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ÅDirect search after the era of the LHC might be difficult  
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Where to look for new physics? 

ÅExperimental research on kaon 
decay will present 
unprecedented sensitivities on 
new physics 

ÅORKA, the Golden Kaon 
Experiment with primary goal of 
~1000 of K+Ҧp+nn  

Curve assumes a Minimal 

Flavor Violation (MFV) model 

IJMPA 21, 487 (2006) 
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K+Ҧp+nn  in the standard model (SM) - 

1. FCNC is permitted through loop diagrams, 
and it is highly suppressed 

2. Relevant hadronic operator matrix element 
can be extracted from K+Ҧp0e+n  
3. Precise theory prediction: (0.85¤0.07)¦10-10 

(50% of the error is from CKM parameters.)  
Expect prediction improvement to ~5% arXiv: hep-ph/0405132 

4. Together with K0Ҧp0n n, it fixes the unitary 
triangle independently 



K+Ҧp+nn  sensitivity to new physics 
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- 

ÅPrediction and measurements at 5% level allows 5s detection 
of deviation from the Standard Model as small as 35%. 

ÅK+Ҧp+nn  BR has significant power to discriminate among NP 
models  

- 



2014/07/30 ORKA 5 

ÅThe current best limit 
is from E787/E949 
experiments. 
 

ÅThe success can 
mainly be attributed 
to detector technique, 
redundancy and 
analysis method.  

 

A brief history of K+Ҧp+nn 
detection 

_ 
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The Success Experience in 
K+Ҧp+nn Detection - 

1. E787/E949 experiment 
successfully detected 7 
candidates with stopped 
kaon technique. 
 

2. The probability of all 7 
events due to background 
alone is 0.001. 
 

3. BRMea=(1.73¤         )¦10-10 
twice of the SM prediction, 
but statistically consistent. 

 

1.15 
1.05 

PRD 77, 052003 (2008)  
PRL 101, 191802 (2008)  



Method of detection 
ÅSignal signature: A single charged pion associated with a kaon 

decay-at-rest and no other activities. 
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ORKA, towards 1000 candidates 

Expect ×100 sensitivity relative to E949 experiment:  
1. ×10 from beam and  
2. ×10 from detector 



Beam Sensitivity Improvements 

Å Primary Beam 
ïSlow spill extraction 
ï 95 GeV/c protons 
ï 50-75 kW 
ï 48 × 1012 protons per spill 
ïDuty factor of ~45% 
ï # of protons/spill (×0.74) 

 

Å Secondary Beam Line 
ï 600 MeV/c K+ particles 
ï Increased number of kaons/proton from longer target, increased 

angular acceptance, increased momentum acceptance (×4.3) 
ï Larger kaon survival fraction (×1.4) 
ï Increased fraction of stopped kaons (×2.6) 
ï Increased veto losses due to higher instantaneous rate (×0.87) 
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Intensity better by a factor of ~10 relative to E949 



Detector Sensitivity Improvements 

Acceptance better by a factor of ~11 relative to E949 
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Mostly from 
better hermeticity 

and granularity 

Might require 
different 

technology 



Scintillating-fiber Stopping Target 
ÅE949 target: 

ïпмо рπƳƳ2, 310-cmπƭƻƴƎ ǎŎƛƴǘƛƭƭŀǘƛƴƎ ŦƛōŜǊǎ όҌάedgeέ ŦƛōŜǊǎύ  

ïwŜŀŘ ƻǳǘ ōȅ мέ ta¢ǎ 

ÅORKA target: 
ï Similar design with shorter fibers (100-π200 cm), finer segmentation? 

ï Read out by SiPMs 
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+̄Ҧ +˃Ҧe+ Acceptance 

ÅE949 PNN1 ̄+Ҧ +˃Ҧe+ Acceptance: 35% 

ÅImprovement to increase acceptance relative 
to E949 
ïIncrease segmentation in range stack to reduce loss 

from accidental activity and improve ̄/˃ particle ID 

ïIncrease scintillator light yield by using higher QE 
photo-detectors and/or better optical coupling to 
improve ˃  indentification 

ïDeadtime-less DAQ and trigger so online ̄/  ˃
particle ID unnecessary 



Fully-active Photon Veto 

Å E949 barrel-veto detector was Shashlik 
detector (lead-scintillator sandwich) 

Å ADRIANO (A Dual--πReadout Integrally 
Active Non-segmented Option) under 
consideration for ORKA barrel-veto 
detector 

Å hǇǘƛŎŀƭƭȅπǎŜǇŀǊŀǘŜŘ ƭŀȅŜǊǎ ƻŦ ƭŜŀŘ Ǝƭŀǎǎ 
and plastic scintillator  

Å Cerenkov light from lead glass 

Å Scintillation light from plastic scintillator  

Å Potential to improve photon-veto 
efficiency  

Å Potential for particle identification 
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E949: 17.3 Radiation Lengths 
ORKA: 23.0 Radiation Lengths 
Acceptance increase: 1.65 



Analysis strategy 
Å Measure everything 

Å Separate analyses for PNN1 and PNN2 
regions 

Å Blind analysis 
ï Blind signal box 

ï Final background estimates obtained 
from different samples than used to 
determine selection criteria (1/3 and 
2/3 samples) 

Å Bifurcation method to determine 
background from data 
ï Use data outside signal region 

ï Two complementary, uncorrelated cuts 

ï Expected Pnn1 background <<1 

ÅMeasure acceptance from data 
where possible 
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Physics Topics List at ORKA level 

Å T: E787/E949 Thesis; P: Publication.  
      Many were skipped in this talk. 



Worldwide Effort 
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Å Decay-inπŦƭƛƎƘǘ ŜȄǇŜǊƛƳŜƴǘ ŀǘ /9wb 
to measure K+Ҧ +̄˄ ˄

Å Building on NA-31/NA-48 
Å Expect 100 candidates in three years 
Å Expect ~10% measurement of the 

BR 
Å Data starting  late 2014 

Å Pencil beam decay-in-flight 
experiment at J-PARC to measure 
K0Ҧ 0̄˄ ˄

Å 2nd generation detector building on 
E391 at KEK 

Å Expect ~3 events with S/B ~1 
Å 2013 physics run interrupted by J-

PARC radiation accident 

Recent there had been a new proposal to study K+  decay at JPARC. 
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Summary 

ÅResearch on kaon decay, especially K+Ҧp+nn , has a lot 
of potential to discover new physics, which is even 
beyond the capability of the LHC in some aspects. 
 
ÅORKA proposal and R&D have explored the possibility 

based on the experience of E787/E949 experiments. 
 
ÅExpected statistics: 1000 for K+Ҧp+nn  

 
ÅWorldwide effort for the hunting for rare kaon decay 
 

_ 

_ 
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Welcome your questions 
and comments! 


