Egﬁ}: Candles

CANDLES for the study of double
beta decay of 48Ca and its
enrichment

T. Kishimoto
RCNP
Osaka Univ.



Present to near future of RCNP

Cyclotron accelerator facility: Hatanaka
LEPS facility: hadron physics: Nakano

Research center for subatomic science (present)

 How matter (mass) was synthesized
e LEPS2: Hadron physics (GeV photon)

* MUSIC: Lepton Flavor mixing (muon)
e CANDIFES: Double heta dpr:—\\/ (I epton number \/|n|:11'|nn\
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— Collaboration with J-PARC, RIKEN, Tohoku,..., China and
other countries. Asian accelerator science school

Higher Intensity for cyclotron facility (near future)
— Neutron EDM, Muon, BNCT



Baryon density in our Universe @

* Big bang nucleosynthesis

—4He, D, 3He, "Li

— Baryon density >

P~ 10_10 py

If particle number is conserved,
Particle: 1,000,000,001
Anti-particle : 1,000,000,000

Number relative to H

Matter dominated Univ.
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Relativity + uncertainty
—anti-particle

no information is faster
than speed of light

light -interact with any space-
time

—particle that travels
backward in time
—antiparticle

bl

past

> Carries inverse quantity

distance (charge spin(chirality))

Dirac equation "
Feynman
Charge: conserved

Chirality: violated by mass

particle = antiparticle
Majorana particle




v has to be a Majorana particlem

Candles
* Mass term (Dirac) Lp=—mprld + h. c.
- ML 08¢, 0 |

 Mass term (Majorana)  £Lm, = ——~(v)v + hoc

— Only Letft (right) handed
mass term can be made

_ Left and right can have Chirality flip (relativity)

different mass Left handed — right

— We know only left-handed handed (anti-particle)
neutrino

— Heavy right-handed v T

(see-saw mechanism) .a. > | <«—as a
— Violates lepton number
Leptogenesis \
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Ov2B3 decav ossible in

ViV My 3 standard model

Majorana particle

particle = anti-particle
*possible only for v
-matter dominated universe

Sum energy spectrum
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Double beta decay nuclei ®

* Nuclel A7 +1N-1
. 480a, 76Ge, 8286,100MO,
— 128Tg, 130Tg, 136Xe, 150N( AZN ‘~\
— Positron emitter AZ4ON-2
» Ultra rare process
_ 1020~25 yr
* Huge natural background sources
— High sensitive detector

— Low background circumstance < Underground
ab.

~

S0 many experiments and
laboratories in the world



Why 48Ca D

Highest Q value (4.27 MeV, '%0Nd: 3.3 MeV)
— Large PV, Little BG(y: 2.6 MeV, B: 3.3 MeV)

Small natural abundance: 0.187%

— Isotope separation — expensive (no Gas)
Next generation

— M, ~ T-V2 ~ Det. Mass? (no BG)

~ Det. Mass* (BG limited)
—43Ca (no BG so far)
Reliable nuclear matrix element I <m >

If we want to sense normal hierarchy
region, only 4Ca + enrichment have a
chance.



Oto Cosmo
Observatory_ ..

A tunnel constructed for arallroad but
never used. It is60km south from Osaka

lh__‘. _ nooooooo | T2% >1.4x10” year (90% C.L.)
(m,)<7.2~447eV (90% C.L.)

NPA 730 ’04, 215
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48Ca double beta decay by »
ELEGANT VI @ Oto NPA 730 ' 04, 215

PRC78 058501(’ 08) Candles
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T2% >5.8%x10% year (90% C.L.)
(m,)<35~22eV (90% C.L.)

m;-.-ﬂm Not limited by backgrounds
Silicon oil/ﬁoﬂcal grease

A A But only 6.4g of 48Ca 1o




How to

g'D

NSE

('D

* Big detector

— Huge amount of materials

* Low radioactive background
— Active shield
— Passive shield
— Low background material
— BG rejection by signal processing

* High resolution
— Backgrounds from 2v[3[3 decay

e CANDLES is our solution

m.=1~102eV »
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CANDLES

i)

CAlcium fluoride for studies of Neutrino and Dark matrtergandles
by Low Energy Spectrometer

(I\:]/etoCounter)
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CaF,(Pure)
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Large PMT

% CaF,(Pure)
200k g, 300kg, 3t,
enrichment
8Ca (Qgg=4.27MeV)
% Liquid Scintillator
Wave Length Shifter
4 t Active Shield
Passive shield
% Photomultiplier
energy resolution
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CANDLES |

Background rejection
POP(Proof of Principle)

ADC(fast)
ADC(total)
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Rejection of Double Pulse '

Sum energy ~ Q value Candles
Qp = 3.27MeV Q, = 7.83MeV

212Ri B « Bo (0 208

L ol o] b (P
Qp=22MV Q, =8.95Mev

Typical Pulse Shape(100MHz FADC)
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100MHz FADC AT >30ns(3ch): ~3%

500MHz FADC (under preparation) ... AT >5ns; ~1% 14
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CaF2(Eu) in ELEGANT VI
U-chain(214Bi) : 1100uBg/kg
Th-chain(220Rn) : 98uBqg/kg

% Where is the crystal's contaminated?
Raw Materials CaF Fused CaF
[ CaCO,, HF ]=> [ Powder ]'=>[ CaF, ]':’ [ Crystal ]

— ¢
Radioactivities in CaF, Powder Radioactivities in CaF,(pure) Crystal
(HPGe measurement) (o-ray measurement)

Powder salection
Crystal making

Th-chain(*°Rn) ~21uBg/kg . .. 1/5 of Previous Crystals

{U-Chai n(?“Bi) ~41uBqg/kg ... 1/25 of Previous Crystals
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Energy resolution and BG
rejection (2 phase system

« BG from 2v§33

* Energy resolution

« CaF,:UV
- BMT 1
« 2 phase system
CaF,(pure)
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CaF,: 191 kg

10° cm3 %60

Ca ndles
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CANDLES I (UG)
% Kamioka Experimental hall D
% CANDLES III(UG) —
F3mox4mh Kamigka mLAND ;E:_:

i

Super
Kamioka




CANDLES 111 (UG)
% CANDLES 111 (UG) (CaF, crystals)

% 62 PMT’s

% 96 CaF,(pure) crystals
Almost completed




Mile stone

ELEGANTS VI
— Best 48Ca 0v3p limit

CANDLES |, II

CANDLES I+ HI(UG)
— 100 x10cm? CaF, (~30 uBqg/kg) ~0.5 eV
— Start running in this November.

Candles

achieved

CANDLES IV
— 3t CaF, (3.5 kg #®Ca) (~3 uBg/kg) ~0.1 eV

CANDLES V
— Enrichment and 0.3~1t of ¥Ca (m,~10meV)



Enrichment of 48Ca

* Increase 3 nuclei
: 48Ca:0.2% =>5~10 %
* BG reduction

e Crown ether
— Sep. coeff. &~ (3.5%x0.5)x103
— Crown ether resin

Qi
Dicyclohexano

18-crown-6

@ O DC18C6

foq_—p-




Enrichment for long migration

~7 hours —— ~ () QOUrS » ~250 hours
200m
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Enrichment due to crown ether

Ca/’Ca)

-long migration length
-higher enrichment and larger amount
~7EFRS(1m) — ~2508FR (200m)
amount: X 17, enrichment: X8




Summary '
J Candles

Double beta decay will change our
understanding on particle and anti-particle
and our universe.

CANDLES has potential to see signals.

Enrichment of 48Ca is key R&D item.
— Crown ether (CE) resin is under R&D.
— China is the largest supplier of CE.

Collaborators are welcome particularly from
China, where underground science is
under preparation.
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