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                   Rare Opportunity:
  Seeking New Physics with K πνν→
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ExperimentsExperiments

 K π νν+ +→ 0 0 LK π νν→
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The Challenges
• B(KL→π0νν) ~ 3×10-11 ;

need huge flux of K’s ->  high rates
• Weak Kinematic signature (π0 +2 particles missing)

• Backgrounds with π0  up to 1010 times larger
• Veto inefficiency on extra particles must be ≤10-4

• Neutrons dominate the beam
– make π0 off residual gas – require high vacuum
– halo must be very small
– hermeticity may require photon veto in the beam

• Need convincing measurement of background

_

0 0
LK π νν→
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Photon Veto Efficiency  Estimates and Simulations 
based on improved E949 Measurements 
supplemented by FLUKA calculations

1 MeV Visible Energy Threshold

Photon Detection Efficiency limited by
            Photonuclear interactions (" n")

 Sampling Fluctuations
            Punch-through

γ →i
i
i
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0
LPhoton Veto Inefficiencies Assumed for  JPARC K πνν→

CsI

Sampling 
Cal.
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Charged Particle Vetoing
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(Preliminary)

Data
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0Example Background:  L eπ ν γ− +→K

Momentum (MeV/c)  

Plastic Scintillator –
backed up by γ vetoes!
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Features: * Pencil Beam                  *  Pilot  Project for JHF
* High acceptance            * Test reliance on extreme
* High PT selection                 photon veto efficiency

KEK PS E391a >>> JPARC with KTEV CsI

0 0 72006 Result:   B( ) 2.1 10 (90% )LK x CLπ νν −→ <
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0 0
LK π νν→

0 0 0
L K π π→ “Odd”

“Even”0 0 0
L K π π→

TTransverse Momentum P
. Vertex Position (Z)vs



12

KEK PS E391a >>> JPARC

JPARC Phase 1 with KTEV CsI
Estimates:  SM Signal   3.5
                  Background   2  

JPARC Phase 2 Goal…  100 events S/N~5
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 Use TOF to work in the K  c.m. system

 Identify main 2-body background K

 Reconstruct  decays with pointing calorimeter
4  solid angle photon and charged particle vetos

π π

π γγ
π
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0 0 Another  Experiment ConceptLK π νν→

8 GeV Protons

0 0 LK π νν→

200 ps
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0 0             Issues and Prospects for Experiments
  Booster (20 kW) Project X1 (200kW) Project X2 (2000kW!)

LK π νν→
→ →

• High intensity, low energy micro-bunched beam
– Allows KL energy to be measured by TOF

• Optimized beam structure to maximize probability 
for 1 KL decay/micro-bunch

• High duty factor: >80%
• Booster: 2x1020  protons/yr; X1 (x100) X2 (x1000).

• Measure γ energy, position, angle, time
• Hermetic veto (gammas and charged particles)
• Predict background from data
• Blind analysis & maximum likelihood techniques 

– As in BNL E787 & 949
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Straw “Person” Assumptions
(For Comparison with KOPIO Design)

• 45 degree cross sections at 8 GeV are 0.5 x  those at 24 GeV for 1 GeV kaons 
(>50% uncertainty – see Sergei’s talk). 

• Beam aperture 0.05 x the area of the  KOPIO wide beam.  
• Optimization for 1 KL decay/bucket results in a large recovery factor. 
• Detector acceptance increased relative to KOPIO by 50%:  

larger detectors (25%); improvede acceptance (25%). 
• Minimal accidental losses (until X2).

0 0
LK π νν→

Rough estimates based on extrapolations from KOPIO design.

Straw “Person”  Order of 
Magnitude Estimates
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π +

Vetoγ

Compact High Field Version of E787/E949 
K

+ 0

Low P  (400 MeV/c) for high stopping efficiency
Sci-Fi target and range stack for  high rate 
 Increased acceptance, and improved momentum 

measurement suppresses ,   
 Improved homogen

e

K

π μ

π π μ ν+ +

•
• → →
•

→ →
• eous photon veto  e.g  LXe 
(Photon "tracking" to reduce accidental losses?) 

3T field

+  K π νν+→

Straw “Person”  Order of 
Magnitude Estimates
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Summary
Rare Decays of , ,  and  offer unique, clean access to the
flavor breaking and  CP-violating structure of hypthetical 
new physics -- access to short distance effects and high mass 
scales are complemen

Kμ π
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Star Attractions:                                    New
tary to collider studies at the LHC.
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