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Experimental Setup for Enrichment (Chromatography)Experimental Setup for Enrichment (Chromatography)
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Double Beta Decay of Double Beta Decay of 4848CaCa

Double Beta Decay of Double Beta Decay of 4848Ca by CANDLESCa by CANDLES

CANDLES SystemCANDLES System

CaFCaF22(pure) Scintillators(pure) Scintillators

4848CaCa
Higher QHigher Qββββ--Value(4.27MeV)Value(4.27MeV)

→→Lower BackgroundLower Background

β

ν
nucleus

β
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→→Lower BackgroundLower Background

because Qbecause Qββββ--value is higher than BGvalue is higher than BG

EE
maxmax

=2.6MeV(=2.6MeV(208208Tl,Tl,γγ--ray)ray)、、

3.3MeV(3.3MeV(214214Bi,Bi,ββ--ray)ray)

. . .but . . .but smaller Natural Abundancesmaller Natural Abundance

Natural Natural 
AbundanceAbundance

4040CaCa 96.941%96.941%
4242CaCa 0.647%0.647%
4343CaCa 0.135%0.135%
4444CaCa 2.086%2.086%
4646CaCa 0.004%0.004%
4848CaCa 0.187%0.187%



Enrichment ofEnrichment of 4848CaCa

for Study of for Study of 4848CaCa 00νββ νββ by CANDLESby CANDLES

Technologies for Technologies for 4848Ca EnrichmentCa Enrichment

It needs It needs a large amount of a large amount of 4848CaCa(~10kg)(~10kg)

→→11stst Step : Large scale detector : CaFStep : Large scale detector : CaF22 of 300kg ~ a few tonof 300kg ~ a few ton

→→22ndnd Step :  Step :  4848Ca enrichment Ca enrichment （（~2~2％％~~））
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Technologies for Technologies for 4848Ca EnrichmentCa Enrichment

Gas diffusionGas diffusion 、、、、、、 ××

Gas centrifuge       Gas centrifuge       、、、、、、 ××

Chemical processChemical process 、、、、、、 ○○

Calcium =Calcium =
No Gaseous CompoundNo Gaseous Compound

Chemical processChemical process
←← Production capacityProduction capacity、、CostCost

Ca enrichment Ca enrichment 
by using crownby using crown--etherether



CrownCrown--EtherEther

Isotope Enrichment by CrownIsotope Enrichment by Crown--EtherEther

CrownCrown--ether rings adsorb Calcium ionsether rings adsorb Calcium ions

For calcium,For calcium,4040Ca adsorptionCa adsorption in crownin crown--ether is slightly prior ether is slightly prior 

Crown-Ether

Crown-Ether Resin

Benzo18Crown

BenzoBenzo--1818--CrownCrown--66--EtherEther
Crown-Ether Resin
(dried)
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Enrichment by using ResinEnrichment by using Resin

Isotope Effect by CrownIsotope Effect by Crown--Ether ResinEther Resin

48Ca

in Solution
in a Grain of Resin

o
o

o
o

40Cao
o

o

Ca solution

Migration in Resin area . . . 40Ca adsorption is slightly prior

40Cain a Grain of Resin
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Resin phase：
40Ca is enriched

Solution phase：
48Ca is slightly enriched
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Experimental SetupExperimental Setup
Experimental systemExperimental system

fixed flow rate
by pump

２、Ca solution
~0.1mol/l CaCl2

+Conc. HCl

1m glass column

= Migration of Ca solution
in resin area

ChromatographyChromatography：：
Breakthrough methodBreakthrough method
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Water pump

Water 
thermo. bath

１、Crown-ether resin
packed in column

of 8mmφ ×100cm

３、Sampling
by fraction collector

４、Measurement of 
Ca concentration

５、Measurement of 
isotopic ratio

Fraction collector



Measurement of Measurement of 
Ca ConcentrationCa Concentration and Isotopic Ratioand Isotopic Ratio

Ca ConcentrationCa Concentration

Flame photometryFlame photometry

Observation of Light 
(Wave length = 622nm)

Isotopic Ratio Isotopic Ratio 4848Ca/Ca/4040CaCa

Thermal Ionization Mass 
Spectrometer (TI(TI--MS)MS)

Measurement without Ar gas
… 40Ar is background for 40Ca

Magnet
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Isotopic ratio of 48Ca/40Ca
and others (42Ca,43Ca,44Ca)

Measurement by using PMT

Ion Source

Magnet
Faraday cup

Wave Length

Intensity



Calcium ConcentrationCalcium Concentration
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First Test:Measurement of Ca concentrationFirst Test:Measurement of Ca concentration
by using flame photometryby using flame photometry
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Ca concentration
of feed solution (~0.1mol/l)

Result of Migration Length 1m

Ca Adsorption by CrownCa Adsorption by Crown--etherether
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Ca in 40ml solution is captured.Ca in 40ml solution is captured.

=Adsorption=Adsorption

by 1/3 of all crownby 1/3 of all crown--ether ringsether rings
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If not adsorbed,
Ca appears 

at the point(32ml)

In this measurement,
Ca appeared 

at this point(72ml)
but

Feed Volume (ml)

Isotopic Ratio of Ca is . . . ?Isotopic Ratio of Ca is . . . ?

Ca Adsorption by CrownCa Adsorption by Crown--etherether



Isotopic Ratio Isotopic Ratio 4848Ca/Ca/4040CaCa

First Test:Measurement of Isotopic RatioFirst Test:Measurement of Isotopic Ratio
by using TIMS(by using TIMS(Thermal Ionization Mass Spectrometer)

Isotope Effect
by Crown-ether

Isotopic Ratio

Maximum Ratio

Result of Migration Length 1m
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Isotopic Ratio of 
Feed Solution

by Crown-ether
max: 0.00204

・・It is certain thatIt is certain that
4848Ca is enriched in sol. phase Ca is enriched in sol. phase 

by crownby crown--ether resinether resin
・・Max Ratio(Max Ratio(4848Ca/Ca/4040Ca):0.00204Ca):0.00204

(4.6%up)(4.6%up)

4848Ca EnrichmentCa Enrichment

Feed Volume (ml)



Further EnrichmentFurther Enrichment
Further EnrichmentFurther Enrichment

First TestFirst Test

1m glass column was applied.1m glass column was applied.

Migration Time(length) = ~7hours(1m)Migration Time(length) = ~7hours(1m)

Next = long migration test Next = long migration test 
10 glass columns(10 glass columns(1010××1m1m))

are applied.are applied.

Migration of Ca solution

are applied.are applied.
Recycling of crownRecycling of crown--ether resinether resin

after rinsingafter rinsing

Total Migration Time(length) Total Migration Time(length) 
= = ~70hours(20m),~70hours(20m),

~250hours(200m)~250hours(200m)
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1m

recycling

total length
= 20,200m



Further EnrichmentFurther Enrichment

Isotope Enrichment with Longer Migration Time(Length)Isotope Enrichment with Longer Migration Time(Length)

~7hours~7hours
1m1m migration lengthmigration length

~70hours~70hours
20m20m

~250hours~250hours
200m200mlonger longer

P r e l i m i n a r ylarger (volume of Ca)

larger
higher

Isotope Effect
by Crown-ether
max: 0.0026
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Amount of Enrichment by Crown Ether

・The longer migration time(length) =
the larger volume and the higher isotopic ratio

~7hours(1m) → ~250hours (200m)
volume: ×17、isotopic ratio: ×8

Isotope Effect (Enrichment Effect)Isotope Effect (Enrichment Effect)

P r e l i m i n a r ylarger (volume of Ca)
higher (isotopic ratio)



Current Rough EstimationCurrent Rough Estimation

for 2%for 2%4848CaCa、、200kgCalcium200kgCalcium

CrownCrown--Ether Resin 30ton Ether Resin 30ton : $30M: $30M

Migration timeMigration time : 1.5 years: 1.5 years

for improvementfor improvement

Kind of CrownKind of Crown--etherether

Now:BenzoNow:Benzo--1818--crowncrown--66--etherether
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Now:BenzoNow:Benzo--1818--crowncrown--66--etherether

Candidate : for example. . .Candidate : for example. . .

DibenzoDibenzo--1818--crowncrown--66--ether ether → → inexpensive (~1/10)inexpensive (~1/10)

Optimization of migration parameterOptimization of migration parameter

Solvent : (now) HCl Solvent : (now) HCl → → (Candidate) Organic solvent (methanol. . . )(Candidate) Organic solvent (methanol. . . )

Good adsorptive rateGood adsorptive rate

Migration speed : (now)0.3ml/min,1ml/minMigration speed : (now)0.3ml/min,1ml/min→→3ml/min. . .3ml/min. . .

time effectivetime effective



Future:Future:
Detector system for Double Beta DecayDetector system for Double Beta Decay

Inside Modules

Main detector CaF2
will be replaced …

Water

300cm

CANDLES SystemCANDLES System

CaF2 Crystal

CaF2(pure) Scintillators
Liquid Scintillator
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. . . with 48CaF2 (~2%) !
PMT

10cm cube

Schematic View of CANDLES III

CaF2s

at  Kamioka Obs.



SummarySummary

4848Ca Enrichment by using CrownCa Enrichment by using Crown--ether ether 

to apply Crownto apply Crown--ether resin ether resin 

Isotope EffectIsotope Effect

CrownCrown--ether adsorbed Ca ionether adsorbed Ca ion
4848Ca is enriched Ca is enriched in solution phase.in solution phase.

4.6%(max) up of 4.6%(max) up of 4848Ca abundance  with ~7hours Exp.Ca abundance  with ~7hours Exp.4.6%(max) up of 4.6%(max) up of 4848Ca abundance  with ~7hours Exp.Ca abundance  with ~7hours Exp.

Isotopic ratio of Isotopic ratio of 4848Ca increased with migration lengthCa increased with migration length
Ca volume: Ca volume: ××1717
Maximum isotopic ratio:Maximum isotopic ratio:××8      with 8      with ~250 hours Exp.~250 hours Exp.

In futureIn future

Study for a higher isotopic ratio, a larger amount of Study for a higher isotopic ratio, a larger amount of 4848CaCa

with cost and time effective parameterswith cost and time effective parameters
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