New Precise Measurement of
Muonium Hyperbne Structure at J-PARC

9 4

(M)seum Yasuhiro Ueno for MuUSEUM collaboration | 5K

University of Tokyo, JSPS Research Fellow

- MuSEUM ' RF System

I\/Iuonium i_S th_e bound state of a positive muon and an electron and It if} '€€To induce the transition, RF field with frequency 4.4 GHz is applied into t
from the finite-size effect of nucleons, thus the theoretical value of muoniym RE resonance cavity through an antenna(Fig. 2). The cavity resonance gt

hyperiine splitting(MuHFS) can be detemined precisely[1]. | and the coupling of antenna were measured by a vector network analyzet
MuSEUM (Muonium SpectroscopyexperimentUsingMicrowave) ainten- I typical Q value of the cavity is 12000. The resonance frequency is tuned
fold improvement of the preceding measurement of MuHF®oth at zero changing the position of the aluminum bar inserted in the cavity.

magnetic tield(uncertainty: 1.4 kHz)[2] and in high magnetic tield(51 Hz)[J.  Another small antenna was utilized for picking up a small portion of RF
There arghree major motivation of this new precise measurement of MuHESpower and monitoring the power stability. The fluctuation of RF power car
1. Test of bound-state QED(Quantum Electrodynamics) distrort the resonance line and may shift the resonance cEmeesystematic

2. Determination of muon mass (and muon magnetic moment) uncertainty from the power stability was evalueted to be 10 Hz
3. Test of CPT and Lorentz invariance [4]
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' Magnetic Shield ' Other Apparatuses

Magnetic field is concerned beacause (1) the field may broaden the resopa MUSEUM have developed a 3D muon beam monitoring system called Ta

. . . . eam Profile Monitor(TBPM) based on a beam monitor system for mu-SF
ine by th_e _Zeeman effect and (2) the field may r_educe the signal by rotatipg 5 2 shows how TBPM measures the 3D distribution of muon. Typical 2I
muon spin in the gas chamber. The magnetic shield made of permalloy(Fig. 3)=. '

P R IMmage of muon beam Is also shown In the figure. The systematic uncerete
was employed to suppress the magnetic field. The field inside the RF cavity ftlom the spatial distribution of RF field or static magnetic field were estime

was measured using a flux-gate probe(Fig. 4) and the field is less than 10 L4 o the 3D muonium distribution. The latter is explained with the

The resonance b_roademngpausec_l Dy the_ .100 nT_ f|_eisl less than 10 Hzand magnetic shield in the left boXhe uncertainty related to RF and Muonium
the signal reductiondue to the spin rotatias negligible distribution is 6 Hz
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- ReSOnance Observed - Summary Pre“mmary Uncertamty Table
During the beam time In June 2016, there was the difference of the signajwithpmuSEUM collaboration aim ten-fold i Magnetic Field 10 Hz*
RF on-resonance and off-resonanc_e(Flg. /). Based on the data taken In 6 poufg;provement of the experimental value ' e Procsyre o
the resonance line was observed(Fig..&urther analysis Is underway. of MUHFS. o t -
- . . . asS lemparature Z
We anticipate that we can exceed the record with further data-taking (aboug 100 . °
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off-resonance RF(lower). . Further analysis is ongoing.
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