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Dipolee Moments

w Electromagnetic interaction Hamiltonian with magnetic and electric fields
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Muon g2 and IEDM\Measurements

J.L. Feng et dNuclPhys B 613, 366 (2001)
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Spin fPreeession

w In uniform Bfield, muon spin rotates ahead of momentum dued® ¢ Tt
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1 e Polarized Momentum
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w Two approaches to cancel second term. ? Storage ring
1. Magic momentum 2. Zerofield W 4‘
¢ C(&c > T atany

T aﬁle :<TB 8 ?)] T —[663 =2 3)]

S
A JPARC E34
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A Completelydifferent techniques
U Different systematiaincertainty.
A More simplified equatior(” U1~ )
U Clear separation of and]™ .



JPARC: ESExperiment

w New muon ¢2/EDM experimentat JPARC MLF with a newly developed methoc
ultra-cold muon beam

0.54 ppm A 0.1 ppm

JPARC proton beam (3 GeV) : mf HUA m¢ Hi
- Low emittance beam
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A Mu production Ma
TR Y A Laser ionization A Cancel sys. errors.
. e, ) Acceler&
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B T i Injection & storage
B F 1 e & detection
/ | B
Good uniformity of Bfield in compact storage ring - |
A 3 T,~1 ppm locaprecision. 66 Smediarfieter

A Large acceptance.



FPARG: Facility (KEKIAEA)
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H-Line (ConstructiorrMuon Production Target |
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Surface
muons

o

Ultra-Cold iviuon
w Low emittance muon beam is necessary to storage muon without focusing.
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p =28 MeV/c !

QO
E> C(j—) acceleration

300 MeV/c

U Low emittance muon beam
with n Up ~ 3keV/300 MeV 20°
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Ultra-Cold iMuonsSouree 1

w Mu prod. target Laser ablated Silica Aerogel 7Tt
g N Region 1
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Different hole size
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U Optimization is ongoing. S. Kamal



Muon Acceletation

w Ultra-cold muon beam must be reaccelerated to 300 MeV/c
¢ in a sufficiently short period to avoid decay loss
¢ without substantial emittance growth.
w Different design to realize fast4e OOSt SNI G A2y G KNP dz3 K
5.6keV 0.3 MeV 4.5 MeV 40 MeV 212MeV
i =0.01 i oros i or3 ioor7 i o
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mrad{sMrface muon beand m @ p

mrad{Mtra-cold muon beam)
U Basic reference design fbinachas been completed.

¢ Recently IFDTL paper has been publish@d\. Otaniet al., PRAB19, 040101, 2016
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Demonstration af[&eemesraaam @mdmlnﬁlaia%cc

@ JPARC MLF test muon beamlineSg ;-*;_; = 3
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REQCCommissioning

@ JPARC LINAC facility, Jun. 2015.
w Nominal power (4.6 kW) and duty operation.
w No RFelated background with MCP.

MCP count rate[Hz]

|
no RF 5kW, 20usec, 6kW, 20usec, 6kW, 40usec,
25Hz rep. 25Hz rep. 25Hz rep.

U RFQ is ready
A Muon acceleration with RFQ is planned.
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StorageMagnet

w Super Precision Storadgdagnet
¢ 3T with local uniformity of 1 ppm by iron shimming.

Muon storage orbit
Silicontrackingdetector

Iron shim
) 4 support bar

Insertion slot

Iron
yoke
Support —
L S—
-

| \\‘ /Round rail



B-Field Shimming 10

B-field shimming test with the MuSEUM
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w ppm level uniformity is achieved.
U Shimming methods established.

51,0000, 216,000 secale! 1,00000, 1,00000



Muon Injection H

3D-spiral injection scheme
w Difficult to use horizontal injection in our compact storage ring with 3T field.
U 3D-spiral injection scheme has been designétllinum et al. NIMA 832 (2016) 51

¢ Smooth connection between injection and storage sections without any
sources of error field.

U Demonstration of spiral injection IS ongoigs _ ——
Demonstration of spirainjection

o« with low-E electron beam
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Demonstration @fSpirallnjection

Inside view of the mini-solenoid:;

(no beam)

entrance

Slide by H. linuma




Demonstration af<Spisaldnjection

First observation of spiral track
(nominal B-field)

Slide by H. linuma

entrance ’




Reguirementfor Detector 20

w Compact storage ring
¢ givesgood uniformity of Bield,
¢ but lead todense muon decay
Requirements

w High hit rate capabilitywith 30 track/5ns (max).
¢ 40k muons/spill with 25 Hz @final beam intensity goal

w Earlyto-late stability
¢ Ratechanges b factor of ~1/150
during 5times dilatedlifetime.

w Nocontamination ofelectromagnetic field

In the muon storage region.
¢ Bfield (<1 ppm) and Held (< 10mV/cm)

w Compact detectoinside compact storage ring.
Silicon strip detector
w Almost fultcoverage by tracking device
¢ p =200300MeV/c
U Advantage to EDM measurement

\ Positron

neutrino




SiliconsStriprDetector

21

Cross section of detector

N ~ Ve ~ ~ Ve

Detector module (uppethalf)
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A
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(Readoul ASt

Flex

)0
ilicon sensor
(behind the flex)

Heavy material to absorb low energy e+.

Water pipe to cool ASIC

w Detectorconstruction fund is partiallgovered withKibansS.
U Start the detector construction.



Silicon sStripsSensor 2

Fullsize sensor production DRuble metal structure

w Basic characterization has , 3050
. e VA Coewerttlem p TS PF s2t22220200000000
been confirmed. T e . 0 of
S F L r CV .
Eioo: c(\.) 008 AA
0 Mass production will start in JFY2 &t = s
o B .
¢ Totak sensor : 768 O 1 | Gur meas
¢ Total# strip : 786,432 ©f 1/ 2yLlyeqa | | | |Ourmeas.
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Frontend /ASIC

a{f A ¢ MU4protbtgpe)o o
w Binary signal sampled with 5 ns interval
w Connected with evaluation board
by wire-bonding.
U Confirmed to satisfy almost all requirement .

for ASIC.
SIiT128A TEG SliT128A
Parameter Requirement
Simutation | Fesult | Fesult |
S/N >15 19.7 22.4 56 % T '[ y
Gain >19mV/fC  46.2 mV/fC 49.0 mV/fC  49.5 mV/fC S pU Se{pu SETE E -
ENC <1600 e 1210e 1070 e n.a. , P / | 4 R D ra\
Dynamic range ~3MIP ~ 4 MIP ~3 MIP ~5 MIP
Pulse width
(1 MIP) <100 ns 53.5ns 96.0 ns 155 ns
Time walk
(0.5 MIP-33MIP) <5ns 6.5 ns 14.6 ns 11.5ns
Power consumption 0.64 W/chip n.a. 0.44 W/chip

wt SNF2NYI yOS aiddzRe
IS ongoing.

U bSEG ' {L/ OLINRPOI Of
fabricated in next JFY.



FakerEDMbignalby Misalignment

w EDM is measured fromur2 gy |
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Simulation with Imrad misalignment and nulEDMsignal

No oscillation
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i The alignment must be controlled witD > NJadguracy
to measure EDM with 11 'QgA I.
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