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4clusters @CsI4clusters4clusters @@CsICsI

••Required Required 
•4clusters by CsI calorimeter

• Invariant mass of reconstructed 4�
• Energy of each 4�
• KL Vertex_z

•2muons @B.A.(only PWO info.) & BHCV

Event SelectionEvent Selection

Sample

Selected

4cluster

•KL vertex_z

•Invariant mass of 4�
•Energy of 4�

Required 2muon

@ BHCV & B.A.

Process of analysis

Acceptance & Single Event SensitivetyAcceptance & Single Event Sensitivety��������
KKLL : 3 x 10: 3 x 1088 generated, decay prob. : 2% , Ngenerated, decay prob. : 2% , NKLKL : 3: 3.4.4 x 10x 1099

Acceptance = =                         = 3.9 x 10-4

S.E.S. =                             =                          = 7.5 x 10-7

remaining events

gen. KL x decay prob.

2344

3 x 108 x 0.02

1

NKL x Acceptance
1

3.4 x 109 x 3.9 x 10-4

CutCut conditioncondition

PWO+

BHCV����0����0����+������������0����0X

Decay modeDecay mode

4.3 x 10-76.9 x 10-44174

7.5 x 10-73.9 x 10-42344M(4�) + 
vertex_z

S.E.S.S.E.S.acceptanceacceptance
remainingremaining

eventsevents

• We searched for X(214) We searched for X(214) 

in Kin KLL����������������00 ��������00XX ((XX����������������++��������--)) decay.decay.

• Noise reduction � B.G. events can be rejected.

• Signal event “X(214)” is empty.

••Upper limit Upper limit (@90% CL)(@90% CL)

• Br (KL��0�0X(X��+�-)) < 1.71.7��������1010--66
• Br (KL��0�0�+�-) < 9.99.9��������1010--77

SummarySummary

Cluster
defined as a group of neighboring CsI crystal 

with finite energy deposit

••Hermetic Hermetic vetoveto syssystemtem
• Detectors in beam hole. � BHCV, Back Anti(B.A.)

•• Small QSmall Q--value ( value ( KKLL����00 ��00XX(214)(214)  XX(214) (214) ��!!""!!##))

• 2muon go into the beam direction � Can be detected by beam hole counters.

•�0�0�4$ is detected by CsI calorimeter

•• Using Using RUNRUN full datafull data
• B.A. was upgraded using the fine segmented PbWO4

(PWO) scintillator blocks � Muons can be well identified.

• Momentum can’t be measured. (No magnet in E391a detector)

Search by E391a exp.Search by E391a exp.

%&'(%&'(%&'(%&'())))*+,- './+,01*+,- './+,01*+,- './+,01*+,- './+,01
••22222222002222222200XX(X(X3434343434343434++44444444--) ) && 2222222200222222220044444444++44444444-- M.C. M.C. 

• # of incident KL : 35108 events
•Invariant mass of X : 214.3MeV/c2

•Br 6X7 �8��9:100%

•Decay probability : 2%

••RUNIII RUNIII full datafull data

• KL flux : 3.45109 events

••332222222200 M.C.M.C. (expected to be major B.G. source)

• # of incident KL ;55109 events
(~20% of Run<data)

••222222222200 M.C.M.C.
• # of incident KL : 1.55109 events (=Run<data)

(# of decayed KL in decay volume)

Real 

data

Signal

M.C.

B.G.

M.C.

•• Feed across from major decay modesFeed across from major decay modes

• KL�>0>0 + accidental hit@beam hole counter(BC)

• KL�>0>0>0 (1?missing + 1?hits BC )

• KL�>0>0>0 (2?missing + accidental hit@BC) 

Analyzed SampleAnalyzed Sample

••Search for KSearch for KLL��������
00 00X decay X decay andand 00 00 ++ --decaydecay

•• FCNC process (as well as @"� p !"!# decay)

• Gorbunov and Rubakov suggested that this X particle 

can be searched in the KL � �0�0X decay process

• X can be decayed e+e-, !+!-, $$, AAetcK

• Br = 1.2B10
#8

(Gorbunov and Ruvakov predicted. [PR D73(2006) 035002]   etcK)

SearchSearch
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Selected from CsI Info.Selected from CsI Info.HI JKL
GeV GeV

HI JML
HI JNL HI JOL

GeV GeV
--- P0P0X MC
--- 3P0 MC
--- 2P0 MC
--- RUNIII data

------ PP 00PP00X MCX MC

------ 33PP0 0 MCMC

------ 22PP0 0 MCMC

------ RUNIII dataRUNIII dataVertex_z

cm

KL vertex_z
• z > 200cm

KKLL vertex_zvertex_z
• z > 200cm

• Q0 decayed on Z-axis.

• 2�decayed from Q0.

Measured energy and position 

for each particle at CsI

� Vertex_z can be calculate.

Energy of 4RRRR
•ES(1)>0.25GeV
•ES(2)>0.2GeV
•ES(3)>0.15GeV
•ES(4)>0.12GeVEnergy of Energy of 44RRRRRRRR
•ES(1)>0.25GeV
•ES(2)>0.2GeV
•ES(3)>0.15GeV
•ES(4)>0.12GeV

Assumed

MIPs signal for BHCV & PWO(B.A.)MIPs signal for BHCV & PWO(B.A.)

Accepted from 

0.055TTTT0.15GeV
in each layer to tag 2UAccepted from 

0.0550.055TTTTTTTT0.10.155GeVGeV
in each layer to tag 2UPWO

1
M
I
P
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2
M
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P
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dE/dx of PWO

� 0.03GeV/3cm

1MIPs : 0.03GeV

2MIPs : 0.06GeV

dE/dx of BHCV

�1.956MeV/cm

0.3cm 

� 0.5868MeV 

Accepted more than 

0.8MeV for total energy 

of BHCV to tag 2UAccepted more than 

0.8MeV0.8MeV for total energy 

of BHCV to tag 2UBHCV

• For muon run, we can see MIPs peak clearly.        

Muons can be detected !!

• We also can see MIPs peak for signal M.C..

--- VVVV0VVVV0X MC
--- Muon run

(which muon

only comes

from target)

--- RUNIII data

PWO
(80crystals)

Quartz
(35crystals)

*Radiation length 18.1WWWW0

# of Layer -

Beam

0    1    2    3    4

30mm

30mm

30mm

35mm

Side view

Top view

B.A.

dividerPMT

120mm

245mm

Construction of BHCV & B.A.Construction of BHCV & B.A.

Side view

BHCV

120mm

60mm

Beam

10mm

10mm

Front view

Beam

60mm

3mm

plastic 
(8plates)

•• Hyper CP experimentHyper CP experiment FFermilabermilab..

• XY� p �Y�Z decay

• Invariant mass  M[+[-: 214.3\0.5MeV/c2

• 3 events found

• Data and phase space M.C. are quite different.
[Phys.Rev.Lett.94(2005), 021801]

•• What is What is ““XX”” ??????
• Invariant mass of X is around 214MeV/c2.

• might be Sgoldstino (super symmetry particle) K? [PR D73(2006) 035002] 

• Light higgs boson by the NMSSM [Phys.Rev.Lett.98(2007), 081802]

• Pseudoscalar(spinless) 

Physics MotivationPhysics Motivation

]^_ `abcdef^]^_ `abcdef^g dh dijdeac^j klg dh dijdeac^j kl

mmmm
+
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+
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Invariant Mass of 4Invariant Mass of 4

--- Required only 4cluster
--- + BHCV
--- + PWO(BA) layer(0+1)
--- + PWO(BA) layer(2+3+4)
* NOT include veto & CsI info. cut

--- Required only 4cluster
--- + BHCV
--- + PWO(BA) layer(0+1)
--- + PWO(BA) layer(2+3+4)
* NOT include veto & * NOT include veto & CsICsI info. cutinfo. cut

Invariant mass of 4oooo
• 0.25 ~ 0.3GeV/c2
Invariant massInvariant mass of 4of 4oooooooo
• 0.25 ~ 0.3GeV/c2

signaturesignaturesignature

3p0M.C. 2p0 M.C.
RUNIII 

data
p0p0X M.C. Rejection PowerRejection Power

Cut condition
(x-axis)qqqqr

4cluster

+g
r

+veto+M(4R) 
+vertex_z

+B
r

+BHCV 

+0
r

+PWO layer0

+1
r

+PWO layer1

+2
r

+PWO layer2

+3
r

+PWO layer3

+4
r

+PWO layer4

Cut conditionCut condition
(x(x--axis)axis)qqqqr

4cluster

+g
r

+veto+M(4R) 
+vertex_z

+B
r

+BHCV 

+0
r

+PWO layer0

+1
r

+PWO layer1

+2
r

+PWO layer2

+3
r

+PWO layer3

+4
r

+PWO layer4

2344events 

remained

B.G. events can be rejected!!

2p0M.C.3p0M.C.
RUNIII 

data
p0p0X M.C.

0

0 0

0
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