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1 ͡Ίʹ

MEGʢϝάɺMu-E-Gammaʣ࣮ݧ [1] ɺ1999ʹ

౦ژେֶͱ KEKɺૣҴాେֶͷ͕ऀڀݚϩγΞͷڀݚ

ऀͱڞʹεΠεཱࠃϙʔϧγΣϥʔڀݚॴʢPSIʣʹ࣮

ϓϩϙʔβϧݧ [2]Λఏग़͠ɺಉ PSIͷڀݚҕһձͰ

ঝೝ͞Εͯ࢝·ͬͨͷͰ͋Δɻঝೝޙ·ͳ͘PSIͱ

ΠλϦΞͷڀݚάϧʔϓ͕ՃΘΓɺͦͷޙถࠃͷάϧʔ

ϓࢀՃͯ͠ɺֶੜؚΊ૯ 60ʙ70ਓͷڞࡍࠃಉ࣮

ɺ2007ޙ։ൃͷڀݚͷثͱͳͬͨɻʹΘͨΔଌఆݧ

ʹ࣮ݧஔ͕ɺ2008ΑΓຊ֨తʹ࣮ݧΛ։࢝

͠ɺͦͷޙຖσʔλΛऔಘͯ͠ɺ2013ʹऴྃͨ͠ɻ

೦ͳ͕Βඪͱ͢Δ µ → eγʢϛϡʔΠʔΨϯϚʣ

่յͷൃݟʹࢸΒͣɺ2016ʹൃදͨ͠࠷ऴจʹ

͓͍ͯͦͷذൺʹ 4.2×10−13ͱ͍͏্ݶΛ͚ͭͨ

[3]ɻࡏݱ࣮ײݧΛ͞Βʹ 10ഒ͋͛ͨΞοϓάϨʔ

υ࣮ݧMEG II [4]Λ্ཱͪ͛ͭͭ͋Δɻ

͜͜ͰɺMEG࣮ݧʹ͍ͭͯৼΓฦͬͯ؆୯ʹ·ͱ

ΊͯΈ͍ͨͱ͏ࢥɻ

2 µ → eγͷཧ

µ → eγ่յɺୈೋੈͷՙిϨϓτϯͰ͋Δϛϡʔ

Φϯ͕ΨϯϚઢΛ์ग़ͯ͠ɺୈҰੈͷిࢠม͢Δ

Ͱ͋Δɻ͜ͷԠͲͷཧ๏ଇʹҧ͠ͳ͍ͷݱ

Ͱવ͜ىΔͣͰ͋Δ͕ɺ͜Ε·ͰҰ؍ଌ͞Εͨ

͜ͱ͕ͳ͍ɻ͜ΕʹΑΓɺిࢠͱϛϡʔΦϯҟͳΔอ

ଘྔʮϑϨʔόʔʯΛ͍ͯͬ࣋Δͱ͞Ε͖ͯͨɻ

ͱ͜Ζ͕χϡʔτϦϊৼಈ͕ൃ͞ݟΕɺϑϨʔόʔͷ

อଘͳͲͱ͍͏ͷݬͰ͋Δ͜ͱ͕Θ͔ͬͨɻχϡʔ

τϦϊৼಈʹΑΓɺਤ 1ʢaʣͷμΠΞάϥϜΛ௨ͯ͠

µ → eγ่յඞͣ͜ىΔɻͱ͜Ζ͕χϡʔτϦϊͷ࣭ྔ

͕ిऑεέʔϧʹൺͯۃΊ͍ͯܰͨΊʹɺͦͷ่յ

ൺذ 10−54ఔ·Ͱ੍͞Ε͍ͯΔɻͭ·Γɺµ → eγ

่յ͕͔ͭݟΒͳ͍ͷϑϨʔόʔ͕อଘ͢Δ͔ΒͰ

ͳ͘ɺχϡʔτϦϊͷ࣭ྔ͕͍͍ܰͤͰ͋ͬͨɻ

ͱ͢ΔͱɺχϡʔτϦϊͷΘΓʹԿ͔దʹॏཻ͍

ഔհ͢Εʢਤ͕ࢠ 1ʢbʣʣɺµ → eγ่յ࣮ݧͰ؍ଌ

Ͱ͖Δେ͖ͳذൺͰ͜ىΔ͜ͱʹͳΔɻͭ·Γ͜ͷ่

յɺՙిϨϓτϯͱ݁߹͢ΔͦͷΑ͏ͳॏཻ͍ࢠΛ

͏৽ཧʹରͯ͠ɺඇৗʹײͷ͍ߴϓϩʔϒʹͳΔɻ


C�


D�

ਤ 1: ʢaʣχϡʔτϦϊৼಈɺʢbʣॏ͍৽ཻࢠΛ௨͠

ͨ µ → eγ ่յͷμΠΞάϥϜɻ

2.1 ରশେ౷Ұཧͱγʔιʔཧ

1990ॳ಄ɺ౦ژେֶͷάϧʔϓCERNͷ LEP

ίϥΠμʔͰେྔͷࢠཅిࢠి Z0ཻࢠͷਫ਼ີଌఆΛߦ

ͳ͍ͬͯͨɻͦͷ݁Ռ͔Βɺରশେ౷ҰཧͰͭࡾ

ͷ૬࡞ޓ༻͕ 1016 GeVͱ͍͏ߴΤωϧΪʔͰ౷Ұ͞

ΕΔ͜ͱ͕Θ͔ͬͨʢਤ 2ʣɻΧϛΦΧϯσ࣮͕ݧࢦ

͍ͯͨ͠ରশੑͷͳ͍େ౷ҰཧͰ͏·͘౷Ұ͞Ε

ͳ͍ɻରশେ౷ҰཧͰେ౷ҰͷΤωϧΪʔ͕ΑΓ

Βͳ͔͔ͬͨͭݟյ่͕ࢠΊɺΧϛΦΧϯσͰཅ͍ͨߴ

ͷવͰɺ࢝ͩ·࣌·͍ͬͯͳ͔ͬͨεʔύʔΧϛ

ΦΧϯσ࣮ݧͰൃݟࠔͷΑ͏ʹࢥΘΕͨɻ

1995ʹ LEP࣮ݧͷ༧௨Γ 175 GeVͱ͍͏

్ํͳ͍࣭ྔͰτοϓΫΥʔΫ͕ถࠃ TevatronͰൃ

ɺରশେ౷ҰཧͰࠒΕ͕ͨɺಉ͡͞ݟ µ → eγ่

յ͕ 10−11 ͔Β 10−14 ͱ͍͏ɺ؍ʹ࣮ݱଌͰ͖ͦ͏ͳ

ذൺͰ͜ىΔ͜ͱ͕ࣔ͞Εͨ [5]ɻ

ରশཧͳͲ৽ཧͷϞσϧͰɺµ → eγ ่յ͕

ॳʹϑϨʔόʔීวੑͳͲΛԾఆ࠷Βͳ͍Α͏ʹɺ͜ى
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2

͢Δͷ͕ৗखஈͱͳ͍ͬͯΔɻͱ͜Ζ͕ରশେ౷Ұ

ཧͰɺ࠷ॳʹͦͷΑ͏ͳԾఆΛ͓͍ͯͯ͠ɺ͘Γ

͜Έํ܈ఔࣜΛ௨ͯ͠ॏ͍τοϓΫΥʔΫͷޮՌʹΑΓ

ࣗવʹϑϨʔόʔͷࠞ߹͕͜ىΓɺµ → eγ ่յ͕େ͖

ͳذൺͰ͜ىΔΑ͏ʹͳΔͷͰ͋Δɻ

ͦͷޙεʔύʔΧϛΦΧϯσʹΑͬͯχϡʔτϦϊৼ

ಈཱ͕͕֬ͨ͠ɺχϡʔτϦϊͷγʔιʔཧͰಉ༷

ͷ͜ͱ͕͜ىΓɺେ͖ͳχϡʔτϦϊࠞ߹͕ΑΓେ͖ͳ

µ → eγ ่յΛಋ͘͜ͱ͕ࣔ͞Εͨ [6]ɻ

େֶΛத৺ͱ͢ΔάϧʔϓژतͷൃҊͰ౦ڭށંނ

µ → eγ ่յ୳ݧ࣮ࡧͷݕ౼Λ࢝Ί [7]ɺ1996ʹ༏

ΕͨϛϡʔΦϯϏʔϜΛͭ࣋PSIΛ๚Εͯࡍࠃతͳٞ

Λ։ͨ࢝͠ɻ1997͔Β µ → eγ ࢦΛݱͷ࣮ݧ࣮

ձ͕ڀݚࡍࠃ͢ PSIͰఆظతʹ։͞࠵ΕΔΑ͏ʹͳΓɺ

1998ͷ Letter of Intent [8]ɺ1999ͷ࣮ݧϓϩϙʔ

βϧ ɻ͕ͨͬܨʹ[2]

ਤ 2: LEPͰͷਫ਼ີଌఆʹΑΓɺରশੑΛೖΕͨϞσϧ

ʢ࣮ઢʣͰͭࡾͷ૬࡞ޓ༻ͷେ౷Ұ͕͓Αͦ 1016GeV

Ͱ͜ىΔ͜ͱ͕ࣔ͞ΕͨɻҰํɺରশੑΛೖΕͳ͍Ϟ

σϧʢઢʣͰ౷Ұ͞Εͳ͍ɻ

2.2 ϛϡʔΦϯͷҟৗ࣓ؾͱLHC

ਤ 1ʢbʣͰిࢠΛϛϡʔΦϯʹஔ͖͑Δͱɺϛϡʔ

Φϯͷҟৗ࣓ؾ aµ = (gµ −2)/2ͷޮ࣍ߴՌΛද͢

μΠΞάϥϜͱͳΔɻ2006ʹൃද͞Εͨถࠃϒϧο

ΫϔϒϯڀݚॴͰͷ aµ ଌఆͷ࠷ऴ݁Ռ [9]ɺඪ४ཧ

͔Β 3.5σ ͣΕ͓ͯΓɺ͜ͷΑ͏ͳॏ͍৽ཻࢠͷμ

ΠΞάϥϜͰ͏·͘આ໌Ͱ͖Δɻͦ͠Ε͕ຊͩͱ͢

Δͱɺવ µ → eγ่յʹಉ༷ͷμΠΞάϥϜΛ௨͠

ͯେ͖͘ޮ͍ͯ͘ΔͣͰ͋Δɻਤ 3ɺ͋ΔରশϞ

σϧʹରͯ͠ aµ ͷඪ४ཧ͔ΒͷͣΕ ∆aµ ͱ่յ

ൺذ B(µ → eγ)ͷؔΛࣔͨ͠ͷͰ͋Δ [10]ɻ͜ͷ

Α͏ͳ૬ؔ৽ཻࢠͷϞσϧͷৄࡉʹ͋·ΓґΒͣɺ

µ → eγ ͕ O(10−12)ఔͷେ͖ͳذൺͰ͜ىΔ͜ͱ

Λࣔࠦ͢Δɻ

Ұํɺ2012 ʹ LHC Ͱൃ͞ݟΕͨώοάεཻࢠ

125 GeVͱൺֱతܰ͘ɺେ౷Ұཧγʔιʔཧͷ

γφϦΦͱໃ६͠ͳ͍ɻLHC ͦͷޙ 2015 ͔Β

িಥΤωϧΪʔΛ΄΅ഒ૿ͯ͠ӡస͍ͯ͠Δ͕ɺ͜Ε·

Ͱ৽ཻࢠ͍͔ͯͬͭݟͳ͍ɻਤ 1ʢbʣͷμΠΞάϥ

Ϝʹ LHCͰͷൃ͕ݟ͍͍͠ڧ૬࡞ޓ༻Λ͠ͳ͍৽

·ͩ؇͍ɻݶΑΔ੍ʹݧ༩͢ΔͨΊɺLHC࣮د͕ࢠཻ

µ → eγ่յͷ୳ࡧɺLHC࣮ݧͱҧ͔ͬͨ֯Β৽

͍͠ཧʹഭΔͷͰ͋Δɻ

Given that both ‘i ! ‘j! and !a" ! "g" # gSM" $=2 are
generated by dipole operators, it is natural to establish a
link between them. To this purpose, we recall the dominant
contribution to !a" is also provided by the chargino
exchange and can be written as

 !a" ! # #2

4$
m2

"

!
"M2

m2
L

"g2c"M2
2=M

2
~‘
;"2=M2

~‘
$

"M2
2 # "2$ tan%;

(17)

with gc2"x; y$ defined as fc2"x; y$ in terms of

 gc2"a$ !
"3 # 4a % a2 % 2 loga$

"a # 1$3 : (18)

It is then straightforward to deduce the relation

 

B"‘i ! ‘j!$
B"‘i ! ‘j&‘i "&‘j$

! 48$3#
G2

F

#!a"
m2

"

$
2

&
#f2c"M2

2=M
2
~‘
;"2=M2

~‘
$

g2c"M2
2=M

2
~‘
;"2=M2

~‘
$

$
2
j'ij

LLj2:

(19)

To understand the relative size of the correlation, in the
limit of degenerate SUSY spectrum we get

 

B"‘i ! ‘j!$ '
# !a"
20 & 10# 10

$
2

&
% 1 & 10# 4j'12

LLj2 (" ! e);
2 & 10# 5j'23

LLj2 (( ! "):
(20)

A more detailed analysis of the stringent correlation be-

tween the ‘i ! ‘j! transitions and !a" in our scenario is
illustrated in Fig. 6. Since the loop functions for the two
processes are not identical, the correlation is not exactly a
line; however, it is clear that the two observables are
closely connected. We stress that the numerical results
shown in Fig. 6 have been obtained using the exact for-
mulas reported in Ref. [41] for the supersymmetric con-
tributions to both B"‘i ! ‘j!$ and !a" (the simplified
results in the mass-insertion approximations in Eqs. (15)–
(19) have been shown only for the sake of clarity). The
inner dark-gray (red) areas are the regions where the
B-physics constraints are fulfilled. In our scenario the
B-physics constraints put a lower bound on MH and there-
fore, through the funnel-region relation, also on M1;2 (see
Figs. 3 and 4). As a result, the allowed ranges for !a" and
B"‘i ! ‘j!$ are correspondingly lowered. A complemen-
tary illustration of the interplay of B-physics observables,
dark-matter constraints, !a", and LFV rates—within our
scenario—is shown in Fig. 7.9

The normalization j'12
LLj ! 10# 4 used in Figs. 6 and 7

corresponds to the central value in Eq. (14) for c& ! 1 and
M&R

! 1012 GeV. This normalization can be regarded as a
rather natural (or even pessimistic) choice.10 As can be

FIG. 6 (color online). Expectations for B"" ! e!$ and B"( ! "!$ vs !a" ! "g" # gSM" $=2, assuming j'12
LLj ! 10# 4 and j'23

LLj !
10# 2. The plots have been obtained employing the following ranges: 300 GeV * M~‘ * 600 GeV, 200 GeV * M2 * 1000 GeV,
500 GeV * " * 1000 GeV, 10 * tan% * 50, and setting AU ! # 1 TeV, M~q ! 1:5 TeV. Moreover, the GUT relations M2 ' 2M1

and M3 ' 6M1 are assumed. The inner (red) areas correspond to points within the funnel region which satisfy the B-physics
constraints listed in Sec. III B [B"Bs ! "% "# $< 8 & 10# 8, 1:01<RBs! < 1:24, 0:8<RB(& < 0:9, !MBs

! 17:35 + 0:25 ps# 1].

9For comparison, a detailed study of LFV transitions imposing
dark-matter constraints—within the constrained MSSM with
right-handed neutrinos—can be found in Ref. [42].

10For M&R
, 1012 GeV other sources of LFV, such as the

quark-induced terms in grand unified theories cannot be ne-
glected [43]. As a result, in many realistic scenarios it is not
easy to suppress LFV entries in the slepton mass matrices below
the 10# 4 level [38].

FLAVOR PHYSICS AT LARGE TAN % WITH A . . . PHYSICAL REVIEW D 75, 115019 (2007)

115019-9

ਤ 3: ϛϡʔΦϯҟৗ࣓ؾͷඪ४ཧ͔ΒͷͣΕ

∆aµͱ µ → eγ่յذൺͷ૬ؔʢจݙ [10]ΑΓసࡌʣɻ

∆aµ = (29 ± 8)× 10−10Ͱ͋Γ µ → eγ͕ 10−12ఔͰ

Δ͜ͱΛࣔࠦ͢ΔɻϑϨʔόʔࠞ߹͜ى |δ12LL| = 10−4

ͱԾఆ͞Ε͍ͯΔɻ

3 µ → 3eͱµN → eN

µ → eγ ่յͱΑͨ͘ࣅϛϡʔΦϯͷԠաఔʹɺϛ

ϡʔΦϯ͕ͭࡾͷిࢠʹ่յ͢Δ µ+ → e+e−e+ ่յ

ʢµ → 3e่յʣͱɺϛϡʔΦϯࢠݪͷதͷϛϡʔΦϯ͕

ԠసࢠΔϛϡʔΦϯɾి͢సʹࢠి µ−N → e−N

ʢN ֩ࢠݪʣ͕͋Δɻ͜ΕΒͷԠաఔɺਤ 1Ͱޫࢠ

ͷʹిࢠɾཅిࢠର·ͨΫΥʔΫରΛ͢͜ͱʹΑΓ

ಘΒΕɺԠ֬ µ → eγ่յͷ͓͓Αͦ α∼1/100

ͱ͑ߟΒΕΔɻ

ਖ਼֬ͳࢉܭʹΑΔͱҎԼͷ͕ؔ͋Δɿ

B(µ+ → e+e−e+) ≃0.006× B(µ+ → e+γ)

R(µ−Al → e−Al) ≃0.0026× B(µ+ → e+γ)

͜͜Ͱ R(µ−N → e−N)ɺϛϡʔΦϯั֫Ԡʹର

͢ΔϛϡʔΦϯɾిࢠసԠͷ͜ىΔׂ߹Λද͢ɻ
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ཧͰɺ࠷ॳʹͦͷΑ͏ͳԾఆΛ͓͍ͯͯ͠ɺ͘Γ

͜Έํ܈ఔࣜΛ௨ͯ͠ॏ͍τοϓΫΥʔΫͷޮՌʹΑΓ

ࣗવʹϑϨʔόʔͷࠞ߹͕͜ىΓɺµ → eγ ่յ͕େ͖

ͳذൺͰ͜ىΔΑ͏ʹͳΔͷͰ͋Δɻ
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ಈཱ͕͕֬ͨ͠ɺχϡʔτϦϊͷγʔιʔཧͰಉ༷

ͷ͜ͱ͕͜ىΓɺେ͖ͳχϡʔτϦϊࠞ߹͕ΑΓେ͖ͳ

µ → eγ ่յΛಋ͘͜ͱ͕ࣔ͞Εͨ [6]ɻ

େֶΛத৺ͱ͢ΔάϧʔϓژतͷൃҊͰ౦ڭށંނ

µ → eγ ่յ୳ݧ࣮ࡧͷݕ౼Λ࢝Ί [7]ɺ1996ʹ༏
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Λ։ͨ࢝͠ɻ1997͔Β µ → eγ ࢦΛݱͷ࣮ݧ࣮

ձ͕ڀݚࡍࠃ͢ PSIͰఆظతʹ։͞࠵ΕΔΑ͏ʹͳΓɺ

1998ͷ Letter of Intent [8]ɺ1999ͷ࣮ݧϓϩϙʔ

βϧ ɻ͕ͨͬܨʹ[2]

ਤ 2: LEPͰͷਫ਼ີଌఆʹΑΓɺରশੑΛೖΕͨϞσϧ

ʢ࣮ઢʣͰͭࡾͷ૬࡞ޓ༻ͷେ౷Ұ͕͓Αͦ 1016GeV

Ͱ͜ىΔ͜ͱ͕ࣔ͞ΕͨɻҰํɺରশੑΛೖΕͳ͍Ϟ

σϧʢઢʣͰ౷Ұ͞Εͳ͍ɻ

2.2 ϛϡʔΦϯͷҟৗ࣓ؾͱLHC

ਤ 1ʢbʣͰిࢠΛϛϡʔΦϯʹஔ͖͑Δͱɺϛϡʔ

Φϯͷҟৗ࣓ؾ aµ = (gµ −2)/2ͷޮ࣍ߴՌΛද͢

μΠΞάϥϜͱͳΔɻ2006ʹൃද͞Εͨถࠃϒϧο

ΫϔϒϯڀݚॴͰͷ aµ ଌఆͷ࠷ऴ݁Ռ [9]ɺඪ४ཧ

͔Β 3.5σ ͣΕ͓ͯΓɺ͜ͷΑ͏ͳॏ͍৽ཻࢠͷμ

ΠΞάϥϜͰ͏·͘આ໌Ͱ͖Δɻͦ͠Ε͕ຊͩͱ͢

Δͱɺવ µ → eγ่յʹಉ༷ͷμΠΞάϥϜΛ௨͠

ͯେ͖͘ޮ͍ͯ͘ΔͣͰ͋Δɻਤ 3ɺ͋ΔରশϞ

σϧʹରͯ͠ aµ ͷඪ४ཧ͔ΒͷͣΕ ∆aµ ͱ่յ

ൺذ B(µ → eγ)ͷؔΛࣔͨ͠ͷͰ͋Δ [10]ɻ͜ͷ

Α͏ͳ૬ؔ৽ཻࢠͷϞσϧͷৄࡉʹ͋·ΓґΒͣɺ

µ → eγ ͕ O(10−12)ఔͷେ͖ͳذൺͰ͜ىΔ͜ͱ

Λࣔࠦ͢Δɻ

Ұํɺ2012 ʹ LHC Ͱൃ͞ݟΕͨώοάεཻࢠ

125 GeVͱൺֱతܰ͘ɺେ౷Ұཧγʔιʔཧͷ

γφϦΦͱໃ६͠ͳ͍ɻLHC ͦͷޙ 2015 ͔Β

িಥΤωϧΪʔΛ΄΅ഒ૿ͯ͠ӡస͍ͯ͠Δ͕ɺ͜Ε·

Ͱ৽ཻࢠ͍͔ͯͬͭݟͳ͍ɻਤ 1ʢbʣͷμΠΞάϥ

Ϝʹ LHCͰͷൃ͕ݟ͍͍͠ڧ૬࡞ޓ༻Λ͠ͳ͍৽

·ͩ؇͍ɻݶΑΔ੍ʹݧ༩͢ΔͨΊɺLHC࣮د͕ࢠཻ

µ → eγ่յͷ୳ࡧɺLHC࣮ݧͱҧ͔ͬͨ֯Β৽

͍͠ཧʹഭΔͷͰ͋Δɻ

Given that both ‘i ! ‘j! and !a" ! "g" # gSM" $=2 are
generated by dipole operators, it is natural to establish a
link between them. To this purpose, we recall the dominant
contribution to !a" is also provided by the chargino
exchange and can be written as

 !a" ! # #2

4$
m2

"

!
"M2

m2
L

"g2c"M2
2=M

2
~‘
;"2=M2

~‘
$

"M2
2 # "2$ tan%;

(17)

with gc2"x; y$ defined as fc2"x; y$ in terms of

 gc2"a$ !
"3 # 4a % a2 % 2 loga$

"a # 1$3 : (18)

It is then straightforward to deduce the relation

 

B"‘i ! ‘j!$
B"‘i ! ‘j&‘i "&‘j$

! 48$3#
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F

#!a"
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"

$
2

&
#f2c"M2

2=M
2
~‘
;"2=M2

~‘
$

g2c"M2
2=M

2
~‘
;"2=M2

~‘
$

$
2
j'ij

LLj2:

(19)

To understand the relative size of the correlation, in the
limit of degenerate SUSY spectrum we get

 

B"‘i ! ‘j!$ '
# !a"
20 & 10# 10

$
2

&
% 1 & 10# 4j'12

LLj2 (" ! e);
2 & 10# 5j'23

LLj2 (( ! "):
(20)

A more detailed analysis of the stringent correlation be-

tween the ‘i ! ‘j! transitions and !a" in our scenario is
illustrated in Fig. 6. Since the loop functions for the two
processes are not identical, the correlation is not exactly a
line; however, it is clear that the two observables are
closely connected. We stress that the numerical results
shown in Fig. 6 have been obtained using the exact for-
mulas reported in Ref. [41] for the supersymmetric con-
tributions to both B"‘i ! ‘j!$ and !a" (the simplified
results in the mass-insertion approximations in Eqs. (15)–
(19) have been shown only for the sake of clarity). The
inner dark-gray (red) areas are the regions where the
B-physics constraints are fulfilled. In our scenario the
B-physics constraints put a lower bound on MH and there-
fore, through the funnel-region relation, also on M1;2 (see
Figs. 3 and 4). As a result, the allowed ranges for !a" and
B"‘i ! ‘j!$ are correspondingly lowered. A complemen-
tary illustration of the interplay of B-physics observables,
dark-matter constraints, !a", and LFV rates—within our
scenario—is shown in Fig. 7.9

The normalization j'12
LLj ! 10# 4 used in Figs. 6 and 7

corresponds to the central value in Eq. (14) for c& ! 1 and
M&R

! 1012 GeV. This normalization can be regarded as a
rather natural (or even pessimistic) choice.10 As can be

FIG. 6 (color online). Expectations for B"" ! e!$ and B"( ! "!$ vs !a" ! "g" # gSM" $=2, assuming j'12
LLj ! 10# 4 and j'23

LLj !
10# 2. The plots have been obtained employing the following ranges: 300 GeV * M~‘ * 600 GeV, 200 GeV * M2 * 1000 GeV,
500 GeV * " * 1000 GeV, 10 * tan% * 50, and setting AU ! # 1 TeV, M~q ! 1:5 TeV. Moreover, the GUT relations M2 ' 2M1

and M3 ' 6M1 are assumed. The inner (red) areas correspond to points within the funnel region which satisfy the B-physics
constraints listed in Sec. III B [B"Bs ! "% "# $< 8 & 10# 8, 1:01<RBs! < 1:24, 0:8<RB(& < 0:9, !MBs

! 17:35 + 0:25 ps# 1].

9For comparison, a detailed study of LFV transitions imposing
dark-matter constraints—within the constrained MSSM with
right-handed neutrinos—can be found in Ref. [42].

10For M&R
, 1012 GeV other sources of LFV, such as the

quark-induced terms in grand unified theories cannot be ne-
glected [43]. As a result, in many realistic scenarios it is not
easy to suppress LFV entries in the slepton mass matrices below
the 10# 4 level [38].
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ਤ 3: ϛϡʔΦϯҟৗ࣓ؾͷඪ४ཧ͔ΒͷͣΕ

∆aµͱ µ → eγ่յذൺͷ૬ؔʢจݙ [10]ΑΓసࡌʣɻ

∆aµ = (29 ± 8)× 10−10Ͱ͋Γ µ → eγ͕ 10−12ఔͰ

Δ͜ͱΛࣔࠦ͢ΔɻϑϨʔόʔࠞ߹͜ى |δ12LL| = 10−4

ͱԾఆ͞Ε͍ͯΔɻ

3 µ → 3eͱµN → eN

µ → eγ ่յͱΑͨ͘ࣅϛϡʔΦϯͷԠաఔʹɺϛ

ϡʔΦϯ͕ͭࡾͷిࢠʹ่յ͢Δ µ+ → e+e−e+ ่յ

ʢµ → 3e่յʣͱɺϛϡʔΦϯࢠݪͷதͷϛϡʔΦϯ͕

ԠసࢠΔϛϡʔΦϯɾి͢సʹࢠి µ−N → e−N

ʢN ֩ࢠݪʣ͕͋Δɻ͜ΕΒͷԠաఔɺਤ 1Ͱޫࢠ

ͷʹిࢠɾཅిࢠର·ͨΫΥʔΫରΛ͢͜ͱʹΑΓ

ಘΒΕɺԠ֬ µ → eγ่յͷ͓͓Αͦ α∼1/100

ͱ͑ߟΒΕΔɻ

ਖ਼֬ͳࢉܭʹΑΔͱҎԼͷ͕ؔ͋Δɿ

B(µ+ → e+e−e+) ≃0.006× B(µ+ → e+γ)

R(µ−Al → e−Al) ≃0.0026× B(µ+ → e+γ)

͜͜Ͱ R(µ−N → e−N)ɺϛϡʔΦϯั֫Ԡʹର

͢ΔϛϡʔΦϯɾిࢠసԠͷ͜ىΔׂ߹Λද͢ɻ

3

ରশϞσϧͰଟ͘ͷ߹ɺ͜ͷؔࣜਖ਼͍͠ɻ

Ұํɺޫ ΑΔաఔ͕µʹࢠҎ֎ͷཻࢠ → 3eµN → eN

ʹେ͖͘د༩͢ΔϞσϧͰɺ͜ͷؔࣜඞͣ͠

Γཱͨͳ͍͜ͱʹҙ͢Δඞཁ͕͋Δɻ

͜ΕΒͭࡾͷաఔͷ͜Ε·Ͱͷ୳ࡧͷྺ࢙Λɺ্هͷ

ͯͬΛࣜؔ µ → eγ ͷ่յذൺʹম͖ͯ͠ϓ

ϩοτͨ͠ͷ͕ਤ 4Ͱ͋ΔɻMEG࣮͕ݧ৽ͨͳྖҬΛ

େ͖͘Γ։͍͖ͯͨ͜ͱ͕ͯݟऔΕΔɻ͜͜͠Β͘

ͳ͔ͬͨ µ → 3eͱ µN → eN ͷ୳ࡧ 2020ʹ͔

Λܴ࣌ΕΔ༧ఆͰɺ͍Α͍ΑO(10−14)ͷ͞ࢪ࣮͚ͯ

͑Α͏ͱ͍ͯ͠Δɻ

͜ͷΑ͏ʹ͍ͭ͘ͷ୳ܭࡧը͕ٸࡏݱʹਐΜͰ͍

ΔͷɺͪΖΜ৽ཧൃݟͷظ͕ߴ·͍ͬͯΔ͔Β

Ͱ͋Δ͕ɺͦΕʹՃ͑ͯɺͦͷΑ͏ͳײͷ͍ߴ୳ࡧΛ

Մʹ͢Δ৽͍࣮ٕ͠ݧज़͕ɺػ࣌Λҳ͢Δ͜ͱͳ͘ߟ

Ҋɾ։ൃ͞Ε͖͔ͯͨΒͰ͋Δɻ

͜ͷ༧ఆ௨ΓਐΉͱɺ͠ µ → eγ ΕΕɺ͞ݟൃ͕

ଞͷೋͭଓ͚ͯൃ͞ݟΕɺ৽ཧͷଘ࣮͕֬ࡏͳ

ͷͱͳΔɻҰํɺͨͱ͑ µ → eγ Εͳͯ͘ɺ͞ݟൃ͕

µ → 3eͱ µN → eN ΕΔՄੑ͕͋Δɻͻͱ͞ݟൃ͕

ͨͼൃ͞ݟΕΕɺͦΕͧΕͷ่յذൺͷ্ࣜؔه

͔ΒͷͣΕ͕ɺഎޙʹ͋Δ৽ཧΛ୳ΔώϯτͱͳΔɻ

͞Βʹɺµ → eγ ͱ µ → 3eͷ֯ɺµN → eN ͷ

֩छґଘੑΛௐΔ͜ͱͰɺ৽ཧͷਖ਼ମʹ͍ͭͯ͞Β

ͳख͕͔Γ͕ಘΒΕΔͩΖ͏ɻྗڧʹ
T. Mori, W. Ootani / Progress in Particle and Nuclear Physics ( ) – 7

Fig. 5. Experimental upper limits (90% C.L.) on cLFV muon processes as a function of the year where the µ → 3e and µ−N → e−N bounds are converted
into equivalent µ → eγ bounds by using Eqs. (6) and (7). The corresponding new physics scale Λ for κ = 0, defined in Eqs. (9) and (10), is also indicated.

with a detection efficiency ϵ ≈O(1%) in a few years of data taking (T ≈O(107) s), a DCmuon rate of 1013/ϵ/T ≈107–108/s
is necessary. Such a high rate DC muon beam is currently only available at Paul Scherrer Institute (PSI), Switzerland. PSI’s
590 MeV isochronous ring cyclotron constantly supplies a 2.2 mA proton beam with 50.6 MHz RF time structure. Since
the muon life time of 2 µs is much longer than the RF structure, the muon decay rate becomes constant (DC) without any
time structure. The cyclotron is currently being upgraded and its beam current is planned to increase eventually to 3.0 mA,
approaching an unrivalled beam power of 1.8 MW.

Major experimental challenges are (1) a good photon energy resolution to suppress background photons from radiative
muon decays and annihilation of positrons in material, and (2) precise measurements of positrons in the high rate environ-
ment of 107–108 positrons per second.

The MEG experiment at PSI, which finished data taking in summer 2013, obtained the world’s best upper bounds on
B(µ → eγ ) < 5.7× 10−13 at 90% C.L. [7] using ∼1/2 of the data taken. The final result of MEG is expected during the year
2014. Currently at PSI, preparations are underway for the MEG II experiment, an upgrade of MEG, which plans to start data
taking in 2016 with a goal of achieving an order of magnitude better sensitivity than MEG in three years’ data taking.

1.2.2. µ+ → e+e−e+

Searches for the µ → 3e decay also require positive muons to avoid muonic atom formation just like µ → eγ searches.
With three particles in the final state, they also suffer from accidental coincidences: positrons from normal muon decays
coincidewith e+e−pairs fromphoton conversions or fromBhabha scattering of positronswith atomic electrons. Tominimise
the accidental background, a DC muon beam, one as constant in time as possible, should be used.

With the presently available DC muon beam at PSI (∼1 × 108 muons/s), an improvement in sensitivity by two orders
of magnitude over the current 90% CL upper bound on B(µ → 3e) < 1.0 × 10−12 [20] may be possible. However, a much
more intense muon source of ≥109 is required to become competitive with the existing upper bound on B(µ → eγ ) <
5.7 × 10−13 [7]. A new high intensity muon beamline, ‘‘High Intensity Muon Beam’’ (HIMB), that can provide > 109 muons
per second, has been proposed and is under serious consideration at PSI [31]. An upgrade plan of the proton accelerator
complex at Fermilab (Proton Improvement Plan-II (PIP-II)) aimed at providing a beam power of at least 1 MW on target at
the initiation of the long baseline neutrino facility (LBNF) is embeddedwithin a longer-term concept for upgrades to achieve
multi-MW, continuous wave capabilities, which could accommodate a high intensity muon source [32].

Amajor experimental challenge for aµ → 3e search is precise tracking and vertexing of positrons and electrons in a high
rate environment of > 109 muon decays per second. Tracking detectors must have low momentum thresholds and cover a
large solid angle to efficiently measure three-body final states of µ → 3e decays. Because of this daunting challenge, no
experiment had been proposed for more than a quarter century since the last experiment. Recent advances in ultra-thin
silicon pixel detector technology, however, seems to rise to the challenge. The mu3e experiment [33], recently proposed at
PSI, envisages to use High Voltage Monolithic Active Pixel Sensors (HV-MAPS) to realise ultra-thin tracking detectors that
minimisemultiple scattering and energy loss for precise tracking and vertexing. The first phase ofmu3ewill use the existing
beamline to achieve an O(10−15) sensitivity, but the second phase for O(10−16) requires realisation of the HIMB.

MEG Final
MEG II

ਤ 4: µ → eγ ่յذൺͷ্ݶʢ90%৴པʣͷྺ

ɻµ࢙ → 3eͱ µN → eN ʹ͍ͭͯຊจதͷؔࣜ

Λ༻͍ͯ µ → eγ่յذൺʹম͖ͯ͋͠Δɻനൈ͖

ͷ͏ͪओཁͳͷʢMEGݧ४උதͷ࣮ࡏݱɺ߸ه IIɺ

COMET-II/Mu2eɺMu3e-IIIʣɻ

4 µ → eγ่յ୳ࡧͷઓུ

µ → eγ่յΛ͚ͭݟΔʹɺ੩͍ͯ͠ࢭΔϛϡʔΦϯ

ͷ่յΛଌఆͯ͠ɺిࢠͱΨϯϚઢ͕ͦΕͧΕϛϡʔΦ

ϯ࣭ྔͷͪΐ͏ͲͷΤωϧΪʔʢ52.8 MeVʣΛͬ࣋

ͯରํಉ࣌ʹඈͼग़͢ࣄΛ୳ͤΑ͍ɻϛϡʔ

Φϯ࣭தͰݮͯ͠੩ͤ͞ࢭΔɻͨ ͩ͠ෛిՙϛϡʔ

Φϯɺ֩ࢠݪʹัΒ͑ΒΕͯϛϡʔΦϯࢠݪͱͳΓɺ

่յͷ͕֩ࢠݪʹࡍͯ͠͠·͏ͨΊɺਖ਼ిՙϛϡʔ

ΦϯΛΘͳ͍ͱ͍͚ͳ͍ɻ

ཅࢠϏʔϜΛੜλʔήοτʹͿ͚ͭͯɺ͔ͦ͜Βग़

ͯ͘Δਖ਼ిՙϛϡʔΦϯΛ࣓ੴͰूΊΔͱɺͦͷӡಈྔ

ʹ 28-29 MeV/cۙʹӶ͍ϐʔΫ͕͋Δɻ͜Ε

ੜλʔήοτͷද໘ۙͰ੩ͨ͠ࢭਖ਼ిՙύΠΦϯ

ͷೋମ่յ͔ΒདྷΔϛϡʔΦϯͰɺʮද໘ϛϡʔΦϯʯͱ

ΔɻΤωϧΪʔͰӡಈྔ͕͍ͯ͠ۃΕɺ100%ภݺ

Α͘ଗ͍ͬͯΔͷͰɺബ͍੩ࢭλʔήοτͰ΄΅ͯ͢

Λ੩ࢭͰ͖ɺµ → eγ ่յ୳ࡧʹ͍ͬͯ͜Ͱ͋Δɻ

੩ࢭλʔήοτதͰͷଟॏࢄཚͱΤωϧΪʔଛ่ࣦ͕յ

ཅిࢠͷଌఆΛ੍͢ݶΔͨΊɺ੩ࢭλʔήοτബ͚Ε

ബ͍ํ͕Α͍ɻ

໓ଟʹ͜ىΒͳ͍ µ → eγ่յΛ୳ͨ͢Ίʹɺେྔ

ͷϛϡʔΦϯΛଌఆ͢Δඞཁ͕͋Δɻ10−13ͷ่յذ

ൺ·Ͱ୳͢ࡧΔʹ࠷Ͱ ͷϛϡʔΦϯ่յݸ1013

Λଌఆ͠ͳͯ͘ͳΒͣɺ࣮ݱతʹྦྷੵ 1ఔͷϏʔ

ϜλΠϜͰ࣮ݧΛऴΘΒͤΔ͜ͱΛ͑ߟΔͱɺݕग़ޮ

Λ%ͱͯ͠ɺඞཁͱͳΔϛϡʔΦϯϏʔϜڧɺຖ

ඵ 107Λ͑Δɻ

͜ͷΑ͏ʹඇৗʹܭ͍ߴͷ࣮ݧͳͷͰɺൃۮత

ͳόοΫάϥϯυ͕େ͖ͳͱͳΔɻ͜Εɺ͋Δ

ϛϡʔΦϯͷ௨ৗͷ่յʢϛγΣϧ่յʣµ+ → e+νν̄

͔ΒͷཅిࢠͱɺผͷϛϡʔΦϯͷ่ࣹյ͔Βग़ͯ͘

ΔΨϯϚઢ͕ɺͨ·ͨ·ରํಉ࣌ʹඈͼग़ͯ͠

µ → eγ ่յʹͯ͑͠ݟ·͏ͷͰ͋ΔɻΨϯϚઢͱ͠

ͯɺཅి͕ࢠ࣭தͰඈߦதʹফ໓ͯ͠ൃੜ͢Δͷ

ʢAIF: Annihilation in Flightʣ͋Δɻ

ϛϡʔΦϯͷ่ࣹյ µ → eνν̄γɺχϡʔτϦϊͷ

ΤωϧΪʔ͕΄ͱΜͲθϩͷͷɺµ → eγ ่յͱ۠

ผ͕͔ͭͳ͘ͳΔɻ่͔ࣹ͠͠յʹ͓͍ͯɺͨͱ͑

ཅిࢠͱΨϯϚઢͷΤωϧΪʔ͕ͦΕͧΕ 52.8 MeVͷ

1%͓Αͼ 5%ҎʹೖΔ֬ 10−14ఔͰ͋Γɺे

ྑ͍ղͰଌఆ͢ΕɺൃۮతόοΫάϥϯυʹൺ

ͯेখ͑͘͞Δ͜ͱ͕Ͱ͖Δɻ

ͷೋܭతόοΫάϥϯυϛϡʔΦϯͷൃۮ

ʹൺྫͯ͠૿͑ΔͷͰɺॠؒతͳϛϡʔΦϯ͕ଟ͍ύ

ϧεϏʔϜΑΓɺৗʹಉ͡සͰϛϡʔΦϯ่͕յ͢

ΔྲྀϏʔϜͷํ͕ɺµ → eγ่յͷ୳ࡧʹద͍ͯ͠Δɻ

ϛγΣϧ่յ͔ΒࢠతόοΫάϥϯυͷཅిൃۮ

͘ΔͷͰ 52.8 MeVۙͷͷ͕Ұ൪ଟ͍ɻ͕ͨͬͯ͠
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ཅిࢠͷӡಈྔղΛ͍͘Βؤுͬͯɺըظతʹ

όοΫάϥϯυΛམͱ͢͜ͱ͍͠ɻཅిࢠͷଌఆ

Ͱɺຖඵ 107Λ͑ΔཅిࢠΛ͍͔ʹૉૣ͍ͯ͘͞

͢Δ͜ͱ͕Ͱ͖Δ͔͕Ұ൪ॏཁͳ՝Ͱ͋ΔɻҎߏ࠶

લͷถࠃͷ࣮ݧ͜͜Ͱࣦഊͨ͠ɻ

ҰํɺൃۮతόοΫάϥϯυͷΨϯϚઢओʹ่ࣹ

յ͔Β͖͓ͯΓɺͦ ͷεϖΫτϧɺߴ࠷ͷ 52.8 MeV

མ͍ͪͯ͘ɻ͕ͨͬͯ͠ΨϯϚઢͷΤʹܹٸ͔ͯͬʹ

ωϧΪʔղΛ͋͛Εɺݪཧతʹ͍͘ΒͰόο

ΫάϥϯυΛݮΒ͢͜ͱ͕Ͱ͖Δɻ

ਤ 5: MEG࣮ݧஔͷུ֓ਤɻµ → eγ ͷγϛϡࣄ

Ϩʔγϣϯ͕ॏͶΒΕ͍ͯΔɻ

5 MEG࣮ݧ

લઅͷߟʹΑΓɺµ → eγ ่յ୳ࡧͷઓུҎԼͷ

ʹू͞ΕΔɿࡾ

• ຖඵ 107 −108ͷਖ਼ిՙϛϡʔΦϯͷྲྀϏʔϜ

• େྔͷཅిࢠΛ͘͞εϖΫτϩϝʔλ

• ΤωϧΪʔղͷ༏ΕͨΨϯϚઢଌఆث

ҎԼͰɺ͜ΕΒͭࡾͷݤͱͳΔ࣮ٕݧज़Λத৺ʹɺ

MEG࣮ݧஔ [11]ʢਤ 5ʣʹ͍ͭͯղઆ͢Δɻ

5.1 PSIͷେڧද໘ϛϡʔΦϯྲྀϏʔϜ

ຖඵ 107−108ͷେڧͷྲྀϛϡʔΦϯϏʔϜɺ

ੈքதͰ།Ұ PSIʹ͔͠ଘ͠ࡏͳ͍ɻPSIɺύΠΦϯ

ϛϡʔΦϯͷੜʹదͨ͠ 590 MeVͷཅࢠαΠΫϩ

τϩϯΛͪ࣋ɺ2.2 - 2.4 mAͷཅࢠϏʔϜ 1.4 MWͱ

ੈքڧ࠷ͷύϫʔΛ͍ͯͬތΔɻཅࢠϏʔϜ 50.6 MHz

ͷRFύϧεߏΛ͕ͭ࣋ɺϛϡʔΦϯͷण໋ 2 µsec

ͱ͘ɺྲྀϛϡʔΦϯϏʔϜͱͯ͑ߟΑ͍ɻPSIͷα

ΠΫϩτϩϯࡏݱগͣͭ͠૿͞ڧΕ͓ͯΓɺকདྷత

ʹ 3.0 mAɺ1.8 MWΛࢹʹೖΕ͍ͯΔɻ

ྫྷ٫ͷͨΊճస͢Δंྠঢ়ͷ 4 cmްάϥϑΝΠτλʔ

ήοτʹཅࢠϏʔϜΛͯɺେྔͷද໘ϛϡʔΦϯΛੜ

͢ΔɻMEG࣮ݧΛ࣮͢ࢪΔ πE5ϏʔϜϥΠϯɺཅ

ϏʔϜʹରͯ͠ࢠ 166◦ ͷ͔ํޙΒେཱମ֯ͰϛϡʔΦ

ϯΛҾ͖ग़͢ɻӡಈྔબͯ͠Ҿ͖ग़͞ΕͨϏʔϜʹ

ϛϡʔΦϯͷ 10 ഒ͍ۙཅిؚ͕ࢠ·Ε͍ͯΔͨΊɺ

੩ిηύϨʔλͱ࢛ॏ࣓ిۃੴΛͯͬऔΓআ͘ɻͦͷ

ϏʔϜ༌ૹ༻ͷಋιϨϊΠυʢBTSʣʹΑͬͯޙ

COBRA ཅిࢠεϖΫτϩϝʔλʢ࣍અࢀরʣͷத৺

ʹஔ͔ΕͨϛϡʔΦϯ੩ࢭλʔήοτಋ͘ɻBTSͱ

COBRAͷ࡞Δ࣓λʔήοτʹ͘ڧ͔ͯͬͳͬͯ

͓ΓɺϏʔϜ͕ߜΒΕͯɺλʔήοτͰͷϏʔϜαΠζ

 2.3 cmφͱͳΔɻ

੩ࢭλʔήοτڧྀͯ͠ߟɺް͞ 205 µmͷϙ

ϦΤνϨϯʗϙϦΤεςϧͷঢ়ϑΟϧϜΛϏʔϜʹର

ͯ͠ 20ͷ֯ʹ͚ɺػցతڧʹ༏Εͨൃ๐ࡐ

ʢRohacellʣͷͰΓԼ͛ͨʢਤ 5ɺ6ʣɻλʔήοτ

Ͱ੩ͤ͞ࢭΔϛϡʔΦϯɺଌఆثͷੑͱόοΫά

ϥϯυͷ݉Ͷ߹͍ʹΑΓɺ3×107/secͱ͕ͨ͠ɺ࣮

ͦΕΑΓʹࡍ 2–3ഒଟ͍ϛϡʔΦϯΛࢭΊΔ͜ͱ͕Մ

Ͱ͋Δɻ

5.2 COBRAཅిࢠεϖΫτϩϝʔλ

ຖඵ 3×107ͷϛϡʔΦϯ่յ͔Βग़ͯ͘Δେྔͷ

ཅిࢠΛਫ਼Α͘ଌఆ͢ΔͨΊɺCOBRAʢCOnstant

Bending RAdiusʣಋి࣓ੴΛߟҊͨ͠ɻ3छྨͷ

ҟͳΔܘΛͭ࣋ 5ͭͷίΠϧ͔ΒͰ͖͓ͯΓʢਤ 5ɺ

7ʣɺͦΕʹΑͬͯத৺࣠ʹԊͬͯத৺Ͱ͘ڧʢ1.27 Tʣ

྆Ͱऑ͍ʢ0.49 Tʣಛघͳޯ࣓Λ͍ͯͬ࡞Δɻ

͜ͷޯ࣓தͰɺಉ͡ӡಈྔΛͭ࣋ཅిࢠɺϏʔ

Ϝ࣠ʹਨͳ໘Ͱͷيಓ์͕ܘग़֯ʹΑΒͣҰఆ

ͱͳΔʢਤ 7ʢaʣʣɻ͜Ε͕COBRAͷ໊ͷ༝དྷͰ͋Δɻ

͜ͷ͓͔͛ͰɺଌఆثΛϏʔϜ͔࣠Βͯ͠ઃஔ͢Δ͜
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ਤ 6: Լྲྀଆ͔ΒͨݟCOBRAి࣓ੴ෦ɻத৺ʹϛϡʔ

Φϯ੩ࢭλʔήοτ͕Δ͞ΕɺԼ෦ʹ 16ຕͷυϦϑ

τνΣϯόʔ͕ฒΜͰ͍ΔɻશମϔϦϜΨεʹຬͨ

͞Ε͍ͯΔɻ

ͱʹΑΓɺӡಈྔͷ͍ߴཅి͔͠ࢠଌఆثʹೖͬͯ͜ͳ

͍ɻ·ͨϏʔϜ࣠ʹ΄΅ਨʹ์ग़͞ΕͨཅిࢠͰɺ

εϖΫτϩϝʔλʹ͘ཹ·Δ͜ͱͳ͘ɺ͘͢

͖ग़͞Εʢਤ 7ʢbʣʣɺଌఆثͷܭ͕͑ΒΕΔɻ

༷ʑͳ࣓ஔΛ͍࣌ͨͯ͠౼ݕʹɺ͋Δಛఆͷޯ

࣓Ͱɺيಓ࠷͕ܘେ࣌ͷཅిࢠͷ͕λʔήο

τ্ͷϛϡʔΦϯͦͷ··ͷӨʹͳ͍ͬͯΔ͜ͱ

͖ɺͦΕ͕ؾʹ COBRAͷσβΠϯʹͭͳ͕ͬͨɻ

ΨϯϚઢɺCOBRAΛಥ͖ൈ͚ͯͦͷ֎ଆʹஔ͔Ε

ͨӷମΩηϊϯΨϯϚઢଌఆثͰଌఆ͞ΕΔɻͦ ͷͨΊɺ

ΨϯϚઢ͕௨ա͢Δத৺ίΠϧ෦ࣹͰ 0.2X0Ҏ

Լʹ࣭ྔ͕͑ΒΕ͓ͯΓɺµ → eγͷ 52.8 MeVΨϯ

Ϛઢ 85%͕૬࡞ޓ༻ͤͣʹ௨ա͢Δɻ͜ΕKEK

ಋԹֶηϯλʔ͕։ൃͨ͠ڧߴΞϧϛ҆ఆࡐ

Λ༻͍ͨബಋίΠϧٕज़ʹΑͬͯՄͱͳͬͨɻ

COBRAͦͷಛघͳޯ࣓Λ࣮͢ݱΔͨΊϦλʔ

ϯϤʔΫΛͣͨ࣋ɺ࿙Ε࣓͕େ͖͍ɻӷମΩηϊϯଌ

ఆثͰ༻͍ͯ͠Δޫి૿ࢠഒ࣓ڧதͰಈ͠࡞

ͳ͍ͨΊɺCOBRA ͷपΓʹϔϧϜϗϧπίΠϧঢ়ʹ

ೋͭͷେ͖ͳৗಋίΠϧΛઃஔͯͦ͠ͷपลͷ࣓Λ

50ΨεҎԼʹ͍͑ͯΔɻ࿙Ε࣓ɺਅۭϙϯϓ

ྫྷ٫ϑΝϯɺ͞Βʹྡͷ µSR༻ϛϡʔΦϯϏʔ

ϜϥΠϯͳͲʹӨڹΛٴ΅͠ɺͦͷରࡦʹۤ࿑ͨ͠ɻ

λʔήοτ͔ΒདྷΔ 45 MeV/c Ҏ্ͷཅిࢠυ

ϦϑτνΣϯόʔʢDCʣʹΑͬͯଌఆ͞Εɺӡಈྔͱ

ϛϡʔΦϯͷ่յҐஔ͕ٻΊΒΕΔɻཅిࢠ DC Λ

ൈ͚࣓ͯதΛ͞ΒʹҰपͨ͠ޙɺλΠϛϯάΧϯ

λʔʢTCʣʹೖͬͯͦͷ͕ؒ࣌ଌఆ͞ΕΔʢਤ 5ʣɻཅ

ͷதʹDCͷϑϨʔϜέʔϒϧͳͲʹিಥͯ͠ࢠి

TCʹ౸ୡ͠ͳ͍ͷগͳ͔Βͣ͋Γɺ୳ޮࡧʹӨ

ɻͨ͠ڹ

(a)

(b)

μ+
e+

μ+
e+

ਤ 7: COBRAޯ࣓ͷݪཧɻʢaʣཅిࢠ์ग़֯ʹ

ΑΒͣಉ͡ӡಈྔͷͷಉ͡ܘͷيಓΛඳ͘ɻʢbʣ

ϏʔϜ࣠ʹ΄΅ਨʹ์ग़͞Εͨཅిࢠૉૣ͘εϖΫ

τϩϝʔλ֎ʹ͖ग़͞ΕΔɻ

υϦϑτνΣϯόʔʢDCʣ

52.8 MeVͷཅిࢠͷଌఆਫ਼ଟॏࢄཚʹΑ੍ͬͯ

ΒݮΞΫηϓλϯεͷ࣭ྔΛࢠΕ͓ͯΓɺཅి͞ݶ

͢͜ͱඞਢͷ݅Ͱ͋Δɻ͜ΕʹΑͬͯ AIFʹΑΔ

όοΫάϥϯυݮΔɻͦͷͨΊ COBRAి࣓ੴ

ϔϦϜΨεͰຬͨ͞ΕɺνΣϯόʔΨεͱͯ͠ϔϦ

ϜͱΤλϯΛʑࠞͥͨͷΛͨͬɻ

DC 16ຕͷಠཱͨ͠ϞδϡʔϧͰͰ͖͓ͯΓʢਤ

6ʣɺ֤ϞδϡʔϧυϦϑτηϧʢ9×7 mm2ʣΛη

ϧͣΒͨ͠ 2͔Β͍ͬͯΔɻCOBRA࣓ͷ͓͔͛

Ͱɺ࠷ଆͷηϧͰ 10 kHzఔͷܭʹ͑Β

Εͨɻ྆ଆಡΈग़͠ʹΑΔిՙʢCharge Divisionʣ

ͱΧιʔυύουʹΑͬͯϫΠϠʔํͷҐஔ͕ಘΒΕɺ

ૉૣ͍يݩ࣍ࡾಓͷߏ࠶͕Մͱͳ͍ͬͯͨɻ

DC֎นް͞ 12.5 µmͷϑΟϧϜද໘ʹ 250 nm

ͷΞϧϛͷύουΛΤονϯάͨ͠ɻബ͞Λอͪͭͭ

ύουͷҐஔਫ਼ͱ໘߅ͷҰ༷ੑΛ࣮͢ݱΔͷʹଟ

͘ͷ͕ޡࡨߦࢼඞཁͰ͋ͬͨɻDC֎ͷඍົͳѹྗࠩ

ͰΧιʔυ໘͕ม͠ܗͳ͍Α͏ɺѹྗࠩมಈΛ 0.005 Pa

ఔʹ͑ΔΨεγεςϜ։ൃͨ͠ɻ

͜ΕΒͷྗʹΑΓɺ52.8 MeVཅిࢠͷيಓʹԊͬ

ͨશ࣭ྔɺࣹͰฏۉ 2×10−3X0ͱඇৗʹখ͞

ͳΛ࣮͢ݱΔ͜ͱ͕Ͱ͖ͨɻ

ཅిࢠӡಈྔͷֱਖ਼ɺϛογΣϧ่յεϖΫτϧͷ

ɺ52.8͍ߦͯͬΤοδΛߴ࠷ MeVͷཅిࢠʹରͯ͠

0.58%ʢσʣͷղ͕ಘΒΕͨʢਤ 8ʣɻϛϡʔΦϯ่
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ਤ 8: ϛγΣϧ่յཅిࢠͷଌఆεϖΫτϧʢؙࠇʣɻϛ

γΣϧεϖΫτϧͷཧʢҰઢʣͱଌఆثΞΫ

ηϓλϯεʢԼͷάϥϑʣΛϑΟοτͯ͠ٻΊͨυϦϑ

τνΣϯόʔͷղؔʢ੨ઢʣɻ

յҐஔʹ͍ͭͯɺ੩ࢭλʔήοτʹখ͞ͳ͕͍݀ͭ͘

͔։͚ͯ͋Γɺ͜ΕΒΛਖ਼͘͠ߏ࠶͢Δ͜ͱͰɺλʔ

ήοτͷҐஔ͖ɺޯ࣓ʹର͢ΔDCͷஔɺي

ߏ࠶ΞϧΰϦζϜʹΑΔόΠΞε͕ௐΒΕͨɻ

λΠϛϯάΧϯλʔʢTCʣ

TCɺϏʔϜ্ྲྀଆͱԼྲྀଆͷͦΕͧΕʹ 15ຊઃ

ஔ͞Εͨ 4× 4× 90 cm3ͷϓϥεςΟοΫγϯνϨʔλ

Ͱ͋Δɻؒ࣌ղγϯνϨʔγϣϯޫ͕ଟ͍΄ͲΑ

͘ͳΔͷͰɺଠ͍γϯνϨʔλͰޫྔΛՔ͗ɺूޫޮ

Λ࠷దԽͨ͠ɻ࣓ڧதͳͷͰɺಡΈग़͠ʹϑΝΠϯ

ϝογϡܕͷޫి૿ࢠഒΛͨͬɻTCશମΛಛघͳ

ϑΟϧϜͰ෴ͬͯૉΨεΛྲྀ͢͜ͱʹΑΓɺCOBRA

ͷϔϦϜ͔Βޫి૿ࢠഒΛकͬͨɻ

ਖ਼֬ͳཅిࢠͷλΠϛϯάΛಘΔͨΊʹ 1 cmͷ

ਫ਼Ͱ TCͷೖࣹҐஔΛΔඞཁ͕͋ΔɻTCͷ྆

ಡΈग़͠ʹΑΓ TCͷ͞ํͷҐஔ͕Θ͔ΓɺDC͔

ΒཅిࢠͷيΛ֎ૠͯ͠ೖࣹ֯ͳͲΛಘͨɻTC୯ಠ

ͷؒ࣌ղ 50–70 psͰ͕͋ͬͨɺDCͱTCͷؒʹ

͋Δ࣭ྔͷӨڹʹΑΓ࣮ޮతͳղ 100 psʹͱ

Ͳ·ͬͨɻTCͷલʹઃஔͨ͠γϯνϨʔγϣϯϑΝ

ΠόʔɺಠཱͳҐஔใΛఏؒ࣌ͯ͠ڙଌఆΛվળͰ

͖Δ͕ͣͩͬͨɺ೦ͳ͕Β·ͱʹಈ͠࡞ͳ͔ͬͨɻ

ਤ 9ʹαΠυόϯυσʔλͷཅిࢠͱΨϯϚઢͷؒ࣌

ࠩΛࣔͨ͠ɻ่ࣹյͷϐʔΫ͔ΒɺӷମΩηϊϯ

ΨϯϚઢଌఆثʹΑΔΨϯϚઢͷؒ࣌ଌఆͱ߹Θͤͯɺ

122 psͷؒ࣌ղ͕ಘΒΕ͍ͯΔͷ͕Θ͔Δɻ
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ਤ 9: ཅిࢠͱΨϯϚઢͷࠩؒ࣌ʢteγʣͷʢαΠυ

όϯυʣɻϐʔΫ่ࣹյࣄɺฏΒͳൃۮత

όοΫάϥϯυࣄɻ

5.3 ӷମΩηϊϯΨϯϚઢଌఆث

༏ΕͨղΛͭ࣋ΨϯϚઢଌఆثͱͯ͠ɺओʹೋ

ͭͷλΠϓ͕͑ߟΒΕΔɿʢ1ʣZͷେ͖ͳ࣭ʹΑͬͯ

ബ͍ͱɺͦΕʹଓ࣓͘͢͜ىରੜΛࢠɾཅిࢠి

εϖΫτϩϝʔλ͔ΒΔʮରੜεϖΫτϩϝʔλʯɺ

ʢ2ʣޫྔ͕ଟ͘ɺؒ࣌Ԡͷ͍݁থγϯνϨʔλɺͰ

͋Δɻ

ਤ 10: ӷମΩηϊϯΨϯϚઢଌఆثͷ෦ɻԹͰ࡞ಈ

͠ਅۭײʹޫ֎ࢵͷ͋Δ 2Πϯνޫి૿ࢠഒ͕ 846

ຊฒΜͰ͍Δɻ

ରੜεϖΫτϩϝʔλͷɺݕग़ޮ͕ۃΊ

͍ͯ͜ͱͱɺ͞Βʹக໋తͳͷܭߴԼͰͷి

͕େม͍͜͠ͱͰ͋ΔɻҰߏ࠶ಓيରͷࢠɾཅిࢠ

ํͰ݁থγϯνϨʔλɺෆ७ෆۉҰ͞ɺ͞Βʹ

ΨϯϚઢͷԠҐஔʹΑΔूޫޮͷҧ͍͕ɺղΛ

Δɻ·ͨҰൠతʹҐஔղ͕ѱ͍ɻ͢ݶ੍

ͦ͜ͰMEG࣮ݧͰɺӷମΩηϊϯΛͨͬ͜Ε·
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ਤ 8: ϛγΣϧ่յཅిࢠͷଌఆεϖΫτϧʢؙࠇʣɻϛ

γΣϧεϖΫτϧͷཧʢҰઢʣͱଌఆثΞΫ

ηϓλϯεʢԼͷάϥϑʣΛϑΟοτͯ͠ٻΊͨυϦϑ

τνΣϯόʔͷղؔʢ੨ઢʣɻ

յҐஔʹ͍ͭͯɺ੩ࢭλʔήοτʹখ͞ͳ͕͍݀ͭ͘

͔։͚ͯ͋Γɺ͜ΕΒΛਖ਼͘͠ߏ࠶͢Δ͜ͱͰɺλʔ

ήοτͷҐஔ͖ɺޯ࣓ʹର͢ΔDCͷஔɺي

ߏ࠶ΞϧΰϦζϜʹΑΔόΠΞε͕ௐΒΕͨɻ

λΠϛϯάΧϯλʔʢTCʣ

TCɺϏʔϜ্ྲྀଆͱԼྲྀଆͷͦΕͧΕʹ 15ຊઃ

ஔ͞Εͨ 4× 4× 90 cm3ͷϓϥεςΟοΫγϯνϨʔλ

Ͱ͋Δɻؒ࣌ղγϯνϨʔγϣϯޫ͕ଟ͍΄ͲΑ

͘ͳΔͷͰɺଠ͍γϯνϨʔλͰޫྔΛՔ͗ɺूޫޮ

Λ࠷దԽͨ͠ɻ࣓ڧதͳͷͰɺಡΈग़͠ʹϑΝΠϯ

ϝογϡܕͷޫి૿ࢠഒΛͨͬɻTCશମΛಛघͳ

ϑΟϧϜͰ෴ͬͯૉΨεΛྲྀ͢͜ͱʹΑΓɺCOBRA

ͷϔϦϜ͔Βޫి૿ࢠഒΛकͬͨɻ

ਖ਼֬ͳཅిࢠͷλΠϛϯάΛಘΔͨΊʹ 1 cmͷ

ਫ਼Ͱ TCͷೖࣹҐஔΛΔඞཁ͕͋ΔɻTCͷ྆

ಡΈग़͠ʹΑΓ TCͷ͞ํͷҐஔ͕Θ͔ΓɺDC͔

ΒཅిࢠͷيΛ֎ૠͯ͠ೖࣹ֯ͳͲΛಘͨɻTC୯ಠ

ͷؒ࣌ղ 50–70 psͰ͕͋ͬͨɺDCͱTCͷؒʹ

͋Δ࣭ྔͷӨڹʹΑΓ࣮ޮతͳղ 100 psʹͱ

Ͳ·ͬͨɻTCͷલʹઃஔͨ͠γϯνϨʔγϣϯϑΝ

ΠόʔɺಠཱͳҐஔใΛఏؒ࣌ͯ͠ڙଌఆΛվળͰ

͖Δ͕ͣͩͬͨɺ೦ͳ͕Β·ͱʹಈ͠࡞ͳ͔ͬͨɻ

ਤ 9ʹαΠυόϯυσʔλͷཅిࢠͱΨϯϚઢͷؒ࣌

ࠩΛࣔͨ͠ɻ่ࣹյͷϐʔΫ͔ΒɺӷମΩηϊϯ

ΨϯϚઢଌఆثʹΑΔΨϯϚઢͷؒ࣌ଌఆͱ߹Θͤͯɺ

122 psͷؒ࣌ղ͕ಘΒΕ͍ͯΔͷ͕Θ͔Δɻ
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ਤ 9: ཅిࢠͱΨϯϚઢͷࠩؒ࣌ʢteγʣͷʢαΠυ

όϯυʣɻϐʔΫ่ࣹյࣄɺฏΒͳൃۮత

όοΫάϥϯυࣄɻ

5.3 ӷମΩηϊϯΨϯϚઢଌఆث

༏ΕͨղΛͭ࣋ΨϯϚઢଌఆثͱͯ͠ɺओʹೋ

ͭͷλΠϓ͕͑ߟΒΕΔɿʢ1ʣZͷେ͖ͳ࣭ʹΑͬͯ

ബ͍ͱɺͦΕʹଓ࣓͘͢͜ىରੜΛࢠɾཅిࢠి

εϖΫτϩϝʔλ͔ΒΔʮରੜεϖΫτϩϝʔλʯɺ

ʢ2ʣޫྔ͕ଟ͘ɺؒ࣌Ԡͷ͍݁থγϯνϨʔλɺͰ

͋Δɻ

ਤ 10: ӷମΩηϊϯΨϯϚઢଌఆثͷ෦ɻԹͰ࡞ಈ

͠ਅۭײʹޫ֎ࢵͷ͋Δ 2Πϯνޫి૿ࢠഒ͕ 846

ຊฒΜͰ͍Δɻ

ରੜεϖΫτϩϝʔλͷɺݕग़ޮ͕ۃΊ

͍ͯ͜ͱͱɺ͞Βʹக໋తͳͷܭߴԼͰͷి

͕େม͍͜͠ͱͰ͋ΔɻҰߏ࠶ಓيରͷࢠɾཅిࢠ

ํͰ݁থγϯνϨʔλɺෆ७ෆۉҰ͞ɺ͞Βʹ

ΨϯϚઢͷԠҐஔʹΑΔूޫޮͷҧ͍͕ɺղΛ

Δɻ·ͨҰൠతʹҐஔղ͕ѱ͍ɻ͢ݶ੍

ͦ͜ͰMEG࣮ݧͰɺӷମΩηϊϯΛͨͬ͜Ε·

7

Ͱʹͳ͍ΨϯϚઢଌఆثΛ৽ͨʹ։ൃͨ͠ɻӷମΩηϊ

ϯࣹ͕ 2.8 cmͰൃޫྔ NaI݁থͷ 75 %

͋ΓɺӷମͷͨΊҰ༷ੑʹ͕ͳ͍ɻ·ͨ݁থͱҧ

͍ɺ७Խۀ࡞ʹΑͬͯඞཁͳ͚ͩෆ७Λམͱ͢͜ͱ͕

Ͱ͖Δɻؒ࣌Ԡ͘ɺΨϯϚઢʹର͢Δ৴߸ͷݮਰ

ؒ࣌ 45 nsecͰ͋Δɻ͕ͨͬͯ͠ܭ͍ߴʹ

͑ΒΕɺ༏Εͨؒ࣌ղ͕ظͰ͖Δɻ·ͨҰ༷ͳू

ޫޮΛ࣮͢ݱΔͨΊɺ 800 ℓͷӷମΩηϊϯͷ༗ޮ

ମੵશମΛ 846ຊͷ 2Πϯνޫి૿ࢠഒͰऔΓғΜͰ
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ਤ 11: ӷମΩηϊϯʹΑΔ 54.9 MeVΨϯϚઢͷεϖ

ΫτϧɻʢaʣΨϯϚઢͷԠ͕ޫి૿ࢠഒͷޫి໘͔

Β 2 cmҎͰͨͬ͜ى߹ɺʢbʣ2 cmΑΓԕ͘Ͱى

ͬͨ͜߹ɻ

ऴతʹӷମΩηϊϯΛબΜܾͩΊखͱͳͬͨͷɺ࠷

͜ͷσβΠϯͰΨϯϚઢͷೖࣹҐஔ͕ 5 mmͱ͍͏

Α͍ਫ਼ͰಘΒΕͨ͜ͱͰ͋ͬͨɻ50 MeVఔͷΨϯ

ϚઢɺӷମΩηϊϯʹೖ͔ͬͯΒηϯνͰରੜΛ

Δɻγϟϫʔ·Β࡞ɺখ͞ͳి࣓γϟϫʔΛ͜͠ى

Ͱେ͖͕͘Γɺޫྔશମ͔Βγϟϫʔͷॏ৺Ґஔ

ΛٻΊͯɺΨϯϚઢͷҐஔਫ਼Αܾ͘·Βͳ͍ɻΨ

ϯϚઢͷೖࣹҐஔͷपΓʹ͋Δޫి૿ࢠഒʹ͢Δ

ͱɺೖࣹҐஔΛத৺ͱ͢ΔӶ͍ޫྔ͕ಘΒΕΔ͕ɺ

ͦΕରੜͷҐஔ͔Βͷཱମ֯Ͱ΄΅ܾ·Γɺͦͷޙ

Ζʹ͕Δγϟϫʔʹ͋·ΓґΒͣʹɺରੜͷ

ΊΔ͜ͱ͕Ͱ͖Δɻཁ͢ΔʹɺٻʹҐஔΛਖ਼֬ͨͬ͜ى

γϟϫʔશମͰͳ͘࠷ॳͷରੜ͔Βग़Δޫʹ͢

ΔͷͰ͋Δɻಉ༷ʹΨϯϚઢͷؒ࣌ଌఆରੜ͔Βͷ

ޫΛଌΔ͜ͱͰɺ65–70 psecͱ͍͏༏Εͨؒ࣌ղ

ΛୡͰ͖ͨɻ

ӷମΩηϊϯΛ্͏Ͱհͳ͜ͱɺγϯνϨʔ

γϣϯޫ͕ਅۭࢵ֎ޫͰ͋Δ͜ͱͱɺϚΠφε 110ʹ

ྫྷ͞ͳ͍͚ͯ͘ͳ͍͜ͱͰ͋ΔɻมࡎΛ͏

͜ͱ͕ͨ͑ߟɺมࡎͷҰ༷ੑͷ͕͋Δɻ·ͨ

ԹͰޫి૿ࢠഒͷޫి໘͕߅େ͖͘ͳͬͯɺޫి

ग़ͳ͘ͳΔͱ͍͏͕͋ͬͨɻ͕ࢠ

Radiative decay &  
e+ annihilation

Pileup

Cosmic ray

ਤ 12: αΠυόϯυͷΨϯϚઢΤωϧΪʔɻ͜ͷ

͔ΒΤωϧΪʔղͱεέʔϧ͕ಘΒΕɺ࣮ݧத

ϞχλʔʹΘΕͨɻ

ͦ͜ͰদϗτχΫεͱͷڞಉڀݚʹΑΓɺӷମΩη

ϊϯதʹਁͯ͑͠Δײʹޫ֎ࢵͷ͋Δޫి૿ࢠഒ

Λ։ൃͨ͠ɻ͜ΕࡏݱɺμʔΫϚλʔ୳ࡧͷӷମΩη

ϊϯݕग़ثͳͲʹΘΕΔඪ४తͳٕज़ͱͳ͍ͬͯΔɻ

·ͨӷମΩηϊϯͷྫྷ٫ʹɺKEKૉ֩ݚԹάϧʔ

ϓʹΑΓΩηϊϯʹ࠷దԽͨ͠ύϧεྫྷౚ͕ػ։ൃ͞

ΕͨɻेͳྫྷౚྗΛͪ࣋ɺৼಈϊΠζ͕গͳ͘อक

͕༰қͱ͍͏͜ͱͰɺ͜ΕӷମΩηϊϯΛੈ͏քத

ͷऀڀݚͷؒͰ͘ΘΕΔΑ͏ʹͳͬͨɻ

ӷମΩηϊϯଌఆثɺCOBRAి࣓ੴΛғ͏Α͏ʹ

Cܕͷਅۭஅ༰͔ثΒͰ͖͓ͯΓɺΨϯϚઢͷೖࣹ໘

࣭ྔΛݮྗۃΒͨ͢ΊɺΞϧϛϋχΧϜͱΧʔϘϯ

ϑΝΠόʔͷαϯυΠονύωϧΛͯ͠࡞༻ͨ͠ɻ

ΠλϦΞ͔Β༧ࢉΛҾ͖ग़͢ͷʹຊͷޫి૿ࢠഒ

Λങ͏͚ͩͰ͍͠ͱ͍͏ͷͰɺਅۭஅ༰ثͷ࡞

Λ͕ͤͨɺͦͷ͓͔͛Ͱࢄʑۤ࿑ͨ͠ɻࢯݪࡾͷࣄه

[12] ʹͦͷลΓͷ͕ਵ͑߇Ίʹॻ͔Ε͍ͯΔɻ

ೖʹ࣌ͰɺෳͷΨϯϚઢ͕΄΅ಉݧͷ࣮ܭߴ

ࣹ͢Δࣄ͕͜ىΔɻͦͷ߹ෳͷΨϯϚઢ͕Ұͭ

ͷߴΤωϧΪʔΨϯϚઢʹͯ͑͠ݟ·͏ͱ µ → eγ ่

յͷόοΫάϥϯυͱͳΓಘΔʢύΠϧΞοϓʣɻӷ

ମΩηϊϯଌఆثҐஔͱؒ࣌ͷղ͕༏Ε͍ͯΔ

ͷͰɺෳͷΨϯϚઢΛߏ࠶ͯ͢͠Δ͜ͱ͕Ͱ͖

ΔɻͦͷͨΊʹߴܗσδλϧճ࿏ʢDRS: Domino

Ring SamplerʣΛ։ൃͯ͠ɺͯ͢ͷޫి૿ࢠഒͷ

৴߸ܗΛهͨ͠ɻ͜ͷ DRSճ࿏ͦͷ༷ޙʑͳ࣮
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8

ΘΕ͍ͯΔΑ͏Ͱ͋Δɻʹݧ

ଌఆ͕ثେ͖͍ͷͰγϯνϨʔγϣϯޫͷٵऩ͕

ͱͳΔ͕ɺΩηϊϯΤΩαΠϚʔʢXe∗2ʣΛ௨ͯ͠ൃ

ޫ͢ΔͨΊɺΩηϊϯࣗʹΑΔٵऩͳ͍ɻ͕ͨͬ͠

ͯਫࢎૉͳͲͷࢵ֎ޫΛٵऩ͢Δෆ७͕ͱͳ

Δɻಛʹਫ 100 ppbϨϕϧͰଌఆثͷੑʹେ͖

ͳӨڹΛ༩͑Δɻଌఆثͷম͖͕ͩ͠Ͱ͖ͳ͍ͨΊɺਫ

ͷআڈେ͖ͳ՝Ͱ͋ͬͨɻͦͷͨΊΩηϊϯΛ॥

ͤͯ͞७Խ͢ΔγεςϜΛ։ൃͨ͠ɻӷମͰͷ॥Ͱຖ

࣌ 100ϦοτϧΛ͑Δ७Խ͕Ͱ͖ɺ͜ΕʹΑͬͯଌఆ

ͷେ͖͞ΑΓे͍ث 3 mΛ͑Δٵऩ͕࣮ݱͰ
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ਤ 13: શ࣮ؒظݧͷΨϯϚઢΤωϧΪʔεέʔϧͷ҆

ఆੑɻΒ͖ͭ 0.2%ҎԼʢrmsʣɻؙϦνϜͷ

17.6 MeVΨϯϚઢɺؙࠇόοΫάϥϯυͷΨϯϚ

ઢʢਤ 12ʣ͔Βಘͨεέʔϧɻ

ଌఆثͷֱਖ਼ʹɺෛύΠΦϯϏʔϜΛӷମਫૉλʔ

ήοτʹ੩ͯͤ͞ࢭɺՙిަԠ π− p → π0n Λ͜ى

ͯ͠ɺதੑύΠΦϯͷ่յ͔Βग़ΔೋͭͷΨϯϚઢΛ༻

͍ͨɻೋͭͷΨϯϚઢ͕ͪΐ͏Ͳ 180ରํʹग़Δ

ͱ͍͏݅Λ՝͢ͱɺͦΕͧΕ 54.9 MeVͱ 82.9 MeV

ͷ୯৭ΨϯϚઢͱͳΔɻ54.9 MeV 52.8 MeVʹۙ͘ɺ

ΤωϧΪʔઈରͷֱਖ਼ʹ͍ͬͯ͜Ͱ͋Δɻ͜ͷͨΊ

ʹӷମΩηϊϯଌఆثͷରଆʹ݁থγϯνϨʔλΛஔ

͍ͯಉܭ࣌ଌΛຖҰճͨͬߦɻ

ਤ 11ʹ 54.9 MeV୯৭ΨϯϚઢʹରͯ͠ಘΒΕͨε

ϖΫτϧͷྫΛࣔ͢ɻ͍ํͷ͍ςʔϧɺଌఆثʹ

ೖΔલʹ૬࡞ޓ༻Λͨ͠ͷͱɺి࣓γϟϫʔͷҰ෦͕

ଌఆثͷલ໘͔Β࿙ΕͨͷͰ͋Δɻ͜ΕΒղ

ͱ͍͏ΑΓଌఆޮͷҰ෦ͱ͑ߟΒΕΔɻµ → eγ ୳

ଆͷղͰɺ͜ΕʹΑͬͯόοΫ͍ߴॏཁͳͷʹࡧ

άϥϯυΛམͱ͢ੑ͕ܾ·Δɻޫి૿ࢠഒͷޫి

໘͔Βԕ͘ͰΨϯϚઢ͕Ԡͨ͠ࣄʢਤ 11ʢbʣʣʹ

ൺͯɺۙ͘ͰԠͨ͠ࣄʢਤ 11ʢaʣʣɺूޫ

ɺͯ͠ۉ͝ͱʹΒ͍ͭͯղ͕ѱ͘ͳΔɻฏࣄ͕

1.7–2.4%ͷΤωϧΪʔղ͕ಘΒΕͨɻ

ظʹΘͨΔ࣮ݧதɺଌఆੑثΛϞχλʔֱͯ͠ਖ਼

͢ΔͨΊʹɺ֩ࢠݪͷྭىঢ়ଶ͔Βग़ΔߴΤωϧΪʔͷ

୯৭ΨϯϚઢΛͨͬɻઐ༻ͷίοΫΫϩϑτɾΥϧ

τϯཅࢠՃثʢCWʣΛϏʔϜϥΠϯԼྲྀʹઃஔ͠ɺ

ऄෲঢ়ͷϏʔϜύΠϓΛԼྲྀଆ͔Β COBRAʹࠩ͠

target

Drift Chamber

Timing Counter

Muon Beam

LXe Detector

ਤ 14: ղੳྖҬͷࣄͷҰྫɻ

λʔ֩ࢠݪΛͿ͚ͭΔɻࢠλʔήοτʹཅ֩ࢠݪΜͰࠐ

ήοτͱͯ͠ϦνϜΛ͏ͱɺ17.6 MeVͷ୯৭Ψϯ

Ϛઢ͕ಘΒΕΔɻ3-4ʹҰͷׂ߹ͰCWՃثʹΑ

Δֱਖ਼σʔλΛऔΓͳ͕Β࣮ݧΛਐΊͨɻ

·ͨɺ࣮ݧதʹऔಘͨ͠αΠυόϯυͷΨϯϚઢΤω

ϧΪʔ͔ΒΨϯϚઢͷΤωϧΪʔεέʔϧ͕ٻΊ

ΒΕΔʢਤ 12ʣɻઌ΄Ͳͷ 17.6 MeVΨϯϚઢͷσʔλ

ͱҰॹʹɺͦͷ݁ՌΛϓϩοτͨ͠ͷ͕ਤ 13 Ͱ͋Δɻ

σʔλͷΒ͖ͭશ࣮ؒظݧதͰ 0.2%ҎԼʢrmsʣͰ

͋ΓɺΤωϧΪʔεέʔϧͷ҆ఆੑ͕֬ೝ͞Εͨɻ

ͦͷଞʹɺଌఆثʹுΒΕͨϫΠϠʔʹ͚ͨΞ

ϧϑΝઢݯʢ241AmʣɺதੑݯࢠΛͯͬχοέϧͷ

தੑ͔֫ัࢠΒͰΔ 9 MeVΨϯϚઢɺ͞Βʹଌఆث

ΛԣΔӉઢͳͲɺ༷ʑͳֱਖ਼σʔλΛͯ͠ۦৗ࣌

ଌఆੑثͷ҆ఆੑ͕͔֬ΊΒΕ͖ͯͨɻ

6 µ+ → e+γ୳ࡧղੳ

MEG࣮ݧ2008ʹཧσʔλͷऔಘΛ։࢝͠ [13]ɺ

ຖσʔλྔΛ΄΅ഒ૿͠ɺଌఆثͷֱਖ਼ਫ਼όοΫ

άϥϯυͷཧղΛվળͯ͠୳ײࡧΛ͞Βʹ্͛ɺͦ

ͷ୳݁ࡧՌΛ߹ܭ 4ճʹΘͨͬͯൃද͖ͯͨ͠ [3, 14]ɻ

2009ͷσʔλʹγάφϧͱόοΫάϥϯυͷڥք

ྖҬʹࣄͷա͕͋ͬͯੈؒΛ૽͕͕ͤͨ [15]ɺͦͷ

ͷ૿ՃͱͱʹόοܭΕ͕͢Δ͜ͱͳ͘ɺ౷ͦޙ

Ϋάϥϯυͷ༧ͱҰக͢ΔΑ͏ʹͳͬͨɻ

σʔλதͷ µ → eγ ఆɺLikelihoodࢉͷࣄ ղ

ੳʹΑͬͯߦͳͬͨɻղੳʹඞཁͳγάφϧͱ֤छόο

Ϋάϥϯυͷ֬ີؔʢPDFʣɺ࣮ࡍͷϛϡʔ
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ΘΕ͍ͯΔΑ͏Ͱ͋Δɻʹݧ

ଌఆ͕ثେ͖͍ͷͰγϯνϨʔγϣϯޫͷٵऩ͕

ͱͳΔ͕ɺΩηϊϯΤΩαΠϚʔʢXe∗2ʣΛ௨ͯ͠ൃ

ޫ͢ΔͨΊɺΩηϊϯࣗʹΑΔٵऩͳ͍ɻ͕ͨͬ͠

ͯਫࢎૉͳͲͷࢵ֎ޫΛٵऩ͢Δෆ७͕ͱͳ

Δɻಛʹਫ 100 ppbϨϕϧͰଌఆثͷੑʹେ͖

ͳӨڹΛ༩͑Δɻଌఆثͷম͖͕ͩ͠Ͱ͖ͳ͍ͨΊɺਫ

ͷআڈେ͖ͳ՝Ͱ͋ͬͨɻͦͷͨΊΩηϊϯΛ॥

ͤͯ͞७Խ͢ΔγεςϜΛ։ൃͨ͠ɻӷମͰͷ॥Ͱຖ

࣌ 100ϦοτϧΛ͑Δ७Խ͕Ͱ͖ɺ͜ΕʹΑͬͯଌఆ
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ਤ 13: શ࣮ؒظݧͷΨϯϚઢΤωϧΪʔεέʔϧͷ҆

ఆੑɻΒ͖ͭ 0.2%ҎԼʢrmsʣɻؙϦνϜͷ

17.6 MeVΨϯϚઢɺؙࠇόοΫάϥϯυͷΨϯϚ

ઢʢਤ 12ʣ͔Βಘͨεέʔϧɻ

ଌఆثͷֱਖ਼ʹɺෛύΠΦϯϏʔϜΛӷମਫૉλʔ

ήοτʹ੩ͯͤ͞ࢭɺՙిަԠ π− p → π0n Λ͜ى

ͯ͠ɺதੑύΠΦϯͷ่յ͔Βग़ΔೋͭͷΨϯϚઢΛ༻

͍ͨɻೋͭͷΨϯϚઢ͕ͪΐ͏Ͳ 180ରํʹग़Δ

ͱ͍͏݅Λ՝͢ͱɺͦΕͧΕ 54.9 MeVͱ 82.9 MeV

ͷ୯৭ΨϯϚઢͱͳΔɻ54.9 MeV 52.8 MeVʹۙ͘ɺ

ΤωϧΪʔઈରͷֱਖ਼ʹ͍ͬͯ͜Ͱ͋Δɻ͜ͷͨΊ

ʹӷମΩηϊϯଌఆثͷରଆʹ݁থγϯνϨʔλΛஔ

͍ͯಉܭ࣌ଌΛຖҰճͨͬߦɻ

ਤ 11ʹ 54.9 MeV୯৭ΨϯϚઢʹରͯ͠ಘΒΕͨε

ϖΫτϧͷྫΛࣔ͢ɻ͍ํͷ͍ςʔϧɺଌఆثʹ

ೖΔલʹ૬࡞ޓ༻Λͨ͠ͷͱɺి࣓γϟϫʔͷҰ෦͕

ଌఆثͷલ໘͔Β࿙ΕͨͷͰ͋Δɻ͜ΕΒղ

ͱ͍͏ΑΓଌఆޮͷҰ෦ͱ͑ߟΒΕΔɻµ → eγ ୳

ଆͷղͰɺ͜ΕʹΑͬͯόοΫ͍ߴॏཁͳͷʹࡧ

άϥϯυΛམͱ͢ੑ͕ܾ·Δɻޫి૿ࢠഒͷޫి

໘͔Βԕ͘ͰΨϯϚઢ͕Ԡͨ͠ࣄʢਤ 11ʢbʣʣʹ

ൺͯɺۙ͘ͰԠͨ͠ࣄʢਤ 11ʢaʣʣɺूޫ

ɺͯ͠ۉ͝ͱʹΒ͍ͭͯղ͕ѱ͘ͳΔɻฏࣄ͕

1.7–2.4%ͷΤωϧΪʔղ͕ಘΒΕͨɻ

ظʹΘͨΔ࣮ݧதɺଌఆੑثΛϞχλʔֱͯ͠ਖ਼

͢ΔͨΊʹɺ֩ࢠݪͷྭىঢ়ଶ͔Βग़ΔߴΤωϧΪʔͷ

୯৭ΨϯϚઢΛͨͬɻઐ༻ͷίοΫΫϩϑτɾΥϧ

τϯཅࢠՃثʢCWʣΛϏʔϜϥΠϯԼྲྀʹઃஔ͠ɺ

ऄෲঢ়ͷϏʔϜύΠϓΛԼྲྀଆ͔Β COBRAʹࠩ͠

target

Drift Chamber

Timing Counter

Muon Beam

LXe Detector

ਤ 14: ղੳྖҬͷࣄͷҰྫɻ

λʔ֩ࢠݪΛͿ͚ͭΔɻࢠλʔήοτʹཅ֩ࢠݪΜͰࠐ

ήοτͱͯ͠ϦνϜΛ͏ͱɺ17.6 MeVͷ୯৭Ψϯ

Ϛઢ͕ಘΒΕΔɻ3-4ʹҰͷׂ߹ͰCWՃثʹΑ

Δֱਖ਼σʔλΛऔΓͳ͕Β࣮ݧΛਐΊͨɻ

·ͨɺ࣮ݧதʹऔಘͨ͠αΠυόϯυͷΨϯϚઢΤω

ϧΪʔ͔ΒΨϯϚઢͷΤωϧΪʔεέʔϧ͕ٻΊ

ΒΕΔʢਤ 12ʣɻઌ΄Ͳͷ 17.6 MeVΨϯϚઢͷσʔλ

ͱҰॹʹɺͦͷ݁ՌΛϓϩοτͨ͠ͷ͕ਤ 13 Ͱ͋Δɻ

σʔλͷΒ͖ͭશ࣮ؒظݧதͰ 0.2%ҎԼʢrmsʣͰ

͋ΓɺΤωϧΪʔεέʔϧͷ҆ఆੑ͕֬ೝ͞Εͨɻ

ͦͷଞʹɺଌఆثʹுΒΕͨϫΠϠʔʹ͚ͨΞ

ϧϑΝઢݯʢ241AmʣɺதੑݯࢠΛͯͬχοέϧͷ

தੑ͔֫ัࢠΒͰΔ 9 MeVΨϯϚઢɺ͞Βʹଌఆث

ΛԣΔӉઢͳͲɺ༷ʑͳֱਖ਼σʔλΛͯ͠ۦৗ࣌

ଌఆੑثͷ҆ఆੑ͕͔֬ΊΒΕ͖ͯͨɻ

6 µ+ → e+γ୳ࡧղੳ

MEG࣮ݧ2008ʹཧσʔλͷऔಘΛ։࢝͠ [13]ɺ

ຖσʔλྔΛ΄΅ഒ૿͠ɺଌఆثͷֱਖ਼ਫ਼όοΫ

άϥϯυͷཧղΛվળͯ͠୳ײࡧΛ͞Βʹ্͛ɺͦ

ͷ୳݁ࡧՌΛ߹ܭ 4ճʹΘͨͬͯൃද͖ͯͨ͠ [3, 14]ɻ

2009ͷσʔλʹγάφϧͱόοΫάϥϯυͷڥք

ྖҬʹࣄͷա͕͋ͬͯੈؒΛ૽͕͕ͤͨ [15]ɺͦͷ

ͷ૿ՃͱͱʹόοܭΕ͕͢Δ͜ͱͳ͘ɺ౷ͦޙ

Ϋάϥϯυͷ༧ͱҰக͢ΔΑ͏ʹͳͬͨɻ

σʔλதͷ µ → eγ ఆɺLikelihoodࢉͷࣄ ղ

ੳʹΑͬͯߦͳͬͨɻղੳʹඞཁͳγάφϧͱ֤छόο

Ϋάϥϯυͷ֬ີؔʢPDFʣɺ࣮ࡍͷϛϡʔ
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ਤ 15: MEG࣮ݧશσʔλͷղੳྖҬۙลͷࣄɻ

µ → eγࣄ͕ 1σɺ1.64σɺ2σͰظ͞ΕΔྖҬΛઢͰ

ࣔͯ͋͠Δɻࠨਤʹ teγ ͱ cosΘeγ ͷͦΕͧΕ 90%ޮ

ͷΧοτʢcosΘeγ < −0.99963ɺ|teγ | < 0.24 nsʣɺ

ӈਤʹ Eγ ʹ 70%ɺEe ʹ 90%ޮͷΧοτʢ51.0 <

Eγ < 55.5 MeVɺ52.4 < Ee < 55.0 MeVʣ͕͔͚ΒΕ

͍ͯΔɻΘeγ ཅిࢠͱΨϯϚઢͷ։͖֯ɻ

ɺΨϯϚઢͷԠҐஔʹΑΔղͷҧ͍ɺཅిࢠ

͝ͱʹҟࣄɺྀͯ͠ߟͳͲΛྻߦࠩޡͷߏ࠶ي

ͳΔ PDFΛͨͬɻ͜ͷࡍɺγάφϧࣄ͕ظ͞Ε

ΔྖҬͷσʔλʢϒϥΠϯυྖҬʣݟͳ͍Α͏ʹͯ͠

ͯ͢ͷղੳ͕ߦΘΕͨʢϒϥΠϯυղੳʣɻϒϥΠϯ

υྖҬ͔ͳΓ؇Ίʹઃఆͨ͠ʢ48 < Eγ < 58 MeVɺ

|teγ | < 1 nsʣɻµ → eγ ่յ୳ࡧൃۮతόοΫάϥ

ϯυ͕ࢧతͳͷͰɺόοΫάϥϯυͷΛγάφ

ϧྖҬͷ֎ଆʢαΠυόϯυʣ͔Βਖ਼֬ʹੵݟΔ͜ͱ

͕Ͱ͖ɺ͜ͷΑ͏ͳϒϥΠϯυղੳʹద͍ͯ͠Δɻ

ͯ͞ɺϒϥΠϯυղੳʹ͍ͭͯগ͠ίϝϯτ͍ͨ͠ɻ

γάφϧྖҬʹࣄ͕ͳ͍ͷΛݟͳ͕Βղੳ͢Δͷͱɺ

ϒϥΠϯυͯ͠ղੳ͢ΔͷͱͰɺղੳʹ͏͔ଶ͕

ҧͬͯ͘Δ͜ͱ͋ΔͩΖ͏ɻ͔͠͠΄Μͷͪΐͬ ͱ͠

ͨؒҧ͍Ͱʢͨͱ͑ΤωϧΪʔεέʔϧΛΘ͔ͣʹؒ

ҧ͑ͯʣγάφϧΛಀ͍ͯ͠Δ͚͔ͩ͠Εͳ͍ɻγά

φϧΛܾͯ͠ಀ͞ͳ͍͜ͱɺ͜Ε͕୳ݧ࣮ࡧͷͯ͢Ͱ

͋ΔɻΑ͍ϦϛοτΛಘΔ͜ͱͰͳ͍ɻࢲϒϥΠϯ

υղੳ৴ऀͰͳ͍͕ɺޙ࠷ͷॠؒ·Ͱଘʹؒҧ͍

୳͠ʹྭΉۓுײΛ༩͑ͯ͘ΕΔͱ͍͏ͰɺϒϥΠϯ

υղੳѱ͘ͳ͍ख๏ͩͱ͏ࢥɻ

αΠυόϯυσʔλΛͨͬόοΫάϥϯυධՁ͕

ऴΘΓɺղੳख๏͕࠷దԽ͞ΕΔͱɺ͍Α͍ΑϒϥΠϯ

υྖҬΛ։͚Δ͜ͱʹͳΔɻϒϥΠϯυྖҬͷଆʹɺ

γάφϧࣄΛશʹؚΈɺ͞ΒʹόοΫάϥϯυࣄ

ेΔྖҬΛղੳྖҬͱఆٛ͠ɺͦͷྖҬͷશ

ͯͬΛࣄ LikelihoodղੳΛߦͳͬͨɻਤ 14ʹղੳ

ྖҬͷࣄͷҰྫΛࣔͨ͠ɻ·ͨɺਤ 15ʹMEG࣮

Λࣔͨ͠ɻ͜ͷਤࣄશσʔλͷղੳྖҬۙลͷݧ

֤ࣄʹରͯ͠ɺ࢛ͭͷଌఆ ʢྔEγ , Ee, teγ , cosΘeγʣ

ͷݩ࢛࣍Λද͓ͯ͠Γɺͦͷղऍʹҙ͕ඞཁͰ

͋Δɻྫ͑ɺӈਤͰγάφϧྖҬ 1σʹ͋Δࣄ

ͯ͢ɺࠨਤͰγάφϧྖҬ͔Β֎Ε͍ͯͨɻಉ༷ʹ
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ਤ 16: ʢaʣ–ʢeʣϑΟοτ͞Εͨ Likelihoodؔͱશ

MEGσʔλͱͷൺֱɻʢfʣRsigʢຊจࢀরʣɻൃۮత

όοΫάϥϯυʢഁઢʣͱ่ࣹյόοΫάϥϯ

υʢҰઢʣΛ͢ͱશόοΫάϥϯυʢ੨ઢʣ

ͱͳΔɻγάφϧʢʣಘΒΕͨ Λݶ90%্ 100ഒ

ͨ͠ͷɻ

ӈਤͰ֎Ε͍ͯࣄਤͰγάφϧྖҬʹ͋Δࠨ

ͨɻ͕ͨͬͯ͠ɺγάφϧྖҬۙʹࣄͷաಛ

ΒΕͳ͔ͬͨɻݟʹ

LikelihoodղੳͰϑΟοτʹΑΓɺղੳྖҬͷγά

φϧͱόοΫάϥϯυ͕ٻΊΒΕΔɻਤ 16ʢaʣ–

ʢeʣʹϑΟοτ͞Εͨ Likelihoodؔͱଌఆσʔλͷൺ

ֱΛࣔͨ͠ɻਤ 16ʢfʣʹɺʮγάφϧΒ͠͞ʯRsig ≡
log10(S/(fRR+ fAA))Λϓϩοτͨ͠ɻ͜͜Ͱ SɺRɺ

AͦΕͧΕγάφϧɺ่ࣹյόοΫάϥϯυɺۮ

ൃతόοΫάϥϯυͷPDFͰɺfRͱ fAೋͭͷόο

Ϋάϥϯυͷׂ߹Ͱ͋ΔɻγάφϧΒ͠͞ͷྖ͍ߴҬ

όοΫάϥϯυ͚ͩͷͱΑ͘߹͍ͬͯΔɻ

σʔλऔಘ 2009-2011 2012-2013 ͯ͢

ϑΟοτ݁Ռ -1.3 -5.5 -2.2

90% CL ݶ্ 6.1 7.9 4.2

༧্ݶ 8.0 8.2 5.3

ද 1: µ → eγ ่յذൺʢ×10−13ʣͷϑΟοτ݁Ռɺ

90% C.L.্ݶͱͦͷ༧ɻ

ϑΟοτ݁Ռ͔Βɺ͍ΘΏΔ Profile Likelihood Ratio

Λ༻͍ͨසతख๏ʢFrequentist ApproachʣʹΑͬ

ͯγάφϧͷ 90%৴པ͕۠ؒಘΒΕΔɻγάφϧΛ

µ → eγ ่յذൺʹম͖͢ʹɺଌఆͨ͠૯ϛϡʔ

Φϯ่յΛΔඞཁ͕͋ΔɻؒҾ͍ͨϛογΣϧ่յ

τϦΨʔΛͯͬϛϡʔΦϯ่յ͕ಘΒΕΔɻ·ͨɺ

µ → eγ τϦΨʔʹೖ͍ͬͯΔ่ࣹյͷ͔Βࢉܭ

Ͱ͖Δɻ྆ऀΑ͘Ұக͓ͯ͠Γɺ݁ํ྆ہͷ݁ՌΛ߹

ΘͤΔ͜ͱͰ 3.5%ͷਫ਼Ͱ૯ϛϡʔΦϯ͕ٻΊΒΕ
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ͨɻ͜ΕʹΑͬͯಘΒΕ่ͨյذൺͷ্ݶΛද 1ʹ

·ͱΊͨɻʢ2008ʹऔಘͨ͠σʔλશମͷ 30ͷ

1ҎԼͱΘ͔ͣͰ͋Γɺଌఆثͷঢ়ଶෆ҆ఆͰ͋ͬͨ

ͨΊ࠷ऴ݁ՌʹՃ͍͑ͯͳ͍ɻʣ

ɺશMEGσʔλͷղੳ͔Βہ݁ µ → eγ่յͭݟ

͚ΒΕͣɺͦͷذൺʹ 4.2×10−13ͱ͍͏্ݶΛͭ

͚Δ͜ͱʹͳͬͨʢ90% C.L.ʣɻ͜ΕMEGҎલΑΓ

 30ഒ͍݁͠ݫՌͰ͋Δɻ·ͨɺ͋ΒΏΔૉཻࢠͷ่

յذൺͱͯ͠࠷খ͞ͳͱͳ͍ͬͯΔɻ

7 ʹޙ࠷

ੈɾϑϨʔόʔʹ͍ͭͯΑ͘Θ͔͍ͬͯͳ͍ɻྫ

͑ɺͳͥૉཻࢠʹ 3ੈ͋Δͷ͔ɻͨͩΑ͘Θ͔Β

ͳ͍ʹͯ͠ɺզʑͷӉ͕͜ͷΑ͏ʹෳࡶͰ๛͔ͳͷ

ɺ͜ΕΒ 3ੈͷૉཻ͕ࢠҰݟடংͳ͘བྷ·͍ͬͯΔ

͓͔͛Ͱ͋Δͷ͔֬Ͱ͋Δɻήʔδཧඒ͍͕͠ɺ

ͦΕ͚ͩͰ͜ͷੈքੜ·Εͳ͔ͬͨɻͨͱ͑ըظత

ͳ৽ཻ͕ࢠΈ͔ͭΒͳ͘ͱɺඒ͍͠ରশੑΛͿͪյ͠

ͨʮώοάεʯͷৄ͕ͦڀݚࡉͷ͕͔ΓΛ༩͑ͯ͘Ε

ΔͩΖ͏ɻILCͷ࣮ظ͘ڧʹݱ͢ΔॴҎͰ͋Δɻ

ҰํͰɺͦͷΑ͘Θ͔͍ͬͯͳ͍ϑϨʔόʔͷ࣮ݚݧ

Βɺ৽ཧͷώϯτ͕ಘΒΕͨ͜ͱ͕ɺ͜Ε·ͰԿ͔ڀ

͔͋ͬͨɻྫ͑ɺϑϨʔόʔΛม͑ΔதੑΧϨϯτ

ͷෆ͔ࡏΒνϟʔϜΫΥʔΫͷଘ͕ࡏ༧͞ݴΕɺதੑK

தؒࢠͰൃ͞ݟΕͨ CPͷഁΕ͔Βɺখྛɾӹ྆ࢯ

ΫΥʔΫ͕ 3 ੈଘ͢ࡏΔԾઆΛཱͯͨɻ·ͨதੑ B

தؒࢠͰ؍ଌ͞Εͨ༧֎ʹେ͖ͳཻࢠɾཻؒࢠͷࠞ

߹ɺτοϓΫΥʔΫ͕ඇৗʹॏ͍͜ͱΛ༧ͨ͠ݴɻ͞

ΒʹɺχϡʔτϦϊ࣭ྔ͕ҟৗʹ͍ܰͷɺߴΤωϧ

Ϊʔʹଘ͢ࡏΔ৽ཧͷώϯτ͔͠Εͳ͍ɻ

Δେ͖ͳֵ໋తൃలɺͦͷ͜ىʹཧֶࢠૉཻʹ࣍

Α͏ͳώϯτɺྫ͑ µ → eγ่յͷൃݟͷΑ͏ͳͷ

͔Β࢝·Δ͔͠Εͳ͍ɻ

ΔMEG·࢝ۙ͘ II࣮ظ͝͏ޤʹݧɻ

ँࣙ

౦ژେֶͱKEKΛ͡Ίͱ͢ΔMEG࣮ݧΛ͑ࢧΔ

ͰಘΒݧɻMEG࣮͍ͨ͠ँײʹͷαϙʔτؔػڀݚ֤

Εͨͯ͢ͷՌɺͲΜͳঢ়گԼͰৗʹ໌Δ͘લ

ͷͷͰ͋ࢯҾ͖ͯͨ͠ྺͷֶੜॾݗΛݧ࣮ʹ͖

ΔɻຊڀݚͷҰ෦Պֶڀݚඅิॿۚʢಛผਪਐڀݚ

22000004͓Αͼ 26000004ʣͷॿΛड͚ͨɻޙ࠷ʹɺ

ߴΑ͍͍ͬͯͨͩͨ͘ؾΛࠜߘݪ͢Δͯͷͳ͍

ΤωϧΪʔχϡʔεฤूҕһձͷօ͞·ʹ͢ँײΔɻ
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