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異常磁気モーメント g-2  ‒‒ Anomalous Magnetic Moment  3

Dirac
Standard	Model
Beyond	SM

異常磁気モーメントの値 aµ は理論モデルを用意することで計算できる。 
標準模型による計算値と測定値の間に乖離があれば、それは標準模型を超えた物理
があることを示唆している。

異常磁気モーメント g因子　g = 2 (1 + aµ)

aµ  = 0 + aµQED +aµhad + aµweak + aµBSM
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電気双極子モーメント EDM  ‒‒  Electric Dipole Moment  4

Time Reversal(T)

+

−−

+

C	even	/	P	even	/	T	even P	odd	/	T	odd

電気双極子モーメントは時間変換に対して奇対称である。 
CPT定理を仮定するならば、EDMはCP対称性も奇対称であることが言える。 
ミューオンのEDMは荷電レプトンフレーバーのCP対称性の破れの探索に有用。 
CP対称性の破れが存在すれば、宇宙のバリオン数非保存などの問題の手がかりとなる。
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スピンの異常歳差運動  5

1.3. Mu Production Target and Production of Ultra-Cold Muons 11
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Figure 1.3: Expected asymmetry plot from the simulation studies. Polarization and number of

muons are identical to the “wiggle” plot.

and with the design completed on the first bending magnet, both to be installed in summer 2012.
This early installation date avoids high levels of radiation due to planned MUSE running for other
beamlines.

A detailed design of the H-line is also being developed. The effort was originally triggered by the needs
for DeeMe experiment. Now the design is optimized for the g − 2 experiment with the G4Beamline
as depicted in Fig. 1.5.

The expected muon flux is based on measurements at CERN and at the MUSE D-line of MLF. See
Chapter 3 for details. In addition, a realistic simulation studies are ongoing to further confirming the
shielding strategy around the H-line.

1.3 Mu Production Target and Production of Ultra-Cold Muons

The 28 MeV/c µ+ beam will be focused on to a muonium production target. By producing muonium
(Mu), a µ+−e− atom, the muon is effectively stopped, but maintains its polarization. The e− are then
stripped from the muonium atoms using a powerful new laser beams. The ultra-cold µ+ produced
this way will be fully polarized, with very little transverse momentum. We refer to these as ultra-cold
muons.

A crucial issue for this experiment is to reach an efficiency of order 1% in the production of fully

Muon g-2/EDM Experiment, Conceptual Design Report, Revised, December 13, 2011, 4:04 P.M.

10 Chapter 1. Overview

Instead, we have chosen to eliminate the electric field so that we have simplified the equation as

ω⃗ = − e

m

[
aµB⃗ +

η

2

(
β⃗ × B⃗

)]
. (1.5)

Since the precession vectors ω⃗a and ω⃗η are orthogonal each other, we should be able to separate by
having an appropriate detector design.

Figure 1.2 displays the projected “wiggle plot” to extract the absolute value of the precession vector
|ω⃗|. Figure 1.3 displays the possible EDM precession with the assumed value of 2×10−20 e·cm.

Figure 1.2: Expected wiggle plot from the simulation studies. Here we assume 100% polarized muon

and 1.5×1012 muon decays, which is possible in one year of running with the projected number of

ultra-cold muons, 1×106µ+/s.

Extraction of the precession frequency is described in Chapter 10. Both precession frequencies should
be converted to the dipole moment values. We decided to follow the prescription of the previous
experimental approach. We plan to perform the measurement of hyper-fine splitting of the muonium
at J-PARC MLF at the same beamline. Details are described in Chapter 11.

1.2 Surface Muons and Transport Beamline

We intend to use the planned µ+ surface muon beam from the MUSE H-line at J-PARC MLF as
displayed in Fig. 1.4. with 1 × 108µ+/s at 28 MeV/c in a 5% (rms) momentum bite, with 100%
polarized muons. This beamline is largely designed, with the upstream capture solenoid being built,

Muon g-2/EDM Experiment, Conceptual Design Report, Revised, December 13, 2011, 4:04 P.M.

g-2

EDM

g-2やEDMの存在によって運動方向に対してスピン
の向きが変化する　→　スピンの異常歳差運動
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スピンの方向に崩壊陽電子が放出しやすい性質から、 
崩壊陽電子を観測することでスピン方向の振動を測定する。 
g-2による項 → 運動平面と水平なスピン方向が振動 
EDMによる項 → 運動平面と垂直なスピン方向が振動
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先行研究　̶　BNL E821 Experiment  6
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 ブルックヘブン国立研究所（BNL）では、  
ミューオンの異常磁気モーメントの測定が行われた。 
最終結果はミューオンの異常磁気モーメントの測定値が標準模型による
理論値と3.3σのズレがあることがわかった。[ PRD 73, 072003(2006) ] 
ミューオンの電気双極子モーメントについても測定されており、 
10-19 e・cmの制限値を与えている。[ PRD 80, 052008(2009) ]
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J-PARC E34 Experiment  7
BNL	E821
g-2		:	Precision 0.54	ppm
EDM	:	Sensitivity	!"#!$% ⋅ '(

GOAL	@	J-PARC/FNAL
g-2		:	Precision 0.1	ppm
EDM	:	Sensitivity	!"#)!% ⋅ '(

New	Experiment	at	J-PARC

New	Method

J-PARC	E34	Experiment

BNL E821実験で示唆されている標準模型との違い検証するために、FNALとJ-PARC
ではより精度の良い実験を行う。 
 J-PARC E34 では極冷ミューオンビームとコンパクトな貯蔵磁石を使った新しい測定
方法による実験を行う。
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EDM Systematic Error

陽電子飛跡検出器 
シリコンストリップセンサー(SSSD) 
センサーが上下表裏4枚1組になった
ベーンを放射状に48枚 
各ベーンで検出した崩壊陽電子の位
置から、崩壊陽電子の飛跡を測定す
ることができる。

 8
φ590mm

75
0m

m
Skew	is	most	sensitive

<10# <10$

<10 None

検出器の傾きによるEDMの系統誤差 
検出器の傾きとEDMによるスピンの回転軸が判別で
きないことから、偽のEDM信号が見えてしまう。 
シミュレーションの結果から我々の目標の 
10-21e・cmを達成するには検出器が10µrad 以内の
傾きであることが要求される。 
我々はこれを光コムレーザーを使ったアライメント 
モニターを使うことで解決を目指す。

294 Chapter 10. Detection of Decay Positrons

・

x

y
z

φ
r

・
B

Figure 10.13: Definition of coordinate system.

Muon g-2/EDM Experiment, Technical Design Report, Oct 14, 2016

要求される検出器の傾き[µrad]
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Laser Alignment Concept  9

Optical	Comb	Laser

 光コムパルスレーザー 
周波数構造が櫛状(comb)の構造 
パルスレーザー  
→干渉条件の時のみ信号が現れる 
繰り返し周波数 frep の安定性 
→パルス間隔が安定し長さを精密に測れる

光ファイバーを使うことで、検出器内の高
磁場からレーザー発生器などを遠ざけるこ
とができる。 
検出器全体を張り巡らせるように光路を
とる（ 最大で約500光路 ） 
検出器に設置されたミラーの位置を 
サブミクロン精度で測定することが目標。
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測定原理  10
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Michelson-Moler型干渉計にガラス窓(W)を挿れることで光路が三つ得られる。 
Scanningステージを動かして、干渉条件を満たした時に干渉縞が得られる。 
オシロスコープで二つの干渉縞が見れて、同時刻のScanningステージの位置L1か
らΔLを測定することができる。

(N,N’,	M	:	integer,	! :	wavelength)

干渉縞

Scanningステージの変位

ΔL
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Setup  11
実験方法 
ファイバエタロンを使うことで繰り返し周波数 frep を 60MHzから1GHz にする。 
ハーフミラーの役割をサーキュレーターとビームスプリッターで担う。 
三つの光路が得られ、Scanningステージを動かし、干渉縞が現れることを確認した。 
Targetステージを100µmずつ動かし、干渉縞にどのような変化が見られるかを確認し
た。
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Result  12
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下図はTargetを100µmずつ動かした結果を重ね書きしたもの。 
ReferenceからのTargetの距離がほぼ等間隔で長くなっているように見える。 
定量的な評価に向け、干渉縞の安定性、分解能などについて評価している最中。 
市販のレーザー干渉計と比較した性能評価を行う。
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まとめと今後の展望

J-PARCではミューオンの異常磁気モーメント及び電気双極子モーメントの精密測定実
験が行われる予定で、それに向けた研究開発が進んでいる。 

検出器のアライメントがEDMの系統誤差に効いてくることから、検出器を10µrad 以
内の傾きであることをモニターする必要がある。 

我々はそれを光コムレーザーを用いたアライメントモニターを使うことで解決を目指
す。 

作成した干渉計で干渉縞を見ることができた。また、Targetステージの変位との関係
性を見ることができた。 

作成した干渉計の性能評価に向けて、市販のレーザー干渉計の性能比較を行い目的の精
度を満たしているかを確認している。 

ガラスボールレンズをミラーの代わりに使った系への応用や、３次元系測定に向けた原
理実証を来年度中に行っていく。
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BACK UP

 14
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 15
BNL	E821 J-PARC	E34

muon momentum 3.09	GeV/c 0.3	GeV/c

storage	ring	 radius 7	m 0.33 m

storage	field 1.5	T 3.0	T

focusing	 field	(n-index) 0.14	(electric) 1.5	E-4	(magnetic)

average field	uniformity ≈1	ppm <<	1ppm

(local uniformity) ≈50 ppm ≈1ppm

Injection inflector	+	kick spiral	+	kick

Injection	efficiency 3-5% 80%

muon spin	reversal -- pulse-to-pulse

positron	measurement calorimeters tracking

positron	acceptance* 65% ≈100%

muon polarization ≈100% ≈50%

events	to	0.46	ppm 9	x	109 5	x	1011
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 16検出器ミスアラインメントと偽EDM信号の関係
• EDM = 0 e・cmで検出器が一律に傾いた場合の上下非対称度をシミュレートした  

(西村、JPS 2013S)
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- p. 14/62B. L.  Roberts,  Fermilab , 3 September 2008 - p. 14/68

Inflector
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Modules

Storage
ring

Central  orbit
Injection orbit

Pions

π

p=3.1GeV/c

Experimental Technique

B
!

• Muon polarization
• Muon storage ring
• injection & kicking
• focus with  Electric Quadrupoles
• 24 electron calorimeters R=711.2cm

d=9cm

(1.45T)

Electric Quadrupoles

xc ≈ 77 mm
b ≈ 10 mrad

B·dl ≈ 0.1 Tm
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Proposed	experimental	site

36

Parking lot

muon
production
target

sparation neutron
source

g-2/EDM
storage magnet

MuSEUM
DeeMe

Material and Life science Facility in J-PARC



23rd ICEPP Symposium               2017/02/22

 19

37

Muon production
target (graphite)

H-Line	construction	at	J-PARC

Muon
Production
Target

Bending
magnetCapture solenoids and bending 

magnet were successfully installed by 
the MUSE group.
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40

MuSEUM (Mu-HFS,	μμ/μp)
DeeMe (mu-e	conv.)
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Positron	tracking	detector

45

Silicon	strip	sensor

Introduction�

•  Evalua&on	of	the	SSSD	connected	to	the	SliT128A	
is	required	
16/07/01 Shoichiro Nishimura: The 12th g－2/EDM collaboration meeting @ J-PARC 2 

J-PARC g−2/EDM SSSD� SliT128A�

Frontend	ASIC

Components	design	optimized	for	the	g-2/EDM

Partial	funding	available	to	complete	~1/3	of	the	system
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The measurement of the vertical angle in the lab frame

must be converted to a precession plane tilt angle in the
muon rest frame [see Eq. (12)]. The conversion factor is
determined through simulation. Several sets of simulated
trajectories were generated and reconstructed, each having
a different value for precession plane tilt. Shown in Fig. 7 is
the fit EDM amplitude for various input precession plane
tilts. A 3 !rad amplitude vertical oscillation is generated
for each milliradian of precession plane tilt.

The 1999 and 2000 data sets contain, respectively, ap-
proximately 4:8! 106 and 4:6! 106 well-fit tracks. In
each data set, approximately 15% of the tracks are back-
ground: misconstructed tracks or tracks scattered from the
upstream vacuum chamber or previous calorimeter sta-
tions. To reduce the level of misconstructed tracks to the
percent level requires cuts which would throw away most
of the data. The more liberal cuts chosen for the final data
sample do not induce a false EDM signal. The time spec-
trum of the average vertical angle combined into one
histogram with a length of the precession period is then
fit with the sum of a sine and cosine, as described above.
Fits for each data set are shown in Figs. 8. The results are
ð4:4# 6:3Þ ! 10%6 rad oscillation for the 1999 data set
and ð%4:5# 6:2Þ ! 10%6 rad for the 2000 data set.
Combining the results, an oscillation amplitude of ð%0:1#
4:4Þ ! 10%6 rad is obtained, where the error is statistical.

Many systematic uncertainties have been studied and
those relevant to the measurement are listed in Table II.
The ‘‘radial field’’ error refers to the fact that an average
radial magnetic field around the ring would tilt the preces-
sion plane in the same way as an EDM. The effect of a
radial magnetic field on the decay positrons, which would
change the vertical angle of the tracks, can be neglected.
Another uncertainty comes from the geometry of the de-
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FIG. 7. Traceback EDM fit amplitude vs simulated input pre-
cession plane tilts. The fit function is a strict proportionality: the
slope is parameter p0 with no constant term. A vertical oscil-
lation with amplitude 3! 10%6 rad corresponds to 1! 10%3 rad
of precession plane tilt.
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FIG. 8. Traceback analysis: Average vertical angle vs time,
modulo the anomalous precession period, measured by the
traceback system for each running period (1999 top panel,
2000 bottom panel). The data are fit to Eq. (23). The amplitude
of the oscillations, AEDM, is proportional to the EDM.

FIG. 9. Sample plot of the mean position on an FSD versus
time in fill with fit to Eq. (25) overlaid. Oscillations at the g% 2
(T & 4365 ns) and CBO (T & 2150 ns) frequencies are visible.
The 3 mm vertical offset was later corrected (see Figs. 10 and
11).

IMPROVED LIMIT ON THE MUON ELECTRIC DIPOLE MOMENT PHYSICAL REVIEW D 80, 052008 (2009)

052008-9

Mean Position 

be more likely than outward decays when jyj is small.
Therefore ! will depend slightly on y. If d! ¼ 0, the
spin precesses in the horizontal plane, and !ðyÞ will be
symmetric in y. However, if d! ! 0, the plane of the spin
precession is tipped out of the horizontal plane, and !ðyÞ
will not be symmetric in y.

Finally, although the TWCs were originally designed to
determine the phase space of the stored muons, for use in
the anomalous precession analysis, their measurement of
the average vertical decay angle provides an independent
measurement of d!, one which is largely immune to the

detector misalignment problem. In the absence of radial
magnetic fields, the vertical angle of the track as measured
in the traceback system, is the same as that at the moment
of decay. A nonzero EDM would be reflected in an oscil-
lation of the vertical component of the positron momen-
tum, 90$ out of phase with the (g% 2) number oscillation.
Further details on the EDMmeasurements made with these
three detectors are presented in the following sections.

V. TRACEBACK ANALYSIS OF 1999 AND 2000 !þ

DATA SETS

A. The traceback detector

The traceback detector consists of a set of eight, three-
layer drift tube planes, designed to measure positron tra-
jectories along their usual decay path out from the storage
volume into the calorimeters. This detector was installed
during the 1999 and 2000 running periods at a single
position in the ring. By analyzing the positron drift time
spectrum in a straw, the radius from the anode wire at
which the particle passed is determined. Tracks are fit to
these drift circles according to the equations of motion of a
charged particle in a magnetic field. Because of the very
inhomogeneous magnetic field in the region of the trace-
back detector (10 T=m), tracks must be integrated with a
very small step size. The relatively high precision of the
track reconstruction offers a detailed, time-varying picture
of the decay positron trajectories and the stored muon
beam. In particular, for the positron’s vertical angle of
entrance into the detector, which is examined for an
EDM oscillation signal, the resolution is approximately
350 !rad.

B. Traceback analysis description and results

As indicated above, a nonzero EDM would generate an
oscillation in the vertical angle of decay positrons, 90$ out
of phase with the g% 2 number modulation, NðtÞ. While
there are several mechanisms which might generate oscil-
lations in the measured vertical angle, all are in phase with
the number oscillation, NðtÞ, and this is also measured in
the traceback system. By fixing the relative phase of the
EDM and NðtÞ oscillations, the false EDM signals pro-
duced by these effects can be minimized.

The NðtÞ spectrum is fit first. To minimize the effect of
periodic disturbances at other frequencies, which dephase
and average away when many time bins are combined, the
data are plotted vs time, modulo the g% 2 precession
period. The spectrum is fit to Eq. (22) where the precession
period T ¼ 2"=! ¼ 4365:4 ns is fixed by the result of the
anomalous precession analysis,

NðtÞ ¼ e%t=#eðN0 þW cosð!tþ!ÞÞ; (22)

where #e is an empirical term which parametrizes both the
effect of muon decay and that of the recovery of the
chambers, which are disabled during injection. The phase
is determined to better than 3 mrad (see Fig. 6).
Once the precession phase is established, a plot of

average vertical angle versus time, modulo the g% 2 pre-
cession period, is fit to the function

$ðtÞ ¼ Mþ A! cosð!tþ!Þ þ AEDM sinð!tþ!Þ; (23)

where ! remains fixed as before and ! is set by the
previous fit. The amplitude of the sine term represents
the EDM signal.
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FIG. 6. Traceback analysis: Plots of the data and fits to Eq. (4),
modulo the anomalous precession period, for each running
period, as recorded by the traceback system (1999 top panel,
2000 bottom panel). The g% 2 phase parameter (labeled phig2
in the fit box) is used in subsequent vertical angle fits.
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tector. In making their way to the detectors, positrons with
an initial outward radial momentum component travel
farther, on average, than those with an initial inward radial
momentum component. Combined with varying vertical
angle acceptance for different decay azimuths and an off-
center muon distribution, a radial beam oscillation can
appear in the detector data as a vertical oscillation. An
error on the number oscillation phase or period may result
in some mixing between the number oscillation signal and
the precession plane tilt signal. The total systematic error is
0:14! 10"19 ðe cmÞ. For more details see [24]. The negli-
gible systematic errors indicate that the TWC method
should be considered in any future attempt to measure
the muon EDM.

Since the systematic errors are negligible, the traceback
system’s measurement of the EDM for the positive muon is
determined by the value and (statistical) error for the
vertical oscillation amplitude alone: ð"0:04% 1:6Þ !
10"19 ðe cmÞ, which corresponds to an upper limit of

jd!þ j< 3:2! 10"19 ðe cmÞ ð95% C:L:Þ: (24)

VI. FSD ANALYSIS OF THE YEAR 2000 !þ DATA
SET

As described in the Introduction, a nonzero EDM would
result in an oscillation of the mean vertical position at the
g" 2 frequency but 90' out of phase with the number
oscillation. Therefore, for each detector, the mean position
of hits on the FSD, matched to calorimeter events with
energy 1.4–3.2 GeV, is plotted versus time. (The center tile
is not used in the mean.) An example from a single station
is shown in Fig. 9. The plot is fit to

fðtÞ ¼ K þ ½Sg2 sinð!tÞ þ Cg2 cosð!tÞ* þ e"ðt="CBOÞ

! ½SCBO sinð!CBOðt" t0Þ þ!CBOÞ
þ CCBO cosð!CBOðt" t0Þ þ!CBOÞ* þMe"ðt="MÞ:

(25)

The constant term K characterizes the vertical offset be-
tween the beam and the detector. There are sine and cosine
terms of frequency ! with the phase fixed such that the
cosine term is aligned with the number oscillation. Thus,
an EDM signal would appear 90' out of phase, in the sine

term (Sg2);! is fixed to the frequency measured in the g"
2 analysis. t0 is an empirical term, fixed to 100 !s.
In addition, there is a sinusoidal term with the frequency

of the CBO. Horizontal focusing causes the beam position
near any detector to oscillate radially at !CBO + 465 kHz.
The oscillation is prominent at early times, but dephasing
causes its amplitude to decay with a lifetime "CBO +
100 !s. The CBO is clearly evident in a plot of the vertical
profile width versus time. The frequency !CBO, lifetime
"CBO, and phase!CBO of the CBO are obtained from fits to
the width. Those parameters are then fixed in the fit to the
average position versus time, Eq. (25). The final term, with
"M fixed to 60 !s, accounts for slow changes in detector
response and possible pulse pileup effects, when two
pulses arrive within the detector dead time.
Approximately two-thirds of the way through the year

2000 data run, the stored beam was moved downward by
2 mm to improve its alignment with the detectors.
Figure 10 shows the fitted value of the EDM term (Sg2)
versus station number before the alignment. The figure
shows significant variations between detectors with an
average of 0.087 mm, corresponding to an EDM nearly
as large as the CERN limit. Figure 11 is a similar plot from
data taken after the beam alignment. Although the ampli-

TABLE II. Table of systematic errors from the traceback analysis.

Systematic error Vertical oscillation amplitude (! rad lab) Precession plane tilt (mrad) False EDM generated 10"19 ðe cmÞ
Radial field 0.13 0.04 0.045
Acceptance coupling 0.3 0.09 0.1
Horizontal CBO 0.3 0.09 0.1
No. oscillation phase fit 0.01 0.003 0.0034
Precession period 0.01 0.003 0.0034
Totals 0.44 0.13 0.14
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FIG. 10. FSD analysis: Sg2 versus station before the beam
realignment in the year 2000 data period. The offset from
zero, indicated by fit parameter p0, and inconsistencies between
detectors indicated by the large #2 of the fit, are due to the
misalignments between the detectors and the beam.
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6.3 Automatic absolute-length measurement 

 121  

fringes both side of the peak are asymmetry. This situation can be caused by the effect of 
environmental conditions and imperfect optical alignment. The peak positions of interference 
fringe will be shifted by Gaussian fitted curve function as illustrated in Fig.6.8.   

 
Fig. 6.8 Shifting of peak position due to Gaussian fitted curve function is caused by 

asymmetry interference fringe between both sides of the peak position. 
 

General an electronics circuit can be used for peak detections [70]. However, it is a 
complex circuit. In contrast, a simply computer software can be applied for peak detection. It 
is easier and convenient than electronic circuit. Step by step processing of peak position 
detection using the computer software is illustrated in Fig. 6.9. 

 

 
Fig. 6.9 Peak position detection processing 
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tector. In making their way to the detectors, positrons with
an initial outward radial momentum component travel
farther, on average, than those with an initial inward radial
momentum component. Combined with varying vertical
angle acceptance for different decay azimuths and an off-
center muon distribution, a radial beam oscillation can
appear in the detector data as a vertical oscillation. An
error on the number oscillation phase or period may result
in some mixing between the number oscillation signal and
the precession plane tilt signal. The total systematic error is
0:14! 10"19 ðe cmÞ. For more details see [24]. The negli-
gible systematic errors indicate that the TWC method
should be considered in any future attempt to measure
the muon EDM.

Since the systematic errors are negligible, the traceback
system’s measurement of the EDM for the positive muon is
determined by the value and (statistical) error for the
vertical oscillation amplitude alone: ð"0:04% 1:6Þ !
10"19 ðe cmÞ, which corresponds to an upper limit of

jd!þ j< 3:2! 10"19 ðe cmÞ ð95% C:L:Þ: (24)

VI. FSD ANALYSIS OF THE YEAR 2000 !þ DATA
SET

As described in the Introduction, a nonzero EDM would
result in an oscillation of the mean vertical position at the
g" 2 frequency but 90' out of phase with the number
oscillation. Therefore, for each detector, the mean position
of hits on the FSD, matched to calorimeter events with
energy 1.4–3.2 GeV, is plotted versus time. (The center tile
is not used in the mean.) An example from a single station
is shown in Fig. 9. The plot is fit to

fðtÞ ¼ K þ ½Sg2 sinð!tÞ þ Cg2 cosð!tÞ* þ e"ðt="CBOÞ

! ½SCBO sinð!CBOðt" t0Þ þ!CBOÞ
þ CCBO cosð!CBOðt" t0Þ þ!CBOÞ* þMe"ðt="MÞ:

(25)

The constant term K characterizes the vertical offset be-
tween the beam and the detector. There are sine and cosine
terms of frequency ! with the phase fixed such that the
cosine term is aligned with the number oscillation. Thus,
an EDM signal would appear 90' out of phase, in the sine

term (Sg2);! is fixed to the frequency measured in the g"
2 analysis. t0 is an empirical term, fixed to 100 !s.
In addition, there is a sinusoidal term with the frequency

of the CBO. Horizontal focusing causes the beam position
near any detector to oscillate radially at !CBO + 465 kHz.
The oscillation is prominent at early times, but dephasing
causes its amplitude to decay with a lifetime "CBO +
100 !s. The CBO is clearly evident in a plot of the vertical
profile width versus time. The frequency !CBO, lifetime
"CBO, and phase!CBO of the CBO are obtained from fits to
the width. Those parameters are then fixed in the fit to the
average position versus time, Eq. (25). The final term, with
"M fixed to 60 !s, accounts for slow changes in detector
response and possible pulse pileup effects, when two
pulses arrive within the detector dead time.
Approximately two-thirds of the way through the year

2000 data run, the stored beam was moved downward by
2 mm to improve its alignment with the detectors.
Figure 10 shows the fitted value of the EDM term (Sg2)
versus station number before the alignment. The figure
shows significant variations between detectors with an
average of 0.087 mm, corresponding to an EDM nearly
as large as the CERN limit. Figure 11 is a similar plot from
data taken after the beam alignment. Although the ampli-

TABLE II. Table of systematic errors from the traceback analysis.

Systematic error Vertical oscillation amplitude (! rad lab) Precession plane tilt (mrad) False EDM generated 10"19 ðe cmÞ
Radial field 0.13 0.04 0.045
Acceptance coupling 0.3 0.09 0.1
Horizontal CBO 0.3 0.09 0.1
No. oscillation phase fit 0.01 0.003 0.0034
Precession period 0.01 0.003 0.0034
Totals 0.44 0.13 0.14
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FIG. 10. FSD analysis: Sg2 versus station before the beam
realignment in the year 2000 data period. The offset from
zero, indicated by fit parameter p0, and inconsistencies between
detectors indicated by the large #2 of the fit, are due to the
misalignments between the detectors and the beam.
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