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はじめに

• 公募研究（11月～）に採択いただき、ありがとうご
ざいます

• ミグダル観測はBGを減らすというよりは信号をエ
ンハンスするという方向性です

• 近年では世界的に注目されているトピックかと思
います

• 自身のAXEL、NEWAGEの経験と技術を生かして
ミグダル観測にこぎつけたいと思っています



PTEP

• でました！



ミグダル観測検討会2020

• 地下新学術の援助のもと開催（ありがとうございます）

• slackもあるので、興味がある人は連絡ください



ミグダル観測検討会2020

• DAY1でイントロ、
DAY2で議論

• 実験＋理論の研究会



Migdal effect

• Suddenly movement of nuclei --> additional 
ionization/excitation (low probability)

• First raised by Migdal 1939

• Calculated for nuclear recoil case to apply DM search 
analysis  (JHEP 03 (2018) 194, arXiv:2011.09496)

normal Migdal



Migdal for DM search analysis

• Nuclear recoil + Migdal effect
• --> observable energy increase

• --> low-mass sensitivity increase

• Understanding followings are important
• Migdal effect

• electron BG (S2 only)

• detector response for NE+ER

PRL 123 (2019) 241803



Migdal analysis
from Kazama



Is Migdal really occur ?
from Pawel

We want to 

measure this !



Migdal observation experiments

• As far as I know, two ideas are ongoing
• different approach: complementary

• 1. MIGDAL collaboration
• search for events where NR and ER start 

at the same vertex

• use very low pressure gaseous detector 
(CF4 50torr)

• 2. Our idea
• search for NR events associated with de-

excitation X-ray as a second cluster

• use position sensitive gaseous detector 
(Ar 1atm/Xe 8atm)



Migdal signal (Geant4)

• after "cluster num == 2" selection

• mono-energetic cluster-B

• cluster distance is consistent to X-ray absorption length

Xe 8atm

PTEP2021



Neutron BG （Xe 8atm）
• neutron --> gas target only

• dominant BG:
• gamma-rays from 129Xe (inelastic)

• gamma-rays from 131Xe (capture)

• 134Xe, 136Xe selection is needed by enrichment

gas

30x30x30cm3

KamLAND-Zen

Xe136 91%

Xe134 9%

Xe132 0.17%

for example

from Kamei

PTEP2021



Gamma ray BG
• Too much BG exist for the simple constitution

5 mm

36 cm

SUS chamber

Ar/Xe

chamber BG

laboratory BG

PTEP2021



2-cluster demonstration

• u-PIC and EL readout can be used for a position 
sensitive gaseous detector

10x10cm

from Shimada from Ikeda from Yoshida

Xe 4atm

1cm-pitch

662keV gamma (137Cs): ER+ERCF4 0.1atm

400um-pitch

565keV neutron beam: NR+NR

Ar 1atm

400um-pitch

5.9keV gamma (55Fe): ER+ER



Schedule

• 1st neutron beam test (2021)
• confirm gamma-ray BG

• inelastic scattering of 129Xe --> check the consistency

• (n,gamma) at chamber / laboratory --> input for shielding

• measure quenching factor for 1atm Ar / 8atm Xe
• for NR signal expectation

• 2nd neutron beam test (2022?)
• install neutron shield

• observation by Ar

• 3rd neutron beam test (2023?)
• use 136Xe enriched xenon

• observation by Xe



Detector for 1st beam test

• 16cmφ×16cmの検出領域（168ch）

• 中性子BGとquenchingの測定

• 今年度はエレキと光センサを準備



作業場所

• 竹田さんの協力のもと、神岡で試験機組立の場所（電源
も）を確保してもらっていた（Lab-A）

• 自分が異動になったので、異動先で作ることにした



キセノンの同位体濃縮

• 134Xeや136Xeは非
弾性散乱や中性子捕
獲をしない

• 3/9にイーエナジーか
ら濃縮について打診

• 神岡にある線源につ
いて問い合わせをし
て、仲良くしてもらっ
た会社

• 引き続き連絡をとり、
3rd stepへ



まとめ

• ミグダル効果
• 軽い暗黒物質探索の解析に重要

• 中性子ビームで測定できると嬉しい

• ミグダル観測検討会を開催

• ビーム実験
• 2-cluster事象を選ぶ方針

• 8気圧XeのTPCを想定

• シミュレーションを進めてきた（PTEP 013C01 (2021)）

• 1st stepとして中性子BGとquenchingの測定を目指す

• 検出器制作中

PTEP 2021 013C01



MIGDAL collaboration
from Pawel

• Configuration to search NR+ER
• low pressure (CF4 50torr)

• optical readout

• DT / DD neutron source

• dedicated collimator

DT 14.1MeV 10^10 n/s

DD 2.45MeV 10^9 n/s



MIGDAL collaboration
from Pawel

• Merit
• low BG for NR+ER from 

same vertex

• Difficulties
• find out from a lot of 

single scattering BG

• exposure



Our idea

• Situation
• Migdal ionization (K-shell) --> Migdal electron and hole

• X-ray by de-excitation

• Feature
• two cluster (in the gaseous medium)

• cluster-B is fixed energy

• --> position sensitive gaseous detector



Neutron beam

• Neutron beam at AIST
• interaction: 7Li(p,n)7Be

• energy: 565keV (on face)

• flux: 1000 /s/cm2 (at 1m)

7Li target

proton beam

There is space under the floor with grating 

to reduce scattering material

facility energy beam type flux

RANS 7MeV 

(Be(p,n)B)

pulsed beam 10^12/s @Be

KUANS ~1.6MeV 

(Be(p,n)B)

pulsed beam ?

AIST 24keV-

40MeV

DC beam

(-> pulsed beam ?)

1000 /s/cm2 

@1m

KEK 15MeV (DT) DC beam

neutron beam lines in Japan from Higashino



Nuclear recoil

• "inelastic" effect is seen a little
• due to transferred energy (ΔE=Ee+Enl)

• Take into account it to the Geant4 simulation



Migdal electron

• For K-shell of Xe
• typically 10keV

• shape is like exponential

JHEP 03 (2018) 194



Migdal signal

• nuclear recoil

• Migdal electron

• de-excitation X-ray

energy dependence 

of Migdal probability

nuclear 

quenching

3keV ~60keV ~10keV

30keV ~20keV ~70keV

Argon

Xenon

Ibe et. al JHEP 03 (2018) 194



Neutron BG （Ar 1atm）

• neutron --> gas target only

• dominant BG : neutron multiple scattering

• cluster distance distribution is different to signal

efficiency curve where event is 

contained in volume (30cm)3

gas

30x30x30cm3



Existing gas detector
• Argon target (1atm)

• readout: u-PIC(MPGD) with 400um pitch

• NEWAGE's technique

• no inelastic scattering with neutron

• Xenon target (8atm)
• readout: EL photon with 0.75~1cm pitch

• AXEL's technique

• good energy resolution (~5%)

• --> ~1000 ev/day is expected

target Ar 1atm Xe 8atm

K-shell energy 4keV 30keV

absorption length 2.95cm 2.19cm

fluorescence yield 0.14 0.9

event rate 603 ev/day 975 ev/day

4.5% FWHM

30x30x40cm3



Migdal signal (Geant4)
• after "cluster num == 2" selection

• mono-energetic cluster-B

• cluster distance is consistent to X-ray absorption length

Ar 1atm

Xe 8atm



Neutron BG （Ar 1atm）

• neutron --> gas target only

• dominant BG : neutron multiple scattering

• cluster distance distribution is different to signal

efficiency curve where event is 

contained in volume (30cm)3

gas

30x30x30cm3



Gamma ray BG
• Too much BG exist for the simple constitution

5 mm

36 cm

SUS chamber

Ar/Xe

chamber BG

laboratory BG



Idea of BG reduction

gamma
neutron

(~1us)
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Pulse neutron beam Neutron shield

Thin chamber Active shield

polyethylene and boron

neutron

neutron


