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• physics motivation  [  talks  by  G. Isidori,  L. Littenberg,  I. Bigi  ]

• KEK 12GeV PS   (1977 - 2005)   and    J-PARC  (2008 -)

- site  /  accelerators  /  facilities

•  

• T-violation in 

•
 - how we do these measurements at J-PARC:  
    Hadron Experimental Hall  for kaon physics 

Outline                       [in 24 slides, 20 minutes]

K
0
L → π

0
νν̄

K
+
→ π

0
µ

+
ν

K
+
→ π

+
νν̄



• K2K   long-baseline neutrino:    data taking completed

• E391a                        :    running !  [Nov - Dec 12, East Hall]

• hadron/nuclear experiments are scheduled.   [ - Dec 28, North Hall]

KEK 12GeV PS experiments,   by Dec 2005

K
0
L → π

0
νν̄

Fast Ext Slow Ext

t o

East Hall

ν Beamline or

North Hall

protons per pulse 6.5 2.5 ×1012

beam spill 1.1 micro 2.0 sec

cycle every 2.2 every 4.0 sec

operation in a year 6 2∼4 months

1



Japan Proton Accelerator Research Complex

JAERI and KEK Joint Project

(Japan Atomic Energy Research Institute)

• at the Tokai site of JAERI

• 70km north of Narita Airport,

• 50km northeast of KEK,

80 minutes to drive

• KEK “Tokai campus” was

established (April 2005)

Takeshi K. Komatsubara (KEK-IPNS) 4 K+ Physics at J-PARC

http://j-parc.jp/

JAEA  and KEK joint project                          
(Japan Atomic Energy Agency)              

( Do not forget a hyphen  between “ J ” and “ PARC ” . )
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J-PARC 50GeV-PS operation (Slow Ext)

KEK-PS AGS J-PARC

Phase-1 (mod ?)

proton energy 12 24 30 30 GeV

protons per pulse 2.5 65 200 100 1012/spill

cycle 4.0 6.4 3.42 >4.42 sec

average current 0.1 1.63 9.5 <3.6 µA

beam spill 2.0 4.1 0.7 >1.7 sec

duty factor 50 64 20 >39 %

instantaneous rate 1.3 16 286 <59 1012/sec

Takeshi K. Komatsubara (KEK-IPNS) 8 K+ Physics at J-PARC
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kaon decay experiments at KEK/J-PARC

penguin with       -footed
(taken out of the P326 logo ...)

ν

KL->π0vv

(spin)

(angular distribution)



E391a http://www-ps.kek.jp/e391/ at E-Hall

the first experiment dedicated to K0
L → π0νν̄

• Japan: KEK, Saga, Yamagata, RCNP, Osaka, NDA, Kyoto

• Russia: JINR

• USA: Chicago

• Taiwan: TNU

• Korea: Pusan

Takeshi K. Komatsubara (KEK-IPNS) 4 @INFN Frascati, 9 June 2004



KL
Pt target

pencil neutral beam line

(6 collimators)

12GeV proton

detector

Experimental method

• detect 2g from pi0 decay + require no other particles

(2) reconstruct decay vertex asuuming
     M2g=Mpi0

(3) require missing Pt and decay vertex 
     in the fidutial region

the CsI 

calorimeter

avr. P
KL

 ~ 3GeV

n/K ~ 60

(1) measure gamma
     hit position and
     energy

P
T

Z
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signal region

• Pencil  beam

• typical size ~4cm @CsI(6m from exit of beam-line)

• keep a good transverse momentum resolution

• Hermetic photon veto 

• reject a background from                   where two 
photons are missed

• Vacuum

• Evacuate decay region 

• avoid neutron interaction with air

• Decay region : 10-5 Pa

• Detectors under low vacuum(~0.1Pa) region 
which is separated by thin material
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Status and Prospects of E391a

• Run-1 (Feb-July / 2004)
10% of the dataset

KL/n

charged

veto

Collar 

Counter

• Analyzed 10% of Run-I full data

1. Understand background sources

• What kind of background sources in 
both signal and side-band regions ?

2. Estimate signal acceptance and the 
number of KL decay

3. Result

Analysis overview

P
T

Z
vertex

signal region

side band region

Final plot

• There are 7 events in the side band region while MC expectation is 9±5 events

• There are no events in the signal region
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improved ～2  from KTeV’s limit  (2000)



Status and Prospects of E391a  (cont.)

• Run-1 (Feb-July / 2004) ...  full-data being analyzed

• Run-II (Feb-Apr / 2005) 
 The problem was fixed;  better quality (and larger acceptance)

• Run-III (Nov.1-Dec.12 / 2005)
 already taking physics data, the same quality as Run-II

Neutron backgrounds(1) : core neutron
• Problem : The membrane was partially hanging in the beam. Neutron in the 

beam hitting the membrane produced secondary particles (z=550cm)

• Three background sources

• single pi0 event

• multiple pi0 event

• eta event

a photo of the membrane
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Neutron backgrounds(1) : core neutron
• Problem : The membrane was partially hanging in the beam. Neutron in the 

beam hitting the membrane produced secondary particles (z=550cm)
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goal of E391a:    Grossman-Nir limit ( 1.4 × 10
−9 )
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• merits of J-PARC experiments
- higher energy,  <PK>=2.1 GeV/c
    efficient photon detection,  lower n/K (～10)

- larger K flux

• upgrades of the E391a detector
- CsI calorimeter with smaller blocks (of longer crystals)
- thicker photon-detection counters
- new detector prototypes

good linearity found in the test confirmed that the
energy response can be expressed by a single
parameter of the gain factor to a good approxima-
tion. After mounting CsI crystals in the experi-
mental area we made an in situ calibration of the
energy and hit timing by using cosmic ray and
punch-through muons. Refinements of these gain
constants were made by using the p0 production
data from the aluminum target in a special run.

In this report we mainly describe these calibra-
tion procedures of the CsI calorimeter and the
obtained results.

2. CsI calorimeters

2.1. Setup

The arrangement of the CsI crystals in a support
cylinder is shown in Fig. 2. Surrounding the
neutral beam of 6 cm in diameter a collar counter
(CC03), which is made of tungsten and scintillator
plates, is placed. Next, 24 CsI modules of
5! 5! 50 cm3 [6] are arranged. Since these crystals
are borrowed from the KTeV group we call them
KTeV CsI. After these, 496 CsI crystals of size
7! 7! 30 cm3 (main CsI) [7] are stacked. At the
periphery of the cylinder 56 CsI modules of a
trapezoidal shape and 24 modules of a lead-
scintillator sandwich fill the gap. These modules
are stacked with a space of less than 100 mm
between each other by applying pressure from
both the horizontal and vertical directions. A

photograph of the CsI stacking process is shown in
Fig. 3.

2.2. Undoped CsI calorimeter module

Schematic drawings of two types of CsI
modules, the main CsI and the KTeV CsI, are
shown in Fig. 4.
Since these modules are operated in a vacuum

we modified the HV divider so as to (1) reduce any
heat dissipation and to (2) reduce heat conduction
from the divider to the PMT and CsI crystal. For
(1) we decreased the divider current. For (2) we
took a longer space between the PMT tube and the
PC board on which resisters are mounted. The PC
board is contained in a 2mm thick aluminum
cylinder and the inside space is filled with heat-
conductive glue (METACAST 5448 [8]) which is 5-
mm thick. The aluminum cylinder is connected
thermally to the cooling water pipe.
The electric discharge in a vacuum depends on

the arrangement of the HV terminals in the PMT
divider. We measured the pressure dependence of
the discharge voltage for several PMT’s. The
typical result is shown in Fig. 5, where the HV
trip voltage is shown as a function of the vacuum
pressure.
A vacuum pressure of less than 1 Pa is required

for a safe operation of the PMT’s.

ARTICLE IN PRESS

Fig. 2. Arrangement of CsI crystals.

Fig. 3. Stacking process.

M. Doroshenko et al. / Nuclear Instruments and Methods in Physics Research A 545 (2005) 278–295280

Figure 1: Layout of the calorimeter of the J-PARC experiment using the CsI
crystals from KTeV. Smaller and smaller blocks represent the 2.5×2.5×50.0
cm3 crystals and the 5.0×5.0×50.0 cm3 crystals, respectively.

1. Suppress the background events from the origin in which
two photons hit the calorimeter in adjacent positions and
are reconsructed as a single photon.

The main background source to the KL → π0νν decay is the KL →
π0π0 decay, when two out of four photons from two π0’s in KL → π0π0

are missed. One origin of missing photons is the case in which two pho-
tons hit the calorimeter in adjacent positions and are observed as a
single photon, as illustrated in Figure2. The undoped-CsI calorime-
ter used in the currently-running KL → π0νν experiment at KEK
12GeV PS (E391a) consists of 7.0×7.0×30.0 cm3 crystals (496 in to-
tal), which were previously produced and used for an old KEK-PS
experiment (E162); as shown in the blue line in Figure3 the E391a
calorimeter cannot identify two photons that hit it with the distance
less than 15cm. On the other hand, the KTeV calorimeter can easily
identify two photons (Figure4), thanks to the 2.5×2.5×50.0 cm3 crys-
tals, and can identify two photons with the distance of at least 6cm, as
shown in the red line in Figure3. According to the better performance,
Figure5 presents that the calorimeter with 2.5×2.5×50.0 cm3 crystals
can suppress the KL → π0π0 background of this origin by an order of
magniture.

3

sensitivity:   ～2.6 SM events/Snowmass yr/100Tp 

for the first observation



Figure 7: 5σ discovery region (shaded area) and 95% CL upper and lower exclusion

limits (dashed lines) versus running time for the KOPIO experiment. For comparison,

the maximal enhancements of B(KL → π0νν̄) expected in various non-SM scenarios (see

Section 3) are also indicated.

Evaluation of the KOPIO system leads to the expectation that B(KL → π0νν̄) could

be measured with a precision of 10% or better if the SM prediction holds; this would

result in a measurement of |Imλt| < 5%. If non-SM physics results in a larger rate, as

discussed above, the precision on the branching ratio would be correspondingly better.

As the experimental sensitivity increases, in the absence of a positive signal, non-SM

branching ratios closer and closer to the SM can be eliminated. To illustrate the general

situation, it is instructive to use the ultimate reach of an experiment like KOPIO where

a five standard deviation (5σ) discovery could be firmly established for branching ratios

outside the region (0.59 − 1.65) × B(KL → π0νν̄)SM. For shorter runs, the range that

can be explored is somewhat smaller 3. A plot of the 5σ discovery region and of the 95%

CL exclusion limits as a function of running time is given in Fig. 7.

Although specific to KOPIO, this figure illustrates an interesting generic feature
3For example, after the 6000 hours of operation in the present plan for KOPIO, a 5σ discovery could

be made outside the region (0.48 − 1.91) × B(KL → π0νν̄)SM

16

based on   Bryman-Buras-Isidori-Littenberg,  hep-ph/0505171
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E246/E470 http://www-ps.kek.jp/e246/ at N-Hall
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T-violating Pt in K+ → π0µ+ν(B.R.=3.27%) at KEK-E246

P
T • PT ≡ sµ+ × (pπ0 × pµ+)

|pπ0 × pµ+ | : T-odd

→ an observable of CP violation

• spurious Pt from final state int: < 10−5,

Pt due to CPV in the SM is ∼ 10−7

→ sensitive probe of non-SM CPV
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Search for T-violation in K+!!0µ+"

! PT (Standard Model)"~ 10-7

! PT (QED-FSI) ~ 10-6  (Kµ3)

"PT  is a sensitive probe of non-SM CP violation in the range of 10-3 to 10-4

         Multi-Higgs model, R-parity violating SUSY, Leptoquark, …

!  Current limit from KEK E246:  |PT | < 0.0051 (90% C.L.)

!  !PT ~ 10-4 at J-PARC

!!!!!!!!!!"#!!#$"$
%%!µ+ ""#  #&"'(&)"*+'&,-+.

! T-odd correlation

! small final state interaction

P
T
/0     1" T violation

(CPT theorem)  1"CP violation

T-violating Pt in K+ → π0µ+ν(B.R.=3.27%) at KEK-E246

P
T • PT ≡ sµ+ × (pπ0 × pµ+)

|pπ0 × pµ+ | : T-odd

→ an observable of CP violation

• spurious Pt from final state int: < 10−5,

Pt due to CPV in the SM is ∼ 10−7

→ sensitive probe of non-SM CPV
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Predictions on PT
(transverse polarization of  muon)Model predictions of <PT >

      Model                                K+ ! "0µ+#             K+ ! µ+#$

! Standard Model            <10-7                       <10-7

! Final State Interactions          <10-5                                   <10-3

! Multi-Higgs  "          % 10-3                       % 10-3

                                          PT(K+ ! "0µ+#)  &  3 PT(K+ ! "0µ+$)

! SUSY with squarks mixing ""           % 10-3                                % 10-3

                                                         PT(K+ ! "0µ+#)  & - 3 PT(K+ ! "0µ+$)

! SUSY with R-parity breaking                % 4x10-4                           %3x10-4

! Leptoquarks              % 10-2                                 %5x10-3

! Left-Right symmetric model 0            < 7x10-3

!P
T  

(K# "µ# ) and P
T  

(K# µ#$ ) are complementary. 

Imazato @ Kaon2005

I.Bigi’s talk
in the joint session



E246 results on Pt in K+ → π0µ+ν
PRL 93(2004) 131601 (combining all the datasets: 1996-97, 98, and 99-2000)

• Pt = −0.0017 ± 0.0023stat ± 0.0011syst

( |Pt| < 0.50% )

• T-violating physics parameter Im(ξ) ( ξ ≡ f+(q2)
f−(q2) ):

Im(ξ) = −0.0053 ± 0.0071stat ± 0.0036syst

Rare Kaon Decays 10 Takeshi K. Komatsubara (KEK-IPNS)



Phase 1: Sensitivity
Expected Kµ3 sensitivity

_________________________________________________

         E246 upgrade            E246(KEK)
_________________________________________________
K+ beam intensity         106  /s       105  /s
K+ stopping efficiency         0.40                           0.40

Net runtime                     107 s    1.5!107 s
Acceptance       3.8!10-4    5.5!10-5

Number of decays       1.5!109    3.3!107

 fwd/bwd events          5!108    1.1!107

Analyzing power          0.27      0.271
PT kinematic atten.          1.0                           ~0.70

!PT  (only fwd/bwd)    1.67 ! 10-4                 2.3!10-3

!PT  (fwd/bwd+ L/R)    1.13 ! 10-4                         _
_________________________________________________

! Sensitivity to PT (Kµ"#) is still to be estimated according to

    realistic detector conditions, but not so high. 

J-PARC T-violation experiment (K+ decay at rest)
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upgrading the E246 apparatus, in an early stage of J-PARC:

• CsI(Tl) readout

• photon veto system

• additional tracker

• polarimeter system
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J-PARC T-violation experiment (K+ decay at rest)
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upgrading the E246 apparatus, in an early stage of J-PARC:

• CsI(Tl) readout

• photon veto system

• additional tracker

• polarimeter system

Takeshi K. Komatsubara (KEK-IPNS) 15 K+ Physics at J-PARC
or 

new detector for 
T-violation exp. 

(better sensitivity) 



Possible secondary lines in Phase 1

! only small experimental area in Phase 1 (60mWx56mL)
                                      _
! KL beam for KL !!0""

! stopped K+ (K0.8) for K decay T violation etc.

KL beam

 stopped K+ ( a few " 106/s) 

- K0.8  designed by J.Doornbos (2005)
as a branch of the K1.1 line
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Stopped K+ beam in Phase 1

!!Acceptance = 6 msr % !p/p. 

 !!Acc (K1.1) ~ 4 msr % !p/p 
 !      Acc (LESB3) ~ 50 msr % !p/p

! !IK+ ~ ( 1~ a few) " 106/s

! !"+/K+  < 0.5

!     Beam spot :  

!!dx ~ dy ~ 1 cm  << @K5

! K0.8 designed by J.Doornbos (2005)

     as a branch of the K1.1 line for hypernuclear physics

! Single stage DCS channel

    with a vertical intermediate focus

K0.8

K1.1

p

 target

- single-stage DC separator with              
a vertical intermediate focus

not suitable for K+
→ π

+
νν̄



for the ultimate goals of kaon program...
extension of the Hall

  Hall size = 60m (W) x 100 m (L)
  More than 2 target stations

New Spectrometer for breakthroughs (conceptual stage)

≥2 Tesla spectrometer

• momentum resolution

• “compact” detector

– “fiber” stack

– “crystal” barrel

• segmentation

goal: more than 50 SM signal events (BR precision ≤ 20%)

Takeshi K. Komatsubara (KEK-IPNS) 13 K+ Physics at J-PARC

K
+
→ π

+
νν̄

fully optimized KL and K1.1 lines



summary:  kaon program at J-PARC

• new J-PARC accelerators and Hadron Exp Hall
under construction

• kaon decay program:
natural extension of the experiments at KEK-PS
(E391a, E246, ...)

• the experimental studies of 

are unique in quark-flavor physics 
and complementary to the energy-frontier physics
at LHC.   
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