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Li _Ar Attractive detector tor WIMP search, v -physics, ... 2
q - Efficient conversion of energy deposition

SClntIIIatIOn Into scintillation (S1) and ionization (S2) signals.

Powertul pulse shape discrimination (PSD) of

DeteCtOrs nuclear recolls (NR) from electronic recoils (ER).

- Cost effective detector due to the avallablllty of argon.
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Waseda LAr Group

Launched in 2012, mainly focusing on
Low-Mass WIMP Dark Matter Search

- Relatively high recoll energy for WIMP-Ar scattering

- Potential to "Zero-Background®™ search thanks to PS

- Potential to detect <GeV mass WIMP signal
thanks to large signal yield

Current R&D topics

I. LAr response on NR under high electric field
with a systematical response modeling (c.t. Lig.-Xe)

2. LAr response on ER with optimized high light yield detector(s)

3. Study on S2 luminescence mechanism and "Neutral
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Light Yield (arb.)

O

LAr Teststand ... ..

Gas

Surface laboratory at Tokyo
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R&D Detectors
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Response on NRs under Field
Experimental Setup

Vessel

y-ray shield

small size LA-TPC (g4 cm x h10 cm) Nal(T!) e
with two 3-inch PMTs (R11065) -
- Drift field = 0.0 - 3.0 kV/cm oo dhicld
252Cf source + Time of Flight (TOF) EW““ and polyethylene)
. Reconstruct incident neutron energy, Oom _________________________________________________________________________________________________________________________________________________________ 1 Om _________________________________ .+ Ground
and then predict energy spectrum using Geant4d MC and response model.
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Detailed in PRD 100 032002)
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2. Maximizing the light yield and Response on ERs
LAr-Scint. Detection: 128 nrm @87k

. High light yield ... Resulting to better BG discrimination & lower energy threshold
. Key Techniques ... Wavelength shifter (VUV to Vis.) & cryogenic photosensor
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Response on ER

Scint.-efficiency depending on the energ

- Measured with © calibration sources,
iNncluding 2.8 keV line of 37Ar

- Could be described with
an analogy of that for NR : TIB model

Energy resolution of the detector

- Described as
o 0.37 ¢

0.02 — 2.6% @511 keV

E VE [keV]

- PMT responses Is a large contributor

Tor the stochastic term.

— Possibly improved with SiPM (both o/E and L.Y.) °
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3. Study on S2 and "Neutral Bremsstrahlung’ e e

6] Astropart.Phys. 103 29 & NIMA(2019)162432 (In Prss)

S2 Mechanlsm EL and NBrS

Electroluminescence ( - Main (or only) component of S22 signal
- Resulting from de—exmtatlon of atoms excited by electrons under field

Neutral Bremsstrahlung (NBrS)

- Resulting from slow electron (~10 eV) (in-)elastically scattered on neutral atoms
- Theoretically predictedl™), and recently experimentally suggested!® e, h‘,’ﬁj
- Perform further measurements, L.e., spectrum and field dependency
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Experl mental Setu pNo Wavelength Shifter is

used
Gas Argon Time Projection Chamber (TPC) EL-Field
at room temperature "W
- Both S1 and S2 observed ViSigfﬂ"{ight * %
- Trigger PMT and Measuring PMT X ? <<— GAr
- @a-source In “drift region’ /Q“g'"& Cathode
Optical filter between Quartz and PMT i) Fiter Anode EX"E‘,SQ'O”‘
- Approximately o0 nm step, )
allowing spectrum éo;:::::::::z:: ............. (L s _; 3
measurement £ e _ ............ (. [—
El-Field = 1.7 - 8.3 Td S T
(=042 - 2.0 kV/cm), °'z """""""""""""""""""""""""""""""""""""""""""""""""""""""""""

Drift-Field = 0.1 kV/cm (fix)
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Field Dependence
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Measurement by changing
luminescence fielo
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Spectrum Measurement

Spectrum measurement by changing the optical filters

Interpreting the spectra of each field as the sum of three components
(Electroluminescence + N2 (Impurity)-Induced + NBrS)
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Further Measurement "
Implementing a spectrometer /

2,
just now (SHIMADZU SPG-120G) 3 i i
- D e |
Further measurements are ongoing : ‘;% 5 o=
- Update spectrum measurement = * * (€= GAr
- Estimate effects from impurity (especially N2)* AnOde\ Cathode

itatl ' - L Extracti
- Quantitative comparison with the prediction rHrasten

- Any directionality or not?

Intensity [A.U.]

Application to the experiments
- Observable with vis.-light sensitive detector=

- Position reconstruction, purity monitor, etc.”

- Work also In liquid?

0 200 400 600 800
A [nm]




Summary

- Attractive to search tor WIMP dark matter, as well as other various

Liquid argon scintillation detector

physics experiments

Large signal yield, Powerful PSD, Avallability at cheap cost, ...

R&D efforts of the detector in Waseda Univ., Japan
- Construction of high field or high light yield detector

Measurements of liguid argon scintillation and ionization response
under fields and basic properties of the detector

3asic study of a new "52° component, Neutral Bremsstrahlung

Helpful informations for not only our experiment but also current
and future LAr projects.
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Response on Nuclear Recoils

_ . . Escape EL Electro-
v E£ssential process in Art-e — e (drifty — luminescence

, o
WIMP search ano W s
CNN Recombination [O bse (@

-S measurements.

Energy Excitation Aph )
— 5 . -
v The scheme should be  Deposition F (=AY

common to ERs except
each parametrizations. E.-Distribution

Scintillation

Observable|

— Parametrization for NRs —

i E . : 1 indhar 1
- NR quenching (N;+N,, = — x LM ) : Mei model -+ Ly = LM x —
W N L+ kg
- Excitation-to-lonization ratio : Empirical function -+ a =—= = ayexp(=D,F)
. . In(1 + N,
- Recombination prob. : Thomas-Imel box (TIB) model -+ R=1 ( ’G), c=yF?°

Nig



Analysis Method

Define the "Scintillation Efficiency” Z . (E,, F) as,

S1 per NR Energy SI/Ey [p.e./keV, ]
geff(E@ F) — —
S1 per ER Energy  Sly,/En, [p.€./keV ]

(Referenced to o1 1 keV r-ray line)

Events / 8 p.e.
S S S
\S} %) -~

ek
-

[E—

—xpress the Z.4(E,, F) value using model functions.
o . Il —R
LBy F) = —— = LM x [1
eff( 0 ) W/EO eff [ 1+0{]

Fit the data with the MC and the functions.
- Determine kg Trom null field data,

and then D, y, and é from E-fields data set.

(Use the SZ2-gain “g," [p.e./e] derived from
the

R events under lower filed.)

20
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Events / 10 p.e.

]

Observed Spectra from NRs

S1 (3 kV/cm) S2 (3 kV/cm)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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103 5 —— All TOF region = 10 E_ —— All TOF Region _§
i ——  TOF ~49 ns : - ——  TOF ~49 ns :
i TOF ~ 65 ns ] ' TOF ~ 65 ns -
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10% E
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m B

v Successtully operating the LAr-1PC and taking the data at 3.0 kV/cm.

v Reconstructed incident neutron energy by the TOF method.
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Phot.-Peak

137

Cs Spectrum (Self Trigger)
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TPB Surface

Polarizing Microscope Phase-Contrast Microscope

Thickness ~ 1T um (30-40 ug/cms2)
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Experimental setup uminescence

E-Field

Drift

E-Field |

ICEPPL R
$820/2/23

[dSpectrometer

Spectroscopic method
» w/diffraction grating
Measureable Wavelength region

> 200~900nm

| -
Q
)
()
&
@)
S
i)
O
()
Q.
(V)

1 Measurement

Gas Flow
» After 3hours gas inflow, start data

taking for spectrum measurement. |

Luminescence E-Field il Al | ‘.-" e s

> 4.6,8.3Td(1.125, 2.03kV/cm @300K) W e ) § Spectrometer
Drift E-Field VL p|v|T ‘ AN 2 LGl § Y

» 0.1kV/cm (fixed) e | '
Wavelength resolution

» ~30nm
Measured Time

» 15min/meament point

(ax ray event rate : ~50Hz)
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analysis

XeSAT2018
2020/2/23

4/24

Waveform(levent) * Waveform(O(100)event)

S2 light yield that passed through the spectrometer is low.

[dbackground subtraction

VUV PMT _____

£x) Original : 0(10%) photons. VL PMT o (Add bins that exceed threshold.)
> After spectroscopy : 0(10~1) photons. *é bbb L VL PMT
N A T = ,| BGL - BG2 === S2 = BG3 |
» Count the event detected by VL PMT for more than 2 =  inteord
one photons, and calculate the event rates Threshol: ) D s .....................................................................
at each wavelength. (<1p.e.) =
"~.,...1 ....................................................................

Define a signal region(S2 region) and %
3 back ground region(BG1,2,3 region). g
» Subtract BG event with below equation. =
BG1 *§+BGZ *E+BG3 *E)
15 5 45
S2c0r = S2 3 |Hz]

Accidental rate
(The rate when the light exit of the spectrometer is closed.)

S2.0r = (0.35 4+ 1.5) x 107%[Hz]->0 consistent

S PP PPN

RN L i T2 o0 20 40 e s

. ; ; 1 Time [us]
0 20 40 7

Integral region Integral time window

S2 region |5us, 30us]

BG1 region |—30us, —15us]

BG2 region |0ps, Sus]

BG3 region |35us, 80us]
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Use

Electron Energy
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NBrS Calculation

Based on "Neutral bremsstrahlung in two-phase argon
electroluminescence: further studies and possible applications’
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Energy (eV)
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Ar TFIL3Y SEAR

K mIBE G1 G2 G3
s >99.9999 vol% |>99.9995 vol% |>99.999 vol.%
N, <0.3 vol.ppm|<0.5 vol.ppm —
O, <0.1 vol.ppm|<0.2 vol.ppm|<0.2 vol.ppm
H, <0.1 vol.ppm|<0.5 vol.ppm| <1 vol.ppm
fiY [cO |<0.1 vol.ppm|<0.2 vol.ppm —
CO, |<0.1 vol.ppm(<0.2 vol.ppm| <1 vol.ppm
THC (<0.1 vol.ppm|<0.2 <1 vol.ppm
H,0 [<-80 °C |<-80 °C |<-70 °C
Ben 3.4L/10L/47L
REE 14.7MPa
BT JISW22-14R




SHIMADZU SPG-120S

- Range 200 - 900 nm
-~ Diffraction Eff. >50%

~ Accuracy +/- 1.5 nm
. Resolution | nm
-~ F-Value F =23

- https://www.shimadzu.co.|p/products/opt/products/

mono0O 1-12-02.html

31


https://www.shimadzu.co.jp/products/opt/products/mono01-12-02.html
https://www.shimadzu.co.jp/products/opt/products/mono01-12-02.html
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