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Radioactive Beam Production at RIKEN - RARF - RIBF  

Primary Beam Primary Beam 
10101313

-- 10101515ppspps

RARF: RARF: RRIKEN IKEN AAccelerator ccelerator RResearch esearch FFacility  ~100MeV/uacility  ~100MeV/u

RIBF: RIBF: RIRI BBeam eam FFactory, actory, First Beam : 2007    400MeV/u First Beam : 2007    400MeV/u 
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RI Production over whole nuclear chart RI Production over whole nuclear chart 

~ 10~ 101313
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Fragment Separator  Fragment Separator  --> High purity RI production > High purity RI production 

High Purity, Huge Intensity RI BeamHigh Purity, Huge Intensity RI Beam

RI Beam Factory = Beta Unstable Nuclei Factory  RI Beam Factory = Beta Unstable Nuclei Factory  
Mainly Focused on Physics of Unstable Nuclei and Nuclear AstrophMainly Focused on Physics of Unstable Nuclei and Nuclear Astrophysics ysics 

Vital Potential for Precision Beta Decay PhysicVital Potential for Precision Beta Decay Physics  s  
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Cold RI Atomic Beam System   

High Pressure Noble Gas StopperHigh Pressure Noble Gas Stopper

Jet Separator &Jet Separator &
Neutralizer Neutralizer 

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

Extraction towards Vacuum Chamber Extraction towards Vacuum Chamber 
Gas Flow & Electric Field Gas Flow & Electric Field 

Supersonic Gas Jet (with Carrier Gas)Supersonic Gas Jet (with Carrier Gas)
Cold RI Atomic Beam ~ Cold RI Atomic Beam ~ 400 m/sec 400 m/sec 

Parallel Gas Jet Parallel Gas Jet 
~ 2 ~ 2 ––3 deg. Spread  3 deg. Spread  

As a part,As a part, High RI density, Cold, Parallel RI BeamHigh RI density, Cold, Parallel RI Beam is available is available 
for any nuclei with no chemical restrictions for any nuclei with no chemical restrictions 

Polarized Polarized 
Cold RI BeamCold RI Beam

Symmetry TestSymmetry Test
(TRV etc.) (TRV etc.) 

Molecular Gas Dynamics Molecular Gas Dynamics 
Direct Simulation Monte CarloDirect Simulation Monte Carlo

RI Beam Gas Catcher + Gas Jet Production SystemRI Beam Gas Catcher + Gas Jet Production System

Systematic Free Beta Decay Observation in widespread nuclear chaSystematic Free Beta Decay Observation in widespread nuclear chart area  rt area  

Main Purpose is to Main Purpose is to gg--factor meas. by Atomic Beam Magneticfactor meas. by Atomic Beam Magnetic
ResonanceResonance = = Producing polarized RI Atomic BeamProducing polarized RI Atomic Beam
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Physics of Beta Decay in Free Space 

Direct Recoil Direct Recoil –– Beta Coincident MeasurementBeta Coincident Measurement is not difficult (Large free space)is not difficult (Large free space)
Acceptance for Recoil Acceptance for Recoil –– Beta is not small (back to back Beta is not small (back to back corrcorr.).)
High sensitivity by complete kinematics  High sensitivity by complete kinematics  
Difficulty : Source Volume (Vertex) AmbiguityDifficulty : Source Volume (Vertex) Ambiguity

Restriction in lifetime ~1sec Restriction in lifetime ~1sec 

Parallel Atomic BeamParallel Atomic Beam && BetaBeta--ray Trackingray Tracking
Vertex Position Determination Vertex Position Determination 

Beta Beta –– Neutrino CorrelationNeutrino Correlation (widespread measurement)(widespread measurement)
Scalar or Tensor Interaction          Pure F, GT Transition Scalar or Tensor Interaction          Pure F, GT Transition 
Left Left –– Right Symmetry Model        F/GT mixed TransitionRight Symmetry Model        F/GT mixed Transition
F/GT mixing ratio measurement for many nuclei  F/GT mixing ratio measurement for many nuclei  

RIBF can contribute on the RIBF can contribute on the VudVud IssueIssue: : 
Lifetime , BR, Mass Measurements  Lifetime , BR, Mass Measurements  
Heavy Pure Fermi Emitters Heavy Pure Fermi Emitters 
62Ga 62Ga : 10: 10^̂8 8 ppspps
74Rb 74Rb : 10: 10^̂6 6 ppspps
for Coulomb Correction Evaluation etc.for Coulomb Correction Evaluation etc.

Cold RI Beam AvailabilityCold RI Beam Availability
--> > Free Beta Decay Experiment Measuring Recoil IonsFree Beta Decay Experiment Measuring Recoil Ions
(in future, Ion Guide + Ion Traps) (in future, Ion Guide + Ion Traps) 

HOWEVER, HOWEVER, 

All the betaAll the beta--neutrino experiments are using Traps  neutrino experiments are using Traps  
measuring Recoil Energy Spectrummeasuring Recoil Energy Spectrum

We Need Other More Sensible Observations We Need Other More Sensible Observations 
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1st step Experimental Setup for a measurement 

Electron Tracking ChamberElectron Tracking Chamber
Electron Momentum MeasurementElectron Momentum Measurement

+  Vertex Determination +  Vertex Determination 

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

Beta Beta –– Recoil AngleRecoil Angle
Beta EnergyBeta Energy

Observables Observables 

Recoil TOF Spectra can be Recoil TOF Spectra can be 
obtained at the same time obtained at the same time 
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Vertex Determination and Systematic Error

Real Vertex Position cannot be Real Vertex Position cannot be ““DeterminedDetermined””

Large Error Sources: Gas Jet ProfileLarge Error Sources: Gas Jet Profile
Multiple Scattering Multiple Scattering 
Detector Resolution Detector Resolution 

Realistic Simulation Realistic Simulation 
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Observables and Sensitivity 

StandardStandard Recoil EnergyRecoil Energy Spectrum Spectrum BetaBeta--RecoilRecoil Angular Dis.Angular Dis. ReconstReconst.. BetaBeta--NeutrinoNeutrino Angular Dis.Angular Dis.

Not so Sensitive ?Not so Sensitive ? High Sensitivity High Sensitivity 

Fermi DecayFermi Decay Beta decay Event Generator + Gas Jet Profile + Detector ResponseBeta decay Event Generator + Gas Jet Profile + Detector Response Simulation Simulation 

Precision Recoil Energy Meas. Precision Recoil Energy Meas. Recoil Hit Positions & Vertex Recoil Hit Positions & Vertex Hit Positions & Vertex & Beta Energy Hit Positions & Vertex & Beta Energy 
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Correlations 

BetaBeta--Recoil AngleRecoil Angle
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BetaBeta--Recoil Angler Distribution is Recoil Angler Distribution is Strongly Dependent on Beta Energy Strongly Dependent on Beta Energy 

Using beta energy information, we can obtain high sensitivityUsing beta energy information, we can obtain high sensitivity
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Simulation Results on Physics Sensitivity 

6He Beam Intensity                10^5 6He Beam Intensity                10^5 ppspps @ RARF, 10^7 @ RARF, 10^7 ppspps @ RIBF@ RIBF
Stopping & Extraction Efficiency                                Stopping & Extraction Efficiency                                10^10^--33
Decay inside effective volume & detector acceptance  10^Decay inside effective volume & detector acceptance  10^--4 4 
Total Detection Efficiency                                      Total Detection Efficiency                                      10^10^--6 6 

4 x 10^3 count / day RARF4 x 10^3 count / day RARF
1 x 10^6 count / day RIBF1 x 10^6 count / day RIBF

Over 10^5 counts, Systematic Error is Dominant Over 10^5 counts, Systematic Error is Dominant 

Precision Determination of Resolutions are Crucial !Precision Determination of Resolutions are Crucial !

For HeFor He--6 6 

11stst step goal:step goal:
One percent meas. at RARF for training One percent meas. at RARF for training 
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R&D Status 

XXXX’’--UUUU’’--VVVV’’ Planer Drift Chamber ~1m sizePlaner Drift Chamber ~1m size

Position Resolution  ~ 100microns Position Resolution  ~ 100microns 

Vertex Resolution Vertex Resolution 
~ 2 mm Multiple ~ 2 mm Multiple ScattScatt..

MCP + Helical Delay Line Anode (MCP + Helical Delay Line Anode (PrototypePrototype) ) 
2D Position Resolution ~ 200 microns 2D Position Resolution ~ 200 microns 

RI Extraction Succeeded RI Extraction Succeeded 
Extract 10 Extract 10 ppspps from 10^4 from 10^4 ppspps BeamBeam
30Al (30Al (NeNe 600Torr)600Torr)

Almost Ready for the first exp. !Almost Ready for the first exp. !
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Summary 

•• Construction of the RIKENConstruction of the RIKEN--RIBF is well in progressRIBF is well in progress
•• Stopped Cold RI beam facility is under construction mainly for gStopped Cold RI beam facility is under construction mainly for g--factor measurements of factor measurements of 

unstable nuclei far from stability.unstable nuclei far from stability.
•• Gas Catcher system Gas Catcher system succeeded to extract RI at 10^succeeded to extract RI at 10^--3 efficiency3 efficiency
•• Simulation Results show that the Simulation Results show that the Cold RI Beam facility has potentialCold RI Beam facility has potential to contribute onto contribute on

beta decay measurement considebeta decay measurement considering statistics and ring statistics and systematicssystematics..
•• We set We set direct betadirect beta--neutrino correlation measurementneutrino correlation measurement as our first trial, also, TOF Recoil as our first trial, also, TOF Recoil 

energy spectra can be obtained at the same time as independent oenergy spectra can be obtained at the same time as independent observable.bservable.
•• Although we started this project just recently, Detector BuildinAlthough we started this project just recently, Detector Buildings for the first step beta gs for the first step beta 

neutrino correlation measurement is neutrino correlation measurement is almost finishedalmost finished
•• We can perform the first test experiment soon at RARF, before waWe can perform the first test experiment soon at RARF, before waiting for RIBF iting for RIBF 

aiming practice and aiming practice and one percent level measurementone percent level measurement
•• Time reversal violation experiments for DTime reversal violation experiments for D--parameter measurement are also in our scope parameter measurement are also in our scope 

after completing the atomic beam magnetic resonance system.after completing the atomic beam magnetic resonance system.
•• Today we report the project as future project, so we hope to repToday we report the project as future project, so we hope to report our experimental results ort our experimental results 

at the next INPC conference.at the next INPC conference.
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