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OpaHum n3 kaHauaartoB Ha ponb WIMP aBnseTtcs, yactuua ¢ maccoum
nopsigka 10-100 IN3B/c? ( LowMass 1-10 MaB/c?)

BTOprM KaHAnAatomMm, AonyCcKarwmmm npamoe aeTekKtuposaHme CHNTaeTCA aKCUOH.
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B3aumogononHawwme metoabl uccnegoBaHus npupoabl TeMHOU MaTepum

Moucku cnenos.
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AByxd¢a3Hble AeTeKTOpbl HAa XUAKUX OnaropoaHbIX ra3ax ncnosibyemMmole Ans
NoucKa TeMHOM MmaTepum Obinu npeanoxeHbl pusmkamm CCCP ns MUPU

Mucona s XITO, wox 11, cmp, 513 - 316

HOBWA METOA PETMCTPALIMN CAAEA0B HOH3YRMAX YACTHLL
B KOHAEHCUPOBAHHOM BEWIECTBE !

b.4.Joromeun, B.H.Tebedesxo, [,V Poduonos
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Puc, 1, CxeMbl ONbITOB: g) — TPEX9JeKTPOAHAA KaMepa C q-MCTOUHAKOM:
A - anop, C - cetxa, K ~ karo, Paccroduue AC - 1¢x, OF -2 ¢,
CJI0i XHAKOCTH Hal CETKOi 0K0.0 0,1 ¢¥; 6)- To-Xe, HO Ha KATOJe YK
penjes uHxexkrop, [lokasanbl CAOBbIE JMHKA HTEKTPHUECKOrO MO, Ofl-
pefeasioume Auamerp 061acTH SMHCCH SNEKTPOHOB C NIOBEPXHOCTH Kufie
KOCTH} § )— MBYX9AEKTPO/HAR CHCTEMA C a-HCTOYHMKOM HA KaTofle,

Al =1 ¢x, caolt xuaxocra 0,4 cx

NMpeunmywecTBa XuaKux
GnaropoaHbIX rasoB B
KavyecTBe MULLEHU Ans

HU3KO(hOHOBLIX AETEeKTOPOB

*BbICOKUIN CBETOBLIXOA (B YO)
* HU3Kasa KoHueHTpauus U/Th

* BO3MOXHOCTb €/N
AUCKPUMUHALMN NPU N3MEPEHUN
NOHU3ALMOHHOIO U
CLUMHTUNNALMOHHOIO CUrHanoB

* JOCTYNHbI B OONbLUNX
obbemax, Npo3pavyHOCTb U
BPEMSI XKNU3HW SMNEKTPOHOB
NO3BONSAKT NOCTPOUTbL OETEKTOP
MacCcon OEeCATKU TOHH

* MPOCTPAHCTBEHHOE
BOCCTaHOBEHME NO3BONsAET
BblAENUTb «BUPTYarnbHbIN
4YYBCTBUTENbHbIA 0ObEM»




Atmospheric neufrino events
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THE LIQUID-ARGON TIME PROJECTION CHAMBER:

Review on TPC's Vincent
Lepemer 2007 J Phys.: A NEW CONCEPT FOR NEUTRINO DETECTORS

Conf. Ser. 65 012001

C. Rubbia
Fig. 2. Centre: Schematic view of the whole ICARUS T600 plant in
Hall-B at the Gran Sasso National Laboratory. Top-right: photo of the
actual detector installation. Bottom-right : details of the cryo-coolers
plant. (CERNCOURIER 19 July 2011)

ABSTRACT

It appears possible to realize a Liquid-Argon Time Projection
Chamber (LAPC) which gives an ultimate volume sensitivity of 1 mm® and
a drift length as long as 30 cm. Purity of the argon is the main tech-
nological problem. Preliminary investigations seem to indicate that
this would be feasible with simple techniques. In this case a multi-
hundred-ton neutrino detector with good vertex detection capabilities

could be realized.
ICARUS (Imaging Cosmic And Rare Underground Signals) is a physics experiment aimed at studying neutrinos. It was

located at the Laboratori Nazionali del Gran Sasso (LNGS) where it started operations in 2010. After completion of its

operations there, it was refurbished at CERN for re-use at Fermilab, in the same neutrino beam as the MiniBooNE,

MicroBooNE and Short Baseline Near Detector (SBND) experiments.l The ICARUS detector was then taken apart for

transport and reassembled at Fermilab, where data collection is expected to begin in fall 2021.

The ICARUS program was initiated by Carlo Rubbia in 1977, who proposed a new type of neutrino detector.’2! These are

called Liquid Argon Time Projection Chambers (LAr-TPC), which should combine the advantages of bubble chambers ano|7

electronic detectors, evolving previous detectors.2! https://en.wikipedia.org/wiki/ICARUS_experimen
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https://en.wikipedia.org/wiki/Bubble_chamber
https://en.wikipedia.org/wiki/ICARUS_experiment#cite_note-3
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JKCNepuMeHThbl No npamoun perucrtpauuun WIMP B LAr TpebyroTt
NPUMEHEeHUA Lenoro psaaa cneuuanbHbIX TeXHONMOMMM

*TPC — cnoxHble anekTpodusnyeckme KpMoreHHble AeTeKTopbl
*KpunoreHHble cUCTEeMbI OXMXKXEHUA, XpaHEeHUSA
*Cuctemsbl ounctkm xmakocten (LXe/Ar, H,O, 2KOC,) u razoB (N2, Xe, Ar)

*BbicokoachdekTnBHaAA aNeKTPOHUKA ANA cuctemMm coopa AaHHbIX,
BB nutaHua v T.n.

CuctemMbl Ansi KANMOPOBKU AETEKTOPOB BO BPEMSA UX paboThblI
*YnbTpa HU3KOhOHOBbIE AeTeKTopbl (poToOHOB (SiPM)
*CBepx4nCcTblie KOHCTPYKUUOHHbIe MaTtepuansl (ana TPC n KkpnoctatoB)

MoaseMHblIe nadopatopum — rnyoxe, bonblue, YMie U yagobHee

*CucrtemMbl U3MEPEHUS U OUUCTKM OT RN

CucrtemMbl U3MepeHuns p/a sarpa3HeHMn ypoBHSA ppt



TPC: Processes overview

I Elastic scattering I

Nuclear Recoil (NR) Electron Recoil (ER)
*
Ge\’w\M?
scat®
%%Q
Ooo(/ “
DM high-mass range: ~5 GeV/c? to 10 TeV/c? DM low-mass range: ~30 MeV/c? to ~5 GeV/c?

I Inelastic scattering I

DM-nucleus interactions produce polarized atoms. Then a few phenomena may occur

Bremsstrahlung
Migdal

keV-range
) X-ray
keV-range photon emission
electron emission
and X-ray Problems:
photon emission weak effect, low
sensitivity

DM low-mass range: ~30 MeV/c? to ~5 GeV/c?



[ByxdgasHaa TPC Ha LAr

[eTekTopbl (hOTOHOB -
(®3Y 1 SiPM) >

[[@a3oBaga pasa

OTpaxaTenb n F
«nepeunsnyyarenb» Knagkuun aproH

LAr




[ByxdgasHaa TPC Ha LAr

Earit ~ 0.2 kV/cm AnekTpoabl Ans




[ByxdgasHaa TPC Ha LAr

QHeprnsa otaaym Bo3byxgaeT u MOHN3NpyeT
MULIEHb C obpasoBaHMeM OOTOHOB
(175 nm LXe, 128 nm LAr) cumHTUNNaumn

(S1), koTopble pernctpupytotca GIY
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[OByxdasHaa TPC Ha LAr

QHeprnsa otaaym Bo3byxgaeT u MOHN3NpyeT
MULIEHb C obpasoBaHMeM OOTOHOB
(175 nm LXe, 128 nm LAr) cumHTUNNaumn

(S1), koTopble pernctpupytotca GIY
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[ByxdgasHaa TPC Ha LAr

CBOOOHbIE 3NIEKTPOHBLI OTAAYN,
KOTOPbIE Nepexunu
pekoMbunHauunto ApendyoT B
XUOKOCTU K rpaHunLIe >XNOKOCTb-ras
noa AeNCTBMEM INEKTPUYECKOTO
nons

Bpems XX13HM aneKTpoHOB > 5McC
npuv Makc. BpemMeHun gpendpa ~ 375 MKC 1

ckopocTu gpenda ~ 0.9 Mmm/MKC




[ByxdgasHaa TPC Ha LAr

ONEKTPOHbI MHXEKTUPYIOTCS B ra3oByto asy
1 BbI3bIBAOT 3MEKTpONtoMnHUcLeHUmo (S2)
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Bpemsa mexay S1 n S2 naert
KoopAuHaTy no BbIiCOTE




CUMHTUNNAUMA/INEKTPONMIIOMUHUCUEHUNSA B LAT

de-excitation and
excited dissociation
molecule

excitation /Ah /\/m ,\N\N\J\
' )
- -w £ \)\J
() i S’v?t'lﬁ;‘_’é‘. (A) " 1300m an
\ atoms 150nm (Kr)

K
ionization” (AR 175nm (Xe)
N >\ / K,\
|on|zed /
molecule recombination
O e

1. Mpwn BO3GY>KAEHUN aTOMOB cpeabl PopMUPYIOTCS BO3OYXOEeHHbIE ANMeEpPbI (SKCUMepbI)
JKCMMepbl MOryT 06pa3oBaTbCs B CUHIMIETHOM USU B TPUNSIETHOM COCTOSIHUN

Pacnag coCTOSHMI NpoNCXoanT Yepes nanyyeHne ooToHOB C C SHEPIUEN MEHbLLEN, YEM SHEPInA
BO36YyXOeHNS MOHOMEPOB, T.€. cpeda Npo3payHa anst CobCTBEHHOM CUMHTUANALNN

CUHIIIeTHOe cocTosHne (6 ns Ar)
TpunneTHoe coctosHne (1.6 us Ar)

CseToBbIX0g 04eHb xopowun - 40,000 photons/MeV gna Ar
2. Heobxoanmo cmelleHne cnekTpa B BugmMmyto obnactb — TeTpa-deHun-6ytagueH (TPB)
3. BO3MOXXHO CMELLIEHME cnekTpa 3a cYeT noadopa CMECU CXMKEHHbBIX ra3oB
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SOVIET PHYSICS JETP VOLUME 30, NUMBER 1 JANUARY, 1970

ELECTROLUMINESCENCE OF THE NOBLE GASES
Yu. A, BUTIKOV, B. A. DOLGOSHEIN, V. N. LEBEDENKO, A. M. ROGOZHIN, and B. U. RODIONOV

Moscow Engineering-Physics Institute

Submitted January 23, 1969

Zh. Eksp. Teor. Fiz. 57, 42-49 (July, 1969)

A study has been made of the characteristics of the luminescence initiated by ionizing radiation in

gaseous xenon located in an electric field. The mechanism, and also some possibilities for applica-
tion of noble-gas electroluminescence, are discussed.

J. Phys. D: Appl. Phys. 19 (1986) 527-545. Printed in Great Britain

A unidimensional Monte Carlo simulation of electron drift
velocities and electroluminescence in argon, krypton and
xenon

Teresa H VT Diast, A D Stauffer: and C A N Conde*

+ Departamento de Fisica, Univigaaasada Catatas 2000 Coizhos Dacrnal
= Department of Physics, York |

The agreement of our results with previous experimental we
anisms based on the direct excitation of the noble gas atoms by t
account for the secondary light production. There is no need to coi
like collisions with ground state dimers or neutral bremsstrahluny

Ordinary bremsstrahlung  Polarization bremsstrahlung

A.®. bysynyykos // Budker Institute of Nuclear Physics (Budker INP),
Novosibirsk, Russia Novosibirsk State University (NSU), Novosibirsk, Russia
Topmo3Hoe u3nydeHue Ha HeATpasibHbi X aTOMax U ero npumeHeHue Ans
peructpayum Yyactuy Neutral bremsstrahlung and its application for particle
detection// dkcnepumeHTanbHbI i cemuHap VISS® 01/04/2022

S

Neutral bremsstrahlung Neutral bremsstrahlung

in elastic scattering in inelastic scattering
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Fig. 4 Photon emission spectra in gaseous Ar due to excimer scin-
tillations in the VUV measured in [15], NBrS EL at 8.3 Td theoreti-
cally calculated in [4] and atomic scintillations in the NIR measured
in [16,17]. Also shown is the photon detection efficiency (PDE) of the

Tpl/l MeXaHNn3Ma 3J1EKTPONIOMNHNCLEHLNN B 6J'IaFOpO,EI,HbIX ra3ax -

typical SiPM [18]

Wavelength (nm)

excimer, atomic and NBrS: emission spectra

1. TeopeTnyeckun n aKkcnepuMeHTanbHo
[0Ka3aHo CyLlecTBOBaHME HOBOIO
MexaHu3ma anekTposntoMmuHecueHuum (EL),
a MMEHHO TOPMO3HOr0 U3Ny4YeHns
3N1EKTPOHOB Ha HENTparbHbIX aToMax
(NBrS), B razosom Ar n Xe. Pac4yeTbl
nokasbiBatoT, 4To NBrS EL ¢ noxoxnmm
CBOMCTBaMM CYLLLECTBYET BO BCEX
GnaropoAHbIX rasax.

2. TeopeTuyeckun npeackasaHo
cywecTtBoBaHue NBrS EL Bo Bcex Xungkmx
GnaropoHbIX razax. AkCnepmmeHTanbHbIe
paboTbl N0 ee 0BHapYXeHWIo BeQyTCH — B
»Xnagkom Ar ¢ nomoubto THGEM.

3. MNMpakTnyecknm npumeHeHnem NBrS
adopekTa ABnATCA ABYXdasHble U
ofHo(ba3Hble AeTEeKTOPbl HAa OCHOBE
GraropoHbIX ra3oB C ONTUYECKUM
CYUTbIBAHWEM B BUAMMOM AnanasoHe gnd
3KCMNEPUMEHTOB MO NOUCKY TEMHOW
MaTtepum n perucTpaumm HeMTpUHO.

A.®. bysynyykos // Budker Institute of Nuclear Physics (Budker INP), Novosibirsk, Russia Novosibirsk State University (NSU), Novosibirsk, Russia
Topmo3Hoe u3flydeHue Ha HelTpasibHbl X aTOMax v ero rnpumeHeHue Ana peructpayuu Yactuy Neutral bremsstrahlung and its application for particle

detection// kcnepumeHTanbHbi i cemuHap VMA@ 01/04/2022
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The Global Argon Dark Matter Collaboration (GADMC) (Since 2017)

GADMC unified in a single Collaboration more than = 100 institutions w/ = 500 members
interested in DM searches with argon to explore heavy (and light) dark matter to the
neutrino floor and beyond by xploiting LAr knowledge from multiple experiments to
maximize exposure and WIMP sensitivity

| DarkSide-10

I 2010-2012

AN LN AN AN

DarkSide-50
2013-present

N \Q% s\ e

N4

DS-20k/ LNGS
* Under construction
« Start of operations in 2026
+ 20t fiducial volume

Russia : Budker INP, SINP MSU,
NRC Kurchatov Inst., MEPHI, JINR ARGO/ ??27?
Dubna, Belgorod Univ. * Future LAr DM detector — 2030 and beyond

e 300t fiducial volume

ARDM/CANFRANC




AkcnepumeHT DarkSide -> GADMC

M Centro de Investigaciones
Encrgéticas, Medioambientales

NATIONAL LABORATORY
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Institute of High Energy Physics
Chinese Academy of Sciences

Laurentianl i sity
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Trento insttute for
Fundamental Physics
ang Applications

Direct Detection with Argon Presentation at UCLA DM 2023 Cristiano Galbiati | Princeton University and Gran Sasso Science Institute | March 29, 2023



AkcnepumeHT DarkSide -> GADMC
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Direct Detection with Argon Presentation at UCLA DM 2023 Cristiano Galbiati | Princeton University and Gran Sasso Science Institute | March 29, 2023



DarkSide 50

TaHk (CTE BOREXINO) 10mM x @11m
1000 T cBepxunucTon Boga Ans
3aWmThl OT BHELWLHEro raMmma-doHa,

«4epEeHKOBCKOEe» MIOOHHOE BETO q

4dm @ 30 T XKNOKOro CUMHTUNNATOPA -~ ) or o
PC+ TMB «HeUTpoHHOE BETO» P ol

BHyTpeHHUN pgetektop - TPC
153 kr obegHeHHoro no 3°Ar
«[log3emMHoro aproHa»
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DarkSide-50 Results

The DarkSide-50 is running with UAr since April 2015.

Over 15 published papers, more are coming._i

High Mass Analysis
Physical Review D 98 (10), 102006 (2018)

Low Mass Analysis

—

Physical Review Letters 121 (8), 081307 (2018)
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o
L]

Spin-independent DM-nucleon cross section 90% C.L. exclusion limits
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The 532 live days x 46kg results (16660 + 270)kg d exposure.
Cuts are studied on 70 live days + AAr data.
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Energy [keVn:]
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Yury Suvorov INSTR’20, 24-28 February, Novosibirsk,
Russia



High amplification (electroluminescence gain) of ~100 photons/e- enables low-mass DM

Low-mass Dark Matter Search with DS-50

search with S2 signal only
Efficient electron detection capability down to le-

Events /[0.5N_- X kg X day]

lonization electron extracted to gas-phase with ~100% efficiency

No S1, so no ER (PSD) discrimination

Possible, thanks to high radiopurity of UAr target (low ER background)

10°

10?2

—— First 100 days
— Last 500 days

f—— 81 + S2(5004d)

1 — Single S52(500d)
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Sensitive to very low-energy deposition.
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AHA/IU3 AAHHbIX DARKSIDE-50: TOUCK IEFKMX YACTUL, TEMHOMW
MATEPUN C NTOMOLbIO SPPEKTA MUT AA/NA

Y4éT aToMHbIX 3Q(EeKTOB [103BOJISAET UCKATD JIETKHE YaCTULbl TEMHOW MaTepuu
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the NR. (solid) and Migdal (dashed) processes. multiple interactions.
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DS-50 UAr
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153 kg extracted, purified, shipped by sea FNAL-> LNGS
This spectrum taken with drift field off to improve y-ray resolution
Identified y-ray lines from cryostat & PMT's (identical to AAr case)

CopepxaHne 3%Ar ( 6eTa aKTUBHbIM M30TON) B aTMOCEPHOM aproHe orpaHMyYnBaeT
pasmepbl getektopoB TM n3-3a HanoxeHun (pile-up).

KoHueHTpaums B atmoccepHom aproHe 1015g/g. 57
1 Bq/kg activity, 269 net nepwuog nonypacnaga.



DS-50 UAr
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Underground Argon

« The 3%Ar gives 1Bg/kg of bkg events (3°Ar/*°Ar ~8x10716 in AAr mixture).
Looking for Ar from the deep underground CO: sources. Activity starts in
2009. Exploration of wells in Cortez, Colorado looks very promising. First in
situ extraction and enrichment plant, from 400ppm to 5%.

» Colorado = Fermilab for further purification in 3.2m tall cryogenic distillation
column (purification rate: 1kg/d). The content of CO2, O2, N2 and He all
<100ppm. Outcome UAr purity is at ~99,96%.

 Finally the UAr was shipped to Gran Sasso National Laboratory (LNGS), Italy.
DS-50 fill with Zr getter as the very last stage of purification. Recirculation with

SAES hot getter.
Six Years Effort! 155 kg produced

—1
10 ABr Data at 200 V/cm

AA (LSV Anti-coinc.)

UAr Data at 200 V/cm
(LSV Anti-coinc.)
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The (1.4+0.2)x103 less 39Ar with respect to atmospheric Argon

Yury Suvorov INSTR’20, 24-28 February, Novosibirsk, Russia



DarkSide-50 = DarkSide-20k

Restrictions for Liquid Scintillator use at LNGS.

New design: No liquid scintillator. No water. LAr only! Great simplification. Overall need: AAr ~(700 +120) tonnes plus
50 tonnes of UAr.

PMTs = SiPMs designed and developed for LAr use in collaboration with FBK.

Acrylic TPC. Move from teflon to octagonal sealed acrylic vessel surrounded by the acrylic Veto.
Enhanced Speculare reflector (ESR) to improve the light collection in the TPC & Veto.

ITO = Clevios, new conductive polymer, no copper rings.

UAr as target material. New global community, joint effort towards the DS-20k & later ARGO (URANIA, ARIA).

ProtoDUNE type cryostat (DarkSide-20k is a recognised experiment at CERN).
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DarkSide-50 = DarkSide-20k

Restrictions for Liquid Scintillator use at LNGS.

New design: No liquid scintillator. No water. LAr only! Great simplification. Overall neg
50 tonnes of UAr. ‘
»

PMTs > SiPMs designed and developed for LAr use in collaboration with FB

(700 +120) tonnes plus

Acrylic TPC. Move from teflon to octagonal sealed acrylic vessel surrouns ‘ .c Veto.
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URANIA: We need ~50t of UAr. New extraction plant at
Cortez, Colorado (same location as for DS50).
Estimated production rate: 330 kg/day.

Production capability = 120 t over two years for DS-20k
Outcome purity: 99.99%

Recovery: 98%

Installations starts on Jan-Feb 2021. Ready to operate » P
from Nov 2021. e .~ =

ARIA: New 350m tall (0.32m inner diameter) distillation coIUm installed in the coal mine well
in Sardinia. Purification speed of 1t per day.

Demonstrator column Seruci-0 (25m) made of three modules (reboiler, condenser and middle
module) was successfully tested. Resulting UAr purity: 99.999%  Eur. Phys. J. C (2021) 81:359

Assembly of the final column Seruci-1 (350m) is ongoing.

DArT is a single phase low-background detector
designed to measure the 3°Ar depletion factor of
different underground argon batches
(URANIA+ARIA).

Made of 99.99% OFHC Cu cylinder, 1 active
volume, PMMA support structure with TPB coating,
Readout two PDMs (1 cm? SiPMs) from DS-20k
(DArTeye).

It is located at LSC inside ArDM, LAr TPC (850 kg
AAr) to be used as active veto.

Journal of Instrumentation https://doi.org/10.1088/1748-0221/15/02/P02024



https://iopscience.iop.org/journal/1748-0221
https://doi.org/10.1088/1748-0221/15/02/P02024

Underaround Argon 4
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HayuHas uenb DarkSide -20k

10737 T \
i

1038 "o \ ‘1
- | %, N ’ i .
% 107%° » @‘"fg 1 DarkSide-20k goal:
3] 1 R i \
= jowE L % |

H a1 '\ ‘S:z‘% _\‘ .\ increase exposure by 3-4 orders of magnitude
© 10 ‘,“\ 0, W\ total number of background events in full exposure <0
g 42 Vs % \1 \. (as in DarkSide-50) pEREZ s
o 10 5T
0 Vo \ > ~—7500 ~
T'J 10—43 Sy voN < DE p—
> —44 p&EDMSh _r—f';*rf H
Z 10 . T e 00 P
5![ Darks ) ~ "DE?‘?
_45 id LM o= - -
% 10 - ..:“"' #..:""
g 107 - E‘_’g;?__‘:-— ==
> a7 \ \ f,if"' = :___,..
ﬁ 10 \ \\. N - f';g;aé,ﬂg_‘fr-?fo
3 A Y \—‘_-__:- - _:--' 15'3“.‘3 -—'ZUO £'P

g 10 48 \\h\ ' ‘ﬂ,%%ﬁggﬁm

1074 .

HeycTpaHUMbIN «HEUTPYHHBLIX NOMN» .
1 0—50 JEO SRR I IS Tt T S 0 -8 1 AU NS O T NN 1530 RO S N TN N I AR JRURE M N 0 1 1A RO TR VO B 1
107’ 102 10t 1 10 10?
M, [TeV/c"]

e 6.3x104cm?forl TeV/c2 WIMP (90% C.L.)

e 2.1x10% cm?(50) discovery

e nominal exposure: (20x10) t yr

e background: 0.1 events 34



Solar and atmospheric
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. Directionality
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The challenges: Radiopurity

Complete control over every component that goes into the detector.

- Down to the resistor level
Complete simulations, especially critical for y and neutron transport (large mean free path).
Knowledge on the chemical composition of the components in order to calculate the n yield via
X(a,xn)Y.

- DarkSide is the first experiment with the (a,n) neutron background fully calculated with Geant4:

SaG4n (http://win.ciemat.es/SaG4n/) Nucl. Instrum. Methods A 960, 163659 (2020)

Control on the surface exposure to air:

- 222Rn decay daughters attach to surfaces and have long half-lives (?1°Pb 22 y).
Hundreds of assays performed combining Inductively Coupled Plasma Mass Spectrometry, HP
Germanium screening, surface screening and Po radiochemical extraction
Monitor the history of exposure of materials to cosmogenic radiation
(U. Zaragoza)
Worldwide effort combining facilities at LSC (Sp), Gran Sasso (It) UJ (PI), Boulby (UK), SNOLAB
(Ca), Temple (US) coordinated by Spain (CIEMAT).
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Experimental Backgrounds

* Inrare event search, it is critical to identify, minimize, and reject backgrounds

NR backgrounds Surface background events
-cosmogenic (muon-induced) neutrons -intrinsic contamination (222Rn)

- natural radioactivity in materials
- (a,n) reactions

- spontaneous fission

- neutrinos (irreducible)

Discrimination via fiducial volume cut + surface
treatment

No discrimination
Energy [keVir]

-> design experiment with zero neutron backgrc r 020 40 60 80 100 120 140 160 180 200
=L B I I I LU I I 500
COO.Q :..
E': nuclear re00|ls ,.,;WIMPsearC h 400
ER backgrounds 5.0 300
- cosmogenic activation of detector components, o D.5
in particular 40Ar(n,2n)3%Ar .4 200
- radioactive contamination in detector components 0.3
. .. . . 0.2 100
-intrinsic contamination (222Rn) 0.1
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Discrimination with high efficiency based on PSD o506 100 150 'é(;bi'é[so']jbb' 350 400 450
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Natural radioactive isotopes:
U and Th chains, non-actinides

Material assay and selection
Particle identification: ER/NR

Fiducialization: surface events
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Solution

Onion-like structure:
. Muon veto
. Neutron veto

. LArTPC as

WIMP detector
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HNetekTop DarkSide -20k - Mecro ycraHosku LNGS Hall C

* BHyTpeHHun getektop : [MMMA gByxdpasHas
Konna60pau,m| GADMC TPC 3anonHeHHaa ~ 50T «[loasemHoro aproHa»
(UAI);

» MembpaHHbIn kpuoctat ~700T «ATMocdepHOro
aproHa» (AAr);
* Beto-getektop: NMMMA+Gd
» ~8000 gaTtumkoB gpotoHoB Tuna SiPM gna TPC
n ~3000 gnsa BeTto-getektopa

Kpuocrat

MeTa//IM4YeCKUH

0ak
TPC

MuilieHb

HenTpoHHOE BeTO

BHemHuu
aproHOBbIN Oydep

Bkuiag rpynnest us HUMAD MI'Y

Y4yacTue B nepecMoTpe Au3aiiHa getekTopa DarkSide-20k

- pa3paboTaH Y NpejJioXKeH raZl0JIMHU3UPOBaHHbIN M1acTUK AJis cTeHoK TPC ([IMMA + Gd(AcAc)3)

- IJIAHUPOBAJIOCh MCIOJb30BaTh POCCUUCKUH yabTpaduucThbii 10 U 1 Th TUTaH AJ1g 6aKa, rOTOBBI IEPBbIE
o6pasunl ( coBMecTHO ¢ PXTY u BesiropofckuM yHUBEPCUTETOM )

PacuéT poHa oT (a,n) peakuii, NpoTeKaloIlMx B MaTepuasiax aetekropa u3-3a U u Th

KasinbpoBO4YHbIN UCTOUHUK HEUTPOHOB ( COBMECTHO C besIropoAicCKMM yHUBEPCUTETOM )



Hay4Has koonepaumna poCCUUCKUX HayYHbIX
opraHu3sauum B akcnepumeHte GADMC

MIY/HANAD
OrMbIT 3KCNEepUMEHTaNbHOW
paboTbl B HU3KOOHOBOW (hunsnke
MOZeNnupoBaHne OETEKTOPOB
N PU3NYECKMX NPOLIECCOB
obpaboTka gaHHbIX
HNU3KOCOOHOBOE MaTepuanosegeHne

PXTY

HU3KOOOHOBbLIE N3MEPEHUS
HMU3KOOOHOBOE MaTepuanosegeHne

Kyp4yaTtoBCKUN UHCTUTYT

Teopus NpoLLeccoB npu
paccesHum Yactumy, TM

OnbIT SKCNepUMeEHTaNbHON
paboTbl B HU3KOGOHOBOW hU3MKE
MoAenupoBaHWe OETEKTOPOB

N PU3NYECKMX NPOLIECCOB
obpaboTka gaHHbIX

ONAN

- OnbIT 3KCNepuMeHTanbLHOW
paboTbl B HU3KOOHOBOW huaunke
- OMbIT y4acCTuNA B NpoOeKTUpoBaHUn LAr 0eTekTopoB

HIY/ NAD

- AByxdpasHble OEeTEeKTOopbI 1
BonNbLLIOM ONbIT B X NPOEKTUPOBaAHUM
- (pbyHOaMeHTarbHOE NoOHUMaHue
npoueccos B LAr
- YCTaHOBKU MO OXWMXEHUIO U OYUCTKE
- MYYKN HENTPOHOB

benlyY

- HM3KOOHOBOE MaTepuanoBegeHne
- KOMMaKTHbIE UCTOYHUKM ANt KannmbpoBOK



Inner Detectors (TPC and Neutron Veto)

f——-\\ Load Anchors
DS-20k <> Dual-phase | Calibration Pipe

argon TPC for DM search

Top OP
Fiducial volume = 20 t — b
underground argon "% -- — PMMA Anode Plate
(UAr), depleted in *Ar Sssl: Wire Grid Frame
Active neutron veto : o IR G Anode
integrated into the TPC = | ER AT LT
structure via gadolinium- =
o) o .

Ioadef:I (1A’ Wt) PMMA H i n ] ) Titanium Vessel
(acrylic) O N e

' Gd PMMA Barrel
“Reflector cage” covering ) C P s e LR
inner TPC surface using Pt Cage
TPB-coated ESR foils S NI PR S ! A |

e — Reflector Cage

SOphIStlcatf_'d.SIhCO.n G G T B R | Cathode
photomultiplier (SiPM) -

based photo detection PMMA Cathode Plate

(total TPC area = 21 m?) Bottom OP

Temporary Legs
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“Active” neutron veto

Detector
feedthrough

UAr (TPC) Gd-loaded UAr (Veto)

Acrylic ,\/W:

14
Gd ’\/\/\/\’Ar

Stainless
steel
vessel

VPDU

Connecting
rod
Gd-loaded
acrylic (Clevios-
coated)
Calibration
source
p|pe =
Optical —>k
plane

Vessel

15cm 40 cm

Neutrons are moderated by the PMMA and
capture on gadolinium

y-rays are emitted (totaling = 8 MeV)
VPDU

UV photons from argon are wavelength shifted

(PEN) in the veto region and detected by the
veto photo detectors (VPDU)
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Gadolinium compounds
Gd —compounds radiopurity according ICP-MS data
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MeTannunydecku bak

Calibration pipes
penetrations (x4)

Detector anchor
points (x8)

TPC and veto signals
penetrations (x4)

High voltage
penetrations (x3)

UAr cryogenic system
top penetrations (x8)

Stiffening rings (x15)

Reflector foils
mounting holes (x510)

Temporary legs (x4)

UAr cryogenic system
bottom penetration (x1)
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Cxema onTuMarbHOro TeXHOOMMYeCcKoro npouecca npomn3Boactea ry6anoro

TUTaHa ansa obecnevyeHus HI/I3KO(*)OHOBOCTI/I KOHEYHOIo Mmarepuaria.

(YH® — ynbTpaHn3kodOHOBLIN )
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] |
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{} AN

YH®
Mg
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TUTaH

O6oraleHHbli 6esBoaHbIM KapHaNAUT |:>

InexTtponus Mg
MgCl,>Mg+Cl,
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The challenges: large area cryogenic radiopure SiPMs

e Custom cryogenic SiPMs developed in
collaboration with Fondazione Bruno Kessler
(FBK), in Italy.

Photon detection efficiency ~45%

Low dark-count rate < 20 cps

Timing resolution ~ 10 ns

2112 channels TPC + 480 channel Veto.

Mass production of the raw wafer in LFoundry
company

*1 Photodetector Ut

x 18PV

e PDM+PDU assembly in a dedicated facility at .
LNGS (NOA). ‘

e

¥
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|
*
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- ——
; , 1 Photodetector module
Slngle SPAD 25-30 ym?  Single SiPM 1 mm? (PD n 46




ReD Time Projection Chamber

The cuboid of 5cm x5 cm x 6 cm (L x W x H) designed and builded by UCLA group.
Active mass of LAris 185 g.

Teflon structure and acrylic top and bottom 4.5mm thick windows (ITO coating — Cathode & Anode.)
Inner side of the TPC (acrylic + 3M reflective foil) all covered with a wis TPB (128 nm — 420 nm).

Customised cryostat and condenser.

4,/”:' Bottom SIPMs & FEB|
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Top View
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Hawwn 3HaHuA n onbIT B 06nactu npsamMmoun perncrpauum yactuy TM (LAT)

MIY/HUNAD
Teopusa n mogenuposaHne TM
cpencTea OMarHOCTUKN U3IydYeHUm
ONbIT 9KCNEePUMEHTaITbHON
paboTbl B HU3KOOHOBOW hn3unke
MOZeNnupoBaHMe OETEKTOPOB
N PU3NYEeCKMX NpoLLeccos

PXTY

HMU3KOJPOHOBbLIE N3MEPEHUS
HM3KOPOHOBOE MaTepunanosegeHne

KypyaToOBCKUN UHCTUTYT

Teopusa NpoLLeccosB npu

paccesiHum Yactuy, TM

OMbIT SKCNepUMEHTaNbHOW

paboTbl B HU3KOGOHOBOW pU3nKe
MoAenupoBaHNe OETEKTOPOB

N PU3NYECKMX NPOLLECCOB

My4YKN HENTPOHOB

TexHonormn pasgeneHnsa n3oTonos

OnNANn

- HEWTPOHHbIE MYy4KH
- ONbIT 3KCNEePUMEHTaNbHON
paboTbl B HU3KOOHOBOW (hunanke
- ONbIT y4acTusa B NpoekTupoBaHun LAr neTtekTopoB

HIY/ NAD

- AByxdpa3Hble OeTeKTopbl U
BOoNbLLLOM ONbIT B X NPOEKTUPOBAHUN
- ®yHOameHTanbHoe NoHnMaHue
npoueccos B LAr
- YCTaHOBKU NO OXMXEHUIO U OYUCTKE
- [ly4kn HenTpoHOB

BenlY

- HuskodoHOBOE MaTepuanoBegeHne
- KomnakTHble NCTOYHMKM ANns KannbpoBOK

MADOU
JkcnepumeHT RED-100 (Ar)



3asiBKa Ha rpaHT RSF- CNSF

NccneposaHne npoueccoB otAaa4yn rnpun CBEPXHU3KNX IHEPINAX B ILI,ByXCba3HOM AEeTEKTope Ha
XNUOKOM aproHe ansd noncka TEMHOW MaTtepun B obnactn manbix Macc

Study for ultra-low energy recoils with dual-phase argon technology for low mass dark matter
search
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Hay4yHaAa nporpamma 3aaBku Ha rpaHT RSF- CNSF

PaspaboTaTb 1 3anyCTUTb HOBbIM AeTeKTOp, coCcToAWMM u3 Lar TPC macwTtaba eguHuy, A,
MCNO/b3YA OMbIT, HAaKoN/eHHbIn B IHEP 1 npu nposeaeHun skcnepumenta RED B pamkax
s3KkcnepumenTa DarkSide

[poBecTn U3MepeHna Ha Ny4YKax HEMTPOHOB C LLe/Ibl0 U3y4eHUA «3PPEKTOB HarnpaB/NIEHHOCTU»
NpY Pas3/IMyHbIX NepeaaHHbIX SHEepPruAax Agep oT4aqum

Ka/mbposka noHm3saLmnoHHoro Beixoga ana NR (Q)) B 06/1acTu Masnbix sHepruit , 40CTHYb
nopora <7 keV,,.

N3yyeHune 3¢ppekToB ER C MHTEHCUMBHBIMU UCTOYHUKAMU ramMmma-U3y4eHus

UccnepgoBanne oTgaqum Npu n MaszibiX SHEPruax C UCNo/sb3oBaHuem musortona 3/Ar. [pamas
HapaboTKa u3oTona (Hanpumep, ob/ydenre CaO nopoLUKa HEUTPOHaMM)

NccnepoBanune sdppekta Murgana npm pacceaHn HEKTPOHOB Ha AApax

MonyyeHHble pe3y/ibTaTbl KaMOPOBOK OyAyT BHeCeHbl B Kog nporpammbl NEST

(NEST - Noble Element Simulation Technique)

[pMMeHeHMe NOo/y4eHHbIX pe3y/IbTaTOB Ka/MOPOBOK A/1A OLeHKM YyBCTBUTE/IbHOCTH ByayLmx
skcnepumenToB: RED- 100 (LAr) (coherent antineutrino scattering), DarkSide-LowMass and

DarkSide-20k
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Scientific program for RSF- CNSF grant

Design a new detector based on a small LAr TPC using the IHEP and ReD experience
and

the ReD+ upgrade proposals

Measurements focused on the directionality effect detection @ different NR

energies

Calibration of the NR ionization yield (Q;/¥) for the low-energyrange (<7 keV,,,)

Study of ER with externalgamma sources

On-site 37Ar production and deployment for low-energy nuclear recoil measurement

(for example, irradiation of CaO powder with a neutron source)

Study of the Migdal effect induced by neutron-nucleus scattering

Implementing the calibration results into the NEST code

(NEST - Noble Element Simulation Technique, from version 2 to version 3)

Applying the calibration results for sensitivity projections of the future experiments:

RED (coherent antineutrino scattering), DarkSide-LowMass and DarkSide-20k

It should be noticed that aside from AmBe, AmC and 22Cf neutron sources we have
access to neutron guns and accelerator sources (in JINR (Dubna) and BINP
(Novosibirsk)), which provide much more versatility for purposes listed above
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Abstract

OTYET O HAYYHO-UCCNELLOBATENBCKOW PABOTE HA TEMY:

NO3UTPOHHO-3MUCCUOHHBIM TOMOTPAD HA JKWAKOM APIOHE

Hayu4Hblil pyKOBOAHTENL
K.Q).-M.H., CT. Npenoaaearens
and H. IpoGios AB.

BbinonHun

CTyOeHT rpynnsl M19-115
TNesawko H.M.

Mockea 2020

3D$\Pi$ will be the first total-body scanner for Positron Emission Tomography (PET) using liquid Argon
as a scintillator medium. The project is an application in medical physics of the ongoing R&D of the
DarkSide collaboration, whose main aim is the direct detection of dark matter particles via liquid Argon

targets. Utilizing liquid Argon as a scintillator will allow for a competitive and cost-effective tote!
scanner to be built, thanks to the high availability of atmospheric Argon that can be isotopicall
as needed, along with potential for the availability of underground Argon. The preliminary rest
demonstrate that, while the spatial resolution is comparable to that of commercial scanners, tl
scanner is expected to show outstanding detection sensitivity, allowing for a reduction of the F
scanning time or a reduction of the patient dose.II will be the first total-body scanner for Posil
Emission Tomography (PET) using liquid Argon as a scintillator medium. The project is an ap)
medical physics of the ongoing R&D of the DarkSide collaboration, whose main aim is the dir
detection of dark matter particles via liquid Argon targets. Utilizing liquid Argon as a scintillato
for a competitive and cost-effective total-body PET scanner to be built, thanks to the high ava
atmospheric Argon that can be isotopically distilled as needed, along with potential for the av¢
underground Argon. The preliminary results here demonstrate that, while the spatial resolutiol
comparable to that of commercial scanners, the 3DII scanner is expected to show outstandin
sensitivity, allowing for a reduction of the PET scanning time or a reduction of the patient dos¢

arXiv:1104.1458v1 [physics.ins-det] 7 Apr 2011

hasd: DCT

MpeumywectBa Tomorpaca Ha aproHe
e bbICTpast CUMHTUNNALMOHHAs KOMNOHEHTa ~6 HC (MeaneHHas
KOMMOHEHTa ~MC MOXeT ObITb NogaBneHa)
¢ 40 000 cUMHTUNNSAUMOHHBIX OoTOHOB Ha 1 MaB, Ha 30% 6onblue
yem LYSO
e 3HaunTenbHO 6onee HM3Kas LeHa 3a aTMocdepHbI aproH (1/5000)
e bnarogaps 4yyscTBuTENbLHOCTU SiIPM MOXHO ByaeT CcyLecTBEHHO
CHM3UTb 403y pagnoaKTMBHOrO npenapaTta
e Bpems, npoBeaeHHOE NaunMeHTOM BHYTPU CcKaHepa, CoKpallaeTcs ¢
~10 MnH go ~10 cek. 3TO NO3BOMUT NOBbLICUTb KONMMYECTBO NaLMEHTOB
B J€eHb
e bnarogaps ckopoCTu CKaHMPOBaHMSA U BbICOKOW YYBCTBUTENBHOCTU
MOXHO peanun3oBaTb CUTYyaLMIO, KOraa NPOBOASTCS HECKOMbKO
CKaHUPOBAHWUIN B TEYEHME HECKONbKUX AHEN NpU pa3oBOM BBEAEHUM
pagnoHyknuaa nauneHTy. 3To NO3BONMNUT U3YYNTb JUHAMUKY Pa3BUTUS
bonesHu
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Total-Body TOF-PET

Total-Body PET Scanner

Standard PET Scanner

Conceptual Design of a LAr PET Detector

Modular SiPM detector assembly,
multiple could be slid in from the side

Fill with LAr

Vacuum jacket around LAr

3D! - Three Dimensional Positron Identification with Liquid Argon Total-Body TOF-PET 55
Andrew Renshaw, University of Houston, LAr TOF-PET Workshop, GSSI: June 18th 2018
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