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If DM particles have non-gravitational
Interaction with normal matter, can be detected
Il n ANl aboratori eso

Collider Search
Large “mﬁiollider

Direct Search
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Galactic halo

A The solar system is cycling the center of galaxy with

average 220 km/speed(annual modulation in earth
movement)

A DM local density around us: 0.3(0.GeV/cn? Astrophys
756:89

Inclusion of new LAMOST survey d&a2(0.02),
arXiv:1604.01216
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1973: discovery of neutral current

Gargamelledetector in CERN neutrlno beam DieterHaidt CERN Courier Oct
* 2004:a ¢ KeBrches for neutral
currents in previous neutrino
experiments resulted in
discouragingly lovimits
(@1968)and it was somehow
commonly concluded that no
weak neutral currents existdre




Direct detection

PHYSICAL REVIEW D VOLUME 31, NUMBER 12 15 JUNE 1985

Detectability of certain dark-matter candidates

Mark W. Goodman and Edward Witten
Joseph Henry Laboratories, Princeton University, Princeton, New Jersey 08544
(Received 7 January 1985)

E, ——(cos@ VA —sin“ 0) -

C(1+A)?

A DM: velocity ~1/1500 ¢, mass ~100 GeV, KEke¥0
A Nuclearrecoib bws G &KO RNREODA { key 3
A9f SOUNZRY leNbdniGE20A Y supim@saian incenergy,
very difficult todetect
New ideas exist, e.g. Hochberg, Zhao, Znek,PRL116, 011301
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Hastic recoil spectrum

Energythreshold®
Y mass DM®

Sl: coherenscattering
on all nucleons/
enhancement

Note, spindependent
effect can be viewed a
scattering with outer

| . unpaired nucleon. No
“ Racoll Enengy, E eV luxury of
enhancement
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Jianglai Liu Pheno 2017




bSdzZINAY 2 AGFf 22NE

Goodman & Witten

Recently, Drukier and Stodolsky proposed” a new way
of detecting solar and reactor neutrinos. The idea is to ex-

ploit elastic neutral-current scattering of nuclei by neutri-
nos (a mechanism that is also believed to play an impor-
tant role in supernovas).® The detector will consist of su-

45 2
cm

il |deas do exist
how to go beyond
this Afl o

WIMP signal: m, = 6 GeV/c?, Gypn = 4.4X10

Phys. Rev. D 90,
083510 (2014)

k.
+
=
s

(directional,
annual
ARl modulation, etc),

total ====ms

but the pragmatic
Issue is still how
to get there

Event rate [(ton.year.keV)'l]

0.1
Recoil energy [keV] eno 2017




Avallable hiding space for DM

Elastic spinandependent cross section

SI WIMP-nucleon cross-section (cm?)

WIMP mass (GeV/c?)

PandaX-Il 2016
— LUX 2016
— CDMSLite 2015

a few
events/100kg/year

Nature Physics 13, 2&2
216 (2017)
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Name of the game: background

A Assume: 1 nucleus in our ~ mierden.
bodyis hitper yeat | N
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Background: external

A Cosmogenitackground hugely suppressed in
underground labs

A Externabackgroundgamma ray and neutrons) cée
shielded or vetoed




Background: internal

A Detector componentsgammas/neutrons
Cluster @ boundary
Multi-site

Low energ\scatterdeep in target without hig
E scattering in outskirt further suppresded

) G 3 EAKRASE RAY3IE AT
s power of monolithic large detector
A (Uniform) backgrounéh target, e.g. Rn, Kr

A Crucial: further ways to suppress ER
background (light/charge ratio, pulse
shape,etc X 0
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Detectiontechnologies*

CDMSlite

Phonons:
~10meV ph

N

Electron recoil: background
Nuclear recoil: signal

Dark matter Dark matter

XMASS
DEAP, mirRCLEA

Detector

N\ _/

:SU0.J13|
uoleziuoj

PandaXXENON, LUX/LZ
DarkSideArDM

Scintillation

* with representative experitfiéfits! not meant to be complefe® 2’



Cryogenitow thresholdietector

Costper kg
Difficulty in target scaling
Radioactive isotope

Positionreconstruction ability

Selfshielding
ER backgrounduppression

Rol

Very high*
Moderate: build arrays
Ge/Sican be very pure

IZIP. yes via interdigitated
electrodes
Surface/volumevailable via PSD

Moderate:not monolithic,
surface background important

Excellentif phononand ionization
detection 1C°

Low mass WIMPs

* difficult to give $/kg dyg,iq;significant cost on processing{fabrication.

15



SuperCDM® Soudan

A Solidstate Ge and Si
detectorsat < 50mK.
detectionization and
phonon signals from
dark matter nuclear
recoilscattering

A CDMSilitelarger bias
boosts phonon signals
from drifting charge®
low energy thresholds,
excellent resolution, but

no discriminatiQp,..

A

nnnnn

Recoil Phondns

Pheno 2017

Al Collector quasiparticle

D. Bauer

o W Transition-

Edge Sensor

16



D. Bauer

SuperCDM® Soudan

A Solidstate Ge and Si
detectorsat < 50mK.
detectionization and
phonon signals from
dark matter nuclear
recoilscattering

A CDMSilitelarger bias
boosts phonon signals
from drifting charges = _
low energy thresholds, 1 CDMSIite
excellent resolution, but O7L501 {2010
no discriminatiQp,..

...................




D. Bauer

SuperCDM$oudan to SNOLAB

Dilution refrigerator

/ Shielding
i~ E

Seismic platform WIMP Mass [GeV/c?]

Designinghew SuperCDM852, 100 kg) experimenrfor
the deeper and cleaner SNOLAB underground laboratory i
Canada (operation @ 2020)
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Pointcontact Ge

A LN2 temperature, pure ionization channel
A Pointcontact detector (small cap ~pléw electric noisg

A CoGENTSoudan, positive, with annual modulation) and
CDEX (CJPL, negative). CDEX long exposure measurem
of annual modulation ongoing.

PRL10§201 arxiv:1401.3295 "N T§, PAD93 092003

3 4 5678910
. . S 2 2
1~ ioniz. energy (keVee) ; Y My GeVie™)
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Q. Yue

CDEA0 to CDEXT

10-kg CDEX ongoing longer term plan of a torscale Ge experiment CIPL
) e




CRESED LNGSlow mass record

A CaWO4 crystals (1K) | g

mmmm) PhONON & photons Q

A 300eV,, achieved in
CRESST
A CRESSIT with lower mass [[EANEREEEE ==
24 g)started T
commissionin@016, (RS
threshold ~5@&V,, e N
achieved

Jianglai Liu




Xedetector

Costper kg

Difficulty in scaling
Radioactive isotope
Positionreconstruction ability
Selfshielding

ER backgrounduppression

Rol

Jianglai Liu

High: ~$1500/kg (material only)
Easy: monolithic

Verypure except3®™*e, other than
short livedcosmogeniasotopes

TPC: excellent (few mm)
Single phase: ~cm

Excellent

TPC.good with charge/light ratio
0.5%
Single phase: moderate with PSI

Medium to high mass WIMPs

Pheno 2017 22



Dual phase xenon experiments

Gamma

electron recoil

WIMP

nuclear recoil

incoming particle

gaseous xeno

S

Jianglai Liu

Dark matter: nuclear recoil v background: electron
(NR) recoil (ER)

(S2/S1)\r<<(52/S1)cr

Multi-site scattering
background (ER or NR)

Pheno 2017 23



120 kg 500 kg 200 kg to
DM experiment DM experiment multiton (~4-T) 1 ton HP gas'3®Xe
DM experiment OvDBD experiment

\ J \ J
| |

CJPAL CJPA

, article strophysical enon Experiments
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| Example: background suppression

Gray: all
Red: below NR median
Green: below NR median and in FV

ER median
* NR median
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PandaXl Dark Matter Run

This work (Run8+Run9)
PandaX-II Commissioning (Run8)
XENONI100, 2012

LUX 2015

PRL 117, 121303 (2016)

10 10*
WIMP mass (GeV/c?)

First low background run
concluded Jun2016 with
33,000kg-day exposure.
Minimum elastic Sl exclusiot

After the first low backgroun
run, experiencegome
difficulties in background
control, which cosan
extendeddowntime

Nowtakingdark matter data
underan excellentunning
condition. 26



PandaXXTExperniment

A Preparing new experiments i
CJPd, hall #B2 (civil
completed late 2016)

A Intermediatestage:

PandaX4T (4ton target)
with Slsensitivity ~16 cn¥
Onsite assembly and
commissioning: 2012020

A Eventual goalG3 xenordark
matter detector (~30Tin CIP
12 aySdziNRAY 2
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I LU)@ Sanford

et . 3 CAse¥ 2016 (May ):
11 2008: LUX 2013 (Apr): 2014 (Jan):  (May
N ‘v‘. . funded  First Scienée Run Gri/d'” S%I; lﬁil\::ggds-
,h ] I (DOE+NSF) (FSR) starts conditioning 2014 (Sep). y 2016 (Sep):
| Second Science Run LU).( .
', (SSR) Starts decommission
|' 5
L" 2006: 2012 (Jul): 2013 (Nov): 2015 (Dec): 2016 (Jul):
- LUX collab. LUX moves  First Science Run 3-month run SSR results released
250‘kg LXe formed underground  results reported reanalysis posted 332 live-days
10° e ——TO ; N ]
— ~ S0 I8 A Combination of both science runs
O NS £ E
\5 | ',\&6/‘ 0 O -
= 10° & o A @A 08 (95+332 livedays)
= i 2
Q = 4 . .
ol &} 8 A World leading Sl cross section
Bl = 10} {107% 7
o) " %) . .
5 | ° limit, 1.1x16* cnm? @ 50 GeVR
5 100} 5745 S
T ke PRL 118, 021303
= | = . .
%L 1011 11046 A, A EXC|Ud€$i A = y A U O | y u
2 ; = : :
= | = the 1-sigma regions for WIMPs
1072 L

10" 107 10* 10t 10° favored by certalrSUSYmodeIs
WIMP Mass [GeV/c?] Pheno 2017




The LUX-ZEPLIN Experiment

Cfurning on by 2020 with B
1,000 initial live-days plan P
eIn the same location of LUX conduits

*10 tons total, 7 tons active,
~5.6 ton fiducial

e Unique triple veto system

4‘""1
- ~ - Gd-loaded liquid
LXe heat fk A b | = scintillator
exchanger -1| . ¥
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|  XENON1®LNGS

Earthquake
= StartRun 0
End Run 0
Rn220
Kr83m
AmBe

data taking ongoing;
data quality good,
NR region blinded

Total runtime (days)
8

0}

regular calibrations

|

N
o

(1] 1
Oct 26 2016 Nov 16 201 Dec 07 2016 Dec 28 2016 Jan 18 p017 Feb 08 2017 Mar (
Date

M. Schumann (Freiburg) — XENON
1 ' &

//:/ "f'f{; &’/’ \\“

largest LXe TPC ever built A First science run data takimpmpleted
cylinder: 96 X 97 cm . .
active LXe target: 2.0t (3.2t total) with ~35 lived ayS!

248 PMTs (Hamamatsu R11410-21) A Datarelease expected Vers()On!

>
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XENON
JCAP 04, 027 (2016) Matter Project

I XENONIT —~ XENONnT &

XENONAIT XENONNT B Already existing/operational:
- 2t active LXe target - 6t active target » Muon Veto

- operating in DM mode - projected to start » Cryostat Support

- first results soon science in 2019 « Outer Cryostat

P in-LXe Cabling

@ - | Xe storage system
) » Cryogenic system

¥ « Purification system
.« Kr removal

* DAQ

L » 95% of Electronics
» Calibration System
» 260 PMTs

» >8t of LXe

! (was 4.5t one year ago!)
~ * Screening facilities
» dedicated nT funding

AL

LA A

Y

Already started:
= 7= * 230 new PMTs ordered
» TPC/Cryostat design
-1 e first material orders
4« Screening campaign
» Neutron veto studies
» 2" storage vessel ordered
* Rn reduction system design
» purification improvements
. eic.

M. Schumann (Freiburg) — XENON



DARWIN
DARWIN The ultimate WIMP Detector = -

arXiv:1606.07001 “

LXe

* aim at sensitivity of a few 10™*° cm?,

* international consortium, 21 groups
- R&D ongoing

* DARWIN is sensitive to
- spin-independent,
- spin-dependent,
- inelastic WIMP interactions;
< | - axions, ALPs
- - supernova neutrinos
{ ] - CNNS
: - low-E solar neutrinos
¥ | | - neutrinoless double-beta decay
= o - other rare nuclear processes...

|
|

Baseline scenario
~50t total LXe mass
~40 t LXe TPC
~30 t fiducial mass

. «Timescale: start after XENONNT

www.darwin-observatory.org

M. Schumann (AEC Bern) — Direct Dark Matter Searches 37

limited by irreducible v-backgrounds



XMASE) Kamioka

(R10789)

832kg
liquid xenon

- —

f Sep. 2010
e b

Dec.

| Refurbishment

| Several physics | Main BG source
I results from this term ‘ was identified,

| were published later | and it was cover
J::: " |

- “ with copper ring
o and plate.

>
-

Jianglai Liu

Data taking’

Data taking resumed
since Nov. 2013

Now, > 3yrs continuity
operation is ongoing!

Commissioning run data
After RFB data

couts/day/keV/kg

A. Takeda, XeSAT 2017

Pheno 2017 33



| XMAS®)Kamioka

Dec. May No.

s . i
PSD study with a small setup [
— o Data taking
Electron rejection power ' : Q-
for 50% nuclear recoil efficiency 005 - M. Kuzniak (IDM 2016)
I | I T I 1 | T I I I | T I I T | T I T I_
£_§~ q 6 | | ° LA Tegr (keV)
—§— PE/k 5 S oos| | : 60 80 100 120 140 160
TE O Ty 2 |
: E -0.15
. Y02t Nuclear Recoils
§_ 102 | 1 0.55 . ' -
g = [} prermbemgrsan PWW i
n 3 2 005 R T -
1 B —éa 0.1 H e
' : ] S 02 Electronic Recoils N oveern SN TR TTTINNNTN
025 . 0 50 100 150 200 250 300 350 400 450 50
: : : 0 1000 2000 3000 4000 SO Number of photoelectrons
10 111 ] 111 ] 111 | 111 ] 111 Time [ns]
0 5 10 15 20 25
Eneray [keVod) A. Takeda, XeSAT 2017
NIM A659 (2011) 161
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| Xenorexperimentscurrent and future

O
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10 = ~ {‘J,- s
= \“-/’" t 2
. ~. 200
- -49 —:.
- 10
1079 —
10° 10'

WIMP mass (GeV/c?)
Nature Physics 13, 24216 (2017)
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Liquid Argon as detector

Costper kg

Difficulty in scaling

Radioactive isotope

Positionreconstruction ability

Selfshielding

ER backgrounduppression

Energy threshold

Jianglai Liu

cheap
Easy(monolithic detector)

39Ar (1Bg/kgEexceptusing
undergroundAr (UAr)

TPC excellent (few mm)
Singlephaseyes (cm)

Good
Excellent vidPSD (16),

additional inTPC
High (neededor PSD)

Pheno 2017 36



Argon worldunning program

=g Mini-CLEAN
. Single phasg

Sl < e "
» ot S : o
: P
3 NOAER «tlﬁ
N g4
M i g
.

Outer polyethylene shield —_

i
Cryo cooling {
system :

Auxiliary
LAr vessel

LAr purification
system

v

 ~ HV cathode

ArD I\/I » ) . ;, l'.‘i' Inner ;;cr)‘liyj;hylene
Duatphase » ks




DarkSidé0

WIMP search region

Phys.RevD93 (2016) no.8, 081101

9
-,a,* S

40 60 80 100 120 140 160 180 200

" e PR O\ :
100 150 500 250 A\ WIMP Search Region

AN B

40 60 80 100 120 140 160 180 200

2 70 day Underg Energy [keV, ]

it =
50 100 150 200 250 300

Demonstrates that v. large low-background
argon using UAr TPC is feasible

A Pioneered the use of undergrourid
A DemonstratedJArcan reduceé®Ar by 1400 times
A S2/S1 cuts further suppresses backgoround

Jianglai Liu Pheno

50 100 150 260 250 300 350 400 450
S1 [PE]
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DEARBG600@ SNOLAB.6ton Ar

; ." \\'\“- \"\:,. A

A Commissioning completed

A Collecting data since late 2016. Sensitivity will
reaCh LUX hmtluby 2017 Pheno 2017 39




Next stage worlérprogram

A 20-ton UArtwo-phase TPC at
TN 1 \GS
A TPC scaled from
A Cruciatechnologies:
A Lowrad.Ar; underground
and isotopic depletion
A SiPMdor light readout




