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Current Status of Direct Dark Matter Searches

Particle Data Group 2018

107°° e
an—37 =‘\ an—]
0 ~ 0
™~
N';u 038  NEWSGQ 1072
. V. 0-39 CRESST (2015) . 0—3 .
+ No sign of WIMPs downto  §,,« \\‘\ 0~ 8
ﬁ CDMSLite2 (2015) c
>10-46 cm?2 @ 30 GeV %10 N\ 10 S
3107 14) 10° 4
. . : | 0_43 , 2600 (2017) 1 0—7 g
- New experiments exploring S 1o a LUK o8 203426 e D o
v . =
low-mass dark matter 210~ =PI
% 046 = 01) 10710 2
§ pandaX-11 (= 0 Q'_
* DAMA's signal remains 710~ 102
10 1074
unresolved s g
0 10
.O—SO 1||1| L 1 | 11111' | | 1 ||11|| 1 1 [ T O B A | ‘0—14
5%107" 1 2 3456 10 20 30 102 2x10° 10°

WIMP Mass [GeV]
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w DAMA’s Annual Modulation

Bernabel et al., arXiv:1805.10486 X I

DAMA/LIBRA-phase? result with
1 keV threshold

Residuals (cpd/kg/keV)

- (2-6) keV: 12.9 o from 2.46 ton-year
- (1-6) keV: 9.5 o from 1.13 ton-year

Modulation amplitude:
(0.0103+0.0008) cpd/kg/keV in (2-6) keV

Phase: (145+5) days
Period: (0.999+0.001) year

Long-standing conflict with other
experiments using different target material

0.04 |

0.02 |

\ \
o © ©
- N

O (@]
2} EN N O

2-6 keV
DAMA/LIBBA-pHasel (1 04 t{)nxyr) 6— ;DAMA/LIB;RA-pIhaseZ §(1.13 tonxyr)
B \Eas I WIS N BY 2 N ﬂ AN N m RN R bR A
7 NG N IRTINA N S AR pavia Y
| | ; : | » 3 ‘ 1 , | % : : j | |
| | \ | [
4000 000 6000 7000 8000
[ime (day)
1-6 keV
S e DAMA/LIBRA -phase2 ~250 kg 1 13 tonxyr)
% 0.04 |- | | |
g 0.02
= % w W W “?&/ ?W N
;E —0.02
8 —-0.04 — %
o . | | | | | | | | |
6250 6500 6750 7000 7250 7500 7750 000 8250
Time (day)
— !
> 005
é ,
w00025 :— ' A_*;'
= SRS = A
20025 - Phase
m L
0.05 - Phase2 |
' \ 1 \ \ 1 \
0O 2 4 6 8 10 12 14 16 18 20

Energy (keV)
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w Global Nal Efforts

DANA KIMS (+ DM-Ice)
_SABRE * Boulby
- COSINUS COSINE-100 PICOLON x
| *Gran Sasso + Australia * # Kamioka ‘ ANAIS_ *Canfranc
Yangyang .

Eur Phys J C 78 107 (2018)
Eur.Phys.J. C 77 437 (2017)
JINST 13 T02007 (2018)
Phys.Rev. D 90 052006 (2014) (Csl)

DM-Ice17 i
% South Pole *—‘-
., e {7—]
Astropart. Phys. 35 (2012) 749™"* o S
Phys. Rev. D 90 092005 (2014)  \ ~ <.~~~ /. / = —l B
Phys. Rev. D 93 042001 (2016) =
Phys. Rev. D 95 032006 (2017) |
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COSINE-100

DM-ICE &

Korea Invisible
Mass Search Experiment

J@ _«isTi KRIS

www.kisti.re.kr tandards and Science

A joint effort between DM-Ice and KIMS
collaborations
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s University ¢ (¢ %
Of 2 Wonn) I

) 98
< & ‘/\
Sheffield. Fag®”

WISCONSIN Yale

UNIVERSITY OF WISCONSIN-MADISON

8 Nal(Tl) crystals with 106 kg in total

Located at Yangyang underground -
laboratory (Y2L), South Korea, with ~700 m e (YoL)
rock overburden e S
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Situated at YangYang Pumped Storage Power Plant

Yale

Jay Hyun Jo



COSINE-100 Detector Configuration

Plastic Scintillator Panels

2-inch PMT—

Lead (20 cm)

Copper Box (3 cm)
S5-inch PMTs

/'

Copper box

Liquid Scintillator Filled

o O O

O

Encapsulated Crystals
3-inch PMT

=0 -
= 1.

4y B
ELq H—IEP

Yale
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COSINE-100 Construction Timeline

Dec. 2015 Mar. 2016

T3 ';. -'-‘." AY PR '|_.- x p .
R

Sep. 2016

Temperature

6/10 00:00 6/10 12:00 6/11 00:00 6/11 12:00 6/12 00:00 6/12 12:00 6/13 00:00 6/13 12:00 6/14 00:00 6/14 12:00 6/15 00:00 6/15 12:00 6/16 00:00 6/16 12:00

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)

"

| LA

DAQ rate

30Hz Ll JL,,J, MM e Lin .,JLLJ v)\LLMJWMLHvWMMoL‘ALNWUPMMMMM kwwmlbwmkbﬁlh« MMHMJ-LM\J

20 Hz

10 Hz
6/10 00:00 6/10 12:00 6/11 00:00 6/11 12:00 6/12 00:00 6/12 12:00 6/13 00:00 6/13 12:00 6/14 00:00 6/14 12:00 6/15 00:00 6/15 12:00 6/16 00:00 6/16 12:00

FADCrate == M64ADC rate

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

6/10 6/11 6/12 6/13 6/14 6/15 6/16 "~ eno 6/11 6/12 6/13 6/14 6/15 6/16

Nall1 ==Nall2 ==Nall3 Nall4 Nal 15 Nal 16 Nal 17 Nal 18 NalHV1 ==NalHV2 == NalHV3 Nal Hv 4 Nal HV 5 Nal HV 6 Nal HV7
Nal HV 8

Jay Hyun Jo



COSINE-100 Operation

- Data taking since Sep. 2016

- Stable operation

COSINE-100 Accumulated Data

- ~95% live time

600 —- COSINE-100 Preliminary

Total Livetime :622.2 days ( 94.9 %)

_ Near 100% uptime Outside Of _ 500 f—-- . Good Data :610.8days(93.1"‘5/'o') ........................ ..................................................

calibration 'brati on

- 271.6 months of data accumulation

- SET1 data (59.5 days) - Background

modeling, detector understanding, 12/31, 04f 12/31, 10h
: —-————
and WIMP analysis 48;: SETo4SET3

- SET2+SET3 data (585 days) - Annual
modulation analysis

Yale Jay Hyun Jo 8 I



‘Environmental Control/Monitoring

+ Monitoring stabillity
of temperature,
humidity,
current/voltage, etc.

- < 0.5 °C temperature and < 2% humidity
fluctuation inside the shielding structure

- Current and voltage of detectors very stable

& Temperature Te m pe rat ure

24,29 °C
24.28 °C

24.27 °C
24.26 °C Al

24.25 °C Humidity Humid Ity

24.24 °C 100 %H
24.23 °C 80 %H

24.22 °C 60 %H

5/31

== Detector Room A-side 40 %H \RAARAAARARARRRARNMARARRAAR
LS (2) bottom Y (
Between Leads and Ci

20 %H

0 %H

== Humidity A (between Cu and Pb) == Hur °
== Humidity (Air conditioner) :

P P

See William Thompson’s Thursday talk Current/VoItagé

Yale

Jay Hyun Jo 9



COSINE-100 Nal(Tl) Crystals

- 8 Crystals, total 106 kg

- Culmination of R&D program with Alpha Spectra

- U/Th/K below DAMA, 210Po very close

- High light yield
- Crystal-5 & 8 used primarily for veto due to low
light yield

Crystal Mass  Size (inches Powder o Rate WK 238U 232Th Light Yield
(kg) diameterxlength) (mBq/kg)  (ppb) (ppt) (ppt) (PEs/keV)

Crystal-1 8.3 5.0 x 7.0 AS-B  3.20+0.08 43.4+13.7 <0.02 1.34+04 14.9+1.5

Crystal-2 9.2 4.2 x 11.0 AS-C  2.06 £0.06 82.7 +12.7 <0.12 <0.6 14.6+1.5

Crystal-3 9.2 4.2 x 11.0 ).76 +0.02] 41.1 +£6.8 <0.04 0.4+0.2 155+ 1.6

Crystal-4 18.0 5.0 x 15.3 AS-WSII10.74 £+ 0.02] 39.5 £+ 8.3 <0.3 14.9+1.5

Crystal-5 18.3 5.0 x 15.5 AS-C  2.06 +0.05 86.8 4+ 10.8 24+03 7.3+£0.7

Crystal-6 12.5 4.8 x 11.8 1.52 4+ 0.04 <0.02 0.6+0.2 14.6 +1.5

Crystal-7 12.5 4.8 x 11.8 AS-WSIII|1.54 +0.04 |18.8 + 5.3 <06 14.0+1.4

Crystal-8 18.3 5.0 x 15.5 AS-C  2.05+0.05 56.2 +8.1 <1.4 3.0+0.3

DAMA < 0.5 < 20 0.7—10 0.5=7.5 5.5—-7.D5

Yale

Jay Hyun Jo
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PMT Noise Rejection

0.008—

-~ [B/y scintillation signal

N ~— PMT noise (thin pulse)

—

v PMT noise (bell pulse)

0 200 400 800 800 1000 1200

Time from trigger (ns)

Dominant source of noise events
comes from PMT noise

Boosted Decision Tree (BDT) was
utilized to reject such noise events

-Noise-"" . . Scirtation
-0.4— = .-
;nlnzn-lnn111-1~111111|1;11111
~-0.4 ~-0.3 -0.2 -0.1 0 0.1
BDT
No Cut

Muon/LS veto+Single hit

+BDT (thin pulses)

counts/day/kg/keV
3
+|

|

T

+t1+NC (prePulse,2 hits/PMT)

+BDTA (bell pulses)

10

‘l' | TTHTl
‘
f’
L
JO
.
“u

TITTl

' . ' 3 2

.

10 20 30 40 50 60

Energy (keV)

Yale

Jay Hyun Jo
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Selection Efficiency/Low Energy Spectrum

—

S
N

1% i

Efficiency

O
oo

oo
| sy

+

44
Uk

gamma(Na22)
COSINE gamma (Co60)

KRISS neutron

O
»

©
~

&
)

pH

't

Counts/keV/kg/day

o

~70% efficiency at 2 keV

20

Energy (keV)

—
-

O

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

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

RA%

0 2 4 6 8

A/LI

DAM
O |III|

10 12 14 16 18 20
Energy (keV)

2 - 4 counts/keV/kg/day in region of interest depending on the crystal

Yale

Jay Hyun Jo
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D

Background in Data vs. Simulation Eur, Phys. J. C 78 490 (2018)
> - > :
£ | —+ Data — Total simulation Internal £ | —+ Data — Total simulation Internal
210° 210% ¢
A\(>:, - — Cosmogenic — Surface — External % - — Cosmogenic — Surface — External
9 L 9 L
L L
S 105 S 105
o - @) -
O e ~ o
1 h 1 l\v' ~ 4
E ;- 1
i — T\ -
10k 10" W’w T .
. .
10—2]11 | | T | | I B 10—21%.1111111111111111\‘1111",1L1111111
0 10 20 30 40 50 60 70 200 400 600 800 10001200 1400 1600 1800 2000
Energy (keV) Energy (keV)

See Estella Barbosa de Souza’s talk today
Data reproduced well with GEANT4 simulation

- Background well understood from 2 keV - 2000 keV

- Dominant background from 210Pb and 40K, followed by cosmogenic 3H

Yale Jay Hyun Jo 13 I



Physics Analysis: WIMP Analysis

Eur. Phys. J. C 78 490 (2018) <

D

~

Counts/day/kg/keV
—h N W
- ;0 D W o

O
(4}

Background model

~+ Data — Total MC - Internal

+ . T

q:|: — Cosmogenic — Surface — External

N -

llllll

~4 6 8 10 12 14 16

18 20

Energy (keV)

Using 59.5 days of data: 6303.9 kg-day exposure

Spectrum fit for 2-20 keV including WIMP model

Likelihood analysis to fit data using background model and WIMP signal
model (SHM as described in Savage et al., JCAP 0904:010 (2009))

Background understanding consideration from V. Kudryavtsev et al.

(Astropart. Phys. 33 (2010) 91)

Crystal-2

preliminary

.Energ';y.(keV). .

C8_Data_Spectrum

ot 10 GeV/c2 WIMP
“} @ 2.35x10-40cm?

Crystal-6

preliminary

>
-

— Energiy (ke~V)- “

Crystal-3

preliminary

| Eﬁergy (ke\)) o

C7_Data_Spectrum

Crystal-7
preliminary

200
3

0 w

. < 20

-Er;ergy‘(ke\/j -

Yale

Jay Hyun Jo
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Physics Analysis: WIMP Analysis
107 g
< - NAIAD (2000-2003) Quenching factor
& — eeeeeeas DAMA-Na Savage et al (30, 2009)
o - eaemasas DAMA-I Savage et al (30, 2009) Q(Na)=0.3, Q(1)=0.09
| 81 039 — COSINE-100 90% expected (10)
Spectrum with known sources of S ‘ COSINE-100 90% expected (20)
backgrounds S \ ——e—— COSINE-100 observed limit (90% C.L., 2018)
L — Exposure: 6303.9 kg day
H1074 =
Excludes DAMA/LIBRA-phase1 w/ Nal(Tl) © =
(as spin-independent WIMP with Standard =~ 2 -
Halo Model) 8 10~
g -
C_onS|stent with nuI.I results from .other c - —standard halos
direct detect experiments with different %10_42 a Vo = 220 km/s,
target medium = = DM = O.CgSC(i)ell//c;mQ
B - - Vesc = m/S
= B Prellmlnary fp/fn=1
10—43 | 1 1 I| ] ] ] L 1 1 1 I| ] ] ] L 1 1 11
10 103 ,10° 10*
WIMP Mass (GeV/c")
Yale Jay Hyun Jo 15 I



Physics Analysis: Annual Modulation Analysis X

Sideband sample: Multiple-hit 2-6 keV Sideband sample: Single-hit 6-10 keV

[T T T T T T T [T r rr [ r rr r [ rrr r [ r r rr [ r rrr [T r T [T [ T T [T T T [ T T T T [ T T T T T T T T f Py |=araanRRRRRRARE R SRR A
|| p—
06; —= = |
?Prehmm E ze;l?\e |m|nar¥+ 4
—~ 04E- Crystal7 F b P Ry, S — “5— ryatall -
g’ 07 = = g’ —— } e
S 06:_ "[" — S 28_—
Q o5 T by oty S o 26—
=< TE ey = =< 24: .-}'-"'I" T
& CE Crystalé = -y — Crystal6 T 1
E “‘1_:F;;i;.:;i;.;;i;.r";;;:i;.::i;.::i;.;:i:.;;i;.;;i;.;:i;.;;i;,;;i;';:i;.‘_ E 281;;i;!:;i;!;;i;!:;i;;;;i;.;;i;. .........................................
3 o9~ £
- 08:_ - 26—
3 U9 3 = "PI—'{:‘_FE.F[':F*{‘—"'—:W"P
—— 24—
o 07 — Crystald O — Crystald b
N (1/1_ el 32_...l....l....l....l....l....l....l....l....l....l....l....l....l....l...
) = ) LI BLEL LN BN N NLR L LB N AL BN R LN L B NN NLLEL LA NN L LN BLEL LN BN NLELEL LN B
£ 'E £ 3
o 0.95— o 28—
g 1-8;1....l....l....l....l....l....l....l....l....l.:i:E::i ................ E g 3:}::i:%::i.l..i.l::i:!::i:g::i:!::i:!::i:li:i:}::i:eg:i:!::i:!::i:!::i:;
ITRRT== — W 28— I I —
o '||-[- _— — I —
1.65 '-II:’L:{‘H " T. T r I +r + T : 2.6__ + 'T'+ + —
15E- Crystal2 T -"f'{ L L = = Crystal2 E =
140 ""55""900 180 200 250 300 350 400 450 500 550 600 650 700 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700
Days Since Jan 1, 2016 Days Since Jan 1, 2016

Crystal 1, 5, and 8 are excluded in this analysis due to low light yield and
excessive PMT noise

- Sideband data fits well with exponential models built with the known
cosmogenic components

Yale Jay Hyun Jo 16 I
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Physics Analysis: Annual Modulation Analysis

Crystals Averaged Rate, 2-6 keV

0.5 — 0.15 ! ettt
§ =a Prelimi nary 4 Blinded data, COSINE-100 Preliminary § oaE- —4— Blinded data, COSINE-100 Preiminary
§7 — ) Sinusoidal fit, period and phase fixed %’ = . .

s E Blinded, 9% of total data . Mock datawjth £ °®E .. | * E
@ 02— ._ S full statistics | . T S TR PO U ST PR ST
:3:’ 0.1 f— " T . o " — . * é -0.05 é_ T _§
% 0% '—'—‘L'—'—‘* { I i T ‘l‘ - + § -0.1;— é
g - L] T Jr ] -- | -T § +- -
= 0.1 —— 1 - — — L -015— . . —
E — 3 F Preliminary =
g = | | | = 02p Blinded, 9% of total data™
03 555 B T B R~ - T 0.25 Moo
Day from Jan. 1, 2016 Energy (keVee)
: - : : c107 E —
- Currently data in 2-6 keV is blinded, only using 9 % of total data % ?Prell?mslnaw oRtAsloved g 00401 3,5
.510-33 ;— --------- ----- \ ------------- —— —— No C1, C5, C8, M;di:n Sensitivty,(QO%C.LT;
: : : o = o N —— ——  No C5, C8, Median Sensitivty (90%C.L.)
Full data analysis will be using 585+ days of data a  F \ B:10 O=20
810_395_ : I : AR : L %
Data quality, cosmogenic component estimation, background trend  £,q«[
understanding almost done: Stay tuned! i F
S0 -
5 years of running can rule out DAMA s § S W W W 2 % 21
| | .Projected sensitivity -
» Agreed to combine data with ANAIS b 10 102 10°

WIMP Mass (GeV)
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Summary and O tloo

L'\
\k \ \‘)‘i\¥ ‘ '." ) '.

"" ll \l. W\ \ "." \\‘: ‘:‘ : ." _."- N
f #I” 1‘- \,\' \\ 0 '.'ii : , ? -

+ COGSINE-100: Goal is to test DAMA's claim for dark matter observation; running very smoothly since Sept. 2016
+ COSINE-100 confirms that DAMA’s modulation signal cannot be from standard WIMP & SHM with Nal(Tl)

- Model independent annual modulation analysis is ongoing

- Crystal growing R&D is being developed in IBS, and looks promising

- Stay tuned for more exciting results to come!

See William Thompson’s talk (yesterday): Detector Stability of COSINE-100
See Estella Barbosa de Souza’s talk (today): Background Assessment of the COSINE-100 Experiment

'Yale Jay Hyun Jo

18



Yale

Backup

JJJJJJJJJ

19



DAMA Experiment

-+ Located at LNGS, Italy
- 25 x 9.70 kg Nal (Tl) detectors
- Grown by Saint-Gobain

- 0.85 - 1.3 cpd/kg/keV total background
rate

-+ 2 PMTs/crystal
- ~38.5% QE
- Light yield of 5.5 - 7.5 pe/keV
- 10 cm quartz lightguides attached

. DAMA/Nal (100 kg, 1996 - 2003), DAMA/
LIBRA phase 1 (250 kg, 2003 - 2010),
DAMA/LIBRA phase 2 (250 kg, 2010 - 2018)

Bernabei et al., NIM A (2008)

Yale

Jay Hyun Jo
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Interpretation of the DAMA Result

D
O
\/‘

“What is causing DAMA’s modulation?
Could it be some backgrounds?”

Wﬁ%

S —
Ambient rock temperature?

Radon diffusion? Channeling?
Phosphorescence? Spallation
' neutrons? Electricity usage

on the grid? K x-rays?

Yale Jay Hyun Jo
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Interpretation of the DAMA Result

..models...

Which particle?
Which interaction coupling?

Which Form Factors for each
target-material?

Which Spin Factore

About inte

retation

See e.g.: Riv.N.Cim.26 n.1({2003) 1 MPD13(2004)2127, EPJC47(2006)263,
IUMPA21(2006) 1445, EPJC56(2008)333, PRD84(2011)055014,
IJMPA28(2013)1330022

Which nuclear model framework?

Which scaling law?

Which halo model, profile and
related parameters?

Streams?

..and experimental aspects...

Exposures

Energy threshold

Detector response (phe/keV)

Energy scale and energy resolution
Calibrations

Stability of all the operating conditions.
Selections of detectors and of data.

Subftraction/rejection procedures and

stability in time of all the selected windows
and related quantities

Efficiencies

Definition of fiducial volume and non-
uniformity

Quenching factors, channeling, ...

Uncertainty in experimental parameters, as well as necessary assumptions on various related
os’rrophy5|col nucleor and por’ncle physics ospec'rs affect all the results at vonous extent, both n_»

. By | v

P. Belli,
IDM2016

Yale

Jay Hyun Jo
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CH

COSINE-100 Liquid Scintillator Veto

>
> —
S 1l I —irpeed
e 5 2of Preliminary ==
- (0)) - e Internal Na22
4.5 + Data (vetoed) = ——
E . E 18 —_— Egl ::::
N / A — Fit g | o
S35 71 — Subtracted 4K o — i
/] , \ . < 3
40K D 2.5F
N\ —\_ [le (3 keV) Ve Ve "é of- 102
§ 19F Preliminary | .f > by, M
s N 1E ' 107 lllmr{lii] ‘
MR n A
RS Liquid Scintillator [~ obeitnti S BT AT T T 0 i
O 1 2 3 4 5 6 7 8 9 1 O ":'-l.__,~l | | L | - | _ | """';.' |

1500 2000 2500 3000
Energy (keV)

Energy(keV) 0 500 1000

- 40K emits 1460 keV gamma with 3 keV Auger electron energy deposition in Nal
crystal

» Tagging 1460 keV events with LS enables vetoing of 3 keV background events

- Liquid scintillator internal contamination well modeled with simulation

Yale Jay Hyun Jo 23 I



COSINE-100 Muon Detector

H. Prihitiadi et al 2018 JINST 13 T0200\.

Muon veto with 37 plastic scintillator

panels

Events correlated with muon tagged

Muon-induced events in Nal(Tl)
under investigation

4029///

Vikuiti reflector

Plastic scintillator

Optical cement

Light guide
2-inch PMT

¥

SCmi

-
-
-

204 cm

Ji, 315cm |

Number of muons/m?/day

400

380

360

340

320

300

280

0

Charge of top-side (a.u.)

x10°

100

‘.'I:ﬁl—"

| :'Muon candidate

gy L e AR T VA o f ¢ ., ) .
0 HCENS TR AT Oe N ORI DA DU IV S B

0 20 40 60 80

100

._Ix10°

Charge of Bottom-side (a.u.)

328=1(stat)x10(syst) muon/m?2/day

||||||| IIth:

-:—o—-l_._'
——

——

—0—

+
,* R VTR LR

<]

|
/23/16 09/30/16 10/07/16 10/14/16 10/21/16 10/28/16 11/04/16 11/11/16 11/18/16 11/25/16 12/02/16 12/09/16 12/16/16 12/23/16
Date

Yale
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COSINE-100 Muon Background

—
<
(o]

NN oo Illll
3
<

s

400

—
<
~J

Preliminary —+— Data
Const Line Fit

, L T
B R et

cm?

380

(

360

||I|‘III‘I||

—
<

340

IllIIHI‘

320

300

—
<

Total Muon Flux
Rate muons/m?/day

280

Prellmmary

N R D T R T T . | | | | | | | | |
] 2 3 4 — 'Fl) S I6| S 092716 10.27-16 112616 12-26-16 012517 022417 032617 042517 052517 06-24-17

Equivalent Vertical Depth (km.w.e) Date

NS RSSO o e Iml

INDF 23/32
M rate = 347 £ 1, £ 34,,,) muons/m?/day
|

|||II‘||||II|‘|II

—
<

Muon flux at COSINE-100 is ~3.98 x 10-7/cm?/s (344.29 muons/m2/day)
Rate has been consistent throughout the physics run

Muon selection used to veto muon-induced crystal events
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COSINE-100 Other physics analysis

=

- From the background >
understanding, other interesting P
searches are actively on-going '’ .

y J0INg Solar Aoqon "E
10—1% XMASS , S

-+ PSD analysis: looking at differer iminary
decay time between electron/
nuclear recoil within Nal(TI) wel S |
C rystal "/ Red Giant : €

100 ? -5 lll““1—41 HHIL-S1 11““11—21 T -1 o IBDM
10 10 10 10 10 1

Axion mass (keV/c?)
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COSINE-100 Crystal growing R&D

Needs to grow our own crystal with
low(er) background and better
understanding of the crystal

Powder purification system and crystal
growers are available at Korean facility

Went through many trials and errors,
found ways to reduce background
contamination in powder & improve
growth condition of Nal(Tl) crystals

Current measurements show great
Improvements!

: i
~ 30 kg of purified Nal pow
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