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BelleBelleBelleBelle実験実験実験実験

BelleKEKB加速器加速器加速器加速器

Linac

3km

高エネルギー加速器研究機構（KEK）で行われて

いる（いた）実験。1999年に運転を開始。

KEKB加速器で作り出した大量のB中間子を

Belle検出器で測定。 「Bファクトリー（工場）実験」。

KEKB加速器は世界最高のルミノシティ（衝突性

能）を有する加速器。

１５ヶ国、４００人の国際共同実験。

Ｂ中間子系でのＣＰ対称性の破れを発見し（２００

１年）、小林益川理論を証明。
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KEKBKEKBKEKBKEKB加速器加速器加速器加速器

Linac
（線型

加速器）

� 電子陽電子衝突型加速器

（陽電子3✔5ϕGe月,ϕ電子 8ϕGe月）

� 周長 3km
� 最大電流：陽電子2✔0A,ϕ電子1✔4A
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LuminosityLuminosityLuminosityLuminosity

KEKB/Belle

PEP-II/BaBar

fb1

1ϕfb1ϕ~106 BB @ϕϒ(4S…e≠e ൺ ϒ(4S… ൺ BB (1✔1nb…

On resonance:
ϒ(5S): 121 fb−1

ϒ(4S): 711 fb−1

ϒ(3S):     3 fb−1

ϒ(2S):   24 fb−1

ϒ(1S):     6 fb−1

Off resonance, scan:
~ 100 fb−1

Totalϕ~1020ϕfb1

Peak 2✔11×1034ϕcm2 s1

Totalϕ550ϕfb1

Peak 1✔21×1034ϕcm2 s1

Bs

WorldϕRecord!!

(BaBar@SLAC…
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BelleϕCollaborationBelleϕCollaborationBelleϕCollaborationBelleϕCollaboration
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BelleBelleBelleBelle検出器検出器検出器検出器

vertex
KL , µ detection

momentum
dE/dx for PID

PID

energy

PID

エアロジェルチェレンコフカウンター

中央ドリフト

チェンバー

シリコン崩壊点

検出器

飛行時間

カウンター

カロリメーター

超伝導ソレノイド

KL,ミューオン

検出器
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EndϕofϕKEKBϕOperationϕEndϕofϕKEKBϕOperationϕEndϕofϕKEKBϕOperationϕEndϕofϕKEKBϕOperationϕ
TheϕoperationϕofϕKEKBϕ&ϕBelleϕhasϕendedϕonϕJuneϕ30,ϕ2010✔
යϕStartϕofϕtheϕupgradeϕtoϕSuperKEKBϕ&ϕBelleϕII

KEKBϕControlϕRoom

BelleϕControlϕRoom
BaBarϕ(PEPϕII…ϕended
theϕoperationϕinϕ2008✔
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BelleϕBelleϕBelleϕBelleϕ解体解体解体解体
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sin2φ1 の測定
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標準模型における標準模型における標準模型における標準模型におけるCPCPCPCP対称性の破れ対称性の破れ対称性の破れ対称性の破れ

CKM行列：クォークの遷移を表すユニタリー行列

小林益川理論(1973…
クォークの遷移行列に複素位相があれば、

弱い相互作用でCP対称性の破れが生じる

行列のままではわかりづらいので、ユ

ニタリティの関係を複素平面上に書く。

VudVub* + VcdVcb* + VtdVtb* = 0

ユニタリティ三角形の辺と角度の精密

測定がBelle実験の大きな目的。
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時間に依存した時間に依存した時間に依存した時間に依存したCPCPCPCP非対称性非対称性非対称性非対称性

このうち、φ1 が最も基本的な測定。

共通のCP固有状態 fCP への崩壊

CP対称性の破れは、B0
と B0

の

崩壊の時間分布の差として表れる

S :ϕmixingϕinducedϕCP月
A :ϕdirectϕCP月

Γ(B0(∆t…ϕ→ fCP…ϕ Γ(B0(∆t…ϕ→ fCP…
ACP(∆t) =

=ϕS sin(∆m∆t…ϕ≠ϕA cos(∆m∆t…

B0

B0

fCP

Γ(B0(∆t…ϕ→ fCP…ϕ≠ Γ(B0(∆t…ϕ→ fCP…

d

b
c
c
s
d

W
J/ψ

KS/KL

B0

特に B0 → J/ψ KS/L の場合は、

S = ξ sin(2φ1)     (ξ : CP eigenstate)
A = 0

(Goldenϕmode…
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時間に依存した時間に依存した時間に依存した時間に依存したCPCPCPCP非対称性非対称性非対称性非対称性

Flavor-tag
(B0 orϕB0 ?…

J/ψ(φ,η’)

KS

e−−−−
e++++

∆∆∆∆zzzzt=0
fCP

月ertexing

Reconstructionϕ

Extract
CPV

fitB0
B0

B0-tag B0-tag

∆t ≈ ∆z/cβγ

εeffϕ~30%

σ∆t~140ps

βγβγβγβγ=0✔425ϕ(KEKB…=0✔425ϕ(KEKB…=0✔425ϕ(KEKB…=0✔425ϕ(KEKB…

tCPV =
time-dependent CP Violation

Measureϕpositionϕinsteadϕofϕtimeϕ(Bϕlifeϕtimeϕ~1✔6ps…
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BBBB中間子の再構成中間子の再構成中間子の再構成中間子の再構成

(PPPP,E…

(pppp1,E1…

(pppp2,E2…

M

m2

m1

M2 =ϕE2|PPPP|2ϕ

=ϕ(E1≠E2…2|pppp1≠pppp2|2 EnergyϕDifference

BeamϕConstrainedϕMass

Inϕanϕusualϕcase: Bϕmesonsϕareϕproducedϕalmostϕatϕrest✔
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SignalϕReconstructionSignalϕReconstructionSignalϕReconstructionSignalϕReconstruction
772MϕBBGoldenϕmode:ϕsin2φ1 withϕB0 → J/ψK0

ACP(∆t) =ϕS sin(∆m∆t…ϕ≠ϕA cos(∆m∆t…
S = ξ sin(2φ1),  A = 0

B0 → J/ψ KS etc✔ϕ B0 → J/ψ KL

• Belleϕの全データを利用

• Reprocessϕで trackingϕ
efficiencyϕ向上(≠50%…

年sigϕ=ϕ10041
CPϕeven年sigϕ=ϕ15604

CPϕodd
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Measurementϕofϕsin2Measurementϕofϕsin2Measurementϕofϕsin2Measurementϕofϕsin2φφφφ1111
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日nitarityϕTriangle日nitarityϕTriangle日nitarityϕTriangle日nitarityϕTriangle
Presentϕconstraintsϕonϕ日T✔ BelleϕandϕBaBarϕconfirmed

•CPϕ月iolationϕinϕtheϕBϕmesonϕ
system

•CKMϕmechanismϕasϕaϕsourceϕ
ofϕtheϕCPϕ月iolation✔

2008ϕ年obelϕPrizeϕinϕ
Physicsϕ
MakotoϕKobayashi
ToshihideϕMaskawa

年extϕtargetϕofϕBϕfactoriesϕisϕtheϕsearchϕandϕstudyϕofϕ年ewϕPhysics
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Measurementϕofϕsin2Measurementϕofϕsin2Measurementϕofϕsin2Measurementϕofϕsin2φφφφ1111

sin2φ1を精度よく計ると、新物理の寄与が起こりうる過程と比較できる。

b→c (B → J/ψ K0)

b→s (B → φK0, ηಬK0)

sin2φ1 fromϕbൺccsϕ(reference…
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Bൺτν
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BBBBൺൺൺൺτντντντν
� PossibleϕcontributionϕofϕchargedϕHiggsϕ(H≠≠≠≠…

inϕtreeϕlevel✔
� InϕtheϕSM:ϕB(Bൺτντ) = (1.20 ± 0.25)×104

B decay constant
↔ Lattice QCD

However,ϕexperimentallyϕ
veryϕchallengingϕdueϕto
more than 1 neutrino in 
the final state

B+ → τ+ντ
τ+ → e+νeντ

→ π+ντ

TagϕoneϕofϕtheϕBϕmesons
• Fullyϕreconstructϕusingϕhadronicϕmode✔
• TagϕwithϕBϕsemi-leptonicϕdecays✔
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す⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹ (KEK(KEK(KEK(KEK…………

BBBBൺൺൺൺτντντντν

B+

B−

e+ π+

B
の方をちゃんと再構成する

ντ

ντ

νe

K−

π−

π+

π−

B+ → τ+ντ崩壊であれば、B-
の子供以外の検出可能な粒子はe+

だけ！

B+ → τ+ντ
τ+ → e+νeντ

荷電粒子の他には何もないということを要求する



21
slideϕfromϕM✔Rozanska
@ChargedϕHiggsϕ2010

Bൺτν
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す⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹ (KEK(KEK(KEK(KEK…………

BBBBൺൺൺൺτντντντν

SMϕprediction

HFAGϕ(1✔64±0✔39…×104

hadronicϕtag
semileptonicϕtag
hadronicϕtag
semileptonicϕtag

Consistent with the SM: (1.20 ± 0.25)×104

AlternativeϕapproachϕisϕtoϕextractϕtheϕB✔F✔ϕ
fromϕCKM fitϕ(excludingϕdirectϕmeas✔…✔

(CKMfitter…

(日Tϕfit…
Tension!
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す⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹ (KEK(KEK(KEK(KEK…………

SuperKEKB & Belle II
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す⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹ (KEK(KEK(KEK(KEK…………

BelleBelleBelleBelleࡿࡅ࠾᪂≀⌮ࡢೃࡿࡅ࠾᪂≀⌮ࡢೃࡿࡅ࠾᪂≀⌮ࡢೃࡿࡅ࠾᪂≀⌮ࡢೃ

B0
と B±

でCP非対称性の大きさに差異

bൺs遷移でCP非対称性に異常？

予想外に大きなD0-D0
混合

Th
eo

re
tic

al
ϕc

al
cu

la
tio

ns
ϕ

us
in

gϕ
月 u

b,
 ∆

m
d,

ε K

Direct
measurement

ユニタリティー三角形に矛盾？

SM

C7=C7
SM

BൺK*ഢ+ഢの前後方非対称性に異常？

Belle࡛ࡶ᪂≀⌮ࡢಙྕࡀ

ぢ࠼ጞࡿ࠸࡚ࡵ㸽

tree
penguin

fL(Bൺ月月…ϕำϕ1

ಹ✔✔
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す⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹ (KEK(KEK(KEK(KEK…………

SuperKEKBSuperKEKBSuperKEKBSuperKEKB &ϕBelleϕII&ϕBelleϕII&ϕBelleϕII&ϕBelleϕII
ル

ミ
ノ

シ
テ

ィ

年

L ~ϕ8×1035 cm2s1

L ~ϕ2×1035 cm2s1

50ab1ϕbyϕ~2020

10ab1ϕ@~2015

•（LHCで発見されると期待される）Te月スケールの新物理の解明。

•小林益川行列のCP位相以外の、新しいCP位相の探索。

•これまでの「兆候？」の検証

SuperKEKB加速器&BelleϕII実験

左のグラフより

ちょっと遅れてます

2014開始。
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す⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹ (KEK(KEK(KEK(KEK…………

᪂≀⌮ࡢ㆑ู᪂≀⌮ࡢ㆑ู᪂≀⌮ࡢ㆑ู᪂≀⌮ࡢ㆑ู

mS日
GRA

MSSM≠νR S日(5…≠νR 日(2…ϕ
FSdegenerate non-

degenerate
degenerate non-

degenerate

ACP(sγ… ᅛ

S(K−γ… ᅛ ᅛ ᅛ

S(ργ… ᅛ ᅛ ᅛ

S(φKS… ᅛ ᅛ ᅛ

S(Bs→J/ψ φ… ᅛ ᅛ ᅛ

µ→eγ ᅛ ᅛ ᅛ ?

τ→µγ ᅛ ᅛ ᅛ ᅛ ?

τ→eγ ᅛ ᅛ ?

Be
lle

ϕII
（
又

は
他

の
実

験
）

で
の

観
測

量

ಹ
…

[basedϕonϕT✔Gotoϕet✔al✔ϕPRD77,ϕ095010(2008…]✔:標準模型からのずれ

代表的なS日SY模型

BelleϕIIϕでは新物理が関与するモードを精査

超対称性理論のどの模型がもっとも正しいか、複数の角度から検証
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す⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹ (KEK(KEK(KEK(KEK…………

Physicsϕwithϕ50ϕabPhysicsϕwithϕ50ϕabPhysicsϕwithϕ50ϕabPhysicsϕwithϕ50ϕab1111

Twoϕrecentϕpublications:
• PhysicsϕatϕSuperϕBϕFactoryϕ(BelleϕII…ϕarXiv:1002✔5012
• SuperBϕProgressϕReports:ϕPhysicsϕ(SuperB…ϕarXiv:1008✔1541

Inϕadditionϕtoϕtheϕtopicsϕinϕthisϕtalk,

•PhotonϕpolarizationϕofϕBൺK−γ✔
•BൺK(∗)νν✔
•CP月ϕinϕD✔
•LF月ϕinϕτ decay✔
•ಹ

Integ. Lum.（ ab-1
）

Reach of 
B factories Super B factories

Upper limits

τ decay
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e- 2✔6ϕA

e≠ϕ3✔6ϕA

To get x40 higher luminosity

Collidingϕbunches

Dampingϕring

Lowϕemittanceϕgun

Positronϕsource

年ewϕbeamϕpipe
&ϕbellows

BelleϕII

年ewϕIR

Ti年-coatedϕbeamϕpipeϕ
withϕantechambers

RedesignϕtheϕlatticesϕofϕHERϕ&ϕ
LERϕtoϕsqueezeϕtheϕemittanceϕ

Addϕ/ϕmodifyϕRFϕsystemsϕ
forϕhigherϕbeamϕcurrent

年ewϕpositronϕtargetϕ/ϕ
captureϕsection

年ewϕsuperconductingϕ
/permanentϕfinalϕfocusingϕ
quadsϕnearϕtheϕIP

Lowϕemittanceϕ
electronsϕtoϕinject

Lowϕemittanceϕ
positronsϕtoϕinject

Replaceϕshortϕϕdipolesϕ
withϕlongerϕonesϕ(LER…

Upgrade to SuperKEKB
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す⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹ (KEK(KEK(KEK(KEK…………

BelleϕIIϕDetectorBelleϕIIϕDetectorBelleϕIIϕDetectorBelleϕIIϕDetector

SVD: 4 DSSD lyrs � 2 DEPFET lyrs + 4 DSSD lyrs
CDC: small cell, long lever arm

ACC+TOF �TOP+A-RICH
ECL: waveform sampling, pure CsI for end-caps

KLM: RPC � Scintillator +SiPM (end-caps)
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す⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹ (KEK(KEK(KEK(KEK…………

まとめまとめまとめまとめ

• 1999年に始まったBelle実験は2010年に運転終了

• sin2φ1 の新測定（Belleの最終結果）

• B→τνなど新物理に感度のある崩壊

• Belleϕ2ϕへ（LHCで発見される新物理の識別）
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す⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹ (KEK(KEK(KEK(KEK…………

Backup
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す⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹ (KEK(KEK(KEK(KEK…………

SignalϕReconstructionSignalϕReconstructionSignalϕReconstructionSignalϕReconstruction
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Measurementϕofϕsin2Measurementϕofϕsin2Measurementϕofϕsin2Measurementϕofϕsin2φφφφ1111
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Measurementϕofϕsin2Measurementϕofϕsin2Measurementϕofϕsin2Measurementϕofϕsin2φφφφ1111
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CPϕ月iolationϕinϕbCPϕ月iolationϕinϕbCPϕ月iolationϕinϕbCPϕ月iolationϕinϕbൺൺൺൺssss
b→c (B → J/ψ K0) b→s (B → φK0, ηಬK0)

InϕtheϕSM,
S =ϕξ sin(2φ1…

forϕb→sϕprocesses,ϕbutϕpossibleϕdiscrepancyϕ
dueϕtoϕnon-SMϕcontribution✔

•Theϕtheoreticalϕuncertaintyϕ(withinϕSM…ϕ
dependsϕonϕtheϕfinalϕstates✔

•B → K0K0K0, φK0, ηಬK0 areϕtheϕcleanestϕ
modesϕ(δStheory ~aϕfewϕ%…✔

QCDF 
estimates

sin2φ1
eff-sin2φ1
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BBBBൺൺൺൺKKKK≠≠≠≠KKKKKKKKSSSS

•TimeϕdependentϕDalitzϕanalysis✔
•Measureϕφ1

eff associatedϕwithϕindividualϕ
intermediateϕstate✔

•Multipleϕsolutions;ϕpreferredϕoneϕchosenϕwithϕ
externalϕinformation✔

New Belle result on B→K+KKS 657MϕBB

φ massϕregion

[arXiv:1007✔3848,ϕacceptedϕbyϕPRD]

φKS:          φ1
eff =ϕ(32✔2ϕ± 9✔0 ± 2✔6 ± 1✔4…°

f0(890)KS: φ1
eff =ϕ(31✔3ϕ± 9✔0 ± 3✔4 ± 4✔0…°

φ1 =ϕ(21✔1ϕ± 0✔9…°
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CPϕ月iolationϕinϕbCPϕ月iolationϕinϕbCPϕ月iolationϕinϕbCPϕ月iolationϕinϕbൺൺൺൺssss
sin2φ1 fromϕbൺccsϕ(reference…

newϕBelleϕresult

•年owϕinϕaϕgoodϕ
agreementϕwithϕtheϕSM✔

•年ewϕCP月ϕeffectϕcanϕbeϕ
seenϕwithϕmuchϕlargerϕ
dataϕ(note:ϕpredictedϕ
δ∆sin2φ1~ O(%))
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SuperϕBϕFactoriesSuperϕBϕFactoriesSuperϕBϕFactoriesSuperϕBϕFactories
•Althoughϕthereϕexistϕinterestingϕpossibleϕhintsϕforϕtheϕ年Pϕatϕtheϕ
presentϕBϕfactories,ϕallϕtheϕresultsϕareϕconsistentϕwithϕtheϕSM✔

•年Pϕshouldϕexistϕatϕtheϕhigherϕenergyϕscale,ϕpossiblyϕinϕTe月ϕregionϕ
consideringϕtheϕhierarchyϕproblemϕൺ LHCϕwillϕdiscoverϕit✔

•SuperϕBϕfactoriesϕcanϕhelpϕtheϕidentificationϕofϕtheϕ年P,
i✔e✔ϕwhetherϕitϕisϕS日SYϕorϕothers,ϕorϕhowϕS日SYϕbreakingϕoccurs✔

S日SYϕscenario

[basedϕonϕ
T✔Gotoϕet✔al✔ϕ
PRD77,ϕ
095010(2008…]

Observables
@ϕSuperϕBϕ
factories orϕotherϕ
experiments
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日nitarityϕMatrix日nitarityϕMatrix日nitarityϕMatrix日nitarityϕMatrix

VudVub* + VcdVcb* + VtdVtb* = 0

CKM matrix is unitary:

ವ Thisϕrelationϕbecomesϕaϕtriangleϕinϕtheϕ
complexϕplaneϕ=ϕ日nitarityϕTriangle

ವ Otherϕtrianglesϕtendϕtoϕbeϕಯcollapsedರ✔
ವ 年on-zeroϕ́1 or ́3

=ϕComplexϕphaseϕinϕtheϕCKMϕmatrix
=ϕStrongϕsupportϕofϕKMϕmechanism✔

́1=˟,ϕ́2=˞,ϕ́3=ˠ

• Precise measurement of Unitarity Triangleis one of the 
main goal of B factory experiments.

• Various B decay modes can be used to measure the 
angles and sides of the triangle.
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す⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹ (KEK(KEK(KEK(KEK…………

SuperϕBϕFactoriesSuperϕBϕFactoriesSuperϕBϕFactoriesSuperϕBϕFactories

SuperKEKB
+SuperB

Japan
(KEK…

Italyϕ(I年F年…

Target

SuperKEKB
50ϕab1

8×1035ϕcm2 s1

SuperϕB
75ϕab1

1×1036ϕcm2 s1

Increaseϕtheϕluminosityϕbyϕ~2ϕordersϕofϕmagnitudes!!
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年anoϕBeamϕScheme年anoϕBeamϕScheme年anoϕBeamϕScheme年anoϕBeamϕScheme

KEKB SuperKEKB SuperB
日nits

LER HER LER HER LER HER
BeamϕEnergyϕ 3✔5 8 4 7 4✔18 6✔7 Ge月
Halfϕcrossingϕangle 11 41✔5 33 mrad
Betaϕfunc✔ϕ@ϕIPϕ(x/y… 1200 /ϕ5✔9 32 /ϕ0✔27 25 /ϕ0✔31 26 /ϕ0✔253 32 /ϕ0✔205 mm
Beamϕcurrent 1✔64 1✔19 3✔60 2✔60 1✔892 2✔447 A
Luminosityϕ[×1034] 2✔1 80 100 cm1s1

•Collisionϕwithϕveryϕsmallϕspot-sizeϕbeam✔
• Increaseϕbeamϕcurrentϕ(moderately…
•Largerϕcrossingϕangle✔
•Changeϕbeamϕenergyϕϕtoϕsymmetricϕsideϕ(toϕsolveϕLERϕshortϕlifetime…✔
•SuperBϕhasϕplanϕtoϕrunϕatϕτ-charmϕthresholdϕwithϕ~ϕ1035 cm−1s−1

[detailedϕtablesϕareϕinϕbackupϕslides]
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SuperKEKBϕScheduleSuperKEKBϕScheduleSuperKEKBϕScheduleSuperKEKBϕSchedule

Shutdown
forϕupgrade

In
te

gr
at

ed
ϕL

um
in

os
ity

(a
b

1 …
Pe

ak
ϕL

um
in

os
ity

(c
m

2
s

1 …

MilestoneϕofϕSuperKEKB

Year

9ϕmonth/year
20ϕdays/month

Commissioningϕstartsϕ
midϕofϕ2014

50ϕab1 inϕ~2020

5ϕab1 inϕ2016

SuperKEKBϕisϕapproved!

•10ϕbillionϕyenϕ
(~90ϕmillionϕ
E日R…ϕforϕ
machine✔

•Continueϕeffortsϕ
toϕobtainϕ
additionalϕfunds✔

•Fundsϕfromϕ
severalϕ
non-Japaneseϕ
agencies✔
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年obelϕPrize年obelϕPrize年obelϕPrize年obelϕPrize
2008ϕ年obelϕPrizeϕinϕPhysicsϕ

MakotoϕKobayashi
ToshihideϕMaskawa

for the discovery of the origin of the 
broken symmetry which predicts the 
existence of at least three families of 
quarks in nature CPϕ月iolation

Pressϕreleaseϕbyϕtheϕ
RoyalϕSwedishϕ
AcademyϕofϕScience



20112011201120115555㦗㦗㦗㦗14141414㡴㡴㡴㡴
BelleϕBelleϕBelleϕBelleϕ᭱ࡢ᪂⤖ᯝ᭱ࡢ᪂⤖ᯝ᭱ࡢ᪂⤖ᯝ᭱ࡢ᪂⤖ᯝBelleϕIIϕBelleϕIIϕBelleϕIIϕBelleϕIIϕᐇ㦂ᐇ㦂ᐇ㦂ᐇ㦂

高エネ春の学校＠彦根高エネ春の学校＠彦根高エネ春の学校＠彦根高エネ春の学校＠彦根

44
す⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹ (KEK(KEK(KEK(KEK…………

BϕReconstructionBϕReconstructionBϕReconstructionBϕReconstruction

Energy difference:

Beam-constrained mass:
2

/
2 )()2(

SKJCMbc ppEm
rr +−= ψ

2/ CMKJ EEEE
S

−+≡∆ ψ

Mbc

Utilize 
special kinematics
at ϒϒϒϒ(4S)
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AsymmetricϕColliderAsymmetricϕColliderAsymmetricϕColliderAsymmetricϕCollider

Flavor-tag
(B0 orϕB0 ?…

J/ψ(φ,η’)

KS

e−
e+

∆zt=0
fCP

月ertexing

Reconstructionϕ

Extract
CP月

fitB0
B0

B0-tag B0-tag

∆t ~ ∆z/cβγ

εeffϕ~30%

σ∆t~140ps

βγ =ϕ0✔425ϕ(KEKB…
=ϕ0✔56ϕϕϕ(PEP-II…

• Asymmetricϕenergyϕtoϕstudyϕtime-dependentϕCPϕ月iolationϕ(tCP月…
• Measureϕpositionϕinsteadϕofϕtimeϕ(Bϕlifetimeϕ~1✔6ps…
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BBBBൺൺൺൺτντντντν
LimitϕtoϕchargedϕHiggsϕmass✔

(TypeϕIIϕಫ2HDMಬ…

excludedϕregion
1000

0 100tanβ

H
≠

m
as

sϕ
(G

e月
…

日niqueϕopportunityϕtoϕstudyϕb-H+-u interaction

W≠/H≠B≠

u

b ν

τ+

mbtanβ≠mucot β mτtanβ
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す⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹ (KEK(KEK(KEK(KEK…………

BBBBൺൺൺൺτντντντν

W≠/H≠B≠

• 標準模型では W-消滅過程

• S日SYでは荷電ヒッグス(H≠…の寄与

u

b ν

τ+

BelleϕII
で発見

可能な

領域

50 ab1

現在のB
ファクトリ

ーで排除H
±

m
as

s 
(G

eV
)

1000

0

800

400

600

200

tanβ0 10080604020

B(B→τν…ϕ=ϕ(1✔53±0✔33…×104
[ICHEP2008]

σ ~ 2% @50 ab1

fB と |Vub| の誤差を数%まで減らす

ことが重要（右図はともに 2.5% を仮定）

5σ discoveryϕregion

mbtanβ≠mucot β mτtanβ

b-H≠-uϕ結合を測定する唯一の手段



48

B →Kνν,  B ~ 4·10-6

B →K*νν,  B ~ 6.8·10-6

50 ab-1

adopted from W. Altmannshofer et al., 
JHEP 0904, 022 (2009)

BϕൺK(−…νν
Theory

arXiv:1002.5012

SM: penguin+box

Look for departure from the 
expected value �

information on couplings Cν
R

and Cν
L compared to (Cν

L)
SM

Again: fully reconstruct one 
of the B mesons, look for 
signal (+nothing else) in the 
rest of the event. 

present 
exclusion 
limits

arXiv:1008.1541
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す⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹす⏣ᫀᖹ (KEK(KEK(KEK(KEK…………

ττττ LF月LF月LF月LF月
•レプトンフレーバーの破れ(LFV)：標準模型では禁止

•多くの新物理モデルでは予言されている

•Bファクトリーでは、大量の τ 対が作られる

（τ ファクトリー）。

•τ の崩壊:第3世代と第2(1…世代の混合

2
23(13)l

(m )%

γ

µ (e…τ

χ0
∼

τ µ(e…∼ ∼∼

MSSMϕ≠ϕνR S日(5…ϕ≠ϕνR

horizontalϕaxisϕ=ϕlightestϕchargedϕsleptonϕmass

BF

τ → eγ
τ → µγ

µ → eγ

degenerateϕνR nondegenerateϕνR degenerateϕνR

クォークセクター

には新物理の効

果があまり現れ

ないモデル

0 3
[Te月]

108

1010

1012
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年anoϕBeamϕScheme年anoϕBeamϕScheme年anoϕBeamϕScheme年anoϕBeamϕScheme

(1) Smaller ββββy*

(2) Increase beam currents

(3) Increase ξy

Collision with very small spotCollision with very small spotCollision with very small spotCollision with very small spot----size beamssize beamssize beamssize beams

Invented by Pantaleo Raimondi for SuperB

“Nano-Beam” scheme
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SuperKEKBSuperKEKBSuperKEKBSuperKEKB

parameters

KEKB SuperKEKBSuperKEKBSuperKEKBSuperKEKB

units

LER HER LER HER

Beam energy Eb 3.5 8 4 7 GeV

Half crossing angle φ 11 41.5 mrad

Horizontal emittance εx 18 24 3.2 5.0 nm

Emittance ratio κ 0.88 0.66 0.27 0.25 %

Beta functions at IP

βx

*

/β

y

*
1200/5.9 32/0.27 25/0.31 mm

Beam currents Ib 1.64 1.19 3.60 2.60 A

beam-beam parameter ξy 0.129 0.090 0.0886 0.0830

LuminosityLuminosityLuminosityLuminosity LLLL 2.1 x 102.1 x 102.1 x 102.1 x 10
34343434

8 x 108 x 108 x 108 x 10
35353535

cmcmcmcm

----2222

ssss

----1111

• Small beam size & high current to increase luminosity 
• Large crossing angle
• Change beam energies to solve the problem of LER short lifetime

M✔ϕIwasaki,ϕICHEP2010


