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Direct Detection Landscape

10-%8

m Plethora of evidence for Dark

Matter E 1040 :
m Absence of conclusive evidence E Threshold/Lowe
in WIMP-preferred region g 107 mass target
eLee-Weinberg Limit, ~2 GeV/c?, 3 ol
to ~1 TeV/c? : Tenaan
m  Much weaker constraints 8 g
0.1-10 GeV/c? mass range X
eRegion has attracted theoretical = 10
interest
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Light DM Detection @t 7

vg ~ 230 km/s . mr

m Light DM relatively unexplored Ep ~ aiceV)
m Requirements: Low mass target; Low energy threshold; Favourable quenching factor
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Ex not including quenching factor SRIM quenching factors for gases
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Spherical Proportional Counter

m 20(0.1-1 m) sphere with &0O(1 mm) sphere in centre
m \oltage applied to inner sphere - anode
m At first order, E~1/r?

eNaturally divides detector into drift and avalanche

region

m Construction with radiopure materials
m Lowest surface-area to volume ratio
m Size independent capacitance

Supporting

e Large volume with low noise o
o Viorera A~ W1
E o 7'2 Te—Tq r~ 7“2 ,ra
rr r, = cathode radius
C —_ 471-80 N 47‘-60 /ra ~U 1pF 7’ = anode radius

(L -A ity -
I. Giomataris and G. Charpak in CEA Saclay
(sphere was previously a LEP RF cavity)
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http://iopscience.iop.org/article/10.1088/1748-0221/3/09/P09007/meta
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Pulse-Shape Discrimination oG te (1 7 a6 3%
= Rise time selections to: — B0 o2 Soulr{qgetlrpgge R
eDistinguish point-like versus extended % N R 1o O A
ionisations E gof
eFiducialise detector g 45

oMaijority of background from cathode
material
oCan select against near-cathode events

Primary Electron Diffusion — Rise Time of Integrated Charge >

@ Primary Electron

15| 2,
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(1) X-rays in volume, (2) X-rays near

cathode, (3) Cosmic Muons
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Astroparticle Physics

Applications SR

First results from the NEWS-G direct dark matter search experiment @(MM

m  Well suited for direct Dark Matter search  wmeusw

Q. Arnaud?®*, D. Asner®, J.-P. Bard®, A. Brossard®<, B. Cai?, M. Chapellier?, M. Clark?,

H d C ibi- { a i a a
e\ariable gas target and pressure e (e e e E i

L. Katsioulas®, D.G. Kelly?, R.D. Martin®, J. McDonald?, J.-F. Muraz", J.-P. Mols¢,

Vew»

X.-E. Navick®, T. Papaevangelou®, F. Piquemal’, S. Roth®', D. Santos", I. Savvidis', A. Ulrich®,

oKinematically matched to light DM e

oSingle channel read-out ‘ ” '

oPotential TPC-like mode with more -
channels .

= Implemented by NEWS-G Collaboration e

Neutron spectroscopy with the Spherical Proportional Counter based on @mwm
nitrogen gas

e M a ny Oth er exciti N g p h yS i CS a p p li Cati ons ! E. Bougamont', A Dastghelb, J. Derre’, J. Gala', G Gerbier’, . Gomataris, M. Gros,

1. Katsioul. D. Jourde", P. Magnier®, X.F. Navick®, T. Papaevangelou’, I. Savvidis®,
G. Tsiledal

eFast neutron Spectroscopy raik: 20/07 15:30. 1. Katsioulas %

eNeutrinoless double beta decay detection ,
Talk: 30/07 13:00, A. Meregaglia+

oSu pernova detection e

A network of neutral current spherical TPCs for dedicated supernova
detection

e of Canada, Kingston, Ontario K7K 784, Canada
kStr. 1, Garching 85748, Germany

H

Available online at www.sciencedirect.com

.c...c.@p...u-

PHYSICS LETTERS B

Y. Giomataris *, J.D. Vergados **
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New Experiments With Spheres-Gas:
NEWS-G Collaboration
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SEDINE - First NEWS-G DM Detector

m 60 cm spherical proportional counter 8 cm Cu

Using Aurubis NOSV Copper

m Several stages of chemical cleaning to remove
Rn deposits 15 cm Lead

m Located in Modane Underground Lab., France
Laboratoire Souterrain de Modane (LSM)

Fréjus peak
Altitude 2 932 m

Fréjus road tunnel

Altitude
1298 m

Altitude
1228 m

Distance 0 m /{ 6 210m 12 868 m

c.f. Surface ~14x10° y/m?/day
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First Results

m Gas: Ne:CH,
(99.3:0.7%)
3.1 bar: 282 g

m 34.1live-days

m 9.6 kg/days
exposure

Standard assumptions on
WIMP velocities, escape
velocity and with quenching
factor of Neon nuclear
recoils in Neon calculated
from SRIM

|
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mmmm This work
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http://inspirehep.net/record/1605384?ln=en

o

NEWS-G at SNOLAB A
= Next stage of NEWS-G 2UF T N\ on 5 imPrday

o =~

=

LSM

m 130 cm detector - Bigger :
= 4N (99.99% pure) Aurubis copper - More radio-pure | 0.25 L/m2/dav | \
o~7-25 Bqg/kg Th and ~1-5 uBg/kg U e
m Operated in both LSM and SNOLAB o SRS

Pepth [km w. &)

3 em Archeological lead

22 cm Low Activity lead

Stainless steel skin

#140 em Copper sphere

Spinning

40 em HDPE

—
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http://inspirehep.net/record/1395218?ln=en

Background Contributions in Copper

s %Cu(n,a)®Co by fast neutrons o Mo nd
&= Modelled 21°Pb
from cosmic muon spallation 210pp in NEWS.G
238 232 : 5 in -
0 U and “*“Th decay chain 238 £ o 4N copper: 28.5+8 mBq/kg
eNaturally found and deposited 92
by 222Rn £5 Sy % 2]
omeasured directly by mass 592
spectroscopy 86 Rn
olnfer progeny activities - L e D
m Recent development: .
218 214 210
et e L measure a-particle | Po i 0170
- - from 210Po decay 3.1m 214BI / 160 us 21OBI / 138d
: ) 4 d|reCt|y 214 /83 20 m 210 83 ;4 206
w___ g ©°9Pb activity inferred |;,PP g2 D g0 0
t 210 m y able
NIM A884 (2018) 157-161 from PO
[ RO Pt P Knights, NEWS-G, ICHEP 2020 29/07/2020 1



http://inspirehep.net/record/1610890?ln=en

Reductants Oxidants  E” (V) [ ET® God Phad 5T R8Y S8 %570
Cu’t +2e- = Cu +0.34 0.5 —
o Pb2* +2%- = Pb —0.13 e Polishing and Plating
Electroplatin Grse = U - :
Th'* + 4~ = Th ~1.90 0-4f © Absolute Amount Plated —

m Electroplating Copper K'+e” = K ~2.93
e ‘High reduction potential’ of copper
ePreferentially deposited in electroplating

m Used to apply 500 um ultra-pure inner layer -
eReduce background rate below 1 keV by 70% i

| W W o ——— 1 . - O'S
— — _— - ¢ ’ PO S [T SO T S N SR R |

= 0 5 10 15 20
Time Since 09:36 01/08/2018 [days]

0.3

T

0.2

T

~0.036 mm/day
~1.3 cmlyear

Average Thickness Change [mm]

To Pump and Filter

To Power Supply

Stainless . .
Steel Ring Conductivity Probe ICP-MS Radio-Assay Results
Inner Hemisphere \ f 1 ‘ : Weight 2*Th 28U
To Power Supply e, W E” W " &G~ Sample [g] 1Bq/kg]  [pBq/ke]
; S CI0100 Cu o
e 1e o p
(Machined) 83716 279%+19
Detector Hemisphere Cu
. Electroformed il i
Cu Movemen_t In Hemisphere 1 0.256 < 0.58 < 0.26
Cu Movement in Electropolishing Hemisphere 2 0.614 <024  <0.11

Electroplating b : '
Paper prepared for submission to NIMA“Background suppress:on through copper electroplating
_for the NEWS-G Dark Matter search”
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Commissioning In LSM

m Detector installed in LSM

m ‘Dress rehearsal’ of

eSensor installation with glove box

eShielding assembly
eAcquisition system

m First data taking
©135 mbar pure CH,
e1 bar Ne/CH,

N 2-Channel
- Multi-Anode Sensor

: l l lltli

Sensor Mounting to
Rod

Glove box for air-free sensor
installation into detector

Sphere in half the
lead shielding

4 'UNIVERSITY©F e Irfu CEA Saclay
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m Sphere in SNOLAB
Current Status e Awaiting final chemical
cleaning underground
m Platform, shielding and
electronics arriving
m Beginning to put pieces
together!

Arriving
underground

¢ 'UNIVERSITYOF Irfu- cea saciay
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Multi-Anode Sensor - ACHINOS

m Anodes located equidistant from centre Improved Techniques:
= Decouples gain and high-radius E-field . |3—|D E’””t'”gt - DLC-conti
i : - m igh- resistivity -coa |ng
m Use of DLC-coating and 3D printing central = Smaller (<1 mm) anodes
electrode m Precision assembly tools
m Future: Multichannel read-out and TPC-like
mode
£ - = o
-
::,-3 - |E11|/|E1|~9
Radius (cm)
JINST12 P12031 Paper on recent developments under review with JINST
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https://iopscience.iop.org/article/10.1088/1748-0221/12/12/P12031/pdf

X Ar37
b4

Gas Purification and Monitoring i j

m  Oxygen and water contamination can cause
attachment of primary electrons
eMore of a problem as detector size increases
m Filter gas
e Getters are a source of radon
m Use Rn trap in series
eRn trap also remove CH, Purge
m Various techniques being explored for both filtering
stages and online gas quality monitoring in
recirculation system
e Tests ongoing!

Getter
P4

dei] uy

Proposed gas handling system for
NEWS-G

UNIVERSITYOF e Irfu- ceasactay
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Ne:CH,(98:2%)
Laser Calibration e

Scheme of the experimental set-up

m 213 nm laser directed inside : o

e Gain monitoring during data i

taking = -
eSingle-electron response

e Gas property parameterisation W

Amplitude [AU]

LASER =
Energy [ (PE)] 2
0 1 2 3 4 5 6 §
Energy LETLSST ISR AL R EEL FRLECL I S O PILEE R ES S TR RO LS S AR C (L ?
spectrumof .
laser-induced X*/NDF=0.97
o
events % i
Blue=Data 3 i
Red=F|t 3 10 §
i - }
12-19h 12-22h 13-01h 13-04h 13-07h 13-10h 13-13h 13-16h
1 % Energy [Ag(l)J] =0 ) Time [day-hourl
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https://doi.org/10.1103/PhysRevD.99.102003

Talk: 31/07 8:40, T. Neep

Simulation of the Spherical Proportional Counter

lectric Field Magnitude
s Dedicated simulation g
framework
eCombined GEANT4 and

Garfield++ with FEM } |
simulations (ANSYS) P

100

10 -5 0 5 1
x [cm]

X

0
1.0
oS \k 05
0.0 0.0
220 -15 -10 -05 00 05 10 15 20
x [em]

m Study detector response W \N
#2-channel ACHINOS TR IR
e37Ar calibration X
eFiducialisation P 8 \
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https://doi.org/10.1109/NSS/MIC42101.2019.9060041

Pushing the Boundaries

1037}

To increase low-mass sensitivity:

m Target mass 10% L

el arger detector

= Background suppression  “_ 10|
z :

oPID and Fiducialisation O,

oSensor R&D S 100k

oDedicated simulation

ePurity of Materials 104

oElectroplating

= Low mass target nuclei 107

ee.g. Hfrom CH,

Assumptions

Flat background of 1.78 dru
Exposure of 20 kg,days

Energy window [14 eVee, 1 keVee]
F=0.2, 6=0.12

SRIM quenching factor

0.1 0.3 1.0 3.0 10.0

M, [GeV/c?]
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ECUME - Electroformed CUprum
Manufacturing Experiment

m Underground electroformed @140 cm sphere
eMinimised cosmogenic activation - Electroformed in SNOLAB
eNo machining or welding - grow sphere directly
m Based on what was achieved for current NEWS-G sphere
¢0.036 mm/day — ~1 mm/month
Current Status:

m R&D bath for prototype at PNNL - underway
m 30 cm prototype will then be produced
m Full-scale scheduled for late 2021

3 -

Scale hemi-spherical model (PNNL) used for
previous electroplating of detector

P Knights, NEWS-G, ICHEP 2020 29/07/2020 20



Summary and Outlook Veirg
m  NEWS-G is searching for DM in the 0.1-10 GeV mass range

eFirst competitive results with gaseous detector in DM search
m Next generation NEWS-G detector currently underground in SNOLAB

el arger detector and target mass 107 [ Eialimingit
elmproved procedures, material and shielding \ ‘
. . 10738 3
m Active R&D effort: electroforming copper sphere, ~
multi-anode sensors, multi-channel read-out, B \\
high-resistivity electrodes, high/low pressure 5° 10
operation... 10 |
m Exciting physics opportunities in near future! o
Spherical proportional Spinning Cu and Arrival Underground in " " M, [Cl}'SV/CZ} * o
counter proposed electroplating 2019 SNOLAB+Data Taking Data taking
I 2017 | | 2021 | 20?7 >
2008 SED"!‘E: First 2018 . I o 2020 Begin fully-electroformed 2023 Neutrino f’oor-reaching
results Commissioning in LSM sphere capability sphere
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Additional Material
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