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u=F(muon)BY%4zIi

. WTFER TR SR
BARTZ—, BFEFM | —
—f, BEWIRAERF Anderson, Neddermeyer
+ JRE: 105.7 MeV/c? SMRZI::LL%

b3 E };E = 1/2 mass - =23 MaVic? 1.275 GeVic* =173.07 GeVic? =126 GeVic*
. BREA: -1 T L - @ |
- ’1:% . 2.9 us up charm gluon_J bc;son
. RRF: "9 9" @
o Ca |teC h E/\] C. D : An d erson ﬂ% down strange bottom photon_}
S.Neddermeyerff 19365F - o (w).: © [ @ .
s o i > - st 2
\ \ electron muon tau Z boson @)
AT FHITLPHILT )3
\ ’ > AS E A 7 wn =2.2 eVie? <017 MeV/ic? <15.5 MeVic* 80.4 GeVic? m
(éHTJ-]’AngJ:.JI J mu E ?rz vg 12 DE ?,2 v} ' g
meson) i s i, | notitno J (wosen | 3



wFHY = HLH

RANGE IN
CARBON
Primary cosmic rays TeV |- ! ! I I | | I | | ! (m)
R - 1000.1 km
o DECAY MUON
u T
~, /
GeV |~ ’ ‘l
-*
COSMIC-RAY

> L SURFACE . -3
O MUON MUON 107" mm
T Mev |-
prd u
- - 10°° um

B ACCELERATOR

keV |~ / MUCN
~  ULTRASLOW MUON
eV I I I 1 1 1 1 1 1 1
108 1074 1 104 108

?E%M?sz‘t‘. 200 /I\/(mz - S) MUON INTENSITY [u/(0.1E - cm?2 - s)]

B4 (] FE280MeV)

Pion (m)

e A (BIE600MeV)

Proton (p) z
utron (n) Neutrigd (v)

l/? Proton (p)

7 Kaon (K)

p+p —> +p+n

Anti Proton (p)
26 ns
Qn (n) L -|— -|- _|_( )
TSR B A T 4 T —H T
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CERN (1959-77)

+ ug-2E

« ¥%&: BNL (1997-2001)

NFI] (Meson factories) B (19704FE4X)
+ PSI (SIN) . LAMPF, TRIUMF

* TORZEAUSR L%

uSRNM A2 F R (1980F1K)

+ PSI. TRIUMF. LBNL. LAMPF. KEK/MSL

=R EZ TR (1990FKLUE)
« ZFRNA: PSI, ISIS, TRIUMF, J-PARC/MUSE, MuSIC
« RIFHIFE: PSI. J-PARC/COMET. Fermilab/Muon Campus
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BMeVLL ERIRFRITEE S, T, B ERuFRSZESRAIIER
(RADIR=RARGEE*RNAE) HINEREE L.

Energy Carbon or Neutri

SR Muon Facilities around the World
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(SHMEART, FHEN)

' £ J
0.,
There are plansat RAON (Korea)
and CSNS(China).
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EERIANROPE: IRINR[FXBIF X, MM
HIUSRIZ AR A —1F .

HELAERE: FEETERANTHRRRIN
A GRERFR) ; E3BNEREEREuR
R, BRIFERIERH

WE RS : B4 LERTuRENBRIE;
s e an s R EATE oy B AL P s A gl
smfginh, WEIRESZELDILBRE.
BusR: F£27£0.5-30 keV3EFE GEE AT,
MR FEIRM B A RIEE B

PSl target E (rotating, 40mn

Moderator

2|,

7N
<_\/)



uFIRIIEIZERE N

» DRELFRENFEMZERNBAAEAEEEER
» DTHYIE: pFIEA—IMEERNT, SMERNLTFIEEN F
B AR FPIEEEERLERE
» WEBETHERNEEE: BFRERFSELR (Mu2e, COMET,
MEG) , %Hug—Q/EDM SCid
« PRFI] : PRFIRHREMAR
x SBFXIHEN: KRR FYIBREERNENR

“Signal”
»

Ee = Ey = 52.8 MeV ‘ é
+ e — 8., = 180° /
LB VAR

ey = O )
u

U —>e +tv.+v, J

Fermilab: Mu2e experiment

B, = 28MeV/c
I, = 3 x 107 u* stopped/s
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» ZERINA: pFRMEHRMR GREWRMLZEL100%) BidiEnuE Enes.
& A HEIRIEAR (u Spin Rotation, Relaxation and Resonance, {&#RuSREY
ARN) AL SZHARARI ZZHMIRME (S, @EFEE) F54E (5
M NF) Fr2EMNEE RS, 8lTE. M. KFNEY
3 E BV S .

Neutron scattering

Mossbauer -

_ ac susceptibilty

uSR is a collection of methods that uses the - remanence
muon spin to look at structural and dynamical
processes in the bulk of a material on an

atomic scale. 0 ) 4 6 .8 10 42
log (relaxation time),s




USRI NI

e u%ﬁﬁ’lﬁ
« SIEART, FREA (19574, FHE
MiAHRT)
+ Columbia U.BYGarwinZF KB T n/u=RT /A
SEWUE T FARATIE, HIENUSRMA
+ USRFZAN
x FREINUSR: ~100%R 1L
« FNEE: 4.1 MeV (29.8 MeVic)
R ETFE: 180 mg/cm?
=IRRET L Gte+: 0~52.8 MeV
FHFHESAST: W(0) =1+ acos(0)
RERSNRTURMEEREAIBURESE
REFHI N
«+ BAEIRBERIUSRIEN, HRAEIBIDREF!

% LRI

Schematic of a transverse field (TF) uSR setup.

EMETHprMAZY-, FIE~HES, MEEEZRRETFZER o



Muon Science | Basic Science | Interdisdplinary | Application

uCatalyzed Fusion | Noninvasive Analysis

Chemistry Biophysics Beam Technology

Particle Physics Industrial Application

Science and technology based on muon sources
(Courtesy: J-PARC/MUSE)
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T PSIZFRIEE-SUS

590MeV/1.3MW Jii -

* ﬁ;%:i 3MW-590MeVH] &
iRz ([BIFE, CWERR)

» 27THRAI CE” # (MAIE)
TRBRE%

+ LIWSRNMAAZE, BREIETHRE
ZNNEZ %WE%MHL%, BiE
MEGZFAIMu3e(nED)

MEG and Mu3e will share he same beam-line Mu3e
can easily switch between the two experiments

nES5 beamline




PSI-HIMB
(High-Intensity Muon Beam)

» JFTarget M (CEHEFE: 5mm) & ATargetH (FZE: 20mm)

x» 2FREBE-ETHSBELE, K210 ws, 57 3IARSuSRFIHL
FHIIB LI

Central access “courtyard”
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JNIEZAXTRIUMF/CMMS

RENZFIRZ—
(FRFR: 500 MeV,
70kW)

DCEUR R
a1t=uSRM ARY
FEZTIR
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MUSE &Material and Life Facility
(MLF)XHJ—&R5T, Z— 1 ElHT
FilEJSNS

FIFH AMW-3GeV (RCS)HI RF R

WAESE (20 mm) , 4%EE
TR%Z%, %Rig, ﬁv\Wl\EXL

x SZk: FRMEAZB TR

+ DZk: EETETR

« UZ: REE2F=R

+ HZ: B2 FF

M FSEEFE: uSR. Muonic X-ray

MR FIE (8FEug-2. EDM,

DeeMe) %5,
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ZNJ-PARC/MUSEZ ¥R

MLF Ex erlmental HaIINo 1
. ? |p(East Wing)

w
Y H-Line,
O = "2° High Momentum
S-Line, s2 Muon Beam Line

Surface Muon Beam Line

H1
s3 !

51 ..% S-Septum

{11
B

_— S-Separa

[ Muon target ‘

/MKH -Solenoid Magne
3GeV Proton M1 tunnel & M2 tunnel

H A

o= ~—=>Neutron Source
Beam from RCS MIC U- Sol 0id Magnef h
M1,M2 air circulation systems !
(3NBT LIHE) Supe onducﬂngB =
SP =| Superconducting
1 | Decay Solenoid Magnet
S e / i
< \\ g rconductings?. |
\ S5 ._;:ulr ., : D—Sep' arator
3 = &ﬁ ' D-Line,
U-Line, | wsal ﬁ Decay/Surface
Ultra Slow Muon Beam Line
Muon Beam Line D2



HAAIRAZRCNP/MuSIC

DC Muon Beam Line @RCNP

» RN THIFES(ZIREE vusicu
ZENAmMEIRR, 1EA
COMETHY R HEFZ AN T A o

» BIFRAEGT: 400 MeV, 1 ~
uA (EIREIRIERES, CWHRIR) O{!;g.
« EREMT BRETRE, T
A] LAFF B uSRFIMuonic X-ray
F R FH

eV —ae

WSS Beam Line
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+ FFHCSNS-Il 500kWEREF 3R
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1.25/2.5 Hz) , 9 MERE
W E 1‘**’“% 2,
8520074, HREITH%R
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SNSZFIR (Fix!)

+ SEEMS facility: FIFISNS H-BEZ&INEXZ RS FBHRFR
i, 1.33 GeV - JLKW - 60 Hz

x JEANUSRZ IR S aeP FEIB R GSH BN FRN)

-

-

.

AT N
; : Second Target
Accumulator ;{ ] 3 . Station (future)

N

\ S > v

\ > 4
. 5
M

|11 MuON saMpLE
AREAS 1 &2

Figure 2. Overhead schematic showing the potential layout of the combined pSR/SEE facility.
Come shielding and beamline------components have been omitted for clarity.
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EEFNALBRES

+ FNALIE1% T Muon campus,

HEANZ LW, oAl

Mu2eflu g-2, 5&=MBNL

L FESUP =0

+ F|FBoosterRi#(8GeV), 1
M E SR T IR R,
1,\]4 g'27’<3_t CU=4)
« EEASERRSCIY, HIEALIEE

Z2HTH

+ [E11EF| FH EBooster/R TRt
(85|H, 8kwW) , FIHE
HBSIREE WE’JQ’“?EE 1&
ITuefHpNE (&
SM) (i)
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e, ' J-PARC Facmty

AJ-PARC/COMET TGy = 2rs

Syﬁ‘chrotron -2
rj‘_guﬂiu-iu;.ngé

(to K(amloka) w N

(KEK/JAEA)

"

» BIEB¥R: ue%ﬁ;’—q_u
05 1F 8 i SMAY SEIG UF HE
(EMu2eEf#E=%F)

+ COMET{LFiEFSLI[X,
FIF8GeV (MR)HI RF 3k
x COMET-lI: 3.2 kW
x COMET-II: 56 kW
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+ Adding an H- beam (2.5GeV/5MW) to the ESS linac

(proton, 2.0 GeV, 5 MW, 14 Hz)

* Accumulator ring and beam lines

*+ ESSNnuSB for neutrino oscillation experiments

x Muon beam for muon collider R&D

ET
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huSTORM

(Neutrino from stored muons)

+ Science goals:
* Neutrino-nucleus scattering study (serving T2HK, DUNE, etc)

x Search for physics beyond SM using the neutrino beam and
state-of-the-art magnetized detector

x Serve for R&D of muon accelerators

-+ 4
6D cooling demonstrator

Using the SPS beam @CERN, <
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+ Muon collider as an option of future energy-frontier
colliders, since late 1990
+ Hot topic in the current Snowmass21
* International efforts - IMCC (host: CERN)
x Staged options: 3 TeV, 10 TeV, 14 TeV
+ Low-energy MC (125 GeV): Higgs factory 7~

’
[
n
. , - Muon Collider Accelerator
I M CC ulInjector H S 10TV Cold Ring =
. ~10km ci
MC Schematic + m circunference :
. ey, ﬂ ’
...................................................... &

U

4 GeV Target, mDecay pCooling  Low Energy !
Proton & pBunching Channel  puAcceleration

MAP: Muon Collider (2013) :._soure.. e

.....................................................................

Proton Driver Front End Cooling Acceleration

f,
L T { .
TR bp O
9 5 5 & gl 2|£ ¢ w
E = § £ |Ses 23|88
5 = c -g w50 3 2|0 o 9
Q £ S o ga—'>_m vlm vV O
o 3 O |59wm ol & o [a
[v] QT T |2 o 3
S O © c|le ¥ o © Accelerators:
< g a o= j:L‘: Linacs, RLA or FFAG, RCS




FermilabZF3J3EH 152

+ Study since 1990s

+ Muon Acceleration Program (MAP) supported design and R&D
* Stopped in 2013 by the then P5 decision

+ Currently as one of the site filler options

» Proton Source
* PIP-llI>target
»u Cooling

> Linac + RLA - 65 GeV

»RCS 1and 2 - 1000 GeV
» Tevatron-size

»>RCS3 > 5TeV
« Site filler accelerator

10 TeV collider

Collider Ring ~10 km
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Issues Status Diktys Stratakis

*  2-4-MW Targets Dedicated test facility is needed

* High Field (20 T), Large Bore Capture Detailed engineering for capture
Solenoid solenoid needed

Current designs handle energy deposition
Front End * Energy Deposition in FE Components E A

NC RF inside multi-Tesla field *« 50 MV/m @ 3T, more tests are needed

Cooling High field needs (¥14 T), 4D (Y30 T) <+ Detailed engineering is needed
6D cooling by 6 orders magnitude + Lattice designs promising; not complete

* Ramping System (Y1000 T/s} * Magnet development for TeV-scale needed

Acceleration -+ Self-Consistent Design » Self-consistent designs only up to 125 GeV
* Beam loading * Numerical and experimental studies needed

» Self-consistent design » Self-consistent lattices only up to 3 TeV
Collider Ring » High Energy Neutrino Radiation + Neutrino flux mitigation system needed
* 15 cm bore, 16 T arc dipoles » Large bore, high field magnets needed

Backgrounds from m Decays * Further design work required for multi-TeV

MDI/Detector IR Shielding * Initial physics studies at 1.5 TeV promising
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(Muon lonization Cooling Experiment)
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MC Plan: A Technically Limited Timeline

“C QC S . ~

E Technically limited timeline
s £ r—
S 2 Initial design
S g Facility Conceptual
3s Design
A Technical
g ¥ g Design
0 @2 Facility Construction
‘g Demonstrator
> g design
= 2 Preparatory work
o ®©
(O Na) Prototypes Demonstrator
Construction
Demonstrator
o
g Design and modelling
s | Prototypes I
Pre-series
Production
Cost and Performance Ready to Ready to Ready to
Estimation Commit Construct Operate
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