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(QED weak hadronic correction not included)
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HyperFine'Structure'(HFS)'of'Muonium'Atoms'(Mu)
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HydrogenMuonium

Our goal is one more digit higher.
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Comparison:'Muonium'(Mu)'and'Hydrogen'(H)'Atoms
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•  g!2#E821(BNL)#0.5ppm#3σ#devia7on#
####!measurement#of#the#devia7on#of#muon#spin#direc7on(ωs)#

#######and#muon#momentum#direc7on(ωc)##ωa�(g!2)/2=aµ��

��!The#ra7o#to#proton#NMR#frequency#is#important!#

�µµ/µp##accuracy#from#direct#measurement#0.12ppm�##
###################W.#Liu$et$al.,$Phys.$Rev.$Le1.$82,$711$(1999).!

Why#Muonium#HFS#measurement#is#so#important��
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aµ   an ιndependent precise muon$mass$measurement$is$required�

From g-2 strage ring� From Muonium HFS �



(frequency sweep)Uncertainty for µµ /µp

     Δν  =!4.463*302*765(53)*GHz**(12*ppb)

*µµ /µp !=!3.183*345*24(37)***(120*ppb)

Sta>s>cal'&'Systema>c'Uncertain>es

(Los*Alamos*exp.*in*the*1990s)
W.*Liu*et!al.,*Phys.*Rev.*Le:.*82*(1999)*711
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higher muon intensity

lower gas density : longer cavity

higher homogeneity of the magnetic field

coaxial pipe

beam profile monitor
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Muon beam from 
intense proton beam 

at J-PARC
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Schematic of the Experiment
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µ+ beam

Mu atoms
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Schematic of the Experiment

detector
magnet

gas chamber
RF cavity

beam
profile

monitor

µ+ + Kr → Mu (µ+e–) + Kr+ 

µ+ → e+ + νe + ν̅µ

π+ → µ+ + νµ
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Gas Chamber



RF Cavity



magnet

1.7 T high-precision superconducting magnet

Requirement: 1 ppm homogeneity + absolute calibration
                    in 300 mm x )200 mm spheroidal region

• Field strength to be measured 
   by water NMR probes.

• 24 probes x 24 positions

• Field correction by shim coils 
   and insertion of iron shims.

• iterative adjustment

Bore diameter = )925 mm
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RF Cavity & Gas Chamber
RF resonator Kr gas vessel
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Figure 4.6: Pressure extrapolation of the old muonium data. Plot a shows the extrapolation
for 1I12, and Plot b shows that for 1I34. The transition frequencies in vacuum and the pressure
shift coefficients are also shown in the figures.
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Large shift 
• Due to atomic collision
• Linear dependence

Pressure shift of the resonance line

ν(P) = ν(0) (1 + aP + bP2)

a12 = –1.14 x 10–8  Torr–1 @ 0 deg. C
a34 = –1.01 x 10–8  Torr–1 @ 0 deg. C

pressure: precise measurement
temperature: sub-K control



∂Δν(H) / ∂P ≈ 16 Hz / mbar

Pressure shift of the resonance line

Collision with reactive contaminant gases

H2 gas

∂Δν (0.8 atm, 300 ppm) ≈ 4 Hz

O2 gas highly reactive (unpaired electrons)

Mu is an isotope of H.
Mu behaves chemically as an hydrogen radical (H･).

Shift of resonance lines
Quenching of Mu polarization ☞ signal vanishes

purity: < O(ppm)
          gas chromatograph or Qmass detector



����ŝŵĂŐĞ foil test

Gas Chamber

Design drawing foil test

0.1mm aluminium foil hold 
ϭĂƚŵ�ƉƌĞƐƐƵƌĞ�ĚŝīĞƌĞŶĐĞ

to-do list of designing
• gas-handling system
• measurement of gas purity
• temperature control

100 µm
   100 mm φ Al foil

25 µm Cu foil



CAVITY & CHAMBER
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Our cavity is longer enough to stop 
most of muons in it at a few atms.

ĞǆƚƌĂƉŽůĂƟŽŶ�ďǇ
the values of several 
pressures to obtain
the value at vacuum.

Longer cavity allows reliable measurements at lower pressure.

Extrapolation to zero 
density gives the intrinsic 
resonance frequency

RF Cavity

Pressure shift 
of the resonance line



RF Cavity & Gas Chamber
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frequency tuning by physically 
moving tuning bars.

alumina tuning bar

20 x 100 x 5 mm3

tuning bar

RF
400 kHz

RF Cavity



Z&�ĮĞůĚ
simulated by CST studio

Z&�ĮĞůĚ ĨƌĞƋƵĞŶĐǇ�ĐŚĂƌĂĐƚĞƌSimulation by CST studio (Microwave Studio)

frequency characteristicsRF field

RF simulations

RF Cavity



cavity ĨƌĞƋƵĞŶĐǇ�ĐŚĂƌĂĐƚĞƌ
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候補 

• 薄い短冊状のプラスチックシン

チレータを並べ、端から光電子

増倍管で読み出す 
• 想定するミュオンの運動量は

27 MeV/c で、プラシンでのレン
ジは0.11 g/cm2程度 (≈  1  mm) 

• プラシンの厚さは0.1mm程度
に抑えたい。 

 

光電子増倍管 

プラスチックシンチレータ 

2013/3/27 日本物理学会 第68回年次大会 5 
Front BPM�

Target BPM�

µ+

Prototype Front BPM

Beam Profile Monitor

20 scintillators each for x & y
6 mm x 184 mm

0.1 – 0.2 mm thickness !!
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Beam Profile Monitor

カップリング依存性 

アクリルのライトガイドを介さず、ファイバを直接プラスチック

シンチレータの端に接続した方が光電子数が多かった。 

2013/3/27 日本物理学会 第68回年次大会 12 
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ビームテスト 

2013/3/27 日本物理学会 第68回年次大会 7 

J-PARC /MLF (Material and Life Science experimental Facility) において実施。
パルスビーム。ミュオンの運動量は27 MeV/c , 25Hz, パルスあたり105個。 

test with 90Sr source test with pulsed µ+ beam 

@ J-PARC/MLF
27 MeV/c,  25 Hz,  105 µ+ / pulse



µ+ beam

Mu atoms
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Schematic of the Experiment

detector
magnet

gas chamber
RF cavity

beam
profile

monitor

µ+ + Kr → Mu (µ+e–) + Kr+ 

π+ → µ+ + νµ

µ+ → e+ + νe + ν̅µ



µ+ beam

Mu atoms

e+

Schematic of the Experiment

detector
magnet

gas chamber
RF cavity

beam
profile

monitor

µ+ + Kr → Mu (µ+e–) + Kr+ 

π+ → µ+ + νµ

max. 50 MeV

µ+ → e+ + νe + ν̅µ



Detection of muon decay
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Requirement: Suitable for high intensity pulsed beam
• (1 x 108 /s) / (25 pulses/s) ~ 4 x 106 muons / pulse
• Highly segmented positron counter
☞ 2~4 layers of scintillating fiber hodoscope

• Expected event rate ~ 3 MHz/cm2 (‘old muonium’ method)

Scintillation fiber + MPPC + ASIC-based ASD + FPGA MHTDC
• Prototype has been developed and beam test performed.

Simulated positron hits per stopped muon Prototype of the detector



Evaluation of uncertainty by resonance-line simulations

Center!of!the!resonnce!line
determined!by!fi3ng.

for!every!muonium.

detecTon*efficiency*map



Selection of long-lived muonium
narrows the resonance spectra, 
but reduces the statistics.
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    Less statistics is not always bad:
it supresses the high count rate at the detector.
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Narrower spectrum is more robust
against drifts & fluctuations of e.g. RF power.

A set of simulation examples 
for the case where 
the RF power is changed 
by 0.1% over the frequency 
scanning range.

Effect of drift or fluctuation 
of the RF power

RF power   100.0%  →  →  →  →  →  →  → 100.1%



A set of simulation examples 
for the case where 
the muon stopping position
is displaced.

Effect of misalignment
of the muon distribution

Constant displacement does not shift 
the center frequency of the resonance line.

Displacement during the scan 
(dependent on the frequency) 
shifts the center frequency.

3 mm displacement

3 mm displacement0 mm

1 mm displacement0 mm



(frequency sweep)Uncertainty for µµ /µp

     Δν  =!4.463*302*765(53)*GHz**(12*ppb)

*µµ /µp !=!3.183*345*24(37)***(120*ppb)

Sta>s>cal'&'Systema>c'Uncertain>es

(Los*Alamos*exp.*in*the*1990s)
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higher muon intensity

lower gas density : longer cavity

higher homogeneity of the magnetic field

coaxial pipe

beam profile monitor



prepare for apparatus of this experiment.
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Summary

• Microwave spectroscopy of Mu GS-HFS (the ground-
state hyperfine structure of the muonium atom) 
determines µµ and mµ (magnetic moment and mass of 
the muon), important properties also for (g–2)µ.

• Experiment planned at J-PARC (KEK-JAEA joint 
facility) aims at one-digit more precision = O(ppb): 
O(Hz) uncertainty out of O(GHz) resonances.

• Development is on-going in various parts of the exp.: 
magnet, pure-gas chamber, RF cavity, muon profile 
monitor, positron detector etc.

• Evaluation of systematic uncertainties are under way.



Fine.

Grazie per vostro attenzione.
Gratias ago pro audientia vestra.
Спасибо за внимание.

Merci de votre attention.
Thank you for your attention.
경청해 주셔서 감사합니다.

 ご清聴ありがとうございました。

鳥居 寛之
Hiroyuki A. TORII





 Δν =!4.463*302*765(53)*GHz*(12*ppb)
*µµ/µp*=!3.18*334*524(37)**(120*ppb)

gµ =*2*(1*+*aµ),***aµ =*0.011*659*23(8.5)**(4*ppb*for*gµ)
　　　　µe

B/µp!=*1.521*032*202(15)**(1*ppb)

!!!!!!!!!!!mµ/me!=*206.768*277(24)*(120ppb)

 ν12*=*1.897*539*800(35)*GHz*(18*ppb)
*ν34*=*2.565*762*965(43)*GHz*(17*ppb)

Contribution to the value of fine structure constant α

Magnetic moment 
to be determined

Muon mass 
to be determined

☞  Contribution to (g!– 2) exp.

Microwave'Spectroscopy'Experiment'of'Mu-HFS

(Los*Alamos*exp.*in*the*1990s)

Δν =!ν12*+ ν34
Phys.*Rev.*Le:.*82,*711

LAMPF

ΔνMu(th) = Δν(Fermi) F (α, me/mµ)

数値が最新のも
のでないが...。



It is clear from both the table and figure that the data are highly
inconsistent. Of the 55 differences among the 11 values, the
three largest, 11:4udiff , 10:7udiff , and 10:2udiff , are between
JILA-10 and three others: UWash-00, BIPM-01, and UZur-06,
respectively. Further, eight range from 4udiff to 7udiff . The
weighted mean of the 11 values has a relative standard uncer-
tainty of 8:6! 10"6. For this calculation, with ! ¼ 10, we
have "2 ¼ 209:6, pð209:6j10Þ & 0, and RB ¼ 4:58. Five data
have normalized residuals jrij> 2:0: JILA-10, BIPM-01,
UWash-00, NIST-82, and UZur-06; their respective values
are "10:8, 6.4, 4.4, "3:2 and 3.2.

Repeating the calculation using only the six values of G
with relative uncertainties' 4:0! 10"5, namely, UWash-00,
BIPM-01, MSL-03, UZur-06, HUST-09, and JILA-10, has
little impact: the value of G increases by the fractional
amount 5:0! 10"6 and the relative uncertainty increases to
8:8! 10"6; for this calculation ! ¼ 5, "2 ¼ 191:4,
pð191:4j5Þ & 0, and RB ¼ 6:19; the values of ri are 4.0,
6.3, "0:05, 3.0, "2:2, and "11:0, respectively.

Taking into account the historic difficulty in measuring G
and the fact that all 11 values of G have no apparent issue
besides the disagreement among them, the Task Group de-
cided to take as the 2010 recommended value the weighted
mean of the 11 values in Table XXIV after each of their
uncertainties is multiplied by the factor 14. This yields

G¼6:67384ð80Þ!10"11 m3kg"1 s"2 ½1:2!10"4):
(284)

The largest normalized residual, that of JILA-10, is now
"0:77, and the largest difference between values of G, that
between JILA-10 and UWash-00, is 0:82udiff . For the calcu-
lation yielding the recommended value, ! ¼ 10, "2 ¼ 1:07,
pð1:07j10Þ ¼ 1:00, and RB ¼ 0:33. In view of the significant
scatter of the measured values of G, the factor of 14 was
chosen so that the smallest and largest values would differ
from the recommended value by about twice its uncertainty;
see Fig. 6. The 2010 recommended value represents a

FIG. 1. Values of the fine-structure constant # with ur < 10"7

implied by the input data in Table XX, in order of decreasing
uncertainty from top to bottom (see Table XXV).

FIG. 2. Values of the fine-structure constant # with ur < 10"8

implied by the input data in Table XX and the 2006 and 2010
CODATA recommended values in chronological order from top to
bottom (see Table XXV).

TABLE XXV. Inferred values of the fine-structure constant # in order of increasing standard uncertainty obtained from the indicated
experimental data in Table XX.

Primary source Item No. Identification Sec. and Eq. #"1
Relative standard
uncertainty ur

ae B13:2 HarvU-08 V.A.3 (128) 137.035 999 084(51) 3:7! 10"10

h=mð87RbÞ B57 LKB-11 VII.B 137.035 999 045(90) 6:6! 10"10

ae B11 UWash-87 V.A.3 (127) 137.035 998 19(50) 3:7! 10"9

h=mð133CsÞ B56 StanfU-02 VII.A 137.036 0000(11) 7:7! 10"9

RK B35:1 NIST-97 VIII.B 137.036 0037(33) 2:4! 10"8

$0
p"90ðloÞ B32:1 NIST-89 VIII.B 137.035 9879(51) 3:7! 10"8

RK B35:2 NMI-97 VIII.B 137.035 9973(61) 4:4! 10"8

RK B35:5 LNE-01 VIII.B 137.036 0023(73) 5:3! 10"8

RK B35:3 NPL-88 VIII.B 137.036 0083(73) 5:4! 10"8

!!Mu B29:1, B29:2 LAMPF VI.B.2 (233) 137.036 0018(80) 5:8! 10"8

$0
h"90ðloÞ B33 KR/VN-98 VIII.B 137.035 9852(82) 6:0! 10"8

RK B35:4 NIM-95 VIII.B 137.036 004(18) 1:3! 10"7

$0
p"90ðloÞ B32:2 NIM-95 VIII.B 137.036 006(30) 2:2! 10"7

!H, !D IV.A.1.m (88) 137.036 003(41) 3:0! 10"7
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It is clear from both the table and figure that the data are highly
inconsistent. Of the 55 differences among the 11 values, the
three largest, 11:4udiff , 10:7udiff , and 10:2udiff , are between
JILA-10 and three others: UWash-00, BIPM-01, and UZur-06,
respectively. Further, eight range from 4udiff to 7udiff . The
weighted mean of the 11 values has a relative standard uncer-
tainty of 8:6! 10"6. For this calculation, with ! ¼ 10, we
have "2 ¼ 209:6, pð209:6j10Þ & 0, and RB ¼ 4:58. Five data
have normalized residuals jrij> 2:0: JILA-10, BIPM-01,
UWash-00, NIST-82, and UZur-06; their respective values
are "10:8, 6.4, 4.4, "3:2 and 3.2.

Repeating the calculation using only the six values of G
with relative uncertainties' 4:0! 10"5, namely, UWash-00,
BIPM-01, MSL-03, UZur-06, HUST-09, and JILA-10, has
little impact: the value of G increases by the fractional
amount 5:0! 10"6 and the relative uncertainty increases to
8:8! 10"6; for this calculation ! ¼ 5, "2 ¼ 191:4,
pð191:4j5Þ & 0, and RB ¼ 6:19; the values of ri are 4.0,
6.3, "0:05, 3.0, "2:2, and "11:0, respectively.

Taking into account the historic difficulty in measuring G
and the fact that all 11 values of G have no apparent issue
besides the disagreement among them, the Task Group de-
cided to take as the 2010 recommended value the weighted
mean of the 11 values in Table XXIV after each of their
uncertainties is multiplied by the factor 14. This yields

G¼6:67384ð80Þ!10"11 m3kg"1 s"2 ½1:2!10"4):
(284)

The largest normalized residual, that of JILA-10, is now
"0:77, and the largest difference between values of G, that
between JILA-10 and UWash-00, is 0:82udiff . For the calcu-
lation yielding the recommended value, ! ¼ 10, "2 ¼ 1:07,
pð1:07j10Þ ¼ 1:00, and RB ¼ 0:33. In view of the significant
scatter of the measured values of G, the factor of 14 was
chosen so that the smallest and largest values would differ
from the recommended value by about twice its uncertainty;
see Fig. 6. The 2010 recommended value represents a

FIG. 1. Values of the fine-structure constant # with ur < 10"7

implied by the input data in Table XX, in order of decreasing
uncertainty from top to bottom (see Table XXV).

FIG. 2. Values of the fine-structure constant # with ur < 10"8

implied by the input data in Table XX and the 2006 and 2010
CODATA recommended values in chronological order from top to
bottom (see Table XXV).

TABLE XXV. Inferred values of the fine-structure constant # in order of increasing standard uncertainty obtained from the indicated
experimental data in Table XX.

Primary source Item No. Identification Sec. and Eq. #"1
Relative standard
uncertainty ur

ae B13:2 HarvU-08 V.A.3 (128) 137.035 999 084(51) 3:7! 10"10

h=mð87RbÞ B57 LKB-11 VII.B 137.035 999 045(90) 6:6! 10"10

ae B11 UWash-87 V.A.3 (127) 137.035 998 19(50) 3:7! 10"9

h=mð133CsÞ B56 StanfU-02 VII.A 137.036 0000(11) 7:7! 10"9

RK B35:1 NIST-97 VIII.B 137.036 0037(33) 2:4! 10"8

$0
p"90ðloÞ B32:1 NIST-89 VIII.B 137.035 9879(51) 3:7! 10"8

RK B35:2 NMI-97 VIII.B 137.035 9973(61) 4:4! 10"8

RK B35:5 LNE-01 VIII.B 137.036 0023(73) 5:3! 10"8

RK B35:3 NPL-88 VIII.B 137.036 0083(73) 5:4! 10"8

!!Mu B29:1, B29:2 LAMPF VI.B.2 (233) 137.036 0018(80) 5:8! 10"8

$0
h"90ðloÞ B33 KR/VN-98 VIII.B 137.035 9852(82) 6:0! 10"8

RK B35:4 NIM-95 VIII.B 137.036 004(18) 1:3! 10"7

$0
p"90ðloÞ B32:2 NIM-95 VIII.B 137.036 006(30) 2:2! 10"7

!H, !D IV.A.1.m (88) 137.036 003(41) 3:0! 10"7

1576 Peter J. Mohr, Barry N. Taylor, and David B. Newell: CODATA recommended values of the fundamental . . .

Rev. Mod. Phys., Vol. 84, No. 4, October–December 2012

Fine structure constant α
CODATA 2010

Mu HFS

(QED consistency)



 Δν(exp) =!4.463*302*765(53)*GHz*(12*ppb)

mµ/me!=*206.768*2670(55)*(27*ppb)

Comparison gives a more precise value 
                  of the mass ratio mµ/me.

Microwave'Spectroscopy'Experiment'of'Mu-HFS

ΔνMu(th) = Δν(Fermi) F (α, me/mµ)

µµ/µp*=!3.18*334*5396(94)*(30*ppb)

Fine structure constant α 
given by CODATA (ae = (g – 2)/2 of e–)

One of the most precise tests of
Bound-state QED by comparing theory & exp.

cf. Ps HFS gives a precision of a few ppm.

mµ–––
me

Mu 1S-2S µSR 
in Br2�

MuHFS 
Breit Rabi 

MuHFS 
Δν(theory) 

CODATA
2010



StaƟsƟcal error
Kr density ŇuctuaƟon

DriŌ of Kr density calibraƟon
CalibraƟon of Kr density
Hydrogen contaminaƟon
QuadraƟc pressure shiŌ

Microwave power uncertainly
Muon stopping distribuƟon
MagneƟc Įeld distribuƟon
�pparatus eīect on H Įeld

�bsolute calibraƟon of H Įled
Siegert term and nonres. statesBloch
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Figure 4.6: Pressure extrapolation of the old muonium data. Plot a shows the extrapolation
for 1I12, and Plot b shows that for 1I34. The transition frequencies in vacuum and the pressure
shift coefficients are also shown in the figures.

:---7 V34= 2565763020 (77) Hz

~ ~4 = -7.665 (25) X 10-6 , alm

"1: = 1.00
dof = 735

o 0.2 0.4 0.8 1 1.2 1.4

pressure at oOe (atm)

from Liu’s thesis

of Mu HFS

ν(P) = ν(0) (1 + aP + bP2)

a12 = –1.14 x 10–8  Torr–1 @ 0 deg. C
a34 = –1.01 x 10–8  Torr–1 @ 0 deg. C

b = (9.7 ± 2.0) x 10–15  Torr–2

D.*E.*Casperson*et!al.,*Phys.*Le:.*B*59,*397*(1975).
cited*in*Liu’s*thesis

C.*L.*Morgan*et!al.,*Phys.*Rev.*A*7,*1494*(1973).
cited*in*V.*W.*Hughes*et!al.,*Phys.*Rev.*Le:.*87,*111804*(2001).

––– = 1 x 10–11  deg.C–1 Torr–1

T3/10 dependence ?

da
dT

Pressure shift of the resonance line



15%, 80%
47.3pt

Phase shift due to collision ⇒ shift and width of resonance

η j(b) = Vj(R(t))
–∞

∞
dt

∆ – iγ = – iNv (1 – e iη(b))
b1

∞
2πbdb ∫ – iNv (σ∆ – iσγ )

10–15 s 10–13 s

10–9 s

Collisional Phase Shift
Shift and Width of Resonance Lines (13C)

Laser Spectroscopy of pHe+ Atom-Molecules
_

ν

    Transition [nm] � � 597 �               470 
straight trajectories� ∆� – 2.44�            – 1.28
curved trajectories� ∆� – 4.10�            – 1.38
+ thermal averaging� ∆� – 3.96�            – 1.42
 � γ� 0.35�               0.07
Experiment� ∆� – 4.05�            – 1.50 (10)
� γ� 0.30�            < 1.00

Shift and Width of Resonance Lines (13B)

Theory of collisional
shift and broadening

Laser Spectroscopy of pHe+ Atomcules
_

ab initio calculation by Bakalov GHz / 1021 cm–3

(  7)
(15)

       

V(38,34)(R)

V(39,35)(R)

∆V(R)

R

4 5 76 8

0

1x10−4

≡

s = ∆/ρ µ         µ  T        (th.)

Shift and Width of Resonance Lines (13)

Theory of collisional
shift and broadening

Laser Spectroscopy of pHe+ Atomcules
_

Phase shift due to collision ⇒ shift and width of resonance

η j(b) = Vj(R(t))
–∞

∞
dt

Vj(R) = –
C6
R 6 = –

α 〈 jµµ 2 j 〉
R 6

∆ – iγ = – iNv (1 – e iη(b))
b1

∞
2πbdb ∫ – iNv (σ∆ – iσγ )

van der Waals
attraction

(Impact approximation)

Classical rectilinear trajectory
Hard-core repulsion at R1

    Transition [nm] � � 597 � 470 
Theory  I� ∆� – 0.71� – 0.55 �
� γ (R1 = 2 a.u.)� 0.78� 0.55
� γ (R1 = 3 a.u.)� 0.53� 0.29
Theory II� ∆� – 0.37�  + 0.67
Theory III � ∆� – 0.70�  – 0.63
Experiment � ∆� – 0.62� – 0.23
� γ� 0.05� < 0.15

10–6 a.u. / 1021 cm–3

vT3/5 3/10

s (15.2 K)
s (6.2 K)

= 1.31 (th.)  vs.  1.22 ± 0.15 (exp.)

van der Waals attraction

impact approx. 
(sudden collision)
binary collision
random collision

for antiprotonic helium atoms

Collisional phase shift

Shift is linear with the buffer-gas density.



Collisional(shi*(of(Sr(atoms(with(rare(gases�

f0=434*829*121*312*334*Hz,*
from*T.*Ido,*et!al.,*PRL*94,*153001*(2005)

N.*Shiga,*et!al.,*PRA*80,*030501*(2009)

1S0'→3P1'

�400#nm�

30μK�op>cal'laJce'clock

3P1$+$Rg�

1S0$+$Rg�

Ve(r)�

Vg(r)�

ΔV (r) =Ve(r)-Vg(r)�

Slide from T. Ido, NICT, Tokyo
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Muon beam and Magnet 50

A. Toyoda et al. J.Phys.Conf.Ser. 408 (2013)

Requirement to the magnet:
1ppm homogeneity in z300 mm, r100 mm region

Specification of the magnet:
Field strength 1.7 T
Bore diameter 925 mm

■ H-Line : The highest intensity pulsed muon beam at J-PARC

■ Magnet : 1.7 T high precision superconducting magnet

Simulation Result:
Profile at final focus

σx=13 mm, σy=13 mm
xp=161.5 mrad, yp=137.4 mrad

93.6% transmission efficiency
Leakage field 0.5 Gauss
(Requirement < 1.7 Gauss)

Simulated muon beam by G4Beamline

Magnet at J-PARC

Field correction is performed by main coil, iron shim, and shim coil
Field strength is monitored by NMR probes

K. Sasaki, M. Sugano, The 5th and 6th g-2/EDM Collaboration Meeting (2012)
T. Mizutani et al, Japan Phys. Soc. Autumn Meeting (2013)



Beam intensity:  1 x 108 muons / s
        → (1 x 108 /s) / (25 pulses/s) ~ 4 x 106 muons / pulse

Acceptance of the detector (z = 700 mm)
  5 x 10–5 e+ / cm2 / muon  (@ 700 mm)
   → 200 e+ / cm2 / pulse  (90 MHz / cm2 ) 
   →     3 e+ / µs / cm2 (3 MHz / cm2 ) for “Old Muoniums”
            900 segments / layer ( 1 segment = 1 cm2 )

Estimation of the Event Rate

Detection of muon decay


