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PandaX @ CJPL

PandaXx-l: 120 kg Pandax-ll: 500 kg PandaxX-xI: PandaXx-lll: 200 kg to

DM experiment DM experiment multi-ton DM 1 ton HP gas 136Xe

2009-2014 2014-2018 experiment OvDBD experiment
Future Future

\ ]| }
! f

CJPL-I CJPL-1I




PandaX-ll 54 ton-day results (SI limit)

* Improved from PandaX-
PRL 119, 181302 (2017) I 2016 limit about 2.5

time for mass>30 GeV

5 * Lowest exclusion at
8.6x10-47cm? at 40GeV/
o
: — D  Most stringent limit for
= S WIMP-nucleon cross
o = Nekh i section for mass
10? 107 >100GeV

WIMP mass (GeV/c?)
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» |ntermediate stage:
(4-ton target) with Sl sensitivity ~¥10-47 cm?

On-site assembly and commissioning: 2019-2020 4



PandaX @ CJPL-I|

 Experimental hall B2 secured

* Single ultrapure water pool
which hosts PandaX-xT and
PandaX-lll (modules of high
pressure 136Xe TPCs)
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The XENON
collaboration

160 scientists
29 Institutions

11 countries
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Two-phase xenon detectors

XENONTT

Fiducial mass [kg]

PandaX

XENON100
XENON10

1000 5.3 2.6 0.8 0.2

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



The phases of the XENON Program

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 8000 kg-150 cm drift

PP =

~10-43 cm? ~10-4°cm? ~10-47 cm? ~10-48 cm?



XENON1T Overview

Cryostat and support

.-{, AR
structure for TPC ‘

e

T~

Time projection
chamber

Umbilical pipe
(cables, xenon)

xenonit.org

Cryogenics and
purification

Data acquisition and
slow control

Xenon storage,
handling and
distillation column



The XENON1T Time Projection Chamber
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Corrected S2 bottom

Dark matter search

» 2017: analysis of data from short exposure gives best Sl limit worldwide

- 2018: analysis of data from ~1 full year almost completed. New result to be
released soon!
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Corrected S1 [PE]

Omin = (.1 X 1074 cm? at 35 GeV/02

WIMP-nucleon o [cm?]

vo =220 km/s, pom = 0.3 GeV/cm3, Vesc = 544 km/s
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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

 Quter cryostat and support structure

» Cryogenics and purification system

- |Xe storage system

« Cables installed for XENONNT as well

* New inner cryostat, new TPC, 476 PMTs

* Neutron veto, Rn removal tower, additional
L Xe purification and storage system

« Work on new systems progressing

12



XENON1T and XENONNT science reach

« XENONA1T: 1.6 x 1047 cm2 with an exposure of 2 tonnes x year

« XENONNT: to start in mid 2019, aiming for 20 tonnes x year exposure

XENONIT XENONnT LZ
Fiducial Volume [tons] 1 4 5.6
Livetime Fraction 80% 80% 80%
WIMP Energy
Range [koV. 4-50 4-50 6-30
NR Acceptance 40% 40% 50%
ER Rejection 99.75% 99.75% 99.5%
Bkg rate [evt/year] 2.08 1.15 2.35

WIMP-nucleon o [cm?]
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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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Instrumentation Conduits

The Cathode
High-Voltage
Feedthrough

R\

LXe Heat
Exchanger

A\

i\

Dual phase xenon TPC,
7 tonnes fully active
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L% The LUX-ZEPLIN detector

Existing
Water Tank, and

S ,_._ ' > SUREF Infrastructure

Gadolinium-Loaded
iquid Scintillator Veto

i The Outer
N Detector
PMTs (120)

D-D neutron
tube



TPC fabrication 1s underway

7

Ay DAL \ & * Ultraclean Ti cryostat
Cold PMT testing \ arXiv:1702.02646

TPC prototype |

-g

4
3

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



Z Powerful background rejection:
outer detector & xenon skin

— 61-cm thick Gd-loaded liquid scintillator in-situ monitoring of

* 97% effective for neutron rejection residual backgrounds

— Xenon skin layer for gamma rejection

First Side &
Vessel
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% LZ Spin-Independent WIMP Sensitivity
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WIMP mass [GeV/c?]

Baseline WIMP sensitivity is 2.3 x 10*® cm? @ 40 GeV/c? (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

LZ backgrounds summary
5.6 tonnes, 1000 days

NR (cts)

Intrinsic Contamination Backgrounds | ER (cts) (w/ SF rej.)

Subtotal (Detector Components)

222Rn (1.81 qu/kg)

natKr (O. 015 ppt g/g) -
natAr (0.45 ppb g/g) 2 -
210Bi (0.1 uBa’kg) 40
Laboratory and Cosmogenics 5 0.06
| Fixed Surface Contamination 0 0.39
Subtotal (Non-v counts) 873 0.52

Physics Backgrounds

Subtotal (Physics backgrounds) — 322 072
Total 1,190 1.24
Total (with 99.5% ER discrimination, | 5.97 0.62
6.59

Gamma backgrounds

(PMTs, cryostat) are
negligible.

pp solar neutrinos,

elastic scattering on
atomic electrons

scattering on xenon
nucle1
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Number of WIMP-like events needed
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Expected number of background events




“/ero Backgrounda condition
(<0.1 background events)
necessary to conauct
discovery program



DEAP-3600 Status

NATIONAL
GEOGRAPHIC

Mark Boulay



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

DEAP-3600 Detector (single-phase)

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

very strict control of

. Vessel 1s “resurfaced”
materials

In-situ to remove
deposited Rn daughters
after construction

255 Hamamatsu
R5912 HQE PMTs 8-inch

% (L1ght Sensors)

O

i 50 cm light guides +

e PE shielding provide neutron
moderation

Steel Shell immersed in 8 m
water shield at SNOLAB




Experimental Signatures

prompt light . . - : o - - - . L. :
Ar scintillation: 005 b PPEIS COMNAL g g5 —Singels cemindles pylse shape discrimination
- excimers are create 0 0 (PSD) parameter:
‘UZ/) (S % 0.05 |- ' | 1 o005} ' 4 fprompt =
: — c/% § ) 1 °'r 1 prompt light (150 ns)
= -0.15 | , : 15 - ] ——
- & E 0I5 background-like o signal-like total light (10000 ns)
Sl.ﬂg|et. 6 ns 02 (electron-recoil) ) 02 (nuclear recoil)
tripplet: 1500 ns 0.25 : ' ' ' 0.25 ' : : overview of backgrounds:
wavelength: 128 r 0 1000 zog:ne [:S]oo 4000 5000 0 1000 201<.)i¢r)ne [:?]oo 4000 5000 Bjoern Lehnert R1-5
O 0.9 6
= WIMP RO alphas on surface full energy alphas 10 2
0.8 neutrons (Iose energy) (in argon) 5 ‘u&‘)
0.7 [ degraded o < < " 3
0.6 . X
“nuclear recoil band” 10
0.5
0.4 1o
0.2 ,sz
10
0.1 |/ 3°Ar “beta/gamma band”
0.0 = 1

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

L photo electrons
DEAF 3600 commissioning data 4

Slide from MG Boulay — TAUP 2017, Sudbury



Alpha Background

- Measuring the 222Rn content in the bulk
LAr shows the well very competitive results
- Preliminary 222Rn activity

22Rn in Dark Matter experiments:

Activity
[mBq]

Target

Experiment

DEAP-3600

Xenon1T 57
PandaX @ 39
LUX 17 9

Fprompt

e hitpa/indico cern.cafevent/4328 27 /contributicna/107 1738/2ttachmenta/

1521262/10816857/ICHFF2016 —IhanBrewn vl peddl

o “Kryptorn and radon background in the Pancax- da-k matter experimer .’

JINS | 2, 2017,

e “Rzdlon-re ated backgrounds in the _UX dar< mratter ssarch,”

Fhys. P-ocedia. vol. 654, 22156,

Majority of 21°Po events
on the acrylic surface

DEAP
oOuU VU
0.80 ¢ LI =TTy v B BN ML ALEY BLEY L ELEL RN N G
- Region 1 } Region 2 Region 3 .
0.78 |- - ' =
e 210PQ 222Rn o - [
0.76 54MeV | 5.6Mev - /2P0 /o i
x : g S—_— ol P 6.1 MeV, -
0.74 [ ,.:. ' . 214Po .
Y . ‘?.-8 Me ?
L IR R o . 1 * (% 8 :
0.62 [reosr-Tia? =
: , PRELIMINARY
0.60 -
10008 15000 20000 25000 ‘3&)00 35000 40000 45000 50000
-
\ ~ PE..,
¥ -
. it
o 80F w2 ndt  170.8 /147 -
) . Prob 0.0872S .
2 0L A 0.8454 £0.0248 PRELIMINARY E
5 C B 0.199 +0.018
2 60F ¢ 1.062 + 0.002
= L
Q 50 | +NR Band Data
O b — 2% acr Bulk
40F — — 2% Acr Surf
- 2o Acr Bulk+Surt
30
20 |
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Slide from MG Boulay — TAUP 2017, Sudbury
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data collected so far

4.72 livetime days at 3322 kg

[Aug16]

|

|

Planning to collect data until 2020

Currently analyzing 1 year dataset

\

A |

172 livetime days at 3256 kg
[Nov16 - Jul17]

(Nov. 2016 to Nov. 2017)

I ! I ! I !
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First Dark Matter Search with DEAP-3600 — 9,870 kg-days

-k
o

Acceptance

O
co

I wesiim Fopome. CUL
027 e Fiducial cuts .
s Combined
OO : PR R PR L L | TR | TR | - | -
g0 100 120 140 160 180 200 220
PE
T, (keV )
5 10 15 20 25 30
-§1.0 L L I T
5 :
LI_Q

Mark Boulay

|
240

4 107

July 2017 arXiv:1707.08042

4.4 live days

Cul Li_vel.iuw Acceptance % #5‘?1
Phyvsics runs 3.55 d
+ Slable cryocooler 5.63 d
= Stable PMT 4.72 d
Deadtime corrected 4.44 d 119181
v DAQ calibration 115782
= Pile-up LOD700
2 Lvent asymmetry 787
Max charge fraction ]
o ) - 99.53+£0.01 654
= per PMT "
= Event time 99.8540.01 652
Neck veto 97.49%0 02 23
_ l\:la.x scintillation PE -5 )g+0-09 -
= [raction per PMT —0.06
g Charge fr-a.ction in. 90 o+0-11 0
the top 2 PMT rings —0.10
Total 141d  96.9140.03 66,0170 )

Selected RO for < 0.2 leakage from B'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 A Single Global Program for Direct Dark Matter Searches
DarkSide Currently taking data: ArDM, DarkSide-50, DEAP-3600
DEAP Next step: DarkSide-20k at LNGS (2021-)

MINICLEAN J Last Step: 300 tonnes detector, [ocation t.b.d (2027-)

N'_' 10—41 |
§ 1042§\ \ DarkSide-20k approved by INFN
LI ;Q\ and LNGS in April 2017 and by
5 o z\\‘\ ~— NSF in Oct 2017
e R\ = —| Officially supported by LNGS, LSC,
= 10 45 ro) *
I A\ (2017) xm.“)“w
3 N — . — . _Jand SNOLab
E 10°*° \_a_ ' k . — <ENONES Lpr’f)}r— :/— : :
23 \.\\ = __z=awezzas - 30 tonnes (20 tonnes fiducial) of
AT e N o« N\ e —’:ﬁg“s—;é:ﬁk— ‘%é‘wﬁ pzzgf " N /1
10_48§ \\\-:T.— eI e E e 7 lOW-radioactivity underground
P E ~ T e argon
0OE 14 m? of SiPM coverage
50 [ | L I ! I

10

=
o
= [
o|
=2

10
WIMP mass [TeV/c?]
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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

~thAr tlharm tlhAat inAiriA~aAaAdA IWvs AatrvsnAacernlhhAaria mAarTifrimAace rmAamyv, ~leaeAasa AAarmmit A DNND +FARIA VI AVvIAASAaTLIrs FAr
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INFN _m- LSC Sr@/
INGS Laboratorio Subterrdneo de Canfranc

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 assav and research infrastructure,




DarkSide-20k

20-tonnes fiducial dark matter detector
start of operations at LNGS within 2021
100 tonnexyear background-free search for dark matter

DS-20k

HEEEEREE

Future 300-tonne Detector

300-tonnes depleted argon detector
start of operations within 2026
1,000 tonnexyear background-free search for dark matter
precision measurement of solar neutrinos



Urania to Aria to LNGS
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Top View

Side View Side View
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STATUS OF DART

Achievements Integration into ArDM fully engineered

Mechanical DART design and simulations Small intervention
Integration studies of DART into ArDM Reversible
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 Extraction Grid with PMMA plate
Work on circuit for adjustment of dynamic range — March 2018

Design of cryogenics of DArT for ArDM — Feb 2018 Dart Chamber centered
Decision on further shielding of ArDM — Feb 2018 inside the main volume

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 Bottom PMTs Array
DART assembly with radio pure photo-electronics — will follow

final installation in Canfranc and test with the spare UAr — will follow

Cathode with PMMA plate

HVFT to be removed

.
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G. Fiorillo

Feb 5 2018
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