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Measurement of Γ(K+->eν)/Γ(K+->µν)
using stopped K+ in J-PARC E36 Experiment
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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.

PACS numbers: 13.20.He, 14.40.Nd, 14.80.Da

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.

where l refers to either an e or µ. 
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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

RLFV
K = RSM

K

✓
1 +

m4
K

M4
H+

· m
2
⌧

m2
e

�2
13 tan

6 �

◆
(3)

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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より生成された水素プラズマの中から負水素イオン（H-）を引き出し、電場の力で粒子加速

を担う高周波加速空洞を直線状に並べた LINAC によって初段加速を行っていく。そしてそ

の加速した負水素イオンビームの 400MeV に達した際、RCS の入射部に設置された荷電変換

用炭素被膜を通じて負水素イオンから電子 2つを分離、陽子（H+）に変換したビームを RCS

へと送る。約 20ms の間に周長 300m のシンクトロンを 15000 回程度周回させ、3GeV まで加

速していき、エネルギーの値が 3GeV になったビームを MR へと導いていく。その後、周長

1500の MRシンクロトロン内を約 2秒かけて 32万回ほど周回させ、3Gevから 50GeVまで加

速させる。 

E36実験を行うハドロン実験施設では、MRシンクロトロンで加速された陽子ビームを、遅

い取り出し方法を用いることで 1次ビームとして標的に衝突させる。これにより、K中間子

やπ中間子、ハイペロン、ニュートリノ、ミューオンなどの 2次ビームを発生させて様々な

実験へと活用している。 

 

 

図 2.2 ハドロン実験施設 

 

 ハドロン実験施設内には現在、K1.8、K1.8BR、K1.1BR、KLの計 4つのビームラインが存

在しており（図 2.2）、本実験ではそのうちの K1.1BRビームラインを使用している。 

K1.1BRは、プロダクションターゲットで生成された K+中間子を効率的に K1.1BRエリア

に輸送するビームラインである。このビームラインは、D1-D3までの Bending磁石、Q1-Q8

の収束用 4重極電磁石、高次項の補正のための 6重極、8重極電磁石、π/K分離用の静電

 

図 2.4 E36検出器の概要正面図および側面断面図 

 

 

 

図 2.5 K1.1BRエリアに置かれた E36検出器 

 

2.3 E36 実験における粒子識別および運動量測定 

 

 E36実験において重要となるのは、静止崩壊した K+から放出されてくる荷電粒子を検

出し、その中から Ke2による e+と Kμ2によるμ+を明確に識別して計測を行うことであ

J-PARC	E36%�
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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

18	cm

4 cm



2017/10/17 13

E36%�I��

�5I��o (SFT,	TOF1,	AC)

ØÕ÷Þõùä×öøßîI��(AC)	

âúÞåç

MPPCY
�
.



2017/10/17 14

E36%�I��

CsI(Tl)Ú÷ôñúâ

TDC
0 50 100 150 200 250

A
D
C

0

200

400

600

800

1000

1200

(run,n,x,y)=(3994,0,13,16)

0 50 100 150 200 250

6−

4−

2−

0

2

4

6

Graph

1200

1000

800

600

400

200

0

0

Data
Fitting	function

50 100 150 200 250
TDC/40	ns

AD
C

4
0
-4

TDC
0 50 100 150 200 250

ADC

0

200

400

600

800

1000

1200

(run,n,x,y)=(3994,0,13,16)

0 50 100 150 200 250

6−

4−

2−

0

2

4

6

Graph

>ℎ

ØêõÜú�L

0 20 40 60 80 100 120 140 160 180 2000

1000

2000

3000

4000

5000

6000

7000

ene

2017/9/12 8

}��o��p»ÑÎÉÔÁÔÓºÆÏ½Ôd;

!L; !" → 7"%L :	Kinetic	energy	153	MeV	peak	for	stopped	muon

0.15 0.2 0.25 0.3 0.35 0.40

5

10

15

20

25

30

35

(mod,ch)=(1,7)

Integral=184

L2,(3)

k=0.218

csi6

149,630	events

1	crystal	energy	coefficient

Co
un
ts
/b
in

Co
un
ts
/M

eV

Energy	(MeV)

M	 = 	(153 − Qt)	/ℎCsI	(MeVXY)

250− 200− 150− 100− 50− 0 50 100 150 200 2500

200

400

600

800

1000

0

5

10

15

20

25

corr rise time (ns) - height (adc), Post Pileup, 63-tp-64   

@K
(Y) − @Z[\	(ns)

Am
pl
itu

de
	ℎ

Cs
I(
AD

C) Q = M	ℎ^_`
μ=144.28	MeV	
σ=6.83	MeV	(4.73%)
Q = M	ℎ^_` + Qa
μ=152.98	MeV	
σ=4.02	MeV	(2.63%)

σT=9.7	ns!L;

(768	crystals)

0 50 100 150 200 2500

200

400

600

800

1000

(n,x,y,id)=(935,16,44,2)(n,x,y,id)=(935,16,44,2)

TDC/40	ns

AD
C

Post	Pileup

@K(Y) @K(;)

ℎ;
ℎY

2017/3/19 H.	ITO,	J-PARC	E36	EXPERIMENT

 

 

図 2.15 CsIカロリメーターの概略図 

 

7. マルチワイヤプロポーショナルチェンバー（MWPC） 

 

 前述の SFTとともに通過粒子の通過点を検出し、磁場に対する曲がり具合から粒子の

運動量を算出する。本実験で使用する MWPCはカソード読み出し式の MWPCであり、直径

が 20μmの金メッキタングステン線を 2mm間隔に 100本張ったアノード面、カプトン基

膜上 Cu ストライプをチェンバーの長辺方向に 9mm×720mm で 20 本と短辺方向に

9mm×200mm で 72本にそれぞれ 1mm間隔で張ったカソード面によって構成されている。

荷電粒子が通過した際、MWPC内部に密閉された気体が電離し、その時生ずる電子がアノ

ードワイヤー方へ移動していく。その後ワイヤー周辺に発生している電場によって加速

された電子は電子雪崩を引き起こす。このアノードでの電子雪崩の影響で誘起された電

荷をカソード面で読むことで、荷電粒子がどのワイヤーの付近を通過したのかをアノー

ドワイヤーの間隔よりも精密な位置分解能で判別することが可能である。E36 実験では

MWPC内部を満たす気体としてアルゴンとエタンを使用した。E36実験では E246での MWPC

を踏襲し、超伝導トロイダル磁石の磁極間の入り口前に 1か所（C2）、磁極間出口側に 2

か所（C3、C4）の 3 か所、全 12Gap で計 36 か所設置した。そしてより精度の良い測定

を行うために 4か所目の位置検出器である SFTを追加したほか、C3と C4間の固定間隔

を E246の時よりも 41.5mm増やし、そのために必要な Al製の金具を新たに制作した。 

 

図 2.13 AC 

 

6. CsI(TI)カロリメーター 

 

 セントラルディテクター内に納められた計 768 個に及ぶヨウ化セシウム(CsI(Tl))結

晶を使用した光子検出器。CsI 結晶に光子や電子が入射した際に電磁シャワーという現

象を起こすのを利用し、その光量を電気信号に変換して読み出すことにより光子や電子

のエネルギー値を測定する。本実験で使用するカロリメーターには超伝導トロイダル磁

石の各 Gapに相当する方向に窓が開けられており。全体の立体角の 75%を押さえている。

KIB e2γや KIBμ 2γといった崩壊モードより放出されるγ線を検出する役割を担って

いる。 

 

図 2.14  CsI(TI)カロリメーター 
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