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Requirement : Low BG, Large target mass, High energy 

resolution

Neutrinoless double beta decay

[T1/2
0n(0+ ->0+)]-1 =G0n(E0,Z)|M0n|

2<mn>
2

T1/2~a(Mt/DEB)  a: abundance M: mass

t: meas.timeDE: energy res. B: BG rate
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For future experiments
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~tons of target will be needed for next generation detector

http://kds.kek.jp/getFile.py/access?contribId=37&sessionId=16&resId=2&materialId=slides&confId=9151
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high energy 

resolution  

4%@2.5MeV 



Future experiments for Neutrinoless

double beta decay

Â Experimental requirement 

for BG rate  and DE

Â To achive mn< 100meV 

Ãhigh energy 

resolution  

4%@2.5MeV 

Ã low background rate 

0.01count kg-1 y-1

Ãton scale of target 
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Liq. Scintillator is easy to scale up target volume
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Energy spectrum obtained by KamLAND

ÂMost possible BG

Ã
110mAg (ɓ-ɔ, ɓmax=3,02MeV, 

t=360d) 

Ã
214Bi on IB (ɓ-ɔ, 

ɓmax=3,27MeV, t=15d) 

ÅHalf-life of 0nɓɓ

T0
1/2 > 1.9 1025 y(90%C.L.)

Å neutrino mass limit 

(conbined by EXO200)

mn< 120 -250mev
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PRL 110,062502 (2013)



Detector design for ZICOS experiment

Â Zirconium Complex in Organic liquid Scintillator 

(ZICOS) for double beta decay experiment
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3m

10m

Assuming 10w.t.% solubility

Zirconium loaded 100ton LS 



Zirconium ɓ-diketon complex 

ÂZirconium(IV)  

acetylacetonate

(Zr(acac)4) 

ÂAdvantage

Ãgood solubility (over 

10w.t.%) in  Anisole 

(PhOMe)

ÃStable and cheep

ÃCommercial product

ÂDisadvantage

ÃLow scintillation light 

yield
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Molecular weight : 487.66  



Whatôs problem 

Â Absorption spectra of 

In(acac)3 (indium 

acetyl acetone) was 

overlapped with the 

emission spectra from 

Anisole Chem. Phys. 

Lett., 435(2007), 252)
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Same overlap between  the emission 

and the  absorption could be occurred 

even if different metal (Zr) was used.
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Observed absorption spectra of Zr(acac)4

Â Emission peak of 

anisole was observed 

around 295nm.

Â Absorption peak of  

Zr(acac)4 was observed 

around 270nm.
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Scintillation light from 

anisole (PhOMe) might be 

absorbed by Zr(acac)4



Simple expectation for quenching 

Â Assuming to same cross section 

for light

Light yield = L0

s1Nppo

s1Nppo + s2NZr

L0 : Light yield of anisole + 

PPO + POPOP

Nppo , NZr : Number of 

molecular for  PPO and  Zr(acac)4

s1,s2 : cross section of  absorbance for   

PPO and Zr(acac)4  
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Scintillation Light yield (60Co) with 

respect to concentration of Zr(acac)4

concentration 

of Zr(acac)4

Observed

channel

Expected

channel

0 mg 3850 3850

50mg

(1.03X10-4)

3175 3138

100mg

(2.05X10-4)

2800 2651

200mg

(4.10X10-4)

2000 2018

300mg

(6.15X10-4)

1600 1613

500mg

(1.03X10-3)

900 1178
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PPO 100mg : 4.52X10-4 mol



Improvement of  scintillation light yield 

ÂMove absorption peak 

to shorter wavelength

ÂHow to do it?

substituent groups
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Courtesy of Prof. Yoshiyuki Kowada

(Hyogo University of Education) 

http://www.hi-ho.ne.jp/hosomi/sotsuron


