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B̄ ! D(⇤)⌧ ⌫̄



まずはじめに・・・　　　　　   って・・・B̄ ! D(⇤)⌧ ⌫̄

(１) そもそもどういうプロセスだっけ？

B factoryでしか測定出来ない（終状態にニュートリノが二つ以上）

ハドロンの不定性が結構小さい (a few % in SM)

特徴としては、

標準模型では、
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有効ラグランジアン：

中間子の種類：

D＝擬スカラー　D*＝ベクトル



(２)何か問題あったっけ？

　　　　系のプロセスは実験値がなんか標準模型より大きいb ! ⌧

 じゃあ荷電ヒッグスの効果が見えてるんじゃね？（嬉）
乗るしかない、

このビッグウェーブに!
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tistical and systematic uncertainties on the signal PDFs
and background distributions.

We extract the branching fraction ratios as R(D(∗)) =
(Nsig/Nnorm)/(εsig/εnorm), where Nsig and Nnorm refer
to the number of signal and normalization events and
εsig/εnorm is the ratio of their efficiencies derived from
simulations. Table I shows the results of the fits for the
four individual samples as well as an additional fit in
which we impose the isospin relationsR(D0) = R(D+) ≡
R(D) and R(D∗0) = R(D∗+) ≡ R(D∗). The statistical
correlations are −0.59 for R(D0) and R(D∗0), −0.23 for
R(D+) and R(D∗+), and −0.45 for R(D) and R(D∗).
We have verified that the values of R(D(∗)) from fits to
samples corresponding to different run periods are con-
sistent. We repeated the analysis varying the selection
criteria over a wide range, corresponding to changes in
the signal-to-background ratios between 0.3 and 1.3, and
also arrive at consistent values of R(D(∗)).

The systematic uncertainties on R(D) and R(D∗) af-
fecting the fit are dominated by the limited understand-
ing of the D∗∗("/τ)ν backgrounds [31] (5.8% and 3.7%),
the continuum and BB backgrounds (4.9% and 2.7%),
and the PDFs for the signal and normalization decays
(4.3% and 2.1%). The uncertainties in the efficiency
ratios εsig/εnorm are 2.6% and 1.6%; they do not af-
fect the significance of the signal and are dominated by
the limited size of the MC samples. Uncertainties due
to the FFs, particle identification, final-state radiation,
soft-pion reconstruction, and others related to the detec-
tor performance largely cancel in the ratio, contributing
only about 1%. The individual systematic uncertainties
are added in quadrature to define the total systematic
uncertainty, reported in Table I.

There is a positive correlation between some of the
systematic uncertainties on R(D) and R(D∗), and, as a
result the correlation of the total uncertainties is reduced
to −0.48 forR(D0) andR(D∗0), to −0.15 forR(D+) and
R(D∗+), and to −0.27 for R(D) and R(D∗).

The statistical significance of the signal is determined
as Σstat =

√

2∆(lnL), where ∆(lnL) is the change in
the log-likelihood between the nominal fit and the no-
signal hypothesis. The statistical and dominant system-
atic uncertainties are Gaussian. The overall significance
is determined by scaling the statistical significance with

the total uncertainty, Σtot = Σstat×σstat/
√

σ2
stat + σ∗2

syst.

Here, σstat is the statistical uncertainty and σ∗
syst is the

total systematic uncertainty affecting the fit. The signif-
icance of the B → Dτ−ντ signal is 6.8σ, the first such
measurement exceeding 5σ.

To compare the measured R(D(∗)) with the SM pre-
dictions we have updated the calculations in Refs. [8, 32]
taking into account recent FF measurements. Averaged
over electrons and muons, we find R(D)SM = 0.297 ±
0.017 and R(D∗)SM = 0.252±0.003. At this level of pre-
cision, additional uncertainties could contribute [8], but

0 0.2 0.4 0.6 0.8 1

0.2

0.4

0.6

0.8

0 0.2 0.4 0.6 0.8 1
0.2

0.3

0.4

R
(D

)
R
(D

∗
)

tanβ/mH+ (GeV−1)

FIG. 2. (Color online) Comparison of the results of this anal-
ysis (light grey, blue) with predictions that include a charged
Higgs boson of type II 2HDM (dark grey, red). The SM cor-
responds to tanβ/mH+ = 0.

the experimental uncertainties are expected to dominate.

Our measurements exceed the SM predictions for
R(D) and R(D∗) by 2.0σ and 2.7σ, respectively. The
combination of these results, including their −0.27 cor-
relation, yields χ2 = 14.6 for two degrees of freedom,
corresponding to a p-value of 6.9× 10−4. Thus, the pos-
sibility of both the measured R(D) and R(D∗) agreeing
with the SM predictions is excluded at the 3.4σ level.

Figure 2 shows the effect that a charged Higgs boson
of the type II 2HDM [7, 33] would have on R(D) and
R(D∗) in terms of the ratio of the vacuum expectation
values tanβ ≡ v2/v1, and the mass of the charged Higgs
mH+ . We estimate the effect of the 2HDM on our mea-
surements by re-weighting the simulated events at the
matrix element level for 20 values of tanβ/mH+ over the
[0.05, 1]GeV−1 range. We then repeat the fit with up-
dated PDF shapes and εsig/εnorm values. The increase
in the uncertainty on the efficiency ratio is estimated for
each value of tanβ/mH+ . The other sources of systematic
uncertainty are kept constant in relative terms.

The measured values of R(D) and R(D∗) match
the predictions of this particular Higgs model for
tanβ/mH+ = 0.44 ± 0.02 and tanβ/mH+ = 0.75± 0.04,
respectively. However, the combination of R(D) and
R(D∗) excludes the type II 2HDM charged Higgs boson
with a 99.8% confidence level for any value of tanβ/mH+ .
This calculation is only valid for values of mH+ greater
than about 10GeV [4, 7]. The region for mH+ ≤ 10GeV
has already been excluded by B → Xsγ measurements
[34], and, therefore, the type II 2HDM is excluded in the
full tanβ–mH+ parameter space.

In summary, we have measured the B → Dτ−ντ and
B → D∗τ−ντ decays relative to the decays to light lep-

 荷電ヒッグスはSMと負の干渉を起こすので分岐比は下がってしまう

最新の解析結果
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Our measurements exceed the SM predictions for
R(D) and R(D∗) by 2.0σ and 2.7σ, respectively. The
combination of these results, including their −0.27 cor-
relation, yields χ2 = 14.6 for two degrees of freedom,
corresponding to a p-value of 6.9× 10−4. Thus, the pos-
sibility of both the measured R(D) and R(D∗) agreeing
with the SM predictions is excluded at the 3.4σ level.

Figure 2 shows the effect that a charged Higgs boson
of the type II 2HDM [7, 33] would have on R(D) and
R(D∗) in terms of the ratio of the vacuum expectation
values tanβ ≡ v2/v1, and the mass of the charged Higgs
mH+ . We estimate the effect of the 2HDM on our mea-
surements by re-weighting the simulated events at the
matrix element level for 20 values of tanβ/mH+ over the
[0.05, 1]GeV−1 range. We then repeat the fit with up-
dated PDF shapes and εsig/εnorm values. The increase
in the uncertainty on the efficiency ratio is estimated for
each value of tanβ/mH+ . The other sources of systematic
uncertainty are kept constant in relative terms.

The measured values of R(D) and R(D∗) match
the predictions of this particular Higgs model for
tanβ/mH+ = 0.44 ± 0.02 and tanβ/mH+ = 0.75± 0.04,
respectively. However, the combination of R(D) and
R(D∗) excludes the type II 2HDM charged Higgs boson
with a 99.8% confidence level for any value of tanβ/mH+ .
This calculation is only valid for values of mH+ greater
than about 10GeV [4, 7]. The region for mH+ ≤ 10GeV
has already been excluded by B → Xsγ measurements
[34], and, therefore, the type II 2HDM is excluded in the
full tanβ–mH+ parameter space.

In summary, we have measured the B → Dτ−ντ and
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B̄ ! D⌧ ⌫̄

B̄ ! D⇤⌧ ⌫̄

測定値の誤差
（          ）±1�

＠BABAR, ArXiv:1205.5442

R(D) =
�(B̄ ! D⌧ ⌫̄)

�(B̄ ! Dl⌫̄)

R(D⇤) =
�(B̄ ! D⇤⌧ ⌫̄)

�(B̄ ! D⇤l⌫̄)

 単純な荷電ヒッグスのモデルは窮地に立たされている（悲）
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この現状を受けて、ここでは何を議論するか

 2. 実際の模型に当てはめて考えてみる

 1. 模型に依らないセットアップから考えてみる

どんな相互作用があれば説明できるか？

 3. タウ粒子やD*粒子の偏極について注目してみる

 4. 偏極を用いて何が出来るかを紹介してみる

新物理の特徴がもっと分かりやすく現れる物理量はあるか？



どんな相互作用があれば説明できるか？

セットアップ

N.P.
b c

⌧

⌫̄

�Le↵ = 2
p
2GFVcb

h
(1 + CV1)OV1 + CV2OV2

+CS1OS1 + CS2OS2 + CTOT

i

四点フェルミオン演算子（右巻きニュートリノは無視）

ベクトル１（SMと同じ）
　・

ベクトル２（右巻きクォーク）
　・

スカラー１
　・

スカラー２
　・

テンソル

OV1 = c̄L�
µbL ⌧̄L�µ⌫L

OV2 = c̄R�
µbR ⌧̄L�µ⌫L

OS1 = c̄LbR ⌧̄R⌫L

OS2 = c̄RbL ⌧̄R⌫L

OT = c̄R�
µ⌫bL ⌧̄R�µ⌫⌫L

 1. 模型に依らないセットアップから考えてみる



それぞれの演算子がどのような寄与を与えるかを見たい

SMの演算子 + 新しい演算子一つ

とりあえず、

で考えていく

CX = |CX |ei�X (X = V1,2, S1,2, T )

Wilson係数

・一般的に議論するために複素数としておく
・SMとの大きさの比として定義



分岐比への影響

D＝擬スカラー　D*＝ベクトル だったので、

  　　　 と   　　　へ影響を与える度合いが演算子の種類ごとに異なるB̄ ! D B̄ ! D⇤

SM + ベクトル  • : SM prediction•
OV1 = c̄L�

µbL ⌧̄L�µ⌫L OV2 = c̄R�
µbR ⌧̄L�µ⌫L
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分岐比への影響

D＝擬スカラー　D*＝ベクトル だったので、

  　　　 と   　　　へ影響を与える度合いが演算子の種類ごとに異なるB̄ ! D B̄ ! D⇤

SM + スカラー  • : SM prediction•
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分岐比への影響

D＝擬スカラー　D*＝ベクトル だったので、
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分岐比への影響（まとめ）

分かったこと

・ベクトル系なら両方いい感じ
・スカラーはS2なら頑張れる
・テンソルとS1は厳しい
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どんな相互作用があれば説明できるか？

考えられる模型

2 Higgs Doublet Model (2HDM)

 2. 実際の模型に当てはめて考えてみる

CS1 = �mbm⌧

m2
H±

⇠d CS2 = �mcm⌧

m2
H±

⇠u

S1,2 V2

P⌧ (D) 0.62 0.33

P⌧ (D⇤) �0.50 �0.50

PD⇤ 0.46 0.43

TABLE II: The predictions of the polarizations in the situation as in Fig. 6(c).

Differential Decay rate
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FIG. 7: The w distribution of the decay rate of B̄ ! D⌧ ⌫̄ and B̄ ! D⇤⌧ ⌫̄. The (red) line,

(magenta) dashed line, and (light gray) dot–dashed line represent the distribution in the case that

OS1 ,OS2 and OV2 is dominated respectively as in Fig. 6(c).

V. THE IDENTIFICATION OF THE NEW PHYSICS MODELS

In this section, we consider some new physics models which a↵ect B̄ ! D(⇤)⌧ ⌫̄ and apply

our analysis to them.

Type I Type II Type X Type Y

⇠d cot2 � tan2 � �1 �1

⇠u � cot2 � 1 1 � cot2 �

TABLE III: The parameters in each type of the 2HDM [50–53].
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 トップ湯川の制限により
 　　　 は大きくなれないcot

2 �

 トップ湯川の制限により
 　　　 は大きくなれないcot

2 �

 可能なのはS1が効く場合
 だが、実験値とは合わない

 実験値を再現するには
 荷電ヒッグスの質量が
 あまりにも小さすぎる

Aoki, Kanemura, Tsumura, Yagyu(2009)
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MSSM　　※ツリーでは2HDMのtype II

CS1 = �mbm⌧

m2
H±

· tan2 �

(1 +�e tan�)(1 +�d tan�)

Itoh, Komine, Okada (2010)CS2 = �mcm⌧

m2
H±

· 1

1 +�e tan�

　　　　  ：SUSY粒子のループ補正項（GluinoやBinoなど）�e, �d
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0.4

0.5

S2

 すぐできる妄想：凄く奇抜な補正ならS2がメインに効いてきて説明できる
　　　　　　　　( 　　　　　 かつ   　　　　　　　 かつ　　　　　　　　)�e tan� & �1tan� ⇠ 1 �d tan� � 1

 すぐわかる現実： 普通のMFVとかじゃ当然無理
 　　　　　　　　(Soft breaking項を自由にすればあるいは) 　　　　　　　∧＿∧　　　　　　　　　　　 ∧＿∧
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MSSM with R parity violation

2
p
2GFVcb CV1 = �

3X

j=1

�0
33j�

0⇤
32j

16m2
d̃j
R

2
p
2GFVcb CS1 =

3X

j=1

�3j3�0⇤
j23

2m2
l̃jL

WRPV =
1

2
�ijkLiLjE

c
k + �0

ijkLiQjD
c
k

R(D)

R
(D

⇤ )

・
0.2 0.4 0.6 0.8 1.00.1
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 Best Fit : |CV1 | ⇠ 0.17

 V1が出る！が、　  のbest fit値を　 の言葉で読み替えると
　
                                                  (                      のとき)

������

3X

j=1

�0
33j�

0⇤
32j

������
⇠ 3.9

CV1 �0

md̃R
= 1TeV 　　　　　　　／‾‾‾‾＼
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かんたんなのまとめ

MSSM

2 Higgs Doublet Model (2HDM)

 S2が大きく効きそうなものは無い
 Type IIだとS1の寄与が大きくなり得るが測定値とは合わない

 超対称粒子のループ補正が鍵になるかも？
 ただし単純なSoft breakingでは無理そう

 V1が出てくるが、測定値を再現するには
 大きなRPVのcouplingが必要（他の実験からの制限は無い）

 V2やS2の寄与が大きく出るような模型があれば教えて下さい

MSSM with R parity violation

Other model....

第一部・完



他の物理量を用いて新物理を見る

謎のズレの原因を特定したい

• Tau polarization (defined in the center of mass frame of tau and nu )

 3. タウ粒子やD*粒子の偏極について注目してみる

タウ粒子の偏極

�±(D)：Decay rate of                     with Tau helicity B̄ � D⇥ �̄ ±1
2

P⌧ (D) =
�+(D)� ��(D)

�+(D) + ��(D)
P⌧ (D

⇤) =
�+(D⇤)� ��(D⇤)

�+(D⇤) + ��(D⇤)

測定可能な量（詳細略） Tanaka, Watanabe (2010)

D*粒子の偏極

PD⇤ =
�L(D⇤)

�T (D⇤) + �L(D⇤)

：Decay rate of                    �T/L(D
⇤) B̄ ! D⇤

T/L⌧ ⌫̄



 • : SM prediction•

 SM + Scalar1,2
　

 SM + Vector1
　

 SM + Vector2
　

 SM + Tensor 　

　

　

　

分岐比と偏極の間の関係

B̄ ! D⇤⌧ ⌫̄

P
⌧
(D

⇤ )

R(D⇤)
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B̄ ! D⌧ ⌫̄
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(D

)

R(D)

•
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B̄ ! D⇤⌧ ⌫̄

R(D⇤)

P
D

⇤
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•



振る舞いを考察してみる

　　　　　　　　　　　　   : 全体の係数が変わるだけ�±(D), �±(D⇤), �T/L(D
⇤)

偏極は標準模型と同じになる

SM + Vector1
SM + Vector2
(B̄ ! D⌧ ⌫̄)

特になし
SM + Tensor

SM + Vector2
(B̄ ! D⇤⌧ ⌫̄)

SM + Scalar1
SM + Scalar2

　　　　　　　　　　　　: スカラーの寄与が無い��(D), ��(D⇤), �T (D
⇤)

R / 1

1� P

B̄ ! D⌧ ⌫̄

P
⌧
(D

)

R(D)

•
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B̄ ! D⇤⌧ ⌫̄

P
⌧
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⇤ )

R(D⇤)
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0.0 B̄ ! D⇤⌧ ⌫̄

R(D⇤)

P
D

⇤
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分岐比だけを見ていても出来ない事

他の物理量を用いて新物理を見る
 4. 偏極を用いて何が出来るかを紹介してみる

R(D)

R
(D

� )

0.2 0.4 0.6 0.8 1.00.1

0.2

0.3

0.4

0.5
T V2V1

S1

S2

・
【例】最終的に実験値がここになった時

※新物理は一種類という
　仮定のときのお話です

  この分岐比を再現するのは、

  のどれか、までしか分からない

CS2 ' �1.3 + i 0.7

CV2 ' �0.06 + i 0.31

CT ' �0.015 + i 0.036



B̄ ! D⇤⌧ ⌫̄

R(D⇤)

P
D

⇤

0.0 0.1 0.2 0.3 0.4 0.50.0

0.2

0.4

0.6

0.8

B̄ ! D⌧ ⌫̄

P
⌧
(D

)

R(D)

•
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B̄ ! D⇤⌧ ⌫̄

P
⌧
(D

⇤ )

R(D⇤)
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-0.4
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     : SM + Scalar2•
     : SM + Tensor

     : SM + Vector2

•
•••

•

•

•
•

•
•

•

演算子の種類ごとに偏極の予言値が異なる
R(D)

R
(D

� )

0.2 0.4 0.6 0.8 1.00.1
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0.3
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0.5
T V2V1

S1

S2

【例】

効いてる演算子を見分ける！

・



B̄ ! D⌧ ⌫̄

P
⌧
(D

)

R(D)

•

0.0 0.2 0.4 0.6 0.8 1.0
-0.5

0.0

0.5

1.0

かんたんなのまとめ
偏極を見れば、効いてる演算子を見分ける事ができるかも？

     : SM + Scalar2•
     : SM + Tensor

     : SM + Vector2

•
•••

•

R(D)

R
(D

� )

0.2 0.4 0.6 0.8 1.00.1

0.2

0.3

0.4

0.5
T V2V1

S1

S2

・
                                    or

                                  or

                 　                  ？

CS2 ' �1.3 + i 0.7

CV2 ' �0.06 + i 0.31

CT ' �0.015 + i 0.036

偏極測ればOK

第二部・完



結論・まとめ

 2. 実際の模型に当てはめて考えてみる

 1. 模型に依らないセットアップから考えてみる

どんな相互作用があれば説明できるか？

 3. タウ粒子やD*粒子の偏極について注目してみる

 4. 偏極を用いて何が出来るかを紹介してみる

新物理の特徴がもっと分かりやすく現れる物理量はあるか？

R(D)

R
(D

� )

0.2 0.4 0.6 0.8 1.00.1

0.2

0.3

0.4

0.5
T V2V1

S1
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 しっくりくる模型が無さそう？

R(D)

R
(D

� )

0.2 0.4 0.6 0.8 1.00.1
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S2・
B̄ ! D⌧ ⌫̄
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)

R(D)
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••
•

 偏極で効いてる演算子の区別がつくかも
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Back up



Analysis : summary (1) + (2)

Three particular situations

Partly
distinguished (1)

0.2 0.4 0.6 0.8 1.00.1

0.2

0.3

0.4

0.5

R(D)

R
(D

⇤ ) •

This can be the case for 
S2, V2, or T

Partly
distinguished (2)

0.2 0.4 0.6 0.8 1.00.1

0.2

0.3

0.4

0.5

R(D)

R
(D

⇤ )

•

This can be the case for 
S1, S2, or V2

Completely
distinguished

This can be the case for 
S2
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V2T



Partly distinguished by R(D) and R(D*)

0.2 0.4 0.6 0.8 1.00.1
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R(D)

R
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•

Example (2)

0.0 0.2 0.4 0.6 0.8 1.0
-0.5
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B̄ ! D⌧ ⌫̄

P
⌧
(D

)

R(D)

S1 and S2 cannot be distinguished 
even by use of polarizations

    |CS1 | ' 1.6, �S1 ' 2.2 |CS2 | ' 0.7, �S2 ' 1.1

But, Wilson coefficients are different 
in the case between S1 and S2

Therefore, decay distribution have different shape between them

w
1.1 1.2 1.3 1.4

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5

1

�

d�

dw

B̄ ! D⌧ ⌫̄
w =

pB · pD
mBmD

     : SM + Scalar1•
     : SM + Scalar2

     : SM + Vector2

•
•



Possible new physics models

  Ex.1 : Charged Higgs

  Ex.2：MSSM with R parity violation

H� ��

�̄�

B̄ D(�)

Wµ = µHuHd + µiHuLi = H+
u (µH−

d + µiEi) − H0
u(µH0

d + µiNi) (22)

より、今必要な部分は以下のようになる。

Lµ ⊃ −µ∗µi

[
h+

d (l̃L)i + h.c.
]

= −µ∗µi sinβ
[
H+(l̃L)i + h.c.

]
(23)

2.3.3 Soft breaking term

Soft breaking term は、「模型に含まれる全ての超対称ペア粒子の mass term（Higgsino は除
く？の？）」と、「super potentialをスカラー場の関数だとして、couplingだけ新しくして、そのま
ま Lagrangianの potentialに置き換えた term」で構成される。この termで今回必要となるのは

[7] BiHuLi

V soft
B = Bi

[
h+

u (l̃L)i − h0
u(ν̃L)i

]
+ h.c. (24)

より、今必要な部分は以下のようになる。

Lsoft
B ⊃ −Bih

+
u (l̃L)i + h.c. = −Bi cos βH+(l̃L)i + h.c. (25)

2.4 B̄ → Dτ ν̄ に寄与するプロセス

以上の Lagrangianより、b → cτ ν̄ に寄与するダイアグラムとその形を見てゆこう。ただし、荷
電ヒッグスだけの寄与の話は前節で述べたので割愛。

2.4.1 RPVだけで書ける diagram

bR cL

�R
(l̃L)i

(�̄L)a

bL (�c)R

(d̃R)i cL

(� c)R

図 1 左の diagramの effective Lagrangianを LRPV1、右の diagramの effective Lagrangian

を LRPV2 とする。

RPV termだけから来る diagramは次の２つ。左の diagramの effective LagrangianをLRPV1、
右の diagramの effective Lagrangianを LRPV2 とすると、それぞれの具体的な形は、

LRPV1 =
−λ′∗

i23λai3

q2 − m2
l̃L

c̄LbRτ̄R(νL)a

LRPV2 =
−λ′∗

32iλ
′
a3i

q2 − m2
d̃R

c̄L[τ c]R([ν̄c]R)abL =
λ′∗

32iλ
′
a3i/2

q2 − m2
d̃R

c̄LγµbLτ̄Lγµ(νL)a

(26)

5



MSSM　　※ツリーでは2HDMのtype II

CS1 = �mbm⌧

m2
H±

· tan2 �

(1 +�e tan�)(1 +�d tan�)

Itoh, Komine, Okada (2010)CS2 = �mcm⌧

m2
H±

· 1

1 +�e tan�

�e =
m2

Z �m2
W

4v2⇡2
µMB̃ f(MB̃ ,ML̃L

,ML̃R
)

�d =
2↵s

3⇡
µ⇤Mg̃ f(Mg̃,MD̃L

,MD̃R
)

f(a, b, c) =
a2b2 ln a2

b2 + b2c2 ln b2

c2 + c2a2 ln c2

a2

(a2 � b2)(b2 � c2)(c2 � a2)



Vector operators

B̄ ! D⌧ ⌫̄

OV1 = c̄L�
µbL ⌧̄L�µ⌫L OV2 = c̄R�

µbR ⌧̄L�µ⌫L

hD|c̄�µ�5b|B̄i = 0 hD⌧ ⌫̄|OV1 |B̄i = hD⌧ ⌫̄|OV2 |B̄i

B̄ ! D⇤⌧ ⌫̄

hD⇤|c̄�µ�5b|B̄i � hD⇤|c̄�µb|B̄i

hD⇤⌧ ⌫̄|OV1 |B̄i ⇠ �hD⇤⌧ ⌫̄|OV2 |B̄i



Scalar operators OS1 = c̄LbR ⌧̄R⌫L OS2 = c̄RbL ⌧̄R⌫L

hD|c̄�5b|B̄i = 0

B̄ ! D⌧ ⌫̄

hD⌧ ⌫̄|OS1 |B̄i = hD⌧ ⌫̄|OS2 |B̄i

B̄ ! D⇤⌧ ⌫̄

hD⇤|c̄b|B̄i = 0 hD⇤⌧ ⌫̄|OS1 |B̄i = �hD⇤⌧ ⌫̄|OS2 |B̄i



Identification of tau

Tau polarization is useful but,

 • How is it measured ?
 • Capability of new physics search ?

� B̄ � D� �̄� � � l��̄� � ��

� � �� : N � 70

� � l��̄ : N � 100
＠B factory

BABAR(2008),  Belle (2009)

    in                   is identified by               or



�

How to measure tau polarization

d�
dq2dz

(B̄ � D� �̄ � · · · ) =
d�
dq2

(B̄ � D� �̄)� F (· · · )

q2 = (pB � pD)2

� � ��

� � l��̄

z =
E�(l)

E�
  We know it in rest frame of q^2

F (· · · ) = Br(· · · )
�
f(z, q2) + P� (q2)g(z, q2)

�

�
f(z, q2)dz = 1,

�
g(z, q2)dz = 0



B B̄

D

�
�̄

�

�

• In rest frame of　
•　　　   →　　  
•　　　　   →　

pµ
B̄

, pµ
D q2, E�

E� , E�(l) z

qµ

 Tau polarization can be determined by pion (or lepton)
 energy distribution of the decay rate of this chain.



:  # of event for

: “sensitivity”

N

S

N(�) � 70, N(l) � 100

N(�) � 2000, N(l) � 3000

B factory

super B factory

�P� =
1

S
�

N

S(�) � 0.6, S(l) � 0.2

S2 =
�

dz
g2

f + P�g

B̄ � D� �̄ � · · ·

P� = P�0 ± �P�

Estimation of statistical error of tau polarization 



P
L
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t�/mH± (GeV�1)

: Error @ B factory

: Error @ super B factory

 Super B factory :  We may see       effectH±
�P�(�) � 0.04, �P�(l) � 0.08

P
�

�P� =
1

S
�

N
P� = P�0 ± �P�

Estimation of statistical error of tau polarization 



Form Factors (Tensor)

�D(pD)|c̄�µ�b|B̄(pB)� = iT (q2)(pµ
Bp�

D � p�
Bpµ

D)

�D(pD)|c̄�µ��5b|B̄(pB)� = T (q2)�µ���pD�pB�

B̄ � D� �̄

B̄ � D�� �̄

�D�(pD)|c̄�µ�b|B̄(p)� = �µ��� [T1�
�
�pB�

+T2�
�
�pD� + T3(�� · pB)pB�pD� ]

�D�(pD)|c̄�µ��5b|B̄(p)� = · · ·



i�µ

�
c̄[�µ, �� ]b

�
= �2(mb + mc)c̄��b� 2(i�� c̄)b + 2c̄(i��b)

EOM

T (q2) =
2
�

r

q2

�
m2

B
1� r

mb �mc
(w + 1)S1(q2)� mb + mc

1 + r
2V1(q2)

�


