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Aim: competitive measurement of muon g-2 and EDM
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Elements of an MDM or EDM Expt
Vu‘_®_’.

Polarized Muon Production = spin0  Spin<—
neutrino : left handed
helicity : -1 helicity : - 1
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Beam power 1MW
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Gerco Onderwater, Muon4Future, Venice, 30-5-2023

& Muon g-2 & EDM @ JPARC =
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o ' Emittance ~ 1000t mm-mrad
' Proton and pion contamination
o | Need strong (electric) focussing
= ' Need ‘magic’ y = V(1/a,+1) = 29
' Muon loss

pion decay

E Emittance ~ 1Im mm-mrad :
! (after reacceleration) |
! little/no need for focussing
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H1l-Beamlines

Surface

muon
(H-line)
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First beam (Jan. 2022)
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Room temperature
muon source
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Intens|

time_hist

Positron #

UBLEALLLL B R LY B R L S L

Entries 33763
Mean 2.56
Std Dev 1.853
Underflow 0
72/ ndf 1196175
Prob 0.0008174
amp 2915 57.5

lifetime: 1.966 + 0.018

or

Time [us]

7x107/s @ 28 MeV/c, 730 kW
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E 34MeV 11 30meV i 212MeV |
p 27 MeV/c 2.3 keV/c ! 300 MeV/c |
Ap/p . 0.05 04 1 0.0004 :

H-line Mu production Electrodes(Soa) LINAC
target

Cooling + LINAC : world’s first muon accelerator
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Muonium Production

Production of thermal energy muonium Muonium yield measured @ TRIUMF

Sufficient to reach Aa, ~ 450 ppb

Photo by S. Kamal
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Muonium Production

Laser ablated silica aerogel

e/
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J-PARC
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Gerco Onderwater, Muon4Future, Venice, 30-5-2023
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Gerco Onderwater, Muon4Future, Venice, 30-5-2023
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In collaboration w/ Okayarha University

(Uetake et al.)
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w Muon g-2 & EDM @ JPARC =

Muon Acceleration
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J- PARC Lmac RFQ (avallable)
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3 Gerco Onderwater, Muon4Future, Venice, 30-5-2023

A Muon g-2 & EDM @ JPARC =
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Elements of an MDM or EDM Expt
v—{"—@

spin 0 spin
neutrino : left handed
helicity : -1 helicity : — 1

Storage & Spin Precession
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d Storage

Wl OW Vertical injection

-l Efficiency n=85%

g E (c.f. Horizontal 5%)

g n ‘

E ©f Muon orbit 1 NN

oS radius R=33 cm e DLl s T

5 c.f.R=711cm —95 npb -/ leve

S Q ( f ) = 25L ppr SORUENN

%.C_ m 290 310 330 350 r[mm3}70

S FNAL run 1 e

Aol Magnetic field s

E 6., strengthB=3T o

g e (c.f 1.45T) 3

g g X | zz_ i \"‘; E 1.0

o Electric quad-field < %77 ' 9é P ST

& & | 250 ppb flevel
strength Qe = 0 e < Abe et al., DOI: 10.1016/j.nima.F2)(?18.01.026 (2018)

1 6 (c.f Qe= 1kV/ecm?) A% Albahri et al., DOI: 10.1103/PhysRevA.103.042208 (2021)

wal LaZ LT L Semertzidis et al., DOI: 10.1016/S0168-9002(03)00999-9 (2003)
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AU /" ‘/‘f‘ O asnetio Sy A Residual field contour after shimming
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~ Muon g-2 & EDM @ JPARC =

3 Gerco Onderwater, Muon4Future, Venice, 30-5-2023
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Spiral Injection

2. Radial
fringe field Y
p——— e — \
/’f — \‘\‘)
reduce X
injection ";g:;—:;;/\fﬁ
angle. i e )
\(—:“‘ <1/’/
Z=0 b,
. C e
Mid Plane S —— N

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

Solenoid Axis

3. Vertical
magnetic kicker
will reduce the

4, The beam will be
stored at the

remaining pitch midplane under the
angle to about weak focusing field
zero.

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)
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Test w/ Electrons

CCD-
Camera

Gerco Onderwater, Muon4Future, Venice, 30-5-2023
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linuma et al., Publication forthcoming
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Experimental Cycle

40ms (25 Hz)

<

Surface T
muon beam

Surface
muon
(H-line)

Room temperature
muon source

(4 MeV) L
laser ionization

Mu
Thermal
muonium ~1us

(25 meV)

+
= ~1ns
lonization A

(25 meV)

, M ~3ns
Acceleration + injection 4:"'7

(210 MeV) 40 s

r'y

Storage and detection + +
(210 MeV) w>e

v

Time

20 stage 3 stage
Disk-And-Washer Disk-loaded
structure structure

Muon LINAC
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d Elements of an MDM or EDM Expt
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Detection of Spin Orientation
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Detection

In-field Si-strip Tracker

40 vanes

@ 4 x 4 x (H+V) sensors / vane

@ 1024 strips / sensor

@ 5 cm x 190 pm / strip Half-

@ 250 kreads / s (1 frame / 5 ns) VANE

—> (0.5 Thits/s) = zero-suppress

Spectrometer Specs

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

p > 200 MeV/c

dp/p = 8x10™

Aoyagi et al., DOI: 10.1088/1748-0221/15/04/P04027 (2020)

20cm
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d EDM sensitivity
a O
il -- Electron
3 E Internal E in molecule: HfF* & E.¢ = 2300 GV/m
gn |de| <4.1x1073°e-cm (90% C.L.) . ——
gr:) @ . _ ‘ a®  dig
f§’§ Muon
2T Relativistic E: g-2 > Eer = vXx B =0.5GV/m --
EX |d.| <1.8 x107*° e:cm (95% C.L.) Y
g o Indirect from ***Hg and ThO drection i
: O |dlhe <6 %102 e-cm, |dy]|mho <2 X% 102 e-cm tilt ~ nB/2a
¥ e
3 3
8 =

(&
% ; Aim: |d,| <1.5x10* e-cm (95% C.L.)
Roussy et al., DOI: https://doi.org/10.48550/arXiv.2212.11841 (2022)
Bennett et al., DOI: 10.1103/PhysRevD.80.052008 (2009)
Ema, Gao, and Pospelov, arXiv:2108.05398 (2021)

24


https://doi.org/10.48550/arXiv.2212.11841
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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/c 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 us
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" e¢-cm - 1.5x 107*' e - cm

(syst.) 09 x107®¢e-cm = 0.36 x 102! e - cm

Abe et al., DOI: 10.1093/ptep/ptz030 (2019)
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[
d Systematics
Q (@) TABLE II.  Values and uncertainties of the R, correction terms
8 z in Eq. (4), and uncertainties due to the constants in Eq. (2) for a,.
s < Positive C; increase a, and positive B; decrease a,.
o
@ o Correction Uncertainty
8 . Quantity terms (ppb) (ppb)
5 © W] (statistical) 434 | |
= @™ (systematic) 56 » <36 : Pileup, (gain, CBO)
) : .
= = C, _489— 53~ 10 : residual E-fields (no Quads)
S Q C, 80— 13- 13 : pitch correction
s W Cpui —H 50 2 + differential decay & (muon losses)
S o Cra —158— 75+ 0 : transverse muon distribution
= o feativ{(@p (%, y, @) X M(x,y,)) 56 » 49 : probe positioning & calibration
S By = 37, <10 : kicker transients
O 1o (34.7°) [, e 10
S c my/m, 22
c o )
% z Total systematic 157 » <64
O Total fundamental factors e 25
Totals 544 462

Abe et al., DOI: 10.1093/ptep/ptz030 (2019)
Abi et al., DOI: 10.1103/PhysRevlett.126.141801 (2021)

27
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Schedule & Milestones

JFY

2022

2023

2024 2025 2026 2027

KEK
Budget

Surface
muon

v Beam at H1 area

2028 and
beyond

Beam at H2 areg3

Bldg. and
facility

Y Final design Completion

Muon
source

v lonization test

@S2

LINAC

% 80keV facceleration@S2

Injection and

* Complttion of ’

|
. 5

Storage electron ihjection|test
Storage % B-field probe |
magnet ready : |
Detector I Quotel v% e protol % Installati
DAQ and % grid servid: open

. K cc :
Computlng ! re rce us Ready
Analysis | ready

" Analysis software ready

ommissioning
Data taking

C

210 Mev

muon injection

ing done

DN
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Conclusion - |

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

Long standing ~“30 anomaly in muon g-2

Experimental and theoretical uncertainty @ sub-ppm level !!
New experimental results expected from FNAL -~ 100 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

Many components of the experiments ready or being tested

Expected data taking starting in 2028
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d Comparison of Specs
e
Sl - 4
2: < BNL-ES21 Fermilab-E989 Our experiment PSI
«a % Muon momentum 3.09 GeV/c 300 MeV/c 125 MeV/c
S Lorentz y 29.3 3 1.57
§@ Polarization 100% 50% 90%
o z Storage field B=145T B=30T B=3.0 T, E=2MV/m
3 0 Focusing field Electric quadrupole Very weak magnetic ~ weak magnetic
é LLl Cyclotron period 149 ns 7.4 ns 3.8ns
S Spin precession period 4.37 us 2:11 s oo
3 o3 Number of detected e™ 5.0x10° 1.6x10" 5.7 % 10~ 3.2 x 10%
= N Number of detected e~ 3.6x10° - - -
© [l a, precision (stat.) 460 ppb 100 ppb 450 ppb -
§ O (syst.) 280 ppb 100 ppb <70 ppb -
T O EDM precision (stat.) 0.2 x 107" e cm — 1.5x 107 e-cm 1x1023 e-cm
2 g (syst.) 09 x10Pe-cm - 0.36 x 107" ¢ - cm ?
O
S = R = 280" (7112 mm) R =333 mm R = 140 mm

KY.
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Future source upgrade

(B) 25mm
(A)

Al . - . \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)


https://doi.org/10.1016/j.nima.2022.167443
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