J-PARC muon g-2/EDM ZEERICH(TB
FBETR=IRTE—LABDIZsHD
= AN S

INIEGA, EpFek 8, BRARE €, AH 1948, 2 ARE— 8,
{ERERBE P, FILAFE S, I FEKE, =Bf# B, |IH[ER A,
ft2 3-PARC muon g-2/EDM OS5/ —> 3>

JLKA, KEKB, A C FTAD, lRKE



1. 3XRmTHBAE—LAG

2. BEE—LAEZHS—0DHE

3. BEZY RO RAF



J-PARC muon g-2/EDMZEBR (E343EER) 3

S—AHUS : 2028 H S HILA.
2EFDT—FEFIC KD,

muon g-2: 450ppb (comparable to BNL)
muon EDM: 1.5 X 10721 e-cm (90%C.L.)

Standard E :

Model Experiment
) . BNL
White ' = ! (2006)
Paper p——@——
(2020) FNAL

—a—  (2021)

= FNAL
(2023)

. J-PARC
*  (projection)

- . a, x 10° - 1165900
S HFNALDEFTIERN AR,

HERIEN S DR 5o (CH)E




3/RTTH

E34¥%ﬁf(I{EI=‘J9/Zu5|='_‘i?t“—b’&(3OOMeV/c ~Imm*mrad)
Bz=3.0T, R=33cm & >/ MR ERIE(CE

a;(c_ t A%Zz$f§_50

3RTEBAAHZITD.,

BAAS]

4

—LZAH L. EHZENT

VL /A RERDEANS TV ANV E—LZRISO T IS AT,

W& t] Tckjt = ORI

(DU 2HiG+FvhH—O1)IL) VLRSS =5X. &
i 8B (TR, ABTE —AICEXYEES

« RUBTIU>
5F ﬂiﬁh‘u C55UNRI%B, =

INRXRRRRRXRRRK)

Ul

SFEEAEEL,
EMNTTH <,

22 BN BT ETE—LEBIET B,

@ injection region :

Fringe B-field of solenoid

- Reduces beam pitch angle by Br

@ Kick region :

Pulsed B-field by kicker coil.

- Vertical kick of beam by Br

(3 Storage region : _ By,

. . B -n—=z
Weak-focusing B-field r R
- Beam storage
with betatron oscillation B, = By, —
n=15x10"*

n20 )4
RT n

BOZ 2
2R2




III-U'J

SEMBIEICHITDE— LDEE)

. BIERBOE—AILITOEENZ T B,
— EE)= : 300MeV/c, 38E : 10*muon/pulse
- 1-3)\>FTAS L. H#EZS o0 SO RERA7ns TAEIL],
- fRB@E)FECA—27 OIS (FERA%Y600ns) =175,
o« SSIREES(B, < —z )ICHE> I=BiiRE).
- ¥&iE - A4H(3) VUL RTEIZR T IRFR TDZ-2’ [CIRTF
— JKE(R) S EIDIREN FEIE (2) (CEEART/INEUN,

W N X uiEl\g E/ ’
1 | 182 R = LRI F OBFH [”[%” |
Y Eﬂéﬂ 00065_ ﬁmglo cm
'E 0004:— I I
EAEAR— m/ﬁe@; T N Y-
fm o "
((HE{ 0.002F } ' e ‘
*‘\, 0004:_ et \
S 0 oooek- EREN/RDT.
T E “PRIEH/ NSV
_— . = = ol ARBIOIIMEN C OERORE
300 400 500 7 800 NI T T T T T

ns 0§ 01 005 0 005 01 015

) UL X135 0N Z(m)



N—4 bOARIEHROD Z F 4 6

- HMEARAN—Y FOVIEEZIIXS I EHNEREDNECERFI D,

1. BAENR—IREIS(3T) + SSICREIE I ERTEHE L FscmTRIES N D5
ite CTEBEITZEDOuNFZ CDEF [C AT UTIEUY,

2. E(CRVEIERBEELTImBEE) CASTESNIE.
gymmmﬁ#ﬁﬁﬁk%&itgﬁjﬁEﬁﬁﬁ$m
UL FBRIE S DR (FPZEFRET & kil F E — ABBEBIEORZ S S BB .

—  FROGEBIC AT DT LT, AR -

i A . WBIFE—ADEE LTV 3 8EE%E
BETHLSAE—BCEERTES,  PIFC-AMEBLTLS

- MREAEZRAWVNSTET. INFTET PERE—RICHETES,
TV REHEBREFEERTE. ( :
muon g2 iR E TR AL 7EBNETE D,

Za—A2EE (L) L
SZa—AEuE (3%)

BDFRIRR

AMARES
[1]: FARYIE 20023 AL B



E34EERTOHOE — LAFHZEE - 2R E 7

« R—4A O IREBZ/NES TIEDHICE.
IREEAELV E—LARBIC T — RNV IZNMNIDC EHWRE,
— ES(ICABERODZ-7 DR HOHINIL,. E—LAFARADISE E710B.
(&1 . KH/RRAXS—FXK THP04)
« ZDIEHOBRIMELICERE TERIHZFBRE—LETE=-I—ZEEEL/,
S AtalkdDr—<

RS s z
EEE G E30ER D E— LGRER

st ESLBEEE - EERMEEEE
& E— ABIEE  RARZE R XV

Active Shield Steering Magnet (ASSM)
By F AT

Fwh—a414)L

B L7057 : ENEAE) VL ARG DR EE

ASSM  EZH—

E— LW

op-a T > - JOJ7AIVEZS—
€3/ UL RS : ABEIE — ADBIE
S - BREE-—LEZH—
T=5-  BESNEE—-LDEIE
R T - ES—>2FL—5—
M . B o0 ~OZ FERA(=EE) E4EXIME) DHEITE



2.

3.

ERBE— LTS5 —05%E

EZA —aUWFDRAF




ZRE— AT —DFT 1> 9

SOFL—3a>IrAN—-ck ..
DREHEOE—AEEEHTE. B —LE_5— Ok

- ERTFRRLAIR I CH D @ﬁxgé
E34RBRDRFRE E— A ST O
- 59? 'f ﬁ L .(\%QQOQ(S O’?&,
X RS
BN E— AJEEI600ns ¢ﬁ%>/
THEAAICIRE LIS, " 4%
P+ -0 MO ARMsSEICE 3 k

— 45— %EA ~ A

...... verticaltl | A readout by SiPM
____ +~200 Mm ,,/// ) (DAQ of waveforms)
ZEmEL | \ Place fibers of ¢ 0.2mm
KON OT E DIz, [CeiE ' with 10mm interval.
N—% RO AREHEER e . .
o esiE | TR ¢ Destructive measurement.

Move to parking position during physics DAQ.



BY)BEEDOnEE

- RS >FL—23>I7A)\—(BZF0.2mm)%E
HOAFRNHEER2%EXRESICHL ZETEREINRNBE & (KR

- ETA—ZAEGEB I DE— ALK U THELDREEZINR D28,

s ETAHA-NBIGEEEBVNGESZHEERUT
=gl —> 3 D E—LDmADEE% ST,
— BELICEK DDA LZDRFBDIEOOZE(IEEN,

SRE—LDEEHm & =al—>32)

10

#of muon  just after injection #of muon 150ns after injection #of muon  600ns after injection
g == w/o Sci-Fi “E w/o Sci-Fi
E wE W/ Sci-fi of
100— E
F 250 —
80? 200?
60;_ 150/
= sof—
7%50' — I72:30‘_ ‘71|00‘ — ll] — I10ID‘ — ‘200‘ : 300 70350 = W‘ l‘] — 100 Mj&o‘ ‘ ‘300 7%50

-200 -100 0 100 200 300
Vertical position(mm) Vertical position(mm) Vertical position(mm)



AN

Dz

xIED

S HEAX

AESNDDFEESRE E — AMIEDTIORHZZED,

— BRATMRIE SR ZFS D T2 DU F OERBOEREDE
FIHMOIZVDIE, AXA—F hOVIREODE. BEHAO—kE (SSRGS NMED
fEAM—EREICKIDIBR) @FALZ7IILT YL ZRHFE,

- A@ =f(z]) - [ dz’ A(2)//1— (z/z")?
(A(2)IRMEDTD. f(2):—BAADDE — AIEF1)

- BRFENSEVMAID T 7 4 )= S1E 0 MBI C IR [CEBR CE D,

EEDTMORRZERBIER TETHED.,
AEZSI—DRIBCBVWEE—LREDEIEES 12D,

RXODOBR : BEEMICEEBAU T, z-272HmZBIBNI 5.

#of muon
(a.u)

07 ................. PR o e e ST IR
6 0

“Good” injection

MC truth
Reconstructed

A . A 0.2
VBO amplitude [m]

#of muon " . )
(a.u.) Bad” injection
®'™ MC truth
Reconstructe

12 0.14 0.16 X 0.2
VBO amplitude [m]

11

XAHE-LAEYFHEZ

T 3madiE X 2188
d \ —+



3.

TS RO RAF

12



ASEERRENDEZSY —sfFiEA 13

o KEKICHDAHIEREE(CEAT AENTERTE Y — i /EFZzRME
— BFHHSEKB80 keVDOEFE — AEETENIH82X104 T (C AL,
— KBLRAUFETE—LZSEE-> 3XTSTAATDSEIZ BIET

ﬁ IEHIJ_.I?‘I'&J(L_C Algj CCD’”‘7I 12cm | 120m
- JULREBIC KD BERPUE(CEL,

- INEAMICHREN LIRS EE. (oEEE] 7 om S
Fav/—%8 | [ OEmEEEQ) a2, Q3) SR o ':ﬁ —_-_.. gﬁﬁqzﬁ

Sci-Fi Bem | EvhH-
“0-7 —:l'f)l/

oo 2n M E-AAE?}TWEEPL
. B ADBRN : KFEHEDE — LAEEDERT ===
_ B — ADOBEEMKIC(FRRT
- BREEFEIN2usiZEE &5B0Y (OREE © >40us)
- BEESEENBRLAY. TCSETOrOTER
_ BIEBCE— ADYKEARIC ol d e osemse oo "'e‘a;s;gg;;e;
B LTI EHERIR P == _
EL “W w iR
[1]: 1908 H AN g5 2= 10 05 _ 2;%?[“5%]3

[2]: H AR B S 2023@5&*jt/\



Y(m)

IKEFREDE — LEENZAITET D28,

IJ714)I\—%&BICED =
E- A —imF=EEAN T D,

— FRE ARG MHEIR K D E
F£UV15 cmDAIERBEEZ AR U .
ERFEOE - LATHEER(CIEX D

— BEEr2cmIl6eARD T 71 )\—%

iR, COMEETOREERZIEX 511D,

IR EE) COFREE
(MC, 147F) NS

0.15

0.1

0.05]

-0.05

—04f

[T

N\

ol

e —
0.13

ol 6RDT7A)\—

A
o

BT (CHZD(FT

170ns, 220ns, 270ns,
320ns, , , 470ns

Hit on each fiber (a.u.)

= A — MO T 1 > 14

T4 —s/FHERIIR X
| M

\/

e e $
£
£
o
un
—

#
BEE—LA
ETAE
55mm

EINEEDTABSE
(MC. ZHRDKIF)

200

180

160

140

120

100

80

60

40

20

Fiberatr=11, 11.5,12.5,13 cm

L ><10£

OO

Ll Ll
0.1

time from injection (sec)



uit'ﬂz* Ed)%'ﬂz 15

- BRE—LAETZSI—DaFZRUYF
- FIL=RIL— AL(C%H%?D)??T/I’}Y = =IMBE{CIRERI CEIE

— 22FHE S OFT7A)\—immAEICEE SN
I 7 ’I’/\—(«_J: NEZEFZZDINCH DT> B —FX Tk,

o SIFIT7AIN=ERT7A)\—DIFRSEIC DOV TIIIENE
- HA RTH#WESHOELIZT 7 ’I’/\ ﬂ:l:’a‘:lﬁlﬂéo B(EAFET U X ZEM.
- BEEMELS. EINH/ECD. >>FHO—aRN TS,
- EBRAE T, TJ7A)(— mﬂéﬁ&wlﬁﬁﬁ%ffﬁﬂo

HELUIEEZ S — st fFik D 7 A)\—1=5HD (u'i",ﬁ_v“i&ﬁ 5H)

N

_ NP




<& EWFE COZBRE — LABRICmIT T 16

« ERRULIZEZ=S— KW%%A%J% <B(CEA,

« OEFT)VULRBIZIRULDIZET
ZEHEE T EIE T D E— LAHH%EG)1 Sz R,
— 2TCOIT7AI)\—DSIEERMES TR,
- B —Z[OlrEE.
E—-—ALDHmOEURZER T 7A/)\—TTHEL. J71/\—RIDNEZEKIE
SEBE—-—LFEBHEEBHEL,. +OAFE (G40ps) DE—LABEERINT S

sBRIciE, SEalan (LSRR

voltage(mV)

0
o M

G —

—200|— ‘ . -

- E—A/ULRE $t>H—ns
C (100ns) (Fonsd7—)L)
—~300—

-400—

:\:\yjj—j/]’”/ ~500—— '2(130' ' '460' ' .6(;0. ' '8cl)o' ' '10100' ' '12100' ' '14100'
time(ns)




= s’ 17

J-PARC muon g-2/EDMZEERC(E. 3RTHTEAARECKDE—A
= ANBI 9B,
E—-ABEROIEAENR—F cOUREZ/NE IR D EN
EERRE DNE(CIEE T D,
N—4 SNOVIREZAE T DIBERE—LATSY—Z=ZEEU.
- E—AEDORELEINZ BTz,
MRS > FL—>2a>Jr7a/)\—&ifizEHT 3.
~- SAIEETHDE—LIEDTHS
IRIEDMMNEY (CEEBR TSR EZER U,
S FiE 7 REUABRBREE (CEA LT,
- EBEROE—LEBEIBEL,. 3RTSTAAFTDOEIINIC DTS,

SEDFE
2023 2024 2027

HEREE T :
3IRTAGIER

EERARED E—LAZ - 2 aA=wv>g=>4
ABIEESET HEBIORE - &% EE&GIIA



Muon g-2/EDM measurement

Muon g-2/EDM can be measured from
spin precession of muon in a uniform B-field.

— time dependent spin information reconstructed from
decay positron energy/momentum.

L e _ BxE n(- - E
wa+wn=—m—# auB—(aﬂ—yz_l) c +§ IBXB‘F;
g-2 EDM
BNL/ FNAL experiment
By + @y = —— |a,B EXE+T’ 3<§+E
@a T Wy = m, D —OC 2 B C

Magic gamma approach to cancel out 2" term.
— p=3.1GeV/c
— muonorbit: $=14matB=145T.

Weak electric field focusing.
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Muon g-2/EDM measurement

J-PARC experiment

Number of detected positron (p: 200-275 MeV)

Measurement at E = 0.

— Storage by weak focusing B-field

Wy + Wy = - a,B — (a, BT
U

Utilize low emittance muon beam.

e

Ny — Np
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Muon cooling 20

* Low emittance muon beam by reacceleration of thermal muon.

— Silica aerogel target : Surface muons stopped, and thermal muoniums emitted.
— Laser ablated aerogel to increase the efficiency.

Production of thermal energy muon

Silica aerogel with - S
laser-ablated surface Muonium (}l e)
(si0,, 30 mg/cc) 30 meV

surface muon thermal muon accelerated muon
E 3.4 MeV 30 meV 212 MeV

P 27 MeV/c 2.3 keV/c 300 MeV/c P —
Ap/p  0.05 0.4 4x10-4 I
P ' | ; ~—. 3x10%Y
Mu . > (laser region Smm x5t
— 5 -
RO T~ B N 200 o <20
::V"'{ —_ TTe- : - l;tl | g o al aser»: :li:ﬂ
I et P E ot g g . T § ro=
wto PR E T | - e
/ P. Bakule et al., PTEP 103C0 (2013) * ot AMAAA_A_AA
G. Beer et al., PTEP 091C01 (2014) Tihe ()
I |J. Bee;;eet:I., arXiv:2006.01947 (2020) (to be published in PTEP)
H-line Mu production ~ Electrodes(SOA) LINAC
target S S
lonization Laser Ap,/p ~3 keV / 300 MeV / OeV N/ OeV

(122 nm, 355 nm) =1E-5
355 nm 96 355 nm
2P

* Thermal muonium ionization by laser.

. . 244 nm
— Two scheme under consideration. (1L22 09 nm
yman-a)
— 1S-2P excitation by 122nm 244 tim
or 1S-2S excitation by 244nm 1S [136ev | | 1S

Muonium Mupnium
via 1S-2P \ *Via 1S-2S



Muon acceleration 21

Muon reacceleration to 300MeV/c by muon LINAC.
— Series of 4 types of cavities depending on the muon B of each stage.

Low-R Middle-B High-8
B=0.01-03 p=03-07 B=0.7 094
RFQ IH-DTL DAW-CCL DLS

(Kinetic energy)

5.6 keV - 340 keV 40 MeV 212 MeV
Acceleration test Fabrication 1St tank Prototype fabricated
with thermal p completed under fabrication in JFY2022

planned in 2023

L
T it




Storage magnet

Highly uniform (0.1ppm) magnetic field will be achieved by shimming.
— Compact solenoid magnet based on Superconducting magnet

MRI magnet technology. __ for MUSEUM experiment. \

— B-field measurement T4 A

by a high precision NMR probe

Local uniformity of 1ppm is already
demonstrated by the MUSEUM magnet.

Field mapping system under design.

— B-field meas. in the muon storage region.
— Theta motion + z motion.

22
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We therefore propose a dedicated experiment, which permits the search for the muEDM with a sensitivity
of about 6 x 10723 e-cm per year of data-taking. The baseline concept plans to use muons with a momentum
of p = 125MeV/c (B = 0.77) and an average polarization of 90% from the pE1 beam line at PSI with a
particle flux of up to 2x 10® u™/s. Two concepts are currently under evaluation and discussed in this
letter of intent. In section III C we discuss a storage ring sketched in Figure la, with a magnetic field of
|§| =1.5T where muons are injected laterally, similar as described in [9]. The second concept, the helix
mulEDM in Figure 1b, is based on the idea of a vertical injection into a 3'T" B-field similar as proposed by
the J-PARC (g — 2) group [10] and is discussed in section I D.

SC injection
channel

Solenoid
Pertubator

E
0.96 MV/m

d

Beam telescope Muon tagger <
(Trigger) q Il
0.28 m
1%l )
Positron tracker CMOS pixel detctor” ¢ B
) e
Ground SciFi”
L+ N\
T
-~
Electrodes Calorimeter Ground || HV
<1lm
(a) (b)

FIG. 1: Sketch of storage ring with lateral injection (a), and the helix muEDM search (b) using a vertical injection
into a uniform solenoid field.
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3-D spiral injection (side view)
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Storage beam monitor 32

Beam profile monitor installed on storage orbit.

.\Oe(
Beam profile monitor made by thin scintillating fibers AW Qe
(d=0.2mm) read out by SiPMs.

Low mass detector
with low occupancy (1%).

— to prevent multiple scattering

Prototype is being tested

in iniection test bench.
uon

\

b = N read out by SiPMs. record
C R = :I: /"/ -
N z Ay L waveforms by FADC.

| Placed on

W | Peam storage orbit " ®0.2mm fibers with 20mm interval.

In total 21 fibers.
(many room for layout optimization)
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Muon beam injection 37

* Demonstration of 3D spiral injection scheme is ongoine in a test setun

by using a electron beam. Kicker coil inside
solenoid magnet
(82.5x104T) :

Tune
injection angle

Tune
Generate XY-coupling Bending.
pulsed beam — nagnet(s:
Chopper Quadrupole magnet
system (Q1,Q2,Q3)
Measure
0
params.
éoqki@ | Bending magnetit | Beam diagnostic
Bend beam e
€ >
Length: ~2 m
; O EE"M\ r *.o1 I.£
= =y rromptsighalirom SciFi (above storage region)
— 150 injected beam | | | 3
© E =
c E E
.go OE B et - — =
n S | " "Delayed signal from
E 150 - : ~ SciFi (storage region)
o

* Signal from stored electron beam is

stored electron

=
successfully observed. r—.r :
— signai rrom SciFi (below storage region)
s - beam ‘ ‘ 3
. € é
g O
S =
< 3
0.8 1.2 1.6 2.0

Time from TRG (us)
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Rotatable
quadrupole magnet Beam control system

& beam diagnosis system
in E34 experiment

Beam profile
monitor

Beam profile
monitor

’é____ Storage beam
—-—-—-’-/

B=3T Decay positrons:
momentum measurement (silicon tracker)
& timing measurement (pillar scintilator)

Storage
magnet
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Installed on
storage orbit

Vertical:
£+~200

Move to

43

< et
A\ ‘{Qoe «° A
OQ\\ 6\6

readout by SiPM
(DAQ of waveforms)

o >
% Place fibers of ¢ 0.2mm

with 10mm interval.

> Destructive measurement.

parking position during physics DAQ.
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#of muon . . . #of muon .. .
(a.u “Good” injection (a.u) “Bad” injection
e MC truth “'= MC truth T
B Reconstructed [ Reconstructed
0.15:— 0.06_—
0.1:— 0.04_—
0.05; 0.02;
- - +
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VBO amplitude [m]

VBO amplitude [m]



Hit on each fiber (a.u.)
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