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Motivation for COSINE-100

26 keV EPJC 73:2648 (2013)
% < DAMA/LIBRA = 250 kg (1.04 tonxyr) N
* Goal: Test DAMA’s claim of dark &
matter detection E
E
* DAMA observes annual modulation * - | | |
at 9.30 C.L. Time (day)
107°°
* Phase & period consistent with dark 10 = N PDG 2018
matter origin "E:g:” N R
* Total exposure: 1.33 ton-yr over 14 107
annual cycles %107
©107%
§10*‘3
§10““‘
* But, result in conflict with direct {1
detection searches using different = o
target material 07
1 :
100007 1 2 3456 10 2030 107 207 10

WIMP Mass [GeV]
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The COSINE-100 Experiment

* Model-independent test of D
result

* 106 kg of same target material

(Nal(Tl))
* Located 700 m underground

Yangyang Underground Lab in Korea

* Physics run began Sept. 2016
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The COSINE-100 Experiment

* Moo
resu

* 106

el-independent test of DAMA’s
t

kg of same target material

(Nal(Tl))

* Located 700 m underground at
Yangyang Underground Lab in Korea

* Physics run began Sept. 2016

- il
ryer N B

Also see Jay Hyun Jo and
Estella Barbosa de Souza’s
talks on Friday!
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10 Crystals Averaged Rate, 2-6 keV
g F — Crystal - = T
o et SRS WSS SR— - i Crystal2 3 04— Prellm |nary Blinded data, COSINE-100 Preliminary
% ~ . | = Crystal6 ? — . Sinusoidal fit, period and phase fixed
== | Crystal? 3 = Blinded, 9% of total data Mock data with
€ E ] 2 02— | _ + full statistics
5 7 S OO SO PR OO OTPUO SO OPPRTPROS SOTSOUOPSRRUE NOTOTRRTTRRRURRIOT SUPTTPTROOTS USRI SRR o — ) ++ J ‘
© £ L e 01— ' i
B Bl R S St s = ol LLL+H | ++ Jlml_ — \l T
— ; ; H H [0} — . .
IR A e R Y + + ﬁ pe;
4 N - H —I—'_L '_‘—L _______________ § 0-2;—
3 Ly_ T _'__II_I_-—. ...... T R R R 606 550 700
- ; ; ; L] Day from Jan. 1, 2016
= zld‘l:‘:‘:hage—lj [=uns ] Rl Nel .
- 5
1:_ ..................... .......... .......... 3%
= ; ; : ; : ; : w
0_ L1 1 | L1 1 | | 1 | 1 1 1 | L1 1 | L1 1 I L 1 1 | I 1 1 I L1 1
0 4 6 8 10 12 14 16 18 20

» 2-4 counts/keV/kg/day in region of

interest

* Data in 2-6 keV region blinded; 9% of total

data

Energy (keV)

| KRISS ga
r COSINE gamma (Co60)

mma(Na22)

r  KRISS ne¢utron

o | Preliminary
ol o v v v L L e by e by 1
2 25 3 35 4 Energy (I?e\l)
| L [ L
5 10 15 20

Energy (keV)
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Other Modulation Sources?

* Alternative sources of modulation have been proposed
* DAMA has addressed some of these

Source Main comment Cauvutious upper
limit (90%C.L.)
RADON Sealed Cu box in HP Nitrogen atmosphere, <2.5x10¢ cpd/kg/keV
3-level of sealing, etc.
TEMPERATURE Installation is air conditioned+ .
detectors in Cu housings directly in contact <104 cpd/kg/keV Slide taken from
with mulfi-ton shield— huge heat capacity DAMA/LIBRA

+ T contfinuously recorded

NOISE Effective full noise rejection near threshold <104 cpd/kg/keV Further discussed in:

ENERGY SCALE Routine + intrinsic calibrations <1-2x10* cpd/kg/keV| EPJC 56:333 (2008),

EFFICIENCIES Regularly measured by dedicated calibrations <104 cpd/kg/keV EPJC 72:2064 (2012),

BACKGROUND No modulation above 6 keV; EPJC 74:3196 (2014)
no modulation in the (2-6) keV <104 cpd/kg/keV

multiple-hits events;
this limit includes all possible
sources of background

SIDE REACTIONS Muon flux variation measured at LNGS <3x10°% cpd/kg/keV
* Must also be studied by COSINE!
https://agenda.infn.it/getFile.py/access?contribld=34&s

* Need thorough understanding of environmental conditions ... ierecid=08 materialideslidesconfide15474
and detector stability over time

Yale William Thompson - IDM 2018 7
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Environmental Monitoring System

* System monitors temperature, humidity, radon
level, electronics, etc.

e Allows identification of correlations between
event rates and environmental conditions

* Also used for real-time monitoring

Temperature

SO Z WS E SVl SRR

3/30 00:00 3/31 00:00 4/1 00:00 4/2 00:00 4/3 00:00 4/4 00:00 4/5 00:00

Detector Room A-side (8) == == 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)

Radon-Free Gas
(Currently Off)

% Temperature Sensors
® Humidity Sensors

B Oxygen Level Sensor
® Radon Level Monitor

RAD7
Intake
Air Control
Alpha Counter
*xC *
& *  Tunnel

William Thompson - IDM 2018



Real-Time Monitoring X

@ Temperature

* Monitoring stability lE&s

21.28°C Temperature
of temperature, 24.27°C MWMWWWM
24.26 °C AL

humidity,

24.25 °C Humidity
current, .
24,23 °C
voltage, etc. 222 Humidity

»»»»»»»»»»»

== Detector Room A-side ANAR ARARARRNRRINAAARARRAANRRAARA AR
LS (2) bottom LS (¢
Between Leads and Ct Nal PMT Current Variation (A-side, micro Ampere) Nal HV Variation (A-side, Volts)
3 20

6/2

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

e < 0.5 "Ctemperature and < 2% humidity
fluctuation inside the shielding structure

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

* Current and voltage of detectors very stable

Yale William Thompson - IDM 2018 9



Detector Livetime

600

500

N
o
o

Livetime (day)

COSINE-100 Accumulated Data

_____________ b

COSINE-100 Preliminary
Total Livetime :622.2 days ( 94.9 %)
Good Data :610.8 days ( 93.1 %)

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

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

Preliminary

12/31, 04h

12/31, 10h
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Temperature and Event Rate

e Mean RMS variation: 0.120 °C

* Induces fluctuations of < 10 4

in light yield of < -0.2%/°C

COSINE-100
Preliminary

0 DAMA/LBRA £ 1
EPJC 56:333 (2008) =
40 2 10°
.. 8-
2 30 I
= 6
cpd/kg/keV using DAMA-assumed change = 2o 4
10 27
o
0
% o2 0.4
r.n.s. of T (°C)
Scintilator Temperature Near Crystals
. . . PreIirﬁinary

Temperature [°C]

N
N Y
W o B

e
12/31/16 03/02/17 05/02/17 07/02/17 08/31/17 10/31/17 12/31/17 03/02/18 05/02/18

Date (mm/dd/yy)

0.1

| 1
02 03 04
r.m.s. of T [°C]
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222Rn and Event Rate

* Radon levels modulate in underground labs with
period and phase similar to dark matter
prediction

* Nitrogen cover gas significantly reduces radon in
detector

222Rn Level in Detector Room

= Prehmmaryé

Bg/m°
(o))
o

11/24/16 12/24/16 01/23/17 02/22/17 03/24/17 04/23/17 05/23/17 06/22/17 07/22/17
Date (mm/dd/yy)

Event Rate (2-6 keV) [cpd/kg/keV]

% Temperature Sensors
® Humidit

B Oxygen Level Sensor
@ Radon Level Monito

Radon-Free Gas

(Currently Off)

o

Y
0]
RAD7 Glove Box
Intake

Air Control
Alpha Counter * .

*

‘Preliminary 276 keV

R=-0.133
Slope =-0.008

f T P

C |
0 10 20 30 40

| |
50 60

Radon Level [Bg/m’]

—35

—30

—25

Yale William Thompson - IDM 2018

12



Muon Veto System X

'jﬁ:' E' o .' tT UL DL DL L L ':

. © 15 DM-Icel7 _

* Muon veto provides 4m coverage g1 Phos;ﬁorescent Fventes
* Muons induce long-lived phosphorescence g PRD 93:042001 (2016) |
* Phase and amplitude not consistent with wl }
DAMA-observed modulation T e,
102%5 ﬂl& ) IIIIII;I III;II f!?IIIg ih EH%,I% Ililigtl ill;{i

20 2020 60 80 100 120 140
Time from Muon Event [s]

Left side Muon Fqu Through Detector

300

> 3 JINST 13:T02007 (2018)
Front side g 3405_ ? + ﬂ H H
Right side g s + + +H+ +#++#++ +++ HH ++++++HH +*+HH H ﬁ

Bottom side

I|Illlllllg.:—‘

280

| | | | | | | 1 | | | | | 1
/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

0

©o
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Monitoring Single Photoelectrons

* Single photoelectrons extracted from tail of event pulse. Position monitored
over time

* Gives information on stability of each PMT

Raw Waveform Fit to SPE Peak SPE Peak Position Over Time
w E 6000 —
c E . . < (%) B . .
3% Preliminary | = pata € gao Preliminary
8 2000;— % 5000 Fit (Exponential+Poisson) 8 -
<1800 o A Poisson Component O =
2. sooF ° ook 2 820
§16005 4000y e Exponential Component g -
L c - ~
1400 F EPJC 78:107 (2018) | 8 g0l
1200 3000 Tiadd
E r R 2
1000 — r L
E - ? 780
800 2000 780
600 - i
f 1000 = -
4001 M\\‘ C 760 -
200 | Moo ool o bk '-“w-:(—) TS - | | | | 1
69662000 30062000 50068000 70003000 , _ 740 0/31/16 12/31/16 03/0247 0510117 07/01/17
Time [ns] single photoelectron height (ADC) Date [mm/dd/yy]
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Correcting for Gain Shifts X

2% peak Position

22200 Preliminary —— Early October 2016
* Position of internal 2'°Pb decays also 82000 — Lte uy 207
1800 ate October 2017
monitored over time 1600} -
1400[~ |
1200
10001 JJJ-LLL"H
* Gain shift corrected for by dividing out linear e P
M 60 C L_n__r:'__ llina ="
behavior 00
200 \ I \ I I
10 20 30 40 50 60 70 80 90 100
Energy [keV]
050x10° 210pp Peak Position Over Time 10° 210ph peak Position Over Time
€ 255 Preliminary = Preliminary
O 250 =
8 245F- E
< . .~E =
> 240 2
5 235 =
0 230 F-
225
230/01 " 12/31 0401 07/02  10/01  12/31  04/01 12/31  04/01 ~ 07/02  10/01 1231 04/01

Date (2016-2018) [mm/dd] Date (2016-2018) [mm/dd]
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Verifying Gain Correction X

60

— October 2016

: — Septombor 2017 * Gain stability must be verified in 2-6 keV
50— . .
: l — May 2018 region of interest
40__ T . . .
: i Crystal 2 * Use 3 keV peak from #°K contamination in crystal
30~ i Preliminary
20|
: HP * Gain steady over time within region of
10— .
: ] Interest
O:I—I—I—Lrpﬂ-l";llJlrilllllll I H"L%‘@ﬁj;:&
0 1 2 3 4 5 6 7 8 9 10
Energy [keV]
S 4E S =
2 38F Crystal 2 2 38 Crystal 3
5 36 Preliminar 5 2oF Preliminar
T 34F y T B4F y
w32k W 3.2F
3 v ——=——F A — = — X o 3 _ S IR SN S .
2.8 * o8t 1 i T
265 265
2.4F- 2.4F
2.2F- 22F
f0/07 2/31 04lo1  07/02 1001 12/31 0401 f0/07 " 12/31  04lo1  07/02 1001 12/31 0401
Date (2016-2018) [mm/dd] Date (2016-2018) [mm/dd]
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Observed Light Yields

* Measurement of SPE and 21°Pb peaks
allow determination of crystal light
yields

. . E
e Light yield: ——=22Xe
Espg X 50keV

* Changeof <1 % per year in
modulation analysis crystals

* Verified by calibration with 24*Am

Light Yield - Crystal 6

16
£ F -
?j 15 __ F‘***? 'i;:' * *x *
o - w o P o ra r
2 L
13
_C —
D C
—112—
1= Preliminary
- 1 1 ] 1 1 1 ] 1 1 1 ] 1 1 1 ] 1 1 1 ] 1 1
10 10/31/16 12/31/16  03/02/17  05/01/17  07/01/17
Date [mm/dd/yy]
Light Yield - Crystal 7
16
e r
Eia
S
2 L b
:13:_ ek x "
c t L R
D C
112
11E- Preliminary
- 1 1 ] 1 1 1 ] 1 1 1 ] 1 1 1 ] 1 1 1 ] 1 1
10 10/31/16 12/31/16  03/02/17  05/01/17  07/01/17

Date [mm/dd/yy]
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Summary X

* COSINE-100 is conducting a model-independent test of DAMA by using the
same target material, Nal(Tl)

e COSINE-100’s environmental conditions are well monitored

* Change in detector gain tracked over time and corrected for over time
* Crystal light yields successfully tracked over time

* |f COSINE-100 observes modulation, monitoring system will enable us to
identify potential correlations with environmental and detector conditions

Yale



Thank Youl! http://cosine.yale.edu/ ¢
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