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Dark Matter

the uncultivated



DM seen in.various scales in the universe
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WIMP <SM

DM candidates: thousands of them

annihilate
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 WIMP. hunting

Direct search

Indirect search WIMP hunting

- Collider indirect
Dark Matter searches in the 2020s
At the crossréod' of ’rhe WII\/IP

Syrﬁposm on next-generation collider,
direct, and indirect Dark Matter searches
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WIMP hunting
indirect

o Coﬂider Dark matter searches
at colliders

Dark Matter searches in the 2020 - Tokyo
11-13 November 2019

Dark Matter

Conclusion - Cheat sheet

Signature Dataset Reference

Theoretical framework

Di-lepton resonance 139 fb 1903.06248

1901.10917, ATLAS-
Di-jet, Di-jet + ISR, 139 fb-1 CONF-2019-007,
1808.03124

Di-bjet 80 fb-1 ATLAS-CONF-2018-052
Di-jet + leptons 80 ol ATLAS-CONF-2018-015
SM particle Dijet + photons 36 fb-1 1905.10331
Etmiss + Higgs 36 fb- 1908.01713
Etmiss + t/ttbar 36 fb 1901.01553
Etmiss + jet 36 fb-t 1712.02345

s. Rev. Lett. 122 (2019)
231801
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ATLAS DM summary 36 fb-1 JHEP 05 (2019) 142




WIMP hunting

e Indirect Search

 WIMPs dnnihilate @ Galactic Center,
Dwart Galaxy, sun:::

No.conclusive result yet

- anti-particle

g "‘ NASA/AMS
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IceCube Array
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-« WIMP signal

* nuclear recoll: elastic scattering

e energy, direction
* nucleus dependence
« seasonal modulation
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GETWIMPS 2019

DAMA, DM-ICE, COSINE,
SABRE, ANAIS (Nal)
DEAP(Ar)

XMASS (Xe)

E;+DIRECTION

DRIFT, NEWAGE, MIMAC,
CYGNUS(gasTPC)
NEWS-DM(emulsion)

S S e AR TR S e e e

(photon + heat)

XENON, LUX,
PANDAX,LZ (Xe)
DarkSide (Ar)

CRESST
(Caw04)

» Technologies
* Ordinary radiation detectors
« Background: electron recoll

* more than two info
= reject electron BGs PICO (CxFx)

(charge Eq(charge)
+ heat) CoGent CDEX

CDMS (Ge/Si) DAMIC (Ge)
GETWIMPS2019 EDELWEISS (Ge) NEWS-G (Ne)




limit
WIMP-nucleon cross section [cmz]

History

Direct search history

* leading technologies
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latest results
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- DAMA (Nal)

« SOMETHING Is detected

0
=<
oh
R
<
Q.
Q
<z
v
=
o
N
O
a4

DAMA/LIBRA

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

2-6keV

DAMA/LIBRA -phiasel (1.04 thnxyr) =—t——————i—>
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COSINE-100, 1.7 yrs
arXiv:1903.10098y ¢ Single-hit
Multi ple-hit
DAMA/LIERA-Phasel

 Othér Nal detectors

DAMA/LIERA-Phase2

Annual modulation measurement
Consistent with null and DAMA, yet.

North and South

[ ]
Modulation Amplitude (counts/keV/kg/day)

15 20
Energy (keVee)

Pure crystal
arXiv:1910.13365v]
—— DAMA/LIBRA result

—o— ANAIS-112 best fit

1o sensitivity
exposure 2.0y
20 sensitivity
exposure 2.0y
3o sensitivity
exposure 20y

(cpld/kg/ke\!)

|
<
2

Need to be stay tuned.

modulation amplitude

[1-6] keV  [2-6] keV




 Bolometers

Latest results of CRESST-III's search for

sub-GeV/c? dark matter

Holger Kluck

on behalf of the CRESST collaboration

16th International Conference on
Topics in Astroparticle and
Underaround Physics (TAUP2019)

September 10, 2019

May 2016:
10 CRESST-Ill modules
installed

Jul 2016 — Feb 2018:
data taking (80% blinded,
20% training set)

Detector A

- lowest nuclear recoil
threshold so far: 30.1 eV
Target crystal mass| 23.69g
Gross exposure: 56kgd

[arXiv:1904.00498],
accepted by Phys.Rev.D
- this talk

CRESST-IIl detector
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Ex+DIRECTION
DAMA, DM-ICE, COSINE,

I
DRIFT, NEWAGE, MIMAC, ! SABRE, ANAIS (Nal)
CYGNUS (gasTPC) 3 E (light) DEAP(Ar)

» Liag Xenon : 1 phase (liquid-only) detect (i
« XMASS e
 Observation 2013 Nov.~2019 Mar. Cco AN o

N

. 642X PMTs s o

PICO (CxFx) Jcheat) CoGent CDEX
\ DAMIC (Ge)

« 800kg liguid xenon N
A TN e

' VIR A

 One of the main resvllts = fiducial paper”
¢  “self-shielding” “ofliguid xenon

A direct dark matter search in XMASS-I

XMASS Collaboration™*



* Fitting the obtained energy spectrum with BG + WIMP
« Consistent with the BG model

XMASS DM limits

]

WIMP-nucleon cross section [em©]

WIMP fit ersults

-+ Data
— The best fit BG MC
1 ¢ error for the best fit

. XMASS (2013)
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Kaluza-Klein solar AXION
Extra dimension AXION: mass ~keV

 Thermally produced in the Sun = gravitationally trapped
= decays in the detector

Prog. Theor. Exp. Phys. 2007, 103C01 {10 pages)
: - N.Oka et. al.
expected signal
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Ex+DIRECTION

DRIFT, NEWAGE, MIMAC,
CYGNUS (gasTPC) Eg(light) DEAP(Ar)
NEWS-DM(emulsion) XMASS (Xe)

* Liguidixenon . double-phase (liquid+gas) . | .

CRESST - XENON, LUX,
(Caw04) k \ PANDAX,LZ (Xe)

DAMA, DM-ICE, COSINE,
SABRE, ANAIS (Nal)

DarkSide (Ar)

$ (charge

+ heat
PICO (CxFx) heat) CoGent CDEX
CDMS (Ge/Si) DAMIC (Ge)
LEIWINES207 EDELWEISS (Ge) NEWS-G (Ne)

XENON detector |
The Time Projection Chamber (TPC)

Double phase detector principle
PMT

S2 gas Xe

* 248 3” low-bkg PMTs
e 1 mdrift X ¢1 m

52
4 *
— 2 tons active LXe

N liquid Xe ; 1 — largest LXe TPC built
‘  filled and functional
since May 2016

light yield

S1 at 100.5 us S2 at 251.8 us
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< 100

0 o
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Time (us)  +1.002e2 Time (us)

”M/ AL | |
M. Lindner MPIK TAUP, July 24-28 , 2017




Dark Matter Search Results from a One Ton-Year Exposure of XENONIT

« Some events in RO
« ER  radon Nneutron . heutrons from «a particle

red: nuclear recoil (signal) region PHYSICAL REVIEW LETTERS 121, 111302 (2018)
gray:BG (electron) region

ER M Surface Neutron I AC N WIMP
Electron Accidental
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« XENON1 T11ton ¢ year limit
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 Recent results by liguid xenon detector

arXi1v:1907.12771vl

I
l. Spin-independent

CDEX (BREM) —  LUX (Migdal)

EDELWEISS (Migdal) NEWS-G

CDEX (Migdal) —  CDMSlik m— S2-only data (XENONIT)

CRESST-III —  DarkSide — §1-52 data (XENONIT)
', FIG. 1. Illustration of the ER signal production from BREM

0.2 0.5 . (green) and Migdal processes (pink) after elastic scattering
m J_,[IE-q_".-,-" el between DM () and a xenon nucleus.







« Upcoming detectors: XENONNT, L/

XENONNT projection
NON10 (2009
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 Directional search : concept "CYGNUS™

* Morexobust evidence than annual modulation
¢ Study-the BM-nature after discovery

DM HALO
|/

0 B . S

- ’.;: w_f-: " f," b
B : Tay S
b '."jf,
o

expected anguler distribution

Physics Letters B 578 (2004) 241-246

Ng: 12 events N :201 events

»
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World-wide CYGNUS (ver. TAUP2019)

NEWAGE/CYGNUS-KM
Kamioka, Japan

SF6 / CF4 r
Strip readout
-
&

CYGNUS-HD10
SURF, USA
He:CF,:C,H,,
Strip readout

CYGNUS-10
Boulby, UK

10m?3 He:SF,, d
GEM + wire readout

CYGNO-Initium
Gran Sasso, Italy

He CF, (SFy)
SCMOS+PMT readout

CYGNUS-0Oz
Stawell, Australia
R&D leading to 1 m3

e 0 Lo multi-site observatory
Kentaro Miuchi TAUP2019 Z9




pe SKYMAP (measured DATA)

galactic latitude

-\WAGE (Kobe+)

= u _Plc ] . - s . o — M w
p SKYI\/IAP 180 160 140 120 100 80 60 300 280 260 240 220 200 180 ICICI|Ei N EWAGE Iimits
SD 90% C.L. upper limits and allowed region
10°
* High spatial resolution

Spin—Dependent search

PLB 578 (2004) 241

PLB 654 (2007)58 .| s—

PLB 686 (2010) 11, PTEP (2015) 043F01S, TAUP2019

- leeéla TAUP2019

M, v/



Toward discovery

Potential to search beyond the “neutrino floor”
where large detectors are reaching.

F. Mayet et al. / Physics Reports 627 (2016) 1-49

J Billard, L Strigari, E Fi -Felici Xiv:1307.5458 P TS PR .
illar rigari, E Figueroa-Feliciano arXiv 1 6667 = 3.3333 keV
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« CYGNUS After Discovery: astronomy/cosmology

¢ Test the HALEO model
« (ex) Sagittarius stream

PHYSICAL REVIEW D 90, 123511 (2014)
- : Our GALAXY

expet‘:ted - _standard HALO

Leading arm\’..
/ Orphan

( stream
cs“" Xsa
Sagittarius ~ 1 // Major Il

P e
\“ \ stream

Trailing arm

\\ galactic

coordinate




Sometinteraction provide characteristic angular distributions

angular distribution
0, operator
0,
O-
o,
O,
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Proportional to

40 60 80 100 120 140 160 180
# (degrees)

PHYSICAL REVIEW D 92, 0231




even 10ms3 detector

(3 order magnitude higher than
the shown curves) can start
exploring Xe"neutrino floor

» Realistic simulation (strip readout)

section ["III"'l

SD WIMP

Paper in internal review

1000m?3
strip readout with
various threshold




SUMMARY

/- Dark Matter Direct Detection
« Hunting in the log-log field

o|arge Mass Detectors : Lig.Xe
o | eading the direct search

e Directional Detectors:. gas detectors
¢ Clear evidence * DM nature study

Kentaro Miuchi



