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Elements of an MDM or EDM Expt

Polarized Muon Production
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—> spin0  spin{—
neutrino : left handed
helicity : -1 helicity : — 1
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H1l & H2-Beamlines
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First beam (Jan. 2022)
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Electrodes(Soa)
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Cooling + LINAC : world’s first muon accelerator
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Production of thermal energy muonium

Silica aerogel with " o
laser-ablated surface Muonium (ue )

(Si0,, 30 mg/cc) 30 meV

Efficiency

» 3x1 -2
surface 0 . ’LL‘ = o
muon beam —= (laser region Smm x 50mm)
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Photo by S. Kamal
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Muonium yield measured @ TRIUMF
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Sufficient to reach Aa, ~ 450 ppb



c

LN
[N
o
o
?
0
i
c
o
<
zZ
>
5
o
-
=
o
O
| -
>
o
>
L)
T
-
[}
L ol
©
=
[ -
[}
°
c
o
o
O
| .
(0}
O

M
O
o
<
o
™
©
-
o
X
w
h
o
c
o
=
=
2

—

Laser abla_ted

= e &

silica aerogel




U

rg‘ 5.5

N

(@)

o

i

i

z = MCP )
E i «-cs—--thermal o
u§ e e

= 122.09 nm

2 (Lyman-a)

: 244 nm

o) 1S -13.6 eV 1S

o

o

Muonium M*mum 2 \ ] vl |
In collaboration w/ Okayama University (Uetake et al.
via 1S-2P \ via 15-2S y y( )

w Muon g-2 Expt. @ JPARC =

—



c

Entries [a.u.]

LN
I\
o
o
?
@
i
=
o
<
=
>
-
o
.
=
o
O
| -
-
o
>
L
w
o
[}
L ol
©
=
[ -
Q
©
c
O
o}
O
| .
Q
O

M
O
(04
<
Q.
™
®
o
Q
X
LL)
o
()]
c
o
-
s
4

—

35
30
25
20
15

10
5

2

| Thermal muon observed March ‘24 |

USM

Pénetrate H* |
signals

(degraded) :

i

lj s 11

[, imss it i

Time of flight [ns]




Muon Acceleration
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ing @ 30 meV

5 keV = 0.34 MeV

Gerco Onderwater, Flavour Conf, Quy Nhon, 18-8-2025

o1 Muon g-2 Expt. @ JPARC =

—

=

Mu chamber (?eady)

J-PARC Linac

RF'Q'(re

[ N e
i a . .
. M & %
A

0.34 - 4.3 MeV B3 =212 MeV/




c

LN
[N
o
o
?
0
i
c
o
<
zZ
>
5
o
-
=
o
O
| -
>
o
>
L)
T
=
[}
L ol
©
=
[ -
[}
°
c
o
o
O
| .
(0}
O

M
O
o
<
o
H
©
-
o
X
w
h
o
c
o
=
=
6

—

Cooled Accelerated U s

LM
On Target Pen. u (0—»100 keV)

e-5

[ m$ RFQ On/ On-Resonance
[ msm RFQ On/ Off-Resonance
“ RFQ Off/ On-Resonance

Hits [pulse™ ns™!]
N
T

2000

o THL »'" el
1000 1500
Time [ns]



c

LN
I\
o
o
?
@
i
=
o
<
=
>
-
o
.
=
o
O
| -
-
o
>
L
w
o
[}
L ol
©
=
[ -
Q
©
c
O
o}
O
| .
Q
O

M
O
o
<
o
™
©
o+
Q
X
n
h
o
c
o
3
=
7

—

rms, squared [mm?]

50

40

30

20

10

||III|IIIIIIIII|IIII|IIII|III

1 I L 1 1 | 1 1 1 I 1 1 1 [ 1 1 1 1 L
0.2 0.4 0.6 0.8 1
quadrupole current 1, [A]

O

2

£, =170 7 mm-mrad

_-200l

e, =(0.85+0.25)"2% 7 mm-mrad

p = 30meV->100keV

rms, squared [mm?]

50

40

30

20

I|IIII|I|II|I|II|IIII|IIII|III

I|IIII|IIII|IIII|IIII|IIII|III

1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1 1 | 1 1 1
-1 -09 08 -0.7
quadrupole current 1, [A]

£, = 130 7 mm-mrad

e, = (0.32+0.03) 5o, 7 mm-mrad

PO T
-0.6

L
N
Lf
o

dp/p =(1.10735:)x 1072
arXiv:2410.11367



Gerco Onderwater, Flavour Conf, Quy Nhon, 18-8-2025 cC

oo Muon g-2 Expt. @ JPARC =

—

nature

Explore content v  About the journal v  Publish with us v Subscribe

nature > news > article

NEWS | 24 October 2024

Physicists tame fundamental muon
particles into highly controlled
beam for first time

The milestone is an important step towards building smaller, cheaper particle colliders.
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Elements of an MDM or EDM Expt
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Storage & Spin Precession
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d Storage

@) Vertical injection

-4l Efficiency n=85%

i - (c.f. Horizontal 5%)

~ Q. -

S M |

= S Muon orbit

3 radius R=33 cm i

e (cfR=711cm) 7 (@

8 Q 78(2:96:_ T 31303‘5“0‘&“ . \3‘70

s5 x r [mm]

o d __FNAL run 1 e

AN Magnetic field =2 2 i &

-y strengthB=3T LA

5 (c.f 1.45T) o NN

S o P : .__Ug;:_ % :(. !

= - ] ] ] -30F I"' TR | -"-°

s = Electrlchquacj—ﬁeld T5¢&l | 250 pr;b /ﬂlevel
strength Qe =0 b R Abe et al., DOI: 10.1016/j.nima.2018.01.026 (2018)

20 (c.f Qe = 1kV/cm?) .7 J%% Albahri et al., DOI: 10.1103/PhysRevA.103.042208 (2021)

LT | Semertzidis et al., DOI: 10.1016/50168-9002(03)00999-9 (2003)
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~ MuSEUM

1.7 T superconducting magnet |
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+ Strong Magnetic
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Residual field contour after shimming

7 BTARGET [T] = 1.699968000
1.499651474

1699968138
3.485E-07 -4.226E-07 45 PPM
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Spiral Injection

2. Radial
fringe field e
///,~ ::‘—‘ o \
reduce . /,,_:__;/\;3
injection o2
angle. {\\‘:f:_:«>/2§
Z= 0 k 1\:)-«/?,
Mid Plane ~—

1. Inject beam at
vertical angle /
in solenoid 7
storage magnet. .~

Solenoid Axis

3. Vertical
magnetic kicker
will reduce the
remaining pitch
angle to about
zero.

4, The beam will be
stored at the

midplane under the
weak focusing field

Injection efficiency ~ 85%

linuma et al.,, DOI: 10.1016/j.nima.2016.05.126 (2016)
Rehman et al., DOI: 10.18429/JACoW-LINAC2018-THPOO017 (2017)
Oda et al., DOI: 10.1109/TASC.2022.3164996 (2022)



Lo

Test w/ Electrons
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Elements of an MDM or EDM Expt
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neutrino : left handed
helicity : =1 helicity : -1
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Detection of Spin Orientation

N
N



c

Positron Detection

In-field Si-strip Tracker
40 vanes

@ 4 x 4 x sensors / vane
@ 1024 strips / sensor
@ 5 cm x 190 pm / strip Quarter-
@ 250 kreads / s (1 frame / 5 ns) VANE

Spectrometer Specs

Expected max. #e*’s 6/ns, 30/frame
Max. hit rate: 150 kHz / mm?

p > 200 MeV/c

dp/p = 8x10™
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Aoyagi et al., DOI: 10.1088/1748-0221/15/04/P04027 (2020)
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Detector Production
Rigid PCBs Flexible PCBs
Prototype made Mass production
and being tested done

Silicon-Strip Sensor
Mass production
ongoing
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& QA done
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Detector Testing

Major components in mass production (partly completed)
Prototype module (“quarter vane”) assembled

Various operational tests are being performed using prototype:

Operation test
(static field) (kicker field)
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d Elements of an MDM or EDM Expt
Polarized Muon Production =) smn0  spin¢—

Storage & Spin Precession

Detection of Spin Orientation
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Comparison of Specs

BNL-E&21 Fermilab-E989 Our experiment

Muon momentum 3.09 GeV/e 300 MeV/c
Lorentz y 29.3 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 us 2.11 pus
Number of detected e™ 5.0x10° 1.6x 10! 5.7 x 101
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" ¢-cm = 1.5x 107*' e - cm

(syst.) 09 x 107 e-cm = 036 x 102l e.cm

Abe et al., DOI: 10.1093/ptep/ptz030 (2019)
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d Systematics
n J TABLE II.  Values and uncertainties of the R, correction terms
S m in Eq. (4), and uncertainties due to the constants in Eq. (2) for a,.
g < Positive C; increase a, and positive B; decrease a,.
©
= Q. Correction Uncertainty
§ ™ Quantity terms (ppb) (ppb)
= @ @™ (statistical) 434 _
=) @™ (systematic) 56 » <36 : Pileup, (gain, CBO)
= a (8Y
o o) C, _489— 53+ 10 : residual E-fields (no Quads)
= , 80— 13- 13 : pitch correction
T » Coni —H 50 2 : differential decay & (muon losses)
o Wl Coa —158— 756 0 : transverse muon distribution
o o feativ{@p (%, y, @) X M(x,y,)) /2;/ 56 » 49 : probe positioning & calibration
- B — 37 : :

1 k .
7 o B, T o " <10 : kicker transients
S = 1, (34.7°) /. 10
= o m,/m, 22
o = .12 0
g z Total systematic 157 » <64
(G) Total fundamental factors e 25

Totals S#T 462 Abe et al., DOI: 10.1093/ptep/ptz030 (2019)

Abi et al., DOI: 10.1103/PhysRevLett.126.141801 (2021)

30
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Schedule & Milestones

JIFY

2024

2025

2026

2027

2028

2029

2030

KEK
Budget

Surface
muon

Bldg. and
facility

Design refinement c¢

Completion

%---

Muon
source

Operation at
design intensity

* lonizat

LINAC

v 100keV acceleratio

s2 o
evV@ H2 *

0 210 MeV

v C

Injection and omp pecifications ider transport line ready

storage electron i ion test muon injection

Storage Install

magnet ) Shimming done

Detector pre-mass production * R
Installation

DAQ and

mall DAQL Ready
computing ke mon con ng r
Analysis VBO effects * nts

It based alignrr Analysis software ready

Commissioning & Data taking
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Muon g-2 / EDM Experiment

\:gPducﬁon
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Conclusion - |

Leptons excellent testing ground for flavour physics
Rich palette of observables
Ultra-precise predictions
Extremely sensitive measurements

Long standing anomaly in muon g-2

Experimental and theoretical uncertainty @ sub-ppm level !!
New experimental results from FNAL+~ 127 ppb

Experiments consistent » but (somewhat) correlated
Steady progress in theory improvement
Tension in (hadronic) theory » complicates interpretation
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Conclusion - Ii
New J-PARC g-2/EDM experiment

Alternative experimental method
pencil beam : cooled & re-accelerated positive muons
compact ring : stable & homogeneous magnetic field
in-field spectrometer : reliable & precise positron detection
Complementary systematic sensitivities

Experiment getting ready for realization
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Comparison of Specs

BNL-E821 Fermilab-E989 Our experiment PSI
Muon momentum 3.09 GeV/c 300 MeV/c 125 MeV/c
Lorentz y 293 3 1.57
Polarization 100% 50% 90%
Storage field B=145T B=30T B=3.0 T, E=2MV/m
Focusing field Electric quadrupole Very weak magnetic ~ weak magnetic
Cyclotron period 149 ns 7.4 ns 3.8ns
Spin precession period 4.37 us 2:11 s oo
Number of detected e* 5.0x10° 1.6x 10" 5.7 x 10! 3.2 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" ¢ . cm — 1.5x 107% e-cm 1x1023 e-cm
(syst.) 09x10Pe-cm - 036 x 1072 ¢-cm ?
R =280" (7112 mm) R=333 mm R =140 mm
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Future source upgrade

(B} 25 mm
(A)

"l - ... \T—
Intensity x 3.5

@ somewhat increased phase space
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Zhang et al., DOI: https://doi.org/10.1016/j.nima.2022.167443 (2022)
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