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Requires sub-keV thresholds
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$2: lonization electrons, position, n scatters
Detect nearly all electrons 4
Strong probe of ~100 GeV WIMPs, great bkgd discrimination
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Dark Matter-Nucleon Og [cmz]
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Low-threshold S2-only analyses, but lose
PSD and z position reconstruction

Ne=S2/n where n=(23+1)PE/e
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Low-threshold S2-only analyses

Electron Recoil Energy [keVer]
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Loss of pulse shape discrimination (PSD)
Electromagnetic backgrounds dominate, from
y-rays from internal radioactivity
B-decays from *?Ar and &Kr
~“Use underground/depleted Ar

Spurious e’s dominate lowest energy bins
Full origin being investigated

Correlations between SE and preceding S2
(time, xy position, S2 charge and tarn VvSs. Pse)

Possibly due to drifting electrons capturing
on impurities and forming metastable states

Follow preceding S2 by O(5-50 ms)
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DarkSide Collab. Phys. Rev. D 107, 063001 (2023)



-~ X kg x day]

Events / [N_

How do we lower the threshold?
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Threshold is set by

Electromagnetic backgrounds
(*?Ar+8Kr 's, photosensor &
cryostat y's)
Spurious electrons
Medium'’s ionization energy
Partitioning between ionization &
scintillation photons
heat

All of these are pathways for
lowering the energy threshold

10



DarkSide-LowMass: Optimized for

S2-only analyses
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Better 1e reco: Stronger Eg -field & uniform wire extraction grid
39Ar depletion: 10-100x less than DS-50 w/ Urania & Aria

Decreased y activity: Low-radioactivity SiPMs and stainless
steel from DS-20k, ultrapure acrylic from DEAP

Two-fold y veto: Extra 10x y bkgd suppression w/ PDM buffer
veto & bath veto: tag yv's from dominant sources en route to TPC

Lower spurious e” background rate: Through improved Ar purity,
& targeted removal of |mpur|hes pending R&D

PDM Buffer Veto
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Veto photosensors

Double walled cryos

Cryostat immersed in water tank (not shown)
Global Argon Dark Matter Collaboration Phys. Rev. D 107, 112006 (2023) o Sig
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Fraction above threshold = 91%
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DarkSide-LowMass: Optimized for
S2-only analyses

Structural supports

TPC/Veto
_ _—optical barrier

—

—_____ TPC photosensors
(same at bottom)

Acrylic vessel

Depleted argon
active(fiducial)
mass:1.5(1)t

PDM Buffer Veto
(same at top)

Bath Veto

T Veto photosensors

Double walled cryostat

Low-radioactivity SiPMs discussed in Paolo Salomone’s poster

counts/Ne /kg/day

|_'i
£
||||||II]_

DE‘--Sﬂ ref. 5 T-;-rays-

+3°Ar (7301100 pBg/kg) ...

+*°Kr (1900+100 pBq/kg)

1072

S A RS SRR S e e Prs Tt rrermmea g

1073

...........................................................................................

JIIJIIIl.IIII

40 45 50

Ne
Not shown: spurious electron backgrounds12

¥ B H
IIIIIFIIIIIlIIlI

l.n—ﬁlllll:llllil

0 5 10 15 20 25 30

Global Argon Dark Matter Collaboration Phys. Rev. D 107, 112006 (2023)



DarkSide-LowMass: Optimized for

S2-only analyses
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Details on Urania UAr extraction & Aria UAr purification & other DS-20k technology in talks by Cristiano Galbiati & Alessio Caminata



DarkSide-LowMass: Sensitivity to
the v fog In 1 tonne year exposure
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DarkSide-20k sensitivity: See talk by Alessio Caminata
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Other ideas: cnhance detector
response by doping LAr

Kubota et al. Phys Lett 49A 5 1974 933
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Fig. 1. a) Saturation curves of the pulse height produced
by 207Bi conversion electron for the different concentra-
tion of Xe. b} Relative ionization vields as a function of
doped-Xe concentration.

Idea:

Xe ionization energy is 12.1 eV
Ar ionization energy is 15.8 eV, W-value ~ 24 eV

Xe-doped LAr effective ionization potential ~ 10.7 eV
[B. Raz and J. Jortner, Proc. Roy. Sot. London A 317 (1970) 113.]

Even at low Xe concentration, each ionization takes less
energy from the nucleus, and nuclei can continue to
produce ions even down to lower energies

Nuclear recoils produce ionization through a cascade (one
nucleus colliding with others, and so on) = effects may be
non-linear

R&D needs:

Need to measure Qy of low-energy NRs as a function of Xe

concentration to see the effect side 9



Other ideas: Photo-sensitive dopants—
potentially great improvements, more R&D

D. F. Anderson, Nucl. Instrum. Methods Phys. Res. A 245,  P. Cennini et al., Nucl. Instrum. Methods Phys. Res. A 355, 660 (1995).
361(1986). . : 1410°

T T L e e T T T
BS5.5 MeV a-FARTICLES

'|'Il'|'l'll'l—i_l_7_'IT¥Trrljr1llIl11I!TTI

—3 - ! i i » ]
Eﬂ = _d__:;_?_fﬁ-r#i ) 1.2 '105 :. ...._..-..“--E............_......E.,.....,..-...-.... - -----......-...-....dé-.._.......-..___ig........q-......_.%-.. e .-.—.-.
£ = F N
s - i . t ]
- i i - : : .
: % 8 “]4 — A TR T— N SRS W
N : L i 3
Tu . PURE LAr . ““; . 1!34 i !f ]
8 . SR F— I —
N = I C "‘ i { ' { 3
- ] : 3 FR 1 i i &
% 4 B-PART ICLES g 4 1{]4 - i uu-un..i.,...--;ﬂz*_-‘.mﬁ"u!--i: ................ ;.-..-.-.-..““..m% ............. S—
o 50 pem TMG & " aeadad i Pure Argon ]
= I —— — E 04 L i —
5 , /__,_,.,-o-’ FPURE LAr ] 2 ‘l - aaan -,..l... - S PSPPI S —— _-
ﬂ o 41 1 I L k. L L . 1 11 LA L1l i | -

; : * PURIFIED LAr USED G10 ! S BN ’ R L
10— R R R P E' 0 5 10 15 20 25 30 35

E (kV/mm) dE/dx (MeV/icm)
Dopants with 7.5-9.5 eV ionization energies have previously been studied in LAr, in the context of
Improving the resolution of high-energy ionization chambers

Larger effects at higher ionization energies — energy otherwise lost as heat goes into ionization
Turns inefficiently detected S1 into efficiently detected S2! 23



Challenge for photosensitive
feedbagk

ﬁ:)a nts: Sg

o2 S
= wuliy = Lniiny
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=
=
=

A3

iy v r vr oy
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iy v r vr oy

Need to prevent S2 from re-entering liquid or shift S2 to below dopant’s ionization energy
24



Challenge for photosensitive

dopants:

‘esting a solution

P

- U

(UCR PhD student) with Marcin
Kuzniak, AFV Cortez, A. Gnat, M.
Kuzwa, G. Nieradka, T. Sworobowicz
at AstroCent & Warsaw UniTech

Two GEM-like structures (without the Gas and without the Electron Multiplication)

‘GEM” in LAr at voltage too
low for electroluminescence
just directs electron traffic

EN "GEM" test by Letty Ramos Crudely adapted from

- Sauli NIM A 805 (2016)
pp 2-24

25

to form a “grid” that is transparent to electrons but opaque to VUV photons



R&D prospects

Modeling and reducing SEs
Dedicated R&D to identify primary mechanisms
Improved chemical purity, likely at the ppb level and better
Investigate other subdominant SE production mechanisms

Calibration
Calibrate charge and scintillation yield of low-energy ERs and NRs
Need to understand the fluctuations about mean yields at low energy

Doping LAr
Calibrate doped LArTPCs to low-energy ERs and NRs vs. dopant concentration
Develop high-purity doping techniques—need to add dopant w/o adding impurities
Assess and improve the stability of dopant in LAr

For photo-sensitive dopants, need to prevent S2 feedback ”
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Some potential dopants

Material ¢ I, Dipole Estimated Charge collected* © (LAr =1) Concentration

[evV]™ moment pressure 90 K 1 ~1 [ppm]
(debyes]®  [Torr] by 0.1 kv mm 1.0 kV mm

TEA (C,Hs);N  7.50 0.66 - 2.2 1.3 47

TMA (Ch;3);N 7.82 0.612 3x10 ® 3.4 1.6 110

TMT (CH;),Sn  825/8.76 - 4x10° 12 3.0 1.6 1.5

Cyclohexene CeH o 8.95 —~ -~ 2.1 1.3 3.6

1.3-butadiene C,H, 9.06 0 4x1077 4.6 1.9 17

Cis & Trans 2 butene C,Hqg 9.13 0 (irans) 5x10 ® 3.6 1.6 72

TMG (CH;),Ge  9.2/9.29 3x10°1"° 7.4 (9.8) 2.6 (2.7) 15

Isobutylene C,Hq 9.23 0.5 5x10°7 4.9 1.8 16

Methyl mercaptan CH,SH 9.44 1.52 2x 107" 2.0 2.0 15

Pentene (technical) CsHy, 9.5 - 1x107° 3.1 1.5 7

Allene C;H, 9.53 0 1x107° 6.5 (8.7) 2.52.7) 14

T™S (CH;)4Si 9.86 0.525 8§10 ° 4.6 1.8 5.8

DME (CH;),0 100 1.30 5x10°% 3.6 1.4 14

D. F. Anderson, NIM. A 245, 361 (1986). 28

TMG studied by ICARUS, Allene studied by Doke, Hitachi, Masuda, Ichinose, LaVerne et al.



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28

