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TT--Violation Experiment using Electron Violation Experiment using Electron PolarimeterPolarimeter

Rikkyo Univ. / RIKEN  Jiro MurataRikkyo Univ. / RIKEN  Jiro Murata

CollaborationCollaboration
Rikkyo Univ. / RIKEN Asahi ANL / Rikkyo Univ. / RIKEN Asahi ANL / TitechTitech Asahi Lab.Asahi Lab.

J. Murata, H. Kawamura, M. UchidaJ. Murata, H. Kawamura, M. Uchida
and Atomic Beam Team and Atomic Beam Team 

Roadmap towards Fundamental Physics with RIRoadmap towards Fundamental Physics with RI

Beta Neutrino CorrelationBeta Neutrino Correlation using Recoil Measurementusing Recoil Measurement

Beta Polarization Measurement from stopped NucleiBeta Polarization Measurement from stopped Nuclei
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Standard Model Weak Interaction and New PhysicsStandard Model Weak Interaction and New Physics

New InteractionNew Interaction

TT--Violating Couplings : predictions from models ofViolating Couplings : predictions from models of
LeptoquarksLeptoquarks (GUT, SUSY, String), (GUT, SUSY, String), θθ--term, mterm, m--HiggsHiggs

Pure VPure V--A A 
S,T,P,V,A S,T,P,V,A 

Deviation from SM VDeviation from SM V--AA

CP(T)CP(T)--Violation outside CKM = Physics Beyond the SMViolation outside CKM = Physics Beyond the SM

Small CKM is better       Small CKM is better       u,du,d system = system = RadioacitveRadioacitve Nuclei Nuclei is good system is good system 

To Explain Large Baryon/AntiTo Explain Large Baryon/Anti--BarionBarion AsymAsym. in Universe. in Universe

LeptoquarkLeptoquark: Couple to q & l pair: Couple to q & l pair

Motivation:Motivation:
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RHIC and RIBFRHIC and RIBF

RI Beam Factory ~ RI Beam Factory ~ Weak Boson FactoryWeak Boson Factory

jetpp →+
rv

RIBF Must have Discovery Potential in Weak SectorRIBF Must have Discovery Potential in Weak Sector

| QCD + Weak + CI |^2| QCD + Weak + CI |^2

| Weak + | Weak + ?? |^2|^2

Direct Direct ColliderCollider Search (TEVATRON, LHC)     Search (TEVATRON, LHC)     
Precision Symmetry Exp. (RHIC, HERA,K,B,LC)  Precision Symmetry Exp. (RHIC, HERA,K,B,LC)  
Precision Beta Decay Exp.Precision Beta Decay Exp.

equivalentequivalent

Not Enough Luminosity Not Enough Luminosity ……

Utilizing RIBF as a Precision Weak Decay ToolUtilizing RIBF as a Precision Weak Decay Tool

RHIC PHENIX exp.RHIC PHENIX exp. beam beam polarizaionpolarizaion => precision PV meas. with SM=> precision PV meas. with SM

Measurable signal from interference contributionMeasurable signal from interference contribution
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Unique Slow / Stopped RI Facilities at RIBF  Unique Slow / Stopped RI Facilities at RIBF  

Noble Gas StopperNoble Gas Stopper

RI BeamRI Beam
~ 100MeV/u ~ 100MeV/u 

Supersonic Gas Jet 
Cold RI Atomic Beam ~ 400 m/sec 

RI Beam Gas Catcher + Gas Jet Production SystemRI Beam Gas Catcher + Gas Jet Production System
RIAB for Magnetic Moment Study using Atomic Beam Method RIAB for Magnetic Moment Study using Atomic Beam Method 

SLOWRI Facility for Atomic Physics SLOWRI Facility for Atomic Physics 

Beta Decay in VacuumBeta Decay in Vacuum

Recoil MeasurementRecoil Measurement

NO EM FieldNO EM Field
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Measurement using Slow RIMeasurement using Slow RI

Free Beta Decay & Recoil MeasurementFree Beta Decay & Recoil Measurement
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TT--ViolatingViolating
D=0 ?  < 10^ D=0 ?  < 10^ --12 in SM12 in SM--CKMCKM
Non Zero D in Non Zero D in u,du,d system system 
= New Physics Beyond the Standard Model= New Physics Beyond the Standard Model

Test of VTest of V--A interactionA interaction
a=1 (Fermi), a=1 (Fermi), --1/3 (GT)  ?1/3 (GT)  ?

New Physics Beyond the Standard ModelNew Physics Beyond the Standard Model
F/GT mixing ratio  F/GT mixing ratio  

Nuclear Structure Nuclear Structure 

Current LimitsCurrent Limits

eFeeN ν+→1919
r

1 x 10 ^ 1 x 10 ^ --3 : Princeton 3 : Princeton ‘‘8484

precision ~ 10 ^ precision ~ 10 ^ --3 3 

(Polarize)(Polarize)

|Cs/|Cs/CvCv|<8% (Fermi)|<8% (Fermi)
|C|CTT/C/CAA|<13% (GT)|<13% (GT)

PPrecoilrecoil ,,PPbetabeta , J, J

PPrecoilrecoil ,,PPbetabeta

Beta DecayBeta Decay

NO EM FieldNO EM Field Direct MeasurementDirect Measurement
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Experimental Setup for Experimental Setup for 
Beta Neutrino CorrelationBeta Neutrino Correlation measurementmeasurement

Recoil Ion Detector Recoil Ion Detector 
Static Electric Field Acceleration Static Electric Field Acceleration 
2d Position Sensitive MCP 2d Position Sensitive MCP 

Electron Tracking ChamberElectron Tracking Chamber
Electron Momentum MeasurementElectron Momentum Measurement

+  Vertex Determination +  Vertex Determination 

Detector Almost ReadyDetector Almost Ready R&D of Slow RI ProductionR&D of Slow RI Production Long Range PlanLong Range Plan
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First Step Measurement : w/o Recoil  First Step Measurement : w/o Recoil  

Electron MeasurementElectron Measurement
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TT--Violating Violating TRANSVERSE polarizationTRANSVERSE polarization
R=0 or NOT ?R=0 or NOT ?
Non Zero R in Non Zero R in u,du,d system system 
= New Physics Beyond the Standard Model= New Physics Beyond the Standard Model

Current LimitsCurrent Limits

Best Limit : 8Li PSI Best Limit : 8Li PSI ‘‘20032003

PolarizationPolarization

PolarizePolarize

Mott AnalyzerMott Analyzer

PPrecoilrecoil

R ^ R ^ --33

Model Predictions ~ 10^Model Predictions ~ 10^--4 (CKM: 10^4 (CKM: 10^--12)12)
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RR--Correlation MeasurementCorrelation Measurement
Transverse Transverse polpol. of electron from . of electron from polpol. Nuclei. Nuclei

pJR rrr
×⋅σ

Mott Scattering

~ 100mg/cm2 ~ 100mg/cm2 

Systematic Error

Pol. Exists
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Modified Setup for RModified Setup for R--MeasurementMeasurement

Projectile Fragmentation @ RIPSProjectile Fragmentation @ RIPS

Tilted Foil @ TRIAC, JPARCTilted Foil @ TRIAC, JPARC

Angular Resolution < 1 deg.Angular Resolution < 1 deg.
Full Backward Solid AngleFull Backward Solid Angle

Polarized RI in Solid StopperPolarized RI in Solid Stopper
like betalike beta--NMRNMR

MaxmumMaxmum Mott SensitivityMott Sensitivity

Drift Chamber : as Drift Chamber : as PolarimeterPolarimeter
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Mott Analyzers in Previous ExperimentsMott Analyzers in Previous Experiments

Mott AnalyzerMott Analyzer

ElectronElectron

Analyzer FoilAnalyzer Foil

Up/Down Up/Down MeasurementMeasurement

8Li  8Li  ’’03 PSI03 PSI 19Ne 19Ne ’’83 Princeton83 Princeton

JJ

pp
PolPol..

Best LimitBest Limit

Integrated Integrated Measurement Measurement 
using Large Solid Angle Detectorsusing Large Solid Angle Detectors

Simple, but Simple, but 
Loose Sensitivity, Limited Solid AngleLoose Sensitivity, Limited Solid Angle
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Mott Scattering Analyzing PowerMott Scattering Analyzing Power

N(N(θθ>100deg) / >100deg) / N(allN(all) ~ 10^) ~ 10^--55

FIRST q2 Decomposed  Measurement !FIRST q2 Decomposed  Measurement !

Max. Analyzing Power at Backward AngleMax. Analyzing Power at Backward Angle
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DCDC--PolarimeterPolarimeter

Vertex Detector : Single TrackVertex Detector : Single Track
under Operationunder Operation

Mott Analyzer : Multiple TrackMott Analyzer : Multiple Track

Full Channel ReadoutFull Channel Readout

64ch ASD preamp x 2 64ch ASD preamp x 2 
+ VME AMU+ VME AMU--TDC x 2TDC x 2

16ch ASD preamp 16ch ASD preamp 
+ CAMAC TDC+ CAMAC TDC

Delay Line ReadoutDelay Line Readout
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Real Motivation at RIBFReal Motivation at RIBF

p
ZmFSI α

∝

Next StepNext Step : : Precision FSI Estimation by Systematic Study Precision FSI Estimation by Systematic Study 

Evaluate FSIEvaluate FSI like CKM in K, B system (CKM = BG)like CKM in K, B system (CKM = BG)

Experimental SensitivityExperimental Sensitivity
reaching  Electromagnetic Final State Interactionreaching  Electromagnetic Final State Interaction
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Summary & Schedule  Summary & Schedule  

•• Systematic StudySystematic Study of of Final State InteractionFinal State Interaction is required to probe BYSM is required to probe BYSM 
Physics in Nuclear Beta DecayPhysics in Nuclear Beta Decay

•• Beta decay in Beta decay in Field Free VacuumField Free Vacuum is IDEAL for beta decay correlation is IDEAL for beta decay correlation 
measurements (RIAB, SLOWRI) : measurements (RIAB, SLOWRI) : Long Range PlanLong Range Plan

•• 11stst step measurement is step measurement is RR--coefficient using Stopped RIcoefficient using Stopped RI
•• Electron transverse Electron transverse polarimeterpolarimeter will be completed within a few monthswill be completed within a few months

DC DC PolarimeterPolarimeter
PolarimetryPolarimetry SystematicsSystematics
TRIAC Tilted Foil exp.TRIAC Tilted Foil exp.
RIPS exp.RIPS exp.
RIAB / SLOWRI exp. (beta neutrino correlation)RIAB / SLOWRI exp. (beta neutrino correlation)

2007200720062006 20082008 20092009
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