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Motivation

DAMA/LIBRA experiment

A Annual Modulation Searches with an
array of Nal(Tl) crystals

Claimed an observation of the dark matter
_'»'“'Ph '159% "P& mé? ﬂp"oﬁ

- W .
3\:‘& \'_\‘5& ha‘-& 2-6 keV \'_\Fﬁ 3}&
! ! DAMA/LIBRA =250 kg {1.04 tdnxyr)

: s .

s . B asignificance

AR y‘}%mﬁ&%\ﬁ ZIRNEN

oo A e e G S

ieP | | EurPhys.J.C73:2648 (2013)
3500 4000 4500 5000 55{3115; e day)
0.05 -

- Clear Modulation at 2 -4keV
0.025 - et

et Syt =

DAMA/LIBRA phase 1

S, (cpd/kg/keV)

; S SIS S, Y e
T AR T —
0025 1.33 ton -year
=0.05

e e b b e b e b e Ly
0 2 4 6 8 10 12 14 16 18 20

Hyun Su Lee, Energy (keV) 3asic Science (IBS)




Motivation

DAMA/LIBRA experiment

A Annual Modulation Searches with an
array of Nal(Tl) crystals

Claimed an observation of the dark matter

Residuals (cpd/kg/keV)
(=]

Hyun Su Lee

Typ (pb)

1077

T
10t

10°

DAMA Regions
likelihood ratio
(T /5)
likelihood ratio
(30/90%)
Y sof
(50 /3 [009:)

-------- total events




Motivation
DAMA/LIBRA experiment

A Annual Modulation Searches with an
array of Nal(Tl) crystals

Claimed.an.nhcearuatinn . af the dark mattar

First model independent results from

DAMA /LIBRA—phase2
Nucl. Phys. At. Energy 19, 307 (2018)

arXiv:1805.10486
R. Bernabei®®, P. Belli*?, A.Bussolotti’, F. Cappella®®

V. Caracciolo®, R. Cerulli*®, C.J.Dai/, A.d’Angelo®?,
A. Di Marco®, H.L. He/, A.Incicchitti®?,
X.H.Ma/, A. Mattei?, V. Merlo®®, F. Montecchia®9,
X.D.Sheng’, Z.P. Ye/'"



DAMA/LIBRA-phase2

A Energy threshold reached
1keV with better PMTs

A Still there is modulation

A Significance
x 1-6 keV: 8 A (phase 2)
x 2-6 keV :12.9 d(phase 1+2)

A Increased modulation
amplitude below 2keV

Rate (cpd/kg/keV)

0.05 - v2/d.0.f.=32.7/36  (P=63%)
i 2/d.0.£=10.7/8 P=229,
0.025 - e amieii)
- el
0 [ ;"“"‘-—Eﬂ-
£0.025 - 2(6-20 keV)/dof = 35 8/28 (P-value=15%)
i +2(6-20 keV)/dof = 29 8/28 (P-value=37%)
-0.05 | | T

Residuals (cpd/kg/keV)

L1 L L | [ I | IR | L
0O 2 4 6 8 10 12 14 16 18 20
Energy (keV)

Residuals (cpd/kg/keV)

Hyun Su Lee, Center for Underground Physic
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Energy spectrum at ROI

Y

1 keV energy threshold
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|
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arxXiv:1805.10486  Energy (keV)
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Global Nal(Tl) efforts

COSINUS
@ LNGS
DAMA
@LNGS KIMS/COSINE
SABRE @ Yangyang
@ LNGS
s * * \
Y o
oA ANAIS PICO-LON
Kamioka
@Canfranc @
SABRE
@ Stawell \
v 40 om meutron shieklng . *
TT
DM-Ice @ South Pole .
| ch
-h.; - R

* ¥

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS)



ANAIS-112

A 3x3 matrix of 12.5 kg cylindrical modules = 112.5 kg

A All crystals built from Alpha Spectra Co (US) with selected
powder and specific radiopurity protocols

A Two Hamamatsu R12669SEL PMTs
A High light yields :13~16 photoelectrons/keV (DAMA 5-10)
A Taking physics data since Aug. 2017 at Canfranc (Spain)

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS)
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ANAIS-112
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cpd/kg/keVee

ANAIS-112 : Sensitivity of 5 years operation

. arXiv:1812.02000,., - 2-6 keV
EE : %\
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=1 10
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PICO-LON

A Development of low-background Nal(TI) crystals in Japan
Non-purfie Nal o

A. Kozlov @ VCI 2019

-
W+ %A ae
V'S e -
N

A Nal(Tl) ingot

- /‘"/ ,",A"
S Ingot aging
Purified Nal-2H,0  2nter for LESE5ASSRSS

st Machine cutting 10

TIywIvow (g,



PICO-LON : Background

- A Kozlov @ VCI 201
E o *'%Pb 129 Ingot 71 szg_ _
30 ZK7880 | 3, —
w g‘J F
Ll -
107
LA N o TRTTROTIN 4 ALY . W 102 =

0 20 40 60 80 100 120 140 160
Energy (keV)

180 200

| 210 126
Tk Ingot 73
‘ 7K7879

¥ ”MMMM

0 20 40 60 80 100 120 140 160 180 200 10
Energy (keV) Energy (keV)

=
=)
o
T
|

— - o particles

-
o
T

Events / (keV = d » kg)

Events / (10keV & d  kg)
~ =]
I

=
L
[

Isotope

Ingot 717 9.7+0.8 0.96 £ 0.23 o* 1.29 £+ 0.06
Ingot 73% 2.2+0.1 1.0+ 0.6 12.5% 0.98 + 0.05
DAMA det. 0.7-10 0.7-10 20 0.024
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SABRE

4 key features: S. Copello @ NDM2018
1. High purity crystals: High purity powder and clean crystal growth method

2. Active background rejection: active veto of liquid scintillator
3. Low energy threshold: High QE Hamamatsu PMTs, directly coupled to the crystals
4

Double location: both in Northern and Southern hemispheres

40(D) X 80(H) 1ing

—wuuiter for Underground Physics (CUP),  Institute for Basic Science (IBS)
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SABRE-PoP (Proof of Principle)

Astropart Phys 106 1 (2019)

% 10°E SABRE PoP 5
= = Tot Background, veto oft—— Tot Background, vetoon
E - - Velo I crystal (H) -
= 10 Elcos I crystal -
8 Crystal PHTs B crystal Cosmogenie) 3
2. I Enciosure

g g Simulation -
o

3

9

| A Test setup (PoP) is ready in LNGS

4 A Expected background level ~0.36 dru (2-6 keV)

Lol SNEE ~ based on Geant4 MC simulation
° ° 8w ?z[kaev]o 2r for Underground Physics (CUP), Institute for Basic Science (IBS) 13

-
S
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COSINUS

A Simultaneous measurement of photon and phonon using pure
Nal crystals (low temperature detector)
x Nuclear recoil can be identified almost perfectly

< Thermal link
% =z TES

<€ Si beaker as light absorber

Light Yield

-« Nal target crystal e Jgamra band
Interface
/ / Na recoil band
<« carrier crystal (e.g. CdWOy)
TES —— . re E‘,lmz:::' d
-« Thermal link

10 20 30 40 L E°°l 70
: arXiv:1711.01482 "T'QH o)
A Performing test measurements of pure Nal crystals using

CRESST cryostat @ LNGS

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 14



KIMS

Nal(Tl) crystals : Background
understanding and rejection

Pulse shape discrimination for
nuclear recoil separation

10° [ data —totalMC - PMTs, 22U (group 1) 10
— Nal005,*K  —— Nal-005, “Pb surface —— PMTs, “®Ra (group 4)
Nal-005, ZNa —— Nal-005, "°Pb bulk PMTs, “*Ra (group 7) — DAMALIERA
—— Nal-005, #'Te  ----- PMTs, “K PMTs, “*Th (group 8) - - NAIAD
----- Nal-005, ™1  —— Nal-005, "®"Te ----- Nal-005, ®"Te
— KIMS

Counts/day/keV/kg
<

=]
2 ¢t
' 10
10— ~ ; .
- = S yge arxiv:1806.06499
15_ e g C L
1:_=|: T g 10tk e
10 = 3y =
=1 *o = 0
102 17 2 L ol C
SR : 10 107 30"
ool bl WIMP Masa (GeVic”)
*‘“I—1

Energy (keV)

Astropart. Phys. 62, 249 (2015)
EPJC 76, 185 (2016)
EPJC 77, 437 (2017)
NIMA, 851 (2017) 103

JHEP 08, 93 (2015)

Astropart. Phys. 102, 51 (2018)
Astropart. Phys. 108, 50 (2019)

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 15



DM-Icel7/

A DM-Icel7 in South pole (Jun 2011 | Jan.2015)

PRD 90 092005 (2014)

'PRD 93 042001 (2016)

Two 8.47 kg crystals

Proof of principle of

2200 m.w.e overburden

south pole experiment

107368

DAMA 5¢ C.L. Allowed Region

g [T - -
% 0.06 —_ D Et-z P R D 9 5 O 3—2 O @6 (,qu 7) _— nunr‘;li::z;;:‘zf::xiﬁsl;::’:):iFrT:nned Future Nal(TI) Experiment
= L / Det-1 ’ = E 3
& 004— — = _ ]
° - 7] S 10% =
2 - 'i",{,_ / . 2 = 3
5 002— g —— ] S g%
8 [ gy s " _ s E E
- i i % C 7
§ o= """"""""""H*rif**-ﬁ;miﬂ*ﬁm g5 S 100 -
3 I 1 L F \ e 3
g-u_nz_— —] S ok \\\ J/ -
g r DM-lcel7 4-6 keVee] & L ~==" =
3 004 D"T‘MA{LIBI?A | | | ., Best Fit 1- yegr— 10 - SE— ' T
§ 0 2 4 6 8 a0 12 i4 16 18 WIMP Mass (GeV)
Eneray (keV)
Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 16



COSINE project (Since 2015)

KIMS and DM-Ice joint effort to search for dark matter
Interactions in Nal(Tl) scintillating crystals.
(Goal to test DAI\/IA/L,BRA experiment

'l
g 4 ae m
-
| . > N8 - |
/e = ¢
[ 4 .
9
. I v . ‘S




YangYang(YZL) Underground Laboratory

(t ,Q, YangYang Pumped

\\’ <

o 2| | o oS R
/‘_‘4*\ ’?’Center for Underground Phy
N / Ié$ (Institute for Basic Science)

«*2 ‘
. [ —
\ \ ’~ \
. - ._‘ ------
e = ® - TOUON
. > ‘-.--- " 4

Since 2003

OFOFO! Etxuu AMoRE (Double Beta Decay Experiment)

Minimum depth : 700 m / Access to the Iab by car (~2km)



COSINE-100 construction

Dec. 2015 Jan. 2016 Feb. 2016




E’m. ; jC78 (2018 :
it Ligz 8) P0O9006
- JINST 13 (2018) Td}bO?

_:.:._-;_J JINST 13 (2018) TO6005

.
> 4 l v { \ A\ » - 4 N
»r | Y | v wh
5 - - \ |
g - ‘ " /
e —— lo) ¥ " 2 - 5
"_____——-—-"'— ' 1 R g N - e
: / Db
T . -
D

] i | : . \‘?"
m— Physics run since S}ept/2016 \

' ) : /| \ i 20



COSINE-100 shield

Plastic Scintillators 2200 L liquid scintillator

-—-_._.__+

Tag “°K to veto 3 keV
background events

-—
40 cm

Nal(Tl) Crystals

|

Lead Shielding (20 cm) Cu Box (3 ¢cm)

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 21



COSINE-100 shield

Plastic Scintillators

-—-_._.__+

2200 L liquid scintillator

@i

Tag “°K to veto 3 keV
background events

Ll

s

.
. ¥ (1460 keV)
© 40
<:||:T{3 keV) K ‘l:;

AYAYA

Liguid Scintillator

N\
| Preliminary
5
4.5F + Data (vetoed)
N e — Fit
- % 355 — Subtracted “°K
e = :: ~80% veto efficiency
L b of 3keV x -ray
[ N\— ?, 1.5%
i
O Nttty
T2 T3 4 5 6 7 8 9 10
Energy(keV)

Hyun Su Lee,

Center for Underground Physics (CUP),

Institute for Basic Science (IBS)
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COSINE-100 operation

- COSINE -100 exposure

f : | { ol I —1 |
- s i, i ) i 1 i 900 H ; ; "
3 s 8 h NEr .Y | d1ei it I %‘M 1y : : ; :
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Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 23



- DAQ status

. S1OW mMonitoring
B W T T PoT AT KA ¥ TR (VPO T

[UUSTY FEV/PVRY WYY TN T RVE AP VU I SETAPPIUT Y UNY I AT 'S0 USROS APRYN PRy ST PR Y ¥ ) ‘

92112200 9220000 9/2212:00 9/2300:00 9/2312:00 9/2400:00 9/2412:00 9/2500:00 9/2512:00 9/2600:00 9/261200 9/2700:00 9/2712:00  9/28 00:00
== FADC rate == M64ADC rate

0Hz

> 200 parameters are monitored

7.0°C : : : : : : : : : : : :
e e e e A A e e A A A e A AP o P i AP et s A PR AN P\ sl NIt s e i

6.0 *C

5.0 °C

4.0°C

3.0°C
9/21 12:00 9/22 00:00 9/22 12:00 9/23 00:00 9/2312:00 9/24 00:00 9/2412:00 9/25 00:00 9/2512:00 9/26 00:00 9/26 12:00 9/27 00:00 9/2712:00 9/28 00:00

= Detector Room A-side (8) == Tunnel(7) = Between Acrylic top and Cu top (4) = LS (5) crystal — LS (2) bottom — LS(6)top ~ Air conditioner — Detector Room near main door (1)

- Between Leads and Cu box (3) = OMEGA DAQ board (9)

New row

Nal PMT Current Variation (A-side, micro Ampere) Nal HV Variation (A-side, Volts)

0 T T T ] 1 T I
T 1 - T 4 = =
T T I 1 T I T

-1.0

-20
3 922 9123 924 925 926 927 9128

9122 9123 924 9/25 9/26 /27 QAR o= NalHV1 o= NalHV2 o= NalHVS w= Nal HV4 — NalHV5 — NalHV6 « NalHV7
o= Nall1 o= Nall2 ==Nall3 == Nall4 — Nall5 — Nall6 «— Nall7 - Nall8 — NalHV8

Run number Subrun number

1777 Lz

Run Number
2250 . . . . . . 200

1750

Run Number
g
B

JAqUINN uni gnsg

9/22 9/23 9/24 9/25 9/26 9/27 9/28
== Run Number == Sub run Number

0%H
9/22 9/23 9/24 9/25 9/26 927 9/28

== Humidity A (between Cu and Pb) == Humidity B (Behind Preamp. Rack) == Humidity (Air conditioner)

Preamplifier Output Voltage

615V

620V
9/22 9/23 9/24 9/25 9/26 oz 9/28

— Praamp. Output Voitage (Top) == Preamp. Output Voltage (Middlie)
= Preamp. Output Voltage (Bottom) 24






A 8 crystals, total 106 kg

COSINE-100 Nal(Tl) crystals

Eun: Physs).JC 78/(2018) 207 0~

A Different quality crystals from crystal R&D with

Alpha Spectra (US)

A For best cases, U/Th/K are lower than DAMA
A Total alphas (~21°Pb) are higher than DAMA

Crystal | g Powder '\ iaake) (op®) (Pt (vp) Piokon)
Crystal 1 8.3
Crystal 2 9.2 AS-C 2.06 £ 0.06 82.7*127 <0.12 <0.63 14.61 £ 1.45
Crystal 3 9.2 AS-WSII 0.76£0.02 41.1*6.8 <0.04 044%0.19 15.50*1.64
Crystal4 | 18.0 AS-WSI 0.74 £0.02 39.5+8.3 <0.3 14.86 + 1.50
Crystal 5 | 18.0 AS-C 2.06 £0.05 86.8X10.8 2.35 £ 0.31 7.33 £0.70
Crystal6 | 125 AS-WSII 1.52 % 0.04 1221+45 <0.018 056*0.19 14.56*1.45
Crystal 7 | 125 AS-WSII 1.54 £0.04 18.8 £ 5.3 <0.6 13.97 £ 1.41
Crystal 8 | 18.3 AS-C 205+0.05 56.15*8.1 <1.4 3.50 £ 0.33
DAMA <0.5 <20 07-10 05-75 55-75

Hyun Su Lee,

Center for Underground Physics (CUP),

Institute for Basic Science (IBS)




Fast (mostly PMT induced) event rejection

160

E Fast charge
(X2)

12

I

Efraction

c 3
Rk R M

600

.- Fast charge

-fraction
200"

.....

e N Signal

Time (ns)

Noise

Energy (keV)

Astropatirt. Phys:.62,2015);24919

Eur: Phiys:sJ.JC 78/(2018) £07 0~

A Charge ratio (DAMA cut) is effective to reject fast noise but, it is not

-1

(a) Backgrougfl data

IIII\lHI‘IIIlIIIlII

Charge Asymmet

8

Number_qf events

tn
T

_?
i

-08 -08 -04 -02 0 0.2 0.4 0.6 08

Asymmetry

enough to remove all the noise!!

(b)*Fe calibration data

Average cluster charge

" . Single hit events
o Multiple hit events
1

1 ] ] ] 1
15 :2; 25 3 a5 .4
Average cluster charge (pC)

1
45

S

Hyun Su Lee,

Center for Underground Physics (CUP),

Institute for Basic Science (IBS)



Energy(keV)

Pure electron recoll samples

A Two weeks long 6°Co calibration data

. x Used to model scintillating events
60 . . ..
Co @j x Used to estimate signal efficiency
L AVAVAVAS
y \ crystal
B

20
18k 10° — Beta Events
152 —— Noise Events
14

- e e
12E g 3
10 3 <
8- - =
E:— c:nT

L TSR e L ol b s @]
4_— Q
2 SR . 1

e e e o i P T T T R TS P T
% 005 01 015 02 025 03 0 2 4 6 8 10 12 14 16 18 20

Meantime Energy(keV)

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS)
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arb. count

Machine learning to remove PMT induced noise

AHHT T 1 UTERTIEEEHT 7 PISErimination

o008 &

0.006—

0.002

arb. count
o
o
o
Y

ax s
scintillation
(calibration)

parameters

Nurber of events

Crystal 6 Energy (keV)

0
200 0 200 400 600 800 1000 120 RS R ) S
Time from trigger (ns) L L
1 C.EB1DT scoreso 2
grning
—~ 14 | 3
o.0osf- P l 54 10 = All events
0,006 g 2 i DAMA+Asymmetry+gc/nc cut
PMT noise 02 - BOT cut
0.004/~ (fast decay) s S
Asymmetry } =2 B - _
0.002|— S _ -
10 —
0 . g _*_ “_____‘——__.
P R B R N E R R B s o T e— ———
200 0 200 400 600 800 1000 1200 2 ———— ]
Time from trigger (ns) E 3 1 -
S 0 2 -4 6 8 10 12 14 16 18 20
1 i Single hit events EF'IEI'Q)'[REV}
i ; i Io Mt:lﬁplelhit e\llerns
! Av‘éfagezclusg chzrges(gC) o . . .
Machine learning (BDT) is more
effective at low energy
Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 29




0.008,

axs

Discrimination
parameters

scintillation
alibration)

Nurber of events

Time from trigger (ns)

I TN I A I IR |
200 400 ©00 BOO 1000 1200

0.008—

PMT noise
(fast decay)

ring **
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R T ey |
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i Single hit events

5 o Multiple hit events
1 1 1 1 1 1 1
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Average cluster charge (pC)
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Machine learning to remove PMT induced noise
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Boosted Decision Tree (BDT)
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Hyun Su Lee,

Center for Underground Physics (CUP),

Institute for Basic Science (IBS) 30



Event selection efficiency

~70% efficiency at 2keV

0.8

0.7

Selection efficiency

0.6—

Tt

ST T

g and y events from ®°Co calibration
—+— 4 and y events from multiple-hit selection
—— X-ray events from “°K (24 keV)

—+— MNuclear recoil events (neutron beam)
I I I I I I I

0.5
2

3 4 D 6 7 8 9 10

Energy (keV)

Hyun Su Lee,
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Background understanding (initial two month T SE
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P. Adhikari etal., Eur. Phys. J. C 78 (2018) 490 e e
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Counts/day'ka/keV

Expected background @ 2-6 keV (SET1 data)

Crystal 7
Components Background 2-6 keV (dru)
55 TP — Internal 21°Pb 1.50 +/- 0.07
3 —Cosmogeric —Suface  —Extemal Internal 4°K | 0.05 +/- 0.01
Surface 219Ph | 0.38 +/- 0.21
¥ 3H (Cosmogenic) | 0.58 +/- 0.54
£ 109Cd (Cosmogenic) | 0.09 +/- 0.09
GZ , T Other cosmogenic | 0.05 +/-0.03
S R et External 0.03 +/- 0.02
Total expected 2.70 +/- 0.59
Data 2.64 +/- 0.05
DAMA : 1 dru

P. Adhikari etal., Eur. Phys. J. C 78 (2018) 490
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59.5 days data (2-20 keV)

All crystals —e— Data

- EXpected background

- t+1o (systematic)

+20 (systematic)

Total counts/0.5 keV

N
-
-
o

| Cosmogenic
External

4 6 8 10 12

Energy (keV)
Background modeling was done only using only 6- 2000keV events

14 16

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS)
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59.5 days data (2-20 keV)

—e— Data

8000 — - EXxpected background
% | - +1o (systematic)
26000 - +2¢ (systematic)
"
~
2
S
24000
&)
e
o
|_

2000—
(I.e.) WIN [Emieraic]_] Cosmogenic

‘.% External
| | | | |

0

|
2 4 6 8 10 12 14 16 18 20

Energy (keV)
Background modeling was done only using only 6- 2000keV events

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 35



Data Fit with 10 GeV WIMP signal
No Sign of signal excess

10000
—e— Data
e — Best Fit
- +15 (systematic)
8000— +20 (systematic)
= ——— Best Fits WIMP
E B N AN (2.35%x10™ cn?? at 10 GeV/c?)
0
o6000—
e
[47]
i}
[ Ly
3
O
©4000+-
4y]
i
@]
=

2000(—
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M Surface External
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Limit on WIMP-nucleon cross section

107
a g —  NAIAD (2000-2003)
g = assssssas DAMA-Na Savage et al (35, 2009)
— —  asmssmsss DAMA-| Savage et al (3o, 2009)
510439 _ [ 1 COSINE-100 90% expected (10)
= ' \ [ ] COSINE-100 90% expected (20) B
B -_"--\\ ———e—— COSINE-100 observed limit (90% C.L., 2018) _
n — N Exposure: 6303.9 kg day _
%10—40 — LN ~
O =
h  S—
o L
%‘ —
D104 =
(&} -
: -
c _
a L
S107%2 =
S Nature 564, 83 (2018)
D L
10—43||||| L L] L] [ I

10 102 »10° 10*
WIMP Mass (GeV/c%)

COSINE-100 excludes DAMA/LIBRA-phasel0s I nterp

spin-independent WIMP interaction in Standard Halo Model
First time with same Nal (TI) target

Consistent with other null experiments 37



Number of events

3

Boosted inelastic dark matter search
Theory: PRL 119, 161801 (2017) PLB 780, 543 (2018)

a)

Effectively ton scale detector taking advantages of 2 ton liquid scintillator

b)

& .

1072
—e— Data
D Bly background
. Muon background
wqg3

10 15 20 25 30 35 40 45 50 10
Energy (MeV) 1

X e

X

=T T TTTTI

e ®

~'

arXiv:1811.09344

o~

............. m=10MeV, m,=15MeV, y =50
m=6MeV, m_=7.5MeV, y =20

= m=20MeV, m2=4{]ME"u", T I:1()(]

Ill1ﬂ2

Hyun Su Lee,
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Event Rates (counts/day/keV/kg)

0.7 T

Annual Modulation (Side band study)

A Amount of internal backgrounds were constrained
A Floating 3H and other cosmogenic components

Multiple 2 -6 keV
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C5 & C8 were excluded due to low light output

C1 was excluded due to uncontrolled PMT induced noise (discharge)
A Side bands are well explained by known background

Hyun Su Lee,

Center for Underground Physics (CUP),
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Analysis with 1 keV energy threshold

T Likelihood parameters for noise rejection
i —purz Preliminary
. | S—— Calibration data
| |
S S WY .
\ New parameters are used asnputs
for multi -variable technique

(boosted decision tree)

ISO

1 =50

5

=

Energy[keVee]

[

=40

30

Understand signal-like events
and noise-like events at low

energies

10
Develop new parameter to
reject noise-like events b
effectively
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