.9x%10° nfcm“/pulse (35 m ) T8 GoV 625 1A TR D)-
RHE] 432 (16V - 30 MeV)|0.2% ~ 0.9%« p - s
. } 0.53 (].EV 1 :UIEV}@' + .\'fmro.nfh‘lslnmmns # _ b .0;,,' o 0’
SRR hFEEEL. 0.40 (1MeV — 20 MeV)« S ¥ —
0.05 (20 MeV — 200 MeV)e .
. " Target station

For EMuS @ 1 Hz

3% B Bk 7P JRISIS #ymuon target T4£ & 800 MeV, 196 pA, so Hz, F #]F = £ 4 F |
A B AT EICSNShR i TR G5B H, L =468 %w’(«?—ﬁﬁﬂ"%@ISISHﬂw“l’/}?
ST AR FEN1%, (XEAHFCCNSG T, I TaFkEsFEeTAG T
ié‘]ﬁ]%o ) 2022 F- 4 F Rowig el R AR LB A w35, A3 A
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> BT R ERB ARG T R 2K G TH?)
HHGRGF R e B G TF R LR
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% 22 (CW) 8L F R 5t bbbk #F (Pulse) 8L F IR

> PulseR Bt 45 B 4%, VAISISH B, H =4 F FEHRIE/AL 04 Ms, B-FRRIE
A 0.07 Us , iR XS AL AL M F 250 Oe ShaE g xf i 6945 5. i A£CW IR (ZePSI) 1|
T YA#479.5 Teslar (95000 Oe) 7 3% 31 37,69 2L -F | & . JPARCHR 14 R A slicerz )&
T YAAeFWHM %1% %] 0.037 s (Muon Beam Slicer at J-PARC MUSE), 42 iX 5 &~
AR R RS LR (BREL-FN 045 2, N = 22w LIRIR K< 2000

Oe) .
> BT R T IERIE AN T, R EFIRRTREABHHNGTFTHEE
TN =;

> SRR TFTARNIEAILSEGRANR, mELaT ARSI FRIRTHE
15 F 32 2R EHRGEM, BEYRE TR TG, ¥
BF o3k 69 12X VAR LB R A

> BRiP RN TFEFARBEEBRATA ., IRENEFHEZERXERATRRY W,
St T # A AR e 9 F AL RAR . (ISIS—A% 230 F KgB AR, PSIRE

4
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B Fr 37 B 5T R 2R AR
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£ E SEEMS 3} X

@S: World-leading muon specfros@opabiliﬁes

%’é\’ﬁ-% "‘%j‘lj% » The world’s best muon source for performing USR experiments
not possible anywhere else.
« Fills a missing US capability that is needed by the scientific community.
« Has better resolution and 200x more flux than any existing muon source.

« Will allow for new types of experiments that are not currently possible.
v 1.4MW -» 2.8MW

* Making use of a world-class accelerator, without disrupting any
of its current missions.
* No impact on neutron scattering mission or Second Target Station, while benefiting

"T Llnac 60 Hz’ from the Proton Power Upgrade.
1GeV 26- 3g mA * This allows tfremendous cost savings by leveraging existing
infrastructure.
« Projected cost ~$142M, versus >$1B if built from green field.
%QAK RIDGE

@s very supportiveof the SEEMS project.
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»| Central control system |

600 MeV proton @ 660 PA (4 X Prons: e +{ vttty sutin |
1015 protons/s)’ 80 MHZ 5% Super"conductinglmear:“ Injector ’

accelerator (SCL3)

e ‘ Superconducting linear accelerator (SCL2)

| 1soLsystem |

= =7 X 1208 muons/s o P
Muon energy 130 MeV/c~140 —

S AR
Cyclotron
A
: A
2 LR ) u
E 11444 S
E !

MeV/c — Hgg) =2 "%

e

graphite target : __

(" Extremely low l
>
HOBR | temperature system |

\:[ Accelerating devices |:| Basic devices
2022/4/16 20225 4L F gowig fe s H KR LB R R IE, A

R generating devices

>

IF system

. Experimental devices
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> BT R EBARE T R H5EKEREITH?)

BNEE LS TRARIBL FHM
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% ZzBeamline 7T 4¢ 7h By 77 £ (1) 3 75 ¥u)

No1: f&k% 5 =
ZF, LF, wTF only

MIXE
LR TR
0.2 mA, 590 MeV

@ 140 PA (LLB A
£ X TRIUMF £ %)
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The End

Thanks for your attention!
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