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Transverse µ+ polarization in Κµ3 Decay

K+→µ+π0ν decay


  PT  is T-odd, and spurious effects from final state interaction  
     are small:    PT (FSI) < 10-5  
            Non-zero PT is a signature of  T violation. 
  Standard Model (SM) contribution to PT :  PT (SM) < 10-7 
 - 
           Hence PT in the range 10-3 – 10-5 is a sensitive probe of  
       CP violation beyond the SM. 
  There are theoretical models of new physics which allow  
    a sizable PT without conflicting with other experimental  
    constraints.  

The TREK experiment aims for a sensitivity of 10-4  
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PT measurement 

Use upgraded KEK--E246 detector 

PT is measured as the azimuthal asymmetry Ae
+ of the µ+ decay positrons 

Active polarimeter 

Fiber target 

C0,C1 GEM 

CsI(Tl) readout 

K+→µ+π0ν
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Stopped beam method 

PT = ‐ 0.0017 ± 0.0023(stat) ± 0.0011(syst) 
               |PT | < 0.005   :   90% C.L.  
Imξ = ‐ 0.0053 ± 0.0071(stat) ± 0.0036(syst) 
            |Imξ | < 0.016   :   90% C.L.   Statistical error dominates 

Double ratio experiment 
AT = (Afwd - Abwd ) / 2 
                       Ncw - Nccw Afwd(bwd) = 
                       Ncw + Nccw 

PT = AT / {α <cosθT>} 
              α       : analyzing power 
       <cosθT>  : attenuation factor 
Imξ = PT / KF : physics parameter 

             KF      : kinematic factor 

bwd - π0 (γ ) fwd - π0 (γ ) Current limit from KEK--E246 
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Beam 
    



Expected sensitivity in TREK 

  δPT
stat   ~ 0.05 δPT

stat (E246) ~ 10-4 :   runtime   1.4 x 107 sec 
      

1)  Precise calibration of misalignments  
2)  Elimination/Correction of systematic effects 
3)  Precise fwd-bwd cancellation 

1)   × 30 beam intensity 
2)  × 10 detector acceptance 
3)  Larger analyzing power 

     δPT
syst ~ 0.1 δPT

syst (E246) 

                ~ 10-4 

We are aiming for a sensitivity of δPT ~10-4 

Very schematic 
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Three Higgs doublet model 

•   c.f.  dn , b→sγ  ∝ Im(α1β1*), (α1β1*) 

     Im(α1β1*) = ‐v22/v32 Im(γ1α1*) 

γ1 

α1 

E246 

TREK goal 

B→Xτν 

  B→Xτν  and  B→τν  at Super-Belle 

   correspond to  PT < 3 x 10-4 

    c.f.   TREK goal : PT ≤ 1 x 10-4
 v2/v3  = mt / mτ 

PT is most stringent constraint for Im(γ1α1*) !! 

___ 
Higgs field vev. 
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SUSY with R-parity violation 
Super potential : W = WSMMS + WRPV 

Imξ = Im ξ l + Im ξ d 

Relevant parameters and constraints 

PT is a very stringent constraint for these parameters !! 
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K+ Limit 

KL
 Limit 



Exotic scalar interactions 

 Typical models with scalar interac[ons allowing a sizable PT : 
–  Multi-Higgs doublet model 
–  SUSY with R-parity violation or large squark mixing 

Kinematic factor 

  Generic four fermion interaction Lagrangian analysis  

  Effective field theory with Wilson coefficients 

E246 TREK
|ImGs| / GF < 2.2 x 10-4 < 1x 10-5

|Im CS| (Λ/TeV)2 ≤ 2 x 10-3 ≤ 1 x 10-4
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Direct CP violation 

 Direct CP violation in K0 system : 
　         Re(ε’/ε) = (1.66 ± 0.26) × 10-3  

  If this effect is due to Higgs dynamics: 

   there will be no ΔI=1/2 suppression (~ 20) in the K+ system   

    ⇒           PT ~ R × 20 = 5 × 10-6 × 20  ~ 10-4                       

                    ‐‐ unless there is an enhanced coupling to leptons ! 
                                ( I. Bigi, CERN Flavor WS, 2007 ) 

Γ(K0→π+π-) - Γ(K0→π+π-)  

Γ(K0→π+π-) + Γ(K0→π+π-) 
= (5.04 ± 0.22) × 10-6 ≡ R 

⇒ 
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Status of TREK collaboration 

 Number of members: 
–  35 in Jan’08, presently 44 

 Collabora[on mee[ngs: 
–  Feb. 2006 @ KEK 

–  Oct. 2006 @ MIT (USA) 

–  Feb. 2007 @ KEK 

–  Sep. 2007 @ U.Sask.(Canada) 
–  Feb. 2008 @ KEK 

–  Oct. 2008 @ USC (USA) 

  Interna[onal detector R&D 
–  Target : Canada, USA 
–  CsI(Tl) readout : Russia 
–  Polarimeter : Japan 

  New participants: 
•  Kasetsart University, Thailand 
•  Jefferson Laboratory 
•  Tokyo Institute of Technology 
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  e+ asymmetry due to  
  polarimeter misalignment 


                          Rotation about 
Component     r-axis      z-axis 

Polarimeter        εr           εz           
Muon B field       δr           δz 

 fwd - bwd : vanishes for 
 εr , εz , δr   when t-integrated 

fwd - bwd : does not  vanish  
                   for δz ! 

Most serious systematic error 
- Analysis with MC simulations - 

  Innovative analysis method 
 to separate misalignment effects  
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Misalignment analysis using Kµ3


   Δδz ~ Δδr ~ 3 × 10‐ 4 for misalignment determina[on 
   PT = 0  and δz = δr = 5o = 87 mr (for systema[c error test) 

             ==>       δPT = (2 ± 7) × 10‐4    for 108 events 

Asum(θ0) Asub(θ0) 

Asymmetry analysis in terms of θ0 : in-plane muon spin angle from z-axis   

PT 

PT+δz 

PT+δr 

PT+δz+δr 

small residual 
oscillation Report to the 3rd PAC meeting 

Imξ = 0.05 

) 
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Result of high statistics MC simulation 

PT
MC = < Psub > = (3 ± 6) × 10-5 

fwd 

bwd 

  Within the statistical error,  no bias was found in the analysis  
    of this MC data nor the analysis code itself.  

  Final systematics check will be done using the final analysis 
    code together with a detailed analysis of real data. 

250 × 108 Kµ3 events with δz = δr = 10 mr,  PT = 0 
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PT
MC Ae+ 



Analysis of CsI pile-up events 

Typical pile-up events in a high rate run 
Fitting function = 
 a1F(x) + a2F(x+Δx) 

(a) 

(b) 

(c) 

Signal area distribution 

(a)  non-pileup events 
(b)  first pulse in pileup events 
(c)  second pulse in pileup events  

 similar to (a) 

 peak position 
 similar to (a) and (b)   Study is underway on how to analyze the second pulse. 

   An improved current amplifier has now been developed. 

- Separation of two pulses 
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ringing 



Detector preparation (1) Active muon polarimeter 
   Gap wire chambers 

 Number of plates    31 
 Plate material          Al, Mg or alloy 
 Plate thickness        ~ 2.5 mm 
 Plate gap                 ~ 8 mm 
 Ave. density            0.24 ρAl 
 µ+ stop efficiency   ~ 85% 

Muon field magnet 
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Detector preparation (2) Active fiber target 

3 x 3 mm 

492 fibres           

Current baseline design c.f. E246 Ring counters 
      PSI FAST target 

Cross section 

Timing counters 

One element 

  Light guide: 
Bicron 692 WLS or Kuraray Y11 
WLS or Clear optical fiber 

  Readout: 
SiPMT (HPK MPPC) or MA-PMT 

  Beam test using 130 MeV/c π’s  
    at TRIUMF in October’08 
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MPPC ADC Spectra ‐‐ TRIUMF 

M. 
Hasi
noff 

USC Collabora[on Mee[ng  Oct 25/26, 2008  17 

MPPC Test with TRIUMF  π+ Beam 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Neutron Decay 

P conserving, T violating — sensitive to V,A-- 
LRS models, Leptoquarks, Exotic Fermions 

P & T violating — sensitive to Scalar & 
Tensor Interactions 

Present Limit – Davg < (-3.9 ± 5.8) × 10-4,   FSI ~ 1 x 10-5 

Present Limit – R          no result            ,   FSI ~ 1 x 10-3 

ILL-Trine, EmiT, PSI 

Present Limit – PT   < (-1.7 ± 2.7) × 10-3,    FSI ~ 1 x 10-5 

Comparison to Other T-Violation Expts


EDMs neutron   dn  < 2.9 x 10-26 e.cm 

Atomic    dHg < 2.1 x 10-28 e.cm Possible Nuclear  
Enhancements—223Rn 


