~DAYIDE I b~

202012

SNEARE]

19

= RF)

/



Migdal Effect in Dark Matter NE
Direct Detection Experiments

XENON

Matter Project

Masahiro Ibe (ICRR)

2020/11/24 Migdal3IRIc kK 5 iBEEYE RS

& RAREE

" Bremsstrahlu %EEK$ KMI I IAR

Based on a collaboration
arXiv:1707.07258 [with W. Nakano, Y. Shoji, K. Suzuki @ ICRR

FEB ‘é‘ i/ JE 8] @I /4 ILEAIRER2020

i

. : PRL23(2019)2:1803 Migdal effect detection capabilit
Mlgdal In GaIaCtIC g Kiseki Nakamura (ICRR) p y

Dark mAtter expLoration

Pawel M aj eWSki Detection capability of Migdal effect for argon and xenon nuclei with position sensitive gaseous detectors

Kiseki D Nakamura, Kentara Miuchi, Shinge Kezama, Yutaro Shoji, Masahiro Ibe. Wakutaka Nakano
(STFC/RUtherrord Appleton Labo ratory) Migcal effect is alracting interests because of the polential 1o enhance the sensitivities of direct dark matler $8aICNes 10 Ine Iow Mass region. In Spite of ils great imporiance, the Migdal effect
. has not been experimentally observed yet. A realistic experimental approach fowards the first observation of the Migdal efiect in the neutron scattering was studied with Monte Cara
fo r' th e M I G DA L C OI I a b O ra t I O n simulations. In this study. potential background rete was studied togesher with the event rate of the Migdal eect by a neutron source. It was found that 2 table-top sized ~ (30cm)? position-
SeNsMvE 0ASEOUS DELECION TIed WIth argon of Xenon 12rget as Can delect CNaracienstc SIonaturss of the MIgaal emect with sUmcient rates AD(IUE o 103) events/cay). A simuiation resuit of
a simpie experimental set-up showed two significant background sources, namely the intrinsic neutrons and the newtron induced gamma-rays. These background rates were found 1o be much

higher than those of the Migdal effect in the neutron scattering As a consequence of this siudy, it is concluded that the experimental observafion of the Migdal effect in the neutron scaftering
can be realized with a good understanding and reduction of the background
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M I g dal E ff ectin D ar k M atter + Reformulation of the Migdal Effect
Direct Detection Experiments 4 Migdals approach

Initial state of the DM scattering : (DM plane wave) x (Nucleus plane wave)
Masahiro Ibe (ICRR) Final state of the DM scattering: (DM plane wave) x (Nucleus plane wave)

2020/11/24 ,ﬁa. Illilzlg Migdal Effect = Final state effects

The Migdal Effect is treated separately from the nuclear scattering

Based on a collaboration ¥ New approach %&%L 7& E ? é: L/ < % Z\_ i L/ 7LC o

arXiv:1707.07258 [with W. Nakano, Y. Shoji, K. Suzuki @ ICRR]

Initial state of the DM scattering : (DM plane wave) x (Atomic plane wave)

Final state of the DM scattering: (DM plane wave) x (Atomic plane wave)

The Migdal Effect is automatically taken into account !

« Numerical Transition Rate (by using Flexible Atomic Code) How do we construct the plane wave function of the atoms?
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MigdaBh R Z AL IS 2B IFER ¢

EDELWEISS (Germanium): "Searching for low-mass dark matter particles with a massive Ge bolometer operated
above-ground”, arXiv:1901.03588

- i : “Constraints on Spin-Independent Nucleus Scattering with sub-GeV Weakly Interacting
Massive Particle Dark Matter from the CDEX-1B Experiment at the China Jin-Ping Laboratory”™ arXiv:1905.00354

LUX (Xenon): “Results of a Search for Sub-GeV Dark Matter Using 2013 LUX Data”, arXiv:1811.1124

XENONIT (Xenon): "A Search for Light Dark Matter Interactions Enhanced by the Migdal effect or
Bremsstrahlung in XENON1T", arXiv:1907.12771

SENSEI (Si): “SENSEI: Direct- ?b‘[m—ﬂ[&?u\ S On sul}G'fﬁ ml?‘\ Jom New Skipper Ct’, N S —
arXiv:2004.11378 j’ Nr z[
éﬁ jC%isl C. AT
CDEX-1B EDELWEISS-SURF XENON1T SENSEI
CCD (Si)
Destect Ge (charge-only) Ge (heat-only) LXe TPC LXe TPC
etector No ER/NR discri.  (above ground) (S1-52) (S1-S2, S2-only)  (charge-only, 135 K}
Size 939 g 3349 118kg -13ton -2g
0.03 kg day .
Exposure 737.1 kg day (1-day blind, 13775 kg day SSELSIZ.- ]2;": Ve;r -20 g day
5-days unblind) -an: on day
Threshold 160 evee 60 eVee -1 keVee SeR=l [203e

S2-only: 186 eVee (1234e)
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SUMMARY

» XENONIT is currenﬂ'%éadm

DM-nuclecn cross-section [em?]

» Direct dark matter detection experiments based on LXe are leading the search GeV-TeV
scale DM, but have limited sensitivity to sub-GeV WIMPs because of the small momentum
transfer of WIMP-nucleus elastic scattering.

» However, there is an irreducible contribution of inelastic signals that accompanies the
elastic scattering, which leads to emission of photon and the excitations / ionizations of

atomic electrons.
da Eff
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e searc es both in low hlgh mass regions

Current Results Future Prospect
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Migdal In Galactic
Dark mAtter expLoration

Pawel Majewski

(STFC/Rutherford Appleton Laboratory)

for the MIGDAL Collaboration
nativeldx Z A7 “MIGDAL“$ A],

Pawel

Migdal observation investigative workshop 2020, 24 November 2020

What do we already know about the Migdal effect ?

A. Migdal publications:
e |onisation in nuclear reactions [1]
e |onisation in radioactive decays [2]
First observations of the Migdal effect in :
e Alpha decay [3,4,5]
e Beta decay [6,7]
e Positron decay [8]

e Nuclear scattering [ ]

%iy)iﬂxlbml\nlf\r\l\l NI :
. [1] A. Migdal lonizatsiya atomov pri yadernykh reakfsddkh; hETA<1 ~ _!-u;j{B.?(J)J IVI I u LJ/-\ I— /J [ [ I I bb I [ I

. [2] A. Migdal lonizatsiya atomov pri a- | - raspade, ZhETF, 11, 207-212 (1941)

. [3] E. E. Berlovich et al., Investigation of the “jolting” of electron shells of oriented molecules containing 3P, Sov. Phys. JETP, Vol. 21, 675 (1965)

Detector operation and the signal signature

Example of the Migdal effect with

- Rapaport, F. Asaro and I. Pearlman K-shell electron shake-off accompanying alpha decay, PRC 11, 1740-1745 (1975)

. Rapaport, F. Asaro and I. Pearlman L- and M-shell electron shake-off accompanying alpha decay, PRC 11, 1746-1754 (1975)
oehm and C. 5. Wu Internal Bremsstrahlung and lonization Accompanying Beta Decay, Phys. Rev. 93, Number 3, 518 (1954)
ouratin et al., First Measurement of Pure Electron Shakeoff in the B Decay of Trapped He*lons, PRL 108, 243201 (2012)

250 keV Fluorine recoil & 5 (10) keV electron
(after 10 mm of drift in CF, at 50 Torr)
Simulated with SRIM and garf++ (recoil) and
DEGRAD (electron)

Clear “fork-like” topology

Clear different dE/dx distribution for both trach

o  Opposite head-and-tail ionisation distribution

Clear different ionisation density for both trach

At this moment we do not assume any specifi
angular distribution of the Migdal electron em

We will have capability to measure it.

STESA .

abian et al., Electron Shakeoff following the B* decay of Trapped **Ne* and “Ar* trapped ions, PRA, 97, 023402 (2018) &
DT and DD neutron generators , beam collimation and shielding
Simple trapezoidal collimator Double-trapezoid collimator
o i valul [' ._ volume
\ . } e
[ net;lron T ;
i Lo from_ | no direct neutron
inelastic scattering i s0urce interactions here
Compton scattering \bw -
O X—x2HEY) £ LT
Extended neutron source - 1.36 x 1.36 cm T target in the DT generator - simple trapezoidal
collimator leads to electrons produced near active volume : NR/all events ~ 35 %
Double-trapezoidal shape has been design with an extensive Geant4 simulations achieving
NR/all events ~ 84 % -

BGBGBG! ! |
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Migdal effect detection capability

Kiseki Nakamura (ICRR) ':F”ML

arXiv.org > physics > arXiv:2009.05939

Physics > Instrumentation and Detectors

[Submitted on 13 Sep 2020]

Detection capability of Migdal effect for argon and xenon nuclei with position sensitive gaseous detectors
Kiseki D Nakamura, Kentaro Miuchi. Shingo Kazama, Yutaro Shoji, Masahiro Ibe, Wakutaka Nakano

Migaal effect is alliacling inleresls because of Ihe potential 1o enhance the sensitivities of direct dark Matler S2aChes 1o ihe low Mass region nspi\e or lsg ‘eal importance, e Migdal enect
Ting w

has erimentally observed yet. A realistic experimental spproach fowards the first observation of the Mgnl udied with Monte Carlo
simu is study. potertial background rate w3351ud ied together with the event rate of the Mgd\ effectbya umm | bl e-t0p Sized ~ (30em)? postion-
sensl ClOr filied With ang At resur or

= found 1o be much

Submission history
Fram: Kiseki Nakamurs [view smail
w11 8un, 13 8ep 2020 071125 UTC (482 KB)

Gas as a target

» Xenon target (8atm)
» K-shell X-ray is 30 keV and easily to see
« good energy resolution (~5%) _
« experiment: XENON, LUX etc. e

« Argon target (1atm) FHH TV v 3 4—1‘[ jLZ\/ L X

* no inelastic scattering with neutron <~ S
« experiment: Darkside etc.

+ --> ~1000 ev/day is expected
targot | Arfatm | Xegatm _|

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 !

Event topology of Migdal

« Situation
« Migdal ionization (K-shell) --> Migdal electron and hole
« X-ray by de-excitation
rFeature EEMIEOIMES 120 T RA |
« two cluster (in the gaseous medium)
* cluster-B is fixed energy
» --> position sensitive gaseous detector

cluster A

1.nuclear recoil
(Eng)

o ®/ --------- % target ____| Arfatm | Xe 8atm |

cluster B

“ﬂ 3.de exciédaetxi?n X-ray energy 4keV 30keV
2.19cm
0.9

Neutron BG (Ar 1atm) E

* neutron --> gas target only
« dominant BG : neutron multiple scattering
» cluster distance distribution is different to signal

hopefully #Z —7"0 v|hk

e distance between clusters
intrinsic neutron BG

£ 500
H 2 Ar 1atm
* [ Artatm & 450
= g I -
i) = £ —— expected SIG:BG
Z 2 anof-
£ Sk — SIG: Migdal (cutd)
H 8 agg

- BG: inirinsic neutron (cud)

" efficiency curve where event is ‘
ined i 3
contained in volume (30cm)

10 20 30 40 50 60 70 80 90 100 k. b N -
keV [] 10 12 14 16 18 20 3
em
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The Migdal effect in semi-conductors
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