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Introduction
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Semi-tauonic B decays

B̄ → D(∗)τ ν̄ W−

b

τ
ν̄
c

B(B̄ → Dτ ν̄τ )
B(B̄ → D�ν̄�)

= 0.40± 0.08

(BABAR, Belle combined.)

B(B̄ → D∗τ ν̄τ )
B(B̄ → D∗�ν̄�)

= 0.35± 0.04
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H
−

b

τ
ν̄
c

Charged Higgs contribution

Type-II 2HDM  (SUSY)
W.S. Hou and B. Grzadkowski (1992),
M.T. (1995),  ....

Sensitive to the charged Higgs 
if tanβ is large.

mτ tan β

mb tanβ

∝ mbmτ tan2 β
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D vs D*
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pros cons

D
simple (2 FFs)

sensitive to scalar

less observables
less statistics

(Br~0.7%)

D*
D* polarization
more statistics

(Br~1.3%)

complicated (4 FFs)
less sensitive to scalar
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Form factors in
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B̄ → D∗τ ν̄

�D∗(v�)|c̄γµb|B(v)� = ihV (w) εµναβ�∗νv�αvβ

�D∗(v�)|c̄γµγ5b|B(v)� = hA1(w) (1 + w)�∗µ
−hA2(w) �∗ · vvµ

−hA3(w) �∗ · vv�
µ

w = v · v�

Heavy Quark Limit

hV = hA1 = hA3 = ξ(w), ξ(1) = 1
hA2 = 0

Isgur-Wise func.
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R1(w) ≡ hV (w)
hA1(w)

= R1(1)− 0.12(w − 1) + 0.05(w − 1)2

R2(w) ≡ hA3(w) + rhA2(w)
hA1(w)

= R2(1) + 0.11(w − 1)− 0.06(w − 1)2

B̄→D∗�ν̄ exp. data

R3(w) ≡ hA3(w)− rhA2(w)
hA1(w)

Parametrization

hA1(w) = hA1(1)
�
1− 8ρ2z + (53ρ2 − 15)z2 − (231ρ2 − 91)z3

�
z =

√
w + 1−

√
2

√
w + 1 +

√
2
, r =

mD∗

mB
Caprini et al. (1998)

B̄→D∗τ ν̄ only
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Numerical results
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HQET

a = 1± 0.5
R3(w) = 1 + 0.22− 0.052(w − 1) + 0.026(w − 1)2a{ }

R1(1) = 1.41± 0.049

R2(1) = 0.844± 0.027

ρ2 = 1.24± 0.04
B̄→D∗�ν̄

HFAG

Inputs

(� = e, µ)
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Branching fraction (D*)

tβ/mH±

0.0 0.2 0.4 0.6 0.80.1

0.2

0.3

0.4

0.5

0.6

R
(D

∗ ) 1σ
2σ
3σ

2010年9月2日木曜日

B(B̄ → D∗τ−ν̄τ )
B(B̄ → D∗�−ν̄�)

(GeV−1)

excluded excluded

SM 0.254±0.005
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D* polarization

tβ/mH±

R
L

0.0 0.2 0.4 0.6 0.80.2

0.3

0.4

0.5

0.6

0.7

2010年9月2日木曜日

(GeV−1)

D∗
L

D∗
T + D∗

L

excluded excluded

SM 0.458±0.009
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     decay and polarization
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D∗

M(D∗
T → Dπ) ∼ Y 1

±(θ, ϕ)

M(D∗
L → Dπ) ∼ Y 1

0 (θ, ϕ)

Helicity amplitudes

Angular distribution

W (cos θ) = f(cos θ) + (2RL − 1)g(cos θ)

f(cos θ) =
3
8
(1 + cos2 θ), g(cos θ) =

3
8
(3 cos2 θ − 1)

RL =
D∗

L

D∗
T + D∗

L

Sensitivity

S =
��

g2

f + (2RL − 1)g
d cos θ

�1/2

⇒ ∼ 0.66
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Statistical error: δRL =
1

2S
√

N

B factory

N ∼ 500 δRL ∼ 0.03

Super B factory

N ∼ 2× 104 δRL ∼ 5× 10−3

cf. SM prediction: RL = 0.458± 0.009
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Summary
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D* polarization

SM prediction

δRL ∼ 0.03

RL = 0.458± 0.009

B factory

Super B factory δRL ∼ 5× 10−3

determined by                 ,

B̄ → D∗τ ν̄4 form factors in

hA1 , R1, R2

R3 determined by HQET.

Uncertainties are well controlled. <∼ 5%

B̄ → D∗�ν̄
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D* less sensitive to charged Higgs than D.

But, different dependece on              .tβ/mH±

The 2-fold ambiguity can be solved
within the semi-tauonic decays.

D* complementary to D.



Backup Slides
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✓ ✓
✓ ✓ ✓
✓ ✓ ✓
✓

✓

L = 0 L = 1

B → DW ∗

B → DH
∗

B → D∗
T W ∗

B → D∗
LW ∗

L = 2

B → D
∗
T H

∗

B → D
∗
LH

∗

suppressed
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Branching fraction

tβ/mH±

R
(D

∗ L
)

0.0 0.2 0.4 0.6 0.80.1

0.2

0.3

0.4

0.5

0.6

2010年9月2日木曜日

(D∗
L)

B(B̄ → D∗
Lτ−ν̄τ )

B(B̄ → D∗
L�−ν̄�)

(GeV−1)

excluded excluded

SM 0.223±0.006
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Tau longitudinal polarization

tβ/mH±

0.0 0.2 0.4 0.6 0.8

�0.6

�0.4

�0.2

0.0

0.2

0.4

0.6

P
L
(D

∗ L
)

2010年9月2日木曜日

(GeV−1)

excluded excluded

SM -0.330±0.019
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Sensitivity to tau polarization
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S(τ → πν(�ν̄ν)) � 0.61(0.20)

δPτ =
1

S
√

N

δPτ ∼ 0.07(0.22)
B factory

N ∼ 500

Super B factory

N ∼ 2× 104 δPτ ∼ 0.01(0.04)

cf. SM prediction: Pτ = −0.330± 0.019
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contributions, the theoretical ratio is approximated to 1%
by

Rth ¼ 1:126þ 0:037rV þ r20ð1:544þ 0:082rS þ NHþÞ
10% 0:95rV

;

NHþ ¼ %rcb Re½gS'ð1:038þ 0:076rSÞ
þ r2cbjgSj2ð0:186þ 0:017rSÞ; (7)

with rV ¼ ðaV1 =aV0 Þ=ð%3:4Þ, rS ¼ ðaS1=aS0Þ=ð%3:5Þ, r0 ¼
ðaS0=aV0 Þ=17, and rcb ¼ 0:8=ð1% !mc= !mbÞ. The dependence
on the slope parameters aV;S1 appears to be quite mild. In
Fig. 2 we compare Rth (right-hand side) as well as BðB !
!"Þ (left-hand side) to their one-sigma measurements for
positive gS and gP. For Rth, we also display the less
conservative theoretical prediction obtained from the
HFAG vector form factor in Table II (light gray band). In
particular, we obtain the SM estimates

B ðB% ! D0!% !"!ÞSM ¼ ð0:71( 0:09Þ%

and

B ð !B0 ! Dþ!% !"!ÞSM ¼ ð0:66( 0:08Þ%

(error sources: jVcbjFVðwÞ; S1ð1Þ; jVcbj). We cannot repro-
duce the small errors of Ref. [14].

The B ! D!"! branching fraction is promising to dis-
cover—or constrain—charged-Higgs effects, but not to
measure gS with good precision, as the dependence in
Fig. 2 is too flat. The differential distribution in the decay
chain !B ! D !"!!

%½! #%"!' is better suited for that pur-
pose. The experimentally accessible quantities are the en-
ergies ED and E# of the D and #% mesons, respectively,
and the angle $ between the three-momenta ~pD and ~p#. We
define these quantities in the B rest frame, which can be
accessed from the "ð4SÞ rest frame thanks to full B re-
construction [31]. We integrate over the phase space of the

two unobserved neutrinos in the final state. Our formulas
contain the full spin correlation between the production
and decay of the !, which is important to discriminate
between SM and charged-Higgs contributions. This ap-
proach further facilitates the rejection of backgrounds
from neutral particles escaping detection, as in !B !
DD%½! #%#0' with an undetected #0: If the mass of
the undetected particle is m, this background can be sup-
pressed by cuts excluding the region around

cos$ ¼ ðmB % ED % E#Þ2 % 2ðE2
D %m2

DÞ %m2

2ðE2
D %m2

DÞ
: (8)

We obtain the differential distribution

d#ð !B ! D !"!!
%½! #%"!'Þ

dEDdE#d cos$

¼ G4
Ff

2
#jVudj2jVcbj2!!½CWðFV; FSÞ

% CWHðFV; FSÞRe½gS' þ CHðFSÞjgSj2' (9)

with form-factor-dependent functions of ED, E#, and cos$
for the SM (CW), interference (CWH), and Higgs (CH)
contributions, given as follows for vanishing m# (this
approximation, which is good to 1%, is not used in our
numerical analysis),

CW ¼ %
m4

!

2

l2

p# ) l

!
P2ðb% 1Þ þ ðP ) lÞ2 2b

l2

þ
"
l2ðP ) p#Þ2
ðp# ) lÞ2 % 2ðP ) lÞðP ) p#Þ

p# ) l

#
ð3b% 1Þ

$
;

CWH ¼ 2%m4
!
ð1% r2ÞFS

1% !mc= !mb
b
"
P ) l% l2P ) p#

p# ) l

#
;

CH ¼ %m6
!

ð1% r2Þ2F2
S

ð1% !mc= !mbÞ2
%
1% m2

!

2p# ) l

&
; (10)

where !mc and !mb must be evaluated at the same scale so

FIG. 2. Left: BðB ! !"Þ as a function of gP. Light gray band: Bexp ¼ ð1:41( 0:43Þ * 10%4 [8]. Gray band: Bth, jVubj ¼
ð3:86( 0:09( 0:47Þ * 10%3 [35], main error from B decay constant fB ¼ ð216( 38Þ MeV [16]. Right: R + BðB !
D!"!Þ=BðB ! D‘"‘Þ as a function of gS. Light gray band: Rexp, see (6) [31]. Dark gray band: Rth, see (7). Gray band: Rth

with the HFAG vector form factor, see Table II. SM: RthðgS ¼ 0Þ ¼ 0:31þ0:07
%0:05ðdark grayÞ½(0:02ðgrayÞ'.
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Pure tauonic B decay

W−

ū

b

ν̄

τ

B− → τ ν̄

B = (1.67± 0.39)× 10−4

(HFAG)

Uncertainties
Vub, fB

H
−

ū

b

ν̄

τ

Nierste et al.


