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Our aim:
Dark matter research using ultra high-purity NaI(Tl) crystals,
and verification of the annual modulations reported 
by DAMA/LIBRA[1].

Experimental Setup & Data Analysis

Pulse-shape discrimination

We developed pure NaI(Tl) crystals(Ingot #85) in 2020  [2]

We produced a new NaI(Tl), Ingot#94, 
using the Ingot#85 purification method.
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Result: Radio-isotopes (RIs) Activity

The RI activity CRI is calculated:

CRI =
Events

LiveTime×IngotMass
=

Events

28.3 day × 1.3 kg
.

We developed ultra high-purity NaI(Tl) crystal 
that matches the radio-isotope activity 

of DAMA/LIBRA’s crystals.

We verify 3 peaks(125I、 126I、 210Pb), 125I, 126I peaks decreasing.

126I x − ray : 35 keVee 𝑇1/2= 12.5d

210Pb 𝛾 − ray : 46.5 keVeeT1/2 = 22.2y
125I γ − ray : 64 keVee 𝑇1/2= 59.4d

Spectral comparison Time variation of RI activity

Summary

The background at low energies (≲100 keVee)

DAMA/LIBRA
(NIM A592 (2008) 297.)

Ingot #85
(2020) [2]

Ingot #94
(This work)

Goal

Crystal size 10.2×10.2×25.4 cm3 7.62𝜙×7.62 cm3

232Th [μBq/kg] 2~31 0.3 ± 0.5 𝟒. 𝟔 ± 𝟏. 𝟐 <10
226Ra [μBq/kg] 8.7~124 1.0 ± 0.4 𝟕. 𝟗 ± 𝟒. 𝟒 <10
210Po [μBq/kg] 5~30 < 5.7 𝟏𝟗 ± 𝟔 <50

Signal: many pulses

Noise: Single Pulse Only

Signal Events

1. We have developed high-purity NaI(Tl) crystals with the same 
activity as DAMA/LIBRA crystals. 

2. We need to reduce the background below 10 keVee.
• We will identify noise events around 3 keVee by machine learning. 
• We develop an active shield detector.
• and we are investigating tagging discrimination efficiency. 

The difference in pulse shapes allows us to 
discriminate β/γ-events 
from those induced by α-particles. 

Part

Total

Typical scintillation sig.

𝜏𝛽,𝛾~230 ns

𝜏𝛼~190 ns

New Ingot#94 detector

Energy vs PSD
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α-particles

β, γ-rays

PSD  enable range without 
mixing β/γ-rays

[1200, 6000] keVee

α-particle spectrum  [1000, 6000] keV
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1. Single pulse noise reduction.

PSD ability:

𝑓PSD =
𝜇𝛼 − 𝜇𝛽/𝛾

𝜎𝛼
2 + 𝜎𝛽/𝛾

2

= 4.38 ± 0.16

PSD Histogram for [1200, 6000] keVee

α-particles

β, γ-rays

We measure the Ingot #94 detector BG in Kamioka.
The Ingot#94 exposure is 28.3 day×1.3 kg.

Background rate of ROI (2-6 keVee)
We calculated 
the average BG rate 
and error in the ROI.

However, since the BG rate is higher around 3 keVee

due to PMT noise, We divided event rates into three ROIs.

→ 2～5 Events/(day・kg・keVee)

We used two noise reduction methods.

Around 3 keVee:
residual noise

2. PSD noise reduction.

DAMA/LIBRA: reported annual modulation[1]

COSINE [3]ANAIS [4]

DAMA-Like Analysis

The width of each peak was selected 
and the number of events  for each 
radioisotope was calculated 
from the counts (see ref. [2])

We selected a 𝑅PSD threshold to be 0.52.

Current
Two groups reported different results for experiments 
using NaI(Tl) detectors.
Therefore, we need additional validation as soon as possible.

Detector sensibility
We calculate the cross-section for the BG rate.

The upper limit of the BG rate was assumed to 
correspond to 90% C.L. events of the error 
in the BG rate in the non-noisy region [4,6] keVee.

Ingot #94 crystals are one order less sensitive 
than DAMA/LIBRA crystals.

→ We need to optimize noise reduction and BG reduction.

Noise reduction

BG Analysis and BG rate of ROI

The RIs Activity in NaI(Tl) crystals.

Reference

Many noise 
events！

Below 100 keVee, we verify two clearly 
separated event distributions.
Investigating events with 
energies < 100 keVee and RPSD > 0.64 
reveals many noise events. 
We applied a simple noise threshold.

RPSD=0.64

The noise event is only a single pulse 
for 200 ns from the pulse start point.
In contrast, a scintillation signal 
consists of many pulses 
within the same time interval. 
Therefore, scintillation events are 
clearly discriminated from the noise.

Thank you for stopping 
by my poster～!!

Opposite annual 
modulation

No annual 
modulation
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