Acceleration of Positive Muon and Precision
Measurement of Muon Dipole Moments at J-PARC

October 2, 2024
Tsutomu Mibe (KEK)



History of accelerator technology
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Anomalous magnetic moment : g-2 4

The most precisely calculated physical quantity to date
~

Strength of the magnet (g-2) is
determined by ALL particles and
interactions

S

)

EM force —I— Strong —I—

ﬂ force
- WZ | New force
Theoretical prediction idle New particles
g_2 123456789 -~ ﬂ?

—— = 0.00116591810(43)

uncertainty 4 parts in 10’



Breakdown of g-2 contributions 5

/Quantum electro dynamics (QED) electron g-2, atomic spectroscopy

-

Guantum Chromo Dynam@ /Weak interaction (EW) \
(QCD) muon g-2 muon g-2
@CERN(1970’s™) ¢ @BNL (1990's~)




Muon g-2 theory initiative 6

An initiative formed in 2017 by a group of experts on muon g-2 theory
towards the precision prediction of muon g-2

Seventh workshop at KEK
(Sep 9-13, 2024)

https://conference-indico.kek.jp/event/257/

Thank you very much for many participants from
Liverpool!

7th Plenary Workshop of the Muon g—2 Theory Initiative
September 9-13, 2024 @ KEK, Tsukuba, Japan

https: / /con

ference-indico.kek.jp event



https://conference-indico.kek.jp/event/257/

Standard model theory prediction v,
IS work in progress

BMWoc + DHMZ, arXiv:2407.10913

I I I I I I I I I
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Experimental avg. —A&—
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See review slides by Martin Hoferichter in Exploring BSM physics with muons (Sep. 30, 2024)


https://conference-indico.kek.jp/event/268/contributions/5572/attachments/3771/5189/Talk_hoferichter%20Martin%20Hoferichter.pdf

Status of muon g-2 8

There will be lots of inputs to come on SM predictions.
Check out slides : https://conference-indico.kek.jp/event/257/

White paper will be updated before the FNAL final result (early 2025)

- BNL
White ' (2006)
Paper } @ .
(2020) FNAL
? ' R ! (2021) a0 porty,

Currently, under scrutiny

by new e*e  data and lattice QCD FNAL rhys. Rev. Lett. 131,
Y Q —— (2023 161802 0033

e I ® . J-PARC
' " (projection)

?

1 | 1 | | I | | 1 1 1 | 1 1 | 1 | I 1 | 1 1
17 17.5 18 18.5 19 19.5 20 20.5 21 21.5 22
muong-2 4 x10°- 1165900

J-PARC will independently test BNL+FNAL results.



https://conference-indico.kek.jp/event/257/

School on muon dipole moments 9

Simon Eidelman School on

Muon Dipole
Moments

and
Hadronic
Effects

supported by Wilhelm and Else Heraeus Foundation

Sep 2nd-6th 2024
KMI, Nagoya University, Japan

s Web = https://indico.kmi.nagoya-u.ac.jp/event/8/
[=]: contact = muonschool24_contact@hepl.phys.nagoya-u.ac.jp

Topics & Lecturer

Muon magnetic moment: Experiment

Anna Driutti (Pisa)

Muon magnetic moment: Theory

Martin Hoferichter (Bern)

Data input to hadronic vacuum polarization
Zhiging Zhang (1JCLab)

Lattice QCD: Hadronic vacuum polarization
Aida El-Khadra (UIUC)

Lattice QCD: Light-by-light

Harvey Meyer (Mainz)

Hadronic light-by-light: Phenomenology
Franziska Hagelstein (Mainz)

Hadronic light-by-light: Data input

Andrzej Kupsc (NCBJ/Uppsala)

New physics contributions
Kei Yamamoto (Hiroshima Tech)

Detector technology
Paula Collins (CERN)
Accelerator technology
Mika Masuzawa (KEK)
Precision measurements
Fan Xin (Northwestern)

Monte Carlo generators
Yannick Ulrich (Durham)

Scientific organizers

Achim Denig (Maintz), Boris Shwartz (BINP), Gilberto Colangelo (Bern),
Jim Libby (Indian Inst. Tech. Madras), Kenji Inami (Nagoya),
Toru lijima (Nagoya, Chair), Tsutomu Mibe (KEK)

Local organizers

Kazuhito Suzuki (Nagoya), Kazumichi Sumi (Nagoya), Kenji Inami (Nagoya),
Masato Kimura (KEK), Seiso Fukumura (Niigata), Toru lijima (Nagoya),
Tsutomu Mibe (KEK), Yuki Sue (Nagoya)

Kobayashi-Maskawa Institute =
[ for the Origin of ? FlapP

KM Particles and the Universe ivorPhpics ot eseath o

jH ﬁ}[ ﬁ WILHELM UND ELSE

K A K EMNH.I HERAEUS'STIFTUNG ‘i

22KI1347, 27K21347, 22631350



School on muon dipole moments




Experimental steps 11

1. Prepare a polarized muon 4_@_>‘
beam.

spin 0 spin <~

neutrmo left handed
helicity : -1 helicity : - 1

2. Store in a magnetic field /\

(muon’s spin precesses) B

- ~~
- ~

- ~~
-

3. Measure decay positron

@ spin B



muon g-2 and EDM measurements 12

viomentum —>

In uniform magnetic field, muon spin rotates ahead of momentum
duetog-2#0

Spin precession vector w.rt momentum :

. el = 1 \BxE N E
———|aB-|a, — B+—
0 m{aﬂ (aﬂ 7 _J - 2 [,Bx + - ﬂ

e

g-2 precession g-2 precession in .
in B-field motional B-field EDM precession
BNL/FNAL approach J-PARC approach
y=30 (P=3 GeV/c) E=o0atanyy
. el = . - F . e
m 2 C m

BNL & FNAL E989 J-PARC E34
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FNAL E989 experiment (2018- 2023) Sy

i e ) ST b Its expected in 2025
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Independent test of muon g-2 :

New experiment at J-PARC

Muon storage orbli

e+ tracking

detector

B

1 _ ~ Smaller than
BNL/FNAL

b

=
L

N
0
o
o
3
3

15



Conventional muon beam 16

proton v ut ®

® e emittance
—0 ® ® ~1000t mm mrad
°® o
pion decay - Strong focusing
production Muon loss
BG 1t contamination

Source of systematic
uncertainties




Muon beam at J-PARC 17

roton N * .
P e emittance
® ~1000t mm ~mrad
pion decay @ Stronglfocusing
production Muon loss o
BG 1t contamination
8 Source of systematic
@) uncertainties
=
0q ut .
» emittance

= Imtmm - mrad
ReaCCEIQratEd Free from any of these

thermal muon

L—H—H A FREEEAL—Y—
RRBR@BILFHRA(E31)




J-PARC muon g-2/EDM experiment 18

J-PARC MLF

Prog. Theor. Exp. Phys. 2019, 053C02

Features:

* Low emittance muon beam (1/1000)
* No strong focusing (1/1000) & good injection eff. (x10)
« Compact storage ring (1/20)

The only experiment to check FNAL/BNL g-2 results

Excellent sensitivity to muon EDM about 100 times better than the
previous limit (sensitivity : 1.5 E-21 ecm)



Very weak magnetic focusing 19

* FNAL/BNL g-2 exps use electric weak Weak focusing B-field
focusing (n ~0.1) B, — _n%Z,
* We adopt Very weak magnetic focusing B, = B, — n’%(r —R) + nf}‘é%

* Bill Morse, Yannis Semertizdis (2010)
* Field index n = 1E-4 (1ppm/cm)

* Vertical position of muon beam will be self- 0

06— —r= 32T mm

adjusted to find B, = 0 - | — 1= s50mm

->» no systematics associated with B, _ "”\
m | / /
* Also very powerful to suppress the “pitch N / /F
effect” on g-2 (~10 ppb). i -‘

B, [T]

dial

ra

C |
04— f

|
- |
06— |
_IIII|IIJII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
-500 -400 -300 -200 -100 O 100 200 300 400 500

. .. z [mm]
Vertical position




Acceleration of thermal muons 20

surface muon thermal muon accelerated muon
E 4 MeV 30 meV 2172 MeV
P 30 MeV/c 2.3 keV/c 300 MeV/c
Ap/p 0.05 0.4 4x10-4
Mu
\ (u'He-) —————— _
B B < S
= TT=ITee T - .. >
n /;_-\:‘ ~----ee — = -z e
L —Y - | + -
i R
H-line Mu production Electrodes(Soa) LINAC
target
lonization Laser |, s ZS,,,‘»és,;m
Muonium : a bound state of u*and e I
S g e



Muon cooling

A

Silica aerogel ith
laser-ablated holes
(Si0,, 30 mg/cc)

i.

Muonium (ute-)
30 meV (after cooling)

Electron will be removed by
Laser resonant ionization by |rrad|at|ng
Laser beam (122nm+355nm)

Muon
Beam Region 1
4 MeV 10 <z <20 (mm)

O JINIT AL
® /NI HY

|
|
|
|
|
|
|
(before cooling I
|

4 _ 6 8
Time (us)

Experiments at TRIUMF
(2011, 2013, 2018)



The collaboration

Tamaki Yoshioka 114 members from Canada, China, Czech, Franc2 2
= (Kyushu) India, Japan, Korea, Netherlands, Russia, USA
Collaboration board (CB) *:I .
Chair: Seonho Choi 2024.3 Shanghai Jiao Tong
University

| versi PP : [ ]
\\ Executive board (EB) 2024.6 lwate University /. ,\
‘ Spokesperson: T. Mibe N I
‘ Subgroups Interface coordinators Committees

X

Surface muon beam Speakers committee

leader: T. Yamazaki, N. Kawamura

chair: K.Ishida, y. sato

Domestic institutes -

Sublicat . ..

| Cﬁ’;}?g"gﬂ vsgrt";m'“ee Kyushu, Nagoya, Tohoku, Niigata, Toyama
C, Tokyo, Ibaraki, RIKEN, JAEA, etc.

KEK: IPNS, IMSS, ACC, CRY, MEC, CRC

Ultra-slow muon
leader: K. Ishida

LINAC Working groups

leader: M. Otani

physics analysis

T.Yamanaka, S. Ogawa

Injection and storage

leader: H. linuma
[

Storage magnet, field measurements

leader: K. Sasaki‘

Detector

leader: T. Yoshiol‘<a

DAQ and computing
leader: Y. Sato

\

Analysis
leader: T. Yamanaka




' 4 LINAC ‘ Beam power IMW
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Demonstration of cooling and acceleration

Demonstration of this part at S2 area



Muon cooling demonstration 26
/ J-PARC S2 area

E

O >
e QOQ o @ =
QE& o ::l—‘l:‘)!‘l)ium % @

@ @ .4

4 MeV o
@

N o] ,-5:: - = it
’ ' Laser ablated silica aerogel



Muon cooling demonstration

27

A .
@ ,,
” ® Bt Electrostatic , Magnetic
@ e . Electric bend

o o % n@- acceleration (energy filter) bend =» MCP

@@ @ (]_O kV) gy (momentum filter)

4 MeV@ @ @ | 130 meV
e N .7
= 244 nm \L;
Surface Laser injection Signal of
: : J ¥ 4 x 103 / pulse
muon arrival time Cold muon
n hTimeCPK
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Experimental setup

Cooling Acceleration

30 meV 100 keV Diagnosis
Deflectors RFQ

B 1973 mm

Photodiode

Diagnostics line

Mirror
Incoming
+ 0
muon H
4 MeV

C=—T—1"]

i

RF coupler \
Incoming muon

RFQ acceptance
beam profile (data) (simulation)

gzz_ RF frequency: 324 MHz
= sob RF power: 2.6 kW

3 of % RF pulse width: 40 us

” 50k Acceleration energy: 100 keV
-100f  e¢=1m mm mrad
-150

-15-10 5 0 5 10 15
X (mm)




Simulation

Incoming surface muon

0.2

459

S

40

~

S
35E

30 Y
w
25 2
20 1]
15

10

ex =170 T mm mrad

0.1

X [mm]

(&)
o

— N w N
o o o o
Entries [/2mm/8mrad]

o

y [mm]

cooling
by ~10-3

After acceleration

100

80
60
40
20

0
20
-40
-60
-80

~100~:

Ex

X' [mrad]

=0

27 T mm mra

"a

d

100

T I I I
-10 -8 6 4 2 0 2 4 6 8

X [mm]

- II\‘\H‘H\‘\H‘H\‘II\‘H\‘H\‘

y' [mrad]
o

v & = 0.15 7 mm mrad

oy \H‘\\\'\\I‘\I\‘H\'HI‘\I\‘H\‘\H‘\

Entries [/0.2mm/2mrad]

400
350
300
250

Entries [/0.2mm/2mrad]



Experimental setup: Source & RFQ

Diagnosis RFQ (90kev ¢ 5.7kev) deflector (x,y,x’,y’ tuning)
(Q doublet, Dipole, MCP)

Extraction (5.7 keV < 30 meV)

S

Muonium production
(30 meV Mu< 4 MeV)

Surface
muon

beam
4 MeV



Experimental setup: Dlagn03|s
 a—




Results: time of flight

Acc. u
On Target Pen. u Laser (0-99 keV)

le-5 v v v v

~ = RFQ On / On-Resonance |
4" mm RFQ On / Off-Resonance | 2x1073 /pulse

I : : - "* (consistent with

i “ RFQ Of.:f/ On-Resonance || ~100% acceleration
3_— efficiency)

Hits [pulse™! ns~1]
N
[

=
T I T T T T

B $ 'v I 37 3/ . v v ? P_ vy 1 '1 N v, v, vy "v $
0 0 500 1000 1500 2000 2500 3000
Time [ns]



Results: beam emittance: Q-scan 33

Quadrupole s °= Ja(K —b)?+¢
X1 X
(xr1) (x’z) \/
:K
q_[h L s=g
Stronger
Focusing
(vertical)
''''''''' 2 S — 8 I S B N 2
= 0.7 T/m »16T/m |  22.0T/m
- 10_— ) Ng 10- ] :‘“E 10j ‘ . <
E o [l TS E | £ E | E
> P 8 £ O wrelifEhh-- tg = ° - '8
L ' . E = ] e > i %
—10F . w _10- Z 7] _10- L
—20F o0l S 1 ool
20 o o0 10 20 © S 7 S 0 ! | ' ! 0

[ . s
-20 -10 0 10 20



Results: beam emittance: Q-scan 34

rms, squared [mm?]

50

40

horizontal vertical

T T T T T T T
[, | [ [ [ _l LSS L LN R LN B R B L B B B B N B B B L BN B T B B
- . -
- - 5 I
iy - ) ! -
L . _ [} ;
. - ) -
. — . '
. — [ ' —
- s - | v ' .
| N
— 3 - - -
+ g
— . -1 - ) -
.
- . ~ Ky - 5 . -
s .
s — — [ ’ —
S - * 5
— . D - . K -
0 .
- . B - - " ' .
(X # . 1
— 0y P 1 — \ ! -
N ’ - [
. . - 4 ) . -
. ’ . .
. - — s . —

30F
20F
10F

oF

rms, squared [mm-]

. . - d
. . — . —
. ’
. R - - , _
’
b . — - v -
. - ’
. — - . —
N ] .
- — ’ —
.
~ — - -
-,

O 1 1

1 1 I 1 1 1 I 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1
0.2 04 0.6 0.8 1 1.2 1.1 -1 0.9 -0.8 07 0.6 0.5
quadrupole current [, [A] quadrupole current 1, [A]

ex = 0.85 +0.25(stat) "22%-0.13(syst) [T mm mrad]
gy = 0.32 +0.03(stat) *2%-g.02 (syst) [TT mm mrad]

Emittance reduction by ~10-3
The birth of low-emittance muon beam



Next step: Acceleration to 4 MeV 35
H2 area _‘ - FY.2025-201‘26

b“ - ICooling Acceleration by RFQ Acceleration by IH-DTL '..v";_ N ’.'v.;
~ (30 meV) (5 keVv > 0.34 MeV) (0.34>4.3 MeV) x ¥
Muon \ v.'..;... ~
(4 MeV) 4 R
2(m)
Mu production chamber J-PARC LINAC IH-DTL Scale
(available) RFQ (available) (fabricated and evaluated in FY2022)

Currently, the cavity is Iocated at J-PARC LINAC




Further acceleration to 210 MeV 36

Disk And Washer (DAW) |
(from 4 MeV to 40 MeV) Disk Load Structure (DLS) (from 40 MeV to 210 MeV)



37

Start-to-end simulation

Simulated beam in the muon LINAC

Y. Takeuchi

-2
c———— =
/ 4
F‘ wn
n -, 1=
% |
= 8
/.
/‘
: |
N -8
L N
I S
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]
25
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20

5
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Start-to-end simulation 38

Simulated beam in the muon LINAC
Y. Takeuchi

|IH] | DAW |— x | | DLS
MEBT1 | MEBT2 | = MEBT3

e
0

D)

0.45

o
'S

|

|

0.25 PE P S it R [y
| | | |

| N |

l |

I |

| |

emittance [ deg MeV]
o o ;
N w
o_HH{HH‘HH[HHII“E_LLHW]H‘Hllé”

0.15

RMS normalized

°
-

0.05

Transverse ¥

30 15 20 25 30 3B

o

L [m]

0.05

2

0.04

3

= IIHIIIH[Hllllllll]lll]llll’IHI’HH|HHIHH

0.03
0.025
0.02
0.015

at 324 MHz [ deg MeV]

RMS emittance

0.01

3

Longitudinal
.10 ll‘115‘lll2[0l“l215ll .30..1135..,‘401
L [m]

o



Muon storage magnet and detector 39

Calculated average fleld unlformlty

— 80=
&
£E
N
40 [
A
0t
N :-'jﬁ' -
O -40 3‘111"'3
= = ‘ { i
o i W o ',,j}:
3 2»5» ppb/llne
290 310 330

FNAL Run 1 pra 103, 042208 (2021)

e+ tracking '8
detector v
- A ‘\> -0.5
B= 3 T 666 mm 1.0

M. Abe et. al., NIM A 890, 51 (2018)




Positron tracking detector 40

Test with

prototype boards

IEEE, TNS 67, 2089 (2020)
JINST 15 P04027 (2020)



Intended schedule a1

2017-52021 ' 202252025 |4, 20253202

-line ©Xperimentg) bldg.

)
[ J MEXT funding |

Bldg. &

facility relocation  engineering Construction
design

I I | | Hlstory

source % cooling @S2 cooling@H2 %

LINAC, UNAC X80 keV@S?2 *4.3 Me@H2 2009 proposal
storage I I S 2015 TDR

Storage procuremer t Installation % .
2016 IPNS focused review

pmoaSgl:r:tr:ct;;‘lclze; t . 2016 SAC (priority #3)
gnitors 2019 KEK-IPNS stage-2, KEK-IMSS stage-2
] V— ’
2024 MEXT funding (construction)

Source,




Muon acceleration and future colliders

KEK IPNS workshop, Nov. 2, 2023 “+ H- or H+e-
https://kds.kek.jp/event/48168/ |

N

R. Kitano

uTRISTAN

Dreaming is free.

Proton LINAC (500 MeV)
Ve RCS:3 GeV x 6.6 pC x 2-bunch x 50 Hz = 2 MW

Pion production ring:
100 nC/n/(£IEp=75[MeV](10mm))
MPression y >_bunch x 40-turns x 50 Hz
(6.6uC x 2-bunch x 75 MeV x 40-turns x 50 Hz = 2 MW)
Booster ring (up to 1 TeV)
Target

1 TeV x (7.2nC=>3.6nC)/p x 40 bunch x 50Hz
=9 MW

e-

Triple ring

30 GeV muon LINAC ~ 3 km
R=1km (B =3 T max)

16 turns ~ 700us
' I + 30 GeV muon LINAC ~ 3 km

1) 3 km Main ring T, = 20 ms (2000 turns)
piut 11 TeV, 2.2 nCx 1 TeV,2.2 nC x 20bunch
p*e 1 1TeV, 2.2 nC x 30 GeV,10 nC x 40bunch

Fig. 1. Conceptual design of the p*e~/pu*pu* collider.
Prog Theor Exp Phys (2022)



https://doi.org/10.1093/ptep/ptac05

Comparison of muon beam phase space
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More in the cern courier article (July 5, 2024)

We are open to any possible applications of this
technology in the future

technology and use.

International Muon
3 +e— or + 0+ collider! Collider study leader
H HH Daniel Schulte
(CERN)

Ryuichiro Kitano The annihilations of the initial particles into a &
(KEK) photon and/or a Z boson, or a Higgs boson are ‘

absent for a p*e™ or utut collider.

[ This will profit the development of muon-beam

NS J
~N M. N
John Ellis
what do you say? ) (CERN/KCL)



https://cerncourier.com/a/muons-cooled-and-accelerated-in-japan/

Transmission muon microscope 45
=3 =3 M

Slide by Y. Nagatani

Living cell

Transmission Transmission
image (slice) image (bulk)

Transmission image (bulk)

Reconstructed 3D image



Drive-thru cargo scanning
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Proposal approved in JST K-program (2024-2029)

Detection of heavy materials (nuclear fuel, weapon, etc)

with muon transmission image
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History of accelerator technology
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Summary 48

* A new experiment to measure muon g-2 and EDM is under preparation.
* Cooling & acceleration of positive muon
* Compact storage ring

e April 2024, we succeeded in the first ever demonstration of muon acceleration.

* Construction of the experiment is in progress. Expected year of data taking from
2028.

* Wide range of applications are anticipated.

/\-.\\ e a acceleration storage

& measurement



Systematic uncertainties on EDM

T. Yoshioka, T. Yamanaka

Table 7: Summary of systematic uncertainties on the EDM measurement

Uncertainty source

EDM 10~! [e-cm]

Remarks on this experiment

Detector misalignment 0.36

Estimate based on laser alignment monitor sys-
tem. Corresponds to ¢-axis rotation of 3.6 urad.

Axial E field 0.001 E,=1mV/cm is assumed.

Radial B field 0.00001 E, =1 mV/cm causes a shift of z position and
it becomes B, ~ 3.5 x 10710 T.

Total 0.36

Detector misalignment

_)
Spin axis rotation w,rl
by u-EDM
— —
4 &/ |wa

Indistinguishable

¥

Detector 3
| rotation i

Weak focusing B-field

=]

B, [T]

06 —r= 327Tmm

—r= 330 mm
04 —r= 333mm

—r= 336 mm

—r= 339mm

I|III|III|III|III|III|III|Iﬁ

I Y T T O T A |
-500 400 -300 -200 -100 D

' NI A A W
100 200 300 400 500

Z [mm]



Comparison of g-2 experiments 50

Prog. Theor. Exp. Phys. 2019, 053C02 (2019)

BNL-E821 Fermilab-E989 Our experiment

Muon momentum 3.09 GeV/c 300 MeV/c
Lorentz y 293 3
Polarization 100% 50%
Storage field B=145T B=30T
Focusing field Electric quadrupole Very weak magnetic
Cyclotron period 149 ns 7.4 ns
Spin precession period 4.37 s 2.11 pus
Number of detected e™ 5.0x10° 1.6x 10" 5.7 x 10!
Number of detected e~ 3.6x10° - ~
a, precision (stat.) 460 ppb 100 ppb 450 ppb

(syst.) 280 ppb 100 ppb <70 ppb
EDM precision (stat.) 0.2 x 107" e-cm — 1.5x 107% e-cm

(syst.) 09 x 107" e-cm - 0.36 x 1072 e-cm

Completed Running In preparation



Expected uncertainties

Estimation
Total number of muons in the storage magnet | 5.2 x 1012
Total number of positrons 0.57 x 102
Effective analyzing power 0.42
Statistical uncertainty on w, [ppb] 450
Statistical uncertainty on w, |ppb] 100
Uuncertainties on a, |ppb] 460 (stat.)

< 70 (syst.)
Uncertainties on EDM [1072! e-cm)] 1.4 (stat.)

0.36 (syst.)

Prog. Theor. Exp. Phys. 2019, 053C02 (2019)




EDM and radial magnetic field 52

g-2 >SS EDM

e Radial magnetic field can be a major precession precession
source of systematics on EDM since the - e B n (—» B»)
g-2 term mixes to the EDM term. a)__a a, +§ IR

plot from Joe Price (muEDM workshop at PSl)
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Prog. Theor. Exp. Phys. 2018, 113G01
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First beam to H1 area (Jan 15, 2022) 57

Beam profile
to g-2/EDM T . = g
.E. 35000 G,
area > >
* 30000 “&5
c
|I - ' I 20 % 125000 E
m 0 | —20000
Beam -20 15000

delivery ol g o,=44mm

; o vy 5000 —
0 o O, = 24 mm
-60 40 -20 O 20 40 60
X [mm]
4 time_hist
* 10°E Entries 33763
<] F Mean 2.56
> C Std Dev 1.853
(o s L Underflow 0
Q 2 1 ndf 1196/75
Q 110 Prob 0.0008174
oS = amp 2915+ 57.5
: lifetime 1.966 + 0.018
c B
o .l
S 10° E
E 10 =
o =
S C
Y L
+ i 1 L 1 l |
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7 x 107 /[sec@p=28 MeV/c, 730kW
Prog. Theor. Exp. Phys. 2018, 113G01 - consistent with expectation




H-line extension 58
BEfO re After(end of 2024)

[ |

Beam
delivered

| g-2/EDM
§ Y H-DTL Acceleration
to 4.3 MeV

FSTF  RrrQ

Extension

WL LN o

muon cooling

surface
muon
beam

surface
muon
beam

v, ,*‘ [y /
proton beam § i,

S e - — e —— .
oz ;

Prog. Theor. Exp. Phys. 2018, 113G01



Extension of H-line 59

Assembled radiation shields for extension (Oct 15, 2022)
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Muon cooling

A

Silica aerogel ith
laser-ablated holes
(Si0,, 30 mg/cc)

i.

Muonium (ute-)
30 meV (after cooling)

Electron will be removed by
Laser resonant ionization by |rrad|at|ng
Laser beam (122nm+355nm)

Muon
Beam Region 1
4 MeV 10 <z <20 (mm)

O JINIT AL
® /NI HY

|
|
|
|
|
|
|
(before cooling I
|
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Time (us)

Experiments at TRIUMF
(2011, 2013, 2018)



	Slide 1: Acceleration of Positive Muon and Precision Measurement of Muon Dipole Moments at J-PARC
	Slide 2: History of accelerator technology
	Slide 3: Experimental particle physics with muon
	Slide 4: Anomalous magnetic moment : g-2
	Slide 5: Breakdown of g-2 contributions
	Slide 6: Muon g-2 theory initiative
	Slide 7: Standard model theory prediction is work in progress
	Slide 8: Status of muon g-2
	Slide 9: School on muon dipole moments
	Slide 10: School on muon dipole moments
	Slide 11: Experimental steps
	Slide 12: muon g-2 and EDM measurements
	Slide 13
	Slide 14
	Slide 15: Independent test of muon g-2 : New experiment at J-PARC
	Slide 16: Conventional muon beam
	Slide 17: Muon beam at J-PARC
	Slide 18: J-PARC muon g-2/EDM experiment
	Slide 19: Very weak magnetic focusing
	Slide 20: Acceleration of thermal muons
	Slide 21: Muon cooling
	Slide 22: The collaboration
	Slide 23
	Slide 24: Demonstration of muon cooling and acceleration
	Slide 25: Demonstration of cooling and acceleration
	Slide 26: Muon cooling demonstration
	Slide 27: Muon cooling demonstration
	Slide 28: Experimental setup
	Slide 29: Simulation
	Slide 30: Experimental setup: Source & RFQ
	Slide 31: Experimental setup: Diagnosis
	Slide 32: Results: time of flight
	Slide 33: Results: beam emittance: Q-scan
	Slide 34: Results: beam emittance: Q-scan
	Slide 35: Next step: Acceleration to 4 MeV
	Slide 36: Further acceleration to 210 MeV
	Slide 37: Start-to-end simulation
	Slide 38: Start-to-end simulation
	Slide 39: Muon storage magnet and detector
	Slide 40: Positron tracking detector
	Slide 41: Intended schedule
	Slide 42: Muon acceleration and future colliders
	Slide 43: Comparison of muon beam phase space
	Slide 44: Quotes
	Slide 45: Transmission muon microscope
	Slide 46: Drive-thru cargo scanning
	Slide 47: History of accelerator technology
	Slide 48: Summary
	Slide 49: Systematic uncertainties on EDM
	Slide 50: Comparison of g-2 experiments
	Slide 51: Expected uncertainties
	Slide 52: EDM and radial magnetic field
	Slide 56: Construction of surface muon beamline (H-line)
	Slide 57: First beam to H1 area (Jan 15, 2022)
	Slide 58: H-line extension
	Slide 59: Extension of H-line
	Slide 60: Muon cooling

