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⚫ BISCOTTEE
BISmuth-germanate Crystal base neutrinO(neutrOn)-nucleus scaTTEring Experiment

Idea of BISCOTTEE

ν തν + 16O → 15O + n + γ signal1 signal2 signal3In this poster, preliminary experiment is presented.

A new experiment, BISCOTTEE, has been proposed to measure neutrino–oxygen Neutral-Current Quasi-Elastic 
(NCQE) interactions. A short-baseline neutrino beam is directed onto a BGO detector.

𝑝 + 7𝐿𝑖 → 7𝐵𝑒 + 𝑛 + 𝛾

Outline

Pulse Shape Discrimination (PSD)

We use 
𝐃𝐞𝐥𝐚𝐲𝐞𝐝𝐂𝐨𝐦𝐩𝐨𝐧𝐞𝐭

𝐓𝐨𝐭𝐚𝐥𝐂𝐨𝐦𝐩𝐨𝐧𝐞𝐭
as a factor for discrimination.

Neutron beam to BGO
＠Osaka Univ. RCNP, 4-5th Aug. 2025

It is important to observe recoil nuclei in the BISCOTTEE. 
We have measured the QF (quenching factor) of BGO scintillation light yield for oxygen nuclear recoil 
by observing neutron–oxygen elastic scattering events.

Observed Signals

Analysis
Comparison between simulation and experimental data was
used to reject background-dominated regions.

⚫ Preliminary experiment for measuring BGO quenching factor 

We have two experimental setups for measurements

We can observe visible energy as function of 𝑬𝑩𝑮𝑶
𝒐𝒃𝒔 = 𝑸𝑭 ×  𝑬𝑹(𝜽)

Results

signal1

Particle identification is possible in a liquid scintillator using PSD.

Neutron-induced signals exhibit a larger delayed-component
than gamma induced signals.

Time difference between LSci and BGO

The difference between the energy spectra of the simulation 
and experimental data was evaluated using a χ² statistic, and 
the parameters were determined by minimizing χ².
We confirm the oxygen nuclear recoil QF as a result.

Τ𝜒2 𝑁𝐷𝐹 = Τ165 55

Τ𝜒2 𝑁𝐷𝐹 = Τ38 20

The oxygen nuclear recoil QF was 
measured at two recoil energies
and found to be consistent with a
previous measurements.

11.4 − 36.6 ns 12.5 − 35.9ns

Observed energy in BGO(𝜃 = 29.97°) 

Observed energy in BGO(𝜃 = 45.00°) 

𝜽 = 𝟐𝟗. 𝟗𝟕°, 𝑬𝑹 𝜽 = 𝟗𝟗𝟒 𝐤𝐞𝐕
𝜽 = 𝟒𝟓. 𝟎𝟎°, 𝑬𝑹 𝜽 = 𝟐𝟑𝟎𝟕 𝐤𝐞𝐕

MC MC 

data data 

LSci Signal 

Previous Measurement JINST 18 T04006(2023)

𝜃 = 30° 𝜃 = 45° 
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𝜃 = 29.97° 𝜃 = 45.00°

⚫ Future ⚫ Conclusion 

c
Next Target 

RegionAnalysis in progress! QF (quenching factor) of BGO scintillation light yield was maesured

Beam experiment conducted
on September 24–25, 2026

Data collected at higher 
recoil energy

Beam experiment has been conducted on 4-5th Aug. 2025 
at Osaka Univ. RCNP

Several selection criteria were applied 
to identify neutron–oxygen elastic scattering events.

UGRP2026 @ Science Tokyo, 28th~30th September 

𝑸𝑭𝑶 = 

(𝟗. 𝟎𝟓+𝟎.𝟎𝟑
−𝟎.𝟎𝟑 𝒔𝒕𝒂𝒕. +𝟎.𝟐𝟐

−𝟎.𝟑𝟓 𝒔𝒚𝒔𝒕. ) × 𝟏𝟎−𝟐

𝑸𝑭𝑶 = 

(𝟕. 𝟐𝟒+𝟎.𝟎𝟑
−𝟎.𝟎𝟑 𝒔𝒕𝒂𝒕. +𝟎.𝟐𝟐

−𝟎.𝟐𝟗 𝒔𝒚𝒔𝒕. ) × 𝟏𝟎−𝟐

Discussion

𝑄𝐹𝑖 𝐸 =
𝐿𝑖(𝐸)

𝐿𝑒(𝐸)
=

0׬
𝐸 𝑑𝐸

1+𝑘𝐵
𝑑𝐸
𝑑𝑟 𝑖

0׬
𝐸 𝑑𝐸

1+𝑘𝐵
𝑑𝐸
𝑑𝑟 𝑒

Birks’ law

𝑄𝐹𝑖 𝐸 … Quenching factor of ion
𝐿𝑖(𝐸)… Luminous amount of ion
𝐿𝑒(𝐸)… Luminous amount of electron

𝑑𝐸

𝑑𝑟 𝑖
 … Stopping power of ion

𝑑𝐸

𝑑𝑟 𝑒
 … Stopping power of electron

𝑘𝐵 … Birks factor

Quenching factor can be predicted using Birks’ law.
The Birks factor was estimated from two separate fits:
• using only the results of this experiment

𝒌𝑩 = (𝟖. 𝟗𝟒+𝟎.𝟒𝟓
−𝟎.𝟒𝟑) × Τ𝟏𝟎−𝟑 𝐠 𝐜𝐦𝟐 /𝐌𝐞𝐕

• using both our results and previous measurements

𝒌𝑩 = (𝟏𝟎. 𝟏𝟗+𝟎.𝟐𝟕
−𝟎.𝟐𝟔) × Τ𝟏𝟎−𝟑 𝐠 𝐜𝐦𝟐 /𝐌𝐞𝐕
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𝜽(°) 𝑬𝑹(keV) 𝑸𝑭𝑶

29.97 ± 0.07 993 ± 140 (𝟗. 𝟎𝟓+𝟎.𝟎𝟑
−𝟎.𝟎𝟑 𝒔𝒕𝒂𝒕. +𝟎.𝟐𝟐

−𝟎.𝟑𝟓 𝒔𝒚𝒔𝒕. × 𝟏𝟎−𝟐

45.00 ± 0.07 2307 ± 190 (𝟕. 𝟐𝟒+𝟎.𝟎𝟑
−𝟎.𝟎𝟑 𝒔𝒕𝒂𝒕. +𝟎.𝟐𝟐

−𝟎.𝟐𝟗 𝒔𝒚𝒔𝒕. × 𝟏𝟎−𝟐

https://iopscience.iop.org/article/10.1088/1748-0221/18/04/T04006
https://iopscience.iop.org/article/10.1088/1748-0221/18/04/T04006

	スライド 1


  ν  (  ν - ) +  O   16 →  O   15 + n + γ


  p +   L i   7 →   B e   7 + n + 𝛾


    𝐃 𝐞 𝐥 𝐚 𝐲 𝐞 𝐝 𝐂 𝐨 𝐦 𝐩 𝐨 𝐧 𝐞 𝐭  𝐓 𝐨 𝐭 𝐚 𝐥 𝐂 𝐨 𝐦 𝐩 𝐨 𝐧 𝐞 𝐭


   𝑬  𝑩 𝑮 𝑶  𝒐 𝒃 𝒔 = 𝑸 𝑭   ×    𝑬 𝑹 ( 𝜽 )


     𝜒 2 /  N D F =  165 / 55


     𝜒 2 /  N D F =  38 / 20


  11 . 4 − 36 . 6   ns


  12 . 5 − 35 . 9 ns


  ( 𝜃 = 29 . 97 ° )


  ( 𝜃 = 45 . 00 ° )


  𝜽 = 𝟐 𝟗 . 𝟗 𝟕 ° ,    𝑬 𝑹  ( 𝜽 ) = 𝟗 𝟗 𝟒   𝐤 𝐞 𝐕


  𝜽 = 𝟒 𝟓 . 𝟎 𝟎 ° ,    𝑬 𝑹  ( 𝜽 ) = 𝟐 𝟑 𝟎 𝟕   𝐤 𝐞 𝐕


  𝜃 = 30 °


  𝜃 = 45 °


  𝜃 = 29 . 97 °


  𝜃 = 45 . 00 °


    𝑸 𝑭 𝑶 =


  (   𝟗 . 𝟎 𝟓  + 𝟎 . 𝟎 𝟑  − 𝟎 . 𝟎 𝟑    ( 𝒔 𝒕 𝒂 𝒕 . )  + 𝟎 . 𝟐 𝟐  − 𝟎 . 𝟑 𝟓  ( 𝒔 𝒚 𝒔 𝒕 . ) ) ×   𝟏 𝟎  − 𝟐


    𝑸 𝑭 𝑶 =


  (   𝟕 . 𝟐 𝟒  + 𝟎 . 𝟎 𝟑  − 𝟎 . 𝟎 𝟑    ( 𝒔 𝒕 𝒂 𝒕 . )  + 𝟎 . 𝟐 𝟐  − 𝟎 . 𝟐 𝟗  ( 𝒔 𝒚 𝒔 𝒕 . ) ) ×   𝟏 𝟎  − 𝟐


    Q F i  ( E ) =    L i ( E )   L e ( E ) =     ∫ 0 E    d E  1 + k B    (   d E  d r ) i    ∫ 0 E    d E  1 + k B    (   d E  d r ) e


    Q F i  ( E )


   L i ( E )


   L e ( E )


     (   d E  d r ) i


     (   d E  d r ) e


  k B


  𝒌 𝑩 = (   𝟖 . 𝟗 𝟒  + 𝟎 . 𝟒 𝟓  − 𝟎 . 𝟒 𝟑 ) ×     𝟏 𝟎  − 𝟑   𝐠 /  𝐜  𝐦 𝟐 / 𝐌 𝐞 𝐕


  𝒌 𝑩 = (   𝟏 𝟎 . 𝟏 𝟗  + 𝟎 . 𝟐 𝟕  − 𝟎 . 𝟐 𝟔 ) ×     𝟏 𝟎  − 𝟑   𝐠 /  𝐜  𝐦 𝟐 / 𝐌 𝐞 𝐕


  𝜽 ( ° )


   𝑬 𝑹 ( keV )


    𝑸 𝑭 𝑶


  29 . 97 ± 0 . 07


  993 ± 140


  (   𝟗 . 𝟎 𝟓  + 𝟎 . 𝟎 𝟑  − 𝟎 . 𝟎 𝟑    ( 𝒔 𝒕 𝒂 𝒕 . )  + 𝟎 . 𝟐 𝟐  − 𝟎 . 𝟑 𝟓  ( 𝒔 𝒚 𝒔 𝒕 . ) ×   𝟏 𝟎  − 𝟐


  45 . 00 ± 0 . 07


  2307 ± 190


  (   𝟕 . 𝟐 𝟒  + 𝟎 . 𝟎 𝟑  − 𝟎 . 𝟎 𝟑    ( 𝒔 𝒕 𝒂 𝒕 . )  + 𝟎 . 𝟐 𝟐  − 𝟎 . 𝟐 𝟗  ( 𝒔 𝒚 𝒔 𝒕 . ) ×   𝟏 𝟎  − 𝟐

