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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 DM 
experiment	
Future

CJPL-I CJPL-II



PandaX-II 54 ton-day results (SI limit)
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• Improved	from	PandaX-
II	2016	limit	about	2.5	
time	for	mass>30	GeV	

• Lowest	exclusion	at	
8.6×10-47cm2	at	40GeV/
c2	

• Most	stringent	limit	for	
WIMP-nucleon	cross	
section	for	mass	
>100GeV

PRL 119, 181302 (2017)



PandaX-xT

4

▪ Intermediate	stage:		
▫ PandaX-4T	(4-ton	target)	with	SI	sensitivity	~10-47	cm2	
▫ On-site	assembly	and	commissioning:	2019-2020



PandaX @ CJPL-II
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• Experimental hall B2 secured 
• Single ultrapure water pool 

which hosts PandaX-xT and 
PandaX-III (modules of high 
pressure 136Xe TPCs)

PandaX
CDEX



The XENON 
collaboration

160 scientists 


29 institutions


11 countries



Two-phase xenon detectors

Fiducial mass [kg]

Low-energy ER background 
[events/(t keV day)]

XENON10
XENON100

LUX

PandaX

XENON1T

5 34 118 306 1042

1000 5.3 2.6 0.8 0.2
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The phases of the XENON Program
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M. Schumann (AEC Bern) – XENON 8

XENON1T

96cm

● 3.5 t liquid xenon in total
● 2.0t active target
● ~1t after fiducialization
 

● 248+6 PMTs

XENON10 XENON100 XENON1T XENONnT

2005-2007 2008-2016 2012-2018 2019-2023

25 kg- 15cm drift 161 kg- 30 cm drift 3200 kg- 100 cm 
drift

8000 kg-150 cm drift

~10-43 cm2 ~10-45 cm2 ~10-47 cm2 ~10-48 cm2



XENON1T Overview

9
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•  1st ton-scale experiment 
for direct DM detection. 

•  3.2t of LXe, 2t in TPC. 
•  20x larger than Xe100. 
•  Constructed @LNGS. 
•  Commissioning since  

summer. 
•  Data taking has started. 
•  Expected sensitivity 

1.6E-47 cm2                       
at mWIMP = 50 GeV          
for 2 ton years exposure.  

XENON1T	

H. Simgen - MPIK: "XENON1T", TPC 2016 / Paris 

xenon1t.org

Water tank and 
Cherenkov muon veto

Cryostat and support
structure for TPC

Cryogenics and 
purification

Data acquisition and 
slow control

Xenon storage, 
handling and
distillation column

Time projection
chamber

Umbilical pipe
(cables, xenon)
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The XENON1T Time Projection Chamber



Dark matter search

• 2017: analysis of data from short exposure gives best SI limit worldwide


• 2018: analysis of data from ~1 full year almost completed. New result to be 
released soon!

Elena Aprile (Columbia)   XENON1T: First Results @ Patras Axion-WIMP 2017 

Dark Matter Search

• Extended unbinned profile likelihood analysis 
• Most significant ER & NR shape parameters included from cal. fits 
• Normalization uncertainties for all components 
• Safeguard to protect against spurious mis-modeling of background

26
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Next step: XENONnT to start in 2019

• A rapid upgrade to XENON1T, with: 8 t total LXe mass, 6 t active (x3 compared to 1T)


• Most sub-systems can handle a larger detector with up to 10 t of LXe:

• Water tank + muon veto


• Outer cryostat and support structure


• Cryogenics and purification system


• LXe storage system


• Cables installed for XENONnT as well


• New inner cryostat, new TPC, 476 PMTs


• Neutron veto, Rn removal tower, additional 
LXe purification and storage system


• Work on new systems progressing 
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Patrick Decowski - Nikhef/UvA

XENON1T
1.1m

XENON1T
1.4m

XENONnT

Double amount of LXe (~7 tons), ~double # PMTs
Design XENON1T with as much reuse as possible
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XENON1T and XENONnT science reach

• XENON1T: 1.6 x 10-47 cm2 with an exposure of 2 tonnes x year


• XENONnT: to start in mid 2019, aiming for 20 tonnes x year exposure
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XENON1T

XENON1T First Result
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Figure 2: A comparison, as function of calendar year, of the projected sensitivity to spin-
independent WIMP-nucleon interactions for a 50GeV/c2 WIMP for XENON1T (1 ton fiducial
mass), XENONnT (4 ton fiducial mass), and LZ (5.6 ton fiducial mass). Curves in this plot have
been calculated using the o�cial values that each experiment has estimated for WIMP energy
range, NR acceptance, ER rejection and background. See text for comments on the comparison
of the various curves.

XENON1T XENONnT LZ

Fiducial Volume [tons] 1 4 5.6
Livetime Fraction 80% 80% 80%
WIMP Energy

4-50 4-50 6-30
Range [keVnr]
NR Acceptance 40% 40% 50%
ER Rejection 99.75% 99.75% 99.5%
Bkg rate [evt/year] 2.08 1.15 2.35

Table 1: Assumptions for the projected sensitivity to spin-independent interaction shown in
Figure 2. The background rate is defined as the rate of NR and ER falling into the defined
WIMP search box, after having accounted for acceptance and rejection, respectively. Numbers
for LZ are the “goal” values extracted from Reference [J.Dobson, 2016].
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Summary

• The XENON1T experiment operates the largest LXeTPC (ton-scale) 


• First physics results published in PRL, from 34.2 live days of data


• Lowest background in a dark matter detector (~0.2 events/(t d keV))


• Data-taking continues in stable conditions and with very good performance


• New result  from ~a full year of data will be released in a few weeks. 


• Work for the XENONnT phase on schedule  for a 2019 start.
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The	Cathode
High-Voltage
Feedthrough

The	Outer
Detector
PMTs	(120)

Dual phase xenon TPC, 
7 tonnes fully active

LXe	Heat	
Exchanger

Existing
Water	Tank,	and	

SURF	Infrastructure

Gadolinium-Loaded
Liquid	Scintillator	Veto

Instrumentation	Conduits

D-D	neutron	
tube

The LUX-ZEPLIN detector



Titanium	PMT	arrayLow	Rn	cleanroom

Ti TPC	field	ring1/3	scale	TPC	grid	prototype

Ultraclean	Ti cryostat
arXiv:1702.02646Cold	PMT	testing

TPC	prototype

TPC fabrication is underway

Begin on-site assembly spring 2018, install underground 2019, first data spring 2020.



– 61-cm thick Gd-loaded liquid scintillator 
• 97% effective for neutron rejection

– Xenon skin layer for gamma rejection

in-situ	monitoring	of	
residual	backgrounds

3

RoI	+	SS	Cut	+	All	VetoesEnergy	RoI	+	Single	Scatter

3.2	ton	fiducial	
without	outer	detector

5.6	ton	fiducial	
with	outer	detector

Powerful background rejection: 
outer detector & xenon skin

December Trip to Reynolds

1.6 OD – H. Nelson LZ Status & Operations Planning IPR at LBNL - January 9, 2018 13

Sally Shaw

First Side 
Vessel
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LZ Spin-Independent WIMP Sensitivity

• Baseline WIMP sensitivity is 2.3 x 10-48 cm2 @ 40 GeV/c2 (arXiv:1703.0914).
• 1000 days, 5.6 tonne fiducial mass.
• Begin on-site assembly spring 2018, install underground 2019, first data spring 2020.



Radon dominates 
ER backgrounds

Gamma backgrounds 
(PMTs, cryostat) are 
negligible.

pp solar neutrinos, 
elastic scattering on 
atomic electrons

Coherent neutrino 
scattering on xenon 
nuclei

LZ backgrounds summary
5.6 tonnes, 1000 days



Expected number of background events
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“Zero Background” condition 
(<0.1 background events) 

necessary to conduct 
discovery program



Mark Boulay

DEAP-3600 Status



DEAP	Collaboration:		75	researchers	in	Canada,	UK,		
Germany	and	Mexico	+	new	groups	joining	from	DarkSide



Mark Boulay

3600 kg argon
in sealed ultraclean
Acrylic Vessel (1.7 m ID)

Vessel is “resurfaced”
in-situ to remove 
deposited Rn daughters
after construction

255 Hamamatsu
R5912 HQE PMTs 8-inch
(Light Sensors)

50 cm light guides +
PE shielding provide neutron 
moderation

Steel Shell immersed in 8 m 
water shield at SNOLAB

DEAP-3600 Detector (single-phase)

3.
5 

m
et

er
s

very strict control of
 materials



Full 

overview	of	backgrounds:	
	see	Bjoern	Lehnert	R1-5

“nuclear	recoil	band”

“beta/gamma	band”

WIMP	ROI full	energy	alphas	
		(in	argon)

alphas	on	surface	
	(lose	energy)

39Ar
γ’s

neutrons 
degraded α’s
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PRELIMINARY
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first	analysis

Planning	to	collect	data	until	2020	

Currently	analyzing	1	year	dataset	
	(Nov.	2016	to	Nov.	2017)

data	collected	so	far



Mark Boulay

First Dark Matter Search with DEAP-3600 – 9,870 kg-days     July 2017  arXiv:1707.08042

4.4 live days

Selected ROI for < 0.2 leakage from β’s

9,870 kg-day exposure

No events observed in ROI



WIMP exclusion with DEAP-3600 First Result
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The Global Argon Dark Matter Collaboration
ArDM 
DarkSide 
DEAP 
MiniCLEAN

}A Single Global Program for Direct Dark Matter Searches 
Currently taking data: ArDM, DarkSide-50, DEAP-3600 
Next step: DarkSide-20k at LNGS (2021-)
Last Step: 300 tonnes detector, location t.b.d (2027-)

DarkSide-20k approved by INFN 
and LNGS in April 2017 and by 
NSF in Oct 2017 
Officially supported by LNGS, LSC, 
and SNOLab 
30 tonnes (20 tonnes fiducial) of 
low-radioactivity underground 
argon 
14 m2 of SiPM coverage
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Questionnaire for Requesting
the Status of Recognized Experiment at CERN

The DarkSide Collaboration &
The Global Argon Dark Matter Collaboration

October 24, 2017





Letter ​ ​of​ ​Intent 
September​ ​8,​ ​2017 

Rev​ ​B 
 

 
Scientists​ ​at​ ​LNGS,​ ​LSC,​ ​and ​ ​SNOLAB​ ​are ​ ​joining ​ ​in ​ ​an ​ ​international ​ ​effort​ ​to ​ ​mount​ ​a 

phased ​ ​argon ​ ​dark​ ​matter​ ​program​ ​with ​ ​the ​ ​goal ​ ​of​ ​being ​ ​sensitive ​ ​to ​ ​the ​ ​neutrino ​ ​floor.​ ​​ ​This 
effort​ ​will ​ ​include ​ ​a ​ ​broad ​ ​collaboration ​ ​of​ ​scientists​ ​and ​ ​will ​ ​represent​ ​the ​ ​global ​ ​community​ ​for 
dark​ ​matter​ ​searches​ ​with ​ ​argon.​ ​​ ​This​ ​letter​ ​is​ ​an ​ ​update ​ ​of​ ​a ​ ​previous​ ​communication ​ ​dating 
June ​ ​2017,​ ​which ​ ​detailed ​ ​the ​ ​first​ ​conception ​ ​of​ ​the ​ ​program;​ ​this​ ​letter​ ​was​ ​expanded ​ ​to 
capture ​ ​the ​ ​intent​ ​of​ ​all ​ ​institutions​ ​and ​ ​scientists​ ​participating ​ ​in ​ ​the ​ ​program. 
 

In ​ ​this​ ​document,​ ​the ​ ​undersigned ​ ​representatives​ ​of​ ​groups​ ​working ​ ​on ​ ​argon ​ ​dark 
matter​ ​searches,​ ​including ​ ​Brazilian,​ ​Canadian,​ ​Chinese,​ ​French,​ ​German,​ ​Greek,​ ​Italian, 
Mexican,​ ​Polish,​ ​Romanian,​ ​Russian,​ ​Spanish,​ ​Swiss,​ ​US,​ ​and ​ ​UK​ ​groups​ ​among ​ ​others, 
memorialize ​ ​their​ ​intent​ ​to ​ ​form​ ​a ​ ​Global ​ ​Argon ​ ​Dark​ ​Matter​ ​Collaboration ​ ​to ​ ​carry​ ​out​ ​a ​ ​program 
for​ ​direct​ ​dark​ ​matter​ ​searches,​ ​consisting ​ ​of​ ​two ​ ​main ​ ​elements.  
 

The ​ ​first​ ​element​ ​of​ ​the ​ ​program​ ​is​ ​the ​ ​DarkSide-20k​ ​experiment​ ​at​ ​LNGS,​ ​whose 
science ​ ​goal ​ ​is​ ​to ​ ​perform​ ​a ​ ​dark​ ​matter​ ​search ​ ​with ​ ​an ​ ​exposure ​ ​of​ ​100 ​ ​tonne·yr​ ​of 
low-radioactivity​ ​underground ​ ​argon ​ ​(the ​ ​low​ ​intrinsic​ ​background,​ ​free ​ ​from​ ​any​ ​background 
other​ ​than ​ ​that​ ​induced ​ ​by​ ​atmospheric​ ​neutrinos,​ ​may​ ​also ​ ​permit​ ​a ​ ​200 ​ ​tonne·yr​ ​exposure ​ ​for 
extended ​ ​operation).​ ​​ ​This​ ​detector​ ​will ​ ​be ​ ​competitive ​ ​with ​ ​next​ ​generation ​ ​liquid ​ ​xenon ​ ​dark 
matter​ ​searches​ ​at​ ​high ​ ​WIMPs​ ​masses​ ​and ​ ​will ​ ​be ​ ​built​ ​in ​ ​time ​ ​to ​ ​start​ ​data ​ ​taking ​ ​by​ ​2021. 
 

The ​ ​second ​ ​element​ ​of​ ​the ​ ​program​ ​is​ ​a ​ ​low-radioactivity​ ​underground ​ ​argon ​ ​detector 
with ​ ​a ​ ​fiducial ​ ​mass​ ​of​ ​a ​ ​few​ ​hundred ​ ​tonnes.​ ​The ​ ​science ​ ​goal ​ ​is​ ​to ​ ​perform​ ​a ​ ​dark​ ​matter 
search ​ ​with ​ ​an ​ ​exposure ​ ​of​ ​1,000 ​ ​tonne·yr​ ​with ​ ​sensitivity​ ​reaching ​ ​to ​ ​the ​ ​neutrino ​ ​floor,​ ​to 
identify​ ​coherent​ ​nuclear​ ​scattering ​ ​of​ ​atmospheric​ ​neutrinos,​ ​and ​ ​to ​ ​perform​ ​a ​ ​high-precision 
measurement​ ​of​ ​intermediate ​ ​energy​ ​solar​ ​neutrinos​ ​(​pep ​,​ ​CNO,​ ​low​ ​energy​ ​​8​B).​ ​​ ​All ​ ​groups 
have ​ ​agreed ​ ​to ​ ​the ​ ​continuing ​ ​collaboration ​ ​towards​ ​the ​ ​development​ ​of​ ​a ​ ​depleted ​ ​argon 
detector​ ​at​ ​the ​ ​scale ​ ​of​ ​a ​ ​few​ ​hundred ​ ​tonnes,​ ​working ​ ​together​ ​to ​ ​select​ ​a ​ ​design ​ ​and ​ ​site 
based ​ ​on ​ ​technical ​ ​and ​ ​scientific​ ​requirements.​ ​​ ​Decisions​ ​on ​ ​technical ​ ​design ​ ​will ​ ​be ​ ​informed 
by​ ​data ​ ​collected ​ ​with ​ ​the ​ ​precursor​ ​DEAP​ ​and ​ ​DarkSide ​ ​detectors.​ ​​ ​The ​ ​groups​ ​will ​ ​also 
develop ​ ​low​ ​radioactivity​ ​argon ​ ​to ​ ​allow​ ​for​ ​the ​ ​multi-hundred ​ ​tonne ​ ​detector. 
  

The ​ ​proposal ​ ​to ​ ​build ​ ​DarkSide-20k,​ ​submitted ​ ​to ​ ​the ​ ​Italian ​ ​INFN​ ​and ​ ​to ​ ​LNGS, 
reviewed ​ ​well,​ ​and ​ ​INFN​ ​and ​ ​LNGS​ ​approved ​ ​the ​ ​DarkSide-20k​ ​experiment​ ​in ​ ​April ​ ​2017.​ ​​ ​The 
scope ​ ​of​ ​the ​ ​INFN​ ​contributions​ ​is​ ​€40M.​ ​​ ​The ​ ​proposal ​ ​submitted ​ ​to ​ ​the ​ ​US​ ​NSF​ ​reviewed ​ ​well, 
and ​ ​the ​ ​collaboration ​ ​is​ ​now​ ​awaiting ​ ​the ​ ​approval ​ ​decision ​ ​by​ ​the ​ ​US​ ​NSF.​ ​​ ​The ​ ​capital ​ ​funding 
for​ ​DarkSide-20k​ ​under​ ​discussion ​ ​with ​ ​the ​ ​US​ ​NSF​ ​is​ ​$13M. 
 



				 										 	
	
	
	
Deep	underground	laboratory	support	for	global	collaboration	towards	discovery	of	dark	
matter	utilising	liquid	argon	detectors.	
	
To	whom	it	may	concern;	
	
As	 hosts	 of	 the	 existing	 operational	 liquid	 argon	 direct	 dark	 matter	 detectors,	and	 as	
proponents	and	supporters	of	the	Underground-GRI	initiative,	the	LNGS,	SNOLAB	and	LSC	deep	
underground	research	facilities	are	pleased	to	recognize	the	collaborative	developments	within	
the	global	liquid	argon	dark	matter	community.	The	DarkSide	project	at	LNGS,	the	DEAP	project	
at	SNOLAB	and	the	ArDM	project	at	LSC	are	all	developing	new	technologies	and	capabilities	to	
search	for	WIMP	dark	matter,	and	are	beginning	to	coalesce	into	one	collaboration	to	develop	
future,	 larger	 generations	 of	 liquid	 argon	 direct	 dark	 matter	 detectors.	 We	 encourage	 and	
support	 the	 development	 of	 this	 global	 community,	 with	 a	 focus	 on	 the	 development	 of	
DarkSide-20k	at	LNGS	in	the	first	instance,	and	a	larger	detector	at	a	location	to	be	determined	
from	scientific	 requirements,	 in	 the	 future.	Using	available	assay	and	 research	 infrastructure,	
the	three	deep	underground	research	facilities	will	 support	 the	activities	and	development	of	
the	various	generations	of	liquid	argon	detectors.	
	
	
	
	
 

 
 
Stefano Ragazzi 
Director, LNGS 

 

 
 
 
 
Aldo Ianni 
Director, LSC Nigel J.T. Smith 

Director, SNOLAB 
	

	
	



DarkSide-20k
20-tonnes fiducial dark matter detector
start of operations at LNGS within 2021

100 tonne×year background-free search for dark matter

Future 300-tonne Detector
300-tonnes depleted argon detector

start of operations within 2026
1,000 tonne×year background-free search for dark matter

precision measurement of solar neutrinos

20- 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

DS-20k

300k



Urania to Aria to LNGS



 

 

 

• Volatilità relative => 1.007 

• Valori tipici >1.5 

• Numero di stadi teorici => ordine delle migliaia 

• HETP = 10 cm 

• H=200-400 m 

• Usuali = 20-30 m 

• Fuori terra 

• A sezioni separate 
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G. Fiorillo Feb 5 2018

STATUS OF DART 

41

Nu-platform meeting CERN Oct 27th 2017                                                                     C. Regenfus    DART/ArDM 8

Integration into ArDM fully engineered 

Top PMTs Array

Extraction Grid with PMMA plate

Cathode with PMMA plate

Bottom PMTs Array

HVFT will be removed

Dart Chamber centered 
inside the main volume

• Small intervention 

• Reversible

HVFT to be removed

Achievements 

Mechanical DART design  and simulations 
Integration studies  of DART into ArDM 
Background simulations  
DART chamber material procurement 

3 cylinders of  99.99% OHFC to machine the chamber 

Next points to be reached
 
light response simulation → Jan-Feb2018
procurement of 1kg of UAr → OPEN ISSUE
Availability of non-radiopure photo-electronics and FEBs → Feb 2018  
Work on circuit for adjustment of dynamic range → March 2018
Design of cryogenics of DArT for ArDM → Feb 2018
Decision on further shielding of ArDM → Feb 2018
DART chamber construction  (CIEMAT) → Feb 2018
DART assembly (CIEMAT) → March 2018
test in a clone ArDM cryostat at CERN → March/April 2018
Availability of new SiPMs → April 2018  OPEN ISSUE
Radio-pure FEBs →  May 2018 OPEN ISSUE
DART assembly with radio pure photo-electronics → will follow
final installation  in Canfranc and test with the spare UAr → will follow



The End


