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If DM particles have non-gravitational 

interaction with normal matter, can be detected 

in ñlaboratoriesò.

Pheno 2017

DM DM

SM SM

Direct Search

Indirect Search

̙

Collider Search



Galactic halo
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Á The solar system is cycling the center of galaxy with on 
average 220 km/s speed(annual modulation in earth 
movement)

Á DM local density around us: 0.3(0.1) GeV/cm3 Astrophys. J. 
756:89
Ğ Inclusion of new LAMOST survey data: 0.32(0.02), 

arXiv:1604.01216



1973: discovery of neutral current

Dieter Haidt, CERN Courier Oct 
2004: ά¢ƘŜ searches for neutral 
currents in previous neutrino 
experiments resulted in 
discouragingly low limits 
(@1968), and it was somehow 
commonly concluded that no 
weak neutral currents existedΦέ
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Gargamelledetector in CERN neutrino beam

vmbeam

leptonicNC hadronic NC



Direct detection
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ÁDM: velocity ~1/1500 c, mass ~100 GeV, KE ~ 20 keV

ÁNuclear recoil όbwΣ άƘŀŘǊƻƴƛŎέύΥ ǊŜŎƻƛƭƛƴƎ ŜƴŜǊƎȅ Ϥмл keV

Á9ƭŜŎǘǊƻƴ ǊŜŎƻƛƭ ό9wΣ άleptonicέύΥ мл-4 suppression in energy, 
very difficult to detect
Ğ New ideas exist, e.g. Hochberg, Zhao, and Zurek, PRL 116, 011301

A = m2/m1
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Elastic recoil spectrum
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XeGe

Si

ÁEnergy threshold ®

Ýmass DM ®

ÁSI: coherent scattering 
on all nucleons (A2

enhancement)

ÁNote, spin-dependent 
effect can be viewed as 
scattering with outer 
unpaired nucleon. No 
luxury of A2

enhancement
Gaitskell, Annu. Rev. Nucl. Part. Sci. 2004



bŜǳǘǊƛƴƻ άŦƭƻƻǊέ
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Ideas do exist 

how to go beyond 

this ñfloorò 

(directional, 

annual 

modulation, etc), 

but the pragmatic 

issue is still how 
to get there

Phys. Rev. D 90, 

083510 (2014)

Goodman & Witten



Available hiding space for DM
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Generic WIMP

Elastic spin-independent cross section

a few 
events/100kg/year

Nature Physics 13, 212ς
216 (2017)



Name of the game: background

ÁAssume: 1 nucleus in our 
body is hit per year!

ÁBut our body is hit 108/day 
by environmental 
background radiation!

ÁHide detector in deep 
underground lab, and put 
massive shield
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! άŘŀǊƪ ƳŀǘǘŜǊ ǊǳǎƘέ
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! άŘŀǊƪ ƳŀǘǘŜǊ ǊǳǎƘέ
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CJPLHorizontal

Vertical



Background: external

ÁCosmogenicbackground hugely suppressed in 
underground labs

ÁExternal background (gamma ray and neutrons) can be 
shielded or vetoed
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PandaXpassive shield in CJPL-I

DarkSideactive veto in LNGS



Background: internal

ÁDetector components (gammas/neutrons)
ĞCluster @ boundary

ĞMulti-site

ĞLow energy scatter deep in target without high 
E scattering in outskirt further suppressed!

άǎŜƭŦ-ǎƘƛŜƭŘƛƴƎέ ƛŦ ǊŜŎƻƴǎǘǊǳŎǘ ǾŜǊǘŜȄ

power of monolithic large detector

Á(Uniform) background in target, e.g. Rn, Kr

ÁCrucial: further ways to suppress ER 
background (light/charge ratio, pulse 
shape, etcΧύ
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Detection technologies*
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Detector

Phonons: 
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Dark matter Dark matter

Electron recoil: background
Nuclear recoil: signal

PandaX, XENON, LUX/LZ
DarkSide, ArDM

XMASS
DEAP, mini-CLEAN

CoGENT, CDEX
DAMIC

CDMSlite

* with representative experiments, not meant to be completeJianglai Liu                                                           Pheno 2017



Cryogenic low threshold detector

Costper kg Very high*

Difficulty in target scaling Moderate: build arrays

Radioactive isotope Ge/Sican be very pure

Positionreconstruction ability iZIP: yes via interdigitated 
electrodes
Surface/volume available via PSD

Selfshielding Moderate:not monolithic, 
surface background important

ER backgroundsuppression Excellentif phononand ionization 
detection 10-6

RoI Lowmass WIMPs
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SuperCDMS@ Soudan

ÁSolid-state Ge and Si 
detectors at < 50 mK.
detect ionization and 
phonon signals from 
dark matter nuclear 
recoil scattering

ÁCDMSlite: larger bias 
boosts phonon signals 
from drifting charges Ý
low energy thresholds, 
excellent resolution, but 
no discriminationJianglai Liu                                                           Pheno 2017 16

Recoil Phonons

Luke Phonons
ȹV
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D. Bauer



SuperCDMS@ Soudan

ÁSolid-state Ge and Si 
detectors at < 50 mK.
detect ionization and 
phonon signals from 
dark matter nuclear 
recoil scattering

ÁCDMSlite: larger bias 
boosts phonon signals 
from drifting charges => 
low energy thresholds, 
excellent resolution, but 
no discriminationJianglai Liu                                                           Pheno 2017 17

Recoil Phonons

Luke Phonons
ȹV

e-

h+

c

c

PRL116, 

071301 (2016)

D. Bauer



SuperCDMS: Soudan to SNOLAB

Designing new SuperCDMS(G2, 100 kg) experiment for 
the deeper and cleaner SNOLAB underground laboratory in 
Canada (operation @ 2020)
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D. Bauer



Point-contact Ge

Á LN2 temperature, pure ionization channel

ÁPoint-contact detector (small cap ~pF: low electric noise)

ÁCoGENT(Soudan, positive, with annual modulation) and 
CDEX (CJPL, negative). CDEX long exposure measurement  
of annual modulation ongoing.
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PRL106 (2011) 131301 arXiv:1401.3295 PRD93, 092003



CDEX-10 to CDEX-1T
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10-kg CDEX ongoing longer term plan of a ton-scale Ge experiment CJPL-II

Q. Yue



CRESST @ LNGS: low mass record

ÁCaWO4 crystals (10 mK)

phonon & photons

Á300 eVnr achieved in 
CRESST-II

ÁCRESST-III with lower mass 
24 g)started 

commissioning 2016,  
threshold ~50 eVnr

achieved
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Xedetector

Costper kg High: ~$1500/kg (material only)

Difficulty in scaling Easy: monolithic

Radioactive isotope Verypure except 136Xe, other than 
short lived cosmogenicisotopes

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

Selfshielding Excellent

ER backgroundsuppression TPC:good with charge/light ratio 
0.5%
Single phase: moderate with PSD

RoI Medium to high mass WIMPs
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Dual phase xenon experiments
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PandaX@ CJPL
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̗Particle and Astrophysical Xenon Experiments

PandaX-I: 120 kg 

DM experiment

2009-2014

PandaX-II: 500 kg 

DM experiment 

2014-2018

PandaX-III: 200 kg to 

1 ton HP gas 136Xe 

0vDBD experiment

Future

PandaX-xT:   

multi-ton (~4-T) 

DM experiment

Future

CJPL-I CJPL-II
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Example: background suppression
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Gray: all

Red: below NR median

Green: below NR median and in FV

ER median

NR median



PandaX-IIDark Matter Run 
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Â First low background run 
concluded June 2016 with 
33,000 kg-day exposure. 
Minimum elastic SI exclusion: 
2.5x10-46 cm2 @ 40 GeV/c2

Â After the first low background 
run, experienced some 
difficulties in background 
control, which cost an 
extended down time

Â Now taking dark matter data 
under an excellent running 
condition. 

PRL 117, 121303 (2016)



PandaX-xTExperiment

ÁPreparing new experiments in 
CJPL-II, hall #B2 (civil 
completed late 2016)

Á Intermediate stage: 

ĞPandaX-4T (4-ton target) 
with SI sensitivity ~10-47 cm2

ĞOn-site assembly and 
commissioning: 2019-2020

ÁEventual goal: G3 xenon dark 
matter detector (~30T)in CJPL 
ǘƻ άƴŜǳǘǊƛƴƻ ŦƭƻƻǊέ ǎŜƴǎƛǘƛǾƛǘȅ
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LUX @Sanford
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Á Combination of both science runs 

(95+332 live-days)

Á World leading SI cross section 

limit, 1.1x10-46 cm2 @ 50 GeV/c2, 

PRL 118, 021303

Á Excludes ǎƛƎƴƛŬŎŀƴǘ ǇƻǊǘƛƻƴǎ ƻŦ 

the 1-sigma regions for WIMPs 

favored by certain SUSY models.

250-kg LXe



LZ

Jianglai Liu                                                           Pheno 2017 29



XENON1T @LNGS
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ÁFirst science run data taking completed 
with ~35 live-days!

ÁData release expected very soon!



XENONnT
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XMASS @Kamioka
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A. Takeda, XeSAT 2017 



XMASS @Kamioka

Jianglai Liu                                                           Pheno 2017 34

A. Takeda, XeSAT 2017 



Xenon experiments: current and future
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Nature Physics 13, 212ς216 (2017)



Liquid Argon as detector

Costper kg cheap

Difficulty in scaling Easy(monolithic detector)

Radioactive isotope 39Ar (1Bq/kg)exceptusing 
underground Ar (UAr)

Positionreconstruction ability TPC: excellent (few mm)
Single-phase: yes (cm)

Selfshielding Good

ER backgroundsuppression Excellent via PSD (10-8), 
additional inTPC

Energy threshold High (neededfor PSD)
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Argon world running program
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DEAP-3600
Single phase

Mini-CLEAN
Single phase

DarkSide-50
Dual-phase

ArDM
Dual-phase



DarkSide-50

ÁPioneered the use of underground Ar

ÁDemonstrated UArcan reduce 39Ar by 1400 times

ÁS2/S1 cuts further suppresses background
Jianglai Liu                                                           Pheno 2017 38

Phys.Rev. D93 (2016) no.8, 081101



DEAP-3600@ SNOLAB: 3.6-ton Ar
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ÁCommissioning completed

ÁCollecting data since late 2016. Sensitivity will 
reach LUX limit by 2017



Next stage world Arprogram
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Á 20-ton UArtwo-phase TPC at 
LNGS

Á TPC scaled from DS-50
Á Crucial technologies:
Á Low rad. Ar: underground 

and isotopic depletion
Á SiPMsfor light readout

Mark Boulay, Cosmic Visions 2017

DS-20K


