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自己紹介

2

Belle

修士~D1

D2 ~ ; Bの輻射稀崩壊の解析 

2009 ~  ; 中央飛跡検出器のR&D-建設-運転-アップグレード

B ! (⇢,!)�

KEK WPI (2021 - ) 
次世代加速器実験のためのエレキのR&D 
放射線耐性や高レート耐性

2015 - 高エネ物理学研究者会議 将来計画委員会

研究会への参加やアンケートに回答ありがとうございます!! 
学会中(9月10日)にシンポジウムがあります。

京都からつくばに引っ越し

京大に来るのは公聴会以来です

3期連続なので、そろそろお役御免の頃合いです
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フレーバー物理

• クォークとレプトンの種類のことをフレーバーと呼んでいる  
• クォーク(レプトン)間の遷移が起こる事象を使って間接的に新物理の(=

標準理論にはない)寄与を探索する 
• フレーバー物理、間接探索 ⇔ 直接探索(高いエネルギーでの衝突実験

で新粒子を直接作る) 
• 標準理論からのずれを調べる 

• 標準理論の予言能力が高いからできる

�

b t s

W
u c t

e μ τ
d s b

νe νμ ντ 標
準
理
論
の
予
言
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Bの物理

• すべてのクォークが登場する 
• 新物理(新粒子)とそれぞれのクォークがどのような結合をする

のか調べられる 

• CP非保存の鍵となる第三世代のクォークを含む

u c t

e μ τ
d s b

νe νμ ντ
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今日はτの話はありませんが、SuperKEKBはτ-factoryでもある。 

Tau LFV searches。Belle II でしかできない。あらゆるモードをリードしている。
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KEKBとSuperKEKB

• 衝突点のビームを絞って高いルミノシティ
を目指す 

• ビーム安定化のためにエネルギーを変更
→非対称度が小さくなったが許容範囲

KEK, つくば市 KEKB SuperKEKB

電子/陽電子 8.0/3.5 GeV 7.0/4.0 GeV

衝突点ビームサイズ 
(垂直方向β関数)

~6mm ~0.3mm

ビーム電流 1.4/1.7A 2.6/3.6A

ルミノシティ
(cm-2s-1)

2.1x1034 80x1034

NEW!

5
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BelleとBelle II 実験
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高トリガーレート・高バックグラウンド環境下で 
Belle以上の性能を目指す

バックグラウンド耐性の強化 : 細分化、
高時間分解能 
トリガーレート (500Hz → 最大30kHz) 
読み出しのパイプライン化 
崩壊点検出器の強化 
荷電粒子識別の強化

すべての検出器・システムを 
アップグレード

6
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最近のハイライト

• 2019年から物理ラン開始 
• 2020年にKEKBのルミノシティ

(2x1034)を更新。世界記録ホルダーに 
• 2022年に4.7x1034に到達(世界新) 
• 2022夏までの蓄積データ 424 /fb 

• Babarがもつデータ量に並んだ 

• Belle-1の半分くらい 

• 2023年秋まで長期シャットダウン 
• ビームパイプ、コリメータ、ピクセル

検出器などなど

7
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KEKB/Belle → SuperKEKB/Belle II

• Belle(1999-2010)の目的 : 小林益川理論の実証(~1/ab) 
• Belle II(2018 - ) の目的 : 新物理の探索(~50/ab) 

• B,Bs,D,τ粒子での量子効果による新物理探索 

• 軽い新粒子探索 

• 標準模型測定 

• ハドロン物理

�

b t s

W

Wボゾンもトップクォークもbクォークより重たい
量子効果による短時間の生成
重たい新粒子にも結合可能

8

今日はBelle IIのICHEP2022の結果を中心に



Mixingの中の物理
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• Belle II 実験はユニタリティ三角形の辺と角の6つの測定量を精度よく測
定できる 
• 角 : CP非保存の測定 
• 辺 : 崩壊分岐比もしくはMixingの周波数の測定 

• 三角形をツリーとループ過程で比較 
• 新物理の寄与はループに現れる 

• ユニタリティ三角形がツリーとループで異なれば新物理の寄与は明らか

Mixingの中の新物理探索

↵ = �2

� = �1� = �3

(0, 0) (1, 0)
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����
VudVub
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����
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⇤
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����
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dB̄

0
d
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b ! u`⌫
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B̄d Bd

b
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V ⇤
ubVud + V ⇤

cbVud + V ⇤
tbVtd+V ⇤

XbVXd = 0

K中間子(第二世代)との違い? 実は三角形じゃない?

10
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• ダイレクトな崩壊と混合を経た崩壊の干渉でCPが破れる 

• CP非対称度が時間によって振動。振幅 ~ sin2Φ1

Φ1の測定

J/ 

K0

c̄
c

b̄

d d
s̄

b ! cc̄s tree

B̄0
d B0

d

|B0
(t)i = e�

�t
2


cos(

�mt

2

)|B0i+ ei(
⇡
2 �2�1)

sin(

�mt

2

)| ¯B0 >

�

Asymmetry(t) =
|hJ/ K0

s |B̄0(t)i|2 � |hJ/ K0
s |B0(t)i|2

|hJ/ K0
s |B̄0(t)i|2 + |hJ/ K0

s |B0(t)i|2

= sin2�1sin�mt

• B中間子の崩壊点の位置の差から崩壊時間差を出す 
• Belle II ではboost factorは小さくなったが最内層のピクセル
検出器のおかげで位置分解能が向上している 
• おおよそ2倍よくなっている 
• ビームパイプの径が小さくなって、検出器がより内側に配置されている

ことも効いている 
• ビームサイズが小さくなったことも崩壊点位置測定には有利に

⌥(4S)

e� e+

B̄0

B0
D̄0

⌫µ

⇡�µ�

⇡�
K+

J/ Ks

�Z ⇠ 200µm

�Z ⇠ 130µm
Belle 11
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Belle II : sin2phi1の測定
• Belleの結果とconsistent 

• Belleと比べてデータ量が1/4なので、
統計エラー2倍は妥当 

• 系統誤差は同等。boost factorが小さ
くなった分を検出器の性能が良くなっ
たことでカバー 

• 今後データが増えれば、系統誤差も
改善が見込める 
• control sampleの統計誤差がdominant

V. FIT RESULTS AND CROSS-CHECKS268

The sWeighted �t distributions for the BCP ! J/ K0
S sample are shown in Fig. 2 sepa-269

rately for B
0
tag and B0

tag events. The fit result is superimposed to the distribution and the raw270

asymmetry is also shown. Tab. I shows the fit results for the BCP ! J/ K0
S sample and the271

BCP ! J/ (ee)K0
S and BCP ! J/ (µµ)K0

S subsamples. It also contains the result of the272

fit performed using the B+ ! J/ K+ control channel. In the fit to the B+ ! J/ K+ �t273

distribution, the lifetime is fixed to the known B+ lifetime value, and the oscillation frequency274

is kept the same as in the neutral modes to provide a sensitivity to the SCP term.275

The uncertainties quoted in Tab. I are statistical only and are estimated from the profile of276

the pseudo-likelihood of Eq. 2. The CP parameters in the control modes are compatible with277

0, and the fit results across the sub-samples are in statistical agreement.278

FIG. 2. sWeighted �t distributions of B+ ! J/ K+ (left) and BCP ! J/ K0
S (right) decays,

separated by flavor of the Btag. The fit curve is shown with solid lines and the asymmetry, defined as

(N(B+
tag) � N(B�

tag))/(N(B+
tag) + N(B�

tag)) for the or (N(B0
tag) � N(B

0
tag))/(N(B0

tag) + N(B
0
tag)), is

displayed underneath.

TABLE I. Number of events Nevts, signal purity P in the signal region |�E| < 0.05 GeV, total
reconstruction and selection e�ciency ", and fit results for ACP and SCP in the BCP ! J/ K0

S and
B+ ! J/ K+ samples. Results are also shown separately for signal B mesons reconstructed using
J/ ! µµ or J/ ! ee decays. The uncertainties are statistical only.

Sample Nevts P (%) "(%) SCP ACP

B0 ! J/ K0
S 2755 98.6 40.6 0.720± 0.060 0.094± 0.044

B0 ! J/ (µµ)K0
S 1615 99.2 47.6 0.776± 0.078 0.042± 0.057

B0 ! J/ (ee)K0
S 1140 98.0 33.6 0.676± 0.093 0.185± 0.068

B+ ! J/ K+ 9973 98.1 40.3 0.016± 0.029 0.021± 0.021

B+ ! J/ (µµ)K+ 5760 99.0 46.6 �0.015± 0.039 0.008± 0.028
B+ ! J/ (ee)K+ 4213 96.7 34.1 0.058± 0.045 0.040± 0.033

The B0 lifetime and B0-B
0
oscillation frequency measurement using B0 ! D(⇤)�⇡+decays of279

Ref. [25], compatible with the world average, indicates that the resolution model used describes280

the data well. In addition, the B0 and B+ lifetimes are measured using B0 ! J/ K0
S, B

+ !281

8

sin2�1 = 0.720± 0.062(stat)± 0.016(syst)

B0 ! J/ K0
S

sin2�1 = 0.670± 0.029± 0.013

Belle J/ KS (771/fb)

Belle

12
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sin2phi1 loop
• 標準模型では、CP非対称度はツリー崩壊のB→J/ΨK0とほぼ同じ 

~ sin2Φ1 
• ループに新粒子が回って、それがCP非保存の結合を持っていると

ずれが生じる

J/ 

K0

c̄
c

b̄

d d
s̄

b ! cc̄s tree

�, ⌘0

K0
+

s̄

s̄

b̄

d d

s̄

s̄

b̄

d d

b ! sq̄q penguin

s s
?

ツリー崩壊が支配的~新物理が
寄与しない 
精度良く測定できるので標準
模型の値として、よいリファ
レンスになる

13

ズレが確定すれば新物理の証拠となるだけでなく 
新物理によるCP非保存が見えたことになる
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• ループで分岐比が抑制 ~5x10-6 

• 3つのKs(→π+π-)を再構成 

• cτ=2.7cm 崩壊点が衝突点から離れている 

• 崩壊点検出器がカバーする領域が大きくなったため、

崩壊点検出器内にヒットを持つKsが増えた+ピクセル

検出器によって位置分解能向上 

• 使えるイベントの割合が増えた(Δtをよく測定できる

イベントが増えた) 

• 主な系統誤差は、今後統計が増えれば改善できる
見込み 

• フレーバータグ : 較正に使ったデータが少ない 

• 片側のBの終状態のレプトンやK中間子などの電荷

からBか反Bかを推定

Belle II : sin2phi1の測定
Belle

sin2�1 = �0.71± 0.23± 0.05

(A = +0.12± 0.16± 0.05)

Belle 771/fb

Belle 771/fb

sin2�1 = �1.86+0.91
�0.46 ± 0.09

(A = �0.22+0.30
�0.27 ± 0.04)
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Figure 2: Distributions of (top) Mbc, (middle) M(K0
SK

0
SK

0
S), and (bottom) O0

CS for
(left) TD candidates and (right) TI candidates with fit projections overlaid. The Mbc

distributions are restricted to events in the M(K0
SK

0
SK

0
S) signal region. The M(K0

SK
0
SK

0
S)

and O0
CS distributions are restricted to events in the Mbc signal region.
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signal yield :
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Figure 3: (top)�t distribution of the signal component extracted with the sPlot technique
and (bottom) its asymmetry for (left) B

+ ! K

0
SK

0
SK

+ candidates and (right) B

0 !
K

0
SK

0
SK

0
S candidates. Only TD events are shown. In the �t distribution graph, the red

solid line and filled circles represent the fitted curve and data for q = +1, while the blue
dashed line and open circles represent the fitted curve and data for q = �1, respectively.
The asymmetry is defined as N+(�t)�N�(�t)

N+(�t)+N�(�t) , where N±(�t) represent the number of entries
with q = ±1 in the corresponding �t bin. In the asymmetry graph, the points represent
data and the solid line represents the fitted curve.

uncertainty. We use the world-average values and uncertainties of ⌧B0 and �md [1] and198

modify the ⌧B0 uncertainty considering the bias due to the K

0
S selection.199

The systematic uncertainty due to the vertex reconstruction is determined by varying200

the parameters for the IP profile and boost vector, track requirements for the Btag vertex201

reconstruction, criteria to select TD events, and correction of helix parameter uncertain-202

ties for vertexing. We use MC samples simulated with misaligned detector geometry to203

evaluate the misalignment e↵ect. The systematic uncertainty on the resolution model is204

determined by analyzing a MC sample with alternative models of �t response function.205

Correlations are observed between M(K0
SK

0
SK

0
S) and �

2
/N for BCP , and between O0

CS206

and flavor tag. For the systematic uncertainty due to the fit bias, two sets of simplified207

simulated experiments are generated with and without these correlations and the fits for208

S and A are performed ignoring these correlations. We take the di↵erence of the mean209

value of S and A between the two sets as a systematic uncertainty. For tag-side inter-210

ference [23], simplified simulated experiments are generated with and without tag-side211

8

B0 ! K0
SK

0
SK

0
S b̄

d

d̄

s̄

s

d

s̄
d

B0

K0
S

K0
S

K0
S
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Belle II prospect
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Fig. 225: sin 2�1 versus Br(B ! ⌧⌫) derived from the global fit (contour) and direct mea-

surements (data points) for current world average values (left) and Belle II projections

(right).
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Fig. 226: UT fit today is extrapolated to the 50 ab�1 scenario for an SM-like scenario (left)

and world average values (right).

616/688

すべての角を~1度の誤差で測定 

すべての辺を1-2%の誤差で測定

2017年の世界平均を用いて 

Belle II 50/abに外挿

�3, Vub

sin2�1,�2,�m

現在と同程度のずれがあれば

ツリーのみで決まる三角形と

ループのみで決まる三角形の

違いがはっきり見える
15
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Mixingの中の新物理探索
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FIG. 2. The past (2003, top left) and present (top right) constraints on hd − σd in Bd mixing. The lower plots show future
sensitivities for Stage I and Stage II described in the text, assuming measurements consistent with the SM. The dotted curves
show the 99.7%CL contours.

as it may receive NP contributions unrelated to Bd and
Bs mixings in the general case considered in this section.
Figure 1 shows the evolution of the constraints on (ρ̄, η̄)

in the presence of NP in both Bd and Bs meson mixings,
for 2003, 2013, Stage I, and Stage II.1 The main con-
straints on ρ̄ and η̄ come from the tree-level inputs γ and
|Vub|, and also from the combination γ(α) = π − β − α
which is not affected by NP in ∆F = 2 [2]. This con-
straint is more precise than γ itself until Stage I, but of
similar precision by Stage II. The γ and γ(α) measure-
ment constraints are known modulo π, leading to a sign

1 Considering anticipated results from only one experiment, plots
similar to Fig. 1, and with a different parameterization, Fig. 2,
appear in Refs. [17, 22].

ambiguity in the determination of ρ̄ and η̄.2 The inter-
section of the γ, γ(α) and |Vub| constraints yields two
95.5%CL regions in Fig. 1 (yellow for positive ρ̄ and η̄,
mauve for negative ρ̄ and η̄) symmetric with respect to
the origin. This degeneracy is lifted by the addition of
the other experimental inputs, in particular Ad

SL, leading
to a single and small 95.5%CL region (in yellow) for ρ̄
and η̄. (In 2013, the degeneracy is only partially lifted:

2 In 2013, the combined constraint from the ππ, πρ and ρρ data
allows a second solution for α near 0, with a lower significance
than the SM solution in Table I [4]. This second solution is
shown as the negative-slope γ(α) wedge in Fig. 1, and is ruled out
once combined with the γ constraint. We assume that this low-
significance solution will disappear with more data by Stage I.
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FIG. 2. The past (2003, top left) and present (top right) constraints on hd − σd in Bd mixing. The lower plots show future
sensitivities for Stage I and Stage II described in the text, assuming measurements consistent with the SM. The dotted curves
show the 99.7%CL contours.

as it may receive NP contributions unrelated to Bd and
Bs mixings in the general case considered in this section.
Figure 1 shows the evolution of the constraints on (ρ̄, η̄)

in the presence of NP in both Bd and Bs meson mixings,
for 2003, 2013, Stage I, and Stage II.1 The main con-
straints on ρ̄ and η̄ come from the tree-level inputs γ and
|Vub|, and also from the combination γ(α) = π − β − α
which is not affected by NP in ∆F = 2 [2]. This con-
straint is more precise than γ itself until Stage I, but of
similar precision by Stage II. The γ and γ(α) measure-
ment constraints are known modulo π, leading to a sign

1 Considering anticipated results from only one experiment, plots
similar to Fig. 1, and with a different parameterization, Fig. 2,
appear in Refs. [17, 22].

ambiguity in the determination of ρ̄ and η̄.2 The inter-
section of the γ, γ(α) and |Vub| constraints yields two
95.5%CL regions in Fig. 1 (yellow for positive ρ̄ and η̄,
mauve for negative ρ̄ and η̄) symmetric with respect to
the origin. This degeneracy is lifted by the addition of
the other experimental inputs, in particular Ad

SL, leading
to a single and small 95.5%CL region (in yellow) for ρ̄
and η̄. (In 2013, the degeneracy is only partially lifted:

2 In 2013, the combined constraint from the ππ, πρ and ρρ data
allows a second solution for α near 0, with a lower significance
than the SM solution in Table I [4]. This second solution is
shown as the negative-slope γ(α) wedge in Fig. 1, and is ruled out
once combined with the γ constraint. We assume that this low-
significance solution will disappear with more data by Stage I.
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新物理がB中間子混合に寄与しているとして、パラメタ化
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radiative and electroweak penguin

• 興味があるのは、b→s(d)への遷移 
• 標準理論ではループの寄与が支配的なのでループに結合する新物理の探索に強い 

• 新物理の寄与がある場合、観測量が標準模型の予想からずれる 

• 終状態にphotonやレプトンを含むので、理論計算の不定性が比較的小さい 

• 観測量として崩壊分岐比は、ハドロン化(e.g. B→K*)の理論予想値の不定性が大
きく新物理探索にはあまり感度がない 
• 比をとるなどして、共通の系統誤差をキャンセルする工夫。非対称度の測定。 

• Inclusiveな測定をすれば、クォークレベルのダイアグラムと対応づけが可能。だ
が実験的には難しい。。

q q0 q00

W

�

radiative

q q0 q00

W

�, Z `+

`�

electroweak

q q0 q00

W

⌫

⌫̄

Z
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チ
ャ
レ
ン
ジ
 in
 実
験

チ
ャ
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ン
ジ
 in
 理
論

radiative and electroweak penguin

W

�

b t s

d̄ d̄

K⇤ ! K⇡

W

�

b t s

d̄ d̄

K⇡,K2⇡, ...

K⌘,K⌘⇡, ..

3K, 3K⇡, ....

W

�

b t s

d̄ d̄

Exclusive

semi-inclusive

Inclusive

終状態を 
ばっちり特定

可能な終状態を 
できるだけ多く再構成 
(exclusiveの和)

photon以外は 
見ない!!

バックグラウンド除去
能力が高い 
高精度な解析ができる

バックグラウンドが多い 
系統誤差の評価が大変

理論的にクリーン 
予言値の精度がいい

理論の予言値の精度が
良くない

19
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Inclusive BF( ) (II)B → Xsγ
• Suppress "+"-→## ̅background by combining event-topology,  

%tag kinematics, and vertexing variables in a BDT. 

• Determine number of well-reconstructed %tag mesons in data and 

simulation* by fitting the Mbc distribution in bins of . 

*%→&'( is excluded from simulation 

• From  distributions obtained in data subtract those in simulation 

=> Obtain number of %→&'( decays. 

• Calculate partial branching fractions in bins of 

EB
γ

EB
γ

EB
γ

13

NEW!

- unfolding factor  - number of %→&)( eventsNB→Xdγ
i

- signal efficiency  - number of %%̅ pairsNB

 ( ) - number of events in data (simulation)NDATA
i NBKG,MC

i

B→Xsγの測定

• Hadronic-tag 
• B(tag)→DXを完全に再構成 
• バックグラウンド除去能力が高いが

信号の検出効率も小さい 

• Leptonic-tag 
• B→D(*)ℓνの高運動量レプトンを

要求 
• レプトン(ℓ=e,μ)の電荷からフレー

バー(Bか反Bか)を決定

B̄0

�

Xs+d
B0

信号側タグ側

Inclusive BF( ) (II)B → Xsγ
• Suppress "+"-→## ̅background by combining event-topology,  

%tag kinematics, and vertexing variables in a BDT. 

• Determine number of well-reconstructed %tag mesons in data and 

simulation* by fitting the Mbc distribution in bins of . 

*%→&'( is excluded from simulation 

• From  distributions obtained in data subtract those in simulation 

=> Obtain number of %→&'( decays. 

• Calculate partial branching fractions in bins of 

EB
γ

EB
γ

EB
γ

13

NEW!

- unfolding factor  - number of %→&)( eventsNB→Xdγ
i

- signal efficiency  - number of %%̅ pairsNB

 ( ) - number of events in data (simulation)NDATA
i NBKG,MC

i

EB
� threshold(GeV) B(B ! Xs�)(10�4

)

1.8 3.54 ± 0.78 (stat.) ± 0.83 (syst.)

2.0 3.06 ± 0.56 (stat.) ± 0.47 (syst.)

BaBarの同程度の統計を用いた結果と同様の結果。

(3.66± 0.85± 0.60)⇥ 10�4

EB
� > 1.9GeV(210/fb)

20
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1 1.5 2 2.5 3 3.5 4 4.5 5 5.5

Belle 2015 (711/fb)
semi-incl.

Belle 2009 (605/fb)
Inclusive

BaBar 2012 (429/fb)
semi-incl.

BaBar 2012 (347/fb)
Inclusive. lepton-tag

BaBar 2008 (210/fb)
Inclusive. hadron-tag

WA
HFLAV 2021

SM 3.40 ± 0.17 (M.Misiak, 2020)

B(B ! Xs�)E�>1.6GeV
⇥10�4

3.49± 0.19

B→Xsγの測定

• 標準模型の予想と一致 
• 理論と実験の誤差が同程度 

• ~5% 

• 実験はすでに系統誤差がメイン 
• Belle II では誤差~3%程度にできる見込み 

• lepton-tagの解析で主な系統誤差は中性ハド
ロンのフェイク 

HFLAV2021

21

https://hflav-eos.web.cern.ch/hflav-eos/rare/Paper2021/html/radll/Badmix/BR_Badmix_Xs_gamma.html
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radiative and electroweak penguin

q q0 q00

W

�

radiative

q q0 q00

W

�, Z `+

`�

electroweak

q q0 q00

W

⌫

⌫̄

Z
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• b→sγより分岐比が2桁小さい Br~10-6 
• (豆 : K(*)llはB->J/ψKsなどTCPVと終状態がにているので、そのた

めにデザインされたBelle1/2での検出効率は高い) 

• sℓℓ: 荷電レプトンは直接測定できる → 
実験的にもクリーン。Belle II では
inclusiveな解析も可能。 

• K(*)νν : 実験的に未発見。sℓℓにくら
べてさらに理論的にクリーン。終状態に
ニュートリノが2つあるので実験的には難
しい。Belle II はこのモードを発見できる
唯一の実験(a few ab-1 at SM)

RK(⇤) =
B(B ! K(⇤)µµ)

B(B ! K(⇤)ee)

電子モードとミューオンモードの崩壊分岐比の比

標準模型ではR=1 (レプトンの性質は普遍的)
LHCbの結果ではR=1からズレ

https://cerncourier.com/a/new-data-strengthens-rk-flavour-anomaly/

RK

q2 bin RK⇤ compatibility with SM

low 0.66+0.11
�0.07 ± 0.03 2.1� 2.3�

central 0.69+0.11
�0.07 ± 0.05 2.4� 2.5�

Table 1: RK⇤ measured values in the two q2 intervals taken into account, along with their compatibility
with the SM. The spread in the significances is due to small di↵erences in the theory predictions from the
models considered. The first uncertainties are statistical and the second are systematic.

Several di↵erent cross-checks have been performed to ensure the absence of biases in the analysis. The
most stringent one is the measurement of the ratio

rJ/ =
B(B0 ! K⇤0J/ (! µ+µ�))

B(B0 ! K⇤0J/ (! e+e�))
(5)

which is expected to be 1 due to the domination of the SM contribution from the J/ resonance. rJ/ is
found to be consistent with unity and constant with respect to the kinematics of the decay.

The measured values of RK⇤ are reported in Table 1 along with their compatibility with the SM.
The results are found to be in good agreement between the three trigger categories. Furthermore, the
branching fraction of the decay B0 ! K⇤0µ+µ� is also measured and found to be in good agreement with
Ref. [19].

Comparisons with previous measurements from the B-factories and theory predictions are shown in Fig-
ure 3.

Figure 3: Comparison of the measurements of RK⇤ from LHCb with (left) SM predictions and (right) BaBar
[13] and Belle [14].

3 Interpretations

Both RK and RK⇤ measurements have raised interest in the world of particle physics theory and phenomenol-
ogy. Several global fits taking into account observables from di↵erent experiments, including results from
LFU searches and b ! s`` angular analyses, have been performed in an attempt to interpret these anomalies

3

arXiv:1708.02515v1 [hep-ex] 8 Aug 2017 



/28

Signal from maximum likelihood fit in bins of pT(!+) and BDT output 

- Branching fraction BF("+→!+##)̅ =  

- Corresponding upper limit @ 90% CL BF("+→!+##)̅  

Signal strength comparable with the SM at 1% and with background 

only hypothesis at 1.3% 

Inclusive method offers 20%—350% sensitivity improvement over 
previous approaches

(1.9+1.6
−1.5) × 10−5

< 4.1 × 10−5

10

PRL 127, 181802

Search for  (II)B+ → K+νν̄

105 ⇥ B(B+ ! K+⌫⌫̄)
BB̄ B(! K⌫⌫̄)B̄ qq̄

(q = u, d, s, c)

radiative and electroweak penguin

23

R(K*)の測定の準備ということで、 
分岐比を測定した

5.2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29

]2 [GeV/cbcM

0
2
4
6
8

10
12
14
16
18
20
22]2

En
tri

es
 / 

[0
.0

03
3 

G
eV

/c

Signal
Background
Total
Data

0.15− 0.1− 0.05− 0 0.05 0.1
E [GeV]∆

0

2

4

6

8

10

12

14

16

18

En
tri

es
 / 

[0
.0

07
8 

G
eV

]

Signal
Background
Total
Data

Belle II (Preliminary)R
L dt = 189 fb�1

Belle II (Preliminary)R
L dt = 189 fb�1

5.2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29

]2 [GeV/cbcM

0

2

4

6

8

10

12

14

]2
En

tri
es

 / 
[0

.0
03

3 
G

eV
/c

Signal
Background
Total
Data

0.15− 0.1− 0.05− 0 0.05 0.1
E [GeV]∆

0

2

4

6

8

10

12

14

16

En
tri

es
 / 

[0
.0

1 
G

eV
]

Signal
Background
Total
Data

Belle II (Preliminary)R
L dt = 189 fb�1

Belle II (Preliminary)R
L dt = 189 fb�1

5.2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29

]2 [GeV/cbcM

0

5

10

15

20

25

30

]2
En

tri
es

 / 
[0

.0
03

3 
G

eV
/c

Signal
Background
Total
Data

0.15− 0.1− 0.05− 0 0.05 0.1
E [GeV]∆

0
2
4
6
8

10
12
14
16
18
20
22
24

En
tri

es
 / 

[0
.0

07
8 

G
eV

]

Signal
Background
Total
Data

Belle II (Preliminary)R
L dt = 189 fb�1

Belle II (Preliminary)R
L dt = 189 fb�1
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We summarize the systematic uncertainties in Table I. The individual sources of uncer-
tainties are assumed to be independent and the corresponding uncertainties are added in
quadrature to determine the total uncertainty.
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We summarize the systematic uncertainties in Table I. The individual sources of uncer-
tainties are assumed to be independent and the corresponding uncertainties are added in
quadrature to determine the total uncertainty.
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B ! K⇤µµ

B ! K⇤ee

22± 8

18± 6

B(B ! K⇤µµ) = (1.19± 0.31+0.08
�0.07)⇥ 10�6

B(B ! K⇤ee) = (1.42± 0.48± 0.09)⇥ 10�6

Belle Belle II Belle II
0.71 ab�1 5 ab�1 50 ab�1

R(K(⇤)) ⇠ 30% ⇠ 10% ⇠ 4%

50/abでも統計誤差dominant

探索
新しい解析のアプローチ : inclusive tag 
片側のB中間子を再構成しない (!!) 
信号側の荷電K中間子のみ特定(高運動量,PID) 
+ その残りとして扱う 
機械学習を取り入れた手法を用いた
semi-leptonic tag : ε=O(0.1)% Belle 
hadronic tag : ε=O(0.01)% BaBar 
inclusive tag : ε=O(1)% Belle II 

上限値(Belle II 63/fb)

Belle II で発見可能。50/abで分岐比の誤差は10%程度

B ! K⇤``

B ! K⌫⌫

B(B+ ! K+⌫⌫̄) < 4.1⇥ 10�5(90% CL)

Belle 711/fb Hadron-tagと同じくらいの精度
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• 中間子混合 

• K中間子 60年以上前 
• Bd 1987年 ARGUS 
• Bs 2006年CDF/D0 
• D0 : mixingもCPも小さいと予想されていた 

• D0中間子 
• アップタイプクォーク(cu) 
• 2007年にBelle/Babarが初めて混合を測定 
• 2019年にLHCbがCPの破れを発見() 

• 標準理論ではD0混合には第三世代クォークの寄与が
非常に小さく、第二世代のみ寄与するためCPの破れ
もとても小さい → 大きなCPの破れが観測された場合、
新物理のクリアな証拠!! 

• 混合とCPの破れの観測により注目度UP 
• 寿命はFOCUS実験(2002)以来更新されていない 

• cτ: Ks(2.7cm), KL(15m), D0(120um), Bd/s(460um)
25

最近のLHCbによる測定では順番が入れ替わった

https://cerncourier.com/a/new-charmed-baryon-lifetime-hierarchy-cast-in-stone/

B̄d,s Bd,s

b̄d̄, s̄

d, s
u, c, t
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Figure 1: Mass distribution for Ω0
c
→ Ω

−

π
+ candidates with

fit projections overlaid. The vertical dashed lines enclose the
signal region; the shaded area indicates the sideband.

values [7]. The mass of the Ω0
c candidate must be in

the range [2.55, 2.85]GeV/c2. After these requirements,
about 0.5% of events have multiple Ω0

c candidates; for
these events, the candidate with the highest vertex-fit
probability is retained. An unbinned maximum likeli-
hood fit to the m(Ω−π+) distribution is used to deter-
mine the signal purity in the signal region defined by
2.68 < m(Ω−π+) < 2.71GeV/c2 (Fig. 1). In the fit, the
Ω0

c signal is modeled with a Gaussian distribution, and
the background is modeled with a straight line. The sig-
nal region contains approximately 132 candidates with a
signal purity of (66.5± 3.3)%.
The lifetime is determined using a maximum-likelihood

fit to the unbinned (t,σt) distribution of the candidates
populating the signal region. The signal probability-
density function (PDF) is the convolution of an exponen-
tial distribution in t with a Gaussian resolution function
that depends on σt, multiplied by the PDF of σt. The
resolution function’s mean is a free parameter of the fit to
account for a possible bias in the determination of the de-
cay time; its width is the per-candidate σt scaled by a free
parameter s to account for a possible misestimation of the
decay-time uncertainty. The background in the signal re-
gion is empirically modeled from data with m(Ω−π+) in
the sideband [2.55, 2.65]∪[2.75, 2.85]GeV/c2 (Fig. 1). The
sideband is taken to contain exclusively background can-
didates and be representative of the background in the
signal region, as verified in simulation. The background
PDF is the sum of a δ function at zero and an exponential
component, both convolved with a Gaussian resolution
function having a free mean and a width corresponding
to σt scaled by a free parameter. To better constrain the

background parameters, a simultaneous fit to the candi-
dates in the signal region and the sideband is performed.
The background fraction is Gaussian-constrained to the
value measured in the m(Ω−π+) fit. The PDFs of σt

are histogram templates derived directly from the data.
The signal template is derived from the candidates in the
signal region after subtracting the scaled distribution of
the sideband data. The background template is obtained
directly from the sideband data. No direct input from
simulation is used in the fit.
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Figure 2: Decay-time distributions for Ω
0
c
→ Ω

−

π
+ candi-

dates populating (top) the signal region and (bottom) the
sideband with fit projections overlaid.

The distributions of decay time and decay-time uncer-
tainty are shown in Figs. 2 and 3 with fit projections
overlaid. The Ω0

c lifetime is measured to be 243 ± 48 fs,
the mean of the signal resolution function is −18± 41 fs,
and the scaling factor of the width is 1.35± 0.20, where
the uncertainties are statistical only.
The following sources of systematic uncertainties are

considered: fit bias, resolution model, treatment of back-
ground contamination, imperfect alignment of the track-
ing detectors, and uncertainties in the momentum scale
and in the input Ω0

c mass. Table I lists all contributions
and their total, calculated as the sum in quadrature of
the individual contributions.
The lifetime fit is tested on data generated by ran-
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the range [2.55, 2.85]GeV/c2. After these requirements,
about 0.5% of events have multiple Ω0
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these events, the candidate with the highest vertex-fit
probability is retained. An unbinned maximum likeli-
hood fit to the m(Ω−π+) distribution is used to deter-
mine the signal purity in the signal region defined by
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c signal is modeled with a Gaussian distribution, and
the background is modeled with a straight line. The sig-
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that depends on σt, multiplied by the PDF of σt. The
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account for a possible bias in the determination of the de-
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parameter s to account for a possible misestimation of the
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gion is empirically modeled from data with m(Ω−π+) in
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sideband is taken to contain exclusively background can-
didates and be representative of the background in the
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PDF is the sum of a δ function at zero and an exponential
component, both convolved with a Gaussian resolution
function having a free mean and a width corresponding
to σt scaled by a free parameter. To better constrain the
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The background fraction is Gaussian-constrained to the
value measured in the m(Ω−π+) fit. The PDFs of σt

are histogram templates derived directly from the data.
The signal template is derived from the candidates in the
signal region after subtracting the scaled distribution of
the sideband data. The background template is obtained
directly from the sideband data. No direct input from
simulation is used in the fit.
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The distributions of decay time and decay-time uncer-
tainty are shown in Figs. 2 and 3 with fit projections
overlaid. The Ω0

c lifetime is measured to be 243 ± 48 fs,
the mean of the signal resolution function is −18± 41 fs,
and the scaling factor of the width is 1.35± 0.20, where
the uncertainties are statistical only.
The following sources of systematic uncertainties are

considered: fit bias, resolution model, treatment of back-
ground contamination, imperfect alignment of the track-
ing detectors, and uncertainties in the momentum scale
and in the input Ω0

c mass. Table I lists all contributions
and their total, calculated as the sum in quadrature of
the individual contributions.
The lifetime fit is tested on data generated by ran-
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Belle

• 崩壊点検出器の位置分解能向上と検出器の精密なアラインメントのおか
げで、チャームの寿命を精度良く測定できる 
• eeコライダーのクリーンな環境でイベントの選別や再構成によるバイアスが少ない

LHCbの結果とconsistent
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まとめ

• Belle では、標準理論の検証。Belle II では圧倒的な統計量

をもって標準理論を超える新物理探索を目的にしている 

• SuperKEKBは現在世界唯一の稼働中電子陽電子衝突型Bファ
クトリー 

• Belle II 検出器の性能アップと新しい解析手法によって、実

験初期ながらも成果を出し始めた 

• 現在長期シャットダウン中。2023年の運転再開でルミノシ

ティ1035の大台を達成すべく、一丸となって取り組んでいる 

• みなさんの関心=応援。我々の励みになります！

28
次のページに1枚宣伝があります。
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FPWS2022

29

目的

3

See

 July 19 2022,  Keisuke Yoshihara

本ワークショップでは、B, charm, tau などのフレーバー物理を中心により広域な
テーマも取り扱い、大学院生と若手研究者が、理論と実験の両方に関して基礎から
最先端の研究までを俯瞰的に学び、理解を深めることを目指しています。理論や実
験の第一線で活躍されている研究者の方々による修士課程学生向けの講義（素粒子
物理学入門、測定器・加速器、Belle II実験、関連する物理の理論・実験）と、学生
や若手研究者を中心とした口頭・ポスター発表を予定しています。参加者投票によ
るBest Talk/Poster賞の選出も予定しています。講義内容、参加登録の準備が出来次
第、改めてご案内いたします。様々な分野からのご参加、発表を歓迎致します。 

現地開催の詳細

4

See

 July 19 2022,  Keisuke Yoshihara

場所：ニュー八景園（静岡県伊豆の国市） 
開催日時：11月7日（月）ー 11月10日（木） 
参加費：10000 − 13000円/泊（朝夕食付）程度を予定 
原則部屋は５、６名の相部屋になります。（個室対応可） 
発表申込/参加登録締切：9月16日 
その他詳細な情報は随時追加いたします。 

一般講演とポスターセッション

7

See

 July 19 2022,  Keisuke Yoshihara

• 本ワークショップでは一般講演 (15または20分の予定) の発表申込を受け付けます。ここ
数年、コロナ禍で制限されていた対面発表をする貴重な機会です。自分の研究に興味を
もってもらい、貴重な意見交換の場としてください。 

• 発表希望者が多数の場合はポスターセッションも開催いたします。 

• Best talk/poster賞も企画しますので、積極的な発表申込をよろしくお願いします。

Excursion

8

See

 July 19 2022,  Keisuke Yoshihara

研究者間の交流を促進するためのエクスカージョンも予定しています。

https://www.panoramapark.co.jp/


