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何を、なぜ

•                          崩壊の 分岐比 を測定して

標準模型を越える物理の フレーバー構造 を探索する。

• Direct CP violation  -  クォークフレーバー混合の 複素位相 

KL ! !0""

3 ! 10
!11

in the SM

Fig. 1: Leading-order electroweak diagrams contributing toK ! !""̄ in the SM.

2 THE GOLDENMODES:KL ! !0""̄ ANDK+ ! !+""̄

G. Buchalla, T. Hurth

The decay modes K ! !""̄ are flavour-changing neutral current transitions, which are induced in the
SM at one-loop order through the diagrams shown in Fig. 1.

The rare decay KL ! !0""̄ is one of the most attractive processes to study the physics of flavour.
In particular, KL ! !0""̄ is a manifestation of large direct CP violation in the SM. A small effect

from indirect CP violation related to the kaon # parameter contributes less than " 1% to the branching

ratio, and is therefore negligible. In addition , KL ! !0""̄ can be calculated as a function of funda-
mental SM parameters with exceptionally small theoretical error. The main reasons are the hard GIM

suppression of long-distance contributions [18, 19], and the semileptonic character, which allows us to

extract the hadronic matrix element #!0|(s̄d)V |K0$ from K+ ! !0e" decay using isospin symmetry.
As a consequence, the KL ! !0""̄ amplitude is based on a purely short-distance-dominated flavour-
changing neutral current matrix element, which is reliably calculable in perturbation theory. The CP

properties help to improve further the theoretical accuracy, rendering even the charm contribution com-

pletely negligible, so that the clean top contribution fully dominates the decay. Next-to-leading QCD

effects have been calculated and reduce the leading-order scale ambiguity of " ±10% to an essentially

negligible " ±1% [20]. Isospin-breaking corrections in the extraction of the matrix element have also

been evaluated, and lead to an overall reduction of the branching ratio by 5.6% [21]. Uncertainties from

higher-order electroweak corrections are likewise at the level of a percent [22]. In total, the theoreti-

cal uncertainty in KL ! !0""̄ is below 3%. Consequently, on the order of a 1000 background-free
events could still be used without being limited by theoretical uncertainties. The theoretically very clean

relationship between theKL ! !0""̄ branching fraction and fundamental SM parameters reads

B(KL ! !0""̄) = 1.80 % 10!10
!

Im$t

$5
X(xt)

"2

= 4.16 % 10!10 %2A4
!

m̄t(mt)

167GeV

"2.30

(1)

Here $t & V "
tsVtd; $ = 0.22, A & Vcb/$2 and % are Wolfenstein parameters of the CKM matrix, and

X(xt) is a function of the top-quark MS-mass m̄t(mt): xt & (m̄t(mt)/MW )2.

The CP-conserving modeK+ ! !+""̄ is also of great interest, being sensitive to |Vtd|. Compared
to the neutral channel, K+ ! !+""̄ has a slightly larger theoretical uncertainty, which is due to the
charm contribution that is non-negligible in this case. Explicit expressions can be found in the third

reference of [20].

The study of K ! !""̄ can give crucial information for testing the CKM picture of flavour

mixing. This information is complementary to the results expected from B physics and is much needed

to provide the overdetermination of the unitarity triangle necessary for a decisive test. Let us briefly

illustrate some specific opportunities.

The quantity B(KL ! !0""̄) offers probably the best accuracy in determining |ImV "
tsVtd| or,

equivalently, the Jarlskog parameter JCP = Im(V "
tsVtdVusV "

ud), the invariant measure of CP violation
in the SM. The prospects here are even better than for B physics at the LHC [23]. For example, a 10%

4

Fig. 3: Schematic determination of the unitarity triangle vertex (!, ") from the B system (horizontally hatched) and from

K ! #$$̄ (vertically hatched). Both determinations can be performed with small theoretical uncertainty and any discrepancy

between them would indicate new physics, as illustrated in this hypothetical example.

Fig. 4: Typical contributions toK ! #$$̄ in supersymmetry with the exchange of squarks and gauginos.

effects in supersymmetric models [27] are induced through box and penguin diagrams with new internal

particles such as charged Higgs or charginos and stops, as seen in Fig. 4, replacing theW boson and the

up-type quark of the SM shown in Fig. 1. In the so-called ‘constrained’ minimal supersymmetric standard

model (MSSM), where all flavour-changing effects are induced by contributions proportional to the CKM

mixing angles, the ‘golden relation’ (4) is valid. Therefore the measurement of B(KL ! !0""̄) and
B(K+ ! !+""̄) still directly determines the angle # and a significant violation of (4) would rule out
this model (a recent general discussion of models with minimal flavour violation can be found in [28]).

Given the present experimental status of supersymmetry, however, a model-independent analysis

including also flavour mixing via the squark mass matrices is more suitable. The new sources of flavour

violation can then be parametrized by the so-called mass-insertion approximation, in an expansion of

the squark mass matrices around their diagonals. It turns out that supersymmtric contributions in this

more general setting, also called the ‘unconstrained’ MSSM, allow for a significant violation of, for

example, relation (4). An enhancement of the branching ratios by an order of magnitude for KL !
!0""̄ and by about a factor of three for K+ ! !+""̄ relative to the SM expectations is possible,

mostly due to the chargino-induced Z-penguin contribution [29]. Recent analyses [29, 30, 31] within
the unconstrained MSSM focused on the correlation of rare decays and $!/$, the parameter of direct CP

6
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Figure 2: First observation of K0
S
! !0e+e! [32] (left) and K0

S
! !0µ+µ! [33] (right).

3.2 K ! !""

Branching ratios for the K+ ! !+"" and K0
L
! !0"" decays [45] are represented in the SM as

B(K+ ! !+"") = ( 5.30 " 10!11 ) · C!"" " [ (#0 # #)2 + $2 ] (3)

and

B(K0
L
! !0"") = ( 23.2 " 10!11 ) · C!"" " [ $2 ] , (4)

respectively, where

C!"" $ [
B(K+ ! !0e+")

4.87 " 10!2
] " [

|Vcb|
0.0415

]4 " [
X(xt)

1.529
]2 , (5)

X(xt) is the Inami-Lim loop function [46] with the QCD correction, xt is the square of the
ratio of the top to W masses. #0 in B(K+ ! !+"") 6 is estimated to be % 1.37. Long-
distance contributions are negligible, and the hadronic matrix elements are extracted from
the K+ ! !0e+" decay. The theoretical uncertainty in B(K+ ! !+"") is 7% from the
charm-quark contribution in the next-to-leading logarithmic(NLO) QCD calculations in #0 and
would be reduced by performing a next-to-NLO calculation, while the theoretical uncertainty
in B(K0

L
! !0"") is only 1-2%. With the #-$ constraints from other kaon and B decay

experiments, the SM prediction is (7.8±1.2)"10!11 for B(K+ ! !+"") and (3.0±0.6)"10!11

for B(K0
L
! !0""). New physics beyond the SM could a!ect these branching ratios [47, 48, 49],

and the # and $ (and sin 2%1) determined from K ! !"" and those from the B system would
be di!erent [50]. Since the e!ects of new physics are not expected to be too large, a precise
measurement of a decay at the level of 10!11 is required.

The E787 and E949 collaborations for K+ ! !+"" and related decays measure the charged
track emanating from K+ decays at rest. The !+ momentum from K+ ! !+"" is less than
227MeV/c, while the major background sources of K+ ! !+!0 (K+

!2, B=21.2%) and K+ !
6The departure of !0 from unity, without which the branching ratio should be proportional to |Vtd|2, measures

the relative importance of the internal charm-quark contributions.
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Summary of the irreducible theoretical uncertainties :  

total BR 
withinSM

(central value)

3!10–11

8!10–11

3.5!10–11

1.5!10–11

KL ! #0 $$       > 99% 1%  

K+! #+ $$       88%   3%   

KL ! #0 e+e"       38%      15%     % 10%  

KL ! #0 µ+µ"      28%      30%     % 15%  
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of the CKM parameters [1]. The comparison of this uni-
tarity triangle with the one from B physics offers a strin-
gent and unique test of the SM. In particular, for
B!K" ! !"" !"# and B!KL ! !0" !"# close to their SM
predictions, one finds that a given uncertainty #!Pc# trans-
lates into

#!jVtdj#
jVtdj

$ %0:41
#!Pc#
Pc

; (5)

#!sin2$#
sin2$

$ %0:34
#!Pc#
Pc

; (6)

#!%#
%

$ %0:83
#!Pc#
Pc

; (7)

with similar formulas given in [3]. Here Vtd is the element
of the CKM matrix and $ and % are the angles in the
standard unitarity triangle. As the uncertainties in Eqs. (3)
and (4) coming from the charm quark mass and the CKM
parameters should be decreased in the coming years it is
also desirable to reduce the theoretical uncertainty in Pc.
To this end, we here extend the NLO analysis of Pc
presented in [8,9] to the next-to-next-to-leading order
(NNLO). This requires the computation of three-loop
anomalous dimensions of certain operators and of certain
two-loop contributions.

The main components of the NNLO calculation [20],
which aims at resumming all O!&n

s ln
n&1!'2

W='
2
c#" loga-

rithms in Pc, are (i) the O!&2
s# matching corrections to the

relevant Wilson coefficients arising at 'W , (ii) the O!&3
s#

anomalous dimensions describing the mixing of the
dimension-six and -eight operators, (iii) the O!&2

s# thresh-
old corrections to the Wilson coefficients originating at 'b,
and (iv) the O!&2

s# matrix elements of some of the opera-
tors emerging at 'c.

Conceptual new features in our NNLO calculation are
(a) the appearance of the vector component of the effective
neutral-current coupling describing the interaction of neu-
trinos and quarks mediated by Z-boson exchange, (b) the
presence of anomalous triangle contributions which make
it necessary to introduce a Chern-Simons operator in order
to obtain the correct anomalous Ward identity involving
the axial-vector coupling of the Z boson, and (c) the ex-
istence of nontrivial two-loop matching corrections to the
Wilson coefficients of the current-current operators at the
bottom quark threshold.

To determine the contributions of types (i), (iii), and
(iv) one must calculate two-loop Green functions in the full
SM and in effective theories with five or four flavors.
Sample diagrams for steps (i) and (iv) are shown in the
left and right columns of Fig. 2. The contributions (ii) are
found by calculating three-loop Green functions with op-
erator insertions. Sample diagrams with a double insertion
of dimension-six operators are shown in the center column
of Fig. 2. The corresponding three-loop amplitudes are

evaluated using the method that has been described in
[22,23]. A comprehensive discussion of the technical de-
tails of the matching, the renormalization of the effective
theory and the actual calculation will be given in [20].

Having described the general steps of our calculation,
we now present our results. Using the general RG formal-
ism [23,24], we find at the NNLO

Pc $ 0:371% 0:009theor % 0:031mc
% 0:009&s

$ !0:37% 0:04#
!
0:2248

(

"
4
; (8)

where the final error is fully dominated by the uncertainty
in mc!mc#. Comparing these numbers with Eq. (3) we
observe that our NNLO calculation reduces the theoretical
uncertainty by a factor of 4.

As can be nicely seen in the lower plot of Fig. 1, Pc
depends very weakly on 'c at the NNLO, varying by only
%0:0047. Furthermore, the three different treatments of &s
affect the NNLO result by as little as %0:0005. The three-
loop values of &s!'c# used in the numerical analysis have
been obtained with the program RUNDEC [19]. The theo-
retical error quoted in Eq. (8) includes also the dependence
on 'b and 'W of %0:0028 and %0:0007, respectively. The
presented scale uncertainties correspond to the ranges
given earlier.

Using Eqs. (1), (2), and (8) the result in Eq. (4) is
modified to the NNLO value [21]

B!K" ! !"" !"# $ !7:96% 0:49Pc
% 0:84other# ' 10&11

$ !8:0% 1:1# ' 10&11: (9)

Employing Eqs. (5)–(7) the reduction of the theoretical
error in Pc from %10:1% down to %2:4% translates into
the following uncertainties:

FIG. 2. Examples of Feynman diagrams arising in the full SM
(left column), describing the mixing of operators (center col-
umn), and the matrix elements (right column) in the Z-penguin
(upper row) and the electroweak box (lower row) sector. Only
the divergent pieces of the diagrams displayed in the center
column have to be computed, while the Feynman graphs shown
on the left- and right-hand sides are needed, including their finite
parts.

PRL 95, 261805 (2005) P H Y S I C A L R E V I E W L E T T E R S week ending
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標準模型 での K ! !""̄

NNLO QCD



KEK-E391a TN-152
version 1.0: January 19, 2004

revised on: April 19, 2004

KEK Experiment 391a
Technical Note No. 152

Note on the history of the Grossman-Nir limit
Takeshi K. Komatsubara (KEK-IPNS)

Abstract

This note explains the changes of the Grossman-Nir upper limit
on the branching ratio for KL ! !0""̄ from 1.1" 10!8 in the original
paper [1] to 1.7 " 10!9 in a recent preprint [2]. A new limit 1.4 "
10!9 base on new results from the BNL-E949 experiment [3] is also
explained. A table for summary is given in the last section.

1 The Grossman-Nir Limit

Y.Grossman and Y.Nir, in their paper titled “KL ! !0""̄ beyond the Stan-
dard Model” in April 1997 [1], pointed out a model-independent relation
of:

ris "
!(KL ! !0""̄)

!(K+ ! !+""̄)
= sin2# ,

where ris is a breaking factor to the isospin symmetry relation A(KL !
!0""̄)/A(K+ ! !+""̄)=1/

#
2 used in deriving the relation, and # is the

relative CP-violating phase between the K-K̄ mixing amplitude and the s!
d""̄ decay amplitude. Using ris=0.954 in [4] by Marciano-Parsa, the lifetime
ratio $KL/$K+=4.17, and sin2# $ 1, we have a model-independent upper
limit to the ratio of two Branching Ratios of:

BR(KL ! !0""̄)

BR(K+ ! !+""̄)
<

$KL

$K+
" 1

ris
= 4.371... % 4.4 .

1
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Though the BNL E787 experiment has succeeded in observing two sig-
nal events of the K+ ! !+""̄ decay [5], the measured branching ratio 1

1.57+1.75
!0.82 " 10!10 has large statistical uncertainties. To be conservative, the

90% Confidence Level (C.L.) Upper Limit UL90%(K+ ! !+""̄) is usually
adopted and an upper limit on the branching ratio for KL ! !0""̄ is calcu-
lated to be:

BR(KL ! !0""̄) < 4.4 " UL90%(K+ ! !+""̄) .

This theoretical upper limit has been called the Grossman-Nir (GN) limit.
Reminder: this model-independent limit is a crude one. For example,

Standard-Model predictions to the two branching ratios in [6] 2 are:

BR(K+ ! !+""̄)SM = (0.77± 0.11)" 10!10

and
BR(KL ! !0""̄)SM = (0.26± 0.05)" 10!10 ,

while the GN limit calculated from BR(K+ ! !+""̄)SM , 3.4 " 10!10, is an
order of magnitude larger than BR(KL ! !0""̄)SM .

2 Limit in GN’s original paper

GN’s original paper [1] was published before E787 published, in September
1997, the first evidence for K+ ! !+""̄ [7] based on the one signal event
from their 1995 dataset. GN took a limit UL90%(K+ ! !+""̄)=2.4 " 10!9

from E787’s datasets from 1989 to 1991 3 in [8] and calculated the GN limit
to be 1.1" 10!8.

3 Limit with E787’s 1995 dataset

If the one event in [7] is due to K+ ! !+""̄, the branching ratio is 4.2+9.7
!3.5"

10!10 from the Single-Event Sensitivity (S.E.S.) of 4.19 " 10!10. Assuming

1The errors in the E787 publications on K+ ! !+""̄ always represent the 68% Confi-
dence Level interval (“±1#”).

2With these branching ratios, the relative CP-violating phase $ is calculated to be 16.1
degree (sin2$=0.0773 and sin$=0.278).

3These are with their “phase-1” detector before the major upgrades from 1992 to 94.

2

< 32.2 ! 10
!11

1.4 ! 10
!9

Grossman-Nir  bound     PLB 398, 163 (1997)
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Abstract

We calculate the most interesting rare and CP-violating K and B decays in the

Littlest Higgs model with T-parity. We give a collection of Feynman rules includ-

ing v2/f2 contributions that are presented here for the first time and could turn

out to be useful also for applications outside flavour physics. We adopt a model-

independent parameterization of rare decays in terms of the gauge independent

functions Xi, Yi, Zi (i = K,d, s), which is in particular useful for the study of the

breaking of the universality between K, Bd and Bs systems through non-MFV in-

teractions. Performing the calculation in the unitary and ’t Hooft-Feynman gauge,

we find that the final result contains a divergence which signals some sensitivity

to the ultraviolet completion of the theory. Including an estimate of this contribu-

tion, we calculate the branching ratios for the decays K+ ! !+""̄, KL ! !0""̄,

Bs,d ! µ+µ!, B ! Xs,d""̄, KL ! !0#+#! and B ! Xs,d#+#!, paying particular

attention to non-MFV contributions present in the model.

The main feature of mirror fermion e!ects is the possibility of large modifi-

cations in rare K decay branching ratios and in those B decay observables, like

S!" and As
SL, that are very small in the SM. Imposing all available constraints

we find that the decay rates for Bs,d ! µ+µ! and B ! Xs,d""̄ can be enhanced

by at most 50% and 35% relative to the SM values, while Br(K+ ! !+""̄) and

Br(KL ! !0""̄) can be both as high as 5 · 10!10. Significant enhancements of the

decay rates KL ! !0#+#! are also possible. Simultaneously, the CP-asymmetries

S!" and As
SL can be enhanced by an order of magnitude, while the electroweak

penguin e!ects in B ! !K turn out to be small, in agreement with the recent

data.

hep-ph/0610298
JHEP 0701 (2007) 066

1·10
-10

2·10
-10

3·10
-10

4·10
-10

5·10
-10

Br!K!"#!$$%"

1·10
-10

2·10
-10

3·10
-10

4·10
-10

5·10
-10

Br!KL"#
0$$%"

Figure 10: Br(KL ! !0""̄) as a function of Br(K+ ! !+""̄). The shaded area repre-

sents the experimental 1#-range for Br(K+ ! !+""̄). The GN-bound is displayed by the

dotted line, while the solid line separates the two areas where Br(KL ! !0""̄) is larger

or smaller than Br(K+ ! !+""̄).
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Figure 11: Br(KL ! !0""̄)/Br(K+ ! !+""̄) as a function of $K
X , in the general scan

and Scenarios 3, 4 and 6, respectively. The dashed line represents the GN-bound.
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SUSY vs Little Higgs

Problematic quadratic divergences in mH
2

SUSY has a lot of virtues (required at MPl,computable up to MPl,helps GUT)

but also a lot of parameters (~120 in MSSM)

Lack of SUSY signals at LEP constrains the MSSM parameters to be ~fine-tuned

Little Higgs models are low-energy effective theories computable up to ~10 TeV
Little Higgs can have less parameters(~20 in LH with T-parity) but some UV-sensitivity

T-parity makes LH well compatible with ew precision tests, without fine-tuning

S
U
S
Y

Little 

Higgs

global

symmetry

boson-fermion

symmetry

Coupling relationships

due to:

(same statistics)

heavy partners

(different statistics)

super-partners

Quadratic divergences

canceled by:

Little

Higgs
SUSY

A.J.Buras & C.Tarantino @CKM2006

R-parity
T-parity

mirror
fermion



誰が - J-PARC E14 collaboration
•日本

• KEK

• Inagaki, Komatsubara, Lim, 
Watanabe, ...

•京都大学

• Nanjo, Nomura, Sasao, ... 

• NDA

• Matsumura, Shinkawa, ...

•大阪大学

• Yamaga, Yamanaka, ...

•佐賀大学

• Suzuki, Kobayashi, ...

•山形大学

• Iwata, Tajima, Yoshida, ...

•米国

• Arizona State Univ

• Univ of Chicago

• Univ. of Michigan, Ann Arbor

•ロシア

• JINR

•台湾

• National Taiwan Univ

•韓国

• Pusan National Univ

• Univ of Seoul

• CheonBuk National Univ

[new to the J-PARC experiment]

Stage-1 (scientific) approved 
by PAC in 2006



どこで - J-PARC ２００６年１２月撮影
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図 1.15: T1標的

1.3.3 実験予定
J-PARC E14 実験は平成 20年 12月に最初のビームが取り出されビームラインの性能評
価実験が行われる。そのときのビーム強度は設計ビームの 1/1000である 1011ppp程度が
予想されており測定項目はビーム形状、ビームコア／ハローのエネルギー分布とFlux、お
よび !線、ミューオンと熱中性子の Fluxである。その実験データの解析を行い本実験の
ビームライン設計に反映させ平成 22年から KL ! "0##̄稀崩壊分岐比測定実験を行う予
定である。

20

J-PARC開始初期（Phase 1）に
first observation を目指す = “Step 1”



3.3 基本設計
GEANT4で Simulationをする際、基本的なセットアップを図 3.2に示す。今回のビーム
ラインシミュレーションは標的からコリメータまでのフルシミュレーションではなくコリ
メータの最適化を優先的に行った。

21m

16m
11m

7m

collimator
collimator

detector

0

20m

neutron  Target

Beam line
(a)

(b)

(c)

(d)

図 3.2: GEANT4 基本セットアップ

• 粒子発生条件
-粒子は targetの位置で発生させる。
-粒子発生点の拡がりは直径 10 cmの円と 18.2 mm! 2 mmの長方形という 2つの方
式で行った。
-発生した粒子の方向はビーム発生点から Beam lineに対し-10 ～10 mrad の範囲で
均一に分布させた。発生させたビームはコリメータの直前でビーム軸の中心から半
径 2 cm以内の粒子を用いた。この範囲外のビームからはコリメータを通過しない
ということと計算時間の短縮のためにこの条件を設定した。これにより約 40 %の計
算時間をカットできた。
-入射させるビームは中性子である。それは本研究で考える背景事象は中性子により
生成されるためである。また、その運動量分布はターゲットのシミュレーションに
よって図 3.3[9]のようになっている。そのビームに近い分布をプログラムで生成さ

33

どのようにして - 

1. 中性ビームライン のデザイン（Monte Carlo）

• Fast Geant4-MC to 
try various collimator 
configuration

+-9mm

ターゲットから下流に

野村卓美（山形大）et al.
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図 3.5: 設計 No 1 : (a)は No 1のコリメータの形状であり、縦軸がビーム軸からの距離、
横軸がビーム方向の距離である。赤の線はターゲットからコリメータの淵に当たる線であ
り、青の線は C1のコリメータに当たった場所から飛び出し部分に当たるような線 (b)は
ターゲットから 21 mの場所での中性子の分布であり、縦軸が中性子の密度、横軸がビー
ム軸からの距離である。黒の分布は検出器に入ったすべての中性子である。(赤は C1コ
リメータで散乱した粒子の分布、青は C2コリメータからの分布である。)(c)はハローと
なった粒子が最後に散乱した位置であり横軸がビーム軸方向、縦軸がビーム軸からの距
離である。(d)は検出器で見た粒子の運動エネルギー分布であり横軸がビーム軸からの距
離、縦軸が運動エネルギーである。
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Collimator No.33
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図 3.8: 設計 No 33 : (a)は No 33のコリメータの設定 (b)はターゲットから 21 mの場所
での中性子の分布である。(a)(b)共に各軸は図 3.5と同義である。(c)はハローとなった
粒子の位置のであり横軸がビーム軸方向、縦軸がビーム軸からの距離である。(d)は検出
器で見た粒子の運動エネルギー分布であり横軸がビーム軸からの距離、縦軸が運動エネル
ギーである。

図 3.8は No 33のコリメータ形状と結果である。
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initial

#33

scattering at 1st collimator 

scattering at 2nd collimator 

(preliminary)



• Comparing 

  - Geant 3
      with G-FLUKA
                 (E391a) 
  - Geant4

  - genuine FLUKA 

for target/beamline simulation

• G4 full-blown simulator is ready.

Under studying

• Optimization of collimation, detector configuration
– Yamagata Univ., KEK, Kyoto Univ.

• Comparison between hadronic packages
– Arizona Univ.

• Large statistics of target simulation
– NDA, Arizona Univ., Kyoto Univ.

• Momentum spectrum of halo neutrons
– Yamagata Univ., KEK

• Aim at finishing by fall, 2007

4 GeV neutron enter Pb block

FLUKA

G3-Gheisha

G4-QGSP

G4-QGSP-Bertini

We will also run the collimator simulation using genuine FLUKA, since
there are significant di!erences in the production cross sections and angle
distributions between FLUKA, GEANT3, GEANT4-QGSP, etc..

The work is also in progress to compare di!erent simulation packages
against the result of E391a beamline survey.

Once the collimator design is chosen with the quick simulation, we will
then implement the design to the full-blown simulation and start detailed
studies. Fig. 8 shows that we have already implemented current temporary
beam-line design and the detector geometries into GEANT4.

Figure 8: Top: J-PARC neutral beam line installed to GEANT4; middle:
J-PARC KL detector installed to GEANT4; bottom: an example of full
beam-line simulation by GEANT4.

11



どのようにして - 

2. 測定器システム
• E391a 測定器を移設／改造

• CsI calorimeter

•読み出し: waveform digitization

• photon veto in the beam

K
0
L

γ

γ

3.2. DETECTOR ELEMENT 27

Figure 3.6: An overview of the electromagnetic calorimeter. It consists of 576 CsI crystals
and 24 Sandwich modules.
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Figure 3.7: Schematic drawing of CsI crystal and associated equipments.

CsI of E391a



E391a 測定器 の解体作業 @東カウンターホール



Calorimeter

• 7cm x 7cm x 30cm (16 r.l.)
CsI blocks for E391a  (576 ch)

• 2.5cm x 2.5cm x 50cm (27 r.l.) 
or 5cm x 5cm x 50cm
CsI blocks from KTeV  (2816 ch)

3.2. DETECTOR ELEMENT 27

Figure 3.6: An overview of the electromagnetic calorimeter. It consists of 576 CsI crystals
and 24 Sandwich modules.
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KTeV CsI による改善
• photon isolation

• x8 bkg reduction

• energy resolution  (punchthrough)

• suppress n bkg
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C
ou

nt
s

w/E391a fusion 
cut

w/KTeV CsI

w/o fusion cuts

Requirement of beam line

• To reduce CC02 events

• At E391a (Run-II)

– Nnhalo_cc02/Ncoren = 5.5X10-4

– ~100 events w/o vertex cuts.

• At the step-1

– Vertex cut : 3.7X10-5 

(4X10-2 @ Run-I 1-week)

– Softer momentum:0.13

– Ncoren (En>1.GeV) = 6.2X1014

– For NBG=0.1

• Nhalo_cco2/Ncoren = 3.4X10-4 

E391a(16X0)

E14(27X0)

Reconstructed vertex of !0

produced at fixed target (M.C.)



KTeV CsI を
 Fermilab から借り受ける
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plays a large role, is the top priority for the panel, 

together with the ILC. 

An October report, written by the Particle 

Physics Project Prioritization Panel, gives 

recommendations for the next few years of 

particle physics projects. "The P5 Roadmap" 

has ramifications for particle physics in 

general, and specifically for Fermilab. 

Fermilab Today asked P5 Chair Abe Seiden, a 

UC Santa Cruz physicist, to describe the 

basics of the report, and how the important 

points relate to Fermilab. He broke the report 

down into three top priorities: 

1. The LHC and ILC R&D are the number one 

priority. "We eventually hope to build the ILC 

at Fermilab--though that's a bit downstream," 

said Seiden. "For now we want to successfully 

complete the R&D so we can move ahead at 

the end of the decade. And, of course, 

Fermilab already plays a large role in the 

LHC." 

2. Three small experiments are part of the 

second-priority category of the report: the 25 

kg Cryogenic Dark Matter Search experiment, 

which Seiden says is "basically the next step 

for CDMS;" the Dark Energy Survey; and the 

Daya Bay neutrino experiment in China. 

Fermilab is heavily involved in the first two of 

the three. R&D for JDEM--a dark energy 

space mission supported by DOE and NASA--

and the LSST, which Seiden says is the next 

step beyond the Dark Energy Survey, are also 

in the second priority grouping. National 

Science Foundation R&D funding for DUSEL--

the Deep Underground Science and 

Engineering Laboratory--and both a large dark 

matter experiment and a neutrinoless double 
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Future collaborations II

 
Pier Oddone and Atsuto Suzuki, Director of KEK. 

Last Tuesday we were hosted by Director 

Atsuto Suzuki and his management team at 

KEK. We had a full day of visits and 

discussions exploring areas where we can 

come together in future collaborations. KEK is 

an impressive laboratory: it has built and 

operates the highest luminosity asymmetric B-

factory in the world, it has pioneered the 

development of synchrotron-based light 

sources in Japan and operates one in the 

Tsukuba site of KEK, it is a partner with the 

Japanese Atomic Energy Agency (JAEA) in 

building the J-PARC complex, it has pioneered 

the development of the low emittance damping 

rings that are necessary for the ILC and today 

it is moving very rapidly to apply its 

considerable superconducting RF expertise, 

developed in previous projects, to the ILC. 

Looking toward the future, KEK is a principal 

participant in the development of the ILC and 

shares in common with Fermilab the 

development of the superconducting linac. 

Beyond the ILC, KEK has ambitious plans to 

upgrade the KEK-B asymmetric B-factory to 

the once unimaginable luminosity 

of 1036 cm-2 sec-1, build a recirculating linac x-

ray source of unprecedented brilliance, and 

upgrade the J-PARC complex to provide the 

most intense (4 MW) proton beams in the 

world for the neutrino program and rare 

decays. How many of these projects will take 

place--and on what time scale--depends 

partially on the timing of the ILC and where the 

ILC is eventually built. 

On Wednesday we were fortunate to be able 

to visit our longstanding CDF collaborators at 
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• Fermilab Director, Dr. Oddone,
visitd KEK and 
had a tour of E391a experiment 
on November 21, 2006.

• We were being told on December 1
by Dr. Oddone that
“There is no reason why we can’t have 
the KTeV CsI for E14”
and he urged us to work with KEK/Fermilab
to initiate the proper transfer.

Fermilab Today

進行中



出力波形　を記録する
waveform digitization of detectors

• for high performance in high rate environment

•要求される事項：

• Triggerable pipeline DAQ

• Wide dynamic range: 0.1MeV - 2GeV
 (>4 orders of magnitude)

•  <1ns time measurement

• for ~4000 channels 
 (2576 ch for the CsI calorimeter)

• at high performance/cost

Figure 2.16: Pulses recorded in the End Cap CCD. The first pulse is due to an early
accidental hit and the second pulse is due to the photon from K!2 decays.

roughly one-third of the 4! sr photon coverage. The End Cap is exposed in a high
counting-rate environment near the beam line; beam particles cause many hits that are
not coincident with kaon decays. These hits from beam particles may mask photons
from K!2 decays in the case that an accidental hit arises earlier than the photon hit (see
Figure 2.16). The upstream End Cap detector consists of 75 undoped Cesium Iodide
(CsI) crystals segmented to the four rings (13, 14, 21 and 27 crystals from the inner to
outer rings, respectively), and the downstream End Cap detector consists of 68 crystals
in the four rings (11, 13, 19 and 25 from inner to outer rings, respectively). A total of 143
crystals with a pentagonal cross-section are used (Figure 2.17). Each crystal has a length
of 25 cm (13.5 radiation lengths) and the whole End Cap detector is designed to minimize
photon escape through its radial cracks. Fine-mesh PMTs [37], which maintain high gains
in strong magnetic fields, are attached directly to the crystals to achieve e!cient light
collection (Figure 2.17). Only the fast component of the CsI light output with a decay
time of a few tens of nanosecond at a wavelength of 305 mm is selected by ultraviolet (UV)
transmitting optical filters. The PMT signals are read out by ADCs, TDCs, and CCDs.
The pulses recorded in the CCDs are used to separate two pulses close in time by using
a pulse-finding algorithm, which can reduce accidental vetoes and photon ine!ciencies.

There are other photon detectors. The Collar, Microcollar, Upstream Photon Veto
(UPV), Downstream Photon Veto (DPV), and Ring Veto (RV) are located around the
beam line and cover the region with small angles around the beam line. They can detect
photons that are emitted toward the beam line and which can not be detected by the BV,

28

500MHz digitization
(BNL-E787 CsI endcap)



Waveform digitization design

• Designed by Univ of Chicago Electronics Shop

• Basic idea: 

• Good E and t resolution with lower frequency

Input Output

Simulation
The Input is assumed as  one exponential function at the rising edge and two 

exponential functions at the falling edge. The electronics simulation was done 

by Accusim(SPICE)

The output is fitted using the 8ns sampled points.

To study the performance I randomize each sampled points by a term of

Sqrt(E*30)/(E*30)*value_at_the_point.
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Digitize by 14bit 
125MHz FADC

originally for
ATLAS

 tile calorimeter

as 
“shaper”

The low-gain channel uses the amplifier in a unity-
gain configuration and is followed by a gain of 1/2
differential output driver.

The output drivers employ the Burr-Brown
OPA4650. This quad, low power, wide-band
voltage feedback op amp is used in a cross-coupled
differential configuration giving high common-
mode rejection and complementary outputs. The
differential gain is set by a single resistor ratio
(R48/R47 for the low-gain channel and R63/R62
for the high-gain channel). There is no need for
side-to-side resistor matching.

Fig. 3 shows the circuit response to a PMT
signal of 200 pC. The input pulse shape has been
obtained from a prototype calorimeter in a test
beam using a digital oscilloscope. This input
charge corresponds to an energy deposition in a
single calorimeter cell of !360GeV. The output
pulse is quasi-Gaussian with a FWHM of 52 ns
and a peak 68 ns after the input pulse. Since the
pulse shaping is done by a purely passive network
the circuit is extremely linear. This has been

verified by SPICE simulations as well as tests with
the final PCBs. Monte Carlo simulation studies
have also been done to estimate the sensitivity of
the gain to component tolerances. For the
tolerances given in Fig. 2 and used for construc-
tion the RMS variation in output amplitude from
board to board is expected to be !0:2%.
A simulation study has been done to estimate

the sensitivity of the output pulse amplitude to
changes in the input shape. Varying the fall time of
the input pulse by "5 ns (17%) for a constant total
charge results in a #2:8% and $2:0% change in
the magnitude of the peak sample, for sampling
synchronized to the timing of the input pulse. Such
a change in fall time for the input pulse results in a
"1:5 ns shift in the time of the output peak. This is
easily detectable from the samples at the 50%
points of the signal and hence a first-order
correction could be applied if necessary. A future
paper will report on an investigation of pulse
shape variations using PMT signals from a
calorimeter in a test beam.

ARTICLE IN PRESS

Fig. 2. Schematic of pulse shaping and output section of the 3-in-1 card.

K. Anderson et al. / Nuclear Instruments and Methods in Physics Research A 551 (2005) 469–476472

passive  (in vacuum)



Double pulse resolution

• Can resolve 200MeV and 40MeV pulses with >20ns apart
Example of two pulse input and output

Two pulse separation

Fitted peak position differences v.s. different input time separation.

200Mev:40Mev

For Large pulse:Small pulse = 5:1, The plots show that when two hits come in closely 

in the same block, a separation of 40ns for low energy and 20ns for high energy will 

be resolved by our scheme .

10Mev:2Mev

Δt of input pulses

Δt
 o

f fi
tt

ed
 p

ul
se

s

0 100ns

0

100ns

200MeV

40MeV



In-beam photon detection

γ

γ
Beam Hole
 Photon Veto
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いつ - スケジュール （Step1 にむけて）

• JFY 2007

• preparation of the beam line and detector upgrade

• Design and make 100 channel system for CsI readout

•     --> Beam test at Fermilab test-beam facility

• Test shipment of CsI crystals to Japan

• JFY 2008

• Ship rest of the CsI crystals to Japan

• Make rest of the boards for CsI and photon veto detectors

• Beam survey at the end of JFY2008

• JFY 2009

• Assemble detector

• JFY2010

• Start experiment



• What　稀崩壊　　　　　　　　　

• Why　標準模型を越える物理の フレーバー構造 を探索

• Who　J-PARC E14 collaboration 

• Where　J-PARC 

• When　初期に、初めての観測を目指す = Step 1

• How　
      ペンシルビーム + CsIカロリメータ + waveform digitization + photon veto

まとめ: 

KL ! !0""

Conclusions

 G. Isidori –  Rare K decays within & beyond the SM         KEKTC6 – Feb 2007

Which is the scale of flavour symmetry breaking?
Are there new sources of flavour-symm. breaking beyond the Yukawa?

Short-distance dominated rare K decays are a key ingredient to answer 
these fundamental questions and, more in general, to explore the flavour 
structure of physics beyond the SM

LHC will “kill the penguins”
revealing the “anatomy of the internal constituents”

but this is not enough,

we also need to carefully study “penguin ethology” 
via dedicated rare-decay experiments
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