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● The weak eigenstates are connected to the mass eigenstates via the 
CKM matrix as:

Standard Model and Golden Modes.
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A non-vanishing value of        is responsible for CP violation  
                               in the Standard Model.





Nature Provides Only few golden Modes..

● Modes with little theoretical uncertainty that can be used to extract  
the fundamentel parameters in the CKM Matrix.                                  
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E787/ E949 Detector and Technique.
BNL/Fukui Univ /KEK/Princeton/Osaka/TRIUMF/Alberta/FermiLab/INR/IHEP

● 3 m diameter solenoidal detector.

● About 700 MeV/c K's made to stop in the 400 
element plastic  Scintillator fiber target, read 
out by 500 Mhz GaAs based CCD's.

● Wait 2 ns for Kaon to decay.

●      Track and momentum measured in Drift 
Chamber.

● Range, Energy and the decay                             
is followed using                                   
                  

● Hermetic Photon vetoing via 
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E787/E949 Data

* Events in         peak are due to
                    decay.
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* Events in         peak are due to
                   decay.
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* Events in        and        range tail
  are due to elastic (inelastic) scatt-
  ering in the RS.
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* Events in the muon band can arise
  from radiative         or         decay;       
         decay in flight or        decay with
   muon inelastic scattering in Target.
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* Events in pion band can arise from beam pion scattering into the detector
  or pion from the        decay due to inelastic scattering  in the Target.K

 2



Evidence for the Decay

● Two events were observed in the pion      momentum 
region                .                                                  
                                                                    
                                                                    
                                                                    
                                                                    
                                                                    
                                                                    
                                                                    
                                                                    
                                                                    
                                               

● Two events consistent with                         
.
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Br K ++ = 1.57 - 0.82

+ 1.75×10 - 10 [SM :0.72±0.21×10-10]
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Impact on the CKM Matrix.
● Two observed signal events can be used to 

put limit on |Vtd|.                                    
                                                                    
                                                                    
                                                                    
                                                                    
                                                                 

●  

0.007 < |V td | < 0.030 68%C.L.

0.004 < |V td | < 0.014
 (PDG,  July 2002)

With m t m t = 166±5 GeV /c 2

V cb = 0.041±0.002

Does not require knowledge of V ub or k

A B  -free measurement of these parameters will be an

90%C.L.

important test of SM.



                                   At  Lower 
Momentum.

(Below the                               Peak)● Much larger phase space acceptance below the      
  peak.

● Explore the entire pion spectrum.

● More sensitive to scalar or tensor    
type interactions.

● Exotic Physics possibilites such as        
               where        has some mass 
need to be examined.

● Other exotic physics could modify   the 
pion spectrum , e.g.                  

● Difficult Backgrounds:                         
1) Pion Nuclear interactions in target.  
2) Ke4 Background with      and     
disappearing in TG by absorption         
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PNN2 Backgrounds and Tools.
● Large Background from                    in 

which the      undergoes nuclear 
interaction in the scintillator fiber 
target.

● Photons from     lose the directional 
correlation with     after      scatters in 
the target.

● Suppression of this background 
depends on the efficiency of finding 
evidence of pion scatter in the target.

● After reconstruction of pion and kaon, use CCD 
read out to find pion time pulses hidden under 
K-fibers. 
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Results from PNN2 Region

1.12×1012 6.08×10111996:·K·Stop·in·TG:¶ 1997:·K·Stop·in·TG:¶

Total Background = 0.73 Total Background = 0.48

Total Acceptance = 7.65×10-4 Total Acceptance = 9.71×10-4

PL B 537, 211 (2002) Preliminary



Results from E787 and Progress.



E949 At AGS.
● Solid Projection of sensitivity gain  

from E787.

● Sensitivity for                                   
of                                                                 
                          Observe 5-10 SM events 
in the   running period of 60 weeks 

● Background small (PNN1) and well 
understood.

● Projected to explore any incon-sistency 
with SM.

● Measure        at 20-30% level if              
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Momentum from                  +
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E949 
at 2 x    
rate of
E787

Improved Z-resolution in UTC

E787

E949

Range Stack Straw Chamber
   Tracking improved by 5 x.



Improvement in Photon Detectors at 
E949

 * Improvement in the Photon Detection 
   efficiency at E949 is very encouraging 
   to search for this rare decay in the PNN2 
   region also, where the                               
   decay is the main source of background.

* E949 needs another factor of ~5 back-
  ground reduction in the PNN2 region to
  achieve the signal to noise ratio of 1, with
  the measured branching ratio of  1.57×10-10

* With the improved  photon detectors at
   E949, we expect to achieve that factor of
   ~5 background reduction in the PNN2 
   region. 
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Conclusion
● E787 observed two candidate events for the decay                          

above  the                        peak with an expected background of            
               .                                                                                                
                                                                                                                
                                             consistent with the SM prediction of           
                                          

●  Major new efforts are in progress to explore the more of the pion momentum spectrum. The low 
momentum  region is dominated by                                 scatter backgrounds.  1996 results 
published . Results         from  the 1997 data set is to be published soon.

● E949 ran for about 12 weeks in early 2002. Analysis is in progress.  Expecting to achieve the 
sensitivity of E787. The result is expected  by summer, 2003. The future is uncertain due to the 
abrupt halt in funding from DOE for  the AGS operation.
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