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Based on the full BABAR data sample, we report improved measurements of the ratios R(D) =
B(B → Dτ−ντ )/B(B → Dℓ−νℓ) and R(D∗) = B(B → D∗τ−ντ )/B(B → D∗ℓ−νℓ), where ℓ refers to
either an electron or muon. These ratios are sensitive to new physics contributions in the form of a
charged Higgs boson. We measure R(D) = 0.440±0.058±0.042 and R(D∗) = 0.332±0.024±0.018,
which exceed the Standard Model expectations by 2.0σ and 2.7σ, respectively. Taken together, the
results disagree with these expectations at the 3.4σ level. This excess cannot be explained by a
charged Higgs boson in the type II two-Higgs-doublet model. Kinematic distributions presented
here exclude large portions of the more general type III two-Higgs-doublet model, but there are
solutions within this model compatible with the results.
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I. INTRODUCTION

In the Standard Model (SM), semileptonic decays of
B mesons proceed via first-order electroweak interactions
and are mediated by the W boson [1–3]. Decays involv-
ing electrons and muons are expected to be insensitive to
non-SM contributions and therefore have been the bases
of the determination of the Cabibbo-Kobayashi-Maskawa
(CKM) matrix elements |Vcb| and |Vub| [4]. Decays in-
volving the higher-mass τ lepton provide additional in-
formation on SM processes and are sensitive to addi-
tional amplitudes, such as those involving an interme-
diate charged Higgs boson [5–9]. Thus, they offer an ex-
cellent opportunity to search for this and other non-SM
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contributions.
Over the past two decades, the development of heavy-

quark effective theory (HQET) and precise measurements
of B → D(∗)ℓ−νℓ decays [10] at the B factories [11, 12]
have greatly improved our understanding of exclusive
semileptonic decays. The relative rates

R(D) =
B(B → Dτ−ντ )

B(B → Dℓ−νℓ)
, R(D∗) =

B(B → D∗τ−ντ )

B(B → D∗ℓ−νℓ)
(1)

are independent of the CKM element |Vcb| and also, to
a large extent, of the parameterization of the hadronic
matrix elements. SM expectations [9] for the ratios
R(D) and R(D∗) have uncertainties of less than 6% and
2%, respectively. Calculations [5–9] based on two-Higgs-
doublet models predict a substantial impact on the ratio
R(D), and a smaller effect on R(D∗) due to the spin of
the D∗ meson.
The decay B → D∗τ−ντ was first observed in 2007

by the Belle Collaboration [13]. Since then, both BABAR

and Belle have published improved measurements, and
have found evidence for B → Dτ−ντ decays [14–16]. Up
to now, the measured values for R(D) and R(D∗) have
consistently exceeded the SM expectations, though the
significance of the excess is low due to the large statistical
uncertainties.
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where �r is a radiative correction due the internal bremsstrahlung process (IB) which, by
definition, contributes to RK (unlike the structure dependent process (SD)). A Minimal Super-
Symmetric (SUSY) extension of the SM (MSSM) with R-parity conservation has recently been
considered as a candidate for new physics to be tested by RK [2–4]. In the case of Kl2, in
addition to the W± exchange, a charged Higgs-mediated SUSY lepton flavor violating (LFV)
contribution can be enhanced if accompanied by the emission of a ⌧ neutrino. This e↵ect can
be described as
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where MH+ is the mass of the charged Higgs and �13 (. 10�3) is the term induced by the
exchange of a Bino and a Slepton. Taking �13 = 5 ⇥ 10�4, tan� = 40 and MH+ = 500 GeV,
would yield to a value of RLFV

K
= 1.013⇥RSM

K
. It is therefore possible to reach a contribution

at the percent level due to possible LFV enhancements arising in SUSY models.

Figure 1. Contributions to RK from (a) SM and (b) LFV SUSY. A charged Higgs-mediated
LFV SUSY contribution can be strongly enhanced by the emission of a ⌧ neutrino.

Recent in-flight decay experiments, such as KLOE [5] and NA62 [6], have measured the RK

ratio leading to a current world average of RK = (2.488 ± 0.010) ⇥ 10�5. The E36 experiment
at the Japan Proton Accelerator Complex (J-PARC) by the TREK (Time Reversal Experiment
with Kaons) collaboration aims to provide a competitive measurement of RK with di↵erent
systematics.

2. RK measurements using stopped K+ at J-PARC
The E36 experiment, which is part of the TREK program at J-PARC, was set up and fully
commissioned at the K1.1BR kaon beam line between fall 2014 and spring 2015. The data
collection was completed by the end of 2015 using an upgraded version of the KEK-PS E246
12-sector superconducting toroidal spectrometer [7] used in a previous T-violation experiment
at KEK [8–10]. The incoming K+ is tagged by the Fitch Cherenkov counter before stopping
and decaying in the active target, which consists of 256 scintillating fibers (3 ⇥ 3 ⇥ 200 mm3)
oriented in the direction of the beam, providing a precise kaon stop location in the transverse
plane. Wrapped around the fiber target is a Spiral Fiber Tracker (SFT), which consists of
two pairs of scintillating fiber ribbons of opposite helicity bundled together around the target,
providing the longitudinal coordinate of the outgoing decay particles [11]. This target+SFT
system is surrounded by 12 time-of-flight counters (TOF1) and 12 aerogel [12] counters (AC)
aligned with the 12 sectors of the toroidal spectrometer and forms the “Central Detector”.
A highy segmented (768 crystals) large acceptance CsI(Tl) photon calorimeter barrel covering
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transmission length–refractive index scatter graph shown in Ref.
[10]. The reference square aerogel tile had ΛT¼23.5 mm.

4.4. Dimensions

The dimensions of the produced aerogel bars met our require-
ments. The longitudinal length of the bars ranged from 176.3 to
177.8 mm for the 30 crack-free aerogel bars, which was consistent
with our expectation (i.e., 178 mm). The lower- (upper-) base
length of the cross-sectional trapezoid of the upstream (down-
stream) layer was 24.0–24.5 (45.5–46.4) mm, which is in good
agreement with the requirements (i.e., 24.8 (46.2) mm). As shown
in Fig. 13, the upstream aerogel bar was flushed with the down-
stream one; thus, they will form a radiator unit in the counter
module.

The mean longitudinal shrinkage ratio was 0.972, close to our
expectation of 0.975, where the longitudinal length of the mold
was taken to be 182.25 mm based on the actual measurement.
Fig. 14 shows the refractive index as a function of the longitudinal
shrinkage ratio. There is a tendency for the refractive index to
increase with decreasing longitudinal shrinkage ratio. In addition,
the refractive index depends on the wet gel lot in which it was

synthesized, especially between the first and third lots. This could
be due to the difference in room temperature during the produc-
tion process. The third lot was fabricated in a slightly high-
temperature environment (24–261C) compared with the first lot
(21–241C).

5. Conclusion

We have developed hydrophobic silica aerogel with n¼1.08 to
be used as a radiator in threshold-type Cherenkov counters. These
counters are meant to separate the positrons from positive muons
with a momentum of approximately 240 MeV/c produced by kaon
decays in the J-PARC TREK/E36 experiment. The requirements for
the Cherenkov radiator were determined by the results of test
beam experiments and the design of the counter configuration.
We have described a method for producing aerogel bars with a
trapezoidal cross-section and a length of 18 cm to fit the barrel
region surrounding the kaon stopping target of the TREK/E36
detector system. Production of the aerogel bars for the actual
detector made up of 12 counter modules was successfully per-
formed by dividing each radiator volume into two layers with a
total thickness of 4 cm. The block dimensions and optical para-
meters, including a transmission length at 400 nm wavelength of
approximately 20 mm, have been measured and found suitable for
use in the actual detector.

Fig. 11. Measurement setup in the light-shielded chamber of the Hitachi U-4100
spectrophotometer. Light transmission along the aerogel thickness direction was
measured. The bottom surface of the aerogel (see Fig. 8) corresponding to the
upstream side in the AC counter was placed at the upstream side of the spectro-
photometer. The distance between the aerogel's downstream surface and the
entrance of a light-integrating sphere was set to be 10 cm.

Fig. 12. Transmittance curve for a typical aerogel (t¼19.9 mm) as a function of
wavelength. Circles show the transmittance measured every 10 nm, and the solid
curve shows the fit with T ¼ A exp ð#Ct=λ4Þ. The parameters obtained from the
fitting were A¼ 0:98870:001 and C ¼ 0:0122070:00005 μm4=cm.

Fig. 13. Upstream aerogel bar stacked on top of a downstream one. The long-
itudinal length and total thickness are approximately 18 cm and 4 cm, respectively.

Fig. 14. Refractive index measured at λ¼405 nm as a function of longitudinal
shrinkage ratio for each of the 30 crack-free aerogel bars and one reference square
tile. The aerogel bars are classified based on their wet-gel synthesis lot, indicated by
different symbols.

M. Tabata et al. / Nuclear Instruments and Methods in Physics Research A 795 (2015) 206–212 211
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• Ke2g = IB + SD : SD is a background which have to be subtracted

• The SD branching ratio and form factor can be determined for the estimation 

of background fraction 

•We will publish the results after careful estimation of systematic 

uncertainties 
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ChPT(Chiral Perturbation Theory) at O("#)

where re = m2
e/m

2
K . The relation between the transfer momentum p2 and x is given by:

p2 = m2
K(1 − x). (25)

From Eqs . (1) and (23), we obtain the double differential decay rate of K+ → e+νeγ as

d2Γ

dx dy
=

m5
K

64π2
αG2

F sin2 θc(1 − λ)A(x, y), (26)

where λ = (x + y − 1 − re)/x and

A(x, y) = AIB(x, y) + ASD+(x, y) + ASD−(x, y) + AINT+(x, y) + AINT−(x, y) ,

AIB(x, y) =
4re|FK |2

m2
Kλx2

[
x2 + 2(1 − re)

(
1 − x −

re

λ

)]
,

ASD+(x, y) = |FV + FA|2
x2λ2

1 − λ

(
1 − x −

re

λ

)
,

ASD−(x, y) = |FV − FA|2x2(y − λ) ,

AINT+(x, y) = −
4re

mK
Re[FK(FV + FA)∗]

(
1 − x −

re

λ

)
,

AINT−(x, y) =
4re

mK
Re[FK(FV − FA)∗]

1 − y + λ

λ
. (27)

By integrating out the y variable in Eq. (26), we obtain the differential decay rate as a

function of x to be

dΓ

dx
=

m5
K

64π2
αG2

F sin2 θcA(x) (28)

where

A(x) = AIB(x) + ASD+(x) + ASD−(x) + AINT+(x) + AINT−(x) ,

AIB(x) =
4reF 2

K

m2
K

[
(x + re − 1)[x2 + 4(1 − re)(1 − x)]

1 − x

−
x2 + 2(1 − re)(1 − x + re)

x
ln

re

1 − x

]
,

ASD+(x) = |FV + FA|2x3

[
1 − x

3
−

re

2
+

r3
e

6(1 − x)2

]
,

ASD−(x) = |FV − FA|2x3

[
1 − x

3
−

re

2
+

r3
e

6(1 − x)2

]
,

AINT+(x) =
4re

mK
Re[FK(FV + FA)∗]x

[
1 − x

2
−

r2
e

2(1 − x)
+ re ln

re

1 − x

]
,

AINT−(x) =
4re

mK
Re[FK(FV − FA)∗]x

[
−1 + 3x

2
+

r2
e − 2xre

2(1 − x)
+ (x − re) ln

re

1 − x

]
. (29)

It is clear that the contributions to the decay rate from the IB and INT± parts are sup-

pressed due to the small electron mass.
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PDG’18 
Eur. Phys. J. C 64 (2009) 627.

Nucl. Phys. B 149, 3 (1979) 365

Phys. Lett. 55B, 3 (1975) 324
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Where is E36 mark?

3. Study of Ke2γ

• NA62	RK
KLOE Ke2γ��������
• Γ(Ke2γ)
RK���������������
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• レプトン普遍性破れ探索はあつい。
• J-PARC E36実験はRK精密測定して探索
する。

• 解析は順調に進んでいる。
• RK決定においてKe2γ解析が慎重に取り
扱う必要がある。

• Ke2γ自身も面白い、輻射崩壊の理解へ

4. Summary


