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1. Introductlon

. In recent years, the search for low-mass WIMPs
as candidates for dark matter has been active.

. Migdal effect is a phenomenon in which ionization or
excitation occurs due to the rapid nuclear movement,

with low probability. ( lonization branching is 10-1~10- in Ar)
. Especially, the search for low-mass WIMPs using the — Additional electric energy are generated

Migdal effect has attracted much attention. by nuclear recoil.

T 11 \@nalysis with Migdal effect]  wivps neutron — low-mass WIMPs with low recoll energy
\<_ @ o | can be searched for.

g 1040 4 S2-only Migdal Q o f ] ]
&;tty @ > - However, Migdal effect with nuclear recoil has not
N been confirmed !
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2. MIRACLUE ¢,

- We are aiming to confirm Migdal effect via nuclear recoill.
using heutron beam and a gaseous TPC (Time Projection Chamber)

Argon(Kobe)/Xenon(Tohoku) gas TPCs are developed.

3D position reconstruction of "2-cluster” signal with
K-shell X-ray by Migdal effect.

Nucleus movement lonization/excitation

. 3. Background reduction

. Main background is Y -ray from (n,Y ) reaction
Y -ray from laboratory
The most dominant (estimation by simulation)
— Constructing collimator made of
polyethylene with 50% LIiF*

Distance distribution between

2-cluster signal 2-cluster (simulation) Y -ray from detector components
cluster A 500 - D
Recoiled nucleus, Migdal electron uster B § | Artam — 96Fe in a TPC vessel has a large (n,r)
o photoelectron Cross section for fast neutron. (n,r) cross section
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Ly 300} Intrinsic background | _
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3—d—e-excitation X-fay 250(- (neutron multiple scattering) Vessel 1S reqUIred. - NI
(el o [y — TPC using gas barrier bags .|| | |
4.de-excitation electroh L EY TR RRL LV N,
‘j (Enl - Edex) Energy equal to 100; igd , haS been develOped' d
2.Migdal electro? characteristic X-rays 50 SR UIN =TH | R S Y. . mmUdwmNLe
(Ee) e raar alsltg)ncsz VT T w0 we w0
ELEE C021(H. 015CO0] = 4 * BG measurement results will be presented in M.Ofuji’'s poster presentation. (P27)
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. We carried out first neutron beam test.

. April 2022, at National Institute of Advanced Industrial
Science and Technology (AIST)

| . beam information
-y e 565keV neutron, SLi(p,n)7Be reaction, using metal Li target

4. Detector Development

. Detector Overview

. Gas (1atm)
Ar : C2H6 (quencher) = O]

. Detection Volume
10x10x8 cm3

. GasAmplification & readout

Ar+C2Hs

CEpe . Operation was confirmed in a high intensity

AP | neutron field. (flux~103/cm?2/sec)
TTTT L — Successfully obtained a tracking.*
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time [min] * The analysis results will be presented in Y.Hamada's poster presentation. (P20)

6. Summary
. Argon gas TPC with gas barrier bag was developed.

5. Prospects

. Gas barrier improvements.

. Larger TPC development using a 30x30 cm? uPIC
for more larger statistics.
— World's first observation of the Migdal effect
or first limit on its branching !

. Neutron beam tests were performed using the TPC
— Successfully obtained recoll tracks.

- We'll develop a larger detector tfor world’s first

. . Mi | eft lon.
. Components selection that are less likely to cause (n,7r) . igdal effect detectio


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241803
https://academic.oup.com/ptep/article/2021/1/013C01/5961981

