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Higgs like boson was discovered at LHC. So,

What can we do in B physics?

My viewpoint is ...

What is sensitive to Higgs sector in B physics？

That is ...

Tauonic B decays in terms of Charged Higgs

Today’s topic！
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Short summary★

Problem we focus on in this talk

BABAR result implies “charged Higgs is disfavored”

What we will show in this work is as follows;

“Usual” 2HDMs cannot explain the BABAR result

2HDMs allowing FCNC solves this problem

Super B factory, LHC and ILC are possible to confirm this scenario

Decay processes we see

Tauonic B decay： B̄ ! ⌧ ⌫̄B̄ ! D(⇤)⌧ ⌫̄
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Tauonic B decay

Measuring B meson decays are suitable to investigate  
the flavor changing current
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Example: 2HDM of type II
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+
+mdtan� ūLdRH

+
⌘

�
p
2

v
mltan� ⌫̄LlRH

+ + h.c.

uL

⌫̄L

H� / m⌧mb

m2
H±

tan2 �⌧R

bR



Tauonic B decay

3/3

Bottom quark decay including tau is sensitive to CH

Experimental results were improved last year

May：BABAR reported the results on B̄ ! D(⇤)⌧ ⌫̄

July：Belle reported the results on B̄ ! ⌧ ⌫̄
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 For B meson decays : B̄ ! D(⇤)⌧ ⌫̄ B̄ ! ⌧ ⌫̄



Status of tauonic B decays

Comparison between Experimental result and SM prediction

0.302± 0.015

0.254± 0.005

0.43± 0.06

0.33± 0.04

B(B̄ ! ⌧ ⌫̄)

R(D)

R(D⇤)

SM Result (WA)
(1.14± 0.23)⇥ 10�4(0.74± 0.07)⇥ 10�4
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Detail

：Belle latest result is quite consistent with SM predictionB̄ ! ⌧ ⌫̄

B̄ ! D(⇤)⌧ ⌫̄ ：As a view point of quark current, 
　the deviation from SM prediction reach 3.4σ 1/4



precision, additional uncertainties could contribute [8], but
the experimental uncertainties are expected to dominate.

Our measurements exceed the SM predictions forRðDÞ
and RðD#Þ by 2:0! and 2:7!, respectively. The combina-
tion of these results, including their $0:27 correlation,
yields "2 ¼ 14:6 for 2 degrees of freedom, corresponding
to a p value of 6:9& 10$4. Thus, the possibility of both the
measured RðDÞ and RðD#Þ agreeing with the SM predic-
tions is excluded at the 3:4! level [32].

Figure 2 shows the effect that a charged Higgs boson of
the type II 2HDM [7,34] would have on RðDÞ andRðD#Þ
in terms of the ratio of the vacuum expectation values
tan# ' v2=v1 and the mass of the charged Higgs mHþ .
We estimate the effect of the 2HDM on our measurements
by reweighting the simulated events at the matrix element
level for 20 values of tan#=mHþ over the ½0:05; 1* GeV$1

range. We then repeat the fit with updated PDF shapes and
"sig="norm values. The increase in the uncertainty on the
PDFs and the efficiency ratio is estimated for each value of
tan#=mHþ . The other sources of systematic uncertainty are
kept constant in relative terms.

The measured values of RðDÞ and RðD#Þ match
the predictions of this particular Higgs model for
tan#=mHþ ¼0:44+0:02GeV$1 and tan#=mHþ ¼ 0:75+
0:04 GeV$1, respectively. However, the combination of
RðDÞ and RðD#Þ excludes the type II 2HDM charged
Higgs boson with a 99.8% confidence level for any value
of tan#=mHþ . This calculation is valid only for values of
mHþ greater than about 10 GeV [4,7]. The region for
mHþ , 10 GeV has already been excluded by B ! Xs$
measurements [35], and, therefore, the type II 2HDM is
excluded in the full tan#$mHþ parameter space.

In summary, we have measured the !B ! D%$ !&% and
!B ! D#%$ !&% decays relative to the decays to light leptons
!B ! Dð#Þ‘$ !&‘. We find

R ðDÞ ¼ 0:440+ 0:058+ 0:042;

RðD#Þ ¼ 0:332+ 0:024+ 0:018:

These results supersede the previous BABAR results and
have significantly reduced uncertainties. The measured
values are compatible with those measured by the Belle
Collaboration [12,14,15].
The results presented here disagree with the SM at the

3:4! level, which, together with the measurements by the
Belle Collaboration, could be an indication of new physics
processes affecting !B ! Dð#Þ%$ !&% decays. However, our
results are not compatible with the widely discussed type II
2HDM for any value of tan# and mHþ .
We acknowledge M. Mazur for his help throughout the

analysis and S. Westhoff, S. Fajfer, J. Kamenik, and I.
Nišandžić for their help with the calculation of the charged
Higgs contributions. We are grateful for the excellent
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II colleagues and for the substantial dedicated effort from
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collaborating institutions thank SLAC for its support and
kind hospitality. This work is supported by DOE and NSF
(USA), NSERC (Canada), CEA and CNRS-IN2P3
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FIG. 2 (color online). Comparison of the results of this analy-
sis (light gray, blue) with predictions that include a charged
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sponds to tan#=mHþ ¼ 0.
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precision, additional uncertainties could contribute [8], but
the experimental uncertainties are expected to dominate.

Our measurements exceed the SM predictions forRðDÞ
and RðD#Þ by 2:0! and 2:7!, respectively. The combina-
tion of these results, including their $0:27 correlation,
yields "2 ¼ 14:6 for 2 degrees of freedom, corresponding
to a p value of 6:9& 10$4. Thus, the possibility of both the
measured RðDÞ and RðD#Þ agreeing with the SM predic-
tions is excluded at the 3:4! level [32].

Figure 2 shows the effect that a charged Higgs boson of
the type II 2HDM [7,34] would have on RðDÞ andRðD#Þ
in terms of the ratio of the vacuum expectation values
tan# ' v2=v1 and the mass of the charged Higgs mHþ .
We estimate the effect of the 2HDM on our measurements
by reweighting the simulated events at the matrix element
level for 20 values of tan#=mHþ over the ½0:05; 1* GeV$1

range. We then repeat the fit with updated PDF shapes and
"sig="norm values. The increase in the uncertainty on the
PDFs and the efficiency ratio is estimated for each value of
tan#=mHþ . The other sources of systematic uncertainty are
kept constant in relative terms.

The measured values of RðDÞ and RðD#Þ match
the predictions of this particular Higgs model for
tan#=mHþ ¼0:44+0:02GeV$1 and tan#=mHþ ¼ 0:75+
0:04 GeV$1, respectively. However, the combination of
RðDÞ and RðD#Þ excludes the type II 2HDM charged
Higgs boson with a 99.8% confidence level for any value
of tan#=mHþ . This calculation is valid only for values of
mHþ greater than about 10 GeV [4,7]. The region for
mHþ , 10 GeV has already been excluded by B ! Xs$
measurements [35], and, therefore, the type II 2HDM is
excluded in the full tan#$mHþ parameter space.

In summary, we have measured the !B ! D%$ !&% and
!B ! D#%$ !&% decays relative to the decays to light leptons
!B ! Dð#Þ‘$ !&‘. We find

R ðDÞ ¼ 0:440+ 0:058+ 0:042;

RðD#Þ ¼ 0:332+ 0:024+ 0:018:

These results supersede the previous BABAR results and
have significantly reduced uncertainties. The measured
values are compatible with those measured by the Belle
Collaboration [12,14,15].
The results presented here disagree with the SM at the

3:4! level, which, together with the measurements by the
Belle Collaboration, could be an indication of new physics
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results are not compatible with the widely discussed type II
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precision, additional uncertainties could contribute [8], but
the experimental uncertainties are expected to dominate.

Our measurements exceed the SM predictions forRðDÞ
and RðD#Þ by 2:0! and 2:7!, respectively. The combina-
tion of these results, including their $0:27 correlation,
yields "2 ¼ 14:6 for 2 degrees of freedom, corresponding
to a p value of 6:9& 10$4. Thus, the possibility of both the
measured RðDÞ and RðD#Þ agreeing with the SM predic-
tions is excluded at the 3:4! level [32].

Figure 2 shows the effect that a charged Higgs boson of
the type II 2HDM [7,34] would have on RðDÞ andRðD#Þ
in terms of the ratio of the vacuum expectation values
tan# ' v2=v1 and the mass of the charged Higgs mHþ .
We estimate the effect of the 2HDM on our measurements
by reweighting the simulated events at the matrix element
level for 20 values of tan#=mHþ over the ½0:05; 1* GeV$1

range. We then repeat the fit with updated PDF shapes and
"sig="norm values. The increase in the uncertainty on the
PDFs and the efficiency ratio is estimated for each value of
tan#=mHþ . The other sources of systematic uncertainty are
kept constant in relative terms.

The measured values of RðDÞ and RðD#Þ match
the predictions of this particular Higgs model for
tan#=mHþ ¼0:44+0:02GeV$1 and tan#=mHþ ¼ 0:75+
0:04 GeV$1, respectively. However, the combination of
RðDÞ and RðD#Þ excludes the type II 2HDM charged
Higgs boson with a 99.8% confidence level for any value
of tan#=mHþ . This calculation is valid only for values of
mHþ greater than about 10 GeV [4,7]. The region for
mHþ , 10 GeV has already been excluded by B ! Xs$
measurements [35], and, therefore, the type II 2HDM is
excluded in the full tan#$mHþ parameter space.

In summary, we have measured the !B ! D%$ !&% and
!B ! D#%$ !&% decays relative to the decays to light leptons
!B ! Dð#Þ‘$ !&‘. We find

R ðDÞ ¼ 0:440+ 0:058+ 0:042;

RðD#Þ ¼ 0:332+ 0:024+ 0:018:

These results supersede the previous BABAR results and
have significantly reduced uncertainties. The measured
values are compatible with those measured by the Belle
Collaboration [12,14,15].
The results presented here disagree with the SM at the

3:4! level, which, together with the measurements by the
Belle Collaboration, could be an indication of new physics
processes affecting !B ! Dð#Þ%$ !&% decays. However, our
results are not compatible with the widely discussed type II
2HDM for any value of tan# and mHþ .
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precision, additional uncertainties could contribute [8], but
the experimental uncertainties are expected to dominate.

Our measurements exceed the SM predictions forRðDÞ
and RðD#Þ by 2:0! and 2:7!, respectively. The combina-
tion of these results, including their $0:27 correlation,
yields "2 ¼ 14:6 for 2 degrees of freedom, corresponding
to a p value of 6:9& 10$4. Thus, the possibility of both the
measured RðDÞ and RðD#Þ agreeing with the SM predic-
tions is excluded at the 3:4! level [32].

Figure 2 shows the effect that a charged Higgs boson of
the type II 2HDM [7,34] would have on RðDÞ andRðD#Þ
in terms of the ratio of the vacuum expectation values
tan# ' v2=v1 and the mass of the charged Higgs mHþ .
We estimate the effect of the 2HDM on our measurements
by reweighting the simulated events at the matrix element
level for 20 values of tan#=mHþ over the ½0:05; 1* GeV$1

range. We then repeat the fit with updated PDF shapes and
"sig="norm values. The increase in the uncertainty on the
PDFs and the efficiency ratio is estimated for each value of
tan#=mHþ . The other sources of systematic uncertainty are
kept constant in relative terms.

The measured values of RðDÞ and RðD#Þ match
the predictions of this particular Higgs model for
tan#=mHþ ¼0:44+0:02GeV$1 and tan#=mHþ ¼ 0:75+
0:04 GeV$1, respectively. However, the combination of
RðDÞ and RðD#Þ excludes the type II 2HDM charged
Higgs boson with a 99.8% confidence level for any value
of tan#=mHþ . This calculation is valid only for values of
mHþ greater than about 10 GeV [4,7]. The region for
mHþ , 10 GeV has already been excluded by B ! Xs$
measurements [35], and, therefore, the type II 2HDM is
excluded in the full tan#$mHþ parameter space.

In summary, we have measured the !B ! D%$ !&% and
!B ! D#%$ !&% decays relative to the decays to light leptons
!B ! Dð#Þ‘$ !&‘. We find

R ðDÞ ¼ 0:440+ 0:058+ 0:042;

RðD#Þ ¼ 0:332+ 0:024+ 0:018:

These results supersede the previous BABAR results and
have significantly reduced uncertainties. The measured
values are compatible with those measured by the Belle
Collaboration [12,14,15].
The results presented here disagree with the SM at the

3:4! level, which, together with the measurements by the
Belle Collaboration, could be an indication of new physics
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results are not compatible with the widely discussed type II
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kAlso with Università di Sassari, Sassari, Italy.
{Deceased.

[1] P. Heiliger and L. Sehgal, Phys. Lett. B 229, 409 (1989).
[2] J. G. Korner and G.A. Schuler, Z. Phys. C 46, 93 (1990).
[3] D. S. Hwang and D.W. Kim, Eur. Phys. J. C 14, 271

(2000).
[4] M. Tanaka, Z. Phys. C 67, 321 (1995).
[5] H. Itoh, S. Komine, and Y. Okada, Prog. Theor. Phys. 114,

179 (2005).
[6] U. Nierste, S. Trine, and S. Westhoff, Phys. Rev. D 78,

015006 (2008).
[7] M. Tanaka and R. Watanabe, Phys. Rev. D 82, 034027

(2010).
[8] S. Fajfer, J. F. Kamenik, and I. Nišandžić, Phys. Rev. D 85,
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In addition, BABAR analyzed the charged Higgs effect on R(D)&R(D*)

Results depend on CH parameter 
because they include estimation of
the effect of CH on R(D)&R(D*) by 
reweighting the simulated events
at the matrix element level.

Technical things
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dashed line represents the result using only B̄ ! D(⇤)⌧ ⌫̄. Then we find that the operator

Ou,c
S1

in the 2HDM of type II for the largely contributed region is disfavored with more than

99.9% C.L.. It is noted that for the region near the SM prediction, the confidence level of

exclusion from B̄ ! ⌧ ⌫̄ and B̄ ! D(⇤)⌧ ⌫̄ is smaller than that from only B̄ ! D(⇤)⌧ ⌫̄. This

is because the result of B̄ ! ⌧ ⌫̄ is near consistent with the SM prediction. The exclusion

for the sizable e↵ect of tan �/mH± is more powerful than the study in Ref. [7].

B. 2HDM allowing tree level FCNC

A possible solution within 2HDMs is to violate the Z2 symmetry at the cost of FCNC.

We introduce the following Z2 breaking terms in the above four models:

�LY = �Q̄L✏00uH̃1uR � Q̄L✏00dH1dR + h.c. (for type I and X) , (119)

�LY = �Q̄L✏00uH̃1uR � Q̄L✏00dH2dR + h.c. (for type II and Y) , (120)

where ✏00u,d are 3⇥ 3 matrices that control FCNC and the quark fields are those in the weak

basis. To obtain the charged Higgs interaction in the mass basis, first let us rotate the quark

31

tan�/mH± (GeV)�1

R(D) & R(D*)： ＋B→τν：
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5σ
exclusion

My naive estimation

What happen if the result of B→τν is included ?

99.8%
exclusion

★CL of exclusion within small parameter region reduces,
　(because B→τν is consistent with SM)
　while exclusion in the region
　almost reaches 5σ

tan�/mH± > 0.15(GeV)�1
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Summary of this section

(1) Other type of 2HDM
(2) Allowing FCNC in Yukawa sector

And then? Two Possibilities to extend this analysis
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Analysis

１. 2HDMs and their constraints

Lyukawa = �Q̄LYuH̃uuR � Q̄LYdHddR � L̄LY`H``R + h.c.

In order to forbid tree level FCNC, One of the Higgs doublets 
should be coupled to the fermion doublet in each term

H1 orH2

named by Aoki, Kanemura, Tsumura, Yagyu(2009)

Type I  : 
Type II : 
Type X : 
Type Y : 

H2 = Hu = Hd = H`

H2 = Hu, H1 = Hd = H`

H2 = Hu = Hd, H1 = H`

H2 = Hu = H`, H1 = Hd
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hh0
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✓
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Contribution to tauonic B decays

Contribution to tauonic B decays is summarized into Wilson coefficient,

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

1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35
0

1

2

3

4

1.0 1.1 1.2 1.3 1.4
0.0

0.5

1.0

1.5

2.0

2.5

3.0

1 �
d� dw

w w

B̄ ! D⌧⌫ B̄ ! D⇤⌧⌫

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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Cc
S2

= �mcm⌧

m2
H±

⇠uCu
S2

= �mum⌧

m2
H±

⇠u

Cu
S1

= Cc
S1

= �mbm⌧

m2
H±

⇠d

Le↵ = �2
p
2GFVqb

⇣
q̄L�

µbL ⌧̄L�µ⌫L + Cq
S1
q̄LbR ⌧̄R⌫L + Cq

S2
q̄RbL ⌧̄R⌫L

⌘
defined as



Contribution to tauonic B decays

R(D)
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•
SM prediction→●
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•
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To begin with, let me show the study on Wilson coefficient itself
in terms of effective Lagrangian approach.

Im
C

c X

Cc
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Correlation between R(D)&R(D*)
in the presence of S1 or S2

Constraint on C
(Exclusion@99%CL：　　)

★S2 can explain data but needs large contribution

★S1 is not favored at all
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m2
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Is it possible to have a sizable effect of S2 in 2HDM？ 

Remember the contribution of S2 to B→D(*)τν

Type I Type II TypeX TypeY

⇠u � cot

2 � 1 1 � cot

2 �

tan� & 0.4

・Charm mass is not so large compared to bottom mass

・The requirement for the top Yukawa interaction to be
　perturbative results in
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★In usual 2HDM of any type, 
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A possible solution to have a large S2 contribution within 2HDMs

CASE：type II ＋ FCNC

Lyukawa = �Q̄LYuH̃2uR � Q̄LYdH1dR � L̄LY`H1`R + h.c.

２. 2HDMs allowing FCNC
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uH̃1uR � Q̄L✏

0
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・　　 is parameter that control FCNC (in the weak basis)✏0u,d

Cc
S2

' Vtbp
2Vcb

vm⌧

m2
H±

(✏⇤u)
ct sin� tan�

・In terms of mass eigenstate, one of CH-q-q terms is written as

� sin� ūR ✏†uVCKM dL (　　 is that in the mass eigenstate)✏u,d
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No “reasonable” sizable contribution

Cc
S2

' Vtbp
2Vcb

vm⌧

m2
H±

(✏⇤u)
ct sin� tan�

How about the other types？

CASE：type II ＋ FCNC

CASE：type X ＋ FCNC

CASE：type I ＋ FCNC

CASE：type Y ＋ FCNC

6/10

( To explain data,                is needed ) ✏ctu >> 1
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FIG. 2: Left: Allowed regions in the complex εu32-plane from R(D) (blue) and R(D∗) (yellow). Middle: Allowed regions in
the complex εu31-plane from B → τν . Right: Allowed regions in the tan β–εu31 plane from B → τν for real values of εu31 and
mH = 400 GeV (green), mH = 800 GeV (orange). The scaling of εu32 with tan β and mH is the same as for εu31. ε

u
32 and εu31 are

given at the matching scale mH .

III. 2HDM III

2HDMs have been studied for many years with focus
on the type II models [14, 21, 22] or type III models
with MFV [16, 20, 23], alignment [24, 25] or natural
flavour conservation [23, 26]. Since these models can-
not explain R(D) and R(D∗) simultaneously [1] (and for
B → τν fine-tuning is needed), we will study a 2HDM
of type III with generic flavour-structure [27] but for
simplicity with MSSM-like Higgs potential. Flavour-
observables in type III models have been considered be-
fore [28] but with focus on the flavour-changing elements
in the down-sector.
In the 2HDM III we have the Yukawa Lagragian (see

for example [29] for details)

Leff
Y = Q̄a

f L

[

Y diδfiεabH
b!
d − εdfiH

a
u

]

di R (12)

− Q̄a
f L

[

Y uiδfiεabH
b!
u + εufiH

a
d

]

uiR + h.c. ,

where εab is the totally antisymmetric tensor and εqij
parametrize the non-holomorphic corrections. This gives
the following Feynman-rule for the charged Higgs-quark
vertex:

ΓH± LR eff
ufdi

=
3
∑

j=1

sinβ Vfj

(

mdi

vd
δji − εdji tanβ

)

,

ΓH± LR eff
dfui

=
3
∑

j=1

cosβ V !
jf

(

mui

vu
δji − εuji tanβ

)

.(13)

Thus, Cqb
L and Cqb

R at the matching scale are given by

Cqb
R(L) =

−1

M2
H±

ΓLR(RL),H±

qb

mτ

v
tanβ , (14)

with v ≈ 174GeV. Here we assumed that the Peccei-
Quinn breaking for leptons is negligible which means that
the lepton-Higgs coupling are like in the 2HDM II. Note

that for large Higgs masses and large values tan(β) the
CP odd and the heavy CP even Higgs mass approach the
charged one.

A. Experimental constraints

First, note that all flavour-changing elements εdij are
stringently constrained from FCNC processes in the
down-sector because of tree-level neutral Higgs exchange.
Thus, they cannot have any significant impact on the
decays we are interested in, and therefore we are left
with εd33.
Concerning the elements εuij we see that only εu31 (εu32)

significantly effects B → τν (R(D) and R(D∗) ) with-
out any CKM suppression. Furthermore, since flavour-
changing top to charm transitions are not measured with
sufficient accuracy, we can only constrain these elements
from charged Higgs induced FCNCs in the down-sector.
However, since in this case always a charm quark prop-
agates inside the loop, the contribution is suppressed by
small quark masses and it turns out that the constraints
from FCNC processes are weak and εu32,31 can be sizable.
Of course the lower bounds on the charged Higgs mass

for a 2HDM II from b → sγ of 300 GeV [30] still must
be respected by our model and also the results from di-
rect searches at the LHC [31] are in principle unchanged.
Note that the recent CMS results even welcome a heavy
Higgs (H0, A0, H±) mass around 500 GeV.

B. B → Dτν and B → D∗τν

εd33 contributes to Ccb
R and thus (as we see from Fig. 1)

cannot simultaneously explain R(D) and R(D∗) . Thus
we are left with εu32. In Fig. 2 we see the allowed re-
gion in the complex εu32 which gives the correct val-
ues for R(D) and R(D∗) within the 1σ uncertainties for
tanβ = 50 and MH = 500 GeV.

tan� = 50

mH± = 500GeV

R(D⇤)

R(D)

Re ✏ctu

Im
✏c

t u

A.Crivellin, C.Greub & A.Kokulu (2012)

( To explain data,                is needed ) ✏ctu >> 1
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Cc
S2

' Vtbp
2Vcb

vm⌧

m2
H±

(✏⇤u)
ct sin� tan�

How about the other types？

CASE：type II ＋ FCNC

CASE：type X ＋ FCNC

CASE：type I ＋ FCNC

CASE：type Y ＋ FCNC

★Results are explained at the same time
　by FCNC parameter to be ✏ctu ⇠ O(1)
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Summary of this section

１. 2HDMs without FCNC

★Not favored at all 

２. 2HDMs allowing FCNC

★Type II and X are possible to explain data
　at the cost of sizable FCNC in Yukawa term

Is there no constraint from the other observables？

Not yet.
For more detail　→ ３. Future prospects
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３. Future prospects：LHC&ILC

Of course, such models induce direct FCNC process 

★FCNC induced by　　is highly limited from B physics,✏d
while constraints on      are rather weak. ✏u
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Of course, such models induce direct FCNC process 

★FCNC induced by　　is highly limited from B physics,✏d
while constraints on      are rather weak. ✏u

★In particular,      is only constrained from                         .✏ctu t ! c (h,H,A)

�(t ! ch)

�(t ! bW )

' 0.12
|✏tcu |2 cos2(↵� �)

sin

2 �

For example, decay rate of t → c h turns out to be
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★It might be challenging for LHC (I don’t know detail)

FCNC process @ LHC

Top Flavour-Changing Neutral Interactions: . . . 2705

TABLE IV

3 σ discovery limits for top FCN interactions at LHC, for an integrated luminosity
of 100 fb−1. The limits are expressed in terms of top decay branching ratios.

Top decay Single top

t → uZ(γµ) 3.6 × 10−5 8.0 × 10−5

t → uZ(σµν) 3.6 × 10−5 2.3 × 10−5

t → uγ 1.2 × 10−5 3.1 × 10−6

t → ug − 2.5 × 10−6

t → uH 5.8 × 10−5 5.1 × 10−4

Top decay Single top

t → cZ(γµ) 3.6 × 10−5 3.9 × 10−4

t → cZ(σµν) 3.6 × 10−5 1.4 × 10−4

t → cγ 1.2 × 10−5 2.8 × 10−5

t → cg − 1.6 × 10−5

t → cH 5.8 × 10−5 2.6 × 10−3

To conclude this subsection we note that at LHC there are additional
processes which can occur through top FCN interactions. The first example
is single top production associated with a jet produced via gtq interactions
[35], which is however less sensitive than gq → t. The second example is
like-sign top production [36], mediated by two FCN vertices. This process
has a smaller cross section than processes with only one FCN vertex, but
might be observed at LHC due to its small background.

4.2. Observation at an e+e− collider

A high energy e+e− collider like TESLA will complement LHC capa-
bilities in the search for top FCN couplings. As in hadron collisions, the
operators in Eq. (1) mainly manifest themselves in top decay and single top
production processes. In e+e− annihilation top quark pairs are produced
by electroweak interactions, and single top quarks may be produced in the
process e+e− → tq̄, [37], via the diagrams in Fig. 4. (The charge conjugate
process is also summed.) At TESLA the top pair production cross section
at 500 GeV is only of 600 fb [2], and limits obtained from top decays [38,40]
cannot compete with those from LHC, despite the larger luminosity and
smaller backgrounds. On the contrary, single top production can match or
even improve some LHC limits if beam polarisation is used to reduce back-
grounds [39]. We have updated the study of Ref. [39] to include the effect of
initial state radiation (ISR) [41] and beamstrahlung [42, 43] in the calcula-
tions. We assume integrated luminosities of 345 fb−1 and 534 fb−1 per year
for centre of mass (CM) energies of 500 and 800 GeV, respectively [44], and
beam polarisations Pe− = 0.8, Pe+ = −0.6.4 For beamstrahlung at 500 GeV
we use the parameters Υ = 0.05, N = 1.56, while at 800 GeV we take
Υ = 0.09, N = 1.51 [44]. We also include a beam energy spread of 1%. The

4 Here we use the convention in which the degree of polarisation refers to the helicity
both for the electron and the positron, in contrast with Refs. [38,39].
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３. Future prospects：LHC&ILC
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★It might be challenging for LHC (I don’t know detail)

FCNC process @ LHC

Top Flavour-Changing Neutral Interactions: . . . 2705

TABLE IV

3 σ discovery limits for top FCN interactions at LHC, for an integrated luminosity
of 100 fb−1. The limits are expressed in terms of top decay branching ratios.

Top decay Single top

t → uZ(γµ) 3.6 × 10−5 8.0 × 10−5

t → uZ(σµν) 3.6 × 10−5 2.3 × 10−5

t → uγ 1.2 × 10−5 3.1 × 10−6

t → ug − 2.5 × 10−6

t → uH 5.8 × 10−5 5.1 × 10−4

Top decay Single top

t → cZ(γµ) 3.6 × 10−5 3.9 × 10−4

t → cZ(σµν) 3.6 × 10−5 1.4 × 10−4

t → cγ 1.2 × 10−5 2.8 × 10−5

t → cg − 1.6 × 10−5

t → cH 5.8 × 10−5 2.6 × 10−3

To conclude this subsection we note that at LHC there are additional
processes which can occur through top FCN interactions. The first example
is single top production associated with a jet produced via gtq interactions
[35], which is however less sensitive than gq → t. The second example is
like-sign top production [36], mediated by two FCN vertices. This process
has a smaller cross section than processes with only one FCN vertex, but
might be observed at LHC due to its small background.

4.2. Observation at an e+e− collider

A high energy e+e− collider like TESLA will complement LHC capa-
bilities in the search for top FCN couplings. As in hadron collisions, the
operators in Eq. (1) mainly manifest themselves in top decay and single top
production processes. In e+e− annihilation top quark pairs are produced
by electroweak interactions, and single top quarks may be produced in the
process e+e− → tq̄, [37], via the diagrams in Fig. 4. (The charge conjugate
process is also summed.) At TESLA the top pair production cross section
at 500 GeV is only of 600 fb [2], and limits obtained from top decays [38,40]
cannot compete with those from LHC, despite the larger luminosity and
smaller backgrounds. On the contrary, single top production can match or
even improve some LHC limits if beam polarisation is used to reduce back-
grounds [39]. We have updated the study of Ref. [39] to include the effect of
initial state radiation (ISR) [41] and beamstrahlung [42, 43] in the calcula-
tions. We assume integrated luminosities of 345 fb−1 and 534 fb−1 per year
for centre of mass (CM) energies of 500 and 800 GeV, respectively [44], and
beam polarisations Pe− = 0.8, Pe+ = −0.6.4 For beamstrahlung at 500 GeV
we use the parameters Υ = 0.05, N = 1.56, while at 800 GeV we take
Υ = 0.09, N = 1.51 [44]. We also include a beam energy spread of 1%. The

4 Here we use the convention in which the degree of polarisation refers to the helicity
both for the electron and the positron, in contrast with Refs. [38,39].
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FCNC process @ ILC

★If the excesses in R(D)&R(D*) will remain in future, 
　Please try to measure THIS

３. Future prospects：LHC&ILC
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Tauonic B decays are good target for super B factory

３. Future prospects：super B factory

★Super B factory will reduce statistical error in R(D)&R(D*)
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Tauonic B decays are good target for super B factory

３. Future prospects：super B factory

★Super B factory will reduce statistical error in R(D)&R(D*)

★Furthermore, large number of signal events allow us 
　to measure tau polarization, which is useful to confirm
　the NP interaction to be SCALAR or NOT
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Decay processes we see

★

Problem we focus on in this talk

BABAR result implies “charged Higgs is disfavored”

What we have shown

Usual 2HDMs cannot explain the BABAR result

2HDM allowing FCNC (type II & X) solves this problem

Super B factory, LHC and ILC are possible to confirm this scenario

Tauonic B decay： B̄ ! ⌧ ⌫̄B̄ ! D(⇤)⌧ ⌫̄

Short summary



Back up



0.2 0.4 0.6 0.8 1.00.1

0.2

0.3

0.4

0.5

R(D)

R
(D

� )

T V2V1

S1

S2

(R(D), R(D⇤)) (0.37, 0.28)
X S2 V2 T
Cc

X �0.81± i 0.87 0.03± i 0.40 0.16± i 0.14
P⌧ (D) 0.44 0.33 0.22
P⌧ (D⇤) �0.35 �0.50 �0.26
PD⇤ 0.51 0.45 0.32

【Ex】R(D)&R(D*) are measured here

• We can predict polarization
from the measured values 
of R(D)&R(D*)

Prediction on polarization (Appendix)



Detailed representation (Appendix)

Zu Zd

Type I & X

p
2Mu
v cot� � ✏u sin�(1 + cot

2 �) �
p
2Md
v cot� + ✏d sin�(1 + cot

2 �)

Type II & Y

p
2Mu
v cot� � ✏u cos�(tan� + cot�)

p
2Md
v tan� � ✏d sin�(tan� + cot�)

LH± =
�
ūRZ

†
uVCKMdL + ūLVCKMZddR

�
H+ + h.c.
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Cu
S2

' Vtbp
2Vub

vm⌧

m2
H±

(✏⇤u)
ut sin� tan�

Cc
S2

' Vtbp
2Vcb

vm⌧

m2
H±

(✏⇤u)
ct sin� tan�

Is it consistent with B→τν？ (Appendix)

Component of FCNC matrix is different



Effective Lagrangian：b→qτν

LSM
e↵ = Cq

SMq̄L�
µbL⌧̄L�µ⌫L

⇣
Cq

SM = �2
p
2GFVqb

⌘

Input parameter：

B̄ ! D(⇤)⌧ ⌫̄B̄ ! ⌧ ⌫̄

Electroweak

Strong

Electroweak

Strong

Vub Vcb

B meson decay constant :

fB

B→D(*) form factors :

V1, S1, A1, R1,2,3

(B̄ ! D) (B̄ ! D⇤) 5/11



0.0 0.2 0.4 0.6 0.8 1.0
0.0
0.1
0.2
0.3
0.4
0.5
0.6

�1 (

⌘

⇢

/ |Vub|

�mBd

�mBs

EW is determined by the fit to CKM unitarity triangle|Vub|

Strong fB is obtained from Lattice study

h0|ū�µ�5b|B̄i = fBp
µ

|Vub| = (3.38± 0.15)⇥ 10�3

fB = (191± 9)MeV(HPQCD2012)

Input values to use here B̄ ! ⌧ ⌫̄

Summary B(B̄ ! ⌧ ⌫̄) =
⌧B
8⇡

G2
F |Vub|2f2

BmBm
2
⌧

✓
1� m2

⌧

m2
B

◆2
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B̄ ! D(⇤)⌧ ⌫̄Input values to use here

Hight： V1(1)|Vcb|

the low-momentum range, measured using real data. The
second half is used to perform the analysis with a statisti-
cally independent sample. The results of the background
estimation shown in Table I are those obtained in the
samples used for the analysis. Both of the samples contain
about 120 000 signal events.

The sample used to investigate the efficiency of
low-momentum tracks is divided into a total of six bins
in p!s

. The bin borders of the first five are 50 MeV=c,
100 MeV=c, 125 MeV=c, 150 MeV=c, 175 MeV=c and
200 MeV=c. The region beyond 200 MeV=c defines the
sixth bin. By subtracting the background, we obtain an
estimate of the signal in data and form the ratio with the
signal in MC in each bin, fi ¼ Ndata

i =NMC
i .

The high momentum range is used as normalization, no
efficiency correction is applied there. In the lower momen-
tum bins we obtain the ratios "!s;i ¼ fi=fmax, which are

identical to the ratio of reconstruction efficiencies in the
bins i and the high momentum region, "!s;i ¼ #i=#max. We
calculate this set of ratios for the electron and muon modes
and form the weighted average, separately for each of the
four subsamples. These values are applied as weights when
filling the MC histograms to correct the reconstruction
efficiency.

Most systematic uncertainties cancel out in the ratios
"!s;i. Only the uncertainties in the various background
components give a small systematic contribution to the
uncertainty.

This procedure assumes that the distribution of events in
the p!s

spectrum is identical for data and MC. However,

one of the aims of the analysis is to measure the form factor
parameters that govern this distribution. Therefore, an
iterative procedure is adopted: we calculate one set of
corrections, apply them and perform the analysis to deter-
mine F ð1ÞjVcbj and the form factor parameters. We then
calculate a new set of corrections using these results and
repeat the analysis. The changes of the parameters during
this iterative procedure are small and vanish after the third
iteration. We assign an additional systematic uncertainty to
our results based on the stability of the corrections against
changes in the form factor parameters. As will be shown
in Table III, this is a negligibly small contribution.

C. Results of the fits and investigation of the
systematic uncertainties in the subsamples

After applying all analysis cuts and subtracting back-
grounds, a total of 123 427$ 636 signal events are used for
the analysis, divided into a total of four experimental
subsamples as mentioned above. The result of the fit to
these data is shown in Fig. 5 and Table II. The $2 per
degree of freedom, $2=n:d:f, of all fits is good. Table II also
gives the $2 probabilities or P values, P$2 .

To estimate the systematic uncertainties in these results,
we consider contributions from the following sources: un-
certainties in the background component normalizations,
uncertainty in theMC tracking efficiency, errors in theworld
average ofBðD%þ ! D0!þÞ andBðD0 ! K'!þÞ as well
as in the BðB ! D%%‘%Þ components [8], uncertainties
in the shape of the w distribution of B ! D%%‘% events
based on the LLSW model [23], uncertainties in the B0

FIG. 5 (color online). Result of the fit of the four kinematic variables in the subsample B. The electron and muon modes are added in
this plot. The points with error bars are continuum-subtracted on-resonance data. Where not shown, the uncertainties are smaller than
the black markers. The histograms are, top to bottom, the signal component, D%% background, signal correlated background,
uncorrelated background, fake ‘ component and fake D% component.

MEASUREMENT OF THE FORM FACTORS OF THE DECAY . . . PHYSICAL REVIEW D 82, 112007 (2010)

112007-9

V1(1)|Vcb| = (4.26± 0.07± 0.14)⇥ 10�2

⇢21 = 1.186± 0.055

d�

dw
(B̄ ! D`⌫̄) =

GFm5
B

48⇡3
r3(1 + r)2(w2 � 1)3/2V1(w)

2|Vcb|2B̄ ! D`⌫̄

 
z =

p
w + 1�

p
2

p
w + 1 +

p
2

!

V1(w) = V1(1)
⇥
1� 8⇢21z + (51⇢21 � 10)z2 � (252⇢21 � 84)z3

⇤
Shape：

・Shape is parametrized as “slope parameter” Caprini et.al.(1996)
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HQET

B̄ ! D⌧ ⌫̄ contains new form factor       　　  S1(w)

S1(w) is estimated by using HQET

S1(w)

V1(w)
' 0.981 + 0.041(w � 1)� 0.015(w � 1)2

Input : 　　　　　    and        . Taking the ratio,                 is canceledV1(1)|Vcb| ⇢21 V1(1)|Vcb|

２. 評価・予言・計算のための予備知識

Summary

R(D) =
�(B̄ ! D⌧ ⌫̄)

�(B̄ ! D`⌫̄)
R(D⇤) =

�(B̄ ! D⇤⌧ ⌫̄)

�(B̄ ! D⇤`⌫̄)

8/11

B̄ ! D(⇤)⌧ ⌫̄Input values to use here



0.440

0.305

Meas.

SM
R(D)

R(D⇤)
0.352

0.252

Meas.

SM

-1σ

-1σ

17%

17%

30%

24%



0.302± 0.015

0.254± 0.005

0.43± 0.06

0.33± 0.04

SM prediction Exp. result

B̄ ! D⌧ ⌫̄

B̄ ! D⇤⌧ ⌫̄

BaBar, arXiv:1205.5442

7

TABLE I. Results of the isospin-unconstrained (top four rows) and isospin-constrained fits (last two rows). The columns
show the signal and normalization yields, the ratio of their efficiencies, R(D(∗)), branching fractions, and Σstat and Σtot,
the statistical and total significances. Where two uncertainties are given, the first is statistical and the second is systematic.
The branching fractions B(B → D(∗)τ−ντ ) are calculated as R(D(∗)) × B(B → D(∗)$−ν"), using the average B → D(∗)$−ν"

branching fractions measured by BABAR [28–30]. The stated branching fractions for the isospin-constrained fit refer to B−

decays.

Decay Nsig Nnorm εsig/εnorm R(D(∗)) B(B → D(∗)τν) (%) Σstat Σtot

B−→ D0τ−ντ 314 ± 60 1995 ± 55 0.367 ± 0.011 0.429 ± 0.082 ± 0.052 0.99 ± 0.19 ± 0.13 5.5 4.7

B−→ D∗0τ−ντ 639 ± 62 8766 ± 104 0.227 ± 0.004 0.322 ± 0.032 ± 0.022 1.71 ± 0.17 ± 0.13 11.3 9.4

B0 → D+τ−ντ 177 ± 31 986 ± 35 0.384 ± 0.014 0.469 ± 0.084 ± 0.053 1.01 ± 0.18 ± 0.12 6.1 5.2

B0 → D∗+τ−ντ 245 ± 27 3186 ± 61 0.217 ± 0.005 0.355 ± 0.039 ± 0.021 1.74 ± 0.19 ± 0.12 11.6 10.4

B → Dτ−ντ 489 ± 63 2981 ± 65 0.372 ± 0.010 0.440 ± 0.058 ± 0.042 1.02 ± 0.13 ± 0.11 8.4 6.8

B → D∗τ−ντ 888 ± 63 11953 ± 122 0.224 ± 0.004 0.332 ± 0.024 ± 0.018 1.76 ± 0.13 ± 0.12 16.4 13.2

tons B → D(∗)!−ν!. We find

R(D) = 0.440± 0.058± 0.042

R(D∗) = 0.332± 0.024± 0.018 .

These results supersede the previous BABAR results and
have significantly reduced uncertainties. The measured
values are compatible with those measured by the Belle
Collaboration [12, 14, 15].
The results presented here disagree with the SM at

the 3.4σ level. Together with the measurements by the
Belle Collaboration, and the sizable difference between
the measured and predicted branching fraction of B− →
τ−ντ [35–39], this could be an indication of new physics
processes affecting decays with a τ lepton in the final
state. However, our results are not compatible with the
widely discussed type II 2HDM for any value of tanβ and
mH+ .
We acknowledge M. Mazur for his help throughout

the analysis, and S. Westhoff, S. Fajfer, J. Kamenik,
and I. Nisandzic for their help with the calculation of
the charged Higgs contributions. We are grateful for
the excellent luminosity and machine conditions pro-
vided by our PEP-II colleagues, and for the substantial
dedicated effort from the computing organizations that
support BABAR. The collaborating institutions wish to
thank SLAC for its support and kind hospitality. This
work is supported by DOE and NSF (USA), NSERC
(Canada), CEA and CNRS-IN2P3 (France), BMBF and
DFG (Germany), INFN (Italy), FOM (The Netherlands),
NFR (Norway), MES (Russia), MICIIN (Spain), STFC
(United Kingdom). Individuals have received support
from the Marie Curie EIF (European Union) and the
A. P. Sloan Foundation (USA).

∗ Now at the University of Tabuk, Tabuk 71491, Saudi
Arabia
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471⇥ 106BB̄・　　　　　　  pairs

・After “full reconstruction” and “Tau tagging” : 

(Appendix)



MSSM：コメントだけ

基本的に、 ・Treeだと「type II」
・Loopを考慮すると「type II ＋ FCNC」

✏tcu ⇠ ↵s

4⇡
⇥ f(MSSM parameter)

✏tcu はSUSY粒子のループから出てきて、だいたい

コメント：

・cMSSMなどの“自然な”シナリオでは 　を大きくできない
・何でもアリにすると何でもアリ？

✏tcu

つまり、　　　　　　　　　　　　　　　 　　　　　  が有力候補になるCc
S2

' Vtbp
2Vcb

vm⌧

m2
H±

(✏⇤u)
ct sin� tan�



MSSM　　

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 
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: 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)

�


