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Principle of muon g-2 Measurement

Inject polarized muons to the storage ring.

- 't - putv, decay
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Muon spin precession relative to momentum in cyclotron is proportional to g-2
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» Precise measurement of g — 2 needs precise determinations of w and B.
— Muon-to-proton magnetic moment ratio is also used instead of e/m,,.



Non-zero EDM contributes to spin precession.

EDM can be measured from up-down asymmetry.

Principle of muon EDM Measurement
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New Muon Beam Line “H-Line"™

g-2/EDM
Three muon experiments MuSEUM (Mu-HFS)

3 GeV proton beam DeeMe (muon cLFV)
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Experimental sequence

40 ms (25 Hz)

Surface L) [
muon beam
@ MeV) — ‘xb/ L
laser 1onization
Mu
Thermal /\
muonium ~1 S ~\
(25 meV) N
+
K ~1 ns
Ultra-slow muon N | =\
(25 meV) .\ .
v\ ~3 ns
Re-acceleration _ T = _
(200 MeV) .

Storage and detection

Spin precession
2/w, = 2 ps (in B = 3T)

(200 MeV)

e* tends to be emitted in u*'s spin direction



Low Emittance Beam 26

Methods to storage muon beam

e BNL & FNAL (magic momentum approach)
— Electric quadrupole field focusing

Electric focusing

e J-PARC (zero E-field approach) Syst. Err. @BNL

— Low-emittance “cold” muon beam. mm

Pile up 0.08

= GépT) < 107> - 10 cm spread over 10 km travel. - Lostmuons  0.09
T

CBO 0.07

» Low emittance beam can avoid major syst. error at BNL. |

_ E and pitch 0.05
Total for w 0.18



Muon beam at J-PARC

: “@G emittance
& @ ~1000t mm mrad
v .
ducti
production BG it contamination

emittance

1t mm *mrad
ReaCCE|eratEd | Free from any of these ‘

L—Y—H A FRRATFRL—F—

BHRBoBLFHERFAEG) thermal m uon




Off-magic momentum 2

Off magic momentum at 300 MeV/c Syst. Err. @BNL

— Compact storage ring provides precise control of B-field. mm

Total for w 0.18
Total for B 0.17

e 3T,~1 ppm local precision.

— Spin manipulation of p beam cancel various systematics.

J-PARC (P =300 MeV/c, 3T)
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Operation Panel for DAQ operator

Curren t Statu:

OK

Run Number
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DAQ status
State Status Total Byte Counts
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e Track reconstruction algorithm is being developed.

—200

Track Reconstruction Tool
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— With the developed track finding algorithm based on Hough transformation,
more than 90% efficiency is expected even in the highest pileup condition.

Event display

(0.6 tracks/ns, time window= 10 ns)

event display (x-y plane)
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Fake EDM Signal by Misalignment

e EDM is measured from up-down asymmetry “A ,".

Simulation with 1 mrad misalignment and null EDM signal
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» The alignment must be controlled with 10 prad accuracy

to measure EDM with 10~%1e - cm.
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Muon RF acceleratlon for heflrst time!
J-PARC MLFD2 area, Octozéf _ . Slide by M. Otani
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Muon Injection Scheme @BNL&FNAL

i C L. ) i Storage ring @BNL & FNAL
ﬂlorlzontal injection + horizontal kicker (P = 3 GeV/c, 1.45T)

Central orbit
Inflector _ (Radius 7m)

beam

Horizontal
kick (1.5mrad)

Our storage ring @J-PARC
(P =300 MeV/c, 3T)

» 3T is too high to cancel fringe
field by inflector.

» Kick angle required in our
compact ring is too large and fast.
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Muon Injection Scheme @J-PARC

e 3D-spiral injection scheme has been designed. H.linum et al. NIMA 832 (2016) 51

— Smooth connection btw injection and storage regions w/o any sources of error
field.

e Vertical motion is controlled by radial field (Br).
— Pulsed magnetic kicker to guide muon beam into stable orbit.

— Weak-focusing magnetic field to hold muon beam in stable orbit.
3D spiral injection + kicker

x bea -
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» Higher injection efficiency : “80% < 3-5% @BNL E821 [PRD73 072003 (2006)]



Storage Magnet Design *

Super Precision Storage Magnet

e 3T with local uniformity of 1 ppm by iron shimming and superconducting sim coils.

_~ Muon storage orbit
- Silicon tracking detector

Iron shim
| 4 support bar

29m

Insertion slot

Iron ¢
yoke

Support »
cylinder
‘Y\’ ) ‘.\3”
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B-Field Shimming

B-field shimming test with the MuSEUM Before shimming 600 ppm
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e ppm level uniformity is achieved £ o m
by iron shimming. 3 ¥ :?

» Shimming method is established. il | [ibiogeoh it
mpBE BNL-E321

o L E1 P, S8 ) [PE DV3 95?20-03;(, 0(2036311

azimuthal position [deg]



Muon Beam Intensity

Table 14.1: Efficiency and beam intensity

| Quantity Reference Efficiency Cumulative | Intensity (Hz) |
Muon intensity at production target 2] 1.99E+09
H-line transmission 2] 1.62E-01 1.62E-01 3.22E+08
Mu emission 3] 3.82E-03 6.17TE-04 1.23E+06
Laser ionization [4] 7.30E-01 4.50E-04 8.9TE+05
Metal mesh (5] 7.76E-01 3.49E-04 6.96E+05
Init. Ace.trans.+decay [5] 7.18E-01 2.51E-04 5.00E+05
RFQ transmission 6] 9.45E-01 2.37E-04 4.72E+05
RFQ decay (6] 8.13E-01 1.93E-04 3.84E+05
IH transmission [7] 9.87E-01 1.90E-04 3.79E+05
IH decay [7] 9.89E-01 1.88E-04 3.75E+05
DAW transmission 8] 9.95E-01 1.87E-04 3.73E+05
DAW decay B 9.61E-01  1.80E-04 3.58E+05
High beta transmission [9] 1.00E-+00 1.80E-04 3.58E+05
High beta decay 9] 9.88E-01 1.78E-04 3.54E+05
Injection transmission (10] 8.5E-01 1.42E-04 2.83E+05
Injection decay [10] 9.9E-01 1.41E-04 2.80E+05
Detector start time [10] 9.27E-01 1.30E-04 2.60E+05
Muon at storage 2.60E+05
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Expected uncertainties

Estimation
Total number of muons in the storage magnet | 5.2 x 102
Total number of positrons 0.57 x 102
Effective analyzing power 0.42
Statistical uncertainty on w, [ppb] 450
Statistical uncertainty on wy, [ppb] 100

Uuncertainties on a,, [ppb]

460 (stat.)
< 70 (syst.)

Uncertainties on EDM [1072! e-cm]

1.4 (stat.)
0.36 (syst.)




The Collaboration

99 “current” members from 41 institutions, 7 countries.

Collaboration meeting in Kyushu University|™
(December, 2017)




