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ADM B

Symmetry 2021, 13(10), 1945;
https://doi.org/10.3390/sym13101945
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https://www.lowbg.org/ugap/ws/am2023/slide/6-1.pdf

Wave-like dark matter

N@V\/ IdeaS 10 the Ca\/lty UGAP conference in Sendai on March 5th, 2024

Y. Kishimoto
RCNS, Tohoku University
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Polit run system for axion search in Tohoku

* Magnet
« Sample volume D=110mm, L=220 mm
« Max B=9.1 T (2% unifomity)
« Simple cavity
* G = 0.686
+ V=373 e
« Q; = 1.84x10*

@hw‘ =

Smaller volume
(H=10 mm)

« Antenna coupling g = 2.04

« Temperature

« T =8.85K
* No load min. T = 3.8K




“ Microwave cavity
» » N\
»

A . L J A N
A QUAX DD OO0 B
a
. 00 8 @ g
“ PRD 105, 102004
10_5 I R 1 1 I 1 1 1 1
This work|
107° o o
1077 O ‘ X
10 Y 8
_9 >
. 10 %
Phys. Rev. Lett. 124, 171801 (2020
ys ev.Le ( ) U}% 10_10 ---Qé-s-l: ------------------ C-:j- ------------
3 107
—1 _ .
10-12f= . White dwarf cooling ___________________.
S " Redgiant T
Calibration lﬂl 101
= 3l (] = on
=, o - a)(lO
s - 105 DFSZ
2’ : 16 -
Ez ! D9 ® 10 10°° 107*
i oYiG | . Log m_[eV]
1 05 0 05 | ® 3 a
Effective temperature [K] e g




GHz

Crab
Tsstien nebula
Super

L—\L—\"_\
zes
— \
—_ e}

DRDM Elell
Reionisation Dtl:eDtNalI
(Caputoetal.) (Witte ctal)

o1 0)
=
Ra

&
B
.

Q
5
~Y,

—_
CDl OI
— =
w N

—_
O‘Ol
—_— =
g1 W=

SuperCDMS
Black hole DarkSide
superradiance

—_
O|O|
—_— =
~

AT A6 A5 A8 A3 A2 A A0 9 T 6 D A D L N Ot a0
407407407 107107107 107407 10 107107107107 107 107407407 10 407 407407 40710

Dark photon mass [eV]

https://github.com/cajohare/AxionLimits



Phys. Rev. D109, 012008
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E_ Signal
Analyzer

Dieter Horns et al JCAP04(2013)016

Radioshielding Box
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WIMP-nucleon cross section [cmz]
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ADAMA., (Nal)

DAMA/Nal (0:29 tonxyr) —————F+—5
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A SOMETHING is detected

Eur. Phys. J. C (2008) 56: 333-355
DOI 10.1140/epjc/s10052-008-0662-y
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AOther ~Nal| detectors

A3xd  gr Gl d’ r t gochpleteths
A Consistent  with null and DAMA.
A upgrading (low threshold, mass ¥ 2)

Modulation Amplitude [dru]

A3xd gr Gl d rtqgdl dms
A incompatible with DAMA
A 2 more years to testby 4 B

A North and South inpreparation

A Pure crystal n

A bolometer technique

modulation amplitude

Need to be stay tuned.
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ALiquid . Xe/Ar

Double phase detector principle

light yield

liquid Xe

double -phase (liquid+gas )

Time projection chamber

¥\ Extraction field 2.9 kV/em (in liquid)
~50% electron extraction efficiency

¥ Drift field 23 V/em

5.9 tonnes Xe in TPC
8.5 t total

Hamamatsu R11410-21
3-inch photomultiplier tubes (PMTs)

477 out of 494 PMTs operational

XENON universitatfreiburg XENONNT STATUS AND RESULTS | ICRC2023 | A. BROWN
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PTFE pillar
—PTFE reflector

HV feedthrough

Field shaping
elements

Bottom TPC grids




AXENONRT

Upgrade from XENON1T to X n

LNGS, Italy

[ xe

Status of XENONNnT and the final results of XMASS

; Shigetaka Moriyama
ICRR, NNSO, Kavli IPMU

- The University of Tokyo
. March 5, 2024

https://doi.org/10.48550/arXiv.2402.10446

LXe time projection chamber (enlarged)
— 5.9 t LXe active (3 x XENONI1T)

Liquid xenon purification (new)

— Faster purification (>> XENON1T) n zoec,e&\o(\
Neutron veto (new) \’bQooc\"

C
— Cherenkov neutron veto (68% eff. with pure
water, 87% with planned Gd-loaded water)

Radon distillation column (new)

— Reducing Rn-originated BG (<1/10 x XENON1T

17



ALZ :0.9 ton e year 9.2e -48 cm? for 36 GeV WIMPs

A XENON : 1.1ton e year 2.6e -47 cm? for 28 GeV WIMPs
(blind: analysis + power constraint  limit setting)

1 o sensitivity 2 o sensitivity

dashed : w/o power constraint
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A WIMP: MIGDAL rh

Migdal effect in dark matter direct detection
- experiments

T g D? Dz U R
A A' B 3 M Igdal D@ Q Q J Phys USSR 4 (1941) 449 Masahiro Ibe,** Wakutaka Nakano,® Yutaro Shoji® and Kazumine Suzuki®
A UT DD QO DM s” DZA Greformulation  jHep03(2018) 194
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PRL123, 241803 (2019)
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between DM (y) and a xenon nucleus.




MIGDAL
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Search for the Migdal effect in liquid xenon with keV-level nuclear recoils

7keV nuclear recoll

Uil d

J. Xu,'»* D. Adams,? B. Lenardo,® " T. Pershing,! R.L. Mannino,! E. Bernard,! J. Kingston,*1
E. Mizrachi,>?! J. Lin,® R. Essig,? V. Mozin,! P. Kerr,®! A. Bernstein,! and M. Tripathi*

arxiv:2307.12952v1

—— Single scatters
Passive scattering
—— Neutron multi-scatters
—— Migdal (best-fit)
- Migdal (predicted)
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UCLA Dark Matter 2023
03/31/2023

i O
N \

una-oun talk at UCLA DM2023

Jeanne Bang, Austin Vaitkus, Chen Ding
On behalf of the LZ Collaboration

3 incorporated in full

Observe a 3.4 o excess in data in Y’ in region of high S/B

Source

Number of events
inY'>042

Observed Data Events
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Preliminary — S5
— MSU2

~— MSU3

- IE+CSU
Bkg Only
4 LZ DD Migdal Data

Preliminary Result reports Event
Data only in this
en Shaded Region W, > 0.42)

Model Jhes in this
plot agf Bkg only -
- fines not

=

SS

0.3 +/- 0.1 (sys.)

MSU2
BG Model

4.9 +/- 0.1 (sys.)

Prediction
MSU3

2.4 +/-0.1 (sys.)

IE+CSU

2.0 +/- 0.2 (sys.)

Total BG Model
Predicted

9.6 +/- 0.5 (sys.)

03 0.4 0.5 0.6
Y’ (=rotated S2, bin size varies by Y"3)

Significance
versus BG-only Model
Poiss(n223|p=9.6+0.5)

340

S2 [electrons]



https://indico.cern.ch/event/1188759/contributions/5222299/attachments/2622583/4534820/UCLA 2023 Dark Matter - Migdal Search in LZ - Jeanne Bang.pdf
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FIG. 1. Nlustration of the ER signal production from BREM
(green) and Migdal processes (pink) after elastic scattering
between DM (x) and a xenon nucleus.

PTEP(2020)ptaal62 . .
Astroparticle Physics 151 (2023) 102853

D etection capab}ht)f Of Ml.g(.lal effecjc .f or argon The MIGDAL experiment: Measuring a rare atomic process to aid the search
and xenon nuclei with position sensitive for dark matter

gaseous det eCt ors H.M. Aratijo ®*, S.N. Balashov®, J.E. Borg?, F.M. Brunbauer ¢, C. Cazzaniga“, C.D. Frost ¢,
F. Garcia®, A.C. Kaboth', M. Kastriotou?, I. Katsioulas ¢, A. Khazov ", H. Kraus ",
Kiseki D. Nakamura!, Kentaro Miuchil, Shingo Kazama?, Yutaro Shoji®, V.A. Kudryavtsev', S. Lilley % A. Lindote’, D. Loomba*, M.1. Lopes’, E. Lopez Asamar”,
sahiro Thed® and W o Nakano® ) ' P. Luna Dapica ¢, P.A. Majewski **, T. Marley *°, C. McCabe ™, A.F. Mills~, M. Nakhos ;
C T B ST T. Neep?, F. Neves’, K. Nikolopoulos?, E. Oliveri ¢, L. Ropelewski “, E. Tilly “, V.N. Solovov’
T.J. Sumner?, J. Tarrant”, R. Turnley ¢, M.G.D. van der Grinten®, R. Veenhof ¢

O-TPC at UNM (from D. Loomba)
2D reconstruction

+ 25-35 Torr CF4

* 2THGEMs (o > 0.7 mm)

+ Imaging area ~1.9cm x 1.9cm
* 4x4 on-chip binning

Data acquired using following sources:

+ Fe-55 (5.9 keV x-rays)

+ Co-60 (y’s)

+ DD neutron generator (~2.2 MeV n’s + y’s)

CTxon

1 nﬁ 5tr1i gﬁ) ‘ ‘ E~ 2%0-300 keVee E ~100-120 keVee



ASpin - dependent WIMP

A Superheated chamber
A Threshold -type detector
A Best SD sensitivity

Hugh Lippincott, Fermilab
for the PICO Collaboration
EDU 2017

SD WIMP-proton cross section [cm?]

PICO-60 C,F, G4k 52kg
Complete Exposure 1167kgdays
2.45keV threshold

10 10 3 events remained
WIMP mass 5

How many bubbles can you count?
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Hugh Lippincott, Fermilab
for the PICO Collaboration

A SD. search

A different g Mdt s gdhknmn q Ge EDU 2017
xenon Scaling to PICO-500
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Scintillation light increase of carbontetrafluoride gas at
low temperature

K. Mizukoshi,” T. Maeda, Y. Nakano,! 5. Higashino and K. Miuchi

A 2023 2 0 4089 O

Coo Do i D Max - - Mean - -Std - N o
Charge [CH1]: -4.5 pC - -13.922 -0.154 -3.154  1.2481
iy Charze [CH?T: -4, 8 pl . 32443 0 -0,%37 -5.70% 3 .10M

Fregl: 0 Hz - : : : B
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WIMP

A Low energy threshold N low mass DM

Latest results of CRESST-III's se . CRESST-1l detector
sub-GeV/c? dark matter

CRESST-IIl result

Holger Kluck
) ~—— CRESST-ll 2019 = =eeee- CRESST surface 2017 — -~ CRESST-l 2016 CRESST-l 2014
on behalf of the CRESST collaboration - CDEX 2014 —  — CDMSlite 2015 COMS-Si 2013 SuperCDMS 2014

CoGeNT 2013 DAMIC 2016 e EDELWEISS-IIl 2016 — - — EDELWEISS surf Migdal 2019

‘16th |nternat|0na| Conference N~ [ EDELWElS_S surf stand. 2019 Callar?mﬂ —— COSINE-100 2018 DarkSide binom, 2018

. i i = LUX combined 2016 — - — LUX Migdal 2018 — NEWS-G 2018 ——= PandaX-l 2016
Topics in Astroparticle and September 10, 2019 —— XENON1t 2018 -= XENON100 low-mass 2016 PICO-60 C,F, 2018
Underground Physics (TAUP2019) = 10° 5 T T 103~
) ! T T o E
i = 10t e 107 ©
May 2016: S b *\_ eV 0B E
10 CRESST-Ill modules o - ARt SO VN O =
installed 10 A 107§
% 10 N : : : T [ 10-353
o ~ 1]
& 1 \\ N . 1073 o
JU| 2016 == Feb 2018 c 10_1 ____HLR\':\\_\\?\____\ “"ul 10-3?0
data taking (80% blinded, 8 102 | 5?:;%::&;;__;% 10635
% traini E TS 3
20% training set) § 10° _ S 10_395
5 10° . 104 8
Detector A | Eoqos 104E
- lowest nuclear recoil rullT) L] S 1042
threshold so far: 30.1 eV £ 407 10% &
Target crystal masg: 23.69g § 108 1044§
Gross exposure: 56 kg d S 10 Coherent Neutrino Scattering on CaWo, 10% &
10-10 1 1 1 Lol
0.1 0.2 0304 1 2

larXiv-1904 004981

Dark Matter Particle Mace (CGaV/e2)




A DAMIC arXiv:2007.15622v]
A “pioneer -of low threshold
A SENSEI PRL 125, 171802 (2020)

A skipper CCD
A sensitive to single electron
A DM-e|eCtr0n Channel and Other A. M. Botti* for the SENSEIt collaboration

38th International Cosmic Ray Conference, Nagoya

DAMIC July 31, 2023

PLB 711 (2012) 264i 269

hitp://dmtools.brown.edu/
Gaitskell, Mandic,Filippini
~— SENSEI@SNOLAB: Commissioning data

- SENSEI@SNOLAB: Blinded data
m—— SENSEI@SNOLAB: Combined data
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A TES (transition edge sensor), KID (kinetic inductance detector),
MMC(metallic - magnetic calorimeter), nanowire...

A KID . Pm Prog. Theor. E. PTER2023103H02

A -3 G Kamioka CryOLab g 3 - Complex Kinetic inductance detectors on calcium fluoride
[b21laVli/ z substrate for astroparticle physics

n K. Ishidoshiro @', T. Kobayashi®, K. Hosokawa &%, Y. Kawamura®, Y. Kamei &',
S. Mima @, C. Otani™®, A. A. Suzuki', M. Zulfakri’, and T. Taino"

Kamioka CryoLab

Low BG dilution refrigerator (DR) at Kamioka
for integration of quantum sensing and low BG technology

KID

241Am wio tapes
241Am wf tapes

PTER023103HO02
5.55MeWn

Quantum sensing Low background

i
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=]
[
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0
=
=
=

Underground facility D
at the Kamioka mine

* Protecting system o =
from cosmic-ray

Cryogenic system
« ~0.1 K with refrigerator

Superconducting device
« MKID, TES, --- Low environmental radiation
« Fabrications A\ « Understanding impacts of radio activities

+ Chain tests e « Low radio activities in materials
« Shielding system from radio activities

0.0 0.5 1.0 L5 2.0
loglo(@)

RF/readout electronics

« 5G/6G technologies
* Quantum limited amplifier

Low systematic fluctuations_

* Low thermal noise
» Low vibration
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pREFIR (R KICEPP)
1 21pT3-6, 1 21pT3-7 2023.12.22 |PNS workshop Z K +4738 0 5 ¥ K %

https://conference-
indico.kek.jp/event/236/contributions/4348/attachments/3270/4481/IPN o
S 20231222 quantum_schen.pdf Chen, Fukuda, Inada, Moroi, Nitta, Thanaporn

BITEEFEY M = 3 VIS ZT-EBFLCEEE PRL 131, 211001 (2023
Frequency (GHz)
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ADirectional search

A More robust evidence than annual modulation
A Study the DM nature after discovery
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